O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0824U003370
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamuii: 13-11-2024

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Hakasy MOH / Haka3y 3aksazgy: N° 15-HO/J Bix 07.11.2024

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ilonnnuyk [Tasso FOpifioBry

2. Pavlo Y. Polynchuk

KBasigikamnis: 1.dpinocod

InenTudikarop ORCHID ID: 0000-0001-8786-0465
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoOBOi cHIeniaIbHOCTI: 104

Ha3zBa HayKoBOIi creniaJIbHOCTI: disnka Ta acTpOHOMis
FaJIy3b / ra.nysi 3HaHb. NpUPOIHUYI HAYKN
OcBiTHBO-HayKOBa IMporpama 3i CreniaJbHOCTi: 56412 "disnka"
JlaTa 3axHCTy: 24-10-2024

CnenianbHICTB 32 OCBiTOM0: disuka Ta aCTPOHOMIs

Micue po6oTH 3400yBaya: Incruryr marnetusmy HanjionasnpHoi akaziemii Hayk Ykpainu ta Minicrepcrsa

OCBITH i HayK1 YKpaiHu

Kopg 3a €IPIIOY: 23494128

Micue3HaxoaKeHHS: OysbB. Akamemika BepHagncbekoro, 6ya. 36-6, Kuis, 03142, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi CleliaJai30BaHOi BYE€HOI pazu). 1O 26.248.04

IloBHe HalMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [ncTUTYyT MarHeTnamy HarjioHasnbHoi akaziemii Hayk Ykpainu Ta

MinicTepcTBa OCBiTH | HAYKU YKpaiHu

Kopg 3a €IPIIOY: 23494128

Micue3HaxoaKeHHS: OysbB. Akazemika BepHagncbekoro, 6ya. 36-6, Kuis, 03142, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HalMeHYBaHHSI IOPHUAHUYHOI 0COOH: [HcTUTYT MarHeTn3my HanjioHasnbHoi akaziemii Hayk Ykpainu Ta

MiHicTepcTBa OCBiTH | HAYKU YKpaiHu

Kopg 3a €IPIIOY: 23494128

Micuesnaxo,zm(emm: 6ynbB. Akazemika BepHagncekoro, 6ya. 36-6, Kuis, 03142, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist HayK Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkagemivyHui1

V. BimoMocTi npo gucepraniio
MoBga guceprTaliii: Vkpaincbka
Koau TemaTHYHHUX PYOpPHK: 29.41.03

Tema gucepranii:

1. Be3penakcatlifiHe NepeMUKaHHs KOMipOK MarHiTHOI Nam’sITi HA OCHOBI 6araTomapoBUX HAHOCHUCTEM 3
aHTU(PEPOMATHITHUM 3B'I3KOM

2. Relaxation-free switching of magnetic memory cells based on multilayer nanosystems with antiferromagnetic
coupling

Pedepar:

1. Y nuceprauiiiHiil poboTi foCaigKeHa AMHAMIKa HAaMarHiY€HOCTi €JIEMEHTIB MarHiTHOI NaM’aTi y IBOX BaXXJIUBUX
IJ1s1 IPaKTUYHOI peanisauii Bunangkax: 1) mig fieto MarHiTHOro 1noss; 2) i3 3aCTOCyBaHHSIM KOMOiHOBAHOT'O BILJIUBY
iMITyJIbCIB MarHiTHOTO I10JIs Ta CIiH-TIOJISIPU30BAHOTO CTPYMY. 3'SICOBAaHO YMOBHU I[lepeMarHivyBaHHS CUHTETUYHOTO
antudepomarnetuka (CAD) abo koMipky naM’siTi Nif, fi€to LUX 30BHIIIHIX 30ypeHb. 3alIpOIIOHOBAHO TaKi IPUHLUIIN

KEPYBaHH4, 10 3a6€3Me4yI0Th IepeMarHidvyBaHHs BiJIbHOTO MAapy KOMipKY IaM'sITi Mif] BIVINBOM



IMITyJIbCIBMArHiTHOIO I10J14 Ta CIiH-TIOJIIPU30BAHOrO CTPyMy. OTpUMaHi pe3yybTaTy € BAKJIUBUMU [JIs
TEXHOJIOTIYHUX 3aCTOCYBaHb B IPUCTPOSIX MATHITHOI aM’sITi 3 JOBiIbHUM focTynioM (MRAM). V BeTymi 1o
OpUTiHaNIbHOI YaCTUHM JUCEPTallii O6IPYHTOBAHO aKTyasbHICTb ii TeMu. CHOPMYJIbOBAHO METY, BU3HAYEHO OO'EKT Ta
nmpegMeT gocimkeHHs. OOIPyHTOBAaHO HOBM3HY OTPMMAaHUX pe3ysbTaTiB. Hamaerscs iHpopmalis mono anpobarii
pe3yJIbTaTiB AOCIiIKEHb HA HAYKOBUX KOH(EPEHLigxX. Y NepIoMy po3aiji qucepTauiiiHol po60TH IPOBELEHO
aHaJIi3 Cy4yacHOTrO CTaHy Npo6JeMu IepeMarHivyBaHHsI CMHTETUYHOTO aHTU(hEePOMarHeTHKa 3 METOIO 3aIUCy
iHgopmauii. PosrisiHyTO (Pi3NyHi OCHOBU METOMIB, SIKi 32CTOCOBYIOTbCS [J1s1 IEPEMUKAHHSI MAarHiTHUX CTaHIB
KOMipku nam’siTi B 3actocyBaHHsx MRAM. V npyromy poszini nucepraniiiHoi po60Ty BU3HAYEHO YMOBU peatizalii
IIBUJIKOTO TIEPEMUKAHHS HaIllpSIMKY HAMarHideHOCTi KOMipKY Mam’sITi Mif Ai€lo iMITysIbCy MarHiTHOTO 1o,
IIPUKJIAJ€HOT 0 NEPIEeHIUKYIISIPHO 10 MIOIMHY BisibHOTO mapy CA®. 3po6sieHo OLiHKY aMILIITyAU Ta TPUBAJIOCTI
iMIyJIbCiB J1a3€pHOTO BUIIPOMIHIOBaHHS HEOOXiHUX /17151 KepYBaHHS cTaHaMu HamarHideHocTi CA®. TTokazaHo, 1110 B
pasi peasnizalii IIBUAKICHOTO pesKMMY IIepeMarHiyyBaHHs KOMipKY IaM'sITi, iHAYKOBaHA JIa3€pOM ITyJIbCallis
MarHiTHOro 1oJist Moxe OyTH IOKJIafieHa B OCHOBY Cy4acHOTo MeTony 3anucy indpopmatiii Ha Hocii tTunty CA®. Kpim
TOTO, Y APYTOMY PO3[iJli JycepTaLifiHOi poO0TH AOCIIIPKEHO 3MiHY MarHiTHOTO CTaHy CUHTETUYHOIO
aHTU(EPOMArHeTHKA il BIIJIMBOM CIIiH-TIOJIIPU30BAaHOTO CTPYMY. BU3HAaUY€HO BIJIMB IIOYAaTKOBOTO KyTa, MK
“nossipuzaTopoMm” CIiH-TIOJIIPU30BAHOTO CTPyMy Ta HamarHiueHicTio CAD Ha aMIIiTYyZy Ta TPUBAJICTh CTPyMOBOIO
iMITysIbCYy, HEOOXITHUX [1J1s1 IepEMarHiyyBaHHS €JIeMEeHTIB IamM’sITi. Y TpeTbOMY pO3JiJii JucepTaliiiHoi po6oTu
TEOPETUYHO JOCJiIKEHO NPOLeC KEPYBaHHS HAMArHi4eHiCTIO KOMipKY IIaM’sITi MiJ, BIVIMBOM KOMOiHOBaHOI Aii
JIOKaJIbHYX 30BHIIIHIX MarHiTHUX I0JIiB, SIKi CTBOPIOIOTHCS IIJIIXOM IIPOIYCKAHHS Hallepes, 3allpOorpaMOBaHUX
€JIEKTPUYHUX CTPYMIB 4epe3 Kepylodi €JIEKTPUYHI IPOBiHUKY B CTAaHJAPTHIX KOMIIOHOBL. [Toka3aHo, mo 3a
PaxyHOK onTuMizauii GopMu Ta TPUBAJIIOCTi CTPYMOBUX iMITyJIbCiB I(t) (t — yac) mocsraeTbcs MBUAKICHUI
Oe3peslakcalifiHAN PeXXUM IIEPEMUKAHHS MarHiTHOrO CTaHy KOMipKY nam’siTi. BusHaueHO onTUMaslbHi IapaMeTpu
[I0JIbOBUX (CTPYMOBUX) IMITYJIbCIB IJ151 LOCSTHEHHS LIBUAKOTO 6e3peiaKkcaliiHOTO pesKUMy IepeMarHiqyBaHHS
KOMipK{ Nam’sITi. Y yeTBepToOMy po37isi AucepTaliliHoi po60TU TEOPETUYHO NOCTiIKEeHO IPAaKTUYHO BAXJIUBY 1151
CIIIHTPOHIKHU 3aa4y — Npo6ieMy KEPYBAaHHS MAarHiTHMMU CTaHaMU KOMipKU niam'ati MRAM nif BIIJIMBOM
KOMOGIHOBAHOI i JIOKaJIbHYUX 30BHILIHIX MArHITHUX MOJIB i CIIiH-TIOJISIPU30BAaHUX CTPYMiB. JlocimkeHo
nepeMarHiuyBaHHs KOMIpKU IIaM'sITi, 1[0 CKJIaIa€ThCsl 3 TPhOX HAHOIIAPIB, PO3iJIeHUX ABOMA TYHEJIbHUMU
MarHiTHUMU I€pexojaMH, MiJ, BIUIMBOM KOMOIHOBaHOI Aii CIIiH-T10/IIpU30BaHOTO CTPYMY Ta iMIyJIbCiB MarHiTHOro
noJis. 3'1COBaHO AMHAMIKy HAaMarHidyeHOCTi “pyxomMoro” (pepoMarHiTHOro mapy. AHaJIITUYHO 06UNCIIEHO
ONTMMAaJIbHI aMIUIITYIY Ta YaCU TPUBAHHS IMIYJIbCY CIIH-TIOJISIPU30BAHOTO CTPYMY Ta iHAYKOBAaHOTO HUM
MarHiTHOro 1oJisi, HeoOXiJHi 711 JOCSTHEHHS CTilIKOTro, IBUIKOTO, Oe3pesaKkcaliliHOro epeMarHivyBaHHs KOMipKy
nam’siTi.

2. The dynamics of magnetization of magnetic memory elements in two cases important for practical
implementation is studied in this thesis: 1) under the influence of a magnetic field; 2) with the combined effect of
magnetic field pulses and pulses of spin-polarized current. The conditions for magnetization reversal of the
synthetic antiferromagnet (SAF) or a memory cell under the influence of these external perturbations are
determined. The following control principles are proposed to ensure the magnetization of the free layer of the
memory cell under the influence of magnetic field pulses and spin-polarized current. The results obtained are
important for technological applications in random access magnetic memory (MRAM) devices. In the introduction
to the original part of the dissertation, the relevance of its topic is proved. The purpose is formulated, the object
and subject of the study are defined. The novelty of the results is substantiated. Information on the testing of
research results at scientific conferences is provided. The first chapter of the thesis analyses the current state of
the problem of remagnetization of synthetic antiferromagnets for the purpose of recording information. The
physical basis of the methods used to switch the magnetic states of a memory cell in MRAM applications is
described. In the second chapter of the thesis, the conditions for the implementation of rapid switching of the
magnetization direction of the memory cell under the action of a magnetic field pulse applied perpendicularly to
the plane of the free layer of the SAF are defined. The amplitude and duration of laser radiation pulses required to
control the magnetization states of the SAF are estimated. It is shown that in the case of implementation of



thehigh-speed mode of SAF magnetization reversal, the laser-induced magnetic field pulsation can be the basis of
a modern method of recording information on SAF-type media. In addition, the second chapter of the thesis
investigates the change in the magnetic state of a synthetic antiferromagnet under the influence of a spinpolarized
current. The influence of the initial angle between the spin-polarized current “polarizer” and the magnetization of
the SAF on the amplitude and duration of the current pulse required to remagnetize the memory elements is
determined. The third chapter of the thesis theoretically investigates the process of controlling the magnetization
of a memory cell under the combined effect of local external magnetic fields, which are created by passing pre-
programmed electric currents through control electric in a standart layout. It is shown that by optimizing the
shape and duration of current pulses I(t) (t - time), a high-speed relaxation-free mode of switching the magnetic
state of the memory cell is achieved. The optimal parameters of field (current) pulses for achieving a fast
relaxation-free mode of memory cell magnetization are determined. In the fourth chapter of the thesis, we have
theoretically studied a practically important task for spintronics - the problem of controlling the magnetization
states of a magnetic memory cell by means of the combined action of local external magnetic fields and spin-
polarized currents. The magnetization of a memory cell consisting of three nanolayers separated by two tunnel
magnetic junctions under the combined action of a spin-polarized current and magnetic field pulses is
investigated. The dynamics of magnetization of the free ferromagnetic layer is studied. The optimum amplitudes
and durations of the spin-polarized current pulse and the magnetic field induced by it are analytically calculated to
achieve stable, fast, relaxation-free remagnetization of the memory cell.
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