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TABLEI
COMPARISON OF MEASURED BIREFRINGENCE WITH SOME OTHER
AVAILABLE VALUES

Measurement

Freguency { Khz 35 GHz 245 GHz 245 GHz 600 GHz 890 GHz

An 0.0474£.,002% 0.047+,002% 0,0466+.0015

0,0474£.001 0.0468+,003% 0.048+.001

reference 7 8 this work this work 9 10

3.564 mm 6,000 mm 1.0497 mm, 0,228 mn
4.7873 m to

25.71 mm

sample 1.5 m 4

thickness

* Unceccatntles have been ronseivatively deduced from infsrmation available in the

references.

studied. The thickness measurement accuracy and actual thick-
ness nonuniformities result in a thickness uncertainty of +0.01
mm. This is relatively crude when compared to sample thickness
accuracies of some of the other references cited in Table I
relating to the birefringence of crystalline quartz. However, our
birefringence accuracy is still similar to theirs, since a sample
thickness error in our experiments proportionately affects the
difference between the ordinary and extraordinary indices, rather
than the individual indices whose difference is usually subse-
quently taken. The quoted thickness uncertainty is actually some-
what conservative since the average thickness is more accurately
known, and the average thickness determines the location of the
signal minimum. The results are presented in Table I along with
some other birefringence values from the work of others at
neighboring frequencies. Our quoted results are actually each the
average of several repetitions of the measurement. The other
references were identified in an extensive survey of the NMMW
materials spectroscopy literature [11]. Our 245-GHz results com-
pare favorably with the other values. Our quoted uncertainty is
based on the combined effects of the reproducibility of the
micrometer settings and our estimate of possible systematic er-
rors. Substantially greater accuracy can be achieved using this
technique, if needed, by more elaborate attention to the proce-
dure, sample preparation. and thickness measurement, and the
use of thicker samples and lower leakage gratings.
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Large Signal Design of GaAs FET Oscillators Using
Input Dielectric Resonators

ABELARDO PODCAMENTI, MEMBER, IEEE, AND
LUIS AFONSO BERMUDEZ, MEMBER, IEEE

Abstract —A dielectric resonator may be placed at the input of an active
two-port device (FET or microwave transistor) yielding a stable frequency
source. For this input configuration, a large signal design is presented. The
method is simple, and power output prevision is also reached. The practical
results obtained with an X -band medium-power oscillator are presented.

I. INTRODUCTION

Frequency-stable microwave sources are utilized in telecom-
munications and strategic applications. The GaAs FET is an
efficient device for power generation from about 4 GHz upwards
[1]. The frequency stabilization with a dielectric resonator [2] may
contribute to obtain compact, lightweight, and economical oscil-
lators.

In a previous work, Abe et al. [3] have presented a particular
configuration using the dielectric resonator as a band-stop filter
[4]. More recently, Mori et al. [5] used the dielectrical resonator
as a frequency selective feedback device yielding a basic oscillator
covering the 9-14-GHz band. However, neither of these two
design methods is straightforward. Experimental adjustments were
necessary, and if an output power prevision is desired, trouble-
some large signal analysis [6]-[9] must be carried out.

On the other hand, the configuration which uses the dielectric
resonator placed at the FET input is also possible [10], [11].
However, a simple procedure taking into account large signal
effects is not presently available. Hence, in this short paper, this
oscillator configuration together with large signal analysis will be
focused on. The resonator operates as a reflection-mode resonant
cavity. Large signal measurements will yield the existing oscilla-
tory conditions at the FET input. The dielectric resonator is then
easily positioned. Similarly, an accurate output prevision may
also be performed. This approach has been successfully used for
fixed and narrow-band oscillators and consists, basically, of two
steps: characterizing the resonator, and obtaining simplified large
signal data from the active device.

II. DIELECTRIC RESONATOR CHARACTERIZATION

When a dielectric resonator is placed beside a microstrip line,
magnetic field coupling will exist. Usually, for this type of
application, a cylindrical resonator is preferred. In this case, the
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Fig. 1. Set up for dielectric resonator characterization.

relevant resonant mode is the TE;; [12], which may be easily
tuned, typically over a band of about 10 percent. The resonator is
then tuned to the desired frequency and the setup of Fig. 1 is
used. Using a network analyzer, a stable frequency source, and a
digital frequency meter, the reflection coefficient T'; at the reso-
nant frequency wy is obtained. This reflection coefficient will be
real and positive.

Another important measurement which may be performed is
for the unloaded quality factor Q,, as seen from the microstrip
line. For doing so, first, the I'y locus with respect to the frequency
is obtained on the network analyzer. Next, the interceptions of I'y
locus with the R —1=+ jX arcs are determined on the Smith
chart. The value of Q, is then easily computed, as described
elsewhere [13]. As the resonator works in the reflection mode, the
modulus of T’y should be, ideally, unitary. However, when the
resonator is placed far from the microstrip line, a very small value
of |I'z| will be observed: the resonator is not coupled to the line
and the Q, measured will be also zero. As the resonator is moved
towards the microstrip, both I, and Q,, will increase. However, if
the resonator gets too close to the line, or goes over the line, a
- substantial drop of Q, will be observed. So, a fair tradeoff is
usually obtained with |Tz|=0.9. It is worthwhile to note that
while performing these measurements, the losses of the environ-
ment are computed together with those of the resonator itself.
Hence, some relevant practical situations (such as polishing
and /or silver plating the interior of the metallic enclosure, prox-
imity of the metallic walls, substrate materials and substrate
heights) may be evaluated with respect to the quality factor.
Usually, when all these parameters are well chosen, the maximum
value of Q, obtained will be quite close to the isolated quality
factor of the resonator Q,-value, which takes into account only
the losses of the resonator itself,

III. ACTIVE SUBASSEMBLY CHARACTERIZATION

An FET may be used to obtain an active subassembly suitable
for oscillating purposes. Some means must be provided in a way
so that the small signal input reflection coefficient S,, would
exceed the unity. This is easily accomplished, for instance, by
using serial and /or shunt feedback [14] and /or output circuitry
[15).

In the final circuit, the dielectric resonator will be put at an
electrical distance # from the input reference plane of the sub-
assembly. In this situation, the reflection coefficient of the res-
onator, seen from the reference plane of the subassembly, is
expressed as follows:

T =Tgre 2% =Tyl ¥,

If an oscillatory condition takes place, then the following
relation will hold at the steady-state:

1=S{1‘F=S{1‘|FR|'9_210 (1

where S}, stands for the values of S,, under stable oscillatory
conditions. As T is independent of the oscillation level, S,
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should obviously decrease in magnitude to fulfill (1). It is also
clear from (1) that in the steady-state |S?,|=1/|Tg|. Hence, for
the characterization of the active device, it is sufficient to mea-
sure the input reflection coefficient with a progressively increas-
ing signal level, until the value of 1/]T’z| is reached. In this
situation, not only the argument of S}, but also the active device
output power P, are noted.

IV. OSCILLATOR DESIGN

By using the previously obtained values of [Tk}, |S?;, and
arg §¢,, the design procedure is easily accomplished. From (1), it
follows that

L
i

)

arg SY, + nw

N —

withn=0,1,2,---,.

Hence, the physical distance at which the resonator must be

placed, with respect to the active device reference plane, is

d=(6/27)A,, 3)
where A, is the wavelength in the microstrip at wy. Usually, in
(3), the value of 8 is used with #» = 0 yielding the minimum value
of d. In certain practical cases, however, d may result smaller
than the physical radius of the resonator. Another value of # is
then selected. In any case, since the resonator is properly posi-
tioned, as given by (3), the output power furnished by the
oscillator is expected to be P,.

It must be pointed out that this approach is transparent to any
existing FET output circuitry. Consequently, this structure may
be designed aiming at power efficiency or low noise [16], and may
be considered as incorporated in the subassembly characteriza-
tion.

A word of caution must be added. It is advisable to char-
acterize the dielectric resonator and the active device in a fairly
broad band around w,, to avoid oscillatory conditions with
non-TE ; modes. '

V. PRACTICAL RESULTS

A 30-mW X-band oscillator at 8570 MHz will illustrate this
method. The application is a local oscillator for a Brasilian
terrestrial digital radio relay link. The dielectric resonator used is
a Thomson-CSF with €,=39.5, having a 6-mm diameter and
4-mm height. The characterization of this resonator was per-
formed using an environment as close as possible to the final one,
over a Rogers 6010 substrate with €, =10.5 and H = 0.635 mm.
By varying the distance between the edges of the disk and the
line, the result shown in Fig. 2 is obtained. The value of @,
initially increases as the disk gets closer to the line. It has a
maximum, but for extremely tight-coupling conditions it falls
drastically. The coupling condition chosen is the one which will
render a maximum Q,, about 4300, with a reflection coefficient
Tr = 0.9. In this situation, the TEy; mode was the only one
observed in the 8- to 9-GHz band.

The next step is to prepare an active subassembly. The
medium-power Dexcel 3501A-CR-RES GaAs FET was used.
Shunt feedback was provided at the chip level, and an output
circuit was added. This last circuit is a dual purpose one. It
further increases the §;, modulus and approaches the osciilator
towards minimum noise conditions. The subassembly was mea-
sured in a band from 8 to 9 GHz, for several input signal levels,
and the results are presented in Fig. 3. For small signal condi-
tions |S,| has a pronounced peak, exceeding the unity in the
vicinity of 8570 MHz, the desired frequency, but it rolls off
outside this band. These are desirable features for assuring that
the oscillations will build up at the desired band. As the input
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level is increased, saturation takes place. A more detailed aspect
is given in Fig. 4. Here, the frequency is settled to 8570 MHz and
the input power is progressively increased. The locus of 1/8;; is
plotted. The phase of S|, varies with the amplitude, showing the
importance of picking up the figure which corresponds to the
exact operational condition. This one occurs when 1/|S,,| = |Tk|
=0.9. In this saturation, argS/, =173° is observed, and the
output power furnished by the active subassembly was P, =15.3
dBm. It is worthwhile to note that around that point, the 1/5,
locus intercepts the I'; locus in an approximately orthogonal way.
If this crossing were perfectly orthogonal, then a basic condition
for minimum noise would be fuifilled [17]. In a Kurokawa’s sense
this would mean that the load and device line are perpendicular
at the operation point.

By using the numerical value of arg S{;, and expressions (2)
and (3), the distance d is obtained, with n =1, yielding d = 9.6
mm. The oscillator was then mounted, and a schematic layout is
presented in Fig,. 5.

The initial practical tests furnished stable oscillations with an
output power level of 15.5 dBm, very close to the predicted value.
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Fig. 4. Variation of S, with respect to the input signal level at 8570 MHz.
The figure shows the interception of 1/S;; locus with I’z locus. Power levels
refer to FET input, frequencies are in megahertz.
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Fig. 5. Schematic layout of the FET Oscillator using an input dielectric

resonator.

The frequency was also very close to the desired one. It was
measured at 8584 MHz. By adjusting a tuning screw over the
resonator the frequency was easily brought to the desired value
with negligible effect on the power level.

For telecommunications applications, FM noise is usually mea-
sured at 10 KHz off the carrier. The figure obtained was Ay, =
042 Hz/VHz over a 1-Hz band, which is comparable to those
results obtained when the resonator is used as a feedback device
[5] or as an output filter [3]. While the goal design was not power
efficiency, the measured figure was 1,44 =14 percent, showing
that the GaAs FET is an inherently efficient device for micro-
wave power generation. Frequency pushing for +1-V power
supply variation was 0.7 MHz, which is also a reasonable figure.
A tuning range of at least 50 MHz is possible without degrada-
tion of the above mentioned results.

VI. CONCLUSIONS

A simple, but accurate, approach for designing stabilized GaAs
FET oscillators with a dielectric resonator placed at the input was
described. It is sufficient to measure the input reflection coeffi-
cient of the active device, at the operational conditions, to
determine the position where the dielectric resonator should be
placed. A fairly good prevision of the output power is conse-
quently obtained. The advantage of this configuration over the
output filter one is that, typically, 3 dB more output power can
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be obtained. Over the feedback configuration, the main ad-
vantages are the design simplicity and flexibility of output cir-
cuitry choice. Noise performance was observed to be comparable
to the other two above-mentioned configurations.
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Abstract — A design theory is described for coupling between microstrip
line and image guide through small coupling holes in a common ground
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plane. A five-slot Chebyshev coupler is designed based on coupling through
a rectangular slot. The theoretlcal results are compared with expenmental
results.

I. INTRODUCTION

During the past several years, much work has been done on the
image guide for millimeter-wave circuit applications. Since the
image guide is an open structure, any discontinuity created in it
causes radiation loss. To minimize radiation in coupling struc-
tures, Solbach [1] proposed to locate coupling slots in the ground
plane. In the present work, we study the coupling between an
image guide and a microstrip line through slots in the common
ground plane. This arrangement may be used for sampling the
signal in the image guide, or for diverting a part of the power in
the image guide into a solid-state device mounted in a microstrip
circuit.

We have de51gned a 15-dB five-slot Chebyshev array coupler
based on an approximate theory. The latter is essentially an
application of the small-hole analysis found in a standard
textbook [2]. This method has also been applied recently to the
problem of coupling between two image guides through holes in a
common ground plane [3]. Although we neglected radiation com-
pletely in the analysis, the measured properties of the directional
coupler fabricated in accordance with the present theory have
been found to agree well with theoretical predictions. '

II. F1ELDS IN WAVEGUIDE STRUCTURES

The coupling structure, shown in Fig. 1, consists of an image
guide and a microstrip line on opposite sides of a ground plane.
The coupling element is either a circular hole or a rectangular slot
in the ground plane. The coordinate system is shown in Fig. 1(a)
where the z direction is defined as the direction of propagation.
Before studying the coupling problem, we obtain simplified ex-
pressions of the fields in both the image guide and the microstrip
line. Specifically, the expressions developed by Marcatili [4] are
used for the image guide, and those for the equivalent parallel-
plate waveguide model are used for the microstrip line. Introduc-
tion of such “closed-form” expressions considerably simplifies
the calculation of the coupling coefficients.

Under Marcatili’s model, the transverse fields of the £y} mode
are readily given. Here we present only those in the dielectric
region (x| < a, — b < y<0in Fig. 1(b))

Eﬁ—ﬁEocos(kxx)cos(k},y)exp(ijkzdz) (1a)

T %E, Ecos(k x)cos(k,y)exp(F jk..z) (1b)

- \/E ko

€ K.
where superscripts “+” and “~” represent the propagation
along the positive and negative z directions, respectively. X and y
are the unit vectors in the x and y directions. k,, k ., and k_, are
the propagation constants in the x, y, and z directions, respec-
tively. k, is the propagation constant in the free-space. ¢ and g,

are the permittivity and permeability in free-space.

The equivalent wavegnide model of the microstrip line is
shown in Fig, 2. The effective width W’ and the effective dielec-
tric constant e, are such that the TEM mode in the equivalent

structure has the same characteristic impedance and phase veloc-
ity as the microstrip line. We make use of the expressions derived
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