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Abstract - A rigorous field theoretical method
is presented for the accurate modal analysis of
the T-junction circular to sidecoupled rectan-
gular waveguide which includes the so-called
meniscus effect of the curved structure at the
interface of the two different waveguide sec-
tions. The method is based on the mode-
matching technique for the circular and rect-
angular waveguide portions of the structure in
combination with the boundary-contour mode-
matching (BCMM) principle for the intermedi-
ate waveguide section. In contrast to available
approximate approaches, this method is rigor-
ously valid also for large apertures, or for more
than one aperture in the same plane, which are
often required in typical filter, OMT or hybrid-
T applications. The efficiency of the method is
demonstrated by calculating a single T-junction
with a large aperture and a double-aperture
coupled T-junction. The theory is verified by
excellent agreement with measurements.

I. INTRODUCTION

HE T-JUNCTION circular to sidecoupled rectangu-

lar waveguide (Fig.1) is an important waveguide
key-building block for many applications such as mul-
timode circular waveguide couplers [1], circular wave-
guide hybrid-T’s [2], turnstile junctions 3], orthomode-
transducers (OMT’s) [3], and filters [4]. Up to now,
such waveguide circuits were mostly designed experi-
mentally {1] - [4].

Recently, some simplified field theoretical ap-
proaches for the analysis of the T-junction in Fig. 1
were reported which are valid for small coupling aper-
tures: An integral equation technique in the spectral
domain [5], and two mode-matching techniques, [6] -
[7]. The simplications in [5] and [6] are based on the
adoption of two different surfaces (the cylindrical sur-
face S (Fig. 1b) and the corresponding plane sur-
face) to enforce the field continuity of the electric and
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magnetic field. In [7], the cylindrical surface S3 is ap-
proximated by a linear relation. The rigorous inclusion
of the so-called meniscus effect, i.e. the influence of
the half-moon shaped section between the surface S3
(Fig. 1b) and the corresponding plane surface (through
the points ¢, and ¢,, Fig. 1b), at the discontinuity
between the circular and the sidecoupled rectangular
waveguide, however, has turned out to be important for
many usual applications of this T-junction structure,
e.g. for hybrid-T or OMT purposes, where the influ-
ence of the full height aperture to sidecoupled standard
rectangular waveguides has to be taken into account.
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Fig. 1: T-junction circular to sidecoupled rectangular
waveguide. (a) Designation of the ports and substruc-
tures. (b) Inhomogeneous intermediate region which is
treated by the BCMM method.
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The development of an efficient and accurate field
theory based CAD method for this T-junction struc-
ture without any restrictions is therefore highly de-
sirable. Moreover, this additional key-building block
supplements the already available mode-matching tools
(8], [9] significantly. The application of the generalized
scattering matrix technique - together with the cor-
responding other mode-matching key-building blocks,
e. g. the double step, iris, or rectangular T-junction
discontinuities, [8], [9], - leads to the development of
rigorous CAD programs for a comprehensive class of
components, such as OMT’s with multihole coupling
sections [1], or side coupled circular cavity filters [4]
with arbitrarily large apertures.

In this paper, we present a rigorous mode-matching
method for the accurate modal analysis of the T-
junction circular to sidecoupled rectangular waveguide,
Fig. 1, which is based on the mode-matching technique
for the circular and rectangular waveguide portions
of the structure, in combination with the boundary-
contour mode-matching principle [10] for the interme-
diate inhomogeneous waveguide section with the two
different surfaces (Fig. 1b). In contrast to available
approximate approaches, this method is valid also for
large apertures, or even for more than one aperture
in the same plane. The efficiency of the method is
demonstrated by calculating a T-junction circular to
an open sidecoupled standard W R — 62 waveguide, and
a double-aperture coupled T-junction.

II. THEORY

For the rigorous mode-matching treatment of the
T-junction in Fig.1, we separate the structure into six
different subregions: Two one-sided short-circuited cir-
cular waveguide sections (designated in Fig. 1 with
'waveguide 1°, ’waveguide 2’), a double-sided short-
circuited circular waveguide section (designated in Fig.
1 with ’resonator’), the rectangular port waveguide 3,
a region (designated with ’inhomogeneous region’) of
length 1 containing the half-moon shaped surface Sz at
the discontinuity to the circular waveguide resonator,
and (not explicitly indicated in Fig. 1) an infinitely
thin artificial intermediate section at the common sur-
face S3 within the angles g , ¥, , which allows the
exact formulation of the boundary conditions at this
interface.

Similar to [9] (for the rectangular T-junction), the
resonator region in the circular waveguide T-junction
(Fig. 1) consists of the superpositions of two circu-
lar waveguide sections waveguide 1 (which is open at
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the plane z = —% and short-circuited at z = +%) and
waveguide 2 (which is open at the plane z = 5 and
short-circuited at z = ~%), and a cylindrical cavity re-
gion (which is short-circuited at both planes z = +4
and z = —%). The electromagnetic field in the circular
waveguide sections 1 and 2 is derived from the corre-
sponding expressions of the electric (¢) and magnetic

(h) vector potentials ¥:
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The field in the 'inhomogeneous’ region (Fig. 1b) is
calculated rigorously by the boundary-contour mode-
matching BCMM method [10] where the contour is de-
scribed analogously to [10] by T’ = p(p). The electric
and magnetic vector potentials 14 are expressed by the
following complete set of functions:



= Sontnton (51720 )
ceos [Z (s +2)] 0z, (®)
o = iJm (ko, pa(1p4)) ( ifrf ZZZ: )
mp
sin 2 (a4 et o
with the separation constant
=+ (B ®

The boundary conditions on the boundaray-contour
I' (Fig. 1b) of the inhomogeneous region and on the res-
onator cross-section are not inherently satisfied by the
corresponding set of functions, equ. (3) - (8). There-
fore, an infinitely thin artificial intermediate section
along the surface S3 is introduced, where the modal
electrical (€) and magnetic (B) field vectors are formu-
lated by the following set of equations which assure the
correct boundary conditions in %, and @, direction:
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By matching the tangential field components at all
boundaries, the still unknown expansion coefficients in
all sections may be expressed in terms of the eigenmode
amplitude expansion coefficients a,, , b, (Fig. 1) of the
circular and rectangular waveguide ports. Note that for
the sections Sy , S3 ,S4 the standard mode-matching
technique may be applied. Rearranging of the equa-
tions ylelds the modal scattering matrix of the cor-
responding key-building block discontinuity, directly.
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The modal scattering matrix of cascaded structures
may be calculated by the known generalized scattering
matrix technique [8], [9]. For all examples calculated
in this paper, higher-order modes up to merely 80 GHz
cut-off frequency (in the subsequent order of increasing
cut-off frequency) are taken into account. The results
are calculated by using a simple 486-level PC.

ITII. RESULTS

In order to verify the presented rigorous mode-
matching theory, a T-junction circular to sidecoupled
rectangular waveguide with large aperture, i.e. the full
rectangular waveguide cross-section, was fabricated,
measured and compared with the calculations. Fig.
2 shows the scattering parameters of the T-junction
with the following dimensions: Circular waveguide ra-
dius R = 6.985mm, WR — 62 rectangular waveguide
(15.799mm x 7.899mm). Excellent agreement between
theory and measurements may be stated.
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Fig. 2: Verification of the theory with measurements.
'T-junction circular waveguide (radius R = 6.985mm)
to sidecoupled open rectangular WR — 62-waveguide
(15.799mm x 7.899mm). Scattering parameters as a
function of frequency (thick lines: theory, thin lines:
measurements).

In Fig. 3, it is demonstrated that the presented
method is also well appropriate for a double aperture
along the curved surface S; (Fig. 1). The dimensions
of the investigated T-junction structure are: Circu-
lar waveguide radius R = 13.208mm, aperture widths
a = 10.160mm, aperture heights b = 2.540mm, small-
est thickness of the aperture section ¢t = 0.508mm,



septum height h = 4.445mm, rectangular waveguide
dimensions 19.060mm x 9.525mm. The scattering pa-
rameters in Fig. 3 are compared with calculations using
an own FEM program. Excellent agreement is demon-
strated.
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Fig. 3: T-junction circular to sidecoupled rectangu-
lar waveguide with a double aperture along the curved
surface S3 (Fig. 1). Dimensions: Circular wave-
guide radius R = 13.208mm, aperture widths ¢ =
10.160mm, aperture heights b = 2.540mm, smallest
thickness of the aperture section ¢t = 0.508mm, septum
height h = 4.445mm, rectangular waveguide dimen-
sions 19.050mm x 9.525mm. Scattering parameters in
comparison with calculations using an own FEM pro-
gram.

IV. CONCLUSION

A new, efficient and rigorous field theory method is
proposed for the accurate analysis of the T-junction
circular to sidecoupled rectangular waveguide includ-
ing the hitherto neglected meniscus effect of the curved
structure which has turned out to be important for
the usual large apertures in standard OMT, hybrid
and aperture coupled filter applications. The method
is based on a combination of the flexible boundary-
contour matching technique with the efficient mode-
matching method. Therefore, only a modest number
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of modes is required in order to ensure good conver-
gence. The efficiency of the method is demonstrated at
typical configurations for usual OMT or hybrid applica-
tions, where the full height aperture of the sidecoupled
rectangular waveguide is required, and for filter appli-
cations, where often a double-aperture 1s used for the
side coupling. The method is verified by measured re-
sults and results obtained by the finite element method
which requires more computational effort. Because of
the high numerical efficiency of the proposed method,
merely a standard PC or a low-cost workstation is re-
quired for usual apertures.
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