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My present invention relates to push pull am-
plifier circuits, and more particularly to push pull
power output circuits provided with positively
biased signal control grids.

5 When the demand for increased power output
from a radio receiver reached a point where it was
no longer economical to increase the output of the
class A push-pull audio output systems, there was
provided the class B .push-puil audio output sys-

10 - tem. The latter for a given cost permitted an
output of from two to three times the power out-
put of the class A output systems. After the class
B push-pull audio amplifier had been adopted for
battery cperated receivers, it was found necessary

15 - to provide another type of class B audio cutput
systein which could be particularly employed with

alternating current operated receivers. Thisim-*

proved type of class B audio output system uti-
lized no bias on the signal control grids of the push

20 pull tubes. Such zero bias class B audio tubes
are described, and push pull output circuits em-~
bodying such tubes are shown by L. E. Barton in
the Proceedings of the Institute of Radio Engi~
neers of July, 1932 in an article entitled “Applica-

25 tion of the class B audio amplifier to AC operated
receivers”,

I have found that there are certain disad-
vantages inherent in push pull power output
stages employing grids biased negatively, or zero.

30. Accordingly, it may be stated that it is one of the
main cbjects of the present invention to provide
a push pull output stage with signal control grids
biased positively, instead of negatively or zero,
as at present, the grids having a positive bias of

35 " such magnitude that the push pull tubes are work-
ing all the time instead of only one at a time, as
in push pull eircuits of the class B type, the input
impedance of the push pull circuit, as seen from
the driver stage, being substantially constant.

40 Another important object of the present in-
vention is to provide a power amplifier output
stage including a pair of tubes connected in push
pull, the signal grids cf the push pull tubes being
coupled to a driver stage and the anodes being

45 coupled to a load, the said signal grids being main-
tained at & fixed positive bias substantially half
way up to maximum plate current on the charac-
teristics of the push pull tubes whereby the power
sensitivity of the circuit is doubled with respect

50 to push pull circuits used at present with the same
load, the same power cutput being obtained from
half the former grid swing.

Another object of the presént invention is to
provide & push pull power output stage including

55 “means for maintaining the signal grids positively

(CL 179—171)

biased to a magnitude such that the signal volt-
age swing is substantially within the positive re-
gion of the grid voltage-plate current character-
istics of the push pull tubes, the grid resistance of

the push pull stage, as seen from the driver, be- 5

ing substantially constant, and the push pull stage
being driven without distortion and with good
regulation of direct current drain.

Another object of the invention is to provide
& push pull power output stage wherein the cath- 19
ode of the preceding driver stage helps keep the
bias constant on the signal grids of the push pull
stage.

Still another object of the invention is to pro-
vide a push pull audio frequency amplifier stage 15
including a pair of tubes coupled to a preceding
driver stage and a following load, and wherein the
signal grids of the push pull tubes are maintained
at a positive potential of such magnitude that the
pair of push pull tubes will stand a power output 20
of the order of 24 watts on the plates between
them with all the advantages of low distortion and
good: direct current- drain regulation.

Still other objects of the invention are to im-
prove generally ‘the efficiency of push pull audio 25
amplifier output circuits, and to particularly pro-
vide circuits of this type which are not only eco-
nomical, durable and reliable in operation, but
economically manufactured and assembled for
use in apparatus requiring amplification of audio 30
frequency energy.

The novel features which I believe to be char-
acteristic of my invention are set forth in particu-
larity in the appended claims, the invention itself,
however, as to both its organization and method 35
of operation will best be understood by, reference
to the following description taken in connection
with the drawing in which I have indicated dia-
grammatically = several circuit organizations
whereby my invention may be carried into effect. 40

In the drawing,

Fig. 1 diagrammatically shows a circuit em-
bodying the present invention,

Fig.2 shows a modification of the biasing means
shown in Fig. 1, ' ‘ 45
Fig. 3 shows a modification of the circuit of

Fig. 1,

Fig. 4 graphically demonstrates the Ez—1Iyp char-
acteristic of each push pull tube of Fig. 3.

Referring now to the accompanying drawing 50
wherein like reference characters designate like
circuit elements in the different figures, there is
shown in Fig. 1in conventional manner a circuit
arrangement which includes a source of signal
energy which is coupled by means of an audio 55
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frequency transformer 'Ti to a conventional driver
stage. This driver stage may include a tube ar-
ranged to opérate as a class A amplifier in the well
known manner.

The sighal energy source may be the miecro-
phone of a public address system, the detector
output of a radio receiver of any well known
type, or the sound source of talking moving pic-
fure equipment. In other words, it is to be clear-
ly understood that the present invention is
adapted for general use with a source of signal
energy of audible frequency. The output of the
driver stage is coupled, as ab Ts, by a step-up
audio frequency transformer to a push pull am-
plifier stage which embodies the present inven-
tion.

The push pull stage includes a pair of tubes
§, 2. The anodes of both tubes are connected
to opposite sides of the primary coil of the cutput
transformer ‘T3, and the midpoint of the primary
coil is connected by the lead 3 to the positive ter-
minal of a source of anode potential B (not
shown) having a ‘magnitude ‘of the order of 400
volts.. 'The secondary coil of transformer T3 may
be connected to any desired load, such as a re-
producer of the electromagnetic, electrodynamic
or electrostatic type.

The midpoint of the secondary coil of ftrans-
former To is connected by a lead 8 to a desired
point onx the bleeder resistor R, an adjustable tap
connecting this bleeder to the lead 4. One side
of the bleeder is grounded while the other side
is connected by a lead 5 to the lead 3. All points
on the bleeder R, of course, are more positive than
ground. ‘The cathodes of tubes | and 2 are
grounded in the usual manner by connecting the
electrical midpoint. of their common resistor to
greund. 'Thelead t4 is by~passed to ground by a
condenser C which is preferably a low voltage
electrolytic condenser of very high capacity, this
being pariicularly. suitable for by-passing the
positive grid return point, The tap P is adjusted
to a point on the bleeder resistor R such that a
positive “direct current potential is maintained
on each of the signal grids of tubes. { and 2 of a
magnitude of the order of 20 volts.
~In Fig. 2 a modification of this. grid biasing
arrangement is shown, and it will be noted that
the bleeder resistor R is arranged in series be-
tween the grids and the positive terminal of the
plate potential source. This arrangement in-
sures a constant current system. - Otherwise, the
arrangement in Pig, 2 is the same as in Fig. 1.
The theoretical, as well as practical advantages,
of the arrangement shown in Figs. 1-and 2 will
new be explained.

Since the principles of the invention involved
are the same in both Figs. 1 and 2, except for the
modified grid biasing arrangement of Fig. 2, at-
tention will be directed to Fig. 1, and to the fact
that the essential feature of the present inven-
tion is to provide a power output stage, of the
push pull type, with the signal grids biased posi-
tively insiead of negatively; or zero, as ab present,
this resuiting in the securing of the advantages
of class A push pull eperation with the additional
advantages of substantially no distortion, sub-
stantially constant grid resistance, when seen
from the driver stage, and substantially less plate
potential for similar power outputs of class B
push pull circuits known-in the prior art. That
these additional advantages can be secured has
heen demonstrated both from the analytical, as
well as experimental view-point.

From the analytical view-point it can be shown

 oubput stages.

that considered from the grid side of the push
pull circuit embodying the present invention, the
grid resistance is constant, as seen from the
driver stage, and equal to the positive grid bias
divided by the plate current at peak swing volt- - §
age.

MNow, suppose that the pair of tubes in Fig. 1
are given a bias of 4-20 volts, and the grid swing
is made from zero to 4-40 volts, or 20 volts peak.
T4 can be shown that the power output in the 10
common ancde circuits of the push pull stage .
embodying the present invention is not appreci- -
ably lessened with regard to the power output
cbtainable in push pull circuits known heretofore.

The reason is found in the fact that both 15
tubes are now working all the time, instead of
only one at g time as in prior types of push pull
It should b2 noted that the power
sensitivity is doubled, since the same output is ob-
tained from half the former grid swing. ~As 20
stated heretofore, on the grid side of the push pull
stage embodying the present invention the grid
resistance seen Ly the driver is now constant.
This can be driven without distortion by a driver
that can furnish an undistorted output which is 28
equal to one half the product of the positive grid
bias and the plate current at peak swing voltage.

Another way of looking at the construction is
to- consider that distortion on the grid side is
caused not by the grid conductance but by varia- 30
tions in the same. It is shown in the analysis
thatfortherange over which both grids draw cur-
rent; the grid conductance is essentially constant,
hence small distortion occurs. This is not true
with zero or negative bias (Class B or Class A"); 35
hence with positive bias the-driver conductance
"does not have to be made very large to. swamp
out variations in the grid conductance; it can be
madeequaltothe now constant grid conductance,
hence better conductance of power and less 40
driver power is required. At the same time it can
be shown that the grids need not be driven as
hard to get the same output from the tubes,
which means a further saving in driver power
over that required in Class B. 45"

To summarize some of the advantages which
have been found to be obtainable in connection
with a push pull power output stage embodying
the present invention, it may be pointed out
that the power cutput obtainable is substantially 50
the same as in push pull circuits of the class A
and class B type; the power sensitivity is sub-
stantially doubled; the driver stage undistorted
power output rating necessary may be as low as
04 watts.  The distortion is negligible; a .good 55
regulation of direct current drain is secured with
about 80-100 m. a. with no signal, and 125'm. a.
with maximum signal; and the output impedance
is constant over the signal cycle and is low with
respect to the speaker impedance, where the load 00
is a loud speaker.

The source of bias, when choosing the method
of obtaining the positive bias for the grids of the
circuits of Figs. 1 and 2 (as well as in connec-
tion with Fig. 3 to be later described) should 63
have low alternating current impedance, because
even harmonic components of grid current must
fow in it. Direct current resistance should be
low, but this is not so important. In fact, some
direct current resistance might be an advantage,
because it will act to reduce the bias as the sig-
nal increases, and thus keep down the corre-
sponding - increase in -plate: current drain. It
should be noted that it is not necessary to carry 15
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the present positive biasing arrangement to the
extreme limit.

Any positive bias at all will give less distortion,
and require less driver power reserve than the
negative bias, or zero bias, systems. Hence, the
practical mode of procedure is to bias the push
pull tubes positive as much as they will stand,
and then o swing the grids as hard as necessary
to give the required output, regardless of the fact
that either, or both, plate current cut-off and
grid current cut-off points are overpassed.

It will now be seen that the essential feature
of the present invention is to positively bias the
signal grids of the push pull tubes to such .a
maguniture that substantially the entire signal
voltage swing is confined within the positive re-
gion of the characteristic of each of the push
pull tubes.

In Fig. 2, if the grid should happen to draw
more current with increasing signal, the positive
bias will decrease correspondingly owing to the
greater IR drop in resistance R. Hence for
strong signals the direct current plate current
of the ocutput tubes will not increase as much as
it would if the bias were constant, and the cur-
rent drain of the stage does not vary as greatly
as it would with constant bias. In Pig. 1, the
bias is provided by the drop in the ground side
portion of R, and any change in the average
grid current has correspondingly less effect on
the voltage developed at the point P.

In Fig. 3 there is shown a modified form. of
the invention wherein the signal energy source,
which may now be the detected output of a ra~

- dio receiver, is coupled, as explained in Pig. 1,

to the input electrodes of a driver tube 6. The
anode .of the tube 6 may be connected, through
the primary coil of transformer Ts, to the posi-
tive terminal B of the plate pofential source of
the push pull.tubes I’ and 2’. The push pull
tubes in this modification are of the 246 type.
This type of tube is not a part of the present
invention, and has in fact been described by
L. E. Barton in the Proceedings of the Institute
of Radio Engineers for July, 1932.

Hence these tubes have been conventionally
shown as including a pair of grids tied together,
one of which is coarse meshed and the other fine
meshad. These tubes have been disclosed for

use in class B, zero bias, push pull amplifier cir- -

cuits by L. E. Barton in the aforementioned ar-
ticle. The same tubes may be used for use in
the present invention, and are therefore shown
in the modification of Fig. 3. .

In Fig. 4 there is shown the Ec—I» characteris-
tic of each of the push pull tubes of Fig. 3. It
will be noted that each tube is operated with a
plate potential Ep having a magnitude of the

- orgder of 1400 volts, the midpoint of the primary

of the transformer T3 being connected by a lead
3’ to the .positive terminsl of the plate potential
source B. In this modification, however, the
cathede of the driver tube 6 helps keep the posi-
tive bias on the grids of the tubes I’ and 2’
constant. This is accomplished by connecting
the ungrounded side of the cathode resistor T of
the driver stage to the midpoint of the secondary
of transformer Tg through a lead 8. The lead 8
is grounded through a condenser Ci of the same
type as the condenser C in Figs. 1 and 2.

It is also to be noted that this arrangement
would be easier to work for a push pull driver
stage, in which no currents at fundamental fre-
quency flow through the cathode resistor; but
only at even harmorics. If desired, an added

source of biasing current from the positive ter-
minal of the B supply may be provided by means
of a resistor R: connected between lead 8 and
the lead to the primary coil of transformer Ta.

The cathode impedance of the tube § acts as
a voltage regulator for if the cathode voltage is
raised less plate current flows in 6, thus opposing
the change in cathode potential. Actually the
condition is as if resistor 7 were shunted by Gm
of the tube which might be in the order of 1000
ohms. The result is that the tube in this con-
nection acts somewhat like a rather inefficient
glow tube device. In this circuit the chief func~
tion of the resistor R: is. tc supply current to
make up for that drawn by the grids; thus, if
plate current in tube 6§ were 6 m. a. and the grids
draw 4 m. a., there would be only 2 m. a. to flow
through 7 to provide bias which might not be
enough in a given case. However, it is conceiv-
able that the circuit would be operative even if
Ri1 were open.

Considering Fig. 4 again it will be noted that
it has been designated on the characteristic that
each tube is to be operated with a positive bias
Ec of the order of magnitude of 4-25 volts. The
signal voltage swing in such a case is shown by
the curve 8, and it will be noted that it is sub-
stantially confined within the positive region of
each characteristic. To run a pair of 246 tubes
in this manner would require a positive bias on
the grids of 25-30 volits and the primary current
would be 60 milliamperes per tube or more (no
signal) which at 400 volts direct current would
be 24 watis plate dissipation. A pair of 246 tubes

will stand 24 watts on the plate between thein, s

and will deliver 12 watts good output by this
system, with all the advantages of low distor-
tion and good current drain regulation men-
tioned heretofore. Of course, if desired, 250 type
tubes may be employed, these tubes rating at
25 waftts, or 210 type tubes using carbon plates,
which rate at 25 watts, may be employed.

While I have indicated and described several
systems for carrying my invention into effect, it
will be apparent to one skilled in the art that my
invention is by no means limited to the particular
organizations shown and described, but that many
modifications may be made without departing
from the scope of my invention as set forth in the
appended claims.

What I claim is: :

i. Electric wave repeating apparatus compris-
ing divided input and divided cutput circuits with
a pair of vacuum tubes connected in opposition
therebetween, each of said tubes having a grid
and a cathode, said grids being at a substantially
high positive potential with respect to said cath-
odes in the absence of signal waves in said input
circuit, a positive potential source connected be-
tween the anodes of the tubes and said cathodes,
and means, in shunt with said source, and con-
nected to the grid circuits of said tubes for pro-
viding said positive bias.

2. Electric wave repeating apparatus compris-
ing divided input and divided output circuits with
a pair of vacuum tubes connected in opposition
therebetween, each of said tubes having a grid
and a cathode, said grids being at a substantially
high positive potential with respect to said cath-
odes in the absence of signal waves in said input
circuit, a driver tube preceding said pair of tubes,
and means common to the cathode circuit of said
driver tube and the grid circuits of said pair of
tubes for maintaining said positive bias constant,

3. An amplifier for alternating current waves
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comprising a pair of tubes connected in push-
pull relationship, a source of positive volfage for
the anodes of said tubes connected between the
cathodes of the tubes and the common anode cir-
cuit of the tubes, and a path, including -im-
pedance, connected between the grids of the tubes
and the positive side of said source.

4, An gmplifier for alternating current waves
comprising a pair of tubes connected in push-pull
relationship, a source of positive voltage for the
anodes-of said tubes connected between the cath-
odes of the tubes and the common anode circuit

of the tubes, and a path, including a variable im~

pedance, connected between the grids of the tubes
and the positive side of said source.

5. An amplifier for alternating current waves
comprising a pair of tubes connected in push-pull
relationship, a source of positive voltage for the
anodes of said tubes connected between the cath-
odes of the tubes and the common anode circuit
of the tubes, and a path, including a variable
electronic impsedance, connected between the grids
of the tubes and the positive side of said scurce.

6. An amplifier for alternating current waves
comprising a pair of tubes connected in push-pull
relationship, a source of positive voltage for the
anodes of said tubes connected between the cath-
odes of the tubes and the common anode circuit
of the tubes, and a path, including impedance in
the form of an adjustable resistor, connected be-
tween the grids of the tubes and the positive side
of said source,

7. An amplifier for alternating current waves
comprising a pair of tubes connected in push-pull
relationship, said tubes having a substantially
linear grid voltage-plate current characteristic
over a substantial range of positive grid voltages,
a source of substantially high positive voltage
for the anodes of said tubes connected between
the cathodes of the tubes and the common anode
circuit of the tubes, and a path, including imped-
ance, connected between the grids of the tubes
and the positive side of said source, said imped-
ance being of sufficient magnitude to maintain the
grids positively biased to such point on the grid
voltage-anode current characteristic of the fubes
that waves impressed on the amplifier are repro-
duced in form in the amplifier anode circuit.

8. An audio signal amplifier comprising a pair
of tuhes connected in push-pull relation, a source
of audic signal waves, a driver tube having its
input electrodes coupled to the wave source, a
source of direct current voltage, having a point of
positive potential thereof connected to the anode
of the- driver tube and the common anode cir-
cuit of the pair of tubes, an impedance in the
space current path of the driver tube, and a
direct current connection between a point of posi-
tive potential on said impedance and the grids of
said pair-of tubes:

9. In an arrangement as defined in claim 8, said
impedance comprising a resistor in the. driver

2,016,402

tube cathode circuit; and said connection being
between the grids of the push-pull tubes and the
cathode side of the said resistor,

10. An audio signal wave amplifier including a
pair of tubes in push-pull relation, said tubes hav-
ing a substantially linear grid voltage-plate cur-
rent characteristic for values of grid voltage be-
tween approximately zero and 50 volls positive,
means for impressing signal waves on the com=-

raon input circuit of the amplifier, means for-

biasing the grids of the tubes positive with respect,
to the cathodes thereof with a voltage of the order

of 25 volts, and means for maintaining the an-

odes of the tubes at a voltage of the order of 400
volts whereby impressed signal waves are repro-
duced in form in the amplifier output.

11, A push-pull amplifier comprising a pair of
electron discharge tubes, each including at least
a cathode, grid and anode electrodes, Input and
output circuits connected thereto, said tubes hav-
ing a substantially linear grid voltage-plate cur-
rent characteristic over a substantial range of
positive grid voltages, a source of high positive
potential connected to the anodes of said tubes,
and means for maintaining, in the absence of sig-
nal voliages cn the input circuit, the grid elec-
trodes of said tubes at a relatively high positive
potential but materially lower than that applied
to the anode electrodes.

12. A pewer output amplifier comprising a pair
of push-pull connected electron discharge tubes,
each including at least a cathode, grid and anode
electredes, input and cutput circuits connected
thereto, said tubes having a substantially linear
grid voltage-plate current characteristic for val-
ues of grid voltage between approximately zero
and 50 volis positive, a source of high positive
potential connected to the anodes of said tubes,
and means for maintaining, in the absence of sig-
nal voltages on the input circuit, the grid elec-
trodes of said tubes at a positive potential of the
crder of magnitude of 20 volts.

13. A power cutput amplifier comprising a pailr
of push-pull connected electron discharge tubes,
each including at least a cathode, grid and anode
electredes, input and output circuits connected
thereto, said tubes having a substantially linear
grid voltage-plate current characteristic over a
substantial range of positive grid voltages, a source
of high positive potential connected to the an-
odes of said tubes, and means for maintaining the
grid electrodes of said tubes at a positive poten-
tial materially lower: than that applied to the
anode electrodes, said potential means applied to
the grids being sufficient to bias the grids, in the
absence of signal waves on the amplifier input,
to a point substantially midway on the tube char-
acteristic wherehy signal waves to be amplified
are reproduced in the output circuit of the am-
plifier substantially without distortion.

“CHARLES TRAVIS.
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