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"Sin2Ie-Ended" Push-Pull Amplifier 
Overcoming Effects of Output Transformer Primary Leakage Inductance 

A 
interesting push-pull output stage has recently 
been developed and describedl by A. G. P. 
Peterson and D. B. Sinclair of the General 

Radio Company (Cambridge, Massachusetts). The 
basic circuit is shown in Fig. 1 and it will be seen 
that the output valves are connected in series as far 
as the d.c. supply is concerned, but that the a.c. load 
is effectively shared by the two valves in parallel. 

Several advantages accrue from this arrangement. 
With an output impedance one-half instead of twice 
the optimmn load required by one of the output 
valves, the output transformer is easier to design, 
or it may be eliminated altogether if a valve such 
as the 6AS7 is used. This double-triode power 
valve has an a.c. resistance per section of only 280 
ohms, and it should be possible to wind a loudspeaker 
speech coil to provide the optimum load for two 
sections in parallel without increasing unduly the 
mass of the coil. 

If required, the output stage can be driven from 
a balanced phase-splitter with direct grid coupling, 
the anode load resistor of the phase-splitter being 
connected to the mid-point of the output stage. Bias 
for the top valve can then be obtained in the correct 
polarity by tapping off the volt drop in this resistor. 
Unfortunately the drop in the cathode circuit of the 
phase-splitter is of the wrong polarity and must be 
backed off in order to supply the lower valve with 
correct bias. 

The chief advantage claimed for the circuit is that 
it provides an alternative solution to the use of 
bifilar-wound transformers2 for eliminating the 
switching transients often experienced with normal 
push-pull stages when swinging from one valve to 
the other under Class B or Class AB conditions, when 
there is leakage inductailce between the two halves 
of the primary. 3 

Against these advantages must be set the practical 
difficulties of working with twice the normal h. t. 
voltage (or of using a parallel d.c. feed circuit in
volving the use of large bypass capacitors), 
and of obtaining an adequate driving 
voltage from the phase-splitter, since th�re 
is inherent negative feedback between the 
output and the anode supply to the driver 
stage. Another limitation is the capacitance 
to earth of the anode of the driver stage, 
which sets an upper limit on the frequency 
response of the system; while this can be 
controlled as far as the range of audio 

I .. A Single-ended Push-Pull 
Audio Amplifier " by A. Peter son -11-..... _. and D. B. Sinclair , Proc. 1.R.E., 
Vol. 40, p. 7, Jan. 1952. 

2 .. New 50-watt Amplifier 
Circuit" by F. H. McIntosh and 
G. J. Gow, Audio En�neeri"g. INPUT Dec. 1949. 

• .. Quasi Transients in Class 
B Audio-frequency Push-Pull 
Amplifiers" by A. Pen-Tung Sah. 

frequencies is concerned, it seems unlikely that the 
circuit will be suitable for video frequencies. 

For the practical realization of an audio amplifier 
Llsing this principle, an output transformer with a 
split primary is convenient. In some conventional 
push-pull transformers the two halves of the primary 
are brought out to separate terminals, and can be 
used to carry the screen currents (in opposition) if 
beam tetrode output valves are employed, or to feed 
the d.c. to the anodes in parallel in order to halve 
the h.t. supply voltage required (Fig. 2). Leakage 
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Fig. I. Basic circuit of output stage with phase-splitter 
driver. 

Fig. 2. The use of a split primary winding (or parallel 
connection of the h.t. supply to the output anodes. 
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inductance between the two halves of the primary 
does not affect the output since, as far as the signal 
IS concerned, they are in parallel. 

Amplifiers elaborating these basic ideas have been 
built and tested and are described in the October, 

1951, issue of The General Radio Experimenter. With 
feedback, frequency response is shown to be level 
within 0.5db from 20c/s to 20,000C/5 and harmonic 
distortion is less than 0.2 per cent above 50c/s and 
below 40 watts output in a nominal 50-watt amplifier. 
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INTRODUCTION 

A MONG THE VARIOUS GOALS set out for the 
� communications engineer, surely one of the most 

eagerly sought since the discovery of electronic 
amplification has been faithful reproduction, after the 
amplification process, of the input signal. Electronic de
vices are notoriously non linear, and nonlinearity has 
been the constant enemy of faithful reproduction. The 
t\\'O most potent weapons so far developed to combat 
nonlinearity in po\\'�r amplifiers have been push-pull 
operation and negative feedback.l Push-pull operation, 

I H. S. Black, "Stabilized f�dback amplifiers,· Bdl Sys. Tech. 
Jour., vol. 13, pp. 1-18; January, 1<J34. 
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by making the input-output relation symmetrical about 
the operating point, eliminates harmonics and combina
tion frequencies produced by even-order distortion. 
Feedbac1.< improves faithfulness of reproduction by 
feeding a portion of the output wave back to the in
put in such a manner as to reduce the-effects of nonlin
earity. 

A combination of the two systems has been found, 
generally, to produce an amplifier of the highest per
formance. Various difficulties, however, have plagued 
designers, and over the years continuous development 
has been carried on to overcome them. One of the most 
serious problems has been the tendency of even the best 
amplifiers to develop increasing distortion at the highest 
frequencies. This increase in distortion has been caused, 
in many cases, by phase shift which reduces the ef
fectiveness of the negative feedback. General improve
ments in frequency characteristic and in pha.se-shift 
compensation have been found effective in reducing 
trouble from this source to manageable proportions. 

Another serious source of trouble in high-efficiency 
amplifiers has been emphasized recently. This trouble 
arises from imperfections of the output transformer nec
essary to couple the high-impedance balanced output of 
a push-pull amplifier to a low-impedance single-ended 
load. The most important imperfection has been found 
to be insufficient coupling between the two halves of 
the primary in the plate circuit of the push-pull tubes. 
At the higher audio frequencies, leakage reactance aris
ing from lack of complete coupling between these wind
ings introduces distortion' that may be thought of as 
switching transients, particularly in c1ass-B operation.' 
In order to eliminate these transients, considerable ef
fort has gone into methods of improving the coupling 
coefficient between the primary halves. 

An ingenious solution has been worked out by Mc
Intosh and Gow.· They use a bifilarIy wound primary 
and a circuit that overcomes the problem of capacitance 
between windings by combined excitation of the pri
mary halves from cathode and plate feed. Through the 
use of this specialized transformer, one can obtain ex
tremely high coupling coefficients .and concomitant low 
distortion at high frequencies. 

Another solution, outlined in this paper, consists of 
entirely eliminating primary-to-primary leakage react
ance by using the same primary for both tubes, there
by obtaining the equivalent of unity coupling. Other 
advantages accrue from the circuit to be described, not 
the least of which is the fact that no special components 
are required, the output transformer becoming basically 
a device for impedance matching and requiring no spe
cial characteristics other than adequate frequency char
acteristic and power handling capacity. 

• A. Pen-Tung Sah, "Quasi transients in class-B audio-frequency 
push-pull amplifiers," PROC. I.R.E., vo!. 24, pp. 1522-1541; Novem
ber,1936. 

I F. H. McIntosh and G. J. Gow, "Description and analysis of 
a new SO-watt amplifier circuit," Audio En,., vol. 33, pp. 9-11; De
cember,I949. 

THE OUTPUT SYSTEM 

The basic plan of the output system is shown in Fig. 1, 

where two triode-amplifier stages arc shown. The lower 

one is a simple amplifier supplying a resistance load 
in the plate circuit, and the upper one is similar except 

INP� 

Fig. I-Circuit to illustrate principle of operation of the push-pull 
output system. The lJ:rids are driven out of phase, and the ac 
load currents add \fhtle the dc load currents subtract. 

that the load and the de plate supply have been inter
changed. It is important- to notice that this amplifier is 

• not a cathode follower, since the ac grid voltage is ap. 
plied between the grid and cathode. If the two tubes are 
identical in characteristics and the supply voltages and 
loads are the same, the dc plate currents in the two 
loads will be identical. Then, if the connections shown 
by the dotted lines are made, the two currents will can
cel because they are in opposite directions. When equal 
ac signals are applied to the two circuits, the ac com
ponents in the loads are equal. These two components 
would also cancel, when the connections are made, if 
the grid driving voltages were in phase. But, with op
positely phased voltages on the grids, the ac plate cur
rents add in the load so that the tubes are in series for 
the de plate supply and in parallel for ac signals.· How
ever, this first circuit has the serious disadvantage of 
requiring a driving transformer with its associated ex
pense and difficulties in maintaining proper balance at 
high frequencies. 

PHASE-INvERTER DRIvER 

In order to avoid a driving transformer, it is necessary 
to devise a phase-inverter stage that wil! supply the 
voltages in the correct phase and at the proper elec
trodes. One such phase inverter is shown in Fig. 2: 
This driver stage receives its plate-supply voltage from 
the midpoint of the t\vo series-connected output stages. 
It has equal resistors in the plate and the cathode. Then 
a change in its plate current, produced by a signal on 
the grid, will result in equal voltages being develop'� 
across these resistors. The voltage in the cathode cir
cuit is developed between the cathode and grid of the 
lower tube, and an equal and oppositely phased voltage 
is developed between the cathode and grid of the upper 

• In connection with this circuit, we should like to note that when 
this paper was in preparat ion , our attention was called to the work o( 
R. E. Rawlins, presented before the Los Angeles section o( the IRE on 
December 19, 1944. 
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tube. It is important to notice that this upper grid is 
not driven with respect to ground. If it were, the upper 
tube would act as a cathode follower, and the balance 
of the two tubes would be destroyed. 

INPUT 

_-IN'JER'TOI I ouWuT $TOG( ORIYEA 

I .--___ ----0 S. 

I 

�--�-----�+--+--��---OS-

Fig. 2-Method of driving output stage by a/hase inverter. Each 
of the output tubes is driven from gri to cathode. 

This driver is shown direct-coupled to the ouput 
stages. This direct coupling is frequently desirable, even 
though it is not essential except for a dc amplifier. The 
dc voltage drop across the resistor in the driver plate 
develops a negative bias for the upper output tube. The 
voltage drop in the lower resistor is in the wrong direc
tion for supplying negative bias. In the circuit shown, 
the proper bias is obtained by the voltage drop in the 
cathode resistor of the lower output tube, which sup
plies a voltage equal to twice the bias required for a 
single tube. 

DRIVING VOICE COIL DIRECTLY 

The amplifier circuit shown here uses no transformers 
at the output or between stages for class-A or class
AB operation of push-pull triodes. By using some of the 
newer low-impedance tubes. the optimum output load 
resistance can be made quite low because the tubes 
drive the load in paralleL As an extreme example, the 
use of the two halves of a single type 6AS7-G would 
lead to an optimum load impedance of about 280 ohms. 
While this value is still far from the usual 8- Or 16-ohm 
impedance of a loudspeaker voice coil. voice coils can 
be built with appreciably higher impedances so that 
they can be driven directly without a matching trans
former. To a first approximation. the voice-coil imped
ance can be increased without affecting the loudspeaker 
efficiency. As a practical matter, the limit of increase is 
determined by the smallest aluminum or copper wire 
that can be handled in a production set up and the 
maximum allowable mass for the voice coil. 

For example, one particular standard 12-inch dynamic 
loudspeaker uses number 33 wire for its 3.2-ohm voice 
coil. One of these has been rewound for 100 ohms with 
number 40 wire, and its efficiency is within 1/2 db of the 
standard one. Another of these has been rewound for 
500 ohms with number 44 wire.' While this latter wire 
is too small in diameter to be readily handled in produc
tion, the number 40 wire is entirely reasonable. 

I We arc ind(·lJtd lo Dr. Harry F. O��':m of the RCA L:.l:Clra10r:rs, 
Princeton, New jersey, lor the information on this standard, 12-
inch loudspeaker and the higher impedance veraions. 

The loudspeaker cited does not have an unusually 
heavy voice coil, and therefore it Sf'ems reasonable that' 
the voice coils of moderate-size to large loudspeakers 
can be wound to the level required in order to dispense 
with a matching transformer. Furthermore. it is entirely 
possible that a suitable ring-armature drivel for small 
speakers can be developed. Then there should be no 
difficulty in winding this type for an impedance of al
most any desired level. 

In' order to determine to what extent one should go 
to eliminate coupling transformers, it is useful to re
view some of their characteristics. Audio power trans
formers are generally expensive, heavy, and bulky. They 
usually limit the low-frequency capabilities of an ampli
fier by increasing the distortion and reducing the output 
at low frequencies. Furthermore, because the output 
transformers are only moderately efficient, they absorb 
an appreciable fraction of the available power. These 
disadvantages are sufficiently important that consider
able effort toward �liminating coupling transformers is 
justified. 

CIRCUIT LIMITATIONS AND REQUIREMENTS 

Two characteristics of the circuit of Fig. 2 limit its 
range of operation. One is the inherent negative feed
back, and the other is the effect of capacitance from the 
plate of the driver stage to ground. Since the plate volt
age of the driver tube is taken from the Otltput, the out
put voltage is fed back to this stage. This feedback is 
negative, and it can be considered useful for reducing 
distortion. However, when it is desired to avoid the 
associated loss in gain, the feedback can be minimized 
by using a pentode driver. 

The impedance level at the plate of the driver stage 
is, in effect, multiplied by the gain of the output stage. 
That is, the frequency characteristic of the drive for the 
upper tube is determined by the RC combination of the 
total capacitance from the plate to ground and the 
plate resistor multiplied in i .. alue by one more than the 
gain of the output stage. For the audio·frequency range, 
the resulting drop in output can be kept very small. Bu�, 
if an attempt is made to use an amplifier of this type 
over the video range, this effect will be serious. 

The load is shown in Fig. 2 connected in a balanced 
fashion to the output stages to make it easier to see the 
principle of operation. Actually, it is usually more use
ful to have one end of the load grounded to the negative 
side of the plate supply and to feed the other end from 
the midpoint through a series blocking capacitor. 

\Vhen the output tubes are to be operated over the 
wide ranges required for full output in class-ABlopera
tion, these circuits must be designed, just as any other, 
to meet the requirements of that operation. For exam
ple, the circuit should be arranged to provide constant 
bias for the output tubes even with large plate-current 
swings. Another recluirement is that adequate driving 
yolta;:e Ilill�t bc �,\'ajiaLIe from the phase im·cr:er. �n 

• E. E. Mott and R. C. Miner MThe ring annature telephone re
ceiver: BeJJ S,s. Tech. Jour., vol. 30, pp. 110-140; january, 1951. 
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the simple connection of Fig. 2, the plate voltage for the 
driver is only one-half the total plate voltage, and the 
resulting output from the phase inverter is usually in
adequate for c1ass-ABl operation. By using a resistance
capac itance coupling for the driver and by taking 
advantage of the bias supply as added plate voltage 
for the driver, this output can be increased. A pentode 
driver stage is also a suitable alternative in some cases. 
When an output matching transformer is used, the 
available plate swing from the driver can also be in
creased by a connection of a form shown later in Fig. 3. 

PHASE-INVERTER OUTPUT 
DRivER STAGE 

r---------��--�------��--� .+ 

D� 
INPUT 

8-
c+ 

c-

Fig. 3-Method of supplying proper screen voltages for beam· power 
tubes. The dc screen currents flow through the two windings in 
the opposite sense so that there is no net dc flux from the screen 
currents. 

There additional current is supplied to the phase-in
verter stage by the resistor connected from the one 
transformer primary to the plate of the phase inverter. 

One objection that might be raised to the basic series 
circuit is that the required plate voltage for the output 

_-INVVITER I 
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Fig 4-Method of using the load matching transformer to put the . 
output tubes in parallel for the dc supply. 

stage is twice normal. The developmen t of the high
voltage selenium rectifier, with voltage-doubler circuits, 
has made this point less objectionable at the present 
time. Another factor is the development of the low
impedance or high-perveance tubes for television use. 

Their use in this circuit permits the production of rela
tively high powers with moderate total plate voltage . 

If a transformer is to be used in the output as a match
ing device, it is possible to set up the single-ended out
put circuit with normal plate voltage in several ways. 
One method is shown in Fig . 4.. Here the plate currents 
of the two tubes flow through the two halves of the 
primary winding, and the two halves are connected in 
parallel for signal currents by the by-pass capacitors. It 
is important to notice here that the driving voltages for 
the two output tubes are again developed between cath-

ode and grid in each case. The capacitor in the cathode
to-plate connection must be large enough to avoid a 
degenerative effect in the cathode circuit. 

AMPLIFIERS USING BEAM-POWER TUBES 

These amplifiers show triodes in the output stages. 
But many designers of audio amplifiers are interested in 
using beam-power tubes with their possibilities of high 
gain and high efficiency. It is obvious that the proper 
connections for the screen voltages can readily be made 
in the circuit of Fig. 4, but the connections for the basic 
series circuit are not so simple. 

The main problem in using these beam tubes is in 
the method of supplying the proper voltage for the 
screen of the upper tube. The dc voltage of the screen is 
normally near that of the plate, and the screen should 
be at cathode potential for the signal voltage. If the 
screen of the upper tube is supplied through a dropping 
resistor from the plate supply, then the by-pass to the 
cathode puts the dropping resistor in parallel with the 
load, and some signal power is lost. In some cases this 
loss in power can be made small. In other applications, 
the voltage for the upper screen can be fed through the 
load so that no signal power is lost. 

Since loudspeakers with high-impedance voice. coils 
are not available at present, an output transformer is 
still needed for driving a speaker. How this transformer 
can be used for supplying the screen voltages is shown 
in Fig. 3. The primary is in two sections. One section is 
connected from the plate supply to the upper screen, 
which is by-passed to its cathode at the midpoint where 
the plate and cathode of the two output tubes are cOn
nected together. The other section is connected from 
the screen of the lower tube, \vhich is by-passed to 
ground, to the midpoint. The dc screen currents flow 
through the windings in the opposite sense, so that 
there is no net dc flux from the screen currents in the 
windings. 

By following the transformer connections, it can be 
seen that the two sections of the primary are connected 
in parallel, for signal voltages, by the by-pass capacitors. 
Because of this parallel connection, the two halves of a 
standard push-pull transformer can be used to obtain 
the required impedance level for this single-ended cir
cuit. Furthermore, . because these windings are con
nected in parallel by capacitors, the circuit does not 
depend on close magnetic coupling between the two 
sections of the primary. This point is important, since in 
class-AB operation the usual push-pull connection does 
have serious switching transients unless the coupling 
between the two halves of the primary is very good. 
In order to verify this point experi:nentally, the circuit 
shown was set up, using a type 6AK6 pentode to drive 
a pair of type 6L6 beam-power tubes. The operation 
was with fixed bias as shown, class AB1, and with no 
feedback. An output of 50 watts was obtained with a 
plate efficiency of 59 per cent. The output waveform was 
independent of the magnetic coupling between the 
halves of the primary . To illustrate this independence, 
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Fig. 5 shows a photograph of some pertinent waveforms. 
For this case, two separate chokes were used in place of 
the transformer so that the magnetic coupling was es
sentially zero. The operating frequency shown here is 20 
kc, and the power level is 50 watts. The upper trace is 
the output voltage and the lower trace is the cathode 
current in the lower tube. It is clear that current is 
flowing in each tube for only slightly longer than Qne
half cycle, and there is no sign of a switching transient. 
Thus the general behavior of the circuit is verified. 

This output of 50 watts was obtained within the plate 
dissipation ratings of the Type 6L6 of 38 watts for two 
tubes. But the screen ratings were exceeded to obtain 
this output with class-AB! operation. Howev�r, this 
output can be obtained within the ICAS ratings of the 
type 1614, the transmitting version of the. type 6L6. 
Using two type 1614's with two cascaded stages of 
type 6AK6's in this circuit and with negative feedback, 
we have obtained at 1 kc less than 0.1 per cent har
monic distortion for all output levels up to 50 watts. To 
obtain this low level of distortion, careful adjustment of 
operating conditions and feedback of 25 to 30 db are 
necessary, and the method of obtaining stable operation 
with this feedback will now be discussed. 

A r. 
; , 
I 

J J V 

I 

V 

Fig. S-Upper trace is the wave form of the output voltage for the 
circuit of Fig. 4, and the lower trace is the cathode current in the 
lower tube. Both traces were obtained at a 50'watt power level 
and at 20 kc. 

USE OF NEGATIVE FEEDBACK 

One method for applying negative feedback to an 
amplifier of this type is shown in Fig. 6. Since the out
put is single ended, the feedback can be made directly 
(rom the midpoint of the output stage to a preceding 
single-ended stage. In the three-stage amplifier shown ,  

the fe< ;back is applied to the cathode of the first stage. 
Because of the direct coupling of the phase-inverter 

driver, there is little danger of low-frequency motor
boating with feedback. Furthermore, since the feedback 
does not have to be taken from the secondary of the 
output transformer, there is less danger than usual of 

WIlT 

FIItST 
STAG[ 

"HAS[ -IIW£"T£A 
DRIV[R 

OUTPUT 
STaG( I. 

1-

Fig. 6-Circuit to illustrate one method of applying feedback. The 
feedback is taken from the junction of the two output tubes to 
the cathode of the first stage. 

high-frequency oscjllations. Or, expressed differently, 
greater amounts of negative feedback can be used, when 
applied as shown, with stable operation, than can be 
used with feedback from the secondary of the usual 
output transformer. . 

The usual feedback from the secondary tends to cor
rect for the drop in response at the high-frequency end 
by the feedback system. This feedback forces the out
put system to operate at higher levels than normal at 
high frequencies to produce the uniform output desired. 
Unless the transformer is very good, with feedback from 
the secondary, the result may be high distortion at high 
frequencies. This distortion is usually exhibited as inter
modulation of high-frequency signals, and serious dis
tortion of this type is more easily avoided with feedback 
from the primary as shown here. 

The feedback shown in this circuit puts the secondary 
of the transformer outside the feedback loop. Then cor
rective networks can be used, if necessary, at the 
secondary without introducing seriolls phase shift in 
the feedback loop. 

CONCLUSION 

The circuits shown here should be useful in many ap
plications. The series circuit using the phase-inverter 
driver has the advantage of requiring no coupling trans
formers for obtaining push-pull operation. The circuits 
have other advantages, principally for amplifiers that 
must ha've very low distortion. In addition, the develop
ments described should serve to show possible new lines 
of approach for improving audio reproduction. These 
further developments might include high-impedance 
loudspeakers, loudspeakers of different fundamental de
sign, low-impedance twin output tubes with 117-volt 
heaters, and the elimination or simplification of output 
transformers. 
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not use any interstage coupling transformerj and its simplifies the 
application of feedbadl: from the output stage to preceding single
t:nded stages. Methods for using this circuit with triode and beam
power output tubes are given, and the ultimate possibility of elim
inating the output transformer for driving a loudspeaker is discussed. 
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INTRODUCTION 

A MONG THE VARIOUS GOALS set out for the 
� communications engineer, surely one of the most 

eagerly sought since the discovery of electronic 
amplification has been faithful reproduction, after the 
amplification process, of the input signal. Electronic de
vices are notoriously non linear, and nonlinearity has 
been the constant enemy of faithful reproduction. The 
t\\'O most potent weapons so far developed to combat 
nonlinearity in po\\'�r amplifiers have been push-pull 
operation and negative feedback.l Push-pull operation, 

I H. S. Black, "Stabilized f�dback amplifiers,· Bdl Sys. Tech. 
Jour., vol. 13, pp. 1-18; January, 1<J34. 
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by making the input-output relation symmetrical about 
the operating point, eliminates harmonics and combina
tion frequencies produced by even-order distortion. 
Feedbac1.< improves faithfulness of reproduction by 
feeding a portion of the output wave back to the in
put in such a manner as to reduce the-effects of nonlin
earity. 

A combination of the two systems has been found, 
generally, to produce an amplifier of the highest per
formance. Various difficulties, however, have plagued 
designers, and over the years continuous development 
has been carried on to overcome them. One of the most 
serious problems has been the tendency of even the best 
amplifiers to develop increasing distortion at the highest 
frequencies. This increase in distortion has been caused, 
in many cases, by phase shift which reduces the ef
fectiveness of the negative feedback. General improve
ments in frequency characteristic and in pha.se-shift 
compensation have been found effective in reducing 
trouble from this source to manageable proportions. 

Another serious source of trouble in high-efficiency 
amplifiers has been emphasized recently. This trouble 
arises from imperfections of the output transformer nec
essary to couple the high-impedance balanced output of 
a push-pull amplifier to a low-impedance single-ended 
load. The most important imperfection has been found 
to be insufficient coupling between the two halves of 
the primary in the plate circuit of the push-pull tubes. 
At the higher audio frequencies, leakage reactance aris
ing from lack of complete coupling between these wind
ings introduces distortion' that may be thought of as 
switching transients, particularly in c1ass-B operation.' 
In order to eliminate these transients, considerable ef
fort has gone into methods of improving the coupling 
coefficient between the primary halves. 

An ingenious solution has been worked out by Mc
Intosh and Gow.· They use a bifilarIy wound primary 
and a circuit that overcomes the problem of capacitance 
between windings by combined excitation of the pri
mary halves from cathode and plate feed. Through the 
use of this specialized transformer, one can obtain ex
tremely high coupling coefficients .and concomitant low 
distortion at high frequencies. 

Another solution, outlined in this paper, consists of 
entirely eliminating primary-to-primary leakage react
ance by using the same primary for both tubes, there
by obtaining the equivalent of unity coupling. Other 
advantages accrue from the circuit to be described, not 
the least of which is the fact that no special components 
are required, the output transformer becoming basically 
a device for impedance matching and requiring no spe
cial characteristics other than adequate frequency char
acteristic and power handling capacity. 

• A. Pen-Tung Sah, "Quasi transients in class-B audio-frequency 
push-pull amplifiers," PROC. I.R.E., vo!. 24, pp. 1522-1541; Novem
ber,1936. 

I F. H. McIntosh and G. J. Gow, "Description and analysis of 
a new SO-watt amplifier circuit," Audio En,., vol. 33, pp. 9-11; De
cember,I949. 

THE OUTPUT SYSTEM 

The basic plan of the output system is shown in Fig. 1, 

where two triode-amplifier stages arc shown. The lower 

one is a simple amplifier supplying a resistance load 
in the plate circuit, and the upper one is similar except 

INP� 

Fig. I-Circuit to illustrate principle of operation of the push-pull 
output system. The lJ:rids are driven out of phase, and the ac 
load currents add \fhtle the dc load currents subtract. 

that the load and the de plate supply have been inter
changed. It is important- to notice that this amplifier is 

• not a cathode follower, since the ac grid voltage is ap. 
plied between the grid and cathode. If the two tubes are 
identical in characteristics and the supply voltages and 
loads are the same, the dc plate currents in the two 
loads will be identical. Then, if the connections shown 
by the dotted lines are made, the two currents will can
cel because they are in opposite directions. When equal 
ac signals are applied to the two circuits, the ac com
ponents in the loads are equal. These two components 
would also cancel, when the connections are made, if 
the grid driving voltages were in phase. But, with op
positely phased voltages on the grids, the ac plate cur
rents add in the load so that the tubes are in series for 
the de plate supply and in parallel for ac signals.· How
ever, this first circuit has the serious disadvantage of 
requiring a driving transformer with its associated ex
pense and difficulties in maintaining proper balance at 
high frequencies. 

PHASE-INvERTER DRIvER 

In order to avoid a driving transformer, it is necessary 
to devise a phase-inverter stage that wil! supply the 
voltages in the correct phase and at the proper elec
trodes. One such phase inverter is shown in Fig. 2: 
This driver stage receives its plate-supply voltage from 
the midpoint of the t\vo series-connected output stages. 
It has equal resistors in the plate and the cathode. Then 
a change in its plate current, produced by a signal on 
the grid, will result in equal voltages being develop'� 
across these resistors. The voltage in the cathode cir
cuit is developed between the cathode and grid of the 
lower tube, and an equal and oppositely phased voltage 
is developed between the cathode and grid of the upper 

• In connection with this circuit, we should like to note that when 
this paper was in preparat ion , our attention was called to the work o( 
R. E. Rawlins, presented before the Los Angeles section o( the IRE on 
December 19, 1944. 
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tube. It is important to notice that this upper grid is 
not driven with respect to ground. If it were, the upper 
tube would act as a cathode follower, and the balance 
of the two tubes would be destroyed. 

INPUT 
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Fig. 2-Method of driving output stage by a/hase inverter. Each 
of the output tubes is driven from gri to cathode. 

This driver is shown direct-coupled to the ouput 
stages. This direct coupling is frequently desirable, even 
though it is not essential except for a dc amplifier. The 
dc voltage drop across the resistor in the driver plate 
develops a negative bias for the upper output tube. The 
voltage drop in the lower resistor is in the wrong direc
tion for supplying negative bias. In the circuit shown, 
the proper bias is obtained by the voltage drop in the 
cathode resistor of the lower output tube, which sup
plies a voltage equal to twice the bias required for a 
single tube. 

DRIVING VOICE COIL DIRECTLY 

The amplifier circuit shown here uses no transformers 
at the output or between stages for class-A or class
AB operation of push-pull triodes. By using some of the 
newer low-impedance tubes. the optimum output load 
resistance can be made quite low because the tubes 
drive the load in paralleL As an extreme example, the 
use of the two halves of a single type 6AS7-G would 
lead to an optimum load impedance of about 280 ohms. 
While this value is still far from the usual 8- Or 16-ohm 
impedance of a loudspeaker voice coil. voice coils can 
be built with appreciably higher impedances so that 
they can be driven directly without a matching trans
former. To a first approximation. the voice-coil imped
ance can be increased without affecting the loudspeaker 
efficiency. As a practical matter, the limit of increase is 
determined by the smallest aluminum or copper wire 
that can be handled in a production set up and the 
maximum allowable mass for the voice coil. 

For example, one particular standard 12-inch dynamic 
loudspeaker uses number 33 wire for its 3.2-ohm voice 
coil. One of these has been rewound for 100 ohms with 
number 40 wire, and its efficiency is within 1/2 db of the 
standard one. Another of these has been rewound for 
500 ohms with number 44 wire.' While this latter wire 
is too small in diameter to be readily handled in produc
tion, the number 40 wire is entirely reasonable. 

I We arc ind(·lJtd lo Dr. Harry F. O��':m of the RCA L:.l:Clra10r:rs, 
Princeton, New jersey, lor the information on this standard, 12-
inch loudspeaker and the higher impedance veraions. 

The loudspeaker cited does not have an unusually 
heavy voice coil, and therefore it Sf'ems reasonable that' 
the voice coils of moderate-size to large loudspeakers 
can be wound to the level required in order to dispense 
with a matching transformer. Furthermore. it is entirely 
possible that a suitable ring-armature drivel for small 
speakers can be developed. Then there should be no 
difficulty in winding this type for an impedance of al
most any desired level. 

In' order to determine to what extent one should go 
to eliminate coupling transformers, it is useful to re
view some of their characteristics. Audio power trans
formers are generally expensive, heavy, and bulky. They 
usually limit the low-frequency capabilities of an ampli
fier by increasing the distortion and reducing the output 
at low frequencies. Furthermore, because the output 
transformers are only moderately efficient, they absorb 
an appreciable fraction of the available power. These 
disadvantages are sufficiently important that consider
able effort toward �liminating coupling transformers is 
justified. 

CIRCUIT LIMITATIONS AND REQUIREMENTS 

Two characteristics of the circuit of Fig. 2 limit its 
range of operation. One is the inherent negative feed
back, and the other is the effect of capacitance from the 
plate of the driver stage to ground. Since the plate volt
age of the driver tube is taken from the Otltput, the out
put voltage is fed back to this stage. This feedback is 
negative, and it can be considered useful for reducing 
distortion. However, when it is desired to avoid the 
associated loss in gain, the feedback can be minimized 
by using a pentode driver. 

The impedance level at the plate of the driver stage 
is, in effect, multiplied by the gain of the output stage. 
That is, the frequency characteristic of the drive for the 
upper tube is determined by the RC combination of the 
total capacitance from the plate to ground and the 
plate resistor multiplied in i .. alue by one more than the 
gain of the output stage. For the audio·frequency range, 
the resulting drop in output can be kept very small. Bu�, 
if an attempt is made to use an amplifier of this type 
over the video range, this effect will be serious. 

The load is shown in Fig. 2 connected in a balanced 
fashion to the output stages to make it easier to see the 
principle of operation. Actually, it is usually more use
ful to have one end of the load grounded to the negative 
side of the plate supply and to feed the other end from 
the midpoint through a series blocking capacitor. 

\Vhen the output tubes are to be operated over the 
wide ranges required for full output in class-ABlopera
tion, these circuits must be designed, just as any other, 
to meet the requirements of that operation. For exam
ple, the circuit should be arranged to provide constant 
bias for the output tubes even with large plate-current 
swings. Another recluirement is that adequate driving 
yolta;:e Ilill�t bc �,\'ajiaLIe from the phase im·cr:er. �n 

• E. E. Mott and R. C. Miner MThe ring annature telephone re
ceiver: BeJJ S,s. Tech. Jour., vol. 30, pp. 110-140; january, 1951. 
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the simple connection of Fig. 2, the plate voltage for the 
driver is only one-half the total plate voltage, and the 
resulting output from the phase inverter is usually in
adequate for c1ass-ABl operation. By using a resistance
capac itance coupling for the driver and by taking 
advantage of the bias supply as added plate voltage 
for the driver, this output can be increased. A pentode 
driver stage is also a suitable alternative in some cases. 
When an output matching transformer is used, the 
available plate swing from the driver can also be in
creased by a connection of a form shown later in Fig. 3. 

PHASE-INVERTER OUTPUT 
DRivER STAGE 

r---------��--�------��--� .+ 

D� 
INPUT 

8-
c+ 

c-

Fig. 3-Method of supplying proper screen voltages for beam· power 
tubes. The dc screen currents flow through the two windings in 
the opposite sense so that there is no net dc flux from the screen 
currents. 

There additional current is supplied to the phase-in
verter stage by the resistor connected from the one 
transformer primary to the plate of the phase inverter. 

One objection that might be raised to the basic series 
circuit is that the required plate voltage for the output 
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Fig 4-Method of using the load matching transformer to put the . 
output tubes in parallel for the dc supply. 

stage is twice normal. The developmen t of the high
voltage selenium rectifier, with voltage-doubler circuits, 
has made this point less objectionable at the present 
time. Another factor is the development of the low
impedance or high-perveance tubes for television use. 

Their use in this circuit permits the production of rela
tively high powers with moderate total plate voltage . 

If a transformer is to be used in the output as a match
ing device, it is possible to set up the single-ended out
put circuit with normal plate voltage in several ways. 
One method is shown in Fig . 4.. Here the plate currents 
of the two tubes flow through the two halves of the 
primary winding, and the two halves are connected in 
parallel for signal currents by the by-pass capacitors. It 
is important to notice here that the driving voltages for 
the two output tubes are again developed between cath-

ode and grid in each case. The capacitor in the cathode
to-plate connection must be large enough to avoid a 
degenerative effect in the cathode circuit. 

AMPLIFIERS USING BEAM-POWER TUBES 

These amplifiers show triodes in the output stages. 
But many designers of audio amplifiers are interested in 
using beam-power tubes with their possibilities of high 
gain and high efficiency. It is obvious that the proper 
connections for the screen voltages can readily be made 
in the circuit of Fig. 4, but the connections for the basic 
series circuit are not so simple. 

The main problem in using these beam tubes is in 
the method of supplying the proper voltage for the 
screen of the upper tube. The dc voltage of the screen is 
normally near that of the plate, and the screen should 
be at cathode potential for the signal voltage. If the 
screen of the upper tube is supplied through a dropping 
resistor from the plate supply, then the by-pass to the 
cathode puts the dropping resistor in parallel with the 
load, and some signal power is lost. In some cases this 
loss in power can be made small. In other applications, 
the voltage for the upper screen can be fed through the 
load so that no signal power is lost. 

Since loudspeakers with high-impedance voice. coils 
are not available at present, an output transformer is 
still needed for driving a speaker. How this transformer 
can be used for supplying the screen voltages is shown 
in Fig. 3. The primary is in two sections. One section is 
connected from the plate supply to the upper screen, 
which is by-passed to its cathode at the midpoint where 
the plate and cathode of the two output tubes are cOn
nected together. The other section is connected from 
the screen of the lower tube, \vhich is by-passed to 
ground, to the midpoint. The dc screen currents flow 
through the windings in the opposite sense, so that 
there is no net dc flux from the screen currents in the 
windings. 

By following the transformer connections, it can be 
seen that the two sections of the primary are connected 
in parallel, for signal voltages, by the by-pass capacitors. 
Because of this parallel connection, the two halves of a 
standard push-pull transformer can be used to obtain 
the required impedance level for this single-ended cir
cuit. Furthermore, . because these windings are con
nected in parallel by capacitors, the circuit does not 
depend on close magnetic coupling between the two 
sections of the primary. This point is important, since in 
class-AB operation the usual push-pull connection does 
have serious switching transients unless the coupling 
between the two halves of the primary is very good. 
In order to verify this point experi:nentally, the circuit 
shown was set up, using a type 6AK6 pentode to drive 
a pair of type 6L6 beam-power tubes. The operation 
was with fixed bias as shown, class AB1, and with no 
feedback. An output of 50 watts was obtained with a 
plate efficiency of 59 per cent. The output waveform was 
independent of the magnetic coupling between the 
halves of the primary . To illustrate this independence, 



1952 Peterson and Sinclair: A Single-Ended Push-Pull Audio Amplifier 11 

Fig. 5 shows a photograph of some pertinent waveforms. 
For this case, two separate chokes were used in place of 
the transformer so that the magnetic coupling was es
sentially zero. The operating frequency shown here is 20 
kc, and the power level is 50 watts. The upper trace is 
the output voltage and the lower trace is the cathode 
current in the lower tube. It is clear that current is 
flowing in each tube for only slightly longer than Qne
half cycle, and there is no sign of a switching transient. 
Thus the general behavior of the circuit is verified. 

This output of 50 watts was obtained within the plate 
dissipation ratings of the Type 6L6 of 38 watts for two 
tubes. But the screen ratings were exceeded to obtain 
this output with class-AB! operation. Howev�r, this 
output can be obtained within the ICAS ratings of the 
type 1614, the transmitting version of the. type 6L6. 
Using two type 1614's with two cascaded stages of 
type 6AK6's in this circuit and with negative feedback, 
we have obtained at 1 kc less than 0.1 per cent har
monic distortion for all output levels up to 50 watts. To 
obtain this low level of distortion, careful adjustment of 
operating conditions and feedback of 25 to 30 db are 
necessary, and the method of obtaining stable operation 
with this feedback will now be discussed. 

A r. 
; , 
I 
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I 

V 

Fig. S-Upper trace is the wave form of the output voltage for the 
circuit of Fig. 4, and the lower trace is the cathode current in the 
lower tube. Both traces were obtained at a 50'watt power level 
and at 20 kc. 

USE OF NEGATIVE FEEDBACK 

One method for applying negative feedback to an 
amplifier of this type is shown in Fig. 6. Since the out
put is single ended, the feedback can be made directly 
(rom the midpoint of the output stage to a preceding 
single-ended stage. In the three-stage amplifier shown ,  

the fe< ;back is applied to the cathode of the first stage. 
Because of the direct coupling of the phase-inverter 

driver, there is little danger of low-frequency motor
boating with feedback. Furthermore, since the feedback 
does not have to be taken from the secondary of the 
output transformer, there is less danger than usual of 

WIlT 

FIItST 
STAG[ 

"HAS[ -IIW£"T£A 
DRIV[R 

OUTPUT 
STaG( I. 
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Fig. 6-Circuit to illustrate one method of applying feedback. The 
feedback is taken from the junction of the two output tubes to 
the cathode of the first stage. 

high-frequency oscjllations. Or, expressed differently, 
greater amounts of negative feedback can be used, when 
applied as shown, with stable operation, than can be 
used with feedback from the secondary of the usual 
output transformer. . 

The usual feedback from the secondary tends to cor
rect for the drop in response at the high-frequency end 
by the feedback system. This feedback forces the out
put system to operate at higher levels than normal at 
high frequencies to produce the uniform output desired. 
Unless the transformer is very good, with feedback from 
the secondary, the result may be high distortion at high 
frequencies. This distortion is usually exhibited as inter
modulation of high-frequency signals, and serious dis
tortion of this type is more easily avoided with feedback 
from the primary as shown here. 

The feedback shown in this circuit puts the secondary 
of the transformer outside the feedback loop. Then cor
rective networks can be used, if necessary, at the 
secondary without introducing seriolls phase shift in 
the feedback loop. 

CONCLUSION 

The circuits shown here should be useful in many ap
plications. The series circuit using the phase-inverter 
driver has the advantage of requiring no coupling trans
formers for obtaining push-pull operation. The circuits 
have other advantages, principally for amplifiers that 
must ha've very low distortion. In addition, the develop
ments described should serve to show possible new lines 
of approach for improving audio reproduction. These 
further developments might include high-impedance 
loudspeakers, loudspeakers of different fundamental de
sign, low-impedance twin output tubes with 117-volt 
heaters, and the elimination or simplification of output 
transformers. 
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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-

OCTOBER, 1951 

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 

4 

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 

�?=Jl /J 

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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Analyses of Drivers for Single .. Ended 
Push .. Pull Stage * 

HIROSHI AMEMIY At 

Push-pull stages require two opposite-phast: driving voltages of 
the same amplitude. In conventional push-pull amplifiers, this is not 
a problem. In single-ended push-pull amplifiers, however, this re
quirement limits the types of usable drivers because of the appar
ently unbalanced structure of the push-pull stage. Four possible 
drivers, namely, the split-load phase inverter driver, the cathode
coupled phase inverter driver, the extended cathode-coupled phase 

inverter driver, and the Coulter driver, are analyzed with stress on 
the balance of the driving voltages. 

A FEW YEARS ago, the application of a single� ended push-pull circuit to audio amplifiers was 
suggested by Peterson and Sinclair.1 Fig. 1 shows 

the basic circuit uf the single-ended push-pull connec
tion, where the two output tubes are terminated in the 
common load impedance Z. Although the plate supply 

Fig. I-The basic circuit of the single-ended push-pull amplifiers. 

voltage is twice the normal value with this circuit ar
rangement, the output transformer may be eliminated 
entirely. When a high plate supply voltage is not feasi
ble, the connection of Fig. 2 may be useri, employing an 
output transformer with separate primary windings. 

In conventional push-pull circuits, two output tubes 
are coupled through the. output transformer, and the 

Fig. 2--"', single-ended push-pull a m pl i fier with a driving transformer. 

leakage inductance between the two primary windings 
causes serious switching transients at high frequencies in 

• Original manuscript received by the I RE,l\lay 6,1955. Revised 
manuscript received June 3, 1955. 

t Electrical Engineering Department, LTniversity of Tokyo, 
Bunkyo-Ku, Tokyo, Japan. 1 A. Peterson and D. B. Sinclair, "A single-ended push-pull 
audio amplifier," PROC. IRE, vol. -to, pp. 7- 1 1; January, 1952. 

class -AB and -B amplifiers. On the other hand, in the 
single-ended push-pull circuit the output tubes work 
into the same load, and switching transients are elimi
nated completely. 

Except for the output connection, the single-ended 
push-pull circuit is identical with the conventional push
pull circuit, thus enjoying the advantages of the push
pull connection. The driving voltages for the output 
tubes must be of the same magnitude and of oppo�ite 
phase. This condition is easily satisfied by using a 
driving transformer, as shown in Figs. 1 and 2. The 
driving transformer should, however, be avoided be
cause of its cost and poor characteristics at extreme fre
quencies. Usually the negative side of the plate voltage 
supply is grounded; in other words, the cathode of the 
lower output tube V02 is at the ground potential and 
that of the upper tube VOI is at the output voltage. This 
unbalance complicates the problem of driving. The re
quirements for the driving voltages are: 

1. Driving voltages between the grid and the cathode 
of the output tubes are equal in magnitude and 
opposite in phase. 

2. The above condition is not affected by the varia-
tion of the load impedance Z of the output stage. 

The first condition is an obvious one. I n single-ended 
push-pull amplifiers the output voltage across Z exerts 
influence on the driver stage unless a driving transformer 
is used, and this is why the second condition is impor
tant. The impedance of the load, for instance, a loud
speaker, varies considerably with frequency, and if bal
ance of the driving voltages is destroyed by load imped
ance variation, amplifier isn't a push-pull amplifier. 

In order to supply balanced driving voltages to the 
unbalanced push-pull stage, satisfactory drivers have 
unbalanced construction. In the analyses presented here 
the effects of stray and inter-electrode capacities are 
neglected and the linearity of circuit elements is as
sumed. It is also assumed that the output impedance of 
the amplifier, which is the impedance of the plate re
sistances of the output tubes and the load impedance Z 
connected in parallel, is very low. This is justified, since 
power tubes are generally used for output tubes. 

SPLIT-LOAD PHASE I:-'VERTER DRIVER 
The split-load phase inverter driver has two equal 

load resistors, one in the plate and the other in the cath
ode. Figs. 3-6 are single-ended push-pull amplifiers, 
with the split-load phase inverter driver. These are 
equivalent signal-voltage circuits in which all the 
direct-current components have been omitted. VOl and 
Vu are the output tubes, and VI is the driver. It is to 
be noted that one of the load resistors of VI is returned 
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Fig. 3- The equivalent signal-voltage circuit of a single-ended 
push-pull amplifier with split-load phase inverter dri\'er (type A). 

Fig. 4-The equivalent signal-voltage circuit of a single-ended 
push-pull amplifier with split-load phase inverter drh:er (type 
B). 

to the midpoi�t of the series-connected output tubes. 

As the output voltage, Eout is proportional to the driving 

voltage, it may be put that 

Eo�'- = Ao(Ec, + EC2), 

where 

!J.oZ 
Ao = ----

Rpo + 2Z 

Here, !J.o is the amplification factor and Rpo the plate 

resistance of the output tubes Fo, and F02• 
Fig. 3 (type A) is the circuit introduced by Peterson 

and Sinclair,1.2 and a simple analysis gives 

!J.IElNRL 
Ec, = EC2 = - ----------

(2.40 +!J.I + 2)RL + Rp! 
(1) 

where !J.I is the amplification factor, RpI the plate re
sistance, and RL the load resistor of VI. 

A similar analysis on the circuit of Fig. 4 (type B) 
leads to 

!J.IEJ.\'RL 
Eo, = E02 = (2) 

12(!J.' + 1).40 +!J.I + 2 l RL + RpI 

In Figs. 3 and 4, the load resistor of 1'1 from which the 

driving voltage for VOI is obtained is returned to the 
ca thode of VOl. I n Figs. 5 and 6, on the other hand, this 

load resistor is returned to ground, and the load re-

I Chai Yeh, "Analysis of a single-ended push-pull audio ampli
fier," PROC. IRE, vol. 41, pp. 743-747; June, 1953. 

Fig. 5-The equivalent signal.voltage circuit of a single-ended 
push-pull amplifier with spilt-load pha:-e inverter dri\'er (type 
C). 

Fig. 6-The equivalent signal-voltage circuit of a single-ended 
push-pull amplifier with split-load phase inverter driver (type 
D). 

sistor for driving V02 is connected to the cathode of VOl' 
An analysis of the circuit of Fig. 5 (type C) gives8 

!J.IE,.�.RL 
ECI = EC2 = - , (3) 

(2A 0+1--11 +2)RL + (2Ao+ l)RPl. 

and a similar analysis of the circuit of Fig. 6 (type D) 
gives 

!J.lEINRL 
EC1=E02= -r 

{2(!J.l+ I)Ao+(!J.l+2) I RL +(2Ao+ 1)RpI 

It is interesting to note that (3) and (4) reduce to (1) 
and (2), respectively, if RPl is  substituted for 
(2A o+ 1)Rpl. The gains of these four drivers are all less 
than unity. 

CATHODE-COUPLED PHASE INVERTER DRIVER4 

The equivalent signal-voltage circuits of single
ended push-pull amplifiers with the cathode-coupled 
phase inverter driver are shown in Figs. 7-10. Here 

again, one of the plate load resistors of the driver stage 

is returned to the midpoint of the series-connected out
put stages. 

It can be seen from Fig. 7 (type A) that 

!J.lEll d RL2 + Rp2 + (!J.2 + I)RK I RLI 
ECl = - , 

A.4 
I Julius Futterman, "An output-t ransformerless power ampli

fier, n Jour. AES, vol. 2, pp. 252-256; October, 1954. 
• Pate!!t pending (Japan). 
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Fig. 7-The equ i \·alcnt signal-\·oltage circuit of a single-ended 
push-pull amplilicr with a cathode-coli pled phase inverter driver (type A). 

and 

where 

I'-IE[.'>(1'-2 + l)R"Ru 

�.·l 

�,l = {(Ao + l)RL. 1  + Rpl + (1'-1 + l)R" I 
. {RL2 + Rp2 + (1'-2 + 1)R" l 
- { - A OR'_2 + (1'-1 + OR" 1(1'-2 + l)RK. 

Ao is the gain of the output stage, as defined previously. 
Thus, 

EGI {RL2 + Rp2 + (/-12 + ORK I RLI 

EG2 (/-12 + l)R"RL2 
(S) 

Perfect balance is attained by arranging the plate load 

resistors of the drivers so that the relation 

RL2 Ru + Rn + (/-12 + l)R" 

is satisfied. If the product of 1'-2RK is large, a satis
-
factory 

balance is obtained using the same value for both RLl 
and Ru. It should be noted that the balance is not af-

t 
fected by the presence of the output voltage, as seen 
from the fact that (5) does not include Ao. However, 
.1A is a function of Ao and the gain of the driver stage 

is influenced by the variation of the load impedance Z. 
For the circuit of Fig. 8 (type B), 

and 

Thus, 

1'-1E!.v { - A ORLl + (/-12 + 1)R" 1 RL2 
EGl = , 

!::..8 

RIC 

f 
EIN 
I 

Fig. 8-The equivalent sig nal-voltage circuit of a single-ended 
push-pull amplifier with a cathode-coupled phase inverter driver 
(type B). 

where 

�8 = {RLl + Rpl + (/-11 + l)RKI 
. {(Ao + I)RL2 + Rp2 + (/-12 + I)RK I 

- (1'-1 + l)RK{ - AoRLl + (/-12 + I)RKl· 

Then, 

EGl { - AoRl.l + (1'-2 + I)R" 1 Ru 

E02 { (Ao + I)RL2 + Rp2 + (1'-2 + I)RK 1 RLl 
(6) 

An analysis of the circuit of Fig. 9 (Type C) leads to 

and 

1'-1El.V 
E02=- ----

(2Ab+l)�c 

. [-Ao {( 2A
A

oo:\) RL2+Rp2+(1'-2+ I)R,,} RLl 

+ (.40+ 1) {( 2A�� 1 ) RI, I+ (1'-2+ I)R,,} RL2} 
where 

�c = {RI.l + Rp1 + (/-11 + l)RK j 

. 
{(�

to + 1 
)RL2 + Rp2 + (/-12 + 1)RK} 

_Ao + 1 

- (1'-1 + I)R" {( ...10 ) RLl + (1'-2 + I)RK} . 
2Ao + 1 

(7 

-Ao {(
Ao + 1 ) RL2 + Rp2 + (1'-2 + 1)R,,} RLl + (Ao + 1) {( 

Ao 
) RLl + (1'-2 + 1)RK} RL2 

2...10+1 2Ao+1 
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Fig 9-The equivalent signal-voltage circuit of a single-endrd 
push-pull amplifier with a cathode-coupled phase inverter driver 
(type C). 

Similarly, the circuit of Fig. 10 (type D) is analyzed 
10 give 

IlIEIN 
ECI = [-Ao! RL2 + RP2 + (1l2 + 1)R .... I RLl 

(2Ao + 1)IlD 

+ (Ao + 1)(1l2 + 1)R .... RL2] 

and 

IlIEIN 
EC2= [(Ao+ 1) 1 RL2+Rp2+(1l2+ I)RK I RLl 

(2Ao+ 1)IlD 

-A 0(1l2+ I)R .... RL2], 

where 

IlD = {( 
An + 1

) RLl + RPI + (Ill + I)RK} 
2..10 + 1 

. 1 R L2 + RP2 + (1l2 + 1) RK I 

Thus, 

{( Ao 
) RL2 + (Ill + I)RK} (1l2 + I)RK. 

2Ao + 1 

Fig. 10-The equivalent signal-voltage circuit of a �ingle-ended 
push-pllll ampli fier with a cathode-coupled phase inverter driver 
(type D). 

and 

respectively, where 

RL = RL! = RL2. 

Now, it is evident that the conditions for a satisfactory 
balance are given by: 

Type 

A 

B 
C 
D 

Condition 
(1l2 + 1)R .... » RL + Rp2 

(1l2 + I)RK» (2Ao + I)RL + Rp2 

(1l2 + I)R .... » RL + (2Ao + 1)Rp2 

(1l2 + 1)RK» (2Ao + I)(RL + Rp2). 

EXTENDED CATHODE-COUPLED PHASE 

INVERTER DRIVER$ 

Figs. 1 1  and 12, p. 166, are equivalent signal-voltage 
circuits of the single-ended push-pull amplifiers with the 
extended cathode-coupled phase inverter driver. The 

ECI -A 01 RL2 + Rp2 + (1l2 + 1)R .... I RI I + (A 0 + 1)(1l2 + I)RKRL.2 
(8) 

EC2 (A 0+ 1) {RL2+Rp2+ U-t2+ 1)RK I RLI-AoU-t2+ 1)RJ[RL%. 

In the circuits of Figs. 8- 10, the balance of the driving 
voItages is affected by Eout• However, it is still possible 
to redu<;e this effect to a negligible degree by making the 
product 1l2RK large. 

It is not easy to make direct comparison among Eqs. 
(5)-(8). If the two plate load resistor RLI and RL2 of the 
driver stage are made equal, these four equations reduce 
to 

ECI RL + Rp2 + (1l2 + 1)RK 

EC2 (/J2 + I)RK 
> 1, (5') 

ECI -A oRL + (/J2 + I)R .... 
-= < 1, (6') 
E02 (Ao + I)RL + RP2 + (1l2 + I)RK 

driver differs from the cathode-coupled phase inverter 
driver in that the grid of V2 is not grounded, but rather 
connected to the plate of V3, the grid voltage of which is 
supplied from the common cathode resistor RK• Because 
of the phase reversal from the grid to the plate of Va, 
the grid voltage of V2 is in the correct phasf for improv
ing the balance of the driving voltages ECI and EC2. 

In the circuit of Fig. 1 1  (type A) 

IlIEJ.dRL2 + Rp2 + I 1l2(A + 1) + 1\ RK ]RLl 
ECI = -----------------�----------�-----1l.4E 

i Hiroshi Amemiya, "Extended cathode-coupled phase inverter 
and its application to single-ended push·pull amplifiers , " scheduled 
for publication Jour. AES, April, 1955. 
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f 
EIH 
I Z 

Rpo 

Fig. 11·-The equi\'alent signal-voltage circuit of a single-ended 
p ush-p ul l ampl ifier with an extended cathode-coupled phase 
inverter driver (type A). 

and 

EG2 = 

�.4E 
where 

�AE = l(Ao + l)RLI + Rp! + (/oll + I)RK J 
. [RL2 + Rp2 + {/ol2(A + 1) + llRKJ 

- { - AoRL2 + (/oll + I)RK I ( /ol2(A + 1) + IJRK 

and A is the gain of V3• 

EGI [RL2 + Rp2 + 1/ol2(A + 1) + 11 RK JRLI 

EG2 {/ol2(A + I) + I)RKRL2 
(9) 

The balance is not affected by the output voltage Eo,.Io 
as in the case with the type-A cathode-coupled phase 
inverter driver. 

The balance is perfect when 

RLI {/ol2 (A + 1) + 11 RK 

RL2 RL2 + Rp2 + {/ol2(A + 1) + 1) RK 

It is easily seen that even when RK is small, if the prod
uct /ol2A is large, a very good balance is obtained using 
the same v�lue for both Rh and RL2. 

Similar analysis of the circuit of Fig. 12 (type B) gives 

/olIEIN [-AoRLI + {/ol2(A + 1) + 1\RKJRL2 
EGI = ----------------------------------

�BE 
and 

/olIEIN [ (A 0+ I)RL2+ Rp2+ {/ol2(A + 1) + I) RK ]RLI 

�B8 
where 

�B8 = f RLI + RpI + (/oll + I)RK) 

. [ (Ao + I)RL2 + Rp2 + l/ol2 (A + 1) + I)RKJ 

'.- (#£1+ I)RK[ - AoRL1+ {/ol2(A + 1) + I)RK]. 

Then 

Eal [ -AoRLI+{#£2(A+l)+I)RKJRL2 

E02 [(Ao+ I)RL2+Rp,+ I /ol2(A + I) + I) RK JRL I 
( 10) 

Z 

r Rpo 
E IN fAo 
I 

Fig. 12-The equivalent signal-voltage circuit of a single-ended p us h
pull amplifier with an extended cathode-coupled phase inverter 
driver (type 8). 

In this case the balance is affected to a certain exten t 
by Eout. It is possible, however, to obtain a good balance 
using the same value for RLI and RL2 if #£2ARK is large. 

It is obvious that (9) and ( 10) reduce to (5) and (6) 
respectively, if A is put to zero. A careful comparison of 
the corresponding equations shows that the extended 
cathode-coupled phase inverter is equivalent to the 
cathode-coupled phase inverter, provided that the 
amplification factor of V2 is multiplied by a factor of 
(A + I), where A is the gain of V3• 

Although not presented here, type-C and type-D con
nections are possible, corresponding to the type-C and 
type-D cathode-coupled phase inverter drivers. The 
ratios of the driving voltages EOI and E02 with these 
driver connections may be obtained by substituting 
(A +1)#£2 for /ol2 in (7) and (8). 

COULTER DRIVER' 
As described before, the difficulty in driving single

ended push-pull stage lies in the fact that the output 
tubes VOI and V02 are not balanced, so far as the signal
voltage levels of the electrodes measured from the 
ground are concerned. If driving voltages which are 
balanced with respect to the ground are applied to the 
output stage, the upper tube VOI works somewhat like 
a cathode follower and the push-pull condition is not 
satisfied. In the Coulter driver, a phase inverter is com
bined with either a degenerative or a regenerative cir
cuit which compensates this unbalance. Figs. 13 and 14, 
p. 167, are equivalent signal-voltage circuits of the sin
gle-ended push-pull amplifiers with the Coulter driver. 

In Fig. 13, the input voltage for the upper tube VOI 
is also applied to the grid of VI in order to get a phase
reversed driving voltage for the lower tube V02• At the 

same time, the output voltage is fed back to the cathode 

of VI in a degenerative fashion. Here, K% and Ko are 

the voltage dividing ratios at the input and the output, 

respectively. Usually the load Z is not tapped and the 
feedback voltage is taken from the arm of a potentiome
ter connected across Z. I t is assumed throughou t this 

• W. H. Coulter, "Amplifier circuit having series-connected 
tubes," l'. S. Pat. 2,659,775. 
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Fig. 13-The equivalent signal-voltage circuit of a single-ended 
push-pllll amplifier with the Coulter driver (degenerative type). 

paper that the output impedance of the output stage is 
very low. Then, Thevenin's theorem shows that the 
resistance of the potentiometer may be included in the 
cathode resistor RK with the feedback voltage directly 
taken from the tap on the load impedance Z. 

Solving the circuit for balanced driving voltage, the 
following equation is obtained: 

Rd�lKr(2Ao + 1) - 2(�1 + I)KoAol 

= RL + Rp! + (�l + I)RK' 

where 

At first sight it might seem that there are an infinite 
number of combinations of Kt and Ko that give bal
anced driving voltage. However, it should be recalled 
here that the balance should not be affected by the 
variation of the load impedance. Differentiation of the 
equation with respect to Aogives 

• 

Rd 2J'IKr - 2(�1 + I)Kol = 0, 

or 

"'I 
Ko = --- Kr. 

�l + 1 

Then the satisfactory combination of the dividing ratios 
is given by 

Fig. 14-The equi\'alent signal-voltage circuit of a single-ended 
push-pull amplifier with the Coulter driver (regenerative type). 

The circuit of Fig. 14 employs positive feedback, and 
may be analyzed in a similar manner. The balancing 
condition is given by 

{"'lKr + 2(�1 + I)K�401 RL 
= (2Ao + 1) {RL + Rp1 + (�l + I)RKI. 

Differentiation of the equation with respect to Ao leads 
to 

Thus, the required combination of the dividing ratios is 

RL + Rpl + (�I + I)RK ) 
Ko = and 

(�l + I)RL 
(12) 

RL + Rpl + (PI + I)RK 
Kr =--------

Under this condition, #sIRI 

EGI = EG2 = - ErN. 
As might be expected from inspection of the circuit 

connections, (11) and (12) are identical. In the circuit 
of Fig. 14, misadjustment of positive feedback might 
cause instability. When Ko is made such that 

..... RL + Rpl + (�I + 1)RK Rpo + (�o + 2)Z 
Ko E, • , 

(�l + I)RL J'oZ 

the amplifier becomes unstable. 

CO�CLUSION 

Drivers for a single-ended push-pull stage have been 
analyzed with stress on the balance of the driving volt

(11) ages. Actually, other factors, such as gain, distortion, 
and frequency characteristics must be considered in the 
selection of a suitable driver for a particular case. 

Under this condition The author has no intention of insisting that the driv
ers presented in the paper are the only possible drivers 
for the single-ended push-pull connection. Rather, he is 
eagerly looking forward to the advent of new and better 
drivers for this push-pull circuit. 
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1 
This invention relates to a new amplifier cir

cuit having series-connected tubes. A valuable 
feature of the circuit is its ab1l1ty to feed more 
power into low impedance loads than generally 
obtainable heretofore with prior art vacuum tube li 
circuits. 

A problem frequently encountered in electronic 
circuit design is the transfer of power from the 
output circuits of vacuum tubes which are of 
relatively high impedance to loads of relatively 10 
low impedance. Vacuum tubes, in comparison 
to low impedance loads of a few hundred ohms 
or less, are relatively high impedance devices. 

The circuit is particularly suited for the out
put of audio frequency amplifiers where its abil- 16 
lty to teed low impedance loads makes practi-

2 
power outputs are equal. Input si�nals to the 
two tubes are fed in opposed phase through the 
meOlum of a phase Inverter sucn as a prior stage, 
In other words a single ended input will have 
a Signal feeding one tUl)e of the series pair. the 
other bemg fed through the phase inverter. In 
order to have the signal across each of the tubes 
airectly proportional to the desired relative power 
output, Ciegeneration 10 one of the series pail' 
must be compensated for. The tube which has 
its cathode connected to the plate of tlle other 
tube acts like a cathode follower and is inherent
ly degenerative. buitaole leedbacit is ootamed 
nom the load circuit and ettectively applied to 
the phase inverslon stage to compensate Ior this 
degeneration, and for example, in the case of 
identical senes connected tubes, renders the out
puts substantially equal to provide in etfect a 
balanced output. The one tuoe may be supplied 

cal a direct connection to dynamic loud speaker 
voice coils wlthout requiring the use of an inter
vening impedance matching transformer as com
monly employed. 

Vacuum tubes have an output impedance of 
the order of several hundred obms at least and 

20 with positive feedback, or in the alwrnative the 
other tube may be supphed wltll negative feed_ 
back. 

for many types the impedance is much higher. 
By contrast a loud speaker of the dynamic type 
will generally have an input impedance of from lIS 
3 to 16 oJlms. Such devices may be made to have 
an impedance of 100 01' :1.00 ohms 01' even higher 
but such range of value generally represents the 
maximum impedance WhlCh can be economically 
built into such a device. :JII 

Numerous attempts nave been made to devise 
means for coupling a siJeaker load directly to an 
Rmphtter witnout the use of such impedance 
matchlllg devices as transformers. This in \fen
tion provides a circult wherein direct couphng 3;; 
between the amplifier and a low impedance load 
Is practical without senous mismat.eh. A Clr· 
cuit embodying the present inventIOn is simple 
and may be put into an amplUier witnout incur. 
ring substantial expense. A system emboaylllg 40 
the pre:,ent invent.lOn IJrovides an amplifier hav
Ing a low output impedance 01 the same order 
as the impedance in such a device as a loud 
speaker for example. 

'l'he invention, in general, contemplates two 45 
vacuum tubes in series as far as spa�e current 
18 concerned. The load is connecwd between 
the Junction of the two tubes and a point main
tained at a suitable potential. Each tube may, 
of course. be replaced bY several tubes in paral- 50 
le!. The two l>eries connected tubes may be simi-
lar or not. depending

' 
upon desired operating 

characteristics.. A particularly simple system re
sul� from the use of two similar tubes and op
eratins them Similarly so that tbeir respective 615 

III accordance with the patent laws. preferred 
embodiments of the invention have been mus
trated in t.he accompanYlllg drawing and de
scrioed 10 detail in the specification which fol-
lows. In addition Certa1n prior structures have 
been illustrated and deSCribed in order to render 
more lUCld tne ae"criptlon of tne invention and 
to explain the theory of operation thereof. 

In the drawings: 
Fig. 1 is a circuit diagram of an amplifier of 

known constructlon, utll1Z1Dg a senes connected 
output pair of tubes each giving substantially 
equal outl-iut to a load witnout use 01 an output 
transformer, but in which the input is obtained 
thl'ough the use of a translormer navlOg pnase 
oppo�ed secondaries. 

l'igs. :.I and a lllu:>trate various types of output 
circuits 10r use with the amplirter of Fig. 1 but 
which are likewise capable of oemg used with the 
invention. 

Figs. 4 and 5 are circuit diagrams of the pre
fened embodiments of the invention charactel'
ized, among other things, bY single ended inputs 
and feedoack to compensate tor degeneration in 
the top tubes of the series connected pairs there 
1llustrated. 

Relerr,ng first to FigUl'e 1. vacuum tube .0 
has cathode 11, conWol grid 12 and anode '3, 
Cathode •• js connected through bias resistor 
I fi to junction ". Condenser 11 may be con
nected across bias resistor I & to provide a low 
impedance path 10r alternating current. 

VacuUDl tube 11' has cathode, control grid and 
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anode correspondIngly numbered with primed 
numbers. Cathode 1 1' is connected to junction 
I &' through bias resistor 15'. Shunting bIas re

sistor 1&' is condenser 11'. Anode I' of tube ID 
is connected to Junction 1&'. Between junction G 
1& and anode 13' is connected power source 20 

of any suitable type. 'lhis power source may be 
rectified altel"nating current with or without the 
usual filtering means or may be batteries or other 
suitable means but must provide a low impedance 10 
by-pass for signal frequencies. This may be ob
tained by condensers 2 1  a and 21 b. The batteries 
are shown merely for con.enience. As is clearly 
indicated in the drawing, the positive terminal 
Of power source 20 is connected to anode 13' 16 
while the negative of the power source is con
nected to junction 1&. 

lt is preferred to have tube ID and ID' subste.n
tially identical as far as peak current character
iStl\;S are concerned. l-o�er supply 20 has point 20 
22 whose potential is half-way between the ex
treme posltlve and negative terminals of the en
tire power supply for the condition that tubes 
iD and ID' are matched. Where dissimilar tubes 
are used, the location of tap 22 will be corre- 211 
spondingly moved. Between terminal 22 and 
junction 16' ioad 23 may be connected. 

Input signals 180" out of phase are fed to con
trol grids I� and 1.2' of the two tubes. As shown 
in the drawing. a transformer is used. Trans- 10 
former Z5 has pl"imary 16 supplied with signals 
from a suitable source. Transformer 2& has 
secondaries 21 and 21' connected between junc
tion 16 and 16' respectively on the one hand, and 
control grid 12 and 1 2' respectIvely on the other IG 
hand. The polarity of connections is such that 
the signals are 1800 out of phase exactly as in 
a conventional push-pull system. 

The relative amplitudes of the input signals to 
tubes ID and IG' will be proportional to operat- � 
ing requirements. Thus in case tubes ID and ID' 
are Similar and operated Similarly, the Signal am
plitude.:; will be equal. Where dissimilar tubes 
are used, the input amplitudes will depend upon 
the o ... erating characteristics of the tUbes. In 'G 
this regard. the location of tap 22 will be one of 
the factors governing the tube operation. 

The output circuit for direct current may be 
considered as going from the negative terminal 
of power supply 20 to Junction 16, through the 10 
bias resistor and vacuum tube ID to junction 16', 
through bias resistor 15' and then through vac
uum tube IG' to the positive terminal of power 
supply 20 and then down through the power sup
ply to the negative terminal. Assuming that 61S 
no signal is pre::.ent upon the control grids of the 
two tuoes, it will be clear that there should be 
no diflerence in potential between junction 11' 
and terminal 22. Thus no current will fiow 
through load 23. Now assuming that a signal is ClO 
applied and that control grid 12' becomes more 
positive while control grid 12 becomes more nega
tive, the current through tube ID' will increase 
while the current through tube ID will decrease. 
It will thus be evident that the balanced bridge ClIS 
relationship normally existing is destroyed as 
far as the signal frequency is concerned and a 
difference in potential across the load is created. 
Thus as the currents through the two tubes vary 
in opposite senses, the bridge will becom,e unbal- TO 
anced first in one direction. and then in the 
reverse direction to result in currents flowing 
through the load first in one direction and then 
10 the other direction. 

4 
trically Isolated from each other. Thus the sig
nal amplitudes at the two grids are measured 
with respect to the respective cathodes. No de-
generation will therefore occur in top tube IG'. 

As far as the load is concerned. tuoes 10 and 
ID' are in parallel so that the impedance faced 

by load 23 will be one-fourth of the impedance 
faced by the load if the two tubes are similar 
and in normal push-pull relation. It should 
also be observed that even harmonics are bal
anced out in this circuit in substantially the same 
manner as in a conventional push-pull system. 

In connection with the system shown in Fig
ure 1, if load 23 provides a direct current path 
through it, then tubes ID and ID' may be oper
ated in any manner desired. "If. however. load 
23 is capacitive :..n character and does not pro
vide a DIrect current path, then tUbes IU ana 10' 
should pI'eferaoly be operated as class A ampli
fiers, with space current passing through at all 
times. Even if tubes IG and ID' are cut oIf, load 
23 would supply space current f(lr part of a cycle 
but di!>tortion might result. 

As thus far described. tne amplifier is known 
in the art. but the input as heretolore used has 
always included a transformer giving rise to 
proolelDS of weieht. expense. and frequency re
SI-onse. A single ended mput usmg a phase in
version stage has not been substituted for the 
trans.ormer mput because sucn an mput WIthout 
the construction hereinafter described destroys 
the si�nal symmetry of the inputs to the tuoes 
of the series connected pair preventing substan
tialiy equal. or etlectively balanced output. The 
tube 10' in such a case would act exactly as a 
cathode 10Uower and would be degeneradve, 

As stated above, and as described herelOafter 
in connection with l'igs. 4 and 5, I am enabled 
to use a series connected pair. obtaining equal 
outputs with a single ended input, by compensat
ing for the degenerationproduced in the tube ID' 
through the use of a feedoack connection extend
ing from the load to the phase inverter stage. 
'lhis compriSes the invention herein and it in
cludes supplying positive leedoaclt to the top tube 
for neutraliZing the degeneration therein, or sUP-
plying negative feedback to the bottom tube to 
compensate for the degeneration in the top tube. 

Various types of output circuits may be utilized 
with the invention as well as with the prior am
phner illustrated in l'ig. 1 to achieve salutary 
results. In Figs. 2 and 3 the feedback connec
tion is not illustrated in the output circuits to 
emphasize that the circuits are dependent only 
upon substantially equal outputs of the series 
cpnnected pair and hence may be used with a. 
transformer input amplifier. 

Referring now to l''1gure 2. load 23 is con
nected between junction 16' and junction 22'. 
Between junction 22' and the negative terminal 
of power supply 20 is connected power supply 
20'. Power supply 20' has a potential at its ter
minals one-half the potential existing across 
power supply ID assuming the tubes to be Similar. 
The positive terminal. of power supply 20' will 
be connected to junction 22'. 

Referring to Figure 3. power supply 2G' is re-
placed by condenser 20b. connected in series with 
the load across tube ID. It is possible to connect 
condemer 20a in series with 2Gb. the two con
densers being disposed across power supply ZO'. 
Condensers 20a and 20b should have low imped
ance for any Signal frequencies and preferably 
should each have an impedance less than the 

It. will be noted windlngs 21 and 21' are elec- 'lI impedance of the load. It Is possible to omit 
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either of condensers 20a and 20b. The condena- l1ne 11. Grid I.' la connected through blocking 
er arrangement may be so arranged as to pro- condenser 12' to anode" of phase Inverter n. 
vide for proper division of anode potentiala. Tube n has cathode It connected through re-

In all the circuits shown, it is desirable that Sistor I. to potentiometer wiper 11 operating on 
the power supply have a"low impedance for the 3 resistor 11 shunted "across load 12. Resistor 11 
lowest signal frequency and in general this may is large in comparison"to the impedance of load 
be accomplished by having a condlmser by-pass 12. Control grid 11 of phase Inverter 81 is con_ 
the entire power supply. In the case of FIgure 3, nected to ground by grid resistor 1C and Is also 
the use of twr> condensers wlll make It generally connected through blocking condenser 11 to po-
unnecessary to have a by-pass for the power 10 tentiometer wiper 11 cooperating with resistor 11 
supply. , connected across the signal channel .1 and 11. 

As has been pointed out, load ZI In FIgure 1 Anode 11 is connected to line 8. by means of 
and the corresponding loads in Figures 2 and 3 dropping resistor 11. Between lines 85 and 11, 
may be a resistor or Inductor. If the latter Is a suitable source of high potential is connected 
used. the load may consist of the primary of a 15 for supplying space current to the various tubes. 
transformer or may be a choke for coupling Through suitable adjustment of wiper 10 an 
purposes. Thus as in example. load 21 may be exact cancellation of the degenerative effect on 
used with advantage In coupling to the mixer tube 14' due to any signal voltage appearing 
stage of a transmitter. Instead of expensive across load 12 may be effected. When wiper 18 
huge transformers a comparatively low cost in- 20 of resistor 11 and wiper 11 of resistor 11 are 
ductance may be used. The load may be ca- properly adjusted an identical net signal voltage, 
pacitive if desired. which is desired for similar tubes, wlll appear 

For simplicity, the tubes shown are of the three between the grid and cathode of tubes U and 
electrode type. However, vacuum tubes having 14' irrespective ot load Impedance chimges or 
four or five electrodes may be used. The addi- 25 extraneous voltage components Introduced into 
tional electrodes may be connected In the usual the load by tubes .4 and 14'. 
manner to maintain the same at desired poten_ In the system shown In Figure 4, degeneration 
tlals, such connections usually Involving poten- at top tube 64' Is neutralized by feed back to 
tlal dividers and by-pass condensers. In addi- this tUbe. It is possible to provide for degenera-
tion, the customary inverse feed back circuits 30 tive effects at the bottom In Figure 5 wherein 
for correcting frequency distortion in audio fre- the circuit is generally similar to Figure 4 except 
quency amplifiers may also be utlllzed. for the following: anode 88' is connected through 

In Figures 4 and 5 there are lllustrated cir- coupling condenser 52a to the Input circuit of 
cuits embodying the Invention wherein the input lower tube &4. It w1ll be noted that line &0' of 
to the amplifier is single ended, that is to say, 35 the signal channel Is connected through coupling 
consist') of a simple two conductor Signal chan- condenser &2b to the Input circuit of upper tube 
nel. The signal is fed on the one hand to one 1i4'. Wiper 1&' is connected through coupling 
tube of the series connected pair and Is also condenser 71' to the Input of inverter tube &1'. 
Simultaneously inverted by a phase Inverter stage Thus degeneration normally present in the top 
and fed to the other tube of the pair. Thus the 40 tube wlll also be Induced in the bottom tube to 
two tubes each receive the same signal but of an equal degree, assuming that proper adjust-
opposite phase. Any of the outputs of Figs. 2, ments are made. In Figure 5, feed back resistor 
3, 4 or 5 may be used with such amplifier cir- 11' Is across both blocking condenser 81' and 
cuits, but since the top Input circuit Includes load 82' whereas lD Figure 4, the corresponding 
the load (usually with a grounded circuit for the 45 resistor is In shunt to the load only. 
top tube) there wlll be a lack of symmetry. Thus Grid resistors for completing the grid circuits 
the potential of the top grid to ground is sub- are shown in various figures. Cathode bias re. 
stantially higher than that of the bottom grid to sistors are also shown. However, other means for 
ground by the amount across the load. The net insuring desired grid bias may be utlllzed. In 
result will be degeneration in the upper or top !)o certain Instances no grid bias may be necessary. 
tube, similar to that in a cathode follower. In The various circuits lllustrated are useful in 
Figures 2 and 3, if the load Is of the constant various classes of amplifiers. Thus, Figure 3 
impedance type, a predetermined fixed signal may be used in class AB amplifiers even though, 
ratio to the top and bottom tubes may be pro- at first glance, it may appear to be unsuitable. 
vlded for obtaining substantially equal power 55 The use of the word "tube" throughout the 
outputs. However, for variable impedance loads, specification and claims herein is not intended 
It wlll be necessary to provide for variable ratio by way of limitation to any mechanical Or geo-
inputs. Thus one system having such variable metrical structure, but rather is intended as an 
ratio inputs is shown in Figure 4. explanatory appellation of the electronic am-

Referring, therefore, to Figure 4, lines 10 and 60 plifying valve structure In the range of equiva-
& I may be a source of signals. For convenience, lents as understood In the art. 
line &1 is grounded. LIne &I feeds signals through What is claimed is: 
blocking condenser 52 to control grid n of am- 1. An amplifier having a first tube and a sec-
plifier &4. Cathode &5 is connected to grounded ond tube, each tube having at least a plate, a 
line &1 through bias resistor &8 shunted by by- 65 grid, and a cathode, the cathode of the first tube 
pass condenser &1. Anode &1 is connected to being connected to the plate of the second tube 
junction &D. Between junction 80 and ground at a common point, a source of D. C. plate 
are connected blocking condenser 81 and load potential connected across the tubes from the 
82. Load 12 In this instance preferably pro- plate of the first tube to the cathode of the sec-
vides a direct current path and may be the 70 ond tUbe. said cathode of the second tube being 
voice coil winding of a dynamiC speaker. From at signal ground potential, a load connected be-
junction 80, bias resistor 11' shunted by con- tween said common point and ground, a signal 
denser Il' goes to tube &C'. The connections of Input source, a phase inverter comprising a third 
the various electrodes In tube IC' are generally tube having at least a plate, a grid and a cath-
similar to tube 14, anode 51' be1Dg connected to 71 ode, 8aid mput source being connected to the 
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6. An ampll1ler a.a described in claim 4 in which 

said one tube Is the first tube and said other 
tube is the second tube, and the feedback signal 
is positive in character. 

7. An amplifier as described in claim 5 in 
which said one tube is the second tube and said 
other tube is the first tube and the feedback sig. 
naIls negative in character. 

grid of·the said third tube, the plate of the third 
tube being connected to the grid of one of said 
first and second tubes, the input source also be
ing connected to the grid of the other of said 
first and second tubes, a feedback path connected G 
from a potential point of the load connection of 
said amplifier to the cathode circuit of the in
verter whereby to apply a feedback potential 
thereto and cause the inverter to drive said one 
tube with a signal derived from said feedback 
path in addition to the signal input source to 
compensate for. degeneration inherent In said 
first tube and produce substantially equal output 

8. An amplifier havmg a first tube, second 
10 tube, and third tube, each tube having at least 

a grid, cathode and plate, the cathode of the 
first tube and plate of the second tube being 
JOined to provide a common A. C. point and a 
source of D. C. plate potential connected across of the said first and second tubes of said ampli

fier. 
2. All a.mplifier as described in claim 1 ·in 

which the said one tube is the first tube and the 
said other tube is the second tube and the feed
back signal derived from the amplifier output is 
positive in character. 

3. An amplifier as descl'ibed in claim 1 in 
which the said one tube is the second tube and 
the said other tube is the first tube, and the feed
back f>ignal derived from the amplifier output is 
negative in character. 

4. An amplifier having a first tube and a sec
ond tube, each tube having at least a plate, a 
grid, and a cathode, the cathode of the first tube 
being connected to the plate of the second tube 
at a common point having an output signal po
tential, a source of D. C. plate potential con
nected across the tubes from the plate of tile 
first tUbe to the cathode of the second tube, said 
cathode of the second tube being at signal ground 
potential, a load connected between said com
mon point and ground, a signal input source, a 
phase inverter comprising a. third tube h!1ving 
electrodes including at least a plate, a grid c.nd 
a cathode. EaiC! input source being connected to 
the grid of the phase inverter and the grid of one 
of said first and second tubes. the plate of the 
phase inverter being connected to the other of 
said first and second tubes to feed an in'/erted 
signal thereto, a feedback path connected from 

15 the tubes from plate of first tube to cathode Of 
second tube, said cathode of the second tube be
ing at signal ground potential and the first and 
second tubes thereby comprising a series con
nected pair, a load coulJled between the common 

20 POint and ground to be driven by the output of 
the amplifier, said third tube comprising a stgnal 
inverter stage, a signal input source, a first con
nection extending from the l>ignal input source 
through the inverter stage to the grid of the 

25 said first tube and feeding a Signal to the grid 
of the first tube with respect to ground thereby 
causing a voltage to appear across the load to 
ground which is in negative feedback relation 
to the applied signal insofar as the grid-cathode 

30 circuit of said first tube is concerned. a second 
connection extending from said signal input 
source to the grid of the second tube and feed
Ing same a signal with respect to ground in 
phase opposition to the signal applied to the 

35 said first tube grid, a feedback path from the 
common A. C. point to the said third tube for 
introducing a positive feedback sig�al which 
augments the amplitude .of the said Signal ap
plied to said first tube so that said negative feed-

40 back aiTocting said first tube is opposed. 
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