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ABSTRACT

NRD waveguide is a proposed structure
for millimeter wave applications. In this paper,

the isotropic dielectric of this structure is

replaced hy a longitudinally magnetized ferrite,

allowing the implementation of NRD non-recipro-

cal devices. Numerical results for the disper-

sion of the first few propagation modes in this

structure is presented.

INTRODUCTION

Nonradiative dielectric (NRD) waveguide is

a structure proposed by Yoneyama and Nishida

(1) for millimeter wave applications. Since

then, several devices using this structure,

like filters, junctions, couplers and antennas

have been investigated (2). On the other hand,
equally important non-reciprocal devices have
not yet been analysed.

The objective of this paper is to extend

the analysis of NRD waveguides to the case where
the isotropic dielectric of this structure is

replaced by a longitudinally magnetized ferrite,

allowing the implementation of NRD nonreciproc-

al and electronically tuned NRD devices.

THEORY

An NRD structure is shown in Fig. 1, where

the isotropic dielectric placed between two

perfect conducting planes and separated by

less than half wavelength, is replaced by a
ferrite magnetized in the “z” direction. The

propagation of magnetostatic modes in ferrites

placed between parallel metallic planes was

investigated in the past (3).

In this work, the electromagnetic fields

were supposed to be proportional to exp (-jBz)

and to exp (jwt) inside the fe~rite slab

(dimensions a,b) and evanescent outside of the

slab. For a saturated and lossless ferrite sub–

jetted to a “z” directed static magnetization

and to small signals, the magnetic properties
of this ferrite (dielectric contant c, Land&
factor g, saturation magnetization 4 TMs) can

be described by the Polder tensor:

(1)

Using this tensor and the procedures suggested

by Kales (4), components of electric and magnetic

fields were obtained. The application of boundary

conditions at the perfect conducting walls and at

the air-ferrite interface results in a system of
equations for the coefficients of the field compO–

nente. The resulting characteristic equatio!l can be

placed in the following form:

+ (C2 – C4 tg @2 + 0.5 C5 sec $2) sec~=O

(2)

where Cl(i = 1,2,3,4,5) and $i(j = 1,2) are.
functions of the propagation constant 6, geometry
of the etructure and ferrite parameters. Numerical

solutions of equation (2) was obtained, furnishing

dispersion relations for several modes. All the

modes are hybrids and were classified as HEmn ,

where “n” is the nth root of equation (z) for the

mth mode.

A numerical check of equation (2) was made in

the limiting case where the ferrite parameters
were modified to simulate an isotropic dielectric.

Agreement was excellent.

Fig. 2 shows dispersion curves for the first
few hybrid modes for a commercial ferrite operat-

ing at 30 GHz, under 15 kOe of external field and
with a shape factor [V b/a] equal to 0.351. The
dominant mode is HEII. The horizontal axi~; gives

the thickness of the ferrite slab for tl~e given

frequency while the vertical axis gives the nor–

realized propagation constant. For example, if

a = 3.43mm, then for b = 1.00mm, the vallle of the
normalized propagation constant 6+/(~~ ko) is

0.59. k. and A. are the wavenumber and wavelength
in air, respectively.

Fig. 3 shows how the dispersion curves for the
dominant mode HEII changes with the static external
magnetic field Hdc. As shown, for lower v:~lues of
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‘dc there is a decrease in the propagation c On-
stant, for a given geometry and frequency.

CONCLUSIONS

The propagation of the electromagnetic waves

in anisotropic NRU waveguide was investigated al-
lowing numerical reuslta to be obtained. Some
representative dispersion curves are presented.
To our knowledge, this has been done for the
first time.
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Fig. 1 - Geometry of an NRD waveguide with

anisotropic strip

f= 300 Gtiz
“2’. \

WC= 15.0 kOe

.+@= 0.35

4~M8 = 4.0 kG
.

g .2.22

~

HE,~

‘+,
Cr. 12.3 HE~~

HE13

“%
HE23 <

-+-

0. I

Fig. 2 -

0.2 0.3 04 05 06
NORMALIZED FREQuENCY , ( 2b / ~) ~

Normalized dispersion curves for a

few hybrid modes.
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Influence of the static external

magnetic field (Hdc) on the dis–
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