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My invention relates to an improved counter 
type demodulator: for frequency or phase modul 
lated signals. 
An objects of my invention is to provide a de 

modulating device for frequency or phase modul 
lated signals...which will provide a high output sig 
nal level. 
A further object is to provide a demodulating 

device, incorporating means for preventing the 
passage of noise: impulses in the absence of a 
received, carrier of at least. a. predetermined in 
tensity. 
Another object of my invention is to provide a 

demodulator for phase or frequency modulated 
Signals with high. Signal-to-noise level charac 
teristics, 
An additional object is to eliminate the neces 

sity."for high gain output amplifiers in a phase or 
frequency modulation receiver. and thereby re 
duce: the distortion and noise, level. 
The novel features: which I believe to be char 

acteristic of my invention are set forth with par 
ticularity in the appended claims. My invention 
itself, however, both as, to its organization and 
method of operation; together with further ob 
jects. and advantages thereof may best be under 
stood by reference to the following description 
taken in connection with the accompanying draw 
ings, in which Fig. 1 is a diagram of demodulator 
apparatus embodying: the invention; Fig. 2 is a 
diagram of a demodulator incorporating a squelch 
circuit; and Fig. 3 is an: explanatory, diagram ill 
lustrative of the operation of the apparatus. 
Counter type: demodulators have been known in 

the past. wherein a frequency-modulated carrier 
Wave" is successively subjected to clipping, am 
plification and differentiation to produce a series 
of shortpulses, which in turn are rectified and in 
tegrated to produce a demodulated audio output 
Signal. The output signal of a demodulator of 
this type, however, is of, relatively low intensity 
and must be; amplified in high gain voltage am 
plifiers which may introduce undesired noise and 
distortion. 
The demodulator, according to my invention, 

provides a relatively high intensity output sig 
nal permitting the use of amplifiers of low gain 
resulting in an output signal characterized by 
the presence of a minimum of noise and distor 
tion; 
According to my invention, the frequency 

modulated carrier wave is clipped, as in the prior 
art, and is then applied to one winding of a 
three-winding transformer in which differentia 
tion of the clipped wave occurs. The differentia 
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2. 
tion' in this transformer provides: very sharp, 
pulses, as hereinafter described. Associated with. 
the transformer is an electron discharge device 
operating as a Self-saturating amplifier to: gen 
erate a steep-sided square pulse in response to . 
each positive-going differentiated pulse, each. 
Square pulse being much larger than the corre-- 
Sponding initiating differentiated pulse. and, 
therefore representing more, energy. The am-- 
plifier drives itself to complete Saturations dur 
ing each pulse and provides substantially perfect. 
limiting of each pulse. The electron discharge, 
device also serves as a rectifier for the square 
pulses and feeds the rectified pulses to a low, pass 
filte3", Such as an adio pass filter, in which in-... 
tegration is obtained to produce: an output signal 
which is determined by the rate, at which the 
Square pulses are applied to the filter. The filter: 
Output therefore is a reproduction of the original, 
modulation of the incoming carrier. 
In the circuit: shown in Fig. 1, antenna, fur. 

nishes frequency, or phase, modulated carrier: 
signal energy to a radio frequency amplifier and 
clipper circuit 2, wherein the incoming signal: is. 
modified from a sine Wave, Such as that labelled: 
“FM carrier' in Fig. 3, to a clipped sine Wave as: 
shown at 3 in Fig. 1 and labelled “Clipped in. 
Fig. 3. The clipped Wave is applied to winding. 
4 of a three Winding: transformer 5, which is, 
preferably of the powdered iron core type. The 
positive-going leading edge of each clipped: pulse: 
as it reaches winding 4 induces a positive poten 
tial in the form of a sharp differentiated pulse. 
at the top of the secondary winding, 6 of trans. 
former 5 to drive the control electrode of elec, 
tron discharge device sharply positive. There 
Sultant conduction cf device 7, causes increasing: 
anode current flow. in the third transformer 
Winding, 8, the direction of the windings: being: 
So chosen that the increase in anode current in 
duces an even more positive potential at the con 
trol electrode end of winding; 6. This feedback 
action quickly drives device. T to anode current: 
Saturation. The device remains, saturated for: 
a predeteriniined: tin 16 during, which a maximum 
Voltage drop occurs across load resistor 9 pro 
viding a shaped, amplified and rectified pulse 
as shown in Fig. 3 for each leading edge of the: 
clipped signal. The duration of saturation is 
established by the times constants as: determined 
by the values of resistance, inductance and dis. 
tributed capacity of the circuits, including the 
transformer windings and components connected. 
thereWith. The control electrode of device'. T 
may be driven, during, this time, more positively. 

  



3 
than the potential required for anode current 
saturation. When the control electrode potential 
decays, as the charge accumulated in the distrib 
uted capacity leaks off, the control electrode starts 
to fall below the saturation potential and the 
anode current starts to decrease. A negative-go 
ing potential is thus induced on the control elec 
trode end of winding 6 which serves to hasten cut 
off of device T. The negative-going portions of 
the differentiated pulses, formed by the lagging 
edges of the clipped carrier waves, do not op 
erate device 7. The device operates, therefore, 
as a rectifier. 
The circuit including the transformer and de 

vice accordingly operates in response to the 
leading edge of each clipped sine wave to provide 
a positive-going differentiated pulse, which is gen 
erated by induction in winding 6 by the current 
in winding 4. These positive-going differentiated 
pulses initate negative-going voltage pulses acroSS 
load resistor 9 of large constant magnitude due 
to the self-saturation of device . 
The negative-going pulses generated by device 

7 are integrated by filter network 9, which reso 
nates at a frequency below the frequency of pulse 
repetition, such as at less than 250 kilocycles, and 
the resultant output voltage, which may be an 
audio frequency voltage, represents a Summation 
of the energy contained in the square Wave recti 
fied pulses. The output voltage is, accordingly, 
an accurate reproduction of the frequency, or 
phase, modulation appearing on the received 
carrier. . . . . . . . 
Operating potentials may be supplied for de 

vice 7 in a conventional manner, anode power 
being provided from a suitable direct current po 
tential source such as B battery fi and control 
electrode negative bias potential from a voltage 
divider comprising resistors 2 and 3 connected 
across C battery 4. A conventionally excited 
heater for the cathode of device 7 is also provided 
though not shown in the drawing. 
The advantages of demodulation as described 

above over the prior art methods are immedi 
ately apparent from Fig. 3, Wherein the curves 
under “A” indicate prior art operation, and those 
under. 'B' are exemplary of operation utilizing 
the device of Fig.1. In the prior art, as shown, 
the positive differentiated pulses formed by the 
leading edges of clipped input signals waves are 
rectified directly. These rectified pulses contain 
only small quantities of energy, being a little less 
than the energy in the positive differentiated 
pulses. Not only are the rectified pulses inade 
quately limited for many applications, since the 
rectified pulse energy is related to the energy in 
the corresponding differentiated pulse, but the 
low intensity of the rectified pulses requires high 
gain amplification to obtain useable output signal 
strength as indicated by the low intensity output 
wave shown in Fig. 3. 
On the other hand, according to the present 

invention, the differentiated pulses initiate the 
generation of almost perfectly limited Square 
pulses not dependent in energy content on the 
quantity of energy, in the differentiated pulses. 
The resultant output signal derived from inte 
gration of the Square pulses contains fewer un 
desired (noise) components and is of increased 
intensity reducing the requirements as to gain in 
the remainder of the apparatus. 
The demodulator shown in Fig. 2 comprises a 

radio frequency amplifier ad clipper, indicated 
by numeral 2, for furnishing clipped frequency, 
or phase, modulated sine waves 3 to primary wind 
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ing 4 of transformer 5. Winding 6 is arranged 
to provide positive differentiated pulses to the 
control electrode of discharge device in re 
sponse to the leading edges of the clipped sine 
waves, and feedback action from Winding 8 to 
winding 6 causes device 7 to reach anode current 
saturation very quickly for each positive differen 
tiated pulse appearing on winding 6 as explained 
in connection with Fig. 1. Filter network inte 
grates the Substantially Square Wave voltage ap 
pearing across load resistor 9 to provide an out 
put signal corresponding to the frequency modul 
lation of the carrier received on antenna . 

In addition to the elements described above 
which are substantially the same as those of Fig. 1, 
the device shown in Fig. 2 incorporates a Squelch 
circuit arranged to provide a strong negative cut 
off bias to the control electrode of device 7 in the 
absence of a received carrier of greater than a 
predetermined minimum intensity. The Squelch 
circuit comprises a diode discharge device. 5 with 
a cathode resistor i3 connected to receive the: 
amplified but unclipped carrier signal from the: 
radio frequency amplifier section of amplifier and 
clipper circuit 2. When a strong carrier is re 
ceived, discharge device 5 conducts, drawing : 
anode current through resistor 7 to produce a 
negative potential on the anode. A threshold 
potential for conduction of device 5 is established . . 
by Selecting the position of the slider of poten-: 
tioneter 8, which is arranged as a voltage di 
vider acroSS a negative bias potential source. 93. 
indicated as a C battery. ... , , i. 

Electron discharge device 20 is arranged to be: 
conductive. When no strong: carrier: is being re 
ceived. Power source 9 serves to provide operat-2. 
ing potentials for device 20, the negative terminal 
being connected to the cathode, the positive : 
(grounded) terminal to the anode, and a selected . 
intermediate potential from the slider of po 
tentiometer 8 to the control electrode. . . 

In the absence of a strong carrier, diode de- : 
Vice 5 is non-conductive and there is substan- ; 
tially no voltage drop in resistor 7. The con- . 
trol electrode of device 20 is thus maintained 
at a positive potential with respect to the cath 
ode, as determined by the adjustment of the 
slider of potentiometer 8, and device 20 con 
ducts to produce a strongly negative potential 
with respect to ground on that end of resistori 
2 which is connected to the anode of device 20. 
This negative potential, which may be as high 
aS 100 VoltS or more, biases the control electrode. 
of device 7 far beyond cutoff preventing the op. 
eration of the device in response to any noise im 
pulses which may be received on the antenna, for. 
otherwise. . . . . . 
When a carrier is received which is strong 

enough after rectification by diode device 5 to 
produce sufficient voltage drop in resistor i7 to: 
Overcome the positive bias on the control elec 
trode of device 20, device 20 is cut off, conduc- ; 
tion through resistor 2f ceases and the control 
electrode of device is made self-biasing: 
through resistors 2 and 22. . Condenser 23 func 
tions as storage condenser to prevent rapid fluc. . . . 
tuations in the potential of the control electrode. 
of device 7. . . . . . . . . . . . . . . . . . . . . . 

While I have shown only certain preferred 
embodiments of my invention by way of illus: 
tration, many modifications will occur' to those 
skilled in the art and I therefore wish to have it 
understood that I intend in the appended 
claim to cover all such modifications, as fall 
within the true spirit and scope of my invention 
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What I claim as new and desire to secure by 
Letters Patent of the United States is: 
A demodulator for frequency modulated 

clipped carrier wave signals comprising a trans 
former, Said transformer having an output wind 
ing and a feedback Winding, an electron dis 
charge device having a control electrode, an 
anode, a Screen electrode and a cathode, a Source 
of operating potential having a positive terminal 
and a negative terminal, the negative terminal 
being connected to said cathode, one end of 
Said output winding being connected through 
an impedance to Said positive terminal and 
the other end of Said output winding being con 
nected to anode, said feedback winding be 
ing connected in regenerative polarity at one 
end to said control electrode and at the other 
end through a control electrode leak resis 
tor to said cathode, means to impress said sig 
nals on Said control electrode to drive said de 
vice to anode current Saturation in response to 
impression. On Said control electrode of the posi 
tive-going portion of each cycle of Said Signal 
thereby to produce current pulses in said anode 
circuit, a low pass filter connected between said 
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One end of Said ouput winding and a point at 
fixed potential with respect to one of said termi 
nals thereby to integrate the pulses appearing 
acroSS Said impedance, Said filter comprising 
means for passing desired demodulation prod 
uctS to an output terminal, and means to im 
preSS from Said positive terminal a Substantially 
constant positive potential on Said Screen elec 
trode thereby to minimize the effect of Woltages 
appearing in the input portion of Said filter on 
the amplitude and duration of Said anode current 
pulses. 

THOMAS G. CUSTIN. 
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