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The thermal influence on magnetoelectric characteristics of the epitaxial yttrium iron
garnet films has been studied. Changes in field dependences of electromagneto-optical
effect after thermal annealing of films have been revealed. It is shown that the relaxation
of non-uniform mechanical stresses in the sample under study and the relaxation of
substrate-induced strains in the film may cause the specified changes.

WccnemoBaHo BIMSHME TEPMUYECKOIO BO3AEHCTBUSA HA MATrHUTOIJEKTPUUYECKHE XapaKTe-
PUCTUKH SIUTAKCHUAJLHBIX ILJIEHOK KEJe30MTTPUEBBIX I'DAHATOB. OKCIEPHMEHTAJIbHO BBISAB-
JIeHbl M3MEHEHWs B II0JIeBBIX B3aBHCHMOCTSX JJIEKTPOMArHUTO-ONTAYECKOro addeKrTa mocie
TePMUUYECKOI0 OTIKHUra IJIeHOK. IloxasaHo, UTO MPUUYMHONM yKa3aHHBIX HM3MEHEHUH MOKeT
OBITHL peJlaKcalus HEeOSHOPOJHBLIX MEeXaHMUYECKUX HAIPSIKEeHWH B m3ydyaeMoM o0pasiie U pe-

nakcanua gedopmManuil IJIeHKU IIOAJ0KKOM.

Some previous publications reported the
magnetoelectric effect (MEE) in single crys-
tals and epitaxial films of yttrium iron gar-
nets (YIG) [1-3]. The MEE consists in in-
duction of a magnetization by an electric
field E or polarization by a magnetic field
H. YIG showed the magnetoelectric interac-
tion of a low value, however, numerous re-
searches on the technological aspects of
MEE in YIG have been carried out to dem-
onstrate this material as a potential candi-
date for some devices (optical diodes, modu-
lation of amplitude, polarization, and phase
of optical waves, ete.) [4]. A good isolator
material must be magneto-optically active as
well as transparent in the range of interest.
YIG is just such a material. In this paper, we
report the results of some experimental stud-
ies of thermal influence on magnetoelectric
characteristics of epitaxial YIG films.

We used laser polarimeter technique (de-
scribed in detail in [5, 6]) for our re-
searches. The method consists in the record-
ing of the electric field-induced changes of
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the magneto-optical Faraday rotation in in-
vestigated structure — oz, and referred
to in [7] as the electromagneto-optical
(EMO) effect (EMOE). Considering the high
sensitivity of EMOE to changes in struc-
tural characteristics of magnetoelectric
films [8, 9], we have studied the thermal
annealing effect on the character of the re-
corded magnetoelectric manifestations in
epitaxial YIG films. Measured were the
magnetic field and electric field depend-
ences of EMOE (the angle of light polariza-
tion plane rotation — opa0) for two condi-
tions of the YIG film, prior to and after
thermal treatment of the sample. The meas-
urements were carried out at A = 0.63 um
(He—Ne laser was used as a probing beam in
the experiment) in the H|E|k geometry,
where H is the static magnetic field; E, the
low-frequency variable electric field; k, the
light wave vector.

The YIG film was placed between two
optically transparent electrodes used to
apply an external electric field at the fre-
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Fig. 1. The magnetic-field dependences of

EMOE for YIG film, I — before thermal influ-
ence on YIG film, 2 — after thermal influence.

quency ® = 800 Hz. The epitaxial YIG film
(of about 12 pm thickness) was grown on an
about 600 um thick gallium gadolinium gar-
net (GGG) substrate. The sample was ther-
mally treated at T = 650°C for 50 min fol-
lowed by slow cooling.

In Fig. 1, shown are the experimental
magnetic field dependences of EMOE: curve I
is taken prior to thermal anneal YIG film,
and curve 2, thereafter. The effect is regis-
tered using the doubled frequency of elec-
tric field (a EMO effect quadratic with re-
spect to electric field). As is seen from Fig. 1,
oppo = 0 in fields corresponding to transi-
tion to magnetic saturation of the YIG film
(H > 120 Oe), i.e. the value of film magnet-
isation M in electric field remains essen-
tially constant. These dependences show
that a low-temperature thermal influence on
the sample results in an increase of oy in
maximum, but the character of magnetic-
field EMOE dependences does not change
essentially. The EMOE rotation amplitude
(agp0) increases by a factor of about 1.3 as
compared to that for unannealed YIG film.
The causes of this increase will be consid-
ered below.

In Fig. 2, the electric-field dependences
of EMO effect (I, II, prior to thermal influ-
ence and III, IV, thereafter) are shown for
four magnetic field values (H; = 75 Oe,
Hy =100 Oe, Hg = 90 Oe, and H 4 = 105 Oe).
It is seen in Fig. 2 that the registered sig-
nal (agpro) value depends linearly on the
squared E field.

In our opinion, such change in the mag-
netic field dependences of agy0 in YIG film
after thermal annealing can be explained as
follows. The YIG films can be obtained
using various thin film techniques, includ-
ing the liquid phase epitaxy. During forma-
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Fig. 2. The electric-field dependences of
EMOE in YIG film for different values of a
magnetic field, I,II — before thermal influ-
ence on YIG film and III,IV — after thermal
influence.

tion of epitaxial YIG films, mechanical
stresses and strains arise therein [10]. The
strains in the surface epitaxial film layer
are inhomogeneous because of difference be-
tween the lattice constants of the film and
substrate. Temperature conditions of syn-
thesis the epitaxial film volume and film
surface are different. That causes the for-
mation of superficial transitive layers at
the substrate/film and film/air interfaces.
These layers differ from the YIG film vol-
ume not only in the microcrystalline homo-
geneity over the thickness (and, as a conse-
quence, in micromagnetic parameters), but
also in the chemical composition. Thus, the
garnet films grown on mismatched sub-
strates may be strained and, as a result,
local areas or thin layers may arise in the
YIG film volume where the center-symmet-
ric cubic crystal structure (typical of fer-
rite-garnet single crystals) is distorted.
Thermal influence on the sample may elimi-
nate those local stresses in YIG films. The
EMO effect square-law in electric field is
characteristic only for center-symmetric
magnetoelectric materials [7, 11] and the
increase or decrease of EMO signal value at
the same site of YIG can testify changing in
center-symmetric structure of the sample.
In particular, increase of EMO signal in
maximum (Fig. 1) may be a response to
elimination of inhomogeneous mechanical
stresses in the primary center-symmetric
magnetoelectric material.

Besides, not excluded is the mechanism
of impurity redistribution in the crystal-
lographic positions under the thermal an-
nealing of YIG films. The YIG films are
known to be inhomogeneous in concentra-
tion due to conditions of their growth. On

Functional materials, 17, 1, 2010



V.E.Koronovskyy, B.Y.Scherbak /| Thermal influence on ...

occupancy of different crystallographic po-
sitions essentially influence. When the epi-
taxial YIG film being formed on a substrate
is withdrawn from the solution (separated
from the solution-melt surface), the tem-
perature conditions change (after the sepa-
ration, the film formation still proceeds for
some time).

The magnetic anisotropy changing in
YIG films as a response to temperature in-
fluence in this case may be cannot be essen-
tial, as the annealing temperature and time
are quite small. Though it is known [12]
that a rather long thermal annealing of
epitaxial films (10 hours and more) at
T >1200°C (high-temperature annealing)
may result in an essential reduction or full
disappearance of the uniaxial anisotropy
field which arises at the film growth.

Thus, we have revealed in experiment
changes in magnetic-field and electric-field
dependences of EMOE in epitaxial YIG films
after thermal annealing. The results of our
experiments show that the relaxation of in-
homogeneous mechanical stresses in the
studied sample and relaxation of the film

strains by the substrate can be the principal
cause of the specified changes.
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BniuB TepMiuHOrO Bigmaay Ha Mar"HiToeJIeKTPUYHI
XapPaKTEePUCTHKM eNiTaAKCIMHMX ILTIBOK 3aJi30iTpieBUX
rpaHariB

B.€.KEoponoscvruii, B.IO.ll]ep6ak

HocaigsKeHO BIJIMB TEPMIiUHOrO Bigmany Ha MAarfHiToeJeKTPUUYHI XapaKTEePUCTUKHU eIli-
TaKCiHMX ILIiBOK 3aaisoirpieBux rpanaris. BusBieHo 3MiHM y IIOJBOBUX 3aJEKHOCTAX
eJIeKTPOMArHiTO-onTUYHOro edeKTy micas repmiuxHoro Bigmasay miaiBok. IToxasaHo, m[o mpu-
YMHOI BKA3aHMX 3MiH MOKe OyTH pejaKcallid HEeOTHOPIJHMX MexXaHiuYHMX HAOpyr y 3pasKy,
IO TOCJIiAKEeHO Ta peJsakcaris medopMariil IIiBKU HigKJIaIHHKOIO.
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