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Abstract - A field-theory-based synthesis technique for the
design of direct-coupled waveguide bandpass filters for inte-
grated front-end applications is introduced. A nonsymmetric
inverter circuit is used to include general double-plane-iris
coupling: between waveguides of different -cross-sections. A
simple loss analysis is included and shows good agreement
with measurements. The method is demonstrated for different
applications and filter designs based on inductive-septum,
inductive-iris and double-plane-iris coupling. Measurements
of a 14.2 GHz prototype designed with this technique show
close agreement with the specified and predicted perfor-
mance.

1 Introduction

Synthesis procedures for direct-coupled waveguide filters
based on standard filter theory are well documented in the
open literature, e.g. [1]. The design techniques involve imped-
ance/admittance inverters to represent the filter coupling sec-
tions. Either equivalent-circuit models or, more recently, field-
theory-based techniques are used to analyze the effects of the
waveguide discontinuities involved [2, 3]. However, two prob-
lems are associated with this approach. First, the design spec-
ifications, particularly with respect to input return loss
performance, are seldom met which requires either post-fabri-
cation fine-tuning or CPU-time intensive optimization proce-
dures. Polynomial curve fitting of accurate results is
sometimes applied to avoid extensive optimization [4]. Sec-
ondly, double-plane discontinuities including resonant irises
and different waveguide dimensions cannot be incorporated
with the symmetric inverter circuits used so far.

Therefore, this paper focuses on a fully computer-
aided synthesis of direct-coupled waveguide filters including
general double-plane-iris coupling between waveguides of
different cross-sections. A nonsymmetric inverter circuit and
rigorous mode-matching techniques are used for the synthesis
of filter dimensions. The final performance is again evaluated
by mode-matching techniques, Since this procedure elimi-
nates the need for lengthy optimization routines and/or poly-
nomial curve-fitting calculations, a fully computerized and
CPU-time efficient synthesis technique is obtained. Moreover,
post-fabrication fine tuning is avoided.

2 Theory

The analysis procedure used to analyze iris and resonator
dimensions are based on a modified TE*,,-mode approach
which has been shown to provide excellent results for general
double-plane step waveguide discontinuities [5]. The trans-
verse field components in each cross-section (c.f. Fig. 1a)
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Fig. 1 General iris coupling section between waveguides of different
dimensions (a); nonsymmetric inverter circuit (b).
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where F, and B, are the wave amplitudes travelling in the . ] i
positive and negative z direction, respectively, and A is the ] |
cross-section of-the individual region. T,,, are the cross-sec- M ;001 4

tion functions satisfying the boundary conditions. Index q is ©
related to combinations (m,n) which are arranged with respect
to increasing cutoff frequencies. For details, the reader is
referred to [5] and [6].

The synthesis procedure is based on standard filter S0
theory [1]. Other than in [2], [3], however, a nonsymmetric
inverter circuit, as depicted in Fig. 1b, is utilized for the repre-
sentation of coupling sections. This allows the connection of
two different waveguides through a rectangular iris (Fig. 1a) a | i
and, therefore, varying resonator cross-sections throughout 9 4 ey g gy
the filter in general. Reactances X, Xy, X, and electric f/GHz
lengths ¢;, ¢, are related to scattering parameters obtained
from the mode-matching procedure of (1) - (4).Let S,,, with 200 &
m,n=1,2 be the scattering parameter linking the fundamental ;
modes at both sides of the iris discontinuity in Fig. 1a, then
the equivalent-circuit parameters of Fig. 1b are given by
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A search algorithm varies the dimensions of the cou- ]
pling section (ac/b, or t) until the inverter values K obtained 150 N
from field-theory analysis
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are identical to those obtained from filter theory. With ¢; and &
¢, determined, the resonator lengths are calculated from [1] - | -———|return loss
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where ¢’s are usually negative, and A, is the resonator’s f /GHz
guide wavelength at center frequency. Midband insertion
losses can now be estimated according to [1]. Fig.2  Performance of different filter configurations synthesized for
The so-obtained entire filter configuration is calcu- identical input parameters: standard metal-insert filter (), induc-
lated again by the mode-matching technique which, at this tive-iris filters (b), double-planc-iris filter (c).
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time, includes passband losses by considering aftenuation
constants of all propagating modes over a A,y/2 resonator
length. If this computed performance deviates from specifica-
tions, input parameters are modified accordingly, and the
entire procedure is repeated. Since only one design circle is
required for many practical applications, the synthesis of one
set of filter parameters is usually performed in less than 10
minutes on a 33MHz 486 personal computer.

3 Results.

In order to find the filter configuration offering the best stop-
band behavior while maintaining in-band specifications, dif-
ferent filter configurations have been synthesized for identical
input parameters using this procedure. Figs. 2 show a perfor-
mance comparison between a standard metal-insert filter (Fig.
2a), inductive-iris filters with variations of constant iris aper-
ture and constant iris thickness (Fig. 2b), and the double-
plane-iris filter (Fig. 2c). Since the filters are formed by rect-
angular TE), resonators, best stopband behavior is achieved
by the structure which yields the smallest aperture widths of
coupling sections, namely the inductive-iris filter with con-
stant iris thickness (Fig. 2b, dashed line).

A comparison between synthesized and measured
responses is shown in Fig. 3. Even though fabrication toler-
ances of several tenths of micrometers have been measured,
close agreement between this synthesis technique and mea-
surements is observed. The general agreement between the
mode-matching technique used for the analysis and measure-
ments at double-plane discontinuities is demonstrated in, e.g.,
[5] and need not be repeated here.
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Fig.3  Comparison between synthesized and measured responses of an
inductive-iris filter.

Figs. 4 present synthesis examples involving the new
inverter model for general double-plane iris coupling. Ka-
band designs within larger (Fig. 4a) and smaller (Fig. 4b) res-
onator sections are shown for center frequencies at the lower
and higher end, respectively, of the waveguide band. The loss
approximation used in this mode-matching technique is veri-
fied by measurements [7] in Fig. 5. Note that the ordinate is
plotted on a 3 dB scale.

1007
801 \
607 -

m §
ho] 3
x ]
v
> 40 —
204
a : Trrr
25 40
120
1007 :
1\ sa e
803
S
m ] 1
o ] |
607 —
X ]
i ] ‘g!
~ I
407 f
Il
3 1!
3 (!
203 1
] 11
b ]
0+rrrrrr HT T T
40

45 50 55
f/GHz
Fig.4  Performance of synthesized iris filters (600 MHz bandwidth, 30

dB return loss) within a larger (a) and smaller (b) waveguide at
27 and 39 GHz, respectively.

Fig. 6 shows two designs with specifications of 40 db
return loss in a 100 MHz bandwidth at 12.5 GHz and 60 dB
rejection at +300 MHz from center frequency. The dashed
lines correspond to responses of the conventional inductive-
iris filter (b,=b), whereas the solid lines depict the perfor-
mance of an increased-resonator-height component (b,>b). As
expected, the predicted passband losses could be reduced
from 0.26 to 0.17 dB by increasing the resonator height. Note
that in this example, the synthesis procedure was required to
perform three design cycles with modified input specifica-
tions in order to simultaneously meet both return loss and
rejection specifications. Consequently, some poles move
closer together in frequency so that only three instead of six
distinct poles are visible in Fig. 6.
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Fig.5 Calculated (this method) and measured [7] insertion loss of a
three-resonator double-plane-iris filter.
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Fig.6 Responses of synthesized six-resonator filters with standard
(by=b, dashed lines) and increased-height (b>b, solid lines) reso-
nator dimensions.

4 Conclusions

A computer-aided design procedure for the synthesis
of direct-coupled rectangular waveguide bandpass filters is
introduced. Standard filter theory involving impedance invert-

" ers and an efficient yet rigorous mode-matching technique are

combined to synthesize the dimensions of coupling sections
and resonators. The nonsymmetric inverter circuit allows gen-
eral double-plane-iris coupling between waveguides of differ-
ent cross-sections to be utilized. A simple loss analysis based
on the attenuation of propagating modes is incorporated.
Hence a highly efficient synthesis procedure is obtained
which completely avoids fine optimization and post-fabrica-
tion fine tuning. Measured results verify the field-theory-
based synthesis procedure. The software is operational on 386
and 486 personal computers.
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