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Abstract

A method of moments integral equation formulation is proposed for the full-wave
analysis of an arbitrarily shaped waveguide-based strip-to-slot transition module for
application to spatial power combining systems. A Generalized Scattering Matrix
(GSM) of the transition is obtained as an individual GSM in the cascading algorithm
for a composite GSM of power combining systems. The proposed approach can be
efficiently used in modeling electrically thin substrates rather than individual GSM
cascading of individual electric and/or magnetic layers.

Introduction

The development of waveguide-based spatial power combining systems {1,2] re-
quires full-wave electromagnetic modeling of waveguide-based passive circuit el-
ements, and application of field-circuit interaction techniques to handle interac-
tion between passive and active (MMIC) devices and circuits. A novel Method
of Moments (MoM)-based GSM modeling scheme has been recently. proposed to
efficiently simulate large electromagnetic and quasi-optical systems in rectangular
waveguide[3]. A whole system is partitioned into modules each of which is an electric
or magnetic layer. A full-wave MoM formulation of an individual layer-is provided
resulting in a GSM of each layer. A length of waveguide is separately modeled as a
diagonal GSM with elements being the propagation factor of each waveguide mode.
Internal ports connecting MMIC devices and passive circuit elements with the dis-
tributed structure are also incorporated in the cascading algorithm. The GSM is
constructed for all propagating and evanescent TE and TM modes and provides an
accurate simulation of interactions between neighboring modules. A problem occurs
when the separation between neighboring layers becomes electrically small. Then
the number of waveguide modes, i.e. the size of the GSM, must increase significantly.
This greatly increases memory and computational requirements.

In this paper we propose a full-wave electromagnetic modeling of a strip-to-slot
transition module for the accurate analysis of thin substrates (separation between
electric and magnetic layers). In essence the MoM-based GSM formulation is devel-
oped for two close layers which is then modeled as a single module. Electric field and
magnetic field integral equation formulations are discretized via MoM are obtained
resulting in the GSM for the transition. The method is numerically stable for thin
as well as thick substrates and does not require additional computational efforts
for varying separation between electric and magnetic layers. Numerical results are
obtained for a rectangular strip-to-slot transition in waveguide and compared with
those generated by a commercial FEM program.

Theory .

Consider the strip-to-slot transition module with three dielectric layers in a rect-
angular waveguide shown in Fig. 1. An arbitrarily shaped metallization S,, (electric
layer) and slot apertures S, in a ground plane are located on the interfaces of adja-
cent dielectric layers with permittivities €; and ¢z, and €; and €3, respectively. The
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Figure 1: Geometry of a waveguide-based arbitrarily shaped strip-to-slot tran-
sition module.

incident electric and magnetic fields in the region V; are generated by an impressed
electric current source Jimp (an incident magnetic field from region V3 is similarly
handled).

The electric field integral equation formulation for the unknown electric current
density J(#’) and magnetic current density M(7’) is obtained enforcing the bound-
ary condition on the tangential components of the electric field on the conducting
surface S,, at 2 = 0:

2 x EV(7) = wpiof X /S 1) GV, s’ -
-2 x [ M) [V x T (7, Al )

Here the integrals on the right side of (1) represent the scattered electric field due
to induced electric J(7) and magnetic M(7”) currents. The electric dyadic Green’s

functions Eﬁl)(i’, 7'), Eﬁl)(ﬁ ') are obtained as the solution of the boundary-
value problem for a semi-infinite two-layered waveguide terminated with a ground
plane at z = 7 (similar formulations for electric Green’s dyadics are presented in [4]).
The electric dyadic Green’s functions satisfy boundary and continuity conditions for
the electric field vector on the surface of 2 conducting shield and on the interface of
adjacent dielectric layers with permittivities €; and ez.

The continuity condition for tangential components of the magnetic field on the
surface of the aperture S, at z = 7 results in the magnetic field integral equation
for the unknown currents J(7') and M(7'):

2 x H(R) = _z—:s x /s IG) [V x By (7, dS’
—yweod X /s M) - (68 G (7, 7) + 27, M]dS’ @

where the integrals on the right side of (2) represent the scattered magnetic field
due to induced electric J(7*) and magnetic M(7) currents. Note that the incident
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magetic field I, “(F) is part of an incident magnetic field generated in the region
V4 and transmitted through the dielectric interface at 2 = 0. The electric dyadic
Green’s functions Eﬁ;”(r‘, '), E_i;z)(r‘, 7') have been derived for semi-infinite two-
layered waveguide satisfying boundary and continuity conditions for the magnetic
field vector. The electric dyadic Green’s finction G3(7,7’) is obtained for a single-
layered semi-infinite waveguide terminated with a ground plane at z = 7. Green’s
functions in this formulation are obtained in terms of double series expansions over
the complete system of eigenfunctions of the Helmholtz operator.

The incident electric and magnetic fields are expressed in terms of eigenmode
expansions with unknown magnitudes, including both propagating and evanescent
TE and TM modes normalized by a unity power condition [5]. The coupled set
of integral equations (1), (2) is discretized via the MoM using rectangular cells on
the strip Sp, and slot S, surfaces with the z~ and y—directed piecewise sinusoidal
basis and testing functions for J(7’) and M(7”) currents. The MoM matrix equa-
tion yields a matrix representation for the electric and magnetic current amplitude
coefficients in terms of the unknown magnitudes of incident electric and magnetic
fields (eigenmode expansions) and the inverse MoM matrix. The magnitudes of
scattered (reflected and transmitted) modes are obtained in terms of current am-
plitude coefficients using a unity power normalization for the electric and magnetic
vector functions. Finally, this procedure resuits in the GSM representation relating
magnitudes of incident and scattered modes (similar matrix approach is described
in (3] for a single electric layer).

Results and Discussion

Numerical results are obtained for the example of a rectangular strip-to-slot tran-
sition module (geometry shown in Fig. 2) and compared with those generated by the
HFSS (Hewlett Packard, version 5.2). Fig.’s 3-6 demonstrate dispersion characteris-
tics (magnitude and phase) for the reflection $1; and transmission Sy coefficients in
a narrow resonance frequency range (18.5-20.4 GHz) for the dominant TE;p mode.
Very good agreement between the MoM numerical solution and the HFSS results is
observed. Fig. 7 shows the behavior of the transmission S, coefficient (magnitude)
versus separation 7 between the strip metallization and slot aperture. The results
are obtained at the frequency 19.635 GHz (resonance frequency demonstrated in
Fig.’s 3-6 for 7=2.5 mam). It can be seen that the structure resonates at the same
frequency for different distances between strip and slot. The algorithm is numerically
stable for different material and geometrical parameters, including thin substrates
with a high dielectric permittivity, and it does not require additional CPU time and
memory.
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Fig. 2. Geometry of a rectangular wavegunide-
based strip-to-slot tramsition module: strip is
0.6 mm x 5.4 mm, slot is 5.4 mm x 0.6 mm,
a = 22.86 mm, b = 10.16 mm, r = 2.5 mm,
€1 =10, &2 =6.0, e3 = 1.0.
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Fig. 3. Magnitude of the reflection coefficient.
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against frequency.
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Fig. 7. Magnitude of the transmission coeffi-
cient S21 against separation r between strip and
slot.
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