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SUPPRESSION CIRCUITs 

Otto H. Schade, West Caldwell, and Francis 
H. Shepard, Jr., Rutherford, N. J., assignors to 
Radio Corporation of America, a corporation 
of Delaware 

Application April 13, 
10 Claims. 

Our present invention relates to automatic gain 
control circuits for radio receivers, and more 
particularly to receivers employing automatic 
Volune control circuits and noise suppression, 
Or squelch, netWorks. 
One of the primary objects of our invention 

is to provide an automatic volume control circuit 
and Squelch, or muting, network that will operate 
On the positive potential Swing of a diode cold 
electrode. 
Another important object of the invention is 

to improve muting networks for receivers equipped 
with automatic volume control, the improve 
ment comprising the utilization of an alternating 
current diode rectifier whose cold electrode is 
enpioyed to regulate the operation of a receiver 
network, and the rectification efficiency of the 
diode being dependent upon the conductivity of 
an automatic volume control tube whose output 
electrode is energized by alternating current. 

Aliother object of our invention is to provide 
an automatic gain control and noise suppression 
System for a receiver wherein the electrodes of 
the System are disposed in a common tube en 
Velope, and the output electrodes of the gain con 
trol and muter sections are energized by alternat 
ing Current. 

Still other objects of our invention are to im 
prove generally the simplicity and efficiency of 
automatic gain regulation systems for radio re 
ceivers, and more especially to provide such sys 
tens in conjunction with muter networks which 
are not only reliable in operation, but econom 
ically constructed and assembled in receivers. 
The novel features which we believe to be chair 

acteristic of our invention are set forth in par 
ticularity in the appended claims; the invention 
itself, however, as to both its Organization and 
method of operation will best be understood by 
reference to the following description taken in 
connection. With the drawings in Which We have 
indicated diagrammatically several circuit or 
ganizations whereby our invention may be carried 
into effect, 

in the dra WingS:- 
Fig. 1 shows a circuit diagram of a receiver 

employing the invention, 
Fig. 2 illustrates a modified form thereof. 
Referring now to the accompanying drawings, 

wherein like reference characters in the two fig 
ures illustrate the Same circuit elements, the in 
wention is shown as applied to a conventional 
radio receiving system. The tube is disposed in a 
tuned radio frequency amplifier having tuned in 

55 put and output circuits 2 and 3. The circuit 2 may 
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be coupled to any desired source of radio frequency 
signals. If the set is of the superheterodyne type, 
then the amplifier i is to operate at intermediate 
frequency and the preceding networks may com 
prise the usual signal collector; tunable radio. 
frequency amplifier; tunable local Oscillator and 
first detector, the latter feeding its intermediate 
frequency output to the amplifier through one, 
Or more, intermediate frequency amplifiers. On 
the other hand if the receiver is of the tuned radio 
frequency type, then the amplifier may be pre 
ceded by one, or more, stages of tunable radio 
frequency amplification. The tuning condensers 
of the various tunable stages would then be uni 
controlled in tuning. Since these various con 
structions are well known at the present time 
no further explanation is deemed necessary. 
The tube 3 may be of the well known duplex 

diode-triode type, such as the 55 or 85 type, and 
includes a tuned input circuit 5 coupled to the cir 
cuit 3. The circuits 2, 3, 5 are resonated to the 
same frequency; and, assuming the receiver to 
be of the Superheterodyne type, they will be fixedly 
tuned to the operating intermediate frequency. 
The diode anodes may be strapped together, and 
connected to the cathode through a path include 
ing circuit 5 and resistor 6 in series, the resistor 
being shunted by bypass condenser 7. The triode 
section of tube is may function as an audio am 
plifier, and, therefore, will have its grid connected 
to a desired point on the diode demodulator load 
resistor 6. The audio grid tap 8 is made adjust 
able and has audio signals in pressed upon it 
through condenser 8; and resistor-condenser 
network 9, 10, 9 is used to provide proper neg- : 
ative bias for the audio grid. 
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The plate circuit of the tube 4 is coupled to 
an additional audio amplifier tube fl through 
audio coupling transformer 2. The usual by 
passed grid bias resistor 3 is disposed in the 
grounded cathode circuit of tube l; the output 
circuit of tube may be coupled to additional 
tubes by coupling device 4, and a reproducer 
may be employed after the final audio amplifier 
tube. In order to maintain the carrier amplitude 
at the circuit 5 substantially uniform Over a wide 
range of carrier amplitude variation at the signal 
collector, an AWC network is used. In Fig. 1 the 
-input for the AVC network is derived from the 
high alternating potential side of tuned circuit 3. 
While the AVC network now to be described func 
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tions to secure a result well known to those skilled 
in the art, its manner of functioning and circuit 
elements are novel. The electrodes of the AVC 
tube are disposed in a tube envelope 5 which 55 
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houses the electrodes of the muter, or squelch, de 
Vice to be later described. 
The multiple duty tube S comprises a pair of 

independent triode sections. Tubes of this type 
5 are well known to those skilled in the art of con 

Structing electron discharge tubes, and con 
mercial designations thereof are 79; 53; 6A4 and 
19. It is believed sufficient to point out that each 
Section of tube 5 comprises a cathode, control 

10 grid and plate. The automatic gain control sec 
tion of tube 5 consists of cathode 6, control grid 

and plate 8. The grid 7 is connected to the 
high alternating voltage side of circuit 3 through 
Condenser 9, while the cathode 6 is connected, 

lb by an adjustable tap 20, to a predetermined point 
On the potentiometric resistor 2. The plate 8 
is connected to the grounded side of resistor 2 
through resistor 22, the latter being the load 
aClOSS Which the gain control bias for the con 

20 trolled amplifiers is developed. The grid 7 is 
biased negatively to a predetermined value, thus 
providing delayed AVC action, by grounding it 
through a grid leak resistor 7. Thus, the re 
sistive portion 2f" between ground and tap 20 

25 provides the negative bias for grid 7. 
The plate 8 is connected for energization by 

alternating current from a 60 cycle current 
source. The latter is coupled to the system 
through a transformer whose secondary winding 
23 has one terminal thereof grounded, and the 
other terminal thereof is connected to plate 8 
through condenser 24. The AVC connection to 
the amplifier grids includes lead 25, also desig 
nated by the letters “AVC'' to denote that this 
lead applies the amplifier gain control bias de 
Weloped acroSS resistor 22 to the grids of the con 
trolled amplifiers. The lead 25 includes a re 
Sistor-condenser filter network 26, the latter 
functioning to suppress the alternating current 
component of the voltage developed across re 
sistor 22. The lead 25 is connected by a variable 
tap 25 to resistor 22. 
The muter. Section of tube 5 comprises cathode 

30, control grid 3 and plate 32. The cathode 
45 30 is connected to the tap 20 so that both cathodes 

6 and 30 are at a common voltage. The plate 
32 is connected to the ungrounded side of wind 
ing 23 through a condenser 33. The grid 3 f is 
Connected to a resistor 34 through adjustable tap 
35, and the resistor 34 is connected, in series with 
a condenser 36, between the plate 8 and ground. 
Thus, the resistor 34 is connected between a point 
of high alternating voltage and ground, since the 
plate 8 is connected to coil 23 through con 
denser 24. 
The Squelching, or muting, connection is desig 

nated by the letters "N. S.', and includes a lead 
40 connected from the plate 32 to the low alter 
nating potential side of the secondary of trans 
former 2 through a resistor 4. A condenser 42 is 
connected between ground and one side of resistor 
Al, and the two elements function to suppress 
alternating. ripples existing in the rectified out 
put of the muter device. The resistor 43 is ef 
fectively connected between the plate 32 and 
cathode 30 through a path including resistive 
portion 2'. The direct current voltage drop 
acroSS resistor 43 is used as a muting bias on the 

70 audio amplifier ff. The muter bias is superposed 
On the bias derived from resistor 3 in the absence 
of Signals of a desired magnitude. When signals 
are received and transmitted through condenser 
9, the squelch bias across resistor 43 is removed 

75 and the audio amplifier is operative, 
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Of course, the bias resistor f' furnishes the nor 

mal radio frequency amplifier bias; as signals in 
crease in magnitude the bias superimposed 
through lead 25 increases to reduce the gain of 
the controlled amplifiers. The need for the mut 
ing network arises by virtue of the maximum 
Sensitivity of the amplifier when weak signals 
are received; noises being unduly amplified dur 
ing such reception the muting network is used to 
render reproduction inefficient. This is, also, true 
for inter-station positions of the tuning means, 
since carrier intensity at such tuning positions is 
a minimum. and Well below the noise level. 
The functions of the circuit elements associated 

With tube 5 will now be described in detail. It 
is first pointed out that the alternating current 
Operated direct current amplifier shown herein is 
generally disclosed and claimed in application 
Serial No. 727,968, filed May 28, 1934 by Francis 
H. Shepard, Jr. In the present case we have dis 
closed an application of the aforesaid type of 
amplifier for obtaining an amplified automatic 
Volume control voltage, and a voltage to bias one 
of the audio amplifiers below cut-off for squelch 
ing the receiver audio output when the received 
carrier intensity decreases below a predetermined 
intensity level. 
The grid 7 of the AWC section of tube 5 is 

normally biased by means of a direct current 
Voltage to a point greater than that at which 
the plate current is cut off. As a result there 
can be no rectified direct current potential built 
up on the plate 8. As a consequence of the 
latter action the AVC voltage is zero in the ab 
sence of signals, and, furthermore, the direct 
Current Woltage. On the grid 3 of the muter sec 
tion of tube 5 is at its least negative value. Con 
denser 36 presents an infinite impedance to direct 
Current, and, therefore, has no shunting or 
dividing effect in applying the negative direct 
potential on plate 8 to grid 3. 
The tap 35 on resistor 34 is adjusted so that 

the positive peaks of alternating current applied 
to the grid 3 are sufficient to Swing the grid above 
its cut-off value with respect to its cathode. 
causes the muter section of tube 5 to rectify 
When its plate is Swung positive on the positive 
peaks of the 60 cycle alternating current. 
Hence, a negative direct current potential is 
built up on the plate 32, and this is employed, 
after adequate filtering through network 4-42, 
to bias the signal input grid of audio tube 
to cut-off. The two diodes in the tube 5 operate 
On the Same half cycle. 

In other Words, in the absence of signals trans- i 
mitted through condenser 9, there is no auto 
matic volume control bias impressed upon the 
signal grid of amplifier through lead 25. Ad 
ditionally, the muter section of tube 5 impresses 
the cut-off bias through lead 40 upon the audio 
amplifier , and thereby Successfully prevents 
the transmission of undesired noises to the re 
producer of the system. The noises, of course, 
are created by virtue of the maximum sensitivity 
of the radio frequency amplifiers of the receiver 
preceding the demodulator input circuit 5. These 
noises occur whenever the received signal carrier 
amplitude decreases below a predetermined in 
tensity level, and also when the receiver is tuned 
between desired Stations. 
When signals are received, and the grid T 

is swung less negative on the radio frequency 
Voltage peaks from the amplifier , the AVC sec 
tion of tube 5 will become conductive. As a 
result rectified direct current potential, negative 
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with respect to ground, will be built up on the 
plate 8. After filtering through network 26, this 
rectified potential is used as an amplified AWC 
voltage, and the latter voltage reduces the gain 
of the controlled amplifiers in such a manner that 
the carrier amplitude at the input circuit 5 of 
the demodulator is maintained Substantially uni 
form over a wide range of received carrier ampli 
tude variation. The rectified direct current po 
tential built up on plate 8, when signals are 
received, is also fed to the grid 3 of the muter 
section of tube 5. This negative potential im 
pressed on grid 3 reduces the conductivity of 
the muter section of tube 5 to a point such that 
the path between plate 32 and cathode 30 becomes 
non-conductive. Consequently, there is no rec 
tified direct current potential produced on plate 
32, and the muter, or squelch, voltage is removed 
from the signal grid of audio tube . 
The delay action of the automatic volume Con 

trol can be adjusted by means of the initial 
direct current grid bias impressed on grid T. 
This is accomplished by varying the position of 
tap 20 on resistor 2. The signal intensity at 
Which the muter action, or squelch, becomes Op 
erative can be predetermined by adjusting the 
alternating current potential on the grid 3, and 
this is accomplished by means of the tap 35 which 
is slidable over resistor 34. 
While the circuit arrangement shown in Fig. 1 

shows the tube f5 performing its functions in re 
sponse to the direct impression of signal energy 
through condenser 9 upon grid , the Same 
functions can be secured by means of the in 

5 pression of a direct current potential upon the 
grid . Thus, in Fig. 2 there is shown a System 
which is similar in all respects to the arrange 
ment shown in Fig. 1, with the exception that 
there is impressed upon the grid of the AWC 
section of tube 5, a direct current potential 
derived from the demodulator load resistor 6. 
The grid 7 is connected by a lead 40 to a de 
sired negative point on load resistor 6, and the 
lead 40 terminates in an adjustable tap which is 
adjusted to the diode plate side of the resistor 6. 

In this way the grid f is made less negative 
by the direct current voltage developed across 
the diode resistor 6, and the amplitude of the 
direct current voltage derived across resistor 6 
is dependent upon the signal carrier amplitude 
at circuit, 5. The operation of the System. ShoW 
in Fig. 2 is precisely the same as that described 
in connection with Fig. 1, and for this reason it 
is not believed necessary to repeat the descrip 
tion of the operation of the System. A separate 
diode demodulator 5) is used, with its cathode 
connected to the high alternating voltage side 
of input network 5. The audio grid of tube 
is connected to resistor 6 for audio signals. The 
negative bias for the audio grid is Secured in 
the same manner as shown in Fig. 1. 
While we have indicated and described Several 

systems for carrying our invention into effect, it 
will be apparent to one skilled in the art that Our 
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 our invention, as set forth in 
the appended claims. 
We cairn: 
1. In combination with a high frequency an 

plifier, a demodulator and an audio amplifier, a 
pair of rectifier circuits, the output electrode of 
one rectifier being connected to a gain control 
electrode of said first amplifier to vary the gain 

3 
thereof, the output electrode of the second recti 
fier being connected to a gain control electrode 
Of the audio amplifier to regulate the gain there 
of, a Source of alternating current, means in 
preSSing Current from Said source upon said rec 
tifier circuits for rectification, means responsive 
to received signal amplitude variations to vary 
the operation of the one rectifier, means for regu 
lating the operation of the second rectifier with 
the direct current voltage output of the first rec 
tifier. 

2. In combination with a high frequency am 
plifier, a demodulator and an audio amplifier, a 
pair. Of rectifier circuits, the output electrode of 
One rectifier being connected to a gain control 
electrode of said first amplifier to vary the gain 
thereof, the output electrode of the second recti 
fier being connected to a gain control electrode 
of the audio amplifier to reguiate the gain there. 
of, a Source of alternating current, means in 
pressing Current from said Source upon said rec 
tifier circuits for rectification, means responsive 
to received Signal amplitude variations to vary 
the operation of the one rectifier, means for 
regulating the operation of the second rectifier 
With the direct current voltage output of the first 
rectifier, the electrodes of said two rectifiers be. 
ing disposed in a common tube envelope, and the 
Space current paths of the rectifiers being in 
parallel. 

3. In combination with a high frequency ann 
plifier, a demodulator and an audio amplifier, a 
pair of rectifier circuits, the output electrode of 
One rectifier being connected to a gain control 
electrode of said first amplifier to vary the gain 
thereof, the output electrode of the second rec 
tifier being connected to a gain control electrode 
Of the audio amplifier to regulate the gain there 
of, a Source Of alternating current, means in 
pressing Current from said source upon said recti. 
fier circuits for rectification, means responsive 
to received signal amplitude variations to vary 
the Operation of the one rectifier, means for regi 
lating the operation of the second rectifier with 
the direct current voltage output of the first, i. 
rectifier, said signal responsive means compris 
ing a Signal transmission path between said first, 
rectifier and said high frequency amplifier. 

4. In combination with a high frequency an 
plifier, a demodulator and an audio amplifier, a 
pair of rectifier circuits, the output electrode of 
one rectifier being connected to a gain, control 
electrode of Said first amplifier to vary the gain 
thereof, the output electrode of the Second recti 
fier being connected to a gain control electrode : 
of the audio anplifier to regulate the gain there 
of, a source of alternating current, means in 
pressing current from Said Source upon said rec 
tifier circuits for rectification, means responsive 
to received signal amplitude Variations to vary 
the operation of the One rectifier, means for regul 
lating the operation of the Second rectifier with 
the direct current Woltage output of the first rec 
tifier, said signal responsive means comprising a 
direct current connection between a conductivity 
control electrode of the first rectifier and a di 
rect current voltage point in the demodulator, 

5. In combination with a high frequency ann 
plifier, a demodulator, and an audio amplifier, a. 
pair of rectifier circuits, the output electrode of 
one rectifier being connected to a gain control 
electrode of said first annplifier to vary the gain 
thereof, the output electrode of the second rec 
tifier being connected to a gain control electrode 
of the audio amplifier to regulate the gain there 
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4. 
of, a source of alternating current, means in 
preSSing current from Said source upon said 
rectifier circuits for rectification, means respon 
Sive to received signal amplitude variations to 

5 vary the operation of the one rectifier, means for 
regulating the operation of the second rectifier 
With the direct current voltage output of the 
first rectifier, said energizing Source being of an 
audible frequency, and the electrodes of both 

0 rectifiers being housed in a common tube en 
velope. 

6. In combination with a high frequency am 
plifier, a demodulator and an audio amplifier, a 
pair of rectifier circuits, the output electrode 

l3 of one rectifier being connected to a gain con 
trol electrode of said first amplifier to vary the 
gain thereof, the output electrode of the Second 
rectifier being connected to a gain control: elec 
trode of the audio amplifier to regulate the gain 

20 thereof, a source of alternating current, means 
impressing current from Said Source upon Said 
rectifier circuits for rectification, means respon 
sive to receive signal amplitude variations to 
vary the rectification of the one rectifier, means 

25 for regulating the rectification of the second rec 
tifier With the direct current voltage output of 
the first rectifier, means operatively aSSociated 
with the first rectifier to adjust the rectification 
point thereof. 

30 7. In combination with a high frequency am 
plifier, a demodulator and an audio amplifier, a 
pair of rectifier circuits, the output electrode of 
one rectifier being connected to a gain control 
electrode of said first amplifier to vary the gain 

5 thereof, the output electrode of the second rec 
tifier being connected to a gain control electrode 
of the audio amplifier to regulate the gain there 
of, a source of alternating current, means in 
pressing current from said source upon said rec 

40 tifier circuits for rectification, means responsive 
to received signal amplitude variations to vary 
the rectifier operation of the one rectifier, means 
for regulating the rectifier operation of the Sec 

3. 5 

ond rectifier with the direct current voltage out 
45 put of the first rectifier, means operatively as 

sociated with the second rectifier to adjust the 
signal level at Which it rectifies Said current. 

8. In a radio receiver of the type including a 
Super-audible frequency transmission network, a 

50 demodulator and an audible frequency transmis 
sion network, a tube provided with a pair of par 
allel rectifier sections, means for impressing al 
ternating current energy of an audible frequency 

2,083,243 
upon the output electrodes of both sections for 
rectification of Said energy, means for impressing 
the rectified energy output of one section upon 
said Super-audible network to regulate the trans 
mission efficiency thereof, received signal respon 
sive means for automatically regulating the rec 
tification efficiency of said one section, means for 
employing the rectified output of the second sec 
tion to control the audible signal frequency trans 
mission, and means responsive to the operation 
of the first section for regulating the rectification 
efficiency of the second section. 

9. In combination with at least two cascaded 
signal transmission tubes, a Source of alternating 
current of a frequency Substantially less than the 
signal frequency, means for rectifying current 
from said Source, means for automatically vary 
ing the gain of the first of Said tubes inversely 
with respect to amplitude variations in the recti 
fied output of the rectifying means, signal re 
Sponsive means for controlling the rectification 
efficiency of the rectifying means in the same 
sense as variations in signal amplitude, a second 
means for rectifying current from Said Source, 
means for varying the gain of the Second of Said 
tubes in the same Sense as the signal amplitude 
variations, and means, responsive to a predeter 
mined increase in the rectified output of the first 
rectifying means, for decreasing the rectification 
efficiency of the second rectifying means. 

10. In combination. With at least two cascaded 
signal transmission tubes, a source of alternating 
current of a frequency substantially less than the 
signal frequency, means for rectifying current 
from said source, means for automatically vary 
ing the gain of the first of said tubes inversely 
with respect to amplitude variations in the rec 
tified output of the rectifying means, signal re 
sponsive means for controlling the rectification 
efficiency of the rectifying means in the same 
sense as variations in signal amplitude, a second 
means for rectifying current from Said. Source, 
means for varying the gain of the second of said 
tubes in the same Sense as the Signal amplitude 
variations, and means, responsive to a predeter 
mined increase in the rectified output of the 
first rectifying means, for decreasing the rectifi 
cation efficiency of the second rectifying means, 
and additional means for adjusting the signal 
amplitude levels at which said two rectifying 
means become operative. 

OTTO. H. SCHADE. 
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