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_, The chassis 'I\nd power supply for the
Super Tiger ClIn also bc nsc,l with the Uni
\'er~;l\l Tiger if no more t.1mn 80 watts mono
or 60 watts/c1mllllel sleroo ontput is ,\esirl1d.
If ~'O\l want 11 lower ont.put power, onc of the

low-voltnge t.ransfonncrs list.ed in the sidchal'
should be IIsed. ,\nu with a 4-01nn lond ulld n
hCfl.vy-dul,\' powcr snpply (sce Fig. 3) for
each channel, l\ ]2;> wnlts nns/dlHllncl stereo
syst.em eun be buill.
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All rcsis/Qrs
/070 /o/CrlI/ICC

'J'he power supply circuit is simplc and
straiglJt(orwHnl, Jfowe\'cr, ,l('pelltlillg on the
amount of power ,,"Oll want frOIH your ampli_
fier, yOll willllH\"t~ to sclecllllc pn.lper .~ceon~

.Iar,l' \,oItHge-<:UlTcllt rllting for Ir:lll.<;fOl"lllcr

PARTS LIST
AMPLIFIER

CI,C8-220-p'" CI'I'""lor
(;2-220·1'''', 6.J·~'011 c/eclru!rlic cu/",,,Ior
CJ,(.'·1--JQOO·{/'" ('''IIIl"lor
l:5·(.'7,C9-O.!·p.F cIl[llu:ilOr
C 10.C 12-O./.p.F di.•c t'l'lluciwr
D/--4.7·IWII :ener diudc ONJ7J2 or f1J.:I'(-IJ2)
D'J)J3-/N375" or IfEl' 156 $i[;"II" diodc
F1-5 tlIIIllerc slond"rd-NOT slo",·/'/ow..-fllse
/ I-!'hono Jack
QI ,Q2,Q9-MPS-6566 tnwsislor
Q3.Q6----Tr(J,,~·i.fIQrfRCtl 'UN Ill)
Q,I,Q,~-7'mns"";lor(NCA 4Q.1(9)
Q7-Tmnsislor (M"'orol,, MUS02)
Q8-Trll/lsisIOr (MOIO"'/" M/B(n)
III.R5,R7-2200·ohm. h,wIl/I
112-20.oo0·ohm, M·'wlt
U3-1700·"hm.14·!t"wl
R'/-IB.oOO·ohm,l.m"t
N6-looO·vhm, !i-u:ul/
R8~150-ohlll, M'lfall
U9.Ill0----390·oh m, 0· Inlll
U(I./lI6-/00·ohm, M·wun
/(17RI8-O.I·olrm, 5,/("(1/1

N 19.R20-1O·01r"" I-It'ul/
R2I-SO·oh", I'0lenliomeler

Mi,.c.~S/Ccl chassis (6" ;r 11"); W"kc/ield
Scmicom/lle/ar No, NOIO:;(.' ur T!l£'",,,,lIor
Co. No. 640.1/1 heul .,in~·s (2); /lro·lllg /Ill·

grOlllldcd ler",iuul Mock: four·lug 'crminu/
slri/l: 22·18-gallge I/llImilllon slock I"r U
11/111 L bmckels: #18 Or II"ger slmlldc'/
hook"" Il'ire: liMe holder: #6 /lnd #" ""'.
t'hille hl,rJlnue: diode clum/,s (2): .wf,{cr
IIIg.~ (2); Ihree·lllt{ ICrmillul Slrips (2):
If/ln,iSlor mmllllillt{ hludlmre; saltier: CI~',

Nale-The 'oll"l('j"g ilems /Ire ""I,i/I'/'/C Imlll
Sl)Iuhwest Technical ProduclS Cor/l.. 2/9
/{Iesl Rhl/{/soJy. Sun An/(mio, TX 78216:
..irn';/ !JolI"l (No. li58) lor 52.75: ""m..
llleu IllIIfllifier us Iiste,l. bill exrlllding "1,,,,<.
sis (No. liSC) lor $30 [lIIIS shi/ljJing ImJ
ill,fllrance 0" 3 Ib: cOlllplele $le":1I ,·cr.,illll
"'ilh /llIlIched chll5"i$ IIlld /JO'"'cr 'lIj!/I!)" (No.
2:;·175) '(If $80 pillS Shil'/Jing oml illsllmm'c
on 17 Ib: com/llele sillglc·chrmnc! l.'er.•iOIl
".ill1 /llInched ~'hl/ssis oml /lolI'cr ,<lil'/,I,.
(No. '<;./75) lor $60 {llus shi/ll,ing f/llll i,,·
$ur/lllce 011 /4 lb.

Fig, 1. Circuit of power amplifier is simple
and foolproof in design. Note absence of "weak
link" large·value capacitors. Two such ampli.
fier circuits are required for stereo system.

O<lober, 1970

1'1 mu1 IIJC CUlTcut rating' of fuse Fl from
the laule in tIle 5ideu<ll',

The powCr 5uppl.\" mOllnt.s direcUy on the
slccl (·hHssi!S I1lnl il<:('OltHnod:ttes thc amplifier
cin'Hils, Point-1o-point wiring is used
throughout, hut he extremely careful durin;;
wiring to make .<;uro diode nnt! capMilor
polaritics nro concd.

Sincc Ihe pll,n;if.al In,\"Ollt of lllo Super
Tiger \\"HS pl'esente{1 prc"iously, t.llis nrtidc
will fo('us on ti,e I'onstnlclion of only thc
125.. lI"att mOIlO \"cr;;ioll wilh POWCI' sl1ppl~',

Ul1le.,~ you pUl'<:\IHSC II,e stccl cha!\sis with
thc ,'nmplete kit from the source listed in tl,c
Amplifier 1>;\1'15 List, .\"011 will hm'c to 1lI1\~

dlinc yOl\r 011'11, using the photos gil'ell in this
nrtil'le tu guide .\·OU.

A (tel' mounting mu] soldel'illg into plncc
Ihe ('Olllponents on U,e cir(:uit bonrd, "0]'1<.'1'

8" leHgtllS of #18 or larger stranded hook~

np wire lit Ilole 1000ntions C nHd D from tllo
fnil si\lc of II,e b..,:ll'r! Hull nt locntions G.
G~D, E, L, :F, and K from the \:OmpOllcnt
.<;i.le, l\l"i;;t lo~elher 2Y:/' lengths of black nm1
whitc wires, Sohlel' !hc hlnck wirc to A ;Illd
II,e wllitc wire to 13 on lI,c compolleHt sidc.
Then mount tllc <:ircuit honrd in its proper
IOCI\Iioll 011 thc d\l\ssis,

At the oppositc end of thc chassis, nnchor
tl,c power Il"i1llsfol1uer with #8 hnrdwnre
ilnd the fille!' cnp;teitors with ;#:6 1\I\]"(lw;lre,
Fasten the Jlower supply primnr." fusc hold·
er all.1 lillC cOl',l \l"illl straiH rclief ill IIleir
approprial<: hole!; Oil the rellr npl'Oll of tile
(>hn.s.<;is, 'l'!Jl'1I holt dOll'n !lIe "cc<lH,]flr.\· fuse
block 'lll.l the tel"luinal .~Il'ip" ils.~ociated witll

TECHNICAL SPECIFICATIONS

Output power: Up fo 80 watts/channel with
8·ohm load; to 120 watts/channel with
4·ohm load

Distortion: Less than 0.5% from 20 to 20,000
Hz standard; less than 0.05% from 20 to
20,000 Hz with optional IQW distortion ad·
justment

Frequency response: 3 dB down at approxi·
mately 1 and 100,000 Hz

Hum and noise: Better than 80 dB belOW 1
watt rms output

Damping factor. Better than 100 with B·ohm
load

Sensitivity: 1.5 volts rms input for full output
Stability: Completely stable with any source

impedance; can be used with any load im·
pedance as low as 3 ohms or capacitive
loads to I J<F.

"



Fig. 2. AClual size etching guide is shown al
lefl. In component layout and orienlation dia·
gram (above). bo~es around Q3·Q6 represent
outlines 01 heal sinks on these tranSistors.

OAt 4-Qhm I"ad; 'Ill o/hOl J,lO'Clll lil/I,,!), ..e/_
e""lIrtll to $.Qhm /Otrd I"'l.tt/.t",,.~.

QC
Output
=40V
::1:40 V
::1:28 V
::1:20 V
::I: 15 v

Ft
Cumtnt

2.6 A
2.611.
1.5 A
1.0 A

1.0 "

POWER SUPPLY COMPONENTS
T1 secondary

Votta8e
& Current
62 V ct, 311.
62Vct,3A
45Vct.2A
341 Vet, 1.5 A
24Vct,lA

Output.....,
125W·
BOW
40W
lOW
IOW

Fig. 3. NeSlliYe de IUpj)ly vollege i, l.ken
from right side of F2. T.b1. ll,ts retinlls
of F1 .nd Tl for dftirfld .mplifier .outPUI.

POWER SUPPLY
PARTS LIST

(; I ,C2-4Q(}().!,J', SO·~olt elcetroLYfic eapacifOr
CHI-2()()~ thermost'" (No. L200 884, avail·

aMe for $5 from Elm'lwJd SenIors, Inc., 1655
Elm'food AlIt., Cr,m,lon. RI 029(7)

n-5lolt'·blow fuse (see table for mling)
F2-5·ompere s/J:mJ"rd_Nor slIW;-bfou

/",e
RECTI-F"U·u;at'e briJBe rectifier a"embl)'

rMMorola MDA962·3), or .tIlb.1lilu/t fQllr
3'lIm/'erc, 200 PIV ,ilicoa diotles

rl-1I7·t·tA, wimMr (~ee fllMe for sCCQn.lur)'
ool'tl&e 'md e,,"enl rUlings) power trans·
former

Mise.-Jo'II,e hoWer; fll'c block; ac line cord
ldill plulJ; line cord strain relief; #18 I)r
larger slrand~d hook/1./} wirt; #6 and
#8 "'achine hardware; lIco-lug-neithcr
8fQundcd-lCrminaJ strips (2); five IU8
antcr llllt ,rounded-terminal strip; sl)l·
der; elc.

NQle"':""AlI aWve: i/Cms ami/able from 50/1.th·
",,·It Teehnkal Pmd"cts Co. as part of ki,.
5·/75 and 28·/75 (...:e Amplifier ParI" Mu).

" POPULAR ElECTRONICS



fig. 4. Power SI,lPP!y secondary
fuse and bridge rectifier 8$.

sembly diodes mount on fuse
block and terminal strip. Re·
sisto~ RI7 and RI8 connect
output of power supply to Q7
and Q8 in amplifier circuit.

tllo l'"wI'r ~uppl.\' (sec Vi;:::, -I). >:""', rl'fl'r
ring to Fig, 3, wire log-N11l'l' tll(' !,"\I'CI' sup
ply ,oiro'uit, 1l,~il1g ;#:18 "I' 1:11',.:{'l' ~lnll11lc.l

hoolwp win:-. (>:ote: \V11l'1'C ±:18 "1' l:l1"fl"('r
Wil'C i~ ")lcr·ific.l, do !Lot slIbstitlllt· a ,..ll\lll1cr
size wire. The (·ircuits 10 wlii,'11 thes<! wirc;s
("onllCt·t cllr~' m, much ns 10 IImrH'!"e'J w!t('n
Ille mllpliricr iil dri"cll to filII 11<,w('r, 1f loo
~'1I:111 :1 wire si1.c is 1lSC\1. power will be """'ri
li,"('<! :1lhl (I'Huping \\"ill.~IIIT('r.1

lI('lllnling: 10 the nmplilil'r l'Il,1 Hf 111(' cha."
1'i$. mount input j:1ck J/. the ~rK'nk('r fll_"iC
hullll'r. :11111 Ihe Olltput teoninnl bllJ{'k 011 the
frollt nl'"llI. Solder the while win' rrmll hole
B 011 the cirtcuit bo."l.nl to the ,"('nt('r contneL
of Jl and the black wire from hole .\ lolhe

01110:'1' In)! Oil J1, B"ll :l f"ur_Ing 11'l'Jl1innl
slrip (ollC 1\\<:, ~T"lIll,lc·.11 to Ou' ,·hl1s.~i.~ nt tile
right uf tIle {,in'nit IlPIII',j 1111,1 in line lI"itll the
"pc:lkcr fm;(' 11H1,11'1".

Clo:-e-willd lOllC' 1:1.1"1'1' of ±:21i cl1nlllcle<1
wire along llie I'util"(' 1('Il;;tll ,,/' the IJo.ly of
/(19 (lO.olull. I·walt re~i~lor). S~r.ll)(! Hie
ell\l.i of Ihe wire alltl ,,01.11'1' th"lI1 to Ihe 11':1\1.,
of the resistor. '1'IICII .-t,ldl'r OIlC lent! of thili
/~1/U19 a ....-.('llIhly tn 1111' ,"('IlICf lu!:: UIl Ih"
olltput fllSt, 11,,1,11,1' amI l"OIlllt'et tile olher
le:111 to Ih" Ill!:: lI(:'nl'('<,l IllC' fll.-e hol\lef on the
l:l.'it tenllillnl ~lfiJlllloUnl"'l.

As shown in Fb', 5. ("()IlIIt'd r5 and H2O
10 the (enllilllll ,..trip llC':'lf 1:19/1.1. Sul,ler
only tlte ;rolll1Ol In!.;" 111:11 scr\"l~ as Ihe lie

FI L1/RI9 R20 C5 OE

fig. 5. Close·wind a single layer 01 =-22 enamele<! wire along the enlirt length of
RIg and $Older the wire ends to the resistor leads to make the ll/RI9 auembly.

Octob.r, 1970 "



HIRSCH.HOUCK LABORATORIES

Project Evaluation

This is a very impressive basic ampli·
fier for a home·brew project. The sche·
matic diagram of the "Universal Tiger"
is reminiscent of the new Harman·Kardon
"Citation 12." with an operational ampli·
fier input conlie:uration and overall direct·
coupled feedback to maintain the speaker
at de ground. However, unlike the Citation
12, the Tiger uses complementary sym·
metry output transistors, and opposite
polarities on the other transistors.

In general, we confirmed Mr. Meyer's
specifications figures. Where he claims a
0.01 % or less distortion under most op·

When mounting Q3·Q6 on printed circu't bo.,d.
ffill1le certain that tri.naul.r lead cOnliaurill'ons '00
he.t sink tabs line up WIth holes In circu,t bc;;;rd.

UN1V["UL TIGEIl

----"H£Il£NC£ POW£"tIOWJ
-LOW POW£"I·'OdllJ--------,,_V POW£lIl-H8)

<,;rating cond,tlons, we feel that he is a
trifle optimistic. but he certainly comes
close. At 80 watts, the distortion is typi·
cally less than 0.05% from 70 to 17,000
Hz, rising te slightly in ucess of 0,5%
at 20 Hz, At half power or less. the dis·
tortion is typically less than 0.02% from
20 to 20,000 Hz.

At 1000 Hz, distortion falls f'tom
0.15% at 0.1 watt to a minimum of
0.0:>9% at 20 watts and rises to 0.1%
at 85 watts. which is just below clipping
level. These powers were measured with
an a,ohm load and a 117'volt line.

lntermodulation distortion was slightly
higher. But at most power levels greater
than one watt, it was less than 0.1%.
We did not have enough voltage from our
IM anal)'ler to dr,ve the amplifier 10 more

Imillt r,,1' 1".111 ( .... Hlill I:I.'O. T,·ttll",raril~· s"l
:I_j,ll' 1111' .-ll:l-..i- :1--"111111.,'.

~1Jl'(':I01 i1 lillll "t' _ili.·oll.... l':hll' "11 tllll 1,01
1o,rll "I' 11", ":I_C' "I' (17 (~].J.I.)O'.!) !l1I,l .~Iil'

"111,, [Iu' 1';I-[c,.1 ._i,lc' 11 wi"l\ in~\I1I1thl'. Sl'l"I':hl
illlhl1n:, lilrll "I' tile JJ~lsfe on onc u( tile loeat
-ink..; ill lhl' :m':1 ,,\,,1' Wlll,.]l Q7 i~ tu he
rol"IlIl!l~1. 'I'lli'll S('aL Q7 l'll Ill(' JI('~lt sink.
1'11-11 a =·IIII:,,·lllnc " •. ,'C\\ Ilm'Il:,::11 tllC tt1U1I111

Ill:! 11,,1(' lal,; ill i111' ":he "I' Ihe lmu_i_l"r.

turn (j\"C~' Ille 11--"IllI,ly, :1ll,1 sli,le Imlll 1.':11'11
"'1'<,\\':1 ·1I"nl.I,-1' lil"" W:I-III'r, :'ttnkc ,,1111' IbM
lIw ,.1...nl'!'"N I'll~:l:!"" lhe o\'c ..... i1.1! Il(jl~ in Ill£'
101':11 ~illk. '1'111·" 1.1:B''! a ,.,,1,11'1' hl~ ,,\1'1' tile
,,<::rt;\\" 1I1·:IN.,.1 llll' I'.I~(" ,.f tI, .... Ill':!l _I Ilk m,,1 :l

11,rr'('-fll:! IO'n"ill:11 ,.tri" :llld :l llioclc "llS(!

fOfULAt ELECTRONICS



'·'Ii~
UNIV[IISAl TlG[II

"' --I_H. TOUl HARMONIC OI$TOIlTION
----60/1OOOH. 1·:IlIM tlISTtl;:";:';;"~""'~I.J+t

.,

t" ..00' lill",I.'.JJ"o'fW".±t-cL±l-'-W~±ioLLu,Itl;\\i1),,1 0.2 0.5 1 2 5 10 to so 100
CONTINUtluS ANti EOUIVALENT SIN[-WAV[ ~OW[1l OUT~UT

than 40 watts. These fillures were mea·
sured with the bias adjust control set as
received with best thermal stability. The
low·level distortion could be reduced sub
stantially with this control set at its oPPO'
site limit. where the measured reduction
was from 0.045% to 0.023% at one watt
and from 0.15% to 0.047% at 0.1 watt.
However, it is hardly worth the bother to
play with the bias adjust control, since
we doubt that many people have the test
equipment needed to make the adjust·
ment_

Into 4 ohms, the maximum power at
the clippinll point was 97 watts: Into 8
ohms, it was 92 watts: and into 16 ohms,
it was 53 watts. An input of 0.9 volt was
needed for a 10-watt output (our standard
reference level) and hum and noise were

dump ovcr the Otller screw. Fnsten tlm
*rcws with flpproprinte nuts. Use #4. hord
ware to bolt CBt in plnce.

Hepent the nbo\'e procedure ('01' tile second
helll, Rink 1111(1 Q8 wilh tile following' dHmges.
Audlol' only tlm diode d<llllp 1I1ld solder lug:
to tIle 1101(1·<1011'11 screws for Q8. Mount J?21
on nil I~ brncket flnd fuslen tile bl':lckct flud n
11Irce.lug' tCl1uinnl strip to the llent sink with
#4 ll:lrthmre nnd shoulder fibcr wl\.'ihers.

Slide 02 nnd D3 into the diode <:lamps am1
plL~h onto the diode lends 1" len~lh,. of plas
tic: tubing. Conucet the lends to the lllfgrolllul
tl( IIl~S of tILe tCl1Ilinnl strips. Solder :\ 10"·
long wire to the lug to whieh the IWQ(lt lead
of 1)3 is oonnectCtl and a 1" wire from lug 3

0..10"". 1970

86 dB below 10 watts-a very low figure.
The frequency response of the Univer·

sal Tiger was :to.2 dB from less than 10
Hz to beyond 20,000 Hz. It was down 0.3
dB at 5 Hz and 50,000 Hz, and the higher
end was slillhtly better than claimed,
beinll down 1.1 dB at 100,000 Hz and 3.9
dB at 200,000 Hz. Square wave tests
showed a rise time of about 2.5 micro
seconds.

In all, the Universal Tiger is one of the
best power amplifiers we have had the
pleasure of testinll. Short·circuitinll the
output at full power blew only the speaker
fuse, while full power square'wave drive
at 100,000 Hz blew only the power supply
fuse after a few moments. But nothing
seemed to damalle the amplifier circuit
itself.

In upper waveform, crOS5QVer distortion at base of
Q4 can be seen; loWer trace $h0W'S undistorted wave·
form (f=lOOO Hz at 0.25 wans Into 8-ohm load).

"



THEORY OF CIRCUIT DESIGN

Tl,e cireuil 01 thc U"iw'rs,~l Tiger i~ n co"'·
hin:llion of olJeralional amplifier and roml'lc·
ll,enl:H)' outpUl Iccht1iqne~. As ;;hown in Fi.-:.
I, tr"",i"tor~ QI lUll! Q2 form a ,1i1T"n:nli"l
aml,!ifin. The inpul ~il:rml is al'plied to the
ha"> of QJ, wirlr llc:!arh'c fecdback on th" b""c
ofQ2.

Z"ner diode: DI Ulaintain;; a e:on;;lant hias
"o1ta~e on Q9 .<0 that tl", "uncnt i;; ,'onor",rl
throuJ.lh th" haoe·"miW·r "ir'"uil of rhf' tran·
.oistor for an}' ;;11)'1'1)' I'otf'frtial exe"eding 4.7
\"Oils. Hence. IIIf' Q9 rir('"il funclions as a
eon;;l""t,,,,urr<'nt "o\lrcc IQr Ql ,nul Q2. Sir]("c
C2 p"",ide, for 100 pl'rct'l,l Il"jwli"e f,·,·.Ib.1("k
in the circuit. the oulp,,1 "olta~e olT;;cl i" 011 the
ordn of a lcw rnillimll., ''''I' 1I"Io"bncf' i" i",·
",r,Haldy rorro'('II'oI hl' 11,,· QIIQ2 diffcrenli,oI
;;lagc. A"d the r"lio of ni to I1R 1!"tcr11lin,·'
tloc amount of 0,,(',,011 ac n"J.l"li ...: koe.lba,·k.
INohl Ihat C2 i;; thc OIl!Y f'll'lIlenl in Ihe cir
... ,it rlml prr,-,'nt~ the '''"plifier from respolld·
ill:,'do'l'I1todel

From Ihc colleelor of QI. Ihc ,,",plifi",l ,iJ.l·
n:ll I:OC" 10 Ih" h,,"e of Q3. Normally. Q3
w01l1ol be the \'oha;:!e alllplifi('r Ih"t ~ul't'lic;;

the lnr~e ,-ol1a,.:(' ~\I iu;:! 11",·,1,,01 10 dri ...• lhf' ill"
t""lanl:~·",atd,iuJ.l dri"'r/ou'p"1 ,'in·"it. ll,·w.
howe\'l:r. il is Ii",it,·d ill "ollaj!c l!aill and,
"'orkiuJ! with QI. it l',o"ide5 some ,,"il[lIe
ch:, "1Ct"ri~1 i"s,

In ",051 of Ihe e0I1'I11011 amplifier circuits.
the "ohal:" amplif,,'r 10,,,1 ,,-.;~tor i.. ~plit (as
in fiJ!. A1. "nd a "hool;;lr"p" cal'acitor is "on·
,wctcd to rI,e olltl'''1. This ,;:1I1'f'S Ihc ,'oltap:,·
anO":; coll"",'or 10,,,1 n·,i.lor ilL 10 r"main al:1
f'Ollotallt ""lue so Iha, eollf',·tor ,,"rrf'ul is cOn·
stant. 1£ a "OI"t,"\I'('"rr~nl ('in'nil \I'cre 1101
1151'.1. Ihc amOUlIt of ,·"n"llt avail"hle 10 dri\"{:
the ontl,,,t cir<,;uil "011101 drop to l('ro as lhe
t'O~il;"~ t'''aks of lh" "",,,.-Iol"ln apl'l'o:o"h 110"
p'~:lk po,it;,-c pot"ntial of Ihe powcr s''I'pl)·.
This ""o,,ld rf',"it in a "on_id"rahle :111101lnl of
distorlion on po"iti"e t...."ks that wOl1ld he
,liniculJ or i'"pO".·i!Jl,· 10 "orr(·,·t "0 I11aller
hO\l' r",,,'h d"J.len,·ml;'·" fe('dback was U."CIl.

In Ihc clrc"il of tIll' Uni\"(,r.,,1 Tij!cr, an ac·
li'-e cnrfl'nt ;;ollrc,' i, u;<l'd in,trad of the 1I10r"
common hootstrap syslr,". Thc re;;uh;; "rr lhll
"amc with one important rxecl'tion. TI,f' dri,....r
is nol alTt-eted hr "''l'ply "ohagc \"ariations,
due 10 the "se of a rOIl.<la"t load r~i'lance.

anJ a 501111iol1 ;0 I'fo\"i<l':d for the erosso\"cr
distorlion prohlc'" h':call."C the aclive Cllrrcllt
"OllrcC ~"pp1i(';; a tOnsil"" rurr('nt 10 Q.l at all
limcs. The hoolSlr"l) circuit, ob,'ioll51y, doc;;
not.

Considcr whal lmppl'ns if a porI ion of Ihc
onlplll wa,-e£or", i~ flal. as frol11 A 10 n in Fig.
n, dllc to an lIlldnhiascd eondi'iOn in thc out·
put stage. Ourinj! thi~ pori ion or the ('}'<,lc.
there i. 110 increase in output "oh:lgc, and, :IS a

r,-,,"It. no hootst"'!, actiol1 hl' the capacitor.
,\no! dll ..in)! lhis time lhc cirenil doos not pro·
"iol,' the d,.i ...:r Iranoislor with a const,ml Cllr·
... ·111. With Iloe actll'C currcnt SOllrce, Ihis docs
uOlo<:cur.

Thc "cl"-c eurrenl sourcc aCl1mlly ,'lilllinales
1Il0~1 ollhe cro;;SO\'cr diSlortion lh:,t can occur
dlle to '111 IIl1dcrhiasc,1 c01\dil;on in Ihe o"tl)lIt
drcuil. We can sce: "'hy if wc con~idcr whal a
{"1l"~I"t1l Clll'Tcnl source Joes. It 'l{ljll~ts Ihc
"oltal:C to keel' lhe cllrrent Iloroll:;I, thc ('irellil
,·o".t:",1. Bm \\"hal happens if :In underhia<;ed
",,,"lition cxi;;ts in which Q5 and Q6 nre both
cm off?

,\~ Iloe dr;"iug "oltagc atlproru'I,,:~ lCro, Ihc
:"'1"'" d";'·,-r b,,;:!il1~ 10 tum 01T, hnl lhe "ohagc
i .. l10t )",'t ."fliei"11l to e~'''~e lhc oll"'r dri"er to
"oll,lul'l, Thc 10adinJ! on Ihe {"lIH,·nt m"rce be.
(·Ollle.~ br kss during Ih;s l'<'I"iod ,inec 110
",rrn'nl C'", he ~lIl'lJlied 10 eilher dri""r ",hile
bOlh arC elll off. Hence, Ihe ... urro·,,1 ~OUf('e in.
crea"c;< Ihe '·olrag,· ill an all"'npl to maintain
a <,;on<t:,nl currctl1 throu~h ,hr amplifier cir·
ellil. '\lI<lll11; oI .. i,-ill;:! ,"olt,,;:!c jump" ""r), 'I"ick·
I)" Irom Ihe clllol1 point of one dri"cr to the
('olldllClioll poinl of Ihe othcr Jrin·r. rcsulting
in Ihc miui",um of eJT"cl Oil the oull'"t ",a,'C
form duri"g the crO;;ljo,'er period.

In a l'a~e like lhi~. Ihe hias on lhc olllPllt
'tagc \\'0,,101 nOl'lllalJr he "Jjll'''''! so thM holh
o"tp"l trall<islors arc eondllrtin;! al a Iow 1,',·cI
10 a"oid ....o;;;;O\·cr distortion. Bowe",:r, if it is
l'o5-.il,l" to ,,'oiJ I",,'inl: 10 11Iake::l crilical bias
:,Jjllstmrl1l. so rmrch the beller. Wilhout mak.
ing lhis adjllotmcr'l, a consid('rahk l'roblf'm ill
Ihcr"'al "l"hility will re,ult. A~ Ihr tran'i~tor's

It'lnl'cr"t",.c increases, the ,'1)1\'" bias "ol!age
will eallSe :, eo",iJerabl,· i"e":a;;I' in colleclor
':lIl'rellt, Ol"""ill:; 11". way to poo..oihle th"nnal
nu'aw,,)". TIll' "se of diool,'~ D2 and D3 in the
U"i""r""l Ti;:rer 1'1'0"irles alllomatic adjust·
me"t which 1,,:lp;; to cli",i""le tI,,: thcrm,,1
I, ..ohlem.

Thc ,Iio,k< a,..: artll,oIly mourHed Oil the heat
,inks 1I.'ed for Q7 and Q8. Now. any lemp"·ra.
l"re chan:;e.' in tI,c outP1lt lra11.i,lo1"$ "rC dc·
I('cl<'d by lloe Ili{)t1e~. "hl»-': rr,iSlances "al')'
"'ilh le'np... n'tll ...... As the dio.l,' r('si.lances
..h'l1Ige. ~o do th" hias "oh:,J-"'~ to oI"i"f'r I,,'n·
~i;;tons Q5 and Q6. lien",', if Qi ,11,,1 QB 1H'~in

10 0l>erale :llJllormally hOI, the diodci incl'e:lse
lhe bia, ,'ohagtl 10 Q.5 and Q6 :lud indirectly
lower the OI'C"'l1ing tCUllll'r:llnrc of Q7 alHI Q8.

There arc t\\'o trpe;; of cOlllpo""d connec·
lions commonly (''''plo}"',,! in the Olllpm ~taJ.les

of 1ral1si.<\or power amplifiers. These are slrown
in Fig. C. Thc '1"a;;;co",ple""'''lar)' l'ircuits
which usc onl)' onc pobrit)' of PIII,'Cr lransis_
tors ha\'c OIlC of each I)'pe in tlH.:ir Olltput
~ta:;c. Thc double emiller followl'1' "ompound
.o}"slrm requires 1"'0 diodc drops to bia;; il on,
",hil" lhe Joublc common c",illrr compound
re'luirc5 ollly onc diodc. This is n slij;ht ad·
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nnl3ge since one I diode mU51 be included
in the lemperalUre-comlJoCllS;I.led hi:>! oct,,·orlt.

Neither compound ha! an}' ,-oltage gllin;
both N'quin: :l drhins ~i:;n.. l ,-oh3ge sw;n;
NI"1I1 10 Ihe nl."ed.:d Clllt"'t. Since the common
crn'lIer dri.-cr compound :lIthe right in Fig. C
ha~ 100 llercent deb'el1cl'llt;"c reedb3.ck, p.in
matching i. not required in the output Ir:ln~i5

lor~, jll~t as in the double cmillcr compound
31>10 shown.

COnlll.:lr;SOl1 of the two circuils :IS a power
O1l1l'1I1 sl3.!:e 1;;'-':5 tl"" circuil at the right n
sligl'l nd,-alllap:c in lowest di51(Hlion and ollwr
arca if the circuit has on:rall negative rce.l·
back.

While testing a full «Implemcnl3ry circuit
IIsing the commOn cmiuer eompound. il Ill'"
lJoe:lred t11:lt there ..-as T('3.lIy no re,,>on why
100 percent degener.ui\"l· feftl~ck should boo
ntteS-:lry or en'" dCl!illlble in the driH'r Iran·
ti.lor. Wilh a coml,[nllenlaf)' circuil it i5 nol
lIee~ry 10 rely on 1II doubt.. emiller lollo....r
lor h:df of the outpul-.. hieh require'! 1II <et:.
ond half wilh matchin~ <lri, .. "ollal!'" req"ir...
rnents. A complelllcnlary cire"il allo..·~ Ihe u"<'
or 'U')' all10unl 01 dq:en.. r:lli,,· f"L"lback from
7.o;ro 10 100 IJCrt:enl in the ,Iri'er po .. tion of
the t'ircuit. A circuit" ilh no d...:::c"..mtion ..a"
I'ro,·i<l.e the ma~imlll1l "mounl of "olt:,~,· ~win

from two tr3nsi~lor~, h"t it rcquirC!l l1Intd'eJ
l,':aill~ in the output Irans;<tors.

Si,w,' Iherc is JI1cntr of l,':ain a\':>ilabJ ... el",-·
.. here in Ihe circuit of the Uni,'e""al Ti~.. r. a
50 percent feC<1back arrnnft"nwnt .. a~ ...,1'·...1'·,1
lor Ihe drh'er Slag/:. Tili.s j:j,~ a :;ain oll"n
in Ihe OUlput .IolaJ;e :mt! enough IcC<1iJack 10
m:lke Ir:ln.sistor malching unnecC5Slf)·.

TIN- ~ain or only two might apIlC3f 10 IJC loo
''''0111. bUI it dOl"< I'ro"ide se....1lI1 sub:t:lnlial
btonl'lil~. Fi,...I, the lIl"ak·t<>-llI"lIk dr;"e Hlltaj!1.'
ucur-ion nl"l"J I.... onl,· hal( lhal of th.· l"-"aL
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SUIII,I)' "011011;", Tlti. <iml,lilic de;:il;n dcm:md!!.
Second, it i.i llOS--iblc 10 keep distortion dO"'n
to much 10""er 1e,'e1~ in the <lri"cr eireuil if il
doel not I"ne 10 de"elop full ~\IPllly Il&.'iti'·e
:lOd nc;;ali\'c excursi.olU. Addition;tl tempera·
lure .ilability. by Il<ing 50 pelttflt rccdbad: in
Ih.. 01111>111 slal!e. i. yel anolh"r :ldnnlage.

t:,'en "itlHlul the eurrcnt dri"e !)'dem. the
"ircuit of the UIl;"cffillll Tigcr ...ould have been
many limC!l more stable Illan circuit! cmlllo)··
in::; 100 percent degenel":llion in lilt dri-·er.
Anothcr bonus is that the oulpul stage i! ,·ir.
,,,alll' failure proof.

If thc o"lplll or Il,c circuit in Fig C is ~hort

"ireuileu, or loo low on imIICJ,,"ce load is I;on·
nL~tcJ 10 il, lhe driver transistor would at,
tP"'llt to Pllt enou!!h current through the hMe·
"miller junClion of the outpul stage 10 bring
tloe "ollagc up (uue 10 o"eull rt'edback d·
rt..·t~\. This can t;::I1I5C the COllt"CIOr current
r:Itin~ 01 Ihe dri"'':r tr::lnsiSIOr or Ihe ballC'
en1ill~r ralin:; of the IJO""er transistor. or
both. 10 be exCft'ded. The lIame tltin,!;; nn 111~

hal'l>en in llle I!f:COnd eircuit. bill in a 8li~htlr

different manner; Iherefore ebborale j,rotcc·
tion circuits l11ust be deo;igned 10 I,m'ent thi",

This ~ilualion cannot (JC(;ur "ith a 50 (IN'
'-"nl lecdloack arrall;:enwnt. Tile ,lri"er'8 emit·
tt'r rcsi~tor limil~ 11,.. amounl of enrrelll Ih"t
"an II:I~~ throu::;lo the emillcr·collttlor cir.."it
and illlo tI'<J h" ..- of Ihc OUlpllt IT:ln<i'lor. The
!J"w <Jurrent i! limitcd to:> ""h,e Ilmt ,Ioc~ nOI
"llow collector c"rrent in Ihe 0"11',,1 Ir",,-i810r
to <Jxcccd ils fltling. Hence, short'proof pro·
tection is huilt in auJ works 311tonmticnllr.

Si "cC the olltl'lll tmn<iSlo", ~11l~ific,1 in Fig.
1 ha"c a 3O'"I1IIM''''' r:llinl;. a fu ... in Ihe OUII'ut
li,lt' and :Inotl"'r ill Ilu' primary ,·i,,·uit of II,e
I',,,,.·r ~llJll'lr lran,fonner .. ill .. ir..um'·f'nl Dny
po~.ib[e o;bmal!f' that millht other.. i-e re·ult
from o'·crloatlinl!. AI<o. to I'TO,idoe IIlc mui·
mum amount or I'roll'('tion apin,1 tlamlllle
CBI in Fill. 3 i< Il;;n} on onc or the oUII'ut
tmn,i-tor IK"at -inks. --Gf-
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Distortion control R21 fastens to heat sink on which Q8 is mounted with small L
bracket and machine hardware. Terminal strip for 02 mounts directly below R21.

o[ 1121 to Ille cmQde lug IIr D2. '1'11('11 solder
:111 8"~lnn:;, #18 or larger wire 10 the sol(!cr
Ing l)l\ Q7 :1Ihl n 3"-1(>1Ig' wire t.o L1le solder
11Ig on Q8.

use :#:(; h;lI',!II":HC 10 holt the U hr:wkcls lo
!lIe dw.&:;is. .\fount. tlie 110'1\ ~il1k :'l.',sl'rnhl.\" Oil
which Q7 is mounted tn tIle !"ft sillcs of the
Ill':wkct.s. Solder the wire from hole C (>11 the
circuit hoard 10 the i'(Illiodc Jug of /)3 on
tlle Icnninlll strip. Conned mul ;;o1,ler a U"
long, #18 hI" I:nger wire hetween 1117 mul
(,110 emitter lead of Q.7. Then solder 1110 lend
fl'om hole F on the Cil,<,uit hOlll'd to Illc Imsc
laml of Q7. nonl0 1llc ](':1,1 COllnrded to tllc
solder lug Oil Qi under the bonnl, and con·
Ilcct it to the lug at tllc jllndion of U/IU9
anti H2O,

XlllI', mount the utller llent sink n.~S{'mlJly

in place. Conned and Rohlcr tile lead from
the sol.lcr lug Oil Q8 to tIle 1.,1//119 an~I/l20

jlllidi<ln lllg. (Thl'l"(l sluml(l no\\" be fhc wircs
cOllllc,·tcd to this 1\1!;.) L()("l\!.c tl]() Icntl frOI11
holc D on the cin'nit boanl and rClllO\'C 3/.1" of
iml11lation fl'om tllc free cnd, Connect. and
soldcr this wirc to hll,,"S 1 and 2 of JIJ!1.
Hnlltc all 8".long. #18 Wil'C from /.lIC emitter
of GB, UII.1e1' tile hOlll'd, ami to N1B, Solder
both conll(.'(ilinns. 'I'llI'll I'ontc the ]0" wire
frotH tllC :lllo,lc cOllllc,'tioll lng of /)3 under
tlto board and connc,·t the free cud to the

Nil/lOde (,onnec:\ion lug- for D2. 801<lcl' the
wire from holo E 011 tIle hoard to thc b~l.~C

Icn.1 of QB.
.Finish thc wiring as follow1i, S"ld(~r a (i"

wire hct.\I'CCll tlic side Ing 011 the Sl)cakcr fll~e

hulder alHll1le Ing Iil'~lre~t tile fuse lIol,le1' on
tile ont.put ICl1l1in:ll block, llnd nil 8" wire
from tile gl'Ol1nd IlIg Oil tile redifier 111'illgc
ICl1l1iu111 strip 10 the other IlIg oUlIlO terminal
block, Cut two wirl's to 12" Il't1gih~, strip tIle
Clltls, !wi.~j, them togethcr, l111d conucl't ouc
cnd Hi' lh.~ pair to the 111~'"S on GIll and l!le
other elll1 tu tile lugs 011 l!1I~ tCl'minul ~trip

located belll'cell thc two fuse !lI,I.!e)'s iu the
p"wer sl1JlPl,\". Finnl1y, suldcr the frec ends
of t.he wires 011 the cin:llil. hOl1rd 10 I1ll' nppro
priate p()ill~ in tIll) ]'ower .';lIpply filtcr scc
tiOll.

lW:iCl'1. a 5-nmpere Sllllldlo't! fusc in both
tile spenker fllS() holder Iltll! tlie po\\'el' snpply
sceuntlnl',\' fn...;c 1J10('k. F'B' the mling of the
prilllllr~' fuse, rcl'er to tlie tahle in Ihc powel'
sllppl.\· silleh,II' fol' the pnl'!.lculur output
]lower selcctcd.

Adjustment and Use. If lIle Uni\'eNnl
Tiger is to be ll.~e.l with nil,\" IJIlt.l1lc vcr,\' best
speaker .~,\">;telll, the "in'nit ('Ull he H,~;;cJllblcd

wit.hout IlistortiQn "ont 1'01 1121. (In thi!; e\'clll,
simply connect lIle wire from hole D 011 the

POPUlAR fLfCTRONICS



eireuit bonrd dire<:tly to Ihe lug to which the
nnodc of ])2 is eOlllle<:tc.;l.) 1l0wC\'cr, wilh a
first_ralc speaker system whcrc thcl"C is a
possibilit.y of nolic.ing the diffcrclwe betwceu
0.1% :md 0.01% distortion, R21 should be
addcd us shown.

Control R21 allows adjustmcnt of the bins
to e1iminato erossovcr distortion completely.
Thennnl stnhility will not be quite as good,
but with n sound s)'stem there i~ littlc dangcr
or o\'crhealing since few l>C!Ople would oper
ate Ihe mnplifier continuollsly at its full raled
power.

To set 1121, adjust tllO potentiometer for
minimum rcsist:lllcc nlllI the amplifier for
approximntely n l·wnU output into a lond,
Observe lhe w:u'efonn at the bnse of Q,5 on
all oscilloscope. Inc.rease tile rcsist:Illcc of
H21 \\ntil tlle wlu'cfonll is distortion frcc,
Check the idle ClIrrCllt of lIle nmplificr; it
sllould be nppl'oximnlcly 50 iliA, Tllcn !:Ical
tllO adjustment.

'rile Unh"cr;sal 'figcl' ,~hOllltl give ~'cnr!:l of
IrOllhlc-fl'ce opcration if it is pnlpcdy nS·
scml)lctl. It is doubtfUl Ilnlt :Ill,\' impl'o\·c.
/IIcnts in Rmplificl' design during tile next fcw

Filter cap.ecitOf"$ Cl and C2 in power supply mount
between amplifier assembly and power transformer.
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for proper operatiOf1, sensing element 01 thermal
circuit breaker CBl must contact Q7's heat sink.

YC:lrs will prOtII1t'e nil impl'O\"ement in SOllnd
r[llfllit.\' WllCll tOJllp'll'c.1 with Illis nmplifier.
"'itll dislortion !cn'l.i ns loll' :IS lhcy arc in
tllc l"nl\'cr:<nl Tiger, sprakcr, cnririag-c, nnll
tuncr .Ii~toriion willlll\l"c t~ be rCtluCCtl by n
fartor of nt ICll"t ten 10 mnke nle lI.mplifier
di"lortioll :l. sig-nil1cnnt contributor to ovcmll
distortion.

If you dcei.le to build nns of the high.
powcr vcrsions of the Uni\·crs.,l Ti~r, re
member that most speakcr systems are rated
Cor Ilt'llk powcr 11lI.1lt1ling- nbility. This mcnn'!
that in mo:st t"cnsC:S yOIl ha\"c to (li\"idc Ihc
1lC:lk powcr by two to dctC'nninc rollglll~' th<>
amount of rill.! power thc spC'nkcr C:ln tol('r
nle witllnnl .1:"lln~t'. Otll..r Ihnn this, Ihcl'('
are 110 pl'('(;'llltions tliat h,we to be lakcn.-GI-
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