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Abstract The hybrid mode-matching/finite-element
(MM/FE) technique extended to multiports yields
generalized scattering matrix (GSM) building blocks for the
CAD of advanced coax-fed rectanguiar combline filters of
improved performance. The novelty of the formulation
consists in the very efficient EM based modeling of folded
and cross-coupled rectangular combline filters that allows
their optimization within typically an overnight run on a PC.
Usual coax feeds (direct pest, disc, probe or loop coupling)
are directly included. The attractive feature of the hybrid
MM/FE approach is the combination of the computational
speed of the MM technique with the flexibility of the FE
method also for this class of components. Design examples
demonstrate the flexibility of the CAD method; experimental
results show its validity for practical applications.

I. INTRODUCTION

OMBLINE filters [1] — [5], {8] — [9] are finding

increasing application in mobile communications due
to their many useful features, such as — in particular —
extremely low insertion loss at comparably compact size,
and the potential for low-cost production.  Both
rectangular [1], [8] — [9] and circular post elements [2] -
[5] are commonly used for resonator structures. In the
present paper, combline filters with rectangular posts (Fig.
1) are preferred; they are directly amenable to fast mode-
matching/finite-element (MM/FE} modeling, and they can
conveniently be fabricated by computer controlled milling
techniques [6] — [9]. Moreover, application of simple
conversion considerations between square and circular
rods yields rather adequate design data for circular
combline resonators [9] when necessary.

For the advanced design of combline filters, accurate
and fast CAD methods are indispensable in order to meet
the commonly rather hard specifications of modemn
industrial filter applications by timely optimizations and,
hence, allow quick time to market for such components.
For compact sizes while maintaining high filter
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performance, the inclusion of folded and cross-coupled
combline filter types (Fig. 1) is highly desirable.

(b

Fig. 1.  Folded {(a) and cross-coupled (b) rectangular combline
filters. The cross-coupling is achieved by magnetic iris coupling
between resonators 1 and 4

2003 IEEE MTT-S Digest

-
-



Efficient mode-matching (MM) sclutions have been
restricted so far to investigations of the coupling behavior
between single posts via calculating the resonance
frequencies [2], [3]. An MM/finite-difference (MM/FD)
technique for circular rod combline filters based on the
overall generalized S-parameter (GSM) combination has
been reported in [4]. A FD-TD modeling is presented in
[5]. The MM solutions in [2], [3] are judged being not
flexible enough, FD modeling of 3P post sections and
coaxial feeds in [4], [5], does not meet the desirable high
CPU speed for optimizations.

Fast and flexible MM/FE techniques have successfully
been introduced for simple rectangular combline filters
recently [8], [9]. Advanced folded and cross-coupled
combline filter types have not yet been taken into account
by MM/FE techniques, so far. The purpose of this paper
is to remove this lack.

1I. THEORY

The design method is based on the hybrid mode-
matching finite-element (MM/FE) technique, which leads
to a direct standard generalized matrix eigenvalue problem
[10] for the considered waveguide cross-sections of more
general shape

[K-EM]¥F=0, I

where
Ky = [[V.N,V.NdO2
Q
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0
and the potentials ¥ are approximated by their nodal

values ‘W and first order Lagrangian interpolation
polynomials N, (x,y) by

P(xp)= Y N (2 y). 2)

In contrast to remarks in some recent other MM/FE
papers e.g. [11] where edge eclements are used, nodal
functions expansion of scalar potentials achieves -
according to our experience - the fastest approach for
metallic boundaries (and this without spurious modes).

The generalized eigenvalue problem (1) is transformed
into standard form by a Cholesky separation technique,
and is solved iteratively by the Lanczos algorithm after
suitable preconditioning which includes the boundary
problem for the TEM wave for coaxial feed elements as a
special case. .

Matching the transverse fields at the common interfaces
of MM/FE multiports (cf. e.g. Fig. 2) leads to the
corresponding  generalized scattering matrix (GSM). The
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Fig. 2.  Exatples of MM/FE multiports: (a) Cross-coupiing

element, (b} coax loop coupling element

MM/FE multiport formulation includes also multiple TEM
lines such as for conveniently modeling loop couplings, .
Fig. 2b. The involved frequency independent coupling
integrals can be formulated also for multiports in terms of
line integrals by using common definitions of the
transversal eigenvectors
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For discontinuities involving analytical expressions for
eigenvectors, line integral formulations (3) provide a slight
advantage as compared to surface integrals: The accuracy
is nearly identical, and there is a small reduction in
calculation time concemning the individual coupling
integrals. However, for discontinuities of waveguides with
arbitrary cross-section where the eigenvectors are
numerical solutions of the corresponding 2D FE
eigenvalue problem, the accuracy of the line integral
calculation can be an order of magnitude lower than for
coupling integrals with analytical expressions; this 1s due
to the increased influence of errors caused by finite
discretization and by numerical approximations of the line
integral contour. Moregover, the factor (1 — kcf/kdf) -
effective in the near of degenerate modes - still further
increases the errors, Hence, in contrast to the opinion in
[12}, for general discontinuities, surface integral
formulations are preferable.



The GSMs of all involved transition substructures are
combined in the usual way [10].

IH. RESULTS

For accuracy verification, first a simple direct coaxial
fed and direct coupled four resonator rectangular combline
* filter for 2.31 GHz midband frequency has been fabricated
by computer controlled milling technique without any
tuning screws, Fig. 3. Good agreement between theory and
measurements, also for far-off selectivity, can be stated.
For the MM/FE calcuiation, 170 modes have been taken
into account; the CPU speed is 0.4 seconds per frequency
point on a 2GHz P4 PC.
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Fig. 3. Fabricated rectangular combline filter for 2.31 GHz.
Comparison theory with measurements, including far-off
selectivity

The next example is a folded electric iris coupled
rectangular combline filter (Fig. la) optimized for 2,475
GHz midband frequency. For the required folded cavity

section, the corresponding 4-port MM/FE element (Fig. 4)
1s short-circuited at the ports on the reverse side.
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Fig. 4.

Folded electric iris coupled rectangular combline
filter, midband frequency 2.475 GHz

In order to demonstrate the flexibility of the applied
MM/FE method, a cross-coupled rectangular combline
filter (Fig. 1b) has been optimized for about 2.5 GHz
midband frequency and 40 MHz pass-band bandwidth.
SMA connector coupling via disc has been used, the direct
coupling between resonators is provided by electric irises,
the negative cross-coupling between resonators 4 and 1 is
achieved by magnetic iris cross-coupling (Fig. 2a). The
optimization results are shown in Fig. 5, together with the
electric irises for direct couplings.
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Fig. 4. SMA disc fed, magnetic iris cross-coupled, electric
iris direct coupled rectangular combline filter, midband
frequency about 2.5 GHz

IV. CONCLUSION

The MM/FE technique extended to multiports yields
generalized scattering matrix (GSM) building blocks for
the very efficient EM based modeling of folded and cross-
coupled rectangular combline filters. The attractive feature
of the hybrid MM/FE approach is the combination of the
computational speed of the MM technique with the
flexibility of the FE method also for this class of advanced
components that allows their straightforward CAD and
optimization.

f1]

(2]

(3]

[4]

[5]

[6]
[7]

REFERENCES

GL. Matthaei, L. Young, and EM.T. Jones, Microwave
Filters, Impedance Maltching Networks, and Coupling
Structures. New York: McGraw-Hill Book Co., 1964

H.-W. Yao, K.A, Zaki, A E. Atia, R. Hershtig, “Full wave
modelling of conducting posts in rectangular waveguides
and its applications to slot coupled combline filters”, IEEE
Trans. Microwave Theory and Tech., vol. MTT-43, pp.
2824-2830, Dec. 1995.

Y. Rong, and K.A. Zaki, “Full-wave analysis of coupling
between cylindrical combline filters”, IEEE Trans.
Microwave Theory and Tech., vol. MTT47, pp. 1721-
1729, Sept. 1999.

R. Lotz, and F. Amdt, “FD-FD GSM technique for the
CAD and optimization of combline filters™, 2001 IEEE
MTT-S Int. Microwave Symp. Dig., vol. 2, pp. 1253-1256,

May 2001.

A.S. Rong, H. Yang, X.H. Chen, and A. Cangellaris,
“Efficient FDTD modeling of irises/slots in microwave
structures and its application to the design of combline
filters”, [EEE Trans. Microwave Theory and Tech., vol.
MTT-49, pp. 2266-2275, Dec. 2001,

AMK. Saad, “ Antipodal ridge evanescent wave-guide
filter”, in 17" EuMC Proc. Rome, pp- 157-162, 1987.

F. Arndt, and J. Brandt, “Fast hybrid MM/FE CAD tool for
the design and optimization of advanced evanescent mode
filters”, MIOFP Microwaves and Opironics Symp. Dig.,
pp. 1491-1494, May 2001.

[8] F. Amdt, and J. Brandt, “Direct EM based optimization of

advanced waffle-iron and rectangular combline filters”, in
MTT-S Int. Microwave Symp. Digest, vol.3, pp. 2053-2056,
June 2002,

[9] F. Amdt, and J. Brandt, “MM/FE CAD and optimization of

rectangular combline filters”, in 32 EuMC Conf. Digest.,
Milan, vol. 1, pp. 335-338, Sept. 2002.

[10] F. Arndt, et al., “Automated design of waveguide

components using hybrid mode-matching/numerical EM
building blocks in optimization-oriented CAD frameworks
— State-of-the-art and recent advances”, IEEE Trans.
Microwave Theory and Tech., vol. MTT-45, pp. 747-760,
May 1997.

[i1] D. Arena, M. Ludovice, G Manara, and A. Monerchio,

“Analysis of waveguide discontinuities using edge
elements in a hybrid mode matching/finite elements
approach”, IEEE Microwave and Wireless Comp. Lett,
vol. 11, pp. 379-381, Sept. 2001.

[12] V. Crino, C. Tomassoni, and M. Mongiardo, “Line-integral

290

formulation of the hybrid MM/FE technique”, in MTT-§
Int. Microwave Symp. Digest, vol. 3, pp. 2033-2036, June
2002.



	MTT025
	Return to Contents


