Busyaiu3zauus aTOMHOM CTPYKTYPbI HA (aceTHPOBAHHBIX, CTYIICHYATBIX U
HEIJIOCKHUX IMOBEPXHOCTAX METOAOM Pa3HOCTH rayCCHaHOB

A. 1O. Anagermkus 23* u A. H. Yaiika
! MockoBckmii pu3HKo-TeXHHUECKUH HHCTUTYT, Jlonronpyablii, Poccus
2 Unctutyt Gusuku MEKpocTpykTyp PAH, Hixuuit Hosropon, Poccus
3 Husxeroposckuii rocynapcTseHnblii yausepeuter um. H. U. Jlo6auesckoro, Hinkmuit
Hosropon, Poccus
* Uuctutyt ¢usuxu tBepnoro tena um. F0. A. Ocunbsna PAH, Uepnoronoska, Poccus
*email: aladyshkin@ipmras.ru

AHHOTaNus

JleTanpHbIN aHAIU3 TaHHBIX CKaHUpYIOIel TyHHenbHON MuKpockonuu (CTM), moaydeHHbIX AJis
(haceTHpPOBaHHBIX, CTYIICHYATHIX W HETJIOCKUX TIOBEPXHOCTEH, OOBIYHO 3aTPyIHEH U3-32 HATHYUHS
OO0JIBIIIOTO KOJIMYECTBA YYACTKOB TOBEPXHOCTH, HAKJIOHEHHBIX Ha OOJIBIIAE WM TIEPEMEHHBIE
VIJIBI  OTHOCHTENBHO TUIOCKOCTH CKaHWpoBaHWS. Kak clencTBue, cTaHAapTHBIE METOMIBI
YCTpaHEHUs TII00ATFHOTO WM JIOKAJIhbHOTO HAKJIOHA JIMOO ITyTeM IJIOCKOTO BBIYMTAHHS, JIHOO
gucieHHoro AudGepeHIMpoBaHus TEPBOTO TMOPSAKAa OKa3bIBAIOTCA HEIPPEKTUBHBIMHU. MBI
MOKa)keM, YTO MpocTas mpoiieaypa pasHoctu rayccuanoB (difference-of-gaussians) maer mam
BBIPOBHEHHBIE N300paKeHUsI, COOTBETCTBYIOILIUE MPOEKIUU paccCMaTpUBAaeMOll MOBEPXHOCTH Ha
IJIOCKOCTh CKAaHUPOBaHUS, 0€3 HeXenaTeabHbIX U3MEHEHUH KOHTpacTa. TOT METO] MO3BOJIsSET
MUHHUMHU3HPOBATh MEJIKOMACIITA0HbIE IIyMbl, KOHEYHBIM HAaKJIOH HM300paXeHUsI BJOJb
HarpaBJieHHusT OBICTPOTO M MEIJICHHOTO CKaHWPOBAHUS M KPUBH3HY MOBEpXHOCTH [1,2]. DTOT
METO/I MOKET MPUMEHATHCS KaK JUIsl SKCIpecc-aHaIn3a IKCIePUMEHTAIbHbBIX TaHHBIX, TaK U JUIs
0ojiee AETaIbHOTO aHalM3a, BKIIOYAs OINpeAesiCHHE MapaMeTpPOB DPEUICTKH U YIJIOB MEXIY
BEKTOpaMH TPAHCISAUUN [ PEKOHCTPYKIHMI IMOBEPXHOCTH HAa pa3jMYHBIX Teppacax WU
JnoMeHax. [ WUTIoCTpaluu NpeuMyIecTB 3TOT0 METO/Aa PACCMOTPHUM CIEAYIOIINE MPUMEPBI:
¢bacerupoBanHas mosepxHocts Cu(115)-O, Hemnockue MoBEPXHOCTH HAHOCTPYKTYPUPOBAHHOIO
rpadeHa u rpaduTa ¢ MyapoBBIM PUCYHKOM, HETJIOCKHE TOBEPXHOCTH TOHKUX TUIeHOK AU(111) u
Pb(111), a Taxke BuimHanbHBIC MoBepxHoCcTH Si(556) u Si(557) (puc. 16). B gomonHenue k
METO/y Pa3HOCTH I'ayCCHaHOB MbI 00CYX/1aeM HOBBII METO/] BRIpaBHUBaHMs BUIIMHAILHBIX (hhm)
MOBEPXHOCTEH, OCHOBAHHBIN Ha aHAJIM3€ CTATHCTHYECKOTO pacrpeseicHus f(Z) BUAUMBIX BBICOT
JUIS YaCTUYHO BBIPOBHEHHBIX M300paKeHUN M MOUCKE TaKUX MapaMeTpoOB IUIOCKOCTH, KOTJa BCe
MakCUMyMbI 11 pyHKIMH f(Z) OyayT vMeTh MUHUMAIBHYIO MIHPUHY (pUC. 1B).

OCHOBHBIE TIPEHMYIIIECTBA STUX METOJOB 3aKIOUarOTCs B cieayromem: (i) oba MeToaa HaroT
HEHCKaXECHHBIC N300paKEHUSI PEKOHCTPYKIIMI MOBEPXHOCTH 0€3 HeKeNaTeTbHOU MOAU(PUKAIIIT
KOHTpacTa (JlaTepajbHble CIBUTH MHHUMYMOB/MakCHMyMoOB), u (ii) 00a MeToaa CyIIeCTBEHHO
COKpAIAIOT BpeMsi 00pabOTKH ISl TOATOTOBKM KaueCTBEHHBIX TOMOTpadudecKiX n300paskeHui
(OT MHUHYT 10 CEKYH[) ¥ HE TPEOYIOT aKTUBHOTO Y4aCTHs TIOJIB30BATEINS.
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a Raw topography image b Image aligned by ¢ Histogram-based alignment
of Si(556) surface difference-of-gaussians
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Fig.1. a — HeoOpaboTanHOe Tonorpaduyeckoe u3oopakenue mosepxuoct Si(5 5 6), b — kapra
Pa3HOCTHOTO CHTHAJIA, TIOJTy9IE€HHAS METOIOM Pa3HOCTH IayCCHAHOB, C — KapTa Pa3HOCTHOTO
CHTHAJIA TT0CIIE BRIPAaBHUBAHUSI H300PaXKEHUsI TIOCPEICTBOM ONITUMU3AIIMH THCTOTPAMMBI
pacrpe/esieH st BBICOT U yIaJeHUs] (JOHOBOTO CHTHAIA.
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Abstract

Detailed analysis of scanning tunneling microscopy (STM) data acquired for faceted, stepped and
non-flat surfaces is usually complicated due to presence of large number of surface areas tilted by
large/variable angles relative to the scanning plane. As a consequence, standard methods of
elimination of global or local slopes either by a plane subtraction or first-order numerical
differentiation seem to be ineffective. We demonstrate that simple difference-of-gaussians
procedure provides us aligned topography images corresponding to a projection of considered
surface onto scanning plane without undesirable modifications of contrast. This method allows us
to minimize small-scale noise, finite slopes of topography image along both fast and slow scanning
directions and minimize surface rippling [1,2]. This method can be applied both for fast 'on-the-
fly' visualization of experimental data and more detailed analysis, including high-precision
determination of lattice parameters and angles between translations vectors for surface
reconstructions at different terraces or surface domains. To illustrate the advantages of this method
we consider the following examples: faceted Cu(115)-O surface, non-flat surfaces of
nanostructured graphene and graphite with moiré pattern, non-flat surfaces of thin Au(111) and
Pb(111) films, and vicinal Si(556) and Si(557) surfaces (Fig. 1b). In addition to the difference-of-
gaussians approach, we discuss a new method of the alignment of the stepped (hhm) surfaces based
on analysis of the statistical distribution f(z) of the visible heights for partly aligned images and
seeking the case when all maxima in f(z) would have the minimal width (Fig. 1c).

The main advantages of these methods are the following: (i) both methods return us undistorted
images of surface reconstructions without unwanted modification of contrast (lateral shifts of
minima/maxima), and (ii) both methods substantially reduce processing time for preparing high-
quality topography images (from minutes to seconds) and does not require active participation of
a user.
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a Raw topography image b Image aligned by ¢ Histogram-based alignment
of Si(556) surface difference-of-gaussians and background subtraction
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Fig.1. a — raw topography image of Si(5 5 6) surface, b — differential map obtained by
difference-of-gaussians, ¢ — optimally aligned image based on histogram analysis.
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