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IMPOIIO3UIIIY CTPYKTVPU
I'PA®EH/Ge(111) HA OCHOBI JOCJILI>XKEHHYI
METOJIOM CKAHVIOYOI TVHEJIBHOI
MIKPOCKOIIII V HAZIBUCOKOMY BAKYVMI

VY pobomi nasedero pesysvmamu ekcnepuMenmaibHuL CnoCMeEPEHCErs MEMOJOM CKAHYIOUOT
MYHEALHOT MIKPOCKONIT 080T noseprHesot nadecmpykmypu 5,5/ 8 x 5,5/8 — R30° na nio-
xaadyi Ge(111). It npumamarni sckpaso supasiceni epexmu A0KAALHOL 2YCMUHU eNEKMPOH-
HUT CMAHIB, WO CNPUNUHAIOMD CuabHy 3asedchicmos CTM sobpastcernv 6id mynesvHol Ha-
npyeu, a maxoxc ixHi duramivni aminy npu 300 K. 3anpononosaro inmepnpemauito danoi
HAOCMPYKMYPU AK epadeny, wo GoPpMYEMHCA Y MAAUL CYOMOHOULAPOBUL KINOKOCTNAL WAA-
TOM NIPONIBY 6Y2AEE00HEBUT CKAQGOOBUL 3ANUULKOB0T aMMOCHEPU 8aKYYMHOT Kamepu Nid wac
610nany 3paswa Ge(111) npu 900 K. I1o6ydosano amomapry modead 2emepoenimaxcitinoso it-
mepeticy epaden/Ge(111)-5,5v/3 x 5,54/3 — R30°, w0 6i03HaA4aAEMbCA PEKORCMPYTOBAN010
nidkaadkoro Ge(111) 6e3 daavnvozo nopadky nid wapom epadeny, Axull € nepioduwno eu-
2HYMUM TO 8UCOMI BHACAII0K NPOCTMOPOSUT BAPIAUIT MIHCAMOMHOL 2e0MeMPIT HA036UHATHO
cuavho Heyszodocenux s'pamox Ge(111) ma epagen(0001).

Katwwoei caoea: repmaHiil, TpadeH, CKAHYBAJIbHA TYHEJIbHA MIKPOCKOITIS.

1. Beryn

B 2004 pomi npodecop Anape Taiim 31 criBpobiTHE-
Kamu Brepiie i3omoBasm rpaden (g-C) Ha miakiamni
SiOg [1], 110 MOKJIATIO TOYATOK (PAKTUIHO HOBOI IaJry-
3i: disuku rpadeny ra aBoBumipuux (2-dimensional,
2D) kpucrasis. Yuikaiubai ¢izudni BracTuBocTi rpa-
deny [2] obingrOTE YMCIEHH] TPAKTUYIHI 3aCTOCYBaH-
Hsl, 1[0 BUMAarae po3MilleHHs rpadeHy Ha pi3HOMAaHi-
THUX TiAKaaaKax. OmyO iikoBaHO Ty2Ke BeJINKY Kilb-
KiCTh pODIT, OTVIsiIN TKUX IPUCBsIeH] rpadeny Ha Me-
tasax (3], mupokosorHoMy HamiBnposigEuKy SiC [4]
Ta isosaTopax [5]. B Toit cammit wac, BiacyTHi gocii-
JKeHHsI TpadeHy Ha MKl y BULJIS] HAIBIPO-
BiIHMKA 3 TOMIPHOIO MIMIUPUHOIO 3a00POHEHOT 30HH, XO-
9a Taka KOMOIHAINS MOXKE CTAHOBUTH HAYKOBHUIT abo
MpakTUIHUil iHTepec. 30KpeMa, 3BaKAl0du HA BUCO-
Ky €JIEKTPUYHY IPOBIJIHICTH Ta OINTUYHY ITPO30PICTH
rpadeny [6], MoxKHa OUiKyBATH 3aCTOCYBaHb B OITO-
eJIEKTPOHIT. TakoXK IIKaBOK MOXKe Oy TH POJIb TAKOTO
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inTepdeiicy I CUpsKeHHsT TPAIUATIIIHIX MiKpoese-
KTPOHHUX Ta MEPCHeKTUBHUX rpadenoux 2D namo-
€JIEKTPOHHUX CXeM [7].

st rerepoermiTakciitHOl MIiBKU TpadeHy MOXKJIU-
BUMU HAIIBIPOBITHUKOBUMHY ITiJIKJIQIKAMEI 13 ITOMip-
HOIO INUPHWHOIO 3aDOPOHEHOI 30HU €, HepIr 3a BCe,
KpemHiit Ta repmaniit. CyTTEBUM HEIOTIKOM KPEMHIIO
€ IIOBHA PO3YMHHICTb B HHOMY BYIJIEIIO, 1110 IIPOSIBJIsi-
€TbCsI B iICHYBaHHI Takol crabiibpHOl crioyku gk SiC.
Tomy Oynb-siKWit BUCOKOTEMIIEPATYPHUI METOJ, CHUH-
Te3y rpadeny Ha Si Oyme MaTH TEHIEHINIO 10 BOp-
mysanHs SiC y mpumosepxHesiit o6macti 3paska [8]
3aMicTh 6aKaHOTO CTBOPEHHS aTOMapPHOI'O Pi3KOro iH-
repdeiicy g-C/Si. g npobiema € KPUTUIHOIO 1JIst
XiIMI9HO-ITAPOBOIO OCAXKEHHsI I'padeHy Ha KPeMHil 3a
AHAJIOTIEIO JI0 PETENTYP, MO MHPOKO 3aCTOCOBYIOTHCS
Ha MeTaJIYHUX MiJIK/Ia3IKaX i3 3aJydeHHIM Pi3HOMAa-
HITHUX BYTJIEBOIHEBUX MPEKypPCopiB [9], siki Bumara-
IOTh BHCOKHUX TEMIIEPATYP /IS BiIIIEIJIEHHS] BOJIHIO.
SaumniaeThbCst TAKOXK MTPUHIIUIIOBA MOXKJIUBICTD OJIeP-
JKaHHs aToMapHO piskoro inrepdeiicy g-C/Si muig-
XOM 0€3MOCePeTHHOr0 MEXAHIIHOTO TEPEHECEHHsT IPa-
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deny ma nosepxuio Si(111)-7 X 7 y HAJIBUCOKOMY Ba-
kyymi (HBB), 1m0 € Heo6xinHOI0 yMOBOIO jjist iCHYBa-
HHSI aTOMapHO 9UCTOl KpeMHuieBoi moBepxHi. ITo cyTi,
e O0ysi0 6 HaJIBUCOKOBAKYyYMHOIO Bepciero go0pe Bi-
JIOMOI OpHTiHAJIBLHOI IIPOIeLypu Tpancdepy rpadeny
Ha MAKIaAKy 3 aBookucy Kpemuiio [10]. TIpore meit
[UJISX € CIPSPKEHUM 13 HAJI3BUYAHUMU TEXHITHIMHI
YCKJIQJITHEHHSAMU, SKi Ha IMPAKTHII He JAI0Th €KCIIEPU-
MeHTaTopaM 3Moru creopoBaru inrepdeiic g-C/Si.

[TepeBara repmamiio mossirae y HaI3BUIANHO MaJIiil
DPO3YMHHOCTI B HHOMY BYIVIEIIIO, SIKOIO MOKHA ITPAKTHU-
gno 3uextysarn [11]. Hami, mosepxust Ge(111) € oue-
BUJIHO HAfKpaIuM BHOOPOM JIJIsi BUCOKOSIKICHOI Te-
TepoermiTakCiiiHol rpadeHOBOl ILIIBKA 3 TOYKH 30Dy
CcAMeTpil, 3a aHAJIOTIEIO JI0 INUCIEHHUX BiIOMUX MIPH-
KJI3JiB noBepxoHb (111) pisHomaniTHEX Merauis [3].
HesBaxkaroun Ha 11€, B JiTepaTypi IpUIIIECHO TyKe
mastio yearu cucremi C/Ge(111). B cybmonomaposo-
My giamazoni mokpurra Byrienem (0,12 monormapy,
MIII) merozom audpakiii HOBIILHUX eJIEKTPOHIB Oy-
JIO BUABJICHO HAJCTPYKTYDPY V3% v/3 [12]. Hemonasno
BJAJIOCS HaHeCTH rpadeH Ha TepMaHie€BY IIiIKIAIKY
METOJIOM XiMiTHO-TIAPOBOT'O OCAI2KEHHS 3a aTMOChep-
Horo Tucky [13]. B maniit poGori He HaBeJEeHO HisIKOI
indopMaIiil Mpo OpPIEHTAINIO Ta CTAH MOBEPXHI repMa-
HI€BOI MiIKJIAJKH, TOCJI/IZKEHHsI TTPOBEJIEHO METO/Ia~
mu PamaniBebkoi cmekTpockomil Ta mudpaxkiiii ese-
KTPOHIB, TOOTO 6€3 ojieprKaHHst Oy/Ib-IKOI MiKPOCKO-
mivHOT iHpopmartii. Ile obr'pyHTOBYE MOIAJIBIIE TOC/Ti-
Jokensst cucremMu C/Ge(111) MerozioM cKaHyBaJIbHO
TyHeJbHOI MiKpockortii B ymoBax HBB, mo mycuts ra-
PAHTYBATU YiTKO BU3HAYEHUM CTAH TE€PMAHIEBOI IIiJI-
KJIAJKH, TOOTO aTOMapHO YUCTY Ta PEKOHCTPYHOBaHY
[TOBEPXHIO.

2. ExcnepuMeHT

IIpuroryBanns Ta JOCTiIKEeHHsT 3pa3KiB 3/iCHIOBA~
JIOCSI B HaJIBUCOKOBAaKYYyMHi#T Kamepi i3 6a30BUM TH-
CKOM 3aJIMIIKOBHX Tra3i ma pisai 2 - 10710 MGap.
Byso Bukopucrano miactuan Ge(111) i3 BHCOKOSIKi-
CHUM TIOJIIPDYyBaHHSIM, TPUJIATHI JJIsi BAPOOHUIITBA Mi-
KPOEJIEKTPOHHUX TPUJIaJIiB, p-Twil, JjeryBanus Ga,
0,3 Om-cMm, sKi 6yJs10 TiMAHO TOIEpeMiHHO 10HHOMY
6ombapaysanao (Art, 0,5 keB) npu 300 K Ta npo-
rpiy npu 900 K (mwigxom ejlekTpoHHOro 60MGapry-
BaHHS 3 THJILHOIO 0OKY 3paska). B 3aBepinaibHOMY
[UKJIL TPOrPiBy OyJI0 3MifiCHEHE MOCTYTIOBE 3MEHIIIEeH-
H¢ pO3CiI0BAHOI MOTYZKHOCTI TpoTsiroM 10 XBUINH Bif
MaKCHUMAaJbHOTO 3HadeHHs 0 Hyss. Ocrarodne oxo-
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JIOM2KEHHSI 3pa3Ka JI0 KIMHATHOI TeMIePaTypu Bindy-
BaJIOCh MPOTSTOM JIEKIJIHBKOX T'OJIUH 33 PAXyHOK IPU-
poaHOl jaucunarnil TerioBol eHepril. OmmcaHa Buie
MeTOJ/MKa [IPUTOTYBaHHSI JlaBaJjia 3MOI'y BiITBOpIOBa-
HO OJIEpKYBaTU aTOMapHO YUCTY Ta PEKOHCTPYyHOBa-
Hy nosepxHio Ge(111).

CTM pocmimzkenHsa 3MiCHIOBAINCE IPU KiMHATHIT
Temeparypi (3 METOI YHUKHEHHS CIHOTBOPEHb 30-
OparkeHHs BHACJIIIOK HAJMIDHOrO TepMoupeiidy) B
PEeXKUMi CTAJIOT0 CTPYMY, BHUKOPUCTOBYIOYH MIiKpPO-
CKOII opuriHaibHOl KoHCTpyKIil [14]. 301081 BicTpst
BUTOTOBJIsLIACS 13 mytaTuHO-ipuaiesoro apory (80%
Pt, 20% Ir) nuisixoM mpocToro MexaHidHOro po3piza-
HH Ta MOAAJIBITOro Kouaumionysanuna B HBB kame-
pi, Iporeaypy AKoro 0y/10 po3pobseHo B HaIMiil j1ab0-
paropil panime [15]. Ozneprkani 306parkeHHsI TIOBEPX-
Hi IIC/IS ONMCAHOI BUIIE MPOIEAYPU IPUTOTYBaHHS
JIEMOHCTDYBaJIK NOMiHyI04dy pekoncTpykiio Ge(111)-
¢(2 x 8) i3 HEBEJIMKOIO KUIBKICTIO BKJIIOYEHb PEKOH-
cTpykmiit ¢(2 x 4) ta 2 X 2 y nosHiil BimmosBimHOCTI
3 monepeaHiMu poboramu Haiol sadopaTopil [16-18]
Ta iHmux asropis [19-22]. IIi 306pakenHst Gyin Bu-
KODPUCTaHI JjIsl JIATEePAJIbHOro (B ILIOIIUHI HOBEPXH])
Ta BEPTUKAJILHOIO ([NEPHEHIUKYJISIPHO IO IUIOIIMHY
nosepxHi) kauibpysanus namoro CTMy, Bukopucro-
Bytoun Bijiomi po3mipm 0,8 X 3,2 HM ejeMeHTapHOL
KoMipKH ¢(2 x 8) Ta Bucory 0,33 HM OJHOATOMHOI CXO-
JIMHKYU Ha pekoHcTpyiosaniit mosepxui Ge(111).

Enekrponna oxe-crekrpockoniss (EOC) 6yna in-
CTPYMEHTOM €JIEMEHTHOI'O aHAJII3y MMOBEPXHI 3pa3Ka.
s 11 peadstizartii moBepxHsT OMPOMIHIOBAJIACS TIEP-
BUHHUMH eJIeKTpoHaMu 3 eHeprieio 3 keB, a oxke-
€JIEKTPOHU TOTPAILISLIN B aHAII3aTOp THUIY “TIMJIIH-
JpUYHE A3epKaJio” 1 Mmicast eHepreTudHol dpiabrpariil
JIETEKTYBAJINCS BTOPUHHUM €JIEKTPOHHUM TOMHOXKY-
BavueM. B pesynbrarti, 6yiam omeprkani 0xKe-CIIeKTPH B
nudepentiinomy EAN /dE pexxumi.

HagiTp akIo aroMapHO YuCTa MOBEPXHS 3HAXOIU-
Thcsd B HBB cepeioBuii, Ha Hiit MOBIIBHO HAKOIIHTY-
10ThCsl 3a0pyaHeHHs (B OCHOBHOMY BYTJIEBOJHEBI MO-
JIEKYJIH 3AJIUIIKOBOI aroMc(epr BAaKyyMHOI KaMepn ).
Ilicaa ommomenHoro mepedbyBaHHST MOYATKOBO THCTO-
ro 3pa3sKa B TAKUX yMOBAX, I[i MOJIEKYJIH II€PEeIIKO-
qexanu pobori CTMy, ockinbkn BHOCHIN HeCTabiIb-
HICTb B TYHEJBbHHUI MPOMIXKOK MiK TTOBEPXHEIO 3pa3-
ka Ta BicTpsam. llsg nmpobsrema mMoria OyTH yCyHEHOIO
ITOBTOPEHHSIM TIOBHOI IIPOIEIyPU IIPUTOTYBAHHS Tep-
MaHI€BOI TIOBEPXHi, IO HaBeIEeHO BHUIE. B posi anb-
TEPHATUBU, MOYXKHA 3/IMCHUTHU OJIMHOYHE IPOrpiBaH-
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ust 3paska 10 900 K. Ile takox BupinryBasio mpobire-
My HeCTabIIbHOCTI TYHEJIHLHOTO MPOMIXKKY, IPOTe He-
BeJINKA, 9acTKa IUION 3pa3Ka BHUSBJISJIACH BKPUTOIO
[TOBEPXHEBUM IIAPOM 13 HAJICTPYKTYPOIO, SIKY JIO I[HO-
ro vacy He Oysi0 ommcaHo B Jiteparypi. [lpu mnbomy,
Ha peruri (To6To Gl YacTHHI IWIOMi) HOBEPXHI
3pa3Ka CIoCTepirajach aTOMApPHO YUCTa PEKOHCTPY-
ifoBana noBepxus Ge(111) ta Gysu BigcyTHI Oyub-5Ki
ajcopbaTn.

3. 2D noBepxHeBwuii map Ha Ge(111)

IMuku ionHOrO GOMOApIYBAaHHS Ta MPOTPIBY, SIK 3a-
3HAYEHO B po3/iiai ExciepuMent, maBajm peKOHCTPY-
itoBany noBepxuio Ge(111) 3 aroMapHO IJIaIKUMU Te-
pacamu “t” mmupunoio Oinbire, Hik 100 HM, 10 OyJN
pos/lIeni oHOATOMHEIMY cXOauHKaMu “s” (puc. 1, a).
Macmrrab 1p0r0 300pakeHHsl € HaJTo I'pyOuM, IIMo
YHEMOZKJIUBJIIOE CIIOCTEPEIKEHHST ATOMAPHOI CTPYKTY-
pu. fkmo nosepxusa Ge(111)-c¢(2 x 8) sammmanacs y
HaIl BaKyyMHI!l Kamepi NMpOTATOM TPHUBAJIOIO dYa-
¢y (sx mpaBmiio oxuH abo nBa JHi), micssi 9oro Gy-
Jia “ouminieHna”’ BiJi HAKOIMUYIEHUX 3aJIUITKOBUX 3a0py-
JIHEHb IILISXOM OJTHOKPATHOI'O IPOrPIBY IIPHA TEM-
mepatypi 900 K mporsrom mekinbkox XBWJIMH, TO
30BHINIHINT BUIVISAA HEBHOI HEBEJNKOl KIJBKOCTi MO-
BEPXHEBUX J:LiJ'IHHOK 3MiHI/IBC${ JOCUTH KapJAuHaJIbHO
(puc. 1, 6). B nanomy BUNaJKy, JBOBUMIpHA (IIO3HA-
4eno gk 2D) rekcaronajibHa cyneprparka d9iTKO CIio-
cTepiraeThbes Ha KpaitHiil JiBiit Tepaci mpu po3Mipi 30-
6pazkenus 125 x 125 am. B momamsimomy Oyaemo Ha-
3UBATHU II0 CTPYKTYpPy 2D moBepxHeBuM Iapom ado
2K TIPOCTO CyIeprparkor. J[jisi mojerienHs Bizyaib-
HOTO CIIPUUHSITTS, IO CYIIEPI'PATKY IiIKPECIEHO Ci-
TKOIO YOPHOT'O KOJILOPY YV BEPXHBOMY JHBOMY KyTKY
300pakKeHHs, a TAKOXK JETAJHHO IPOLIIOCTPOBAHO Y
BCTaBII 3 po3MipoMm 25 X 25 uMm. BaxkiuBo Biggnawu-
TH, IO JIaTepaJbHa MepiogntHicTs 2D moBepxHeBOro
mapy € Ha IOPAJIOK OLIBIIOI0 38 TUIOBY Mi?KATOMHY
BijicTap Ha gucTiit nopepxui Ge(111).

3 MeTOI0 PO3KPUTTS JeTajell OyI0BU MOBEPXHI B
aToMapHOMY MaciTabi, HAMHI TAKOXK OYJI0 OIepKAHO
CTM-306paxkenHst (puc. 2) i3 aTOMHOI PO3JIiIBHOIO
sparHicTiO (TI0J1E 30pY 25 X 25 HM). Ha puc. 2, a npo-
JIEMOHCTPOBAHO PEIPE3eHTATUBHY JIJIsIHKY TOBEPXHI
YUCTOr0 TEPMAaHio: BUJIHO JIBI aTOMapHO IVIaJIKi Tepa-
CM Ta OTHOATOMHA CXOAWHKA “‘S”, 10 iX posminsge. Ta-
KOXK BUJIHO THUIIOBI DeKOHCTDYKIHI noBepxui Ge(111):
¢(2 X 8), 1o € OCHOBHUM CTAHOM i7€aJIbHOI NOBEPXHI
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Puc. 1. CTM-306paskeHHs Bemkoro Macmraly (mosie 30py
125 x 125 um) nosepxui Ge(111): a — Tunosa pinsfHKa micis
MOBHOI NPOIEAYPY IPUTrOTyBaHHs 3pa3Ka; 6 — CIeNiaJbHO BU-
Opana AiISHKA IiCJIsI MOBHOI IPOIe Ay PU IPUTOTYBAHHS 3pa3Ka,
BUTPpUMKHU B ymMoBax HBB rta jomaTkoBoro nukiiy mnporpiBy g0
900 K. Yopha ciTka Ta BcTaBKa 3 po3MipoM 25 X 25 HM JIeMOH-
cTpyiorh HOBY 2D rekcaronasbHy cynepcTpyKTypy. IIpaBopy4
[TOIaHO IIKAJLy BHCOTa—KOJIP, IO € CHIIBHOIO JJIst 060X 300pa-
2kenb. TynesnpHa Hampyra Ha 3pasky: +2 B; Tynenbnunit ctpym

0,3 HA

Ge(111) B ymoBax HBB (enemenrapay KOMIpKy Bu-
JiseHo 611010 JIHIE), a TAKOXK CIIOpiJAHEeH] CTPYKTY-
pu, 110 3’BISIIOTHCS BHACTIIOK HASIBHOCTI J1e(DeKTiB:
¢(2 x 4) BugsieHo 9OpHUM Ta 2 X 2 BUJUIEHO OiauM.
Ha BijnoBimnomMy morepedyHoMy mepepisi, BUMipsSHO-
MY Y3J0B2K YOPHOI IITPUXOBOL JiiHil (HABEIEHO IIpa-
Bopyu Bijg CTM-306pazkenb Ha puc. 2), BUIHO aTO-
MapHU pesbed IUCTOl MOBEPXHI TepMaHifo, a TaKOXK
OJIHOATOMHY CXOJIMHKY, IO PO3JiJIs€ BEPXHIO Ta HU-
2KHIO TepacH.

Ha puc. 2, 6 naBeneno penpeseHTaTUBHY MIISTHKY
i3 gacTkOBUM TOKPUTTSIM 2D TOBEpXHEBUM IIIAPOM,
iIEHTUYHUM JI0 TOTO, IO CIOCTepiraBcsi Ha puc. 1, 6.
B nanomy Bumajxy, umcra mopepxHsi Ge i3 BEJIMKOIO
KUIBKICTIO J1e(DeKTiB 3HAXOIUTHCSI MiXK JBOMa (hbpa-
rmerTamu 2D moBepxueBoro mapy (B npaBoMy BepX-
HBOMY Ta JIIBOMY HUXKHBOMY KyTKaxX 300DAyKEHHS).
IlepioguunicTh penbedy cymeprpaTku IIiJIKPEcaeHO
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Puc. 2. CTM-306paxkeHHsI i3 aTOMHOIO PO3IJIBHOIO 31aTHICTIO (Hojie 30py 25 X 25 HM): @ — 9HCTa PEKOHCTPYHOBaHa IOBEPXHS
Ge(111), TynenbHa Hanpyra Ha 3pa3ky +2,5 B; tymeapumii crpym 0,3 HA. Ilpucyrni crpykrypm ¢(2 X 8), ¢(2 X 4) Ta 2 X 2,
€JIEMEHTaPHI KOMIPKU KX IIPOMapKOBaHO BiamoBimuuM yuHOM. OJHOATOMHY CXOAMHKY MiXK BEPXHBOIO Ta HUYKHBOIO CyCiaHIMU
TepacaMu Mo3Ha4YeHO sK “S”, 6 — cywmim yucroro Ge ta 2D rekcaroHaJbHOrO IIOBEPXHEBOIO IIAPY, TYHEJbHA HAIPyra Ha 3pasKy
+2 B; Tynesnbuuit crpym 0,3 HA, okpecsieHo esleMenTapHi KoMmipku 2 X 2 ta ¢(2 X 8) ua uncromy Ge ta 2D cyneprparka MakCHUMyMiB
BucoTH (ciTKa YopHOro Koapopy). [Ipasopyd Big CTM-306parkeHb IOAAHO IONEPEYH] IIepepi3u BUCOTa—BIACTAHb, BUMIPsHI y30BXK

ITPUXOBUX JIHIA Ha BIINOBIAHUX AlsAHKAX MOoBepxHi. MakcHMyMu BHCOTH Ha IOIEpedHOMYy nepepisi (6) Bigznadeni yopaumu
crpinkamu. Illkasia BuCOTa—KOJIp € CHIJILHOIO [JjIsi 000X 300parkeHb

CITKOIO, HAKJIAIEHOIO Ha 300pPaXKEHHS Yy BEPXHBOMY
nmpaBoMy KyTKy Ha puc. 2, 6. Ilomepeunwmii mepepis
Y370B2K 61101 mTpuxoBol JiHil (HaBEIEeHO MpaBopyd
Bijg, CTM 300pazkenb) BUSIBJISIE BUCOTY CXOJAUHKU [IPU-
6u3HO B 0,3 HM MiXK YMCTOIO MeépMAHIEBOIO ITiIKJIaI-
Koio Ta 2D moBepxueBnM 1mapoM. lle 3nadeHus € jm-
e TPOXHM MEHIIUM 33 BHUCOTY OJIHOATOMHOI CXO/IMH-
KW Ha JaHiil repmaniesiit miakmamni (To6ro 0,33 HM)
i HeJIBO3HAYHO BKA3y€ HA OJIHOATOMHY TOBIUHY 2D
ITIOBEPXHEBOTO TIaPY.

3 HaBeJIEHUX JAHUX MOXKHA OIIIHUTH OCHOBHI ITapa-
Merpu mepiogndnoro pesabedy 2D cymeprpartku, mo
CITOCTEPITAEThCA Ha MEBHUX BUOpAHUX MIISHKAX Ha-
moro 3pa3ka. Ilo cyri, e — rekcaroHaJjibHa I'paTka
MaKCUMyMiB BHCOTH (sICKDABOCTI Ha 300pakeHHi) 3
eJIeMEeHTAPHUMHU BEKTOPAMU TPAHCJISAIIIT, IO TTOBEPHY-
1i Ha 30° BiZHOCHO eJleMEeHTapHUX BEKTOPIB TPAHCIIS-
il peKoHCTPYKIiit 2 X 2, ¢(2 X 8) ta 06’emuol (Hepe-
koHcTpyiosanoi) miomman Ge(111). Ha nonepeuaso-
My Tmepepisi 6 ammutiTyga sBuruny 2D moBepxHeBoro
mapy mo Bucori He nepesuirye 0,1 HM, IO 3HAYHO
HIKYe 33 BHCOTY OJHOATOMHOI CXOJIMHKHU MIiXK CyCi-
JHIMU TepacaMu YUCTOI MePMAaHIEBOI IiIKIAIKK (K
Ha mepepisi a). JlaTepanbHa mepiomuaHIiCTE po3TAITY-
BaHHS MAKCHUMYMiB BHCOTH CYIEPIPATKNA CTAHOBUTD
npubIu3HO 3,8 HM, IO € Ha [MOPSIOK OLIBIINM 338 THU-
MIOBY ILTAaHAPHY MIiXKaTOMHY BifcTanb. BaxXnmBo Bif-
3HAYNATH NEBHY HEPeryJsdpHicTh HOpMU Ta pO3Milie-
HH MakcuMmyMiB Bucotu 2D cymeprparku, Mo momi-
THO Ha 300pakeHHi Ta monepevHoMy Iepepisi 2, 6, Ta
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YCKJIaJHIOE TOYHE BU3HAYEHHS MEPIOIMIHOCTI Ta aM-
IUTITY/IM BUTUHY ITi€] HOBOI ITOBEPXHEBOI CTPYKTYPH.

4. Boabr-3aaexxua CTM
2D moBepxHEBOro IIapy

Hami Mu 10CTiIzKyeMO OTHOPIIHY MiASHKY, BKPUTY
2D mnosepxueBum 1mrapoM. Pi3zni gactunm puc. 3 1mo-
Ka3yloTh OJHY I Ty caMy JiJIsTHKY Ha ITOBEPXHI 3pas-
Ka (328 BUHATKOM HEBEJIMKHUX 3CYBIB BHACJIIOK TEPMO-
npeiidy ta apredaxris 1’'e3ockanepa). Ha puc. 3, a
HaBeJEHO 300parkKeHHsI HAJICTPYKTYPU IPHU HAIpy3i
Ha 3pa3Ky pieHiil +3 B. 3a jaHux ymMoB TyHe/OBa-
HHsl, CyIIepCTPYKTYPa BUIJISJIAE AHAJOTIYHO, K 1 Ha
puc. 1, 6 Ta 2, 6, TOOTO K MEPIOAUIHO BUTHYTA T€KCA~
ronanbua 2D cymepeTpykTypa i3 jarepasbHoo mepi-
OJINYHICTIO OJIN3BKO 3,8 HM Ta aMILITY/I0I0 BUTHHY
70 0,1 am.

Heperynsapna npupoga cymeprparku, siky Oy/10 mo-
MiTHO Ha puc. 2, 6, TPOABISIETHCA OCOOIUBO SICKpa-
BO IIPU IIOMIPDHO HM3bKHUX TYHEJbHUX HAIIPYrax, IO
IPOJIEMOHCTPOBAaHO Ha puc. 3, 6—d. Ilpu +2,5 B
(puc. 3, 6) KOXKEH MAKCUMYyM sICKPaBOCTI y By3Ji
CyHeprpaTkd pPO3MAJAEThCA HA JEKITbKA SCKPABUX
06’€KTiB ATOMHOTrO MacITalby. IXHs KiTbKicTh, hopma
Ta PO3TAIIYBAHHS € BUIIAIKOBUMHU, K JIEMOHCTPYIOTH
moriepevHi epepisu 61, el Ta orcl. 3okpema, crocre-
PIralThCs BY3J/IM CYTEeprPATKHU JIUIE 3 OJHUM SICKPa-
BUM 006’eKTOM ab0 B3araJji 6€3 *KOTHOTO TAKOT0 00 €K-
Ta. IIpu 1boMy cIit 3ayBarkKuTH, M0 Mepexia MixK pi-
3HUMU TUIIAMU 300parkeHb, K MiXK 3, a Ta 3, 6, MOXKe
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Puc. 3. CTM-306paxenns 2D moBepxHEBOro Iapy, OJepKaHuX IPU PI3HUX TYHEJbHUX HaIpyrax Ha 3pa3kKy. Po3Mmip Bcix 30-

OpaskeHb 25 X 25 HM, IOKa3aHO OFHY ¥ Ty caMy AUISHKY IIOBEPXHi, 3a BUHSITKOM HEBEJIMKHX 3CYyBiB BHACIIIOK TepMOIpeiidy Ta
apredakTiB n’e3ockanepa. TyHespHa Hanpyra Ha 3pasky: +3 B (a); +2,5 B (6); +2 B (s); +1,56 B (2); +1 B (9); 2,5 B (e);
—2 B (€); +2 B (otc). Tynenpnnit crpym: 0,3 HA. 3Hu3y HaBeJeHO NONEPEYH] Ilepepisn, BUMIPSHI y3/I0BK BiZIIOBIHO O3HAYEHNX

mwrTpuxoBux JiHii. [lepepisu 61 Ta otc! 6yn0 BUMIPsIHO y3740BK (DI3UYHO 1JEHTHYHOTO IIOJIOKEHHS Ha MOBEPXHI

BiOyBaTHCS TAKOXK 1 IPM HUKYINX TYHEJIbHUX HAIIPY-
rax, 3aJjexHo Bij crany Bicrps CTMy (To6To He 06o-
B’s13K0BO Mixk +3 B Ta +2,5 B).

[Tomanbire 3HUMKEHHS MMO3UTUBHOI TYHEJIBHOI HAa-
upyru g0 +2 B ma puc. 3, 6 Ta mo +1,5 B na
puc. 3, 2 maBaJjio 300pazkeHHs i3 OPMOIO Ta PO3TAIITY-
BaHHSIM MAaJIUX sICKPABUX O0’€KTiB, 10 He 30irajmcs
MizK c000I0 Ta 300parKeHHsAM Ha, puc. 3, 6. Takox, Ha
puc. 3, 6—2 MOYXKHA MIOMITUTHU TIEBHY I'DATKY aTOMHO-
ro macmraby B 00acTi MiHIMYMIB BHCOTH Cymeprpa-
TKH (OIHY Taky 00JIACTD [IO3HAYEHO HA HOIEPEIHOMY
nepepisi 61). s aromHa rparka He Ma€ JaJbHBOIO
OPsiJIKy, & 11 JIOKaJIbHA MEePIOAUIHICTb € OJIM3BKOIO
a0 0,8 mm, mo Hapgamy i3 11 Tunom cuMmeTpil Hara-
JIy€ TIOBEPXHEBY I'PATKY PEKOHCTPYKIIT 2 X 2 OBEPXHI
Ge(111). Ha puc. 3, d upu +1 B piznomanirai oco-
6smBocti aromuoro macturady Ha CTM-300pazkeHH]
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€ JIOBOJII HEPETYJISIPHUMHU B TOM Yac, gK IXHil po3-
TIOJTILJI 3a SICKPaBICTIO BCe IIe JIa€ 3MOT'y PO3Ii3HATH
cymeprparky. depes maJty BijicTaHb MiXK BiCTpsIM Ta
[OBEPXHEI0 1P TYHesbHi Hanpysi +1 B (mis ga-
uol koudirypanii CTM sicTps) BinOyBaBca Mexami-
YHUN KOHTAKT 13 MOBEpXHEIO (JApSANaHHs:d), 10 3aBa-
2KAJI0 CTabLIHLHOMY OJIEP2KAHHIO 300DAKEHb.

Ilpu HeraTuBHMX TyHeJBHUX HAIpyrax Ha 3pas3-
Ky: 2,0 B ma puc. 3, e ta -2 B na puc. 3, ¢ ma-
Ji sickpaBi 06’ektu € Takoxk npucytHiMun Ha CTM-
300paKeHHAX, MMPHU IbOMY BOHU BUTVISIAIOTH OiIbII
PI3KUMHU Ta KOHTPACTHUMHU 10 BiJIHOIIEHHIO JI0 IIepe-
nazis Bucoru (gackpasocti) cyneprparku. Popma Ta
pO3TaIIyBaHHS ITUX 00’€KTiB HABKOJIO BY3JIB CyIIep-
I'DATKU € PI3HUME Ha 300paKeHHsX 3, € Ta 3, €, TAKOXK
BOHM He 30iraloThCsa 3 TUMMH, IO Oy/IM OTpPUMAaHI pn
NO3UTHUBHUX HANPyrax Ha 3pasky (3, 6—2). Ilepiomu-
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Puc. 4. Ba nmocainouux CTM-300paskeHHsI, ONEPKAHAX HA
onuiii minsani nmosepxui Ge(111) muomero 62 X 62 HM, IO
BKJIIOYUA€ 3HAYHY IUIAHKY, BKpHUTy 2D moBepxHeBuM Iapom.
TTomiTHO HeBesmKuii 3cyB MiXK 300paxkenHsamu (a) ta (6), BHa-
cJIioK Tepmoipeiidy Ta apredakTis n’'e3ockanepa CTMy. Ty-
HeJIbHA Halpyra Ha 3pa3kKy — 2,5 B, ryHesnbnuii crpym 0,3 HA.
10 omHUX i TUX caMHX BY3JIiB CyHEPIPATKH IIPOMapKOBAaHO HY-
MEPOBAHUMHU CTPijIKaMu

YHA aTOMAapHa I'PATKAa MPOMiXK BY3JIiB CYIEePIPATKU €
JIeJTb TTOMITHOIO IIPY HETaTUBHUX TYHEJbHUX HAIPY-
rax Ha 300pakeHnax 3, e Ta 3, e. llikaBo, mo mo-
BTODHE OJlep2KaHHS 300pakKeHHs npu Hanpysi +2 B
(puc. 3, orc), Takol XK sK 1y Bunaaxy (puc. 3, 6), He
nmae imerTuaHol Tomorpadil moBepxHi. B mpomy Mo-
JKHA TIEPEKOHATHCH aHAJI3YIOUN TOIEPEYHi Iepepi3n
6l Ta owcl, aki 6yn0 BUMIpsAHO y310BK (DizudHO imenH-
TUYHUX BiPi3KiB Ha moBepxHi 3paska. OTxKe, pe3yib-
TaTU HAIOro BosibT-3aJieskuHoro CTM mocimpkenHs
CBIT9aTh PO Te, Mo hopMa Ta, PO3TAITYBAHHS SICKPa~
BUX 00’eKTiB Ha puc. 3, 6-oic He € crenudiTHIMEI Tt
KOXKHOT'O 3HAYEHHsI TYHEJIbHOI HAIPYTH (IHIIUMHU CJIO-
BaMU, JIJIT KOHKPETHOTO Jlialla30Hy €HepTiil TyHeJo-
FOUNX €JIEKTPOHIB), & HATOMICTH BiZIOOPAYKAIOTH JAUHA-
miuny mpupomay 2D noepxuesoro 1mapy npu 300 K.
IlopiBusinag puc. 3, 6 Ta puC. 3, 2ic BUSBJILAE
CcTablIbHICTH aTOMAPHOI I'PATKH, IO CIIOCTEPIraeThCst
MiXK JIMHAMIYHUMEU MaKCUMyMaMH SICKPABOCTi CyTep-
rparku, ta Harainye Ge(111)-2 x 2. Taki 3o6paxken-
Hsl HABOJATH HA JIyMKY IIPO PEKOHCTPYHOBaHUIl cTaH
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repManieBol migkaaaku min 2D moBepxHeBUM Mapom.
Bokpema, ne moxke 6yt Ge(111)-2 X 2 6e3 majIbHBO-
IO TIOPSAJIKY, AHAJIOTIYHO JI0 CUTYAaIlil, fKa CIIOCTepi-
ra€TbCsl Ha aTOMApPHO YNCTUX JJISHKAaX I'e€pMaHi€BOI
nigkaagku (puc. 2, 6). lpuunna HeBEIUMOCTI JOMe-
HiB 2 X 2 1pu BUCOKIi TyHeabHIN Haupysi (puc. 3, a)
Ta IXHBOI MOSBU NPU HUXKYAX TYHEJIbHUX HAIPYTax
(puc. 3, 6-2, oic) MoxKe mosITATH B TIpo3opocti 2D
IIOBEPXHEBOI'O ITIapy JJIsl TYHEJIOI0YNX €JIEKTPOHIB Ha
BIIIIOBIIHUX JIiJISTHKAX ITOBEPXHI. 30Kpema, MiHIMYy-
MU BHCOTH/ICKPABOCTI CYNEPrpPaTKu MOXKYTb Xapa-
KTEepU3yBaTUCh BiJICYTHICTIO ab0 K JIOBOJIi HU3BKOIO
T'YCTUHOIO BIJIBHUX €JIEKTPOHHUX CTAHIB y Jliala3oHi
710 2,5 eB Bij piBusg Pepmi 3paska. B TakoMmy BUIAIKY
€JIEKTPOHH TYHEJIIOIOTH OE3110CEPE/IHBO B MIKIAKY,
KA 1 IpOsIBJIIE€ThCH v BianmoBiganx yactunax CTM-
300paxkenusi. Takoxk, mofibumit edexr “mposopocti”
B2Ke OyB 3adikcoBaHmil HAMU paHiIe JJIs TBOBUMID-
HUX OCTPIBIIB BiCMyTy HAHOMETPOBOI'O MacIITaly Ha
takiit camiit migkmamui Ge(111) [17,18]. Cuinx Haroso-
CUATHU Ha, HeOOXiJHOCTI BUBasKEHOCTI MPH iHTEpIpeTa-
il Takol “mpo3opocti” SK HACTIIKY BiICyTHOCTI eJre-
KTPOHHUX CTAHIB y TTIEBHOMY €HEPreTUIHOMY JTiana3o-
Hi (IHIUME c/lOBaME JIOKAJIBHOI 3a00pOHEHOT 30HM),
OCKIJIbKH aJIbT€PHATUBHE IIOSICHEHHS MOKE IOJIATATH
B CIeIia/bHiil hopMi XBUILOBUX (PYHKIIN €JIEKTPOH-
HUX CTaHIB 3pa3Ka Ta BICTPsI, 30KpeMa TaKUX, IO BU-
MAaKOBO OyIyTh JaBaTh OJM3BKUI 70 HyJs MaTpHU-
YHUN eJIEMEHT TyHeI0OBaHH:A. B pa3i Takoro 30iranus
Oyze yCYHEHO IpsiMe TYHEJIOBAHHS €JIEKTPOHIB MixK
BicTpsaM Ta 2D nosepxHeBUM IIapoM HaBIiTH 3a Bijcy-
THOCTI 3a00POHEHOT 30HU B OCTAHHBOMY.

s 101aTKOBOrO MifTBEPIRPKEHHS JIUHAMIKH Cy-
neprparku mMu ojepxkaiu jgpa CTM-300pakeHust y
3alHATUX CTaHax OjHiel i Tiel camol JJITHKA TI0-
BepxHi npu He3MiHHIN TyHesbHiil Hanpysi (2,5 B,
puc. 4). 3obpaxenns 4, a ta 4, 6 Oynu ouepxKa-
Hi 0e3mocepesIHbO OIHE 3a OIHUM, IIPOTE II0Jie 30-
Py € TPOXHW 3MINIEHUM dYepe3 HEeMOXKJIMBICTH ITOBHI-
¢TI0 030y THCS TepMoapeiidy Ta apredakTiB IT'€30-
enexkrpuyanol nozurionyio4ol cucremn CTMy. Hessa-
2Kaiodn Ha Ie, TeOMeTPUIHA KOHMITyparis Mexki MixK
nisstakoro arcroro Ge ta 2D noBepxHEBOro mapy J0-
3BOJISIE OHO3HAYHY i/1eHTUdIKAIiI0 KOKHOTO KOHKPe-
THOI'O By3Jjia CylleprpaTku Ha 06ox 300paxkennsx (10
MTOCTIITOBHUX BY3JIiB BII3HAYEHO TPOHYMEPOBAHUMU
crplikaMn). AHAJIOrIYHO 10 BIANOBIAHUX 300paKeHb
Ha pHC. 3, TYT TAKOXK CIOCTEPIraloThbCd Pi3HOMAaHI-
THi sickpaBi 06’ekTu aToMHOTO MaciiTady. leTanbHunii
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Puc. 5. CTM-30o6paxkenns Ge(111) 3 nBoma cycinnimu Tepacamu (BepXHBOIO Ta HUXKHBOIO). HuxKHS Tepaca € 9acTKOBO BKPHTOIO
2D moBepXHEBUM IIApPOM, sIKMil 6e3110CEpeIHbO MEXKY€E i3 OJJHOATOMHOIO CXOJIMHKOK. Po3Mip 300pakenb 25 X 25 HM, momiTHi
HEBEJIMK] 3CyBH IOJIsI 30pYy BHACHIZOK TepMmozmpeiidy Ta apredakTiB m’€30cKaHepa. JHAUEHHSI TYHEJbLHOI HAIPYTH Ha 3Pa3Ky
BKa3aHO 6e3mocepeqHbo Ha KOKHOMY 300pakeuui. Tywenpuwmii crpym: 0,3 HA. 3HH3y HaBeleHO MOIEpeYHi Iepepi3u BuUCOTa—
BiJCTaHb, BUMIpsiHI y3[0BXK IITPUXOBHUX JIiHIN Ha 306pakeHHi (a)

aHaJIi3 300pazkeHb 4, a Ta 4, 6 He BUSBJISE YKOIHOL
moibHOCTI B KOHMIryparisx nmux o0’€KTiB, 30KpemMa
OJIWH 1 TOI caMuil By30JI CyIeprpaTKyA MOXKe ab0 MATH
MIeBHY KiTbKICTh 200 He MaTH! »KOTHOTO TAKOTO 00’€KTa
Ha PI3HUX 300pasKeHHAX (HAIPHUKJIA, 8- cepes Map-
KOBaHUX CTpiiKaMn). BaXkiauBo HaraJaTu, 1o nesHa
MO/IIOHICTDL CTOCOBHO SICKPABHX OO’€KTIB BCE YK TaKu
CIIoCTepiraiach MizK MOCJIIIOBHO OJEPXKAHIME 300pa-
KeHHsMHu Ha puc. 3. e moxke OyTh MOsICHEHO CyT-
TEBO PI3HUMHU YAaCOBUMH IHTEpBAJaMU, IO CILIUBa-
IOTh MiXK HOCJIIJIOBHUMU 30H/IyBaHHSIMU OJHI€T i Tiel
JK TOYKH HA MOBEPXHI 3pa3Ky y BUIAJKAX PUC. 3 Ta
puc. 4 (1 xsuuaa Ta 10 XBUINH BIANOBLIHO), OCKiIb-
KU Di3HI IUIONI CKAHOBAHUX IIIAHOK (25 X 25 HM
Ta 62 X 62 HM) BMMaraioThb DI3HOIO Yacy CKaHyBa-
HH¢ TIOBHOTO pacTpy. Burnsnae joriunnmM, mo B pasi
repebiry MmeBHUX JAMHAMIYHUX [IPOIECIB CTOXACTUIHOT
OPUPOJU Ha MOBEPXHI Ha 3pa3Ky ([IPOABOM SKUX €
mocTifina 3Mina KoHOIryparil Magnx sicKkpaBux 00’e-
KTiB), i3 wimHOM Yacy 6yie crocrepiraTucs Bce MEH-
e rogibHocTi Mizk CTM-300pazkeHHsIMU OHI€ET i TieT
caMoT JTIJITHKA TTOBEPXHi.

Ax Bxke 3a3magamocs, CTM-300paxkenus 2D cy-
IIeprpaTKN IPOSABIISIIOTh CYTTERY 3aJI€’KHICTD Bifl cTa-
Hy 3oHayodoro Bictps. Ile Takoxk aeMOHCTpYyE i
puc. 5, Ha sikomy nogano CTM-300pakeHHsT ¥ Bijib-
HUX CTaHaX OJIHI€l i Ti€l K MIIAHKA i3 YaCTKOBUM
nokpuTTaM 2D moBepxHeBUM MapoM TPU PI3HUX TY-
mespanx Hampyrax. [Ipm +3 B ma puc. 5, a, meit
map 300pakeHo aHAJOTIYHO AK 1 TPH 1IeHTUIHIM
TyHeJbHi#l Hampy3i na puc. 3, a, To6TO MU OGavuu-
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MO BUTHYTHl II0 BHCOTi ITOBEPXHEBWil IIap, y BU-
IJISJIi TEKCAaroHAJBHOTO MACHBY MAKCHMYyMIB BHCO-
T i3 mepioguunicTio mpubauzno 3,8 HM. I[Ipore mpu
+2,5 B (puc. 5, 6) nposiBisierbcst ciaabke pudiieH-
H$, 110 HAKJIAIAEThCs Ha OCHOBHUII NIEPIOJINYHUIN BU-
TMH TIOBepxHi, a Bxke npu +2 B ma puc. 5, 6, BO-
HO cTae jomiHyroumM B Tomorpadii 2D moBepxwe-
Boro mapy. Ilpu +1 B ma puc. 5, 2, xomu BicTps
€ 0coOMMBO HAOIMKEHWM JI0 TIOBEPXHi, JlaTepaabHa
pO3/IiIbHA 3JATHICTH Ha PEKOHCTPYMOBAHUX JIiJISTH-
kax Ge(11l) e sHayHO Kpamo, HiXK Ha 306pakeH-
Hax 5, a-6 (Bci aromu Ge 30BHINIHBOrO APy, TAK
3BaHi 8JIATOMU, PO3PI3HIOTHCA abCOMIOTHO YiTKO), B
TOil yac #K ckanyBamus oOnacti 2D BinOysaeTbcs
JOCUTHL HECTAOLIILHO BHACJIJIOK MEXAHIYHOI'O KOHTA-
KTy BicTpsi i3 moBepxHero. HacTaHHs Takoro KOH-
TakTy (dhakTHIHO MKpsibaHHSI) IIPU TYHEJbHIHA Ha-
npysi nopsiaky +1 B na 3pasky Takoxk BigOyBaJsoch
i mpu omep:kanni cepil 300paxkenp Ha puc. 3. Lleit
edeKT MOXKe OyTH HACTIAKOM MaJjol KiJIbKOCTI Bilb-
HUX €JIEKTPOHHUX CTaHiB Ojmxkde 0 piBaHga Pepmi
B 2D moBepxHeBOMy Iapi, abo MaJjioro MaTPUIHOTO
eJIEeMEHTa TYHEJIIOBaHHsI, MO0YI0BAHOIO Ha HOro XBU-
JIbOBUX (DYHKI[ISX Ta XBUILOBUX (PYHKITISIX [LJIATHHO-
IpUJIIEBOTO BiCTPS-30HIA.

CTM-306pazkenHst 5, 6 Ta 5, 6 € sIKICHO TOIIOHU-
Mu 10 3, 6 Ta 3, 6, OCKIJIbKA HA HHUX HE IIPOSIBJISIIO-
ThC MaJIi sICKpaBi 00’e€KTH abo I'paTKa aTOMapHOIO
MacmTaby. Ajte pudJieHHs, MO CIIOCTEPIraeThest Ha
300pakeHHsX 5, 6 Ta b, 8, Ta AKE € JIeJb TOMITHUM
Ha 300pakeHHi b, a, Ma€ iIMOBIpHO Te came TOXOKe-
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Puc. 6. Oxe-cuektpu Ge(111) B aToMapHO YHCTOMY CTaHi
(a) Ta i3 Byruenesum 3abpyxnuenusM (6). Cuekrpu EAN/IE
OyJin oJiep>KaHi B pexKuMi aHaJI0roBOro audepeHiiiroBanns. [1i-
KU B CIIEKTPaX IIPOMAPKOBAHO BiIOBIIHO 110 ineHTH]hIKOBAHUX
OzKe-IIEPEXOJIiB, AKi 30y12KyBaJIUCh 3a JOIOMOIOIO0 IIEPBUHHUX
€JIEKTPOHIB 3 eHeprieio 3 keB

HHsI, IO # MaJji aromapsi 0o6’ektu Ha puc. 3. Take
[IPUIYIIEHHS € MOXKJIUBUAM Y€Pe3 HEPETYJISPHY KOH-
dirypartito pudeHHs Ta #Oro BiACYyTHICTH HABKOJIO
JIesTKUX BY3J1iB CYIEprpaTku (MO3HAYEHO JBa BY3JIM:
3 puduiienHsiM Ta 6e3 Hboro). PisHi Tunm 306parkeHnb
(s Ha puc. 3 Ta puc. 5) MOKYTh 3’ ABJISTUCH 3ABISIKI
pizauM cranam Bictpst CTMy, 1110 € 3arajbHOBIIOMOIO
amapaTtHoio HesuzHadenicTio B CTM ekcriepumenrax,
Ta He TiJJA€ThCA TPAKTUIHOMY KOHTPOJIIO.

B nosie 30py Ha puc. 5 MOTPAIISIOTH JABi Ccycimami
Tepacu TepMaHi€BOl MiIKIIKI, PO3ITIEH] OTHOATOM-
HOIO CXOJIMHKOIO, IIPHIOMY HUKHS TePaca € 9acTKOBO
BkpuToio 2D cyneprparkoo. OcraHHs TPWIATAE 10
OJIHOATOMHOI CXOJIMHKU B HUXKHBOMY JIIBOMY KYyTKY
300paxkeHHsi, (POPMYIOUN “ONHOPIBHEBY  MeEXKY MiXK
2D moBepxHEBHM IMIapOM Ta PEKOHCTPYUOBAHOIO TO-
Bepxuero Ge(111). Mu MoKeMO HODIBHATH TPU THIIA
TPaHUIb, NMIJISXOM BUMIPIOBAaHHS BIJIIIOBIIHUX IIOIe-
peYHuX IepepiziB HA pUC. b, @: MiXK JIJISHKAMA OJHI-
€l it Tiel camol Tepacu 6e3 Ta 3 2D cynepcTpyKTyporo
(al), ommoaromua cxomunka Ha miakiaamani Ge(111)
(a2), i mapemri rpanung Mixk 2D noBepxHeBUM IIa-
POM Ha HFXKHIi#l Tepaci Ta YUCTOI0 TEPMAHIEBOIO IO-
BEpXHEI0 Ha BepxHiil Tepaci (ad).
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Tlomepeunnit mepepi3 al miarBepaKye Bucory 2D
IIOBEPXHEBOTO APy HaJl NepMAHIEBOIO IIiJIKJIAIKOIO
npubsmsao 0,3 HM, MO 306iraeTbcs 31 3HAYEHHSIM,
ojiepxKaHuM 3 ganux puc. 2, b. Ile Tpoxu menrie 3a
CTaHJIAPTHY BUCOTY OJIHOATOMHOI CXOJIMHKHU HAa pe-
KoHcTpyitoBaniit mosepxui Ge(111), pisuoi 0,33 HM
Ta TPEJICTAaBJEHOI fK pelepHUil BUMIp Ha Iepepisi
a2. Takox MiATBEP/KYETHCA T'€KCArOHAJIbHA IIE€Pio-
JUYHICTh CyleprpaTky piBHa NpubIuM3HO 3,8 HM Ta
amrtiTysta Buruey j1o 0,1 HM aHAJIOTIYHO JI0 JIAHUX
IIONIEePEeYHNX Mepepi3iB Ha puc. 2 Ta puc. 3. Pizaurs no
BuCOTI MixK 2D MOBEPXHEBUM IIAPOM Ta IUCTUM Tep-
MaHIEM JIJIsT BUITOI Tepachu Ha 1epepisi af CTaHOBUTH
mente 0,05 mM, 110 106pe y3rOIKYETHCS i3 BHCOTOIO
CXOJIMHOK Ha Tepepizax al Ta al.

YacTuHM BCiX TPHOX IMONEPETHUX I[E€PEPi3iB HAa
puc. 5, mo3Hadeni gk “HukHa Ge” Ta “Bepxusa Ge”
€, IO CyTi, KOHTypaMH aTOMAapHO TJIIKOI TepMaHie-
BOI MTOBEPXHI, penbed STKOI BimoOparkae po3TaIyBaH-
Hsl OKPEMUX a/IATOMIB, IO € CKJIAJIOBUMU PEKOHCTPY-
Kiiit ¢(2 x 8), ¢(2 x 4) Ta 2 x 2 nosepxui Ge(111).
ITi agaromMu moOraHo PO3PIBHSIOTHCS TPHU OIIBIN BUCO-
Kiif no3uTuBHIN TYHe bHI Hanpy3i (puc. 5, a), npore
Kpallle Ipu 3HUKEHHI TYHEJILHOI HAIIPYTU B PsiJii 30-
Opaxkenb 5, a, b, 0, 5, 8, 5, 2. Ille M03BOJIsIE BUBHATUTH
KpucrajorpadidHy opieHTaIlo MiIKJIa KH, 30KpeMa
TIOIIEPEYTHUI TIepepi3 a8 30iraeThed i3 HAIPSIMOM eJie-
MEHTapHOI0 BeKTOpa Tpancaril B mionmai Ge(111).
Ha 300pakenHi 5, a BUILIEHO €JIEMEHTAPHY KOMIiPKY
CyHeprparku, o JeMOHCTPYE KyT, piBuuit 30°, mix
eJleMeHTapHUMHI BeKTopaMu Tpaucsdiiil 2D cynmeprpa-
tku ta Ge(111). Ile ciocTeperkeHHs TAKOXK y3roJRKy-
€ThCsl 3 TAHUMU puC. 2, 0.

5. O6roBopeHHs1

PesynpraTn, naBemeni B momepeaHboMy PO3Iifi, JT0-
BOJIAATH ICHYBaHHs II€EBHOI HOBOI JIBOBUMIDHOI I10-
BEPXHEBOI CTPYKTYpPH (OCKIIBKH XapaKTepU3yeThCst
Ccy0aTOMHOIO aMILIITY/I00 BUTMHY I10 BHCOTI MEHIIE
0,1 uM) i3 reKCaroHaJbHOIO MEPIOJANIHICTIO B ILIOIU-
Hi IOBEPXH], PIBHOIO 3,8 HM Ta TPUMITUBHUMH BEKTO-
pamu TpaHcssnii, noBepuyTuMu Ha 30° 110 BigHOIIEH-
mro 1o migkaagkn Ge(111). Taxi mapamerpu € Kap-
JUHAJIBHO BIIIMIHHUMM BiJ ycix BiloMux paHiimre pe-
KOHCTPYKIIiit ¢(2 X 8), ¢(2 x 4) Ta 2 X 2 uncroi rep-
maniesol nosepxui (111), mio Heraiino migHiMae nuTa-
HHsI TIPO IPUCYTHICTH II€BHUX 3a0pyHHeHb. Byrienb
OyB €IMHOIO JOMIINKOIO, IO BHOCHJIACS Ha IOBEPX-
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HIO HAIIOrO 3pa3ka i3 arMocdepn 3ajUIIKOBUX Ta3iB
mammol BakyyMHOI Kamepu. lle m1eMOHCTPYIOTH OxKe-
CIIEKTPU Ha pUc. 6, @ — CIIEKTP aTOMHO YHUCTO1 ITOBEPX-
Hi Ge(111), 6 — crieKTp CHIIBHO 3a0pyIHEHOT NOBEPXHI
3pa3ka. Ha puc. 6, ¢ MOXKJIUBO i7ieHTHdIKYyBaTH JIAIIIE
MKH, $Ki [TOB’sI3aHl 13 OXKe-TIepexoIaMi B TepMaHil,
AKi poMapKoBaHi BimnmosigamM wmHOM: Mo 3 My 5V,
L2,3M2,3M2,37 L2,3M2,3M4,5 Ta L2,3M4,5M4,5~ Skio
3pa30K BUTPUMYBABCH IIPOTATOM JOCTATHHOI'O Yacy
B Hamiii HBB kamepi, T0 j101aTKOBO 3’SIBJISIBCSI Ta-
koK i KLL oxke-mik Byrserio, mo YiTKO BUJHO HA
puc. 6, 6. Ilpu npoMy, B CrieKTpi He crocTepiracTbes
HIgKUX IHMAX TiKiB, KPiM IMOB’sI3aHUX 13 ByTJIENEM
Ta repMaHi€M, TAKUM YHHOM JIOBOJIAYU, IO BYIJIEIH
€ JIHCHO €IuHUM 3a0PYIHEHHSIM IIOBEPXHI B HAIIUX
€KCIIepUMEHTaX.

Yac surpumku nosepxui B HBB ymoBax, Heobxi-
JIHUN JJIs OjlepKanHg OKpeMux (parmentis (puc. 1, 6
Ta 2, 6) OyB Ha LODPSJIOK MEHINUil 3a TOl, IO JaE
piBeHb BYyTJIEIeBOTO 3abpyiaHeHHs #AK Ha puc. 6, 6.
Ozke-CIeKTp, OJIep:KaHUil Ha 3pa3kax, 300parKeHUX
Ha puc. 1, 6 Ta 2, 6 BUIJISIAB TaK caMo, sK 1 Ha
puc. 6, a. OCKIIbK HAKOIIWYEHHsI BYTIJIEIIO € JIOBe-
JeHnM 3aBigku puc. 6, b, Oys0 3pob/IEHO BUCHOBOK
IIPO MPUCYTHICTh BYIVIEIIO HA TOBEPXHI Y BUIIAIKAX
Ha puc. 1, 6 Ta 2, 6, IpoTe y KiJIbKOCTAX, AKi Ja-
IOTh CUTHAJI B OXKe-CIIEKTPI HI2KYe PIiBHsSI IIIyMy pee-
crpariitnol ammapatypu. Taka OIiHKa KOPEJIoe 3 HeBe-
JITKOIO BIJTHOCHOIO YaCTKOIO MOBEPXHi, 3aitHaToIo 2D
HaJCTPYKTYPOIO, siKa MOTJIa OyTH 3HANIEHOIO JIUIIIE
et mepedbopy BeJuKOl KiJTbKOCTI BATIAIKOBO BUOpa-
HUX ITOBEPXHEBUX JIUISHOK Ha 3pa3Ky. TakoxK, CJIii
3ayBaXKHUTHU, [0 TEMIIEPATYPa IIPOrPiBy 3pa3Ka, piBHA
900 K, y3ro/izKyeThes i3 MOYKJIMBICTIO ATOMIB BYTJIEITIO
iHTeHCUBHO IUQYH/IyBATH IO MOBEPXHI Ta KOMIIAKTHO
30upaTucsd B OKPEMUX MICIIAX, PO3IIIEHIX 3HATHIMHI
BIJICTaHSIMU.

Mu crioctepiraemo 2D moBepxHeBuii map, aKuit Mmae
OJIHOATOMHY TOBIIUHY (IO BUIUIABAE 3 BUCOTU HOrO
noBepxHi, piBHOI 0,3 HM, HaJI TePMAHIEBOIO ITi KA
KOIO), & TAKOXK € aTOMAPHO IJIAJKUM, OCKIJIbKU aM-
IUTITY/Ta BUTUHY WOro oBepxHi He mepesutntye 0,1 M,
[0 3HAYHO HUKYE 38 BHCOTY OJIHOATOMHOI CXOIMHKH.
OcranHe € (HOPMAaJIbHOIO MiJICTABOI JJjIs O3HAYEH-
Hsl IIBOT'O APy siK JiBoBUMipHOro. [Ipuiryckaroumn, 1mo
xitanTuky 2D moBepxHEBOTO mapy CKJIa1al0ThCA 3 BY-
ryero, Oy/ie MPUPOIHO PO3IVISIATH HOro K rpaden
(B momasbIoMy nosuadaTuMeMo foro gk g-C). Bigo-
Mo, 1110 TpadeH Moxke HOopMyBaTHCh HA METAITHUX
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MAKAIKAX TPU MiABUINEHNX TEMIIEPaTypPaxX BHACII-
JIOK TipOJIi3y PI3HUX BYTJIEBOJHEBUX MOJIEKYJI, IO &I
copOyIOThCS Ha TIOBEPXHIO 13 ra3osol dasu [3]. Iamorn
AJIBTEPHATHBOIO € Cerperaiisi BYIJIEII0 Ha ITOBEPXHIO
MeTaJty 3 ioro o6’emy (B pasi HasiBHOCT]). OCKUIbKY B
HAIAX EeKCIEePUMEHTAaX BUKOPUCTOBYBAJIUCH ILIACTHU-
un Ge(111) Bucokol uncrorn (IpuAaTHI 1718 BUPOOH-
ITBa MIKPOEJEKTPOHHUX I[PHJIAJIB), MOXKHA BBarXKa-
i, mo g-C Oyso copMoOBaHO 3a PaxyHOK HipoJiizy
BYIVIEBOJIHEBUX MOJIEKYJI 13 3aJIMIIKOBOI aTMOChepu
BaKyyMHOI KaMepHu.

Xoua moxksuBnii map g-C € raaJkuM Ha aTOMHO-
My piBHI, BiH, B TOil Ke dYac, HE € aDCOJIIOTHO TJIa/l-
kuM. CyGaromua amiuiiryga suruny (o 0,1 Hwm) i3
reKCaroHAJIbLHO MEPIOAMIHICTIO CTAHOBUTD ITPUOITU3HO
3,8 HM, IO € Ha IOPSJIOK OiNbIlle 3a TUIOBI MiXK-
aToMHi BijcrTani, HaraayTh g-C Ha MeTasivHIN 1mi1-
KJIAIIIL Y BUTIAJIKY HEY3TO/IZKEHOCTI TTePioTy I'PATOK Ta
crIIbHOI B3aeMoil cyberpar—iiakiajika (HalpuKIaj,
g-C/Ru(0001) [23-26]). ¥ Takiii cucremi BepTUKAIb-
HUIl BUT'MH BUHUKAE€ BHACJIIJIOK ITPOCTOPOBO IEPIOIN-
YHOTO CHJILHOTO/ CJIabKOT0 3B’s13Ky MiXK rpadeHom Ta
MeTaJjIoM, IIPHU I[bOMY JaTepajbHa KoHMIryparis Bu-
[HHY TOBTOPIOE I'parky 36iramns mix g-C(0001) Ta
Ru(0001). ¥ Bunanky g-C/Ge(111) mu maemo [8i me-
piomuaHi cTpyKTypH: 06’ €MHO-TIOIOHA (HEPEKOHCTDY-
fiopana) Ge(111) 3 muranapHoro nepioguasictio 0,4 HM
ta g-C(0001) 3 mwianapuoro nepioguanicrio 0,246 Hum.
Ha puc. 7, a mi aBi xpucraaidyai CTPYKTypH HaKJa-
neHi omHa Ha oHy, aromu Ge mokasani 3adapboBa-
HUMU YOPHUM MAaJIMU KOJIAMH, [0JI0KeHHsT aromiB C
BU3HAYAETHCSI KYTKAMU IECTUKYTHUKIB, 10 CKJIA A~
0Th rpadeHOBY IJIONMHY. 3TiIHO 3 JaHUMU pUC. 2, 6
Ta puc. b cynmeprparka Buruny mionman g-C moBep-
ayTa Ha 30° Bignocuo Ge(111), mo B Momei puc. 7, a
dikcye HATPIMOK TPUMITUBHUAX BEKTOPIB TPAHCISITT
g-C(0001) mig xkyrom 30° BiTHOCHO IPUMITHBHUX Be-
kTopiB Tpancamii Ge(111).

Mogesb Ha puc. 7, a JEMOHCTPYE JIATEPAIHLHO
nepioguyaHy aToMHy reoMerpiio inTepdeiicy Mix g-
C(0001) Ta o6’emuo-noxi6HO0 MwIOMMHOIL Ge(111).
dAxmo B meBHOMY MicCIi aToM BYTJIEIIO PO3TAIOBA-
Huit 6e31ocepeIHbO HAJ, ATOMOM I€PMaHiio, TO BHA-
CJITTOK He30iraHHs NepioMYHOCTel I'DATOK TaKa CHU-
Tyallisi He MOYXKe OyTH peaJii30BaHOI Ha yCiif oBepX-
ui migkaagku. A came, IHI B3a€MHI pO3TAIyBaHHS
aromiB C ta Ge OyIyTh TAKOXK TPAIIATUCH B IHIIAX
MICIISIX, HAIIPUKJIA/: IIEHTP MEeCTUKYTHUKA I'PATKA g-
C Gesmocepeiibo Hag aromoM Ge MiIKJIAIKKM, a Ta-
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Puc. 7. Burnan 3sepxy ta Burisag 36oky rparku g-C(0001), nakmazgenol na rparky miakiaankn Ge(111) B pisamx cranax: a —
HepeKOHCTPyioBaHa 06’ emHonONIOHA aroMHa mtomuHa Ge(111); 6 — Ge(111)-2 x 2. B 060x BHIaAKax [IOKA3aHO TIILKY 30BHIIIHIN

mrap aromiB Ge: a — maJii 3agapboBaHi YOPHUM KOJIa O3HAYAIOTh aToMU (Ge B ITOJIOXKEHHSIX, XaPAKTEPHUX [IJIst 00’eMy KpucTajia; 6 —
BesvKi 3acbap6oBaHi YOPHUM KOJla, 03HAYAIOTH agaroMu (e B CTPYKTYpi HAfBHIIOro AaTOMHOTrO mIapy peKoHCTpykKil 2 X 2. I parka
g-C(0001) 306parkeHa HAGOPOM IIECTUKYTHUKIB, B KOXKHOMY KyTKY sIKuxX posMirieno arom C. CynepkoMipku 5,5v/3%5,5v/3—R30°,
6v/3 x 643 — R30° Ta 11v/3 x 11v/3 — R30° nosuaueni, Bimmosiguo, CYIIJIBHOIO, HITPUX-KPAIIKOBOIO Ta IITPUXOBOIO JIiHiAMU.
Mauii gopHi cTpinku B (6) MO3HAYAIOTH JOJATKOBI PIBHOBaXKHI IOJIOXKEHHS JJIsl CYCLAHIX aJaToMiB, IO 3’SBIIAIOTHCA Y BUIAAKY
BiJICYyTHOCTI €MHOTO ajaToMa, MO3HAYEHO He3adapOoBaHUM KOJIOM. Burisau 360Ky MOKa3yloTh pesbed 1o BHCOTI (sKicHO, HE B
MaciTabi) rpadeHoBol mIomuHN Haj 30BHimHIME aTomamu Ge y3/10BXK eJIeMEHTaPHUX KOMIPOK CyHEepCTPYKTYD

KOXK yCl IPOMIiXKHI HECUMETPUYHI BapiaHTH B3a€MHO-
ro pozramysants aromis C ta Ge. Bci mi posramry-
BaHHsI Oy/1yTh IIOBTOPIOBATHCS 13 MOBEPXHEBOIO TIEPio-
JUIHICTIO, ITEHTUIHOIO 0 I'paTKM 30iranHs, aKa Oyie
BU3HAYATHCS JATEPATHLHO 30iTal0IMMU IiTOINCETHHI-
MM HabOpaMH eJeMEHTAapHUX KOMIPOK IiJIKIaJKU Ta
rpadeny.

Axmo mromman Ge(111) ta g-C(0001) mosepryTi
Ha 30° BimHOCHO OmHa OmHOI, TOo aromu (Ge 3ycTpi-
qarThes i3 nepiongnunicTio 0,693 HM (komipka R30°)
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V3/I0BK HAIPSAMKY IPUMITUBHOIO BEKTODA TPAHCIIS-
nii g-C (manpsimox [1000]). IcHye Ha 3BUYARHO TOUHE
36iramas mo JoBXkuHI MK 11-T0 Komipkamu R30°
mijgkaagrn Ge(111) Ta 31-ma npuMmiTHBHAME KOMip-
kamu g-C(0001): 11 x 0,693 = 7,623 Ta 31 x 0,246 =
= 7,626 (3a yMOBH OKDYIVIEHHsI JI0 TPETHOTO 3HAKY
micyist komu). JloBxkuua croporn Komipku R30° no-
piBHIOE /3 JOBXKHHI CTOPOHH HPHUMITHBHOI KOMip-
ku Ge(111), orxke, onucane Bumle 30iraHHs ITPUBO-

uth 7o icnysanns g-C/Ge(111) 11v/3 x 11v/3 — R30°
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IOBEPXHEBOI HAJICTPYKTYPH. i arepasbHa mepioam-
JHIiCTH CTAHOBUTD 7,6 HM, mo € B 11v/3 pasiB JioBIIIE
3a 0,4 M, TOOTO 32 JIOBXKUHY IPUMITHBHOI'O BEKTODA
TpaHcIsnil B 06’ emHonoi6HiH rutomuni Ge(111). Be-
JimanHa 7,6 HM He y3TOoKYy€eThCH 13 IepiogudHICTIO Cy-
merparku 3,8 uM Ha ofep:xkannx CTM-300pakeHHsIX.
Ile mporupidas MOXKHA pPO3B’A3aTH MIIAXOM TPHUBI-
AJTBHOTO apU(PMETUIHOrO Y3TOIKEHHS IHIITNX HADOPiB
KOMIPOK TIKJIa KK Ta Tpadeny. 30KpeMa, JOCTATHBO
HEIIOTAHO y3TOKYIOThCS i3 rpaddeHOBOI0 I'PATKOIO 5
abo 6 komipok R30°: 5x 0,693 = 3,465 Ta 14 X 0,246 =
= 3,444, abo 6 x 0,693 = 4,158 ta 17 x 0,246 = 4,182.
Ile ozmauae, 1m0 X01Ua aTOMHA TeOMeTpis inTepdeiicy
g-C/Ge(111) OBTOPIOETHCS 13 Jy2Ke BICOKOIO TOUHI-
CTIO KOXKHI 7,623 HM, TakoXK Bij0yBa€TbCsl 1 IOBTO-
PEHHS i3 33JI0BLILHOIO TOYHICTIO JIUIIE HA TOJIOBU-
Hi Ii€] MOBXKWHM, TOOTO HA IMOJIOBUHI CyIEPKOMIipKHU
11v/3 nepiony. Jerampuuii anasiz aroMapHOl Moze
Ha puc. 7, a MIHCHO 3aCBiUye, MO MECTUKYTHUKHU B
mwromuHi g-C 3’BJISIIOTHCS [EHTPOBAHUMU HAJ[ ATO-
mamu Ge He TLIBKH B KyTKax cymepkoMipkn 11v/3 x
x 11y/3—R30°, a it Takoxx i B 11 meHTpabHiil YacTuHi
Ta Ha cepenmnax i1 cropin. Pesyipryioua cymerparka
Oyze, TAKMM YHHOM, XapPaAKTEPHU3YBATHCS KOMiPKOIO
5,5v/3 x 5,5v/3 — R30° (cyminbia minis na puc. 7, a),
sdKa Ma€ JiaTepajbHuil mepiojn piBauUit 3,811 HM, M0
qyJI0BO Y3TOMZKYETHCS 13 CyIeprpaTKo, Ky MU CIIO-
crepiraemo 3a gomomororo CTM ma marmmomy 3pasky.
Ile y3sromkents € pakTUIHO BUPIMIAIHHIM apryMeH-
TOM Ha KOPHUCTH ijeHTu(diKamil rpadeny!

Xouya HaAM HE BIAETHCA PO3PIZHUTH KPUCTAIITHY
rparky rpadeny 3a mornomoroo CTM, mu inerTudi-
Ky€eMO 11 ImapaMeTpH, BUXOJAYN 3 BIJIOMHUX Iapame-
TPIB NZKJIAIKN Ta BUMIpAHUX mapamerpis (opieHTa-
[is Ta nepiouYHicTh) KOHMIrypalil BUrMHY ILIONIH-
uu g-C. KonnenryaabHo, 11e € PO3B’A3aHHAM CHUMBOJTI-
YHOrO PIBHSHH: 3 OAHUM HeBizomuM: (HeBizoma r'pa-
Tka) + (Bimoma rparka) = (cymeprparka). Crpy-
KTypa iHTepdeiicy, 3aIpornoHoBaHa Ha pHC. 7, G, €
CHCTEMOIO TLIBKa/ AKIaIKa 13 BEJIMIE€3HOIO HEY3rO-
JIPKEHICTIO TPATOK: IPUMITHBHI BEKTOPH TPAHCJIAIII B
wromuai Ge(111) nopisrioors 0,4 HM, & B IUTOMHKH]
g-C(0001), Bigmosinuo, 0,246 um. Taka neysromxe-
HICTh, sIK IIPABWJIO, IIEPEIIKOXKAE I'eTepOoeriTaKCiii-
HOMY POCTY ILIIBKH, IIPOT€ y BUIIAJKY I'padeHy sK
MaTepiasy IJIBKH, TAKUH PICT PeaTi3yeThCs 3aBJIsd-
KM eKCTpaopAuHApHiil minHocTi mporo 2D marepia-
ay. dxmo emeprist iHTepdeficHOTO HANIPYKEHHS HE €
JIOCTaTHBOIO JJIst po3puBy miapy g-C Ha okpemi aTo-
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Mu abo K MOJIEKYJIsApHI ¢dparmMeHTn, BiH Oyme dop-
MYBATHCS HA TiIKJIAII, 30epiraiotun CBOIO IIAHAPHY
ITJTICHICTE.

BukopucToByoan aHasorio i3 pisHIMHI MeTAITHA-
MU TiaKIagakaMa [3, 9] MOXKHA TIPUITYCTUTH, 10 Hafi-
CUJIBHIINHN 3B’s130K MiXK rpadeHOM Ta repMaHieM pea-
Jizyerbest o, Koy arom C po3ramoBanumii besmoce-
PEeIHBO HAJT IIEBHUM aTOMOM IIIK/IAIKU. TaKa reome-
TPUYHA IPUB’ 53K € JIUIIE IPUILYIIIEHHSIM, 1110 MYCUTh
OyTH TiATBEP/KEHO JeTAJbHUMU PO3PaxXyHKaMu ab
1nitio. HaBiTh SIKIO TpUB’si3Ka HARCUILHITIIOrO 3B’ 13-
Ky Oy/ie 3/iliCHIOBATHCS JI0 1HINOI JIOKAJIBHOI ATOMHOT
reomerpil inTepdeiicy, mepionuana jgarepaabHa 3MiHA
oCTaHHBOI (rapaHTOBAHO HE30IrAHHSIM MEPIOJIB JIBOX
I'PATOK, HAKJIAIEHUX OJIHA HA OJHY ) Oy/Ie CIPUYNHATH
BiIIOBiIHI TIEpiOAMYHI 3MiHN CUTH 3B SI3KY MiXK TIJTiB-
KOO Ta IMJIKJIaAKOI. 1le IOBUHHO CIIpUYMHATH JiaTe-
pasbHO nepiogmynuii BuruH mwiomuan g-C 1mo Bucori,
#K 1 criocrepiraerbes Ha CTM-300parkennsx Ta sKi-
CHO IIPEJICTABJIEHO ATOMAPHOIO MOJIEJIIIO iHTepdelicy
Ha puc. 7, a (Bux 360Ky). Taka curyamnis mae micue
Bignmosigao 10 CTM-300pakeHb IpU BUCOKIA 1O3U-
TUBHIN HANPY3i Ha 3pa3ky (puc. 1, 6,2, 6,3, aTab, a).

Peanpua crpykTypa inTepdeiicy moxke OyTu Giabit
CKJIAJTHOIO, aHiXK ITle HaBeJeHO Ha pHC. 7, a, Jie Tpa-
den HaKIaEHO HA HEPEKOHCTPYHOBAHY IIiIKIAIKY
Ge(111). Tennennist 10 DPEKOHCTPYKINI I[IOBEPXOHb
KPHUCTAJIIB HAIBIIPOBITHUKIB € 3araJibHO BijoMuM da-
KTOM, IIpOTE IIe BiIHOCHTBHCs 10 iHTepdeiicy HaIis-
OPOBIHUK /BaKyyM, B TOil dac gk inTepdeiic Hamis-
upoBinauk /2D € 10 1BOro Yacy HeIOC/IJIZKEHUM B
npomy actekti. CTM-306pakennst Ha puc. 3, 6—2,
otc MOXKYTH OyTH iHTEpIpeTOBaHI AK TaKi, HA STKUX
criocrepiraerhbest migkaagka Ge(111) B pekonerpyiio-
Banomy crani mijg mapom g-C. e npunymenus 6a-
3y€ThCS Ha MPO30POCTi rpadeHy s TYHETINX
€JIEKTPOHIB Yy BIJIITOBIIHOMY Jlialta30Hi €Hepriii, 1o,
B CBOIO Uepry, MYCUTb OyTH TMmiaTBep/KeHo ab ini-
ti0 po3paxyHKaMu €JIEKTPOHHOI CTPYKTYPH CUCTEMU
g-C/Ge(111). Ha puc. 7, 6 mu posrisigaemo g-C pos-
Mmimenunii Ha pekoncrpyiiosaniit nmosepxui Ge(111)-
2 X 2, OCKITTbKY came I8 HafIIpoCTila peKOHCTPYKITist
BOAYAETHCA K IMOBIpHHUIT CTaH MOBEPXHi, BUIUMUIM
Ha CTM-300parkeHHsSIX BHACIIIOK €(eKTy MPo30po-
cri rpadeny. OkpiM 06’€MHO TEPMIHOBAHOI TLIOIMTHI
Ge(111), peKOHCTPYKIisl CKJIAIAETHCA 3 JBOX J0Ja-
TKOBUX aTOMHHUX ImapiB: map ‘rest’-ta “back-bond’-
aToOMiB, a TaKOX 30BHiMmHiN map “ad’-aTomis, 110
BUUEPIIHO OMUCaHO B Jiteparypi [16, 19-22]|. 3apa-
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JIV YHUKHEHHS IePEBAHTA2KEHHsI PUCYHKA, BUKIIOIHO
“ad”-aromu (amaromu) Ge 300pazkeHo Ha puc. 7, 6 Be-
JUKAMA 3adapObOBaHUME YOPHUM KOJIAMU, TO3HAHe-
HHsl 2K rpadeHy 3a/IMIIaETbCst TAKUM CAMUM, siK 1 Ha
puc. 7, a.

Ha pekoncrpyiiosaniii nosepxui Ge(111)-2 x 2,
aJIATOMHU PO3TAIIOBaHI OE3II0CEPEIHBO HAJ aTOMAMMU
00’€MHO-TEpMIHOBAHOTO MIAPY, MPOTe i3 yaBidi GisbIn
nosruM nepiogom (0,8 um). Tomy, na puc. 7, 6, aroMu
Ge nig mapom g-C posralroBaHo yJBidi pijime, aHizK
Ha puC. 7, a Y3/I0BXK OY/Ib-sIKOI'O HAIIPSIMKY B ILJIOIIU-
Hi moepxHi. e He 1ae MOXKJIMBOCTI OYIb-SIKUM He-
napuuM HabopaMm kKomipok R30° minkiaanku Ge(111)
OpaTh y9acTh B Y3TOMXKEHHI 3 OyIb-IKIMI HabOpaMu
KOMipOK TpadeHoBOl I'paTKu. B 11boMy BUTIAIKY 3aJTH-
[IAETHCH €UHA PEAJICTHIHA MOXKJIUBICTD y3TOI2KEH-
g, a came 6-tu komipok R30°: 6 x 0,693 = 4,158
vs 17 x 0,246 = 4,182, sxy BxKe Oy0 OOrOBOPEHO
B KOHTEKCTI puc. 7, a. B pesynbrari yTBOPIOETHCS
cymeperpykTypa 6v/3 X 6v/3 — R30°, enemenrapna
KOMipKa SKOI ITO3Ha4YeHa, KPAITKO-IIITPUXOBOIO JIIHIEIO
Ha puc. 7, b. Ilpore, 11 mepioguvHICT, IO IOPiB-
HIO€ 4,2 HM, BUSIBJISIETHCsI 3HAYHO OLIBIIOIO 32 O/ep-
JKaHy B €KCIIEpUMEHTI, OT»Ke TaKa KOHCTPYKINsS He
MO2K€ OIHCYBaTU PEAJIbHY CTPYKTYpY inTepdeiicy g-
C/Ge(111).

Cuiiz 3ayBayKUTH, IO PEKOHCTPYKIIist 2 X 2 IOBEpX-
Hi Ge(111) Hikonm He cnocrepiraeTbest B imeasbHO-
My CTaHi, sIK 300pakeHO Ha puc. 7, 6. 3a3Buvail BO-
Ha € CWIbHO JieDeKTHOIO (BeauKa KUIbKICTH BiiCy-
THIX aJaToOMIB), He MA€ JAJILHLOIO IOPLAJKY 1 CKJIa-
JAETHCA 3 BEJIMKOI KiJTbKOCTI HEKOT€PEHTHUX JTOMEHIB.
Taxwuit cran opepxHi irocTpytors CTM-300pazkeHHst
Ha puc. 2,5. B imeaspHiit peKOHCTPYKIIT 2 X 2 ajaTo-
MH He MOIJiK O 3MIHIOBATH CBO€ JIaTe€paJjbHE II0JIO-
JKE€HHS, OCKIJIbKN YyTPUMYIOTHCA B TTOJIOYKEHHAX MiHi-
MyMy €Heprii, o HaB’ A3yIOTbCs MPUHIIAIIOM MiHiMi-
3ariil 0bipBaHUX 3B’gI3KiB aTOMIB HUXKYIOTO mapy. 1l
“cTabibHICTE” PYHHYETBHCS, AKINO X04a O OJUH aJia-
TOM € BificyTHIM (HASIBHICTH aJaTOMHOI BAKAHCIT), 110
JOBOJII 9aCTO 3YCTPiYa€ThCd HA PEAJbHINM MOBEPXHI.
Hanpukia, skio oaus i3 agaroMis (I103HAYEHO He-
3alI0BHEHUM KOJIOM Ha pHC. 7, 6) € BincyTHiM, TO cyci-
JIHI 81aTOMU MOKYTh 3aifiMaTH He TLIBKH BJIaCcHE HOoro
Micrie, a TakKoXK Oy/ib-gKi 3 THX, Ky/I1 BKa3yOTh MaJli
qopHi cTpIKKU. B pasi, gKmo B Takiit curyarii oauH
3 a/1aTOMIB 3MIiHUB CBOE TIOJIOXKEHHSI, TO 3 SIBJIAIOTHCS
B2Ke iHIIT TTOJIOXKEHHsT MiHIMYMY €Hepril JIjId aJaToOMiB
JaJii BiJl mo9aTKoBOl a1aToMHOI BakaHcil 1 T.a. Takuii
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clieHapiit MOCJIiIOBHUX PYXiB aJaTOMIB 3 OJIHOI'O Mi-
HiMyMa eHepril Ha CyCiJIHiil ITpu3Bejie J0 yTBOPEHHS
CTOXAaCTUYHOI cyMimm MasjeHbKuX JoMeHiB ¢(2 X 8),
¢(2x4) ta 2 X 2, aHAJIOTIYHO JI0 TOTO, IO CIIOCTepira-
€ThCs HA JlisHKax yucTol nosepxui Ge (puc. 2, b, 5).
fAxmo migkiragka jificHo B cTaHi cyMimnni pizHOMAa-
HITHUX JIOMEHIB, K OKPECJIEHO BUIIE, TO Pi3HOMAaHi-
THI aJaTOMU MOXKYTb 3aliMaTh MicIld, mo abo Kope-
JTIOIOTH, ab0 He KOPEJIOI0Th, i3 By3JaMu “imeaabHOl’
rpaTku 2 X 2 i3 JaJbHIM TOPSIIKOM, TPOTE B 000X BU-
rmajikax 3aiHgTi Micig OynyTh 36iraTucs B MPOEKITT
Ha wionmuy (111) i3 BysjaMu HepeKOHCTPYHOBAHOL
rparku Ge(111), gk i va puc. 7, a. lo Takoro BUCHOB-
Ky MOXKHA IPHUATH, BUXOASIIN 3 T€OMETPil MOXKIIMBUAX
pekoncTpykiiit Ge(111), 1o BuuepHO 06rOBOPEHO B
sirepatypi [16,19-22]. Ile o3Hauae, mo AilcHY CTPY-
KTypy iHTepdeiicy MOKHA OTPUMATHU 3 PUC. 7, G IILIsi-
XOM BUITAJKOBOTO BUJIYY€HHS TPbOX UBEPTEl HASTBHUX
aromiB Ge 3a yMOBH, IO 3aJIAIIEHI ATOMHA BijgasieHi
OJIMH Biz ogHOro gk Mmirimywm Ha 0,8 uM. OcKinbKu 3a-
siatieni aromu Ge MPUPOJTHO 3aJIHUIIAIOTHCS Y BY3JIaX
r'paTku HepekoHcTpyitoBanoi muomuman Ge(111), To
3HOBY Oygzie bopmyBaTucs: rparka 30iraHHs 13 KOMip-
K010 5,5v/3 X 5,5v/3 — R30°, inenTudna 1o puc. 7, a. Ii
nepiommamicTs, pisma 3,811 my, B 5,5v/3 pasis Giabma
3a noexkuny (0,4 HM) IPUMITHBHUX BEKTODIB TpaHC-
Jsrdl B mutormuHi 06’emHuo0-110/116H0T Ge(111).
Pozmimenns rpadeny na 6araTojoMeHHiI peKOH-
crpyiosaniil miaknanui Ge(111) Ge3 manbHBOrO II0-
PANKY Ta 3 MEBHOIO KiTBHKICTIO aJaTOMHUX BaKaHCIH
MOXK€ TAKOX IIOSICHUTHU JUHAMIYHI 3MiHU, IO CIIO-
crepirasuck Ha puc. 3, 4. Ak Oyso BinzHadeHo Bu-
1le, HAsBHICTD JIWIIIE OJHIE] aJIaTOMHO]I BaKaHCIl yMo-
2KJIUBJIIOE JIAHITIOT 3MiH IIOJIO2KEHb aJaTOMIB 3 He-
CKIHYEHHOIO KiJTbKICTIO PE3YJIbTYIOUNX Fre€OMETPUITHUAX
kombOirariit. CTpubKM a1aToMIB MizXK CYCIIHIMHI TIOJTO-
JKEHHsIMU PIBHOBAaru Ha PEKOHCTPYHOBaHINl MOBEpPXHI
Ge(111) y Bakyymi npu 300 K € maziitHo BcTaHOB-
sernM dakrom [16,27]. MoxkHa IpUIycTUTH, IO Ta-
Ki cTpUOKM MOXKYTDb TaKOXK BiIOyBaTHCS 1 111/ MapoMm
g-C, npu nboMy HasIBHICTH OCTAHHBOI'O MOYKE HaBITD
SHU3UTH €HEPreTHIHN 0ap’ep MiXK JaBOMa CyCimgHi-
MU MiHIMyMaMu eHeprii CUCTEMH aJIaTOM—IIiIKJIaIKA
(mepeGyBatoun B IUX MICISIX aJIaTOM HACUIYE 3B’53-
KI TPHOX aTOMIB HUXKYOIO Iapy, Tak 3BaHux ‘back-
bond” aromis). Pesynbrytoul pisHOMaHiTHI JOKAILHI
aToOMHI TeoMeTpil imTepdeiicy MOXKYTh CIHPUIHHSITH
CHJIBbHI JIOKAJIbHI BIJIMIHHOCTI €JIEKTPOHHOI CTPYKTY-
pu, mo Ha CTM-300parkeHHSIX MOXKEe IIPOSIBJISITHCSI
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y BUIVIAMl MaJIMX SCKpaBuX 00’eKTiB Ha (oHi ruras-
HOl JIOBTOIEPIOIHOI MOIYJISINI BHCOTU TpadeHOBOrO
mapy (puc. 3, 4). Il rimoresa mae GyTn nepesipeHa
B MaiibyTHIX TEOPETHYHMX JIOCJIJIXKEHHSIX €JIEKTPOH-
HOI cTpyKTypu iHTepdeiicy 3 momemoBanusm CTM-
300parkeHb.

Cain wmaragaru, mo neprai CTM-crocrepekeHHst
(o HOoCWIIM PUGJIU3HUN Ta [ONepeHili Xapakrep)
cyneprparku g-C/Ge(111) Gynu 3ziiicueni Hamu pa-
mime [26]. B niit pobori CTM-Bumiprosanust 3iii-
CHIOBaJINCA 0e3 HAJIE)KHOTO KaJibpyBaHHsS, IO Ja-
BAJIO 3aHVKEHI Pe3y/IbTATH BUMIDIOBAHHSI JOBXKUH.
Takum gmrOM, Oys10 3pOOJEHO BHCHOBOK IIPO iCHY-
Banug cyneprparku g-C/Ge(111)-8 x 8, nHa ocHo-
Bl Toro, mo 8 KOMipOK HEPEKOHCTPYHOBAHOI I'DATKH
Ge(111) mamzBuvaiino m00pe y3roJpKyoThCs i3 13-
Mma komipkamu g-C(0001): 8 x 0,4 = 3,2 ta 13 x
% 0,246 = 3,198, aKmmo HAIPSAMKNA TPUMITHBHUX Be-
KTOpIB TpaHcidamiit 0b6ox rparok 3b6irarorbes. Cro-
crepexkenns cyneprparku g-C/Ge(111) uposomuiucs
6e3 TpuB’SI3KU JI0 OpieHTAIlil Ta MEePIOAUTHOCTI ITiI-
KJIAJKH, sIK JI0 penepa. Bimomo, 1mo ToyHe BU3Hade-
HHs1 Bifcrameit 3a gonomororo CTM yckiragHOETBCS
meBHUME (DakTOpamMu. 30Kpema, TepMojapeiid mexa-
HiTHOI KOHCTPYKINI MIiKpPOCKOIIA Ta TMOB3YYiCTh II'€-
30CKaHepa CIPUYUHAIOTH HEKOHTPOJIBOBAHUI PYX Bi-
CTPsl BiJTHOCHO JOCJII2KYyBaHOTO 3pa3ka. Kasiopysa-
HHsI 11'€30CKaHepa, TAKOXK MOXKE 3MIHIOBATHCST BHAC/TI-
JIOK CcTapiHHs BimmoBimaoro marepiasmy. Bei mi da-
KTOPU BHOCSATH T€OMETPHUUHI CIIOTBOPDEHHS B OJED-
kaui CTM-300parkeHHsT Ta BUMIpsiHI Ha HUX BijcTa-
Hi. ¥V Bunasky inrepdeiicy g-C/Ge(111) nomarkoBum
YCKJIATHEHHSIM € CTOXaCTUYIHUN XapakTep KOH]Irypa-
i MAKCUMYMiB BHCOTH (SICKPABOCTI), 10 CHCTEMATH-
9HO JOCJIIZKEHO BUITE, 1 TAKOXK MOYKE CIIOTBOPIOBATH
pe3yabTaTH BUMIpiB mepioqu cymneprpaTku. Pesymabra-
i, mo Oyam HaseneHi B [26], mMasu monepenHiii Ta
npubIM3HU XapakTep 6e3 ypaxyBaHHsI BCIX CIIOTBO-
prorounx ¢akTopis. BHacimoK momepesHbOro xapa-
KTepy JOCJiKEeHHs OyJsi0 BUOPAHO HAMIIPOCTIINY Ta
HafOIIBIT OYEBUTHY IHTEPIPETAIIO Y BUTJISII KOM-
6imarii HabopiB Komipox tumy 8:13 i3 mepioananicTIO
3,2 HM, IO 3a/I0BIJIBHO y3T0/KYBaJIOCh 13 pe3yJIbTa-
TaM# BUMIpIB.

Hunimust pobora € cucTeMaTUIHUM JOCJTIIXKeH-
Hsim cyneprparku g-C/Ge(111) B KomGiHamil 3 4u-
crumu ginsakamu Ge(11l) mHa ommomy it Tomy ca-
momy CTM-zobpaxkenti. Ile 103B0/MI0 BUKITIOUATH
BILTUB TepMojipeiidy Ta apredakTu 11’e€30cKaHepa, a
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TAKO2K IIPOBECTH KaaiOpyBaHHS BUMIDIOBAHUX JIOB-
2KWH, BUKOPUCTOBYIOUH J00pe BimoMmi Ta 3a10KyMeH-
TOBaHI MI?KATOMHI BiJICTaHi B IJIONNHI PEKOHCTPYO-
BaHol nosepxai Ge(111) B poui penepy. Takox Bia-
JIOCSI BCTAHOBUTH OPIE€HTAINIO CyNEePrPaTKH 10 BiJIHO-
HIEHHIO 710 IiaHapHoi aroMuol crpykrypu Ge(111),
qoro He OyJsio 3pob/IeHO B HAIMiil momepeaHiii poborTi.
Orxke, cOPMYITIOEMO OCTATOIHUI PE3YIIHTAT HAIIIX
CIIOCTepeXKeHb: I'eKcaroHaJjlbHa CyllepIpaTka i3 Iepi-
onoM 3,8 HM Ta BEKTOPAMH IPUMITUBHUX TPAHCIIS-
1A, po3rarmoBaHux mig KyroMm 30° 10 BEKTOPIB mpu-
MiTuBHUX TpaHCcaanii B myommui Ge(111). IIi napa-
METPH BiJIOBIJIAIOTH HANKPAIIUM YUHOM CYHEPCTPY-

kTypi inrepdeiicy g-C/Ge(111) 5,5v/3x5,5v/3—R30°.

6. Bucuosku

VY mijgcyMKky, Hamu Oys0 jociimkeno merogom CTM
B ymoax HBB HoBy nosromnepionnuny 2D nosepxue-
By cynepcTpyKrypy Ha migkaann Ge(111), mo kap-
JUHAJIBHO BiApI3HAETHCA Bif Oyab-IKUX BigoMux pe-
KOHCTPYKIIiif 1€l moBepxwi. Il cymeperpykTypa € re-
KCAroHaJbHOIO I'PATKOI0 BUTHHY i3 CyOATOMHOIO aM-
IUTITY/IO0 Ta 1epiojioM 3,8 HM, IO BiJIIIOBijIae cymnep-
crpyKTypi 5,5v/3 X 5,5v/3 — R30° 10 BiHOIIEHHIO /10
Hepekoncrpyitoanol rpani Ge(111). Ha ocnosi Big-
CyTHOCT] 1HIMUX 3a0pyIHEHb 3pa3Ka OKPIM BYIJIEIIO
B mamriit HBB kamepi, Mu mpomoHyeMo MOAETb i€l
2D cynepcTpyKTypHu y BUTVIsII APy rpadeny, mepio-
JIMYHO BUTHYTOI'O MEPIIEHIUKYJISIPHO 0 HOT'O ILIOIIH-
HU 3rigHO 3 rparkoro 36iranus Ge(111) ta g-C(0001).
Arovmu Ge BepXHBOTO TAPY TAKIAIKA MOXKYThH 3/TiHi-
CHIOBATH CTPUOKHW MiXK BEJUKOIO KIJBbKICTIO TOCTY-
nHuX nosoxkeHb piBHoBaru upu 300 K, nmpussomsgun
JI0 CHJIbHMX 3MiH JIOKAJIbHOI €JIEKTPOHHOI CTPYKTY-
pu, mo crocrepiraerbesi Ha, CTM-300pakeHHSIX TPU
PIBHEX TYyHEJIBHUX HAIpyrax. 3alpOIOHOBAHA HAME
aToMapHa MOJeIb iHTepdeiicy 6a3yeThcs Ha iHTYI-
TUBHIN 1HTepHpeTallil HAABHUX €KCIEPUMEHTAJIbHUX
JAHUX 1 Ma€ OyTH TiaTBep/KeHa MaiOyTHiMu ab ini-
ti0 po3paxyHKaMU PIBHOBaXKHOI aTOMapHOI Ta eJie-
KTPOHHOI cTpykTypu inrtepdeiicy g-C/Ge(111). He-
oOximHrMu BOAYAIOTHCS 1 TOJATKOBI €KCIIEPUMEHTH
JI7IST OCTATOYHOTO TiATBEP/XKEHHsT HAIBHOCTI Tpade-
HY METO/IaMU PAMaHIBCHKOI Ta eJIEKTPOHHOI CIIEKTPO-
CKOTIiI.

Ob6pobra ycix CTM-306pasicens 30itichiosanracs
13 eukopucmanham naxema npoepam Gwyddion,
AKUT  BIADHO  PO3MOBCIOONCYEMBCA 13  SIOKPUMUM
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A. I'opauxo, IlI. Meavrux, M. Haxodxun

[IPEJIJIOYKEHUE CTPYKTYPbI
'PA®EH/Ge(111) HA OCHOBE UCCJIEAOBAHUA
METOJOM CKAHUPVYIOHIEN TYHHEJIBHOI
MUKPOCKOIIMU B CBEPXBBICOKOM BAKYYME

Pezmowme

B pabore npuBeseHbl pe3yJibTaThl 9KCIIEPUMEHTAJIbHBIX HA0JII0-
ﬂeHI/II‘/JI METOAOM CKaHPIpyIOHLeI’I TyHHeJ’IbHOI’I MHUKPOCKOIINU HO-
BOI IIOBEPXHOCTHON HAACTPYKTYPHI 5,5v/3 X 5,5v/3 — R30° Ha
noggioxkke Ge(111). Eit npucymm sipko BblpakeHHble 3dhde-
KTBI JIOKAJIbHOU IIJIOTHOCTH QJIEKTPOHHBIX COCTOHHHﬁ, BBI3bIBA-
OIUX CUIbHYIO 3aBucuMocTb CTM-uzobpaskeHuit OT TyHHEIb-
HOI'O HaIIPAXKEHUd, & TaK2Ke UX JTUHAMHUYICCKNEC U3SMEHEHUA IIPU
300 K. IlpemyioxkeHa mHTEpHperanusi JAHHOW HAICTPYKTYPbI
Kak rpadeHa, KOTOPbIii GOPMUPYETCsSI B MAJIBIX CYOMOHOCJION-
HBIX KOJIMYECTBaX IIyTeM MUPOJAN3a yIVIEBOAOPOAHBIX COCTABJIA-
IOIIUX OCTATOYHON aTMOChEPHl BaKyyMHON KaMepbl BO BPEMs
orzkura obpasma Ge(111) mpm 900 K. ITocrpoena aromapHast
MoJIesIb rerTeposnuTakcuitnoro unrepdeiica rpaden/Ge(111)-
5,5v/3 X 5,5v/3 — R30°, 4TO OTMeuaeTCsi PEKOHCTPYHPOBAHHOM
noaxsankoit Ge(111) 6e3 fanbHEro mopsaKa Moz cioeM rpade-
Ha, KOTOPBIN SIBJISIETCS MIEPUOAMYECKN U30THYTHIM IO BBICOTE
BCJIEJCTBHE IPOCTPAHCTBEHHBIX BapHalldil MeXKaTOMHOI TIeo-
METPUU HEOOBIKHOBEHHO CUJIBHO HECOIJIACOBAHHBIX PEIIETOK

Ge(111) u rpaden(0,001).

A. Goriachko, P.V. Melnik, M.G. Nakhodkin

A SUGGESTION OF THE GRAPHENE/Ge(111)
STRUCTURE BASED ON ULTRA-HIGH VACUUM
SCANNING TUNNELING MICROSCOPY
INVESTIGATION

Summary

‘We report on the 5.5v/3 x 5.5v/3 — R30° overlayer superstruc-
ture observed by the scanning tunneling microscopy on the
Ge(111) surface. It shows pronounced effects of the local den-
sity of states leading to the strong dependence of STM images
on the bias voltage and some dynamic changes of images at
300 K. This overlayer is tentatively interpreted as graphene
formed in small submonolayer amounts due to the pyroly-
sis of hydrocarbon constituents of the residual atmosphere of
the vacuum chamber during the annealing of a Ge(111) sam-
ple at 900 K. We suggest a model of the graphene/Ge(111)-
5.5v/3 x 5.5v/3 — R30° heteroepitaxial interface, featuring the
reconstructed Ge(111) substrate with no long-range order un-
der the graphene layer, the latter being corrugated due to spa-
tial variations of the interatomic geometry of the Ge(111) and
graphene(0001) atomic lattices with extremely large mismatch.
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