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The invention here disclosed relates to control
of the grid blas in vacuum tube amplifiers,

Special objects of the invention are to enable
attainment of maximum power output, with a
minimum of distortion, to hold the power require-
ments of the amplifier to g minimum and to
maintain the plate current of the amplifier at
& value which will not impair the life of the
tubes. :

Other important objects of. the invention are
to provide an amplifier so free of critical features
that it may be readily manufactured from com-
ponent parts having normal variations and be
utilized generally without requiring any special or
technical supervision, and which will be capable
of delivering the highest power output of which
.the tubes are capable,

In line with the last stated objects, it is a

8 Claims. (CI 179—171) : )

the plate current, under varying conditions to seek
that value which will give the best results.

This is accomplished, in the case of a push-pull
amplifier, such as illustrated, by transmitting the
“pilot” resistor of small

Plate current through a

- value to ground and utilizing the voltage appear-

ing across this pilot resistor as a control by pass-
ing it through a D. C. amplifier and taking

' the output of such amplifier to directly govern

10

15

burpose of the invention to provide an amplifier,

which will combine the high performance char-
acteristics of the fixed biag type of amplifier, with
the freedom from criticalness of the self-biag form
of amplifier and thus to obtain an amplifier of
high performance and high efficiency character-
istics-that can be easily built and maintained in
good operating condition, o ‘

" A further special object of the invention is to
improve the efficiency and operating characteris-
tics of push-pull audio frequency amplifiers, par-
ticularly in the last or output stage.

Other objects and advantages of the inven-
tion will appear as the specification Proceeds.
The drawings accompanying and forming part

of the specification illustrate features and cer-

tain of the preferred embodiments of the inven-
tion. The actual physical form of the invention
however, may be modified and changed as regards
the present fllustrations, as will be clear from
the description following and the claims attached,
broadly covering the invention.

Fig. 1 is a circuit diagram illustrating the in-
vention in fundamental form. ) .

Fig. 2 is a composite diagram illustrating the
time-amplitude relations, . . :

Fig. 3 is & more complete circuit diagram of an

- amplifier embodying the basic control feature of
Fi ' i

g. 1,

Fig. 4 is a view similar to Fig,
modification, ‘

As shown particularly in Fig, 1, the basic or
fundamental feature of the invention consists in
applying to the grid circuit of a vacuum “tube
amplifier & voltage which is a function of the

1, illustrating a

plate current of the amplifier; to thereby cause 65 23, form a.similar D, C,

20

the voltage applied to the grid bias circuit of the
push-pull amplifier. : .

In the illustration, the pilot resistor is indi-
cated at §, grounded at one side at 6, and con-
nected at the other side at 1, with the midpoint
of the fllament winding 8, supplying current to
the filaments of the push-pull amplifier tubes 9,
10, so that plate current of tubes 9 and 10 flows
through the pilot resistor.

The plates of the amplifier tubes are shown
supplied through the primaries of the output

- transformer | f,

For purposes of Mustration, some values will
be given that have been found suitable in an am-
plifier embodying this Invention, employing a pair
of 2A3 tubes in push-pull for audio frequencies,
It may be considered that the power supply de-

. livers a voltage of about 350 volts to the plates
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plate current of
may flow through

of tubes 9 and 10, and that a
approximately 80 milliamperes
the pilot resistor and that the latter can have
& resistance of about 15 ohms, thus to produce
2 voltage of about 1.2 volts across its terminals.
By connections 12, 13, this control voltage is im-
Pressed between the cathode and grid of the
D. C, amplifier tube 14,

The resistor network through which the plate
current of tube 14 is fed is of high resistance, so
the voltage at the Plate of tube 14 is approxi-
mately the grid voltage multiplied by the my of
the tube, which in the case supposed may be
1.2 v.X20=24 volts (for type 6J5G). This volt-
age is impressed by conductor { 5, on a voltage
divider made up of resistors 16, 11, and which
through connection 18, impresses on the grid of
tube {89, a voltage Intermediate between the vari-
able positive voltage of the plate of tube 14 and
the fixed negative voltage derived from the power
sugg;y at 20, and which may be on the order of
—200v. . '

In this manner, the grid of tube 19, is main-
tained at a negative voltage, which is desirable
and yet is coupled directly to the plate of the
breceding tube, which is at 8 positive voltage,

The tube 19 and the resistor network 21, 22,
amplifier stage, and the




" tive.

2
output here which may be about 90 volts nega-
tive in the illustration, is conducted by a control
line 24, to the midpoint of the grid potential
windings of the input transformer 25, and 1s the
bias voltage. :

This particular form of D. C. amplifier has
the unique advantage that the output can be at
a potential which is negative relative to the input.

In operation, when the static or no-signal plate
current of the output tubes 8 and {0, increases
for any cause, the voltage across the pilot resistor
5, increases, causing the cathode of tube 14,
through connection {2, to become more positive.
The grid of tube {4, is at ground potential
through connection 13, and this causes the grid
to become more negative relative to the cathode
and the plate current to decrease, resulting in the
plate of tube {4, becoming more positive. The
- grid of tube 19, being at a potential intermediate
between the variable plate potential of tube 14,
and the fixed negative potential of the negative
line 28, said grid therefore follows the plate of
tube 4, by becoming more positive. This in turn
. causes the plate of tube 19 to become more nega-
As the grid bias line 24, is at an inter-
mediate potential differing from that of the vari-
able plate of tube 19, as determined by the volt-
age divider made up of resistors 22 and 23, the
grid bias line becomes more negative. .As the
‘ bias on the grids of the push-pull amplifier tubes
9 and 10 is made more negative by the control
line 24, the plate current of these tubes is reduced
to a value at which the system finds equilibrium.

When a signal is impressed on the amplifier,
the plate currents vary as shown in Fig, 2. The
currents in the two tubes of a push-pull amplifier
rise and fall in opposition or 180° out of phase,
in accordance with the well known facts of push-
pull operation. For signals of any amplitude the
positive change in current is greater than the

(3]
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negative, and the average current is increased .

by an increment which is approximately propor-
tional to the square of the input voltage. For
small signals, as shown in Fig. 2, the change
in the average plate current is negligible. For
large signals, the total current increases twice
per signal cycle, and for very large signals, each
tube alternately goes completely to cutoff, and
the current flows through only one tube during
parts of the signal cycle. But for two short peri-
ods during the signal cycle when the signal volt-
age is crossing the zero axis, the plate current
of each tube is very close to its zero signal value,
and the sum of the plate currents is very close
to that value when there is no signal impressed
on the amplifier. This is strictly true only when
the load is non-inductive, but in practice when
the amplifier is feeding a loudspeaker for exam-
ple, conditions are substantially as stated.

For best operation it is desirable that the in-
stantaneous minimum of the sum of the plate
currents be held substantially constant at the
zero signal value. ’

This invention, among its other features, is
therefore designed to utilize this instantaneous
minimum of plate currents as the control factor
in setting the grid bias, and to be substantially
unaffected by changes in the average current due
to increases in the plate currents which occur
during the signal cycle.

When a small signal is impressed, as previously
stated, the average current through the tubes
and therefore through the pilot resistor does not
change, :

When a large signal is Impressed, the total

40
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plate currents rise as shown in the fourth curve
of Fig. 2, increasing the negative voltage on the
grid of tube (4 relative to its cathode, and the
plate voltage tends to rise. But this tube plate
is shunted by condenser 27, and is fed through
the resistance 28, which is of very high value, of
the order of 1 megohm. So as grid of tube 14
becomes more negative, the voltage of its plate
cannot change instantaneously but rises slowly
at a rate determined by condenser 27 and resistor
28. Until the plate voltage reaches a value ap-
proximately mu times the grid-cathode bias, no
plate current flows, and the current flowing
through resistor 28, flows into the condenser, in-
creasing its voltage. The time constant of the
condenser 21, and resistor 28, is quite long rela-
tive to any signal cycle, and so, before the volt-
age builds up appreciably, the signal approaches
the zero axis, the plate current of tubes 9 and 18
drops to its zero signal value, and the grid bias
on the tube 14 drops to its zero signal value. The
plate of tube I4 again conducts and discharges
condenser 21, down to its original voltage corre-
sponding .to zero signal as shown in last curve
of Fig. 2, showing the sawtooth wave form of
voltage at plate of tube 14, As the voltage of
condenser 27, has too short an interval to build
up its voltage appreciably, its average voltage
remains substantially at the value for zero signal,
and does not change appreciably when the signal
increases from zero to & very large value. The
voltage on plate of tube {4 impressed on the volt-
age divider formed by resistances 16, 11, results
in a voltage being impressed on grid of tube 18,
which varies proportionally to the plate voltage
of tube (4, but negative relative thereto, so that
the grid voltage of tube 19 is negative. As & re-
sult, the plate voltage of tube 19, varies with-
that of tube 14, but in opposite sense, and in
larger amount, due .to the amplification of tube
19. Similarly, the plate voltage of tube {9 im-
pressed on the voltage divider formed by resist-
ances 22 and 23, results in a voltage on conduc-
tor 24 feeding bias to the amplifier tubes 9, 10,

‘which varies proportionately with the voltage on

plate of tube {4, but negative relatively thereto.
The bias voltage delivered by conductor 24 is

- therefore directly controlled by the instantaneous
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minimum of total plate current of tubes 9 and
10, which is the desired condition for maximum
power output, minimum distortion, and highest
efficiency.

By proper choice of elements in the control
circuits, the following desirable results can be
obtained:

1. Under static or no load conditions, the total
plate current of the two push-pull amplifier tubes
is maintained close to the desired value, despite
manufacturing variations in -tubes, resistors and
other components. This desired value of plate
cwrrent is determined by consideration of the
maximum power dissipation_ of the push-pull
amplifier tubes consistent: with good life, of the,
distortion, of the drain on the power supply sys-
tem and similar factors.

2. Under dynamic or conditions of load up to
maximum undistorted output, the plate current
rises substantially but the grid bias voltage re-
mains substantially at its no load value, resulting
in the highest power output possible, minimum
distortion and maximum efliciency.

These conditions are illustrated generally in
the five graphs shown in Fig. 2. :

The grid bias of the push-pull amplifier is a
continuous function of the plate current and
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operates to maintain the plate current at the de-
sired value under no load conditions, but when

conditions change toward full load, the plate cur- .

rent increases to a value much greater than its no
load value, without however causing any sub-
stantial corresponding change in the grid bias
voltage. )

In the present invention, the advantages of

both self-bias and fixed bias forms of amplifiers

are combined, it being well adapted to mass pro-
duction, because of freedom from critical values
and it having the high performance character-
istics heretofore only attained but with attendant
critical limitations, in fixed bias ampiifiers.

If the bias control system is modified as indi-
cated in Fig. 4, by omitting condenser 21, and
adding a resistor 29, in series with grid of tube
14, and a condenser 30, in shunt -with said grid,
the fluctuating component of the voltage in pilot

resistor 5 is filtered out and the system, instead

of responding to the instantaneous minimum of
total plate current, responds instead to the aver-
age current, and holds the average plate current
substantially at a value for which the. system
is set. This condition may be desirable for cer-
tain applications. .
In Fig. 3, the invention is shown incorporated
in a complete amplifier circuit, with reference
characters applied corresponding to those in Fig.
1 and while here also is shown applied to the
push-pull circuits of the final stage, it will be
realized that the invention is equally applicable in
some or all of its phases to other types of ampli-

fiers, such as single-sided amplifiers. Ii will be.

understood also that while shown in connection
with audio frequency amplifiers, the invention is
applicable as well to amplifiers of any frequency
and to other electronic systems, such as oscil-
lators, harmonic generators, modulators, ete.

What is claimed is: - ’

1. A vacuum tube amplifier, comprising grid
and plate circuits, and means connected with said
grid and plate circuits for supplying automati-
cally a grid bias voltage which is a function of

the plate current at zero signal and substantially’

independent of variations in the plate current
due to signals.

2. A vacuum tube amplifier, comprising grid
and plate circuits, and means connected with
said grid and plate circuits for automatieally con-
trolling the grid bias to maintain the plate cur-
rent at any desired value by offsetting changes in
the static conditions but substantially without

offsetting variations in plate current due to varia- i

tions in signal or load values.
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3. A push-pull vacuum-tube amplifier com-

prising tubes having grid and plate circuits, means
connected with said grid and plate circuits for

'malntaining between the respective grids and

cathodes of the tubes, a voltage which is a func-
tion of the lowest value of the sum of the plate
currents reached during a signal cycle.

4. A push-pull vacuum tube amplifier compris-
ing tubes having grid and plate circuits, means
connected with said grid and plate circuits by
which the grid bias is controlled by the plate cur-
rent of the-tubes in such manner that the in-
stantaneous minimum of plate current remains
substantially constant, regardless of the average
value of plate current.

5. In a vacuum tube amplifier, a resistor
through which flows the plate current of one or
more of the vacuum tubes, producing a voltage
across the terminals of said resistor, a two-stage

resistance-coupled direct current amplifier into

which said voltage is fed, a capacitor connected
across the plate and cathode of the first stage

. of said D. C. amplifier, the output of said D. C.
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amplifier controlling the voltage fed to the bias -
circuit of the first named amplifier.

6. An electronic system comprising grid and
plate circuits and, electronic means connected
with said circuits and controlled by current in
the plate ecircuit to control the voltage in the
grid circuit to a value which will maintain the
plate current at the desired value in the absence
of a signal and for maintaining substantially the
same voltage in the grid circuit when the plate
current rises as a result of an impressed signal.

7.In & vacuum tube amplifier, a resistor
through which flows the plate current of one or
more of the vacuum tubes, producing a voltage
across the terminals of sald resistor, a two-stage
resistance-coupled direct current amplifier into
which said voltage Is fed, the output of said D. C.
amplifier controlling the voltage fed to the bias
circuit of the first named amplifier. .

8. In a vacuum tube amplifier, the method of
improving performance, which comprises feeding
the plate current through a resistor and utilizing
the voltage produced across the resistor as a con-
trol for the D. C. plate current by applying said
produced voltage through a delay circuit at the
input of a D. C. amplifier and applying the out-
put of said D. C. amplifier to directly control the
grid bias voltage of the said first mentioned
amplifier.

LINCOLN WALSH.




