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Abstract

The dispersion characteristics and modal struc-
ture of the edge guided or peripheral mode on ferrite
loaded striplines are described as a function of the
various electrical and geometric parameters.

Introduction

Since the introduction by Hines! in the late
1960's of devices utilizing the field displacement
effect on the ferrite substrate microstrip line, con-
siderable effort has been expended by workers in the
United States as well as France2 Italy and Japan“
on extending the analysis beyond an approximate
heuristic treatment and in pursuing further the
promising broad band behavior of devices based on
the edge-guided mode.

Furthermore, a debate concerning the relation-
ship between the edge-guided mode and other mode
types, particularly surface modes, has been joined.

To resolve this debate, in part, this paper will
present some basic results for surface modes on a
ferrite-dielectric interface and will compare these
results to those obtained for the edge-guided modes
of the ferrite loaded stripline.

A study was made of the geometry shown in
Figure la which shows two parallel perfectly conduct-
ing planes separated by a distance d and loaded for
x>0 by ferrite and for x<0 by dielectric. Of inter-
est to us is the nature of the surface modes that may
exist on the ferrite-dielectric interface.

The next phase of the analysis consisted of con-
sidering the ferrite loaded stripline shown in
Figure 1b. The assumption was made that the width
of the strip be such that interaction between the
strip edges could be ignored. This consideration
plus the implicit symmetry of the stripline led to
the canonical structure shown in Figure lc, where we
have a conducting ground plane at y=0 and a semi-
infinite conducting plane at y=d for x>0. For these
surfaces the boundary condition nxe=0 pertains,
whereas for the surface y=d, x<0 the condition
nxh=0 holds.

A study of the modes existing on the ferrite-
dielectric interface of Figure la and the modes
which occur on the structure given by Figure lc
will allow discrimination between modes characteris-
tic of the ferrite-dielectric interface and the mode
types to be associated with the edge of the strip-~
line.

Theory

Figure 1 shows the basic geometries to be con-
sidered in this paper. The ferrite loaded regions
are shown hatched and will be subjected to a d.c.
biasing field oriented normal to the ground plane.
In this case the field components are most conveni-
ently expressed in terms of e_ and h_ which satisfy
coupled p.d.e. y y
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Following Van TrierS the p.d.e.'s are decoupled
generating a pair of scalar potentials. All field
components are expressed in terms of these potentials.
In the dielectric regions the same procedure is
followed except that here the p.d.e.'s are not
coupled. TFor the ferrite region we obtain expres-
sions of the form:

2 %1 ,m% %2 0%
e = ) [e e 77 +b e 77 1cos S v,
v & 1'n n n

v —ul nx % nxo
;’;h:Z[a:e MOy v e ’ Js.’méy,
y Z Un’n n-°n n

n=1

where

=K
by T I+y 8,/0y s
En = l $ /D s

«§ 2 172

1,2 2 1, 2 2 2 n
Dy = 50¥) = ) F Y, m Yo ) G >
and

+ilwt ~
6 = nusk.d, el Wt~ 82)
where 52 ,
2 _ n 2 _ X 2

Yk T Tvx > Yoon THx- Tex ~ 6y
®, = kfx , kf = w/ef/c » Mp = no//gf .
h=keneH, e=Jk.E.

The approach taken was to write harmonic func-
tions satisfying the necessary boundary conditions at
y=0 and y=d in the ferrite and dielectric regions,
respectively. The remaining unknowns are then ob-
tained through insisting on the continuity of the
tangential electric and magnetic field intensity com-
ponents across the interface at x=0. Four sets of
linear equations are obtained in the case of
Figure lc. These are manipulated to yield a deter-
minantal equation which, upon solution, yields the
dispersion relation for the structure. In the case
of Figure la this process gives a trancendental equa-
tion which may be readily solved to yield dispersion
data as well as the field structure.

Results

Figure 2a and 2b shows two typical results ob~
tained for the geometry of Figure la. Surface modes
exist whenever the effective permeability

2
uo[l+x ~ k /(1+x)] is negative. 1In the case of

Figure 2a the lowest order mode (N=0, 5§-= 0) covers
the C band for HWMS = 1750 Gauss and Hdc = 1000

Oersteds. The response i1s shifted to the X band upon
increasing the saturation magnetization to 250 Gauss
and the d.c. bias to 1400 Oersteds. It is to be cb-
served that substantial differential phase shifts
become available in the upper part of the band.



The modes are bidirectional but non-reciprocal.

Figure 3 illustrates typical field distributions
as these pertain to the parameters of Figure 2a. It
may be noted that the energy tends to be excluded
from the ferrite when the effective permeability is
large and negative but gradually shifts into the
ferrite region as the effective permeability in-
creases and approaches zero. The broken lines in
Figure 2a show the limits of the regions within
which surface modes are to be found. Figure 4 illus-
trates the results obtained for the next higher order
surface mode (N=1). The parameters used here were

unMS = 1750 Gauss and Hdc = 0 > 2000 Oersteds.

Note that in this case modes exist except in those
regions where the permeability uo/(l+x5 is negative.

Let us compare these results to results obtained
for the canonical stripline structure.

Figure 5 shows some typical results for a struc-
ture where d = .5mm, MwMS = 4250 Gauss and
Hdc = 0 -+ 3000 Oersteds (ef = 16., €4 F 1.0). It
is immediately evident that propagating modes exist
only when the effective permeability

uo[(l+x) - KQ/(1+X)] is nepative. Furthermore, the

modes are uni-directional. These modes exhibit,
therefore, the observed characteristics of the edge-
guided peripheral mode on the microstrip. These
results were obtained using expansions containing
eight coefficients. This leads to a matrix equation
of 16x16 where each of the entries within the matrix
was summed to twenty terms. Convergence of the re-
sults was tested and a typical example of a 'worst
case' is shown in the table.

N PMAX R rads/mm
8 20 -6.0uh
12 30 -6.308
12 50 -6.,428
16 60 -6.434

A maximum error of 5% in the results was accept-
ed so that the size of the determinant used in the
dispersion calculations could be restricted to
16x16,

It is to be pointed out that Figure 5 gives
only the lowest order modes. In each case higher
order modes do occur. Figure 6 illustrates a typical
example of the disperson characteristics for the high-
er order modes., The field structure of the four
lowest order modes was obtained at the intersections
of the broken line with the dispersion curves. The
results are shown in Figures 7, Displayed
are the field components tangent to the ferrite di-
electric interface as a function of the y coordinate.
Two points can be made: first, the edge-guided modes
do form a hierarchy. This is clearly evident in the
e, component, for example. Secondly, the broken

curves are the results of calculations applicable
to x=0  while the solid curves were obtained from
the expansions for x=0t. Readily observed is the
accuracy with which the boundary conditions at the
interface are met for a sixteen term expansion of
the field components. The Fourier series, as ex-
pected, is not adequate to the representation of
the singular behavior at the guide edge located at
x=0, y=d (= .5mm). Using the same electrical

and geometric parameters that were used to obtain

the results displayed in Figure 6, the behavior of
the lowest order mode as a function of the dielectric
constant of the region x<0 was investigated. The
results obtained for a variation of relative di-
electric constant from 1 to 64 are shown in Figure 8.

Conclusion

Using harmonic function expansions the edge-
guided mode on ferrite loaded stripline was rigor-
ously modeled and compared with the surface modes
on a ferrite-dielectric interface. The canonical
geometries were so chosen that the only difference
in the two structures was the occurence of the edge
in the former case.

It was concluded that the only similarity be-
tween the modes obtained for the two structures is
that for the lowest order surface mode (N=0) the
effective permeability is the same as for the edge-
guided mode and both are band limited over that
region where the effective permeability is nepative.
The behavior of the next higher order surface mode is
not mirrored in the higher order edge-guided modes.
We must conclude that no direct relationship exists
between the two mode types and that the edge-guided
or peripheral modes form a distinct hierarchy. The
observed effective permeability is the one that
occurs whenever an electromagnetic field propagates

through ferrite subjected to a d.c. bias field orient-
ed normal to the direction of propagation.

The bandwidth of the edge-guided mode is limited
by the frequencies F. =4/FT (F +F ) and F_, = F +F ,
1 o'n 'm 2 o m

where FO =y H and Fm = yuﬂMS. (y = 2.8GHz/KGauss).

de
However, the mode becomes highly dispersive towards
the upper end of the band -- thus, to cover the

X band parameter, representative values of

unMS = 4250 Gauss and Hdc = 1400 Oersteds were

chosen and yield Fl = 7.875GHz and F2 = 15.82CHz.
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