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A NEW PUSH-PUll AMPLIFIER CIRCUIT 
• AS ONE RESULT of a continuing development program on audio
frcqucllcy in:>.!'umcnts, a IlC\\' audiu puwer-amplifier cil'cuit'" llmt 
promises to be widdy useful has been devised. in addition to being suit
able for fCgutlLl' !\udio 1)QlI'cr amplifiers. this noll' ci rCuit is p!l.l'ti('ulal'iy 
well adapted to amplifiers for cOllstant.-\'ohagc Huoio distrihution 
systems, to high-power modulators, to amplifiers for electronic musical 
insU'ulllcn ts, llnd to fLlI dio amplifiers for indus{ri!\! uses. 

This new cit'cuiL per-mils one to obtain Ihe high efficiency of Class 
AB, opcnltion without switching transients, and t his fcatur'e is ob
tainC(1 withoul the use of spec-ial components. The (·ir·cuit also has 
impol"tltnL IlIjvanulges for dirc(·t·coupled power amplificrs and for 
amplifiers operated Class A \\·hen vel',\' low distortion is requirt'Ci. 

Because of the widespl'e!ui intercst already I'hown in this develop .... 
ment, three praf'iicaJ high·po\\'er !lmplifiel's using t his new circuit with 
!ow·('ost tubes will be desc ribed lH1d component vl\lucs will be given to 
aid the experimenter in making an initial setup. Befol'C discussing Ihese, 
hO\\,evel', the basic print'iple of the new circuit. will be outlined briefly. 

The bl\.<;ic circuil is shown in Figure I. The output I'tilge ronsi>:lS of 
t wo tubes connected in series across the d--c plate stlpply, and tlw load 
connects from the midpoint of this series connection to the plute su ppl 'y . 
The output. tubcs arc dri\'en in 
npposite phase by II phru;(.\...in • 
vcrler stage. The importunt 
fcalure of this phasc--invcl'tel' 
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figu.e I. The bo.;c .;ngle·eRded push-pull 
omplifler ci«uil. showinll the .e.ie. connecled 
OUlpullubes I.,pplyi"g a cammon laad and 
driveR by 0 cOlhode- foUowe.pho.e iRye"e'. 
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,.:lage is that. it drin'8 each tube from its 
mnl grid to ils O\\'n cathode, so thaL the. 
lUbes are driven in 11. balanced fashion. 
In order to achieve this Lype of c!J'ivc, it. 
is ncccs..."'!\f)· to feed the plate impedance 
of Ihe phase-inverter dl;ver from the 
midpoint of the scries-conncctt.'(i output. 
tu bes. 1f i hc plate load of this dri \'cr 
were connected directl:r to the plate 
su ppl~'! the upper tube would be driw~_11 
with rffipecL to ground us [l. cathode 
foUower. nnd the balance of the I wo 
lUbes would be destroyed. While the 
\'oltl\gc driving the upper lube could 
he concspondingly increased to achieve 
II. m'L balance of current swing in the 
two tuhes, the operating cond itions 1\S 
fllr us tlistortion is concerned wou ld he 
m:wkcdly difTcrcnt, and 1 he push-pull 
cnnt'cllatiun of di5lort ion wou ld not 
I'esull. The circuit shown mai ntains the 
Lml:JJlcc ill the tWO tubes and preservcs 
the riislortion-callcell ing featu re of push. 
pull operntion. 

In the usual push-pull circuit t he tll'O 

ou tpu t. tubes a re in parallcl fol' the d-e 
plate supply and operate efTcclivcl), in 
!;eries for supplyi ng the Il.·C load. In n 
limited sense this lIew circuit can be con
sidered the d UfLI of the usual circuit s ince 
the output tubes nrc in series fo r t he d·e 

'., 

-~-

, 
plate supply, and they supply the 3.-(' 

load j n paralleL Thus the normal opti
mum load imlJCtla nce Cor the Ilew circuit 
;s Olle-fou rth the Ilormal plll.te-to--plate 
load impt.'<iance for the usual push-pull 
connectiou. 

This si mple relationship menns that. 
some standllrd push-pull tmnsformers 
can be rcadi ly used for the new circuit. 
If thc two Imlvcs of the primary are 
separate, t hey ctl.n be connected in 
parallel, instead of in the .series connec
tion ordinari ly used, to outain this £our
to-one ratio. 

Because of 1 his J)1\ru llcl or si ngle
ended connection of the primary, both 
tubes work into 1 he sa me load, flud Lhere 
;s no deleterious e!JoeL from leakage re
actance between halves of the primary. 
[n contrasl, in the conventional push
pull circuit, each tube works individu
ally iuto half the primary, and leakage 
reactance betwcc-n the win(tings can 
cause serious swilching tmnsienls' when 
thc tubes are 0pC1'atcd Class AB, These 
switching transicnts, which cannot be 
eradicated by ncgt\li vc feedback , arc a 
pl'ime cause of bigh-frt.'<lucncy distor
tion, notably intennodulntion, ill push-

I _~ . 1'" ... TUIlII: Sah, ··Q ...... l' fIi ... itnY.n Cb .. B Audi.,... 
FreQutnc:y I'u.h-Pull Ampl;&~ .. :· Pr«. I R £. , \·01. :», 
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pull umplificl'l'!, Thpr are often rcspon~ 
sible for the objcctionilble harsboess in 
so-called high-fidelity systems. 

When l:)Cam-powel' Lubes al'o used in 
the outpul, thc two h:\lves of the pri
mary of the t1su:\1 push-pull tru nsfortnor 
~'an serve a useful purpose in this single-
ended t'ircui /' by sim plifying Lhe problem 
of supplying lhe d-e screen-grid voltngcs 
to the t.wo output. tubes. How these Clt O 

be used is shown in Figure 2. The output 
tubcg arc shown connected ill serics, as 
before, for thcd-c supply. The scl'ew-grid 
voltage for Lbe upper tube is sllpplit'(l 
through onc primary winding f!"Om the 
plate supply. This upper screen-grid is 
hY-])llssed to its oathode a t the midpoint. 
where the plate and output tubes !ll"e 

connected together. The other screen
grid is su pplied through the other pri
mary wi nding from the midpoint, and 
this lower screen-grid is by-pllssed to 
ground. T he d-c screen-grid cllrrent.s 
flow through the wi ndi ngs in the oppo
!'lite sense, so that there is no net d-c 
fiu.,> from the scl'een-grid (,aU'rents in the 
wiudings, 

The transfOl'mel' connec tions show 
t.bai the two primary windings nrc con
nected in pan .. lle1 for signal voltages, 
The screeu-grid by-pM.s capacitors and 
the pl1l.te supply output capacitor make 
t.his parallel connection, These capnci
tnt's muM provide a low-impedance path 
at. tho lowest signal frequency. 

The eil'cuit of F igure 2 also includes n 
feed buck connect.ion from the output 
stage to the first stage. Si ncc the output 
is si ngle-ended, feedback to a s ingle
ended earlier stage is relatively simple. 
In the circuit 5ho\\' 111 a fraction of the 
nutput voltage is applied dirC<lUy to the 
cathode of Ule first stage as a voltage 
feedback. 

The circuit. of l;'igu re 2 is nrrnn~ed to 
orer:ue the fina l stage Class AB, . Be-

OCTOBER , 19 5 1 

Causc this Lype of operation I'cquiros 
large driving volt,ages hom the phase
im'Cl' ter stage, Lhe method of connection 
of this stage is different from t.hat of 
Figure I in certain details. T he (i-e bifl;; 
vollllgc for the uppcr Un! put. tube is ob
tain ed from only pal'l of tho ph!lse-i n
\'crter plnte load, Tho full sigMl voh:lge 
across the plnte load l hO\\'evel', is ap
plied to the upper tubc through the 
coupling eapfl.cilor bct.we<:o lhe pill to 
of t,he phnsc im'et'lcr and t he grid of 
the upper tube. 

The (l,-C platu voltage from pinto 1.0 
cathodc of Lhe phase inverter stage of 
Figure 1 is the sum of the a-c output. 
voltage and the two [l-C grid voltages 
produced across. its load resistu nces. F or 
a 50-WillI. amplifier using Type 1014 
tuhcs, t his a--c voltage is of the order of 
500 volts peal\. Thc d-c plate voltage 
required acros,'i this tube, Lhen, must be 
greater than 500 volts in order to avoid 
scrious 1l0n~liDcarity ill the dri\'cr stage, 
'If the experimcnter has available a. t ube 
that call readily handlc these voltages, 
the ba.c;i(; cllthode-followcl' phase invCl'tcr 
of Figure 1 is rccommended, [II the p:~I'
liculur circuit of Figlll'f' 2, a standard 
recei ving type has been used wiLliin its 
rating of 500 volts by the circuit dodges 
shown, The resistance in the cathode is 
lowel' than necessary for full dl'ive of the 
lower stage, so that the required voltage 
must be obtained from the previous 
amplifier st-age. This lower J'esistance 
reduces the a-c \'oltage :tppearillg from 
plate to c!lthooe and makes possible the 
use of [j, Type 684 Tl'iode within its 
500-volt t'u.ting. 

The amplifier circuit of Figure 2 can 
be used with two T ype 10 14'sin the out
put stage to yield 50 wnits output. At. 
this level t.he distortion can readily bc 
held to less thUD 1% (total harmonic) 
for frequencies in fhe middle :l.udio 
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runge. By cnreful adjustment of balancc 
nnd operating conditions, this distol·· 
lion eo.n be rcUuced even further. 

The intermodulation resu lts by the 
COl F test' shown in FigufC 3 demon
strate that. the amplifier is operati ng 
correctly, with low distonion OVCI· the 
audio mnge. MCllSuremenls of inter
modulation by the SMPTE method also 
showed s:llisfactorily low distortion. 
Tests at an equivalent 50-watt p(lwcr 
lcvel, lIsing a Jow-! requcncy tone of 40 
cps of four times tbe intensit.y of the 
high-frequency tone of 7000 cps. gnxe 8. 

total int ermodulalion of l.G%, which is 
wcll below the 5% frC<luently used 101' 

ruting high-quality systcms. 
Beyond the 5O-wIltt limH. the output 

tubes are dri\·cll to the level where they 
dmw grid current, which change!! the 
operating conditions for the tubes. This 
change will give the rcsults shown in the 
graphs, which were measured under 
s teady state conditions. For dynamic 
conditions, sUl.'h as ()(.'Cur wilh speech 

' A l' O. Pe~. · · AnAlld; ... lr~"'D~'· ":i,,,,,IC.ntnl-
!.Or / .,.. :-;o ... l~ueu DlOtOttioD Teo~:' 0.-.. ...... R_,~ 
Krpw<-.! .... A,,~ . 19:10 
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Figur. 3. no. IIpp.' Cllrv • .t.o .... $ e" a honction 01 Ir. · 
qu.~ the r.lotlv. oulput 01 Ill • ..condo,,! of the 
outplll I.an.larm.r, 'e.",moted In 0 , •• 1010M. tood, -" 
10. con.lanl input YOItag. 10 Ihe a",pliAer of fig .... 2. 
Th. lo .... e. curv ... how ,n"rmodula t",n di.to"ion ao 0 
funcllon of fr.quency. Two lone. 01 . qual ompl!lud. 
diff •• ing in frequency by "00 cycl ....... , ..... d. The 
peo~·to-peok Iwlng, 0 1 the load connected 10 the 
• .conda,,!, wa. eq .. al '0 thot obtaln.d al a 50-wa" 
lingle.ftlOquDnq outplll '.vel, and the di.",,,Oco. is 
plo"ed a. a 1\HICljon af Ihe f,.quttnCy 01 III. Iow •• -

fr.quency ton .. 

and music sigllltis, the distortion levc.ls 
abo\'e 50 watU! wi ll he somewhat higher. 

This power le\'cI is obtained wil hin 
the IGAS ratings of t he Type lul4 aod 
is the power avai lnble at the prilllary of 
the transformer. BCCfiUse of the losses 
ill the transfonner, the pow(J.r avuilable 
fit the secondary is reduced somewhat. 
When the Geneml Radio T\'!'E 912-A 
Outpui. Tr:l.Ilsfonner" is used a.s specified, 
the reduction ill anliJn.ble power is rein· 
tively small. The output transformer 
also limits the maximum !ow·frequcncy 
power obtainnble from the amplirter. 
The TYPE 942-A Output. TrllllSfol"mer" 
hllS been designed to h.'l.lldle Il particu
larly high level of power, for its size, 31 

low frequcncies. The curve of Figure 4 
shows its pcrformance with the amplifier 
of -Figure 2. 

The elemcnt values gi\"(~n in Fignre 2 
have been determined to be suitable f 0 1" 

::m n.mplifier using four Type 1614 's In 

[y., 
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Figur. " . Hormonic d ;,tortlon DI a """
lion af pow •• d.llver.d '" ,h. lood fo.-
1M drC\l;1 of figure 2. All lIIe curv •• n· 
c.p' the do .... eI on .......... lak ....... ith 0 
ISOO-ohm load a(f'ClO' the p","aty. 
SiM. lII.r ..... a. 110 .... ntial dlff.renc. 
in r.wIt. al I, 5, ond 15 kc, OIIIV one 
cut'"<f. ;, 0100 ...... for the •• III ••• I •• q ........ 
d ... Fa. fr.quenci •• abov • .50 Cpl, th. 
••• ulll w.r. ah.o p.actlcally Idenllcal 
willi the l_kc 'u"' •• Th. da .... d curv •• 
.how III •••• ulll w,lh the load on the 

•• condo.y of Ih. Ira rufo.-m.r. -
10 20 30 40 50 60 

POWER OUTP\.JT IN 'loAns 
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• 
Figur. S. Horm""ic d;,IO,IIO<I alike 0$ a function of 
the power delivered 10 me Iood 101' III, cireui' of 
flIIU'. 2, b .. 1 ... irh h"o Type 1614 hom Powe r l ube. 
in par"II" for the upper OUlp'" tub, and Iwo in porol. 
,,1 lor III. lower lube. The wlid cv ......... ". oblolned 
with on 800-ohm lood on 'he prlmor~. Th volu8' 
g ive .. by the ,.iongl ..... er. obtained on the •• cond
ory, "'Inll " load of aboul .,.,e·holf the ral,d im
pedo""e of lIIe ",,, .. 10<''''&' , .. nd III, value. give .. by 
the (i rel", .. ,ing " looel of aboul twice the roled im' 
pedance. In each co •• the equivalent p rimary lood 
WOI about 800 oto ..... The •• lone. , •• ult. >how th, 
d iff •• mc, in <op per efficiency obtainable with th, 
d ill.re,,1 «>rW\ectioM ovailable on III. Type 942-" 

Tron.""'"" ,,' 

t he out put. stage. T wo lUbes are used in 
parallel where the upper lube is shown, 
and two are in pnrallel for the lower 
tube. This ou tput combina tion will 
supply 100 watts of power a t the pri
mary of the ou Lput transformer (see 
Fib'l.L1'C 5), und the TYPE O-l2- A Output. 
T ransformer' is suit able for use a t this 
I)ower level over the audi o range above 
40 cps. 

The pre\'ious circuit has the disad van-
,..... tage of requiring a pb te supply thaI, 

operates a t, twice normal voltage. Of 
course the CUITent. taken by the ou tput 
stage is correspondingly one-half that 
taken by the usual push-pull stage so 
Ihat the total input. power is !l onnal . T he 

OCtOBER . 1951 

, , , , , , , 
0 

I j/ --- -
20 60 eo ,ro 

OJTPUT IN ...... n s 

high plate voltage is IlO longer so serious 
11 d is..'ld vantage us it WIlS some yellrs ugo, 
bccilUSC of the recenL development. of the 
high-voltage selenium rectifiers. The 
circuit, however, is best ada pted to 
modet'ute total pl:lte voltages if the 
newer, low-impedance lUbes such as the 
Type GC D6-G or T ype 6BQ6-GT nrc 
used in the output stages. 

If it is desired to opemte with normal 
pla te voltages, the circuit can be modi
fied as shown in F igu re 6, Il ere both 
plate currents flow through the t rans
former primary wind ings so Ihat there 
is more of a burden on the transformer, 
because of the doc copper loss in the 
windings. ~I orc careful balancing of the 

figu •• 6 . Th. ~.wi' dlogrom for 0 50 . ... 011 omplffi.r • .,.ing po.oll.1 f .. d for the plo'. ¥OlIog •• of th. ''''0 
ou rpllr tub ••. 
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d-c plate currents is ncccss.'lry here in 
order to avoid an unb.:lianccd flux in the 
tnmsfonner. 

B{'("zmsc of the WilY the screen-grid 
\'oltagcs must be supplied , the voltage 
drop ill the two primary halves n.PI>cars 
ill Lhe supply for the screen-grid of the 
upper output lube. There is no cum
PeJlSU-lillg drop ill voltage for the scn.'CIl
grid of lhe lower tube. In the circuit of 
Figure G, the major pa.rt of this differ
ence is taken care of by the usc of differ
ent vollagt. ... regulator tubes in the two 
screen-grid supplies. Otherwise. this cir
cuit is t.'SSCntially the same ItS that. of 
Figure 2, find the performancc is com-
1)ltrablc as shown by Figu re 7. 

'fhe circu it CUll be npprecillhly simpli
fied if the full SO-watt power IC\'el is oot 
rl'quil'oo. A suitable circuit for nn out
pm pow('r of 25 watts is shown in 
Figure 8 

The feedback used in these circuits is 
about 1-1 db. This amount is adIXluate 
to 6-lve a ROllree impedance of about one
fifth the optimum load impedance, which 
is sutisfnctory for most. npplicll.Uons. 
This source impedauce can be rCOll(,Cci 
further by increasi ng the ft«ldbuck. With 
lhe type of feedba.ek used here, how
c\'cr, nn inCl'ease in feedback usually 
results in a smrul decrease in availablc 
power, hecause of the power absorbed ill 
the fcedbu('k ci rcuit. 

If thc distortion from this amplifier is 
to be kepi low, good quality resistors 
mlli>t be used in the feedback circuit, In 

Ik' ) 

" 20 30 40 60 
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• 
particular, it is recommended that Ihe 
resistor from the primary of the trans- -..... 
former to the cathode of the first tube 
nnd the resistor to ground from the 
cathode of the first tube be wire-wound. 
Some composition resist.ors have an 
apprcriublc voh ngr cociJIcient, and, if 
they are used for the feedback circuit, 
they can contribute appreciable amounts 
of distortion. 

For best opcration at high audio f re
quencics, it is importallt to keep stray 
circuit capacitallces as smail A.S possible. 
Particular attention should be p.'lid to 
the capacitance to ground of the circuit 
from the plate of the driver stage to thc 
grid of the UPI>cr output tube. This 
cilpaciwnce, which ~hll rl ts the phase
inverter pl:tl.c-load impedance, is effec
tively multiplied by the gain of the out.
put stage. For Ihe prcscnL circuit litis 
factor is about Wn. 

The circuits should be adjusted by _ 
observ!\tiOlls using Il high-resistance d-c 
voltmeter, a si nusoidal signal sour'ee, 
and a cathod<.. .... m.y oscillograph. The 
bias adjustments should be m:lde first to 
give abou~ the valucs shown in the fig-
UI'CS. Then a I-kc signal should be a p
plied and the signal balance a.djustmcnt 
should be made. Prol>cr adjuslment of 
this balance CUll be observed on the o-r-o 
at le\'cls above 50 wutts by noting the 
condition for cqu:\1 clipping of the upper 
and lower peaks. 

I;>or best operation nt low f requencics, 
the d-c currents in lhe I,wo hnlves of the 
primary of the oUlput, t ransformer' 
should be carefully balanced. This btll
allce can usually be obtai ned byadjust..
ing the grid biases. Occasionally some 
tube selection is desirable. 

Figur. 7 . Har...onk d i. lOfIion at I kc a. a funclion of _ 
the po ... r d.li~.,.d la a UOO-ollm laad acr .... the 
primary for the d.c parall.1 c""".ction af output ",b .. 

a •• haW" In fi9"" 6. 
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, 
If the a mplifier is t.o be u:sc<1 for 

sp('Cch unci music !'lignnls, it. is r(.'l'UIll

mended lh31. the ndjustmentsbctrimmcd 
to f:tvor "cry low distortion at loll' 
levels. This trimming call best be done 
by using a vmy low distonion source nnd 
a wave IUlalyzcr or d iaLortiOl! mew!'. 

The output tubes of these circuits 
opcrute in the CIaSll AB region, and 1 he 
plate current for lhe lost stage \fbt'it's 
with operati ng level. The main power 
supply should, therefore, luwe good 
regulation to mnilllnin proper operating 
conditions with varyi ng levels. The biM 
supply, on the other hrrnd, Cfln be very 
si mple, since only a few mill iamperes nrc 
needed and the 10:\d is constnnt.. 

The basic ('il'cuit call, of course, be 
used with oLher output t ubes. If lower 
pittle voltagC$ are also used , the dri ver 
vOit3gC problems nrc sim plified, aud the 
straightforward ctlthooe--follower phnse 
ill\'crter can be used. I n some cases the 
load can be matched dil"CCtly to t.he out
put tubes 80 tlulL the impedance-match
ing effect. of the transfonner is not. 
net-dcd, a nd the effi ciency is correspond
ingly incrcflscd. 

OCTO BE R , 19$1 

The circuits shown h('rf' Me intcnded 
only as a guidc for til{' expericnced ex
perimenter. Numerous measurements 
llud adjustments :11'1.' usu:\lIy necessary 
in an initial setup to make certain tlmt 
the circuit is opcmtillg properly. In 
making those tests, the e.'q x:ri mcnter 
should remember that. the voltages llscd 
here are dangf'rous, lmd , because of the 
unusual output circu it, particul:lr c::l.I'e 
is IIccC5S:lry to avoid bri ng misled by 
c,>;perience with standard outputsystems. 

T he power levcls quoted in this article 
nrc 1101 conservative but actual values 
measured 011 an cxperi nwnttll setup, so 
t hat t he ex perimenter should not cxpt'Ct 
to fi nd any reserve mal'gin of power be
yond the lc\'el~ quoted. I t. is imporl:mt 
ulso to notice thaL the vaCllum lUbes arc 
not being used accordi ng to conservative 
inst rument practice, but rather in the 
fnshion of commercial equipment where 
bigh stability and long tube life are not 
importa.nt. Conservllti\'c instrument 
p1'[l.ctice wou ld uictate lower \·ohages 
t han used here, und the avai lable powcr 
would be correspondingly reduced. 

- A . 1-'. G . rt;'I,t:rtSOX 

figu •• 8. Th. d.~uit diagram for 0 2$· ... 011 pow.r ampl ifi.r. wh iu, use. low ••• upply "oItolllO. than the Mgher 
pOw.r vl!nioN ond wt.ic:h doe. nat op.rat. 10 fa. inlo th. Cia .. AI , •• glon. 
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CREDITS- The single-cuded push-pull 
amplifier described in this issue was 
originally developed by Dr. Donald B. 
Sinclair and Dr. Arnold P. C. Peterson. 
Credit is also due to Carlton A. Wood
wa.rd, Jr., and Willinm F. Byers for their 
helpful suggestions and t.o Mr. Wood
ward for his assistance in t.he experi
mental work. 

RECENT VISITORS from other coun
tries to our plaut and laboratories in
clude: 

From De nmark : 

DR. L. T. :Muus, Lecturer, Technical 
University of Copenhagen ; J~:NS R. 
JENSEN, Associate Professor, Labora
tory of Telegraphy and Telephony, 
Royal Danish Technical Universit.y, 
Copenhagen. 

From Englond : 

.J. W. H ... nLING, Development En
gineer, Stundard Telephones & Cables, 
Ltd., London. 

From Ve ne zue lo : 

L. C. In.IlNE~,, President, I ut.elcc, 
S. A., Caracas. 

From Canada : 

D. T. REIO, Sales Manager, Commercial 
Products Divisioll, and T. V. SWEENEY, 

Projcct. Controller, Commercial Products 
Di\'ision, Canadian "Marconi Co., Ltd. , 
A'lontreal, distributOl'S of General Radio 
products in Canada; W. A. ANDERSO~, 
Hyerson Institute of Technology, To
ronto ; J. H. DOBLE, Canadian General 
E lectric Co., Ltd., Toronto. 

From Israe l : 

J ACOB ROSI:"', Director, Electronic 
Equipment., Tel-A\'iv. 

From Indones ia : 

E. 1'n. VEf01AST, MIUlager, Radio Rnd 
Electronic Department , Nelson Illld 

Brown Agcncies, Ltd. , Djakarta, who was 
accompanied by An. A UIUEMA, New York, 
export representative ill Lat in Americ:m 
countries for General Radio products. 
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