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Pedepar:

1. PoboTa npucsiueHa ekCrepruMeHTaIbHOMY i TEOPETUYHOMY JOCIIiIKEHHIO TEPMIYHO-iHAYKOBaHUX IIPOLIECiB
Irys3ii Ta BIOPSIKYBaHHS 33 PI3HUMU KiHETUYHUMU PEKMMaMU Ta MexaHi3MaMU B reT€POre€HHUX IJIiBKOBUX
komnosuuisx Pt/Fe i3 pi3HOI0 KOHQIrypalieo 4oAaTKOBUX HaHOWAPiB MarHiTHUX (Mn, Tb), HemarniTHUX (Ag, Au) i
ocHOBHUX (Fe, Pt) eneMeHTIB, a TAKOK BCTAHOBJIEHHIO TEMIIEpAaTypHUX iHTEPBaJIiB CTabiIbHOCTI MarHiTHO-TBEPAOI
¢azu L10-FePt 3 nepcneKTUBHUMMU [1J1s1 HAHOEJIEKTPOHIKY Ta CIIHTPOHIKU BIaCTUBOCTSIMU. BusiBieHo, 110
3aKOHOMIpHOCTI (pa30yTBOPEHHSI Ta HANPSIMOK IUQY3iIHOrO OTOKY aTOMiB Me y HAHOPO3MipHUX CUCTEMAX
Pt/Me/Fe (Me - Mn, Tb, Au) B inTepBani Temnepatyp (0,3 - 0,5) Tris1 TepMmogMHaAMIYHO BU3HAYAIOTHCS

CIIiBBiZJHOLIIEHHSM €HTaJIbIIiil GOPMYyBaHHS OKCUIIB IpoMibKHOro Me Ta Fe: MeTas MpOMI>KHOTrO 11apy 3 BUCOKOIO



CIOPiHEHICTIO 10 KMCHIO CErperye Ha 30BHIllIHil MOBEPXHi, METaJl 3 HU3bKOIO CIOPiJHEHICTIO 10 KUCHIO — 6iis
MiIKIaAVHKY. 32 KOPEJISIi€lo eJIEKTPOPE3UCTUBHUX, MArHiTHUX Ta CTPYKTYPHO-(PA30BUX XapaKTEPUCTUK
BU3HaueHO TemrepaTypy Kiopi HeBnopsiakoBaHoi ¢pasu Al-FePt ta BnopsiakoBaHoi ¢pazu L10-FePt 111 ny1iBKoBUX
cucrem Pt(15 um) /Fe(15 Hm) Ta Fe50Pt50(30 HM) i moKasaHo, 1m0 ¢pakTop HAHOPO3MIPHOCTI CYTTEBO He BIIMBAE HA
TeMIIepaTypy MarHiTHOro nepexoy, pisHuLg Mk Temneparypamu Kiopi gociigkyBaHux ¢a3 y m1iBKOBOMY i
MacCHMBHOMY CTaHax He nepesuiye ~3 %. JJoBeIeHO MOKJIMBICTh HU3bKOTEMIIEPATYPHOTO (POPMYBAHHS KiHETUYHO
cTabisbHOI MarHiTHO-TBepgoi (paszu L10-FePt y HaHOpo3MipHUX IIiBKOBUX Komno3uisix Pt /Fe Ta Pt/Au/Fe 3a
temnepatyp ~0,2 Tt 3a MexaHi3MOM peakuiiHoi Audy3ii, iHIyKOBaHOI pyXOM IrpaHMLb 3€PEH; NOJABAHHS
npomidkHoro mapy Au no cucremu Pt/Fe o6yMoBIIIoe npuckopeHHs poleciB B3aeMHoi audysii atomis Pt Ta Fe,
(opMyBaHHS APy HEBIIOPSIIKOBAHOI Pa3u Al-FePt micis yacTKoBOi «x0y104HOI» roMoreHisalii XiMiyHOTo CKJIany,
BIIOPSIIKYBaHHS 3 YTBOPEeHHSIM (pasu L10-FePt, o 103B0J1sIe CYTTEBO 301/IBIINTHA KOEPLUUTHUBHY CUJIY IJIiIBKOBOTO
marepiainy. [Ipy IbOMy KiH€THKAa HU3bKOTEMIIEPATYPHOTO BIIOPSIIKYBAHHS CTPYKTYPH IJTiIBKOBUX CUCTEM Ha OCHOBI
Pt/Fe BHaciOK JofaBaHHs IPOMIPKHOTO LIapy 6J1aropoHOr0 METaJly 3aJIeXXUTh Bifl XapakTepy 1oro B3aeMoii 3
OCHOBHMMU KOMIIOHEHTaMMU: BiICYTHICTb IPOMDKHMX METACTabiIbHUX (Pa3 € JOJATKOBUM (PAKTOPOM, 110
IIPUCKOPIOE IIPOLIEC BIOPSAKYBAaHHS; TOMOTeHi3allii XiMiYHOro ckiagy miiBkosux cucteM Pt/Me/Fe (Me — Au; Ag) i3
IOCSTHEHHSM eKBiaToMHOi KoHLeHTpaLjii Fe50Pt50 3a Bcielo TOBIIMHOIO IJIiBKY Ta AAJIbHBOIO CTPYKTYPHOTO
nopsaky ¢asu L10-FePt 3a yMoB KiHeTHYHOTrO pexkuMy 3epHorpannydHoi nudysii Tuny C He BifOyBaeTbcs, ajne
copMOBaHUI CTPYKTYPHO-(a30BUI CTaH 3abe31edye piB€Hb MarHiTHUX XapaKTEePUCTHUK, SIKUH BifIoBinae
BMCOKOTEMIIEPATYPHOMY iHTepBaJly Bifnaiy. 3MiHa KOHIrypauii 10JaTKOBUX MarHiTHUAX i HEMarHiTHUAX MIApIB 3
CHMETPUYHOI Ha aCUMETPUYHY B HAHOPO3MIipHUX KOMITIO3U1LIisIX Ha OCHOBIi Pt /Fe 103B0oJIsie He TiIbKU
IIPUCKOPIOBATHU npolec GopMyBaHHs BOpsAKOBaHOI ¢pa3u L10-FePt i3 ninpuineHHsSIM 3Ha4€HHSI KOEPLUTHUBHOI
CUJIM, aJle i CTBOPIOBATHU IPa/lieHTHUI PO3IO/ij MarHiTHO-TBEPZOi i MarHiTHO-M'sIKOi (a3 B ofHOMY 06’eMi
niiBKoBoro Marepiany. KomniekcHui ninxif, Sskuii nepenbadae 3miHy armocdepu TepMiYHOTO BIIJIMBY 3
HeWTpasbHOI Ha BOAHEBMICHY Ta 30iJIbII€HHS KiJIbKOCTI HaHOWApiB pepoMaruiTHoro cinsasy FePt i HemarHiTHoro
Au 3 popmyBaHHAM NepioandHoi komnosutii [FePt/Au/FePt]2x, 1o3Bosisie BIBidi 30i/IbIINTHA KOEPLUUTHUBHY CUIY
NOpiBHSHO i3 crimaBoM FePt, minBumunty remneparypy pekpucTatisatlii, cTabisnizyBaTi po3mMip 3epeH BIIOPSAKOBAHOI
¢daszu L10-FePt Ta noBepxHeBy MOPCTKICTh IJ1IBKOBOro MaTepiany. PO3BUHYTO MOzeIbHI YSBIEHHS 1[0/I0 PO3BUTKY
IV(y3ifHUX NIPOLECIB Y TeTEePOreHHUX IIJIIBKOBUX CUCTEMaX i3 Pi3HOI0 KOHQIrypallieo MarHiTHUX i HEeMarHiTHUX
HAHOIIAPiB 3a MeXaHi3MaMu OuPy3ifiHO-IHAYKOBAHOI Mirpatii rpaHUIb 3€PEH Ta peakuiiiHoi gudys3ii, iHAyKoBaHO]
PYXOM IpaHuLb 3epeH. MeTomoM MOJIEKYJISIPHOI AHAMIKY [TPOBEIEHO TEOPETUYHNI aHasli3 mpouecy camonudysaii
Fe i Pt y BnopsakoBaniil ¢azi L10-FePt 3a 06'emunm mexaHizmom T ~ (0,7 - 0,85) Tr1, BUBHaY€HO KisbKicHi
IIapaMeTpH LbOTo [IPOLEeCyY i MifTBEPIPKEHO MOro aHi30TPONHUI XapaKTep; NapaMmeTpu camogudysii Fe BusHaueHo
TaKOX €KCIIEPUMEHTAIbHUM LJISAXOM Y IJIiBKOBIiN emiTakCiaylbHiA cucTeMi i3 HaHoIapamMy Pi3HOTO i30TOMHOTO
ckiany - 56Fe ta 57Fe; TeopeTUyHI Ta eKCllepUMeHTalbHi pe3yabTaTy MiTBEPIKYIOTh CyTTEBUII BHECOK IPaHUIlb
3€PEH [0 KOHTPOJIbOBAHUX NU(Py3ielo poleciB (pa3oyTBOPEHHS B HAHOPO3MipPHUX MaTepianax Jjs ycix
IOCJIiIPKEHUX TEMIIepAaTypPHUX iHTepBasliB. BcTaHoB eH] (Pi3nyHi 3aKOHOMIPHOCTI, pO3p06JI€HI MOJIeJIbHI YSIBJIEHHH,
a TaKOX BU3HAYEHi MPAKTUYHO BAKJIMBI XapaKTEPUCTHKY CTBOPIOIOTh HAYKOBI OCHOBY KE€PYBAHHS Y IIMPOKUX
TEMIIEPaTYPHUX iHTEPBaJIax CTPYKTYPHO-(a30BMMHU CTaHAMM i Pi3MYHMMMU BJIACTUBOCTSMU € TEPOT€HHUX
IIJIiBKOBUX CUCTEM i3 pi3HOI0 KOH(QIrypalielo MarHiTHUX i HEMarHiTHUX HAHOWIAPIB i IPeCTaBIIOTh iHTEpPEC IJ1s1
PO3pOOKM iHHOBALIIMHUX TEXHOJIOTil BUPOOHULTBA I1iBKOBUX €JIEMEHTIB i IpUJIafliB HAHOEJIEKTPOHIKH i

CHIHTPOHIKHU.

2. The study is devoted to experimental and theoretical investigation of thermallyinduced diffusion and ordering
via various kinetic mechanisms in heterogeneous thin film stacks based on Pt /Fe with additional nanolayers of
magnetic (Mn, Tb), nonmagnetic (Ag, Au) and main (Fe, Pt) elements as well as to determination of temperature
ranges of hard-magnetic L10-FePt phase stability. It is found that consistent pattern of phase formation and
direction of Me atoms diffusion flux in nanosized Pt/Me/Fe systems (Me - Mn, Tb, Au) at temperatures up to 0.5
Tm are being thermodynamically determined by the ratio of oxides formation enthalpies of intermediate Me and
Fe: metal of intermediate layer with high affinity to oxygen segregates on the outer surface, metal with low affinity



to oxygen - near the substrate. By the correlation of electroresistive, magnetic and structural phase
characteristics, the Curie temperatures of the Al-FePt disordered phase and the L10-FePt ordered phase for film
systems Pt(15 nm)/Fe(15 nm) and Fe50Pt50(30 nm) are defined. Also, it is shown that the nanoscale factor does not
significantly affect the temperature of the magnetic transition, the difference between the Curie temperatures of
the studied phases in film and bulk states does not exceed ~ 3%. The possibility of low-temperature formation of
kinetically stable hard-magnetic L10-FePt phase in nanosized Pt/Fe and Pt /Au/Fe film compositions at
temperatures of ~ 0.2 Tm by the mechanism of reaction diffusion induced by grain boundary motion is proved.
Addition of the intermediate Au layer to the Pt/Fe system leads to acceleration of Pt and Fe atoms mutual
diffusion, formation of Al-FePt disordered phase after partial "cold" homogenization of the chemical composition,
ordering with L10-FePt phase formation, which allows to significantly increase coercivity. Wherein, kinetics of
low-temperature ordering of Pt /Fe-based film systems, due to addition of an intermediate layer of noble metal,
depends on the nature of its interaction with the main components: absence of intermediate metastable phases is
an additional factor accelerating the ordering process; homogenization of chemical composition of Pt /Me /Fe film
systems (Me - Au; Ag) with achievement of equiatomic concentration of Fe50Pt50 for entire film thickness and
long-range structural order of L10-FePt phase under conditions of type C kinetic regime of grain boundary
diffusion does not occur, but formed structural and phase state provides magnetic characteristics level that
corresponds to the high-temperature annealing range. Change of additional magnetic and non-magnetic layers
configuration from symmetric to asymmetric in nanosized Pt/Fe-based compositions allows not only to accelerate
the process of L10-FePt ordered phase formation with increase of coercivity, but also to create a graded
distribution of hard-magnetic and soft-magnetic phases in one volume of film material. A complex approach,
which involves change of the thermal treatment atmosphere from neutral to hydrogenous one and increase of
number of ferromagnetic FePt alloy and nonmagnetic Au nanolayers with the periodic [FePt/Au/FePt]2x system
formation, allows to double the coercivity compared to FePt alloy, raise the recrystallization temperature, stabilize
both the grain size of the ordered L10-FePt phase and the surface roughness of the film material. Model ideas of
diffusion processes development in heterogeneous film systems with different configurations of magnetic and
nonmagnetic nanolayers by the mechanisms of diffusion-induced grain boundaries migration and reaction
diffusion induced by the grain boundaries motion are developed. By means of molecular dynamics simulation, the
process of Fe and Pt selfdiffusion in the ordered L10-FePt phase by the bulk mechanism was theoretically analyzed,
the quantitative parameters of this process were determined, and its anisotropic nature was confirmed. Fe self-
diffusion parameters were also determined experimentally in an epitaxial film system with nanolayers of different
isotopic composition - 56Fe and 57Fe. Theoretical and experimental results confirm the significant contribution of
grain boundaries to diffusion-controlled phase formation processes in nanoscale materials for all investigated
temperature ranges. The established physical patterns, developed model representations, as well as defined
practically important characteristics create scientific bases of management in wide temperature ranges of
structural-phase states and physical properties of heterogeneous film systems with various configurations of
magnetic and nonmagnetic nanolayers and are of interest for development of innovative technologies for film

elements, nanoelectronics and spintronics devices production.
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