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FTIR U ®J1 CNEKTPOCKONWSA NOPOLUKOOBPA3HOIO ASPOTEJIA KPEMHE3EMA ar-SiO,

lNposedeHo uccriedosaHue oONMUYECKUX U GhOMOITIOMUHECUEHMHbIX C80licme MopouwKoobpa3Ho20 aspozernsi KpemHe3ema ¢ ucnonb3osaHuem FTIR
CreKmMpOoCKoNuUU  MporyckaHusi U ¢homostoMuHecUeHmHou criekmpockornuu. [TopowkoobpasHbill aspozernb KpemMHe3ema U320maesnuearncsi Ha OCHO8e 800HO20
pacmeopa cunukama C UCIOfb308aHUeM MmexHomoauu 30/b-2e/lb  cuHme3sa. [lodmeepxdeHo, 4mo uccredyembili Mamepuarn cocmoum u3 08yx @has:
cmexuomempuydeckoll  SiO, u Hecmexuomempuyeckol SiO,. AHanu3 FTIR criekmpos nporyckaHusi obHapyus npucymemeue 3HadumenibHo2o Korudecmea
2UOPOKCUOBHBIX 2pyrin, Komopble obycrnasnuearom OKUC/IUMENHble ceolicmea Mamepuana U orpederisiom MecrneKmusHOCMb e20 UCIOb3asaHusl 8 Kadecmee
Mampuub! Or1si UHKOPIIOpUposaHUsi HaHoYacmuy. 3apeaucmpuposaHa uHmeHcusHasi ®J1 e cuHe-3eneHol obnacmu criekmpa ¢ makcumymamu ripu 1.9, 2.0, 2.2 u 2.6
3B. Bbino nokasaHo, 4Ymo 3MUCCUOHHbIE ceolicmea MopowKoobpasHo20 aspozernsi kpemHesema ar-SiOy 06ycriosneHbl HanuqueM 3HayumesibHo20 Korudecmea
KUCITOPOOHBIX OBGheKMHBIX UEHMPO8, MaKuX Kak KUC/TOpOOHbIe OblpOYHbIe UEHMpa, MepoKCUOHbIe padukarbl U KUCIOPOOHO-OehuUUMHbIE UeHMPbl, & makxe
curioKcaHosble U cunaHosble 2pynnbl. bbiio makke noka3aHo, Ymo nod eosdelicmeuemM UMIYbCHO20 lasepHo2o Y@ obrydeHusi Habnodaemcsi yMeHbUeHue

uHmeeparnbHol uHmeHcueHocmu @J1. MaweHue @J1 obycrnosneHHoe mpaHcghopmayueli degheKmHoU cmpykmypbl Mamepuarna 8 npoyecce (homooKUCTIEHUS.
Knroyeeble crioea: nopowkoobpasHbili aspoeers KpeMHeema, 0eghekmHbie cocmosiHusi, FTIR criekmpocKomnusi nporyckaHHUsI, KuHemuka @J1.
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VISUALIZATION OF MAGNETO-ELECTRIC DISPLAYS IN FG/GGG EPITAXIAL STRUCTURES

Using the method of polarizing microscopy, under the combined effects of static and alternating electric fields and magnetic field,
studied the reaction of the domain structure (DS) epitaxial ferrite garnet (FG) films, grown on single crystal substrates of gallium-gadolinium
garnet (FG / GGG). In transmitted light visually detected a small effect of the profile changes ("smearing") of the individual local sites of the
films domain wall (DW) because of a combination of three-channel external influence.
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Introduction. The change of magnetization under the
influence of electric field or of electric polarization under the
influence of magnetic field are called magnetoelectric (ME)
effect. Study of the mechanism of interaction of electric and
magnetic subsystems in magneto-electric materials has
recently been the subject of many publications. This
interest is driven by a need to establish a single
fundamental theory of magneto-electric interactions in
solids, and wide application possibilities of using magneto-
electric materials in electronics.

The first explicit prediction of ME effect in a specific
material was made by Dzyaloshinskii who showed that in
Cro0; these effects are allowed by the magnetic
symmetry [2]. Experimentally, the electrically induced ME
effect was first observed by Astrov [1] on a crystal of Crz03
and later Rado and Folen [10]. The first observation of the
ME effect in yttrium-iron-garnets (YIG) was reported by
O’Dell [9] and later, the ME effect was studied in a number
of papers [3+8, 12]. The external electric field that
connected to the crystal of certain magnetic symmetry (eg,
YIG), can cause in crystal the manifestations induced
optical phenomena, linear or nonlinear in the electric field.
One of such phenomenon is the effect of the changes of
light polarization plane Faraday rotation in an optically
transparent dielectric crystal induced by an electric field,
which the authors named as an electromagneto-optical
(EMO) effect [8]. Using a highly sensitive method of optical
polarimetry, it is possible to measure the changes of light
polarization plane rotation in an external electric field, as
well as to carry out visual observations of the domain
structure of the sample using a polarizing microscope.

Iron garnets are a large class of ferrimagnetic oxides

with high Curie temperature (T,>500K ) and have been

applied to magneto-optical devices and magnetic bubble
memories [11, 13]. The active interest in the structural,
magnetic, and magneto-optical properties of garnet films
has been related to the fact that all these properties can be
widely varied by changing the composition and orientation.
Although the parent garnet crystal structure is
characterized as the cubic centrosymmetric space group
the studies of film structure and magnetic properties have
revealed that films tend to have uniaxial or orthorhombic

symmetry. The origin of this symmetry lowering is due to
growth anisotropy and mismatch between the lattice
parameters of the fiims and substrates. The
crystallographic orientation of the substrate is also of
primary importance. Garnet crystals are well known to play
an important role in technological devices.

Domain structure (DS) of ferrite garnets is periodically
interspersed with small regions of antiparallel magnetization
direction, which are separated by domain walls. In DW is
changing the direction of the orientation of the spins in the
same domain to the direction in the nearby. In ferrite garnets
it is possible to visualize processes occurring in them due to
the magneto-optical Faraday effect.

In this paper, we report the results of studies ME
manifestations in epitaxial ferrite garnet films in a two-
channel and three-channel external influence. In particular,
visual observations were made for the DS of the film with
the use of magneto-optical polarization microscopy with
high optical permission based on the Faraday effect in two
experimental versions: 1)under the joint action of the
alternating electric field and constant magnetic field;
2) under the joint action of DC and AC electric field and a
constant magnetic field. Investigated epitaxial films grown
on (111) substrates of gallium-gadolinium garnets (GGG).
The domain structure of the films studied under the
polarizing microscope looks like high contrast, which
indicates about significant deviation of domain
magnetization vectors from the film plane.

Experimental. The test sample was placed between
two optically transparent electrodes. The electrodes were
deposited by spraying on the inner surfaces of the two thin
glass plates. Separately or simultaneously to the sample
plugged in the AC and DC voltage. External constant
magnetic field was oriented along the plane of the film. The
thickness of the film was about 10 pm, the width of
domains was about 14 ym at H=0, and the domain-wall
width was about 0.5 pm. The test sample we previously
several times been the iterative process of quasi-static
magnetization in the magnetic field in both directions. The
reproducibility of the overall picture domain labyrinth
structure in this case was not observed. DW motion
occurred intermittently due to the interaction with micro-
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defects and for each area of the DW was of probabilistic
nature. The stripe domains are randomly bent and DW
located in different places in the film, indicating that
complete isotropy of the properties of this film in its plane.

Results and discussion. By visual observation of the
domain structure of the following was revealed. For small
values of the constant electric field (from 0 to 1.6 kV/ mm)
significant changes in the domain structure was not
observed. Domain structure remained the same as in the
initial state — a disordered maze. Connection to the sample
while still a magnetic field, oriented in the plane of the
sample, did not lead to any visually observed changes in
the domain array of the film. Connection of the third control
channel — low-frequency (950 Hz) AC electric field with
strength up to 3.5 kV/mm, did not cause changes in the DS
of the sample also. But, starting with the value 1.8 kV/mm
in the constant electric field and the fixed values of the
magnetic and alternating electric fields, DC stability was
broken. The general domains picture that observed in the
microscope has not changed. However, some small,
curved portions of domain heads (domain head is a part of
stripe domains, where DW is curved and the radius of
curvature of the head is approximately equal to half the
width of the domain) of the individual domains became
slightly visually "blurry”, which can be seen when analyzing
the micro-photo. In this case, the geometric shape of the
domain did not change and the domain structure remained
through the maze, the DW displacement from their
equilibrium positions were not observed. For computer
processing exposed micro-photo where observe individual
domain head, in the same location of the investigated film,
but for different values of the constant electric field. The
results of analysing of the images where shown in Fig. 1.
On the plot (Fig.1) we can see the estimates of the
number of the width changing (h) of the domain wall that
we obtained for "blurring" domain head in static electric
field E1 (for fixed values of the alternating electric E; and a
constant magnetic field H). As can be seen from Fig. 1,
changes in the width of the local section of the DW when
considering a three-channel external effect on the sample
is not significant (the width of the domain wall in the
absence of external fields was about 0.5 microns).
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Fig. 1. Estimated dependence for changing of width
of local DW site (domain head) from intensity of constant
electric field E4, at the fixed values of variable electric

(E, =2kV/mm) and constant magnetic (H = 800e ) fields

Figure 2 shows the evaluation results after computer
processing of visual observations of this domain local area
in a two-channel head of external influence — an alternating
electric field E3, with frequency of 950 Hz and a constant
magnetic field H.

Spatial fields orientations was the same as in the
previous case. As can be seen from Fig. 2, the alternating

electric field as at H=0 and when H= 0 does not cause a
visually observable changing of width for investigate
domain head or offset.
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Fig. 2. Results of visual supervision over changes of width
for a investigated domain head in the conditions
of two-channel external influence - variable electric field E;
(frequency of 950 Hz) and constant magnetic field H
(H=0and H=500¢)

Best of all, the response of domain head for
simultaneous connection of the electric fields (alternating
and constant) are be seen when connected still a magnetic
field, that oriented in the plane of the film (Fig. 3). Even for
small values of the magnetic field, as can be seen from
Fig. 3, viewed curved portions DW become sensitive to
external influence electrical fields.
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Fig. 3. Estimated dependence of changes of domain
head width from intensity of a constant magnetic field,

at the fixed values of variable electric (E, = 3.2kV/mm )

and constant electric (E, = 2kV/mm ) fields

Feature of the observed local "smearing" of DS is the
fact that it was shown only on shorter (curved, irregular
shape) regions of the labyrinthine DS - domain heads. Direct
(long) segments of DS remained dimensionally stable and
their reaction to considering complex external action is not
sufficient for direct visual observation. Possible reason for
these differences in the response may be some differences
in the micro-magnetic structure of the DW in these areas. In
the labyrinthine domain in the absence of external fields, in
addition to long sections of the DW with the structure of the
Bloch type, there are shorter sections with Neel structure. In
general, as is known, the DW of magneto-uniaxial films is
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non-planar interface between adjacent domains. DW is a
three-dimensional structured element of finite extent of the
domain of the array with a nonuniform distribution of the
magnetization vector in them as in thickness, and developed
the film plane. The structure of the DW uniaxial films, such a
study, is referred to as the twisted type, i.e. is neither Bloch
nor Neel. In our experiments, the external magnetic field is
applied in the film plane perpendicular to the easy axis (EA)
and the DW motion in a magnetic field when it is not.
Probably, in the magnetic field changes occur in the
structure of the twisted DW and change the ratio in the initial
balance between Bloch and Neel components. The
magnetization of the wall with increasing magnetic field
deviates more and more from the Bloch orientation, i.e. there
is a certain structural "imbalance". At the same time,
structural changes in the domain heads led to the fact that
they were more susceptible to the influence of an external
electric field (which changes the parameters of the magnetic
anisotropy of the film), oriented parallel to the normal to the
sample surface as compared with the more direct, the length
of the labyrinth of the DW. The question about the local
response of individual sections of the DW to an external
electric field, more research is needed.

Conclusions. Thus, our results of imaging studies of
magneto-electric interaction manifestations in FG/GGG
epitaxial structures with typical maze domain structure
showed the following. A very small impact on the value of
the joint action of alternating and static electric fields on the
domain wall is shown only when the additional connection
of a static magnetic field, oriented in the plane of the
sample. Visually observed a small effect of the local
"smearing" of individual sections of the domain wall can be
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seen, probably, as a small distortion of the DW profile
without DW displacement as a whole.
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BISYANI3ALIAA MATHITOEJIEKTPU4YHUX NPOSIBIB
Y ENITAKCIMHUX CTPYKTYPAX @I /ITT

Bukopucmosyrodu memod ronsipu3ayitiHoi MIKpOCKoril, 8 ymoeax OOHOYacHO20 6r/lugy MOCMIHO20 i 3MIHHO20 E/TeKMPUYHUX Oosli8 | MagHImHO20 oS,
docnidxysanack peakuisi domeHHoi cmpykmypu (JC) enimakcitiHux nnigok ghepumosux epaHamis (®F), supoweHux Ha nidknaduHkax 3 eanniti-2adoniHiego2o epaHamy
(®I/TT). Y npoxiOHomy csimri, eidyanbHO 8usierieHo Manuli eghekm "po3mumms” npoghinto oKpemux riokanbHUX OinsiHoK doMeHHuUx mex (M) nnieok e ymosax

KoMb6iHO8aHO20 MPbOXKaHaIbHO20 ernnusy.

Knroyosi cnoea: mMazHimo-ernekmpuyHuUll eghbekm, eniekmpuyHe rone, MazHimHe rose, OOMeHHi Mexi, DoMeHHa cmpyKmypa, Monspu3auitiHut MiKpocKor.
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BU3YAJIU3ALIMS MATHUTO3JIEKTPUYECKUX MPOSIBJIEHUI
B AMUTAKCUAJIbHBIX CTPYKTYPAX ®I/TTT

Ucrionb3ysi memod nonspu3ayuoHHOU MUKPOCKOMUU, 8 YCrIogUsiX COBMECmHo20 8030elicmeusi MOCMOSIHHO20 U MNEePeMEHHO20 3neKmpuyeckux nonel u
MaeHUmMHoe20 rons, uccnedosanacb peakyusi O0omeHHol cmpykmypbl (LC) anumakcuanbHbIX MIEHOK gbeppumosbix epaHamos (®F), ebipauieHHbIX Ha

MOHOKPUCMaIITUYECKUX MOOMOXKax U3 2annut-eadonuHueso2o gpaHama (®I/TT). B npoxodswem ceeme, eusyanbHO OBHapyxeH Marbili a¢ghehekm "pasmbimus

"

npogurnss omoeribHbIX JTOKasbHbIX y4acmKoe 00MeHHbIX epaHuy, () nieHok 8 ycriosusix KOMOUHUPO8aHHO20 MpexKaHabHO20 8HeWHe20 8030elicmeausi.

Knroyeeble cnoea: MazHUMO-3neKmpuYeckuli aghchekm, 3neKkmpudyeckoe rone, MasHUMHoe rone, OOMEHHbIe 2paHuUbli,

ronsapu3ayUOHHbIU MUKPOCKOIT
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EVALUATION OF DOSE DISTRIBUTION IN PENUMBRA AREA
BY USING LIDHT EMITTING STRUCTURES

A light-emitting diodes possess some essential advantages, compared to all other sources of previous generations, such as low energy
consumption, small size, high operating speed, reliability. Dosimetry of radiation field in the penumbra area must be carried out with sensor
of minimal size and maximal sensitivity. Gallium phosphide light emitting diode of less than 1mm? size. It is appropriate to use LEDs due to

their low cost and emitting ability in visible region of spectrum.

Keywords: gallium phosphide, penumbra, LEDs, light-emitting diodes, dosimetry, spectra.
© Kulish M., Dmytrenko O., Melnyk O., Malyi E., Pinkovska M., Tartachnyk V., Shlapatska V., 2014



