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A Corporate Dedication to
Quality and Reliability

National Semiconductor is an industry leader in the
manufacture of high quality, high reliability integrated
circuits. We have been the leading proponent of driv-
ing down IC defects and extending product lifetimes.
From raw material through product design, manufac-
turing and shipping, our quality and reliability is second
to none.

We are proud of our success . . . it sets a standard for
others to achieve. Yet, our quest for perfection is on-
going so that you, our customer, can continue to rely
on National Semiconductor Corporation to produce
high quality products for your design systems.

Al

Charles E. Sporck
President, Chief Executive Officer
National Semiconductor Corporation




Wir fiihlen uns zu Qualitat und
Zuverldssigkeit verpflichtet

National Semiconductor Corporation ist fiihrend bei der Her-
stellung von integrierten Schaltungen hoher ‘Qualitdt und
hoher Zuverlassigkeit. National Semiconductor war schon
immer Vorreiter, wenn es galt, die Zahl von IC Ausféllen zu
verringern und die Lebensdauern von Produkten zu verbes-
sern. Vom Rohmaterial iber Entwurf und-Herstellung bis zur
Auslieferung, die Qualitat und die Zuverldssigkeit der Pro-
dukte von National Semiconductor sind uniibertroffen.

Wir sind stolz auf unseren Erfolg, der Standards setzt, die
fiir andere erstrebenswert sind. Auch ihre Anspriiche steig-
en standig. Sie als unser Kunde kdénnen sich auch weiterhin
auf National Semiconductor verlassen.

La Qualité et La Fiabilité:
Une Vocation Commune Chez National
Semiconductor Corporation

National Semiconductor Corporation est un des leaders in-
dustriels qui fabrique des circuits intégrés d’une trés grande
qualité et d’une fiabilité exceptionelle. National a été le pre-
mier & vouloir faire chuter le nombre de circuits intégrés
défectueux et a augmenter la durée de vie des produits.
Depuis les matiéres premiéres, en passant par la concep-
tion du produit sa fabrication et son expédition, partout la
qualité et la fiabilité chez National sont sans équivalents.

Nous sommes fiers de notre succés et le standard ainsi
défini devrait devenir I'objectif a atteindre par les autres so-
ciétés. Et nous continuons a vouloir faire progresser notre
recherche de la perfection; il en résulte que vous, qui étes
notre client, pouvez toujours faire confiance a National
Semiconductor Corporation, en produisant des systémes
d'une trés grande qualité standard.

Un Impegno Societario di Qualita e
Affidabilita

National Semiconductor Corporation & un’industria al ver-
tice nella costruzione di circuiti integrati di alta qualita ed
affidabilita. National & stata il principale promotore per I'ab-
battimento della difettosita dei circuiti integrati e per I'allun-
gamento della vita dei prodotti. Dal materiale grezzo attra-
verso tutte le fasi di progettazione, costruzione e spedi-
zione, la qualita e affidabilita National non & seconda a nes-
suno.

Noi siamo orgogliosi del nostro successo che fissa per gli
altri un traguardo da raggiungere. Il nostro desiderio di per-
fezione & d’altra parte illimitato e pertanto tu, nostro cliente,
puoi continuare ad affidarti a National Semiconductor Cor-
poration per la produzione dei tuoi sistemi con elevati livelli
di qualita.

A bl

Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation




Linear
Databook

1988 Edition

General Information
Alphanumeric
Cross Reference Guide by Part Number
Package Cross Reference
Linear Databook 2 Selection Guides
Active Filters
Analog Switches/Multiplexers
Analog-to-Digital Converters
Digital-to-Analog Converters
Sample and Hold
Temperature Sensors
Voltage References
Linear Databook 3 Selection Guides
Audio Circuits
Radio Circuits
Video Circuits
Motion Control
Special Functions

Voltage Regulators

Operational Amplifiers
Buffers

Voltage Comparators
Instrumentation Amplifiers
Surface Mount

Appendices/Physical Dimensions

([ NJojolsafwld]—=)



TRADEMARKS

Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks.

Abuseable™
Anadig™
ANS-R-TRANTM
APPS™
Auto-Chem Deflasher™
BI-FET™
BI-FET IIT™™
BI-LINE™™
BIPLANT™
BLC™™

BLX™
Brite-Lite™
BTL™
CheckTrack™
CIM™™
CIMBUS™
ClockrChek™
COMBO™
COMBO I™
COMBO lI™
COPS™ microcontrollers
Datachecker®
DENSPAK™
DIB™
Digitalker®
DISCERNTM
DISTILL™
DNR™™
DPVM™
ELSTAR™

E-Z-LINKT™
5-Star Service™
GENIX™
GNX™

HEX 3000™
HPC™

ICM™
INFOCHEX™
Integral ISE™
Intelisplay™
ISE™

ISE/06™™
ISE/08™T™
ISE/16™
ISE32T™
KeyScan™
LMCMOS™
M2CMOS™™
Macrobus™
Macrocomponent™
Meat»Chek™
Microbus™ data bus
MICRO-DAC™
ptalker™
Microtalker™
MICROWIRE™

MICROWIRE/PLUS™

MOLE™
MST™

Naked-8™
National®

NAX 800™™
Nitride Plus™
Nitride Plus Oxide™
NML™
NOBUS™
NSC800™™
NSX-16™™
NS-XC-16™
NURAMT™™
OXISS™
P2CMOS™
Perfect Watch™
PharmassChek™
PLANT™M
Polycrafttm
POSitalker™
Power & Control™
QUAD3000™
QUIKLOOK™
RAT™™

RTX16™
SABR™™
ScriptvrChek™
SCX™
SERIES/800™™
Series 3000™
Series 32000®

ShelfirChek™
SPIRE™
STAR™
Starlink™
STARPLEX™
STARPLEX II™
SuperChip™
SuperScript™
SYS32™
TapePak™
TDS™
TeleGate™
The National Anthem®
TimewrChek™
TINAT™

TLC™
Trapezoidal™
TRI-CODE™
TRI-POLY™
TRI-SAFE™
TRI-STATE®
TURBOTRANSCEIVER™
VIPT™™

VR32™
XMOS™
XPUTM

Z STAR™
883B/RETS™
883S/RETS™

Teflon® is a registered trademark of E.|l. DuPont Corporation

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR-

PORATION. As used herein:

e

. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and whose failure to per-
form, when properly used in accordance with instructions
for use provided in the labeling, can be reasonably ex-

pected to result in a significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be reason-
ably expected to cause the failure of the life support de-
vice or system, or to affect its safety or effectiveness.

National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000

TWX (910) 339-9240

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time
without notice, to change said circuitry or specifications.




Linear Products
Introduction

National Semiconductor Corporation first established itself
as the Linear Leader in 1967 with the introduction of the
FIRST MONOLITHIC VOLTAGE REGULATOR.. .. LM100. In
the 20 years since, many of our products were firsts in per-
formance and function. Today, this catalog spans the tradi-
tional areas of Op Amps, Voltage Regulators, Voltage Refer-
ences and Temperature Sensors, to Data Acquisition, Com-
munication, Automotive, and Power Plus Control. National
Semiconductor intends to remain a leader in the traditional
product areas while forging ahead into VLSI solutions for an-
alog problems and analog systems.

You can rely on National LINEAR to develop the most com-
prehensive product offering for use in the commercial, com-
puter, automotive, telecommunication, industrial or military
business segments. More than 1,000 basic LINEAR products
(5400 options) allow design engineers to find the optimum
Linear IC solution from National Semiconductor.

The Linear product line is presented in 3 Databooks. All sec-
tions are referenced and cross-indexed to provide quick and
easy access. The technical information and basic product
specifications are presented in data sheet format, including
maximum ratings, electrical characteristics, performance
curves and package information.

Additional application information is available as specific ap-
plication notes or completely compiled in the LINEAR APPLI-
CATIONS HANDBOOK. A product cross reference to the
specific application note has been provided. This handbook
and the 3-volume set of Linear Data Books represent a com-
plete base of information to the National LINEAR product
line.
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Product Status Definitions

National

Semiconductor

Corporation

Definition of Terms

Product Status Definitions

Data Sheet Identification Product Status Definition
Advanced Information Formative or This data sheet contains the design specifications for product
In Design development. Specifications may change in any manner without notice.
Preliminary First This data sheet contains preliminary data and supplementary data will
Production be published at a later date. National Semiconductor Corporation
reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.
No ‘ Full This data sheet contains final specifications. National Semiconductor
Identification Production Corporation reserves the right to make changes at any time without

Noted

notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.

vi
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ADCO0844 8-Bit n.P Compatible A/D Converters with Multiplexer Options ...................... Linear 2
ADC0848 8-Bit uP Compatible A/D Converters with Multiplexer Options ...................... Linear 2
ADCO0852 Multiplexed Comparator with 8-Bit Reference Divider .. ............................ Linear 2
ADCO0854 Multiplexed Comparator with 8-Bit Reference Divider . ............. ...t Linear 2
ADC1001 10-Bit uP Compatible A/D Converters . ..., Linear 2
ADC1005 10-Bit uP Compatible A/DConverters . ............coviiiiiiii i, Linear 2
ADC1021 10-Bit uP Compatible A/DConverters . ... Linear 2
ADC1025 10-Bit uP Compatible A/DConverters ... Linear 2
ADC1205 12-Bit Plus Sign uP Compatible A/DConverters ............... ..., Linear 2
ADC1210 12-Bit CMOS A/D CONVEIEIS . ..o oottt it Linear 2
ADC1211 12-Bit CMOS A/D CONVEIEIS .. ..ottt ittt eaanans Linear 2
ADC1225 12-Bit Plus Sign uP Compatible A/DConverters ..o, Linear 2
ADC3511 3'/,-Digit Microprocessor Compatible A/DConverter ......................cooiet. Linear 2
ADC3711 3%,-Digit Microprocessor Compatible A/DConverter ..............ccoiiieieen. .. Linear 2
ADD3501 31/,-Digit DVM with Multiplexed 7-Segment Output .................ccoiiiiii... Linear 2
ADD3701 3%,-Digit DVM with Multiplexed 7-Segment Output ..............ccoiiiiiiii... Linear 2
AF100 Universal Active Filter . .. ... i e Linear 2
AF150 Universal Wideband Active Filter ....... ... .. .. i Linear 2
AF151 Dual Universal Active Filter .. ... e Linear 2
AHO0014 Dual DPST-TTTL/DTLD Compatible MOS Analog Switch............................ Linear 2
AH0014C DPDT Dual DPST-TTTL/DTLD Compatible MOS Analog Switch .................... Linear 2
AHO0015C Quad SPST Dual DPST-TTTL/DTLD Compatible MOS Analog Switch ............... Linear 2
AH0019 Dual DPST-TTTL/DTLD Compatible MOS Analog Switch............................ Linear 2
AHO0019C Dual DPST-TTTL/DTLD Compatible MOS Analog Switch ... .. P Linear 2
AH5009 Monolithic Analog Current Switch ........ .o i Linear 2
AH5010 Monolithic Analog Current Switch ........ ... ... i i Linear 2
AH5011 Monolithic Analog Current Switch .............. i e Linear 2
AH5012 Monolithic Analog Current Switch ....... ... . Linear 2
AH5020C Monolithic Analog Current Switch . ... Linear 2
CD4016C Quad Bi-Lateral SWItCh . .. ... ..o e e Linear 2
CD4051BC Single 8-Channel Analog Multiplexer/Demultiplexer.............................. Linear 2
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CD4051BM Single 8-Channel Analog Multiplexer/Demultiplexer ........................ ... Linear 2
CD4052BC Dual 8-Channel Analog Multiplexer/Demultiplexer ................ ... Linear 2
CD4052BM Dual 8-Channel Analog Multiplexer/Demultiplexer . ..............cooiiiiiiii... Linear 2
CD4053BC Triple 8-Channel Analog Multiplexer/Demultiplexer ......................ooiia Linear 2
CD4053BM Triple 8-Channel Analog Multiplexer/Demultiplexer .......................oooa Linear 2
CD4066BC Quad Bi-Lateral Switch . . ...t e Linear 2
CD4066BM Quad Bi-Lateral Switch . ...... ... i Linear 2
CD4529BC Dual 4-Channel or 8-Channel Analog DataElection ..................cocoiiinn. Linear 2
DACO0800 8-Bit Digital-to-AnalogConverters. . ....... ... ..o Linear 2
DACO0801 8-Bit Digital-to-Analog Converters . . . ...ttt Linear 2
DACO0802 8-Bit Digital-to-Analog Converters . . . ...ttt e e e Linear 2
DACO0806 8-Bit D/A CONVErers . . ...ttt it e e s Linear 2
DACOB07 8-Bit D/A CONVEIEIS . . . ..ottt ittt ittt ettt Linear 2
DACO0B08 8-Bit D/A CONVEMEIS . . . . ..ottt ettt ettt et Linear 2
DAC0830 8-Bit uP Compatible Double-BufferedDto AConverters ........................... Linear 2
DAC0831 8-Bit uP Compatible Double-Buffered Dto AConverters ........................... Linear 2
DAC0832 8-Bit uP Compatible Double-Buffered Dto A Converters ........................... Linear 2
DAC1000 uP Compatible, Double-Buffered Dto AConverters ..ot Linear 2
DAC1001 uP Compatible, Double-Buffered Dto AConverters ......................... .. ..., Linear 2
DAC1002 uP Compatible, Double-Buffered Dto AConverters .................. ... Linear 2
DAC1006 nP Compatible, Double-Buffered Dto AConverters .................. ... Linear 2
DAC1007 p.P Compatible, Double-Buffered Dto AConverters ..............c.oovviiiiinn.. Linear 2
DAC1008 p.P Compatible, Double-Buffered Dto AConverters ..............cooviiiiiinnn, Linear 2
DAC1020 12-Bit Binary Multiplying D/AConverters. . ...t Linear 2
DAC1021 12-Bit Binary Multiplying D/A Converters. . ...ttt Linear 2
DAC1022 12-Bit Binary Multiplying D/A Converters. . ...ttt Linear 2
DAC1208 12-Bit uP Compatible Double-Buffered Dto AConverters .......................... Linear 2
DAC1209 12-Bit p.P Compatible Double-Buffered Dto A Converters .......................... Linear 2
DAC1210 12-Bit uP Compatible Double-Buffered Dto AConverters .......................... Linear 2
DAC1218 12-Bit Multiplying D/AConverters. ... Linear 2
DAC1219 12-Bit Multiplying D/ACONVErers . .. ..o Linear 2
DAC1220 12-Bit Binary MultiplyingD/AConverters. ............ooiiiiiiiiiiiiii i Linear 2
DAC1221 12-Bit Binary Multiplying D/AConverters. . ...ttt Linear 2
DAC1222 12-Bit Binary Multiplying D/A Converters. ... ...ttt Linear 2
DAC1230 12-Bit uP Compatible Double-Buffered Dto AConverters .......................... Linear 2
DAC1231 12-Bit uP Compatible Double-Buffered Dto AConverters .......................... Linear 2
DAC1232 12-Bit uP Compatible Double-Buffered Dto AConverters .......................... Linear 2
DAC1265 Hi-Speed 12-Bit D/A Converter withReference . .................... ... . ... Linear 2
DAC1265A Hi-Speed 12-Bit D/A Converter withReference..................cooiiiiian. Linear 2
DAC1266 Hi-Speed 12-Bit D/A CONVEMEr . .. ...ttt Linear 2
DAC1266A Hi-Speed 12-Bit D/ACONVEItEr . ...ttt Linear 2
DAC1655 16-Bit D/A CONVEMET . . . .ottt ettt et et Linear 2
DM2502 Successive Approximation Registers . ............oviiiiiiiiiiiiiiiiiii i, Linear 2
DM2503 Successive Approximation Registers ...t Linear 2
DM2504 Successive Approximation Registers ............. . i i i Linear 2
HS7067 7 Amp, Multimode, High Efficiency SwitchingRegulator ................. ... ... ... 1-7
HS7107 7 Amp, Multimode, High Efficiency SwitchingRegulator .................. ... ..o 1-7
HS9151 Micro-Switching Off-Line Power Converter 120/VAC/+5V .......... ...t 1-17
LF111 Voltage Comparators .. .........ouuuuututettte ettt ettt eanainaennns 4-5
LF147 Wide Bandwidth Quad JFET Input Operational Amplifiers .............. ... ... .. ..ot 2-14
LF155 Low Supply CUITeNt . . ..o e e ettt 2-23
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LF155 Series Monolothic JFET Input Operational Amplifiers. .............. ... 2-23
LF156 Series Monolothic JFET Input Operational Amplifiers. ..., 2-23
LFE156 Wide Band . ... ..ottt e 2-23
LF157 Series Monolothic JFET Input Operational Amplifiers. ............. ... i, 2-23
LF157 Wide Band Decompensated (AVMIN = 5) ... ... . i 2-23
LF198 Monolithic Sample and Hold Circuits ............ccoiiier e Linear 2
LF198A Monolithic Sample and Hold Circuits ...........c.o e Linear 2
LF211 Voltage CoOmMPArators . ... .......uutettttt ettt eeneererenens 4-5
LF255 Low SUpply CUITENt . . . .ttt e e e e ettt et e e 2-23
LF256 Wide Band . ... e 2-23
LF257 Wide Band Decompensated (AVMIN = 5) ........ ... ... i, 2-23
LF298 Monolithic Sample and Hold Circuits ..o e Linear 2
LF311 Voltage Comparators . ... .......uuunun ettt et e 4-5
LF347 Wide Bandwidth Quad JFET Input Operational Amplifiers . ................. i, 2-14
LF347A Wide Bandwidth Quad JFET Input Operational Amplifiers....................... ... ..., 2-14
LF351 Wide Bandwidth JFET Input Operational Amplifier ............ ... .. ... i ... 2-38
LF353 Wide Bandwidth Dual JFET Input Operational Amplifier................ ... ... ... ... 2-46
LF355 Low Supply CUITENt. . .« oottt e e e 2-23
LEB56 Wide Band .. ... ...ttt e 2-23
LF357 Wide Band Decompensated (AVMIN = 5) .. .. ... i i 2-23
LF398A Monolithic Sample and Hold Circuits . ... Linear 2
LF400C Fast Settling JFET Input Operational Amplifier ............. .. ... i, 2-55
LF401 Precision Fast Settling JFET Input Operational Amplifier. .............. ... ... ..ooa 2-64
LF411 Low Offset, Low Drift JFET Input Operational Amplifier .............. ... ... ... ot 2-73
LF412 Low Offset, Low Drift Dual JFET Operational Amplifier .............. ... ... .. o iitt. 2-80
LF441 Low Power JFET Input Operational Amplifier . ............ ... .. oo i i il 2-87
LF442 Dual Low Power JFET Input Operational Amplifier ................ ... o i it 2-94
LF444 Quad Low Power JFET Input Operational Amplifier .............. ... it 2-103
LF455 Series Monolithic JFET Operational Amplifier ............... . oo, 2-110
LF456 Series Monolithic JFET Operational Amplifier ............... o oo, 2-110
LF457 Series Monolithic JFET Operational Amplifier .......... .. ... 2-110
LF1333 Quad SPST JFET Analog SWItChes ........ ...ttt Linear 2
LF11201 Quad SPSTJFET Analog SWitches ............coiiiiiiiiii s Linear 2
LF11202 Quad SPST JFET Analog Switches ........ ... Linear 2
LF11331 Quad SPST JFET Analog Switches ... Linear 2
LF11332 Quad SPST JFET Analog Switches ........... ..o Linear 2
LF13006 Digital Gain Set .. ...ttt e Linear 2
LF13007 Digital GAIN Set ... ...ttt Linear 2
LF13201 Quad SPSTJFET Analog Switches ........... ..o Linear 2
LF13202 Quad SPST JFET Analog Switches ................ ... ool e Linear 2
LF13331 Quad SPSTJFET Analog Switches ........... ..ottt Linear 2
LF13333 Quad SPST JFET Analog Switches ... Linear 2
LF13508 8-Channel Analog Multiplexer . ............ i e Linear 2
LF13509 4-Channel Analog Multiplexer ...........co i Linear 2
LF13741 Monolithic JFET Input Operational Amplifier ............... .o, 2-112
LHO002 Current AmPlIfier . . . . ...ttt 3-5
LH0003 Wide Bandwidth Operational Amplifier . .............coo i 2-124
LHO004 High Voltage Operational Amplifier ........ ..o 2-127
LHO0020 High Gain Operational Amplifier. ... e 2-131
LH0021 1.0 Amp Power Operational Amplifier ... 2-134
LH0022 High Performance FETOP AMD . ..ottt it 2-138
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LHO0023 Sample and HOld GirCUItS . . . . . . oo e Linear 2
LHO0023C Sample and HOId CirCUItS ... ....tnett et Linear 2
LHO0024 High Slew Rate Operational Amplifier........... ... o i .. 2-150
LHO032 Ultra Fast FET-Input Operational Amplifier ........... ... ... . i ... 2-154
LHOO033 Fast Buffer Amplifiers . .. ... e i e e e 3-8
LHO036 Instrumentation Amplifier. . ... ... e 5-5
LHO038 True Instrumentation Amplifier . ... i e 5-14
LH0041 0.2 Amp Power Operational Amplifier . ..., 2-134
LHO042 Low COSt FET Op AMD oo i i e i ittt ettt ettt eaeaeeeeeens 2-138
LH0043 Sample and Hold GirCUItS . . . . ..o oo ettt e Linear 2
LH0043C Sample and HOId CirCuUits . ...t ettt enns Linear 2
LHO0044 Series Precision Low Noise Operational Amplifiers ..............cooieiiiiiiiinn.... 2-161
LHO045 Two Wire Transmitter ... ........uutoit ittt 2-169
LHOO052 Precision FET Op AMD . .o\ttt it ettt ettt e e 2-138
LHO0053 High Speed Sample and Hold Amplifier. .......... ... i Linear 2
LHO053C High Speed Sample and Hold Amplifier ............c.o ot Linear 2
LHO0061 0.5 Amp Wide Band Operational Amplifier.............coiiiiniiiiiiiiinnianen., 2-181
LH0062 High Speed FET Operational Amplifier. ...........ouitieinriiiiiii i, 2-184
LHO070 Series BCD Buffered Reference . ....... ... e e i iiienens Linear 2
LHO071 Series Precision Buffered Reference . .......... ... i Linear 2
LHO075 Positive Precision Programmable Regulator ................cooo .. 1-23
LHO0076 Negative Precision Programmable Regulator .......... ... .. .. oo it 1-28
LHO0082 Optical Communication Receiver/Amplifier. ...t 2-193
LHO0084 Digitally-Programmable-Gain Instrumentation Amplifier. .............. ... .. ... ... .... 5-25
LHO086 Digitally-Programmable-Gain Amplifier . ...... .. ..o i 2-207
LHO091 True RMS to DC CONVEMET . . ...\ttt ettt ettt e e Linear 2
LHO094 MUltifunction CONVEIEr ... ... ettt eaaens Linear 2
LHO101 Power Operational Amplifier. . .........oooiiiii ittt 2-214
LH4001 Wideband Current Buffer. .. ... it et 3-19
LH4002 Wideband Video Buffer . ... i e 3-23
LH4003 Precision RF Closed Loop Buffer. ...t 3-27
L H4004 Wideband FET Input Buffer/Amplifier .. ... ... ...... ... ......cciiiiiiiiiienn...... 333
LH4006 Precision RF Closed Loop Buffer. ......... ... oo iiiinenennns 3-39
LH4101 Wideband High Current Operational Amplifier........... ..o, 2-225
LH4101C Wideband High Current Operational Amplifier ..............ccooiiiiiiiiiiiiinn. 2-225
LH4104 Fast Settling High Current Operational Amplifier ............ ... iiiiiiiiiennnnnn. 2-230
LH4105 Precision Fast Settling High Current Operational Amplifier ............................. 2-236
LM10 Op Amp and Voltage Reference . ... .......c.iiiiiuuiiiiiiiiiiiieee e 2-242
LM11 Operational Amplifiers . . . ..ot e e et 2-259
LM12(L) 150W Operational Amplifier. . ...t e e e 2-272
LM34 Precision Fahrenheit Temperature Sensors .. .........vvitevnteeeiineennneenneennns Linear 2
LM34A Precision Fahrenheit Temperature SENSOors. ..........cvvuieiieenneeenneennnnenn. Linear 2
LM34C Precision Fahrenheit Temperature SENSOors. .. .......cvuutt ittt rnnineenneeennneenns Linear 2
LMB34CA Precision Fahrenheit Temperature Sensors ............ooviuereeeeeeeeninnneennnn. Linear 2
LM34D Precision Fahrenheit Temperature Sensors ...........c.oviiiiiiiiienniiinennn.n. Linear 2
LM35 Precision Fahrenheit Temperature SenSors .. ..........uuiiiinie i iiiiiinnn, Linear 2
LMB35A Precision Fahrenheit Temperature Sensors...........c.c.oiiiiii ... Linear 2
LMB35C Precision Fahrenheit Temperature Sensors. ...........c.coviiiiii it iiiiinnnnn.. Linear 2
LM35CA Precision Fahrenheit Temperature Sensors .............oovveiiiiiiiiininnnnnnn.. Linear 2
LM35D Precision Fahrenheit Temperature SEnsors .............ciiireiineiiniiennnenn. Linear 2
LM78LXX Series 3-Terminal Positive Regulator. ..ot 1-254
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LM78XX Series Voltage Regulator . ........ ..o 1-251
LM79LXXAC Series 3-Terminal Negative Regulator ............coiiiiiiiiiii i, 1-266
LM79XX Series 3-Terminal Negative Regulator. . ......... .. oot 1-259
LM101A Operational Amplifiers . ...t ettt ettt 2-285
LM102 Voltage FOlOWET . . . ... ..o e e et 3-45
LM103 Reference Diode . . . . ...t e Linear 2
LM104 Negative Regulator . ... ..........uiiiniiii et 1-33
LM105 Voltage Regulator . ... i e e 1-37
LM106 Voltage Comparator. . . ..ottt e ettt et e 4-14
LM107 Operational AMpPlfiers . .. ..ottt it i ittt ettt 2-295
LM108 Operational AMplIfiers . . . ... e e e 2-301
LM108A Operational Amplifiers . ............iiiiii i e e e 2-308
LM109 5-VOIt ReguIAtor . . ... ..ot e et 1-44
LM110 Voltage FollOWET . . . . ..ottt e e e ettt ettt e et 3-51
LM111 Voltage Comparator. .. ......ovuutinti ittt e 4-18
LM112 Operational AmpPlifiers . . . . . ...t e et e 2-314
LM113 Precision Reference .. ... ...t et i Linear 2
LM117 3-Terminal Adjustable Regulator .......... ... ... i 1-50
LM117HV 3-Terminal Adjustable Regulator .......... ... . . i 1-61
LM118 Operational Amplifiers . .. ...t e e i e e e i e e 2-319
LM119 High Speed Dual Comparator. . . .........outiiinit ittt 4-31
LM120 Series 3-Terminal Negative Regulator ............. ... i i i 1-71
LMT122 Precision TIMer . ... ...t ettt et Linear 3
LM123 3 Amp, 5-Volt Positive Regulator ............. ... o i i 1-80
LM124 Low Power Quad Operational Amplifiers ...............co it 2-329
LM125 Voltage Regulators ............ oo i e 1-85
LM126 Voltage Regulators ... ..... ...ttt ittt it et 1-85
LM129 Precision Reference . ... Linear 2
LM131 Precision Voltage-to-Frequency Converters. . ...t .. Linear 2
LM131A Precision Voltage-to-Frequency Converters .............coviiiiiiiiiiiniennnneo... Linear 2
LM133 3-Amp Negative Adjustable Voltage Regulator . .............. ... ... ... i 1-93
LM134 3-Terminal Adjustable CurrentSources ........... ..., Linear 2
LM135 Precision Temperature SENSOrS . .. ....c..u ettt ittt eiieiiaeae e Linear 2
LM135A Precision Temperature SeNSOIS. ... ......teiinut ittt eaannans Linear 2
LM136-2.5V Reference Diode . . ... ...t i i i e Linear 2
LM136-5.0V Reference Diode ....... ... Linear 2
LM137 3-Terminal Negative Adjustable Regulator ............. ... o ... 1-100
LM137HV 3-Terminal Negative Adjustable Regulators (High Voltage) .......................... 1-106
LM138 5 Amp Adjustable Power Regulator ..............ciiiiiiiiiiiiiiiiiiiiiiii 1-112
LM139 Low Power Low Offset Voltage Quad Comparators .............cooeeiiiiiiiiiiinn., 4-37
LM140 Series 3-Terminal Positive Regulators .................cooo i, 1-123
LM140L Series 3-Terminal Positive Regulators ........... ...t 1-131
LM143 High Voltage Operational Amplifier ........... .ot 2-342
LM144 High Voltage, High Slew Rate Operational Amplifiers ................cooo i, 2-352
LM145 Negative BAMpP Regulator . ... ittt e e 1-135
LM146 Programmable Quad Operational Amplifiers . ............coooviiiiiii it 2-359
LM148 QUA 741 O AMIPS & oo e ettt ettt ettt et ettt ettt ittt e 2-371
LM149 Wide Band Decompensated (AV(MIN) = 5) . ... 2-371
LM150 3 Amp Adjustable Power Regulator .............cccoiiiiiiiiiiiiiii ittt 1-139
LM158 Low Power Dual Operational Amplifiers . ..........cooiiiiiiiiiiii it 2-384
LM160 High Speed Differential Comparator .. ...........ooiiiiiiiiiiiiiiiiiiiiiiii e 4-49
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LM161 High Speed Differential Comparator .............c.c. ittt 4-53
LM168 Precision Voltage Reference. ........... . i i .....Linear2
LM169 Precision Voltage Reference. .......... . e Linear 2
LM185 Adjustable Micropower Voltage References ........... ..., Linear 2
LM185-1.2 Micropower Voltage Reference Diode .......... ..., Linear 2
LM185-2.5 Micropower Voltage Reference Diode ........ ... ..., Linear 2
LM192 Low Power Operational Amplifier/Voltage Comparator. .................ccooviiiina... 2-397
LM193 Low Power Low Offset Voltage Dual Comparator. ..............ooiiiiiiniiieean.. 4-58
LM194 Super Match Pair. ... ..o e e e Linear 3
LM195 Ultra Reliable Power Transistors ....... ... o i e Linear 3
LM196 10 Amp Adjustable Voltage Regulator . ......... ... i 1-151
LM199 Precision Reference . . ...t e e Linear 2
LM201A Operational Amplifiers . . ... ..ottt et eaaens 2-285
LM204 Negative Regulator ... ...... ... e 1-33
LM205 Voltage Regulator . ... ... e 1-37
LM206 Voltage ComParator. . . ... ...ttt ettt ettt e ettt e e e e s 4-14
LM207 Operational Amplifiers . .. ....ooi et e 2-295
LM208 Operational AMPIfIErS . .. ... ... ...t 2-301
LM208A Operational Amplifiers . ... ...ttt i 2-308
LM210 Voltage FOllOWeT . . . ... e e 3-51
LM211 Voltage ComParator. . . ... ...ttt ittt 4-18
LM212 Operational Amplifiers . . . ...ttt e e 2-314
LM218 Operational Amplifiers . ... ...oout ettt e 2-319
LM219 High Speed Dual Comparator. . ..........ouuutiurittit ettt 4-31
LM221 Precision Preamplifiers ....... ... 5-37
LM224 Low Power Quad Operational Amplifiers ... ...... ... oot 2-329
LM231 Precision Voltage-to-Frequency Converters. . ...ttt Linear 2
LM231A Precision Voltage-to-Frequency Converters .............coueiiiiineneneneiennnnnnnn Linear 2
LM234 3-Terminal Adjustable Current Sources ...ttt iiieeinn.. Linear 2
LM235 Precision Temperature SENSOIS . ... ...vuet ittt eiiinianneeenns Linear 2
LM235A Precision Temperature SeNSOIS. . . ... v ittt ittt Linear 2
LM236-25V ReferenceDiode ...... ... . ... ... i .o Linear2
LM236-5.0V Reference Diode ...t e Linear 2
LM239 Low Power Low Offset Voltage Quad Comparators . ...........c.ccouiiuiieieennennnnnn... 4-37
LM246 Programmable Quad Operational Amplifiers . ............ ... .. o i i i 2-359
LM248 QUAA 741 OP AMIPS .« o ot vttt ettt ettt e et e e e e 2-371
LM249 Wide Band Decompensated (AV(MIN) = 5) . ... i 2-371
LM258 Low Power Dual Operational Amplifiers . ...ttt i 2-384
LM260 High Speed Differential Comparator . . ...........uuuitinn it 4-49
LM261 High Speed Differential Comparator ... ...........outiitiiiinii it 4-53
LM268 Precision Voltage Reference. . .........vuuuie it Linear 2
LM285 Adjustable Micropower Voltage References ............. ..., Linear 2
LM285-1.2 Micropower Voltage Reference Diode .............cooiiiiiiiiiiiiennnnn.. Linear 2
LM285-2.5 Micropower Voltage ReferenceDiode ............. ..., Linear 2
LM292 Low Power Operational Amplifier/Voltage Comparator. ...............ccoviiiiiiian... 2-397
LM293 Low Power Low Offset Voltage Dual Comparator................coiiiiiiiiiiiiin., 4-58
LM295 Ultra Reliable Power Transistors . ...ttt Linear 3
LM299 Precision Reference . . ... ... ..ottt e Linear 2
LM301A Operational Amplifiers .. ........ouiiviiiiiii i ettt 2-285
LMB02 Voltage Follower. .. ... . e 3-45
LM304 Negative Regulator ... ...... ... e 1-33
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LMB305 Voltage Regulator ... ...... ..o it e s 1-37
LM305A Voltage Regulator . ....... ... i e 1-37
LMB306 Voltage Comparator. . ........ouuuuitt it i s 4-14
LM307 Operational Amplifiers . ... ... e e 2-295
LM308 Operational AmMPlfiers . . ... ... et e 2-301
LM308A Operational Amplifiers . ..........ouuiiiiiii e e 2-308
LMB09 5-VOIt Regulator . ... ..o e i e 1-44
LMB10 Voltage FOllOWET . . . . . ... e it s 3-51
LM311 Voltage Comparator. . . .......ooint e i e 4-18
LM312 Operational Amplifiers . . . ...t e 2-314
LM313 Precision Reference . ...... ... i e e, Linear 2
LM317 3-Terminal Adjustable Regulator .......... ... i 1-50
LM317HV 3-Terminal Adjustable Regulator .......... ... ..o i 1-61
LM317L 3-Terminal Adjustable Regulator.......... ... ..o o 1-163
LM318 Operational AMPlifiers . . ... ... e e 2-319
LM319 High Speed Dual Comparator. . .........ooiiiuiiiiiiiiiii ittt 4-31
LM320 Series 3-Terminal Negative Regulator ............ .. i 1-71
LM320L 3-Terminal Negative Regulator ........... ..o i i i 1-174
LM321 Precision Preamplifiers . ..........oooiiiiiiiiiiiii i i e 5-37
LM322 PreCiSion TiMEE . .. v ettt ettt ettt et e e ettt Linear 3
LM324 Low Power Quad Operational Amplifiers ............ ... oo, 2-329
LM325 Voltage Regulators ....... ... e 1-85
LM326 Voltage Regulators .. ......... ...t 1-85
LM329 Precision Reference ... i i e Linear 2
LM330 3-Terminal Positive Regulator ... 1-179
LM331 Precision Voltage-to-Frequency Converters. ... Linear 2
LM331A Precision Voltage-to-Frequency Converters ..., Linear 2
LM333 3-Amp Negative Adjustable Voltage Regulator ... 1-93
LM334 3-Terminal Adjustable Current SOUrCes .............ouiiiiiiiiiiiiiieeeennnnunnes Linear 2
LM335 Precision Temperature SEnSOrs .. ...ttt Linear 2
LM335A Precision Temperature SENSOIS. . .. ..o uu ittt iaiiiiie e Linear 2
LM336-2.5V Reference Diode . ......oviviiiiii s Linear 2
LM336-5.0V Reference DIiOde . ... ..oovuuttt ettt s Linear 2
LM337 3-Terminal Negative Adjustable Regulator .............. ...ttt 1-100
LM337HV 3-Terminal Negative Adjustable Regulators (High Voltage) .......................... 1-106
LM337L 3-Terminal Adjustable Regulator. ...t e 1-184
LM338 5 Amp Adjustable Power Regulator ........... ..o 1-112
LM339 Low Power Low Offset Voltage Quad Comparators . ...........cooviiiiiiii e, 4-37
LM340 Series 3-Terminal Positive Regulators .............c.ooiiiiiiiiiiiiiiiiii i, 1-123
LM340L Series 3-Terminal Positive Regulators ......... ..ottt 1-131
LM343 High Voltage Operational Amplifier . ... 2-342
LM344 High Voltage, High Slew Rate Operational Amplifiers .......... ... ... 2-352
LM345 Negative SAmp Regulator ...... ... i 1-135
LM346 Programmable Quad Operational Amplifiers ... 2-359
LM348 QUad 741 OP AMPS . . .ottt t ittt e e 2-371
LM349 Wide Band Decompensated (AV(MIN) = 5) ... 2-371
LM350 3 Amp Adjustable Power Regulator ... 1-139
LM358 Low Power Dual Operational Amplifiers ... 2-384
LM359 Dual, High Speed, Programmable Current Mode (Norton) Amplifier ...................... 2-401
LM360 High Speed Differential Comparator ............ ..ot 4-49
LM361 High Speed Differential Comparator ..............ueteiiiiniieniiiie i, 4-53
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LM363 Precision Instrumentation Amplifier. . ......... .. i 5-46
LM368 Precision Voltage Reference. ....... ...t Linear 2
LM368-2.5 Precision Voltage Reference ........ ... it Linear 2
LM369 Precision Voltage Reference. .. ... ..ottt i Linear 2
LM376 Voltage Regulator ... ... ... ...ttt e e 1-37
LM377 Dual 2-Watt Audio Amplifier . ... e Linear 3
LM378 Dual 4-Watt Audio Amplifier .......... ..o e Linear 3
LM380 Audio Power Amplifier ............ ... . ..., P Linear 3
LM381 Low Noise Dual Preamplifier . . ......... .o i s Linear 3
LM382 Low Noise Dual Preamplifier . ......... ..o i s Linear3
LM383 7-Watt Audio Power Amplifier . ... . Linear 3
LM384 5-Watt Audio Power Amplifier .. ... . i e s Linear3
LM385 Adjustable Micropower Voltage References ............ ..o, Linear 2
LM385-1.2 Micropower Voltage Reference Diode ............couiiniiiiininiiinnnneennnn. Linear 2
LM385-2.5 Micropower Voltage Reference Diode . ............ccouiiiiiiiiiiienninnnnnn... Linear 2
LM386 Low Voltage Audio Power Amplifier . ...... ... i, Linear 3
LM387 Low Noise Dual Preamplifier . .. .........o.uiiiii i Linear 3
LM388 1.5-Watt Audio Power Amplifier ........ ..ottt Linear 3
LM389 Low Voltage Audio Power Amplifier with NPN Transistor Array ........................ Linear 3
LM390 1-Watt Battery Operated Audio Power Amplifier ...................c.c .. Linear 3
LMBO1 AUdio POWET DIIVET . . . ..ottt e ettt Linear3
LM392 Low Power Operational Amplifier/Voltage Comparator....................cccovivnn.... 2-397
LM393 Low Power Low Offset Voltage Dual Comparator. ............c..oviiiiiiiiniiiiineannn 4-58
LM394 Super MatCh Pair. . ... ... Linear 3
LM395 Ultra Reliable Power Transistors ...ttt Linear 3
LM396 10 Amp Adjustable Voltage Regulator ............ ... . i, 1-151
LM399 Precision Reference . . ... ... i e Linear 2
LM S TImMEr . . .t e Linear3
LMBE5C TiMer . oottt e e e e Linear3
LMB56 Dual Timer . ...t e e e e Linear 3
LMB56C Dual Timer . . . . oottt et e ettt e Linear3
LM565 Phase LoCked LoOp .. ... oot e Linear 3
LM565C Phase LOCKEA LOOP - . .« oo v ittt ettt ettt et et ettt e Linear 3
LM566C Voltage Controlled Oscillator . ....... ... ittt eanans Linear 3
LM567 Low Power Tone Decoder . . ...ttt e et Linear 3
LM567C Low Power Tone DeCOoder . ...ttt it Linear 3
LM581 Voltage Reference Precision 10-VOIt. . ... ..ottt Linear 2
LM592 Differential Video Amplifier . ........ ...t e Linear 3
LMB04 4 Channel MUX-AMD . . ..ottt et ettt et ettt et 2-419
LM607 Precision Operational Amplifier ... .........outiutnn it iei i ieaanns 2-432
LM611 Adjustable Micropower Floating Voltage Reference and Single-Supply

Operational Amplifier ... 2-438
LM614 Adjustable Micropower Floating Voltage Reference and Four Single-Supply

Operational Amplifiers . ...... ... .o i e e 2-439
LM621 Brushless Motor Commutator TC . .. ..ottt e e Linear 3
LMB622 Pulse Width Modulator . .. ... ... i e e Linear 3
LM628 Precision Motion Controller ........ ..ot i Linear3
LM675 Power Operational Amplifier. . ......... ot e 2-440
LM723 Voltage Regulator ........... ... i e 1-186
LM733 Differential Video Amplifier ............ .. i e Linear 3
LM733C Differential Video Amplifier . .......... . Linear 3




A|pha-NumeriC |ndeX (Continued)

LM741 Operational Amplifier . ... ... o et e e 2-447
LM831 Low Voltage Audio Power Amplifier . ....... ... i Linear 3
LM832 Dynamic Noise Reduction System DNR .......... ..ottt Linear 3
LM833 Dual Audio Operational Amplifier. . ... i ettt 2-450
LM837 Low Noise Quad Operational Amplifier. ........ ...ttt 2-459
LMO03 Fluid Level Detector . . ... e e i Linear 3
LM1035 Dual DC Operated Tone/Volume/Balance Circuit ...........cccovriiiiiiinnnnn. Linear 3
LM1036 Dual DC Operated Tone/Volume/Balance Circuit .............ccoireiiininnnnnnn. Linear 3
LM1037 Dual Four-Channel Analog SwitCh .. ... ... Linear 3
LM1038 Dual Four-Channel Analog Switch . ....... ..ot Linear 3
LM1040 Dual DC Operated Tone/Volume/Balance Circuit with Stereo Enhancement Facility . . . .Linear 3
LM1042 Fluid Level DetecCtor . .. ...t e e Linear 3
LM1044 Analog Video SWitCh ... ... o e Linear 3
LM1112A Dolby B-Type Noise Reduction Processor............c.cooiiiiiiiiiiiiiiniinnnnn. Linear 3
LM1131A Dual Dolby B-Type Noise Reduction Processor .............cooiiiiiiiiiiinnn... Linear 3
LM1141 Dolby B-C Type Noise Reduction Processor .............coiiiiiiiiiiiiniinnnn.. Linear 3
LM1201 Video Amplifier System ... ... Linear 3
LM1203 RGB Video Amplifier System . ...ttt Linear 3
LM1211 Broadband Demodulator System . ........ ..o e Linear 3
LM1391 Phase-LOCKEd LOOP . . .« e vttt ettt Linear 3
LM1458 Dual Operational Amplifier . ...t i ettt 2-465
LM1496 Balanced Modulator Demodulator ...t Linear 3
LM1558 Dual Operational Amplifier ... ...t i 2-465
LM1578 Switching Regulator. . . ... ...t e 1-195
LM1596 Balanced Modulator Demodulator ... Linear 3
LM1800 Phase-Locked Loop FM Stereo Demodulator ... Linear 3
LM1801 Battery Operated Power Comparator ...........c.cuveiiiinieiinnreinneeeneennnnn. Linear 3
LM1812 URrasoniC TranSCeIVET . . ...ttt ittt Linear 3
LM1815 Adaptive Sense Amplifier ...... ... ... Linear 3
LM1818 Electronically Switched Audio Tape System ............ ..., Linear 3
LM1819 Air-Core Meter Driver . ... ..ot i i ettt Linear 3
LM1823 Video IF Amplifier/PLL Detection System .......... ..o, Linear 3
LM1830 Fluid DeteCtor . ... .ottt ettt ettt e Linear 3
LM1837 Low Noise Preamplifier for Autoreversing Tape Playback Systems .................... Linear 3
LM1851 Ground Fault Interrupter ........ ... i e Linear 3
LM1863 AM Radio System for Electronically Tuned Radio . ............... ..ot Linear 3
LM1865 Advanced FM IF System ... ..ottt e et Linear 3
LM1866 Low Voltage AM/FM ReceIVer . ...t Linear 3
LM1868 AM/FM Radio System .. ... .ooiiiiii i e Linear 3
LM1870 Stereo DemodulatorwithBlend ............ ..o i Linear 3
LM1871 RC ENcoder/ Transmitter . . ... ovvt ettt ittt e eeeeenes Linear 3
LM1872 Radio Control Receiver/Decoder ...ttt Linear 3
LM1875 20-Watt Power Audio Amplifier. . ... ..o i Linear 3
LM1877 Dual Power Audio Amplifier. . ... e Linear 3
LM1880 No-Holds Vertical/Horizontal .......... ... Linear 3
LM1881 Video SYNC Separator .. .........uuiinneteentt ittt ennnns Linear 3
LM1884 TV Stere0 DeCOder. . . ..o ottt i e e Linear 3
LM1886 TV Video Matrix D10 A . ...ttt e i it Linear 3
LM1889 TV Video Modulator . ........oouuuiii i s Linear 3
LM1893 Biline Carrier Current TranSCeIVer ..ottt ittt Linear 3
LM1894 Dynamic Noise Reduction SystemDNR ........ ... Linear 3




Alpha-Numeric Index coninueo)

LM1895 Audio Power Amplifier .. ... o e Linear 3
LM1896 Dual Power Audio Amplifier. .. ...t i Linear 3
LM1897 Low Noise Preamplifier for Tape Playback Systems................................. Linear 3
LM1921 1 Amp Industrial Switch ... ... e Linear 3
LM1946 Over/Under Current Limit Diagnostic Circuits .................oiiiiiiiiiiieeann... Linear 3
LM1949 Injector Drive Controller. .. ...t s Linear 3
LM1951 Solid State 1 Amp SWitCh .. ... Linear 3
LM1964 Sensor Interface Amplifier. . ... ... Linear 3
LM1965 Advanced FM IF System .. ... e e Linear 3
LM2002 8-Watt Audio Power Amplifier . . ... e Linear 3
LM2005 20-Watt Automotive Power Amplifier. . ........... . e Linear 3
LM2065 Advanced FM IF System . ... ... Linear 3
LM2578 Switching Regulator. . .. ..ot e e e 1-195
LM2877 Dual 4-Watt Power Audio Amplifier ........ ... .. .. Linear 3
LM2878 Dual 5-Watt Power Audio Amplifier ........ ...t Linear 3
LM2879 Dual 8-Watt Audio AMPIIfier ..........o.ouii Linear 3
LM2889 TV Video MOUIALOT . ...\ttt e e e e e e Linear 3
LM2893 Biline Carrier Current TranSCeIVET . ... ......uuirttit i it ie i aeineannns Linear 3
LM2900 Quad AMPIIfiers . . ... ...t e 2-467
LM2901 Low Power Low Offset Voltage Quad Comparators...............ccoviuiiivnneeennn... 4-37
LM2902 Low Power Quad Operational Amplifiers ..., 2-329
LM2903 Low Power Low Offset Voltage Dual Comparator ................ccoviiiiiiiinnnnnn.... 4-58
LM2904 Low Power Dual Operational Amplifiers . ..., 2-384
LM2905 Precision TIMer . . . ..ot e e Linear 3
LM2907 Frequency to Voltage Converter ..............oiiiiiiii i, Linear 3
LM2917 Frequency to Voltage Converter ........... ...ttt Linear 3
LM2924 Low Power Operational Amplifier/Voltage Comparator ................coovvveveiin... 2-397
LM2925 Low Drop-Out Regulator with Delayed Reset . ...t 1-208
LM2930 3-Terminal Positive Regulator ........... ...ttt 1-214
LM2931 Series Low Drop-Out Regulator. . ...t 1-219
LM2935 Low Drop-Out Dual Regulator ..............oiiiiiiiiiii i 1-225
LM2940C 1A Low Drop-Out Regulator . ...........c.uuiiiiiiiiii i e 1-233
LM2984C Microprocessor Power Supply System .......... ...ttt 1-238
LMB045 TransiStor ATTaYS . . . . o .ottt ettt et et e e e et e e et Linear 3
LMB046 TransiStor ArTaYS . . . . .o .v vttt ettt ettt e e e e et et e Linear 3
LM3080 Operational Transconductance Amplifier ..............c.c.ouiiiiiiiiiiiinennn... 2-485
LM3080A Operational Transconductance Amplifier . ................c.iiiiiiiiiiiiienann... 2-485
LMB086 TransiStor AITAYS . . . . .o .ottt ettt et ettt e et e e e et e Linear 3
LM3089 FM Receiver IF SYStem .. ....c.uit ittt e et Linear 3
LM3146 High Voltage Transistor ArTay . . . .....o.uuten ettt e et e e Linear 3
LMB189 FM IF System ...ttt e e e e Linear 3
LM3301 Quad AMPIIfIers . ......uni i 2-467
LM3302 Low Power Low Offset Voltage Quad Comparators . ............c.oveenrieneennnennn.n.. 4-37
LM3361 A Low Voltage/Power Narrow Band FMIF System ..............c.cccoiiiiiiinnnn... Linear 3
LM3B401 Quad AMPIIfIErs ... ...t e e 2-467
LM3578 Switching Regulator. . ... ... i e e e 1-195
LM3820 AM Radio SysStem .. ..ot Linear 3
LM3900 Quad AMPIIfIEIS . . ...ttt e e e e e 2-467
LMB8905 Precision TIMer . ... ..ottt et et et e e Linear 3
LM3909 LED Flasher/Oscillator .. ..... ..ot e e Linear3
LM3911 Temperature Controller . ...........o it e e Linear 2
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LM3914 Dot/Bar Display Driver . . .. ..ottt ittt Linear 3
LM3915 Dot/Bar Display Driver . .. ...t e Linear 3
LM3916 Dot/Bar Display Driver . . . ....covriii i e e e et Linear 3
LM3999 Precision Reference . . . ...t et e Linear 2
LM4250 Programmable Operational Amplifiers .......... ... o i, 2-489
LM4500A High Fidelity FM Stereo Demodulator withBlend ................ ... ... ... .. ... Linear 3
LM6113 High Speed Operational Amplifiers Plus PowerBuffer................... ..., 3-66
LM6121 High Speed BUffer . ... ... i i i e e 3-67
LM6125 High Speed BUffer ... i e 3-68
LM6161 High Speed Operational Amplifiers . ........... i 2-496
LM6161/LM6261/LM6361 High Speed Operational Amplifiers ............. ...t 2-496
LM6164 High Speed Operational Amplifiers . .. ... 2-500
LM6164/LM6264/L.M6364 High Speed Operational Amplifiers ............ ...t 2-500
LM6165 High Speed Operational Amplifiers . .. ...t e 2-504
LM6165/LM6265/LM6365 High Speed Operational Amplifiers . ....................ooiii.... 2-504
LM6214 High Speed Operational Amplifiers Plus Power Buffer.................... ..o oo, 3-66
LM6221 High Speed BUFfer . .. ... ...t it ettt ettt e iinns 3-67
LM6225 High Speed Buffer ... e e 3-68
LM6261 High Speed Operational Amplifiers . ............. i 2-496
LM6264 High Speed Operational Amplifiers . ....... ... i 2-500
LM6265 High Speed Operational Amplifiers............ooiiiiiii i 2-504
LM6314 High Speed Operational Amplifiers Plus Power Buffer................. ... ... ool 3-66
LM6321 High Speed Buffer ... ... . 3-67
LM6325 High Speed Buffer . ... 3-68
LM6361 High Speed Operational Amplifiers. ... 2-496
LM6364 High Speed Operational Amplifiers........ ... i 2-500
LM6365 High Speed Operational Amplifiers . ... 2-504
LM13080 Programmable Power Operational Amplifiers .................oo oot 2-508
LM13600 Dual Operational Transconductance Amplifiers with Linearizing Diodes and Buffers ... .. 2-516
LM13700 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers ... ... 2-534
LM18272 Dual Power Operational Amplifier . ... i 2-554
LM18293 Four Channel Push Pull Driver ... i Linear 3
LM18298 Dual Full-Bridge Driver. . ...t e Linear 3
LMCB55 CMOS TiMET & o oottt et e et e e et it Linear 3
LMC567 Low Power Tone Decoder . ....... ..ottt e Linear 3
LMC568 Low Power Phase-Locked LOOp ...t i Linear 3
LMC660 CMOS Quad Operational Amplifier. .......... .o i 2-555
LMC668 Chopper Stabilized Operational Amplifier ........... ..., 2-559
LIMCBO9 AULO ZEIO oo vttt ettt et ettt e ee e e e e ettt e ettt 2-566
LMC835 Digital Controlled Graphic Equalizer .............. oo Linear 3
LMC1992 Computer Controlled Tone and Volume Circuits. .. .......... ..o, Linear 3
LMC1993 Computer Controlled Tone and Volume Circuits. . ............ oo, Linear 3
LMC7660 Switched Capacitor Voltage Converter ... 1-271
LMC7669 Switched Capacitor Voltage Converter ...t 1-271
LMF60 6th Order LMCMOST™ Switched Capacitor Butterworth Lowpass Filter . ................ Linear 2
LMF90 4th-Order LMCMOST™™ Programmable Elliptic Notch Filter ......................... ... Linear 2
LMF100 Universal Monolithic Dual Switched Capacitor Filter ................. ... ... ... ... ... Linear 2
LMF120 Mask Programmable Switched Capacitor Filter................ ... ..., Linear 2
LP124 Micropower Quad Operational Amplifier . ......... ... i 2-580
LP165 Micropower Programmable Quad Comparator. ..o, 4-67
LP311 Voltage Comparator . . ......o.uuiiiii it et 4-75
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LP324 Micropower Quad Operational Amplifier ............ .. ... o i 2-580
LP339 Ultra-Low Power Quad Comparator . . ...........oouiiiuitin ettt 4-79
LP365 Micropower Programmable Quad Comparator. .. .........couvutieeeeninereinneennnne... 4-67
LP2902 Micropower Quad Operational Amplifier. .. ...........oiiuieeiii i, 2-580
LP2950 5V Adjustable Micropower Voltage Regulator . ..., 1-280
LP2951 Adjustable Micropower Voltage Regulator . ............. ..., 1-280
MF4 4th Order Switched Capacitor Butterworth Lowpass Filter. .............................. Linear 2
MF5 Universal Monolithic Switched Capacitor Filter ............ ... ... ... ... i ... Linear 2
MF6 6th Order Switched Capacitor Butterworth Lowpass Filter. . ............................. Linear 2
MF8 4th Order Switched Capacitor Bandpass Filter ......... ... ... .o ... Linear 2
MF10 Universal Monolithic Dual Switched Capacitor Filter. . ........... ... ... ... ... .. ..., Linear 2
MM54HC4016 Quad Analog SWItCh . .. ...ttt e e e e Linear 2
MM54HC4051 8-Channel Analog MUItipIEXEr . ... ..ottt Linear 2
MM54HC4052 Dual 4-Channel Analog Multiplexer .......... ..., Linear 2
MM54HC4053 Triple 2-Channel Analog Multiplexer .......... ..., Linear 2
MM54HC4066 Quad Analog SWItCh . ... ..ot Linear 2
MM54HC4316 Quad Analog Switch with Level Translator ................c.ccoiiiiiienann. ... Linear 2
MM74C905 12-Bit Successive Approximation Register. ..............cooviiiiiiiinnnn... Linear 2
MM74HC4016 Quad ANalog SWItCh . . .. ..ottt e Linear 2
MM74HC4051 8-Channel Analog MUItIPIEXEr . ... ..ottt Linear 2
MM74HC4052 Dual 4-Channel Analog Multiplexer . ............ccooiiiiiiiiiiniininnn... Linear 2
MM74HC4053 Triple 2-Channel Analog Multiplexer ...............oiiiiiiiiiiiiiiineann... Linear 2
MM74HC4066 Quad Analog SWItCh . ... ...t e e Linear 2
MM74HC4316 Quad Analog Switch with Level Translator ............... . ..., Linear 2
TBA120S IF Amplifier and Detector . ...ttt Linear 3
TLO81CP Wide Bandwidth JFET Input Operational Amplifier .....................co i, 2-587
TLO82CP Wide Bandwidth Dual JFET Input Operational Amplifier ............. ...t 2-594




National
Semiconductor
Corporation

CROSS REFERENCE BY PART NUMBER

A complete interchangeability list of Linear IC’s offered by most Integrated Circuit
Manufacturers are listed in this section and reference the nearest National Semi-
conductor Corp. direct replacement or recommended replacement with either an
improved or functional replacement. The following notations are appended to as-
sist you in finding the best option.

No reference note ...... “DIRECT REPLACEMENT”

Note (1) ............... “IMPROVED REPLACEMENT” Pin-
for-Pin replacement with “SUPERI-
OR?” Electrical Specifications.

Note(2) ............... “FUNCTIONAL REPLACEMENT”
Similar device. Consult datasheet to
determine the suitability for specific
application.

Note @) .......c.ettn. “SIMILAR DEVICE” with superior
performance. Consult datasheet to
determine suitability of the replace-
ment for specific application.

ANALOG
DEVICES
ADOPO7
ADDAC-08
ADDAC-08
ADDAC-08
ADDACS80
ADDACS85
AD101A
AD201A
AD301A
AD506
AD509
AD521
AD521
AD524
AD537
AD562
AD563
AD565A
AD566A
AD567
AD573
AD573
AD581
AD581
AD582
AD583
AD588
AD589M
AD589U
AD590
AD590
AD590
AD590
AD611K
AD611J
AD614

AD624 LHO0038 @ AD7571
NATIONAL AD650 LM331 ) AD7575
LM607 ) AD651 LM331 ) AD7576
DAC0800 AD654 LM331 2) AD7578
DAC0801 AD673 - ADCO0841 2 AD7578
DAC0802 AD741 LM741 AD7820
DAC1280+ (1) ADLH0032 LHO0032 )
DAC1280+ 1) ADLH0033 LH0033 2) APEX
LM101A 1) AD0042 LHO042 2 PAO1
LM201A 1) AD3542 LH0042 2 PAO1
LM301A 1) AD5035 LH0042 7)) PAO7
LH0022 2 AD7502 LF13509 2 PA10
LH0003 2 AD7516 C04066B 2) PA10
LM363 2 AD7523 DAC0832 2 PA11
LH0036 @ AD7523 DAC0831 2 PA51
LH0038 7)) AD7523 DAC0830 2 PA73
LM331 2 AD7524 DAC0830 3)
DAC1266 ) AD7524 DAC0831 ) BURR-BROWN
DAC1265 ) AD7524 DAC0832 @) SHC80
DAC1265 AD7533 DAC1020 SHCB85
DAC1266 AD7533 DAC1022 HOS-100
DAC1230 @ AD7533 DAC1021 INA102
ADC1005 @ AD7541A DAC1218 @ SHC298A
ADC1025 @ AD7541A DAC1219 2 3507
LM581 AD7541 DAC1219 (1) 3533
LH0070 (1) AD7541 DAC1218 1) 3542
LF398 ") AD7542 DAC1210 7)) 3550
LF198 3) AD7542 DAC1209 2 3551
LM369 2) AD7542 DAC1208 2 3553
LM385 (1) AD7545 DAC1209 2 3554
LM185 1) AD7545 DAC1210 2 3571
LM135 2 AD7545 DAC1208 2 3572
LM34 3) AD7548 DAC1230 2 3573
LM134 @ AD7548 DAC1232 7)) 3606A6
LM35 (3) AD7548 DAC1231 7)) 3606A6
LF411AC (1) AD7552 ADC1225 2 3626
LF411C (1) AD7552 ADC1205 2 3629
LH0086 7)) AD7571 ADC1005 2

ADC1025
ADC0820
ADC0820
ADC1225
ADC1205
ADC0820

NATIONAL
LM12
LHO101
LM12
LM12
LHO101
LM12
LM12
LM12

NATIONAL
LF398
LF398
LHO0033
LH0038
LF398A
LM6361
LH0033
LH0042
LM6361
LM6361
LH0063
LH0032
LM675
LHO021
LM675
LHO084
LH0086
LH0036
LH0038

()
(2
(2)
(2)
(]

()
()

(2)
]
]
]
@

()
()
&)
2
(1)
(2
()
(2
()
)
()
()
(2)
(2)
()
()
()
()
)
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Cross Reference by Part Number

CTS
CTS0002
CTS0004
CTS0021
CTS0024
CTS0032
CTS0033
CTS0041
CTS0042
CTS2101A
CTS2111

ELANTEC
ELHO0002
ELH0021
ELH0032
ELHO0033
ELH0041
ELHO101
EL2006C
EL2006
EHA2500
EHA2502
EHA2505
EHA2510
EHA2512
EHA2515
EHA2520
EHA2522
EHA2525
EHA2600
EHA2602
EHA2605
EHA2620
EHA2622
EHA2625

EXAR
XR084M
XR084
XR146
XR246
XR346
XR-1001
XR-1002
XR1458

FAIRCHILD
BA78XXKM
L78LXXACH
n78XXUC
L78XXUC
BA78LXXACLP
BA7BLXXAWGC
B78MXXCKC
178MXXCKC
pA78MXXUC
BA78MXXCKC
BAT8XXKC
pA7IXXUC
BA79XXUC
BA79XXCKC
BAT9XXCKC
BA79XXUC
pA79XXUC
BA79XXCKC
HA79XXCKC
BA7IMXXAUC
BA79XXKM

NATIONAL
LH0002
LHO004
LH0021
LH0024
LH0032
LH0033
LHO0041
LH0042
LH2101A
LH2111

NATIONAL
LH0002
LH0021
LH0032
LH0033
LHO041
LHO101
LM6261
LM6161
LM6161
LM6161
LM6361
LM6161
LM6161
LM6361
LM6164
LM6164
LM6364
LM6161
LM6&161
LM6361
LM6164
LM6164
LM6364

NATIONAL
LF147
LF347
LM146
LM246
LM346
MF4C-100
MF4C-50
LM1458

NATIONAL
LM140K-XX
LM78LXXACH
LM340T-XX
LM78XXCT
LM78LXXACZ
LM78LXXACZ
LM78XXCK
LM78MXXCT
LM341P-XX
LM78XXCT
LM340K-XX
LM79LXXACZ
LM79MXXCP
LM79XXCT
LM79MXXCP
LM79MXXCH
LM320T-XX
LM79MXXCH
LM79LXXACZ
LM320MP-XX
LM120K-XX

(1

(1)
(1)
(1)
(1)
&)
)
()
)
()
(2
()
(2)
(2
]
&)
(2
(2)
)
(@
)
@)

(1)
(M
(1)
(1)
(1)
(1)
(M
(1)

wA79XXKC
wA79XXUC
rA101A
wA102
rA105HM
wA107
wA108A
wA108
1A109KM
pA110
pA111
rA124
nA139
HA139A
pA201A
rA207
nA208
rA208A
pA211
nA224
pA239
HA239A
nA248
nA249
wA301A
#A302
rA304HC
wA305HC
wA305AHC
wA307
wA308A
nA308
rA309KC
wA310
wA311
wA317KC
wA317UC
wA318
nA324
wA339
wA339A
nA348
wA349
rA376TC
wA555TC
wA556PC
HA709
HA709
HA710
rA710
HA711
wA714
rA723HM
wA723HC
rA723DC
PA723MJ
wA723CJ
wA723DM
wA723PC
wA723CN
wA725
wA725
wA733CN
rA733
pA741
nA741
pAT747
wA747
wA748

LM320K-XX
LM79XXCT
LM101A
LM102
LM105H
LM107
LM108A
LM108
LM109K STEEL
LM110
LM111
LM124
LM139
LM139A
LM201A
LM207
LM208
LM208A
LM211
LM224
LM239
LM239A
LM248
LM249
LM301A
LM302
LM304H
LM305H
LM305AH
LM307
LM308A
LM308
LM309K STEEL
LM310
LM311
LM317K STEEL
LM317T
LM318
LM324
LM339
LM339A
LM348
LM349
LM376N
LM555CN
LM556CN
LM709
LM709
LM710
LM710
LM711
LM607
LM723H
LM723CH
LM723CJ
LM723J
LM723CJ
LM723J
LM723CN
LM723CN
LM725
LM725
LM733CN
LM733
LM741
LM741
LM747
LM747
LM748

(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1
(1)
(1)
(1)
(1

(1)
(1)
(1)
(1
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)

nA748
nA760
wA771B
pAT71
PATT1A
wA772B
RA772
RATT2A
RA774
wA774B
pA776
wA1458
nC1496P
rC1496G
wA1558
nC1596G
TDA2310
1A2901
rA2902
TCA3089
wA3301
wA3302
nC4558CD
nA7392

HARRIS
HA-OPO7
HF-10
HI-201
HI-300
LM741
HA2400
HA2404
HA2405
HA2406
HA2500
HA2502
HA2505
HA2510
HA2512
HA2515
HA2520
HA2520
HA2522
HA2522
HA2525
HA2525
HA2530
HA2535
HA2540
HA2541-5
HA2541-2
HA2542
HA2542-2
HA2542-5
HA2600
HA2602
HA2605
HA2620
HA2622
HA2625
HA2640
HA5033
HA5162
A5180

HEWLETT
PACKARD
HCTL-100

LM748
LM760
LF411
LF351
LF411
LF412A
LF353
LF412A
LF347
LF347B
LM4250
LM1458
LM1496N
LM1496H
LM1558
LM1596H
LM381
LM2901
LM2902
LM3089N
LM3301
LM3302
LM833CN
LM1014

NATIONAL
LM607
MF10
LF13201
AH5020
LM741
LM604AM
LM604AM
LM604C
LM604C
LMé&161
LM6161
LM6361
LM6161
LM6161
LM6361
LM6164
LHO0003
LHO0003
LM6164
LH0003
LM6364
LH0024
LH0024
LH0032
LM6361
LM6161
LH0032
LM6164
LM6164
LM6161
LM&161
LM6361
LM6164
LM6164
LM6364
LH0004
LH0033
LHO062
LH0052

NATIONAL
LMe628

(1)

&)
(1)
@
()
()
()
(2
()
(2)
(2)
)
(2)
()
(1)

)
(1)
(2
(2
(2)
(@)
()
(2
(2)
()
()
()
(2)
(@)
()
(2
()
(1)
(1)
(2
(1)

@)

14




HITACHI
HA13421A
HA17082
HA17082A
HA17084
HA17084A
HA17094
HA17301
HA17324
HA17339
HA17358
HA17393
HA17458
HA17741
HA17747
HA17901
HA17902
HA17903

LINEAR
TECHNOLOGY
REF-01
REF-01
LM129
LM134
LM185
LM199
LM234
LM329
LM334
LM385
LM399
AD581
AD581
LT1001
LT1004C
LT1004M
LT1009M
LT1009C
LT1019C
LT1019M
LT1020
LT1021M
LT1021C
LT1029M
LT1029C
LT1031

LSI
COMPUTER
LS7261
LS7263

MICRA

MC0002
MC0003
MC0004
MC0032
MC0033
MC0041
MC0063

MICRO POWER
SYSTEMS
MPOPO7
MP108

MP108A
MP155A

MP155

MP156

NATIONAL
LM18293
LF353
LF412
LF347
LF347B
LM2904
LM3301
LM324
LM339
LM358
LM393
LM1458
LM741
LM747
LM2901
LM2902
LM2903

NATIONAL
LM168
LM368
LM129
LM134
LM185
LM199
LM234
LM329
LM334
LM385
LM399
LM581
LHO0070
LM607A
LM385
LM185
LM136-2.5
LM336-2.5
LM368
LM168
LP2951
LM169
LM369
LM136-5.0
LM336-5.0
LH0070

NATIONAL
LM621
LM621

NATIONAL
LH0002
LHO0003
LHO004
LH0032
LH0033
LHO0041
LHO0063

NATIONAL
LM607
LM108
LM108A
LF155A
LF155
LF156

(1)
™

(1)

(2
(2
3)
(1)
()

3)
@

(1)
(1)
M
(1)
(1)
(1
(O]

(1)
(1)
(1)
(1)
(1)
(™

MP156A
MP157
MP157A
MP208A
MP208
MP308
MP308A
MP355A
MP356A
MP357A
MP2108A
MP5010H
MP5010L
MP5010G
MP5010H
MP5010L
MP5010G

MOTOROLA
DAC-08
DAC-08
DAC-08
MC78XXACT
MC78XXCK
MC78LXXACP
MC78MXXCT
MC78MXXCT
MC78LXXACG
LM78XXCT
MC78MXXCT
MC78XXCT
MC78LXXCP
MX78MXXCT
MC78LXXCG
MC79XXCK
MC79MXXCKC
MC79XXCK
MC79XXCKC
LM79XXCP
MC79XXCT
MC79LXXCP
MC79LXXACG
MC79LXXCLP
MC79XXCT
MC79LXXACP
MC79LXXCP
MC79XXCT
MC79XXCT
MC79XXCT
LM79XXCP
LM79XXCP
LM79XXCP
LM109K
LM109H
LM117H
LM123K
LM137H
LM137K
LM140K
LM150K
LM285
LM309H
LM309H
LM309K
LM317H
LM317LZ
LM317T
LM317KC
LM317K
LM323K

LF156A )
LF157 )
LF157A )
L M208A ™
LM208 ™
LM308 )
LM308A )
LF355A (1)
LF356A (1)
LF357A ™
LH2108A ™
LM385

LM385

LM185

LM185

LM185

LM385

NATIONAL
DAC0800
DAC0802

DACO0801

LM340AT-XX (1)
LM78XXCK (1)
LM78LXXACZ (1)
LM78XXCK (1)
LM341P-XX (1)
LM78LXXCH (1)
LM78LXXCH (1)
LM78MXXCT (1)
LM78XXCT (1)
LM78LXXACZ (1)
LM342P-XX (1)
LM78LXXACH (1)
LM320K-XX (1)
LM320MP-XX (1)
LM79XXCK (1)
LM320T-XX (1)
LM79XXCT (1)
LM79MXXCH (1)
LM320LZ-XX (1)
LM320H-XX (1)
LM320LZ-XX (1)
LM79MXXCP (1)
LM79LXXACZ (1)
LM79LXXCZ (1)
LM320T-XX (1)
LM79XXCT (1)
LM79LXXACZ (1)
LM79LXXACZ (1)
LM79MXXCH (1)
LM79MXXCP (1)
LM109K STEEL (1)
LM109H (1)
LM117K STEEL (1)
LM123K STEEL (1)
LM137H 1)
LM137K STEEL (1)
LM140K-XX (1)
LM150K STEEL (1)
LM285

LM309H )
LM309K 1)
LM309K STEEL (1)
LM317H )
LM317LZ )
LM317T %)
LM317T )

LM317K STEEL (1)
LM323K STEEL (1)

LM330-XKC
LM337H
LM337K
LM337KC
LM337T
LM340T-XX
LM340T-XX
LM340-XXKC
LM350T
LM350K
LM350KC
LM350KA
LM385
AD562A
AD563A
uPC741
MC1408
MC1408
MC1408
MC1414
MC1436
MC1458
MC1496
MC1508
MC1514
MC1536
MC1558
MC1596G
MC1709
MC1709
MC1710
MC1723CL
MC1723CG
MC1723CP
MC1723CL
MC1723L
MC1723G
MC1733CG
MC1741
MC1741
MC1747
MC1747
MC1748
LM2930-XKC
MC3301
MC3302
MC3361
MC3401
MC3410
MC3412
MC3510
MC4741
MC14442
MC14444
MC34001A
MC34001B
MC34001
MC34002B
MC34002
MC34002A
MC34004B
MC34004
MC34004B
MC34004
MC35001
MC35001A
MC35001B
MC35002B
MC35002
MC35002A

LM330T-XX
LM337H
LM337K STEEL
LM337T
LM337T
LM340T-XX
LM340K-XX
LM340T-XX
LM350T
LM350K STEEL
LM350T
LM350K STEEL
LM385
DAC1266
DAC1265
LM741
DACO0806
DAC0808
DAC0807
LM1414
LM343
LM1458
LM1446
DAC0808
LM1514
LM143
LM1558
LM1596CH
LM709
LM709
LM710
LM723CJ
LM723CH
LM723CN
LM723CM
LM723J
LM723H
LM723CH
LM741
LM741
LM747
LM747
LM748
LM2930T-XX
LM3301
LM3302
LM3361AN
LM3401
DAC1020
DAC1265
DAC1020
LM348
ADC0829
ADCO0830
LF411C
LF411C
LF351
LF412C
LF353
LF412A
LF347B
LF347
LF147
LF147
LF411M
LF411M
LF411M
LF412M
LF412M
LF412AM

(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1

(2
@)

(1)
(1)

)
M
(1)
(1)
(1)

(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1

(1)

(1
(1)
(1)
(1)
(1)
()
(1)
(2
(1)
(2)
(2
(1)
(1)
(1
M
(1)
(1)
(1)
M
(1)
S
(M
(1)
(1
(1)
(1)
™
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Cross Reference by Part Number

MC145040
MC145041

PRECISION-
MONOLITHIC
INC.
REF-01J
REF-01
AMP-01
DAC-02
DAC-02
REF-02
DAC-02
DAC-03
DAC-03
BUF03
DAC-03
OP05
DAC-05
DAC-05
DAC-05
SwoéeB
SW06G
SWO6F
OP07
DAC-08
DAC-08
MUX-08E
DAC-08
OP15
MUX-24E
REF-43
OP77
OP100
DAC100
DAC100
DAC100
OP105/111
PM108A
PM108
PM139A
PM139
PM155
PM155A
PM156
PM156A
PM157
PM157A
SW201G
SW201B
SW20tF
Sw2028B
SW202F
SW202G
PM208A
PM208
OP215
PM308A
PM308
DAC312
PM339A
PM355
PM355A
PM356A
PM356
PM357A
PM357
PM420
OPA501/3573
PM725

ADCO811
ADCO811

NATIONAL
LM368-10
LM369
LH0038
DAC1022
DAC1020
LM368-5.0
DAC1021
DAC1020
DAC1022
LH0033
DAC1021
LM607
DAC1020
DAC1021
DAC1022
LF11333
LF13333
LF13333
LM607
DAC0801
DACO0800
LF13508
DAC0802
LF411
LF13509
LM368-2.5
LM607
LH0052
DAC1021
DAC1020
DAC1022
LH0052
LM108A
LM108
LM139A
LM139
LF155
LF155A
LF156
LF156A
LF157
LF157A
LF13201
LF11201
LF13201
LF11202
LF13202
LF13202
LM208A
LM208
LF412
LM308A
LM308
DAC1266
LM339A
LF355
LF355A
LF356A
LF356
LF357A
LF357
LF124
LHO101
LM725

@

(1)
(1)
(2)
(2)
]
(€]
(2)
()
&)
(1)
()
(2)
()
2
(2

(1)

M

M
m
@
@
@
@
@
(M
M
M
M
M
M
M
(1
M
™

PM-725
PM741
PM-741
PM-747
PM747
DAC888
DAC888
DAC888
ADC910
ADC910
DAC0812
DAC0812
DACO0812
DAC1408
DAC1408
DAC1408
PM2108A
PM7533
PM7533
PM7533
PM7541
PM7541

RAYTHEON
REF-01
REF-01T
REF-02
REF-03
LP365
RC714
RC741
RC741
RC747
RC747
RC1458
RC1558

RCA/
INTERSIL/G.E.
CA081C
CAO081A
CA081
CA081B
CA082C
CA082B
CA082
CAO082A
CA084B
CA084
CA084C
CA124
CA139
CA139A
CA158
CA158A
DG201
DG211
DG212
CA224
CA239
CA239A
CA258
CA258A
CA301A
CA307
CA311
CA324
CA339A
CA339
CA358A

LM725

LM741

LM741

LM747

LM747

DAC0831
DAC0832
DAC0830
ADC1005
ADC1025
DAC1208
DAC1209
DAC1210
DAC0806
DAC0808
DAC0807
LH2108A
DAC1021
DAC1020
DAC1022
DAC1219
DAC1218

NATIONAL
LM369
LM368
LM368-5.0
LM368-2.5
LP365
LM607
LM741
LM741
LM747
LM747
LM1458
LM1558

NATIONAL
TLO81C
LF411C
LF411M
LF411C
TLO82C
LF412C
LF412M
LF412C
LF347B
LF147
LF347
LM124
LM139
LM139A
LM158
LM158A
LF11201
LF13201
LF13202
LM224
LM239
LM239A
LM258
LM258A
LM301A
LM307
LM311
LM324
LM339A
LM339
LM358A

(1)

(1)
(2)
(2
()
()
(2
(2

()
(2
(2)
(1)

(1)
(1)
@3)
(1)

(1)
Q)

(1)
(1)
(1)

CA358
CA741
CA741
CA747
CA747
CA748
nA748
CA748
ADC0801
ADC0802
ADC0803
ADC0804
CA1458
CA1558
CA3105
CA3290
CA3401
IH5009
IH5010
IH5011
IH5012
IH6108
IH6208
ICL7114
ICL7114
AD7520
AD7520
AD7520
AD7521
AD7521
AD7521
AD7530
AD7530
AD7530
AD7531
AD7531
AD7531
AD7533
AD7533
AD7533
AD7541
AD7541
ICL7650
ICL8069
ICL8069
ICH8530

SAMSUNG
LM741

SGS
L78M12CV
L78M15CV
L78S12CV
L78S05CV
L78S15CV
L78M05CV
LM117K
L123CB
L272

L293

L298
LM317T
LM317K
LM748
TDA2310
LM2930A
LM2931A
TCA3089
L7805CT

LM358
LM741
LM741
LM747
LM747
LM748
LM748
LM748
ADCO0801
ADC0802
ADC0803
ADC0804
LM1458
LM1558
LM675
LF393
LM3401
AH5009
AH5010
AH5011
AH5012
LF13508
LF13509
ADC1205
ADC1225
DAC1021
DAC1020
DAC1022
DAC1221
DAC1220
DAC1222
DAC1020
DAC1021
DAC1022
DAC1220
DAC1221
DAC1222
DAC1020
DAC1021
DAC1022
DAC1219
DAC1218
LMC668
LM385-1.2
LM313
LHO101

NATIONAL
LM741

NATIONAL
LM341P-12
LM341P-15
LM340T-12
LM340T-5.0
LM340T-15
LM341P-5.0
LM117K
LM723CN
LM18272
LM18293
LM18298
LM317T
LM317K
LM748
LM381
LM2930T-5.0
LM2931AT-5.0
LM3089
LM7805CK

(™)

(1
()

(1)

(1)
(1)
(2
(2
(1)

()
@

()
()
(©)

m

@

(1)
(1)
M
M
M
M
M
M

m
m

(M
M

(1)




L7815CV
L7905ACV
L7905CT
L7905CV
L7912CT
L7912ACV
L7915CT
L7915ACV

SIEMENS
TCA365

SIGNETICS
DAC-08
DAC-08
DAC-08
78LXXACS
78LXXADB
78LXXCDB
78LXXCS
78XXCU
78XXDA
79XXDA
79XXCU
LM109DB
TBA120S-4
TBA120S-3
TBA120S-2
LF198
LF298
LM309DA
LM309DB
LM340XXLL
LM340XXDA
LF398
NE529
SE529
SE532
SA532
NE532
SA534
NE5S55N
SE567
pA723CN
pA723CL
pA723L
wA723CF
uA723F
pA741
nA747
ADCO0801
ADC0802
ADC0803
ADC0804
ADC0805
MC1408
MC1408
MC1408
MC1496N
MC1508
MC1596K
NE4558D
NE4558N
NE4558
NE5034
SE5118
NE5118
NE5410
SE5410
NE5532P

LM7815CT
LM320T-5.0
LM7905CK
LM7905CT
LM7912CK
LM320T-12
LM7915CK
LM320T-15

NATIONAL
LHO101

NATIONAL
DACO0802
DAC0801
DAC0800
LM78XXACZ
LM78XXACH
LM78LXXCH
LM78LXXCZ
LM78XXCT
LM78XXCK
LM79XXCK
LM79XXCT
LM109H
TBA120SIV
TBA120SIII
TBA120SII
LF198
LF298
LM309K
LM309H
LM340TXX
LM340KXX
LF398
LM361
LM161
LM158
LM2904
LM358
LM2902
LM555CN
LMS567
LM723CN
LM723CH
LM723H
LM723CJ
LM723J
LM741
LM747
ADCO0801
ADC0802
ADC0803
ADC0804
ADC0805
DAC0808
DAC0807
DACO0806
LM1496N
DAC0808
LM1596H
LM833CM
LM833CN
LM833
ADC0841
DAC0830
DACO0830
DAC1020
DAC1020
LM833CN

(1)
(1)
(1
(1
(1)
(1)
(1
(1
M

M

(1)
(1)

(1)
(1)
(1)
(1)
(1)
(1)

()
(1)
(1)
(1)
(1)
(1)

(2
()
()
(@)
()
(2
(2
(2
()

NE5532
NE5532N

SILICON
GENERAL
SG101
SG101A
SG107
SG124
SG201
SG201A
S$G207
SG224
SG301A
SG307
SG324
SG741
SG741
SG1173
SG1436
SG1536
SG3173

SILICONIX
DG201
DG202
DG211
DG212
DG508
DG509

SPRAGUE
UDN22933

TELEDYNE
TP0032
TP0033

TEXAS
INSTRUMENTS
BA7BXXCKC
MA78LXXACL
pA78MXXCKD
BA79MXXCKD
pA79XXCKC
TLO61A
TLO61B
TLO61
TLO62A
TLO62B
TLO62
TLOB4A
TLOB4
TLO71B
TLO71A
TLO71

TLO72
TLO72A
TLO72B
TLO74
TLO74A
TLO81B
TLOS1
TLOB1A
TLO82B
TLO82A
TLO82
TLOB4A
TLO84

LM833
LM833CN

NATIONAL
LM101A
LM101A
LM107
LM124
LM201A
LM201A
LM207
LM224
LM301A
LM307
LM324
LM741
LM741
LM675
LM343
LM143
LM675

NATIONAL
LF13201
LF13202
LF13201
LF13202
LF13508
LF13509

NATIONAL
LM18293

NATIONAL
LH0032
LHO0033

NATIONAL
LM78XXCT
LM78LXXACZ
LM78MXXCP
LM79MXXCP
LM79XXCT
LF441
LF441A
LF441
LF442
LF442
LF442
LF444
LF444
LF411
LF411
LF351
LF353
LF412
LF412
LF347
LF347B
LF411
TLO81
LF411
LF412
LF412
TLO82
LF347B
LF347

(1)
™

(1)
M
(1)
(1)
(1

TLO87
TLO88
TLC274BI
TLC274BM
TLC274M
TLC274AC
TLC274BC
TLC274AM
TLC2741
TLC274C
TLC274Al
TL288
LM317KC
TL487N
TL489N
TL490N
TL491N
TL520
TL521
TL522
TL530
TL531
TL532
TLC532A
TLC533A
TL533
TLC540
TLC541
TLC549
nA709
rA723CN
rA723CJ
pA723MJ
wA733CN
nA741
nATAT
ADCO0801
ADCO0802
ADC0803
ADCO0804
ADCO0805
ADCO0808
ADCO0809
ADC0831
ADC0832
ADC0834
ADC0838
RC4558
RV4558D
RC4558D

THOMSON
LM105H
LM109K
LM117K
LM117H
LM123K
LM134
LM135
LM137K
LM137H
LM138K
LF198
LM234
LM235
LF298
LM305H
LM309H
LM309K

LF411A (1)
LF411A (1)
LMC660AI )

LMCB60AM  (2)
LMC860AM  (2)

LMC660AI 2
LMC660AI @
LMC660AM  (2)
LMC660AI @
LMC660C @
LMC660AI @
LF412A )
LM317T M
LM3915N @
LM3914N @
LM3914N @
LM3914N @
ADC0848 @
ADC0848 @
ADC0848 @
ADC0830B

ADC0830C

ADC0829B

ADC08298 @
ADC0829C @
ADC0829C
ADCO0811 @
ADC0811

ADC0831 @
LM709

LM723CN )
LM723CJ ()
LM723J M
LM733CN

LM741

LM747

ADCO0801

ADC0802
ADC0803
ADC0804
ADCO0805
ADC0808
ADC0809

ADC0831

ADC0832
ADC0834
ADC0838

LM833

LM833CM
LM833CM

NATIONAL
LM105H (1)
LM109K STEEL (1)
LM117K STEEL (1)
LM117H 1
LM123K STEEL (1)
LM134

LM135
LM137K STEEL (1)
LM137H (1)
LM138K STEEL (1)
LF198A (1)
LM234
LM235
LF298
LM305H (1)
LM309H (1)

LM309K STEEL (1)
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Cross Reference by Part Number

LM317K
LM317H
LM323K
LM334
LM335A
LM335
LM337H
LM337K
LM338K
LF398
pA741
pA748
TBCO136
pA7805CK
pA7805MK
pA7812MK
pA7812CK
pA7815CK
uA7815MK
pA7905MK
nA7905CK
pA7912MK
wA7912CK
wA7915MK
pA7915CK

TOSHIBA
TA7504
TA75339
TA75358
TA75393
TA75902

UNITRODE
L293
L298

LM317K STEEL (1)
LM317H el
LM323K STEEL (1)
LM334

LM335A

LM335

LM337H (1)
LM337K STEEL (1)
LM338K STEEL (1)
LF398A )
LM741

LM748

LM336

LM7805KC It
LM140K-5.0 (1)
LM140K-12 (1)
LM7812KC It
LM7815KC )
LM140K-15 (1)
LM120K-5.0 (1)
LM7905KC )
LM120K-12 (1)
LM7912KC (1)
LM120K-15 (1)
LM7915KC (1)

NATIONAL

LM741

LM2901 (1)
LM2904 (1)
LM2903 (1)
LM2902 1)

NATIONAL
LM18293
LM18298

18




Industry Package Cross-Reference Guide

NSC | Signetics | Fairchild | Motorola | TI | RCA | Hitachi | NEC | LTC
4/16 Lead
W Glass/Metal DIP D : D L D ¢ D b
Glass/Metal F,
m Flat Pack F Q F F S K F Q
ﬁ ‘j] ﬁ T,
im K. s,
TO-99, TO-100, TO-5 H L H G L Vi** A H
i
8-, 14- and 16-Lead R J
Low Temperature J F ' U J ;
G J8
W Ceramic DIP D D
‘% (Steel)
o K KS K
TO-3
50D KC DA K K K
° (Aluminum)
i:, 8-, 14- and 16-Lead V, T P N
W Plastic DIP N /-é p P N E P (¢} NS

*With dual-in-line formed leads
**With radically formed leads

19
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Industry Package Cross-Reference Guide

NSC | Signetics | Fairchild | Motorola | Tl | RCA | Hitachi | NEC | LTC
TO-202
(D-40, Durawatt) P KD
TO-220
3- & 5-Lead T U U KC T H T
TO-220 T
11-,156- & 23-Lead
Low Temperature
Glass Hermetic w F F W
Flat Pack
TO-92
ﬂﬂ“ (Plastic) z s W P Lp H | z
AAAAAA
dudHHHH
(Narrow Body) M D S D D M MP G S
(Wide Body) WM DwW

20




Nl

NSC | Signetics | Fairchild | Motorola TI RCA | Hitachi | NEC | LTC
PCC \Y A Q FN FN Q CP L
LcC FK/
Leadless Ceramic | E G L1 U BJ CG K
. . FG/FH
Chip Carrier

21
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Active Filters—Definition of Terms

National
Semiconductor
Corporation

Active Filters
Definition of Terms

fcLk: the switched capacitor filter external clock frequency.
fo: center of frequency of the second order function com-
plex pole pair. fo, is measured at the bandpass output of
each %, MF10, and it is the frequency of the bandpass peak
occurrence.

Q: quality factor of the 2nd order function complex pole pair.
Q is also measured at the bandpass output of each 1, MF10
and it is the ratio of f, over the —3 dB bandwidth of the 2nd
order bandpass filter. The value of Q is not measured at the
lowpass or highpass outputs of the filter, but its value re-
lates to the possible amplitude peaking at the above out-
puts.

Hogp: the gain in (V/V) of the bandpass output at f = f,.

HoLp: the gain in (V/V) of the lowpass output of each >
MF10 at f — 0 Hz.

Houp: the gain in (V/V) of the highpass output of each %,
MF10 as f — fc k/2.

Qgz: the quality factor of the 2nd order function complex zero
pair, if any. (Qz is a parameter used when an allpass output
is sought and unlike Q it cannot be directly measured).

fz: the center frequency of the 2nd order function complex
zero pair, if any. If fz is different from f,, and if the Qz is
quite high it can be observed as a notch frequency at the
allpass output.

fnotch: the notch frequency observed at the notch output(s)
of the MF10.

Hon,: the notch output gain as f — 0 Hz.
Hon,: the notch output gain as f — fcik/2.

24




National
Semiconductor
Corporation
Active Filter Selection Guide
. Max Max Freq Freq Typ.Q Max
#
Device Type Function Order Accuracy Range Accuracy FxQ
MF10 (S, T) Universal Universal 4th +0.6% 0.1-30 kHz +2% 200 kHz
Chebyshev o o
MF8 (T) Bandpass Butterworth 4th +1.0% 0.1-20 kHz +2% 5 MHz
MF6 (S, T) Lowpass Butterworth 6th +1.0 0.1-20 kHz N/A N/A
MF5 (S) Universal Universal 2nd +1.0% 0.1-30 kHz +6% 200 kHz
MF4 (S) Lowpass Butterworth 4th +0.6% 0.1-20 kHz N/A N/A
*LMF100 Universal Universal 4th +0.6% 40 kHz +2% 1.8 MHz
*LMF60 Lowpass Butterworth 6th +0.6% 40 kHz N/A N/A

S Surface Mount Available
T Extended Temperature Available
* Advance Information

25
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Analog Switch — Definition of Terms

National
Semiconductor
Corporation

Analog Switch
Definition of Terms

Ron: Resistance between the output and the input of an
addressed channel.

Is: Current at any switch input. This is leakage current when
the switch is ON.

Ip: Current at any switch input going into the switch. This is
leakage current when the switch is OFF.

Cg: Capacitance between any open terminal “S” and
ground.

Cp: Capacitance between any open terminal “D” and
ground.

Ip-Is: Leakage current that flows from the closed switch
into the body. This leakage is the difference between the
current Ip going into the switch and the current Ig going out
of the switch.

tran: Delay time when switching from one address state to
another.

ton: Delay time between the 50% points of an enable input
and the switch ON condition.

torr: Delay time between the 50% points of the enable
input and the switch OFF condition.
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Vs ToN/Tore Ron
Part Number Function Logic Input

gee (Typ) ns (Typ) 0
AH5011 QUAD SPST TTL, CMOS — 150/300 100
AH5012 TTL, CMOS — 150/300 150
CD4016 CMOS +7.5 20/40 850
CD4066 CMOS 7.5 25/50 280
LF11201/LF13201 TTL +15 90/500 200
LF11202/LF13202 TTL +15 90/500 200
LF11331/LF13331 TTL £15 90/500 200
LF11332/LF13332 TTL +15 90/500 200
LF11333/LF13333 TTL +15 90/500 200
MM74HC4016 CMOS +12 5/8 40
AH5020 DUAL SPDT TTL, CMOS — 150/300 150
CD4053 TRIPLE SPDT CMOS +7.5 160/75 300
MM74HC4053 CMOS +6.0 15/16 40
AH5009 4-CHANNEL TTL, CMOS — 150/300 100
AH5010 TTL, CMOS — 150/300 150
CD4052 4-CHANNEL CMOS +75 160/75 300
CD45298B DIFFERENTIAL CMOS 75 50 350
LF13509 TTL, CMOS +18 1600/200 350
MM74HC4052 CMOS +6.0 15/16 40
CD4051 8-CHANNEL CMOS +£75 160/75 300
CD4529B CMOS +75 50 350
LF13508 TTL, CMOS +18 1600/200 350
MM74HC4051 CMOS +6.0 15/16 40
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Definition Of Terms
A/D Converters

Conversion Time: The time required for a complete mea-
surement by an analog-to-digital converter.

DC Common-Mode Error: This specification applies to
ADCs with differential inputs. It is the change in the output
code that occurs when the analog voltages on the two in-
puts are changed by an equal amount. It is expressed in
LSBs.

Differential Nonlinearity: Ideally, any two adjacent digital
codes correspond to measured analog voltages that are ex-
actly one LSB apart. Differential non-linearity is a measure
of the worst case deviation from the ideal 1 LSB step. For
example, a DAC with a 1.5 LSB output change for a 1 LSB
digital code change exhibits 1/, LSB differential non-linearity.
Differential non-linearity may be expressed in fractional bits
or as a percentage of full scale. A differential non-linearity
greater than 1 LSB will lead to a non-monotonic transfer
function in a DAC and missing codes in an ADC.

Gain Error (Full Scale Error): For an ADC, the difference
(usually expressed in LSBs) between the input voltage that
should ideally produce a full scale output code and the actu-
al input voltage that produces that code. For DACs, it is the
difference between the output voltage (or current) with full
scale input code and the ideal voltage (or current) that
should exist with a full scale input code.

Gain Temperature Coefficient (Full Scale Temperature
Coefficient): Change in gain error divided by change in
temperature. Usually expressed in parts per million per de-
gree Celsius (ppm/°C).

Integral Nonlinearity (Linearity Error): Worst case devia-
tion from the line between the endpoints (zero and full
scale). Can be expressed as a percentage of full scale or in
fractions of an LSB.

LSB (Least-Significant Bit): In a binary coded system this
is the bit that carries the smallest value or weight. Its value
is the full scale voltage (or current) divided by 2n, where n is
the resolution of the converter.

Missing Codes: When an incremental increase or decrease
in input voltage causes the converter to increment or decre-
ment its numeric output by more than one LSB the convert-
er is said to exhibit “missing codes”. If there are missing
codes, there is a numeric value on the output on the con-
verter which cannot be reached by any input voltage value.

Monotonicity: A monotonic function has a slope whose
sign does not change. A monotonic DAC has an output that
changes in the same direction (or remains constant) for
each increase in the input code. The converse is true for
decreasing codes.

MSB (Most Significant Bit): In a binary coded system this
is the bit that has the largest value or weight. Its value is one
half of full scale.

Multiplying DAC: In a sense, every DAC is a multiplying
DAC since the output voltage (or current) is equal to the
reference voltage times a constant determined by the digital
input code divided by 2n (n is the number of bits of resolu-
tion). In a two quadrant multiplying DAC the reference volt-
age or the digital input code can change the output voltage
polarity. If both the reference voltage and the digital code
change the output voltage polarity four quadrant multiplica-
tion exists.

Offset Error (Zero Error): In a DAC, this is the output volt-
age that exists when the input digital code is set to give an
ideal output of zero volts. In the case of an ADC, this is the
difference between the ideal input voltage (', LSB) and the
actual input voltage that is needed to make the transition
from zero to 1 LSB. All the digital codes in the transfer curve
are offset by the same value. Many converters allow nulling
of offset with an external potentiometer. Offset error is usu-
ally expressed in LSBs.

Power Supply Rejection (Power Supply Sensitivity): The
sensitivity of a converter to changes in the dc power supply
voltages.

Quantizing Error: The error inherent in all A/D conver-
sions. Since even an “ideal” converter has finite resolution,
any analog voltage that falls between two adjacent output
codes will result in an output code that is inaccurate by up to
V> LSB.

Ratiometric Operation: Many A/D applications require a
stable and accurate reference voltage against which the in-
put voltage is compared. This approach results in an abso-
lute conversion. Some applications, however, use trans-
ducers or other signal sources whose output voltages are
proportional to some external reference. In these ratiomet-
ric applications, the reference for the signal source should
be connected to the reference input of the converter. Thus,
any variations in the source reference voltage will also
change the converter reference voltage and produce an ac-
curate conversion.

Resolution: The smallest analog increment corresponding
to a 1 LSB converter code change. For converters, resolu-
tion is normally expressed in bits, where the number of ana-
log levels is equal to 2n. As an example, a 12-bit converter
divides the analog signal into 212 = 4096 discrete voltage
(or current) levels.

Settling Time: The time from a change in input code until a
DAC'’s output signal remains within +1/, LSB (or some other
specified tolerance) of the final value.
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Part Resolution Absolute Conversion Input Outp.ul Supplies Temperature
N Accuracy Voltage| Logic Range* Package Comments
No. (Bits) Time v)
(Max) Range | Levels
M | C
A/D CONVERTER
ADC0800 8 +2LSB 50 us +5V TTL, +5,—12| e e |18-PinDIP
- TRI-STATE ’
ADCO0801 8 +1,LSB 110 us 5V L, +5 . . 20-Pin DIP |Differential Input
TRI-STATE
T 20-Pin DIP
ADCO0802 8 +1,LSB 110 ps 5V , +5 . . e [20-Pin SO |Differential Input
TRI-STATE .
20-Pin PCC
TTL 20-Pin DIP
ADCO0803 8 +1,LSB 110 us 5V ! +5 . . e [20-Pin SO |Differential Input
TRI-STATE )
20-Pin PCC
T 20-Pin DIP
ADCO0804 8 +1LSB 110 us 5V TRI ’ST ATE +5 . e [20-Pin SO |Differential Input
20-Pin PCC
TTL Ratiometric
+ , o
ADC0805 8 +1LSB 110 ps 5V TRI-STATE +5 . 20-Pin DIP Operation
TTL, 28-Pin DIP
+1 ’ -
ADC0808 8 +1,LSB 100 pus 5V TRI.STATE +5 . . 28-Pin PCC 8-Channel MUX
TTL 28-Pin DIP
+ § -
ADCO0809 8 +1LSB 100 ps 5V TRI.STATE +5 . 28-Pin PCC 8-Channel MUX
20-Pin DIP |11-Channel
1
ADC0811B 8 +1,LSB 32 us 5V |TTL +5 . . 20-Pin PCC| Serial 170
20-Pin DIP |11-Channel
+
ADC0811C 8 +1LSB 32 us 5V |TTL +5 . ] 20-Pin PCC|Serial 1/0
ADC0816 8 +1,LSB 100 us 5V L, +5 . . 40-Pin DIP |16-Channel MUX
e TRI-STATE
ADC0817 8 +1L8B | 100ps | sV |IT& +5 . 40-Pin DIP |16-Channel MUX
“ TRI-STATE
28-Pin DIP |19-Channel
1
ADC0819B 8 +1, LSB 16 ps 5V |TTL +5 . . 28-Pin PCCl Serial 1/0
28-Pin DIP {19-Channel
ADCO0819C 8 +1LSB 16 us 5V |TTL +5 . . 28-Pin PCCl Serial 170
20-Pin DIP
TTL, ’ Built-In Track and
ADC0820B 8 +1,LSB 1.2 us 5V TRI-STATE +5 . J . 20-P!n SO Hold Function
20-Pin PCC
20-Pin DIP
ilt- k
ADCO820C| 8 t1s8 | 12ps | sv |ITb +5 | o | o | o |20inso [BuitinTrackand
TRI-STATE . Hold Function
20-Pin PCC
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A/D Converter Selection Guide

A/D Converter Selection Guide (continued)

Absolute Input Output Temperature
Part Resolution Accuracy Conversion Voltage| Logic Supplies Range* Package Comments
No. (Bits) Time )
(Max) Range | Levels
M I C
A/D CONVERTER (Continued)
TTL, . Additional Digital
+1 -
ADC0829B 8 +1,LSB 100 ps 5V TRI-STATE +5 ] 28-Pin DIP Input Capability
TTL, . Additional Digital
+1 -
ADC0829C 8 LSB 100 us 5V TRI-STATE +5 . 28-Pin DIP Input Capability
ADC0831B 8 +1,LSB 32 us 5V |TTL +5 . ® |8-PinDIP |Seriall/O
ADC0831C 8 +1LSB 32 us 5V |TTL +5 . e |8-PinDIP [Serial /0
2-Channel
1 _Pi
ADC0832B 8 +1, LSB 32 us 5V |TTL +5 . e |8-PinDIP Serial I/0
ADC0832C| 8 +1LSB | 32pus sV |TTL +5 o | o |8pinpp [2Channel
Serial 1/0
ADC08338| 8 +1418B| 32ps sv |TTL +5 o | o [14pinpip [+Channel
Serial I/0
ADC0833C| 8 +1LSB | 32pus sV |TTL +5 e | o |14-pinpip [+Channel
Serial I/0
4-Channel
1 _Pi
ADC0834B 8 +1,LSB 32 us 5V |TTL +5 . e [14-PinDIP Serial I/O
ADC0834C| 8 +1LSB | 32ps sv |TTL +5 o | o |14pinpip |+Channel
Serial I/0
20-Pin DIP |8-Channel
1
ADC0838B 8 +1,LSB 32 us 5V |TTL +5 L ] 20-Pin PCC| Serial 1/0
20-Pin DIP |8-Channel
+
ADC0838C 8 +1LSB 32 us 5V |TTL +5 . . 20-Pin PCC| Serial 170
TTL, 20-Pin DIP |Differential Input,
1
ADCOB41B| 8 £%LSB|  40ps ' \tristate| *8 * | * |20-PinPCC|nternal Clock
TTL, 20-Pin DIP |Differential Input,
ADCOB41C| 8 ET1LSB | 40ps V' ltmistate| TS * | * |20-PinPCC|Internal Clock
TTL 4-Channel MUX
' ) o ,
ADC0844B 8 +%LSB| 40ps S |rmrstate| T8 e | o [20PInDIP | el Clock
TTL, . 4-Channel MUX,
ADC0844C 8 +1LSB 40 us 5V TRI-STATE +5 . e |20-Pin DIP internal Clock
TTL 28-Pin DIP |8-Channel MUX
' ) )
ADCoB48B| 8 t%LSB|  40ps V' ltmistate| TS * | * |28-Pin PCC|internal Clock
TTL, 28-Pin DIP [8-Channel MUX,
ADCOB48C| 8 ET1LSB | 40ps V' ltmistate| T * | * |28-Pin PCC|Internal Clock
ot 8-Bit Bus
ADC1001C 10 +1LSB 200 us 5V ' +5 . e |20-Pin DIP |Compatible,
TRI-STATE . .
Differential Input
8-Bit Bus
TTL 20-Pin DIP
1 ) -
ADC1005B 10 +1,LSB 50 us 5V TRI-STATE +5 . . . 20-Pin PCC Cpmpatl?le,
Differential Input
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A/D Converter Selection Guide (continued)

Part |Resolution Absolute Conversion Input Output Supplies Temperature
Accuracy Voltage Logic Range* Package Comments
No. (Bits) Time v)
(Max) Range | Levels M | | c
A/D CONVERTER (Continued)
8-Bit Bus
TTL 20-Pin DIP
10 + ’ i
ADC1005C 1LSB 50 ps 5V TRI.STATE +5 . . * |20-rin PCC Cpmpatn?le,
Differential Input
ADC1021C 10 +1LSB | 200 pus 5V L, +5 . e |24-Pin DIP |Differential Input
TRI-STATE
TTL 24-Pin DIP
+1 ) ; ;
ADC1025B 10 +1 LSB 50 us 5V TRI-STATE +5 U . . 28-Pin PCC Differential Input
TTL, 24-PinDIP | .. .
+
ADC1025C 10 +1LSB 50 pus 5V TRI.STATE +5 . . . 28-Pin PCC Differential Input
T 8-Bit Bus
. +1 ) - .
ADC1205B| 12+sign | £, LSB| 100 us 5V TRI-STATE +5, +5 ] e 124-Pin DIP C.ompam.)le,
Differential Input
TTL 8-Bit Bus
ADC1205C| 12+sign | £1LSB 100 ps 5V ' +5, £5 . ® |24-Pin DIP |Compatible,
TRI-STATE ) -
Differential Input
ADC1210 12 +3,LSB| 200 us 10.2V  |CMOS +5to £15| e L 24-Pin DIP
ADC1211 12 +2LSB | 200 us 10.2V  |CMOS +5t0 £5( e . 24-Pin DIP
TTL Differential
. 1 ) pi
ADC1225B| 12+sign | £, LSB| 100 us +5V TRI-STATE +5, 5 . e [28-Pin DIP Input
. TTL, ! Differential
+ .
ADC1225C| 12+sign | £1LSB 100 us +5V TRI.STATE +5, £5 U e |28-Pin DIP Input
- TTL, . Integrating
1/, © -
ADC3511 | 3,-Digit | 0.05% 200 ms 2v TRI-STATE +5 e [24-Pin DIP P Compatible
- TTL, . Integrating
3/,-| 9 "
ADC3711 | 3%,-Digit | 0.05% 400 ms 2V TRI-STATE +5 e |24-Pin DIP P Compatible
Voltage-to-
Open 8-Pin DIP or|Frequency
LM131 V-F 0.01% N/A Vee — 2V Collector +5t0 +40 e . . TO-99 Can |Converter
100 kHz Max
DIGITAL VOLTMETER
- 7-Segment ' 3V,-Digit
1/,- © |
ADD3501 | 3,-Digit | 0.05% 200 ms 2V LED Drive +5 e |28-Pin DIP LED DVM
- 7-Segment . 33/,-Digit
1/, | 9 -
ADD3701 | 3,-Digit | 0.05% 400 ms 2v LED Drive +5 e [28-Pin DIP LED DVM

*Temperature ranges: “M" is —55°C to + 125°C ambient; “I" is —40°C to +856°C or —25°C to +85°C; “C” is 0°C to +70°C.
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Definition of Terms
D/A Converters

Conversion Time: The time required for a complete mea-
surement by an analog-to-digital converter.

DC Common-Mode Error: This specification applies to
ADCs with differential inputs. It is the change in the output
code that occurs when the analog voltages on the two in-
puts are changed by an equal amount. It is expressed in
LSBs.

Differential Nonlinearity: Ideally, any two adjacent digital
codes correspond to measured analog voltages that are ex-
actly one LSB apart. Differential non-linearity is a measure
of the worst case deviation from the ideal 1 LSB step. For
example, a DAC with a 1.5 LSB output change for a 1 LSB
digital code change exhibits 1/, LSB differential non-linearity.
Differential non-linearity may be expressed in fractional bits
or as a percentage of full scale. A differential non-linearity
greater than 1 LSB will lead to a non-monotonic transfer
function in a DAC and missing codes in an ADC.

Gain Error (Full Scale Error): For an ADC, the difference
(usually expressed in LSBs) between the input voltage that
should ideally produce a full scale output code and the actu-
al input voltage that produces that code. For DACs, it is the
difference between the output voltage (or current) with full
scale input code and the ideal voltage (or current) that
should exist with a full scale input code.

Gain Temperature Coefficient (Full Scale Temperature
Coefficient): Change in gain error divided by change in
temperature. Usually expressed in parts per million per de-
gree Celsius (ppm/°C).

Integral Nonlinearity (Linearity Error): Worst case devia-
tion from the line between the endpoints (zero and full
scale). Can be expressed as a percentage of full scale or in
fractions of an LSB.

LSB (Least-Significant Bit): In a binary coded system this
is the bit that carries the smallest value or weight. Its value
is the full scale voltage (or current) divided by 2n, where n is
the resolution of the converter.

Monotonicity: A monotonic function has a slope whose
sign does not change. A monotonic DAC has an output that
changes in the same direction (or remains constant) for
each increase in the input code. The converse is true for
decreasing codes.

MSB (Most Significant Bit): In a binary coded system this
is the bit that has the largest value or weight. Its value is one
half of full scale.

Multiplying DAC: In a sense, every DAC is a multiplying
DAC since the output voltage (or current) is equal to the
reference voltage times a constant determined by the digital
input code divided by 2n (n is the number of bits of resolu-
tion). In a two quadrant multiplying DAC the reference volt-
age or the digital input code can change the output voltage
polarity. If both the reference voltage and the digital code
change the output voltage polarity, four quadrant multiplica-
tion exists.

Offset Error (Zero Error): In a DAC, this is the output volt-
age that exists when the input digital code is set to give an
ideal output of zero volts. In the case of an ADC, this is the
difference between the ideal input voltage (4, LSB) and the
actual input voltage that is needed to make the transition
from zero to 1 LSB. All the digital codes in the transfer curve
are offset by the same value. Many converters allow nulling
of offset with an external potentiometer. Offset error is usu-
ally expressed in LSBs.

Power Supply Rejection (Power Supply Sensitivity): The
sensitivity of a converter to changes in the dc power supply
voltages.

Quantizing Error: The error inherent in all A/D conver-
sions. Since even an “ideal” converter has finite resolution,
any analog voltage that falls between two adjacent output
codes will result in an output code that is inaccurate by up to
1/, LSB.

Ratiometric Operation: Many A/D applications require a
stable and accurate reference voltage against which the in-
put voltage is compared. This approach results in an abso-
lute conversion. Some applications, however, use trans-
ducers or other signal sources whose output voltages are
proportional to some external reference. In these ratiomet-
ric applications, the reference for the signal source should
be connected to the reference input of the converter. Thus,
any variations in the source reference voltage will also
change the converter reference voltage and produce an ac-
curate conversion.

Resolution: The smallest analog increment corresponding
to a 1 LSB converter code change. For converters, resolu-
tion is normally expressed in bits, where the number of ana-
log levels is equal to 2. As an example, a 12-bit converter
divides the analog signal into 212 = 4096 discrete voltage
(or current) levels.

Settling Time: The time from a change in input code until a
DAC'’s output signal remains within + 1/, LSB (or some other
specified tolerance) of the final value.
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. Linearity Settling . Temperature
l;a;t Re:;iltust)lon @ 25°C Time SU;:‘;;;ms Range* Package Comments
' % (Max) | (+1,LSB) M |
. DAC, Comparator,
ADC0852 8 0.19 5 . 8-PInDIP | Serial Input
ADC0854 8 0.19 5 . 14-PinDIp | DAC, Comparator,
Serial Input
16-Pin DIP High-Speed
+ +
DACO0800 8 0.19 100 ns +5t0 +15 . 16-Pin S.0. Multiplying
16-Pin DIP High-Speed
DACO0801 8 0.39 100 ns +5to £15 . 16-Pin S.0. Multiplying
16-Pin DIP High-Speed
DAC0802 8 0.10 100 ns +5t0 15 . 16-Pin S.0. Multiplying
DAC0806 8 0.78 150ns | +5t0 15 oo g.'g_ Multiplying
DAC0807 8 0.39 150 ns +5t0 £15 :g:g:: glg Multiplying
DAC0808 8 0.19 150ns | +5t0+15 | o 1o [s).lg. Multiplying
20-Pin DIP uP Compatible
DACO0830 8 0.05 1us 5t015 . . 20-Pin S.0. | 4-Quadrant
20-Pin PCC | Multiplying
P Compatible
DAC0831 8 0.10 1us 5t015 20-Pin DIP 4-Quadrant
Multiplying
20-Pin DIP wP Compatible
DAC0832 8 0.20 1pus 5t0 15 . 20-Pin S.0. 4-Quadrant
20-Pin PCC | Multiplying
P P Compatible
DAC1000 10 0.05 500 ns 5to 15 4 . 24-Pin DIP Double Buffered
P 1P Compatible
DAC1001 10 0.1 500 ns 5to 156 24-Pin DIP Double Buffered
pi 1P Compatible
DAC1002 10 0.2 500 ns 5to 15 . . 24-Pin DIP Double Buffered
. 1P Compatible
DAC1006 10 0.05 500 ns 5t0 15 L ° 20-Pin DIP Double Buffered
o 1P Compatible
DAC1007 10 0.1 500 ns 5t015 * 20-PinDIP | 1 ibje Buffered
. »P Compatible
DAC1008 10 0.2 500 ns 5t0 15 . . 20-Pin DIP Double Buffered
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D/A Converter Selection Guide

D/A Converter Selection Guide (continued)

Linearity Settling Temperature
i:::t Re(s;lltust)ion @ 25°C Time Su;()‘;;;les Range* Package Comments
: % (Max) (+12LSB)
M 1 C
. 4-Quadrant
DAC1020 10 0.05 500 ns 5t015 . . . 16-Pin DIP Multiplying
. 4-Quadrant
DAC1021 10 0.1 500 ns 5to 15 . . . 16-Pin DIP Multiplying
. 4-Quadrant
DAC1022 10 0.2 500 ns 5to 15 . ° . 16-Pin DIP Multiplying
1P Compatible
DAC1208 12 0.012 1us 5to 15 . . 24-PinDIP | 4-Quadrant
Multiplying
P Compatible
DAC1209 12 0.024 1ps 5to15 . o 24-PinDIP | 4-Quadrant
Multiplying
wP Compatible
DAC1210 12 0.05 1us 5to15 . . 24-PinDIP | 4-Quadrant
Multiplying
DAC1218 12 0.012 1ps 51015 . e | 18-Pinpip | 4-Quadrant
Multiplying
DAC1219 12 0.024 1ps 5t015 e | ¢ | 18PinDIp | FQuadrant
Multiplying
. 4-Quadrant
DAC1220 12 0.05 500 ns 5t0 15 . . . 18-Pin DIP Multiplying
DAC1221 12 0.1 500 ns 5t015 ¢ | 18-Pinpp | FQuadrant
Multiplying
DAG1222 12 0.2 500 ns 51015 e« | o | o | 18-PinDp | #Quadrant
Multiplying
pP Compatible
DAC1230 12 0.012 1us 5to 15 . . 20-Pin DIP | 4-Quadrant
Multiplying
1P Compatible
DAC1231 12 0.024 1ps 5t015 U . 20-PinDIP | 4-Quadrant
Multiplying
1P Compatible
DAC1232 12 0.05 1pus 5t0 15 . . 20-Pin DIP | 4-Quadrant
Multiplying
DAC1265A 12 0.006 200 ns +15 o ° 24-Pin DIP High-Speed
DAC1265 12 0.012 200 ns +15 . . 24-Pin DIP | High-Speed
DAC1266A 12 0.006 200 ns +12to £15 . [ 24-Pin DIP | High-Speed
DAC1266 12 0.012 200 ns +12to £15 4 4 24-Pin DIP High-Speed

*Ambient temperature range for “M” is —55°C to +125°C, “|" is —25°C to +85°C or —~40°C to +85°C, “C” 0°C to +70°C.
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Acquisition Time: The time required to acquire a new ana-
log input voltage with an output step of 10V. Note that ac-
quisition time is not just the time required for the output to
settle, but also includes the time required for all internal
nodes to settle so that the output assumes the proper value
when switched to the hold mode.

Aperture Time: The delay required between *“Hold” com-
mand and an input analog transition, so that the transition
does not affect the held output.

Dynamic Sampling Error: The error introduced into the
held output due to a changing analog input at the time the
hold command is given. Error is expressed in mV with a
given hold capacitor value and input slew rate. Note that
this error term occurs even for long sample times.

Gain Error: The ratio of output voltage swing to input volt-
age swing in the sample mode expressed as a percent dif-
ference.

Hold Settling Time: The time required for the output to
settle within 1 mV of final value after the “hold” logic com-
mand.

Hold Step: The voltage step at the output of the sample
and hold when switching from sample mode to hold mode
with a steady (DC) analog input voltage. Logic swing is 5V.
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LF198A LF398A LF198 LF398 LF298 Units

Accuracy o
Gain/Offset Error 0.01 0.01 0.02 0.02 0.02 % Max
Offset Voltage 2 3 5 10 5 mV Max
Droop Rate (25°C)

Cg = 1000 pF 30 30 30 30 30 mV/sec

Cg = 10000 pF 3 3 3 3 3
Acquisition Time (25°C)

Cs = 1000 pF 4 4 4 4 4 us

Cg = 10000 pF 20 20 20 20 20
Aperture Time (25°C) 25 25 25 25 25 ns
Temperature Range —55t0 +125 0to +70 —55t0 +125 Oto +70 —25to0 +85 °C
Comment Low Drift Low Drift General General Low Drift

Purpose Purpose
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Part Temp. Range *Accuracy Output Scale

LM34A —50°F to +300°F +2.0°F 10 mV/°F
LM34 —50°F to +300°F +3.0°F 10 mV/°F
LM34CA —40°F to +230°F +2.0°F 10 mV/°F
LM34C —40°F to +230°F +3.0°F 10 mV/°F
LM34D +32°F to +212°F +4.0°F 10 mV/°F
LM35A —55°C to +150°C +1.0°C 10 mv/°C
LM35 —55°C to +150°C +1.5°C 10 mv/°C
LM35CA —40°Cto +110°C +1.0°C 10 mVv/°C
LM35C —40°Cto +110°C +1.5°C 10 mv/°C
LM35D 0°Cto +100°C +2.0°C 10 mv/°C
LM134-3 —55°Cto +125°C +3.0°C ISeT =< °k
LM134-6 —55°Cto +125°C +6.0°C ISET =< °k
LM234-3 —25°C to +100°C +3.0°C ISET o< °k
LM234-6 —25°Cto +100°C +6.0°C ISET =< °k
LM135A —55°C to +150°C +1.3°C 10 mV/°k
LM135 —55°C to +150°C +2.0°C 10 mV/°k
LM235A —40°C to +125°C +1.3°C 10 mV/°k
LM235 —40°Cto +125°C +2.0°C 10 mV/°k
LM335A —40°C to +100°C +2.0°C 10 mV/°k
LM335 —40°C to +100°C +4.0°C 10 mV/°k
LM3911 —25°Cto +85°C +10.0°C 10 mV/°k (or °F)

*Note: Accuracy is measured over T(Min) to T(Max) uncalibrated
Note: The LM134/234/334 3-Terminal Adjustable current sources Datasheet can be found in Linear 1, Section 1.
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Voltage Reference Selection Guide

National

Semiconductor

Corporation

Voltage Reference Selection Guide
Shunt Type
Temperature Output
Reverse Breakdown Operating Voltage Drift Operating Dynamic
Voltage (VR) Device Temp. Tolerance Current Range, Ig | Impedance
Range® |Max, Ta = 25°C| PPM/°C Over R
(Max) Range (Typ)

1.22 LM113-2 M +1% 50 (Typ) [ —55°C to +125°C| 500 nA to 20 mA 0.8
1.22 LM113-1 M +2% 50 (Typ) | —55°C to +125°C| 500 nAto 20 mA 0.8
1.22 LM113 M +5% 100 (Typ) | —55°C to +125°C| 500 nA to 20 mA 0.8
1.22 LM313 C +5% 100 (Typ)| 0°Cto +70°C 500 pA to 20 mA 0.8
1.235 LM185BX-1.2 M 1% 30 —55°Cto +125°C| 10 pAto20 mA 1
1.235 LM185BY-1.2 M +1% 50 —55°Cto +125°C| 10 pAto20 mA 1
1.235 LM185-1.2 M +1% 150 —55°Cto +125°C| 10 pAto 20 mA 1
1.235 LM285BX-1.2 | +1% 30 —40°Cto +85°C | 10 nAto20 mA 1
1.235 LM285BY-1.2 | +1% 50 —40°Cto +85°C | 10 nAto20 mA 1
1.235 LM285-1.2 | 1% 150 —40°Cto +85°C | 10 nAto20 mA 1
1.235 LM385BX-1.2 Cc +1% 30 0°Cto +70°C 15 nAto 20 mA 1
1.235 LM385BY-1.2 C +1% 50 0°Cto +70°C 15 nAto 20 mA 1
1.235 LM385B-1.2 C 1% 150 0°Cto +70°C 15 pA to 20 mA 1
1.235 LM385-1.2 C +2%, —2.4% 150 0°Cto +70°C 15 pA to 20 mA 1
1.24 t0 5.3 (Ad].) LM185B M 1% 150 —55°Cto +125°C| 10 pAto 20 mA 0.3
1.24 t0 5.3 (Ad].) LM185BX M +1% 50 —55°Cto +125°C| 10 pAto20 mA 0.3
1.24 t0 5.3 (Ad].) LM185BY M +1% 50 —55°Cto +125°C| 10 pAto 20 mA 0.3
1.2410 5.3 (Adj.) LM285BX | +1% 30 —40°Cto +85°C | 10 nAto20 mA 0.3
1.24 t0 5.3 (Ad].) LM285BY | +1% 50 —40°Cto +85°C | 10 nAto20 mA 0.3
1.24 t0 5.3 (Adj.) LM285 | +2% 150 —40°Cto +85°C | 10 pAto20 mA 0.3
1.24 t0 5.3 (Adj.) LM385BX C +1% 30 0°Cto +70°C 13 pAto 20 mA 0.3
1.24 to 5.3 (Adj.) LM385BY o] +1% 50 0°Cto +70°C 13 pAto 20 mA 0.3
1.24t0 5.3 (Adj.) LM385 C +2% 150 0°Cto +70°C 13 pAto 20 mA 0.3
2.49 LM136A M +1% 72 —55°Cto +125°C| 400 pAto 10 mA 0.4
2.49 LM136 M +2% 72 —55°Cto +125°C| 400 pAto 10 mA 0.4
2.49 LM236A | +1% 72 —25°Cto +85°C | 400 pAto 10 mA 0.4
2.49 LM236 | +2% 72 —25°Cto +85°C | 400 nAto 10 mA 0.4
2.49 LM336 | t4% 54 0°Cto +70°C 400 pAto 10 mA 0.4
2.49 LM336B C +2% 54 0°Cto +70°C 400 pAto 10 mA 0.4
25 LM185BX-2.5 M +1.5% 30 —55°Cto +125°C| 20 pAto20 mA 1
25 LM185BY-2.5 M +1.5% 50 —55°Cto +125°C| 20 nAto20 mA 1
25 LM185B-2.5 M +1.5% 150 —55°Cto +125°C| 20 nAto20 mA 1
2.5 LM285BX-2.5 | +1.5% 30 —40°Cto +85°C | 20 nAto20 mA 1
2.5 LM285BY-2.5 | +1.5% 50 —40°Cto +85°C | 20 pAto20 mA 1
25 LM285-2.5 | +1.5% 150 —40°Cto +85°C | 20 pAto20 mA 1
2.5 LM385BX-2.5 C +1.5% 30 0°Cto +70°C 20 pAto 20 mA 1
2.5 LM385BY-2.5 o] +1.5% 50 0°Cto +70°C 20 pAto 20 mA 1
2.5 LM385B-2.5 o] +1.5% 150 0°Cto +70°C 20 nAto 20 mA 1
2.5 LM385-2.5 o] +3% 150 0°Cto +70°C 20 pAto 20 mA 1
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Shunt Type (continued)
Temperature Output
Reverse Breakdown Operating Voltage ;riﬂ Operating Dyn:mic
Voltage (Vg) Device Temp. Tolerance Current Range. In | | d
ge ¥R Range* |Max, Ty = 25°C | ppm/°C Over u 9¢, In | Impedance
(Max) Range (Typ)
5.0 LM136A M +1% 72 ~55°Cto +125°C| 400 pAto 10 mA 0.8
5.0 LM136 M +2% 72 —55°Cto +125°C| 400 pAto 10 mA 0.8
5.0 LM236A | +1% 72 —25°Cto +85°C | 400 pAto 10 mA 0.8
5.0 LM236 | +2% 72 —25°Cto +85°C | 400 pAto 10 mA 0.8
5.0 LM336B C 2% 54 0°Cto +70°C 400 pAto 10 mA 0.8
5.0 LM336 C +4% 54 0°Cto +70°C 400 pAto 10 mA 0.8
6.9 LM129A M +3%, —2% 10 —55°Cto +125°C| 600 nAto 15 mA 0.6
6.9 LM129B M +3%, —2% 20 —55°Cto +125°C| 600 nAto 15 mA 0.6
6.9 LM129C M +3%, —2% 50 —55°Cto +125°C| 600 pAto 15 mA 0.6
6.9 LM329B C +5% 50 0°Cto +70°C 600 pA to 15 mA 0.8
6.9 LM329C C +5% 20 0°Cto +70°C 600 pAto 15 mA 0.8
6.9 LM329D C +5% 100 0°Cto +70°C 600 pA to 15 mA 0.8
6.95 LM199A M +2% 0.5 —55°Cto +125°C 500 nAto 10 mA 0.5
6.95 LM199A-20 M Same as LM199A with 20 ppm guaranteed long term drift.
6.95 LM199 M +2% 1.0 —55°Cto +125°C 500 pAto 10 mA 0.5
6.95 LM299A | 2% 0.5 —25°Cto +85°C 500 nAto 10 mA 0.5
6.95 LM299A-20 | Same as LM299A with 20 ppm guaranteed long term drift. :
6.95 LM299 | +2% 1 —25°Cto +85°C 500 nAto 10 mA 0.5
6.95 LM399A C +5% 1 0°Cto +70°C 500 pAto 10 mA 0.5
6.95 LM399A-50 C Same as LM399A with 50 ppm guaranteed long term drift.
6.95 LM399 C +5% 2 0°Cto +70°C 500 pA to 10 mA 0.5
6.95 LM3999 C +5% 5 0°Cto +70°C 600 pA to 10 mA 0.6
*C (Commercial) = 0°C to 70°C, | (Industrial) = —25°C to +85°C for the LM236 and LM299, | = —40°C to +85°C for all others.
M (Military) = —55°C to +125°C
Current References
Output Current Operating Set Current Error Operating Set Current
Range Device Temperature Voltage Temperature
Range 2uAto10pA | 10pAto1mA | TmAto 5 mA Range Dependence*
2uAto10mA | LM134 —55°Cto +125°C +8% +3% +5% 1V to 40V | 0.96T to 0.104T
2pAto10mA | LM134-3 | —55°Cto +125°C N/A 1% N/A 1V to 40V | 0.98T to 0.102T
2pAto10mA | LM134-6 | —55°Cto +125°C N/A +2% N/A 1Vto 40V | 0.97T t0 0.103T
2pAto10mA | LM234 —25°C to +100°C +8% +3% +5 1V to 40V | 0.96T to 0.104T
2pAto10mA | LM234-3 | —25°Cto +100°C N/A +1% N/A 1V to 40V | 0.98T to 0.102T
2pAto10mA | LM234-6 | —25°Cto +100°C N/A +2% N/A 1Vto 40V | 0.97T t0 0.103T
2puAto10mA | LM334 0°Cto +70°C +12% +6% 8% 1V to 40V | 0.96T to 0.104T

*Set current changes linearly with temperature at a rate of 0.33%/°C.
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Voltage Reference Selection Guide

Series Type (Buffered Output)

Output Oper. Voltage Temg:rfe:ture Load Reg. Over Quiescent
Voltage Device Temp. Tolerance - ppm/mA Current Current
Range* | Max, Tp = 25°C | ppm/°C Over Range (mA)
(Max) Range
25 LM368Y-2.5 Cc +0.2% 20 0°Cto +70°C 25 OmAto +10 mA 0.55
25 LM368-2.5 C +0.2% 30 0°Cto +70°C 25 OmAto +10 mA 0.55
5.0 LM168BY-5.0 M +0.05% 10 —55°Cto +125°C 10 —10mAto +10 mA 0.35
5.0 LM268BY-5.0 | +0.05% 15 —40°Cto +85°C 10 —10mAto +10 mA 0.35
5.0 LM368BY-5.0 C +0.1% 20 0°Cto +70°C 10 —10mAto +10 mA 0.35
5.0 LM368-5.0 Cc +0.1% 30 0°Cto +70°C 10 —10mAto +10 mA 0.35
10 LM169B M +0.05% 3 —55°Cto +125°C 8 —10mAto +10 mA 1.8
10 LM168BY-10 M +0.05% 10 —55°Cto +125°C 10 —10mAto +10 mA 0.35
10 LH0070-2 M +0.05% 8 —40°Cto +85°C 60 0to5mA 5
10 LM169 M +0.05% 5 —55°Cto +125°C 8 —10mAto +10 mA 1.8
10 LM581U M +0.05% 10 —-55°Cto +125°C 50 0mAto5mA 1.8
10 LH0070-0 M +0.1% 40 —40°Cto +85°C 60 0mAto5mA 5
10 LM581T M +0.1% 10 —55°Cto +125°C 50 0 mAto5mA 1.8
10 LH0070-1 M +0.1% 20 —40°Cto +85°C 60 0 mAto5mA 5
10 LM581S M +0.3% 30 —55°Cto +125°C 50 OmAto5mA 1.8
10 LM268BY-10 | +0.05% 15 —40°Cto +85°C 10 —10mAto +10 mA 0.35
10 LM581L C +0.05% 5 0°Cto +70°C 50 0OmAto5mA 1.8
10 LM369C C +0.05% 10 0°Cto +70°C 8 —10mAto +10 mA 1.8
10 LM369 C +0.05% 5 0°Cto +70°C 8 —10mAto +10 mA 1.8
10 LM369B C +0.05% 3 0°Cto +70°C 8 —10mAto +10 mA 1.8
10 LM581K C +0.1% 10 0°Cto +70°C 50 0 mAto 5mA 1.8
10 LM368Y-10 C +0.1% 20 0°Cto +70°C 10 —10mAto +10 mA 0.35
10 LM368-10 C +0.1% 30 0°Cto +70°C 10 —10mAto +10 mA 0.35
10 LM369D Cc +0.1% 30 0°Cto +70°C 8 —10mAto +10 mA 2
10 LM581J C +0.3% 30 0°Cto +70°C 50 0OmAto5mA 1.8
10.24 LH0071-2 M +0.05% 8 —40°Cto +85°C 60 0 mAto5mA 5
10.24 LHO071-1 M +0.1% 20 —40°Cto +85°C 60 OmAto5mA 5
10.24 LH0071-0 M +0.1% 30 —40°Cto +85°C 60 0 mAto 5 mA 5
*C (Commercial) = 0°C to 70°C, | (Industrial) = —40°C to +85°C, M (Military) = —55°C to +125°C
Low Current Reference Diodes
. Temperature Output
Output . Operating Voltage Drift Operating Dynamic
Voltage Device Temp. Tolerance Current Range, | Impedance
Range* | Max, T = 25°C | Ppm/°C Over R
(Max) Range (Typ)
3.0 LM103-3.0 M +10% —1700 —55°Cto +125°C 10 pAto 10 mA 25
3.3 LM103-3.3 M +10% —1500 —55°Cto +125°C 10 pAto 10 mA 25
3.6 LM103-3.6 M +10% —1400 —55°Cto +125°C 10 pAto 10 mA 25
3.9 LM103-3.9 M +10% —1300 —55°Cto +125°C 10 pAto 10 mA 25
*M (Military) = —~56°C to +125°C
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“Reference Grade” Voltage Regulators*

Output

Output Operating Voltage Variation Load Reg.|Line Reg. Output Quiescent
Voltage Device Temperature Tolerance Over Operatin m/mA m/V Current Current
9 Range Max, Tp = 25°C P 9| PP PP (Max)
Range
Adjustable: LP2951 —55°Cto +150°C +0.5% +0.5% 100 42 100 mA| 120 pA
1.235V to 30V LP2951AC| —40°C to +125°C +0.5% +0.5% 100 42 100mA| 120 nA
LP2951C |—40°Cto +125°C +1% 1% 200 83 100 mA| 120 pA

Programmable: LHO075 |-—55°Cto +125°C +0.5% 10.14% (Typ) 15 200 200mA| 8mA
5V, 6V, 10V, 12V, 15V|LH0075C 0°Cto +70°C +1% +0.3% (Typ) 25 400 200mA| 10mA
Programmable
-5V, -6V, —10V LHO076 |—55°Cto +125°C +0.5% +0.14% (Typ) 15 200 200mA| 15mA
—-10V, —15V LHO076C 0°Cto +70°C +1% +0.3% (Typ) 25 400 200mA| 15mA
5V LP2950AC| —40°C to +125°C +0.5% +0.5% 100 42 100 mA| 120 pA
5V LP2950C |—40°Cto +125°C 1% +1% 200 83 100 mA| 120 pA

*For more information on these circuits, refer to the Voltage Regulator section of the Databook.
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Audio Circuits—Definition of Terms

National
Semiconductor
Corporation

Audio Circuits
Definition of Terms

Amplifier

Class A

A class A transistor audio amplifier refers to an amplifier
with a single output device that has a collector flowing for
the full 360° of the input cycle.

Class B

The most common type of audio amplifier that basically con-
sists of two output devices each of which conducts for 180°
of the input cycle.

Class C

In a class C amplifier the collector current flows for less than
180°. Although highly efficient, high distortion resuits and
the load is frequently tuned to minimize this distortion (pri-
marily used in R.F. power amplifiers).

Class D

A switching or sampling amplifier with extremely high effi-
ciency (approaching 100%). The output devices are used as
switches, voltage appearing across them only while they are
off, and current flowing only when they are saturated.

Crossover Distortion

Distortion caused in the output stage of a class B amplifier.
It can result from inadequate bias current allowing a dead
zone where the output does not respond to the input as the
input cycle goes through its zero crossing point. Also for
1/Cs an inadequate frequency response of the output PNP
device can cause a turn-on delay g
for negative going transition through zero at the higher au-
dio frequencies.

Dolby B

Dolby B is a simplified version of the Dolby A professional
quality noise reduction system. The amplitude of low level
signals over a selected frequency range is increased prior to
recording to enhance them above tape noise. On playback
the original levels are restored causing a corresponding re-
duction in the audible tape noise. The major difference with
Dolby A which used four frequency bands, is the use of a
single variable frequency band with a cut-off frequency that
increases in the presence of high level high frequency sig-
nals.

Armoaniiar dictaction
g CrOSSOVer Gisionion

Dolby Level

Because of the complementary nature of the Dolby B noise
reduction system, the audio channel between the encoder
and the decoder must have a fixed gain such that the de-
coding signal level is within 2 dB of the encoding signal
level. Also if recordings are interchangeable the signals in
the noise reduction system must be related to the levels in

the audio channel. Dolby level provides this reference and
corresponds to a specified tape flux density when recorded
with a 400 Hz tone. For reel to reel and eight track cartridge
tapes this is 185 nWb/m, and for cassettes Dolby level is
200 nWb/m.

Large-Signal Voltage Gain

The ratio of the output voltage swing to the change in input
voltage required to drive the output from zero to this volt-
age.

Output Resistance

The ratio of the change in output voltage to the change in
output current with the output around zero.

Output Voltage Swing

The peak output voltage swing, referred to zero, that can be
obtained without clipping.

Power Bandwidth

The power bandwidth of an audio amplifier is the frequency
range over which the amplifier voltage gain does not fall
below 0.707 of the flat band voltage gain specified for a
given load and output power.

Power bandwidth also can be measured by the frequencies
at which a specified level of distortion is obtained while the
amplifier delivers a power output 6 dB below the rated out-
put. For example, an amplifier rated at 60 watts with
<0.25% THD, would make its power bandwidth measured
as the difference between the upper and lower frequencies
at which 0.25% distortion was obtained while the amplifier
was delivering 30 watts.

Power Supply Rejection

The ratio of the change in input offset voltage to the change
in power supply voltages producing it.

Slew Rate

The internally limited rate of change in output voltage with a
large amplitude step function applied to the input.

Supply Current

The current required from the power supply to operate the
amplifier with no load and the output at zero.

Thermal Resistance (Rty)

An analogy for heat transfer where the ability of a heat con-
ductive system to transfer heat is described in similar terms
to those used in an electrical system for power dissipated in
a resistor with a given applied voltage. The thermal resist-
ance is given by the temperature differential
established when a given amount of power is being dissipat-
ed (6 = T1 — T2/Pp) with units of °C/watt.
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National
Semiconductor
Corporation
Audio Selection Guide
PREAMPLIFIERS
Application Package \;onage IEqultvslelnt THD PSR Inptlxit Notes
Portable | Home | Auto ange nput Noise Coupling
LM381 . . 14 Pin DIP 9V-40V 0.5 uVv 0.1% | 120dB AC Stereo
LM382 . . . 14 Pin DIP 9V-40V 0.8 uv 0.1% | 120dB AC Stereo
LM387 . . . 8 Pin DIP 9V-30V 0.65 pV 0.1% | 110dB AC Stereo
LM1818 . . . 20PinDIP | 3.5V-18V 0.85 uV 0.05% | 85dB AC Tape System
LM1837 . . ] 18 Pin DIP 4V-18V 0.6 uVvi 0.03% | 105dB DC Autoreverse
LM1897 . . . 16 Pin DIP 4V-18V 0.6 uVt 0.03% | 105dB DC Few Externals
LM833 . o 8 PinDIP | £5V-%15V 0.5 uv 0.002% | 100 dB DC Low Noise
(Note 1) 8 Pin SO Dual Op Amp
LM837 . . 14 PinDIP | £5V-+15V 0.5 uVv 0.002% | 100 dB DC Low Noise
(Note 1) 14 Pin SO Quad Op Amp
Drives 60002 Load
TCCIR/ARM in DIN circuit referred to unity gain at 2 kHz.
Note 1: Data sheet in Linear 1.
AUDIO POWER AMPLIFIERS
o N @ .
Application Package Power Volt Bridgeable| THD* ’:n!aut‘ Slggh'e/ Notes
Portable | Home | Auto 8Q | 40 | 20 oftage oise ua
LM380 L 8 Pin DIP 2.5W 18V 0.2% Single |See AN-69
14 Pin DIP
LM383 . ® |5Pin TO-220 5.5W (8.6W| 14.4V Yes 0.2% | 2puV | Single |Protected
LM384 . 14 PinDIP  |5.5W 22V 0.25% Single |Fixed Gain
LM386 U . 8 Pin DIP 0.33W 6V 0.2% Single |4V Operation
8 Pin SO
LM388 . 14PinDIP |2.2W 12v Yes 0.1% Single | Minimum
Externals
LM389 . 18 Pin DIP 0.33W 6V 0.2% Single |Includes
Transistor
Array
LM390 . 14 Pin DIP 1w 6V Yes 0.2% Single | Battery
Operation
LM391 . 16 Pin DIP 60V-100V 0.01%| 3 uV | Single |Power Driver
LM1877 . . e [14PinDIP 3w 20V 0.05% (2.5 pV| Dual [6V-24V
LM2877 . . e [11PinSIP [4.5W 20V 0.07% | 2.5 uV| Dual [Single-In-Line
Package
LM1895 . . e [8PinDIP 1.1W 6V 0.2% | 1.4 pV | Single |Low AM
Radiation
LM2895 . . e |11PinSIP 4.3W 12v 0.15%| 1.4 pV | Single |3V-15V
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Audio Selection Guide

AUDIO POWER AMPLIFIERS (Continued)

. N @
Application Package Power Volt Bridgeable| THD* r:n?ut. SISQIT/ Notes
Portable| Home | Auto 80 | 40 |20|Yoltage oise ua
LM1896 . . e |14 PinDIP 1.1W 6V Yes 0.1% |[1.4pV| Dual |LowAM
Radiation

LM2896 . . e |11 PinSIP 2.5W 9V Yes 0.1% | 1.4 uV| Dual |No Pops

LM2002 o * |5 Pin TO-220 5.2W|8W| 14.4V Yes 0.1% | 2uV | Single |Protected

LM2878 . 11 Pin SIP 5.5W 22V Yes 0.15% | 2.5 uV| Dual [6V-32V

LM831 . 16 Pin DIP 0.44W 3v Yes 0.2% | 1.3 pV| Dual |1.8V-6V

20 Pin SO

LM12 ] TO-3 50W | 85W +30V 0.01% Single | Power

(Note 1) Op Amp

LM675 . 5Pin TO-220 | 20W +25V 3 uV | Single |Power

(Note 1) Op Amp

LM1875 ] 5 Pin TO-220 | 20W +25V 0.015%| 3 uV | Single |Low Crossover

Distortion
LM2005 e [11Pin TO-220 20W 14.4V Yes 0.3% |1.5uV| Dual |Protected
LM2879 . 11 Pin TO-220| 8W 28V Yes 0.05% |2.5uV| Dual [6V-32V
*Note that all values shown are typical. Please refer to data sheets for test conditions.
Note 1: Data sheet in Linear 1.
AUDIO CONTROLS
Application Package \;oltage c \:oltllr:e Slznia Ito THD |Separation Notes
Portable|Home|Auto ange | Control Range| Noise

LM1035/ . . e |20PinDIP| 8V-18V 80dB 80dB |0.05%| 75dB [Dual DC Controlled

LM1036 Tone/Volume/Balance

LM1037 . . e |18 PinDIP| 5V-30V 100dB |0.04%| 100dB [DC Audio Switch

LM1038 . . e |18PinDIP| 5V-30V 100dB [0.04%| 100dB |[BCD Logic Control

LM13600 ] U e |16 PinDIP| £2V-+18V 0.5% | 100dB |Transconductance

(Note 1) Amplifiers

LM13700 ] U e |16 PinSO

(Note 1)

LM3080 J . e |8PinDIP Transconductance

-+

(Note 1) £2V-£18V Amplifier

LM1040 . . e |24PinDIP| 9V-16V 75dB 80dB |0.06%| 75dB |Dual DC Controlled
Tone/Volume/Balance
Stereo Enhancement

LMC835 ] e |28 PinDIP|+2.5V-+8V 114dB * 7 Band Graphic Equalizer
MICROWIRE™
Controlled

LMC1992/ . e |28PinDIP| 7V-15V 80dB 105dB [0.03%| 95dB |Stereo Volume/

LMC1993 Tone/Fade/Select

(Note 2) MICROWIRE™
Controlled

*Distortion determined by external op amps.

Note 1: Data sheet in Linear 1.
Note 2: LMC1992 selects 4 inputs.

LMC1993 selects 3 inputs and has a loudness control.
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NOISE REDUCTION
Application Package V;I:agee TNR Ef:lnt‘ inco?lng Stl,ngl;/ D;;::?e Notes
Portable | Home | Auto ang ype ec equire ua
LM1131 . . e [(18PinDIP 7V-20V | Dolby [ 10dB Yes Dual 90dB | DC Switched
LM1894 . . e |14PinDIP,SO |4.5V-18V| DNR | 12dB No Dual 76 dB | NSC System
LM1112 . . e |16PinDIP 6V-20V | Dolby | 10dB Yes Single | 83dB
LM1141 . . e | 28PinDIP,Quad | 5V-16V | Dolby Yes Single Dolby B/C
LM832 . 14 Pin DIP, SO 1.5V-9V | DNR | 12dB No Dual 76 dB | NSC System
*Note that all values shown are typical. Please refer to data sheets for test conditions.
Monaural Cassette Player
AUDIO AMPLIFIER
TAPE CASSETTE SYSTEM LM1895 _ﬂq
LM1818 LM386
LM389
TL/XX/0013-1
Home Stereo System (Audio Power < 10W)
FM M
[ | STEREO
AM/FM IF DEMOD
LM1866 LM1800
AM TONE/VOLUME
| AM DNR | | LM1035 POWER AMP
LM1894 LM1036 LM2879
LM1040
TAPE
TAPE PREAMP | I_Duofg‘
LM1897
PHONO
PHONO PREAMP
LM382
LM387
TL/XX/0013-2
Home Component Stereo (Audio Power > 10W)
FM ™ IF STEREO
LM1965 R TONE/VOLUME
LM833 POWER AMPS "{K]
LM1035 LM1875
LM1036 LM391
AM Y AM RF/IF LM1040 —ﬂq
LM1863
EQUALIZER
LMCB35
CASSETTE
PREAMP DOLBY
TAPE } LMB33 LM1131
LM1897
PHONO
PREAMP
LM833

TL/XX/0013-3
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Audio Selection Guide

Automotive Radio (Electronically Tuned)

R R

TL/XX/0013-4

R

FM IF DEMOD
TUNER wisss [ wwiszo ONR
T LM4500 |’ LM1894
AM AUDIO POWER AMPS
| DTUNER AM RF/IF swiich || TONE/vOLUME | | LM383
LM1863 LM1037 LMC1992 LM2002
4 LM1038 vy LM2005
[T |
117 1
\ 4 A 4
SYNTHESIZER
DS8906 |
psss07 |4 4P CONTROL
DS8908
CASSETTE
PREAMP DOLBY
LM1837 LM1131
LM1897
Auto Radio (Manually Tuned)
STEREO
FM M IF
TUNER LM3189 ﬁﬁogg
LM1965 L4500 TONE/VOLUME POWER AMPS
DNR LM1035 LM383
LM1894 LM1036 LM2002
A“T___ AM RF/IF LM1040 LM2005
LM1863
CASSETTE
PREAMPS DOLBY
LM1837 LM1131
LM1897

TL/XX/0013-5
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AGC dc Output Shift: The shift of the quiescent IC output
voltage of the AGC section for a given change in AGC cen-
tral voltage.

AGC Figure of Merit: The widest possible range of input
signal level required to make the output signal drop by a
specified amount from the specified maximum output level.
Typical F.O.M. numbers are from 40 dB to 50 dB, for do-
mestic radios and about 60 dB for automotive radios (for
—10 dB output level change).

AGC Input Current: The current required to bias the central
voltage input of the AGC section.

AM Rejection Ratio: The ratio of the recovered audio out-
put produced by a desired FM signal of specified level and
deviation to the recovered audio output produced by an un-
wanted AM signal of specified amplitude and modulating
index.

Channel Separation: The level of output signal of an undri-
ven amplifier with respect to the output level of an adjacent
driven amplifier.

Detection Bandwidth: That frequency range about the free
running frequency of the tone decoder/phase locked loop
where a signal above a specified level will cause a detected
signal condition at the output.

Detection Bandwidth Skew: The measure of how well the
detection bandwidth is centered about the free running fre-
quency. It is equal to the maximum detection bandwidth fre-
quency plus the minimum detection bandwidth frequency
minus twice the free running frequency.

Hold In Range: That range of frequencies about the free
running frequency for which the phase locked loop will stay
in lock if initially starting out in lock.

Input Resistance: The ratio of the change in input voltage
to the change in input current on either input with the other
grounded.

Input Sensitivity: The minimum level of input signal at a
specified frequency required to produce a specified signal-
to-noise ratio at the recovered audio output.

Input Voltage Range: The range of voltages on the input
terminals for which the amplifier operates within specifica-
tions.

Large-Signal Voltage Gain: The ratio of the output voltage
swing to the change in input voltage required to drive the
output from zero to this voltage.

—3 dB Limiting Sensitivity: In FM the input signal level
which causes the recovered audio output level to drop 3 dB
from the output level with a specified large signal input.

Lock In Range: That range of frequencies about the free
running frequency for which the phase locked loop will
come into lock if initially starting out of lock.

Maximum Sweep Rate: The maximum rate that the VCO
may be made to vary its oscillating frequency over its
Sweep Range.

Output Resistance: The ratio of the change in output volt-
age to the change in output current with the output around
zero.

Output Voltage Swing: The peak output voltage swing, re-
ferred to zero, that can be obtained without clipping.
Phase Detector Sensitivity: The change in the output volt-
age of the phase detector for a given change in phase be-
tween the two input signals to the phase detector.

Power Bandwidth: The power bandwidth of an audio am-
plifier is the frequency range over which the amplifier volt-
age gain does not fall below 0.707 of the flat band voltage
gain specified for a given load and output power.

Power bandwidth also can be measured by the frequencies
at which a specified level of distortion is obtained while the
amplifier delivers a power output 6 dB below the rated out-
put. For example, an amplifier rated a 60W with <0.25%
THD, would make its power bandwidth measured as the
difference between the upper and lower frequencies at
which 0.25% distortion was obtained while the amplifier was
delivering 30W.

Power Supply Rejection: The ratio of the change in input
offset voltage to the change in power supply voltages pro-
ducing it.

Slew Rate: The internally limited rate of change in output
voltage with a large amplitude step function applied to the
input.

Supply Current: The current required from the power sup-
ply to operate the amplifier with no load and the output at
zero.

Sweep Range: That ratio of maximum oscillating frequency
to minimum operating frequency produced by varying the
central voltage of the VCO from its maximum value to its
minimum value with fixed values of timing resistance and
capacitance.

VCO Sensitivity: The change in operating frequency for a
given change in VCO central voltage.
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AM RF/IF Detector
Pin Input .
L AM Audio
Portable | Home | Auto | Synthesized Count | Supply | Supply | Sensitivity and | Power Internal | Meter
(Dip Voltage | Current| for 20 dB EM IF | Amolifier Detector | Output
Package) S/N Ratio P
LM1863 . . . . 20* 7-16 8.3mA 30 uVv . °
LM1866 . . 20 3-15 15mA 25 uVv . . .
LM1868 . . 20 4.5-15 | 22mA 12 uVv . . .
LM3820 . . . 14 45-16 | 18 mA 35 uv
*SO Surface Mount Package Only
Stereo Decoder
Pin Count " ARI
Portable | Home | Auto Dip Supply | Supply THD | Separation | Blend High| Lamp | Output Interference
Voltage | Current Cut | Driver | Buffer N
Package Rejection
LM1800 . 16 10-18 | 21 mA | 0.4% 45dB . o
LM1870 . . . 20 7-15 26 mA |0.05% 45dB . . . .
LM1884* o 16 8-16 35mA | 0.1% — . .
LM4500A . . . 16 8-16 35mA | 0.1% 40 dB . . .
*TV Stereo Decoder
Radio Remote Control
Pin Count Supply Supply Channels Frequency
Function
(Dip Package) Voltage Current Analog Digital Range
LM1871 Encoder/Transmitter 18 4.5-15V 14 mA upto6 2 up to 72 MHz
LM1872 Decoder/Receiver 18 2.5-7V 13 mA 2 2 up to 72 MHz
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Cordless Telephone Receiver

AUDIO AMP
LM 1895

LM 386 m

LM 389

NBFM IF
LM 3361A
TONE DETECT
LM 567
LMC 567

Portable Radio (Stereo)

FM
TUNER

AM/FM IF

AM ! LM 1866

FM

LM 1870

Portable Radio (Monaural)

M
TUNER
AM/FM IF

A“[ LW 1868 —{n

TL/XX/0011-3

TL/XX/0011-1

| D%TCESSSR POWER AMP
LM 1896
AM LM 2896

e

TL/XX/0011-2

Table/Clock Radio

FM
TUNER
AM I

AM/FM IF LM 1895
LM 1866 LM 2895

—

Auto Radio (Manually Tuned)

M FM IF
TUNER LM 3189 |
LM 1965

STEREO
DECODER
LM 1870
LM 4500

TL/XX/0011-4

AN | | AM RF/IF

DNR
LM 1894

LM 1863
CASSETTE
PREAMPS DoLBY
LM 1837 LM1131
LM 1897

TONE/VOLUME
LM 1035
1036 | ]

POWER AMPS —ﬂ:]

LM 383
LM 2002

LM 1040

LM 2005

TL/XX/0011-5




Automotive Radio (Electronically Tuned)

M STEREO g
- mrE || oewon | I‘ LM 1894
LV 1865 i AUDIO POWER AMPS —-ﬂq
I — L1 swren | ] ronevoLume LM 383
™ LM 1037 LMC 1992 LM 2002
LM 1038 w2005 (K]
= AM RF/IF 7y
LM 1863 ry
-~
Lo. ]
BR v ¥
SYNTHESIZER
DS 8906
oS so0y |4 #P controL
DS 8908
CASSETTE
preawps | | potsy
LM 1837 LM1131
LM 1897

TL/XX/0011-6

Home Stereo System (Audio Power < 10W)

FM
M
TUNER ] sTeReEO
AM/FM IF e 11
M LM 1866
| AM
TONE/VOLUME —B:]
L | o | 1 wMit03s POWER AMPS
— LM 1894 LM 1036 LM 2879
LM 1040 —ﬂ(]
TAPE PREAMP  |— La%?;‘
LM 1897
PHONO
PHONO PREAMP
LM 382
LM 387

TL/XX/0011-7

Home Component Stereo (Audio Power > 10W)

FM ™ IF STEREO
TUNER LM 1965 [ DEMOD = TONE/VOLUME _nq

LM 1870 LM 833 POWER AMPS
— w1035 = LM 1875
AM LM 1036 LM 391
1 AM RF/IF LM 1040
LM 1863
EQUALIZER
LMC 835
CASSETTE
} PREAMP DOLBY
TAPE LM 833 LM 1131
LM 1897
PHONO
PREAMP
LM 833

TL/XX/0011-8
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Aspect Ratio: The ratio of picture width to picture height.
For the NTSC system this is 4:3.

Back Porch: The section of the composite video signal be-
tween the trailing edge of the line (horizontal) sync pulse
and the end of the blanking pulse period (when picture infor-
mation begins). For a monochrome signal the back porch is
simply at the blanking level. For a color signal, the color
burst is added within this section.

Black Level: The DC voltage level in the picture signal
which corresponds to beam cut-off on the display tube. It
can be at the blanking level (given by the back porch) or
slightly higher (7.5% to 10% of the peak white signal above
the blanking level).

Blacker-than-Black: The amplitude region in the composite
video signal that extends below the reference black level in
the direction of the synchronizing pulses.

Blanking: A portion of the composite video signal whose
instantaneous amplitude makes the vertical and horizontal
scan retrace not visible on the display tube.

Blanking Level: The level of the front and back porches of
the composite video signal.

Blanking Period: The period in the composite video signal
where the level is reduced to the blanking level, below
which the display electron beam is cut-off. This allows non-
visible retrace of the beam from the right side of the display
to the left side at the end of each scan line (horizontal
blanking) and non-visible return of the electron beam from
the bottom of the display to the top. Horizontal blanking
occurs for approximately 11 us between each scan line and
vertical blanking for 1.2 ms between each field.

Blooming: Defocussing of the picture in regions where the
brightness is too high.

Breezeway: The section in the signal blanking period be-
tween the end of the sync pulse and the start of the color
burst.

C.C.LR.: International Radio Consultative Committee—a
worldwide standards organization.

Chrominance Signal: That part of the NTSC signal that
contains the color information.

Clamping: A process that established a fixed DC voltage
level for the picture signal. This is important for proper RF
modulation and for maintaining the correct picture black lev-
el.

Color: An attribute of an object being scanned that distin-
guishes it from other objects, apart from shape, texture, and
brightness. In television systems the color of an object is
further subdivided into hue (tint) and saturation. The hue or
tint refers to the dominant wavelength of a spectral color,
i.e., light red is the same hue as deep red and dark red.

Deep red has more vividness or saturation (less white),
whereas dark red has less brightness. Similar terms are
used to describe non-spectral colors (a mixture of hues).

Color Burst: Normally refers to approximately 9 cycles of
the 3.58 MHz subcarrier superimposed on the back porch of
the composite video signal. The phase of this burst estab-
lishes the reference color phase for tint or hue, and the
amplitude provides a reference for the color saturation level.

Color Subcarrier: A subcarrier at 3.579545 MHz (NTSC)
whose modulation sidebands are added to a monochrome
video signal to convey the color information. Similar subcar-
riers are used for SECAM and PAL.

Composite Video Signal: The complete video signal. For
monochrome, it consists of blanking and synchronizing sig-
nals, with a picture signal representing the scene bright-
ness. For color, an additional subcarrier is added for color
synchronization and picture color content.

Compression: An undesired decrease in amplitude of one
portion of the composite video signal relative to another
portion.

Contrast: The range of dark and light values in a picture.

Cross-talk: An undesired signal interfering with a desired
signal.

Definition: See resolution.

Differential Gain: The amplitude change in the 3.58 MHz
color subcarrier as the picture signal varies from blanking to
peak white level. This is the result of system non-linearities
and is measured in percent change.

Differential Phase: The phase change, measured in de-
grees, of the 3.58 MHz color subcarrier as the picture signal
varies from blanking to peak white level.

Equalizing Pulses: Pulses of one half the width of the line
(horizontal) sync pulses, transmitted at twice the line rate for
the three line periods before and after the field (vertical)
sync pulse. They are used to help the vertical sync system
of the receiver accommodate the half line difference in the
number of scan lines on successive fields.

Field: One half of a complete picture interval. A field will
contain either all the odd numbered scanning lines or all the
even numbered scanning lines in the picture.

Field Frequency: The rate at which a complete field is
scanned. For NTSC color signals this is nominally 59.94 Hz.
Fly-back: See Horizontal Retrace.

Frame: A complete picture consisting of two interlocking
fields.

Frame Frequency: The rate at which a complete frame is
scanned. In the U.S. this is nominally 30 frames or pictures
per second.
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Front Porch: The section of the composite video signal be-
tween the end of the picture information on a scan line (start
of blanking) and the start of the line synchronization pulse.

Horizontal Blanking: The blanking signal at the end of
each scan line that prevents the retrace of the display tube
electron beam from being visible.

Horizontal Retrace: The rapid return of the scanning elec-
tron beam from the right side of the raster to the left side.

Horizontal Hum Bars: Relatively broad horizontal bars drift-
ing slowly up the screen as a result of interference from the
60 Hz main frequency.

Hue (Tint): Describes the color that is being represented on
the screen, i.e., red, blue, magenta, green, orange, etc.
Interlace: A scanning process in which each adjacent line
belongs to the alternate field.

L.R.E.: Institute of Radio Engineers. Now combined with the
AIEE to form the IEEE.

I.R.E. Scale: An oscilloscope scale calibrated for composite
video and divided vertically into 140 units. The picture signal
occupies the range from 0 to 100 with syncs in the range 0
to —40.

Luminance: The monochrome or brightness part of the col-
or signal, composed of specific proportions of the three pri-
mary colors, red, blue, and green.

N.T.S.C.: National Television System Committee, used in
reference to the system adopted for color television broad-
casting in the U.S. at the end of 1953.

Noise: In a television picture, ‘noise’ refers to random inter-
ference producing a salt and pepper pattern over the pic-
ture. Heavy noise totally obscuring the picture is called
“snow”.

Overshoot: An (excessive) response to a unidirectional sig-
nal change. Overshoot is often used deliberately to en-
hance the luminance portion of a signal.

Pairing: A partial or complete failure of interlace in which
scan lines of alternate fields fall in pairs, one on top of the
other.

Pedestal Level: See Blanking Level.

Percentage Sync:

Video: The ratio in percent of the amplitude of the syn-
chronizing pulse to the peak amplitude of the picture sig-
nal between blanking and reference white level. For a
properly constituted composite video signal this is 40%.
RF: The ratio is a percent of the amplitude of the syn-
chronizing pulse to the peak amplitude of the modulated
RF signal. For correct modulation this is 25%.

P.A.L.: Phase Alternation Line. A variation of the NTSC sys-

tem involving phase reversal of one of the color difference

signals on a line by line basis, introduced into the U.K. and

Germany in 1967.

Picture Signal: That portion of the composite video signal

which is above the blanking level and contains the picture

information.

Pre-emphasis: An increase in the level of a band of fre-

quency components with respect to the remainder of the

signal. For U.S. television, the audio signal is increased at a
6 db/octave rate above 2.1 kHz.

Raster: The area on the face of the display tube that is
scanned by the electron beam. This is not always entirely
visible since commercial receivers employ overscan so that
the edges of the raster are hidden by the faceplate.

Reference Signals: See V.I.T.S. and V.I.R.S.

Resolution (Horizontal): The amount of resolvable detail in
the horizontal direction of the picture. This depends on the
high frequency and phase response of the transmission sys-
tem and the receiver.

Resolution (Vertical): The amount of resolvable detail in
the vertical direction of the picture. This depends primarily
on the number of scan lines that are used and secondarily
on the size (shape) of the electron scanning beam.

Saturation (Color): The amplitude of the chrominance sig-
nal. Increased saturation means increased chrominance
signal level. Visibly, this refers to a color increasing from
pale or pastel to deep.

S.E.C.A.M.: Sequential Couleur Avec Memoire. The color
broadcasting system used predominantly in France which
utilizes sequential transmission of the color difference sig-
nals, which are FM modulated on two separate subcarriers
(1967).

Setup: The difference in level between the blanking level
and the reference black level expressed as a percent of the
reference white level.

Smear: Smear describes a picture condition where objects
appear extended in the horizontal direction producing an ill-
defined, blurry picture. This often occurs when the receiver
is tuned slightly above the proper pix carrier frequency.

Sync: Abbreviation for synchronizing or synchronization.
Sync Level: The level of the synchronizing pulse tips.

Vertical Blanking: The blanking signal at the end of each
field starting three lines before the vertical sync pulse.

Vertical Retrace: The return of the electron beam from the
bottom of the display to the top after a complete field has
been scanned.

V.L.LR.S.: Vertical Interval Reference Signal. A quality control
signal added to a horizontal scan line during the vertical
blanking period. It is used to provide a chrominance, lumi-
nance and black level reference.

V.LT.S.: Vertical Interval Test Signals. A series of test sig-
nals that are added to horizontal lines during the vertical
blanking for in-service testing of the transmission equip-
ment. They can be deleted or added at various points in the
transmission link, unlike the VIRS, which is added at pro-
gram origination and stays with the program material.
Vestigal Sideband Transmission: A broadcast transmis-
sion technique wherein only one side band of an amplitude
modulated carrier is fully transmitted with the other side-
band (usually lower) truncated.

Video: The visible portion of the transmitted signal repre-
senting the picture.
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VIDEO AMPLIFIERS

Bandwidth Gain Package Supply Voltage Comments
LM592 120 MHz 100, 400 14 Pin DIP +3V-+6V Differential IN, Differential OUT
14 PIN SO
LM733 120 MHz 10,100,400 | 14 Pin DIP +3V-+6V Differential IN, Differential OUT
LM1201 100 MHz 4-10 16 Pin DIP +12V Single Amplifier with
(Advanced Information) Black Level and Contrast
Control
LM1203 50 MHz 4-10 28 Pin DIP +12v Triple Amplifier System
with Black Level and
Contrast Control
LM359 400 MHz GBW 14 Pin DIP 5v-22Vv Dual Norton Amplifiers
(Note 1) 30MHz @ Ay = 1
VIDEO TIMING
Function Package Supply Voltage Comments
LM1391 PLL 8 Pin DIP Internal Shunt Zener —
LM1880 No-Holds Vert/Horiz 14 Pin DIP Internal Shunt Zener —
LM1881 Sync Separator 8 Pin DIP 5V-15V Outputs Provided:
8 Pin SO Composite Sync
Vertical
Burst Gate
Odd/Even Field
VIDEO MODULATORS/DEMODULATORS
Function Package Comments
LM1496 Balanced Modulator-Demodulator 14 Pin DIP Operating Frequency to 100 MHz
(Note 2) (Modulator—Suppressed Carrier, AM 10 Pin TO-5 Balanced Inputs and Outputs
Demodulator—Synchronous, FM 14 Pin SO
Phase Detection)
LM1889 Modulates Color Difference, 18 Pin DIP DC Channel Switching
Luminance, Audio onto Chroma Reference
Low-VHF Channels
LM2889 Modulates Composite Video, 14 Pin DIP DC Channel Switching,
Audio onto Low-VHF Channels Low Distortion FM Sound
Modulator, Video Clamp

Note 1: Data sheet in Linear 1.

Note 2: Data sheet in Linear 3—Special Functions Chapter 5.
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VIDEO IFs
Application Package Comments
LM1211 Broadband Demodulator 20 Pin DIP Operating Range 20 MHz-80 MHz
(Note 3) Quasi-Synchronous Detector
25 MHz Output Amplifier
LM1823 Video IF 28 Pin DIP Operating Range 20 MHz-70 MHz
Synchronous Detector using PLL
9 MHz Output Amplifier
OTHER VIDEO PRODUCTS
Function Package Supply Voltage Comments
LM1044 Video Switch 24 Pin DIP 8V-16V ¢ DC Switch between 3 Composite Video
Channels or 2 RGB Channels
® 60 dB Channel Separation
LM1884 TV Stereo Decoder 16 Pin DIP 9V-15V Provides L — R, L + R Outputs
(Note 4) from Composite Input
LM1886 TV Video Matrix D to A 20 Pin DIP +5V, +12v Encodes Luminance and Color Difference
Signals from 3-Bit RGB Inputs
Note 3: Data Sheet in Linear 3.
Note 4: Data Sheet in Linear 3.
VIDEO
O outPuT
SAWF 4.5 MHz
VIDEO IF R
TUNER > 1823 »> ,—-I
45 MHz
STEREO L+R TONE
L SOUND IF/ DET N DECODER }— \ > "_. —>] DYNAMIC —»{ VOLUME oL
LM1965 TRAP LM1884 AUDIO NOISE AMBIENCE
MATRIX s POWER
LM833 WITCH REDUCTION AMP
l 837 LM1037 SYSTEM
dbx 6dB L=-R R [ LM1038 LM1894 LM1040 OR
DECODER[ | ATTENUATOR — e e e B
'y
5Fh LM1875
=\ SAP DECODER 1| Lwss3 LM2005
q LM837, LM2878
LMC568 PHONO  TAPE LM2879
] CARRIER
7| DETECT j}«
SAP INDICATOR
8.5rh LM567 LM833
—> n —> O TELEMETRY OUTPUT
LMC567 LM837

TL/XX/0012-1
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VO
SYNC iN

VIDEO IN
RO

CIRCUITS
LMC555
LM675
SYNC LM1578
] SEPARATION LM1880
LM1881 LM1875

VERTICAL / HORIZONTAL SWEEP
AND POWER SUPPLY

YOKE

YOKE

GO

BO

Application Notes* Cross Reference

Device AN #

LM359 AN-278, AB-24

LM1823 | AN-391

LM1886 | AN-402

LM1889 | AN-402

LM2889 | AN-391, AN-402

CRT
VIDEO AMPLIFICATION
WITH GAIN / DC HV
CONTROL 1 CRT
LM1201 VIDEO
LM1203
CONTRAST LL O BRIGHTNESS

*National Semiconductor Corporation Linear Application Notes

FIGURE 1. Typical RGB Color Monitor Block Diagram

TL/XX/0012-2
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Dedicated Motor Control Functions

Part Number Function Features
LM621 Brushless D.C. Motor Deadband Timer for Direction Reversal
40V Max. Operation
35 mA Outputs for Direct Drive of Bipolar Power Transistors
LM628 High Performance Position On Board 32-Bit Incremental Shaft Encoder Interface
Control for D.C. and Brushless 256 us Loop Time
D.C. Motors Automatic Trajectory Generator
Velocity Programmable “On-the-Fly”
Internal Programmable PID Filter
Convenient 8-Bit Host Interface
8-Bit or 12-Bit Port to DAC (LM628)
8-Bit PWM Output (LM629)
LM622 P.W.M. Controller for Flexible Output Structure Drives H-Switches or Commutators
Brushless and Brush D.C. Motors Precision On-Board Reference
Flexible Error Amp/Feedback Structure
H-Switches
Output Current (Amps) Supply Sat:::ja"tig:r:lirl‘:a e Operating
Device | Voltage 9 Temp. Package Description
Peak Continuous (Max) Source Sink Range
(Typical) (Max) (Max) (Max)
4 2 LM18298 50 2.8 2.6 —40°C to +150°C | 15-Pin TO-220 | Quad '/, H Switch
1.5 1 LM18293 36 1.8 1.8 —40°Cto +125°C| 16-PinDIP | Dual Full H Switch
Power Op-Amps*
Output Current Input .
Amps N Supply Offset | Quiescent Slew Operating
Device | Voltage Voltage| Current Rate Temp. Package Features
Peak | Continous (Max) °M g (Typical) Range
(Typical)|  (Max) (Max)
3 1.5 LM675 60 10 mV 50 mA 8V/us 0°Cto +70°C | 5-Pin TO-220 | Thermal Parole
15 10 LM12L 60 15 mV 80 mA 9V/us | —55°Cto +125°C| 4-PinTO-3 | Fully Protected
15 10 LM12CL 60 20 mV 120 mA 9V/us 0°Cto +70°C 4-Pin TO-3 | Fully Protected
15 10 LM12 80 15mVv 80 mA 9V/us | —55°Cto +125°C| 4-PinTO-3 | Fully Protected
15 10 LM12C 80 20 mV 120 mA 9V/us 0°Cto +70°C 4-PinTO-3 | Fully Protected
1 0.5 LM18272 28 100 mV | 15mA (Typ) | 0.5 V/ps 0°Cto +85°C 8-Pin DIP Dual (Bridge)

*For more information on Power Amps, see the Amplifier section of the Linear Databook. For more High Power Amplifiers, refer to the Audio Amplifier section.
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Communications-Related Building Blocks

Building Blocks

Modulators & Demodulators Selection Guide

LM1211 LM1496 LM1889 LM2889
Typical Broadband Balanced Modulator- TV Video TV Video
Application Demodulator Demodulator Modulator Modulator
Key ® Configurable * Wide Frequency  |nput Signals * Input Signals
Features for AM or FM Response to —Audio Modulation —Audio
Based Signals 100 MHz —Color Difference —Composite Video
—Luminance
® 0 MHz-70 MHz Operating ® Fully Balanced ® Channel 3
Frequency Range Inputs and Outputs ® Channel 3 (61.25 MHz) or
(61.25 MHz) or Channel 4
® 25 MHz Detector ® Adjustable Gain Channel 4 (67.25 MHz) Output
Output Bandwidth and Signal Handling (67.25 MHz) Output
¢ Video DC
¢ Linear Output e Companion Circuit Restoration
Phase Response toLM1886 TV
Video Matrix
DtoA
PLL’s AND TONE DECODERS

General purpose PLL’s and tone decoders are available for applications that include FSK demodulation, tone decoding, SAP
and SCA demodulation, and telemetry reception. Both bipolar and CMOS devices are offered. Special purpose PLL’s for TV
synchronization and FM stereo demodulation are also available for use in other low frequency signal processing applications.

PLL and Tone Decoder Selection Guide

LMC567*

LM1800, LM 1870,

LM565 LM567 (CMOS LM567) LMC568 LM1391 LMA4500A

Typical PLL Tone Tone PLL TV—Horizontal FM Stereo
Application Decoder Decoder PLL Demodulator PLL
Center Frequency 15 Hz- 0.01 Hz- 0.01 Hz- 0.01 Hz-
Range 500 kHz 500 kHz 500 kHz 500 kHz
VCO Control Range +30% +7% +7% +30% +300 Hz
Supply Voltage Lowest: 7V

+5Vio £12V | 475V-9V | 2v-ov av-ov | sv-9.2v Highest: 16V

(See Datasheets)

Supply Current (Typ) Lowest: 21 mA

8 mA 12mA 0.8 mA 1.2mA 20 mA Highest: 45 mA

(See Datasheet)

*The CMOS LMC567 oscillator runs at twice the frequency of the bipolar LM567 oscillator. Refer to the datasheets for additional information.
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POWER LINE CARRIER

The LM2893/LM1893 Carrier-Current Transceiver performs as a power line interface for half-duplex (bi-directional) communica-
tion of serial bit streams of virtually any coding. Applications include energy management systems, inter-office control, fire alarm

systems, security systems, telemetry, and remote meter reading.

TIMERS
General purpose timers are available for generating accurate time delays or oscillation. Both bipolar and CMOS devices are
offered.
Timer Selection Guide
LMC555* LM556
LM2
Lm322 905 LMSSS (CMOS LM555) (Dual LM555)
Trigger Pulse Relative Can Be CanBe Must Be Must Be Must Be
to Output Pulse Longer Longer Shorter Shorter Shorter
Typical Application Monostable Monostable Astable Astable Astable
Supply Voltage 4.5V-40V 4.5V-40V 4.5V-15V 1.2V-12V 4.5V-15V
Supply Current 10 mA
. 2. .
(Typical) 25mA SmA 10mA 0.15mA (Each Timer Section)

*The CMOS LMC555 can handle —10 mA to +50 mA of output current and the bipolar LM555 can handle up to 200 mA of output current.

VCO AND FUNCTION GENERATOR
The LM566 is a general purpose voltage controlled oscillator which may be used to generate square and triangle waves. Typical
applications include FM modulation, signal generation, function generation, frequency shift keying, and tone generation. The
LM566 has very linear modulation characteristics.

Drive-Related Building Blocks

DISPLAY DRIVERS

LED flasher/oscillator and dot/bar display drivers are offered.

Display Driver Selection Guide

LM3909 LM3914 LM3915 LM3916
Typical Flasher/ Dot/Bar Dot/Bar Dot/Bar
Application Oscillator Display Driver Display Driver Display Driver
Display Scale N/A Linear Log VU Meter
Display Type LED, LED, LCD, LED, LCD, LED, LCD,
incandescent Vacuum Vacuum Vacuum
Fluorescent Fluorescent Fluorescent

METER DRIVERS

The LM1819 Air-Core Meter Driver is a function generator/driver for air-core (moving-magnet) meter movements in tachometers
and ruggedized instruments. Driver outputs are self-centering and better than 2% linearity is guaranteed over a full 305°
deflection range. Signal conditioning circuitry is included on chip.

TEMPERATURE CONTROLLER

The LM3911 (Note 1) is a temperature controller containing a precision temperature sensor, op amp, and reference. It is
designed for temperature sensing and closed loop temperature control applications over the —25°C to +85°C range.
Note 1: See Linear 2 for datasheet.

61

s)oo|g buipjing



Building Blocks

Precision-Related Building Blocks

CHOPPER BLOCK

The LMC669 Auto Zero Block (Note 1) is a universal commutating auto-zerc block that can be used with any operational
amplifier to correct offset voltage.
Note 1: See Linear 2 for datasheet.

TRANSISTOR ARRAYS

A variety of matched and power transistors are offered.
Transistor Array Selection Guide

LM394 LM395 LM3046 LM3146
Description NPN Transistor Pair Power Transistor 5 NPN Transistors 5 NPN Transistors
Key Features * Emitter-Base ® Collector Current: 1A ® Emitter-Base * Emitter-Base
Voltage Matched Voltage Matched Voltage Matched
to 50 uVv to £5mV to £5mV

® Quiescent Current:

® Current Gain 10 mA ® Breakdown Voltages ® Breakdown Voltages
Matched to 2% —V(BR)(CBO): 20V —V(8R)(cBO): 40V
® Switching Time: —V(@Rj(CcE0): 15V —V(8R)(CEO): 30V
2 pus —V(BR)(CIO): 20V —V(8R)(CIO): 40V
—V(BR)(EBO): 5V —V(BR)(EBO): 5V
® Current Limit
¢ DC—120 MHz * DC—120 MHz
® Thermal Limit
® Safe Area
Protection
Sensing-Related Building Blocks
LIQUID LEVEL SENSORS
A variety of liquid level sensing circuits are offered.
Liquid Level Sensor Selection Guide
LM903 LM1042 LM1812 LM1830
Output - Pulse-Echo -
Type Digital HI/LO Analog Timing Digital HI/LO
Operation Thermoresistive Thermoresistive Acoustic Conductive
Method Probe Probe Transducer<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>