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The local electromagneto-optical effect (EMOE) from different sites of separate mag-
netic domains in the epitaxial films of yttrium iron garnet is investigated. These investi-
gations show that value of the local EMOE is not stable in the course of optical scanning
of different sites of magnetic domain. Separate points of the films are found out where
changes of the EMO signal in the form of separate narrow peaks are clearly registered. In
our opinion, those local points are the defect areas in the sample and the EMOE method
allows us to reveal defects in the films and to determine their arrangement.

WccnemoBaH JOKaJNBHBIM 9JeKTpPOMAarHuTo-onTuuyeckuili adhdext (OMOI) Ha pasaIMUHBIX
YYaCcTKaX OTAENbHBIX MAUHUTHBIX JOMEHOB JIMTAKCHUAJIbHBIX IIJICHOK JKeIe30MTTPUEeBOro rpa-
mara. [Iokasano, 4yTo BeauuuHa JokaiabHOro OMO9 He ocTaeTcsa IOCTOAHHOU B XOJ€ OIITUYEC-
KOro B30HAMPOBAHMSA PASJIMUYHBLIX YYACTKOB MATrHHTHOIO JOMEHA. BBISIBIEHBI OTAeJIbHBIE
TOYKM HA IJEHKaX, IJe fACHO perucrpupyiorcs msmeHenus OMO curmaza B BUAE Y3KHUX
nukoB. Ilo HamleMy MHEHHIO, YKas3aHHBLIE JIOKAJbHBIE YY4acTKH, 9TO o0JacTu nedeKToB B
uccaenyemMoil mieHke, 1 OMOS meToj I03BOJIAET HAM BBIABJIATH 9THU Je(EKThl U OIPELesiTh

© 2011 — STC "Institute for Single Crystals”

UX pasMelleHue.

1. Introduction

Single crystal yttrium iron garnet (YIG)
films as magnetic insulators grown by lig-
uid phase epitaxy (LPE) are used widely as
materials for memory devices and remain
interesting for microwave applications until
now. A single crystal of gadolinium gallium
garnet (GGG) has nearly the same lattice
constant as YIG, and has for this reason
become the prime substrate for epitaxial
growth of garnet films. YIG belongs to
magnetics among numerous materials where
the magnetoelectric effect (MEE) is ob-
served [1-38]. In [4-7], devoted to study of
MEE in YIG by optical methods (electro-
magneto-optical effect), connection between
the specified effect and magnetisation proc-
esses in YIG has been shown. We also fo-
cused attention on the important role of the
domain structure (DS) at registration of the
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MEE (EMOE), as the integral EMO effect
from multidomain sites actually is a conse-
quence of DS changes induced by the elec-
tric field [5]. These changes of DS are mani-
fested as small displacements (change in po-
sitions) of the domain wall (DW), caused by
the E-field. Thus, the external electric field
can be considered as an additional control

path of YIG magnetic condition.
In this work, the results of the further

local EMOE researches in separate magnetic
domains are presented. As it has been
shown by us before [5], the local EMO effect
is connected with the influence of the elec-
tric field on the YIG magnetic anisotropy. A
high sensitivity of YIG domain structure
(domain walls) to of the magnetic anisot-
ropy changes caused by electric field action
allows to register MEE (EMOE) [5, 8].
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2. Experimental

Our experimental technique combining
the laser polarimetry and a polarising mi-
croscopy is described in details elsewhere
[5]. This technique allows us to measure the
local changes of light polarization plane ro-
tation (Faraday rotation) under action of
variable low-frequency electric field applied
to the sample (0o parameter). In this
case, Ogpg ~ @1 My, + a9By,., where M, . is
local magnetization; a; and a, are certain
coefficients By, ~ H;,; 0. is the local value
of the magnetic induction (H;,;;0c = Hext —
H4omag wWhere Hy,, ., — the demagnetiza-
tion field that will be not uniform in the
case of a multidomain film). In our experi-
ments, YIG film was used grown by liquid
phase epitaxy on GGG substrate. The film
thickness was about 10 um, and thickness
of the GGG substrates for film was about
600 um. Experiments were carried out at
room temperature in longitudinal geometry
(Elk, H|k, where k is the light wave vector,
H is a static magnetic field, E is a variable
electric field (0 =900 Hz)). The domain
magnetisation in the film was normal to the
film plane. A He—Ne laser (A = 0.63 u) was
used in the experiments and using of a
round diaphragm [5] allowed us to allocate
the sites of about 8 pm in diameter in the
film.

3. Resultls and discussion

Fig. 1 shows the magnetic field depend-
ence of the EMOE measured in an arbitrar-
ily selected separate magnetic domain of the
investigated YIG film, without DW in the
area of laser scanning, when E_ = 3 kV/cm.
Only the 20 component of the EMOE signal
was detected in our sample. The measure-
ments were carried out for two magnetic
field directions, HTTM and HN M. In what
follows, when discussing EMOE, we will be
limited to a section of the magnetisation
curve preceding the magnetic saturation.
This limited section is marked by vertical
dashed lines in Fig. 1. In the specified
range of magnetic fields, the EMO signal
practically does not change, thus, the effect
is independent of the magnetic field. How-
ever, at similar laser beam probing of other
local areas of this film within the chosen
domain (not touching DW), it has been re-
vealed that at invariable character of the
magnetic field EMOE dependences, the EMO
effect value did not remain a constant. The
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Fig. 1. The magnetic-field dependences of
EMOE for YIG film measured on the central
site of domain.
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Fig. 2. The changes of the EMO parameter for
the different sites of the magnetic domain
when the scanning diaphragm moving of in
cross-section direction X (in relation to DW).
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Fig. 3. The changes of the EMO parameter for
the different sites of the magnetic domain
when the scanning diaphragm moving of in a
longitudinal direction Y (in relation to DW).

specified feature demanded additional re-
searches.

Fig. 2 and Fig. 3 present dependences of the
EMO signal changing H =0 Oe, E = 3 kV/cm)
at moving of the scanning diaphragm over
the central areas of the magnetic domain in
cross-section direction X (in relation to
DW) and in longitudinal direction Y. The
starting points for optical scanning are se-
lected arbitrarily. As is seen from the pre-
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sented curves, the EMO signal value in
some scanning points differs from the aver-
age signal level over the domain. In these
dependences, changes of the EMO signal in
the form of separate narrow peaks are
clearly visible. In our opinion, the revealed
local changes of the EMOE value can be
explained as follows. External electric
field does not change the spontaneous mag-
netisation wvalue in YIG [5]. Hence, the
Faraday rotation value changing in electric
field that we experimentally observe (o0
parameter), at invariable magnetisation de-
pends on the value of demagnetization
fields in vicinity of the point of optical
scanning.

We discuss the local EMO effect, but the
external E-field is applied not to concrete
observed area but to the sample as a whole.
That is, actually we deal with integrated
ME (or EMO) effect which is manifested to
different extent only in the presence of do-
main structure in the sample and it is very
sensitive to relative positioning of DW and
points of optical scaning [5, 6]. Initially, in
the multidomain sample, there is a compli-
cated picture of local demagnetization fields
distribution, appearing in a film domains
due to of presence of magnetic heterogenei-
ties. The variable E-field, influencing the
magnetic anisotropy of a film as a whole,
sets the domain walls in motion that, in
turn, results in redistribution of local de-
magnetization fields in domains. Registra-
tion of stable EMO signal in the domain is a
result of the above processes. Disappearance
or essential reduction of the signal in sepa-
rate points in the domain against a stable
signal in the neighboring points of the same
domain can testify to presence of an abrupt
change of the demagnetization field in the
given point of the area.

As it is seen from Fig. 2 and Fig. 3, we
have revealed separate small sites in the
film where stability of the EMO signal in
the centre of domain is violated though
EMOE in the domain should not change its
value. This may occur at irregular change
of local value of the demagnetization field
in a scanning point, for example, at pres-
ence of DW (as magnetic heterogeneity) in
the area of laser probing. But DW does not
get to this area, since the domain structure
is monitored visually. We assume that the
area of defect which is captured by a laser
beam can be the specified magnetic hetero-
geneity. In the sites of irregular changing
of the magnetisation vector near to defects
(inclusions and pores) exist local demagneti-
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Fig. 4. The changes of the EMO parameter
for the different sites of the YIG film mag-
netic domain (after thermal influence) when
the scanning diaphragm moving of in a longi-
tudinal direction Y (in relation to DW).

zation fields and magnetisation difference
in these points causes a change of magneto-
static energy (energy in the local demag-
netization field). Thus, combination of the
demagnetization fields and nonuniformity
of parameters results in registration of
EMOE local changes in separate points in
the magnetic domain YIG film.

The experiment similar to that which re-
sults are presented in Fig. 3 has been made
also on the same sample of YIG film sub-
jected to thermal annealing. In [9], we have
presented the results of preliminary experi-
ments where thermal annealing to inte-
grated EMOE of YIG films was studied. The
annealing was carried out for 240 minutes
at temperature 853 K with the subsequent
slow cooling. The results of measurements
where the scanning diaphragm was moved
in longitudinal direction in relation to DW
in the domain (the Y direction) are pre-
sented in Fig. 4 (curve I: E_= 3 kV/cm,
H = 0 Oe; when curve 2: E_= 2.75 kV/cm,
H=0 Oe; curve 3: E_=2 kV/cm,
H = 0 Oe; curve 4: E_=1.75kV/cm,
H = 0 Oe). Measurements were carried out
both in the forward and in the reverse
movement (directions are designated by ar-
rows in Fig. 4). The starting points for op-
tical scanning, as well as in the previous
experiments, was selected arbitrarily. As is
seen from Fig. 4, the average level of EMO
signal over the domain is slightly increased
in comparison with results prior to anneal-
ing. The EMO signal value over the domain
as a whole is unstable, though no such
sharp signal changes are revealed what were
registered prior to temperature influence.
Change of the external magnetic field in the
range from 0 to 60 Oe (at HTTM and at
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electric field values of specified in Fig. 4)
did not influence the value of registered
EMO signal. The insignificant increase in
average level of the EMOE in domain may
be due to temperature influence on shape
anisotropy induced in the course of YIG
film growth that demands additional re-
searches.

4. Conclusion

Thus, the high sensitivity of the optical
polarimetry and small changes of YIG mag-
netic anisotropy in the external low-fre-
quency electric field detected by the speci-
fied method (magnetoelectric effect) allow
to reveal local magnetic heterogeneity in
YIG films without use of external magnetic
fields which can "destroy” these heterogene-
ity. When probing by laser beam wvarious
sites of the film, it is possible to control the

defects and to determine their arrangement
in corresponding samples using the EMO
signal level.
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EjleKTpOoMarHiTO-ONTHYHUM e(EeKT Ha JOKAJBHUX
TiIAHKAX OKpPeMHMX MATHITHHX JOMEHIiB emiTaKciiHHX
ILIIBOK 3aJIi30iTPi€BOro rpaHary

B.€.Koponoécexuii, M./[.I'opuuncovruil

HocaimKeHo JTOKaJbHUI ejeKTpoMarHito-ontuunuii ehpext (EMOE) na pisHuUx miIAHKaX
OKpeMUX MarHiTHUX JOMeHiB emmiTaxkciiHUX IJIiBOK 3ajisoiTpieBoro rpanary. Ilokasano, mio
BequumHa JokanbHoro EMOE He sanumaetbca cTabiJbHOIO IPU ONTUYHOMY 30HIYBAHHI
PiBHUX JiIAHOK MarHiTHoro JgoMeHy. BusABjIeHO OKpeMi TOYKM Ha IIiBKaX, [Ie YiTKO
peectpyiotbesa 3Minm EMO curmany y BUrJIagl OKpeMUX BY3BKMX BUKHZAIB. Mu BBamkaeMmo,
110 BKasaHi JIOKaJbHI TOUKM — Ile obsacTi medexTiB y miaiBii, mo mocaimxkysanaca i EMOE
MeTOoJ, LO3BOJISIE HAM BUABUTHU Ii AedeKTH i BUBHAUUTU iXHE PO3MillleHHS.
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