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A Highly Stabilized GaAs FET Oscillator
Using a Dielectric Resonator Feedback
Circuit in 9-14 GHz

OSAMU ISHIHARA, TETSUROU MORI, HIROSHI SAWANO, aAND MASAAKI NAKATANI

Abstract—A new type of highly stabilized GaAs FET oscillator using a
dielectric resonator and a stabilization resistor in the feedback circuit has
been developed. The oscillator fabricated with a microwave integrated
circuit has a high external quality factor Q,, of more than 1000 with no
hysteresis phenomena. ’

The microwave characteristics of the GaAs FET oscillator has revealed
1) high efficiency of 20 percent with 70-mW output power at 11.85 GHz,
2) a wide tuning range more than 1000 MHz, 3) a wide oscillation
frequency from 9 to 14 GHz with same MIC pattern by using five
dielectric resonators of different sizes, 4) a high-frequency stability as low
as + 150 kHz in the temperature range from —20 to +60 °C, and 5) low
FM noise of 0.07 Hz/VHz at off-carrier frequency of 100 kHz.

I. INTRODUCTION

ITH RECENT advances in GaAs field effect tran-

sistor (GaAs FET) and microwave integrated
circuit (MIC) technology, it has become possible to realize
oscillators, amplifiers, and mixers even above X band.
The GaAs FET oscillator has been reported as a very
attractive solid-state microwave oscillator with high-
efficiency and low-operation voltage [1]-[4].

When the GaAs FET oscillator is intended to use in the
satellite communication and broadcasting systems, for
example in a superhigh frequency (SHF) TV receiver, a
high-frequency stability against bias voltage and ambient
temperature, an easy frequency tuning mechanism, and
low-noise characteristics in addition to an adequate out-
put power are required [5],[6].

Stabilized microwave oscillators using low-noise GaAs
FET’s have been reported by many authors [7]-[9]. James
et al. obtained stabilized GaAs FET oscillators in an
11-GHz band using a resonant cavity as either a transmis-
sion filter or an external feedback circuit [7]. Abe et al.
reported a 6-GHz stabilized GaAs FET oscillator using a
dielectric resonator as a band rejection filter [8]. Recently,
Saito et al. reported a 6-GHz GaAs FET oscillator stabi-
lized by a dielectric resonator in an external feedback
circuit [9]. These oscillators have more or less the dis-
advantages of large and complicated structures. Further-
more, a hysteresis phenomenon or a narrow-frequency
tuning range presents difficult problems for practical use
in some oscillators. Also, in a frequency range lower than
X band, bipolar transistor oscillators have been stabilized
with a dielectric resonator and a resistor used as a band-

Manuscript received October 29, 1979; revised April 1, 1980.

The authors are with Semiconductor Laboratory, Mitsubishi Electric
Corporation 4-1 Mizuhara, Itami, Hyogo, 664 Japan.

pass filter in the output [10] or as a feedback circuit [11].

In this paper, we propose a new type of highly stabi-
lized GaAs FET oscillator using a dielectric resonator and
stabilization resistors in a parallel feedback circuit and
describe its performances mainly based on experimental
results. The oscillator provides such excellent perfor-
mances as no hysteresis phenomena, a high-frequency
stability against temperature, a wide-frequency tuning
range, and low noise. For instance, the oscillator has a
frequency stability of + 150 kHz over a temperature range
from —20 to +60 °C with more than 20-mW output
power and a wide mechanical frequency tuning range of
over 1000 MHz, without troublesome mode jump in the
frequency range from 9 to 14 GHz, by using five dielectric
resonators of different sizes in same MIC pattern. Fur-
thermore, the oscillator has a simple structure and is
compactly constructed using microwave integrated
circuits.

II. FABRICATION OF MIC STABILIZED OSCILLATOR

A. Dielectric Resonator Feedback Circuit

Microwave transistor oscillators are classified according
to the oscillation mechanism into two typical types, the
feedback type and the negative resistance type [12]. For
the simplicity of the circuit design, we adopted a feedback
type, which is composed of a feedback element between
the output port and the input port of the microwave
transistor amplifiers.

Microwave transistor oscillators are usually fabricated
with microwave integrated circuits and the feedback ele-
ments are constructed with microstrip lines, [13] a micro-
strip resonator [7] or lead wires with a chip capacitor [14].
However, such simple elements have two weak points.
One is the difficulty in forming a high-Q resonator.
Another is the inflexibility of the electrical performances
such as feedback power or frequency.

On the other hand, a dielectric resonator has advan-
tages of small size and easy frequency tuning. An im-
provement in the quality factor Q and temperature coef-
ficients have been realized by recent ceramic technology
[15]-[17]. Therefore, we have attempted to use the dielec-
tric resonator as a feedback circuit of a GaAs FET
oscillator.

Fig. 1 shows a basic configuration of the dielectric
resonator feedback circuit proposed in this paper. As
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Fig. 1. (a) Feedback circuit using a dielectric resonator and stabiliza-

tion resistors. (b) Cross section of a dielectric resonator feedback
circuit.
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Fig. 2. Transmission characteristics of a feedback circuit.

shown in Fig. 1, the circuit is fabricated on an alumina
substrate and composed of a dielectric resonator placed
between two perpendicular microstrip lines terminated
with resistors having characteristic impedance R. The two
microstrip lines are magnetically coupled through the cy-
lindrical dielectric resonator of the TE;; mode. The
transmission frequency of the filter can easily be changed
by adjusting an air-gap spacing 4 between the dielectric
resonator and the frequency tuning plate in Fig. 1(b). The
feature of this filter is that there is little power reflection
at the input and the output terminal because of the
stabilization resistor R. Therefore, the oscillator does not
show hysteresis phenomenon.

Fig. 2 shows an example of the transmission character-
istics of this filter. The transmission power T and phase 8
are depicted as a function of frequency deviation, where
the center frequency is 11.6 GHz. In this filter, the dielec-
tric resonator is 5.5 mm in diameter and 1.8 mm in
thickness and the characteristic impedance of the micro-
strip line is 50 2. The transmission power at the center
frequency is about 5 dB which is large enough to build a
feedback circuit in the GaAs FET oscillator, because the
power gain of the GaAs FET amplifier is usually larger
than 5 dB in X to Ku band [18],[19]. The quality factor of
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the MIC bandpass filter is about 1000 as shown in Fig, 2,
though the Q of the dielectric resonator is slightly higher
than 4500 at 11.6 GHz. This is because the dielectric
resonator is directly placed on the alumina ceramic.

The transmission power 7 and phase @ can also be
adjusted by changing the distance between the dielectric
resonator and the microstrip lines. This feasibility is useful
for fabricating the GaAs FET oscillator, since the high-
frequency parameters are often scattered from device to
device.

B. MIC GaAs FET Oscillator

When the filter using the dielectric resonator and the
resistors shown in Fig. 1 is applied to the drain-to-gate
feedback circuit of the FET amplifier, a highly stabilized
GaAs FET oscillator can be obtained. Since this new type
of oscillator has a dielectric resonator feedback circuit, we
named this oscillator DRF GaAs FET oscillator.

Fig. 3 shows photographs and schematically drawn
MIC patterns of the several DRF GaAs FET oscillators,
which are fabricated with the microstrip lines on the
alumina ceramic substrate. In these oscillators, microwave
power is incident on the gate terminal, and then the
amplified power out of the drain terminal is fed back
through the dielectric resonator to the gate terminal. The
two microstrip lines of the drain and the gate are coupled
magnetically through the cylindrical dielectric resonator.
The angle of the lines are experimentally arranged at a
right angle to obtain a large amount of the output power.
By the same reason, the characteristic impedances of the
drain and the gate lines are 40 £ and 50 £, respectively.

The output power is taken out from the source terminal
as shown in Fig. 3(a) and 3(c), or from the drain terminal
in Fig. 3(b). The source output configuration is preferable
for operation with a single power supply because a capaci-
tor floating the GaAs FET from the ground could be
eliminated. On the other hand, the drain output config-
uration is preferable for high-power GaAs FET oscillator
because the package of the power FET is especially con-
structed considering heat dissipation and it is difficult to
obtain the microwave power at the source terminal. In this
experiment, the characteristic impedance of the microstrip
line is designed to be 30 @ and the matching circuit
between the GaAs FET and 50 ©Q load R, consists of a
tapered microstrip line. The source terminal is floated
from the ground by using a dc block composed of coupled
microstrip lines.

The microstrip lines connected to the drain and the gate
are terminated with resistors of the corresponding char-
acteristic impedance of the lines as shown in Fig. 3(a) and
3(b). In these oscillators, the feedback from the drain to
the gate is formed at the resonant frequency of the dielec-
tric resonator and the microwave power is generated only
at the frequency. At the nonresonant frequency, the gate
and the drain are both pure resistive and no microwave
oscillation attributable to the lengths of the microstrip
lines occur. As is later described as the experimental
results, this type of oscillator has no mode jump or hys-
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Fig. 3. Photographs and schematically drawn MIC patterns of the
several DRF GaAs FET oscillators. (a) Source output type. (b) Drain
output type. (c) Source output type with only a gate resistor.

teresis which was observed in the oscillator with a dielec-
tric resonator [8]. In fact, when the gate resistor was
omitted in order to ascertain the effect of the terminal
resistor, the spurious oscillation depending on the length
of the gate microstrip line was observed. On the other

hand, when the drain resistor was omitted, the spurious
oscillation was not observed. On the basis of these experi-
ments, we have recognized that the oscillator with only a
gate resistor, as shown in Fig. 2(c), is the simplest config-
uration for practical application. In this case, the drain
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Fig. 4. Bias circuit of an oscillator operated by a single dc power .

supply.

line from the open end to the point of contact with the
resonator is designed to be 1/4 wavelength so that the
resonator may strongly be coupled with the drain line [20].

The MIC DRF GaAs FET oscillator is fabricated using
a Au/Cr metallized alumina ceramic substrate of 12.7-
mm width, 25.4-mm length, and 0.635-mm thickness. The
microstrip circuit pattern is formed with an ordinary
photolithographical technique. A low-noise GaAs FET
chip, chip capacitors, and chip resistors are soldered onto
the MIC pattern.

The GaAs FET used in the oscillator is a small-signal
MESFET, MGF-C-1400, with an Al gate 0.7 pm long and
400 pm wide [18]. The chip has a drain saturation current
of 70-100 mA and a transconductance ranging 45-55 mS.
Examples of the microwave performance are linear gain
of 8 dB and output power of 90 mW at 1-dB gain
compression at 12 GHz.

The feedback circuit is a MIC bandpass filter formed

by a cylindrical dielectric resonator which is made of a
low-loss dielectrical material, SnO,-TiO,~ZrO system,
with a dielectric constant of 37.5. The quality factor Q is
higher than 4500 at 11.6 GHz. The dielectric resonator
with resonant frequency temperature coefficient of 4
PPM/°C in free space was selected in consideration of
thermal expansion of metal case. The diameter and the
thickness of the dielectric resonator are determined
according to oscillation frequency concerned, which is
nearly equal to the resonant frequency.

C. Bias Circuit

In addition to the RF circuit of the oscillator, the dc
bias circuit also plays an important role in the achieve-
ment of the superior performance of the oscillator. The
GaAs FET usually operates with two bias voltages of
different polarities, positive bias for drain and negative
bias for gate, resulting in the requirement of two dc power
supplies. However, operation with a single power supply is
preferable for applications such as local oscillator in SHF
TV receiver systems. Therefore, we investigated the micro-
wave performance of the FET oscillator with a bias circuit
operated by a single power supply as shown in Fig,. 4.

The gate terminal is grounded and the source—gate
voltage Vg, is determined by the resistance Ry, ranging
from 10 to 15 @ and the bias current ranging from 50 to
100 mA. The drain current [, is adjusted to about half the
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Fig. 5. Photographs of DRF GaAs FET oscillators. (a) With a BRJ-
120 waveguide flange. (b) With a SMA-J coaxial connector.
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Fig. 6. Oscillation characteristics of DRF GaAs FET oscillator as a
function of bias voltage.

drain saturation current. The resistance Rg, from 200 to
300 Q is inserted in order to suppress the fluctuation of
the voltage ¥, caused by ambient temperature variation.
The capacitance Cgz about 4000 pF reduces some noise
through bias feeders and Zenor diode D, prevents the
drain bias voltage from exceeding the absolute maximum
rating of the GaAs FET.

D. Case Construction

Fig. 5 shows photographs of the cased GaAs FET
oscillators with a BRJ-120 waveguide flange and a SMA-J
coaxial connector. For the type of waveguide case, a
tapered ridge waveguide is used to convert the microstrip
line into WRJ-120 waveguide [20].

I1II. EXPERIMENTAL RESULTS

A. Bias Dependence

Fig. 6 shows output power P, oscillation frequency f,
device efficiency 7, oscillator efficiency %', and bias cur-
rent I; as a function of bias voltage V. The device
efficiency 7 is considered to be the dissipated dc power of
the GaAs FET itself and the oscillator efficiency n’ that of
the oscillator including a bias circuit shown in Fig. 4. The
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Fig. 7. Mechanical tuning characteristics as a function of air-gap thick-
ness (h).

two kinds of efficiencies are calculated as follows:
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It is seen from Fig. 6 that the output power monoto-
nously increases with bias voltage and does not saturate
below 7 V. At a bias point of 7 V, the output power of 70
mW was obtained. The efficiencies n and 7’ also increase
with bias voltage as shown in Fig. 6. At a bias point of 7
V, the device and the oscillator efficiencies are 20 percent
and 12 percent, respectively.

The dependence of oscillation frequency on bias volt-
age is somewhat complicated as shown in Fig. 6. The
oscillation frequency depends on both source to gate
voltage Vg, and source to drain voltage V,. Increase of
V¢ causes increase of the oscillation frequency. However,
increase of V; causes decrease of the oscillation
frequency. As is seen from Fig. 4, when the bias voltage
Vy rises, both V. and Vg, increase. Therefore the com-
plicated behavior as shown in Fig, 6 is caused for the
oscillation frequency. Nearly zero and 500 kHz/V of
pushing figures are obtained at 5.5 V and 6.5 V, respec-
tively.

The bias current I, increases with the bias voltage
because of the effect of Ry, in Fig. 4.

B. Mechanical Tuning Performance

The oscillation frequency of the DRF GaAs FET oscil-
lator is adjusted by changing the air gap spacing between
the dielectric resonator and the frequency tuning plate in
Fig. 1(b).

Fig. 7 shows mechanical tuning characteristics as a
function of the air-gap spacing 4. The tuning range over
1500 MHz is obtained. However, in case of narrow air
gap, i.e., for higher frequency, the external quality factor

821

60

40

P (aW)

20

™ \,r‘\[ VA\\

00 110

L ! 1
13,0

oscillation frequency f£(GHz)

1
12 0 14.0

Fig. 8. Mechanical tuning characteristics with different resonator
thickness (L) as a parameter.

11.8505
volt

1

-

SOXD

2:2
6.0
5.0

11.8500

N
)
Y

11.8495 1 1 1
=20 9 20 40 60
temperature (°c)
@
»
a 7.0 volt
- X 6.5
g o 6.0
- ® 5.0
2
50 '\A
. \A

L

)
/////

output power P (mw)
s
°
T

30 .
v
- o
oL
L i 1}
-20 0] 20 40 60
temperature (°C)
(b)

Fig. 9. (a) Oscillation frequency and (b) output power for ambient
temperature from —20 to +60 °C with bias voltage as a parameter.

Q.. is degraded and the practical tuning range with Q.
more than 1000 is about 1000 MHz. The quality factor
Q.. for tuning range from 11.5 to 12.5 GHz was main-
tained over 1000. Furthermore, any hysteresis phenome-
non is not observed over the tuning range.

Fig. 8 shows another example of the tuning characteris-
tics of an oscillation with the same MIC pattern and
GaAs FET. From this figure, it is found possible to obtain
a wide oscillation range from 9 to 14 GHz with the
mechanical tuning range of more than 1000 MHz by
changing thickness of the dielectric resonator.

C. Temperature Performance

Fig. 9 shows the microwave performance depending on
ambient temperature. The cylindrical dielectric resonator
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5.5 mm in diameter and 1.65 mm in thickness is used. The
frequency temperature coefficient of the resonator of 4.1
PPM/°C in a free space is used in consideration of the
thermal expansions of the case and the tuning plate.

Fig. 9(a) shows change of the oscillation frequency f
versus ambient temperature T, ranging from —20 to +60
°C with bias voltage as a parameter. Frequency stability
of =150 kHz over the temperature range between —20
and +60 °C or =0.16 PPM/°C is obtained and this
value does not depend on the bias voltage as seen from
Fig. 9(a). This result shows that a fine tuning of the
frequency is feasible by adjusting the bias voltage, without
any influences on frequency stability.

On the other hand, the temperature characteristics of
the output power are depicted in Fig. 9(b) with bias
voltage as a parameter. The lower bias voltage brings
more stable output power and output power stability of
+0.01 dB/°C is obtained at a bias voitage ranging from 5
to7V.

Though the DRF GaAs FET oscillator has the
mechanical tuning range from 1000 to 1500 MHz as
shown in Figs. 7 and 8, the tuning range keeping the high
temperature stability described above is about 50 MHz.
The main reason of this thermal stability degradation is
that the frequency change depending on the ambient
temperature is different for each tuning point and the
thermal compensation of the oscillation frequency by only
one dielectric resonator is impossible all over the tuning
range. However, adjusting the frequency temperature
coefficient of the dielectric resonator and the spacing
between the resonator and the tuning plate, the high
temperature stability described above is realized at any
fixed oscillation frequency from 9 to 14 GHz.

In a practical use of a microwave oscillator, it is re-
quired that initial drift of the oscillation frequency is
suppressed as small as possible. Fig. 10 shows oscillation
frequency of the stabilized DRF GaAs FET oscillator as a
function of the time after the start of operation. A 200-
kHz frequency drift is observed in initial 4 or 5 min.
However, after that, the drift is not observed at all. This
initial frequency drift is not severe for practical use.

D. Spectrum and Noise

Fig. 11 shows spectra of the DRF GaAs FET oscillator
and a Gunn diode oscillator for comparison at 11.6-GHz
band. External quality factor Q. of the FET oscillator
and that of the Gunn oscillator are 2000 and 2500, respec-
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tively. The spectrum of the FET oscillator is closely equiv-
alent to that of the Gunn oscillator as shown in Fig,. 11.

The FM noise was measured in the bias voltage range
from 5 to 7 V by means of a low-noise Schottky diode and
a low-loss resonant cavity. Fig. 12 shows noise character-
istics as a function of off-carrier frequency for bias volt-
ages of 7.0 and 6.4 V. At 100-kHz off-carrier frequency,
the rms frequency deviation (Af)n, rms of FM noise is
0.07 Hz/VHz and 0.1 Hz/VHz at 64 V and 7.0 V,
respectively. It is observed that the FM noise is nearly
constant for the bias voltage between 5.0 V and 6.5 V and
becomes worse above 6.5 V. Though this oscillator has a
wide mechanical tuning range of 1500 MHz as shown in
Fig. 7, the tuning range in which the FM noise is not
degraded is about 1000 MHz.

The FM noise of the DRF GaAs FET oscillator seems
to be comparable to that of the Gunn diode oscillator
evaluated in the same noise measurement system, and is
lower than those of a GaAs IMPATT diode oscillator and
another types of GaAs FET oscillators [1],[8],{21].

E. Improvement of Frequency Stability by BRF

The electrical characteristics of the DRF GaAs FET
osciliator designed for 12-GHz band are listed in Table 1.
This performance sufficiently satisfies requirements for
practical applications such as SHF TV broadcasting sys-
tems, microwave communication systems and other com-
mercial uses.

However, sometimes, more severe performances such as
higher stability, higher external quality factor Q,, or excel-
lently lower noise are required. To satisfy these require-
ments, it is effective to add a band rejection filter (BRF)
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TABLE1
MICROWAVE CHARACTERISTICS OF THE DRF GAAs FET
OSCILLATOR

bias voltage 6.5 = 7.0 volt

oscillation frequency 8.9 - 14,1 GHz

output power 70 mW

tuning range 1000-1500 MHz
efficiency - 20 9%

frequency stability + 150 KHz (-20 ~+60 °C)
pushing figure <500 KHz

Qy ==1000
0.07 Hz/JHz (100 KHz off carrier)

FM noise

to the DRF GaAs FET oscillator [22]. Fig. 13 shows a
schematically drawn MIC circuit for a DRF GaAs FET
oscillator with a BRF. The BRF consists of a dielectric
resonator which is put in the vicinity of the output micro-
strip line. The temperature dependence of the oscillation
frequency is markedly improved by introducing the BRF.
The frequency deviation is reduced to + 100 kHz or less
in a temperature range from —20 to +60 °C as shown in
Fig. 14. The output power deviation is less than +0.022
dB/°C.

A brief explanation of the stabilization mechanism will
be given by Fig. 15 which shows a relationship between
resonant frequency of the BRF and oscillation frequency
of the original GaAs FET oscillator (without BRF) as a
function of the ambient temperature. As shown in this
figure, the temperature frequency characteristics of the
BRF and the original FET oscillator must be positive and
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negative, respectively. Besides the above condition, the
oscillation frequency of the original FET oscillator must
be set below the resonant frequency of the BRF. If these
conditions are satisfied, the FET oscillator is locked
strongly at a low temperature and the output power of the
oscillator with BRF will decrease. Usually, the DRF
GaAs FET oscillator generates a higher power at a low
temperature. However, according to the reason described
above, it is possible by using the BRF to obtain a higher
power at a higher temperature as shown in Fig. 14 or a
constant power over the temperature range concerned. Of
course, the BRF is used as not only to control the temper-
ature dependence of the output power but also to control
the power level.

One of -the most remarkable effects of the BRF is the
improvement of external quality factor Q.,. The Q,, value
of 4000 is obtained without difficulty. The high Q,, value
assures a high stability against variation of load imped-
ance. Fig. 16 shows a Rieke diagram of the GaAs FET
oscillator with the BRF. The Q,, value of the oscillator is
about 2500. This oscillator operates over a wide load
condition as shown in Fig. 16.

IV. CoNcLusioN

A new type of GaAs FET oscillator with a dielectric
resonator feedback circuit (DRF GaAs FET oscillator)
has been proposed and fabrication procedure and perfor-
mances of the oscillator have been described. The features
of this oscillator are summarized as follows:

1) wide oscillation frequency range;
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2) mechanical tuning with ease;

3) high-frequency stability without hysteresis;

4) superior frequency stability for ambient temperature
variation;

5) low noise;

6) low-bias voltage and high efficiency.

This compact stabilized oscillator exhibited 70-mW out-
put power with 20-percent efficiency at 11.85 GHz and a
frequency stability as low as += 150 kHz in a température
range from —20 to +60 °C. The observed FM noise level
of the stabilized oscillator was comparable to that of a
Gunn oscillator and 0.07 Hz/ VHz at 100-kHz off-carrier
frequency.

It has been described that the oscillation performances
are considerably improved by adding a band rejection
filter to the oscillator.

The performances described above are excellent enough
to be applied to SHF TV broadcasting systems and micro-
wave communication systems. Besides these superior
characteristics, this oscillator is very compact and simple,
therefore, has wide applications for various microwave
systems.
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