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3B'SI3KY Y II'SITUIIAPOBUX MarHiTHUX HaHocTpykrypax Fe /Cr/FeCr/Cr/Fe (Kiopi-nnepemukauax), cucteMatusarii
PEXUMIB IXHBOI PO6OTHU Ta PO3POOL TEOPETUYHUX MOJIEJIEH, IO OMUCYIOTh MOBEiHKY LIUX CTPYKTYP Y Jiana3oHi
temnepatyp 200-400 K. AKTyanbHICTb TEMU 3yMOBJIEHA IOTPEOOIO CTBOPEHHSI CNIIHTPOHHUX IIPUCTPOIB i3
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B3aemopis PKKI (Pynepmana-Kirrens-Kacys-Mocigu) BusHayaeThCs TOBIMHOIO CIIEcepa i C1abKo MigaeTbes
30BHILIHbOMY BIIMBY I1icjisl BUTOTOBJEHHS. KoHuenuis Kiopi-epemukaya ycyBae 1ie 00Me>KeHHSI: BBeIeHHS
po3zbasieHoro gpepomarsitHoro npoumapky Fe-Cr 3 remneparypoto Kiopi 10613y KimHaTHO] 3a6e3nedye
000pOTHUI Nepexia MK (pepoOMarHiTHUM Ta aHTU(EPOMATHITHUM TUNIAMU 3B'g3Ky. O0'eKT LOCIIIKEHHS — €
n'sTUIapoBi MarHitHi HaHocTpykTypu Fe(2)/Cr(0,4) /Fe_{x}Cr_{100-x}(0,9) /Cr(0,4) /Fe(2) (TOBIuMHU B HM) 3
TpbOMa KOH LIEHTpalliIMU 3aj1i3a B po36aBjieHOMY ITpouapky: X = 17,5 a1.%, x = 20 aT.% Ta x = 21 aT.%, BUTOTOBJIEHI
MeTonoM DC MarHeTpoHHOTO po3nuyeHHs Ha nigkiangkax Si(100). Bing koskHOro 3paska BiffisieHo gsa GparMeHTu:
IJ11 MarHiTOMeTpUYHUX BUMipIoBaHb (VSM, SQUID-VSM) Ta a4 sitorpagidHoro popMyBaHHSI MIKPOCMYKOK Ta
MAarHeTOTPaHCIOPTHUX AOCimKeHb. MeTonu nocnimkeHHs: DC-marHetpoHHe po3nuieHHs, SQUID-VSM
MarHiToMeTpis, ABOIIPOBiiHI BUMipIOBaHHS MarHeTOOINOpy Ha JliTorpadiyHo chopMOBaHUX MIKPOCMYIKKax, a TAKOX
MaKpOCIiHOBI MOJIeJli MDKIIApOBOTro OOMiHY (BEKTOPHA MOJI€J/Ib KOTEPEHTHOTO 0O6€pTaHHs Ta KOJliHeapHa MOJIeJlb
MeTaMarHeTuka) i MozeoBaHHs MeToioM MoHTe-Kapsio 3 anroputmom MeTtponosica. BcTaHOBI€HO e(peKTUBHI
temrnepatypu Kiopi pozbaBieHoro npomapky: npubaussHo 325, 360 ta 380 K gy x = 17,5; 20 Ta 21 aT1.% BifnoBinHo.
BusBiieHO BifCyTHICTh BUPaKEHOI OAHOBICHOI aHi30TPOIIil B IJIOWMHI 3pa3KiB: I1€TJIi riCTEPE3UCy PU Pi3HUX KyTax
IIPUKJIAJ€HHS [10J151 IPaKTUYHO 36iraloThCs, 110 Bianosinae Moaeni obepranpHoi aHi3oTpomii. I 3pa3ka 3 x = 17,5
aT.% neTanbHO IIPOCTEXEHO 000POTHUM Iepexin Bif pepomarniTHoro (Hkye 240 K) no antTudepomarsitHoro
(Bume 325 K) tuny 38'13Ky. Ha MikpocMy>kkax IMPUHOIO 9, 7 Ta 4 MKM yIeplie HiTBEPA’KEHO MOXJIUBICTb
MIOBHICTIO €JIEKTPUYHOrO, 6€3110JIbOBOTO NEPEMUKAHHS MarHITHOrO CTaHy P KiMHATHIN TemIeparypi 3a paxyHOK
IPKOYJIEBOTO HArpiBaHHS MOCTIMHAM CTPYMOM; KDUTUYHA I'yCTUHA CTPYMY CTAHOBUTD Npu6an3Ho 1,39x10711 A /Mm2.
MakcumanbHuit epexT riraHTCbKoro Mmareroornopy csrae 0,2%. I1o6y10BaHO [1Bi MaKpOCIiHOBI Mogerti, sKi
IO3BOJISIIOTh BiIHOBUTH TEMIIEPATYPHI 3aJI€5KHOCTI OiliHiNIHOI Ta 6iKBagpaTM4YHOI KOHCTAaHT MIXKIIAPOBOrO OOMIHY 3
€KCIIEPMMEHTAJIBHUX NIETENb FiCTEPE3UCY, @ TAKOK CUCTEMATU30BaHO YOTUPU XapaKTEPHi TeMIIEPATYPHi PeXKUMU
pobotu Kropi-nnepeMrkaya. OTpUMaHO aHAMITUYHUI BHPa3, IO MOB'sA3ye epeKTUBHUM TapaMeTp MiKIIapOBOTO
3B'S13KY 3 MarHiTHOIO CIIPUIHSTIIMBICTIO po36aBjieHOro npomapky. Merogom MoHnTe-Kapsio nocifipkeHo BB
KJlacTepu3allii aTOMIB 3aJli3a Ha MarHiTHy CIIPUMHATIIMBICTD i TEMIIEPATYPY IIEPEXOY; BCTAHOBJIEHO, 110 CTYIIiHb
KJIaCcTepu3allii € TEXHOJIOTTYHO KEPOBAHMM TapamMeTpoM onTrMisauii Kiopi-rnepemukaya. HaykoBa HOBM3HA
PEe3yJIbTaTiB MOJISITa€ B €KCIIEPUMEHTaIbHOMY IiATBEPA’KEHH] ITOBHICTIO €JIeKTPUYHOr0 6€3110J1bOBOT0
nepemukaHHs Kiopi-nepemukaua, jeMoHcTpallii e(peKTy riraHTCbKOro MarHeTOOIOPY B TaKill CTPYKTYPi,
BCTAHOBJIEHHI i30TPOIHOCTI MarHiTHOI aHi30Tponii Ta M06yI0Bi y3ropKEHNX TEOPETUYHUX MOJIeJIEN HA MaKpO- Ta
MiKpopiBHi. [IpakTryHe 3HaYeHHSI pOOOTH MOJIAra€ y IeMOHCTPaLii IPUHIMIIOBOI MOXKJIMBOCTI HEPYHHIBHOTO
€JIEKTPUYHOTO KEPYBAaHHS MAarHiTHUM CTaHOM CITIHOBOTO BEHTUJIS [IPY KiIMHATHIN TeMIIEPATYPi, O BiIKpUBae
[IEPCIIEKTUBY 3aCTOCYBaHHS B TEPMIUYHO aKTMBOBAHil MarHiTopesuctuHii nam'sti (MRAM) Ta criH-TOPK
HaHOOCLUJISITOpax. 3a Marepianamu gucepTalii ory6sikoBaHO 2 CTAaTTi y HAYKOBUX BUIAHHSX ( OJIHA 3 SIKUX
ingekcytoTbes y Scopus Ta Web of Science, Q1) Ta 4 Te3u fonosinei Ha MXXKHAPOIHUX i BCeyKpaiHCbKUX
KoHQepeHLisx. Kio4oBi cyioBa: CliHTPOHiKa, MixKinapoBuil 06MiHHMM 3B's130K, PKKI-B3aeMogis, Kiopi-nepemukady,
CHUHTETUYHi aHTU(EPOMArHETHKY, TiraHTCbKUI MarHeTOOIp, aHI30TPOIIHMI MAarHeTOoOIIip, 06epTajbHa

aHi30TpOIisl, MarHiTHiI 6araTomapoBi CTPYKTYPH, MarHiTHa aHi30TPOIIis, TeTePOCTPYKTYPHU.

2. Kozlov O. A. Thermomagnetic effects in multilayer nanostructures based on strong and dilute ferromagnets and
antiferromagnets. — Dissertation for the degree of Doctor of Philosophy in specialty 104 Physics and Astronomy. —
Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, 2026. The dissertation is devoted to establishing the physical
mechanisms of thermally induced switching of the interlayer exchange coupling in five-layer magnetic
nanostructures Fe /Cr/FeCr/Cr/Fe (Curie switches), to the systematization of their operating regimes, and to the
development of theoretical models describing the behavior of these structures in the temperature range 200-400
K. The relevance of the topic stems from the need to create spintronic devices with external control of the
interlayer exchange coupling. In classical Fe /Cr structures, the indirect RKKY exchange interaction (Ruderman-
Kittel-Kasuya-Yosida) is determined by the spacer thickness and is weakly susceptible to external influence after
fabrication. The Curie-switch concept removes this limitation: introducing a dilute ferromagnetic Fe-Cr interlayer

with a Curie temperature near room temperature provides a reversible transition between the ferromagnetic and



antiferromagnetic types of coupling. The object of the study is five-layer magnetic nanostructures
Fe(2)/Cr(0.4)/Fe_xCr_(100-x)(0.9) /Cr(0.4) /Fe(2) (thicknesses in nm) with three iron concentrations in the dilute
interlayer: x = 17.5 at.%, x = 20 at.%, and x = 21 at.%, fabricated by DC magnetron sputtering on Si(100) substrates.
Two fragments were separated from each sample: one for magnetometric measurements (VSM, SQUID-VSM), and
one for the lithographic patterning of microstrips and magnetotransport studies. Research methods: DC
magnetron sputtering, SQUID-VSM magnetometry, two-probe magnetoresistance measurements on
lithographically patterned microstrips, as well as macrospin models of the interlayer exchange (a vector model of
coherent rotation and a collinear metamagnet model) and Monte Carlo modeling with the Metropolis algorithm.
The effective Curie temperatures of the dilute interlayer were determined: approximately 325, 360 and 380 K for x
=17.5, 20 and 21 at.%, respectively. The absence of pronounced uniaxial in-plane anisotropy was found: hysteresis
loops at different field angles practically coincide, consistent with a rotatable-anisotropy model. For the sample
with x = 17.5 at.%, a reversible transition from ferromagnetic (below 240 K) to antiferromagnetic (above 325 K)
coupling was traced in detail. On microstrips 9, 7 and 4 micrometers wide, the possibility of fully electrical, field-
free switching of the magnetic state at room temperature through Joule heating by a direct current was confirmed
for the first time; the critical current density is approximately 1.39x10"™11 A /m2. The maximum giant
magnetoresistance effect reaches 0.2%. Two macrospin models were built, allowing the temperature dependences
of the bilinear and biquadratic interlayer-exchange constants to be recovered from experimental hysteresis loops,
and four characteristic temperature regimes of the Curie switch were systematized. An analytical expression
relating the effective interlayer-coupling parameter to the magnetic susceptibility of the dilute layer was obtained.
Monte Carlo modeling was used to investigate the influence of iron-atom clustering on the magnetic susceptibility
and transition temperature; the degree of clustering was shown to be a technologically controllable optimization
parameter of the Curie switch. The scientific novelty of the results lies in the experimental confirmation of fully
electrical field-free switching of the Curie switch, the demonstration of the giant magnetoresistance effect in such
a structure, the establishment of the isotropy of the magnetic anisotropy, and the construction of consistent
theoretical models at the macro- and microscale. The practical significance of the work lies in demonstrating the
fundamental possibility of nondestructive electrical control of the magnetic state of a spin valve at room
temperature, which opens prospects for application in thermally activated magnetoresistive memory (MRAM) and
spin-torque nano-oscillators. The dissertation results are published in 2 articles in scientific journals (one of which
is indexed in Scopus and Web of Science, Q1) and 4 conference abstracts at international and Ukrainian national
conferences. Keywords: spintronics, interlayer exchange coupling, RKKY interaction, Curie switch, synthetic
antiferromagnets, giant magnetoresistance, anisotropic magnetoresistance, rotatable anisotropy, magnetic
mu]ti]ayer structures, magnetic anisotropy, heterostructures.
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Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma ByracHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

Inentudikarop ROR: He zacrocosyerscs



VIII. 3akr04Hi BimoMocTi

BiiacHe IIpi3Buie Im'sa I1o-6aTbKOBI T'opoberp Okcana FOpiiBHa
rOJIOBH pagu

BsiacHe IIpizBuie Im'sa ITo-6aTbKOBi l'opoGewup Okcana FOpiiBHa

rOJIOBYIOYOTO Ha 3acCifiaHHi

BiﬂHOBiﬂ,aﬂbHHﬁ 3a Hi,ILI‘OTOBKy Koaznos Onekcilt AHaToJ1iioBUY
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




