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ABSTRACT

The rigorous CAD
bandstop- filters, of

of wave.guide
elliptic- fun;tion

E- plane- integrated circuit filters with
additional bandstop cavities, and of high
return loss E-Diane T- iunction diDlexers
with iris matching elem&ts is introduced.
Based on the general rectangular waveguide
T-junction key-building block modal
S-matrix, the design takes into account
both the a~~nit~h~hickness of ilae;oup~~;:
elements higher
interaction at all step discontinuities.
The theory is verified by measurements.

INTRODUCTION

The aperture-coupled T- ‘unction is a
useful circuit $element 1 - [6] often
utilized . rectangu ar waveguide
components ;~r many applications, such as
for the design of bandstop- filters 2 ,

[1

&$fold multiplexer [4], or couplers 5 .
refined theories are available 1

[2], [4] - [6] for deriving the equiva en;
circuit for such structures. However, the
increasing demand for compact and low-cost
components as well as the growing interest
in the millimeter wave frequencies have
prompted the need for more accurate methods
which take adequately into account the
finite thicknesses and the higher-order
mode interactions of all discontinuities
involved, and which allow to avoid
additional tuning screws. Although an exact
calculation for the rectangular waveguide
T-junction equivalent circuit parameters is
available for a long time [3] , no rigorous
analysis for the general aperture-coupled
T-junction, as well as for the components
utilizing this circuit element, has been
derived so far.

The purpose of this paper is to
present a suitable computer-aided design
method for the class of waveguide
components shown in Fig. 1, where the
cavities or filter sections, respectively,
are combined by aperture-coupled
T-junctions: The bandstop resonator cavity
filter (Fig. lb), the Eplane integrated

circuit filter with additional
aperture-coupled bandstop cavities (Fig.
It), and the Eplane T-junction diplexer
with iris matching elements (Fig. Id). The
design method is based on field expansion
into the complete set of eigenmodes which
yield directly the modal S-matrix of the
T-junction key-building block discontinuity
(Fig. la). The combination with the already
known modal S-matrices, e.g the double-step
discontinuity
waveguide
rigorous ;:%%o>%f ‘!i:e::::s
circuits, such as the aperture-coupled
T-junction element, and the complete filter
or diplexer structure.
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Fig. 1: The class of waveguide components
investigated

1

a T-junction key-building block element.
b Bandstop resonator cavity filter.
c Eplane integrated circuit filter with

aperture- coupled bandstop cavities.
d) The E-plane T-junction diplexer with

iris matching elements.
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The method includes the higher-order
mode coupling effects, the finite thickness
of all obstacles, and allows the passband

and stopband characteristics of the filters
or diplexers under investigation to be
considered in the design. For computer
optimization, the evolution strategy method

applied. Computer-optimized
~~~lg~’”~x~~les ax-e presented which

demonstrate the efficiency of the described
design method: 1) three-resonator
bandstop filter i.~t;he w;veguide X-band (8

12 GHz) “ high peak stopband
attenuation, 2) an E-plane metal insert
filter with aperture-coupled stopband
resonator sections which achieves an
elliptic function behavior together with
high return loss and - in contrast to
metal insert coupled resonators [9] - high
attenuation values over a broad frequency
band, and 3) an inductively matched Eband
(60 - 90 GHz) Eplane T-junction metal
insert diplexer with high return loss and
stopband attenuation. The theory is
verified by measurements.

THEORY

For the rigorous computer-aided design
of the structures to be investi ated (Fig.
1), the modal S-matrix method [7 7- [I”lis
applied, where the involved sections are
decomposed into appropriate key building
blocks including the general T-junction
$!?;:; m:~.l s-matricesThe combination with the already

e.g the double-step
~i;;:~~inui~yl [7]ac~~l,e:he t~tal insert

rigorous
description of’the composed circuits, such
as the aperture-coupled T-junction element
and the complete filter diplexer
component, respectively. TheO~nclusion of
the also known scattering matrices of a
homogeneous waveguide section allows one to
consider adequately the finite iris
thickness. The total scattering matrix of
~t;ta;~~pon~~~~ct(Fi~imb.~a~:o~orm~~atedt~

individual modal S-matrices by an iteration
process described in [8] which requires
only one matrix inversion, preserves
numerical accuracy, and requires no
symmetry of modes.

Since the known rigorous calculations
of the T-junction element have been
restricted hitherto to the cases
Eplane [IO] and H-plane junctions0f8]~u~;
on the equivalent- circuit admittance matrix
[3], the investigation of the structures of

Fig. 1 requires the derivation of the
general six- field component modal S-matrix
of the T-junction key-building block
discontinuity (Fig. 2). The fields

F. *v xv x(dez)+vx(Ijhz) (1)
~=- *KV X V X (~hz) + V x (~ez)

in the homogeneous subregions I, II, III
(Fig. 2) are derived from the z-components
of the electric (e) and magnetic (h) vector
potentials, respectively,

.k” Z,y
“I J zeio

Q:z,y=l N~o.T~io. (A~io, B~io).e
.0
1 (2)

o
I jkzhio Z7Y

Q;z,y=~o 1
N!o.T~io_(A~io, B~io).e

1

where o = 1, II, 111 (number of

subregions), i“ is the index for all T!& ,
and TM-modes in each subregion, N are the

normalization factors due to the complex
power, and T are the eigenfunctions in the
corresponding subregions, analogous to [7]
- [10]. A are the amplitude coefficients of

the forward (-), B of the backward (+)
waves, and kzh, kze are the wavenumbers of

the corresponding TE- and TM-modes,
respectively. The field in the cavity
subregio~ui~~bl(Fig. 2) is superimposed by
three chosen standing wave
solutions [107, where solution 1 is
obtained if the boundary planes P2 and

‘3
are short- circuited and

‘1 ‘s ‘pen;
solutions 2 and 3 are found analogously.

w1’

111

A
P3

Z=-z,l J,, ,jm ,=+,,

Fiv. 2:
General six-field component T-junction

key-building block discontinuity.

By matching the tan ential

Y

field
components given by (1), (2 at the common
interfaces across the discontinuities, and
utilizing the orthogonal property of the
modes the still unknown amplitude
coefficients can be related to each other
in the form of the desired modal S-matrix

(ST) of the T-junction

(B) = (ST) (A) . (3)
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A computer program was written using
the preceding relations and utilizing the
evolution strategy method, cf. [8], [10],
for optimizing the geometrical parameters
for given specifications. For the
optimization, sufficient asymptotic
behavior has been obtained by consideration
of 18 TE- and TM-modes for the general
key-building block junctions. The final
design results are verified by an inclusion
of 45 TM- and TEmodes.

RESULTS

For the example of a WR-137 (34.85mm x

15.799mm) rectangular waveguide T-junction
with a reduced width (WR-90: 22.86mm x
10.16mm) side waveguide (port 3), Figs. 3
show the comparison between the scattering
parameters obtained by our modal-S-matrix
method and by the exact equivalent circuit
admittance matrix calculation by Sharp [3]
which has been verified there also by

measurements. Good ameement mav be stated.
The power coupling- mechanism” below and
above the cutoff frequency of the side
waveguide may be clearly identified.
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Fig. 3:

WR-137 (34.85mm x 15.7991uIu) T-junction
with a reduced width (WR-90: 22.86mm x

10.16mm) side waveguide (port 3).
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Fiiz. 4:
Insertion loss of an X-band
22.86mm x 10.16mm) bandstop

A waveguide bandstop
conveniently realized
aperture-coupled resonators
series and spaced an odd
cmarter wavelemzth aDart.
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WR- 90:
ilter

filter .
~~~necte:si;~

in
multiple of a
Three-quarter.

;ntervals, instead of one-quarter spacing,
is preferred [2] in order to reduce the
otherwise strong interaction which would
cause three peaks of high attenuation,
instead of the desired single narrow-band
peak. In order to verifv the desire theorv
presented in this pa~er also ‘by a mor~
complicated structure, Fig. 4 shows the
calculated and measured insertion and
return loss, respectively, of an X-band
(WR-90 waveguide) bandstop filter example
which has been constructed by using nearly
the same dimensions as given in [2] , but
without the tuning screws. Very good
agreement between our calculations and
measurements may be stated.

For many purposes, such as for channel
filters, when frequency selectivity and
high stopband attenuation over a broad
frequency band are considered to be
important filter properties, it may be
highly desirable to improve the rejection
quality of standard direct coupled cavity
bandpass filters. Fig. 5 presents the
computer-optimized design results of a
Ku-band (WR-62 waveguide: 15.799mm x
7. 899mm) metal- insert filter with
additional aperture-coupled bandstop
cavities. The filter shows
elliptic-function behavior similar to the
dual-mode approach of orthogonal mode
filters [11], and avoids the disadvantage
of the relatively small second stopband of
the metal-insert coupled type [9]; this is
due to the reduced interactions of the
aperture-coupled cavities with the main
filter section, in comparison with [9].
Moreover, very good return loss behavior is
achieved by this design.
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Fig. 5:

Computer-optimized design results of a
Ku-band (WR-62: 15.799mm Y. 7.899mm)

elliptic-function-type metal-insert filter.

Figs. 6 show the computer- optimized
design results of &plane T-junction
coupled metal insert filter diplexers. Very
good agreement between the theoretically
predicted values and the measurements may
be stated for the realized X-band type
(Fig. 6a). Additional matching irises with
optimized dimensions and distance to the
first filter sections achieve diplexers
with excellent return loss behavior. This
is demonstrate~ with ;h:49~~and (WR-12
waveguide: 3.099DUD x . diplexer
example presented in Fig. 6b which achieves
overall 26dB return loss within both
passbands.
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Fig. 6:
computer-optimized design results of

E-plane T-junction coupled metal insert
diplexers.

1

a X-band WR-90: 22.86mm x 10.i6mm .

[b Eband WR-12: 3.099mm x 1.549mm 1
diplexer with additional matching irises
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