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APPARATUS FOR GENERATING MICROWAVES 
HAVING A GENERATING ELEMENT AND ' 

VARIABLE REAcTANcE ELEMENT IN A CAVITY 
, - RESONATOR I - ‘ 

The present invention relates to apparatuses for 
generating microwaves, particularly to those capable of 
generating controlled microwave outputs. I 

Heretofore, the frequency control of a generation 
output from a microwave generating element such as a 
known avalanche diode (also called an IMPATT diode, 
an abbreviation for Impact ionization Avalanche 
Transit Time diode) has been performed by mechani 
cal means of operation. Namely, at one end of a cavity 
resonator into which a generating element such as men. 
tioned above is incorporated, a movable short-circuit 
ing piston is provided and- this piston is adjustedvto 
derive‘a generation outputresonant with the resonator, 
and then the derived output is vsupplied through a 
waveguide to a load terminal section. Such way of con 
trolling a microwave’ output, being vmechanically car 
ried out, has poor practicability and is troublesome to 
achieve fine adjustment. I . ’ . 

Another way of controlling the frequency and/or the 
amplitude of=a microwave output froma usual solid 
state generating element such as ‘an IMPATT diode 
conventionally employed is that an AC. or a DC con 
trol signal is applied directly to the diode thereby to 
vary the operating point of the diode itself for effecting 
the frequency modulation. In this way of modulation, 
however, thereexisted such a danger that the element 
might be led to a thermalbreakdown due to an excess 
power caused by a modulation signal. 
An object of the present invention is to provide an 

apparatus for generating microwaves free‘ from the 
above-mentioned drawbacks heretofore experienced. 
Another object of the present invention isto provide 

an apparatus for generating controlled microwaves 
without changing the operating state of a generating 
element. ‘ _ ’ ‘ 

To this end, the apparatus of the present invention 
comprises a cavity'resonator, a generating element 
disposed within ‘the cavity resonator, a variable 
reactance element placed in the vicinity of the generat 
ing element within the'cavity resonator and means for 
applying a control signal to'the variable reactance ele 
ment. The arrangement of the’variable reactance ele 
ment should be such that when in the resonator the 
variable reactance element is on one side of the 
generating element on which a ' load exists the 
reactance element be within a distance from the 
generating element as large as two wavelengths of a 
microwave to be generated from the apparatus while 
when in the resonator the variable reactance element is 
on the opposite side of the generating element the 
reactance element be between the generating element 
and a short-circuiting piston. By the apparatus of the 
present invention, a controlled microwave output reso 
nant with the resonator can be derived owing to the 
operation of the variable reactance element. 
The present invention will now be described in detail 

referring to a preferred embodiment in conjunction 
with the accompanying drawings, in which: a 

FIG. 1 is a block diagram illustrating an example of 
the apparatus for generating microwaves as well as an 
example of an application of the apparatus in ac 
cordance with the present invention; and 
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FIG. 2 is a graph showing a characteristic curve of a 
Variable reactance element which may be used in the 
apparatus shown in FIG. 1. 

. Referring to FIG. 1 showing a preferred embodiment 
of the present invention, within a cavity resonator 1 
there are disposed a microwave generating element 2, 
for example, ‘an IMPATT diode and a variable 
reactance element 3, for example, a variable 
capacitance diode known as a varactor in the vicinity of 
the IMPATT diode 2. Separate DC. power sources‘ 4 
and 5 are provided for the IMPATT diode 2 and the 
variable reactance element 3 respectively. One end of 
the cavity resonator l is provided witha variable short 
circuiting piston 6. In operation, the short piston 6 is 
operated to adjust the effective cavity of the resonator 
1, and by adjusting the bias voltage to be applied to the 
variable reactance element 3 to a‘proper value, the ap 
paratus can be tuned to a desired frequency. That is, 
when the IMPATT diode 2 is given a bias by the DC. 
power source 4 and is put in a microwave generating 
state, a predetermined microwave is generated. The 
frequency of oscillation can be varied only by varying 
the bias voltage applied to the variable reactance ele 
ment 3. Thus, in the present invention, the tuning of the 
cavityresonator l is electrically performed by the vari 
able reactance element 3‘though' conventionally the 

A tuning is performed almost mechanically by the short 
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piston 6. 
The variable reactance element 3 serving as a varia 

ble reactance element may have a well-known variable 
capacitance characteristic depending on the voltage V 
applied to the pn junction of the variable reactance ele 
ment 3, the change in the capacitance C of the element 
covering several to 10 picofarads, as shown in FIG. 2. 
Therefore, by incorporating the variable reactance ele 
ment 3 along with the microwave generating element 2 
into the resonator 1, electrical adjustment of the tuning 
frequency of the resonator is possible owing to the vari 
able capacitance characteristic as shown in FIG. 2 of 
the element 3 in accordance with the adjustment of the 
DC. power source 5. 

In accordance with the experiments of the present in 
ventor, the positioning of the variable reactance ele 
ment 3 with respect to the microwave generating ele 
ment 2 within the cavity resonator should be such that 
the variable reactance element 3 is disposed within a 
distance as large as two wavelengths of the generated 
microwave from the apparatus measured from the ele 
ment 2 towards the load or is disposed between the ele 
ment 2 and‘ the terminator or short piston 6. When. the 
positioning of the element 3 was not being such as men 
tioned above, the resulting microwave output was not 
satisfactory with the tuning sensitivity dulled while use 
of a single semiconductor substrate in which both of 
the elements 2 and 3 were formed under the so-called 
IC technique in an effort to realize close positioning of 
the elements or positioning of the element 3 at a 
distance three-eighths wavelengths or seven-eighths 
wavelengths of a generated microwave apart from the 
element 2 resulted in a high performance, miniaturized 
structure of the apparatus. 

Furthermore, by superposing an A.C. signal on a 
proper DC. bias potential applied to the variable 
reactance element 3 such as a variable capacitance 
diode, a frequency modulation can be achieved. That 
is, as shown in FIG. 1, the varactor or the variable 
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reactance element 3 is provided with a proper DC. bias 
by the DC. power source 5, and at the same time a 
modulating signal is supplied to the variable reactance 
element 3 from a signal source 7. As the operating 
point of the variable reactance element 3 is varied de 
pending on the supplied modulating signal from the 
source 7, the generated output of the apparatus is 
frequency modulated and fed to the load. In one exam 
ple of the apparatus of the present invention, use of a 
modulating signal at 2 - 10 MHz yielded a width of 
frequency modulation of about I MHz/V. 

Furthermore, even if the frequency of the generated 
I microwave is changed by some unexpected reason, for 
example, the operating condition of the IMPATT diode 
2 is ?uctuated by accident, such fluctuation can be au 
tomatically compensated for according to the present 
invention. 
That is, as shown in FIG. 1, a portion of the output of 

the apparatus is used to detect a frequency deviation or 
difference of the output from the normal state and the 
detected frequency difference is fed to an converted 
into a voltage signal by a frequency discriminator 8. 
The output of the frequency discriminator 8 is nega 
tively fed back to the varactor 3 through an ampli?er 9. 
As a result, automatic frequency control of the ap 
paratus is attained. 

Although in the foregoing description of the ap 
paratus of the present invention, reference is made to 
an IMPATT diode as a microwave generating element, 
other solid-state generating elements such as a Gunn 
diode, LSA diode and a tunnel diode can equally be 
used. As for the variable reactance element, apart from 
the varactor, use may be made of any semiconductor 
elements having characteristics similar to those of the 
varactor such as a usual pn junction diode, a Schottky ' 
barrier diode, an MOS type diode and a point contact 
diode. 
As has been described above, as the apparatus for 

generating microwaves in accordance with the present 
invention comprises a cavity resonator, a generating 
element disposed within the cavity'resonator, a variable 
reactance element positioned in the vicinity of the 
generating element in the resonator and means for ap 
plying a control signal to the reactance element so that 
any output signal in the microwave range is available 
without varying the operating point of the generating 
clement itself, the generating element is operated in a 
desirable stabilized state and therefore any thermal 
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4 
breakdown of the generating element no longer occurs. 
The design of the apparatus is considerably facilitated. 
In addition, since the variable reactance element such 
as a variable capacitance diode has a high impedance 
with respect to a modulating signal source, ad 
vantageously a modulating signal may have an am 
plitude smaller than that used conventionally. 
What is claimed is: 
1. An apparatus for generating microwaves, compris 

ing: a cavity resonator; a generating element disposed 
within said resonator; a load coupled with said resona 
tor on one side thereof; a short-circuiting piston pro 
vided on the opposite side of said resonator from said 
load; a variable reactance element formed on a single 
substrate with said generating element and axially posi 
tioned in said resonator on the same side of generating 
element as said load, wherein the distance between said 
generating element and said variable reactance ele 
ment is between three-eighths and seven-eighths 
wavelength of a microwave generated by said ap 
paratus; means applying a control signal to said varia 
ble reactance element; means, including a frequency 
discriminator, for producing a signal representative of 
the difference between the actual output of said ap 
paratus and a predetermined reference; means for 
feeding back said difference signal to said variable 
reactance element; and means for superimposing a 
modulating signal on said control signal. 

2. An apparatus for generating microwaves, compris 
ing: a cavity resonator; a generating element disposed 
within said resonator; a load coupled with said resona 
tor on one side thereof; a short-circuiting piston pro 
vided on the opposite side of said resonator from said 
load; a variable reactance element formed on a single 
substrate with said generating element and axially posi 
tioned in said resonator on the opposite side of said 
generating element as said load, wherein the distance 
between said generating element and said variable 
reactance element is between three-eighths and seven 
eighths wavelength of a microwave generated by said 
apparatus; means applying a control signal to said vari 
able reactance element; means, including a frequency 
discriminator, for producing a signal representative of 
the difference between the actual output of said ap 
paratus and a predetermined reference; means for 
feeding back said difference signal to said variable 
reactance element; and means for superimposing a 
modulating signal on said control signal. 
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