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We have theoretically investigated changes in reflection coefficients induced by misfit strain located near the
interface between an iron-yttrium garnet magnetic film and a nonmagnetic gadolinium-gallium garnet sub-

strate in a transverse magneto-optical configuration.

1. Introduction

It is well known that elastic strains are generally induced
near the interface between crystalline media (so-called ps-
eudomorphic strain), caused by the lattice misfit of the dif-
ferent materials in layered structures [1]. Thicknesses of the
resulting deformed layers, which are determined by the
elastic parameters of the materials, can reach values up to a
few hundred angstroms. Such deformed layers can lead to
optical effects at interfaces, for example, changes in the
spectra of photoluminescence in semiconductor heterostruc-
tures [2]. Deformations near the interface can also change
the reflection properties via the photoelastic interaction [3],
[4]. The photoelastic contribution to the reflection of light
has been investigated both theoretically and experimentally
(by ellipsometric methods) for nonmagnetic metals [S].
Influence of the surface-strain effects via photoelastic refr-
active-index changes on photorefractive gratings has also
been investigated [6]. The reflectance of an inhomogeneous
layer with arbitrary refractive-index profile near an interface
has been calculated by numerical solution of Maxwells
equations [7]. It should be expected that similar effects of
the photoelastic changes in the reflection of light can arise
in the case of magnetic films on nonmagnetic substrates.

The aim of the present work is to investigate the contribu-
tion of the strained layers near interfaces between magnetic
and nonmagnetic media to the optical reflection coefficients.

2. General Relationships

Let us consider a bilayer structure formed by a magnetic
film of yttrium-iron gamet (YIG) Y;FesO;, with thickness
d; on a nonmagnetic substrate of gadolinium-gallium garnet

(GGQG) Gd;Gas0), with thickness d,. The interface between
YIG and GGG (z=d,) is parallel to the XY plane and the
reflection plane is XZ. For simplicity, we shall investigate
the transverse magneto-optic configuration, with the mag-
netization vector M oriented along the x-axis. For this
geometry, the electromagnetic waves in a magnetic medium
can be presented as pure TM- and TE- (or s- and p-) modes.
In the following we shall investigate a thin YIG film on a
thick GGG substrate. Usually, di<<d,, for example, d;=1
pum and d»=10um. The critical thickness A, for the pseudo-
morphic structure of YIG film on GGG substrate can be
estimated using the equation [1]:
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where v is Poisson’s ratio, b is the magnitude of the Burg-
ers vector, 3 is the angle between a dislocation line and the
Burgers vector. Pseudomorphic strains induced by the misfit
o= (@—a)a; ! (as and a; are lattice parameters of the mag-
netic film and the substrate, respectively) are present in
films with thickness /s above the interface [1]. It should be
noted that for a thick substrate, the strained layer will be
very thin [1]. On the other hand, for a thin substrate, the
strained layer can be comparable with /. Using typical val-
ues for a YIG film on a GGG substrate in Eq. (1), the criti-
cal thickness /.is estimated to be about 0.1 ym. The dielectric
permeability tensor £4(z) of such system has the form
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The tensors s,(.j]’z) (2) have the following structure:
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where SEO’)? are the dielectric permeabilities of the non-

deformed media. We have:
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In Eq. (4), the nondiagonal components of the dielectric
permeability are linear in the magnetization: €' =jfM,
where f is the hnear magneto-optical constant. The addl—
tional terms As (z) in Eq. (3) are induced by strain and
can be written m the well-known form [3, 4]:
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In Eq. (5), p,jk, and u(1 2 are the photoelastic and strain
tensors in the two media. Following the approach proposed
in [8], we present elastic strains in the YIG-film on the
GGG-substrate in the form.
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where 0 (x) is the Heaviside step function. Taking into
account biaxial stresses and the form of pfjlk’lz ) for a system
with cublc symmetry, from Eq.(4) we find that tensor
Ag; ( ?)(z) is characterized by the following nonzero compo-
nents
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In Egs. (8) and (9) p(1 ? and p(l ?) are nonzero components
of photoelastic tensors ,(»? and are Poissons ratios for the
two media.

3. Reflection Matrix

In the general case, the electric field of reflected light E}
can be presented via the reflection matrix R [3].

EY = RypE} (10)

where Eé is the electric field of the incident light and
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Fig. 1. The schematic image of the reflection of light from the
film-substrate interface. The big arrow shows the direction of
the magnetization in the magnetic film. N is the normal to the
film surface.

B =s or p. The electric field of the reflected electromagnetic
wave (EMW) and the reflection matrix are determined by
the expressions.

Ey = Ego(2)+Eqs(2) an
Rop =Ry +ARg (12)

In Eq. (11), E,® is the contribution to the total electric
field of the EMW reflected from a non-strained interface.
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In Eq.(12), 7?\( ) 1s the usual reflection matrix for a sharp
interface [3] and AR is the change of reflection matrix
induced by the strained layer. The strain-induced part of the
electric field of the reflected EMW EfY can be determined

from the expression.
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The Green’s functions Gf,:’”(z—z') are solutions of oper-
ator equations for the two media.

LyP0)G P (z-7) = 8,8(z—7) (15)

where LE,:’Z)(BZ) are the operators of the wave equation
for the total electric field in the magnetic film and the non-
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magnetic substrate, respectively.
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where kj is the wave number of light in vacuum and £, is
the x-component of the wave vector of light in a medium.

The solutions of Egs. (15) are determined by the follow-
ing expressions for the Greens function components.

i) TM-mode
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where the index k=x or z, kny is the wave number of the
TM-mode, and the values D, A} 2" and Kiz are complex
functions of dielectric permeability tensor components, wave
vectors of normal EMW’s, and the angle of incidence [9].
ii) TE-mode:
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where kyz is the wave number of the TE-mode, values Dy,
ALPE and K; 4 are complex functions of dielectric perme-
ability tensor components, wave vectors of normal EMW'’s,
and the angle of incidence [9).

Substituting the expressions for the Green’s functions
Eqgs. (18)-(22) into Eq. (14) we obtain the strain-induced
contribution to the electric field of the reflected light. Then
with Eq. (13) we find changes of the reflection matrix for
both s- and p-polarizations of the reflected light. Numerical
calculations the dependence of AR on the incidence angle
for visible light of wavelength A=0.63 um show that the
strain-induced contribution to the reflected light reaches a
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maximal value when the components of the usual reflection
matrix approach zero. A comprehensive analysis of these
dependencies will be published elsewhere [9].

4. Conclusion

In this article we showed by a simple phenomenological
model that strained layers near the film-substrate interface
contribute to the reflection of light. For a more adequate
description of the light reflection from a real interface, it is
necessary to take into account surface polarization, which
reflects the symmetry of a surface or an interface. This fact
leads to changes in the form of the photoelastic tensors and
to the appearance of nondiagonal components in the reflec-
tion matrix. In a similar way, the reflection of light was
studied by Zil’bershtein er al. [10], but without taking into
account pseudomorphic strains which take place in real
multilayered structures. It should be noted that quite recen-
tly, a surface-induced transverse magneto-optical Kerr effect
was predicted theoretically [11, 12]. The origin of this phe-
nomenon is the lowering of the symmetry of the magne-
tized surface, which allows observation of the surface-
induced linear magneto-optical Kerr rotation in reflected
light.
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