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Sensitivity of domain walls of epitaxial films of ferrite garnets to applying of external
constant and variable electric fields under two different experimental conditions was
investigated with use of optical polarimetry method. It is shown that "activity” of domain
walls increases in the vicinity of areas with non-uniform induced magnetic anisotropy
caused by external spatially non-uniform electric field.
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YyBCTBUTENIBLHOCTh JOMEHHBIX TI'DAHUI] SIUTAKCHUAJLHBIX IIJICHOK (DEPPUTOBBIX I'DAHATOB K
MMOJKJIIOUEHUI0 BHEIIHUX IIOCTOSHHOTO M IIEPEMEHHOrO SJIeKTPUUECKUX II0Jeil mpu ABYX pas-
HBIX SKCIIEPUMEHTAJLHBIX YCJIOBHAX HCCIAEIOBAJACHL C HCIIOJIb30BAHHMEM METOLA OITUYECKOIl
noagpuMerpny. IIoKasaHo, 4TO "aKTHBHOCTb [JTOMEHHBIX I'DAHUIL ILICHOK BO3PACTAET B OK-
pecTHOCTH obJiacTeil ¢ HEOLHOPOMHO HABELEeHHOII MArHHTHOU aHM30TPOIMEeNH, MHAYIIMPOBAH-
HOIl BHEMIHMM IIPOCTPAHCTBEHHO HEOLHOPOIHBIM 3JeKTPUIECKHUM IIOJEM.

IIposiBm aKTMBHOCTI JOMEHHMX MEJK eIiTaAKCIHHMX ILUIiBOK (eppuUT-rpaHATIB y 30BHIiIIHIX
eaxexrpuunux noxsnx B.€. Koponosecvruii, J0.0. Bakyna

YyTaueicTe JOMEHHMX MEX eHiTaKCIMHMX ILIiBOK (PEPUTOBUX I'PAHATIB I0 HiAKJIIOUEHHS
B0BHIIIHIX HOCTiHiHOro Ta SMiHHOIO €JeKTPUUHHX I[OJIB [JS ABOX PiSHHX €KCIepPHUMEHTAJb-
HUX YMOB JOCJIimKyBajacd 3 BHKOPHUCTAHHAM MeTOHy oITuuHOI moadapumerpii. IToxasano,
0 "aKTHUBHICTH' [JOMEHHHX MEX ILIIBOK 3POCTA€ B OKOJI JiJAHOK 3 HEOTHOPIZHOIO HaBEIe-
HOI0 MAartHiTHOI0 aHisoTpoIicro, iHIYKOBAHOIO 30BHIIIHIM, IIPOCTOPOBO HEOTHOPIAHUM €JIeKT-

PHYHHUM IIOJIEM.

1. Introduction

Yttrium-iron-garnets (YIG) are well-
known non-homogeneous magnetic struc-
tures that are widely used as a subject of
intense experimental and theoretical inves-
tigations throughout many years [1-4].
Thin YIG films grown by liquid phase epi-
taxy as materials with mixed anisotropy are
using often as a modelling object for re-
searches of magnetic and magneto-optical
characteristics of magnetic insulators be-
cause there is a possibility for direct visual
observations of ongoing processes due to the
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magneto-optical Faraday effect. Special in-
terest is focused on YIG domain structure
(DS) and their micromagnetic structural ele-
ments — the domain walls (DW). The DS of
YIG consists of periodically alternating
small areas with antiparallel magnetization
direction, separated by a nonuniform mag-
netic microstructures — the DWs, in which
the direction of spins orientation is chang-
ing at transition from one domain to an-
other. Nowadays there are also publications
about manifestations of magneto-electric
(ME) effect (MEE) in YIG single crystals

Functional materials, 22, 4, 2015



V.E.Koronovskyy, Y.AVakyla / Activity of domain walls...

and epitaxial YIG films [5—-9]. Investiga-
tions of behavior of YIG micromagnetic
structural elements in external electric
fields (E-fields) provoke the particular in-
terest nowadays. An idea to create the ME
devices where the magnetic characteristics
are controlled by electric field and/or the
electric characteristics are controlled by
magnetic field — looks as a very attractive
subject for applications, and interest to
these phenomena are very active currently
because of potential applications to devices
[10]. It is possible to consider some exam-
ples for applications of ME materials nowa-
days: devices for modulation of amplitudes,
polarizations and phases of optical waves,
ME data storage and switching, optical di-
odes and others.

It was already informed by us about re-
sults of investigations of the MEE displays
both on multi-domain sites of ferrite gar-
nets and on small areas of separate domains
[11-14]. Spatially homogeneous, variable
low-frequency electric field was applied to
the researched sample in these investiga-
tions.

Investigation of reaction of YIG micro-
magnetic non-homogeneities to inclusion of
external electric field is the goal of the
given paper. Thus, the behavior of specified
structural elements of YIG (in particular the
DWs) interested us in spatially homogene-
ous and non-homogeneous electric fields for
carrying out the comparative analysis. Besides,
reaction of YIG DS to applied of the additional
channel of external influence — constant E-
field (E(,)) jointly with variable E-field (E(~))
and separately, was interesting to us.

2. Experimental

For realization of the specified tasks, we
used highly sensitive technique of optical
polarimetry (detailed description of our
setup can be found in [11]). This method
allows us to measure the change of light
polarization plane rotation in external E-field.
Authors of [7] named this effect as electro-
magneto-optical effect (EMOE). In our setup
the investigated YIG film was placed be-
tween two optically transparent electrodes
and electric field was applied to them. The
electrodes were deposited on the thin glass
plates. For the fixed value of E-field fre-
quency and for several values of amplitude
of the E-field, we measured the change of
light polarization plane rotation in the ex-
ternal E-field (oppo)- He-Ne laser (A=
0.63 um) was used in our experiments.
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But considering problem which is dis-
cussed in the given article, we have essen-
tially changed the conditions of our experi-
ments carrying out in comparison with de-
scribed ones in [11]. In particular, one of
optically transparent electrodes, we have
made not habitual, rectangular form (with
sizes exceeding the sizes of the sample as it
was in our early experiments) but in the
form of small triangle with one of the an-
gles, especially sharp. Geometrics of the
electrode-triangle were less from sizes of
the sample. The sample (its substrate) has
been placed on a rectangular electrode. The
electrode-triangle was over the film’s sur-
face and could be displaced (at requirement)
concerning the film surface. Choice of such
geometry of electrodes allows us to carry
out researches as in homogeneous E-field
(the central area of an electrode-triangle)
and in non-uniform (a point under the sharp
angle of triangle). Thus, the area of laser
scanning on the sample was fixed and the
top electrode was twice exposed by appro-
priate amount, considering described above.
The sharp angle of the electrode-triangle
(local area of the non-uniform E-field) could
be placed over that or other site of DS, in
particular over DW and that interested us
first of all. Use of round diaphragm in our
experiments allowed us to allocate the sites
of the film of about 4 um in diameter. The
investigated YIG films with typical laby-
rinth structure were deposited on the
Gd;Gag04, substrates with thickness of
about 580 um. The typical thickness of the
films was about 12 um, the width of do-
mains was about 14 um at H = 0, and the

DW width was about 0.4 um. The domain’s
magnetization was normal to the film plane.

3. Results and discussion

Fig. 1 shows results of measuring
changes of light polarization plane rotation
in electric field at local, fixed with laser
beam, area of DS (J =5 um), allocated by
diaphragm. Measurements were conducted
at frequency of alternating electric field
(800 Hz). The indicated area of laser scan-
ning was chosen so that to be exposed to
local segment of direct (flat) area of the
DW. Moreover, the selected segment of the
DW should initially be in the middle of
stated local zone being under control due to
the alteration of value for magneto-optical
signal (at zero value of E-field). The mag-
neto-optical signal shall be equal to zero in
case of the DW is located directly in the
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Fig. 1. Electric-field dependences of oy, for
local site of YIG film with DW in investi-
gated area, when E(~) = 2.8 kV/mm. I — for
spatially homogeneous E-field; 2 — for not
spatially homogeneous E-field.
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middle of scanning zone, because when
transfer from domain with one direction of
magnetisation to near domain with opposite
direction, the magneto-optical signal re-
verses its sign. I.e. in the case if the DW is
in the middle of researched area, the mag-
neto-optical signal from adjacent domains
cancels out.

Curve 1 in Fig. 1 shows nature of change
for the magneto-optical signal when attach-
ing external constant E-field (E(,)), at fixed
value of alternating E-field (E ~)). Top elec-
trode is herewith oriented suci1 a way that
its central (wide) part covered completely
and evenly the area for laser scanning. I.e.
in this case the investigated local area of
DS is in spatially homogeneous electric
field. As it is shown in the graphic, the
magnetoelectric signal at specified experi-
mental conditions is revealed only under
common action of constant and the alternat-
ing electric fields and varies linearly with
increase of constant E-field.

When changing the experimental condi-
tions by shifting top electrode and directing
its sharp end over the area of laser scan-
ning, spotted higher, we observed absolutely
different electric field behavior. Thus, even
at zero value of constant E-field, magne-
toelectric signal was registered (curve 2 on
Fig. 1). With increase of the constant E-field,
value of oppyo goes up as in the previous
case. But when reaching certain value of
the constant E-field (~ 0.7 kV/mm), charac-
ter of behavior is changing and the value of
oMo Starts decreasing with increase of the
constant E-field, which was not observed in
the homogeneous E-field.
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To our point of view the indicated differ-
ences in presented electric-field behaviors
can be explained in the following way. In
the first case (curve 1) alternating E-field
causes rotation of the light polarization
plane in each of domains [11]. Because ogpo
value was close to zero, it appears that DW
did not shift from its initial position in the
area for laser scanning. Applying the con-
stant electric field causes the occurrence of
EMO signal (when reaching certain value of
E-field) at frequency of alternating E-field.
Alteration (increase) of the effect when the
constant E-field is increasing may be ex-
plained by small shift of the DW from its
initial position or unidirectional broadening
of the wall to the area of one of the do-
mains.

In the second case (curve 2) the E-field
in the area of laser scanning is not spatially
homogeneous. Initially, the part of only one
of two domains being exposed to the zone of
laser "spot” is covered with acute-angled
part of top electrode. This explains the
presence of EMO signal in the alternating
E-field. This is effect from local part of the
domain of one sign (namely direction of
magnetisation). Applying the constant E-field
predictably causes increase of the effect
value. But when reaching the certain value
of field, it is possible to observe sharp de-
crease of the effect value that was not ob-
served when analyzing homogeneous field.
In our opinion, the indicated peculiarity
may have the following explanation. Acute-
angled part of the top electrode was exposed
such that sharp end was directly above the
part of DW and did not "touch” the adja-
cent domain (of opposite sign) in the area of
laser scanning. I.e., as it was mentioned, we
initially register the impact of alternating
and constant electric fields to the area of
one domain, limited by the DW on one side.
However, discontinuity of electric field
causes the effect that in the point below the
sharp end of top electrode its maximum val-
ues will be reached. These values sufficient
to actuate (shift or extend slightly) the
DW, or, if to be exact, its local area within
sharp part of electrode. Such reaction of the
DW to E-fields, possibly, leads to the fact
that the small local site of the next domain
of other sign will get to the area of laser
scanning and will lead to corresponding de-
crease of value of registered effect.

Thus, it is possible to believe, that main
cause for the described reaction of the DW
can be the occurrence in external E-field
under sharp edge of the top electrode the
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Fig. 2. Dependences of oy parameter from
position of scanning diaphragm in the
straight area of DW at E(~) = 3.5 kV/mm and
E(f) = 2.5 kV/mm: (I) — dependence for spa-
tially homogeneous field; (2) — dependence
for not spatially homogeneous field.

local area with inhomogeneous induced mag-
netic anisotropy in YIG film. Including fact
that DWs in thin epitaxial films of iron
garnets are very sensitive to the tiniest
changes of magnetic anisotropy [11], their
reaction to local inhomogeneous of electric
field in the above mentioned testing condi-
tions becomes obvious (Fig. 1, curve 2). Here-
with it is possible the occurrence of local
transformations in DW making impact to
registered effect, however, it is only hypo-
thetical because our setup does not allow to
investigate the DW separately from the do-
main block. Our assumption about determina-
tive role of anisotropy changes corresponds to
the guess in [15, 16] about anisotropy change
in YIG under electric field influence.

Fig. 2 (curve 1) shows the results of
measuring of opyo when we are scanning by
laser beam along the straight area of the
DW at E(~)¢0 and Ey# 0. Diameter of
diaphragm revealed area of the DS com-
prises approximately 10 um and is evenly
covered with the central part of the top
electrode. Conditions for orienting laser
"spot” are the same as in the previous case.
As we see from the graph, the registered
signal does not change practically. Fig. 2
(curve 2) shows results of the indicated
scanning, but on condition that end of
sharp angle of the top electrode will be
every time oriented over the DW. As we see
from the graph, the EMO signal changes
chaotically when transferring between
spots, though significant "discharges™ are
not revealed. Instability of oppyg is caused
by complexity of exact orientation for the
electrode edge over the DW when transfer-
ring between spots. Though by means of
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Fig. 3. Electric-field dependences of oy pa-
rameter, measured on local area of separate
domain without DW on the site of laser prob-
ing. Presented results for two polarities of
static electric field (see curve 1 and 2) and at
fixed wvalue of alternating field (E(~) =
3.5 kV/mm).

averaging value for registered signal, as we
see, significant abnormalities as in the case
of homogeneous E-field were not revealed.

The results shown in Fig. 1 and Fig. 2
are related to the local areas of the DS con-
taining the DW. Fig. 8 shows the results of
measuring opyo value in the local area of
the separate domain without DW on the site
of laser "spot” (diameter of approximately
8 um). However, the researched area of do-
main was picked out so that the DW was at
the joint with scanned area. I.e. laser beam
in this case "caught” the wall area of do-
main but did not cover the DW itself. The
investigated area was evenly covered with
the central part of the top electrode, i.e.
measurements were conducted in homogene-
ous electric field. Such choice of experimen-
tal conditions is determined by the above
described (Fig. 1, curve 2) "activity” of the
DW at common applying of alternating and
constant electric fields. There is necessity
to check this magnetoelectric "activity” in
details.
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In this case we measured the electric-
field dependences at two polarities of static
electric field (curve I and curve 2 of Fig. 3)
and at fixed value of the alternating field.
As we can see from dependences, alternat-
ing E-field causes changing of the angle of
the light polarization Faraday plane rota-
tion on investigated area of the domain. Ap-
plying static electric field on one hand
(curve 1), initially causes the increase in
value of gy in the interval of field altera-
tion from 0 to ~ 2 kV/mm. But in the fur-
ther increase of field we observe smooth
decrease of the signal. When changing the
polarity of static E-field (curve 2 of Fig. 3),
its impact to the value of ogyo starts re-
vealing slightly from the value of
1.3 kV/mm. Starting from the indicated
value of field the value of effect decreases
insignificantly. Thus, we see that the dis-
cussed effect in the magnetic domain is sen-
sitive to polarity of constant E-field. In our
opinion the area of decreasing of the effect
in curve 1 is caused by "tightening”™ of DW
into the area of laser scanning by the E-
field. It is necessary to remind that initially
we chose the local area of domain for inves-
tigation so that the DW was directly on a
joint with the scanning site. I.e. even under
indicated experimental conditions the DW
reveals "activity” (though weak), related to
the ME effect.

4. Conclusion

Thus, results of our experiments show
sensitivity (but weak) of domain walls of
ferrite-garnets epitaxial films to the com-
bined influence of variable and constant
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electric fields. It is revealed, that the men-
tioned sensitivity increases in the vicinity
of areas with the non-uniform induced mag-
netic anisotropy caused by external spa-
tially non-uniform electric field.
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