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DEsIGN OF Low NOISE,
HIGHLY STABLE GAAS
DIELECTRIC RESONATOR

OSCILLATORS

Low noise, highly stable GaAs FET oscillators using a dielectric resonator in the
feedback loop are presented. The device line method of predicting the optimum
terminating impedance reduces the design iteration to a minimum. Because of its
low cost and small size, this class of oscillator is ideal for satellite, radar or

microwave communications.

icrowave oscillators form an impor-
M tant part of all microwave systems

such as those used in radar, commu-
nication links, navigation and electronic war-
fare. With the rapid advancement of technolo-
gy, there has been an increasing need for bet-
ter performing oscillators, The emphasis has
been on low noise, small size, low cost, high
efficiency, high temperature stability and reli-
ability. The transistor dielectric resonator os-
cillator (DRO) presents an interesting solution
as a quality oscillator for fixed-frequency or
narrowband tunable oscillators.

Manv types of oscil-
lator circuits have been
developed through pre-
vious work. Some of
the factors that enter
into the choice of a cir-
cuit for a particular ap-
plication include the
operating frequency,
output amplitude, fre-
quency stability, ampli-
tude stability, the purity
of the output waveform
and the likelihood that unwanted modes of os-
cillation will occur. Various designs compro-
mise on one performance specification in-or-
der to gain on the others.

Because the microwave transistors can be
used for both amplifiers and oscillators, oscil-

pl

lation conditions can be specified.3 Stern’s sta-
bility factor K can be calculated using
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Since the transistor S-parameters change with
frequency, K and A vary with frequency. For
amplifiers, the transistor is unconditionally

stable if K > 1 and |A| < 1. A simultaneous
match can be made at both ports. resulting in
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Equations 1 through 3 provide some insight
into how to design oscillators from small-sig-
nal S-parameters. If an amplifier can be de-
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A Fig. 1 An oscillator block diagram.

W Fig. 2 A parallel feedback configuration.

signed where K < 1 and either Tg or
'} is in an unstable region, an oscilla-
tor design will result. The necessary
conditions for oscillation are®

K<l (4)

and
szl and T, T 21 (5
L, + £Llg=2mm n=01.2 (6

If K > 1 for the device selected. con-
dition 4 can be achieved by changing
the two-port configuration or adding
feedback. Figure I shows a block di-
agram of an oscillator.

CIRCUIT CONFIGURATIONS

There are two types of DROs in a
MIC oscillator. A stabilized DRO
uses the dielectric resonator (DR) in
the output plane of the circuit to sta-
bilize a free-running oscillator. This

" approach, although low noise, has
several disadvantages including a ten-
dency toward mede jumping, a fre-
quency hysteresis problem, higher in-
sertion loss due to the resonator cou-
pling to the output circuit and
increased output power variations. A
stable DRO uses the DR as the feed-
back and frequency-determining ele-
ment. The unit provides greater effi-
ciency, simpler construction, and
more resistance to mode jumping and
hvsteresis effects than the stabilized
DRQ.10-13 Thus, the stable DRO has
significant advantages.

Several different circuit configura-
tions exist, including series feedback,
parallel feedback, reflection-tvpe
teedback, dual resonator and push-
push. Each of these configurations
are utilized to meet a specific applica-
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tion. However. the
series and the paral-
lel feedback config-
urations are most
widely used in gen-
eral-purpose appli-
cations. An advan-
tage of the series
feedback design is the relative ease of
coupling to a single line compared to
the parallel circuits requirement for
coupling to two lines. In addition. the
two coupling coefficients in the paral-
le] case are not independent, thus in-
creasing the difficulty of alignment.
However. with the parallel circuit the
use of a high gain amplifier can allow
significant decoupling of the res-
onator from the microstrip resulting
in a higher loaded Q factor with asso-
ciated reduced phase noise. Because
of the need for low phase noise and
high stability, the parallel feedback,
shown in Figure 2, is performed.

DEVICE CONSIDERATIONS
Active Device Selection

Transistor DROs can be realized
using either silicon bipolar or GaAs
FET devices. The maximum oscilla-
tion frequency of a silicon bipolar
junction transistor (B]JT) escillator is
lower than that of the GaAs FET.
Reasonable output power levels have
been obtained up to 40 GHz for the
GaAs FET and 20 GHz for the bipo-
lar devices (with an amplified stage).
However, the silicon BJT configura-
tion offers lower phase noise close to
the carrier and faster frequency-set-
tling characteristics compared to
GaAs FET devices. Also, B]Ts have
approximately 10 dB better flicker
noise than GaAs FETs, but the BJT
oscillators at X-band and higher fre-
quencies offer considerably lower
output power and much higher cost
than GaAs FETs.

The NET6000 series BJTs (in an
084 package stvle) are a good exam-
ple for this application in terms of
noise. DC supply requirement and
cost. The device model was obtained
from NEC's FET librarv, which is
modeled in Curtice-cubic fit.

DR Selection

Due to good integrability in MIC
circuits. DRs can be used directly as
the frequency-determining element
for realizing a stable microwave fre-
quency source. A DR acts as a micro-

p2
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A Fig. 3 The (a) schematic
and (b) simulated response of @ DR coupled
ta a microstrip line.

wave resonator due to the boundarv
established at the interface between
the air and the high dielectric device.
This boundary confines 80 to 90 per-
cent of the energy within the device.
Approximatelv 20 percent of the en-
ergyv radiates from the device. making
it easv to couple RF power to this de-
vice and provide the resonance of the
oscillator circuit. DRs are made of
low loss. temperature-stable, high
permittivity and high Q ceramic ma-
terials in regular geometric forms and
resonate in various modes at frequen-
cies determined by the dimensions
and shielding conditions. For this de-
sign. a DR with a Q of 5000, €', of 36
and a small temperature coefficient
variation was selected.

DRO ANALYSIS
Mathematical Modeling

DRs are used in different configu-
rations for various applications. It is
necessary to understand the DR cou-
pling to & microstrip so that optimun:
Qp and, consequently, minimum
phase noise are obtained. The most
commonly used DR configuration is
discussed, that is, TEyz-mode cou-
pling with a microstrip line, as shown
in Figure 3. The resonator is placed
on the upper surface of a substrate.
The lateral distance between a DR
and the microstrip conductor is the
parameter, which determines the cov
pling between the resonator and th.
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transmission line. The metallic shield-
ing, which is required to minimize the
radiation loss (hence to increase Q).
also affects the resonant frequency of
the TE;;5 mode.

Assuming 12 dB as an optimum
transmission coefficient. the coupling
coefficient P is caleulated to be equal
to 3 from which the element values
are caleulated (L = 0.89 ph, C = 247
pfand R = 300 Q) and simulated on
Libra software. The simulation indi-
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cated resonance at 10.73 GHz. which
corresponded with the caleulations.
Based on the simulation. §;; = -10
dB and S, = 36 dB for the selected
DR coupled to a 30 € transmission
line.

DR coupling was measured using
a Trans-Tech D83 series DR coupled
to a 50  transmission line on a test
board. The S;; and Sp; of the cou-
pling DR to transmission line were
measured at three different distances

The Switch Resource

Low-Cost Switches.
Widest Variety.

Plus Narda quality
built into every switch we sell.

A switch for every application. SEMs (Standard Electro-Mechanical Off-
The-Shelf Switches). SPDT. Multiposition. Transfer and matrix switches.
Custom designs.

For a copy of our newest catalog or to order, call or write, Lockheed
Martin Microwave, 435 Moreland Road, Hauppauge, NY 11788.
Tei: {516} 231-1700. Fax: (516) 231-1711.

For immediate information, call our FaxBack system at 1-800-4NARDA-
NY (462-7326} and request Document #1108.

LOCKHEED MARTIM/

108 CIRCLE 84 ON READER SERVICE CARD

p3.

from the transmission line. The
height was kept constant at 200 mils
above the resonator.

In order to find an optimum oper-
ating point so that the circuit vields
the highest output power under the
given DC supply condition of +3 3
and 65 mA (max), the 1-V curves were
simulated using the model NET6000
Curtice-cubic device chip along with
the 084 package parasitic madel. The
simulation was run using the Librua
software for both common-source and
common-drain configurations.® Fig-
ure 4 shows the DC I-V curve for the
common-source circuit with the load
line drawn for Iy, =50 mA.

In order to design the oscillator cir-
cuit, the active portion of the circuit
was analvzed using the device line
method. which starts with characteri-
zation of the active device by its device
line measurement. The characteriza-
tion is applicable to inherent one-port
devices. such as high frequency diodes.
and can be extended to potentially un-
stable two-port devices such as bipolar
and FETs by reducing them to nega-
tive-resistance one-port cm'aiig'umt‘i(mx
bv proper termination.”

When connected as two-port de-
vices, transistors must be terminated
externally to drive a negative-resis-
tance one-port device for oscillator
applications, The reduction from two
ports to one port can be performed
optimally in the sense of maximizing
the small-signal reflection coefficient
of the device by performing a map-
ping of impedance planes between
terminal pairs of the device.

Since the impedance to be opti-
mized is the amplitude-independent
small-signal device impedance. it is
valid to analhvze the device as a linear
Fig, 4 The DC I-V characterisiics
for the model NET6084 with the load line
at SOmA. W
P g e
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two-port network. Such a network is
characterized by a small-signal scatter-
ing matrix S terminated in an impe-
dance Z, with an associated reflection
coefficient I', as shown in Figure 3.

A set of small-signal S-parameters
for the selected model NE76084 de-
vice at 10 GHz was obtained from the
simulation at the calculated hias
point. The S-parameters are used to
calculate the terminating impedance
that reduces the device to an opti-

muim negative-resistance one-port de-
vice. The derived one-port device is
characterized then by its device line
to describe its performance as an os-
cillator. That is. the device was termi-
nated in the predicted optimum out-
put impedance and tested in a 50 Q
svstem. Input power is increased
while monitoring the drive level and
reflection coefficient. When the maxi-
mum power added is reached, the
load impedance is recorded and
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added to the circuit. This way. the de-
vice impedance as a function of indi-
dent power at levels above small sig-
nal {large signal} results in a contour
on an impedance plane of power out
vs. load impedance. as shown in Fiz.
ure 6. The power added maximiz |
at 30.3 m\W. The load impedance thesn
was recorded and matched to 50 Q.

TEST RESULTS

The final circuit was constructed
on a 1" x 0.5" 20-mil-thick polyte-
traflouroethvlene board. The output
impedance transformer was moditied
to a tapered line to extend the tuning
bandwidth. The oscillator cireuit
metal enclosure includes the tuni:
screw on top. The final circuit is
shown in Figure 7.

Test results show that the oscilla-
tor met and. in some cases. exceeded
the design goals for this project. The

Zz

e

el F

A Fig. 5 A gencralized two-port reduced
to a one-port by terninating Ta.

Fiz. 6 The measured device line
of a common-drain NE76054
at 10.75 GH=. W
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A Fig. 8 The measured output
at the center frequency.
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A Fig. 9 The measured phase noise.

output is shown in Figure 8. The
phase noise was measured at several
discrete offsets from 10.75 GHz and
plotted. as shown in Figure 9.
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With « 10 V supply requlated
down to 3V and 55 mA current, the
frequency pushing was measured at 1
MHz/V. The second harmonic and
spurious outputs were measured be-
low 40 dBc. The DRO was tested for
stability over the specified tempera-
ture range of -30° to +60°C. Stabilit
was measured at 0.02 percent.

CONCLUSION

A low power. low phase noise and
highlv stable DRO was designed and
constructed for an X-band downcon-
version application. This compact
DRO exhibited 30 mW output power
at 35 mA. Frequency stability wa
0.02 percent from =30° to +60°C.
The observed phase noise was -90
dBc at 10 kHz offset from the carrier
frequenc_\'. It is pOSSibIe to build a low
phase noise oscillator using a low cost
MESFET for the active device in-
stead of the traditional expensive
bipolar transistors at X-band.
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