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Following is the most cuirent list of National Semiconductor Corporation’s trademarks and registered trademarks.
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Anadig™
ANS-R-TRANTM
APPS™
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BCP™™
BI-FET™
BI-FET II™
BI-LINET™
BIPLANTM
BLC™
BLX™
Brite-Lite™
BTL™
CheckTrack™
CIM™
CIMBUS™
CLASIC™
ClockrChek™
COMBO™
COMBO |™
COMBO ™
COPS™ microcontrollers
Datachecker®
DENSPAKT™
DIB™
Digitalker®
DISCERNT™
DISTILL™™
DNR®
DPVM™
ELSTART™
Embedded System
Processor™
E-Z-LINK™
FACT™

FAIRCAD™
Fairtech™
FAST®

5-Star Service™
GENIXT™

GNXT™

HAMR™™
HandiScan™
HEX 3000™™
HPCT™

13Le

ICM™™
INFOCHEX™™
Integral ISETM
Intelisplay™
ISE™™

ISE/06™™
ISE/08™M
ISE/16™
ISE32™™
ISOPLANAR™
ISOPLANAR-Z™
KeyScan™
LMCMOS™
M2CMOS™
Macrobus™
Macrocomponent™
MAXI-ROM®
Meat»rChek™
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MICRO-DAC™
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MICROWIRE/PLUS™
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MST™
Naked-8™
National®
National Semiconductor®
National Semiconductor
Corp.®
NAX 800T™
Nitride Plus™
Nitride Plus Oxide™
NML™
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NSC800™™
NSCISE™
NSX-16™
NS-XC-16™
NTERCOM™
NURAMT™
OXISS™
P2CMOS™
PC Master™
Perfect Watch™
PharmassChek™
PLANT™
PLANARTM
Plus-2™
Polycraft™
POSilink™
POSitalker™
Power + Control™
POWERplanar™
QUAD3000™
QUIKLOOK™
RAT™
RTX16™
SABR™™
ScriptirChek™

SCX™
SERIES/800™™
Series 900™
Series 3000™
Series 320009
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SofChek™
SPIRE™
STAR™
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SuperChip™
SuperScript™™
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The National Anthem®
TimewrChek™
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TRI-CODE™
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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:

1. 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.
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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.

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.

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




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 VLS| 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 1C 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

Product Status Definitions

Definition of Terms

Data Sheet Identification Product Status Definition
) mation Formative or This data sheet contains the design specifications for product
X In Design development. Specifications may change in any manner without notice.

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.

Full This data sheet contains final specifications. National Semiconductor

Production Corporation reserves the right to make changes at any time without
notice in order to improve design and supply the best possible product.

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.
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National
Semiconductor

Additional Available Linear Devices

Device

ADCO0800 8-Bit A/DConverter.........coviiiiiiiiieeiiiiiiaeeannn.
ADCO0801 8-Bit nP Compatible A/D Converter ...............ccoouen..
ADCO0802 8-Bit uP Compatible A/D Converter ............c..coovvnn.n
ADC0803 8-Bit uP Compatible A/D Converter ...............covuue
ADCO0804 8-Bit uP Compatible A/D Converter ...................coun.
ADCO0805 8-Bit uP Compatible A/D Converter .............c..coovnnn..
ADC0808 8-Bit uP Compatible A/D Converter with 8-Channel
MURIPIEXEr .« . oo e
ADCO0809 8-Bit uP Compatible A/D Converter with 8-Channel
MU PIEXEr . . oo e
ADCO0811 8-Bit Serial 1/0 A/D Converter with 11-Channel Multiplexer. . .
ADCO0816 8-Bit uP Compatible A/D Converter with 16-Channel
MURIPIEXET . oottt e
ADCO0817 8-Bit uP Compatible A/D Converter with 16-Channel
MURIPIEXET . o oo e e
ADCO0819 8-Bit Serial 1/0 A/D Converter with 19-Channel Multiplexer. . .
ADCO0820 8-Bit High Speed nP Compatible A/D Converter with
Track/Hold Function
ADC0829 uP Compatible 8-Bit A/D with 11-Channel MUX/Digital Input .
ADCO0831 8-Bit Serial I/0 A/D Converter with Multiplexer Options .........
ADC0832 8-Bit Serial |/0 A/D Converter with Multiplexer Options . ... ...
ADCO0833 8-Bit Serial I/0 A/D Converter with 4-Channel Multiplexer . . ...
ADCO0834 8-Bit Serial I/0 A/D Converter with Multiplexer Options . ... ...
ADCO0838 8-Bit Serial I/0 A/D Converter with Multiplexer Options . ... ...
ADCO0841 8-Bit uP Compatible A/D Converter ................c.o.e..
ADCO0844 8-Bit uP Compatible A/D Converter with Multiplexer Options .
ADCO0848 8-Bit uP Compatible A/D Converter with Multiplexer Options .
ADC0852 Multiplexed Comparator with 8-Bit Reference Divider .........
ADC0854 Multiplexed Comparator with 8-Bit Reference Divider
ADC1001 10-Bit uP Compatible A/D Converter ...............coouu...
ADC1005 10-Bit uP Compatible A/D Converter .............c..coovenn.
ADC1021 10-Bit uP Compatible A/D Converter .................coooun.
ADC1025 10-Bit uP Compatible A/D Converter ...................oue
ADC1205 12-Bit Plus Sign uP Compatible A/D Converter
ADC1210 12-Bit CMOS A/D Converter
ADC1211 12-Bit CMOS A/D Converter
ADC1225 12-Bit Plus Sign wP Compatible A/D Converter
ADC3511 3,-Digit Microprocessor Compatible A/D Converter
ADC3711 3%,-Digit Microprocessor Compatible A/D Converter
ADD3501 31/4,-Digit DVM with Multiplexed 7-Segment Output
ADD3701 33%/-Digit DVM with Multiplexed 7-Segment Output
AF100 Universal Active Filter . ........c.ooiiiiiii i
AF150 Universal Wideband Active Filter
AF151 Dual Universal Active Filter
AHO0014 Dual DPST-TTL/DTL Compatible MOS Analog Switch
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Additional Available Linear Devices

Additional Available Linear Devices (cContinued)

Device Databook
AHO0015 Quad SPST Dual DPST-TTL/DTL Compatible MOS Analog

371 oY o Data Acquisition Linear Devices
AHO0019 Dual DPST-TTL/DTL Compatible MOS Analog Switch ......... Data Acquisition Linear Devices
AH5009 Monolithic Analog Current Switch .................ccoveuae Data Acquisition Linear Devices
AH5010 Monolithic Analog Current Switch ...................... ... Data Acquisition Linear Devices
AH5011 Monolithic Analog Current Switch ....................oout. Data Acquisition Linear Devices
AH5012 Monolithic Analog Current Switch ..................cooean, Data Acquisition Linear Devices
AH5020C Monolithic Analog Current Switch .......................... Data Acquisition Linear Devices
CD4016BM Quad Bilateral Switch . ..............coooviiiiiiiiia, Data Acquisition Linear Devices
CD4051BM Single 8-Channel Analog Multiplexer/Demultiplexer ........ Data Acquisition Linear Devices
CD4052BM Dual 4-Channel Analog Multiplexer/Demultiplexer . ......... Data Acquisition Linear Devices
CD4053BM Triple 2-Channel Analog Multiplexer/Demultiplexer . ........ Data Acquisition Linear Devices
CD4066BM Quad Bilateral Switch . ..........ccviiiiii i, Data Acquisition Linear Devices
CD4529BC Dual 4-Channel or 8-Channel Analog Data Selector .......... Data Acquisition Linear Devices
DACO0630 Triple 6-Bit Video DAC with Color Pallette ................... Data Acquisition Linear Devices
DAC0631 Triple 6-Bit Video DAC with Color Pallette ................... Data Acquisition Linear Devices
DACO0800 8-Bit D/A CONVEMEr . ...ttt vttt ennnaees Data Acquisition Linear Devices
DACO0801 8-Bit D/AConverter. ..ot iiiiiiiiiiiiiiaiiennns Data Acquisition Linear Devices
DAC0802 8-Bit D/AConverter. ..ot iiiiiiiiiiiiieeiinnnns Data Acquisition Linear Devices
DACO0806 8-Bit D/A CONVEMEr . ... ovvveietieeiieneieeeaneannss Data Acquisition Linear Devices
DAC0807 8-BitD/AConverter...........ooiviiiiiiiinninenanns, Data Acquisition Linear Devices
DACO0808 8-Bit D/AConverter.......ccoviiiiiiiiiiiiinirennnnennns Data Acquisition Linear Devices
DACO0830 8-Bit uP Compatible Double-Buffered D/A Converter .......... Data Acquisition Linear Devices
DACO0831 8-Bit uP Compatible Double-Buffered D/A Converter .......... Data Acquisition Linear Devices
DACO0832 8-Bit uP Compatible Double-Buffered D/A Converter .......... Data Acquisition Linear Devices
DAC1000 uP Compatible, Double-Buffered D/A Converter ............. Data Acquisition Linear Devices
DAC1001 uP Compatible, Double-Buffered D/A Converter ............. Data Acquisition Linear Devices
DAC1002 uP Compatible, Double-Buffered D/A Converter ............. Data Acquisition Linear Devices
DAC1006 uP Compatible, Double-Buffered D/A Converter ............. Data Acquisition Linear Devices
DAC1007 uP Compatible, Double-Buffered. D/A Converter ............. Data Acquisition Linear Devices
DAC1008 uP Compatible, Double-Buffered D/A Converter ............. Data Acquisition Linear Devices
DAC1020 10-Bit Binary Multiplying D/AConverter..................... Data Acquisition Linear Devices
DAC1021 10-Bit Binary Multiplying D/A Converter..................... Data Acquisition Linear Devices
DAC1022 10-Bit Binary Multiplying D/A Converter. .................... Data Acquisition Linear Devices
DAC1208 12-Bit uP Compatible Double-Buffered D/A Converter . ....... Data Acquisition Linear Devices
DAC1209 12-Bit uP Compatible Double-Buffered D/A Converter . ....... Data Acquisition Linear Devices
DAC1210 12-Bit uP Compatible Double-Buffered D/A Converter . ....... Data Acquisition Linear Devices
DAC1218 12-Bit Multiplying D/AConverter. ..........cc.ovvvueineen... Data Acquisition Linear Devices
DAC1219 12-Bit Multiplying D/AConverter . . .. .........cooiiiine.... Data Acquisition Linear Devices
DAC1220 12-Bit Binary Multiplying D/AConverter..................... Data Acquisition Linear Devices
DAC1221 12-Bit Binary Multiplying D/AConverter..................... Data Acquisition Linear Devices
DAC1222 12-Bit Binary Multiplying D/AConverter..................... Data Acquisition Linear Devices
DAC1230 12-Bit uP Compatible Double-Buffered D/A Converter .. ...... Data Acquisition Linear Devices
DAC1231 12-Bit uP Compatible Double-Buffered D/A Converter .. ...... Data Acquisition Linear Devices
DAC1232 12-Bit uP Compatible Double-Buffered D/A Converter . ....... Data Acquisition Linear Devices
DAC1265 Hi-Speed 12-Bit D/A Converter with Reference .............. Data Acquisition Linear Devices
DAC1266 Hi-Speed 12-Bit D/AConverter ................ e Data Acquisition Linear Devices
DM2502 Successive Approximation Register ...................ooo0h. Data Acquisition Linear Devices
DM2503 Successive Approximation Register ...................cooo0.. Data Acquisition Linear Devices
DM2504 Successive Approximation Register ......................... Data Acquisition Linear Devices
LF198 Monolithic Sample and Hold Circuit ............... ..ot Data Acquisition Linear Devices

LF298 Monolithic Sample and Hold Circuit ............... [RETRTTIPOI Data Acquisition Linear Devices




Additional Available Linear Devices (continued)

Device Databook
LF398A Monolithic Sample and Hold Circuit ................... .. ... Data Acquisition Linear Devices
LF11201 Quad SPST JFET Analog Switch .................... e Data Acquisition Linear Devices
LF11202 Quad SPST JFET Analog Switch .............c.ccovviiinee. Data Acquisition Linear Devices
LF11331 Quad SPST JFET Analog Switch ..............coviviin. ... Data Acquisition Linear Devices
LF11332 Quad SPST JFET Analog Switch ..................... .ot Data Acquisition Linear Devices
LF11333 Quad SPST JFET Analog Switch ...............ooviiant. Data Acquisition Linear Devices
LF13006 Digital Gain Set ........ ...ttt Data Acquisition Linear Devices
LF13007 Digital Gain Set ..........ccceeiiiiiiiiiiii i Data Acquisition Linear Devices
LF13201 Quad SPST JFET Analog Switch ...............cooviiiinnn, Data Acquisition Linear Devices
LF13202 Quad SPST JFET Analog Switch ................. ... ..o Data Acquisition Linear Devices
LF13331 Quad SPST JFET Analog Switch .............c.oooviiiinn, Data Acquisition Linear Devices
LF13332 Quad SPST JFET Analog Switch ................ccooiuas, Data Acquisition Linear Devices
LF13333 Quad SPST JFET Analog Switch ...............ocoviiian Data Acquisition Linear Devices
LF13508 8-Channel Analog Multiplexer ..............ccoveiiiiiinn, Data Acquisition Linear Devices
LF13509 4-Channel Analog Multiplexer .............c.coiiiieeanan. Data Acquisition Linear Devices
LH0023 Sample and Hold Circuit. . ... covvvviiii e Data Acquisition Linear Devices
LH0043 Sample and Hold Circuit. . . .....covvii e Data Acquisition Linear Devices
LH0053 High Speed Sample and Hold Amplifier....................... Data Acquisition Linear Devices
LHO070 Series BCD Buffered Reference . .........ccoovivn s, Data Acquisition Linear Devices
LHO071 Series Precision Buffered Reference ......................... Data Acquisition Linear Devices
LHO091 True RMStoDC Converter ........covvriiiiiinnnnnn. Special Purpose Linear Devices
LHO0094 Multifunction Converter ...t Special Purpose Linear Devices
LH2422 CRT Video Driver Amplifier .............ccciiiiii s, Special Purpose Linear Devices
LH4266 SPDT RF Switch ...... ..o Special Purpose Linear Devices
LH4860 Super Fast 12-Bit Track-Hold Amplifier ....................... Data Acquisition Linear Devices
LH7070 Series Precision BCD Buffered Reference .................... Data Acquisition Linear Devices
LH7071 Series Precision Binary Buffered Reference................... Data Acquisition Linear Devices
LM34 Precision Fahrenheit Temperature Sensor ...................... Data Acquisition Linear Devices
LM35 Precision Centigrade Temperature Sensor .................ooun. Data Acquisition Linear Devices
LM113 Reference Diode . ......oonei e Data Acquisition Linear Devices
LM122 Precision TIMer .. .. .ooin e e Special Purpose Linear Devices
LM129 Precision Reference . ... Data Acquisition Linear Devices
LM131 Precision Voltage-to-Frequency Converter..................... Data Acquisition Linear Devices
LM134 3-Terminal Adjustable CurrentSource...............ccovevvn.. Data Acquisition Linear Devices
LM135 Precision Temperature Sensor . .........ooiiiiiiiennnnenene. Data Acquisition Linear Devices
LM136-2.5V Reference Diode ..........ccoviiiiiiiiiiii e Data Acquisition Linear Devices
LM136-5.0V Reference Diode ..........c.ciiiiiiiiiiiiiiii i, Data Acquisition Linear Devices
LM168 Precision Voltage Reference. ... Data Acquisition Linear Devices
LM169 Precision Voltage Reference. ............cooviiiiiie et Data Acquisition Linear Devices
LM185 Adjustable Micropower Voltage Reference .................... Data Acquisition Linear Devices
LM185-1.2 Micropower Voltage Reference Diode ..................... Data Acquisition Linear Devices
LM185-2.5 Micropower Voltage Reference Diode ..................... Data Acquisition Linear Devices
LM194 SuperMatch Pair ............oiiiiiiiiiii i Special Purpose Linear Devices
LM195 Ultra Reliable Power Transistor ...................ooooiinn. Special Purpose Linear Devices
LM199 PrecisionReference ..........ooiiiiiiii i, Data Acquisition Linear Devices
LM231 Precision Voltage-to-Frequency Converter..................... Data Acquisition Linear Devices
LM234 3-Terminal Adjustable CurrentSource......................... Data Acquisition Linear Devices
LM235 Precision Temperature SENSOr .........ooviiiiiiiieieeaennnn. Data Acquisition Linear Devices
LM236-2.5V Reference Diode ...........ccoviiiiiiiiii i Data Acquisition Linear Devices
LM236-5.0V Reference Diode ......ccovvvvniineiiiiiiiiiiiiiien Data Acquisition Linear Devices
LM268 Precision Voltage Reference .. ..., Data Acquisition Linear Devices
LM285 Adjustable Micropower Voltage Reference .................... Data Acquisition Linear Devices
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Additional Available Linear Devices

Additional Available Linear Devices (Continued)

Device Databook
LM285-1.2 Micropower Voltage Reference Diode ..................... Data Acquisition Linear Devices
LM285-2.5 Micropower Voltage Reference Diode ..................... Data Acquisition Linear Devices
LM295 Ultra Reliable Power Transistor ...............ccooviiio... Special Purpose Linear Devices
LM299 Precision Reference ...ttt Data Acquisition Linear Devices
LM313 ReferenceDiode ....... ... oviiiiiii i e Data Acquisition Linear Devices
LMB322 Precision TIMer . ... .outt et eeeaeens Special Purpose Linear Devices
LM329 Precision Reference . ..........oooiiviiiiiiiiiiiii .. Data Acquisition Linear Devices
LM331 Precision Voltage-to-Frequency Converter..................... Data Acquisition Linear Devices
LM334 3-Terminal Adjustable CurrentSource......................... Data Acquisition Linear Devices
LM335 Precision Temperature Sensor ............covviiiiiinnnnnn. Data Acquisition Linear Devices
LM336-2.5V ReferenceDiode ............ccoiiiiiiiiiiiiiiiiii.. Data Acquisition Linear Devices
LM336-5.0V Reference Diode .......c..covvriiiiiiiiiiiiiiiannn, Data Acquisition Linear Devices
LM368 Precision Voltage Reference.............covviiiii e, Data Acquisition Linear Devices
LM368-2.5 Precision Voltage Reference ................cooviiint Data Acquisition Linear Devices
LM369 Precision Voltage Reference. ...t Data Acquisition Linear Devices
LM380 Audio Power Amplifier .......... ... Special Purpose Linear Devices
LM381 Low Noise Dual Preamplifier . ...............ccoooiiiiiiiii... Special Purpose Linear Devices
LM382 Low Noise Dual Preamplifier . ..............cooiiiiiiiin... Special Purpose Linear Devices
LM383 7 Watt Audio Power Amplifier .............ocovviiiiiiiin., Spegcial Purpose Linear Devices
LM384 5 Watt Audio Power Amplifier ..............cooiiiiiiinii.., Special Purpose Linear Devices
LM385 Adjustable Micropower Voltage Reference ................ .. .Data Acquisition Linear Devices
LM385-1.2 Micropower Voltage Reference Diode .................. ... Data Acquisition Linear Devices
LM385-2.5 Micropower Voltage Reference Diode ..................... Data Acquisition Linear Devices
LM386 Low Voltage Audio Power Amplifier ........................... Special Purpose Linear Devices
LM387 Low Noise Dual Preamplifier ..............covviiiiiiiiiin, Special Purpose Linear Devices
LM388 1.5-Watt Audio Power Amplifier .......................... ...Special Purpose Linear Devices
LM389 Low Voltage Audio Power Amplifier with NPN Transistor Array ...Special Purpose Linear Devices
LM390 1 Watt Battery Operated Audio Power Amplifier ................ Special Purpose Linear Devices
LM391 Audio PowerDriver ..........coviiiiiiiiiiiiiiiiii i Special Purpose Linear Devices
LM394 SuperMatch Pair .........coviiiiiiiiiiiii i Special Purpose Linear Devices
LM395 Ultra Reliable Power Transistor ............c.ccvviiiiinneenn. Special Purpose Linear Devices
LM399 Precision Reference . .........c..oviiiiiiiiiiiiiiiiiiee Data Acquisition Linear Devices
LY 1T I 1 =) A Special Purpose Linear Devices
LI 1T T @ I 54T Special Purpose Linear Devices
LMB56 Dual TImMer .. .vvvt ittt et Special Purpose Linear Devices
LM556C DUal TIMer ..o v vttt it Special Purpose Linear Devices
LM565 Phase Locked LOOP .. ..ovvvevvniiiii e Special Purpose Linear Devices
LM565C Phase LoCked LOOP « ..o cvvviiieiie e ceeeiiiiieeeee e Special Purpose Linear Devices
LM566C Voltage Controlled Oscillator ...t Special Purpose Linear Devices
LM567 ToneDecoder ...... ...ttt Special Purpose Linear Devices
LM567C Tone Decoder . .....oovii i Special Purpose Linear Devices
LM592 Differential Video Amplifier ........ccovviiiviiiieninnnnnn.. Special Purpose Linear Devices
LM621 Brushless Motor Commutator ..., Special Purpose Linear Devices
LM628 Precision Motion Controller . .............coiviiiiiiiiinnn. Special Purpose Linear Devices
LM629 Precision Motion Controller ............. ..o, Special Purpose Linear Devices
LM733 Differential Video Amplifier ................... 0 it Special Purpose Linear Devices
LM733C Differential Video Amplifier ..............coooiiiiiiii, Special Purpose Linear Devices
LM831 Low Voltage Audio Power Amplifier ........................... Special Purpose Linear Devices
LM832 Dynamic Noise Reduction SystemDNR ....................... Special Purpose Linear Devices
LMO03 Fluid Level Detector . ....covvvviiiiiiii i iiiiiinnnnns Special Purpose Linear Devices
LM1035 Dual DC Operated Tone/Volume/Balance Circuit ............. Special Purpose Linear Devices
LM1036 Dual DC Operated Tone/Volume/Balance Circuit ............. Special Purpose Linear Devices

XXiv




Additional Available Linear Devices (Continued)

Device Databook
LM1037 Dual Four-Channel Analog Switch . ........... ..o, Special Purpose Linear Devices
LM1038 Dual Four-Channel Analog Switch . ..............ccooviiee.. Special Purpose Linear Devices
LM1040 Dual DC Operated Tone/Volume/Balance Circuit with Stereo

Enhancement Facility ............ccoiiiiiiiiiiiiiiiiiiiiiiiiin, Special Purpose Linear Devices
LM1042 Fluid Level Detector ... Special Purpose Linear Devices
LM1044 Analog Video Switch. ...ttt Special Purpose Linear Devices
LM1112A Dolby B-Type Noise Reduction Processor................... Special Purpose Linear Devices
LM1112B Dolby B-Type Noise Reduction Processor................... Special Purpose Linear Devices
LM1112C Dolby B-Type Noise Reduction Processor................... Special Purpose Linear Devices
LM1131A Dual Dolby B-Type Noise Reduction Processor .............. Special Purpose Linear Devices
LM1201 Video Amplifier System ...t Special Purpose Linear Devices
LM1203 RGB Video Amplifier System ... ... Special Purpose Linear Devices
LM1211 Broadband Demodulator System ...............coooiiea Special Purpose Linear Devices
LM1391 Phase-Locked LOOP . .....cvvvniiiiiii e Special Purpose Linear Devices
LM1496 Balanced Modulator-Demodulator . .............ccooiivnnn., Special Purpose Linear Devices
LM1596 Balanced Modulator-Demodulator....................... ..., Special Purpose Linear Devices
LM1800 Phase-Locked Loop FM Stereo Demodulator ................. Special Purpose Linear Devices
LM1801 Battery Operated Power Comparator ........................ Special Purpose Linear Devices
LM1812 Ultrasonic TransCeIiVEr .. ... vttt ittt enenennnns Special Purpose Linear Devices
LM1815 Adaptive Sense Amplifier. ............cooviiiiiiiiii Special Purpose Linear Devices
LM1818 Electronically Switched Audio Tape System .................. Special Purpose Linear Devices
LM1819 Air-Core MeterDriver .........cooviviiiiiiiiiiiiiii .., Special Purpose Linear Devices
LM1823 Video IF Amplifier/PLL Detection System .................... Special Purpose Linear Devices
LM1830 Fluid Detector ......c.vviiiiiiiiii ittt inennnns Special Purpose Linear Devices
LM1837 Low Noise Preamplifier for Autoreversing Tape Playback

Y =T o Special Purpose Linear Devices
LM1851 Ground Fault Interrupter ........ ..., Special Purpose Linear Devices
LM1863 AM Radio System for Electronically Tuned Radio.............. Special Purpose Linear Devices
LM1865 Advanced FMIF System ..........coviviiiiiiii e Special Purpose Linear Devices
LM1866 Low Voltage AM/FMReceiver .........coviiiiiiiiiiinnen, Special Purpose Linear Devices
LM1868 AM/FM Radio System ..o Special Purpose Linear Devices
LM1870 Stereo DemodulatorwithBlend ............... oot Special Purpose Linear Devices
LM1871 RC Encoder/Transmitter .........ccovveeiiiivniiinennnnn.. Special Purpose Linear Devices
LM1872 Radio Control Receiver/Decoder. .........c.oovviiuneennne.. Special Purpose Linear Devices
LM1875 20 Watt Power Audio Amplifier ..., Special Purpose Linear Devices
LM1877 Dual Power Audio Amplifier.............coooiiiiiiiiiiian, Special Purpose Linear Devices
LM1880 No-Holds Vertical/Horizontal .............cccoiiiiiiiin... Special Purpose Linear Devices
LM1881 Video Sync Separator ............coiiiiiiiiinnnnnnnnnnn. Special Purpose Linear Devices
LM1884 TV StereoDecoder. .......coviiiiiiiiiiiiiiii e, Special Purpose Linear Devices
LM1886 TV VideoMatrix DtO A . . ...ttt eeens Special Purpose Linear Devices
LM1889 TV VideoModulator ...........ccvvviiiieniiiiiiieennn.. Special Purpose Linear Devices
LM1893 Carrier Current Transceiver. .....o.ovvvivviiiiii i Special Purpose Linear Devices
LM1894 Dynamic Noise Reduction SystemDNR ...................... Special Purpose Linear Devices
LM1895 Audio Power Amplifier .......... ...l Special Purpose Linear Devices
LM1896 Dual Power Audio Amplifier . ......... ... ..ot Special Purpose Linear Devices
LM1897 Low Noise Preamplifier for Tape Playback System............. Special Purpose Linear Devices
LM1921 1 Amp Industrial Switch . ....... ... . oo Special Purpose Linear Devices
LM1946 Over/Under Current Limit Diagnostic Circuit .................. Special Purpose Linear Devices
LM1949 Injector Drive Controller . . .. ...oveeeeniii e Special Purpose Linear Devices
LM1951 Solid State 1 Amp Switch .......... ... i Special Purpose Linear Devices
LM1964 Sensor Interface Amplifier . . ..., Special Purpose Linear Devices
LM1965 Advanced FMIF System . .......cooiiiiii i Special Purpose Linear Devices
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Additional l_\vailable Linear Devices

Additional Available Linear Devices (Continued)

Device Databook
LM2002 8 Watt Audio Power Amplifier .............cooviiiiiien ., Special Purpose Linear Devices
LM2005 20 Watt Automotive Power Amplifier ......................... Special Purpose Linear Devices
LM2065 Advanced FMIF System ..., Special Purpose Linear Devices
LM2877 Dual 4 Watt Power Audio Amplifier .......................... Special Purpose Linear Devices
LM2878 Dual 5 Watt Power Audio Amplifier .......................... Special Purpose Linear Devices
LM2879 Dual 8 Watt Audio Amplifier. ..ottt Special Purpose Linear Devices
LM2889 TV Video Modulator ...........c.covviiviniinnnnnnnn... e Special Purpose Linear Devices
LM2893 Carrier Current Transceiver................ e Special Purpose Linear Devices
LM2896 Dual Power Audio Amplifier..............ccooieii i, Special Purpose Linear Devices
LM2905 Precision TIMer . ..o oviiiiiie ittt i eaanees Special Purpose Linear Devices
LM2907 Frequency to Voltage Converter ................coovvvee.... Special Purpose Linear Devices
LM2917 Frequency to Voltage Converter ................c.coovvvuen .. Special Purpose Linear Devices
LM3045 Transistor Array . ... covvi it e Special Purpose Linear Devices
LM3046 TransiStor Array . . ..ottt ittt eeriiie e raaanneeens Special Purpose Linear Devices
LM3086 TransiStor Array . .. .o ovvee ettt ee e e e Special Purpose Linear Devices
LM3089 FM Receiver IFSystem .........ccovviiiiiiien i . Special Purpose Linear Devices
LM3146 High Voltage Transistor Array .. ......ooovviiiiiiienen, Special Purpose Linear Devices
LM3189 FMIF System ... e Special Purpose Linear Devices
LM3361A Low Voltage/Power Narrow Band FM IF System .. ........... Special Purpose Linear Devices
LM3820 AMRadio System . ......coviiii i e Special Purpose Linear Devices
LM3905 Precision Timer .. ..ovvivi et iiininnnns Special Purpose Linear Devices
LM3909 LED Flasher/Oscillator ..............ciiiiiiiiiiiinninnn, Special Purpose Linear Devices
LM3911 Temperature Controller ...........ccooiiiiiiiiiiennninen. Data Acquisition Linear Devices
LM3914 Dot/Bar Display Driver..........cccoviiiiiiiii . Special Purpose Linear Devices
LM3915 Dot/Bar Display Driver ..........ccoiiiiiiiiiiii ... Special Purpose Linear Devices
LM3916 Dot/Bar Display Driver ...t Special Purpose Linear Devices
LM3999 PrecisionReference ...t Data Acquisition Linear Devices
LM4500A High Fidelity FM Stereo Demodulator withBlend ... ..........Special Purpose Linear Devices
LM18293 Four Channel Push Pull Driver ...............ccciviinen.... Special Purpose Linear Devices
LMCBE55 CMOS TIMET . . oo vt ettt et e e Special Purpose Linear Devices
LMC567 Low Power ToneDecoder ...........ccvviiiienniennnnennn.. Special Purpose Linear Devices
LMC568 Low Power Phase-LockedLoop ................ e, Special Purpose Linear Devices
LMCB835 Digital Controlled Graphic Equalizer ......................... Special Purpose Linear Devices
LMF90 4th-Order LMCMOST™ Programmable Elliptic Notch Filter .. ... .. Data Acquisition Linear Devices
LMF100 High Performance Dual Switched Capacitor Filter ............. Data Acquisition Linear Devices
LMF120 Mask Programmable Switched Capacitor Filter................ Data Acquisition Linear Devices
LP395 Ultra Reliable Power Transistor. ...t Special Purpose Linear Devices
MF4 4th Order Switched Capacitor Butterworth Lowpass Filter.......... Data Acquisition Linear Devices
MF5 Universal Monolithic Switched Capacitor Filter ................... Data Acquisition Linear Devices
MF6 6th Order Switched Capacitor Butterworth Lowpass Filter.......... Data Acquisition Linear Devices
MF8 4th Order Switched Capacitor Bandpass Filter.................... Data Acquisition Linear Devices
MF10 Universal Monolithic Dual Switched Capacitor Filter. .. ...........Data Acquisition Linear Devices
MM54C905 12-Bit Successive Approximation Register.......... DI Data Acquisition Linear Devices
MM54HC4016 Quad Analog Switch .............coiiiiiiii i Data Acquisition Linear Devices
MM54HC4051 8-Channel Analog Multiplexer ......................... Data Acquisition Linear Devices
MM54HC4052 Dual 4-Channel Analog Multiplexer ~.................... Data Acquisition Linear Devices
MM54HC4053 Triple 2-Channel Analog Multiplexer................ ... .Data Acquisition Linear Devices
MM54HC4066 Quad Analog Switch ..., Data Acquisition Linear Devices
MM54HC4316 Quad Analog Switch with Level Translator .............. Data Acquisition Linear Devices
MM74C905 12-Bit Successive Approximation Register................. Data Acquisition Linear Devices
MM74HC4016 Quad Analog Switch ............coooiiiiiiiiiiine., Data Acquisition Linear Devices
MM74HC4051 8-Channel Analog Multiplexer ......................... Data Acquisition Linear Devices
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Additional Available Linear Devices (Continued)

Device Databook
MM74HC4052 Dual 4-Channel Analog Multiplexer .................... Data Acquisition Linear Devices
MM74HC4053 Triple 2-Channel Analog Multiplexer.................... Data Acquisition Linear Devices
MM74HC4066 Quad AnalogSwitch .............coiiiiiiiine.... Data Acquisition Linear Devices
MM74HC4316 Quad Analog Switch with Level Translator .............. Data Acquisition Linear Devices
prA9708 6-Channel 8-Bit uP Compatible A/D Converter................ Data Acquisition Linear Devices

XXVii
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Cross Reference by Part Number

National
Semiconductor

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

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

Note(3) ....covvvvvnnn “SIMILAR DEVICE” with superior
performance. Consult datasheet to
determine suitability of the replace-
ment for specific application.

ANALOG ADG73 ADC0841 (2) | ADDAC-08
DEVICES NATIONAL AD741 LM741 ADDAC80
AD0042 LH0042 @ | AD7502 LF13509 (2 | ADDACs5
AD101A LM101A (1) | AD7516 CD4066B (2) | ADLHO0032
AD201A LM210A (1) | AD7523 DAC0830 (2 | ADLH0033
AD301A LM301A (1) | AD7523 DAC0831 (@ | ADOPO7
AD3542 LH0042 @ | AD7523 DAG0832 @)

AD5035 LH0042 @ | AD7524 DAG0830 (2 | APEX
AD506 LH0022 @ | AD7524 DAC0831 @ | PAO1
AD509 LH0003 (@ | AD7524 DAG0832 2 | PAO1
AD521 LH0036 (@ | AD7533 DAG1020 PAO7
AD521 LM363 (2 | AD7533 DAC1021 PAO10
AD524 LH0038 (2 | AD7533 DAG1022 PAO10
AD537 LM331 @ | AD7541 DAC1218 (1) | PAo11
AD562 DAC1266 @ | AD7541 DAC1219 (1) | Prast
AD563 DAC1265 @ | AD7541A DAG1218 @ | PA73
AD565A DAG1265 AD7541A DAC1219 @

AD566A DAC1266 AD7542 DAG1208 (2) | BURR-BROWN
AD567 DAC1230 @ | AD7542 DAC1209 @ | 3507
AD573 ADC1005 (2 | AD7542 DAG1210 @ | 3533
AD581 LH0070 (1) | AD7545 DAG1208 (2 | 3542
AD581 LM581 AD7545 DAG1209 @ | 3550
AD582 LF398 @ | AD7545 DAG1210 @ | 3551
AD583 LF198 (3) | AD7548 DAGC1230 (@ | 3553
AD588 LM369 (2) | AD7548 DAC1231 (2 | 3554
AD589M LM385 (1) | AD7548 DAG1232 @ | 3571
AD589U LM185 (1) | AD7552 ADC1220 @ | 3572
AD590 LM134 (2 | AD7552 ADC1225 (2 | 3573
AD590 LM135 2 | AD7571 ADC1005 @ | 3626
AD590 LM34 (3) | AD7571 ADC1025 @ | 3629
AD590 LM35 (3) | AD7575 ADC0820 (2 | 3s06A6
AD611J LF411C (1) | AD7578 ADC0820 (2) | 3606A6
AD611K LF411AC (1) | AD7578 ADC1205 @ | HOS-100
AD614 LH0086 (@ | AD7578 ADC1225 @ | INA102
AD624 LH0038 (@ | AD7820 ADC0820 SHC298A
ADB50 LM331 (2 | ADDAC-08 DAG0800 SHC80
ADB51 LM331 (2 | ADDAC-08 DAC0801 SHC85
ADB54 LM331 @

DAC0802
DAC1280+
DAC2180+
LH0032
LH0033
LM607

NATIONAL
LHO101
LM12
LM12
LHO101
LM12
LM12
LM12
LM12

NATIONAL
LM6361
LH0033
LH0042
LM6361
LM6361
LH0063
LH0032
LM675
LH0021
LM&75
LHO036
LHO038
LHO0084
LHO0086
LH0033
LH0038
LF398A
LF398
LF398

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

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

(2

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

xxviii




CTS
CTS0002
CTS0004
CTS0021
CTS0024
CTS0032
CTS0033
CTS0041
CTS0042
CTS2101A
CcTs2111

ELANTEC
EHA2500
EHA2502
EHA2505
EHA2510
EHA2512
EHA2515
EHA2520
EHA2522
EHA2525
EHA2600
EHA2602
EHA2605
EHA2620
EHA2622
EHA2625
EL2006
EL2006C
ELHO002
ELHO0021
ELH0032
ELH0033
ELH0041
ELHO101

EXAR
XR-1001
XR-1002
XR084
ARDB<
XR1458
XR146
XR246
XR346

HARRIS (Incl.
GE/RCA/
INTERSIL)
AD7520
AD7520
AD7521
AD7521
AD7521
AD7530
AD7530
AD7530
AD7531
AD7531
AD7531
AD7533
AD7533
AD7533
AD7541
AD7541
ADC0801
ADC0802
ADC0803
ADCO0804
CA081

NATIONAL
LH002
LHO004
LHO0021
LH0024
LH0032
LH0033
LHO0041
LH0042
LH2101A
LH2111

NATIONAL
LM6161
LM6161
LM6361
LM6161
LM6161
LM6361
LM6164
LM6164
LM6364
LM6161
LM6161
LM6361
LM6164
LM6164
LM6364
LM6161
LM6261
LH0002
LHO0021
LH0032
LH0033
LH0041
LHO101

NATIONAL
MF4C-100
MF4C-50
LF347
LF147
LM1458
LF146
LF246
LF346

NATIONAL
DAC1021
DAC1022
DAC1220
DAC1221
DAC1222
DAC1020
DAC1021
DAC1022
DAC1220
DAC1221
DAC1222
DAC1020
DAC1021
DAC1022
DAC1218
DAC1219
ADC0801
ADCO0802
ADC0803
ADC0804
LF411M

m
m
m
M
Q)
(1
(1)
(1)

@®)
(©)

(2)

CA081A
CA081B
CA081C
CA082
CA082A
CA082B
CA082C
CA084
CA084B
CA084C
CA124
CA139
CA139A
CA1458
CA1558
CA158
CA158A
CA224
CA239
CA239A
CA258
CA258A
CA301A
CA307
CA3105
CA311
CA324
CA3290
CA339
CA339A
CA3401
CA358
CA358A
CA741
CA747
CA748
DG201
DG211
DG212
HA-OPQ7
HA2400
HA2404
HA2405
HA2406
HA2500
HA2502
HA2505
HA2510
HA2512
HA2515
HA2520
HA2520
HA2522
HA2522
HA2525
HA2525
HA2530
HA2535
HA2540
HA2541-2
HA2541-5
HA2542
HA2542-2
HA2542-5
HA2600
HA2602
HA2605
HA2620
HA2622
HA2625
HA2640

LF411C
LF411C
TLO81C
LF412M
LF412C
LF412C
TLO82C
LF147
LF347B
LF347
LM124
LM139
LM139A
LM1458
LM1558
LM158
LM158A
LM224
LM239
LM239A
LM258
LM258A
LM301A
LM307
LM675
LM311
LM324
LM393
LM339
LM339A
LM3401
LM358
LM358A
LM741
LM747
LM748
LF11201
LF13201
LF13202
LM607
LM604AM
LM604AM
LM604C
LM604C
LM6161
LM6161
LM6361
LM6161
LM6161
LM6361
LH0003
LM6164
LH0003
LM6164
LH0003
LH6364
LH0024
LH0024
LH0032
LM6161
LM6361
LH0032
LM6164
LM6164
LMeé161
LMé161
LM6361
LM6164
LM6164
LM6364
LH0004

HA5033
HA5162
HA5180
HF-10
HI-201
HI-300
ICH8530
ICL7114
ICL7114
ICL7660
ICL8069
ICL8069
IH5009
IH5010
IH5011
IH5012
IH6108
IH6208
LM741
nA748

HEWLETT-
PACKARD
HCTL-100

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

LINEAR
TECHNOLOGY
AD581
AD581
LM1009M
LM129
LM134
LM185
LM199
LM234
LM329
LM334
LM385
LM399
LT1001
LT1004C
LT1004M
LT1009C
LT1019C
LT1019M
LT1020
LT1021C
LT1021M
LT1029C
LT1029M
LT1031
LT117A

LH0033
LH0062
LH0052
MF10
LF13201
AH5020
LHO101
ADC1205
ADC1225
LMC7660
LM313
LM385-1.2
AH5009
AH5010
AH5011
AH5012
LF13508
LF13509
LM741
LM748

NATIONAL
LM628

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

NATIONAL
LH0070
LM581
LM136-2.5
LM129
LM134
LM185
LM199
LM234
LM329
LM334
LM385
LM399
LMB07A
LM385
LM185
LM336-2.5
LM368
LM168
LP2951
LM369
LM169
LM336-5.0
LM136-5.0
LH0070
LM117A

M
M

(2)
(2)
(2)
()
m

®

(3)
(1)
M
(1)

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

M

(2)
(2)
(3)

M
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Cross Reference by Part Number

LT123A
LT138A
LT150A
LT317A
LT323A
LT338A
LT350A
REF-01
REF-01
SG1524
SG1525A
SG1527A
SG3524
SG3525A
SG3527A

LSl
COMPUTER
LS7261
LS7263

MICRA

MC0002
MC0003
MC0004
MC0032
MC0033
MC0041
MC0063

MICRO POWER
MP108
MP108A
MP155
MP155A
MP156
MP156A
MP157
MP157A
MP208
MP208A
MP2108A
MP308
MP308A
MP355A
MP356A
MP357A
MP5010G
MP5010G
MP5010H
MP5010H
MP5010L
MP5010L
MPOP07

MOTOROLA
ADS562A
ADS563A
DAC-08
DAC-08
DAC-08
LM109H
LM109K
LM117K
LM123K
LM137K
LM150K
LM2931
LM309K
LM317K

LM123A
LM138A
LM150A
LM317A
LM323A
LM338A
LM350A
LM168
LM368
LM1524D
LM1525A
LM1527A
LM3524D
LM3525A
LM3527A

NATIONAL
LM621
LMé21

NATIONAL
LH0002
LH0003
LH0004
LH0032
LH0033
LHO0041
LHO0063

NATIONAL
LM108
LM108A
LF155
LF155A
LF156
LF156A
LF157
LF157A
LM208
LM208A
LH2108A
LM308
LM308A
LF355A

- LF356A

LF357A
LM185
LM385
LM185
LM385
LM185
LM385
LM607

NATIONAL
DAC1266
DAC1265
DAC0800
DAC0801
DAC0802
LM109H
LM109K STEEL
LM117K STEEL
LM123K STEEL
LM137K STEEL
LM150K STEEL
LM2931
LM309K STEEL
LM317K STEEL

M

2
()

LM323K
LM337K
LM350K
MC1408
MC1408
MC1408
MC1414
LM1436
MC14442
MC14444
MC145040
MC145041
MC1458
MC1496
MC1508
MC1514
MC1536
MC1558
MC1596
MC1709
MC1710
MC1723
MC1723C
MC1741
MC1747
MC1748
MC3301
MC3302
MC3361
MC34001
MC34001A
MC34001B
MC34002
MC34002A
MC34002B
MC34004
MC34004
MC34004B
MC34004B
MC3401
MC3410
MC3412
MC35001
MC35001A
MC35001B
MC35002
MC35002A
MC35002B
MC3510
MC4741
MC78LXXACG
MC78LXXACP
MC78LXXCG
MC78LXXCP
MC78MXXCT
MC78MXXCT
MC78MXXCT
MC78XXACT
MC78XXCK
MC78XXCT
MC79LXXACG
MC79LXXACP
MC79LXXCP
MC79LXXCP
MC79MXXAKC
MC79XXACT
MC79XXAKC
MC79XXCK
MC79XXCK
MC79XXCT

LM323K STEEL
LM337K STEEL
LM350K STEEL
DAC0806
DAC0807
DAC0808
LM1414
LM343
ADC0829
ADC0830
ADC0811
ADC0811
LM1458
LM1496
DAC0808
LM1514
LM143
LM1558
LM1596
LM709

LM710

LM723
LM723C
LM741

LM747

LM748
LM3301
LM3302
LM3361A
LF351

LF411C
LF411C
LF353
LF412A
LF412C
LF147

LF347

LF147
LF347B
LM3401
DAC1020
DAC1265
LF411M
LF411M
LF411M
LF412M
LF412AM
LF412M
DAC1020
LM348
LM78LXXACH
LM78LXXACZ
LM78LXXCH
LM78LXXSACZ
LM341P-XX
LM342P-XX
LM78MXXCT
LMB340AT-XX
LM78XXCK
LM78XXCT
LM320H-XX
LM320LZ-XX
LM79LXXCZ
LM79LXXCZ
LM320MP-XX
LM320T-XX
LM320K-XX
LM320K-XX
LM79XXCK -
LM79XXCT

0]

M
(1)
M
M
M

(1)
M
(1)
(1)
M
0]

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

PRECISION
MONOLITHIC
INC.
ADC-910
ADC-910
AMP-01
BUF-03
DAC-02
DAC-02
DAC-02
DAC-03
DAC-03
DAC-03
DAC-05
DAC-05
DAC-05
DAC-08
DAC-08
DAC-08
DAC-100
DAC-100
DAC-100
DAC-1408
DAC-1408
DAC-1408
DAC-312
DAC-8012
DAC-8012
DAC-8012
DAC-888
DAC-888
DAC-888
MUX-08E
MUX-24E
OP-05
OP-07
OP-15
OP-215
OP-77
PM-108
PM-108A
PM-139
PM-139A
PM-155
PM-155A
PM-156
PM-156A
PM-157
PM-157A
PM-208
PM-208A
PM-2108A
PM-308
PM-308A
PM-339A
PM-355
PM-355A
PM-356
PM-357
PM-357A
PM-725
PM-741
PM-747
PM-7533
PM-7533
PM-7533
PM-7541
PM-7541
PM356A
PM420

NATIONAL
ADC1005
ADC1025
LHO038
LH0033
DAC1020
DAC1021
DAC1022
DAC1020
DAC1021
DAC1022
DAC1020
DAC1021
DAC1022
DAC0800
DACO0801
DAC0802
DAC1020
DAC1021
DAC1022
DAC0806
DAC0807
DAC0808
DAC1266
DAC1208
DAC1209
DAC1210
DAC-0830
DAC0831
DAC0832
LF13508
LF13509
LMe07
LM607
LF411
LF412
LM607
LM108
LM108A
LM139
LM139A
LF155
LF155A
LF156
LF156A
LF157
LF157A
LM208
LM208A
LH2108A
LM308
LM308A
LM339A
LF355
LF355A
LF356
LF357
LF357A
LM725
LM741
LM747
DAC1020
DAC1021
DAC1022
DAC1218
DAC1219
LF356A
LM124

]
@
@
m
@
@
@
@
2
2]
(2

@

@
@

@
(1)
(1)
M
M

M




REF-01CJ
REF-02
REF-43
REF-01
SW-06B
SW-06F
SW-06G
SW-201B
SW-201F
SW-201G
SW-202B
SW-202F
SW-202G

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

SAMSUNG
KA3524
KA431
KA78S40
LM741
MC78LXX
MC78MXX
MC78XX
MC79MXX
MC79XX

SGS-
THOMSON
L123CB
L293
L4940
L4941
L4960
L4962
L78MXXCV
L78S05CV
L78XXACV
L78XXCT
L78XXCV
L790XXACV
L79XXCT
L79XXCV
LF198
LF298
LF398
LM105H
LM109K
LM117H
LM117K
LM117K
LM123K
LM134
LM135
LM137H
LM137K
LM138K
LM234
LM235
LM2930A
LM2931A

LM368-1.0 )
LM368-5.0 @)
LM368-2.5 ™
LM369 )
LF11333
LF13333
LF13333
LF11201
LF13201
LF13201
LF11202
LF13202
LF13202

NATIONAL
LP365

LM1458

LM1558

LM807 )
LM741

LM747

LM369 It
LM368 )
LM368-5.0 @)
LM368-5.0 M

NATIONAL
LM3524D
LM431
LM78840
LM741
LM78LXX
LM78MXX
LM78XX
LM79MXX
LM79XX

NATIONAL
LM723CN ™)
LM18293
LM2940T-5.0  (2)
LM2940T-50  (2)
LM2579 @
LM2579 @
LM341P-XX  (2)
LM323K-50 (1)

LM340AT-XX
LM78XXCK
LM78XXCT
LM320T-XX
LM79XXCK
LM79XXCT
LF198A )
LF298

LF398A )
LM105H (1)
LM109K STEEL (1)
LM117H (1)
LF117K )

LF117K STEEL (1)
LF123K STEEL (1)
LM134

LM135

LM137H ™
LM137K STEEL (1)
LM138K STEEL (1)
LM234

LM235
LM2930T-5.0 (1)
LM2931AT-5.0

LM2935
LM305H
LM309H
LM309K
LM317H
LM317K
LM317K
LM317T
LM323K
LM334
LM335
LM335A
LM337H
LM337K
LM338K
LM748
LM7805MK
SG1524
SG1525A
SG1527A
SG2524
SG3524
SG3525A
SG3527A
TBC0136
TCA3089
TDA2310
HA741
uA748
wA7805CK
nA7812CK
pA7812MK
nA7815CK
pA7815MK
nA7905CK
pA7905MK
pA7912CK
pA7912MK
HAT915CK
pA7915MK

SIEMENS
TCA365

SIGNETICS
78LXXACS
78LXXADB
78LXXCDB
78LXXCS
78XXCU
78XXDA
79XXCU
79XXDA
ADC0801
ADCO0802
ADC0803
ADC0804
ADCO0805
DAC-08
DAC-08
DAC-08
LF198
LF298
LF398
LM109DB
LM309DA
LM309DB
LM340XXDA
LM340XXLL
MC1408
MC1408
MC1408

LM2935

LM305H (1)
LM309H (1)
LMB309K STEEL (1)
LM317H . 1)
LM317K Q)
LM317K STEEL (1)
LM317T (1)

LM323K STEEL (1)
LM334

LM335

LM335A

LM337H )
LM337K STEEL (1)
LM338K STEEL (1)
LM748
LM140K-50 (1)

LM1524D )
LM1525A (1)
LM1527A (1)
LM2524D M
LM3524D )
LM3525A ")
LM3527A (1)
LM336
LM3089
LM381
LM741
LM748

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

NATIONAL
LHO101 (1)

NATIONAL

LM78LXXACZ (1)
LM78XXACH (1)
LM78LXXCH (1)
LM78LXXACZ (1)
LM78XXCT ()
LM78XXCK (1)

LM79XXCT (1)

LM79XXCK (1)
ADC0801
ADC0802
ADC0803
ADC0804
ADC0805
DACO0800

DAC0801

DAC0802

LF198

LF298

LF398

LM109H )
LM309K el
LM309H )
LM340KXX
LM340T-XX
DACO0806
DAC0807
DAC0808

MC1496N
MC1508
MC1596K
NE4558
NE4558D
NE4558N
NE5034
NE5118
NE529
NE532
NE5410
NE5532
NE5532N
NE5532P
NES55N
SA532
SA534
SE5118
SE529
SE532
SE5410
SE567
wA723CF
1A723CL
pA723CN
pA723F
pA723L
nA741
uA747

SILICON
GENERAL
SG101
SG101A
SG104
SG105
SG107
SG109
SG117
SG1173
SG117A
SG117MV
8G120-XX
SG123
SG123A
SG124
SG137
SG138
SG138A
SG140-XX
SG1436
SG150
SG150A
SG1524
SG1524B
SG1525A
SG1527A
SG1536
SG201
SG201A
SG204
SG205
SG207
S$G224
SG2524
S$G2524B
SG301A
SG304
SG305
SG307
SG309
SG317

LM1496N
DAC0808
LM1596H
LM833
LM833CM
LM833CN
ADC0841
DAC0830
LM361
LM358
DAC1020
LM833
LM833CN
LM833CN
LM555CN
LM2904
LM2902
DAC0830
LM161
LM158
DAC1020
LM567
LM723CJ
LM723CH
LM723CN
LM723J
LM723H
LM741
LM747

NATIONAL
LM101A
LM101A
LM104
LM105
LM107
LM109
LM117
LM675
LM117A
LM117HV
LM120-XX
LM123
LM123A
LM124
LM137
LM138
LM138A
LM140-XX
LM343
LM150
LM150A
LM1524D
LM1524D
LM1525A
LM1527A
LM143
LM201A
LM201A
LM204
LM205
LM207
LM224
LM2524D
LM2524D
LM301A
LM304
LM305
LM307
LM309
LM317

@

(1)

m
M

M
(1)
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Cross Reference by Part Number

SG3173
SG317A
SG317MV
SG320-XX
SG323
SG323A
SG324
SG337
SG338
SG338A
SG340-XX
SG350
SG350A
SG3524
S$G3524B
SG3525A
SG3527A
SG723
SG723C
SG741
SG78XX
SG78XXA
SG78XXAC
SG78XXC
SG79XX
SG79XXA
SG79XXAC
SG79XXC

SILICONIX
DG201
DG202
DG211
DG212
DG508
DG509

SPRAGUE
SG3525A
SG3527A
UDN2993B

TELEDYNE
TP0032
TP0033

TEXAS
INSTRUMENTS
ADCO0801
ADC0802
ADC0803
ADCO0804
ADCO0805
ADC0808
ADC0809
ADCO0831
ADC0832

LM675
LM317A
LM317HV
LM320-XX
LM323
LM323A
LM324
LM337
LM338
LM338A
LM340-XX
LM350
LM350A
LM3524D
LM3524D
LM3525A
LM3527A
LM723
LM723C
LM741
LM140-XX
LM140A-XX
LM340A-XX
LM78XXC
LM120-XX
LM120-XX
LM320-XX
LM79XXC

NATIONAL
LF13201
LF13202
LF13201
LF13202
LF13508
LF13509

NATIONAL
LM3525A
LM3527A
LM18293

NATIONAL
LH0032
LH0033

NATIONAL
ADC0801
ADC0802
ADC0803
ADCO0804
ADC0805
ADC0808
ADCO0809
ADC0831
ADC0832

(]

(1)

1
M

()
@

]
@

@)

ADC0834
ADC0838
LM317KC
RC4558
RC4588D
RV4558D
TLO71
TLO71A
TLO71B
TLO72
TLO72A
TLO72B
TLO74
TLO74A
TLO81
TLO81A
TLO81B
TLO82
TLO82A
TLO82B
TLO84
TLO84A
TLOB7
TLO88
TL288
TL4B7N
TL489N
TL490N
TL491N
TL520
TL521
TL522
TL530
TL531
TL532
TLC532A
TL533
TLC533A
TLC274AC
TLC274Al
TLC274AM
TLC274BC
TLC274BI
TLC274BM
TLC274C
TLC2741
TLC274M
TLC540
TLC541
TLC549
TLO61
TLO61A
TLO61B
TLOB2
TLO62A
TLO62B
TLOG4

ADCO0834
ADC0838
LM317T
LM833
LM833CM
LM833CM
LF351
LF411
LF411
LF353
LF412
LF412
LF347
LF347B
TLO81
LF411
LF411
TLO82
LF412
LF412
LF347
LF347B
LF411A
LF411A
LF412A
LM3915N
LM3914N
LM3914N
LM3914N
ADCO0848
ADCO0848
ADC0848
ADC0830B
ADC0830C
ADC0829B
ADC0829B
ADC0829C
ADC0829C
LMC660AI
LMC660AI
LMC660AM
LMC660AI
LMCG660AI
LMC660AM
LMC660C
LMC660AI
LMCE60AM
ADCO0811
ADC0811
ADCO0831
LF441
LF441
LF441A
LF442
LF442A
LF442
LF444

0]

M
(1)
(1)
1)
(1)
)]
M
(1)
(1)
(1)
(1)
0]
(1)
(1)
M
M
(1)
(1)
(1)
(2

@
(2)
(2)
@
()

TLO64A
uA709
nA723CJ
rA723CN
rA723MJ
rA733CN
nA741

nA747
nA78LXXACL
rA78MXXCKD
HA78XXCKC
RA79MXXCKD
RA79XXCKC

TOSHIBA
TA7504
TA75339
TA75358
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Industry Package Cross-Reference Guide

NSC 'Ls: Signetics | Motorola | TI | RCA | Hitachi | NEC | LTC
nnnnnnn
LU'CI'EIEI'|:|'|:|'|J' 4/16 Lead
W Glass/Metal DIP D D ! L b ¢ b D
Glass/Metal F,
Flat Pack F F Q F S K F Q
6 % 6 T,
mim K, s,
— TO-99, TO-100,TO-5 | H H L G L | yyee A H
D
annnnnn
8-, 14- and 16-Lead R J
‘ooooouw Low Temperature J D, F U J G D J é
W Ceramic DIP
L -
103 K KS K
A ) KC | K DA K K
° (Aluminum)
]
8-, 14- and 16-Lead T Vv, P N
w Plastic DIP N P AB P N E P C N8

*With dual-in-line formed leads
**With radically formed leads
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Industry Package Cross-Reference Guide

NSC I:LS: Signetics | Motorola [ TI | RCA | Hitachi | NEC | LTC
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AAAAAAA
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(Narrow Body) M S D D D M MP G S
(Wide Body) WM DW
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Voltage Regulators—Definition of Terms

National
Semiconductor

Voltage Regulators
Definition of Terms

Current-Limit Sense Voltage: The voltage across the cur-
rent limit terminals required to cause the regulator to cur-
rent-limit with a short circuited output. This voltage is used
to determine the value of the external current-limit resistor
when external booster transistors are used.

Dropout Voltage: The input-output voltage differential at
which the circuit ceases to regulate against further reduc-
tions in input voltage.

Feedback Sense Voltage: The voltage, referred to ground,
on the feedback terminal of the regulator while it is operat-
ing in regulation.

Input Voltage Range: The range of dc input voltages over
which the regulator will operate within specifications.

Line Regulation: The change in output voltage for a
change in the input voltage. The measurement is made un-
der conditions of low dissipation or by using pulse tech-
niques such that the average chip temperature is not signifi-
cantly affected.

Load Regulation: The change in output voltage for a
change in load current at constant chip temperature.

Long Term Stability: Output voltage stability under accel-
erated life-test conditions at 125°C with maximum rated volt-
ages and power dissipation for 1000 hours.

Maximum Power Dissipation: The maximum total device
dissipation for which the regulator will operate within specifi-
cations.

Output-input Voltage Differential: The voltage difference
between the unregulated input voltage and the regulated
output voltage for which the regulator will operate within
specifications.

Output Noise Voltage: The RMS ac voltage at the output
with constant load and no inut ripple, measured over a
specified frequency range.

Output Voltage Range: The range of regulated output volt-
ages over which the specifications apply.

Output Voltage Scale Factor: The output voltage obtained
for a unit value of resistance between the adjustment termi-
nal and ground.

Quiescent Current: That par of input current to the regula-
tor that is not delivered to the load.

Ripply Rejection: The line regulation for ac inupt signals at
or above a given frequency with a specified value of bypass
capacitor on the reference bypass terminal.

Standby Current Drain: That part of the operating current
of the regulator which does not contribute to the load cur-
rent. (See Quiescent Current)

Temperature Stability: The percentage change in output
voltage for a thermal variation from room temperature to
either temperature extreme.

Thermal Regulation: Percentage change in output voltage
for a given change in power dissipation over a specified time
period.
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Continuous Voltage Regulators Selection Guide

Voltage Regulators
Adjustable Positive Voltage Regulators

apIny uonoajas siojejnbay abeyjoA snonupuo)

Amps Device Output Voltage Package
10.0 LM196K 1.25V-15V TO-3
LM396K 1.25V-15V TO-3
5.0 TLM138K 1.2vV-32V TO-3
LM338K, T 1.2v-32v TO-3, TO-220
3.0 TLM150K 1.2V-33V TO-3
LM350K, T, AT 1.2V-33V TO-3, TO-220
1.5 TLM117K 1.2V-37V TO-3
TLM117HVK 1.2V-57V TO-3
LM317K, T, AK, AT 1.2V-37V TO-3, TO-220
LM317HVK 1.2V-57V TO-3
1.0 LM2941T,CT 5V-20V TO-220
LM78GCT* 5V-30V TO-220 (4 Pin)
0.5 TLM117H 1.2V-37V TO-39
TLM117HVH 1.2V-57V TO-39
LM317H 1.2V-57V TO-39
LM317HVH 1.2V-37V TO-39
LM317MP 1.2V-37V TO-202
LM78MGCT* 5V-30V TO-220 (4-Pin)
0.2 TLHO075G, CG 0-27V TO-8
0.1 LM317LZ, M 1.2V-37V TO-92, SO-8
LM2931CT 3.0V-24V TO-220, 5-LEAD
TLP2951CN, J, H, M 1.24V-29V DIP, CERDIP, HEADER, SO-8

*These products were formerly manufactured by Fairchild Semiconductor Corporation. The prefixes have been changed from pA to LM and may be found with the
former prefix as well as the latter.

TMilitary qualified device. More more information, consult the Military/Aerospace Selection Guide.




Continuous Voltage Regulators Selection Guide

Voltage Regulators

(Continued)
Adjustable Negative Voltage Regulators

Amps Device Output Voltage Package
3.0 LM133K —1.2v - —32V TO-3
LM333K, T -1.2V - —-32V TO-3, TO-220
1.5 TLM137K —1.2V - =37V TO-3
TLM137HVK —1.2V - —47V TO-3
LM337K, T —1.2V - =37V TO-3, TO-220
LM337HVK —1.2V - —47V TO-3
1.0 LM79GCT* —2.2V-—30V TO-220 (4-Pin)
0.5 TLM137H —1.2V - =37V TO-39
TLM137HVH —1.2V - —47V TO-39
LM337H —-1.2V - =37V TO-39
LM337HVH —1.2V - —47V TO-39
LM337MP —1.2V - =37V TO-202
LM79MGCT* —2.2V-—30V TO-224 (4 Pin)
0.2 TLHO076G, CG 0-27V TO-8
0.1 LM337LZ, M -1.2V - -37V TO-92, SO-8
Adjustable Positive/Negative Voltage Regulator
Amps Device Output Voltage Package
+0.1 LH7001 +1.2Vto £37V DIP, TO-5
Fixed Positive Voltage Regulators
Amps Device Output Voltage Package
3.0 TLM123K 5V TO-3
LM323K, AK 5V TO-3
1.0 TLM109K 5V TO-3
TLM140AK 5V, 12V, 15V TO-3
TLM140K 5V, 12V, 15V TO-3
TLM2940T 5V, 8V, 10V, 12V ' TO-220
LM2940CT 5V, 12V, 15V TO-220
LM309K 5V TO-3
LM340AK, T 5V, 12V, 15V TO-3, TO-220
LM340K, T ) 5V, 12V, 15V TO-3, TO-220
LM78xxCK, T** . 5V, 6V, 8V, 12V, 15V, 18V, 24V TO-3, TO-220
0.5 LM2984CT - 5V, 12V, 15V TO-220, TO-202
LM341T, P 5V, 12V, 15V TO-220, TO-202
LM78MxxCT, H** 5V, 6V, 8V, 12V, 15V, 24V TO-220, TO-39
0.2 TLM109H 5V TO-39
LM309H 5V TO-39
LM342P 5V, 12V, 15V TO-202
0.15 LM2930T 5V, 8V TO-220
0.1 tLM140LAH 5V, 12V, 15V TO-39
LM2931Z, T 5V TO-92, TO-220
LM340LZ, H 5V, 12V, 15V TO-92, TO-39
LM78LxxACZ, H, M** 5V,6.2V, 8.2V, 9V, 12V, 15V TO-92, TO-39, SO-8
LP2950CZ 5V TO-92
0.05 LM29362 5V TO-92

*The LM320 has better electrical characteristics than the LM79xx.
LM100 Series ~ +55°C to +150°C
LM300 Series 0°Cto +125°C

**These p! were fi
former prefix as well as the latter.

TMilitary qualified device. For more information, consult the Military/Aerospace Selection Guide.

ly f d by Fairchild Semiconductor Corporation. The prefixes have been changed from p.A to LM and may be found with the
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Voltage Regulators con

tinued)

Fixed Negative Voltage Regulators

Amps Device Output Voltage Package
3.0 TLM145K -5V, —=5.2V TO-3
LM345K -5V, —=5.2V TO-3
1.5 TLM120K -5V, —12V, —15V TO-3
LM320K, T -5V, —12V, —15V TO-3, TO-220
LM79xxCT, K** -5V, -8V, —12V, —15V TO-220, TO-3
0.5 LM320MP -5V, —12V, —15V TO-220
LM79MxxCT, H** -5V, —8V, —12V, —15V TO-220, TO-39
0.2 TLM120H -5V, —12V, —15V TO-39
LM320H -5V, —12V, —15V TO-39
0.1 LM320LZ -5V, —12V, —15V TO-92
LM79LxxACZ, M -5V, —12V, —15V TO-92, SO-8
Low Dropout Regulators
Amps Device Output Voltage Package
0.050 LM2936Z 5V TO-92
0.100 LM2931T, Z2 5V, ADJ TO-220, TO-92
LP2950CZ 5V TO-92
LP2951N, J, H ADJ DIP, CERDIP, HEADER
0.150 LM2930T 5V, 8V TO-220
0.500 LM2984CT TRIPLE 5V + WATCHDOG TO-220, 11-LEAD
0.750 LM2925T 5V WITH DELAYED RESET TO-220, 5-LEAD
LM2935T DUAL 5V TO-220, 5-LEAD
1.0 TLM2940T 5V, 8V, 10V, 12V TO-220
LM2940CT 5V, 12V, 15V TO-220
LM2941T Adjustable (5V to 20V) TO-220
LM2941CT Adjustable (5V to 20V) TO-220
Shunt Regulators
Amps Device Output Voltage Package
0.15 LM431ACZ, M 2.5V-36V TO-92,S0-8
Building Block Regulators
Device Title Package
TLM104/204/304 Negative Regulator TO-39
TLM105/205/305 Voltage Regulator (Positive) TO-39
LM376 Voltage Regulator (Positive) 8-Pin Plastic DIP
TLM723 Voltage Regulator 14-Pin DIP, TO-39

**These products were formerly manufactured by Fairchild Semiconductor Corporation. The prefixes have been changed from pA to LM and may be found with the

former prefix as well as the latter.

‘tMilitary qualified device. For more information, consult the Military/Aerospace Selection Guide.
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LH0075

National
Semiconductor

LHO0075 Positive Precision Programmable Regulator

General Description

The LHO075 is a precision programmable regulator for posi-
tive voltages. Regulated output voltages from 0 to 27V may
be obtained using one external resistor. Also available with-
out any external components are several fixed regulated
voltages with accuracies to 0.1% (5V, 6V, 10V, 12V and
15V). The output current limit is adjustable from 0 to 200 mA
using two external resistors. These features provide an.in-
ventory of precision regulated values in one package.

Features

m Output adjustable to OV

= Line regulation typically 0.008%/V

® Load regulation typically 0.075%

m Remote voltage sensing

m Ripple rejection of 80 dB

m Adjustable precision current limit

m Output currents to 200 mA

m Popular voltages available without external resistors

Schematic Diagram
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R3 | xS
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Connection Diagram
TO-8 Metal Can Package

ISENSE

umr

Typical Applications

Precision 15V Reference Supply without Current Limit

Vour

Vin o—g 1 ]

1 LHOO75
01uF*

1
(X7, procraumine Order Number
RESISTOR PIN)

15V

<
< RLoap
*

Toview LH0075G or
LH0075CG 1
See NS Package =
Case is electrically isolated Number H12B TL/H/S548-1

*Needed if device is far from filter capacitors
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,

Operating Temperature Range

please contact the National Semiconductor Sales LH0075 —55°C to +125°C
Office/Distributors for availability and specifications. LHO075C 0°C to +70°C
(Note 4) Storage Temperature —65°Cto +150°C
Input Voltage 32v Lead Temp. (Soldering, 10 seconds) 300°C
Output Voltage 27V
Output Current 200 mA
Power Dissipation See Curve
Electrical Characteristics conditions for Tyn<Ta<Twmax unless otherwise noted
Parameter Conditions LHoo75 LHo075C Units
Min Typ Max Min Typ Max
Line Regulation Ta=25°C 0.008 0.02 0.008 0.04 % /N
Load Regulation Ta=25°C,
1 mA<I 0ap <200 mA
Vour<5.0V 25 7.5 25 15 mV
VouTt=5.0V 0.055 0.15 0.055 0.3 %
Reference Current (Irer) Tao=25°C, ViN=15V 0.998 1.000 1.002 | 0.995 1.00 1.005 mA
Load Regulation 1 mA<Il 0aD<200 mA
VouTt<5.0V 4.0 15 4.0 25 mV
VouTt=5.0V 0.075 0.3 0.075 0.5 %
Reference Current Drift ViN=15V —0.0065 —0.0065 %/°C
(Alggr/ATemp.)
Minimum Load Current (I jm) (Note 1) 98 100 102 95 100 105 RA
Output Voltage Range 0 27 0 27 \"
Minimum Input Voltage 10 10 \
Input-Output Differential Tpo=25°C, 3.0 3.2 3.0 35 v
Voltage ' 1 mA<I_oap <200 mA
Quiescent Supply Current ViN=15V 6.0 8.0 6.5 10 mA
Ripple Rejection Vout=>5.0V, f=120 Hz 65 65 dB
Crer=2.2pF 80 80 dB
Output Voltage Ta=25°C (Note 2) +0.1 +0.5 +0.1 +1.0 %
Tolerance
Output Voltage Change with (Note 3) 0.003 0.003 %/°C
Temperature (AVoyt/ATemp.)

Note 1: Minimum load current is established by I, the current from Q4 (see schematic). I goes directly to the output if the current limit feature is used.
Note 2: For Viy=15V and Voyr obtained by using R5, R6, R7, and R12 individually.

Note 3: Total change over specified temperature range.
Note 4: Refer to RETS075G drawing for military specifications on the LN0075.
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LH0075

Typical Performance Characteristics

Reference Current Change with

Maximum Power Dissipation Temperature (Normalized) Temperature Stability
3 12 12
g Vin® 18V s Vi V]|
25 ] w ol Z s
§ N G = T5CIW 3 2 RINTERNAL A
s 2 AN 3 04 < N
H CASE 5 P e
H N\ & ]
2 15 < [] -4 0
H N s o
o CE e
£t | Awmewt N g™ — CoRRa z REXTERNAL
3 — 2 H
£ 6ja = 100°C/W T} 5 -8
1 E ' °
0 12 -2 -
0 25 50 75 100 125 150 -50 -26 0 26 60 75 100 125 -50 -25 0 25 50 75 100 126
TEMPERATURE (°C) TEMPERATURE (°C) . TEMPERATURE (°C)
Output Voltage Change with Input-Output Differential
Temperature (Normalized) Current Limit Voltage
0.04 T T g 36
£ o0 Vig=15v | Fx 1
bt Voyt =5V :: 34
I iz
5.‘.2 h——— I =50 mA EE . s 2
T ] £ ~ 5
- "= w \ - —
§-ﬂ~°‘ N l._;m;u Eé N ’.z EL e N lnur: IWEM
= - -1 ~ T *
: 0.0 ~ 58 > 0w - 100mA ]
3-008 3= |
=
¥ ~ 5. . -
"50 25 0 25 50 75 100 125 T 50 -25 0 25 S0 75 100 126 S0 25 0 2 50 75 100 126
TEMPERATURE (°C) .' TEMPERATURE ( C) TEMPERATURE (“C)
Load Transient Response Load Transient Response
(Voltage Mode) (Current Mode) Ripple Rejection
- N T 260 P 100 T
& | Vin+ N = -2
s 3 vour=sv £ ::: e fguT = 100 mA, MAX | /-\c"“ bariy
2% 2 cper-0 5 CeF -0 g W7 ~
5 E 1 33 o =
£5 5% 1o £ w0
° 4 5 6 2 \ -0 w
o ] \CREF
] . ] = 40
. 1 3 . g Ve 15y N
§ 200 E 50 = 20 lgyt = 200 mA
-3 B~ Voyt = 10V
2% 2D Ty=25¢C
a~ -] 1 1
-3 0 < 0 0
S 0 20 40 60 80 ] [ 20 40 60 8c 10 100 1k 10k 100k ™M
TIME (us) ' TIME (us) FREQUENCY (H2)
Line Transient Response Line Transient Response Output Impedance
400 T w 2000 L"' — 10 T
w o L VIN® s INF VIN=15V
35 W Fygyresv §3 1500 F gyt =5V e
Sz 20 [cpept0 83 1000 [ cpep=22,Fd 2 uT
>2 w 55 50 g 1= 100mA
g3 o EZ o S
2310 °7 sm § 10
-0 3 1 1 :2: 107!
g g5 g
EE g2 w?
S os Sg 0
Eg 0 Eg ws 1k 10k 100k 1M 10M
H] 0 10 200 300 400 g° 0 100 200 300 400 v 1
TIME (us) TIME (us) FREQUENCY (Hz)

TL/H/5549-2




Typical Applications (continued)

2A Regulator with Current Limit

OVour

< <
Rumir 1: <: RSENSE

VinG
b3
S RLoap
RIS —
Variable Voltage Reference with Current Limit
¢ r—O Vour
RSENSE <
170100 S J%Ruwur
<
Vin
RpRi P4
Wee  RLoa
_ 10T POT
IR D —

*Needed if device is far from filter capacitors

**Optional—improves transient response TL/H/5549-3
Vourt Desired Rumir
RPROG = — 71— lout(mMaAx) = + 1] X100 pA
1mA ™A% = | Rense M
louT<200 mA

Applications Information

The LHO0075 does not require capacitors for stable opera-  from filter capacitors. A 0.1 uF for input bypassing should
tion, but an input bypass is recommended if device is far  be adequate for almost all applications.
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LH0075

Applications Information (continued)
DESCRIPTION OF OPTIONS

Ripple Rejection Compensation. (Increases Ripple Re-
jection Typically to 80 dB)

The ripple rejection may be improved by connecting an ex-
ternal capacitor between pin 9 and ground. (The typical per-
formance curves show the rejection with a capacitance of
2.2 pFd.)

Internal Voltage Programming

The LM0075 provides various precision output voltages sim-
ply by using one or more of the internal resistors. A particu-
lar voltage may be obtained by external connections as
shown in Table I.

85 IREFERENCE
TmA

09

R5, R6, R7 and R12 are
precision-trimmed to 0.1%.

R12
6k

TL/H/5549-4
FIGURE 1

External Voitage Programming
An external resistance can be connected between pin 9 and
ground to obtain any voltage from 0 to 27V using the follow-
ing equation:
RexT= Vour Desired

1mA

The reference current (Iggr) has a typical temperature coef-
ficient of —65 ppm/°C. Choosing a resistive material with a
temperature coefficient of 65 ppm/°C will compensate the
negative temperature coefficient, resulting in an output volt-
age with minimal change over the operating temperature
range. Example of a good resistive material is Nichrome,
which has a typical temperature coefficient of 80 ppm/°C.

Since a current source is used as a reference, this makes
remote voltage programming possible.

Current Limit Programming

The maximum current output of the device may be limited
by adding two external resistors as shown below. The resis-
tor values are easily calculated with the following equation:
Rumir
RseNsE

louT(MAX) = [ +1] X 100pA

where Rgense=1 to 109

RSENSE :
‘b

Vin O

TL/H/5549-5
FIGURE 2. Current Limit Programmng

This programmable current limit feature can be extended to
make the LHO075 a programmable constant current source.
This can be done by leaving pin 9 open and setting
RumiT and Rsense as desired.

For applications where the current limit is used, a minimum
load current of 100 uA is established at the output. This
arises from the fact that the constant current used in setting
maximum output current is 100 pA, and it goes directly to
the output of the LHOO075. If the total current drawn from the
output is less than the minimum, the output will rise.

As in the remote voltage adjustment application, remote
current sensing can be applied similarly. Rsgnsg must be
placed as close to the output of the LH0075 as possible, but
RrimiT can be a fixed resistor or potentiometer located re-
motely from the device.

TABLE I. Connection Scheme for Internal Available Output Voltages

OUTPUT

voLTAGE(V) | TINS

PIN6

PIN7 PIN8 PIN9

5

Gnd

6

8

10 Gnd

12 Gnd

15 Gnd

18
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National
Semiconductor

LHO076 Negative Precision Programmable Regulator

General Description

The LHO076 is a precision programmable regulator for neg-
ative voltages. Regulated output voltages from 0 to —27V
may be obtained by using 1 external resistor. Also available
without any external components are several fixed regulat-
ed voltages with accuracies to 0.1% (—3V, —5V, —6V,
—8V, —9V, —12V, —15V and —18V). The output current
limit is adjustable from 0 to 200 mA using 2 external resis-
tors. These features provide an inventory of precision regu-
lated values in 1 package.

Features

m Line regulation typically 0.005%/V
| Load regulation typically 0.02%

m Remote voltage sensing

m Ripple rejection-70 dB

m Output Adjustable to OV

® Adjustable precision current limit
B Output current to 200 mA

Schematic Diagram
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Typical Applications

Precision — 15V Reference Supply without Current Limit

>
s: RLoan
G -Vour
A
i
RESISTOR PIN)
v Order Number
SENSE
TOP VIEW LH0076G N . | " . TL/H/5548~1
LH0076CG Recommended if device Is far from filter capacitors
Caseis electrically isolated ~ See NS Package H12B

113
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LH0076

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Operating Temperature Range

LH0076 —55°Cto +125°C
&f;ltc:‘l‘l))lstrlbutors for availability and specifications. LH0076C _25°Cto +85°C
Input Voltage _asy fto;a?re Tempetrature —65°Cto +150°C
Output Voltage —27v °as Ide",‘pe’?:'e . 500°C
Output Current 200 mA (Soldering, 10 seconds)
Power Dissipation o See Curve
Electrical Characteristics conditions are for Tyyn < Ta < Tyax unless otherwise noted
Parameter Conditions LH0076 LHoo076C Units
Min Typ Max Min - Typ Max
Line Regulation Ta=25°C 0.005 0.02 0.005 0.04 %/V
Load Regulation Ta=25°C,
1 mA<I oaAp<200 mA
VouTt= —5.0V 75 15 mV
VouT< —5.0V 0.02 0.15 0.02 0.3 %
Reference Current (IRer) Ta=25°C, Vin=—15V | 0.998 1.000 1.002 | 0.995 1.000 1.005 mA
Reference Current Drift ViN=—15V —0.0065 —0.0065 %/°C
(AlRer/ATemp.)
Minimum Load Current (I j\) (Note 1) 98 100 102 95 100 105 LA
Output Voltage Range 0 -27 0 -27 Vv
Minimum Input Voltage -10 -10 Vv
Input-Output Differential Ta=25°C, 2.7 3.2 2.7 3.5 \
Voltage 1 mA<Il 0aD<200 mA
Quiescent Supply Current ViN=—15V 11 15 11 15 mA
Ripple Rejection ‘ Vour=5.0V,f=120 Hz 70 70 dB
Output Voltage Ta=25°C, (Note 2) +0.1 +0.5 +0.1 +1.0 %
Tolerance
Output Voltage Change with (Note 3) 0.003 0.003 %/°C
Temperature (AVoyt/ATemp.)

Note 1: Minimum load current is established by I . the current to Q2 (see schematic.) Iy draws directly from the output if the current limit feature is used.

Note 2: For V)y=15V and Vgyr obtained by using R4, R5, R6, and R8 individually.

Note 3: Total change over specified temperature range.

Note 4: Refer to RETS0076G for military specifications on the LH0076.




Typical Performance Characteristics
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LH0076

Typical Applications (continued)

Variable Voltage Reference with Current Limit

+ Rioan
<
0.1 uF* A{/:muc
-Vour
-Vin
RLimir
——AAA
VWA»
2-Amp Regulator with Current Limit
Rroan
< .
PI) S ReROG
v
0.1uF* / our
Vin O-

TL/H/5548-4

*Recommended if device is far from filter capacitors

Application Information

The LH0076 does not require external capacitors for stable
operation. However, an input bypass is recommended if the
device is far from filter capacitors. A 0.1 pF for input bypass-
ing should be adequate for most applications.

DESCRIPTION OF OPTIONS

External Voltage Programming

An external resistance can be connected between pin 10
and ground to obtain any voltage from 0 to —27V using the
following equation:

“~Vour desired
o= = Tma

The reference current (Iggr) has a typical temperature coef-
ficient of —60 ppm/°C. Choosing a resistive material with a
temperature coefficient of 60 ppm/°C will compensate the
negative tempco of the reference current, resulting in an
output voltage with minimal change over the operating tem-
perature range. Example of a good resistive material is ni-
chrome, which has a typical tempco of 80 ppm/°C. Ni-
chrome is the resistive material used in the LH0076, result-
ing in output voltage drift of 20 ppm/°C typically.




Application Information (continued)

Because a current source is used as a reference, remote
voltage programming is possible.
Internal Voltage Programming

The LHO076 provides various precision output voltages sim-
ply by using 1 or more of the internal programming resistors.
These voltages may be obtained by using the connections
as shown in Table 1.

RtoTAL is the total resistance between pin 10 and ground

Vourt = Irer X (Rrotal)

RB
3

'REFERENCE =1 mA

TL/H/5548-5
R4, R5, R6 and R8 are precision trimmed to 0.1%
FIGURE 1

Current Limit Programming

The maximum current output of the device may be limited
by adding 2 external resistors as shown in Figure 2. The
resistor values are calculated using the following equation:

RumiT ]
—UMIT_ 4 4 [ x 100pA
Rsense K

where Rgensg = 1 to 10Q
This programming current limit feature can be extended to
make the LHO076 a programmable current sink. This can be
done by leaving pin 10 open and setting Ry jmiT and Rsense
as desired. (See Figure 3).

lout(MAX) = [

Rsense

Vour

>
<
>
> ALmIT

TL/H/5548-6
FIGURE 2. Current Limit Programming

For application where the current limit is used, a minimum
load current of 100 pA is established at the output. This
arises from the fact that the constant current used in setting
maximum output current is 100 pA, and it comes directly
from the output of the LH0076. If the total current is less
than this minimum current, the output will drop.

As in the remote voltage adjustment application, remote
current sensing can be applied similarly. Rsgnsg should be
placed as close to the output of the LH0076 as possible, but
RLimiT can be a resistor or potentiometer located remotely
from the device.

RSENSE
o—AAA = o
VVVv uT

<>
< Rumr
<

TL/H/6548-7
FIGURE 3. Precision Current Sink

TABLE 1. Connection Scheme for Internally Available Output Voltages

OUTPUT

voLtace(v) | FIN?

PIN 2

PIN7 PIN 10 PIN 11

-3

GND

-5

-6 Gnd

-9 Gnd

—-12 Gnd

-15 Gnd

—-18 Gnd

9/00H1




LH7001

National
Semiconductor

LH7001

PRELIMINARY

Positive/Negative Adjustable Regulator

General Description

The LH7001 combines a positive and a negative adjustable
regulator in one package. Both can supply 100 mA over a
1.2V to 37V output range. It is exceptionally easy to use and
requires only two external resistors on each side to set the
output voltage.

In addition to high performance both sides of the LH7001
offer full overload protection. Included are current limit, ther-
mal overload protection and safe area protection. All over-
load protection circuitry remains fully functional even if the
adjustment terminal is disconnected.

The LH7001 is intended for voltage and current regulation in
systems where both polarities are required. This is, e.g., the
case with supplies for op-amps and buffers, where the
LH7001 can also be used to protect from overloads.

Normally, for stable operation, no external capacitor is
needed on the positive side. The negative side requires only
a single 1 uF solid tantalum capacitor. On both sides, larger
output capacitors can be added to improve transient re-
sponse. In case the device is further than 6 inches from the
input filter capacitors, input bypass capacitors are needed.
The adjustment terminals can be bypassed to achieve very
high ripple rejection.

The positive and the negative regulator are electrically sep-
arated and can therefore be used independent from each
other. Since each regulator is “floating” and sees only the

input to output differential voltage, supplies of several hun-
dred volts can be regulated as long as the maximum input-
to-output differential is not exceeded.

The LH7001 is available in a standard molded 8 pin DIP as
LH7001CN with a temperature range of —40°C to +125°C,
and in an 8 pin TO-5 package as LH7001H with a tempera-
ture range from —55°C to + 150°C.

Features

® Dual output down to +1.2V

m Guaranteed +100 mA output current

® Line regulation typically 0.01%/V

m Load regulation typically 0.5%

m Current limit constant with temperature

m Standard 8 pin DIP and 8 pin TO-5 packages
W 80 dB ripple rejection

m Output is short circuit protected

Applications

m Dual precision voltage regulator

m Dual precision current limiter

® Voltage and current protection for op-amps
m Dual tracking regulator

Connection Diagrams

Plastic Package
(Dual-In-Line, 8 Pin)

1 8
POS. V, ——P0S. ADJUST
w—1O :
N/C 3 ——P0S. le
NEG. Viy— E—n/c
NEG. Vour 15— NeG. ADJUST
TL/K/10127-1
Top View
Order Number LH7001CN

See NS Package Number NOSE

Metal Can Package
(TO-5, 8 Pin)

POS. ADJUST

N/C

TL/K/10127-2
Top View

Order Number LH7001H
See NS Package Number HO8D
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Absolute Maximum Ratings

L00ZHT

If Military/Aerospace specified devices are required, Storage Temperature —55°C to +150°C
please contact the National Semiconductor Sales Lead Temperature (Soldering)

Office/Distributors for avallability and specifications. LH7001CN 4 sec. to 260°C
Power Dissipation Internally Limited LH7001H 10 sec. to 300°C
Input-Output Voltage Differential 40V ESD Rating TBD

Operating Junction Temperature
LH7001CN
LH7001H

—40°Cto +125°C
—55°Cto +150°C

Electrical Characteristics (Note 1) (unless otherwise noted, these specifications apply:

—55°C < Tj < +150°C for the LH7001 and —40°C < Tj < +125°C for the LH7001C, [Vin = VouTl = 5V and loyT = 40 mA.
Although power dissipation is internally limited, these specifications are applicable for power dissipations up to 600 mW for
LH7001H and up to 900 mW for LH7001CN, Ipmax is 100 mA. Specifications apply for both positive and negative current limiter.

: Units
Parameter Conditions Typ Te(s;z:leL;;nit D(e(i:g?eL;;nlt (Max. Unless
Otherwise Noted)
Line Regulation 3V < |Viny — Vourtl < 40V Tj=25°C | 0.01 0.04 %IV
(Note 4) 0.02 0.07 °
Load Regulation 5mA < loyt < IMax Tj = 25°C 0.5 0.8 o
(Note 4), P < 625 mW 1.5 )
Adjustment Pin Current 50 100 pA
Adjustment Pin 5mA <l <100 mA 4 10 A
Current Change 3V < |Viy — Vourl < 40V, P < 625 mW ”
Reference Voltage 3V < |ViNy — Voutl < 40V, (Note 4) 1.25 1.3 V(Min)
5mA < lpyt < 100mA 1.2
Current Limit 3V < |Viy — Vourl < 13V 200 300 mA
100 mA (Min)
[Vin = Vourt! < 40V 50 120 mA
25 mA (Min)
Thermal Regulation Tj = 25°C, 10 ms Pulse 0.04 0.2 % /W
Minimum Load Current | |Vin — Vout] < 40V 3.5 5 mA
3< |V|N - VOUT| <15V 1.5 3.5 mA
RMS Output Noise, Tj=25°C,10Hz < f <10 kHz 0.003 %
% of Vout
Ripple Rejection Ratio | Voytr = 10V, f = 120 Hz
CapJ = O puF 65 dB
Capy = 10 pF 80
Long Term Stability Tj = 125°C, 1000 Hrs. 0.3 %
Thermal Resistance H Package (TO-5) 180 °C/W
Junction to Ambient
N Package (DIP, °
(No Heat Sink) ge (DIP) 110 CIW
Therrpal Resistance H Package (TO-5) 75 °C/W
Junction to Case

Note 1: Boldface limits are guaranteed over full temperature range. Operating junction temperature range of LH7001CN is —25°C to +125°C, and LH7001H is

—55°C to +150°C.

Note 2: Tested limits are guaranteed and 100% production tested.
Note 3: Design limits are guaranteed (but not production tested) over the indicated temperature or temperature range. These limits are not used to calculated

outgoing quality level.

Note 4: This parameter is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects
are covered under the specification for thermal regulation.




LH7001

Typical Performance Characteristics
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Application Hints

In operation, the positive regulator develops a nominal
1.25V reference voltage, VReF, between the output and the
adjust terminal (Figure 7). The negative regulator develops
—1.25V. The reference voltage is impressed across pro-
gram resistor R1 and, since the voltage is constant, a con-
stant current |1 then flows through the output set resistor
R2, giving an output voltage of Voyt = VRer (1 + R2/R1)
+ lapy (R2)

POS. HALF
W e HHI00L v
IN 7 1(1 out
Ot our 1) o
(8) ADJ I
8@ 13 ln
® VReF
VRer = 1.25V nominal l Vour
> <D
apy R2Q

TL/K/10127-4

Pinout shown for DIP (TO-5 in parenthesis)
FIGURE 1. Positive Voltage Regulator

Since the current from the adjustment terminal represents
an error term, the LH7001 was designed to minimize Iapy
and make it very constant with line and load changes. To do
this, all quiescent operating current is returned to the output
establishing a minimum load current requirement. If there is
insufficient load on the output, the output voltage will rise.
1apy is typically 50 pA (see graph in Typical Performance
Characteristics).

Stability

An input bypass capacitor is recommended for both the
positive and the negative regulator in case the regulator is
more than 6 inches away from the usual large filter capaci-
tor. A 0.1 uF disk or 1 uF tantalum on the inputs is suitable
bypassing for almost all applications. The device is more
sensitive to the absence of input bypassing when adjust-
ment or output capacitors are used, but the above values
will eliminate the possibility of problems.

The positive regulator is stable with no output capacitors.
However, like any feedback circuit, certain values of exter-
nal capacitance can cause excessive ringing. For the posi-
tive regulator these values are between 500 pF and
5000 pF. Additional capacitance on the output will correct
the problem.

To stabilize the negative side, a lossy capacitor of more
than 0.1 pF is needed from the negative output to ground. A
1 uF tantalum or 3.99 in series with a 0.1 pF ceramic will
meet the requirement (Figure 2). However, in some applica-
tions, like on the supply voltage for an op-amp, a high grade
bypass capacitor is needed. In this case a lossy ceramic
bead in series with the negative output, followed by 0.1 uF
to ground, is recommended (Figure 3). The bead needs to
be optimized for frequencies around 1 MHz, a Fair-Rite
2673000101 works well.

POS. HALF
LH7001
iy oo Vour
LA Y our |1 °
(®) ADJ 0}

orgr  8]®

AAA

AAA

i

TL/K/10127-5

NEG. HALF
LH7001
- L -
- am our | 46) T
(6 ADJ -L
otur 5O b3 0.1 uF

3.9

TL/K/10127-6

Pinout shown for DIP (TO-5 in parenthesis)
FIGURE 2. Choice of Capacitors for Stable Operation
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cmmnee-

HH—

0.1 uF (L

“ViN
TL/K/10127-7
The negative regulator is stabilized with ferrite bead and C3.

Pinout shown for DIP (TO-5 in parenthesis)
FIGURE 3. LH7001 Supplying an Op-Amp

L00ZH1




LH7001

Stability (Continued)

A resistor value of 3.9 in series with the output followed by
a 0.1 uF to ground is another way to suppress oscillations
of the negative regulator, but this is only acceptable where
the load regulation is not critical (Figure 4).

TL/K/10127-8

The negative regulator is stablized by Rg, C3.
'FIGURE 4. LH7001 Supplying an Op-Amp*

In the current limit mode the negative regulator has a series
sense resistor which separates the device from the load and
its bypass capacitor. A 0.1 uF ceramic capacitor in series
with 3.90 from the output to ground will suppress oscilla-
tions (Figure 5).

I

TL/K/10127-9

Ry % 39
NEG. HALF 04 uF

w700t G

1

TL/K/10127-10
R1, C1 Stabilize the negative side. loyt = £1.25 V/Rs.
FIGURE 5. LH7001 as Dual Current Limiter*

Improved Ripple Rejection

The adjustment terminals on both the positive and the nega-
tive regulator can be bypassed to ground to improve ripple
rejection and noise. These bypass capacitors prevent ripple
and noise from being amplified. With 10 uF bypass capaci-
tors 80 dB ripple rejection is obtainable at any output level.
Increases over 10 uF do not appreciable increase the ripple
rejection at frequencies above 120 Hz. If bypass capacitors
are used, it is sometimes necessary to include protection
diodes (see next section) to prevent the capacitors from
discharging through internal low current paths and damag-
ing the device (Figure 6).

- . €
3 Tlo,‘r
< CR
a|(s) 3 wo
o—nr ™ —0
N our
wy @l ____ ' Wour
POS. HALF v
LH7001
TL/K/10127-11
NEG. HALF
L7001
v peellLL v
o N out |4 o
B R [C)
6,
® 5|(7) 3 wo
! s
s 104F
Cr

TL/K/10127-12
FIGURE 6. LH7001 with Improved Ripple Rejection*

Protection Diodes

When external capacitors are used with any IC regulator, it
is sometimes necessary to add protection diodes to prevent
the capacitors from discharging through low current points
into the regulator. Most 10 uF capacitors have low enough
internal series resistance to deliver 20A spikes when short-
ed. Although the surge is short, there is enough energy to
damage the device.

When an output capacitor is connected to a regulator and
the input is shorted, the output capacitor will discharge into
the output of the regulator. Figure 7 shows how to protect
the device with discharge diodes.

*Pinout shown for DIP (TO-5 in parenthesis)




Protection Diodes
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TL/K/10127-14

FIGURE 7. LH7001 with Large Capacitive Loads*

The discharge current depends on the value of the capaci-
tor, the output voltage of the regulator, and the rate of de-
crease of V|n. In the LH7001 the discharge path is through
a large junction that is able to sustain a 2A surge without
being degraded. For output capacitors of 10 uF or less, the
LH7001’s ballast resistors and output structure limit the
peak current to a low enough level so that there is no need
to use protection diodes.

The bypass capacitor on the adjustment terminal can dis-
charge through a low current junction. Discharge occurs
when either the input or output is shorted. When shorts
might occur and the capacitance is in excess of 10 uF d|s-
charge diodes are recommended (Figure 6).

Capacitors

In general, the best type of capacitor to use are solid tanta-
lum. These capacitors have low impedance even at high
frequencies. Depending on capacitor construction, it takes
about 25 pF in aluminum electrolytic to equal 1 uF solid
tantalum at high frequencies. Ceramic capacitors are also
good at high frequencies, but some types have a large de-
crease in capacitance at frequencies around 5 MHz. For this
reason, a 0.01 uF disk may work better than a 0.1 pF disk
as a bypass.

Load Regulation

The LH7001 is capable of providing extremely good load
regulation, but a few precautions are needed to obtain maxi-

*Pinout shown for DIP (TO-5 in parenthesis)

mum performance. The current set resistor connected be-
tween the adjustment terminal and the output terminal (usu-
ally 2409) should be tied directly to the output of the regula-
tor rather than near the load. This eliminates line drops from
appearing effectively in series with the reference and de-
grading regulation. For example, a 15V regulator with
50 mQ resistance between the regulator and load will have
a load regulation due to line resistance of 50 m$ x I .. If the
set resistor is connected near the load the effective line
resistance will be 50 mQ (1 + R2/R1) or, in this case, 11.5
times worse.

Figure 8 shows the effect of resistance between the regula-
tor and the connection of the set resistor.

POS. HALF
“ - oot R w
IN 7 1 S out
flo SE———. ] ouT M- 0o
8 A ()
8| (3) R13 2400

TL/K/10127-15
FIGURE 8. Positive Regulator with Line
Resistance in Output Lead*

It is easy to minimize the resistance from the case to the set
resistor, by using two separate leads to the output pin. The
ground of R2 can be returned near the ground of the load to
provide remote ground sensing and improve load regulation.

The setting resistor is normally chosen to be 240Q. The
reference voltage of 1.25V causes a current of 5.2 mA to
flow, which is much larger than the maximally 100 nA flow-
ing through the adjustment pin. This makes the regulation
very stable. However, if a smaller set current is desired, the
setting resistor can be increased at the expense of voltage
accuracy, e.g. to 2 kQ.

Thermal Regulation

When power is dissipated in an IC, temperature gradient
occurs across the chip affecting the individual IC circuit
components. With an IC regulator, this gradient can be es-
pecially severe since power dissipation is large. Thermal
regulation is the effect of these temperature gradients on
output voltage (in percentage output change) per Watt of
power change in a specified time. Thermal regulation error
is independent of electrical regulation or temperature coeffi-
cient and occurs within 5 ms to 50 ms after a change in
power dissipation. Thermal regulation depends on IC layout
as well as electrical design. The thermal regulation of a volt-
age regulator is defined as the percentage change of Voyr,
per Watt, within the first 10 ms after a step of power is
applied. The LH7002 specification is 0.2 %/W, maximum.
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LH7001

Current Limiting and Thermal Protection

Both the positive and the negative regulator protect them-
selves as well as the loads. They do this by limiting the
current and by a thermal shutdown feature that cuts in
should the temperature in the regulator get too high.

The current limiting is relatively constant over temperature.
The limit is constant up to about 15V input-to-output differ-
ential, then drops (see the graphs in the Typical Perform-
ance Characteristics).

The thermal shutdown will cut the current off as soon as the
thermal sensor reaches typically 162°C. Thus the cut-off de-
pends on the power dissipated in the LH7001 and the ther-
mal resistance:

IMax = Tmax/RthH (ViN — VouT)
There are also two time constants involved. One is the time
constant of the chip; it is typically 100 ms. The other one is
the time constant of the package; it is typically 20 sec (the
exact value depends on the type of cooling, heatsink, etc.).
This means that for a short time the device can absorb more
power than in a steady state condition.

The thermal protection on each side is independent of the
other. When the protection cuts in, the output current be-
comes pulse width modulated. In this way the dissipation in
the device is limited. The repetition time can range from
several tens to several hundreds of milliseconds, with the
faster times for the higher overstress. Normally, under sym-
metrical electric conditions, the positive side will go into
thermal protection before the negative side.

Figure 9 shows the dissipation of the positive and the nega-
tive regulator for the DIP package. The conditions are sym-
metrical as shown in Figure 70. The current through the
regulators is held at a constant +100 mA. With increasing
voltage the dissipation in the device increases, and the posi-
tive regulator starts to turn off in a pulsed fashion. When the
power is increased further, the positive regulator is OFF and
the negative regulator goes into pulsed thermal shutdown.
Figure 11 shows the same graph for the TO-5 package.

It needs to be mentioned that the LH7001CN in the DIP
package will be protected from catastrophic failure, but if
operated in thermal shutdown frequently or for long dura-
tions the thermal shutdown temperature of nominally 162°C,
will reduce the lifetime of the plastic package.

A
A)
10 ,/ 3

A
POS. & NEG./¥—~1NEG. REGUL.
REG. ]

LH7001CN
IL|M|T= 100mA ||
\ Tp=25°C |
\‘\ LI
\

I

‘
-

h

POS. REGUL. +—

DISSIPATED POWER (W)

0 P id
* L4
0 \
0 10 20
INPUT=TO=-OUTPUT VOLTAGE DIFFERENTIAL (V)

TL/K/10127-16

FIGURE 9. Dissipated Power of Positive and Negative

Regulator vs In-to-Out Voltage Differential
in a Typical LH7001CN (DIP Package)

POS. HALF
LH7001
e s
vi o—— N out AN |
) B D) !
8| @3) V¥l =1vl
TL/K/10127-17
NEG. HALF
LH7001
e, 12
Voo Qe IN out 8 A'A'A' |||
3] I 1) L
5|@) 1
TANTALUM

TL/K/10127-18
*Pinout shown for DIP (TO-5 in parenthesis)
FIGURE 10. Circuit Used to Determine
Dissipation Characteristics*

L I1TT
10| tH7001H
= Iy = 100 mA
=
~ TA=25°C
g [T 1T NEG. REGUL.
2 [T 1 i
] POS. & NEG.
< % Reo,
ﬁ \
a N
Yat POS. REGUL.
o SO
0 10 2

INPUT=TO=OUTPUT VOLTAGE DIFFERENTIAL (V)
TL/K/10127-19
FIGURE 11. Dissipated Power of Positive and Negative
Regulator vs In-to-Out Voltage Differential in a Typical
LH7001H (TO-5 Package)
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Schematic Diagrams

L00ZH1

LH7001CN (DIP) LH7001H (TO-5)
7[ pos. i | 8] "pos. mir ]!
o LH7001CN O +Vour o LH7001H O *+our
I P
+ADJ, +ADJ.
TL/K/10127-20 TL/K/10127-22
Vo] NEG.HALF B4, Vot NEG.HAF IS,
W LH7001CN our N LH7001H our
ls l7
~ADJ, "=ADJ.
TL/K/10127-21 : TL/K/10127-23
For detailed schematic diagrams see LM317L and LM337L datasheets.
Typical Applications
Dual Current Limiter* Dual Voltage Regulator*
+15V +V

o
0.1 uf

—”—-I |
10 uF |
' I._”—_—.
I 7{(8) 7{(8)
POS/2 LH7001
w VN (I
23 8 8 123
T2 AN — A1 ER
g5 ® ® 143
v oout out 1 -
0.01 4F 1) 1| —ww )
'||—||_' S12s U 1k
<
0.1 uF
S <
J >N 001 HF | [ SETE 2
L
A N [t
\12 0.1 4F
1

2 1 \—'"—'“'
LH4118 1
10 NPUT "
5 / 0.01 uF O LH4010 OUTPUT
—L g7 s
i
3

0.01 uF

>

> 0.1 uF <

4 >
'II__"__" 1 ||| 0.1 4F 1008 Ry

1 s
e 39 H——
1 ouT G
38: 5
zg: ADJ ,ll — A AMA
‘i“‘: " ™ ! 11k 1k
10 uF NEG/2 LH7001 o)
—— °|° o §
=
s| 13z
—d ADJ 1 =R
o g3
S N
=15V 3] ()
TL/K/10127-24
-v

TL/K/10127-25
*Pinout shown for DIP (TO-5 in parenthesis)
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LH7001

Typical Applications (continued)

Dual Current and Voltage Protection*

"VIN I
s
o
0.1 uF
.—i ||
7(8)
IN :;
8(3)] 1=3
® AU ER
183
ouT 1
——e-r4 g - 188V %o
L r Rl o
Py < R Ry = 1 kQ (Chosen)
s —r (Y )
Rz_n‘(tzs !

<
__.>|._4 l‘ls/vs Vi =Vz - IoRg
4

Oo— LH0002

: 3.9
T R o e

||h

LH7001

@

>
2
NEG. HALF

=z

3(6) 0.1 uF

r"-l“

=Vin

TL/K/10127-26

*Pinout shown for DIP (TO-5 in parenthesis)

==t
Slope = Re

V| Vz VS

-'I I"1 -85V

Diode Voltage Vp = 0.6V
TL/K/10127-27
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Typical Applications (continued)

LOOZH1

Tracking Regulator*

POS. HALF
LH7001

+V|N0T IN . out m O +Vqur
S48 81(3)

0.1 uF
AAA
yYvy
:l: 240 > Ri
— OUTPUT > 10k
- ADJUST

AAA

R2
10k
=Vin IN ouT ISy ' O ~Vour
cececceee J- |L°AD=5mA MiIN.
o I e 11 i
TANTALUM
- - TL/K/10127-28
Ay = LM301A, LM307 or LF13741 Only
R4, Rz = Matched resistors with good TC tracking
*Pinout shown for DIP (TO-5 in parenthesis)
+10V High Stability Regulator*
POS. HALF
LH7001 -ﬁ__

o A our 0 +10Vgyr > 1%
WO I ADJ (1) Ro* 300k
I 5@ 15k

6.9V
o
W
5] (7)
Ry* - ADJ 4 _ o
SN IN D) _I_ =10Vour
l 'EEE.'HZLT" 1 uf
0.1 pF . LH7001
TL/K/10127-29 I | TANTALUM
TL/K/10127-30
*Pinout shown for DIP (TO-5 in parenthesis).
**To trim the output voltages R and R can be repl by a series bination of 24092 and a 100€) potentiometer.
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LM104/LM204/LM304

National
Semiconductor

LM104/LM204/LM304 Negative Regulator

General Description

The LM104 series are precision voltage regulators which

can be programmed by a single external resistor to supply

any voltage from 40V down to zero while operating from a

single unregulated supply. They can also provide 0.01-per-

cent regulation in circuits using a separate, floating bias

supply, where the output voltage is limited only by the

breakdown of external pass transistors. Although designed

primarily as linear, series regulators, the circuits can be used

as switching regulators, current regulators or in a number of

other control applications. Typical performance characteris-

tics are: )

W Subsurface zener reference

B 1 mV regulation no load to full load

m 0.01%/V line regulation

m 0.2 mV/V ripple rejection

W 0.3% temperature stability over military temperature
range

The LM104 series is the complement of the LM105 positive
regulator, intended for systems requiring regulated negative
voltages which have a common ground with the unregulated
supply. By themselves, they can deliver output currents to
25 mA, but external transistors can be added to get any
desired current. The output voltage is set by external resis-
tors, and either constant or foldback current limiting is made
available.

The LM104 is specified for operation over the —55°C to
+125°C military temperature range. The LM204 is specified
for operation over the —25°C to +85°C temperature range.
The LM304 is specified for operation from 0°C to + 70°C.

Schematic Diagram

ADJUSTMENT .
1 - GROUND
SR16
R17 : $15K
15K
L A 018 Q19—
0"} | A5
o7+ ';'K‘ s TIK
S R4 a7 8 REGULATED
‘b
1 2 sk | foe r—& | ouTPUT
a ] )
o J R13
o +—f 021 21K
7 BOOSTER
R1 _ran -b——ﬁnzz ——
23K " OUTPUT
80K
01 o——-ﬁms 0203 AN~ ;023
a3 6.3V [
(ORI z?:::
1 os ¢t RI0S
as 010 | . 5 pF K9
14K a1 =l
. 6 CURRENT
an ! o~ LT
06 22K $ R11
. 710K 5 UNREGULATED
[ 24 INPUT
$R3 c2e [
f LB
2 3 T ]a
REFERENCE REFERENCE COMPENSATION
SUPPLY
TL/H/7754-1

1-28




Absolute Maximum Ratings

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 6)
LM104/LM204 LM304
Input Voltage 50V 40V
Input-Output Voltage Differential 50V 40V
Power Dissipation (Note 1) 500 mW 500 mW
Operating Temperature Range
LM104 —55°Cto +125°C
LM204 —25°Cto +85°C
LM304 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C —65°Cto +150°C
Lead Temperature (Soldering, 10 sec.) 260°C for plastic 300°C for hermetic
Electrical Characteristics
Parameter Conditions LM104/LM204 LM304 Units
Min Typ Max Min Typ Max
Input Voltage Range —50 -8 —40 -8 Vv
Output Voltage Range —40 —0.015 —-30 —0.035 \"
Output-Input Voltage lo=20mA 2.0 50 2.0 40 \
Differential (Note 3) lo=5mA 0.5 50 0.5 40 \
Load Regulation (Note 4) O<lp<20mA
Rsc = 16Q 1 5 1 5 mV
Line Regulation (Note 5) Vout £ -5V
AViN = 0.1V|n 0.056 0.1 0.056 0.1 %
Ripple Rejection Cig =10 uF, f = 120 Hz
ViN < =15V 0.2 0,.5 0.2 0.5 mv/v
—7VzVy = —15V 0.5 1.0 0.5 1.0 mV/V
Output Voltage Scale Factor | Ra.3 = 2.4k 1.8 2.0 2.2 1.8 2.0 2.2 V/kQ
Temperature Stability Vo < -1V 0.3 1.0 0.3 1.0 %
Output Noise Voltage 10Hz < f < 10 kHz
Vo< —5V,Cy9=0 0.007 0.007 %
Cy.9 = 10 pF 15 15 nv
Standby Current Drain IL=5mA Vo =0 1.7 25 1.7 2.5 mA
) Vo = —30V 3.6 5.0 mA
Vo = —40V 3.6 5.0 mA
Long Term Stability Vo< -1V 0.01 1.0 0.01 1.0 %
Note 1: The i Junction temp e of the LM104 is 150°C, while that of the LM204 is 125°C and LM304 is 100°C. For operating at elevated temperatures,

devices in the H10C package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, Junction to case.

Note 2: These specifications apply for junction temperatures between —55°C and 150°C (between —25°C and 100°C for the LM204 and 0°C to +85°C for the
LM304) and for input and output voltages within the ranges given, unless otherwise specified. The load and line regulation specifications are for constant junction
temperature. Temperature drift effacts must be taken into account separately when the unit Is operating under conditions of high dissipation.

Note 3: When external booster transistors are used, the minimum output-input voltage differential is increased, in the worst case, by approximately 1V.

Noto 4: Tho output currents given, as well as the load regulation, can be increased by the addition of external transistors. The Improvement factor will be roughly
equal to the composite current gain of the added transistors.

Note 5: With zero output, the dc line regulation is determined from tha ripplo rojaction. Henco, with output voltages between 0V and — 5V, a dc output variation,
determined from the ripple rejection, must be added to find the worst-case line regulation.

Note 6: Refer to RETS104X drawing for military specifications for the LM104.
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LM104/LM204/LM304

Typical Performance Characteristics

Load Regulation Load Regulation
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Connection Diagram

Metal Can Package

UNREG
INPUT

TL/H/7754-2
Note: Pin 5 connected to case.

Top View
Order Number LM104H, LM204H or LM304H
See NS Package H10C
Typical Applications
Operating with Separate Bias Supply Basic Regulator Circuit
*—¢ 9 GND GND
LI :
= 50K 3 1ot =
0.01 4F TS 474F
R2
Vour * {596
R2
Vour = 5y
at
Vaias =10V ¢ 283740
L Vin
TSolid Tantalum o TL/H/7754-5
Vi TSolid Tantalum Trim R1 for exact scale factor.
TL/H/7754-3
High Current Regulator Switching Regulator
o a o GND o < GND
= ‘-_L 3 z"le c2 I
: 100 pF =
3w ooe r oyt
Vour = -10V
lout <2A
R2 < Vour = -5V
28K loyr <3A
1% 9
ar L
47 4F [ o1
g.-: $h3 1N3880
02 )
Vin <-12V 2N2219
tSolid Tantalum TL/H/7754-4
a2
2N3716
RS §
47 @
L Vin <-8.5V
TSolid Tantalum TL/H/7754-6

*60 turns #20 on Arnold Engineering A930157-2 Molybdenum Permalloy Core.
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LM105/LM205/LM305/LM305A/LM376

National
Semiconductor

LM105/LM205/LM305/L.M305A,

LM376 Voltage Regulators

General Description

The LM105 series are positive voltage regulators similar to

the LM100, except that an extra gain stage has been added

for improved regulation. A redesign of the biasing circuitry

removes any minimum load current requirement and at the

same time reduces standby current drain, permitting higher

voltage operation. They are direct, plug-in replacements for

the LM100 in both linear and switching regulator circuits

with output voltages greater than 4.5V. Important character-

istics of the circuits are:

® Output voltage adjustable from 4.5V to 40V

m Output currents in excess of 10A possible by adding
external transistors

W Load regulation better than 0.1%, full load with current
limiting

' DC line regulation guaranteed at 0.03%/V
® Ripple rejection on 0.01%V

B 45 mA output current without external pass transistor
(LM305A)

Like the LM100, they also feature fast response to both load
and line transients, freedom from oscillations with varying
resistive and reactive loads and the ability to start reliably on
any load within rating. The circuits are built on a single sili-
con chip and are supplied in either an 8-lead, TO-5 header
ora 1/4” x 1/4" metal flat package.

The LM105 is specified for operation for —55°C < Tp <
+125°C, the LM205 is specified for —25°C < Tp < +85°C,
and the LM305/LM305A, LM376 is specified for 0°C < Tp
< +70°C.

Schematic and Connection Diagrams

3
UNREGULATED INPUT

Dual-In-Line Package

[
28K
A CURRENT (% REGULATED
umT 1 B % quTPuT
02 BOOSTER OUTPUT
BOOSTER , ] L— 7 COMPENSATION
a13 uTPUT
an
. : (- L6 FEEDBACK
INPUT
CURRENT LIMIT
610 ) REFERENCE
1.32K GROUND 4 —1 5 BYPASS
Y os 018 )
8
REGULATED QUTPUT
T G TL/H/T755-2
Top View
07 .
” 3 CoMpeSATION Order Number LM376N
SHuTOO See NS Package Number NOSE
o * q Metal Can Package
) :
jod 3 REGULATED OUTPUT
) 04 .
_{_ CURRENT COMPENSATION
:::K:E — umir (1) (2 sHuToown
8K .
3 BOOSTER
Yo < FEEDBACK outeur Q@) (5) FEEDBACK
RS = l 1?' UNREGULATED () REFERENCE
e 59F 5 INPUT @ BYPASS
. REFERENCE BYPASS
] A $hs GROUND
2% A TL/H/7755-3
& & GROUND Top View
' TL/N/T7S5-1 Order Number LM105H,
Pin connections shown are for metal can.

LM205H, LM305H or LM305AH
See NS Package Number H08C
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/Distributors for availability and specifications.

(Note 5)

Input Voltage

Input-Output Differential

Power Dissipation (Note 1)

Operating Temperature Range
Storage Temperature Range

LM105
50V
40V

800 mW

—55°Cto +125°C
—65°Cto +150°C

LM205

50V
40V

800 mW
—25°Cto +85°C
—65°Cto +150°C

LM305

40V
40V

800 mW

—0°Cto +70°C
—65°Cto +150°C

LM305A
50v
40V
800 mW
0°Cto +70°C

—65°Cto +150°C

LM376
40V
40v

400 mw

0°Cto +70°C
—65°Cto +150°C

Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C 300°C 260°C
Electrical Characteristics (vote 2)
Parameter Conditions LM105 LM205 LM305 LM305A LM376 Units
Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max [ Min | Typ | Max | Min | Typ | Max
Input Voltage Range 8.5 50 8.5 50 8.5 40 8.5 50 9.0 40 \
Output Voltage Range 4.5 40 4.5 40 4.5 30 4.5 40 5.0 37 Vv
:;i‘f’f‘:r';‘::;”t Voltage 3.0 30 | 30 30 | 3.0 3 | 3.0 30 | 30 3 | Vv
Load Regulation Rsc = 109, Tp = 25°C 0.02 0.05 0.02 0.05 0.02 0.05 %
(Note 3) Rsc = 109, Ta = TamaAx) 0.03 | 0.1 0.03 | 0.1 0.03 | 01 %
Rsc = 10Q, TA = TAMIN) 0.03 0.1 0.03 0.1 0.03 0.1 %
0<lp<12mA 0<lp<12mA 0<lp<12mA
Rsc = 09, Tp = 25°C 0.02 | 0.2 0.2 %
Rsc = 09, Tp = 70°C 0.03 | 0.4 05 | %
Rsc = 00, Tp = 0°C 0.03 | 0.4 0.5 %
0<lp<45mA 0<lp<25mA
Line Regulation Ta = 25°C 0.08 | %/V
0°C < Ta < +70°C 0.1 %/NV
ViN — VouTt £ 5V, Ta = 25°C 0.025 | 0.06 0.025 | 0.06 0.025 | 0.06 0.025 | 0.06 % IN
Vin — VouT = 5V, Ta = 25°C 0.015 | 0.03 0.015 | 0.03 0.015 | 0.03 0.015 | 0.03 %/V
Temperature Stability | Taminy < TA < TaMAX) 0.3 1.0 0.3 1.0 0.3 1.0 0.3 1.0 %
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LM105/LM205/LM305/LM305A/LM376

Electrical Characteristics (Note 2) (Continued)

ve-1

Parameter Conditions LM105 LM205 LM305 LM305A LM376 Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Feedback Sense Voltage ) 163 | 1.7 | 181|163 | 17 | 181|163 | 17 | 181 | 155| 17 | 1.85| 1.60 | 1.72 | 1.80 \
Output Noise Voltage 10Hz < f < 10kHz
CRer = 0 ) 0.005 0.005 0.005 0.005 %
CReF = 0.1 pF 0.002 0.002 0.002 0.002 %
Standby Current Drain ViN = 30V, Tp = 25°C 25 mA
Vin = 40V 0.8 2.0 mA
Vin = 50V 0.8 2.0 0.8 20 0.8 20 mA
g:::;‘v'o'lrt‘;;e zg :T "f’g/R(fl‘; t: 41)09' 225 | 300 | 375 | 225 | 300 | 375 | 225 | 300 | 375 | 225 | 300 | 375 300 mv
Long Term Stability 0.1 0.1 0.1 0.1 %
Ripple Rejection Crer = 10 pF,f = 120 Hz 0.003 0.003 0.003 0.003 %/V
0JA Epoxy Dual-In-Line Package 140 °C/W
0an TO-5 Board Mount 230 230 230 230 CIW
in Still Air
M ey 2 o . 92
0,c TO-5 25 25 25 25 °C/W
Note 1: The i junction temp of the LM105 and LM305A is 150°C, the LM205 and LM376 is 100°C, and the LM305 is 85°C. For operation at d temp , devices in the HO8C package must be derated based
on a thermal resistance of 168°C/W junction to ambient, or 25°C/W junction to case. For the epoxy dual-in-line package, derating is based on a thermal resi of 138°C/W ji ion to i Peak dissipations to 1W are

allowable providing the dissipation rating is not exceeded with the power average over a five second interval for the LM105 and LM205, and averaged over a two second interval for the LM305.

Note 2: Unless otherwise specified, these specifications apply for temperatures within the operating temperature range, for input and output voltages within the range given, and for a divider imped: seen by the
of 2 k2. Load and line regulation specifications are for a constant junction temperature. Temperature drift effects must be taken into account separately when the unit is operating under conditions of high dissipation.

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of | istors. The imp! factor will be roughly equal to the composite current gain of the added transistors.
Note 4: With no external pass transistor.
Note 5: Refer to RETS105X Drawing for military specifications for the LM105.




Typical Performance Characteristics Lm105/.m205/LM305/LM305A
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LM105/LM205/LM305/LM305A/LM376

Typical Performance Characteristics Lvs7e
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Typical Applications

10A Regulator with Foldback Current Limiting

c3t
3.3 pF
16V

4.7 pf TSolid tantalum.

180 - *Electrolytic

9.EWT1/VSOEINT/SOEINT/S0ZINT/SOLINT

U ls

Vin
TL/H/7755-4

1.0A Regulator with Protective Diodes

o2t
UTR3305

® e @ Vour = 28V

02 D1
2N3055 UTR3305

TProtects against shorted input or inductive leads on
R2 unregulated supply.

> 1% *Protects against input voltage reversal.

Vin
" FProtects against output voltage reversal.
1pF
35V
= TL/H/7755-5
Linear Regulator with Foldback Current Limiting Current Regulator
R4 Vin
6 Vour = 16V J
200ma o
2N2218
2 g A4 .7
syv $ 60
Yy @
2N3055
a1
N340 3 o 'T
VWA -
Viy > 18V Lis
Taw
Y lour = 1A
-1

TL/H/7755-8
TL/H/7755-9
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LM105/LM205/LM305/LM305A/LM376

Typical Applications (continued)

Shunt Regulator

Viv < 18V

R4
2%
w

Vour = 10V

200 mA
TL/H/77556-10

Basic Positive Regulator with Current Limiting

Switching Regulator
R4
m
— Vour = BV
el Lo
) R1
= 41 uF
56K ey 1‘ %Y .
(] 01
2N4032 A
R2 tSolid tantaium.
= 3.:'( $125 turns =22 on Arnold
L Engineering A262123-2
Vin > 8.5V d

molybdenum permally

CO®.  TL/H/7755-11
1.0A Regulator with Protective Diodes

02t
UTR3305
R3
a2
2N3055 o2
R&
68
1 8 €2
47 pF
a1
2N2805 2 1
LMm378
Vin 3 6
+
[+
1uF 03° N Sp—
BV UTR3305
Vi > 18V

Viv 2 1 Al
(TR ) 1 apF 1
3 vI

Rsc

R1+R2
1 Vour =172 —— V
lour M

TL/H/7755-12

Vour =28V

ot
UTR3305

TProtects against shorted
input or inductive loads on
unregulated supply.

*Protects against input
voltage reversal.

fProtects against output
voltage reversal.

TL/H/7755-13

TL/H/7755-14
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National
Semiconductor

LM109/LM309 5-Volit Regulator

General Description

The LM109 series are complete 5V regulators fabricated on
a single silicon chip. They are designed for local regulation
on digital logic cards, eliminating the distribution problems
association with single-point regulation. The devices are
available in two standard transistor packages. In the solid-
kovar TO-5 header, it can deliver output currents in excess
of 200 mA, if adequate heat sinking is provided. With the
TO-3 power package, the available output current is greater
than 1A.

The regulators are essentially blowout proof. Current limiting
is included to limit the peak output current to a safe value. In
addition, thermal shutdown is provided to keep the IC from
overheating. If internal dissipation becomes too great, the
regulator will shut down to prevent excessive heating.

Considerable effort was expended to make these devices
easy to use and to minimize the number of external compo-
nents. It is not necessary to bypass the output, although this
does improve transient response somewhat. Input bypass-
ing is needed, however, if the regulator is located very

far from the filter capacitor of the power supply. Stability is
also achieved by methods that provide very good rejection
of load or line transients as are usually seen with TTL logic.
Although designed primarily as a fixed-voltage regulator, the
output of the LM109 series can be set to voltages above 5V,
as shown. It is also possible to use the circuits as the con-
trol element in precision regulators, taking advantage of the
good current-handling capability and the thermal overload
protection.

Features

| Specified to be compatible, worst case, with TTL and
DTL

@ Output current in excess of 1A

m Internal thermal overload protection

B No external components required

Schematic Diagram

',T INPUT
018
019
AD a1 R13
%K
02
6.3V
R14$
03
u;,' ouTPUT
13
01 |
a3 012 40
R1
3K pgs O
- 28K 30 pF
3 . R9
24K — aK 7
oaP——« on | B3V
2R3 .
% 09
»—{;s 010
R?
05 {1 3o -
R4 R5$ Rg
1.2K 12.1K 1K a8
GROUND

TL/H/7138-1
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LM109/LM309

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Operating Junction Temperature Range

LM109
LM309

—55°Cto +150°C
0°Cto +125°C

(Note 3) Storage Temperature Range —65°Cto +150°C
Input Vo!tage Lead Temperature (Soldering, 10 sec.) 300°C
Power Dissipation Internally Limited
Electrical Characteristics (Note 1)
Parameter Conditions LM109 LM309 - Units
Min Typ Max Min Typ Max
Output Voltage Tj = 25°C 4.7 5.05 5.3 4.8 5.05 5.2 \
Line Regulation Tj=25°C 4.0 50 4.0 50 mV
7.10V < V|y < 25V
Load Regulation Tj= 25°C
TO-5 Package 5mA < loyT < 0.5A 15 50 15 50 mV
TO-3 Package 5mA < loyt < 1.5A 15 100 15 100 mV
Output Voltage 7.40V < Vi < 25V, 46 5.4 4.75 5.25 \
5mA < loyt < ImMAx
P < Pmax
Quiescent Current 7.40V < Vjy < 25V 5.2 10’ 5.2 10 mA
Quiescent Current Change 7.40V < V|y < 25V 0.5 0.5 mA
5mA < lout < Imax 0.8 0.8 mA
Output Noise Voltage Ta = 25°C 40 40 rv
10 Hz < f < 100 kHz
Long Term Stability 10 20 mV
Ripple Rejection Tj=25°C 50 50 dB
Thermal Resistance, (Note 2)
Junction to Case
TO-5 Package 15 15 °C/W
TO-3 Package 2.5 25 °C/W

Note 1: Unless otherwise specified, these specifications apply —55°C < Tj < +150°C for the LM109 and 0°C < Tj < +125°C for the LM309; Vjy = 10V; and
lout = 0.1A for the TO-39 package or loyt = 0.5A for the TO-3 package. For the TO-39 package, Imax = 0.2A and Pyax = 2.0W. For the TO-3 package, Imax

= 1.0A and Pyax = 20W.

Note 2: Without a heat sink, the thermal resistance of the TO-39 package is about 150°C/W, while that of the TO-3 package is approximately 35°C/W. With a heat
sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the sink.

Note 3: Refer to RETS109H drawing for LM109H or RETS109K drawing for LM109K miilitary specifications.

Connection Diagrams

Metal Can Packages

Order Number LM109H or LM309H
See NS Package Number HO3A

GND

ouwun\/_\/_ (CASE)
@) ®)

o K

TL/H/7138-3
Order Number LM109K STEEL or LM309K STEEL
See NS Package Number K02A

For Aluminum Package
Order Number LM309K
See NS Package Number KC02A
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Application Hints §
a. Bypass the input of the LM109 to ground with > 0.2 uF f. Preventing latchoff for loads connected to negative 8
ceramic or solid tantalum capacitor if main filter capacitor voltage: .
is more than 4 inches away. If the output of the LM109 is pulled negative by a high cur- 5
b. Use steel package instead of aluminum if more than rent supply so that the output pin is more than 0.5V negative 8
5,000 thermal cycles are expected. (AT = 50°C) with respect to the ground pin, the LM109 can latch off. This
¢. Avoid insertion of regulator into “live” socket if input can be prevented by clamping the ground pin to the output
voltage is greater than 10V. The output will rise to within pin with a germanium or Schottky diode as shown. A silicon
2V of the unregulated input if the ground pin does not diode (1N4001) at the output is also needed to keep the
make contact, possibly damaging the load. The LM109 positive output from being pulled too far negative. The 10Q
may also be damaged if a large output capacitor is resistor will raise +Voyr by = 0.05V.

charged up, then discharged through the internal clamp
zener when the ground pin makes contact.

+VIN LM109 » 9 +Vour

d. The output clamp zener is designed to absorb tran- E_J D2
sients only. It will not clamp the output effectively if a 1N4001
failure occurs in the internal power transistor structure. [ rea
Zener dynamic impedance is = 40. Continuous RMS e L
current into the zener should not exceed 0.5A. 100 :; st '1' :"0'“’5
e. Paralleling of LM109s for higher output current is not :COM Ld
recommended. Current sharing will be almost nonexis- _L ._]__
tent, leading to a current limit mode operation for devices — T =
with the highest initial output voltage. The current limit -VIN LM120 & 4 Vout
devices may also heat up to the thermal shutdown point
(= 175°C). Long term reliability cannot be guaranteed TL/HIT138-7
under these conditions.
Crowbar Overvoltage Protection
Input Crowbar Output Crowbar

- T =

TL/H/7138-8 TL/H/7138-9

*Zener is internal to LM109.

**Q1 must be able to withstand 7A continuous current if fusing is not used at regulator input. LM109 bond wires will fuse at currents above 7A.
tQz2 is selected for surge capability. Consideration must be given to filter capacitor size, transformer impedance, and fuse blowing time.
11Trip pointis = 7.5V.
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LM109/LM309

Typical Performance Characteristics

Maximum Average
Power Dissipation (LM109K)

* Maximum Average
Power Dissipation (LM309K)

24

20

ITE
EAT SINK

POWER DISSIPATION (W)
-
~

N
HEAT SINK
5025 0 25 50 75 100 125 150
AMBIENT TEMPERATURE {°C)

Maximum Aver‘age
Power Dissipation (LM109H)
24 |

INFINITE
HEAT SINK,
=

&

NO
HEAT SINK N

POWER DISSIPATION (W)
9

04 S

0
-50-25 D 25 50 75 100 125 150
AMBIENT TEMPERATURE (°C)

" POWER DISSIPATION (W)

POWER DISSIPATION (W)

2

T03

INFINITE
\HEA‘I’ SINK

:.
S
&

s

.
=

s
/

Zg;‘crlwlk \\\\\
P~ N

NO HEAT SINK |

0 25 50 7% . 100 128
AMBIENT TEMPERATURE (°C)

Maximum Average
Power Dissipation (LM309H)

24

|
T0- INFINITE
20 039 l HEAT SINK

A
\ =
T2
IANEE
1.2 oY,
& \

. \

0 25 50 75 100 125
AMBIENT TEMPERATURE (°C)

NO
HEAT SINK TS

N
04 ——‘—— ‘\\\

Thermally Induced Output

QUTPUT CURRENT (A)

Current Limit
Characteristics (Note 1) Voltage Variation
T s TA=25C
) £ T ELECTRONIC [—rspe
- p4LAK!
§ £ N ae [ -— —‘_ -
R
= 0 VIN=25V_|_ T
3 THERMAL [
Tj= -58°C > REGULATION
= — b
55 7 E
13 alL=1A
o 0§ 1
3
5 10 15 20 25 30 3 0 5 10 15 20 25 30
INPUT-OUTPUT VOLTAGE (V) TIME (ms)

Note 1: Current limiting foldback characteristics
are determined by input output differen-
tial, not by output voltage.

3 Output Impedance
e

OQUTPUT IMPEDANCE (52)

FREQUENCY (Hz)
TL/H/7138-10
Ripple Rejection
120
VIN=10V
_m AViN=3Vpp-]
g Ao, | BT
z |
g ™ ".i \ o, L= 5mA —
4
= 60 |
g = I\
&
40 \
20
10 100 1k 10k 100k ™M
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s
=3 80 P
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60 l
0 0.5 1.0 15
OUTPUT CURRENT (A)

TL/H/7138-12
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. . e =
Typical Performance Characteristics (continued) =
L
. Input-Output Differential (V) Output Voltage (V) . Output Voltage (V) E
3| 5.075) T .25 ] |
= IL=1A (]
g a1 5.050 T.,zs.,_.L 615 Vin=10v 3
g X :t\ ] s / i < .15 JL=6mA
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TL/H/7138-13
Quiescent Current Quiescent Current Output Voltage Noise
53 54 1.0 100
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_ i 53 i
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E NN L0 g Ti=see IO e &
= AN Ed : Nllwiscscwre TN 2
w 3
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01 2 3 4 & 0 1 2 3 4 5 8
TIME (us) TIME (us)
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LM109/LM309

Typical Applications

Fixed 5V Regulator Adjustable Output Regulator
1
INPUT LI TV ouTeuT INPUT s P OUTPUT
’ Rl
3 1:',!‘0 5V=Vour<25V
c* 4]
1.0 uF €22 l.ﬁnF' 0.22 pf
soLiD TANTALUM R2
TANTALUM 1K

TL/H/7138-2

*Required if regulator is located more than 4” from power supply filter ca-
pacitor.

TAlthough no output capacitor is needed for stability, it does improve tran-
sient response.

C2 should be used whenever long wires are used to connect to the load, or
when transient response is critical.

Note: Pin 3 electrically connected to case.

High Stability Regulator*

of
22 uF
INPUT h
+
1 =
ouTePuT
Lm109 10v
<A
+
al LM108A i o
2N4343 10 uF
3

c2

100 pF
R
10K <
R1 005% 1
30K

*Regulation better than 0.01%, load, line and temperature, can be obtained.
‘tDetermines zener current. May be adjusted to minimize thermal drift.
1Solid tantatum.

Current Regulator

INPUT 4 LM109

3
Al A1*

0.22 uF
| ouTeuT

*Determines output current. If wirewound resistor is used, bypass with 0.1 uF.

TL/H/7138-6

TL/H/7138-4

TL/H/7138-5

1-44




National
Semiconductor

LM117A/LM117/LM317A/LM317
3-Terminal Adjustable Regulator

General Description

The LM117 series of adjustable 3-terminal positive voltage
regulators is capable of supplying in excess of 1.5A over a
1.2V to 37V output range. They are exceptionally easy to
use and require only two external resistors to set the output
voltage. Further, both line and load regulation are better
than standard fixed regulators. Also, the LM117 is packaged
in standard transistor packages which are easily mounted
and handled.

In addition to higher performance than fixed regulators, the
LM117 series offers full overload protection available only in
IC's. Included on the chip are current limit, thermal overload
protection and safe area protection. All overload protection
circuitry remains fully functional even if the adjustment ter-
minal is disconnected.

Normally, no capacitors are needed unless the device is
situated more than 6 inches from the input filter capacitors
in which case an input bypass is needed. An optional output
capacitor can be added to improve transient response. The
adjustment terminal can be bypassed to achieve very high
ripple rejection ratios which are difficult to achieve with stan-
dard 3-terminal regulators.

Besides replacing fixed regulators, the LM117 is useful in a
wide variety of other applications. Since the regulator is
“floating” and sees only the input-to-output differential volt-
age, supplies of several hundred volts can be regulated as
long as the maximum input to output differential is not ex-
ceeded, i.e., avoid short-circuiting the output.

Also, it makes an especially simple adjustable switching reg-
ulator, a programmable output regulator, or by connecting a
fixed resistor between the adjustment pin and output, the
LM117 can be used as a precision current regulator. Sup-
plies with electronic shutdown can be achieved by clamping
the adjustment terminal to ground which programs the out-
put to 1.2V where most loads draw little current.

The LM117 series devices with a K"’ suffix are packaged in
standard TO-3 transistor packages, while those with an “H"
suffix are in a solid Kovar-base TO-39 transistor package.
The LM117A and LM117 are rated for operation from
—55°C to +150°C, the LM317A from —40°C to +125°C,
and the LM317 from 0°C to +125°C. The LM317AT and the
LM317T are available in a TO-220 plastic package and the
LM317MP in a TO-202 plastic package.

For applications requiring greater output current, see LM150
series (3A) and LM138 series (5A) data sheets. For the neg-
ative complement, see LM137 series data sheet.

LM117 Series Packages and Power Capability

Par;ﬂlft::ber Package l?:\:f:r leos;%n
Dissipation | Current
K TO-3 20W 1.5A
H TO-39 2W 0.5A
T TO-220 20W 1.5A
MP TO-202 2W 0.5A
Features

W Guaranteed 1% output voltage tolerance
(LM117A, LM317A)

W Guaranteed max. 0.01%/V line regulation
(LM117A, LM317A)

m Guaranteed max. 0.3% load regulation
(LM117A, LM117)

® Guaranteed 1.5A output current

@ Adjustable output down to 1.2V

= Current limit constant with temperature

B 100% electrical burn-in

® 80 dB ripple rejection

m Output is short-circuit protected

Typical Applications
1.2V-25V Adjustable Regulator

LM117

ViN 228V vour't

< At
>
S0

o bl -

0.4uF 9 1uF

Full output current not available at high input-output voltages
*Needed if device is more than 6 inches from filter capacitors.

‘tOptional—improves transient response. Output capacitors in the range of
1 wF to 1000 pF of aluminum or tantalum electrolytic are commonly used
to provide improved output impedance and rejection of transients.

ttVour = 1.25V (1 + E—f—) + lapJ(R2)

N

Hd

TL/H/9083-1

Digitally Selected Outputs

LM117

INPUTS
TL/H/9063-2
*Sets maximum Voyr
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LM117A/LM117/LM317A/LM317

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Office/Distributors for availability and specifications.

(Note 2)
Power Dissipation

Input-Output Voltage Differential

Storage Temperature
Lead Temperature

Metal Package (Soldering, 10 seconds)
Plastic Package (Soldering, 4 seconds)

ESD Tolerance (Note 5)

Internally Limited
+40V, —0.3V
—65°C to +150°C

300°C
260°C
3KV

Electrical Characteristics ,
Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tempera-
ture Range. Unless otherwise specified, Viy — Vout = 5V, and loyt = 10 mA. (Note 3)

Operating Temperature.,Range

LM117A/LM117 —55°C < Ty < +150°C
LM317A —40°C < Ty < +125°C
LM317 0°C < Ty < +125°C
Preconditioning

Thermal Limit Burn-in All Devices 100%

Parameter Conditions LMT17A Lm117 Units
Min Typ Max Min | Typ | Max
Reference Voltage 1.238 | 1.250 | 1.262 Vv
3V < (ViN — Vour) < 40V,
10mA < louT < Ivax, P < PMax 1.225 | 1.250 | 1.270 | 1.20 | 1.25 | 1.30 \
Line Regulation 3V < (Vin — Vour) < 40V (Note 4) 0.005 | 0.01 0.01 | 0.02 | %/V
' 0.01 | 0.02 0.02 | 0.05 | %/V
Load Regulation 10 mA < gyt < Imax (Note 4) 0.1 0.3 0.1 0.3 %
0.3 1 0.3 1 %
Thermal Regulation 20 ms Pulse 0.03 0.07 0.03 | 0.07 | %/W
Adjustment Pin Current 50 100 50 | 100 | pA
Adjustment Pin Current Change | 10 mA < loyt < IMAX
3V < (Vin — Vour) < 40V 02 | 8 021 5 | kA
Temperature Stability TMIN £ Ty £ TMAX 1 1 %
Minimum Load Current (ViNn — Vour) = 40V 3.5 5 3.5 5 mA
Current Limit (Vin — VouT) < 15V
K Package 1.5 2.2 3.4 1.5 2.2 3.4 A
H Package 0.5 0.8 1.8 0.5 0.8 1.8 A
(Vin = Vour) = 40V ‘ ‘
K Package 0.3 0.4 0.3 0.4 A
H Package 0.15 0.2 0.15 0.2 A
RMS Output Noiss, % of Voyt | 10Hz < f < 10 kHz 0.003 0.003 %
Ripple Rejection Ratio Vout = 10V, f = 120 Hz, 65 65 dB
Capy = O pF
Vout = 10V, f = 120 Hz,
Capy = 10 uF 66 80 66 80 dB
Long-Term Stability Ty = 125°C, 1000 hrs 0.3 1 0.3 1 %
Thermal Resistance, K Package 2.3 3 23 3 °C/W
Junction-to-Case H Package 12 15 12 15 [ °C/W
Thermal Resistance, Junction- | K Package 35 35 °C/W
to-Ambient (No Heat Sink) H Package 140 140 °C/W
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Electrical Characteristics (continued)
Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tempera-
ture Range. Unless otherwise specified, Viy — Voutr = 5V, and loyt = 10 mA. (Note 3)

Parameter Conditions LM317A LM317 Units
Min Typ Max Min | Typ | Max
Reference Voltage 1.238 | 1.250 | 1.262 v
3V < (Viy — VourT) < 40V,
10mA < louT < Imax P < Puax 1.225 | 1.250 | 1.270 | 1.20 | 1.25 | 1.30| V
Line Regulation 3V < (ViN — VouT) < 40V (Note 4) 0.005 0.01 0.01 | 0.04 | %/V
0.01 0.02 0.02 | 0.07 | %/V
Load Regulation 10 mA < loyT < Imax (Note 4) 0.1 0.5 0.1 0.5 %
0.3 1 0.3 | 1.5 %
Thermal Regulation 20 ms Pulse 0.04 0.07 0.04 | 0.07 | %/W
Adjustment Pin Current 50 100 50 | 100 | nA
Adjustment Pin Current Change | 10 mA < loyT < IMAX .

' 3V < (Vin — Vour) < 40V 0.2 5 0.2 5 HA
Temperature Stability TMIN < Ty < Tmax 1 1 %
Minimum Load Current (ViNn — Vour) = 40V 3.5 10 3.5 10 mA
Current Limit (Vin — Vour) < 18V

Kand T Package 1.5 2.2 3.4 1.5 2.2 3.4 A
H Package 0.5 0.8 1.8 05 | 0.8 | 1.8 A
P Package 0.5 | 0.8 1.8 A
(ViN — Vour) = 40V
K and T Package 0.15 0.4 0.15 | 0.4 A
H Package 0.075 0.2 0.075 | 0.2 A
P Package 0.075| 0.2 A
RMS Output Noise, % of Voyt | 10Hz < f < 10 kHz 0.003 0.003 %
Ripple Rejection Ratio Vout = 10V, f = 120 Hz, 65 65 dB
Capy = OpF
Vout = 10V, f = 120 Hz,
Capy = 10 uF 66 80 66 80 dB
Long-Term Stability Ty = 125°C, 1000 hrs 0.3 1 0.3 1 %
Thermal Resistance, Junction- | K Package 2.3 3 2.3 3 °C/W
to-Case H Package 12 15 12 15 | °C/W
T Package 4 5 4 °C/W
P Package 7 °C/W
Thermal Resistance, Junction- | K Package 35 35 °C/W
to-Ambient (No Heat Sink) H Package 140 140 °C/W
T Package 50 50 °C/W
P Package 80 °C/W

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.
The guaranteed specifications apply only for the test conditions listed.

Note 2: Refer to RETS117AH drawing for the LM117AH, the RETS117H drawing for the LM117H, the RETS117AK drawing for the LM117AK, or the RETS117K for

the LM117K military specifications.

Note 3: Although power dissipation is internally limited, these specifications are applicable for maximum power dissipations of 2W for the TO-39 and TO-202, and
20W for the TO-3 and TO-220. Iymax is 1.5A for the TO-3 and TO-220 packages and 0.5A for the TO-39 and TO-202 packages. All limits (i.e., the numbers in the
Min. and Max. columns) are guaranteed to National’s AOQL (Average Outgoing Quality Level).
Note 4: Regulation is measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are
covered under the specifications for thermal regulation.

) Note 5: Human body model, 100 pF discharged through a 1.5 k) resistor.
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LM117A/LM117/LM317A/LM317

Typical Performance Characteristics

Output Capacitor = 0 uF unless otherwise noted
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Application Hints

In operation, the LM117 develops a nominal 1.25V refer-
ence voltage, VRer, between the output and adjustment ter-
minal. The reference voltage is impressed across program
resistor R1 and, since the voltage is constant, a constant
current |4 then flows through the output set resistor R2, giv-
ing an output voltage of

R2
Vour = VRer (1 + a) + lapJR2

LM117

Vour
ADJ 1'1*!
v R

REF <
pd

l Vo

— Vi

lany

TL/H/9063-5
FIGURE 1

Since the 100 pA current from the adjustment terminal rep-
resents an error term, the LM117 was designed to minimize
lapy and make it very constant with line and load changes.
To do this, all quiescent operating current is returned to the
output establishing a minimum load current requirement. If
there is insufficient load on the output, the output will rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1 wF disc
or 1 pF solid tantalum on the input is suitable input bypass-
ing for almost all applications. The device is more sensitive
to the absence of input bypassing when adjustment or out-
put capacitors are used but the above values will eliminate
the possibility of problems.

The adjustment terminal can be bypassed to ground on the
LM117 to improve ripple rejection. This bypass capacitor
prevents ripple from being amplified as the output voltage is
increased. With a 10 uF bypass capacitor 80 dB ripple re-
jection is obtainable at any output level. increases over
10 pF do not appreciably improve the ripple rejection at
frequencies above 120 Hz. If the bypass capacitor is used, it
is sometimes necessary to include protection diodes to pre-
vent the capacitor from discharging through internal low cur-
rent paths and damaging the device.

In general, the best type of capacitors to use is solid tanta-
lum. Solid tantalum capacitors have low impedance even at
high frequencies. Depending upon capacitor construction, it
takes about 25 pF in aluminum electrolytic to equal 1 pF
solid tantalum at high frequencies. Ceramic capacitors are
also good at high frequencies; but some types have a large
decrease in capacitance at frequencies around 0.5 MHz.
For this reason, 0.01 uF disc may seem to work better than
a 0.1 uF disc as a bypass.

Although the LM117 is stable with no output capacitors, like
any feedback circuit, certain values of external capacitance
can cause excessive ringing. This occurs with values be-

tween 500 pF and 5000 pF. A 1 uF solid tantalum (or 25 pF
aluminum electrolytic) on the output swamps this effect and
insures stability. Any increase of the load capacitance larger
than 10 pF will merely improve the loop stability and output
impedance.

Load Regulation

The LM117 is capable of providing extremely good load reg-
ulation but a few precautions are needed to obtain maxi-
mum performance. The current set resistor connected be-
tween the adjustment terminal and the output terminal (usu-
ally 240Q) should be tied directly to the output (case) of the
regulator rather than near the load. This eliminates line
drops from appearing effectively in series with the reference
and degrading regulation. For example, a 15V regulator with
0.05Q resistance between the regulator and load will have a
load regulation due to line resistance of 0.05Q X | . If the
set resistor is connected near the load the effective line
resistance will be 0.05Q (1 + R2/R1) or in this case, 11.5
times worse.

Figure 2 shows the effect of resistance between the regula-
tor and 2400 set resistor.

LM117
Rs
Vin=—4VIN  Vour Vour
ADJ
<RI
>
S 20

>
&

TL/H/9063-6

FIGURE 2. Regulator with Line Resistance
in Output Lead
With the TO-3 package, it is easy to minimize the resistance
from the case to the set resistor, by using two separate
leads to the case. However, with the TO-5 package, care
should be taken to minimize the wire length of the output
lead. The ground of R2 can be returned near the ground of
the load to provide remote ground sensing and improve
load regulation.

Protection Diodes

When external capacitors are used with any IC regulator it is
sometimes necessary to add protection diodes to prevent
the capacitors from discharging through low current points
into the regulator. Most 10 uF capacitors have low enough
internal series resistance to deliver 20A spikes when short-
ed. Although the surge is short, there is enough energy to
damage parts of the IC.

When an output capacitor is connected to a regulator and
the input is shorted, the output capacitor will discharge into
the output of the regulator. The discharge current depends
on the value of the capacitor, the output voltage of the regu-
lator, and the rate of decrease of V|y. In the LM117, this
discharge path is through a large junction that is able to
sustain 15A surge with no problem. This is not true of other
types of positive regulators. For output capacitors of 25 pF
or less, there is no need to use diodes.
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LM117A/LM117/LM317A/LM317

Application Hints (continued)

The bypass capacitor on the adjustment terminal can dis-
charge through a low current junction. Discharge occurs
when either the input or output is shorted. Internal to the

LM117 is a 509 resistor which limits the peak discharge

Schematic Diagram

current. No protection is needed for output voltages of 25V
or less and 10 uF capacitance. Figure 3 shows an LM117
with protection diodes included for use with outputs greater
than 25V and high values of output capacitance.

Vour = 1.25V (1 + g%) + lapyR2

D1 protects against C1
D2 protects against C2

TL/H/9063-7
FIGURE 3. Regulator with Protection Diodes

Rt R2 R3 R4 <
310 n 190 82 Sk

-bﬁ o L L 1%
"

a3

a1s

c1
30pF

Your

TL/H/9063-8




Typical Applications (continued)

5V Logic Regulator with Electronic Shutdown*
LM117

Vyy V=35V

*Min. output = 1.2V TL/H/9063-3

Adjustable Regulator with Improved
Ripple Rejection

LM117

Vour
D,

1N4002

c3
- Ft
ct
10uF
+Solid tantalum =
*Discharges C1 if output is shorted to ground TL/H/9063-10

Slow Turn-On 15V Regulator
LM117

ViN

1N4002

2 Y
ﬁzsur

TL/H/9063-9

High Stability 10V Regulator

LM117
ViN v v Vour
15V N 10V

TL/H/9063-11

High Current Adjustable Regulator

3-LM195'S IN PARALLEL

2N2905

R3
500

v
W Vour
1N4D02
+
o, ’ ¥
T 10uF ‘: '7“Ff
<

L

tSolid tantalum

TL/H/9063-12

*Minimum load current = 30 mA
$Optional—improves ripple rejection
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LM117A/LM117/LM317A/LM317

Typical Applications (continued)
0 to 30V Regulator Power Follower
M7 10v—40v
Vin (Vin ~ Vout Vour
35V ADJ c1
R1 0.1uF
I;: T
c1
0.1uF INPUT ==AAA LM195
A1
R2 10k
2 s
- & 0UTPUT
+0.6A
v
LM117 N vour
ADJ
Full output current not avail- R2
able at high input-output volt- 24
ages
-10v =
TL/H/9063-13 TL/H/9063-14
5A Constant Voltage/Constant Current Regulator
7 MJa502 _
R3
c2 -L CURRENT ¥ >
100 oF anwsT S B2 SO
R1 LM317K | 1
3 Vv V } QUTPUT
5V IN T @
3 " A JOU I 12v-30v
c1 c3 g
T 1uF 104F1 T
‘b
>
<
- < -
D1 D3
1N457 LED*
l I ? :t RG
c5 RS 4: <o 0
BpF 330k

—8v

‘+Solid tantalum
*Lights in constant current mode

R8
VOLTAGE
ADJUST

TL/H/9063-15
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Typical Applications (continued)

1A Current Regulator
LM117

Vi Vour,
ADJ

TL/H/9063-16

1.2V-20V Regulator with
Minimum Program Current
LM117

ViN Vin  Vour
ADJ

TL/H/9063-17
*Minimum load current = 4 mA

Low Cost 3A Switching Regulator

a1 —
2N3792 oy
L1 600uH*
R1 LM317k R2
2 0.25
BV-35V AAA=—{ VIN  VouTp=AAA,
ADJ
AAA
A A4
I R4 A3
2 S5k 240 .
ol oowr S OUTRPUT gg
| ADJUST 954
~ AAA
A A A o
4
SRS
S

50uFt /[
=

TSolid tantalum
*Core—Arnold A-254168-2 60 turns

4A Switching Regulator with Overload Protection

3-LM195 IN PARALLEL

Vin

\-‘ A3
2N2005 500
A\ A4
R2
L] 500 LMI17 ;z.;
M A in‘ ViN ADS AAA
ﬂ-agv Vv s Vour V=
- : ?;n‘,p! RE : : ——] Vour
’ I g 16k€ €2 b VY
= R 1.0V T0 32v

4 L]

240

D AAA

vV

RT & I
3
B2 T 0.224F _J +
01 ~§
e 1N3800 1004F
>
< RB
>
S 100

= TSolid tantalum

*Core—Arnold A-254168-2 60 turns

TL/H/9063-20

01
c3 1N3880
300 pF
]

High Gain Amplifier

v*

Vin
M7 Vout

ADJ

@ OUTPUT

> R2
> 24

AA

A1

1

LM195

TL/H/9063-18

1.8V T0 32v

1<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>