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Photomicro9raph of c i r c u i t r y  used in M o t o1ola MC 1 5 5 4 G  i!:. f a i r l y  t y p i c a l  of the cornp l L' x i l y  found in t h e  ot h e r I C ' s .  

By DONALD E .  LANCAST E R  

A wiJe rr1n ge of  lrm.J- Ost /C's i s  n ow renJily o l1win11/J/u 

for nse 1:n luW-fJIYWw· n/,lff io rirru its .  I l l 'l'C 1:s n run dornn 
011, u •lua 's 11n1U1 1h /1� M.Jit,h. new 1 J l /.l�s r·mning ont u lmost, tl111Iy . 

WITH the rece n t  i n l roc l t tcl io 1 1  of a do1;e 1 1  new i nt -e
gra ted ci rc1 1 i l �, t l 1e a 1 1 d io Jes ig1 1er 1 1m,· 1 i,,� .tt ! t is 
co1 11 11 1anc l  :t wide ra1 1ge of low-cos t l i t 1ea r IC's. Ile  

c a n  bu' a h a l f-wa l l  aud io a 1 n p l i her for t t l lC ler $:3 : a o ne-w:i tl: 
u n i t  1 0 1· u nder $4; i t t  s i 1 tg le q 1 1 : 1 n 1  i l ies. Ile c:1 1 t  obLt i n  :1 lll'< '· 
a rnp l i fier IC w i l l t  :t ga i 1 1  a 1 1 c l  i 1 1p 1 1 t  i 1 1 1 peda nce cons iue 1': t i J l v 
l 1 igher t ha n  1 1 1ost vacut 1 1 1 t  l 1 1 hes fOI" a l JOt t l  �2, a 1 ttl m : 1 ke 1 t se 
ol oi l ier i n tegrateds whose 1·ep la ce1 1 1e 1 1 1· \\·01 1 l c l  req 1 1 i re 1 l 1 1·cc 
or 1 norc' s tages ol cot 1 t p lex co1 1 ven t io 1 t a l  c i rc1 1 i l ry. 1-i e c:11 1 
a lso gel broaclcasl -q 1 1 :t l i ty perf ornrnnce to t he 01 tC-\\': 1 tt pow
er level in l \\'O pre1 1 1 i u 1 1 t  u 1 1 i 1·s priced i 1 t  t l 1e $ I S  1-0 $:2.5 
range. A lso a va i lnble a re s t 1 b 1 t t i n i a 1· 1 t re : 1 u c l i o  IGs : 1 1 1 c l  s pc
ci : t l  ci rc:u i ts  ,,·hose gai n  is eas i l v  con t ro l l ed el ec: l ro n iea l l v. 
( Prices /or prodt1ct'io1 1  q111int itics of 11 1 1 11 of t liese ite1 1 1.\'  is, 
of cou rse, substa11 l i11//11 lo1cer ///(/11 the si1 1gle - u 1 1 it /)! 'ice., giv
eu ahove, 11 11cl further price c u ts an· i11u1tf1 1erit .-£r/itor ) 

Let's l :tke a eloser look a l  so1 11e ol t l 1e n 1 t c l io i 1 1 teg1·atecl 
circui ts that  a re a v<1 i ht l i le  a 1 1 d  see w l t o  m �1kes t l t e 1 n  a n cl jus t  
ho\\- t l tev m i gl 1 l  b e  pu t l o  use . .-\ I I  t l wse ll'e'Jl t a l k  :100 1 1 1  
are a v<t i l al i l e  fro1 11 c l is l r il i 1 1 to1 · s to(·k and l he pr ices 1 1 1e n
l ioned are tlte approxi m : 1 te s i n gle-qu a n t i l v  ones. Com p le 1-e 
data : i n t i  a l ist  of cl is l-rib1 1 1·ms a re : 1v :1 i l : 1h le;  see T:tble 1 .  

Ar1 t7ierex i s  one o f  t l ie l a t es t en t·r ies i 1 t  1 l te f ield o f  l i neat 
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[C 1 1 1 : 1 1 1 1 1 hcl u 1·i 1 1 g .  T l 1ev have rncc1 1 t l v  i n l rm l 1 1ced f i , ·e very 
moder: 1 t el \' µricecl, l 1 i gl 1 - perl on n:1 1 1l'e, low-l1•v 1 · I  : t 1 1 c l i o  IC's 
spec i l ic:t l l � :ti l !lecl : t i  crn 1 s 1 t 1 11er <t 1 1 d i o  : ind ! t i - fi 1 1 1a rkc 1s .  

'f! ie ir  "Bi let," t l 1e TAA.'3:20 ( $:2 . 2.'i ) ,  is t nosl  i 1 t t eres t i 1 1g .  
Th is JC ('O l 1 ' i S l s  o r  : 1  \ ! OS l r:1 1 1 s i s t or l o l l owecl hy : t  b i pol a r  
l ra 1 1 s i s tor l'l ll i t t c· r- l o l lo" c · 1· nnc l  a l > i Hs i 1 1 g  rC's i stor, : i l l  pack
aged i 1 1  a th ree-lc:1cl T0- 18 c<1 1 1 .  Tl 1e dev i ce C<l l 1 1b i 1 tes an 
i 1 qrn l  .i mpec l : t ll ('e of I 0 1 � o l 1 m s  01· so, a [l';t llS('O l l d t 1 ('1 '.tnc:e or 
40,000 1 11 icron t l 1os 1 1 1 i 1 1 i 1 1 1 1 1 1 n ,  a nti : t  vol t:1gt• g:i i 1 1  oF 40 lo 
l OO t 1 1 1der  tvp ic: 1 l  bias  co n c lil'j o 1 1s.  With ex1-t •n 1 :t l  c i rc u i t  i l l l 
petl : t 1 1 ces : t i  t l 1e 1 ncgo h 1 n  level,  response :.i [>prn:1ches d.c .  
to  l M i h  . .  

Tl 1 is is l l 1e fi rs t  1 11 ajo 1· loW-C'OS t i n l egrat ec l c iJTt t i t  with :1 1 1  
i 1 1 p t 1 1  i 1 1 1 pecht 1 1 ee t·om pa rilble l o  o r  hener t h: 1 1 1  1 1 1osl  ' acu u 1 1 1  
l 1 1 ' 1es . 1 ot:i l u11dio n o ise vo l t:1ge i s  o n  the order o f  :2.'i n 1icro
volts, me:i n i 1 1g that  even fratl ' ion:1 I  1 1 1 i l l'ivo l t  sig1i a l s  1 1 1a v  be 
re:i d i l y  : 1 1 1 q1li fled w i 1-h 1 H 1 1 1o ise 1Hob le1 11 s .  

1 l te oJ iv iOlJ S use or t h e  J l i re t  is  as a J 1 igh-gai n , l 1 i g l 1 -i n.p1 1 t
i 111 peda 1 1ce m i crop l w 1 1e :1 1 1 d  p l 101 H1g t·: 1 ph p 1·e: 1 n 1 p l i he1- .  The 
h i gh c irc1 1 i t  im ped:11 1ce leve l s  ; 1 1 iow ve1·v s1 1 1a l J  i 1 1p t t l  cou 
p l. i n g capctC ' irms, even al s t 1b :m d io freq 1 1e1 1 cies.  \ 1 1 o l l ie 1· i 1 npor-
1-H r 1 (  : 1 p p l il ' : t l ion is in phas1"-s l 1 i ft : incl \Vie1 t -b 1·iclg1· osc i l i ::l tors. 
The e.\ ln: 1 11e ly  h igh i r 1 p 1 1 1  im ped a n ce is a l so 1 t st'i ' 1 t l  in t i 1 ner 
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and delay l'ireuitry. and other sueh t ypes of applic:at ions. 
A seeond unit,  the TAA3 10 ( $4 . 90 ) ,  is a eom·e1 1tio11al 

11101 1olithic IC in a ten-lead T0-5 ean .  The TAA3 10 is a 
general-purpose, low-noise, low-level preamplifier ideally 
suited as a tape reeord/playback preamplilkr. A 4-d B noise' 
figure is combined with a HO-dB ( X 32,000 ) rnltage gain 
and all 1 1 11comprnsated upprr frequcm·y limit of J .5 k l l z. 
The IC eon tains fi\'e transistors. four diodes, and fin• rl'sis
tors. A 7-volt single-ended supply is needed. In a tape-pre
amp dreuit ( Fig. l l , the TA:\3 10 proddcs fi4 dB of tape
eomprnsated gain, a 75-cl B n>lume-eontrol range, and () , .')r,; 
distortion at a 0 . .'5-V r.m.s.  output le\'el. 

This IC is useful for any low-le\'el prl'amplification or 
tone-eompensation drcuit where input impcdanees of .50.-
000 ohms or less are acceptable or desirable. 

Cunt ru l lahlc·-G a i n  A m p l i firr 
Alt hough not eallcd :Ill "audio" JC, the RCA C:\3023 

( $25J.5 )  wide-hand amplifier will find a wide range of au
dio applieations owing tu its electronie gain eapahility. The 
device has a .'53-cl B power gain and a 1 6-\l l lz bandwidth,  
all eomhinecl with a 10,000 to 40,000-ohm in put impcd
anec. A single supply ( 4.5 to 1 2  \'Olts ) powers this 1 2-lt•acl 
T0-5 stvle IC. 

The �ain may he electronically varied over a 33-cl B a . g.c. 
range, making t his IC ideal for speech eompressors, blast 
l imiters, squekh dr<:uits, automatic Jen•) monitors, and any 
other applieatim1s where it might he clesirahlc to eon t rol 
the dreuit g:dn with a cl.('. control \'oltage. 

Suhminiat u rc A uc l i o  Un it 

\\'hc•re size and <·ost arc of u t most i 1 1 1porta1 1ee, the A111-
111·n·x TAA I 03 ( $2.!5.'5 ) low-le\'el amplifier 111ay he put to 
good use. This four-lead epoxy-eased IC measures only 
I 00-mils square by 50-mils high, yet has a fiO-d B gain and 

ean put out 8 1 1 1 illiwatts with less than .'53 distortion. Total 
noise figure is 1 2  d B. A 6-\'ult, l l -mA supply is required. 
Opti n1 1 1n 1  load impedance is 1 50 ol1 1 1 1s .  

I !earing aids,  headphone booster amplifiers, and other 
suhminiaturc audio applieations arc.' top candidates for this 
particular I C. I n put source impt•clan(·c• should be 1 000 ohms 
or IPss. This 11101 1 1 1l i thic IC con tains t hree t ransistors and 
two resistors. 

:\ very similar 1 1ni t ,  the TA:\236 ( $2. 1 0 )  is a\';tilahlr in 
a (·om·cntional T0- 1 8  mn for use where l'ase of handling 
offspts the H•quiren1cnts for \'cry small size. 

Low \" ol t a µr, H igh Gain 

The \\'1·sli11gl11111s<' WC I 83 ( $7.00) b a low-Je,·cl audio 
ampl ifier that has some 1 1 1 1 iq1 1t• fraturrs. This 1 2-lrad, T0-.'5 
style IC may he powered from a single I .. '5-\'olt ("<'II, 
producing a gain of ()()  d B, a po\\'er 011tp11t of 5 milliwatts. 
and an effic:irncy of 5.'5% . I l igh<.>r supply \·oltag<.>s may he 
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Fig. 1 .  Tope-recorder preamp with switch in playback position. 
Values for unlabeled resistors ore chosen for optimum results. 

The audio IC's described here come in o variety of packages. 
The units shown above ore about two times their ocluol •ize. 

TABLE 1 .  LISTI NG OF MANUFACTURERS OF AUDIO INTEG RATED CI RCUITS 
Am pere..: E l ectronics Corporatmn 
Semiconductor 0 ivision 
Pro�ide nce Pike 
Slafomil le, R. I .  02876 

Fairchi ld  Semiconductor 
313  Fairc h i l cl  Driwe 
Mil U llta in View, C31 ifornia 94040 

General Electric Compan� 
Semi wn ucto r Products 10epl . 
· 1 ectrcmics Park 
Sy rac11se, New Yo r� l 3201 

October, 1 967 

Motorola Semicond uctor Products 
Box 9 55 

Phoenix ,  Arizona 8500 1 

Radio Corporation of America 
Electronic Components and Devices 
Harrison, New Jersey 07029 

Westinghouse Electric Corp. 
Box 7737 
Elkridge, Maryland 21 227 
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Fig. 2 .  Circuits using I C ' s  in ( A J  half-watt audio amplifier. ( 8 )  4-watt class-A amplifier. (Cl 7-walt class-8 amplifier. 
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Fig.  3 .  C i rc u it d i a g ram of the one-watt a u d i o  amplifier .  

F i g .  4 .  Telej>hor.e- sys .�"'!1 ::�annel  a i'!i p l ifier  u s ; ng a n  IC . 

1 1s<.>d lo achieve 1 00-rn i l l i watt  power levels a 1 1d ,!.!a i 1 1s as l 1 igh 
as 9.:1 c l l l .  The l 1 igl 1 efl il· ie1 1 t·v is ohta i 1 1ed with l'hss- B opera
t io 1 1 , pro<l 1 1d 1 1g distortion ligmes wl 1 i d 1  r:u 1ge from :2 to 1 5  
p�:-ce1 1 t . 

The \VC 1 83 is wel l su i ted l o  any appl il·a t io1 1 t l 1at  req u i res 
ellide 1 1 t  operat io1 1 off a mi 1 1 i i 1 1 1 1 1 1 1  supply vol t age or ext re1 1 1 l'  
voltage gain in a cornpad pad .. age. 

II i ! d 1 e r- l 'o w er A:: d i o  .\ ? 1 1 ;.i l i f i P rs 

Ce1tai11 ly two big bargains i 1 1  I C's today are t he HCA :i l l ll 
C :-E :n tep«!�ed-l'irl <:it p::\':er a 1 r.pli liers, both of whieh wi l l  
d irect l y  dr ive speakers to 0. '5 t o  1 -w:l l t  power levels. 

The HCA CA:30:20 ( � :2.80) com bi nes a .'58-cl ll typical pow
er gai 1 1  w i d 1  a -t0,000 c l 1 1 n  i 1 1 pu t  i 1 1 1 ped:1 1 1ce and a .').')(). 
m i l l iwa t t  t ypical output  le\·el i 1 1  a 1 :2- lead, T0-.'5 st yle pad. 
age. l l a rn 1onic distortion is 1 %  at the J. 50- 1 1 1 i l l i ,, a t t  level 
when l tigh-q u al i t y  cou pl i 1 1g  co1 1 1po11e1 1 ts are used. 1 1 1  t he a l 1-
Sf l l<.:e of co1 11 pe11sat io1 1 ,  the frequel ll')' responsl' exte 1 1ds fron 1 
several hert z  lo (i '.'vl H z. :\ ine ,·olt� al J OO 1 1 1 i l l ia 1 1 1peres arc 
required t o  l m n d le the half-wa t t  peak output level. 

The C:\.:30:20 will d i rect l y  d 1fre a special cen ter-t apped 
speaker, or else au orc l inarv lo1 1dspt>aker a nd 0 1 1 tp 1 1 t· trans-
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former, s1 1ch as shown i 1 1  f.'ig. 2A, may he l l Sl'< I .  Tl 1l' s:l l l ll' I C  
readi l y  sen l'S a s  a d r i v<·r for highC'r powl'r a udio ampl i
fiers. A typical 4 -watt l·hlss-:\ n•rsio1 1 a 1 1 c l  a 7-wal'I  C'lass- 1 1  
s i 1 1 gle-e 1 1ded a 1 1 1p l i fil.'r drc1 1 i t·s arl' shown in f.'igs. :2 1 1  a 1 1 d  :?. <  : .  

Thl' C-E a 1 1 1p l i fier ofF!'rs h igher power al  a highl•r pril ' I '  
tag. The P:\:222 ( $3.70)  comes i 1 1  a1 1  epoxy i 1 1 - l i 1 1l' typl' 
pal-kage wi t h  a 1 1  l'Xtl' 1 1dl'cl hl'a t s i 1 1 k  tah. and w i l l  dl' l iv1•r .I 
to 1 watts of audio power i nt o  a 2:2-ohm load at I 07. d is
tort ion. Fr<.>q1 1cnl·y r<.>sponSl' l'\l!'mls front  .'}.'} to t :).000 l l z  
al  the I -watt l e  l'l ;  7 5  1 11 i l l i vol ts  o f  d rive i 1 1 to  a -t0.000-ol u n  
i 1 1 p 1 1 1  are n<.>ed<.>d for t h i s  01 1 t-p1 1 t  power. A si 1 1glc 20-:2.5 volt 
supply is  employ<.>d. 

This IC is snseeptihlc to high-fr<•q 1 1enl·y osdl latio1 1 and 
t•m1siclerahlc• add i t io 1 1 al l· irl·t 1 i t ry is rl·q1 1 i rccl t o  prevl'1 1 t  rJ. 
paras i tic osci l l at·ion.  as the r<'l'Ol ll l lll' l lded ampl i fier cire1 1 i t  of 
Fig. :) i n d icates. ror h igl 1 -pmn·r opc•ra tio 1 1 ,  the· heat s i 1 1 k  ta l i  
must  h e  held a t  2.'5° C o r  k·ss, t l 1 ro1 1gh l'X l l'rnal heal's i 1 1 k i 1 1g.  

There a rc n 1 1 1 11ero1 1s  1 1 s!'s for l• i l l ll'r o f  t l 1 l•se two ;1 1 1 1p li li1•rs. 
partie1 1 l a rl y  in speaker appl il·a tions wl 1ere lidt>l i ty  or h i g l 1  

oh1 1ne a re 1 101 of pri 1 1 1c i 1 1 1 port a 1 t l'l'. l n t<.> 1T1 11 1 1s, rel'ord1•r 
1 11011 i tors, A \'[ radios, port ahlc phonographs. a 1 1 d  signal tra1·
ers ar<.> h 1 1 t  a few of th1• 1 1 1 ;1 1 1 v  possihlt> appl il'a tions of t l 1Ps1: 
two l'\l'i l i1 1 g  new devin·s. As sp1•aker !'lfil' i l'l ll'Y ' i l l  1 1 1arkl'd
ly alf<>c·t voh 1 1 1 11· i 1 1  th<· 0 . .) t o  I -wa t t  ra1 1 !.(e, l 1i gh-cllidc•1H·v 
speakers should ht> 1 1s1•cl wl 1erev(•r pral'l il'a l .  

H i ;.d 1- F i dc l i t �  .re·� 
.\ lotorola al lll F11irc/1 ilcl hot l t  l ta vl' e 1 1 t1·r<.>d thl• hroadl'ast

q 1 1 a l i t y  a 1 1dio 1 1 1arket wit l 1  two power J C's with l'Xl'el l 1·1 1 t  
d i .�lorl io1 1  lig1 1 rl'S and pl'rlorn 1 a  l ll'C ca pa h i  I i ties. 

The Faire/ii/cl l'1 1 trv is  t he I' 7 1 G  ( $ 1 :5.00 ) ,  whicl 1 is 
l'apahlc of 1. 50-1 1 1 i l l iwal'ts 0 1 1 t p 1 1 t  power at  0. :2°; d is t ort ion 
o\'er a d .c. to 1 0-\ l l l z ha1 1dwidth.  C a i 1 1  l aps arl' a vai lahl1·  
lo s1 ·led 111 1 1 ·  of fom di l fc.re1 1 t  va lues o f  l ix1·d ga i n .  l 1 1 p 1 1 l  i 1 1 1 -
peda1 1ce is 10,000 ol 1 1 1 1s "·! t i ll• t he 0 1 1 tp 1 1 t  i 1 1 1 peda 1 1 ce is l 
oh1 1 1 .  The sta n d hv c 1 1 rrl'nt is V5 1 1 1  , ol>ta i 1 1l'd frn1 1 1  a s i 1 1 -
gle-e1 1cled :22-, ol t  

·
s 1 1 ppl�' · 

A t) pil·al appl i l-:1 t io1 1 is t l 1e tell'pho1 1l'-l·ha1 1 1 1cl a 1 11 pl i li�·r 
shown i 1 1  r:'ig. -t. T l 1 is ei rl· 1 1 i t  provides 4 0  e l l \  of ga i 1 1  on·r a 
.')0- 1 1 1. to 1 00-k H z  ha 1 1c l width wi t h  l1·ss t l 1a 1 1  0 . 1 %  d istorl irn 1 
and an 0 1 1 t p 1 1 t  1 1ois<.> le\'el of -7.'i d l \ 1 1 1  ovl'r a 1 1 y  ·l - U l z  
ha1 1 cl wid th . C a i 1 1  s tabi l i t y  ovc•r a \\·ide t e 1 1 11wra t 11r e  range is 
wit·l i i 1 1  0. 1 e l l \ .  

.\ fo/orola's l'amlidate i s  t he \ I C 1 5.5-IC ( $:2:2.50 ) ,  wl 1 il'h 
wi l l  deliver I wa n of output power frn1 1 1  d .c .  to :JOO k H 1  . .  

Distort ion at· t h l· one-wa t t  levl'I is 01 i l y  0 . 4%. 0 1 1 t p 1 1 t  i 1 1 1 -
pl'c la l ll:e i s  0.:2 0! 1 1 11 ,  "·h i le t h e  vol t agl' ga i 1 1  i s  t·o1 1 trn l hl i > ll' 
Fro 1 1 1  J O  to :JH, wi t h  hl'st d istort irn1  f igures olita i 1 1cd at low 
ga i 1 1 s  and l tigl 1 load i 1 1 1 ped:1 1 1l·es. Tl1e wicll' ha1 1 c lwid t l 1  
lTl'ates r . f. i 1 1 stal ti l i tv pro hle1 11s whid1  1 1 1av he m·c1Tll l l ll' ! iv 
c·aref 1 1 l  circui t  l a yout and the use of a l'l l l l l Jll'1 1sat i 1 1 g  1 1 l't 
work.  The d rc1 1 i t  1 11 a y  he d i rect!�· co1 1 p lecl lo a spea kl'r i f  
s p l i t  power st tppli<.>s a re used, or capacitor co1 1 pl i 1 1 g  n 1ay 
be e1 1 1ployed i f  a s i 1 1gll' J (i-volt s i 1 1gl1·-l'1 1 decl snpplv is  usf'd . 
The ou t p n t  noise vol t age is 0 . . '3 1 1 1 i l l i vol t ,  a 1 1 d  th1• st andby 
l'll rrenl  drain is 1 1  111 i l l ia 1 1 1 pcrt's .  Tl i is JC rc<] 1 1 in•s 1 111 l 1Pat
si 1 1 k  a 1 1 1! crn 1 1es i 1 1  a 1 0- ll'ad T0-.'5 s t �·l1• paclag1>. A 
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