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ABSTRACT

This project was prepared in-order to-learn-about a Surrogate guitar. That
demonstrates and analyzes a working prototype of the sound-exciter applied to a guitar. The
Surrogate guitar system extracts vibrations from a source musical instrument to through the
process of converting the signal from ADC and DAC to pass on to the amplifier circuit, the
signal is sent to a signal analyzer and signal processing. The device causing vibration on the
soundboard is “surrogate™ instrument. The Surrogate Soundboard consists of a guitar body,
Mechanical vibration of Bridge to the Soundboard, signal processing on incoming - outgoing
signals and spikes that decrease distortion in guitar body.

In the signal processing part, the USB soundcard is used to process in real time by
receiving and sampling input from piezo pickup. Then, the empirical method decomposition
(EMD) technigue and neural network are used in signal processing, afterwards sending signal
out to the sound exciter. The concept of a Surrogate guitar can be applied in the audio

industry such as live concert.
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2.8 Pre-emphasis

NITUIUNITLALINUIREINIIASAeadLlannIadng n1Tinwiininidoadooduidn

[
=Y

nyzuaunIfigneanuuuaiialflunsisswiasessy i mlunsgiuanud @wlngaziia

]
=

lugruanuigs) uazaanawdosluuisgmwanud @ulngaziduduaauiien) tlafies

USud9damaIudy LI Moy 1 eIUNI% ( Signal-to-noise ratio ) 1aBN1TAAAINULANET

' s il i r: 1 c: = | U [ o kg i
EwinrwesassyIntuaNuiduazdua g saldudusislunisaasiwiudayad

U

9/ o

=2 A 1 v 8 o w % w a ar . | v
rapvunnatluialszinnene 9 uardalsnsiiusivini&9nay ( de-emphasis ) Tulunn

=]

9 A

as A a @ : - X o LY o '
w1 s Fslindumiloudu szuumsiwihwinidoadeduuazn1siundy 1Sansand

) S



10

sruUM W LEE ( emphasis ) mmmmmqmﬁnwm:mamwﬁ ( Frequency curve )
Idlaslfenaafiamznaam ( special time constants ) uazAMuAsNEaNFINTaAWIBla21n
AaIfimaIaamzin
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imiinidos sxnduenusunnsi 2.1) Tapfl davsznoumsuimimsdnidseion o swaldan

§UMIN (2.2)

Xi=X;— aX; (2.1)

a=-exp(—2nFAt) 22)

A & e ' A & o ' al [
las A~ fatraandualatnauadlie s lunngeaetig X, veafius (oniu X )
st fouly T@Uﬂ:gﬂamﬂau@"dwm@ﬁaashm”')ﬁau%ﬁwqmﬁw@ﬁﬂi:nau o uas f An
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o
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208 WTU dsInIaduiIninde NuFYyYIuaN0a

as '

§ua10874 44100 @r8E19d3 A LEINInd I o ladesunIh (2.3)

oa =exp(—=2x3.1415:x 360" X 44100)) (2.3)

2.9 Empirical Mode Decomposition
Empirical mode decomposition - EMD fia Augiuuey HHT lasusnsywimaantdu
1 1 “2 P al o aa = 6 ar aﬁ'. 1
fautsznavdos 9 EMD duauniauiouifisuniuiinsieneisyan oiuudw 1o nsuasy
1585 uaznsulasiwida 35n13va9 EMD @a s gadeysidanudutauIveuuuY finite
] o = ' ' d‘b ' a (3 L | [
uaziiuituwiutdng vadgawlszney muﬁs:ﬂaum:aQlugﬂﬂawimuazlﬂammnu

orthogonal basis maaﬁ%gnpmﬁw (mmma%mﬂé’[@a intrinsic mode function (IMF))
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RSS T2 Decomposition
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2.10 Neural Network

lasviadssamifion wa dhanudszamifigy (artificial neural network) fa lutaanag
ATAFEAINT 0 LULAAYII9N B UR AR S AU LU AHAR THUNAGI UM TAIUI AL UAD U WATY
fad (connectionist) wHARMIUFRLIMaRAi sy I N sAn v laTe1 0 W R0 W
(bioelectric network) Tuanes G9UsznaudIy (waglIzem (neurons) uaz aUszaIulIzam
(synapses) maluiaail P1gmutssamifinanmsidaudassninsadiszam swduiaiotnof

YouTuns

undvsdnlngluliuduasinuiidisouwdszamniivafilassgdrsuandrsain

drguluanes wargamdananad Twidfidnangwdsmnifion ﬁamﬁmna;mmummuma

wihgUszananatas 9 uaznisifavdefidudiudrayiviliifesdTyaivesdisau e
ANTNIaLdd suadlvwialngndirsnudszamifisuadieann saunagaddssamead
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inputs output

A &
31N 2.16 JUuuuNuI W Neural Network

2.10.1 1aalssamaanIw
-~ = &l v A . o a h &
sruufamibuasnysdilasiainaiugiuainiosdaussiisoniaasszan (Neuron)
Soadugugrmanminndsznm 10 gite uesdmadoulovmelusznivigsdusznm 108 y
e luudazimasUszmmnezdiauan waizuandnnuosnlulasdnmsmauadaiude susyym
@ | e P a A
hYszanans uazdssasiwiiadiowlldioadlszaman
kg b A i H o
lraalszanUsznouaiuiaulase (Dendrites) Tl TUAIUUYWIAVEN HODNINNGILTRS
A Lo ¥ [ A =| i Ai ] A = i 6
LwasumgrywmmnLsmaﬂizﬁ'maunaommaqm‘namammnm‘leﬁuuﬂa (Synapse) wazUanslu
MIINTURYTzaNITanianTeUu (Axon) waadszsmmanawudiseiwiiedl (lesinng
m:@j’uﬁ’auﬁqﬁwmﬂuanm'%‘am:@’uﬁduwaa‘ﬁ’wﬁu
A' I 6 & g o 6 J (L. =Y 1 (% (g
n‘s:uﬁﬂi:mm:aamumu‘l@‘mmgmmaa (Cell Body) Teaziiludaaiuindoanszgu
LIRR AU danse L ﬁ’m?:uaﬂizmmmwa@T’:Lmaa’ﬁa:m:ifumsi‘é'uiﬂﬂmmumaLLEmmau
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2.10.2 iraalsza gy

wuIaasadTadlszammedinn wiefisuninaasussanifioy (Artificial Neuron)
me‘lﬁﬁogﬂﬁ a2 T@Uﬂsznauﬁaﬂ‘[ﬂ‘saa%’mﬁugmﬁﬁﬁﬂ“mﬁa mihag (Node) w3a gila (Unit) 6
wdsEULT (Input) Aaudsdnuaan (Output) wazdld9IMIUN (Weight) s’ﬁqmmsnaqﬂ

v o ¢ i ¢ s & A o
ANMUFUNUDTTENIWLTARU I NN TN TRa U TR I A U aTh

a

a & \ \ , 2 -
nsdszanans wzifiadulumiislsziianadoséio wiae (Node) nia uila (Unit) 431

U
'
) a

NOINIIIMNANBIUINITNINULBIGUTA NIFIRUY IR IR IDE U TauGany 31884

VIIINM I TONFDUAIAULATE LRZLANTDW

} 4 [} L 1 v as | ] ar ; v oA a | 9/ Qs
LLG]E)ZT]']TL%E]ZJ@]Elﬂi:ﬂﬂﬁﬂﬁﬂﬂﬁuqﬂ%ﬂﬁuﬂﬂﬂﬂdﬂu IWU?J‘H-E]QﬂUBﬂﬁWﬂﬁﬂu’Jﬂﬁ]ﬂ@]?U

[} dl A [ e a H 9/ o v dl = hd
INNAUILEUG TINaaunbaunls lasdnihninf lasuazmnifizdeuanusfonsiusu

€U U

LY | & | A € o A [ Y o
Wlduddywiawzedeesuyed molumihoitatsuilslumsnmuadyanmduasnd

\Sund Weridudelew (Transfer Function) wia Warfiunsyeu (Activation Function)

weights

activation
functon
(}.

5 @ net input
n(.’fj
Py
v @ activation
o j L e
transfer [

function
()’-
threshold

309 2.18 uuudeagadszanidien

2.10.3 Model Neural Network

dgulszamuuuenliniin (feedforward) Usznaudisioauedt (node) 49on9as
gnimualiilutwdumna (input nodes) wia 6w (output nodes) #3o ﬁwagszmwnmasﬁo
130091 UWEuIaU (hidden nodes) finsifondasznitein (miafiasen) lasimuadinmin
(weight) ﬁnﬁ’uag}'ﬁﬁwﬁaunmﬁu ot v seiimyimuadiliuritwduna lase

it a19azldnnnnmatmualasuuwd 1inwwgeiniadidiie g wianaanllsunsudug

'
=l

NNuUTWIUWA zdad ety ldanuduidouanean T,mumhﬁf%aaan“lﬂa:gnﬂmﬁ'umﬁmﬁﬂ



17

vasdudan twlududaldas$usn FoudunaTa9 NI WA 9 uFITIF M mNaagn 9408
TaurialdesldWarsudnuasd (sigmoid function) usassnlUgatudaly nsdulimtuiia:
\AedwlyGon g fiasiu wiviwadwa laslugausn (311 a.d. 1970) aﬁ’mmfm:gnﬁmum"ﬁ
usnndi LLGi'LuﬁﬂqU"uﬁmiﬁwgu@au?%ﬁaw"’ugmm WtraanuuulasIadiiveIinuy

ﬁ’JIiE}'T’J%‘ﬁ’u (Neuroevolution)

2.10.4 Adaline Model

luila.@.1960 Bernard Widrow wazini3ouimin@Anu12a912718491 Marcian Hoff
(Widrow and M. E. Hoff, 1960 ) a1nanadnsissusaunasa dszinasuigaiuini loiiaua
LA30118 ADALINE (Adaptive Linear Neuran) w%’auﬁungmn?uufﬁL“"mﬂfhé’ana%ﬁuﬁﬂé‘maa
Laﬁluﬁfaﬂﬁq@ﬁ’ia LMS (least mean square) ( Widrow, 1987 ) tA38218 ADALINE &Nt
aduadanuiwaildnasan IRsIdLananwnNetTutalaunae ADALINE (Iuwaritu
Wuasaunuiisidwlsisuasaafamidanlunsdlvounasidnasan 19 ADALINE uasiwas
LﬁﬁwmauﬁaﬁﬂgméauﬁammmLLﬁ'ﬁrgmﬁLLﬂaLmﬂvL@TuuuL"ﬁoLﬁumefu (lin- early separable)
athelsfiana danaifia LMs fledrdszanSamwmilandingmsiuniuuynesidwasauann
ﬁamhwmﬂ%nufuuuLwaﬁ*ﬁwmam:ﬁ’uﬂs:ﬁ“u'hg}'L’U"’]ﬁimmﬂaLmnﬁuvg@wnmﬂmmuﬁ"la"
iawa udduadatodldenazdeudaeldedyminsuniu LﬁaamnLﬂ’muwﬁl"ﬁ’lum'sﬁwjﬁ
dunbaatlng AULERII AR Dadneiusanesfiy LMS fifnumuunanassfianudanaia
ﬁwﬁqaaataﬁuﬁﬁaﬂﬁgm (minimized mean square error) MINHeaNASAY LMS 9z l¥uavas
Lﬁuuﬂw’ﬁ'vuﬁﬁﬂaﬂ"’ﬂnamn@‘immuamauﬂmmamﬂﬁq@ aane3fiy LMS gafinivdszyndly
nuaRldnnndingmssouinediduavon

LA30718 ADALINE uansluaumifi (2.4) dunaindsnwmeadnn g dutuieiadig

5 & = 1 € o = & o [ o & 1 (3 ) 1 2
IWDILTWAID W LWUJLLWNﬁGﬂﬂIuﬂ']LITDRL‘]_]%'}:IGWH%LEVHG]N ﬂdu%’ﬂ:vlmaﬁ@]wﬂ“ﬂﬂdlﬂia’]ﬂﬂﬂﬂ

a = purelin(Wp+b) =Wp+b (2.4)

lasf a ifuiednavaaaiadne w Aaweindiinindszain p Aeiiniasd

Bunsa wax b falaniaesludy
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Input  Linear Digital Filter
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]
as

a a a el as A A o v =
n3UN 2.20 Fypraunialdfedynim s AT MIUNIUURINGI8 S

o a

[ ]
b = = =

lunfifa s+n, Fanaamarsdinazlouliunreay

o o

ars A _
HTYUa p DILNAITNNIT

o

]
as

Q)
wWRLIRIAIFY I MDA e mnﬁuaaﬁﬂ‘maa%’wamumuﬂmt.mﬁwﬂ (a) 1Wa
Uszanmenveddymsuniu n, wasirlUindenudyguiiels naaniildde
drdamauianaia (o) laodyyrmanudanaaiidumnmsiluni sy
dmiin (w) uazluss (b) UVBINAINTY DITANMUFUAUTAIFNNNITT (1) Usz (2)
ANUFAU

e(k) = (s + ny)(k) — a(k) (1)
a(k) = w'p(k) + b=2wp(k-i+1) + b (2)

@ '
as  as

aum‘ﬁau"lmﬁﬁﬁzgﬂﬁa a = n, vl e = s nufomunIousn n,eanan s niale

Ty i NI e A SN uLE i RLe 9
fnsunIUsuaiminuas lusFTa9199 A9 1306 Widrow — Hoff n3a

sanafuuuy LMs lagldidaulunisaadnafoassnnufanalariassasliledn

ﬁ’amﬁqm Fyganesiuuuy LMS fsunmisiiasiwimdriivinuasluds sagunisf

(3) LAz (4) AINRIAY

w(k + 1) = w(k) + 2Qe(k)p(k) (3)

bk +1) = b(k) + 2k e(k) (4)

dusnaunlogniutiinuwaidudsiminuazarlussSuduliunlasszneg sunTn
Anuaidudrla giled uddidasminualdininzanfiadidaTniniou o

nﬂl =i ] 1 -/ ﬂa 1 1
(Learning Rate) t#8391ndNadalaaasnIWLazANNLTILwn13gidn DIazdinads

AMNFINITO IUNIIRIA RY Y MTUNINDINAINTDI TIEINTainwaal o la

1 N = "
lag 0 < & < —— lawdr Amax fie @1 Eigen Value
Amax
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Guitar :
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3.1 Power Amplifier

3.1.1 n1329AUULUVDIA Power Amplifier lagly LM1875

P2
+ 1
lRZ ‘ 2
S - Supply 48V
o
J—C? “l-c1
2 IR3 0.lu r2200 25
t0uF/s0 100K | GRND
R4 0
— 22K 4 GND
Pl GND cs UIA
! | X[ LM1875 c4 P3
2 llu 2 ! -':k:':[ = 1
Audio In i B +R6 =
/( : 2200035

Speaker

‘ g 1E 12W
+RS AR7
1M 1K RSG{'D C6
P 01lu
~—~1L-C3 20K
22u/50

LM1875

U7 3.3 PCB v83ua3a Power Amplifier
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3.2 Pre Amplifier
3.2.1 N1SP0ALUVLAIA Pre Amplifier

!
Supply 9V
Rl LM358A =6
Res] LM3SBAIG Cap
n ¢l K
| *
Cap) R3
100uF 50V Resl
T 1K
Resl
SIK
~L-(2
T Cap2
100uF 25V
GD
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3.4 Guitar Bridge
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4.2.2 EMD
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4.2.3 Neural Networks
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Code LAAZAIW

1. Pre emphasis

x = filter([ 1 - 0.6], 1, u);

2. EMD

imfori = emd(dataA);

3. neural

numtap=3;

Ir=0.1;

tol=0;

w=zeros(1,numtap);

b=0.1;

[ry,cy]=size(guitar);

n=1,

cUp=0;

ys = guitar;

ym = surrogate;

for k=numtap:1:cy
for i=1:1:numtap

p()=ys(k-(i-1))-ym(k-(i-1));
end
out(n)=sum(w.*p)+b;
e(n)=ys(k)-out(n);
if abs(e(n))>=tol
% if error increase more than tolerance
cUp=cUp+1;
for i=1:1:numtap
w(i)=w(i)+Ir*2*e(n)*p(i);

end
b=b+Ir*2*e(n);

end



n=n+1;
end

end

£ 2
Code NG

clear, clc, close all

% surrogate guitar
load('001data.mat')
y001 = y001(:, 1);

% music from guitar
[x, fs] = audioread('001.flac");

xx = X, 1);

% signal parameter
xlen1 = (length(xx));
t1 = (0:xlen1-1)/fs;

dataA = xx(1:1000,1);
xlen2 = (length(dataA));
t2 = (0:xlen2-1)/fs;

winpts = 8000;
numtap=7;
nn=numtap-1;
tol=0;

[ry,cy]=size(dataA);

cUp=0;
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R1=1; R2=winpts;

T1=1; T2=8000;
for A=1:1000
tic

dataA = xx(R1:R2,1);

R1=R1+1000;

R2=R2+1000;

imfori = emd(dataA);

[size1, sizeori] = size(imfori);

if A==1
dataB = y001(1:8000,1);

elseif A ==
dataB = [y001(1001:8000,1)

mysum'];

elseif A ==
dataB = [y001(2001:8000,1)

soun'];

elseif A == 4
dataB = [y001(3001:8000,1)

soun'];
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elseif A==5
dataB = [y001(4001:8000,1)

soun'];

elseif A ==
dataB = [y001(5001:8000,1)

soun'];

elseif A ==
dataB = [y001(6001:8000,1)

soun'];

elseif A== 8
dataB = [y001(7001:8000,1)

soun'];

elseif A > 8
dataB =soun(1,T1:T2)%;
T1 = T1+1000;
T2 = T2+1000;

end

imfnew = emd(dataB);
[size2, sizenew] = size(imfnew);
if sizenew < sizeori
j = sizeori-sizenew ;
switch j

case 1

imfnew(end+1) = {zeros(1,winpts)};

case 2
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fori=1:2
imfnew(end+1) = {zeros(1,winpts)};
end

case 3
fori=1.3
imfnew(end+1) = {zeros(1,winpts)};
end

case 4
fori=1:4
imfnew(end+1) = {zeros(1,winpts)};
end

case 4
fori= 1:4
imfnew(end+1) = {zeros(1,winpts)};
end

case b
fori=1:5
imfnew(end+1) = {zeros(1,winpts)};
end

case 6
fori =1:6
imfnew(end+1) = {zeros(1,winpts)};
end

case 7
fori=17
imfnew(end+1) = {zeros(1,winpts)};
end

case 8
fori=1:8
imfnew(end+1) = {zeros(1,winpts)};
end

end
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sizenew = sizeori ;

elseif sizenew > sizeori
jj = sizenew-sizeori ;
switch jj

case 1
imfori(end+1) = {zeros(1,winpts)};

case 2
fori=1:2
imfori(end+1) = {zeros(1,winpts)};
end

case 3
fori=1:3
imfori(end+1) = {zeros(1,winpts)};
end

case 4
fori=1:4
imfori(end+1) = {zeros(1,winpts)};
end

case 5
fori=1:5
imfori(end+1) = {zeros(1,winpts)};
end

case 6
fori=1:6
imfori(end+1) = {zeros(1,winpts)};
end

case 7
fori=1:7
imfori(end+1) = {zeros(1,winpts)};
end

case 8



fori=1:8
imfori(end+1) = {zeros(1,winpts)};
end

end

sizeori = sizenew ;

end

h = zeros(1,1000);
hh = zeros(1,1000);

for pp = 1: sizeori

n=1;

ysa = cat(1,imfori{pp}(1,1:1000));
ysb = cat(1,imfori{pp}(1,1001:2000));
ysc = cat(1,imfori{pp}(1,2001:3000));
ysd = cat(1,imfori{pp}(1,3001:4000));

yse = cat(1,imfori{pp}(1,4001:5000));
ysf = cat(1,imfori{pp}(1,5001:6000));
ysg = cat(1,imfori{pp}(1,6001:7000));
ysh = cat(1,imfori{pp}(1,7001:8000));

yma = cat(1,imfnew{pp}(1,1:1000));

ymb = cat(1,imfnew{pp}(1,1001:2000));
ymc = cat(1,imfnew{pp}(1,2001:3000));
ymd = cat(1,imfnew{pp}(1,3001:4000));
yme = cat(1,imfnew{pp}(1,4001:5000));
ymf = cat(1,imfnew{pp}(1,5001:6000));
ymg = cat(1,imfnew{pp}(1,6001:7000));
ymh = cat(1,imfnew{pp}(1,7001:8000));

if pp<5
Ir=0.1;
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elseif pp>=5 && pp<9
Ir=0.05;

elseif pp>=9 && pp<11
Ir=0.005; |

elseif pp>=11
Ir=0.0001;

end

if A==
w=zeros(1,numtap);
b=0.1;

else

w = weigh(:,pp)";
weigh(1:numtap,20) = zeros(1);
b = bias(1,pp);

bias(1,20) =0.1;

end

for k=1:1:ry
p = [ysa(k)-yma(k) ysb(k)-ymb(k) ysc(k)-ymc(k) ysd(k)-ymd(k) yse(k)-yme(k) ysf(k)-
ymf(k) ysg(k)-ymg(k)I;
out(n)=sum(w.*p)+b;

e(n)=ysh(k)-out(n);

if abs(e(n))>=tol
% if error increase more than tolerance

cUp=cUp+1;

for i=1:1:numtap
w(i)=w(i)+Ir2*e(n)*p(i);

end



b=b+Ir*2*e(n);

end

n=n+1;

end

if A==1 && pp==1
weigh = w' ;

bias = b;

elseif A==1 && pp>1
weigh = [weigh w'];

bias = [bias b];

elseif A>1
weigh(:,pp) = w';
bias(1,pp) = b;
end

eval(sprintf('h(%d,:) = out;',pp));
eval(sprintf('hh(%d,:) = e;',pp));
mysum = sum(h);
mysume = sum(hh);

end

if A==
soun = mysum;

elseif A>1
soun = [soun mysum];

end

if A==
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error = mysume;
elseif A>1
error = [error mysume];
end

end

dy I dl Y o L ¥ d{l = 1 gj 1 Y o ¥ 6 YV ¥
wnansiluenansianulidgwiumsldanuienisfinumintu lieygnlmhluldusslevisunisen
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LMx58, LMx58x, LM2904, LM2904V Dual Operational Amplifiers
1 Features 2 Applications

Wide Supply Ranges
— Single Supply: 3V to 32V

(26 V for LM2904)
— Dual Supplies: 1.5V to £16 V

(13 V for LM2904)
Low Supply-Current Drain, Independent of Supply
Voltage: 0.7 mA Typical
Wide Unity Gain Bandwidth: 0.7 MHz
Common-Mode Input Voltage Range Includes
Ground, Allowing Direct Sensing Near Ground
Low Input Bias and Offset Parameters
- Input' Offset Voltage: 3 mV Typical

A Versions: 2 mV Typical
— Input Offset Current: 2 nA Typical
— Input Bias Current: 20 nA Typical

A Versions: 15 nA Typical
Differential Input Voltage Range Equal to
Maximum-Rated Supply Voltage: 32 V
(26 V for LM2904)
Open-Loop Differential Voltage Gain:
100 dB Typical
Internal Frequency Compensation
On Products Compliant to MIL-PRF-38535,
All Parameters are Tested Unless Otherwise
Noted. On All Other Products, Production
Processing Does Not Necessarily Include Testing
of All Parameters.

3

Blu-ray Players and Home Theaters
Chemical and Gas Sensors

DVD Recorder and Players

Digital Multimeter: Bench and Systems
Digital Multimeter: Handhelds

Field Transmitter: Temperature Sensors
Motor Control: AC Induction, Brushed DC,
Brushless DC, High-Voltage, Low-Voltage,
Permanent Magnet, and Stepper Motor
Oscilloscopes

TV: LCD and Digital

Temperature Sensors or Controllers Using
Modbus

Weigh Scales

Description

These devices consist of two independent, high-gain

frequency-compensated

operational amplifiers

designed to operate from a single supply or split
supply over a wide range of voltages.

Device Information!"

PART NUMBER PACKAGE BODY SIZE (NOM)
VSSOP (8) 3.00 mm % 3.00 mm

SOIC (8) 4.90 mm x 3.90 mm

e st 1556 1 TTsmmmxs0mm
TSSOP (8) 3.00 mm x 4.40 mm

PDIP (8) 9.81 mm x 6.35 mm

LMx58, LMx58x, CDIP (8) 9.60 mm x 6.67 mm
LM2904V LCCC (20) 8.89 mm x 8.89 mm

(1) For all available packages, see the orderable addendum at

the end of the data sheet.

Symbol (Each Amplifier)

IN+

IN-

ouT

Y\

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

D, DGK, P, PS, PW and JG Package

8-Pin SOIC, vssoTTl‘:gnsi,ei?, TSSOP and CDIP zFo*_‘PFi’:CLf‘ggg
(Top View)
10UT [] 1 US]VCC uéoéo
1IN- ] 2 7[] 20U =
“N+[3 6]2'N_ NCg43 2 120151;8ENC
GND |; 4 5[] 2IN+ 1IN-[] 5 17 [] 20uT
NC[] 6 16 [ NC
1IN+ [] 7 15 E 2IN-
NC[] 8 14 [ NC
9 10 11 12 13
o 1 e o
228z¢
(U] o~
NC - No internal connection
Pin Functions
PIN
s(?.;‘.i; o] 1o DESCRIPTION
NAME Lcee o, | &8 T,S;lg;,
CFP NO.
1IN- 2 | Negative input
1IN+ 3 | Positive input
10UT 1 0 Output
2IN- 15 6 | Negative input
2IN+ 12 5 | Positive input
20UT 17 7 o} Output
GND 10 4 — Ground
1
3
4
6
8
NC 191 — — Do not connect
13
14
16
18
19
Vee — 8 — Power supply
Vees 20 — - Power supply
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)"

LMx58, LMx58x, LM2904 UNIT
LM2904V
MIN MAX MIN MAX
Vee Supply voltage® -0.3 +16 or 32 -0.3 +130r26| V
Vio Differential input voltage ®) -32 32 -26 26
either
Vi input Input voltage -0.3 32 0.3 26 \Y)
Duration of output short circuit (one amplifier) to ground at
(or below) Tﬁ =25°C, Unlimited Unlimited | s
Vee £ 15 v
LM158, LM158A -55 125
) ) LM258, LM258A =25 85
T4, Operating free air temperature x °C
LM358, LM358A 0 70
LM2904 —40 125 —40 125
T Operating virtual junction temperature 150 150 °C
Case temperature for 60 FK package 260 °C
seconds
Lead temperature 1.6 mm (1/16 o
inch) from case for 60 seconds J@péickage Q0 aon ke
Tetg Storage temperature —65 150 —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values (except differential voltages and V¢ specified for the measurement of lgs) are with respect to the network GND.

(3) Differential voltages are at IN+, with respect to IN-,

(4) Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

6.2 ESD Ratings

] VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(" +500
Viespy  Electrostatic discharge = : = Y
Charged-device model (CDM), per JEDEC specification JESD22-C101 +1000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

LM)f’Pﬁ'ZIQ-mRISBX' haans UNIT
MIN MAX| MIN MAX
Vee Supply voltage 3 30 3 26| V
Vewu Common-mode voltage 0 Vee -2 0 Vge-2| V
LM158 -55 125
) LM2904 -40 125 -40 125
Ta Operating free air temperature °C
LM358 0 70
LM258 -25 85
4 Submit Documentation Feedback Copyright © 1976-2015, Texas Instruments Incorporated
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6.4 Thermal Information

LMx58, LMx58x, LM2904V, LM2904 LMx58, | LMx58,
LMx58x, | LMx58x,
LM2904 | LM2904
THERMAL METRIC (") v Y UNIT
D (SOIC) DGK P (PDIP) PS (SO) PW FK JG
(VSSOP) (TSSOP) | (LCCC) | (CDIP)
8 PINS 8 PINS 8 PINS 8 PINS 8 PINS 20 PINS | 8 PINS
Raya Junction-to-ambient . o=
thermal resistance a7 172 85 96 149
Reucitop) Junction-to-case ‘CIW
(top) thermal 72.2 — —_ o — 5.61 14.5
resistance

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

6.5 Electrical Characteristics for LMx58
at specified free-air temperature, V¢ = 5 V (unless otherwise noted)

LM158 LM358
PARAMETER TEST CONDITIONS " T, LM258 UNIT
MIN TYP® MAX MIN  TYP® MAX
Vee =5 V to MAX, 25°C 3 5 3 7
Vig Input offset voltage Vic = VicR(miny my/
Vo=14V Full range T 9
Average temperature coefficient of -
aVig input offset voltage Full range 7 7 Ve
25°C 2 30 2 50
lio Input offset current Vo=14V nA
Full range 100 150
Average temperature coefficient of &
aho input offset current Full range 10 10 pAIC
25°C -20 =150 =20 -250
lig Input bias current Vo=14V r nA
Full range -300 -500
il Oto 0to
‘ Vee—1.5 Vo= .5
Vicr Commeon-mode input voltage range | Ve = 5 V to MAX o 5 Vv
o to
Full range Voo -2 Vee -2
R 22kQ 253C Vee =15 Vec—- 18
) R,z 10KkQ 25°C
Vou High-level output voltage v
R =2k0 Full range 26 26
Vee = MAX
R 210k0 Full range 27 28 27 28
VoL Low-level output voltage R .s10kQ Full range -1 20 5 20 mV
. ; i Vee =15V 25°C 50 100 25 100
Birs Lalrtge-mgna\ _?\ffe(entlal Vo=1¥1011V, Vimv
voltage amplification R 22k0 Full range 25 15
CMRR  Common-mode rejection ratio VerRp Wig MAX| 25°C 70 80 65 80 dB
Vig = V\Cﬂ(mm]
Supply-voltage rejection ratio - &
Ksvr (AVop /AV,5) Vee =56V to MAX 25°C 65 100 65 100 dB
Voi/ Vo Crosstalk attenuation f=1kHz to 20 kHz 25°C 120 120 dB
Vee =15V, 25°C -20 -30 -20 -30
Vp=1V, Source
Vo=0 Full range -10 -10 "
m
lo Qutput current Vee =15V, 25°C 10 20 10 20
Vip=-1V, Sink
Vo=15V Full range 5 5
Vip =1V, Vg = 200 mV 25°C 12 30 12 30 LA
lis Short-circuit output current xcc_aés V. GNDial5Y, 25°C 240 +60 +40 60| mA
X
s Vg =25V, No load Full range 0.7 1.2 0.7 1.2
upply current
lee (two amplifiers) Vee = MAX, Vg = 0.5 Ve, Full range 1 2 4 2 mA
No load

(1) All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX
Ve for testing purposes is 26 V for LM2902 and 30 V for the others.
(2) Full range is -55°C to 125°C for LM158, —25°C to 85°C for LM258, and 0°C to 70°C for LM358, and —40°C to 125°C for LM2904.

(3) All typical values are at T = 25°C
Copyright © 1976-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.6 Electrical Characteristics for LM2904
at specified free-air temperature, Ve = 5 V (unless otherwise noted)

LM2904
PARAMETER TEST CONDITIONS ! T\@ UNIT
MIN TYP® MAX
Non-A-suffix 25°C 3 7
Vee =5 Vo MAX, devices Full range 10
Vio Input offset voltage Vic = Vicaimin mV
Vo=14V 25°C 1 2
o= A-suffix devices
Full range 4
Average temperature coefficient N
aVio of input offset voltage Full vange 7 wvrre
25°C 2 50
Non-V device
Full range 300
lio Input offset current Vo=14V nA
25°C 2 50
V-suffix device
Full range 150
Average temperature coefficient o
alo of input offset current Full range 14 HARCG
25°C -20 -250
lg Input bias current Vo=14V nA
Full range -500
25°C i 01"5’
Common-mode input N cc— I
Vier voltage range Vo = 5 VITMAZ Do ¥
Full range Voo =2
R z10kQ 25°C Vee—=1.5
Vee = MAX, R . =2k0Q Full range 22
Vou High-level output voltage Non-V device R .210kQ Full range 23 24 \Y
Vee = MAX R_=2k0Q Full range 26
V-suffix device R, 210 kQ Full range 27 28
VoL Low-level output voltage R =10 kQ Full range 5 20 mv
‘ ‘ / Ve = 15V, 25°C 25 100
Large-signal differential
Avp : { Vo=1Vio 11V, Vimv
voltage amplificalion R.z2K0 Full range 15
Non-V device 25°C 50 80
CMRR Common-mode rejection ratio ¥°°_ \?V to MAX, ; dB
1C = VICR(min) V-suffix device 25°C 65 80
Supply-voltage rejection ratio
k. Vec =5V to MAX 25°C 65 100 dB
o (AVec /AVi0) ]
Voil Vo2 Crosstalk attenuation f=1kHz to 20 kHz 251C 120 dB
Ve =15V, 25°C =20 =30
Vig =1V, Source
Vo =0 Full range -10
mA
Vee =18V, 25°C 10 20
lo Output current Vip =1V, Sink
Vg =15V Full range 5
Non-V device 25°C 30
Vip ==1V, Vg =200 mV = HA
V-suffix device 25°C 12 40
los Short-circuit output current VecatbV, Vo =0,GND at =5V 25°C +40 +60 mA
| Supply current Vs =25V, No load Full range 0.7 1.2 A
cC H
(four amplifiers) Vee = MAX, Vi = 0.5 Ve, No load Full range 1 2
(1) All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX

Ve for testing purposes is 26 V for LM2902 and 32 V for LM2902V.

(2)
(3)

6.7 Electrical Characteristics for LM158A and LM258A
at specified free-air temperature, Vo = 5 V (unless otherwise noted)

Full range is —-55°C to 125°C for LM158, —25°C to 85°C for LM258, 0°C to 70°C for LM358, and —40°C to 125°C for LM2904.
All typical values are at Tp = 25°C.

LM158A LM258A
PARAMETER TEST CONDITIONS T UNIT
MIN  TYP® MAX MIN TYP®@ MAX
Vee=5V1io30V, 25°C 2 2 3
Vio Input offset voltage Vie = Vieriminy m
Vo=14V Full range 4 4

(1)  All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX
V¢ for testing purposes is 26 V for LM2904 and 30 V for others.

(2)

All typical values are at Ty = 25°C.

6
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Electrical Characteristics for LM158A and LM258A (continued)

at specified free-air temperature, V¢ = 5 V (unless otherwise noted)

LM158A LM258A
PARAMETER TEST CONDITIONS" T UNIT
MIN  TYP® MAX MIN TYP® MAX
Average temperature
aVig coefficient of input Full range 7 15@ 7 15| pArC
offset voltage
25°C 2 10 2 15
ho Input offset current Vo=14V nA
Full range 30 30
Average temperature
alg coefficient of input Full range 10 200 10 200 pA/°C
offset current
) 25°C -15 -50 -15 -80
lg Input bias current Vo=14V nA
Full range -100 -100
25°C Oto Oto
v, Common-mode input Ve =30V Vec—1.5 Veg-1.5 v
KR voltage range £ 0to 0to
Full range Vo2 T
R z2k0 25°C Veer~15 Vec-1.5
High-level output =
Von voltage Vee =30V R = 2kQ Full range 26 26 \
Rz 10kQ Full range 27 28 27 28
Low-level output
VoL valtage R, =10 kQ Full range 5 20 5 20 mV
Large-signal & 2 25°C 50 100 50 100
Ao differential voltage VC‘; ;:;V' Yol GTY, Vimv
amplification R Full range 25 25
Common-mode o
CMRR rejection ratio 25°C 70 80 70 80 dB
Supply-voltage
Ksvr rejection ratio 25°C 65 100 65 100 dB
(AVp /AVg)
Crosstalk = 4
Voi/ Voz attenuation f =1 kHz 1o 20 kHz 25°C 120 120 dB
Vee =15V, 25°C -20 =30 —60 =20 -30 -60
Vig =1V, Source
Vo=0 Full range -10 -10
[s]
mA
lo Output current V=15V, 25°C 10 20 10 20
Vip=-1V, Sink
Vo=15V Full range 5 5
Vip ==1V, Vg =200 mV 25°C 12 30 12 30 MA
Short-circuit Vecat 5V, GND at -5 V, 3
= Stk surert Vaz 0 25°C +40 +60 140 +60 mA
Vo =2.5V, No load Full range 0.7 1.2 0.7 12
| Supply current mA
ce (four amplifiers) Vee = MAXV, Vo =05V, Full range 1 2 1 2
No load
(3) On products compliant to MIL-PRF-38535, this parameter is not production tested.
6.8 Electrical Characteristics for LM358A
at specified free-air temperature, Ve = 5 V (unless otherwise noted)
LM358A
PARAMETER TEST CONDITIONS! T, UNIT
MIN TYP® MAX
Vee=5V1Io30V, 25°C 2 3
Vio Input offset voltage Vic = Viermin: mV
Vo=14V Full range 5
Average temperature coefficient o
Vio of input offset voltage Full range 7 20 HANG
25°C 2 30
o Input offset current Vo=14V nA
Full range 75
Average temperature coefficient o
aho of input offset current Fultranpe 10 =0 PAEC

(1) All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX
Ve for testing purposes is 26 V for LM2904 and 30 V for others.

(2) All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX
Ve for testing purposes is 26 V for LM2904 and 30 V for others.

(3) All typical values are at T, = 25°C.
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Electrical Characteristics for LM358A (continued)

at specified free-air temperature, V¢ = 5 V (unless otherwise noted)

LM358A
PARAMETER TEST CONDITIONS(" T@ UNIT
MIN TYP® MAX
25°C =15 =100
lg Input bias current Vo=14V nA
Full range -200
- i .
ommon-mode input = cc~ -
Vica voltage range Vee =30V 0to v
Full range Veo—2
R 22k0 25°C Vee-1.5
Vou High-level output voltage R = 2kQ Full range 26 \'
Vee=30V
Rz 10kQ Full range 27 28
VoL Low-level output voltage R =10k Full range 5 20 mvV
Large-signal differential Vee =16V, Vo =1Vio 11V, 25°C 25 100
Avp el Vimv
voltage amplification R z2kQ Full range 16
CMRR Common-mode rejection ratio 25°C 65 80 dB
Supply-valtage rejection ratio A
k 25°C 65 100 dB
2R (BVoo /AV,0)
Voil Va2 Crosstalk attenuation f=1kHz to 20 kHz 25°C 120 dB
Vee =15V, 25°C -20 =30 -60
V=1V, Source
Vo =0 Full range -10
o
mA
lo Output current Vee =15V, 25°C 10 20
Vp=-1V, Sink
Vo =15V Full range S
Vip = =1V, Vp =200 mV 250C 30 WA
los Short-circuit output current xcc_E{i;S WA 25°C +40 60 mA
—
Vo =2.5V, No load Full range 0.7 1.2
| Supply current mA
cc (four amplifiers) Voo = MAX V, Vo =0.5V, Full range 1 2
No load
6.9 Operating Conditions
VCC =%15 V, TA =25°C
PARAMETER TEST CONDITIONS TYP UNIT
SR Slew rate at unity gain Ry =1MQ, C_ =30 pF, V| =110 V (see Figure 11) 0.3 V/us
B Unity-gain bandwidth R =1MQ, C_= 20 pF (see Figure 11) 0.7 MHz
Vh Equivalent input noise voltage Rs =100 Q, V| =0V, f =1 kHz (see Figure 12) 40 nV/vHz
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6.10 Typical Characteristics

20 0.36
18 T ‘_'_“-—__‘_‘_ 0.34 — — _55¢ =
i ~ 0.32 — e
S 14 g —— 125C i
o
< —=—— — = - //
= 12 E : / ="
=] A
&'
E B 2 0.26
g 6 — 5Vdc )
= — 15Vdc D 024
B —— 30Vdc [
2 ] ; 0.22
0 ‘ ‘ ‘ ‘ ‘ L 0.2 ‘ | |
=55 -35 -15 5 25 45 65 85 105 125 ' 5 10 15 20 25 30
Temperature (°C) Supply Voltage (Vdc)
Figure 1. Input Current vs. Temperature Figure 2. Supply Current vs. Supply Voltage
160 ‘ T T 100 ‘
140 |—_[—RL=20K 90 poﬂ!% = CMRR
— RL=2K 80
— 120 ) N
e LT " X" | 70 L
B 100 e a \
& T i =~
g 80 x50 \
s -3
2 60 5 40
g 30
= % 20
20 10
0 | 0
0 5 (ol 48 20%7sf]\ 30K Bs ke 01 3 10 100 1000
V+ Supply Voltage (Vdc) Frequency (kHz)
Figure 3. Voltage Gain vs. Supply Voltage Figure 4. Common-mode Rejection Ratio vs. Frequency
35 : 0.50 |
/O UT
3.0 / 0.45
a / \ ' 040 —1 1~
520 ' / b, % 0.35 /
g / A\ g
g1e g
/ \ 0.30 7=
1.0 \Y
0.5 \ 0.25
: [ —\/OUT
0.0 L. 0.20 ‘
0 4 8 12 16 20 24 28 32 36 40 0 2 4 6 8 10

Time (us)

Figure 5. Voltage Follower Large Signal Response (50 pF)

Time (ps)

Figure 6. Voltage Follower Small Signal Response (50 pF)
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Typical Characteristics (continued)

20 8
Q
17.5 S 5
2
a 15 2 6
S 125 3
g 7 \ —g 5
2 = 2
\ 3
g 75 \ g
8 & g3
2.5 \\ 5 2
N 3 NI
0 | ! | T-_-""" | 1 I 1 1 | 1
1 10 100 1k 0.001 0.01 0.1 1 10 100
Frequency (kHz) Output Sink Current (mAdc)
Figure 7. Maximum Output Swing vs. Frequency Figure 8. Output Sourcing Characteristics
(Vec =15V)
10 = 7 90
H— 5vdc i
H— 15vdc H po
— 30Vdc I 5 70
g 74 g
g 1 L4 £ 60
g 24
= | g —_ |
£ | 5 40 N
é 0.1 3 3 T =
© o 3 2 =
/1 | 10
0.01 */ZL/J ” 0
0.001 0.01 0.1 1 10 100 -5 =35 -15 5 25 45 65 85 105 125
Qutput Sink Current (mAdc) Temperature (°C)
Figure 9. Output Sinking Characteristics Figure 10. Source Current Limiting
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7 Parameter Measurement Information

Vees

V
CL

Vee- R

Figure 11. Unity-Gain Amplifier

900 Q

AN
Vees

100 Q
V=0V AN -
V
RS & 6]

Vee-

Figure 12. Noise-Test Circuit
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8 Detailed Description

8.1 Overview

These devices consist of two independent, high-gain frequency-compensated operational amplifiers designed to
operate from a single supply over a wide range of voltages. Operation from split supplies also is possible if the
difference between the two supplies is 3 V to 32 V (3 V to 26 V for the LM2904 device), and V¢ is at least 1.5 V
more positive than the input common-mode voltage. The low supply-current drain is independent of the
magnitude of the supply voltage.

Applications include transducer amplifiers, DC amplification blocks, and all the conventional operational amplifier
circuits that now can be implemented more easily in single-supply-voltage systems. For example, these devices
can be operated directly from the standard 5-V supply used in digital systems and easily can provide the required
interface electronics without additional +5-V supplies.

8.2 Functional Block Diagram

| T o T -— Vce+
=6-pA =6-uA =100-pA
Current Current Current
Regulator Regulator Regulator
IN- ouT
I~
IN+ =50-pA }j_,
Current
Regulator
GND (or Vee-)
—» To Other Amplifier
COMPONENT COUNT
Epi-FET 1
Diodes 2
Resistors 7
Transistors 51
Capacitors 2
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8.3 Feature Description

8.3.1 Unity-Gain Bandwidth

The unity-gain bandwidth is the frequency up to which an amplifier with a unity gain may be operated without
greatly distorting the signal. These devices have a 0.7-MHz unity-gain bandwidth.

8.3.2 Slew Rate

The slew rate is the rate at which an operational amplifier can change its output when there is a change on the
input. These devices have a 0.3-V/us slew rate.

8.3.3 Input Common Mode Range

The valid common mode range is from device ground to Ve - 1.5 V (Ve - 2 V across temperature). Inputs may
exceed Ve up to the maximum Vgc without device damage. At least one input must be in the valid input
common mode range for output to be correct phase. If both inputs exceed valid range then output phase is
undefined. If either input is less than -0.3 V then input current should be limited to 1mA and output phase is
undefined.

8.4 Device Functional Modes

These devices are powered on when the supply is connected. This device can be operated as a single supply
operational amplifier or dual supply amplifier depending on the application.
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The LMx58 and LM2904 operational amplifiers are useful in a wide range of signal conditioning applications.
Inputs can be powered before V¢ for flexibility in multiple supply circuits.

9.2 Typical Application

A typical application for an operational amplifier in-an inverting amplifier. This amplifier takes a positive voltage
on the input, and makes it a negative voltage of the same magnitude. In the same manner, it also makes
negative voltages positive.

RF
NN

RI Vsup+

0 Vour

+

Vin
Vsup-

Figure 13. Application Schematic

9.2.1 Design Requirements

The supply voltage must be chosen such that it is larger than the input voltage range and output range. For
instance, this application will scale a signal of +0.5 V to +1.8 V. Setting the supply at +12 V is sufficient to
accommodate this application.

9.2.2 Detailed Design Procedure

Determine the gain required by the inverting amplifier using Equation 1-and Equation 2:

_vour
v = VIN M
dy= o g6

v —05 7 (2)

Once the desired gain is determined, choose a value for Rl or RF. Choosing a value in the kilohm range is
desirable because the amplifier circuit will use currents in the milliamp range. This ensures the part will not draw
too much current. This example will choose 10 kQ for RI which means 36 kQ will be used for RF. This was
determined by Equation 3.

4 RF
b= 3)
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Typical Application (continued)
9.2.3 Application Curve

15 2

0 0.5

1
Time (ms)

Figure 14. Input and Output Voltages of the Inverting Amplifier

10 Power Supply Recommendations

CAUTION

Supply voltages larger than 32 V for a single supply (26 V for the LM2904), or outside
the range of 16 V for a dual supply (+13 V for the LM2904) can permanently damage
the device (see the Absolute Maximum Ratings).

Place 0.1-uF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high
impedance power supplies. For more detailed information on bypass capacitor placement, refer to the Layout.

11 Layout

11.1 Layout Guidelines

For best operational perfarmance of the device, use good PCB layout practices, including:

* Noise can propagate into analog circuitry through the power pins of the circuit as a whole, as well as the
operational amplifier. Bypass capacitors are used to reduce the coupled noise by providing low impedance
power sources local to the analog circuitry.

— Connect low-ESR, 0.1-uF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. A single bypass capacitor from V+ to ground is applicable for single
supply applications.

+ Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective
methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.
A ground plane helps distribute heat and reduces EMI noise pickup. Make sure to physically separate digital
and analog grounds, paying attention to the flow of the ground current.

* To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If
it is not possible to keep them separate, it is much better to cross the sensitive trace perpendicular as
opposed to in parallel with the noisy trace.

* Place the external components as close to the device as possible. Keeping RF and RG close to the inverting
input minimizes parasitic capacitance, as shown in Layout Examples.

* Keep the length of input traces as short as possible. Always remember that the input traces are the most
sensitive part of the circuit. -

* Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce
leakage currents from nearby traces that are at different potentials.
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LM1875 20W Audio Power Amplifier

Check for Samples: LM1875

FEATURES

Up to 30 Watts Output Power
Ayo Typically 90 dB

Low Distortion: 0.015%, 1 kHz, 20
Wide Power Bandwidth: 70 kHz

Protection for AC and DC Short Circuits to

Ground

Thermal Protection with Parole Ci
High Current Capability: 4A

Wide Supply Range 16V-60V
Internal Output Protection Diodes
94 dB Ripple Rejection

Plastic Power Package TO-220

APPLICATIONS

High Performance Audio Systems
Bridge Amplifiers

Stereo Phonographs

Servo Amplifiers

Instrument Systems

Connection Diagram

w

rcuit

O

= P s

DESCRIPTION

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

The LM1875 delivers 20 watts into a 4Q or 8Q load
on +25V supplies. Using an 8Q load and +30V
supplies, over 30 watts of power may be delivered.
The amplifier is designed 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 distortion levels even at high output
power levels. Other outstanding 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
greater.

= 1 o8
— T T > outPut
=11 -V
T T -=O/-IN
T 177 /+IN

Figure 1. NDH0005D, KC0005A,
NEBOO005E, NEB0005B,

Front View

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Typical Applications

+Vee

C7 100 uf

40-80
c1
2.2 4F
Vin
Al
M
RS

»
A3
>
L
< 1k

L N7
N7

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘ﬁi\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings®

Supply Voltage ' 60V
Input Voltage =Veg to Ve
Storage Temperature -65°C to + 150°C
Junction Temperature 150°C

(Soldering, 10 seconds) 260°C
Lead Temperature 8,c 3°C

8,4 73°C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is functional, but do not ensure specific performance limits.
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Electrical Characteristics

V=425V, =Vee==25V, Taupient=25°C, R =80, A,=20 (26 dB), f,=1 kHz, unless otherwise specified.

Parameter Conditions Typical Tested Limits Units
Supply Current Pout=0W 70 100 mA
Output Power™ THD=1% 25 w
THD" Pout=20W, f,=1 kHz 0.015 %
Pout=20W, f,=20 kHz 0.05 0.4 %
Pout=20W, R =4Q, f,=1 kHz 0.022 %
PouT=20W, R =4Q, f,=20 kHz 0.07 0.6 %o
Offset Voltage +1 +15 mV
Input Bias Current 0.2 +2 UA
Input Offset Current 0 +0.5 HA
Gain-Bandwidth Product f,=20 kHz 5.6 MHz
Open Loop Gain DC 90 dB
PSRR Veer 1 kHz, 1 Vrms 95 52 dB
Veg, 1 kHz, 1 Vrms 83 52 dB
Max Slew Rate 20W, 80, 70 kHz BW Vips
Current Limit Vout = Vsuppry =10V 3 A
Equivalent Input Noise Voltage Rg=600Q, CCIR uVrms

(1) Assumes the use of a heat sink having a thermal resistance of 1°C/W and no insulator with an ambient temperature of 25°C. Because
the output limiting circuitry has a negative temperature coefficient, the maximum output power delivered to a 4Q load may be slightly
reduced when the tab temperature exceeds 55°C.

Typical Applications For Single Supply Operation

c3
10 pF

_r‘)] + 10k 200k

c4
R2 Vee p 1 4F
22K

RS = R6

Figure 2.
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Typical Performance Characteristics

THD vs Power Output
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Supply Current vs Supply
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i PSRR vs Frequency Device Dissipation vs Ambient Temperaturet
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_ See Application Hints.
Figure 7. Figure 8.
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Typical Performance Characteristics (continued)
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Schematic Diagram
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APPLICATION HINTS

STABILITY

The LM1875 is designed to be stable when operated at a closed-loop gain of 10 or greater, but, as with any
other high-current amplifier, the LM1875 can be made to oscillate under certain conditions. These usually involve
printed circuit 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 physical 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 (feedback 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 conductor which can effectively act as signals at the input, resulting in high
frequency oscillation or excessive distortion. It is advisable to keep the output compensation components 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 pF. The amplifier can typically drive load capacitances up to 2
MF or so without oscillating, but this is not recommended. If highly capacitive loads are expected, a resistor (at
least 1Q) should be placed in series with the output of the LM1875. A method commonly employed to protect
amplifiers from low impedances 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 grounding techniques will also help to prevent excessive
distortion levels in audio applications. For low THD, it is also necessary 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 together and separated from the circuit board. Where these wires are soldered to the
board, they should be perpendicular to the plane of the board at least to a distance of a couple of inches. With a
proper physical layout, THD levels at 20 kHz with 10W output to an 8Q load should be less than 0.05%, and less
than 0.02% at 1 kHz.

CURRENT LIMIT AND SAFE OPERATING AREA (SOA) PROTECTION

A power amplifier's output transistors can be damaged by excessive applied voltage, current flow, or power
dissipation. 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 dissipation is usually not limited in monolithic audio power amplifiers, and this can be a problem
when driving reactive loads, which may draw large currents while high voltages appear on the output transistors.
The LM1875 not only limits current to around 4A, but also reduces the value of the limit current when an output
transistor has a high voltage across it.

When driving nonlinear reactive loads such as motors or loudspeakers with built-in protection relays, there is a
possibility 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 between 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 driven.
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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 device 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
resistance 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 improve 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 circuitry will shut the amplifier down if
operation without a heat sink is attempted.

In order to determine the appropriate heat sink for a given application, the power dissipation of the LM1875 in
that application must be known. When the load is resistive, the maximum average power that the IC will be
required to dissipate is approximately:
P =V p
DIMAX) = 5 R, T 0

where
* Vg is the total power supply voltage across the LM1875
* R, is the load resistance
* Pgqis 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 resistive loads. As an
example, if the LM1875 is operated on a 50V power supply with a resistive load of 80, it can develop up to 19W
of internal power dissipation. If the die temperature 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

=4.2°C/W.

Using 6,c=2°C/W, the sum of the case-to-heat-sink interface thermal resistance and the heat-sink-to-ambient
thermal 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.

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
example, 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 reasons of size or cost, there are two alternatives. [EM00001]The maximum 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.
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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 loudspeaker may at some frequency have an impedance with a magnitude of
8Q and a phase angle of 60°. The real part of this load will then be 4Q, and the amplifier power dissipation will
roughly follow the curve of power dissipation with a 4Q load.

Component Layouts
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Figure 14. Split Supply
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