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ABSTRACT

The propagation characteristics of the magnetoelastic Lamb waves in a YIG film magnetized tangentially
are analyzed using perturbation technique.It is found that a velocity change by magnetic field is of order
few percent and the waves attenuates near magnetic resonance frequency.

Introduction

Renewal interest in microwave acoustics in recent

years has been directed towards controlling the chara-
cteristics of the SAW devices.Intrinsically,the propa-
gation characteristics of the magnetoelastic(ME) waves
are varied by adjusting external DC magnetic field.
The possible ME surface wave applications like convol-
ver,phase shifter and oscillator have been experimen-
tally demonstrated 1 .The magnetic structure used
in a experiment consists of an epitaxial YIG film with
thickness of h,wherein the bias field H, is tangential
to the YIG film and parallel to the diréction of wave
propagation as shown in Fig.l.In the YIG film the ME
Lamb waves can propagate rather than the ME Rayleigh
waves discussed by Parekh

The change of the propagation constant of the
Lamb waves by ME effect is analyzed using pertubation
technique.

The equatin of motion

The linear equations of motion of an exchange
free ME medium which was described by Auld 5

can
be rewrite into a simple form as
~ - ¥
Vv = juS =ju(sH:T + di-m) ,
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and Maxwell's equatins with the quasistatic approxima-
tion can be expressed as

VB = W-(p-h + AaL:T) = 0

= s h =-v¢ . (2)
In above equations v,T and h are the particle velocity
stress and rf magnetic field,respectivily.The complia-

nce matrix is given by
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and the ME strain matrix is given by

-
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In equations of (3) and (4),b, ¥ and M are the ME
coupling coefficint,gyromagnetic ratio and saturat-—
ion magnetization,respectivily,and also ¢ is the
stiffness.From these relations it is found that the
ME medium is one which gives hybrid behavior of
between the magnetostatic and elastic fields.

.

Perturbation theory

It is well known that the dispersion charact-
eristics of the ME wave show the weak coupling bet-
ween the magnetostatic and elastic wave near magne-
tic resonance frequency of fh’(fh=3)LHﬁV,:2m ) and
elastic behavior far from regonance frequency 5
Based on these facts our analysis is divided into
two problems according to a frequency region consi-
dered.

i)

Compliance matrix perturbation

In this section our analysis is limited to a
frequency region far from magnetic resonance fre-
quency and Maxwell's equations of (2) are neglected
assuming that the rf magnetic field is nealy equal
to zero.The source of perturbation is taken to be
the compliance matrix of (3) which is slightly di-
fferent from the ordinary compliance matrix of an
isotropic elastic medium 7 .A compliance component
of Sgrp within (3) means that the ordinary Lamb
waves couple to the ordinary SH waves through the
existence of ME coupling coefficint b.

Perturbation theory treated here is,in prin-
ciple,similar to that used by Marcuse in formulat-
ing the coupling between optical transmission lines 3
Assuming that the v and T are very nealy given by
the superposition of the elastic fields of the SH
and Lamb waves,we thus put



W =AWyt Bwptv, T=A Tyt B Ty+ T,

where A,B are the coefficint, w , 4 are small field
disturbed by ME coupling.When the fields of v and T
have the z dependence of the form exp(—jﬁ.z),the unper-
turbed elastic field of either wave satisfy the equa-
tions from (1)

T,

\vst W, - jB‘.z'\vi= jwsi: S

VT, -jsiz:T: jwov; (6)

(i=a,b),

The Eﬂ is the compliance matrix to contribute the waves
i in the absence of the ME coupling.

Substituting (5) into (1) and after cancelations
of a number of term with the help of (6),we obtain
the simple relation as a function of v, and T..By apply
ing the reciprocity relation of the elastic field to
the equations obtained and integrating over cross sec-—
tional area of the wave guide shown in Fig.l,we can de-
rive the final relation which determines the change of
the propagation constant by ME effect assuming that
nondependence of the fields in the y direction as
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and 4 P__,4P, are the average power flow of the Lamb

and SH waves,%espectivily.

The typical magnetic field dependence of the
propagation constant is presented in Fig.2 for two
different film thicknesses assuming that the lowest
antisymmetrical mode of the Lamb waves couples to the
lowest mode of the SH waves.For the evaluation of (7,
numerical values for frequency is chosen to be 294 MH .
In Fig.Z(ﬁ'ﬁA)/ﬁnﬁ@Bﬂ /ﬁa)(AVaM) applies to the propagaticn
constant which is deviated from that of the ordinary
Lamb wave while(}-ﬁbbﬂhf applies to the SH wave.The
frequency dependence ‘of the€ propagation constant,that
is ,dispersion diagram is presented in Fig.3 for three
different thickness resonance modes of the SH wave (
n1t// h,n=0,1,2),wherein the magnetic field intensity
of 100 Gauss is fixed.It can be seen in figures that a
sign ofdﬁ/ﬂ (AV/V) changes as the magnetic field incre-
ases through the magnetic resonance point and that the
variation of the propagation constant (velocity) is of
order few persent except for a frequency lying in the
magnetic resonance.

ii) Perturbation by the magnetostatic waves

In this section our analysis is limited 'to a fre~
quency region near magnetic resonance.The source of
perturbation is taken to be a Maxwell's equations,that
is,the magnetostatic field which is derived from (2)q .
The change of the propagation constant by a weak coup-
ling between the magnetostatic and elastic waves throu-
gh ME coupling coefficint b is caluculated.We repeat

here
tion

T

the same analytical procedure as that of sec~
(i) putting the fields as
= AT+

T,V=Aw+v,h=Bh«+ 3§,

(8)
where v, ,Tq and hyp are the unperturbed fields
and correspond to the fields of the ordinary Lamb
wave and the magnetostatic volume wave,respectivily.
T , wand § are the small fields disturbéd by a
coupling of these waves.

After some mathematical manupulations using
(1),(2) and (8),we can obtained the relation which
determines the change of the propagation constant by
ME effect.

Since the dispersion diagram of the magneto-
static volume wave with propagating the direction
of the magnetic field shows a negative group velo-
city characteristic 9 ,active coupling occurs at
crossover point between the dispersion curve of the
ordinary Lamb and magnetostatic waves.As the results
the propagation constant of the ME Lamb wave becomes
complex ﬁ = real+jA0( showing the attenuation of
the wave,where aff is
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and 4P is the total power flow of the magnetostatic
wave.

The typical dispersion diagram,which also de-
fines the change of the propagation constant by the
magnetostatic wave,is presented in Fig.4 for 10 i
film thickness and magnetic field intensity of 100
Gauss assuming that the lowest antisymmetric mode of
the Lamb wave couplesto the lowest mode of the mag-
netostatic volume wave.From the numerical estima-
tions of (9) for different film thicknesses,it is
found that the attenuation constant ofAl{ increases
with decreasing the film thickness.

Conclusion

The propagation characteristics of the ME
Lamb wave have been trated using perturbation theory
It is shown that the velocity change of order few
percent is accomplished by the magnetic field and
frequency and also that near magnetic resonance fre-
quency the amplitude of the ME_Lamb wave_decreases
as the wave propagates.

The change of the propagation constant obta-
ined here is slightly larger value compared with
the experimental results by Volluet .This is due
to the mass loading effect of the gadlinium gallium
garnet substrate which is neglected in our analysis
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Fig.3 Computed dispersion diagram of Lamb waves
coupled with different thickness resonance
modes of the SH wave.The fixed parameters
are ﬂoHi:]'OO Gauss, }}oM:?;OO Gauss and h:lO)l

Fig.l Schmatic illustration of YIG film
geometry.
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Fig.2 The change of the propagation constant Fig.4

Computed dispersion diagram of ME Lamb

by the magnetic field for different film waves near magnetic resonance frequency.

thicknesses.The fixed parameters are

~=———— :perturbed solution,~————- runper—
frequency:294 MH ,n:0 and ji,M:300 Gauss. turbed solution and ----—- :attenuation
z constant.
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