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Abstract

In this paper, a fast and accurate Computer-Aided Design (CAD) tool of periodically loaded E-plane filters is
proposed. The tool is based on a very efficient Integral Equation (IE) technique that provides a full-wave modal
analysis of discontinuities between arbitrarily shaped waveguides, i.e. ridge waveguides, and rectangular ones. For
solving the complete filter, the Boundary Integral - Resonant Mode Expansion (BI-RME) method is also employed.
In order to show the advantages of this CAD tool, a periodically loaded E-plane filter with improved stop-band
performance is analyzed and compared to standard solutions. For validation purposes, numerical and experimental
results are successfully compared.
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I. INTRODUCTION

Periodic structures are currently object of great interest in the microwave area for their potential
application in the microwave and millimeter-wave domains. In filtering applications, periodic structures
have been reported to offer reduced physical size and improved stop-band performance, due to the we
known slow-wave effect caused by periodicity [1]-[3]. The effective wavelength in a periodically loaded
structure is significantly reduced relative to the same parameters of a wave propagating in a comparab
homogeneous line. Therefore, the half wavelength of a resonator in a periodic structure is considerabl
reduced. Furthermore, due to the dispersion relation of slow waves, an improved stop-band performanc
can also be achieved in such a case.

E-plane technology including ridge waveguides offers a very convenient way for realizing periodic
structures, through the loading of the waveguide with reactive obstacles in form of ridges. In this high
demanding scenario, the usage of flexible CAD tools, based on accurate and efficient electromagnet
simulators, reveals absolutely necessary. This paper revisits a novel hybrid method for the fast and rigorot
analysis of periodically loaded E-plane filters composed of cascaded ridge waveguides. For such purpose
an IE-based modal method, originally described in [4] for rectangular waveguides, has been updated to coy
with arbitrarily shaped geometries. This method makes use of the modal chart of waveguides with arbitran
cross-section, which is determined following an improved version (see [5] and [6]) of the classical and
well-known BI-RME technique [7]. A comprehensive example, which fully validates the right functioning
and the efficiency of the new CAD tool developed, is included.

Il. THEORY

Periodically loaded E-plane filters involve the cascaded connection of ridge and rectangular waveguide:
For analysis purposes, it is required to know the complete modal chart of such arbitrary shaped waveguide
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in a very accurate way. To reach this aim, the well-known BI-RME method (see [7]) is proposed to be
used. Following this classical method, the electric field at a generic observationrpositie the ridge
waveguide can be obtained by

E(r) = —jnk /@e (r,s',k)-J, (I")dl (1)

where s’ indicates a source point om (the arbitrary ridge contour)y = \/u/e is the characteristic
impedance and = w, /¢ is the wavenumbelG. is the two-dimensional dyadic Green’s function of the
electric type for the two-dimensional resonator of rectangular cross sectiod,asdhe current density.

Splitting G. andJ, into its transversal and longitudinal components, and imposing the corresponding
boundary conditionsK; (r) - t (/) = 0, andE, (r) = 0) on o, we obtain the integral equations for the
transversal electric fiel@®; (TE modes) and for the longitudinal electric fidid (TM modes).

The next step in the BI-RME method is the segmentation of the problem, in order to solve the integral
equations via the Galerkin version of the MoM [8], where the basis and testing functions are chosen fc
be overlapping piece-wise parabolic splines. Following the Galerkin approach, a generalized eigenvalu
problem is obtained for the TE case, whereas a standard eigenvalue problem is got for the TM mode
(see [5]). The solution of both problems provides as eigenvalues the TE and TM cutoff wavenumbers, an
as eigenvectors the modal expansion coefficients and the amplitudes of the transversal and longitudin
components of the unknown current density.

An advantage of the BI-RME technique is that, without hardly additional CPU effort, the coupling
coefficients between the arbitrarily-shaped waveguide and the standard rectangular contour enclosing ti
arbitrary profile can be easily computed (see [9]). The coupling integrals between the modes of the ridg
waveguide and those of the rectangular one are defined as follows

Ly = /S e, -eldS ()

WhereeE andejf are, respectively, the normalized modal vectors of the rectangular and ridge waveguides.

In order to obtain a full-wave characterization of any planar junction between two waveguides, a very
efficient method based on an integral equation technique, originally described in [4] for dealing with
rectangular waveguides, has been properly updated. The objective of this technique is the representati
of each planar waveguide junction in terms of a Generalized Impedance Matrix (GIM). A remarkable
contribution of this method is the distinction made between accessible and localized modes: accessib
modes are those used to connect transitions, while localized modes are only used to describe the ele
tromagnetic fields in the junction (the number of localized modes is always greater than the number o
accessible ones).

The first step of this technique consists in imposing the boundary condition at the junction, where the
total transverse magnetic field in each waveguide region can be expressed in terms of the waveguic

modes (see [10]) as follows
HY =" 19n 3)

and(§) = (1), (2) indicates the suitable region of the junctidd) is the magnetic vector mode function
related to then-th mode of regiond). After some mathematical manipulations (see details in [4]), it is
possible to obtain the following integral equation

h§f>(3) :/05(2) Mgf)(S')K(s,s’) ds’ (4)

wheres and s’ are the observation and source points, respectivély, s') is the kernel of the integral
equation, and\/Iﬁf)(s’) are unknown vector functions which define the magnetic field at the junction.
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Fig. 1. Three-dimensional layout of the 2 resonator filter: the standard E-plane filter in (a) and the periodically loaded E-plane filter in (b).
The common dimensions of the two filters are= 22.86 mm, b = 10.16 mm and¢ = 0.10 mm.

Finally, the solution of the integral equation can be carried out using the Galerkin’s procedure, where
the unknown vector functions are expanded in a set of basis functions usédreggion. Proceeding in
this way, we can easily compute the impedance parameters of the generalipatrix representation
through the following equation
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1. RESULTS

In order to demonstrate the improvements introduced by the proposed structure in terms of stop-ban
performance, the electrical responses of a two-resonator periodic filter (originally proposed in [3]) and
of a standard E-plane solution with the same in-band response have been compared. The layout and t
dimensions of such two resonator filters are shown on[Rig. 1 and Fig. 2. The homogeneous rectangul:
waveguide sections acting as the resonators of the standard E-plane filter (see Fig. 2 (a)) are replac:
with periodic structures consisting of a cascade of ridge waveguides (s€g Fig. 2 (b)).
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Fig. 2. The dimensions for the standard E-plane filter (a) are: septa lefigthss Ls3 = 0.31 mm andLs;> = 1.68 mm, resonator
lengthsL,1 = L.2 = 20.10 mm, total length 0#42.50 mm. The dimensions for the periodically loaded E-plane filter (b) are: septa lengths
Ls1 = Lsz = 1.20 mm andLs2 = 4.0 mm, resonator length,; = L,2 = 8.0 mm, ridge dimensions; = b = 10.16 mm ands, = 1.0 mm,

ridge lengthd; = 1.0 mm andl; = 0.5 mm, total length 022.40 mm.

In Fig.[3 (a), the E-plane standard filter response obtained with our CAD software package is successfull
compared with simulations performed with Ansoft HE]SEproiting the symmetry of the structure, our
analysis method has required to consideraccessible mode&50 basis functions and00 kernel terms.

In our case, the complete electrical response simulation has only taken a CPU effoti afec. per
frequency value, whereas HFSS has needed sec. per each point. Both software packages have been
run in a Pentium IV platform a3.2 GHz with 1-GB RAM.

In Fig.[3 (b), the periodically loaded E-plane filter response obtained with our CAD software package
is well compared with Ansoft HFSS v10.0 simulations, and also with measurements of a filter prototype

IHFSS v.10.0, Ansoft Corporation, Pittsburgh, PA, 2005.



fabricated and measured (see [3]). An excellent agreement between all results can be observed. As it
shown in the figures, the periodic loaded filter has better selectivity and wider stop-band response tha
its standard E-plane counterpart. Furthermore, the overall periodic filtg®4sshorter than the standard
filter since the resonator lengths have been widely reduced, as it is expected from the well-known slow
wave effect in periodic structures. In the periodic case, by exploitation of the symmetry of the structure,
the full-wave analysis method has only required to conssfdegiccessible mode&50 basis functions and

500 kernel terms. Our software tool has only involved a CPU effort.86 sec. per frequency point. On

the contrary, the HFSS results have required a CPU effoit20f sec. for each analysis point.
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Fig. 3. Electrical responses of the E-plane standard filter in @), and of the periodically loaded E-plane filter in b).

IV. CONCLUSIONS

A very efficient and accurate CAD tool of periodically loaded E-plane filters has been described. For
the fast and rigorous analysis of such filters, an advanced hybrid method combining the BI-RME and the
IE techniques has been proposed. This novel CAD tool has been successfully applied to the analysis ¢
a compact E-plane filter, composed of periodic ridge waveguides, with an improved stop-band responst
Numerical and experimental results are presented to fully validate these arguments.

REFERENCES

[1] G. Goussetis and D. Budimir, “Waveguide filters with improved stopband performaRr®” 30th Eur. Microwave ConfOct. 2000.

[2] J. Sor, Y. Quian, and T. Itoh, “Miniature low loss CPW periodic structure for filter applicatidBEE Trans. Microwave Theory Tech.
vol. 49, pp. 2336-2341, Dec. 2001.

[3] G. Goussetis and D. Budimir, “Novel periodically loaded e-plane filtdiSEE Microwave and Wireless Comp. Lettevsl. 13, no. 6,
pp. 193-195, June 2003.

[4] G. Gerini, M. Guglielmi, and G. Lastoria, “Efficient integral formulations for admittance or impedance representation of planar
waveguide junctions,JEEE MTT-S Int. Microwave Symp. Djgeol. 3, pp. 1747—-1750, June 1998.

[5] S. Cogollos, S. Marini, V. E. Boria, P. Soto, A. Vidal, H. Esteban, J. V. Morro, and B. Gimeno, “Efficient modal analysis of arbitrarily
shaped waveguides composed of linear, circular and elliptical arcs using the BI-RME méEE,Trans. Microwave Theory Tegh.
vol. 51, no. 12, pp. 2378-2390, Dec. 2003.

[6] M. Taroncher, A. Vidal, V. Boria, S. Marini, S. Cogollos, J. Gil, and B. Gimeno, “CAD of complex passive devices composed of
arbitrarily shaped waveguides using ngstr and BI-RME methods,JEEE Trans. Microwave Theory Techiol. 53, no. 6, pp. 2153—
2163, Jun. 2005.

[7] G. Conciauro, M. Bressan, and C. Zuffada, “Waveguide modes via an integral equation leading to a linear matrix eigenvalue problem,”
IEEE Trans. Microwave Theory Techvol. 32, no. 11, pp. 1495-1504, November 1984.

[8] R. F. Harrington,Field Computation by Moment Methqdser. IEEE/OUP Press Series on Electromagnetic Waves. New York: IEEE
Press: Oxford University Press, 1993.

[9] P. Arcioni, “Fast evaluation of modal coupling coefficients of waveguide step discontinuiliSE Microwave Guided Wave Lett.
vol. 6, no. 6, pp. 232-234, June 1996.

[10] N. Marcuvitz, Waveguide Handboolser. IEE Electromagnetic Wave Series. London: Peter Peregrinus Ltd., 1986.



	Introduction
	Theory
	Results
	Conclusions
	References

