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Abstract — Combiners were developed using two Gunn diodes in dielec-
tric waveguide (image line) oscillator circuits. The optimum configuration
consisted of each Gunn diode being imbedded in a separate dielectric cavity
as a primary source of oscillation. The dielectric resonators were then
radiatively coupled to a common dielectric resonator from which the
combined power could be obtained. It was found that the combined power
was greater than the sum of the power obtainable from separate isolated
oscillators. The proposed combiner appears attractive from the point of
view of simplicity of construction and low cost and should be applicable to
the millimeter-wave region, where the difficulties of precision machined
metal-walled cavities are very great.

I. INTRODUCTION

N THE SEARCH for higher power semiconductor
diode oscillator devices, the use of combiners has been
suggested. Kurokawa {1] has published results with 12
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packaged IMPATT diodes giving 10.5-W CW output at 9.1
GHz. He coupled individual coaxial oscillators to a main
cavity from which the energy was extracted. He further
found that it was important to have minimal coupling
between the oscillators and also small coupling coefficient
from the oscillator to the main cavity. The coaxial struc-
tures (housing the resonators) were separated by 1 /2 wave-
length and were individually tuned so that each
resonator-diode combination would oscillate at the same
frequency. Further work by Kurokawa (2] gave a detailed
theory for the design of his combiner assembly.

Following these publications, due to the power limita-
tions of IMPATT diodes. many investigations associated
with millimeter waves have turned to investigating IM-
PATT diode combining techniques at 94 GHz and 140
GHz as the only means of obtaining adequate power (3] for
radar applications using solid-state devices.

In this report, efforts were made to combine two Gunn
diodes for approximately 10-GHz operation. Furthermore,
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the investigations involved the use of dielectric waveguide
cavities, rather than metal-walled cavities. The reasons for
using dielectric cavities are:.1) It is assumed that in the
future dielectric cavities will be less costly for microwave
and millimeter-wave oscillators since mechanical tolerances
are not as stringent; 2) there have been no investigations
reported in the literature.on combiners using the dielectric
approach, even though individual diodes have worked well
in cavity resonators [4]. The purpose here was to establish
the feasibility of dielectric oscillator combiners and to
determine the characteristics and required design structures
for their operation.

II. EXPERIMENT

The physical arrangement of the oscillators used to
perform the experiments is shown in Fig. 1. This oscillator
gave the best results of the several configurations tried. The
Gunn diodes were utilized with each one being separately
biased. Each diode D was placed in a silicon resonator F in
which a hole (3-mm diameter) had been previously drilled.
The Gunn diode was anchored to a brass floor plate, and
the silicon rectangular pieces were mechanically held in
place by a teflon holder (not shown) attached to the roof B
of the metal-walled structure.

Bias pins E were arranged so that mechanical contact
could be made to the top of each Gunn diode as well as
supplying dc electrical power. As previously described {4],
when a Gunn diode is imbedded in high resistivity silicon
F, the dielectric walls provide sufficient reflection from an
air boundary to establish an oscillatory condition. Each
resonator is an oscillator with some degree of tuning capa-
bility obtained by changing the bias voltage. The rectangu-
lar rod G served as the main resonator analogous to the
Kurokawa large rectangular chamber. This rod was made
of Al,O,. with a dielectric constant of 9.6 compared with
silicon of 11.8. It is to be noted that the main cavity, when
made of Al,O;. gave better results than when constructed
of silicon. Fine tuning was carried out by the sliding short
C which could be adjusted by the threaded screw located
outside the metal wall A. The dimensions of Al,O; dielec-
tric resonator G were 3.5 mm high. by 7 mm wide, by 80
mm in length. The length was experimentally chosen to
give optimum output. The silicon resonator pieces were 3.5
mm high, by 7 mm wide, by 18 mm in length. The
wavelength at 10 GHz in silicon has been determined to be
1.5 cm [5]. Placing the entire dielectric assembly within a
metal-walled cavity enhanced the output. It was found that
the oscillator diodes would lose considerable power if they
were not enclosed. It is noted that once the radiation was
launched in a propagating mode in a unitorm (undis-
turbed) dielectric line, little or no radiation loss was found.
Therefore, it was important to cover the diodes (active
devices), but once the wave was launched in G. it would
propagate down the line without loss and with no addi-
tional requirement for metal covers. If an open waveguide
were now placed over i far end of G, the radiation could
be picked up, transmittea, and measured in a standard
X-band metal waveguide setup (Fig. 2). In the arrange-
ments shown in Figs. 1 and 2, the individual diodes were
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Fig. |. Gunn diode configuration.
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Fig. 2. Gunn diode test configuration with waveguide and meters.
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Fig. 3. Single Gunn diode. top and side view.

rated by the vendor at 78 mW (diode 1) and 84 mW (diode
2). at 9.0 V, when tested individually in a metal walled
cavity at 10 GHz. In both cases, the rated current was 0.49
A. In order to verify the vendor's power ratings and to
determine the individual diode capability in a dielectric
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oscillator, a special cavity was constructed whereby the
Gunn diode was inserted in a single rectangular structure.
The diode was then tested to determine its maximum
power output. The arrangement is shown in Fig. 3.

After making the adjustments in optimizing the position
of the tuner. the distances L and M. the maximum power
observed was 64 mW. This was obtained at 9.0 V., 0.49-A
bias current. and the frequency was 10.525 GHz. The
second diode demonstrated a maximum power output of
70 mW. These tests established that the Gunn diode could
deliver power output to the dielectric rod in the same order
of magnitude as to a metal-walled system. The next step
was to construct two dielectric cavities in a metal box
coupled 10 the single main resonator (Fig. 1) and to de-
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Fig. 6. Power and frequency versus voltage. Diode 2 varied. diode 1
constant at 9.0 V.
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Fig. 7.

termine the maximum power obtainable from the com-
bined oscillation of both Gunn diodes. When both diodes
were operated simultaneously in the combiner, a maximum
power output of 235 mW was obtained. This result indi-
cates a power output of approximately four times the
power output of a single diode. To verify this result,
additional tests were run in the combiner assembly with
one diode on and the other off, and vice versa. Figs. 4
through 7 show frequency and power versus voltage graphs.
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Voltage was applied at an initial voltage, decreased to zero
volts, and then increased back to the original voltage. The
direction of the arrow on the graph shows whether the
voltage was being increased or decreased. As seen in Fig. 4,
at 9.0 V the power output has leveled at 30 to 40 mW and
the frequency at 9.0 V is approximately 11.} GHz for diode
2. As shown in Fig. 5, when the right diode (2) was at zero
volts and the left (1) was set at 9.0 V, the power output was
about 60 mW and the frequency was about 9.2 GHz. These
values of frequency were checked by both the spectrum
analyzer and the cavity type frequency meter. While oper-
ating both diodes in the combiner at 9.0 V. Figs. 6 and 7
indicate that 220 mW could be readily obtained. In Fig. 6,
the right diode (2) is varied in voltage and a pulling effect
is noted. But as the voltage on the diode 2 increases, the
combiner system operates near 11 GHz and then locks to
about 9.5 GHz. Similar effects appear in Fig. 7. Here,
diode 1 is varied and with diode 2 fixed at 9.0 V, the
characteristics of diode 2 appear.

The tests show that both diodes at 9.0 V locked into the
same frequency. This frequency is closer to that of diode 1.
which had the greater experimental power output in the
combiner structure.

Close examination by means of a spectrum analyzer
revealed no harmonics to be present in the Gunn diode
combiner assembly used for our experiments and stability
equal to or better than the single diode oscillator. During
the course of these experiments, it was noted that the
combiner stability appeared better than the individual di-
ode oscillator stability in that there was less frequency
fluctuation. The configuration presented in this paper has
thus far presented itself as a means of achieving higher
power via the implementation of combined Gunn diodes.

III. THEORETICAL CONCEPTS

We next propose a mechanism for the dielectric wave-
guide combiner experiments described above. Previous
workers have described single diode oscillators in dielectric
structures. Itoh [6] and Hsu have successfully imbedded
Gunn diodes in dielectric lines. Also, Jacobs (7] and Novick
have constructed oscillators by imbedded diodes in a di-
electric cavity. Using a transmission line analysis, these
investigators have developed an equivalent circuit for the
dielectric oscillator consisting of a negative conductance
device feeding into two parallel transmission lines. These
transmission lines represent the equivalent circuit for
lengths of dielectric waveguide. Each length is terminated
by the load which represents the admittance of one side
including radiation loss, and the other load can be cither
an open circuit or another admittance representing radia-
tion loss and /or tuning susceptance. The reader is referred
to these articles for further details. From the point of view
of electromagnetic field theory, these diclectric oscillators
are dielectric waveguides with the wave being reflected
back from the ends and the diode acting as the electromag-
netic source. In support of this concept, it was also found
experimentally that the radiation beam emanated almost
completely from both ends of the dielectric rectangular
waveguide with an azimuthal angle of about 50°.

GUNN DIODES
Fig. 8 Radiation lobes with coupling to dielectric cavity.

a

Alp O3

GUNN DIODES

Fig. 9. lustration of lobes with diode-to-diode coupling.

In the concepts leading to the experiments reported here,
it was assumed that a combiner could be developed using
the principle that two rectangular dielectric cavities would
be made to radiate and couple into a common dielectric
cavity which could in turn serve as a central resonator.
Therefore, in these experiments, cavities were constructed
of the same materials and the same dimensions as reported
by Jacobs and Novick with the expectation that coupling
could be achieved by the arrangement shown in Fig. 8.

The oscillator cavities F (of Figs. | and 8) are so directed
that the radiation from each oscillator is emitted in the
longitudinal direction of the Al,O, resonator G. It is
known that the main lobe of radiation exists from the
narrow end where the diode cavities are in the position
shown in Fig. 8, with respect to the Al.,O, resonator. The
diode-to-diode coupling may be significant, but not as
great as if both diodes were in the same dielectric cavity.
The position of the Al.O, central cavity can be adjusted to
give optimum matching for the maximum output coupling.

It was reasoned that if G is moved back. as shown in Fig.
9. the diode-to-diode coupling can become too great due to
the change in the direction of radiation.

Experiments of this kind were tried and it was found
that optimum results were obtained with the configuration
shown in Fig. 8. When configurations in Fig. 9 were tried,
no oscillations were obtained. It is noted that in the
arrangement shown in Fig. 8, the output power was en-
hanced when a large metal enclosure was used. The en-
closure was used to prevent excessive loss due to radiation,
and, furthermore, the slide screw tuner in back of the metal
enclosure enhanced the output power. It is recognized that
the metal enclosure will modify the radiation patterns, but
it is reasonable to expect that the main source of the
radiation is coming out of the ends of the dielectric wave-
guide oscillators and is then coupling the Al,O, central
resonator which in turn is the radiating source of the
assembly.

In the case of the dielectric waveguide, coupling (and
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pulling of frequency) was observed between the diode
oscillators, i.e.. 9.0 GHz to about 9.5 GHz and 11.0 GHz to
about 9.5 GHz. The mutual pulling results in the oscilla-
tions which require no manual tuning for each separate
diode.

Another experimental result of these investigations is
that for two oscillators combined. the power output is
greater than the sum of each individual oscillator. It is
possible that the combiner serves to better match the two
diodes to the output impedance more efficiently than can
be done with a single diode. 1t would be interesting to
conjecture whether or not more than two oscillators could
be combined.

IV. CoNCLUSIONS

Experimental procedures have been described which have
demonstrated that two Gunn diodes can be combined
using a combination of two dielectric waveguide oscillators,
a central cavity also consisting of dielectric transmission
line, and metal-walled enclosures to suppress radiation and
enhance tuning. Power outputs of about four times that
obtainable from a single diode were demonstrated. It was
found that the two diodes need not be tuned individually,
but will lock to the same frequency with mimimal mechani-
cal tuning.
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