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Abstract

Dual mode {ilters in cireular wavegnide are very
extensively used in multiplexers for modern commu-
nication satellites. Their industrial manufacture re-
quires the use of tuning sctews to be manually ad-
justed as well as significant experimental effort. In
this paper we present an acenrate CAD tool for dual
mode filters in ciienlar wavegnide that can take into
account. the eftfect of tuning elements. The CAD tool
is based on a multimode admittance matrix fornm-
lation and can eftectively be used to rednee the filter
development eflort.  In addition to theoretical re-
sults, measnred results are also presented thus fully
validating the C'AT) tool discussed. )

I Introduction

! Dual mode filiers m chrenlar wavegiude ate commonly wsed
in the mput/odpul mndtiplexers of commmnnication satel-
lites, and then basie featwes are now well nuderstood (see
[1]. [2] mustance)  hn the most common wmdnstrial implemen-
tation. a dnal-mode flter uses cross shaped inses {or the
intet-1esotat or conplings aud will in general have a minimnm
of thice humg saew per cavity that need to be adjust ed
mammally. Tnrthiermote, a significantly experimental charac-
terization effort is generally reqrared for (e dimensionng; of
the conpling 1mses

To rediee {or elimmate) the mamnal tnning effort and
the expernmental charactenzation. what would be needed s
A fll-wave 1epresentation of the eross nises aud of the tun-
g ~erews Reeenfly, an attempt has been made fo model
fintng, screns nsing, for mstanee, a citenlanr ndge waveginde
13] e conneetion with fimte elements This approach 1s vi-
able. however, the use of linie clements tequires a very laige
cotmpritahonal cflort so that tlus appoac s m practice of

hmited nse The modeling of eross nises is also possible
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in terms of a cross shaped waveguide section The relared
modal analysis, however. again requires subsfandial compie
tatioual effort.

In thus paper we describe a CAD tool for dual mode filter
in crcular wavegnide that is based on the 1use of cascaded
sections of cirenlar, elliptical. and nidge circular wavegnides
The modes of the elliptical and 1idge cnenlar wavegde are
obtained very efficiently following [4] and [5] The complete
device is then analyzed nsing the adinittance matiix formu-
lation [9] so that a very accurate CA1D tool 1s obtaiued. The
basic stricture of the dual-mode filter is desenibed in this pa-
per together with the measured and simulated performance
of a typical four-pole filter thus fmlly validating the CAD tool
developed.

IT Filter structure and the CAD
tool description

The strcture nnder investization 1s the dual mode filter
shown 1n Fig. 1. It is composed of cascaded sections of reet-
angnlar, elliptieal. ciienlar and ridged <ol wasegmudes

To nnderstand the basie operation of the stinetine pro-
posed, let 1s consider a centered, tInck elliptic s inserted
inside a encular wavegiude £ one of the axas of the clliptical
wavemude 1s alyued with the electne fiekd merdent from the
cirenla waveande 1egon, uo coupling is i roditced between
the orthogonal modes of the cirenlar waveenide  However, !
becanse of the difference m dimension hetween the two axis,
the fwo polanzations will emerge ou thie orhe <ide of the
elliptical uis with diflerent piases and sternmities - An ethyp-
tical s can therefore effectively veplace the fraditional eross

shaped nis

Firthermore, m a fypeal dual mode fter, cachr anenlas
cavity has thete tuning serews, the fumng ~aew assembly
(TSA), placed 1 a plane whete the cleetiic ficld has a maxi-
mum (Fuz 1) To model the TSA we Liave veplaced eachy tum
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iug screw with a conical 1idge in a section of uniform ridged
citeular wavepinde, "The problem is now redieed to Gnding
the modes of this wavegiide together with the conpling inte-
arals hetween this wavegiude and a cireular wavegnide. This
Lias been done following the very eflicient approach desceribed
w 5] and [10]

As previously mentioned, the electromagnetic stndy of
the junctions between different wavegnides can be conve-
mently carrvied ont nusing the multimode admittance matrix
formulation, as desctibed in [9], for instance. Following [9],
the problentis redueed to the compntation of the coupling in-
tegrals hetween the modes of the wavegnides involved in the
Juction Ouce this s done, cascaded junetious can be casily
stidied by wiiting a global equivalent network vepresenta-
tion, as shown in Fig. 2 rom the network we can easily
obtain a banded linear system that cau be inverted very ef-
ficiently to compnte the electrical behavior of the complete
structure

III Application examples

As an application example we will discuss a dual mode a
four-pole filter centered al 11 GHz and with a bandwidth of
about 200 Mhz. The structure of the filter is shown in Fig.
1 while the results of the computer simulation are shown in

Fig. 3

The possibility of eliminating completely the need for
mannally adjusted tuming screws is certainly very attractive.
On the other hand, for specific applications, it may result in
very expensive hardware implementations because, in gen-
eral, this type of filters require high mechanical accuracies.
This point is clearly demonstrated by the measured results
shown in Fig. 4. The enrves shown are the insertion and
return losses of the structure in Fig. 1 mannfactured with a
standard acciracy of £ 10 microns As we can see, the basic
filter behavior is cortect but the retirn loss is degraded due
to the insuflicient. mechanieal acenracy.

It is therefore clear that for low-cost dnal mode filter
applications, manually adjusted tuning screws are required.
However, in order to correctly dimensions all of the parts
of the filter, a CAD tool capable of a full-wave analysis is
always reqqured . On the other hand, ciicular tuning screws
are very difiendt to analyze efficiently but, usmg the TSA
assembly desaribed m {lis paper, the complete filter can be
dimensioned even though enenlar tuning serews are nsed at,
the end.

As a demonstiation of thns Iast point, we show m Fig 5
the measied response of the same filter but where the TSA
assembly Lins been teplaced with thiree tnuing screws. As we
ean see, a mnch betier retainn loss can now be aclneved.

It 1s important to note that having used an elliptical iris

for the inter-cavity couplings, we can obtain two tvpes of
response from the structure, namelv, with or without trans-
mission zeros. In fact, if the tuning serews of the {wo cavities
are in the samerelative position, e obtain the responses in
Fig. 5. On the other hand. il the funing screws are placed as
to invert the resonant fields 1 the cavities (muror posihon),
we obtam the vespouse m Pig. 6, where we can clearly see
two transmission zeros

Another point that is inferesting to note s that the pen-
etration of the tuning sciews is not exactly identical 1o the
height of the 1idges. All of the other dimensions, however,
are identical so that the CAD tool developed can, m fact,
be nsed to design the complete filtes siriuctwe, even thongh
at the end the TSA assemblv is 1eplaced, for mamifactnring
reasons, with mammally adjusted fumng serews,

IV  Conclusion

An accurate CAD tool has been described for dual-mode cir-
cular wavegnide filters including the effect of tuning screws
The cross shaped intercavity coupling irises have been re-
placed by elliptical irises and the tumng screw asscmbty
(TSA) has been replaced by a section of ridged cirenlar
wavegnide. The admitlance matrix procedire has then been
used to obtain a very accurate CAD tool. In addition to the-
oretical resnlts, measured vesults have heen preseuted indi-
cating that the CAD tool 1s indeed accate and canu be used
even if circular tuning screws are nsed in the final hardware
implementation.
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Fig. 1 Four-pole dual-mode filter in circular wavegnide.
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multimode admittance matrix
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Fig. 3 Simulated response of the flter in Fig.1
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I'ig 1 Measured response of the filter in Fig. 1.

Fig. 5 Measured response of the flter in Fig 1 with
the TSA replaced by maimally adjusted tuning
screws. ’
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Fig. 6 Same as Fig. 5 but posit ioning the tuning serews
to obtain a pair of trausmission zeros.
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