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

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

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

TWX (910) 339-9240

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




Linear Products
Introduction

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

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

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

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

National

Semiconductor
Corporation

Definition of Terms

Product Status Definitions

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

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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LF157 Wide Band Decompensated (AVMIN = 5) .. ... i i iiiiiieee e Linear 1
LF198 Monolithic Sample and Hold Circuits . ...........ooiuiueiiiiiii i Linear 2
LF198A Monolithic Sample and Hold Circuits .. ...... ..ottt Linear 2
LF211 Voltage Comparators ... ........oueinnutttet ettt eieiie e eneiaieeanannns Linear 1
LF255 Low Supply CUITENt . . ..o ottt e ettt ettt et ieee e Linear 1
LF256 Wide Band. .. ... it e e e e Linear 1
LF257 Wide Band Decompensated (AVMIN = 5) .. ... it ieeans Linear 1
LF298 Monolithic Sample and Hold Circuits ...ttt Linear 2
LF311 Voltage Comparators . .........cuuutteinteentteeiteeeiteenieenterneenaeennneens Linear 1
LF347 Wide Bandwidth Quad JFET Input Operational Amplifiers ..................... .. ... Linear 1
LF347A Wide Bandwidth Quad JFET Input Operational Amplifiers ...................c.oounn. Linear 1
LF351 Wide Bandwidth JFET Input Operational Amplifier. ..., Linear 1
LF353 Wide Bandwidth Dual JFET Input Operational Amplifier ........................ . ...... Linear 1
LF355 LOW SUPPIY CUITENE .« . i i et ettt et et e e e e et et Linear 1
LF356 Wide Band. . ... i e e e Linear 1
LF357 Wide Band Decompensated (AVMIN = 5) ... ...ttt ittt e Linear 1
LF398A Monolithic Sample and Hold Gircuits . ... ...t e Linear 2
LF400C Fast Settling JFET Input Operational Amplifier .............c.ccoiiiiiiiiiiiie ... Linear 1
LF401 Precision Fast Settling JFET Input Operational Amplifier ............... ...t Linear 1
LF411 Low Offset, Low Drift JFET Input Operational Amplifier .............. ... ... .. ... ... Linear 1
LF412 Low Offset, Low Drift Dual JFET Operational Amplifier................. ..ot Linear 1
LF441 Low Power JFET Input Operational Amplifier .......... ... oo, Linear 1
LF442 Dual Low Power JFET Input Operational Amplifier. ........... ..., Linear 1
LF444 Quad Low Power JFET Input Operational Amplifier........... ...t Linear 1
LF455 Series Monolithic JFET Operational Amplifier. ............coviiiiiiiiiniiiieennnnnn. Linear 1
LF456 Series Monolithic JFET Operational Amplifier. .......... .o, Linear 1
LF457 Series Monolithic JFET Operational Amplifier. ..., Linear 1
LF1333 Quad SPST JFET Analog Switches .......... ... Linear 2
LF11201 Quad SPST JFET Analog SWitChes .........couiiiiiiiiiiiiii i Linear2
LF11202 Quad SPST JFET Analog Switches . ....... ...ttt Linear 2
LF11331 Quad SPST JFET Analog SWIitChes ...........cviiiiiiiiiii it iia et Linear2
LF11332 Quad SPSTJFET Analog Switches . ...t Linear 2
LF13006 Digital Gain Set .. ....ouiiitt e e e e e Linear2
LF13007 Digital Gain Set .. ...ttt e e e Linear2
LF13201 Quad SPST JFET Analog SWitches ...........cviiiiiiiiiii i Linear 2
LF13202 Quad SPST JFET Analog SWItches ..........oouiiiiiiiiiiiiiii i Linear 2
LF13331 Quad SPST JFET Analog SWitches . ....... .ottt Linear 2
LF13333 Quad SPST JFET AnalogSwitches .......... ... i Linear 2
LF13508 8-Channel Analog MUItpIEXEr . . ... oottt et eees Linear 2
LF13509 4-Channel Analog Multiplexer . ...ttt Linear 2
LF13741 Monolithic JFET Input Operational Amplifier.......... ... i Linear 1
LHO002 Current AmMPlifier . .. ..ot e e e e e Linear 1
LHO003 Wide Bandwidth Operational Amplifier ..........cooiiiiiiiiiiii it Linear 1
LHO0004 High Voltage Operational Amplifier .......... ..o Linear 1
LH0020 High Gain Operational Amplifier ... i Linear 1
LHO0021 1.0 Amp Power Operational Amplifier ........ ... ... i, Linear 1
LHO0022 High Performance FET Op AMP . ..o ottt ettt ettt eeennns Linear 1




Alpha-Numeric IndeX contines)

LHO0023 Sample and HOId GirCUits . . . . . ..ot e Linear2
LH0023C Sample and HOId CirCUItS . ... ...ovunnett ittt ee e eiiee e nanas Linear 2
LHO0024 High Slew Rate Operational Amplifier .............coiiiiiiiiiiiiiiniiiiinnnnns Linear 1
LHO0032 Ultra Fast FET-Input Operational Amplifier . .......... ... .o Linear 1
LHOO033 Fast Buffer Amplifiers . . . ... ...coiii i i et Linear 1
LHO0036 Instrumentation Amplifier ... ...t i e e Linear 1
LHO0038 True Instrumentation Amplifier ......... ...t e Linear 1
LHO0041 0.2 Amp Power Operational Amplifier .............ooiiiiiiiiiiiiiiiiiininne.. Linear 1
LHO042 Low Cost FET Op AMP ...ttt ee ittt ii e eanne it ennens Linear 1
LH0043 Sample and HOId GirCUItS . . . . . . oottt e e eenes Linear 2
LH0043C Sample and Hold GirCUItS . .o vvie ittt i e e et ie i eeeenns Linear 2
LHO0044 Series Precision Low Noise Operational Amplifiers.................. ...t Linear 1
LHO0045 Two Wire Transmitter .. .......ovinntiii it e e c it vee s Linear 1
LHOO52 Precision FET Op AMD . . .ttt ettt et e e ettt naes Linear 1
LHO0053 High Speed Sample and Hold Amplifier. ..., Linear 2
LH0053C High Speed Sample and Hold Amplifier ............ ..o Linear 2
LH0061 0.5 Amp Wide Band Operational Amplifier ............ ..ottt Linear 1
LH0062 High Speed FET Operational Amplifier .......... ...t Linear 1
LHO0070 Series BCD Buffered Reference . ..........oouiiiiiiiiiiii it iiiiiineneens Linear 2
LHO0071 Series Precision Buffered Reference........... ...ttt Linear 2
LHO0075 Positive Precision Programmable Regulator................cooooiiiiiiiiiiit Linear 1
LHO0076 Negative Precision Programmable Regulator. ...t Linear 1
LH0082 Optical Communication Receiver/Amplifier .................oooiiiiiiiii it Linear 1
LH0084 Digitally-Programmable-Gain Instrumentation Amplifier .........................oae. Linear 1
LH0086 Digitally-Programmable-Gain Amplifier ...t Linear 1
LHO091 True RMS 10 DC CONVEIET . ...\ttt it aiiie e innas Linear2
LH0094 Multifunction Converter . ... ...t e et Linear 2
LHO0101 Power Operational Amplifier .......... ... it Linear 1
LH4001 Wideband Current Buffer ...t Linear 1
.LH4002 Wideband Video Buffer .......... ..o e Linear 1
LH4003 Precision RF Closed Loop Buffer .......... ..o Linear 1
LH4004 Wideband FET Input Buffer/Amplifier ........... ...ttt Linear 1
LH4006 Precision RF Closed Loop Buffer ... Linear 1
LH4101 Wideband High Current Operational Amplifier ............ . ... oottt Linear 1
LH4101C Wideband High Current Operational Amplifier.............. ..o e, Linear 1
LH4104 Fast Settling High Current Operational Amplifier ............. ... coiiii it Linear 1
LH4105 Precision Fast Settling High Current Operational Amplifier ............... R Linear 1
LM10 Op Amp and Voltage Reference ............ooviiniiiiiiiiii it Linear 1
LM11 Operational Amplifiers . ........... it e e Linear 1
LM12(L) 150W Operational Amplifier ..........c.co ittt Linear 1
LM34 Precision Fahrenheit Temperature SEnsors ... ...t Linear 2
LMB34A Precision Fahrenheit Temperature Sensors. .........ccviiiiiiiii it iiiinnnenss Linear 2
LM34C Precision Fahrenheit Temperature Sensors. ..........cooiiiiiiiiiiiiiiiiiiiiinnnnn. Linear 2
LM34CA Precision Fahrenheit Temperature SENSOrs ...........ooiiiiiiiiiiiiiinnneenn. Linear 2
LM34D Precision Fahrenheit Temperature Sensors ..............cooiiiiiiiiiiiii i Linear 2
LM35 Precision Fahrenheit Temperature Sensors .. ..., Linear 2
LMB35A Precision Fahrenheit Temperature Sensors. ..o, Linear 2
LM35C Precision Fahrenheit Temperature Sensors. .........c.ovviiiiii ittt Linear 2
LM35CA Precision Fahrenheit Temperature Sensors .............ooiiiiiiiiiiiiieinnnnas Linear 2
LM35D Precision Fahrenheit Temperature Sensors ................covviiiiiinn. e Linear2
LM78LXX Series 3-Terminal Positive Regulator .............. ... oo i, Linear 1




Alpha-Numeric IndeX contnued

LM78XX Series Voltage Regulator ........ ...ttt ittt i, Linear 1
LM79LXXAGC Series 3-Terminal Negative Regulator ............ccoiiiiiiiiiiiiniieneniennn, Linear 1
LM79XX Series 3-Terminal Negative Regulator ......... ... i, Linear 1
LM101A Operational Amplfiers . . .......oonui i e et et et Linear 1
LM102 Voltage FOllOWET . . . . ..ottt it it et ai e Linear 1
LM103 Reference Diode . . . ..ottt e e e Linear2
LM104 Negative Regulator . . . ......oouii it i it it eaennans Linear 1
LM105 Voltage Regulator . .. ...t e e et e Linear 1
LM106 Voltage Comparator . . ... ....ututinttitttit et ee i eae i eneenns Linear 1
LM107 Operational AMPIIfiers . .........oiiitiin i et aeieniee e Linear 1
LM108 Operational AMPIIfiers ....... ..ot i e et Linear 1
LM108A Operational AmMPlIfiers . . . ...ttt it et et et e ean s Linear 1
LM109 5-VoIt ReguIator .. ... ..o e ettt it eanaeeenns Linear 1
LMT10 Voltage FOlIOWET . . . . ...ttt et i ettt ettt neeeeanns Linear 1
LM111 Voltage Comparator . ..ottt ittt Linear 1
LM112 Operational AMPIIfiers . . .......oonet i et et eneienee s Linear 1
LM113 Precision Referance . ... ...couueint it e ettt Linear 2
LM117 3-Terminal Adjustable Regulator ......... ...ttt Linear 1
LM117HV 3-Terminal Adjustable Regulator. . ........ ...t Linear 1
LM118 Operational Amplifiers . ........iiiiiie i e ettt e it eieeaaeanns Linear 1
LM119 High Speed Dual Comparator . . ........uttiiniii ettt nennneeannenens Linear 1
LM120 Series 3-Terminal Negative Regulator. ...ttt Linear 1
LM122 PreCiSion THMEE . . ..o vttt ettt et e et ettt et ettt e et e e e et et eanaens 5-7
LM123 3 Amp, 5-Volt Positive Regulator .......... ...ttt Linear 1
LM124 Low Power Quad Operational Amplifiers. . .......coiiiiiini i Linear 1
LM125 Voltage Regulators . .. .... oottt e e e Linear 1
LM126 Voltage Regulators . . . . ...t e e e e e Linear 1
LM129 Precision Reference .. .......vinii i i e Linear 2
LM131 Precision Voltage-to-Frequency Converters. . ...........o iiiiiiiiiiiiiiiiiiineen, Linear 2
LM131A Precision Voltage-to-Frequency Converters ...........oooriereiiiiiiinnnneeennn Linear 2
LM133 3-Amp Negative Adjustable Voltage Regulator ......... ... ..., Linear 1
LM134 3-Terminal Adjustable Current Sources ............ccoiiiiiiiiiiiiiiiiiiiiinnnneens Linear 2
LM135 Precision Temperature SENSOIS . .. .....vttiutttittiitiittenteiieeineennneenns Linear 2
LM135A Precision Temperature SeNSOrS. . ......oviinin ittt eiiiiineen Linear 2
LM136-2.5V Reference Diode ... ...couuiinniiiii it i e Linear 2
LM136-5.0V Reference Diode . .....couuiiiii i e e Linear 2
LM137 3-Terminal Negative Adjustable Regulator ........ ... ..o it Linear 1
LM137HV 3-Terminal Negative Adjustable Regulators (High Voltage) ......................... Linear 1
LM138 5 Amp Adjustable Power Regulator . ...t i Linear 1
LM139 Low Power Low Offset Voltage Quad Comparators ............c.coviiiiiiiiiinnnn, Linear 1
LM140 Series 3-Terminal Positive Regulators. ... e Linear 1
LM140L Series 3-Terminal Positive Regulators ........... ... i, Linear 1
LM143 High Voltage Operational Amplifier ..., Linear 1
LM144 High Voltage, High Slew Rate Operational Amplifiers.................oooiiiiiiiiiat, Linear 1
LM145 Negative 3AmMp Regulator ...... ..ottt Linear 1
LM146 Programmable Quad Operational Amplifiers .......... ..ottt Linear 1
LM148 QUAd 741 OP AMIPS o\ttt et ettt et e e Linear 1
LM149 Wide Band Decompensated (AV(MIN) = 5) ... ittt Linear 1
LM150 3 Amp Adjustable Power Regulator ...ttt Linear 1
LM158 Low Power Dual Operational Amplifiers ........... ..ottt Linear 1
LM160 High Speed Differential Comparator .............coiuiiiiiiiiiiiiiiiiniiiiieenn. Linear 1




Alpha-Numeric IndexX contine

LM161 High Speed Differential Comparator ...............ccouiiiiiiiiiieenrninnnneeennnns Linear 1
LM168 Precision Voltage Reference. . .......ooiiiiiiiii ittt riiieieeennns Linear 2
LM169 Precision Voltage Reference. . ... ...t e Linear 2
LM185 Adjustable Micropower Voltage References ............ccoviiiiiiiiniiiiiiineeinnn, Linear 2
LM185-1.2 Micropower Voltage Reference Diode ...........ccoviiiiiiiiienriiiannnennnnn, Linear 2
LM185-2.5 Micropower Voltage Reference Diode ...........coviiiiiiiiniiiiiiinninnnnn.. Linear 2
LM192 Low Power Operational Amplifier/Voltage Comparator ..............c.ccovviiineeenn.. Linear 1
LM193 Low Power Low Offset Voltage Dual Comparator .............c.cviiiiiinniinennnnnn. Linear 1
LM194 Super Match Pair ... ... ittt ettt iaaieeaaans 5-19
LM195 Ultra Reliable Power Transistors .. ........oouteinii ittt anaenannn 5-27
LM196 10 Amp Adjustable Voltage Regulator....... ...ttt Linear 1
LM199 Precision Reference . ... ...t e e et e Linear 2
LM201A Operational Amplifiers . . ... ... oottt e et e Linear 1
LM204 Negative Regulator.........coouti it it c it Linear 1
LM205 Voltage Regulator . . . . . ..ottt ettt ettt Linear 1
LM206 Voltage Comparator . ... ...ouuuitit ittt it erii e eanees Linear 1
LM207 Operational AmpPlfiers ... .....ooeiiiiiiii it ittt eeaeiiieeae s Linear 1
LM208 Operational Amplifiers . . ... ..ottt e e e et Linear 1
LM208A Operational Amplifiers . . ..ottt ittt ieeaanieieeenannns Linear 1
LM210 Voltage FOlIOWET . .. ..ottt e ittt Linear 1
LM211 Voltage Comparator ... ...uvvuuttiiitiiit ittt ittt ennneenneennes Linear 1
LM212 Operational Amplifiers . .........ooiuiiiiiiii i i et Linear 1
LM218 Operational Amplifiers . ...........ouiriiiii i e, Linear 1
LM219 High Speed Dual Comparator . ... .....o.iurttttniiieeeeiaieeeeenannnneeeaanns Linear 1
LM221 Precision Preampliflers. . . ...t iri it i i i i i e ittt Linear 1
LM224 Low Power Quad Operational Amplifiers. ...ttt iiiiiiiiiiinnneens Linear 1
LM231 Precision Voltage-to-Frequency Converters. . ........coviiiiiiii e eiinniiiieennnn. Linear 2
LM231A Precision Voltage-to-Frequency Converters ...........ccvviiiiiiiieerniiiinneennn. Linear 2
LM234 3-Terminal Adjustable Current Sources ..............ccoiiiiiiiiiiiiiiiiniineeennnns Linear 2
LM235 Precision Temperature SENSOIS .. . ... vvu ittt ettt eeiee e s eananneeennns Linear 2
LM235A Precision Temperature SENSOrS. . ... .o tettiiie ittt iinnineeenns Linear 2
LM236-2.5V Reference Diode . ... ...ttt e e e s Linear 2
LM236-5.0V Reference Diode . . ..ottt i e e i e Linear 2
LM239 Low Power Low Offset Voltage Quad Comparators ..............coviiiiiiiiiennn. Linear 1
LM246 Programmable Quad Operational Amplifiers ............. .o, Linear 1
LM248 Quad 741 Op AMIPS ..ottt ittt ettt e e e Linear 1
LM249 Wide Band Decompensated (AV(MIN) = 5) ...ttt Linear 1
LM258 Low Power Dual Operational Amplifiers ...t Linear 1
LM260 High Speed Differential Comparator ...ttt Linear 1
LM261 High Speed Differential Comparator .............ooiiiiiiiiiiiiiiiiiiiiiiiiiennn. Linear 1
LM268 Precision Voltage Reference. ...t e Linear 2
LM285 Adjustable Micropower Voltage References ........... ..., Linear 2
LM285-1.2 Micropower Voltage ReferenceDiode ..............coiiiiiiiiiiiiiiiiiiiiiiiinn, Linear 2
LM285-2.5 Micropower Voltage ReferenceDiode ..., Linear 2
LM292 Low Power Operational Amplifier/Voltage Comparator ............... ..ot Linear 1
LM293 Low Power Low Offset Voltage Dual Comparator .............cooviiiiiiii i, Linear 1
LM295 Ultra Reliable Power Transistors . ...t ciciiiiieenes 5-27
LM299 PrecCiSion ReferenCe . . ...ttt ittt e e Linear 2
LM301A Operational Amplifiers . .. ... oou it i et e et enieeee s Linear 1
LM302 Voltage FOlIOWET . . . ..o vttt e i ettt Linear 1
LM304 Negative Regulator....... ..ottt i e i i e Linear 1




Alpha-Numeric IndeX coninueq)

LM305 Voltage Regulator . . . . ...t e ittt ettt e Linear 1
LM305A Voltage Regulator ............onuinuinii et Linear 1
LM306 Voltage Comparator . . ... ...ttt ettt ie et enainaneeeennnnn Linear 1
LM307 Operational Amplifiers .. ...t i ittt e e Linear 1
LMB308 Operational AMPlifiers .. ........utiiiiiiiiiii it ittt e et enanns Linear 1
LM308A Operational AmMpPIfiers . . . ...t i it e Linear 1
LM309 5-Volt Regulator ...t et et Linear 1
LM310 Voltage FOOWEr . .. ... ot e e e e ae e Linear 1
LM311 Voltage Comparator . ... ..cvuuutint ittt ittt e eairenieaneeennns Linear 1
LM312 Operational AMPHfiers .. .........onutiiiniei ittt ettt aineennens Linear 1
LM313 Precision Reference . ... ...ttt e ettt e Linear 2
LM317 3-Terminal Adjustable Regulator .......... ..ottt eennnn. Linear 1
LM317HV 3-Terminal Adjustable Regulator. ............ .ot i Linear 1
LM317L 3-Terminal Adjustable Regulator ........... ...ttt Linear 1
LM318 Operational Amplifiers . ...ttt e e Linear 1
LM319 High Speed Dual Comparator . . .. ....vuuutnrtttt et teeeaeeeennaaneeeennnns Linear 1
LM320 Series 3-Terminal Negative Regulator. . ...........ooiiitiiiiiiiii i Linear 1
LM320L 3-Terminal Negative Regulator. . ...t eiieeeenns Linear 1
LM321 Precision Preamplifiers. .. ... ..ot e e Linear 1
LIMB22 PreCision TiMEE . ..ottt ettt ettt ettt ettt naeenas 5-7
LM324 Low Power Quad Operational Amplifiers. .......... ..ot Linear 1
LM325 Voltage Regulators . . . .....vinni ittt ettt ettt e enaa e Linear 1
LM326 Voltage Regulators . . ..ot i e e et Linear 1
LM329 Precision Reference . ........onuii it e et e Linear 2
LM330 3-Terminal Positive Regulator. ......... ...ttt Linear 1
LM331 Precision Voltage-to-Frequency CONVEMErS . . . .....oviit ittt iiaieeenn. Linear 2
LM331A Precision Voltage-to-Frequency Converters ..........c.ooeiiiiiiiiiiniineennnnnn. Linear 2
LM333 3-Amp Negative Adjustable Voltage Regulator ............ ... ..o, Linear 1
LM334 3-Terminal Adjustable Current SOUrCes ...........coviiiiiiiiiiiiiiiiniininnnennn Linear 2
LM335 Precision Temperature SENSOIS . . .. ... vttt ittt e ennaeeees Linear 2
LM335A Precision Temperature SENSOrS. .. ... ..ttt ittt ineeenns Linear 2
LM336-2.5V Reference Diode ....... ..ot e e Linear 2
LM336-5.0V Reference Diode . ... ...ttt e e Linear 2
LM337 3-Terminal Negative Adjustable Regulator ............... ... i, Linear 1
LM337HV 3-Terminal Negative Adjustable Regulators (High Voltage) ...................... ... Linear 1
LM337L 3-Terminal Adjustable Regulator ... e Linear 1
LM338 5 Amp Adjustable Power Regulator . ......... ... i Linear 1
LM339 Low Power Low Offset Voltage Quad Comparators ...........coooveiiieieiniiennennn. Linear 1
LM340 Series 3-Terminal Positive Regulators. ...t Linear 1
LMB340L Series 3-Terminal Positive Regulators ............ccoiiiiiiiiiiiiii e Linear 1
LM343 High Voltage Operational Amplifier ...t Linear 1
LM344 High Voltage, High Slew Rate Operational Amplifiers.............. ...t Linear 1
LM345 Negative 3 Amp Regulator ...ttt e ees Linear 1
LM346 Programmable Quad Operational Amplifiers ............ ... Linear 1
LMB48 QUAA 741 O AMIPS oo ittt ettt e et et ettt e Linear 1
LM349 Wide Band Decompensated (AV(MIN) = 5) ... ... it Linear 1
LM350 3 Amp Adjustable Power Regulator .......... ..o Linear 1
LM358 Low Power Dual Operational Amplifiers ...ttt Linear 1
LM359 Dual, High Speed, Programmable Current Mode (Norton) Amplifier .................... Linear 1
LM360 High Speed Differential Comparator ..............coouiiiiiiiiiiiiiiiiiiiiieneninnns Linear 1
LM361 High Speed Differential Comparator ...............ciiiiiiiiiiiiiniiiiiieeeinnnn. Linear 1




Alpha-Numeric IndeX continuea)

LM363 Precision Instrumentation Amplifier .. ......ccooiiiiiiiiiiiii i it it i Linear 1
LM368 Precision Voltage Reference. ..........ouiiiiiiiiiiiiii ittt iei e Linear 2
LM368-2.5 Precision Voltage Reference ........ ..ottt Linear 2
LM369 Precision Voltage Reference. ......c.oviiiiiii ittt it e et i e e Linear2
LM376 Voltage Regulator . .. ....cnttit ettt ittt te e ie ettt eeannnnennaeeannnns Linear 1
LM377 Dual 2-Watt Audio Amplifier . ........ .ot e et 1-8
LM378 Dual 4-Watt Audio Amplifier . .......oonuiiii it it it e 1-9
LM380 Audio Power Amplifier . . ... e i e ittt e 1-10
LM381 Low Noise Dual Preamplifier. .. ..ot e eiieaeeens 1-14
LM382 Low Noise Dual Preamplifier. .. ...ttt iiiiaeriteeeeneneenaenns 1-18
LM383 7-Watt Audio Power Amplifier. . ... ..o i it e e 1-21
LM384 5-Watt Audio Power Amplifier. . .......ooiinti ittt i eei e rannas 1-25
LM385 Adjustable Micropower Voltage References .............ccoiiiiiiiiiiiiiiineenn... Linear 2
LM385-1.2 Micropower Voltage Reference Diode ..........coiiiiiiiiiiiiiiieinnennnnennn. Linear 2
LM385-2.5 Micropower Voltage Reference Diode ......... ...ttt Linear 2
LM386 Low Voltage Audio Power Amplifier ....... ... ..ottt 1-30
LM387 Low Noise Dual Preamplifier. . . ...ttt e eneaeeens 1-35
LM388 1.5-Watt Audio Power Amplifier . ... ...ttt i et e 1-39
LM389 Low Voltage Audio Power Amplifier with NPN Transistor Array ................ccooevina.. 1-45
LM390 1-Watt Battery Operated Audio Power Amplifier . ............coviiiiiiiiiiiiiiiiinn.. 1-53
LM391 AUdio POWET DIIVET. . . ..ottt e e ettt 1-568
LM392 Low Power Operational Amplifier/Voltage Comparator ...............cooviviiinn... Linear 1
LM393 Low Power Low Offset Voltage Dual Comparator .............coooveiiiiinvnnnnnnn.. Linear 1
LMB94 Super MatCh Pair . ...t e et e 5-19
LM395 Ultra Reliable Power Transistors .........c.oviiiiiiiiiiiiiiii ittt 5-27
LM396 10 Amp Adjustable Voltage Regulator. ........... ..., Linear 1
LM399 Precision Reference . ...ttt et e e Linear 2
LY 1T I T 1T 5-38
LY T O I T 5-38
LMB56 DUAI TIMET . . . ..ottt et et e ettt e e et e e et e et ane e eannneeens 5-46
LMBEBC DUal TIMET ...ttt e ittt ittt e 5-46
LM565 Phase LOCKEA LOOP . ... .v ettt it ittt ittt 5-50
LM565C Phase LOCKEd LOOP ...ttt ittt et ettt ettt iiiiiee s 5-50
LM566C Voltage Controlled Oscillator. . ......oovvvii i i 5-58
LM567 Low Power Tone Decoder .......cuiuueiiiiiiiiiiiiiiiiii ittt i, 5-62
LM567C Low Power Tone Decoder . ...ttt ettt eiaieeees 5-62
LM581 Voltage Reference Precision 10-Volt.......... ... ... i Linear 2
LM592 Differential Video Amplifier .. .......coo i e 3-8
LMB04 4 Channel MUX-AMD ..o n ittt eeeteneeeraennnnnasasessrnss Linear 1
LM607 Precision Operational Amplifier .......... ..ottt Linear 1
LM611 Adjustable Micropower Floating Voltage Reference and Single-Supply Operational

24T )11 Linear 1
LM614 Adjustable Micropower Floating Voltage Reference and Four Single-Supply Operational

Y13 11111 3 Linear 1
LM621 Brushless Motor Commutator TC. .. ....ooiii i i e it 4-4
LM622 Pulse Width Modulator .......... ...ttt ittt aaans 4-15
LM628 Precision Motion Controller ...ttt 4-16
LM675 Power Operational Amplifier .......ovuurni i i i it Linear 1
LM723 Voltage Regulator . ........coviniiii it it it Linear 1
LM733 Differential Video Amplifier . ........ouirui i e i i, 3-13
LM733C Differential Video Amplifier. . ...t s 3-13




Alpha-Numeric IndeX contineo)

LM741 Operational Amplifier .. ...t e i et e e e Linear 1
LM831 Low Voltage Audio Power Amplifier ....... ...ttt 1-69
LM832 Dynamic Noise Reduction System DNR . .. ... ..ottt enaees 1-81
LM833 Dual Audio Operational Amplifier .......... .. Linear 1
LM837 Low Noise Quad Operational Amplifier ...t iiiieiiiannns Linear 1
LMBSO03 Fluid Level Detector. . . . ...ttt ettt et ettt eean 5-68
LM1035 Dual DC Operated Tone/Volume/Balance Circuit . . ..........ccovviiinen ... 1-89
LM1036 Dual DC Operated Tone/Volume/Balance Circuit . ............c.ccoiiieenniiiiinnen.... 1-89
LM1037 Dual Four-Channel Analog Switch ....... ... i, 1-99
LM1038 Dual Four-Channel Analog Switch ....... ... i i 1-105
LM1040 Dual DC Operated Tone/Volume/Balance Circuit with Stereo Enhancement Facility . . . . . . 1-110
LM1042 Fluid Level Detector. . .. ...ttt e e et e 5-74
LM1044 Analog Video SWItCh . .. ... ottt i e ettt e 3-18
LM1112A Dolby B-Type Noise Reduction ProCessor ..........cooiiuiiiiiiieeniiiineenns 1-120
LM1131A Dual Dolby B-Type Noise Reduction Processor. ...........coceiiiiiiieeninenan. 1-126
LM1141 Dolby B-C Type Noise Reduction ProCesSor. . ....vuuitiietieieiiie it iiiieeeaeann 1-131
LM1201 Video Amplifier System ... ... i e e e 3-22
LM1203 RGB Video Amplifier System .. ... i e 3-23
LM1211 Broadband Demodulator System ....... ... e e 5-82
LM1391 Phase-Locked LOOP . . . ..o ottt i ettt ettt 3-34
LM1458 Dual Operational Amplifier .......... ... i Linear 1
LM1496 Balanced Modulator Demodulator. . . ........oouuiiiii i 5-92
LM1558 Dual Operational Amplifier ......... ... it Linear 1
LM1578 Switching Regulator ....... ... i e Linear 1
LM1596 Balanced Modulator Demodulator. . ....... ...ttt e 5-92
LM1800 Phase-Locked Loop FM Stereo Demodulator . ...t 2-8
LM1801 Battery Operated Power Comparator . .. ... ..ottt et tnnine e eiiieeeeaeeeneeennnn 5-97
LM1812 Ultrasonic TranSCeIVET .. .. .. ..ottt ettt 5-105
LM1815 Adaptive Sense Amplifier ...ttt e e 5-113
1.M1818 Electronically Switched Audio Tape System .. ... ...ttt 1-136
LM1819 Air-Core Meter DriVer . ...t e 5-117
LM1823 Video IF Amplifier/PLL Detection System . ......... ... 3-39
LM1830 Fluid DeteCtor . . . ... e e e e 5-125
LM1837 Low Noise Preamplifier for Autoreversing Tape Playback Systems ..................... 1-149
LM1851 Ground Fault Interrupter . . ... o e 5-131
LM1863 AM Radio System for Electronically TunedRadio ...............coiiiiiiiiiiiiit, 2-11
LM1865 Advanced FM IF System . . ... ...t e e e 2-23
LM1866 Low Voltage AM/FM RECEIVET. . .. ..ottt ie i e s 2-37
LM1868 AM/FM Radio System . ... ..o e e 2-44
LM1870 Stereo DemodulatorwithBlend ... i 2-52
LM1871 RC Encoder/Transmitter . .........oouinnnn ittt ens 2-58
LM1872 Radio Control Receiver/Decoder ... ..ottt ettt e iian s 2-74
LM1875 20-Watt Power Audio AMPIIfier ..o i et iieee e 1-161
LM1877 Dual Power Audio Amplifier .. ... ...t 1-167
LM1880 No-Holds Vertical/Horizontal . . ... e e 3-46
LM1881 Video Sync Separator .. ......ouuuiiiitiiiii i i e s 3-54
LM1884 TV Stere0 DECOTET .. ..ottt ittt et et eteeannns 2-93
LM1886 TV Video Matrix D10 A ..ottt i i e e eeeans 3-61
LM1889 TV Video Modulator . . . . ..o e et 3-68
LM1893 Biline Carrier Current TranSCeIVer . .. ..ottt 5-138
LM1894 Dynamic Noise Reduction System DNR ... ... ..ot 1-172




Alpha-Numeric IndeX coninuea

LM1895 Audio Power Amplifier . . ... ..ot e e e 1-180
LM1896 Dual Power Audio Amplifier . ...t it i 1-186
LM1897 Low Noise Preamplifier for Tape Playback Systems ...............cooiiiiiiiiiinnn. 1-194
LM1921 1 Amp Industrial SWitCh. . . ... i i i i et e e 5-160
LM1946 Over/Under Current Limit Diagnostic Circuits . . . . .. ....ovv i i, 5-165
LM1949 Injector Drive Controller . .......oiiriti ittt ittt ettt 5-176
LM1951 Solid State 1 AMp SWItCh ... ... ..o e 5-184
LM1964 Sensor Interface Amplifier ..........coiiiiiiii et i e e 5-192
LM1965 Advanced FM IF System . ..ot e e ettt et et 2-23
LM2002 8-Watt Audio Power Amplifier ............ it e e 1-202
LM2005 20-Watt Automotive Power Amplifier ........ ..ot 1-206
LM2065 Advanced FM IF System . . ... ..ottt e e e e et aie s 2-23
LM2578 Switching Regulator . ... ..ot i Linear 1
LM2877 Dual 4-Watt Power Audio Amplifier..........ootiriitiii i eaieeneens 1-213
LM2878 Dual 5-Watt Power Audio Amplifier......... ...t 1-220
LM2879 Dual 8-Watt Audio Amplifier . ... ... i e e 1-227
LM2889 TV Video ModUIALOr . . . . . oottt e ettt 3-78
LM2893 Biline Carrier Current TransCeiVer . . ... ..ottt et e ieee e aiieee s 5-138
LM2900 Quad AMPIFiErs .. . . ..ot e et et e Linear 1
LM2901 Low Power Low Offset Voltage Quad Comparators .............c.ocvviiiiiiininennnn Linear 1
LM2902 Low Power Quad Operational Amplifiers .............c.oiiiiiiiiiiiiiiiiiiiinn., Linear 1
LM2903 Low Power Low Offset Voltage Dual Comparator . ..........c.ccvvvineiinineinine.n. Linear 1
LM2904 Low Power Dual Operational Amplifiers ............cco i, Linear 1
LM2905 PreGision TIMEI . . .. oottt ittt ettt et et e e i eae e eanens 5-7
LM2907 Frequency to Voltage ConVerer . . . ...ttt e eanas 5-196
LM2917 Frequency to Voltage CONVEEr . . ... ...ttt i et eetaeenannns 5-196
LM2924 Low Power Operational Amplifier/Voltage Comparator ..................ooeviiia... Linear 1
LM2925 Low Drop-Out Regulator with Delayed Reset ............. ..., Linear 1
LM2930 3-Terminal Positive Regulator. . ........ ..ottt Linear 1
LM2931 Series Low Drop-Out Regulator ...........cooiiiiiiiii e Linear 1
LM2935 Low Drop-Out Dual Regulator. . ...ttt e i i Linear 1
LM2940C 1A Low Drop-Out Regulator .. ......coouiiiniiiiiiii e Linear 1
LM2984C Microprocessor Power Supply System . ...t Linear 1
LMB3045 TransiStor AITAYS . . . ...ttt ettt ittt ettt e e et e e e eaaeennnns 5-210
LMB046 Transistor AMTaYS . ...ttt ettt ettt ettt 5-210
LM3080 Operational Transconductance Amplifier ........... PP Linear 1
LM3080A Operational Transconductance Amplifier.............oooi ittt Linear 1
LIM3B086 TranSiStOr ATTAYS . .ot vv et tteee e tteee e et tteee e taeeseenaeseennensensnneeesennnns 5-210
LM3089 FM Receiver IF System . ... ...t e et 2-96
LM3146 High Voltage Transistor Array . ..........oiiiniiiiiiiiiiiiii it iiieens 5-215
LMB189 FM IF System . . oot e et e 2-102
LM3301 Quad AMPIIfiers. . ...oo e Linear 1
LM3302 Low Power Low Offset Voltage Quad Comparators .............ooviiiiiiiieninnn, Linear 1
LM3361 A Low Voltage/Power Narrow Band FMIF System ......... ... ...t 2-109
LM3401 Quad AmMPIers. . .. cov ettt e e e Linear 1
LM3578 Switching Regulator . ...t e e Linear 1
LM3820 AM Radio SYStem .. ...ttt e e e e 2-114
LM3900 Quad AmMPlifiers . . .o oottt et i i i e i e e e e et Linear 1
LMB905 Precision Timer . . . .ottt ettt et e 5-7
LM3909 LED Flasher/Oscillator . .. . ...t e 5-220
LM3911 Temperature Controller . ... ..ot e iieee e Linear 2
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LM3914 Dot/Bar Display Driver .. .....cuutitiitiii ittt et aee et 5-227
LM3915 Dot/Bar Display Driver . .. ... ...ttt ettt et 5-242
LM3916 Dot/Bar Display DIVET . ... ..ottt ittt ittt ittt ettt eaainneaaannanns 5-260
LMB3999 Precision Reference . ...t e e e Linear2
LM4250 Programmable Operational Amplifiers. .......... ..., Linear 1
LM4500A High Fidelity FM Stereo Demodulator withBlend .............. ... c.coiiiiiii... 2-118
LM6113 High Speed Operational Amplifiers Plus Power Buffer .....................cooiiinat. Linear 1
LM6121 High Speed Buffer ... ... ... ... it ittt e enns Linear 1
LMB125 High Speed Buffer . .. ... ... i i et e Linear 1
LM6161 High Speed Operational Amplifiers ............coiiiiiiinii i, Linear 1
LM6161/LM6261/LM6361 High Speed Operational Amplifiers.................ooovviiio... Linear 1
LM6164 High Speed Operational Amplifiers ...........ooiiiiiiiiiiiiiiiiiii i, Linear 1
LM6164/LM6264/1.LM6364 High Speed Operational Amplifiers.................cooooiiian, Linear 1
LM6165 High Speed Operational AmpIifiers ..........ooiiiiiiiiiiiiiiiiiiii e Linear 1
LM6165/LM6265/L.M6365 High Speed Operational Amplifiers. ...t Linear 1
LM6214 High Speed Operational Amplifiers Plus PowerBuffer ................. ... ... ... .. Linear 1
LM6221 High Speed BUffer ........ ...ttt it ettt Linear 1
LM6225 High Speed BUfer ....... ...ttt e e e Linear 1
LM6261 High Speed Operational Amplifiers ........ ... Linear 1
LM6264 High Speed Operational Amplifiers ........ ..o ittt Linear 1
LM6265 High Speed Operational Amplifiers ..........c.oiiiiiiiiiiieiiiiii it Linear 1
LM6314 High Speed Operational Amplifiers Plus PowerBuffer .................... ... ... .... Linear 1
LM6321 High Speed BUffer ... ......c.o.uuiiiiiiiii i et Linear 1
LM6325 High Speed Buffer ... ... i e e e e Linear 1
LM6361 High Speed Operational Amplifiers ...ttt eenn, Linear 1
LM6364 High Speed Operational Amplifiers ..ottt Linear 1
LM6365 High Speed Operational Amplifiers ............iiiiiiiiiii it Linear 1
LM13080 Programmable Power Operational Amplifiers ...............coooiiiiiiiiiiiin. Linear 1
LM13600 Dual Operational Transconductance Amplifiers with Linearizing Diodes and Buffers. . . . Linear 1
LM13700 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers. . ... Linear 1
LM18272 Dual Power Operational Amplifier ... Linear 1
LM18293 Four Channel Push PUllDRVEr . . ... ..ot i 4-17
LM18298 Dual Full-Bridge Driver . .......c.uutiine ittt ittt iiieeens 4-23
LMGCE55 CMOS TIMET . . .ottt ettt ettt et ettt e e eannieeennas 5-280
LMC567 Low Power Tone DECOET . . . ...ttt et e e e 5-283
LMC568 Low Power Phase-Locked LOOP . .. ... oot et e e 5-287
LMC660 CMOS Quad Operational Amplifier .. ..ot i it iiii i Linear 1
LMC668 Chopper Stabilized Operational Amplifier. . ..., Linear 1
LMCBBO AUIO ZBIO. . . oottt et ettt ettt et ettt i e e Linear 1
LMC835 Digital Controlled Graphic Equalizer. .......... ..ottt 1-234
LMC1992 Computer Controlled Tone and Volume Circuits . ..., 1-249
LMC1993 Computer Controlled Tone and Volume Circuits ..............cooiiiiiiiiiie... 1-249
LMC7660 Switched Capacitor Voltage Converter. . ........covvriiiiieeiiiieeenanannn Linear 1
LMC7669 Switched Capacitor Voltage Converter. . .........ooviiiiiiiiiiiiiiiiiinnnnnnn., Linear 1
LMF60 6th Order LMCMOST™ Switched Capacitor Butterworth Lowpass Filter . ................ Linear 2
LMF90 4th-Order LMCMOS™ Programmable Elliptic Notch Filter ............... ... ... ... Linear 2
LMF100 Universal Monolithic Dual Switched Capacitor Filter .......................... ... Linear 2
LMF120 Mask Programmable Switched CapacitorFilter. ...t Linear2
LP124 Micropower Quad Operational Amplifier ........... ..o, Linear 1
LP165 Micropower Programmable Quad Comparator ...........c.cooiiiiiiiiiiiiineennn. Linear 1
LP311 Voltage Comparator ......... ...ttt Linear 1

1




Alpha-Numeric IndeX coninueq

LP324 Micropower Quad Operational Amplifier ...ttt iiiiiiiiieenn, Linear 1
LP339 Ultra-Low Power Quad CoOmMParator ... .......ouueeeeeeneteneerrnneenneeeenneennns Linear 1
LP365 Micropower Programmable Quad Comparator ..............ooviiiiiiiiiineinninnenn, Linear 1
LP2902 Micropower Quad Operational Amplifier ...............coiiiiiiiiiiiiiiinnnnnennn. Linear 1
LP2950 5V Adjustable Micropower Voltage Regulator ..............ccoooiiiiiiiiiiiiiion, Linear 1
LP2951 Adjustable Micropower Voltage Regulator .............cccoiiiiiiiiiiiiiiiiniinn... Linear 1
MF4 4th Order Switched Capacitor Butterworth Lowpass Filter........................oooat. Linear 2
MF5 Universal Monolithic Switched Capacitor Filter ................coiiiiiiiiiiiiiiinenn, Linear 2
MF6 6th Order Switched Capacitor Butterworth Lowpass Filter........................oooit. Linear 2
MF8 4th Order Switched Capacitor BandpassFilter ...............ccoiiiiiiiiiiiiiii i, Linear 2
MF10 Universal Monolithic Dual Switched CapacitorFilter............... ...t aa... Linear 2
MMB54HC4016 Quad Analog SWItCh . ... oot e i it ettt e e iiiiiaeeeaanns Linear 2
MM54HC4051 8-Channel Analog Multiplexer . ...ttt Linear 2
MM54HC4052 Dual 4-Channel Analog Multiplexer . ...........cciiiiiiiiiriiniennnnnennn. Linear 2
MM54HC4053 Triple 2-Channel Analog Multiplexer ............ccooiiiiiiininnnnneennnn. Linear 2
MM54HC4066 Quad Analog SWItCh . ... ...t e e e e Linear 2
MM54HC4316 Quad Analog Switch with Level Translator ..., Linear 2
MM74C905 12-Bit Successive Approximation Register. .............ooeiiiiiiiiiiinnennn. Linear 2
MM74HC4016 Quad Analog SWItCh . . .....ci i i it Linear 2
MM74HC4051 8-Channel Analog Multiplexer .. ...ttt eeeieenns Linear 2
MM74HC4052 Dual 4-Channel Analog Multiplexer ............cooiiiiiiiiiiiiiiiiiininn, Linear 2
MM74HC4053 Triple 2-Channel Analog Multiplexer ..., Linear2
MM74HC4066 Quad Analog SWitCh ...... ..ottt e Linear 2
MM74HC4316 Quad Analog Switch with Level Translator ..ot Linear 2
TBA120S IF Amplifierand Detector . .......ooutiiiii i e 2-125
TLO81CP Wide Bandwidth JFET Input Operational Amplifier .............. ..ot Linear 1
TL082CP Wide Bandwidth Dual JFET Input Operational Amplifier ...................... .. ... Linear 1
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National
Semiconductor
Corporation

CROSS REFERENCE BY PART NUMBER

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

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

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

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

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

ANALOG
DEVICES
ADOPO7
ADDAC-08
ADDAC-08
ADDAC-08
ADDAC80
ADDACS85
AD101A
AD201A
AD301A
AD506
AD509
AD521
AD521
AD524
AD537
AD562
AD563
AD565A
AD566A
AD567
AD573
AD573
AD581
AD581
AD582
AD583
AD588
AD589M
AD589U
AD590
AD590
AD580
AD590
ADB11K
AD611J
AD614

AD624 LH0038 2 AD7571
NATIONAL ADB50 LM331 2 AD7575
LM607 1) AD651 LM331 @ AD7576
DAC0800 AD654 LM331 2 AD7578
DAC0801 AD673 ADCO0841 @ AD7578
DAC0802 AD741 LM741 AD7820
DAC1280+ ) ADLH0032 LH0032 2
DAC1280+ (1) ADLH0033 LH0033 2 APEX
LM101A (1) AD0042 LH0042 @ PAO1
LM201A (1) AD3542 LHO042 @ PAO1
LM301A (1) AD5035 LHO042 2 PAO7
LH0022 0] AD7502 LF13509 2 PA10
LH0003 2 AD7516 CO40668B @ PA10
LM363 @ AD7523 DAC0832 @ PA11
LH0036 2 AD7523 DACO0831 7)) PA51
LH0038 @ AD7523 DAC0830 @ PA73
LM331 7)) AD7524 DAC0830 (3)
DAC1266 ) AD7524 DACO0831 (3) BURR-BROWN
DAC1265 3) AD7524 DAC0832 (3) SHC80
DAC1265 AD7533 DAC1020 SHC85
DAC1266 AD7533 DAC1022 HOS-100
DAC1230 (7] AD7533 DAC1021 INA102
ADC1005 @ AD7541A DAC1218 @ SHGC298A
ADC1025 @ AD7541A DAC1219 2 3507
LM581 AD7541 DAC1219 (1) 3533
LH0070 1) AD7541 DAC1218 (1) 3542
LF398 @ AD7542 DAC1210 @ 3550
LF198 (&) AD7542 DAC1209 @ 3551
LM369 7)) AD7542 DAC1208 @ 3553
LM385 (1) AD7545 DAC1209 2 3554
LM185 (1) AD7545 DAC1210 2 3571
LM135 @ AD7545 DAC1208 @ 3572
LM34 3) AD7548 DAC1230 @ 3573
LM134 7)) AD7548 DAC1232 (2 3606A6
LM35 3) AD7548 DAC1231 2 3606A6
LF411AC (1) AD7552 ADC1225 [6) 3626
LF411C (1) AD7552 ADC1205 2 3629
LH0086 2 AD7571 ADC1005 2

ADC1025
ADCO0820
ADC0820
ADC1225
ADC1205
ADC0820

NATIONAL
LM12
LHO101
LM12
LM12
LHO101
LM12
LM12
LM12

NATIONAL
LF398
LF398
LH0033
LHO038
LF398A
LM6361
LH0033
LHO0042
LM6361
LM6361
LH0063
LH0032
LM675
LH0021
LM675
LH0084
LH0086
LHO0036
LHO0038

]
()
]
(2
@

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

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

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

CTS
CTS0002
CTS0004
CTS0021
CTS0024
CTS0032
CTS0033
CTS0041
CTS0042
CTS2101A
CTS2111

ELANTEC
ELH0002
ELHO0021
ELHO0032
ELH0033
ELH0041
ELHO101
EL2006C
EL2006
EHA2500
EHA2502
EHA2505
EHA2510
EHA2512
EHA2515
EHA2520
EHA2522
EHA2525
EHA2600
EHA2602
EHA2605
EHA2620
EHA2622
EHA2625

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

FAIRCHILD
RA7T8XXKM
R78LXXACH
n78XXUC
r78XXUC
RA78LXXACLP
RA78LXXAWC
n78MXXCKC
L78MXXCKC
RA78MXXUC
MA78MXXCKC
RA78XXKC
RA79XXUC
RA79XXUC
RA79XXCKC
RA79XXCKC
RA79XXUC
RATOXXUC
RA79XXCKC
RAT9XXCKC
RA79IMXXAUC
RATIXXKM

NATIONAL
LH0002
LH0004
LH0021
LH0024
LH0032
LH0033
LHO0041
LH0042
LH2101A
LH2111

NATIONAL
LHO0002
LH0021
LH0032
LH0033
LH0041
LHO0101
LM6261
LM6161
LM6161
LM6161
LM6361
LM6161
LM6161
LM6361
LM6164
LM6164
LM6364
LM6161
LM6161
LM6361
LM6164
LM6164
LM6364

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

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

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

(1)
(1)

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

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

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

HA79XXKC
HA79XXUC
rA101A
rA102
rA105HM
wA107
rA108A
rA108
rA109KM
®A110
pA111
nA124
rA139
rA139A
wA201A
wA207
wA208
wA208A
nA211
nA224
rA239
rA239A
nA248
nA249
HA301A
rA302
rA304HC
rA305HC
wA305AHC
wA307
wA308A
wA308
rA309KC
rA310
rA311
rA317KC
rA317UC
wA318
rA324
wA339
wA339A
wA348
nA349
wA376TC
wA555TC
wA556PC
wA709
rA709
rA710
rA710
pA711
pA714
pA723HM
rA723HC
rA723DC
rA723MJ
rA723CJ
wA723DM
rA723PC
wA723CN
nA725
pA725
mA733CN
RA733
rA741
HA741
wA747
nA747
wA748

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

M
M
(1
(1)
(1)
M
M
(1)
M
M
M
(1
M
M
(1)
(1
(1
(1)
(1)
m
M
M
(1)
(1)
m
(1
(1)
m
M
M
M
M
M
M
(1)
(1)
(1)
(1)
m
M
M
M
(1)
(1)
(1)
(1)
(1)
M
M
m
(1)
(1)
(1)
(1)
(1)
M
M
(1)
(1)
(1)
M
M
m
M
9]
(1)
M
m
™

nA748
KAT760
wA771B
pA771
BAT71A
pA772B
pA772
pA772A
nA774
rA774B
nA776
1A1458
1C1496P
1C1496G
pA1558
rC1596G
TDA2310
1A2901
1A2902
TCA3089
wA3301
rA3302
nC4558CD
rA7392

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

HEWLETT
PACKARD
HCTL-100

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

NATIONAL
LM607
MF10
LF13201
AH5020
LM741
LM604AM
LM604AM
LM604C
LM604C
LM6161
LM6161
LM6361
LM6161
LM6161
LM6361
LM6164
LH0003
LH0003
LM6164
LH0003
LM6364
LH0024
LH0024
LH0032
LM6361
LM6161
LH0032
LM6164
LM6164
LM6161
LM&161
LM6361
LM6164
LM6164
LM6364
LHO004
LH0033
LH0062
LH0052

NATIONAL
LM628

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

0]

(2
(1
(2
(2)
(2)
]
(3
(2
(2
]
(2
(2
(2)
1
(1)
@]
(1)
()
()
()
(2
()
()
()
(2)
()
()
@
(2)
()
()
@
M
M
(2
0]

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

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

Lsi
COMPUTER
LS7261
LS7263

MICRA

MC0002
MC0003
MC0004
MC0032
MC0033
MC0041
MCO0063

MICRO POWER
SYSTEMS
MPOPO7
MP108

MP108A
MP155A

MP155

MP156

NATIONAL
LM18293
LF353
LF412
LF347
LF3478
LM2904
LM3301
LM324
LM339
LM358
LM393
LM1458
LM741
LM747
LM2901
LM2902
LM2903

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

NATIONAL
LMe21
LMe21

NATIONAL
LH0002
LH0003
LHO0004
LH0032
LH0033
LHOO041
LH0063

NATIONAL
LM&07
LM108
LM108A
LF155A
LF155
LF156

(3
m
m
m
M
m
M
M
(1)
1
(1)
(1
(1)
(1)
M
M
m

(1)
M

(1)

(2)
(2
(3
M
U]

(©)
(©)

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

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

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

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

LF156A )
LF157 (1)
LF157A (1)
LM208A 1)
LM208 ™)
LM308 ™)
LM308A M)
LF355A ™
LF356A M
LF357A M)
LH2108A M
LM385

LM385

LM185

LM185

LM185

LM385

NATIONAL
DAC0800
DAC0802

DAC0801

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

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

LM317K STEEL (1)
LM323K STEEL (1)

LM330-XKC
LM337H
LM337K
LM337KC
LM337T
LM340T-XX
LM340T-XX
LM340-XXKC
LM350T
LM350K
LM350KC
LM350KA
LM385
AD562A
AD563A
wPC741
MC1408
MGC1408
MC1408
MC1414
MC1436
MC1458
MG1496
MC1508
MC1514
MC1536
MC1558
MC1596G
MC1709
MC1709
MC1710
MC1723CL
MC1723CG
MC1723CP
MC1723CL
MC1723L
MC1723G
MC1733CG
MC1741
MC1741
MC1747
MC1747
MC1748
LM2930-XKC
MC3301
MC3302
MC3361
MC3401
MC3410
MC3412
MC3510
MC4741
MC14442
MC14444
MC34001A
MC34001B
MC34001
MC340028
MC34002
MC34002A
MC34004B
MC34004
MC34004B
MC34004
MC35001
MC35001A
MC35001B
MC350028
MC35002
MC35002A

LM330T-XX
LM337H
LM337K STEEL
LM337T
LM337T
LM340T-XX
LM340K-XX
LM340T-XX
LM350T
LM350K STEEL
LM350T
LM350K STEEL
LM385
DAC1266
DAC1265
LM741
DACO0806
DACO0808
DACO0807
LM1414
LM343
LM1458
LM1446
DACO0808
LM1514
LM143
LM1558
LM1596CH
LM709
LM709
LM710
LM723CJ
LM723CH
LM723CN
LM723CM
LM723J
LM723H
LM723CH
LM741
LM741
LM747
LM747
LM748
LM2930T-XX
LM3301
LM3302
LM3361AN
LM3401
DAC1020
DAC1265
DAC1020
LM348
ADCO0829
ADCO0830
LF411C
LF411C
LF351
LF412C
LF353
LF412A
LF347B
LF347
LF147
LF147
LF411M
LF411M
LF411M
LF412M
LF412M
LF412AM

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

(2)
@

m
m
M

M
M
m
m
O]

m
1
1
M
1
M

0]
M

M
M
M
M
9
(2)
M
(2
(M
(2
(2
(1
M
M
M
(1)
(1)
(1
(1
(1
(1
(1)
(1)
(1)
M
(1)
@)
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Cross Reference by Part Number

MC145040
MC145041

PRECISION-
MONOLITHIC
INC.

REF-01J
REF-01
AMP-01
DAC-02
DAC-02
REF-02
DAC-02

" DAC-03

DAC-03
BUF03
DAC-03
OP05
DAC-05
DAC-05
DAC-05
SWo6B
SW06G
SWO06F
OPO7
DAC-08
DAC-08
MUX-08E
DAC-08
OP15
MUX-24E
REF-43
OP77
OP100
DAC100
DAC100
DAC100
OP105/111
PM108A
PM108
PM139A
PM139
PM155
PM155A
PM156
PM156A
PM157
PM157A
SW201G
SW201B
SW201F
SW202B
SW202F
SW202G
PM208A
PM208
OP215
PM308A
PM308
DAC312
PM339A
PM355
PM355A
PM356A
PM356
PM357A
PM357
PM420
OPA501/3573
PM725

ADCO0811
ADCO0811

NATIONAL
LM368-10
LM369
LH0038
DAC1022
DAC1020
LM368-5.0
DAC1021
DAC1020
DAC1022
LH0033
DAC1021
LM607
DAC1020
DAC1021
DAC1022
LF11333
LF13333
LF13333
LM607
DAC0801
DACO0800
LF13508
DACO0802
LF411
LF13509
LM368-2.5
LM607
LH0052
DAC1021
DAC1020
DAC1022
LH0052
LM108A
LM108
LM139A
LM139
LF155
LF155A
LF156
LF156A
LF157
LF157A
LF13201
LF11201
LF13201
LF11202
LF13202
LF13202
LM208A
LM208
LF412
LM308A
LM308
DAC1266
LM339A
LF355
LF355A
LF356A
LF356
LF357A
LF357
LF124
LHO101
LM725

e

M
M
]
(2)
(2)
@3)
(2)
(2)
&)
(1)
]
2
(2)
()
)

(1)

™

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

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

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

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

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

RCA/
INTERSIL/G.E.
CA081C
CA081A
CA081
CA081B
CA082C
CA082B
CA082
CA082A
CA084B
CA084
CA084C
CA124
CA139
CA139A
CA158
CA158A
DG201
DG211
DG212
CA224
CA239
CA239A
CA258
CA258A
CA301A
CA307
CA311
CA324
CA339A
CA339
CA358A

LM725

LM741

LM741

LM747

LM747

DAC0831
DAC0832
DACO0830
ADC1005
ADC1025
DAC1208
DAC1209
DAC1210
DAC0806
DAC0808
DAC0807
LH2108A
DAC1021
DAC1020
DAC1022
DAC1219
DAC1218

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

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

M

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

()
@
(2
M

M
M
(3)
1

m
M

M
(1)
(1)

(2)
@
]
(2)
]
]
]
(2
]
]
(2
(1)
m
M
M
™

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

CA358
CA741
CA741
CA747
CA747
CA748
nA748
CA748
ADCO0801
ADC0802
ADC0803
ADC0804
CA1458
CA1558
CA3105
CA3290
CA3401
IH5009
IH5010
IH5011
IH5012
IH6108
IH6208
ICL7114
ICL7114
AD7520
AD7520
AD7520
AD7521
AD7521
AD7521
AD7530
AD7530
AD7530
AD7531
AD7531
AD7531
AD7533
AD7533
AD7533
AD7541
AD7541
ICL7650
ICL8069
ICL8069
ICH8530

SAMSUNG
LM741

SGS
L78M12CV
L78M15CV
L78S12CV
L78S05CV
L78S15CV
L78M05CV
LM117K
L123CB
L272

L293

L298
LM317T
LM317K
LM748
TDA2310
LM2930A
LM2931A
TCA3089
L7805CT

LM358
LM741
LM741
LM747
LM747
LM748
LM748
LM748
ADC0801
ADC0802
ADC0803
ADC0804
LM1458
LM1558
LM675
LF393
LM3401
AH5009
AH5010
AH5011
AH5012
LF13508
LF13509
ADC1205
ADC1225
DAC1021
DAC1020
DAC1022
DAC1221
DAC1220
DAC1222
DAC1020
DAC1021
DAC1022
DAC1220
DAC1221
DAC1222
DAC1020
DAC1021
DAC1022
DAC1219
DAC1218
LMC668
LM385-1.2
LM313
LHO101

NATIONAL
LM741

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

(1)
(1

- ()

M

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

(2
@

]
3
@

(1)

@

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

M
™

(1
M

Q)
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L7815CV
L7905ACV
L7905CT
L7905CV
L7912CT
L7912ACV
L7915CT
L7915ACV

SIEMENS
TCA365

SIGNETICS
DAC-08
DAC-08
DAC-08
78LXXACS
78LXXADB
78LXXCDB
78LXXCS
78XXCU
78XXDA
79XXDA
79XXCU
LM109DB
TBA120S-4
TBA120S-3
TBA120S-2
LF198
LF298
LM309DA
LM309DB
LM340XXLL
LM340XXDA
LF398
NE529
SE529
SE532
SA532
NE532
SA534
NE555N
SE567
RA723CN
nA723CL
pA723L
nA723CF
nA723F
MAT741
nA747
ADC0801
ADC0802
ADC0803
ADC0804
ADC0805
MC1408
MC1408
MC1408
MC1496N
MC1508
MC1596K
NE4558D
NE4558N
NE4558
NE5034
SE5118
NE5118
NE5410
SE5410
NE5532P

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

NATIONAL
LHO101

NATIONAL
DAC0802
DAC0801
DAC0800
LM78XXACZ
LM78XXACH
LM78LXXCH
LM78LXXCZ
LM78XXCT
LM78XXCK
LM79XXCK
LM79XXCT
LM109H
TBA120SIV
TBA120SlIl
TBA120SII
LF198
LF298
LM309K
LM309H
LM340TXX
LM340KXX
LF398
LM361
LM161
LM158
LM2904
LM358
LM2902
LM555CN
LM567
LM723CN
LM723CH
LM723H
LM723CJ
LM723J
LM741
LM747
ADCO0801
ADC0802
ADC0803
ADC0804
ADCO0805
DAC0808
DAC0807
DACO0806
LM1496N
DAC0808
LM1596H
LM833CM
LM833CN
LM833
ADC0841
DAC0830
DAC0830
DAC1020
DAC1020
LM833CN

M
m
M
M
(1)
M
M
M

Q)

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

(1)

m
M

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

()

M
(1)
(1
(1)

2
(2)
()
(2)
()
(2)
(2
(2)
()

NE5532
NE5532N

SILICON
GENERAL
SG101
SG101A
SG107
SG124
SG201
SG201A
SG207
SG224
SG301A
SG307
SG324
SG741
SG741
SG1173
SG1436
SG1536
SG3173

SILICONIX
DG201
DG202
DG211
DG212
DG508
DG509

SPRAGUE
UDN22933

TELEDYNE
TP0032
TP0033

TEXAS
INSTRUMENTS
MA78XXCKC
uA78LXXACL
nA78MXXCKD
pA79MXXCKD
BA79XXCKC
TLOB1A
TLOB1B
TLO61
TLO62A
TLO62B
TLO62
TLO64A
TLO64
TLO71B
TLO71A
TLO71

TLO72
TLO72A
TLO72B
TLO74
TLO74A
TLO81B
TLO81
TLOB1A
TLO82B
TLO82A
TLOB2
TLO84A
TLO84

LM833
LM833CN

NATIONAL
LM101A
LM101A
LM107
LM124
LM201A
LM201A
LM207
LM224
LM301A
LM307
LM324
LM741
LM741
LM675
LM343
LM143
LM&75

NATIONAL
LF13201
LF13202
LF13201
LF13202
LF13508
LF13509

NATIONAL
LM18293

NATIONAL
LH0032
LH0033

NATIONAL
LM78XXCT
LM78LXXACZ
LM78MXXCP
LM79MXXCP
LM79XXCT
LF441
LF441A
LF441
LF442
LF442
LF442
LF444
LF444
LF411

LF411

LF351
LF353
LF412
LF412
LF347
LF347B
LF411
TLO81

LF411
LF412
LF412
TLO82
LF347B
LF347

()

m
m
(1)
M
M
m
M
M
M
M
M
M
1
(2
(1)
M
()

(1)
(1)

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

TLO87
TLO88
TLC274BI
TLC274BM
TLC274M
TLC274AC
TLC274BC
TLC274AM
TLC2741
TLC274C
TLC274Al
TL288
LM317KC
TL487N
TL489N
TL490ON
TL491N
TL520
TL521
TL522
TL530
TL531
TL532
TLC532A
TLC533A
TL533
TLC540
TLC541
TLC549
rA709
pA723CN
rA723CJ
rA723MJ
pA733CN
pA741
nA747
ADC0801
ADC0802
ADC0803
ADC0804
ADCO0805
ADC0808
ADC0809
ADC0831
ADC0832
ADC0834
ADC0838
RC4558
RV4558D
RC4558D

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

LF411A o)
LF411A 1)
LMCB60AI @

LMC660AM  (2)
LMC660AM  (2)

LMCB60AI @
LMCB60AI @
LMC660AM  (2)
LMC660AI @
LMCB60C @
LMCB60AI @
LF412A )
LM317T ]
LM3915N @)
LM3914N @
LM3914N @
LM3914N @
ADC0848 @
ADCO0848 @
ADC0848 @
ADCO0830B

ADCO0830C

ADC0829B

ADC0829B @
ADC0829C @
ADC0829C
ADC0811 @
ADCO0811

ADCO0831 @
LM709

LM723CN )
LM723CJ (1)
LM723J (1)
LM733CN

LM741

LM747

ADC0801

ADC0802
ADC0803
ADC0804
ADCO0805
ADCO0808
ADC0809

ADC0831

ADC0832
ADC0834
ADC0838

LM833

LM833CM
LM833CM

NATIONAL
LM105H M)
LM109K STEEL (1)
LM117K STEEL (1)
LM117H %l
LM123K STEEL (1)
LM134

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

LM309K STEEL (1)
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Cross Reference by Part Number

LM317K
LM317H
LM323K
LM334
LM335A
LM335
LM337H
LM337K
LM338K
LF398
pA741
nA748
TBC0136
nA7805CK
1A7805MK
pA7812MK
nA7812CK
pA7815CK
pA7815MK
pA7905MK
wA7905CK
pA7912MK
pA7912CK
nA7915MK
pA7915CK

TOSHIBA
TA7504
TA75339
TA75358
TA75393
TA75902

UNITRODE
L293
L298

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

LM335A

LM335

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

LM748

LM336

LM7805KC (1)
LM140K-50 (1)
LM140K-12 (1)
LM7812KC (1)
LM7815KC (1)
LM140K-15 (1)
LM120K-50 (1)
LM7905KC (1)
LM120K-12 (1)
LM7912KGC (1)
LM120K-15 (1)
LM7915KC (1)

NATIONAL

LM741

LM2901 o)
LM2904 ™)
LM2903 %)
LM2902 ™)

NATIONAL
LM18293
LM18298
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Industry Package Cross-Reference Guide

NSC | Signetics | Fairchild | Motorola | TI | RCA | Hitachi | NEC | LTC
ﬁ: 4/16 Lead
iﬁ?ﬁ‘? Glass/Metal DIP b ! D L b ¢ b o
Glass/Metal F,
Flat Pack F Q F F S K F Q
é % é T,
mom K st
TO-99, TO-100, TO-5 H L’ H G L v o A H
i
8-, 14- and 16-Lead R J
Low Temperature J F ’ U J i
W Ceramic DIP D G D | 8
% (Steel)
103 K KS K
g ° 3 KC DA K K K
° (Aluminum)
éi 8-, 14- and 16-Lead V, T P N
W Plastic DIP N g P P N E P C N8

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

19
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Industry Package Cross-Reference Guide

NSC | Signetics | Fairchild | Motorola | TI | RCA | Hitachi | NEC | LTC
e}
TO-202
’ (D-40, Durawatt) P KD
ol
( TO-220
| 3- & 5-Lead T U U KC T H T
TO-220 T
11-, 15- & 23-Lead
Low Temperature
Glass Hermetic w F F W
Flat Pack
TO-92
|]|][| (Plastic) z s w P LP H | z
AAAAAAA
HHHHHHH
(Narrow Body) | M D S D D M MP G S
(Wide Body) WM DW

20




(AR

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

21
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Voltage Regulators—Definition of Terms

National
Semiconductor
Corporation

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.

24




National
Semiconductor
Corporation

Voltage Regulators Selection Guide

Adjustable Positive Voltage Regulators

. Output
Amps Device Voltage Package Page
10.0 LM196K 1.25V-15V TO-3
LM396K 1.25V-15V TO-3
5.0 LM138K 1.2v-32v TO-3
LM338K 1.2v-32V TO-3
3.0 LM150K 1.2V-33V TO-3
LM350K, T 1.2V-33V TO-3, TO-220
1.5 LM117K 1.2V-37V TO-3
LM117HVK 1.2V-57V TO-3
LM2941CT 5.0V-24V TO-220
LM317K, T 1.2v-37V TO-3, TO-220
LM317HVK 1.2V-57V TO-3
0.5 LM117H 1.2V-37V TO-39
LM117HVH 1.2V-57V TO-39
LM317H 1.2V-57V TO-39
LM317HVH 1.2V-37V TO-39
LM317MP 1.2v-37V TO-202
0.1 LM317LZ, M 1.2V-37V TO-92, SO-8
LM2931CT 3.0V-24V TO-220, 5-LEAD
LP2951CN, J, H, M 1.24V-29V DIP, CERDIP, HEADER, SO-8
Adjustable Negative Voltage Regulators
Amps Device Output Voltage Package Page
3.0 LM133K —1.2V - —32V TO-3
LM333K, T —1.2V - —32V TO-3, TO-220
1.5 LM137K —1.2V - =37V TO-3
LM137HVK —1.2V - —47V TO-3
LM337K, T —1.2V - =37V TO-3, TO-220
LM337HVK —1.2V - —47V TO-3
0.5 LM137H —1.2V - =37V TO-39
LM137HVH —1.2V - —47V TO-39
LM337H —1.2V - =37V TO-39
LM337HVH —1.2V - —47V TO-39
LM337MP —-1.2V - —37V TO-202
0.1 LM337LZ, M —1.2V - =37V TO-92, SO-8

25
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Voltage Regulators Selection Guide

Fixed Positive Voltage Regulators

Amps Device Output Voltage Package Page
3.0 LM123K 5V TO-3
LM2943CT* 5V TO-220
LM323K 5V TO-3
1.0 LM109K 5V TO-3
LM140AK 5V, 12V, 15V TO-3
LM140K 5V, 12V, 15V TO-3
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, 12V, 15V TO-3, TO-220
0.5 LM2984CT 5V, 12V, 15V TO-220, TO-202
LM341T, P 5V, 12V, 15V TO-220, TO-202
LM78MxxCT 5V, 12V, 15V TO-220
0.2 LM109H 5V TO-39
LM309H 5V TO-39
LM342P 5V, 12V, 15V TO-202
0.15 LM2930T 5V,8V TO-220
0.1 LM140LAH 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, 12V, 15V TO-92, TO-39, SO-8
LP2950CZ 5V TO-92
*Future Product
Fixed Negative Voitage Regulators
Amps Device Output Voltage Package Page
3.0 LM145K -5V, —5.2V TO-3
LM345K -5V, —=5.2V TO-3
1.5 LM120K -5V, —12V, —15V TO-3
LM320K, T -5V, —12V, —15V TO-3, TO-220
LM79xxCT, K -5V, —12V, —15V TO-3, TO-220
0.5 LM320MP -5V, —12V, —15V TO-220
LM79MxxCP, K -5V, —12V, —15V TO-202, TO-3
0.2 LM120H -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,S0-8

*The LM320 has better electrical characteristics than the LM79xx.

LM100 Series ~ +55°C to +150°C
LM300 Series 0°Cto +125°C
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Low Dropout Regulators

Amps Device Output Voltage Package Page
0.100 LM2931T, Z 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
1.5 LM2940CT 5V, 12V, 15V T0O-220
LM2941CT* ADJ TO-220, 5-LEAD
3.0 LM2943CT* 5V TO-220

*Future Product
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Operational Amplifiers—Definition of Terms
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Operational Amplifiers
Definition of Terms

Bandwidth: That frequency at which the voltage gain is re-
duced to 1/42 times the low frequency value.
Common-Mode Rejection Ratio: The ratio of the input
common-mode voltage range to the peak-to-peak change in
input offset voltage over this range.

Harmonic Distortion: That percentage of harmonic distor-
tion being defined as one-hundred times the ratio of the
root-mean-square (rms) sum of the harmonics to the funda-
mental. % harmonic distortion =

(V22 + V32 + V42 + .. )1/2 (100%)
Vi

where V1 is the rms amplitude of the fundamental and V2,
V3, V4, ... are the rms amplitudes of the individual harmon-
ics.

Input Bias Current: The average of the two input currents.

Input Common-Mode Voltage Range: The range of volt-
ages on the input terminals for which the amplifier is opera-
tional. Note that the specifications are not guaranteed over
the full common-mode voltage range unless specifically
stated.

Input Impedance: The ratio of input voltage to input current
under the stated conditions for source resistance (Rg) and
load resistance (Ry).

Input Offset Current: The difference in the currents into
the two input terminals when the output is at zero.

Input Offset Voltage: That voltage which must be applied
between the input terminals through two equal resistances
to obtain zero output voltage. )

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

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

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

Output Impedance: The ratio of output voltage to output
current under the stated conditions for source resistance
(Rs) and load resistance (R().

Output Resistance: The small signal resistance seen at the
output with the output voltage near zero.

Output Voltage Swing: The peak output voltage swing, re-
ferred to zero, that can be obtained without clipping.
Offset Voltage Temperature Drift: The average drift rate
of offset voltage for a thermal variation from room tempera-
ture to the indicated temperature extreme.

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

Settling Time: The time between the initiation of the input
step function and the time when the output voltage has set-
tled to within a specified error band of the final output volt-
age.

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

Supply Current: The current required from the power sup-
ply to operate the amplifier with no load and the output mid-
way between the supplies.

Transient Response: The closed-loop step-function re-
sponse of the amplifier under small-signal conditions.
Unity Gain Bandwidth: The frequency range from dc to the
frequency where the amplifier open loop gain rolls off to
one.

Voltage Gain: The ratio of output voltage to input voltage
under the stated conditions for source resistance (Rg) and
load resistance (Ry).
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Slew Supply Supply
Part # va((ltllsax) nA :I?Ilax) MHGzB("II'v ) Rate ((;:gtr: r:;; torase FS;Z:::ZL
YP. V/us (Typ) mA (Max) M‘;n Mcx
Military Temperature Range (—55°C to + 125°C) Specs at Tp = 25°C (Note 1)
LHO044A 0.025 15 0.4 0.06 3 +3 +20
LM607A 0.025 2 1.8 0.7 1.5 * +22
LHO044 0.05 30 0.4 0.06 4 +3 +20
LM607B 0.05 3 1.8 0.7 1.5 * +22
LM11 0.3 0.05 * 0.3 0.6 * +20
LF411A 0.5 0.2 4 15 2.8 +6 +22
LF441A 0.5 0.05 1 1 0.2 +6 +22
LH0052 0.5 0.003 1 3 3.5 +5 +22
LM108A 0.5 2 1 0.3 0.4 +2 +20
LF412A 1 0.2 4 15 5.6 +6 +22 | Dual BiFet
LF442A 1 0.05 1 1 0.4 +6 22 Dual BiFet
LHO004 1 100 * * 0.15 +5 +45
LM604A 1 40 7 2 8 4 36 Multiplexed OA
LF155A 2 0.05 2.5 4 +5 +22
LF156A 2 0.05 5 12 7 +5 +22
LF157A 2 0.05 25 50 7 +5 +22 Minimum Gain of 5
LF411 2 0.2 4 15 3.4 +6 +18
LMC660A 2 0.02 1.5 1.7 2.2 5 15 Quad CMOS
LM10 2 20 * * 0.4 (Note 4) OA + Reference
LM101A 2 75 1 0.5 3 +3 +22
LM107 2 75 1 0.5 3 +3 +22
LM108 2 1 0.3 0.4 +2 +20
LM112 2 1 0.2 0.6 +2 +20 Compensated LM108
LM124A 2 50 * * 3 3 32 Quad
LM158A 2 50 * * 1.2 3 32 Dual
LP124 2 4 0.1 0.05 0.13 3 32 Quad
LH0020 25 250 * * 5 +5 +22
LF412 3 0.2 4 15 6.8 +6 +22 Dual
LM741A 3 80 15 0.7 2.8 +3 +22
LH0022 4 0.01 1 3 3.5 +5 +22
LF155 5 0.1 2.5 5 4 +5 +22
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Operational Amplifier Selection Guides

General Purpose Operational Amplifier Selection Guide (continued)

Slew Supply Supply
Part # Vos Is GBW Rate Current Voltage Special
mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) Min Max Features
mA (Max) v v
Military Temperature Range (—55°C to + 125°C) Specs at Tp = 25°C (continued)
LF156 5 0.1 5 12 7 +5 +22
LF157 5 0.1 20 50 7 +5 +22 | Minimum Gain of 5
LF147 5 0.2 4 13 1 +6 +22 Quad BiFet
LF412 5 0.2 4 15 6.8 +6 +18 Dual BiFet
LF442 5 0.1 1 1 0.5 +6 +18 | Dual BiFet
LF444A 5 0.1 1 1 0.80 +6 +22 | Quad BiFet
LHO0086 5 0.5 3 10 15.5 +8 +18 | Programmable Gain OA
LM124 5 150 * * 3 32 Quad
LM143 5 20 1 25 4 +4 +40
LM144 5 20 1 25 4 t4 +40 | Minimum Gain of 10
LM146 5 100 1.2 0.4 2 +1.5 +22 (Note 5)
LM148 5 100 1 0.5 3.6 +5 +22 Quad
LM149 5 100 4 2 3.6 +5 +22 Minimum Gain of 5, Quad
LM158 5 150 * * 1.2 32 Dual
LM192 5 150 * * 2 3 32 Comparator and Op Amp
LM741 5 500 * 0.5 2.8 +3 +22
LM1558 5 500 * * 5 +3 +22 Dual
LM4250 5 50 0.2 0.2 0.1 +1 +18 | (Note 5)
LHO042 20 0.025 1 3 3.5 +5 +22
Slew Supply Supply
Part # Vos Is GBW Rate Current Voltage Special
mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) Min Max Features
mA (Max) v v
Industrial Temperature Range (—25°C to +85°C) (Note 1)
LMC669B 0.025 0.1 * * 6 +8 +22 | Autozero Block
LH0044B 0.05 30 0.4 0.06 4 +3 +20
LH0044C 0.05 30 0.4 0.06 4 +3 +20
LMC669C 0.05 0.1 * * 6 +8 +22 | Autozero Block
LM208A 0.5 2 1 0.3 0.6 t2 +20
LH0052C 1 0.005 1 3 3.8 +5 +22
LMC660A 2 0.02 1.5 1.7 2.2 5 15 Quad CMOS
LM10B(L) 2 20 * * 0.4 (Note 4) Op Amp and Reference
LM201A 2 75 1 0.5 3 +3 +22
LM207 2 75 1 0.5 +3 +22
LM208 2 1 0.3 0.6 +2 +20
LM212 2 1 0.3 0.6 +2 +20 Compensated LM208
LM224A 3 80 * * 2 32 Quad
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General Purpose Operational Amplifier Selection Guide (continued)

Slew Supply Supply
Parts | e | natwo | wz(e) | P | oted) [T Features
YP | vyus (Typ) A (M M‘;n M:x
Industrial Temperature Range (—25°C to + 85°C) (continued)
LM258A 3 80 * * 1.2 3 32 Dual
LF255 5 0.1 25 5 4 +5 +22
LF256 5 0.1 5 12 7 +5 +22
LF257 5 0.1 20 50 7 +5 +22 | Minimum Gain of 5
LM224 5 150 * * 2 3 32 Quad
LM258 5 150 * * 1.2 3 32 Dual
LM292 5 250 * * 2 3 32 Comparator and Op Amp
LH0020C 6 500 * * +5 +22
LH0022C 6 0.025 1 3 +5 +22
LM246 6 250 0.5 0.4 2.5 *2 +18 | (Note5)
LM248 6 200 1 0.5 4.5 +5 +18 | Quad
LM249 6 200 4 2 4.5 +5 +18 Minimum Gain of 5, Quad
LH0086C 10 0.5 3 10 155 +8 +18 | Programmable Gain 1 to 200
LH0042C 20 0.05 1 3 4 +5 | *£22
Slew Supply Supply
Part # Vos Is GBW Rate Current Voltage Special
mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) Min Max Features
mA (Max) v v
Commercial Temperature Range (0°C to +70°C) (Notes 1 and 2)
LMC668A 0.005 0.06 1 2.5 3.5 * 18 Commutating Autozero
LMC668 0.01 0.06 1 25 3.5 * 18 Commutating Autozero
LMC669B 0.025 0.1 * * 6 +8 +22 Autozero Block
LM607A 0.025 2 1.8 0.7 15 +22
LMC669C 0.05 0.1 * * 6 +8 +22 | Autozero Block
LM607B 0.05 3 1.8 0.7 15 * +22
LM607 0.15 10 1.8 0.7 1.8 * +22
LF411A 0.5 0.2 4 15 2.8 +6 +22
LF441A 0.5 0.05 1 1 0.2 +6 +22
LM308A 0.5 7 1 0.3 0.8 2 +£20
LM11C 0.6 0.1 * 0.3 0.8 * +20
LF412A 1 0.2 4 15 5.6 +6 +22 | Dual
LF442A 1 0.05 1 1 0.4 +6 +22 | Dual
LM604A 1 40 5 3 9 4 36 Multiplexed Op Amp
LF355A 2 0.05 2.5 5 4 +5 +22
LF356A 2 0.05 5 12 10 +5 +22
LF357A 2 0.05 20 50 10 +5 +22 Minimum Gain of 5
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General Purpose Operational Amplifier Selection Guide (continued)

Operational Amplifier Selection Guides

Slew Supply Supply
Part # Vos Ig GBW Rate Current Voltage Special
mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) Min Max Features
mA (Max) v v
Commercial Temperature Range (0°C to + 70°C) (continued)
LF411 2 0.2 4 15 3.4 +6 +22
LF412 3 0.2 4 15 6.8 +6 +22 Dual
LM324A 3 100 * * 3 3 32 Quad
LM358A 3 100 * * 2 3 32 Dual
LM604 3 60 5 7 4 36 Multiplexed Op Amp
LM741E 3 80 1.5 0.7 2.8 +3 +22
LM10C(L) 4 30 * * 0.5 (Note 4) OA and Reference
LP324 4 10 0.1 0.05 0.15 3 32
LF347B 5 0.2 4 13 11 +6 +22 | Quad
LF355B 5 0.1 2.5 5 4 +5 +22
LF356B 5 0.1 5 12 4 +5 +22
LF357B 5 0.1 20 50 7 x5 +22
LF441 5 0.1 1 1 0.25 +6 +22
LF442 5 0.1 1 1 0.5 +6 +22 | Dual
LM11CL 5 0.2 * 0.3 0.8 * +20
LM392 5 250 * * 2 3 32
LM833 5 1000 10 5 8 * +18 Dual Low Noise
LMC660 6 0.02 1.5 1.7 2.7 5 15 Quad CMOS
LM346 6 250 0.5 0.4 25 +1.5 +22 (Note 5)
LM348 6 200 -1 0.5 4.5 +5 +18
LM349 6 200 4 2 45 +5 +18
LM741C 6 500 15 0.5 2.8 +3 +18
LM1458 6 500 * * 5.6 +3 +18
LM4250C 6 75 0.2 0.2 0.1 +1 +18 | (Note 5)
LM324 7 250 * * 3 32
LM358 7 250 * * 2 32
LM301A 7.5 250 1 0.5 3 +3 +18
LM307 7.5 250 1 0.5 3 +3 +18
LM308 7.5 7 1 0.3 0.8 +2 +18
LM312 7.5 7 1 0.2 0.8 +2 +18 Compensated LM308
LM343 8 40 1 25 5 +4 +34
LM344 8 40 1 25 5 +4 +34 Minimum Gain of 10
LF347 10 0.2 4 13 11 +6 +18 | Quad BiFet
LF351 10 0.2 4 13 3.4 +6 +18
LF353 10 0.2 4 13 6.8 +6 +18 Dual BiFet
LF355 10 0.2 2.5 5 4 +5 +18
LF356 10 0.2 5 12 10 +5 +18
LF357 10 0.2 20 50 10 +5 +18 Minimum Gain of 5
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General Purpose Operational Amplifier Selection Guide (continued)

Slew Supply Supply
Part # Vos Is GBW Rate Current Voltage Special
mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) Min Max Features
mA (Max) v v
Commercial Temperature Range (0°C to + 70°C) (continued)

LF444 10 0.1 1 1 1 +6 +18 Quad BiFet

LF13741 15 0.2 1 0.5 4 * +18

TLO81C 15 0.2 4 13 2.8 +6 +18

TLO82C 15 0.2 4 13 5.6 + +18 Dual BiFet

Slew Supply Supply
Part # Vos Ig GBW Rate Current Voltage Special
mV (Max) nA (Max) MHz (Typ) V/us (Typ) (Note 3) Min Max Features
mA (Max) v v
Automotive Temperature Range (—40°C to +85°C)

LM604 3 60 7 3 9 4 36 Multiplexed Op Amp
LP2902 4 20 0.1 0.05 0.15 3 26 Quad
LM2902 7 250 * * 3 26 Quad
LM2904 7 250 * * 3 26 Quad
LM2924 7 250 * * 3 26 Comparator Plus Op Amp

*Not Specified.

Note 1: Datasheet should be referred to for test conditions and more detailed information.
Note 2: Those looking for a commercial part should also look at the Industrial Temp Range guide as many Hybrids are listed there.
Note 3: Supply current is for all amplifiers in a package.
Note 4: The LM10 has 2 versions: one a high voltage part, good to 45V and a low voltage part, good to 7V. Refer to the datasheet for more information.

Note 5: The LM146 and LM4250 are programmable amplifiers. The data shown is for Vg = +£15V and IsgT = 10 pA. Refer to the datasheets for more information.
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Low Igjas Selection Guide
<spA | <20pa | <sopa |  <100pa | <200 pA <500 pA <1nA
Ta = 25°C
LH0022 LMC668 | LH0032A LH0032 LF401A LH4101 LH4104
LHO022C | LMCBB0 | LF155A/156A | LF155/156 LF401 LH0032C
LH0042 LF157A LF157 LF400A LHO086
LH0042C LF355A/356A | LF255/256 LF400 LH0086C
LH0052 LF357A LF257 TLOB1
LHO052C LF441A LF355B/3568 | LHOOG2AC
LH0062 LF442A LF3578 LF351
LF444A LF41 LF411A/411
LM11 LF442 LF355/356
LF444 LF357
LM11C LF147/3478/347
B LH0062C LF353
i LF412A/412
LF13741
LM11CL

Note: Datasheet should be referred to for conditions and more detailed information.
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High Speed Operational
Amplifier Selection Guide

lew Rat Is
Part # 5 /is (F.:.?:) Ml-:;z B“V_\; p) va(c;: %) r:l:‘\ c>(t|:az);) Notes
GBW > 4 MHz, T = 25°C
LH0024 500 70 8 15
LH0032 500 70 15 22 FET Input
LM6361 300 50 20 6.8
LM6364 300 175 9 6.8 Min Gain of 5
LM6365 300 725 7 6.8 Min Gain of 25
LH4101 250 40 15 40 Medium Power JFET
LF400 70 16 25 12 Fast Settling JFET
LF401 70 16 0.5 12 Precision Fast Settling JFET
LH0003 70 30 3 3
LH0062 70 15 15 12 FET Input
LM318 70 15 10 10
LF357 50 20 10 10 Min Gain of 5, JFET
LH4104 40 16 10 25 Medium Power Fast Settling JFET
LM359 30 30 * 22 Dual Current Mode (Norton) Amp
LF411 15 4 2 3.4 JFET
LF412 15 4 3 6.8 Dual JFET
LF347 13 4 10 11 Quad JFET
LF351 13 4 10 3.4 JFET
LF353 13 4 10 6.8 Dual JFET
LF356 12 45 10 10 JFET
LM833 7 15 5 8 Dual Low Noise
*Not specified.

Note 1: Datasheet should be referred to for conditions and more detailed information. Many versions with better DC specs are available in addition to those listed
above.

Note 2: Supply current is for all amplifiers in a package.
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Medium and High Power Operational Amplifier

Selection Guide (= 0.1A Output)

Part # lout Vos Is Slew Rate PBW
A (Typ) mV (Max) mA (Max) V/uS (Typ) kHz (Typ)
LH4104 0.1 10 25 40 *
LH4101 0.1 15 40 250 *
LH0041 0.2 6 4 1 20
LH0061 0.5 15 15 25 1000
LHO0021 1.0 4 1 20
LHO101A 2 35 10 300
LHO101 2 10 35 10 300
LM675 3 10 50 8 *
LM12(L) (Note 2) 7 80 60
LM12C(L) (Note 2) 15 120 60
*Not Specified

Note 1: Refer to Datasheet for conditions and more detailed information.

Note 2: Iy for the LM12 is dependent on the amount of power dissipated in the output transistor. The datasheet should be referred to, to determine amount of

current available.
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LH0045
LH0082
LHO0086
LM359
LM2900, 3900,
3301, 3401
LM3080
LM13600
13700

LM604

Special Amplifier Selection Guide

Two Wire Transmitter

20 MHz Transimpedance Amplifier
Programmable Gain Operational Amplifier
Dual Current Mode (Norton) Amplifier
Quad Current Mode (Norton) Amplifier

Operational Transconductance Amplifier

Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers
Improved Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers
4 In, 1 Out Multiplexed Op Amp

Note: Refer to the datasheet for specifications.
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Buffers—Definition of Terms
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Buffers
Definition of Terms

Bandwidth: That frequency at which the voltage gain is re-
duced to 1/42 times the low frequency value.
Common-Mode Rejection Ratio: The ratio of the input
common-mode voltage range to the peak-to-peak change in
input offset voltage over this range.
Harmonic Distortion: That percentage of harmonic distor-
tion being defined as one-hundred times the ratio of the
root-mean-square (rms) sum of the harmonics to the funda-
mental.

% harmonic _ (V22 + V32 + V42 + .. .)1/2(100%)

distortion V1

where V1 is the rms amplitude of the fundamental and V2,
V3, V4, . .. are the rms amplitudes of the individual harmon-
ics.

Input Bias Current: The average of the two input currents.

Input Common-Mode Voltage Range: The range of volt-
ages on the input terminals for which the amplifier is opera-
tional. Note that the specifications are not guaranteed over
the full common-mode voltage range unless specifically
stated.

Input Impedance: The ratio of input voltage to input current
under the stated conditions for source resistance (Rg) and
load resistance (Ry).

Input Offset Current: The difference in the currents into
the two input terminals when the output is at zero.

Input Offset Voltage: That voltage which must be applied
between the input terminals through two equal resistances
to obtain zero output voltage.

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

Input Voltage Range: The range of voltages on the input

terminals for which the amplifier operates within specifica-
tions.

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

Output Impedance: The ratio of output voltage to output
current under the stated conditions for source resistance
(Rsj and load resistance (R).

Output Resistance: The small signal resistance seen at the
output with the output voltage near zero.

Output Voltage Swing: The peak output voltage swing, re-
ferred to zero, that can be obtained without clipping.
Offset Voltage Temperature Drift: The average drift rate
of offset voltage for a thermal variation from room tempera-
ture to the indicated temperature extreme.

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

Settling Time: The time between the initiation of the input
step function and the time when the output voltage has set-
tled to within a specified error band of the final output volt-
age.

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

Supply Current: The current required from the power sup-
ply to operate the amplifier with no load and the output mid-
way between the supplies.

Transient Response: The closed-loop step-function re-
sponse of the amplifier under small-signal conditions.
Unity Gain Bandwidth: The frequency range from dc to the
frequency where the amplifier open loop gain rolls off to
one.

Voltage Gain: The ratio of output voltage to input voltage
under the stated conditions for source resistance (Rg) and
load resistance (R|).
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Buffers Selection Guide notes 1and2)

Device —3dB Vos Is Voltage Vout S.R. lout
Type MHz (Typ) mV (Max) mA (Max) Gain (Typ) V (Min) V/us (Typ) mA (Typ)

LM110, 210, 310 20 7.5 5.5 0.9999 +10 3.0 10

LH4001 25 500 10 0.97 +10 125 200
LHO002 30 +30 10 0.97 +10 100 200
LH0033 100 20 24 0.98 +9 1400 100
LH4002 200 50 35 0.85 +3 1250 40

LH0063 200 +50 65 0.93 +10 2400 250

*Not specified

Note 1: Datasheet should be referred to for test conditions and more detailed information.
Note 2: 200°C Temp Range Parts are available. Consult local sales office for information.
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Voltage Comparators—Definition of Terms
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Voltage Comparators
Definition of Terms

Input Bias Current: The average of the two input currents.
Input Offset Current: The absolute value of the difference
between the two input currents for which the output will be
driven higher than or lower than specified voltages.

Input Offset Voltage: The absolute value of the voltage
between the input terminals required to make the output
voltage greater than or less than specified voltages.

Input Voltage Range: The range of voltage on the input
terminals (common-mode) over which the offset specifica-
tions apply.

Logic Threshold Voltage: The voltage at the output of the
comparator at which the loading logic circuitry changes its
digital state.

Negative Output Level: The negative DC output voltage
with the comparator saturated by a differential input equal to
or greater than a specified voltage.

Output Leakage Current: The current into the output termi-
nal with the output voltage within a given range and the
input drive equal to or greater than a given value.

Output Resistance: The resistance seen looking into the
output terminal with the DC output level at the logic thresh-
old voltage.

Output Sink Current: The maximum negative current that
can be delivered by the comparator.

Positive Output Level: The high output voltage level with a
given load and the input drive equal to or greater than a
specified value.

Power Consumption: The power required to operate the
comparator with no output load. The power will vary with
signal level, but is specified as a maximum for the entire
range of input signal conditions.

Response Time: The interval between the application of an
input step function and the time when the output crosses
the logic threshold voltage. The input step drives the com-
parator from some initial, saturated input voltage to an input
level just barely in excess of that required to bring the output
from saturation to the logic threshold voltage. This excess is
referred to as the voltage overdrive.

Saturation Voltage: The low-output voltage level with the
input drive equal to or greater than a specified value.

Strobe Current: The current out of the strobe terminal
when it is at the zero logic level.

Strobe Output Level: The DC output voltage, independent
of input conditions, with the voltage on the strobe terminal
equal to or less than the specified low state.
Strobe “ON” Voltage: The maximum voltage on either
strobe terminal required to force the output to the specified
high state independent of the input voltage.

Strobe “OFF” Voltage: The minimum voltage on the strobe
terminal that will guarantee that it does not interfere with the
operation of the comparator.

Strobe Release Time: The time required for the output to
rise to the logic threshold voltage after the strobe terminal
has been driven from zero to the one logic level.

Supply Current: The current required from the positive or
negative supply to operate the comparator with no output
load. The power will vary with input voltage, but is specified
as a maximum for the entire range of input voltage condi-
tions.

Voltage Gain: The ratio of the change in output voltage to

the change in voltage between the input terminals produc-
ing it.
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Response Vos Is I8
T'"‘T‘gyp) mV(Max) mA(Max) nA(Max) Comments
Ta = 25°C (Notes 1 and 2)
LM361 12 5 25 30,000 High Speed w/Strobes
LM360 16 5 32 20,000 High Speed, Complementary Outputs
LM306 40 5 10 25,000 High Speed, High Drive
LM319 80 8 125 1000 High Speed Dual
LF311 200 10 7.5 0.15 FET Input
LM311 200 10 75 300 General Purpose Single
LM339 1300 5 400 General Purpose Quad
LM392 1300 10 1 400 One Comparator Plus One Op Amp
LM393 1300 5 2.5 250 General Purpose Dual
LM2903 1300 5 25 250 Automotive Dual
LM2901 1300 7 2 400 Automotive Quad
LP365 4000 9 0.30 200 Programmable Quad
LP311 4000 10 0.3 150 Low Power Single
LP339 5000 9 0.1 40 Low Power Quad

*Not Specified
Note 1: Datasheet should be referred to for test conditions and more detailed information.

Note 2: This selection guide should be used to select for Response Time required. Industrial and Military Temperature Range types are available. The DC specs
are for the lowest Commercial Grade available.
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Bandwidth: That frequency at which the voltage gain is re-
duced to 1/42 times the low frequency value.
Common-Mode Rejection Ratio: The ratio of the input
common-mode voltage range to the peak-to-peak change in
input offset voltage over this range.

Harmonic Distortion: That percentage of harmonic distor-
tion being defined as one-hundred times the ratio of the
root-mean-square (rms) sum of the harmonics to the funda-
mental. % harmonic distortion =

(V22 + V32 + V42 + .. .)1/2(100%)
Vi

where V1 is the rms amplitude of the fundamental and V2,
V3, V4, . .. are the rms amplitudes of the individual harmon-
ics.

Input Bias Current: The average of the two input currents.

Input Common-Mode Voitage Range: The range of volt-
ages on the input terminals for which the amplifier is opera-
tional. Note that the specifications are not guaranteed over
the full common-mode voltage range unless specifically
stated.

Input Impedance: The ratio of input voltage to input current
under the stated conditions for source resistance (Rg) and
load resistance (Rp).

Input Offset Current: The difference in the currents into
the two input terminals when the output is at zero.

Input Offset Voltage: That voltage which must be applied
between the input terminals through two equal resistances
to obtain zero output voltage.

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

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

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

Output Impedance: The ratio of output voltage to output
current under the stated conditions for source resistance
(Rg) and load resistance (Ry).

Output Resistance: The small signal resistance seen at the
output with the output voltage near zero.

Output Voltage Swing: The peak output voltage swing, re-
ferred to zero, that can be obtained without clipping.

Offset Voltage Temperature Drift: The average drift rate
of offset voltage for a thermal variation from room tempera-
ture to the indicated temperature extreme.

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

Settling Time: The time between the initiation of the input
step function and the time when the output voltage has set-
tled to within a specified error band of the final output volt-
age.

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

Supply Current: The current required from the power sup-
ply to operate the amplifier with no load and the output mid-
way between the supplies.

Transient Response: The closed-loop step-function re-
sponse of the amplifier under small-signal conditions.
Unity Gain Bandwidth: The frequency range from dc to the
frequency where the amplifier open loop gain rolls off to
one.

Voltage Gain: The ratio of output voltage to input voltage
under the stated conditions for source resistance (Rg) and
load resistance (R)).
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Part Number Gain Error (Max) | Gain Linearity (Typ) J CMRR dB (Min) Ig nA (Max)
Ta = 25°C
LH0036 n Power 3% 0.03% 46 125
LH0038 3% 0.0001% 86 100
LHO084 0.3% 0.005% 80 0.500
LM363 2.5% 0.01% 90 10

Note 1: Datasheet should be referred to for test conditions and more detailed information.
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fcLk: the switched capacitor filter external clock frequency.

fo: center of frequency of the second order function com-
plex pole pair. f, is measured at the bandpass output of
each > MF10, and it is the frequency of the bandpass peak
occurrence.

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

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

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

Honp: the gain in (V/V) of the highpass output of each
MF10 as f = fg /2.

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

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

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

Hon,: the notch output gain as f — 0 Hz.
Hon,: the notch output gain as f — fg k/2.
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. . Max Max Freq Freq Typ.Q Max

#
Device Type Function Order Accuracy Range Accuracy FxQ
MF10 (S, T) Universal Universal 4th +0.6% 0.1-30 kHz +2% 200 kHz

Chebyshev
+1.0% - +29

MF8 (T) Bandpass Butterworth 4th +1.0% 0.1-20 kHz 2% 5 MHz
MF6 (S, T) Lowpass Butterworth 6th +1.0 0.1-20 kHz N/A N/A
MF5 (S) Universal Universal 2nd +1.0% 0.1-30 kHz +6% 200 kHz
MF4 (S) Lowpass Butterworth 4th +0.6% 0.1-20 kHz N/A N/A
*LMF100 Universal Universal 4th +0.6% 40 kHz +2% 1.8 MHz
*LMF60 Lowpass Butterworth 6th +0.6% 40 kHz N/A N/A

S Surface Mount Available
T Extended Temperature Available
* Advance Information
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Ron: Resistance between the output and the input of an
addressed channel.

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

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

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

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

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

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

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

torr: Delay time between the 50% points of the enable
input and the switch OFF condition.
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. : Vs Ton/TorF Ron
Part Number Function Logic Input
giene (Typ) ns (Typ) Q
AH5011 QUAD SPST TTL, CMOS — 150/300 100
AH5012 TTL, CMOS — 150/300 150
CD4016 CMOS +7.5 20/40 850
CD4066 CMOS +7.5 25/50 280
LF11201/LF13201 TTL +15 90/500 200
LF11202/LF13202 TTL +15 90/500 200
LF11331/LF13331 TTL +15 90/500 200
LF11332/LF13332 TTL +15 90/500 200
LF11333/LF13333 TTL +15 90/500 200
MM74HC4016 CMOS +12 5/8 40
AH5020 DUAL SPDT TTL, CMOS — 150/300 150
CD4053 TRIPLE SPDT CMOS +7.5 160/75 300
MM74HC4053 CMOS +6.0 15/16 40
AH5009 4-CHANNEL TTL, CMOS — 150/300 100
AH5010 TTL, CMOS — 150/300 150
CD4052 4-CHANNEL CMOS +75 160/75 300
CD4529B DIFFERENTIAL CMOS +7.5 50 350
LF13509 TTL, CMOS +18 1600/200 350
MM74HC4052 CMOS +6.0 15/16 40
CD4051 8-CHANNEL CMOS +7.5 160/75 300
CD4529B CMOS +7.5 50 350
LF13508 TTL, CMOS +18 1600/200 350
MM74HC4051 CMOS +6.0 15/16 40
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Conversion Time: The time required for a complete mea-
surement by an analog-to-digital converter.

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

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

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

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

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

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

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

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

MSB (Most Significant Bit): In a binary coded system this

is the bit that has the largest value or weight. Its value is one
half of full scale.

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

Offset Error (Zero Error): In a DAC, this is the output volt-
age that exists when the input digital code is set to give an
ideal output of zero volts. In the case of an ADC, this is the
difference between the ideal input voltage (12 LSB) and the
actual input voltage that is needed to make the transition
from zero to 1 LSB. All the digital codes in the transfer curve
are offset by the same value. Many converters allow nulling
of offset with an external potentiometer. Offset error is usu-
ally expressed in LSBs.

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

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

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

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

Settling Time: The time from a change in input code until a
DAC'’s output signal remains within £ 1/, LSB (or some other
specified tolerance) of the final value.
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Part Resolution Absolute Conversion Input Outp.ut Supplies Temperature
Accuracy Voltage| Logic Range* Package Comments
No. (Bits) M Time R Level )
(Max) ange evels M | | I c
A/D CONVERTER
ADC0800 8 +2LSB 50 ps +5V T, +5,—12| e e |18-PinDIP
B TRI-STATE| ™
ADC0801 8 +%LSB| 110pus 5V T, +5 . . 20-Pin DIP |Differential Input
TRI-STATE
T 20-Pin DIP
ADC0802 8 +% LSB| 110pus 5V ' +5 . ] e |20-Pin SO |Differential Input
TRI-STATE -
20-Pin PCC
L 20-Pin DIP
ADC0803 8 +1,LSB| 110ps 5V ' +5 L . e |20-Pin SO |Differential Input
TRI-STATE -
20-Pin PCC
7L 20-Pin DIP
ADCO0804 8 +1LSB 110 pus 5V ! +5 . e |20-Pin SO |Differential Input
TRI-STATE .
20-Pin PCC
TTL, Ratiometric
+ s b
ADC0805 8 +1LSB 110 ps 5V TRI-STATE +5 ° 20-Pin DIP Operation
TTL, 28-Pin DIP
+1 iy -
ADC0808 8 +1,LSB| 100 pus 5V TRISTATE +5 ° . 28-Pin PCC 8-Channel MUX
TTL, 28-Pin DIP
+ ¥
ADC0809 8 +1LSB 100 us 5V TRI-STATE +5 . 28-Pin PCC 8-Channel MUX
: 20-Pin DIP |11-Channel
+1
ADC0811B 8 +1,LSB 32 us 5V [TTL +5 . *  |20-pin PCC|SErial 1O
20-Pin DIP |11-Channel
+
ADC0811C 8 +1LSB 32 us 5V [TTL +5 ° * |20-Pin PCC Serial I/0
ADCO0816 8 +1,LSB| 100 ps 5V T, +5 . . 40-Pin DIP |16-Channel MUX
- TRI-STATE
ADC0817 8 +1LSB 100 ps 5V T, +5 . 40-Pin DIP |16-Channel MUX
TRI-STATE
28-Pin DIP |19-Channel
1
ADC0819B 8 +1, LSB 16 us 5V |TTL +5 . . 28-Pin PCC|Serial 170
28-Pin DIP |19-Channel
+
ADCO0819C 8 +1LSB 16 pus 5V [TTL +5 . *  |28-pin PCC|Serial 170
20-Pin DIP
TTL, . Built-In Track and
ADC0820B 8 +1,LSB| 1.2pus 5V TRI-STATE +5 . . . 20-P!n SO Hold Function
20-Pin PCC
20-PinDIP | .
ADC0820C| 8 +1L8B | t12ps | sv |U& +5 | o | o | o |20-pinso [BuiltinTrackand
TRI-STATE . Hold Function
20-Pin PCC
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A/D Converter Selection Guide (Continued)

Part Resolution Absolute Conversion input Outp.ut Supplies Temperature
. Accuracy ) Voltage| Logic Range* Package Comments
No. (Bits) Time (\)]
(Max) Range | Levels
M |1 ]|c
A/D CONVERTER (Continued)
TTL, ) Additional Digital
+1 g -
ADC0829B| 8 £Y%LSB| 100ps | SV || +5 . 28-PinDIP || Capabilty
TTL, . Additional Digital
9 + '
ADC0829C| 8 1L8B | 100ps | &V || +5 . 28-PInDIP || Capabilty
ADC0831B +1,LSB| 32ps 5V |TTL +5 o | o |e-PinDIP |[Seriall/O
ADC0831C +1LSB | B82pus sV |TTL +5 e | o |8-PinDIP |Seriali/O
2-Channel
+1 -Pi
ADC0832B| 8 +1,LSB| 32ps sV |TTL +5 o | o [8PinDP [
ADC0832C| 8 +1LSB| 82ps | sV |TTL +5 e | o |aPinpp |2Chanmnel
Serial I/0
ADC0833B| 8 +14LSB| 32ps sv |TTL +5 e | o [14-PinDip |+-Channel
Serial I/0
ADC0833C| 8 +1LSB | B32ps sV |TTL +5 e | o [14-Pinpip |*+Channel
Serial I/0
ADC0834B| 8 +14LSB| 32ps sv |TTL +5 o | o |14-PinDip |+Channel
- Serial I/0
ADC0834C| 8 +1LSB | B82ps sV |TTL +5 o | o [14-PinDip |+-Channel
Serial I/0
20-Pin DIP |8-Channel
+1
ADC0838B| 8 +1LSB| 32ps sv |TTL +5 * | |50piPCC|Sora VO
20-Pin DIP |8-Channel
ADC0838C| 8 +1LSB | 82ps sv |TTL +5 * | |50Pin POG|Seral VO
TTL, 20-Pin DIP |Differential Input,
1
ADCOB41B| 8 | 'LLSB| 40ps | SV g grate| O * | * |20-PinPCO|Internal Clock
TTL, 20-Pin DIP |Differential Input,
+
ADCOB41C| 8 ETLSB | 40ps | SV logigrate| tO * | * |20-Pin PCC|internal Clock
TTL 4-Channel MUX,
" , o :
ADC0844B| 8 +1,1SB| 40ps S | rmrstate| 8 o | o [2oPinDIP |
TTL, 4-Channel MUX,
N : - ,
ADC0844C| 8 +1LSB | 40ps YR M o | o eopimDIp |
TTL 28-Pin DIP |8-Channel MUX
+1 g ]
ADC0B48B| 8 | £VLSB| 40ps | SV loperarg| tO * | * |28-PinPCC|Internal Clock
TTL, 28-Pin DIP |8-Channel MUX,
+ g ,
ADC0848C| 8 £1LSB | 40ps ' ltrestate| TS * | ° |28-PinPCC|internal Clock
L 8-Bit Bus
ADG1001C| 10 +1LSB | 200ps | 5v ' +5 e | o |20-PinDIP |Compatible,
TRI-STATE . .
Differential Input
8-Bit Bus
TTL 20-Pin DIP
1 4 i
ADC1005B 10 +1,LSB 50 us 5V TRI-STATE +5 . ] . 20-Pin PCC Cpmpatl?le,
Differential Input
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Part Resolution Absolute Conversion Input Outp'ut Supplies Temperature
. Accuracy| ., Voltage Logic Range* Package Comments
No. (Bits) M Time R Level )
(Max) ange evels M | | c
A/D CONVERTER (Continued)
8-Bit Bus
TTL 20-Pin DIP
+ s .
ADC1005C 10 +1LSB 50 us 5V TRI-STATE +5 . . . 20-Pin PCC Cgmpatll?le,
Differential Input
ADC1021C| 10 +1LSB | 200 ps 5V ., +5 . ® |24-Pin DIP |Differential Input
TRI-STATE|
TTL 24-Pin DIP
+1 g ; :
ADC1025B 10 +1,LSB 50 ps 5V TRI-STATE +5 . . . 28-Pin PCC Differential Input
TTL, 24-Pin DIP
+ ) . .
ADC1025C 10 +1LSB 50 us 5V TRI-STATE +5 . . . 28-Pin PCC Differential Input
TTL 8-Bit Bus
ADC1205B| 12+sign | £%,LSB| 100 ps +5V ’ +5, 5 . e [24-Pin DIP |Compatible,
TRI-STATE X .
Differential Input
TTL 8-Bit Bus
ADC1205C| 12+sign | +1LSB 100 us 5V ! +5, £5 . e [24-Pin DIP |Compatible,
TRI-STATE| X )
Differential Input
ADC1210 12 +3,1LSB| 200 pus 10.2V [CMOS +5t0 £15| e o 24-Pin DIP
ADC1211 12 +2LSB| 200 pus 10.2V  [CMOS +5t0o £5| e . 24-Pin DIP
. TTL . Differential
+1 + ? + -
ADC1225B| 12+sign | £%, LSB| 100 us +5V TRI-STATE +5, £5 ° e [28-PinDIP Input
TTL, Differential
i + + ? + -Pi
ADC1225C| 12+sign | £1LSB 100 ps +5V TRI-STATE +5, +5 . e [28-Pin DIP Input
- TTL, . Integrating
Yor .05% -
ADC3511 | 3',-Digit | 0.05% 200 ms 2v TRI.STATE +5 e [24-Pin DIP 2P Compatible
L TTL, . Integrating
3/, % -
ADC3711 | 3%,-Digit | 0.05% 400 ms 2v TRI-STATE +5 e 124-Pin DIP P Compatible
Voltage-to-
Open 8-Pin DIP or|Frequency
| oo -
LM131 V-F 0.01% N/A Vee — 2V Collector +5to +40| e ° ° T0-99 Can |Converter
100 kHz Max
DIGITAL VOLTMETER
- 7-Segment . 31/,-Digit
1/,-] % o
ADD3501 | 3',-Digit | 0.05% 200 ms 2v LED Drive +5 e [28-Pin DIP LED DVM
. 7-Segment . 33%/,-Digit
1/, 9 =
ADD3701 | 31,-Digit | 0.05% 400 ms 2v LED Drive +5 e [28-Pin DIP LED DYM

*Temperature ranges: “M" is —55°C to +125°C ambient; “I”” is —40°C to +85°C or —25°C to +85°C; “C" is 0°C to +70°C.
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Conversion Time: The time required for a complete mea-
surement by an analog-to-digital converter.

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

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

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

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

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

LSB (Least-Significant Bit): In a binary coded system this
is the bit that carries the smallest value or weight. Its value
is the full scale voltage (or current) divided by 21, where n is
the resolution of the converter.

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

MSB (Most Significant Bit): In a binary coded system this

is the bit that has the largest value or weight. Its value is one
half of full scale.

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

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

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

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

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

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

Settling Time: The time from a change in input code until a
DAC'’s output signal remains within *1/, LSB (or some other
specified tolerance) of the final value.
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. Linearity Settling . Temperature
l::;t Re?g:;t; on @ 25°C Time SU]:‘I;)IIGS Range* Package Comments
: % (Max) | (+1,LSB)
M 1 [+
ADCO852 8 0.19 5 o | o | 8PinDip | DAC, Comparator,
Serial Input
ADCO854 8 0.19 5 . e | 14Pinpip | DAC, Comparator,
Serial Input
16-PinDIP | High-Speed
DAC0800 8 0.19 100 ns +5t0 £15 ° ° 16-Pin S.0. Multiplying
16-Pin DIP High-Speed
+ +
DAC0801 8 0.39 100 ns +5to £15 ° ° 16-Pin S.0. Multiplying
16-Pin DIP High-Speed
+ +
DACO0802 8 0.10 100 ns +5t0 +15 ° ° 16-Pin S.0. Multiplying
16-Pin DIP A
DACO0806 8 0.78 150 ns +5t0 £15 . 16-Pin S.0. Muitiplying
16-Pin DIP A
DACO0807 8 0.39 150 ns +5to +15 ° 16-Pin S.0. Multiplying
16-Pin DIP -
DAC0808 8 0.19 150 ns +5t0 £15 ° ° 16-Pin S.0. Multiplying
20-Pin DIP P Compatible
DAC0830 8 0.05 1ps 5t015 ° ° ° 20-PinS.0. | 4-Quadrant
20-Pin PCC | Multiplying
P Compatible
DACO0831 8 0.10 1ps 5t015 ] 20-Pin DIP 4-Quadrant
Multiplying
20-Pin DIP P Compatible
DAC0832 8 0.20 1pus 5t015 ° ° 20-Pin S.O. 4-Quadrant
20-Pin PCC | Multiplying
o 1P Compatible
DAC1000 10 0.05 500 ns 5to 15 ° ° o 24-Pin DIP Double Buffered
i wP Compatible
DAC1001 10 0.1 500 ns 5to 15 ° 24-Pin DIP Double Buffered
DAC1002 10 0.2 500 ns 51015 e | o | o | 2apinpp | MPCompatible
Double Buffered
DAG1006 10 0.05 500 ns 51015 o | o | o | 20pinpp | WP Compatible
Double Buffered
o 1P Compatible
DAC1007 10 0.1 500 ns 5t0 15 . ° 20-Pin DIP Double Buffered
. P Compatible
DAC1008 10 0.2 500 ns 5t015 ° ° . 20-Pin DIP Double Buffered
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D/A Converter Selection Guide

D/A Converter Selection Guide (Gontinued)

N Linearity Settling Temperature
':la: Re:giltl.lst)lon @ 25°C Time Su?‘;;;les Range* Package Comments
) % (Max) | (+1,LSB)
M 1 C
§ 4-Quadrant
DAC1020 10 0.05 500 ns 5t0 15 . . . 16-Pin DIP Multiplying
. 4-Quadrant
DAC1021 10 0.1 500 ns 5to 15 . . . 16-Pin DIP Multiplying
DAC1022 10 0.2 500 ns 5t015 e | o | o | t6-Pinpp | HQuadrant
Multiplying
1P Compatible
DAC1208 12 0.012 1ps 5t015 L L 24-PinDIP | 4-Quadrant
Multiplying
P Compatible
DAC1209 12 0.024 1ps 5t015 . . 24-PinDIP | 4-Quadrant
Muiltiplying
P Compatible
DAC1210 12 0.05 1ps 5t015 . . 24-Pin DIP | 4-Quadrant
Multiplying
DAC1218 12 0.012 1ps 5t015 o | o | 18PnDp | fQuadrant
Multiplying
DAC1219 12 0.024 1ps 51015 o | o | 18PnDp | f-Quadrant
Multiplying
DAC1220 12 0.05 500 ns 51015 o | o | o | 18PinDp | f-Quadrant
Multiplying
. 4-Quadrant
DAC1221 12 0.1 500 ns 5t015 . 18-Pin DIP Multiplying
| 4-Quadrant
DAC1222 12 0.2 500 ns 5t0 15 ° ° . 18-Pin DIP Multiplying
P Compatible
DAC1230 12 0.012 1ps 5t015 . U 20-PinDIP | 4-Quadrant
Multiplying
1P Compatible
DAC1231 12 0.024 1ps 5t0 15 . . 20-Pin DIP | 4-Quadrant
Multiplying
P Compatible
DAC1232 12 0.05 1us 5to15 . . 20-PinDIP | 4-Quadrant
Multiplying
DAC1265A 12 0.006 200 ns +15 ] ] 24-Pin DIP | High-Speed
DAC1265 12 0.012 200 ns +15 . . 24-Pin DIP | High-Speed
DAC1266A 12 0.006 200 ns +12to £15 o o 24-Pin DIP | High-Speed
DAC1266 12 0.012 200 ns +12to £15 . . 24-Pin DIP | High-Speed

*Ambient temperature range for “M” is —55°C to +125°C, “I"" is —25°C to +85°C or —40°C to +85°C, “C” 0°C to +70°C.
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Sample and Hold
Definition of Terms

Acquisition Time: The time required to acquire a new ana-
log input voltage with an output step of 10V. Note that ac-
quisition time is not just the time required for the output to
settle, but also includes the time required for all internal
nodes to settle so that the output assumes the proper value
when switched to the hold mode.

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

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

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

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

Hold Step: The voltage step at the output of the sample
and hold when switching from sample mode to hold mode
with a steady (DC) analog input voltage. Logic swing is 5V.
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Sample and Hold Selection Guide
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Sample and Hold Selection Guide

LF198A LF398A LF198 LF398 LF298 Units

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

Cs = 1000 pF 30 30 30 30 30 mV/sec

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

Cg = 1000 pF 4 4 4 4 4 us

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

Purpose Purpose
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Temperature Sensor
Selection Guide
Part Temp. Range *Accuracy Output Scale

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

*Note: Accuracy is measured over T(Min) to T(Max) uncalibrated
Note: The LM134/234/334 3-Terminal Adjustable current sources Datasheet can be found in Linear 1, Section 1.
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Voltage Reference Selection Guide
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Voltage Reference Selection Guide
Shunt Type
Temperature Output
Reverse Breakdown . Operating Voltage Drift Operating Dynamic
Voltage (VR) Device Temp. Tolerance Current Range, Ig | Impedance
ge (Vr Range* |Max,Ta = 25°C| Ppm/°C Over 9¢: IR ImMP
(Max) Range (Typ)

1.22 LM113-2 M +1% 50 (Typ) | —55°C to +125°C| 500 pAto 20 mA 0.8
1.22 LM113-1 M +2% 50 (Typ) | —55°C to +125°C| 500 uA to 20 mA 0.8
1.22 LM113 M +5% 100 (Typ) | —55°C to +125°C| 500 pA to 20 mA 0.8
1.22 LM313 [¢] +5% 100 (Typ)| 0°Cto +70°C 500 pA to 20 mA 0.8
1.235 LM185BX-1.2 M +1% 30 —55°Cto +125°C| 10 pAto 20 mA 1
1.235 LM185BY-1.2 M 1% 50 —55°Cto +125°C| 10 pnAto 20 mA 1
1.235 LM185-1.2 M +1% 150 —55°Cto +125°C| 10 pAto 20 mA 1
1.235 LM285BX-1.2 | +1% 30 —40°Cto +85°C [ 10 nAto20 mA 1
1.235 LM285BY-1.2 | +1% 50 —40°Cto +85°C | 10 nAto 20 mA 1
1.235 LM285-1.2 I +1% 150 —40°Cto +85°C | 10 pAto20 mA 1
1.235 LM385BX-1.2 C +1% 30 0°C to +70°C 15 pAto 20 mA 1
1.235 LM385BY-1.2 [¢] +1% 50 0°Cto +70°C 15 pAto 20 mA 1
1.235 LM385B-1.2 C +1% 150 0°Cto +70°C 15 nAto 20 mA 1
1.235 LM385-1.2 o} +2%, —2.4% 150 0°Cto +70°C 15 pAto 20 mA 1
1.24 10 5.3 (Adj.) LM185B M +1% 150 —55°Cto +125°C| 10 pAto20 mA 0.3
1.24 10 5.3 (Adj.) LM185BX M +1% 50 —55°Cto +125°C| 10 pAto 20 mA 0.3
1.24 t0 5.3 (Adj.) LM185BY M +1% 50 —55°Cto +125°C| 10 pAto 20 mA 0.3
1.2410 5.3 (Adj.) LM285BX | +1% 30 —40°Cto +85°C | 10 nAto20 mA 0.3
1.24 10 5.3 (Adj.) LM285BY | +1% 50 —40°Cto +85°C | 10 pAto20 mA 0.3
1.24t05.3 (Adj.) LM285 | +2% 150 —40°Cto +85°C | 10 nAto20 mA 0.3
1.24 t0 5.3 (Adj.) LM385BX C +1% 30 0°Cto +70°C 13 pAto 20 mA 0.3
1.24 10 5.3 (Ad].) LM385BY C +1% 50 0°Cto +70°C 13 pAto 20 mA 0.3
1.24 10 5.3 (Ad].) LM385 C +2% 150 0°Cto +70°C 13 pAto 20 mA 0.3
2.49 LM136A M +1% 72 —55°Cto +125°C| 400 nAto 10 mA 0.4
2.49 LM136 M +2% 72 —55°Cto +125°C| 400 pAto 10 mA 0.4
2.49 LM236A | +1% 72 —25°Cto +85°C | 400 pAto 10 mA 0.4
2.49 LM236 | +2% 72 —25°Cto +85°C | 400 pAto 10 mA 0.4
2.49 LM336 | +4% 54 0°Cto +70°C 400 pAto 10 mA 0.4
2.49 LM336B C +2% 54 0°Cto +70°C 400 pAto 10 mA 0.4
25 LM185BX-2.5 M +1.5% 30 —55°Cto +125°C| 20 pAto20 mA 1
25 LM185BY-2.5 M +1.5% 50 —55°Cto +125°C| 20 pAto20 mA 1
2.5 LM185B-2.5 M +1.5% 150 —55°Cto +125°C| 20 nAto20 mA 1
25 LM285BX-2.5 | +1.5% 30 —40°Cto +85°C | 20 pAto20 mA 1
2.5 LM285BY-2.5 | +1.5% 50 —40°Cto +85°C | 20 pAto20 mA 1
25 LM285-2.5 | +1.5% 150 —40°Cto +85°C | 20 pAto20 mA 1
2.5 LM385BX-2.5 (o} +1.5% 30 0°Cto +70°C 20 pAto 20 mA 1
25 LM385BY-2.5 o] +1.5% 50 0°Cto +70°C 20 pAto 20 mA 1
2.5 LM385B-2.5 [¢] +1.5% 150 0°Cto +70°C 20 pAto 20 mA 1
25 LM385-2.5 C +3% 150 0°C to +70°C 20 pAto 20 mA 1
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Shunt Type (Continued)
. Temperature Output
Reverse Breakdown . Operating Voltage Drift Operating Dynamic
Voltage (VR) Device Temp. Tolerance Current Range, Ig | Impedance
R Range* |Max, Ta = 25°C | PPM/°C Over 9¢1n | Ime
(Max) Range (Typ)
5.0 LM136A M *1% 72 ~55°Cto +125°C | 400 pnAto 10 mA 0.8
5.0 LM136 M +2% 72 ~55°Cto +125°C| 400 nAto 10 mA 0.8
5.0 LM236A | 1% 72 —25°Cto +85°C | 400 pAto 10 mA 0.8
5.0 LM236 | +2% 72 —25°Cto +85°C | 400 nAto 10 mA 0.8
5.0 LM336B C +2% 54 0°Cto +70°C 400 pA to 10 mA 0.8
5.0 LM336 (¢} +4% 54 0°Cto +70°C 400 pAto 10 mA 0.8
6.9 LM129A M +3%, —2% 10 —55°Cto +125°C| 600 nAto 15 mA 0.6
6.9 LM129B M +3%, —2% 20 —55°Cto +125°C| 600 pAto 15 mA 0.6
6.9 LM129C M +3%, —2% 50 —55°Cto +125°C| 600 nAto 15 mA 0.6
6.9 LM329B (¢} +5% 50 0°Cto +70°C 600 nA to 15 mA 0.8
6.9 LM329C C +5% 20 0°Cto +70°C 600 pAto 15 mA 0.8
6.9 LM329D (¢} +5% 100 0°Cto +70°C 600 nA to 15 mA 0.8
6.95 LM199A M +2% 0.5 —55°Gto +125°C 500 pAto 10 mA 0.5
6.95 LM199A-20 M Same as LM199A with 20 ppm guaranteed long term drift.
6.95 LM199 M +2% 1.0 —55°Cto +125°C 500 nAto 10 mA 0.5
6.95 LM299A | +2% 0.5 —25°Cto +85°C 500 pAto 10 mA 0.5
6.95 LM299A-20 | Same as LM299A with 20 ppm guaranteed long term drift.
6.95 LM299 | +2% 1 —25°Cto +85°C 500 nAto 10 mA 0.5
6.95 LM399A (¢} +5% 1 0°Cto +70°C 500 pA to 10 mA 0.5
6.95 LM399A-50 C Same as LM399A with 50 ppm guaranteed long term drift.
6.95 LM399 C +5% 2 0°Cto +70°C 500 pAto 10 mA 0.5
6.95 LM3999 (¢} +5% 5 0°Cto +70°C 600 nA to 10 mA 0.6
*C (Commercial) = 0°C to 70°C, | (Industrial) = —25°C to +85°C for the LM236 and LM299, | = —40°C to +85°C for all others.
M (Military) = —55°C to +125°C
Current References
Output Current Operating Set Current Error Operating | Set Current
Range Device Temperature Voltage Temperature
Range 2uAto10uA | 10pAtoTmA | TmAto5mA | Range Dependence™
2 pAto 10 mA LM134 —55°Cto +125°C +8% +3% +5% 1V to 40V | 0.96T to 0.104T
2 pAto 10 mA LM134-3 | —55°Cto +125°C N/A +1% N/A 1Vto 40V | 0.98T to 0.102T
2pAto10mA | LM134-6 | —55°Cto +125°C N/A +2% N/A 1V to 40V | 0.97T to 0.103T
2 pAto 10 mA LM234 —25°C to +100°C +8% +3% +5 1V to 40V | 0.96T to 0.104T
2 pAto 10 mA LM234-3 | —25°C to +100°C N/A *1% N/A 1V to 40V | 0.98T to 0.102T
2pAto10mA | LM234-6 | —25°Cto +100°C N/A +2% N/A 1Vto 40V | 0.97T to 0.103T
2uAto10mA | LM334 0°Cto +70°C +12% +6% +8% 1V t0 40V | 0.96T to 0.104T

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

Series Type (Buffered Output)

Output . Oper. Voltage Temg:;:ture Load Reg. Over Quiescent
Voltage Device Temp. Tolerance - ppm/mA Current Current
Range* | Max, T = 25°C | ppm/°C Over Range (mA)
(Max) Range
25 LM368Y-2.5 C +0.2% 20 0°Cto +70°C 25 0mAto +10 mA 0.55
2.5 LM368-2.5 (e} +0.2% 30 0°Cto +70°C 25 OmAto +10 mA 0.55
5.0 LM168BY-5.0 M +0.05% 10 —55°Cto +125°C 10 —10mAto +10 mA 0.35
5.0 LM268BY-5.0 | +0.05% 15 —40°C to +85°C 10 —10mAto +10 mA 0.35
5.0 LM368BY-5.0 C +0.1% 20 0°Cto +70°C 10 —10mAto +10 mA 0.35
5.0 LM368-5.0 [oF +0.1% 30 0°Cto +70°C 10 —10mAto +10 mA 0.35
10 LM169B M +0.05% 3 —55°Cto +125°C 8 —10mAto +10 mA 1.8
10 LM168BY-10 M +0.05% 10 —55°Cto +125°C 10 —10mAto +10 mA 0.35
10 LH0070-2 M +0.05% 8 —40°Cto +85°C 60 0to5mA 5
10 LM169 M +0.05% 5 —55°Cto +125°C 8 —10mAto +10 mA 1.8
10 LM581U M +0.05% 10 —55°Cto +125°C 50 0mAto5mA 1.8
10 LH0070-0 M +0.1% 40 —40°C to +85°C 60 O0mAto5mA 5
10 LM581T M +0.1% 10 —55°Cto +125°C 50 0mAto5mA 1.8
10 LH0070-1 M +0.1% 20 —40°Cto +85°C 60 0mAto5mA 5
10 LM581S M +0.3% 30 —55°Cto +125°C 50 OmAto5mA 18
10 LM268BY-10 | +0.05% 15 —40°Cto +85°C 10 —10mAto +10 mA 0.35
10 LM581L C +0.05% 5 0°Cto +70°C 50 OmAto5mA 1.8
10 LM369C C +0.05% 10 0°Cto +70°C 8 —10mAto +10 mA 1.8
10 LM369 C +0.05% 5 0°Cto +70°C 8 —10mAto +10 mA 1.8
10 LM369B (o} +0.05% 3 0°Cto +70°C 8 —10mAto +10 mA 1.8
10 LM581K o] +0.1% 10 0°Cto +70°C 50 0mAto5mA 1.8
10 LM368Y-10 C +0.1% 20 0°Cto +70°C 10 —10mAto +10 mA 0.35
10 LM368-10 (o] +0.1% 30 0°Cto +70°C 10 —10mAto +10 mA 0.35
10 LM369D o] +0.1% 30 0°Cto +70°C 8 —10mAto +10 mA 2
10 LM581J C +0.3% 30 0°Cto +70°C 50 0mAto5mA 1.8
10.24 LH0071-2 M +0.05% 8 —40°C to +85°C 60 0mAto5mA 5
10.24 LH0071-1 M +0.1% 20 —40°Cto +85°C 60 0mAto5mA 5
10.24 LH0071-0 M +0.1% 30 —40°Cto +85°C 60 OmAto5mA 5
*C (Commercial) = 0°C to 70°C, | (Industrial) = —40°C to +85°C, M (Military) = —55°C to +125°C
Low Current Reference Diodes
. Temperature Output
Output . Operating Voltage Drift Operating Dynamic
Voltage Device Temp. Tolerance Current Range, | Impedance
Range* Max, Tp = 25°C | ppm/°C Over »'R
(Max) Range (Typ)
3.0 LM103-3.0 M +10% —1700 —55°Cto +125°C 10 pAto 10 mA 25
33 LM103-3.3 M +10% —-1500 [ —55°Cto +125°C 10 nAto 10 mA 25
3.6 LM103-3.6 M +10% —1400 [ —55°Cto +125°C 10 pAto 10 mA 25
3.9 LM103-3.9 M +10% —1300 —55°Cto +125°C 10 nAto 10 mA 25

*M (Military) = —55°C to +125°C
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“Reference Grade” Voltage Regulators*

. Output
Output . Operating Voltage Variation Load Reg.|Line Reg. Output Quiescent
Voltage Device Temperature Tolerance Over Operatin m/mA m/vV Current Current
9 Range Max, Tp = 25°C P 9| PP PP (Max)
Range
Adjustable: LP2951 —55°Cto +150°C +0.5% +0.5% 100 42 100 mA| 120 pA
1.235V to 30V LP2951AC| —40°C to +125°C +0.5% +0.5% 100 42 100 mA| 120 nA
LP2951C [—40°Cto +125°C +1% +1% 200 83 100 mA| 120 uA
Programmable: LH0075 |—55°Cto +125°C +0.5% +0.14% (Typ) 15 200 |200mA| 8mA
5V, 6V, 10V, 12V, 15V|LH0075C 0°Cto +70°C +1% +0.3% (Typ) 25 400 |200mA| 10mA
Programmable
—5V, —6V, —10V LH0076 | —55°Cto +125°C +0.5% +0.14% (Typ) 15 200 |200mA| 15mA
—-10V, —15V LH0076C 0°Cto +70°C +1% +0.3% (Typ) 25 400 |200mA| 15mA
5V LP2950AC| —40°C to +125°C +0.5% +0.5% 100 42 100 mA| 120 uA
5V LP2950C |—40°Cto +125°C +1% +1% 200 83 100 mA| 120 pA

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

Amplifier
Class A

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

Class B

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

Class C

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

Class D

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

Crossover Distortion

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

Dolby B

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

Dolby Level

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

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

Large-Signal Voltage Gain

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

Output Resistance

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

Output Voltage Swing

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

Power Bandwidth

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

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

Power Supply Rejection

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

Slew Rate

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

Supply Current

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

Thermal Resistance (Rty)

An analogy for heat transfer where the ability of a heat con-
ductive system to transfer heat is described in similar terms
to those used in an electrical system for power dissipated in
a resistor with a given applied voltage. The thermal resist-
ance is given by the temperature differential
established when a given amount of power is being dissipat-
ed (6 = T1 — T2/Pp) with units of °C/watt.

1-3
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Audio Selection Guide

National
Semiconductor
Corporation
Audio Selection Guide
PREAMPLIFIERS
Application Package \::Itage lEqultv::le.nl THD PSR c lnpt'I.t Notes
Portable | Home | Auto ange nput Noise oupling
LM381 U . 14 Pin DIP 9V-40V 0.5 uV 0.1% | 120dB AC Stereo
LM382 ° . ° 14 Pin DIP 9V-40V 0.8 uV 0.1% | 120dB AC Stereo
LM387 o . e | 8PinDIP 9V-30V 0.65 pV 0.1% | 110dB AC Stereo
LM1818 . . . 20PinDIP | 3.5V-18V 0.85 uV 0.05% | 85dB AC Tape System
LM1837 ] ° ° 18 Pin DIP 4V-18V 0.6 uVT 0.03% | 105dB DC Autoreverse
LM1897 . o . 16 Pin DIP 4V-18V 0.6 pVT 0.03% | 105dB DC Few Externals
LM833 . e |8PiNDIP | £5V-%15V 0.5 uVv 0.002% | 100 dB DC Low Noise
(Note 1) 8 Pin SO Dual Op Amp
LM837 . . 14PinDIP | £5V-*15V 0.5 uv 0.002% | 100 dB DC Low Noise
(Note 1) 14 Pin SO Quad Op Amp
Drives 6002 Load
TCCIR/ARM in DIN circuit referred to unity gain at 2 kHz.
Note 1: Data sheet in Linear 1.
AUDIO POWER AMPLIFIERS
e . "
Application Package Power v I?a Bridgeable| THD* ’:mlaut‘ SISQIT/ Notes
Portable| Home | Auto 80 | 40 | 20 | Yoltage oise”| Dua
LM380 ] 8 Pin DIP 2.5W 18V 0.2% Single |See AN-69
14 Pin DIP
LM383 ° e |5PinTO-220 5.5W |8.6W| 14.4V Yes 0.2% | 2 pV | Single |Protected
LM384 . 14PinDIP  |5.5W 22v 0.25% Single |Fixed Gain
LM386 . o 8 Pin DIP 0.33W 6V 0.2% Single |4V Operation
8 Pin SO
Lm388 ° 14PinDIP |2.2W 12v Yes 0.1% Single |Minimum
Externals
LM389 . 18 Pin DIP 0.33W eV 0.2% Single |{Includes
Transistor
Array
LM390 . 14 Pin DIP 1w 6V Yes 0.2% Single |Battery
Operation
LM391 J 16 Pin DIP 60V-100V 0.01%| 3 uV | Single |Power Driver
LM1877 . . e |14 PinDIP 3W 20V 0.05%| 2.5 pV | Dual |6V-24V
LM2877 ] . e |11PinSIP |4.5W 20V 0.07%| 2.5 uV | Dual |Single-In-Line
Package
LM1895 o . e |8PinDIP 1.1W 6V 0.2% | 1.4 pV| Single |Low AM
Radiation
LM2895 ] . e (11 PinSIP 4.3W 12v 0.15%| 1.4 pV | Single |3V-15V
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AUDIO POWER AMPLIFIERS (Continued)

L N N
Application Package Power v f Bridgeable| THD* r:"?"t,, S'E;'Q'T/ Notes
Portable | Home | Auto 80 | 40 |2q|Vo'tage oise”| Dua
LM1896 . ° * (14 Pin DIP 1.1W 6V Yes 0.1% {1.4puV| Dual |[LowAM
Radiation
LM2896 . . * |11 PinSIP 2.5W 9V Yes 0.1% | 1.4 V| Dual |No Pops
LM2002 . * [5PinTO-220 5.2W|8W| 14.4V Yes 0.1% | 2pnV | Single |Protected
LM2878 o 11 Pin SIP 5.5W 22V Yes 0.15% | 2.5 uV| Dual |6V-32V
LM831 o 16 Pin DIP 0.44W 3V Yes 0.2% (1.3 pV| Dual (1.8V-6V
20 Pin SO
LM12 . TO-3 50W [ 85W +30V 0.01% Single |Power
(Note 1) Op Amp
LM675 . 5Pin TO-220 | 20W +25V 3V | Single |Power
(Note 1) Op Amp
LM1875 o 5PinTO-220 | 20W +25V 0.015%| 3 uV | Single | Low Crossover
Distortion
LM2005 * |11 PinTO-220 20W 14.4v Yes 0.3% |1.5uV| Dual [Protected
LM2879 . 11 Pin TO-220| 8W 28V Yes 0.05% | 2.5 uV| Dual |6V-32V
*Note that all values shown are typical. Please refer to data sheets for test conditions.
Note 1: Data sheet in Linear 1.
AUDIO CONTROLS
Application Package \;oltage c ‘:OI:':e S'ﬂn.a I'to THD |Separation Notes
Portable Home|Auto ange ontrol Range) Noise
LM1035/ ° . e (20PinDIP| 8V-18V 80dB 80dB [0.05%| 75dB |Dual DC Controlled
LM1036 Tone/Volume/Balance
LM1037 ° ° e |18PinDIP| 5V-30V 100dB |0.04%| 100dB (DC Audio Switch
LM1038 ° . e [18PInDIP| 5V-30V 100dB |0.04%| 100dB |BCD Logic Control
LM13600 . ° e |16 Pin DIP| £2V-+18V 0.5% | 100dB |Transconductance
(Note 1) Amplifiers
LM13700 . o e 116 Pin SO
(Note 1)
LM3080 ° ° o |8PinDIP +OV_ 418V Tranggonductance
(Note 1) Amplifier
LM1040 . ° e |24PinDIP| 9V-16V 75dB 80dB (0.06%| 75dB [Dual DC Controlled
Tone/Volume/Balance
Stereo Enhancement
LMC835 ° e |28 Pin DIP| £2.5V~+8V 114dB * 7 Band Graphic Equalizer
MICROWIRE™
Controlled
LMC1992/ . e |28PinDIP] 7V-15V 80dB 105dB [0.03%| 95dB |Stereo Volume/
LMC1993 Tone/Fade/Select
(Note 2) MICROWIRE™
Controlled

*Distortion determined by external op amps.
Note 1: Data sheet in Linear 1.

Note 2: LMC1992 selects 4 inputs.
LMC1993 selects 3 inputs and has a loudness control.
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Audio Selection Guide

NOISE REDUCTION
Application package \::Itage NR NR . Encmfling Single/ Decot;le Notes
Portable | Home | Auto ange | Type | Effect* | Required | Dual/ S/N

LM1131 . . e [18PinDIP 7V-20V [ Dolby | 10dB Yes Dual 90dB | DC Switched
LM1894 o . e |14PinDIP,SO [4.5V-18V| DNR | 12dB No Dual 76 dB | NSC System
LM1112 . ° e |16 PinDIP 6V-20V | Dolby | 10dB Yes Single | 83dB
LM1141 . o e | 28PinDIP,Quad | 5V-16V | Dolby Yes Single Dolby B/C
LM832 . 14 Pin DIP, SO 1.5V-9V | DNR | 12dB No Dual 76 dB | NSC System

*Note that all values shown are typical. Please refer to data sheets for test conditions.

M

AM

TAPE 3—

Monaural Cassette Player

CASSETTE SYSTEM
LM1818

AUDIO AMPLIFIER

LM1895
LM386
LM389

—

Home Stereo System (Audio Power < 10W)

TAPE 3—

FM
STEREO
DEMOD |
Al IF
Ith/lFBMGS LM1800
AM DNR
LM1894
TAPE
PREP 1 (rr3y
LM1897
PHONO
PREAMP
LM381
LM382
LM387

TONE/VOLUME
LM1035
LM1036
LM1040

Home Component Stereo (Audio Power > 10W)

™ IF
TUNER L1 Demod
- LM1965 LM1870 ﬂ
AM
1 AM RF/IF
LM1863
CASSETTE
: } PREAMP DOLBY
TAPE LM833 LM1131
LM1897
PHONO
PREAMP
LM833

TONE/VOLUME

TL/XX/0013-1

POWER AMP
LM2879

R R

LM833
LM1035
LM1036
LM1040

POWER AMPS

LM1875
LM391

EQUALIZER

LMC835

TL/XX/0013-2

TL/XX/0013-3
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Automotive Radio (Electronically Tuned)

FM IF DEMOD
—
TUNER LM1865 m1g70 | | DNR

‘ 4 I LM4500 I' LM1894 'l

AM AuDIO 1 POWER AMPS
| E‘:TUNER AM RF/IF switcH || TONE/VOLUME |__| LM383
LM1863 LM1037 LMC1992 LM2002

4 LM1038 'y LM2005
| -

L | | W

SYNTHESIZER

DS8906 |

DS8907

DS8908

3pIny uond3|es olpny

R R
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1P CONTROL

CASSETTE
PREAMP DOLBY
LM1837 LM1131
LM1897

TL/XX/0013-4

Auto Radio (Manually Tuned)

. STEREO
" TUNER Wisrge || Decooer £
LM1965 iend TONE/VOLUME POWER AMPS —[l(]
DNR LM1035 LM383
» LM1894 LM1036 LM2002
Y AM RF/IF LM1040 LM2005 —ﬂq
LM1863
CASSETTE
PREAMPS DOLBY
LM1837 L1131
LM1897
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LMm377

National
Semiconductor
Corporation

LM377 Dual 2 Watt Audio Amplifier

General Description

The LM377 is a monolithic dual power amplifier which offers
high quality performance for stereo phonographs, tape play-
ers, recorders, and AM-FM stereo receivers, etc.

The LM377 will deliver 2W/channel into 8 or 160 loads.
The amplifier is designed to operate with a minimum of ex-
ternal components and contains an internal bias regulator to
bias each amplifier. Device overload protection consists of
both internal current limit and thermal shutdown. For more
information, see AN-125.

Features

m Ay typical 90 dB

m 2W per channel

| 70 dB ripple rejection

m 75 dB channel separation
= Internal stahilization

| Self centered biasing

m 3 MQ input impedance

| 10-26V operation

# Internal current limiting

® Internal thermal protection

Applications
Multi-channel audio systems
Tape recorders and players
Movie projectors
Automotive systems
Stereo phonographs
Bridge output stages

® AM-FM radio receivers

H Intercoms

| Servo amplifiers
— B Instrument Sy tem:

Connectjon Diagram Typical Application

OT RECC
"FOR NEW D
it | SEE-LM1877N4€

Dual-Ip-Line Package

U |

BIAS md 1L v

3
GIND e —

4
GND L ono
10

2004F

5 i
GND —— e T I

NPT 1= S et 2

FEEDBACKI-L a—FEEIJBAI:KZ

TL/H/7837-1
Top View

Order Number LM377N INPUT 2 o—l

See NS Package Number N14A

' Q
T | I
1 l
|

0.uF

| TAB GND

3,4,5,10,11,12

80

TL/H/7837-2
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Corporation

LM378 Dual 4 Watt Audio Amplifier

General Description

The LM378 is a monolithic dual power amplifier which offers @ Self centered biasing

high quality performance for stereo phonographs, tape play- ® 3 MQ input impedance

ers, recorders, and AM-FM stereo receivers, etc. m Internal current limiting

The LM378 will deliver 4W channel into 8 or 1602 loads. The ~ ® Internal thermal protection
amplifier is designed to operate with a minimum of external ) .

components and contains an internal bias regulator to bias ~ Application

each amplifier. Device overload protection consists of both g Muiti-channel audio systems
internal current limit and thermal shutdown. For more infor- m Tape recorders and players

mation see AN-125, ® Movie projectors

m Automotive systems

B Stereo phonographs

B Bridge output stages

B AM-FM radio receivers
| Intercoms

| Servo amplifiers

| Insfrument systems

Features

B Ayo typical 90 dB

W 4W per channel

® 70 dB ripple rejection

B 75 dB channel separation
B Internal stahilization

Connectjon Dlagr .., .. TYRical Applic: =
NoT "RECHIMIENDED
OR NEW DESaMSine

RN
&\§

”‘%

Dual-Ip-Line Package

J 100K
OUTPUT § s 113 ourput2
3 1
GND —— s m 2004F
4 11 8a
GND = SN I I
5 10
GND = Ly .Npuno_l |____1 L2 I
ineuT 1= L2 neut 2 S
7 8 0. luF S I I
FEEDBACK 1~ — FEEDBACK 2 )
TAB GND
b— 1 +—-—1
3,4,5,10,11,12 I
$ I

TL/H/7876-1
Top View
Order Number LM378N
See NS Package Number N14A

200uF

TL/H/7876-2
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LM380

National
Semiconductor
Corporation

LM380 Audio Power Amplifier

General Description

The LM380 is a power audio amplifier for consumer applica-
tion. In order to hold system cost to a minimum, gain is
internally fixed at 34 dB. A unique input stage allows inputs
to be ground referenced. The output is automatically self
centering to one half the supply voltage.

The output is short circuit proof with internal thermal limiting.
The package outline is standard dual-in-line. A copper lead
frame is used with the center three pins on either side com-
prising a heat sink. This makes the device easy to use in
standard p-c layout.

Uses include simple phonograph amplifiers, intercoms, line
drivers, teaching machine outputs, alarms, ultrasonic driv-
ers, TV sound systems, AM-FM radio, small servo drivers,
power converters, etc.

A selected part for more power on higher supply voltages is
available as the LM384. For more information see AN-69.

Features

Wide supply voltage range

Low quiescent power drain

Voltage gain fixed at 50

High peak current capability

Input referenced to GND

High input impedance

m Low distortion

m Quiescent output voltage is at one-half of the supply
voltage

® Standard dual-in-line package

Connection Diagrams (pual-in-Line Packages, Top View)

BYPASS 1 et U p—14 v
NON-INVERTING INPUT 2 et p—= 13 NC
3 p—12
* GND {4 memed b 11 GND *
- — 10
INVERTING INPUT 6 ===t =9 NC
GND 7— l—2 Vour
*Heatsink Pins
TL/H/6977-1
Order Number LM380N

See NS Package Number N14A
Block and Schematic Diagrams

NG 1 —] U [—8 Bvpass
NON-INVERTING INPUT 2 =l —17 vs
INVERTING INPUT 3 =i L § Vour
GND 4 =t 5 GND

TL/H/6977-2
Order Number LM380N-8
See NS Package Number NOSE

LM380N ° O Vs (1a)
ypass Vs | I
> 'L
:: 25K S
< N 2‘55 o ouTPUT
VWA —
0]
TL/H/6977-3 BYPASS 2
no—————— :; 5
LM380N-8 9
Sk P
BYPASS Vs < ” 10pF
VAV‘ 9 |
INPUT:
»:;I) PO +IN
weuT—Y @
<
S 1ok Q5K
<
TL/H/6977-4 B o - v A 3,4,5,10,11,12)
(1 6nD GND

TL/H/6977-5
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Input Voltage +0.5V
contact the National Semiconductor Sales Office/ Storage Temperature —65°Cto +150°C
Distributors for availability and specifications. Operating Temperature 0°Cto +70°C
i:ZiIélY::::?e 12§X Junction Temperature +150°C
Package Dissipation 14-Pin DIP (Notes 6 and 7) 83W ;e;g’ ;i:;ff;ﬁggif:gf 10sec) *2e0e
Package Dissipation 8-Pin DIP (Notes 6 and 7) 1.67W

Electrical Characteristics (Note 1)

Symbol Parameter Conditions Min Typ Max Units
PouT(RMS) Output Power RL = 8Q, THD = 3% (Notes 3, 4) 25 w
Ay Gain 40 50 60 VIV
Vout Output Voltage Swing RL = 8Q 14 Vp-p
ZIN Input Resistance 150k Q
THD Total Harmonic Distortion (Notes 4, 5) 0.2 %
PSRR Power Supply Rejection Ratio (Note 2) 38 dB
Vg Supply Voltage 10 22 \
BW Bandwidth Pout = 2W, R, = 80 100k Hz
la Quiescent Supply Current 7 25 mA
VouTa Quiescent Output Voltage 8 9.0 10 \"
IBIAS Bias Current Inputs Floating 100 nA
Isc Short Circuit Current 1.3 A

Note 1: Vg = 18V and Tp = 25°C unless otherwise specified.
Note 2: Rejection ratio referred to the output with Cgypass = 5 uF.

Note 3: With device Pins 3, 4, 5, 10, 11, 12 soldered into a V46" epoxy glass board with 2 ounce copper foil with a minimum surface of 6 square inches.

Note 4: Cgypass = 0.47 pfd on Pin 1.
Note 5: The maximum junction temperature of the LM380 is 150°C.
Note 6: The package is to be derated at 15°C/W junction to heat sink pins

Heat Sink Dimensions

b
30>/ A

for 14-pin pkg; 75°C/W for 8-pin.

Staver Heat Sink #V-7
Staver Company

41 Saxon Ave.

P.O. Drawer H

Bayshore, NY 11706
Tel: (516) 666-8000
Copper Wings

2 Required
Soldered to

Pins 3, 4, 5,

10, 11,12
Thickness 0.04
Inches

TL/H/6977-6
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LM380

Typical Performance Characteristics

Maximum Device Dissipation vs
Ambient Temperature

INFINITE HEAT SINK
NG

N

STAVER V-7 [ 76 IN. SQ:
COPPER WINGS | COPPER
T T~FolL,
L I~ —Z~ 35°C
FREE_AIR ] 40°C/W —

DEVICE DISSIPATION (W)

[ O -

2 IN. sQ.
COPPER FOIL (P.C. BOARD)] |
0 10 20 30 40 50 60 70 80 90 100

Ta= AMBIENT TEMPERATURE (°C)
Note: 2 oz. copper foi, single=sided PC board.

TL/H/6977-12
Device Dissipation vs Output Device Dissipation vs Output Device Dissipation vs Output

Power—4$ Load Power—8( Load Power—16Q Load
35 BT 3 30
30 LEVEL 30 25
@ X ] 2 - N 2" 3% DIST.
S 25 — % 25 < LEVEL A
g " LA B =z LA ~ z 20 —
Z / Azl | 3 20 A i g j'
£ wf A1~ f g £ /g LN E 15 T
2 Va3 o« g (Y P R e 04 - a — > 4
S 15 v 0%t 3 Z 15 g & y 2 2o T | TN 3/ ’
2 10V IST| | 2 1 3% DIST. 219 he =D 10% DIST 1
& LEVEL| = S g v \ N
w 10 oy ~gr w w WO 2 A LEVEL w 6 =% LEVEL
= B = A H
2 0s H— 2 os DIsT. g
LEVEL 0
0 0
0 05 10 15°20 25 30 3540 00510 15 20 253035404550 0 0510 1.5 20 25 30 35404550
OQUTPUT POWER (WATTS) OUTPUT POWER (WATTS) OUTPUT POWER (WATTS)
Power Supply Current vs Total Harmonic Distortion Output Voltage Gain and
Supply Voltage vs Frequency Phase vs Frequency
_ 100 T 20 v 40 T
% w0 1y = 25°¢ | Y 1“;\1 80 1 Vec = 18V
= 80 2 s ™
s — & s ; [
€ 70 — S 4 = 24
2 60 3 2 B A= TN \ L
- ’ N
g 50 2 E 20 PHASE 120
=} =
2 a0 £ o8 g ! ! ! 180° 5
S a0 < 06 [—100mW 2w 3 A = 80 2
S = | > 10 s 20
T £ ST o
o 10 g 02 #% 5 1111 s
0 0 1 w 0 360
80 10 12 14 16 18 20 22 100 200 00 k 2k 5k 10k 20k 10100 1k 10k 100k 1M 10M
V* SUPPLY VOLTAGE (V) FREQUENCY (Hz) FREQUENCY (Hz)
Total Harmonic Distortion Device Dissipation vs Supply Decoupling vs
vs Output Power Output Power Frequency
g0 T T ” 05 5048 m T
Z 90 | f=1kHz n =80 |
2 Vee = 22V 2 4 4008 I
Eso[ gt £ 2 I p> 1
B0 e o g H U bl g
S 60 |- coppER WINGS 303 B = 160 T 3 30d8 | —A
Z g0 |- SEEFIG.PAGEY 2 |
g 50 é 17 —3 3% THD § y, Avarur
& a0 g 02 % 248 L~
z 30 o = E]
2 I s /A % THD a2 T
5 20 A an] | 1048 L1 NO BYPASS CAPACITOR
L= o
BN R | il
:za 0 0 l L1 l I
Y 01 02 05 10 20 50 10 0 01 02 03 04 05 10 He 100 Hz 1kHz 10 kHz
Po - OUTPUT POWER (WATTS) . OUTPUT POWER (WATTS) FREQUENCY

TL/H/6977-7




Typical Applications

Phono Amplifier

0.1 uF

voLume
CONTROL

CRYSTAL
CARTRIDGE

TL/H/6977-8

o—e
];_.:’
>
25M
TL/H/6977-9
Intercom
Vs
- 2|
LISTEN s0uf  LISTEN
o Say —
> 2.5M ‘
6 TALK
T1=251 27

MASTER

*FOR STABILITY WITH
HIGH CURRENT LOADS

TL/H/6977-10

Phase Shift Oscillator

AuF
250 uF

t~4kHz

TL/H/6977-11

08EW




LM381/LM381A

National

Semiconductor

Corporation
LM381/LM381A Low Noise Dual Preamplifier
General Description Features

The LM381/LM381A is a dual preamplifier for the amplifica- ~® Low noise — 0.5 pV total input noise
tion of low level signals in applications requiring optimum  ® High gain — 112 dB open loop
noise performance. Each of the two amplifiers is completely  m Single supply operation

independent, with individual internal power supply decou-  w Wide supply range 9V-40V
pler-regulator, providci;mg 120 dB supply rejection and 60 dB g power supply rejection — 120 dB
channel separation. Other outstanding features include high . _

gain (112 dB), large output voltage swing (Vcc — 2V) p-p, . t;;geboutzufglﬁlt?ginﬁvlng .(VCC. 2p-p
and wide power bandwidth (75 kHz, 20 Vp-p). The LMag{/ ™ Wide bandwidt z unity gain
LM381A operates from a single supply across the wide ™ Power bandwidth 75 kHz, 20 Vp-p

range of 9V to 40V. m Internally compensated

Either differential input or single ended input configurations @ Short circuit protected

may be selected. The amplifier is internally compensated

with the provision for additional external compensation for

narrow band applications. For additional information see

AN-64, AN-104.

Schematic Diagram

Vee

r- iﬂ*__ ______ I
| W
| lm N

|

Q13

|
1 |
N

|

I

a
a0 t l
S50
> |

i 0(7,8)
3

TL/H/7841-1




Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Operating Temperature Range 0°Cto +70°C
contact the National Semiconductor Sales Office/ Storage Temperature Range —65°C to + 150°C
Distributors for availability and specifications. Lead Temperature (Soldering, 10 sec.) 260°C
Supply Voltage +40V
Power Dissipation (Note 1) 1.56 W

Electrical Characteristics 1, = 25°C, Vo = 14V, unless otherwise stated.

Parameter Conditions Min Typ Max Units
Voltage Gain Open Loop (Differential Input), f =100 Hz 160,000 V/V
Open Loop (Single Ended), f = 100 Hz 320,000 V/V
Supply Current Voo 9V 1o 40V, R = oo 10 mA
Input Resistance
(Positive Input) 100 kQ
(Negative Input) 200 kQ
Input Current
(Negative Input) 0.5 HA
Output Resistance Open Loop 150 Q
Output Current Source 8 mA
Sink 2 mA
Output Voltage Swing Peak-to-Peak Vee — 2 \
Unity Gain Bandwidth 15 MHz
Power Bandwidth 20 Vpp (Vo = 24V) 75 kHz
Maximum Input Voltage Linear Operation 300 mVrms
Supply Rejection Ratio f=1kHz 120 dB
Channel Separation f=1kHz 60 dB
Total Harmonic Distortion 60 dB Gain, f = 1 kHz 0.1 %
Total Equivalent Input Rs = 60, 10-10,000 Hz (Single Ended
Noise Input, Flat Gain Circuit, Ay = 1000)
LM381A 0.5 0.7 wVrms
LM381 0.5 1.0 pVrms

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance

of 80°C/W junction to ambient.

Connection Diagram

Dual-In-Line Package

HIN (1) 1 — ~ b 14 +IN (2)
~IN(DIFF) (1) 2 e f— 13 -IN(DIFF) (2)
=IN(S.E.) (1) 3w =12 -IN(S.E.) (2)

GND 4~ — 11

] EXT. COMP.
ext. com. [ 37 — 10
(4]
6 9 Vcc
OUTPUT (1) 7 e hs OUTPUT (2)
TL/H/7841-2
Top View

Order Number LM381N or LM381AN
See NS Package Number N14A
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LM381/LM381A

Typical Applications

Typical Tape Playback Amplifier
20V

O 0.5 Vrms 4k

800V AT
1 kHz

TL/H/7841-3 — =
Two-Pole Fast Turn-On NAB Tape Preamp

TL/H/7841-5

Uitra-Low Distortion Amplifier
(Ay = 10, THD < 0.05%, VouTt = 3 VRMS)

28v

(114

L
E3

0.1uF

10k (2,13)

Typical Magnetic Phono Preamp
v

100k

0.001:F

TL/H/7841-4

TL/H/7841-7

TL/H/7841-6




Typical Performance Characteristics
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LM382

National
Semiconductor
Corporation

LM382 Low Noise Dual Preamplifier

General Description

The LM382 is a dual preampilifier for the amplification of low
level signals in applications requiring optimum noise per-
formance. Each of the two amplifiers is completely indepen-
dent, with individual internal power supply decoupler-regula-
tor, providing 120 dB supply rejection and 60 dB channel
separation. Other outstanding features include high gain
(100 dB), and wide power bandwidth (75 kHz, 20 Vp-p). The
LM382 operates from a single supply across the wide range
of 9V to 40V.

A resistor matrix is provided on the chip to allow the user to
select a variety of closed loop gain options and frequency
response characteristics such as flat-band, NAB or RIAA
equalization. The circuit is supplied in the 14 lead dual-in-
line package.

Features

W Low noise — 0.8 pV total equivalent input noise
m High gain — 100 dB open loop

m Single supply operation

W Wide supply range 9V to 40V

m Power supply rejection — 120 dB

B Large output voltage swing

| Wide bandwidth — 15 MHz unity gain
m Power bandwidth — 75 kHz, 20 Vp-p
B Internally compensated

| Short circuit protected

Schematic and Connection Diagrams

N | Dual-In-Line Package
[
= ){ HIN(T) ) e U p— 14 +IN(2)
l/ :: SIN() 2 =13 -IN(2)
| ) 4 - N 1 GAIN CONTROL(1) 3w b 12 GAIN CONTROL(2)
/ GND 4 e 11 Vcc
4' )
:= 200k :: \ 50 :: GAIN CONTROL(1) 5 e p==10 GAIN CONTROL(2)
1 20k /_1r 2.8 GAIN CONTROL(1) 6 =i 19 GAIN CONTROL(2)
q o
OUTPUT(T) 7 weeed =138 OUTPUT(2)
N g
e TL/H/7843-2
> > > i
S s $ Top View
] Order Number LM382N
i \ © See NS Package Number N14A
:: 15K
= 500 50K 50K

AA AAA P o
VW

(3,12)

500

O 10 16.9)

TL/H/7842-1




Absolute Maximum Ratings

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

Z8ENT

0°Cto +70°C
—65°C to +150°C

Operating Temperature Range
Storage Temperature Range

Lead Temperature (Soldering, 10 sec.) +260°C
Supply Voltage +40V
Power Dissipation (Note 1) 1.56 W
Electrical Characteristics 1, = 25°C, v = 14V, unless otherwise stated.
Parameter Conditions Min Typ Max Units
Voltage Gain Open Loop, f =100 Hz 100,000 \74%
Supply Current Vec 9V 1o 40V, R = oo 10 20 mA
Output DC Voltage 6 v
Input Resistance
(Positive Input) 100 kQ
(Negative Input) 200 KQ
Input Current
(Negative Input) 0.5 nA
Output Resistance Open Loop 150 [9)
Output Current Source 8 mA
Sink 2 mA
Output Voltage Swing Peak-to-Peak, R = 10k 12 \
Unity Gain Bandwidth 15 MHz
Power Bandwidth 20 Vp-p (Vg = 24V) 75 kHz
Maximum Input Voltage Linear Operation 300 mVrms
Supply Rejection Ratio f=1kHz 120 dB
Channel Separation f=1kHz 40 60 dB
Total Harmonic Distortion 60 dB Gain, f = 1 kHz 0.1 0.3 %

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance
of 80°C/W junction to ambient.

Typical Applications

Vee + 18V

104Fd

TL/H/7842-3

T

Tape Preamp (NAB Equalization)

00154F

TL/H/7842-4
Phono Preamp (RIAA Equalization)

Capacitor Gain

C1 Only 40 dB

0312 [ C2 Only 55 dB
Tum Cl1&cC2 80dB

Cz
Tmur
TL/H/7842-5
Flat Response — Fixed Gain Configuration




LM382

Typical Performance Characteristics
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National
Semiconductor
Corporation

LM383/LM383A 7 Watt Audioc Power Amplifier

General Description Features

The LM383 is a cost effective, high power amplifier suited High peak current capability (3.5A)
for automotive applications. High current capability (3.5A) @ Large output voltage swing

enables the device to drive low impedance loads with low @ Externally programmable gain
distortion. The LM383 is current limited and thermally pro- g wide supply voltage range (5V-20V)
tected. High voltage protection is available (LM383A) which g Few external parts required

enables the amplifier to withstand 40V transients on its sup- . .
®m Low distortion
B
]
-]
-]
2]

VESENT/E8ENT

ly. The LM383 i -pi - .
ply. The comes in a 5-pin TO-220 package High input impedance

No turn-on transients

High voltage protection available (LM383A)
Low noise

AC short circuit protected

Equivalent Schematic

® OO O = )
al —
b H . o
‘ 9 |
- o o o

TL/H/7145-1

Connection Diagram

Plastic Package

[T T > 5 SupPLY VOLTAGE
out
N | > 4 QUTPUT
v* /\GND
T T > 3croun
H T T > 2 INvERTING INPUT
[ T T 3 1 NON-INVERTING INPUT

TL/H/T145-2
Order Number LM383T or LM383AT
See NS Package Number TO5B
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LM383/LM383A

Absolute Maximum Ratings

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

Peak Supply Voltage (50 ms)
LM383A (Note 2)
LM383
Operating Supply Voltage
Output Current
Repetitive
Non-repetitive

40V
25V

20V

3.5A
4.5A

Input Voltage +0.5V
Power Dissipation (Note 3) 15W
Operating Temperature 0°Cto +70°C
Storage Temperature —~60°C to +150°C

Lead Temperature (Soldering, 10 sec.) 260°C

Electrical Characteristics vs = 14.4v, Trag = 25°C, Ay = 100 (40 dB), R, = 49, unless otherwise specified

Parameter Conditions Min Typ Max Units
DC Output Level 6.4 7.2 8 \
Quiescent Supply Current Excludes Current in Feedback Resistors 45 80 mA
Supply Voltage Range 5 20 \'
Input Resistance 150 kQ
Bandwidth Gain = 40dB 30 kHz
Output Power Vg = 13.2V,f = 1 kHz
RL = 49, THD = 10% 4.7 W
RL = 20, THD = 10% 7.2 w
Vg = 13.8V,1 = 1 kHz
RL = 49, THD = 10% 5.1 W
RL = 2Q,THD = 10% 7.8 w
Vg = 14.4V,f = 1 kHz
RL = 49, THD = 10% 4.8 5.5 W
RL = 20, THD = 10% 7 8.6 w
RL = 1.6Q, THD = 10% 9.3 W
Vg = 16V, f = 1kHz
RL = 40, THD = 10% 7 w
RL = 29, THD = 10% 10.5 w
RL = 1.6Q, THD = 10% 11 w
THD Po = 2W,R_ = 40,1 = 1kHz 0.2 %
Po = 4W,R_ = 29,f = 1 kHz 0.2 %
Ripple Rejection Rs = 509, f = 100 Hz 30 40 dB
Rg = 50Q, f = 1 kHz 44 dB
Input Noise Voltage Rs = 0, 15 kHz Bandwidth 2 pVv
Input Noise Current Rs = 100 kQ, 15 kHz Bandwidth 40 pA

Note 1: A 0.2 pF capacitor in series with a 1Q resistor should be placed as close as possible to pins 3 and 4 for stability.
Note 2: The LM383 shuts down above 25V.
Note 3: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 4°C/W

junction to case.
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LM383/LM383A

Typical Applications

Vs
14.4v

SIGNAL
INPUT

Vin

Single Amplifier

Vs
+IN
Vour
—~IN Vg
GND| 0.2 uF
10 uF -
2000 uF
+ = +
024F
20 S noe1)
+ a0
470 uF
22 10
= = TL/H/T145-3
16W Bridge Amplifier

Component Layout

Single Amplifier
Vg = 20V
RL = 40

Heatsink from:

Staver Company

41 Saxon Ave.

P.O. Drawer H

Bay Shore, NY 11706
Tel: (516) 666-8000

100k

TL/H/7145-5

[

HEAT SINK *

* Staver V-5
TL/H/7145-6
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National
Semiconductor
Corporation

LM384 5 Watt Audio Power Amplifier

General Description

The LM384 is a power audio amplifier for consumer applica-
tion. In order to hold system cost to a minimum, gain is
internally fixed at 34 dB. A unique input stage allows inputs
to be ground referenced. The output is automatically self-
centering to one half the supply voltage.

The output is short-circuit proof with internal thermal limit-
ing. The package outline is standard dual-in-line. A copper
lead frame is used with the center three pins on either side
comprising a heat sink. This makes the device easy to use
in standard p-c layout.

Uses include simple phonograph amplifiers, intercoms, line
drivers, teaching machine outputs, alarms, ultrasonic driv-
ers, TV sound systems, AM-FM radio, sound projector sys-
tems, etc. See AN-69 for circuit details.

Features

B Wide supply voltage range
@ Low quiescent power drain
Voltage gain fixed at 50
High peak current capability
Input referenced to GND
High input impedance

Low distortion

voltage
B Standard dual-in-line package

Quiescent output voltage is at one half of the supply

Schematic Diagram

O Vg (18)

"

25k

A

25k

BYPASS
(1)}

25k

A A

-IN
(6)

150k

+IN
(2)

150k

4 A4 @ @

(7) GND

GND

OUTPUT
O )

(3:4,5,10,11,12)

TL/H/7843-3
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LM384

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Power Dissipation (See Notes 3 and 4) 1.67W
contact the National Semiconductor Sales Office/ Input Voltage +0.5V
Distributors for availability and specifications. Storage Temperature —_65°C to +150°C
Supply Voltage 28v Operating Temperature 0°Cto +70°C
Peak Current 1.3A Lead Temperature (Soldering, 10 sec.) 260°C
Electrical Characteristics (ote 1)

Symbol Parameter Conditions Min Typ Max Units
ZIN Input Resistance 150 kQ
IBlAS Bias Current Inputs Floating 100 nA
Ay Gain 40 50 60 VIV
Pout Output Power THD = 10%, R = 8Q 5 5.5 W
la Quiescent Supply Current 8.5 25 mA
Vouta Quiescent Output Voltage 11 \
BW Bandwidth Pout = 2W, R, = 80 450 kHz
v+ Supply Voltage 12 26 \'
Isc Short Circuit Current (Note 5) 1.3 A
PSRRRTO Power Supply Rejection Ratio 31 dB

(Note 2)
THD Total Harmonic Distortion Pout = 4W,R_ = 8Q 0.25 1.0 %

Note 1: V+ = 22V and Tp = 25°C operating with a Staver V7 heat sink for 30 seconds.
Note 2: Rejection ratio referred to the output with Cgypass = 5 pF, freq = 120 Hz.

Note 3: The maximum junction temperature of the LM384 is 150°C.

Note 4: The package is to be derated at 15°C/W junction to heat sink pins.
Note 5: Output is fully protected against a shorted speaker condition at all voltages up to 22V.

Heat Sink Dimensions

Staver Company
41 Saxon Ave.

P.O. Drawer H

Bay Shore, N.Y.

Tel: (516) 666-8000

Staver “V7” Heat Sink

TL/H/7843-4
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Typical Performance Characteristics
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LM384

Block and Connection Diagrams

INPUT

II\II’UT-—G

14

8
Vour

3,45
10,11, 12

TL/H/7843-1

Typical Applications

10k

BYPASS

NON-INVERTING INPUT

GND

INVERTING INPUT

GND

*Heatsink Pins

Dual-In-Line Package

U

2 s
ke
8§
5
[

7 e

Top View
Order Number LM384N

p— 14 Vg
13 NC
p—12
p—117GND *
e 10

=9 NC

—8 Vour

TL/H/7843-2

See NS Package Number N14A

Typical 5W Amplifier
+22V

A

[m

TL/H/7843-6

|||-—o

2.5M

TL/H/7843-7
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Typical Applications (continued)

Intercom

lLISTEN

sIA

*For stability with
high current loads

Phase Shift Oscillator
Vs
0.1uF

PN |

REMOTE

TL/H/7843-9

TL/H/7843-8
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LM386

National
Semiconductor
Corporation

LM386 Low Voltage Audio Power Amplifier

General Description

The LM386 is a power amplifier designed for use in low
voltage consumer applications. The gain is internally set to
20 to keep external part count low, but the addition of an
external resistor and capacitor between pins 1 and 8 will
increase the gain to any value up to 200.

The inputs are ground referenced while the output is auto-
matically biased to one half the supply voltage. The quies-
cent power drain is only 24 milliwatts when operating from a
6 volt supply, making the LM386 ideal for battery operation.

Features

m Battery operation

m Minimum external parts

W Wide supply voltage range
m Low quiescent current drain

4V-12V or 5V-18V
4 mA

m Voltage gains from 20 to 200

m Ground referenced input

= Self-centering output quiescent voltage
m Low distortion

m Eight pin dual-in-line package

Applications

B AM-FM radio amplifiers

W Portable tape player amplifiers
m Intercoms

m TV sound systems

m Line drivers

m Ultrasonic drivers

m Small servo drivers

m Power converters

Equivalent Schematic and Connection Diagrams

<
>
< 15k

P

1
BYPASS

GAIN

<
>
< 15k

2
- INPUT

50k

Typical Applications

Amplifier with Gain = 20
Minimum Parts

TL/H/6976-3
*Required for LM386N-4 only.

5 Dual-In-Line and Small Outline
O Vs Packages
i N 5
GAIN = p—— GAIN
Ziveut =4 L sveass
& Vour waneut LEEA
GND —H . Vour
TL/H/6976-2
Top View
Order Number LM386M-1,
LM386N-1, LM386N-3 or LM386N-4
&—O GND See NS Package Number

TL/H/6976-1 MOBA or NOSE

Amplifier with Gain = 200
Vs 10uF

|
| gvpass

4
= i
<+

TL/H/6976-4
*Required for LM386N-4 only.
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Absolute Maximum Ratings

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

Supply Voltage (LM386N-1, -3, LM386M-1) 15V
Supply Voitage (LM386N-4) 22V
Package Dissipation (Note 1) (LM386N-4) 1.25W
Input Voltage +0.4V
Storage Temperature —65°Cto +150°C
Operating Temperature 0°Cto +70°C

Electrical Characteristics 1, = 25°c

Junction Temperature +150°C
Soldering Information
Dual-In-Line Package
Soldering (10 sec) +260°C
Small Outline Package
Vapor Phase (60 sec) +215°C
Infrared (15 sec) +220°C

See AN-450 “‘Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Parameter Conditions Min Typ Max Units
Operating Supply Voltage (Vg)
LM386N-1, -3, LM386M-1 4 12 \
LM386N-4 5 18 \
Quiescent Current (Iq) Vg =6V,Vjy=10 4 8 mA
Output Power (PoyT)
LM386N-1, LM386M-1 Vg = 6V,R_ = 89, THD = 10% 250 325 mwW
LM386N-3 Vg = 9V, R = 89, THD = 10% 500 700 mw
LM386N-4 Vg = 16V, R = 32Q, THD = 10% 700 1000 mw
Voltage Gain (Ay) Vg =6V,f =1kHz 26 dB
10 uF fromPin 1to 8 46 dB
Bandwidth (BW) Vg = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vg = 6V, R = 89, Poyt = 126 mW 0.2 o%
= 1kHz, Pins 1 and 8 Open ) °
Power Supply Rejection Ratio (PSRR) Vg = 6V, f = 1 kHz, Cgypass = 10 uF 50 dB
Pins 1 and 8 Open, Referred to Output
Input Resistance (Ryn) 50 kQ
Input Bias Current (Igjas) Vs = 6V, Pins 2 and 3 Open 250 nA
Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C junction temp and 1) a thermal

resistance of 80°C/W junction to ambient for the dual-in-line package and 2) a thermal resistance of 170°C/W for the small outline package.

Application Hints
GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins (1
and 8) are provided for gain control. With pins 1 and 8 open
the 1.35 kQ resistor sets the gain at 20 (26 dB). If a capaci-
tor is put from pin 1 to 8, bypassing the 1.35 kQ resistor, the
gain will go up to 200 (46 dB). If a resistor is placed in series
with the capacitor, the gain can be set to any value from 20
to 200. Gain control can also be done by capacitively cou-
pling a resistor (or FET) from pin 1 to ground.

Additional external components can be placed in parallel
with the internal feedback resistors to tailor the gain and
frequency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a se-
ries RC from pin 1 to 5 (paralleling the internal 15 kQ resis-
tor). For 6 dB effective bass boost: R == 15 kQ, the lowest
value for good stable operation is R = 10 kQ if pin 8 is
open. If pins 1 and 8 are bypassed then R as low as 2 kQ
can be used. This restriction is because the amplifier is only
compensated for closed-loop gains greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 kQ resistor. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when left open. If the dc source resistance driving the
LM386 is higher than 250 kQ it will contribute very little
additional offset (about 2.5 mV at the input, 50 mV at the
output). If the dc source resistance is less than 10 k2, then
shorting the unused input to ground will keep the offset low
(about 2.5 mV at the input, 50 mV at the output). For dc
source resistances between these values we can eliminate
excess offset by putting a resistor from the unused input to
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is ca-
pacitively coupled.

When using the LM386 with higher gains (bypassing the
1.35 kQ resistor between pins 1 and 8) it is necessary to
bypass the unused input, preventing degradation of gain
and possible instabilities. This is done with a 0.1 pF capaci-
tor or a short to ground depending on the dc source resist-
ance on the driven input.
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Typical Performance Characteristics

Power Supply Rejection Ratio

Quiescent Supply Current (Referred to the Output) Peak-to-Peak Output Voltage
s Vs Supply Voltage ® vs Frequency < Swing vs Supply Voltage
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Typical Applications (continued)

Amplifier with Gain = 50

] BYPASS

-
<+

TL/H/6976-6

Amplifier with Bass Boost
Vs

Vo

TL/H/6976-8
*Required for LM386N-4 only.

Low Distortion Power Wienbridge Oscillator

ELDEMA < | o
CF-5-2158 g Vo

> R
W-15mA = s™
0.05:F =
10°*
f=1kHz
TL/H/6976-7
Square Wave Oscillator
Vs
>
<
® 30k
6 <
2 <
I . S0uF
0.9uF 8 +
LM386 3 |—< Vo
] N [ R,
= =
AAA.
AA A4
>
b3
JL f=1kHz

TL/H/6976-9

Frequency Response with Bass Boost

VOLTAGE GAIN (dB)
N
I~~~

20 50 100 200 500 1k 2k 5k 10k 20k
FREQUENCY (Hz)

TL/H/6976-10
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Typical Applications (continued)

AM Radio Power Amplifier

S Ve
FROM
DETECTOR
Yo FERRITE
BEAD 250uF
+ I
A'AvAf B8
104F a1 [+ SPEAKER
| 0.054F
TL/H/6976-11
Note 1: Twist supply lead and supply ground very tightly. Note 4: R1C1 band limits input signals.
Note 2: Twist speaker lead and ground very tightly. Note 5: All components must be spaced very close to IC.

Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 turns of wire.
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LM387/LM387A Low Noise Dual Preamplifier

General Description

The LM387 is a dual preamplifier for the amplification of low
level signals in applications requiring optimum noise per-
formance. Each of the two amplifiers is completely indepen-
dent, with an internal power supply decoupler-regulator, pro-
viding 110 dB supply rejection and 60 dB channel separa-
tion. Other outstanding features include high gain (104 dB),
large output voltage swing (Vcc — 2V)p-p, and wide power
bandwidth (75 kHz, 20 Vp-p). The LM387A is a selected
version of the LM387 that has lower noise in a NAB tape
circuit, and can operate on a larger supply voltage. The
LM387 operates from a single supply across the wide range
of 9V to 30V, the LM387A operates on a supply of 9V to
40V.

The amplifiers are internally compensated for gains greater
than 10. The LN387, LM387A is available in an 8-lead dual-
in-line package. The LM387, LM387A is biased like the
LM381. See AN-64 and AN-104.

Features

B Low noise

m High gain

m Single supply operation

B Wide supply range LM387
LM387A

m Power supply rejection

1.0 nV total input noise
104 dB open loop

9 to 30V
9 to 40V

110 dB

W Large output voltage swing (Vcc — 2V)p-p

B Wide bandwidth 15 MHz unity

gain

m Power bandwidth 75 kHz, 20 Vp-p

= Internally compensated
m Short circuit protected
m Performance similar to LM381

Schematic and Connection Diagrams

Dual-In-Line Package

[
r T . —],; wn ) =4 ~/ LI
o2 : P 7
~IN — P— -IN(2)
rOETE e
onp = [ Vee
;% i '/‘“5 | Y
I B outeuT () =4 5 oot
4 g 2 Q10
o | * TL/H/7845-2
A A AM- (@5 :
An R I 2 ] v s Top View
Yo on | e Order Number LM387N or LM387AN
) 4 | L, I 3 I See NS Package Number NOSE
| S 10k | ﬁ!
] L R

TL/H/7845-3
FIGURE 1. Flat Gain Circuit (Ay = 1000)

TL/H/7845-1

F

o

<
3k
<

18k
560

150k

1—AAA,
I—WVWv

t 204F
LT

0.00474F

TL/H/7845-4

FIGURE 2. NAB Tape Circuit
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LM387/LM387A

Absolute Maximum Ratings

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

Power Dissipation (Note 1)
Operating Temperature Range
Storage Temperature Range

1.5W

0°Cto +70°C

—65°Cto +150°C

Supply Voltage ; o
LM387 +30V Lead Temperature (Soldering, 10 sec.) 260°C
LM387A +40V

Electrical Characteristics Ta = 25°C, Voo = 14V, unless otherwise stated

Parameter Conditions Min Typ Max Units
Voltage Gain Open Loop, f = 100 Hz 160,000 V/V
Supply Current LM387, Vo 9V-30V, R = oo 10 mA
LM387A, Voo 9V-40V, R = o 10 mA
Input Resistance
Positive Input 50 100 kQ
Negative Input 200 kQ
Input Current
Negative Input 05 81 A
Output Resistance ‘Open Loop 150 (1)
Output Current Source 8 mA
Sink 2 mA
Output Voltage Swing Peak-to-Peak Vec—2 \
Unity Gain Bandwidth 15 MHz
Large Signal Frequency 20 Vp-p (Vgc > 24V), 75 KkHz
Response THD < 1%
Maximum Input Voltage Linear Operation 300 mVrms
Supply Rejection Ratio f=1kHz
Input Referred 110 dB
Channel Separation f=1kHz 40 60 dB
Total Harmonic Distortion 60 dB Gain, f = 1 kHz 0.1 0.5 %
Total Equivalent Input 10 Hz-10,000 Hz
Noise (Flat Gain Cricuit) LM387 Figure 1 1.0 1.2 pVrms
Output Noise NAB Tape Unweighted
Playback Circuit Gain of 37 dB LMB387A Figure 2 400 700 pVrms
Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C junction temp: and a thermal resistance

of 80°C/W junction to ambient.

Typical Applications (continued)

Two-Pole Fast Turn-ON NAB Tape Preamplifier Frequency Response of NAB

2v Circuit of Figure 2
! “F+ z: NAB PLAYBACK
+
| w8 o o D\ B
Lmas? (4, 5) 50
3.3k O g % N
2.7 z
P @ g 3%
- 0 N
~ 0.0082,F 2%
11k %
[ )
20 50 100200 500 1k 2k 5k 10k 20
11k 11k FREQUENCY (H2)
VW—& — W\ TL/H/7845-6
2
we 240 1.3k
i I
20uF 20 uF

TL/H/7845-5
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Typical Performance Characteristics
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Typical Applications (continued)

Inverting Amplifier Ultra-Low Distortion

TL/H/7845-8

Typical Magnetic Phono Preamplifier

30k
AAA
\ A4

0.0027.F

TL/H/7845-9
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Corporation

LM388 1.5 Watt Audio Power Amplifier

W Variable voltage gain

General Description

The LM388 is an audio amplifier designed for use in medium
power consumer applications. The gain is internally set to
20 to keep external part count low, but the addition of an
external resistor and capacitor between pins 2 and 6 will
increase the gain to any value up to 200.

The inputs are ground referenced while the output is auto-
matically biased to one half the supply voltage.

Features

B Minimum external parts

m Wide supply voltage range

m Excellent supply rejection

m Ground referenced input

| Self-centering output quiescent voltage

Low distortion

m Fourteen pin dual-in-line package
B Low voltage operation, 4V

Applications
® AM-FM radio amplifiers
m Portable tape player amplifiers

Intercoms

TV sound systems
Lamp drivers

Line drivers
Ultrasonic drivers

m Small servo drivers

Power converters

Equivalent Schematic and Connection Diagrams

14

— INPUT

O Vs

13
p—O Vour

TL/H/7846-1

Dual-In-Line Package

BYPASS =1 -’ AERTR
13
GAIN =3 — Vour
3 12
eND { = (11} 6D
5 10
=3 LN
GAIN =] ° ootsTRap
—INPUT — S anput

TL/H/7846-2
Top View

Order Number LM388N-1
See NS Package Number N14A
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LMm388

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Input Voltage +0.4V
contact the National Semiconductor Sales Office/ Storage Temperature —65°C to +150°C
Distributors for availability and specifications. Operating Temperature 0°Cto +70°C
Supply Vol'fag.e . : 15V Junction Temperature 150°C
Package Dissipation 14-Pin DIP (Note 1) 8.3W Lead Temperature (Soldering, 10 sec.) 260°C
Electrical Characteristics 1, = 25°c, (Figure 1)
Symbol Parameter Conditions Min Typ Max Units
Vg Operating Supply Voltage
LM388 4 12 v
la Quiescent Current ViN=0
LM388 Vg = 12V 16 2 mA
PouT Output Power (Note 2) R1 = R2 = 1800, THD = 10%
LM388N-1 Vg = 12V,R_ = 80 1.5 2.2 w
Vg = 6V, R = 4Q 0.6 0.8 W
Ay Voltage Gain Vg = 12V,f =1 kHz 23 26 30 dB
10 uF from Pins 2to 6 46 dB
BW Bandwidth Vg = 12V, Pins 2 and 6 Open 300 kHz
THD Total Harmonic Distortion Vg = 12V, RL = 89, Poyt = 500 mW, 01 1 o
f = 1 kHz, Pins 2 and 6 Open : °
PSRR Power Supply Rejection Ratio Vg = 12V, f = 1 kHz, Cgypass = 10 uF, 50 dB
(Note 3) Pins 2 and 6 Open, Referred to Output
RiN Input Resistance 10 50 kQ
IBlAS Input Bias Current Vg = 12V, Pins 7 and 8 Open 250 nA

Note 1: Pins 3, 4, 5, 10, 11, 12 at 25°C. Derate at 15°C/W above 25°C case.
Note 2: The amplifier should be in high gain for full swing on higher supplies due to input voltage limitations.
Note 3: If load and bypass capacitor are returned to Vg (Figure 2), rather than ground (Figure 7), PSRR is typically 30 dB.

Typical Performance Characteristics

Power Supply Rejection Ratio

Maximum Device Dissipation vs Quiescent Supply Current vs (Referred to the Output) vs
Ambient Temperature Supply Voltage w0 Frequency
10 50
: lllFlmT[ﬂTSl K o g .
g g g
NN : q?ﬂmlllllll’!.nn |
: ! Yl
a g | > !
R £ AIIlIIiW Al
JHEEESS : L~ il gl
2
& 2 Lrcew ‘ EgE/MMw +— 2 10 = % m
— g
! [cobenroi tesannor] 1 . IlIIIII\llIIIIIlIlIlllIIIIIIIIIIIil
0 10 20 30 40 50 60 70 80 90 100 [} 4 8 12 16 20 10 100 1k 10k 100k
Ta — AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) FREQUENCY (Hz)

Note: 2 oz. copper foil, single-sided PC board.

TL/H/7846-5
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Typical Performance Characteristics (continued) 8
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TL/H/7846-6
Application Hints
GAIN CONTROL output dc level may shift due to the additional dc gain. Gain
To make the LM388 a more versatile amplifier, two pins (2 control can alsq be done by capagitivgly coupling a resistor
and 6) are provided for gain control. With pins 2 and 6 open, (or FET) from pin 6 to ground, as in Figure 7.
the 1.35 kQ resistor sets the gain at 20 (26 dB). If a capaci- Additional external components can be placed in parallel
tor is put from pins 2 to 6, bypassing the 1.35 kQ resistor, with the internal feedback resistors to tailor the gain and
the gain will go up to 200 (46 dB). If a resistor is placed in frequency response for individual applications. For example,
series with the capacitor, the gain can be set to any value we can compensate poor speaker bass response by fre-
from 20 to 200. A low frequency pole in the gain response is quency shaping the feedback path. This is done with a se-
caused by the capacitor working against the external resis- ries RC from pin 6 to 13 (paralleling the internal 15 kQ resis-
tor in series with the 1509 internal resistor. If the capacitor tor). For 6 dB effective bass boost: R = 15 k2, the lowest
is eliminated and a resistor connects pins 2 to 6 then the value for good stable operation is R = 10 kQ if pin 2
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Application Hints (continued)

is open. If pins 2 and 6 are bypassed then R as low as 2 k)
can be used. This restriction is because the amplifier is only
compensated for closed-loop gains greater than 9 V/V.

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 kQ resistor . The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when left open. If the dc source resistance driving the
LM388 is higher than 250 kQ it will contribute very little
additional offset (about 2.5 mV at the input, 50 mV at the
output). If the dc source resistance is less than 10 kQ, then
shorting the unused input to ground will keep the offset low
(about 2.5 mV at the input, 50 mV at the output). For dc
source resistances between these values we can eliminate
excess offset by putting a resistor from the unused input to
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is ca-
pacitively coupled.

When using the LM388 with higher gains (bypassing the
1.35 kQ resistor between pins 2 and 6) it is necessary to
bypass the unused input, preventing degradation of gain
and possible instabilities. This is done with a 0.1 uF capaci-
tor or a short to ground depending on the dc source resist-
ance on the driven input.

BOOTSTRAPPING

The base of the output transistor of the LM388 is brought
out to pin 9 for Bootstrapping. The output stage of the am-
plifier during positive swing is shown in Figure 3 with its
external circuitry.

R1 + R2 set the amount of base current available to the
output transistor. The maximum output current divided by

Typical Applications

0.1uF

Vin

TL/H/7846-3
FIGURE 1. Load Returned to Ground

(Amplifier with Gain = 20)

beta is the value required for the current in R1 and R2:
(Vs/2) — Vge
lo MAX

Good design values are Vgg = 0.7V and 8o = 100.
Example: 1 watt into 8Q load with Vg = 12V.

2P
IOMAX=1/"EQ= 500 mA
L

(12/2) - 0.7
0.5

(R1 + R2) = 8o

(R1 + R2) = 100( ) = 10609

" To keep the current in R2 constant during positive swing

capacitor Cg is added. As the output swings positive Cg lifts
R1 and R2 above the supply, maintaining a constant voltage
across R2. To minimize the value of Cg, R1 = R2. The pole
due to Cg and R1 and R2 is usually set equal to the pole
due to the output coupling capacitor and the load. This
gives:

Bo 25

Example: for 100 Hz pole and R = 89; C; = 200 nF and
Cg = 8 uF, if R1 is made a diode and R2 increased to give
the same current, Cg can be decreased by about a factor of
4, as in Figure 4.

For reduced component count the load can replace R1. The
value of (R1 + R2) is the same, so R2 is increased. Now Cg
is both the coupling and the bootstrapping capacitor (see
Figure 2).

0.1uF

i
g

Vin

TL/H/7846-4
FIGURE 2. Load Returned to Vg
(Amplifier with Gain = 20)




Typical Applications (continued)

88EINT

0.1uF

Vs

Vs

BYPASS

R, 3.4,

= I‘
TL/H/7846-7 -— -

FIGURE 3 TL/H/7846-8

FIGURE 4. Ampifier with Gain = 200 and Minimum Cp
Vs

. 1 ]
_I- 0.1uF
T

22pF

34,5,
10, 11,12

4 3,4,5
i 10,11, 12

TL/H/7846-9

Vg = 6V RL = 40 Po = 1.0W
Vg = 12V RL =89 Po = 4W
FIGURE 5. Bridge Amp
2
0.1uF 2
25
g o
=
,3 23 \
o 2
g 1
v R
Vin ° 2 N
19
10k 18
n
Re 20 50 100200 500 Tk 2k 5k 10k 20k

FREQUENCY (Hz)
TL/H/7846-11
FIGURE 6b. Frequency Response

with Bass Boost
TL/H/7846-10

FIGURE 6a. Amplifier with Bass Boost
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Typical Applications (continued)

3.4,3
10,11,12
51 0.054F
L 11
TALK TALK
fe c— fem = o e e —— -
MASTER ? LISTEN O LISTEN REMOTE
- = TL/H/7846-12
FIGURE 7. Intercom
[ 510
FROM
DETECTOR
s |+
v — 10uF
o FERRITE
—BEAD 250uF
m,_l*
47
—WWA—9 8o
_] SPEAKER

345 10uE )
e L

FIGURE 8. AM Radio Power Amplifier

Note 1: Twist supply lead and supply ground very tightly. Note 4: R1C1 band limits input signals.
Note 2: Twist speaker lead and ground very tightly.
Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 turns of wire.

TL/H/7846-13

Note 5: All components must be spaced very close to IC.
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LM389 Low Voltage Audio Power Amplifier

with NPN Transistor Array

General Description

The LM389 is an array of three NPN transistors on the same
substrate with an audio power amplifier similar to the
LM386.

The amplifier inputs are ground referenced while the output
is automatically biased to one half the supply voltage. The
gain is internally set at 20 to minimize external parts, but the
addition of an external resistor and capacitor between pins
4 and 12 will increase the gain to any value up to 200.
The three transistors have high gain and excellent matching
characteristics. They are well suited to a wide variety of ap-
plications in DC through VHF systems.

Features

Amplifier

B Battery operation

B Minimum external parts

B Wide supply voltage range

| Low quiescent current drain

m Voltage gains from 20 to 200

® Ground referenced input

m Self-centering output quiescent voltage
® Low distortion

Transistors

& Operation from 1 pA to 25 mA

m Frequency range from DC to 100 MHz
® Excellent matching

Applications

B AM-FM radios

®m Portable tape recorders
m Intercoms

® Toys and games

® Walkie-talkies

m Portable phonographs
B Power converters

Equivalent Schematic and Connection Diagrams
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LM389

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec.) 260°C
contact the National Semiconductor Sales Office/ Collector to Emitter Voltage, Vceo 12v
Distributors for availability and specifications. Collector to Base Voltage, Vcgo 15V
Supply Volt.ag.e 15V Collector to Substrate Voltage, Vcio

Package Dissipation (Note 1) 1.89W (Note 2) 15V
Input Voltage +0.4V Collector Current, Ig 25mA
Storage Temperature —65°Cto +150°C Emitter Current, Ig 25mA
Operating Temperature 0°Cto +70°C Base Current, Ig 5mA
Junction Temperature 150°C Power Dissipation (Each Transistor) Ta < +70°C 150 mW

Electrical Characteristics 1, = 25:c

Symbol | Parameter Conditions | Min I Typ | Max | Units
AMPLIFIER
Vg Operating Supply Voltage 4 12 \
la Quiescent Current Vg = 6V, V)N = 0V 6 12 mA
Pourt Output Power (Note 3) THD = 10% Vg = 6V, R = 8Q 250 325 mw
° Vs = 9V,R_ = 16Q 500 mwW
Ay Voltage Gain Vg = 6V, f = 1kHz 23 26 30 dB
10 uF from Pins 4 to 12 46 dB
BW Bandwidth Vg = 6V, Pins 4 and 12 Open 250 kHz
THD Total Harmonic Distortion Vg = 6V, R = 8Q, Poyt = 125 mW, 0.2 3.0 %
f = 1 kHz, Pins 4 and 12 Open ’ : ?
PSRR Power Supply Rejection Ratio Vg = 6V, f = 1 kHz, Cgypass = 10 uF, 30 50 dB
Pins 4 and 12 Open, Referred to Output
RiN Input Resistance 10 50 kQ
IBiIAS Input Bias Current Vg = 6V, Pins 5 and 16 Open 250 nA
TRANSISTORS
Vceo Collector to Emitter Ic=1mAIlg=0 12 20 v
Breakdown Voltage
VeBo Collector to Base Ic=10pAlg=0 15 40 v
Breakdown Voltage
Vcio Collector to Substrate Ic=10pAlg=1Ig=0
15 40 \"
Breakdown Voltage
VEBO Emitter to Base lE=10pAlc=0
Breakdown Voltage 6.4 & 78 v
Hre Static Forward Current Ic =10 pA 100
Transfer Ratio (Static Beta) Ic=1mA 100 275
Ic =10mA 275
hoe Open-Circuit Output Admittance | Ic = 1 mA, Vgg = 5V, f = 1.0 kHz 20 pmho
VBe Base to Emitter Voltage lE=1mA 0.7 0.85 \"
|VBe1-VBE2| | Base to Emitter Voltage Offset lE=1mA 1 5 mv
VCESAT Collectgr to Emitter Ic=10mA,Ig = 1mA 0.15 05 v
Saturation Voltage
Ces Emitter to Base Capacitance Vgg = 3V 1.5 pF
CcB Collector to Base Capacitance Ve = 3V 2 pF
Cgi Collecﬁor to Substrate Vg = 3V 35 oF
Capacitance
hie High Frequency Current Gain Ilc = 10 mA, Vce = 5V, f = 100 MHz 1.5 5.5

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C

of 66°C/W junction to ambient.
Note 2: The collector of each transistor is isolated from the substrate by an integral diode. Therefore, the collector voltage should remain positive with respect to

pin 17 at all times.

junction p and a thermal resistance

Note 3: If oscillation exists under some load conditions, add 2.7Q and 0.05 pF series network from pin 1 to ground.

1-46




-
. . . ae =
Typical Amplifier Performance Characteristics Q
©
Power Supply Rejection Ratio
Quiescent Supply Current (Referred to the Output) Peak-to-Peak Output Voltage
vs Supply Voltage vs Frequency Swing vs Supply Voltage
10 60 ET) —
— & fs 4 4
8 S 5 e )y 16
Ed z x 8 —
T — 3 < / v
= Lt w
E o, | g w gL ) g nins
z o
< Lt w )
: 'H £ = A
3 %
> 4 z 5 4 g a4
2 S 2 K 7 —
H g g il
? g ow il =t
. . | T T T E .
4 5 6 7 B8 9 10 1 12 10 100 1k 10k 100k 4 5 6 71 8 9 10 1 12
SUPPLY VOLTAGE (VOLTS) FREQUENCY (Hz) SUPPLY VOLTAGE (VOLTS)
Voltage Gain vs Frequency Distortion vs Frequency Distortion vs Output Power
60 — T 20 T—T 10
E g VstV I I I F g fVsc® I
50 || = Re=8e | | = R, =80
= 2 8 rour-125mw R AT
: w0 E 14 A, =26dB(Cyy2=0) z 7
H ’us‘» 12 2
NS o 10 S s
g M g g
g i S o8 vd g ¢4
= & / z
2 g 08 74 R
10 2 04 /‘ 2 2
5 02 5 1
- = P
o L 0 . L
100 1k 10k 100k m 20 50 100 200 S00 1k 2k 5k 10k 20k 0.001 0.01 0.1 1.0
FREQUENCY (Hz) FREQUENCY (Hz) POWER OUT (WATTS)
Device Dissipation vs Output Device Dissipation vs Output Device Dissipation vs Output
Power—40 Load Power—8() Load Power—160 Load
1.0 1.0 05
5 09 Vs I- 12V A A | 09 [ vInAxlnmulm— vs| 1y
E 08 / \‘ MAXIMUM 5 ' CONTINUOUS E 04
g XIS CONTINUOUS| g 08 Vs =1V —F ISSIPATID s
g = A DISSIPATION E o FREpA T LA H LTS
; 0.6 I 3 0.6 / / ! ! 3 03 L
= = = = =
g 0s [/ v I“" VI l‘;’;gl'.s" % 0s L Vg =av _,'__/:\um DisT. _| = Vs =8V L1471 |
2 Ve-by N o ] |/ 77 | LEve = I & 0% o,
g 0 s =6V LN 30 pist. 2 s A 71— 2 02 [}A > LEVEL
W 03 / LEVEL o 03 £ N 3% DisT. s >4 3% DIST.
S e - s =6V7 A | LEVE e ] LEVEL
g g v [ : o IR
01 o s f v | \
0 0.1 02 03 04 05 0 01020304050607080910 0 0.1 020304050607 0809 10
OUTPUT POWER (WATTS) OUTPUT POWER (WATTS) QUTPUT POWER (WATTS)
TL/H/7847-3

1-47



LM389

Typical Transistor Performance Characteristics
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Application Hints

Gain Control

To make the LM389 a more versatile amplifier, two pins (4
and 12) are provided for gain control. With pins 4 and 12
open, the 1.35 kS resistor sets the gain at 20 (26 dB). If a
capacitor is put from pin 4 to 12, bypassing the 1.35 kQ
resistor, the gain will go up to 200 (46 dB). If a resistor is
placed in series with the capacitor, the gain can be set to
any value from 20 to 200. A low frequency pole in the gain
response is caused by the capacitor working against the
external resistor in series with the 150 internal resistor. If
the capacitor is eliminated and a resistor connects pin 4 to
12, then the output dc level may shift due to the additional
dc gain. Gain control can also be done by capacitively cou-
pling a resistor (or FET) from pin 12 to ground.

Additional external components can be placed in parallel
with the internal feedback resistors to tailor the gain and
frequency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a se-
ries RC from pin 1 to 12 (paralleling the internal 15 kQ resis-
tor). For 6 dB effective bass boost: R = 15 k, the lowest
value for good stable operation is R = 10 kQ if pin 4 is
open. If pins 4 and 12 are bypassed then R as low as 2 kQ
can be used. This restriction is because the amplifier is only
compensated for closed-loop gains greater than 9V/V.

Input Biasing

The schematic shows that both inputs are biased to ground
with a 50 kQ resistor. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when left open. If the dc source resistance driving the
LM389 is higher than 250 kQ it will contribute very little
additional offset (about 2.5 mV at the input, 50 mV at the
output). If the dc source resistance is less than 10 kS, then
shorting the unused input to ground will keep the offset low
(about 2.5 mV at the input, 50 mV at the output). For dc
source resistances between these values we can eliminate
excess offset by putting a resistor from the unused input to
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is ca-
pacitively coupled.

When using the LM389 with higher gains (bypassing the
1.35 kQ resistor between pins 4 and 12) it is necessary to

bypass the unused input, preventing degradation of gain
and possible instabilities. This is done with a 0.1 uF capaci-
tor or a short to ground depending on the dc source resist-
ance of the driven input.

Supplies and Grounds

The LM389 has excellent supply rejection and does not re-
quire a well regulated supply. However, to eliminate possi-
ble high frequency stability problems, the supply should be
decoupled to ground with a 0.1 nF capacitor. The high cur-
rent ground of the output transistor, pin 18, is brought out
separately from small signal ground, pin 17. If the two
ground leads are returned separately to supply then the par-
asitic resistance in the power ground lead will not cause
stability problems. The parasitic resistance in the signal
ground can cause stability problems and it should be mini-
mized. Care should also be taken to insure that the power
dissipation does not exceed the maximum dissipation of the
package for a given temperature. There are two ways to
mute the LM389 amplifier. Shorting pin 3 to the supply volt-
age, or shorting pin 12 to ground will turn the amplifier off
without affecting the input signal.

Transistors

The three transistors on the LM389 are general purpose
devices that can be used the same as other small signal
transistors. As long as the currents and voltages are kept
within the absolute maximum limitations, and the collectors
are never at a negative potential with respect to pin 17,
there is no limit on the way they can be used.

For example, the emitter-base breakdown voltage of 7.1V
can be used as a zener diode at currents from 1 pA to
5 mA. These transistors make good LED driver devices,
VgaT is only 150 mV when sinking 10 mA.

In the linear region, these transistors have been used in AM
and FM radios, tape recorders, phonographs and many oth-
er applications. Using the characteristic curves on noise
voltage and noise current, the level of the collector current
can be set to optimize noise performance for a given source
impedance. Some of the circuits that have been built are
shown in Figures 1-7. This is by no means a complete list
of applications, since that is limited only by the designers
imagination.
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FIGURE 1. AM Radio
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Application Hints (ontinued)
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Application Hints (continued)
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Application Hints (continued)

12v

0.1uF

BYPASS
i s
-

100k r
=+

510k

FIGURE 7. Noise Generator Using Zener Diode

TL/H/7847-12

1-52




National
Semiconductor
Corporation

LM390 1 Watt Battery Operated Audio Power Amplifier

General Description

The LM390 Power Audio Amplifier is optimized for 6V, 7.5V,
9V operation into low impedance loads. The gain is internal-
ly set at 20 to keep the external part count low, but the
addition of an external resistor and capacitor between pins
2 and 6 wil increase the gain to any value up to 200. The
inputs are ground referenced while the output is automati-
cally biased to one half the supply voltage.

Features

B Battery operation

= 1W output power

m Minimum external parts
m Excellent supply rejection
m Ground referenced input

B Self-centering output quiescent voltage
B Variable voltage gain

B Low distortion

B Fourteen pin dual-in-line package

Applications

B AM-FM radio amplifiers
Portable tape player amplifiers
Intercoms

TV sound systems

Lamp drivers

Line drivers

Ultrasonic drivers

Small servo drivers

Power converters

Equivalent Schematic and Connection Diagrams
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Input Voltage +0.4V
contact the National Semiconductor Sales Office/ Storage Temperature —65°C to +150°C
Distributors for availability and specifications. Operating Temperature 0°Cto +70°C
Supply Volt.ag.e X ) 1ov Junction Temperature 150°C
Package Dissipation 14-Pin DIP (Note 1) 8.3W Lead Temperature (Soldering, 10 sec.) 260°C
Electrical Characteristics 1, = 25°c, (Figure 1)
Symbol Parameter Conditions Min Typ Max Units
Vg Operating Supply Voltage 4 9 \
la Quiescent Current Vg = 6V,V|y =0 10 20 mA
PouT Output Power Vg = 6V, R = 4Q, THD = 10% 0.8 1.0 w
Ay Voltage Gain Vg = 6V, f 1kHz 23 26 30 dB

10 pF from Pin2to 6 46 dB
BW Bandwidth Vg = 6V, Pins 2 and 6 Open 300 kHz
THD Total Harmonic Distortion Vg = 6V, R = 40, Poyt = 500 mW 02 1 o

f = 1 kHz, Pins 2 and 6 Open - °
PSRR Power Supply Rejection Ratio Vg = 6V, f = 1 kHz, Cgypass = 10 uF,

Pins 2 and 6 Open, Referred to Output 50 dB

(Note 2)
RN Input Resistance 10 50 kQ
IBlAS Input Bias Current Vg = 6V, Pins 7 and 8 Open 250 nA

Note 1: Pins 3, 4, 5, 10, 11, 12 at 25°C. Derate at 15°C/W above 25°C case.
Note 2: If load and bypass capacitor are returned to Vg (Figure 2), rather than ground (Figure 1), PSRR is typically 30 dB.

Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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Application Hints
Gain Control

To make the LM390 a more versatile amplifier, two pins (2
and 6) are provided for gain control. With pins 2 and 6 open,
the 1.35 kQ resistor sets the gain at 20 (26 dB). If a capaci-
tor is put from pin 2 to 6, bypassing the 1.35 kQ resistor, the
gain will go up to 200 (46 dB). If a resistor is placed in series
with the capacitor, the gain can be set to any value from 20
to 200. A low frequency pole in the gain response is caused
by the capacitor working against the external resistor in se-
ries with the 150Q internal resistor. If the capacitor is elimi-
nated and a resistor connects pin 2 to 6 then the output dc
level may shift due to the additional dc gain. Gain control
can also be done by capacitively coupling a resistor (or
FET) from pin 6 to ground, as in Figure 7.

Additional external components can be placed in parallel
with the internal feedback resistors to tailor the gain and
frequency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a se-
ries RC from pin 6 to 13 (paralleling the internal 15 kQ resis-
tor). For 6 dB effective bass boost: R = 15 k, the lowest
value for good stable operation is R = 10 kQ if pin 2 is
open. If pins 2 and 6 are bypassed then R as low as 2 k2
can be used. This restriction is because the amplifier is only
compensated for closed-loop gains greater than 9 V/V.

Input Biasing

The schematic shows that both inputs are biased to ground
with a 50 kQ resistor. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when left open. If the dc source resistance driving the
LMB390 is higher than 250 k it will contribute very little
additional offset (about 2.5 mV at the input, 50 mV at the
output). If the dc source resistance is less than 10 kQ, then
shorting the unused input to ground will keep the offset low
(about 2.5 mV at the input 50 mV at the output). For dc
source resistances between these values we can eliminate
excess offset by putting a resistor from the unused input to
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is ca-
pacitively coupled.

When using the LM390 with higher gains (bypassing the
1.35 kQ resistor between pins 2 and 6) it is necessary to

TL/H/7848-6

bypass the unused input, preventing degradation of gain
and possible instabilities. This is done with a 0.1 uF capaci-
tor or a short to ground depending on the dc source resist-
ance on the driven input.

Bootstrapping

The base of the output transistor of the LM390 is brought
out to pin 9 for Bootstrapping. The output stage of the am-
plifier during positive swing is shown in Figure 3 with its
external circuitry.

R1 + R2 set the amount of base current available to the
output transistor. The maximum output current divided by
beta is the value required for the current in R1 and R2:
(Vs/2) — VBe

lo MAX
Good design values are Vgg = 0.7V and 8o = 100.
Example 0.8 watt into 4Q load with Vg = 6V.

2P
lomMax = R_LO = 632 mA

(6/2) — 0.7
0.632

To keep the current in R2 constant during positive swing
capacitor Cg is added. As the output swings positive Cg lifts
R1 and R2 above the supply, maintaining a constant voltage
across R2. To minimize the value of Cg, R1 = R2. The pole
due to Cg and R1 and R2 is usually set equal to the pole
due to the output coupling capacitor and the load. This
gives:

(R1 + R2) = 8o

(R1 + R2) = 100( ) = 3640

4C; _ G

Bo 25

Example: for 100 Hz pole and Ry = 49; C; = 400 uF and
Cg = 16 puF, if R1is made a diode and R2 increased to give
the same current, Cg can be decreased by about a factor of
4, as in Figure 4.

For reduced component count the load can replace R1. The
value of (R1 + R2) is the same, so R2is increased. Now Cg
is both the coupling and the bootstrapping capacitor (see
Figure 2).

Cg =
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Typical Applications

6V

0.1uF 0.1uF .
Vin v
IN
10k
10k
4
- = = TL/H/7848-4
TL/H/7848-3
FIGURE 1. Load Returned to Ground FIGURE 2-|!-Pad F_“;“g ned to Supply
(Amplifier with Gain = 20) (Amplifier with Gain = 20)
Vs 0.1uF

TL/H/7848-7
FIGURE 3

TL/H/7848-8
FIGURE 4. Amplifier with Gain = 200 and Minimum Cg

0.1uF

:
T
I

FIGURE 5. 2.5W Bridge Amplifier TL/H/7848-9
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Typical Applications (continued)
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= = FIGURE 6(b). Frequency Response
TL/H/7848-10 with Bass Boost
FIGURE 6(a). Amplifier with Bass Boost
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FIGURE 7. Intercom
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\ 80
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= = TL/H/7848-13
FIGURE 8. AM Radio Power Amplifier
Note 1: Twist supply lead and supply ground very tightly. Note 4: R1C1 band limits input signals.
Note 2: Twist speaker lead and ground very tightly. Note 5: All components must be spaced very close to IC.

Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 turns of wire.
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National
% Semiconductor
Corporation

LM391 Audio Power Driver

General Description

The LM391 audio power driver is designed to drive external
power transistors in 10 to 100 watt power amplifier designs.
High power supply voltage operation and true high fidelity
performance distinguish this IC. The LM391 is internally pro-
tected for output faults and thermal overloads; circuitry pro-
viding output transistor protection is user programmable.

Features

m High Supply Voltage +50V max
® Low Distortion 0.01%
| Low Input Noise 3 uVv
m High Supply Rejection 90 dB
¥ Gain and Bandwidth Selectable

® Dual Slope SOA Protection

® Shutdown Pin

Equivalent Schematic and Connection Diagram

9 G Q15 V+

14
SHUTDOWN

2 1
~IN +IN
FILTER comp
o—e p—O
4 3

>
> 25k
s

S
< 25k

—O 8 OUTPUT SOURCE
O 10 +1 LIMIT

—~O 11 +S0A

—Q 3 OUTPUT SENSE
-O 12 -SOA

f—0 13 -1 LIMIT

-0 5 OUTPUT SINK

>
<

> 25k
S

N )

>
<
< 5k

I -0 16 V-

TL/H/7146-1

Dual-In-Line Package

\/ _
+IN 1 16 p=—V’
-In—] 2 15 p—v*
COMPC—q3 14 = SHUTDOWN
RIPPLE C = 4 13 f—- 1 LIMIT
SINK =] & 12 j— - SOA DIODE
BIAS =] 6 11 p=—+SOA DIODE
BIAS mmeed 7 10 f=—+1 LIMIT
SOURCE ===q 8 9 }— ouTPuT SENSE
TL/H/7146-2
Top View

Order Number LM391N-100
See NS Package Number N16A
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Absoclute Maximum Ratings

L6ENT

If Military/Aerospace specified devices are required, Shutdown Current (Pin 14) 1mA
contact the National Semiconductor Sales Office/ Package Dissipation (Note 1) 1.39W
glstr:bl.:/tﬁ:s for availability and specifications. Storage Temperature —65°C to +150°C
upply Voltage " o o
LM391N-100 £50V or +100V Spe:’:'"g TerS“pe’a‘,“'e 1 0°Cto “;;gog
Input Voltage Supply Voltage less 5V ead Temp. (Soldering, 10 sec.)

Electrical Characteristics 1, = 25°C (The foliowing are for V+ = 90% V+pyax and V= = 90% V—pax.)

Parameter Conditions Min Typ Max Units
Quiescent Current Currentin Pin 15
LM391N-100 Vin =0 5 6 mA
Output Swing Positive vVt -7 vt -5 \
Negative V- +7 V- +5 \%
Drive Current Source (Pin 8) 5 mA
Sink (Pin 5) 5 mA
Noise (20 Hz-20 kHz) Input Referred 3 nVv
Supply Rejection Input Referred 70 90 dB
Total Harmonic Distortion f=1kHz 0.01 %
f = 20 kHz 0.10 0.25 %
Intermodulation Distortion 60 Hz, 7 kHz, 4:1 0.01 %
Open Loop Gain f =1kHz 1000 5500 V/V
Input Bias Current 0.1 1.0 pA
Input Offset Voltage 5 20 mV
Positive Current Limit Vgg Pin 10-9 650 mV
Negative Current Limit Vgg Pin9-13 650 mV
Positive Current Limit Bias Current Pin 10 10 100 pA
Negative Current Limit Bias Current Pin 13 10 100 pA

Pin 14 Current Comments
Minimum pin 14 current required for shutdown is 0.5 mA, and must not exceed 1 mA.
Maximum pin 14 current for amplifier not shut down is 0.05 mA.
The typical shutdown switch point current is 0.2 mA.

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance
of 90°C/W junction to ambient.

Typical Applications

vVt O- o O

THERMAL
SWITCH

NORMALLY
OPEN

v O

TL/H/7146-3
FIGURE 1. LM391 with External Components—Protection Circuitry Not Shown
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Typical Performance Characteristics

Total Harmonic Distortion vs

Output Power vs Supply Voltage oz Frequency (R, = 8Q)

Total Harmonic Distortion vs
Frequency (R, = 4Q)

_ 0.40
E 180 018 7 036
‘E 160 P 0.16 4 032 700
Z 140 0.14 0.28
g RL=00 / Ay =200
3 120 A g 012 < 0u
g 10 2 00 o
) L Y 008 L Xt
£ % d
oz B 7B ’
5 iy N4 : N
g 20— /// 0.02 Av-204 0.04 il m’/
e o=
10 +20 30 +40 20 50 100200 500 tk 2k S5k 10k 20k 20 50 100200 500 1k 2k Sk 10k 20k
SUPPLY VOLTAGE (VOLTS) FREQUENCY (HERTZ) FREQUENCY (HERTZ)
Input Referred Power Supply Total Harmonic Distortion vs
Open Loop Gain vs Frequency Rejection vs Frequency 0 5AB Bias Current
" I 1 I‘Jblll'ts PPl'V :
% Cc=5pF =
80 =3 9 04
=
g n \\ £3  |NEGATIVE SupPLY f= 20khz
8 60 N a2 w0 ~ < 03
S N «9 N \WITN CR =
g %0 AN b3 NN 2
Z aofCe-spFWITHI N g8 0 A "oz
S 1MQ RESISTOR N 2
» AN 25 WITHOUT Cp RL=49
20 2= 60 N 0N T
10 =
X \ " N 0 R!, s‘n
100 1k 10k 100k ™ 10M 20 50 100200 500 1k 2k 5k 10k 20k 0 5 10 15 20 25 30 35 40 45 50
FREQUENCY (HERT2) CR=Cc FREQUENCY (HERTZ) AB BIAS CURRENT (MILLIAMPS)
TL/H/7146-4
Pin Descriptions
Pin No. Pin Name Comments
1 + Input Audio input
2 —Input Feedback input
3 Compensation Sets the dominant pole
4 Ripple Filter Improves negative supply rejection
5 Sink Output Drives output devices and is emitter of AB bias Vg multiplier
6 BIAS Base of Vgg multiplier
7 BIAS Collector of Vgg multiplier
8 Source Output Drives output devices
9 Output Sense Biases the IC and is used in protection circuits
10 + Current Limit Base of positive side protection circuit transistor
11 + SOA Diode Diode used for dual slope SOA protection
12 —SOA Diode Diode used for dual slope SOA protection
13 —Current Limit Base of negative side protection circuit transistor
14 Shutdown Shuts off amplifier when current is pulled out of pin
15 v+ Positive supply
16 ' Negative supply
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External Components rigure 1)

Component Typical Value Comments
CiN 1pF Input coupling capacitor sets a low frequency pole with R)n.
1
f= 27RINCIN
Rin 100k Sets.input impedance and DC bias to input.
Rty 100k Feedback resistor; for minimum offset voltage at the output this should be equal to Rjn.
Rty 5.1k Feedback resistor that works with Ry, to set the voltage gain.
Ry,
Ay =1+ E:
Cj 10 uF Feedback capacitor. This reduces the gain to unity at DC for minimum offset voltage at the
output. Also sets a low frequency pole with Ry,.
1
fL= E‘I_TR_f.'E:_f
Cc 5pF Compensation capacitor. Sets gain bandwidth product and a high frequency pole.
1 GBW
GBW = WOOCC’ fn = A_V
Max fi, for stable design = 500 kHz.
Ra 3.9k AB bias resistor.
R 10k AB bias potentiometer. Adjust to set bias current in the output stage.
CaB 0.1 uF Bypass capacitor for bias. This improves high frequency distortion and transient response.
Cr 5pF Ripple capacitor. This improves negative supply rejection at midband and high frequencies.
Cp, if used, must equal C¢.
Reb 100Q Bleed resistor. This removes stored charge in output transistors.
Ro 2.7Q Output compensation resistor. This resistor and Co compensate the output stage. This value
will vary slightly for different output devices.
Co 0.1 uF Output compensation capacitor. This works with Rp to form a zero that cancels fg of the
output power transistors.
Re 0.39 Emitter degeneration resistor. This resistor gives thermal stability to the output stage
quiescent current. IRC PW5 type.
Rth 39k Shutdown resistor. Sets the amount of current pulled out of pin 14 during shutdown.
Cp,C'2 1000 pF Compensation capacitors for protection circuitry.
XL 109"5 pH Used to isolate capacitive loads, usually 20 turns of wire wrapped around a 10Q2, 2W resistor.
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LM391

Application Hints

GENERALIZED AUDIO POWER AMP DESIGN
Givens: Power Output
Load Impedance
Input Sensitivity
Input Impedance
Bandwidth
The power output and load impedance determine the power

supply requirements. Output signal swing and current are
found from:

VOpeak =\2R_Po

M

2 P,
lopeak = ﬂﬁg (2)

Add 5 volts to the peak output swing (Vop) for transistor
voltage to get the supplies, i.e., = (Vop + 5V) at a current
of Ipeak- The regulation of the supply determines the unload-
ed voltage, usually about 15% higher. Supply voltage will
also rise 10% during high line conditions.

max supplies = +(Vopeak + 5) (1 + regulation) (1.1)  (3)

The input sensitivity and output power specs determine the
required gain.

WPoRL V.
Ay > YPoRL _ Vorus @
VIN VINRMS

Normally the gain is set between 20 and 200; for a 25 watt,
8 ohm amplifier this results in a sensitivity of 710 mV and 71
mV, respectively. The higher the gain, the higher the THD,
as can be seen from the characteristics curves. Higher gain
also results in more hum and noise at the output.

The desired input impedance is set by Rjy. Very high values
can cause board layout problems and DC offsets at the out-
put. The bandwidth requirements determine the size of C¢
and Cg as indicated in the external component listing.

The output transistors and drivers must have a breakdown
voltage greater than the voltage determined by equation (3).
The current gain of the drive and output device must be high
enough to supply lopeak With 5 mA of drive from the LM391.
The power transistors must be able to dissipate approxi-
mately 40% of the maximum output power; the drivers must
dissipate this amount divided by the current gain of the out-
puts. See the output transistor selection guide, Table A.

To prevent thermal runaway of the AB bias current the fol-
lowing equation must be valid:
Re (Bmin + 1) ®)
Vceamax (K)
where:

045 is the thermal resistance of the driver transistor, junc-
tion to ambient, in °C/W.

Re is the emitter degeneration resistance in ohms.
Bmin is that of the output transistor.
Vcoeamax is the highest possible value of one supply from
equation (3).
K is the temperature coefficient of the driver base-emitter
voltage, typically 2 mV/°C.
Often the value of Rg is to be determined and equation (5)
is rearranged to be:
64 (VcEQMAX) K ©
Bmin + 1
The maximum average power dissipation in each output
transistor is:

Re =

Ppwmax = 0.4 Pomax U]
The power dissipation in the driver transistor is:
= Pomax
PDRIVER(MAX) = 8 (8)
MIN

Heat sink requirements are found using the following formu-
las:

Tumax — Tamax
Pp

0sa < 048 — 04c — Ocs

04a < ©)

(10)
where:
Timax is the maximum transistor junction temperature.
TamAx is the maximum ambient temperature.
0,4 is thermal resistance junction to ambient.
Os is thermal resistance sink to ambient.
8¢ is thermal resistance junction to case.

Ocs is thermal resistance case to sink, typically 1°C/W for
most mountings.
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Application Hints (continued)
PROTECTION CIRCUITRY

The protection circuits of the LM391 are very flexible and
should be tailored to the output transistor's safe operating
area. The protection V-1 characteristics, circuitry, and resis-
tor formulas are described below. The diodes from the out-
put to each supply prevent the output voltage from exceed-
ing the supplies and harming the output transistors. The out-
put will do this if the protection circuitry is activated while
driving an inductive load.

TURN-ON DELAY

Itis often desirable to delay the turn-ON of the power ampli-
fier. This is easily implemented by putting a resistor in series
with a capacitor from pin 14 to ground. The value of the

Protection Circuitry with External Components

v# &
vg=V*ORV™ <
D <l Ret
| <
|
4o
| ol
10 N
AA .
vy
I C2
1 >
1 _l 3: Re

|
ouTPUT
1 o o
12 R3 €2
=0~ D—W- ’-—‘ S RE
13 - Rj
—O- Av‘v‘v*

bt

(]

é <L
>

C2 1S FOR STABILITY ~ 1000 pF

V- .

TL/H/7146-5

resistor is set to limit the current to less than 1 mA (the
absolute maximum). This resistor with the capacitor gives a
time constant of RC. The turn-ON delay is approximately 2
time constants.

Example:

Amplifier with maximum supply of 30V, like the 20W, 8Q
example in the data sheet, requiring a delay of 1 second.

Time delay = 2 RC
_ MaxVv+
1mA

So:

R = 30k. Solving for C gives 16.7 uF. Use C = 20 uF with
a 30V rating.

Protection Characteristics

L DUAL SLOPE

/ CURRENT LIMIT

I

— SINGLE
SLOPE :
0 1 1P
0 Vg M

TL/H/7146-6

Protection Circuit Resistor Formulas (Vg = V1)

Type of Protection Rg, R’ Ry, R4 Ry, R'2 R3,R'3
Current Limit Rg = ;2 Not Required Short Not Required
L
Single Slope SOA ¢ (VM - 4>) ;
=2 = Not

Protection Re I Ry =Rp > 1kQ ot Required
Dual Slope SOA

Vm — v+
Protection Rg = ;ﬁ R1 = Ry ( M d>) 1kQ R3s = Rp ['lv—ﬁ—_-—d) - 1]
(Vg = V+) L ¢ LRE

Note: ¢ is the current limit Vgg voltage, 650 mV. Assumptions: V+ >> ¢, Vg >> ¢. V+ is the load supply voltage. Vi is the maximum rated Vg of the output

transistors.
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Application Hints (continued)

TRANSIENT INTERMODULATION DISTORTION

There has been a lot of interest in recent years about tran-
sient intermodulation distortion. Matti Otala of University of
Oulu, Ouluy, Finland has published several papers on the
subject. The results of these investigations show that the
open loop pole of the power amplifier should be above 20
kHz.

To do this with the LM391 is easy. Put a 1 MQ resistor from
pin 3 to the output and the open loop gain is reduced to
about 46 dB. Now the open loop pole is at 30 kHz. The
current in this resistor causes an offset in the input stage
that can be cancelled with a resistor from pin 4 to ground.
The resistor from pin 4 to ground should be 910 k2 rather
than 1 MQ to insure that the shutdown circuitry will operate
correctly. The slight difference in resistors results in about
15 mV of offset. The 40W, 8Q amplifier schematic shows
the hookup of these two resistors.

BRIDGE AMPLIFIER

A switch can be added to convert a stereo amplifer to a
single bridge amplifer. The diagram below shows where the
switch and one resistor are added. When operating in the
bridge mode the output load is connected between the two
outputs, the input is Vi #1, and V)N #2 is disconnected.

Typical Applications (continued)

OSCILLATIONS & GROUNDING

Most power amplifiers work the first time they are turned on.
They also tend to oscillate and have excess THD. Most os-
cillation problems are due to inadequate supply bypassing
and/or ground loops. A 10 pF, 50V electrolytic on each
power supply will stop supply-related oscillations. However,
if the signal ground is used for these bypass caps the THD
is usually excessive. The signal ground must return to the
power supply alone, as must the output load ground. All
other grounds—bypass, output R-C, protection, etc., can tie
together and then return to supply. This ground is called
high frequency ground. On the 40W amplifier schematic all
the grounds are labeled.

Capacitive loads can cause instabilities, so they are isolated
from the amplifier with an inductor and resistor in the output
lead.

AB BIAS CURRENT

To reduce distortion in the output stage, all the transistors
are biased ON slightly. This results in class AB operation
and reduces the crossover (notch) distortion of the class B
stage to a low level, (see performance curve, THD vs AB
bias). The potentiometer, Rg, from pins 6-7 is adjusted to
give about 25 mA of current in the output stage. This current
is usually monitored at the supply or by measuring the volt-
age across Rg.

Bridge Circuit Diagram

100k

5.1k

— Vg #1

100k

Output Transistors Selection Guide

BRIDGE

g

5

100k 5.1k

K

Vg #2=t Vin #2

|||—Wv-l

STEREQ =

TL/H/T146-7

Table A.

Power Driver Transistor Output Transistor
Output PNP NPN PNP NPN
20W @ 89 MJE711 MJE721 TIP42A TIP41A
30W @ 40 MJE171 MJE181 2N6490 2N6487

D43C8 D42C8
40W @ 89 MJE712 MJE722 2N5882 2N5880
60W @ 40 MJE172 MJE182

D43C11 D42C11
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Application Hints (continued)
A 20W, 80; 30W, 40 AMPLIFIER

Givens:
Power Output 20W into 80
30W into 4Q
Input Sensitivity 1V Max
Input Impedance 100k
Bandwidth 20 Hz-20 kHz * 0.25dB
Equations (1) and (2) give:
20W/8Q  Vpp = 17.9V  lpp = 2.24A
30W/4Q Vop = 15.5V lop = 3.87A

Therefore the supply required is:

+23V @ 2.24A, reducing to . ..

+21V @ 3.87A
With 15% regulation and high line we get +29V from equa-
tion (3).
Sensitivity and equation (4) set minimum gain:
20 X 8

1

Ay = = 12.65
We will use a gain of 20 with resulting sensitivity of 632 mV.
Letting Ry equal 100k gives the required input impedance.
For low DC offsets at the output we let Ry, = 100k. Solving
for Ry, gives:
Ry, = 100k

_ 100k

20 — 1
The bandwidth requirement must be stated as a pole, i.e.,
the 3 dB frequency. Five times away from a pole gives 0.17
dB down, which is better than the required 0.25 dB. There-
fore:

Ry,

= 5.26k; use 5.1k

20
fi=""=4H
L 5 z

fr, = 20k X 5 = 100 kHz

Solving for Cy:

(o= = 7.8 uF;use 10 uF

1
2w Ry, fL
The recommended value for Cc is 5 pF for gains of 20 or
larger. This gives a gain-bandwidth product of 6.4 MHz and
a resulting bandwidth of 320 kHz, better than required.

The breakdown voltage requirement is set by the maximum
supply; we need a minimum of 58V and will use 60V. We
must now select a 60V power transistor with reasonable
beta at lopeak, 3-87A. The TIP42, TIP41 complementary pair
are 60V, 60W transistors with a minimum beta of 30 at 4A.
The driver transistor must supply the base drive given 5 mA
drive from the LM391. The MJE711, MJE721 complementa-
ry driver transistors are 60V devices with a minimum beta of
40 at 200 mA. The driver transistors should be much faster
(higher f7) than the output transistors to insure that the R-C
on the output will prevent instability.

To find the heat sink required for each output transistor we
use equations (7), (9), and (10):

Pp = 0.4 (30) = 12W (7)

150°C — 55°C

S —_—

12

Ospa <79 —21— 1.0 = 4.8°C/W (10)

If both transistors are mounted on one heat sink the thermal
resistance should be halved to 2.4°C/W.

The maximum average power dissipation in each driver is
found using equation (8):

0sa = 7.9°C/W for Tamax = 55°C  (9)

— 12
PDRIVER(MAX) = 30 400 mW

Using equation (9):
155 — 55

Oy <
a 0.4

= 237°C/W
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Application Hints (continued)

Since the free air thermal resistance of the MJE711,

MJE721 is 100°C/W, no heat sink is required. Using this

information and equation (6) we can find the minimum value

of Rg required to prevent thermal runaway.

100 (30) (0.002)
30 + 1

We must now use the SOA data on the TIP42, TIP41 tran-

sistors to set up the protection circuit. Below is the SOA

curve with the 49 and 80 load lines. Also shown are the

desired protection lines. Note the value of Vg is equal to the

supply voltage, so we use the formulas in the table.

D.C. SOA of TIP42, TIP41
Transistors

]

1 1
——S0A CUR\IIE

|
A |
4\ \\//BR‘OADTNE
AVa\

Rg > =0.190 ®)

| PROTECTION

Ig (AMPS)

N
2 N -K <
N\ ~
0 \\k
0 10 20 30 40 50 60
VeE (VOLTS)

TL/H/7146-8

Typical Applications (continued)

The data points from the curve are:
Vm =60V, Vg =23V, | = 3A, I =7A
Using the dual slope protection formulas:

0.65
Rg = > = 0.22Q

Rz = 1k
60 — 0.65
Ri =Tk (W) =9tk
23
R3=1k|=————— 1| = 24k
8 (7(0.22) — 065 )

Note that an Rg of 0.22Q satisfies equation (6). The final
schematic of this amplifier is below. If the output is shorted
the current will be 1.8A and Vgg is 23V. Since the input is
AC, the average power is:
short Pp = 15(1.8) (23) = 21W

This power is greater than was used in the heat sink calcula-
tions, so the transistors will overheat for long-duration
shorts unless a larger heat sink is used.

20W-8Q, 30W-4) Amplifier with 1 Second Turn-ON Delay

vt

21VT029V

% 1N4003

4
e
8

LM391N

VYY) 25 Turns o
NO. 20 WIRE ON
100-2W
RESISTOR
AAA
hAA 4
.001 uF q
0.220 <
_"l IRC-PW5 <2
1k I
AAA
oF I 0.1 uf

V"J

10 uF
-21VT0 -2V L
v T

91k 100

TL/H/7146-9

*Additional protection for LM391N; Schottky diodes and R = 1009Q.




Application Hints (continued)
A 40W/80, 60W/4Q AMPLIFIER

Given:
Power Output 40W/8Q
60W/4Q
Input Sensitivity 1V Max
Input Impedance 100k
Bandwidth 20 Hz-20 kHz + 0.25dB

Equations (1) and (2) give:

40W/80 Vopeak = 25.3V lopeak = 3.16A

60W/4Q Vopeak = 21.9V lopeak = 5.48A
Therefore the supply required is:

+30.3V @ 3.16A, reducing to . . .

+26.9V @ 5.48A
With 15% regulation and high line we get +38.3V using
equation (3).
The minimum gain from equation (4) is:

Ay = 18

We select a gain of 20; resulting sensitivity is 900 mV.

The input impedance and bandwidth are the same as the 20
watt amplifier so the components are the same.

Rfy = 6.1k Rin = 100k Cc =5pF

Ri, = 100k Gt = 10 uF
The maximum supplies dictate using 80V devices. The
2N5882, 2N5880 pair are 80V, 160W transistors with a mini-
mum beta of 40 at 2A and 20 at 6A. This corresponds to a
minimum beta of 22.5 at 5.5A (lopeak). The MJE712,
MJE722 driver pair are 80V transistors with a minimum beta
of 50 at 250 mA. This output combination guarantees lopeak
with 5 mA from the LM391.
Output transistor heat sink requirements are found using
equations (7), (9), and (10):

Pp = 0.4 (60) = 24W 7)

— 55
RTNES —22(124—5 = 6.0°C/W for Tamax = 55°C  (9)
0sp < 6.0 — 1.1 — 1.0 = 3.9°C/W (10)

For both output transistors on one heat sink the thermal
resistance should be 1.9°C/W.

Now using equation (8) we find the power dissipation in the
driver:

— 24
PpRriver = 0" 1.2W 8
150 — 55
0a < Lm— = 79°C/W ©)

Since a heat sink is required on the driver, we should inves-
tigate the output stage thermal stability at the same time to
optimize the design. If we find a value of Rg that is good for
the protection circuitry, we can then use equation (5) to find
the heat sink required for the drivers.

The SOA characteristics of the 2N5882, 2N5880 transistors
are shown in the following curve along with a desired pro-
tection line.

SOA 2N5882, 2N5880

‘lll\\

|
N
L\ I
_ A\ —]—4aL040
g X\iw—-an LOAD
=

N w bt N @ ©
.

"'.‘\'hn. \ 7PROTECTION

\ —

A
0 10 20 30 40 50 60 70 80
VeE (VOLTS)

-

TL/H/7146-10
The desired data points are:

V=80V Vg=47V I =3A I =11A
Since the break voltage is not equal to the supply, we will
use two resistors to replace Rz and move Vp.

Circuit Used

TL/H/7146-11

Thevenin Equivalent

Where: Rty = RS || RS
RS ]
Rj + RS

Vi =V~ [

TL/H/7146-12
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Application Hints (continued)
The formulas for Rg, Rq, and Rz do not change:

0.65
Rg = — = 0.220
E™ 3A

80 — 0.65
0.65

The formula for R now gives Rty when the V+ in the for-
mula becomes Vg.

Ro = 1k Ry = 1k = 120k

Rrn =

47
=1Kk|——
[11 (0.22) — 0.65

Vh is the additional voltage added to the supply voltage to
get Vp.

Vig= —(Vg — V*t) = —(47 — 30) = —17V
Now we must find R5 and Rg using the Thevenin formulas.

Putting V1, V—, and Rty into the appropriate formulas re-
duces to:

RS = 0.76 RS

1] = 25.55k

and 2555k = R4 || RS

Typical Applications (continued)

The easiest way to solve these equations is to iterate with
standard values. If we guess R% = 62k, then Rg = 47.12k;
use 47k. The Thevenin impedance comes out 26.7k, which
is close enough to 25.55k.

Now we will use equation (5) to determine the heat sinking
requirements of the drivers to insure thermal stability:

0.22 (20 + 1)
40 (0.002)
This value is lower than we got with equation (9), so we will

use it in equation (10):

Osa <57 — 6 — 1 =50°C/W (10)
This is the required heat sink for each driver. For low TIM
we add the 1 MQ resistor from pin 3 to the output and a
910k resistor from pin 4 to ground. The complete schematic
is shown below.
If the output is shorted, the transistor voltage is about 28V
and the current is 5A. Therefore the average power is:

short PD = 14(28) 5 = 70W

This is much larger than the power used to calculate the
heat sinks and the output transistors will overheat if the out-
put is shorted too long.

64a < = 57°C/W (5)

40W-80, 60W-40) Amplifier

_L 27V 1039V
:; a7k 62k 104F
9 1zoa:[ 680
< —
* -_—
910k IN4003
5.1k
+
ImpF
e 1% '\‘j 25 TURNS OF
AAA NO. 22 GA. MAGNET
\A4 g WIRE OR 2-84H
00014F | 9200 @ YYY
5WATT €
W Reews & 0
SHUTDOWN 1 2WATT
$ VAVAV
0.001 uF L
NPT [ P70 210
= I [0 4 TWATT
1uF .
¢ Av‘v‘v 0.1 uF |
100 I 1
>
S =. =
g 120k * it
<
1N4003
I# s 680
*High Frequency Ground 10uF
**Input Ground -21VT0-33V

***Speaker Ground

Note: All Grounds Should be Tied Together
Only at Power Supply Ground.

‘tAdditional protection for LM391N; Schottky diodes and R = 10042.
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LM831 Low Voltage Audio Power Amplifier

General Description

The LM831 is a dual audio power amplifier optimized for
very low voltage operation. The LM831 has two indepen-
dent ampilifiers, giving stereo or higher power bridge (BTL)
operation from two- or three-cell power supplies.

The LM831 uses a patented compensation technique to re-
duce high-frequency radiation for optimum performance in
AM radio applications. This compensation also results in
lower distortion and less wide-band noise.

The input is direct-coupled to the LM831, eliminating the
usual coupling capacitor. Voltage gain is adjustable with a
single resistor.

Features

B Low voltage operation, 1.8V to 6.0V
High power, 440 mW, 8Q, BTL, 3V
Low AM radiation

Low noise

Low THD

Applications

B Portable tape recorders
@ Portable radios

B Headphone stereo

® Portable speakers

Typical Application

Dual Amplifier with Minimum Parts

2204

+3V
12 11l 10 9? + I

IN{ ~IN] BSP} G ]
4I77,J;J BYP Ay| + ND| Vo s |g7—4|7ﬂ
Lm831 ) 8 P
80Q
IS
hA AL vy
80Q
[
A D
R Ay] +IN|] -IN PS| GND GND Vo

I ‘Z,_“%ﬂ,
— e

@

Ay =46 dB,BW=250 Hz to 35 kHz
PouTt = 220 mW/Ch,R_ = 40

TL/H/6754-1
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LM831

Absolute Maximum Ratings

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

Supply Voltage, Vg 7.5V
Input Voltage, V|n +0.4V

Power Dissipation (Note 1), Pp 1.4W
Operating Temperature (Note 1), Topr —40°Cto +85°C
Storage Temperature, Tgyg —65°C to +150°C
Junction Temperature, Tj +150°C

Lead Temp. (Soldering, 10 sec.), T|

Electrical Characteristics
Unless otherwise specified, T = 25°C, Vg = 3V, f = 1 kHz, test circuit is dual or BTL amplifier with minimum parts.

+260°C

Symbol Parameter Conditions Typ Tested Limit Unit (Limit)
Vg Operating Voltage 3 1.8 V(Min)
3 6 V(Max)
la Supply Current Vin = 0, Dual Mode 5 10 mA (Max)
Vin = 0, BTL Mode 6 15 mA (Max)
Vos Output DC Offset Vin = 0, BTL Mode 10 50 mV (Max)
Rin Input Resistance 25 15 k (Min)
35 k (Max)
Ay Voltage Gain ViN = 2.25 mVypps, f = 1 kHz, 46 44 dB (Min)
Dual Mode 48 dB (Max)
PSRR Supply Rejection Vg =3V + 200mVps @ f = 1 kHz 46 30 dB (Min)
Pop Power Out Vg = 3V, R = 4Q, .
10% THD, Dual Mode 220 150 mW (Min)
PopL Power Out Low, Vg Vs = 1.8V,RL = 49, .
10% THD, Dual Mode 45 10 mW (Min)
Pos Power Out Vg = 3V, R = 89, .
10% THD, BTL Mode 440 300 mW (Min)
PosL Power Out Low, Vg Vg = 1.8V,R_ = 8Q, .
10% THD, BTL Mode 9% 20 mW (Min)
Sep Channel Separation Referenced to Vo = 200 mVng 52 40 dB (Min)
Ig Input Bias Current 1 2 rA (Max)
Eno Output Noise Wide Band (250 ~ 35 kHz) 250 500 nV (Max)
THD Distortion Vg = 3V, Pg = 50 mW,
f = 1kHz, Dual 0.25 1 % (Max)

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance
of 90°C/W junction to ambient.

Connection Diagram

Dual-In-Line Package

, J .
BILR = b BYPASS
2 15
Ay Av
4
+INPUT -3-—1:: S +meur
< <
ZINPUT = 3 12 _ineut
12
BOOTSTRAP = \ 7. b= soorstaae
6 1
POWER GROUND == b= POWER GROUND
7 10
SIGNAL GROUND = b QUTPUT
outeur = LY. powER SUPPLY
TL/H/6754-2
Top View
Order Number LM831N

See NS Package Number N16E
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Typical Performance Characteristics
, Supply Current vs Supply Voltage
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LM831

Typical Performance Characteristics (continued)

Separation vs Frequency .
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Typical Performance Characteristics (continued)

Dual Mode, R = 4Q Distortion vs Frequency
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LM831

Typical Performance Characteristics (continued)

BTL Mode, R = 80 Distortion vs Frequency Device Dissipation vs Ambient Temperature
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Typical Applications

BTL Amplifier with Minimum Parts

0.33 uF

+[arpF 6] 15| 1] 13 9 ¥ |47 pF|
BYP Ay[ +IN| —IN| BSP| GND| Vg s
B
Lme31
——o0apf
. 5 VWA AN 80
AAA
VWv
VAVAV "‘V"
-
A
R] av] +m] -] es] o] eno v

Viu 10 uf +| | 033 uF
10k @ Grmmr————————— 47 pF —-”-g

3—E+N

Ay = 52dB, BW = 250 Hz to 25 kHz
Pour = 440 mW, R = 80

BTL Amplifier for Hi-Fi Quality

330 pF 0.33 pF
] |
] ]

100 ,.r']

2puF [T 2402 ol
| v
12 11[ 10 9| 47MF|+

47“F|+ 1s| 15 14 13

BYP Ay| +IN| —IN| BSP| GND| Vo| Vs
B
Lmg31
0.47 uF
— N
+ ) AAA
VWA
AAA AAA
VWA VWA
-
A 3
L Y ] I I ) T

INEBEES
0.33 uf

i 2
2400
Vin | I | + +| l
22 uF 100 uF

10k @ ¢t———r——————————ed 11
1

330 pF

Ay = 40dB, BW = 20 Hz to 20 kHz
PouT = 440 mW, R = 80
(Dynamic Range Over 80 dB)

TL/H/6754-8
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LM831

Typical Applications (continued)

Dual Amplifier for Hi-Fi Quality

0.33 pF
500 pF _.|
Vin __' }_
o ) +| 1000 uF
a0
2400 av
22pF +] 47 pF[F 15| 15] 14 9 +] 47 uF
BYP Av| +IN s
LMB31
AA AAA
VWA VWv
AAA
VW
V‘v‘v Av‘v‘v
A
Al Al +mf -m] ps] ool o vl
T 2| 3| 4] s sl AN
‘D
2003 '—| Ij7
2 ,Lﬂ + 033 uF,
+] ]100 uF 1
" I;;I pF | +]]1000 uF
500 pF | I
10k S _II

I 49

Ay = 34 dB, BW = 50 Hz to 20 kHz
Pout = 220 mW/Ch, R = 4Q
(Dynamic Range Over 80 dB)

Low-Cost Power Amplifier (No Bootstrap)

0.334F

Vin /7'7_| I_ __:i 150 pF

TL/H/6754-10

9 47pF|+

+] |150 pF

10uF [+
I
— 0.33F

" &

L[ e e ———

Pout = 150 mW/Ch, BW = 300 Hz to 35 kHz
BTL Mode is also possible
*For 3-cell applications, the 120k resistor should be changed to 20K.

TL/H/6754-11
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LM831 Circuit Description Refer to the external component diagram and equivalent schematic.

LE8NT

The power supply is applied to Pin 9 and is filtered by resis- The capacitor Cnr on Pin 2 provides unity DC gain for maxi-
tor Ry and capacitor Cgy on Pin 16. This filtered voltage at mum DC accuracy.

Pin 16 is used to bias all of the LM831 circuits except the Qo provides voltage gain and the rest of the devices buffer
power output stage. Resistor Rg generates a biasing current the output load from Qy’s collector.

that sets the output DC voltage for optimum output power . . .
for any given supply voltage. Bootstrapping of Pin 5 by Cgg allows maximum output

F ) " . . . swing and improved supply rejection.
Rt:e:::ti::l;ls provided to the input transistor Q¢ emitter by Rs is provided for bridge (BTL) operation.

External Component Diagram

(GROUND FOR BTL)
vlﬂ_i——

Cay 16] 5] 14| 13
BYP Ay| +IN| —IN

Chrl ;J; ]
Lma31

farL

Cy

Cow

T

}
A
»!
> >
> <
> 2
223
5
b
=ity
i
A NN

=
r—

RL

Lo

BTL LOAD.

Ry Av| +IN] —IN] PS| GND GND Vo

(CONNECT FOR BTL) 1 2 3 4 5 GI 7 l

3
o
&

TL/H/6754~12
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LM831

BOOTSTRAP (B)

120

AAA

>
350 Q

LM831 Equivalent Schematic

BOOTSTRAP (A)

-0 5

A2 & 500
‘)

(ponunuoo) uondII9SaQ UNDD LESINT

O
BYPASS 3500 VsuppLy
® 16 9*) ®
1k 1k BTLR 1k 1k
1

OUTPUT (B) 16k OUTPUT (A)

100 MV » O 8

L
<
+ v -+
¢ !

11 O~ _ o7 Q) 6

SIGNAL GROUND POWER GROUND (A)

POWER GROUND (B)
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External Components (Refer to External Component Diagram)

LEBINT

Component Comments Min Max
Co Required to stabilize output stage. 0.33 uF 1upF
Ce Output coupling capacitors for Dual Mode. Sets a low-frequency pole in 100 nF 10,000 uF

the frequency response.
1
fL=——
L7 27ChRyL
Cgs Bootstrap capacitors. Sets a low-frequency pole in the power BW. 22 pF or 470 uF
Recommended value is (short Pins
Cac = 1 4&12t09)
BS T J0e2ref oR,
Cs Supply bypass. Larger values improve low-battery performance by 47 pF 10,000 uF
reducing supply ripple.
Cgy Filters the supply for improved low-voltage operation. Also sets 47 uF 470 uF

turn-on delay.

CnE Sets a low-frequency response. Also affects turn-on delay. 10 pF 100 uF
1

=
LT 27eCnre(Ray + 80)

In BTL Mode, Cnf on Pin 15 can be reduced without affecting the
frequency response. However, the turn-on “POP* will be worsened.

CpTL Used only in the Bridge Mode. Connects the output of the first amplifier to 0.1 uF 1 pF
the inverting input of the other through an internal resistor. Sets a low-
frequency pole in one-half the frequency response.

1

= 27reCgr *16k

Caw Improves clipping waveform and sets the high-frequency bandwidth. See table below
Works with an internal 16k resistor. (This equation applies for Ray 0.
For 46 dB application, see BW-Cpgy curve.)

H = omeCawe1tk

Rav Used to reduce the gain and improve the distortion and signal to noise. If See table below
this is desired, Cgyw must also be used.

Typical Ay Rav Caw
Min Max
46 dB Short Open 4700 pF
40dB 82 100 pF 4700 pF
34dB 240 270 pF 4700 pF
28dB 560 500 pF 4700 pF

1-79



LM831

Printed Circuit Layout for LM831N (Foil Side View) Refer to External Component Diagram

A-CH INPUT

Ry (A-CH)

Ry (BTL MODE)

RL (B-CH)

B-CH INPUT JUMPER

GROUND

POWER SUPPLY

TL/H/6754-14

Note: Power ground pattern should be as wide as possible. Supply bypass capacitor should be as close to the IC as possible. Output compensation capacitors

should also be close to the IC.
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DYNAMIC NOISE REDUCTION SYSTEM

LM832 Dynamic Noise Reduction System DNR®

General Description Features
The LM832 is a stereo noise reduction circuit for use with B Low voltage battery operation

audio playback systems. The DNR system is noncomple- @ Non-complementary noise reduction, “single ended”
mentary, meaning it does not require encoded source mate- @ Low cost external components, no critical matching
rial. The system is compatible with virtually all prerecorded @ Compatible with all prerecorded tapes and FM
tapes.and FM bfoadcasts. Psychoacoustic masklng,.and an 10 dB effective tape noise reduction CCIR/ARM
adaptive bandwidth scheme allow the DNR to achieve 10 weighted
dB of noise reduction. DNR can save circuit board space Wide supply range, 1.5V to 9V
and cost because of the few additional components re- .
quired. | 150 mVrms input overload
The LM832 is optimized for low voltage operation with input - 20 roy;lty requnre‘merflts dB noi ducti
levels around 30 mVrms. @ Cascade connection for 17 noise reduction
For higher input levels use the LM1894. - -

Applications

Headphone stereo

The DNR® system is licensed to National Semiconductor Corp. under U.S. patent 3,678,416 O Microcassette players
and 3,753,159, @ Radi tt 1
A trademark and licensing agreement is required for the use of this product. adio cassette players

@ Automotive radio/tape players

H H H H Order Number LM832M See NS Package M14A
Application Circuit
PP Order Number LM832N See NS Package N14A
L .
INPUT L
FROM SOURCE
SELECTOR ie, (rlg V‘Jl:.TUME
TAPE PREAMP, STEREQ/ o
FM DEMODULATOR,  mono ] [ CONTROL
AM DETECTOR, ETC. gy Z o= AR 7/ A 7 cr 83
o a1 1 20F 41 F e 1 4F - 390F
14 13 12 1 10 9 8 %
700 ON
‘A'Ago_kl zﬂk VAVA
ANAr -\ OFF fDNR
27k
- v/t 1o
+ CONVERTER T =
] 0.65V
N 0.65V
)_T v L
20k g 40k AMP
JVAVA'
20K
A A4
1 2 3 7
V7 e —t— C3 -l—
¢l 22 nF
ﬁ 10 4F + —:[.-_
c2 =
= z 1uF
R R
INPUT ‘ OUTPUT
FROM SOURCE T0 VOLUME
SELECTOR CONTROL
FIGURE 1. Component Hook-up for Stereo DNR System TL/H/5176-1
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LM832

Absolute Maximum Ratings

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

Supply Voltage 10v
Power Dissipation (Note 1) 1.2W
Input Voltage 1.7 Vpp
Storage Temperature —65to +150°C
Operating Temperature (Note 1) —40to +85°

Soldering Information
® Dual-In-Line Package

Soldering (10 seconds) 260°C
@ Small Outline Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effects
on Products Reliability” for other methods of soldering sur-
face mount devices.”

DC Electrical Characteristics 1, = 25ccvs = 3.0v

Symbol Parameter Conditions Min Typ Max Units
Vop Operating Voltage Supply Voltage for Normal Operation 1.5 3.0 9.0 \
lcc(1) Supply Current (1) Pin 9 to GND 0.1 puF, BW=Min, Note 2 25 4.0 mA
lcc(2) Supply Current (2) DC GND Pin 9 with 2k, BW = Max, Note 2 5.0 8.0 mA
Vin(1) Input Voltage (1) Pin 2, Pin 13 0.20 0.36 0.5 Vv
Vin(2) Input Voltage (2) Pin6 0.50 0.65 0.8 \
Vin(3) Input Voltage (3) Pin 9 0.50 0.65 0.8 \
VouT(1) Output Voltage (1) Pin 4, Pin 11 0.20 0.35 0.50 \
Vout(2) Output Voltage (2) Pin 5 Stereo Mode 0.15 0.28 0.40 \
VouT(3) Output Voltage (3) Pin 5 Monaural Mode, DC Ground Pin 14 0.10 0.20 0.30 Vv
Vout(4) Output Voltage (4) Pin 8 0.25 0.40 0.60 \'
Vout(5) Output Voltage (5) Pin 10 BW=Max, Note 2 1.00 1.27 1.50 \
VouT(6) Output Voltage (6) Pin 10 BW=Min, Note 2 0.50 0.65 0.75 \
Vos Output DG Shift Pin 4, PIN 11; Change BW Min to Max 1.0 3.0 mV
AC Electrical Characteristics
Symbol | Parameter | Conditions | Min ‘ Typ | Max | Units
MAIN SIGNAL PATH (Note 3)
Ay Voltage Gain ViN= 30 mVrms, f=1 kHz, BW=Max, Note 2 —1.0 0.0 +1.0 dB
C.B. Channel Balance ViN= 30 mVrms, f=1 kHz, BW=Max, Note 2 —1.0 0 +1.0 dB
fMIN Min Bandwidth 0.1 uF between Pin 9 - GND 600 1000 1500 Hz
fMAX Max Bandwidth DC Ground Pin 9 with 2k 24 30 46 kHz
THD Distortion ViN=30 mVrms, f=1 kHz, BW=Max, Note 2 0.07 0.5 %
MViN Max Input Voltage THD=3%, f=1 kHz, BW=Max Note 2 120 150 mVrms
S/N Signal to Noise REF =30 mVrms, BW =Max, CCIR/ARM 60 68 dB
ZIN Input Impedance Pin 2, Pin 13 14 20 26 kQ
C.S. Channel Separation Ref=230 mVrms, f=1 kHz, BW=Max, Note 2 40 68 dB
PsRR PsrRr VRippLE =50 mVrms, f=100 Hz 40 55 dB
CONTROL PATH
Aysum(1) Summing Amp Gain (1) ViN=30mVrmsatRand L, f=1kHz -3.0 -1.5 0.0 dB
Aysum(2) Summing Amp Gain (2) DC Ground Pin 14, f=1 kHz —-9.0 —6.0 —3.0 dB
Ay 1st Gain Amp Gain Pin 6 to Pin 8 25 30 35 dB
Z|N st Input Impedance Pin 6 28 40 52 kQ
AvpkD Peak Detector Gain AC In, DC Out; Pin 9 to Pin 10 25 30 35 V/vV
ZINPKD Input Impedance Pin9 500 800 1100 1)
VRPKD Output DC Change Pin 10, Change BW Min to Max 0.5 0.62 0.8 \4

Note 1: For operation in ambient temperature above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance
junction to ambient, as follows: LM832N —90° c¢/w, LM832M-115° c/w.

Note 2: To force the DNR system into maximum bandwidth, connect a 2k resistor from pin 9 to GND. AC ground pin 9 or pin 6 to select minimum bandwidth. To
change minimum and maximum bandwidth, see Application Hints.

Note 3: The maximum noise reduction CCIR/ARM weighted is about 14 dB. This is accomplished by changing the bandwidth from maximum to minimum. In actual

operation, minimum bandwidth is not selected, a nominal minimum bandwidth of about 2 kHz gives 10 dB of noise reduction. See Application Hints.
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External Component Guide (see Figure 1)

Recom- Effect
P/N mended Purpose Remarks
Value Smaller Larger
C1 10 uF Power supply Poor supply Better supply Do not use less
decoupling rejection rejection than 10 uF
C2,C11 1 uF Input coupling Increases Reduces DC voltage at pin 2
capacitor frequency of low- frequency of low- and pin 13 is 0.35V
frequency roll-off frequency roll-off 5
f=———
2mCoRIN
C3,C10 | 22 nF for Stereo, | Establishment of Min Bandwidth Bandwidth See Note 4
15 nF for mono and Max Bandwidth becomes wider becomes narrower
C4,C8 1 uF Output coupling Increases Reduces DC voltage at pin 4
capacitor frequency of low- frequency of low- and pin 11 is 0.35V
frequency roll-off frequency roll-off 1
f=—
2mC4RL0AD
Works with R1 and R2 | Some high frequency | Bandwidth may
to set one of the low- program material increase due 1
C5 0.1 uF frequency corners may be attenuated to low-frequency f=m= 1.6 kHz
in control path inputs, causing mCs(
“Breathing” See Note 4
Works with input
resistance of pin 6
Cé 820 pF to set one of the Same as Same as f=2—é—R—= 4.8 kHz
low-frequency above above T-6MPING
corners in the See Note 4
control path
Works with input
resistance of pin 9 Same as Same as 1
Cc7 39nF to form part of above above =§_C?__= 4.8 kHz
control path TETRPINT
frequency weighing See Note 4
co 1pF Sets attack time Reduces attack Increases attack See Note 4
and decay time and decay time
This voltage Sensitivity should be set for
R1,R2 R{+R2=1kQ | dividersets — —_ maximum noise reduction
control path and minimum audible
sensitivity frequency program effect
on high
R3 °2k0 Sets gain amp load Loads gain amp Max bandwidth
when DNR is OFF output, may will be reduced
cause distortion

Note 4: The values of the control path filter components (C5, C6, C7, C9, R1, R2) and the integrating capacitors (C3, C10) should not be changed from the
recommended values unless the characteristics of the noise or program material differ substantially from that of FM or tape sources. Failure to use the correct
values may result in degraded performance, and therefore the application may not be approved for DNR trademark usage. Please contact National Semiconductor
for more information and technical assistance.
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LM832
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Circuit Operation

The LM832 has two signal paths, a main signal path and a
bandwidth control path. The main path is an audio low pass
filter comprised of a gy, block with a variable current, and a
unity gain buffer. As seen in Figure 1, DC feedback con-
strains the low frequency gain to A, = —1. Above the cutoff
frequency of the filter, the output decreases at —6 dB/oct
due to the action of the 0.022 uF capacitor.

The purpose of the control path is to generate a bandwidth
control signal which replicates the ear’s sensitivity to noise
in the presence of a tone. A single control path is used for
both channels to keep the stereo image from wandering.
This is done by adding the right and left channels together
in the summing amplifier of Figure 7. The R1, R2 resistor
divider adjusts the incoming noise level to slightly open the
bandwidth of the low pass filter. Control path gain is about
60dB and is set by the gain amplifier and peak detector
gain. This large gain is needed to ensure the low pass filter
bandwidth can be opened by very low noise floors. The ca-
pacitors between the summing amplifier output and the
peak detector input determine the frequency weighting as
shown in the typical performance curves. The 1 uF capaci-
tor at pin 10, in conjunction with internal resistors, sets the
attack and decay times. The voltage is converted into a
proportional current which is fed into the gm blocks. The
bandwidth sensitivity to gm current is 70 Hz/pA. In FM
stereo applications a 19 kHz pilot filter is inserted between
pin 8 and pin 9 as shown in Figure 16.

Normal methods of evaluating the frequency response of
the LM 832 can be misleading if the input signal is also
applied to the control path. Since the control path includes a
frequency weighting network, a constant amplitude but vary-
ing frequency input signal will change the audio signal path
bandwidth in a non-linear fashion. Measurements of the au-
dio signal path frequency response will therefore be in error
since the bandwidth will be changing during the measure-
ment. See Figure 9 for an example of the misleading results
that can be obtained from this measurement approach. Al-
though the frequency response is always flat below a single
high-frequency pole, the lower curves do not resemble sin-
gle pole responses at all.

A more accurate evaluation of the frequency response can
be seen in Figure 8. In this case the main signal path is
frequency swept while, the control path has a constant fre-
quency applied. It can be seen that different control path
frequencies each give a distinctive gain roll-off.

PSYCHOACOUSTIC BASICS

The dynamic noise reduction system is a low pass filter that
has a variable bandwidth of 1 kHz to 30 kHz, dependent on
music spectrum. The DNR system operates on three princi-
ples of psychoacoustics.

1. Music and speech can mask noise. In the absence of
source material, background noise can be very audible.
However, when music or speech is present, the human ear
is less able to distinguish the noise—the source material is
said to mask the noise. The degree of masking is depen-
dent on the amplitude and spectral content (frequencies) of
the source material, but in general multiple tones around 1
kHz are capable of providing excellent masking of noise
over a very wide frequency range.

2. The ear cannot detect distortion for less than 1 ms. On a
transient basis, if distortion occurs in less than 1 ms, the ear

acts as an integrator and is unable to detect it. Because of
this, signals of sufficient energy to mask noise open the
bandwidth to 90% of the maximum value in less than 1 ms.
Reducing the bandwidth to within 10% of its minimum value
is done in about 60 ms: long enough to allow the ambience
of the music to pass through, but not so long as to allow the
noise floor to become audible.

3. Reducing the audio bandwidth reduces the audibility of
noise. Audibility of noise is dependent on noise spectrum, or
how the noise energy is distributed with frequency. Depend-
ing on the tape and the recorder equalization, tape noise
spectrum may be slightly rolled off with frequency on a per
octave basis. The ear sensitivity on the other hand greatly
increases between 2 kHz and 10 kHz. Noise in this region is
extremely audible. The DNR system low pass filters this
noise. Low frequency music will not appreciably open the
DNR bandwidth, thus 2 kHz to 20 kHz noise is not heard.

Application Hints

The DNR system should always be placed before tone and
volume controls as shown in Figure 1. This is because any
adjustment of these controls would alter the noise floor
seen by the DNR control path. The sensitivity resistors R1
and R2 may need to be switched with the input selector,
depending on the noise floors of different sources, i.e., tape,
FM, phono. To determine the value of R1 and R2 in a tape
system for instance; apply tape noise (no program material)
and adjust the ratio of R1 and R2 to slightly open the band-
width of the main signal path. This can easily be done by
viewing the capacitor voltage of pin 10 with an oscilloscope,
or by using the circuit of Figure 12. This circuit gives an LED
display of the voltage on the peak detector capacitor. Adjust
the values of R1 and R2 (their sum is always 1 kQ) to light
the LEDs of pin 1 and pin 18. The LED bar graph does not
indicate signal level, but rather instantaneous bandwidth of
the two filters; it should not be used as a signal-level indica-
tor. For greater flexibility in setting the bandwidth sensitivity,
R1 and R2 could be replaced by a 1 kQ potentiometer.

To change the minimum and maximum value of bandwidth,
the integrating capacitors, C3 and C10, can be scaled up or
down. Since the bandwidth is inversely proportional to the
capacitance, changing this 0.022 uF capacitor to 0.015 uF
will change the typical bandwidth from 1 kHz-30 kHz to 1.5
kHz-44 kHz. With C3 and C10 set at 0.022 uF, the maxi-
mum bandwidth is typically 30 kHz. A double pole double
throw switch can be used to completely bypass DNR.

The capacitor on pin 10 in conjunction with internal resistors
sets the attack and decay times. The attack time can be
altered by changing the size of C9. Decay times can be
decreased by paralleling a resistor with C9, and increased
by increasing the value of C9.

When measuring the amount of noise reduction of DNR in a
cassette tape system, the frequency response of the cas-
sette should be flat to 10 kHz. The CCIR weighting network
has substantial gain to 8 kHz and any additional roll-off in
the cassette player will reduce the benefits of DNR noise
reduction. A typical signal-to-noise measurement circuit is
shown in Figure 13. The DNR system should be switched
from maximum bandwidth to nominal bandwidth with tape
noise as a signal source. The reduction in measured noise is
the signal-to-noise ratio improvement.
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LM832

Application Hints (continued)

FROMPIN10

+
2.2 uF

INLM832 ™

FIGURE 12. Bar Graph Display of Peak Detector Voltage

POWER
AMP
TONE AND
ONR VOLUME _>"(
|
CCIR AVERAGE
CASSETTE WEIGHTING |—{  RESPONDING
FILTER METER

CASCADE CONNECTION

Additional noise reduction can be obtained by cascading the
DNR filters. With two filters cascaded the rolloff is 12 dB per
octave. For proper operating bandwidth the capacitors on
pin 3 and 12 are changed to 15 nF. The resulting noise
reduction is about 17 dB.

3v-25v

TL/H/5176-12

TL/H/5176-13

FIGURE 13. Technique for Measuring S/N Improvement of the DNR System

Figure 15 shows the monaural cascade connection. Note
that pin 14 is grounded so only the pin 2 input is fed to the
summing amp and therefore the control path.

Figure 14 shows the stereo cascade connection. Note that
pin 14 is open circuit as in normal stereo operation.

LlNPUT—| I*—‘ o L QUTPUT
1 1 5= L dowe 1
= T % \_?_""“W p— 39 0F =
¥ e O =
ON
39 0F
L ‘ L1 =
= 15 oF = 15 0F
[1a 13 12 1 10 9 ] |14 13 [z 10 ] ls
v 1 2 3 4 5 3 7 1 2 |3 Is e 17
A =
—t T 150F T 04F 'J—." T 0,F 15 nF
I | I I T I
'n* T—
R2*
14F "1

o —{f—

*R1 + R2 = 1 kQ (refer to application hints)

FIGURE 14. Stereo Cascade Connection

R OUTPUT

TL/H/5176-14
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Application Hints (continued)

OUTPUT
2%
‘ VY | oN
‘ 14F 390F
"E-- 'L_—me * -_L_11 . 1»—[ off foNm
= = = u sw
14 13 |12 1 *Im 9 8
LM832 -
. 1 2 B 4 [s 6 7
v f R 15 0F 0.14F =
Y 14F I
I - L 820 pF
— R1*
R2*
INPUT

*R1 + R2 = 1 kQ (refer to application hints)

TL/H/5176-15

FIGURE 15. Monaural Cascade Connection

FM STEREO

When using the DNR system with FM stereo as the audio
source, it is important to eliminate the ultrasonic frequencies
that accompany the audio. If the radio has a multiplex filter
to remove the ultrasonics there will be no problem.

This filtering can be done at the output of the demodulator,
before the DNR system, or in the DNR system control path.

Standard audio multiplex filters are available for use at the
output of the demodulator from several filter companies.
Figure 16 shows the additional components L1, C15 and
C16 that are added to the control path for FM stereo appli-
cations. The coil must be tuned to 19 kHz, the FM pilot
frequency.

FROM FM MPX

4
10 uF -

L
L RINPUT _‘“l:-——’

T L OUTPUT
4.7 mH
c16
i 15 ofF
A
- T+ l—"P
ul
.
39 nF
L INPUT —-I ks —D_zz o J_-_:L‘#F e %
- - AA
|14 13 |12 1 *l10 9 [ | oN
oFF JONR
sw
2 I3 a7 =
22 nF -
" T
*R1+R2=1KQ

(refer to application hints)

R OUTPUT

TL/H/5176-16

FIGURE 16. FM Stereo Application

FOR FURTHER READING

Tape Noise Levels

1. “A Wide Range Dynamic Noise Reduction System”
Blackmer, ‘dB’ Magazine, August-September 1972, Volume
6, #8.

2. “Dolby B-Type Noise Reduction System”, Berkowitz and
Gundry, Sert Journal, May-June 1974, Volume 8.

3. “Cassette vs Elcaset vs Open Reel”, Toole, Audioscene
Canada, April 1978.

4, “CCIR/ARM: A Practical Noise Measurement Method”,
Dolby, Robinson, Gundry, JAES, 1978.

Noise Masking

1. “Masking and Discrimination”, Bos and De Boer, JAES,
Volume 39, #4, 1966.

2. “The Masking of Pure Tones and Speech by White
Noise”, Hawkins and Stevens, JAES, Volume 22, #1, 1950.
3. “Sound System Engineering”, Davis, Howard W. Sams
and Co.

4. *High Quality Sound Reproduction”, Moir, Chapman Hall,
1960.

5. “Speech and Hearing in Communication”, Fletcher, Van
Nostrand, 1953.
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National
Semiconductor
Corporation

LM1035/LM1036 Dual DC Operated
Tone/Volume/Balance Circuits

9€0LINT/SE0LINT

Features

Wide supply voltage range, 8V to 18V

Large volume control range, 75 dB typical

Tone control, +15 dB typical

Channel separation, 75 dB typical

Low distortion, 0.06% typical for an input level of
1 Vrms (0.3 Vrms for LM1036)

High signal to noise, 80 dB typical for an input level of
1 Vrms (0.3 Vrms for LM1036)

Few external components required

General Description

The LM1035/LLM1036 is a DC controlled tone (bass/treble),
volume and balance circuit for stereo applications in car ra-
dio, TV and audio systems. An additional control input al-
lows loudness compensation to be simply effected.

Four control inputs provide control of the bass, treble, bal-
ance and volume functions through application of DC volt-
ages from a remote control system or, alternatively, from
four potentiometers which may be biased from a zener regu-
lated supply provided on the circuit.

Each tone response is defined by a single capacitor chosen
to give the desired characteristic.

Block and Connection Diagram

Dual-In-Line Package

INTERNAL SUPPLY DECOUPLE - Ay 120 GND
2 INTERNAL ZENER 19
INPUT 1 VOLTAGE REGULATED| === INPUT 2
SUPPLY VOLTAGE
TREBLE CAPACITOR 1 =l 18 TREBLE CAPACITOR 2

TREBLE CONTROL INPUT 4

AC BYPASS 1

BASS CAPACITOR 1

LOUDNESS COMPENSATION _7 |
CONTROL INPUT

7 ZENER VOLTAGE

16

— AC BYPASS 2

15

— BASS CAPACITOR 2

L3 BASS CONTROL INPUT

OUTPUT 1

BALANCE CONTROL INPUT —91

GND lOJ

]
[}
1
|
{
!
1
!
|
|
]
|
]
]
1
e
|

VOLUME/ VOLUME/ 13
BALANCE BALANCE [T OUTPUT 2
T 1 T 12
b = e = o = 4= VOLUME CONTROL INPUT
| I |
1
e VCC
TOP VIEW

Order Number LM1035N or LM1036N
See NS Package Number N20A

TL/H/5142-1
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LM1035/LM1036

Absolute Maximum Ratings

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

Operating Temperature Range
Storage Temperature Range

0°Cto +70°C

—65°Cto +150°C

Supply Volt Power Dissipation 1w
upply Voltage ; o
LM1036 16V Lead Temp. (Soldering, 10 seconds) 260°C
LM1035 20v
Control Pin Voltage (Pins 4,7, 9, 12, 14) Vee
Electrical Characteristics voc=12v, Ta=25°C (unless otherwise stated)
Parameter Conditions Min Typ Max Units
Supply Voltage Range Pin 11 LM1036 9 16 \
LM1035 8 18 \
Supply Current 35 45 mA
Zener Regulated Output Pin 17
Voltage 5.4 \
Current 5 mA
Maximum Output Voltage Pins 8, 13; f=1 kHz
LM1036 Vo =9V, Maximum Gain 0.8 Vrms
Voo=12V 0.8 1.0 Vrms
Maximum Output Voltage Pins 8, 13; f=1 kHz
LM1035 Voc=8V 1.3 Vrms
Voo=12V 2 25 Vrms
Vec=18V 3.5 Vrms
Maximum Input Voltage Pins 2, 19; f=1 kHz, Vg =9V 1.1 Vrms
LM1036 (Note 1) Flat Response, Vcc=12V 1.3 1.6 Vrms
Gain=—10dB
Maximum Input Voltage Pins 2, 19; f=1 kHz
LM1035 (Note 1) Flat Response 2 25 Vrms
Input Resistance Pins 2, 19; f=1 kHz 20 30 kQ
Output Resistance Pins 8, 13;f=1 kHz 20 Q
Maximum Gain V(Pin 12)=V(Pin 17); -2 0 2 dB
f=1kHz
Volume Control Range f=1kHz LM1036 70 75 dB
LM1035 70 80 dB
Gain Tracking f=1kHz
Channel 1-Channel 2 0 dB through —40 dB 1 3 dB
—40 dB through —60 dB 2 dB
Balance Control Range Pins 8, 13; f=1 kHz 1 dB
—26 —-20 dB
Bass Control Range f=40 Hz, Cp,=0.39 pF
(Note 2) V(Pin 14)=V(Pin 17) 12 15 18 dB
V(Pin 14)=0V —12 —15 —18 dB
Treble Control Range f= 16 kHz, C;,=0.01 pF
(Note 2) V(Pin 4)=V(Pin 17) 12 15 18 dB
V(Pin 4)=0V -12 —-15 —18 dB
Total Harmonic Distortion f=1kHz, Vjy=0.3 Vrms
LM1036 Gain=0dB 0.06 0.3 %
Gain= —30 dB 0.03 %
Total Harmonic Distortion f=1kHz, Vijy=1 Vrms 0.05 0.2 %

LM1035

Maximum Gain
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. . =
Electrical Characteristics Voo =12V, Ta=25°C (unless otherwise stated) (Continued) =
[
Parameter Conditions Min Typ Max Units Q
Channel Separation f=1kHz, LM1036 60 75 dB E
Maximum Gain LM1035 75 dB >
@
Signal/Noise Ratio Unweighted 100 Hz-20 kHz 80 dB »
LM1036 Maximum Gain, 0 dB=0.3 Vrms
CCIR/ARM (Note 3)
Gain=0dB, V|y=0.3 Vrms 75 79 dB
Gain=—20dB, V|N=1.0 Vrms 72 dB
Signal/Noise Ratio Unweighted 100 Hz-20 kHz 80 dB
LM1035 Maximum Gain, 0 dB=1 Vrms
CCIR/ARM (Note 3)
Gain=0dB 76 80 dB
Gain= —20 dB 64 dB
Output Noise Voltage at CCIR/ARM LM1036 10 16 nv
Minimum Gain (Note 3) LM1035 25 35 Y,
Supply Ripple Rejection 200 mVrms, LM1036 35 50 dB
1 kHz Ripple LM1035 40 dB
Control Input Currents Pins 4,7,9,12, 14 (V=0V) -0.6 —-25 RA
Frequency Response —1 dB (Flat Response 250 kHz
20 Hz-16 kHz)

Note 1: The maximum permissible input level is dependent on tone and volume settings. See Application Notes.
Note 2: The tone control range is defined by capacitors Cy, and C;. See Application Notes.
Note 3: Gaussian noise, measured over a period of 50 ms per channel, with a CCIR filter referenced to 2 kHz and an average-responding meter.
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LM1035/LM1036

Typical Performance Characteristics

GAIN (dB)
5

20
15
10

§

GAIN (dB)

INPUT VOLTAGE FOR 1% THD AT QUTPUT (Vrms)
s iaaBRREE

25

2

BOOST (dB)

0 e=0.014F

Volume Control
Characteristics

Vin=300mv _}

/ 1=1KHz

/
/

L/

0o 1 2 3 4 5 6
V12 — CONTROL VOLTAGE (V)

Tone Characteristic (Gain
vs Frequency)

T T 7
[ waximum
N | TREBLE BOOST 4
\—AND BASS CUT —1-A4

V.
7

Co=0.39 4F

BN

1T
BASS BOOST
AND TREBLE CUT

20 100 500 Sk 20k

FREQUENCY (Hz)

Input Signal Handling vs
Supply Voltage

GAIN==10d8
f=1kHz

FLAT FREQUENCY
RESPONSE d
| BALANCED GAINS | /]

LM1035 7]

VN

LM1036

/

o

8 10 12 14 16 18 20 2
SUPPLY VOLTAGE (V)

Loudness Control
Characteristic

Vin=100 mV
TONE CONTROLS FLAT

40 Hz
—

16 kHz \

\
N

0+ 2 3 4 S5 6
V7—CONTROL VOLTAGE (V)

0.06

0.05

0.04

THD (%)

0.02

0.01 |1=1kHz

OUTPUT NOISE VOLTAGE (V)

20

Balance Control
Characteristic

L

CHANNEL 2 \ CHANNEL 17

/1 [N

/ \
/ \

0 1 2 3 4 5§ 6
V3 — CONTROL VOLTAGE (V)

Tone Characteristic (Gain
vs Frequency)

[ []]

MAXIMUM

N\ T BASS AND A
JREBLE BOOST__4
v

| Cb=0.39 4F
G=0.01 4F

MAXIMUM
| BaSs AND
TREBLE CUT Y]

B |
| [1]
20 100 500 Sk 20k
FREQUENCY (Hz)

THD vs Gain

N

FLAT FREQUENCY RESPONSE
BALANCED GAINS

0 0 -1 -20 -30 -40 -50
GAIN (dB)

Output Noise Voltage
vs Gain—LM1036
TONE CONTROLS FLAT

BALANCED GAINS
CCIR FILTER

P~

froy

Vce =12V

T
Vec =9V
11

0 -20 -4 -60

GAIN (dB)

800ST P
. 40 Hz OR 16 uuz/
5
4

0 /
-5
-1 oot
15 40 Hz OR 16 kHz

CHANNEL SEPARATION (dB)

THD (%)

Tone Control Characteristic

0 1 2 3 4 5 6
V4 OR V14 —CONTROL VOLTAGE (V)

Loudness Compensated
Volume Characteristic
1]
0
-10 =
2 —~ 1 -
- 7
2 ™ N V 1
- 7
™~
—40 N
—50 |CONDITIONS,
PIN 7 CONNECTED T0 PIN 12
-~60 I 1 1 1 1
20 100 500 5k 20k
FREQUENCY (Hz)
Channel Separation vs
Frequency
90
80 P
10 Pha NL
A" \\
60 P
50
40
FLAT FREQUENCY RESPONSE
" BALANCED GAINS
20 100 500 5k 20k
FREQUENCY (Hz)

THD vs Input Voltage—LM 1036

la

RS
S
4G

1

0 FLAT FREQUENCY

0.5 | RESPONSE

BALANCED GAINS

0.2 } MAXIMUM GAIN /=
Veg =12V

0.1

0.05

<70
§ Jkﬂl

0.02 |-+
0.01
0.00

00 02 04 06 08 1.0
INPUT VOLTAGE (Vrms)

TL/H/5142-2

1-92




Typical Performance Characteristics (continued)
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Application Notes

TONE RESPONSE

The maximum boost and cut can be optimized for individual
applications by selection of the appropriate values of C; (tre-
ble) and Cy, (bass).

The tone responses are defined by the relationships:
1 +0.000§5(1 — ap)
i@Cp
14 0.90065ab
jwCp

Bass Response =

1+jw5500(1 — ay)Cy

1 +ja>5500atCt
Where ap=a;=0 for maximum bass and treble boost re-
spectively and ap=at=1 for maximum cut.

For the values of C, and C; of 0.39 pF and 0.01 pF as
shown in the Application Circuit, 15 dB of boost or cut is
obtained at 40 Hz and 16 kHz.

ZENER VOLTAGE

A zener voltage (pin 17=5.4V) is provided which may be
used to bias the control potentiometers. Setting a DC level
of one half of the zener voltage on the control inputs, pins 4,
9, and 14, results in the balanced gain and flat response
condition. Typical spread on the zener voltage is =100 mV
and this must be taken into account if control signals are
used which are not referenced to the zener voltage. If this is
the case, then they will need to be derived with similar accu-
racy.

Treble Response =

THD vs Input Voltage—LM1035

030 T
=10 kHz
020 //
f=1 kHz
0.10 ,>></ //
g A
= 005 v'd
ES / / // £=100 Hz
002 ~
/)
oot [ | FLAT FREQUENCY ResPONSE |
. BALANCED GAINS
025 075 125 175 225
INPUT VOLTAGE (Vrms)
TL/H/5142-21
LOUDNESS COMPENSATION

A simple loudness compensation may be effected by apply-
ing a DC control voltage to pin 7. This operates on the tone
control stages to produce an additional boost limited by the
maximum boost defined by Cy, and C;. There is no loudness
compensation when pin 7 is connected to pin 17. Pin 7 can
be connected to pin 12 to give the loudness compensated
volume characteristic as illustrated without the addition of
further external components. (Tone settings are for flat re-
sponse, Cp, and G as given in Application Circuit.) Modifica-
tion to the loudness characteristic is possible by changing
the capacitors Cp and C; for a different basic response or,
by a resistor network between pins 7 and 12 for a different
threshold and slope.

SIGNAL HANDLING

The volume control function of the LM1036 is carried out in
two stages, controlled by the DC voltage on pin 12, to im-
prove signal handling capability and provide a reduction of
output noise level at reduced gain. The first stage is before
the tone control processing and provides an initial 15 dB of
gain reduction, so ensuring that the tone sections are not
overdriven by large input levels when operating with a low
volume setting. Any combination of tone and volume set-
tings may be used provided the output level does not ex-
ceed 1 Vrms, Vgc=12V (0.8 Vrms, Voc=9V). At reduced
gain (< —6 dB) the input stage will overload if the input level
exceeds 1.6 Vrms, Vgc=12V (1.1 Vrms, Vgc=9V). As
there is volume control on the input stages, the inputs may
be operated with a lower overload margin than would other-
wise be acceptable, allowing a possible improvement in sig-
nal to noise ratio.

9€0LNT/SE0LINT
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Application Circuit
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Applications Information
OBTAINING MODIFIED RESPONSE CURVES

The LM1036 is a dual DC controlled bass, treble, balance
and volume integrated circuit ideal for stereo audio systems.

In the various applications where the LM1036 can be used,
there may be requirements for responses different to those
of the standard application circuit given in the data sheet.
This application section details some of the simple varia-
tions possible on the standard responses, to assist the
choice of optimum characteristics for particular applications.

TONE CONTROLS

Summarizing the relationship given in the data sheet, basi-
cally for an increase in the treble control range Ci must be
increased, and for increased bass range Cp must be re-
duced.

Figure 1 shows the typical tone response obtained in the
standard application circuit. (C;=0.01 pF, C,=0.39 nF).
Response curves are given for various amounts of boost
and cut.
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FIGURE 1. Tone Characteristic (Gain vs Frequency)

TL/H/5142-3

Figures 2 and 3 show the effect of changing the response
defining capacitors C; and Cp to 2Ct, Cp/2 and 4C;, Cp/4
respectively, giving increased tone control ranges. The val-
ues of the bypass capacitors may become significant and
affect the lower frequencies in the bass response curves.
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Applications Information (continued)

Figure 4 shows the effect of changing C; and Cy, in the
opposite direction to Cy/2, 2Cy, respectively giving reduced
control ranges. The various results corresponding to the dif-
ferent C; and Cy, values may be mixed if it is required to give
a particular emphasis to, for example, the bass control. The
particular case with Cy/2, Gy is illustrated in Figure 5.

Restriction of Tone Control Action at High or Low Fre-
quencies

It may be desired in some applications to level off the tone
responses above or below certain frequencies for example
to reduce high frequence noise.

This may be achieved for the treble response by including a
resistor in series with C;. The treble boost and cut will be 3
dB less than the standard circuit when R=Xc.

A similar effect may be obtained for the bass response by
reducing the value of the AC bypass capacitors on pins 5
(channel 1) and 16 (channel 2). The internal resistance at
these pins is 1.3 k2 and the bass boost/cut will be approxi-
mately 3 dB less with X¢ at this value. An example of such
modified response curves is shown in Figure 6. The input
coupling capacitors may also modify the low frequency re-
sponse.

It will be seen from Figures 2 and 3 that modifying Cy and Cp
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FIGURE 4. Tone Characteristic (Gain vs Frequency)
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FIGURE 6. Tone Characteristic (Gain vs Frequency)

for greater control range also has the effect of flattening the
tone control extremes and this may be utilized, with or with-
out additional modification as outlined above, for the most
suitable tone control range and response shape.

Other Advantages of DC Controls

The DC controls make the addition of other features easy to
arrange. For example, the negative-going peaks of the out-
put amplifiers may be detected below a certain level, and
used to bias back the bass control from a high boost condi-
tion, to prevent overloading the speaker with low frequency
components.

LOUDNESS CONTROL

The loudness control is achieved through control of the
tone sections by the voltage applied to pin 7; therefore, the
tone and loudness functions are not independent. There is
normally 1 dB more bass than treble boost (40 Hz—16 kHz)
with loudness control in the standard circuit. If a greater
difference is desired, it is necessary to introduce an offset
by means of C; or Cp or by changing the nominal control
voltage ranges.

Figure 7 shows the typical loudness curves obtained in the
standard application circuit at various volume levels
(Cp=0.39 pF).
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FIGURE 5. Tone Characteristic (Gain vs Frequency)
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LM1035/LM1036

Applications Information (continued)

Figures 8 and 9 illustrate the loudness characteristics ob-
tained with Cy, changed to Cp/2 and Cp/4 respectively, Cy
being kept at the nominal 0.01 uF. These values naturally
modify the bass tone response as in Figures 2 and 3.

With pins 7 (loudness) and 12 (volume) directly connected,
loudness control starts at typically —8 dB volume, with most
of the control action complete by —30 dB.

Figures 10 and 77 show the effect of resistively offsetting
the voltage applied to pin 7 towards the control reference
voltage (pin 17). Because the control inputs are high imped-
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FIGURE 8. Loudness Compensated Volume
Characteristic
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FIGURE 10. Loudness Compensated Volume

ance, this is easily done and high value resistors may be
used for minimal additional loading. It is possible to reduce
the rate of onset of control to extend the active range to
—50 dB volume control and below.

The control on pin 7 may also be divided down towards
ground bringing the control action on earlier. This is illustrat-
ed in Figure 12, With a suitable level shifting network be-
tween pins 12 and 7, the onset of loudness control and its
rate of change may be readily modified.
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Applications Information (continued)

When adjusted for maximum boost in the usual application
circuit, the LM1036 cannot give additional boost from the
loudness control with reducing gain. If it is required, some
additional boost can be obtained by restricting the tone con-
trol range and modifying Ci, Cp, to compensate. A circuit
illustrating this for the case of bass boost is shown in Figure
13. The resulting responses are given in Figure 74 showing
the continuing loudness control action possible with bass
boost previously applied.

USE OF THE LM1036 ABOVE AUDIO FREQUENCIES

The LM1036 has a basic response typically 1 dB down at
250 kHz (tone controls flat) and therefore by scaling Cy, and
Gy, it is possible to arrange for operation over a wide fre-
quency range for possible use in wide band equalization
applications. As an example Figure 15 shows the responses
obtained centered on 10 kHz with Cp=0.039 nF and
Cy=0.001 pF.
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FIGURE 13. Modified Application Circuit for Additional Bass Boost with Loudness Control
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National
Semiconductor
Corporation

LM1037 Dual Four-Channel Analog Switch

General Description Features

The LM1037 is a dual, electronically controlled, analog Wide supply voltage range, 5V-28V
switch with an internal muting facility. Any one of four stereo Low distortion, 0.04% typical

signal sources may be selected by means of four control Low noise, typically 5 pV

inputs. High input impedance

Its features make it ideal for stereo source selection in audio Low output impedance

equipment and for use in a wide range of industrial, automo- TTL compatible control inputs

tive, multiplexing or sampling applications. m Very low control current

An additional pin is included to allow parallel connection of

two or more integrated circuits.

Block Diagram
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Order Package Number LM1037N
See NS Package N18A

1-99

LEOLWT



LM1037

Absolute Maximum Ratings

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

—20°Cto +70°C
—65°Cto +150°C

Operating Temperature Range
Storage Temperature Range

Distributors for availability and specifications. Power Dissipation (Note 1) 13W
Supply Voltage 28V Lead Temp. (Soldering, 10 seconds) 260°C
Pin 7 Input Current 5mA
Electrical Characteristics vg=12v, Tp=25C
Parameter Conditions Typical um}-tef::ﬁ? e?) Li m?te(::g?e 8) (IE‘::“I';)
Supply Voltage 28 V(max)
Supply Voltage 5 V(min)
Supply Current VsyppLy =12V 6.4 8.5 MA(max)
VsuppLy =28V 10 14 MA(max)
Voltage Gain 0 +0.7 dB
Signal Handling (Notes 2, 6) VsuppLy =12V 3.0 2.8 Vrms(min)
Small-Signal Bandwidth 300 kHz
Distortion THD VsigNAL=1 Vrms @ 1 kHz 0.04 0.1 % (max)
Noise Voltage at Output (Note 3) CCIR/ARM Rg=0Q 5 20 PV (max)
Channel Separation (Note 4) VgigNAL=1Vrms @ 1 kHz —95 —70 dB(min)
Relative Output in Muted State VsigNAL=1Vrms @ 1 kHz —90 —70 dBmin)
Output Impedance 10 Q
Signal Input Impedance 30 MQ
Logic Low Input Level 0.8 V(max)
Logic High Input Level 20 V(min)
Logic High Input Level VsuppLY V(max)
Typical Performance Characteristics (vs=12v, Ta=25°C unless otherwise noted)
Supply Current vs Supply Supply Current vs Signal-to-Noise vs
B Voltage .5 Temperature " Temperature (Note 3)
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Typical Performance Characteristics (continued) (vs=12V, To=25°C unless otherwise noted)

LEOLINN

Total Harmonic Distortion Total Harmonic Distortion Total Harmonic Distortion
vs Frequency vs Frequency vs Frequency
. 0.2 0. T T
0.2 SUPPLY VOLTAGE =12V SUPPLY VOLTAGE =12V 2 SUPPLY VOLTAGE =28V
VsiGNAL = 100 mVrms VsignaL =1 Vims I VsigNAL =5 Vrms
0.15 0.15 0.15
g £ 0 g
a 01 Py > a1
E E E
0.05 . o
0.05 N 0.05 -
N \\
A
0 0 0
0.01 01 1 16 100 1k 0.01 041 1 10 100 1k 001 01 1 10 100 1k
FREQUENCY (kHz) FREQUENCY (kHz) FREQUENCY (kHz)
TL/H/5199-3
Signa| Handﬁng Vs Note 1: Above Tp=25°C derate based on T; max=150°C and 6,4 =90°C/W.
Frequency (Note 6) Note 2: The instantaneous maximum voltage difference between any two input pins of one channel is
9.6V. Voltages in excess of this level may cause increased distortion and degraded channe! separation.
Note 3: Gaussian noise, monitored over a period of 50 ms per channel, with a CCIR filter referenced to
'«E? 3 2 kHz, and an average-responding meter. Signal to noise ratios are referenced to 1V rms input signal.
= \ Note 4: The level of output signal of a selected undriven amplifier with respect to the output level of a
S \ selected driven amplifier. For test purposes, signal is applied to only one input and all other inputs are
2 2 decoupled to eliminate stray pick-up through external components. Channel separation is then defined as
] \ the ratio of signal levels of the two output pins.
; \ Note 5: For test purposes, signals are connected to three unselected input pins of one channel group and
3 1 all other inputs are decoupled to eliminate stray pick-up through external components.
@ Note 6: Supply voltage 12V; signal handling defined at 1% distortion, 1 kHz.
0 Note 7: Guaranteed and 100% production tested.
0.01 0.1 1 10 100 1k Note 8: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing
FREQUENCY (kHz) quality levels.

TL/H/5199-4

Typical Application
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LM1037

Truth Tables

LM1037
Channel selection is achieved by the application of DC voltages to the control pins.
Unselected control pins should be held low.

DC Control Pin Input Pair Switched to
in HIGH State Output Pins (10, 9)
16 A (2,4)
18 B (6,8)
1 C (11,13)
3 D (17,15)
None Mute 12)

Low switching level (V) <0.8V
High switching level (Vi)>2.0V and up to VgyppLy

SWITCHING SPEED
VERTICAL 2V/DIV
HORIZONTAL 2 ps/DIV
CONTROL PULSE PIN 18
[ 1 OUTPUT RESPONSE

TL/H/5199-6

2 DEVICES CONNECTED IN PARALLEL

To increase the channel switching capacity, two or more devices can be connected together by the direct coupling of the mute
inhibit pin 7 and the output pins 9 and 10. Only one output capacitor is required for each common output.

DC Control Pin Input Pair Switched to
in HIGH State Output Pins (10,9)
16 A (2,4)
Device 18 B (6,8)
Number 1 1 C (11,13)
D (17,15)
16 A (2,4)
18 B (6,8)
Device 1 C (11,13)
Number 2 3 D (17,15)
None Mute (12)
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Pin Function Description

LEOLNT

Device Pins Description
Pin 16—Inputs A Select A high input level selects the corresponding channel. Only one channel should be
Pin 18—Inputs B Select selected at a time. Unselected channels should have their select inputs at a low level.
Pin 1—Inputs C Select Open circuit pins represent a high input level.
Pin 3—Inputs D Select
Pins 2,6, 11, 17— Two sets of four high impedance channel inputs for the connection of signals to be
Inputs for Output 1 (Pin 10) switched.
Pins 4, 8, 13, 15—
Inputs for Output 2 (Pin 9)
Pin 12—Mute Bias Level The DC level at this pin is applied to the outputs when no input is selected and pin 7 is

open. The level is internally set by a 25 k2 and 33 kQ potential divider at 0.6 Vg. This
level may be adjusted by means of external resistors.
Pin 12 may also be used as an additional common input in which case this signal is
present on both outputs when no control input is applied.
Pin 7—Mute Inhibit Input With this pin unconnected and no channel selection input is present; the mute level at
pin 12 is applied to the outputs.
With pin 7 grounded and no channel selection input present, the device output emitter-
followers are disabled allowing parallel connection to other device outputs. This pinis a
current input and any current applied should be limited to 5§ mA maximum. Pin 7 of
several devices may be directly connected for parallel operation.
Pin 9—Output 2 These are common output pins for each channel. There are three possible output
Pin 10—Output 1 conditions:
1) Signal selected from 1 of 4 inputs.
2) Mute level output.
3) Device not selected—internal 6 k2 pull-down resistors to ground.
Pin 5 Positive supply voltage.
Pin14 Negative or ground supply voltage.

Application Hints

The basic circuit arrangement with minimum external com-
OPTIONAL COMMON INPUT

ponents for use with DC coupled signals is shown in Figure | -
1. This arrangement may be used in a normal signal selec- 2 2 _Ts_ 12 10 OR BIAS (2w =14k
tion system or in the feedback path of DC coupled amplifi- “—’—6‘ —>—CH1 0UTPUT
ers for example to make a simple dual programmable power CH1 INPUTS ) 9

supply. By switching feedback connections dual program- C— F——CH2 OUTPUT
mable gain or frequency response amplifiers may be ob- D —p— "

tained. r eyt .

For switching between signal sources in stereo systems the gp — g:{‘s“c’%“
LM1037 may be connected as shown in the typical applica- CHZINPUTSY (513 3 [ \\euts
tion circuit. The input bias is obtainable from pin 12 or an p—pt3] LI
alternative source may be used. If split supply operation is \

required, pin 12 may be grounded and the signals refer- _ll“ 7

enced to ground. -

TL/H/5199-7

DC coupled signals 1.2V<V|y<Vg—1V
FIGURE 1
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LM1037

Simplified Circuit Schematic (ai signal and control inputs are Darlington connected)
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LM1038 Dual Four-Channel Analog Switch

General Description

The LM1038 is a dual, electronically controlled, four-chan-
nel analog switch with an internal muting facility.

Its features make it ideal for stereo source selection in audio
equipment and for use in a wide range of industrial, automo-
tive, multiplexing or sampling applications.

Channel selection is achieved via two logic data pins with
clock enabled latches. Muting is also selectable under clock
control.

Features

B Wide supply voltage range, 5V-28V
® Low distortion, 0.04% typical

® High input impedance
@ Low output impedance

B TTL compatible control Inputs

® Very low control current

= 2 control pins accept BCD input pulses
® Clock enable input may be strobed from a bus

Block Diagram

@) IJ\

clock | (18 )
L ENABLE

.
- wre |7 L)
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1B(6) N l DATA INPUTS
( ; T wien [€] weur [
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™ L 1
2C(13) Vn 1 OG——-—- e {47 LD yure
10(17 I_
{17 [ a— :—;;muremmmr
e 10 Ricfech
V
oS > = O gurpur
<—E—<»—D:L LE 1'> O ureur2
ains 12 =
TL/H/5200-1
Order Number LM1038N

See NS Package Number N18A
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LM1038

Absolute Maximum Ratings

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

Operating Temperature Range
Storage Temperature Range

—20°Cto +70°C
—65°Cto +150°C

v Power Dissipation (Note 1) 1.3W
Supply Voltage 28v Lead Temperature (Soldering, 10 sec.) 260°C
Pin 7 Input Current 5mA
Electrical Characteristics vs=12v,T,=25°C.
: Tested Design Units
Parameter Conditions TYP | Limit(Note7) | Limit(Note8) | (Limits)
Supply Voltage 28 V(max)
Supply Voltage 5 V(min)
Supply Current VsuppLy =12V 12 17 MA(max)
VsuppLy =28V 17 28 MA(max)
Voltage Gain 0 +0.7 dB
Signal Handling (Notes 2, 6) VsuppLy =12V 3.0 2.8 Vrmsgviny
Small-Signal Bandwidth 300 kHz
Distortion THD VsiGNAL=1 Vrms @ 1 kHz 0.04 0.1 % (max)
Noise Voltage at Output (Note 3) CCIR/ARM Rg=00Q 5 20 V(max)
Channel Separation (Note 4) VgignAL=1 Vrms @ 1 kHz —95 -70 dB(min)
Relative Output in Muted State VsigNAL=1 Vrms @ 1 kHz —90 —70 dB(min)
Output Impedance 10 (1)
Signal Input impedance 30 MQ
Logic Low Input Level 0.8 V(max)
Logic High Input Level 2.0 V(m_in)
Logic High input Level VsuppLy Vi(max)
Typical Performance Characteristics (vs=12v, To=25°C unless otherwise noted)
Supply Current vs Supply Supply Current vs Signal-to-Noise vs
Voltage Temperature Temperature (Note 3)
18 18 —115
17 17 =
R0 g 1 S -t
E 15 / 5 15 =
& ] w —
£ 14 £ 1 2105
o [x} z.
<t 13 E 13 2
a = Iy =3
3 12 i/ Z 1 P ~ = -100
' / S~ a
1 1 N
10 10 -85
0 10 20 3 40 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
Attenuation of Unselected
Signal-to-Noise vs Source Channel Separation vs Inputs vs Frequency
Impedance (Note 3) Frequency (Note 4) (Note 5)
-110 -70 -70
= s /
S’ ~105 g'—so = —80 /
\ , :
2 _100 N\ g _0 e E _g
= «» S /
5 E E
E N Z-10 =—100
o =3
o
-90 —-110 -0
0.1 110 100 1k 10k 001 01 1 10 100 1k 000 01 1 10 100 1k

SOURCE IMPEDANCE (k)

FREQUENCY (kHz)

FREQUENCY (kHz)

TL/H/5200-2
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Typical Performance Characteristics (Continued) (vs =12V, Ta=25C unless otherwise noted)

Total Harmonic Distortion
vs Frequency

SUPPLY VOLTAGE =12V
VsighaL =100 mVrms

0.2
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0.1

THD (%)
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0.01 041 1 10 100 1k
FREQUENCY (kHz)

Signal Handling vs
Frequency (Note 6)
4

w

~

Total Harmonic Distortion
vs Frequency

SUPPLY VOLTAGE = 28V
[ VsignaL =5 Vrms

Total Harmonic Distortion
vs Frequency

SUPPLY VOLTAGE =12V
VsignaL =1 Vrms
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01 01
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0.05 — >3
Y 0.05 e
NG \\
] N
0 0
001 01 1 10 100 1k 001 01 1 10 100 1k
FREQUENCY (kHz) FREQUENCY (kHz)

TL/H/5200-3

Note 1: Above T4 =25°C derate based on T; max=150°C and 6,4 =90°C/W.

Note 2: The instantaneous maximum voltage difference between any two input pins of one channel is

9.6V. Voltages in excess of this level may cause increased distortion and degraded channel separation.

Note 3: Gaussian noise, monitored over a period of 50 ms per channel, with a CCIR filter referenced to

2 kHz, and an average responding meter. Signal-to-noise ratios are referenced to a 1 Vrms input signal.

Note 4: The level of output signal of a selected undriven amplifier with respect to the output level of a
‘ d driven amplifier. For test purposes, signal is applied to only one input and all other inputs are

\
\
\

SIGNAL HANDLING (Vrms)

001 01 1 10 100 1k
FREQUENCY (kHz)
TL/H/5200-4

Typical Application

decoupled to eliminate stray pick-up through external components. Channel separation is then defined as
the ratio of signal levels of the two output pins.

Note 5: For test purposes, signals are connected to three unselected input pins of one channel group and
all other inputs are decoupled to eliminate stray pick-up through external components.

Note 6: Supply voltage 12V; signal handiing defined at 1% distortion, 1 kHz.

Note 7: Guaranteed and 100% production tested.

Note 8: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing
quality levels.

CONTROL INPUTS

A T == ]

PN aa=ay g I r A g Ra=nnl I
S ==y s ~<Hre= .
P =, TE—i—IH
e [ Eefed

C1=10 yF
C2=1pF
C3=100 uF
Cin=1pF

=
T

=

CH1

€3

—
T

OUTPUTS
TL/H/5200-5
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LM1038

Truth Table
Logic Inputs Input Pin Selected
';.naatg:L Mute ChanB:I:elect Output 1 | Output 2
Pin18 [Pin1| Pin3 Pin16| Pin10 Pin 9
1 0 0 0 DPin17 | DPin15
1 0 0 APin2 | APin4
1 0 1 0 BPin6 BPin8
1 0 1 1 CPin11 | CPin 13
1 1 X X Pin 12 Mute Bias
0 X X X Inputs Previously
Selected are Low (0)<0.8V
Retained High (1)>2.0V, up to VguppLy

Pin Function Description

Device Pins

Description

Pin 1—Mute

Pin 3—Channel Address (MSB)
Pin 16—Inputs (LSB)
Pin 18—Latch Enable

Pins 2,6, 11, 17—
Inputs for Output 1 (Pin 10)

Pins 4,8, 13, 15—
Inputs for Output 2 (Pin 9)

Pin 12—Mute Bias Level

Pin 7—Mute Inhibit

A high level on this input will select the muted condition (outputs=pin 12
voltage) if the latch enable input is low provided pin 7 (mute enable) is open.
Binary information on these pins selects the required channel if the mute
selectinput, pin 1, is low.

With a high level on this pin the data on the channel select pins controls the
channel enabled. When the input is low the channel select data is latched.
The mute input pin 1 is also controlled by this input.

A minimum enable pulse width of typically 3 us is required.

Two sets of four high impedance channel inputs for the connection of signals
to be switched.

The DC level at this pin is applied to the outputs when the mute input, pin 1, is
activated. The level is internally set by a 25 kQ and 33 k(2 potential divider to
0.6 Vg. This level may be adjusted by means of external resistors. Pin 12 may
also be used as an additional common signal input.

This is a current input and any control current into this pin must be externally
limited to 5 mA maximum. With this pin open the mute input, pin 1, is enabled.
With a current into this pin the mute facility is disabled and with no signal
channel selected the output emitter-followers are disabled.

These are common output pins for each channel. There are three possible

3) Device not selected—internal 6 kQ pull-down resistors to ground.

Pin 9—Output 2

Pin 10—Output 1 output conditions:
1) Signal selected from 1 of 4 inputs.
2) Mute level output.

Pin5 Positive supply voltage.

Pin 14

Negative or ground supply voltage.

Application Hints

The basic circuit arrangement with minimum external com-
ponents for use with DC coupled signals is shown in Figure
1. This arrangement may be used in a normal signal selec-
tion system or in the feedback path of DC coupled amplifi-
ers for example to make a simple dual programmable power
supply. By switching feedback connections dual program-
mable gain or frequency response amplifiers may be ob-
tained.

For switching between signal sources in stereo systems the
LM1038 may be connected as shown in the typical applica-
tion circuit. The input bias is obtainable from pin 12 or an
alternative source may be used. If split supply operation is
required, pin 12 may be grounded and the signals refer-
enced to ground.

OPTIONAL COMMON INPUT

-TF)- |12 OR BIAS (Ziy =14k)

A_,...: 10y ch1 ouTPUT
B e
cHiNPUTS{ (1 CIR——
T 3
\ 18 ciock
A—.—a 16 D1
B
chz iNpuUTS{ ::: I
D e L——MUTE
LT
e TL/H/5200-6

DC coupled signals 1.2V < Vjy < Vg — 1V
FIGURE 1

1-108




6041

£~002S/H/1L

| niiivuaiai ettt |
I |
! ONE OF TWO OUTPUT STAGES 1
| L 25k |
] PL — 1 : ]
o : : : : | s
| (10) (1) (2) (17) (6) | STAGE
| |
! $6.2 El— P‘! ;'T P-— ak |
] |
L ______________________________ L _‘-E_ - J

8r  BF  Br BRI

T@irﬁ s T T
Vs = 4 4 v v
L 1 1 l 17
LATCHES INPUT STAGES
-
3 18

s___f'\_l

GND

MSB

welbeiq onewayoss usjeainby

8E0LIWT



LM1040

National
Semiconductor
Corporation

LM1040 Dual DC Operated Tone/Volume/Balance Circuit
with Stereo Enhancement Facility

General Description

The LM1040 is a DC controlled tone (bass/treble), volume
and balance circuit for stereo applications in car radio, TV
and audio systems. A stereo enhancement facility is includ-
ed whereby the apparent stereo separation of systems re-
quiring closely spaced speakers may be improved. An addi-
tional control input allows loudness compensation to be
simply effected.

Four control inputs provide control of the bass, treble, bal-
ance and volume functions through application of DC volt-
ages from a remote control system or, alternatively, from
four potentiometers which may be biased from a zener regu-
lated supply provided on the circuit.

Each tone response is defined by a single capacitor chosen
to give the desired characteristic.

Features

® Wide supply voltage range, 9V to 16V

m Large volume control range, 75 dB typical

m Tone control, =15 dB typical

m Channel separation, 75 dB typical

B Low distortion, 0.06% typical for an input level of 0.3
Vrms

m High signal to noise, 80 dB typical for an input level of
0.3 Vrms

B Few external components required

Block and Connection Diagrams

Dual-in-Line Package

INTERNAL SUPPLY DECOUPLE -—'—l N\

24
= GND

INTERNAL
VOLTAGE
SUPPLY

ZENER
aecomen| UZ. INPUT 2

VOLTAGE

INPUT 1 ——I
STEREQ ENHANCEMENT 3

2 STEREO ENHANCEMENT

TREBLE CAPACITOR 1 — I'l_]_k "_L:I 21 REBLE CAPACITOR 2
VOLUME VOLUME
NC = 20\
5 19
TREBLE CONTROL INPUT — - ZENER VOLTAGE

7
AC BYPASS 1=~—1—

SV
318341

318341
ssve

BASS CAPACITOR 1 S

LOUDNESS COMPENSATION _9 |
CONTROL INPUT

_J 18
= AC BYPASS 2
1
{17 BASS CAPACITOR 2

16 .
[~ BASS CONTROL INPUT

VOLUME/

10
OUTPUT 1 —— BALANCE

VOLUME/ 15
1 saiance [T OUTPUT 2

1
1 H T 14
BALANCE CONTROL INPUT —F — — b= = f =~ rJ;—- VOLUME CONTROL INPUT

L
12 13
GND —Vcc
TOP VIEW
TL/H/5147-1
Order Number LM1040N

See NS Package Number N24A
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. . =
Absolute Maximum Ratings =
If Military/Aerospace specified devices are required, Storage Temperature Range —65°Cto +150°C g
contact the National Semiconductor Sales Office/ Power Dissipation 1.5W
Distributors for availability and specifications. Lead Temperature (Soldering, 10 sec.) 260°C
Supply Voltage 16V
Control Pin Voltage (Pins 6, 9, 11, 14, 16) Veo
Operating Temperature Range 0°Cto +70°C
Electrical Characteristics vec=12v, To=25°C (unless otherwise stated)
Parameter Conditions Min Typ Max Units
Supply Voltage Range Pin 13 9 16 \"
Supply Current 35 45 mA
Zener Regulated Output Pin19
Voltage 5.4 Vv
Current 5 mA
Maximum Output Voltage Pins 10, 15; f=1 kHz
Vee= 9V, Maximum Gain 0.8 Vrms
Voo=12V 0.8 1.0 Vrms
Maximum Input Voltage Pins 2, 23; f=1 kHz, Vcc=9V 1.1 Vrms
(Note 1) Flat Response, V=12V 1.3 1.6 Vrms
Gain=-10dB
Input Resistance Pins 2, 28; f=1 kHz 20 30 k2
Output Resistance Pins 10, 15; f=1 kHz 20 0
Maximum Gain V(Pin 14)= V(Pin 19); -2 0 2 dB
f=1kHz
Volume Control Range f=1kHz 70 75 dB
Gain Tracking f=1kHz
Channel 1-Channel 2 0 dB through —40 dB 1 3 dB
—40 dB through —60 dB 2 dB
Balance Control Range Pins 10, 15; f=1 kHz 1 dB
—26 —20 dB
Bass Control Range f=40 Hz, C,=0.39 uF
(Note 2) V(Pin 16) = V(Pin 19) 12 15 18 dB
V(Pin 16)=0V —12 —15 —18 dB
Treble Control Range f=16 kHz, C;=0.01 pF
(Note 2) V(Pin 6)=V(Pin 19) 12 15 18 dB
V(Pin 6)=0V —-12 -15 —-18 dB
Total Harmonic Distortion f=1 kHz, V|y=0.3 Vrms
Gain=0dB 0.06 0.3 %
Gain=—30dB 0.03 %
Channel Separation f=1 kHz, Maximum Gain 60 75 dB
Signal/Noise Ratio Unweighted 100 Hz-20 kHz 80 dB
Maximum Gain, 0 dB=0.3 Vrms
CCIR/ARM (Note 3)
Gain=0dB, V|y=0.3 Vrms 75 79 dB
Gain=—20dB, V|N=1.0 Vrms 72 dB
Output Noise Voltage at CCIR/ARM (Note 3) 10 nv
Minimum Gain
Supply Ripple Rejection 200 mVrms, 1 kHz Ripple 35 —50 dB
Control Input Currents Pins 6, 9, 11, 14,16 (V=0V) —0.6 —-25 pA
Frequency Response —1 dB (Flat Response 250 kHz
20 Hz—16 kHz)
Note 1: The maximum permissible input level is dependent on tone and volume settings. See Application Notes.
Note 2: The tone control range is defined by capacitors Cy, and C. See Application Notes.
Note 3: Gaussian noise, measured over a period of 50 ms per channel, with a CCIR filter referenced to 2 kHz and an average-responding meter.
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Typical Performance Characteristics
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Application Notes

TONE RESPONSE

The maximum boost and cut can be optimized for individual
applications by selection of the appropriate values of G (tre-
ble) and Cy, (bass).

The tone responses are defined by the relationships:

0.00065(1 — ap)

1+ G

Bass Response = 9%
1+ 0.00065ap,

jwGp

1 + jw5500(1 — a)Ct

Treble Response = -
1 + jw5500aiCy

Where ap = a; = 0 for maximum bass and treble boost
respectively and ap = ay = 1 for maximum cut.

For the values of Cp and Gy of 0.39 pF and 0.01 pF as
shown in the Application Circuit, 15 dB of boost or cut is
obtained at 40 Hz and 16 kHz.

STEREO ENHANCEMENT

When stereo system speakers need to be closer than opti-
mum because of equipment/cabinet limitations, an im-
proved stereo effect can be obtained using a modest
amount of phase—reversed interchannel cross-coupling. In
the LM1040 the input stage transistor emitters are brought

Application Circuit

out to facilitate this. The arrangement is shown below in
basic form.

6.5k 6.5k
w o
PIN3 PIN 22
PIN 2 PIN 23
CHANNEL 1 CHANNEL 2
OUTPUT OUTPUT

TL/H/5147-3

With a monophonic source, the emitters have the same sig-
nal and the resistor and capacitor connected between them
have no effect. With a stereo signal each transistor works in
the grounded base mode for stereo components, generat-
ing an in-phase signal from the opposite channel. As the
normal signals are inverted at this point, the appropriate
phase-reversed cross-coupling is achieved. An effective lev-
el of coupling of 60% can be obtained using 4.7k in con-
junction with the internal 6.5k emitter resistors. At low fre-
quencies, speakers become less directional and it becomes
desirable to reduce the enhancement effect. With a 0.1 puF
coupling capacitor, as shown, roll-off occurs below 330 Hz.
The coupling components may be varied for alternative re-
sponses.
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LM1040

Application Notes (continued)

ZENER VOLTAGE

A zener voltage (pin 19=5.4V) is provided which may be
used to bias the control potentiometers. Setting a DC level
of one half of the zener voltage on the control inputs, pins 6,
11, and 16, results in the balanced gain and flat response
condition. Typical spread on the zener voltage is +100 mV
and this must be taken into account if control signals are
used which are not referenced to the zener voltage. If this is
the case, then they will need to be derived with similar accu-
racy.

LOUDNESS COMPENSATION

A simple loudness compensation may be effected by apply-
ing a DC control voltage to pin 9. This operates on the tone
control stages to produce an additional boost limited by the
maximum boost defined by Cp, and Cy. There is no loudness
compensation when pin 9 is connected to pin 19. Pin 9 can
be connected to pin 14 to give the loudness compensated
volume characteristic as illustrated without the addition of
further external components. (Tone settings are for flat re-
sponse, Cp, and C; as given in Application Circuit.) Modifica-
tion to the loudness characteristic is possible by changing
the capacitors Cp, and C; for a different basic response or,
by a resistor network between pins 9 and 14 for a different
threshold and slope.

SIGNAL HANDLING

The volume control function of the LM1040 is carried out in
two stages, controlled by the DC voltage on pin 14, to im-
prove signal handling capability and provide a reduction of
output noise level at reduced gain. The first stage is before
the tone control processing and provides an initial 15 dB of
gain reduction, so ensuring that the tone sections are not
overdriven by large input levels when operating with a low
volume setting. Any combination of tone and volume set-
tings may be used provided the output level does not ex-
ceed 1 Vrms, Voc=12V(0.7 Vrms, Voo=9V). At reduced
gain (< —6 dB) the input stage will overload if the input level
exceeds 1.6 Vrms, Vgc=12V (1.1 Vrms, Vgc=9V). As
there is volume control on the input stages, the inputs may
be operated with a lower overload margin than would other-
wise be acceptable, allowing a possible improvement in sig-
nal to noise ratio.

Applications Information

OBTAINING MODIFIED RESPONSE CURVES

The LM1040 is a dual DC controlled bass, treble, balance
and volume integrated circuit ideal for stereo audio systems.

In the various applications where the LM1040 can be used,
there may be requirements for responses different to those
of the standard application circuit given in the data sheet.
This application section details some of the simple varia-
tions possible on the standard responses, to assist the
choice of optimum characteristics for particular applications.

TONE CONTROLS
Summarizing the relationship given in the data sheet, basi-
cally for an increase in the treble control range C; must be
increased, and for increased bass range Cp must be re-
duced.
Figure 1 shows the typical tone response obtained in the
standard application circuit. (Ct=0.01 pF, Cp,=0.39 pF).
Response curves are given for various amounts of boost
and cut.

20
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TL/H/5147-5

FIGURE 1. Tone Characteristic (Gain vs Frequency)
Figures 2 and 3 show the effect of changing the response
defining capacitors Gt and Cp, to 2Ct, Cp/2 and 4Gy, Cp/4
respectively, giving increased tone control ranges. The val-
ues of the bypass capacitors may become significant and

affect the lower frequencies in the bass response curves.
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FIGURE 2: Tone Characteristic (Gain vs Frequency)

INCREASED CONTROL RANGE]_{—] 54 g

15 % a7 =

L N L 3

10 N /4 a0 °

N # S

g 5 34 5

z 0 21 &

] 2

-5 N 20 &

o

-0 == N~ 14 2

15 | ~— 07 3

- o

- Y/ 00 =

-20 -~
0 100 500 5k 20K

FREQUENCY (Hz)

TL/H/5147-7
FIGURE 3: Tone Characteristic (Gain vs Frequency)

1-114




Applications Information (continued)

Figure 4 shows the effect of changing Ct and Cy, in the
opposite direction to Ci/2, 2Cy, respectively giving reduced
control ranges. The various results corresponding to the dif-
ferent C; and Cp, values may be mixed if it is required to give
a particular emphasis to, for example, the bass control. The
particular case with Cy/2, C; is illustrated in Figure 5.

RESTRICTION OF TONE CONTROL ACTION AT HIGH
OR LOW FREQUENCIES

It may be desired in some applications to level off the tone
responses above or below certain frequencies for example
to reduce high frequency noise.

This may be achieved for the treble response by including a
resistor in series with Cy. The treble boost and cut will be
3 dB less than the standard circuit when R=X¢.

A similar effect may be obtained for the bass response by
reducing the value of the AC bypass capacitors on pins 7
(channel 1) and 18 (channel 2). The internal resistance at
these pins is 1.3 kQ and the bass boost/cut will be approxi-
mately 3 dB less with Xg at this value. An example of such
modified response curves is shown in Figure 6. The input
coupling capacitors may also modify the low frequency re-
sponse.
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It will be seen from Figures 2 and 3 that modifying C; and Cp
for greater control range also has the effect of flattening the
tone control extremes and this may be utilized, with or with-
out additional modification as outlined above, for the most
suitable tone control range and response shape.

OTHER ADVANTAGES OF DC CONTROLS

The DC controls make the addition of other features easy to
arrange. For example, the negative-going peaks of the out-
put amplifiers may be detected below a certain level, and
used to bias back the bass control from a high boost condi-
tion; to prevent overloading the speaker with low frequency
components.

LOUDNESS CONTROL

The loudness control is achieved through control of the
tone sections by the voltage applied to pin 9; therefore, the
tone and loudness functions are not independent. There is
normally 1 dB more bass than treble boost (40 Hz—16 kHz)
with loudness control in the standard circuit. If a greater
difference is desired, it is necessary to introduce an offset
by means of C; or Cy, or by changing the nominal control
voltage ranges.

Figure 7 shows the typical loudness curves obtained in the
standard application circuit at various volume levels
(Cp=0.39 uF).
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LM1040

Applications Information (continued)

Figures 8 and 9 illustrate the loudness characteristics ob- voltage (pin 19). Because the control inputs are high imped-
tained with Cp, changed to Cp/2 and Cp/4 respectively, Cy ance, this is easily done and high value resistors may be
being kept at the nominal 0.01 uF. These values naturally used for minimal additional loading. It is possible to reduce
modify the bass tone response as in Figures 2 and 3. the rate of onset of control to extend the active range to
With pins 9 (loudness) and 14 (volume) directly connected, —50 dB volume control and below.

loudness control starts at typically —8 dB volume, with most The control on pin 9 may also be divided down towards
of the control action complete by —30 dB. ground bringing the control action on earlier. This is illustrat-
Figures 10 and 11 show the effect of resistively offsetting ed in Figure 12. With a suitable level shifting network be-
the voltage applied to pin 9 towards the control reference tween pins 14 and 9, the onset of loudness control and its

rate of change may be readily modified.
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-60 | l ~60
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Applications Information (continued)

When adjusted for maximum boost in the usual application
circuit, the LM-1040 cannot give additional boost from the
loudness control with reducing gain. If it is required, some
additional boost can be obtained by restricting the tone con-
trol range and modifying C;, Cp, to compensate. A circuit
illustrating this for the case of bass boost is shown in Figure
13. The resulting responses are given in Figure 74 showing
the continuing loudness control action possible with bass
boost previously applied.

USE OF THE LM1040 ABOVE AUDIO FREQUENCIES

The LM1040 has a basic response typically 1 dB down at
250 kHz (tone controls flat) and therefore by scaling Cp, and
Cy, it is possible to arrange for operation over a wide fre-
quency range for possible use in wide band equalization
applications. As an example Figure 15 shows the responses
obtained centered on 10 kHz with Cp=0.039 nF and
GCt=0.001 pF.

2 23,
3 22
il 21
5 20
il LM1040N 1L
] 18
>
) . sk
Co=0.22 4F 9 1 N A‘l'k_“L
9] i VAA—D S 25k
o} 15 0.2 4F ]L
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1 s 77
TOP VIEW
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FIGURE 13. Modified Application Circuit for Additional
Bass Boost with Loudness Control
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LM1040

Applications Information (continued)
DC CONTROL OF STEREO ENHANCEMENT AND

LOUDNESS CONTROL

Figure 16 shows a possible circuit if electronic control of
these functions is required. the typical DC level at pins 3 and
22is 7.5V (Voo =12V), with the input signal superimposed,
and this can be used to bias a FET switch as shown to save
components. For switching with a OV—5V signal a low-
threshhold FET is required when using a 12V supply. With

larger switching levels this is less critical.

The high impedance PNP base input of the loudness control
pin 9 is readily switched with a general purpose NPN tran-

sistor.
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LM1112A/LM1112B/LM1112C

National
Semiconductor
Corporation

LM1112A/LM1112B/LM1112C
Dolby® B-Type Noise Reduction Processor

General Description

The LM1112 is a monolithic integrated circuit specifically
designed to realize the Dolby B-type noise reduction sys-
tem.

It is a replacement for the LM1111 and the Signetics NE-
645/648 but with improved performance figures.

Features

B Very high signal/noise ratio, 74 dB encode
(CCIR/ARM)

m Wide supply voltage range, 6V to 20V

® Very close matching to standard Dolby characteristics

B Audible switch-on transients greatly reduced

H Improved temperature performance

B Reduced number of precision external components

B Improved transient stability

m Input protection diodes

Available only to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licensing and application information must be obtained.
Dolby and the double-D symbol are registered trademarks of Dolby Laboratories Licensing Corporation.

Schematic Diagram
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-
Absolute Maximum Ratings §
If Military/Aerospace specified devices are required, Storage Temperature Range —65°Cto +150°C ~
contact the National Semiconductor Sales Office/ Lead Temperature (Soldering, 10 sec.) 260°C >
Distributors for availability and specifications. ,\_
Supply Voltage 24V E
Operating Temperature Range —20°Cto +70°C ry

N

Electrical Characteristics vs = 12v, T = 25°C. 0 dB refers to Dolby level which is 580 mVrms at pin 3. @
—

Parameter Conditions LM1112A LM11128 LM1112C Units E
Min Typ Max Min Typ Max Min Typ Max jury

Supply Voltage Range 6 20 6 20 6 20 \ i:;

Supply Current 15 20 15 20 15 20 mA o

Voltage Gain
(Pin 5-3) LhfzPine0and12 | 545 | 255 | 265 | 245 | 255 | 265 | 24 | 255 | 27 | dB
(Pin 5-6) 1 kHz Pin 6 Open 14.7 14.7 14.7 dB
(Pin 3-7) ;ggjc(tli\:)cr):sgut) 05| o | o5 |-05| 0o | 05| -1 o 1 | dB

Distortion 1 kHz, 0dB 0.03 0.1 0.03 0.1 0.03 0.1 %

10 kHz, +10dB 0.2 0.2 0.2 %

Signal Handling 1 kHz, 0.3% Distortion

Vg = 6V 8.5 8.5 8.5 dB
Vg = 12V 13 15.5 13 15.5 13 15.5 dB
Vg = 18V 19 19 19 dB

Signal/Noise Ratio Pins 6 and 2

at Pin 7 (Note 1) Connected

Encode Mode

(CCIR/ARM)

NR In Rg = 10k 71.5 74 71 74 70 74 dB

Rg = 1k 77 77 77 dB

NR Out Rg = 10k 83 83 83 dB

%glc’;'ﬁ\'g&c;e Rs = 10k 83 83 83 dB
Encode Characteristics | Input to Pin 5

10 kHz, 0 dB 0 0.5 1.0 —-02 | 05 1.2 -05| 05 1.5 dB

1.3 kHz, —20dB —-16.2| —15.7| —156.2| —16.7 | —15.7| —14.7| —17.2| —156.7| —14.2| dB

5 kHz, —20dB -17.3| —16.8| —16.3| —17.8| —16.8| —15.8| —18.3| —16.8| —15.3| dB

3 kHz, —30dB —-21.7| —212| -20.7| —22.2| —21.2| —20.2| —22.7| —21.2| —19.7| dB

5 kHz, —30dB —223| —-21.8| —21.3| —22.8| —21.8| —20.8| —23.3| —21.8| —20.3| dB

10 kHz, —30dB —24,0| —23.5| —23.0| —24.5| —23.5| —22.5| —25.0| —23.5| —22.0| dB

10 kHz, —40dB —30.1| —29.6| —29.1 | —30.3| —29.6| —28.9| —30.6| —29.6| —28.6| dB

Input Resistance Pin 5 45 65 80 45 65 80 45 65 80 kQ

Pin2 4.3 5.6 6.9 4.3 5.6 6.9 4.3 5.6 6.9 kQ

Output Resistance Pin 6 1.8 2.4 3.0 1.8 2.4 3.0 1.8 2.4 3.0 kQ

Pin3 30 45 30 45 30 45 Q

Pin7 30 45 30 45 30 45 0

PSRR f=120Hz 40 40 40 dB

Load Impedance
Pin3 5 5 5 kQ
Pin7 5 5 5 kQ
Note 1: Gaussian noise, measured over a period of 50 ms with a CCIR filler and an average responding meter.
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LM1112A/LM1112B/LM1112C

Typical Performance Characteristics

Signal/Noise Ratio vs Source Impedance
Encode Mode (CCIR/ARM)

Gain vs Frequency (NR OFF)
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Typical Performance Characteristics (continued) =
o
Supply Current vs Supply Voltage Signal Handling vs Supply Voltage 2
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LM1112A/LM1112B/LM1112C

ELECTRICAL NOISE REDUCTION SWITCH

In place of the normal mechanical noise reduction on/off
switch, the circuit below is often used to permit electrical NR
control. When using this circuit, the following points should
be noted:

1. Signal boost is reduced by increasing DC voltage on Pin
14 (see curve). A voltage of approximately 3V is adequate
to achieve NR OFF.

2. Supply current may be significantly increased by high pin
14 forced voltages. Values for V and R should thus be
chosen such that pin 14 voltage is 3V-4V.

3. When electrical NR switching is used, signal level is
slightly affected by the minimum value of the internal vari-
able impedance. (At 10 kHz-10 dB, a residual boost of
approximately 0.4 dB remains.) This is not the case for
mechanical NR switching.

[
|
DOLBY B-TYPE INTEGRATED CIRCUIT G — L
NATIONAL LM1112. ]
13 14 +15 |
R303
150K R304
Noise Reduction 5% 210K
Switch
our R 3 R30S lcae  Lcsor
f 330Kk 0.1 0.33
v IN Y 5%
NR Lamp To C306 in . i
other Dolby
Processors

TL/H/7876-10

Note 1: Where not otherwise specified, component tolerances are +10%.

Signal Boost vs Pin 14 Control Voltage

Supply Current vs Pin 14 Control Voltage

(Encode, 10 kHz) (Vg = 12V) (Encode, 10 kH2)
T T T
Max Boost
10 X 200 35r
8 23
@ E
h-) 6 € 27 p.
3 gz /
3 3 A
Tq 223
=) g
7] 7] !
2 Minimum Boost with 19 /
External N.R. Control /
0 15, 4
0 2 4 6 8 10 0 2 4 6 8 10 12

Pin 14 Voltage (V)

Pin 14 Voltage (V)
TL/H/7876-11
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Test Circuit (Encode)

[ e e i ———— —— —
l Dolby B-Type Integrated Circuit

National LM1112N
+61020volts 16 ationa
(internal link)
— TR

3
2
3
o

TL/H/7876-12
Note 1: 1 nF capacitors from pin 3 and pin 7 to ground may be required on older devices.
Note 2: Where not otherwise specified, component tolerances are +10%.
Note 3: For LM1112AN use 2% components for C304, R303, R305. (5% components may cause errors up to +0.3 dB.)

Connection Diagram

Dual-In-Line Package

VARIABLE
IMPEDANCE ! U 16

INPUT = = POSITIVE SUPPLY
AMPLIFIERB 2 15 VARIAB

HeRg 2 14, VARIABLE IMPEDANCE
AMPLIFIER B 2 L]

UFER B 2. L~ RECTIFIER OUTPUT
4 13
BIAS — RECTIFIER BIAS

5 12
AMPURER A 5 = RECTIFIER INPUT

AMPLIFIER A 6 11 AMPLIFIER D

OUTPUT ™ OUTPUT
AMPLIFIER EK 1] [10 AMPLIFIER D

OUTPUT FEEDBACK DECOUPLING
DECOUPLING —'1 12~ GrounD

TL/H/7876-13
Order Number LM1112AN, LM1112BN
or LM1112CN
See NS Package Number N16E
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LM1131A/LM1131B/LM1131C

National
Semiconductor
Corporation

LM1131A/LM1131B/LM1131C
Dual Dolby® B-Type Noise Reduction Processor

General Description m Wide supply voltage range, 5V-20V

[ ] i i i i -
The LM1131 is a monolithic integrated circuit specifically nge ngls;%snl;O'se ratio, 79 dB encode, 90 dB de

designed to realize the Dolby B-Type noise reduction sys-
tem.

The circuit includes two completely separate noise reduc- . o
tion processors and will operate in both encode and decode = Vfary Ic?w temp era.ture drift Of Dolby characteristics
modes. It is ideal for stereo applications in compact equip- ™ High signal ha.rjdllljg capability, > +20 dB (Vg = 20V)
ment or for mono applications in 3-head equipment where ™ Full-wave rectifier in both channels

two processors with very closely matched internal gains are W Operates with both single and split supply voltages

m Very close gain matching for 3-head recorders
m Close matching to standard Dolby characteristics

required. m Excellent transient response characteristics
® Minimal input switch-on transients
Features | Reduced number of external components per channel
m Stereo Dolby noise reduction with one IC m Improved input protection
Available to i of Dolby L ies Licensing C¢ ion, San Francisco, from whom licensing and application information must be obtained.

Schematic Diagram (1 channel shown only)
m
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&
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Absolute Maximum Ratings

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

Distributors for availability and specifications.

Supply Voltage

Operating Temperature Range

Storage Temperature Range

Electrical Characteristics
Vs = 12V, Tp = 25°C unless otherwise specified. 0 dB refers to Dolby level and is 580 mV, measured at TP1 and TP2.

24V

—20°Cto +70°C

—65°Cto +150°C

Soldering Information
Dual-In-Line Package

Soldering (10 seconds) 260°C
Small Qutline Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” (appendix D) for other methods of
soldering surface mount devices.

Parameter Conditions LM1131A LM11318 LM1131C Units
Min Typ Max Min Typ Max Min Typ Max
Supply Voltage Range 5 20 5 20 5 20 \
Supply Current 20 20 20 mA
Voltage Gain
(Pins 7-10 and 14-11) | 1 kHz Decode 19.2 19.7 20.2 18.7 19.7 20.7 18.2 19.7 21.2 dB
(Pins 10-9 and 11-12) | 1 kHz Decode —-0.5 0 05 | —05 0 0.5 -1.0 0 1.0 dB
Difference in Voltage 1 kHz Noise -0.2 0 0.2 —-0.5 0 0.5 -1.0 0 1.0 dB
Gain between Channels | Reduction OFF
Crosstalk between 1 kHz, 0 dB —60 _o0 —60 —90 —60 _g0 dB
Channels
Signal/Noise Ratio (Note 1)
atPins9 and 12
Encode Rs = 10kQ 77 79 75.5 79 74 79 dB
Rs = 1kQ 82 82 82 dB
Decode Rs = 10 kQ 90 90 90 dB
Rs = 1kQ 92 92 92 dB
Encode Characteristics | 10 kHz, 0 dB 0 0.5 1.0 0.2 0.5 1.2 —-0.5 0.5 1.5 dB
1.3kHz, —20dB —16.2| —15.7 | —15.2| —16.7| —15.7 | —14.7| —17.2| —15.7 | —14.2| dB
5 kHz, —20dB —173| —16.8 | —16.3| —17.8| —16.8 | —15.8| —18.3| —16.8 | —15.3| dB
3 kHz, —30dB —-21.7| —21.2 | —20.7| —22.2| —21.2 | —20.2| —22.7| —21.2| —19.7| dB
5 kHz, —30dB —223| —21.8 | —23.0| —22.8{ —21.8 | —20.8| —23.3| —21.8 | —20.3| dB
10 kHz, —40 dB —30.1| —29.6 | —29.1| —30.3| —29.6 | —28.9| —30.6| —29.6 | —28.6| dB
Variation in Encode
Characteristics
Temperature 0°C-70°C <+0.5 <+05 <*05 dB
Voltage 5V-20V <*0.2 <+0.2 <*0.2 dB
Distortion 1kHz, 0dB 0.03 0.1 0.03 0.1 0.03 0.2 %
10 kHz, 10 dB 0.2 0.2 0.2 %
Signal Handling 1 kHz, Dist = 0.3%
Vg = 5V 6.5 6.5 6.5 dB
Vg = 7V 10.5 10.5 10.5 dB
Vg = 12V 14.0 16.0 14.0 16.0 14.0 16.0 dB
Vg = 20V 21.0 21.0 21.0 dB
Input Resistance Pins 7 and 14 45 65 80 45 65 80 45 65 80 kQ
Output Resistance Pins 9 and 12 30 55 30 55 30 55 [9)
Pins 10 and 11 30 55 30 55 30 55 4}

Note 1: Gaussian noise, measured over a period of 50 ms per channel, with a CCIR filter referenced to 2 kHz and an average-responding meter.
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LM1131A/LM1131B/LM1131C
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Application Notes

SUPPLY VOLTAGE

LM1131 may operate with either single or split supply volt-
ages.

Single Supply Voltage
Pin 1 is connected to ground, pin 20 to Vg.

Pins 8 and 13 are internally generated reference voltages
set to approximately half-supply. They should be connected
together externally.

A 220 pF capacitor must be connected between pins 8 and
13 and ground. Device turn-on time is delayed by the rise
time of pins 8 and 13.

Split Supply Voltages

Pin 1 is connected to the negative supply, pin 20 to the
positive supply. Pins 8 and 13 are connected to OV and no
capacitor is required. Device turn-on time is delayed only by
the rise times of the supply voltages.

SIGNAL GAIN AND FILTERING

It should be noted that LM1131 has only one internal pre-
amplifier, AB, with no provision for interconnection of a low
pass filter to remove bias or multiplex tones. In addition,
main chain gain has been reduced by 6 dB in comparison
with LM1112/LM1011.

If a low pass filter is required it should be connected at the
input of the LM1131. Pre-adjustment of Dolby input level
may then be performed, at the input of LM1131 if required.

V3 V+

NOISE REDUCTION SWITCH

Noise reduction OFF is normally effected by means of a
mechanical switch which open-circuits the sidechain input.
An alternative method which permits the control of NR OFF
by means of a DC voltage is shown in Figure 7. The DC
control voltage forces the internal impedance to a minimum
value and heavily attenuates the sidechain input. When us-
ing this circuit the following points should be noted:

a) Signal boost in encode mode (signal cut in decode) is
reduced by increasing DC voltages on pins 3 and 18. A
voltage of approximately 3V above signal ground is ade-
quate to achieve NR OFF.

b) Supply current may be increased significantly by high pin
3/18 forcing voltages. Thus, values for V3 and R3 should
ideally be chosen such that pin 3/18 forced voltage is
only 3V-5V greater than signal ground. Maximum per-
missible voltage on pin 3/18 is equal to supply voltage.

c) When electrical NR switching is used in this way, NR OFF
signal level is slightly affected by the restriction that the
internal variable impedance cannot achieve zero imped-
ance. Thus, at 10 kHz-10 dB, a residual boost in encode
(or cut in decode) of approximately 0.4 dB remains. At
low frequencies this value reduces to insignificant levels.
This is not the case for mechanical NR switching.

20 19 18

|

16 15 14 13 12 1

N.R.
ON
SR LM1131
OFF
| 2 4 5 6 7 8 9 10
N
1T
1
v_
[ weur |- MONITOR O/P
10 ij? l
10uF+ L 75 X
€| o "3 TO 0047
0.033
£ = L1y { sioecan 7P|
-1 0.1 0.33 %3_3.(
[s1GNAL GROUND |-
1L L
V- V-

TL/H/6858-5

FIGURE 1. LM1131 Decode Processor with Electrical NR Switch (1 Channel Shown)
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LM1131A/LM1131B/LM1131C

Test Circuit Encode Mode (components shown for channel 1 only)
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Connection Diagram

Dual-In-Line and Small Outline Packages

NEGATIVE SUPPLY _' ]|
DECOUPLING .2 |
RECTIFIER OUTPUT _3 ]

VARIABLE IMPEDANCE
CONTROL

AMPLIFIER D
FEEDBACK DECOUPLING

SIDECHAIN INPUT

lo e
CHANNEL 1

AMPLIFIER AB
INPUT

|~

SIGNAL GROUND

8

AMPLIFIER EK _9
ouTPuT

0

MONITOR OuUTPUT 10|

—a

|
l
|
I
I
|
|
|
I
|
|
|

CHANNEL 2

12

[

Order Number LM1131AN, LM1131BN, LM1131CM or LM1131CN

POSITIVE SUPPLY

DECOUPLING

RECTIFIER OUTPUT

Note 1: Where not otherwise speci-
fied component tolerances are
+10%

Note 2: For LM1131AN use 2%
components for C304, R303, R305.
(5% components may cause errors
up to + 0.3 dB).

TL/H/6858-6

VARIABLE IMPEDANCE

CONTROL
AMPLIFIER D

SIDECHAIN INPUT

AMPLIFIER AB
INPUT

SIGNAL GROUND

AMPLIFIER EK
OUTPUT

MONITOR QUTPUT

See NS Package Number M20B or N20A

[~ FEEDBACK DECOUPLING

TL/H/6858-7
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National
Semiconductor
Corporation

LM1141 Dolby B-C Type Noise Reduction

Processor

General Description

The LM1141 is a monolithic integrated circuit specifically
designed to realise both Dolby B- and Dolby C-type noise
reduction systems*. The circuit has a single input pin for
Encode and Decode and includes all active components
and switching internally to provide a single channel of a
Dolby B- or Dolby C-type system. The low power consump-
tion and compact package design make it ideal for use in
automotive and portable Hi-Fi as well as quality cassette or
tape sound systems.

*Available only to licensees of Dolby Laboratories Licensing Corporation.

Dolby and the double D symbol are registered trademarks of Dolby Labora-
tories Licensing Corp.

Features

@ Very low supply current (11.5 mA typ.)

m Wide supply voltage range, 5-16V

@ Alternative Dolby levels, 245 mV or 580 mV
o Provision for MPX filter

® Very high signal to noise ratio,

66 dB typ. for encode, C mode CCIR/ARM
® 50 mV encode input sensitivity (30 mV decode)
m D.C.-controlled mode switching
® Minimal switching transients
m 28 pin DIP or QUAD packages available

Block Diagram

28 27 26 25

24 23 22

>

Y ol

SIDECHAIN 2 |—I I—l

SIDECHAIN 1

1 2 3 4 5 6 7

OFF/B/C

8 9 10 11 12 13 14
TL/H/9242-1

Order Number LM1141N or LM1141V
See NS Package Number N28B or V28A
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LM1141

Absolute Maximum Ratings

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

Supply Voltage, Vs 17V
Input Voltage, Encode/Decode Vs
Input Voltage, Switching +Vs + 0.5V
—Vs — 0.3V
Soldering Information
Dual-In-Line Package
Soldering (10seconds) .........coeevuiennnnn. 260°C

Plastic Chip Carrier Package
Vapor Phase (60 seconds) .. ..........couvnnen 215°C
Infrared (16seconds) ............ooviniiinnn, 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Operating Temperature Range 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C

Package Dissipation {LM1141N = 25W
@ Ty = 25°C (Note 1) LM1141V = 1.7W

ESD rating is to be determined.

Electrical Characteristics vs = 12v, Ta = 25°C unless otherwise stated.
0 dB refers to Dolby level which is 245 mV measured at Encode Output 1 with NR OFF.

Note: Encode input sensitivity = 50 mV, Decode input sensitivity = 30 mV

Test Limit Design Limit
Parameter Conditions Note 2 Note 3 Units
Min Max Min Typ Max
Supply Voltage Min Signal Handling = 12 dB 5 16 v
at Encode O/P 1
Supply Current Encode, NR OFF, No signal 16 11.5 mA
Voltage Gain (Note 4) Encode O/P 1, NR OFF 125 15.1 13.8 dB
Encode O/P 2, NR OFF 19.8 22.8 21.3 dB
Decode O/P 1, NR OFF 16.9 19.5 18.2 dB
Decode O/P 2, NR OFF 24.2 27.2 25.7 dB
Input Resistance Encode/Decode Input 35 80 55 kQ
Signal To Noise Encode O/P 1or2,
Ratio (Note 5) Rs = 5.6 kQ C Mode 62 66 dB
C.C..R./ARM B Mode 70 76 dB
Decode O/P 1 or2,
Rs = 5.6 k92, NR OFF 8 84 B8
Signal handling Enc O/P 1,Dec O/P 1, 1 kHz 12 13 dB
Vs = 5V, NR OFF, 1% T.H.D.
Enc O/P 2, Dec O/P 2, 1 kHz
Vs = 9V, NR OFF, 1% T.H.D. 12 13 d8
Distortion Encode O/P2, C Mode
(THD) 0dB, 1 kHz 0.05 015 %
Decode O/P2, C Mode
0dB, 1 kHz 0.04 0.15 %
Encode Characteristics B Mode, 5 kHz, 0 dB —-1.2 0.3 1.8 dB
B Mode, 1 kHz, —20 dB 2.7 4.2 5.7 dB
B Mode, 5 kHz, —30 dB 6.7 9.7 8.2 dB
B Mode, 1 kHz, —40 dB 4.7 7.7 6.2 dB
C Mode, 10 kHz, —0 dB —5.5 —-3.5 -1.5 dB
C Mode, 1 kHz, —20 dB 3.9 5.9 7.9 dB
C Mode, 5 kHz, —30 dB 6.4 10.4 8.4 dB
C Mode, 1 kHz, —40 dB 14.2 18.2 16.2 dB
Control Voltage Encode Mode 0.8 0 \
Decode Mode 2.0 Vs \
B Mode 0.8 0 v
Off Mode 2.0 3.2 Open Vv
C Mode 4.6 Vs Vv
Note 1: Above Ty = 25°C, derate with 6j; = 50°C/W (LM1141N)
75°C/W (LM1141V)
Tj max = 150°C

Note 2: Guaranteed and 100% production tested.
Note 3: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing quality levels.

Note 4: The resistors at the input and output of the MPX Filter are required to match the characteristic impedance of the filter block. The values shown correspond
to the most commonly used filter for this application. Values should be checked for each individual application. If no filter is used, a 3.1 dB attenuation pad should
be retained for correct operation of the processor.

Note 5: Gaussian noise, monitored over a period of 50 ms with a CCIR filter and an average-responding meter.
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Pin Function Description

PIN 1.
PIN 2.
PIN 3.

PIN 4.

PIN 5.

PIN6/7.
PIN 8.

PIN 9/10.

PIN11/12
PIN 13.

PIN 14.

PIN 15,

PIN 16.

PIN17.

PIN 18.

PIN 19.

PIN 20.

PIN 21.
PIN 22.
PIN 23.
PIN 24.

PIN 25.
PIN 26.
PIN 27.
PIN 28.

Negative supply voltage, —Vs.

High level decode (playback) output, (580 mV).
Connection to the variable impedance of side-
chain 2. A capacitor is connected between this
pin and signal ground to give a variable high
pass filter characteristic, controlled by the side-
chain.

A capacitor is connected between this pin and
signal ground to provide pre-emphasis at ampli-
fier D in sidechain 2.

A capacitor is connected between this pin and
signal ground which decouples the feedback
components of amplifier D of sidechain 2, and
reduces system offsets.

Sidechain 2 transient response circuit.

Selects OFF, B or C mode depending on the
d.c. voltage applied.

These pins are connected internally to low satu-
ration switching transistors and externally to the
transient response circuit of sidechain 1 in such
a way that in C-mode the capacitor values are
reduced.

Sidechain 1 transient response circuit.

A capacitor is connected between this pin and
signal ground to provide pre-emphasis at ampli-
fier D in sidechain 1.

A capacitor is connected between this pin and
signal ground which decouples the feedback
components of amplifier D of sidechain 1, and
reduces the system offsets.

Signal ground, set internally to approximately
half the supply voltage.

Connection to the variable impedance of side-
chain 1. A capacitor is connected between this
pin and signal ground to give a variable high
pass filter characteristic, controlled by the side-
chain.

A resistor is connected between this pin and
—Vs. This sets up an accurate current required
for correct maximum impedance filter character-
istics.

This pin is connected internally to a low satura-
tion switching transistor and is energised to
switch on the Spectral Skewing circuit in C-
mode.

The Spectral Skewing circuit is connected to
this pin.

The Anti-Saturation circuit is connected to this
pin.

Low level encode (record) output (245 mV).
High level encode (record) output (580 mV).
Low level decode (playback) output (245 mV).

Selects encode or decode mode depending on
the d.c. voltage applied.

MPX filter output.

MPX filter input.

Signal input (encode and decode).
Positive supply voltage, +Vs.

Typical Applications

Selection of encode/decode and off/B/C is achieved by
applying the required d.c voltage to the appropriate control
pin. Figures 1 and 2 show the relationship between the ap-
plied voltage and the mode selected.

L
s
DECODE |
/
s ¢
ENCODE /
0.0 08 20 Vs TL/H/9242-2
FIGURE 1. Pin 24 control voitage (V).
— YAy A AArAd
¢ /
e Y
orF'I
_ s /
B
) 08 20 32 46 Vs

TL/H/9242-3
* Pin 8 open also gives Off mode.

FIGURE 2. Pin 8 control voltage (V).

Although audible switching pops have been reduced to a
minimum, further improvement may be achieved by includ-
ing an R-C time constant on the switching pins.

The values chosen for the R-C circuit connected to the
OFF-B-C switching pin (8) are important in order that the
switching circuitry functions correctly.

The internal configuration at pin 8 includes connection to a
darlington input stage comparator and a 2.6V voltage refer-
ence via a resistor of value 50 kQ, (see Figure 3) which
allows selection of OFF mode when pin 8 is open-circuited,
(See specification).

R(c'
V INPUT o—ﬂI
I

Vs

/-PIN 8

COMPARATOR

2.6V

TL/H/9242-4
*Ric max = 5 kQ for 5V operation.

FIGURE 3
The capacitor Gy affects the switching time when selecting
OFF-mode (pin 8 open) from C mode. The discharge path is
now via the 50 k{} resistor to Vref, hence the switching time
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LM1141

Typical Applications (continued)

is a function of RiyC. The Encode/Decode switching pin
(24) is unaffected by the connection of a similar R-C net-
work.

Connection of Supply Voltage

The device may be operated in either single ended or dual
supply modes, since the internally generated bias voltage
(pin 15) is approximately half the supply voltage.

For single supply applications a large electrolytic capacitor
(200 uF) should be connected between pin 15 and —Vs.

For dual supply operation this capacitor is not required and
pin 15 can be connected to Ov directly.

Sidechain Variable High Pass Filters

In encode mode the boost characteristics are controlled by
the variable impedances of the sidechains in conjunction
with external capacitors and a resistor forming a variable
high pass filter.

The capacitors and the resistor (on pin 17 and common to
both sidechains) must be accurate and of high stability (a
tolerance of 1% is recommended).

Typical Connection Diagram for 5V to 9V Supply

(All external components 5% unless otherwise stated.)

*MPX Filter, See note 4 in General Notes.

R ENCODE
ouTPUTS
DEC / ENC DECODE 1 2 1 SprcTRAL SKEWING
INPUT o/r0 FILTER
2 2% 1 Gt by
B :
s ANTI-SAT | |2
T FILTER SIGNAL GROUND
+
Y’ o 36 mH Ty o220 uF
. " 3 207

28 27 26 25 24 23 22 20

D LMT141N

DECODE

OUTPUT 2 o
N.C.
(OFF)

47K |

19 18 17 16 15

10 11 12 13 14

TL/H/9242-5

Device also available in 28 pin quad chip carrier package.
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Typical Connection Diagram for 8V to 16V Supply

(All external components 5% unless otherwise stated.)

*MPX Filter, See note 4 in General Notes.

ENCODE
OUTPUTS
DEC / ENC DECODE 1 2 1 prcrRAL SKEWING
INPUT 3 o/r0l O FILTER
2% g | 1n8
S
s ANTI=SAT 2
T FILTER SIGNAL GROUND
L1on 3 oy 5220 uF
mH T 207

20 19

28 27 26 25 24 23 22 21

D LM1 141N

2 3 4 5 6 7 8 9 10 11 12 13 14

DECODE (C)T—O \ -Vs

OUTPUT 2 [e)

TL/H/9242-6
Device also available in 28 pin quad chip carrier package.
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National
Semiconductor
Corporation

LM1818 Electronically Switched Audio Tape System

General Description

The LM1818 is a linear integrated circuit containing all of the
active electronics necessary for building a tape recorder
deck (excluding the bias oscillator). The electronic functions
on the chip include: a microphone and playback preamplifi-
er, record and playback amplifiers, a meter driving circuit,
and an automatic input level control circuit. The IC features
complete internal electronic switching between the record
and playback modes of operation. The multipole switch
used in previous systems to switch between record and
playback modes is replaced by a single pole switch, thereby
allowing for more flexibility and reliability in the recorder de-
sign.*

*Monaural operation, Figure 9.

Features

® Electronic record/play switching

® 85 dB power supply rejection

B Motional peak level meter circuitry

® Low noise preamplifier circuitry

m 3.5V to 18V supply operation

B Provision for external low noise input transistor

Typical Applications

e C

Vs

4 1 ‘r 3 c19
INPUT M 1004
-L_@._‘ Iﬁ. (mig1s l
+ =
MiC ALC 6
= AP o] contRaL
= 1| I | 1tes
5 AUTO LEVEL 10uF
[
2] RECORDCLAMP I RECORD/PLAY l METER ;= ow
3 Locic DRIVE —AA
wur . W) WTacoueston — T 'j
I+ 17 PLAY N o =
f v MONITOR I
l PREAMP P =
o BYPASS - =
ﬁl\lnf'I‘ >
METER
= 8 15 1% 4 9 RIS
5 ]
0.0058 R4 uf

A
WA
2
B2
L
L™ a
$z= 82
3
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A4
g2
|4‘ -
g H
m
b

. L
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204F I 0 =
H l

NJ—recororpiay = =
HEAD

PLAY

AE 2 N KX
31
1uF

MONITOR
ouTPuT

=

aTpF

TOKO NO 724B0R-1018N

BIAS AND ERASE

82pF = 1

,._;l i | OSCILLATOR BLOCK
= ur of !
I 41pF 1
= T
TO RIGHT CHANNEL HEAD [
AND ELECTRONICS I 1008 \

TL/H/7894-1

FIGURE 1. Stereo Application Circuit (Left Channel Shown), Vg = 15V

Order Number LM1818N
See NS Package Number N20A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Operating Temperature 0°Cto +70°C
contact the National Semiconductor Sales Office/ Junction Temperature 150°C
Is)lstnbutors for availability and specifications. Minimum Voltage on Any Pin ~0.1 Vpe
Pupply Volfagfa . 18V Maximum Voltage on Pins 2 and 5 0.1 Vpc
ackage Dissipation, (Note 1) . 1560 m:N Maximum Current Out of Pin 14 5 mApc
Storage Temperature —65°Cto +150°C Lead Temperature (Soldering, 10 sec.) 260°C
Electrical Characteristics v = 6v, Ta = 25°C, See Test Circuits (Figures 2and 3)
Parameter Conditions Min Typ Max Units
Operating Supply Voltage Range 35 18 Vbc
Supply Current Test Circuit (Figure 2) 5 12 mA
Turn-ON Time Externally Programmable 50 400 ms
Playback Signal to Noise DIN Eq. (3180 and 120 ps), 20-20 kHz,
Rs = 0, Unweighted, VRer = 1 mV 74 dB
at 400 Hz
Record Signal to Noise Flat Gain, 20-20 kHz, Rg =0,
ALC OFF, VRgg = 1 mV 69 dB
at 1 kHz, Unweighted
Fast Turn-ON Charging Current Pins 16 and 17 200 HA
Record and Playback Preamplifier f =100 Hz 100 dB
Open Loop Voltage Gain
Preamplifier Input Impedance Pin16 or Pin 17 50 kQ
Preamplifier Input Referred PSRR 1 kHz — Flat Gain 85 dB
Bias Voltage on Pin 18 in Play Mode 05 v
or Pin 15 in Record Mode :
Monitor Ampilifier Input Pins 11 and 12
Bias Current 05 KA
Monitor Amplifier Open Record or Playback, f = 100 Hz
. 80 dB
Loop Voltage Gain
Monitor Output Current Capability Pins 9 and 10, Source Current Available 400 750 MA
Monitor Amplifier Output Swing RL = 10k, AC Load 1.2 1.65 Vrms
THD, All Amplifiers At 1 kHz, 40 dB Closed Loop Gain 0.05 %
Record-Playback Switching Time As in Test Circuit 50 ms
Input ALC Range AV for AVoyT = 8dB 40 dB
Input Voltage on ALGC Pin for
Start of ALC Action % mvims
ALC Input Impedance 2 kQ
ALC Attack Time C13 = 10 uF 7 ms
ALC Decay Time R17 = o,C13 = 10 uF 30 sec
Meter Output Gain 100 mVrms at 1 kHz into Pin 4 800 mVpc
Meter Output Current Capability 2 mApc

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C

of 80°C/W junction to ambient.

junction

p

and a thermal resistance
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LM1818

o PREAMPLIFIER
ouTPUT
. LM1818 2
REG +
| 100 uF 800
RECORD = = 0.05 uF
2 19
O— —
R/P -
Ve €=—O
oLAY 3 LOGIC 1 R '
) PLAY INPUT
1 uf 1uF
4 p 1 + 1k
—I r PLAY ]
\HE - 10K
5 16 + 1 RECORD
I F INPUT
Py AUTO S <
LEVEL 200 ‘
R17 _Lm I 6 15 o . | 0.01 uF 1k
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™ 10pF RECORD
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= - 7 1 20k & 20k 3.9k - -
_L METER
0.1 pF DRIVE ® ® g
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I 9 12
O MONITOR INPUT
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I_ — 10 1 . In
| | 100k
PIN 20
R 0.14F
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5.1k —
PLAY MONITOR OUTPUT O b 'A'A" —-_I:

FIGURE 2. General Test Circuit

TL/H/7894-2
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Test Circuits (Continued)
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FIGURE 3. Noise Test Circuit

TL/H/7894-3
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LM1818

Equivalent Schematic Diagram

-8 | ] -

10k S
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1 75k :: l i
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TL/H/7894-4
FIGURE 4
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Typical Performance Characteristics

Automatic Level Control
(ALC) Response Characteristic

Preamp Input Noise Voltage

Preamp Input Noise Current

_a0 ,’ viw w1 F

(0dB

RMS VOLTAGE AT PIN 4

LU TT

[

100

[T

10k

=1 kHz JIHL 1T
-10 SA =
AR’ l T
-20 Ak (i 1k
ol ﬂl =
o 1 = 1
SV /ﬂo—w—lﬁ" C 5, 100 |—
-
I~

-

ey — EQUIVALENT INPUT NOISE VOLTAGE (nV/\/Hz)
3

Viy (mVrms)

Application Hints

PREAMPLIFIERS (Figure 5)

There are 2 identical preamplifiers with 1 common output
pin on the IC. One amplifies low level inputs such as a mi-
crophone in the record mode and another amplifies the sig-
nal from the playback head in the playback mode. The am-
plifiers use a common capacitor, C6, to set the low frequen-
cy pole of the closed loop responses. On the playback am-
plifier, the collector of the input device is made available so
that an external low noise device can be connected in crit-
ical applications. When using an external low noise transis-
tor, pins 17 and 18 of the IC are shorted together to ensure
that the internal input transistor is turned OFF and the exter-
nal transistor’s collector is tied to pin 19. The input and
feedback connections are now made to the external input

~AAA

TL/H/7894-6
FIGURE 5. Preamplifier

100 1k
FREQUENCY (Hz2)

10 100 1k 10k
FREQUENCY (Hz)

=
=

iy — EQUIVALENT INPUT NOISE CURRENT (pAA/HZ)

TL/H/7894-5

transistor. The amplifiers are stable for all gains above 5
and have a typical open loop gain of 100 dB. R8 and R9
enable C6 to be quickly charged and set the DC gain. Inter-
nal biasing provides a DC voltage independent of tempera-
ture at pin 17 so that the preamplifier DC output will remain
relatively constant with temperature. Supply decoupling is
provided by an internal regulator. Additional decoupling can
be added for the input stages by increasing the size of the
capacitor on pin 20 of the IC. A fast charging circuit is con-
nected to the preamplifiers’ input capacitors (pins 16 and
17) to decrease the turn-ON time. Larger input capacitors
decrease the noise by reducing the source impedance at
lower frequencies where 1/f noise current produces an in-
put noise voltage. The input resistance of the preamplifiers
is typically 50 kQ.

Qui DC Output V L]

Vpc= (1+2—-§) (0.5—50x10-6R2)V if R2+R3>10 Rg

R8R9
R8 + R9

where Rg =

AC Voltage Gain

R3
P4 T soms

A =
AC A2

TL/H/7894-7
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Application Hints (continued)

MONITOR AND RECORD AMPLIFIERS (Figure 6)

The monitor and record amplifiers share common input and
feedback connections but have separate outputs. During
playback, the input signal is amplified and appears only at
the playback monitor output. Because the outputs are sepa-
rate, different feedback components can be used and, as a
result, totally different responses can be set. The amplifiers
are stable for all closed loop gains above 3 and have an
open loop gain of typically 80 dB. The outputs are capable
of supplying a minimum of 400 pA into a load and swing
within 500 mV of either Vg or ground. If more than 400 pA
is needed to drive a load, an external pull-up resistor on the
output of these amplifiers can increase the load driving ca-
pability.

AUTOMATIC LEVEL CONTROL—ALC (Figure 7)

The automatic level control provides a constant output level
for a wide range of record source input levels. The ALC
works on the varying impedance characteristic of a saturat-

. Ri5
Record gain = 1 + R14

___ _R16
Playback gain = 1 + A2

A1 Vg2 Rz

c10

ialy
wo—{ b

FIGURE 6.

ed transistor. The impedance of the saturated transistor
forms a voltage divider with the source impedance of a se-
ries resistor (R1 in Figure 9). The input signal is decreased
as the ALC transistor is increasingly forward biased. The
ALC transistor will be forward biased when the preampli-
fiers’s AC output (pin 14), coupled to the combination ALC-
meter drive input (pin 4) reaches 40 mV peak (25 mVrms).
The gain of the ALC loop is such that a preamp input signal
increase of 10 dB will result in a 2 dB increase on the AC
output of the preamplifier. If greater than 25 mVrms is de-
sired at the output of the preamp, a series resistor can be
added between the preamp output coupling capacitor and
the ALC input (pin 4). The input impedance of the ALC cir-
cuit is 2 kQ; therefore, if a 2 k) series resistor is added,
ALC action will begin at 50 mVrms.

The ALC memory capacitor connected to pin 6 has the addi-
tional function of amplifier anti-pop control; for this reason, it
is necessary that a capacitor be connected to pin 6 even if
ALC is not used.

Vee

PLAYBACK
out

Vee

RECORD
out

R16

AA
VvV

TL/H/7894-8
Monitor Amplifier
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Application Hints (continued)

FS

HALF-WAVE
RECTIFIER

-~

R18 c1a

|||—-| .

METER

DISCHARGE |
CONTROL

8 R19

TL/H/7894~9

FIGURE 7. Auto Level-Meter Circuit

METER DRIVING—MOTIONAL PEAK LEVEL

RESPONSE (Figure 7)

The meter drive output (pin 8) is capable of supplying 1-2
mA at a filtered DC voltage that is typically equal to 10 times
the RMS value of the signal applied to the ALC-meter drive
input (pin 4). The RC network connected to pin 7 of the IC
determines the memory constant of the meter circuit. It is
therefore possible to store the peak input signal by giving
this RC network a long time constant, or read the instanta-
neous signal level by giving this RC network a very short
time constant (i.e., no capacitor). This memory capacitor is
discharged within the integrated circuit at a discharge rate
related to the DC level on the meter output pin. When the

meter output pin is between 0 Vpg and 0.7 Vpc there is a
50 pA discharge current; when the pin is between 0.7V and
1.1V there is no internal discharge current; and when the
voltage on pin 8 is greater than 1.1V there is a discharge
equivalent to a 3.3k resistor across the memory capacitor.
These different discharge rates allow the meter circuit to
display fast, accurate responses on the lower portion of the
meter display, slow responses in the higher portion of the
meter display, and rapid discharge when the voltage is
above the maximum reading the meter can display. The re-
sistor in series with the meter can be adjusted such that the
previously mentioned responses coincide with the proper
points (0 VU and +3 VU) on the meter scale.
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Application Hints (coninued)

Anti-Pop Circuitry (Figure 8)

The capacitor on pin 3 is used in a time delay system in
conjunction with G13, the ALC capacitor, to suppress pops
when switching between record and playback. Figure 8 illus-
trates how this is done. The output ampilifier, either record or
playback, is shut off prior to switching and carefully rebiased
after switching takes place. It is therefore required that a
proper ratio is selected between the ALC capacitor and the
logic input RC time constant. The ALC capacitor must be
discharged to 0.7V within the time it takes the logic input
capacitor to: 1) charge from Vgc/2 to 0.7 Vg when switch-
ing from record to playback, or 2) discharge from Vgg/2 to
0.3 Vg when switching from playback to record. These
times would normally be similar; however, the ALC capacitor
can be charged to a different initial value depending upon
the input to the ALC circuit. The maximum value to which
the ALC memory capacitor will normally charge is 3.2V,
therefore, the maximum time allowed for discharging C13 is
given by:

X .. — 0.
_ 18X AY) _ . (32V - 07V)

t1
I 350 pA

=C13 X 7.2 X 104
fC13 = 10 uF, 11 = 72ms

It is now necessary to determine the minimum value for the
R/P logic capacitor. This is done by computing the time
between the 2 voltage switching points using the exponen-
tial equations for a single RC network.

INTERNAL RECORD
PLAYBACK SWITCH

05Vge 0.7Vee

Vce

t2 = R13C111In [m] -

Voe ]_
Bveg = 0S1RISCI

R13 C11 ln[

To be sure that C13 is completely discharged, let t2 > t1.

t1 (72 ms)
D> —
R13CM 0.51 0.51

= 141 ms

IfC11 = 10 uF, R13 = 15kQ

R13 should be kept to a value less than 50 kQ to insure that
bias current existing from pin 3 does not cause an offset
voltage above 200 mV. Typically this bias current is less
than 3 pA.

Record Playback Switch

When the voltage on pin 3 of the IC is greater than 0.5 Vg,
the internal record-playback switch switches into the play-
back mode. During playback the record preamplifier re-
mains partially biased but the input signal to this preamp
does not appear at the preamplifier output. In addition, dur-
ing the playback mode, the record monitor output (pin 9) is
disabled and the ALC circuit operates to minimize the signal
into the record preamp input. The meter circuit is operation-
al in the playback as well as the record mode. Similarly,
during the record mode, the playback preamp input is ig-
nored and the playback monitor output is disabled. In addi-
tion, a pin is available to hold one side of the record head at
ground potential while sinking up to 500 pA of AC bias and
record current.
l 50 uA

50#Al

TL/H/7894-10

FIGURE 8A. Anti-Pop Circuit
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Application Hints (continued)

EXTERNAL  VeC - ———
e 0 —l— Lo
Vge———MM™M™M™M8M8m ™ ———-— - - J— .

SWITCH ~ - _ -
PIN3 07Vgg N
LoGic 05 Vee e S -
cap 03Vce AP _— SN ———— = — ——
12
—-—Iﬂ
png 2 F
ALCCAP gy
PREAMP
output Vee/2
PIN 14 SWITCHING
OCCURS
MONITOR
AMPLIFIER
PLAY OUTPUTS
DISABLED
MONITOR )
outpyt ' CC b Lag
PING

FIGURE 8B. Waveform for Anti-Pop Circuit

External Components (Refer to Figure 9, Monaural Application Circuit)

TL/H/7894-11

Component External Component Function Normal Range
of Value
R1 Used in conjunction with varying impedance of pin 5, forming a resistor divider 5000Q-20 kQ2
network to reduce input level in automatic level control circuit.
c2 Forms a noise reduction system by varying bandwidth as a function of the 0.01 uF-0.5 uF
changing impedance on pin 5. With a small input signal, the bandwidth is
reduced by R1 and C2. As the input level increases, so does the bandwidth.
C1,C3 Coupling capacitors. Because these are part of the source impedance, itis 0.5 uF-10 uF
important to use the larger values to keep low frequency source impedance at
a minimum.
C4 Radio frequency interference roll-off capacitor 100 pF-300 pF
R2 Playback response equalization. C5 and R3 form a pole in the amplifier 500-200Q
R3 response at 50 Hz. C5 and R4 form a zero in the response at 1.3 kHz for 47 kQ-3.3 MQ
R4 120 ps equalization and 2.3 kHz for 70 ws equalization. 2 k1—200 kQ
C5
R5 Microphone preamplifier gain equalization 500-2000Q
R6 5 kQ2—-200 k2
R7 DC feedback path. Provides a low impedance path to the negative input in 0-2kQ
R8 order to sink the 50 uA negative input amplifier current. C6, R9, R7 and G7 200Q-5kQ
R9 provide isolation from the output so that adequate gain can be obtained at 20 1 kQ-30kO
Ccé6 Hz. This 2-pole technique also provides fast turn-ON settling time. 200 F-1000 pF
c7 0-100 uF
c8 Preamplifier output to monitor amplifier input coupling 0.05 uF-1 pF
Cc9 ALC coupling capacitor. Note that ALC input impedance is 2 kQ 0.1 pF-5 pF
R10 These components bias the monitor amplifier output to half supply since the 10 kQ2-100 kQ
R11 amplifier is unity gain at DC. This allows for maximum output swing on a 10 kQ-100 k2
R12 varying supply. 10 kQ-100 kQ
G10 1 wF-100 pF

1-145

81811




LM1818

External Components (Refer to Figure 9, Monaural Application Circuit) (Continued)

Normal Range

Component External Component Function of Value
cn Exponentially falling or rising signal on pin 3 determines sequencing, time 0-10 pF
R13 delay, and operational mode of the record/play anti-pop circuitry. See anti- 0-50 kQ

pop diagram.
R14 R16, R14 and C12 determine monitor amplifier response in the play mode. 1k-100k
R15 R15, R14 and C12 determine monitor amplifier response in the record mode. 30 k-3 MQ
R16 30 kQ-3 MQ
c12 0.1 pF-20 uF
C13 Determines decay response on ALC characteristic and reduces amplifier pop 5 uF-20uF
R17 100k— o0
C14 Determines time constant of meter driving circuitry 0.1 uF-10 uF
R18 100k o0
R19 Meter sensitivity adjust 10 kQ2-100 k2
Ci5 Record output DC blocking capacitor 1 uF-10 uF
C16 Play output DC blocking capacitor 0.1 uF-10 uF
C17 Changes record output response to approximate a constant current output in 500 pF-0.1uF
R21 conjunction with record head impedance resulting in proper recording 5k -100 kQ
R22 equalization 5kQ-100 kQ
C18 Preamplifier supply decoupling capacitor. Note that large value capacitor will 0.1 uF-500 uF

increase turn-ON time
C19 Supply decoupling capacitor 100 pF-1000 pF
G20 Decouples bias oscillator supply 10 pF-500uF
R23 Allows bias level adjustment 0-1kQ
R24 Adjusts DC erase current in DC erase machines (for AC erase, see “Stereo

Application Circuit,” Figure 1)
L1 Optional bias trap 1 mH-30 mH
GC21 100 pF-2000 pF
ca2 Bias Roll-Off 0.001 pF-0.01 puF
H1 Record/play head 1000-5009;

70 mH-300 mH

H2 Erase head (DC type, AC optional) 10Q-300Q
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Typical Applications (continued)

FIGURE 9A. Monaural Application Circuit
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Typical Applications (continued)

DECIBELS (0 dB = 775 mVrms)

10
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-10 /
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)
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@ 40
]
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& 50
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/
~34 dB PIN 14 PREAMP OUTFUT/————/
/
/
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TL/H/7894-14

FIGURE 9B. Level Diagram for Monaural Application Circuit
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LM1837 Low Noise Preamplifier for
Autoreversing Tape Playback Systems

General Description @ Low noise—0.6 uV CCIR/ARM in a DIN circuit refer-
enced to 1 kHz

Low voltage battery operation —4V

@ Wide gain bandwidth due to broadband two-amplifier
approach—76 dB @ 20 kHz

High power supply rejection—95 dB

Low distortion—0.03%

Fast slew rate—6V/us

Short circuit protection

Internal diodes for diode switching applications

Low cost external parts

Features Excellent low frequency response

@ Programmable turn-on delay Prevents “click” from being recorded onto the tape dur-
B Transient-free power-up—no pops ing power supply cycling in tape playback applications

The LM1837 is a dual autoreversing high gain tape pream-
plifier for applications requiring optimum noise performance.
It has forward (left, right) and reverse (left, right) inputs
which are selectable through a high impedance logic pin. It
is an ideal choice for a tape playback amplifier when a com-
bination of low noise, autoreversing, good power supply re-
jection, and no power-up transients are desired. The appli-
cation also provides transient-free muting with a single pole
grounding switch.

EERE BB

BEa

B Transient-free muting 8 High impedance logic pin for forward/reverse switching
SR2 3 - c1 ‘L R3
Vg =12 Vg [ <7 10 4F 0.0022,F Q15MQ
1.2M ] R1 v 56k 5% 5%
n.|1 “F A’ vleAkv ) . S ) VS./V. V _{ ‘E
SHIELDED 96 5(4) 3(2) 4(3) 201)

b auur
N 87 1,
o+ & X25 4>—‘_M -0
g

_O‘\o_ S
- 10k

RIGHT FORWARD
INPUT

X25

i
RIGHT REVERSE —l_l |
INPUT MRan| | -I LOGIC l
(1)

12

—— x25
LEFT FORWARD -Ll I s
INPUT 70 pF | No—t- S0k
o
LEFT
- | j . ouTPUT
—o0

RSP b
LEFT REVERSE -J—I I
INPUT I
IS 123 14 16 17
(13) (15) (16)

aro o] |
10 i
6 = 0.0022 ,‘F\lj W
é 10k 5% =T 270k 270k

-||-]

AA AAA~ -3 -AAA
L0GIC VW VWA~ VWA~
Numbers in parentheses are for FORWARD < 0.5V | . AN s I
. VWA
Small Outline package. REVERSE= 2.2V ok T,o oF 56k 3 ;;"' OPTIONAL MUTE
*Not bonded out in Small Outline — 5% )
package. 1.2M =
F‘V‘"V -—

TL/H/7902-1
FIGURE 1. Autoreversing Tape Playback Application
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Absolute Maximum Ratings

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

Soldering Information
Dual-In-Line Package

Distributors for availability and specifications. Soldering (10 seconds) 260°C
Supply Voltage 18V Small Outline Package
Voltage on Pins 1 and 18 18V Vapor Phase (60 seconds) 215°C

Package Dissipation (Note 1)
Storage Temperature
Operating Temperature
Minimum Voltage on Any Pin

Electrical Characteristics (ra = 25°C, voc = 12V, see Test Circuit, Figure 2)

Infrared (15 seconds)

1390 mW

220°C

See AN-450 “Surface Mounting Methods and Their Effect

—65°Cto +150°C
0°Cto +70°C
—0.1 Vpc

on Product Reliability” for other methods of soldering sur-
face mount devices.

Parameter Conditions Min Typ Max Units
Operating Supply Voltage Range R5 Removed from Circuit for
. 4 18 \
Low Voltage Operation
Supply Current Voe = 12V 9 15 mA
Total Harmonic Distortion f=1kHz, V|y = 0.3mV, 0.03 o
Pins 2 and 17, Figure 2 : °
THD + Noise (Note 2) f = 1kHz, Voyt = 1V, o
Pins 2 and 17, Figure 2 0.10 025 %
Power Supply Rejection Input Ref. f = 1 kHz, 1 Vrms 80 95 dB
Channel Separation (Note 3) f = 1 kHz, Output = 1 Vrms, dB
Left to Right Output to Output 40 60 dB
Forward to Reverse 40 60 dB
Signal-to-Noise (Note 4) Unweighted 32 Hz-12.74 kHz (Note 2) 58 dB
CCIR/ARM (Note 5) 62 dB
A Weighted 64 dB
CCIR, Peak (Note 6) 52 dB
Noise Output Voltage CCIR/ARM (Note 5) 120 200 nv
Input Amplifers
Input Bias Current 0.5 20 RA
Input Impedance f=1kHz 150 kQ
AC Gain 27 28 29 dB
AC Gain Imbalance +0.15 +0.5 dB
DC Output Voltage 2.1 25 29 \"
DC Output Voltage Mismatch Pins 5 and 14 —200 +30 200 mV
Qutput Source Current Pins 5 and 14 2 10 mA
Output Sink Current Pins 5 and 14 300 600 pA
Logic Level
Forward 0.5 \"
Reverse 2.2 \'
Logic Pin Current 2 6 pA
DC Voltage Change at Change Logic State —100 +20 100 mV
Pins 5 and 14
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Electrical Characteristics (14 = 25°C, v = 12V, see Test Gircuit, Figure 2) (Continued)

LEBLINT

Parameter Conditions Min Typ Max Units
Output Amplifiers
Closed Loop Gain Stable Operation 5 V/V
Open Loop Voltage Gain DC 100 dB
Gain Bandwidth Product 5 MHz
Slew Rate 6 V/ps
Input Offset Voltage 2 5 mV
Input Offset Current 20 100 nA
Input Bias Current 250 500 nA
Output Source Current Pin2or17 2 10 mA
Output Sink Current Pin2or17 400 900 pA
Outut Voltage Swing Pin2or 17 11 Vp-p
Output Diode Leakage Voltage on Pins 1 and 18 = 18V 0 10 nA
Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C i junction temperature and a thermal resistance

of 90°C/W junction to ambient (Dual-In-Line). Small Outline Thermal Resistance is 100°C/W.

Note 2: Measured with an average responding voltmeter using the filter circuit in Figure 4. This simple filter is approximately equivalent to a “brick wall” filter with a
passband of 20 Hz to 20 kHz (see Application Hints). For 1 kHz THD the 400 Hz high pass filter on the distortion analyzer is used.

Note 3: Channel separation can be measured by applying the input signal through transformers to simulate a floating source (see Application Hints). Care must be
taken to shield the coils from extraneous signals. Actual production test techniques at National simulate this floating source with a more complex op amp circuit.

Note 4: The numbers are referred to an output level of 160 mV at pins 2 and 17 using the circuit of Figure 2. This corresponds to an input level of 0.3 mVrms at 333
Hz.

Note 5: Measured with an average responding voltmeter using the Dolby lab’s standard CCIR filter having a unity gain reference at 2 kHz.
Mote 6: Measured using the Rhode-Schwarz psophometer, model UPGR.
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)

LE8LINT

Forward to Reverse
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Small Outline Package Dual-In-Line Package
RIGHT QUTPUT =~ 1 16 = LEFTOUTPUT RIGHT DIODE OUTPUT il 18 LEFT DIGDE QUTPUT
R(+)IN—f2 15=L(+)IN RIGHT OUTPUT -2 17 | err outPut
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Order Number LM1837M v+ 2 19 cxo
See NS Package Number M16B
TL/H/7902-8
Top View
Order Number LM1837N

See NS Package Number N18A
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External Components (Figure 1)
Component Normal Range of Value and Function

R1, C2

R2,R3

R4, C1

2 kQ-40 kQ, 0.1 uF-10 uF (low leakage)

Set turn-on delay and second amplifier’s low
frequency pole. Leakage current in C2 results
in DC offset between the amplifier’s inputs
and therefore this current should be kept low.
R1 is set equal to R2 such that any input off-
set voltage due to bias current is effectively
cancelled. An input offset voltage is generat-
ed by the input offset current multiplied by
the value of these resistors.

2 kQ2-40 kQ, 500 kQ2-10 MQ

Sets the DC and low frequency gain of the
output amplifier. The total input offset voltage
will also be multiplied by the DC gain of this
amplifier. [t is therefore essential to keep the
input offset voltage specification in mind
when employing high DC gain in the output
amplifier; i.e., 5 mV X 400 = 2V offset at the
output.

10 kQ-200 k2, 0.00047 uF-0.01 uF

Set tape playback equalization characteris-
tics in conjunction with R3 (calculations for
the component values are included in the Ap-
plication Hints section).

Simplified Schematic

9
o

prd
w

Component Normal Range of Value and Function

R6

C3

R5

R7

2 k1 -47 kQ

Biases the output diode when it is used in DC
switching applications. This resistor can be
excluded if diode switching is not desired.
100 pF-1000 pF

Often used to resonate with tape head in or-
der to compensate for tape play-back losses
including tape head gap and eddy current.
For a typical cassette tape head, the reso-
nant frequency selected is usually between
13 kHz and 17 kHz.

100 kQ-10 MQ

Increases the output DC bias voltage from
the nominal 2.5V value (see Application
Hints).

Optionally used for tape muting. The use of
this resistor can also provide “no-pop” turn-
off if desired (see Application Hints).

10

]
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V""
Ji______-_o
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O
GND

b
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DISTORTION MEASUREMENT METHOD

In order to clearly interpret and compare specifications and
measurements for low noise preamplifiers, it is necessary to
understand several basic concepts of noise. An obvious ex-
ample is the measurement of total harmonic distortion at
very low input signal levels. Distortion analyzers provide out-
puts which allow viewing of the distortion products on an
oscilloscope. The oscilloscope often reveals that the “dis-
tortion” being measured contains 1) distortion, 2) noise, and
3) 50 or 60 cycle AC line hum.

Line hum can be detected by using the “line sync” on the
oscilloscope (horizontal sync selector). The triggering of a
constant waveform indicates that AC line pick-up is present.
This is usually the result of electro-magnetic coupling into
the preamplifiers input or improper test equipment ground-
ing, which simply must be eliminated before making further
measurements!

Input coupling problems can usually be corrected by any
one of the following solutions: 1) shielding the source of the
magnetic field (using mu metal or steel), 2) magnetically
shielding the preamplifier, 3) physically moving the pream-
plifier far enough away from the magnetic field, or 4) using a
high pass filter (f, = 200 Hz-1 kHz) at the output of the
preamplifier to prevent any line signal from entering the dis-
tortion analyzer. Ground loop problems can be solved by
rearranging ground connections of the circuit and test
equipment.

Separating noise from distortion products is necessary
when it is desired to find the actual distortion and not the
signal-to-noise ratio of an amplifier. The distortion produced
by the LM1837 is predominantly a second harmonic. It is for
this reason that the third and higher order harmonics can be
filtered without resulting in any appreciable error in the mea-
surement. The filter also reduces the amount of noise in the
measured data. Another more tedious technique for mea-
suring THD is to use a wave analyzer. Each harmonic is
measured and then summed in an rms calculation. A typical
curve is plotted for distortion vs frequency using this meth-
od. A typical curve is also included using a 20 Hz to 20 kHz
4th order filter.

To specify the distortion of the LM1837 accurately and also
not require unusual or tedious measurements the following
method is used. The output level is set to 1 Vrms at 1 kHz
(approximately 5 mV at the input). The output is filtered with
the circuit of Figure 4 to limit the bandwidth of the noise and
measured with a standard distortion analyzer. The analyzer
has a filter that is switched in to remove line hum and
ground loop pick-up as well as unrelated low frequency
noise. The resulting measurement is fast and accurate.

SIGNAL-TO-NOISE RATIO

In the measurement of the signal-to-noise ratio, misinterpre-
tations of the numbers actually measured are common. One
amplifier may sound much quieter than another, but due to
improper testing techniques, they appear equal in measure-
ments. This is often the case when comparing integrated
circuit to discrete preamplifier designs. Discrete transistor
preamps often “‘run out of gain” at high frequencies and
therefore have small bandwidths to noise as indicated in
Figure 5.

80
DISCRETE
= 60
=2
E o \IC
<
S .0 \\
\
\
1 1 1 \
20 200 2k 20k 200k 2M
FREQUENCY (Hz)
TL/H/7902-13
FIGURE 5

Integrated circuits have additional open loop gain allowing
additional feedback loop gain in order to lower harmonic
distortion and improve frequency response. It is this addi-
tional bandwidth that can lead to erroneous signal-to-noise
measurements if not considered during the measurement
process. In the typical example above, the difference in
bandwidth appears small on a log scale but the factor of 10
in bandwidth (200 kHz to 2 MHz) can result in a 10 dB
theoretical difference in the signal-to-noise ratio (white
noise is proportional to the square root of the bandwidth in a
system).

In comparing audio amplifiers it is necessary to measure the
magnitude of noise in the audible bandwidth by using a
“weighting” filter.1 A “weighting” filter alters the frequency
response in order to compensate for the average human
ear’s sensitivity to certain undesirable frequency spectra.
The weighting filters at the same time provide the bandwidth
limiting as discussed in the previous paragraph.

The 32 Hz to 12740 Hz filter shown in Figure 4 is a simple
two pole, one zero filter, approximately equivalent to a
“brick wall” filter of 20 Hz to 20 kHz. This approximation is
absolutely valid if the noise has a flat energy spectrum over
the frequencies involved. In other words a measurement of
a noise source with constant spectral density through either
of the two filters would result in the same reading. The out-
put frequency response of the two filters is shown in Figure
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FIGURE 6

Typical signal-to-noise figures are listed for several weight-
ing filters which are commonly used in the measurement of
noise. The shape of all weighting filters is similar with the
peak of the curve usually occurring in the 3 kHz-7 kHz re-
gion as shown in Figure 7.

AMPLITUDE (dB)

| | | |
20 200 2k 6k 20k
FREQUENCY (Hz)

TL/H/7902-16
FIGURE 7

In addition to noise filtering, differing meter types give differ-
ent noise readings. Meter responses include: 1) rms read-
ing, 2) average responding, 3) peak reading, and 4) quasi
peak reading. Although theoretical noise analysis is derived
using true rms (root mean square) based calculations, most
actual measurement is taken with ARM (Average Respond-
ing Meter) test equipment.

Unless otherwise noted an average responding meter is
used for all AC measurements in this data sheet.

BASIC CIRCUIT APPROACH

The LM1837 IC incorporates a two stage broadband design
which minimizes noise, attains overall DC stability and pre-
vents audible transients during turn-on.

The first stage consists of four direct coupled preamplifiers
with internal gain of 25V/V (28 dB). Direct coupling to the
tape head reduces input source impedance and external
component cost by removing the input coupling capacitor. A
typical input coupling capacitor of 1 uF has a reactance of
1.5 k2 at 100 Hz. The resulting noise due to the ampilifier’s
input noise current can dominate the noise voltage at the
output of the playback system. The inputs of the amplifiers
are biased from a common reference voltage that is temper-
ature compensated to produce a quiescent DC voltage of
2.5V at the output of the first stage. The input stage bias
current that flows through the tape head is kept below 2 pA
in order to prevent any erasure of tape moving past the
head. An added advantage of DC biasing is the prevention
of large current transients during the charging of coupling
capacitors at turn-on and turn-off. The outputs of the for-
ward and reverse preamplifier are fed to the common output
op amp through a logic controlled switch.

The second stage provides additional gain and proper
equalization while preventing audible turn-on transients or
“pops”. The output (pin 2) is kept low until C2 charges
through R1. When the voltage on C2 gets close to the DC
voltage on pin 5, the output rises exponentially to its final
DC value. The result is a transient-free turn-on characteris-
tic.

Internal diodes are provided to facilitate electronic diode
switching, popular in automotive applications.

The General Test Circuit illustrates the topography of the
system. The components determining the overall frequency
response are external due to the extreme sensitivity when
matching a DIN equalization curve.

MUTE CIRCUIT AND LOGIC

The LM1837 can be muted with the addition of two resistors
and a grounding switch, as shown in Figure 1. When the
circuit is not muted the additional resistors have no effect on
the AC performance. They do have an effect on the DC Q
point however.

The difference in the DC output voltages of the input amplifi-
ers is applied across the mute resistors (R7) and the posi-
tive input resistors (R1). This results in an additional offset
at the input of the output amplifiers. To keep this offset to a
minimum R7 should be as large as possible to achieve ef-
fective muting. Unmute voltage is the peak signal the pre-
amplifier can swing without turning on the output amplifier
under mute conditions:

R5//R3

Unmute _ [ __R7 ]
PIN5.14 | R5 Y R6//R3  R1 + R7

voltage
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Application Hints (continued)

For example: The circuit in Figure 7 has 2.5V DC at pins 5
and 14, so:
Unmute voltage =

1.2M//15M 270k
10k + 1.2M//1.5M 10k + 270K
It may be necessary to slow the transition of the logic pin if
the mute circuit is not used. The forward and reverse pre-
amplifier output DC voltages can differ by £100 mV. This
rapid DC charge is gained up by the output amplifier and
appears as a pop. The circuit of Figure 8 will slow the DC
transition.

2.5V [ ] =523 mV

Vt=12v

300k

100k
TOPIN13

1uF

&

FIGURE 8. Circuit to Slow Logic

DESIGN EQUATIONS
The overall gain of the circuit is given by:

1
—R4R3 (S * W)
R2(R3 + R4) ( 1 ) m
(R3 + R4)C1
Standard cassette tapes require equalization of 3180 pus (50

Hz) and 120 ps (1.3 kHz). These time constants result in an
AC gain at 1 kHz given by:

TL/H/7902-17

Av=25[

—R4R3

i - 25 e

) 1.663
@

3180 us or 50 Hz
and

120 ps or 1326 Hz
Using the pole and zero locations of the transfer function,
the two other equations needed to solve for the component
values are:
1

R4 = Srci(i326 1)

®
1 1 1

3 = - =
R 27C1(50Hz) 27C1(1326Hz) 27C1(51.96)

@

We can now solve for C1 as a function of R2, or:

1 1
[21701(1326)] [27rc1(51.96)]

Ay(1kHz) = —25 ] (1.663)
[Rz 27C1 (50)] (5)
— -3
o1 = 4.80 X 10 ©)

" R2[A, (1 kH2)]
When chromium dioxide is used, the defined time constants
are 3180 us and 70 us. This changes equation (3) to:

1
"~ 2wC1(2274 Hz) @
The value of R3 is normally not changed. This results in an
error of less than 0.2 dB in the low frequency response.

The output voltage of the LM1837 is set by the input amplifi-
er DC voltage at pin 5 or 14, and by R3 and R5.

R4

R3

Nominal VoyT (pin20r 17) = 2.5 (1 + R_S) (8)
Pins 1 and 18 are biased 0.7V less than Voyr(pin 2 or 17).
When these diodes are used the output (pin 2 or 17) should
be biased at one half the minimum operating supply voltage.
Equation (8) can be rewritten to solve for R5.

2.5R3
R5 = ———

Vo —25 ©
The output voltage of the LM1837 will vary from that given
in equation (8) due to variations in the input amplifier DG
voltage as well as the output amplifier input bias current,
input offset current and input offset voltage. The following
equation gives the worst-case variation in the output voltage
in either forward or reverse state.

AVoyt = * [AVp|N3 (1 + -FE) +

R5
R3 | (10)
o (AIB|A3 (R1 —R2) + —C;—s(m +R2) + vos)]
Using the worst-case values in the electrical characteristics

reduces this to
AVoyt = * [0.4 (1 + —F-@) +
R5 (1)
g—z (200 nA (R1 — R2) + 50 nA (R1 + R2) + 5mV)]
Equation (10) does not incorporate the effect of mute resis-

tors on the output voltage. The presence of mute resistors
causes an additional offset

+ AV(pins 5-14)

= I X
AVouyTt(mute) 2(R1+R7) R1 (12)
For the circuit in Figure 1 worst-case:
400 mV
AVour(mute) = MY % 15M =1V

2(20k + 270k)
This means that the output pins 2 and 17 would differ by 1V.
The trade off here is the amount of unmute voltage versus
the DC accuracy of pins 2 and 17.
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Application Hints (continued)
The turn-on delay is set by R1 and C2; delay can be approx-
imated by:

2.5

8 3
Delay timet = R1C2 Ln (VODC) (%)

EXAMPLE

If we desire a tape preamp with 100 mV output signal from a
tape head with a nominal output of 0.5 mV at 1 kHz for
standard ferric cassette tape, the external components are
determined as follows. The value of R2 is arbitrarily set to
10 kQ.

(13)

R1 = R2 = 10k

This minimizes errors due to the output amplifier bias cur-
rents.

—4.80 X 10—3

—100 mV]

0.5mV
Use 0.0022 uF and determine:
_ 1
"~ 2wC1(1326)
_ 1
~ 27C1(51.96)
To bias the output amplifier output voltage at 6V (half sup-
ply):

Ct= = 2400 pF — 0.0022 uF

10kﬂ[

R4 = 546 kQ — 54.9kQ 1%

R3 = 1.39MQ —> 1.4 MQ 1%

_25(1.4MQ)
6 - 25

The maximum variation in the output is found using equation
(11):

R5 1MQ

AVoyt = £1.9V

The low frequency response and turn-on delay determine
the value of G2. For R1 = 10k and C2 = 10 pF the low
frequency 3 dB point is 1.6 Hz and the turn-on delay is 0.4
seconds, from equation (12).

The complete circuit is shown in Figure 2. A circuit with 5%
components and biased for a minimum supply of 10V is
shown in Figure 1. If additional gain is needed R1 and R2
can be reduced without changing the frequency response of
the circuit.

DIODE SWITCHING

The LM1837 has a diode in series with each output for
source switching applications. The outputs of several func-
tional blocks can be diode OR-connected as shown in Fig-
ure 9.

By removing the power supply from the FM demodulator, its
output diode will be cut off by the LM1837 output DC volt-
age. R6 is used to bias ON the diode of the LM1837 when
power is applied to it. When the output is taken from pin 1 or
pin 18, the THD will be higher because of the current modu-
lation in the diode.

OUTPUT

TL/H/7902-18
FIGURE 9

CROSSTALK AND CHANNEL SEPARATION

When two signal sources share a common reference point
which is separated from ground by a resistance, there will
always be some amount of interchannel crosstalk (the re-
ciprocal of channel separation) induced. The coupling meth-
od of Figure 1 is examined to determine whether the in-
duced crosstalk is acceptably low.

Figure 10 is the equivalent AC circuit for the connection
scheme of Figure 1. Rg is the Thevenin resistance of the
common bias point, Ry is the preamplifier input resistance,
Zg is the impedance of the playback head, and Vg7, Vsg,
Vs11, and Vgq2 are the open-circuit output voltages of the
sources. If we set Vgg, Vs14, and Vgq2 equal to zero, we
can define crosstalk for this circuit as V12/V7, where V7
and V12 are the AG signal voltages appearing at the two
preamplifier inputs, assuming Rg < Rin/3.
The crosstalk can be shown to be:

viz____ PRe

v7 Rg + Zg + Rin/3
Since Zg is dependent on the measurement frequency and
the particular head used, we choose the worst-case condi-
tion and set Zg = 0. The minimum value of Ry is 150 kQ,
and Rg = 100Q. This yields a crosstalk figure of:

vi2 100
V7 ~Boto0 498

This is 14 dB better than the minimum guaranteed channel
separation, so the connection method of Figure 1 will pro-
vide acceptable crosstalk levels.
Reference 1: CCIR/ARM: A Practical Noise Measurement
Method; by Ray Dolby, David Robinson and Kenneth Gun-
dry, AES Preprint No. 1353 (F-3).
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RIGHT
FORWARD

FIGURE 10. AC Equivalent of Figure 1

LEFT
FORWARD

TL/H/7902-19
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National
Semiconductor
Corporation

LM1875 20 Watt Power Audio Amplifier

General Description

The LM1875 is a monolithic power amplifier offering very
low distortion and high quality performance for consumer
audio applications.

The LM1875 delivers 20 watts into a 4 or 8Q load on
+25V supplies. Using an 8Q load and +30V supplies, over
30 watts of power may be delivered. The amplifier is de-
signed to operate with a minimum of external components.
Device overload protection consists of both internal current
limit and thermal shutdown.

The LM1875 design takes advantage of advanced circuit
techniques and processing to achieve extremely low distor-
tion levels even at high output power levels. Other outstand-
ing features include high gain, fast slew rate and a wide
power bandwidth, large output voltage swing, high current
capability, and a very wide supply range. The amplifier is
internally compensated and stable for gains of 10 or great-
er.

Features

@ Up to 30 watts output power

m Ay typically 90 dB

m Low distortion 0.015%, 1 kHz, 20 W
@ Wide power bandwidth 70 kHz

| Short circuit protection

® Thermal protection with parole circuit
m High current capability 3A

m Wide supply range 20V-60V

| Internal protection diodes

W 94 dB ripple rejection

B Plastic power package TO-220

Applications

® High performance audio systems
® Bridge amplifiers

B Stereo phonographs

| Servo amplifiers

B Instrument systems

Connection Diagram

————— T+
———— ) (1} 3
——— 3
— — ||
— T 1T > +N

- W s

TL/H/5030-1
Front View

Order Number LM1875T
See NS Package Number TO5B

Typical Applications

+Vee

ViN

Cs

C4
0.1 uFI -"3_-100 i

=R =

+] ¢ 100 uF

40-8Q

TL/H/5030-2
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LM1875

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Storage Temperature —65°Cto + 150°C
contact the National Semiconductor Sales Office/ Junction Temperature 150°C
Distributors for availability and specifications. Power Dissipation (Note 1) 30W
Supply Voltage 6ov Lead Temperature (Soldering, 10 seconds) 260°C
Input Voltage —Veeto Voo
Operating Temperature 0°Cto + 70°C
Electrical Characteristics
Veo= 125V, —Vgg= —25V, Tra=25°C, R =80, Ay=20 (26 dB), f,=1 kHz, unless otherwise specified.
Parameter Conditions Typical Tested Limits Units
Supply Current Pout=0W 70 100 mA
DC Output Level 0 \'
Output Power THD=1% 25 w
THD Pout=20W, fo=1 kHz 0.015 %
Pout=20W, fo=20 kHz 0.05 0.4 %
Pout=20W, R_.=4Q, fo=1kHz 0.022 %
Pout=20W, R =4Q, fo=20 kHz 0.07 0.6 %
Offset Voltage +1 +15 mV
Input Bias Current +0.2 +2 HA
Input Offset Current 0 +0.5 MA
Gain-Bandwidth Product fo=20 kHz 5.5 MHz
Open Loop Gain DC 90 dB
PSRR Vce, 1 kHz, 1 Vrms 95 52 dB
VEE, 1kHz, 1 Vrms 83 52 dB
Max Slew Rate 20W, 89, 70 kHz BW 8 V/us
Current Limit 4 3 A
Equivalent Input Noise Voltage Rg=600Q, CCIR 3 pVrms

Note 1: Assumes T1ap equal to 60°C max. For operation at higher tab temperatures and at ambient temperatures greater than 25°C, the LM1875 must be derated
based on a maximum 150°C junction temperature. Thermal resistance depends upon device mounting techniques. 6, is typically 2° C/W. See Application Hints.

Typical Applications (continued)

Typical Single Supply Operation

C4
R1 R2 Vec 0,1 4F
22k 22k
+
= c2
o 10 4F $ 3
1.04F =
. 1 C6
I [ 2200 4F
R4 ha
iL]
— 40-8Q
ca 1
10pF RS = R6
A

TL/H/5030-3
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Typical Performance Characteristics

Power Output vs Supply
THD vs Power Output THD vs Frequency Voltage
1.0 0.1 35
_ =zsi; — T
£ Evseovi i 0.09 [-J5= e RL=80
z i 0.08 |07 . 30 Fhp=1%
= —_
H (T 0.07 ?_, 25
2 lll §006 2
S 0.1 bpamiiliin, = ankild 5005 5 ) 4
z H 5as Z 0.04 / g
2 § - N R =40 i}
g I 0.03 § 10
= L =80 TN 0.02 R =80
2 H L] - 5
5 “ 0.01 e
- ’O
0.01 0 0
0.1 1.0 10 100 20 50 100 200 500 1k 2k 5k 10k 20k 0 5 10 15 20 25 3
POWER QUTPUT (W) FREQUENCY (Hz) SUPPLY VOLTAGE (£V)
Supply Current vs Supply Device Dissipation vs
Voltage PSRR vs Frequency Ambient Temperaturet
100 100 45 T
INFINITE HEAT SINK
90 v 40 —
= B 80 T 3 !—bk— 2C/W
g L~ POSITIVE SUPPLY ~ S 1°C/W HEAT SINK HEAT SINK
£ L~ 70 1 Z 30
z 60 Lt 5 60 NEGATIVE SUPPLY “INg £
= L = £ 5 =4
g e g ® 2
; 40 re £ a0 = 5°C/W HEAT SINK N
@
g 30 - INPUT REFERRED g ® B -
> - @ 10
2 20 20 - Rs=0 @ ]
10 FR=d 5 |10°C/W HEAT SINK
1Vrms
0 0 0
0 5 10 15 20 25 30 20 50 100 200 500 1k 2k 5k 10k 20k 0 10 20 30 40 50 60 70 80
SUPPLY VOLTAGE (£V) FREQUENCY (Hz) TA—AMBIENT TEMPERATURE (°C)
t$INTERFACE = 1°C/W.
See Application Hints.
Power Dissipation vs Power Dissipation vs
Power Output Power Output
i Vo= 230 T
5 — . 45 [~R.=807
g 40 1/ g 4 I-fo =1kHz
Z 3 — Z 35
2w 2 2
g » A Vs = o5 g 2 Vs = 230V
w3 , 173
2 oA L=t | 2w Vs = 25V
= g Vs = +20V =
815 i g s
g Vs = 15V g 1 Vs=220V 1
5 1 [Ri=do 5 P Vs = +'15V_|
[ [ [to=1khe
0 . 0
0 5 10 15 22 25 30 0 5 10 15 20 25 30
POWER QUTPUT (W) POWER OUTPUT (W)

*Thermal shutdown with infinite heat sink
**Thermal shutdown with 1°C/W heat sink

TL/H/5030-4
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Application Hints

STABILITY

The LM1875 is designed to be stable when operated at a
closed-loop gain of 10 or greater, but, as with any other
high-current amplifier, the LM1875 can be made to oscillate
under certain conditions. These usually involve printed cir-
cuit board layout or output/input coupling.

Proper layout of the printed circuit board is very important.
While the LM1875 will be stable when installed in a board
similar to the ones shown in this data sheet, it is sometimes
necessary to modify the layout somewhat to suit the physi-
cal requirements of a particular application. When designing
a different layout, it is important to return the load ground,
the output compensation ground, and the low level (feed-
back and input) grounds to the circuit board ground point
through separate paths. Otherwise, large currents flowing
along a ground conductor will generate voltages on the con-
ductor which can effectively act as signals at the input, re-
sulting in high frequency oscillation or excessive distortion.
It is advisable to keep the output compensation compo-
nents and the 0.1 nF supply decoupling capacitors as close
as possible to the LM1875 to reduce the effects of PCB
trace resistance and inductance. For the same reason, the
ground return paths for these components should be as
short as possible.

Occasionally, current in the output leads (which function as
antennas) can be coupled through the air to the amplifier
input, resulting in high-frequency oscillation. This normally
happens when the source impedance is high or the input
leads are long. The problem can be eliminated by placing a
small capacitor (on the order of 50 pF to 500 pF) across the
circuit input.

Most power amplifiers do not drive highly capacitive loads
well, and the LM1875 is no exception. If the output of the
LM1875 is connected directly to a capacitor with no series
resistance, the square wave response will exhibit ringing if
the capacitance is greater than about 0.1 wF. The amplifier
can typically drive load capacitances up to 2 uF or so with-
out oscillating, but this is not recommended. If highly capaci-
tive loads are expected, a resistor (at least 1Q) should be
placed in series with the output of the LM1875. A method
commonly employed to protect amplifiers from low imped-
ances at high frequencies is to couple to the load through a
10Q resistor in parallel with a 5 uH inductor.

DISTORTION

The preceding suggestions regarding circuit board ground-
ing techniques will also help to prevent excessive distortion
levels in audio applications. For low THD, it is also neces-
sary to keep the power supply traces and wires separated
from the traces and wires connected to the inputs of the
LM1875. This prevents the power supply currents, which
are large and nonlinear, from inductively coupling to the
LM1875 inputs. Power supply wires should be twisted to-
gether and separated from the circuit board. Where these
wires are soldered to the board, they should be perpendicu-
lar to the plane of the board at least to a distance of a
couple of inches. With a proper physical layout, THD levels
at 20 kHz with 10W output to an 8Q load should be less
than 0.05%, and less than 0.02% at 1 kHz.

CURRENT LIMIT AND SAFE OPERATING AREA (SOA)
PROTECTION

A power amplifier’s output transistors can be damaged by
excessive applied voltage, current flow, or power dissipa-
tion. The voltage applied to the amplifier is limited by the
design of the external power supply, while the maximum
current passed by the output devices is usually limited by
internal circuitry to some fixed value. Short-term power dis-
sipation is usually not limited in monolithic audio power am-
plifiers, and this can be a problem when driving reactive
loads, which may draw large currents while high voltages
appear on the output transistors. The LM1875 not only limits
current to around 4A, but also reduces the value of the limit
current when an output transistor has a high voltage across
it.

When driving nonlinear reactive loads such as motors or
loudspeakers with built-in protection relays, there is a possi-
bility that an amplifier output will be connected to a load
whose terminal voltage may attempt to swing beyond the
power supply voltages applied to the amplifier. This can
cause degradation of the output transistors or catastrophic
failure of the whole circuit. The standard protection for this
type of failure mechanism is a pair of diodes connected be-
tween the output of the amplifier and the supply rails. These
are part of the internal circuitry of the LM1875, and needn’t
be added externally when standard reactive loads are driv-
en.

THERMAL PROTECTION

The LM1875 has a sophisticated thermal protection scheme
to prevent long-term thermal stress to the device. When the
temperature on the die reaches 170°C, the LM1875 shuts
down. It starts operating again when the die temperature
drops to about 145°C, but if the temperature again begins to
rise, shutdown will occur at only 150°C. Therefore, the de-
vice is allowed to heat up to a relatively high temperature if
the fault condition is temporary, but a sustained fault will
limit the maximum die temperature to a lower value. This
greatly reduces the stresses imposed on the IC by thermal
cycling, which in turn improves its reliability under sustained
fault conditions.

Since the die temperature is directly dependent upon the
heat sink, the heat sink should be chosen for thermal resist-
ance low enough that thermal shutdown will not be reached
during normal operation. Using the best heat sink possible
within the cost and space constraints of the system will im-
prove the long-term reliability of any power semiconductor
device.

POWER DISSIPATION AND HEAT SINKING

The LM1875 must always be operated with a heat sink,
even when it is not required to drive a load. The maximum
idling current of the device is 100 mA, so that on a 60V
power supply an unloaded LM1875 must dissipate 6W of
power. The 54°C/W junction-to-ambient thermal resistance
of a TO-220 package would cause the die temperature to
rise 324°C above ambient, so the thermal protection circuit-
ry will shut the amplifier down if operation without a heat
sink is attempted.
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Application Hints (continued)

In order to determine the appropriate heat sink for a given
application, the power dissipation of the LM1875 in that ap-
plication must be known. When the load is resistive, the
maximum average power that the I1C will be required to dissi-
pate is approximately:

Vg2
Pp(max) :m+ Pq

where Vg is the total power supply voltage across the
LM1875, R is the load resistance, and Pq is the quiescent
power dissipation of the amplifier. The above equation is
only an approximation which assumes an “ideal” class B
output stage and constant power dissipation in all other
parts of the circuit. The curves of “Power Dissipation vs
Power Output” give a better representation of the behavior
of the LM1875 with various power supply voltages and re-
sistive loads. As an example, if the LM1875 is operated on a
50V power supply with a resistive load of 8Q, it can develop
up to 19W of internal power dissipation. If the die tempera-
ture is to remain below 150°C for ambient temperatures up
to 70°C, the total junction-to-ambient thermal resistance
must be less than

150°C—~70°C
19w

Using 6,,c=2°C/W, the sum of the case-to-heat-sink inter-
face thermal resistance and the heat-sink-to-ambient ther-
mal resistance must be less than 2.2°C/W. The case-to-
heat-sink thermal resistance of the TO-220 package varies
with the mounting method used. A metal-to-metal interface
will be about 1°C/W if lubricated, and about 1.2°C/W if dry.

=4.2°C/W.

Component Layouts
Split Supply

0
TL/H/5030~-6

If a mica insulator is used, the thermal resistance will be
about 1.6°C/W lubricated and 3.4°C/W dry. For this exam-
ple, we assume a lubricated mica insulator between the
LM1875 and the heat sink. The heat sink thermal resistance
must then be less than

4.2°C/W—2°C/W~—1.6°C/W=0.6"C/W.

This is a rather large heat sink and may not be practical in
some applications. If a smaller heat sink is required for rea-
sons of size or cost, there are two alternatives. The maxi-
mum ambient operating temperature can be reduced to
50°C (122°F), resulting in a 1.6°C/W heat sink, or the heat
sink can be isolated from the chassis so the mica washer is
not needed. This will change the required heat sink to a
1.2°C/W unit if the case-to-heat-sink interface is lubricated.
Note: When using a single supply, maximum transfer of heat away from the
LM1875 can be achieved by mounting the device directly to the heat
sink (tab is at ground potential); this avoids the use of a mica or other
type insulator.
The thermal requirements can become more difficult when
an amplifier is driving a reactive load. For a given magnitude
of load impedance, a higher degree of reactance will cause
a higher level of power dissipation within the amplifier. As a
general rule, the power dissipation of an amplifier driving a
60° reactive load (usually considered to be a worst-case
loudspeaker load) will be roughly that of the same amplifier
driving the resistive part of that load. For example, a loud-
speaker may at some frequency have an impedance with a
magnitude of 80 and a phase angle of 60°. The real part of
this load will then be 49, and the ampilifier power dissipation
will roughly follow the curve of power dissipation with a 4Q
load.

Single Supply

TL/H/5030-7
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Corporation

LM1877 Dual Power Audio Amplifier

General Description = Wide supply range, 6V-24V
The LM1877 is a monolithic dual power amplifier designed : \If\:vy ;t\g/i;:rg::;o;i:s(:stortlon
to deliver 2W/channel continuous into 8¢ loads. The o

LM1877 is designed to operate with a low number of exter- ® AC short circuit protected

nal components, and still provide flexibility for use in stereo ~ ® Internal thermal shutdown
phonographs, tape recorders and AM-FM stereo receivers, . .

etc. Each power amplifier is biased from a common internal Appllcatlons

regulator to provide high power supply rejection, and output ~ m Multi-channel audio systems
Q point centering. The LM1877 is internally compensated  m Stereo phonographs

for all gains greater than 10. m Tape recorders and players
B AM-FM radio receivers
Features i ® Servo amplifiers

| 2W/chanr.1el ) B Intercom systems
m —65 dB ripple rejection, output referred m Automotive products

@ —65 dB channel separation, output referred

Connection Diagram

Dual-In-Line Package

BIAS =1 U LRV
ouTPUT 1 —2 i OUTPUT 2
GND —3- LEGNB
oo = Order Number LM1877N-9
onp = LI See NS Package Number N14A
NPUT 1= 2 ineur 2
FEEDBACK l—’- FLFEEDHACKZ

TL/H/7913-1
Top View

Equivalent Schematic Diagram

2
O—4
oUTPUT 1

13

—O
OUTPUT 2

Joesonm S o & & 4 -

— 7 6 9 []
~FEEDBACK 1 +INPUT 1 +INPUT 2 —~FEEDBACK 2

TL/H/7913-2

1-167

LL8LNT
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Operating Temperature . 0°Cto +70°C
contact the National Semiconductor Sales Office/ Storage Temperature —65°C to +150°C
Distributors for availability and specifications. Junction Temperature 150°C
Supply Voltage 26V Lead Temperature (Soldering, 10 sec.) 260°C
Input Voltage +0.7V

Electrical Characteristics
Vg = 20V, Tp = 25°C, (See Note 1) R = 8Q, Ay = 50 (34 dB) unless otherwise specified

Parameter Conditions Min Typ Max Units
Total Supply Current Po = OW 25 50 mA
= 10%
ey Vg = 20V, = 0 wrch
Total Harmonic Distortion
LM1877 f = 1kHz, Vg = 14V
Po = 50 mW/Channel 0.075 %
Po = 500 mW/Channel 0.045 %
Po = 1 W/Channel 0.055 %
Output Swing RL = 8Q Vg —6 Vp-p
Channel Separation Cg = 50 uF, Gy = 0.1 pF,
f = 1 kHz, Output Referred
Vg = 20V, Vo = 4 Vrms —-50 -70 dB
Vg = 7V,Vp = 0.5 Vrms —60 dB
PSRR Power Supply Cg = 50 uF, Gy = 0.1 uF,
Rejection Ratio f = 120 Hz, Output Referred
Vg = 20V, VRippLE = 1 Vrms —-50 —65 dB
Vg = 7V, VRippLE = 0.5 Vrms —40 dB
Noise Equivalent Input Noise
Rs = 0,Cjy = 0.1 uF, ' . 25 v
BW = 20 Hz-20 kHz, Output Noise Wideband
Rs = 0,Cn = 0.1 uF, Ay 200 0.80 mV
Open Loop Gain Rg = 0,f = 100 kHz, R = 80 70 dB
Input Offset Voltage 15 mV
Input Bias Current 50 nA
Input Impedance Open Loop 4 MQ
DC Qutput Level Vg = 20V 9 10 11 v
Slew Rate 2.0 V/ps
Power Bandwidth 65 kHz
Current Limit 1.0 A

Note 1: For operation at ambient temperature greater than 25°C, the LM1877 must be derated based on a maximum 150°C junction temperature using a thermal
resistance which depends upon device mounting techniques.
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Typical Performance Characteristics
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LM1877

Typical Applications

Stereo Phonograph Amplifier with Bass Tone Control

Frequency Response of Bass Tone Control

VOLTAGE GAIN OF TONE CONTROL (dB)

65

45

35

25

15

STEREQ
CERAMIC 1
CARTRIDGE

i

100 uF

1—‘

TL/H/7913-4

Inverting Unity Gain Amplifier

T 1 T Vg
MAXIMUM ?
— BOOST
RESPONSE
100k
L
TONE o1 gl
CONTROL FLAT _I
d A | I 100k | =
/ | S 13
/ <
7~ MAXIMUM >
cuT :][_
RESPONSE 14F

20 50 100 200 500 1k 2k S5k 10k 20k

FREQUENCY (Hz2)
TL/H/7913-5 I

TL/H/7913-6
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Typical Applications (continued)

Stereo Amplifier with Ay = 200

Vso—1

1
I

01 4F

100k
—VW
r—
510 K \
+ E‘VV- | 14
104F
—_L_ 172 L1877
= L1uF l
INPUT 1 }— ' +
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504F mg |
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= mQ :
INPUT 2
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2k 100k
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|
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T

TL/H/7913-7

Typical Split Supply

892

v-O
8Q TL/H/7913-9

TL/H/7913-8
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LM1894

National
Semiconductor
Corporation

LM1894 Dynamic Noise Redu

General Description

The LM1894 is a stereo noise reduction circuit for use with
audio playback systems. The DNR system is non-comple-
mentary, meaning it does not require encoded source mate-
rial. The system is compatible with virtually all prerecorded
tapes and FM broadcasts. Psychoacoustic masking, and an
adaptive bandwidth scheme allow the DNR to achieve 10
dB of noise reduction. DNR can save circuit board space
and cost because of the few additional components re-
quired.

Features
@ Non-complementary noise reduction, “single ended”
m Low cost external components, no critical matching

®

DYNAMIC NOISE REDUCTION SYSTEM

ction System DNR®

B Compatible with all prerecorded tapes and FM

m 10 dB effective tape noise reduction CCIR/ARM
weighted

® Wide supply range, 4.5V to 18V

® 1 Vrms input overload

Applications

m Automotive radio/tape players

® Compact portable tape players

® Quality HI-FI tape systems

® VCR playback noise reduction

m Video disc playback noise reduction

Typical Application

cn
1uF

+| 1

c9 11

RIGHT

INPUT

OUTPUT

0.047 uF
c13 C12 e L8 Cy
Tuf 0.0033 pf == 47mH 0015 F
._| |L.—____ =
+ 1uF >
LEFT c14 r—lu 13 12 [T I 9 8 LEFT
INPUT 10uE 0T " ouTPUT
. — = €8 —> rovoLume
pre, DM TAPE Lm18sa 0.1 4F CONTROL AND
EAMP OR FM I POWER AMPLIFIERS
[ — i —
RIGHT =
1
1

I 2 3 4
v+
c

- 0.1 uF I

HE—

0.0033 puF =

s |° L
0.1 uF -
*R1 6

0.001 uF

c4
1ufF

+) 1

*R1 + R2 = 1 kQ total.
See Application Hints.

TL/H/7918-1

FIGURE 1. Component Hook-Up for Stereo DNR System

Order Number LM1894M or LM1894N
See NS Package Number M14A or N14A
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Absolute Maximum Ratings

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

Supply Voltage 20V
Input Voltage Range, Vpk Vg/2
Operating Temperature (Note 1) 0°Cto +70°C

Storage Temperature —65°C to +150°C

Electrical Characteristics

Soldering Information
Dual-In-Line Package

Soldering (10 seconds) 260°C
Small Outline Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” (Appendix D) for other methods of
soldering surface mount devices.

Vg = 8V, Tp = 25°C, Vjy = 300 mV at 1 kHz, circuit shown in Figure 7 unless otherwise specified

Parameter Conditions Min Typ Max Units
Operating Supply Range 4.5 8 18 v
Supply Current Vg = 8V 17 30 mA
MAIN SIGNAL PATH
Voltage Gain DC Ground Pin 9, Note 2 —0.9 -1 -1 V/V
DC Output Voltage 37 4.0 4.3 \
Channel Balance DC Ground Pin 9 -1.0 1.0 dB
Minimum Balance AC Grgund Pin 8 with 0.1 uF 675 965 1400 Hz

Capacitor, Note 2
Maximum Bandwidth DC Ground Pin 9, Note 2 27 34 46 kHz
Effective Noise Reduction CCIR/ARM Weighted, Note 3 -10 —14 dB
Total Harmonic Distortion DC Ground Pin 9 0.05 0.1 %
Input Headroom Maximum V) for 3% THD
AC Ground Pin 9 10 Vims
Output Headroom Maximum Voyr for 3% THD _
DC Ground Pin 9 Vs —15 Ve-p
Signal to Noise BW = 20 Hz~-20 kHz, re 300 mV
AC Ground Pin 9 79 dB
DC Ground Pin 9 77 dB
CCIR/ARM Weighted re 300 mV
Note 4
AC Ground Pin 9 82 88 dB
DC Ground Pin 9 70 76 dB
CCIR Peak, re 300 mV, Note 5
AC Ground Pin 9 77 dB
DC Ground Pin 9 64 dB
Input Impedance Pin 2 and Pin 13 14 20 26 kQ
Channel Separation DC Ground Pin 9 —50 -70 dB
Power Supply Rejection C14 = 100 pF,
VRippLE = 500 mVrms, —40 —56 dB
f=1kHz
Output DC Shift Reference DVM to Pin 14 and
Measuree Output DC Shift from
Minimum to Maximum Band- 40 20 mv
width, Note 6.
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Electrical Characteristics
Vg = 8V, Tp = 25°C, V|y = 300 mV at 1 kHz, circuit shown in Figure 7 unless otherwise specified (Continued)

Parameter | Conditions Min | Typ | Max I Units
CONTROL SIGNAL PATH
Summing Amplifier Voltage Gain Both Channels Driven 0.9 1 11 V/V
Gain Amplifier Input Impedance Pin6 24 30 39 kQ
Voltage Gain Pin 6 to Pin 8 21.5 24 26.5 VIV
Peak Detector Input Impedance Pin9 560 700 840 1)
Voltage Gain Pin 9 to Pin 10 30 33 36 v/V
Attack Time Measured to 90% of Final Value
with 10 kHz Tone Burst 800 500 700 we
Decay Time Measured to 90% of Final Value
with 10 kHz Tone Burst 48 60 s ms
DG Voltage Range Minimum Bandwidth to Maximum
N 1.1 3.8 \
Bandwidth
Note 1: For operation in ambient temperature above 25°C, the device must be derated based on a 150°C i junction temp e and a thermal resistance

of 1) 80°C/W junction to ambient for the dual-in-line package, and 2) 105°C/W junction to ambient for the small outline package.

Note 2: To force the DNR system into maximum bandwidth, DC ground the input to the peak detector, pin 9. A negative temperature coefficient of —0.5%/°C on
the bandwidth, reduces the maximum bandwidth at increased ambient temperature or higher package dissipation. AC ground pin 9 or pin 6 to select minimum
bandwidth. To change minimum and maximum bandwidth, see Appliction Hints.

Note 3: The maximum noise reduction CCIR/ARM weighted is about 14 dB. This is accomplished by changing the bandwidth from maximum to minimum. In actual
operation, minimum bandwidth is not selected, a nominal minimum bandwidth of about 2 kHz gives —10 dB of noise reduction. See Application Hints.

Note 4: The CCIR/ARM weighted noise is measured with a 40 dB gain amplifier between the DNR system and the CCIR weighting filter; it is then input referred.
Note 5: Measured using the Rhode-Schwartz psophometer.

Note 6: Pin 10 is DC forced half way between the maximum bandwidth DC level and minimum bandwidth DC level. An AC 1 kHz signal is then applied to pin 10. Its
peak-to-peak amplitude is Vpc (max BW) — Vpc (min BW).

Typical Performance Characteristics

Channel Separation Power Supply Rejection
Supply Current vs (Referred to the Output) Ratio (Referred to the
Supply Voltage vs Frequency . Output) vs Frequency
5 %0 8
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§ = @ : 40 £100 uF 5"
> 1 s ] s’ ‘{ﬁ
g i 2 Ly 125 uF
3 o g 2
3 4 _514= 1qu g C1a=104F
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4 8 12 16 20 10 100 1k 10k 10 100 1k 10k
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—3 dB Bandwidth Gain of Control Path
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THD vs Frequency Control Signal 10 kHz FM Pilot Filter)
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FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)

TL/H/7918-2
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Typical Performance Characteristics (continued)

Main Signal Path

Bandwidth vs

Voltage Control
20

CONTROL VOLTAGE (mVrms)
AT 8 kHz, PIN 6

100 1k

BANDWIDTH (Hz)

External Component

Component Value

C1 0.1 pF-
100 pF

C2,C13 1puF

C14 25 uF-
100 pF

C3,C12 0.0033 pF

Peak Detector Response

INPUT
...}
=
o il .
s T R
z I
10k 100k EAK :\
P 1 g
TL/H/7918-3 DETECTOR ] ~
OUTPUT i
TIME: 20 ms/DIV TL/H/7918-4
Output Response

INPUT

0.5V/DIV

DNR
QUTPUT

Guide (=igure 1)
Purpose

May be part of power
supply, or may be add-
ed to suppress power
supply oscillation.
Blocks DC, pin 2 and
pin 13 are at DC po-
tential of Vg/2. C2,
C13 form a low fre-
quency pole with 20k
RiN-

fL=——

2w G2 RN
Improves power sup-
ply rejection.

Forms integrator with
internal gm block and
op amp. Sets band-
width conversion gain
of 33 Hz/pA of gm
current.

TIME: 20 ms/DIV

Component

C4,C11 1nF

c5 0.1 uF
C6 0.001 pF
cs 0.1 pF

Value

TL/H/7918-5

Purpose
Output coupling capacitor. Output
is at DC potential of Vg/2.

Works with R1 and R2 to attenu-
ate low frequency transients
which could disturb control path
operation.

s = 1.6 kHz

27 C5(R1 + R2)
Works with input resistance of pin
6 to form part of control path fre-
quency weighting.

=—————=53kH
e 2w C6R1pN6 3 kHz

Combined with L8 and C|_ forms
19 kHz filter for FM pilot. This is
only required in FM applications
(Note 1).
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LM1894

External Component Guide (rigure 1)
(Continued)

Component
L8,CL

Value
4.7 mH,
0.015 uF

Purpose
Forms 19 kHz filter for FM pi-
lot. L8 is Toko coil CAN-
1A185HM* (Note 1).

Works with input resistance
of pin 9 to form part of control
path frequency weighting.

= 4.8 kHz

co 0.047 pF

fo = ———
% 27 Co RpiNg

Set attack and decay time of
peak detector.

Sensitivity resistors set the
noise threshold. Reducing at-
tentuation causes larger sig-
nals to be peak detected and
larger bandwidth in main sig-
nal path. Total value of R1 +
R2 should equal 1 k2.
Forms RC roll-off with C8.
This is only required in FM
applications.

* Toko America Inc., 1250 Feehanville Drive, Mt. Prospect IL 60056

Note 1: When FM applications are not required, pin 8 and pin 9 hook-up as
follows:

c1o 1 pF

R1,R2 1kQ

R8 100Q

c9
0.047 uF

LM1894
| TL/H/7918-6

Circuit Operation

The LM1894 has two signal paths, a main signal path and a
bandwidth control path. The main path is an audio low pass
filter comprised of a gm block with a variable current, and an
op amp configured as an integrator. As seen in Figure 2, DC
feedback constrains the low frequency gain to Ay = —1.
Above the cutoff frequency of the filter, the output decreas-
es at —6 dB/oct due to the action of the 0.0033 uF capaci-
tor.

The purpose of the control paths is to generate a bandwidth
control signal which replicates the ear’s sensitivity to noise
in the presence of a tone. A single control path is used for
both channels to keep the stereo image from wandering.
This is done by adding the right and left channels together
in the summing amplifier of Figure 2. The R1, R2 resistor
divider adjusts the incoming noise level to open slightly the
bandwidth of the low pass filter. Control path gain is about
60 dB and is set by the gain amplifier and peak detector
gain. This large gain is needed to ensure the low pass filter
bandwidth can be opened by very low noise floors. The ca-
pacitors between the summing amplifier output and the

peak detector input determine the frequency weighting as
shown in the typical performance curves. The 1 pF capaci-
tor at pin 10, in conjunction with internal resistors, sets the
attack and decay times. The voltage is converted into a
proportional current which is fed into the gm blocks. The
bandwidth sensitivity to gm current is 33 Hz/pA. In FM
stereo applications at 19 kHz pilot filter is inserted between
pin 8 and pin 9 as shown in Figure 1.

Figure 3 is an interesting curve and deserves some discus-
sion. Although the output of the DNR system is a linear
function of input signal, the —3 dB bandwidth is not. This is
due to the non-linear nature of the control path. The DNR
system has a uniform frequency response, but looking at
the —3 dB bandwidth on a steady state basis with a single
frequency input can be misleading. It must be remembered
that a single input frequency can only give a single —3 dB
bandwidth and the roll-off from this point must be a smooth
—6 dB/oct.

A more accurate evaluation of the frequency response can
be seen in Figure 4. In this case the main signal path is
frequency swept, while the control path has a constant fre-
quency applied. It can be seen that different control path
frequencies each give a distinctive gain roll-off.

Psychoacoustic Basics

The dynamic noise reduction system is a low pass filter that
has a variable bandwidth of 1 kHz to 30 kHz, dependent on
music spectrum. The DNR system operates on three princi-
ples of psychoacoustics.

1. White noise can mask pure tones. The total noise energy
required to mask a pure tone must equal the energy of the
tone itself. Within certain limits, the wider the band of mask-
ing noise about the tone, the lower the noise amplitude
need be. As long as the total energy of the noise is equal to
or greater than the energy of the tone, the tone will be inau-
dible. This principle may be turned around; when music is
present, it is capable of masking noise in the same band-
width.

2. The ear cannot detect distortion for less than 1 ms. On a
transient basis, if distortion occurs in less than 1 ms, the ear
acts as an integrator and is unable to detect it. Because of
this, signals of sufficient energy to mask noise open band-
width to 90% of the maximum value in less than 1 ms. Re-
ducing the bandwidth to within 10% of its minimum value is
done in about 60 ms: long enough to allow the ambience of
the music to pass through, but not so long as to allow the
noise floor to become audible.

3. Reducing the audio bandwidth reduces the audibility of
noise. Audibility of noise is dependent on noise spectrum, or
how the noise energy is distributed with frequency. Depend-
ing on the tape and the recorder equalization, tape noise
spectrum may be slightly rolled off with frequency on a per
octave basis. The ear sensitivity on the other hand greatly
increases between 2 kHz and 10 kHz. Noise in this region is
extremely audible. The DNR system low pass filters this
noise. Low frequency music will not appreciably open the
DNR bandwidth, thus 2 kHz to 20 kHz noise is not heard.
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Block Diagram
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FIGURE 3. Output vs Frequency

Application Hints

The DNR system should always be placed before tone and
volume controls as shown in Figure 1. This is because any
adjustment of these controls would alter the noise floor
seen by the DNR control path. The sensitivity resistors R1
and R2 may need to be switched with the input selector,
depending on the noise floors of different sources, i.e., tape,
FM, phono. To determine the value of R1 and R2 in a tape
system for instance; apply tape noise (no program material)
and adjust the ratio of R1 and R2 to open slightly the band-
width of the main signal path. This can easily be done by
viewing the capacitor voltage of pin 10 with an oscilloscope,
or by using the circuit of Figure 5. This circuit gives an LED
display of the voltage on the peak detector capacitor. Adjust
the values of R1 and R2 (their sum is always 1 kQ) to light
the LEDs of pin 1 and pin 18. The LED bar graph does not
indicate signal level, but rather instantaneous bandwidth of
the two filters; it should not be used as a signal-level indica-

20 50 100 200 500 1k 2k Sk 10k 20k
FREQUENCY (Hz)
TL/H/7918-9
FIGURE 4. —3 dB Bandwidth vs
Frequency and Control Signal

tor. For greater flexibility in setting the bandwidth sensitivity,
R1 and R2 could be replaced by a 1 kQ potentiometer.

To change the minimum and maximum value of bandwidth,
the integrating capacitors, C3 and C12, can be scaled up or
down. Since the bandwidth is inversely proportional to the
capacitance, changing this 0.0039 upF capacitor to
0.0033 pF will change the typical bandwidth from 965 Hz-
34 kHz to 1.1 kHz-40 kHz. With C3 and C12 set at 0.0033
uF, the maximum bandwidth is typically 34 kHz. A double
pole double throw switch can be used to completely bypass
DNR.

The capacitor on pin 10 in conjunction with internal resistors
sets the attack and decay times. The attack time can be
altered by changing the size of C10. Decay times can be
decreased by paralleling a resistor with C10, and increased
by increasing the value of C10.
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LM1894

Application Hints (Continued)

When measuring the amount of noise reduction of the DNR
system, the frequency response of the cassette should be
flat to 10 kHz. The CCIR weighting network has substantial
gain to 8 kHz and any additional roll-off in the cassette play-
er will reduce the benefits of DNR noise reduction. A typical

01 qu ¥ }

signal-to-noise measurement circuit is shown in Figure 6.
The DNR system should be switched from maximum band-
width to nominal bandwidth with tape noise as a signal
source. The reduction in measured noise is the signal-to-
noise ratio improvement.

rritiff

LM3915

=

FROMPIN 10 o
IN LM1894 >
FIGURE 5. Bar Graph Display of Peak Detector Voltage
POWER
AMP
- TONE AND
CASSETTE DNRTM VOLUME
CCIR AVERAGE
WEIGHTING RESPONDING
FILTER METER

FIGURE 6. Technique for Measuring S/N Improvement of the DNR System

TL/H/7918-10

TL/H/7918-11
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Application Hints (continued)
FOR FURTHER READING

Tape Noise Levels

1. “A Wide Range Dynamic Noise Reduction System”,
Blackmer, ‘dB’ Magazine, August-September 1972, Volume
6, #8.

2. “Dolby B-Type Noise Reduction System”, Berkowitz and
Gundry, Sert Journal, May-June 1974, Volume 8.

3. “Cassette vs Elcaset vs Open Reel”, Toole, Audioscene
Canada, April 1978.

4. “CCIR/ARM: A Practical Noise Measurement Method”,
Dolby, Robinson, Gundry, JAES, 1978.

Printed Circuit Layout

Noise Masking

1. “Masking and Discrimination”, Bos and De Boer, JAES,
Volume 39, #4, 1966.

2. “The Masking of Pure Tones and Speech by White
Noise”, Hawkins and Stevens, JAES, Volume 22, #1, 1950.
3. “Sound System Engineering”, Davis Howard W. Sams
and Co.

4. “High Quality Sound Reproduction”, Moir, Chapman Hall,
1960.

5. “Speech and Hearing in Communication”, Fletcher, Van
Nostrand, 1953.

DNR Component Diagram
Vint v* GND

Vin2

TL/H/7918-12
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LM1895/LM2895

National
Semiconductor
Corporation

LM1895/LM2895 Audio Power Amplifier

Low noise

General Description

The LM1895 is a 6V audio power amplifier designed to de-
liver 1W into 4Q. Utilizing a unique patented compensation
scheme, the LM1895 is ideal for sensitive AM radio applica-
tions. This new circuit technique exhibits lower noise, lower
distortion, and less AM radiation than conventional designs.

3V, 40, Po = 250 mW

Wide supply operation 3V-15V (LM2895)
Low distortion

No turn on “pop”

Smooth waveform clipping

The amplifier’s supply range (3V-9V) is ideal for battery op-  ® 8-pin miniDIP (LM1895)
eration. The LM1895 is packaged in an 8-pin miniDIP for  m 12V, 40, Po = 4W (LM2895)
minimum PG board space. For higher supplies (Vs > 9V)  m Tested for low crossover distortion

the LM2895 is available in an 11-lead single-in-line package.

The 11-lead package has been redesigned, resulting in a Applications

slightly degraded thermal characteristic shown in the figure
Device Dissipation vs Ambient Temperature.

@ Compact AM-FM radios

@ Battery operated tape player amplifiers

Features B Line driver

® Guaranteed low crossover distortion
| Low AM radiation

Typical Applications

Cs
470 uF

0.1 uF

LM1895

100uF 5 c
I Wour
>
RS Rg
200 19 RL
19]

c5

+
_--E 10 uF 33%195 Illl uF

FIGURE 1. LM1895 with Ay = 500, BW = 5 kHz, AM Radio
Application (Vjy = 4.2 mV for Full Power Output)

Order Number LM1895N or LM2895P
See NS Package Number NOSE or P11A

TL/H/7919-1
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Absolute Maximum Ratings

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

Operating Temperature (Note 1)

0°Cto +70°C

—65°Cto +150°C

istrib Y oS Storage Temperature
glstr: l:/tollt's for availability and specifications. Junction Temperature
upply Voltage .
LM1895 Vs = 12V Lead Temperature (Soldering, 10 sec.)
LM2895 Vg = 18V

Electrical Characteristics

150°C

260°C

Unless otherwise specified, Tpo = 25°C, Ay = 200 (46 dB). For the LM1895, Vg = 6V and R = 40Q. For the LM2895, T1ag =

25°C, Vg = 12V and R = 4Q. Test circuit shown in Figure 2.

Parameter Conditions LM1895 LM2895 Units
Min | Typ | Max | Min | Typ | Max
Supply Current Po=W 8 14 12 | 20 mA
Operating Supply Voltage 3 10 3 15 \"
Output Power THD = 10%, f = 1 kHz
LM1895N Vs = 6V, R = 4Q } - 0.9 | 1.1 w
Vg = 9V, R = 89 Ta=25C 1.4 w
LM2895P Vg = 12V,R| = 40.} - 36| 43 w
Vs = 12V, R, = 8Q Trag = 25°C 25 w
Distortion f=1kHz
Po = 50 mW 0.27 0.27 %
Po = 0.5W 0.20 0.20 %
Po = 1.0W 0.15 %
f = 20 kHz, Po = 100 mW, Vg = 3.6V 3.0 3.0 %
Crossover Distortion = 20 kHz, R_ = 49Q, Po = 100 mW, 3 3 o
Voo = 3.6V ?
Power Supply Rejection | Cgy = 100 uF, f = 1 kHz, Cjy = 0.1 pF
52 B
Ratio (PSRR) Output Referred, VRippLE = 250 mV 40 | 82 40 d
Noise Equivalent Input Noise Rg = 0,
Cin = 0.1 uF, BW = 20 —20 kHz 14 14 nv
CCIR/ARM 1.4 1.4 Y%
Wideband 2.0 2.0 rv
DC Output Level 281 30| 32|56 60| 64 \
Input Impedance 50 | 150 | 350 | 50 | 150 | 350 | kQ
Input Offset Voltage 5 5 mV
Input Bias Current 120 120 nA
Note 1: For operation at ambient temperature greater than 25°C, the LM1895/LM2895 must be derated based ona junction temp using a thermal
resistance which depends upon mounting techniques.
Typical Performance Characteristics
LM1895 Maximum Device —3 dB Bandwidth vs
LM2895 Device Dissipation Dissipation vs Ambient Voltage Gain for Stable
vs Ambient Temperature Temperature Operation
10 — ; 12
l ALUIIOllIIImI:IdESS;UIﬂI:H I _Vi
= s 11 1 S FREE AIR = 0 2 - = Yo
z 8 ALOMINOM, 1 INFINITE HEAT SINK—] = N1z cw z 90 %
Z 7| vaweeow :’“"’ = N = 80 P K
3 14x1.4 038 :/w\ \l L S o8 = 3 Y | R
£ M 3x:nm:nw\ H .g- 60 z -] [3)
R = o SN W g : w i
s R S 4 -
<] $ —p 8 04 FE R 7 UNSTABLE
e 3 =S s = G REGION |
g 5 :\ = g 02 ! :: N mici -
1 FREE AIR 65° C/W| —— 10 27BW
0 [ T

0 10 20 30 40 50 60 70 80
Ta—AMBIENT TEMPERATURE (°C)

0 10 20 30 40 50 60 70 80
Ta — AMBIENT TEMPERATURE (°C)

0
0 100 200 300 400 500 600

Ay (vv)

TL/H/7919-2
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LM1895/LM2895

Typical Performance Characteristics (continued)

RECOVERED AUDIO AND NOISE REF 50 mW,

Ry =492 (dB)

GAIN (dB)

THD (%)

POWER SUPPLY REJECTION (dB)

AM Recovered Audio and Noise
vs Field Strength for Different
Speaker Lead Placement

THD and Gain vs Frequency

Ay = 54dB, BW = 30 kHz
0

THD and Gain vs Frequency
© Ay = 54dB, BW = 5 kHz

s —
0 T z 9p g w0
10 | “Robioar | g a A
SPEAKER {7 14 30
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a R Z w
30 ¢ wE © L
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Equivalent Schematic >
BOGTSTRAP &
S~
2(3) E
. >0 v 3
&
} |
10k
ouTPUT
100k 102
10k
o o 59) oo
3(5) 4 6(6)
& e o
BYPASS +INPUT —INPUT

TL/H/7919-4
Pin 7 no connection on LM1895
Pins 4, 7, 10, 11 no connection on LM2895
() indicates pin number for LM2895

Typical Applications (continued)

Cs
470 uF

ca
0.1 uF
Vin o2
] — 150 uF
_E—— LM1895 Vourt
S s] +
100uF 5 cc
I 470 uF
>
Ro
510 1 RL
L)

;
Toa T

FIGURE 2. Amplifier with Ay = 200, BW = 30 kHz

TL/H/7919-5
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LM1895/LM2895

External Components (Figure 2)

Components Comments
1.R1,R5 Sets voltage gain, Ay = 1 + R1/R5
2.R2 Bootstrap resistor sets drive current for output stage and allows pin 2 to go
above Vg
3.Ro Works with Cg to stabilize output stage
4.C4 Input coupling capacitor. Pin 4 is at a DC potential of Vg/2. Low frequency
pole set by:
f= 27 RNC4
5.C5 Feedback capacitor. Ensure unity gain at DC. Also a low frequency pole at:
1
L= 2 reCs
6.C2 Bootstrap capacitor, used to increase drive to output stage. A low frequency
pole is set by:
1
= 5 Rece
7.C1 Compensation capacitor. This stabilizes the amplifier and adjusts the
bandwidth. See curve of bandwidth vs allowable gain
8.C3 Improves power supply rejection. (See Typical Performance Curves).
Increasing C3 increases turn-on delay
9.Cc Output coupling capacitor. Isolates pin 1 from the load. Low frequency pole
set by:
fl=—01
LT on CcRL
10.Co Works with Ro to stabilize output stage
11.Cs Provides power supply filtering

Connection Diagrams

Dual-In-Line Package Single-In-Line Package

1
v ° u
ouTPUT —H @ u L +Vg
ouTPUT = \
BOOTSTRAP —mrtt L ne 3
BOOTSTRAP ——
LM1895 4
3 6 —
BYPASS —— = GND ne
5
BYPASS —
+N .l L ~IN 6
GND = LM2895
TL/H/7919-6 nC 7]
Top View
8
") O
~IN .—9..
10
NC =i /
1
NC —

TL/H/7919-7
Top View
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Application Hints
AM Radios

The LM1895/LM2895 have been designed to fill a wide
range of audio power applications. A common problem with
IC audio power amplifiers has been poor signal-to-noise per-
formance when used in AM radio applications. In a typical
radio application, the loopstick antenna is in close proximity
to the audio amplifier. Current flowing in the speaker and
power supply leads can cause electromagnetic coupling to
the loopstick, resulting in system oscillation. In addition,
most audio power amplifiers are not optimized for lowest
noise because of compensation requirements. If noise from
the audio amplifier radiates into the AM section, the sensitiv-
ity and signal-to-noise ratio will be degraded.

The LM1895 exhibits extremely low wideband noise due in
part to an external capacitor C1 which is used to tailor the
bandwidth. The circuit shown in Figure 2 is capable of a
signal-to-noise ratio in excess of 60 dB referred to 50 mW.
Capacitor C1 not only limits the closed loop bandwidth, it
also provides overall loop compensation. Neglecting C5 in
Figure 2, the gain is:

3

E @ T 1 m

I} RECOVERED

w 0 AUDIO ATl

< SPEAKER L1

S A

& i

25 -2 ”#'/ 2 —

[~

2SS a0 J AT N .
= recoventd W |\ N m
= NOISE AT

2“ 40 SPEAKER n
o 50 1l |

g - 0ISE WITH SPEAKER LEADS
) _60 1/8" FROM LOOPSTICK

g * o ¢ e SAME CONDITIONS FOR

e _CONVENTIONAL AMP

o«

0.01 0.1 1 10
FIELD STRENGTH (mV/M)

TL/H/7919-8
FIGURE 3. Improved AM Sensitivity
Over Conventional Design

_ S+ Avwg
AvIS) = S + wg
R1 +R5 1
where Ay = T, Wo = m

A curve of —3 dB BW (wo) vs Ay is shown in the Typical
Performance Curves.

Figure 3 shows a plot of recovered audio as a function of
field strength in uV/M. The receiver section in this example
is an LM3820. The power amplifier is located about two
inches from the loopstick antenna. Speaker leads run paral-
lel to the loopstick and are 1/8 inch from it. Referenced to a
20 dB S/N ratio, the improvement in noise performance
over conventional designs is about 10 dB. This corresponds
to an increase in usable sensitivity of about 8.5 dB.

R v
;:51‘1‘1 ‘I F,

‘ <100k,

.

10 uf

TL/H/7919-9
FIGURE 4. Printed Circuit Board Layout for LM1895
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LM1896/LM2896

National
Semiconductor
Corporation

LM1896/LM2896 Dual Power Audio Amplifier

General Description

The LM1896 is a high performance 6V stereo power amplifi-
er designed to deliver 1 watt/channel into 4Q or 2 watts
bridged monaural into 8Q. Utilizing a unique patented com-
pensation scheme, the LM1896 is ideal for sensitve AM
radio applications. This new circuit technique exhibits lower
wideband noise, lower distortion, and less AM radiation than
conventional designs. The amplifier's wide supply range
(3V-9V) is ideal for battery operation. For higher supplies
(Vs > 9V) the LM2896 is available in an 11-lead single-in-
line package. The LM2896 package has been redesigned,
resulting in the slightly degraded thermal characteristics
shown in the figure Device Dissipation vs Ambient Tempera-
ture.

Features

m Low AM radiation

| Low noise

m 3V, 4Q, stereo P, = 250 mW

® Wide supply operation 3V-15V (LM2896)
m Low distortion

= No turn on “pop”

B Adjustable voltage gain and bandwidth

® Smooth waveform clipping

B P, = 9W bridged, LM2896

Applications

® Compact AM-FM radios

m Stereo tape recorders and players
m High power portable stereos

Typical Applications

/[ "

SPEAKER

0.1 pF

TL/H/7920-1

FIGURE 1. LM2896 in Bridge Configuration (Ay = 400, BW = 20 kHz)

Order Number LM1896N
See NS Package Number N14A

Order Number LM2896P
See NS Package Number P11A
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Absolute Maximum Ratings >
If Military/Aerospace specified devices are required, Operating Temperature (Note 1) 0°Cto +70°C 8
contact the National Semiconductor Sales Office/ Storage Temperature —65°C to +150°C F
letr:bl:/to‘:s for availability and specifications. Junction Temperature 150°C E
upply Voltage B o
LM1896 Vg = 12V Lead Temperature (Soldering, 10 sec.) 260°C 8
LM2896 Vg = 18V >

Electrical Characteristics
Unless otherwise specified, Ta = 25°C, Ay = 200 (46 dB). For the LM1896; Vg = 6V and R = 4Q. For LM2896,
TtaB = 25°C, Vg = 12V and R = 8Q. Test circuit shown in Figure 2.

Parameter Conditions LM1896 LM2896 Units
Min | Typ | Max | Min | Typ | Max
Supply Current Po = OW, Dual Mode 15 25 25 40 mA
Operating Supply Voltage 3 10 3 15 \
Output Power THD = 10%, f = 1 kHz
LM1896N-1 Vg = 6V, R = 4Q Dual Mode 0.9 1.1 W/ch
LM1896N-2 Vg = 6V, R = 89 Bridge Mode Ta = 25°C 1.8 | 2.1 w
Vg = 9V, R = 89 Dual Mode 13 W/ch
LM2896P-1 Vg = 12V, R = 8Q Dual Mode 20 | 25 W/ch
LM2896P-2 Vg = 12V, R = 8 Bridge Mode T = 25°C 72 | 9.0 W
Vs = 9V, R = 40 Bridge Mode TAB 7.8 w
Vg = 9V, Ry = 49 Dual Mode 25 W/ch
Distortion f=1kHz
Po = 50 mW 0.09 0.09 %
Po = 0.5W 0.11 0.11 %
Po = 1W 0.14 %
Power Supply Rejection | Cgy = 100 uF, f = 1 kHz, Cjy = 0.1 uF _ _ _ _
Ratio (PSRR) Output Referred, VRippLe = 250 mV 40 54 40 54 dB
Channel Separation Cgy = 100 puF, f = 1 kHz, Cjy = 0.1 pF 50| —64 _50| —64 dB
Output Referred
Noise Equivalent Input Noise Rg = 0,
Ciy = 0.1 uF, BW = 20 — 20 kHz 1.4 1.4 nv
CCIR/ARM 1.4 1.4 nVv
Wideband 2.0 2.0 nv
DC Output Level 2.8 3 32| 56 6 6.4 \
Input Impedance 50 | 100 | 350 [ 50 [ 100 | 350 | kQ
Input Offset Voltage 5 5 mV
Voltage Difference LM1896N-2, LM2896P-2 10 20 10 20 mv
between Outputs
Input Bias Current 120 120 nA

Note 1: For operation at ambient temperature greater than 25°C, the LM1896/LM2896 must be derated based on a maximum 150°C junction temperature using a
thermal resistance which depends upon mounting techniques.
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LM1896/LM2896

Typical Performance Curves
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Typical Performance Curves (Continued)
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LM1896/LM2896

Typical Applications (continued)

Cs
470 uF

Vinz

c7

100 uF I

c13

10 4F cio
Lo

6, 9 No connection on LM1896
() Indicates pin number for LM2896

+
Cc
e 2200 F
C
2200 uF Vout
Vout
R
Ry 4
Ils)
Co
0.1 uF
— — TL/H/7920-8

TL/H/7920-7

FIGURE 2. Stereo Amplifier with Ay = 200, BW = 30 kHz

External Components (Figure 2)

Components
1.R2, R5,R10, R13

2.R3,R12

3.R,
4.C1,C14

5.C2,C13

6.C3, C12

7.C5,C10

8.C7

9.C¢

10.Co
11.Cg

Comments

Sets voltage gain, Ay = 1 + R5/R2 for one channel and Ay = 1 + R10/R13
for the other channel.
Bootstrap resistor sets drive current for output stage and allows pins 3 and 12 to
go above Vg.
Works with G, to stabilize output stage.
Input coupling capacitor. Pins 1 and 14 are at a DC potential of Vg/2. Low
frequency pole set by:
L= 27w Ry C1
Feedback capacitors. Ensure unity gain at DC. Also a low frequency pole at:

1
"~ 2wR2C2
Bootstrap capacitors, used to increase drive to output stage. A low frequency
pole is set by:

fL

= 57Racs

Compensation capacitor. These stabilize the amplifiers and adjust their
bandwidth. See curve of bandwidth vs allowable gain.

Improves power supply rejection (See Typical Performance Curves). Increasing
C7 increases turn-on delay.

Output coupling capacitor. Isolates pins 5 and 10 from the load. Low frequency
pole set by:

ff = ———
L 27 GAL
Works with Rq, to stabilize output stage.
Provides power supply filtering.
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Application Hints
AM Radios Amp 1 has a voltage gain set by 1 + R5/R2. The output of

The LM1896/LM2896 has been designed fo fill a wide amp 1 drives amp 2 which is configured as an inverting
range of audio power applications. A common problem with amplifier wnth' unity gain. Becau_se of this phgse inversion in
IC audio power amplifiers has been poor signal-to-noise per- amp 2, there is a 6 dB increase in voltage gain referenced to

formance when used in AM radio applications. In a typical Vi- The voltage gain in bridge is:

radio application, the loopstick antenna is in close proximity Vo =2 (1 + RS )
to the audio amplifer. Current flowing in the speaker and Vj R2
power supply leads can cause electromagpetic coupliljg to Cpg is used to prevent DC voltage on the output of amp 1
the loopstick, resulting in system oscillation. In addition, from causing offset in amp 2. Low frequency response is
most audio power amplifiers are not optimized for lowest influenced by:
noise because of compensation requirements. If noise from 1
the audio amplifier radiates into the AM section, the sensitiv- L= —
ity and signal-to-noise ratio will be degraded. 2w RgCg
The LM1896 exhibits extremely low wideband noise due in Several precautions should be observed when using the
part to an external capacitor C5 which is used to tailor the LM1896/LM2896 in bridge configuration. Because the am-
bandwidth. The circuit shown in Figure 2 is capable of a plifiers are driving the load out of phase, an 80 speaker will
signal-to-noise ratio in excess of 60 dB referred to 50 mW. appear as a 442 load, and a 40 speaker will appear as a 202
Capacitor C5 not only limits the closed loop bandwidth, it load. Power dissipation is twice as severe in this situation.
also provides overall loop compensation. Neglecting C2 in For example, if Vg = 6V and R = 8Q bridged, then the
Figure 2, the gain is: maximum dissipation is:
2 2
_StAvae Pp= S x2=—>_x3
AS) =~ D~ 20R, 20 X 4
R2 + R5 1 Pp = 0.9 Watts
where Ay = ————, wp = Thi A . L
R2 R5C5 is amount of dissipation is equivalent to driving two 4Q

A curve of —3 dB BW () vs Ay is shown in the Typical loads in t.he .stereo canfiguration. ) ) _
Performance Curves. When adjusting the frequency response in the bridge config-
uration, R5C5 and R10C10 form a 2 pole cascade and the

Figure 3 shows a plot of recovered audio as a function of —3 dB bandwidth is actually shifted to a lower frequency:

field strength in wV/M. The receiver section in this example

is an LM3820. The power amplifier is located about two BW = 0.707

inches from the loopstick antenna. Speaker leads run paral- 2wRC

lel to the loopstick and are 1/8 inch from it. Referenced to a where R = feedback resistor

20 dB S/N I:atio, the. imp.rovement in noisg performance C = feedback capacitor

over conventional designs is about 10 dB. This corresponds . : .

to an increase in usable sensitivity of about 8.5 dB. To measure the output voltage, a floating or differential me-
ter should be used because a prolonged output short will

Bridge Amplifiers over dissipate the package. Figure 1 shows the complete

The LM1896/1.M2896 can be used in the bridge mode as a bridge amplifier.

monaural power amplifier. In addition to much higher power
output, the bridge configuration does not require output cou-
pling capacitors. The load is connected directly between the
amplifier outputs as shown in Figure 4.

g
E dB T T
3 0 RECOVERED | | |
w AUDIO AT
[ SPEAKER L]
w -10 P/
5 -
23 -20 - %
Q<
.
g - AN
o g N
a2 - NOISE A
S M SPEAKEBm
<
[~} -
o 50 NOISE WITH SPEAKER LEADS
“@ g 1/8” FROM LOOPSTICK
2 . SAME CONDITIONS FOR
2 CONVENTIONAL AMP
e J
0.01 0.1 1 10

FIELD STRENGTH (mV/M)
TL/H/7920~9

FIGURE 3. Improved AM Sensitivity over Conventional Design
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LM1896/LM2896

Application Hints (continued)

c1

o]

F
%
aH

N

c14

7L

TL/H/7920-10

Figure 4. Bridge Amplifier Connection

Printed Circuit Layout

Printed Circuit Board Layout

Figure 5 and Figure 6 show printed circuit board layouts for
the LM1896 and LM2896. The circuits are wired as stereo
amplifiers. The signal source ground should return to the
input ground shown on the boards. Returning the loads to
power supply ground through a separate wire will keep the
THD at its lowest value. The inputs should be terminated in

s

ST I

e et 4 g e

BT

COMPONENT SIDE

less than 50 k2 to prevent an input-output oscillation. This
oscillation is dependent on the gain and the proximity of the
bridge elements Rg and Cp to the (+) input. If the bridge
mode is not used, do not insert Rg, Cg into the PCB.

To wire the amplifer into the bridge configuration, short the
capacitor on pin 7 (pin 1 of the LM1896) to ground. Connect
together the nodes labeled BRIDGE and drive the capacitor
connected to pin 5 (pin 14 of the LM1896).

TL/H/7920-11

FIGURE 5. Printed Circuit Board Layout for the LM1896
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Printed Circuit Layout (continueq)

Q Q
9
§ § S
~ A I~ < 4,
& > g S & &
$ g Q3 S S
§F S & & 8 &
D SE )
470 0F 2200 uF
b
150 uF _I l._ _.l l_.
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FIGURE 6. Printed Circuit Board Layout for the LM2896

TL/H/7920-12
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LM1897

National
Semiconductor
Corporation

LM1897 Low Noise Preamplifier
for Tape Playback Systems

General Description m Low Voltage Battery Operation 4V

. . " L — m Wide gain bandwidth due to broadband
The .I_M1897.|s a dual‘hlgh gain preamplm.er for .appllcatuo.ns two amplifier approach 76 dB @ 20 kHz
requiring optimum noise performance. It is an ideal choice ® High Iy reiecti 105 dB
for a tape playback amplifier when a combination of low igh power supply rejection
noise, high gain, good power supply rejection, and no power M Low distortion 0.03%
up transients are desired. The application also provides M Fast slew rate 6V/ps
transient-free muting with a single pole grounding switch. m Short circuit protection

m Internal diodes for diode switching applications

Features B Low cost external parts
m Programmable turn-on delay m Excellent low frequency response
m Transient-free power up—no pops | Prevents “click” from being recorded onto the tape
m Transient-free muting during power supply cycling in tape playback
m Low noise—0.6 pV CCIR/ARM in a DIN circuit refer- applications

enced to gain at 1 kHz

Vee 12Voc R2 10k R3 1.5M2 5%
4VAV‘Y ® VAVAV
R1 10k %RS ©10.0022,4F | 5%
AA 1.2M
W —wA— 4
o1 [ ol R4 56K 5%
10F =
I s
3 14 1 12 10
4709F | 15 N
T - 9
[ ] x5 ‘ 1 o MIGHT
RIGHT T + ’I OUTPUT
INPUT <SRG
Sk
LEFT P
INPUT 1 + s
LEFT
2] x5 _ ’lra -0 gurput
4 3 6 5 7
h 10k 56k 5% 0.0022,F |5%
AA
vy 1
[
10K 1.5MQ 5% 270k 270k
WA— WA A =~ A — =
LS
v 1om / OPTIONAL MU
> TE
l‘”ﬂ“ < CIRCUIT

TL/H/7094-1
FIGURE 1. Typical Tape Playback Preamplifier Application

Order Number LM1897N
See NS Package Number N16E
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Storage Temperature —65°Cto +150°C
contact the National Semiconductor Sales Office/ Operating Temperature 0°C to +70°C
glstnbutors for availability and specifications. Minimum Voltage On Any Pin —0.1Vpg
upply Vo!tage 18v Lead Temperature (soldering, 10 sec.) 260°C
Voltage on Pins 8 and 9 18V
Package Dissipation (Note 1) 715 mW
Electrical Characteristics (14 = 25°C, voc = 12V, See Circuit—Figure 2)
Parameter Conditions Min Typ Max Units
Operating Supply Voltage Range Rs removed from circuit 4 18 \
Supply Current Voe = 12V 6 12 mA
Total Harmonic Distortion f=1kHz, V|y = 0.3 mV, Pins 7 & 10, Figure 2 0.03 %
THD + Noise (Note 2) f = 1kHz, Voyt = 1V, Pins 7 & 10, Figure 2 0.10 0.25 %
Power Supply Rejection Input Ref. f = 1 kHz, 1 VRms 85 105 dB
Channel Separation f = 1 kHz, Output = 1 VRpms, Output to Output 40 60 dB
Signal to Noise (Note 3) Unweighted 32 Hz-12.74 kHz (Note 2) 58 dB
CCIR/ARM (Note 4) 62 dB
A Weighted 64 dB
CCIR, Peak (Note 5) 52 dB
Noise Output Voltage CCIR/ARM (Note 4) 120 200 nv
Input Amplifiers
Input Bias Current 0.5 2.0 rA
Input Impedance f=1kHz 50 kQ
A.C. Gain 27 28 29 dB
A.C. Gain Imbalance +0.15 +0.5 dB
D.C. Output Voltage 1.8 2.2 2.6 \"
D.C. Output Voltage Mismatch Pins 3 and 14 —200 +30 +200 mV
Output Source Current Pins 3 and 14 2 10 mA
Output Sink Current Pins 3 and 14 300 600 pA
Output Amplifiers
Closed Loop Gain Stable Operation 5 \"74%
Open Loop Voltage Gain D.C. 110 dB
Gain Bandwidth Product MHz
Slew Rate 6 V/us
Input Offset Voltage 2 5 mV
Input Offset Current 20 100 nA
Input Bias Current 250 500 nA
Output Source Current Pin7 or 10 2 10 mA
Output Sink Current Pin7or 10 400 900 pA
Output Voltage Swing Pin7or 10 1 Vpp
Output Diode Leakage Voltage on Pins8 and 9 = 18V 0 10 pA

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance

of 175°C/Watt junction to ambient.

Note 2: Measured with an average responding voltmeter using the filter circuit in Figure 4. This simple filter is approximately equivalent to a “‘brick wall” filter with a
passband of 20 Hz to 20 kHz (see “Application Hints"” section). For 1 kHz THD the 400 Hz high pass filter on the distortion analyzer is used.

Note 3: The numbers are referred to an output level of 160 mV at Pins 7 and 10 using the circuit of Figure 2. This corresponds to an input level of 0.3 mV RMS at

333 Hz.

Note 4: Measured with an average responding voltmeter using the Dolby lab’s standard CCIR filter having a unity gain reference at 2 kHz.
Note 5: Measured using the Rhode-Schwarz psophometer, model UPGR.
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LM1897
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REGULATOR

External
Compo-

nent
R,

Ca

Ra

Rs

R4

Cy

Component (Refer to
Figure 1) External

Component Function
Set turn-on delay and second
amplifier's low frequency pole.
Leakage current in Cp results in
DC offset between the amplifier’s
inputs and therefore this current
should be kept low. R is set equal
to Ra such that any input offset
voltage due to bias currentis
effectively cancelled. An input
offset voltage is generated by the
input offset current multiplied by
the value of these resistors.

Set the DG and low frequency gain
of the output amplifier. The total
input offset voltage will also be
multiplied by the DC gain of this
amplifier. It is therefore essential
to keep the input offset voltage
specification in mind when
employing high DC gain in the
output amplifier; i.e. 5 mV X 400
= 2V offset at the output.

Set tape playback equalization
characteristics in conjunction with
Ra (calculations for the
component values are included in
the Applications Hints section).

TL/H/7094-5

FIGURE 5. Schematic Diagram

Normal
Range
of Value
2kN-40 kQ

0.1 pnF-
10 uF

(Low
Leakage)

2ka-
40 kQ

500 kQ~
10 MQ

10 kQ-
200 kQ

0.00047 pF-
0.01 uF

External Component (Refer to Normal
Compo- Figure 1) External Range
nent Component Function of Value
Re Biases the output diode wheniitis 2 k-
used in DC switching applications. 47 kQ
This resistor can be excluded if
diode switching is not desired.

Cs Often used to resonate with tape 100 pF-
head in order to compensate for 1000 pF
tape playback losses including
tape head gap and eddy current.

For a typical cassette tape head,
the resonant frequency selected is
usually between 13 and 17 kHz.

Rs Increases the output DC bias 100 kQ2—
voltage from the nominal 2.2V 10 M)

value (See the Application Hints
section).

R7 Optionally used for tape muting.
The use of this resistor can also
provide “No Pop” turn-off if
desired.

Application Hints

DISTORTION MEASUREMENT METHOD

In order to clearly interpret and compare specifications and
measurements for low noise preamplifiers, it is necessary to
understand several basic concepts of noise. An obvious ex-
ample is the measurement of total harmonic distortion at
very low input signal levels. Distortion analyzers provide out-
puts which allow viewing of the distortion products on an
oscilloscope. The oscilloscope often reveals that the “dis-
tortion” being measured contains 1) distortion, 2) noise, and
3) 50 or 60 cycle AC line hum.
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LM1897

Application Hints (continued)

Line hum can be detected by using the “line sync” on the
oscilloscope (horizontal sync selector). The triggering of a
constant wave form indicates that AC line pickup is present.
This is usually the result of electro-magnetic coupling into
the preamplifier’s input or improper test equipment ground-
ing, which simply must be eliminated before making further
measurements!

Input coupling problems can usually be corrected by any
one of the following solutions: 1) shielding the source of the
magnetic field (using mu metal or steel), 2) magnetically
shielding the preampilifier, 3) physically moving the pream-
plifier far enough away from the magnetic field, or 4) using a
high pass filter (fp = 200 Hz—1 kHz) at the output of the
preamplifier to prevent any line signal from entering the dis-
tortion analyzer. Ground loop problems can be solved by
rearranging ground connections of the circuit and test
equipment.

Separating noise from distortion products is necessary
when it is desired to find the actual distortion and not the
signal-to-noise ratio of an amplifier. The distortion produced
by the LM1897 is predominately a second harmonic. It is for
this reason that the third and higher order harmonics can be
filtered without resulting in any appreciable error in the mea-
surement. The filter also reduces the amount of noise in the
measured data. Another more tedious technique for mea-
suring THD is to use a wave analyzer. Each harmonic is
measured and then summed in an RMS calculation. A typi-
cal curve is plotted for distortion vs. frequency using this
method. A typical curve is also included using a 20 Hz to
20 kHz 4th order filter.

To specify the distortion of the LM1897 accurately and also
not require unusual or tedious measurements the following
method is used. The output level is set to one volt RMS at 1
kHz (approximately 5 millivolts at the input). The output is
filtered with the circuit of Figure 4 to limit the bandwidth of
the noise and measured with a standard distortion analyzer.
The analyzer has a filter that is switched in to remove line
hum and ground loop pick-up as well as unrelated low fre-
quency noise. The resulting measurement is fast and accu-
rate.

SIGNAL-TO-NOISE RATIO

In the measurement of the signal-to-noise ratio, misinterpre-
tations of the numbers actually measured are common. One
amplifier may sound much quieter than another, but due to
improper testing techniques, they appear equal in measure-
ments. This is often the case when comparing integrated
circuit to discrete preamplifier designs. Discrete transistor
preamps often “run out of gain” at high frequencies and
therefore have small bandwidths to noise as indicated be-
low.

80
T DISCRETE
g 1.C.
= ¥ \ /
g Ll N\
\
\
\
] \
20 200 2k 20k 200k 2M
FREQUENCY
TL/H/7094-6
FIGURE 6

Integrated circuits have additional open loop gain allowing
aditional feedback loop gain in order to lower harmonic dis-
tortion and improve frequency response. lt is this additional
bandwidth that can lead to erroneous signal to noise mea-
surements if not considered during the measurement pro-
cess. In the typical example above, the difference in band-
width appears small on a log scale but the factor of 10 in
bandwidth, (200 kHz to 2 MHz) can result in a 10 dB theo-
retical difference in the signal-to-noise ratio (white noise is
proportional to the square root of the bandwidth in a sys-
tem).

In comparing audio amplifiers it is necessary to measure the
magnitude of noise in the audible bandwidth by using a
“weighting” filter.1 A “weighting” filter alters the frequency
response in order to compensate for the average human
ear’s sensitivity to certain undesirable frequency spectra.
The weighting filters at the same time provide the bandwidth
limiting as discussed in the previous paragraph.

The 32 Hz to 12740 Hz filter shown in Figure 4 is a simple
two pole, one zero filter, approximately equivalent to a
“brick wall” filter of 20 Hz to 20 kHz. This approximation is
absolutely valid if the noise has a flat energy spectrum over
the frequencies involved. In other words a measurement of
a noise source with constant spectral density through either
of the two filters would result in the same reading. The out-
put frequency response of the two filters is shown is Figure
7.

g
5 BANDWIDTH
E
0
=
< NOISE A,
20 FREQUENCY 20k
“*BRICKWALL* FILTER
A=Ay
g
H
o
=
= 0
-3

NOISE Az

1/ .

20 32 12740 20k
32-12740 Hz FILTER

FIGURE 7

Typical signal-to-noise figures are listed for several weight-
ing filters which are commonly used in the measurement of
noise. The shape of all weighting filters is similar, with the
peak of the curve usually occurring in the 3 kHz-7 kHz re-
gion as shown below.

TL/H/7094-7

w
H]
>
e
=
=
=<
1 L1
20 200 2 6k 20k
FREQUENCY TL/H/7094-8
FIGURE 8
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Application Hints (continued)

In addition to noise filtering, differing meter types give differ-
ent noise readings. Meter responses include: 1) RMS read-
ing, 2) average responding, 3) peak reading, and 4) quasi
peak reading. Although theoretical noise analysis is derived
using true RMS (root mean square) based calculations,
most actual measurement is taken with ARM (Average Re-
sponding Meter) test equipment. Unless otherwise noted an
average responding meter is used for all AC measurements
in this data sheet.

BASIC CIRCUIT APPROACH

The LM1897 IC incorporates a two stage broadband design
which minimizes noise, attains overall DC stability and pre-
vents audible transients during turn-on.

The first stage is a direct coupled amplifier with an internal
gain of 25 V/V (28 dB). Direct coupling to the tape head
reduces input source impedance and external component
cost by removing the input coupling capacitor. A typical in-
put coupling capacitor of 1 uF has a reactance of 1.5 kQ at
100 Hz. The resulting noise due to the amplifier’s input
noise current can dominate the noise voltage at the output
of the playback system. The input of the amplifier is biased
from a reference voltage that is temperature compensated
to produce a quiescent DC voltage of 2.2V at the output of
the first stage. The input stage bias current that flows
through the tape head is kept below 2 nA in order to pre-
vent any erasure of tape moving past the head. An added
advantage of DC biasing is the prevention of large current
transients during the charging of coupling capacitors at turn-
on and turn-off.

The second stage provides additional gain and proper
equalization while preventing audible turn-on transients or
“pops”. The output (Pin 10) is kept low until C2 charges
through R1. When the voltage on C2 gets close to the DC
voltage on Pin 14, the output rises exponentially to its final
DC value. The result is a transient-free turn-on characteris-
tic.

Internal diodes are provided to facilitate electronic diode
switching popular in automotive applications.

Vin

R9
100k

The general test circuit illustrates the topography of the sys-
tem. The components determining the overall frequency re-
sponse are external due to the extreme sensitivity when
matching a DIN equalization curve.

MUTE CIRCUIT

The LM1897 can be muted with the addition of two resistors
and a grounding switch, as shown in Figure 1. When the
circuit is not muted the additional resistors have no effect on
the AC performance. They do have an effect on the DC Q
point however.

The difference in the DC output voltages of the input amplifi-
ers is applied across the mute resistors (R7) and the posi-
tive input resistors (R1). This resuits in an additional offset
at the input of the output amplifiers. To keep this offset to a
minimum R7 should be as large as possible to achieve ef-
fective muting. In all cases R7 should be at least ten times
R1. A typical value of R7 is 25 to 50 times R1.

CAPACITOR-COUPLED INPUT

The LM1897 is intended to be coupled directly to the signal
source. Direct coupling permits faster turn-on and less iow-
frequency noise than would be possible with a capacitor-
coupled input. However, there are some applications which
require that the signal source be referred to ground and
coupled to the input through a capacitor. Figure 9 is an ex-
ample of an LM1897 with a capacitor-coupled input. As
shown, the circuit has a flat frequency response and is suit-
able for use as a microphone preamp.

Rg provides a DC path for input bias current. The value of
Rg should be as low as possible without loading the source.
A very large value of Rg can cause excessive DC offset at
the amplifier output. In order to avoid turn-on pops, the in-
verting input of the second amplifier must be at a higher
voltage than the non-inverting input when V¢g is applied.
R10, R11, R12, and D4 ensure that this condition will be met.
If later stages in the playback system employ turn-on muting
circuitry, these extra components may not be needed. The
value of Rqg depends on V¢ as defined by the following
relationship:

Ri0 = (Vg — 1) X 1k

R12 R3
100k

10k

TL/H/7094-9

FIGURE 9. Microphone Preamplifier with Capacitor Coupled Input

1-199

L68LINT




LM1897

Application Hints (continue)

Design Equation

The overall gain of the circuit is given by:
rar ) () (+* v )

Ay =25 [ s+ s+ 1
V= | R + Rl T Rer ) S e v R @
Standard cassette tapes require equalization of 3180 us (50

Hz) and 120 ps (1.3kHz). These time constants result in an
AC gain at 1 kHz given by:

—R4R3

3180 usor50 Hz
—_— and
Ra(R3 + Ry)

Av(1 kHz) = 25 ( ) 1.663

120 ps or 1326 Hz
2
Using the pole and zero locations of the transfer function,
the two other equations needed to solve for the component
values are:
1

R4 = 3ncCy (1028 1) @
1 1 1
Rq = - = 4
8 " 2mC((50Hz) 2mCq(1326Hz) 2mwC4(51.96) “@
We can now solve for G4 as a function of Rp, or:
i) o)
2 1326) 1 1 27rC4(51.9
Ay(t kHz) = —25 | L27C1(1326) 1" 151.96)1 | ; eeq)
[RZ 2vrc1(50)] ®)
—4.80 X 103
1= (6)

" R [Ay(1 kH2)]
When chromium dioxide tape is used, the defined time con-
stants are 3180 us and 70 us. This changes equation (3) to:
1

"~ 2C4(2274 Hz) ™
The value of Rz is normally not changed. This results in an
error of less than 0.2 dB in the low frequency response.
The output voltage of the LM1897 is set by the input amplifi-
er DG voltage at pin 3 or 14, and by R3 and Rs.

Ry

R
Nominal Voyt (pin 7 or 10) = 2.2 (1 + R_s) 8)
5

Pins 8 and 9 are biased 0.7 volts less than Voyt (pin 7 or
10). When these diodes are used the output (pin 7 or 10)
should be biased at one half the minimum operating supply
voltage. Equation (8) can be rewritten to solve for Rs.
_ _22Rg

s = V022 ©
The output voltage of the LM1897 will vary from that given
in equation (8) due to variations in the input amplifier DC
voltage as well as the output amplifier input bias current,
input offset current and input offset voltage. The following
equation gives the worst case variation in the output volt-
age.

R R
AVour = # [AVP|N3 (1 + R_z) + _H_f; (MBlAs Ry - Rz)) +

198 @, + A + Vos ) | (10

Using the worst case values in the electrical characteristics
reduces this to

R
Aoyt = [0.4(1 +R—:) +

%‘i (200nA(R1 —Rp) + 50nA(Ry + Rp) + 5mV) ) ] (11)
2
The turn-on delay is set by R¢ and Co; delay can be approxi-
mated by:
2.2

Delay Time t = R1CzIn (—) (@) (12)

Vobc/ \Rz2
Example

If we desire a tape preamp with 100 mV output signal from a
tape head with a nominal output of 0.5 mV at 1 kHz for
standard ferric cassette tape, the external components are
determined as follows. The value of Ry is arbitrarily set to 10
kQ.

Ry = Rz = 10k

This minimizes errors due to the output amplifier bias cur-
rents.

—4.80 X 10—3

—100 mv]

0.5mV
Use 0.0022 pF and determine:
_ 1
"~ 2wC4(1326)
_ 1
"~ 27rC4(51.96)
To bias the output amplifier output voltage at 6 volts (half
supply):

G = = 2400 pF —> 0.0022 pF

10k.0[

R4 = 54.6 kQ —> 54.9kQ 1%

R3 = 1.39MQ —> 1.4MQ 1%

2.2(1.4 MQ)
= ————— = 811 kQ —> 820 kQ
6 —22

The maximum variation in the output voltage is found using
equation (11):
AVoyt = 1.9V

The low frequency response and turn-on delay determine
the value of Co. For Ry = 10k and C; = 10uF the low
frequency 3 dB point is 1.6 Hz and the turn-on delay is 0.4
seconds, from equation (12).

The complete circuit is shown in Figure 2. A circuit with 5%
components and biased for a minimum supply of 10 volts is
shown in Figure 1. If additional gain is needed Ry and R
can be reduced without changing the frequency response of
the circuit.

Reference 1: CCIR/ARM: A Practical Noise Measurement
Method; by Ray Dolby, David Robinson and Kenneth Gun-
dry, AES Preprint No. 1353 (F-3).
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Typical Performance Characteristics
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LM2002/LM2002A

National
Semiconductor
Corporation

LM2002/LM2002A 8 Watt Au

General Description

The LM2002 is a cost effective, high power amplifier suited
for automotive applications. High current capability (3.5A)
enables the device to drive low impedance loads with low
distortion. The LM2002 is current limited and thermally pro-
tected. High voltage protection is available (LM2002A)
which enables the amplifier to withstand 40V transients on
its supply. The LM2002 comes in a 5-pin TO-220 package.

Features
m High peak current capability (3.5A)
B Large output voltage swing

dio Power Amplifier

Externally programmable gain

m Wide supply voltage range (5V-20V)
m Few external parts required
B Low distortion

m High input impedance
m No turn-on transients
[ ]
]
[ ]
]

High voltage protection available (LM2002A)
Low noise

AC short circuit protected

Pin for pin compatible with TDA2002

Equivalent Schematic

4 4 -O Vg
CP () d) a0k 1%
20 pF w
| [N L:
I/ —o0 Vour
q !
A %A
] 3 9 ® LE
e ——o 1o6n
1 2
(o] o]
+INPUT ~INPUT
TL/H/7929-1
Connection Diagram Typical Application
Plastic Package | |
1 T 9 5 SUPPLY VOLTAGE O
g S i m—F YT
Q AN 3 cnoum
+ = 1T T > 2 INVERTINGINPUT
[T T 5 1NONINVERTING INPUT Vg
0.1 uF
TL/H/7929-2

Order Number LM2002T or LM2002AT
See NS Package Number TO5A

H

2000 uF

10uF
vin

a4

TL/H/7929-3
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Absolute Maximum Ratings

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

Output Current

Distributors for availability and specifications. Repetitive 3.5A
Peak Supply Voltage (50 ms) Non-repetitive 4.5A
LM2002A (Note 2) 40V Input Voltage +0.5V
LM2002 25V Power Dissipation (Note 3) 15W
Operating Supply Voltage 20V Operating Temperature 0°Cto +70°C
Storage Temperature —60°C to +150°C
Lead Temperature (Soldering, 10 sec.) 260°C
Electrical Characteristics
Vg = 14.4V, Tyag = 25°C, Ay = 100 (40 dB), R = 4Q, unless otherwise specified
Parameter Conditions Min Typ Max Units
DC Output Level 6.4 7.2 8 \
Quiescent Supply Current Excludes Current in Feedback Resistors 45 80 mA
Supply Voltage Range 5 20 \
Input Resistance 150 kQ
Bandwidth Gain = 40dB 100 kHz
Output Power Vg = 13.2V,f = 1 kHz
RL = 49, THD = 10% 4.3 W
RL = 2Q,THD = 10% 6.5 w
Vg = 13.8V,f = 1 kHz
RL = 4Q,THD = 10% 4.8 W
RL =20, THD = 10% 7.4 w
Vg = 14.4V, f = 1 kHz
Ry = 4Q, THD = 10% 4.8 5.2 w
RL = 2Q, THD = 10% 7 8 w
RL = 1.6Q, THD = 10% 9 w
Vg = 16V, f = 1 kHz
RL = 4Q,THD = 10% 6.5 W
RL = 2Q,THD = 10% 10 w
RL = 1.69, THD = 10% 10.5 W
THD Po =2W,RL = 4Q,f = 1kHz 0.1 %
Po = 4W,R_ = 2Q,f = 1 kHz 0.1 %
Ripple Rejection Rs = 50Q, f = 100 Hz 30 40 dB
Rs = 50Q,f = 1kHz 44 dB
Input Noise Voltage Rg = 0, 15 kHz Bandwidth 2 nVv
Input Noise Current Rg = 100 k2, 15 kHz Bandwidth 40 pA

Note 1: A 1.0 resistor and 0.1 nF capacitor should be placed as close as possible to pins 3 and 4 for stability.

Note 2: The LM2002 shuts down above 25V.

Note 3: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 4°C/W

junction to case.

1-203

V2002IN1/2002N1



LM2002/LM2002A

Typical Performance Characteristics
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Typical Applications (continued)
V.

S
14.4v

SIGNAL
INPUT

16W Bridge Amplifier

Vs
14.4v

Component Layout

Single Amplifier
Vg = 20V
R = 40

é

B sy s s e a0

HEAT SINK *

470 uF

*Staver V-5 Heatsink
Staver Company
41 Saxon Ave
P.O. Drawer H
Bayshore, NY 11706
TEL: (516) 666-8000

=

TL/H/7929-5

TL/H/7929-6
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LM2005

National
@ Semiconductor
Corporation

LM2005 20-Watt Automotive Power Amplifier

General Description

The LM2005 is a dual high power amplifier, designed to
deliver optimum performance and reliability for automotive
applications. High current capability (3.5A) enables the de-
vice to deliver 10W/channel into 2Q (LM2005T-S), or 20W
bridged monaural (LM2005T-M) into 4, with low distortion.

Features

® Wide supply range (8V-18V)
® Externally programmable gain
m With or without bootstrap

m Low distortion

B Low noise

High peak current capability
Po=20W bridge
High voltage protection

AC and DC output short circuit protection to ground or

across load
Thermal protection
Inductive load protection

Accidental open ground protection

Immunity to 40V power supply transients

3°C/W device dissipation

Pin for pin compatible with TDA2005

Connection Diagram
c3

10 4F

Plastic Package

TAB CONNECTED
TOPING

J

-

> BOOTSTRAP1
[ SO0uTPUT
O +Vs c2
> 0UTPUT 2 -
) EODTSTHAP 2
—— )]

Typical Application
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