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ABSTRACT

The characteristics of propagation of the dominant mode
in magnetized-ferrite-loaded double-layered finlines are
studied. The analysis is based on Galerkin's method
applied in the Fourier transform domain. Numerical results
are presented for various values of structural and material
parameters.

INTRODUCTION

Recently, several analytical methods for finlines
consisting of ferrite have been investigated with a view to
applications of such waveguide structures to nonreciprocal
devices for millimeter-wave integrated-circuit techniques
(1). Rigorous analyses based on the mode matching
method (2), (3) or the spectral domain method (4), (5) have
been presented. Although some of them claim to be
applicable to the analysis of multilayered structures, no
extensive results seem to have been published to date.
From a practical point of view, multilayered structures
should be suitable for integrated circuits.

This paper presents an analysis of ferrite-loaded double-
layered finlines with a transversely magnetized ferrite. The
analytical procedure is based on Galerkin's method applied
in the Fourier transform domain. This method has been
well established and successful in the analysis of a wide
variety of waveguide structures for microwave and
millimeter-wave circuits (6). Therefore, the detailed
mathematical description will be omitted in the following
and only the key steps are illustrated.
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Fig. 1 Cross-sectional view of the ferrite-loaded double-layered finline.

WAVEGUIDE STRUCTURE AND ANALYTICAL
METHOD

The waveguide structure under consideration is shown
together with the coordinate system for the analysis in Fig.
1. When an external d.c. magnetic field is applied in the x
direction, the tensor permeability of ferrite is expressed as

*This work was sponsored by the Army Research Office
under Contract DAAG29-84-K-0076.

0149-645X/87/0000-0743$01.00 © 1987 IEEE

u,00 %:1-@5
A " -jrc], ° o -0H) o
0 jx u ﬁ(—= Z41tMSC02
o o -(H)

where Wo, 0, Hg, 4nMs, and 7 are the free-space

permeability, the operating frequency, the applied d.c.
magnetic field, the magnetization of the ferrite, and the
gyro-magnetic ratio, respectively.
Following the standard procedure of the spectral domain

approach, we obtain

Y‘xxE X +szEz=Jx ’ Yszx-"YN:"ZE;Z_JZN(Z)~
after applying all boundary conditions. Ey, E; and Jy, J,
are the Fourier transforms of the tangential electric field

components at the gap and the current components on the
conductors. For instance,
w

EX=J E ()™ dx ,aty=h (3)

W .
where o = /b, The mawix elements are known

functions of o, and the propagation constant [ of the
eigen mode, and the Green's functions Yy, etc. can be

obtained by application of boundary conditions in the
spectragl (éomain.
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Fig. 2 Dispersion characteristics of the dominant mode propagating in the positive )
and-negative z directions. & = €y =1, €9 = g1 = 12.54nMs = 5000 [Ga],
H,=500{0], @ = 4b = 47[mm}, [} = Iy = 2.1[mm], h=d=0.25Imm},\w=0.5{ i .
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Finally, Galerkin's procedure, in conjunction with
Parseval's relation, yields the determinantal equation for the

propagation constant (6). e, =125
NUMERICAL RESULTS a=1.0 |
R " / =1. mm/
The accuracy of our solutions, for single-layered 0.2F

structures, have been checked and verified by comparing
them with those in the literature (2). Fig. 2 shows the
dispersion characteristics of the dominant mode propagating
in the positive and negative z directions. With introduction
of a dielectric layer, a larger nonreciprocity has been
achieved than that documented in the literature (5).

The differential phase shift between the
counterpropagating modes is shown in Fig. 3 as a function
of thickness d of the dielectric spacer. The nonreciprocity 0.1F
does not seem to depend drastically on the intensity of the
external magnetic field. This is because the resonance
frequency is far below the operating frequency for these
examples. Note that every curve reaches its peak at a
certain value of 4.

Finally, Fig. 4 shows curves for the differential phase
shift as'a function of finline location in the waveguide
shield. There exists a maximum value as indicated inthe | ¥ H_ = 1500 [Oe]
literature (1). It is worthwhile to note that every curve 0 ) ) L .
takes its peak at approximately the same value of 0 1.0 2.0 o)
17/a(=0.06) and that they do not seem to depend strongly on h

the dielectric constant of the spacer. The curve for the case Fig. 3" Differential phase shift versus thickness h of the dielectric layer.
where £3=3 is truncated at /;/a~0.03 because one or both of &1 =4 =1 e = 12.5, dnMs = 5000[Gal, 4b=4.7[mm],

the counterpropagating modes are cut off in the region w =0.5[mm], f=45[GHz].
below this value of /j/a.
CONCLUSIONS |
Nonreciprocal propagations in magnetized-ferrite-loaded
double-layered finlines are analyzed. It is found that the +
dielectric layer introduced between the fin and the ferrite
layer can improve the nonreciprocal phase shift
characteristics. It is also found that an optimum condition
exists for the parameters of the dielectric layer and the
finline location in the waveguide shield.
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