IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 3, NO. 6, JUNE 1993

185

Rigorous Modal Analysis of the Asymmetric
Rectangular Iris in Circular Waveguides

Reinhard Keller and Fritz Arndt, Fellow, IEEE

Abstract— The rigorous field theory analysis is presented for
the rectangular iris in circular waveguides as well as for rect-
angular iris coupled circular waveguide resonators. The theory
is based on the full-wave mode-matching method for the key-
building block discontinuity circular waveguide to a noncentric
smaller rectangular waveguide, associated with the generalized
S-matrix technique. Arbitrary iris location and finite thickness
are rigorously taken into account. The scattering parameters of a
single transition and of a rectangular iris coupled one-resonator
filter of about 12 GHz resonance frequency are presented as
calculation examples. The theory is verified by comparison with
measurements.

I. INTRODUCTION

ECTANGULAR iris coupling elements in circular

waveguides have found widespread applications in many
advanced microwave circuits, such as in the design of mi-
crowave filters and multiplexing networks for modern satellite
communication systems [1]. When stringent requirements are
placed on the system, when additional fine tuning by screws
for the filters should be avoided, or when higher-order mode
coupling effects have to be utilized, the need arises for accurate
design tools which allow to take into account all relevant
parameters, like the finite thickness of the irises and the higher-
order mode interaction between them.

For rectangular waveguides, the rigorous analysis of rectan-
gular, circular and cross-shaped irises is already well-known,
[2]-[8]. The solution of the junction problem of a circular
waveguide to a centered smaller rectangular waveguide has
been reported recently [9]. However, for rectangular irises in
circular waveguides, the designers are still left to approximate
equivalent circuit formulas [10]. Although, in principle, the
inverse transition (rectangular to a smaller circular waveguide)
can be utilized [7] to solve the problem by introducing an
adequately large artifical rectangular waveguide intermediate
section of zero length, it is advantageous to calculate the iris
element directly.

The purpose of this letter is to present a rigorous field-theory
analysis for the arbitrarily located rectangular iris in a circular
waveguide which is based on the full-wave mode-matching
method for the key-building block discontinuity circular to
smaller rectangular waveguide (Fig. 1) directly. In contrast to
[0], the general noncentered case is included in order to allow
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Fig. 1. Key-building block discontinuity circular waveguide to noncentric

smaller rectangular waveguide.

for the investigation of more universal iris locations and for
possible fundamental-to-higher order mode coupling effects.
Composite structures, such as the rectangular iris in a circular
waveguide and rectangular iris coupled circular waveguide
filters, are rigorously modeled by the generalized scattering
matrix technique. The efficiency of the method is demonstrated
by analyzing a rectangular iris coupled one-resonator filter
with a resonance frequency of about 12 GHz. The theory is
verified by comparison with measurements.

II. THEORY

The rectangular iris element of finite thickness ¢ is de-
composed into the key-building block discontinuity circular
to smaller rectangular waveguide (Fig. 1), a homogeneous
rectangular waveguide section of length ¢, and the inverse
key-building block structure, associated with the generalized
S-matrix technique. Note that for deriving the scattering matrix
of the inverse structure merely the port designations of the
original structure has to be interchanged.

In the key-building block discontinuity, the fields in the
subregions » = I, II (Fig. 1)
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are derived from the z-components of two vector potentials
M v
VHz = Z(V ZHm) N}’/Im TI’;m
m=1

[0 eXD(—VEm2) + O €XP(+VEm 2)]

M @
uEz = Z(V Yﬁm) NEm Tém
m=1
: [aVEm eXp(—"YEva) - bVEm exp(+7}ji'mz)]a
with the wave impedances or admittances
ZYrm = (o) (Vam),  Yem = (w0e0)/(Vem), G

and the propagation factors <¥,.,7g, of the TE— and
TM—modes, respectively.

T4, and Ty, are the cross-section eigenfunctions of the
corresponding circular or rectangular waveguide regions I, II.
N%..» N, are the normalization factors so that the relation
of the still unknown TE— and TM—mode wave amplitudes
of the forward and backward waves, a%, I b"H7 g yields
directly the corresponding modal scattering matrix relations
by matching the tangential field components of regions I and
IT at the common interface:
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The coupling integrals in (4) are of the form
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where B,, is the Bessel-function of the first kind, k. is the
cut-off wavenumber in the circular waveguide, and kl', k'
are the wavenumbers in x and y direction in the rectangular
waveguide.

About 40 TM— and 40 TM—modes (both cosine- (c—)
and sine- (s—) types) in the circular waveguide section have
turned out to yield already sufficient asymptotic behavior.
In the rectangular waveguide section, the number of modes
are chosen according to the geometrical ratio a/(2rg). The
final design data are provided by expansion into TE:,® — and
TM, >, —modes up to m = 9, n = 9.
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III. RESULTS

For verification of the theory for the single key-building
block, Fig. 2 presents the calculated and measured fundamental
mode (TE;g) return loss curve of a transition rectangular
waveguide (WR-75 housing: 19.05 mm x 9.525 mm) to a
larger circular waveguide (2rg = 23.5 mm), for the centered
case (solid line). Very good agreement with measurements
may be stated. The influence of the noncentered location is
demonstrated by the dashed curve where the iris location is
offset by 2.1 mm. For this case, in the circular waveguide, all
TE;:, — and TM;;} — modes up to m = 9, n = 9, and in the
rectangular waveguide section all TE,,,, — and TM,,,, —modes
up to m = 7, n = 4 are taken into account.

Fig. 3 shows the insertion and return loss plots versus
frequency of a rectangular iris coupled one-resonator circular
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Fig. 2. Return loss vs. frequency of transitions smaller rectangular wave-

guide (WR 75: 19.05 mm X 9.525 mm) to circular waveguide (2rg = 23.5

mm), centered ( —— ), offset by 2.1 mm ( - - - ). Comparison with

measurements ( - - - ).
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Fig. 3. Insertion and return loss of a rectangular-iris coupled one-resonator
circular waveguide filter. The rectangular waveguide ports are WR 75:
r; = 19.05 mm, y; = 9.52 mm. Resonator dimensions: d = 26.5 mm,
{ = 45 mm. Iris dimensions: z9 = 9.3 mm, yo = 3 mm, thickness t = 1
mm. Comparison with measurements ( - - - ).

waveguide filter with WR-75 rectangular waveguide input
ports. For this example, the main mode in the circular cavity is
the TE;13—mode. The filter has been fabricated by milling the
1-mm thick irises. The dimensions are presented in the figure
legends. Excellent agreement with measurements is observed.

IV. CONCLUSION

A rigorous and efficient mode-matching method is presented
for the accurate design of arbitrarily located rectangular irises
in circular waveguides. Since all relevant design parameters,
such as finite iris thickness and higher order mode coupling
effects are taken into account, very good agreement with
measured results is obtained.
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