Dec. 28, 1937.

IET DET.

OSCILLATOR

..."“__‘

/

LE RPIPLIFIER
i 4

w. J. POCH

Filed July 25, 1936

<

AUTOMATIC VOLUME CONTROL CIRGUIT

/27 DET.

OSCILLATOR

-|||I|—4\

[FAPILIFIER
/

4

3z

AVEBIAS 40 000

28
¢

AAA
vy

S

JInpentor
/o

Gittorney

2,103,637




Patented Dec. 28, 1937

UNITED STATES

2,103,637

PATENT OFFICE

2,103,637
AUTOMATIC VOLUME CONTROL CIRCUIT

Waldemar J. Poch, Collingswood, N, J., assignor
to Radio Corporation of America,- a corpera-

tion of Delaware

Application July 25, 1936, 'Serial No. 92,497

10 Claims.

My invention relates to radio or television re-
ceivers and particularly to automatic volume con-
trol circuits for such receivers. . :

In automatic volume control circuits of the gen-

5 eral type wherein an amplifier tube is biased in-
creasingly negative in response to an increase in
signal amplitude and wherein g voiume control
signal is obtained from a resistor in the cathode
lead of said tube, it has been found that unless
certain precautions are taken the grids of tubes
receiving the control voltage will be positive when
the incoming signal ig below a Pbredetermined am-
plitude. Because of this, the life of the tubes
may be shortened considerably as a resuli of the
heavy plate current.

It is accordingly an object of my invention to
provide an improved- automatic volume control
circuit which does not damage the receiver tubes.

A further. object of my invention is to provide
20 & Vvolume control circuit of the above-mentioned

type which does not apply any substantial posi-

tive voltage to the grids of the tubes receiving
the control voltage. )

A still further object of my invention is to pro~

25 vide an improved automatic volume control cir-
-~ cuit which applies a control voltage to the ampli-
fier tubes only when the incoming signals exceed
a predetermined amplitude.

Other objects and advantages of my invention
will ‘appear from the following description when
taken in connection with the accompanying draw-
ing in which -

. Figure 1 is & circuit diagram’ of one embodi-
ment of my invention, and

Figure 2 is a circuit diagram of another. em-
bodiment of my invention.

Referring to Figure 1 my invention is shown
applied to a television receiver which may be of
the superheterodyne type including the first de-
tector and oscillator and an intermediate fre-
quency amplifier as indicated by the rectangle §.
The receiver also includes a first detector and
video amplifier which may be combined in 3, single
envelope 2 and a second video amplifier 3 which
supplies signal to a cathode ray tube indicated
at 4. ) - :

... The combined detector and amplifier tube 2 in-

cludes an indirectly heated cathode 6, a pair of
diode plates T and 8, a control grid 9, a screen
.grid 11 and an anode 12, the cathode 6 function-
ing as a cathode for both the diode plates and
the screen grid amplifier tube. :

Diode plates T and 8 are connected to opposite
terminals of a tuned intermediate frequenc_y
55 transformer 13 having a secondary (4. The cen-
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ter point of the transformer secondary 14 is con-
nected through a resistor i8 to the cathode 6,
the cathode 8 being maintained at ground poten-
tial so far as video signals are concerned by means
of a by-pass condenser 7 of fairly large capacity. 6

It will be seen that the circuit just described
functions as a full-wave rectifier to detect the
intermediate frequency picture signal whereby
the picture or video frequencies appear across
the resistor 16. These video signals are impressed
upon the control grid 9 by means of connection
from the mid-point of the transformer secondary
14 through a resistor 18 and a parallel inductance
coil 9 to the control grid 8. The inductance coil
{9 is provided to build up the high frequency
response of the amplifier by resonating:with the
input capacity of the tube 2. The resistor 18
shunted across the inductance coil provides suffi-
cient damping to prevent the resonant peak from
being too high.

It will be understood that since a current flow-
ing through the resistor 18§ is the output of a
double-wave rectifier it will contain a direct cur-
rent component, this component increasing in
value with an increase in the strength of the in-
coming signals. Since the flow of current through
the resistor 18 is in such a direction as to make
the control grid 9 more negative as the current
flow increases, an increase in signal strength will
cause a decrease in plate current through the
amplifier tube.

Considering now the plate circuit of the ampli-
fier tube, the plate 12 is supplied with positive
potential from a suitable direct current source
such as the voltage divider 2! (connected to a
power supply unit not shown) through a filter
resistor 22, .a peaking coil 23 and a plate resistor
24. The peaking coil 23 and plate resistor 24 are
shunted by the potentiometer resistor 2§ from
which picture signal is taken and supplied to the 49
amplifier 3. The lower end of the peaking coil is
connected to ground for video. frequencies by
means of a suitable By-pass condenser 27. .

The cathode 6 is connected to the negative
terminal of the voltage divider 21 through a cath- 45
ode resistor 28. It will be apparent that the plate
current flows through the cathode resistor 28
and that the voltage drop thereacross depends
upon the strength of the incoming signal.

. The screen grid 11 is connected to a suitable 59
positive point on the voltage divider 21 and is
connected . to ground for video frequencies
through a by-pass condenser 29. i

"The volume control voltage is taken from the
cathode end of the cathode resistor 28, the con-
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nection from this control point to the grids of the
intermediate frequency amplifiers including a
resistor 31 and a conductor 32. A condenser 33
is provided between the lower end of the resistor
3( and ground to filter out any hum or signal that
may be present on the cathodes of the tubes 2
and 3. .

Tt will be noted that, considering resistor 28 and
21 in series, the voltage drop across the resistor
28 due to the flow of plate current is of opposite
polarity to the voltage across that portion of the
voltage divider 21 between the negative terminal
and ground. The relative values of these volt-
ages are made such that with no signal impressed
upon the receiver the cathode 6 is a few volts posi~
tive (5 volts, for example) above ground.

The circuit described up to this point would
function to provide automatic volume control in
the following manner: Until the incoming signal

reached a certain predetermined strength, the '

cathode 6 would be positive with respect to
ground and the grids of the intermediate fre-
quency amplifier tubes would be maintained
slightly positive whereby the gain of the ampli~-
fier would be a maximum, but with the result
that the tubes might be injured after a certain
period. As the incoming signal increases in am-
plitude the direct current component through re-
sistor 16 increases to make grid 9 more negative
and the plate current flowing through the cathode
resistor 28 decreases whereby the cathode 6-finally
comes to ground potential and then becomes in-
creasingly negative. - Of course the more negative
the cathode 6 becomes, the greater is the negative
bias applied to the I. F. amplifier tubes and the
greater is the reduction in gain. »

The grids of the intermediate frequency ampli-
fier tubes are prevented from going positive by
employing a rectifier such as a diode in the auto-
matic volume control circuit. This diode pref-
erably is included in the tube 3 which includes an
indirectly heated cathode 34, a diode plate 38, a

- control grid-81, and an anode 38. The diode plate
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36 is connected throusgh a conductor 3% to the
lower end of the resistor 31. Preferably the cath-
ode 34-is connected through a conductor 41 to a
negative point 42 on the voltage divider 1.

The circuit now operates as follows: ‘When the
jncoming signals are below a predetermined value
the cathode 8 is positive wtih respect to ground,
as previously explained, whereby positive poten-
tial is applied to the diode plate 35. As a result
there is a flow of current through the diode
3436, this current flowing through a circuit
which may be traced from the cathode § through
the resistor 31, the conductor 39, the diode 3436,
the conductor 41, the left hand section of the
voltage divider 21 and back to the cathode §
through the cathode resistor 28. It will be ap-
parent that by properly adjusting the circuit, the
lower end of the resistor 31 may be made negative
during this period since this end is at the same
negative potential as the point 42 on the voltage
divider except for the voltage drop across the
diode 34—36. In accordance with my invention
the circuit is so adjusted that the grids of the in-
termediate frequency amplifier tubes are biased
negatively even when there is no incoming signal.
Therefore, if the receiver is left connected to the
power supply when no signal is being received, in-

jury to the amplifier tubes is prevented.

While I have shown the cathode 34 connected to

‘anegative point on the voltage divider 21 it should

be understood that the cathode may be connected
directly to ground. Such a connection will pre-
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vent the grids of the intermediate frequency am-

" plifier tubes from going positive any appreciable

amount.

In Figure 2 I have shown slight variation of the
circuit shown. in Figure 1. In the two figures,
like parts are indicated by the same reference
numerals.

One difficulty was experienced with the circuit
shown in Figure 1 when an electrolytic condenser
was employed for the condenser {71. This diffi-
culty resulted from the fact that in the circuit
shown in Figure 1 the polarity of the cathode §
reverses with a.change in the strengtih of the
incoming signals as previously explained. Thus
the high voltage terminal of the electrolytic con-
denser 17 may:-be positive at one time and nega-
tive at another time with the result that the con-
denser-11 deteriorates too rapidly.

Such deterioration of an electrolytic condenser
is avoided by connecting the diode plate 36 direct-
1y to the cathode 6: through conductors 38 and 43
as shown in Pig. 2.. The volume. control signal is
supplied from the cathode end of resistor 28 to
the grids of the. intermediate frequency amplifiers
through a filter consisting of a filter resistor 44
and filter condenser.46. In this circuit the cath-
ode §.may be positive a very small amount when
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there is no incoming signal put it wiil not be posi- -

tive enough to permit damage to the I. F. ampli-
fier tubes.

It may be desirable to include a filter choke 41
in the cathode lead of the tube 2 for smoothing
out the plate current supply. - -

Deterioration of the electrolytic condenser i1

can be prevented by a different circuit connection @

jndicated in Fig. 1. If the condenser 11, instead
of being connected to ground, is connected to 2
point at least as positive as is the cathode § when
there is no incoming signal, the polarity of the
condenser will not- reverse. One way cof making
such a connection is to connect the condenser 11
between the cathode 6 and the screen grid voltage
supply as by moving a switch 48 from the ground-
ed contact point to the contact point 49.

Tn the drawing the values of various circuit
elements have been indicated in ohims and micro-
farads. - )

Trom the foregoing description it will be ap-
parent that various other modifications may be
made in my invention without departing from
the spirit and scope thereof and I desire there-
fore that only such limitations shall be imposed
thereon as are necessitated by the prior .art and
are set forth in the appended claims.

I c¢laim as my invention:

1. In combination, an amplifier, the gain of
which is to be controlled; an electric discharge
tube having a cathode, a control grid and an
anode, means for rectifying the output of said
amplifier and for impressing
and direct current component across said cathode
and control grid for amplification by said tube

-whereby the ‘direct current component of the

plate current of said tube is decreased in response
to an increase in signal strength, a power supply
unit having negative and positive terminals and
having an intermediate point connected to ground,
said cathode being connected -to said negative
terminal through a cathode resistor, said anode
being connected to said positive terminal through
an output impedance unit, a conductive connec-
tion from & control point-on said cathode resistor
to said amplifier for controliing its gain, “said
tube and its asscciated circuit being so adjusted

the resulting signal &
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there is no signal supplied by said amplifier, and
a rectifier connected -between a point on said
cathode resistor having at least approximately the
same potential as said control point and g point
on sald power supply unit which is less bositive
with respect to ground than said control point,
said rectifier being connected in such. direction
that current flows therethrough when said control
point is positive a certain amount with respect to
ground. :

2. The invention according to claim 1 charac-
terized in that said conductive connection from
the control point includes g, resistor, and further
Characterized in that said rectifier is connected
between said less positive point on the power sup-
ply unit and said last-named resistor.

3. The invention according to claim 1 charac-
terized in that said rectifier is connected between
a point on said cathode resistor and a point on
said power supply unit which is negative with
respect to ground.

4. In combination, an amplifier, the gain of
which is to be controlled, an electric discharge
tube including a pair of diode plates, an anode, g
control grid, and g cathode common to said anode
and said diode plates, a transformer having. op-
posite terminals connected to said dicde plates
and having its midpoint connected to said cathode
through a resistor to form g push-pull detector,
a conductive connection from said control grid
to a point on said resistor, a power supply unit
having negative and positive terminals and hav-
ing an intermediate point connected to ground,
said cathode being connected to said negative
terminal through a cathode resistor, said anode
being connected to said positive terminal thiough
an output impedance unit, a conductive connec-
tion from a control point on said cathode resistor
to said amplifier for controlling its gain in accord-
ance with the voltage drop across said cathode re-
sistor, and a rectifier connected between a point
on said cathode resistor and g, point on said power
supply unit which is less positive with respect to
ground than said control point, said rectifier be-
ing connected in such direction that when said
control point is positive a certain amount with re-~
spect to ground there is current: flow through said
rectifier.

5. The invention according to claim 4 charac-
terized in that said conductive connection from
the control point includes g, resistor, and further
characterized in that said rectifier is connected
between said less positive boint. on the power
supply unit and said last-named resistor.

6. The invention according to claim 4 char-
acterized in that said rectifier is connected be-
tween a point on said cathode resistor and a
point on said power supply unit which is nega-
tive with respect to ground. .

7. In a radio receiver, an amplifier having an
output circuit, a second amplifier having an in-
put circuit including a control grid and having
a plate circuit including a cathode resistor, a
detector coupling said output circuit and said
input circuit, said detector being so connected
to said control grid that said grid becomes more

3

negative in response to an increase in the
strength of an incoming signal, a plate voltage
supply unit included in said plate circuit and con-
nected between said cathode resistor and said
plate, said voltage supply unit being connected to
ground at a point such that the cathode end of
said cathode resistor is positive when there is no
incoming signal, a connection from said cathode
end to said first amplifier for supplying. gain po-
tential thereto, and a circuit including a diode
connected between said cathode end and a point
in said plate circuit which is less positive than
the cathode end of said cathode resistor.

8. In combination, an amplifier, the gain of
which is to be controlled, an electric discharge
tube having a cathode, a control grid, an anode,
and a dicde plate, means including said diode
plate and said cathode for rectifying the output
of said amplifier and for impressing the result-
ing signal and direct current component across
said cathode and control grid for amplification
by said tube whereby the direct, current component
of the plate current of said tube is decreased in
response to an increase in signal strength, said
tube having a plate circuit which includes a cath-
ode resistor and means for maintaining the cath-
ode end of said resistor only slightly positive with
respect to ground when there is no signal supplied
by said amplifier, means for supplying gain con-
trol potential from said cathode end to said first
amplifier, and a rectifier connected between the
cathode end of said cathode resistor and a point
in the circuit less positive than said cathode end.

9. In combination, an amplifier, the gain of
which is to be controlled, an electric discharge
tube having a cathode, a control grid, an anode,
and a diode plate, means including said diode
plate and said cathode for rectifying the output
of said amplifier and for impressing the resulting
signal and direct current component across said
cathode and control grid for amplification by said
tube whereby the direct current component of the
plate current of said tube is decreased in response
to an increase in signal strength, said tube hay-
ing a plate cireuit which includes a cathode re-
sistor and means for maintaining the cathode
end of said resistor only slightly positive with
respect to ground when there is no signal supplied
by said amplifier, means for supplying gain con-
trol potential from said cathode end to said first
amplifier, another amplifier tube including a di-
ode section and an amplifier section, the input
electrodes of said amplifier section being coupled
to said plate circuit, and said diode section being
connected between the cathode end of said cath-
ode resistor and a point in the circuit less positive
than said cathode end.

10. The invention according to claim 8 char-
acterized in that an electrolytic condenser is con-
nected between the cathode of said electric dis-
charge tube and a point in the circuit which is
at ground for signal frequencies and which is at
least as positive as said cathode when there is
no signal supplied by said first amplifier.

WALDEMAR J. POCH.
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