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[Honmunuyk I1. FO. be3penakcaniiine nepeMuKaHHs: KOMIPOK MarHiTHOI aM’siTi Ha
OCHOBI 0araTomapoBUX HAHOCUCTEM 3 aHTU(EPOMArHITHUM 3B’ s13K0M. — KBamidikariiina
HAyKOBa Ipallsl Ha MpaBaxX PyKOIHUCY.

HNuceptanis Ha 3100yTTS HAyKOBOro CTymeHs JoKkTopa (itocodii 3a
cnemianbHicTiO 104 — di3uka ta actporoMis. — [nctutyt Mmarnetusmy HAH Vkpainu ta
MOH VYkpainu, Kuis, 2024.

VY nucepraniiiHiii poOOTI JOCHIIKEHAa IWHAMIKa HaMarHi4eHOCT1 €JIEMEHTIB
MarHiTHO1 MaM’sITi y IBOX BXKJIUBUX JIJIS MPAKTUYHOT peaizallii Bumaakax: 1) mij ai€ro
Mar”iTHOIro 1MoJis; 2) 13 3aCTOCYBaHHSM KOMOIHOBaHOTO BILIMBY iIMITYJIbCIB MarHiTHOTO
NoJsl Ta CHIH-TIOJSPHU30BAHOTO CTPyMy. 3’SCOBAHO YMOBH TM€peMarHidyBaHHS
cuntetnuHoro antudepomarietTuka (CAD) abo koMipku mam’sTi Mia €0 IUX
30BHIIIHIX 30ypeHb. 3anporoOHOBAHO TaKl NPUHIMIM KEpyBaHHSA, IO 3a0e3MeuyioTh
nepeMarHiyyBaHHs BUIBHOTO IIapy KOMIPKH MaM’ STl i/l BIUTMBOM IMITYJIbCIB MarHiTHOT O
MOJST Ta CHIH-TIONSPHU30BAaHOTO CTpyMmy. OTpHMaHi pe3ylbTaTH € BAKIMBUMH JIJIS
TEXHOJIOTIYHUX 3aCTOCYBaHb B MPUCTPOSIX MArHiTHOI MaM’sTi 3 JOBUIBHUM JOCTYIIOM
(MRAM).

Y ecmyni 10 OpUTiHAJIBHOI YACTUHM JUcEpTallii OOIPYHTOBAHO aKTyaJIbHICTD il
temu. CpopMynbOBaHO MeTy, BHU3HAU€HO OO’€KT Ta TMPEeAMET JOCTIIKEHHS.
OOrpyHTOBaHO HOBHU3HY OTpUMaHHMX pe3ynbraTiB. Hamaethcs iHQopMariis 11010
armpoOaitii pe3yIbTaTiB TOCTIKEHb Ha HAYKOBUX KOH(EPEHITISX.

YV nepuwiomy po30ini nuceprauiitHoi poOOTH MPOBEICHO aHA3 CYy4aCHOTO CTaHY
npoOJeMHu TiepeMarHidyBaHHS CHHTETHYHOTO aHTH(EpOMarHeTHMKa 3 METOIO 3aIlnuCy
iHpopMmarii. Po3rnsgHyTO (Pi3MYHI OCHOBHM METOIB, SKI 3aCTOCOBYIOTHCS IS
NepeMUKaHHs MarHITHUX CTaHIB KOMIPKH 1maM’siTi B 3actocyBaHHs X MRAM.

YV opyeomy po3oini nucepTaiiiiHoi poOOTH BU3HAYEHO YMOBH peajizallii BHUIKOTO
NMEePEeMUKAHHA HAMNpPSAMKY HAMarHi9eHOCTI KOMIPKH TaM’sTi MiJ [i€l0 IMIYJIbCy
MarHiTHOTO TOJIsl, MPUKIIAJEHOTO MEPIIEHIUKYIISIPHO 0 TUIOITUHY BibHOTO mapy CAD.
3po0JieHO OIIHKYA aMIUTITYAW Ta TPUBAIOCTI IMITYJBCIB Ja3epHOTO BUIIPOMIHIOBAHHS
HEOOXITHUX MJI1 KepyBaHHA cTaHamMu HamarHideHocti CA®. IlokazaHo, mo B pasi
peamizallii MBHAKICHOTO PEXUMY TepeMarHidvyBaHHsS KOMIPKH TIaM’ siTi, 1HIyKOBaHa
Ja3epoM TMyJbCallis MAarHITHOTO TOJSI MOXKe OyTH TMOKJIaJgeHa B OCHOBY CY4YacCHOTO
MeTtoay 3amucy iHdopmariii Ha Hocii Tury CAD.

Kpim Toro, y opyeomy po3oini naucepTamiiftHOi poOOOTH JOCIHIIKEHO 3MiHY

Mar”HiTHOTO CTaHy CHHTETHYHOTO aHTH(EpOMarHeTWKa TijJ BIUIUBOM  CIIiH-



MOJISIPU30BAHOTO CTPYMY. BH3HAaUeHO BILIUB MOYATKOBOTO KyTa, MIX “NOJISIPU3aTOPOM”~
CIIH-TIOJISIPU30BAHOT0 CTpyMy Ta HamarHiueHicTio CA® Ha aMIUNTyly Ta TPUBATICTb
CTPYMOBOT'O IMITyJIbCY, HEOOXITHUX JIsl IEpEMarHiuyBaHHS €JIEMEHTIB IaM’sITl.

YV mpemvomy po30ini nucepraniiHoi poOOTH TEOPETUYHO AOCIIJKEHO MPOIEC
KepyBaHHS HAMArHi4eH1CTIO KOMIPKY Mam’sITi 1] BIVITMBOM KOMOIHOBAHO1 11 IOKAJIbHUX
30BHIIIHIX MArHITHUX TIOJNIB, $KI CTBOPIOIOTHCS LUISIXOM MPONYCKaHHS Hamepen
3aMporpaMoOBaHUX EJIIEKTPUYHUX CTPYMIB Yepe3 Kepyroul €JNEeKTPUYHI MPOBIIHUKU B
CTaHAapTHINA koMoHoBLI. [loka3zaHo, 1110 3a paxXyHOK ONTUMIi3allil (pOpMHU Ta TPUBATIOCTI
cTpyMoBHX iMIysibeiB I(t) (t — vac) mocsraerbes IIBHAKICHUN Oe3pesakcariiiiHuit
PSKMM TIEPEMHUKAHHS MarHiTHOTO CTaHy KOMIpKH Tam’sTi. Bu3HaueHO onTuMaibHI
napamMeTpyd TOJbOBUX  (CTPYMOBHUX) IMITyJIbCIB  JJIS  JIOCATHEHHS  IIIBHJIKOTO
Oe3peakcalifHoOro peKuMy NepeMariiyyBaHHs KOMIPKH I1aM ATi.

YV  uemeepmomy po3oini naucCEpTAliiHOI POOOTH TEOPETHUUHO JTOCIIIKEHO
NPAKTUYHO BAXIIMBY JUISl CIIHTPOHIKM 3ajladyy — MpoOJIeMy KEpyBaHHS MarHiTHUMHU
ctanamu KoMmipku nam'sti MRAM nix BisimBoM KOMOIHOBaHOT /111 TOKATBHUX 30BHIIIHIX
Mar”HiTHUX MOJIB 1 CHIH-TIOJISIPU30BaHUX CTPyMiB. JloCHiKeHO nepeMarHidyBaHHS
KOMIPKH I1aM’sITi, IO CKJIAAAEThCS 3 TPHOX HAHOIIAPIB, PO3IIJICHUX JIBOMA TyHCIbHUMU
MarHiTHUMH MepeX0/1aMHu, il BIUVIMBOM KOMOTHOBAHO1 /i1 CIIH-TIOJIPU30BAHOTO CTPYMY
Ta IMITyJIbCIB MarHiTHOTO IMOJs. 3’SCOBaHO JMHAMIKY HaMarHiu€HOCTI ‘“pyxoMoro”
dbepomartiTHoro mapy. AHAJIITUYHO OOYHCIEHO ONTUMAIBHI aMIUIITyAHM Ta 4Yacu
TPUBAHHS IMIYJIbCY CIIH-TIOJISPU30BAHOTO CTPYMY Ta 1HIYKOBAHOTO HUM MAarHiTHOTO
MoJisl, HEOOXiAHI IS JOCSATHEHHS CTIMKOro, IIBHJAKOTO, Oe3pernakcariiHoro
nepeMarHiyyBaHHsS KOMIPKH T1aM’ SITi.

Kuarw4ogi ciioBa: cuHTeTHYHNN aHTU()EPOMATrHETHK, CIIH-TIOJIIPU30BAHUMN CTPYM,
MardHiTHa KOMipKa TaM’siTi, MAarHiTHHH TYHEJIbHHMH TIepexill, HHU3bKOOap epHE

nepeMarHiuyyBaHHsI, Oe3perakcariiine nepeMaraiuyBaHHs, MarHiTHa JUHaMIKa.



ABSTRACT

Polynchuk P.Yu. Relaxation-free switching of magnetic memory cells based on
multilayer nanosystems with antiferromagnetic coupling. — Qualification research paper
on the rights of a manuscript.

Thesis for the Doctor of Philosophy scientific degree in the Speciality 104 —
Physics and Astronomy. — Institute of Magnetism of the National Academy of Sciences
of Ukraine and Ministry of Education and Science of Ukraine, Kyiv, 2024,

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.

Key words: synthetic antiferromagnet, spin-polarized current, magnetic memory
cell, magnetic tunnel junction, low-barrier magnetization reversal, inertial-free
magnetization reversal, magnetic dynamics.
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