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Pacnucanue 10KJIa10B

Bropnuk 4 urons 2019 r.

10.00-10.10

OTkpbIiTHE KOHEepeHITHU

10.10-10.50

(I1p.) B.A. beikos, B.B. IToaxsakoB

“3oHa0Bast MUKPOCKOINNS M CIIEKTPOCKONMSI: MPUOOPHI U
TeXHOJIOTHH aHAJM3a MaTepuaJioB, paspadorkun HT-MIT
CnexkTpym UHcTpymenrc”

10.50-11.30

B.B. ITomskos, FO.A. bo6pos, C.H. Jleecment, B.A. beikoB

“ABTOMaTHYECKHI MOUCK MAPAMETPOB CKAHUPOBAHMS B
AMILTHTYIHO-MOAYJIAunoHHoii ACM”

11.30-11.40

Coffee break

11.40-12.20

(I1p.) B.JI. Mupownos, E.B. Ckopoxonos, P.B. I'opes, M.B.
CanoxHUKOB

“MAarHuTHO-PE30HAHCHAS] CUJI0BAasi MUKPOCKONHUSA MJIAHAPHBIX
(¢eppoMarHuTHBIX HAHOCTPYKTYP”

12.20-13.00

B.C. Cronapos, B.B. JIpemos, /1.10. Poauues

“CraHupyOLIasi 30HA0Basi MUKPOCKONUS CBEPXIPOBOASIINX
rTHOPUAHBIX cucTeM”

13.00-14.00

Lunch

14.00-14.40

B.B. Ipemos, B.C. CrossipoB

“CkaHupyOIIasi MATHUTHAs MEHKPOCKONUS IVIAHAPHBIX
JK03e()COHOBKMX CTPYKTYP”

14.40-15.20

A.B. Ilytunos, C. Iu/lxxopmxuo, B.JI. Banumos, [1.Jlxx. Tpeitnep,
2.M. Jleknep, JIx.JI. Képtuc, M. A6aen-Xadus, O.C. Bonkosa, A.H.
Bacunses, JI.A. Yapees, I'. Kapanetpos, A.E. Komenes, A.1O.
Ananpikus, A.C. MensHukoB, M. MaBapone

“Tpanchopmanusi BUxpeBoii pemierku B FeSe B MarauTHom noJie”

15.20-15.30

Coffee break

15.30-16.10

I.B. Knunos

“ATOMHO-CHJI0BAasi MUKPOCKOIMS OJUHOYHBIX MOJIEKY.JI
OnonoanMepon”

16.10-16.50

O.B. Konnak, M.A. HeBepoBa

“JIokajJbHAsi HAMATHUYEHHOCTh MATHUTOPE3NCTUBHBIX CTPYKTYP,
KOHTAKTHPYIOUIMX C MATHUTOMEYEHHbIMH KJIETOUHBIMH
KOMILIEKCAMHT ™




Cpena 5 urons 2019 r.

10.00-10.40 (I1Ip.) T.B. I1aBnosa, B.M. lllesntora, b.B. Anapromnieukus,
I''M. XKunomupos, K.H. EnbiioB
“CTM-autorpadus Ha xaopupoBaHHoi nosepxHoctu Si(100) ¢
yAajeHueM KpeMHus1”’

10.40-11.20 (ITp.) H.U. ®enotos, C.B. 3aiinieB-30ToB
“BydsiHue CTyleHell U MOTEHIHAJbHBIX IM HA JHEPreTU4YeCcKyI0
CTPYKTYPY AUPAKOBCKHUX COCTOSIHUI B TONMOJOTHYECKOM HU30JITOpE
BiZSe3”

11.20-11.30 Coffee break

11.30-12.10 (I1Ip.) I.A. My3bruenko, C.U. Opemkun, B.U. I1anos, C.
VanHaesendonck, A.W. Opemkun
“I"'epMaHeH HA MOBEPXHOCTH METAJLIOB: MU} UM PeaTbHOCTh?”

12.10-12.50 (IIp.) b.B. Angpromeukun, B.M.Illesmrora, T.B.I1aBnoga,
I'M.Xunomupos, K.H. Ens1ios
“HavanbHble CTaIUHN OKHCJICHHS cepedpa”

12.50-14.00 Lunch

14.00-14.40 A.B. Ilytunos, C.C. Ycrasmukos, C.1. boxko u A.1O. Anagbliiikud
“IIpocTpaHCTBEHHO-HEOAHOPOIHbIE KBAHTOBO-Pa3MepHbIe
cOCTOsTHMSI B TOHKUX Pb nmienkax”

14.40-15.20 H.C. Komapos, T.B.IlaBnoBa, b.B. Anapromeuxkus
“B3aumMoeicTBHE MOJIEKYJISAPHOIO i0/1a C MOBEPXHOCTHI) HUKeJIs”

15.20-15.30 Coffee break

15.30-16.10 C.J1. Kopanrenko, T.B. IlaBnosa, O.1. Kaaumesa, K.H.Ensmos
“TepMonporpaMMUpPyeMblii CHHTE3 MOHOKPHCTAJLIOB
a30TUpoBaHHOrO rpagena na nosepxuocru Ni(111)”

16.10-16.50 A.H. Yatika, C.1. bBoxko, C.C. Ha3un, B.H. Cemenos, O. Liibben,

N.B. IlIBenx
“OpOuTanpHoe pa3peunieHHe U XUuMH4ecKuilt KoHTpact B CTM-
IKCNepUMeHTax”




Yereepr 6 urons 2019 r.

10.00-10.40

(Ilp.) B.A. Jlorunos, A.B. Jloruaos

“OnbIT NPUMEHEHUS CKAHUPYIOLEH 30H10B0i MUKPOCKOIIUH
B BaKyyMe H pa3JIu4HbIX cpenax”

10.40-11.20

B.C. Heynauuna

“Ocooennoct C3M npu Bo3eiicTBUU BHEITHUX (hU3HMUECKUX
(akTOpoOB M NpoTeKaHUU XUMHUYeCKUX peakuuii: onbIT Oxford
Instruments Asylum Research”

11.20-11.30

Coffee break

11.30-12.10

JILA. ®omun, U.B. Manukos, A.B. UepHbix

“IIpyuMeHeHre MATHUTHO-CUJIOBO MUKPOCKOINUH 1JIS U3yUYEeHUS
IMHUTAKCHAIBHBIX (heppo- U aHTH(PEPPOMATHHUTHBIX
MHUKPOCTPYKTYpP”

12.10-12.50

AJO. Anagplkua

“IIpuMeHeHMe TPUAHTYJIAUMH [leI0He ISl aHAJIU3A
CTATHCTHYECKHX CBOICTB NNOBEPXHOCTEH ¢ agcopdaramu”

12.50-14.00

Lunch

14.00-14.40

A.Il'. Temupsizen

“Hcnoab30BaHue CKPUNITOBLIX fAA3LIKOB B MpOrpaMMe ynpaBJieHHsI
C3M”

14.40-15.20

N.B. dymkun, FO.1. Myparosa

“MeToabl JMHEAPU3AUM YCTPOHCTB HAHO MO3ULMOHUPOBAHUSA U
ckanupoBanns B C3M c¢ ucnoJib30BaHHEM ONTHYECKUX JATYUKOB U
IUIOCKMX CKAHEPOB ¢ CHMMETPUYHBIM PacloJI0KeHHeM
Nbe30CTIKOB”

15.20-15.30

Coffee break

15.30-16.10

M.E. Hokykud, 1. CokoioB

“Hcnob30BaHue KAPT aire3uM NMOJy4eHHbIX ¢ momoumbo C3M nist
BbIfAIBJICHHA “(Pu3nuecknx” MapKepoB 3a00JieBaHMI YeJ0BeKa”

16.10-16.50

A.A. Kyxos, Ch. Volk, A. Winden, H. Hardtdegen, Th. Schaepers,
A.A. Enuceen

“UccaenoBanue JOKAJIbHOIO TPAHCIIOPTA U CEKTPOCKONUY
OTHOMEPHBbIX MPOBOJTHUKOB METOAMKAMHU CKAHUPYIOLIE 30H10BOM
MHUKPOCKONNH”

16.50-17.00

3akpbiTHe KOH(pepeHIIUU U TOIBEeIeHHEe UTOT0B







30oHa0BasE MHUKPOCKONHUSA W CHEKTPOCKONMS: NPUOOPBI W TEXHOJOTUM
aHaJgu3a marepuasioB, paspadorku HT-MIAT CnexkTpym UHCTPpyMeHTC

BukTop A. BHKOBI’z, Bsuecnas B. ITonsxos'

! Ipynna komnanuiit NT-MDT-Spectral Instruments, 124460, 2. Mockea, 2. 3enenoepad, 4922-1i
npoeso, oom 4, cmp. 3
? Mockosckuti Dusuko-mexHuseckuti uHCImumym

PaccmarpuBaetcst obiiee cOCTOSSHUE W HOBBIE BO3MOKHOCTH CKaHHUPYIOIIEH 30HIOBOI
MUKPOCKOIIUH, B TOM 4YHCJIE, B KOMOMHALIUU CO CHEKTPOCKOMHUEH MOBEPXHOCTHBIX CTPYKTYP
BBICOKOTO MPOCTPAHCTBEHHOTO pa3perieHus. PaccMaTpuBalOTCs BO3MOXHOCTH HMHTETPALlUN
METO/IOB MCKYCCTBEHHOTO HWHTeIekTa (omiusa ScanTronic) B mporpaMmMHOE OOecredeHHe
CKaHUPYIOIIUX 30HIOBBIX MHKPOCKOTIOB.

Scanning Probe microscopy and spectroscopy: instruments and
technologies for analyzing materials, the development of NT-MDT
Spectrum Instruments

Victor A. Bykov '?, Vyacheslav V. Polyakov'

! NT-MDT-Spectral Instruments companies group, Proezd 4922, 4/3 Zelenograd, Moscow 124460,

Russia
> MIPT University

The general state and new features of scanning probe microscopy are considered,
including in combination with spectroscopy of surface structures of high spatial resolution.
The possibilities of integrating artificial intelligence methods (ScanTronic option) into the
software of scanning probe microscopes are considered.




ABTOMATHYECKHMI NOUCK MapaMeTPOB CKAHMPOBAHUS B AaMILUIMTYJIHO-
MoayJasiuoHHoii ACM

B.B. Ilonskos, }O.A. bo6pos, C.1. JleecmenT, B.A. beikoB
HT-MJT Cnexmpym Hucmpymenmce, 3enenozcpao, Mocksea 124460, Poccus.

AMIUTUTYAHO-MOAYISILIUOHHAS ACM (AM ACM), TaKxKe Ha3pIBaeMas
«TIOJTYKOHTaKTHO», a B aHTJIOSI3BIYHON JHUTEpaType — «tapping mode», UCIONb3yeTcsl Cpeau
Bcero MHorooOpasust metofoB ACM Haumbojee 4YacTo: Mo HAmKM JaHHBIM Oonee 90%
nyonukyeMbrx ACM-u300pakeHri MOTyYeHbI C UCITOIh30BAHUEM TOJIYKOHTAKTHOTO METO/1a.
AM ACM sBnsieTcsi OCHOBOHW Il MHOTHX O0OJiee CIOKHBIX METOJIOB aTOMHO-CHIIOBOU
MUKpPOCOKIIUM, TaKMX Kak MeToa 3o0Hna KenbBHHA, 3JEKTpOCTaTHYECKas CHIIOBas
MUKPOCKOIIHSI, MAarHUTHO-CUJIOBAasl MHKPOCKOMUS, a TaKKe IS METOJOB MHUKPOCKONHUU W
CIIEKTPOCKONHMKM HAHOMETPOBOT'O MPOCTPAaHCTBEHHOTO pazpeunieHus B Buaumom, MK u TI'n
JTUana3oHax.

Bmecte ¢ Tem, mo HammMm mojacueraM, Oosiee msATOM dactTu ACM-u300pakeHU,
MPEJICTABICHHBIX B pedepupyeMbIX JKXypHAIax, coaepkar apTedakTbl, XapaKTepHbIC s
MOJIYKOHTAaKTHOTO METO/1a, BBI3BAHHBIE MEPECKOKOM MOJ| MPUTSDKEHHS U OTTAJIKUBAHUS
KaHTUJIeBepa, dGPeKToM mapanrroTHPOBaHUs 30H/1a, HEKOPPEKTHON HACTPOUKOMN MmapamMeTpoB
oOpaTHON cBsI3U. DTa yApydarolias CUTyallsi MOTHBHpPOBaja Hac K pa3pabdOTKe CHCTEMBbI
«ScanTronicy, MO3BONAIONIEH B aBTOMAaTHYECKOM PEXKHUME HACTPOUTH BETUUYHUHBI CBOOOIHOM
1 pabodeil aMIuIUTy KoJieOaHWW KaHTHIIEBEpa, CKOPOCTU CKAaHMPOBaHMs U Kod(dduimenrta
yCcUJIeHHUsT OOpaTHOW CBsI3M B MONYKOHTakTHOH ACM TakuM 00pa3om, 4TOOBI yCTOMYMBO
obecrieunBaTh MOJYYCHHE H300paKEHHM, CBOOOAHBIX OT MEPEUMCICHHBIX apTe(akToB Ha
IIUPOKOM Kpyre 00pa3ioB.

B nmokmame OymyT paccMoTpeHbl (GU3MYECKHE MPUHIUIBI MOAOOpa MapaMeTpoB
CKaHHUPOBAaHUS B MOTYKOHTakTHON ACM, a Takke ONMUCAHBI MPEIJIOKEHHBIE HAMU PEIICHUS
JUISL ©X aBTOMAaTHYECKOI0 MOMCKa, OCHOBAHHBIE HA UCIOJIB30BaHUU TEOPUU aBTOMATHUYECKOTO
yIpaBICHUS ¥ METOI0B MAIIIMHHOTO O0yUYEHUSI.

Automated adjustment of scanning parameters in tapping mode AFM
V.V. Polyakov, Y.A. Bobrov, S.I. Leesment, V.A. Bykov
NT-MDT Spectrum Instruments, Zelenograd, Moscow 124460, Russia

More than 90% of published AFM images are obtained using tapping mode. Tapping
mode serves as the basis for a variety of complex AFM modes like Kelvin probe force
microscopy (KPFM), electric force microscopy (EFM), magnetic force microscopy (MFM),
etc. as well as for rapidly growing family of optical nanospectroscopy methods like scattering
scanning near-field optical microscopy (s-SNOM) in visible, infrared and terahertz spectral
ranges.

At the same time, our analysis shows that more than one fifth of images published in
peer-reviewed journals contain typical artefacts associated with switching from attractive to
repulsive regimes of interaction of cantilever and surface, probe parachuting effect and
incorrect setting of feedback gain value. This disheartening situation motivated the
development of “ScanTronic” system which allows to automatically adjust the amplitude of
cantilever oscillations, scan rate, set point and feedback gain values in tapping mode AFM to
provide reliable artifacts-free results.

In this talk we consider the physical background of algorithms based on both machine
learning and linear control theory used for automated adjustment of scanning parameters in
tapping mode.




MarnuTHO-pe30HAHCHAS CHJIOBast MUKPOCKOTHS IUIAHAPHBIX
(heppOMATHUTHBIX HAHOCTPYKTYP

B.JI.Muposnos, E.B.Ckopoxoznos, P.B.I'opes, M.B.CanoxxHukoB
HUDOM PAH, 603950, Huocnuiit Hoseopoo, I'CII-105

B noknage oOcyxaaroTcs BO3MOKHOCTH HCCIIEJOBAHMS IJIAHAPHBIX TOHKOIUIEHOYHBIX
(GeppOMarHuTHHIX ~ HAHOCTPYKTYp C  TIOMOIIBI0  MAarHMUTHO-PE30HAHCHOTO  CHJIOBOTO
Mukpockorna (MPCM). Aranu3upyroTcsi 0COOCHHOCTH MarHUTHOTO B3aUMOJICHCTBUS 30HAA C
oOpa3uom. OnuckBalOTCs anropuTMsl MoaenupoBanus MPCM otkiuka u pacueroB MPCM
CIIEKTPOB, a TAaKXe€ MPOCTPAHCTBEHHBIX pACHpPENEICHUN aMIUIUTYJbl PE30HAHCHBIX
KoJIeOaHUl HaMarHu4eHHocTu oOpasna. IlpuBonsarcs pesynabratel MPCM uccnempoBaHmii
MuKporonocok NiFe ¢ mIocKoCTHON aHU30TPONHMEH U MHOTOCIOMHBIX TUICHOYHBIX CTPYKTYD
Co/Ptc neprneHIuKyIIpHOM OCEBOM aHU30TPOITHUEH.

PaGora Bemommsiercs npu momaepxkke ['3 Ne 0035-2019-0022-C-01, ITporpammebr
[Ipesunuyma PAH Ne 0035-2018-0016 wu Poccuiickoro ¢onaa ¢yHAaMEHTATbHBIX
uccienoBanuii (mpoekt 18-02-00247).

Magnetic resonance force microscopy of planar ferromagnetic
nanostructures

V.L. Mironov, E.V. Skorohodov, R.V. Gorev, M.V. Sopojnikov
IPM RAS, 60950, Nizhny Novgorod, GAP-105

We discuss the possibilities of studying planar thin-film ferromagnetic nanostructures
using a magnetic resonance force microscope (MRFM). The peculiarities of the magnetic
interaction between probe and sample are analyzed. We describe the algorithms for modeling
the MRFM response, as well as the calculations of MRFM spectra and spatial distributions of
the resonant oscillations amplitude of the magnetization. The results of the MRFM
investigations of NiFe microstrips with plane anisotropy and multilayer Co/Pt film structures
with perpendicular axial anisotropy are presented.

This work is supported by state contract # 0035-2019-0022-C-01, Program of Presidium RAS
# 0035-2018-0016 and Russian Foundation for Basic Researches (project # 18-02-00247).




CxaHupywuas 30H10Basi MUKPOCKONHUS CBEPXNPOBOASIIIUX T'HOPHIHBIX
CUCTEM
B.C. Cromsipos'?, B.B.I[peMOBl, J.10. Pommues'?

I . - .
Mockosckuii pusuxo-mexnuyeckuti uncmumym, J{oneonpyousii, 141700 Mocksa, Poccus

ZHauMOHaﬂbelﬁ yHugepcumem nayku u mexronozcuii MUCuC, 119049, Mockea, Poccus
3J7a60pamopu;1 ¢usuxu u mamepuanosedenus, LPEM, UMR-8213, ESPCI-Paris, PSL, CNRS,

Ynusepcumem Copoonnvl, 75005 Hapuoc, Opanyus

B nokmage OyayT TOpOIEMOHCTPUPOBAHBI  PE3yibTaThl HENABHUX IMHOHEPCKHUX
MCCIICIOBAHUM, TOJYYECHHBIE METOJAMHU CKAaHUPYIOLIEH TYHHEJIBHONM M MarHUTHO-CHJIOBOU
MHUKPOCKOIIUU CBEPXMPOBOASAIINX THOpUAHBIX cucteM. (PODU mpoektsr 19-02-00981, 19-

52-50026, MUCHC K3-2018-032)

Scanning probe microscopy of superconducting hybrid systems

V.S. Stolvarovl’z, V.V. Dremovl, D. Roditchev'?

"Moscow Institute of Physics and Technology, Dolgoprudny, 141700 Moscow, Russia
? National University ofScience and Technology MISIS, 119049, Moscow, Russia
’Laboratoirede Physique et d’Etudes des Materiaux, LPEM, UMR-8213, ESPCI-Paris, PSL, CNRS,

Sorbonne University, 75005 Paris, France

The report will show the results of recent pioneering research obtained by scanning
tunneling and magnetic-force microscopy of superconducting hybrid systems. (RFBR projects
19-02-00981, 19-52-50026, MUCHC K3-2018-032)




CxaHMpyoass MATHUTHAS. MUKPOCKOIIHA MJIAHAPHBIX AK03e()COHOBCKUX
CTPYKTYP
B.B. Ipemos, B.C.CtonsipoB

Mocxosckuil puzuxo-mexuuyeckuti uncmumym, J{oneonpyouwii, 141700 Mocksa, Poccus

B noknane mpencraBieHHBI pe3yibTaThl MCCIEI0BaHUs TUTaHapHBIX JIko3edcoHOBCKUX
nepexo10B (S-N-S) ¢ mOMOIbI0 MArHUTHOTO 30HJa HU3KOTEMIIEPATypPHOT0 aTOMHO-CUIIOBOTO
mukpockorna (AFM). TTokazaHo, 4TO JOKaIbHOE MAarHUTHOE TI0JIC MTJIBI HE TOJIBKO MO3BOJISET
BU3YaJIU3UpOBaTh AOPHKOCOBCKHE BHXPHU, HO MU MOpokaaeT JI»K03e)COHOBCKHE BHUXpPU B
HIMPOKUX TEPEXoJlaX, a TaKkKe CYIIECTBEHHO M3MEHSET TPAHCIIOPTHHIE CBOICTBa Mepexona,
nepeBoas ero B ¢(0-m)-cocrosuue. (PODU mpoekt 19-02-00981)

Scanning magnetic microscopy of planar Josephson junction.
V.V. Dremov, V.S.Stolyarov

MIPT, 9 Institutskiy per., Dolgoprudny, Moscow Region, 141700, Russian Federation

The results obtained with the magnetic probe of AFM during investigations of planar
SNS Josephson junctions are presented in this report. Additionally to the well-known ability
to visualize the Abrikosov vortices the MFM images reveal the generation of Josephson
vortices by the local magnetic field of the probe. Finally, it is shown that the local field of the
probe drastically changes transport properties of the junction switches it to ¢(0-m)-state.
(RFBR project 19-02-00981)




Tpancdopmanus BuxpeBoii pemerku B FeSe B MarHUTHOM 1oJie

A. B. IIyrunos'?, C. ﬂI/IH}KopI[}KI/IOI, B. JL. Ba,I[I/IMOB2, . JIx. TpeﬁHepl, 2. M. HeKHepl, JIx.
JL. KépTHc3, M. A6nen—Xa<bH34'6, 0. C. BOHKOBa6'8, A. H. Bacubes” ® 9, . A. LIapeeBlo’g’”,
I. KapaneTpOB3, A.E. KOH_ICJ'ICBIZ, A. 0. AnajbIKun” 1, A. C. MCJ'IBHI/IKOBZ, M. I/IauaapOHe1
" ©usuueckuii parxynomem, ynusepcumem Temnn, @unadensus, 19122, CLIA

? Unemumym ¢usuxu muxpocmpykmyp PAH, Huoenuii Hoézopod, 603950

? dusuveckuii paxynemem, ynusepcumem [pexcens, @unadenvgus, 19104, CLIA

4lleHmp HAyKu u mexuono2uti gbicokozo oaesnenus, Illanxau, 201203, Kumati

5YHueepcumem Qauiroma, Datirom, 63514, Ecunem

6Hauu0Ha/Zben7 uccaedosamenvckutl ynugepcumem "MUCuC", Mockea, 119049

"@uzuueckuii daxyromem MI'Y um. Jlomonocosa, Mockea, 119991

YVpanvckuii pedepanvuviii ynusepcumem, Examepun6ype, 620002

?FOicno-ypanvckuii 2ocydapemeennsiii ynusepcumem, Yenabunck, 454080

" Hnemumym skenepumenmansnoii munepanoeuu PAH, Yeprozonoska, 142432

"Kasanckuii pedepanvuviii ynusepcumem, Kasanw, 420008

2 Apeonncras nayuonanvnas nabopamopus, Apeon, 60439, CIIIA

Metonamu HuzkoreMmueparypaoit CTM u CTC uccnenoBana BUXpeBasi pelIETKa U CTPYKTypa
CEepAUEBUHBI BUXpel B MoHOKpucTauiax FeSe. TpeyrosbHas BUXpeBas CTPYKTypa,
HaOmoaeMasi TPH HU3KUX MArHUTHBIX TMOJSIX, UCKaXaeTcs M TIOCTENEHHO CTaHOBUTCS
KBaApaTHOW BONM3u MarHuTHOro moiss 1.5 T. Ilpu sTom ke mosie HabOmromaeTcs WU3JIOM Ha
3aBUCHUMOCTH TEIUIOEMKOCTH OT MarHWTHOTO moiisi. HaOmiomaembie SBICHUS MOTYT OBITh
CBS3aHBI C MHOTO30HHOW TIPUPOJON CBEpXIPOBOAMMOCTH B FeSe u  0OBACHATHCS
MO/IABJICHUEM NapaMeTpa MopsiiKa B OJHOU U3 30H.

Vortex lattice transformation in FeSe in magnetic field

A. V. Putilov'?,C. Di Giorgiol,V. L. Vadimovz, D.J. Trainerl, E. M. Lechnerl, J. L. Curtis3,
M. Abdel-Hafiez" > 6, O.S. Volkova6’7’8, A. N. Vasiliev” ® 9, D. A. Chareev'®® ”, G.
Karapetrov’, A. E. Koshelev'?, A. Yu. Aladyshkin®', A. S. Mel'nikov?, M. lavarone'

! Physics Department, Temple University, Philadelphia, PA 19122, USA.

? Institute for Physics of Microstructures RAS, Nizhny Novgorod, Russia 603950
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Low-temperature scanning tunneling microscopy and spectroscopy has been used to
image the vortex core and the vortex lattice in FeSe single crystals. A quasi-hexagonal vortex
lattice at low magnetic field undergoes noticeable rhombic distortions above a certain field
1.5 T which also reveals itself as a kink in the magnetic field dependence of the specific heat.
These observations can be directly connected to the multiband nature of superconductivity in
this material, provided we attribute them to the suppression of superconducting order
parameter in one of the energy bands.




ATOMHO-CHJI0Bast MHUKPOCKOIIUA OAUHOYHBIX MOJICKYJI 6I/IOHOJII/IMep0B

J.B. Knunos
QI'BY OHKI] @XM ®MPFBA, 119435, Mocksa, yr. Manas Iupoeosckas, 0. la

B nanHOM mokiaze 3aTpoHyYTHl BakHbIe acriekKThl ACM oauHOYHBIX Onomosekyn. s
NOJIy4eHHUs1 BBICOKOTo paspemieHust npu ACM-uccrienoBaHiuy OMOMOIMMEPOB, IPUMEHSIINCH
paHee paspaboTaHHbIe HamH, cBepxocTpble ACM-30HIbI, C PaJlyCOM KPUBH3HBI OCTpUS
okojo 1 HM. [[pyruMm, BaKHBIM MapaMEeTPOM Ui UCCIICAOBAHUS CTPYKTYpPhl OHMOMOIUMEPOB,
ABIIETCS TOJUIOKKA. PaccMOTpeHO BIMSHHME pPAa3lMYHBIX TOUIOKEK Ha CTPYKTYpY
OMONOIMMEPOB U BO3MOXHOCTH IOJIYUYEHHs BBICOKOTO pa3perieHus. [I[puBeieHbl KOHKPETHBIE
puUMeEpHI uccaeaoBanus CTpyktypsl Mosiekyn JJHK, ¢ubpunorena, anp0ymuHa.

Atomic-force microscopy of single biopolymers molecules
D.V. Klinov

Scientific Research Institute of Physical-Chemical Medicine, Russia, 119435, Moscow, Malaya
Pirogovskaya, la

This report discusses important aspects of AFM in single biomolecules. To obtain high
resolution in AFM study of biopolymers, we used previously developed, ultra-sharp AFM
probes with a radius of curvature of the tip of about 1 nm. Another important parameter for
the study of the structure of biopolymers is the substrate. The influence of different substrates
on the structure of biopolymers and the possibility of obtaining high resolution are
considered. Specific examples of the study of the structure of DNA molecules, fibrinogen,
albumin are given.




JlokanibHasik ~ HAMATHMYEHHOCTh  MATHUTOPE3UCTUBHBIX  CTPYKTYP,
KOHTAKTHPYIOIIUX C MATHUTOMEYEHHbIMH KJI€TOYHBIMH KOMILJIEKCAMHU

0.B.Komnak'?, M.A. HeBepOBa2

"HTIX® PAH, 142432, Yepnozonosxa
’TI'TY, 392000, Tambos

Pazpaborka wmarnutopesuctuBHblx (I'MC) mmatdopm obecnednBaeT MOIIHOE UX
IPUMEHEHHE B KIMHMYECKON auarHoctuke. Ilerepoctpyktypel I'MC mnpemyioxkeHbl u
INPUMEHEHbl I HW3MEPEHMS KOHUEHTpAalMd MarHUTOMEUYEHHBIX KJIETOK. MarHuTHble
HAaHOYACTHUIIbI, BKJIIOUEHHbIE B OHOJOIMYECKYI0 CHCTEMY, BIMSIOT HAa HaMarHWYEHHOCTb
miathopmel ['MC cBOMM JIOKaJdbHBIM MarHUTHBIM TMOJeM. [IpemcraBieHbl pe3yiabTaThl
MOHHTOPHHTA MOBEPXHOCTH naTunka I MC, TOKPBITOro OENKOBBIMU KJIETKAMHU ¢ MAarHUTHBIMU
METKaMH, CBS3aHHBIMU ¢ aHTUTeHOM Anti-LGRS, a Takke aHanu3 MOBEpXHOCTH, MOKPBITON
deppomarnutHeiME yacTunamMu (MNP), OenkoBbiME KieTkamu ¢ dvacTuuamu o-Fe,Os.
Ocaxnenne  antureHa LGR-5,cBsa3anHoro ¢ a-Fe;Os,  HU3MEHSE€T  JIOKAIbHYIO
HaMarHMYEHHOCTb, YTO JAETEKTUpyeTcs Mo (a3oBOMy M MAarHUTHOMY KOHTpacTy Ha
noBepxHoctd ['MC mmarpopm. OOHapyXeH CIOXHBIA JACHAPUTOMOMAOOHBIN MPOGUIH
BBICYILICHHON OHMOJIOTHYECKOH CTPYKTYphl B pexkumMe AFM ckaHMpoBaHUS U pacupeiesicHue
MarHuTHeIX 4actul B MFM pexume. HaneceHne MarHMTOMEYEHHBIX KJIETOK BBI3bIBACT
YBEJIMUEHUE KPUTHUECKOIO IIOJI MEPEKIIOYEHHUS U IEPEKI0YEHHE HaMarHUYE€HHOCTH
BEPXHETOo €105 Bcel TaTdopmabl.

Pabora BeimosnHeHa npu noauepxkke rpantom 3.1992.2017/4.6 B paMkax KOHKypca
Hay4YHBIX [POEKTOB, BBIITOJIHIEMBIX HAYYHBIMU KOJUIEKTUBAMH MCCIIEI0BATEIbCKUX LIEHTPOB
U (WIM) Hay4HBIX JJabopaTopuil 00pa3oBaTeIbHBIX OPraHU3aIHii BBICIIET0 00pa3oBaHusl.

Local magnetization of magneto resistive structures with magnetically
labeled cell complexes

O.V.Koplakl’z, M.A. Neverova®

!Institute of Problems of Chemical Physics, 142432 Chernogolovka
>Tambov State Technical University, 392000 Tambov

The development of magneto resistive (GMR) platforms provides powerful application in
clinical diagnostics. The GMR heterostuctures were proposed and applied for measurements
of concentration of magnetically labelled cells. Magnetic nanoparticles are incorporated in a
biological system and they affect GMR platform magnetization by scattering local magnetic
field. Monitoring of the GMR sensor surface covered by protein—magnetic tag complexes
bound to the antigen Anti-LGRS as well as analysis of the surface covered by NPs and cells
labelled by a-Fe,O; nanoparticles has been described.Deposition of the LGRS stem cells
allowed us to reveal complicate a dendrite-like AFM profile corresponding to dried biological
structure and MFM scan corresponding to the distribution of magnetic particles.Magnetic
scattering field of a-Fe,O; microbeads shifts critical magnetic field of magnetization
switching of free layer in magnetoresistive structure.

This work is supported by Ministry of Education and Science of Russian Federation (grant
3.1992.2017/4.6).




CTM-autorpadus Ha xnopupoBanHoii nosepxHoctu Si(100) ¢ ynanenuem
KpeMHHA

T.B. [lasnosa'?, B.M. I_HeBmoral, b.B. AHI[pIOH_Ie‘-IKI/IHl, I'M. )KI/I,Z[OMI/IpOBl, K.H. Enbuos'
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Jlutorpadus ¢ ucnonpzoBanueM CTM sBisieTcs Hanboyiee TOYHBIM METOJOM CO3/JIaHHS
CTPYKTYp U3 IPUMECHBIX aTOMOB Ha MOBEPXHOCTH KpeMHus. B mporecce CTM-nurorpadun
0 MOHOCIJIOI0 BOJOpOJia JeCOpOMPYIOTCS TOJILKO aToMbl pe3uctra. B nHamel pabote
MPOJEMOHCTPUPOBAHA BO3MOXXHOCTh yAalieHUs: KpemHus ¢ mnoBepxHoctd Si(100) mpu
UCIIOJIb30BAaHUU pe3ucTa U3 MoOHociod xyopa. CozmaHbl AeQeKThl JOBYX THIIOB: SMKH
TPaBJICHUS JIaTEPATbHOTO pa3Mmepa 1-2 HM W TIIyOMHBI B HECKOJBKO CJIOCB KPEMHHS M
TOueyHbIEe Ne(EeKThl C yJaJleHHEeM OAHOro (HECKOJbKHX) aToMOB KpeMHus. [lns co3manus
TOYCYHBIX Je(DEKTOB CHayana, MyTeM aTOMHBIX MaHUMYISALIUNA, GOPMUPYIOTCS KpayIaUOHBI,
comepxammue ¢parment SiCly, mociae dYero ATOT (parMeHT yAaIseTcs dJIEKTPOHHO-
CTUMYJIMPOBAaHHOK necopOuumeit. OOCyXxaaeTcs MeXaHU3M 3JIEKTPOHHO-CTUMYJIHPOBAHHOU
necopOruu xjopa u kpemHusi ¢ mnoepxHocTH Si(100)-2x1-Cl. ITomydeHHBIE pe3yibTaThl
OTKpBIBAIOT HOBBIE BO3MOXHOCTH CTM-nutorpaduu C HCIONB30BaHHEM pE3UCTa U3
XEMOCOpPOMPOBAHHOTO XJI0pa, B TOM unciie TpexmepHoit CTM-nmurtorpadumn.

Pabora BbemmonHena mpu nojaepxkke Poccuiickoro Hayunoro ®onpa (rpant 16-12-

00050).

STM lithography on chlorinated Si(100) with silicon atoms removal
T.V. Pavlova'?, V.M. Shevlyuga', B.V. Andryushechkin', G.M. Zhidomirov', K.N. Eltsov'

'Prokhorov General Physics Institute of the Russian Academy of Sciences, 38 Vavilov st., Moscow,
119991
2National Research University Higher School of Economics, Moscow

Lithography using STM is the most precise method for the creation of 2D structures of
impurities on the silicon surface. In STM lithography with a hydrogen resist, only resist atoms
are desorbed. In our work, the possibility of silicon removal from the Si(100) surface is
demonstrated by using a chlorine resist. Two types of defects were created: pits of lateral size
1-2 nm and a depth of several silicon layers and point defects with one (several) silicon
vacancies. To create point defects, crowdions contained SiCl, fragment are formed by atomic
manipulations, after that the fragment is removed by electron-stimulated desorption. The
mechanism of electron-stimulated desorption of chlorine and silicon from the Si(100)-2x1-Cl
surface is discussed. The obtained results open up new possibilities of STM-lithography using
a chlorine resist, including 3D STM lithography.

This study was supported by the Russian Science Foundation (Grant 16-12-00050).




Bausinne cTyneHed W MOTEHIUAJbHBIX IM HA JHEPreTUYECKYI0 CTPYKTYpPY
AMPAKOBCKHUX COCTOSIHMH B TOMOJIOTHYECKOM U30J1siTOpe Bi,Se;

H.U. ®enoros, C.B. 3aiiieB-30T0B
UPI um. B.A. Komenvnukosa PAH, 125009, Mocksa, yn. Moxosas 11, cmp. 7.

Ha mnoBepxHOCTH TOmONIOTHYECKOTO H30isATOpa BiSes Meromamu ckaHupylromen
TyHHENbHOW MuKpockonuu ©  crekTpockonuu (CTC) oOHapyKeHO CyIIeCTBOBaHHWE
NOPOTSDKEHHBIX MOTEHIMATIBHBIX M TyOnHO# okono 0.1 3B, ¢opmupyronmxcs kak BOIM3H
CTyNEHEH TOBEPXHOCTH, TaK M, IO-BUIUMOMY, BOJHM3U 3aXOPOHEHHBIX MPOTKEHHBIX
nedextoB. Hannune n3rnba 30H NPUBOIUT K YBEJIWYCHUIO 3HAUCHHS TYHHEIBHOU MJIOTHOCTH
cocrossauii dl/dV B Touke Jlupaka. I[lokazaHo, 4YTO STOT POCT YACTUYHO OOYCIOBJICH
aprepakTOM TYHHEIBHON CIEKTPOCKONIMM M HE MOXKET paccMaTpuBaThCs B KAaueCTBE
JTOKAa3aTeNbCTBA CYIIECTBOBAHUS KpaeBbIX cocTosiHui. W3ydenune (opMbl TyHHEIbHBIX
CHEKTPOB IOKa3aJl0, YTO B ATUX MOTCHUHUAIBHBIX SMax 00pa3yloTCsl CBSA3aHHbBIE COCTOSHUS
JTUPAKOBCKUX (PEPMUOHOB, MPOSBIIAIONIMECS B BUJI€ MAaKCUMYMOB Ha TYHHEJBHBIX CIEKTpax
CTC. CyuiecTBOBaHHE TAaKUX COCTOSIHMM Kaue€CTBEHHO M KOJMYECTBEHHO MOJTBEPKAACTCS
pe3ylbTaTaMu YHCICHHOTO MOJEIMPOBAaHUS B paMKaX ABYMEpPHOro rammiibToHMaHa /lupaka.
Kpome TOro, MopmenupoBaHHE COCTOSHUHN TUPAKOBCKUX 3JIEKTPOHOB BOJM3HM CTyIEHEH
MOBEPXHOCTU M OOKOBBIX TpaHell B pamMKax 3()(PeKTUBHOTO KOHTHHYAIbHOI'O TaMUJIbTOHHAHA
B TPEXMEPHOM CIIydae MOKa3ano, YTO HAJTMYHUS CTYNEHEH Ha MOBEPXHOCTHU TOMOJIOTHYECKOTO
U30JISITOpa HEJOCTAaTOYHO JJIsi TOSIBIICHUS CBSA3aHHBIX COCTOSHUM — K 0Opa3oBaHUIO
CBSI3aHHBIX COCTOSIHUN MPHUBOIUT (POPMUPOBAHKE MTOTCHIIMATBHON SIMBI BCJICICTBUE PA3IAYMS
paboT BBIX0/1a HA pa3HbBIX rpaHsax. Pabora momnepskana rpantom PH® 16-12-10335.

Influence of steps and potential wells on the energy structure of Dirac states
in the topological insulator Bi,Se;

N.IL Fedotov, S.V. Zaitsev-Zotov
Kotelnikov IRE RAS, 125009, Moscow, Mokhovaya str, 11, bld. 7.

On the surface of the Bi,Ses topological insulator, scanning tunneling microscopy and
spectroscopy revealed the existence of extended potential wells with a depth of about 0.1 eV,
which are formed both near the surface steps and, apparently, near the buried extended
defects. The presence of band bending leads to an increase in dI/dV at the Dirac point. We
demonstrate that this increase is partly due to the artifact of tunneling spectroscopy and
cannot be considered as evidence of the existence of edge states. A study of the shape of the
tunneling spectra shows that in these potential wells, bound states of Dirac fermions are
formed, which manifest themselves as maxima in the STS spectra. The existence of such
states is qualitatively and quantitatively confirmed by the results of numerical simulation in
the framework of the two-dimensional Dirac Hamiltonian. In addition, the modeling of the
states of Dirac electrons near the surface steps and side faces in the three-dimensional case
within the framework of the effective continuum Hamiltonian shows that the presence of steps
is not enough for the appearance of bound states, but the difference in the work functions of
the states on these faces produces bound states of surface Dirac fermions. The work is
supported by RSF grant 16-12-10335




I'epMaHeH Ha MOBEPXHOCTH METAJJIOB: MU( MM PealbHOCTD?
JLA. MVSBI‘-IGHKOI, C.IN. Opemxnﬂz, B.1. HaHOBl, C. VanHaesendonck3, AN. OpeH_IKI/IHl

" Dusuueckuii paxynomem, MI'Y umenu M.B. Jlomonocosa, Mocksa, Poccus.
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Tocyoapcmesennsiii acmponomuueckuil uncmumym umernu I1LK. [lImepubepea, Mocksa, Poccusi.
7 Department of Physics and Astronomy, KULeuven, BE-3001 Leuven, Belgium.

B pabore wuccrnemoBaHbl BO3MOXKHOCTH ~CHHTE3a OJHOCJIOWHOTO TIepMaHEHaHa
METAIIMYECKUX TOBEPXHOCTSX. OKCIEPUMEHTAIbHO, METOJOM CBEPXBBICOKOBAKYYMHOI
CKaHUPYIOIIEH TYHHETbHOW MHUKPOCKONMMM OBUIM HCCIEIOBAaHbl HAyaJbHBIE CTaIHH
afcop6rmu atomMoB Ge Ha Pa3NMYHBIX MeTaTMdeckux moBepxHocTsx: Au(l11), Pt(111),
Cu(111) u Al(111).Pe3ynpTaThl 3KCIEPUMEHTOB CPAaBHUBAIUCH C PE3yJIbTaTaMU YMCIEHHOTO
MOJICTIMPOBAaHUSI B paMKax Teopuu (yHKIMOHAjIa IJIOTHOCTH. HecmoTps Ha Hanuuue B
MHUpPOBOW HAy4YHOM JIMTEpaType MHOTOYMCICHHBIX COOOLICHUH 00 YCHEIIHOM CHHTE3e
repMaHeHa Ha METANIMYECKUX MOBEPXHOCTSX, ObLIO HAIJIAIHO MOKa3aHO, YTO OCOOEHHOCTHU
B3aumoeiicteuss Ge ¢ Au, Ptu Cu TakoBbl, 4TO Ja)xke MPU KOMHATHOM Temmeparype
HaOmoaaroTes 3G EKThI TBEPAOTEIBLHOTO pacTBOpeHUs: Ge B 3THX METaJIaX, YTO MCKII0YAET
IPUHLMIIAAIBHYIO BO3MOXKHOCTh POCTa OJJHOCIOWHOTO repMaHeHa Ha HuX. Vckimtouenuem, 1o
BCEU BUIIMMOCTH, SIBJIsieTCSl MoBepxXHOCTh Al(111) Ha KOTOPO# CTAaHOBUTCS BO3MOYKHBIM POCT
OJHOCJIOWHBIX TE€PMAHUM-COAEPKAUX CTPYKTYp Pa3JIMYHOM IMEPUOAUYHOCTH. HHCIEHHOE
MOJIETMPOBAaHUE TMOKA3bIBAET, YTO HaOJI0OJaeMble B HKCIEPUMEHTE CTPYKTYphl MOTYT OBbITh
OTKCaHBl MOJIENIBIO OIHOCIOWHOTO repMaHeHa ¢ IePUOIUYHOCTBIO(2X2) 1 \/3X\/3R30°BHyTpH
MOBEPXHOCTHBIX staeek (3x3) 1 V7xV7R19° mootHomennio k Al(111)(1x1), cOOTBETCTBEHHO.
OpnHako, Bompoc 00 UCTUHHOM cTexuoMeTpun 2D-0CTpoBKOB, HHAYIIMPOBAaHHBIM aToMamMu Ge
Ha moBepxHocTy Al(111), mpogomxaeT ocTaBaThCsl aKTyaIbHBIM.

Germanene on metal surfaces: myth or reality?
D.A.Muzychenko', S.I. Oreshkin?, V.L.Panov', C. Van Haesendonck®, A.I. Oreshkin'

" Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia.
2 Astronomical Institute, Lomonosov Moscow State University, Moscow, Russia.
7 Department of Physics and Astronomy, KULeuven, BE-3001 Leuven, Belgium.

In this work, the possibilities of single-layer germanene synthesizing on metal surfaces:
Au(111), Pt(111), Cu(111) and Al(111) are investigated by mean of ultrahigh vacuum
scanning tunneling microscopy (STM) and density functional theory (DFT).Despite numerous
reports on the successful synthesis of germanene on metal surfaces in the world scientific
literature, it was clearly shown that even at room temperature the interaction of Ge atoms with
Au, Pt and Cu metals leads to the solid-state solubility of Ge in these metals that in turn rules
out a possibility of growth of a single-layer germanene on these metals.The exception, most
probably, is the AI(111) surface on which the growth of single-layer germanium-induced
structures becomes possible. DFT modeling shows that the structures observed in the STM
experiments can be described by the model of a single-layer germanene with a (2x2) and
V3x\3R30° periodicity within (3x3) and V7x\V7R19° surface unit cells of Al(111)(1x1)
respectively. However, the question of the true stoichiometry of 2D islands induced by Ge
atoms on the Al (111) surface remains topical.




HauanbHble cTaqNu OKUCJIEHUS cepedpa

b.B. AHI[DIOH.IG‘IKI/IHI’Z, B.M.I_HeBmoral, T.B.HaBHOBal’Z, F.M.)KI/II[OMI/IpOBI’Z, K.H. Enbios'?
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Baxxnocts mpobiemMbl B3aUMOAEUCTBUS MOJEKYJISPHOTO KHUCIOPOAa C MOBEPXHOCTHIO
cepebpa cBsi3aHa ¢ YyCTAaHOBJICHUEM MeXaHH3Ma PEaKkIy SMOKCUIUPOBAHUS AIKEHOB, UYIIECH
B MPHUCYTCTBUU CEpeOpsIHOrO Karainuzaropa. B nmaHHON paboTe MpeacTaBiI€Hbl Pe3yibTaThbl
UCCIICIOBAaHUI aTOMHBIX CTPYKTYp, popMupyembix Ha moBepxHoctax Ag(111) u Ag(100) npu
B3aMMOJICCTBUM C MOJIEKYJSAPHBIM KHCJIOpOAOM B auamnazoHe temnepatyp 300-490 K,
BBIIIOJIHEHHBIX C HCIIOJIB30BAHMEM HHU3KOTEMIIEPATYpHOM CKAaHUPYIOUIEH TYHHEIbHON
MUKpPOCKONHUU. BBHIYy uYpe3BbIYaiiHO HHM3KOTO Kod(@UIMEeHTa NPUINMAaHUS KUCIOpoJa K
MIOBEPXHOCTH cepedpa, ancopobuus O, IpoOBOIMIACH B CHEIMATIBLHOM PEAKTOPE, COSAMHEHHOM
¢ CBB ycTaHOBKOM, U MO3BOJISIIOIIEM YCTAHABIMBATH JABJICHUE KUCIOPOIa B JUAIIa30HE 10°%-
10" Topp. YcraHoBneHo, YTO Ha HayajdbHOM cTaguu B3aumojedcTBus O, C MOBEPXHOCTHIO
cepebpa (GopMHUPYIOTCS TOUYEYHBIE OOBEKTHI, KOTOpPHIE MOXKHO OXapaKTepHU30BaTh, Kak
JOoKaJIbHBIN Ookcul. [Ipu yBenMueHMM 3KCIO3UIMHM KUCIOPOJa MPH TeMIIEpaType MOI0KKH
>430 K Ha nmoBepxHOCTH (pOpMHUPYETCS YIMOPAIOUYCHHBIH ABYMEPHBIA OKCUIHBIN CI0ii: (4%4)
st Ag(111) m c(2x2) ans Ag(100). Ancopbums kucmopoma mpu 300 K mpuBoguT k
¢opmupoBanuio Ha noBepxHocTH Ag(111) xapOonaTOB, (GOPMUPYIOMIKX YHOPAAOUECHHBIE
da3sl. [Tokazano, yro mis rpaau Ag(100) popMupoBanre kapOOHATOB MPOUCXOIUT TAKKE U
OpU TIOBBIILIEHHBIX TEMIIEparypax. YCTaHOBJIEHO, YTO BCE YIOpsAIOYECHHbIE (hasbl,
HaOMIofaBIIMECsT paHee Mpu afcopOimu kuciopona Ha rpaHb Ag(100), chopmupoBaHbI
KapOOHaTaMH.

Initial stages of silver oxidation
B.V.Andrvushechkinl’z, V.M.Shevlyugal, T.V.Pavloval’z, G.M.Zhidomirovl’z, K.N.Eltsov'?

'Prokhorov General Physics Institute of RAS, Vavilov str. 38, 119991 Moscow, Russia
* National Research University Higher School of Economics, Moscow

The interaction of oxygen with silver surfaces is of the great importance for the
recognition of the mechanism of the reaction of olefins epoxidation on the silver catalyst. In
this work, we present results of low-temperature STM study of atomic structures formed on
Ag(111) and Ag(100) after oxygen adsorption at substrate temperature in the range of 300-
490 K. Due to the extremely low sticking probability of oxygen to silver surface, adsorption
of O, was carried out in a special reactor connected to a UHV setup and allowing the oxygen
pressure to be set in the range of 10°-10" Torr. We established that at the initial stage of the
interaction of O, with the surface of silver, the formation of point local oxide objects. The
further oxygen dosing at substrate temperature of > 430 K leads to the formation of the well
ordered two-dimensional oxide layer: (4x4) for Ag(111) and c(2x2) for Ag(100). Oxygen
adsorption at 300 K leads to the formation of ordered phases carbonates on Ag(111). For the
Ag (100) face, the formation of carbonates also occurs at elevated temperatures. It has been
established that all ordered phases reported earlier during the adsorption of oxygen on the
Ag(100) face are formed by carbonates.




HpOCTpaHCTBeHHO-HCOIIHOpOIlHLIe KBAHTOBO-pPasME¢pHbIC COCTOSAHUA B

TOHKUX Pb miaenkax

A.B. HyTI/IHOBI, C.C YCTaBH_II/IKOBl’z, C.U. Boxxko® 1 A.10. Anagpiukun' >

! Unemumym gusuru muxpocmpyxmyp PAH, 603087, Huxcnuii Hoezopoo, yn. Akademuyeckas, 0.7.
2 Huorce2opodckuii 20¢y0apcmeenbiil yrusepcumem um. H.U. Jlobauesckozo, 603950, Huoxcnuil
Hoeseopoo, np. I'acapuna, 0.23.

3 Unemumym usuxu meepoozo mena PAH, 142432, Yepnozonoska, Mockosckas o6u., yi.
Axaodemuxa Ocunwvsna, 0.2.

MerogamMu  HU3KOTEMIIEPATYpPHOM CKAHMPYIOLIEH TYHHEIBHOW MUKPOCKOIIMH U
CHEKTPOCKOIIMM  HUCCIIE0BaHAa IMPOCTPAHCTBEHHAss 3aBUCHUMOCTb AuddepeHnnanbHoM
IPOBOJIUMOCTH YJIbTPaTOHKUX Pb mi€Hok, ocaxaeHHbIX Ha noBepxHOCTh Si(111)7x7. Insa Pb
IUIEHOK XapaKTEpHO HAJIM4YMe KBAHTOBO-PAa3MEPHBIX COCTOSHHUI 3JIEKTPOHOB MPOBOAMMOCTH
U, COOTBETCTBEHHO, MAaKCUMyMOB au(depeHnnanbHoil TyHHENbHOM MPOBOJUMOCTH, MpPH
ATOM MX SHEPTHS ONPEEISICTCS B OCHOBHOM JIOKaJIbHOM ToJuHOM Pb ciost. [{ns noctatouno
ToNnCThIX Pb mnéHok oOHapyXeHbl KpyHMHOMAcCIITaOHble HEOJHOPOIHOCTH TYHHEJIbHOM
IIPOBOJUMOCTH, MPOSABIISIOIIMECS B IJIABHOM CABHMIE YPOBHEH pa3MEpHOro KBAaHTOBaHMs Ha
BennuMHy mopsaka 50 meV Ha mpocTpaHCTBEHHBIX MacmTabax mopsaka 100 nm. Mbr
1ojlaraeéM, 4To TaKUE€ HEOJHOPOJHOCTH TYHHEJIbHOW NPOBOAMMOCTH M, COOTBETCTBEHHO,
IUIOTHOCTH COCTOSIHMM B IUIEHKaX Pb Moryr OBITH CBSI3aHBI C HaJUYMEM BHYTPEHHUX
ne(eKTOB KPUCTAUIMUECKOU CTPYKTyphl. PaboTa BeIMoONHEHA NMpu (PUHAHCOBOW TMOAJIECPKKE
Poccuiickoro ponna ¢pyHnaMeHTalbHBIX HcciaenoBanuit (mpoekt 19-02-00528).

Nonuniform quantum-size states in thin Pb films
A.V. Putilov', S.S. Ustavshchikov'?, S.I. Bozhko® and A.Yu. Aladyshkin'?

! Institute for Physics of Microstructures RAS, 603087, Nizhny Novgorod, Academicheskaya str., 7.
*N.I. Lobachevsky State University of Nizhny Novgorod, 603950, Nizhny Novgorod,

Gagarin avenue, 23.

3 Institute for Solid State Physics RAS, 142432, Chernogolovka, Moscow region., Ac. Ossipyan str., 2.

The dependence of differential tunneling conductivity on the lateral coordinates for thin
Pb films deposited on a reconstructed Si(111)7x7 surface is studied by means of low-
temperature scanning tunneling microscopy and spectroscopy. The formation of quantum-size
states for electrons and, correspondingly, the appearance of maxima of differential tunneling
conductivity are typical for thin Pb films. The energy of quantum-size states is determined
mainly by local thickness of the Pb film. We observe large-scale nonuniformity of tunneling
conductivity for relatively thick Pb films, what reveal itself as monotonous shift of quantum-
size levels at about 50 meV at distances of the order of 100 nm. We think that such
inhomogeneities of tunneling conductivity and, correspondingly, local density of states in Pb
films can be related with internal defects of crystalline structure. The work is supported by the
Russian Fund for Basic Research (project 19-02-00528).




B3aumopaencTBre MOJIEKYJISIPHOIO HOAA € MOBEPXHOCTHIO HUKEJIA

H.C. Komapos', T.B.ITasnosa'?, b.B. AH,Z[pIOH_Ie‘-IKI/IHl’Z

I .
HUncmumym ooweii puzuxu um. A.M. Ilpoxoposea PAH, 119991, Mockea, yr. Basunosa, 38

2 . .

Hayuonanvuwitl uccreoosamenvckuil ynugepcumem «Buicwias wikona saxkonomuxuy, Mockea

B nanHOl paboTe mpeaCTaBICHO [JETalbHOE HCCIEAOBAaHHME HAa AaTOMHOM YPOBHE
CTPYKTYPHBIX (Da30BBIX IIEPEXOJIOB B JIBYMEPHBIX CIOAX #OAa, aJcOpOMpPOBAHHBIX Ha
pa3nuyHble MOHOKPUCTAJUIMYECKUE T'PaHM HUKENA. YCTAHOBJICHO, YTO B 3aBUCUMOCTH OT
CUMMETPUM U TEMIepaTypbl TMOAJOXKKM AaTOMHBI MeXaHu3M (a30BBIX IEPEXOJI0B
OKa3bIBACTCSI Pa3IUYHBIM.

AncopOrust  oga Ha moBepxHocTh Ni(111) npuBoauT Ha mEepBoM 3Tane K
dhopMHpOBaHMIO CcopasMepHOil cTpyKTyphl (V3xV3)R30°, COOTBETCTBYIOIMICH CTeMeHH
nokpeituss  1/3 MC  (MoHOCHOS). YBENWYEHUE CTENEHH TMOKPHITHA MPHUBOAWT K
(OpPMHMPOBAHUIO OTAEIBHBIX IETJIEBBIX JIOMEHHBIX CTEHOK M K UX MOCIeAyIoLen
KOHJICHCAIlUU B IBYMEPHBIN Kpuctaii. B cmyuyae ancopbuunu iiona Ha rpass (110) Ha mepBoM
sTane GopMHUPYETCsl copa3MepHasl CTpYKTypa c(2x2), KOTopas NepeXOoAUT B HECOPA3MEPHYIO
KBa3UIE€KCAaroHaJbHYI0 (pasy MpH YBEIMYCHMH CTENEHM MOKPBITHS 32 CUYET HENpPEepHIBHOTO
cxatus Baousb HanpasieHus [110] ¢ dopmupoBannem 1oMeHHBIX cTeHOK. Hanbomee cinoxHas
KapTHUHA TepexooB HaOmoganack mis rpadu Ni(110), Ha KOTOpoil Ha Ha4YaJbHOW CTaIUU
(crenenp mokpeiTusi Y4 MC) dopmupyercsi copasMmepHas pemietka p(2x2). YBenndenue
CTENIEHU TMOKPBITHS IPOUCXOAUT 3a CYET CEpUU CTPYKTYPHBIX (Da30BBIX MEPEXOJI0B,
NPUBOAALINX K (popMupoBaHHIO O0jee MIIOTHOM CTPYKTYpHI ¢(5%2) (cTenenb mokpsiTus 0.40
MC) na HepexkoHcTpyupoBaHHOM moBepxHOocTH Ni(100). JlanbHeimas aacopOus ioma
NPUBOJUT K CEPUU PEKOHCTPYKIIHMOHHBIX (ha30BBIX MEPEXOOB, B X0/€ KOTOPBIX CTPYKTypa
BEPXHETO CJIOS TIOJIOKKHA HM3MEHseTcs. B pesynbpTare, HACHIIICHHBIA CIION Hoaa (CTeTneHb
nokpeitus 0.44 MC) oka3biBaeTcsi aqcOpOMpOBaHHBIM Ha MOAU(DUIIMPOBAHHON MMOBEPXHOCTH
HUKeJA, coAepKallel cnenuduueckre spkue Mojockl U CBEPXCTPYKTYPHI.

Interaction of molecular iodine with nickel surface
N.S. Komarov, T.V.Pavlova'?, B.V.Andryushechkin'?

'Prokhorov General Physics Institute of RAS, Vavilov str. 38, 119991 Moscow, Russia
* National Research University Higher School of Economics, Moscow

In this work, we present a detailed atomic-scale study of structural phase transitions in
two-dimensional iodine layers adsorbed on three single-crystal nickel surfaces. Depending on
the symmetry and temperature of the substrate, the atomic mechanism of phase transitions
turns out to be different.

At the first stage, the adsorption of iodine on the Ni(111) surface leads to the
formation of a commensurate structure (V3xV3)R30° corresponding to a coverage of 1/3 ML
(monolayer). An increase of the coverage leads to the formation of separate domain-wall
loops and their subsequent condensation into a two-dimensional crystal. At the initial stage of
iodine adsorption onto the (110) face, a commensurate c(2x2) structure is formed, which
transforms into the incommensurate quasi-hexagonal phase by continuous compression along
the [110] direction via domain-wall mechanism at further iodine dosing. The most
complicated picture of transitions is realized for Ni(110), for which a commensurate phase
p(2x2) (coverage 4 ML) is formed at the initial stage of adsorption. Further increase of
coverage gives rise to a series of structural phase transitions leading to the formation of a
more dense c(5%2) structure (0.40 ML) on the unreconstructed Ni(100) surface. Further
adsorption of iodine leads to a series of reconstruction phase transitions. As a result, a
saturated iodine layer (coverage of 0.44 ML) is adsorbed on a modified nickel surface
containing specific bright stripes and superstructures.



TepmonporpaMmmMupyeMblid CHHT€3 MOHOKPHUCTALIIOB Aa30THPOBAHHOIO
rpadgena Ha nosepxnoctu Ni(111)
C.JL KOBaneHKol, T.B. IlaBnosa'> , O.1. KaHI/III_IeBal’2, K.H.Enrsnos 1.3

"now PAH, 119991, Mockea, yn. Basunosa, 38
M®TH, 141701, Mockosckas obnacme, 2. Jloneonpyonwiti, Uncmumymcxuii nep., 9
3 @akynemem ¢gusuxu HUY BIIID, 105066, Mocksa, yr. Cmapas bacmanuas, 0.21/4

[Ipennoxen u peadn3oBaH TEPMONPOTPAMMUPYEMBIH CHHTE3 SINUTAKCHAIBHOTO
MOHOCJIOHHOTO TpadeHa, JierupoBanHoro a3otoM (N-rpaden). [Ipouenypa cuHTe3a BKIFOYAET
B ceOs: 1) HachIeHWE MPHUIIOBEPXHOCTHOM obOmact obpasma Ni(111) yrmepomom c
COXpaHEHHEM YHCTOTHI caMoOil moBepxHocTH; 2) ancopOuumio aneronutpuina (C,Hs;N) mpu
temriepatype oT -15°C go 0°C nmozoit okosio 2000 Jlenrmiop; 3) ObIcTphIi ((id1r) mporpes
obpasua 1o 140°C; 4) omxur obpasua npu 400°C. CpaBHeHHE pacyeTOB Ha OCHOBE TEOPUHU
GyHKIIMOHATA TUJIOTHOCTH ®  JKcnepuMeHTalnbHbIX CTM-u3o00pakeHnid  (MUIOTHOCTH
AIIEKTPOHHBIX COCTOSHUI M CUMMETpHS 1e()EKTOB) IMO3BOJIAET YTBEPXKIATh, YTO aTOMBI a30Ta
3aMelIaloT aTOMBI yrjiepoja B pelieTke rpadeHa WIM HaXoAATCs B OMBaKaHCUHU
(mupuauHOBBI nedekt) ¢ obmeill koHueHtpauuei oxono 0.3%. Jlns momydeHuUs
KBa3MCBOOOAHOTO rpadeHa UCMOJIb30BaJach HMHTEPKAIALMS 30J0Ta B  HHTEpdeiic
rpadgen/Ni(111). UHTepKansmus mpoBOAMJIach MyTEM HAITBUICHHUS 30JI0Ta HAa MOBEPXHOCTH
IIpY KOMHAaTHOM TEMIIEpAaType U C MOCIEAYIOUIMM OTKUIOM B TeueHue 15 mun mpu 450°C.
YcraHoBeHO, 4TO B HHTEpdEce MeXAy MOBEPXHOCThIO HUKENS U rpadeHoM hOpMHUPYETCS
CIUTOITHONW MOHOAQTOMHBINA CJION 30J710Ta, BO3MOXHO C Majoi A00aBKOH aTOMOB HUKENS (HE
6omnee 5%). [locne mHTepKanALIUU MOHOCIOS 305I0Ta B uMHTepdeiic mexay N-rpadheHom u
noBepxHocThio Ni(111) memoctHOCTh rpadeHa He Hapylaigach, a KOHIIEHTpaLUs a30Ta B
rpadeHe coxpassiiack Ha HICXOIHOM ypoBHe, 0.3%.

Manual for abstracts presented at the conference « Aspects of applications
of scanning probe techni(;ues out of ambient conditions »

S.L. Kovalenko', T.V. Pavlova , O.1. Kanischeva'?, K.N. Eltsov'?

'GPI RAS, 119991, Moscow 38 Vavilov st.

2MIPT, 141701, Dolgoprudny, Moscow Region, 9 Institutskiy per.
Faculty of Physics HSE, 105066, Moscow 21/4 Staraya Basmannaya

It's proposed and realised thermal programmed synthesis of epitaxial monolayer nitrogen
doped grapheme (N-graphene). A procedure of synthesis includes: 1) saturation of the near
surface region of the Ni(111) with carbon while preserving purity of the surface; 2) adsorption
of dose of acetonitrile (C;H3;N) about 2000 Langmuir at a temperature of -15°C to 0°C; 3)
flash annealing of the sample to 140°C; 4) annealing the sample at 400°C. Comparison DFT-
calculations (Density functional theory) and experimental STM images (density of electron
states and symmetry of defects) allow to claiming that nitrogen atoms basically substitute
carbon atoms in the graphene lattice or are in bivacancy (pyridine defect) with a total
concentration about 0.3%. To obtain quasi-free graphene, gold was intercalated into the
graphene/Ni(111) interface. Intercalation was carried out by spraying gold on the surface at
room temperature and then annealing for 15 min at 450 ° C. It has been established that a
continuous monatomic layer of gold is formed in the interface between the surface of nickel
and graphene, possibly with a small addition of nickel atoms (no more than 5%). After
intercalation of monolayer of gold into the graphene/Ni(111) interface the graphene continuity
wasn't broken and the nitrogen concentration was remained on the same level 0.3%.




OpoOnTasbHOe paspemieHne W xumMu4Yeckud koHrpact B CTM-
IKCIIEPUMEHTAX

A.H. qaﬁKal, C.1. Bomcol, C.C. HaBI/IHl, B.H. CeMeHOBl, 0. Lﬁbbenz, U.B. llIser?

IHHcmumym usuxu meepoozo mena PAH, 142432, Yepnoeconosxa, Mockosckas obx., yn. Akademuxa
Ocunvana, 0.2.
> CRANN, School of Physics, Trinity College Dublin

B noxmane mpezncraBieHbl pe3yibTaThl MCCIEIOBAHUN POJIM OPOUTAILHOW CTPYKTYPHI
aTOMOB 30HJIa M TIOBEPXHOCTH HccleayeMoro obpasma B mporecce GopmupoBanus CTM-
n300pakeHNii aTOMHOTO M cy0aToMHOro paspemieHus. IlokasaHo, yTo B3auMoneicTBHE
aTOMOB 30HJAa M IOBEPXHOCTH IPH MAJIbIX BEIMYMHAX TYHHEJIBHOTO IMPOMEXYTKA MOKET
NPUBOIUTH K OMYCTOUICHUIO 3JIEKTPOHHBIX COCTOSIHUN C HYJEBOW MPOEKIHEH opOUTaIbHOTO
MOMEHTa Ha OCh Z (pz,dgzz_rg). Kak cnencreue, paznuuabsie CTM-nuzo0OpakeHUsT MOTYT
HaOJIOAAThCS TIPU PaA3IUYHBIX PACCTOSHHSX "30HI-TIOBEPXHOCTH" M OJAMHAKOBOW aTOMHOM
CTPYKTYype TIOBEPXHOCTH M 30HmA. OOcyxkmaercs BO3MOXHas CBI3b 3 PexToB
B3aUMOJICHCTBUA C HaOmIoIeHHeM XuMHYeckoro KoHTpacta B CTM-skcnepuMeHTax
ATOMHOTO Pa3peUICHNs] HA MHOTOKOMIIOHEHTHBIX IIOBEPXHOCTSIX.

Pabora BbImONHEHAa B paMmMKax ToC3ajJaHusi MpH nozajuepxkke Poccuiickoro ¢onaa
byHIaMeHTATBHBIX uccienoBanuii (mpoekT Ne 17-02-01291).

Orbital resolution and chemical contrast in STM experiments
A.N. Chaika', S.I. Bozhko', S.S. Nazin',V.N. Semenov', O. Liibben’, 1.B. IlIzer’

! Institute of Solid State Physics RAS, Chernogolovka, Moscow district, 2 Academician Ossipyan str.,
142432, Russia
> CRANN, School of Physics, Trinity College Dublin

In this report, we discuss the role of the orbital structure of the probe tip and the sample
surface atoms in the STM imaging with atomic and subatomic resolution. It is shown that tip
and surface atom interaction at small tunneling gaps, comparable with interatomic distances in
solids, can lead to depopulation of the electronic states with nonzero orbital momentum
projection on the z axis (p..ds.”.°). As a result, different STM images can be resolved with
unchanged surface and tip atomic structure at different tunneling gaps. Possible contribution
of the tip-surface interaction to the formation of the chemical contrast in atomically resolved
STM experiments on multicomponent surfaces is discussed.

This work was carried out within the state task of ISSP RAS and supported by the
Russian Foundation for Basic Research (project Ne 17-02-01291).




OnbIT NpMMeHEeHUs CKAHUPYIOLIEH 30HA0BOH MHUKPOCKOIMH B BaKyyMme H
Pa3JIMYHBIX Cpexax

E.A..HOFI/IHOBI, A.B.Jlornnos’

"HIY MUDT, AO 3a600 TIPOTOH, 124498, Mockea, 3enenoepao, na. lloxuna, 0.1
2 MTY umenu M.B.Jlomonocosa, 119991, Mocksa, Jlenurckue copewi, 0.1

Criennanu3upoBaHHbIe Pa3paOOTKU CKAHWPYIOIIMX TYHHEIBHBIX U aTOMHO-CHJIOBBIX
MHMKPOCKOIIOB JIsl Pa3IMYHBIX IPHIIOKEHUH 3a mepuof ¢ 1995 roga mo Hacrosinee BpeMs
MPUBEIN K TOSBICHUIO W YCIIENTHOMY ()YHKIIMOHHMPOBAHUIO MHUKPOCKOIIOB JIJIS CJIEIYIOUTHX
NPUMEHEHUN: JUIsi cy0aTOMapHOTO Pa3pelIeHUs] B CBEPXBBICOKOM BaKyyMe, B TOM YHCIE C
TeIMECBBIMH HAMOJHSACMBIMA M TMPOKAYHBIMH KPUOCTATaMH; U1 PA3JUYHBIX YCTAaHOBOK
C TEXHOJIOTUYECKUM BaKyyMOM U Pa3HBIMU T'a30BBIMHU CpPEIaMU, B TOM UYHUCIE AJII YyCTAaHOBOK
tumna "Hanodabd" ¢ TEXHOJIOTHYECKUMH OTepaIusIMUA BBIOOPOYHOTO KOHTPOJIS U JUTOrpadun
B MOJYJISIX C 30HJOBBIMA MHMKPOCKONAMH; JUIS In-situ HaOMIOACHUS JUHAMHUKHU
CTPYKTYpPHU3AIMHU TUIEHOK U HAHOOOBEKTOB HEIMOCPEICTBEHHO B IMPOIIECCaX HANBUICHUS WU
SMUTAKIIUN PA3IMYHBIMA METOJIAMU; JJIsi KOHTPOJISI IEeTpajaliil MepBoi CTeHKH Tokamaka;
JUTSL UCCIIEIOBAHUSI KOHCTPYKITMOHHBIX M JCISIIUXCS MAaTEPHAIIOB B TIEPUATOUYHBIX U TOPSIHX
KaMmepax SJACPHBIX PEaKTOpOB; IS HAOMIOACHUS JTUHAMHUKH JAeopMamuu  CTPYKTYphI
MaTepHaJioB B TPOIECCE HM3YYCHHsS] TPOYHOCTHBIX XAPAKTEPUCTHK TPH HCHBITAHUSIX B
pa3pbIBHBIX MamuHax u aAp. OmHoM u3 mocienHux paspadorok 2017-2019 romoB sBHIICS
CKaHUPYIOIUNA 30HJOBBI MHUKPOCKOII, KOTOPBIM CKaHUPYET oOpaszell mpu TeMmiiepaTypax OT
komHaTHOUW 10 1500 C B atmocdepe merana, B TOM 4YHCIE pPEaTU3YIOIIMA BO3MOXKHOCTh
HaOJIOZICHUST TMTHAMUKY BO3HUKHOBEHHS U pocTa rpadeHoB.

Experience of applications of scanning probe techniques out of ambient
conditions

B.A.Loginov', A.B.Loginov*

" MIET. JSC Zavod Proton, 124498, Moscow, Zelenograd, Shokina 1
2 Lomonosov Moscow State University, 119991, Moscow, Leninskie gory, 1

Specialized development of scanning tunneling and atomic force microscopes for various
applications for the period from 1995 up to 2019 has led to the manufacture and successful
operation of microscopes for the following applications: for subatomic resolution in ultra-high
vacuum, including helium-filled and pumping cryostats; for various installations with
technological vacuum and different gases, including installations of the "NANOFAB" type
with technological operations of lithography and control in modules with probe microscopes;
for in-situ observation of dynamics of structure of films and nano-objects directly in the
spraying process or epitasis different methods; to control the degradation of the first wall of
the Tokamak; for the study of materials structure dynamics in the glove and hot cells of
nuclear reactors; for observation of dynamics of deformation of the structure of materials in
the process of studying the strength characteristics when tested in discontinuous machines etc.
One of the latest developments of 2017-2019 was a scanning probe microscope that scans a
sample at temperatures from room to 1500 C in the methane atmosphere, including with the
possibility of observing the dynamics of graphene growth.




OcoOennoctu C3M npu BO31elCTBUM BHEIIHUX (pu3HuecKux (pakTopoB H
nporekaHuu xumuuyeckux peakuuii: onbIT Oxford Instruments Asylum
Research

B.C. Heynauuna

Mockosckoe npedcmasumenvcmao Intertech Corporation, 119049 2. Mocksa, yn. Kpvimckuii
Ban, 0.3, cmp. 2

B noxmane o6cyxmarotes nocienuue pazpaborku Oxford Instruments Asylum Research
B 00JIaCTH CKaHUPYIOIICH 30HI0BOM MHUKPOCKOIMUU B PA3JIMYHBIX Cpeaax MPH BO3JACHCTBUU
TaKUX BHEIIHUX (PAKTOPOB, Kak CHEIUAIBHO Te€HEPUPYEMBIE JJICKTPOMArHUTHBIC TIOJIA,
MHUKpPOBOJHOBOE u3iydeHue (Meron sMIM), mojacBeTka ¢ OJHOBPEMEHHBIM H3YYCHHEM
anektpudeckoro otkianka (C3M B uccienoBannu (pOTOBOIBTAMKH), METOMBI MCCIICIOBAHUS
MbE303JIEKTPUKOB (MUKPOCKOIHUS MTbE300TKIMKA U BEKTOPHAs MUKPOCKOIIUS MTbE300TKIINKA), a
TakkKe in situ WCCIENOBaHHUS B CICIHAITBHBIX JJIEKTPOXUMUYECKUX sueiikax. Taxxke
o0CyXXJaloTCsl  ClieluajgbHble METOAbl BO30YXKIEHUS KoJieOaHUs KAaHTUJIEBEPOB IS
peaM3ayy MOJYKOHTAKTHOTO PEKUMa B JKUAKOCTH (TPAJUIIMOHHO CJIOXHOW oOjactu
NpPUMEHEHUs JJIS ThE30NPUBOJA): MarHUTHBIM mpuBoa iDrive u  QoroTrepmudeckoe
BO30yXKAcHHEe KaHTWwieBepoB blueDrive, a Takke TeXHHYECKas peanu3alsi METOJI0B
KOHTPOJIS BIIAXKHOCTH M cocTaBa cpefibl B xoae C3M ucciieoBaHuM.

SPM under application of various driving forces and in the process of
chemical reactions: Novel developments by Oxford Instrument Asylum
Research

Vera S. Neudachina

Moscow representative office of Intertech Corporation, 3 bldg 2 Krymsky Val st., 119049
Moscow

The presentation discusses the latest developments of Oxford Instruments Asylum Research
for scanning probe microscopy in various environments under application of such driving
forces as specially generated electromagnetic fields, microwave irradiation (sMIM technique),
illumination with simultaneous measurement of electric response (SPM for photovoltaics
investigations), piezoelectrics studies (PFM and vector PFM) and in situ measurements in
special electrochemical cells. Modern methods of cantilever excitation for tapping mode in
liquids (a traditionally difficult area for piezodrive application) are also discussed, including
iDrive, magnetic excitation, and blueDrive, photothermal excitation; technical aspects of
humidity and environment control during SPM studies are covered as well.




IIpumeHeHHe  MArHUTHO-CWIOBOM  MHMKPOCKONMHM  JJsl  H3y4YeHHA
IMUTAKCHAIBHBIX eppo- 1 aHTH(GEPPOMATHUTHBIX MUKPOCTPYKTYP

JILA.®omun, .B.Manukos, A.B.YepHbix
UIITM PAH, 142432, Yeproeonoska, Mockoeckasi obn., yi. AxademuxkaOcunvsua, 0.6

MeTtogamMi  MarHMTHO-CHJIOBOM ~ MHKPOCKOIIMM YU MHKPOMAarHUTHBIX — pPacyeToB
MCCJIEI0BAHO MAarHUTHOE CTPOCHHE SIUTAKCHAIBHBIX MUKPO- U HaHOCTPYKTYp Fe (001) u Fe
(011),M3rOoTOBIEHHBIX U3 IUICHOK, BBIPAIICHHBIX METOJOM HMIYJIbCHOTO Ja3€pPHOT0
OCXICHHS B CBEPXBBICOKOM Bakyyme Ha R- m A- mimockoctsax camndupa ¢ mojacioeM Mo ¢
OJIHOBPEMEHHO YyJIy4YIIEHHHIMU MAarHUTHBIMH M 3JIEKTPOH-TPAHCIIOPTHHIMH CBOWCTBaMHU.
YcTaHOBIEHBI TUIIBI MUKPOMArHUTHBIX COCTOSHUIHM WX TpaHc(opmammsi B 3aBUCUMOCTH OT
pa3MepoB U OpPUEHTAIMU CTPYKTYpPhl OTHOCUTENBHO OCEH JIETKOr0 U TPYAHOIO
HaAMarHW4YUBaHUs. Takke MCCIENOBaHbI ABYXCIOWHBIE CTPYKTYPHI ¢ aHTHU(EepPpOMArHeTUKOM
(Fe/FeMn), mnpenBapuTenbHO OTOXKEHHBIE B BaKyyMe€ MpH TEMIEpaType, BBIIIE
Temrneparypbsl Heens BO BHEIIHEM MAarHUTHOM TMojie JUisi (OpMHUpOBaHUS OOMEHHOM
AHWU30TPONHUHN B CJIO€ aHTH(EPPOMArHUTHKA, MPUBOANIEH K d(PPekTy 0OMEHHOTO CIBHTra.
Haiineno, 4to och OOMEHHOW aHM30TPOIMU HAMpaBICHA BIOJb MArHUTHOTO IIOJIS,
MPUJIOKEHHOTO MPU OTKUTE CTPYKTYP.

Application of magnetic force microscopy for study of epitaxial ferro- and
antiferromagnetic microstructures

L.A. Fomin, [.V. Malikov, A.V. Chernykh
IMT RAS, 142432, Chernogolovka, Moscow region., Acad. Ossypian str, 6

The magnetic structure of epitaxial micro- and nanostructures of Fe (001) and Fe (011)
made from films grown by pulsed laser deposition in ultrahigh vacuum on the R- and A-
planes of sapphire with the Mo seed layer with simultaneously improved magnetic and
electron transport properties was studied by means of magnetic force microscopy and
micromagnetic calculations. The types of micromagnetic states and their transformation are
determined depending on the size and orientation of the structure relative to the easy and hard
magnetization axes. Two-layer structures with an antiferromagnet (Fe/FeMn), previously
annealed in vacuum at a temperature above the Néel temperature in an external magnetic field
to form exchange anisotropy in the antiferromagnetic layer, leading to the effect of exchange
bias, were also investigated. It was found that the axis of exchange anisotropy is directed
along the magnetic field applied during annealing of the structures.




HpnMeHeHne TPHAHTYJIAIHUHU I[C.]]OHe AJd aHaJlIHu3a CTaAaTHCTHYECKHX

CBOMCTB MOBEPXHOCTEH € ajicopdaTamMu

A1O. A.HaI[BILHKI/IHl’Z

" Buemumym gusuxu muxpocmpyxmyp PAH, 603087, Huocnuti Hoszopod, ya. Akademuueckas, 0.7.
2 Huorce2opodckuii 20¢y0apcmeenbiil yrusepcumem um. H.U. Jlobauesckozo, 603950, Huoxcnuil
Hoeseopoo, np. I'acapuna, 0.23.

Jloknmax  TOCBSIIEH  OOCY)KIEHHIO  BO3MOXKHOCTEH  METO/a, OCHOBAHHOTO  Ha
TpuaHrynsuuu  JlemoHe, A7 aHauM3a CTAaTUCTUYECKUMX CBOICTB KBa3MOJHOMEPHBIX H
JBYMEPHBIX CTPYKTYp, TaKMX Kak IMOBEPXHOCTU C ajcopOaTaMy WM DPEUIETKU BUXpEH B
CBEpPXIIPOBOAHMKAX. TpuaHrymsiuus JlemoHe sBiIsSeTcs XOpOIIO W3BECTHBIM METOJOM
OJTHO3HAYHOTO pa30MeHus JABYMEPHOW CHCTEMBbI Y3JI0B HA TPEYrOJIbHUKH, IPU 3TOM
pa3OueHne MaKCHUMHU3UPYeT MHUHHMAQJIBHBI Yrol Cpead BCeX BHYTPEHHHX YIJIOB
MOCTPOCHHBIX TPEYroJbHUKOB. Tpuanrymsmus /lenoHe B3aMMHO OJHO3HAYHO COOTBETCTBYET
nuarpaMMe BopoHOro aist Toro ke MHOXECTBa TOYEK. DTO MO3BOJIIET MONYYUTH JaHHBIE O
JUIMHE W OPUEHTAIUU «CBS3EH» MEXIY COCeIHHUMH y3JIaMH, a Takke O pa3mepe oliacreid,
NPUXOIAIINXCS Ha OJUH y3€J, U MOCTPOUTHh COOTBETCTBYIOIINE (DYHKIHMHU pacrpeesCHHUs.
Pabora BhimonHeHa npu (uHaHCOBOM moxanepxke Poccuiickoro ¢onma ¢pyHaaMeHTaTbHBIX
uccienoBanuii (mpoekt 19-02-00528).

The Delaunay triangulation as an effective method for statistical analysis of
surfaces with adsorbates

A.Yu. Aladyshkin'?

!Institute for Physics of Microstructures RAS, 603087, Nizhny Novgorod, Academicheskaya str., 7.
N.I. Lobachevsky State University of Nizhny Novgorod, 603950, Nizhny Novgorod,
Gagarin avenue, 23.

This talk is devoted to the method, based on the Delaunay (or Delone) triangulation, for
analysis of statistical properties of quasi-one-dimensional and two-dimensional structures
such as surfaces with adsorbates and vortex lattices in superconductors. The Delaunay
triangulation is a well-known method of unambiguous splitting of two-dimensional set of
nodes into elementary triangles in such a way to maximize the minimum angle of all the
angles of the triangles in the triangulation. The Delaunay triangulation corresponds to
Voronoi diagram for the same set of nodes. It allows to get information about lengths and
orientations of the bonds between neighboring nodes as well as sizes of areas for the single
node and to plot the corresponding histograms (i.e. density probability functions). This work
is financially supported by the Russian Fund for Basic Research (project 19-02-00528).




Hcnosb30Banne CKPUNTOBBIX A3BIKOB B Iporpamme ynpasjenuss C3M
A.Il'. Temupsizen

@psizunckuil punuan Unemumyma paouomexnuru u d1ekmporuxu um. B.A. Komenvnurxosa PAH,
ni. Beeoencroeo 1, @psazuno, Mockosckas obn., 141190, Poccus.

[Iporpammuoe  obecmeuenne (I1IO)  sBasieTcss  BaXHBIM ~ DJIEMEHTOM  PabOTHI
CKaHupymouero 3o0HaoBoro Mukpockona (C3M). Yacro wumenHo IIO onpegenser
dbyakunoHansHble Bo3MokHOcTH C3M. B nmoknane Oyayt paccmotpensl ocobenHocTtu 10,
OCHOBAaHHOTO Ha WCIIOJIb30BaHUHM CKPHUNTOBBIX SA3BIKOB. [l0700HBIM TOAXOA MO3BOJISET
MOJIb30BaTENSIM MPUOOPOB AKTHUBHO Yy4acTBOBATh B Pa3BUTHM IPOrpaMMbl, pa3padaTbIiBaTh
HOBBIE METOJIMKH, aBTOMAaTU3UPOBATh BBHITIOJIHEHHUE MTOCIIEI0BATEILHOCTH MIPOLEAYP.

Use of scripting languages in the SPM control program
A.G. Temiryazev

Kotel’nikov Institute of Radio Engineering and Electronics RAS, Fryazino Branch, Vvedensky sq. 1,
Fryazino, Moscow region, 141190, Russia

Software is an important element of the scanning probe microscope (SPM). Often it is the
software that determines the functionality of the SPM. The report will consider the features of
software based on the use of scripting languages. This approach allows users of devices to
participate in the development of the program, to develop new techniques, to automate the
implementation of a sequence of procedures.




Meroasl  JMHeapu3alMM  yYCTPOMCTB  HAHO-NMO3MIHMOHHUPOBAHMA H
ckanupoBanusi B C3M c¢ mucnosib30BaHMEM ONTHYECKMX [JATYHKOB H
IJIOCKMX CKAHEPOB ¢ CHMMETPHYHBIM PACIO0JI0OKEHHEM Nbe30CTIKOB

N.B. dymkun FO.U. MyparoBa
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[IpuBeneHo omnucaHve HEJOCTATKOB MCIOJb30BaHUSI KaK KJIACCHUYECKUX EMKOCTHBIX
JATYMKOB TEPEMEIIECHUS B CKaHUPYIOMUX 30HJIOBBIX MuKpockonax (C3M), Tak wu
muddepeHINaTbHBIX E€MKOCTHBIX JTaTYMKOB. [IpeasioKeHO WCMHOIb30BAaHUE ONTHYECKUX
JTATYNKOB C (pypre-uHTEpHosAnuei B mbe3oapaiiBepax C3M. IlpuBenen npumep peanu3anuu
peIOKEHHONW MeTOIMKN B MUKpockore «Centur Standardy.

Methods of linearization of nanopositioning and scanning devices in SPM,
using optical sensors and flat scanners with a symmetric arrangement of
piezostacks

I.V. Dushkin, Ju.l. Muratova
"Nano Scan Technology" Ltd., 141700, Dolgoprudnyy, Zavodskaya St., 7.

Description of the drawbacks of using classic capacitive displacement sensors in SPM
and nano-positioning and scanning devices are presented. Method of using differential
capacitive sensors in SPM and nano-positioning and scanning devices is discussed in details.
We present a new method of using optical encoders with Fourier interpolation as
displacement sensors in SPM and nano-positioning and scanning devices. The use of a flat
scanner with a special design for the purpose of mechanical linearization of nano-positioning
and scanning devicesandan example of application of the proposed methods in the SPM
“Centur Standard” are presented.




Hcnonb30BaHue KapT aire3ud MNoJdy4YeHHbIX ¢ mnomombw C3M i

BbIsIBJICHHS “PuU3nUecKuX’ MapKepoB 3a00/ieBaHUI YeJI0BeKa

M.E. Z[OKVKI/IHI’Z, U. Cokxonop>>*
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B noknane mpencTaBieH HOBBIM MOAXOJ B AHMATHOCTUKE 3a00JieBaHUI, OCHOBAHHBIN Ha
aHanu3e GU3NYECKUX CBOMCTB MOBEPXHOCTH MUTENUAIBHBIX KJIETOK YenoBeka. B yactHoCTH,
UCTIOJIb30BATHMCh a/IT€3HOHHBIE KapThl KIJIETOK, MOJYYEHHBIE C MOMOUIBI0 PE30HAHCHOTO U
cy0-pezonancHoro MerogoB C3M. AHamu3 W300paK€HUU TMPOBOAMIICA C TPHUBICYCHHEM
METO/I0B MAIIMHHOTO O0Y4EHUSI.

Bbl10 IPOAEMOHCTPUPOBAHO, YTO NApaMETpbl, KOTOPbIE OOBIYHO HCHOJIB3YIOTCA B
TEXHUKE Ul OMHCaHUsS peibeda MOBEPXHOCTH, MOTYT NMPUMEHSATHCS U A Kiaccu(UKauu
(GU3NYECKUX W3MEHEHMH SIUTENUAIbHBIX KIETOK. bbulo 0OHapyXeHO, YTO MOCTENEHHOE
pa3BUTHE paka in Vvitro (OT HOpPMAJIBHBIX, 10 OecCMEPTHBIX (TPEAPAKOBOE COCTOSHUE) U 10
3JI0KAQUECTBEHHBIX KJIETOK) BEJET K MOSBICHHUIO (PPAKTAIbHOW I'€OMETPHH Ha TOBEPXHOCTH
kieTku. Kpome Toro, 3ToT MeTon ObUI IPUMEHEH JUIsl BBISBIECHUS Paka MOUYEBOTO Iy3BIPS C
MOMOIIIBIO KJIETOK, COOpaHHBIX M3 00pa3loB MO4YM. TOYHOCTh OUArHOCTHUKU B 94% Oblia
JOCTUTHYTA NP aHAIMU3€E OT MATH KJIETOK OT OJHOrO MaI[EHTa.

AFM adhesion imaging to identify “physical” markers of human diseases
M.E. Dokukinl’z, L. Sokolov>**

ISarov Physical and Technical Institute, National Research Nuclear University MEPhI, 607186,
Sarov, Nizhegorodskaya region, Russia

’Department of Mechanical Engineering, *Department of Biomedical Engineering, *Department of
Physics, Tufts University, 02155, Medford, MA, USA

We report on a new approach in diagnostic imaging based on nanoscale-resolution
scanning of surfaces of human cells using resonance and sub-resonance AFM tapping and
ringing modes coupled with machine learning analysis.

We demonstrated that surface parameters, which are typically utilized in engineering to
describe surfaces, can be applied to classify physical alterations of the surface of epithelial
cells. We found that the stepwise in vitro development of cancer (from normal to immortal
(premalignant), to malignant) could be associated with the emergence of simple fractal
geometry on the cell surface. Further, we applied this method for the detection of bladder
cancer by using cells collected from urine samples. Diagnostic accuracy of 94% achieved
when examining five cells per patient’s sample.




HccnenoBanue JI0KAJIBLHOI0 TPAHCIIOPTA M CHIEKTPOCKONNH OJTHOMEPHBIX
NMPOBOJHMUKOB METOAMKAMM CKAHUPYIOIIEH 30HA0BO MUKPOCKOIIMH

AA. }KXKOBI, Ch. Volkz, A. Windenz, H. Hardtdegen3, Th. Schaepersz, A.A. Enucees”
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HccnenoBanbl 0COOEHHOCTH JIOKAJBHOTO TPAHCIIOPTAa B OJHO- M KBa3WOJIHOMEPHBIX
CTPYKTYpax METOAOM H3MEPEHUs MarHUTOTPAHCIOPTA B MPUCYTCTBUM CKaHHUPYIOLIETO
3aTBOpa aTOMHO-CHJIOBOIO MHKpOCKomNa (scanning gate microscopy). IIlpogemoncTpupoBano
BJIIMSIHAE BOJH 3apsiIOBOM IUIOTHOCTH, a TaKyK€ NMPO3PAayHOCTU MOTEHLUAIBHBIX OapbepoB
BONMM3KM  MHTepdelica  METaI-MOJYNPOBOAHUK  HA  DJCKTPOHHBIM  TPaHCHOPT B
HaHomnpoBoJokax InAs. Kpome Toro, mokazana BO3MOXHOCTbh U3MEPEHUS CIEKTPOCKOIUHA U
paboThl BBIXOJA B YIVIEPOJHOW HAHOTPYOKE NpPHU H3MEPEHUH Tomorpaduu B pEXUME
TANINHTA.

Pabota Bemonaena npu noanaepxke PODU npoekr 17-02-00454a, nporpamm
[Ipesnnuyma PAH u B pamkax roczamanuss UOTT PAH.

Application of magnetic force microscopy for study of epitaxial ferro- and
antiferromagnetic microstructures

AA. Zhukovl, Ch. Volkz, A. Windenz, H. Hardtdegen3 , Th. Schaepersz, A.A. Eliseev’
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The peculiarities of local magnetotransport of one- and quasi-one-dimensional structures
in presence of charged atomic-force microscope (AFM) tip (scanning gate microscopy) are
investigated. The influence of charge density waves and opacity of potential barriers on
metal-semiconductor interfaces on electronic transport are presented. Additionally, we show
the possibility to measure the density of states and work-function of carbon nanotubes from
the topography map in tapping mode of the AFM.

This work is supported by state task of ISSP RAS, Programs of Presidium RAS and
Russian Foundation for Basic Researches (project # 17-02-00454a).




