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Abstract - Computer aided design of resopant iris
filker in circular waveguide technology is described here
using Mode Matching Method{MMM). This numerical
tachaique is first used to analyze the loy element of the
filter namdy circular to reckangular waveguide discon-
tinnity or circular to cirenlar waveguide discontinuity.
Thé generalized S.matvix of these disconbinuities that
form the filter strucdbure wre then cascaded to obbain
the performance of the filter. Using optimization tech-
piques the apalyzed filter dimension are altered to im-
prove its performance. Two filkers using recbangular
and circular irises have been designed and presented
here. The MMM analysis of key elements in the fil-

ter have been verified with measurements available in
Literature.

I Introduction
Resopant Iris bandpass filters form compact stroe-
7 tures. These filbers are composed of circular or rectan-
gular ivizes formed as a junction bebwesn two rectan-
gular or circular wasvegnides. Closed formn solutions for
the suseeptance of rectangular and cirenlar apertures
in transverse plane of circular waveguide is available in
[1.2]. Based on these sclubions and relevant theory[3.]
such filbers are designed. Mode mabching method is an
elegant tool to analyze disconbinuiby present in these
fiber(5.8.9. By using genevalised scabbering matrix
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metho d[7] all the discontinuity that compose the filber
can be cascaded and hence its performance is obbained.
Computer aided design based on MMM of resonant iris
filters in circular waveguide using both ecireular and
rectangular aparbures is discussed heve. Further, opti-
mization[§] of the filber dimensions have been done to
improve the performance of the design based on equiv-
alent network thecry approach.

IT Theory

The analysis of any discontinniby using MM invalves
the following steps. The fields on both sides of the dis-
continuiby are expanded in terms of a series of modes of
incident and reflected waves. The magnitude of power -
carried by eath of the modes is seb to vupiby The
continuify conditions for the tangential components
of dectric and magnetic fields are imposed.  Using
the principle of arthogonality of modes. the equations
of continuity conditions are transformed into matei-
ces relabing the expansion wefficients of incident and
reflected waves atb the disconbtinuity. The matrices are
rearranged and inverted suibably to obbain the general-
ized scattering matvix which describes the disconbinu-
ity in terms of the domisant and higher order modes. |
Thecoretically the generalized scattering matrix is of in-
finite dimension corresponding to the iofinite number

of modes. The matrix is truncated to a finite size for
numerical compubabions after testing the convergence
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of the S-paramebers.

The rescnant iris coupled cavity filter coastitutes
rescnant iris followed by emipty sections of waveguide
as showa in Figure 1 and Figure 2. This paper dis-
cusses filkers with circular and rectangular iris placed
in bebween seckions of empty circular waveguide, The
fields in both the sides of discontinnity namely region
R are cbtained from the electric and magnetic vector
potential (superscript € and A) which satisfy the wave

equakions.

While analyzing a disconbionity from lzu::ger to
smalter cireular waveguide (placed with. axts along =~
sxis) for dominaat mode (TEy, ) excitation it is suffi-
cient to copsider only TE;,, and TRl ,, modes alone
to be excited absuch 2 disconkinuity due to rotabional
symmetry. The potential funetions in one region rep-
resented as T of discontinnity can be writhen as follows,

ark
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The potential function in the cther region Ji is alsa
written similarly with P as the power normalisabion
constants znd k. being the cutoff wavepumbers and
M"® and A{* being the number of modes included
in the MMM The elecbric and magoetic fields as a
sum iacident and reflected fields with unknown ampli-
tude coefficients are obbained from these potentials and
matched zt the discontinnity based oa the continnity
condibions. By using the principle of orthogonality a
set of algebraic equations is obtained. The integrals

though involving bessel funchions can be solved using

closed form sclutions. By rearranging them and with
some matrix inversions the generalized scattering ma-
trix (GSM) of this discontinuiby is obbained. By cas-

cading the GEM of » series of several such discontinuity

- the filber characteristics is obbained.

763

For a disconbinuity from a larger cireular to rect-
angular waveguide in the case of rectangular aperture
boused in circular waveguide (placed with their axes
aligned along the z-uxis) the potential funchions in the
rectangilar wavegnide (regicn J) and cirenlar waveg-
uide (region JJ) is written as
S Tk cos{ks 7, 7) cas{ Ky 1) (3)
mn. "./rl + doym \fm:
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While matching the electric and magnebic fields at the
interface of circular to rectangular waveguide due to
different co-crdinate systems in the two regions, the
following equation is used [5] '

M=l
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where r = poos &,y = psing, G =
sin(i2a/N) .

wos({2n/N), 5 =
This equation which wnoverges after

a cerfain valoe of N and transforms the cylindrical
wavegnide modal functions into carbestan coordinates.
Thos makching of fields ab the interface of disconbinu-
ity is dape in carbesiap co-ordinates. A set of algebraic
equations is obtained using principle of orthogonality,
The integrals invalved in these equations have to be



summed upbo A. This results in increased compnta-
tion time as compared to the analysis of a larger cir-
cular to sircular wavegnide discontinnity. However the
rest of the analysis is same.

IIT Results
A program to analyze the discontinuity from larger
circular waveguide to smaller one was developed. It

was cbserved that ioclision of a maximom of 10 TE

and TAf modes in the analysis was sufficient for the
convergence of S-parameters. The ratio of oumber of
modes in region I and IT was chosen approvimatbely
equal to the ratio of the radius of regions I and IO
in arder to avoid relative convergence ecrar. The 5
param.et-er:'s of such a discontinuity was compared with
measurements available in Literature [6] and found to
be in agreement as shown in Table 1. A filker was de-
signed and analyzed using MMM and then optimized.
Its perfarmance and dimensions are as shown in Figure
3. A program to analyze the discontinuity fom cireu-
lar to recbapgular waveguide was.dewelcped. I wasob-

served that inclusion of aboub 40 TE 2nd TAf modes in
the circular waveguide and modes with upho the same

cutcff frequency oo rectangular waveguide 15 sufficient

for the wnvergence of S-parameters. The number of .

modes used in this worlk is less compared to [B]. This is
due to the fack thab symmetry has beea taken advan-
tage of unlile in {8]. This analysis is however different
fram that presented in [9]. The S-parameter of disconbi-
ouity from WR-75 to 2 circular waveguide with radins
of ibs equal to its larger dimension was verified with
results from [5] as shown in Figure 4 A filter was
designed and analyzed using MMM and further opbi-
mized. The performance and dimensions of the filber

are as shown in Figure 5.

IV Conclusions

This paper has shown that efficient computer aided de-
sign of resonant iris filter can be achieved using MMM
and optimization, Such filter are compact and can be
easily fabricated.
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Figure 1. Resonant Iriz Filter's cross section along the
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gular or circular) .

Figure 2. Discontinuity regions in a resonant iris filker
showing incident and reflected wave amplitudes and
finite thidiness of iris
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Thicknes= Feflechon Coefficient s,

{iochy Calculated Neasured|B]
Nlagm- Phase MNagni- Phas
tude (o) tude (o)

& .005 0.437 1505  (.485 150.5

[ele et 0.481 151.1  ©.A&66 151.7

0050 0033 1565 0.027 155.3

02060 0.953 1583  G0.958 158.1

0. 200 0.9050 161.6 0.081 160.6

0.500 0.209 162.6 0.003 181.1

1.600 1.000 162.8 ©.995 1815

Table 1. Calculated and measired (6] 5y, of discontinu-
ity from cirailar wavegiide of raditx 0.5015in to 0.25in of

thickness as above and at frequency of 9.0GH=
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Figure 3 Sparameter of disconbinuty fom larger
circular to rechangular waveguide {WR-75 to dreulax
wareguide with radivs of larger dimension)
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Figure 4: Performance of optimized resonant iris fil-
ter with circular iris in a circular waveguide of dimen-
sions, a/2=8 988mm, thickaess of the ris=t=02mm,
11=12=20.522mm, d1/2=d3/2=3 0mm 42 { 2=5.5mum:
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Figire 5 Performance of optimized resonant iris fil-
ter with rectangular iris in a waveguide of dimen-
sions, a=33.83mm,. thidiness of the irisste=0.125mm,
11=12=204mm, d1l=d3=13 5mm and d2=12.1mm (d’s
broad wall dimension of the rectangular iris, narrow
wall dimeasion of the irises=2mm)
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