IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 7, NO. 8, AUGUST 1997 245

Analysis of the X-Junction Between Two
Rectangular Waveguides and a Circular Waveguide

G. G. Gentili and A. Melloni

Abstract—The paper describes a method for the analysis region C n
of the four-port junction (X-junction) between two rectangular (cavity)
waveguides and a circular waveguide. The method is based on the :

computation by an efficient technique of the generalized admit-

tance matrix (GAM) of the structure (conveniently divided into ) 4
subblocks) with no restrictions on the geometrical dimensions. a \ ]

typical analysis with about 100 modes in the overall structures
requires 1-4 s per frequency point on a typical medium-power
workstation. E

regioh T
(transition)

I. INTRODUCTION

HE JUNCTION between one or two rectangular waveg-
uides and a circular waveguides is a typical component o
of cylindrical cavity filters and of several different typedd- 1. Geometry of the X junction.
of transducers, from rectangular to circular waveguide. In
the literature, such a junction has been analyzed with the0 modes in the whole structure are about 1-4 s (depending
“small curvature” approximation [1]-[3], i.e., neglecting theon the CPU) per frequency point on a typical workstation.
curvature effect at the junction (see Fig. 1) and with &TE
field expansion [2], [3]. That approach was convenient since
the purpose of those works was to develop a software tool for Il. FORMULATION
an efficient analysis Tgz;-mode cylindrical cavity filters. A

rigorous analysis which includes the curvature effects can beThe method is based on the computation of the Generalized

found in [4], where a mode-matching technique in conjunctigndmittance Matrix (GAM) of the two building blocks shown
with BCMM [5] was used to analyze the structure. in Fig. 1. The two _blocks are the cavity _(C|rcular Wave_gwde
The method described in this letter is a considerable iffounded by electric walls) and the region representing the
provement over [1]-[3]: a complete TE/TM field expansioﬁrans',t'on from the_ rectangula_r waveguide to the curved sur-
has been used (which is more general than the simplér Tf»:ace n contact with the cavity. The wo GAM's are then
expansion), and the small curvature approximation has begfinPined to form the GAM of the overall structure, from
removed. With respect to [4], in this work the GAM approacWh'Ch the Generalized Scattering Matrix (GSM) can be readily

has been used. Moreover, a different method for the analySRMPuted. Since formulas for ﬁ;i‘M combination and GAM
of the transition region has been employed, too. The resflf ©SM transformation are well known, we concentrate our

is a very powerful yet efficient tool for the analysis of thé_';\ttention of the computation of the GAM for the two regions

four-port structure shown in Fig. 1, with no limitations on thd" F19- 1.

physical dimensions and on the range of frequency for which

accurate results are expected. The results obtained in this WarkGAM of the Cavity Region
have been compared with those obtained by the well-known
electromagnetic simulator HFSS, by Hewlett Packard, and i
an excellent agreement has been observed. A remarkaEEIJ
efficiency of the method developed has been noticed ay)e
typical CPU times for the analysis of a four-port junction witt}]o

Let Y¢ be the GAM of the four-port cavity region shown
Fig. 1. Two ports are circular waveguide ports and two

lying on the curved surface. A GAM can be defined for
t structure and it can be computed as follows: a set of
rmalized basis functiofib,, } is defined for the expansion

_ ' _ of the tangential electric field, a set of normalized testing
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Fig. 2. Magnitude of reflection coefficient of mode dliEat port 3 and mode Fig. 3. Phase of reflection coefficient of mode giEat port 3 and mode
TMo: at port 1. Comparison between this work and HE$S TMg at port 1 @’ = 1 cm). Comparison between this work and HF4S
can be expressed as is greatly dependent on the choice of the testing functions.

o The choice made in this work is particularly convenient and
Y5 o I/ (1) / G(r, 1) -ba(r)ds’dS. (1) it consists in a suitable set séctangularwaveguide mode

s s functions. This is a major difference with respect to [4]. The

When the source (electric field) is located on the curved regigRal GAM of the transition region is then found after simple

(ports 3a and 4a in Fig. 2) a sine/cosine vector field expapgt lengthy matrix algebra and is omitted. Owing to the wise

sion can be used and functidg(r, r’) can be conveniently choice of testing functions in (3), (4), the final algorithm is

expressed by a radial waveguide mode expansion. When $gremely efficient and matriy” is obtained in fractions of
source is located at ports 1 and 2 (circular waveguide), sasecond.

TE/TM circular waveguide modes expansion for both the

source and functiolG(r, r’) has been used. This is the most Ill. RESuULTS

convenient choice, mainly because the resulting elements oBeveral structures have been analyzed and the results have
matrix Y are obtained in closed form. In both cases, thgeen compared with those obtained by the electromagnetic

testing functions are defined 4¢,} = {fi X b,,} wherefi simulator HFSEV. Each analysis of the structure in Fig. 1

is a unit vector normal to the boundary and pointing inwargenerates a large amount of data and it is not possible to

This choice is convenient because of the resulting symmefovide a complete comparison between the two sets of resullts.

of matrix Y°. As a reference, some results are presented for a structure for
which ¢ = 10 mm, b = 30 mm, A = 60 mm, D = 40 mm
B. GAM of the Transition Region (diameter of the circular waveguide), adtl= 10 mm. The
Let Y7 be the GAM of the four-port transition region showrstructure has been chosen with a latgd ratio so that the
in Fig. 1. Y€ is block-diagonal and takes on the form small curvature approximation would not be applicable in this
case.
vT — [YT?’ Qm} ) Only two S-parameters are shown and the results are
0 Y presented in Figs. 2 and 3. The parameters are reflection

where the superscript indicates the submatrix relative tocoefficients (magnitude and phase) of the four-port structure
ports 3-3b and superscrigt that relative to ports 4—4b in for modes Tk, in rectangular waveguide (dominant mode,
Fig. 1. The generic submatrix can be conveniently comput€Htoff at 4.99 GHz) and TM in circular waveguide (cutoff

by expressing the fields with two Hertzian-type potentials, &t 5.73 GHz). A good agreement between the two sets of data

and 1u,. can be observed in Figs. 2 and 3. Setttng: 60 mm, a rather
The following boundary integral equations are then impos&fall number of modes can be used in this analysis (14 in each
on the two-dimensional (2-D) region transverserto circular waveguide and ten in each rectangular waveguide) and
oW P the total CPU time is less than 1 s per frequency point on a
/ @ ds = / we 22 gs (3) HP 9000 Mod 715/75.
W aﬂ ds — / w¥ % ds (4) [V. CONCLUSIONS
B aTL B aTL

A rigorous and efficient method has been developed for the
where W¥ and W¥ are suitable testing functions. The twaanalysis of the X-junction between two rectangular waveg-
equations are then solved after expanding each potential andiitles and one circular waveguide. The method is based on
normal derivative in a sum of sine/cosine-type basis functiotf®e computation of the GAM of two substructures, which
(with respect to the curvilinear coordinate) with unknown coefre then combined together and converted to GSM. A new
ficients. The efficiency and accuracy of the resulting algorithefficient method for GAM computation of the transition from
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the rectangular waveguide to the curved surface in conta¢d] A. Melloni, M. Politi, and G. G. Gentili, “Mode-matching analysis
with the circular waveguide has been developed. of TEo11, mode waveguide bandpass filter$ZEE Trans. Microwave
The results obtained have been compared with HESS$id Theory Tech.yol. 43, pp. 2109-2116, Sept. 1995.

the accuracy of the method presented have been Confirmed[?’] G. G. Gentili and A. Melloni, “Generalized admittance matrix analysis
" of cylindrical cavities coupled by rectangular aperture¥2WA, vol.
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