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ABSTRACT

Miniature, high performance asymmetric canonical filters utilizing dual-mode dielectric resonators are discussed.
Filter synthesis is accomplished by proper rotations of the canonical coupling matrix. As an example,

performa~ce of realized 6~pole asy&netric canonical (6-4) and 8-pole self-equalized (8-4-2) filters are

presented.

Introduction

Canonical bandpass filtera offer greater flexibility

of response and improved electrical perfomnance due

to the fact that the maximum number of permissible
independent crosscouplings is utilized (Fig. 1).

Such filters implemented in a dual mode cavit config-

{1uration were introduced by William and Atia 1 .
The coupling matrix of these filters is symmetrical.

Consequently to provide neceesary crosscouplings, the

location or routing (numbering) of the individual

resonators was such that input and output ports of

the filter were losated in the same physical cavity
(Fig. 2a). Therefore, meeting inputloutput isolation

requirements caused significant problems. For this

reason, a novel 6-p~le canonical filter was proposed

fby Pfitzenmaier 2] , and later expanded to 8 or more

pole filters ~3 . In Pfitzenmaier’s realization,
like in the previous case, a maximum number of permis-
sible independent crosscouplings is utilized. However
the coupling matrix is asymmetrical and routing is
such that inputfoutput ports of the filter are located
in adjacent physical cavities (Fig. 2b), eliminating

the problem of out-of-band isolation. In this paper,
the synthesis procedure of asymmetric canonical

filters from a symmetric prototype will be outlined.
Rotation formulas and proper pivots will be given for

important 6 and 8-pole cases. It will be shown that

only one rotation of the coupling matrix is necessary

to achieve a 6-pole asymmetric canonical filter, and
2 rotations for 8-p>le case. A novel miniature

implementation utilizing dual-mode dielectric resona-

tors will be also discussd.

Theoretical Basis

A symmetric canonical coupling matrix has a tridiagonal

form prese~ted in Fig. 3a (8-pole case). Coupling and
routing diagram of the corresponding filter is shown

in Fig. 3b. It can be seen that main couplings are

those parallel to the main diagonal. The wzaker

crosscouplings are positioned antidiagonally and they
are between n and 1, n-1 and 2 resonators, etc.

Filters with such couplings can be realized in a
folded single-mode configuration or a dual-nmde con-
figuration with input/output in the same cavity. To
achieve the same transfer function, but” with an

asymmetrical coupling matrix, we will utilize the well
known theory of similarity transformations of the

matrices. Namely, if matrix M is premultiplied by a
certain matrix A, and post multiplied by transpoae of

A, a resultant matrix M1, will have the same eigen-

values and eigen vectors. The filter described by
this naw matrix will have the same transfer function

~7], There forewe have

(1)

(i, k) - matrix elements

where; Y-angle of rotation. Xterativeprocadure
for rotations was outlined in[4g. Howsver, in our

case, it was difficult to implement and converge due

to the fact that pivot selection and order of rota-

tions is crucial in obtaining the desired result.
Also there does not seem to be any pattern governing
the pivotal positions or order of rotations for dif-

ferent orders of the filters [6~. For this reason,
we will present very simple formulas derived analytic

ally to obtain asymmetric coupling matrices from

symmetric cano~ical matrix for 6 and 8-psle cases.
According toS41, after rotation by pivot (i, k)

(where i,k =2,3..... n-l), new elements of M matrix
are ziven bv

In a 6-pole symmetric canonical case, the coupling

matrix is presented in Fig. 4. Analyzing formulas (3)
and form of matrix in Fig. 4, it is obvious that one

of the pivot selection criteria should be that matrix
M has O element in pivotal p~sition (i, k). In such
a case, we avoid creation of unwanted diagonal elements

of new matrix M. Therefore, we have initial choice of

pivot (4, 2) or (5, 3). It was found that the (4, 2)

pivot creates desired coupling matrix, realizable in

filter configuration of Fij. 2b, where coupling 2-5
was replacd by 1-4. Elements of the new coupling
matrix after (4, 2) rotation are given by:

(4)

It is convenient to utilize matrix plane rotations as
similarity transformations, and in such a case matrix
A has a form of unit matrix except that for pivot
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In the case of an 8-pole filter, the initial matrix

has the form of Fig. 3a. Utilizing the same criter-

ion as before for selecting pivots (0-1, k matrix
element for i, k pivot), we have the following

choice; (2-,4), (2,5), (2, 6) (3, 5), (3, 7), (4, 6),

(4, 7), (5, 7). To achieve the desired form of

coupling metrix and realize an asymmetric filter, we

have to replace couplings 2-7 and 3-6 with couplings
3-8 and 4-7 (Fig. 5). It was found that two pivots;

first (7, 3) and second (4, 6) give the desired
result. Formulas for asymmetric coupling matrix are
given by:

axcellent electrical performance. This approach pre-
sents significant advancement in satellite transponder

applications.
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Formulas (4) and (5) giva a fact and exact way to

design asymmetric canonical 6 and 8-pole filters.

They were successfully ueed to design filters
described in the following section.

Experimental Results

Using formulas (4) and (5), a number of 6 and 8-pole,
C-Band filters were designed and realized. Basic

configuration of filters utilizes dual-mode dielec-

tric resonator loaded cavities [5]. In this partic-

ular approach, a dramatic reduction in the weight and

volume of the filters was achieved without signifi-

cant reduction of the filter performance. Typical

performance of a 6-pole asymmetric canonical filter

(6-4) is presented in Fig. 6. An 8-pole filter per-

formance (self equalized 8-4-2) is presented in Fig.

7 and shows an excellent correlation with theory.

Conclusion

An approach to design optimum performance, asymmetric
canonical filters from symmetrical designs was pre-

sented. A simple formula for values of asymmetric
coupling matrix in important 6 and 8-p~le filter
cases were given. Novel realizations utilizing

dielectric resonator offer dramatic reduction in

weight and volume of the filters while maintaining
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Fig. 1 comparison (Rejection) Between a 6-pole Quas+-
Elliptic Filter (6-2) snd canonical 6-pole fzl.ter

(6-A).
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a) A 6-pole Symmetric, Dual Mode, Canonical Filter

Configuration

b) A 6-pole Asymmetric, Dual Mode Canonical Filter

Configuration

(Left Side Number Describes Mode in a Cavity With

E-Field Parallel to Plane of the Paper; Right

Side Number - Loo’cing Into Paper).
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a) A Symmetric Canonical Coupling Matrix of 8-Pole

Filter

b) Routing Diagram for a Symmetric, 8-pole Canonical
Filter
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Configuration of an 8-Pole Asymmetrical Canonical Filter,

Fig. 6
0

Performance of a 6-Pole Asymmetric Canonical Filter
(6-4) Utilizing Dielectric Resonatora

Fig. 7

Performance of an 8-Pole Asymmetrical Self. Eq. Filter

(8-4-2) Utilizing Dielectric Resonators

Coupling Matrix of a Symnetric Canonical
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