UPTT PAH 0089 ) . Applications of scanning
% e s . probe microscopy
ISSP RAS S AL S8 out of ambient conditions

NMPOrPAMMA PROGRAM

V Bcepoccuiickas KOH(epeHIus

«OCcoOEHHOCTH TPUMEHEHHSI CKaHUPYIOIIEH 30H0BOM
MHKPOCKOIIMHU B BAKYYME U PA3JIMYHBIX CPEHAX»

Yeprnoeonoska, 14 — 15 oxkmabps 2025 2.

Penaxropsr: k.¢.-M.H. XKykoB A.A. u k.¢d.-Mm.H. Yatika A.H.

5t Conference

“Applications of scanning probe microscopy out of ambient
conditions”

Chernogolovka, October 14 — 15, 2025

Yeproeonosxa, 2025



OPI'AHUM3ATOP

Nuctutyt ¢puszuku tBEepaoro tena uMmenu FO.A. Ocunbsina
Poccuiickoil akageMuu HayK

IMPOI'PAMMHBIF KOMUTET

A.A. JleBuenko, wir.-kopp. PAH, UOTT PAH, Yepnoronoska
B.JI. Muponos, a.¢.-m.H., UM PAH, H. Hosropon

A.A. XKyxkos, k.(p.-M.H., UDTT PAH, UepHoronoska

A.H. Yaiika, k.¢.-m.H., UOTT PAH, YepHoronoBka

OPI'AHU3AIIMOHHBIM KOMUTET

A.A. JleBuenko, ui.-kopp. PAH, UOTT PAH, YepHoronoska
A.A. Kyxkos, k.(p.-M.H., UDTT PAH, UepHoronoska

A.H. Yaiika, k.¢.-m.H., UDTT PAH, YepHoronoBka

C.T. 3enennoa, UOTT PAH, UepHoronoska

KoH@epeHuust npoBoauTCs NPHU MOJAEPKKE

Poccuiickoit akajieMun HayK,

ras.ru
UDTT PAH HNucturyTa Qu3uku TBEpI0TO TEa
ISSP RAS umenu FO.A. Ocunbsina Poccuiickoi akaJieMun HayK,
Issp.ac.ru

NOTT PAH, YepHoronoska, MockoBckast 0011., yin.Akagemuka OcunbsiHa 1.2
Tenedon: 8(496) 52 21982 +7 906 095 4402 dakc: +7(496) 522 8160



PacnucaHue poKknapos

BTopHUK, 14 oKTAb6pa 2025 r.

10.00-10.10

OTKpbITUE KOHpEpEHUUn

10.10-10.50

B.A. bbikos, T.[. MaTiOWwWH
«CKaHMpPYIOLLLAnA 30HA0BAA MUKPOCKOMMA CEro4HA — OT MUKPO- M HAHO3IEKTPOHUKK A0
MOIEKYNAPHON BMONOTMM N MegNLMHBI»

10.50-11.30

0.B. Ne6epes, H.A. ConomoHoB, N.C MyxuH.
«MccnepoBaHme ONTUYECKUX CBOMCTB NOBEPXHOCTU € CyOBONHOBLIM MPOCTPAHCTBEHHbBIM
pa3spelweHnem metoaom pernctpaumm CTM MHAYLMPOBAHHOMN NIOMUHECLLEHL UMY

11.30-11.50

Coffee break

11.50-12.30

T.B. Nasnosa, B.M. LlleBntora
«Monekynbl PBrs u HO Ha nosepxHocTu Si(100)»

12.30-13.10

b.B. AHgptoweykuH, T.B. NMasnosa, H.C. Komapos, B.M. Lesntora
«Koaacopbumsa xiopa 1 KMCA0poaa Ha NoBepxHocTH cepebpa: CTM u TOM uccnesosaHue»

13.10-14.30

Lunch

14.30-15.10

B.A. CepryHoBa, M.E. [10KyKuMH
«ATOMHO-CM10Bas MUKPOCKOMUA A1 OLLEHKM KNETOUYHbIX GU3MOMapPKepPOB ANs
[OETEKTMPOBaHUSA NaToIoMi 1 3a601eBaHNA»

15.10-15.50

A.H. Yaiika, A.10. AnaabiwkuH, B.H. CemeHos, A.M. NoHos, C.U. BoxKo
«0O6 aTOMHOW CTPYKTYpe TPOMHbBIX CTyrneHel Ha nosepxHocTax Si(hhm)»

15.50-16.10

Coffee break

16.10-16.50

A.10. AnappbiwKuH, A.H. Yanka
«AHanus nepnognv4HoOCT CNCTeMbl MYNbTUATOMHbIX CTyI'IEHEVI Ha BUUUHANbHbIX
NOBEPXHOCTAX»

16.50-17.30

B.A. Monsk, B.C. Xpanan

«Pa3p360TKa N NpUMeHeHNEe KPUOreHHOro WymoBOoro TYyHHe/IbHOro MMKpPOCKOoMna»




Cpepa, 15 oktabpa 2025r.

10.00-10.40

O.A. ®OKUH

«Korpaa xouerca bonbluero: Konokanmsauma ACM 1 cBETOBbIX METOA0B UCCNeA0BaHNSA
NOBEPXHOCTU»

10.40-11.20 [.B. KasaHues, E.A. KasaHuesa, B.C. NBueHKo, B.A. NeBneBa,
[.A. MaTtueHnko, A.10. KyHuesuny
«CKaHupytoLan besanepTypHasa MUKPOCKONUA BANMKHEro ONTUYECKOTOo Noas»
11.20-11.40 Coffee break
11.40-12.20 C.10. NlykaweHko, C.B. Muuaxun, N.[A. CanokHnKoB, M.J1. PenbluTbIH,
O.M. lopbeHko, A.O. lonybok
«MCCI’Ie,CI,OBaHVIe MeXaHU3MOB BO3HUKHOBEHMA NUKa Ha 3aBUCMMOCTMN TOKa OT PaCCTOAHUA B
CKaHUPYHOLLLEN MUKPOCKOMMM MOHHOM MPOBOANMOCTU »
12.20-13.00 C.B. Yekmasos, A.C. Kcéns, A.A. Ma3unnkunH, O.B. KOHOHEHKO,

A.lN. CupoTuHa, E.A. MepwuHa, A.M. NoHos, A.A. KanycTuH,

A.1O0. AnaapiwkuH n C.U. Boxko
«CNUH-NONAPU30BaAHHbIN TYHHENbHbIN TOK, MHAYUMPOBAHHbIN 3/1EKTPUYECKMM NONEM 30HAA
CTM»

13.00-14.30

Lunch

14.30-15.10

A.C. dponos
«CKaHMpytoLwan TYHHeIbHasA MUKPOCKONWA/CNEKTPOCKONMSA B 3a4a4ax U3yYeHUA 3NEKTPOHHbIX
cBOMCTB NOBEPXHOCTU TONO/IOTNYECKNX U30NATOPOB»

15.10-15.50

B.C. Ctonapos, A.10. AnaabiwkuH, P.A. OBaHHUCAH, C.}HO. TpebeHuyk,
C.A. Napuonos, A.T. lWnwkuH, O.B. CkpsibuHa, B.B. lpémos,

A.B. Camoxsanos, A.C. MenbHukos, [.10. Pognues
«CKaHMpYyoLLLan BUXPEBaAs MUKPOCKOMMUA: HOBbIM METOZ U3Y4eHWUs IOKabHOro NoTeHLMana
NMUHHWHIA B CBEPXNPOBOSALUMX NAEHKAX»

15.50-16.10

Coffee break

16.10-16.50

A.A. XXyKoB

«O BANAHMN MOPPONOMMM KOHTAKTOB Ha CTaTUCTUKY YHUBEPCAbHbIX GNYKTYaL MM KOHAAKTaHCa
B KBa3MOAHOMEPHbIX NOYNPOBOAHUKOBbLIX HAHOMPOBOIOKAX»

16.50-17.30

B.O. Kpusuyk, B.B. [Ipémos
«Paspabortka 1 npumeHeHne ACM-30HA0B Ha OCHOBE KBapLLEBbIX KAMEPTOHOB A4/18 33434
CKaHUpYHOLLLEeM 30HA0BON MMUKPOCKOMMUM»

17.30-17.40

3aKprTMe KOHdJepeHUMM unnogsegeHue ntoros




CIIUCOK JOKJTAJYUKOB

Ananpiikul Anekceit FOppeBrny
Anpgpromeukns bopuc Bragumuposud
beikoB Bukrop AnekcannpoBnuy
KykoB Anekcelr AnekceeBud
Kazanues JImutpuii BceBonogosuu
Kpusuyk Bacwimit Onerosuu
Jlebenes [lennc BnagumupoBuu
Jlyxamenko Cranucnas FOpeeBud
[TaBnoBa TaTtesaHa BurtanseBHa

[Tonsk bopuc AnexcannpoBud
CeprynoBa Bukropus AnekcanapoBHa
Cronsapos Bacunuii CepreeBud
®oxkuH JleHuc AnekcaHapoBu4
®posioB Anekcanap CepreeBud
Yaiika Anekcannp HukonaeBuu

UekmazoB Cepreii BacunbeBuu

aladyshkin@ipmras.ru
andrush@kapella.gpi.ru
vbykov@me.com
azhukov@issp.ac.ru
kaza@itep.ru
krivchuk.vo@phystech.edu
denis.v.lebedev@gmail.com
stas.lukashenko@mail.ru
pavlova@kapella.gpi.ru
Boriskatru@gmail.com
vika_23s82@mail.ru
stolyarov.vs@phystech.edu
fokin@lacopa.group
frolov.as@mipt.ru
chaika@issp.ac.ru

chekmazov@issp.ac.ru


mailto:aladyshkin@ipmras.ru
mailto:vbykov@me.com

DOI: 10.24412/cl-37423-SPM-5.1

Ckanupyoumasi 30H10Basi MUKPOCKOIUS CErOAHA — OT MUKPO- H
HAHOJJIEKTPOHUKHU 10 MOJICKYJISIPHON O0MOJI0TMH U MeIMIIUHbI

B.A. beikos, T.I'. Matromusa
000 «KCHIIJIEKT», OO0 « TEXHOCEK XOJIJUHI », 2. Mocksa, Poccus

K nacrosmemy Bpemenu paszpurue C3M 1o3BoIsIeT aKTUBHO U PE3Y/IbTATUBHO IPOBOJIUTH
WCCIICZIOBAaHUSI BO MHOTHX OTpAaciisiX HAYKd M TPOMBIIIJICHHOCTH — OT (DyHIaMEHTAIbHBIX U
MPUKIIAHBIX UCCIIET0BAHUI MAaTEPUAIIOB U IIPOLIECCOB J0 MPAKTUYECKOW MEINUIIMHBI.

[TpuGopbI MO3BOJISIIOT PETUCTPUPOBATH OOJIBIION HAOOP XapaKTEPUCTHK MOBEPXHOCTHBIX
HAaHOCTPYKTYp, BKJIIOYas TEOMETPUYECKHE IapaMEeTphl, JKECTKOCTb, DJJIEKTPUYECKHE H
MarHUTHbIE CBOWCTBA, IO3BOJISIOT MOIU(ULIMPOBATH MOBEPXHOCTHBIE CTPYKTYPHI.

B xomOunanuu ¢ Bunumoit u MK cnektpockomnueit, cieKTpockonueid KOMOMHAITMOHHOTO
paccesiHAsE BO3MOKHO HCCIIEA0BAaTh ONTUYECKHE CBOWCTBA MOBEPXHOCTEN C NMPOCTPAHCTBEHHBIM
paspemenueM a0 10 HM, a ¢ MCIONB30BaHWEM INepecTpauBaeMbix jJa3zepoB B MK nuanazone
BO3MOXHO [OJIydyaTh HMHGOPMALMI0O O PpaclpelesieHUd (QYHKUHUOHANBHBIX TPYyHH IO
ITOBEPXHOCTH.

K Hacrosmemy BpemMeHM Hameld Tpynnod KOMIAHMM CO3JaHbl aTOMHO-CHJIOBBIE
MHKPOCKOTIBI JUIsl UCCIAEAOBAHUS TUIACTUH auaMeTpoM 110 200 MM ¢ pa3pelieHHeM BIUIOTH [0
aTOMAapHOT0, YTO 0COOEHHO MHTEPECHO IS MPUKIIAJHBIX U (yHIAaMEHTAIbHBIX HUCCIEI0BaHUN B
oOmact HaHO’NeKTpoHWKH. Ha pucynke mnpuBeneHa ¢ortorpaduss mpubopa N-LECTA,
YCTaHOBJIEHHOTO B HACTOAIIEE BpeMs B 3€JICHOTPAJACKOM HAHOTEXHOJIOTMYECKOM LIEHTpE M
OK3AH (YepHoronoBka).

Puc.1. ACM N-LECTA LR200.

C wucnons3zoBanueM ACM N-LECTA LR200 B0O3MOXHO KOMILIEKCHOE HCCIIEIOBAHUE
06pa31oB pasmepoM 10 200x200 MM? ¢ BO3MOKHOCTBIO HOJIy4eHHs aTOMAPHOTO Pa3pelIeHus B
ycnoBusix ~ oObiuHOM  mabGopatopuu.  IlpubGop  cHaOxkeH  BHYTpeHHEH  cUCTeMOU
TepMocTabminzanuu. Pabouas TemmepaTypa mnpubopa ycCTaHaBiIMBaeTcs Ha 5 — 7 TpaaycoB
BbIIIE KOMHaTHOW Temmepatypbl. IlpubGop ocHameH MOIIHOW CHUCTEMON  aKTHUBHOM
BUOPO3AIUTHI, OOECTeYnBaIONIEl BO3MOXKHOCTH JOCTHDKEHHS aTOMapHOTO pa3pelieHus B
yCIOBUSX Ta00paTOpHH.



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

V.A. Bykov, T.G. Matyushin
000 "XILLECT", OO0 "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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HccaenoBanne onTHYeCKUX CBOMCTB MOBEPXHOCTH € CyOBOITHOBBIM
NPOCTPAHCTBEHHBIM pa3pemeHueM MeToaoM peructpauuu CTM
HHAYLMPOBAHHOM JIIOMHHECHCH U

B. Jle6enes’?, H.A. Conomonos!, U.C. Myxun’?

Y Axaoemuveckuii ynusepcumem um. XK. M. Angpépoea, 194021, Poccus, 2. Cankm-Ilemepbype, y1.
Xnonuna, 0. 8

2Uncmumym ananumuueckozo npubopocmpoenusi PAH, 190103, Poccus, Canxm-Ilemep6ype, Pudicckui
np., 0. 26

3Canxm-Ilemepbypackuii nonumexuuyeckuii ynusepcumem Ilempa Benuxozo, 195251, Poccus, Cankm-
Ilemepbype, yn. [lonumexnuueckas, o. 29

B npencraBnennoii padore meronom CTM-unaynupoBanno#t mromunecuenmu (CTM-JI)
OBLIT MCCNEAOBAH MIMPOKHUN CIEKTP HAHOCTPYKTYP, MOTCHITMATHHO MPUMEHHUMBIX YISl CO3JaHUs
HaHOPa3MEPHBIX JJIEKTPOYIMPABISIEMbIX HCTOYHUKOB HM3Iy4eHHsS. BbUIM TOJydeHbl JaHHBIE O
pacrmpeieieHnd COOCTBEHHBIX ONTHYECKUX MOJ JUIsl Pa3WYHBIX TUIIOB HaHOAHTEHH. B xoje
BBITIOJTHEHUS pa0OT OBUIM MCCIIEAOBAHBI 3 THIA IUTA3MOHHBIX U JIUAJICKTPUICCKUX HAaHOAHTCHH:
30JI0ThI€ HAHOJWCKH, TOJYyYEHHbIE C TOMOIIBI0 KOMOWHAIIMU METOJO0B ONTHYECKON W
ANIEKTPOHHOM JuTorpaduu; KpEeMHHEBbIE HAHOYACTHUIBI, ToJydeHHble wmetogomM CTM
HaHOJIUTOrpapuu; HAHOOAMIIBI, IOJIyY€HHBIE METOJ0M (EMTOCEKYHIHOMN JIa3epHOW MedaTu.
DKCHEPUMEHTAITHHO MOKA3aHO, YTO BCE YETHIPE THUIIA CTPYKTYP UMEIOT MOBBIIIEHHYIO TUIOTHOCTh
ONTHYECKUX COCTOSIHHM, 4YTO TIO3BOJISIET WCIOJB30BaTh JaHHBIE OOBEKTHI B KA4YECTBE
HaHOPa3MEPHBIX UICTOYHHUKOB ONITHYECKOTO M3JIyUeHHsS Ha OCHOBE d(dekTa reHepanun GoTOHOB
IpU HEYOPYroM TYHHEIUPOBAHUU dJIEKTpoHOB. Kpome Toro, B paboTe paccMOTpeHO
npumeHenne CTM it ucciaeqoBaHusl ONTHYECKUX CBOMCTB IJIOXOMPOBOASIINX MOBEPXHOCTE.
[TokazaHa, BO3MOXHOCTh HCCJIEAOBAHUS ONTHUYECKUX CBOMCTB NMOBEPXHOCTH TAKUX CHUCTEM C
CyOBOJIHOBBIM MPOCTPAHCTBEHHBIM pazpelieHueM. lccienoBaHue BBITIOJHEHO 3a CUET IpaHTa
Poccuiickoro Haygroro ¢onza (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.l. Alferova, 194021, Russia, St. Petersburg, st. Khlopina, 8
2Institute 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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Moaexyanl PBrz m H.O na noepxuoctu Si(100)
T.B. ITaBnosa, B.M. Illesmirora
Unemumym obweri puzuxu um. A.M. Ilpoxopoea PAH, 119991, Mockea, yn. Basunosa, 38

N3zyuena xoaacopoims mosekyn PBrs u HoO na nmosepxuoctu Si(100) ¢ mcmosib3oBaHHEM
cKaHupyromei TynHenbHoi Mukpockonuu (CTM) u pacueToB Ha OCHOBE TeopuHu (HDyHKIHOHAA
wiotHocT (DFT). Harpes o6pasiia 10 400°C B kamepe CTM 1mo3BOJIHIT IPOCIEANUTD 38 TEMHU XKE
CaMBIMH TIOBEPXHOCTHBIMH CTPYKTypaMH JO M TIOCJ€ HarpeBa. YCTaHOBJIEHO, 4YTO TIpH
KOMHaTHOH Temmepatype aacopouust PBrs u H2O npoucxomut HezaBucumo apyr ot apyra. [Ipu
HarpeBe oOpasna aTomMbl Opoma 00pa3ylOT KOMIUIEKCHl Ha TOBEPXHOCTH, MPHUCOCIUHSICH K
dbochopy u pparMeHTamM MOJEKyNIbl BOJBL. Tak, mocie HarpeBa atoM (ocdopa BHeApseTcs B
BEPXHUH CJIOW TMOBEPXHOCTH H (opmupyercs rerepoaumep ¢ aromom Opoma, P-Si-Br.
®parMeHTBl MOJIEKYJIBI BOJBI TIOCIIE HarpeBa (GOpMHUPYIOT KOMILIEKCHI C IByMsI aTOMaMu Opoma,
HaXOSIUMHKCS Ha COCEJIHUX AuMepax Si.

PBr3 and H20O 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 PBr3 and H20 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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Koaxcopouus xsiopa u kucjaopoaa Ha nosepxnoctu cepeopa: CTM u TPII
HCCIIel0BaHUe

b.B. Auapromeukus, T.B. IlaBnosa, H.C. Komapos, B.M. Illesmntora
HO®D PAH, 119991, Mocksa

B pabore ¢ wucnonp3oBaHueM cKaHupyrouieil TyHHenbHOW Mukpockonuu (CTM) u
pacdeToB B pamkax Teopuu ¢ynkimoHnana miotTHoctu (TDII) uccnenosana koamcopOius xiopa
Y KHCJIOpPOJIa Ha MOHOKpHUCTaumyeckue rpanu cepedpa (111), (100) u (110). Koaacopbumonnsie
CUCTEMbI CO3JABAJIUCh JIBYMsI CIIOCOOAMM: OKHUCIECHHEM XJIOPHUPOBAHHOW MOBEPXHOCTH cepedpa
WIH XJIOPUPOBAHUEM OKHCIEHHOTO 00pa3ia. OCHOBHBIEC Pe3yIbTaThl OBLIH IOTyYSHBI ISl TPaHH
cepebpa (111). B 3aBucumoctu ot crexuomerpun merogoM CTM Obu1 oOHapyKeH psJll paHee
HEU3BECTHBIX XOPOLIO YIOPSAOYEHHBIX KOaJCOPOUPOBAHHBIX CTPYKTYp, COJAEPXKAIIUX Kak
aTOMBI KHCJIOPOJa, TaK ¥ aTtoMbl xjiopa. T®II pacdeTsl nmokasanm, 4TO B OCHOBE BCEX CTPYKTYP
JSKUT peKOHCTpyKimu TmoBepxHoctn Ag(11l). B paMkax peKOHCTPYKIMH YacTh aTOMOB
cepebpa ynansercs U3 BEPXHEro ciosi, U Ha MOBEPXHOCTU (OPMHUPYIOTCS TPEYroJbHUKU U3
aToMoB cepebpa, 3anumaromue auoo 'K, mibo I'TTY-mo3unmm. ATOMBI XJ0pa U KUCIOPOa
KOHKYPUPYIOT MeEXay co0O0H, CTpeMsch 3aHATh IOJIOKEHHUS MEX]y YEThIpbMs aToMaMu
MOJUIOKKH, AHAJIOTUYHBIE WX TO3UIMSIM B peKOHCTpyKuusax p(4x4)-O u (3x3)-Cl npu
pasnenbHON ajncopOuu. XapakTepHOH OCOOEHHOCTBIO BCEX KOaJICOPOMPOBAHHBIX CTPYKTYP
SIBJISIETCS HAJIMYME SIPKUX 0OBEKTOB, KOTOPbIE MbI CBsi3bIBaeM ¢ kBazumodiekynamu ClOs u ClO.
C nomo1npio Teopun (PyHKIMOHANIA TUIOTHOCTH MBI paccuuTainu sHepruu cBsizu O 1s s Bcex
aTOMOB KHCJIOPOJIa B CTPYKTypax. DHEpPrusi CBA3M aTOMOB KHCIOpPOJa B IMOJIOKEHUSX MEXKIY
YETBIPbMsI aTOMaMH cepedpa cocTtasisieT 528 5B, Torma kak SHEpruu CBsI3W aTOMOB KHUCIIOPO/Ia B
kBazumoJiekynax ClOz u ClO cocraBnsrot 531 3B u 530 3B, cooTBeTcTBEHHO, UTO yKa3bIBaeT HA
ux osnexkTpouibHyo mpupody. JlaHHbI (aKT TpeacTaBiseT HHTEpEC i YCTaHOBIIEHUS
MEeXaHH3Ma PeaKlMH OKCUIUPOBAHUS STUIICHA HA CepeOpSIHOM KaTajau3aTope, B KOTOPOil XJIop
SIBJISIETCSl TpoMOTOpoM. PaboTa BeimoHeHa nipu moyiepxkke 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)-0 and (3x3)-ClI reconstructions
upon separate adsorption. A characteristic feature of all coadsorbed structures is the presence of
bright objects, which we associate with CIOz 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 ClO3z 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-CHJIOBAasi MUKPOCKOIHS /IJI51 OLEHKH KJIETOYHBIX (PpU3NMOMapKepoB
JJIS IeTEeKTUPOBAHUS MATOJIOIUil U 3200/1eBAHU I

B.A. Ceprynosa, M.E. /lokykun
®HKI] PP, 107031, Mocksa, yr. I[lemposxa 0. 25 cmp. 2

B Hactosmieii pabGoTe mpeNCTaBICHBI pPE3yJAbTaThl KOMILIEKCHOTO —HCCIIeIOBaHMUS
M3MEHEHHH KJIETOK KPOBU (IPUTPOIUTOB, HEUTpO(MIOB, MakpodaroB) mpu BO3AEHCTBUU
¢busnueckux (THIIOKCHS, amMI03, KCEHOH), OWOJIOTHYECKUX (CemTHYecKass CHIBOPOTKA,
aKTUBaTOpbl HeWTpoduiaoB) u renermdeckux (HoknayH IRFS) ¢axtopoB. Ocoboe BHUMaHUE
yaeneHo nporeccaM NETo3a HeliTpohriioB 1 nonspu3aiui Makpoharos.

[IpumeHeHre aTOMHO-CUJIOBOW MMKPOCKOIMHM IO3BOJISIET KOJMYECTBEHHO W3MEPUTH
MOP(OJIOrMuYecKre U HAHOMEXaHWYECKUE MapaMeTpbl KIETOK KPOBH BILJIOTH A0 HAHOMETPOBOTO
paspemienuss. B pabote oOcyxnaroTcss U3MEHEHHsT MOP(OJIOTMM KIETOYHOM MOBEPXHOCTH,
KECTKOCTHU KJIeTOK (Moaysnst FOHra), a Takke CTPYyKTypHas MepecTpoiKa IUTOCKETETa.

[TonyueHHble pe3ynbTaThl JAEMOHCTPUPYIOT BBICOKYIO JWAarHOCTUYECKYIO CIIOCOOHOCTh
aTOMHO-CWJIOBOW MMKPOCKOIIMM JJIsi BBISBICHUS PA3JIMYHBIX KJIETOYHBIX (PU3HOMaApKEPOB,
OTpaXkarolIUX paHHUE U3MEHEHUS MPU BOCTIAJIEHUH, TUIIOKCUY U UMMYHOAKTHUBALIHH.

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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OO aTOoMHO¥i CTPYKTYpe TPOIHBIX cTyneHeii Ha moBepxHocTsax Si(hhm)
A.H. Yaiika®, A.JO. Anagsikua®®?, B.H. Cemenos’, A.M. Nonos?, C.1. Boxko!

Y Unemumym gpusuxu meepooeo mena umenu FO. A. Ocunvsana PAH, yn. Axademuka Ocunvsna, 0. 2,
Yeprnozonoska, 142432

2 Unemumym ¢usuxu muxpocmpykmyp PAH, yn. Axademuueckas, 0. 7, Huscnuii Hoézopoo, 603950

® Huoicecopoockuii 2ocyoapcmeennuiii yuusepcumem um. H. H. Jlobaueeckozo, np. lacapuna, 0. 23,
Huoicnuii Hoszopoo, 603022

* IJenmp nepcnexmusnvix Memooos mMe3opusuxu u Hanomexrono2uil, Mockoecxkuii puzuko-mexHueckuii
uncmumym, HUncmumymcekuii nep., 0. 9, Joneonpyouwiii Mockoscxoii 0oa., 141700

Crynenvatbie ToBepxHOCTH KpeMHus Si(hhm) sBnsiroTcs mepcriekTHBHBIME O TTOKKAMK
JUIS CO3JaHUS HHU3KOPa3MEpHbIX CTPYKTYp C YHHUKaJIbHbIMH cBoicTBamMH. OcoOblil mHTEpec
NPUBJIEKAET CUCTEMa TPOMHBIX CTyMEHEH, (pOpPMHUpYIOIIascs Ha IuiacThuHax kpemHus Si(557).
ATOMHas CTPYKTypa HNEPHOJUYECKON CUCTEMBI TPOMHBIX CTYIIEHEH M3ydalach paHee METOJaMu
cKaHupyrolel 30510801 Mukpockonuu (C3M), Teopun (yHKIMOHANIA MIIOTHOCTH, TUGPAKIIII
ME/UIEHHBIX AJIEKTPOHOB U PEHTT€HOBCKUX Jyueil. TeM He MeHee, aTOMHYIO CTPYKTYPY U TOUHOE
3HaYEHHUE MEePUO0Ia HEIb3s CYUTATh IOCTOBEPHO YCTAaHOBIEHHBIMU. JIM(PpaKIIMOHHBIE TaHHBIE HE
naroT npsiMoi uHopmanuu 00 aToMHOM cTpykType, a C3M-uccienoBaHus pasHbIX TPYIIT
poTUBOpeyaT Apyr Apyry. B naHHON paboTe ¢ MNOMOIIBIO CKaHUPYIOUIEH TYHHEJIbHOU
MUKPOCKOTIHH ObLIO MPOBEACHO HUCCIEIOBAHUE aTOMHOM CTPYKTYPbI YHOPSJOUYEHHBIX MAaCCUBOB
crynenei, chopmupoBanHbix Ha mactuHax Si(55 7). AHanu3 3KCIEPUMEHTAIBHBIX JaHHBIX
CBUJIETEIBCTBYET O (DOPMHUPOBAHUH CUCTEMBI TPOWHBIX CTYINEHEH C JIOKAJbHOW OpHEHTAIHEH
noBepxHocTH (8 8 11). [lepuoanuHOCTh B TaKOW CTPYKTYpE MOIICPKUBACTCS C TOYHOCTBIO 0
OJIHOTO aTOMHOTO psJia C TMOMOIIBIO pa3HbIX KoH(uUTyparui cryneHedr u Teppac. lllupuna
Teppac COOTBETCTBYET XapaKTEPHBIM pa3MmepaMm siueek 5x5, 7x7 m 9x9, a TpoliHbIe CTyleHH
COCTOSIT M3 TMOCJEI0BATEIbHBIX MOHOAQTOMHOW W JBOWMHOM CTYNEHEW, pa3leCHHBIX Y3KOU
Teppacol IIUPHUHOW B HECKOJHKO MEXKATOMHBIX paccTosHui. Pabora BeIMoSHEHA TpH
nojepxxke rocynapcrseHnoro 3aganust UOTT PAH u UOM PAH.

On the atomic structure of triple steps on Si(hhm) surfaces
A.N. Chaikal, A.Yu. Aladyshkin?*#, V.N. Semenov?, A.M. lonoV?, S.I. Bozhko?

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

ZInstitute for Physics of Microstructures RAS, Nizhny Novgorod 603950, Russia;

% 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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AHajau3 NEPUOAUTHOCTA CUCTEMBI MYJbTHATOMHBIX CTyneHeﬁ Ha
BUIIMHAJIBHBIX MOBEPXHOCTHAX

AJO. Anagsiukun,>? A H. Yaiika®

Y Unemumym ¢uzuxu muxpocmpykmyp PAH, yn. Akademuueckas, 0. 7, Huscnuii Hoézopoo, 603950

2 Husicecopoockuti 2ocydapemeennuiil yuusepcumem um. H. U, Jlo6auesckozo, np. Tacapuna, 0. 23,
Huorcnuti Hoseopoo, 603022

3 Llenmp nepcnexmugHvix Memooog me3o(uszuxu u Hanomexnonozuti, Mockosckuii pusuxo-mexnuseckuil
uncmumym, Uncmumymcekuti nep., 0. 9, Honeonpyounsiii Mockosckoii 061., 141700

4 Unemumym ¢usuxu meepooeo mena umenu FO. A. Ocunvsana PAH, yn. Axademurxa Ocunvsina, 0. 2,
Yepuoconoska, 142432

B pabote nccienoBaHbl 0COOEHHOCTH aTOMHBIX CTPYKTYpP, BO3HHKAIOUIMX Ha BUIIMHAJIBHON
noBepxHoctn kpemuusi Si(h hm), opuentupoBanHoit mon yriom 9.5° 1O OTHOWICHHIO K
teppacaM (1 1 1). K unciy BBICOKOMHIEKCHBIX TOBEPXHOCTEN, KOTOPBhIE MOTYT C(POPMHUPOBATHCS
[IPH JTaHHBIX YCIOBHSX, MOKHO oTHecTH moepxuHoctr Si(8 8 11), Si(557) u Si(7 7 10). lns
paccMaTpuBaeMbIX BUIMHAJIBHBIX MOBepXxHOCTeW Ha Teppacax (1 1 1) mabmromaroTcst ydacTku
PEKOHCTpYKIMHU 7x7. MBI MOKa3aiau, 4TO B 3aBUCHMOCTH OT IIEPUOJIAa CTPYKTYPBI OJUH WJIH JBa
bypbe-nuka Ha 3aBucuMoctH |Z(Kx, Ky)|, mocTpoenHoi mist ky=0, oka3pIBaeTcsl MOJaBICHHBIM. DTO
MO3BOJISIET OJHO3HAYHO OMPEACTHUTH IMEPHOJ] CTPYKTYPHl M YCTAHOBUTH 3HAUEHUS HHIIEKCOB
Munnepa. @ypbe-aHanu3 pa3HOCTHBIX TOMOrpaQUUECKUX N300paKEHUH, MOJTyYEHHBIX METO0M
CKaHHPYIOIIEH TYHHEIBHON MUKPOCKOTIHH, OJHO3HAYHO YKAa3bIBAIOT Ha IOJIABJICHUE JIEBSATOTO
dypre-muka (mpu k= 9.45 mmM? n ky=0), uTo yka3biBaeT Ha (HOPMUPOBAHHE MOBEPXHOCTH
Si(8 8 11). PabGora BbINOJHEHA MPH TMOMACPXKKE rocymapcTBeHHoro 3amanus MOM PAH u
rocynapcteeHHoro 3aganust UOTT PAH.

Analysis of periodicity in array of multiatomic steps on vicinal surfaces
A.Yu. Aladyshkin,**3 A.N. Chaika*

YInstitute for Physics of Microstructures RAS, Nizhny Novgorod 603950, Russia;

2 obachevsky 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

4 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 11). 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(ky, ky)| calculated for ky = 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 k«=9.45 nm™ and ky=0), which points to the formation of the Si(8 8 11)
surface.
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Pa3pa0orka u npuMeHeHHe KPMOTeHHOI0 IIYMOBOI'0 TYHHEJIbHOI'0
MHKPOCKOIa

B.A. IMonsax?, B.C. Xpamaif 2

! Mockoscxuii pusuxo-mexnuueckuii uncmumym, Mucmumymckuii nep., 0. 9, Jonzonpyouwii
Mocxkosckoii obn., 141700

2 Unemumym ¢usuxu meepooeo mena umenu FO. A. Ocunvsina PAH, yn. Axademuxa Ocunvsnua, 0. 2,
Yepuoconoska, 142432

[IpencraBnennas paboTa MocBseHa pa3pabOTKe U MPUMEHEHUIO YHHUKAJILHOW YCTAaHOBKH
KPUOTEHHOTO IIIYMOBOI'O TYHHEJIBHOTO MMKPOCKOIA, COBMELIAIOIIEH (DYHKIMOHAI METOJOB
CKaHMPYIOLIEH TYHHEJIBHOM M EMKOCTHOM MHMKPOCKOIIMM U CIIEKTPOCKOIIMH, a TAKXKE ITyMOBOMU
CHEKTPOCKONUU TyHHEIbHOro ToKa. Co3laHHBIM MpUOOp CIPOEKTHPOBAH C HyJs, BKIHOYAsS
MEXaHUYECKYI0, DJEKTPOHHYI0 M aJIrOPUTMHUYECKYIO cocTaBisoomue. Cpenu  KIOYeBBIX
KOMIIOHEHTOB CHCTEMBI: OBICTpBIi KOHBEPTEp TOK-HANPSHKEHUE, YCOBEPIIEHCTBOBAHHBIE
aIropuTMbl 00paTHOM cBsi3u, OblicTpozeicTBytomee [IO M HmIyMOBOM HU3KOTEMIIEPATYpPHBIH
npenycuanuTenb. MerooM EMKOCTHOIO CKaHMpPOBAaHUS MOBEPXHOCTH, pPEaTM30BaHHBIM
6naromaps pasgenenuto BU u HY TOKOBBIX KOMIIOHEHTOB, BO3MOXKHO H3y4aTh YYacTKH [0
2x2 MM? ¢ pa3spelieHHeM BILIOTH 70 2 MKM H BHIIIE, YTO MO3BOISET MCCIEA0BATh HE TOIBKO
LEIUKOM TPOBOJAIIME OOpa3lbl, HO W HAXOAWUTh pAa3JHuYHbIE CJIOXKHBIE CTPYKTYpbl Ha
JUBIEKTPUYECKON TOJUIOKKE I NaJbHEUIIUX HCCleNoBaHUi mpu momomu MetonoB CTM,
CTC u nokanmbHBIX IIYMOBBIX H3MepeHui. PaboTOCOCOOHOCTH yCTAaHOBKM MpOBEpPEHA Ha
o0pasmax TUPOJUTUYECKOTO Tpadura, KaTuOpPOBOUYHOW 30J0TOW TUIEHKM C TATTEPHOM W3
BBICTYITAIONIUX MapKepoB M CTPYKType Ha ocHoBe NbN u 3os0Ta Ha momioxkke SisNa. I[lpu
temneparype 4.2K BOCHPOU3BOAMMO TOJYYEHBI PE3YJAbTaThl EMKOCTHOTO U IMOBEPXHOCTHOTO
CKaHUPOBAHHUS, BOJIbT-AMIIEPHBIX XapAKTEPUCTUK U CIIEKTPATbHON MJIOTHOCTU JIPOOOBOIO HIyMa,
COOTBETCTBYIOIINE TEOPETUUECKUM MPEIACKAZAHUSIM.

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

1 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 SisN4 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 xouercs 0oabmero: kojgdoxkaausanusga ACM H cBeTOBBIX METO/I0B
HCCJIeIOBAHUS MOBEPXHOCTH

. A. ®okun

Mockosckuil 2ocyoapcmeennblii mexnuyeckuti ynusepcumem um. H.O. baymana, e. Mocksa, 2-s
baymanckas yn., 0.5, cmpl., 105005

Jloknmax  TOCBSIIEH OCOOCHHOCTSM — METOJOB  aTOMHO-CHJIOBOM  MHMKPOCKOIIMM U
BO3MOXHOCTSIM COBMECTHOTO HcIoJyib30BaHUS ACM U CBETOBBIX MHMKpPOCKOIOB. byayun
MOUIHBIMM HCCJIEJOBATEILCKUMH METOJUMKAMH, aTOMHO-CHJIOBYI0 M CBETOBYIO MHMKPOCKOIIHIO
CPaBHMTEIBHO HENABHO CTAJM MCIOJNB30BaTb B COCTaBE E€AMHOIO  MCCIEIOBAHUA.
PaccmaTpuBaroTcst mpo6iieMbl M MPEUMYLIECTBA TAKOM MHTETpallMH, @ TAKXKEe CXEMbI peaTn3aluu
Ha [PaKTHKE.

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.

15



DOI: 10.24412/cl-37423-SPM-5.10

Ckanupymouias 0e3anepTypHasi MUKPOCKONMS OJIMKHET0 ONTHYECKOT0 OIS
J1.B. Kazanues'?, E.A. Kazaunesa®, B.C. Buenko'?, B.A. UesneBa'?, JI.A. Matuenko'?,

A1IO. KYHI_ICBI/Iql’Z

Y @usuyeckuii uncmumym um. ILH. Jlebeoesa PAH, Jlenunckuii npocn., 0. 53, Mockea, 119991
2 @axynomem ¢usuxu HAY Buicwas wikona sxonomuxu, Macnuykas yi., 0. 20, Mockea, 101000
3 Poccuiickuii mexnonozuveckuii ynusepcumem (MUPDA), npocn. Bepuadckozo 0. 78, Mockea, 119454

B pabore mpexacraBieHa ogHa U3 METOAUK CKAaHUPYIOMIEH 30HIOBOM MHMKPOCKOIHH, B
KOTOpONl MHCTPYMEHTOM U IPEAMETOM MCCIEIOBAaHUS  SBISETCS  DJIEKTPOMArHUTHOE
B3aUMO/ICHICTBUE MOBEPXHOCTU 00paslla M CKaHUPYIOUIEH UIJIbI, CKOHIIEHTPUPOBAHHOE B
o0jacTM HAaHOMETPOBBIX pa3MEpOB MOJ OCTpUeM HurJbl. B 3TOM «HaHO-KOHJEHCATOpe»
OCHOBHYIO POJIb UTparoT OJM)KHHME ONTHYECKUE IMOJIs (HEeM3MydaTeabHble MOJbI), 1 METOAMKA
nodtomy HaszbiBaeTcsi ASNOM  (OeszanepTypHasi CKaHUPYROMIash MHKPOCKOMHUS OJIMIKHETO
onThyeckoro moss). [IpocTpaHCTBEHHOE pa3pelieHHe METoJa COCTaBISIET HECKOJIBKO
HAaHOMETPOB B auamna3zoHe uH BosH 1-100 MKkM, 9TO BO MHOTO pa3 TPEBOCXOIHT
TU(PPaKIMOHHBIN Mpeaes, HEPEO0JIUMBIN IS KJIACCHUYECKUX ONTUYECKUX MUKPOCKOTIOB.

B noxmane OyayT paccMOTpeHbl (pu3MYecKue NpPUHLMIIBI, JIeXKallue B OCHOBE paboThI
npubopa W BblJENEHUA curHaiga. HecmMoTps Ha TO, YTO amIiuTyda CBETOBON BOJIHBI,
paccerBaeMoil 30HIUPYIONIEH HWIJIOM pa3MEepOM B HECKOJbKO MKM, OYEHb Majla, YMEJIO0e
MIPUMEHEHHE ONTHUYECKUX (MHTepdepeHus) U paguoPU3NYecKuX (IeMOIYISIUs) METOJI0B
M3MepEeHUs T03BOJISET MOJYYUTh YUCTBIA, OCMBICIIEHHBIM U JJOCTOBEPHBIN CUrHAJL.

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

1P.N. Lebedev Physical Institute of RAS, Moscow, Russia, 119991;
2Higher 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 um 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 um 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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HccaenoBanne MexaHu3MOB BOSHUKHOBEHHS IIHKA HA 3aBHCHUMOCTH TOKA OT
PACCTOAHMS B CKAHMPYIOLIEC MUKPOCKOIIMH MOHHOM NMPOBOAMMOCTH

C.1O. Jlykamenko, C.B. IMuuaxuu, 1.J1. Canoxxauko, M.JI. ®enbimteia, O.M. T'opOeHko,
A.O. T'onyOoxk

HUnemumym ananumuneckozo npubopocmpoenusi PAH, yn. Heana Yepuwix, 0. 31-33, Canxm-Ilemepbype,
198095, Poccusa

B pabore mpencraBieHbl AKCHEPUMEHTAJIbHBIE U TEOPETHUECKUE HCCIIEIOBAHUS «IIHK-
a¢dekray — HEOOBIYHOTO IKCTpEeMyMa Ha KpUBBIX 110/Boa |(Z) B ckaHHpPYIOIIEH MUKPOCKOTIUH
noHHoi nposoaumoctu (CMUII). M3mepenus, BHIIOJHEHHBIE HA MTOJIMCTUPOIIE, KOMIIO3ULIMU Ha
OCHOB€ 3TUJICHBUHMJIALIETATA, ITy3bIpe C MOJIMITUICHOBON CTEHKOM M MPOTPABIEHHOM B IIEJIOUU
CTEKJIe, MOKa3alu, YTO IPU OTPULIATEIbHOM CMEIIEHUH Ha 3JIEKTPOJ€ B HAHOIMMUIIETKE MOHHBIN
TOK CHayajla BO3pacTaeT BbIIIE TOKAa HACHIIIEHUS, a 3areM yObiBaeT. [[ns ommcaHus 3TOro
addexra pazpaborana monens Ha ocHOBe ypaBHeHui Ilyaccona—Hepncra—Ilnanka—HaBbre—
Crokca, MoauGUUUpPOBaHHAs C YYETOM HW3MEHEHHUs JUAJIEKTPUUECKONM MPOHUIIAEMOCTH,
TU(pQy3un U BSI3KOCTH BOJBI B YCIOBHUSIX HaHOKOH(aiiHMeHTa BOAHOH cpeabl. [lokazaHo, yTo
UMEHHO 3TU 3()(deKThl MPUBOIAT K (HOPMUPOBAHUIO CHaAaroliell BeTBU Ha 3aBucumocTH 1(2),
HEJIOCTIXKMMOM B paMKax Kiaccudyeckux Mojened. CoBmaJieHue pacdyeToB C AKCHEPUMEHTOM
MOATBEPKIAET MpeIIoXKEeHHbIH MexaHu3M. llodydeHHble pe3ynbTaTbl, C OJHOM CTOPOHBI,
OTKPBIBAIOT TEPCHEKTUBBI JJS CO3JAaHUS METOJA OLIEHKH JIOKAaJIbHOTO 3apsijia U MKECTKOCTU
MOBEPXHOCTH, HCHOJB3YIOMEr0 «MUK-3¢(deKT», a C JApyrod CTOPOHBI, YKa3bIBalOT Ha
HEOOXOIMMOCTh y4yeTa «HuK-3Q¢dekTa» TMpu HACTPOilKe peXUMOB CKaHUPOBAHUS JUIA
obecrieuenus crabunpHO# padoTet CMUII.

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 1(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 1(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-10/sipU30BaHHbIA TYHHEJIbHbIM TOK, HHAYLIMPOBAHHBbII
3JIeKTpU4ecKum moJjiem 3ou1a CTM

C.B. Yekmazos?, A.C. Kcéns!, A.A. Masunxun?, O.B. Kononenko?, A.Il. Cupotuna®,
E.A. HepmHHal, AM. Honos'*, A.A. KaHyCTHHl, AJO. Ananpiuxkua®’ u C.1. Boxko?

YUDTT PAH, 142432, Yeprnoeonosxa, Mockoeckas obracme, Poccus
2HIITM PAH, 142432, Yeprnoeonosxa, Mockoeckas obracms, Poccus
SUHM PAH, 119991, Mocksa, Poccus

4 HUY BIIID, 101000, Mockea, Poccust

SUDOM PAH, 603950, Huxcruii Hoeszopoo, Poccus

SHIY um. H .M. Jlo6auesckozo, 603022, Huxcrhuii Hoeseopoo, Poccus
"IMH M®TH, 141700, Joneonpyouwiii, Mockoeckas obracms, Poccus

Kak wu3BecTHO, WHcCcrnenoBaHUS MOBEPXHOCTH C IOMOUIBIO  CIUH-TIOJISPU30BAHHOMN
ckaHupyroueil TyHHenbHOW Mukpockonuu (CTM) mpoBoadTcs ¢ MPUMEHEHHEM MAarHUTHBIX
30H70B. OOBIYHO TaKH€ 30H/Ibl MOTYT OBITH U3TOTOBJIEHBI U3 MAarHUTHOTO MaTepuasa, Halpumep,
MnNi cmnmaBa [1], uiam e BO3MOXHO HCIOJB30BAHME HEMAarHUTHBIX WIJ, HaIpUMep,
BOJIb(PAMOBBIX HIJI, KOTOpPbIE MOKPBHITHI TOHKONW MarHUTHOM IU€HKOU [2]. B 06oux cimyuasx
HeJb35 UCKIIOYUTH BIMSHUE MAarHUTHOTO TOJISI 30Ha Ha UCCIIETyEMYI0 MarHUTHYIO CTPYKTYPY.

B macrosimelr paGote BmepBble OblT  m3rotoBiieH KoMmo3uTHeIM  CTM  30HI,
(GYHKIIMOHATBHBIM KOHYMKOM KOTOPOro ObuT BUCKep H3 BiggSbio crmaBa, sBistomierocs
TomoJIornyeckuM usoisitopoM. CrutaB BiggSbhio siBnsiercst nzonsatopom B 00bEMeE, B TO BpeMs Kak
MPOBOJMMOCTh KOHYMKAa 30HJa OOecrneuynBaeTcss TOJBKO JJIEKTPOHAMHM TOMOJOTHYECKHX
MMOBEPXHOCTHBIX cocTostHUI moBepxHOCTH (111). MccnenoBanue KpUCTALTHYECKON CTPYKTYPhI
BBIPAIICHHBIX BUCKEPOB MPOBOAWJIOCH NPU MOMOIIK BBICOKOpa3pelaroniell MpoCBEYHBAOIIEH
MeKTpoHHOM Mukpockonuerd ([IOM). Jlng nmeTeKTUpoBaHHWS CIHUH — TOJSIPU30BAHHOTO
TyHHenbHOTO Toka B CTM skcnepumenTe Ha moBepxHocTH Sb(111) Obuta Beipamena Fe miéaka
tommuHOM okono 0.02 MC. Ocaxnenue Fe Ha TOBEPXHOCTh TPHUBEIO K (HOPMHPOBAHHIO
HaHOOCTPOBKOB, U, B YaCTHOCTH, YAAJIOCH BBIJICIUTh U3 HUX TPU THUNA C PA3IUYHBIMU BBICOTAMU:
1.274, 2.07A u 4.09A. CTM WCCeAOBaHUs, a TaKKe YHCICHHOE MOJICTUPOBAHHE B PaMKax
teopun ¢yHkiuonana mioTHoctd (TOII), mokazamu, yto arombl Fe HHTEpKanUpPyIOT MOJ
MOBEPXHOCTHBIA cJIOM. M3MepeHusi ¢ MOMONIbI0 CKAaHUPYIOIIEH TYHHEJIBHOW CIIEKTPOCKOIHH
(CTC), npoBea€HHbIE HaJ Yy4aCTKOM IIOBEPXHOCTH C JIAHHBIMU OCTPOBKAaMH, MO3BOJIMIH
0OHapyXUTh CIIMHOBYIO MOJSPHU3ALMIO B TYHHEILHOM TOKE, YTO MOJATBEPAUIIOCH pe3yabTaTaMU
yuciaeHHbIX TOII pacuéroB. [laHHble pacu€Thl MOKa3aJiM, YTO OCTPOBKU C CaMOW MaJEHBKOM
BBICOTOM 00J1aal0T HYJIEBBIM MarHUTHBIM MOMEHTOM, B TO BpeMs KakK JUIsl IBYX JPYrUX THUIIOB
OCTPOBKOB IUIOTHOCTA COCTOSIHUM JUIsl 3JEKTPOHOB C pa3HbIM HAINpPaBJICHUEM CIIMHA
CylIeCTBEHHO oOTIu4aroTcs. [lomydeHHble pe3ynpTaThl OOCYXKIAIOTCS B paMKaxX CHHHOBOU
MOJISIPU3AIMK  TTOBEPXHOCTHBIX COCTOSIHUN BiggShi12(111) KOHUMKA KOMITO3MTHOTO 30HIA B
CUJIBHOM 3JIEKTPUYECKOM ITIOJIE.

PaGora BrimosiHeHa B pamkax rocynaapctBenHoro 3aganus UOTT PAH. Taxxke BolpakaeM
6naronapaoctsb Llentpy KomnextuHoro [lonszoBanus Hayunsim O6opynosanuem UOTT PAH
3a TIOMOIIb B TMPOBEJIEHUM H3KcrepuMeHToB. YacTh pacuéroB B mnpubmmxenuun TOII Obuia
IIPOBEJIEHA C MCIIOJIb30BAHUEM BBIYMCIUTENIBHBIX PECYPCOB CYNEPKOMIIBIOTEPHOIO KOMILIEKCA
HMY BLID [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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L 1SSP RAS, 142432 Chernogolovka, Moscow District, Russia

2 IMT RAS, 142432 Chernogolovka, Moscow District, Russia

3 INM RAS, 119991 Moscow, Russia

*NRU HSE, 101000 Moscow, Russia

°IPM RAS, 603950 Nizhny Novgorod, Russia

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

" 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
BigsSh12. The BigsShi2 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 1.27A, 2.07A and 4.09A were
observed on the surface. Density functional theory (DFT) simulations revealed the intercalation
of Fe atoms into Sh(111) surface. DFT calculations showed that the islands with height of 1.27A
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 BigsSbi2(111) of the tip ina
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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Crkanupyroumas TYHHeJbHASI MUKPOCKONHS/CIIEKTPOCKONNS B 3aa4ax
HU3YyUYEeHHS JJIEKTPOHHBIX CBOWCTB NOBEPXHOCTH TOMOJOTHYECKUX U30JIITOPOB

A.C. ®poJioB

Llenmp nepcnexmugHvix Memooos me30(hu3uxu u HaHomexnonro2uu, Mockogckul (huzuko-mexHuyecKutl
uncmumym, HUncmumymcekuii nep., 0. 9, Joneonpyouwiii Mocxosckoii oon., 141700

CucreMbl € HETPUBHAJIBHOM TOIOJIOTHENH 30HHOM CTPYKTYphl IPHUBIIEKAIOT BHHUMaHUE
COBPEMEHHOW (PM3MKH KOHACHCHPOBAHHOTO COCTOSIHMA. [IprMepamMy TakuX CHCTEM SBISIFOTCS
tonosiornyeckue wuzonsATopsl (TM) — marepuansl, KOTOpble HMMEIOT 3allpeIlEHHYI0 30HY B
00bEME M METaNTMYeCKHUEe COCTOSHUS Ha IMOBEPXHOCTH. biiaromapsi yHUKaJbHOHW TOIOJIOTUH
O00BEMHBIX 30H, 3JEKTPOHHBIE COCTOsIHUSA MoBepxHOCcTH TU oOmajmaroT psiioM XapaKTEpHBIX
OCOOEHHOCTEH, TaKMX Kak TIIOYTH JIMHEHHas JucHepcusi M CBSA3b MEXAY CIOHHOM U
KBa3UUMITYJIbCOM 3JIEKTPOHA.

OKCIIEpUMEHTAIbHOE M3YyYEHHE CBONCTB TOIOJOTWYECKH 3aAIIMIIEHHBIX AIEKTPOHHBIX
MOJCUCTEM B OCHOBHOM OCHOBBIBAETCS HAa METOJaX CKaHUPYIOLIEH  TYHHEJIbHOU
MUKPOCKOTIMH/CTIEKTPOCKOIMA U (POTOIMUCCHOHHOMN crekTpockonuu. KomMOuHUpoOBaHUE 3THX
METOJIOB TIO3BOJISIET TOJIYUUThH JIOMOTHUTENbHYI0 HWHMOpMaIuioo 00 ucciemyemom oObekTe. B
nokiane OyneT mpeacTaBiieH 0030p CYLIECTBYIOIIMX METOJOB U TOJXOJO0B K H3YYEHHUIO
ANeKTpOoHHBIX cBoiicTB TH, a Takke OyAayT oOOCYXAEHBl OpUTMHAIbHBIE PE3YIbTaThl
WCCIIE/IOBAaHUS CBEPXIPOBOMAIMNX W MarHUTHBIX TU co crpykrypHbiM THIIOM GeAS;Tes.
OcHoBHOE€ BHHMMaHuE€ OyAeT YyJAeJIeHO CHHEPTUH METO/0B, OOECHEeUMBAIOIIUX BBICOKOE
MIPOCTPAHCTBEHHOE pa3pelieHre, TaKUX Kak CKaHMPYIOIIas 30HJO0Basi MHKPOCKOMHS, U
UHTETPATIBHBIX METOA0B, TaKUX KaK (DOTOOMUCCHOHHAs CIEKTPOCKONMS C  YIVIOBBIM
pa3peleHuEM.

PaboTa BemosiHeHa mpu noaaepskke 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 Tl 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 Tls, and will also discuss the original results of studying
superconducting and magnetic Tls 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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> LPEM, UMR-8213, ESPCI Paris, PSL, CNRS, Sorbonne University, Paris, France
* stolyarov.vs@phystech.edu, aladyshkin@pmras.ru

Lenp HacTosIero NOKJIajga COCTOMT B MOJPOOHOM OOCYXJIEHHH BO3MOKHOCTEH HOBOM
IKCIIEPUMEHTAILHONW METOJMKU — CKaHUPYIOLIeH BUXPEBOW MUKpockomuu (Scanning quantum-
vortex  microscopy, SQVM) is  wuWcciaemoBaHHMS — CKPHITBIX — HEOAHOPOJHOCTEH B
TPaHYIMPOBAHHBIX ITUIGHKaX HHOOWA. (OCHOBHBIE W3MEpPEHHS  BBINOJHEHBI  METOJIOM
HU3KOTEMIIEpaTypHON MarHUTHO-cuiioBo mukpockonuu (MFM) B TemnepaTypHOM MHTEpBaie
oT 4 o 9 K. IIpu HU3KMX TemIepaTypax MarHUTOCTaTUYECKOE B3aUMOJECHCTBHAE MEXYy 30HIOM
U BHUXPEM SBIIIETCS CIIa0bIM, MMO3TOMY BCE BHXPH OCTAIOTCS XOPOIIO 3a(UKCUPOBAHHBIMH
Onmarojaps CHJIBHOMY B3auMoOJEHCTBUIO C jaedekramu MaTtepuana. llpu mnoBbiieHUn
TeMIepaTypbl TOTCHIHAI NUHHUHTA ocnabeBaer, ¥ MFM 30HI MOXeT 3axBaThiBaTh |
nepeMeInarth BUXph B mporecce ckanupoBanus (SQVM-pexum). TToCKOIBKY ABHIKYIIHIACS
BHUXPb B3aUMOJICUCTBYET ¢ JeeKTaMu, €ro MOKHO paccMaTpuBaTh Kak 3(()EeKTUBHBIA HAHO30HT
JUIA WCCIIEeIOBAaHUS MOTEHIMalla THHHMHIA B TPAaHYJUPOBAHHBIX IUIEHKAX HUOOUA C
MPOCTPAHCTBEHHBIM Pa3pelICHUEM, COTIOCTABUMBIM C JUTHHOU KorepeHTHOCTH (30—40 HM).

Bce MFM/SQVM wusmepenust ¥ aHaiu3 AaHHBIX BBIMOJHEHBI MPH MOJIEp:KKe Poccuiickoro
HaygHoro ¢onaa (mpoekt 23-72-30004). U3rorosneHne oOpa3iioB BBHIMOIHEHO MPHU MOAIEPIKKE
MuHKCTEPCTBA HAYKH U BhICIIEro oopasoBanus PD (mpoekr 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?,

S. A. Larionov?, A. G. Shishkin®®, O. V. Skryabina'#, V. V. Dremov!, A. V. Samokhvalov®,
A. S. Mel’nikov*?, D. Yu. Roditchev®

1 Moscow Institute of Physics and Technology, 141701 Dolgoprudny

2 Institute for Physics of Microstructures RAS, 603950 Nizhny Novgorod
®Dukhov Research Institute of Automatics (VNIIA), Moscow

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

> LPEM, UMR-8213, ESPCI Paris, PSL, CNRS, Sorbonne University, Paris, France
* stolyarov.vs@phystech.edu, aladyshkin@pmras.ru

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 (3040 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 BiaussHUM MOP(OJIOrHM KOHTAKTOB HA CTATHCTUKY YHUBEPCAJIbHbBIX
(paykryauui KOHAAKTAaHCA B KBa3HMOIHOMEPHBIX MOJYIPOBOAHUKOBBIX
HAHOIIPOBOJIOKAX

A.A. KyxoB
UDTT PAH, 142432, Yepnozonoska, Mockosckas 00a., yi. Akademuxa Ocunvsina, 0.2

beutn  uccnenoBaHbl  OCOOGHHOCTHM  TOBEACHUS ~ MAarHUTOTPAHCIIOPTa B CHJIBHO
JNOMMMPOBAHHBIX  HaHompoBoJiokax INAS npu T=4.2K ¢ wucnosb30BaHHEM METOJIUKH
CKaHHPYIOLIETO 3aTBOpa. [IpoeMoHCTprpoBaHa CyleCTBEHHAs PoJib MOPGOJIOruH UHTEpderica
HAHOIPOBOJIOKA / METAJUTMYECKUI KOHTAaKT Ha CTATHCTUKY YHHBEPCAIbHBIX (IIyKTyaIui
npoBoauMocTu. OTIENbHO MCCIEA0BaHbl KaK BIMSHHE PE30HAHCHBIX paccenBaTesiell B o0nactu
METAJUTMYECKUX KOHTAKTOB, TaK U BIUSHUE TelerpadHOro nryma, BOSHUKAOIIETO U3-3a HATUIHS
KYJIOHOBCKHX JIOBYIIEK B TMOJKOHTAKTHOM obOyacTu. PabGoTa BBINOTHEHA B paMKaxX TOC3aJaHUs
NOTT 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 u npumeHenne ACM-30H10B Ha OCHOBE KBAPLEBbIX KAMEPTOHOB
JJIA 32124 CKAHUPYIOLIEH 30H10BOH MUKPOCKOIIMH

B.O.Kpusuyk, B.B./I[pémos

Mocrkosckuii pusuxo-mexnuueckuti uncmumym, Llenmp ¢pomonuxu u 08yMepHbIX MAMEPUANos

B nmanHoii pabote mpexacraBisercss pa3pabotka u npumeneHne ACM-30HIOB Ha OCHOBE
KBapILEBbIX KAMEPTOHOB JUIS 3aJady CKaHUPYIOIIEW 30HA0BOM MHKpOocKonuu. IIpemnoxeHHas
KOHCTPYKLIUS 30H7a, paboTtatommas B (Plus-koHpurypanny, BKIOYACT METALTMYCCKYIO UTITY W3
Bolb()pamMa WM IUIATHHBI, M3TOTOBJICHHYIO METOJOM JIIEKTPOXMMHYECKOTO TPaBIICHHUS
IIPOBOJIOKHM, YTO IO3BOJIAET JOCTUraTh paauyca KpuBu3HbI ocTpus a0 10-20 um. [ns
o0OecrieyeHrsT BO3MOXHOCTH JIOKAJbHBIX JJIEKTPUUYECKUX HM3MEPEHMH K MpOBOASAILIEH HIJe
MOJIBOJIUTCSL YIJIEPOJHOE HAHOBOJIOKHO. Pa3paboTaHHbIE 30H]bI IOJIHOCTBIO COBMECTHMBI C
koHcTpykuueir ACM NEXT-11 (NT-MDT).

[lonyueHHble 30HABI TMO3BOJISAIOT IOJIy4aTh BBICOKOKAUYE€CTBEHHBIE ToOMNOrpaduueckue
n300paKeHUsl ABYMEPHBIX MATE€pPHaJIOB, a Takke 3PPEKTUBHO NMPUMEHSIOTCS IS Pa3JIUYHBIX
BUJIOB HaHOMaHUMyasiuil. IlokazaHa BO3MOXXHOCTh HUX MCIIOJIB30BaHMS JJISi IPOLIECCOB
JOKanbpHOW JuTorpadmu W s Tak HasbiBaeMbix "push-pull" mporeccoB, Takux Kak
MPEIM3UOHHOE TMEepEeMENIeHHEe M KOHTPOJUPYEMOE BpAILEHHE MHUKPOCTPYKTYpP C 3aJaHHBIM
dhopm-hakTopom.

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

V.0. 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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