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ABSTRACT

An eight-pole quazi-elliptic function filter
with two pairs of transmission zeros (8-4) has
been synthesized and experimentally realized in
two triple-mode and one dual-mode dielectric
resonator cavities., This was done by carefully
selecting the optimum coupling topology. Subse-
quently the coupling matrix is generated using
computer optimization program without using matrix
rotation.

INTRODUCTION

The history of multi-mode waveguide cavity
resonators can be dated back to as early as the
1950's [1]. However, it was in the 1970's from the
work of Atia and Williams [2,3] that make dual-
mode cavity the dominant circuit element in high
performance filter for space appiications. With the
introduction of dielectric dual~-mode filters [#] and
triple-mode wavequide filter [5] in the early
1980's, there has been renewed interest in the
filter community. Subsequently it was demonstrat-
ed that a 5-pole triple/dual-mode 2-cavity dielec-
tric resonator filter [6] is realizable. In this
paper the design and experimental results of an
8-pole quazi-elliptic function filter (with two pairs
of transmission zeros) realized with three dielectric
resonator cavities, of which two cavities are triple-
mode and one cavity dual-mode are described.
This new filter structure will allow a further
reduction of size and weight of dielectric loaded
filter networks.

DETERMINATION OF COUPLING TOPOLOGY

Constrained by mechanical limitation of a
triple-mode cavity, a three-cavity 8-pole filter can
be built by arranging the cavities in a sequence of
triple-dual-triple configuration as shown in Fig-
ure 1. Such a mechanical configuration gives rise
to different possibilities of coupling sequencing.
Each difference sequence can potentially realize
different numbers of transmission zeros which is
governed by the following equation:

P = N-C (1)
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where

P = maximum number of transmission zeros
able to be supported by the filter
structure,

N Order of filter.

O
o

Number of cavities between the shortest
path from input to output coupling.

Picture of the Filter

Figure 1

Eqguation (1) is important in the selection of
coupling matrix sequencing because if P<4 an 8-4
filter cannot be realized. On the other hand, if
P>li, stray cross-coupling in the filter structure
will make. tuning very difficult. Figure 2 illus-
trates some possible coupling sequences and maxi-
mum number of zeros it can support. Out of the
three possibie configurations illustrated in Figure
2, option 2 was chosen because it represents the
best optimum design for an 8-4 filter,
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Figure 2: Path Design for a Triple-Dual-Triple

Mode Filter Realization.

SYNTHESIS OF THE COUPLING MATRIX

The synthesis procedure was started by gen-
erating the coupling matrix [7] of the 8-4 filter in
its  symmetrical configuration as shown in
Figure 3(a). An optimization program was used to
generate a new set of coupling matrices of which
M14 and Mu47 were the only cross-coupling. This

optimization routine is based on the following
formula:
Min Max {f1, fheenes f } (2)
where
f, = [R(¢,f1) - S(f1)]
f, = IR(s.£) - S(f )]
Such that
R(¢.f.) = response of desirable coupling

matrix ¢ at frequency fi'

response of the given
transfer function at
frequency fi'

S(fi)

The advantage of using such an optimization
program is that it is not necessary to predetermine
the rotation sequencing [8] because the new matrix
is not generated by matrix rotation.
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1 2 3 4 5 6 7 8
1 M12
2 Mi2 M23 M27
3 M23 M34 M36
L M34 Mus
5 Mus5 M56
6 M36 M56 Me67
7 M27 M69 M78
8 M78
Figure 3(a): Coupling Matrix of an 8-4 Filter

Dual-Mode Symmetrical Configuration

1 2 3 4 5 6 7 8
1 M12 M14
2 M27 M23
3 M23 M34
4 M14 M34 Musg Mu7
5 M45 M56
6 M56 Me7
7 Muy7 M67 M78
8 M78

Figure 3{b): Coupling Matrix of an 8-4 Filter for a
Triple-Dual-Triple-Mode Configqura-
tion.

EXPERIMENTAL FILTERS

Based on the coupling matrix configuration in
Figure 3(b) an experimental filter was synthesized
to have a center frequency of 3.85 GHz with a
bandwidth of 36 MHz. Other specifications of the
filter were as follows:

35 dB
1:1.15

Notch Level
VSWR

L1}

The measured amplitude response of the filter

is shown in Figure 4(a) and the return loss
response is shown in Figure 4(b). Measured data
indicates  excellent correlation with computed
performance.
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Figure #4(a) : Amplitude Response of the 8-4 Filter
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Figure 4(b) : Return Loss Response of the 8-4 Filter
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CONCLUSIONS

By combining two triple~-mode and one dual-
mode dielectric resonator cavities an 8-4 filter was
synthesized and built. Measured results indicate
close correlation with theory. This design repre-
sents size and weight saving of 25% over existing
dual-mode 8-pole dielectric resonator filters and
therefore would likely be a strong candidate for
the next generation of C-Band input multiplexing
filters.
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