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This invention relates to an ultrahigh fre-
quency oscillating system and moré particularly
to a system including a modulator circuit. o

During the operation of an ultrahigh frequexncy
modulator-oscillator circuit two impedances will
appear as seen by the modulator or driving cir-
cuit. One of these impedances appears while
the oscillator is not oscillating and is of relatively
high value. The second of these impedances
appears while the oscillator is oseillating and is
of relatively low value. In the modulator-oseil-
lator circuit being diseussed; after the voltage
from the modulator is applied to the oscillator,
some finite time must elapse before oscillations
begin. During this time the oscillator will pre-
sent the relatively high impedance to the mody-
later. After oscillations begin, the impedance
seen by the modulator dreps, and; as a result,
the voltage applied to the oscillator drops. In
many instances, for reasons of maximum power
output, it is desired to have the operating voltage;
L e. the voltage across the oscillator during oscil-
lations, at the highest possible level. As is well
understood in the art, the maximum allowable
voltage which may be applied to the oscillator
will be just less than the break-down or arcing-
over voltage that appears anywhere in the medu-
lator-oscillator circuit. However; in_the modu-
lator circuits being discussed, just after voltage
is applied from the modulator to the Gscillator,
and before the oscillator bégins to oséillate, the
voltage across the oseillator is higher than it is
when it is oscillating. 'Thus, it is seen that the
voltage across the oscillator, when it is not oscil-
lating, causes break-down before the oscillator
begins to draw current and oscillate. This then
will limit the maximum operating voltage to a
value somewhat less than the break-<down volt-
age. Furthermore, the high initial voltage will
charge the distributed capacitance of the system.
This charge leaks off when the oscillator oseil-
lates. The increased current due te this dis-
charge is sometimes sufficient to cause break-
down of the oscillator, ,

An object of the present invention, therefore,
is to provide a system permitfing use of higher
operating voltages in modulator-oscillator ecir-
cuits. ,

A further object of this invention is to provide
a system permitting use of a higher average cur-
rent during the period of oscillation.

In accordance with the present invention there
is'provided a coupling means connecting a gen~
erator to a load. A *“despiking circuit” consist-
ing of a resistance and a capacitor are connected
across the coupling means, and the parameters
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2 ,
of this R.-C, cifcuit and its time constant are
selected so that the ehérgy from the gererator
will be divided between the coupling means and
the despiking circuit only for a very shoit interval

 Of tiine between the application of the modulator

voltage and the instant the oseillator begins to
draw full load eurrent. The resistance of this
cireult is chosen substantiaily equal to the im=
bedance of the modulator, and the capacity is
Chosen small enough to be alfiost completely
charged & very short ‘time after the oscillator
draws full load currént. Thus the despiking cir-
cult fuiictiohs &s an gutbmatic means for pro-
tecting the load, which is usually an ultvahigh
frequency oscillator, from flash-overs produced
by the spike voltages, o high voltage overshoots
rroduced in the outputs of the modulators.

The circuit has it8 most pertinent application
in radar sySterns where extremely high power
must bie impressed on the magnétrons duriig g
very short interval of time. In the syster of
this type the modulator tenerally consists of a
line pulse modulator having & pulse-forming fet-
work which is charged to a very high potential
angd discharged through the pritiary of a trans-
former, the secondary of which is conhected
across the magnetron. Most practical line pulse
modulators do. not produce 3 perféctly uniform
flat-top wave becatse this is usially ‘costly and
unrewarding. AS g conseqlience, the rate of rise
and the overshoot on the leading edge of the
voltage wave are important in determining the
ability of thé magnetron to opérate 4t hish power
levels. Since the magnetton operates at the
magnetic field far above the normal cut-off valis,
It is impossible for electrons to reach the anode
without the aid of the radial fréequency field.
Therefore, until the field i5 established, Iittle
power is drawi from the puléer and a moigntary
over-volting of the rmagnetion results. This
bhenomenon is particularly prominent i the case
of line type modulators or pulsers where the
voltage across the magnétfon can ¥ise to twice
normal if the magnetron fails to dfaw power.
This high-voltage “spike” can give rise to all
manner of sparking and modé tFoubles. Thé in-
vention discloses the R.~C. nétwork which scts as
& protective shunt during the efisience of the
above high=voltage spike. The timé constant of
the shunting circuit is adjusted so that it ceawes

to exert any influence upon the circuit &t the

instant the maghetron begins t6 oscillate. When
the magnetron begins to éscillate then the shunk
ceases -to ‘draw any curfent and therefors the
entire Power of the line typbe modulator i

is noi
divided between the miagneétron and thé shunt
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cireuit but is delivered solely to the magnetron.
In g circuit of this type it is a matter of primary
importance that the time constant of the shunt
is adjusted so as to remove itself completely out
of the circuit at the instant the magnetron begins
to oscillate. This is accomplished by imparting
the previously mentioned necessary values to the
resistance and capacity of the shunt.

For- a better understanding of the invention,
together with other and further cbjects thereof,
reference is had to the following description
taken in connection with the accompanying
drawings, and its scope will be pointed out in
the appended claims.

In the accompanying drawings:

Figs. 1A-1D, inclusive, show a modulator-os-
cillator circuit, its equivalent circuits and the
waveform of the voltage applied to the oscilla-
tor; and

Figs. 2A~2C, inclusive, and 1C show an im-
proved modulator-oscillator eircuit, its equivalent
circuits, and the waveform of the voltage applied
to the oscillator of the circuit.

Referring now more particularly to Figs.
1A-1D, inclusive, there is shown a schematic
diagram of a modulator-oscillator circuit with
associated equivalent circuits and waveforms
applied to the oscillator portion. ¥Fig. 1A shows a
modulator 11, shown in block form, which in the
previously mentioned radar systems will consist
of a line pulse modulator including a pulse form-
ing network, a direct current source for charging
this pulse forming network, and an electronic
switech for quickly discharging this network
across the primary of transformer i2 illusirated
in the ficure. It is this discharge of the pulse
forming network that generates a rectangular
pulse the oscillogram of which is illustrated di-
rectly above the numeral 27 in the figure. The
output of this modulator is coupled by a trans-
former 12 to an oscillator {3 shown in block form.
As mentioned previously in the case of the radar
systems this oscillator takes the form of a multi-
cavity magnetron capable of delivering explora-
tory pulses having a power of the order of several
megawatts. Since the range of the radar system
is a function of the power of the transmitted
pulse it becomes g matter of great importance to
operate the magnetrons just below the previously
mentioned flash-over voltage in order to deliver
the required maximum power. Fig. 1B shows the
equivalent circuit of the circuit of Fig. 1A during
the time the oscillator is not oscillating. In Fig.
1B the generator i4 is the impedanceless equiva-
lent of the modulator f1 as seen from the termi-
nals 15 and 16 in Fig. 1A. The resistor 17 is equal
in magnitude to the effective resistance of the
modulator {1 as seen from the terminals 15 and
16. The resistor 18 is the effective resistance of
the oscillator i3 during the time that it is not
oscillating. In Fig. 1B the generator i4, the re-
sistor 17, and the resistor i8 are connected in
series. Fig. 1C shows the equivalent circuit of
the circuit of Fig. 1A during the time the oscil-
iator is oscillating. This circuit is identical to
the circuit shown in Fig. 1B except that resistor
21 is substituted for resistor §8. The resistor 21
is the effective resistance of the oscillator i3
during the time that it is oscillating. In Fig. 1C
the generator 14, the resistor 17, and the resistor
21 are connected in series. Fig. 1D shows the
wave form of the voltage developed across the
oscillator 13 by the modulator 1i. The interval
22—23 is the time required by the oscillator i3
to start oscillating. The interval 22-—24 indicates
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the total time during which voltage is applied to
the oscillator 3. The voltage levels 25 and 26
indicate, respectively, the voltage applied to the
oscillator 13 before and during oscillations.

The cutput voltage of the modulator {1 will
normally be rectangular in waveform. The
waveform of this output is shown at terminal 21,
Since the leading edge of this voltage is very
steep, its application to the oscillator {3 is effec-
tively the same as if g D.-C. voltage were ap-
plied to this oscillator.

Referring now to the equivalent circuit of Fig.
1B, it is seen that this voltage will be developed
across the resistors {1 and 18. The division of
the voltage between the resistors {71 and I8 is
proportional to the relative magnitudes of these
resistors. The voltage across the oscillator 13
will be the same as the voltage across the resistor
18. This voltage is indicated by the level 25 in
Fig. 1D. For example, in Fig. 1B if resistor {7
equals 100 ochms and resistor (8 equals 2400 ohms
and the voltage applied from the generator {4 is
2500 volts, the voltage across the resistor I8 as
represented by the level 25 would be

Ris 2400
Bat Ry "~ 10012400

In the above equation, Rir is the resistance in
the resistor 17, Ris is the resistance of the resis-
tor 18 and E is the amplitude of the voltage ap-
plied from the generator (4. After a period of
time represented by 22—23 in Fig. 1D the oscilla-
tor {3 of Fig. 1A begins to oscillate. In the
equivalent cireuit of Fig. 1C generafor (4 and
resistor {7 will be unchanged, bhut the effective
oscillator resistor 18 will change to a new resist-
ance represented by resistor 21. In the case being
considered, the resistor 21 is smalier than the
resistor 8. This will normally be the case for
most oscillators. Due to a change in the relative
sizes of the resistors the voltage across the oscil-
lator will change to & lower value. This new
value of voltage is represented in Fig. 1D by the
level 26. If we assume for example that the re-
sistor 21 equals 400 ohms and the other values
of resistance and voltage are as used in the pre-
ceding example, the operating level 26 can be
calculated as follows: '

Ra 400
Ry+ Ry 4004100

In the above equation, Ra: is the resistance of
the resistor 21, and the other designations and
values are consistent with those previously used.
It can be seen by these examples that the op-
erating voltage 26 is much lower than the initial
voltage 25 which is applied to the oscillator, and
hence much less power is available at the oscil<
lator’s output than would be available if the op-
erating voltage rather than the initial voltage
were the maximum and limiting factor. If the
waveform of the modulator output is other than
rectangular, the waveform of Fig. 1D will, of
course, be changed and the initial voltage may
or may not be the limiting factor. s
Referring now more particularly to igs.
2A-2C, inelusive, there is shown an embodiment
of an improved modulator-oscillator circuit and
some illustrations to facilitate explaining the
operation of the circuit. The circuit of Fig. 2A
is the same as the circuit shown in Fig, 1A except
for the addition of a resistor and a capacitor.
Like parts in each circuit are marked with the
same designation. The added resistor and capa-
citor are designated by 28 and-3{, are connected
in series in relation to each .other and are con-

X 2500=2400 volts

XE X 2500=2000 volts
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nected in parallel with the primary: of the trans-
former 12. Coupling means other than trans-
formers may be used in the embodiment shown
in Fig. 2A and it is not the intent to limit the
invention to the use of transformer coupling.
The resistor 28 will normally be approximately
equal to the impedance of the modulator #{ as
seen from the terminals 27—1i6. The capacitor
31 is normally of & size such that the product of
the number representing the resistance in ohms
of the resistor 28 and the number representing
the capacitance in farads of the capacitor 31 is
approximately equal to one and one-half times
the number of seconds required by the oscillator
13 to begin to oscillate. In the art, this is equiv-
alent to saying that the time constant of the
resistor 28 and the capacitor 3! is approximately
equal to one an done-half times the starting time
of the oscillator 13, These representative values
of resistance and capacitance are not to be taken
as limitations of the invention. The circuit of
Fig. 2B is electrically equivalent to the circuit of
Fig. 2A when the oscillator is not oscillating.
This circuit is the same as the circuit in Pig. 18
except for the addition of a resistcr 32. Like
parts in each circuit will bear the same designa-
tion. The resistance 32 is the equivalent of the

resistor 28 as seen from terminals {5—i{6 and is.

in parallel with resistor {8. The electrically
equivalent circuif for the circuit of Fig. 2A dur-
ing the time the oscillator is oscillating is shown
in Fig. 1C. Fig. 2C shows the voliage developed
across the oscillator {3 by the modulator i{ in
the circuit of Fig. 2A. It is realized that the
waveform in Fig. 2C is not absolutely accurate
since there actually exists an exponential wave-
form rather than a straight line waveform during
the time interval 33—34. However, for purposes
of simplicity of explanation, the linear waveform
shown will be used. The time interval 88—34 is
determined by, but is not equal to, the time con-
stant of resistor 28 and capacitor 3i. The in-
terval 88—35 is the total time during which volt-
age is applied to the oscillator 13. The voltage
level 26 in Fig. 2C corresponds to the level 2§ in
Fig. 1D. The voltage level 86 is determined from
the equivalent circuit of Fig. 2B.

The output voltage of the modulator {{ in Fig.
2A being normally rectangular in form, it has s
very steep leading edge. The waveform of this
voltage is indicated at terminal 27 in Fig. 2A.
Application of this voltage to a load is somewhat
similar to the application of a D.-C. voltage of
the same magnitude to a load. The chief ad-
vantage of the circuit of Fig. 2A over other cir-

cuits which might accomplish the same result lies ¢

in its simplicity and minimum number of com-
ponents. Referring to the equivalent circuit of
PFig, 2B, it is seen that the generator voltage will
be developed across the resistors {7, 18 and 32.
The voltage across the oscillator 8 will be the
 voltage across the resistor 2. The use of a nu-
merical example will again aid greatly in show-
ing quantatively the action of the circuit. Nu-
merical values used are hypothetical and are not
to be taken as limitations of the invention. If
resistor 32 equals 100 ohms and the other values
of resistance and voltage are as used in the pre-
vious example in this specification the voltage
applied to the oscillator i3 during the time in-
terval 33—34 and as indicated by the level 3§
will be

R: p_ 98
R,+Ry 96100
In the above equation Rx is the equivalent

2500=1225 volts
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resistance of the resistors 8 and 32 in paralle!,
and the other notations are consistent with those
previously used. After the time interval 33—34
the capacitor 31 is fully charged and no current
flows in the resistance 28. - This then is the equiv-
alent of an open circuit in the resistance-capac-
ifance circuit. Since Fig. 1C is the electrical
equivalent for the circuits in Figs. 1A and 24,
when the oscillator is oscillating, it is seen that
the voltage across the oscillator 12 in Figs. 1A
and 2A will be the same during this escillating
interval. The amplitude of this voltage is indi-
cated by level 2¢ in Figs. 1D and 2C. By refer-
ence to the example worked out for Figs. 1B and
1C, this level is seen to be 2000 volts.

It is quité evident that the operating voltage
level 26, is in this case the limiting factor. There-
fore, it can be seen that the operating level 2§ of
Fig. 2C can be raised to the maximum consistent
with safety and thus obtain a greater power out-
put from the circuit of Mg 2A than was obtain-
2ble from the cireuit of IA.

From the description of the invention it fol-
lows that it discloses a spike circuit which pro-
tects the ultrahigh freguency osecillators during
the voltage overshoot and which removes itseif
automatically from the circuit at the instant the
ultrahigh frequency oscillator begins to draw
eurrent. The Iatter feature prevents any wasting
of power by the protective circuit during the use-
ful portion of the modulation cycle and enables
one to operate the magnetrons substantially at
the flash-over voltage. This, in turn, increases
the range and the signal to noise ratio in the
radar systems, .

While there has been described what is at
present considered the preferred embodiment of
this invention, it will be obvious to those skilled
in the art that various changes and modifications
may be made therein without departing from the
invention, and it is, therefore, aimed in the ap-
bended claims to cover all such changes and
modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. In an ultrahigh frequency pulsing system
including a modulator, said modulator having a
bulse generating network, a pulse transformer
having primary and secondary windings, a mag-
netron oscillator connected across said secondary
winding and adapted to become operative in re-
sponse to pulses appearing in said secondary
winding, and a voltage limiting network con-
nected across the primary of said transformer,
said voltage limiting network including g resistor
and a condenser serially connected with respect
to each other, the time constant of said resistor-
condenser combination, as found by multipiying
the values of said resistor and condenser respec-
tively expressed in ohms and farads, bheing sub-
stantially equal to 1.5 times the starting time,
expressed in seconds, of said magnetron, and the
impedance of said voltage limiting network being
sufficient to divert enough voltage from said os-
cillator to prevent the burning cut thereof by
bulses from said modulator.

2. In an ultrahigh frequency transmitting
channel including s line pulse modulator having
& pulse generating network, a pulse transformer
having primary and secondary windings, said
primary winding being connected in series with
said pulse generating network, a magnetron con-
nected across said secondary winding and
adapted to become operative in response to pulses
appearing in said secondary winding, and a re-~
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sistance~-condenser network connected across
said primary winding, said resistance and said
condenser being connected in series with respect
to each other, the resistance of said resistor being
substantially equal to the impedance of said net-
work and of said moedulator, and the product of
said resistance, expressed in ohms, times the
capacity of said condenser, expressed in farads,
being substantially equal to 1% times the time
in seconds required for said magnetron to begin
oscillating after a pulse is impressed on said
transformer by said pulse generating network.

3. In a pulse transmitting system, a pulse
generator, a load circuit adapted to become op-
erative in response to the output of said genera-
tor, a coupling circuit for connecting the output
of said pulse generator to said load circuit, and
a voltage limiting circuit connected in shunt with
respect to said coupling circuit, said voltage limit-
ing circuit comprising a resistance and g con-
denser connected in series with respect to each
other, the time constant of said voltage limiting
circuit, as found by multiplying the value of said
resistance in chms by the value of said condenser
in farads, being substantially equal to the inter-
val of time in seconds between the appearance of
the pulse at said coupling circuit and the instant
said load circuit begins to draw a substantially
full load current, the impedance of said voltage
limiting cireuit becoming substantially equal to
infinity at the instant said load circuit begins to
draw said load current and prior to that time
having an impedance sufiicient to divert enough
voltage from said load circuit to prevent it from
being burned out by said generator,

4, In an ultrahigh frequency generating sys-
tem including a modulator, said modulator hav-
ing a pulse generating network, a pulse frans-
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former having primary and secondary windings,
said primary winding being connected in series
with said pulse generating network, a magnetron
connected across said secondary winding and
adapted o become opsrative in response to pulses
appearing in said secondary winding, and a re-
sistance-condenser network connected across
said primary winding, said resistance and said
condenser being connected in series with respect
to each other, the capacitance of said condenser
having a value to make said condenser substan-
tially charged the instant said magnetron begins
to draw a substantially full load current, the
product of said resistance, expressed in chms,
and said capacitance, expressed in farads, being
substantially equal to 1.5 times the time in sec-
onds required for said magnetron to begin oscil-
lating after a pulse is impressed on said trans-
former by said pulse generating network, and
the impedance of said resistance-condenser net-
work being sufficient to prevent said magnetron
from being burned out by said modulator pulses.

DAVID F. WINTER.
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