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ABSTRACT

In this paper, the Prepagacion af magnetastat=
ic vaves (MSW) in a normally magneti{zed low—1cgs
ferrite slab (such as a Feerium fren gatoet (YIG)
slab), placed inside a wavegulde is investigated
thecretically. This case has not been studied
before, and is apalyzed here for the first time.

The ferrite glad ig placed 1inside and aleng
the vaveguide in contact with the two aide walls.
The extermal de magnetic field 18 zssumed to be
perpendicular to the plane of the ferrite slab
(see Fig. 1).

A dispersion relation for the wodes of propa=
gation {o terms of am infinite determinant can be
obtained. With proper truncation procedures, sam—
ple nuzerical calculations for dispersion relations
and group time delay per wumit length were obtained
end are presented herzforth. The general formula-
tion in this paper contaisms all the information
provided by the degenerate cases previously pub=
lished. One speclal case of interesc, i.e., that
of 2 aultilayer planar 8tructure, 18 derived from
our general formulation. The derfvation of other
wvpecial cases follow the same procedure,

INTRODUCT ION

Magnetosratic wave propagation im & ferrite
elab completely  f£1114 8 waveguide has been
reported in literature.(l) Recently the analysis
of magnetostatic wave Propagation ipm a partially
TlG-loaded waveguide was reporced.(2),(3) In thege
recent developments, the direction of the de mag-
netic field was assumed to be parallel to the slab
and perpendicular to the direction of wave propaga-
tion which led to the prepagation of magnetostaric
surface waves (MS5W). These Vaves are highly non-
veciprocal with regard te the direction of the
Propagaticn and unsymmetrical with respect to the
slab position in the wvaveguide,

The case of oormally zagnetized YIG
partially filling & waveguide has oever
approached and remalne yet unsolved.

In this paper, the dc magnetic field i{s per-
pendicular to the slab plane. This leads ta the
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propagation of magpetostatic wolume waves (MSVW),
which are reciprocal and symsetrical.

THECRETICAL ANALYSIS

For the configurstion showm 4n Fig. 1, the
standard mode analysis is effective in fionding the
dispersfon relatioos for the magnetoatatic wave
propagation in the guide.

For magnetostatic waves, the small gignal
sagnetic field intensity (h) is given by:

ho= Ve

where ¢ 1s the scalar magnetic potential satisfying

frx * by t g =0 (1)
in the air reglons (I and ITII), and

Bty + byy) 42z =0 (2)
in the YIG regioan (II), where uw is the diagonal

element of the permeablility teosor which depends
on the magnetic properties of the YIG material,
the external magnetic field, and the frequency of
operation.

For simplicity of analysis, we assume the de-
magnetizing fields are negligible. In this case,
the external magnetic fileld becomes equsl to the
internal magnetic field.

The {mplied time dependence (t) is assumed ra
be of the form eJ¥t (where v is the angular fre-
quency) and is omitted in the followlng expressions.
The variation of ¢ in the axial direction {y) is
assumed ta be of the form e JK¥, where K 1s the
wave oumber.

The boundarTy conditions to be satisfied are:
1) corzal components of the magonetic flux density
densirty (B) oust be zero at all side walls of the
wavegulde; l.e., at x = ¢, a and z = o,b. 2) ¢ and
3¢/%z must be contimous at the TIG-air interfaces;
l.e., at z = 1, I7.

The following forms of ¢ in the three reglons
satisfy the firer boundsry condition and can be ex-
pressed as:

#1°= [ A, cos nwx/a cosh v, (z) &Ry 3
n=o
= aky K

42 = | (cos mix/a - ~av sin ovx/fa)

neo .
[B, cos Tgt * €, sin "u‘] e IK7 (4)
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4y = I D, cos n"x/a cosh T/z e Iy
a=o

(5)

vhere Ay, By, Cp, and Dy are constants, a and b are
vavegulde dimensions, and K| 1is the off-diagonal
elesent of cthe permeabllity tensor which depende
on the Internal magnetic field, gyremagnetic ratig,

saturatien wmagnetization, and cthe frequancy aof
operatlion. Yp and Yp are phase canstants given by:
2 3 1/2
Ta = [R® + (nv/fa)*)
Yo * v
and
al = =W, HEo.

From Eqs. (3}, (%), and (3) and with the use
of the second boundary condition, two of the con-
atants (i.e., Ap, Dp) can be eliminated. In this
manner, an infinite system of linear equations in
By and Cp can be aobtalned. These equations {ex-
cept for the zersth-order mode) are coupled and one
cannot exist without the others. This phenomenan
leads te mode coupling between the propagating
waves.

Recasting chese equations inte a marrix form
ylelds an ifnfinite coefficient matrix multiplied
by an infinite constant vecter. A nontrivial and
unlque selution exists when the determinamt of the
infinite coefficient matrix s set to zers. For
the purpose of numerical computacions which follow
in the next session, the Lnfinite determinant ia
truncated to a finite order.

Degenerace Case

As noted above, the zeroth-order mode 1s un-
coupled and corresponds o the case when a e,
i.e., whea cthe YIG slab ia placed between two
Brouad planes. This structure has been {nvesti-
gated in licerature previously.(4),(5 Setting
the deterzinant of che »sroth-order matrix yields

the exact disperslon relations reported by Danie]l
et al.(8)
COMPUTER SIMULATION AND RESULTS
To cbtain a nontrivial solution for higher

order mode (other than zerc) from the system of
linear equations, the determinant of the coeffi-
clent marrix must be zero. However, for practical
purposes, the matrix was properly truncated for
best accuracy. An extensive computer program was
developed to find the determinant of the coeffi-
client matriz. The matrix was properly truncated
depending on the mode of propagation under study,
and with the aid of = proper computer algorichm,
the deterainant roots of the dispersion relatiom
vere found through several iterations.

Fig. 2 shows the effect of lowering the slab
position. Besides the zeroth-order mode, two high-
er order oodes are also shown. These higher order
modes exisc due to finlte widtha of the slab. In
Fig. 3, the corresponding group time delays for
different sodes are plotted. The cime delay in-
creases as che slab (s moved toward the middle of
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the waveguide. These characteristice abralned for
the propagating waves are reclprocal and symmerri-
cal. Fig. &, shows the effect of normal magnetic
fleld for several biam fleld values. The disper-
sion curves are slwply shifted to higher ranges of
frequencles as the blas field value (s fpcrezmed.
This effect on cthe corresponding group time=delay
characteristics {s shown ir Fig. 5.

CONCLUSIONS

The propagation of magnetostatic waves {n a
ferrite (such as YIG)} slab inside & rectangular
wavegulde was analyzed. The esmployment of mode
analysis technique ylelded the dispersion relations
in terms of an infinite determinant. Using proper
truncation procedure, several (mportant effects
were studied. The dependence of the dispersion
relation and group time delay per unit length on
the pasition of the YIG slab and value of the blas
field were presented.

Prom all these results, it becomes evident
that in order to achieve high time delays, the slah
should be positioned in the center of the guide,
while for higher device bandwidths, the YIC slab
should be positioned at the top or bottom of the
gulde. Thus there exists a tradecff between the
time delay per unit length and the device bandwideh
and some design compromises should be made. Fi-
nally, the tunable properties of the vaveguids
structure (Fig. 1) by means of a normal magneric
bias field was {nvestigated and the results indi-
care that the wavegulde structure can be tuned to
any desired frequency range simply by shifting the
bias magneric field to a proper value.
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