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This invention relates to electronic amplifying systems
and more specifically concerns an improved method and
circuit for driving two or more vacuum tubes in push-
pull wherein the driven tubes are maintained in a statically
balanced condition and the class of operation may be
modified in accordance with the signal level impressed
on the tubes. .

While this improved system is generally useful in all

types of amplifying equipment it is particularly im--

portant in audio amplifiers for driving a push-pull out-
put stage having transformer coupling in the output cir-
cuit. It is well recognized that electronic.vacuum tubes
of any given type vary in operating characteristics one
from the others and in addition are further subject to
changes during their life. Différences in the charac-
teristics of tubes operated in push-pull result .in differ-
ences in their plate currents which when fed through
oppositely phased balanced windings of an output trans-
former will produce a D.C. saturating field in the trans-
former proportional to the difference between them that
adversely affects the operation of the amplifier.

Transformer saturation is normally overcome by the
use of adjustable resistors in the output stage to inde-
pendently vary the grid bias on each tube and thus
enable equalization of the plate currents. This procedure
obviously does not take into consideration changes in
tube characteristics with age and therefore in order to
be assured of high fidelity response at all times it is
essential that the plate currents in the output tubes be
frequently checked and readjusted. While this can be
accomplished by one skilled in the art it is not at all
satisfactory for commercial equipment intended for use
by the laymen. Accordingly it is one object of the inven-
tion to provide means for automatically balancing the
output tubes of an amplifier to maintain their static plate
currents substantially equal at all times. In this way trans-
former saturation is held at a minimum and a balanced
dynamic signal is produced.

Another object of the invention is a self-balancing driv-
ing and output circuit for a push-pull amplifier that is
characterized by its simplicity, dependability and rela-
tively low cost. While additional amplifying and recti-
fying elements are used to attain this self-balancing fea-
ture the circuit eliminates expensive and critical com-
ponents and may be quickly and easily adjusted for the
desired operation.

A still further object of the invention resides in the
provision of a self-balancing output stage for -amplifiers
together with a push-pull driving stage therefor wherein
the self-balancing circuit will provide in addition to ex-
cellent static balancing of the output tubes an automatic
bias control for the output tubes so that maximum power
output can be attained at all power levels. With this ar-
rangement as the input signal to the driving stage is
increased the bias on the output tubes is automatically
increased to shift the class of operation of the output
tubes, for example, from class A to class AB1, AB2, etc.

The above and other objects of the invention will be-
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come more apparent with reference to the following
description and accompanying drawings forming part of
this- application and illustrating one embodiment of an
amplifier in accordance with the invention.

Briefly, the amplifier illustrated in the drawings com-
prises a pair of driver tubes 10 and 11 connected as
cathode followers and adapted to be operated in push-
pull. The cathode of tube 1¢ is directly coupled to
the grid of onme output tube 12 while the cathode of
the tube 11 is directly coupléd to the grid of the out-
put tube 13. The plate circuit of the output tubes 12
and 13 includes a push-pull transformer 14 adapted to
feed a load connected to the secondary windings 15 and
15’. The automatic balancing features includes a triode
16 and tube 17 connected between the output tube 12
and the cathode follower driver 10 and a second triode
18 and tube 19 interconnecting the cathode of the out-
put tube 13 with the grid of the cathode driver follower
11. By proper selection of the components intercon-
necting the several tubes the plate currents of tubes 12
and 13 which are drawn through the primary windings 20
and 20’ of the transformer winding 14 can be maintained
in good static balance. This is accomplished through
direct coupling of the components so that the D.C.
voltage applied to the grids of the output tubes can be
controlled by means of the feed back system. Further-
more the values of the various resistors and the char-
acteristics of the tubes in the feed back circuit can be
selected so that in addition to static balance, automatic
bias control can be effected to gradually increase the
negative bias applied to the grids of the ouput tubes as
the signal applied to the tubes 16 and 11 is increased.

More specifically a push-pull input signal is applied
to the tubes 10 and 11’ through blocking condensers 21
and 22, respectively, connected to the grids 23 and 24
of the tubes 10 and 11. The grid return circuit for the
grid 23 of tube 10 includes series connected resistors 25
and 26 and a source of negative potential. The grid 24
of tube 11 is similarly connected to a source of nega-
tive potential through series connected resistors 27 and
28. The plates 29 and 39 of tubes 10 and 11 are con-
nected directly to a source of positive potential while
the cathode 31 of tube 19 is connected to a negative
supply through the cathode resistor 32. The cathode
33 of tube 11 is connected to a source of negative volt-
age through its cathode resistor 34.

‘The output signal from the cathode follower driver
10 is attained from the cathode 31 and fed directly to
the grid 35 of the output tube 12. Similarly the cathode
33 of the driver tube 11 is connected to the grid 36 of
the output tube 13. Cathodes 37 and 38 of the tubes 12
and 13 are connected to ground through relative low
value sampling resistors 39 and 40, respectively, that
may be of the order of five ohms depending upon the
magnitude of the plate currents in the output tubes. The
plates of the output tubes 41 and 42 are fed through
the reversely phased primary windings 20 and 20" of the
output transformer 14 which are in turn connected to a
source of positive potential. It will be observed thus far
that by properly biasing the tubes 10, 1%, 12 and 13
that they will perform a normal amplifying function. For
instance, the positive and negative supply voltages ap-
plied to the cathode driver follower 16 must be propor-
tioned so that the cathode 31 of that tube is at a negative
potential of the order required for the desired type of
operation to be obtained from the output tube 12. In
this connection the value of resistor 39 may need to be
taken into consideration as it will have some effect on
the potential of the cathode 37 since the bias or negative
voltage applied to the grid is measured with respect to
the cathode of the tube. The same requirements apply
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" to'‘the other half of this balanced amplifier involving
tubes 11 and 13.

Referring now to the self-balancing feedback circuits
involving tubes 16 through 19, the grid 43 of the tube 16
is directly coupled to the cathode 37 of the tube 12 while
the grid 44 of the tube 18 is connected directly to the
cathode 38 of the tube 13. The cathodes 45 and 46 of
the tubes 16 and 18 are coupled together and connected
to a negative supply voltage through a common cathode
resistor 47. The plate 48 of the tube 16 is connected to
the cathode 49 of the tube 17 while the plate 58 of the tube
18 is connected to the cathode 51 of tube 19. The tubes

17 and 19 are connected as cascode D.C. amplifiers with
_the grids 52 and 53, respectively, being connected through
suitable resistors to the cathodes 49 and 51. If desired
these grids 52 and 53 may be returned directly to a source
of positive potential,

The plates or anodes 54 and 55 of the tubes 17 and 19
are connected through plate resistors 56 and 57, respec-

~ tively, to a source of positive potential. In addition the
- plate 54 of tube 17 is connected through resistor 58
through the junction of grid resistors 25 and 26 of tube
10 and the plate 55 of tube 19 is connected through a
resistor 59 to the junction of resistors 27 and 28 in the
“grid circuit of tube 11.
 Considering the upper half of the feed back circuit in-
volving tubes 16 and 17, the tube 17 functions in coopera-
" .tion with the triode 16 to provide added gain in the feed-
back circuit without encountering phase reversal. The
" ‘gain of tube 16 is approximately

uRL
Ri—Rp

where u is the amplification factor, Ry, is the load im-
pedance on the tube, and Rp is the internal plate resistance
of the tube.

The gain of the feedback circuit with the cascode am-
-plifier tube 17 in the plate circuit of tube 16 is

2R L
Ri+Rp

While the filament circuits have been omitted from this
figure for simplicity the tubes are of course provided with
suitable filaments for heating the cathodes in accordance
with conventional practice. While the tubes 12 and 13
are illustrated as indirectly heated tubes they may of
_course be filament type iubes with separate voltage sup-
plies for each tube. In addition two or more output tubes
12 and 13 may be employed in cases requiring additional
power output.

With the circuit as described above, and with no input
applied to the grids of the driver tubes 10 and 11, the cur-
rent through the cathode resistors 32 and 34 will deter-
mine the bias on the grids of the output tubes 12 and 13.
The current in the plate circuits of these output tubes will
be a function of this bias voltage and the potential of the
cathodes 37 and 38 of the output tubes. Now assuming
that the output tubes 12 and 13 are unbalanced with the
tube 12 drawing more current than tube 13. This will
cause the cathode 37 to assume a positive potential higher
than that of the cathode 38. Since the plate current of
tube 16 varies with the potential of cathode 37 it will
"draw more plate current through the tube 17 and plate
resistor 56. 'The reduction of the potential at the plate 54
of tube 17 decreases the current through grid resistor 26
with the result that the grid 23 of tube 10 becomes more
" negative. The current through the cathode resistor 32 of
tube 10 is thereby decreased, the cathode 31 of tube 10
and grid 35 of tube 12 become more negative and the
. plate current of tube 12 is decreased.

Simultaneously with the foregoing action the plate cur-
rent of the output tube 13 is increased through the action
of the common cathode resistor 47 for the tubes 16 and
-.18.. Thus under a condition where the tube 16 draws more
“.current ‘both -cathodes 45.and 46 become more positive

4

and effectively increases the negative bias on grid 44 of
the tube 18 so that the grid 36 of output tube 13 will
become more positive and cause the tube 13 to draw

. more plate current. In this way automatic static balance

10

is attained,

In certain cases it may be necessary to prevent unde-
sirable degeneration or feedback of the signal voltage
through the feedback circuits and in addition prevent the
balancing procedure from functioning too rapidly. To in-
crease the time constant of the circuit a condenser 60 may
be connected between the plates 48 and 50 of tubes 16
and 18 as illustrated in dotted outline. This condenser
will also serve to prevent degeneration and its action may
be supplemented by condensers 61, 62, 63 and 64 con-
nected from the plates of tubes 16 to 19 to ground, re-
spectively. Increased input impedance to the tubes 10
and 11 can be attained by the utilization of condensers 65
and 66 connected between the cathode and grid circuits of
those tubes.

As: previously pointed out, the feedback circuits of this
amplifier can be operated to modify the class of operation
of the output tubes 2 and 13. ' In this case the circuit
elements. would be adjusted so that the feedback signal
from the cathodes of the output tubes to the grids of the
driver tubes would vary so that the grids of the output
tubes would become more and more negative as the signal
is incréased and thus maintain output tube operation at

" all times along the straight portion of the grid voltage
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plate current curve.

" It. is significant to note that with the condensers 60 to
66 omiitted, the time constant of the feedback circuit is
very small and only static balancing is obtained. With
the condensers as described above dynamic control of the
bias of the output tubes is obtained since the long time
constant will sustain the feedback voltages. Furthermore
the required D.C. component amplified by the feedback
circuit to attain a change in bias results from the rectifica-
tion produced by the output tubes themselves since in
push-pull operation the plate current variations of each
tube are not symmetrical about a central value and there-
fore the differences between the positive and negative
changes in plate current results in a D.C. component pro-
portional to the asymmetrical nature of these variations.

While only one embodiment of the invention has been
illustrated and described it is apparent that modifications,
alterations and changes may be made without departing
from the true scope and spirit thereof.

What is claimed is:

1. In an amplifier having a pair of driver tubes each
directly coupled with one of a pair of output tubes con-
nected in pushpull for the transmission of direct current
and alternating current signals, said output tubes each
having a control electrode ‘and means for biasing said
electrode, feedback means including at least two direct
current amplifiers each connected with one of said driver
tubes.-and responsive to the biasing means of the asso-
ciated output tube to modify the operating characteristics
of the last said driver tube and control the bias on the
control electrode of the output tube coupled to the last
said driver tube and a biasing impedance in circuit with
both. of said direct current amplifiers so that an increase
in a signal produced by one direct current amplifier will
result in a decrease in the corresponding signal produced
by the other amplifiers.

2. An. amplifier comprising a pair of amplifying de-
vices each connected as a cathode follower and having at
least three electrodes including a control electrode, at least
two output amplifying devices connected in push pull and

-each having at least three electrodes including a control

electrode, individual means self-biasing each of said out-
put devices, direct coupling between each cathode fol-
lower amplifier and the control electrode of one of said
output tubes, at least two direct current amplifying de-
vices each having a control electrode connected with one
of said self-biasing means, a biasing impedance common



3,021,266

5

to both of the last said devices for biasing the control
electrodes thereof, and connections between each of said
cathode follower amplifiers and one of said direct current
amplifiers to modify the operation of said cathode fol-
lower amplifying devices and the bias on said control
electrodes of said output devices in accordance with
changes in the self-bias of each of said output devices.

3. An amplifier comprising at least two cathode fol-
lower connected driver tubes each having a plate, cathode
and control grid adapted to be operated in push-pull, an
output stage having at least two tubes each including a
plate, cathode and control electrode connected for push-
pull operation, direct current coupling between the cath-
odes of each of said driver tubes and control electrodes of
said output tubes, a direct current amplifier interconnect-
ing the cathode of each output tube with the grid of its as-
sociated driver tube and electrical means interconnecting
the last said direct current amplifiers to produce an in-
creased signal in one amplifier when the signal in the other
is decreased, whereby a change in cathode current of one
output tube in one direction will function through its asso-
ciated direct current amplifier and driver tube to effect a
change in potential of its grid and thereby change its
cathode current in the other direction and simultaneously
reflect corresponding changes of reverse direction in the
direct current amplifier and driver tube associated with
the other output tube and cathode current of the last said
output tube.

4. An amplifier according to claim 3 wherein each di-
rect current amplifier includes at least one amplifying de-
vice having a plate, grid and cathode and a rectifier inter-
connected therewith and said electrical means comprises
an impedance to common to the cathodes of both direct
current amplifying devices.

5. An amplifier comprising a pair of vacuum tubes each
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connected as a cathode follower and having a cathode,
plate and at least one grid, at least two output tubes each
having a cathode, plate and at least one grid, means cou-
pling the plates of the output tubes in push-pull, separate
impedance in circuit with each output tube cathode, a
direct connection between the cathode of each cathode
follower and the grid of one of said output tubes, at least
two direct current amplifier tubes each having a plate,
cathode and at least one grid, a connection between the
grid of each direct current amplifier and the cathode of
one of said output tubes, an impedance in series with the
cathodes of both direct current amplifiers, at least two
cascode amplifiers each in series with the plate of one of
said direct current amplifiers and impedance means cou-
pling each cascode amplifier to the grid of one of said
cathode followers, whereby an increase in the cathode
potential of one output tube will change the cathode poten-
tial of the associated cathode follower and the grid of
the last said output tube to reduce cathode potential there-
of and at the same time produce a reverse reaction in the
other output tube to cause its cathode potential to decrease.
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