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Abstract

A new approach for the design of parallel
feedback FET oscillators has been

presented using 3-Port S parameters.
The linear analysis accurately
determines the reflection gain at any
port as a function of the parameters of
the dielectric resonator parallel
feedback network between the other two
ports of the FET. An example of design

and practical realization of FETDRO is
presented at 9 GHz.

Introduction

With the advent of the miniature high

Q and temperature stable dielectric
resonators, the interest in their
utilization in the active and passive
Microwave Integrated circuits has been
fast increasing [1]. A number of
interesting configurations of FET
oscillators using dielectric resonators
(FETDRO) have been presented in the past
[2] - [4]. Some of these oscillators

use dielectric resonator as a parallel
feedback element between the two ports
of the transistor while taking the RF
output at the third port of the same
(fig. la) e.g. [2]. The feedback two-

port can as well be placed between any
two ports as shown in figure lb and lc.
No analytical approach has so far been
presented to determine the optimum
postition of the dielectric resonator or
to calculate the reflection gain at any
port of the transistor as a function of
the parameters of the two port feedback
network connected between the other two
ports of the transistor. In this paper
we present:

i) S-parameters characterization of the
dielectric resonator coupled
simultaneously to two microstriplines
and ii) a linear approach to calculate
the reflection gain at any port of the
transistor as a function of its 3-port
S-parameters and the S-parameters of the

two port connected between the other two
ports. The method of analysis presented
also allows the designer to determine the
preferred output port of the transistor.
The approach presented is easily
expendable to Dual Gate FET applications.

Dielectric Resonator Characterization~

The dielectric resonator coupled
simultaneously to two microstrip lines
and its equivalent circuit is shown in
figure 2. At resonant frequency the S–

parameters of this two-port can be shown

Lo be given by [5]. “
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where $land 62 represent the coupling
coefficients of the resonator with the
microstrip lines on both sides and are
given by:
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Transistor Characterization

The FET, a three port device, is generally
characterized by its 2-port S-parameters
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with one of its leads (generally source)
grounded. The use of three port S-
parameters though introduced quite
sometime ago [6] has not been often used
mainly due to the complexity of the
analysis involved. The availability of
desktop computers and CAD has now made

their use practical. The use of 3-port

S-parameters eliminates the otherwise

necessary conversion to and from Z or Y

parameters to analyse the feedback effect
and due to the property of 3P-S-matrix of
a transistor that the sums of rows and
columns is equal to 1, the systematic
errors in the measurement or analysis can
be determined and eventually corrected.
It may also be noted that the problen
presented in this paper can be solved
only by the use of 3-port S-parameters.
The FET 3P S-matrix can be directly
measured or determined from the generally
available 2-port S-parameters [6] .

W2!zY

Figure 3 represents the generalized form
of the parallel feedback FET oscillator
configuration. The three-port network
“A” represents the FET and the two port
network “B” represents the feedback net-
work for example a dielectric resonator
coupled simultaneously to two microstrip
lines. The relations for the three port
and two port can be presented as:

blA = ’11A alA + ’12A a2A + ’13A a 3A

b2A = ’21A alA + ’22A a2A + ’23A a3A

b3A = ’31A alA + ’32A a2A + ’33A a3A

blB = ‘llB alB + ’12B a2B

b2B = ’21B alB + ’22B a2B

when port 1 and 2 of the two port are
connected to port 1 and 2 of the three
port we have:

alA = blB a2A = b2B alB = blA a2B= b2A

Using the above relations the modi;ied
reflection coefficient at port 3 S33 =

b3A/a3
?’

can be determined. The
genera ~zed r~lation of reflection

~;:~;;i~;~ ‘kk
at any port can be
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where A’=s
jkA ‘jkA + ‘ikA

A ikA

‘kkA = ‘iiA ‘jjA - ‘ijA ‘jiA

‘jkA = ‘ijA ‘kiA - ‘iiA ‘kja

A
ikA =

s.
]iA ‘kjA - ‘jjA ‘kiA

‘B = ‘iiB ‘jjB - ‘ijB ‘jiB

and i, j, k can be known from the
following table:

I Reflection
Coefficient at i j k I

~
For simplicity the port number for the
two-port is the same as the connecting
port of the three port. Using the above
relation and knowing the S-parameters of
the FET and dielectric resonator feedback
network the reflection coefficient at all
the three ports of the E’ET can be
determined as a function of 0 and 6 of
the network and the preferred output port
can be easily determined to achieve the
maximum reflection gain. As an example
the ‘reflection coefficient at the drain
port of a half micron FET as a function
of feedback network parameters between
gate and source at 9GHZ is presented in
figure 4. This can be used to determine
the feedback parameters to maximize the
reflection gain S~2. The matching circuit
at the drain port can be determined to
realize the oscillation condition by
using the well known empirical relations
or the load pull measurement technique.
A damping resistance is generally
required at one of the FET ports (Fig.lC)
in order to avoid spurious oscillations.
This converts the two port resonator to a
three port one and redistributes the S-
parameters.

Practical Realization:

Using a half micron FET and a Thomson CSF
dielectric resonator at 9GHz a parallel
feedback oscillator was realized. With
the drain as output port following
results were obtained:

Frequency:

Efficiency:

Qext:
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Fig. 2. Dielectric Resonator coupled
simultaneously to two microstriplines.

feedback FETDRO.
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Fig. 3 Two-port as a parallel feedback

network to a three-port.
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