W3BECTHO, YTO TIOBEPXHOCTh M3 BEPTHKAIBHO PACIIo-
JIOKCHHBIX HAHOTPYOOK SIBISACTCA CAMBIM TCMHBIM W3
BCEX MOKPBITHH, M300PCTCHHBIX 4YETOBEKOM. ekt
OYCHB TIOXO0K HA TOT, KOTOPOMY O0sI3aH CBOUM TJIy00-
KHM LIBETOM 4epHbiti Oapxar. Jlyu cBeTa, nomaaarouuit
HA BOPCUCTYIO TIOBCPXHOCTh, B JAHHOM CIIydac, B TYC-
TOM JIeC M3 HAHOTPYOOK, YKE TIOYTH HEC UMECT ITAHCOB
BBIMTH HAPYKy, YTO TMO3BONACT JOCTHYDh YPOBHS TMMO-
rmomenns  99.9%. MUccnemosaremn w3 Univ.  of
Cambridge (BenukoOpuranus) [1] peimmin BOCIOIb30-
BaThCA 3TUM TS CO3MAHUS AMIUTHTYIHBIX TOJIOTPAMM
BBICOKOTO KoHTpacTa (puc.l).

[To mpeaBapuTCIBHO PACCUUTAHHOW CTPYKTYPE TOJO-
rpaMMbl METOJOM BIICKTPOHHO-TYUEBOH ObLa CO34aHA
MOJI0KKA, HA KOTOPOU OBLI BRIPAINCHB MHOTOCTCHHBIC
HaHOTPYOKK. Bmecto OeckpaiiHero jieca HaHOTPYOOK
Ha TaKUX TMPOTPABICHHBIX TOII0XKKAX POCTH OTACIIb-
HBIC POIMUIIE, PA3IACICHHBIC MPOIUICIINHAMU, CKBO3b
KOTOPBIC OTCBCUNBAJIO 3CPKATBHOC TTOKPHITHC (pHC.2).
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Puc. 2. 3epkanpHOE MOKPHITHE C BBIPAICHHBIME HA HEM OCT-
POBKAMH BEPTHKAIBHO PACIHOJIOKCHHBIX HAHOTPYOOK — HO-
Basl PA3HOBHUIHOCTh AMIUIMTYIHBIX TOJOTPaMM; a) W b) —
H300PKEHHUS B 3JICKTPOHHOM MHKPOCKOTIIC IIPH Pa3HOM YBe-
TTICHUH.

OcBemwas a3epHBIM NYYKOM TaKyK IOBEPXHOCTE,
VUCHBIC TMMONYYAIN HAa DKpaHE IOTOTHUI CBOCH alma
mater (puc. 1). Ecau npu co3ganuu nog00HBIX CTPYK-
TYp HCHONB30BaTh Ooyice AemeBbie dotonurorpadu-
YECKHE MCTOJBI, TO HOBBIH THIT BBICOKOKOHTPACTHBIX
AMILTUTY AHBIX TOJOTPAMM MOXKET HMCTh W MPAKTHUYC-
CKHM UHTEpEC.

A.Ilamaxoe

1. Y.Montelongo et al., Appl. Phys. Lett. 103, 11104
(2013).

CUHXPOTPOHHOE U3JIYYEHUE
Deppomaznenusm dy, snekmponoe Ti
6 unmepdeiice LaAlOy/SrTiO;

Korma u3 aByx mupoko30HHBIX Au3IeKTPUKkoB LaAlO;
u SrTiO; HAaYYHUIUCh JENATh TETCPOCTPYKTYPY METOAA-
MH COBPEMEHHOI aTOMHOM WHXCHEPHUH, TO CBOMCTBA
unTepdeiica OKa3aauch JAOBOJIBHO HCOKUIAHHBIMH, B
YACTHOCTH, TaM HAOJIOJATUCh CBEPXIPOBOIUMOCTD U
deppomarneriam. OOwvemabiii kpuctamn SrTiO; mpu
JOTIUPOBAHUH MOXKCT HECPCXOTUTh B MCTALUTHICCKOC U
cBepxnpoBomiee cocrosaue. B atom cmeicie deppo-
MarleTu3M 00/1e¢ HCOKHIAHCH, MMOCKOIBKY HHU OJWH U3
JBYX OKCHIOB HE UMECT (PeppOMArHUTHBIX CBOWCTB B
oosemHOM Bume. DeppomarHeTnam B uHTEpdEHice Ha-
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Omomancsd HeCKOMbKUMH rpymmamu [1,2], HO mo cuX
Mop HE OBIIO MOPSAMBIX SKCICPUMCHTAIBHBIX JAHHBIX,
MPOSICHSIOLINX MeXaHusM (popmuposanus (eppomar-
HUTHOTO cocTosiHus. B paborte [3] rpynma aBTopoB u3
Stanford Univ. (CILHA) mama oTBeT Ha 3TOT BOIPOC C
MOMOIIBIO 3JICMCHTO-UYBCTBUTCIBHBIX METOJNOB CIICK-
TPOCKOIIMM PEHTITEHOBCKOro moriomeHns (XAS) u
PCHTTCHOBCKOTO MAarHHUTHOTO KPYTrOBOTO JHXPOHM3Ma
(XMCD) Ha cunxpotpore B SSRL B Crandopae. Itu
METOABI MO3BOJSIOT OMPEACINTb, OOYVCIOBICH M Mar-
HETHU3M TEM WM HHBIM 3JIEMCHTOM, BXOISIOUM B CO-
CTaB CTPYKTYPH, WIH BHCIIHHUMH MNpuMecaMu. Bce
CHCKTPH OBIIM TOJYYCHBI B PEKUME MOJTHOTO BIICK-
tponuoro Beixoga (TEY), ans kotoporo rmyOuna cbo-
pa unpopmanmu cocrasiset 5-10 am. U3 yrmosoii 3a-
pucuMocTH XMCD curHanma, TPOMOPUHOHATIBEHOTO
ckastpHoMy mnpousseacHuto KM, rae K — Bonnosoit
BCKTOP PEHTTCHOBCKHUX JIYUCH, MOXKHO OIPCICITUTD Ha-
mpasjcHUC MarHuTHOro momcHra M. Bemmuamaa M
MOXKET OBITh MONYyYCHAa C BBICOKOW TOYHOCTBIO
(~0.005 pg/aTom). OOpasipl OBLIH MOJYYUCHBI C MTOMO-
IIBI0 JIQ3€PHOTO HAIBLICHUS HECKOJIBKHX JJIEMEHTap-
weix staeek (UC) LaAlO; va mogmmoskky SrTiO; (001).
TpancnopTHBIC CBOWCTBA MOJIYYCHHBIX O00pPa3LiOB COB-
nmajany ¢ onyOnHKOBaHHEIMU paHee. Uamepenns XAS
ObLTH COCTAaHbI O KOHTPOMIS BO3MOXKHBIX MArHHUTHBIX
mpumeceiit Cr, Mn, Fe, Co, Ni. B pamkax paspeiucHust
10'? aToMOB/cM® MPHMECH HE OOHAPY KEHBL.

W3 puc. 1 BuaHO, 9TO MArHUTHHIA CHTHAT OTCYTCTBYCT
MpU TMONEPEYHON OPHCHTALMH, W HAMAarHHYCHHOCTb
JCKUT B TIIOCKOCTH. CHrHANM OTCYTCTBYET ANl OYCHB
torkux (1-2 UC) cnoeB LaAlO;, u HaOnromaetcsa s
yucna sueek 3.3 u 10. Benmamaa HamMarHUUEHHOCTH
3aBUCHT OT TOTO, KaKyK MOJCIb MPHHATH U MPO-
CTPAHCTBCHHOTO PACHPEACICHHS MArHHUTHBIX HOHOB.
s paBHOMEPHOTO PACHPEACICHUS B H3Y4acMOM CJI0€
5-10mm nonyqaerca 0.01 g Ha aToM TATaHA, a 47T MO-
JCITH, B KOTOPOH MAarHUTHHIC KATHOHBI COOpaHbl B OJ-
Ho# tiockoctr, npumepro 0.1 pg/Ti. Bauzy (puc. 1b)
MPUBEACHB! PACCYUTAHHBIC CIICKTPHI TUXPOH3Ma OT HO-
o Ti™ m Ti”. B momnoxxe (umeteiii SrTiO;) MeI
oxuzaem Ti™, a B maTepdeiice BO3MOKHO 0OpasoBa-
mue LaTiO; ¢ Ti”. BuaHo, 4TO ¢ 3KCICPHMEHTOM COB-
magaror cmextpsl Ti”. Brarogaps TeTparoHaabHOMY
HUCKKCHUIO OKTadapoB Ti0s BOSH3HM MOBEPXHOCTH,
O0OHApPYKCHHOMY B CIICKTPaX PEHTTCHOBCKOTO JIMHCH-
Horo auxpousMma (XLD) B Toii ke pabore [3], umeer
MECTO PaCIICIICHUE by, U €, COCTOAHUH, TaK 4TO OpOU-
Talu C IJIOCKOCTHOH opueHTaruel dyy U dyoy» OKasbl-
BAaIOTCS HIDKE 0 SHEPTHH, UeM ¢ nonepeuHo. Tak uro
B koH(urypauuu 3d' (Ti"”) sanonusercsa d,, opbuTams.
brarogaps xarHOH-aHWOHHOW T'MOPUAM3ALNM JACTh
d-3MEeKTPOHHOM IUTOTHOCTH MEPECHOCUTCS HA KHCIOPOL.
Ha puc. 2 nokazan XMCD crektp Ha KHCIOPOE, MOA-
TBEPXKJAIOIMUH CIIMHOBYIO TOJSIPH3ALMIO dyy 3IEKTPO-
HOB BOMM3wm sHepruil E = 529.2 3B u otcyTecTBHE NOMA-
PH3aLHMU H €, COCTOAHMI Ha 3Heprum 532.5 5B.
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Puc. 1. XMCD ot rerepoctpykrypsl LaAlO;/SrTiO;: cxema 3KkCIEpUMEHTA (), L, ; MOIpU30BAHHBIEC CIIEKTPLI XAS H HX pas-
HOCTh, XMCD, mma miockoctHOH (b) m momepeunoit (¢) reometpuu npu 10K. Tlokazansr Takke pacuerst XMCD B Teopun
MYIBTHILIETOB 1151 TepMoB HoHoB Ti'* m Ti".

XMCD B 1m1pok030HHBIX AUAICKTPUKAX ¢ AaHUOHHBIMHU BaKaH-
CHUSIMH BO3MOKEH (DEpPpOMArHETH3M C MOMCHTAMH Ha
BakaHCHAX. TeM HE MCHEE HCIO/Ib30BAHHBIC B PabOTe
[3] 37ACMCHTO-UYBCTBUTCIBHBIC MCTOIHKU TTO3BOISIIOT
cAenath BHIBOJ O d-3JCKTPOHHOM XapakTepe VIOPSao-
YCHHUSL.
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Puc. 2. D¢dexrs kaTHOH-aHHOHHON THOpHAM3auHH B O
XMCD na K-kpae.
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