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ABSTRACT

We propose here a new idea to design
filters for achieving new levels of perfor-
mance. This type of filters is made of a
rectangular waveguide with a partial H-
plane bifurcation. Each Dbifurcated
section finite in length operates as a
cutoff waveguide, at the central part of
which low permittivity dielectric res-
onators are loaded. An accurate CAD
program is developed which is based on a
procedure that takes into account the
effect of not only the dominant, but also a
large number of higher order modes gener-
ated at discontinuities. Experiments for
X-band trial filters designed by a new pro-
gram show good agreements with the theory.

INTRODUCTION

Microwave bandpass filters employing
dielectric resonators in a cutoff waveguide
have been discussed[1l],[2]. Such filters
are operated in the cutoff range of a wave-
guide and have their passband in it.
Therefore, it is easy to realize a high
attenuation cutoff rate in the filter re-
sponse, if the passband center frequency fp
is set sufficiently below cutoff fc.
However, the bandwidth of a filter and the
insertion loss in the passband respectively
decreases and increases as fgy becomes
lower. Thus, for most purposes, it will
be usual to set fo at the frequency being
not so far from fc. In such a design, a
high attenuation cutoff rate can be still
obtained in the frequency band lower than
fyp, but it is difficult to keep a suffi-
cient large insertion loss ( for example,
50 dB or more ) in the frequency band
between fy; and fc¢ [1].

On the other hand, in connection with
satellite broadcasting applications [31,
there is a need to develop a filter which
has a passband at around f¢ and also has an
attenuation pole at a given frequency fo
that is higher than fg. For this purpose,
we propose here a cutoff waveguide dielec-
tric resonator filterx. Unlike usual
filters of this type, our filter ( a pro-
totype is shown in Pig.l or Fig.2(a))
made of a rectangular waveguide having a
bifurcating metal plate placed parallel to
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the E-plane. FEach bifurcated section
finite in length operates as a cutoff wave-
guide, at the central part of which low
permittivity ( for example, €, = 2 ~ 3 )
dielectric resonators are loaded.

In short, this type of filters is
considered as the parallel connection of
two series resonant circuits ( two paths )

with different resonant frequencies.
Therefore, it 1s expected that the
resonance of one of two resonant circuits
provides the zero insertion loss at a given
frequency fo, while the attenuation pole is
produced at another frequency f« by the
interference of waves from both circuits at
the output terminal ( namely, equal ampli-
tude and out of phase between both waves ).
At around the passband center frequency
fo, the output wave from the non-resonant
path has negligible effect on the trans-
mission characteristics of a filter because
the wave throughout this path suffers from
a large attenuation by the cutoff wave-
guide. This feature of this type of
filters essentially differs from that of
the multi-path transmission line filters
already discussed by one of present authors
( K.T [4] ).

Besides the structure of Fig.2(a), a
special case includes removing one of di-
electric resonators as shown in Fig.2(b).
This filter can be understood by the same
physical meaning as before, but the charac-
teristics to be expected differs from ones
of Fig.2(a), especially around the attenua-
tion pole as described later.

To design such a new type of filters,
this paper uses a cost effective and yet
accurate CAD program based on a procedure
that follows the mode matching method in
the sense of least sqguares in which a large
number of higher order modes generated at
discontinuities are taken into account.
This program is supported by an efficient
nonlinear optimization routine, cooperated
with a good initial guess obtained from a
simple equivalent transmission line model.

DESIGN PROCEDURES

For the structure shown in Fig.2(a),
the most simple eguivalent circuit repre-
sentation is shown in Pig.3 which considers
only the dominant mode, neglecting the
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susceptances at discontinuity planes. The
lines 3 and 4 correspond to the dielectric
resonators, while the lines 1 and 2 support
the evanescent modes and serve as the
coupling circuits between input or output
line and the resonators. Thus the basic
function of this filter is simply under-
stood as that, at the frequency fo of zero
insertion loss, the vector sum of currents
I10 and I2g at the output terminal becomes
maximum without reflection at the input
terminal, while, at the frequency fo of
infinite insertion loss, both currents
become identical in the amplitude and out
of phase. This idea can produce an atten-
uation pole even in the frequency range fg
< f < fc¢ and a high attenuation cutoff rate
at around f, can be expected.

The accurate CAD program developed
here for this type of filters is based on
the circuit described in terms of the scat-
tering matrix as shown in Fig.4 and can be
split into three steps. In the first step,
the generalized scattering matrices [5]
SD'n’ S out at thg discontinuity plane of
bl%urcageg waveguide are calculated by the
least-squares boundary residual method [6].
The second step is to derive generalized
transmission matrices S_., ( i1 =1 and 2 ) of
bifurcated guides, whicglconsist of cutoff
sections, a dielectric resonator and the
junction plane between them. The third
step is to combine these S-matrices. By
these steps we obtain the scattering matrix
S of the entire filter structure of Fig.2.
In our program, S_-matrix is obtained by
considering 80 modes in the input or the
output guide and 40 modes in each bifur-
cated guide. When these matrices are
connected in cascade, only a few higher
order modes ( for example, two to three ),
interacting between neighboring discon-
tinuities, are used as " accessible modes
[5] in each bifurcated guide and the ports
for the higher order modes are terminated
with their own characteristic impedances.
Following all the above steps, the element
821 of 8 can be easily calculated. Some
manipulations lead that S21 can be split
into SZ{ and S%f, corresponding
respectively to the contributions of wave
from each path.

Now, we provide a nonlinear optimi-
zation routine based on the Gauss-Marguardt
method to meet with a given filter specifi-
cation. A most simple example will be to
specify two frequencies fg and fo at which
the insertion loss becomes zero and infi-
nite, respectively, and the values di, d:
and a1 in Fig.2(a) are varied to meet with
this specification with a given total
length of the filter. To this end, we
define the following errxor functions which
ideally must be zero;

I

Fi(ai1,d1,d2) [s21(f0) % - 1

Fo(a1,d1,d2) = |82 (fu)| - |STT(fw) |
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I
F3(a1,d1,d2) = |arg.s21(fw)

II
- arg.821(fm)| - 7.

For finding a good initial guess of
the variables to be solved, a simple opti-
mization problem to the equivalent circuit
of Fig.3 is first solved to meet with the
same specification. These values are
often very close to the final values.

EXPERIMENTS

In the first example, two dielectric
resonators are put in both of bifurcated

guides, and f¢ = 9.5 GHz and fo, = 11.0 GH=z
are specified. In the second example, one
of dielectric resonators is removed, and di

and ai are varied to meet with the specifi-
cation with fo= 10.3 GHz and f, = 11.5 GHz.
) Fig.5 shows the results obtained for
the first example, where the solid curve
indicates the measured response, while the
broken curve means the theoretical one.
Fig.6 shows the results obtained for the
second example. It is found that experi-
ments are in surprisingly good agreement
with the theory. Fig.5 shows a keen atten-
uation pole. This 1is understood as the
result of that the attenuation pole of this
type of filters is expected by an interfer-
ence of waves from two resonant circuits,
and the phase difference between both waves
changes with a large slope to the frequen-
cy . Oon the other hand, the attenuation
pole in Fig.6 is the result of interference
between the waves from an off-resonant cir-
cuit and from a cutoff waveguide itself, so
that the variation of insertion loss around
the pole becomes dull.

We proposed here a new idea to design
filters for achieving new levels of perfor-
mance, and explained the basic idea
physically, numerically and experimentally.

More sophisticated structures will be
developed, but will not be discussed here.
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Fig.l. Sketch of two-path cutoff-waveguide dielectric
resonator filter.
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Fig.2. Coordinates and dimensions of the filters consisting of two
dielectric resonators (a) and single dielectric filter (b).
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Fig.3. A most simple eqguivalent circuit in terms of only
transmission lines for the filter of Fig.2(a).

359



S

SDin

b J
[}
.
1]
L]
L]
]
1
]
(]
[)
]
[
)
.
]
)
]
[ ]
'
1]
)
)
]
]
.

-t
N

-

...IZ!..-...-.-::—'

SL‘I

n

- & 2 o -

T
|
 LE

S Dout

Su

- - e e - o=

SBZ

- . -

i

T U

Fig.4. Equivalent circuit representation of the filter by means of the
generalized scattering matrices.
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Fig.5. Measured and designed character-
istics of the filter of Fig.2(a). Fig.6. Measured and designed character-

The filter under test has slight
difference in the dimensions from
the specific parameters obtained
by the CAD program which results
in the frequency characteristic

shown by the dashed-dotted curve.

istics of the filter of Fig.2(b).
The filter under test has almost
the same dimensions with those
defined by the CAD program,
except for a slight warp of -the
birfurcation plate.
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