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CKaanylomaﬂ 30HI0Basi MUKPOCKOIIUA CETOAHA — 0T MUKPO- "
HAHOJJCKTPOHHUKH /10 MOJIeKyJIﬂpHOﬁ OMOJIOTHH U MEIUIIUHBI

B.A. Brikos, T.I'. Matromuna
000 «KCHIIJIEKT», OO0 « TEXHOCEK XOJI/JUHTI », 2. Mockea, Poccus

K nactosimemy BpeMenu pazsurue C3M mo3BOJISET aKTUBHO U PE3YJIBTaTUBHO IIPOBOAUTH
UCCJIEIOBAHMSI BO MHOTHMX OTpacisiX HAyKH U MPOMBIIUIEHHOCTH — OT (DyHIaMEHTalbHBIX U
IPUKIIAIHBIX UCCIEIOBAHUM MaTEPUAIIOB U IIPOLIECCOB 10 MPAKTUYECKOW METUIINHBI.

[TpuGOpsI MO3BOJIAIOT PETUCTPUPOBATH OOJIBIION HAOOP XapaKTEPUCTUK IMOBEPXHOCTHBIX
HAaHOCTPYKTYp, BKJIIOYas TI€OMETPUUYECKHE IapaMeTphl, >KECTKOCTb, JJIEKTPUUYECKHE U
MarHUTHbIE CBOMCTBA, MO3BOJISIOT MOIU(ULIMPOBATH MOBEPXHOCTHBIE CTPYKTYPHI.

B xombunanuu ¢ Buaumoit u UK cnexTpockomnuei, CeKTpoCKOnueil KOMOMHAIIMOHHOTO
paccesiHiSI BO3MOXKHO HCCJEI0OBaTh ONTUYECKHE CBOMCTBA MOBEPXHOCTEHN ¢ MPOCTPAHCTBEHHBIM
paspemienueM 10 10 HM, a ¢ Hcnosnb30BaHMEM INepecTpanBaeMbix JazepoB B MK auamasone
BO3MOXXKHO TIOJlydyaTh HMHGOpPMAIMI0O O pacmopeleeHud (PYHKUMOHAIBHBIX TPyHH 1O
MOBEPXHOCTH.

K Hacrosmemy BpemMeHHM Hameld Trpynnod KOMIIAHUM CO3JaHbl aTOMHO-CHJIOBBIE
MUKPOCKOIIBI JUIsl UCCIIEN0BAaHUS IUIACTUH auameTpoM 10 200 MM ¢ pa3pelieHHEM BILIOTH 0
aTOMapHOT0, YTO OCOOEHHO MHTEPECHO ISl MPUKIAIHBIX U (PyHAAMEHTAJIbHBIX UCCIIEIOBAaHUI B
oOmactn HaHOdnekTpoHukH. Ha pucynke mnpuseneHa ¢ororpadus mnpubopa N-LECTA,
YCTaHOBJIEHHOTO B HACTOsIEee BpeMs B 3€JICHOrPaJCKOM HAHOTEXHOJOTHYECKOM IIEHTpE U
OK3AH (YepHoromnoBka).

Puc.1. ACM N-LECTA LR200.

C wucnompzoBanneM ACM N-LECTA LR200 B0O3MOXHO KOMILIEKCHOE HCCIIEIOBAHUE
06pa31oB pasmepoM 10 200200 MM? ¢ BO3MOXKHOCTBIO MOTy4eHHs aTOMAPHOTO Pa3peleHus B
yCIOBHSIX ~ 0ObIMHOM  jabopatopum.  Ilpubop  cHaOkeH  BHYTpPEHHEH  CHCTEMOM
TepMocTabunuzanuu. Pabodas Temreparypa mnpuOopa yCTaHaBIMBAaeTCs Ha 5 — 7 TpaaycoB
BBIIIIC KOMHATHOW Temmeparypbl. [IpuOop oOcCHameH MOIMHOW CHCTEMON  aKTUBHOU
BUOPO3alIUTHI, OOECIIEUUBAIONIEH BO3MOXKHOCTh JOCTIDKCHHS aTOMapHOTO pas3pelieHus B
YCIIOBHSIX JTAOOPATOPHH.



Scanning probe microscopy today — from micro- and nanoelectronics to
molecular biology and medicine

V.A. Bykov, T.G. Matyushin
000 "XILLECT", OOO "TEKHNOSEK HOLDING", Moscow, Russia

At present, the development of SPM allows for active and effective research in many areas
of science and industry — from fundamental and applied research of materials and processes to
practical medicine.

The devices allow for recording a large set of characteristics of surface nanostructures,
including geometric parameters, rigidity, electrical and magnetic properties, and allow for
modification of surface structures.

In combinations with visible and IR spectroscopy, Raman spectroscopy can study the
optical properties of surfaces with a spatial resolution of up to 10 nm, and using tunable lasers in
the IR range, it is possible to obtain information on the distribution of functional groups on the
surface. By now, our group of companies has created atomic force microscopes for studying
plates up to 200 mm in diameter with a resolution down to atomic, which is especially interesting
for applied and fundamental research in the field of nanoelectronics. Fig. 1 (see below) shows a
photograph of the N-LECTA device, currently installed in the Zelenograd Nanotechnology
Center and EKZAN (Chernogolovka).

Fig. 1. AFM N-LECTA LR200.

Using the N-LECTA LR200 AFM, it is possible to comprehensively study samples up to
200x200 mm? in size with the ability to obtain atomic resolution in a conventional laboratory.
The device is equipped with an internal thermal stabilization system. The operating temperature
of the device is set at 5 — 7 degrees above room temperature. The device is equipped with a
powerful active vibration protection system, ensuring the ability to achieve atomic resolution in
laboratory conditions.
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HcciienoBanue onTu4eCKNX CBOCTB MOBEPXHOCTH € CYOBOJIHOBBIM
NMPOCTPAHCTBEHHBIM pa3penieHueM MeTo0M perucrpamun CTM
UHIYUHMPOBAHHOM JIIOMHHECHCHINH

B. Jle6enes!, H.A. Conomonos!, U.C. Myxun'+

! Axaoemuueckuii ynusepcumem um. XK. H. Angpépoea, 194021, Poccus, 2. Canxm-Ilemep6ype, yi.
Xnonuma, o. 8

’Uncmumym ananumuueckozo npubopocmpoenus PAH, 190103, Poccus, Canxkm-ITemep6ype, Puoicckuil
np., 0. 26

Canxm-Ilemep6ypeckuii nonumexnuueckuii yuusepcumem Ilempa Benuxozo, 195251, Poccus, Cankm-
Ilemepbype, ya. Ilonumexuuyeckas, 0. 29

B npencraBnennoit pabore metomom CTM-uamymupoanHO# mromMubectueHmmun (CTM-JI)
OBLT MCCIIEZIOBAH IIUPOKUN CIIEKTP HAHOCTPYKTYP, MOTEHIIMAIBHO MPUMEHUMBIX ISl CO3JIaHUs
HAaHOPA3MEPHBIX DJIEKTPOYNPABISIEMbIX HMCTOYHUKOB HU3Iy4deHHs. BbUIM MOdydeHbl AaHHBIE O
pacmpeneneHnd COOCTBEHHBIX ONTHYECKUX MOJ IS Pa3NUYHBIX THIIOB HaHOAHTEHH. B xone
BBITMIOJHEHHs] paObOT ObUIM MCCIIEIOBAHbBI 3 THUIA TUIA3MOHHBIX U JUAJIEKTPUYECKUX HAHOAHTEHH:
30JI0ThI€ HAHOJWCKH, TOJTYYCHHBIE C TOMOINBI0 KOMOWHAIIMM METOJIOB ONTHYECKOH W
AIIEKTPOHHOM JUTOrpaguu; KpPEeMHUEBbIE HAHOYACTUIBI, ToxydeHHble MeTogoM CTM
HaHOHUTOrpaduu; HAHOOAMIIBI, TOJYYCHHBIE METOJOM (PEMTOCEKYHJIHOW JIA3epHON IICYaTH.
DKCMEPUMEHTAIBHO MOKA3aHO, YTO BCE YEThIPE TUIA CTPYKTYP UMEIOT MOBBIIIEHHYIO MJIOTHOCTh
ONTUYECKUX COCTOSIHMM, YTO TMO3BOJISIET MCIOJIb30BaTh JIaHHBIE OOBEKTHl B KauecTBe
HAHOPA3MEPHBIX UCTOYHUKOB ONTHYECKOTO M3ITyuYeHHUsl Ha OCHOBE d(dekTa reHepanuu (poToOHOB
OpU HEYNPYroM TYHHEIUMPOBAaHUU 3JeKTpoHOB. Kpome Toro, B pabore paccMOTpeHO
npumenenue CTM st uccneoBaHusl ONTHYECKUX CBOWCTB ITOXOMPOBOISAIIUX TOBEPXHOCTEM.
[ToxazaHa, BO3MOXXHOCTb HCCIIEJJOBAHUS ONTUYECKUX CBOMCTB MOBEPXHOCTH TaKUX CHUCTEM C
CyOBOJIHOBBIM TIPOCTPAHCTBEHHBIM pa3perieHueM. lccrienqoBanue BBITIONHEHO 3a CYET IpaHTa
Poccutiickoro mHayunoro ¢onaa (mpoekt Ne 25-19-00666).

Study of optical properties of the surface with subwavelength spatial
resolution by the method of recording STM induced luminescence

D.V. Lebedev'?, N.A. Solomonov', I.S. Mukhin'*

"Academic University named after Zh.1. Alferova, 194021, Russia, St. Petersburg, st. Khlopina, 8
’Institute of Analytical Instrumentation, Russian Academy of Sciences, 26, Rizhskiy pr., St. Petersburg,
190103, Russia

3Peter the Great St. Petersburg Polytechnic University, 195251 Russia,St. Petersburg, st.
Politekhnicheskaya, 29

In this study, scanning tunneling microscopy-induced luminescence (STM-LE) was used to
investigate a range of nanostructures for developing nanoscale electrically driven light sources.
The local density of optical states (LDOS) was mapped for various antenna types, including:
gold nanodisks (fabricated via optical/electron beam lithography), silicon nanoparticles (formed
by STM nanolithography), nanobumps (printed via femtosecond laser processing). All structures
exhibited enhanced LDOS, enabling their use as nanoscale optical emitters based on inelastic
electron tunneling. The work also demonstrates STM-LE’s capability to characterize poorly
conductive surfaces with subwavelength spatial resolution. The study was supported by a grant
from the Russian Science Foundation (project no. 25-19-00666).
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MouJiexyasl PBrs; u H2O na nosepxnoctu Si(100)
T.B. IlaBaoBa, B.M. Illesntora
HUncmumym ooweti puzuxu um. A.M. Ilpoxoposea PAH, 119991, Mocksa, yr. Basunosa, 38

Nzyuena koamcopobuust mosiekyn PBr; u H>O na moepxnoctu Si(100) ¢ micnonb3oBaHHEM
cKaHHUpymoueil TynHenbHoi MuKkpockonuu (CTM) u pacueToB Ha OCHOBE TEOpUHU (PYHKIIMOHANA
miotHocty (DFT). Harpes o6pasma no 400°C B kamepe CTM 1103BOJIMI IPOCTCAUTH 32 TEMH JKE
CaMbIMH TIOBEPXHOCTHBIMH CTPYKTYpPaMH JO M TIOCJIE HarpeBa. YCTAaHOBJIECHO, YTO IMpH
KOMHATHOU Temneparype aacop6ius PBr3 u H,O npoucxoaut He3aBucumo npyr ot apyra. [Ipu
HarpeBe oOpasia aromMbl OpoMa 00pa3yloT KOMIUIEKCHI Ha IMOBEPXHOCTH, HMPUCOCIUHSICH K
dochopy u dparMeHTaM MOJEKYJIbl BOABL. Tak, mocie HarpeBa atoMm ¢ocdopa BHEIpsiETCsS B
BEPXHHUI CIIOW TOBEPXHOCTH M (OpPMHUpPYETCs TreTepoauMep ¢ atoMoMm Opoma, P-Si-Br.
@®parMeHTbl MOJIEKYJIBbI BOJIBI MOCJIEe HarpeBa (POpMUPYIOT KOMIUIEKCHI ¢ JBYMsI aTOMaMu OpoMa,
HaXOJALIMMHUCS Ha COCEIHUX IuMepax Si.

PBr; and H>O molecules on the Si(100) surface
T.V. Pavlova, V.M. Shevlyuga

Prokhorov General Physics Institute of the Russian Academy of Sciences, 119991, Moscow, Vavilova str.,
38

Coadsorption of PBr; and H>O molecules on the Si(100) surface was investigated using
STM and DFT calculations. Heating the sample to 400°C in the STM chamber allowed tracking
the same surface structures before and after heating. It was found that at room temperature, PBr3
and H>O adsorption occurs independently. When the sample is heated, bromine atoms form
surface complexes that include phosphorus and water molecule fragments. Thus, after heating,
the phosphorus atom is embedded in the upper surface layer, forming a heterodimer terminated
with a bromine atom, P-Si-Br. The fragments of the water molecule after heating form
complexes with two bromine atoms located on neighboring Si dimers.
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KoaacopOoums xjiopa u kucjiopoaa Ha nosepxHoctu cepedopa: CTM u TOII
nccjie0BaHue

b.B. Aunpromeukun, T.B. [TaBnosa, H.C. Komapos, B.M. Illesntora
HOD PAH, 119991, Mocksa

B pabote c wucnonb30BaHHEM CKaHUpYOIEHd TyHHenbHOW Mukpockoruu (CTM) u
pacyeToB B pamkax Teopuu (yHKuuoHana miotTHoctu (TDII) ucciaenoBana koamcopOuus xiaopa
U KUCIIOpOJIa HA MOHOKpHCTaIueckue rpanu cepedpa (111), (100) u (110). Koancopbunonnsie
CUCTEMBI CO3JaBAJIMCh JBYMsI CIIOCOOAMHU: OKHUCICHHEM XJIOPUPOBAHHOM MOBEPXHOCTH cepedpa
WM XJIOPUPOBAHUEM OKHCIIEHHOTO 00pa3ia. OCHOBHBIE pe3ynbTaThl ObUIN MOTYYEHbI AJIs TPaHu
cepebpa (111). B 3aBucumoctu ot crexuomerpuu MetogoM CTM Obln oOHapyKeH psl paHee
HEU3BECTHBIX XOPOIIO YIOPSIAOYEHHBIX KOaJCOPOMPOBAHHBIX CTPYKTYpP, COAEPIKALIUX Kak
aTOMBI KHCJIOPOJA, TaK U atoMsbl xjopa. TDII pacuersl mokas3anu, 4T0 B OCHOBE BCEX CTPYKTYP
JEKUT PpeKOHCTpyKiuu TmoBepxHoctn Ag(111). B pamMkax peKOHCTPYKIIMM dYacTh aTOMOB
cepebpa ynmaisieTcsi U3 BEPXHETo CJ0s, U Ha MOBEPXHOCTH (DOPMUPYIOTCS TPEyroJbHUKH U3
aToMOB cepeOpa, 3anumatromue auoo 'K, mbo 'TTY-mo3unmmu. AToOMBI Xjopa U KUCIOpoaa
KOHKYPHPYIOT MEXAy COOOW, CTpEeMSCh 3aHATh MOJOXKEHHUS MEXAYy YEThIpbMs aToOMaMH
MO/UTOKKH, AHAJOTUYHBIE WX TO3WIMIM B pPEeKOHCTpyKmmsax p(4x4)-O u (3x3)-Cl npum
pasaenbHON ancopOuuu. XapakTepHOW OCOOEHHOCTBIO BCEX KOaJCOPOMPOBAHHBIX CTPYKTYP
SBJISICTCSl HAIMYUE SIPKUX 00BEKTOB, KOTOPHIE MBI CBsi3bIBaeM ¢ kBazumoliekyiaamu ClO3; u CIO.
C nmomorpio Teopud (yHKIMOHAJA IJIOTHOCTH MBI paccuuTanu sHepruu cBsizu O 1s ams Bcex
aTOMOB KHCJIOPOJia B CTPYKTypax. DHEPrusi CBA3M aTOMOB KHUCJIOPOJa B MOJOXKEHUSIX MEKIY
YeThIphMS aTOMaMH cepedpa cocTaBisieT 528 3B, Toraa Kak SHEpPruu CBsI3M aTOMOB KHUCJIOPOJA B
kBazumodiekynax ClOz u ClO cocraBnstor 531 3B u 530 5B, cooTBEeTCTBEHHO, YTO yKa3bIBaeT Ha
uX 3JeKTpounbHyl0 mpuponay. JaHHBIM (QakT NpeacTaBiseT WHTEpEC MIJs yCTaHOBJICHUS
MeXaHHU3Ma PEeaKIMH MOKCUINPOBAHUS ITHIIEHA HA CEpeOPSITHOM KaTalu3aTope, B KOTOPOil XJIop
ABIsieTCsl mpoMoTopoM. PaboTa BeinosiHeHa npu nojaaep:xkke rpanta PH® Ne24-63-00037.

Coadsorption of chlorine and oxygen on silver surface: STM and DFT study

B.V. Andryushechkin, T.V. Pavlova , N.S. Komarov, V.M. Shevlyuga
GPI RAS, 119991 Moscow

In this work, the coadsorption of chlorine and oxygen on single-crystal silver faces (111),
(100), and (110) was investigated using scanning tunneling microscopy (STM) and density
functional theory (DFT) calculations. Coadsorption systems were created in two ways: by
oxidation of the chlorinated silver surface or by chlorination of the oxidized sample. The main
results were obtained for Ag(111). Depending on the stoichiometry, a number of previously
unknown well-ordered coadsorbed structures containing both oxygen and chlorine atoms were
detected by STM. DFT calculations showed that all structures are based on the reconstruction of
the Ag(111) surface. Within the reconstruction, some silver atoms are removed from the upper
layer, and triangles of silver atoms are formed on the surface, occupying either fcc or hcp
positions. Chlorine and oxygen atoms compete with each other, trying to occupy positions
between four substrate atoms similar to their positions in p(4x4)-O and (3x3)-Cl reconstructions
upon separate adsorption. A characteristic feature of all coadsorbed structures is the presence of
bright objects, which we associate with ClO3 and CIO quasimolecules. Using density functional
theory, we calculated the O 1s binding energies for all oxygen atoms in the structures. The
binding energy of oxygen atoms in positions between four silver atoms is 528 eV, while the
binding energies of oxygen atoms in ClO3; and CIO quasimolecules are 531 eV and 530 eV,
respectively, indicating their electrophilic nature. This fact is of interest for establishing the
mechanism of ethylene epoxidation reaction on a silver catalyst, in which chlorine is a promoter.
This work was supported by the Russian Science Foundation (project Ne24-63-00037).
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ATOMHO-CHJI0BAsi MUKPOCKOIIMS AJISl OLICHKH KJIETOYHBIX (U3MoOMapKepoB
JJISL 1eTEeKTUPOBAHMS NIATOJIOTHIA M 3200/1eBaHUI

B.A. Ceprynona, M.E. Jlokykun
@HKI] PP, 107031, Mocksa, ya. Ilemposka 0. 25 cmp. 2

B Hactosmielr pa0GoTe mpeACTaBICHBI PE3YNbTaThl KOMIUIEKCHOTO HCCIIEAOBAHHS
W3MEHEHUN KIIETOK KPOBH (IPUTPOLMTOB, HEUTPODUIOB, MakpodaroB) NpH BO3AEHCTBUU
dusznyeckux (TUMOKCHUS, anua03, KCEHOH), OWOJIIOTMYECKUX (CemThyecKass ChIBOPOTKA,
akTHBaTOphl HelTpoduiioB) u renernuecknx (HokmayH IRFS) dakropoB. Ocoboe BHUMaHUE
yneneno npoueccaM NETo3a HeHTpodiIoB 1 NoIspu3aui Makpodaros.

[IpumeHeHre AaTOMHO-CHMJIOBOM MHKPOCKONHMHM TO3BOJIAET KOJUYECTBEHHO H3MEPUTh
MOp(OJIOTHUECKUEe U HAHOMEXaHMUYECKUE MapaMeTphl KJIETOK KPOBU BILIOTH J10 HAHOMETPOBOTO
paspemienus. B pabGore oOCyxmaroTcsi W3MEHEHUS MOPQOJIOTHH KICTOYHOM MOBEPXHOCTH,
KECTKOCTHU KJIeToK (Moayist FOHra), a Takke CTpyKTypHas IepecTpoiika LIUTOCKENETa.

[ToyueHHble pe3ynbTaThl JIEMOHCTPUPYIOT BBICOKYIO JAMAarHOCTUYECKYI0 CIHOCOOHOCTh
ATOMHO-CHJIOBOM MHKPOCKOIIMHU IS BBISBICHUS PA3IMYHBIX KIETOYHBIX (PH3UOMAPKEPOB,
OTpakarolllUX paHHUE U3MEHEHHS MPU BOCTIAJIEHUU, TUIIOKCUY U UIMMYHOAKTUBAIIUH.

Atomic force microscopy for the evaluation of cellular physiological markers
in disease and pathology detection

V.A. Sergunova, M.E. Dokukin

Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology, V.A. Negovsky
Research Institute of General Reanimatology, 107031 Moscow, 25 Petrovka Street, Building 2

This study presents the results of a comprehensive investigation of blood cell changes
(erythrocytes, neutrophils, and macrophages) under the influence of physical (hypoxia, acidosis,
xenon), biological (septic serum, neutrophil activators), and genetic (IRF5 knockdown) factors.
Special attention is given to neutrophil NETosis and macrophage polarization processes.

The use of atomic force microscopy allows for quantitative measurement of blood cell
morphological and nanomechanical parameters with nanoscale resolution. This study discusses
alterations in cell surface morphology, cell stiffness (Young’s modulus), and cytoskeletal
structural remodeling.

The obtained results demonstrate the high diagnostic potential of atomic force microscopy
for identifying various cellular physiomarkers that reflect early changes associated with
inflammation, hypoxia, and immune activation.
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OO0 aTOMHOIi CTPYKTYype TPOHHBIX cTyneHeil Ha moBepxHocTax Si(hhm)
A.H. Yaiixa', A.JO. Anagprnukun’>*, B.H. Cemenos', A.M. Uonos', C.U. Boxko!

! Unemumym ¢uzuxu meepoozo mena umenu FO. A. Ocunvana PAH, yn. Akademuka Ocunvsna, 0. 2,
Yeprnozonoska, 142432

2 Unemumym @uzuxu muxpocmpykmyp PAH, yn. Axademuueckas, 0. 7, Huocnuii Hoszopoo, 603950

3 Huoicezopodckuii 2ocyoapcemeennviii ynusepcumem um. H. U. Jlobauesckozo, np. I'azapuna, 0. 23,
Huorcnuii Hoseopoo, 603022

* [lenmp nepcnexmuenvix Memo0dos me3o(pusuxu u Hanomexnono2utl, Mockosckuti usuxo-mexnuueckui
uncmumym, Hnemumymcekuii nep., 0. 9, Joneonpyonwiii Mockosckoti oon., 141700

CrynenyaTteie TOBepXHOCTH KpeMmHHs Si(hhm) SBISIFOTCS MEPCIIEKTUBHBIMU TOTOKKAMHI
JUISE CO3JaHUSI HU3KOPA3MEPHBIX CTPYKTYp C YHHKAIbHBIMU CBOHCTBaMHU. OcoOBIil WMHTEpec
MPUBJIEKAET CHCTEMa TPOWHBIX CTYMEHEW, (opMHpyroIIascs Ha IutacTHHax KpemHus Si(557).
ATOMHas CTPYKTypa NEPUOJUYECKON CUCTEMBI TPOMHBIX CTYNEHEH M3ydanach paHEe METOJaMU
CKaHWpYIolen 30H10BoN Mukpockonuu (C3M), Teopun (pyHKIIMOHANA TIIOTHOCTH, AUGPAKIUNA
MEJIEHHBIX JIEKTPOHOB U PEHTT€HOBCKUX Jiyuell. TeM He MeHee, aTOMHYIO CTPYKTYpPY U TOYHOE
3HaYeHHE TMepro/ia Helb3sl CYUTATh JOCTOBEPHO YCTAaHOBICHHBIMU. (M paKIMOHHBIE JaHHBIE HE
JaloT npsMoi uHpopMmammMu 006 aToMHOM cTpykType, a C3M-uccienoBaHusi pasHbIX TPYIII
mpoTUBOpeYaT Apyr Apyry. B nanHHO# paboTe ¢ MOMONIBIO CKAaHUPYIOIICH TyHHEJIBHOU
MHUKPOCKOMHUHU OBLIO MPOBEJCHO HUCCIEAOBAHUE ATOMHOW CTPYKTYPBI YHOPSAOYESHHBIX MAaCCHBOB
cTyneHei, copmupoBaHHbIX Ha TuracTMHax Si(5 5 7). AHanu3 SKCIEPUMEHTAIBHBIX JaHHBIX
CBUJIETEJILCTBYET O (POPMHUPOBAHUHM CHCTEMBI TPOMHBIX CTYNEHEW C JIOKAJbHOW OpHEHTAIUeH
noBepxHocTd (8 8 11). IlepuoaudHOCTh B TaKO#l CTPYKType MOIIEPKUBACTCS ¢ TOYHOCTHIO 0O
OJTHOTO AaTOMHOTO psiia C TOMOUIbIO pa3HBIX KoH(purypauuit crymeneir u teppac. Llupuna
Teppac COOTBETCTBYET XApAaKTEPHBIM pazMepaMm sueek 5x5, 7x7 m 9x9, a TpoilHblE CTYNEHU
COCTOSIT M3 TOCJIENOBATEIbHBIX MOHOATOMHOW M JBOWHOW CTYyNEHEH, pa3JeleHHBIX Y3KOM
TEeppacoil IIMPUHOM B HECKOJIBKO MEXKATOMHBIX paccTosHMi. PaGoTa BbIMONHEHA ™pH
nogaepxkke rocynapcrseHnoro 3aaanus UOTT PAH u UOM PAH.

On the atomic structure of triple steps on Si(hhm) surfaces
AN. Chaika', A.Yu. Aladyshkin®***, V.N. Semenov', A.M. Ionov', S.I. Bozhko'

! Osipyan Institute of Solid State Physics RAS, Chernogolovka 142432, Russia

? Institute for Physics of Microstructures RAS, Nizhny Novgorod 603950, Russia;

3 Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod 603022, Russia

* Center for Advanced Mesoscience and Nanotechnology, Moscow Institute of Physics and Technology,
Dolgoprudny 141700, Russia

Vicinal Si(hhm) surfaces are promising substrates for fabricating low-dimensional structures
with unique properties. Regular step arrays on Si(557) wafers have attracted particular attention.
The atomic structure of the periodic triple step system has been studied with scanning probe
microscopy (SPM), density functional theory, X-ray (XRD) and low energy electron diffraction
(LEED). Nevertheless, the atomic structure and periodicity of the triple steps is still under debate
because LEED and XRD data do not provide direct information about the atomic structure while
SPM studies of different groups contradict to one another. In this work, the atomic structure of
the triple step staircase formed on Si(557) wafers has been studied using scanning tunneling
microscopy. Detailed analysis of the experimental data supports the formation of Si(8 8 11) triple
step array. The periodicity of this atomically precise staircase can be supported on micrometer-
sized surface areas with different terrace and step structures. The widths of the terraces
correspond to the dimensions of the 5x5, 7x7 and 9x9 cells while triple steps generally consist
on monatomic step, narrow terrace and double step.
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Anaan3 NePHOAUYHOCTH CUCTEMBbI MYJIbTHATOMHBIX CTyneHeﬁ Ha
BUIIMHAJIBHBIX NOBEPXHOCTHAX

AJO. Anagpimikus, >? A H. Yaiika*

! Unemumym pusuxu muxpocmpyxmyp PAH, yn. Axademuyeckas, 0. 7, Huocnuii Hoszopoo, 603950

2 Huoice2opodckuil 2ocyoapemeennwiii ynueepcumem um. H. . Jlo6auesckozo, np. Iacapuna, 0. 23,
Huoicnuii Hoseopoo, 603022

3 lenmp nepcnexmuenvlx Memoooe me30(usuxu u Haromexnono2utl, Mockoéckuil usuxo-mexunuveckuil
uncmumym, Uncmumymcexuti nep., 0. 9, loneonpyousiii Mockosckoti 06a., 141700

* Huemumym gusuxu meepoozo mena umenu FO. A. Ocunvana PAH, yn. Axademuxa Ocunvana, 0. 2,
Yepuoeconosxa, 142432

B pabote uccinenoBanbl 0COOEHHOCTH aTOMHBIX CTPYKTYP, BOSHUKAIOIUX HA BUIMHAIBHON
NOBEepXHOCTU KpeMHHs Si(h h m), OpUEHTHPOBaHHOW mMOA yrioM 9.5° TO OTHOLICHHIO K
teppacam (1 1 1). K urcity BBICOKOMHIEKCHBIX TTOBEPXHOCTEH, KOTOPBIE MOTYT C(POPMHUPOBATHCS
IPHU JaHHBIX YCJIOBHSAX, MOKHO OTHecTd moBepxHocT Si(8 8 11), Si(557) u Si(7 7 10). ns
paccMaTpuBaeMbIX BHUITMHAJIBHBIX TOBEpXHOCTeH Ha Teppacax (1 1 1) maGmromaroTcs ydacTKH
PEKOHCTpYKLUHU 7x7. MBI IOKa3aau, 4TO B 3aBUCUMOCTH OT IIEPUOJA CTPYKTYPhI OJMH HIIU JBa
bypbe-nuKa Ha 3aBUCUMOCTH |z(kx, ky)|, mocTpoeHHOHN A k,=0, OKa3bIBaeTCs MOJABICHHBIM. DTO
MO3BOJISIET OJHO3HAYHO OMNPEAEIUTh MEPUOJ CTPYKTYPbl M YCTAHOBUTb 3HAUCHMsI HWHIEKCOB
Muinepa. @ypbe-aHalu3 pa3HOCTHBIX TOMOTPaPUUECKUX H300paKeHUH, MOTYYEeHHBIX METOJIOM
CKaHUPYIOLEH TyHHEIbHOH MUKPOCKOIMH, OJHO3HAYHO YKa3bIBAIOT Ha IOJIABJIECHUE JIEBATOrO
dypre-muka (nmpu k= 9.45 um' u k=0), uTo ykas3piBacT Ha (POPMHUPOBAHHE IOBEPXHOCTH
Si(8 8 11). Pabora BeIMOTHEHA MpU TOIJEPKKE rocymapcTBeHHoro 3amanus UOM PAH u
rocynapctBeHHoro 3ananus MOTT PAH.

Analysis of periodicity in array of multiatomic steps on vicinal surfaces
A.Yu. Aladyshkin,'** AN. Chaika*

! Institute for Physics of Microstructures RAS, Nizhny Novgorod 603950, Russia;

2 Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod 603022, Russia

3 Center for Advanced Mesoscience and Nanotechnology, Moscow Institute of Physics and Technology,
Dolgoprudny 141700, Russia

* Osipyan Institute of Solid State Physics RAS, Chernogolovka 142432, Russia

We have investigated the peculiarities of atomic structures that arise on a vicinal surface
Si(h h m) oriented at an angle of 9.5° relative to the terraces (1 1 1). Among the high-index
surfaces that can form under these conditions are the surfaces Si(8 8 11), Si(557), and
Si(7 7 10). We observed narrow regions with 7x7 reconstruction on the flat (1 1 1) terraces. We
demonstrated that depending on the period of the triple-step structure, one or two Fourier peaks
in the dependence |z(kx, k)| calculated for &, = 0 become suppressed. This allows us to uniquely
determine both the period and the Miller indices. The Fourier analysis of differential topographic
images obtained by scanning tunneling microscopy unambiguously indicates suppression of the
ninth Fourier peak (for £=9.45 nm™ and k,=0), which points to the formation of the Si(8 8 11)
surface.
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Pa3paboTka u npuMeHeHHe KPHOTE€HHOI'0 IIYMOBOI'0 TYHHEJIbHOT'0
MHKPOCKONA

B.A. IMonsk'?, B.C. Xpamaii?

I Mockosckuii gpusuxo-mexnuyeckuti uncmumym, Hucmumymexuii nep., 0. 9, Jloneonpyouviii
Mocxosckoii obn., 141700

2 Hucmumym usuxu meepoozo mena umenu FO. A. Ocunvana PAH, yn. Axademuxa Ocunvsna, 0. 2,
Yepuoeconosxa, 142432

[IpencraBnenHas paboTa mocpsiieHa pa3paboTKe U MPUMEHEHUIO YHUKAIbHON YCTaHOBKHU
KPUOTEHHOTO IIIYMOBOTO TYHHEIBHOTO MHKPOCKOIA, COBMEMIAIONICH (YHKIMOHAT METO/I0B
CKaHUPYIOLIEH TyHHEIbHOW U EMKOCTHONM MHUKPOCKOIHMHU U CHEKTPOCKONHUH, a TaKKE ITyMOBOM
CHEKTPOCKOMUU TYHHEIHLHOTO TOKa. CO3/laHHBIA TPUOOp CIPOCKTHPOBAH C HYISI, BKIOYas
MEXaHUYECKYIO, JJIEKTPOHHYIO M aJIrOPUTMHUYECKYH cocTaBisomue. Cpenu KIHYEBBIX
KOMIIOHCHTOB CHCTEMBI: OBICTPBIH KOHBEPTEp TOK-HAMNPSHKEHUE, YCOBEPIICHCTBOBAHHBIC
aITOpPUTMBI 00paTHOUM CBs3M, ObIcTponeicTByromee [1O W mIymMOBON HH3KOTEMIEpaTypHBIN
npeaycuiauTenb. MeTogoM EMKOCTHOTO CKaHUPOBAHHUS IOBEPXHOCTH, PEATU30BAHHBIM
Omaromaps pasnencHuto BYU m HYU TOKOBBIX KOMIIOHEHTOB, BO3MOHO HM3ydaTh YYacTKH IO
2x2 MM? ¢ paspelieHHeM BIUIOTH 0 2 MKM M BBIIIE, YTO MO3BONSET HCCIEI0BATH HE TOJIBKO
LEIUKOM MpPOBOASIINE OOpa3lpl, HO U HAXOAWUTh pA3IUYHBbIE CIOXHBIE CTPYKTYphl Ha
JTUAJICKTPUYECKON TMOJJIOKKE JUIsl JajdbHEUIIUX HccheaoBaHuil mpu nomoinu MerogoB CTM,
CTC wu nokambHBIX NIYMOBBIX H3MepeHui. PaboToCmocOOHOCTh YCTAaHOBKM TMpPOBEpPEHA Ha
o0pa3iax MUPOJIUTHYECKOro Tpadura, KaauOpOBOUYHOW 30J0TOW IIEHKH C MATTEPHOM U3
BBICTYIIAIONIMX MapKepoB M CTPyKType Ha ocHoBe NDN u 30mota Ha momioxkke SizNg. [lpu
temriepatype 4.2K BoCIpoM3BOAMMO MONYYEHBI PE3YNbTaThl EMKOCTHOTO M MOBEPXHOCTHOTO
CKaHHPOBAHUSI, BOJIbT-aMIIEPHBIX XapaKTEPUCTUK U CIIEKTPATIbHON IIIOTHOCTH JIPOOOBOIO IIyMa,
COOTBETCTBYIOIINE TEOPETUUECKUM MPEICKAZAHUSAM.

Development and application of a cryogenic noise tunnel microscope
B.A. Polyak'?, V.S. Khrapai?

' Moscow Institute of Physics and Technology, Dolgoprudny 141700, Russia
2 Osipyan Institute of Solid State Physics RAS, Chernogolovka 142432, Russia

The presented work is dedicated to the development and application of a unique cryogenic
noise tunnel microscope setup, combining the functionality of scanning tunneling and
capacitance microscopy and spectroscopy, as well as noise spectroscopy of tunneling current.
The created device was designed from scratch, including mechanical, electronic, and algorithmic
components. Key system components include a fast current-to-voltage converter, improved
feedback algorithms, high-speed software, and a low-temperature noise preamplifier. Using the
method of capacitive surface scanning, implemented through the separation of high- and low-
frequency current components, it is possible to study areas up to 2x2 mm? with a resolution of up
to 2 um and higher. This allows the investigation not only of fully conductive samples but also of
various complex structures on a dielectric substrate for further research using STM, STS, and
local noise measurements methods. The performance of the setup has been tested on samples of
pyrolytic graphite, a calibration gold film with a pattern of protruding markers, and a structure
based on NbN and gold on a SizN4 substrate. At a temperature of 4.2K, reproducible results have
been obtained for capacitance and topography scanning, current-voltage characteristics, and
spectral noise density, corresponding to theoretical predictions.
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Koraa xouercst 0oabmero: koaoxkaansanusa ACM u cBeTOBBLIX MeTO/10B
HCCJIeIOBAHUS TIOBEPXHOCTH

J. A. Poxun

Mocxosckuii cocydapcmeennbiii mexHuyeckuti yuusepcumem um. H.D. Baymana, e. Mocksa, 2-5
baymanckas ya., 0.5, cmpl., 105005

Jokian mocCBAIIEH OCOOGHHOCTSIM  METOJOB  aTOMHO-CHJIOBOM ~ MHUKPOCKONUU U
BO3MOKHOCTSIM COBMECTHOTO uCHoJb30BaHuss ACM U CBETOBBIX MHMKpPOCKOMNOB. bymyumn
MOIOHBIMU HCCICAOBATCIbCKUMU MCETOJUKAMHU, aTOMHO-CHUJIOBYIO W CBCTOBYIO MHUKPOCKOIIUIO
CPaBHHUTEIFHO HEIABHO CTalld  MKCIOJNb30BaTb B COCTAaBe €AMHOIO  HCCIIEIO0BaHUS.
PaccmarpuBarotcs nmpo6sieMbl U IPEUMYIIECTBAa TAKOM MHTETPAIMH, a TAK)KE CXEMBbI peaTi3aliiu
Ha MpPaKTHKe.

Asking for more: AFM and light microscopy methods colocalization
D.A. Fokin
Bauman Moscow State Technical University, Moscow, 2-Baumanskaya, 5, b.1, 105005

The report is about of atomic force microscopy methods features and the possibilities of
joint use of AFM and optical microscopes. Being powerful research techniques, both atomic
force and optical microscopy have only recently begun to be used together as an instrument in
the same scientific research. The issues and advantages of such integration, as well as the
practical implementation schemes are discussed.
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Cxannpywias 0e3anepTypHasi MUKPOCKONHSA OJIMKHEr0 ONTHYECKOT0 MOJIst
J1.B. Kazannes'?, E.A. Kazannesa®, B.C. MBuenko!?, B.A. Uesnesa'?, JI.A. Matuenko'?,

A 1O. KyHI_IeBI/I‘-Il’Z

! @usuueckuii uncmumym um. I1.H. Jlebedesa PAH, Jlenunckuii npocn., 0. 53, Mockesa, 119991
2 Daxyremem uzuxu HUY Bvicuwias wikona skonomuku, Macuuyxas yi., 0. 20, Mockea, 101000
3 Poccutickuii mexnonozuyeckuii ynusepcumem (MHUPIA), npocn. Beprnadckozo 0. 78, Mockea, 119454

B pabote mpencraBieHa onHa W3 METOAMK CKAHUPYIOMIEH 30HIOBOM MHUKPOCKOIWH, B
KOTOPOM HMHCTPYMEHTOM W TMpPEIMETOM HCCIEIOBaHUS  SBISETCS  DJIEKTPOMAarHUTHOE
B3aMIMOJICHICTBIE TIOBEPXHOCTH 0Opaslia M CKAaHUPYIOIIEH WIJIBI, CKOHIICHTPUPOBAHHOE B
o0JacTh HAHOMETPOBBIX pPa3MEpOB TMOJ OCTPHUEM HUINIBI. B 3TOM «HaHO-KOHIEHCATOPE»
OCHOBHYIO POJIb MTPAIOT OJMKHHE ONTHUYECKHE MO (HeU3TydaTeNbHBIE MOJbI), U METOIUKA
nodTomy HaszeiBaeTcsi ASNOM (Oe3amepTypHass CKaHUPYIOIIAs MHKPOCKOMHS OJIHKHETO
onTuyeckoro moiisg). IIpocTpaHCTBEHHOE pa3pelieHue METo/la COCTaBJIseT HECKOJIbKO
HAaHOMETPOB B JMamna3oHe IMH BodAH 1-100 MKM, 4YTO BO MHOrO pa3 MNPEBOCXOIUT
TG PAKIIUOHHBIN Mpeell, HePEOIOIUMBIH ISl KIIACCHYECKUX ONTHYECKUX MUKPOCKOIIOB.

B noxnage OymyT paccMoTpeHBI (DU3WYECKHe TPUHIUIIBI, JIKAIIUe B OCHOBE pPabOTHI
npubopa W BBIJCIEHUS CHUTHaita. HecMoTps Ha TO, 4YTO AaMIUIUTyJa CBETOBOH BOJHBI,
paccemBaeMoil 30HIUPYIOLIEH WIJIOH pa3MepOM B HECKOJbKO MKM, OYEHb Maja, YMeEJoe
NpUMEHEHHE ONTHYeCKUX (MHTepdepeHuns) U paarnoU3NUYECKUX (IEeMOIYISLINS) METOI0B
U3MEPEHUS TO3BOJISIET MOIYYUTh YUCTHINA, OCMBICIIEHHBIN U JOCTOBEPHBIN CUTHAIL.

Apertureless scanning near-field optical microscopy
D.V. Kazantsev'?, E.A. Kazantseva®, V.S. Ivchenko'?, V.A. levleva'?, D.A. Matienko'?,
A.Yu. Kuntsevich!*?

"' P.N. Lebedev Physical Institute of RAS, Moscow, Russia, 119991;
2 Higher School of Economy, Moscow, Russia, 101000
3 Russian Technological University (MIREA), 78 Vernadsky Avenue, Moscow 119454

One of Scanning Probe Microscopy (SPM) branches will be considered, namely
Apertureless Scanning Near-field Optical Microscopy (ASNOM), in which near field interaction
between a scanning probe and a surface is a tool and a subject of investigation. This
electromagnetic interaction is concentrated in the near-fields (non-radiative modes) in a nano-
capacitor between a tip apex and a sample surface. Lateral resolution of a technique being
presented corresponds to the tip apex dimensions (typically 2-20 nm) at any wavelength of 1-
100 wm band. This allows to break the Abbe limit known for any traditional microscopy.

The physical principles of ASNOM operation will be considered. Despite the fact that the
amplitude of the light wave scattered by a probing tip (of few pum in dimensions) is very weak,
skillful use of optical (interference) and radiophysical (demodulation) measurement methods
allows to get a clean, meaningful and reliable signal.
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HccnenoBanue MeXaHM3MOB BOSHMKHOBEHHS ITUKA HA 3aBUCUMOCTH TOKA OT
PACCTOSAHUSA B CKAHUPYIOLIEH MUKPOCKONMHA HOHHOW NMPOBOAUMOCTH

C.10. Jlykamenko, C.B. IMnyaxuu, U.JI. Canoxxaukos, M.JI. @enpimteia, O.M. ['opOenko,
A.O. T'oy6oxk

HUncmumym ananumuuecxoeo npubopocmpoenus PAH, yn. Heana Yepnvix, 0. 31-33, Canxm-Ilemepbype,
198095, Poccua

B pabote mpencraBieHbl 3KCIEPHUMEHTAIBHBIE M TEOPETHUECKUE HCCICTOBAHUS «ITUK-
a3 dexTay — HEOOBITHOTO IKCTPEMyMa Ha KPUBBIX MOABOJIA /(z) B CKAHUPYOIIEH MUKPOCKOITHH
noHHou npooaumocty (CMUII). M3mepenns, BHIIOJHEHHBIE HA NTOJIMCTUPOJIE, KOMIIO3ULIMU Ha
OCHOBE 3TUJICHBUHUIIALIETATA, ITy3bIpe C MOJUITUICHOBON CTEHKON U MPOTPABIEHHOM B ILEI0YH
CTEKJIE, TIOKA3aJIH, YTO NPU OTPHUIATEIHHOM CMEIICHUU Ha 3JIEKTPOJie B HAHOMHUIIETKE MOHHBIN
TOK CHayajla BO3pacTaeT BBIIIE TOKA HACBHIEHHS, a 3aTeM yObIBaeT. [lng ommcaHus 3TOro
apdexra paspaboraHa mojenbp Ha ocHoBe ypaBHeHHMH [lyaccona—Hepncra—Ilnanka—HaBbe—
Crokca, MoOuU(pUUUPOBAaHHAs C YYETOM MW3MEHEHHUS JUAJIEKTPUYECKONM NPOHUIAEMOCTH,
Qg dy3un 1 BA3KOCTH BOJBI B YCIOBUSX HaHOKOH(aiiHMeHTa BOgHOU cpenbl. [lokazano, 4ro
UMEHHO 3TH 3((eKTh MpUBOIAT K (HOPMHUPOBAHMIO CIAJAIONICH BETBH Ha 3aBUCUMOCTH [(z),
HEIOCTHKMMOM B paMKax Kiaccuueckux mojenei. CoBmajeHue pacdyeToB C IKCIEPUMEHTOM
HNOATBEPXKIACT MPEUIOKEHHBIH MexaHu3M. [losyueHHble pe3ysbTaThl, C OJHOM CTOPOHBI,
OTKPBIBAIOT TEPCIEKTUBBI U CO3JaHUS METOAA OICHKH JIOKAJIBHOTO 3apsifia U KECTKOCTH
IIOBEPXHOCTH, HCIOJB3YIOIEro «MUK-3pdekT», a ¢ Apyrod CTOPOHBI, YKa3bIBAIOT Ha
HEOOXOIUMOCTh ydeTa «IUK-3(p(peKTa» TNpu HACTPOMKE pPEKUMOB CKAHUPOBAHUS  JUIS
obecrnieuenus ctabuiabHOM padoTet CMUIL.

Investigation of peak formation mechanisms in the current—distance
dependence in scanning ion conductance microscopy

S.Yu. Lukashenko, S.V. Pichakhchi, I.D. Sapozhnikov, M.L. Felshtyn, O.M. Gorbenko,
A.O. Golubok

Institute for analytical instrumentation RAS, Saint-Petersburg, 198095, Russia

We report on experimental and theoretical studies of the “peak-effect”—an unusual
extremum on SICM approach curves /(z). Measurements performed on polystyrene, EVA-based
polymer, polyethylene bubble, and alkali-treated glass revealed that under negative pipette bias
the ionic current increases above the saturation level before decaying. To explain this behaviour,
we developed a Poisson—Nernst—Planck—Navier—Stokes (P-NP—NS) model modified to include
nanoscale water media confinement effects such as reduced dielectric permittivity and diffusion,
and increased viscosity. These factors account for the descending branch of /(z), which cannot be
reproduced by conventional models. The simulations show good agreement with experimental
data, supporting the proposed mechanism. The obtained results, on the one hand, open up
prospects for developing a method to evaluate the local surface charge and stiffness based on the
“peak-effect”, and on the other hand, highlight the need to take the “peak-effect” into account
when adjusting scanning regimes to ensure stable operation of SICM.
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CnuH-10JIAPU30BAHHBIN TYHHEJIbHbIN TOK, MHAYUIHPOBAHHBIH
JIEKTpUYecKuM mnoJieM 30H1a CTM

C.B. Yexmazos!, A.C. Kcéns', A.A. Masunkun', O.B. Kononenko?, A.Il. Cupotuna’,
E.A. Ilepmmna', A.M. Honos'*, A.A. Kanyctun', A.JO. Anagsmuxua>®’ u C.1. Boxko!

"U®TT PAH, 142432, Yeproeonoska, Mockosckas obracmo, Poccus
2UIITM PAH, 142432, Yepnozconosxa, Mockosckas obracme, Poccus
SUHM PAH, 119991, Mockea, Poccus

*HUY BIIID, 101000, Mockea, Poccus

SUDOM PAH, 603950, Huoichuil Hoeeopoo, Poccus

SHI'Y um. HH. Jlo6auesckozo, 603022, Huowcnuil Hoegeopoo, Poccus
"IIMH M®TH, 141700, Jonzonpyousiii, Mockoéckas obnacms, Poccus

Kak wu3BecTHO, wuccaenOBaHWS MOBEPXHOCTH C TOMOIIBIO  CHUH-IOJISIPU30BAHHOU
CKaHupytoled TyHHeabHOU Mukpockonuu (CTM) mpoBoAsTCSs ¢ MPUMEHEHHMEM MarHUTHBIX
30H10B. OOBIYHO TaKK€ 30HAbl MOTYT OBITH U3TOTOBJIEHBI U3 MATHUTHOTO MaTepuasa, Hapumep,
MnNi cruaBa [1], unm ke BO3MOXHO WCIOJNB30BAaHHNE HEMATHUTHBIX WIJ, HamIpuMep,
BOJIL()PAMOBBIX HIJI, KOTOPbIE MOKPHITHI TOHKOW MarHUTHOW T€HKOW [2]. B obomx cimydasx
HEJb3s1 UCKJIIOYUTh BIUSHUE MarHUTHOTO TOJISI 30H]1a HA UCCIIEAYEMYIO MAaTHUTHYIO CTPYKTYpY.

B Hacrosmedr pabore BmepBble Obul  m3roTtoBieH KoMmo3uTHeW  CTM  30HI,
(YHKIMOHAJIBHBIM KOHYMKOM KOTOporo Obl1 BUCKep u3 BiggSbiz crumaBa, sBistromerocs
Tonojoruyeckum uzonaropom. Crunas BiggSbiz ABiseTcss n301ITOpOM B 00BEME, B TO BpeMs Kak
IPOBOJUMOCTh KOHYHMKAa 30HAA OOECIEYMBAETCS TOJBKO JJIEKTPOHAMU TOMOJOTHYECKUX
MOBEPXHOCTHBIX cOoCcTOostHUI moBepxHOCTH (111). MccnenoBanne KpUCTANTMYECKONH CTPYKTYPHI
BBIPALICHHBIX BUCKEPOB MPOBOAWIOCH IPHU MOMOIIY BBICOKOPA3pelIAOUIEl MpOCBEUYHUBAIOIIEH
aJeKTpoHHOM Mukpockonuerd ([IOM). Jlnsg nmeTeKTUpoBaHHWS CIHMH  TOJIIPU30BAHHOTO
TyHHesnbHOTo Toka B CTM skcniepumente Ha noBepxHoctu Sb(111) Obia Beipamena Fe miénka
tommuaor okoso 0.02 MC. Ocaxnenne Fe Ha MOBEpXHOCTh TPHBEIO K (POPMUPOBAHUIO
HaHOOCTPOBKOB, M, B YACTHOCTH, YAAJIOCH BBIACIUTh U3 HUX TPU TUNA C Pa3IUYHBIMHU BBICOTAMU:
1.27A, 2.07A u 4.09A. CTM HCCIIEIOBAHUsA, a TAKXKE€ YHMCICHHOE MOJECIMPOBAHUE B pPaMKax
teopun (yakuonana mioTHoctd (TOII), mokazamu, dro arombel Fe WHTEpKaNIUpylOT MOA
MMOBEPXHOCTHBINA CJIOH. M3MepeHus] ¢ MOMOIIbI0 CKAaHUPYIOIIEH TYHHEJIbHOW CHEKTPOCKOIHMH
(CTC), mpoBenéHHble HaJ YYacTKOM ITOBEPXHOCTH C JAaHHBIMH OCTPOBKaMH, IO3BOJWIN
00HapyXUTh CIIMHOBYIO MOJSPU3AIMIO B TYHHEIHHOM TOKE, YTO MOATBEPAMNIIOCH pe3ylbTaTaMu
yucieHHblX TOII pacu€ros. J[aHHbIE pacd€Thl MMOKAa3ajld, YTO OCTPOBKU C CAMOM MAJIEHBKOM
BBICOTOM 00J1aAal0T HYJIEBHIM MarHUTHBIM MOMEHTOM, B TO BpeMs KakK JUIsl IBYX APYTUX THUIIOB
OCTPOBKOB IIJIOTHOCTH COCTOSIHUM I 3JEKTPOHOB C pa3HbIM HAIpPaBIECHUEM CIIMHA
CyLIECTBEHHO oThau4aioTcs. [lomydeHHble pe3ynbTaThl OOCYXIAIOTCS B paMKaX CHMHOBOM
MOJISIPU3AIUU  TTIOBEPXHOCTHBIX cocTosiHUEM BiggSbia(111) koHUMKA KOMIO3UTHOTO 30HAA B
CHUJIBHOM 3JIEKTPUYECKOM I10JI€.

Pabora BeimonHeHa B pamkax rocynapcrseHHoro 3aganus UOTT PAH. Taxke BbipakaeM
omaromapuocts Llentpy KomnexkruBroro ITonszoBanus Hayunasim O6opynosanunem UOTT PAH
3a TIOMOIIb B TPOBENEHHM 3KcHepuMeHToB. YacTh pacuéroB B mnpuOmmwkeHun TOIT Obina
IIPOBE/ICHA C MCIOJb30BAaHUEM BBIYHMCIHUTEIBHBIX PECYPCOB CYNEPKOMIIBIOTEPHOTO KOMILIEKCA
HMY BIID [3].

1. S. Murphy, K. Radican, I.V. Shvets, A.N. Chaika, V.N. Semenov, S.S. Nazin, and S.I. Bozhko, Phys.
Rev. B 76, 245423, (2007).

2. R.Wiesendanger, Rev. Mod. Phys. 81, 1495 (2009).

3. P.S. Kostenetskiy, R.A. Chulkevich, V.I. Kozyrev, Journal of Physics: Conference Series 1740, 012050
(2021).
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Electric field induced spin polarization of STM tunneling current

S.V. Chekmazov', A.S. Ksenz', A.A. Mazilkin', O.V. Kononenko?, A.P. Sirotina®,
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"'ISSP RAS, 142432 Chernogolovka, Moscow District, Russia

2 IMT RAS, 142432 Chernogolovka, Moscow District, Russia

7 INM RAS, 119991 Moscow, Russia

“*NRU HSE, 101000 Moscow, Russia

SIPM RAS, 603950 Nizhny Novgorod, Russia

% Lobachevsky State University of Nizhny Novgorod, 603022 Nizhny Novgorod, Russia

7 Center for Advanced Mesoscience and Nanotechnology MIPT, 141700 Dolgoprudny, Russia

Usually magnetic contrast in STM is obtained using magnetic probes. These are either
probes formed from a magnetic material, such as MnNi [1], or non-magnetic probes, such as a
conventional tungsten tip, coated with a thin magnetic film [2]. In both cases, the influence of the
magnetic or exchange field of the probe on the magnetic structure under investigation cannot be
ruled out.

In the present work, the STM probe was fabricated of a whisker of the topological insulator
BigsSbio. The BigsSbiz is an insulator and the conductivity of the tip is provided by the
topological surface states of the (111) surface. TEM experiments with atomic resolution justify
high quality of the crystal lattice of the whisker. In order to detect the spin polarization of STM
tunneling current, the STM experiments were performed on the Sb(111) surface covered by
0.02 monolayer of Fe atoms. Three types of islands with heights of 1.274, 2.07A and 4.09A were
observed on the surface. Density functional theory (DFT) simulations revealed the intercalation
of Fe atoms into Sb(111) surface. DFT calculations showed that the islands with height of 1.274
are non-magnetic. For the islands with heights of 2.07A and 4.09A calculations demonstrated a
significant difference in the density of states for electrons with different spins. The STS spectra
reveal spin polarization in a tunneling current that is justified by DFT calculation. The results are
discussed in terms of the spin polarization of the surface states of the BiggSbi2(111) of the tip in a
strong electric field.

Financial support of the state assignment of the Institute of Solid State Physics of the
Russian Academy of Sciences is gratefully acknowledged. We acknowledge support of the
Research Facility Center at the ISSP RAS. The DFT simulations were partially performed using
computational resources of HPC facilities at NRU HSE [3].

1. S. Murphy, K. Radican, I.V. Shvets, A.N. Chaika, V.N. Semenov, S.S. Nazin, and S.I. Bozhko, Phys.
Rev. B 76, 245423, (2007).

2. R. Wiesendanger, Rev. Mod. Phys. 81, 1495 (2009).

3. P.S. Kostenetskiy, R.A. Chulkevich, V.I. Kozyrev, Journal of Physics: Conference Series 1740, 012050
(2021).
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CKaanylomaﬂ TYHHEJIbHANA MHKpOCKOHI/Iﬂ/CHEKTpOCKOHI/Iﬂ B 3aga4vyax
NU3YYCHHUHA IJICKTPOHHBIX CBOMCTB IMMOBEPXHOCTH TOIMMOJOTHYECCKHUX U30JIATOPOB

A.C. ®posioB

L]enmp nepcnexmusHvlx Memoo08 me30u3uxu u Haromexuoro2u, Mockosckull puszuxo-mexHuyecKut
uncmumym, Uncmumymcekuii nep., 0. 9, J{oneonpyonwiii Mockosckoii oon., 141700

CucreMbl C HETPUBHAJIBHON TOMOJOIMEW 30HHOM CTPYKTYpbl IPUBJIEKAIOT BHUMAaHHE
COBPEMEHHOM (PU3MKM KOHAEHCUPOBAHHOIO COCTOsHUSA. [IpuMepamMM TakuX CUCTEM SIBIISIOTCS
tonosiornyeckue uzoisaropel (TH) — marepuanbl, KOTOpble MMEIOT 3alpeIléHHYI0 30HY B
00bEME M METaJNIMYeCKHUe COCTOSHUS Ha IMOBEPXHOCTU. braromaps yHHWKadbHOM TOMOJIOTHU
O00BEMHBIX 30H, IEKTPOHHBIE COCTOsSHUS moBepxHocTH TH o0najgaroT psaoM XapaKTepHBIX
0COOEHHOCTEH, TakMX Kak TMOYTH JIMHEWHass JUCHEepCHs W CBS3b MEXIY CIMHOM U
KBAa3UUMITYJIbCOM JJIEKTPOHA.

OKCHEpUMEHTAIIBHOE H3yYEHHE CBOWCTB TOIOJIOTMUECKN 3alUIIEHHBIX 3JIEKTPOHHBIX
IOJCUCTEM B OCHOBHOM OCHOBBIBACTCS HA METOJAX CKAHHUPYIOIIEH  TYHHEIbHOU
MHUKPOCKOIIUU/CIIEKTPOCKONIUU U (POTOIMUCCHOHHOM crieKTpockonuu. KomMOuHUpoBaHHE 3THX
METO/I0B IO3BOJISIET MOJY4YUTh JOINOJHUTENbHYI0 HMHpopManuoo 00 uccieayemom odbekre. B
JoKnane Oyner mpelcTaBlieH 0030p CYLIECTBYIOMIMX METOJOB M IOAXOJO0B K H3YYCHHUIO
NEKTPOHHBIX cBoWcTB TU, a Takke OynyT oOOCYKIEHbl OpPUTMHAIBHBIE PE3YJIbTATHI
UCCJIEIOBAHMs CBEpPXMpoBOIAIMX M MarHUTHbBIX TU co crpykrypHbiM THIOM GeAs;Tes.
OcHOBHOE BHUMaHHME OyAET YICIEHO CHUHEPIMH METOAOB, O0ECIeYMBAIOIINX BBICOKOE
IIPOCTPAHCTBEHHOE pa3pellcHUe, TAKUX KaK CKaHUpyroLas 30HIOBas MUKDPOCKOIHUS, H
UHTETPaJbHBIX METO/M0B, TaKUX Kak (POTOIMUCCHOHHAs CHEKTPOCKONUS C  YIVIOBBIM
paspelIeHueM.

Pa6oTa BemonHeHa npu noanaepskke rpanta PH® Ne 22-72-10074-11.

Scanning tunneling microscopy/spectroscopy in studying the electronic
properties of the surface of topological insulators

A. S. Frolov

Center for Advanced Methods of Mesophysics and Nanotechnology, Moscow Institute of Physics and
Technology, Institutsky per., 9, Dolgoprudny, Moscow Region, 141700

Systems with non-trivial topology of the band structure attract attention of modern
condensed matter physics. Examples of such systems are topological insulators (TIs) —
materials that have a band gap in the volume and metallic states on the surface. Due to the
unique topology of the bulk bands, the electronic states of the TI surface have a number of
characteristic features, such as almost linear dispersion and a relationship between the spin and
quasi-momentum of the electron.

Experimental study of the properties of topologically protected electronic subsystems is
mainly based on the methods of scanning tunneling microscopy/spectroscopy and photoemission
spectroscopy. Combining these methods allows obtaining additional information about the object
under study. The report will present an overview of existing methods and approaches to studying
the electronic properties of TIs, and will also discuss the original results of studying
superconducting and magnetic TIs with the GeAs>Tes structural type. The main focus will be on
the synergy of methods providing high spatial resolution, such as scanning probe microscopy,
and spatial-averaging methods, such as angle-resolved photoemission spectroscopy.
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CxaHnpywinasi BUXpeBass MUKPOCKOIIMSA: HOBBII MeTO M3Y4YeHUsI
JIOKAJILHOI0 MOTEHIMAJIa IMHHUHIA B CBEPXIPOBOASAIINX IJIEHKAX
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Lenb HacTOAIIErO JOKIAAa COCTOMT B IMOAPOOHOM OOCYXICHUH BO3MOXHOCTEH HOBOMU
SKCTICPUMEHTAIBPHOW METOJIMKH — CKaHUPYIOIIEH BUXPEBOM MHUKPOCKONHUHU (scanning quantum-
vortex  microscopy, SQVM) nans  uccleqoBaHUS  CKPBITBIX — HEOAHOPOJHOCTEH B
TPaHyJIMPOBAHHBIX  IUIEHKaX HUOOUSA. OCHOBHBIE HM3MEPEHMS]  BBIIOJHEHBI  METOIOM
HU3KOTEMIIEpaTypHON MarHUTHO-CUJI0BOW MUKpockonuu (MFM) B TemnepaTypHOM HMHTEpBalie
oT 4 1o 9 K. [Ipn HU3KHUX TeMIlepaTypax MarHUTOCTaTUYECKOE B3aMMOJICCTBUE MEXKY 30HIOM
U BHUXPEM SBIIICTCS CIIa0bIM, MOATOMY BCE BUXPH OCTAIOTCS XOPOILIO 3a(UKCUPOBAHHBIMU
Omarojgapsi CHJIBHOMY B3aUMOJEWCTBUIO C JAedextamu Matepuana. llpu moBbleHUN
TEMIEpaTypbl TMOTCHIIMAA MNWHHUHTA oclabeBaer, u MFM 30HAZ MOXeT 3axXxBaThlBaTh H
nepemMeniath BUXph B mporecce ckanupoBaHus (SQVM-pexum). TlockonbKy IBYOKYIIUHCS
BUXPb B3aUMOJICHCTBYET ¢ JeeKTaMu, ero MO>KHO paccMaTpuBaTh Kak 3()(HEeKTUBHBIA HAHO30H/
JUISL WCCJENOBaHUs TMOTEHIMala NUHHUHTA B TPaHYJIMPOBAaHHBIX IUIEHKaX HHUOOHS C
IIPOCTPAHCTBEHHBIM pa3pelIeHUEM, COITIOCTABUMBIM C IIMHON KorepeHTHocTH (3040 HM).

Bce MFM/SQVM wu3mepeHus ¥ aHaiau3 JaHHBIX BBINOJHEHBI MPU TOAIEpkKe Poccuiickoro
HayyHOro QoHaa (mpoekt 23-72-30004). U3roToBneHue oOpas3IoB BBHIIOJIHEHO MPHU MOIICPIKKE
MunucTepcTBa HayKu U BbIciiero oopazoBanus PO (mpoekt 075-15-2024-632).
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Scanning quantum-vortex microscopy: A new technique for investigating the
local pinning potential in superconducting films
V. S. Stolyarov', A. Yu. Aladyshkin'?, R. A. Hovhannisyan', S. Yu. Grebenchuk',
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A. S. Mel’nikov'?, D. Yu. Roditchev’

! Moscow Institute of Physics and Technology, 141701 Dolgoprudny

2 Institute for Physics of Microstructures RAS, 603950 Nizhny Novgorod

3 Dukhov Research Institute of Automatics (VNIIA), Moscow

* Osipyan Institute of Solid State Physics RAS, Chernogolovka 142432, Russia
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The aim of this report is to provide a detailed discussion of the capabilities of a novel
experimental technique—scanning quantum-vortex microscopy (SQVM)—for investigating
hidden inhomogeneities in granular niobium films. Primary measurements were performed using
low-temperature magnetic force microscopy (MFM) in the temperature range of 4 to 9 K. At low
temperatures, the magnetostatic interaction between the probe and a vortex is weak;
consequently, all vortices remain well pinned due to strong interactions with material defects. As
temperature increases, the pinning potential weakens, allowing the MFM probe to capture and
drag a vortex during scanning (SQVM mode). Since the moving vortex interacts with defects, it
can be considered an effective nanoscale probe for mapping the pinning potential in granular
niobium films with a spatial resolution comparable to the coherence length (30—40 nm).

All MFM/SQVM measurements and data analysis were supported by the Russian Science
Foundation (project 23-72-30004). The samples were elaborated with the support of a grant from
the Ministry of Science and Higher Education of the Russian Federation (project 075-15-2024-
632).
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O BaussHUM MOP(}0JIOTHH KOHTAKTOB HA CTATHCTUKY YHHBEPCAJIbHBIX
(IyKTyanui KOHIAKTAaHCA B KBa3HOAHOMEPHBIX MOJIYNPOBOAHUKOBBIX
HAHOIPOBOJIOKAX

A.A. XKykoB
UDTT PAH, 142432, Yeprnozonoska, Mockosckas 00a., yr. Axademura Ocunvsna, 0.2

b HUCCIICO0BAaHbI OCOGGHHOCTI/I IIOBCACHUSA MAarouToTpaHcCropTa B CHUJIBHO
JNONMPOBAHHBIX HaHompoBosiokax InAs mnpu T=4.2K ¢ wucnons3oBaHHEeM METOJIUKHU
CKaHHUpylolero 3ateopa. [IpogeMoHCcTprpoBaHa cyiecTBeHHas pojib Mopdosioruu uHTepdeiica
HAHOIPOBOJIOKA / METAJUIMYECKUN KOHTAKT Ha CTAaTHCTUKY YHUBEPCAIbHBIX (QIyKTyanun
npoBoauMOcTH. OTIENbHO MCCIIEOBAHbI KaK BIUSHUE PE30HAHCHBIX paccenBaTesiell B o0nacTu
MCTANIMYCCKHUX KOHTAKTOB, TaK U BIIMAHUC Tenerpa(I)Horo 1ryMa, BOSHUKArOMICTO 1N3-3a HAJINYUS
KYJIOHOBCKUX JIOBYIIEK B IMOJKOHTAaKTHOM obOnactu. PaGoTa BhIONHEHAa B pamMKax roc3ajlaHusi
UDTT PAH.

Impact of the contact morphology on statistics of universal conductance
fluctuations in semiconducting nanowires

A.A. Zhukov
ISSP RAS, 142432, Chernogolovka, Moscow region., Acad. Ossypian str, 2

The peculiarities of magnetotransport in highly doped InAs nanowires at T=4.2 K using
scanning gate microscopy technique have been investigated. The essential influence of the
morphology of the interface of nanowire / metallic contact on measured statistics of universal
conductance fluctuations is demonstrated. The influence of the resonant scatterers as well as
telegraph noise caused by the presence of traps under metallic contacts are demonstrated and
discussed. This work was carried out within the state assignment for the ISSP RAS.
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Paspaborka n npumenenue ACM-30H10B Ha OCHOBE KBapleBbIX KAMEPTOHOB
U1 327124 CKAHUPYIOLIE 30HI0BOM MUKPOCKOIIMHA

B.O.Kpusuyk, B.B./IpémoB

Mockoeckuil pusuxo-mexuuueckuti uncmumym, Llenmp gpomonuxu u 08ymepHvIxX Mamepuaios

B nannoit pabore mpexacraBisercs paspadorka u npuMeHeHne ACM-30HIOB Ha OCHOBE
KBapLEBbIX KaMEpPTOHOB I 3aJay CKAHUPYIOLIEH 30HAOBOM MuKpockonuu. [IpemnmoxeHHas
KOHCTPYKIUS 30HAa, padotaromas B qPlus-koHpurypanuu, BKIOYaeT METAIIMYECKYIO UIITY U3
BoMibppaMa WM T[UIATHHBI, M3TOTOBICHHYIO METOJIOM JJICKTPOXUMUYECKOTO TpPaBIICHUS
MPOBOJIOKK, YTO TMO3BOJISIET JOCTUTaTh paauyca KpuBH3HbI ocTpuss a0 10-20 um. ns
o0ecreYeHnss BO3MOXHOCTH JIOKABHBIX DJICKTPUYECKUX HM3MEPEHUN K MPOBOJSIICH UIIIe
MOJIBOAUTCST YIJIEPOJHOE HAHOBOJOKHO. Pa3paboTaHHbIE 30HABI MOJTHOCTHIO COBMECTHUMBI C
koHcTpyKuuein ACM NEXT-II (NT-MDT).

[TonydyeHHble 30HABI TO3BOJIAIOT TMONY4aTh BBICOKOKAYECTBEHHbIE TOIOTpaduiecKue
M300paKeHMsI IBYMEPHBIX MAaTEpUANIOB, a Takke A(P(EKTHUBHO MPUMEHSIOTCS IS Pa3IMYHBIX
BUJIOB HaHOMaHMMOyasuui. I[loka3aHa BO3MOMXHOCTb HX HCIOJIB30BAHUS JUIsl IPOLIECCOB
JOKaJbHOM JuTOorpaduu W JUid Tak HasbiBaeMblx '"push-pull" mporeccoB, Takux Kak
MPEU3UOHHOE MEePEMEUICHUE U KOHTPOJUPYEMOE BpAILEHHUE MHUKPOCTPYKTYP C 3aJaHHBIM
dbopm-dakTopom.

Development and application of AFM probes based on quartz tuning forks for
scanning probe microscopy applications

V.0O. Krivchuk, V.V. Dremov

Moscow Institute of Physics and Technology, Center for Photonics and Two-Dimensional Materials

This work presents the development and application of AFM probes based on quartz
tuning forks for scanning probe microscopy applications. The proposed probe design, which
operates in the qPlus configuration, includes a tungsten or platinum metal needles, which are
manufactured by electrochemical etching of a wire, allowing the curvature radius of the tip to
reach 10-20 nm To enable local electrical measurements, a carbon nanofiber is attached to the
conductive needle. The developed probes are fully compatible with the NEXT-II (NT-MDT)
AFM design.

The obtained probes allow to obtain high-quality topographic images of two-dimensional
materials, and are also effectively used for various types of nanomanipulation. The possibility of
their use for local lithography processes and for the so-called «push-pull» processes, such as
precision movement and controlled rotation of microstructures with a specified form factor, is
shown.
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