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This invention relates to improvements in radio
receiving circuitg and more particularly to an
improved amplitude limiter and so-called
“squeleh” circuit barticularly useful in receivers
for frequency modulated signals.

As is well known to those versed in the art,
frequency modulation receivers include among
their various components one component of the
circuit that is known ag the limiter circuit, which
circuit acts to remove amplitude modulations
from the signaj, In some instances the limiting
action wag accomplished by causing the signal
to utilize the complete characteristic curve of g
vacuum tube device. That Is, a vacuum tube cuts
off signals at saturation for one-half of a cycle
and by negative grid biag cuts off signals on the
other half of the cycle.

These circuits are not as effective a5 could be
desired because the tube characteristic curve is
Furthermore these types of lim-

on the other side, which is
merely overloading the tube. Thus it is neces-
sary to have a signal of a certain gmplitude which

in; barticularly noticeable when tuning
between stations. On wesak signals or no signal
there is obviously no limiting action,

By my present invention I have brovided g
limiter which does not rely on the saturation
or grid bias cut-off of a tube to obtain limiter

broved type of limiting action without overload-
ing the tube and which action is effective to pro-
vide a symmetrical output.

It is, therefore, an object of my invention to
provide a new type of limiter cireuit for frequency
modulation reception, -

Another object of my invention is to provide

amount of the signal removed from the wave is

broportional to the signal being received.
Another object of the invention is to Provide
& limiter action which is not effected by overload-
ing a tube.
Another object of the invention is to brovide g
limiter eircuit for frequency modulation receivers
that has a symmetrical characteristic for both

halves of the signal wave,
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Another object of the invention is to
combined limiting and squelch circuit, :

Another object of the invention is the Provision
of a limiter which operates on weak as well as
strong signals, :

Another object of Iny invention is to provide a’
limiter cireuit wherein the limiting action can be
adjusted manually to provide any desired cut-off
or wherein the limiting action can be adjusted
manually to automatically brovide for any desired
broportion of cut-off, . . S

Still other objects of the invention gnd the in-
vention itself will become more apparent from
the following description of an embodiment there-
of, which description ig illustrated by the accom-
and forms a part of this specifi-

rrovide a

cation. :
Fig. 1is a circuit diagram of g bortion of g re-
ceiver circuit showing my invention M :
Fig. 2 is a view showing & signal wave before
and after limiting action oCccurs; .
Figs. 3 to 6 inclusive show circuit modifications
of my invention. . .
Referring to the drawing, | represents the anode
of any one of the breceding stages of a frequency
modulated receiver, This may be a mixer stage,
but for purposes of this application ig considered
as being one of the intermediate frequency stages.
The output from the tube is fed to the tuned pri-
mary 2 of a transformer which is inductively cou.-..

mediate frequency transformer ig tuned by the
adjustable capacity 4; and the center tap of the
secondary is coupled through a résistor 5 to the
cathode 6 of the vacuum tube T which may be
& 6B8 and which is g double diode pentode. ‘The
ends of the secondary. -3 .are connected to the
anodes 8 of this tube. : -
The output from. the tube 7 may go to another
transformer which may be the input to 3 discrimi-.
nator circuit or another intermediate frequency
cireuit. Grid bias for the tube 7 is had by way -
of the line 12 through the resistor 13. The center
tap to the secondary 3 may also be by-passed to

- ground by the condenser 36.

55

Although the tube 7 is shown as g double diode
bentode, it will pe obvious that separate tubes
broviding the function of an amplifier and g dou-
ble diode could be used and in some instances
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may be desired because of the higher gain that
it is possible to obtain, this being due to the fact
that in single purpose tubes a greater selection of
tubes is available.

In order to betier understand the invention,
reference is had first to Fig. 3 for discussion of
the operation. Fig. 3 also illustrates a condition
where the variable bias furnished by the resistor

5 in Fig. 1 is substituted by a biasing battery 290.

In other respects the two circuits are the same.

Signals are received and amplified in the radio .

frequency and mixer stages, not shown, and the
output from the tube {__A which may be an in-
termediate frequency stage, is connected by the

conducter b to the input circuit of the trans--

former 2—3. The output connector b is also
connected to the input of the smplifier section
of the tube by the coupling condenser 18, the
coupling being to the grid ¢ of the tube, bias
voltage being furnished through the resistor 13.
The output of the tube T may be connected to a
discriminator or other emplifier. circuit, not
shown. ' .

The signals are transferred inductively from
the primary 2 to the secondary 3. Tt willbe noted
‘that the bias battery 30 which connects the center
tap of the transformer 3 maintains the two anodes
8 at a predetermined negative potential. It will
be seen that as long as this potential is not ex-
ceeded by the signal induced in the secondary 3,
no current will flow in the ‘diode circuit. How-
ever, as soon as the voltage in the diode circuit
exceeds the bias on the anodes as furnished by the
battery, rectifying action takes place in the anode
cathode circuit and current flows in th¢ second-
ary. It is believed that thig current flow con-
stitutes a constructive short which because of
the cloge coupling between the primary and sec-
ondary, also results in & short for the primary,
diverting the signal {from the amplifier section of
the tube. [

In this respect the results realized by the limiter
of Fig. 3 are similar in nature o those realized
by prior limiters which operate on the heel and
shoulder of the characteristic curve, although thie
manner of obtaining the results, as has been €X-
plained, is quite different. In the device of Fig. 3
the limiting action will oceur, while with ~ the
stronger signal the greater portion of the signal
willbecut off. = - T o

This battery may be supplanted by 8 voltage
from the regular power supply, and in thig case
the resistor 5 is placed in the cathode cireuit, but
the cathode ground is moved to enable a positive
voltage to be applied to the catHode (see Fig.4).
This voltage is obtained from the B supply and
may be fixed or manually variable by fhe re-
sistor33. . L

This allows the operator to vary the cut-off
point and the limiting action with different sig-
nals, if desired. These circuits of Figs. 3 and 4 do
not have the feature of squelch although it does
limit the magnitude of static between stations.

The operation of the circuit of Fig. 1 is be-
lieved to be as.follows: Signals.are received and
ampiified in the radio frequency and mixer stages,
not illustrated. and the output from the tube (1a),
which may be an intermediate frequency stage, is
fed to the transformer 2__3 and also fed to the
grig 9 of the amplifier section of the tube T where
they may be amplified and passed on to & dis-
criminator or other amplifier cireuit, not shown.

The operation of the double diode section of the
tibe 1 as a limiter and squelch unit is effected as
follows: The signals are transferred inductively
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5.

-downward through the lower diode

from the primary to the secondary. On the posi-
tive half of the cycle the current flow is in the di-
rection of the arrow 18 which causes the upper
plate 8 of the double diode to become positive.
When this plate is positive, current flow is from
the plate to the cathode § and by way of the re-
sistor 5 to the center tap of the transformer, On
the negative cycle, the current flow is in through
the other half of the transformer secondary
plate, back
through the resistor 8 to the center tab.
~The above described current flow through the
resistor § causes a voltage to be built up across
the resistor 5, with the higher potential at the
cathodeend and a negative potential at the anode
end. This negative potential is thus applied to
the anodes 8.of the tube, which being negative
with respect to the cathode, hinders current flow.
The value of the resistor 5 determines the output
voltage of the limiter. That is, the higher the
value of resistor §, the greater the potential drop
across the same. When the instantaneous radio
frequency voltage in the circuit exceeds the rec-
tified voltage across {he resistor 5 and the nega-
tive potential on the anodes 8, the anodes are then
driven more positive and a surge of current flows.
This effectively short-circuits the transformer
secondary for this excess impulse voltage. This
shorting of the secondary is due to close coupling
within the secondary itself. Furthermore, since
the secondary is closely coupled to the primary,
s short for the secondary operates as an effective
short for the primary. In this manner the am-
plitude modulated peaks are limited to a certain
predetermined value determined by the steady
signal strength and the value of resistor 5. AS
soon as the impulse signal input beconies sO great
that on the positive half of the cycle the plate is
driven more positive then rectification starts and
the tube shorts the cireuit for the peak of the
cycle; thus the amplification of the amplifier sec-
tion is also controlled, the balance being obtained
due to the steady radio frequency signal causing
a steady eurrent. ) ) )
When no radio frequency signal is present there
is no voltage drep across the resistor b and there-
fore for sudden high amplitude noise impulses
the diodes rectify the undesired impulse, and since
diodes are then carrying current, they in effect
short the secondary of the transformer and the
primary and no ‘'signal gets through to the am-
plifier; thus the circuit operates as a squelch cir-
cuit between stations. This is believed to be due
to the time constant of the circuit.  That is, the
impulse is over before the bias, caused by the
voltage drop across the resistor 5, has a chance to
change. . ;
Fig. 2 is a composite view of 2 signal before and
after limiting. In thiscase the signal represented
by the wave form 20 varies positive and negative
about the center point 21. Assuming that a fixed
negative bias of 1 volt for the ancdes is to be sub-
stituted for the resistor 5, of Fig, 1 by a battery
30, as in Fig. 3, then so long as the signal does not
exceed 1 volt there isno rectification in the diode
section since they are 1 volt negative. Thus the
signal on the positive ‘half of the wave starting
from “0” raises to point “e,” Fig. 2, and is nor-
mal. As soon as the signal potential ‘exceeds 1
volt, then we have the plate being driven positive',’
rectification starts and continues so long as the
plate is positive acting as a short circuif for the
transformer and preventing the signal from get-
ting through to the grid 9 of the amplifier.- The.
entire upper portion of the wave exceeding I volt
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, 5
is thus lopped off and our signal takes the form
shown in the solid lines in Fig. 2. g

In the case of Fig. 1 the value of the resistor
5 determines the voltage drop and hence deter-
mines the bias on the diode section; this voltage
bias will vary according to signal strength, being
a larger bias for a strong signal and smaller for
weak signals. Thig voltage bias varies at a rate
which'is relatively slow compared to the ampli-
tude modulation that we wish to cut off, The
‘time constant of the circuit determines this rate.
It will be seen, therefore, that the value of the
resistor determines that proportion of the signal
being removed. That is, one-third may be re-
moved, or one-sixth or any desired amount, de-
pending upon the value of the resistor 5. Fur-
thermore, when the signal is of varying strength,
the proportion removed is thé same. That is,
when a signal having g value of two volis is being
received, and the cut-off may occur at 1 volt,
then with a signal of'1 volt the cut-off would
occur at one-half volt, assuming that the re-
sistor was selected with g view to removing half
of the signal.

It will thus be seen that with signals of varying
strength, the output will vary in strength, al-
though the limiting action will still be propor-
tioned to the signal. This might be considered
to be a disadvantage except for the fact that fre-
quency modulation reception at the bresent time
is limited to high frequencies, and the transmit-
ting distance is usually so small that no fading
.ordinarily occurs. It will be understood, however,
that the automatic volume control eould be used
ahead of this circuit to keep the signal applied to
the limiter circuit relatively constant if desired.

Fig. 5 is a modification of Fig. 1 where the bias
resistor 5§ is replaced by a variable resistance
35 which enables the operator to vary the lim-
iting action and the output,

Fig. 6 is another modification of Fig. 1 which
operates in the same manner as Fig. 1, the only
difference being that in this case the signal is fed
from the center tap of the transformer secondary
to the amplifier. It will thus be seen that I have
provided a limiter circuit which operates inde-
-Pendent of the upper and lower limits of the
characteristic curve of the tube providing limit-
ing action regardless of signal strength, and that
the amount of its limiting may be made variable,
It will further appear that the limiting action
in certain cases is a function of the strength of
the signal and therefore proportional to the sig-
nal and that it is possible to vary the proportion.

Although I have shown the transformer as be-
ing a tuned transformer it is mainly with the idea
of taking advantage of this tuning to provide an
additional stage of intermediate frequency. It
is within my concept to legve one cecil of the
transformer -untuned and have it very closely
coupled to the other whereby the tuning of one
is reflected into the other.

Purthermore, although I have described the op-
eration of the circuit according to the present
known coneepts, it was not with a view to limiting
the invention and merely to a better understand-
ing of its operation, ang should it later be dis-
covered that other principles enter into the func-
tion of the device, I do not desire to limit myself
by the present description,

I am aware that numerous other and extensive
departures may be made from
drawing, but withoug departing from the spirit or
scope of the invention.
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L. In avoltage limiter for removing high ampli-
tude portions from a frequency modulation sig-
nal wave, including a pair of amplifiers coupled
to each other for amplifying said signal, g trans-
primary and a center tapped sec-
ondary coil, & double diode rectifier tube, a bias-
ing resistance and a capacity connected to said
center tap and to the cathode of said rectifier,
the anodes of said rectifier tubes being connected
to the ends of said secondary, one of said ampli-
fiers being coupled to said transformer and a
source of signal coupled to the brimary of said
transformer, said resistance providing a negative
bias for the anodes of the rectifier during steady
or uniform portions of the signal wave to main-
tain the rectifier against rectification of such por-
tions and said signal upon reaching a predeter-
mined amplitude to overcome said biag and to
cause rectification in saig circuit to remove said
high amplitude porticns of said signals being
transferred bhetween said amplifiers.

" 2. In combination: with a vacuum tube device
adapted to operate as an amplifier, discriminstor
or the like, and having an input circuit coupled
to the output circuit of a preceding vacuum tube,
8 voltage limiter for said input circuit compris-
ing a transformer having a primary and a sec-
ondary tuned to resonance with a predetermined
sigral frequency, said brimary being connected
acrosssaid input circuit, vacuum tube means hav-
ing anodes and at least one cathode with the gn-
odes ‘connected to-the dubput of ‘said secondary,
said cathode being coupled to 2 center tap on
sald secondary by a resistance and a capacity of
a value such that when current starts to flow in
sald secondary circuit, the voltage drop across
the resistance provides g negative potential on
said anodes and limits said rectification until
peak voltages induced in the secondary . exceed
the bias provided by the resistance, said trans-
former and rectifier circult providing a low im-
bedance to bypass signals to the input of said
amplifier or the like upon occurrence of rectifi-
cation in said rectifier circuit to limit the input
to said amplifier or the like, '

3. In combination with a circuit for transfer-
ring signal voltages from a first portion of said
circuit to a second portion of said circuit, a volt-
age limiter comprising a transformer having a-
tuned primary and g tuned center tapped sec-
ondary, said transformer being directly coupled
to said first pertion of said circuit, a double diode
rectifier having a pair of anodes and a cathode,
said anodes being connected to the output of the
secondary and said cathode being connected
through a resistance to said center tap, a con-
denser in parallel with 5aid resistance, said re-
sistance and condenser maintaining 5 negative
bias on said diode plates proportionate to the
amount of signal in said secondary, said secondary
diode circuit adapted to divert signals from said
main circuit when rectification occurs in said
diode to remove peak or impulse voltages from
said circuit exceeding s predetermined proportion
of the amplitude of the signal,

4. A limiter circuit for frequency modulation
receivers comprising s vacuum tube amplifier in-
cluding among its elements an anode, a second
vacuum tube having an amplifier section, and gz
duo-diode section with a common cathode for
both sections, said amplifier section being capaci-
tively coupled to said first mentioned anode, g
transformer having g primary tuned to a signal
of predetermined frequency and a divided sec-
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ondary tuned to said frequency, said secondary
being connected to the anodes of said duo-diode
section of the second tube and said cathode being
connected by a.voltage dropping resistance and
condenser to the intermediate portion of said
secondary to provide a cathode return, said trans-
former primary being connected to receive signals
from said first amplifier tube and cause said sig-
nals to be rectified in said duo-diode, said voltage
dropping resistor and condenser adapted to main-
tain a. negative bias on said duo-diode-anode in
proportion to the signal input to said transformer
and to limit current flow in said duo-~diode section
until the amplitude of the noise or interfering
signal exceeds the negative bias on the anocdes,
and signals of predetermined amplitude to cause
a current flow in said duo-diode transformer cir-
cuit, the coupling being sufficiently close between
the windings of the transformer that current flow
causes an effective shord circuit across the output
of said first amplifier tube to prevent signals ex-
ceeding a predetermined amplitude from reach-
ing said amplifier section of said second tube.

5..A limiter eircuit for frequency modulation
receivers comprising a vacuum tube -amplifier
having an output anode, a second vacuum tube
having an amplifier section and a quo-diode sec-
tion with a common cathode for both sections,
said amplifier section being capacitively coupled
to said first mentioned tube. for transferring a
signal wave therebetween, means for preventing
sransfer of the high voltage portions of said wave
comprising a transformer having a primary and

o conter tapped secondary tuned to a predeter-.

mined frequency, the output of said secondary
being connected to the anodes of said duo-diode
section of the second tube and said cathode being
connected by a voltage dropping resistance and a
condenser to the center tap of said secondary,
said transformer primary being connected to re-
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ceive signals from said first amplifier tube and
cause said signals to be rectified in said duo-diode,
said voltage - dropping resistor and capacily
adapted to maintain a negative bias on said duo-
diode-anode in proportion o the signal input to
said transformer and to limit current flow in said
duo-diode section until the noise voltage ampli-
tude of the signal momentarily exceeds the nega-
tive biag on the anodes, and adapted on higher
voltage portions of the signal to rectify the signal
and cause & current to flow in said secondary
circuit, the coupling between the windings of the
transformer being such that current flow causes
saig higher amplitude portions. of said signals to
be diverted from said amplifier section of said
second tube, the time constant of the circuit heing
of such value to maintain the normal value of
pias on the diodes for the duration of the noise
pulse. - . .
6. In a voltage limiter for limiting the ampli-
tude portions of a frequency modulated radio
frequency signal wave being transferred to an
amplifier or the like, an amplifier for amplifying
a signal including an amplifying tube, a trans-
former having a primary and a center tapped
secondary coil, & pair of diode rectifiers, a resist-
ance and. g capacity connected hetween the cen-
ter tap and the cathode of said rectifiers, said
rectifiers having their anodes connected to the
ends of said secondary, said amplifying fube hav-
ing its input coupled to said transformer, sald
resistance and.capacity providing a negative bias
for the anodes.of the rectifier to maintain the
rectifier against rectification for a proportion of
the signai into the circuit and said signal upan
reaching a predetermined.amplitude to overcome
said bias and. cause rectification in said circuit
to remove said high amplitude portion of said

signals from said amplifier.
ERNEST

R. PFAFF.



