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(yxp.)

CtBOpeHi HOBI 3acaau GOpMYyBaHHS CTAOUTBLHUX HAHOPO3MIPHUX MArHITHO-TBEPAMX TUTIBOK
FePt 3 BmnopsakoBanow (dazoro LI,(FePt) muisixom perymtoBaHHS IIBHUIKOCTI TBEPAOTUIBHUX
peaxiiii 3a T0MOMOT0I0 BUKOPUCTAHHS JOJATKOBUX IIApiB Jeryrouux eneMmeHTiB (Ag, Au, Cu) sk
perynstopiB audy3idaux moTokiB. Jlocsarayro 3menmenHs Ha 100 K temmeparypu yTBOpeHHS
MarHitHo-TBepnoi ¢a3u L1,(FePt) 3a paxyHok ekcTpa pymiiiHOT CUJIM MIPU CTBOPEHHI JA0JaTKOBUX
MEeX pO3JUly 1 HalpyXEHOTO CTaHy, L0 MPUCKOPIOE TMpolecH MUQY3IMHOrO YHOPSAKYBAHHS.
3MeHIIEHHsI MarHiTHOT B3a€MOJIT MK 3€pHAMH 1, SIK HACIHIIOK, 30UTBIIIEHHS] KOCPIIUTUBHOI CHUITH
JOCATAETHCS IIJISIXOM BBEJIEHHS NMPOMDKHHMX IIapiB eleMeHTiB Ag, abo Au, sKi HEpO3UYMHHI B
iiBkax FesoPtso. 3ampornoHoBaHO HOBHI HAyKOBUHM MiJXiJ 3aCTOCYBaHHS IPU TepMIUHIA 00poOIIi
3aMicTh Bakyymy armocdepu Ar 3 3 006.% Ho, mo 1o3Bosisie HENTpaIi3yBaTl OKCHIOYTBOPIOIOYY
nito O,. Brinmenns aromiB BoaHio B pemnitky ¢dasu L1.(FePt)Bukinukae dbopmyBaHHS TBepaux
pO3UuHIB, 10 3a0e3medye TepMiuHy crabimizamito po3Mipy 3epeH dhazu L1,(FePt) na piBai 20 HM 1
MIHIMA3I1i0 TOBEPXHEBOI MIOPCTKOCTI IJIIBKOBOTO MaTepialy Ha piBHI £2 HM.

VYrepiie oTpuMaHo 3a paxyHOK 30UTBIICHHS PIBHS CTHUCKYIOUHX HaNpykeHb B IUTiBII FePt
opientaniine [001] 3pocramns 3epen ¢asu LI, (FePt) 3 posramyBaHHsIM BICI JIETKOTO
HaMarHidYyBaHHS ¢ TMEPIICHIUKYISIPHO JI0 MOBEPXH1 MiaKiIaaku MoHokpuctamigaoro ALO3(0001).
CrBopeHa 1 eKCHepIMEHTAJIbHO MIATBEpIKEHA MOJeNb, $Ka IoKa3ys, 1o  (opMmyBaHHS
romorenHoro mapy FePt B mmiBkax Pt/Fe 1 Pt/Ag/Fe na SiO»/Si(001) BinmOyBaeThCcs MIIAXOM
MIePETBOPEHb, IHIYKOBAHUX 3€PHOIPAHUYHOIO TU(Y3i€0, MPU IBOMY TOMOTE€HHUH 1Iap POPMY€ETHCS
yepes pyxX IpaHullb 3€peH y HapsIMKax, MEePHeHAUKYISIPHUX JI0 1X BUXIIHOTO MOJIOKEHHS.

(poc.)
COSI[EIHLI HOBBIC ITPHUHIMUIIBI (1)OpMI/IpOBaHI/I$I CcTaOMIIBHBIX HaHOPa3MCpPHbIX MArHMUTHO -

TBepAbIX MieHok FePt ¢  ymopsimouennoit dazoii LI,(FePt) mnyrem peryiaupoBaHus CKOPOCTH
TBEPIOTENbHBIX PEAKUUA C MOMOIIBI HMCIOJIb30BAHUSL JIOMOJHUTEIBHBIX CIIOEB JIETUPYIOLIUX
aneMeHTOB (Ag, Au, Cu) Kak peryiasTopoB qu¢dy3nOHHBIX TOTOKOB. JIOCTUTHYTO YMEHbIIIEHHUE HA

100 K TemmepaTypsl oOpa3oBaHHMs MarHUTHO- TBepaod aswl L1,(FePt) 3a CYET HKCTpa
JBUKYIIEH CUJIBI TPU CO3aHUU JOTMOJHUTENbHBIX IPAHULl pa3felia U HAMPsLKEHHOTO COCTOSIHHUS,
4TO  YCKOpSIET nporecchl  AUPQPY3MOHHOTO  YHOPSAAOYEHHUS. YMEHbBIIEHHE MAarHUTHOTO

B3aUMOJICHCTBUS MEXJIy 3€pHaMHM M, KakK CIEICTBUE, YBEIWYEHHE KOCPLUUTHUBHOW CHJIBI
JNOCTUTAETCsSl IIyTEM BBEACHMUs IPOMEKYTOUYHBIX  CIOEB DJJEMEHTOB Ag, wiM Au, Kakue
HepacTBOpUMBI B IUIEHKaX FesoPtso. IIpeiioskeH HOBBIM HaydHBIM IMOAXOJ IPUMEHEHHUs IIPU
TEpMUYECKON 00paboTke BMecTo Bakyyma aTtmochepbl Ar 3 300.% Hz, uto  mo3Boiser
HelTpain3oBaTh OKUCIUTENbHOE Bo3aelcTBre O2. BHenpeHne atoMoB BOJIOpOJa B pelieTky (asbl
L1,(FePt) BbI3pIBaeT (hopMHUpOBaHHE TBEPABIX PACTBOPOB, KOTOPOE OOECIEUYMBACT TEPMHUECKYIO
crabunm3anuio pasmepa 3epeH daszwl LI,(FePt) ma ypoBHe 20 HM u MiHIMAa3I[il0 TOBEPXHOCTHOM
LIEPOX0OBAaTOCTH IUIEHOYHOT'O MaTepraia Ha ypoBHE +2 HM.

BrniepBbie nosrydeH 3a c4ET yBEIUYEHHs YPOBHS CKUMAIOLUX HamNpshKeHUH B TuieHKe FePt
opuentanionusrii  [001] poct 3epen ¢aszer Lil,(FePt) ¢ pacmonoxeHneM OCH JETKOTro



HaMarHM4MBaHUus ¢ TEPHEHAMKYISIPHO K IIOBEPXHOCTH MOJJIOKKH MOHOKPHUCTANINYECKOTO
ALO3(0001). Co3mana u eKCIepIMEHTaIbHO MOATBEPKICHA MOJENbh  IMOKA3bIBAYIOIIAsi, YTO
dbopmupoBanne romoreHHoro cinost FePt B tuienkax Pt/Fe u Pt/Ag/Fe na Si02/Si(001) mpoucxoaut
MyTeM TpEeBpaICHIH, HHIYKIIMPYEMBIX 3epHOTpaHUYHON quddy3ueii, mpu 3TOM rOMOTEHHBIN CIIOH
dopmupyercsi uyepe3 JABWKCHHE TpaHUI] 3€pEH B HANPABICHHSX, MEPICHINKYISPHBIX K UX
HCXOJHOMY IOJIOKEHHUIO.

(anrJ.)

New principles of stable nanoscale hard magnetic FePt films formation with ordered
L1o(FePt) phase are created by the way of regulation the rate of solid state reactions by using
additional layers of alloying elements (Ag, Au, Cu) as regulators of diffusion flows. It is reached
the decrease of the hard magnetic L1o(FePt) phase formation temperature on 100 K due to extra
driving force at the creation of additional interfaces and stress state that accelerate the diffusion
processes of ordering. The reduction of magnetic interaction between grains and, consequently,
increase in the coercivity is achieved by introducing of intermediate Ag, or Au layers, which are
insoluble in FesoPtso films. It is proposed a new scientific approach the use at heat treatment instead
of vacuum the Ar with 3 vol. % H; atmosphere that allows to neutralize of oxidation. The
implementation of the hydrogen atoms in L1o(FePt) phase lattice causes the formation of solid
solutions, providing thermal stabilization of grain size L1o(FePt) phase near 20 nm and a surface
roughness minimization of film material at = 2 nm.

First obtained by increasing the compressive stresses level in the film on single crystalline
AL O3(0001) substrates the [001] orientation grain growth of L1o(FePt) phase grains with a c-axis of
easy magnetization perpendicular to the substrate. It is created and experimental confirmed the
model that the formation of a homogeneous FePt layer in Pt/Fe and Pt/Ag/Fe films on Si0,/Si(001)
going through transformations induced by grain boundary diffusion, and the homogeneous layer
formed through movement of grain boundaries in directions perpendicular to their original
positions.
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S. IlopiBHSIHHA 3i CBITOBUMH aHAJI0TaMH.

Pe3ynpTaTi BiINOB1IAIOTH CBITOBOMY piBHIO. CTBOpPEH1 HAyKOB1 OCHOBHU KOHTPOJIBOBAHOTO
(dbopMyBaHHS MAarHiTHO- -TBEPIUX wiiBok FePt 3 mominmeHWMH Mar"HiTHUMHU BJIACTUBOCTSIMHU
Po3pobreHo pekoMeHAallii o0 BUOOPY TEXHOJOTTYHUX MapaMeTpiB mporecy (GopmyBaHHS i
cTabimizaiii MarHiTHO- TBEPIMX wiiBok FePt, 3acTrocyBaHHS SIKUX TO3BOJIUTH MIJBUILUTH LILUIBHICTH
MAarHiTHOTO 3alUCy 1 HaAIiHICTh 30epekeHHs 1H(popMallii TEepPMOAKTUBOBAHUM METOJIOM.

6.ExoHoMiuHa NpUBa0IMBICTH /15 NPOCYBAHHS HA PUHOK

3actocyBaHHd IUIiBOK FePt 3 mokpamieHMMu — QBBUYHUMH 1 €KCIUTyaTalliiHUMHU
XapaKTepUCTUKaMH - BHUCOKOI KoepuuTuBHOO cuiow (He ~ 20-30 kE), HamaraiueHicTio
nacudenHs (Ms ~ 1200 emo/cM®) MiIBMIIMTH WIUIBHICTH MATHITHOTO 3amHCy 1 30€pekKeHHS
iHpopMmarnii mo 1 To6it/cm? 3anpornoHOBaHi MaTepialio3HaBdl MIiAXOAW Ta METOAU MAaloTh
YHIBEpPCAJIBHUM XapakTep 1 MOXyTh OyTH 3acTOCOBaHI MpH pO3pOOKH HAHOTEXHOJOTIH



BUTOTOBJICHHS (DYHKI[IOHAJBHUX EJIEMEHTIB HAHOEJCKTPOHIKM, HAHOEIEKTPHUKH, a TaKOX JUIs
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CrBopeHi HOBI 3acaau (GOpMyBaHHS CTAOUIBHUX HAHOPO3MIPHUX MAarHiTHO-TBEPAMX IUIIBOK
FePt 3 BnopsakoBaHoro (azoro Llo(FePt) perymtoBaHHSM HMIBHAKOCTI TBEPAOTUIBHUX PEAKIIIH
3a JIOMOMOIOI0 BHUKOPHCTAaHHS JIOJATKOBUX IIapiB Jieryrouux eneMeHTiB (Ag, Au, Cu) sk
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OTtpumaHi y poboTi HaykoBi pe3ynbTaTu i BCTaHOBEHi (pi3nyHi
3aKOHOMIpPHOCTI AO03BONMUNM PO3pPOOUTM  peKkoMeHaauii Lwwono
BUOOpPY TEXHOMOriYHMX MnapameTpiB  npouecy OpMyBaHHA
HaHopo3MipHux nnisok L1,(FePt) ana tepmiuHo akTMBOBaHOIroO
MarHiTHOro cnoco6y 3anucy nNiABUWEHOT  WiNbHICTI i
TepMmocTabinbHicTi 36epiraHHA iHdopmauii.
Hegnopsaoxoeana Bnopaokoeana
mazuimno-m’sxa A1(FePt) maznimno-meepoa L1 (FePt)
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Kputepin ctabinbHoCTi 36epexeHHA 3anucaHoi iHdopmaduii

K, — eHepria marHitokpucrtaniuHoi

aHisoTponii
K d V Z 6Okb . T V- 06’em 3epHa
u k,— koHcTaHTa BonbumaHa
T - abconioTHa TemnepaTypa



3actocyBaHHA pgopaTtkoBMXx wapiB enemeHTiB Au, Ag, siki He
po3unHaloTbea B dhasi L1,(FePt) nanu moxnusicth:

1. 3Hu3ntn Ha 100 K temnepatypy chopMyBaHHA MarHiTHo-TBepAoi
c¢ha3n npu 36inbLIEHHI TOBLMHU NpPOMiXXHOro wapy Au, Ag
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3. 3anponoHOBaHO HOBMUWA HAyKOBO OOrpyHTOBaHUM nigxig
3acToCyBaHHA npwm TepMiyHin 06pobLi 3amicTb BaKyymy
atmocchepn Ar 3 3 06.% H,, wWo posBonsae HeuTpanisyBaTu
okcupoyTBoplotoyy aito O,. NpOoHUKHEHHA aTOMIB BOAHIO B rpaTky
dasun L1,(FePt) Buknukae dopmyBaHHA TBepAUX PO3YUHIB, LO
3abe3neyvyye TepMmiyHy ctabinisauito po3mipy 3epeH casun L1, (FePt)
Ha piBHi 20 HM i miHiMa3Lil0 NOBepXHEBOI LIOPCTKOCTi NIiBKOBOro
martepiany Ha piBHi £2 HM.
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