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AnHoTtanusa: Metonom neHTpudyruposannst copMmupoBaHbl IJIEHKY HAHOPa3MepHOro Jua-
Ia30Ha TOMIMHBI (Jla3epHas, CIIeKTpaibHas sjmicomerpust) cucremsr Y,0,-Fe,O, Ha MOHO-
KpuctauimyeckoM InP 13 HuTpaTtHOTro pactsopa. CoCcTaB IUIEHOK, BbIPAllleHHbIX 6e3 OTKura —
YFe,0,; oroskskenHbIx Tepmudecku mpu 200 °C - YFe,O,, Fe,O, c mpumecsio Fe,O,; mpomenmmx
MMIIYJIbCHYIO (poTOHHYIO 06paboTKy (50 Ik/cm?, 0.4 ¢) 1 TepMooKcuaupoBanme (450-550 °C,
Bpems 10-60 mun) - YFe, O, n YFeO,. OTKMT € TOCTeAYIOMMM TePMOOKCHIMPOBAHMEM CIIOCO6C-
TBYeT YMEHbILIEHMIO pa3Mepa 3epeH Ha IIOBEPXHOCTY BbIPALeHHO [IJIEHKM, HO YBeINUYMBaeT
CPeIHIOI0 IIePOX0BaTOCTh. VIMIy/bcHast (OTOHHASI 06paboTKa 0O0YC/IIOBIMBAET TTOBBIIIEHHYIO
HEPOBHOCTb ITOBEPXHOCTY re€TePOCTPYKTYPHI.

KiioueBble ciioBa: GeppuThl UTTPUSI, TOHKME TUIEHKY, OCAXKIeHMe U LieHTpudyruposaHue, re-
TEePOCTPYKTYPbI, hochu 1 MHANS, TEPMOOKCUANPOBAHME, UMITY/IbCHAST DOTOHHAs 06paboTKa.

BBEJEHUE

VHTepec K Mccaef0BaHUI0O HAHOMOPOUIKOB
(beppuTOB penKo3eMenbHbIX 37IEMEHTOB U MaTe-
pUaJIOB Ha UX OCHOBe [1-4], xapaKTepus3youmx-
CS1 TIepOBCKUTONOI0OHOI CTPYKTYPOIi, 06YC/IOBIEH
KOMIUIEKCOM MX YHUKaJIbHbBIX 37I€EKTPOMATHUTHBIX
CBOJCTB [5-15] (cerHeTOoaneKTpuUecKme, Koaoc-
caJbHOe MarHeTOCONPOTHUBIIEHN e, CBEPXITPOBOAM -
MOCTb, MyJIbTU(hEPPOU3M), BBICOKOV MeXaHuuec-
KO IPOYHOCTBIO U JKapOCTOKOCThI0. Kpome TOrO,
OHM LIMPOKO MCTONb3YIOTCSI KaK KaTaau3aTOPhI
[16]. Cpenn MmHOXecTBa opTodepputoB P33 ocobo
BbIfIeNIsIeTCs OpTOdepput uTTpus — YFeO,, MHOTO-
o6pasue MpakTUYeCcKy BaXKHBIX CBOVICTB KOTOPOTO
(MmynbTHhEPPOUK, TTOTYIIPOBOIHMK, (DOTOKATAIM3a-
TOP B BUAMMOII 06/1aCTV CBETA U T. I1.) IOITOJIHSIET-
ST 9KOHOMMYECKOI1 11e71ecC000pa3HOCThIO UCTIONb30-
BaHUS MaTepHaioB HA eTr0 OCHOBE BBUY HAMOOIb-
11el pacIpoCTpaHeHHOCTHU 37IeMeHTapHOTro Y cpenn
Bcero psima P33 [17]. CornacHO nipeicTaB/JIeHHBIM B

< CnapxormesiieB bopuc Bragumuposud,
e-mail: dp-kmins@yandex.ru

[18] manHbIM 110 da30BOI AMarpaMme COCTOSTHUS
cucrembl Fe,0,-Y,0,, oprodepput utTpus ABis-
eTCsl TepMOAVHAMMUUECKM CTaOMIbHBIM BO BCEM
TeMIlepaTypHOM MHTEepBaJIe CyIlleCTBOBAHMS TBEP-
noit (pa3bl CUCTEMBI C COOTHOIIIEHVIEM KOMITOHEH -
T0B Fe,0,-Y,0, = 1:1 BIUTOTh 10 TEMITEPATYPHI €TO
KOHI'PYSHTHOTO I1aBiaeHus, paBHoi 1720 °C. Tem
He MeHee, B TOHKOIIJIEHOYHOM COCTOSIHMM, 0COOeH-
HO B IJIEHKaXx HAaHOPa3MepHOro AMana3oHa ToJj-
IIVMHBI, MOTYT IPOSIBJISITbCS IPYrvie 0COOEHHOCTU
¥ CBOJICTBA. DTOMY BUIY HaHOMAaTepuasaoB ceil-
yac, Hapsify ¢ HAHOKPUCTA/UIaMMU, YAEISIeTCsl 0CO-
60e BHMMaHMe [19] B CBS3M C MHTEHCUBHBIM Pa3BM-
THEM MeIULINHCKUX METOI0OB JUAarHOCTUKM, TAKMUX
KaK MMMYyHO(GepMeHTHbBIN aHaIn3, TUTIepTePMMUS U
TPaHCIIOPT JIeKaPCTB C MIPpMMeHeHeM MarHUTHBIX
HaHOO0OBbeKTOB. OcOb60€e MecTO cpenyi CPeJiCTB pe-
TUCTpalUM MarHUTHBIX T0JIeli 3aHMMAaT MarHu-
TOMOZIYJISIMOHHBIE CEHCOPBI C UCIIOIb30BaHUEM
MarHuTOyIOPSIAOYEHHOIO Marepuana, OCKOAbKY
OHM 06eCITeuMBaIOT HaMOOJIbIIYI0 SHEPTUIO B3au-
MOJEVCTBUS C UCCAeyeMbIM I1O/IEM, U, TTIOTEHLIV-
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aJIbHO, YPE3BbIUa/HO BBICOKYIO UYBCTBUTEIBHOCTD,
He TPeOYIOT OXJIaXKIeHNS, IeIIIeBbI Y TEXHOIOTMUHbI
[20-21]. K TOMY ke HeMaJOBa>KHO, UTO LOTIMPOBa-
HMe TUIeHOK (PeppuToB pa3IMUYHbIMU MOHAMMU JJIST
LIeJIEBBIX TIPMMEHEHMI MO3BOJSIeT NMPEeLN3MOHHO
YIPaBJIATh UX XapaKkrepuctukamu [22-25]. B [26]
MoKa3aHa BO3MOXXHOCTb (hOPMMUPOBAHMS HAHOPA3-
MepHbBIX TUIEHOK deppuTa UTTPUS HA KPEMHUU U3
pacTBOpa MeTOJOM LIeHTPUMYTUPOBAHNS, OTHAKO
HEeOOXOMMO OTMETUTD, UTO Pe3y/IbTaT 3TOM pabo-
ThI B OOJIBILIOI Mepe 0OYCIOBJIEH BO3MOXKHOCTBIO
OCYILLECTBJIEHMS BBICOKOTEMIIEPATYPHOTO OTKUTA
IJIEHOK, He0O6X0aMOoro it GopMUpPOBaHMS 1iejie-
BOI1 (ha3bl, UMEHHO Ha KpeMHMEBOI MOJI0KKe, yC-
TOMYMBON K BBICOKMM TeMIlepaTypam.

Llenb HacTOSIIIEl PabOTHI — CMHTE3 IIJIEHOK CHC-
tembl (Y,0,-Fe,O,) HaHOpa3MepHOTO AKanasoHa
TOJIVHBL HA MOHOKPHCTa/I/IM4eckoM InP, ycTaHoB-
JIeHMe UX COCTaBa U XapaKTePUCTUK TTOBEPXHOCTH.

DKCITEPMUMEHTAJIbHASA YACTb

BbIGOp MeTOOMKM OCHOBaH Ha paboTe, MpoBe-
IeHHO1 B Halleit JabopaTopuy paHee [26]. B akcme-
pPUMEHTe UCXOIHbIMM BellleCTBaMM CTYKMUIU HUTPAT
skenesa (III) 9-tm Bogubiit Fe(NO,),-9H,0 x. 4., HUT-
pat uttpust 6-v BogHsiin Y(NO,),-6H,0 u., muctums-
AMPOBaHHAS BOMA, B3SThie B CTEXMOMETPUUECKOM
OTHOILIIEeHMM, KOHIIeHTpaLyst pacTBopoB — 0.008 mol/
1, cymmapHbIit 06beM pacTBopa — 100 ml.

PactBopsl HUTpaToB keje3a (III) u uTTpus ro-
TOBWJIM PaCTBOPEHMEM COOTBETCTBYIOIIMX COJIEN
B IVICTMJUIMPOBAHHONM BOAe MPpU KOMHATHOM TeM-
neparype.

[TpUroTOBIEHHBIV PACTBOP KUIISITUIIN IO 00pa-
30BaHMs reJisl, HAHOCWIM Ha MOMJIOKKY InP 1ieHTpu-
¢dyruposanmuem (Centrifuge type MPW-31) co cko-
poctbio 2000 rpm B TeueHne 1 MMHYTBI, a 3aTEM —
co ckopocTbio 5000 rpm B TeueHue 15 MUHYT, HaHe-
CeHue POOJIKAIN 10 AOCTVKEHNST He0OX0IMMOTi
TOJIIVHBIL. [T0/1/TOKKaMM CITY3KUIIY MOHOKPUCTATN-
YyecKue MoJaupoBaHHbIe miaacTuHbl InP (OU3, (100),
JIETUPOBAH OJI0BOM, KOHLIEHTPaLMsl OCHOBHBIX HO-
cuteneit 3apsiga npu 300 K He meHee 5-10'° cm~3,
COOGCTBEHHBIN N-TUM TTPOBOAMMOCTH), IIpeaBapu-
TebHO 06paboTaHHble TpaBuTesneM cocrasa H,SO,
(X4 TOCT-4204-77.92.80 %) : H,0, (OCU TV 6-02-
570-750. 56 %) : H,0 = 2:1:1 B Teuenue 10 MuHyT,
MHOTOKPAaTHO MPOMBITbIE B OAUCTUIIMPOBAHHOI
BOJie U BbICYIlIEHHbIE HAa BO3/YyXe.

CuHTe3MpOoBaHHbIe 00pa3libl OTSKUTAIN B MY-
denpHoIt meun (SNOL 8.2/1100, TepMuuecKuii oT-
skur (TO)) B pexxume 200+1 °C, 60 MuHyT, 06paserr
CpaBHeHUS He TOoABepraau OTKUTY. VIMITYy/IbCHYIO
doronHy0 06paboTKy (MIP®O) 06pa3ioB MPOBO-
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OpMFMHaJ’IbeIe CTaTbn

IV Ha TIpefHa3HauYeHHO JJ151 OTXKUTa TTOTYIIPO-
BOJHMKOBBIX MaTepUalOB MOAEPHMU3UPOBAHHON
ycraHoBKe YOJIIT-1M. HarpeB ocy1iecTBIIsICS U3-
JIy4eHMEeM TpeX razopaspsiiHbIX KCEHOHOBBIX JTaMIT
VIHIT 16/250. [To3a o6ayuyenus 50 J/cm? BpeMs 06-
pabotkm 0.4 s. BeI6Op maHHOTO pekyiMa OCHOBAH Ha
npuemieMoit 1ubGy3MoHHO aKTUBHOCTY KOMIIO-
HEeHTOB [27]. 3aMeHa TepMUYeCKOT0 OTXKUTa Ha UM-
ITy/IbCHBIN (DOTOHHBI MOKET CUJIbHO IIEPECTPOUTD
CTPYKTYpHO-(a30Bble TIpeBpalleHns B IUIEHKE, T.
K. TaKO¥ OTKUT OGyIeT eiiCTBOBATh B OCHOBHOM Ha
BKJIIOUEHMSI, TIPAKTUUECKM He 3aTparmpas OINTH-
4yecKky Mpo3pauvHyro Matpuly. Kpome Toro, BbICO-
Kasi CKOPOCTb ITPOoLiecca TaKOro OTXKUTa YMEHbIaeT
BEPOSITHOCTb pa3pacTaHMsl HAHOKPUCTAJIIOB.

Tepmuyeckoe OKCUIMPOBaHME 00Pa3I0OB MPO-
BOJMJIM B IPOTOYHOM KBaplLieBOM peaKTOpe MaJo-
MHEPIMOHHOI TpybuaToii meun MTII-2MP (pery-
nsrop Temnepatypet OBEH TPM-201) B atmocde-
pe kuciaopona (ckopocTh roTtoka 30 1/h) B remmepa-
TypHOM MHTepBase 450-550 °C, ob1ee BpeMst OK-
cuaupoBaHus — 60 MUHYT.

TonuuHy CMHTe3MPOBAHHBIX TIJIEHOK OIpejie-
JISLTIYM MeTOJIOM Jia3epHOoit annuricometpun (JIod-
754, A = 632.8 nm, TOTPeNIHOCTb OIpeeIeHNs yT-
JIOB IOBOPOTA MOISIpMU3aTOPa, aHaIM3aTopa U ey
mpubopa *1°, MOrpenrHoCcTb M3MePeHMs TOMIIHbI
wieHKU =1 nm). 179 KOppeKTUPOBKY AAHHbIX Jia-
3€PHOM AMIUTICOMETPUN UCTIOTb30BaIN CLIEKTPASb-
HBIN 3yuIicomeTp «urc-1891», paboTarouni
10 CTaTUYECKOV cXeMe B Irarna3oHe IJIMH BOJIH OT
250 mo 1100 nm. TOYHOCTb M3MEPEHMS JIIUIICO-
MeTpuueckux napamerpoB o¥ = 0.05° 1 dA = 0.1°.

IJist crieKTpanabHOM 3JJIMIICOMETPUM pacueT
npousBoaWIM 10 Mmoesu Kotiin, ipeonaraoiiei
OJIHOCJIOMHYIO TVIaIKYIO IUIEHKY. YC/IOBMEM, OTIpe-
JeJISI0UIVM IPaBWIbHOCTb HAXOXKAEHNS TOIIVHbI
[VIEHOK, SIBJISLIACh CXOOMMOCTDb 3KCIIepUMEeHTasb-
HBIX U PACYETHBIX CIEKTPOB, MOJYYEHHBIX B pe-
3y/ibTaTe MogenupoBanus. 13 tabi. 1 ciemgyer, uTo
BCe OCaXKIeHHbIe IeHTPUGYTMPOBAHMEM IVIEHKY T10
TOMILIMHE OTBEYal0T HAHOMETPOBOMY AMama3oHy.

[Mpu nccneqoBanmu pazoBOTO COCTaBAa HAHOPA3-
MepPHBIX TOHKUX TJIEHOK METO/IOM PeHTreHo(has3o-
Boro a"Ham3a (P®A) Heo6X0myIMO ObLIIO YUUTHIBATD,
YTO TOJIIMHA TOJIOXKKM Ha TTOPSIIKM TIPeBbIllIaeT
TONIIMHY IVIEHKU, UTO TIPUBOAUT K 3HAUUTENbHO
MHTEHCUBHOCTM MTMKOB MOAJI0KKM IO CPAaBHEHMUIO C
MKaMMu IIEHKKU. Kpome TOro, B cryyae HaHeCeHus
[JIEHOK Ha OPMEHTUPOBAHHYIO ITOAJIOKKY BO3MOXK-
HO MPOSIBIIEHNE TEKCTYPUPOBAHHOCTY TOHKUX ITJIE-
HOK, YTO IPUBOJIUT K YBEJIMYEHUIO MHTEHCUBHOC-
TU IMKOB, COOTBETCTBYIOIINX AAHHOW OpUEHTAaINH,
M YMEHbIIIEHMIO OCTa/IbHBIX. B HacTos1Iel pabore
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®opmuposatme nneHok cuctemsl (Y,0,-Fe,0,)...

Ta6amua 1. Pexxumbl cuHTe3a 06pa3uoB mieHok cucrembl (Y,0,-Fe,0,) Ha MOHOKpucTammyeckom InP

LeHTPUPYTMpPOBaHEM
Table 1. Modes of synthesis of samples of film (Y,0.-Fe O,) systems using single-crystal InP
273 273
by centrifugation]
N¢ o6pasiia OTxRuUr ToniiuHa AEHKNU, HM
[Sample number] [Annealing] [Film thickness, nm]
1 bes oTxkura 55
[Without annealing]
2 TO [TA], 200 °C, 120 muH [min] 58
3 bes oTxkura 61
[Without annealing]
bes oTxkura
4 [Without annealing] >7
5 be3s oTxura 69
[Without annealing]
bes oTxkura
6 [Without annealing] 69
7 WO [PFT] 50 Ix/cm? [J/cm?] 66

P®A nipoBoauIM C UCTIOJIb30BaHMEM PEHTTEHOB-
ckoro gudpakromerpa Thermo ARL X’tra Ha oT-
dwnbrpoBanHoM CuKo (A = 0.154018 nm) msnyye-
HuM. HavanpHbIl yros cbeMKM cocTaBisit 20 = 20°,
KOHeuHbIl — 20 = 70°, mar = 2°. peHTuduuupye-
Mble MMMKM HAa CKAaHUPYeMOM MHTepBajie B 2° umMe-
IOT TAKy10 K€ MHTEHCUBHOCTD, UTO U B ITOJITHOM PDA
CIIeKTpe, HO 3HAYUTENbHO MOHMKEHHbI YPOBEHb
IITyMOB, UTO TTO3BOJISIET BHIJEUTD TPeOyeMbie KOM-
MTOHEHTHI Ha (hOHE ITYMOBO¥ TOPOKKK. KauecTBeH-
HbIIi aHA/IM3 OCHOBAH Ha CpaBHEHUM 3KCIIepUMEH-
TaIbHBIX AV(PAKTOrPAMM C KAPTOTEKOI 6a3bl TaH-
HbIXx PCDFWIN [28]. [Ipn 3TOM KpUTepueM MpUCyT-
CTBUS B 06pasiie TO¥ v MHOM (asbl CTYKUT COB-
najieHye Kak MUHMMYM C IBYMSI CMJIbHBIMY JIMHU -
sIMM 3TajioHa [29].

Mop@donoruio noBepxXHOCTM CUHTe3UPOBaHHBIX
06pasIioB MCCIe0BaIM METOAOM aTOMHOM CUJIO-
BOJ MuKpockornu (ACM) B ITOMTYKOHTaKTHOM pe-
KMMe Ha ycraHoBKe Solver P47 Pro kopmopaummu
NT-MDT c kautuieBepom HA NC Etalon. Munu-
MaJibHOe BpeMsI PMKCUPOBAHHOTO M3MEPEHMS B 01 -
HOJi TOUKe rmoBepxHocty — 0.3 ms, pasMep 06/1acTu
ckaHupoBauus 1x1 pm?. O6paboTKa MOTyIeHHbIX
ACM-1306paskeHi1 OCYIIECTBIISIIACh C TIOMOIIBIO
nporpamMHoro obecrieuernst Nova RC1 u 3aximroua-
JIach B aHA/IM3€ CpefHeli 11epoXOBaTOCTU MOBepX-
HOCTY IO BIOPAHHBIM JIECSITY MaKCMMaTbHbIM BbI-
COTaM 1 BITaguHaM (CpeHee aGCOMIOTHOe 3HaUeHVe
MISTU HauBBICOUAMIINX MUKOB U MITU CaMbIX Y-
OOKMX BITa[MH). B KauecTBe B3ayMOIOIOIHSIIONIETO
MCIIOJIb30Ba/IVi METO, CKAHUPYIOLLEl TYHHeJIbHO
mukpockormmy (CTM, abopaTopHbIiT HAHOTEXHO-
JIOTUYECKMUI KOMIUTEKC « YMKay, pa3paboTaHHbIi Ha
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6a3e yCcOBepIIeHCTBOBAHHOTO CKAHVPYIOIIETO TyH-
HeJIbHOTO MMKpOCKoTa Moaenu «YMKa-02-Uy).

O6paboTKy TaHHBIX KUHETUKM (OPMUPOBAHUS
[IJIEHOK BeJI B COOTBETCTBUM C [30], 111 OLLeHKU Xe-
MOCTUMYJIMPYIOLIETro BAVSHUS HaHeCeHHO IJIeH-
ki (Y,0,-Fe,0,) Ha po1iecc TepMOOKCUINPOBAHYS
InP paccunThIBaiv 3HaUEHNS OTHOCUTEBHOTO YBe-
AudeHust b TONMIMHBI COPMIPOBAHHO TIJIEHKY TI0
CpaBHEHMIO C 3TAJIOHOM (pas):

b = AdXF.‘MOCTVlM/ AdSTaHOH’ (1)
roe Ad - M3MeHeHMe TOIIIMHbI [VIEHKM IIPU
OKCUIMPOBAHUM TETEPOCTPYKTYP C HAaHECEHHbIM
XeMOCTUMYJ/ISITOPOM 3a BbIYETOM TOJILIMHBI I1OC-
nenHero;Ad - y3MeHeHMe TOMIIHbI OKCUIHO
TJIEHKY TIPY COOCTBEHHOM OKCUAMPOBAHUM, UC-
MOIb30BaHbl fJaHHbIe [30], paHee MOyYeHHbIE Ha
QHAJIOTMYHBIX MOJIOXKKAX.

PE3VJIBTATDBI UX U OBCY>XXIOEHUE

W3 npuBeneHHbIX Ha puc. 1 maHHbIX PDA njis
obpasia N2 1 (cMm. Tabn. 1) ciemyer, UTO OCHOB-
HO¥1 (a30ii B ocakIeHHOM MeHTpUudyrumpoBaHm-
em 1uteHke siBisietcst YFe,O,, Tak Kak IOAABIISIO-
1ee GOJIBIIMHCTBO IMMKOB COOTBETCTBYET ITaHHOM
(ase, 1 MX MHTEHCUBHOCTb JOCTATOYHO BBICOKA.
910 omHOMa3HbIN 06pasel], B KOTOPOM He 0OHapy-
>KEHO MpuMeceri.

ITocne omkura B obpasie N2 2 (puc. 2) OCHOB-
HbIMU (Da3aMM SIBJISTIOTCS YFe,O,,Fe,0,, Tak KaK 1mo-
IaBJIsiiolee 60JbIIMHCTBO IMKOB, MHTEHCUBHOCTD
KOTOPBIX JOCTATOYHO BbICOKA, COOTBETCTBYET 3TUM
dasam. B kauectse npumecn Bpictynaet Fe O,.

Takum o6pas3om, o6paser; 6e3 oTkura obagaer
60JIb1IIel cTeneHbio (ha30BOli TOMOTeHHOCTH!.
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Opl/ll'l/l HaNnbHbl€ CTATbU
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Puc. 1. Penrrenosckas audpaxrorpamma obpasua N1 (Y,0.-Fe,0,)/InP (6e3 omxura 10 OKCHMIMPOBaHNUS)
[Fig. 1. X-ray diffractogram of sample No. 1 (Y,0,-Fe,0,)/InP (without annealing before oxidation)]
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Puc. 2. Penrrenosckas audpakrorpamma obpasua N°2 (Y,0,-Fe 0,)/InP

(mocs1e OTKUTA IO OKCUAMPOBAHMS)
[Fig. 2. X-ray diffractogram of sample No. 2 (Y,0,-Fe,0,)/InP (after annealing before oxidation)]

KoHaeHcnpoBaHHble cpeapl n MexdasHble rpaHumubl, 2019, 21(3), 406-418 409



M. 4. MutToBa, b. B. Cnagkonesues, B. 0. MutTtosa, Nguyen Anh Tien...

BBuay 6omblieii pa3oBoit OMHOPOIHOCTY Tep-
MooKcuaupoBaHue choOpMUPOBAHHBIX IreTepOCT-
pykryp cucremsr Y,0,—Fe,O./InP npoBoanin mnpu
Temmneparypax: 450,475, 500, 530 1 550 °C B Teue-
HMe 60 MUHYT C UCIIOb30BaAHMEM HEOTOXOKEHHBIX
06pa31ioB. [lomydyeHHbIe JaHHbIe CPABHUBAIM C Ta-
KOBBIMU JJIs1 COOCTBEHHOTO OKCUAMpPOBaHuUs InP,
npuBeneHHbIMU B [30], 1 pacCUUTHIBAIM OTHOCU-
TelbHOe yBeIuJYeHNe TOMIMHBI TJIEHKY Ha OCHOBA-
Hy (1). DT pe3yabTaThl MPUBEIEHbI B TAO. 2.

Vi3 Tabsm. 2 cemyer, yTo Mpy TemMIiepatypax 450—
500 °C pocT IJIeHOK Ha TeTePOCTPYKTYpaxX 3aMe s -
eTCsI TI0 CPAaBHEHMIO C COOCTBEHHBIM OKCUIMPOBA-
HueM, a mipu 530, 550 °C yckopeHMe pocTa TIEHOK
b Ha reTepoCcTpyKTypax mocTuraert 2.64 pas.

Ha puc. 3 nmpuBeneHa nudpakrorpaMma OKCH-
IVMPOBAHHOTO 06paslia, 13 KOTOPOiA CJIeyeT, UTO OC-

®opmuposaHme nieHok cuctemsl (Y,0,-Fe,0,)...

HOBHbIMM (asamu siByisirorcst YEe O, n YFeO, npu-
Meceit He 00HaPY>KEHO.

TakuM 00pa3soM, OKCUIMPOBAaHME TTPUBOAUT K
06pa3oBaHMIO B IUIEHKax HOBOJ (a3spl YFeO, (cp. ¢
puc. 1), 4To B JaJbHENIIIEM MOXKET YIy4YIIUTbh Mar-
HUTHBIE CBOJMCTBA 00pa3I0B U YBEIMUNUTD X KaTa-
JIUTUYECKYI0 aKTUBHOCTb B COOTBETCTBYIOIIMX OKIC-
JINTEJIbHO-BOCCTAHOBUTEJIbHBIX Ipoueccax. [Ipu-
MeuaTeabHO, UTO 3TH ke (a3bl 3aMKCUPOBAHBI U
B 06pasiie N2 7, cunTesupoBaHHoM ¢ IOO 6e3 Tep-
MookcuaypoBanus (50 J/cm?, 0.4 s, puc. 4), uTo 1o -
TBEPKIAaeT BbIBOJ, O BO3MOKHOCTHU ITOCPENCTBOM
VDO cuHTE3MPOBATh CIOKHOOKCUIHbIE (QYHKIMO-
HaJIbHbIE TVIEHKM 32 PEKOPIHO KOPOTKOE BpeMs 6e3
TePMMUYECKOTO, aHOAHOTI'O U T. IT. OKCUIAMPOBAHMSI.

Omuaxo no ganHsiM CTM, PO o6ycioBnmBa-
€T [TOBbIIIIeHHYIO0 HEPOBHOCTb IIOBEPXHOCTH reTepo-

Ta6nuua 2. OTHOCUTETbHOE YBeJIMUYEHE TOJMIIMHBI TUIEHOK (pa3), chOpMUPOBAHHBIX OKCUIMPOBAHUEM
HEOTOXCKeHHBIX c1oeB cucrembl Y,0.~Fe,O, Ha InP npu 450-550°C B Teuenne 60 muH

[Table 2. Relative increase in the film thickness (times) formed by the oxidation of unannealed layers
of the Y,0,-Fe,O, system on InP at 450-550 °C for 60 min]

T, °C/t, MMH b
[T, °C/t, min] 10 20 30 40 50 60
450 0.20 0.31 0.60 0.43 0.51 0.35
475 0.54 0.60 0.67 0.80 0.71 0.82
500 0.57 0.58 0.56 0.71 0.70 0.61
530 1.03 1.08 1.22 0.78 0.98 1.05
550 1.36 1.10 1.71 1.92 2.20 2.64
700 1
600
500 A
o,
é 400
Z
(=
Pa’ 300 -
= YFeOs (111)
200
Yﬁ204 !10[!
100 4 YFeO_3 (312)
YFeO; (122)
0 T L T T T 1
10 20 30 40 50 60 70
20, deg

Puc. 3. PenrrenoBsckas audpakrorpamma obpasua N° 4 (Y,0,-Fe,0,)/InP
(mocye okeuaupoBanus pu 500 °C, 60 MuH)
[Fig. 3. X-ray diffractogram of sample No. 4 (Y,0,-Fe,0,)/InP (after oxidation at 500 °C, 60 min)]
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Puc. 4. Penrrenosckas audpakrorpamma o6pasua (Y,0,-Fe,0,)/InP N2 7
(mocye UOO 6e3 OTKMUTra ¥ OKCUIUPOBAHNS)
[Fig. 4. X-ray diffractogram of sample No. 7 (Y,0,-Fe,0,)/InP
(after pulsed photon treatment without annealing and oxidation)]

CTPYKTYPBI (PUC. 5), YTO CTUMYIMUPYET MOVUCK OITH-
MaJIbHBIX J1JIS1 K&K, 0TO pacCMaTpMBaeMoro ciayJast
rapameTpoB Ipoijecca.

[list ycTaHOBIEHMSI BAMUSIHUSI OTSKMTA Ha Xapak-
TePUCTUKY TTOBEPXHOCTY OKCUIMPOBAHHBIX 00pa3-
II0B PACCMOTPUM HAHOIIJIEHKH, CHOPMUPOBAHHbIE
MeTONOM IleHTpUdyrupoBaHyis 6e3 TpeIBapUTesb-
HOTO OT>KUTA.

Ha puc. 6a mpencraBieHo ACM-u3obpaskeHne
nmoBepxHocTy obpasma N21, cpemgHss 1mepoxoBa-
TOCTb COCTaBMIA 5.25 nm, a cpegHMit pasmep 3ep-
Ha — 207 nm. [I;1g o6pasiia N2 2, OKCUAMPOBAHHO-
'O B TOM 3Ke peXXrMe, HO MTOATOTOBJIEHHOTO C IIpefi-
BapUTEIbHBIM OTKUTOM (puUC. 6b), CpenHsis 1epo-
X0BaTOCThb — 21.36 nm. CpengHuii pazmep 3epeH Co-
craBui 50 nm.

Takum 06pa3om, mocsie MpeaBapuTeIbHOTO OT-
SKUTA C MTOCTAeAYIOIIUM TeEPMOOKCUAMPOBAaHMEM Ha
MOBEPXHOCTY BBIPAIlEHHO TJIEHKU YMEeHbIIaeT-

Puc. 5. CTM-usobpakeHye 1 mpoduib MOBEPXHO-
cru obpasua N2 7 (Y,0,-Fe,0,)/InP nocie OO
(50 Osx/cm?)

[Fig. 5. STM image and surface profile of sample
No. 7 (Y,0,-Fe,0,)/InP after pulsed photon
treatment (50 J/cm?)]
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Puc. 6. ACM-u3o6pakenns nosepxuocru obpasuos N2 1 (Y,0,-Fe,0,)/InP (6e3 orxkura) (a) u N 2
(Y,0,-Fe,0,)/InP (niociie omkura) (b), TepMuUUECKM OKCUANPOBAHHBIX B peskume 450 °C, 60 MuH.
Pasmep obmactu ckaHupoBanus 1.5x1.5 Mrm?

[Fig. 6. AFM images of the surface of samples No. 1 (Y,0,-Fe,0,)/InP (without annealing) (a) and No. 2
(Y,0,-Fe,0,)/InP (after annealing) (b), thermally oxidized at 450 °C, 60 min.

The size of the scanning area is 1.5x1.5 pm?

0,0199

a b c
Puc. 7. CTM-uso6paxenus u npoduis moBepxnoctu o6pasuos (Y,0,.~Fe,0,)/InP (6e3 oTxura) mocie
TepPMOOKCUIMPOBaHMsI B pexkuMax 475 °C, 60 mun (o6pasern; N2 3, a), 530 °C, 60 mun (o6paser N25, b)
u 550 °C, 60 muH (o6paser N2 6, ¢).
[Fig. 7. STM images and surface profile of (Y,0,-Fe,0,)/InP samples (without annealing) after thermal
oxidation at 475 °C, 60 min (sample No. 3, a), 530 °C, 60 min (sample No. 5, b) and 550 °C, 60 min
(sample No. 6, ¢)]
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Cs1 pazMep 3epeH, HO YBeJIMUMBAETCS Cpel s Le-
pPOXOBATOCTb.

B kauecTBe mMeTopa ucciaenoBaHusi Mopdoio-
I'Y TTIOBEPXHOCTM 06pa3ioB N2 3, 5, 6 1cIionb30Ba-
it CTM. COOTBETCTBYIONIME PE3YIbTAThI IPUBEAE-
HbI Ha puC. 7a—c.

W3 puc. 7 ciepyet, 4TO HaMJTy4lIlel [NIaAKOCTBIO
ITIOBEPXHOCTM 00amaeT obpasern N2 5, cMHTe3Mupo-
BaHHbIN TIpu 530 °C.

CoBmecTHO aHanu3upys ganusie ACM n CTM,
MOXHO CAeaTh BbIBOA, YTO C POCTOM TeMIlepary-
PbI OKCHAVPOBAHVST 06Pa3I0B ITPOMCXOIUT POCT 3€-
PEH, HO B pe3yJibTaTe okcuaupoBanus mmpu 530 °C
MIPOUCXOOUT CITIaKMBaHNe TTIOBEPXHOCTHU, TIPeLIIo-
JIOKUTEIbHO BCIENCTBYME POCTA 3epeH, a TakKe UX
armoMepauyy 1 HacJaayBaHMS.

3AK/TIOYEHUE

MeTtomom tieHTpuUdyTrupoBauus chopMupoBa-
HBI [JIEHKM HAHOPa3MePHOTO AMaIa30Ha TOMILMHBI
(JtazepHas, CIIeKTpaIbHAS JUIMIICOMETPMUS) CUCTE-
mbl (Y,0,-Fe,0,) Ha MOHOKpUCTayeckom InP u3
HUTPATHOTO pactBopa. [lo manueiM PDOA nineHku,
BbIpaliieHHble 6e3 OTxkura, ogHOMa3HBI U COCTOSIT
u3 YFe,O,, mofBepruyThie ke TePMUUECKOMY OT-
sxury B peskxume 200 °C, 120 MUHYT, SIBIISIFOTCS IBYX-
dbasubivu u comepxkar YFe,O,, Fe,O, ¢ mpumechio
Fe.O,. Hamnbosee nepcrnekTUBHBI IJ1s1 Ja/ibHeIIe-
o IpMMeHeH s TJIeHKU, ITPOoIIIe/ilie UMITY/IbCHYIO
doroHHyI0 06paboTKy B pexkume 50 J/cm?, 0.4 s, u
TepPMOOKCHUAVPOBAaHME C TTapaMeTpaMu IpoLecca
450-550 °C, Bpems 10—-60 MUHYT, B KOTOPBIX ITPH-
cyrcreytor YFe,O, u YFeO, (P®A). PerynnpoBanue
COOTHOIIIeHUs 3TKX (pa3 B BbIpallleHHbIX TJIeHKaX
HaHOpPAa3MepHOro ayara3oHa TonuHbl Ha InP ot-
KpbIBaeT BO3MOXKHOCTHU 1I€JIEBOTO YIIPABA€HUS UX
xapakrepuctukamn. Pesynbratel ACM 1 CTM cBU-
JeTebCTBYIOT, UTO OTSKUT 0OPa31[0B C HAHECEeHHBbI -
MM CJIOSIMY (PEPPUTOB C TOCIEAYIOIIM TEPMOOKCH -
IMPOBAHMEM CITOCOOCTBYET YMEHBIIIEHNIO pa3Mepa
3epeH Ha MOBepPXHOCTY BbIpallleHHO TIJIeHKM, HO
YBEJIMUYMBAET CPeNHIOK IIePOXOBATOCTh IIOBEPX-
HOCTM TIO CPAaBHEHMIO C HEOTOXKEHHBIMM 06pas-
mamu. OO o6yCI0BIMBAET ITOBBIIIEHHYIO HEPOB-
HOCTb TOBEPXHOCTY F€TEPOCTPYKTYPBI, UTO YKA3bI-
BaeT Ha HeOOXOOMMOCTD JaJbHellell ornTuMu3a-
LMY IJ1 pacCCMaTpUBaeMOTO Ipo1iecca mapaMeTpoB
9TOTO MEePCIeKTUBHOTO M CBEPXOBICTPOTO MeToa
(hopmMupoBaHMs TETEPOCTPYKTYP.

NCTOYHUK ®VNHAHCHUPOBAHNUA

Pa6oTa BBITTOJIHEHA TIPU TOJIEPKKE TPaHTa
POOU N218-03-00354 a.
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Abstract
Purpose. YFeO, is distinguished by a variety of important practical properties (multiferroic,
semiconductor, photocatalyst) in the visible region and others. The economic feasibility of the
use of materials based on it is due to the highest prevalence of Yttrium among the entire range
of rare-earth elements. New properties may appear in films of the nanoscale thickness range;
however, their synthesis by simple, economical, and technologically advanced methods is not
an easy task. The purpose of this work was the synthesis of films of nanoscale films (Y,0,-Fe,0.,)
system on InP monocrystals, the determination of their composition and surface characteris-
tics.
Methods and methodology. Films of the nanoscale thickness range (laser, spectral ellipsom-
etry) of the system (Y,0,-Fe,O,) on monocrystal InP were formed by centrifugation from a nitrate
solution. For their primary treatment, thermal annealing (TA) or pulsed photon processing (PPP)
methods were used; for the subsequent thermal oxidation of the formed heterostructures,
samples without annealing were used. The phase composition was determined by X-ray diffrac-
tion analysis (XRD) and the surface characteristics were determined by atomic force (AFM) and
scanning tunneling microscopy (STM).
Results. The results of the study demonstrated, that films that were grown without annealing
are single-phase and consist of YFe,O,. The films that were thermally annealed at 200 °C for
120 min were two-phase films, and contained YFe,O, and Fe,O, with Fe,O, (X-ray diffraction
analysis). The most promising films for further use were films subjected to PPP in the regime of
50]/cm? for 0.4 s and thermal oxidation with the process parameters of 450 —550 °C for 10-60 min,
in which YFe,O, and YFeO, were present. The results of AFM and STM indicated that annealing
of samples with deposited layers of ferrite with subsequent thermal oxidation promoted the
reduction of the grain size on the surface of the grown film, but increases the average surface
roughness compared to unannealed samples.
Conclusions. Nanoscale films of the (Y,0,-Fe,0,) system on monocrystal InP were synthesized
by centrifugation, their compositions that correspond to various types of pretreatment and
surface characteristics before and after thermal oxidation were established. We concluded that
the most promising films for further use were those that underwent IPP or thermal oxidation
and contained YFe,0, and YFeO,. Regulation of the ratio of these phases in the grown films of
the nanoscale thickness range on InP opens up the possibility of targeted control of their char-
acteristics.

Keywords: yttrium ferrites, thin films, precipitation and centrifugation, heterostructures, indium
phosphide, thermal oxidation, pulsed photon processing.
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