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Absrcrace

The propagatiem of magnetostatic waves (MSW)
in a8 waveguide partially leaded with a lgu-loss
YIG slab is investigated theoretically. Using the
inctegral equaction method, the dispersion relatien
is found to be an infinitely large determinanc
equal ra zers. Proper truncation of this determi-
nant and numerical analysis to find its TOQLS are
carried out in this work. It is noticed that there
exists a trade off between the time delay and the
device bandwidth and maximizarion of one propercy
leads te a poor wvalue in cthe other. Thus some
design compromises should be made. It is also
observed thact the fregquency range af operation of
the device canm be adjusted by an external magnetic
bias field. This flexibility in tuning the dewvice
Lo operate in any frequency range adds an extra
dimension ef flexibility to the operation amd also
design of cthese devices.

Introduction

Magnetostatic-wave propagation im a YIC slab
in free space om an infinite grouad plane or
bounded by two infinite parallel ground planes or
cozpletely f1111n§ a waveguide has been reporced in
the literature1=3' same results pertiment to the
design and constructisn of delay lines and filcers
were also giuen-ﬂ’_m The thecrecical analysis car-
ried out by all these previcus works are based on
the method of separation of wariables, whereby a
closed form for the dispersion relacien may be
obtained.

In this paper, the propagarion of magne Lo—
atatic waves im a rectangular waveguide partially
filled with a ¥IG slab is studied theorecically.
The dec external magnecic fleld is parallel to the
slab and perpendicular to the direction of propa—=
gation. The slab is placed inside and along the
guide but nmnot necessarily in contact with the
waveguide walls. Flgure 1 shows a cross section of
the configuration. To simplify the analysis, the
slab is assumed toc be thin, so thac approximate
numerical solution becomes feasible.
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The intreduction of a gap lengeh (xg) is
motivated to account for the losse contacets between
the YIG slab and the waveguide walls and rao provide
a general structure for the design of delay lines.
For the configuracion shown in Figure 1, if the gap
length %4 is zero, conventional mode analysis na¥
be used to solwe for the dispersion relationd”
However, when %, 1s nonzero, numerical analvsis
based on the integral equation formulation AppEArs
to be the only means.

Based om the integral equation method tha
problem of magnetostatle-wave propagation in a YIC
slab of finite width inside a waveguide (see Fig 1)
is analyzed and the magnetic potential funcrion in
che YIG reglon 15 expressed in terms of an integral
equation. Assuming the slab to be chin, am approx-
imate numerical solutien Eo the integral equarion
can be cbtained. Based on the approxipate numeri-
cal solutfon for the dispersion relation, some com—
puter resulcs obtained in a cerrain frequency range
is plotred. The results obtalned from the approxi—
mate numerical solution for the general case, when
it £s reduced to speclal cases, is in good agree=
ment with the exiscting published resulrs.

Theorecical Analysis

As noted earlier, when the width of the slab
is less than the width of the waveguide, that is
when =470 (see Fig 1), the mede analysis cechnique
appears to be fruicless and the integral equation
méthod seems to be more appropriate. In this meth-
od an unknown magnetic potential function denated
by¥ $(x,y,2z) at a point (x,y,z) inside the YIG slab
i1s assumed to exist. Assuming a time dependence of
the form eJ®t and wave propagation in the y-diree-
tion, the y-variacion would be therefore of the
form e" Y yhere y, t and k are the frequency of
operation, the time parameter, and the wave pumber
respectively. In this manner the magneric poren—
tial function in the YIG reglon, ¢(x,y,z), can be
written as 3(x,z)e”3%¥. Based on 3(x,z) and with
the help of proper permeability temsor B! fictitions
‘magnecic sources” can be obtained in terms af
#(x,2z). The densicy of magonetle sources consists
of two parts a) the magnetic volume charge densicy
(Py) and b} the magnecic surface charge densicy
(Pg). Considering a uniform guide ecross secrion
and combining the obtained magneric sources with
an appropriate Green's function, an iImtegral ex—
presslon for the magnetic potential funetion
#(x,2) in the YIG region (except for the common
facror e”JKY) can be wricten as:
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