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in epitaxial films of yttrium iron garnet
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The magneto-electric effect has been studied both in multidomain areas and in local
areas of single domains in epitaxial films of yttrium iron garnet using optical polarimetry
method. The effect has been revealed to met a square law with respect to electric field and
its magnetic field dependences have been investigated. Local effects from single magnetic
domains have been registered and it has been found that those are defined by local
distributions of magnetic induction in the probing points. It has been shown that the film
magnetization remains unchanged due to application of an external electric field, and the
revealed features of magnetic field dependences are caused by the domain film structure
sensitivity to changes in magnetic anisotropy induced by an external electric field.

MeTomoM OIITHYECKON IIOJAPUMETPUHN MCCJIEI0OBAH MATHUTORJIEKTPUUYECKHil ahdeKT Kak
HA MHOTOJOMEHHBIX YyYAaCTKAX TAK M B JOKAJBHBIX O0JIACTSX OTAEJIbHBIX JOMEHOB SIIUTAKCH-
aJbHBIX IIJIEHOK HTTPUM-(EepPUT-IPAHATOB. BbISBIEH KBaAPATUYHBLIM I10 3JeKTPUIECKOMY
oo adeKT, ncciaef0BaHbl ero MAarHUTOIOJEBbIe 3aBUCHUMOCTH. 3aPEeruCTPUPOBAHLI JIOKAJb-
Hble 9(G@(EKTBl OT OTAEJbHBIX MArHUTHBIX [JOMEHOB U I[IOKa3aHO, YTO OHH OIIPeAesSIOTCS
JIOKAQJIbHBIMHU PACIIPeeJeHusIMM MAarHUTHOM MHAYKIMK B TOYKAx 30HAMpPoBaHuA. IlokasaHo,
YTO HAMATrHWYEHHOCTDH IIJIEHKHU [OJ AefiCTBHEM BHEIIHero dJeKTPUYECKOro II0Js He M3MEH-
eTCsl, a BBISIBJEHHBIE OCOOEHHOCTH MAIHHTOIIOJEBLIX B3aBUCUMOCTEH O0YCJIOBJIEHBI UyBCTBU-
TEJbHOCTBIO JOMEHHON CTPYKTYPHI IJIEHKHM K HU3MEHEHUSM MATHUTHON aHMB30TPOIHNU, KOTO-
pbl€é BBIBBAHBLI BHEIIHUM JJI€KTPUUYECKUM IIOJIEM.
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The effect of magnetic state change of a
solid under the action of an electric field
predicted by Dzyaloshinsky, i.e., the mag-
neto-electric effect (MEE), has been first re-
vealed experimentally in Cr,O5 antiferro-
magnetic crystals, when an alternating mag-
netic moment arising in a sample subjected
to an electric field was registered [1]. The
first observation of the MEE in single crys-
tals of yttrium iron garnet (YIG) was re-
ported by O’Dell [2]. Now, numerous mate-
rials with MEE have been investigated [3—6].
In this work, presented are the MEE study
results using optical polarimetry for epi-
taxial YIG films. The method consists in
registration of changes in the light polariza-
tion plane rotation (Faraday rotation) due
to an electric field applied to the crystal,
that is referred to as "electro-magneto-opti-
cal effect” (EMOE) [7, 8].
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The investigated epitaxial YIG films
(five films) were deposited on a (111) type
Gd3GasO0q, substrate of about 600 um
thickness. A preliminary magneto-optical
investigation of the samples with visualiza-
tion of the domain structure has shown that
typical film thickness was about 7 um, the
domain width, about 15 um at H =0 and
the domain wall width, about 0.5 pm. The
domain magnetization was normal to the
film plane. The experimental setup is a
combination of a high-sensitive laser po-
larimeter and a polarizing microscope
[9,10]. A variable voltage U_ of 800 Hz fre-
quency (o) and up to 2 kV amplitude was
applied to the sample. One optically trans-
parent electrodes was placed on the YIG
film surface while the other one, under the
substrate. Assuming the static permittivi-
ties of the YIG and Gd;GagO4, to be ap-
proximately the same, the applied ac field
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amplitude in the YIG film can be estimated
to be 3.3 kV/em. The experimental setup

makes it possible to measure linear, 0‘%}%40’

and non-linear, OLSEZKJ,[)O, components of the

electric field induced changes of the Fara-
day rotation. The measurements were done
at the multidomain ares of a film and at
single domain areas or at small areas that
contained domain walls (DW). The o and

2mn components of the angle changes corre-
spond to the EMOE linear and quadratic
with respect to electric field, respectively.
A He—Ne laser (A = 0.63 um) was used. The
setup includes a semi-transparent mirror to
form a light beam which was used for vis-
ual inspection of the domain structure
using a polarizing microscope. Such a
scheme allows to measure both the rotation
angle of light polarization plane in the mag-
netic field (H) and its change, oz, caused
by the electric field (E) applied to the sam-
ple. The polarization plane rotation meas-
urement sensitivity was about 0.05 arc sec-
onds (sec. arc). Experiments were carried
out at room temperature in the H | E | k |
n geometry, where k is the light wave vec-
tor; m, normal to the surface vector.
Taking into account the center-symmetri-
cal garnet structure, the MEE in ferrite
garnets must be proportional to EZ, the ef-
fect linear with respect to the electric field
being forbidden [2]. It is revealed experi-
mentally by us that there is the quadratic
EMOE law with respect to electric field in
researched YIG films, although only linear
(forbidden) EMOE [8] for YIG films was re-
ported before. In Fig. 1, the dependence of
opyo value on magnetic field is presented
at probing of a multidomain film site by a
laser beam. The effect was observed at elec-
tric field frequency of 2¢. In the inset in
Fig. 1, the field dependence of magneto-op-
tical Faraday effect (FE) is shown. When
analyzing the presented dependences, it is
seen that for epitaxial YIG film EMOE is
absent at H= 0. In a magnetic field, the
film magnetic state change under the elec-
tric field action has been revealed depend-
ing on H. Comparing the obtained plot with
FE field dependence for the same sample
(Fig. 1, inset), it is seen that the maximal
influence of the electric field on the film
magnetic state (agpo ~ 8 sec.arc) gets at
the magnetization rotation area (area II in
the inset to Fig. 1). In fields H > 220 Oe,
i.e. at the film magnetic saturation, ogaro
decreases to the values close to zero, and at
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Fig. 1. Magnetic field dependence EMOE at
optical probing of multidomain site of YIG
film in geometry H | E | k | n, where k is a
light wave vector, n — normal to the surface
vector. On the insert — the field dependence
FE of a film in geometry H || k.

further increase of magnetic field, the ef-
fect is not registered. It is typical of the
obtained dependences that the change of
signal phase at sign reversal of the external
magnetic field. The researches conducted in
H LE || k geometry have also shown a quad-
ratic dependence of the EMOE. The ME co-
efficient corresponding to maximal EMOE
has a value oy, = 1072.

The experiments specified above were
carried out without any visual observations.
The film areas were studied that could
cover some domains and an average EMO
signal from the optical probing area was
considered. But the change of magneto-opti-
cal characteristics induced by an electric field
may occur not only in a multidomain case,
but also within a single domain, i.e. the meas-
ured effect may be proportional not only to H
but also to B;,, = H;,,; + 47M (B,,. is magnetic
induction; H;,;, an internal magnetic field).
Accordingly, the change of magneto-optical
characteristics due to E-field may differ in
different domains. Taking this into account,
we have conducted a number of experiments
to research EMOE from single domains with
visual observations of domain structure.
The use of a round diaphragm of about
0.25 mm diameter in our experimental
setup made it possible to allocate the sites
of a film of about 3 ym in diameter. Due to
such allocating, we could measure the effect
in single domain areas or in areas contain-
ing a DW.

Fig. 2 shows the magnetic-field depend-
ences of EMOE measured in a central area
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Fig. 2. Magnetic-field dependencies of EMOE measured on the domain, which decrease (a) or
increase (b) their volume with growth of the magnetic field value, correspondingly. The positive

and negative signs of the magnetic field

correspond to the field direction along and opposite to

magnetization in the domain under observation. The insertions present a view of a domain structure
in region of observation. The sketches on the Figure show the mutual orientations of and vectors for

the different magnetic field regions.

of a domain, the volume thereof decreasing
(a) or increasing (b) as the magnetic field
value increases or decreases, respectively.
The results of visual observations for sev-
eral points are presented. As is seen from
the plots, EMOE at zero magnetic field is
apparent (opp;0~0.45 s.arc) unlike the multi-
domain case. We explain that distinction by
mutual compensation of the effects from sin-
gle domains with the opposite signs getting
into the probing zone of a multidomain area.
The effect value in the domain remains practi-
cally constant in a wide H range (from —170 Oe
up to +170 Oe). Perhaps a sudden change of
oppo value at H = —-190 Oe (Fig. 2a) is con-
nected with the influence of domain bound-
ary "breathing” in electric field for the do-
main which is in a pre-collapse state [10]. A
specific attention should be given to Fig.
2b, where magnetic field dependences at
probing with a laser beam (at fixed H val-
ues) of different zones in the domain (with
volume increasing at given direction H) es-
sentially differ in the character of oy 0
value changes in fields H~150-200 Oe. This
is a result of demagnetization field changes,
since the Faraday rotation, oy, of the light
passeing through a single domain is propor-
tional to a;M;,. + asB;,. (M,,. is local mag-
netization, a; and a, are certain coeffi-

cients). Here, B,,. = H,,;;,. + 47M,;,. is

Functional materials, 13, 3, 2006

local magnetic induction value and H;,;;,. =
H,.. Hjemag, where Hy,, ;. is the demag-
netization field. Thus, the FE in the ob-
served zone responses not only to magneti-
zation M of this zone which practically
does not change (what is evidenced by the
EMOE value which is close to zero in the
area of magnetic saturation, Fig. 2), but
also to the macroscopical average field
H;,,, that depends on demagnetization
fields. It is just this FE component that is
modulated by the variable electric field.
That is, in fields H <<|4nM, the influence
of H is defined first of all by reorganization
of domain structure and by changing of local
M value, which mainly defines EF. In this
case, only a part of macroscopical average
field H in the researched area connected with
demagnetization fields appeared to be sensi-
tive to the electric field. It is just that part
that has defined the EMOE and its magnetic
field dependence.

Thus, an essential influence of an alter-
nating electric field on magneto-optical FE
in YIG films is manifested only at presence
of domain structure in the film. The applied
external electric field modulates the factors
depending on the arrangement and configu-
ration of domain walls. The specified fac-
tors at constant M are defined by anisot-
ropy characteristics, i.e. the described fea-
tures of the E-field influence on magnetic
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HeniniiHM# €JIEeKTPOMATHITOONTHYHUM eeKT
B emiTaKCIMHUX ILIIBKaXx iTpiM-depuT-rpaHarTis

B.€.Koponosécvruii

MeTtozmom onTuuHOl mosApuMeTpii gocaigikeHo MarHiToesekTpuuyHUil eheKT AK Ha Oararo-
IOMEHHUX AiJAHKaX, TaK 1 B JIOKAJIbHUX O0JACTAX OKPEMHUX JOMEHIiB elmiTakciiHUX MIiBOK
irpifi-pepur-rpaHatis. BuaBieHO KBaApPaTUUYHUN 3a eJIeKTPUUYHUM ITojeM edeKT, ZOCJiIKeHOo
0oT0 MarHiTomoJILOBi 3ajeKHOCTi. 3apeecTpPoBaHO JOKAJbHI e()eKTH Ha OKPEMHUX MAarHiTHUX
IToMeHaxX 1 moKasaHO, IO BOHU BU3HAYAIOTHCA JOKAJbHUMM PO3MOAiJaMU MarHiTHOl iHAYKITiT
y TouKax 3oHAyBaHH#d. IlokasaHo, [0 HaMarHiUueHICTh IJIIBKU ITij Ai€l0 30BHINIHBOTO €JIEKT-
PUYHOTO TIOJIsI He 3MiHIOETbCHA, & BUABJIEHI OCOOIMBOCTI MarHiTOIIOJBLOBUX 3aJIelKHOCTEIT 00yMOB-
JIeHI YyTJIMBICTIO JOMEHHOI CTPYKTYPHM IJIiBKM MO 3MiH MartHiTHOI aHis3oTpomii, BUKJIWKaHUX
30BHIIITHIM eJIEKTPUUYHUM IMIOJIEM.
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