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Pedepar:

1. ¥ nuceprauiiiziit poboTi gocigKkeHa AUHAMIKa HaMarHiyeHOCTi eJIeMEeHTIB MarHiTHOI aM’aTi y IBOX BaXXJIUBUX
17151 IPaKTUYHOI peasnisauii Bunagkax: 1) min giero MarxHiTHOro nosis; 2) i3 3aCTocyBaHHSIM KOMOIHOBAHOT'O BILJIUBY
iMITyJIbCiB MarHiTHOTO M0JIS Ta CIiH-TIOJIIPU30BAHOTO CTPYMY. 3'SICOBAaHO YMOBH IlepeMarHivyBaHHS CUHTETUYHOTO
antudepomarnetrka (CAD) abo koMipky am’siTi if, Ai€lo LUX 30BHIIIHIX 30ypeHb. 3arpOIIOHOBAaHO TaKi IPUHLIUIIN
KEepyBaHH4, 110 3a6€31e4yI0Th [lepeMardidvyBaHHs BiJIbHOTO Iapy KOMIpKY Iam'sITi Mif] BIVINBOM iMITyJIbCiB
MAarHiTHOTO NOJISI Ta CHiH-TIOJISIPU30BAHOr0 CTPyMy. OTPUMaHi pe3yJIbTaTH € BAKJIMBUMMU [1JIs1 TEXHOJIOTIUHUAX
3aCTOCYBaHb B IPUCTPOSIX MArHiTHOI Mam’sITi 3 [OBiIIbHUM JocTynioM (MRAM). Y BeTymni 1o opuriHazibHOI YaCTUHU

Iyceprallii OGIPyHTOBAHO aKTyasbHICTh ii TeMyu. CPOPMYIbOBAaHO METY, BUBHAUEHO O0'€KT Ta MIPEeIMET



nocrinkeHHs. OGIPYHTOBAaHO HOBU3HY OTPUMaHUX pe3ysbTatiB. HamaeTses iHdopMalis mopmo anpobariii
Pe3yJIbTaTiB JOCiIKEeHb HAa HAYKOBUX KOH(MEPeHLisAX. Y nepomMy po3zii AucepTaliiiHoi poboTU poBeeHO
aHaJli3 Cy4yaCHOro CTaHy po06JyieMu lepeMarHiuyBaHHs CUHTETUYHOTO aHTU(PEPOMarHeTUKa 3 MeTOI0 3aI1Cy
in@opmauii. Po3risgHyTO (Pi3nyHi OCHOBU METOMIB, SIKi 32CTOCOBYIOTBCS IJ1s1 IEPEMUKAHHSI MarHiTHUX CTaHIB
KOMipku nam’siti B 3actocyBaHHsx MRAM. V npyromy poszini nucepraniiiHoi po60Ty BU3HAYEHO YMOBU peatizalii
IIBUJIKOTO TIEpEMUKAHHS HaIlpSIMKY HAaMarHiveHOCTi KOMipKY Mam’sITi Mif Ai€lo iMITysIbCy MarHiTHOrO 1oJis,
IIPUKJIAJI€HOr 0 NEPIEHIUKYIISIPHO 10 MIOIMHY BisibHOTO mapy CA®. 3po6sieHo OLiHKY aMILIITYAU Ta TPUBAJIOCTI
iMIyJIbCiB J1a3€pHOTO BUIIPOMIHIOBaHHS HEOOXiHUX /17151 KEPYBaHHS cTaHamMy HamarHideHocTi CAQ. [TokazaHo, 10 B
pasi peasnizaLlii MBUAKICHOTO pesKUMy IepeMarHidvyBaHHs KOMIpKY IIaM’sITi, iHAyKOBaHa J1a3epoM IIyJbCcallist
MAarHiTHOro 1oJIsi MoXKe O0yTH ITOKJIaleHa B OCHOBY Cy4aCHOro MeToay 3anucy ingpopmatiii Ha Hocii tunty CA®. Kpim
TOTO, Y APYTOMY PO3[iJli JrcepTaLifiHOi pOOOTH AOCIIPKEHO 3MiHY MArHiTHOTO CTaHy CUHTETUYHOTO
aHTM(EepOMarHeTrKa IiJi BIVIMBOM CIiH-MOJISPU30BAHOTO CTPYMY. BU3HaY€HO BILJIMB [10YATKOBOTO KYTa, MiXK
“nosisipuzaTopoMm” CIiH-TIOJIIPU30BAHOTO CTPyMy Ta HamarHiueHicTio CAD Ha aMIIiTYZy Ta TPUBAJICTh CTPYMOBOLO
iMITyJsIbCy, HEOOXITHUX [J1s1 IEPEMArHivyBaHHS €JIEMEHTIB IaM’sITi. Y TPETbOMY PO3JiJli JUCePTaLiiiHOi po6oTH
TEOPeTUYHO JOCJiIKEeHO MPOoLieC KEPyBaHHS HaMarHiueHicTIo KOMipKy amM’sITi Mif, BIVIMBOM KOMOGIHOBaHOI Aii
JIOKQJIbHYX 30BHIIIHIX MAarHiTHUX I10JIiB, SIKi CTBOPIOIOTHCS IIJIIXOM IIPOIYCKaHHS Hanepes, 3allporpaMOBaHUX
€JIEKTPUYHUX CTPYMIB 4epe3 Kepylodi €JIEKTPUYHI [IPOBiHUKY B CTAHJAPTHIX KOMIIOHOBL. [ToKa3aHo, 0 3a
PaxyHOK onTuMizauii GopMuU Ta TPUBAJIIOCTi CTPYMOBUX iMITyJIbCiB I(t) (t — 4ac) mocsraeTbces MBUAKICHUI
Oe3peslakcaliiHAN PEXXUM IIEPEMUKAHHS MAarHiTHOrO CTaHy KOMipku nam’siTi. BusHaueHO onTuMasbHi IapaMmeTpu
[10JIbOBUX (CTPYMOBUX) iIMITYJIbCIB IJ1s1 LOCSTHEHHSI LIBUAKOTO 6e3pesiakcaliiHOTo peskuMy lepeMarHivyBaHHs
KOMipKY Nam’sITi. Y 4eTBepTOMY PO37isi AucepTaliliHoi po60TU TEOPETUYHO NOCTiIKEHO IPAKTUYHO BAXKJIUBY 1151
CHIHTPOHIKM 337124y - Ipo6sIeMy KePyBaHHSI MAarHiITHUMU CTaHAaMU KOMipku nam'ati MRAM mnif BIiMBom
KOMOIHOBAHOI i JIOKaJIbHYUX 30BHILIHIX MArHITHUX IOJIiB i CIIiH-TIOJISIPU30BAHUX CTPYMiB. JlocinkeHo
IepeMarHiuyBaHHsI KOMIpKU IIaM'sITi, 1[0 CKJIaIa€ThCsl 3 TPbOX HAHOIIAPIB, PO37iJIeHUX ABOMA TYHEJIbHUMU
MarHiTHUMU II€peX0oJaMHu, MiJ, BIUIMBOM KOMOIHOBAHOI Aii CIIiH-TI0JIIpU30BaHOTO CTPYMY Ta iMITyJIbCiB MarHiTHOrO
noJis. 3'1COBaHO AMHAMIKy HAaMarHideHOCTi “pyxomMoro” (pepoMarHiTHOTo mapy. AHaJIITUYHO 064NCIEHO
ONTMMAaJIbHI aMIUIITYY Ta YaCU TPUBAHHS IMITYJIbCY CIIH-TIOJISIPU30BAHOTO CTPYMY Ta iHAYKOBAaHOTO HUM
MAarHiTHOrO 10J1s1, HeOOXiJHi 1711 JOCSATHEHHS CTilIKOT0, IIBUJIKOTO, 6e3peslaKkcaliliHOro epemMardivyBaHHs KOMipKU
nam’sti.

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 the
high-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 spin-



polarized 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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