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1. BB KpUCTaIiYHOI CTPYKTYPY Ha MarHiTOCTaTUYHI Ta MarHiTOOMHAMIYHi BJIACTUBOCTI €IliTaKCialbHUX IJIiIBOK
crasis ['enicnepa

2. The influence of crystal structure on magnetostatic and magnetodynamic properties of epitaxial films of Heusler
alloys

Pedepar:

1. OCHOBHOI0 METOIO LOCJIIPKEHD, TPOBEAEHUX Y AUCEPTALiliHill po6OTi, 6yJI0 BUSBHAYEHHS BIJINBY MIKPO Ta
ME30CKOIIYHOI KPUCTAJIIYHOI CTPYKTYPH €lliTaKkCiaJbHUX IUIIBOK CILIaBiB ['eficiepa Ha ix MarHiTHI Ta
MAarHiTOTMHAaMiYHi XapaKTEPUCTUKH, A TAKOXX BCTAHOBJIEHHS TEXHOJIOTIUHUX METOIB iX KOHTPOJII0. CTBOPEHHS
MAarHiTHOI HaHOEJIEKTPOHIKYU NOTpebye PO3B'sI3aHHS HU3KU K QyHIAMEHTaJIbHUX, TaK i TEXHOJIOTIYHUX NTPOOIIEM.

Cepeq pyHIaMEHTAIbHUX CJIiMl 3a3HAYUTU NIPOOJIEMU KEPYBAHHS MATHITHOIO AMHAMIKOIO Ta MarHiTHUMU



napameTpaMy HaHOCUCTEM (MarHiTHOIO aHi30Tpomielo, KoedillieHTaMu 3aTyXaHHs!, 0OMiHHOI KOHCTaHTOIO, TOLIO). 3
[IPUKJIATHOI TOUKY 30pY € HarajbHa HEOOXifHICTh MOLIYKYy MaTepialiB, sSKi MaloTh TapaMeTpH, 110 BiATIOBiIAIOTh
BMMOI'aM KOHKPETHUX CUCTEM Ta IIPUJafiB, a, 3 iHIIOro 60Ky, € BUCOKOTEXHOJIOTTYHUMH i MOXKYTb OYTH JIETKO
iHTerpoBaHi B Cy4acHi MpOMUCIOBI HUKIY. Haibinbm npruBabanBUM 6yJI0 6 BUKOPUCTAHHS CYLiIbBHOMETAIEBUX
MarHiTHUX €JIEMEHTIB, TEXHOJIOTisSl BUTOTOBJIEHHS SIKMX € JOCTAaTHLO BiAIIPalbOBaHOIO i JO3BOJII€ BUKOPHUCTOBYBATU
CTaHJAPTHI TeXHOJIOTi4HI NOTY>KHOCTI. KpiM TOro, Taki e1eMeHTH MOXKYTb OyTU JIerKO iHKOPIIOpPOBaHi B Cy4acHi
Mikpocxemu. OGHUM 3 Hal6iIbII IEPCIIEKTUBHUX MaTepiasiB [JIs1 bOr0 BBa)KAIOThCS CIlylaBu ['eiiciepa.
Po3paxyHKu NOKa3yIoTh, 10 IesKi CIiylaBy ['eficiiepa MOXKYTb MaTyU CTOBIICOTKOBY CITiIHOBY IOJIgpu3alio. JlaHne
TBEPIKEHHS JOCi 3a/IMIIAEThCS TEOPETUIHUM Tlepe6ayeHHsIM, ajle CTYIIiHb CIIIHOBOI NOJIsIpr3aliii B IIUX CIIJIaBaX €
3HAYHMMMU B 00J1aCTi KIMHATHUX TEMIIEPATYP, i BOHU B>K€ BUKOPUCTOBYIOTHCS B CIIHTpOHUL. KpiM TOro, cryiaBu
I'eficziepa Ha OCHOBI 3aj1i3a Ta KOOAIBTY XapaKT€PU3YIOThCS HAMHIDKYMM Cepell MeTaliYHUX (PepOMarHeTHKIB
Koedil[ieHTOM MarHITHOrO 3aTyXaHH4, IO BifKpMBae MJISAX IJ1s1 iX 3aCTOCYBaHHS B €JIeMEHTaX MarHOHIKU.
OCHOBHOI0 IIPO6JIEMOI0 Ha LIJISIXY BUKOPUCTAHHS CIIaBiB ['eliciiepa B CIHTPOHIli Ta MarHoHili € To# ¢axr, mo ixHi
MAarHiTHi BJIaCTMBOCTI CyTTE€BO 3aJI€XKaTh Bifi KPUCTaIiYHOI CTPYKTYPH (CTYII€HS BIIOPSIIKOBAHOCTI, OHOPIGHOCTI,
PO3MipiB KPUCTAJIITIB, IBIlHUKOBOI CTPYKTYPH, TOLIO), SIKQ, B CBOIO Y€Pry, BU3HAYAETHCS TEXHOJIOTII0 BUTOTOBJIEHHS
Ta 06poOKHU. TOMy BCTAaHOBJIEHHS B3a€MO3B'SI3KY Mi’K KPUCTAJIIYHOIO CTPYKTYPOIO Ta MAarHiTHUMU ITapaMeTpaMy LIUX
Marepia’iis, a TAaKOX PO3pOOKa MarHiTHUX CTPYKTYP 3 KOHTPOJIbOBAHUMMU [1apaMeTPaMu € aKTyasbHOIO 3aja4eto. B
IaHill aucepTauiiHiil poboTi 4OCIiIKYBaIMCh (Pi3N4HI 3aKOHOMIPHOCTI (POPMYBAaHHS MAarHiTHUX XapaKTE€PUCTUK
elniTakciasbHUX IUIBOK cIaBiB ['eficiepa. [JucepraliiiHa po60oTa CKIAJAEThCs 3 YOTUPLOX Po3ainiB. Y Berymi
BUKJIaJIEHO OCHOBHi apryMeHTH 10/I0 aKTyaJlbHOCTi 00paHOoi TeMU, BU3HAYEHO OCHOBHY METY Ta 3aBJJaHHSI
IOCJIiI)KEHHS], @ TAKOXK OKPECJIEHO 00'eKT i NpeiMeT BUBYEHH:. KpiM Toro, mpecraBiieHi KII040Bi HAyKOBi
IIOJIOKEHHS, SIKi BUHECEHI Ha 3aXUCT i Bi0OPa’Kal0Th HOBU3HY OTPUMAHUX Pe3yJIbTaTiB, I0Ka3aHO OCOOUCTUI
BHECOK 37100yBaya y BUKOHaHi po6oTu. Takox HaBeneHa iHpopmalis 1po anpobaiio HayKOBUX Pe3yJIbTaTiB Ha
(axoBUX HAYKOBUX KOH(EPEHLisIX Ta PO 3B'930K AUCEPTALIIIHOrO JOCiI)KEHHS 3 HAyKOBO- JOCJ/iJHULILKUMHI
pobotamu. [lepmuil po3zin MiCTUTb iHPOpMalLilo MPO CYyYaCHUH CTaH JNOCJIiIKE€HHS TOHKHUX IJIiBOK CIJIaBiB
T'eticyiepa Ta OOrpyHTYBaHHS aKTyaJIbHOCTI Ta HOBU3HU Pe3YJIbTATiB, SIKi ONKCaHi B IOoJanbnx po3finax. HaBeneHi
OCHOBHI JJaHHI IIPO CTPYKTYPY Ta MarHiTHI BJIaCTUBOCTI cIiaBiB ['eficyiepa 3 akLieHTOM Ha OCOGJIMBOCTI, SIKi MalOTh
Miclle B TOHKUX elliTaKCiaJbHUX IIJTiBKaxX X MaTepianis. B gpyromy po3zini HaBeJieHa KOpOTKa iHpopmalis mono
€KCIIepUMEHTAJIbHUX METOB, sIKi BAKOPMCTOBYBAJIMCH B JjaHiil po6OTi 17151 JOCiIPKEeHHS CTPYKTYPHUX Ta
MarHiTHUX BJIACTMBOCTEN 3pa3KiB (eHepro-AucnepciiHa peHTreHiBChbKa CIIEKTPOCKOIIisl, peHTTreHiBCbKa nTudpaxiiis,
aTOMHO-CHJIOBA MiKpOCKOTIisl, BibpaliiliHa MarHiToMeTpis, pepoMarHiTHUN pe3oHaHC Ta bpinnoeHiBCcbke
PO3Cil0BaHHSI), Ta OCHOBHI (i3V4HI IPUHLUIIY, SKi JIeXKaTh B iX OCHOBI. TpeTiil po3zin NpUCBSIYEHUH JOCTiI>)KEHHS
CTPYKTYPH Ta MarHiTHUX BJIACTUBOCTEMN eIliTakCialbHUX IIiBOK ciuiaBy 'eficiepa Co2FeGe, ocamKeHnx Ha
MOHOKpucTasniuHi nigknanguaku MgO (100). Lle nocmimykeHHs [10Ka3ye 3HaYHY POJib TEPMiUHOI 0OpOOKU B
ONTMMi3alii MarHiTHUX BjacTUBOCTEN ILTIBOK Co2FeGe 1714 3aCTOCYyBaHb B CUCTEMAX CIIIHTPOHIKY Ta MarHOHIKY.
ByJio mokasaHo, K Ha MarHiTHITOCTaTUYHI Ta MarHiTOAMHAMIYHI BJIaCTUBOCTI BIUIMBA€ MiKPOCTPYKTYpa IIBOK, Ha
SIKY, Y CBOIO Yepry, BIUIMBAE TepMiuHa 06pobKa. 30Kpema, OyJIo IpOoAeMOHCTPOBAHO, 10 BIIUB TEMIIEPATyPHU
06pO6KY Mae HEMOHOTOHHUI XapaKTep i MOKa3aHi MIISIXY ONTUMI3allil TEXHOJIOTIYHUX MTapaMeTpiB AJ1s1 JOCATHEeHHS
IOTPiOHMX MarHITHUX BJIACTUBOCTEN IIJIIBOK. B yeTBepTOMY pPO37isi HaBeeHi pe3yJIbTaTy M0 JOCiIKEHHIO BILJIUBY
M€30CKOIIYHOI TIPOCTOPOBO NEPiOANYHOI ABIHHUKOBOI CTPYKTYpPH, Ka (POPMYETHCS B €MiTaKCialbHUX MJIiBKAX
CIUIaBiB 3 MarHiTHUM edeKToM nam’sTi popmu, Ha ix MaTHITHI BJJaCTUBOCTi Ta MarHiTOAWHAMIYHI XapaKTE€PUCTUKHU.
O6roBoprOETHCS MexaHi3MU (POPMyBaHHS TPOCTOPOBO NE€PIOIUYHOI ABITHUKOBOI CTPYKTYPHY B TOHKUX ILJIiBKax
CIJIaBiB 3 e(PeKTOM OM'Ti pOopMH Ta BILJIMB TOBLIMHMU IIJIIBOK Ha I1epiof] Takoi CTPyKTypu. [TokazaHa aHanorist Mix

HaHOJBITHMKOBMMM CTPYKTypPaMU Ta MIapyBaTUMU CUCTEMaMH Ha OCHOBI (pepOMarHeTHKiB.

2. The main goal of the research carried out in the dissertation was to determine the influence of the micro and
mesoscopic crystal structure of epitaxial films of Heusler alloys on their magnetic and magnetodynamic
characteristics, as well as to establish technological methods for their control. The creation of magnetic
nanoelectronics requires solution of a number of fundamental and technological problems. Among the



fundamental ones, it should be noted the problem of controlling magnetic dynamics and magnetic parameters of
nanosystems (magnetic anisotropy, damping coefficients, exchange constant, etc.). From an applied point of view,
there is an urgent need to find materials having parameters that meet the requirements of specific systems and
devices, and, on the other hand, to be highly technological and easily integrated into modern industrial cycles. The
most attractive would be to use all-metal magnetic elements, which manufacture is well developed and allows
using standard technologies. In addition, such elements can be easily incorporated into modern microchips. One
of the most promising materials for this is considered to be Heusler alloys. Calculations show that some Heusler
alloys can have one hundred percent spin polarization. This statement still remains a theoretical prediction, but
the degree of spin polarization in these alloys at room temperatures is high enough, and they are already used in
spintronic devices. In addition, Heusler alloys based on iron and cobalt are characterized by the lowest magnetic
damping parameter among metallic ferromagnets, which opens the way for their application in magnonics
elements. The main problem with Heusler alloys in spintronics and magnonics is the fact that their magnetic
properties strongly depend on the crystal structure (degree of ordering, uniformity, crystallite size, twin structure,
etc.), which, in turn, are determined by the manufacturing and processing technology. Therefore, establishing the
relationship between the crystal structure and magnetic parameters of these materials, as well as the development
of magnetic structures with controlled parameters is a relevant task. This dissertation study investigated the
physical principles of a control of magnetic characteristics of epitaxial films of Heusler alloys. The dissertation
consists of four sections. The Introduction sets out the main arguments regarding the relevance of the chosen
topic, defines the main goal and objectives of the research, and outlines the object and subject of study. In
addition, the key scientific results that are presented for defense and reflect the novelty of the results obtained are
formulated, and the personal contribution of the applicant to the work performed is shown. The information on
the approval of scientific results at professional scientific conferences and on the connection of the dissertation
research with scientific research works is also provided. The First section contains information on the current
state of research on thin films of Heusler alloys and justification of the relevance and novelty of the results
described in the following sections. Some main data on the structure and magnetic properties of Heusler alloys are
presented with an emphasis on the features that occur in thin epitaxial films of these materials. The Second
section provides a brief information on the experimental methods used in this work to study the structural and
magnetic properties of the samples (energy- dispersive X-ray spectroscopy, X-ray diffraction, atomic force
microscopy, vibrational magnetometry, ferromagnetic resonance and Brillouin scattering), as well as the basic
physical principles that underlie them. The Third section is devoted to the study of the structure and magnetic
properties of epitaxial films of Co2FeGe Heusler alloy deposited on single-crystal MgO(100) substrates. This study
shows the significant role of heat treatment in optimizing the magnetic properties of these films for applications in
spintronics and magnonics systems. It was shown how the magnetostatic and magnetodynamic properties are
affected by the microstructure of the films, which, in turn, is affected by heat treatment. In particular, it was
demonstrated that the effect of the thermal treatment is non-monotonic in nature and ways to optimize
technological parameters to achieve the desired magnetic properties of the films are shown. The Fourth section
presents the results of the investigation of the influence of the mesoscopic spatially periodic twin structure, which
is formed in epitaxial films of alloys with a magnetic shape memory effect, on their magnetic properties and
magnetodynamic characteristics. The mechanisms of formation of a spatially periodic twin structure in thin films
of alloys with a shape memory effect and the influence of the film thickness on the period of such a structure are
discussed. The analogy between nanotwin structures and layered systems based on ferromagnets.
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