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PE®EPAT

Otuer 43c., 9puc., l4ucroynuka.
HAHOCTPYKTYPbI, CAMOOPTI'AHM3ALIMSA, YIIOPANOUYEHHBIE MACCHBbBI, CTPYKTYPbI
[TOHVDKEHHOM PA3SMEPHOCTH, CBEPXBBICOKHUH BAKYVYM, AJICOPBATHI,
[TOBEPXHOCTbD, TOBEPXHOCTHBIE ®A3bl, ®A30BBIE IIEPEXOJIbI, CKAHUPYIOIIAA
TYHHEJIbHA 1 MUKPOCKOIIW A, @Y JIJIEPEHbBI

[esb paboTHI - MOTy4YE€HUE HOBBIX HaYYHBIX pe3yJIbTAaTOB 110 HalpasieHHI0 «HaHoTexHosOruu 1
HaHoMaTepHaisl» B pamkax Meponpustés 1.3.1 Ilporpammer «Hayunble W Hay4dHO-TI€JJarorH4YecKue
KaJipbl HHOBaMoHHOM Poccum» Ha 2009-2013F o161

[Ipomeccs! popMUpPOBaHUS CTPYKTYP W M3yUEHHE WX CBOMCTB IPOBOIMIINCH B KOHTPOJIHPYEMBIX
YCIIOBHUSIX CBEPXBBICOKOTO BaKyyMa, IIPH 3TOM JaBJICHHE OCTATOYHOHW aTMocdephl B BaKyyMHOH Kamepe
cocraBsiio He Gonee 2x10° Top. JIist IPUTOTOBIEHHS HMCCIEAYEMBIX HAHOCTPYKTYD HCIIOIB30BAIICH
XHUMHUYECKH-YHACThIE BEIeCTBA BHICOKOH creneHn ouncTku (He meHee 99,9%).Jlns co3manust CTpyKTyp
UCTIOJIB30BATIACH CHENM(UIECKIE OCOOCHHOCTH IOBEPXHOCTHBIX IIPOIECCOB, TAaKUX Kak ajcoponus,
IIOBEPXHOCTHBIE ~ XUMHUYECKHE DPEaKlMHu, JIOKalbHas JecopOnusi, OCaxJIeHHe MeTaUIoB |
MOJYIIPOBOJITHUKOB, BKIIIOYasl SIBJICHHE CAMOOPraHW3alliM, a Tak)e Mpollecchl B 30HE BO3ACUCTBUS
JOKaJbHBIMH 30HaMU. PazpaboTanHble METOABI 0OECTIEUHIIN TOBTOPSIEMOE MOJTyYeHHEe HAaHOCTPYKTYp CO
CIIEIYIOINEW HOMEHKIIATYpPOW TapaMeTPOB:

- IJIOTHOCTh aTOMHBIX JedeKkToB He Oojiee omHoro Ha 1000 HM? JUIT MOHOCJIOEB ajicopOara
Pa3IMYHOM MIIOTHOCTH HAa TOBEPXHOCTU METAJIOB U MOJIYIPOBOJHUKOB;

- JUcHepcHsl pa3MepoB aTOMHBIX KIJIACTEPOB B YHMOPSAOYEHHBIX MaccuBax He Oosee 20 % ot
CPEeIHEro pa3Mepa KiacTepa,

- JUIMHA OJIHOMEPHBIX ATOMHBIX ILIENIOYEK Ha IOBEPXHOCTU METAJUIOB U IOJIYIPOBOJHUKOB HE
MeHee 100HM.

Mertonpl  ucceoBaHUSI TOBEPXHOCTH M (POPMUPYIOLIMXCS HAHOCTPYKTYp BKJIIOYAIOT B ceOst
CKaHUPYIOUIYI0 TyHHeNIbHYI0 Mukpockormio (CTM), mnpenHasHadeHHy:O [UIsl aHami3a MOPQOJIOTHH,
CTPYKTYPHOTO YCTPOMCTBA MOIYPOBOAHUKOBBIX MOBEPXHOCTEH; THU(PAKIINIO MEUICHHBIX JIeKTPOHOB (JIMD)
JUISL KCCIIEJTOBAHUS KPUCTAUTMYECKUX CTPYKTYP M MX 3BOJIOLMHU B Tporiecce (POPMUPOBAHUS HAHOCTPYKTYpP Ha
MOBEPXHOCTH, YETBIPEX30HIOBBI METOJ] W3MEPEHHs MPOBOJMMOCTH, IPEAHA3HAUYCHHBIA /I8 H3y4YeHHs
3NEKTPUYECKUX CBOMCTB MOJy4E€HHBIX HAHOCTPYKTYp U APYTHE.

IIpu ucciienoBaHNM HaHOCTPYKTYP HA IMOBEPXHOCTU METAUIOB M IOJIYIIPOBOJHUKOB IPUMEHSIIOCH
MaTeMaTH4ecKoe MOJEIUpOBaHUE Il HM3y4eHHs (U3UUYECKHX CBOUCTB OOBEKTOB HCCIIEIOBAHUMN

(aTOMHaSI U OJICKTPOHHAA CTPYKTypa, pcllakcanusd, JAWHAMHKa HOBerHOCTI/I), KOMIIBIOTCPHOC
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MOJICJIMPOBAaHUE TIPOIIECCOB CaMOOPTaHW3AldU, TIOCTPOCHUE TEOPETHUYECKUX MOJIEJIe IpOIeccoB
CaMOOpraHU3aIlKi ATOMHBIX KJIACTEPOB Ha IIOBEPXHOCTH MOIYIPOBOJIHUKOB.

B pesynbrare BeIMOHEHMS TpoekTa B pamkax HUP Obuin mpoBeieHb! ceyIoue HCCIe0BaHus
HU3KOPa3MEPHBIX HAHOCTPYKTYP Ha MOBEPXHOCTH MOIYITPOBOTHUKOB!

1. IloaroToBieH aHATMTUYECKHIA OTYET O MPOBEJACHUH SKCIIEPUMEHTATLHBIX HCCIIe/IOBaHUH.

2. Bbio mpoBejeHo u3ydeHue ancopouun dymreperos C60 ma mosepxmoct Si(111)N3xV3. Ha
nosepxuocTH Si(111N3X\3 6bumn monyueHs! ocTpoBKE (yuiepero C60 ABYX THIIOB, pasIHYarOLIHEcs
yriaom paszoopuentanpn 0° m 19°. Ha mosepxmoctsn Si(111N3xV3 6o cdopMEPOBAHEI MACCHBBI
UJCHTHYHBIX OCTPOBKOB COCTOSIIHNX U3 37 QyIICpeHOB.

3. IlpuBenensl cBeneHust o pesyibTarax peanuzanuu B 2012 r. uHIMKATOpOB (eaepanbHOU
1eNIeBoOi mporpaMMbl «HayuyHbple W Hay4HO-TIearoruueckie Kaapbl HHHOBaMOHHON Poccun» Ha 2009-
2013roppr.

4. IoaroTosieHa mpe3eHTanus pe3yinbratoB mo stamy Ne 6 B popmare Microsoft PowerPoint.

Pa3paboTannsbie B pe3yibrate npoBenenns HVP MeTonbl pUroTOBIEHNS HCXOTHOM MTOBEPXHOCTH
¢ TpeOyeMoii MopdoIoTHeil 1 PEeKOHCTPYKIUEH, a TaKKe yIMpaBleHUs e€ XMUMUYECKONH aKTHBHOCTBIO U
AJIEKTPOHHBIMU CBOWCTBAMH TYTEM KOHTPOJIMPYEMOTo (OPMHUPOBAHUS HH3KOPA3MEPHBIX CHCTEM
3aJJaHHOTO COCTaBa M aTOMHOM CTPYKTYphI OyIyT MMETh BaKHOE IpPAKTHYECKOe 3HaueHue. Pe3ynbraTs
paboThl MOKHO CYHTATh HAYYHO-TEXHHYECKAM 3aJIeJIOM MO TEXHOJOTUH (OPMHPOBAaHUS CTPYKTYP
aTOMHOTO Macimrada ¢ WCIOJb30BaHMEM CaMOOpPraHM3aluud aTOMOB aJcop0aToB Ha TOBEPXHOCTH
MOJTYTTPOBOTHUKOBBIX KPUCTAJUIOB B YCJIOBHSX CBEPXBBICOKOTO BakyyMa. Takuwe CHCTEMBI MOTYT OBITh
UCTIOJIH30BaHBI KaK AJIEMEHTHI TTAMSTH, aKTHBHBIE DJIEMEHTHI HHTETPATHHBIX CXEM U MEKCOCTMHEHUHN IS
TBEpOTEIbHOW HAHOZJIEKTPOHHWKH. HaydyHble pe3ynbTaTbl, SKCIIEPUMEHTAIBHBIE METOJbI, METOJUKA
UCCIICIOBaHUI MOTYT HAWTH TpUMEHEHHe Ipu pa3paboTke YUeOHBIX TOCOOMMH, METOIMUECKHX
MaTepHallOB, KOTOpPhIE MOTYT OBITh HCIIOJNB30BaHBI B Y4eOHOM IIpollecce B paMKax CIENHaTbHOCTH

«Hanomarepuaibi».



COJEPK AHUE

| 335Xy <) (< 9
1. AHHOTHpOBaHHAsS CMIPAaBKA M0 HAy4YHbIM pe3yabTatam HUP, moaydennsim Ha |-V 3Tamax...... 11
2. AHATHTHYECKHH OTYET 0 MPOBEeICHUH IKCIIEPHMEHTATBHBIX HCCACTOBAHMM .......vvevvvveeriieenineenns 15
3. Pe3yJbTaThbl TeOPETHUECKHX HMCCHETOBAHMIL. .......coruviiitiiitieitieeteesteeaseeseeeseeesseasseesseesneeesneesneeessnas 17
4. PexoMeH/IAIIUM 10 UCIOJIb30BAHHUIO Pe3yabTaToB npoBedeHHbIX HUP ..., 29
S. Hyomukamun 1o pe3yabTaTaM HHUP ... e 31

5.1 3aknrouenue IKcnepmHoOIl KoMuccuu RO OMKPLIMOMY ONYOIUKOBAHUIO 31

5.2 Konuu cmameii 33
e B ) 0 10 T 1 TSR 42
CHHCOK HCTIOTB30BAHHBIX HCTOUHIIKOB ........vieuteeureeseesuressseessseassesssseesseesssesssesssnesssessnsesssessnsesasessnsesssees 43



HOPMATUBHBIE CCBIVIKHA

B nacrosimem otuere o HUP ncnonb3oBaHbl CCHUTKU Ha CIIEIYIONINE CTAaHIAPThI:
I'OCT 7.1-2003 -Criricok UCTOJIb30BaHHOM JTUTEPATYPHI
I'OCT 7.32 — 2001 -epopminenue otuéta o HMP



OIIPEAEJIEHUA

B HaCcTOAIIEM OTUETE O HUP IIPUMCHSIOT CJICAYIOIMMNEC TCPMHUHBI C COOTBCTCTBYIOIUMHA OIPEACICHUSIMU



OBO3HAYEHUA U COKPAIIIEHU A

B nacrosimem otuere 0 HUP npuMensitot cienytoiue 0003HaYeHUsI U COKPAIIEHUS
KT —xomHaTHas TeMreparypa

[1® —noBepxHocTHas (aza

CTM — cxanupyroImas TyHHeIbHasT MUKPOCKOITHS

MC —mMmoHocnoi

CBB — cBepXBBICOKOBaKYyMHBIHA

CTC — ckanupyroias TyHHEJIbHasl CIIEKTPOCKOIHUS

MK —mMmarundeckue KiiacTepsl



BBEJEHUE

Poct mccnenoBanuif B 00JIaCTM HAHOTEXHOJIOTHH BO MHOTOM CBSI3aH C TE€MH IpoOJieMaMH,
KOTOpblE CTaBWiIa Tiepel] YYeHBIMH W WH)XXEHepaMH WHTCHCHBHO pa3BUBAIONIASCS TEXHOJOTHS
KPEMHHEBOH DJIEKTPOHHUKH. Y BEIHMUYCHHE MOIIHOCTH BBIYMCIUTEIHHBIX MPHOOPOB, X OBICTPOJICHCTBHS,
YMEHBIICHHE CTOUMOCTH - BCE 3TH 3aJauu TpeOoBaim BcE OoJjiee TOYHBIX MHCTPYMEHTOB. [[o cux mop,
JUISL pelieHusl JaHHBIX 3a7ad HCIOJIb30BAIKCh TEXHOJOTHH JUTOrpaduu — 1moaxon " cBepxXy-BHH3", B
paMKax KOTOpPOTO pa3IMYHBIMH TEXHOJOTHUYSCKUMH YXHIIPEHUSMH YIaBAIOCh YMEHBINATh pPa3Mephl
CYIIECTBYIOIINX KPEMHHUEBBIX YHITOB. Y CIIEX JAHHOTO IOJX0/a XOPOII0 HUTIOCTpUpyeT " 3akoH Mypa™:
nociennue 30 ner, kaxaele 18-24 mecsna YHCIO BIIEMEHTOB B 4YMIle YyABauBajoch. OJHAKO,
IpeJrojaraeTcs, YTo JaHHBIM MOIXO/ JIOCTUT CBOETro (pusmueckoro mpezaena. ITO CBS3aHO C TeM, UTO
IpH JOCTATOYHO MAJBIX pa3Mepax (YHKIHOHAIHHBIX 3JEMEHTOB Takue (aKTOphl, KaK KBAaHTOBOE
TYHHEJIMPOBaHME, dpe3MepHas TUCCHIIAIUS SHEePruH, (GIyKTyanus KOHIIEHTPAIUU MPUMECHBIX aTOMOB,
HAUMHAIOT UIPaTh HE IMOCIENHIO pojib. Be€ 3To cTajmo mpuuyMHOM moucka ajbTepHATUB HBIHEHIHEH
TEXHOJIOTUH MUKPOIJIEKTPOHUKH, OHOM U3 KOTOPBIX SBISIETCS MOJIEKYJISIpHAs JIEKTPOHMKA.

TexHoMOTHE MOJEKYISIPHOM 3JIEKTPOHUKH MPEANONATAl0T HCIOIB30BAHUE MMOIX0aa " CHH3Y-
BBepX'"', KOTJIa CO3/IJaHUe CTPYKTYPHBIX 3JIEMEHTOB IIETH MIPOUCXOIUT IMTyTEM CaMOCOOPKH UX U3 MOJIEKY.
DJeKTpOHHBIE CBOMCTBA, CTPYKTYpa, MOPQOIIOTH, COCTaB, pa3Mep W T.J. MOJEKYJI KaK CTPOUTEIbHBIX
0JIOKOB MOXKET IPHU 3TOM BAapbUPOBATHCS B IMUPOKUX Ipenenax. [loMuMo pemeHus 3aiadyu MOTydeHUs
MOJIEKYJl C 3aJaHHBIMM CBOWCTBAMH, KOTOpas JIEKHT CKOpee B OOJIACTH XMMHMYECKOI'O CHHTE3a, JUIs
peanu3ai TEXHOJIOTHH MOJICKYJISIPHON AIIEKTPOHUKH HEOOXOJMMO H3YyYHTh H3MEHEHHS, KOTOphIE
MPOUCXOMAT B MOJIEKYJIaX W TMOMJIOXKKE MpH WX OOBEJAWHEHHWH B KOMIUIEKC, IPH BHECEHUH
(GyHKIIMOHATBEHOTO MHTEpdelica, AIeKTPUUECKUX KOHTAKTOB, MPU MPOTEKAHUU TOKA, MPU MPUIIOKCHUH
BHEITHUX CUJI U T.JA. Takue ucciieJJoBaHus IOMOTYT BBIPa00TaTh HEOOX0IUMbIE OCHOBHBIE TIPUHITUATIBI TSI
CTPOHTEIBHBIX OJIOKOB MOJIEKYJIIPHOHM 3JeKTpOHUKH. HakoHeI, [l KOHEYHON peain3anu mapajaurMbl
" cHM3y-BBepx' HEOOXOJMMO pa3paboTaTh METOABI i1 OpPraHM3aldd MOJICKYJSPHBIX OJOKOB U
CTPYKTYPHBIX JJIEMEHTOB Ha MaciuTadaxX pa3IdyHOro paszMepa. DTO BKIIOYAaeT B ceOsl HE TOJBKO
YIOPSJIOUYCHHE CTPOUTENBHBIX OJIOKOB B IUIOTHOYINAKOBAHHBIM B3aUMOCBS3aHHBIM MaccuB, HO U
COXpaHEHHE MPOEKTHON apXHUTEKTYPHI MPEAIO0JIaraeMoro yCTPOUCTBA ¢ HEOOXOAUMBIMHU TIPOMEKYTKaMHU
U CBSI3IMHU MEXKJTy 3JIEMEHTaMH.

BBumy BO3MOXHOCTH WCIOJB30BAHUS XOPOIIO Pa3BUTHIX KPEMHHUEBBIX TEXHOJOTHH,
MOBEPXHOCTh KPEMHUS SBISIETCS MEPCIEeKTUBHBIM KAaHIUIATOM I HUCIOJB30BaHUS B KayecTBe
uHTepdeiica TpH CO3MaHUM MOJIEKYJSIPHBIX CTPYKTYp. HEKOTOphIM TpPEmsSTCTBHEM 37eCh CIIY)KUAT
00JIpIIIOE KOJMYECTBO XUMHUYECKH AKTUBHBIX HEHACHICHHBIX CBSI3€H Ha TOBEPXHOCTH KPEMHHS, UYTO

3a4acCTy0O NPpUBOAUT K JUCCOIUAIIUN MOJICKYJI IIPpU az[cop6u1/n/1 n 06p2130BaHI/IIO IIOXOYIIOPAJOYCHHBIX



cioeB. Moaudukanmsi TOBEpXHOCTH KPEMHHS ¢ IMOMOIIBI0  (OPMHUPOBAHUS Ha HEH CyOMOHOCIOWHBIX
METaNTHYECKUX CJI0E€B MPHUBOJIUT K CHUKCHHIO TUIOTHOCTH OOOPBAaHHBIX CBS3€H, UYTO YACTHYHO WIU
MOJIHOCTBIO pemaeT JaHHylo mnpobiemy. Kpome Toro, mpu Takod pEeKOHCTPYKIIMH 3HAYUTEIHHO
MEHSIIOTCSl (pU3UYECKHe M XUMHYECKHE CBONCTBA IOBEPXHOCTH, YTO JaeT eImle OJWH CI0co0 Ui
HaIpaBJIEHUs IPOIECCOB CaMOOPTaHU3aIlH MOJIEKYJ.
Monekynbl QyaiepeHOB BRITISAIT NEPCIEKTUBHBIMU KaHIHUIaTaMH B KaYECTBE CTPOUTEIHHOTO

Ooka Tpu pa3pabOTKe TEXHOJOTMHM MOJIEKYJSIPHON SIIEKTPOHHKH. OTO CBS3aHO C BBICOKOH
CcTaOUIIBHOCTBIO, CTENEHbI0 CUMMETPHH, CIOCOOHOCTH K CaMOOPraHU3allid JIaHHBIX MOJIEKYJ, a TaKxkKe
OoraTbiM HAOOPOM BIIEKTPOHHBIX CBOHCTB, KOTOPHIE MOT'YT OBITH M3MEHEHBI ITyTEM JIETUPOBAHUSI TAHHBIX
MOJIEKY.

B pamkax naHHOro mpoekTa Ha 6 artame, Obuto u3ydeHa ajacopOuust ¢ymiepeHoB Cgo Ha
noBepxHOCTHBIE (Bass crctemsr AU/Si(111): Si(111)x-V3xV3-Au, Si(111)h-V3xv-(Au,In).

OcnoBanunem s mpoBenenus HUP, Bemonasiemoit B pamkax DIl «Hayunsie m HaydHO-
negarornyeckue Kaapbl mHHOBaMOHHONW Poccum nHa 2009-2013roxaer», sBusercs [ocyaapcTBEeHHBIH

KOHTPaKT oT «09»urons 2010r. Ne [11284.

HUcnomnurenn: DenepalbHOE TOCYIApCTBEHHOE OIOKETHOE YyUpexkaeHue Haykun WHCTHTYT

aBTOMATHKH | mporieccoB ynpasienus J[BO PAH (r. BmaauBocTok).
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1. AHHOTHUPOBAHHASI CIIPABKA 110 HAYYHBIM PE3VYJIbTATAM HUP,
MOJYUYEHHBIM HA |-V OTAITAX

[Torick W W3y4YeHHE HOBBIX HHU3KOPa3MEpPHBIX MaTepPHAOB, KOTOPHIM OBUI MOCBSAIICH
JAHHBIA MPOEKT, SBIAETCS aKTyaJbHOM 3ajadveil, T.K. TaKUe MaTepHUalbl B OyAyIIeM MOTYT OBITh
MCIOJIB30BAHBI ISl CO3JaHMsSl HOBOW 3JIEMEHTHOW Oa3bl HAaHOAJIEKTPOHUKH. [ pemeHus 3Toi
3a/laydl B YCJIOBHSIX CBEPXBBICOKOTO BaKyyMa Ha MOBEPXHOCTH MOHOKPHCTANTMYECKOTO KPEMHHS
OBl COPMHUPOBAH PSJl CUCTEM C TMOHMKEHHOW pa3MepHOCThI0. DOpMHUpOBaHHE TaKUX CHCTEM,
MPOBOJUIIOCH ITyTEM HAHECEHUS Pa3JIMYHBIX aJIcOPOATOB HA MOBEPXHOCTh KPEMHHSI MIPH PA3TUIHBIX
Temneparypax. B aTom mpoekte ObuTa mcclieJoBaHA CTPYKTYpa 3TUX CHCTEM M BIUSHUE YCIOBHM
uX GOpMUPOBAHHUS HA UX CTPYKTYpPHBbIC U (U3HUECKUE CBOMCTBA.

Ha nepBom stame ObUia paccMOTpeHa aTOMHash CTPYKTypa MOBEPXHOCTHON PEKOHCTPYKIUH
Si(100x(2x6)-Ag. s ompenmeneHust aroMHOro crpoeHuss pekoHcTpykmum  AQ/Si(100)-c(6%2)
UCIIOJIb30BAIMCH PE3YJIbTAThl MCCIIEOBAHUN CKAHHUPYIOIIEH TYHHEIBHOW MUKPOCKOIHMH, U PAcueThl B
paMKax Teopud (YHKIMOHAJIA IUIOTHOCTH. BBUI MpetokeH psi CTPYKTYpHBIX MOJENEH CXO0XKUX IO
cTpoennto ¢ pexoHcrpykuued Si(100), BKIrOUarommx psasl Si AUMEpOB, pasfeleHHBIX —KeJ00aMHu.
[TpoBepka cTaOMIBLHOCTH OKOJIO JABAIIATH CHCTEM C IMOKPBITHEM A(Q JIeXKalmuM B uHTepBajie oT 1/6 1o
1 MC no3Bosiia COKpPAaTHTh YUCIIO BEPOSITHBIX Mojielniei 10 4. J[Be W3 HUX OTHECEHBI K CBOMCTBEHHBIM
«HOpManbHOW» pexoHcTpyknuu Ag/Si(100)-c(6%2),rorna kak apyrue nBe K JIeGeKTHO-(HOPMHUPYEMBIM
BapuaHnTtam. [locieqnue HaOMOIAMKCh B OONACTAX psAgoM JaedeKTaMu W JOMEHHBIMH TpaHHIAMH U
JIEMOHCTPUPOBATIM MEPUOMIHOCTh 3X2. CpaBHEHHE pe3yJbTaTOB PACUETOB C SKCIEPHUMEHTATbHBIMHU
CTM wu300pakeHHsSIME TIOKa3ajJo, 4To peKOHCTpykuus momnoxkku Si(100) crabuimpHa, a mojacucremMa
cepeOpa anacThudHa O1arojapsi MPUCYTCTBUIO CIA00CBA3aHHBIX MOOMIIBHBIX aTOMOB AgJ.

B kauecTBe MaccWBa HYJIBMEPHBIX KBAHTOBBIX TOYEK B ATOM IPOEKTe ObLIa B3siTa cHCTEMa
Si(100)4x3-In.DTta cucteMa SBISETCS OJHONM M3 HEMHOTHX CHCTEM, B KOTOpPOW HaOJFOMaeTCsl MAcCHB
XOPOIIO YHOPSIIOYSHHBIX OJMHAKOBBIX aTOMHBIX KJacTepoB. Ha JaHHBII MOMEHT, U3BECTHO aTOMapHOE
CTpOEHHE KJIaCTepOB B JTOH CHCTEME, y4YEeHbIe HCCIIEAOBAIM HX DICKTPHUSCKHE CBOMCTBA. YiKe
HAYYMJINCh U3MEHSITh CTPYKTYPY M CBOMCTBA THX KJIACTEPOB ITyTeM J00ABJICHUS B HUX aTOMOB CBHMHIIA
win uHus. [JoHuMaHue 9THX MeXaHu3MOB (POPMHPOBAHHSI MACCHBa KJIACTEPOB MO3BOJIMT O0JIee IHPOKO
YIPaBISTh POCTOM 3TOM CTPYKTYPHI M KaK CIIC/ICTBHE BIUATH HA €€ CBOMCTRA.

Ha BTOpoM »3Tame uccienoBaHHM 1O MPOEKTY MBI MPUMEHHIN CTATUCTUYECKUA aHAIHM3 IS
OOBSICHEHUSI 3aKOHOMEpHOCTEH B pacrpeneneHud kiactepoB B cucteme IN/Si(100) mpu HU3KHX
nOKpeITHSX IN. CpaBHUBAsI HKCIEPUMEHTAIBHBIE PACHpPEICICHUS CO CIyYallHBIMH pacIpe/e/ICHUSIMH,
MOJIyYECHHBIMU MOJIeTMpOBaHHeM MeToIoM MoHTe-Kapiio oOHapyXuiu, 4TO BHYTPH OTPAHUUCHHOM 30HbI
BOKPYI YXe C(OPMHUPOBAHHOIO KjacTepa BEpOSTHOCTh OOpa3oBaHWs HOBOTO KlacTepa CHIBHO
OTJIMYAeTCS OT CIY4aifHON BEpOSITHOCTH. A MMEHHO, HEKOTOPBIE IOJIOKEHUSI BHYTPU 30HBI OKa3alIHCh
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3HAYATEIBHO MPEINOYTHTEbHeE UIsI 00pa30BaHMs KIACTEPOB, B TO BpeMs Kak B JIPYTHX MecTax
0o0pa3zoBaHUe KJIACTEPOB MOJABICHO. DHEpreTUYecKas Mpupojia JaHHOTO SIBICHUs ObUIa TMOATBEPIKACHA
pacyeTamu.

[IpoBeneH cTaTUCTUYECKUN aHAIM3 MPOCTPAHCTBEHHOTO pactpesencHus 4%3-IN moBepXHOCTHBIX
Maruyeckux kiactepoB Ha moBepxHocTH Si(100)2X%1npu Hu3kux mokpeitusax In (0.04 — 0.0MC) s
BBISICHCHUSI SIBJICHUSI B3aMMOJICUCTBUSL B  3apOKICHUU KJacTepoB. bbUIO  OOHApYXEHO, YTO
c(OpMHUPOBABIIUIICS KJIaCTep BJIMSAET HA peiibed) MOTCHIMANA OKPYXKAIOIIeH ero MOBEPXHOCTH, TAaKUM
00pa3oM BiHsIS Ha GOPMHPOBAHHUE TTOCIEAYIONHX KiacTepoB. KommuecTBeHHOE paccMOTpEeHHE TI0Ka3allo,
YTO B TpaHWIAX 30HBI BO3JEHCTBHS KIlacTepa CYIIECTBYIOT TaKHE B3aUMOPACIIONIOKEHHsSI, YTO
BEPOSITHOCTh 3apPOJKICHUS KJIACTEPOB B ATUX TOYKAX JHOO BBIIIE BEPOSTHOCTH CIYYaHOTO 3apOXKICHUS
(B 1.5 wm B 2.5 paza), nu6o wmwxe (B 5 wim 1.5 paza). Pacdersl cormacHo Teopuu (yHKIMOHATA
IUIOTHOCTH TIOKAa3aJid, YTO HambOoyiee TPEeANOYTUTEIFHBIE B3aUMOPACIIOIIOKEHHS XapaKTEePH3YIOTCS
HanOoJiee HU3KOU dHEPTUCH.

OJIHUMU U3 TEPCIEeKTUBHBIX MATEPUAJIOB JUIS CO3JaHUS Pa3IMUHBIX YCTPONCTB B CIIUHTPOHUKE
(MHXEKTOPOB CIHH-TIOISIPU30BAHHBIX 3JICKTPOHOB, (DUIBTPOB WJIM MPOBOJHHUKOB TaKUX HOCHUTEIICH)
SIBJSIFOTCS. MArHUTHBIE IMOJYIPOBOJHUKK Ha ocHoBe 3d- wim 4f-merayuioB, ocoOeHHO Mapranna. B
mocjeHee BpeMs TOSBHJICS PSIJT TEOPETHUECKUX pabOT, MOCBAIMICHHBIX HCCIIEJOBAHUIO MarHHTHBIX
nosynpoBoguukoB Si/Ge, Siu Ge, nerupoBaHHBIX aToMamMu MN, a TakXe BIUSHHIO JAPYTHX N- U P-
IpUMecel Ha MarHUTHBIC CBOWCTBA aTOMOB MapraHila B 3TUX MarHUTHBIX MOJYIPOBOIHUKAX.

[Tostomy, uccnenoBanme cucreMbl MN/Si uMeeT 6oJIbIoe 3HAYEHUE, KaK s (yHIaMEHTAIBHOR
HAYKH, TaK ¥ C MPUKJIATHON TOYKH 3pEHHsI, KaK BO3MOXHBIN MaTepral — KaHIUIAT ISl UCTIOTh30BaHUs
B ciUHTpOHHKe. [Ipeanonaraiock, 4to qo0aBiieHHEe HEKOTOPOTO AteMeHTa B cucteMy Mn/Si(111)0ynet
CHoCOOCTBOBATh (POPMUPOBAHUIO YHOPSIOUEeHHBIX MN—SI CTpyKTyp Ha TOBEpPXHOCTH KpeMmHHs. B
KayecTBE MHOTOOOCIIAIONIET0 KaHAuIaTa JUIsl TOCTHIKSHHSI 3TOW IEM MBI PacCMaTPHBAIHN 30JI0TO, TaK
Kak yke OBUIO J0Ka3zaHO, 4YTo pekoHcTpykKimu AU/Si(111l) kpaiiHe YyBCTBHUTEIBHBI K MajIbIM
KOJIMYECTBAM Uy>KEPOHBIX aTOMOB.

Tak wucciaemoBanus, npoBeneHHble Ha |ll JTame ¢ MOMOINBIO CKAHUPYIOIICH TYHHEIBHOM
MHKPOCKOIIMM ITOKa3ajd, YTO, B 3aBUCHMOCTH OT YCJIOBHH pocrta, mieHka MnSi ma Si(111) moryr
DOPMHUPOBATECS ¢ PasHBIM MOBEPXHOCTHBIM TEPMHHHpOBaHHeM. [TomMivo o6braroit MnSi/Si(111N3xV3
MOBEPXHOCTH, KOTOpasi, KakK W3BECTHO, SBISETCS Si-TEPMHUHUPOBAHHBIM UYETBEPHBIM CJIOEM CO
cTpykTypoit B20 (ctpykrypa oobemHOro MnSi coennHeHus), TOBEPXHOCTh HOBOTO THIIA MOXET OBITh
chopmupoBaHa B yciaoBus pocta mienkn MnSinpu HemoctaTke Si. JlaHHAsS MOBEPXHOCTH TaKiKE MMEET
neproxraHocTs V3XV3, HO mo-apyromy BermsimaT Ha CTM m300pakeHne, W IPEIIOTOKATENHHO
SIBJISICTCS TEM )K€ YETBEPHBIM CIIOEM, Y KOTOPOU OTCYTCTBYET camblii BepXHuil Si cioii. CiemoBarelibHo,

TakKas CTPYKTypa OOJIKHaA OBITh TCPMUHHUPOBAHA CJIIOEM MapraHia. PaSHHLIa B CTPYKTYpC HOBerHOCTeﬁ
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IIPOBOAXT K OTPOMHOW Pa3HUIE B UX MOBEPXHOCTHBIX CBOMCTB, KaK OBUIO OOHAPY)KEHO IPH OCAXKICHUU
HEKOTOPBIX 3JIEMEHTOB Ha A3THU IMOBEpXHOCTH. Hampumep, 3HadeHune Kod(pQuImeHTa MOBEPXHOCTHOMH
g dy3un aToMoB AU OTIIMYASTCS IS 9TUX MIOBEPXHOCTEH Ha, MPUOIM3UTENBHO, YeThIpe MOPSIKA.

B pamkax mgamHOro mpoekta Ha 4 3Tare, MOCBAMIEHHOM ancopOrmu MN Ha pEeKOHCTPYKIIUH
AU/Si(111),mbI MOKa3aIM BO3MOXHOCTh (DOPMHUPOBAHUS HOBBIX YHOPSIOUYEHHBIX CTPYKTYp 8%2, 10%2u
2V21x2V21,

MetosoMm ckaHupyOlleld TYHHEIBHOH MUKpPOCKONHMM ObUIM W3YYeHBbI SIBJICHHUS, BO3HUKAIOUIME B
pesyabtare agcopounu meree 0,1monocaos Mn Ha pekorctpyknuu Au/Si(111).beuto oOHapykeHO, YTO
HeGOJIBIIOE KOJTHYecTBO MN paspyliaeT MepBOHAYAIBHBIC PEKOHCTPYKIHE 5X2-AU u a-V3xV3 u
NPUBOIMT K OOPA30BAHMIO HOBBIX YIOPSIOUYEHHBIX CTPYKTYp 8x2, 10x2m 2V21x2\21, koTopsie B
NPUHIIAIE SBISEOTCS pekoHCTpyKimsiMu Au/Si(111), paz6anennsie aromamu Mn. Konnentpanus Mn B
JAHHBIX CTPYKTYpax O4YeHb MaJICHBbKAsl W COCTABISET OJMH WM JBa aToMa Ha 3JIEMEHTApHYIO sYeHKY, TO
ectb kosebnercs or 0,012 10 0,1MC Mn. Cxanupyromas TyHHEJIbHAs CIIEKTPOCKOIHS MoKa3ajia, 4To
pexoHCTpyKIms 2V21X2\V21 sBIsleTcss METaIMYecKol, B TO BpeMsi KaK CTPYKTyphl 8x2 m 10x2
JEMOHCTPHUPYIOT MOJIYIPOBOJHUKOBBIE CBOHCTBA. J[aHHBIE PEKOHCTPYKIIMU B JalbHEHIIEM MOTYT OBITh
HCTIOJIB30BAHBI KaK BO3MOXKHBIE IPOTOTHUIIBI JUIS CO3/IaHMsI HU3KOPA3MEPHBIX pa30aBIEHHBIX MAarHUTHBIX

MOJTYTIPOBOTHUKOB.

Jist uiccneoBanusi CBOMCTB HAHOCTPYKTYP, TAaK)Ke KaK U JJIL UX TEXHOJIOTUYECKOTO MPUMEHEHUS,
KpaifHe JellaTelbHO, YTOOBI JaHHBIE CTPYKTYphl IPUCYTCTBOBAJIM HA MOBEPXHOCTH HE B €IMHUYHBIX
JK3EMIUISIpaX, a B KadyecTBE MacCHMBa HACHTHUYHBIA HAHOCTPYKTYpP CTPOTO OJMHAKOBOIO aTOMHOIO
coctaBa. OrmpeselieHHbIE yCEXH B MOJYYEHHH TaKUX MOHOJUCIIEPCHBIX MAacCCHBOB OBLUIM IMOJYYEHBI
MOCPEJCTBOM CaMOOPraHW3al[ii aTOMOB B Marm4eckue KiacTepbl (KJIAcTephbl, COCTOSIIAE U3
OTIPEJIeIEHHOT0 YMCiia aToMOB, 00Ja/aolue BhICOKON CTaOUIIBHOCTBIO MO CPAaBHEHUIO C JPYTUMHU Ha
JaHHO# ToBepXHOCTH). CTaOMILHOCTH JIAHHBIX KJIACTEPOB, BHI3BaHHAS JIOKAIbHBIM MUHUMYMOM SHEPTHU
['n66ca kiacTepa Hpu ONpPEIETICHHOM 4YHCIe aTOMOB Kak (YHKIUH €ro pasmepa, CKJIOHSET Mpolecc
CaMOOpraHu3alliy OCTPOBKOB K TE€PMOJIMHAMUYECKH BBIFOJIHBIM MarudeckuM pasmepam. B cpaBHeHuu co
CIydyaeM Marmdeckux KiIacTepoB B CBOOOJAHOM IPOCTPAHCTBE, MHHHMM3AIMS SHEPIUU MaruyecKux
KJIaCTEpPOB Ha TOBEPXHOCTH SIBJSIETCS O0Jiee CIOXKHBIM IPOLECCOM, BKJIIOYAIOUIMM B ce0sl HE TOJIBKO
B3aUMOJICTBHME YACTHIA-4aCcTHUIA, HO M B3aMMOJIEUCTBHE YACTHUIIA-TIOBEPXHOCTh, TaKK€ KaK TOHKHIA
OaJlaHC MEX]Ty STUMU B3aUMOJACHCTBUSIMH.

B omimume oT Marmdyeckux KIAcTEPOB, COCTOSIIMX M3 aTOMOB, MOJIEKYJISIPHBIE Maruyeckue
KJIacTepbl He u3ydeHbl. M, XoTs ajcopOius pa3ivyuHbIX MOJIEKYJ Ha Pa3IMYHbIE IMOBEPXHOCTH YacTO
CTaHOBUTCS 00JIACTHIO HAYYHOTO MOWCKA, U3YYEeHUE CTA0MIbHOCTH TIOJTYYaeMBIX CTPYKTYD, KaK QYHKIIUU

pa3mepa, He OBUIO OOBEKTOM CHCTEMHOro uccienoBanus. Mcmonb3oBanue Cgo Kak TpOTOTHIA IS
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n3ydeHus: (HOpPMUPOBAHHS MOJIEKYJISIPHBIX MarmyecKMX KJIACTEPOB SIBIISICTCS TPUBJICKATEIHHBIM B CHITY

HX KOMIIAKTHOCTH M BBICOKOM CUMMCTpPUU.

OmHuM U3 CTOCOOO0B CIIOCOOCTBOBAHHUS CAaMOOPTaHU3AIIMN YaCTHI] B OOJIBIITHE OCTPOBKH U B TO K€
BpeMsI YMEHBIIEHHUS X JUCIEPCUU TI0 pa3MepaM SIBJISIETCS UCIOJIB30BaHUE IMA0JOHHBIX TTOBEPXHOCTEH.
B naHHO}i paboTe B Ka4ecTBe MOIOKKH paccMaTpuBanack mosepxrocts Si(111)h-V3xvV3-(Au,In). Boum
IIPOBE/ICHO YHCICHHOE ITOCKMX 0CTPOBKOB (yiiepenos Ceona moBepxuocTH Si(111N3xV3.

B ocHOBy Hammx pacueToB Ha V J3Tame NpOEKTa MBI TOJIOXHIM HECKOJBKO MPHUHIUIIOB!
mabJoHHAs CTPYKTypa oOpa3yeT MOTCHIHANBHBIA penbed, B KOTOPOM JiexkaT aJcopOMpOBaHHEIC
bymiepeHsl; aacopOupoBaHHBIE (YJUIEPEHBI HE MEHSIOT TOTCHIUAThHBIA penbed M1adIoHHOM
CTPYKTYpHI, (yiepeHsl pacroiarasich B TOTEHIMAIBHOM pelbede MadioHa CTpeMSTCS 3aHSTh
SHEPreTUYeCKH HanboJee BBIrO/HbIe MecTa (MecTa ¢ HAMMEHBIITNM MOTSHIIHAIOM); SHEPTHUS CBSI3H MEKIY
¢byiepeHaMu TaKkoBa, YTO OHH 00pa3yIOT Ha MOBEPXHOCTH (PparMeHTHI MOHOCIOWHOTO (yIIIepuTa.

Hamm pacuersl mokaszanu, 4yTo HauOoJjee BBIFOJHBIA Yrosl MOBOpOTa (yJIIEPUTOBOTO OCTPOBKA
3aBUCHT OT pa3Mepa U GopMbI OCTpOBKaA. Tak KOMIAKTHBIM OcTpoBKaM ((hopma KOTOPBIX OJIU3Ka K KPYTy
WIA K TPaBHJILHBIM BBINYKIBIM MHOToyroibHukam) kpymaee 125-150 ¢ymiepernoB Cgp BBITOHEE
MOBEPHYTHCSI OTHOCHTENHFHO WMCXOJHOM TOIOXKKKA Ha yrol B 19° Tak WX TOTEHIUATbHAs dHEPTHUS
MUHHAMAJHHA.

JIJIsT OCTPOBKOM MEHBINETO pa3Mepa WM HEBBIMYKIOW (OPMBI ONTHMATBHBIM CTAHOBUTCS YTOJ
moBopota B 0°. Takke Ha TakMX OCTPOBKaxX BHJIEH SPKO BBIPAXKCHHBIA Myap. JIeMEHTapHOU
COCTaBJISIIOLIECH 3TOr0 Myapa SIBIISIETCSI OCTPOBOK pa3zMepoM B 37 (yJulepeHOB, MpUYEM IeHTpabHBIN
(bysuiepeH B TAKOM OCTPOBKE JIEKHUT Ha HEBBIT'OJTHOM MECTE - HaJl TPUMEPOM aTOMOB 30JI0Ta.

Hamm pacyersl mokasany, 94TO B 3aBHCHMOCTH OT COOTHOIICHHWS SHEPIHU CBs3H (yiuiepeH-
(byJuIepeHn U SHEPTUH CBSI3U (YJUIEPEH-TIOUIOKKA MTPH OOJBIINX MOKPBITHSIX MOTYT (POPMHPOBATHCS JBA
TUTA OCTPOBKOB: 1 -OCTpOBKH MMeIOIE KOMIAKTHYIO (pOpMY U TOBEPHYTHIE OTHOCHTEIHHO IMOTIOKKH
Ha yrou B 19° unm 2 - octpoBKku noBepHyThle Ha 0° 1 (hopma KOTOpBIX KpaTHa 37-0cTpoBKaM. JlaHHBIE
BBIBOJIBI IIOATBEPIKIAIOTCS HA SKCIIepUMeHTe B pabotax Marenkoro A.B. u coasTopos [18].

CoriacHo HammM pacueTaM HamOoyiee TpPUBJICKATETHHBIM KaHAUIATOM ISl (OPMHUPOBAHUS
MaccHBa UJCHTUYHBIX OCTPOBKOB SIBJISIETCS. OCTPOBOK cocTtosiuii u3 37 gymiepeHos. [loaTtomy MoxHO
noJo0parhk Takue YCIOBHS pocTa (CKOpOCTh Temmeparypy H T.A.) (QYJUICPEHOBBIX OCTPOBKOB Ha
nosepxuoctr Si(111)h-V3xV3-(Au,In), Ipr KOTOPBIX B YCIOBHSX TEPMOIMHAMIYECKOTO PABHOBECHS Ha
MOBEPXHOCTH OYyIyT c(HOPMUPOBAHBI MACCHBBI OCTPOBKOB HMEIOMIMX MPABHIBHYIO IIECTUTPAHHYIO

dopmy u cocrosmux u3 37 QyIepeHOB.

14



2. AHAJIMTUYECKHMHA OTYET O TIPOBEJEHHU SKCIEPUMEHTAJIBHBIX
UCCJIEJOBAHUM

Ha VI »tame wuccrnemoBanmii pacueThl OBUIM  MOATBEXKICHBI  IKCHEPUMEHTATHHBIMHU
UCCIIeIOBaHMsIMUA camoopranu3anui gymiepeHoB Cgp B OCTPOBKH Marmdeckux pazMepoB U (opmbl. Ha
nosepxuocTH Si(111N3x\3 6bumn momyuensr ocTpoBKE (Gymiepero C60 ABYX THIIOB, pa3IHYAIOLIHECS
yriaom pazoopuentaruu 0° m 19°. Ha moBepxHoCTH Si(111N3xV3 Gbumm c(OopMHUPOBAHBl MAaCCHUBHI
UJICHTHYHBIX OCTPOBKOB cOCTOSIINX U3 37 PyIiepeHoB.

Ha /jaHHOM dTare MCciieoBanHmii mpy u3ydenun ancopoumn Ceo Ha moBepxuocTH Si(111N3xV3-
Au, MommdummpoBaHHOUW [N, MBI OOHAPYXHJIM, YTO TPH ONIPEJCICHHBIX YCIOBHSAX HAOIOIAeTCs
peuMyIecTBeHHOe (GopmMupoBanue ocTpoBkoB Cgg BBIAENEHHOTO pasMmepa u ¢opMmbl. B uacTHOCTH,
ObT copMUPOBAaHBI MaccuBBl, B KOTOphIX 10 80% cocTaBisuin WIACHTUYHBIE TeKCaroHalIbHBIE
OCTPOBKH, COJIepIKaIre poBHO 37 QyJUICpPEHOB.

IToxroroBka moBepxHoctd (AU,In)/Si(111) 3akmoyanack B OCaXICHWH IN Ha MOBEPXHOCTH
Si(111)NV3xV3-Au mpi KOMHATHOIT TeMIlepaType ¢ HOCIeAyOmEM oTKuroM mpu ~550C, B pesynbrate
Yero ¢ Hee MOJIHOCTBIO YJASIFOTCS TOMEHHBbIE CTEHKH, XapaKTepHbIE JJII UCXOTHOU moBepxHOCTH. [Ipu
3TOM, aToMHOe crpoetue dassl Si(111N3xV3-Au coxpansiercs, a okono 0,15 MoHoaToMHOro cios In,
OCTaBIIIETOCS HA TIOBEPXHOCTH, 00pa3yeT JBYMEPHBIH ra3 MOJBMKHBIX aJIaTOMOB, KOTOPBI MOKET OBITh
3aMOpoXkeH npu oxyaxaenun a0 ~110K.

[Ipn ocaxnenun Cgp Ha OXJIAXKIACHHYIO MOBEPXHOCTh MPOUCXOTUT (OPMUPOBAHUE MaCCHBA
ocTpoBKOB Cgp, UIMEIOIMUX MPOM3BOJILHBIN pazMep U ¢opmy. Eciam 3TOT MaccuB HarpeTh 10 KOMHATHOM
TeMIIepaTyphbl, TO CPEIHHH pa3Mep OCTPOBKOB CTAaHOBUTCS OOJbIlle, a OHH MpuoOpeTaroT Ooiee
MPAaBUIBHYIO («KPHCTALTUYECKYI0») GopMy. MOKHO BBIICIHWTDH J[Ba THUIA OCTPOBKOB B 3aBHCUMOCTH OT
opueHnTanuu MmaccuBoB Cgo BHYTpH HUX: psifibl Cgp MOTYT OBITH OPHEHTHPOBAHBI JIUOO BIOJIH OCHOBHBIX
KpucTauorpapuaeckux HampapieHui mosepxnoctd Si(111), mu6o coctaBnsats ¢ Humu yron 19,L.
OcTpoBkr nocnennero Tuna (¢ psamamu, noBepHyThIMH Ha 19,T) Gosnee KpymnHBIE M HE HMMEIOT
BBIJICJICHHBIX pa3MepoB. OCTPOBKH MEPBOTO THIA (C PSIaMH BIOJb OCHOBHBIX KPUCTALTOTpadUUecKuX
HaTpaBJICHUH) UMEIOT (GopMy JHOO OJHOTO IIECTUYTOJbHHKA, OO HECKOJBKUX IIECTHYTOJHHHUKOB,
MEPEKPBIBAIONINX JIPYT Apyra. XapakTepHOU OCOOCHHOCTBIO ATHX OCTPOBKOB SIBIISIETCSI TO, YTO B IEHTPE
KaXJIOTO IIECTUYTOJIbHUKA HAaXOMUTCs (yJUIepeH, KOTOphlii mMeeT Ooinee sipkuit koHTpact Ha CTM
n3o00paxxeHun. Kak OBUIO YCTaHOBIIEHO, 3TH <«ipkue» QysuiepeHbl Cgp pacroyiaratorcs TOYHO Ha
TpuMepamMu AU TOT0KKHU Si(111N3x\3-Au u B Goiee KpynHbIX MaccuBax Cep 00pa3yroT JBYMEPHYIO
pemeTky ¢ meprogom Y19x\19 BHYTpH MOIEKYISPHOTO CIIOS.

B xome oTKHT MaccuBa IpU KOMHATHON TeMIrieparype ocTpoBKH Cgp HEMPEPHIBHO MEHSIOT CBOM
pa3Mep u GhopMy U3-3a aKTHBHOTO 0OMeHa (yJuiepeHaMu depe3 MOABIKHBIN IBYMEPHBINH MOJIEKYISIPHBII

ra3 Cgp DT HaAOMIOMEHUS OTpaXKaroT OOIIYI0 3aKOHOMEPHOCTh, YTO HAMOOJBIIYIO CTAOUIBLHOCTH
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MPOSIBJISIIOT UMEHHO OCTpOBKH, cojepxkamue 37 Cgp, U B pe3yibTaTe JIUTEIHHOTO OTXKHTa TIPH
KOMHATHOW TeMIiepatype GopMUpyeTcss MacCuB, B KOTOpoM ocTpoBKHU U3 37 Cgo cocTaBistoT okoio 80%
BCEX OCTPOBKOB.

Kpome ocTpoBKOB, 0 KOTOPBIX TOBOPHJIOCH BHINIE, HAOMIOMAIICS TIENIbI HAOOp MeTacTaOMIBHBIX
octpoBkoB Cgo. B 4acTHOCTH, Ha paHHUX CTAJIUSAX YKPYIHEHHUS! OCTPOBKOB (T.€. IpH OBICTPOM Harpese Ji0
KOMHATHOM TeMIepaTypbl © KOPOTKOM OTIKUTE) (OPMHUPOBATIMCH HEOOJIbIINE MarHiecKue OCTpOBKU. Bee
9T OCTPOBKH WCUE3alOT MpH TOCIeAyIoleM OTXure. B dopMupyromuxcss MaccuBax WHOTIA
MPUCYTCTBYIOT OCTPOBKH, XapaKTepHOW UYEPTOW KOTOPBIX SIBISIETCS OTCYTCTBHE SIPKOTO (yJuiepeHa B
IeHTpe ImecTuyrojibHuKa. Hanbomee pacnpoctpanersl ocTpoBkr u3 36 Cep, T.€. Marm4ecKue OCTPOBKH U3
37 Cgp, B KOTOPBIX IIEHTPATbHBIN (yJIEpEH OTCYTCTBYET.

Jlyist aHanmm3a IpUYrH, IO KOTOPBIM OCTPOBKH OIPEIEJICHHOTO pa3Mepa U (popMbl JEMOHCTPUPYIOT
MOBBIIIEHHYIO CTaOMJIBHOCTH, YIOOHO TMPENCTaBUTh (POPMUPOBAHME OCTPOBKOB KaK 3allOJHEHUE
¢bymurepeHaMu aacOpPOIMOHHBIX TTOJIOKEHUH, UMEIOIUX Pa3Iu4Hy0 SHepruro. Hambonee HEBBITOHBIE —
3TO MecTa Haj TpuMmepamu AU, oOpa3yrolue ABYMEPHYIO PEIIETKY C MEPHOI0M V19xV19. Cocennue ¢
STHMH MECTaMU TMOJIOKEHHsI 00Jiee BBITOIHBI, YeM HarOoJiee HEBBITO/IHBIC, HO MEHEe BHITOTHBIE, YeM BCe
OCTaJbHBIE TMOJIOKeHUsI. DopMUpOBaHHE Marm4ecKMX OCTPOBKOB OOYCIIOBIIEHO IBYyMs 3¢ dexramu:
CTpEeMJICHUEM MHUHUMHU3HUPOBATH JUTUHY TPAHUIIBI OCTPOBKOB (IPEINOYTHTEIBHBIMU SIBJISIFOTCS. OCTPOBKH
C KOMIAKTHOH (opMoit) u cTpemiieHHeM MHHUMU3UPOBaTh 4ucio Cgo, 3aHUMAIONIMX HEBBITOTHBIE
nonoxenus. [Ipu 3TOM, mocienHuil dPQPEKT SBISIETCS TOMHHUPYIOIIAM, OO0YCITaBIUBas, B YaCTHOCTH,

(dhopMUpOBaHHE HEKOMIIAKTHBIX OCTPOBKOB, coaepxkamux 19u 36 Cgo.
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3. PE3YJIbTATHI TEOPETUYECKHWX UCCJETOBAHUIA.

Camoopranmsanus ¢yniepenoB Cep B 0CTPOBKH MArH4eCKHX pa3MepoB U GopMbl, BbI3BAHHAS

AMHAMHYECKOH MYapHO#l CTPYKTYPOIi.

Jlig uccnenoBaHus CBOMCTB HAHOCTPYKTYP, TAKKE KaK U JJI UX TEXHOJIOTMUYECKOTO IIPUMEHEHUH,
KpaiiHe JKeJlaTelIbHO, YTOOBI JIaHHBIE CTPYKTYpbhl IPUCYTCTBOBAJIM HAa IOBEPXHOCTH HE B €IMHUYHBIX
9K3eMIUIsIpax, a B KadyeCcTBE MacCUBa HAECHTHUYHBIAH HAHOCTPYKTYpP CTPOrO OJMHAKOBOI'O aTOMHOI'O
cocraBa. OmpeJeleHHbIE YCIEXH B IOJyY€HHMM TaKUX MOHOIMCIEPCHBIX MAaCCHUBOB OBLIM IOJYYEHBI
MIOCPEACTBOM CaMOOpraHu3alli aToMoB B Marmueckme kiactepsl (MK — kiactepsl, cocrosime w3
onpezeneHHoro ynciaa Ny, gyacTul, 06sagaromme BbICOKOM CTaOUIBHOCTBIO 110 CPAaBHEHUIO € IPYTMMH Ha
nmaHHON moBepxHOCTH) [1-9]. CTabUIBHOCTH AaHHBIX KJIACTEPOB, BBHI3BAHHAS JIOKATLHBIM MHHHMYMOM
sHeprun ['ud6ca kimacrepa npu Ny Kak GyHKIIUH ero pasmepa [4], CKIOHSIET MpoIece caMOOpraHu3anuu
OCTPOBKOB K TEPMOJMHAMHMUYECKU BBIFOJHBIM MaruueckuM pasmepam. B cpaBHenuu co ciiysaem MK B
cBoboaHoM mpoctpanctBe [10], MuammMuzanms sneprurn MK Ha moBepxnoctn (MKII) siBisiercst 6oiee
CJIO)KHBIM IIPOLIECCOM, BKJIIOYAIOUIMM B ce0s HE TOJbKO B3aUMOJEHTBHME dYacTUIA-yacTUIla, HO U
B3aMMO/IEHICTBHE YaCTHIIA-TIOBEPXHOCTh, TAK)KE KaK TOHKUI OalaHC MEX1y STUMH B3aUMOAECHCTBUSIMH.

B ormmuum or MKII, cocrosmmx u3 aromos, mousekyisipble MKII He wm3ywensl. U, xoTs
azcopOLus pa3IUYHBIX MOJIEKYJ Ha pPa3/InyHbIE NOBEPXHOCTU YacTO CTAHOBUTCSA OOJIACTBIO HAYYHOTO
IIOWCKA, U3y4YeHUE CTAOMIIBHOCTH MOJYYaeMbIX CTPYKTYp, KaKk (YHKIMH pa3Mepa, He ObUIO OOBEKTOM
cucTeMHOro wuccinenoBanus. Vcmomb3oBanne Cgp Kak MPOTOTHNA Ul H3YYeHHS (OPMUPOBAHUS
mouekysipabix MKII siBnsieTcss mpuBiekaTeIbHBIM B CHIIy WX KOMIAKTHOCTH M BBICOKOH CHMMETpHH.
Tax xak Cgo OOBIMHO BBICTYINAIOT B KayeCTBE aKIIENITOpa IPU B3aUMOJIECTBUU C JPYTUMH MOJIEKYJIaMHU,
aTOMaMH¥ U TIOBepXHOCTHIO [11], Takoe MccieoBaHUE TaK)Ke IPOJIMBACT CBET HA BO3MOXHBIE CIIOCOOBI

npumenenust Cgo -MKII npu coznannm HaHOpa3MepHBIX YCTPOKCTB.

Yr1oOBl CIOCOOCTBOBATh CaMOOPTraHW3allMd YacCTHI[ B OOJBIIME OCTPOBKH M B TO K€ BpeMs
YMEHBIIUTh WX JUCIEPCHIO MO pa3MepaM, B KaueCTBE IOUIOKEK HCIIONB3YIOT IMOBEPXHOCTH C
HETOMOTCHHBIMHU ~ aJICOPOIIMOHHBIMU  MO3MIIUSAMUA. Hampumep pacCMOTpeHHbBIE paHee IOBEPXHOCTH
Au(111)22%/3 [12, 13], Bunuramsasie Au(788) [13] 1 Au(ll 12 12) [14]oGnamaroT HaeKHBIME
MO3HIUSIMA  a7ICOPOIIMU M TIOTEHIIHATBHBIMUA sSIMAMH JUIS arrperandd aJcopOMpOBaHHBIX YacTHIl. B
JAHHBIX paboTax OJHAKO HE YAalIOCh 3HAYUTEIBHO H3MEHHUTH HCIEPCHIO OCTPOBKOB 10 pa3MepaM.
Hcnonb3oBanme ropaso Gosee Tomorpadudeckn romorenHoi mosepxaoctn Si(111)h-V3xv3-(Au,ln),
Ka3aJoch OBl TaK)Ke HE TIO3BOJIMT PEIIUTh JaHHYIO 3a1ady. OqHako gaiee OyJeT MoKa3aHo KaK MyapHas
CTPYKTypa ¥ TOTEHIHAIbHOE I0JIe, € COOTBETCTBYIOINEE, BBICTYMAIOT HANPABISIOMIEH CHIONH TpH

nporeccax camoopranuzanuu CgoB OCTPOBKH U TAIBHEUINETO T03PEBAHUS ITUX OCTPOBKOB.
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Pucynok 1 - (@) — Pacnpeenenue ocTpOBKOB 110 pa3MepaM B 3aBUCHMOCTH OT TEMIIEpaTyphl, B IIpoliecce
HarpeBa ucxoanoro maccuBa Cgo (0.055 MGg), HanbUIEeHHOTO Ha h-\/3><\/3-(Au, In) mpu 115K. (6, B, T) —
CTM wu3obpaxeHus (85%85HM?) MacCHBOB IS COOTBETCTBYIOIINX TEMIIEPATYp, YKa3aHaX Ha
ructorpammax (a). bykBamu A u b 0003HaYeHBI OCTPOBKH pa3HbIX (a3, ps/bl B KOTOPHIX (HalpaBieHUE

0003HaueHO OeIpIMH JTHHUSIMHU) pa3BepHyTh Ha 0° 1 19.1°c00TBETCTBEHHO.
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Ha pucynke 1 (r) mpencraBneno CTM wm300paxkenne maccuBa (yJLICpEHOBBIX OCTPOBKOB Pa3IHUHBIX
pasmepoB 1 $opM, o6paszoBanHoro npu HamsuieHnr Cgp (0.055 MGeg)ra h-V3xV3-(Au,In) mpu 115K.
[Mocnenyromuit omxur Brutots A0 KT (puc. 1 (8,0) mpuBOAUT K YKPYITHEHUIO OCTPOBKOB M IMOSIBJICHUIO
MPaBUJIBHBIX KpUCTAUTNIECKUX Gopm. Hampasinenne QyuiepeHOBBIX PsIOB BHYTPHA OCTPOBKOB KaK U IS
cilydast IUICHOK MOXET HIIM COBIIaJaTh C OCHOBHBIM KpHCTauiorpaduueckuM HampabicHuem Si(111)
(rakume ocTpoBKH 0003HaueHbI OykBOM "A" Ha pucyHke 1, mam ObITh pasBepHyThiM Ha 19.1° ('B").
M3meHeHne pa3MepoB OCTPOBKOB B MPOLECCE OTHKUTA MIUTIOCTPUPYET CepHsi THCTOTPaMM paciipeieIeHus
OCTPOBKOB TIO pa3MepaM Ha pucyHke 1(a). Pacnpenenenue ocTpoBKOB MOcCie HambUICHUs (TMCTOTpaMma
s 115K) npepcraBieHo MUPOKUM THKOM € pa3MepoM CpelHero ocTpoBka ~7.6. CoBeplneHHO WHaue
BBIDJISITAT pacipeesicHine OCTpOBKOB mocie ormxkura (ructorpamma mis 300 K), rae pacmnpenenenue
BBITVISIIAT JUCKPETHBIM ¢ ocTpbiM KoM TIpu N=13 u cepueit mukoB nmpu N=44-54.Cnenyetr OTMETHT,
YTO MOCHeayHImit oTKur 10 Temneparyp Boime 380K, mpuBoauT K MCYE3HOBEHHUIO OCTPOBKOB A THIIA,
OCTaBJIsIsI HA TOBEPXHOCTU TOJBKO KpYIHBIE OCTpOBKU (has3bl b, koTopas mo BuauMomy siBisercs: 6osee
CTaOUITEHOM MPH TaHHBIX YCIOBHSIX.

VBenuueHne wucXonHON KoHmeHTpanuu ¢ymieperoB g0 0.11 MG (puc.2 (a), cepas
THCTOrpaMMa pacIpejieieHUs] OCTPOBKOB IO pa3MepaMm Ha (0) mpejcTaBiieHHAs IMHPOKHM IMHKOM CO
cpeHUM ocTpoBKOM B ~15u omxur nipu KT B Teuenne 2 4acoB MPUBOJIUT K TPeoOIalaHUIO0 OCTPOBKOB
nByx rpyni: 37-44u 70-80 fiepHast rucTorpaMma ¢ JBYMS CEpUSIMH JMCKPETHBIX MUKOB Ha puc. 2 (0)).
OTH OCTPOBKM MAarvMyecKUX pa3MEpOB HMEIOT XapaKTEpPHYIO TIEKCAaroHOB WJIM MEPEKPBIBAIOIINXCS
reKCaroHOB ¢ SIPKMMHU TssTHaMHu u3 1-3 (y/ulepeHoB B HEHTpe Kakaoro rexcarora (puc.2 B). JlaHHble
nsATHA BEITJSIIAT sipkuMu kKak Ha CTM m300pakeHUsIX 3aloTHEHHBIX TaK W HE3alOJHEHHBIX COCTOSHHIA,
TO €CTh BEpOSITHO (yJuIepeHbl X obpa3zyromue HaxosaTes Ha 0.1-0.2HM BbIIIe OKpYIKaIOMIKX.

Ha pucynke 3 mpeacraBnensl CTM wm300pakeHHsT HECKOJIBKHX KIAcTepOB M OCTPOBKOB,
MOJIYYEHHBIX TIPU PA3JIMYHBIX YCIOBUSAX. BuaHO, WTo HU Kiactepsl copmupoBanHbie mpu 115 K
(pucynok 3a), Hu HeOombIe ocTpoBKH (30), chopmupoBanHbie mocie Harpesa g0 KT He uMeroT spkux
ISTE€H, KOTOPhIE MMEIOTCS Ha Ooyiee KPYHMHBIX OCTpOBKax (3B), MOMYYEHHBIX IIOCIE JABYXYacOBOTO
nporpeBa npu KT. DTu sipkue msTHa HAIOMUHAIOT MYapHYIO CTPYKTYPY PAacCMOTPEHHYIO paHee st
MaccuBoB  Cgp, BBIpAIlICHHBIX HA h-\/3><\/3-(Au,In). Xopomrio BHJAHO, YTO WPH HAIOXKCHHH
reKCaroOHaMbHOro ocTpoBKa (37Mep) Ha goMeH ¢ pemerkoit V19}xV19, ucrmons3ys sipkue MSTHA B
KayecTBe OpHUeHTHpa, 37™Mep OyleT MpaKTHYECKH MOJHOCTHIO 3allOJIHATH 00JIACTh COCTOAIIYI0 U3 6
PaBHOCTOPOHHUX TPEYTOJIBLHUKOB, KAXKIBIM U3 KOTOPOBIX 00pa3oBaH 3Ms IPKUMHU MSITHBIMHU.

Takoe ’xe HalOKeHHE OCTPOBKA M3 JIBYX IepeKphIBafoImuxcs rexkcaroHona (69)wep) Oymer
MPAKTUYECKH TIOJHOCTHIO 3amOoJHATH 001acTh 13 10 paBHOCTOPOHHUX TPEYTrOJbHUKOB. Takum oOpazom,
¢dopMy B BHJIE T€KCAarOHOB M SIpKHE MSTHA B IIEHTPE KAKAOI0 I'eKcaroHa MOXKHO CUHMTATh XapaKTepHOMH

qepToﬁ OCTPOBKOB, ITIO3TOMY MbI 6y,ueM JAajie€ OTHOCHUTH OCTPOBKHU (1)33]31 A me COJZICpIKaIlIUC APKUX IIATCH,
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Prcynok 2 - DBomonus pasmep 1 popm octpoBkos Ceo(0.11 MGego) a h-V3xV3-(Au, In) mpu
Harpese. (a) Cgp HambuIeHHBIE TP 115K, 00pa3yroT oCTpOBKH pa3indHoi GOPMBI K pa3Mepa, KOTOPbIE
nocye omkura npu KT B Teuenue 2 4acoB (B) CTAHOBSATCS CPETHETO pa3Mepa M MPHOOpaTaroT
KOMITAaKTHYIO TeKCOTOHAIbHYIO opmy. (0) PactpeneneHre ocTpoBKOB 10 pa3Mepam s (a) — KpacHas
(cepas) rucrorpamMma u (B) — uepHasl.
cojepariue oaHo u aBa K 0-omy, 1-oMy U 2-oMy MOKOJICHHIO OCTPOBKOB COOTBETCTBEHO, M TaK Jajee

JUTs 00Jiee KPYMHBIX OCTPOBKOB.

[Ipu HamOXXEHUU OCTPOBKOB, MPHUBEICHHBIX HAa pUcyHKe 3(0), Ha JoMeH Ha pucyHke 3(1), «OI0K»
(13-mep), «Oymepanr»(19mep) u «voaaus» (30Mep) OyayT 3aHEMaTh 00J1acTH cocTosmuey u3 2, 3u 4
TPEYTOJLHUKOB COOTBETCTBEHHO. [Ipm 3TOM sipKkuMe TMsATHA OMNpPENENSIOT TpaHUIBl, BHE KOTOPHIX
nobaBneHne (QyiepeHa K OCTPOBKY BBIVISIUT JHEPreTUUYECKH 3aTpaTHbIM. VHTEpecHO Takke TO, 4TO
OCTPOBKH B BHJIC «MOJIHUU» U «OyMepaHra» U3ru0aroTcsi, 00X0/is IpKHUe MATHA, YTO TaK)Ke YKa3bIBaeT Ha
TO, 4TO J00aBleHNEe PyIUIEpPEHOB B 3TH MO3HIIMU YHEPTETHYECKH HE BHITOJHO. HekoMmakTHast TeoMeTpust
0CcTpoBKOB Ha prucyHke 3(0), Kak HampuMep OTHOIMICHHE CTOPOH 3:5 i «OitoKa», TakKe Mpearnoiaract
CYIIIECTBOBaHME HEKOTOpPOW cuiibl, 3actaBistomeir Cgg caMOOpPraHW30BBIBATHCS TaKUM HEOOBIYHBIM
obOpa3zom.

CTM mHaOmonmenuss 3a MaccuBoM BO Bpemsi omxkura mnpu KT mokazano, 9To OCTpOBKH
obmenuBaroTcs (yuiepeHamMu. B kauectBe mpuMepa Ha pucyHke 4(a, 0, B) mokasaHo, kak 48-wmep
BHayasie cTaHOBUTCS 44-mepom, a 3aTteM 37-MepoM. B To ke Bpemss 37-Mep coxXpaHseT CBOH pa3Mephl U

(I)OpMy, YTO YKa3bIBa€T HA TO, YTO OH craOMIIbHEE 48-MepOB n 44-Mep0B, KOTOPLBIC KaK U OH OTHOCATCH K

ocTpoBKam 1-To
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Pucynok 3 - Tummumsie octoBkr Cao/h-V3xV3-(Au,In), Habmomaemeie B sxcepumMente. (a) Kinactepsr,
Habmogaemble npu HanbuleHuH npu 115K: 3-mep, 4-mep, 5-mep, Tpu Buja 7-Mepa, —TO YTO TOJIBKO
HeOoubIast yacTh /-MepoB UMEET KOMIAKTHYIO (hopMy IIECTUTPAHHUKA, YKa3bIBAaeT HA TO UTO Teleph
KOMITKaTHast (hopMa He SBISIETCS NPeANoYTHTENBHOM. (0) MalleHbHbKHE OCTPOBKY HAOIIOaeMble MOCIe
omkwura g0 KT: 13wmep —"610k", 19-mep —"6ymepanr”, 30-mep — "mosnaus”. (B) Cpeanue oCTpOBKU
HaOrotaeMele ocie oTkura 1o KT, cocTosimue n3 rekcarosa wiy MepeKphIBAIOIIIXCS TeKCaroHOB U
conepxamire 1, 2u 3 ApKUX MATHA BHYTPH COOTBETCTBEHHO. (I') BoubImoit octpoBok (ha3bl,
oGpasoBanHbii pu HambuteHnn Ceo Ha h-V3xV3-(Au,In) mpu KT, ¢ myapHoii cTpykTypoii. M306pakenns
maneHbkux (13mep, 19mep, 30Mep) U cpeTHUX OCTPOBKOB HATOXKEHBI HA IAHHBIA OCTPOBOK B BHJIE

0oJiee TEMHBIX 00JIaCTEN.

nokojeHns. Kak mokasaHo Ha rucrorpamMme Ha (puc.4 r) mociae HempoaoinkureapbHoro omxura (30
MHHYT) MacCHUB COCTOMT MPEUMYINECTBCHHO U3 48-MepoB, 1 BO-BTOPhIX U3 44-MepoB u 52-mepos. [locme
244acoBoro oTxkura, 37Mepbl CTAHOBSTCS MPEOOIATAIONINM BUIOM, MIPU STOM COXPAHSETCS 3aMeTHas
nonst 44mepoB. Cryctst 48 yacoB, cucTeMa CTAaHOBUTCS MPAKTUUECKH MOHOJUCIIEPCHOW B KOTOpoi 37-
MephI coCTOBIISIOT 0K0JI0 80% Becex oCcTpOBKOB, UTO Xopoto BUAHO Ha CTM u300pakeHnn Ha PUCYHKE
4(n). Tax xak 37-ep cocrouT poBHO u3 2220 aTOMOB yrjepoja, JaHHAs CHCTEMa COCTOUT U3
MOHOJHMCIIEPCHOTO (C  aTOMHON TOYHOCTBIO) aHCAMOJI TOBEPXHOCTHBIX MAard4ecKuX KJIacTepoB
Oe3npereIeHTHO OOJIBIIOro pa3Mepa.

PaccMmoTpeHHast BBITIIE HBOIIONUS SBISIETCS] COBEPIICHHO HE TUITUYHOM IS TIpoIiecca JI03pEeBaHus,
KOTOPBIH OOBIYHO TMPOTEKAaET ¢ MOHOTOHHBIM CMEICHHEM MaKCHMyMa pachpeefieHHs o pa3MepaM B
00acTh OOJBIIMX OCTPOBKOB. 3/€Ch XK€ CHCTeMa HaynmHaeT ¢ MakcuMmymoMm okono 44 G, a 3areMm
no3peBaeT A0 MeHblnero 3Hadenus B 37 Gso. Bc€ oTo ykaspBaeT Ha TO, uTo dHeprus ['mbOca, kak
(GYHKIUS pa3Mepa OCTPOBKa, IMeeT TITyOOKHH U IMMPOKHA MHHAMY € IIEHTPOM Ha 37 B MMPOCTHPAFOIIHANACS
BIUIOTH 710 52. B 3aBUCHMOCTH OT MOKpHITUS (PyJITIEpEeHOB, YCIOBHI HAINBUICHHUS H IPOIECCOB HarpeBa

MaKCUMYM pacClpeACICHUA MOKET MMPCBLICUTH 3HAYCHUS IJISI MUHUMYMA SHCPIUun FI/I66ca,
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Pucynok 4 - VickirounTeNbHOE J03peBaHre 0CTPOBKOB 10 37-MepoB: (a)-(B) Cepus u3 tpex CTM
n3obpakenuit (175%x175 K), WJUTFOCTPHUPYIOIIAs SBOIOINIO MeHee cTaOuiIbHBIX 48-Mepa u 44-mepa B
37-mep B mporiecce omxura mpu KT. (r) Cepust pactpeiesieHnii OCTpOBKOB 10 pa3MepaM B IPOIecce
omxkura npu KT. Cpasy nocne co3nanus 60JIBIIMHCTBO OCTPOBKOB MIEPBOTO MOKOJICHUS UMEIOT OOJIBINNE
pa3mepsl yeM 37-Mmep (30 MUH. ), 0THAKO MPOJODKUTEILHBINA OTKHT IPUBOJIUT K UX MEPEXOY B
crabuibHble 37Mepsl. (1) CTM m3o6paxerne (750x630 K), Ha koTopoM 1pejcTaBieH Maccus 37-

MepoB, oOpa3oBaBIHiics nocie 48 9acoB OTXKuUTa.

KOTOPBIN OJIHAKO 3aCTaBUT B KOHEYHOM cYeTe OOJBIIMHCTBO OCTPOBKOB IEPBOTO TMOKOJICHHUS BEPHYTHCS
SHEpPreTUYeCcKU BBIrOJJOMY YHcTy B 37 QysiepeHoB.

Kak yke ykassiBamoch Bbimre juist dasel V19xV19, spkue MATHA COOTBETCTBYIOT (ysIepeHaM
JEKAIIM Hajl 30JI0THIME TpuMepamu. Hamoxenne cerkn V3x\3 mHa 37-Mep 1mMoKasaio, 4To IS HEro 3To
ycnoBue coxpansercs (puc. 5 @)). To ects ocTtpoBkH, Hanpumep 0-0ro MOKOJIEHUS U30ETalOT TOrO YTOOBI
(bysuiepeHbl, UX COCTOBIISIIONINE, HAXOAUINCh IPSIMO HaJl TPUMEpaMH 30J10Ta, KOT/Ia e 9TO HE BO3MOXKHO
u3-3a pa3MepoB, Kak Juis 37-Mepa, NMPOUCXOAMT 3aHSATHE HEBBITOJHOTO MOJOXKeHHs. HekoTopbim
MIOJITBEPIK/IEHUEM HEBBITOTHOCTH TIOJIOKEHHUS Hal TPUMEPOM CITyKaT MHOTIa BCTpeydaromrecs: 36-MepsI ¢

BakaHcueii B 1ieHTpe (puc. 5 (0)).
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Pucynok 5 - (@) CormacHo HamokeHHOM ceTkn \3x\3, sipkuit hyiuIepen pacionaraeTces Hajl 3010ThIM
TpuMMepoM (temHast sivka B h-V3xV3-(Au,In)). @) CymecroBanue 36-MepoB, KpaiiHe He BHITOIHOM
(G OpMBI, TI0 BCE BUAMMOCTH CTAJI0 BO3MOYKHBIM HM3-3a TOTO, YTO MO3UIHS (QyJIiepeHa Hajl TPUMEPOM

30JI0Ta KpailHe HE BBITOJIHA.

HeoOrr4HOE MOBEIEHUE OCTPOBKOB IPH JAIbHEHINIEM POCTE WILTIOCTpUpyeT rpaduk Ha pucyHke 6 (). Ha
JTAaHHOM TpaduKe IMpeAcTaBlIeH PocT ocTpoBka oT 1-oro g0 10-oro mokosieHus. Cam poCcT TpH 3TOM
MPOUCXOJUT CTYNEHYATO dYepe3 IocienoBarebHoe (popMHUpOBaHUE HOBBIX TekcaroHoB. Jlms mydmeit
BU3YaJIM3aI[UU JTaHHOTO HEOOBIYHOTO CTYIEHYATOro pocTa, Ha Tpaduke TakKe MpHUBeIeHA TPOU3BOIHAS
pa3Mepa ocTpoBKa (cepast JUHHS) Kak (YHKIMH BPEMECHH HAlbUICHUS. MHHUMYMBI CKOPOCTH POCTa
COOTBETCTBYIOT 3/IeCh OKOHYAaHHUIO (POPMHPOBAHUS OOOJOYKH TEKcaroHa W Havaly WHKYOAIlMOHHOTO
nepuoja Juisi pocTa OCTPOBKA CIIEAYIOIIErO MOKOJeHHS. MaKkCUMyMbl — MHTEHCUBHOMY 3aIlOJIHEHUIO
HOBOI 000JI0YKH, KOTJIa 3aHSATHE COOTBETCTBYIOIIETO €1 HEBBITOHOTO MOJIOKEHUS HaJl TPUMEPOM 30JI0Ta
MIPOU30IILIO.

Ha pucynke 6 (0) aeTaabHO IpeCTaBIeH TPH COCTOSIHHS POCTa OCTPOBKA 2-0r0 MOKOJIEHUS 10 3-
ero. Haubonee mHTEpecHBIM 3/1e€Ch SIBISIETCSl PACHpPOCTpaHEHHWE OCTPOBKAa Ha CBOOOJHYIO 00JIACTh,
3aHSATHE TIOJIOXKEHUS HaJ TPUMEpPOM TpuU 3ToM u3beraercs («2»). B KOHIlE KOHIIOB HEBBINOJHOE
MOJIO)KEHWE CTAHOBUTCS 3aHSATHIM U Ipolecc (OPMUPOBAHUS OCTPOBKA HOBOTO IOKOJEHUS MOKHO
cuutath 3aBepiieHHBbIM («3»). Takoe e aHWU30TPOIHOE paCHpOCTPAHCHHWE OCTPOBKA HA HOBYIO
TEPPUTOPHUIO MMOKA3aHO HA PUCYHKE 6 (B), I/ie MPeACTaBIEH OCTPOBOK B COCTOSSHUU MEKIY 1-bIM U 2-bIM
MOKOJIEHHuEM. B TO jke BpeMmsl 3aHsSITHE HOBOH 00OJOUYKM MOXKET MPOUCTEKATh HECKOJIBKO MHBIM 00pa3zoM,
KaK IoKa3aHo Ha pucyHke 6 (). BuaHo, 4To KOria JiBe COCeHHE FeKCOTOHAIBHBIC STYCUKH 3aIlOTHIIOTCS
MOJTHOCTBIO, TO TPH OIpPENeTIeHHOW KOH(QUTYpalii OCTPOBKAa B IEPUMETPE OCTPOBKAa oOpasyercs
KpymHas BhajauHa (BepxHHi yron «1»), MmoouasHbie Cgp MOTYT IPEOIOICTh MOTCHIUATIBHBIN Oapbep U
3alOTHUTH ATy BMAJUHY, 3aHSB DHEPreTHUUECKU HEBBITOJHBIC MECTa U J]aB CTApPT OBICTPOMY 3alOJTHEHUIO
HOBOW stueiiku («2»).

UTo0BI MOATBEPAUTE TO, UTO ajcopOImoHHoe mojoxkenne Cgp Ha TPUMEPOM 30JI0Ta SBISETCS

OHEPIrCTUYCCKHU HCBBII'OJHBIM ObLIH IIpoacIaHbl TCOPETUICCKUEC paCUCThl OCHOBAHHBIC HA TCOPUU
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Pucynok 6 - HeoOBIUHBIM CTyIEHUYATHI pOCT OCTPOBKA. (a) ['paduk 3aBUCHMOCTH pazmMepa OCTPOBKA OT
BpPEMEHHM HarbUICHUS (YepHBIE JTUHUM C KPY)KKaMM) U €€ IPOM3BOIHAs (Cepast TOJICTast TMHUSA)
COOTBETCTBYIOIIAsi CKOPOCTH pocTa. UepHasl THHHS KMEEeT HECKOJIBKO MOJIOTHX o0IacTeit
COOTBETCTBYIOIIAX MHHUMYMY CKOPOCTH POCTa, KOT/Ia JOCTPanBaeTCsl HOBBIM reKcaroH, HO elle He
HAYMHACTCS POCT Ciieayromero. (0) DBOrOIUS OCTpoBKa 2-0r0 mokoyieHus (1) upe3 mpoMexyTOIHOE
cocrostaue (2) B octpoBok 3-ero mokosenus (3). (B) [IpomMekyTOUHBIN OCTPOBOK MEKIY 1-bIM U 2-bIM

ITIOKOJICHHUEM. (F ) Poct OCTPOBKAa HOBOTI'O ITOKOJICHUA YC€PE3 3apOCTAHUC BIIAIUHBI B ICPUMETPC.
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¢yuknuonana miotHoctd (mporpamma VASP). OOMeHHass SHeprus W SHEPrus KOPPENSAIUd ObLTH
OMHCAHBl B paMKaX MPUOIKEHUS JTIOKATBHON MIOTHOCTH. Pe3ynbTaThl MpeCTaBICHb HA TPEXMEPHOM
U300paKeHUM IMOBEPXHOCTH IOTEHIMAIBHON OSHEpPrudM Ha pucynke 7 (a). B obmem ciydae
azcopbumonnast sueprusi Cgo Kak (yHkmms mosumun Ha h-V3xV3-(Au,In) KadecTBeHHO MOBTOpSIET
AHATIOTMYHYIO 3aBHCAMOCTD s 0-\3XV3-AU. JIjist 9uCTO 30710TOM (hasbl HaMGOMEe BHINOHBIM OKa3a7I0Ch
MOJIOKEHUE HaJl aTOMOM KPEMHHsI, & HAMMEHHE BBITOJIHBIM TOJIOXKEHHE HaJl TPUMEPOM, pa3HUIla MEKITY
stuMu no3uimsMu coctapmia 0.183B. Jlob6asnenue waans yBenmunuBaeT 3Ty pasnuiry ¢ 0.183B go 0.29
3B. Takum 00pa3oM TOJI0KEHHE HAJ] 30JI0THIM TPAMEPOM B CaMOM JIeJe SIBJSIETCS] HANMEHEE BBITOTHBIM
nipu ajcopommu Ceo Ha TOBEPXHOCTH h-\/3><\/3-(Au,In).

Kynomoo6pa3Hasi TOBEpXHOCTh MOTEHIUATHHOW SHEPruu OOBSACHSIET Takxke (QopMUpOBaHUE
MyapHO# cTpyKTypsl V19xV19, KOTOpas MpeaCTaBiseTCs Tereph KAK Pe3yiIbTaT «OHEHHS» MEKIY
pemerkamu ¢yiieperosoit pazsr A 1 h-V3xvV3-(Au,In). [ipyramu croBamu moTeHmmanbaas sueprus Cao
BHYTpH perueTkr \19xV19 MorkeT GITh OIECaHa TOi JKe MOBEPXHOCTIO IOTEHIIHAIBHOMN YHEPTHH, YTO U
Ha pucyrke 7 (a), pactsayroii Ha (V19x1)/(V3%0.384)6.5. Takast MaciITabHpOBAHHAS TTIOBEPXHOCT IS
37-epa mokasana Ha pucyHkax 7/ (0 - mentp) u (B). Cieayer OTMETHTD, YTO MOTCHIMATBHAS SHEPIHS,
IpeJICTaBlIeHHAs] HA HUX, CIIpaBeUIiBa JHUIIh IS TeX Cgo, KOTOPBIE YK€ SBISIOTCS YaCThIO OCTPOBKA HITH
COOMpArOTCSl TPUCOCTUHUTCS K €ro TMEepUMEeTpYy TMOBTOPSSI T€OMETPHUIO OCTpoBKa. MHBIMU croBamw,
MOBEPXHOCTh MOTEHIIUATHHOU SHEPTHUM U Myap, € COOTBETCTBYIOIIMMA, HE CYIIECTBYIOT B CBOOOTHOM
IPOCTPAHCTBE, a SBISEOTCS PE3yIHTATOM AMHAMIYECKOTO B3aMMOIEHCTBIS 0cTPoBKa (a3l A 1 h-\3x\3-
(Au,In).

Jlns nanbHeWIneil 1eMOHCTpaluu JUHAMUYECKOW MPUPOBI Myapa MOTEHIIMAThHONW SHEPrHH Ha
pucynke 7 (0 - cieBa m cmpaBa) MpPUBEACHBI 37-Mephl, CMEIeHHbIE Ha ~+1/4 MOCTOSIHHOW PEIeTKH.
BuaHo, Kak 3HAYMTEIHHO MPH ATOM CMEINAeTCs IOJOXKEHHE SIPKOTO MsATHA. Kpome Toro, mpum JaHHBIX
CMEIEHUSIX B JIOTIOJHEHHWE K HEBBITOJAHON TO3HWIIMK BHYTPH MPOUCXOJIUT 3aHUSITHE HEBBITOIHBIX
MO3UIUMHU Ha Mepedeprur OCTPOBKA, YTO OOBSICHSIET OTCYTCTBHE TaKMX KOH(HUTypaluit B SKCIIEpUMEHTE.
Takum o0Opa3zoMm, MaHHBIE Myap MO CYTH SIBIS€TCS JUHAMUYECKUM MOTCHIUATBHBIM IIOJIEM,
BO3HUKAIOMIAM JUISI KaKIOTO OCTpoBKa (a3l A, KOTOpoe YHpaBisieT MaIbHEHIIAM TPHUCOCTMHEHUE
(GyUIepeHOB K TEpPHMETPY OCTPOBKa B IIPOIECCE POCTa W B KOHEYHOM CUETE SBISIETCS MPUYMHOMN
MOSIBJICHUS OCTPOBKOB MarmuecKux pa3mMepoB u Gpopm.

Ha pucynke 8 (a) mpencraBieHHbl OCTpoBKH 0-0oro u 1-0ro IMOKOJICHHS, COOTBETCTBYOIIUE
Ha0JTI0/TaeMbIM 3KCIIEpUMEHTAIBHO. MalleHbKHe OCTPOBKH: 3-Mep, 4-Mep, SMep u ABe KOHPUTYypanuu /-
Mepa — JIeTKO HaXOISAT MECTO JUIs pa3MemeHHsl B IOTCHIUAIBHOW JoiuHe. 13Mep MpoTsHKeH
TOPU30HTAIILHO, TaK KAaK €ro BepTUKATHLHOE M3MEPEHHUE OTPaHWYCHO JIBYMS MOTCHIMATLHBIMU TTHKAMH.

19-mepy mpuxoauTcs u3nOATHCS, YTOOBI 0OOUTH MOTEHIMABHEIE MUKH, TaK ke kKak u 30-Mepy.
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Pucynok 7 - (@) Ilorennmansaast sueprust Cgo Kak PyHKIIUS €ro MPOCTPAHCTBEHHOTO MOJIOKEHHs. BHU3Y
Ipe/icTaBjIeHa MO/IeNb TOBEPXHOCTHOM PEKOHCTPYKIIMH, COOTBETCTBYIOIIAs O€I0i paMKe, aTOMbl MHAMS
He moka3anbl. Cgp HAJI IIEHTPOM 30JI0TOTO TPHMEpa UMEIOT HaWBBICIICIO MOTCHIIMAIBHYIO SHEepruto. (0)
[TorenmuansHast sHeprust CgoB ocTpoBKe (37-Mep), MOTyUeHHAS MACIITAOMPOBAHUEM ITOTCHIIUATBHOM
sHepruu u3oaupoBanHoro Ceo. HeznauntensHsblii caBur 37-Mepa ciaeBa u cripaBa OT IPeNOYTUTEIEHOTO
MOJIOKEHHS (IIEHTP) COMPOBOXKIACTCS CUIIBHBIM CIIBUTOM MOTSHIHAIBLHOTO MOJIS, TPUBOISIINM K
3HAYUTEIILHOMY YBEIUUCHHIO TOTCHIMAILHON SHEPTUU OCTPOBKa. (B) Marmueckuii ocTpoBoK 37-Mep:

noteHnuansHas sHeprust Cgo B OCTPOBKE Ipe/ICTaBIeHA KaK BHICOTA QyJUIepeHa.
Orxur 48wmepoB u 44-MepoB MPUBOAUT K moTepe MMM nepedepuitHbix Cgp, 00J1aAaI0MUX BBICOKOH
MNOTEHIMATLHON dHEpruei, YTo U NpUBOIUT K (GOPMHUPOBAHUIO HanbojIee yCTOWUMBBIX Marnueckux 37-

MEpOB MMPaBUIBHON T€KCOTOHAITLHOM (POPMEL.

Ha pucynke 8 (0) cxemaTruecKu W300paXkKeHbI OCTPOBKH HAOJIIOJaeMbI B IIPOIIECCE pocTa OT 1-0ro

JI0 3-€T0 MOKOJICHUSI, PACCMOTPEHHOT0 HA pUcyHKe 6.X0poIno BUIHO, IPOMEXYTOUYHBIH 67-Mep uMeeT
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Pucynox 8 - JlunamMuyeckoe MOTEHIHAIBLHOE MOJIE MyapHOU CTPYKTYPBI, /IS pa3IMYHBIX OCTPOBKOB. (@)
MertactabuibHble ocTpoBKH 0-0r0 Mopsijika, 3aloIHSIOMNE JOIMHBI MEX]Ty MUKaMH IMOTEHIIMATbHOM
SHEpruu, u ocTpoBkH 1-oro mopsiaxa. Y 44-mepoB u 48-mepoB yacthb nepedepuitibix Ceo HAXOIATCS Ha
HHEPreTUYECKU HE BBITOJIHBIX NOJIOKEHUSAX PAJIOM C IOTEHIUATIbHBIMU ITUKAMH, [I0O9TOMY OHU TEPSIOTCS

B mporecce omkura. (0) Hekotopsie kaipbl pocTa ocTpoBKa 0T 1-0r0 J10 3-er0 MOKOJICHHS.

OTPOCTOK, M30€ralomyii IMOTEHIMATIBHBIX ITHKOB, IPHCYTCTBHE KOTOPOTO CO3/aeT H3OTHYTYIO
TeOMETPHIO, YBEIMYMBAs TEM CaMbIM KOJHYECTBO mpucoeauHsieMblx Cgo B €IMHHILy BPEMEHH, YTO B
KOHEYHOM CYETE MPUBOJIHT K <«CXJIOTOBAHHIO» C POPMUPOBAHUEM OCTPOBKA CIIEAYIOIIETO MOKOICHHSI.

CymMmupysl BBIIIECKa3aHHOE, MOXKHO OTMETUTHh CJEYIOIIUE KIIoYeBble (DaKTOphl MPUBOISIIAE K
camoopranm3anuun Cggp B OCTPOBKM Marmdeckux pasMepoB U (opm. Bo-mepBrix, anst TOro dToObBI
copMUpOBaTh COpa3MEpPHYIO CTPYKTYPY, IJIS IBYX TI'€KCOTOHAIBHBIX PEMIETOK C TPAHCISIIMOHHBIMHU
BektopamMu R=NA;+MA; u r=na;+map, (N, M, n, m - uensle umcna, fi|=hy| |A1l=|A]) momxHBI
cymectBoBaTh Takue Habopel (N,M) u (nN,m) npu xotopeix paszuuna mexay |[R| u |r| Oyzer HeBenuka
(<1%). Hampumep, TtpaHcmsaiuonusiii BekTop R=2A;+3A, rekcoronanphoi perretku Cgo paBeH
|R|=\/19A=4.359HM, uro cocrapisier 99.85%o0t r=v129a=4.361umM, rue r=5a,+8a, - TPaHCIISIMOHHBIN
BekTOp moBepxHOCTH Si(111)4/3xV3.

Bropoii (hakTop, TpeOyromuii paccMOTpEHUs, 3TO COOTHOIIEHUSI Mexkay cuniamu cBsi3u Ceo—Coout Coo—
HOBEPXHOCTH. [lepBast Mo pacyeTHBIM TaHHBIM COCTaBMIIA AU Hamero ciaydas ~100nH, a Bropast, ucxoms
13 pacCMOTPEHHOM BBIIIE MOTEHITMATLHOM ToBepxHOCTH, ~10mH. Takum o6pa3om rekcaroHaIbHBIN CIOM
GynnepeHOB s JaHHOM CHTyalliM MOXKHO paccMarpuBaTh Kak MeMOpaHy, JIeOpMHUPOBAHHYIO
JIOKAJILHO, JUI TOTO YTOOBI MPUCIIOCOOMTCS K IMOTEHIMATbHOMY MaKCHUMYMY HaJl IEHTPOM TpuUMepa
3osota. Ecnmm OB MOTeHIMANBHBIA pelbed) MEHSUICh MHTEHCHBHEE TO IIOIepedHas ChiIa Moryia Obl
pazopBaTh CBSI3b MEXKIY (yJUIepeHaMH, 9TO C/Ieajio Obl He BO3MOKHBIM ()OPMUPOBAHUE TUHAMUIECKOTO
IIOTEHIAJILHOTO T10JI ¢ MyapHOH CTPYKTYPOH.

Hakonen tperuit ¢axrop, 3T0 TOonorpadus camoro NOTEHIUAIBLHOTO TOJS Myapa, KOTOPBIH MOXET

OpuHUMaTh (GOpMy WM THKa (MaHHBIA ciydait), win smbl. Kak moka3aHo Ha pucyHke 9, 7Ba Tuma
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MOTEHIMATTLON TIOBEPXHOCTH OY/yT MPUBOJIUTH K MAarMUECKUM OCTPOBKAM pa3HOU T€OMETPHH, TIOCKOIBKY
Cso OyayT 0Opa3oBBIBATH 3apoOABIIH Ha 00JAcTSIX ¢ MEHbIIeW MOTEHIMATBLHON SHeprueit, a 3areM B
MpoIlecCe pocTa 3aHWMAaTh MEHee BBITOJHBbIC MO3HWIMH. Marudeckue OCTpPOBKH copMmupoBaHHBIE Ha
MOBEPXHOCTH C MOTEHITHAIFHBIMU TTHKAMH IO BUAUMOMY OyJyT UMETh MEHee KOMIAKTHYIO T€OMETPHIO
HeXelln C(OPMUPOBAHHBIE Ha IMOBEPXHOCTH C IMOTCHIMAIBLHBIMEH sMaMu. Jlamee, sddekT ordopa 1o
pazMepam OyaeT Uil mocieqHuX MeHee 3¢ @deKTHBHBIM, Tak kKak B 3ToM ciydae Cgo Ha mepedepun
OCTpOBKa OYIyT HaxOJUTCS Ha Topa3lao Oojnee MIIOCKOW MMOTCHIMAIBHOW IMOBEPXHOCTH, U UX
MPUCOCTMHEHNE WM OTCOeIWHEHNE He OyNeT BBI3BIBATh TAaKUX HHTEHCHBHBIX KOJEOaHW B DHEPTUU
['mb6ca ocTpoBKa Kak (GyHKIHH ero pazMepa. To ecTh mojo0Has (popMa MOTCHIUAIHHOTO IOJISI B BUC

NEPUOINYECKUM sIM OysieT MeHee d((HEeKTUBHOM ISl CO3/TaHMsI MOHOAMCIIEPCHOTO MAcCHBA.

BbICOKasi
E

HWU3Kasa
E

Pucynok 9 - CxemaTtudeckoe H300pakeHHUE METaCTaOMIIBHBIX OCTPOBKOB JIJISl HA IIOBEPXHOCTH
MOTEHIUAILHON SHEPTUU COJICpIKalllell TIepUOIUUecKue MUKH (a) U sIMKH (0).
Co3gaHne MOHOJUCIIEPCHOTO MacCHMBa Marm4eckux KJIacTepoB Ha IMOBEPXHOCTH, cojepxumux 2220
aTOMOB YTJIEpOJia, 3HAUUTENFHBIN IIIar BIepell, TI0 CPaBHEHHWIO C HauOOJBIINM W3 paHee HaOII0IaeMbIX
MOHOJTUCTIEPCHBIX MAacCHBOB Marm4ecKux Kiactepos, conepxammx 10 atomoB ramus [1]. Taxoe
3HAYUTEIbHOE YBEIMUYCHHE pa3Mepa CTaI0 BO3MOXKHO OJiaroapsi UCIoIb30BaHUIO MoJieKyibl Cgo BMECTO
aTOMOB B KauecTBe CTpouTeIbHOro Onoka. [Ipennomnarasi, 4To BHyTpeHHHE CTENEHH CBOOOIBI MOJIEKYJIbI
HE BOBJICUEHBI B TIpoIlecc O0Opa30BaHUS KiIacTepa, MOJA0OHOE YBEIWYCHHE Pa3MEpPOB CTPOUTEIHHOTO
0JIoKa PKBUBAICHTHO YMEHBIICHHIO SHTPOIHH, KOTOPOE MOXKET CMECTUTh Pe3yJIbTaT MUHHMH3AIUN
sHepruu ['m66ca Bo Bpemst popmupoBanust MK. Capyro#t croponsl, s 3 (peKTUBHOTO UCHOIB30BAHUS
MOJIEKYJT He00X0/1MMa NOTEHIIMAIbHAS TOBEPXHOCTD ¢ OOJIBINON 3JIeMEHTApHON STYEHKOM, KOTOpasi MorJia
OBl BMECTHUTD B ceOst Mosieky1y. [loreHuansHoe noje, oobpazyemMoe JMHAMHUYECKUM MyapoM, KOTOpoe B
CYIIHOCTH YBEJIMYUBACT pa3Mep UCXOIHO HEOOJIBION JIeMEHTAPHON STYSHKH Ha HEKOTOPBIN JOCTaTOYHO
Oompmioit (haktop, 3PPEKTHBHO CIIpaBIISIETCS ¢ STOW 3aJadeit ¥ MOXKET 00SCIIeUNTh HOBBIA ITOIXOJT JUIS

CO3IaHUs MOHOJUCHICPCHBIX MAaCCUBOB KPYITHBIX CTPYKTYp C aTOMHO# TOYHOCTBIO.
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4. PEKOMEHJIAIINMU 110 HUCIIOJIb3OBAHUIO PE3YJIBTATOB ITPOBEJAEHHBIX
HUP

B nanHOM mpoekTe MPOBOAMINCH SKCIIEPUMEHTAILHBIE U TEOPETUYECKUE WCCIIEOBAaHUS IIPOIECCOB
CaMOCOOpKM Ha  TOBEPXHOCTSX IMOJYNPOBOJHUKOB  pA3IMYHBIX  KPUCTALIMUECKUX  OpPHEHTAIIHH,
MOIA(HUITPOBAHHBIX  CYOMOHOCTTOWHBIMA ~ PEKOHCTPYKISIMA.  [[eNbl0  TaKMX  WCCIICIOBAHUN  SIBIISIETCS
MOJTyYeHUE HOBBIX HU3KOPA3MEPHBIX CTPYKTYp Ha IMOBEPXHOCTH IOJYNPOBOJAHUKOB C YHUKAJIbHBIMU
(U3UKO-XUMUYECKUMHU CBOMCTBAMH, U3YUCHHE UX CTPYKTYPHI U PU3NUECKUX CBOUCTB.

Ha ocHoBanuu mpoBeNEHHBIX HAMH HCCIEAOBAaHUNH MOXKHO CAENAaTh CIEAYIOIIUE MPEJIOKEHHUS 10
JagpHEHIeMy Hucnoiab3oBanuio pe3yiabratoB  HUP. WccnenoBannbie B nmaHHON paboTe MacCHBBI
UJICHTHYHBIX HYJIBMEPHBIX HAHOOOBEKTOB, TAKUX KaK MAaCCUBBI OCTPOBKOB (pyepeHOB cocTosmmx u3 37
(Gy/UIEpeHOB W MAaCCHBBI YIOPSJIOUYEHHBIX KIAcTepoB INgSl; Haxojsiuecss Ha MOBEPXHOCTH KPEMHHUS
MOTYT OBITh HMCIIOJB30BAHBI MIPH CO3/JIaHHHM HOBOW CBEPXIUIOTHOM 3JIEMEHTHOHN Oa3bl JJIS DJIEKTPOHHOM
IPOMBIIIIEHHOCTH. Harmpumep, HCNoIb30BaHUE 3TUX CTPYKTYp HpPHU CO3JAHUM SYEEK MaMSITH MOXKET
MO3BOJIUTH JTOOUTHCS KOJOCCATHHON IMJIOTHOCTH 3alMUCH WH(POPMAINH, T.K. MIIOTHOCTh PACIIONOKECHHUS
STUX KJIACTEPOB JIOCTUTAET ~10'® IITYK Ha KBaJAPATHBIA JIOWM, UTO HA MHOTO MOPSAKOB OOJIbIIE YeM B
COBpPEMEHHBIX HOCUTEISIX HHPOPMAIIUH.

UccnenoBanre cucrem Mn/Si m Mn/Au/Si umeer Oonbioe 3HaueHHe, KaK C TOYKH 3PEHUS
dbyHIaMeHTAILHON HayKH, TaK W C MPUKIATHON TOYKM 3pEHHs, T.K. CUCTEMBl Ha OCHOBE MapraHIiia
SIBJISIFOTCSL TIEPCHEKTUBHBIMU MaTepualiaMid — KaHAWJATaMH Il UCHOJIb30BAHbI MPU CO3J]aHUU HOBOM
MEPCIIEKTUBHON 3JIEMEHTHOH 0a3bl B CHMHTPOHHUKE, KOTOpas SIBISIETCS CIEAYIOIIKUM IIaroM B Pa3BUTHH
COBPEMEHHOH 3JIeKTpOHHKU. B mepBoM Imare Ha MyTH K CO3/IaHUIO BJIEMEHTHOW 0a3bl CIMHTPOHUKH
HEOOXOMMO CO3/1aTh HOBBIE MaTepUalibl 00J1a/lalolre HEOOXOIMMBIMU CBOMCTBaMHU, ONTUMU3HPOBATH
YCIIOBUSL UX TOJYYEHHUS W HUCCIEJOBATh WX CTPYKTYPHBIE XapaKTEPUCTUKH. DTO W OBUIO CIENaHO B
JTAHHOM TpoekTe. B aT0it pabore Brmepsbie Oblia momydeHa cucrema Au/Si(111)pas3basienHas aroMaMu
Maprasiia, a Takke ObLTH HCCIICIOBAHbI CTPYKTYPHBIC XapaKTEPUCTUKU ITOM CUCTEeMbI U cucteMbl MN/Si.
Ha ocHoBe mMOJIy4YeHHBIX JAHHBIX MOXHO WPOBOJAUTH JaJIbHEHIINE HCCIENOBAHUS MO HU3YUYEHUIO
CIIMHTPOHHBIX CBOMCTB ATHUX CHUCTEM U B ciydyae OOHApyKEHHUS y HUX HEOOXOJAMMBIX CBONCTB MOKHO
OyIeT mepexoiuTh K AajbHEiIneMy IIary IO CO3/IaHUIO DSJIEMEHTHOM Oaszbl CHUHTPOHHUKH. Takum
o0pa3oM HaMu OBUI clieJaH OYepeJHON Iar, HCCIeOBaHUS CHCTEM COJEp)KalliX MapraHer, Ha
MMOBEPXHOCTU KPEMHHUS, KOTOPBIM SIBIsIETCS 00S3aTe€IbHBIM ATAllOM B KOMIUJIEKCHOM H3YYEHUU CUCTEM
MaTepuagoB — KaHJIUJATOB JUJIS UCIOJIb30BAHUSI B CHUHTPOHMKE, YTO HEOOXOJMMO Jis JalbHEHIIero
pa3BuTHs (pyHIAMEHTATBHON HAYKN W PEIICHUS MPAaKTUIECKHUX 3a/1a4.

B menom pazpaGorannbie B pe3ynbrare mnpoBeaeHus HMP MeTomasl mpHUTOTOBICHHS WCXOIHON
MOBEPXHOCTHU ¢ TpebyeMoit Mopdoorueit u peKOHCTPYKIINEH, a TaKkKe YIpaBlIeHUs e€ CTPYKTYPHBIMU U

OJICKTPOHHBIMUA CBOMCTBaMH HyTéM KOHTPOJIUPYEMOT'O (1)OpMI/Ip0BaHI/I$I HHU3KOPA3MCPHBIX CHUCTEM
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3aJIaHHOTO COCTaBa M ATOMHOH CTPYKTYphl OYyIyT HMETh BaXKHOE NpaKTHYecKoe 3HaueHue. Takue
CHCTEMBI MOTYT OBITh HCIIOJIb30BAaHbI KaK 3JIEMEHTHI aMsITH, aKTHBHBIE 3JIEMEHThI HHTETPAJIbHBIX CXEM U
MEXCOCIMHEHUH  JUIi  TBEPJOTEJbHOW  HAHOIJNEKTPOHUKH,  YTO,  HECOMHEHHO,  YCHJIHT
KOHKypeHTocrmocoOHOCTh ~ Poccuiickoit ~ @exeparun B 00JacTh  CBEPXBBICOKOBAKYYMHBIX
HAHOTEXHOJIOTUH.

PesynbraTel paboOThHl Uil MpPOBEACHUS IalbHEMIINX HCCIEIOBAaHMM U pa3pabOTKe OIBITHBIX
00pa3IoB BO3MOXKHO IepeAaTh B HaydHO-HccienoBarenbckue MHCTUTYTH - ®MMAH PAH, NO® PAH,
NdM PAH (H.Hosropox), U®IT CO PAH (HoBocubupck), UdM CO PAH (ExarepunOypr) u apyrue
HAy4YHO-UCCIIeIOBATEeNIbCKIE OpraHu3allid, a TakKe Ha POCCUUCKHE MpeanpHsiTHs, MPOU3BOJISIINE
NOJTYNIpOBOHUKOBEIE TmpuOopel — 3A0 «llomynpoBoguukoBsie mpuboper» (C. Ilerepoypr), OAO
"T'eopusuka-HB" (Mocksa) u OAO "Katox" (HoBocubupck).

OcHoBHble pe3yabTaTthl HYP ncnons3oBansl mpu pa3paboTKe HOBOW OCHOBHOW 00pa3oBaTebHON
mporpamMmbl 1o HampasieHuto OakamaBpuata 210100.62 QnexTpoHWKAa W HAHOAJIEKTPOHUKA» C
npodpuieM «HaHOTEXHOIOTUU B DJIEKTPOHHMKE», a TaKXKe IMpH MOATOTOBKE HOBOro mnpoduis «Dusuka

HAaHOCTPYKTYp» o HamparieHuto OakanaBpuara 011200.62 duzuka».
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5. lIy6mkamun no pesyastatam HUP

5.1 3akarouenue IkcnepmHOIl KOMUCCUU RO OMKDPBIMOMY ONYOIUKOBAHUIO

Dopma 2

«YTBEpKOa0»

3aMECTHUTEIb TUPEKTOPA 110 HAYYHO-

IKCIIEPTHOE 3AKJ/JIIOYEHUE

0 BO3BMOKHOCTH OIIy6J'lI/IKOBaHI/ISI

Oxcnepr MHcTHTyTa aBTOMAaTuKu M IporeccoB ympasienus JBO PAH, paccmotpes

MaTepHallbl CTaTbU “Ordered Mn-diluted Au/Si(111) reconstructons”
(BUA ¥ HAa3BaHUE MaTepUANa, y4eHas CTENeHsb, (.1.0. aBTOPa, KOJ-BO CTPAHHULY)

N.V. Denisov., A.A. Yakovlev, O.A. Utas, S.G. Azatyan, A.V. Zotov. A.A. Saranin
L.N. Romashev, N.I. Solin, V.V. Ustinov (18 cTpanumn)

HOATBEPIKAAET, YTO B MaTepuale He COIEPXKUTCS MH(POPMAIHS OrPaHMYECHHOrO JOCTyIa (WX

COZIePKUTCS HHPOPMANNSI OTPaHIYCHHOTO JOCTYIIA) B MaTepHaie He COEPKUTCS

I/IHd)ODMaHI/IW OTPaHUYCHHOI'0 AOCTYVIIa
(CONEPIKUTCS M HE COACPKUTCS MH(OPMALKs OrPAHUYEHHOTO JOCTYIIA HAMMCATD)

SAKJIIOUYEHHME: PaccMOTpeHHBIH MaTeprall MOXKET OBITh OIIyOIHKOBAH B OTKPHITOM [€YaTH:

KYPHAI Surface Science
(rne Oyxet onmyOnUKOBaH MaTepyan, Ha3BaHUE XypHana 1 T.1.)

OkcnepT ,éé// - 1.¢.-m.H., B.B. Kopo6110B, 3a8B. 1a6. 102
/(noanucs) (y4eHas CTereHs, .1.0., IOKHOCTE)

«I35y ampens 2011 .

COT'JIACOBAHO: 4

WmxeHepoM CIell. ceKTopa %‘Z)/LZ// N.B. Brrorkosa

« ﬁ; anpens 2011 r.

31



®dopma 2K3

« y'[‘BCp)K}lH!O »

3AMECTUTE L AUPEKTOPa

110 HAYYHO-00pa30BaTe;ILHON 1
TNl Baifﬂ ) NeSTeIIBHOCTH
neyig e AVunoil padoTe)

[ayignn HLI,

T Gnanne, U0

2012

IKCHEPTHOE 3AKJ/JIOYEHUE

0 BO3MOKHOCTH Ol]yﬁJ]I/IKOBaHI/IH

Okcnepr MHCTATYTA aBTOMATHKH | 1ipotieccoB yrpasienus JIBO PAH, paccmoTpes

Marepuainsl  jioknaga A.B. Borosa, JI.B. I'pysuesa JI.B., A.B. Mareukoro, JI.B. bonnapenko,
O.A. Vraca, A.A. Capannna «Camoopranuszanusi dyIUIEPEHOB Ha IOBEPXHOCTH: OT CIYYANHOIO

pOCTa OCTPOBKOB J10 HOPMUPOBAHUS MATMUSCKUX KIIACTEPOB»
(BUT M HA3BAHKE MaTepuaa, ¢.1 .0. aBTOpa, KOJI-BO CTPAHHIT)

[IOJITBEPIKIACT, UYTO B MATEPHAIIE HE COJICPKUTCS MHDOPMAITUSI OTPAHUYCHHOTO J0CTYIa (MK
cojiepkuTes MHGOpPMANKs OTPAaHHICHHOTO JIOCTYIIA) He COJIePKUTCH

3AKJIIOYEHUE: PacemoTpennstii MaTepran MOKET OBITh OITyOIMKOBAaH B OTKPEITOH MeYaTh:

B Tpyaax XVI Mexpanapoaaoro cuMnosnyMa Hanodusuka 1 HaHONIEKTPOHUKA

(rme 6yeT ormyO6IHKOBAH MaTepHall, Ha3BaHKe KypHama u T. 1. )

Drenepr % ' _JLpmn, 3aB. ma6. Kopobuos Biamgusup BukToposuy

/ {nojniues) {yuenan crenenb, Lo, amnocts )

T » atttor g 2012

COI'TACOBAHO:

HipkenepoM crien.cexropa ] W H.B. Brionkosa

W7 Aleld pel- D)2

32



u
5.2 Konuu cmame

HAHOOH3AKA

Tpyas

| XV

S MexqyHapogHoro
= CUMNO3uyMa

| - 12-16 mapra 2012,

i g
i

MHI/I)kHMVI Hosropoz

unum.vlliunu|un|wunm>\in il - ‘

33



492 Cexyus 4. 30H008ast MUKPOCKONUS. USMEDEHUS U MEXHOROSUYU AMOMAPHO20 U HAHOMEMPOEO20 Macumadba
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A.B. 3oto8*?, JI.B. I'pysues’, A.B. Marernxuit’, JI.B. BowlapeHKol,
O.A. YTacl, AA. CapaHI»IHl’2

! MucTuTyT aBTOMaTHKM ¥ TIponeccos ympasnerus JBO PAH, BranusocTok
2 NlanbHEBOCTOUHBIH (eNepaTbHbIHi YHIUBEPCUTET, B1aguBocTok
2 BlaTMBOCTOKCKEH TOCYNaPCTBEHHBI YHHBEPCHTET SKOHOMUKH U CepBHCa, BraauBocTok

zotov@iacp.dvo.ru

H3BecTHO, 4TO (pu3HUECKHe CBOMCTBAa HAHOKJIACTE-
POB MOTYT 3HAYHMTENBHO HM3MEHATHCS NaXe IpH He-
OospIINX W3MEHEHHsAX UX pa3Mepa. IloaTomy, ogHOM
M3 BaXHEHIIMX NpoOleM, CTOSIHX nepen HaHO(U3H-
KOH M TEXHOJIOTHEH, sBnsieTcss GOpMHPOBaHHE MacCH-
BOB KJIACTEPOB C OCTPHIM paclpeieNeHHeM 10 pa3Me-
paM, a B HJealle MacCHBOB, B KOTOPBHIX BCE KJIACTEphI
HMEIOT WACHTHYHBIH pa3Mep U ¢opmy. [ aTOMHBIX
KJ1acTepoB, (GOPMHUPYIOMIMXCS B Pe3yIbTaTe POLECCOB
CaMOOpraHW3alMy aTOMOB ancop0aToB Ha IOBEPXHO-
CTH KPUCTAJLIOB, TaKasi BO3MOXXKHOCTE ObLIa IPONEMOH-
CTpUpOBaHa Ha NPHMEPE TaK Ha3bIBAEMbIX MarmdeCcKuX
KJIacTepoB, T.€. KIaCTepPOB, IEMOHCTPHPYIOIIHX IIOBbI-
[IEHHYI0 CTAOMIBHOCTh IPH HEKOTOPHIX (PHMKCHPOBaH-
HBIX pa3Mepax. bhUIo yCTaHOBIEHO, 4TO 0COOBIE CBOM-
CTBa Maru4eckoro kuacrepa o0yclIOBIEHBI KOMILIEKC-
HBIM 3¢ dexToM ero coOCTBEHHOH «3aMKHYTOH» (op-
MBI U criel(UYEcKON CTPYKTYPOH NMOBEPXHOCTH MOI-
JIOXKKH BOKDYT Hero [1].

B nocnennue roxsl Bce Gonpllee BHUMaHUE NPHU-
BJIEKae€T CaMOOPraHU3allMsi MOJEKY] B CJIOXHBEIE CY-
IIPaMOJIeKyJIIpHBIE KOMILIEKCH Ha moBepxHocTH. On-
HUM U3 Haubojee NepCIeKTHBHBIX KaHIMAATOB JUIA
(bOpMHPOBaHHSA MOJEKYISAPHBIX HAaHOCTPYKTYpP SIBIS-
1o1cs ¢ymnepens! Cg. C OXHON CTOPOHBI, OHM MOTYT
CTaTh HJACATBHBIM OJIEMEHTOM JUII MOJEKYISIPHBIX
npubopoB Onaromaps CNOCOOHOCTH NMPHUHHMATh JIEK-
TPOHBI OT JPYTHX Moyiekyn u atomoB. C npyroi cTo-
pOHBI, Onaronapsi cBoeil CUMMETPHUYHOH chepudeckon
¢dopMe OHM SIBISIOTCS yAOOHBIM OOBEKTOM IS HCCIIe-
noBaHHs 6a30BBIX MPOIECCOB CaMOOPTaHM3ALUU B MO-
JIEKYJIAPHBIX CHOSX. B CBA3M C 3TUM BO3HHMKAeT BO-
npoc: CymecTByeT i GH3UIECKUHA MEXaHHU3M, KOTO-
pslii obecneynn 6b1 GOpMHUPOBaHHE MacCHBa Marumde-
ckux xiaactepoB Cep? JI0 HACTOSIIEro MCCIENOBaHUS
noyydeHue Ooliee OCTPBHIX PacIIpefeNIeHHH KIacTepoB
Cgo 1O pa3mepaM JOCTHUTaloCh TOJNBKO NP HCIONb30-
BaHMM TETEPOrEHHBIX NOJIOXKEK, Ha KOTOPHIX 3apOXK-
neHue octpoBKOB Cgo IPOUCXOJHWIO IPEUMYIIECTBEHHO
B HEKOTOPHIX BBIIENEHHBIX obnactsx. CrnexyeTr oTme-
THUTb, YTO 3TOT He 0OeCreyHBall MONy4EeHHEe MacCHBOB
. Marmyeckux knactepos Cgy MASHTHIHOTO Pa3Mepa.

B Hacrosimie#t paboTe npu H3y4eHHH ancopObuuu
Cgo Ha MTOBEPXHOCTH Si(111)V3xV3-Au, momudumupo-
BaHHOM In, MBI OOHapYXXHUIIH, YTO IPH ONPENEIEHHBIX
yCIOBHSIX HaOMIOmaeTcs NPEeUMYIIECTBEHHOE (OpMU-
poBanue ocTpoBKOB Cg BEIIENEHHOTO pa3mepa U Gpop-
Mbl. B wacTHOCTH, OBUIH CHOPMHPOBAHBEI MAaCCHBBHI, B
KoTopsIX 10 80% COCTaBIIAIM MIOCHTHYHBIE IEKCaro-
HaJIbHBIE OCTPOBKY, COAEpXaliue poBHO 37 ¢yirepe-

HOB. Takye OCTPOBKM MOXHO paccMaTpuBaTh Kak T'H-
TaHTCKHE Marudeckue KIacTepsl, COAEpMaIlue POBHO
2220 aToMOB yriepoza.

IlonroroBka mnoBepxHOocTH (Au,In)/Si(111) 3a-
KI0Yanach B OCaXAeHMH In Ha IOBEPXHOCTH
Si(111)\3xV3-Au mpy KOMHATHO# TeMIepaType ¢ Io-
CENyIOMUM OTKUTOM nipu ~550°C, B pe3yibTaTe 4ero
C Hee NONHOCTBIO YHAISIOTCS NOMEHHBIE CTEHKH, Xa-
paKkTepHBIE 11 HCXOmHOH moBepxHocTu. Ilpu 3TOM,
aTOMHOE CTpOeHHe (a3sl Si(111)V3xV3-Au coxpas-
ercs, a okono 0,15 MonoaTomuoro cimost In, ocraBmie-
rocs Ha IOBEPXHOCTH, 0Opa3yeT ABYMEpHBIH ras Io-
JBIKHBIX aJaTOMOB, KOTOPBHIA MOXET OBITH 3aMOpO-
JKeH TpH oxnaxxkaenuu no ~110 K [2,3].

& [1§1j
(b L’

Puc. 1. MaccuB octpoBkoB Cgy, Gopmupyrommuiicst (a) npu
ancopbumu Cgyp Ha IMOBEPXHOCTH Si(111)V3x\3-(Au,In) npu
115 K u (b) mocne mocineayromero HarpeBaHust 10 KOMHAT-
HOM TEMIIEPaTyphI.

Ilpu ocaxnenun Cgp Ha OXJIAKAEHHYIO IOBEPX-
HOCTb IPOUCXOIUT HOPMHUPOBAHHE MAaCCHBA OCTPOBKOB
Ce0, HMEIOIIMX TIPOM3BOJNBHBIA pasMep U (opmy
(puc.la). Ecnu 3TOT MaccuB HarpeTrs OO KOMHATHOH
TeMIIepaTypsl, TO CPEOHHH pa3Mep OCTPOBKOB CTaHO-
BHUTCsSI OOJbIIe, @ OHM NpUOOpeTaroT Goliee NpaBHIIb-
HyHO («KpHCTaJUIHYECKyIo») dopmy (puc.lb). Moxuo
BBIJICTIUTH /IBa THIIA OCTPOBKOB B 3aBUCHMOCTH OT OpPH-
eHtanuu MaccuBoB Cgy BHYTpH HuX: panbl Cep MOTYT
OBITE OpPUEHTHPOBaHB!I JIUOO BIONH OCHOBHBIX KpH-
CTaJUIOrpa@UYEeCKUX  HaNpaBlICHHM  [TOBEPXHOCTHU
Si(111), nu6o cocrasnsTh ¢ Humu yrox 19,1°. Octpos-
KM IOCIHeQHero Tuma (C psAnamu, NOBEPHYTHIMH Ha
19,1°) Gomnee KpymHbIE W HE WMEIOT BHIACICHHBIX pas3-
MepoB. OCTpoBKH NepBoro Tuma (C psaaMu BIOIb OC-
HOBHBIX KPHUCTAIIOrpadUYECKUX HANIPaBIECHHUH) UMEIOT
tdopmy n16O OJHOTO IIECTHYTONbHUKA, TUO0 HECKONb-
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KHX IIECTHYTOJBHHUKOB, NEPEKPHIBAIONINX APYT Apyra
(HanpuMep, IBa UM TPH, KaK B PaBOH HIDKHEH 4acTH
puc.1b). XapakTepHOH 0COOEHHOCTBIO ITHX OCTPOBKOB
SBIIIETCS TO, YTO B LIEHTPE KaXXKAOTO IIECTHYTOJIbHHKA
HaxomuTcs (QyiulepeH, KOTOpHIH HMeeT Oonee SpKUH
xoHTpacT Ha CTM mu3obpaxkenuu. Kak 65110 ycTaHOB-
JeHo, 3TH «iIpkue» oymiepensl Cgy pacronararoTcs
TOYHO Haj TpPHUMEpaMu AU IIOIJIOKKH Si(111)V3x3-
Au u B 6onee xpynHsix MaccuBax Cgo 00pa3syroT nBy-
MEPHYIO PELIETKY C IEPHOIOM V19xv19 BHYTPH MOJI€E-
KyJsIpHOTO cios [4].

1 |
20 40 60
Number of C.;

Puc. 2. (a), (b) u (c). ITocnenosaremsusie CTM-u3zo0paxenus
ONHOTO W TOrO € YyJacTKa HOBEPXHOCTH, IOKa3BIBAIOIIHE
H3MeHeHUs pasMepa U GopMbl ocTpoBKOB Cgp B XORE OTKHUIA
npu komHatHO# Temuepatype. (d) CTM-uzobpaxeHue Hu
pacnpeneneHie OCTpOBKOB IO pa3Mepy Maccusa C60, chop-
MHpPOBABILIETOCS [IOCIE OT)XXHra B TeyeHue 48 wyacoB. Mera-
crabunbHele ocTpoBKH, conepxamue (€) 13 Cgp, (f) 19 Ceo,
(8) 30 Ceo 1 (h) 36 Ceo.

B xone oTxUr MaccuBa IpH KOMHATHOH TeMIiepa-
Type octpoBky Cgy HENPEPHIBHO MEHSIOT CBOM pasmep
¥ popMy u3-3a aKTUBHOTO OOMeHa QynIepeHaMu 4epes3
MOJBIKHBIA IBYMEpHBI MoneKynspHeId ras Cg. B
KagecTBe IpHMepa, Ha puc.2a,b,c moka3aHo, KaK OCT-
POBOK, comepxamuii u3HaganbHO 48 Cgo, IEPEXOTUT B
octpoBok u3 44 Cgp, a 3aTeM B ocTpoBOK u3 37 Cg.
Obpamaer BHUMaHHE TO, YTO PACIIONOKEHHBIH PAIOM
octpoBok u3 37 Cgy B XOI€ 3THX TpaHCOpMAIHi CO-
XpaHW1 CBOM pasmep. OTH HaONIONEHHS OTPAKAIOT
00LIyI0 3aKOHOMEPHOCTh, YTO HAWOOJIBIIYI0 CTaOMIb-
HOCTh INPOSIBISIOT UMEHHO OCTPOBKH, coaepxamue 37
Cgo, U B pe3yJIbTaTe JUINTEIHHOTO OTXKUTA NIPU KOMHAT-
HOH Temmeparype (QOPMHPYETCS MacCHB, B KOTOPOM
octpoBkH U3 37 Cgg cocTaBisioT okono 80% Bcex ocT-
PoBKOB (puc. 2d).

Kpome OCTpOBKOB, O KOTOPBIX TOBOPHJIOCH BBIIIE,
Haburonancs- uensiii Habop MeTacTabMIBHBIX OCTPOB-
k0B Cgo. B gacTHOCTH, Ha paHHUX CTAAUAX YKPYIHEHHUS

OCTPOBKOB (T.€. IpH OBICTPOM HarpeBe A0 KOMHATHOH
TEMIEpaTypsl X KOPOTKOM OTXKHIe) (OpPMHpPOBAIUCH
HeOOJIBIIME Maru4yeckyie - OCTPOBKM, IIOKa3aHHBIE Ha
puc.2e,f,g. Haubonee gacTo BCTpedarommecs 3TO OCT-
poBkw, conepxamue 13 Cqo, nmeronme dopmy 6pycka,
u 19 Cq, umeromue dopmy Oymepanra. MeHee pac-
MPOCTpaHeHbl OCTpoBKH, copepxamue 30 Cg u uMe-
fomue GopMy MOJHHM, Kak Ha puc. 2g. Bee 3tu ocT-
POBKHM HCYE3al0T IpH NOcIexyromeM omxure. B dop-
MUDYIOIIUXCS MacCHBaX HHOIJA HPHCYTCTBYIOT OCT-
POBKH, XapaKTEPHON 4E€PTOH KOTOPBIX ABJIAETCS OTCYT-
CTBHE SPKOT0 (QyiiepeHa B LEHTPE IIECTHYTOIbHHKA.
HaubGonee pacnpoctparessl octpoBku u3 36 Ceo, T.C.
Mmarugeckue ocTpoBkU u3 37 Cgp, B KOTOPBIX LEH-
TpaJIbHBIH QyiiepeH oTcyTcTByeT (puc. 2h).

CymectBoBaHue 0cTpoBKOB U3 36 Cgp yKa3pIBacT
Ha TO, 4TO IOJOXXeHMe (yiaepeHa Hal TpuMepoM Au
nomtoxku Si(111)V3xV3-Au sBnsercs HauGonee 3Hep-
TeTHYECKH HEBBITOJHBIM. OTO IIPETONOXEHHE MOM-
TBEPXKIAETCS pEe3yNbTaTaMH pACUETOB M3 IEPBHIX
OPUHIMIOB, a Takke Pe3yJbTaTaMH MOIENUPOBAHHS
¢dopmupoBanns ocTpoBKOB Cgp Ha NOTEHIHATEHOM
penbede ¢ MaKCHMyMaMH B IIOJNOXKEHMSAX Hal TpUMe-
pamu Au.

Jlns aHamM3a NPHYMH, IO KOTOPHIM OCTPOBKH
OIIpEeNIETIEHHOTO pa3Mepa W (GOPMBI JEMOHCTPHUPYIOT
NOBBIIEHHYI0 CTa0OMIBHOCTh, YNOOHO IPENCTaBUTh
bopMupoBaHHE OCTPOBKOB KaK 3allOJIHEHHE GyIiepe-
HaMH aJCOPOIMOHHBIX IIOJOXKEHHH, HMMEIOUIMX pa3-
nugHylo sHepruio. Hanbosee HEBHITOHbBIE — 3TO MecTa
Haj TpuMepaMH Au, o0pa3yromiye JBYMEPHYIO peleT-
Ky ¢ nepuogom V19xV19. Cocenue ¢ STHMH MeCTaMu
NOJIOXKEHUs GoJiee BBHITOIHEI, YeM Hambosee HEBBITOJI-
HblE, HO MEHEe BBITOJHBIE, YEM BCE OCTANIbHBIE II0JIO-
xeHns . PopMHUpOBaHHE MarMyecKux OCTPOBKOB 00y-
CIIOBNIEHO IBYMs d(deKTaMu: CTpEMIICHHEM MHUHHMH-
3MpOBaTh IJIMHY TPaHULBl OCTPOBKOB (TIPEANOYTH-
TENbHBIMH  SIBIISIOTCS. OCTPOBKM C KOMIIAKTHO#H  (op-
MO#) M CTpeMIeHHeM MHMHHMMH3UpOBaTh 4ducio Cgp,
3aHMMAIONIUX HEBHITOAHBIE NONOXeHus. Ilpu 3ToM,
nocnenHui 3QQPEKT ABIAETCS NOMHHHPYIOMMM, 00y-
ClIaBNMBasi, B YaCTHOCTH, (HOPMHPOBAHHE HEKOMIIAKT-
HBIX OCTPOBKOB, conepxamux 19 u 36 Cqp.
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Using scanning tunneling microscopy, effects produced by adsorption of less than 0.1 monolayer of Mn on
Au/Si(111) reconstructions have been studied. It has been found that small amounts of Mn eliminate the
original 5x2-Au and «—+/3 x /3-Au reconstructions and initiate formation of new ordered structures
8x2, 10x2, and 2v21 % 2y21R+10.9°, which are essentially the Au/Si(111) reconstructions with dilute
Mn. The Mn concentration in these structures is as small as one or two Mn atoms per unit cell, i.e,, it varies
from 0.012 to 0.1 ML of Mn. Scanning tunneling spectroscopy has demonstrated that the 2v/21 x 2v/21 is
plausibly metallic, while the 8 x2 and 10x 2 are semiconducting. The latter reconstructions can be consid-
ered as possible prototypes for the low-dimensional dilute magnetic semiconductors.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Spintronics is based on the manipulation and control of spin de-
grees of freedom as well as filtering and detecting spin-polarized cur-
rents in solid-state systems [1]. The search for new advanced
materials for spintronics has recently become a goal for many re-
search groups. Among other promising material systems, dilute mag-
netic semiconductors have now attracted considerable attention due
to their unique properties (e.g., the possible control of their magne-
tism by electric fields) [2] and prospective applications [3] (e.g., by
combining magnetism for memory cells and semiconductors for
logic circuits [4]). By a dilute magnetic semiconductor is usually
meant a material with controlled incorporation of dilute concentra-
tions of the 3d transition metals into a semiconducting matrix [5],
which is typically represented by IV-VI, IlI-V and [I-VI compounds
[3]. However, what is really desired is to find that kind of semicon-
ductors based on silicon technology. As for the 3d transition metal
suited to be a magnetic dopant, manganese is possibly one of the
best candidates. There are a large number of various compounds
and structures (including various dilute magnetic semiconductors
and dilute magnetic oxides [3]) containing this metal, which often
demonstrate suitable magnetic characteristics. Even an individual

* Corresponding author at: Institute of Automation and Control Processes, 5 Radio
Street, 690041 Vladivostok, Russia. Fax: +7 4232310452.
E-mail address: saranin@iacp.dvo.ru (A.A. Saranin).

0039-6028/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.5us¢.2011.09.008

Mn atom on the surface of a nonmagnetic substrate exhibits a large
anisotropy close to that for a free magnetic atom [6]. These prospects
have already stimulated the investigation of ferromagnetic semicon-
ductor structures made of silicon and manganese [5]. Applying this
approach to low-dimensional structures might open up new opportu-
nities. As for Mn on an Si(111) surface, there are, at least, two known
examples where manganese atoms are embedded into a silicon sur-
face structure. One of them corresponds to the Mn ring clusters, the
other to Mn atoms substituting for Si adatoms in the Si(111)7x7
DAS structure [7]. However, none of these structures produces
extended ordered periodic arrays, in contrast to, say, Co and Ni ring
clusters forming on a Si(111) surface, v'7 x v/7-Co [8,9] and v19x
V19-Ni [10] arrays, respectively. Adding certain species to the Mn/Si
(111) system was thought to be conducive for forming ordered
Mn-Si structures on the surface. We considered gold to be a promis-
ing candidate to reach this goal, since Au/Si(111) reconstructions
have proved to be highly sensitive to small amounts of foreign
atoms. For example, adding monovalent atoms results in developing
the new Si(111)v21 x v/21 reconstruction [11], while a small amount
of In eliminates completely the characteristic domain-wall structure
on the Si(111)v/3 x v/3-Au surface [12].

In this work on Mn adsorption onto Au/Si(111) reconstructions,
we have demonstrated the possibility of producing the new ordered
structures, 8x2, 10x2, and 2v21 x 2v21R+10.9°, which are essen-
tially Au/Si(111) reconstructions with dilute Mn. The Mn concentra-
tion in these structures is as small as one or two Mn atoms per unit
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cell, i.e, it varies from 0.012 to 0.1 ML of Mn. While the Si(111)
2v21 x 2v/21-(Au,Mn) surface is supposed to be metallic, the Si
(111)8x 2-(Au,Mn) and Si(111)10 x 2-(Au,Mn) exhibit semiconduct-
ing properties. Among the latter two structures, the 8 x 2 one has the
wider band gap, higher stability and easier preparation procedure.

2. Experimental

The experiments were carried out with an Omicron STM operating
in an ultrahigh vacuum (~7.0x 10~ ! Torr). Atomically-clean Si(111)
7 x 7 surfaces were prepared in situ by flashing to 1280 °C after the
samples were first outgassed at 600 °C for several hours. Manganese
was deposited from a commercial source HTEZ40-1-19-KS-2018009
manufactured by Dr. Eberl MBE-Komponent GmbH. The manganese
deposition rate was calibrated in preliminary experiments on the
preparation of a continuous MnSi film with a thickness of two qua-
druple layers [13-15], which is known to adopt 8/3 ML of Mn [16]
[1 ML (monolayer) =7.8x10' cm™']. In the present experiments,
the Mn deposition rate was accurately controlled by the temperature
of the source and was 0.09 ML/min with an accuracy better than 10%.
Gold was deposited from an Au-wrapped tungsten filament. The Au
deposition rate was calibrated by the formation of a Si(111)5x 2-Au
surface phase which has recently been established to contain 0.6 ML
of Au [17,18]. The deposition rate of Au was 0.4 ML/min with typical
accuracy of 10%-15%. The metals were deposited at room tempera-
ture (RT), and after that, the samples were resistivity annealed by di-
rect current for 30 s to prepare the desired surface structures. For
scanning tunneling microscopy (STM) observations, electrochemical-
ly etched tungsten tips cleaned by in situ heating were employed. All
STM images were acquired in a constant-current mode at RT.

3. Results and discussion

The Au/Si(111) system at submonolayer and near 1.0 ML cover-
ages has been extensively studied and it is well established that
with increasing Au coverage the ordered structures, 5x2-Au,
a—v3 x V3-Au (with dilute domain walls), p—v/3 x v3-Au (with
dense domain walls), and 6x6 (with ordered domain walls, it can
be prepared at the same conditions as the B—+/3 x v/3-Au by using
slow-rate cooling), are formed sequentially on Si(111) [19,20]. The
5x2-Au phase has a stripe-like structure and incorporates according
to the recent structural model [18] 0.6 ML of Au and 1.20 ML of Si (for
a surface undecorated by Si adatoms) or 1.25 ML of Si (for a satura-
tion coverage of Si adatoms). Experiment yields 1.3040.10 ML of Si
[21]. For the +/3 x v/3-Au structure, the conjugate honeycomb-
chained-trimer (CHCT) model is widely accepted with 1.0 ML of Au
and 1.0ML of Si [22-24]. In reality, a—v/3 x V3-Au, B—V3 x V3-
Au, and 6 x 6 should contain slightly more than 1.0 ML of Au, due to
the presence of Au-heavy domain walls.

Our STM observations have revealed that RT deposition of small
Mn amounts of <0.1 ML onto the above Au/Si(111) reconstructions
followed by annealing at 250-650 °C results in the reordering of the
original surface structures and the formation of new reconstructions.
In particular, the 5x2-Au phase transforms into the structures of
Nx 2 type (where N is 6, 8, 10, 12), the a—+/3 x v/3-Au transforms
into the 2v/21 x 2v/21 structure, and the —+/3 x v/3-Au phase trans-
forms into the disordered structure. Let us consider each of these or-
dered (Au,Mn)/Si(111) structures in greater detail.

3.1. Si(111)Nx2-(Au,Mn) structures

Fig. 1 shows a surface where all possible N x 2-(Au,Mn) structures
are present simultaneously. One can see that they have a qualitatively
similar arrangement which shows up in the empty-state STM images
as ridges with hexagonal arrays of bright protrusions separated by
dark furrows. The width of the ridge defines the particular Nx2
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Fig. 1. 400x 320 A? empty-state (+1.5 V) STM image of the (Au,Mn)/Si(111) surface
where all possible local N x 2-(Au,Mn) structures are present. The corresponding unit
cells are outlined and indicated.

structure, namely, the 6x2, 8 x2, 10x2, and 12x 2 structures con-
taining in each ridge one, two, three, and four rows of protrusions, re-
spectively. Among these structures, only the 8 x2 and 10x2 have
been found to occupy large surface areas, while the 6x2 and 12x2
appear as single or double chains.

The 8 x2 and 10x 2 structures have been found to be formed under
different growth conditions, which makes it possible to obtain surfaces
predominantly occupied by one of the two structures (see Fig. 2). The
10x2 structure prevails when the Si(111)5x2-Au surface with
adsorbed Mn is annealed at relatively low temperatures of ~250-
350 °C (Fig. 2a). Upon annealing at temperatures beyond ~450 °C, the
8x2 structure dominates. In contrast to the 10x2 structure, which
can be grown only on the 5 x 2-Au template, the 8 x 2 structure can be
obtained by RT adsorption of Au and Mn directly onto the Si(111)7x 7
surface followed by annealing at ~400-450 °C. This procedure has
allowed us to evaluate the composition of the 8 x2 structure. With
0.5 ML of Au and 0.06 ML of Mn being adsorbed on the Si(111)7 x 7 sur-
face, almost the entire surface is solely covered by the 8 x 2 structure, as
shown in Fig. 2b. One can see in Fig. 2b that the 8 x 2 surface appears asa
two-level system of flat islands and terraces which are one atomic step
apart. This is apparently the consequence of Si mass transport occurring
due to the difference in the top Si atom density in the original Si(111)
7x 7 surface and forming 8 x 2 structure. Using the balance equation,
the silicon coverage in the 8 x 2 structure has been estimated from the
island area fraction [25,26] to be 1.02 ML of Si. Thus, the 8 x 2 structure
has been found to contain 8 Au atoms, one Mn atom and 16-17 Si atoms
per 8 x 2 unit cell.

The 10x 2 structure has been found to have a variable composi-
tion. In the experiment with sequential Mn dosing of the 5 x 2-Au sur-
face, the original 5 x 2-Au reconstruction converts gradually into the
10x 2 structure following the linear dependence of the 10x2 area
fraction versus Mn dose (see Fig. 3). The slope of the linear plot cor-
responds to two Mn atoms per 10x2 unit cell. As no Au/Si(111)
reconstruction other than 5x2-Au (e.g., V3 x v/3-Au) has been
detected in this experiment, the Au coverage in the 10x 2 structure
is assumed to be the same as in the original 5x 2-Au phase, 0.6 ML
or 12 Au atoms per 10 x 2 unit cell. The Si coverage in the 10x 2 struc-
ture has been estimated through Si balance analysis to be in the range
from 1.15 to 1.20 ML, i.e., 23-24 Si atoms per 10 x 2 unit cell. Addi-
tional uncertainty in the 10x2 composition determination stems
from the fact that besides the 10 x 2 structure, random atomic clusters
develop at the surface. These clusters are plausibly built of silicon as
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Fig. 2. (Au,Mn)/Si(111) surfaces with single Nx 2 structures. (a) 750x 500 A2 empty-
state (+ 1.5 V) STM image of the Si(111)10x 2-(Au,Mn) surface obtained by RT depo-
sition of Mn onto Si{111)5x2-Au followed by annealing at 350 °C. The region of the
left original 5x2-Au reconstruction is indicated. (b) 800x500A% empty-state
(+1.5V) STM image of the Si{111)8 x 2-{Au,Mn) surface obtained by RT deposition
of Au and Mn onto Si(111)7 x 7 followed by annealing at 450 °C.

upon prolonged annealing they agglomerate into larger islands dem-
onstrating clear Si features. One possible source for the excess Si are Si
adatoms on the original 5x 2-Au phase, seen in the STM images as
bright dots, and whose density is apparently decreasing with the

N.V. Denisov et al. / Surface Science 606 (2012) 104-109

Mn dose (see Fig. 3a—e). However, their amount (~0.024 ML) was es-
timated to be insufficient to form the observed clusters. Another pos-
sible Si source is a decomposing 5 x 2-Au phase, which means that the
10 x 2 structure should contain less Si than the 5x 2-Au phase (i.e., 23
Si atoms rather than 24 Si atoms per 10x 2 unit cell).

In the other experiment, the surface with coexisting 5x2-Au and
10x 2 structures was dosed with Au followed by annealing at 350 °C
(Fig. 4). As a result, the 10x2 area expands at the expense of the
5x 2-Au phase until the 5 x 2-Au disappears and the whole surface be-
comes occupied by the 10x 2 structure. Remarkably, the newly formed
10x 2 structure is indistinguishable by its STM appearance from the
10x 2 structure present at the surface before Au dosing. Quantitative
evaluation yields that the 10x2 structure formed in this experiment
contains 0.65 ML of Au and 0.05 ML of Mn, i.e., 13 Au atoms and one
Mn atom per 10x2 unit cell. Thus, there are two kinds of 10x 2 struc-
ture which have the same STM appearance, but different compositions:
two Mn atoms and 12 Au atoms versus one Mn atom and 13 Au atoms.
The first compound can be possible as a result of a deficit of Au, where a
Mn atom is a substitute for a missing Au atom, while the second one is
perhaps a substitutional solid solution of Au in the 10x 2 structure,

Comparing the compositions of the 8x2 and 10x2 structures
with that of the 5x2-Au phase provides a hint for understanding
the difference in their formation conditions. Namely, the composition
of the 10x 2 is very close to that of the 5x 2-Au, i.e,, 1.15-1.20 ML ver-
sus 1.20-1.25 ML for Si and 0.60-0.65 ML versus 0.60 ML for Au. In
contrast, the 8 x 2 differs from the 5 x 2-Au substantially, 1.02 ML ver-
sus 1.20-1.25 ML for Si and 0.5 ML versus 0.60 ML for Au. Thus, the
transformation from 5 x2-Au to 10 x2 does not require long-range
mass transport which makes the 10x 2 structure kinetically prefera-
ble to the 8 x 2. As a result, the 10 x 2 structure develops at relatively
low temperatures. However, this structure appears to be metastable
and can be converted to the more stable (i.e., energetically prefera-
ble) 8 x 2 structure. This transformation requires substantial redistri-
bution of surface material (in particular, silicon) and, hence, occurs at
relatively high temperatures.

3.2.Si(111)2/21 x 2v/21R+10.9"-(Au,Mn) structure

The Si(111)2v/21 x 2+/21-(Au,Mn) structure can be formed in two
ways. The first technique consists of RT Mn adsorption onto the
a—V/3 x V3-Au surface followed by annealing at 350 °C. An important
requirement for obtaining a well-ordered surface is the minimal Au
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Fig. 3. 600 x 600 A> STM images illustrating the evolution of the (a) Si(111)5x 2-Au surface structure after dosing with (b) 0.017, (c) 0.033, (d) 0.050, and (e) 0.067 ML of Mn. (f) Fraction
of the surface area occupied by the Si(111)10x 2-(Au,Mn) structure as a function of the Mn dose. Each experimental dot refers to the corresponding surface shown in the upper panel
(as indicated). Linear plots correspond to the cases when one, two, and three Mn atoms are incorporated in the 10x 2 unit cell.
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Fig. 4. 600 x 600 A% STM images illustrating evolution of the (a) surface with coexisting Si(111)5x 2-Au and Si(111)10 x 2-(Au,Mn) surface structures after dosing with (b) 0.05, () 0.10,
and (d) 0.15 ML of Au. (e) Fraction of the surface area occupied by the Si{111)10x 2-(Au,Mn) structure (open circles. red line) and Si(111)5 x 2-Au phase (open squares, blue line) as a
function of Au dose. Each experimental dot refers to the corresponding surface shown in the upper panel (as indicated).

coverage at the original a—+/3 x v/3-Au surface (the best way is to
have the a—+/3 x v/3-Au surface with small inclusions of the 5x 2-Au
phase). With excess Au, the surface becomes disordered. The other
way to obtain the 2v21 x 221 structure is to use Au adsorption
onto the N x 2 structures. In this case, however, higher annealing tem-
peratures of up to ~450 °C are required to allow the excess Mn to ag-
glomerate into the islands and the excess Si to attain the step edges.

A high-resolution empty-state STM image of the Si(111)
2v21 x 2¢/21-(Au,Mn) structure is shown in Fig. 5. A characteristic
feature of the structure is the ordered honeycomb network of
the “domain walls” separating domains with v/3 x /3 arrays inside
(Fig. 5b). Remarkably, all /3 x v/3 domains are coherent without
anti-phase translational shifts as highlighted by the grid in Fig. 5c.
This structural property distinguishes the 2v21 x 2v21-(Au,Mn)
structure from the a—v/3 x v3-Au, B—v3 x v3-Au, and 6x 6-Au
surfaces where neighboring v/3 x v/3 domains are out of phase. It is
worth noting that observation of the metastable 2v/21 x 2v/21 recon-
struction at the nominally impurity-free Au/Si(111) surfaces has been
reported in a number of publications [27-30]. The reported STM ap-
pearance of the metastable 2v21 x 2v/21-Au surface [30] looks iden-
tical to that observed in the present study with Mn adsorption. Thus,
itis possible that tiny amounts of Mn can stabilize otherwise metasta-
ble Si(111)2v21 x 2v/21-Au reconstruction.

The necessity of Mn for developing the present2v/21 x 2v/21 struc-
ture is clearly demonstrated in the experiment with Mn dosing of the
a—+/3 x v/3-Au surface (Fig. 6), which shows that fraction of the sur-
face area occupied by the 2v/21 x 2v/21 structure grows linearly with
the Mn dose. The slope of the dependence plot yields one Mn atom
per 2v21 x 221 unit cell, ie., the Si(111) 2v21 x 2v/21-(Au,Mn)
structure contains in saturation only 0.012 ML of Mn. As during conver-
sion from the aa—+v/3 x v/3-Au to the 2v/21 x 2v/21 no other structures
develop at the surface, the compositions of the at—+/3 x v/3-Au and
2v21 x 24/21-(AuMn) are plausibly similar, i.e., ~1.0 ML of Au and
~1.0 ML of Si.

3.3. Electronic properties of (Au,Mn)/Si(111) structures

In order to choose the most promising candidate for a low-
dimensional dilute magnetic semiconductor from among the above
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Mn-diluted Au/Si(111) reconstructions, we have tested their electron-
ic properties using scanning tunneling spectroscopy (STS). The spectra
under consideration were averaged over several hundreds of experi-
mental spectra collected from the areas of several dozens nm?2
The spectra from the new Mn-diluted Au/Si(111) reconstructions,
2v21 x 2v/21, 8x2 and 10x2, were recorded simultaneously with
the spectra from the known Au/Si(111) reconstructions, o—+v/3x
V3-Au and 5x2-Au. For this purpose, the surfaces with coexisting

Fig. 5. () 300 x 200 A% empty-state (+1.5 V) STM image of the Si(111)2v2T x 2v/21-
(Au,Mn) structure. The 2v21 x 2v/21 unit cell is outlined. (b) and (c) Enlarged images
of the outlined area in (a). Superposed hexagonal grid in (c) is drawn through v/3 x +/3
protrusions {marked by open circles) to show that all domains are coherent.
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Fig. 6. 650x 650 A% STM images illustrating evolution of the (a) Si{111)-a—+/3 x v/3-Au surface after dosing with (b) 6.005, (c) 0.010, and (d) 0.015 ML of Mn. (e) Fraction of the
surface area occupied by the Si(111)2v2T x 2v21-(AuMn) as a function of Mn dose. Each experimental dot refers to the corresponding surface shown in the upper panel (as in-
dicated). Linear plots correspond to the cases when one and two Mn atoms are incorporated in the 2v/27 x 2v/27 unit cell.

new and known surface structures (e.g., like those shown in Figs. 3d or
6b) were used for STS characterization.

Fig. 7a shows the STS spectrum of the Si(111)2v21 x 2v/21 struc-
ture in comparison with that of the Si(111)-a—+/3 x v/3-Au phase.
One can see that the spectra are very similar, plausibly indicating
that the two surface structures should have very similar electronic
properties. According to the reported angle-resolved photoelectron
spectroscopy data [31-34], the a—+/3 x v/3-Au surface exhibits me-
tallic properties which are not apparent from the STS spectrum in
Fig. 7a. A possible reason is that the metallic features of the
a—V3 x V3-Au surface are actually not so well defined. The S1 sur-
face band which renders the surface metallic displays fuzzy and
broad spectral features [34] and creates a small electron pocket [31],
which leads to a relatively low electron filling of the S1 band, of 0.1
electrons per unit cell [34]. It is also worth noting that just increasing
the domain-wall density (which converts the a—+/3 x v/3-Au to the
B—V3 x V3-Au) makes the surface semiconducting [32]. Any of the
above can account for the low STS signal from the a—+/3 x v/3-Au
surface at bias voltages close to zero. Strictly speaking, however, oc-
currence of a non-metallic tip cannot be excluded completely.

The STS spectra of the 8 x2 and 10x2 structures are shown in
comparison with that of the 5x2-Au in Fig. 7b. The intrinsic 5x 2-
Au phase is known to be metallic, but with increasing Si adatom den-
sity its electronic properties change to semiconducting [18,19,35,36].
In our experiments, typical Si adatom coverage was ~0.024 ML, i.e.,
about half of the Si adatom saturation value (~0.05 ML), which is
sufficient to cause the 5x 2-Au surface to exhibit the properties of
a semiconductor with a narrow band gap of ~0.25 eV, as one can
see in Fig. 7. As for the 8 x2 and 10x 2 structures, both of them dis-
play also semiconducting properties. The difference is that while the
10x 2 structure has a band gap of ~0.3 eV which is only slightly larger
than that of the Si-adatom-decorated 5x2-Au phase, the band gap
of the 8 x2 structure is substantially wider (~0.75 eV). Appropriate
characterization of their magnetic properties is highly desirable
to verify that these reconstructions can be prototypes of low-
dimensional dilute magnetic semiconductors.

4. Conclusions

Using scanning tunneling microscopy, we studied the effect of
Mn adsorption on the structure and composition of Au/Si(111)

6
—— a-V3xV3-Au

5 ——— 2V21x2¥21-Au,Mn
©
b
S
o
=
£
©

b

3

©

~

S

o

P

o

Bias voltage, V

Fig. 7. (a) STS spectrum of the Si(111)2+v/21 x 2v/21-(Au,Mn) structure (dashed blue
line) shown in comparison with that of the Si(111) a—+/3 x v/3-Au phase (solid
black line). (b) STS spectra of the Si(111)10x2-{AuMn) (dotted blue line) and Si
(111)8x2-({AuMn) (dashed red line) structures shown in comparison with that of
the Si(111)5x 2-Au phase (solid black line).
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Table 1
Structure, composition, and preparation procedures of the Mn-diluted Au/Si(111)
reconstructions.

Structure Composition Preparation
Mn (ML) Au (ML) Si(ML)

8x2 0.06 0.5 1.02 RT Mn dep. on 5% 2-Au+
anneal. at 450 °C
or
RT Mn and Au dep. on
7x 7+ anneal. at 450 °C

10x2 0.1 0.6 1.15-1.20  RT Mn dep. on 5x 2-Au+
anneal. at 350 °C

2v21 x2v/21  0.012 1.0 1.0 RT Mn dep. on a—v/3-Au+

anneal. 350 °C

reconstructions. It was found that small Mn amounts of <0.1 ML in-
duce a removal of the original reconstructions, 5x2-Au and
a—V3 x V3-Au, and develop new ordered structures, including
8x2,10x2, and 2v/21 x 2v/21R+10.9". Their compositions and prep-
aration procedures were summarized in Table 1. As the Mn content in
all structures is very low (typically, about one Mn atom per relatively
large unit cell), they could be identified as Mn-diluted Au/Si(111) re-
constructions. Scanning tunneling spectroscopy measurements dem-
onstrated that the 2v/21 x 221 structure exhibits electronic
properties similar to those of the a—+/3 x v/3-Au phase (which is
reported to be metallic), while the 8 x2 and 10x2 structures show
up as semiconducting. Among these two, the 8 x 2 structure is charac-
terized by a wider band gap, higher stability, and easier preparation
procedure.
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6. 3SAK/IIOYEHUE

B xone Bemomanenus HUP Oputi momydeHs! clieyromue pe3yibTaThl.

1. IIpoBenieH aHAIN3 SKCIIEPUMEHTAIBHBIX JaHHBIX. [10IrOTOBIICH aHAMTHYECKUI OTYET.

2. BBIIo mpoBejieHo u3ydenne aacopouuu (ymrepero C60 Ha mosepxnocts Si(111)N3xV3. Ha
nosepxuocTH Si(111N3X\3 6bumn momyueHs! ocTpoBKE (yuiepero C60 ABYX THIIOB, pasIHYarOLIHEcs
yriaom paszoopuentanpn 0° m 19°. Ha mosepxmoctn Si(111N3xV3 6o c)opMEPOBAHEI MACCHBBI
UJCHTHYHBIX OCTPOBKOB COCTOSIINX U3 37 QyJIepeHOB.

3. IlpuBenensl cBeneHust o pesyibTarax peanuzanuu B 2012 r. uHIMKaTOpOB (eaepanbHOU
1esIeBoi nporpammbsl «HayuHble U Hay4dHO-TIeZJaroruyeckue Kajpbl HHHOBaMOHHOM Poccumn» ma 2009-
2013roppr.

4. TlpencraBiena nmpe3eHTanus pe3yibraToB mo stamy Neb ¢popmare Microsoft PowerPoint.
3aauy JTaHHOTO 3Talla UCCIEA0BAHUN BBINOJHEHBI OJHOCTHIO. [Io pesynpraram HUP moarorosnena u
nanpaniena B Nature Communicationsrates «Self-assembly of C60 into Islands with Magic Sizad
Shapes Mediated by a Dynamical Moire Pattern» Miznev, A.V. Matetskiy, L.V. Bondarenko, O.A.
Utas, A.V. Zotov, A.A. Saranin, M.Y.Lai, J.P. Chdd,M. Wei4, and Y.L. Wang

Pazpabotannsie B pe3ynbrate nposeaeauss HUP MeToap! mpuroToBieHns HCXOIHONW MOBEPXHOCTH
¢ Tpebyemoit Moposiorueit U PeKOHCTPYKIMEH, a TaKKe YIpaBlIeHHUs e€ XUMHUYECKOH aKTHBHOCTBIO U
AJIEKTPOHHBIMU CBOWCTBAMH TYTEM KOHTPOJIMPYEMOTO (OPMHUPOBAHUS HHU3KOPA3MEPHBIX CHCTEM
3aJJaHHOTO COCTaBa M aTOMHOM CTPYKTYphI OyIyT MMETh BaKHOE IMpaKTHYECKOe 3HaueHue. Pe3ynbraTs
paboThl MOXXKHO CUHTATh HAYYHO-TEXHMUYECKHUM 3a/IeJIOM II0 TEXHOJOTHMH (OPMUPOBAHUS CTPYKTYp
aTOMHOIO MacliTaba ¢ HCIOJIb30BaHHEM CaMOOpraHU3allii aTOMOB ajcop0aToB Ha IOBEPXHOCTH
MIOJTYITPOBOTHUKOBBIX KPUCTAJUIOB B YCJIOBHSX CBEPXBBICOKOTO BakyyMa. Takwe CHCTEMBI MOTYT OBITh
WCTIOJIH30BaHBI KaK AJIEMEHTHI TIAMSTH, aKTHBHBIE DJIEMEHTHI HHTETPATHHBIX CXEM U MEKCOCTMHEHUHN IS
TBEPJOTEILHOM HAHOZJIEKTPOHUKU. HayuHble pe3ynbTaThl, SKCIEPUMEHTAIbHBIE METOIbI, METOIUKH
UCCIIC/IOBAaHUI MOTYT HAWTH TNpUMEHEHHE NpU pa3paboTKe Y4eOHBIX NOCOOUH, METOJNYECKUX
MaTepHalloB, KOTOpPhIE MOTYT OBITh HCIIOJNIB30BaHBI B Y4eOHOM IIpollecce B paMKax CIENHaTbHOCTH
«Hanomatepuanbr». Pe3ynbraTtel pabOTHI JODKHBI 00ECTIEYMTHh KOHKYPEHTOCTIOCOOHOCTH Poccuiickoit
@enepann B 00J1aCTH  CBEPXBBICOKOBAKYYMHBIX HAHOTEXHOJOTHH. Pe3ynbraThl paboThl SBISIOTCS

pe3yJibTaTaMi MUPOBOTO YPOBHS.
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