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ABSTRACT

‘Ilte complete design of a five-pole in line elliptic filter
using ‘I’El13 and TM012 modes is presented. A mukimodal
variational method is used in order to determine all iris
dimensions and positions. Simultaneous TE / TE and TE / TM
mode couplings between the dual and triple mode cavities are
provided by a single displaced rectangular iris. A iilter has been
designed and realized using our theoretical iris dimensions
(central frequency :12.57 GHz and bandwidth 47 MHz). The
required and experimental responses are in very good
agreement.

INTRODUCTION

The electnxnagnetic mupling of cavities by irises is an
important topic in the design of microwave filters [1-5]. In this
paper, a variational multimodal method [6] is used to
characterize the discontittuities involved by such fiiter design.
This approach allows to determine accurately and rapidly the
admittance matrix of each discontinuity. This characterization is
optimized using a contour integral formulation [7]. The
discontinuities are cascaded using an admittance matrix
formulation. Ilten the transmission of the following structure
(fig. la) is calculated and can be characterized by the
corresponding bandwidth (fig. lb).

This bandwidth will be the characteristic parameter. The input
and output couplings are ensmed by a centered rectangular iris.
Simultaneous TEJI13 and T41’A4 mode couplings between the
dual and the triple mode cavities are provided by a single
displaced iris. The dimensions and the position of this his have
to be calculated to ensure both couplings.
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Fig. la: Coupliig between two circular cavities by a
rectangular iris.

Fig. lb: Bandwidth, characteristic parameter.

THEORY

The dimensions of the cavities (diameter D and cavity
length 1)of the five-pole dual/triple mode in line filter, using
TE113 and TM012 modes, can be calculated by the following
equations:

Such filter design can be performed by a single displaced
rectangular iris. So the bandwidth of the correspondhtg
structure (fig. la) should be calculated as a function of the iris
position (fig. 2).
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Fig. 2: Filter coupling iris form.
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The TE / TE coupling (fig. la) has been studied as a
function of the position of the iris center. The bandwidth has
been plotted as a function of Yc (along the Oy axis, Xc=O). The
results m shown in figme 3. The theaetical values are in good
agreement with experimental data. The measurements have
been realized by ALCATEL ESPACE, France. The obtained
results agree with the variation of the magnetic coupling field
Hx of the TE113 mode [5]. The maximum coupling is obtained
for an iris placed at the center of the cixcukarcavities.

The TE / TM coupling has been also studied. The
bandwidth has been plotted as a function of the position of Yc
(fig. 4). The coupling iris center has only be displaced along
the OV axis.The maximum couDlinz isobtained for Ye/R =
0.65, where R is the radius of th;ca&y. This result is in good

greement with the theoretical variation of the magnetic field HJ
f the TM012 mode [5]. This field is maximum for Ye/R= 0.7
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Fig. 3: (TE/’l%)Coupling (— theory. measmed)
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In the filter design, the two different H and TWI’M
couplings should be ensured by a single rectangular iris (fig.
2). Both couplings have to be obtained simultaneously.

An optimum iris length (L) and position (O, Yc) have to be
calculattxi. For each position, the optimum length is calculated
to obtain both quti COUpliW CrEn’E and m).

These variations are presented in figure 5. The optimum length
and position axegiven by the intersection of the two curves.
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Fig. 6: Optimized length as a function of Yc involving both
nqdred couplings.

NUMERICAL AND EXPERIMENTAL RESULTS

Using this method, a five-pole in line elliptic falter has
been designed (fig. 7). The required central frequency (12.57
GHz), the bandwidth (47 MHz), the normalized coupling
matrix and the theoretical response (fig. 8) of the filter are given
by Touchstone. The required precision on the bandwidth is 1
MHz (0,01 %).

The fiiter has been realized using our theoretical dimensions,
determined by this approach.

The theoretical (fig. 8) and experimental (fig. 9) responses of
the falter are in very good agreement. The measurements have
been made by Alcatel Espace, France.

Fig.4: (lWI’M) Coupling, cavity radius : 10. ? 5 Mm
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Fig.8: Required tllter response.
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Fig. 9: Experimental fikermsponse.
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Fig. 7: Five-pole in line elliptic filter.

CONCLUSION

In thispaper, a muMmodal variational method is used to
characterize the couulin~ Eetween two circular cavities by a
displactd rectangtdar’iris.-
The method allows to calculate both TE/TE and TE/TM
couplings.
Associated with an optimization procedure, this approach
allows to determine the optimum dimensions and position of
the coupling iris in the design of five-pole in line elliptic filters.
A good agreement has been obtained between the required and

the expximental data. The reqttimd precision of 0.01% on the
bandwidth has been reached.

REFERENCES

[1] A.E. Williams, “ A Four - Cavity Elliptic Waveguide
Filter”, IEEE Tram. Microwave Theory and Tech. Vol. MIT-
18. DD. 1109-1114. DtX.1970.. . .
[2] A.E. Atia “&d A.E. Williams, “ Narrow-Bandpass
Waveguide Filters “, IEEE Trans.Microwave Theory and
Tech. Vol. M’lT -20, pp. 258-265, April 1972.

[3] W.C. Tang and S.K. Chaudhuri, “ A True Elliptic-
Fttncrion Filter Using Triple-Mode Degenerate Cavities”,
IEEE Trans. Microwave Theory and Tech, Vol. M’IT- 32, pp.
1449-1454, Nov.1984.
[4] R.R. Bonetti and A.E. Willisn+, “ A TE Triple-Mode
Filter “, in 1988 IEEE MIT- S int. Mmowave Symp. Dig.;
pp. 511-514.
[5] U. Rosenberg and D. Wolk, “ Filter Design Using h-
Line Triple-Mode Cavities and Novel Iris Coupling “ IEEE
Trans. Microwave Theory and Tech. Vol. MTT- 32, pp. 1449-
1454. NOV. 1984.
[6] “ Ph. Guillot and H. Baudrand, “A Multimodal
Variational Method for the Characterization of Inductive
Obstaclesin MicrowaveBandpassFilters,’’ProgressIn
Electromagnetic Research SymposiumPIERS, Noordwijk,
July 11-15, 1994.
[7] Ph. Guillot, P. Couffignal, H. Baudrand and B.
Theron, “ Improvement in Calculation of Some Surface
Integrals. Application to Junction Characterization in Cavity
Filter Design”, IEEE Trans.Microwave Theory and Tech.
VO1.MlT’- 12, Pp. 2156-2160, Dec.1993.

508


