YAK 538.971

PycunoBa Ejiena AHaTo/1beBHA
VYpasbckuii rocy1apCTBEHHBI YHUBEPCUTET IyTEH COOOLIECHUS

(YpI'VIIC)
ExarepunOypr
AHAJIM3 CIIUPAJIBHBIX TOMEHHbBIX CTPYKTYP B IVIEHKAX
®EPPUTOB - TPAHATOB C PA3JIMYHONH MUKPOCTPYKTYPOM
AHHOTALMSA.

B paborte wuccienyroTcs AMHAMUYECKUE JIOMEHHBIE CTPYKTYphl B IUJICHKaX
beppuToB — rpaHaToB. JlaHHbIE UCCIIEIOBAHUS MOCBSIIEHBI HAOIIOACHUIO U U3YUCHUIO
CIIUPAJIBHBIX JIOMEHOB B TOHKHMX AMUTAKCUATIBHBIX TJIEHKAX Pa3IMnYHOI0 XUMHYECKOTO
COCTaBa. OKCIEPUMEHTAIBHO HAOMIOJINCh M PETUCTPUPOBAIUCH  CIHUPATIbHBIC
JTMHAMUYECKUE JOMEHHbIE CTPYKTYpbl, ¢ momouisio 3ddekra Dapanes. laHublii
3¢ (deKT OCHOBaH Ha BpalICHUM IJIOCKOCTH mojspusauuu. duxcanus n3o0pakeHus
OCYUIECTBJISIACh C TOMOIIBIO BBICOKOCKOPOCTHOM (oTorpaduu U BHIEOCHEMKH.
N3yuyanoce BIMSHUE COCTaBa IUICHOK HAa BHEUIHWUW BHJ W MOBEAECHUE CIHPATBHBIX
JIOMEHOB, TaK € U3y4aJIOCh BO3JICUCTBHE Ha 0Opa3libl MATHUTHBIX MOJICH pa3InYHOM

AMIUIUTY bl 1 9aCTOThI 1 daHAJIU3UPOBAIINCh U3SMCHCHUS B CIIMPAJIbHBIX CTPYKTYpax.

AKTYyanbHOCTh JAHHOW TeMaTUKU OOYyCJIOBJIEHA MPUMEHEHUEM JIMHAMHYECKHUX
JIOMEHHBIX CTPYKTYp B IUICHKax (EeppuUTOB — IpaHATOB B MarHUTOONTHYECKOM
00paboOTKe CHUTHAJOB M pPa3pabOTKE HOBBIX MATrHUTHBIX YCTPOWCTB. Tak Kak
CIUpPAJIbHBIE JOMEHHBIE CTPYKTYPBI MPEACTABISIOT COOOW CIIOKHBIC, HECTaOUIIbHBIC
KOH(MUTYpaluK, UX HU3YYEHUE MOMOXKET MOHITh JIMHAMUKY MAarHUTHBIX MaTEPHAJIOB
10/l BO3/ICHCTBUEM BHEIIHUX MOJICH, YTO SIBISIETCS BAXKHBIM JUISl OTKPBITHSI HOBBIX

(bu3HUECKUX SBICHU.

KiroueBble ci10Ba: THHAMUYECKUE TOMEHHBIE CTPYKTYPBI, CIIMPAJIbHBIE JOMEHBI,

MarHUTHbBIEC YCTPOMCTBA, IJICHKHU deppuTa — rpaHara.
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Abstract.

This paper examines dynamic domain structures in ferrite-garnet films. This study
focuses on the observation and study of helical domains in thin epitaxial films of
varying chemical compositions. Spiral dynamic domain structures have been
experimentally observed and recorded using the Faraday effect. This effect is based on
the rotation of the plane of polarization. The image was captured using high-speed
photography and video. The influence of the film composition on the appearance and
behavior of helical domains was studied, the effect of magnetic fields of different
amplitudes and frequencies on the samples was also studied, and changes in helical

structures were analyzed.

The relevance of this topic is due to the use of dynamic domain structures in ferrite-
garnet films in magneto-optical signal processing and the development of new
magnetic devices. Since helical domain structures are complex, unstable
configurations, studying them will help understand the dynamics of magnetic materials
under the influence of external fields, which is important for the discovery of new

physical phenomena.

Key words: dynamic domain structures, spiral domains, magnetic devices,

ferrite-garnet films.

Experimental methodology.



Three samples of epitaxially grown ferrite-garnet films were studied [1,2,3].

Different directions of magnetization in the domains cause different rotation angles of
the light's polarization plane. After passing through the material and the analyzer
(polarizer), these differences translate into differences in brightness, making the
domains visible under a microscope. The experiment is based on the fact that linearly
polarized light rotates its plane of polarization as it passes through a material in a
magnetic field (the Faraday effect), allowing for visualization of the domain structure

being studied. A schematic of the experimental setup is shown in Figure 1.
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Fig. 1. Experimental setup diagram

Research results and discussion.

The studied samples had different chemical compositions, their characteristics are
given in Table 1. The main goal was to observe spiral dynamic domains in films of

different compositions [3,4,5], different thicknesses and other magnetic characteristics.

Table 1. Characteristics of the studied samples.



Sample Compound L.mkm | Povxm | He,D [1,MxM| Js,Tc |[Ha,KD| Q
Ne

1 (Ybi)s(FeGa)sOr. | 9.1 | 31,7 | 36 | 21 | 7.5 | 50 | 53

2 (YLubi)3(FeGa)sO12| 9,5 33,2 50 2,2 | 11,0 | 13.2 | 96

3 |(YLubi)s(FeGa)sOn2| 15,6 | 285 | 90 | 1,5 | 145 | 11,0 | 61

L — sample thickness

PO — period of the initial domain structure

Hs — static saturation field

1* — characteristic length of the material, a measure of the domain width

Js — saturation magnetization
Ha — saturation field

Q — quality factor

The experiment showed that in all samples, at the same amplitude and frequency

of the alternating magnetic field, visually different types of spiral domains (SD) are

observed [6,7,8]. Fig. 2 (a,b,c) shows the domain structure configurations for all the

studied samples. A clear difference in the SD in each sample is clearly visible. Sample

Nel (Fig. 2a) exhibits both double-arm and single-arm helices, while sample No2

exhibits only single-arm domain structures, and sample Ne3 exhibits only double-arm

domain structures. All films show dense packing of SD and no single spirals.
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Fig. 2 Domain structure in the studied samples in an alternating magnetic field
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The appearance, packing, and behavior of domains of this type are strongly influenced
by the amplitude and frequency of the alternating magnetic field. As these parameters
change, some helices disappear, new ones appear, and the structure either becomes
looser or, conversely, denser. Domain structures are transformed from one type to
another. This phenomenon requires further study, as it holds promise in areas such as
spintronics and magneto-optics, and is also of great importance in fundamental

research for the discovery of new physical phenomena.

Conclusion.

Using an experimental setup based on the Faraday effect, domain structure in thin

epitaxial films was observed. It was experimentally established that, in an alternating



magnetic field and a specific amplitude-frequency range, helical domain structures are
observed in all three samples. There are differences in the structure and behavior of the
SD for all three films, which are associated with the chemical composition of the films,
size (sample thickness), as well as their magnetic characteristics (period of the initial

domain structure, characteristic length, saturation magnetization, quality factor).

Understanding and controlling these structures opens the way to creating faster, more
energy-efficient, and more miniaturized magnetic devices. Studying such structures [9,
10, 11] allows for, a better understanding of magnetic switching processes and domain
wall motion, which forms the basis for many modern and future magnetic technologies.
It can be concluded that this topic is highly relevant, as it addresses both fundamental

science and applied research in the field of microelectronics.
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