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A NEW PUSH .. PULL AMPLIFIER CIRCUIT 
• AS ONE RESULT of a continuing development program on audio
frequency instruments, a new audio power-amplifier drcuit'· 31 that 
pl'omises to be widely useful has been devised. In addition to being suit
able for regula.r audio power amplifiers, this new circuit is particularly 
well adapted to amplifiers for constant-voltage audio distribution 
systems, to high-power modulators, to amplifiers for electronic musical 
instruments, and to audio a.mplifiers for industrial uses. 

This new circuit permits one to obtain the high efficiency of Class 
AB. operation without swit.ching transients, and this feature is ob
t.ained without, the use of special components. Thl� circuit also has 
important advantages for direct-coupled power amplifiers a.nd for 
amplifiers operated Class A when very low distortion is required. 

Because of the widespread interest already shown in this develop
ment., t.hree practical high-power amplifiers using this new cireuit with 
low-cost tubes will be described and component values will be given to 
aid t.he experimenter in making an initial setup. Before discussing these, 
however, the basic prindple of the new circuit will be outlined briefly. 

The basic circuit is shown in Figure 1. The output stage consists oC 
two tubes connected in series across the d-c plate supply, and the load 
connects from the midpoint. of this series connection to the plat.e supply. 
The output. tubes are driven in 
opposite phase by a phase-in
verter stage. The important 
feat.ure of this phase-inverter 
1 Arnold Petc:ninn n Dd Donuld B. Rint.:lair ••• A 
8illlCk .. Ended J'IJIlh-Pull Audiu Amplifier," 
1951 LR.E. N'ar.inunl COb\·f'ntiulI. New Ycrk. 
N. Y .• Mnroh :12. 19;jl. publitlbcd iD Ne"" 
fAlttor or I.R.E. ProreBltionnl Group on Audio. 
Sputcllt apl.Jied lor. 

Rgure 1. The basic single-ended puth-pull 
amplifier circuit, showing the ,erle. coMected 
output tubes supplying a common load and 
driven by a cathode-follower phase Inverter. 
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::;tagc is that it drives each tube fl'om its 
own grit! to its own cathode, so that t.he 
tubes llre driven in a balanced fashion. 
In order t.u achieve this type of drive, it 
is fll't'essury to feed the plate impedance 
of the phase-inverter driver from t.he 
midpoint of the series-connected out.put 
t.ubes. If the plate load of thit� driver 
were ronne('teu directly to the pla.te 
supply, the upper t.ube would be driven 
wit h T("Sped t.o ground as a l"athode 
f ulluwer. and the bulance of the two 
tuhe!' would be destroyed. While the 
voltage driving the upper t.ube could 
he correspontlingly incn-.ased to achieve 
n O('l balance of current swing in the 
1.\\'0 tu hes , the operating condit.ioru; as 

r af ns di8tOl'tion is concerned would he 
markedly difTerent, and t.he push-pull 
(�ancdl:Lt.iun of distortion would not 
I·(>stilt. Thl" circuit shown maintains thp 
balance in th(' lwo tubes and preserves 
the clistortion-('ance1ling feature of push
pull operat.ion. 

In the usual push-pull circuit. the two 
output tubes are in parallel for t.he d-c 
plate supply and operate effectively in 
�erie8 for supplying the a-c load. In a 

limited sense this new circuit can be con-
8idered t.he dual of the usual cil'cuit since 
the out.put tubes are in series for the d-e 

2 

plate supply, and they supply t.he a-c 

load in parallel. Thus the normal opt.i
mum load impedance for the new circuit 
is one-fourth the normal plate-to-plate 
load impedance (or the URUa) push-pull 
connection. 

This simple relationship means that 
Rome standard push-pull transformers 
can be readily used for the new circuit.. 
If the two halves of the primary are 

separate, they can be connected in 
parallel, instead of in the series connec

tion ordinarily used, to obtain this four
to-one ratio_ 

Because of this parallel or single
ended connection of the primary I both 
tubes work into the same load, and there 
is no deleterious effect from leakage re

actance between halves of the primary_ 
In contrast, in the conventional push
pull circuit, each tube works individu
ally into half the primary, and leakage 
reactance between the windings can 
cause serious s\\;tching transients· when 
the tubes are opel'ated Class AB, These 
switching transients, which cannot be 
eradir,ated by negative feedback, are 0. 

prime cause of high-frequency distor
tion, notably intennodulution, in push-
lA. P�.n-TWlII Sah, "QIIU�T",lIiIiftnu iD CIflS8 B Audi .... 
FrequeDC!Y Push-Pull AmpU&f!.r.!t" p'1H:. I.R.E .. V'lt 2 .. . 
N. 11, November. 1936, pp. 1;);1",,-IMI. 

Figure 2. The dl'alit dlogram for 0 50-watt om�. wNch Includes f •• dback to on earlier amplifier Itoo-. 
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pull amplifiers. They are often respon
sible for the objectionable harshness in 
so-caned high-fidelity systems. 

When Iw..am-powel' tubes are used in 
the out.put, the two halves of l.he pri
mary of the usual push-pull transformer 
pan serve a useful pw'pose in this single
(>nded l'ireuit by simplifying the problem 
of supplying the d-c screen-grid volt-ages 
to the two output tubes. How these can 

be used is shown in Figure 2. The output 
tubes are shown eonnected in series, as 

bef Ol'e, for the d-c supply. The screen-grid 
vultage fof' t.he upper tube is supplied 
through one primary winding from the 
plate supply_ This upper screen-grid is 
by-passed to its cathode at the midpoint 
where t.he plate and output tubes are 

ronnected together. The other screen
grid is supplied through the other pri
ma.ry winding from the midpoint, and 
t.his lower screen-grid is by-passed to 
ground. The d-c screen-grid current.s 
flow t.hrough the windings in the oppo
site sense, so that t.here is no net d-c 
flux from the s('.reen-grid currents in the 
",;ndings. 

The transfOlmel' conne('.t.ions show 
that the two primary windings are con
nect.ed in parallel for signal vol tages. 
The screen-grid by-pass capacitors and 
f.he plate supply output capacitor make 
t.his parallel connection. These capaci
tt'tl'8 must provide a low-impedance path 
at. tho lowest signal frequency. 

The ('ircuit of Figure 2 also includes a 

feedback connection from the output 
stage to the first stage. Since the output 
is single-ended, feedback to a single
ended earlier stage is relatively simple. 
In the circuit shown, a fraction of the 
output volta.ge is applied dire('.tly to the 
l�at.hode of the first stage as a voltage 
feedback. 

The circuit. of Figure 2 is arranged to 
operate t.he final stage Class AB,'. Be-
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Cause t.his type of operation requires 
large driving voltages from the phase
inverter stage, the met.hod of connection 
of this stage is different from that of 
Figure 1 in certain details. The d-t' bias 
voltage for the upper out-put tube is ob
tained fl'om only part. of t.he phu.'m-in
verter plate loaci. The full signal voltage 
across the plate load, however. is ap
plied to the upper tube t.hrough the 
coupling capn.C'itol' between the plate 
of the phase invel't('l' and the grid of 
the upper tube. 

The a-c plato voltage from plate to 
cathode of the phase inverter stage of 
Figure 1 is t.he sum of the a-c output. 
voltage and the two a-c grid \roltages 
produced across its load resistnnces. For 
a 50-watt amplifier using Type 1614 
tubes. this a-c volt.age is of the order of 
500 volts peak. The d-c plate volt.age 
required across this tube.. then, must be 
greater than 500 volts in order to avoid 
serious non-linearity in the driver stage. 
If the experimenter has available a tube 
t.hat can rt'.adily handle these volt,ages, 
the basic cathode-follower phase inverter 
of Figure 1 is recommended. In the par
t.icular circuit of Figul'P 2, a standard 
recei ving type has been used wi thin i t.s 
rating of 500 volts by the circuit dodges 
shown. The resistance in the ('athode is 
lower than necessary for full drive of the 
lower st.age, so t.hat. the required voltage 
must be obtained from the prevlous 
amplifier stage. This lower resistance 
reduces the a-(' voltage appearing from 
plate to cathode and makes possible the 
use of a Type 684 Triode wit.hin its 
500-volt rating. 

The amplifier circuit of Figure 2 can 

be used with two Type 1614's in the out
put stage to yield 50 watts output. At 
tills level the distortion can readily be 
held to less t.han 1% (total harmonic) 
for frequencies in t.he middle auciio 
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range. By careful adjustment of balancC' 
and operating cunditions.. this dis1.or
l.ion can be reduced even further. 

The intermodulatjon results bv the 
CCIF test' shown in Figure 3 d�mon
strate that the ampJifier is operating 
correctly, with low distortion over t.he 
audio range. Measurements of inter
modulation by the SMPTE method also 
showed satisfactorily low distortion. 
Tests at an equivalent 50-watt power 
level, using a low-frequency tone of 40 
eps of four times the intensity of the 
high-frequency tone of 7000 cps. gave a 

total intermodulation of 1.6%. which is 
well below the 5% frequently used for 
rating high-quality systemfl. 

Beyond the 5O-watt limit. the output 
t"hes are dri\'en to the level where they 
lIraw grid current, which changes the 
operat.ing conditions for t.he tubes. This 
change \\;1I give the results shown in the 
graphs, which were measured under 
steady state conditions. For dynamic 
(�ollditions, such as Ol�cur with speech 

I 
I 
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figure 3. The uppe, curve dtows as a function of fr., 
q..-cy the r.la"". output at the secondary of the 
output transform.r. terminated In 0 reslttanc. lood, 
far constant Input YOItage to the amplifier of Fivure 2. 
The lower curves show "'te,modulation distortion ClI a 
function of frequ.ncy. Two tonea of equal amplitude 
dlff.rinV In frequency by .400 cyd .. 'Nere used. The 
peak.to·peak IwInO, at th. lood connected to the 
secondary, was equol to that obtained at a 50-watt 
slngle.frequency output le.,eI, and the distortion it 
ptatted as a funcHon of the frequency of the Iowe,. 

f,.q..-cy tone. 

and music signals, the distortion levels 
above 50 watts will he somewhat higher. 

This power level is obtained within 
the leAS ratings of the Type UH4 and 
is the power available at the primary of 
the transformer. Because of the losses 
in the transformer, the power availahle 
at the secondary is reduced sornewhnt. 
When the General Radio TypE 942-A 
Outpu� Transformer' is used as specified, 
the reduct·ion in available power is rela
tively smaD. The output t.ransformer 
also limits the maximum low-frequency 
power obtainable from the amplifier. 
The TYPE 942-A Output Transformer' 
has been designed to hancUe a particu
larly high level of power, for its size, at 

low frequencies. The curve of Figure .:I 
shows its perlormance with the amplifier 
of Figure 2. 

The element values given in Figure 2 
have been determined to be suitable for 
an amplifier using four Type 1614's in 

�c 
! 

� 
I l 
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Flgur • .4. HarmoNe dlstorHon G. Q func· 
tlon of pow.r denvered 10 the load far 
the circuit of figure 2. All .... curves ••• 
cept the dashed ones were tak ... with a 
1500-ohm load CICI'OI$ ttt. primary. 
SInce th.,. WOI no -.dfal dlfferenc. 
In ,..,... at 1, 5. and '5 Ire. OIIIy one 
an. la shown b these line frequen
del. for fNquendes obov. 50 cpa. the 
ret4tl1I were aho practkolly Identical 
with the '·kc curv •• Th. da ...... curves 
Ihow the ,esuIts 'Nith the load an the �/� V Jjlkc. 

----
5kc. 

--- --- � 15kc. 
secondary of the transformer. 

� I 
10 20 30 40 50 60 

poWER OUTPUT IN �ns 
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figure 5. Harmonic dl.fortlon at 1 kc os a function of 
the power delivered to the load for the cJrcuft of 
Agure 2, but with two Type 161� ha", Power Tub .. 
In paraDel for the upper output tube and two In parol. 
1.1 for "'e lower tube. Tb. salid curv. wos obtained 
with an aOO·ohm load on the prl",ary. The val_ 
,lven by the triangles were obtained on the .econd· 
ary, using a load of about one-half the rat.d I",· 
pedance of .... transformer, and .... values given by 
the drd .. , using a load of about twke the rat.d Im· 
p.dance. In each caM the equivalent primary load 
was about 800 ohms. Tb... 10Her relUltI show the 
dlfferenc. In copper efficiency obtainable with the 
dl...,.". connections available on the Typ. 9�2·A 

/ �. j) 
Transformer.' 

the output stage. Two tubes are used in 
parollel where the upper tube is shown, 
and two are in parallel for the lower 
tube. This output combination will 
supply 100 watts of power at the pri
mary of the output transformer (see 
Figure 5), and the TYPE 942-A Output 
TransformerS is suitable for use at this 
power level over the audio range ahove 
40 cps. 

The previous circuit has the disadvan
tage of requiring a plate supply that 
operates at. twice nonnsl voltage. Of 
course the current taken by the output 
stage is correspondingly one-half that 
taken by the usual push-pull stage 80 

that the total input power is normal. The 

-
� -, • .,j �-- -

o 20 40 60 80 100 
POWER OJTPUT IN �TS 

high plate voltage is no longer 80 serious 
a disadvantage as it was some years ago, 
because of the recent development of the 
high-voltage selenium rectifiers. The 
circuit, however, is best adapted to 
moderate t.otal plate voltages if the 
newer, low-impedance tubes such as the 
Type 6CD6-G or Type 6BQ6-GT are 

used in the output stages. 
If it is desired to operate with normal 

plate voltages, the circuit can be modi
fied as shown in Figure 6. Here both 
plate currents flow through the trans
fonner primary windings so that there 
is more of 8 burden on the transformer, 
because of the d-c copper loss in the 
windings. More careful balancing of the 

Figvre 6. th. drcvft dlolra", for a ,so·waH omptlfter, u ..... parallel hed for the plate YOlto,eI of the two 
output tub .. . 

120 

.-..... --.......... --..... --.......... � ..... --.......... �� .................... ��----���� .. 

L..-__ ...... _________________________ ....... -QtJ· ,.w. 
alAS YOl.TAC;U . TY.I 1I1f. -H YOLTI; TYP& . . . .  -u VOLTS; TT"I .e ••• ' •• 1 'OLTS 

.OLTACiI .".VT '01 U WATT' OUT".�' U.' TOL,., 
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<.I-c plate currents is necessary here in 
order to avoid an unbalanced flux in the 
transformer. 

Beca.use of the way the sl'reen-grid 
'"oh.ages must be supplied, the voltage 
drop in the two primary halves appenrs 
in the SIIPI>ly for the screen-grid of the 
upper out-put tube. There is no com
pensating drop in voltage for the screeIl

grid of the lower tube. In the circuit. of 
Figure 6, the major part of this differ
eo,'.e i� taken care of by the use of differ
ent voltng(·-rt>gUlator tubes io the two 
S<.'reen-grid supplies. Othenvise. t.his cir
cuit is eMeotially the same as tbat of 
Figur(> 2, and the performance is com
parable as shown by Figure 7. 

The cir,'.uit can be appreciahly simpli
fied if t.he full 5()..watt power level is not 
required. A suitable circuit for an out
put power of 25 wa.tts is shown in 
Figure 8. 

Thp. feedback used in these circuits is 
about 14 dh. This amount is adequate 
to give 8 source impedance of about one

fifth the optimum load impedance, which 
is satisfactory for most applicat.ions. 
This source impedance can be reduced 
furtber hy increa.c;ing the feedback. With 
the type of feedback used here. how
ever. an inc�rease in feedback usualJy 
results in a small decrease in available 
power, t,e�ause of the power absorbed in 
the feedbark circuit.. 

If the distortion from this amplifier is 
to be kept low, good quality resistor::! 
must. bp. usoo in the feedback circuit. III 

J 
I 

J 
Ikc 

j 
� ...-

10 20 30 40 50 60 
POWER OUTPUT IN w.\TT5 
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particular, it is recommended tbat t.he 
resistor from the primary of the trans
former to the cathode of the first tube 
and the resistor to ground from the 
cathode of the first tube be wire-wound. 
Some composition resistors have an 

appreriable voJtagp coefficient, and, if 
t.hey are used for the feedback circuit, 
t.hey can contribute appreciable amounts 
of distortion. 

For best operation at high audio fre
quencies, it is important to keep stray 
circuit capacitances as small as possible. 
Particular attention should be paid to 
the capacitance to ground of the circuit 
from the plate of the driver stage to the 
grid of the upper output tube. This 
capacitance, which shunts the phase
inverter plate-load impedance, is effec
t.ively multiplied by the gain of the out
put stage. For the present circuit this 
factor is about ten. 

The circuits should be adjusted by 
observat.ions using a high-resistance d-c 
voltmeter. a sinusoidal signal source, 

and a cathode-ray oscillograph. The 
bias adjustments should be made first to 
givt' about t.he values shown in the fig
ures. Then a J -kc signal should be ap
plied and t.he signal balance adjustme.nt 
should be made. Proper adjUBtment of 
this balance can be observed on the c-r-o 

at levels above 50 wa.tts by noting the 
condit.ion for equal clipping of the upper 
and lower peaks. 

For best operation at low frequencies. 
the d-c currents in the two halves of the 
primary of the output transformer 
should be carefully balanced. This bal
ance can usually be obtained byadjust-
ing the grid biases. Occasionally some 
tube selection is desirable. 

Figure 7. HarmonIc dlatortion at , lie as a fvnction of . 
tM power deUv.red to a 1500-0hm load OCTOIS ttt. 
primary for eh. do( parall.I conMCtlon of output tubes 

as ,hown In Flgur. 6 • 
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If the [lmplifier is to bp used r or 

speech llnd music signals, it is recom
mended that the adjustmentsbetrimmcd 
to fu\'or very low dist.ortion at low 
level�. This trimming can hest be done 
by using a vel"y low distortion source llnd 
a wave analyzer or distortioIl meter. 

The output tubes of these circuits 
operate in the Class AB region, and the 
plate current for the la..'tt stage varies 
with operating level. The main power 
supply should, therefore� have good 
regulation t.o maintain proper operating 
conditions \\;th varying levels. The biM 
sUI>ply, 011 the otber hand, can be very 
simple, since only a few milliampCl'eS Bre 

needed and the load is constant. 
The basic dl'cuit can, of course, be 

used with other output tubes. If lower 
plate voltagcs are also used, the driver 
voltage problems are simplified, and the 
straightforward cathode-follower phase 
in verter can be used. In some cases the 
load can be matched directly to the out
put t.ubes 80 that the impedance-match
ing effect of the tra.nsf'ormer is not 
Decded, and the efficiency is correspond
ingly increased. 

oeTOUR, 1.�1 

The circuits shown here are intended 
only as a guide- for tht' eXIX?rienced px

perimenter. Numerous measurements 
and adjustments are llsually necessary 
in an initial set.up to mnke cprtain that. 
t.he circuit is operating properly. In 
making those tests, the experiment.er 
should remember that the voltages used 
here are dangerous, and, because of the 
unusual output circuit, particular caJ'e 

is necessary to avoid being misled by 
experience \Vi th standard ou tpu t systems. 

Tbe power levels quoted in this article 
are not conservative but actual values 
measured on an e.xperimental setup, so 

that the experiment.er should not exped 
to find any reserve ma.rgin of power be
yond the levels quoted. I t is important 
also to notice that the vacuum tubes :\fe 

not being used according to conservative 
instrument pract.ice, hut rather in the 
fashion of commercial equipment where 
high stability and long tube life are not 
important. Conservuth'c instrument 
practice would dictate lower voltages 
than used here, and the available powpr 
would be correspondingly reduced. 

- A. P. G, Pto:'rEltSOX 

Floure 8. The circuit diagram for a 25,watt pawe, amplifier, which USM lower supply voila; .. than the higher 
pawe, venJans and which dCHtl not operate 10 far Into the Clou AI. ,eglon. 
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