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ADCO0800 8-Bit A/DCONVEIEr. .. ..o veveieee e iineanenns Section 2
ADCO0801 8-Bit uP Compatible A/D Converter . .................... Section 2
ADCO0802 8-Bit uP Compatible A/D Converter . .................... Section 2
ADC0803 8-Bit uP Compatible A/D Converter . .................... Section 2
ADCO0804 8-Bit uP Compatible A/DConverter . .................... Section 2
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ADC0808 8-Bit uP Compatible A/D Converter with 8-Channel
CMUtpIEXEr . . .. e e e Section 2
ADCO0809 8-Bit uP Compatible A/ D Converter with 8-Channel

MURtiplexer. . ... e Section 2
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MUpIEXEr . . . .o e Section 2
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OPtiONS ..ttt e Section 2
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ADCO08031 8-Bit High-Speed Serial I/0 A/D Converter with
Multiplexer Options, Voltage Reference, and Track/Hold
CFUNCtioN. ..o e e Section 2
ADC08032 8-Bit High-Speed Serial I/0 A/D Converter with
Multiplexer Options, Voltage Reference, and Track/Hold
Function. ... e s Section 2
ADCO08034 8-Bit High-Speed Serial I/0 A/D Converter with
Multiplexer Options, Voltage Reference, and Track/Hold
FUunCtion. . ..ot e Section 2
ADC08038 8-Bit High-Speed Serial 1/0 A/D Converter with
Multiplexer Options, Voltage Reference, and Track/Hold

Function. ... ..o i e Section 2
ADCO08061 500 ns A/D Converter with S/ H Function and Input

MURIPIEXET . . . . oottt Section 2
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MURtIpIEXer. . . oo e Section 2
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ADCO08131 8-Bit High-Speed Serial 1/0 A/D Converter with

Muttiplexer Options, Voltage Reference, and Track/ Hold

FUNCtion. ... Section 2
ADCO08134 8-Bit High-Speed Serial 1/0 A/D Converter with

Multiplexer Options, Voltage Reference, and Track/Hold

Function. ... Section 2
ADCO08138 8-Bit High-Speed Serial I/0 A/D Converter with

Multiplexer Options, Voltage Reference, and Track/Hold

Function. ..... ... ..o e Section 2
ADC08161 500 ns A/D Converter with S/H Function and 2.5V

Bandgap Reference ................ ... il Section 2
ADCO08231 8-Bit 2 ps Serial 1/0 A/D Converter with MUX, Reference,

and Track/Hold ....... ...t Section 2
ADC08234 8-Bit 2 us Serial I/0 A/D Converter with MUX, Reference,

andTrack/Hold ........ ... i Section 2
ADC08238 8-Bit 2 us Serial I/0 A/D Converter with MUX, Reference,

andTrack/Hold ...... ... ... i [ Section 2
ADC12H030 Self-Calibrating 12-Bit Plus Sign Serial /0 A/D

Converter with MUX and Sample/Hold ......................... Section 2
ADC12H032 Self-Calibrating 12-Bit Plus Sign Serial I/0 A/D

Converter with MUX and Sample/Hold ......................... Section 2
ADC12H034 Self-Calibrating 12-Bit Plus Sign Serial 170 A/ D

Converter with MUX and Sample/Hold ........ e naeeaaas ....Section 2
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Converter with MUX and Sample/Hold ...... e Section 2
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Converter with MUX and Sample/Hold ......................... Section 2
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Converter with MUX and Sample/Hold ........ e Section 2
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Converter with MUX and Sample/Hold ......................... Section 2
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Converter with MUX and Sample/Hold ................ e Section 2
ADC1001-10-Bit uP Compatible A/D Converter . ................... Section 2
ADC1005 10-Bit uP Compatible A/D Converter............... e Section 2
‘ADC1031 10-Bit Serial I/0 A/D Converter with Analog Multiplexer

and Track/Hold Function . ..., Section 2
ADC1034 10-Bit Serial /0O A/D Converter with Analog Multrplexer

and Track/Hold Function ........... ..o, Section 2
ADC1038 10-Bit Serial I/0 A/D Converter with Analog Multiplexer o

and Track/Hold Function ... :Section 2
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Track/HoldFunction ... -Section 2
ADC1205 12-Bit Plus Sign uP Compatible A/D Converter ........... Section 2
ADC1225 12-Bit Plus Sign uP Compatible A/D Converter ........... Section 2
ADC1241 Self-Calibrating 12-Bit Plus Sign uP-Compatible A/D

ConverterwithSample/Hold . ....... ...t Sectlon 2
ADC1242 12-Bit Plus Sign Sampling A/D Converter ................ Section 2
ADC1251 Self-Calibrating 12-Bit Plus Sign A/D Converter with .

Sample/Hold .............ccooiiiiiiiiil R Section 2
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ADC10061 10-Bit 600 ns A/D Converter with Input Multlplexer and :
Sample/Hold ... e e e e Section 2

ADC10062 10-Bit 600 ns A/D Converter with Input Multlplexer and
Sample/Hold ...t e e Section.2
ADC10064 10-Bit 600 ns A/D Converter with Input Multiplexer and
Sample/Hold ....... ... Section 2
ADC10154 10-Bit Plus Sign 4 us ADC with 4- or 8-Channel MUX,
Track/HoldandReference ...............ccoiiiiiviniennnenn. Section 2
ADC10158 10-Bit Plus Sign 4 ps ADC with 4- or 8-Channel MUX,
Track/Hold and Reference ..............................:....Section 2
ADC10461 10-Bit 600 ns A/D Converter with Input Multiplexer and
Sample/Hold ... e e Section2
ADC10462 10-Bit 600 ns A/D Converter wvth Input Multlplexer and
Sample/Hold ... ..o e e e Section 2
ADC10464 10-Bit 600 ns A/D Converter with Input Multiplexer and
Sample/Hold ... o e Section 2
ADC10662 10-Bit 360 ns A/D Converter with Input Multiplexer and
Sample/Hold ... i e e Section 2
ADC10664 10-Bit 360 ns A/D Converter with Input Multlplexer and )
Sample/Hold . ... .. e e Section 2
ADC10731 10-Bit Plus Sign Serial I/0 A/D Converter with MUX, :
Sample/HoldandReference ... Section 2
ADC10732 10-Bit Plus Sign Serial I/0 A/D Converter with MUX,
Sample/HoldandReference ...............cciiiiiiiiiia., Sectlon 2
ADC10734 10-Bit Plus Sign Serial I/0 A/D Converter with MUX,
Sample/HoldandReference ................ ool Section 2
ADC10738 10-Bit Plus Sign Serial 170 A/D Converter with MUX,
Sample/Holdand Reference ...t Section 2
ADC10831 10-Bit Plus Sign Serial /0O A/D Converter with MUX, :
Sample/Holdand Reference . ........c.oooviviinenniinininen.. Section 2
ADC10832 10-Bit Plus Sign Serial I/0 A/D Converter with MUX,
Sample/Holdand Reference........................... P Section 2
ADC10834 10-Bit Plus Sign Serial 1/0 A/D Converter with MUX,
Sample/Hold and Reference............ccoovvivii .. ....Section 2
ADC10838 10-Bit Plus Sign Serial I/0 A/ D Converter with MUX,
Sample/Holdand Reference ............. ... ..ol Section 2
ADC12030 Self-Calibrating 12-Bit Plus Sign Serial I/0 A/D Converter
with MUX and Sample/Hold. ...ttt Section 2
ADC12032 Self-Calibrating 12-Bit Plus Sign Serlal 1/0 A/D Converter
with MUX and Sample/Hold. ... nn. Section 2
ADC12034 Self-Calibrating 12-Bit Plus Slgn Senal 1/0 A/D Converter
with MUX and Sample/Hold. ..........0cco i, Section 2
ADC12038 Self-Calibrating 12-Bit Plus Sign Serial 1/0 A/D Converter
with MUX and Sample/Hold............... ...t Section 2
ADC12062 12-Bit, 1 MHz, 75 mW A/D Converter with Input . :
Multiplexer and Sample/Hold .............. ... i, Section 2
ADC12130 Self-Calibrating 12-Bit Plus Sign Serial I/0 A/D Converter
withMUX and Sample/Hold. ..................ovivivinnn, ~....Section 2
ADC12132 Self-Calibrating 12-Bit Plus Sign Serial I/0 A/ D Converter
with MUX and Sample/Hold. ... ..., Section 2
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ADC12138 Self-Calibrating 12-Bit Plus Sign Serial I/0O A/D Converter

withMUX and Sample/Hold. ..., Section 2
ADC12441 Dynamically-Tested Self-Calibrating 12-Bit Plus Sign A/D

Converter with Sample/Hold ................. ... ...t Section 2
ADC12451 Dynamically-Tested Self-Calibrating 12-Bit Plus Sign A/D

Converter with Sample/Hold . ..., Section 2
ADC12662 12-Bit, 1.5 MHz, 200 mW A/D Converter with Input

Multiplexer and Sample/Hold .............. ... ... .o ... Section 2

ADC16071 16-Bit Delta-Sigma 192 ks/s Analog-to-Digital Converter . . Section 2
ADC16471 16-Bit Delta-Sigma 192 ks/s Analog-to-Digital Converter . . Section 2

AHO0014 Dual DPDT-TTL/DTL Compatible MOS Analog Switch ... ... Section 8
AH0015 Quad SPST-TTL/DTL Compatible MOS Analog Switch ..... Section 8
AHO0019 Dual DPST-TTL/DTL Compatible MOS Analog Switch ... ... Section 8
AH5010 Monolithic Analog Current Switch ........................ Section 8
AH5011 Monolithic Analog Current Switch ........................ Section 8
AH5012 Monolithic Analog Current Switch ........................ Section 8
AH5020C Monolithic Analog CurrentSwitch ....................... Section 8
AN-450 Small Outline (SO) Package Surface Mounting

Methods—Parameters and Their Effect on Product Reliability . . . .. Section 9
AN-450 Small Outline (SO) Package Surface Mounting

Methods—Parameters and Their Effect on Product Reliability .. ... Section 5
AN-450 Small Outline (SO) Package Surface Mounting

Methods—Parameters and Their Effect on Product Reliability . .. .. Section 6
Board Mount of Surface Mount Components ...................... Section 6
Board Mount of Surface Mount Components ...................... Section 5
Board Mount of Surface Mount Components ...................... Section 9
DACO0800 8-Bit D/ACoONVerter. . .......ovvviieiiiiiiiennennnn. Section 3
DACO0801 8-Bit D/ACONVEMEr. . ..ot it iiieeeaeennns Section 3
DACO08028-Bit D/ACONVErter. . ....cooovetiieiiinieaneann Section 3
DACO0806 8-Bit D/AConverter. . .......ovviieiiiiiniiinnnnn, Section 3
DACO0807 8-BitD/ACoONverter. .......c.oviiiiiiiiiiiinninnnn. Section 3
DACO0808 8-BitD/ACoNverter. ........ovuiiiieiiiiiiieenannn. Section 3
DAC0830 8-Bit uP Compatible Double-Buffered D/A Converter. ... .. Section 3
DAC0831 8-Bit P Compatible Double-Buffered D/A Converter ... ... Section 3
DACO0832 8-Bit uP Compatible Double-Buffered D/A Converter .. .. .. Section 3
DACO0854 Quad 8-Bit Voltage-Output Serial D/A Converter with

"Readback ... e Section 3

DAC0890 Dual 8-Bit uP-Compatible D/A Converter ................ Section 3
DAC1006 uP Compatible, Double-Buffered D/A Converter . ......... Section 3
DAC1007 uP Compatible, Double-Buffered D/A Converter . ......... Section 3
DAC1008 uP Compatible, Double-Buffered D/A Converter .......... Section 3
DAC1020 10-Bit Binary Multiplying D/A Converter ................. Section 3
DAC1021 10-Bit Binary Multiplying D/A Converter ........... e Section 3
DAC1022 10-Bit Binary Multiplying D/A Converter ................. Section 3
DAC1054 Quad 10-Bit Voltage-Output Serial D/A Converter with

Readback .........cooiiiiiii i e Section 3

‘DAC1208 12-Bit uP Compatible Double-Buffered D/A Converter. . ... Section 3
DAC1209 12-Bit uP Compatible Double-Buffered D/A Converter. . ... Section 3
DAC1210 12-Bit uP Compatible Double-Buffered D/A Converter. . ... Section 3
DAC1218 12-Bit Binary Multiplying D/A Converter ................. Section 3
DAC1219 12-Bit Binary Multiplying D/A Converter ................. Section 3
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DAC1220 12-Bit Binary Multiplying D/A Converter........... Tt ~.Section 3
DAC1222 12-Bit Binary Multiplying D/A Converter ................. Section 3
DAC1230 12-Bit uP Compatible Double-Buffered D/A Converter-. . ... Section 3
DAC1231 12-Bit uP Compatible Double-Buffered D/A Converter. .. .. Section 3
DAC1232 12-Bit uP Compatible Double-Buffered D/A Converter-. . ... Section 3

DHO0006 Current Driver . ..... PP Section 5
DHO0034 High Speed Dual Level Translator . ............coo.... .. ...Section 5 -
DHOO035 Pin Diode Driver ... ... iciu ittt eieenaieeenne, Section 5
Land Pattern Recommendations....:....... R FH Section 6
Land Pattern-Recommendations.................. S ....Section5
Land Pattern Recommendations..-. ...... P e Section 9
LF111 Voltage Comparator ...............c.oeiiionn.. Yersenes Section 3
LF147 Wide Bandwidth Quad JFET Input Operational Amplifier . . . ...Section 1
LF155 Series Monolithic JFET Input Operational Amplifiers. ....... .. Section 1
LF156 Series Monolithic JFET Input Operational Amplifiers.......... Section 1. -
LF157 Series Monolithic JFET Input Operational Amplifiers.. . . . . .....Section 1
LF198 Monolithic Sample and Hold Circuit ................... el Section6,
LF211 Voltage Comparator ...........c.ooiiiiiiiiiiiinnen... Section 3
LF298 Monolithic Sample and Hold Circuit ........................ ..Section 6
LF311 Voltage Comparator ............c.ooviiiiiinnininnnan. ....Section3 -
LF347 Wide Bandwidth Quad JFET Input Operational Amplifier ... ... Section1 -
LF351 Wide Bandwidth JFET Input Operational Amplifier ...... ....Section 1
LF353 Wide Bandwidth Dual JFET Input Operational Amplifier . .. .... Section 1
LF398 Monolithic Sample and Hold Circuit ........................ Section 6" -
LF411 Low Offset, Low Drift JFET Input Operational Amplifier ....... Section 1
LF412 Low Offset, Low Drift Dual JFET Operational Amplifier . . .. . ... Section 1
LF441 Low Power JFET Input Operational Amplifier ................ Section 1
LF442 Dual Low Power JFET Input Operational Amplifier ........... Section 1
LF444 Quad Low Power JFET Input Operational Amplifier........... Section 1
LF451 Wide-Bandwidth JFET Input Operational Amplifier ........... Section 1
LF453 Wide-Bandwidth Dual JFET Input Operational Amplifier. .. .... Section 1
LF11201 Quad SPST JFET Analog Switch ........................ Section 8
LF11202 Quad SPST JFET Analog Switch ............ e Section 8
LF11331 Quad SPST JFET Analog Switch............ b, Section 8
‘LF11332 Quad SPST JFET Analog Switch .........c.......ooea.t. Section 8
LF11333 Quad SPST JFET Analog Switch ............ eveeo..i.. .. Section 8
LF13006 Digital GainSet ...........c..coiiiiiiiiiiiiiiiiiiinnn, Section 6
LF13007 Digital Gain Set ..........c..cooveiiiiiiiivennnn DA Section 6
LF13201 Quad SPST JFET Analog Switch ....... e Section 8
LF13202 Quad SPST JFET Analog Switch ........... N ... Section 8
LF13331 Quad SPST JFET Analog Switch ............ e Section 8
LF13332 Quad SPST JFET Analog Switch ............. ey e, Section.8
LF13333 Quad SPST-JFET Analog Switch .............. S, Section 8 -
LF13508 8-Channel Analog Multiplexer .............. Shaeean .......Section8
LF13509 4-Channel Differential Analog Multiplexer . ... .. “vuvei..,..Section8 -
LHOO02 Buffer ...... ...ttt e Section 2 .
LHO0003 Wide Bandwidth Operational Amplifier. . . . . .. PP e Section 1
LHO0004 High Voltage Operational Amplifier ........ e ‘Section 1.
LH0021 1.0 Amp Power Operational Amplifier ..................... Section 1
LHO0024 High Slew Rate Operational Amplifier ..................... Section 1

LHO0032 Ultra Fast FET-Input Operational Amplifier . . . . .. el :Section 1
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LHO033 Fastand Ultra FastBuffers ...................... ... ... Section2
LHO041 0.2 Amp Power Operational Amplifier ..................... Section 1
LHO0042 Low Cost FET Operational Amplifier .................. ~....Section 1
LHO063 Fastand UltraFastBuffers ........................... ... Section 2
LHO070 Series BCD Buffered Reference.......................... Section 4
LHO071 Series Precision Buffered Reference...................... Section 4
LH0094 Multifunction Converter ..................ooiiiiiiiian. Section 5
LHO0101 Power Operational Amplifier .................... ... ... Section 1
LH1605 5 Amp, High Efficiency Switching Regulator................ Section 3
LH2111 Dual Voltage Comparator ........... ..., Section 3
LH2311 Dual Voltage Comparator .............c.ccoviievereannn.. Section 3
LH4001 Wideband CurrentBuffer . ...................... ... ... Section 2
LH4002 Wideband Video Buffer ..............ccooooiiiiiiiit. Section 2 -
LM10 Operational Amplifier and Voltage Heference ................ Section 1
LM12 80W Operational Amplifier............... ...l ol Section 4
LM12H454 12-Bit + Sign Data Acquisition System with

Self-Calibration . ......... .. Sectlon 1
LM12H458 12-Bit + Sign Data Acqwsmon System with

Self-Calibration.............coooiiiii i Section 1
LM12L438 12-Bit + Sign Data Acqunsntlon System with Serial I/0

and Self-Calibration .....................o. il .. .Section 1
LM12L454 12-Bit + Sign Data Acquisition System with

“Self-Calibration . ....... ..o Section 1
LM12L458 12-Bit + Sign Data Acquisition System with :

Self-Calibration . ......... ... i e Section 1
LM34 Precision Fahrenheit Temperature Sensor . .................. Section 5
LM35 Precision Centigrade Temperature Sensor................... Section 5
LM45 SOT-23 Precision Centigrade Temperature Sensor ........... Section 5
LMS50 Single Supply Precision Centigrade Temperature Sensor ... ... Section 5
LM78LXX Series 3-Terminal Positive Regulators . . ... .. Ceeeeaeeees Section 1°
LM78MXX Series 3-Terminal Positive Regulator ................... Section 1
LM78S40 Universal Switching Regulator Subsystem ............... Section 3
LM78XX Series Voltage Regulators .................coovvnin Section 1
‘LM79LXXAC Series 3-Terminal Negative Regulator ................ Section 1
LM79MXX Series 3-Terminal Negative Regulators ................. Section 1
LM79XX Series 3-Terminal Negative Regulators ................... Section 1
LM101A Operational Amplifier ... ........... ..., Section 1
LM102 Voltage Follower . ..., Section 2
LM105 Voltage Regulator . ..., Section 1
LM106 Voltage Comparator ..............ceiiiiiiiienneennnn.. Section 3
LM107 Operational Amplifier ............. ..., Section 1
LM108 Operational Amplifier ............. ..., Section 1
LM1095-VoltRegulator .............c.cooiiiiiiiiiiiiiii i Section 1
LM110 Voltage Follower . ........... ..o iiiiiiiiiiiiiiii Section 2
LM111 VoltageComparator ...........cooeiiieeiniineeennnnnnn. Section 3
LM113 ReferenceDiode . ...........ccoovviiiiiiinn.. PR Section 4
LM117 3-Terminal Adjustable Regulator ................... PN Section 1
LM117HV 3-Terminal Adjustable Regulator ....................... Section 1
LM118 Operational Amplifier ............... ..ot Section 1
LM119 High Speed Dual Comparator .................covvvinnnnn. Section 3
LM120 Series 3-Terminal Negative Regulator................ e Section 1
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Additional Available Linear Devices continueq

LM123 3-Amp, 5-Volt Positive Regulator .......................... Section 1
LM124 Low Power Quad Operational Amplifier ............. “......Section 1
LM125 Dual Voltage Regulator ..............cooiiiiiiiiiiiiann. Section 1.
LM129 PrecisionReference ......... ... Section 4
LM131 Precision Voltage-to-Frequency Converter. ................. Section 2
LM133 3-Amp Adjustable Negative Regulator ................. ..:.Section1 .
LM134 3-Terminal Adjustable CurrentSource ..................... Section 4 -
LM134 3-Terminal Adjustable CurrentSource ..................... Section5 -
LM135 Precision Temperature Sensor . ............ovveevvnnn.. Section 5
LM136-2.5V ReferenceDiode ...........coooveiiiieiiniiinnennn, Section 4
LM136-5.0V ReferenceDiode ...........c.ooviiiiiiiiiiinninn, Section 4
LM137 3-Terminal Adjustable Negative Regulator .................. Section 1
LM137HV 3-Terminal Adjustable Negative Regulator (High Voltage) . . Section 1
LM138 5-Amp Adjustable Regulator ........................ e Section 1
LM139 Low Power Low Offset Voltage Quad Comparator ........... Section 3
LM140 Series 3-Terminal Positive Regulator ...................... Section 1
LM140L Series 3-Terminal Positive Regulator ..................... Section 1
LM143 High Voltage Operational Amplifier ........................ Section 1
LM145 Negative 3-AmpRegulator ................ .ot Section 1
+ LM146 Programmable Quad Operational Amplifier ................. Section 1
LM148 Quad 741 Operational Amplifier ... ...............oooiiit. Section 1
LM149 Wide Band Decompensated (Ay(MIN) = 5) ............. .. .Section 1
LM150 3-Amp Adjustable Regulator .................... ... ool Section 1
LM158 Low Power Dual Operational Amplifier ..................... Section 1
LM160 High Speed Differential Comparator ....................... Section 3
LM161 High Speed Differential Comparator ....................... Section 3
LM169 Precision Voltage Reference .................c.ooviian, Section 4
LM185 Adjustable Micropower Voltage Reference ............... . .Section 4
LM185-1.2 Micropower Voltage Reference Diode .............. ....Section 4
LM185-2.5 Micropower Voltage Reference Diode ............. .....Section 4
LM193 Low Power Low Offset Voltage Dual Comparator ............ Section 3
LM194 Supermatch Pair ........ccoiriiiiiiiiieeiiieraeaeenns Section 5
LM195 Ultra Reliable Power Transistor ................cooveinan. Section 5
LM199 PrecisionReference . ...........ccoovviiiiiiiiiiin... .. .Section 4
LM201A Operational Amplifier . .. ...ttt Section 1
LM205 Voltage Regulator . .............cooiiiiiiii s, +....Section 1
LM207 Operational Amplifier ...ttt Section 1
LM208 Operational Amplifier ..........ccoviiiiiiiiiianinnnn, Section 1
LM210 Voltage Follower . .. .. e e e Section 2
LM211 Voltage Comparator ............cooviiiiiiiiiiiiinneinn, Section 3
LM218 Operational Amplifier ............cooiiiiiiiiiiiiiianennns Section 1
LM219 High Speed Dual Comparator ..................... e Section 3
LM221 Precision Preamplifier ............ ..., Section 1
LM224 Low Power Quad Operational Amplifier .................... Section 1
LM231 Precision Voltage-to-Frequency Converter........ eeeeenen. Section 2
LM234 3-Terminal Adjustable CurrentSource ..................... Section 4
LM234 3-Terminal Adjustable CurrentSource ..................... Section 5
LM235 Precision Temperature Sensor..............cceveiitnnnn. _.Section 5
LM236-2.5V ReferenceDiode ..........cccciiiiiiiiiiiiian, Section 4
LM236-5.0V ReferenceDiode ..........covvveiiiiiiiiinnn... Section 4
LM239 Low Power Low Offset Voltage Quad Comparator ........... Section 3
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Additional Available Linear Devices coninueq

LM246 Programmable Quad Operational Amplifier ................. Section 1
LM248 Quad 741 Operational Amplifier ........................... Section 1
LM258 Low Power Dual Operational Amplifier ..................... Section 1
LM261 High Speed Differential Comparator ....................... Section 3
LM285 Adjustable Micropower Voltage Reference ................. Section 4
LM285-1.2 Micropower Voltage Reference Diode .................. Section 4
LM285-2.5 Micropower Voltage Reference Diode .................. Section 4
LM293 Low Power Low Offset Voltage Dual Comparator ............ Section 3
LM299 PrecisionReference . ............. .. . i Section 4
LM301A Operational Amplifier . ..., Section 1
LM302 Voltage Follower .. .............coiiiiiiiiiiiiiii ., Section 2
LM305 Voltage Regulator . ..............ooiiiiiiiiiiiiinnee.. Section 1
LM306 Voltage Comparator ............cooviiiiiiiiiiiiiin., Section 3
LM307 Operational Amplifier ...............ccoiviiiiiiiiin.., Section 1
LM308 Operational Amplifier .............ccooiiiiiiniiiii e, Section 1
LM309 5-Volt Regulator ............coviiiiiiiiiiiiiiiiiienn, Section 1
LM310 Voltage Follower . ............... o Section 2
LM311 Voltage Comparator . ...........ovvniiiineiininennnn, Section 3
LM313 ReferenceDiode . .........cooiiiiiiiiii i Section 4
LM317 3-Terminal Adjustable Regulator .......................... Section 1
LM317HV 3-Terminal Adjustable Regulator ....................... Section 1
LM317L 3-Terminal Adjustable Regulator ......................... Section 1
LM318 Operational Amplifier ............... ..ol Section 1
LM319 High Speed Dual Comparator . ...........coovvevnnnennnnnn. Section 3
LM320 Series 3-Terminal Negative Regulator...................... Section 1
LM320L Series 3-Terminal Negative Regulator .................... Section 1
LM321 Precision Preamplifier ...............c.ciiiiiiiiiiiiiien. Section 1
LM323 3-Amp, 5-Volt Positive Regulator .......................... Section 1
LM324 Low Power Quad Operational Amplifier .................... Section 1
LM325 Dual Voltage Regulator ................cooviiiiiiiiian, Section 1
LM329 PrecisionReference ..ot Section 4
LM330 3-Terminai Positive Regulator.......................... ... Section 2
LM331 Precision Voltage-to-Frequency Converter. ................. Section 2
LM333 3-Amp Adjustable Negative Regulator ..................... Section 1
LM334 3-Terminal Adjustable CurrentSource ..................... Section 4
LM334 3-Terminal Adjustable CurrentSource ..................... Section 5
LM8335 Precision Temperature Sensor ... .. e Section 5
LM336-2.5V ReferenceDiode ..........covviiiiiiiiiiiiiiiin, Section 4
LM336-5.0V ReferenceDiode .........cocvviiiiiiiiiiiiinin, Section 4
LM337 3-Terminal Adjustable Negative Regulator .................. Section 1
LM337HV 3-Terminal Adjustable Negative Regulator (High Voltage) . . Section 1
LM337L 3-Terminal Adjustable Regulator ......................... Section 1
LM338 5-Amp Adjustable Regulator . . .............. ..ol Section 1
LM339 Low Power Low Offset Voltage Quad Comparator ........... Section 3
LM340 Series 3-Terminal Positive Regulator ...................... Section 1
LLM340L Series 3-Terminal Positive Regulator ..................... Section 1
LM341 Series 3-Terminal Positive Regulator ...................... Section 1
LM343 High Voltage Operational Amplifier ........................ Section 1
LM345 Negative 3-Amp Regulator ...................ooiiiil Section 1
LM346 Programmable Quad Operational Amplifier ................. Section 1
LM348 Quad 741 Operational Amplifier . .......................... Section 1
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Additional Available Linear Devices conined

LM349 Wide Band Decompensated (Ay(MIN) = 5) ................ Section 1
LM350 3-Amp Adjustable Regulator . .................. ...l Section 1 .
LM358 Low Power Dual Operational Amplifier ............. “.......Section1
LM359 Dual, High Speed, Programmable Current Mode (Norton) :

Amplifier. ........ .. i i iee .. .. .. SectiON 1
LM360 High Speed Differential Comparator .............. e Section 3
LM361 High Speed Differential Comparator ............ P ....Section3
LM368-2.5 Precision Voltage Reference .......... A PN Section 4
LM368-5.0 Precision Voltage Reference ......................o.e. Section 4-
LM368-10 Precision Voltage Reference........................... Section 4.
LM369 Precision Voltage Reference ....................ooieen. Section 4
LM376 Voltage Regulator . ... . e e Section 1
LM385 Adjustable Micropower Voltage Reference ................. Section 4
LM385-1.2 Micropower Voltage Reference Diode .................. Section 4
LM385-2.5 Micropower Voltage Reference Diode .................. Section4
LM392 Low Power Operational Amplifier/Voltage Comparator . ... ... Section 1
LM393, Low Power Low Offset Voltage Dual Comparator ............ Section 3
LM394 SupermatchPair ...t Section 5
LM395 Ultra Reliable Power Transistor ..................ooooe Section 5
LM399 PrecisionReference ................ ..o :..Section 4
LM431A Adjustable Precision Zener Shunt Regulator........... ....Section3 .
LM611 Operational Amplifier and Adjustable Reference. ....... :....Section 1
LM612 Dual-Channel Comparator and Reference .................. Section 3
LM613 Dual Operational Amplifier, Dual Comparator, and Adjustable ;

Reference ...... ... . .Section 3
LM613 Dual Operational Amphfler Dual Comparator, and Adjustable

Reference ...t e Section1 -
LM614 Quad Operational Amplifier and Adjustable Reference ....... Section 1
LM615 Quad Comparator and Adjustable Reference ............... Section3
LM628 Precision Motion Controller . ...............coovvivina... Section 4
LM629 Precision MotionController . ....................ooaiilt, Section4 |
LM675.Power Operational Amplifier . ............... N Section 1-:
LM709 Operational Amplifier .......iieren i i nanns Section 1
LM710 Voltage Comparator . ...u...ooeeennneeennennane.n. e ..Section 3
LM723 Voltage Regulator.............. ..ol e aaaee Section 1
LM725 Operational Amplifier ..............coooiiiiinnin.. . ..Section 1
LM741 Operational Amplifier ...........ccoiiiiiiiiiinnnnnennn. Section 1
LM747 Dual Operational Amplifier. ...................c.coii.... Section 1 -
LM748 Operational Amplifier ............ ...ttt Section 1
LM759 Power Operational Amplifier ................... P S Section 1. -
LM760 High Speed Differential Comparator .................... -...Section 3
LM1458 Dual Operational Amplifier ....................coiiiint. Section 1 -
LM1558 Dual Operational Amplifier ............. ...t Section1- .

LM1575 SIMPLE SWITCHER 1A Step-Down Voltage Regulator. ... .. Section 3
LM1575HV SIMPLE SWITCHER 1A Step-Down Voltage Regulator . . . Section-3

LM1577 SIMPLE SWITCHER Step-Up Voltage Regulator ........... Section3.
LM1578A Switching Regulator. .......................... Neenens Section3 .
LM1801 Battery Operated Power Comparator .................... .. Section 3
LM1875 20 Watt Power Audio Amplifier.................. ... Section 1
LM1877 Dual Power Audio Amplifier.................. e Section 1 -
LM1896 Dual Power Audio Amplifier....................oooiu ..Section 1
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Additional Available Linear Devices contnueq

LM2524D Regulating Pulse Width Modulator ...................... Section 3
LM2574 SIMPLE SWITCHER 0.5A Step-Down Voltage Regulator . . . .Section 3
LM2574HV SIMPLE SWITCHER 0.5A Step-Down Voltage

Regulator........ ... ... i e Section 3
LM2575 SIMPLE SWITCHER 1A Step-Down Voltage Regulator. ...... Section 3
LM2575HV SIMPLE SWITCHER 1A Step-Down Voltage Regulator . . . Section 3
LM2576 SIMPLE SWITCHER 3A Step-Down Voltage Regulator. . .. .. Section 3
LM2576HV SIMPLE SWITCHER 3A Step-Down Voltage Regulator . . . Section 3

LM2577 SIMPLE SWITCHER Step-Up Voltage Regulator ........... Section 3
LM2578A SwitchingRegulator. ...l Section 3
LM2587 SIMPLE SWITCHER 5A Flyback Regulator ................ Section 3
LM2877 Dual 4 Watt Power Audio Amplifier ....................... Section 1
LM2878 Dual 5 Watt Power Audio Amplifier ....................... Section 1
LM2879 Dual 8 Watt Audio Amplifier ...................... ... Section 1
LM2896 Dual Power Audio Amplifier.................... ... ... Section 1
LM2900 Quad Amplifier. . ..o e Section 1
LM2901 Low Power Low Offset Voltage Quad Comparator .. ........ Section 3
LM2902 Low Power Quad Operational Amplifier ................... Section 1
LM2903 Low Power Low Offset Voltage Dual Comparator........... Section 3
LM2904 Low Power Dual Operational Amplifier .................... Section 1
LM2924 Low Power Operational Amplifier/Voltage Comparator ... ... Section 1
LM2925 Low Dropout Regulator with Delayed Reset ............... Section 2
. LM2926 Low Dropout Regulator with Delayed Reset ............... Section 2
LM2927 Low Dropout Regulator with Delayed Reset ............... Section 2
LM2930 3-Terminal Positive Regulator ........................... Section 2
LM2931 Series Low Dropout Regulators .......................... Section 2
LM2935 Low Dropout Dual Regulator. ....................ooiuun Section 2
LM2936 Ultra-Low Quiescent Current 5V Regulator ................ Section 2
LM2937 500 mA Low Dropout Regulator.......................... Section 2
LM2940/LM2940C 1A Low Dropout Regulators ................... Section 2
LM2941/LM2941C 1A Low Dropout Adjustable Regulators. ... ...... Section 2
LM2984 Microprocessor Power Supply System .................... Section 2
LM2990 Negative Low Dropout Regulator......................... Section 2
LM2991 Negative Low Dropout Adjustable Regulator............... Section 2
LM3001 Primary-Side PWMDriver ........... ..o, Section 3
LM3045 Transistor Array. . . . ....ccoveineeeeeeiiiiieieeeeann. Section 5
LM3045 Transistor Array. . . ....cooueivneiiiiieiiiiiiie e, Section 1
LM3046 Transistor Array. .. .....coouneine i Section 5
LM3046 Transistor Array. . .....c.cvviiet i Section 1
LM3080 Operational Transconductance Amplifier .................. Section 1
LM3086 Transistor Array. . . .....c.oeuneeeeennnniiniiieieeeennnn. Section 1
LM3086 Transistor Array. . . .....ccouvueeieeniniiiniiiieennnnnn. Section 5
LM3101 Secondary-Side PWM Controller ......................... Section 3
LM3146 High Voltage Transistor Array..................c.cooon... Section 5
LM3301 Quad Amplifier. ....... ..o Section 1
LM3302 Low Power Low Offset Voltage Quad Comparator .......... Section 3
LM3303 Quad Operational Amplifier.............................. Section 1
LM3403 Quad Operational Amplifier.................... .. ... Section 1
LM3411 Precision Secondary Regulator/Driver .................... Section 3
LM3420-4.2, -8.4, -12.6 Lithium-lon Battery Charge Controller .. ..... Section 2.
LM3524D Regulating Pulse Width Modulator ...................... Section 3
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Additional Available Linear Devices contine

LM3578A Switching Regulator. ............... ..., Section 3
LM3875 High Performance 40 Watt Audio Power Amplmer R Section 1
LM3900 Quad Amplifier. . ........coouiiii i e Section 1
LM3940 1A Low Dropout Regulator for 5V to 3.3V Conversion . . ..... Section 2
LM3999 PrecisionReference.................. ..ot e Section 4
LM4040 Precision Micropower Shunt Voltage Reference............ Section 4
LM4041 Precision Micropower Shunt Voltage Reference............ Section 4
LM4250 Programmable Operational Amplifier ..................... Section 1
LM4431 Micropower Shunt Voltage Reference .................... Section 4
LM6104 Quad Gray Scale Current Feedback Amplifier.............. Section 1
LM6104 Quad Gray Scale Current Feedback Amplifier.............. Section4
LM6118 Fast Settling Dual Operational Amplifier ................... Section 1
LM6121 High Speed Buffer ..o, Section 2
LM6125 High Speed Buffer .. ... PN Section 2
LM6132 Dual High Speed/Low Power 7 MHz Rail-to-Rail I/0

Operational Amplifier. ... Section 1
LM6134 Quad High Speed/Low Power 7 MHz Rail-to-Rail 1/0

Operational Amplifier .............. . i i ..Section 1
LM6142 Dual High Speed/Low Power 17 MHz Rail-to-Rail .

Input-Output Operational Amplifier.. .. .......................... Section 1
LM6144 Quad High Speed/Low Power 17 MHz Rail-to-Rail :

Input-Output Operational Amplifier . ............................ Section 1
LM6152 Dual High Speed/Low Power 45 MHz Rail-to-Rail

Input-Output Operational Amplifier ............................. Section 1
LM6154 Quad High Speed/Low Power 45 MHz Rail-to-Rail . .

Input-Output Operational Amplifier ........................ ... Section 1
LM6161 High Speed Operational Amplifier ........................ Section 1
LM6162 High Speed Operational Amplifier ........................ Section 1
LM6164 High Speed Operational Amplifier ........................ Section 1
LM6165 High Speed Operational Amplifier ........................ Section 1
LM6171 Voltage Feedback Low Distortion Low Power Operational

AmMPpIifier. ..o e Section 1
LM6181 100 mA, 100 MHz Current Feedback Amplifier ............. Section 1
LM6182 Dual 100 mA Output, 100 MHz Dual Current Feedback

Amplifier. . .. .. Section 1
LM6218 Fast Settling Dual Operational Amplifier................... Section 1
LM6221 High Speed Buffer ............. ...t Section 2
LM6225 High Speed Buffer .......... ...t Section 2
LM6261 High Speed Operational Amplifier ........................ Section 1
LM6262 High Speed Operational Amplifier ........................ Section 1
LM6264 High Speed Operational Amplifier ........................ Section 1
LM6265 High Speed Operational Amplifier ........................ Section 1
LM6313 High Speed, High Power Operational Amplifier ............. Section 1
LM6321 High Speed Buffer ......... ..., Section 2
LM6325 High Speed Buffer ..., Section 2
LM6361 High Speed Operational Amplifier ........................ Section 1
LM6362 High Speed Operational Amplifier ........................ Section 1
LM6364 High Speed Operational Amplifier ..................... ....Section 1
LM6365 High Speed Operational Amplifier ........................ Section 1

LM6511 180 ns3V Comparator.........c.cooveeeiinneennnnnnnn. Section 3
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Additional Available Linear Devices coninueq

LM7121 Tiny Very High Speed Low Power Voltage Feedback

Amplifier. ... Section 1
LM7131 Tiny High Speed Single Supply Operational Amplifier . ...... Section 1
LM7171 Very High Speed High Output Current Voltage Feedback

Amplifier. ... e Section 1
LM7800C Series 3-Terminal Positive Regulator .................... Section 1
LM8305 STN LCD Display Bias Voltage Source .................... Section 4
LM9140 Precision Micropower Shunt Voltage Reference............ Section 4
LM12434 12-Bit + Sign Data Acquisition System with Serial I/0 and ‘

Self-Calibration........ ... Section 1
LM12454 12-Bit + Sign Data Acquisition System with

Self-Calibration . ...... ... ..o Section 1
LM12458 12-Bit + Sign Data Acquisition System with

Self-Calibration. ... Section 1
LM13600 Dual Operational Transconductance Amplifier with

Linearizing Diodesand Buffers ................... ... ... ... Section 1
LM13700 Dual Operational Transconductance Amplifier with

Linearizing Diodes and Buffers ................... ... ... . ... Section 1
LM18293 Four Channel Push-Pull Driver . ......................... Section 4
LM77000 Power Operational Amplifier. ........................... Section 1
LMC660 CMOS Quad Operational Amplifier ....................... Section 1
LMC662 CMOS Dual Operational Amplifier . ....................... Section 1
LMC86001 Ultra Ultra-Low Input Current Amplifier. .................. Section 1
LMC6008 8 Channel Buffer ........... ..., Section 4
LMC6022 Low Power CMOS Dual Operational Amplifier ............ Section 1
LMC6024 Low Power CMOS Quad Operational Amplifier............ Section 1
LMC6032 CMOS Dual Operational Amplifier....................... Section 1
LMC6034 CMOS Quad Operational Amplifier .. .................... Section 1
LMC6041 CMOS Single Micropower Operational Amplifier .......... Section 1
LMC6042 CMOS Dual Micropower Operational Amplifier............ Section 1
LMC6044 CMOS Quad Micropower Operational Amplifier ........... Section 1

LMC6061 Precision CMOS Single Micropower Operational Amplifier . . Section 1
LMC6062 Precision CMOS Dual Micropower Operational Amplifier . . . Section 1
LMC6064 Precision CMCS Quad Micropower Operational Amplifier . .Section 1

LMC6081 Precision CMOS Single Operational Amplifier ............ Section 1
LMC6082 Precision CMOS Dual Operational Amplifier .............. Section 1
LMC6084 Precision CMOS Quad Operational Amplifier ............. Section 1
LMC6462 Dual Micropower, Rail-to-Rail Input and Output CMOS

Operational Amplifier. ... Section 1
LMC6464 Quad Micropower, Rail-to-Rail Input and Output CMOS

Operational Amplifier. . ...t Section 1
LMC6482 CMOS Dual Rail-to-Rail Input and Output Operational

Amplifier. .. ..o e Section 1
LMC6484 CMOS Quad Rail-to-Rail Input and Output Operational

Amplifier.........o oo i e Section 1
LMC6492 Dual CMOS Rail-to-Rail Input and Output Operational

Amplifier. . ... e Section 1
LMC6494 Quad CMOS Rail-to-Rail Input and Output Operational

Amplifier. . ... Section 1
LMC86572 Dual Low Voltage (3V) Operational Amplifier ............. Section 1
LMC6574 Quad Low Voltage (2.7V) Operational Amplifier ........... Section 1
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Additional Available Linear Devices conin.eo
LMC6582 Dual Low Voltage, Rail-to-Rail Input and Qutput CMOS

Operational Amplifier. ......... ..o Section 1’
LMC6584 Quad Low Voltage, Rail-to-Rail Input and Output CMOS

Operational Amplifier. ...... ..ottt Section 1
LMC6681 Single Low Voltage, Rail-to-Rail Input and Output CMOS

Amplifier with Powerdown ............ ... ... .. il Section 1
LMC6682 Dual Low Voltage, Rail-to-Rail Input and Output CMOS -
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Audio Power Amp Selection Guide

&National Semiconductor

Audio Power Amp Selection Guide

Power (THD <1% Typ) Power (THD <10% Typ)
Supply Part Power Specified as Continuous RMS Power Specified as Continuous RMS
Voltage Number
40 80 160 40 80 160
3v LM4860 0.6W 0.4W 0.2W 0.76W 0.5W 0.3W
LM4861 0.6W 0.4W 0.2W 0.76W 0.5W 0.3W
LM831 0.1W 0.07W NA 0.15W 0.44W NA
5V LM4860 1.55W 1.15W 0.6W 1.9W 1.45W 0.85W
LM4861 1.3W 1.15W 0.6W 1.75W 1.45W 0.85W
LM4862 NA 0.350W NA NA 0.5W NA
LM4880 NA 0.200W NA NA 0.3W NA
(Vs = 6V) LM386 0.25W 0.25W 0.15W 0.32wW 0.3W 0.2W
(Vs = 6V) LM388 0.6W 0.35W 0.25W 0.8W 0.5W 0.35W
LM831 0.25W 0.1W NA 0.4W 0.44W NA
(Vs = 6V) LM1896 0.7W 0.45W NA 1.1W 1.3W NA
12v LM380 1.5W 1w NA 2.25W 1.5W NA
LM383 3.5W NA NA 4.7W NA NA
LM384 NA NA NA 1.75W NA NA
LM386 0.25W 0.6W 0.6W 0.35W 0.8W 0.95W
LM1877 1.5W 1w 0.55W 1.75W 1.3W 0.75W
LM2877 1.5W 1w 0.55W 1.75W 1.3W 0.75W
LM2878 1.5W 1w 0.55W 2W 1.3W 0.75W
LM2896 3W 2W NA 4.25W 2.5W NA
14V LM380 2.5W 1.75W NA 3.25W 2.25W NA
LM383 2w NA NA 5.5W NA NA
LM384 NA NA NA 3.25W NA NA
(Vs = 16V) LM386 NA 0.6W 1w NA 0.8W 1.6W
LM1877 2W 1.3W 0.85W 2.5W 1.75W 1w
LM2877 2w 1.3W 0.85W 2.75W 1.75W 1w
LM2878 2w 1.3W 0.85W 2.75W 1.75W 1w
LM2879 NA 1.25W NA NA 2w NA
20V & Above
(Vs = 20V) LM1877 2w 2W NA 2.5W 3w NA
(Vs = 20V) LM2877 2.5W 3w 1.75W 3.7W 4.25W 2.3W
(Vs = 20V) LM2878 NA 4W NA NA 4.75W NA
(Vs = 28V) LM2879 NA 7w NA NA 8W NA
Vs = 22V) LM380 NA aw 2.5W NA 5W 3.25W
(Vs = 26V) LM384 NA 5.5W NA 2.5W W 5W
(Vs = £40V) LM391* NA 80wW* NA NA NA NA
(Vs= t25V) LM1875 20W 20W NA 25W 30W NA
(Vs = £22V) LM1876 15W 15W NA NA 20W NA
(Vg = £30V) LM2876 25W 40W 22W 35W 50W 26W
(Vs = £35V) LM3875 45W (Vg = +25V) 56W 30W 56W (Vg = *25V) 70W 39W
(Vs = £35V) LM3876 45W (Vg = £25V) 56W 30w 56W (Vg = +25V) 70W 39w
(Vs = £35V) LM3886 68W (Vg = £28V) 63W 33wW 87W (Vg = £28V) 78W 4w
* The LM391 is an Audio Power Driver designed to drive i
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Typical THD THD Measurement Supply Single/ Package S
Ratings Conditions Range (V) Dual (Pin Count) g
Q
0.72% Po = 1W @Vg = 5V 2.7Vt0 5.5V Single SO(16) @
0.45% Po=05W @Vg=5V 2.7Vt0 5.5V Single SO(8)
0.25% Po = 0.05W @ Vg = 3V 1.8Vto 6V Dual DIP(16), SO(16)
0.72% Po=1W @Vg=5V 2.7Vt0 5.5V : Single SO(16)
0.45% Po=05W @Vg=5V 2.7Vto 5.5V Single SO(8)
0.45% Po = 0.35W @ Vg = 5V 2.7Vto 5V Single SO(8)
0.10% Po=02W @Vg=5V 2.7Vto 5V Dual SO(8)
0.25% Po = 0.125W @ Vg = 6V 4V to 18V Single SO(8), DIP(8)
0.10% Po=05W @Vg=12V 4Vio 12V Single DIP(14)
0.25% Po =005 @Vg=3V 1.8V to 6V Dual DIP(16), SO(16)
0.11% Po=05W @Vg=6V 3Vto 10V Dual DIP(14)
0.50% Po = 4W @Vg = 22V 10V to 22V Single DIP(14), DIP(8)
0.20% Po = 2W @ Vg = 14.4V 5V to 20V Single TO-220(5)
0.25% Po = 4W @ Vg = 22V 12V to 26V Single DIP(14)
0.25% Po = 0.125W @ Vg = 6V 4Vto 18V Single S0O(8), DIP(8)
0.055% Po = 1W @Vg = 14V 6V to 24V Dual DIP(14), SO(14)
0.07% Po=1W  @Vg= 14V 6V to 24V Dual SIP(11)
0.14% Po = 2W @Vg = 22V 6V to 32V Dual SIP(11)
0.14% Po=1W  @Vg=12V 3Vto 15V Dual SIP(11)
0.20% Po = 4W @Vg = 22V 10V to 22V Single DIP(14), DIP(8)
0.20% Po = 2W @ Vg = 14.4V 5V to 20V Single TO-220(5)
0.25% Po = 4W @ Vg = 22V 12V to 26V Single DIP(14)
0.25% Po = 0.125W @ Vg = 6V 4Vto 18V Single SO(8), DIP(8)
0.055% Po=1W  @Vg= 14V 6V to 24V Dual DIP(14), SO(14)
0.07% Po = 1W @Vg = 1V 6V to 24V Dual SIP(11)
0.15% Po = 2w @Vg = 22V 6V to 32V Dual SIP(11)
0.05% Po = 1W @Vg = 12V 6V to 32V Dual TO-220(11)
0.055% Po = 1W @ Vg = 14V 6V to 24V Dual . DIP(14), SO(14)
0.07% Po = 1W @Vg =1V 6V to 24V Dual SIP(11)
0.15% Po = 2W @Vg = 22V 6V to 32V Dual SIP(11)
0.05% Po=1W  @Vg=12V 6V to 32V Dual TO-220(11)
0.20% Po = 4aW @ Vg = 22V 10V to 22V Single DIP(14), DIP(8)
0.25% Po = 4W @ Vg = 22V 12V to 26V Single DIP(14)
0.01% * +10V to £50V Single DIP(16)
0.02% Po=20W @Vg= +25V 16V to 60V Single TO-220(5)
0.08% Po = 15W/ch@ Vg = +22V 20V to 54V Dual TO-220(15)**
0.06% Po=25W @Vg= 30V 20V to 60V Single TO-220(11)**
0.06% Po = 40W @Vg = 35V 20V to 84V Single TO-220(11)**
0.06% Po=40W @Vg= +35V 20V to 84V Single TO-220(11)**
0.03% Po=60W @Vg= +28V 20V to 84V Single TO-220(11)**
** |solated packages available.




LM380

NNational Semiconductor

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 ampilifiers, 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

m Wide supply voltage range

m Low quiescent power drain
Voltage gain fixed at 50

High peak current capability
Input referenced to GND
High input impedance

Low distortion

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

Standard dual-in-line package

Connection Diagrams (Dual-In-Line Packages, Top View)

BYPASS 1=l U b 14 Vg
NON-INVERTING INPUT 2 e b 13 NC
3 P12
* GND | 4 el b= 111 GND *
§ b 10,
INVERTING INPUT 6 mee [==9 NC
GND 7= f—8 Vour
*Heatsink Pins
TL/H/6977-1
Order Number LM380N

See NS Package Number N14A
Block and Schematic Diagrams

LM380N

NC 1 ot U =18 BYPASS
NON-INVERTING INPUT 2 =] —17 Vs
INVERTING INPUT 3 =i 16 Vour
GND 4 ——f =5 GND
TL/H/6977-2
Order Number LM380N-8

See NS Package Number NOSE

® Vs (10)
yeass Vs L" I
NPUT N
INPYT s ,
Sask 5
ouTPUT
®
TL/H/6977-3 BYPASS
. n O———— 5
LM380N-8 L
Sk
BYPASS Vs >
: WA~
N
3 ©°
NPy T—t L
<
150k
TL/H/6977-4 had i (3,4,5,10,11,12)

@ L 4
(7) GND GND

TL/H/6977-5




Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Operating Temperature 0°Cto +70°C
please contact the National Semiconductor Sales Junction Temperature +150°C
Office/Distributors for availability and specifications. Lead Temperature (Soldering, 10 sec.) +260°C
Supply Voltage 22v ESD rating to be determined

Peak Current X 1.3A Thermal Resistance

Package Dissipation 14-Pin DIP (Notes 6 and 7) 8.3W 6,c (14-Pin DIP) 30°C/W
Package Dissipation 8-Pin DIP (Notes 6 and 7) 1.67W 6,c (8-Pin DIP) 37°C/W
Input Voltage £0.5V 64a (14-Pin DIP) 79°C/W
Storage Temperature —65°C to +150°C 0.4 (8-Pin DIP) 107°C/W
Electrical Characteristics (ote 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 V/V
VouTt Output Voltage Swing RL = 8Q 14 Vp-p
ZIN Input Resistance 150k 0
THD Total Harmonic Distortion (Notes 4, 5) 0.2 %
PSRR Power Supply Rejection Ratio (Note 2) 38 dB
Vs Supply Voltage 10 22 \"
BW Bandwidth Pout = 2W, R_ = 8Q 100k Hz
la Quiescent Supply Current 7 25 mA
VouTta Quiescent Output Voltage 8 9.0 10 \
IBlAS 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 4¢” epoxy glass board with 2 ounce copper foil with a minimum surface of 6 square inches.

Note 4: Cgypass = 0.47 ufd 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

' /—\
g
<————1.s"—>‘

for 14-pin pkg; 75°C/W for 8-pin.

Staver Heat Sink #V-7
Staver Company

41 Saxon Ave.

P.O. Drawer H

T
|
|
I
|
|

I
R

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

2 Required

1.55 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
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DEVICE DISSIPATION (WATTS)

100
9.0

80
.0
6.0
50
40
30
20
1.0

0

Ip — POWER SUPPLY CURRENT (mA)

9.0
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30

1.0

THOD - TOTAL HARMONIC DISTORTION (%)

Device Dissipation vs Output

DEVICE® DISSIPATION (W)

Maximum Device Dissipation vs -

" Ambient Temperature

INFINITEREAT SINK
T 1N

. | 15°C/W
STAVER V=7 [ 6 IN. SQ: |
COPPER WINGS |— COPPER
——— LN

- — 355C/W |
S rammsici
COPPER FOLL (P.C. BOARD)] 22/}
0 10 20 30 40 50 60 70 80 90 100
. Ty~ AMBIENT TEMPERATURE (°C)
Note: 2 oz. copper foll, single=sided PC board.

9
8
7
6
5.
4
3
2
1
0

Device Dissipation vs Output

TL/H/8977-12

Device Dissipation vs Output
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= a “JoisT. - e
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—— g 2 E 2 A= b L1 1 6o
) 1
A 2 S g
L z 1.0 ..2, mIAiEl 20 -
£ o8 R ++ 180 5
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T T TTTITTT I' 05 dB ‘ ”
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- Mu' Py H E 04 ¢ 4048 i » "
™ s Two I g g ul
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SEE FIG. PAGE 4 -3 . L
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Typical Applications

Phono Ampilifier
Vs= 18y 014F
_ 2
.05 uF
CRYSTAL voLume 1 - .
CARTRIDGE CONTROL O
TONE
CONTROL

°
3

il}—o

TL/H/6977-8

Intercom

TL/H/6977-9

souF  LISTEN

- - - -~ - - = o]
*FOR STABILITY WITH
HIGH CURRENT LOADS

Phase Shift Oscillator

Auf
250 uF

Vs

©fx4kHz

TL/H/8977-11

TL/H/6977-10
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LM383/LM383A

NNational Semiconductor

LM383/LM383A 7W Audio Power Am

General Description / Features

plifier

Few external parts required

ransients

The LM383 is a cost effective, high power amplifier suited ™

for automotive applications. High current capability (3.5A) m

enables the device to drive low impedance loads with low m

distortion. The LM383 is current limited and thermally pro- g

tected. High voltage protection is available (LM383A) which -

enables the amplifier to withstand 40V transients on its sup- . N

ply. The LM383 comes in a 5-pin TO-220 package. : b?;’:] ?r'f;tz?:z;e dance
= No turn-on ti
[ ]
| Low noise
]

AC short circuit protected

High peak current capability (3.5A)
Large output voltage swing

Externally programmable gain
Wide supply voltage range (5V-20V)

High voltage protection available (LM383A)

Equivalent Schematic
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Order Number LM383T or LM383AT

See NS Package Number TO5B
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Absolute Maximum Ratings

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

Peak Supply Voltage (50 ms)

LM383A (Note 2)
LM383

Operating Supply Voltage

Output Current
Repetitive
Non-repetitive

40V
25V

20V

3.5A
4.5A

+0.5V

Input Voltage

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 vg = 14.4v, Trag = 25°C, Ay = 100 (40 dB), R = 490, 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 = 40, THD = 10% 4.7 w
RL = 2Q,THD = 10% 7.2 w
Vg = 13.8V,f = 1 kHz
RL = 4Q,THD = 10% 5.1 w
RL = 2Q,THD = 10% 7.8 W
Vg = 14.4V,f = 1 kHz ‘
RL = 4Q,THD = 10% 48 5.5 W
RL = 2Q,THD = 10% 7 8.6 w
R = 1.69, THD = 10% 9.3 W
Vg =16V, f = 1 kHz
RL = 4Q,THD = 10% 7 w
RL = 2Q, THD = 10% 10.5 W
RL = 1.6Q, THD = 10% 11 w
THD Po = 2W,R = 4Q,f = 1kHz 0.2 %
Po = 4W,R| = 20, f = 1kHz 0.2 %
Ripple Rejection Rs = 50Q, f = 100 Hz 30 40 dB
Rs = 50Q, f = 1 kHz 44 dB
Input Noise Voltage Rs = 0, 15 kHz Bandwidth 2 nv
Input Noise Current Rs = 100 kQ, 15 kHz Bandwidth 40 pPA

Note 1: A 0.2 uF capacitor in series with a 19 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 op

ted

ing at el
junction to case.

p

, the device must be derated based on a 150°C

and a thermal resistance of 4°C/W

m junction p
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LM383/LM383A

Typical Performance Characteristics
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Typical Applications

Single Amplifier '
Vs
+IN
Vour
~IN Vs
ND 0.2 uF
10 uF | =
2000 4F
vin 0—| ¥ = ] +
14 0.2 uF
20 S note 1)
+ an
470 uF
22 10
= = TL/H/7145-3
16W Bridge Amplifier
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Component Layout

Single Amplifier
Vg = 20V
RL = 40

Heatsink from:
Staver Company
41 Saxon Ave.

P.O. Drawer H

HEAT SINK *

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

* Staver V-5

TL/H/7145-6

TL/H/7145-5
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LM384

NNational Semiconductor -

LM384 5W 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

m Wide supply voltage range
B Low quiescent power drain
| Voltage gain fixed at 50

 m High peak current capability

® Input referenced to GND

m High input impedance

® Low distortion

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

m Standard dual-in-line package

Schematic Diagram
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Absolute Maximum Ratings

y8ENT

If Military/Aerospace specified devices are required, Storage Temperature —65°C to +150°C
please contact the National Semiconductor Sales Operating Temperature 0°C to +70°C
Office/Distributors for availability and specifications. Lead Temperature (Soldering, 10 sec.) 260°C
Supply Voltage 28V Thermal Resistance

Peak Current 1.3A 0,0 30°C/W
Power Dissipation (See Notes 3 and 4) 1.67W 27N 79°C/W
Input Voltage +0.5V

Electrical Characteristics (note 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 55 w
la Quiescent Supply Current 8.5 25 mA
Vouta Quiescent Output Voltage 11 "
BW Bandwidth Pout = 2W,R_ = 8Q 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 nF, 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 “V7” Heat Sink

Staver Company

41 Saxon Ave.
P.O. Drawer H

Bay Shore, N.Y.
Tel: (516) 666-8000

TL/H/7843-4
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LM384

Typical Performance Characteristics
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Block and Connection Diagrams

Y8ENT

Dual-In-Line Package

i
|
v BYPASS 1= et L4 v, ‘;
sypass Vs !
NON-INVERTING INPUT 2 e }—13 NC ‘
1
INPUT 2 + 3 ’—u
14 ‘
38 >"__vom * ono |4l —1176nD * |
3,4,5 !
npuT—o] 10,11, 12 5—{ =10
7
INVERTING INPUT 6 =t —3 NC
GND GND GND 7 ey b8 Vour
TL/H/7843-1
*Heatsink Pins TL/H/7843-2
Top View
Order Number LM384N
See NS Package Number N14A
Typical Applications
Typical 5W Amplifier
+22v

TL/H/7843-6

TL/H/7843-7
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LM384

Typical Applications (continued)
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*For stability with
high current loads
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NNational Semiconductor

LM386 Low Voltage Audio Power Amplifier

General Description

The LM386 is a power amplifier designed for use in low B Voltage gains from 20 to 200

voltage consumer applications. The gain is internally set to  ®m Ground referenced input

20 to keep external part count low, but the addition of an m Self-centering output quiescent voltage
external resistor and capacitor between pins 1 and 8 will g | ow distortion

increase the gain to any value up to 200. m Eight pin dual-in-ine package

The inputs are ground referenced while the output is auto-

matically biased to one half the supply voltage. The quies- App[ications

cent power drain is only 24 milliwatts when operating from a m AM-FM radio amplifiers

6 volt supply, making the LM386 ideal for battery operation. m Portable tape player amplifiers

| Intercoms

® TV sound systems
| Line drivers

m Ultrasonic drivers
m Small servo drivers
W Power converters

Features

m Battery operation

m Minimum external parts

m Wide supply voltage range 4V-12V or 5V-18V
m Low quiescent current drain 4 mA

Equivalent Schematic and Connection Diagrams
Dual-In-Line and Small Outline

6
O Vs Packages
b4 ()
quﬂ GD GAIN —'1 2 cam
BYPASS k y [
:: 18K GAIN GAIN -input =2 T sveass
9 8 1
AA—-AAA i A"fv'kv s Vour HNPUT = LIS
150 1.35k
. 4 5
- INPUT 5 P—é +INPUT N0 = [ Vour
! _ TL/H/6976-2
o 3: 50K Top View
Order Number LM386M-1,
'\1 LM386N-1, LM386N-3 or LM386N-4
D o $ ) G- See NS Package Number
TL/H/6976-1 MOBA or NOSE
Typical Applications
Amplifier with Gain = 20 Amplifier with Gain = 200
Minimum Parts v 104F

= - TL/H/6976-4
TL/H/6976-3

1-19
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LM386

Absolute Maximum Ratings

If Military/Aerospace specified devices are required, .

please contact the National Semiconductor Sales

Soldering Information
Dual-In-Line Package

Office/Distributors for availability and specifications. Soldering (10 sec) +260°C
Supply Voltage (LM386N-1, -3, LM386M-1) 15V Sn\}a" Ou;l;]ne P?ggage) , 215G
i : . ; ‘apor Phase sec) - °
gule V(;t.ag.e (L.M38£Nt 4)1 LM386N 4 22:‘/\6 Infrared (15 sec) +220°C
ackage Dissipation (Note 1) ( ) ' See AN-450 “Surface Mounting Methods and Their Effect
(LM386M) 0.73W o
on Product Reliability” for other methods of soldenng sur-
Input Voltage ) } +0.4v face mount devices.
Storage Temperature —65°Cto +150°C Thermal Resistance
Operating Temperature 0°Cto +70°C 04c (DIP) 37°C/W
Junction Temperature . +150°C 04a (DIP) . 107°C/W
- 04c (SO Package) 35°C/W
044 (SO Package) 172°C/W
Electrical Characteristics 7, = 25 ‘
Parameter 4 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,VN=0 4 8 mA
Output Power (PoyT) AN . o .
LM386N-1, LM386M-1 Vg = 6V, RL = 8Q, THD = 10% 250 325 mwW
LM386N-3 Vg = 9V, R = 8Q, THD = 10% 500 700 mw
LM386N-4 Vs = 16V, R = 32Q, THD = 10% 700 1000 mwW
Voltage Gain (A{,) ' Vs =6V, f=1kHz 26 dB
10 pF fromPin 1 to 8 46 dB
Bandwidth (BW) Vg = 6V, Pins 1 and 8 Open 300 kHz
-Total Harmonic Distortion (THD) Vs = 6V, R = 8Q, Poyt = 125 mW 02 %
f = 1 kHz, Pins 1 and 8 Open : °
Power Supply Rejection Ratio (PSRR) Vg = 6V, f = 1kHz, Cgypass = 10 uF 50 dB
Pins 1 and 8 Open, Referred to Output
Input Resistance (Rin) ) 50 . kQ
Input Bias Current (Igjas) Vg = 6V, Pins 2 and 3 Open 250 nA
Note 1: For op in ambient temp above 25°C, the device must be derated based on a 150°C junction p 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 k< 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 componeénts 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 k2, 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 k2
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 k2 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 uF 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

Quiescent Supply Current
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[

SUPPLY CURRENT (mA)

1

VOLTAGE GAIN (dB)

4 5 6 7 8 9 10 .11 12
SUPPLY VOLTAGE (VOLTS)

Voltage Gain vs Frequency

N wii man wc I

N

) IIIIHHlIIIIl‘hllllllmli.'llm

0
100 1L 10k 100k ™

FREQUENCY (Hz)

Device Dissipation vs Output

Power—4 Load
20

18
16
14
12
1.0
[ 1]
08
04

DEVICE DISSIPATION (W)

Vs =12V

H
 Vs=av 3% THD |

/] 1 LEVEL

” Vs=6 10% THD

s S
| |

0 0.1 02 03 o4 05
OUTPUT POWER (W)

30

20

POWER SUPPLY REJECTION (dB)

20
18
1.6

12
1.0
o8
0.6
04
02

TOTAL HARMONIC DISTORTION (%)

14 [ay

Power Supply Rejection Ratio
(Referred to the Output)
vs Frequency

10 100 1tk 10k 100k
FREQUENCY (Hz)

Distortion vs Frequency

T T
[ve-ev | [ |
Ro=82 | | |
(™ Pour = 125 mW
=26dB(C, 5=0)

~ o

]
20 50 100200 500 1k 2k Sk 10k 20k

FREQUENCY (Hz)

Device Dissipation vs Output

Power—8Q Load
20

18
16
14
12
10

EVICE DISSIPATION (W)
e e
> =

o
=R %

5 = 16V n
T
AL :
/] [vs=12v
7
//v, v wis
/r 2 A% THD
Ve B B Mieve
| [T iever 1
0 0.1 0203 0.4 05 06 0.7 0.8 09 1.0
OUTPUT POWER (W)

OUTPUT VOLTAGE (VOLTS PEAK-TO-PEAK)

DEVICE DISSIPATION (W)

TOTAL HARMONIC DISTORTION (%)

10
Vs = 16V I THD
L PR LEVEL]
/ A )
o6 ! 7 1
vs=12v | 4 | 1o%THo
/|
0 T LEVEL
y
L4
02 P -o
Vs = 6V I
1 1

Peak-to-Peak Output Voltage
Swing vs Supply Voltage

T
Ry =
16

Z

4 5 6 7 8 8 10 N N
SUPPLY VOLTAGE (VOLTS)

Distortion vs Output Power

" [

N -:‘x,z

8 Fi=1kmz

7

6

5

4

3

2

1

0 j

0.001 001 01 10
' POWER OUT (WATTS)

Device Dissipation vs Output
Power—16 Load

]
0 02040508101214161820
QUTPUT POWER (W)

TL/H/6976-5

1-21

98EN




LM386

Typical Applications (continued)

Amplifier with Gain = 50

Amplifier with Bass Boost
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Typical Applications (continued)

AM Radio Power Amplifier

Cc Vg
FROM
DETECTOR 0.05.F
A1
10k
o Q=N FERRITE
™ L SR s
I ,._nhrv\_"_.i‘*
: A 0
4 + SPEAKER
—
— I 0.05uF
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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LM388

NNational Semiconduc

tor

LM388 1.5W Audio Power Am’p‘_lifier

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

® Ground referenced input

m Self-centering output quiescent voltage

m Variable voltage gain
® Low distortion

B Fourteen pin dual-in-line package

m Low voltage operation, 4V

Applications

® AM-FM radio amplifiers

m Portable tape playei' amplifiers
m Intercoms

B TV sound systems.

B Lamp drivers

B Line drivers

m Ultrasonic drivers

® Small servo drivers

B Power converters

Equivalent Schematic and Connection Diagrams

14

Dual-In-Line Package

U

E BOOTSTRAP
8

+INPUT

O Vs
L E :
:: 5k 9 BYPASS weeed
1 =i
BYPASS 0-1 GAIN
3
2 =i
Sk gan GAIN .
2 6 GND { —
150 i 1.35k j 15k 13 5
VWA AN O Vour -
6
GAIN =i
1 8 3 7
~ INPUT PO +INPUT ~INPUT
>
<
> 50k
50K s
3,4,5,
10,11, 12
L - < €—0 GND

TL/H/7846-1

Top View

TL/H/7846-2

Order Number LM388N-1
See NS Package Number N14A
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Absolute Maximum Ratings «
If Military/Aerospace specified devices are required, Operating Temperature 0°Cto +70°C

88EN

please contact the National Semiconduc.tor Sales Junction Temperature 150°C
Office/Distributors for availability and specifications. Lead Temperature (Soldering, 10 sec.) 260°C
Supply Voltage 15V Thermal Resistance )

Package Dissipation 14-Pin DIP (Note 1) 8.3wW 0,0 30°C/W
Input Voltage +0.4V 27N 79°C/W
Storage Temperature ' —65°Cto +150°C

Electrical Characteristics 1, = 25°c, (Figure 1)

Symbol Parameter Conditions Min Typ Max Units
Vs Operating Supply Voltage
LM388 4 12 v
la Quiescent Current ViIN=0
LM388 Vg = 12V 16 23 mA
Pout Output Power (Note 2) R1 = R2 = 1800, THD = 10%
LM388N-1 Vs = 12V, R_ = 8Q 1.5 22 | W
Vg = 6V,RL = 40 0.6 0.8 w
Ay Voltage Gain Vg =12V, f = 1kHz 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 Vs = 12V, R = 8, Poyt = 500 mW, 01 1 %
f = 1 kHz, Pins 2 and 6 Open ) °
PSRR Power Supply Rejection Ratio Vs = 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 w Supply Voltage o Frequency
. : IlnfllmTEiNEAII‘SIl\K  w g 50 .
£ AN g : MIIIIH\!' ||IlI‘I|| Al
; s wem | | E‘ 30 é » |'| P IU Av =18d8 i
- 5 3
D lemn ek : Ul AR
: I I Y T E lmerlllllllMIIIIINHIIIIIIM
! [k es s | 2 o L— 0 I|IIII\lIIIIlI\IIIIIIH\IIIIIIIH
L] 10 20 30 40 50 60 70 80 90 100 0 4 8 12 16 20
Ta — AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) FREQUENCY (Hz)

Note: 2 oz. copper fail, single-sided PC hoard.
E TL/H/7846-5
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LM388

Typical Performance Characteristics (continued)

Peak-to-Peak Output Voltage

Voltage Gain vs Frequency

Swing vs Supply Voltage Distortion vs Frequency
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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
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 pins 2 to 6, bypassing the 1.35 k() 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 resis-
tor in series with the 15042 internal resistor. If the capacitor
is eliminated and a resistor connects pins 2 to 6 then the

control can also be done by capacitively coupling a resistor
(or FET) from pin 6 to ground, as'in Figure 7.

Additional external componients 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 k2 resis-
tor). For 6 dB effective bass boost: R = 15 k{2, the lowest
value for good stable operation is R = 10 kQ if pin 2




Application Hints (continued)

is open. If pins 2 and 6 are bypassed then R as low as 2 kQ2
can be used. This restriction is because the ampilifier 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 k(Q 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 k) 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

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:
(Vg/2) — Vge
lo MAx

Good design values are Vgg = 0.7V and 8o = 100.
Example: 1 watt into 80 load with Vg = 12V.

loMax = ,/2—:—9 = 500 mA
L

(12/2) - 0.7
05

To keep the current in R2 constant during positive swing
capacitor Cp 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) = Bo

(R1 + R2) = 100( ) = 10600

CB =3 i& = %
Bo 25

Example: for 100 Hz pole and R = 8Q; C; = 200 uF and
Cg = 8 pF, 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

4
I

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

TL/H/7846-7

FIGURE 3 TL/H/7846-8

FIGURE 4. Ampifier with Gain = 200 and Minimum Cg

Vs

1

o L DAuF
g 270 270 §
. <
+ . |+
20uF L St s
Vin q: 270 0.054F | 210 €
Y h
10k \
N3 JRALA 13/
- AA A4
=
Tes L 500k
, 4,5, AN\ d 3,45
10,1112 M 10,11,12
TL/H/7846-9
Vg =6V R = 40 Po = 1.0W
Vg =12V . RL =80 Po = 4W
FIGURE 5. Bridge Amp
.
27
0.1uF 2%
_ 25
' S u z
=
I &
R A AN
w 2 7
@
v E 21
Vin ° 2 -
19
10k 18
17
R 20 50 100200 500 1k 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)

TALK

MASTER ?j'STE"

O LISTEN

FIGURE 7. Intercom

Cc
FROM
DETECTOR

vOL
10k

101112 =

10uF

REMOTE

TL/H/7846-12

FIGURE 8. AM Radio Power Amplifier

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

Note 4: R1C1 band limits input signals.
Note 5: All components must be spaced very close to IC.

82
SPEAKER

TL/H/7846-13
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LM389

NNational Semiconductor

LM389 Low Voltage Audio Power Amplifier
with NPN Transistor Array

General Description m Low quiescent current drain

The LM389 is an array of three NPN transistors on the same = Voltage gains from 20 to 200

substrate with an audio power amplifier similar to the  Ground reffarenced |npuf
LM386. j m Self-centering output quiescent voltage

The amplifier inputs are ground referenced while the output W Low distortion

is automatically biased to one half the supply voltage. The ~ Transistors

gain is internally set at 20 to minimize external parts, but the B Operation from 1 pA to 25 mA
addition of an external resistor and capacitor between pins B Frequency range from DC to 100 MHz
4 and 12 will increase the gain to any value up to 200. m Excellent matching

The three transistors have high gain and excellent matching . .
characteristics. They are well suited to a wide variety of ap- Appllcatlons

plications in DC through VHF systems. m AM-FM radios

. m Portable tape recorders
Features m Intercoms
Amplifier m Toys and games
m Battery operation ) m Walkie-talkies
® Minimum external parts m Portable phonographs
m Wide supply voltage range W Power converters

Equivalent Schematic and Connection Diagrams

5
- INPUT

SUBSTRATE

Dual-In-Line Package
sup
GND G:D N €3 B3 1] GAIN c2 82

L In I“ lu B Ivz In Iu'

D,

[ 2 l: I4 s |s 7 0 s
Vo|uv vI, BYPASS GAIN -llu r:|| l|| EII tlz TL/H/7847-2

Order Number LM389N
See NS Package Number N18A

TL/H/7847-1
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Collector to Base Voltage, Vcao 15V
please contact the National Semiconductor Sales Collector to Substrate Voltage, Vg0
Office/Distributors for availability and specifications. (Note 2) 15V
Supply Voltage 15V Collector Current, Ic 25 mA
Package Dissipation (Note 1) 1.89W Emitter Current, Ig 25 mA
Input Voltage +0.4V Base Current, Ig - 5mA
Storage Temperature —65°Cto +150°C Power Dissipation (Each Transistor) Ta < +70°C 150 mW
Operating Temperature 0°Cto +70°C Thermal Resistance
Junction Temperature 150°C 0uc 24°C/W
Lead Temperature (Soldering, 10 sec.) 260°C AT 70°C/W
Collector to Emitter Voltage, Vceo 12v
Electrical Characteristics 7, = 25°c
Symbol ‘ Parameter | Conditions | Min I Typ | Max | Units
AMPLIFIER
Vg Operating Supply Voltage 4 12 \%
la Quiescent Current Vg = 6V, V|y = 0V 6 12 mA
Pout Output Power (Note 3) THD = 10% Vg = 6V,R_ = 89 250 325 mwW
° Vg = 9V,R_ = 160 500 mw
Av 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 = 1256 mW, 0.2 3.0 9
f = 1kHz, 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
IBIAS Input Bias Current Vs = 6V, Pins 5 and 16 Open 250 nA
TRANSISTORS
Vceo Collector to Emitter lc=1mAIg=0 12 20 v
Breakdown Voltage
Veeo Collector to Base lc=10pA lg=0 15 40 v
Breakdown Voltage
Vcio Collector to Substrate lc=10pAlg=Ig=0
15 40 \
Breakdown Voltage
VEBO Emitter to Base IE=10pAlc=0
Breakdown Voltage 6.4 71 78 v
Heg Static Forward Current Ic =10 A 100
. Transfer Ratio (Static Beta) Ilc=1mA 100 275
Ic=10mA 275
hoe Open-Circuit Output Admittance | Ic = 1 mA, Vgg = 5V, f = 1.0kHz 20 pmho
VB Base to Emitter Voltage le=1mA 0.7 0.85 \'
|Vee1-VBe2| | Base to Emitter Voltage Offset le=1mA 1 5 mv
VCESAT Collectgr to Emitter Ilc=10mA,lg = 1mA 0.5 05 v
Saturation Voltage
CeB Emitter to Base Capacitance Veg = 3V 1.5 pF
Cca Collector to Base Capacitance Ve = 3V 2 pF
Cci Collector to Substrate Vg = 3V
. 35 pF
Capacitance
hie High Frequency Current Gain Ic = 10 mA, Vcg = 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 maximum junction temperature and a thermal resistance
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.

Note 3: If oscillation exists under some load conditions, add 2.7Q and 0.05 uF series network from pin 1 to ground.
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Typical Amplifier Performance Characteristics
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Typical Transistor Performance Characteristics
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LM389

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 kQ resistor sets the gain at 20 (26 dB). If a

capacitor is put from pin 4 to 12, bypassing the 1.35 k"

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 1509 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 k() 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 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 mput 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 Ground$

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 uF 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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OUTPUT AMPLIFIER & SPEAKER
TL/H/7847-6

FIGURE 1. AM Radio
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Application Hints (continued)
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Application Hints (continueq)
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Application Hints (continued)

FIGURE 7. Noise Generator Using Zener Diode

TL/H/7847-12
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LM390

NNational Semiconductor

LM390 1W Battery Operated Audio Power Ampllfler

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 capacltor 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

W Battery operation

| 1W output power

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

m Self-centering output quiescent voltage
B Variable voltage gain

m Low distortion

m Fourteen pin dual-in-line package

“Applications

® AM-FM radio amplifiers

m Portable tape player amplifiers
Intercoms

TV sound systems

Lamp drivers

Line drivers

Ultrasonic drivers

Small servo drivers

Power converters

Equivalent Schematic and Connection Diagrams

Dual-In-Line Package

14
O V:
ooy s
RAP
s ] U
6—1 ? BYPASS e b— Vg
BYPASS
‘[ cAIN == — Vour
Q1 gam GAIN 3 =l i3
2 s
150 T 1.35k 15k 13 L] 1 1 6ND
AAA——AAA I A vour GND { =
=l ux
7 8 6 ]
- INPUT PO+ weur | GAIN = — g?ﬂ,
vyt — 2 neur
< >
& 50k
80k <
'/ TL/H/7848-2
Ki Hjl: .5 Order Number LM390N
4 & - &—O GND See NS Package Number N14A
TL/H/7848-1
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Absolute Maximum Ratings

06EN

If Military/Aerospace specified devices are required, Operating Temperature 0°Cto +70°C !
please contact the National Semiconductor Sales " Junction Temperature 150°C \i
Office/Distributors for availability and specifications. Lead Temperature (Soldering, 10 sec.) 260°C r
Supply Voltage 1ov Thermal Resistance ‘
Package Dissipation 14-Pin DIP (Note 1) 8.3W 8¢ 30°C/W |
Input Voltage +0.4V 27 79°C/W ‘
Storage Temperature —65°Cto +150°C '

Electrical Characteristics 1, = 25°c, (Figure 1)

Symbol Parameter Conditions Min Typ Max Units
Vs Operating Supply Voltage 4 . 9 v
la Quiescent Current Vg =6V,Vjy=10 10 20 mA
Pout Output Power Vg = 6V,RL = 40, THD = 10% 0.8 1.0 w
Ay Voltage Gain Vg = 6V, f = 1kHz 23 26 30 dB
10 pF from Pin 2t0 6 46 dB
BW Bandwidth Vs = 6V, Pins 2 and 6 Open 300 kHz
THD Total Harmonic Distortion Vg = 6V, R = 49, Poyt = 500 mW 0.2 1 %
f = 1 kHz, Pins 2 and 6 Open -
PSRR Power Supply Rejection Ratio Vg = 6V, f = 1kHz, Cgypass = 10 pF,
Pins 2 and 6 Open, Referred to Output 50 dB
(Note 2)
RiN Input Resistance 10 50 kQ
IBiAS Input Bias Current Vg = 6V, Pins 7 and 8 Open 250 nA

Note 1: Pins 3, 4, 5, 10, 11, 12 at 25°C. Above 25°C case, derate at 15°C/W junction to case, or 85°C/W junction to ambient.
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
Power Supply Rejection Ratio

Maximum Device Dissipation Quiescent Supply Current vs (Referred to the Output) vs
" vs Ambient Temperature " Supply Voltage . o Frequency
. B " B £ - e I!!I||l
T Rl vy
k3 | pr o A =zun
§ 5 ' 15em | | ‘S s g g v
i : £, Alllm il IIII”IIIIIN‘}
& et H |
f el 8 bl R
N R FoiL (pe.soARD)] | 0 0 “"Nl‘.""“ .l""”\."““\\
0 10 20 30 40 50 60 70 80 %0 100 4 5 6 7 8 9 10 100 1k 10k 100k
'a — AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) ) FREQUENCY (H2)

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

Peak-to-Peak Output Voltage

. Swing vs Supply Voltage onItage Gainvs Frequency 0 Distortion vs Frequency
[ ] 2 [ 1]
PoHLZE i A i
5. iy = “[ g 2 -
: . ’ : L III|H‘IIII|||“L|IIIH P MNNam | |
g g _1 AT m g " N
5 B hw £ oa IIIH‘IIIIIIHIIIIIHI- i i :: S
. 11 11 O B
: SR - W
4 5 6 7 8 9 100 1k 10k 100k 1M 20 50 100 200 500 1k 2k 5k 10k 20k
SUPPLY VOLTAGE (V) FREQUENCY (Hz) FREQUENCY (Hz)

TL/H/7848-5
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LM390

Typlcal Performance Characterlstlcs (Contlnued)

Device Dlssipatuon vs . - Device Dissipation vs

Distortion vs Output Power Output Power 4Q Load . - -+ Output Power 802 Load
00 s - 12 T — 08 I I
g 60 Evs=svl i 10 1570 THD = 3% 07 vg=av
E R =40 g Vg =75V T H 06 i
g 30 [ Ay=20 = S ya 4 z /'l_ T
2 S 08 7 2 s 4 | Vs=15V | THD=3%,
& 3 / AF £ I/ 71 A
S 10 g os Lo 105 — g o4 +- L
H H P //AESING A8
= 03 Su a ) 02
g T - 02 f- ‘ 01
2 1
01 0 o Ll . :
001 003 00601 03 05 10 o 04 08 12 16 20 0 02 04 06 08 1
_POWEROUTPUT (W) . OUTPUT POWER (W) . OUTPUT POWER (W)
i . : © . TL/H/TB48-6
Application Hints : :
Gain Control bypass the unused input, preventing degradation of gain
To make the LM390 a more versatile amplifier, two pins (2 and possible instabilities. This is' done with a 0.1 uF capeci-
and 6) are provided for gain control. With pins 2 and 6 open, tor or a short te greund depending on the dc source resist-
the 1.35 kQ resistor sets the gain at 20 (26 dB). If a capaci- ance on the driven input.
tor is put from pin 2 to 6, bypassing the 1,35 kQ resistor, the Bootstrapping

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 1509 internal resistor. If the capacitor is elimi-

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.

nated and a resistor connects pin 2 to 6 then the output dc 'R1 + R2 set the amount of base current availéple to the
level may shift due to the additional dc gain. Gain control output transistor. The maximum output current divided by
can also be done by capacitively coupling a resistor (or beta is the value required for the current in-R1 and R2:
FET) from pin 6 to ground, as in Figure 7. (Vs/2) — VBe

- . : . (R1+R2) = Bgo————
Additional external components can be placed in parallel lo MAX
with the internal feedback resistors to tailor the gain and Good design values are Vgg = 0.7V and Bp = 100.

frequency response for individual applications. For example, Ex ampl e 0.8 watt into 40 | oad with Vg = 6V
we can compensate poor speaker bass response by fre-

quency shaping the feedback path. This is done with a se- - 1o MAX = , = 632 mA
ries RC from pin 6 to 13 (paralleling the internal 15 k2 resis-

tor). For 6 dB effective bass'boost: R = 15 k{2, the lowest 6/2) A

value for good stable operation is R = 10 ke if pin 2 is (R1 + R2) = 100 (—-0—@—) = 3640

open. If pins 2 and 6 are bypassed then R as low as 2 k2 . R .

can be used. This restriction is because the amplifier is only I:pgsigr tge ig\::izr:dmA?tzh:ooTjsttpﬂtsalilr:ggp%%?tlit\ll‘eecsv::?lg
- B d uipu B

compensated for CIQSQ‘j_ I?OP galns greater than 9 V/V. R1 and R2 above the supply, maintaining a constant voltage

Input Biasing' P : across R2. To minimize the value of Cg, R1 = R2. The pole

The schematic shows that both inputs are biased to ground due to Cg and R1 and R2 is usually set equal to the pole

with a 50 k2 resistor. The base current of the input transis- due to the output coupling capacitor and the load. This

tors is about 250 nA, so the inputs are at about 12.5 mV gives: ) .

when left open. If the dc source resistance driving the 4C; _ Cc

LM390 is higher than 250 kQ it will contribute very little Cs = Bo g

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

Example: for 100 Hz pole and R = 49Q; C; = 400 pF and
Cg = 16 uF, if R1 is made a diode and R2 increased to give

(about 2.5 mV at the input 50 mV at the output). Fof dc the sami_ currer;t Cg can be decreased by about a factor of
source resistances between these values we can eliminate . 4,as in Figure

excess offset by putting a resistor from the unused input to - For reduced component count the load can replace R1. The
ground, equal in value to the dc source resistance. Of value of (R1 + R2) is the same, so R2 is increased. Now Cg
course all offset problems are eliminated if the input i is ca- is both the coupling and the bootstrapping capacntor (see
pacitively coupled. - Fi gure 2.

When using. the LM390 - with- higher gains (bypassing“the ;
1.35 kQ resistor between pins 2 and 6) it is necessary to_‘
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Typical Applications

TL/H/7848-3

FIGURE 1. Load Returned to Ground

(Amplifier with Gain = 20)

Vs

AAA
\AAS
ol
=
-
&

FIGURE 3

TL/H/7848-7

' - TL/H/7848-4
FIGURE 2. Load Returned to Supply
(Amplifier with Gain = 20)

0.1uF

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

v

Vin

0.1uF

]
T
I

TL/H/7848-9

FIGURE 5. 2.5W Bridge Amplifier

06EN1
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LM390

Typical Applications (continued) o B

Vg 27
26 .
2% s =
0.1uF 2 s 2 \
2 4
. I 3
¢ s 5 / \
. w T
; g
. £ 2
g » N
\7 > . N
Vi o | 19
10k 18
. . 17
L 20 50 100 200 500 1k 2k ' 5k 10k 20k
= FREQUENCY (Hz)
TL/H/7848-11
= - .FIGURE 6(b). Frequency Response
TL/H/7848-10 with Bass Boost
TALK TALK
L D
MASTER ) REMOTE
? LISTEN O LISTEN
i = = TL/H/7848-12
FIGURE 7. Intercom
8
SPEAKER
o = 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: Ferrito bead is Ferroxcube K5-001-001/3B with 3 tumns of wire.”
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&National Semiconductor

LM391 Audio Power Driver

General Description

Features

The LM391 audio power driver is designed to drive external ~ ® High Supply Voltage £50V max
power transistors in 10 to 100 watt power amplifier designs.  ® Low Distortion 0.01%
High power supply voltage operation and true high fidelity m Low Input Noise 3 v
performance distinguish this IC. The LM391 is internally pro- @ High Supply Rejection 90 dB

tected for output faults and thermal overloads; circuitry pro-
viding output transistor protection is user programmable.

B Gain and Bandwidth Selectable
m Dual Slope SOA Protection
® Shutdown Pin

Equivalent Schematic and Connection Diagram

- ° - -0 15 v+
S 25k
k
5 3
]
4
5k 3 25k
10
SHUTDOWN &
j—-O 8 OUTPUT SOURCE
Sk 5k O 10 + 1 LIMIT
b 11 +SOA
p—O 9 OUTPUT SENSE
‘| B
-ll% +IN =0 12 - SOA
b 13 -1 LIMIT
FILTER CcoMP
o—e¢ —0 O 5 OUTPUT SINK
) : S
<
L, 1
>
<
>
< 25k
<- & -016 V-
TL/H/7146-1
Dual-In-Line Package
A\ _
HIN =] 1 16 =V
-IN—]2 15 p—v*
COMP C == 3 14 }— SHUTDOWN
RIPPLE C =i 4 13 p - 1 LIMIT
SINK =d § 12 - SOA DIODE
BIAS =] 6 11 =+ SOA DIODE -
BIAS weed 7 10 p—+tumr
SOURCE =i 8 9 = outPuT sense
TL/H/7146-2
Top View

16ENT

Order Number LM391N-100
See NS Package Number N16A
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LM391

Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

Package Dissipation (Note 1)

L 1.39W

please contact the National Semiconductor Sales Storage Temperature —65°C to +150°C
gﬁ:cr/gl;t:butors for availability and specifications. Oper at| ng Temperature , 0°Cto +70°C
upply Voltage s T
LM391N-100 £50V or +100V ;:ad Tel';p (Soidering, 10566 260°C
Input Voltage Supply Voltage less 5V oej;na esistance 20°C/W
Shutdown Current (Pin 14) c o 1mA 9 A 63°C/W
Electrlcal Characterlstlcs Ta = 25°C (The followmg are for V+ = 90% V+yaxand V= = 90% V—max.)
Parameter .. Conditions * Min . Typ Max Units
Quiescent Current Current in Pin 15 - ‘ mA
LM391N-100 Vin=10 5 6
Output Swing Positive vt -7 vVt -5 \
Negatlve V- +7. V- +5 Vv
Drive Current Source (Pin 8) 5 ’ mA
Sink (Pin 5) 5 mA
Noise (20 Hz-20 kHz) Input Referred 3 n%
Supply Rejection Input Referred » 70 90 ’ dB
Total Harmonic Distortion f = 1KkHz . 0.01 ‘ %
f = 20 kHz 0.10 0.25 %
Intermodulation Distortion 60 Hz, 7 kHi. 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 VBE 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 p andath
of 90°C/W junction to ambient.
Typical Applications
THERMAL
SWITCH
Lo
rodT
TL/H/7146-3

FIGURE 1. LM391 with External Components—Protection Circuitry Not Shown
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Typical Performance Characteristics Q
—
Total Harmonic Distortion vs Total Harmonic Dlstortioﬁ vs
Output Power vs Supply Voltage Frequency (R = 8Q) Frequency (R, = 49)
_ 200 020 040 -
E 180 0.18 / 0.36
z 160 0.8 032
g Yy . 0z Ay = 200
H 140 a._-an‘/ 014 Av=2i0
2 120 F 012 S 024
S 1 - 2 o1 = 020
T om " oo F o 4
£ w / 0.0 0.2 A
) A Au-ia om oo /
E oA ™ o 00s A
® .ﬁll +20 130 +40 20 50 100200 500 1k 2k Sk 10k 20k 20 50 100200 500 1k 2k 5k 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 AB Bias Current
T 05
100 I 100 p— .
Cc=5pF @ n
80 g&' 20 04
g " \\ ES  |mecamvesusey f= 20kHz
™ ‘"e Y
s AN g v W g™
g % N 1 NN 2
= wfccsprwmnI N E n NN i
o n 1MQ RESISTOR N :: .
» \\ - g; o WITHOUT CR AN ml. = Aln
10 \ N RL=80
0 50 [] il
100 1k 10k 100k ™ 1M 20 50 100200 500 1k 2k ’ﬂr 10k 20k 0 5 10 15 20 25 30 35 40 45 50
' FREQUENCY (HERTZ) CR - Cc FREQUENCY (HERT2) AB BIAS CURRENT (MILLIAMPS)
TL/H/7146-4
Pin Descriptions
Pin No. ) PinName 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 Vgg 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
1 + 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 V- Negative supply
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LM391

External Components (Figure 1) A 1 R G
Component | Typical Value o ) Comments
Cin B 1 ;;u,F l Input coupling cépacitor sets a low ffeduency pole with Ry -
. 1 i . .
= WC—IN
RiN 100k Sets input impedance and DC bias to inpdt‘ L
Ry, 100k - Feedback resistor; for minimum offset voltage at the output this should be equal to R
Ry 5.1k Feedback resistor that works with F(f2 to sst the voltage | gam )
Ry i .
| Av=1+ E:
Cs 10 uF Feedback capacltor This reduces the gain to unity at DC for minimum offset voltage at the
output. Also sets a low frequency pole with Ry,.
1
= 2aR;,Cy
Cc. 5pF, Compensation capacitor. Sets gain bandwidth product and a hlgh frequency pole.
: 1 GBW
GBW = 55—0'@5 fh = Av
Max fi, for stable design = 500 kHz.
Ra 3.9k AB bias resistor.
Rs . 10k AB bias potentiometer..Adjust to set bias current in the output stage.
Cas ' 0.1 uF Bypass capacitor for bias. This improves high frequency distortion and transient response.
Cr 5pF Ripple capacitor. This improves negatlve supply rejection at mldband and high frequencies.
i Cg, if used, must equal Cc.
Reb 1000 Bleed resistor. This removes stored charge in output transistors.
Ro 2.7Q Output compensation resisiof. This resistor and Co compehsateA 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. . B
Re 0.30 Emitter degeneration resistor. This resistor glves 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

' Used to isolate capacitive loads, usually 20 turns of wire wrapped around a 109, 2W resistor.

1005 uH
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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 = V2 RLPo @

2P
lopoek = |7 @

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. '

ay = JPOPL _ Vorms @

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 RjN. 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)

CATES
A= Veeamax (K)

(®)

where:

6, is the thermal resistance of the driver transistor, junc-
tion to ambient, in °C/W.
R is the emitter degeneration resistance in ohms.
Bmin is that of the output transistor.
Vceamax 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:
04A (V K
Re > A (Vceamax) ®
Bmin + 1
The maximum average power dissipation in each output
transistor is: ,
Ppmax = 0.4 Pomax y]
The power dissipation in the driver transistor is:
Pomax
®)
Bmin
Heat sink requirements are found using the following formu-
las:

PDRIVER(MAX) =

C Tumax =T

6, < TIMAX — Tamax
Pp

OsA < 0yp — 0yc — Ocs

©)

(10)
where:
TimAx is the maximum transistor junction temperature.
TamAX is the maximum ambient temperature.
0,44 is thermal resistance junction to ambient.
s is thermal resistance sink to ambient.
0,c is thermal resistance junction to case.

Ocs is thermal resistance case to sink, typically 1°C/W for
most mountings.
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LM391

Application Hints (Contmued)
PROTECTION-CIRCUITRY

The protection circuits of the LM391 are very fiexible and
should be tailored to the output transistor’s safe operating
area. The protection V-I-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 cnrcuutry is actlvated while
driving an inductive load.

TURN-ON DELAY

It is 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

%

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 approxumately 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 -2RC
Max V+

R= 1mA

So:

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

Protection Characteristics

DUAL SLOPE

/cuaneur LMt

~ SINGLE~
ougrr e
0 1 3 | >
0 v m
-~ VCE (
' TL/H/T146-6
C2ISFOR srupllgrv.tmd}r .
Y
TL/H/7146-5
'Protection Circuit Resistor Formulas (Vg = V+) ' o
Type of Protection Rg, R’ Ry, R’y "Ry, R'2 R3,R's
Current Limit Rg = ;i Not Required Short Not Required
L
Single Slope SOA ¢ _ ( M — ¢) ;
Protection Rg = L R1 = Rz Py 1kQ Not Required
Dual Slope SOA )
v —_
Protection Rg = ;i =R, ( M ‘f’) 1k Ro = PRe |rm—s = 1]
(Vg = V+) L ¢ ¢

Note: ¢ is the current limit Vg voltdge, 650 mV. Assumptions: V+ >> ¢, Vi >> ¢. 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
Ouluy, 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 kQ rather
than 1 M to insure that the shutdown circuitry will operate
correctly. The slight difference in resistors results in about
15 mV of offset. The 40W, 80 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 uF, 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
5.1k 100k 100k RN
Fv‘v‘v WV WV v‘vv_j_
I I
Vi = Vg #1 Vg #2d T
+
EW-O‘ o
100k

o

- = BRIDGE STEREO = =
TL/H/7146-7
Output Transistors Selection Guide
Table A.

Power Driver Transistor ‘Output Transistor
Output PNP PNP NPN
20W @ 8Q MJE711 MJE721 TIP42A TIP41A
30W @ 40 MJE171 MJE181 2N6490 2N6487

D43C8 D42C8
40W @ 8Q) 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 . 20Winto 8Q
. .30W into 40
Input Sensitivity - 1V Max
Input Impedance 100k
Bqndwidth 20 Hz-20 kHz + 0.25dB

Equations (1) and (2) give: - . ;

L 20W/8Q  Vpp = 17.9V  lop = 2.24A
30W/4Q  Vop = 155V lgp = 3.87A

Therefore the supply required is:
123V @2 24A reducing to . ‘
+21V @ 3.87A
With 15% regulation and high hne we get i29V from equa-
tion (3).
Sensitivity and equation (4) set mnnlmum gain:
20X 8

Ay 2
v 1

= 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 Rg, = 100k. Solving
for Ry, gives:
Ry, = 100k
100k
Ry = 20-1 = 526k use 5.1k

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:

20
fL= ?= 4 Hz
. fh.= 20k X 5 = 100 kHz

Solving for C¢:

1
———=T78puF; 10 F
277'Rf fL priuse IO
The recommended value for Cg 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 f1) 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 @
1 — 55° :
64a < —%ﬁ. = 7.9°C/W for Tamax = 55°C  (9)
Osa < 7.9 — 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):

12
F—FIIVER(MAX) =— =400mW

Using equation (9)

155 — 55
Ogp < = =

04 ?3?0/ w
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Application Hints (continued)

Since the free air thermal resistance of the MJE711, The data points from the curve are:

MJE721 is 100°C/W, no heat sink is required. Using this V=60V, Vg =23V, I_ = 3A, I, = 7A
information and equation (6) we can find the minimum value Using the dual slope protection formulas:

of Rg required to prevent thermal runaway. 9 0.65 :

16ENT

100 (30) (0.002) Rg = — = 0.220
2 ——=0.
Re 30 1 1 190 (6) Rs_ "
We must now use the SOA data on the TIP42, TIP41 tran- 2=
sistors to set up the protection circuit. Below is the SOA Ry = 1k (W_“(_’E) =~ 91k
curve with the 49 and 89 load lines. Also shown are the 0.65
desired protection lines. Note the value of Vg is equal to the 23
supply voltage, so we use the formulas in the table. Rz = 1k (m - 1) = 24k
D.C. SOA of TIP42, TIP41 Note that an Rg of 0.220 satisfies equation (6). The final
Transistors schematic of this amplifier is below. If the output is shorted
\ l the current will be 1.8A and Vgg is 23V. Since the input is
7 ! AC, the average power is:
—SUA CURVE short Pp = 15(1.8) (23) = 21W
s a0 'om LINE - This power is greater than was used in the heat sink calcula-
T - | tions, so the transistors will overheat for long-duration
§ . \\// 80 LOAD LINE shorts unless a larger heat sink is used.
= > PROTECTION ‘ ‘
e \we
2 —t
' N N
L1\

0 10 20 30 40 50 60
VeE (VOLTS)
. TL/H/7146-8

Typical Applications (continued)
2ow-m, 30W-40) Amplifier with 1 Second Turn-ON Délay

vt
2VT020V

—
d :;m 108

1N4003

R '\]
* 1%
AAA
5.1k 15 A \AA4
2 1 <4 0.001 uF < YY) 25 Tuans o
+ - > 100k L 0.220 >
10 uF 2 S {¢ RCPWE S NO. 20 WIRE ON
I & Lo . . < 100-2W
- 30k 1 LM391N “'A‘Av ‘vAvA‘
15 o.u:o:,.r o2 & .
2 < £
20 uF o ’ o il q 5 1t IRC-PW5 :: 4:2.70
I_ 1 uF ol 1 1

|
l \y
o <
T
b S
<
*
—pt
3
g

E | 91k 100
-21V 70 -2V 10 uF

V- —0- -4 <

TL/H/7146-9
*Additional protection for LM391N; Schottky diodes and R = 1000.
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LM391

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

Given:
Power Output 40W/8Q
60W/40
Input Sensitivity 1V Max
Input Impedance 100k
Bandwidth ) ) - 20 Hz-20 kHz + 0.25dB
Equations (1) and (2) give: '
40W/8Q 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 @ 548A o
With 15% regulation and high line we get +38.3V using
equation (3).
The minimum galn from equation (4) is:-
Ay = 18

We select a gain of 20; resulting sensmvuty is 900 mV
The input impedance and bandwidth are the same as the 20
watt amplifier so the components are the same.

Rfy = 5.1k RN = 100k  Cc = 5pF

Ri, = 100k  C; = 10 pF
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 requlrements are found using
equations (7), (9), and (10):

Pp = 0.4 (60) = 24W (@)

0 —_
0a < %E = 6.0°C/W for Tamax = 55°C.  (9).
0sa < 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 .
PpRIVER = 20" 1.2W ®)
., 150 — 55 '
Oga < EET 79°C/W - @)

§

P

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 B

"INV T T 1T

\Av e

0 10 20 30 40 50 60 70 80
" Vg (VOLTS)

==
N
_ 6\f A\ 1—+-1atoa
£ [—saL0AD
g 5 A\
= 4
. \
. ey NA\J#roTECTION
1
]

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

VM=80V Vg=47V I.=38A I =11A
Since the break voltage is not equal to the supply, we will
use two resistors to replace Rz and move Vg.

Circuit Used

T ;
AA
' l
AAA
vy
0
m

TL/H/7146-11

- Thevenin Equlvalent

e . VT Where: Rty = RS || RS
;E,—w—»<:ﬂg A
. - Rty X Vg = V— 3
n . TH " s
: R3 + R3

TL/H/7146-12




Application Hints (continued)
The formulas for Rg, R4, and Ra do not change:

0.65
Rg = — = 0.220
E™3a

80 — 0.65
0.65

The formula for Rz now gives Rty when the V* in the for-
mula becomes Vg.

R, = 1k Ry = 1k = 120k

Ve
= ra [ ]
™ =R |
47
= 1K | —————— 1| = 25,55k
k[11(0.22)—0.65 ] 5

VrH is the additional voltage added to the supply voltage to

get Vg. ) )
V= —(Vg — V*) = —(47 — 30) = —17V

Now we must find F{Q and Rg using the Thevenin formulas.

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

duces to:

RS =076R} and 2555k = R} || RS

Typical Applications (continued)

The easiest way to solve these equations is to iterate with
standard values. If we guess RQ = 62k, then R? = 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) ‘
< ————— = §57°C/!
0a= 350002 - STOW ®
This value is lower than we got with equation (9), so we will
use it in equation (10):

Ogp < 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 = 1/5(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.

40W-8(), 60W-4Q Amplifier

' I;m 62k
<

A

L 27V T0 39V
S 10uF

<

4:12(”(1 680

<

—
-

1k 25 TURNS OF
NO. 22 GA. MAGNET

AA o
A\ AA 4 WIRE OR2-8uH
0.001 4F 0220 & Y
—.| SWATT <
IRC-PW5 < 109

A A4

2WATT
A < AA
AAAS vy
0.001 4F o220
<
. —l 5WATT € 210
) 3 TWATT
1%
A .
v‘v‘v IM uF |
S 120k = L=
*m«u

-21VT0-38V
0

*High Frequency Ground IEm =
**Input Ground
***Speaker Ground
Note: All Grounds Should be Tied Together
Only at Power Supply Ground.

tAdditional protection for LM391N; Schottky diodes and R = 100Q.

TL/H/7146-13
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LM831

NNatzonal Semzcondu

A

LM831 Low Voltage AUdIO P

General Description

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

The LM831-uses a patented compensation technique to re- -

ctor

ower Amplifier

Features

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

® Low noise

| Low THD

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 gam is adlustable with a
single resistor.

Applications

m Portable tape recorders
m Portable radios

m Headphone stereo

m Portable speakers

Typical Application

Dual Amplifier with Minimum Parts

+ 16] 15] 14

Zéﬂp.

———
+

A

13] 1 11| 10 - s-J’ —]

-
‘Iﬂg;.l. BYP Av[ +IN[ T BSPLGNO[ Vol ¥ L;;-}u

Av-—46¢B BW=250 Hz to 35 kqu )

Pout = 220

mW/Ch,R_ =

TL/H/6754-1
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r
. . =
Absolute Maximum Ratings s
If Military/Aerospace specified devices are required, Storage Temperature, Tgtg —65°C to +150°C -t
please contact the National Semiconductor Sales Junction Temperature, T; +150°C
Office/Distributors for availability and specifications. Lead Temp. (Soldering, 10 sec.), T +260°C
Supply Voltage, Vg 7.5V Thermal Resistance
Input Voltage, Vin +0.4V 84c (DIP) 27°C/W
Power Dissipation (Note 1), Pp 1.3W (M Package) 6ya (DIP) 75°C/W
1.4W (N Package) 0,c (SO Package) 20°C/W
Operating Temperature (Note 1), Topr ~ —40°Cto +85°C 6,a (SO Package) 95°C/W
Electrical Characteristics
Unless otherwise specified, To = 25°C, Vg = 3V, f = 1 kHz, test circuit is dual or BTL amplifier with minimum parts.
Symbol Parameter Conditions Typ Tested Limit Unit (Limit)
Vs Operating Voltage 3 1.8 V(Min)
3 6 V(Max)
la Supply Current Vin = 0, Dual Mode 5 10 mA (Max)
V)N = 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 mVns, f = 1 kHz, ' 46 44 dB (Min)
Dual Mode 48 dB (Max)
PSRR Supply Rejection Vg = 3V + 200 mVyng @ f = 1 kHz 46 30 dB (Min)
Pobp Power Out Vg = 3V,R_ = 4Q, "
. 10% THD, Dual Mode 220 150 mW (Min)
PopL Power Out Low, Vg Vs = 1.8V, R = 49, "
10% THD, Dual Mode 45 10 mW (Min)
Pos Power Out Vs = 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 90 20 mW (Min)
Sep Channel Separation Referenced to Vo = 200 mVyms 52 40 dB (Min)
Ig Input Bias Current 1 2 RA (Max)
Eno Output Noise Wide Band (250 ~ 35 kHz) 250 500 rV (Max)
THD Distortion Vg = 3V, Pp = 50 mW,
f = 1 kHz, Dual 0.25 1 % (Max)
Note 1: For operation in P above 25°C, the device must be derated based on a 150°C junction temp andath | resistance
of 98°C/W junction to for the M or 90°C/W junction to for the N p
Connection Diagram
Dual-In-Line Package
1 ~7 16
BTLR == == BYPASS
. 2 15 .
FINPUT _l 3 = +mweur
< <
~ INPUT 1 _iveut
5] L2
BOOTSTRAP ==t 6 | BOOTSTRAP
POWER GROUND & ) POWER GROUND
SIGNAL GROUND =] LS oureur
ouTPUT = ,-i- POWER SUPPLY
TL/H/6754-2
Top View
Order Number LM831M or N
See NS Package Number M16B or N16E
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LM831

Typical Performance Characterlstlcs

- SUPPLY CURRENT (mA)

SUPPLY CURRENT (mA)

DC OUTPUT (V)

10

-

~-50 -25 0 25 50 75 100 125

3
2.75
25
2.25

1.75
1.5
1.25

0.75
0.5
0.25

Supply Current vs Supply Voltage

NO SIBNM.

BTL MODE

DUAL MODE

0 05 1 15 2 25 3 35 4 45 5 55 6
SUPPLY VOLTAGE (V)

Supply Current vs Temperature

BTL MODE
~
// DUAL MODE ~L
] [
<
A o L
- -
N
| Vee=3V
NO SIGNAL

TEMPERATURE

DC Output vs Supply Voltage

CH-A, CH-B:

0
0 05 1 15 2 25 3 35 4 45 5 55 6

SUPPLY VOLTAGE

_ PSRR vs Supply Voitage
0 — h "
70
60
‘50 = 2 kHz, 5 kHz
= —
= wfl=— l':_"z
3
g | W |
30 ,' 200 Hz
| — o
100 Hz
20
DUAL MODE
10 | Rav=0, Caw=0
Vswing =200mVans
0 [
' 15 2 25 3 35 4 45 5 55 6
SUPPLY VOLTAGE (V)
PSRR vs Supply Voltage
80
70
60
GAIN =46 d8
0 - (Ray =02, Caw=0 pF)
g = —
= © = =
& ] GAIN=34 dB
e x Ray = 2400 270 pF
10 LT TN - ageg_(av=2600. Cow=270 )
-
. 10 | DUAL MODE.
JF=1k4z
0 Vswing = 200mVams

15 2 25 3 35 4 45 5 55 6
SUPPLY VOLTAGE (V)

Separation vs Supply Voltage

80
70
60
) 1kHz
g %
= 10 kHz
3
£ o
B, 100 Hz
20
' DUAL MODE
10 |~ CH-A TO CH-B
vwlr-ml v

15 2 25 3 35 4 45 5 55 6
SUPPLY VOLTAGE (V)

TL/H/6754-4

1-56



Typical Performance Characteristics (continued)

Separation vs Frequency
80
60 GAIN =34 dB
(Bay =240, Cow=270pF
- 5 mas
] ’ GAIN =46 dB .P‘
g, LA T | s cw=oom [T
g /|
2 30 A
20
| DUAL MODE
10 [~ vge =3V, CH-A T0 CH-B
Vour =200 mv
M T N
20 50 100 200 500 K 2K 5K 10K 20K
FREQUENCY (Hz)
Gain vs Frequency
80
75
70
65
60
55 4648
50 (R :...cu-o,.;L
T & 4 F H
=
z w0
S 3
oy
30 AIN = 34 dB ™
2 4 (Ray = 2400, Cgw = 270 pF) 1|
20
15
10 Veo=
5 [ DUAL MODE
20 50 100 200 500 1K 2K 5K 10K 20K 50K 100K
FREQUENCY (H2)
Gain vs Frequency
80
75
7
bt TiT
60 —TGAIN=52d8 1
55 |1 (Ray=0, Caw=0)
) ~
g6
i T GAIN=40 dB |
(Ray =2400, Caw =270 pF)
30
2
20
15
10 [yeem
5 Em MODE
0

20 50 100200 500 1K 2K
. FREQUENCY (Hz)

5K 10Kk 20K 50K 100K

POWER OUTPUT (WATT)

POWER OUTPUT (WATT)

GAIN BAND WIDTH (KH2)

1 T T

Power Output vs Supply Voltage

_—
os RO DUAL, A= 40 |—]
’ 2

e
/
v A .
0.2 / V /, DUAL, Ry
o LA
i : - —
J’ y 4 Il .
0.05 4
f
e [
’ t=1kHz
THDO=10%
0.01 L
1.5 2 25 3 35 4 45 5 55 6
SUPPLY VOLTAGE (V)
Power Output vs Temperature
10
5
2
1
| e —— 3
05
-

. B
0.2
0.1

0.05

- 8TL MODE
0.02 |-Veg=3V, Ry=80
THD = 10%
0.01 A
-5 -2 0 25 50 15 100 125
TEMPERATURE (°C)
Bandwidth vs BW Capacitance
50 -
45
4 F
N

35
30 \

2% \

20 A
15
1 N

DUAL MODE N\
5 |- Vec=3V, R =40 ‘
GAIN=46dB
0 1 1 5
10 20 50 100 200 500 1000
BW CAPACITOR (pF)
TL/H/6754-5
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LM831

Typical Performance Characteristics (continued)

Dual' Mode; R = 49 Distortion vs Frequency

10
5
2 g
1
£ s GAIN=46 4B ;
z (Ray =00, Cow =0 pF) 1
g2 +H-
g o2 L=
g 0.1 = IN=34 08 -
== (Rav = 2400, Cpw =270 pF)
0.05 :: - 1
[ DUAL MODE, Ry =40
0.02 FVcc-l.lTOGV -
Pour=50 mW (CONST.)
0.0 il 11l .
20 50 100 200 500 1K 2K 5K 10K 20K
FREQUENCY (Hz)
Distortion vs Power Output (Note 2)
10 =zan
B
5
2
=
. BEE M 10 k2
= g5
-z !
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£ 0.2 1kHz T
=]
01
- 0.05
" [ ouAL mooE
Vee=3V, Ry =40
0.02 [ Cgy=Rpy=0
0.01 | L IL i :
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POWER OUTPUT (WATT)
Power Dissipation vs Power Output
5 T
] FHIEC- 1
2 THD=3% 4 "ro- 0% |
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g ! Vee=av |1 H
£ . B
2 02 i
=z 4
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2 005
a8 1
& |
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= m
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0.007 L—L L ilu . :
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e

Dual Mode, R = 80 Distortion vs Frequency
Rl ===z T
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PR B W
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FREQUENCY (Hz)

5K 10K

Distortion vs Power Output (Note 2)
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TL/H/6754-6
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Typical Performance Characteristics (continued)

BTL Mode, R, = 8Q Distortion vs Frequency

10
5
2
1 =
= 0.5 GAIN =46 dB
g (Ray =09, Cgw=0 pF)
g N
2 02 H
= TTTTT
e 01 GAIN=34 dB
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Device Dissipation vs Ambient Temperature
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Supply Current vs Power Output
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Note 2: 1 kHz curve is measured with 400 Hz—30 kHz Filter.

TL/H/6754-7
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LM831

Typical Applications O NS 9 SR el
' _ BTL Amplifier with Minimum Parts '
033 uF
—
| 1on|| j Eu .
B s IR s T]e7
|;7—‘, BYP Ay Vs -
Lm831 .
——0ipf o
] 5 S [ =t
R Ay
- 1 i B »7 ‘1
"""1 (1" +11 033 F.
S 47 uF |_|

S TL/H/6754-8
Ay = 52 dB, BW = 250 Hz to 25 kHz
Pout = 440 mW, R = 80
BTL Ampilifier for Hi-Fi Quality
330 pF 033 uf
2pFf 1+ 2400
I Wv v
=
47 uF[x 18] 15 9] uF]+
BYP Ay Vs
LM831
047 puf oo )
[ A 1w ﬁ
AAA AAA ’
VWA~ VW
Al av] +nf -
—

1 2] 8]
2400 A gy

Vin |+ Vv + :

_1 22 4F 100 uF I
10k Q€= - 1L ‘ §
; I I ’
330 pF
TL/H/6754-9

Ay = 40dB, BW = 20 Hz to 20 kHz
Pout = 440 mW, R_ = 8Q
(Dynamic Range Over 80 dB)
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Typical Applications (continued)

Dual Amplifier for Hi-Fi Quality

- i
h A

4
) +3v

22uF +| 41w %] 15 of T of
FE[ ‘

LM831

‘v‘vv

) e
GND GND Vni
8

e e

2]+ [}

. T | e
_.| |__
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+
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=
ol 3
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40

TL/H/6754-10
Ay = 34 dB, BW = 50 Hz to 20 kHz
Pout = 220 mW/Ch, R = 40
(Dynamijc Range Over 80 dB)

Low-Cost Power Amplifier (No Bootstrap)

+l 150 uF

9 47::‘];
x

, W
120k Q A—
3 A A

Rl Av] +IN|] ~IN] PS

GND
1 2 3 4 5 ,GJ7 37 8 +] {150 pF
10pF [+ 1

— 0.33,F

TL/H/6754-11
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.

1-61

LEBNT




LM831

LM831 Circuit Description refer to the external component diagram and equivalent schematic.

The power supply is applied to Pin 9 and is filtered by resis-
tor Ry and capacitor Cgy on Pin 16. This filtered voltage at
Pin 16 is used to bias all of the LM831 circuits except the
power output stage. Resistor Rp generates a biasing current
that sets the output DC voltage for optimum output power
for any given supply voltage.

Feedback is provided to the input transistor Q; emitter by
Rg and Ry.

The capacitor Cnr on Pin 2 provides unity DC gain for maxi-
mum DC accuracy.

Qg provides voltage gain and the rest of the devices buffer
the output load from Q2’s collector.

Bootstrapping of Pin 5 by Cgg allows maximum output
swing and improved supply rejection.

Rs is provided for bridge (BTL) operation.

External Component Diagram

(GROUND FOR BTL)
VI"-_S

> Cow

«:_“T

ey
i1

b L n

g 1

s e 18] 15
BYP Ay
(2% el | .
- LMg31
|:_'T| AN
famL

)

(CONNECT FOR BTL) 1 2 | a4

] Cc

Jh "

TL/H/6754~12
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LM831 Equivalent Schematic

BOOTSTRAP (B) BOOTSTRAP (A)
120 5
S0 A2 g st
9 S
-0
c) BYPASS 3500 VsuppLy
16

:]_

(penunuoo) uondiOSaQ UNJID LESINT

«® * 1« «*
OUTPUT (B) 16k 800 OUTPUT (A)
10 C ""‘V 4‘""' - o a
A B N f
—INPUT (B)| — INPUT (A) ) :
1 mrur}%p + NPT (&) i
+
A9
+ | g e
) < 4 <€ < L. < N
¥ B Josk 24k Sk U
w l
11 O— & < . o7 —O 6
POWER GROUND (B) SIGNAL GROUND POWER GROUND (A)

TL/H/6754-13
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LM831

External Components (Refer to External Component Diagram) -

Component Comments Min Max
Co Requrred to stabilize output stage. E ) ) 0.33 pF 1uF
Ce Output coupling capacitors for Dual Mode Setsa Iow-frequency polein ' 100 uF 10,000 pF

the frequency response . . .
1
" 2aCR.
Cgs Bootstrap capacrtors Sets a low-frequency pole in the power BW. 22 pF or 470 uF
Recommended value is . (short Pins
Cés= 1 "48&121009)
100277 ¢f *R(
Cs Supply bypass. Larger values improve low-battery performance by 47 pF 10,000 pF
reducing supply ripple.
Cgy Filters the supply for improved low-voltage operation. Also'sets 47 pF 470 pF
turn-on delay.  ° o '
CNF Sets a low-frequency response. Also affects turn-on delay. 10 uF 100 puF
1
= S reCnre(Ray + 80)
in BTL Mode, Cf on Pin 15 can be reduced without affecting the
frequency response. However, the turn-on “POP* will be worsened. -
Ce1L Used only in the Bridge Mode. Connects the output of the first amplifier to 0.1 uF 1pF
the inverting input of the other through an internal resistor. Sets a low-
frequency pole in one-half the frequ‘ency response.
21‘r'CBTL‘1 Bk
Caw Improves clipping waveform and sets the hrgh-frequency bandwidth. See table below
Works with an internal 16k resistor. (This equation applies for Ray # 0.
For 46 dB application, see BW-Cpgw-curve.)
= ZreCanei6k
Rav Used to reduce the gain and improve the distortion and signal to noise. I See table below
this is desired, Cgw must also be used.
TypicalAy Rav Cew
- o Min
46 dB Short” ) . Open 4700 pF
40dB 82 . 100 pF 4700 pF
34dB 240 i 270 pF 4700 pF
28d8 560 : 500 pF ’ 4700 pF
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Printed Circuit Layout for LM831N (roil Side View) Refer to External Component Diagram

A-CH INPUT

| R (A-CH)

GROUND

POWER SUPPLY

| R (BTL MODE)

| Ry (B-CH)

B-CH INPUT JUMPER

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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LM1875

&National Semiconductor

LM1875 20W Audio Power Amplifier

General Description

The LM1875 is a monolithic power amplifier offering very
low distortion and high quality performance for consumer

audio applications. L

The LM1875 delivers 20 watts into a 4Q or 89 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

m Up to 30 watts output power

m Ay typically 90 dB

B Low distortion: 0.015%, 1 kHz, 20 W

m Wide power bandwidth: 70 kHz

m_Protection for AC and DC short circuits to ground
B Thermal protection with parole circuit

| High current capability: 4A

. W Wide supply range 16V-60V

m Internal output protection diodes
m 94 dB ripple rejection
m Plastic power package TO-220

Applications

m High performance audio systems

‘B Bridge amplifiers

m Stereo phonographs
B Servo amplifiers
® Instrument systems

Connection Diagram

F—T 1> W
F—T—T1—— outputr
— T T > -w
—— —1"
——

-

TL/H/5030-1
Front View

Order Number LM1875T
See NS Package Number T05B

Typical Applications

+Vee

40-50

ViN

TL/H/5030-2
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Absolute Maximum Ratings

SZ8LNT

If Military/Aerospace specified devices are required, Storage Temperature —65°Cto + 150°C
please contact the National Semiconductor Sales Junction Temperature 150°C
Office/Distributors for ava!lablllty and specifications. Lead Temperature (Soldering, 10 seconds) 260°C
Supply Voltage 60V 0,c 3°C
Input Voltage —Veeto Voo 04A 73°C

Electrical Characteristics
Vo= +25V, —Vgg= —25V, TamsieNT =25°C, R =8%Q, Ay=20 (26 dB), f,=1 kHz, unless otherwise specified.

Parameter Conditions Typical Tested Limits Units
Supply Current Pour=0W 70 100 mA
Output Power (Note 1) THD=1% 25 W
THD (Note 1) Pout=20W, fo=1kHz 0.015 . %
Pout=20W, fo=20 kHz 0.05 0.4 %
Pout=20W, R.=4Q, fo=1kHz 0.022 %
PouTt=20W, R_L=49, fo=20 kHz 0.07 0.6 ' %
Offset Voltage +1 +15 mV
Input Bias Current +0.2 +2 pA
Input Offset Current 0 +0.5 pA
Gain-Bandwidth Product fo=20 kHz 5.5 MHz
Open Loop Gain ‘ DC 90 dB
PSRR Vce, 1 kHz, 1 Vrms 95 52 dB
VEg, 1 kHz, 1 Vrms 83 52 dB
Max Slew Rate 20W, 89, 70 kHz BW 8 V/ps
Current Limit . Vout = VsyppLy —10V 4 3 A
Equivalent Input Noise Voltage Rg=6009, CCIR ) 3 " uVrms
Note 1: Assumes the use of a heat sink having a thermal resistance of 1°C/W and no insul with an ambi of 25'C the output limiting

circuitry has a negative temperature coefficient, the maximum output power delivered to a 49 load may be slightly reduced when the tab temperature exceeds
55°C.

Typical Applications (continued)
‘ Typical Single Supply Operation

(]
Rt R2 Vee 0.1 4F

2200 uF

-K-m

Vin [

3
10 pF RS

10k
Lt AAA
VWA—

TL/H/5030-3
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LM1875

Typical Performance Characteristics R
o . ) .. Power Output vs Supply
THD vs Power Output THD vs Frequency _Voltage o
0.1 — - 35— :
= ERuii=s Vg = £25V R =80 :
£ FYst 2 0% o0~ oW %0 | o = 1%
! 008
E e g .
= 006\ 5
3 20
o o L S oos E 4
g 7 g £ 004 \“~ R =40 // g 15 / »
2 LR = 80 N o R =80 | 10
=2 1l N i 002 = s .
B 1 O e 1
001 S | 0 0 — -
(] 10 10 100 20 50 100200 500 tk 2 Sk 10k 20k 0 5 10 15 20 25 3
POWER OUTPUT (W) FREQUENCY (Hz) SUPPLY VOLTAGE (£V)
Supply Current vs Supply . " Device Dissipation vs
Voltage PSRR vs Frequency Ambient Temperaturef
100 100 — - 4 ———
) % <X Ll INFINITE_ HEAT SIN
o ; o LTS S AN
3 LA POSITIVE SUPPLY g
e ol ) ‘ I ) 3 BTN -
g % /,4 g ® NEGATIVE SUPPLY NG E 5 \\ 190/W nlm SINK,
- A =
3 © T ﬁ 2 2 wn|-scM \'(‘\\ 2°C/W
5 & ® , s [EEATSNG TN Y HEAT S
g INPUT REFERRED g N
“ 2 20}Rg=0 10 =
=4 5 709 /W HERT SING
0 0 1 Vrms i i ‘ Y RN ST .
0 5 10 15 20 25 20 50 100200 500 1k 2k . 5k 10k 20k © 0 20 40 60 80 100 120 140 160
SUPPLY VOLTAGE (£V) FREQUENCY (Hz) . ) Tp = AMBIENT TEMPERATURE (°C)
' t$INTERFACE = 1°C/W.
. See Application Hints.
Power Dissipation vs Power Dissipation vs lout Vs Voyt-Current Limit/
. Power Output . Power Output Safe Operating Area Boundary
2 Vo= 230V ] 2 R =50 6 T T ]
R B N P~ i fo = 1kHz .
£ 40 ,‘ < 4 -
Host——= E
= . /, Vs = 225V g » lVs =12WV § 0 e
8 20 [/ 2 Vg = 25V 5 ) -
§ s o™ § sy T E T
10 [oA27 Vs = #15v . 10 [ Vs =220v| | -~ \ P
5 | R =40 sl vs = t15v | N~
. [ [fo=tke . S -
0 5 10 15 20 25 3 0 5 10 15 20 25 30 =25=20-15-10=5 0 5 10 15 20 25
POWER OUTPUT (W) POWER QUTPUT (W) OUTPUT VOLTAGE (V)
Open Loop Gain and Input Bias Current
» Phase vs Frequency 3oo vs Supply Voltage
o] N
20—t L NI Roweem=58 | o0 = 250 s -
i N{| Coweem = 0.224F a & ~ ¢ T~ —
15 135 4 - 200
g 1 T | 90 ' é Th= 000 Tt
z 5 e 45 §‘ 3 150
3 o - o o 2
-5 - =45 g 5 100
-10 0 =&
-15 135
-20 180 0
100k ™ 10M 0 5 10 15.2 25 30
FREQUENCY (Hz)  SUPPLY VOLTAGE (£V)
‘ TL/H/5030-4
*Thermal shutdown with infinite heat sink
**Thermal shutdown with 1°C/W heat sink
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Schematic Diagram
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LM1875

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 pnnted 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 uF 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 uF. 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 1) 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 pH 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 8% 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 probiem 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. o

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 IC will be required to dissi-
pate is approximately:

- _Vs?
PoMAX) =3 71'2R|_+ Pa

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 8Q2, 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

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 4, and the amplifier power dissipation
will roughly follow the curve of power dissipation with a 4Q
load.

Single Supply

GND

TL/H/5030-7
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LM1876

&Nation.al Semiconduc

LM1 876 Overture

PRELIMINARY
tor

Audio Power Amplifier Series

Dual 20W Audio Power Amplifier
with Mute and Standby Modes

General Descrrptron

The LM1876 is a stereo audio amplifier capable of deliver-
ing typically 20W per channel of continuous average output
power into'a 4 or 89 load with less than 0.1% (THD + N).
Each amplifier has an mdependent smooth transition fade-
in/out mute and a power conserving standby mode which
can be controlled by external logic.

The performance of the LM1876, utilizing its Self Peak In-
stantaneous Temperature (°Ke) (SPiKeT™) Protection Cir-
cuitry, places it in a class above discrete and hybrid amplifi-
ers by providing an inherently, dynamically protected Safe
Operating Area (SOA). SPiKe Protection means that these
parts are safeguarded at the output against overvoltage, un-
dervoltage, overloads, including thermal runaway and in-
stantaneous temperature peaks. .

Key Specifications

®m THD+N at 1 kHz at 2 x 15W continuous average
output power into 49 or 8Q 0.1% (max)

m THD+N at 1 kHz at continuous average
output power of 2 x 20W lnto 8Q

m Standby current '

0.009% (typ)
42 mA (typ)

Features

m SPiKe Protection

® Minimal amount of external components necessary
m Quiet fade-in/out mute mode

® Standby-mode

| |solated 15-lead TO-220 package

Appllcatlons

m High-end stereo TVs
m Component stereo
m Compact stereo

Typical Application

OUTPUT

R
400r8Q

G
IOpFI

FIGURE 1. Typical Audio Amplifier Application Circuit

TL/H/12072-1

Note: Numbers in p p pinout for amplifier B.
*Optional component dependent upon specific design requirements.

Connection Diagram

Isolated Plastic Package

/ 15f—— v B
14— standoy B
13— +ms
12— -ms
11— wute 8
1] E—E
S/ Standby A -
8

O

LM1876

- e
P
-

\

TL/H/12072-2
Top View

Order Number LM1876TF
See NS Package Number TF15B
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ﬂNational Semiconductor

LM1877 Dual Audio Power Amplifier

General Description

The LM1877 is a monolithic dual power amplifier designed
to deliver 2W/channel continuous into 8Q loads. The
LM1877 is designed to operate with a low number of exter-
nal components, and still provide flexibility for use in stereo
phonographs, tape recorders and AM-FM stereo receivers,
etc. Each power amplifier is biased from a common internal
regulator to provide high power supply rejection, and output
Q point centering. The LM1877 is internally compensated
for all gains greater than 10.

Features

| m 2w/channel

m —65 dB ripple rejection, output referred

m —65 dB channel separation, output referred

m Wide supply range, 6V-24V
m Very low cross-over distortion
® Low audio band noise

m AC short circuit protected

| Internal thermal shutdown

Applications

® Multi-channel audio systems
m Stereo phonographs

m Tape recorders and players
® AM-FM radio receivers

= Servo amplifiers

u Intercom systems

m Automotive products

Connection Diagram

Dual-in-Line Package
or Surface Mount Package
BIAS =t U 14\
ouTPUT 1 =2 3, ourur 2
GND 3 -'-2- GND
GND -L L GND
GND —5- 2 GND
INPUT 1 =] LI—
FEEDBACK |-—7 |.— FEEDBACK 2

TL/H/7913-1
Top View

Equivalent Schematic Diagram

Order Number LM1877M-9 or LM1877N-9
See NS Package Number M14B or N14A

1
ovt

Joaswnm

7 6
—~FEEDBACK 1 +INPUT 1

o1 8
~FEEDBACK 2

8
+INPUT 2

TL/H/7913-2
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LM1877

Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

. Lead Temperature . g,

please contact the National Semiconductor Sales N-Package Soldering (10 sec.) 260°C
Office/Distributors for availability and specifications. M-Package Infared (15 sec.) 220°C
Supply Voltage 26V M-Package Vapor Phase (60 sec. ) 215°C
Input Voltage +0.7V- Thermal Resistance - .

N o o 8,c (N-Package) 30°C/W
Operating Temperature ? Cto + 70°C 9)a (N-Package) 79° CIW
Storage Temperature —65°Cto +150°C 6, (M-Package) 27°C/W
Junction Temperature 150°C _.8ya (M-Package) 114°C/W
Electrical Characteristics
Vs = 20V, Tp = 25°C, (See Note 1) R_ = 8Q, Ay = 50 (34 dB) unless otherwise specmed

Parameter : Conditions “Min Typ Max [ Units
Total Supply Current Po = ow 25 50, mA
Output Power THD = 10%

LM1877 Vs = 20V, R, = 8Q- 2.0 W/Ch
Vg =12V,R_ = 8Q 1.3 W/Ch
Total Harmonic Distortion ) i
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 Cr = 50 uF, Gy = 0.1 uF,
f = 1 kHz, Output Referred
Vs = 20V, Vo = 4Vrms -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,Ciy = 0.1 pF, 25 v
BW = 20 Hz-20 kHz, Output Noise Wideband i e SR
Rs = 0,Cy = 0.1 uF, Ay 200 0.80 mV
Open Loop Gain Rs ="0, f = 100 kHz, R = 8Q 70 dB
Input Offset Voltage 15 mV
Input Bias Current 50 nA
Input Impedance Open Loop 4 MQ
DC Output.Level Vg =20V | 9 10 11 v
Slew Rate 2.0 V/us
Power Bandwndth 65 kHz
Current L|m|t 1.0 A

Note 1: For operation at ambient temperature greater than 25°C, the LM1877 must be dgrated based on a maximum 150°C junction temperature.
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Typical Performance Characteristics > :
. ~ i
~ I
Power Supply Rejection Ratio Power Supply Rejection Ratio |
Device Dissipation vs " (Referred to the Output) vs (Referred to the Output) vs
Ambient Temperature Frequency " , Frequency
2.0 1]
" [daed v _ "l ’ NOISE _ VRIPPLE = 1 Vims
e g ® g w - Cin = 0.0047 uF
E T o P ailld z . AVF- 50
S w £ 50 F B 100 uF T
S |, [ s g g e 7
2 - 230 4. COMER FOIL P C.NOARD 48 CAY >
a ik":—?ﬂ .w;:::l.lu. BOARD E » Suf ’ | E 30 'HTF
R = ™ 2 o mm"u,; A 2 i -F/ Cavpass = 1 uF -1
8 20 g 10 -l::‘ul'-'ﬁ uF g 10
vmlnn nlun Ay =50 SuF
[]
0 10 20 30 40 S0 60 70 80 o 0 100 *® 10K 10 100 & 10k
Ta - AMBIENT TEMPERATURE (°C) FREQUENCY (H2) FREQUENCY (Hz)
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LM1877

Typical Applications

T

o

Stereo Phonograph Ampllﬁer with Bass Tone Control

+
100 uF

STEREO |
CERAMIC {
CARTRIDGE |

i s

Frequency Fieshon'sé of Bass Tone Control -

VOLTAGE GAIN OF TONE CONTROL (dB)

45

35

2%

1 L L
MAXIMUM
BOOST
RESPONSE

-TONE oo
'I:ONTRJ)I. FLAT'

/ '/ |
A L4 MAXIMUM :
cut

' RESPONSE

15 -
20 50 100 200 500 1k 2k Sk 10k 20k

FREQUENCY (Hz) K L
. TL/H/7913-5

0.1 ,F

© TL/H/7913-4

Inverting Unity Gain Amplifier

Vs
Q

TL/H/7913-6
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Typical Applications (continued)

L8N

Stereo Amplifier with Ay = 200

* '_j_n\-,{v
7 T

100k
V‘VA'
r——f—=-"
VAN WEI Y |
. I N 500 4F
10 uF l + 1
I 12 iam7
- 0.1uF I
mmno——l : } L1 Py | w0 L
me l l 0uF =
|

JCE;

500 uF
+

0.1 4F
j___ [ RV
I_ 10 uF
= TL/H/7913-7
Typical Split Supply

Al
ol

TL/H/7913-9

TL/H/7913-8
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LM1896/LM2896

NNational Semiconductor

LM1896/LM2896 Dual Audio Power Amplifier

General Description

The LM1896 is a high performance 6V stereo power amplifi-
er designed to deliver 1 watt/channel into 40 or 2 watts
bridged monaural into 8. Utilizing a unique patented com-
pensation scheme, the LM1896 is ideal for sensitive 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

B Low AM radiation

m Low noise

m 3V, 4Q, stereo P, = 250 mW

m Wide supply operation 3V-15V (LM2896)
m Low distortion”

® No turn on “pop”

B Adjustable voltage gain and bandwidth

= Smooth waveform. clipping

m P, = 9W bridged, LM2896

Applications

® Compact AM-FM radios

m Stereo tape recorders and players
m High power portable stereos

Typical Applications

470 uF

01uF =

e 150 uF

50 pF

-

Q

>
b3
>

Jl_ 0.1 uF
T

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,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage
LM1896
LM2896

Operating Temperature (Note 1)

Storage Temperature

6, (DIP)
Vs =12V 04a (DIP)
Vs = 18V 0,c (SIP)
0°Cto +70°C 0, (SIP)

—65°Cto +150°C

Electrical Characteristics

Unless otherwise specified, To = 25°C, Ay =

T1aB = 25°C, Vg = 12V and R = 8Q. Test circuit shown in Figure 2.

Junction Temperature
Lead Temperature (Soldering, 10 sec.)
Thermal Resistance

200 (46 dB). For the LM1896; Vg = 6V and Ry

150°C
260°C

30°C/W
137°C/W
10°C/W
55°C/W

4. For LM2896,

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_ = 40 Dual Mode 09 | 1.1 W/ch
LM1896N-2 Vg = 6V, R_ = 8Q Bridge Mode Ta = 25°C 1.8 | 21 w
Vg = 9V, R = 8Q Dual Mode ' 1.3 W/ch
LM2896P-1 Vg = 12V, R = 80 Dual Mode 20 | 25 W/ch
LM2896P-2 Vg = 12V, R, = 89 Bridge Mode _ opo 72 | 90 w
Vs = 9V, R, = 40 Bridge Mode | | TAB = 25°C 78 w
Vg = 9V, R = 40 Dual Mode "25 W/ch
Distortion f=1kHz
Py = 50 mW 0.09 0.09 %
Po = 0.5W 0.1 0.1 %
Po = 1W 0.14 %
Power Supply Rejection | Cgy = 100 uF, f = 1 kHz, Cjy = 0.1 uF _ _ _
Ratio (PSRR) Output Referred, VgippLe = 250 mV 40 54 40 54 d8
Channel Separation Cgy = 100 uF, f = 1 kHz, Gy = 0.1 uF _ el _ _
‘ Output Referred 50 —64 | 50 64 db
Noise Equivalent Input Noise Rg = 0, .
Cin = 0.1 uF, BW = 20 — 20 kHz 1.4 1.4 pv
CCIR/ARM : 1.4 1.4 pv
Wideband - 2.0 20 In%
DC Output Level 2.8 3 32 | 56 6 6.4 v
Input Impedance 50 | 100 |'350 | 50 | 100 | 350 | kQ
Input Offset Voltage 5 5 mvV
Voltage Difference LM1896N-2, LM2896P-2
between Outputs 10 | 20 ’10 20 mV
Input Bias Current 120 120 nA
Note 1: For operation at p greater than 25°C, the LM1896/ LM2896 must be d d based on a 150°C juncti P using a

thermal resistance which depends upon mounting techniques.
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LM1896/LM2896

Typical Performance Curves

THD (%)
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LM2896 Device Dissipation
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Typical Performance Curves (Continued) = :
© |
Total Harmonic Distortion Power Dissipation vs Power Dissipation vs Q .
vs Power Output Power Output R = 40 Power Output R = 80 -~ “
z " Fm & 30 = = i
i - T H z | Vs = 12v THD = 3% 8 !
e i g 8 s 25 [imase © |
£ zZ 5 =12V =z / 4
g EZ 4 [ ~ THD,- 3% 4 22 | L
s = %8 | 7 g g . =gV /
2 =10 kiz o 3 + "ﬂllﬁ/, Bo 151 A THD - 10%
g . f= 1 kHz 8 , Vs WA o= 1% gg w J /’A
: e g [da A 5 |vses
BW = 30 kH: = =z
.5_ c: - :‘slua:mc CHANNELS DRIVEN, E '[gr 5 I.M’Illll
0.01 0 - ]
0.01 01 10 10 0 1 2 3 4 5 0 05 10 15 20
POWER OUTPUT (W/CHANNEL) POWER OUTPUT (W/CHANNEL) POWER OUTPUT (W/CHANNEL)
TL/H/7920-3

Equivalent Schematic
BOOTSTRAP 1 BOOTSTRAP2
T:’ 9) 12(3)

. . | U

o s .
>
:l— $m
ﬁ
outeuT 1 O——}—9 : 100K 100k p—O oUTPUT2
5(10) AAA AAA 1002
vy A\ A

’ '\l /

> ]‘

4: 10k

g < - * * _ ~O GND
2(8) 6' m  Jran 14 (5) 13 ) 4,116
~INPUT 1 +INPUT 1 BYPASS +INPUT 2 -INPUT 2
6, 9 No connection on LM1896 TL/H/7920-4
() indicates pin number for LM2896
Connection Diagrams
Single-In-Line Package
1
+Vg = o
Dual-In-Line Package u

2
OUTPUT 2 =t

)

o )
HINT = +IN2Z BOOTSTRAP2 —

2 13
=INT — P— -IN2

3 12 me—t O
BOOTSTRAP 1 = — B00TSTRAP 2

5i
4 1 HIN 2
GND == LM1896 P GND

5 []
OUTPUT 1 ==t i OUTPUT2 GND =~ LM2896
[] 9

NC == b NC N1 —]

7 8
BYPASS == p—+Vg 8
=N 1 —

TL/H/7920-5 BOOTSTRAP 1 =
Top View

ouTPUT1 _Ill_

BYPASS L

TL/H/7920-6
Top View
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LM1896/LM2896

Typical Applications (continued) C ‘

Cs -
470 uF

N . \ . 'Iz ) : . .
o ;L__” 2"(1« @ . o
100 uF B@l AL e .
I ‘ 2200 uF v
- .- o out
p Vour
R13 <R Ry
5100 < !8 Ry 4
c13 -jl—co e
10 pF c10 0.1 uF
; 5_" »F -;[- = TL/H/7920-8
TL/H/7920-7
6, 9 No connection on LM1896.
() Indicates pin number for LM2896
FIGURE 2. Stereo Amplifier with Ay = 200, BW = 30 kHz
External Components (Figure 2 o g ‘
Components . ‘ Comments _ :
1.R2, R5, R10, R13 Sets voltage gain, Ay = 1 + R5/R2 for one channel and Ay = 1 + R10/R13
for the other channel.
2.R3,R12 Bootstrap resistor sets dnve current for output stage and allows pins 3 and 12 to
go above Vg.
3.Ro Works with Cg, to stabilize output stage.
4.C1,C14 Input coupling capacitor. Pins 1 and 14 are ata DC potenual of Vg/2. Low
frequency pole set by:
1
T om Rin C1
5.C2,C13 Feedback capacitors. Ensure unity gain at DC. Also a low frequency pole at:
1 . )
o - = srRece
6.C3,C12 Bootstrap capacitors, used to increase drive to output stage. A low frequency
' pole is set by: .
by 1
L'~ 2wR3c3
7.C5,C10 Compensation capacitor. These stabilize the ampllflers and adjust thelr
' bandwidth. See curve of bandwidth vs allowable gain.
8.C7 Improves power supply rejection (See Typical Performance Curves) Increasing
) C7 increases turn-on delay.
9.C¢ Output coupling capacitor. Isolates pins 5 and 10 from the load. Low frequency
. pole set by:
‘ ' fl=—1
LT 2rCRL
10.C, Works with R, to stabilize output stage.

11.Cg Provides power supply filtering.
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Application Hints

AM Radios

The LM1896/LM2896 has been designed fo 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 amplifer. 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 LM1896 exhibits extremely low wideband noise due in
part to an external capacitor C5 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 C5 not only limits the closed loop bandwidth, it
also provides overall loop compensation. Neglecting C2 in
Figure 2, the gain is:

S + AV Wo
Ay(S) = —/———
S + wo
R2 + R5 1
where Av = —p>— %0 = Rscs

A curve of —3 dB BW (w,) vs Ay is shown in the Typical
Performance Curves.

Figure 3 shows a plot of recovered audio as a function of
field strength in wV/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.

Bridge Amplifiers

The LM1896/LM2896 can be used in the bridge mode as a
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.

Amp 1 has a voltage gain set by 1 + R5/R2. The output of
amp 1 drives amp 2 which is configured as an inverting
amplifier with unity gain. Because of this phase inversion in
amp 2, there is a 6 dB increase in voltage gain referenced to
Vi. The voltage gain in bridge is:

Cpg is used to prevent DC voltage on the output of amp 1
from causing offset in amp 2. Low frequency response is
influenced by:
_ 1

27w RgCp
Several precautions should be observed when using the
LM1896/LM2896 in bridge configuration. Because the am-
plifiers are driving the load out of phase, an 82 speaker will
appear as a 40 load, and a 40 speaker will appear as a 2Q
load. Power dissipation is twice as severe in this situation.
For example, if Vg = 6V and R = 80 bridged, then the
maximum dissipation is: .

fiL

' 62
= X2= X
Po= SomL 20xa "2
Pp = 0.9 Watts

This amount of dissipation is equivalent to driving two 4
loads in the stereo configuration.
When adjusting the frequency response in the bridge config-
uration, R5C5 and R10C10 form a 2 pole cascade and the
—3 dB bandwidth is actually shifted to a lower frequency:
_ 0.707
" 2aRC
where R = feedback resistor

C = feedback capacitor
To measure the output voltage, a floating or differential me-
ter should be used because a prolonged output short will

over dissipate the package. Figure 1 shows the complete
bridge amplifier.

BW

3

E

s ® T 1]

] 0 RECOVERED

- AUDIO AT

& SPEAKER

w10 Y/

- | oy

23 -» 4

al X

=

< -30 =

e ? RECOVERED| N
a8 NOISE AT

2€ 01 SPeakeR

a |
w 50 'NOISE WITH SPEAKER LEAI
W _g |1/8” FROM LOOPSTICK
3 - SAME CONDITIONS FOR
§ JlconvenTionaL ame

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)

Prmted Curcmt Layouf

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

Q

S

S & A

o -2l 3
‘ §F & F

X DN O
e SF s

+

COMPONENT SIDE

»Imk'

less than 50 kQ to prevent an mput-output oscillation. This
oscillation is dependent on the gain and the proxnmny of the
bridge elements Rg and Cg 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/7920-10

Figure 4. Bridge Amplifier Connection

¢

S
s 5
S ~
§ &
) 7 () -
S S~ S
5 S & ¥

3

) BRIDGE

Ving

INPUT
GROUND

Vinz
BRIDGE
INPUT

]
0.1 uF

TL/H/7920-11

FIGURE 5. Printed Circuit Board Layout for the LM1896




Printed Circuit Layout (continued)

COMPONENT SIDE

FIGURE 6. Printed Circuit Board Layout for the LM2896

TL/H/7920-12
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LM4700

&National Semiconductor

'PRELIMINARY

LM4700 Ove riure ™ Audio Power Amplifier Séries
30W Audio Power Amplifier with

Mute and Standby Modes -

General Description _

The LM4700 is an audio power amplifier capable of deliver-
ing typically 30W of continuous average output power into
an 8Q load with less than 0.8% (THD + N) from 20 Hz to
20 kHz.

The LM4700 has an independent smooth transition fade-in/

out mute and a power conserving standby mode which can

be controlled by external logic.

The performance of the LM4700, utilizing its Self Peak In-
stantaneous Temperature (°Ke) (SPiKe™) Protection Gir-
cuitry, places it in a class above discrete and hybrid amplifi-
ers by providing an inherently, dynamically protected Safe
Operating Area (SOA). SPiKe Protection means that these
parts are completely safeguarded at the output against
overvoltage, undervoltage, overloads, including thermal run-
away and instantaneous temperature peaks.

Key Specifications

m Typical THD+ N from 20 Hz to 20 kHz
at 30W of continuous average output
power into 8Q

m THD+N at 1 kHz at continuous

0.08% (typ)

- ‘average output power of 25W into 8Q 0.1% (max)
m THD+N at 1 kHz at a continuous
average output power of 30W into 80 0.009% (typ)

Features

m SPiKe Protection

m Minimal amount of external components necessary
= Quiet fade-in/out mute function

® Power conserving standby-mode

® 11-lead TO-220 isolated package

‘Applications

m Component stereo
m Compact stereo

Typical Application

AUDIO
INPUT QUTPUT
R
8q
p
<t Rsn
<
1kQ -J' 4.70
B Csn

IO.!;LF

TL/H/12369-1
FIGURE 1. Typical Audio Amplifier Application Circuit

Connection Diagram

Plastic Package

11 = STANDBY
10 =3 Vin+
—— Vi\-
———1 MUTE
——1 GND
[——INC

0
LM4700
Il

TL/H/12369-2
Top View

Order Number LM4700TF
See NS Package Number TF11B
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NNational Semiconductor

LM2876 Overture ™ Audio Power Amplifier Series
High-Performance 40W Audio Power Amplifier w/Mute

General Description

The LM2876 is a high-performance audio power amplifier
capable of delivering 40W of continuous average power to
an 80 load with 0.1% (THD + N) from 20 Hz-20 kHz.

The performance of the LM2876, utilizing its Self Peak In-
stantaneous Temperature (°Ke) (SPiKe™) Protection Cir-
cuitry, puts it in a class above discrete and hybrid amplifiers
by providing an inherently, dynamically protected Safe Op-
erating Area (SOA). SPiKe Protection means that these
parts are completely safeguarded at the output against
overvoltage, undervoltage, overloads, including shorts to
the supplies, thermal runaway, and instantaneous tempera-
ture peaks.

The LM2876 maintains an excellent Signal-to-Noise Ratio of
greater than 95 dB(min) with a typical low noise floor of
2.0 pV. It exhibits extremely low (THD + N) values of
0.06% at the rated output into the rated load over the audio
spectrum, and provides excellent linearity with an IMD
(SMPTE) typical rating of 0.004%.

Features

B 40W continuous average output power into 8Q

W 75W instantaneous peak output power capability

m Signal-to-Noise Ratio > 95 dB(min)

® An input mute function

| Output protection from a short to ground or to the
supplies via internal current limiting circuitry

m Output over-voltage protection against transients from
inductive loads

| Supply under-voitage protection, not allowing internal
biasing to occur when |Vgg| + |[Vocl < 12V, thus elimi-
nating turn-on and turn-off transients

m 11-lead TO-220 package

Applications

| Component stereo

m Compact stereo

m Self-powered speakers

® Surround-sound amplifiers
m High-end stereo TVs

Typical Application

Connection Diagram

Plastic Package (Note 8)
/__ NC
INPUT Vint
Vin-
Rg 1k0 'te 8 MUTE
R 4—W\r——l * 7 GND
10k8 LO.7 4K gypur O b 6 NC
= 5 NC(t)
] 4 v-
9 R 3 OUTPUT
— R 100 80 2 NC
\_ 1 v+
TL/H/11775-2
Cs | Top View
I o — Order Number LM2876T
1t v- - or LM2876TF

See NS Package Number TA11B for
Staggered Lead Non-Isolated
Package or TF11B* for
Staggered Lead Isolated Package

‘Connect Pin 5 to V+ for Compatibility with LM3886.

*Preliminary: Call your local National sales rep. or
distributor for availability.
TL/H/11775-1

FIGURE 1. Typical Audio Amplifier Application Circuit
*Optional components dependent upon specific design requirements. Refer to the External Compo-

nents Description section for a component functional description.
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LM2876

Absolute Maximum Ratings (Notes 1,2)

If Military/Aerospace specified devices are required, Storage Temperature —40°Cto +150°C
please contact the National Semiconductor Sales Thermal Resistance i
Office/Distributors for availability and specifications. 040 1°C/W
Supply Voltage [V+|+|[V—| (No Signal) 72V [T . . 43C/W
Supply Voltage [V + |+ |V—| (Input Signal) 70V )
Common Mode Input Voltage . (V+orV-)and :Operatlng Ratlngs (Notes 1and 2)
v+ + [v—| < 60V ' Temperature Range
Differential Input Voltage 60V TMNSTA<Tmax | —20°C < Tp < +85°C
Output Current Internally Limited Supply Voltage [V+| + V| 20V to 60V
Y . 0 : Note: Operation is guaranteed up to 60V, however, distortion may be intro-
Power DlSSIpatIOn (Nme. 3) 125W -duced from SPiKe Protection Circuitry if proper thermal considera-
ESD Susceptibility (Note 4) 3000V _tions are not taken into account. Refer to the Thermal Considera-
Junction Temperature (Note 5) 150°C tions section for more information.
5 ) (See SPiKe Protection Response)
Soldering Information B )
T Package (10 seconds) 260°C ‘
otes e following specifications apply for =+ = —30V, Imute
Electrical Characteristics (otes 1, 2) The fol ifi ly for V+ = +30V,V— = —30V, |
= —0.5 mA with R_ = 8% unless otherwise spec:fled Limits apply for Tpo = 25°C.
LM2876 :
o I — Units
Symbol Parameter Conditions Typical | Limit | (i imits)
(Note 6) | (Note 7)
[v+] + |v—[| Power Supply Voltage (Note 10) “[Vpinz — V= 2 9V h 18 20 | V(min)
' ’ . 60 V (max)
Am Mute Attenuation Pin8 Open‘for at QV, Mate: On .
'| Current out of Pin'8 > 0.5 mA, 115 80" | dB (min)
, Mute: Off '
**Po Output Power (Continuous Average) | THD + N = 0.1% (max) .
f=1KkHz f = 20 kHz 401 2 | W(min)
Peak Po Instantaneous Peak Output Power 75 w
THD + N Total Harmonic Distortion Plus Noise | 25W, 20 Hz < f < 20 kHz
: 0.06 %
- Ay = 26 dB
**SR Slew Rate (Note 9) ViN = 1.2Vrms, f = 10 kHz, :
, Square-Wave, R = 2k 9 5 V/ps (min)
|+ Total Quiescent Power Supply Current | Vo = 0V, Vo = 0V, |, = 0A 24 50 mA (max)
*Vos Input Offset Voltage Vom = 0V, I0 =0mA 1 10 mV (max)
Is Input Bias Current Vem = 0V, Io < omA 0.2 1 MA (max)
los 'Input Offset Current VoM = OV, lp = 0 mA 0.01 0.2 | pA(max)
lo Output Current Limit V+| =|v-] = - 10V,ton = 10ms, Vo = O0V| 4 A (min)
*Vod Output Dropout Voltage (Note 11) [V+-Vol, v+ = 20V, lo = +100 mA 15 V (max)
[Vo-V—|,V— = —20V, 1, = ~100 mA 25 4 V (max)
*PSRR Power Supply Rejection Ratio IVt =30Vto10V,V— = —30V, 125 85 dB (min)
Vem = 0V, lp = 0mA
V+ =30V,V- = —30Vto —10V, 110 85 dB (min)
Vem = 0V, lp = 0 mA

*DC Electrical Test; refer to ‘Test Circuit #1.
- **AC Electrical Test; refer to Test Circuit #2.
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Electrical Characteristics (Notes 1,2) : :
The following specifications apply for V+ = +30V,V—~ = —30V, iyyte = —0.56 mA with R = 89 unless otherwise specified.
Limits apply for To = 25°C. (Continued)

LM2876 Unit
Symbol Parameter Conditions Typical Limit (Li::Itss)
(Note 6) | (Note 7)
*CMRR | Common Mode Rejection Ratio { V+ = 50V to 10V,V— = —10V to —50V, .
Vem = 20V to —20V, |, = 0 mA 110 8 dB (min)
*AyoL | Open Loop Voltage Gain [V+| =|v-| ='30V,R_ = 2kQ, AVg = 40V 115 80 dB (min)
GBWP | Gain-Bandwidth Product [vt| = |v-| = 30v '
fo = 100 kHz, Vjy = 50 mVrms 8 2 MHz (min)
**elN Input Noise IHF—A Weighting Filter
RiN = 600 (Input Referred) 20 8 RV (max)
SNR Signal-to-Noise Ratio Po = 1W, A-Weighted, %8 dB
Measured at 1 kHz, Rg = 25Q
Po = 25W, A-Weighted,
Measured at 1 kHz, Rg = 250 1z d8
Ppk= 75W, A-Weighted, 117 dB
Measured at 1 kHz, Rg = 25Q
IMD Intermodulation Distortion Test | 60 Hz, 7 kHz, 4:1 (SMPTE) 0.004 %
60 Hz, 7 kHz, 1:1 (SMPTE) 0.006

*DC Electrical Test; refer to Test Circuit #1.
**AC Electrical Test; refer to Test Circuit #2.
Note 1: All voltages are measured with respect to the GND pin (pin 7), unless otherwise specified.

Note 2: Ab: Maxir Ratings indi limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where
no limit is given, however, the typical value is a good indication of device performance.

Note 3: For op g at case temp above 25°C, the device must be derated based on a 150°C i j and a thermal resistance of
0,c = 1.0°C/W (|unchon to case). Refer to the Thermal Resistance figure in the Application Information sectlon under Thormal Considerations.

Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor. i

Note 5: The operating juncti p is 150°C, h , the i us Safe Operating Area temp is 250°C.
Note 6: Typicals are measured at 25°C and represent the parametric norm.

Note 7: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level).

Note 8: The LM2876T package TA11B is a non-isolated package, setting the tab of the device and the heat sink at V— potential when the LM2876 is directly
mounted to the heat sink using only thermal compound. If a mica washer is used in addition to thermal compound, 6¢cg (case to sink) is increased, but the heat sink
will be isolated from V—

Note 9: The feedback oompensatlon netwotk limits the bandwidth of the closed-loop response and so the slew rate will be reduced due to the high frequency roll-
off. Without feedback compensation, the slew rate is typically larger.

Note 10: V— must have at least —9V at its pin with reference to ground in order for the under-voltage protection circuitry to be disabled.
Note 11: The output dropout voltage is the supply voltage minus the clipping voltage. Refer to the Clipping Voltage vs Supply Voltage graph in the Typical
ch +

Per
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LM2876

Test Circuit # 1 *(oc Electrical Test Circuit)

=0.5mA
L 0.7uH 200kO

83

—o
OUTPUT

Test Circuit # 2 **(AC Electrical Test Circuit)
“- Ri 1kQ Rey 20k0

AAA

. AAA -
vy \A A

C; 50pF Ry 20kal

?W

SOURCE
~0.5mA

L 0.7 uH ouTPUT

C; 220 pF L out
O—J +
SOURCE 01”7

TL/H/11775-3

O V- . .
' ‘ ' TL/H/11775-4
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Single Supply Application Circuit

V+
+
Ry 91k & IJ- G
‘h
Ry 75kQ =
INPUT AAA
VWA~
C 10 uF 0
RN < | = N C 4700 uF/50V  *L 0.7 uH
10K 3 )/ QUTPUT
* ——
¢ o= —
= 220 pF - 1
|: 9
Q1 3904 7 . R
R 100 82
¢ +
>R A
C ST
A S1o0kn o1 uf T 5
o1uf T = | ¢\
Riy 20k0
A
WA .
Ri & <& Fsn
1k0 < 2.70
o L *C, 50pF Ry, 20k b= “Con

IOuFI Io.ur

TL/H/11775-5

FIGURE 2. Typical Single Supply Audio Amplifier Application Circuit

*Optional components dependent upon specific design requirements. Refer to the External
Components Description section for a ional descripti

Equivalent Schematic (excluding active protection circuitry)

. V+
. - i o o
1k 1k
1%
HIC
MUTE [
>
GND <
>
% ' ' $ 3
150 3 30
[ 10k OUTPUT
A o
+IN Q=]
-IN
— |:
|
op
h 4

$ s00 150 0.45
< V-

o

TL/H/11775-6
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LM2876

External Components Description Figures 1and2) - - o
Components Functional Description
1. RN Acts as a volume control by setting the ‘Joltage level allowed to the amplifier s input terminals.
2. Ra Provides DC voltage biasing for the smgle supply operatlon and bias current for the positive input
terminal.
3. Ca Provides bias filtering. )
4. C Provides AC coupling at the input and output of the amplifier for single supply operation.
5. R Prevents currents from entering the amplifier’s non-inverting input which may be passed through to

the load upon power-down of the system due to the low input impedance of the circuitry when the
under-voltage circuitry is off. This phenamenon occurs when the supply voltages are below 1.5V.
6. *Cc Reduces the gain (bandwidth of the amplifier) at high frequencies to avoid quasi-saturation
oscillations of the output transistor. The capacitor also suppresses external electromagnetic
switching noise created from fluorescent lamps.

7. Ri Inverting input resistance to provide AC Gain in conjunction with Hn
8. *Ci Feedback capacitor. Ensures unity gam at DC. Also a low frequency pole (highpass roll-off) at:
fc = 1/(27Ri Ci)
9. Rg Feedback resistance to provide AC Gain in conjunction with Ri.
10. *R¢2 At higher frequencies feedback resistance works with C; to provide lower AC Gain in conjunction

with Ry and Ri. A high frequency pole (lowpass roll-off) exists at:
fc = [Ry1 Re2 (s + 1/R2Cpl/[(Rs1 + Ri2d(s + 1/C(R1 + Rep))]
11. *Cs Compensation capacitor that works with R¢1 and Rgz to reduce the AC Gain at higher frequencies.
12. Rm Mute resistance set up to allow 0.5 mA to be drawn from pin 8 to turn the muting function off.
— Ry is calculated using: Ry < ([Vgg| — 2.6V)/18 where 18 > 0,5 mA. Refer to the Mute.
Attenuation vs Mute Current curves in the Typical Performance Characteristics section.

13. Cm Mute capacitance set up to create a large time constant for turn-on and turn-off muting.

14. *Rsn | Works with Cgy to stabilize the output stage by creatlng a pole that ellmlnates hlgh frequency
oscillations.

15. *Cgn | Works with Rgy to stabilize the output stage by creating a pole that ellmlnates h|gh frequency

" | oscillations.
e = 1/(2mRgNCgN)

16. *L Provides high impedance at high frequecues so that R may decouple a highly capacitive load

17. *R and reduce the Q of the series resonant circuit due to capacitive load. Also provides a low
impedance at low frequencnes to short out R and pass audio sugnals to the load.

18. Cs Provides power supply filtering and bypassing.

19. S$1 Mute switch that mutes the music going into the amplifier when opened.

*Optional components dependent upon specific design requirements. Refer to the Application Information section for more information.

OPTIONAL EXTERNAL COMPONENT INTERACTION

Although the optional external components have specific desnred functions that are desngned to reduce.the bandmdth and
eliminate unwanted high frequency oscillations they may cause certain undesirable effects when they interact. Interaction may
occur for components whose reactances are in close proximity to one another. One example would be the coupling capacitor,
Cg, and the compensation capacitor, Cf. These two components act as low impedances to certain frequencies which will couple
signals from the input to the output. Please take careful note of basic amplifier component functionality when designing in these
components.

The optional external components shown in F/gure 2 and described above are apphcable in both slngle and spllt voltage supply
configurations.
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Typical Performance Characteristics ’
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LM2876

Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continued)
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LM2876

Application Information
GENERAL FEATURES

Mute Function: The mdting function of the LM2876 allows’

the user to mute the music going into the amplifier by draw-

ing less_than 0.5 mA out of pin 8 of the device. This is -

accomplished as shown in the Typical Application Circuit
where the resistor Ry is chosen with reference to your neg-
ative supply voltage and is used in conjuction with a switch.
The switch (when opened) cuts off the current flow from
pin 8 to V—, thus placing the LM2876 into mute mode. Refer
to the Mute Attenuation vs Mute Current curves in the Typli-
cal Performance Characteristics section for values of at-

ing the best heat sink possible within the cost and space
constraints of the system will improve the long-term reliabili-
ty of any power semiconductor devnce

THERMAL CONSIDERATIONS

Heat Sinking ;

The choice of a heat sink for a high-power audio amplifier is
made entirely to keep the die temperature at a level such
that the thermal protection circuitry does not operate under
normal circumstances. The heat sink should be chosen to

. dissipate the maximum IC power for a given supply voltage

tenuation per current out of pin 8. The resistance Ry is

calculated by the following equation:
Rm (IVEg| — 2.6V)/18
where 18 = 0.5 mA.

Under-Voltage Protection: Upon system power-up the un-
der-voltage: protection circuitry allows the power supplies
and their corresponding caps to come up close to their full
values before turning on the LM2876 such that no DC out-
put spikes occur. Upon turn-off, the output of the LM2876 is
brought to ground before the power supplies such that no
transients occur at power-down.

Over-Voltage Protection: The LM2876 contains overvolt- -

age protection circuitry that limits the output current to ap-
proximately 4Apeak while also providing voltage clamping,
though not through internal clamping diodes. The clamping
effect is quite the same, however, the output transistors are
designed to work alternately by sinking large current spikes.
SPiKe Protection: The LM2876 is protected from instanta-
neous peak-temperature stressing by the power transistor
array. The Safe Operating Area graph in the Typical Per-
formance Characteristics section shows the area of de-
vice operation where the SPiKe Protection Circuitry is not

enabled. The waveform to the right of the SOA graph exem-

plifies how the dynamic protection will cause waveform dis-
tortion when enabled.

Thermal Protection: The LM2876 has a sophisticated ther-
mal protection scheme to prevent long-term thermal stress
to the device. When the temperature on the die reaches
165°C, the LM2876 shuts down. It starts operating again
when the die temperature drops to about 155°C, but if the
temperature again begins to rise, shutdown will occur again
at 165°C. Therefore the device is allowed to heat up to a
relatively high temperature if the fault condition is tempo-
rary, but a sustained fault will cause the device to cycle in a
Schmitt Trigger fashion between the thermal shutdown tem-
perature limits of 165°C and 155°C. This greatly reduces the.
stress 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 as discussed in
the Thermal Considerations section, such that thermal , -

shutdown will not be reached during normal operation. Us-

‘and rated load.

With high-power pulses of longer duration than 100 ms, the
case temperature will heat up drastically without the use of

- a heat sink. Therefore the case temperature, as measured

at the center of the package bottom, is entirely dependent
on heat sink design and the mounting of the IC to the heat
sink. For the design of a heat sink for your audio amplifier
application refer to the Determlnlng The Correct Heat
Sink section.

Since a semiconductor manufacturer has no control over
which heat sink is used in a particular amplifier design, we
can only inform the system designer of the parameters and
the method needed in the determination of a heat sink. With
this in mind, the system designer must choose his supply
voltages, a rated load, a desired output power level, and
know the ambient temperature surrounding the device.
These parameters are in addition to knowing the maximum
junction temperature and the thermal resistance of the IC,
both of which are provided by National Semiconductor.

As a benefit to the system designer we have provided Maxi-
mum Power Dissipation vs Supply Voltages curves for vari-
ous loads in the Typical Performance Characteristics
section, giving an accurate figure for the maximum thermal
resistance required for a particular amplifier design. This
data was based on 8;c = 1°C/W and 6¢cs = 0.2°C/W. We
also provide a section regarding heat sink determination for
any audio amplifier design where 6cs may be a' different
value. It should be noted that the idea behind dissipating the

* maximum power within the IC is to provide the device with a

. low resistance to convection heat transfer such as a heat

sink. Therefore, it is necessary for the system designer to be
conservative in his heat sink calculations. As a rule, the low-
er the thermal resistance of the heat sink the higher the
amount of power that may be dissipated. This is of course
guided by the cost and size requirements of the system.
Convection cooling heat sinks are available commercially,
and their manufacturers should be consulted for ratings.

Proper mounting of the IC is required to minimize the ther-
mal drop between the package and the heat sink. The heat
sink must also have enough metal under the package to
cconduct heat from the center of the package bottom to the

~ fins without excessive temperature drop.
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Application Information (continued)

A thermal grease such as Wakefield type 120 or Thermalloy
Thermacote should be used when mounting the package to
the heat sink. Without this compound, thermal resistance
will be no better than 0.5°C/W, and probably much worse.
With the compound, thermal resistance will be 0.2°C/W or
less, assuming under 0.005 inch combined flatness runout
for the package and heat sink. Proper torquing of the
mounting bolts is important and can be determined from
heat sink manufacturer’s specification sheets.

Should it be necessary to isolate V— from the heat sink, an
insulating washer is required. Hard washers like beryluum
oxide, anodized aluminum and mica require the use of ther-
mal compound on both faces. Two-mil mica washers are
most common, giving about 0.4°C/W interface resistance
with the compound.

Silicone-rubber washers are also available. A 0.5°C/W ther-
mal resistance is claimed without thermal compound. Expe-
rience has shown that these rubber washers deteriorate and
must be replaced should the IC be dismounted.

Determining Maximum Power Dissipation

Power dissipation within the integrated circuit package is a
very important parameter requiring a thorough understand-
ing if optimum power output is to be obtained. An incorrect
maximum power dissipation (Pp) calculation may result in
inadequate heat sinking, causing thermal shutdown circuitry
to operate and limit the output power.

The following equations can be used to acccurately calcu-
late the maximum and average integrated circuit power dis-
sipation for your amplifier design, given the supply voltage,
rated load, and output power. These equations can be di-
rectly applied to the Power Dissipation vs Output Power
curves in the Typical Performance Characteristics sec-
tion.

Equation (1) exemplifies the maximum power dissipation of
the IC and equations (2) and (3) exemplify the average IC
power dissipation expressed in different forms.

Ppmax = Vec?/2m2R )
where Vg is the total supply voltage
Ppave = (Vopk/RUIVec/7 — Vopk/2] e
where V¢ is the total supply voltage and Vopkx = Voo/m
Ppave = Vec Vopk/ 7RL — Vopk2/2RL (3)

where V¢ is the total supply voltage.
Determining the Correct Heat Sink
Once the maximum IC power dissipation is known for a giv-
en supply voltage, rated load, and the desired rated output
power the maximum thermal resistance (in °C/W) of a heat

sink can be calculated. This calculation is made using equa-
tion (4) and is based on the fact that thermal heat flow pa-
rameters are analogous to electrical current flow properties.
It is also known that typically the thermal resistance, 6c
(junction to case), of the LM2876 is 1°C/W and that using
Thermalloy Thermacote thermal compound provides a ther-
mal resistance, 6cg (case to heat sink), of about 0.2°C/W
as explained in the Heat Sinking section.

Referring to the figure below, it is seen that the thermal
resistance from the die (junction) to the outside air (ambient)
is a combination of three thermal resistances, two of which
are known, 6,c and 8¢s. Since convection heat flow (power
dissipation) is analogous to current flow, thermal resistance
is analogous to electrical resistance, and temperature drops
are analogous to voltage drops, the power dissipation out of
the LM2876 is equal to the following:

Ppmax = (Tymax — TAmb)/64A
where 05 = 0,c + O0cs + Osa

T.Imax Tamb

2 s
Pomax
—_—

S AN\N——@
T

Bsa

TL/H/1775-12

But since we know Pppmax, 8¢, and 0sc for the application
and we are looking for 6ga, we have the following:

0sA = [(Tumax — Tamb) — Pomax (8uc + 6cs)l/Pomax(4)
Again it must be noted that the value of 8gp is dependent
upon the system designer’s amplifier application and its cor-
responding parameters as described previously. If the ambi-
ent temperature that the audio amplifier is to be working
under is higher than the normal 25°C, then the thermal re-
sistance for the heat sink, given all other things are equal,
will need to be smaller.

Equations (1) and (4) are the only equations needed in the
determination of the maximum heat sink thermal resistance.
This is of course given that the system designer knows the
required supply voltages to drive his rated load at a particu-
lar power output level and the parameters provided by the
semiconductor manufacturer. These parameters are the
junction to case thermal resistance, 0 c, Tymax = 150°C,
and the recommended Thermalloy Thermacote thermal
compound resistance, 6cs.
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Application Information (Contrnued)

SIGNAL-TO-NOISE RATIO

In the measurement of the S|gnal-to-n01se ratlo misinterpre-
tations of the numbers actually measured are common. One
amplifier may sound fnuch quieter than another, but due to
improper testing techniques, they appear equal in'measure-
ments. This is often the case when comparing integrated
circuit designs to discrete amphfler designs. Discrete tran-
sistor amps often “‘run out of gain” at high frequencies and
therefore have ‘small bandwrdths to noise as indicated be-
low. .

80
DISCRETE

60 | " INTEGRATED CIRCUIT _

GAIN (dB)

40

| :
20 200 2k 20k 200k 2M

FREQUENCY (Hz)

TL/H/11775-13

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 proportlonal to the square root of the bandw:dth ina
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 the frequency spectra. The weighting fil-
ters at the same time provide the bandwidth limiting as dis-
cussed in the previous paragraph.

In addition to noise filtering, differing meter types give differ-
ent noise readings. Meter responses include:

1. RMS reading,

2. average responding,

3. peak reading, and

4. quasi peak reading.

Although theoretical noise analysis is derived using true
RMS based calculations, most actual measurements are
taken with ARM (Average Responding Meter) test equip-
ment.

Reference 1: CCIR/ARM: A Practical Noise Measurement
Method; by Ray Dolby, David Robinson and Kenneth Gun-
dry, AES Preprint No. 1353 (F-3).

Typlcal srgnal-to-norse figures are listed for an A-weighted
filter which is commonly used in the measurement of noise.
The shape of all weighting filters is similar, with the peak of
the curve usually occurring |n the 3 kHz—7 kHz region as
shown below

AMPLITUDE -

1 11 1
20 200 2k 6k 20k
‘FREQUENCY (Hz)
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SUPPLY BYPASSING

The LM2876 has excellent power supply rejection and does
not require a regulated supply. However, to eliminate possi-
ble oscillations all op amps and power op amps should have
their supply leads bypassed with low-inductance capacitors
having short leads and located close to the package termi-
nals. Inadequate power supply bypassing will manifest itself
by a low frequency oscillation known as “motorboating” or
by high frequency instabilities. These instabilities can be
eliminated through multiple bypassing utilizing a large tanta-
lum or electrolytic capacitor (10 wF or larger) which is used
to absorb low frequency variations and a small ceramic ca-
pacitor (0.1 uF) to prevent any hlgh frequency feedback
through the power supply lines.

If adequate bypassing is not provided the current in the sup-
ply leads which is a rectified component of the load current
may. be fed back into internal circuitry. This signal causes
low distortion at high frequencies requiring that the supplies
be bypassed at the package terminals with an electrolytic
capacitor of 470 pF or more.

LEAD INDUCTANCE

Power op amps are sensitive to inductance in the output
lead; particularly with heavy capacitive loading. Feedback to
the input should be taken directly from the output terminal,
minimizing common inductance with the load. -

Lead inductance can also cause voltage surges on the sup-
plies. With long leads to the power supply, energy is stored
in the lead inductance when the output is shorted. This en-
ergy can be dumped back into the supply bypass capacitors
when the short is removed. The magnitude of this transient
is reduced by increasing the size of the bypass capacitor
near the IC. With at least a 20 pF local bypass, these volt-
age surges are important only if the lead length exceeds a
couple feet (> 1 pH lead inductance). Twisting together the
supply and ground leads minimizes the effect.
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Application Information (continued)

LAYOUT, GROUND LOOPS AND STABILITY

The LM2876 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 LM2876 can be made to oscillate un-
der certain conditions. These usually involve printed circuit
board layout or output/input coupling.

When designing a layout, it is important to return the load
ground, the output compensation ground, and the low level
(feedback and input) grounds to the circuit board common
ground point through separate paths. Otherwise, large cur-
rents flowing along a ground conductor will generate volt-
ages on the conductor which can effectively act as signals
at the input, resulting in high frequency oscillation or exces-
sive distortion. It is advisable to keep the output compensa-
tion components and the 0.1 uF supply decoupling capaci-
tors as close as possible to the LM2876 to reduce the ef-
fects of PCB trace resistance and inductance. For the same
reason, the ground return paths should be as short as possi-
ble. '

In géneral, with fast, high-current circuitry, all sorts of prob-
lems can arise from improper grounding which again can be
avoided by returning all grounds separately to a common
point. Without isolating the ground signals and returning the
grounds to a common paint, ground loops may occur.
“Ground Loop” is the term used to describe situations oc-
curring in ground systems where a difference in potential
exists between two ground points. Ideally a ground is a
ground, but unfortunately, in order for this to be true, ground
conductors with zero resistance are necessary. Since real
world ground leads possess finite resistance, currents run-
ning through them will cause finite voltage drops to exist. If
two ground return lines tie into the same path at different
points there will be a voltage drop between them. The first
figure below shows a common ground example where the
positive input ground and the load ground are returned to
the supply ground point via the same wire. The addition of
the finite wire resistance, Ry, results in a voltage difference
between the two points as shown below.

SUPPLY
GROUND

SUPPLY
GROUND

Vo=l (Ry+Vy)

T (R D

R
i
SUPPLY ¢
GROUND

TL/H/11775-15

The load current I will be much larger than input bias cur-
rent |), thus V4 will follow the output voltage directly, i.e. in
phase. Therefore the voltage appearing at the non-inverting
input is effectively positive feedback and the circuit may os-
cillate. If there were only one device to worry about then the
values of Rq and Rz would probably be small enough to be
ignored; however, several devices normally comprise a total
system. Any ground return of a separate device, whose out-
put is in phase, can feedback in a similar manner and cause
instabilities. Out of phase ground loops also are trouble-
some, causing unexpected gain and phase errors.

The solution to most ground loop problems is to always use
a single-point ground system, although this is sometimes
impractical. The third figure below is an example of a single-
point ground system.

The single-point ground concept should be applied rigorous-
ly to all components and all circuits when possible. Viola-
tions of single-point grounding are most common among
printed circuit board designs, since the circuit is surrounded
by large ground areas which invite the temptation to run a
device to the closest ground spot. As a final rule, make all
ground returns low resistance and low inductance by using
large wire and wide traces.

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, Cg, (on the order of 50 pF to 500 pF)
across the LM2876 input terminals. Refer to the External
Components Description section relating to component
interaction with Cy.

REACTIVE LOADING

Itis hard for most power amplifiers to drive highly capacitive
loads very effectively and normally results in oscillations or
ringing on the square wave response. If the output of the
LM2876 is connected directly to a capacitor with no series
resistance, the square wave response will exhibit ringing if
the capacitance is greater than about 0.2 uF. If highly ca-
pacitive loads are expected due to long speaker cables, a
method commonly employed to protect amplifiers from low
impedances at high frequencies is to couple to the load
through a 10Q resistor in parallel with a 0.7 pH inductor.
The inductor-resistor combination as shown in the Typical
Application Circuit isolates the feedback amplifier from the
load by providing high output impedance at high frequencies
thus allowing the 10Q resistor to decouple the capacitive
load and reduce the Q of the series resonant circuit. The LR
combination also provides low output impedance at low fre-
quencies thus shorting out the 109} resistor and allowing the
amplifier to drive the series RC load (large capacitive load
due to long speaker cables) directly.
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Application Information (continued)

GENERALIZED AUDIO POWER AMPLIFIER DESIGN -

The system ‘designer usually knows some of the following
parameters when starting an audlo ampllfler design:

Desired Power Output ) Input Level
Input Impedance o Load Impedance
“Maximum Supply Voltage . Bandwidth

The power output and load.impedance determlne the power
supply requirements, however, dependlng upon the applica-
tion some system designers may be limited to certain maxi-
mum supply voltages. If the designer does have a power
supply limitation, he should choose a practical load imped-
ance which would allow the amphfler to provide the desired
output power, keepung in mind the current ||m|t|ng qapablll-
ties of the device. in any case, the’ output signal swing and
current are found from (where Po |s the average output

power)

Vopeak = V2R_Po . ™

lopeak = V(2 Pg)/ AL (]
To determlne the maximum supply voltage the following pa-
rameters must be considered. Add the dropout voltage (4V
for LM2876) to the peak output swing, Vopeak, to get the
supply rail value (i.e. £ (Vopeak + Vod) at a current of
lopeak)- The regulation of the supply determines the unload-
ed voltage, usually about. 15% higher. Supply voltage will
also rise 10% during high line conditions. Therefore, the
maximum supply voltage is obtained from. the following
equation: . v . o :
Max. supplies = + (Vopeak + Vod)(1 + regulation)(1.1) (3)
The input sensitivity and the output power specs determine
the minimum required gain as depicted below: ' -
Ay =(WPo RL)/(VIN) = Vorms/Vinrms 4
Normally the gain is set between 20 and 200; for a 40W, 8Q
audio amplifier this results in a sensitivity of 894 mV and
89 mV, respectively. Although higher gain ampilifiers provide
greater output power and dynamic headroom capabilities,
there are certain shortcomings that go along with the so
called “gain.”” The input referred-noise floor is increased
and hence the SNR is:worse. With the increase in gain,
there is also a reduction of the power bandwidth which re-
sults in a decrease in feedback thus not allowing the amplifi-
er to respond quickly enough -to- nonlinearities. This de-
creased ability to respond to nonhnearmes increases the
THD + N specification.

The desired input impedance is set by Ryn. Very high values
can cause board layout problems and DC offsets at the out-
put. The value for the feedback resistance, Rs4, should be
chosen to be a relatively large value (10 k2-100 k), and
the other feedback resistance, Ri, is’ calculated using stan-
dard op amp conflguratlon gain equations. Most audio am-
plifiers are designed from the non-mvertmg amplufler config-
uration.

DESIGN A 25W/80 AUDIO AMPLIFIER

Given:.
Power Output - - 25W
' Load Impedance 80N
Input Level 1V(max)
Input Impedance ‘ 100 k2
Bandwidth - 20 Hz-20 kHz + 0.25 dB
Equations (1) and (2) give: .
25W/BQ  Vopeak =20.0V"  lopeak = 2:5A

Therefore the supply required is: £24.0V @ 2.5A

With 15% regulation and high line the final supply voltage is
+30.36V using equation (3). At this point it is a good idea to
check.the Power Output vs Supply. Voltage to ensure that
the, required output power is obtainable from the device
while maintaining low THD + N. It is also good to check the
Power Dissipation vs Supply Voltage to ensure that the de-
vice can handle the internal power dissipation. At the same
time designing in a relatively practical sized heat sink with a
low thermal resistance is also important. Refer to Typical
Performance Characterlstlcs graphs and the Thermal
COnslderatlons section for more information.

The minimum gain from equation (4) is: Ay > 14

We select a gain of 15 (Non-Inverting Ampilifier); resultlng in
a sensitivity of 942.8 mV.
Letting Ry equal 100 k2 gives the reqwred input imped-
ance, however, this would eliminate the *volume control”
unless an additional input impedance was placed in series
with the 10 kQ potentiometer that:is depicted in Figure 1.
Adding the additional 100 k€ resistor would ensure'the mi-
numum réquired input impedance‘. .
For low DC offsets at the output we let R¢y = 100 k.
Solving for 'Ri (Non-Inverting Amplifier) gives the following::
Ri = Ry1/(Ay — 1) = 100k/(15 — 1) = 7.1 kQ; use 6.8 k)
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.
Therefore:
fL = 20Hz/5 = 4Hz
fiy = 20 kHz X 5 = 100 kHz
At this point, it is a good idea to ensure that the Gain-Band-
width Product for the part will provide the designed gain out
to the upper 3 dB point of 100 kHz. This is why the minimum
GBWP of the LM2876 is important.
GBWP = Ay X f3dB = 15 X 100 kHz = 1.5 MHz
GBWP = 2.0 MHz (min) for the LM2876
Solving for the low frequency roll-off capacitor, Ci, we have:
Ci > 1/(2#7 Rify) = 5.9 uF; use 10 pF.
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Definition of Terms

Input Offset Voltage: The absolute value of the voltage
which must be applied between the input terminals through
two equal resistances to obtain zero output voltage and cur-
rent.

Input Bias Current: The absolute value of the average of
the two input currents with the output voltage and current at
zero.

Input Offset Current: The absolute value of the difference
in the two input éurrents with the output voltage and current
at zero.

- Input Common-Mode Voltage Range (or Input Voltage

Range): The range of voltages on the input terminals for
which the ampilifier is operational. Note that the specifica-
tions are not guaranteed over the full common-mode volt-
age range unless specifically stated.

Common-Mode Rejection: The ratio of the input common-
mode voltage range to the peak-to-peak change in input
offset voltage over this range.

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

Quiescent Supply Current: The current required from the
power supply to operate the amplifier with no load and the
output voltage and current at zero.

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

Class B Amplifier: The most common type of audio power
amplifier that consists of two output devices each of which
conducts for 180° of the input cycle. The LM2876 is a
Quasi — AB type amplifier.

Crossover Distortion: Distortion caused in the output
stage of a class B amplifier. It can result from inadequate
bias current providing a dead zone where the output does
not respond to the input as the input cycle goes through its
zero crossing point. Also for ICs an inadequate frequency
response of the output PNP device can cause a turn-on
delay giving crossover distortion on the negative going tran-
sition through zero crossing at the higher audio frequencies.

THD + N: Total Harmonic Distortion plus Noise refers to
the measurement technique in which the fundamental com-
ponent is removed by a bandreject (notch) filter and all re-
maining energy is measured including harmonics and noise.
Signal-to-Noise Ratio: The ratio of a system’s output signal
level to the system’s output noise level obtained in the ab-
sence of a signal. The output reference signal is either
specified or measured at a specified distortion level.

Continuous Average Output Power: The minimum sine
wave continuous average power output in watts (or dBW)
that can be delivered into the rated load, over the rated
bandwidth, at the rated maximum total harmonic distortion.

Music Power: A measurement of the peak output power
capability of an amplifier with either a signal duration suffi-
ciently short that the amplifier power supply does not sag
during the measurement, or when high quality external pow-
er supplies are used. This measurement (an IHF standard)
assumes that with normal music program material the ampli-
fier power supplies will sag insignificantly.

Peak Power: Most commonly referred to as the power out-
put capability of an amplifier that can be delivered to the
load; specified by the part’'s maximum voltage swing.

Headroom: The margin between an actual signal operating
level (usually the power rating of the amplifier with particular
supply valtages, a rated load value, and a rated THD + N
figure) and the level just before clipping drstomon occurs,
expressed in decibels.

Large Signal Voltage Gain: The ratio of the output voltage
swing to the differential input voltage required to drive the
output from zero to either swing limit. The output swing limit
is the supply voltage less a specified quasi-saturation volt-
age. A pulse of short enough duration to minimize thermal
effects is used as a measurement S|gnal

Output-Current Limit: The output current with a fixed out-
put voltage and a large input overdrive. The limiting current
drops with time once SPiKe protection circuitry is activated.

Output Saturation Threshold (Clipping Point): The output
swing limit for a specified input drive beyond that required
for zero output. It is measured with respect to the supply to
which the output is swinging.

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

Power Dissipation Rating: The power that can be dissipat-
ed for a specified time interval without activating the protec-
tion circuitry. For time intervals in excess of 100 ms, dissipa-
tion capability is determined by heat sinking of the IC pack-
age rather than by the IC itself.

Thermal Resistance: The peak, junction-temperature rise,
per unit of internal power dissipation (units in °C/W), above
the case temperature as measured at the center of the
package bottom.

The DC thermal resistance applies when one output transis-
tor is operating continuously. The AC thermal resistance ap-
plies with the output transistors conducting alternately at a
high enough frequency that the peak capability of neither
transistor is exceeded.

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

Power bandwidth also can be measured by the frequencies
at which a specified level of distortion is obtained while the
amplifier delivers a power output 3 dB below the rated out-
put. For example, an amplifier rated at 60W with < 0.25%
THD + N, would make its power bandwidth measured as
the difference between the upper and lower frequencies at
which 0.25% distortion was obtained while the amplifier was
delivering 30W.

Gain-Bandwidth Product: The Gain-Bandwidth Product is
a way of predicting the high-frequency usefulness of an op
amp. The Gain-Bandwidth Product is sometimes called the
unity-gain frequency or unity-gain cross frequency because
the open-loop gain characteristic passes through or crosses
unity gain at this frequency. Simply, we have the following
relationship: AgL1 X f1 = AgLe X f2

Assuming that at unity-gain (Ac 1 = 1 0or (0 dB)) fu = fi =
GBWP, then we have the following: GBWP = Agla X fa

This says that once fu (GBWP) is known for an amplifier,
then the open-loop gain can be found at any frequency. This
is also an excellent equation to determine the 3 dB point of
a closed-loop gain, assuming that you know the GBWP of
the device. Refer to the diagram on the following page.
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Definition of Terms (continued)

Biamplification: The-technique of splitting the audio fre-
quency spectrum into two -sections and using individual
power amplifiers to drive a separate woofer and tweeter.
Crossover frequencies for the amplifiers usually vary be-
tween 500 Hz and 1600 Hz. “Biamping” has the advan-
tages of allowing smaller power amps to produce a given
sound pressure level and reducing distortion effects pro-
dused by overdrive in one part of the frequency spectrum
affecting the other part..

C.C.LR./ARM.:

Literally: International Radio Consultative Commlttee
Average Respondmg Meter )

T A
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This refers to.a weighted noise measurement for-a- Dolby B
type noise reduction system. A filter characteristic is used
that gives a closer correlation of the measurement with the
subjective annoyance of noise to the ear. Measurements
made with this filter cannot necessarily be related to un-
weighted noise measurements by some fixed conversion
factor since the answers obtained will depend on the spec-
trum of the noise source.

S.P.L.: Sound Pressure LeVel+usuaIIy measured wnth a mi-

crophone/meter combination calibrated to a pressure level

of 0.0002 p.Bars (approx1mately the threshold hearing level).
SP.L =20 Log 10P/0.0002 dB

where P is the R.M.S. sound pressure in microbars.

(1 Bar = 1 atmosphere = 14.5 Ib/in2.= 194 dB S.P.L.).
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&National Semiconductor

LM2877 Dual 4W Audio Power Amplifier

General Description

The LM2877 is a monolithic dual power amplifier designed B Wide supply range, 6-24V

to deliver 4W/channel continuous into 8Q loads. The ® Very low cross-over distortion
LM2877 is designed to operate with a low number of exter- m Low audio band noise

nal components, and still provide flexibility for use in stereo g AC short circuit protected
phonographs, tape recorders and AM-FM stereo receivers, g |nternal thermal shutdown
etc. Each power amplifier is biased from a common internal
regulator to provide high power supply rejection and output H H

Q point centering. The LM2877 is internally compensated Appllcat|ons

for all gains greater than 10, and comes in an 11-lead sin- ™ Multi-channel audio systems

gle-in-line package. m Stereo phonographs |
® Tape recorders and players |

Features B AM-FM radio receivers

W 4W/channel m Servo amplifiers

=m —68 dB ripple rejection, output referred ® Intercom systems

m —70 dB channel separation, output referred u Automotive products’

Connection Diagram

(Single-In-Line Package)

sias —Je u

OUTPUT 1 =l

GND-—J
INPUT 1 -—‘. O
5
FEEDBACK 1 ==t
[]
¥ TAB et
7
FEEDBACK 2 ===t .

INI’I.I'I'I—B

GND -—91

10
OQUTPUT 2 mmemg

vt

TL/H/7933-1
Top View

Order Number LM2877P
See NS Package Number P11A

*Pin 6 must be connected to GND.
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Absolute Maximum Ratings

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

Supply Voltage i 26V
Input Voltage B L0V
Operating Temperature 0°Cto +70°C

. . Storage Temperature
Junction Temperature

Lead Temperature (Soldering, 10 sec. )
., Thermal Resistance

6ic
CAT

—65°Cto +150°C

150°C
260°C

10°C/W
55°C/W

Electrical Characterlstlcs Vg = 20V, Trag = 25°C, R, = 80, Av = 50 (34 dB) unless otherwise specified.

Parameter ‘ ' ' Conditions Min ' | Typ Max Units
Total Supply Current Po=0W . 25 50 -] mA
Operating Supply Voltage 6 24 Vv
Output Power/Channel f=1kHz, THD = 10%, Ttag = 25°C .
. Vg = 20V 40 | 45 w
Vg = 18V B B X ] w
Vg = 12V, RL— 40 1.5 1.9 - W
Vs = 12V,R_ = 8Q 1.0 w
Distortion, THD f = 1kHz, Vg-= 20V
Po = 50 mW/Channel 0.1 %
Po = 1W/Channel .0.07 1 . %
Po = 2W/Channel 0.07 %
f=1kHz, Vg = 12V, R = 4Q
Po = 50 mW/Channel 0.25 %
Po = 500 mW/Channel 0.20 %
Po = 1W/Channel 0.15 1 %
Output Swing RL = 8Q Vg—4 Vpp
Channel Separation Cr = 50 pF,Cin = 0.1 pF, f= 1 kHz,
Output Referred
Vg = 20V,Vp = 4 Vrms —50 -70 dB
Vg = 7V,Vp = 0.5Vrms —60 dB
PSRR Power Supply Cg = 50 pF,Cy = 0.1 pF, f = 120 Hz
Rejection Ratio " Output Referred
Vg = 20V, VRippLe = 1 Vims —50 —68 dB
Vs = 7V, VRipplE = 0.5 Vims —40 dB
Noise Equivalent Input Noise
Rs = 0, Cjy = 0.1 uF, BW = 20 Hz-20 kHz 25 Y
Output Noise Wideband
Rs = 0, Cjy = 0.1 uF, Ay = 200 0.80 mVv
Open Loop Gain Rs = 0, = 1 kHz, R, = 8Q 70 dB
Input Offset Voltage ' 15 mv
Input Bias Current 50 nA
Input Impedance ' Open Loop 4 MQ
DC Output Level - Vg =20V 9 10 11 \"
Slew Rate C 2.0 V/us
Power Bandwidth - 65 kHz
Current Limit 1.0 A
Note 1: For c ion at ambient

resistance whlch depends upon device mounting techniques.

greater than 25°C, the LM2877- must be derated based on a maximum 150°C junction temperature using a thermal
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LM2877

Typical Performance Characteristics

Power Supply Rejection Ratio
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Typical Applications

L1821

Stereo Phonograph Amplifier with Bass Tone Control w
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" Frequency Response of Bass Tone Control
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LM2877

- Typical Applications (continued) A T A
Stereo Amplifier with Ay = 200
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TYPICAL SPLIT SUPPLY
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Typical Applications (continued)

Window Comparator Driving High, Low Lamps

1% | 172 imzsr
L] ‘

3,6,9
= TLIMI7933-8
Truth Table
Vin High Low
<VaV+ Off ‘On
1aVttod, v+ Off Off
>3, VvVt On Off

Application Hints

The LM2877 is an improved LM377 in typical audio applica-
tions. In the LM2877, the internal voltage regulator for the
input stage is generated from the voltage on pin 1. Normally,
the input common-mode range is within +0.7V of this pin 1
voltage. Nevertheless, the common-mode range can be in-
creased by externally forcing the voltage on pin 1. One way
to do this is to short.pin 1 to the positive supply, pin 11.

FIGURE 1

The only special care required with the LM2877 is to limit
the maximum input differential voltage to +7V. If this differ-
ential voltage is exceeded, the input characteristics may
change.

Figure 1 shows a power op amp application with Ay = 1.

- The 100k and 10k resistors set a noise gain of 10 and are
- dictated by amplifier stability. The 10k resistor is boot-

strapped by the feedback so the input resistance is domi-
‘nated by the 1 MQ resistor.

TL/H/7933-9
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LM2878

&National Semiconductor

LM2878 Dual 5 Watt Pdwer Audio Amplifier

General Description

The LM2878 is a high voltage stereo power amplifier de-
signed to deliver 5W/channel continuous into 8 loads. The
amplifier is ideal for use with low regulation power supplies
due to the absolute maximum rating of 35V and its superior
power supply rejection. The LM2878 is designed to operate
with a low number of external components, and still provide
flexibility for use in stereo phonographs, tape recorders, and
AM-FM stereo receivers. The flexibility of the LM2878 al-
lows it to be used as a power operational amplifier, power
comparator or servo amplifier. The LM2878 is internally
compensated for all gains greater than 10, and comes in an
11-lead single-in-line package (SIP). The package has been
redesigned, resulting in the slightly degraded thermal char-
acteristics shown in the figure Device Dissipation vs Ambi-
ent Temperature.

Features

m Wide operating range 6V-32V

m 5W/channel output

m 60 dB ripple rejection, output referred

W 70 dB channel separation, output referred
m Low crossover distortion

| AC short circuit protected

m Internal thermal shutdown

Applications

m Stereo phonographs

B AM-FM radio receivers

m Power op amp, power comparator
m Servo amplifiers

Typical Applications

L1
100 uF
T | v ™
= S 1 S
= 2
510k P 4
W 100k
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CARTRIDGE

>
<

> 51k
b3

100 uF

Frequency Response
of Bass Tone Control

65 T T
MAXIMUM
- BOOST

85 RESPONSE

45 [ CONTROL FLAT

-
/

AR

- MAXIMUM
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CcuT.
RESPIIJNSIE
|
N 1]
20 50 100 200 500 1k 2k 5k 10k 20k
FREQUENCY (Hz)
TL/H/7934-2

VOLTAGE GAIN OF TONE CONTROL (dB)

TL/H/7934-1

FIGURE 1. Stereo Phonograph Amplifier with Bass Tone Control
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Absolute Maximum Ratings

82821

If Military/Aerospace specified devices are required, Storage Temperature —65°C to +150°C
please contact the National Semiconductor Sales Junction Temperature +150°C
Office/Distributors for availability and specifications. Lead Temperature (Soldering, 10 sec.) +260°C
Supply Voltage 3sv Thermal Resistance

Input Voltage (Note 1) +0.7V 0.c 10°C/W
Operating Temperature (Note 2) 0°Cto +70°C AT 55°C/W

Electrical Characteristics vs = 22v, Trag = 25°C, R = 89, Ay = 50 (34 dB) unless otherwise specified.

Parameter Conditions Min Typ Max Units
Total Supply Current Po = OW 10 50 mA
Operating Supply Voltage 6 32 v
Output Power/Channel = 1kHz, THD = 10%, Ttag = 25°C 5 5.5 w
) f = 1kHz, THD = 10%, Vg = 12V 1.3 w
Distortion f=1kHz,R_ = 8Q o
Po = 50 MW 0.20 %
Po = 0.5W 0.15 %
Po = 2W 0.14 %
Output Swing RL = 8Q Vg — 6V Vp-p
Channel Separation Cgypass = 50 uF, Gy = 0.1 uF
f = 1 kHz, Output Referred —50 —-70 dB
Vo = 4Vrms
PSRR Power Supply Cgypass = 50 uF,Ciy = 0.1 uF
Rejection Ratio f = 120 Hz, Output Referred —50 —60 dB
Vripple = 1 Vrms
PSRR Negative Supply Measured at DC, Input Referred ) —60 dB
Common-Mode Range Split Supplies + 15V, Pin 1 135 v
Tied to Pin 11 i
Input Offset Voltage . 10 mV
Noise Equivalent Input Noise
Rs = 0,Cjy = 0.1 uF 25 pv
BW = 20 — 20 kHz ‘ )
CCIR®ARM ‘ 3.0 Y
Output Noise Wideband
Rg = 0,Ciy = 0.1 pF, Ay = 200 08 mv
Open Loop Gain Rs = 51Q,f = 1 kHz, R_ = 8Q 70 dB
Input Bias Current 100 nA
Input Impedance Open Loop 4 MQ
DC Output Voltage Vg = 22V 10 1 12 \
Slew Rate 2 V/uS
Power Bandwidth 3 dB Bandwidth at 2.5W 65 kHz
Current Limit 15 A

Note 1: £0.7V applies to audio applications; for extended range, see Application Hints.

Note 2: For operation at ambient temperature greater than 25°C, the LM2878 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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LM2878

Connection Diagram
Single-in-Line Package

sias —J o u

OUTPUT 1 =

GND -i

5
FEEDBACK 1 ===
6
*TAB et

7
FEEDBACK 2 ewemeeg
INPUT 2 -l

10
OQUTPUT 2 ey

il

Top View
*Pin 6 must be connected to GND.
Order Number LM2878P
See NS Package Number P11A

N\

o O
O

__/

TL/H/7934-5

Application Hints

The LM2878 is an improved LM378 in typical audio applica-
tions. In the LM2878, the internal voltage regulator for the
input stage is generated from the voltage on pin 1. Normally,
the input common-mode range is within +0.7V of this pin 1
voltage. Nevertheless the common-mode range can be in-
creased by externally forcing the voltage on pin 1. One way
to do this is to short pin 1 to the positive supply, pin 11.

The only special care required with the LM2878 is to limit
the maximum input differential voltage to +7V. If this differ-
ential voltage is exceeded, the input characteristics may
change.

Figure 2 shows a power op amp application with Ay = 1.
The 100k and 10k resistors set a noise gain of 10 and are
dictated by amplifier stability. The 10k resistor is boot-
strapped by the feedback so the input resistance is domi-
nated by the 1 MQ resistor.

100k

TL/H/7934-6
FIGURE 2. Operational Power Amplifier, Ay = 1

1-114




External Components (Figure 3)
1. R2, R5, R7, R10 Sets voltage gain Ay = 1 + R2/R5 for

2.R4,R8

3.Ro
4.C1

5.C11

one channel and Ay = 1 + R10/R7 for
the other channel.

Resistors set input impedance and sup-
ply bias current for the positive input.

Works with Cq to stabilize output stage.
Improves power supply rejection (see
Typical Performance Characteristics).
Stabilizes amplifier, may need to be larg-
er depending on power supply filtering.

Typical Applications (continued)
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510

vso-"-j_ c1
L

_‘vAvA
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104F
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5 \ | @

INPUT 1 O—-i }‘

"
I 500 uF
1/2 LM2878 2 P l
| L
4 Ry R
- | 20 Qb

TL/H/7934-7

FIGURE 3. Stereo Amplifier with Ay = 200

6.C4,C8

7.C5,C7

8.Co
9.C2,C10

100k

il

Input coupling capacitor. Pins 4 and 8
are at a DC potential of Vg/2. Low fre-

quency pole set by:

flm
L~ 2xRaca

Feedback capacitors. Ensure unity gain
at DC. Also low frequency pole at:

1

= 57Rscs

Works with Rg to stabilize output stage.
Output coupling capacitor. Low frequen-
cy pole given by:

P
L~ RwRLC2

TL/H/7934-8

FIGURE 4. LM2878 Servo Amplifier in

Bridge Configuration
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LM2878

Typical Appli_ycations (Continued)

VinO—4¢

TL/H/7934-9

Truth Table . .

< VN ~High- | Low
<yv+ | o On
VV+ oYVt | TOff Off
>3+ | ©On Off

FIGURE 5. Window Comparator Driving High, Low Lamps
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&'National Semiconductor

LM2879 Dual 8W Audio Amplifier

General Description

The LM2879 is a monolithic dual power amplifier which of-
fers high quality performance for stereo phonographs, tape
players, recorders, AM-FM stereo receivers, etc.

The LM2879 will deliver 8W/channel to an 8Q load. The
amplifier is designed to operate with a minimum of external
components and contains an internal bias regulator to bias
each amplifier. Device overload protection consists of both
internal current limit and thermal shutdown.

Features

m Ayo typical 90 dB

B 9W per channel (typical)
W 60 dB ripple rejection

| 70 dB channel separation

m Self-centering biasing.

| 4 MQ input impedance

m Internal current limiting

# Internal thermal protection

Applications

B Multi-channel audio systems
W Tape recorders and players
® Movie projectors

® Automotive systems

® Stereo phonographs

m Bridge output stages

® AM-FM radio receivers

B Intercoms

| Servo amplifiers

m Instrument systems

Connection Diagram and Typical Application

Plastic Package
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—
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ML NooS
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Ee——— outruT1
[} se— 1T

Stereo Amplifier

62821

TOP VIEW

TL/H/5291-1

Order Number LM2879T
See NS Package Number TA11B

+
T R
- 270 ¢
. <
B
-

TL/H/5291-2

*TAB must be connected to GND.

FIGURE 1
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LM2879

Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

please contact the National

Semiconductor Sales

Office/Distributors for availability and specifications.

Supply Voltage
Input Voltage (Note 1)
Operating Temperature (Note 2)

35V

S £07V

0°Cto + 70°C

Storage Temperature
Junction Temperature

Lead Temp. (Soldering, 10 seconds)

ESD rating to be determined.
Thermal Resistance

04c

LA

" —65°C to +150°C

150°C
260°C

1°C/W
43°C/W

Electrical Characteristics vs=2sv, Trap = 25°C, R = 89, Ay = 50 (34 dB), unless otherwise specified.

Parameter ~ Conditions Min Typ Max Units
Total Supply Current Po=0W . 12 65 mA
Operating Supply Voltage 6 ) 32 \'/
Output Power/Channel =1 kHz, THD=10%, TTag=25°C 6 .8 ' w
Distortion f=1kHz, R =80 v
Po=1W/Channel 0.05 1 %
Output Swing R.=8Q Vg—6V Vp-p
Channel Separation CgypASS =50 pF, Ciy=0.1 uF .
f=1 kHz, Output Referred —50 —-70 dB
Vo=4Vrms
PSRR Positive Supply Cgypass =50 uF, Cy=0.1 uF
=120 Hz, Output Referred —50 —60 dB
Vripple=1Vrms
PSRR Negative Supply Measured at DC, Input Referred —60 dB
Common-Mode Range Split Supplies =15V, Pin 1 £135 v
TiedtoPin11 . T ;
Input Offset Voltage 10 mV
Noise Equivalent Input Noise
Rg=0, Cjn=0.1 uF
BW=20 —20 kHz 2.5 v
CCIReARM ) 3.0 InY
Output Noise Wideband 0.8 mV
Rg=0, Cin=0.1 uF, Ay=200 '
Open Loop Gain Rg=510,f=1kHz, R =80 : 70 dB
Input Bias Current , ' 100 ] nA
Input Impedance Open Loop . 4 MQ
DC Output Voltage Vg=28V ) 14 \"
Slew Rate e 2 V/ps
Power Bandwidth 3 dB Bandwidth at 2.5W ) 65 B kHz
Current Limit - ) ) 1.5 - A

Note 1: The input voltage range is normélly limited to +0.7V with respect to pin 1. This range may be extended by shorting pin 1 to the positive supply.

Note 2: For operation at ambaent temperature greater than 25°C, the LM2879 must be derated based on a maximum 150°C junction temperature. Thermal
resistance, juncnon to case, is 3°C/W. Thermal resistance, case to ambient, is 40°C/W.

Typical Performance Characteristics

Device Dissipation vs Open Loop Gain vs Power Dissipation vs
Ambient Temperature Frequency Power Output
2 100 " Ty
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1-118




- f
. . as = 1
Typical Performance Characteristics (continued) ] §
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LM2879
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Typical Applications

Two-Phase Motor Drive
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LM2879

Typical Applications (continued)

Simple Stereo Amplifier with Bass Boost
) 0.024F

AAA. AAA. AAA.

5uF VWA VWA W
:-I: o.oé,.r '% 0.1 uF

TL/H/5291-8

: 10k
INPUT e AAA,

=m~,

TL/H/5291-9
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Typical Applications (continued)

Stereo Phonograph Amplifier with Bass Tone Control

L
T

STEREQ
CERAMIC
CARTRIDGE

VOLTAGE GAIN OF TONE CONTROL (dB)

100 uF

AAA
V-

Frequency Response of
Bass Tone Control
MAXIMUM
TONE BOOST
conTRoL [NQRESPONSE
FLAT
MAXIMUM
4 / cur
RESPONSE
| ||
D

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

TL/H/5291-11

TL/H/5291-10

64821
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LM3875

NNational Semiconductor

LM3875 Ove rture ™ Audlo Power Amplifier Senes ;
High-Performance 56W Audio Power Ampllﬂer

General Description ' - Features

The LM3875 is a high-performance audio power amplifier B 56W continuous average output power into 8Q
capable of delivering 56W of continuous average power to W 100W instantaneous peak output power capability
an 80 load with 0.1% (THD + N) from 20 Hz-20 kHZ. = Signal-to-Noise Ratio >95 dB (min)

The performance of the LM3875, utilizing its Self Peak In-+ . g:ltp::;:'z;eicntti::‘nfa"log:e?rrtul)ir;itt?ngrgil:;fitor to the
stantaneous Temperature (°Ke) (SPiKe) Protection Circuit- PP 9 Ty

ry, puts it in a class above discrete/and hybrid amplifiers by = ™ Output over-voltage’ protection against transients from
providing an inherently, dynamically protected Safe Operat- inductive; loads

ing Area (SOA). SPiKe Protection means that these parts ® Supply under- voltage protectlon not allowing internal

are completely safeguarded at the output against overvolt- b'a§'"9 to OCCU’,)”he" [Veel + |_Vcc| < 12V, thus elimi-
age, undervoltage, overloads, including shorts to the sup- nating turn-on and turn-off transients
plies, thermal runaway, and instantaneous temperature m 11 lead TO-220 package
peaks. : A licati .
- ications Ca
The LM3875 maintains an excellent Signal-to-Noise Ratio of ; pp , St

greater than 95 dB(min) with a typical low noise floor of . gomponen: stereo

2.0 pV. It exhibits extremely low (THD + N) values of ™ Compactstereo

0.06% at the rated output into the rated load over the gudio B Self-powered speakers :
spectrum, and provides excéllent linearity with an iIMD M Surround-spund amplifiers .
(SMPTE) typical rating of 0.004%. - s om ngh-end stereo TVs

Typical Application :.. B " Connection Diagram

v+
Plastic Package (Note 8)

Cs . . .
INPUT +]5 - / K
: 10
Rg 1kQ , j__.: 9
LTS R Yy W—— ! n 8
1okn * 3 LOTHH ourpur N~ 7
] ‘ ° llg
- 3
Cs 2
\ 1
+
= TL/H/11449-2
: Top View
Ry 20kQ = ‘
AMA i T _+ . " Order Number LM3875T or LM3875TF
Ri & ' . co See NS Package Number TA11B for
1kQ <: o Staggered Lead Non-Isolated
i o K i C Package or TF11B for Staggered
10 uf I o ' T Lead Isolated Package
— F . : A

;r|:/H/11449-11 7
FIGURE 1. Typical Audio Amplifier Application Circuit

*Optional components dependent upon specific design requirements. Refer to the External Compo-
nents Description section for a component function description. o i
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Absolute Maximum Ratings (Notes 1,2) .

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

Supply Voltage [V+| + |V—| (No Signal)
Supply Voltage [V+|'+ [V—| (Input Signal)

Common Mode Input Voltage

Differential Input Voltage ‘

Output Current

Power Dissipation (Note 3)
ESD Susceptibility (Note 4)

(vt orvV—)and
[v+] + [v—| < sov.

Internally Limited

Soldering Information

T package (10 seconds)
94v Storage Temperature
84V Thermal Resistance

0,c

AT

60V

Temperature Range
TMIN < Ta < Tmax
Supply Voitage [V+| + [V—|

125W
2500V

Protection Response)

Junction Temperature (Note 5)

150°C

260°C

—40°C to +150°C

Operating Ratings (Notes 1,2)

1°C/W
43°C/W

—20°C < Tp < +85°C
20V to 84V
Note: Operation is guaranteed up to 84V, however, distortion may be intro-

duced from the SPiKe Protection Circuitry when operating above 70V

if proper thermal considerations are not taken into account. Refer to
the Thermal Considerations section for more information. (See SPiKe

Electrical Characteristics (Notes 1, 2) The following specifications apply for V+ = +35V, V= = —35V with
Ry = 80 unless otherwise specified. Limits apply for Ta = 25°C. : .
LM3875
. Units
Symbol Parameter Conditions Typical | Limit | (imits)
‘ (Note 6) | (Note 7)
[V+| + [v—|| Power Supply Voltage 20 | vMin)
84 V (Max)
**Po Output Power (Continuous Average) |THD + N = O.j% (Max) .
, ‘ f = 1kHz, f = 20 kHz 6 | 40 ) W(Min)
Peak Pg Instantaneous Peak Output Power 100 W
THD + N | Total Harmonic Distortion Plus Noise |40W, 20 Hz < f < 20 kHz
. 0.06 %
. : Ay = 26.dB
**SR Slew Rate (Note 9) ViN = 1.414 Vrms, f = 10 kHz o
Square-wave, R = 2kQ " 5 V/ps (Min)
*+ Total Quiescent Power Supply Current|Vgy = OV, Vg = 0V, o = 0 mA 30 70 mA (Max)
*Vos Input Offset Voltage Vem = 0V, lp = 0 mA 1 10 mV (Max)
s Input Bias Current Vom = 0V, lp = 0 mA 0.2 1 pA (Max)
los Input Offset Current Vem = 0V, lp = 0 mA 0.01 0.2 MA (Max)
lo Output Current Limit [V+| = |V—| = 10V, ton = 10 ms, Vo = OV 6 A (Min)
*Vod Output Dropout Voltage (Note 10) [V+ = Vo|, V+ = 20V, o = +100 mA 1.6 5 V (Max)
Vo — V-, V= = =20V, I, = —100 mA 27 5 V (Max)
*PSRR Power Supply Rejection Ratio V+ = 40Vto20V,V— = —40V,
120 85
Vem = OV, lo = 0 mA dB (Min)
V+ = 40V,V— = —40V to —20V, 120 85
Vem = OV, 1o = OmA
*CMRR Common Mode Rejection Ratio V+ = 60Vto20V,V— = —20Vto —60V, .
Vem = 20V to —20V, I, = 0 mA 120 80 | dB(Min)
*AvoL Open Loop Voltage Gain [V+| =|v—| = 40V,R_ = 2kQ, AVpo = 60V| 120 90 dB (Min)
GBWP Gain-Bandwidth Product V| = |v-| = 40v .
fo = 100 kHz, Vi = 50 mVrms 8 2 | MHz (Min)
**eiN Input Noise IHF — A Weighting Filter
Ry = 6000 (Input Referred) 20 80 | wV(Max)

*DC Electricat Test; refer to Test Circuit #1.
**AC Electrical Test; refer to Test Circuit #2.
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LM3875

Electrical Characteristics (Notes 1, 2) The following specifications apply for V+ = +35V,V— = —35V with
RL = 8Q unless otherwise specified. Limits apply for To = 25°C. (Contmued) .

. ) e .. LM3875 Unit
A . nits
Symbol | Parameter . ~ Conditions Typical | Limit (Limits)
(Note 6) (Note 7)
SNR Signal-to-Noise Ratio Po = 1W, A-Weighted, 98dB R dB
Measured at 1 kHz, Rg = 250
Po = 40W, A-Weighted, o ‘
S . . 114 :
Measured at 1 kHz, Rg = 250 dB a8
Ppk = 100W, A-Weighted,
pk Fveignied, 12248 - dB
Measured at 1 kHz, Rg = 250 d dB
IMD Intermodulation Distortion Test 60 Hz, 7 kHz, 4:1 (SMPTE) 0.004 %
60 Hz, 7 kHz, 1:1 (SMPTE) 0.006 °
*DC Electrical Test; refer to Test Circuit #1.
**AC Electrical Test; refer to Test Circuit #2.
Note 1: All voitages are measured with respect to supply GND, unless otherwise specified.
Note 2: Absolute M: Ratings indi limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not g specific perf: limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions
which guarantee specific perf o limits. This that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where
no limit is given, howevér, the typical value is a good indication of device performance.
Note 3: For op g at case temp. above 25°C, the device must be derated based on a 150°C i junctio and a thermal resistance of

0yc = 1. 0°C/W (|unct|on to case). Refer to the Thermal Resistance figure in the Application Information setmon under Thermnl Considerations.

Note 4: Human body model, 100 pF discharged through a 1.5 kQ2 resistor.

Note 5: The « ing j peratt i is 150°C, however, the i Safe Operating Area p ure is 250°C.

Note 6: Typnca!s are at 25°C 'and p the p ic norm.

Note 7: Limits are guaranteed to National's AOQL (Average Outgoing Quality Level). .

Note 8: The LM3875T package TA11B is a non-isolated package, setting the tab of the device and the heat sink at V— potential when the LM3875 is direéﬂy
mounted to the heat sink using only thermal compound. If a mica washer is used in addition to thermal compound, 8¢g (case to sink) is increased, but the heat sink
will be isolated from V-,

Note 9: The feedback compensation network limits the bandwidth of the closed-| Doop response and so the slew rate will be reduced due to the hlgh frequency roli-
off. Without feedback compensation, the slew rate is typically 16V/pus.

Note 10: The output dropout voltage is the supply voltage minus the clipping vo|lage Refer to the Clipping Voltage vs. Supply Voltage graph in the Typical
Perfi section.
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Test Circuit # 1 *(bc Electrical Test Gircuit)

-
=
@
®
~N
o

24.9k0 |

AAA
VVV

L 0.7 uH 200kQ

—O
OUTPUT
<P
49.90 j\:_
- - - TL/H/11449-3

Test Circuit # 2 (** Ac Electrical Test Circuit)

Ri 1kQ Rey 20kQ
A

AAA AA

Fvvv [ A A A e

C 50pf Ry 20kQ

8
L 0.7 pH OUTPUT
Ce 220 pF I
SOURCE 7 2 100 R
2kQ

TL/H/11449-4
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LM3875

Single Supply Application Circuit

INPUT

*Optional components dependent upon specific design requirements. Refer to the External Components Description section for a component function description.

C 4700 uF/50V .

*L 0.7 uH

SOUTPUT

mk
>
Ry 100k0 T Cs
< Ry 75k0 ..
C 10 uF WA -
I 7 1
- +
“ lc = }
: o
220¢F ] -
8 4
L
Ry 100kQ 2
. Ry 20ka
'Vv
Ri @
1k 4; LII_W\PJ
sci o *c, 50pf *R, 20K

- TL/H/11449-5

FIGURE 2. Typical Single Supply Audio Amplifier Application Circuit

Equivalent Schematic Excluding active protection circuitry)

V+

—o

| " 0.45
OUTPUT

o

—5-
[ [

| 2% ! 2 | 0.45

V-

® . . o

TL/H/11449-6
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External Components Description (rigures 7and 2)

Components Functional Description

1. Rin Acts as a volume control by setting the voltage level allowed to the amplifier’s input terminals.

2. Ra Provides DC voltage biasing for the single supply operation and bias current for the positive input terminal.
3. Ca Provides bias filtering.

4. C Provides AC coupling at the input and output of the ampilifier for single supply operation.

5. R Prevents currents from entering the amplifier’s non-inverting input which may be passed through to the load

upon power-down of the system due to the low input impedance of the circuitry when the under-voltage
circuitry is off. This phenomenon occurs when the supply voltages are below 1.5V.

6. *Co Reduces the gain (bandwidth of the amplifier) at high frequencies to avoid quasi-saturation oscillations of the
output transistor. The capacitor also suppresses external electromagnetic switching noise created from
fluorescent lamps. ‘

7. Ri Inverting input resistance to provide AC Gain in conjunction with Ry4.
8. *Ci Feedback capacitor. Ensures unity gain at DC. Also a low frequency pole (highpass roll-off) at:
fc = 1/(27 Ri Gi).
9. Rf1 Feedback resistance to provide AC Gain in conjunction with Ri.
10. *Ri2 At higher frequencies feedback resistance works with Cs to provide lower AC Gain in conjunction with Rg¢q

and Ri. A high frequency pole (lowpass roll-off) exists at:
fc = [R1 Re2l (s + 1/Rp2 Cil/[(Re1 + Rea) (s + 1/Ct (Rey + Rl

11. *Ct Compensation capacitor that works with R¢1 and R;2 to reduce the AC Gain at higher frequencies.
12. *RsN Works with Cg to stabilize the output stage by creating a pole that eliminates high frequency oscillations.
13. *CsN Works with Rgy to stabilize the output stage by creating a pole that eliminates high frequency oscillations.
fo = 1/(2mRgN Cgn)- N

14. *L Provides high impedance at high frequencies so that R may decouple a highly capacitive load and reduce the
15. *R Q of the series resonant circuit due to capacitive load. Also provides a low impedance at low frequencies to

short out R and pass audio signals to the load.
16. Cs Provides power supply filtering and bypassing.

*Optional components dependent upon specific design requirements. Refer to the Application Information section for more information.

OPTIONAL EXTERNAL COMPONENT INTERACTION

Although the optional external components have specific desired functions that are designed to reduce the bandwidth and
eliminate unwanted high frequency oscillations they may cause certain undesirable effects when they interact. Interaction may
occur for components whose reactances are in close proximity to one another. One example would be the coupling capacitor,
Cc, and the compensation capacitor, C. These two components act as low impedances to certain frequencies which will couple
signals from the input to the output. Please take careful note of basic amplifier component functionality when designing in these
components.

The optional external components shown in Figure 2 énd described above are applicable in both single and split voltage supply
configurations. '
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LM3875

Typical Performance Characteristics ‘ e

POWER DISSIPATION (W) THERMAL RESISTANCE (°C/W) COLLECTOR CURRENT (A)

CLIPPING VOLTAGE (V)

Safe Area

4
\ oo
0.1ms
- \\ \ \\ ¥
.2 ms
2 \\ \‘\\I
Q 0.6 ms
\\
1 . - 1ms
T = 25°C 10 ms|
T, = 250°C 100 ms
0 NN
0 20 40 60 80
COLLECTOR-EMITTER VOLTAGE (V)
Pulse Thermal Resistance
8
T, = 250°C
ty = 100ms
0-220
6 2 ;
o=
25°C
4 _—_475%
. 125°C
2
0
0 20 40 60 80
COLLECTOR-EMITTER VOLTAGE (V)
Pulse Power Limit
100 -
T, = 250°C
ty = 100ms
80 1 T0-220
\ : |
N T
Te = 4
60 r—t— ¢
o~ ] 25%¢
40 < .
et || _75°C
125°¢
20 |
0 |
0 20 40 60 80
COLLECTOR-EMITTER VOLTAGE (V)
Clipping Voltage
vs Supply Voltage
T I T
= =|= Clipping Voltage (~Vg¢)
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5 2,
R =20 //
4

’
»‘/

4
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SUPPLY VOLTAGE (£V)
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1200

SPiKe
Protection Response
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R
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\
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1\

f

I
\1]
/
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TL/H/11449-7
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Typical Performance Characteristics (continued)

THD + N vs Frequency

THD + Nvs
Output Power

THD + Nvs
Output Power

10
= = 1 =
o ® ¥
z z =z
é ERY Y
= E =
|- ] i} o.010
I U1 R O R
I A A o0
10 100 1k 10k 100k 10m 0.1 1 10 100 om 0.1 1 10 100
FREQUENCY (Hz) Output Power (W) Output Power (W)
) Output Power vs
THD Distribution THD Distribution Load Resistance
100 L= 20m :° o= 204Hz &0 Vo = 135y
90 - - - -
= Ta=25°C o Ta=25°C \ THD + N < 0.08%
® 8 Ve = £ 35V R 64 Ve = £ 35V 50 20Hz < f < 20kHz
=80
] 70 3 R T4 C
] & 48 I EJAVG: 0.0393169 = 4 \
g s 741 2 40 | Hsiom 03 z
& & " 5 N,
w 40 w 32 - 30
y g N
5 30 = 24 AN
g 2 =16 20 NN
10 8 ~
[ [ 10
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0.002 0.006 0.010 0.014 0018 -6.946E-19 0.05 0.1 045 02 " (2)
THD +N (%) THD +N (%)
TL/H/11449-8
Max Heatsink Thermal Resistance (°C/W)
at the Specified Ambient Temperature (°C) Maximum Power Dissipation
Ty =25°C 40 50 60 70 80 90 100 1o T,ec r,w VSSupply Voltage
1.3 10 - m o m e m o e e m o 90----50--~ "“l oy,
1.6 1.2 1.0 96 45 s
60 |
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0 10 20 30 40 50 60 70 80 90
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TL/H/11449-15
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LM3875

Typical Performance Characteristics (continued)
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Application Information

GENERAL FEATURES

Under-Voltage Protection: Upon system power-up the un-
der-voltage Protection Circuitry allows the power supplies
and their corresponding caps to come up close to their full
values before turning on the LM3875 such that no DC out-
put spikes occur. Upon turn-off, the output of the LM3875 is
brought to ground before the power supplies such that no
transients occur at power-down.

Over-Voltage Protection: The LM3875 contains overvolt-
age protection circuitry that limits the output current to ap-
proximately 4Apeak while also providing voltage clamping,
though not through internal clamping diodes. The clamping
effect is quite the same, however, the, output transistors are
designed to work alternately by sinking large current spikes.

SPiKe Protection: The LM3875 is protected from instanta-
neous peak-temperature stressing by the power transistor
array. The Safe Operating Area graph in the Typical Per-
formance Characteristics section shows the area of de-
vice operation where the SPiKe Protection Circuitry is not
enabled. The waveform to the right of the SOA graph exem-
plifies how the dynamic protection will cause waveform dis-
tortion when enabled.

Thermal Protection: The LM3875 has a sophisticated ther-
mal protection scheme to prevent long-term thermal stress
to the device. When the temperature on the die reaches
165°C, the LM3875 shuts down. It starts operating again
when the die temperature drops to about 155°C, but if the
temperature again begins to rise, shutdown will occur again
at 165°C. Therefore the device is allowed to heat up to a
relatively high temperature if the fault condition is tempo-
rary, but a sustained fault will cause the device to cycle in a
Schmitt Trigger fashion between the thermal shutdown tem-
perature limits of 165°C and 155°C. This greatly reduces the
stress 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 as discussed in
the Thermal Considerations section, such that thermal
shutdown will not be reached during normal operation. Us-
ing the best heat sink possible within the cost and space
constraints of the system will improve the long-term reliabili-
ty of any power semiconductor device.

THERMAL CONSIDERATIONS

Heat Sinking

The choice of a heat sink for a high-power audio amplifier is
made entirely to keep the die temperature at a level such
that the thermal protection circuitry does not operate under
normal circumstances. The heat sink should be chosen to
dissipate the maximum IC power for a given supply voltage
and rated load. )

With high-power pulses of longer duration than 100 ms, the
case temperature will heat up drastically without the use of
a heat sink. Therefore the case temperature, as measured
at the center of the package bottom, is entirely dependent
on heat sink design and the mounting of the IC to the heat
sink. For the design of a heat sink for your audio amplifier
application refer to the Determining the Correct Heat Sink
section.

Since a semiconductor manufacturer has no control over
which heat sink is used in a particular amplifier design, we

‘can only inform' the system designer of the parameters and

the method needed in the determination of a heat sink. With
this in mind, the system designer must choose his supply
voltages, a rated load, a desired output power level, and
know the ambient temperature surrounding the device.
These parameters are in addition to knowing the maximum
junction temperature and the thermal resistance of the IC,
both of which are provided by National Semiconductor.

As a benefit to the system designer we have provided Maxi-
mum Power Dissipation vs Supply Voltages curves for vari-
ous loads in the Typical Performance Characteristics
section, giving an accurate figure for the maximum thermal
resistance required for a particular amplifier design. This
data was based on 6,c = 1°C/W and 6¢cg = 0.2°C/W. We
also provide a section regarding heat sink determination for
any audio amplifier design where cs may be a different
value. It should be noted that the idea behind dissipating the
maximum power within the IC is to provide the device with a
low resistance to convection heat transfer such as a heat
sink. Therefore, it is necessary for the system designer to be
conservative in his heat sink calculations. As a rule, the low-
er the thermal resistance of the heat sink the higher the
amount of power that, may be dissipated. This is, of course,
guided by the cost and size requirements of the system.
Convection cooling heat sinks are available commercially,
and their manufacturers should be consulted for ratings.

Proper mounting of the IC is required to minimize the ther-
mal drop hetween the package and the heat sink. The heat
sink must also have enough, metal under the package to
conduct heat from the center of the package bottom to the
fins without excessive temperature drop.

A thermal grease such as Wakefield type 120 or Thermalloy
Thermacote should be used when mounting the package to
the heat sink. Without this compound, the thermal resist-
ance will be no better than 0.5°C/W, and probably much
worse. With the compound, thermal resistance will be
0.2°C/W or less, assuming under 0.005 inch combined flat-
ness runout for the package and heat sink. Proper torquing
of the mounting bolts is important and. can be determined
from heat sink manufacturer’s spécification sheets.

Should it be necessary to isolate V— from the heat sink, an
insulating washer is required. Hard washers like berylum ox-
ide, anodized aluminum and mica require the use of thermal
compound on both faces. Two-mil mica washers are most
common, giving about 0.4°C/W interface resistance with the
compound.

Silicone-rubber washers are also available. A 0.5°C/W ther-
mal resistance is claimed without thermal compound. Expe-
rience has shown that these rubber washers deteriorate and
must be replaced should the IC be dismounted.

Determining Maximum Power Dissipaiion

Power dissipation within the integrated circuit package is a
very important parameter requiring a thorough understand-
ing if optimum power output isto be obtained. An.incorrect
maximum power dissipation (Pp) calculation may result in
inadequate heatsinking, causing thermal shutdown circuitry
to operate and limit the output power.
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Application Information (continued)
The following equations can be used to accurately calculate
the maximum and average integrated circuit power dissipa-
tion for your amplifier design, given the supply voltage, rated
load, and output power.. These equations can be directly
applied to the Power Dissipation vs Output Power curves in
the Typical Performance Characteristics section.
Equation (1) exemplifies the maximum power dissipation of
the IC and equations (2) and (3) exemplify the average IC
power dissipation expressed in different forms.
Ppmax = Vcc2/2m2 R

where Vg is the total 'supply voltage -

Poave = (Vopk/Ru) Vec/m — Vopi/2l (¥]
where Vcc is the total supply voltage and Vopk = Vec/m

~+Ppave = Ve Vopk/m RL — Vopk?/2 RL ()]
where Vg is the total supply voltage.

U

Determining the Correcl Heat Sink

Once the maximum IC power dissipation is known for a giv-
en supply voltage, rated load, and the desired rated output
power the maximum thermal resistance (in °C/W) of a heat
sink can be calculated. This calculation is made using equa-
tion (4) and is based on the fact that thermal heat flow pa-
rameters are analogous to electrical current flow properties.

It is also known that typically the thermal resistance, 6,c
(junction to case), of the LM3875 is 1°C/W and that using
Thermalloy Thermacote thermal compound provides a ther-
mal resistance, 908 (case to heat sink), of about 0.2°C/W
as explained in the Heat Sinking section. .

Referring to the figure below, it is seen that the thermal
resistance from the die (junction) to the outside air (ambient)
is a combination of three thermal resistances, two of which
are known, 8 c and 6cs. Since convection heat flow (power
dissipation) is analogous to current flow, thermal resistance
is analogous to electrical resistance, and temperature drops
are analogous to voltage drops, the power dissipation out of
the LM3875 is equal to the following:

* Pomax = (Tymax — Tamb)/0uA
where )5 = 0yc + '0cs + Osa

Tamb

G5y

TJmax

s

Pomax
—

——
L

9

TL/H/11449-10

But since we know Ppmax, 8Jc, and s for the application
and we are looking for 6sa, we have the following:

Ppmax (Buc + 8cs)l/Ppmax(4)

Again it must be noted that the value of 8gp is dependent
upon the system ‘designer’s amplifier application and its cor-
responding parameters as described previously. If the ambi-
ent temperature that the audio amplifier is to be working
under is higher than the normal 25°C, then the thermal re-
sistance for the heat sink, given all other thmgs are equal,
will need to be smaller.

0sa = [(Tymax = TAmb) —

Equations (1) and (4) are the only equations needed in the
determination of the maximum heat sink thermal resistance.
This is, of course, given that the system designer knows the
required supply voltages to drive his rated load at a particu-
lar power output level and the parameters provided by the
semiconductor manufacturer. These parameters are the
junction to case thermal resistance, 0,c, Tymax = 150°C,
and the recommended Thermalloy Thermacote thermal
compound resistance, 0cs.

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 designs to discrete amplifier designs. Discrete tran-

sistor amps often “run out of-gain” at high frequencies and
therefore have small bandwidths to noise as indicated be-
low. .

80
= DISCRETE
o
e 60 INTEGRATED CIRCUIT
e
ey 40 s“/

.

LY

1
20200 2k 20k 200k 2M

FREQUENCY: (Hz)

TL/H/11449-11

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 the frequency spectra. The weighting fil-
ters at the same time provide the bandwidth limiting as dis-
cussed in the previous paragraph.

In addition to noise filtering, differing meter types give differ-
ent noise readings. Meter responses include:

1. RMS reading,

2. average responding,
3. peak reading, and
4. quasi peak reading.

Reference 1: CCIR/ARM: A Practical Noise Measurement Method ; by Ray
Dolby, David Robinson and Kenneth Gundry, AES Preprint No. 1353 (F-3).
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Application Information (continued)

Although theoretical noise analysis is derived using true
RMS based calculations, most actual measurements are
taken with ARM (Average Responding Meter) test equip-
ment.

Typical signal-to-noise figures are listed for an A-weighted
filter which is 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 region as
shown below.

AMPLITUDE

1 L1 1
20 200 2k 6k 20k

FREQUENCY (Hz)

TL/H/11449-12

SUPPLY BYPASSING

The LM3875 has excellent power supply rejection and does
not require a regulated supply. However, to eliminate possi-
ble oscillations all op amps and power op amps should have
their supply leads bypassed with low-inductance capacitors
having short leads and located close to the package termi-
nals. Inadequate power supply bypassing will manifest itself
by a low frequency oscillation known as “motorboating” or
by high frequency instabilities. These instabilities can be
eliminated through multiple bypassing utilizing a large tanta-
lum or electrolytic capacitor (10 uF or larger) which is used
to absorb low frequency variations and a small ceramic ca-
pacitor (0.1 pF) to prevent any high frequency feedback
through the power supply lines.

If adequate bypassing is not provided the current in the sup-
ply leads which is a rectified component of the load current
may be fed back into internal circuitry. This signal causes
low distortion at high frequencies requiring that the supplies
be bypassed at the package terminals with an electrolytic
capacitor of 470 uF or more.

LEAD INDUCTANCE

Power op amps are sensitive to inductance in the output
lead, particularly with heavy capacitive loading. Feedback to
the input should be taken directly from the output terminal,
minimizing common inductance with the load.

Lead inductance can also cause voltage surges on the sup-
plies. With long leads to the power supply, energy is stored
in the lead inductance when the output is shorted. This en-
ergy can be dumped back into the supply bypass capacitors
when the short is removed. The magnitude of this transient
is reduced by increasing the size of the bypass capacitor
near the IC. With at least a 20 uF local bypass, these volt-
age surges are important only if the lead length exceeds a
couple feet (>1 uH lead inductance). Twisting together the
supply and ground leads minimizes the effect.

LAYOUT, GROUND LOOPS AND STABILITY

The LLM3875 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 LM3875 can be made to oscillate un-
der certain conditions. These usually involve printed circuit
board layout or output/input coupling.

When designing a layout, it is important to return the load
ground, the output compensation ground, and the low level
(feedback and input) grounds to the circuit board common
ground point through separate paths. Otherwise, large cur-
rents flowing along a ground conductor will generate volt-
ages on the conductor which can effectively act as signals
at the input, resulting in high frequency oscillation or exces-
sive distortion. It is advisable to keep the output compensa-
tion components and the 0.1 uF supply decoupling capaci-
tors as close as possible to the LM3875 to reduce the ef-
fects of PCB trace resistance and inductance. For the same
reason, the ground return paths should be as short as possi-
ble.

In general, with fast, high-current circuitry, all sorts of prob-
lems can arise from improper grounding which again can be
avoided by returning all grounds separately to a common
point. Without isolating the ground signals and returning the
grounds to a common point, ground loops may occur.

“Ground Loop” is the term used to describe situations oc-
curring in ground systems where a difference in potential
exists between two ground points. Ideally a ground is a
ground, but unfortunately, in order for this to be true, ground
conductors with zero resistance are necessary. Since real
world ground leads possess finite resistance, currents run-
ning through them will cause finite voltage drops to exist. If
two ground return lines tie into the same path at different
points there will be a voltage drop between them. The first
figure below shows a common ground example where the
positive input ground and the load ground are returned to
the supply ground point via the same wire. The addition of
the finite wire resistance, Ry, results in a voltage difference
between the two points as shown below.

SUPPLY
GROUND

SUPPLY
GROUND

- V= + lL)R1

Vo= (Ry +Vy)

SUPPLY
GROUND

— TL/H/11449-13
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Application Information (continued)

The load current I will be much larger than input bias cur-
rent |4,.thus V1 will follow the output voltage directly, i.e.; in
phase. Therefore the voltage appearing at the non-inverting
input is effectively positive feedback and the circuit may os-
cillate. If there were only one device to worry about then the

values of R4 and Rp would probably be small enough to be

ignored;-however, several devices normally comprise a total
system. Any.ground return of a separate device, whose out-
putis in phase, can feedback in a similar manner and.cause
instabilities. Out of phase ground loops. also are trouble-
some, causing.unexpected gain and phase errors.

The solution to most ground loop problems is to always use
a single-point ground 'system, ' although this is sometimes
impractical. The third figure above is an example of a smgle-
point greund system.

The single-point ground concept should be applled rigorous-

ly to all components and all circuits when possible. Viola-

tions of single-point grounding are most common among
printed circuit board designs, since the circuit is surrounded
by large ground areas which invite the temptation to run a
device to the closest ground spot. As a final rule; make all
ground returns low resistance and low mductance by using
large wire and wide traces.

Occasionally, current in the output leads (Wthh functlon 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

f
L W

leads are long. The problem can be eliminated by placing a
small capacitor, Cg,:(on the order of 50 pF~500 pF) across
the LM3875 input terminals. Refer to the External Compo-
nents Description section relating to component interac-
tion with C;. . .

REACTIVE LOADING

It is hard for most power amplifiers to drive highly capacmve
loads very effectively and normally results in oscillations ‘or
ringing on the square wave response. If the output of the
LM3875 is connected directly to a capacitor with no series
resistance, the square wave response will exhibit ringing if
the capacitance is greater than about 0.2 uF. If highly ca-
pacitive loads are expected due to long speaker cables, a
method commonly employed to protect amplifiers from low
impedances at high frequencies is to couple to the load
through a 109 resistor in parallel with a 0.7 pH inductor.
The inductor-resistor combination as shown in the Typical
Application Circuit isolates the feedback amplifier from the
load by providing high output impedance at high frequencies
thus allowing the 10Q resistor to decouple the capacitive
load and reduce the Q of the series resonant circuit. The LR
combination also provides low output impedance at low fre-
quencies thus shorting out the 109 resistor and allowmg the
amplifier to drive the series RC load (large capacitive load
due to long speaker cables) directly.

bt
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Application Information (continued)

GENERALIZED AUDIO POWER AMPLIFIER DESIGN

The system designer usually knows some of the following
parameters when starting an audio amplifier design:

Desired Power Output Input Level
Input Impedance Load Impedance
Maximum Supply Voltage Bandwidth

The power output and load impedance determine the power
supply requirements, however, depending upon the applica-
tion some system designers may be limited to certain maxi-
mum supply voltages. If the designer does have a power
supply limitation, he should choose a practical load imped-
ance which would allow the amplifier to provide the desired
output power, keeping in mind the current limiting capabili-
ties of the device. In any case, the output signal swing and
current are found from (where Pg is the average output

power):
Vopeak = V2 R Po 4]
lopeak = V(2 Po)/R(, _ (73]
To determine the maximum supply voltage the following pa-
rameters must be considered. Add the dropout voltage
(5 volts for LM3875) to the peak output swing, Vopeak. to get
the supply rail value, (i.e. + Vopeak + Vod) at a current of
peak)- The regulation of the supply determines the unload-
ed voltage, usually about 15% higher. Supply voltage will
also rise 10% during high line conditions. Therefore, the
maximum supply voltage is obtained from the following
equation:

max. supplies = £ (Vopeak + Vod(1 + regulation)(1.1) (3)

The input sensitivity and the output power specs determine
the minimum required gain as depicted below:

Av = (Po RL)/(VIN) = Vorms/Vinrms (]
Normally the gain is set between 20 and 200; for a 40W, 8Q
audio amplifier this results in a sensitivity of 894 mV and
89 mV, respectively. Although higher gain amplifiers provide
greater output power and dynamic headroom capabilities,
there are certain shortcomings that go along with the so
called. “gain”, The input referred noise floor is increased
and hence the SNR is worse. With the increase in gair),
there is also a reduction of the power bandwidth which re-
sults in a decrease in feedback thus not allowing the amplifi-
er to respond as quickly to nonlinearities. This decreased
ability to respond to nonlinearities increases the THD + N
specification.

The desired input impedance is set by Ry. Very high values
can cause board layout problems and DC offsets at the out-
put. The value for the feedback resistance, R¢q, should be
chosen to be a relatively large value (10 k2-100 kQ), and
the other feedback resistance, Ri, is calculated using stan-
dard op amp configuration gain equations. Most audio am-
plifiers are desngned from the non-inverting amplifier config-
uration.

DESIGN A 40W/80Q AUDIO AMPLIFIER

Given:
Power Output 40W
Load Impedance 80
Input Level 1V(max)
Input Impedance 100 kQ
Bandwidth 20 Hz-20 kHz +0.25 dB

Equation (1) and (2) glve
40W/8Q  Vopeak = 25.3V  lgpeak = 3.16A

Therefore the supply required is: +30.3V @3.16A
With 15% regulation and high line the final supply voltage is
+38.3V using equation (3). At this point it is a good idea to
check the Power Output vs Supply Voltage to ensure that
the required output power is obtainable from the device
while maintaining low THD + N. Itis also good to check the
Power Dissipation vs Supply Voltage to ensure that the de-
vice can handle the internal power dissipation. At the same
time designing in a relatively practical sized heat sink with a
low thermal resistance is also important. Refer to Typical
Performance Characteristics graphs and the Thermal
Considerations section for more information.
The minimum gain from equation (4) is: Ay > 18
We select a gain of 21 (Non-Inverting Amplifier); resulting in
a sensitivity of 894 mV.
Letting Ryn. equal 100 kQ gives the required input imped-
ance, however, this would eliminate the “volume control”’
unless an additional input impedance was placed in series
with the 10 kQ potentiometer that is depicted in'Figure 1.
Adding the additional 100 k€ resistor would ensure the min-
imum required input impedance.
For low DC offsets at the output we let Ry = 100 kQ.
Solving for Ri (Non-Inverting Amplifier) gives the following:

= Ry1/(Ay — 1) = 100k/(21 — 1) = 5kQ; use 5.1 k2
The bandwidth requirement must be stated as a pole, i.e.,
the 3 dB frequency. Five times away from a pole give
0.17 dB down, which is better than the requnred 0. 25 dB.
Therefore:

fL =20 Hz/5 = 4Hz
fy = 20 kHz X 5 = 100 kHz

At this point, it is a good idea to ensure that the Gain Band-
width Product for the part will provide the designed gain out
to the upper 3 dB point of 100 kHz. This is why the minimum
GBWP of the LM3875 is important. ‘

GBWP = Ay X' f3dB =21 X'100kHz = 21 MHz -

GBWP = 2. 0 MHz (min) for LM3875
Solving for the low frequency roll-off capacitor, Ci, we have:
. Ci > 1/(2m Rify) = 7.8 pF; use 10 pF.
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Definition of Terms

Input Offset Voltage: The absolute value. of the voltage
which must be applied between the input terminals through
two equal resistances to obtain zero output voltage and cur-
rent.

Input Bias Current: The absolute value of the'average of
the two input currents with the output voltage and current at
zero. '

Input Oﬂset Current: ‘The absolute value of the différence
in the two input currents with the output VOItage and current
at zero.

Input Common-Mode Voltage Range (or Input Voltage
Range): The range of voltages on the input terminals for
which the amplifier is operational. Note that the specifica-
tions are not guaranteed over the full common-mode volt-
age range unless specifically stated. :

Common-Mode Flejectlon The ratio of the input common-
mode voltage range 'to the peak- to-peak change in' input
offset voltage over this range.

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

Quiescent Supply Current: The current requlred from the
power supply to operate the amplifier with no load and the
output voltage and current at zero.

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

Class B Amplifier: The most common type of ‘audio power
amplifier that 'consists‘ of two output devices each of which
conducts for 180° of the input cycle. The LM3875 is a
Quasi-AB type ampltﬂer

Crossover Distortion: Distortion caused in the output
stage of a class B amplifier. It can result from inadequate
bias current providing a dead zone where the output does
not respond to the input as the input cycle goes through.its
zero crossing point. Also for ICs an inadequate frequency
response of the output PNP device can cause a.turn-on
delay giving crossover distortion on the negative going tran-
sistion through zero crossing at the higher audio frequen-
cies.

THD + N: Total Harmontc Distortion plus Noise refers to
the measurement technique in which the fundamental com-
ponent is removed by a bandreject (notch) filtter and all re-
maining energy is measured including harmonics and noise,

Signal-to-Noise Ratio: The ratio of a system’s output signal
level to the system’s output noise level obtained in the ab-
sence of a srgnal The output reference signal is either
specified or measured at a specified distortion level.

Continuous Average Output Power: The minimum sine
wave continuous average power output in watts (or dBW)
that can be delivered into the rated load, over the rated
bandwidth, at the rated maximum total harmonic distortion.

Music Power: A measurement of the peak output power
capability of an amplifier with either a signal duration suffi-
ciently short that the amplifier power supply does not sag
during the measurement, or when high quality external pow-
er supplies are used. This measurement (an IHF standard)
assumes that with normal music program material the amph—
fier power supplies will sag insignificantly.

Peak Power: Most commonly referred to as the power out-
put capability of an amplifier that can be delivered to the
load; specified by the part’s maximum voltage swing.

H

Headroom: The margin between an actual signal operating
level (usually the power rating of the amplifier with particular
supply voltages, a ‘rated load value, and a rated THD + N
figure) and the level just before cIrpprng dlstortlon occurs,
expressed in decibels.

Large Slgnal Voltage Gain: The ratio of the output voltage
swing to the differential input voltage required to drive the
output from zero o' either swing limit. The -6utput swing limit
is the supply voltage less a specified quasi-saturation volt-
age. A pulse of‘éhOR enough duration to minimize thermal
effects is used as‘a measurement sngnal

Output—Current ‘Limit: The output current with a fixed out-
put voltage and a large input overdrive. The limiting current
drops with time once SPlKe protection circuitry is actlvated

Qutput Saturation Threshold (Clipping Point): The output
swing limit for a specified input drive beyond that required
for zero output. It is measured with respect to the supply to
which the output is swinging.

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

Power Dissipation’ Ratmg The power that can be dissipat-
ed fora specified time interval without activating the protec-
tion crrcunry For time intervals in excess of 100 ms, dissipa-
tion capability is determined by heat sinking of the IC pack-
age rather than by the IC itself.

Thermal Resistance: The peak junctron-temperature rise,
per unit of internal power dissipation (units in °C/W), above
the case temperature as measured at the center of the
package bottom.

The DC thermal resistance épplies when one output transis-
tor is operating continuously. The AC thermal resistance ap-
plies with the output transistors conducting alternately at a
high -enough frequency that the peak capability of neither
transistor is exceeded.:

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

Power bandwidth also can be measured by the frequencies
at which a specified Ievel of distortion is obtained while the
amplifier delivers a power output 3 dB below the rated out-
put. For example, an amplifier rated at 60W with <0. 25%
THD + N, would make its power bandwidth measured' as
the difference between the upper and lower frequéncies at
which 0.25% distortion was obtained whlle the amphfrer was
delivering 30W.
Gain-Bandwidth Product: The Gain-Bandwidth Product is
a way of predicting the high-frequency usefulness of an op
amp. The Gain-Bandwidth Product is sometrmes called the
unity-gain frequency or unity-gain cross frequency because
the open-loop gain characteristic passes through or crosses
unity gain at this frequency. Simply, we have the following
relationship:
AcLt Xt = AcLa X f2
Assuming that at unity-gain
(AcL1 = 10r0dB) fu = f{ = GBWP,
then we have the following:
GBWP = Ao X fa
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Definition of Terms (continued)

This says that once fu (GBWP) is known for an amplifier,
then the open-loop gain can be found at any frequency. This
is also an excellent equation to determine the 3 dB point of
a closed-loop gain, assuming that you know the GBWP of
the device. Refer to the diagram below.

Bi-amplification: The technique of splitting the audio fre-
quency spectrum into two sections and using individual
power amplifiers to drive a separate woofer and tweeter.
Crossover frequencies for the amplifiers usually vary be-
tween 500 Hz and 1600 Hz. “Biamping” has the advan-
tages of allowing smaller power amps to produce a given
sound pressure level and reducing distortion effects pro-
duced by overdrive in one part of the frequency spectrum
affecting the other part.

AvoL

OPEN-LOOP VOLTAGE GAIN
A (d8) AcL2 - |

Actr-|= -

C.C.LR./A.RM.:

Literally: International Radio Consultative Committee
Average Responding Meter

This refers to a weighted noise measurement for a Dolby B
type noise reduction system. A filter characteristic is used
that gives a closer correlation of the measurement with the
subjective annoyance of noise to the ear. Measurements
made with this filter cannot necessarily be related to un-
weighted noise measurements by some fixed conversion
factor since the answers obtained will depend on the spec-
trum of the noise source.

S.P.L.: Sound Pressure Level—usually measured with a mi-
crophone/meter combination calibrated to a pressure level
of 0.0002 p.Bars (approximately the threshold hearing level).

S.P.L. = 20 Log 10P/0.0002 dB

Where P is the R.M.S sound pressure in microbars.
(1 Bar = 1 atmosphere = 14.5 |b./in2 = 194 dB S.P.L.).

DOMINATE POLE OF

/ THE OPEN-LOOP RESPONSE
Ll

— - DC GAIN

AC GAIN

LOSS = -20dB/DECADE

UNITY-GAIN FREQUENCY
/ OF THE OP AMP

(UNITY GAIN) 0dB

fy

INPUT FREQUENCY, F(LOG SCALE)

—_————

TL/H/11449-14

1-139

SZ8EN1




LM3876

ﬂNational Semig,onducto‘r

LM3876 Overture

R

Wy R K

Audlo Power Amplmer Series

High-Performance 56W Audio Power Ampllfler w/ Mute

General Descrlptlon

The LM3876'is"a hugh-performance audio power amplifier

capable of delivering 56W of continuous average power to
an 8Q load wnh 0. 1% (T HD + N) from 20 Hz-20 kHz.

The performance of the LM3876, utlllzmg |ts Self Peak In- -

stantaneous Temperature ((Ke)  (SPiKe™) Protection Cir-
cuitry, puts it in a class above discrete and hybrid amplifiers
by providing an inherently, dynamically protected Safe Op-
erating Area (SOA). SPiKe Protection means that these
parts are completely safeguarded at the output against
overvoltage, undervoltage, overloads, including shorts to
the supplies, thermal runaway, and instantaneous tempera-
ture peaks.

The LM3876 maintains an excellent Signal-to-Noise Ratio of
greater than 95 dB(min) with a typical low noise floor of

| 2.0 pV. It exhibits extremely low (THD + N) values of .

0.06% at the rated output into the rated load over the audio
spectrum, and provides excellent _[lnéarlty wnth an IMD
(SMPTE) typical rating of 0.004%.

Features

m 56W continuous average output power mto 80 .

m 100W instantaneous peak output power capablhty '

m Signal-to-Noise Ratio > 95 dB(min)

| An input mute function : s

m Output protection from a short to ground or to the sup-
plies via internal current limiting circuitry

m Output over-voltage protection against transients from
inductive loads

m Supply under-voltage protection, not allowing internal
biasing to occur when |Veg| + [Vog] < 12V, thus elimi-
nating turn-on and turn-off transients

® 11-lead TO-220 package

Applications

m Component stereo

m Compact stereo

m Self-powered speakers

m Surround-sound amplifiers
W High-end stereo TVs

Typical Application

Connection Diagram

Plastic Package (Note 8)

/ NC
INPUT Vint
VN
Ry k0 4'2 MUTE
GND
10 :‘g —AN————] 7L R 'e) 3 NC
s NC(t)
- v-
OUTPUT
— *R 100 g‘ﬂ NC
\; V+
TL/H/11832-2
Cs Top View
Order Number LM3876T
- or LM3876TF
See NS Package Number TA11B for
Staggered Lead Non-Isolated
RIS Package or TF11B for
10 < Staggered Lead Isolated Package
*Ci tConnect Pin 5 to V+ for Compatibility with

LM3886.

TL/H/11832-1

FIGURE 1. Typical Audio Amplifier Application Circuit

*Optional components dependent upon specific design requirements. Refer to the External Compo-

nents Description section for a component functional description.
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Absolute Maximum Ratings (Notes 1, 2)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Supply Voltage |V+|+|V—| (No Signal) 94V
Supply Voltage |V+|+|V—| (Input Signal) 84V
Common Mode Input Voltage (V*+orV—)and
V+| + [v—| <8ov

Soldering Information

T Package (10 seconds) 260°C
Storage Temperature —40°Cto +150°C
Thermal Resistance

04c 1°C/W

AN 43°C/W

Operating Ratings (Notes 1, 2)

—20°C < Tp < +85°C

24V to 84V

Differential Input Voltage 60V

Output Current Internally Limited Temperature Range

Power Dissipation (Note 3) 125W TMIN < Ta < Tmax

ESD Susceptibility (Note 4) 3000V Supply Voltage [V+| + V|
150°C

Note: Operation is guaranteed up to 84V, however, distortion may be intro-

98¢

Junction Temperature (Note 5) duced from SPiKe Protection Circuitry when operating above 70V if
- proper thermal considerations are not taken into account. Refer to the

Thermal Considerations section for more information.
(See SPiKe Protection Response)

Electrical Characteristics (Notes 1, 2) The following specifications apply for V+ = +35V, V= = —35V,
IMuTe = —0.5 mA with R = 8Q unless otherwise specified. Limits apply for Ta = 25°C.
LM3876 .
. Units
Symbol Parameter Conditions, Typical | Limit | (imits)
(Note 6) | (Note 7)
|[v+| + |[V—|| Power Supply Voltage (Note 10) Vpinz = V= 2 9V 18 24 V (min)
84 V (max)
Am Mute Attenuation Pin 8 Open or at 0V, Mute: On
Current out of Pin 8 > 0.5 mA, 120 80 dB (min)
. Mute: Off
**Po Output Power (Continuous Average) | THD + N = 0.1% (max) B ) .
_ f=1kHz f = 20 kHz 5 | .40 | W(min)
Peak Pg instantaneous Peak Output Power o 100 w
THD + N Total Harmonic Distortion Plus Noise | 40W, 20 Hz < f < 20 kHz ‘
: : -+ 0.06 %
Ay = 26 dB
**SR Slew Rate (Note 9) VIN = 1.2Vrms, f = 10 kHz, .
_ Square-Wave, R, = 2k " 5 |V/ps(min)
*+ Total Quiescent Power Supply Current [ Vopm = OV, Vo = 0V, | = 0A, Imyte = 0A 30 70 ' | mA (max)
*Vos Input Offset Voltage Vom = 0V, lp = 0mA 1 15 ‘'mV (max)
Is Input Bias Current Vom = 0V, lp = 0mA + 0.2 1 ‘1A (max)
los Input Offset Current Vom = 0V, I = 0 mA 0.01 02 | pA(max)
lo Output Current Limit IV+| = |V—| =12V, ton = 10ms, Vg = OV 6 4 A (min)
*Vod Output Dropout Voltage (Note 11) [V+-Vg|,V+ = 20V, I, = +100 mA 1.6 5 V (max)
[Vo=V—|,V— = =20V, I, = —100 mA 2.7 5 V (max)
*PSRR Power Supply Rejection Ratio V+ = 40Vto 20V,V— = —40V, 120 85 dB (min)
Vem = 0V, I = 0mA
V+ = 40V,V— = —40Vto —20V, 120 85 dB (min)
Vem = 0V, lp = 0 mA

*DC Electrical Test; refer to Test Circuit #1.
**AC Electrical Test; refer to Test Circuit #2.
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LM3876

Electrical Characteristics (otes 1,2) ‘ - o PR
The following specifications apply for V+ = +35V,V~ = —85V, Iyyte = —0.5 mA with R = 89 unless otherwise specified.
Limits apply for Tpo = 25°C. (Continued) : ) .

. ) : LM3876 ' ‘Unltsu
Symbol Parameter A : COndltFons  Typical Limit (Limits)
(Note 6) | (Note 7)
*CMRR | Common Mode Rejection Ratio | V+ = 60V to 20V, V— = —20V to —60V, .
, Vo = 20V to —20V, Io = 0 mA 120 80 dB (min)
*AvoL Open Loop Voltage Gain [V+| = |V=| = 40V, R = 2k, AVg = 60V 120 90 dB (min)
GBWP | Gain-Bandwidth Product C | IvH] = v = 40v S
. fo = 100 kHz, Vjy = 50 mVrms 8 2 ‘MHz (min)
**eN Input Noise IHF—A Weighting Filter :
\ Rin = 6002 (Input Referred) 20 8 BV (max)
SNR Signal-to-Noise Ratio Po = 1W, A-Weighted, 98 dB
Measured at 1 kHz, Rg = 25Q
PQ = 40W, A-Welghteq, 114 dB
Measured at 1 kHz, Rg = 250
Ppk= 100W, A-Weighted, 122 dB
Measured-at 1 kHz, Rg = 250
IMD Intermodulation Distortion Test | 60 Hz, 7 kHz, 4:1 (SMPTE) 0.004 %
‘ 60 Hz, 7 kHz, 1:1 (SMPTE) ‘ 0.006 °
*DC EIectrical Test; refer to Test Circuit #1.
**AC Electrical Test; refer to Test Circuit #2.
Note 1: All voltages are measured with respect to the GND pin (pm 7), unless otherwise specified.
Note 2: Jute Maxir Ratings indi limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guar specific per limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions

which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where
no limit is given, however, the typical value is a good indication of dev]oe performance..

Note 3: For operating at case temy above 25°C, the device must be derated based on a 150°C i junction p and a thermal resistance of

8,c = 1.0°C/W (juncnon to case) Refer to the Thermal Resistance figure in the Application Information section under Thermal Considerations.

Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 5: The operating junctic p i is 150°C, however, the instantaneous Safe Operating Area temperature is 250°C.

Note 6: Typicals are measured at 25°C and represent the parametric norm. '

Note 7: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level).

Note 8: The LM3876T package TA11B is a non-isolated package, setting the tab of the device and the heat sink at V— potential when the LM3876 is dlrecﬂy

mounted to the heat sink using only thermal compound. If a mica washer is used in addition to thermal compound, ocs (case to smk) is increased, but the heat sink
. will'be isolated from V—.

Note 9: The feedback compensation network limits the bandwidth of the closed-loop response and so the slew rate will be reduqed due to the high frequency roll-

off. Without feedback compensation, the slew rate is typically 16V/us.

Note 10: V— must have at least —9V at its pin with reference to ground in order for the under-voltage protection circuitry to be disabled.

Note 11: Theé output dropout voltage is the supply voltage minus the clipping voltage. Refer to the Clipping Voltage vs Supply Voltage graph in the Typlcal

Petformance Characteristics section.
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Test Circuit # 1 *(Dc Electrical Test Gircuit)

9/8EN1

-0.5mA
L 0.7 uH  200kQ

—O0
OUTPUT

49.90 2
1

49.90

TL/H/11832-3

Test Circuit #2 *+(ac Electrical Test Circuit)
Ri 1kQ Rey 20kQ

AAA

©- AAA o
E—vvv I \AA4 I

C; 50pF Ry 20kQ
Q V+

SOURCE
-0.5mA

SN
11 L 0.7 uH oUTPUT
Ce 220 pF DuT
o_.I +
SOURCE ) % R
L R 100
= 2k

TL/H/11832-4
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Single Supply Application Circuit R

LM3876

V+
o
+
R
. < I
i Ry 75k _
INPUT A
WA . v
C 10 uF 1N\
K Rm Lt 1 . * 5
10kQ ‘__h + 3 C 4700+/.4F/50V,‘ L 0.7 uH ouTPUT
* D N n i
= —

— . 220 pF
- —"l Q1 3904

AN
\AAS *

R & <& Rsn

1k < 270

o L *C; 50pF "R 20k L= "Con

IOyFI IOJ/J*F . ‘ : B

TL/H/11832-5
FIGURE 2. Typical Single Supply Audio Amplifier Application Circuit

*Optional components dependent upon specific design requirements. Refer to the External
Components Description section for a component functional description. * c

Equivalent Schematic (excluding active protection circuitry)

> >
150 2 S 045
i b3 3
10k OUTPUT
AN o
y |/
<
I
Wiop
<
L
< 800 150 0.45
< v-
_ 0

TL/H/11832-6
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External Components Description (Figures 7 and 2)

98N

Components Functional Description
1. Rin Acts as a volume control by setting the voltage level allowed to the amplifier’s input terminals.
2. Ra Provides DC voltage biasing for the single supply operation and bias current for the positive input
terminal.
3. Ca Provides bias filtering.
4. C Provides AC coupling at the input and output of the amplifier for single supply operation.
5 Rp Prevents currents from entering the amplifier’s non-inverting input which may be passed through to

the load upon power-down of the system due to the low input impedance of the circuitry when the
under-voltage circuitry is off. This phenomenon occurs when the supply voltages are below 1.5V.
6. *Cc Reduces the gain (bandwidth of the amplifier) at high frequencies to avoid quasi-saturation
oscillations of the output transistor. The capacitor also suppresses external electromagnetic
switching noise created from fluorescent lamps.

7. Ri Inverting input resistance to provide AC Gain in conjunction with Ry.
8. *Ci Feedback capacitor. Ensures unity gain at DC. Also a low frequency pole (highpass roli-off) at:
fc = 1/(27Ri Ci)
9. R Feedback resistance to provide AC Gain in conjunction with Ri.
10. *Ri2 At higher frequencies feedback resistance works with Cs to provide lower AC Gain in conjunction

with R¢ and Ri. A high frequency pole (lowpass roll-off) exists at:

fc = [R1 Ria (s + 1/R2CPl/[(Rs1 + Riad(s + 1/C(Rey + Ry
11. *Cs Compensation capacitor that works with R¢y and Rz to reduce the AC Gain at higher frequencies.
12. Rm Mute resistance set up to allow 0.5 mA to be drawn from pin 8 to turn the muting function off.

—> Ry is calculated using: Ry < (|VEg| — 2.6V)/18 where I8 > 0.5 mA. Refer to the 