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WIND: A CAD package for
microwave filters based on thick
inductive windows

The filter design package WIND, developed at ESTEC, is already in use by the European space
industry. Marco Guglielmi, G Gheri and A Alvarez Melcon describe it's theoretical foundation and give
examples where predictions closely match measured results. The authars are with the European Space
Research and Technology Centre in Noordwijk, The Netherlands.

he European Space Agency
l has atways considered funda-
mental the functions of provi-
ding technical support to the Eur-
opean Industries in the sector, and
training of Young Engineers in
space-related activities. In this paper
we describe a novel CAD package
for the analysis and design of wave-
guide filters, based on thick inductive
windows in rectanguiar waveguice,
that has been developed at the Eur-
opean Space Research and Techno-
iogy Centre (ESTEC} in the context cf
technical support and training. The
software package, called WIND, is
based on a novel theoretical ap-
proach developed at ESTEC that
allows for the implementation of very
accurate and efficient CAD tools. In
this paper the theoretical approachis
outlined, the software package
WIND is described in detail, and a
few examples of actual filter imple-
mentations are presented.

The type of microwave filter which
is the subject of ihis paper is shown in
figure 1. This type of filtar is commonly
used in the output section of commu-
nication satellites where high power,
multicarrier signals can be present.
For soma applications, it is particu-
farly important for the output fiter not
generate Passive Intermedulation

Products or discharge effects (multi-

orentanguiar wavequide
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paction) that could degenerate the
characteristics of the communication
channet. For these reasons, the use of
tuning screws and metal-to-metal
contacts must be reduced to the
minimum. if no tuning elements are to
be used in the final hardware, and if
the development time and cost needs
to be reduced as well, it is mandatory
to dispose of fast and accurate CAD
packages that can ensure satisfac-
tory results in cne go, without requir-
ing costly experimental development
or manual adjustments. The software
package WIND has been developed
with the specific goal of eliminating all
expserimental characterizations and
manuai adiustments traditionaily re-
quired for inductive-type filters inrect-
angular waveguide, like the one
shown infigure 1. inthis paper we first
outline the theory on which WIND is
based and point out the key features
ihat allow for the implementation of a
very fast and accurate CAD pack-
age. We then give a detailed descrip-
tion of the software package itself,
and finally describe several actual
filter implementation, including com-
parisons between computed and
mee sured filter performances.

Background

The first step in the design of a
microwave filter is the selection of the

proper transfer function and relative
iow-pass or band-pass equivalent
network. For the case of Tche-
byscheff filters, for instance, one can
use the results give in [1] that relate
the filter transfer function to proper
resonance frequencies, values of ex-
ternal Q-factor Q, and inter-resonator
couplings k; , ,. Shown in figure 2 is a
typical sing\e—mode equivaleni net-
work representation for a third order
filter in terms of Q, and k, ;. Follow-
ing this formalism, the probiem is
recuced to finding the coupling-
aperture widths to obtain the proper
vaiues of Q, and ky, ,, and the reso-
nator lengths corresponding to the
proper resenance frequency. The
difficulty in obtaining the correct va-
fues is in that the various coupling
apertures interact with each other
trough the higher-order modes of the
waveguide., The fundamental pro-
blem is then the accurate full-wave
characterization of the inductive step
in figure 3, the key discontinuity for
this class of microwave filters,

The study of discontinuities in wave-
guiding structures has always been a
subjectof greatimportance and alarge
number of contributions in this area can
be found in the technical literature {for
instance [2] and [3]to cite a few). Many
different valid approaches have been
reported in the past, but the Network

thired order filter
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Figure 2 Single mode equivalent network representaton of a
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Representation has always been con-
sidered very useful both for its compu-
tational efficiency and for the physical
insight it provides (a large collection of
network representations can be found
for instance in [4}). The results pre-
sented in {4] have been derived using
the so called "Single-Mode Network
Formuiation”. The strongest limitation of
this type of results is that they can only
take into account fundamental-

mode interactions.

F183|  pend on the ratio (3:4) The result of
this last point is very important from
the point of view of the computational
efficiency. In fact, one can solve (3),
and compute (1), only for a discrete
set of values of (3, for instance 20,
and store in a file the relevant norma-
lized coupling malrix elements. For
the actual characterization of the var-
ious steps of a particular filter, one
only needs o retrieve the data stored

ot 4

Figure 3: Centred inductive step in a
rectangular waveguide (top view).

and performs a

With the advent of . Figd) linear interpolation
large and powerful B 0 obtain  the
digital computers, required zo", _
other gumencaily th_m;tthever Uslmtg
oriente ap- again the complete
proaches became integral  equation
more popular. In ; formulation.
particular, for wa- | Whatis left to do,
veguide pro- . LI in order to obtain
biems, the Mode T l Oout | the frequency de-
Matching (MM} 1 pendent electrical
technigue has es- TR cacalf — :E:‘—_-_——(T) characteristics of a
tablished itself as @ Znmf B = BT Zom [ TR specific filter, is to
a very flexible and @ ECI:;E Eym) connect the var-
powerfut tool [5]. |. 0 %" : S e L Ly ious  network re}
f\lthmfgh the MM | S 7 A D {Dr:es?ntataorjti ;?
ormulation 15 In- i [ First Iris | , Vol Fistifis -1 | e sleps witn suit-
deed very power- : T T ] able lengths of

ful, it turns out o
be computation-
ally less efficient than the procedure
described here.

The only results available so far in
the technical literature {io the authors
knowledge) that provide multimode
network representations for wave-
guide discontinuities comparable to
the ones presented here are [8] and
[7]. Due to the nature of the theoreti-
cal formulations employed, CAD
packages based on [6] and [7]
would probably turn out to be less
efficient than WIND, as it will be
discussed in detail later in this paper.
Recently, a number of multimode
equivalent network representations
have been developed for zero-
thickness discontinuities which are
rigorous and very rapidly convergent
{[8] to [12]). In WIND, a stmilar net-
work formulation is used for the step
discontinutty [13] The form of the
muttimode network representations
tuens out 10 be the one shown in

figurg 4. where the elements 2., are

given by
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Figure 4: Multimode equivalent network representation for a single cavity.

and the unknown function M, (Y){(x') is
specified via the integral equation
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where (v) and (8) can be equalto 1 or
2, indicating the waveguide to the left
or the one to the right of the step in
figure 3 respectively.

We can now appreciate the funda-
mental features of the multimode net-
work representation developed. The
first important point is that the equa-
ticns presented above have been
deriver following a rigorous proce-
dure that effectively separates the
Jependence from the geometry from
the dependence from the frequency
In fact. the only ifrequency depen-
dent fact 1s B in (2) As & conse-
guence, all of the multimode coup-
ling malnx elementsz, , need to be
computed only once lor each gven
structure

Furthermore, 1% its evident by
mspecton of (1) and (3). the inal
values of the 7., .e!omen S, only de-

transmission lines
to obtain the gicbal
network representation of a fitter (fig-
ure 4), and from that derive a tinear
system of equations tc be solved. We
find that, for & typical filter structure,
including explicitly 10 modes in each
waveguide section gives very good
accuracy. The system to invert has
then a diagenal band structure than
results ina very rapid single inversicn
for each point in frequency.

Structure of
WIND

The software package WIND has
been developed according to the
theory outhned in the previous sec-
tion for the analysis of multicavity
band-pass fillers based on centred.
thick inductive windows in rectangu-
lar waveguide WIND has been im-
plemenled in mixed C and Fortran
languages inorder to provide a user-
fnendly input/output structure. WIND
occupies less than 450K of memaory
and can run on any 18M compatible
PC vwath a math coprocesscr and {al
least) a CGA graphic card.

The soltvare package WIND can
perform e folowing operaiions
* Generate npul higs contaning the
Iiler larget speciiicatons the phys:
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cal dimensions of the filter, the num-
ber of modes to be used and the
frequency range specifications.

* Carry out the analysis of the filter.

" Produce an ASCII cutput file con-
taining the numerical result of the
analysis.

" Dispiay graphics of S, ; and S, ,
versus the frequency.

The input/output structure of WIND
allows to specify the data for a
maximum of ten inductive windows
{ninth order fiter). From the main
menu we can controt all of the opera-
tions performed by the software, and
access the Input Menu (figure 5),
where all necessary data can be
entered, saved, and the analysis per-
formed. At the end of the execution
the program displays the Main Menu,
from which the results can be viewed
with option (7). Through option (7} we
can display the graph of 5, ,and 5,
{this graph can be re-scaled veriic-
ally and horizontally). By pressing F3,
a window showing how the fiter per-
forms with respect 1o the target spe-
cifications is displayed.

Applications

In addition to performing the analysis
of a given waveguide structure,
WIND can also be used for the synth-

esis of microwave filters. This is, in
fact, its most important and practical
application. A patent application has
been filed (ESA PAT271) describing
aprocedure that, based on the use of
WIND, can completely replace all of
the hardware development and man-
ual tunings traditionaily required for
this type of filter thus resulting in
significant savings in development
time and cost. Figure 6 shows the
comparison between measured and
computed electrical performance of
wo filters developed using WIND.
The hardware has been realized
using spark erosion, without any tun-
ing or manual adiustment. As we can
see the agreement in both cases is
indeed very good. The small fre-
quency shift observed in both cases
is mostly due to the fact that in the
computation we assume the filter to
be in vaccuum while the measure-
ments have besen done in air.

Conclusions

In this paper we have outlined the
theoretical foundation of the software
package WIND for the analysis and
design of microwave filter based on
thick inductive windows in rectangu-
lar waveguide. We have given a
detailed description of the scftware

package itself, and we have pre-
sented measwed data indicating
that WIND is indeed very effective.
The software package has been de-
veloped at European Space Re-
search and Technology Centre in the
context of its technical support and
{raining activities with the obijective of
reducing the development time and
cost of this class of microwave filters.

References

[1] G Matthaei, L Young £ M T Yones, Microwave
Fiter Impedance Matching Networks, and Coup-
ling Structures, ARTECH HOUSE BOOKS, Den-
ham, Massachusetts, 1980.

[2]J Schwinger and D S Saxon, Discontinuities in
Waveguides, Notes on Lectures by Julian
Schwinger, Gordon and Breach Science Pub-
lishers Inc, New York, 1968.

[3] L. Lewin, Theory of waveguides, John Wiley
and Sons, New York, 1974,

[4] N Marcuvitz, Waveguide Handbook (MIT
Radiation L.abaratory Series, Vol 10} McGraw-Hill
Book Co, New York, 1951,

{51 T ftoh, Numerical Techniques for Microwave
and Millimeter-wave Passive Struclures, John
Wiley and Sons Inc, New York, 1683, Chap. 9.
[6) T E RBozzi and W F G Mecklenbrauker,
‘Wide-Band Network Modelling of Interacting
Inductive Irises and Steps”, IEEE Trans Micro-
wave Theory Tech, Vol MTT-23, No 2, February
1975, pp 235-245.

{71 F Alessandri, G Bartolucci and R Sorrentino,
*Admittance Matrix Formutation of Waveguide
Discontinuity Problems: Computer-Aided Design
of Branch Guide Directional Couplers’, EEE
Trans Microwave Theory Tech, VoI MTT-36, No 2,

. - el ,7‘4‘_\‘. ';"‘,‘}'_"
s oyt seeaes pfAVIND

torowave Enginesning Burope

March. Apni 1993

SRy He?p F2 = Erase.F8' Bave Iy new S ‘fﬁ A



Filter design

R L

T L T e T e e g g

AL g bR RN

February 1988, pp 394-403.

{8] M Gugheim and A A Oliner, "Multmode
Network Description of a Planar Periadic Metal-
Strip Grating at a Dielectric Interface - Part |
figoraus Network Formutations”, 1EEE Trans -
crowave Theory Tech Vol MTT-37, No 3, March
1989, pp 534-5641,

[9] M Guglieim and A A Oliner, "Mulimode
Network Description of a Planar Periodic Metal-
Stap Grating at a Dielectic interface - Part Il
Small-Aperture and Small-Obstacie Solutions™.

Tt 3 a2 A A T
Figure 6: Measured versus computed performance of two filters d

eveloped using
IEEE Trans Microwave Theory Tech, Vol MTT-37,
No 3. March 1982, pp 542-552,

(10] M Gugiieimi and A A Oliner, "Multimode
Network Description of a Planar Periodic Metal-
Strip Grating at a Dielectric Interface - Part Hi
Rigorous Solution”, |IEEE Trans Microwave The-
ory Tech, Vol MTT-37, No 5, May 1689, pp
902-909

{11] M Gughelmi and C Newport. "Rigerous.
Multimode Equivalent Network Representalion of
Inductive Discontinuties”, IEEE Trans Microwave

WIND. The thick curve is the computed data.

Theory Tech, Vol MTT-38, No 11, Novernber
1990, pp 1651-1659

[12] M Guglielm: and D R Jackson, “Scatienng
from & Double-Strip Grating: Rigorous Equivalent
Network Representanon”, submitled for pubiica-
lion on the {EEE Transactons on Antenna and
Propagation

[13) M Guglielm, G Gher. M Calamia. G Pelos,,
“Multimode NetworkNumencal Represeniaton of
inductive Steps”, 1o be published in the May 1993
issue of the IEEE Trans Microwave Theory Tech

Cartificeta No. FM 14416

Edinhurgh EHZ8 8LP, Scotland.

Racal MESL Limited.
Lochend indusirial Estate, Newbridge,

Tel: +44 10)31 333 2000 Fax: +44 {u)37 333 3607 °

30

‘s eave Engieaenng Borope Marce Ante

PEatete!
Sl



