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Pedepar:

1. Incepraniiina po60Ta IPUCBIYYETHCS TOCIIKEHHIO MarHiTOCTAaTUYHUX Ta PE30HAHCHUX BJIACTUBOCTEN
6araTomapoBUX CTPYKTYp 3 CUHTETUYHMMU Ta IPUPOAHIMU aHTU(HEPOMATHITHIMY KOMIIOHEHTAMU 33 YMOB, KOJIU iX
JIiHiNHI po3Mipy HabyBalOTh NOPSKiB HaHOMacHITaoy. [IpoBOAUTHCS CUCTEMAaTUYHMI aHali3 3aKOHOMipHOCTEN
3MiHM KJIIOUOBUX MarHiTHUX BJIACTUBOCTEN IIiBKOBUX reTepocTpykTyp Fe /[Cr/FeCr/Cr]n/Fe, Py /FeMn/[Cu/Py]
Ta TpuiapoBux HaHoesemeHTiB Py /NiCu/Py B 3anexxHOCTi Bif TemnepaTypu, 6y10BU Ta iX FEOMETPUYHUX
napaMeTpiB. BusiBsieHi HOBI Qi3uyHi epeKTH MOXYTb OYTH BUKOPUCTaHI /11 HajlalITyBaHHS QYHKIiOHAIBHUX
XapaKTEPUCTHUK €JIEKTPOHHUX MPUCTPOIB 3 TAKUMU KOMIIOHEHTaMU. Y BeTymi (Mepmomy po3fisi) NpoBOAUTbCS
OOI'PYHTYBaHHSI aKTyaJIbHOCTi BUOPAHOI TEMU AMCEPTALIMHOTO LOCIiIKEHHS Ta HAZJa€ThCS 3arajbHa

XapakTepucTuka pobotu. Jpyruil po3ais po60TH 03HAMOMIIIOE YUTaya 3 IIPOOIEMATUKOK 0OpaHoi TeMu



IVCEPTaLiiHOTO NOCJiIPKEHHS, iCHyI0OUMMM HayKOBUMU 37100yTKaMu B c(pepi CUHTETUYHUX aHTU(PEPOMATrHETUKIB
(CA®) Ta nopanbmnxX NEPCHEKTUBAX iX 3aCTOCYBaHHS Y IKOCTi KOMIIOHEHT MarHOHHMX MeTamaTepiaJis,
HepoMOP(HUX KOHTAKTIB Ta iHIIMX Cy4aCHUX PO3POOOK HAHOEJIEKTPOHIKU. Y TPETbOMY PO3ii IPeACTaBISIOThCS
(isny4Hi 3acaiu OCHOBHUX METOJIiB, 10 BUKOPUCTOBYBAJIMCh JIJ1S1 BUTOTOBJICHHS! 3Pa3KiB, BUMIPIOBaHHSI iX MarHiTHUX
IIapaMeTpiB Ta aHasli3y pe3yJbTaTiB: METOM, MarHETPOHHOTO HAIIOPOLIEHHS 6araToMmapOBUX CTPYKTYP,
CIIeKTpoOcKoTtlis (pepomarHiTHOro peaoHaxcy (PMP) ta niaxin MiKkpoMarHiTHUX MOZesloBaHb. TakoK Halal0ThCst
TexHiuHi cneyu@ikauii ycix gocaimpkeHux y Aaniil poboTi 3pasKiB. Y yeTBepTOMY PO31ii AOCIIIKYIOTbCS 3MiHA
MAarHiTOCTaTUYHUX BJIACTUBOCTEN Ta XapaKTEPY TEMIIEPATYPHO-PETYJIbOBAHOTO IEPEMUKAHHS CTAHY
«pepomarnetuk-aHtudepomarneTuk» CAD marepiasiB y KOHTEKCTI [1epexoAy Bif, IBOBUMiIpPHUX TOHKOIIJIIBKOBUX
CTPYKTYP [0 JIaTepajibHO OOMEKEHUX HAaHOEJIEMEHTIB. [lepia yacTrHa POo3/ily 30CEPEIKYEThCS Ha ITiBKOBUX
6araromaposux cTpykrypax CA® Fe /[Cr/FeCr/Cr]n/Fe. [JocniaKyeTbCsl KOHKYPEHLIisl MK IIPSIMOIO Ta HEIIPSIMOIO
O0OMIHHOIO B3a€MO/II€I0, @ TAKOXK MDK HEIIPSIMOIO B3aeMozieto aHTugepomartitHoro (AQM) ta ¢pepomarHiTHOro
(PM) tumnis, sixa BUHMKae y Takux CAQ 3aBAsgKu MarHiTHoMy ¢a3oBOMY nepexofy «hepomarHeTuK-rapaMarHeTuK»
cinapy FeCr. [TokasaHo, 110 BUKOpUCTaHHs KomnosutHoro creiicepa [Cr/FeCr/Cr]2 3By>Xye TeMnepaTypHui
inTepBas nepemukanHs ctany CA® Big 2100 K, TunoBux 1j1st CTPYKTYp 3 ogHOpinHuM crieiicepom FeCr, go 15 K. Y
IpYrifl 4yacTUHI po37iny po3IJIsSAI0ThCSl MACHMBY KPYIVIUX IyIaHapHUX HaHoguckiB CA® Py /NiCu /Py, nns skux
I€MOHCTPYETHCS NOJIOHNI MEXaHi3M TeMIIepaTypHO-KEPOBAHOTO [lepeMarHiuyBaHHs, OJJHaK 6e3 HelpsMoi
00MiHHOI B3aeMogii. [TokazaHo, o KynojsosugHa ¢popmMa HaHOEJIEMEHTIB IPU3BOJIUTD 10 MIOSIBY CYTTEBOTO
3QJIMIIKOBOTO MOMEHTY Ta NOJBilHOI neTi nepemarnivyBanHs, konu CAD nepebyBae y AUNOIBbHO 3B'13aHOMY AOM
cTaHi. JlocyimpkeHHs, IpeCTaBleHi y II'sITOMY pO3/iji po60TH, 30CEPeIKyI0ThCSI HAa BUBUEHHI 0COBIMBOCTEN
MarHiTHOrO CTaHy ABOLIAPOBOi IJiBKOBOI cuctemu Py/FeMn. Y nepuiil yacTuHi po3iny LOCITiAKYIOTbCS
TeMIIepaTypHO- Ta TOBUIMHHO-3aJI€XH] IPOLIECU NUCUIIallii CTPYMy CIIiIHOBOI HaKa4yku y cTpykTypax Py /FeMn(3-7
HM)/Cu/Py. Oxpim TpaguLiliHOr0 BHECKY IIOTJIMHAHHS CIIIHOBOTO CTPyMY B 00'eMi AOM 1mapy, BUSBIEHO
IIOATKOBUM HEONHOPIAHUI BHECOK, SIKMI IIOSICHIOEThCS1 GOPMYBaHHIM OOMIHHOI IPY>XMHU B 06J1acTi iHTepdeiicy
Py/FeMn, cnpuunHeHUM KOHKypeHlielo Mix epextom OM 6sm3bkocTi Ta AODM o6miHoM y FeMn. Takox
IIPe/ICTaBIISIEThCS OKpeMe nociimkenHss PMP nBomapoBux M1iBKOBUX CTPYKTYp Py /FeMn(3-7 Hm).
[Ipo1eMOHCTPOBAHO MOKJIUBICTh MalKe NEeCATUKPATHOTO i30TPOIHOro 36iabieHHs YacToTi PMP 3a KiMmHaTHOI
TEMIIEPATYPH, SIKE 3yMOBJIIOETbCS 00€PTOBOIO aHi3oTpoIielo y Tonkomy AOM mapi FeMn(3 um). [Iposeneni 3a
IOTIOMOTOI0 MOAM(pPiKOoBaHOTO piBHAHHA KiTTess1 po3paxyHKU LO3BOJISIIOTH [IOPIBHSTY aJbTE€PHATUBHI MEXaHI3MU
IIPUCKOPEHHS AuHaMmiku cycigaporo ®M mapy. llocTuil po3nin nucepTanii IpruCBSIYy€eTbCS CUCTEMATUYHOMY
BUBUYEHHIO crieludiky CriH-XBUIIbOBOI IMHAMIKU IIPOCTOPOBO 0OMekeHuX HaHoeseMeHTiB CA®D, natepanbHi
PO3MipH SIKUX HabJIVDKAIOTLCS 10 MOPSIKY OOMIHHOI JOBXKMHU. B paMKax MiKpOMarHiTHOi MojieJli BiATBOPEHO
€KCIIepUMEHTAJIbHI YMOBH, 32 SIKUX Y I00JIMHOKOMY I1€PIIeHIUKYJISIPHO HaMarHiveHoMy HaHO-CA® 36yI1KyIOTbCS
KOJIMBaHHS OJHOPIHOI MOJIY Ta IBOX BUOPAHUX MOJ, BUILMX NOPSAKIB. Y Ipyriit yacTuHi gocninxkyerscs PMP
MacCUBIiB IJlaHapHO HaMarHiyeHux HaHoguckis CA® Py /NiCu/Py 3 HomiHanbHUM AiameTpoM 150 HM. [TokasaHo, o
ACHMETPist BHYTPIIIHbOI JUIIOIBHOI B3a€MO/Iii KYIIOJIOBUIHNX HAHOEJIEMEHTIB IIPU3BOAUTH [0 PO3LIEIVIEHHS
rPaHMYHOI MO/IM Ha KOJIMBAHHS aKyCTUYHOTO Ta ONTUYHOTO TUIIB — €PEKTY, SKUM MOXKJIMBO KEPYBaTH 32 PaxyHOK
dazoBoro nepexony cneicepa NiCu. TpeTs yacTuHa po3Ainy po3risjae aHanoriuHi Mmacusu HaHO-CA®, ogHak
esincononi6Hoi GopMu Ta BABiIYI MEHIIOTO PO3MIpy. Y TaKMX HAHOEJIEMEHTAX BUSABJIEHO 30Y/I)KEHHS €UHOI
BUPOIKEHOI MOAY. MiKPDOMAarHiTHI pO3paxyHKU BiATBOPIOIOThL aHI30TPOIIHY MOBEMAIHKY Liiei MOAY Ta BKa3yIOTh Ha Te,
110 ii MPOCTOPOBA CTPYKTYpPa € PE3yJIbTaTOM CYIEPIIO3ULil KOJUBaHb LIEHTPAIbHOI Ta TPAHUYHOI CTOSYMX CIIIHOBUX

XBUJIb.

2. The dissertation is devoted to the study of magnetostatic and resonant properties of multilayered structures
with synthetic and natural antiferromagnetic components when their linear sizes reach nanoscale. A systematic
analysis of temperature- and geometry-dependent changes in key magnetic parameters is carried out for the
continuous-film heterostructures Fe /[Cr /FeCr/Cr]n/Fe, Py /FeMn /[Cu/Py], as well as the three-layer
nanoelements Py/NiCu/Py. New reported physical effects can be utilized to adjust functional characteristics of
electronic devices involving such components. In the Introduction (the First chapter), the relevance of the chosen



topic of the doctoral research is substantiated and a general description of this work is provided. The Second
chapter of the work acquaints the reader with general problems of the chosen research topic, the existing
scientific achievements in the field of synthetic antiferromagnets (SAF) and further prospects for their use as
integral components in magnonic metamaterials, neuromorphic junctions and other modern nanoelectronic
devices. The Third chapter introduces the physical principles of the main methods used for the samples
fabrication, magnetic parameters measurements and analysis of the results, namely magnetron sputtering of
multilayered structures, ferromagnetic resonance spectroscopy (FMR) and micromagnetic modelling. Technical
specifications of all the samples studied in this work are also provided. The Fourth chapter presents the studies of
the changes in magnetostatic properties and the nature of the temperature-controlled SAF state switching in the
context of the transition from two-dimensional thin-film structures to laterally confined nanoelements. The first
part of the chapter focuses on the continuous multilayered SAF films Fe /[Cr/FeCr/Cr]n/Fe. The competition
between direct and indirect exchange interaction, as well as between the indirect interaction of antiferromagnetic
(AFM) and ferromagnetic (FM) types, which arise due to the ferromagnet-to-paramagnet phase transition of the
FeCr alloy, are investigated. It is shown that the use of the composite spacer [Cr/FeCr/Cr]2 narrows the
temperature range of the SAF state switching from >100 K, inherent to structures with a homogeneous FeCr
spacer, to 15 K. The second part of the chapter considers the arrays of round planar SAF nanodisks Py/NiCu /Py,
for which a similar mechanism of temperature-controlled magnetization reversal is demonstrated without the
indirect exchange interaction. It is shown that the dome-like shape of the nanoelements leads to a significant
remnant magnetic moment and a double hysteresis loop, when the SAF is in the dipole-coupled AFM state. The
study presented in the Fifth chapter of the work focuses on investigating the peculiar magnetic state of the bilayer
film system Py/FeMn. In the first part of the chapter the temperature- and thickness-dependent dissipation
processes of spin-pumping current in Py /FeMn(3-7 nm)/Cu /Py structures are examined. Apart from the
traditional contribution of spin current absorption in the volume of the AFM layer, an additional inhomogeneous
contribution is revealed, which is explained as due to the formation of an exchange spring in the Py /FeMn
interface region, caused by the competition between FM proximity effect and AFM exchange in FeMn. The
separate FMR study for the bilayer film structures Py /FeMn(3-7 nm) is also presented. The possibility of an almost
tenfold isotropic increase in the FMR frequency at room temperature has been demonstrated and prescribed to
the strong rotatable anisotropy acting in thin AFM layer FeMn(3 nm). The calculations, performed using the
modified Kittel equation, allow one to compare alternative mechanisms for the acceleration of the adjacent FM
layer magnetic dynamics. The Sixth chapter of the dissertation is devoted to the systematic study of the features of
spin-wave dynamics in spatially confined nanoscale SAF elements, the lateral sizes of which approach the order of
exchange length. Within the framework of the micromagnetic model we reproduce the experimental conditions
under which the oscillations of a homogeneous mode and two selected higher order modes are established in a
single perpendicularly magnetized nano-SAF. The second part of the chapter investigates resonant behavior of the
in-plane magnetized arrays of Py /NiCu/Py SAF nanodisks with the nominal diameter of 150 nm. It is shown that
the asymmetry of the intra-element dipolar interaction in the dome-shaped nanoelements causes the splitting of
the edge spin-wave mode into oscillations of acoustic and optical types - an effect that can be controlled via the
phase transition of the NiCu spacer. The third part of the chapter addresses the analogous arrays of SAF
nanoelements with, however, twice the smaller size. The spatial structure of a single degenerate mode, inherent to
such nanoelements, is discussed.
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dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ HanjionanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aki04Hi BimoMocTi
Biacue IpizBuie Im's Ilo-6aTbKOBI Jlock Bikrop Penoposuy

TOJIOBH pajgu



Biacue IIpizBume Im's [10-6aTbKOBI Jlock Bikrop denoposuy

TOJIOBYIOYOTO Ha 3acCiiaHHi
BiznoBigasbHUH 3a MiATOTOBKY IlMapaii Ipuna BikropisHa
00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




