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10.00-10.20

OTkpbiTHE KOHepeHIun

10.20-11.00

B.C. Cronspos, B.B. JIpemos, P.A. Orannucsix, H. Kynmunnckas,
C. I'pebenuyk, A.I'. [lumkun, A. I'pedbenko, . ['omoByaHckuid,
. Poguues, A.A. T'ony6oB

«Bu3yaan3anus cCBepXnpoBOASIIMX HEOTHOPOTHOCTEH B TOHKHX
mienkax Nb Boauszu To»

11.00-11.40

C.B. [Ipemos, P.A. Orannucsu, X. Palermo, N. Reyren, S. Collin,
V. Cros and J. E. Villegas, B.C. Cromnsipos

«HccaenoBanne noBeaeHus IByMepPHbIX CKHPMHOHOB B MATHUTHOM
MHOTOCJI0IHOM CTPYKTYpe Ha CBEPXIPOBOHNKE METO0M
AUCCUNIATUBHOM MAarHUTO-CUJIOBOM MUKPOCKOIHI)
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12.10-12.50
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«Yr[paBJIeHne BHCIIHUMH YCJIOBUSIMU B cxannpywmeﬁ 30HA0BOM
MHUKPOCKOIIUN>

12.50-13.30

10.A. Bo6posg, B.A. beikos, C.U. Jleecment, B.B. TlonskoB

«CoBpeMeHHbIEe TOAXO0/bI B CKAHUPYIOLIEH 30H10BOM
MHUKPOCKONM I

13.30-14.30

Lunch

14.30-15.10

O. Kommak, E. O3uBckas

«Mukpockonusi GeppoMarHMTHHIX HAHOYACTHIl HA NIOBEPXHOCTH
MATHUTOPE3MCTUBHBIX CTPYKTYP»

15.10-15.50

JI.B. Jle6enes, B.A. lkonnun, U.C. Myxun, A.O. I'oxy6ok
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cBepXBbICOKOBaKyyMHOro CTM»

15.50-16.20

Coffee Break

16.20-17.00

Kpyrisii croa
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10.00-10.40 C.10. Jlykammenko, M.B. Xykos, 1.JI.Canoxunkos, A.O. ['omybok

«[Ipumenenne C3M /151 CO31aHMsI M UCCJIEA0BAHNS BEPTUKAJIBHBIX
BOJIHLIX HAHOMOCTHKOB»

10.40-11.20 JLA. ®omun, N.B. Manukos, B.A. bepe3sun, A.B. UepHsix,
B.A. Jlorunos, A.b. Jlorunos

«HcceenoBanns CTPYKTYPbI IOBEPXHOCTH U 3JIEKTPOHHO-
TPAHCHOPTHBIX CBOMCTB TOHKUX MU TAKCHAJIBHBIX MJIEHOK
TYTOILIABKUX METAJLJIOB)

11.20-11.50 Coffee Break

11.50-12.30 A.H. Yaiika, O.V. Molodtsova, D.V. Potorochin, H.-C. Wu, B. Walls,
K. Zhussupbekov, 1.V. Shvets, B.IO. Apucros

«HccnenoBanne aTOMHOM M 3JIEKTPOHHOM CTPYKTYPbI HAHOI0JI0C
rpagena na SiC/Si(001)»

12.30-13.10 A.C. Kcéns, C.U. boxko, A.M. Honos, C.B. Uekmazon

«®opMupoBaHue IByMepHBIX ciioeB Sb u Pb: TOII
MOJeJIHPOBAHUE»

13.10-14.30 Lunch

14.30-15.10 O.B. Komnak, E.B. JIBopenkas, B. JI. Cugopos

«/lomeHHas1 cTPyKTYypa ABYX(a3HBIX MHKPONPoBooB o-Fe/PrDy-
FeCo-B»

15.10-15.50 E.N. Kynuusina, O.B. Komutak, P.b. Moprynos

«Buzyanusaunus odsacreil 00paleHHOH HAMAarHUYEHHOCTH Ha
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16.20-17.00 A.A. Xykos

«HccnenoBanue CBOMCTB JIEKTPOHHOM CHCTEMbI
N0JIYNIPOBOAHUKOBBIX HAaHOBHCKepoB M YHT ckanupyrommmu
MeTOAHKAMHU Ha 0a3e aTOMHO-CHJIOBOT0 MHKPOCKOIIA»




Yerrepr 29 oxkTadops 2020 r.
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«IMHUCCHOHHBIE PE30HAHCHI H KBAHTOBO-pa3MepHbIe 3G PeKThI As
3J1eKTPOHOB HA/l MIOBEPXHOCTHIO MPOBOAANINX IIEHOK»

10.40-11.20 B.JI. Muponos, E.B. Cxopoxonos
«MarHuTHO-pPe30HAHCHAS CHJIOBAsl CIIEKTPOCKOMHSA
(eppoOMArHUTHBIX TOHKONJIEHOYHBIX HAHOCTPYKTYP»

11.20-11.50 Coffee Break

11.50-12.30 A. Baros, S. Wolf, M. D. Croitoru, A. A. lllanenko, B. C. Cronspos
«CnoHTaHHbIE IATTEPHBI BUXPEBOii MaTePHH B CBEPXIPOBOAHUKAX
Mexay Tunavu | u 11»

12.30-13.10 A.B. be3psanun
«MHKpPOBOJIHOBAs CIIEKTPOCKOMUsI KyouTa MelicHepa CHIIbHO
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13.10-14.30 Lunch

14.30-15.10 T.B. IlaBaoBa, B.M. lllesmtora, K.H. Enbmos
«3apsixennble nedexTnl Ha moBepxHocTu Si(100)-2x1-H u Si(100)-
2x1-Cl»

15.10-15.50 C.10. Jlykamenko, M.B. XKykos, 1.JI.Canoxxuukos, A.O. ['osryOox
«IIpumenenue C3M nJis1 co31aHUS ¥ UCCIETOBAHNS BEPTHKAIBHBIX
BO/JHBIX HAHOMOCTHKOB)»

15.50-16.10 3akpbiTHe KOH(pepeHIIMH U NO/iBeleHHe HTOT0B
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Buszyanuzanusi cBepXnpoBOJSIIUX HEOJHOPOAHOCTE B TOHKHMX IJIEHKAX
Nb Boau3u T.

B.C. Cromspos, B.B. JIpemos, P.A. Orannucsu, H. Kynmuunckas, C. I'pebenuyk,
A.T'. lllumkun, A. I'pebenko, U. I'onoBuanckuid, J[. Ponudes, A.A. I'ory6oB

Mocrkoesckuii gpusuxo-mexnuueckuti uncmumym, 2. J{oneonpyousiii, 141700 Mocksa, Poccus

CBepxnpoBosIIUe CBOMCTBA TOHKUX AU((Y3HBIX MJICHOK MPETEpIeBalOT 3HAYUTEIbHbIC
W3MEHEHUS TpU NPUOIMKCHUH K TEeMIepaType CBEPXIIPOBOJSIICTO Tepexona. Meroaom
MarHMTHO-CHJIOBOM MHKPOCKOIUU IMOKA3aHO, YTO IUJICHKM HUOOWS MOTYT paspyuliarbcs Ha
CBEpXMPOBOAIINE OCTpOoBKU Ipu Temmeparypax Ha 3K wmxe Tc = 9,2 K non geiictBuem
JIOKQJIbHOTO MArHUTHOTO TOJS KaHTWIeBepa. OJTO SBICHHE MOXET COIMPOBOXKAATHCA
tpancopmanmeir Buxps AOpukocoBa B BUXph Jxko3edcona. Pabora BbINONHEHA MpH
noayepxkke rpanta PH® 18-72-10118.

b I

Puc. (a) — cxemaTnyeckoe n300pakeHUE 36PHUCTOM CTPYKTYPHI INICHOK HUOOUSL.
(b) — ACM u3zobpaxenue Bbicokoro paspetierus. (¢) — MCM uzobpaxkeHue npu
temnepatype 4K c¢ 3anmuHuHTOBaHHBIM BHXpeM AOpukocosa. (d) — MCM
n3o0pakenne mnpu Temmeparype 8.9K neMmoHcTpupyromee CTpPYKTypy
pacrpeiesieHus THHEUHBIX 1e(PEKTOB B TJICHKE HUOOUS.

(e —h) — cxemaruueckoe nzobpaxkenue mnpoiecca oopaszoBanuss MCM kapTHHKH
C JIMHEHHBIMHU JTe(EKTaMHU.

Imaging of superconducting inhomogeneities in Nb thin films near Tc

V.S. Stolyarov, V.V. Dremov, R.A. Hovhannisyan, N. Kupchinskaya, S.Yu. Grebenchuk,
A.G. Shishkin, A. Grebenko, I.A. Golovchansky, D. Roditchev, A.A. Golubov

Moscow Institute of Physics and Technology, Dolgoprudny, 141700 Moscow, Russia

Thin diffuse superconducting films properties undergo significant changes when approaching
the superconducting transition temperature. Using magnetic force microscopy, we
demonstrate that niobium films can break into superconducting islands even at temperatures
3K lower than Tc =9.2 K under action of the stray field of the cantilever. This phenomenon
can be accompanied by Abrikosov to Josephson vortex transformation. This work was
supported by the Russian Science Foundation grant Ne18-72-10118.
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HccnenoBanue moBeAeHUS [ABYMEPHBIX CKHUPMHOHOB B MArHMTHOM
MHOTOCJIOMHON CTPYKTYpe HA CBEPXIPOBOAHUKE METOAOM AMCCUIIATUBHOMN
MAarHMTO-CHJIOBOM MUKPOCKOIIUH

B.B. Jlpemos, P.A. Oraunucss, X. Palermo, N. Reyren, S. Collin, V. Cros and J.E. Villegas,
B.C. Cronsipos

=x
o
T2
K
x
O
N
N

Mockosckuil gpuzuxo-mexnuueckuti uncmumym, [loneconpyonwiti, 141700 Mocksea, Poccus
Unité Mixte de Physique, CNRS, Thales, Université Paris-Saclay, 91767, Palaiseau, France

B nokmiane mpeacraBiieHHBI pe3ylbTaThl McciaeaoBanus oopasnoB Ru/Co/Pt, kotopsie
SIBIISIFOTCS CTaHIapTHBIMU MHOT'OCJIOMHBIMHU CTPYKTypamu c uHTep(ECHBIM
B3auMojeiictBueM  J[3sutomuHckoro-Mopust  (DMI),  momyckaromuMm — BO3HHKHOBEHHE
CKUPMHUOHOB. MeTOoA0M JHCCUNATUBHOM MarHUTO-CHUJIOBOM MMKPOCKOIIMH OIPEIEICHO
BIIMSIHHE CBEPIIPOBOMSAINETO TIOACIOSA W OOHAapy)KEHO pE30HAHCHOE B3aMMOJICHCTBHUE
TOYCYHBIX 0OBEKTOB CKUPMUOHHBIX 00pa30BaHUI ¢ MATHUTHBIM 30HI0M. PaboTa BhIONTHEHA
npu nojaepkke rpanta PH® 18-72-10118.

BTOPHUK

Investigation the behavior of 2D skyrmions in thin magnetic multilayer on
superconductor by means of dissipative magnetic force microscopy

V. V. Dremov, R.A. Hovhannisyan, X. Palermo, N. Reyren, S. Collin, V. Cros, J. E. Villegas
and V. S. Stolyarov

MIPT, 9 Institutskiy per., Dolgoprudny, Moscow Region, 141700, Russian Federation
Unité Mixte de Physique, CNRS, Thales, Université Paris-Saclay, 91767, Palaiseau, France

In this report we present the results of the investigation Ru/Co/Pt thin film multilayers on
superconductor. Such objects are proved to be the robust system for formation of magnetic
skyrmions due to DMI interaction at the Co interfaces. By means of dissipative MFM the
influence of the superconductor was determined and the existence of some kind of resonance
interaction between the magnetic probe and skyrmion nanostructures was observed. This
work was supported by the Russian Science Foundation grant Ne18-72-10118.




YnpasieHue BHEIIHMMH YCJIOBUSAIMM B  CKAHUpYHOLIEH 30HI0BOH
MHKPOCKOIIMHU

10.A. Bo6pog, B.A. beikos, C.U. Jleecment, B.B. Tlonskos
HT-MJIT Cnexmpym Hucmpymenmce, 3enenozpad, Mockea 124460, Poccus.

OmHuM U3 JOCTOMHCTB CKaHUpyromied 30HI0BOM wmukpockonuu (C3M) sBisercs
BO3MOKHOCTh TPOBEJCHUS H3MEPEHHH C KOHTPOJIEM BHEIIHMX YCJIOBHH: TEMIIEpaTyphl,
MarHMTHOTO M 3JIEKTPUYECKOTO ToJiel, aTMoc(hepsl B MIMPOKUX Tpeesiax. ITO MO3BOJISET
U3y4aTh TUHAMUKY (a30BBIX MEPEXO0JI0B MAaTEpUAIOB B MUKPO- U HAHOMETPOBOM Maciltade B
pexXUME PeasIbHOIO0 BPEMEHH.

B noxnane 6yayr nmpencrtaBieHsl pe3yibTarel C3M-uccnenoBanuil, NpoBEAEHHBIX MPU
pa3IMYHBIX BHEIIHUX YCJIOBHUSX HAa CETHETOANCKTPUKAX, KpUCTaUIaX, JIBYMEPHBIX
CTPYKTYpax, TOHKHX IIJIEHKAaX U OMOJOTHYECKUX 00BEKTaxX.

Puc. 1. (uBetHo# B 31ekTpoHHOI Bepcuu) [Iporiecc TasHbs Jba MO 30HIOM
aTOMHO-CHJIOBOT'O MUKPOCKOIIa
Fig. 1 (color online) Ice melting dynamics under AFM tip

Environmental control in scanning probe microscopy
Y.A. Bobrov, V.A. Bykov, S.I. Leesment, V.V. Polyakov
NT-MDT Spectrum Instruments, Zelenograd, Moscow 124460, Russia

One of the main advantages of scanning probe microscopy (SPM) is wide set of options
for environmental control: temperature, electromagnetic field and atmosphere can be varied in
broad range allowing in situ observation of material phase transitions at micrometer and
nanometer scale.

During our report SPM studies of 2D, polymer, crystalline, biological, thin film and
piezoelectric materials under variable environmental conditions will be presented.
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Mukpockonuss  (eppoOMarHMUTHBIX  HAHOYACTHI HAa  TOBEPXHOCTH
MATHUTOPE3UCTHUBHBIX CTPYKTYP

0. Komnak?, E. O3usckas® 2

Lurixo PAH, 142432, Yepnoeonosxa
2 MT'Y um. M.B. Jlomonocosa, 119991, Mockea

Pa3paborka lab-on-chip nartumkoB mist oOHapykeHHsT MarHUTHOMEYEHHBIX KIICTOK,
MPAaBUJIHHON OIIEHKM HMX KOJIMYECTBA M MPOTHO3UPOBAHUS CBSA3H MEXAY OUOJOTHUECKUMHU
00bEKTaMH U IJJAHAPHBIM MArHUTHBIM JaTYMKOM HAXOJUTCS B LEHTPE BHUMAHUS
COBPEMCHHOW MEIUIIMHCKONH CIUHTPOHUKU. [IpoaHaNM3MpOBaHBI MarHUTHBIE OTKJIMKU
TOHKOILICHOYHBIX MarHuTope3uctuBHbIX cTpykTyp COFeNi/Cu/CoFeNi/Ru/CoFeNi/FeMn.
[lpsimass Bu3yanmuzamust 0O0JAcTH IUIGHKH, TJ€ MPOUCXOAMUT TepEeMarHUYMBaHUE I10]I
JCCTBUEM TIOJNISl pAcCesHUs OAMHOYHOM MarHUTHOM HAHOYACTHUIIBI, ObLIa BBHIMOJHEHA C
ITOMOIIBI0 MarHUTHO-CHI0BOM MuKpockornuu (MFM). OGHapyskeHbI 001acT ¢ 00paIeHHOM
HAMarHM4E€HHOCTHI0 ~MAarHUTOPE3UCTHBHOM CTPYKTYPBI T1OJA  BJIHMSHHUEM MAarHUTHOTO
JMITOJIBHOTO TIOJSl MUKPOOYCHH, (DYHKIIMOHAIM3HPOBAHHBIX HaHo4actuiamu Fe2O3 m mx
MacCHBOB, HAaHECEHHBIX Ha MOBEPXHOCTb. [IpoeMOHCTpUpPOBaHA BO3MOKHOCTD M3BJICUCHHS
($a30BOro KOHTpAcTa M3 MarHUTHOTO KOHTpacTa OJjarojgaps KaJMOpOBKE MarHUTHBIX U
TOIIOJIOTUYECKUX (Pa30BBIX MOPTPETOB OJUHOYHBIX MAarHUTHBIX HAHOYACTHI[ U MHKpPOOYCHH.
O6ocHoBana 3(PeKTUBHOCTh OOHApY>KE€HUST MUKPOOYCHH, (DYHKIHMOHAIU3HUPOBAHHBIX
Ha"Hovyacturiamu  Fe;O3 Ha  MOBEpXHOCTH CEHCOpa OT THUNAa W IapaMeTpoB
MarHUTOPE3UCTUBHOM CTPYKTYPHI.

Pabora BeIMOTHEHA 110 TeMe TocynapcTBeHHOro 3ananusi, Ne 0089-2019-0011.

Microscopy of ferromagnetic nanoparticles on the surface of
magnetoresistive structures

0. Koplak?, E. Ozivskayal:?

Linstitute of Problems of Chemical Physics, 142432, Chernogolovka
2M.V. Lomonosov Moscow State University, 119991, Moscow

Development of lab-on-chip sensors for detection of magnetically labeled cells, correct
estimation of the cells number and prediction of the coupling between labeled biology objects
and planar magnetic sensor there is in focus of modern medical spintronics. The magnetic
responses of CoFeNi/Cu/CoFeNi/Ru/CoFeNi/FeMn thin film magnetoresistive structures
were analyzed. Direct visualization of the film area, which magnetization reversal is induced
by scattering field of single magnetic nanoparticle was done by magnetic force microscopy
(MFM). The magnetically reversed areas of magnetoresistive structure were revealed under
magnetic dipole field of the microbeads functionalized Fe>Os nanoparticles and their arrays
deposited on the surfaces. The possibility to extract AFM phase contrast from MFM phase
contrast due to calibration of the magnetic and topological phase portraits of the single
magnetic nanoparticles and microbeads was demonstrated. The effectiveness of the
microbeads functionalized Fe.O3z nanoparticles detection on the sensor surface on type and
parameters magnetoresistive structure was revile.

This work was carried out within the state assignment (Ne 0089-2019-0011).
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HccnenoBanue mpoueccoB HEYNPYIoro paccesiHMsl JJICKTPOHOB H
u3jaydyeHusi GOTOHOB B TYHHEJILHOM 3a30pe CBepXBbICOKOBaKyyMHOro CTM

JI.B. Jle6enes, B.A. HIkonaun, U.C. Myxun, A.O. ['omy6ok
HAII PAH, 190103, Canxm-Ilemepbype, Pusicckuii np., 26.

B mpencraBneHHON paboTe OBLIM MCCIIENOBAHBI BOJIBT-aMIIEPHBIE XapaKTEPHUCTUKU
(BAX) TtyHHenbHOro KOHTakTa Mexay PtIr 30HIOM CKaHMPYIOMIETO TYHHEIHLHOTO
mukpockona (CTM) u pa3iInyHbIME 30JI0TBIMH HAHOCTPYKTYpaMH Ha MOBEPXHOCTHU CIIIO/BI B
CBEPXBBICOKOM Bakyyme. lccrneayeMble MOBEPXHOCTH MOJBEPrajuch MpPeABAPUTEIHLHOMY
TEPMUYECKOMY OTXHIy M o00paborke B Al T1uiasMe Ui yJAJICHUS 3arps3HEHUd U
YIOPSIOUeHHsT CTPYKTYphl. B pabore ObUTH TONTydeHbI U TpoaHanu3upoBansl kpusbie 1(V),
d?1/dV3(V), rae lu V — TyHHeNbHBI TOK M NPUIOKEHHAS MEXIYy 30HIOM U 00pasioMm
Pa3HOCTb AJIEKTPUYECKHX TOTEHIMAIIOB, COOTBETCTBEHHO. bbUIO TMOKa3aHO, 4YTO Ha
uccienyembix BAX cymiecTByeT OCOOEHHOCTH (meperu0) B 0O0JIACTH MPUKIIAJBIBAEMBIX
HanpspbkeHuid 1.8 B. Kpome Toro, ta ke 0COOCHHOCTh HAOJIOMACTCSI M HA KPHUBBIX,
MOCTPOCHHBIX B KoopauHarax @aynepa-Hopareiima. B ganHOM ciiydae OCOOCHHOCTH
MpOSABISAETCS B BUJAC JOMOJHUTEIBHBIX MHHHUMYMOB Ha KpUBOH. MBI CBSI3BIBaEM
Habmogaembie HAa BAX 0COOCHHOCTH C OTKPBITHEM JIOTIOJIHHUTEIBHOTO KaHalla HEYNPYroro
TYHHEJIMPOBAHUS AJIEKTPOHOB C SMHUCCHEH ONTHYECKOTO M3Iy4eHHs M3 00JacTH KOHTAaKTa.
JlaHHO€ TIpEenrooKEeHHE OBLIO TMOATBEPKACHO NPSIMBIMA ONTHYECKUMH H3MEPEHHSIMU U
BU3yanu3anueil Au HaHOCTpYKTyp MeTtogoM CTM-uHAYIMPOBAHHOW JIFOMHHECLIEHLIUU
(CTMJI). [lpoBeneHHbIE UCCIENOBAHUS JEMOHCTPUPYIOT BO3MOXHOCTH  HENPSMOIO
JETEKTUPOBAHUS ONTUYECKOTO M3IY4YeHHs] U3 TyHHenbHOro koHtakra CTM 3a cuer ananmsa
BAX.

Study of inelastic electron scattering and photon emission in the tunnel
junction of ultrahigh-vacuum STM

D.V. Lebedev, V.A. Shkoldin, I.S. Mukhin, A.O. Golubok
Institute for Analytical Instrumentation RAS, 198095, Saint Petersburg, Rizhsky Pr., 26

In this work, we investigated current-voltage I(\V) characteristics of the tunnel junction
between the scanning tunneling microscopy (STM) Pt/Ir probe and different Au
nanostructures on mica using ultra-high vacuum STM. To ensure cleanness and flatness of the
Au surface we first performed optimization of the substrate annealing and Ar plasma
treatment. The obtained technological parameters allow to drastically improve the
reproducibility of I(V) measurements. We then analyze I(V), d?l/dv? (V) and Fowler-
Nordheim plots and demonstrate presence of the features in the bias region near 1.8V in the
form of peak and minimum, peak and anomalous extra minimum, respectively. The direct
optical measurements confirm that the features on 1(V) curves are associated with generation
of photons from the STM probe-sample gap, governed by inelastic tunneling process. In
addition, using the STM-induced luminescence (STML) technique, the studied gold surface
was visualized. The proposed 1(V) analysis approach can be used for indirect sensing and
investigation of the light emission in the tunnel junction offering a powerful tool for the
studies of the photonic sources with deeply subwavelength dimensions.
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IIpumenenne C3M a1 co31aHNS U UCCIIEAOBAHUS BEPTUKAIBHBIX BOJTHBIX
HAHOMOCTHKOB

C.IO. Jlykamenko, M.B. Xykos, N.JI. Canoxunkos, A.O. ['omybok
HAII PAH, 190103, Cankxm-Ilemepbype

Coznanue u uccienoBaHUE TBEPAOTEIbHBIX MUKPO- U HAHOKOHTAKTOB SBIISIETCS OJHUM
13 OCHOBHBIX HampaBieHUH (U3MKU KOHJECHCHPOBAHHOTO COCTOSHHUA. B mocieanee BpeMs B
CBS3M C 3aJlayaMM pasfeneHus >Kuakux cmecei, ananuzom JI[HK, a Takke B cBs3M C
pa3BUTHEM MHKPO- U HAHO(DIIOUIAWKU OOJIBIIIOEC BHUMAHHE yIeluseTcs uccieaoBanuio K/ K
KOHTaKTOB Yepe3 MUKPO- U HAHOKAHAaJIbl U HAHOIOPBI.

U3BecTHO, uTO B CHIbHOM snekTpuueckoM moie ~(10°-10%) B/m Mexay aByms
OJIM3KOPACTIOI0KEHHBIMU MOBEPXHOCTAMU KUJKOCTH, oOpa3yercs
JJEKTPOTUAPOJIMHAMAYECKY YCTOWUYMBBIA LWIMHIPUYECKUNA BOJHBIM MOCTHK. B naHHOM
pabore wmccrnenyercs JK/K HaHOKOHTakKT B BHAe BoaHoro HaHomoctuka (BHM),
co3zaBaeMoro npu nomouu Hanonumnetok (HIT) ¢ BHyrpenHuM auamerpom otBepetus ~ (50—
100) uM. Hcnonw3ys Texuuky C3M B pexuMe U3MEpeHHUsT MOHHBIX TOKOB, MPOTEKAOLIUX
yepe3 HII, Mbl nemMoHCTpupyeM o0Opa3oBaHHME CTAOMIBHOTO KOHTAaKTa MEXY 3allOJHEHHOU
xuakocteio HII u cBOOOAHON MOBEPXHOCTHIO JKMIKOCTH. B paboTe mnpencTaBieHbI
BoJIbTaMIiepHbie xapaktepuctuku BHM, uccnenoana 3asucumocts 1(z) u I(t), usmepeno
“Bpems xu3nn” BHM, npuBenena omnenka pasmepa BHM, uccnegoBan otkiuk BHM Ha
BO3/JICHICTBUE UMITYJIbCHOTO HaPS>KEHUSI.

The use of SPM to create and study vertical water nanobridges
S.Yu. Lukashenko, M.V. Zhukov, 1.D. Sapozhnikov, A.O. Golubok.
IAI RAS, 190103, St. Petersburg

The creation and study of solid micro- and nanocontacts is one of the main fields of

condensed matter physics. Recently, due to problems of separation of liquid mixtures, DNA
analysis and development of micro- and nanofluidics great attention is given to the liquid-
liquid contacts (L/L) via micro- and nanochannels and nanopores.
Among (L/L) contacts should be noted contacts that appear with the formation of water
bridges. Electrohydrodynamically stable aqueous cylindrical bridge forms in a strong electric
field ~ (10°— 10°% V/m, arising between two closely spaced surfaces of the liquid. In this
work, the L/L nanocontact in a liquid nanobridge (LNB) form was created using nanopipettes
(NP) with an inner bore diameter ~(50 — 100) nm. Using the technique of SPM with the ionic
current measurement mode, we demonstrate the formation of the stable contact between the
NP filled with the liquid and the free liquid surface. The work presents current-voltage
characteristics of LNB, 1(z) and I(t) dependences of LNB, "lifetime" of LNB, estimation of
LNB size, response on the application of pulse voltage.
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HccaenoBanusi CTPYKTYpPbl NOBEPXHOCTH H 3JIEKTPOHHO-TPAHCIOPTHBIX
CBOICTB TOHKHUX MU TAKCHAJIBHBIX INICHOK TYTOIUVIABKUX METAJIJIOB

JL.A. ®omun?, I.B. Manukos!, B.A. Bepe3I/IH1, A.B. LIepHLle, B.A. JlornHOB?,
A.B. JTorunos®

YUIITM PAH, 142432, Yepnozonosxa, Mockoeckas oon., yn. Akademuxa Ocunvsna, 0.6
HUY MHUDIT, AO 3as00 I[TIPOTOH, 124498, Mocksa, 3enenoepao, na. lloxuna, 0.1
SMT'Y umenu M.B.Jlomonocosa, 119991, Mockea, Jlenunckue eopwl, 0.1

B Hacrosiee BpeMs: TpaJULIMOHHO IPUMEHSIEMbIE B MUKPOJIEKTPOHUKE MaTepUallbl AJIs
CO3/1aHUS MEXCOECIUHEHUN M IIMH METAJUIM3aluM, TaKhue KaK aJlOMUHUH M Melb, C
YMEHBIIEHUEM DPAa3MEPOB 3JIEMEHTOB M BO3PACTAHHMEM IUIOTHOCTH TOKA B HUX IEPECTAIOT
YIIOBJIETBOPSITH COBPEMEHHBIM TpeOoBaHUAM. OJHUM M3 METOJOB pEIICHUS YKa3aHHOU
poOJIeMbl SBJISIETCS UCIOJIb30BAHUE TYTOIUIABKUX METaIoB. MeToJaMH aTOMHO-CHUJIOBOM
Mukpockonuu (ACM), ckanupymomeil TyHHenbHOW Mukpockonuu (CTM) wuccinenoBana
MOBEPXHOCTh TOHKUX 3MUTAKCHAJIBHBIX IUIEHOK TyromiaBkux meramio W, Mo, Ta. [lnenku
BBIPALIMBAINCH METOJJOM MMITYJIbCHOTO Ja3€pPHOI0 OCaX/JIECHUS B CBEPXBBICOKOM BaKyyMe Ha
nouioxkkax R- m A- mockoctel MOHOKpUcTayMueckoro camdupa. beuto HaiineHo, drto
CTM u ACM ckaHbl OJHMX M T€X K€ IUIEHOK pa3jMyaroTcsi MO CBOUM CTAaTUCTUYECKUM
CBOWCTBaM, TAaKUM KaK CpEJHEKBaJpaTH4Has LIEpPOXOBATOCTb, KOPPENSALUOHHAs AJIMHA U
dpakranbHas pasmepHoctb. Hecmorpst Ha 1o, uto CTM naer Gonbiiee paspemienne, ACM
MeToAMKa 0oJiee aIeKBaTHO ONUCHIBACT MOBEPXHOCTH IJICHOK. BbUIM M3MepeHbl 3aBUCUMOCTH
YEIbHOU MPOBOJUMOCTHU IUIEHOK OT TOJIIIMHBI U TEMIIEpaTyphl B AMANAa30HE OT KOMHATHOM
710 JKUJAKOIO resids. DKCIIepUMEHTalIbHbIE pe3y/IbTaThl IOKA3alu CIPaBEIJIMBOCTh KBAHTOBON
MOJICNI BIUSHUS MOP(OJIOTUM TOBEPXHOCTH HAa COMPOTHBICHHE IPH MAaJOW TOJIIMHE
1ieHoK. Ilpy yMeHbIIeHUH TOJIIMHBI IJIEHOK /10 HECKOJIBKUX HM IIPH HU3KUX TeMIlepaTrypax
Ha0Ir0 1AM Ch () PEKTHI CITA00M TOKATH3AITHH.

Investigation of the surface structure and electron transport properties of
thin epitaxial films of refractory metals

L.A. Fomin!, 1.V. Malikov!, V.A. Berezin!, A.V. Chernykh!, B.A. Loginov?, A.B. Loginov®

YIMT RAS, 142432, Chernogolovka, Moscow region., Acad. Ossypian str, 6
2MIET, JSC Zavod Proton, 124498, Moscow, Zelenograd, Shokina 1
3Lomonosov Moscow State University, 119991, Moscow, Leninskie gory, 1

Currently, materials traditionally used in microelectronics for creating interconnections
and metallization buses, such as aluminum and copper, with a decrease in the size of elements
and an increase in the current density in them cease to meet modern requirements. One of the
methods for solving this problem is the use of refractory metals. The surface of thin epitaxial
films of refractory metals W, Mo, Ta has been investigated by atomic force microscopy
(AFM) and scanning tunneling microscopy (STM). The films were grown by pulsed laser
deposition in ultrahigh vacuum on single crystal sapphire substrates of R and A planes. It was
found that STM and AFM scans of the same films differ in their statistical properties, such as
root-mean-square roughness, correlation length, and fractal dimension. Despite the fact that
STM gives a higher resolution, the AFM technique more adequately describes the surface of
the films. The dependences of the conductivity of the films on the thickness and temperature
were measured in the range from room temperature to liquid helium. The experimental results
have shown the validity of the quantum model of the effect of surface morphology on
resistance at small film thicknesses. As the film thickness decreased to several nm at low
temperatures, weak localization effects were observed.
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HcciienoBanue aTOMHON M 3JIEKTPOHHOM CTPYKTYPbl HAHOMOJO0C rpadgena
na SiC/Si(001)

A.H. Yaiika®, O.V. Molodtsova?, D.V. Potorochin?3, H.-C. Wu*®, B. Walls®,
K. Zhussupbekov®, 1.V. Shvets®, B.IO. Apucros'?

YUnemumym ¢usuxu meepoozo mena PAH, 142432, Yepnozonosxa, Mockosckas o6n., yn. Akademuxa
Ocunvana, 0.2.

2Deutsches Elektronen-Synchrotron DESY, D-22607, Hamburg, Germany

3ITMO University, Kronverksky prospekt 49, 197101 Saint Petersburg, Russian Federation
*School of Physics, Beijing Institute of Technology, Beijing, 100081, People’s Republic of China
®CRANN, School of Physics, Trinity College Dublin

YrhopsimoueHHbIE  CHUCTEMBl  HAHOMOJIOC TpadeHa TPEACTABISAIOT HMHTEpPEC IS
(yHIaMEHTAJIbHBIX MCCIEIOBAaHUNH U TEXHOJIOTMYECKUX NPUMEHEHUH, TaK Kak TpPaHMIIbI
JIOMEHOB MOTYT OTPa)KaTh AJICKTPOHBI B IIMPOKOM JIMAIa30HE SHEPTUH, a 3rubd rpad)eHOBBIX
CJIOEB MOYKET MPUBOAUTH K MOSBICHUIO CHUH-TIOISIPU30BAHHBIX AJIEKTPOHHBIX COCTOSHUN. B
JIOKJIa/Ie TIPE/ICTABIICHBl HMCCIECIOBAHUS ATOMHOM M D3JEKTPOHHOH CTPYKTYPHI HAHOIOJOC
rpadeHa, CHHTE3MPOBAHHBIX B CBEPXBBICOKOM BaKyyMe Ha TOHKUX (1-2 MKM) IUIEHKax
Kyoudeckoro kapouna kpemaus (B-SiC), BeIpallleHHbIX Ha CTAHAAPTHBIX TUIACTUHAX KPEMHUS
Si(001). HMccrnenoBanusi 3JIEKTPOHHOM CTPYKTYypbl HaHomosoc rpadena na B-SiC/Si(001),
BBITIOJIHEHHBIE METOJIaMH (DOTORIIEKTPOHHON CIIEKTPOCKONHMU C YIJIOBBIM pPa3pelIeHuEM U
CKaHUPYIOLIEH TYHHEIbHOW MHKPOCKOMHH M CIEKTPOCKOMHH, IEMOHCTPUPYIOT HAIM4YUE
JIOKAJBHOM YHEPreTUYECKOM IIeNu B MeCTax HaumOoJbliero u3ruda rpadeHOBOTO CIOSI U
CYUIECTBEHHOE W3MEHEHHME TIUIOTHOCTH 3alOJIHEHHBIX JJIEKTPOHHBIX COCTOSHUI BOIM3H
rpaHHIl HAHOJOMEHOB.

PaGora BeImONHEHa B paMKax Troc3afaHus mpu mnoanepkke Poccuiickoro ¢onaa
bynnameHTanbHbIX UccaenoBanuii (mpoekT Ne 20-02-00489).

Investigation of the atomic and electronic structure of self-aligned graphene
nanoribbons on SiC/Si(001)

A.N. Chaika®, O.V. Molodtsova?, D.V. Potorochin®3, H.-C. Wu*®, B. Walls®,
K. Zhussupbekov®, I.V. Shvets®, V.Yu. Aristov!?

YInstitute of Solid State Physics RAS, Chernogolovka, Moscow district, 2 Academician Ossipyan str.,
142432, Russia

Deutsches Elektronen-Synchrotron DESY, D-22607, Hamburg, Germany

3ITMO University, Kronverksky prospekt 49, 197101 Saint Petersburg, Russian Federation
*School of Physics, Beijing Institute of Technology, Beijing, 100081, People’s Republic of China
®CRANN, School of Physics, Trinity College Dublin

Self-aligned graphene nanoribbons are highly appealing for fundamental research and
technological applications because the nanodomain boundaries can reflect electrons in a wide
energy range while graphene layer bending can induce spin-polarized electron states. We
report high-resolution studies of the atomic and electronic structure of graphene nanoribbons
synthesized in ultra-high vacuum on thin films of cubic silicon carbide (B-SiC) grown on
Si(001) wafers. Investigations of the electronic structure of graphene synthesized on f-
SiC/Si(001) conducted using angle resolved photoelectron spectroscopy and scanning
tunneling microscopy and spectroscopy demonstrate substantial modification of the local
electronic structure near the nanodomain boundaries.

This work was carried out within the state task of ISSP RAS and supported by the Russian
Foundation for Basic Research (project Ne 20-02-00489).
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®opmupoBaHue AByMepHbIX cjioeB Sh u Pb: T®II moaennpoBanue
A.C. Kcéus, C.1. boxko, A.M. Honos, C.B. Uekmazos
UDTT PAH, 142432, . Yepnoeconosxa, yn. Axademuxa Ocunvsiua, 2

B Hacrosimee Bpemsi BONpPOC BIMSHHUS DSJICKTPOHHOH CHUCTeMbl Ha (opMupoBaHHe
KpUCTAJJINYECKON CTPYKTyphl 0ObIYHO He 3arparuBaercsa. OpHako eme Ilaiiepnc 3apancs
BOIMpPOCOM: oueMy Sb u Bi He HMEIOT MPOCTYI0 KyOMUYECKYIO PEIIETKY, OTBETOM Ha KOTOPBIH
CTaJI0 TOAPOOHOE PACCMOTPECHUE BIIMSHHS 3JICKTPOHHOH CHUCTEMbI Ha KPHCTAUTMYECCKYIO
CTPYKTYpy moiyMmMeTaiuioB. B Hameir paboTre MpOAEeMOHCTPHPOBAHO, KaK OSJICKTPOHHAsS
MOJICHCTEMa MOXKET OKa3bIBaTh BIMSHUE Ha T€HEpaluio ABYMepHbIX aedextoB B Sb(111) u
Pb(111), koTopbie, B CBOIO Ouepe/b, MPUBOAAT K (HOPMHUPOBAHHIO IBYMEPHBIX CIIOEB. B
ciydae Ph BiMsiHME 3JEKTPOHHOIN CHCTEMBI peali3yeTcsi B paMKax 3JIEKTPOHHOTO POCTa, YTO
NPUBOAUT K OOpPa30BaHHMIO CIIOMCTBIX HAHOOCTPOBKOB. B TO jke BpeMs HapylieHHE
KoBaJieHTHOH cBs3u B Sb(111) Bo3MyImaer 3JIEKTPOHHYIO CHUCTEMY, BCICACTBHUE YEro
obpasyercst conuToH. [loryueHHbIE Pe3yibTaThl MO3BOJISIIOT TO-HOBOMY B3IJISIHYTh Ha POJIb
ANIEKTPOHHOW CHCTEMbl B (OPMHUPOBAHHMM KPUCTAJUIMYECKONW CTPYKTYpPbHl M TEHEpaluu
nedeKTOB B HAHOOOBEKTaX.

PaGora BeImoHEeHA B pamkax roc. 3aganus UOTT PAH.

Formation of two-dimensional Sb and Pb layers: DFT simulation
A.S. Ksenz, S.I. Bozhko, A.M. lonov, S.V. Chekmazov
ISSP RAS, Chernogolovka, Moscow District, 2 Academician Ossipyan str., 142432

The influence of the electron system on formation of crystalline structures generally is
not studied in detail. However, Peierls questioned why Sb and Bi crystals do not have simple
cubic structure that led to extensive study of the influence of electron system on crystal
structure of semimetals. In this report, the significant influence of the electron system on
defect generation in 2D Sb(111) and Pb (111) layers is demonstrated. In Pb nanostructures,
the influence of the electron system leads to electronic growth and formation of stratified
nanoislands with twin boundaries. At the same time, breaking covalent bonds upon cleavage
of Sb(111) disturbs the electronic system and leads to soliton formation. The obtained data
allow us to take a fresh look on the influence of electron system on formation of crystal
structures and generation of defects in nanoobjects.

This work was carried out within the state task of the Institute of Solid State Physics of
the Russian Academy of Sciences.
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JloMeHHas1 CTPYKTYpa AByX(a3HBIX MUKPONPoBoaoB o-Fe/PrDy-FeCo-B
O.B. Komnak, E.B. JIBopenkas, B. JI. Cugopos
UIIXD PAH, 142432, YepHnoeonoska

@eppoMarHUTHbIE MHKPOINPOBOJAA TPHUBJIECKAIOT BHHUMAHHE CIICHUAIMCTOB Oyaromaps
HOBBIM (pyHJAMEHTAIIBHBIM SIBJICHHUSIM U IIUPOKOMY IMPAaKTHUECKOMY MpUMeHeHuto. B pabore
OyleT TpeACTaBlIeH aHalIW3 METOJOM MAarHUTO-CHJIOBOW MHUKPOCKONHMHM HOBOTO THIA
MHUKPOIIPOBOJIOB, cojepKamux sapo o-Fe u obomnouky (PrDy)(FeCo)B. buctabuiabHOCTH
MuKporpoBonoB o-Fe/PrDy-FeCo-B cBsizana ¢ 0JHOJIOMEHHBIM COCTOSHHEM BHYTPEHHETO
sapa o-Fe, BBISBICHHBIM C IOMOIIBIO CKAaHMPYIOMICH 3JIeKTpOHHOM Mukpockomuu (COM).
MBI HENOCPEICTBEHHO ONPEAEIsieM pa3Mephl IOMEHOB U BU3YaJIH3UPYEM MepeMarHiYMBaHNue
B siipe U 000J10YKe MUKPOMPOBOIOB. PenkoszemenbHas amopdHas 00071049Ka MUKPOIPOBOIA
PrDy-FeCo-B Opina orckanupoBaHHasi B MarHUTHBIM TIOJIEM DPA3JIMYHOM HAMPSKEHHOCTH.
Temuble 005acTH, BBITAHYTBIE BJIOJb OCH MHKPOIPOBOAA, COOTBETCTBYIOT sJIpam
NepeMarHuYMBaHus, TMOATBEPKAAIONINM PATUATBbHYI0 HAMAarHHUYEHHOCTh PEIKO3EMEIbHON
o0onouku Mukponpooja. M3obpaxenus MFM coOTBETCTBYIOT peaqbHOMY pacipeieiIeHHI0
HAMarHM4EeHHOCTH B (QeppomMarHUTHOM siape. OOHapyXKeHa B3aUMOCBS3b OOBEMHOI
HWHTETPAIbHOU HaMarHH4eHHOCTH, onpe/IeICHHOM SQUID-MarauTomMeTpoM, c
pacrpeieiecHHeEM  MOBEPXHOCTHOM  HAMAarHMYEHHOCTH, OIPENEIECHHOM C  IOMOIIBIO
maruutoontudeckoro 3¢dexra Keppa (MOKE) u MFM.

PaGora BeimonmHena mpu monaepkke Poccmiickoro ¢onHma  pyHmIaMEHTaIBHBIX
nuccaenoanuii (20-32-70025, «CTaOMIIBHOCTBY).

Domain structure of two-phase a-Fe/PrDy-FeCo-B microwires
O.V. Koplak, E.V. Dvoretskaya, V. L. Sidorov
Institute of Problems of Chemical Physics, 142432 Chernogolovka

Ferromagnetic microwires attract attention of specialists due to new fundamental
phenomena and wide practical application. We will present MFM analysis of new type of
microwires containing a-Fe core and (PrDy)(FeCo)B shell. Bistability of the a-Fe/PrDy-
FeCo-B microwires relates to single domain state of the a-Fe inner core revealed by scanning
electron microscopy (SEM). We directly determine domains sizes and visualize magnetization
reversal in the core and shell of microwires. Rare-earth amorphous PrDy-FeCo-B shell of the
microwire scanned under magnetic field of different intensity. The dark areas elongated along
the axis of microwire correspond to the magnetization reversal nuclei verifying radial
magnetization of the rare-earth shell of the microwire. MFM images correspond to real
distribution of magnetization in the ferromagnetic core. Interrelation between volume integral
magnetization, determined by SQUID magnetometer, with distribution of surface
magnetization determined by magneto-optical Kerr effect (MOKE) and MFM was found.

The work was supported by the Russian Foundation for Basic Research (grant 20-32-
70025, “Stability”).
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Busyanmzanus odJiacreii 00pameHHOH HAMATHMYEHHOCTH HA MOBEPXHOCTH
TOHKHX MJIeHok CoOFeB B moJe paccesinns HanouacTun Fe/Fez0y

E.U. Kynuneina, O.B. Komnak, P.b. Moprynos

Unemumym npobnem xumunecxoul pusuxu, 142432 Yeproeonoska

[lepcnieKTUBHBIM  HaAmpaBJICHUEM pPETUCTpAllMd W OTOOpa MarHUTHO-MEUYEHHBIX
OMOJOrMYEeCKUX OOBEKTOB SIBIISIETCS TEXHOJIOTHS, OCHOBAaHHAs Ha JAaTYMKAX TUTAHTCKOTO
marautoconpotusieHuss (GMR) Gmaromapst ux BBICOKOW TOYHOCTH. MarHWTOpPE3UCTHUBHBIC
JaTYUKU OCHOBaHbl Ha IE€pPEeMarHUYMBaHUM TOHKHX (DEPPOMArHUTHBIX CJIOEB TOJ
BO3JAEHCTBUEM JUIIOJIHHOIO MAarHUTHOTO ITOJIsT MarHuTHOM yactuisl. Hanouactunsl Fe/Fe3Og
ObUIM OC@XJEHBbl HAa TOBEPXHOCTH yIbTpaToHKON mieHku CoFeB u rerepocTpyKTypsl
CoFeB/Ta/CoFeB, c nenpio oOHapy:KeHHs JIOKAIBHOTO IMapeMarHUYMBaHUS CTPYKTYp 3@ CUET
MOJII paccesiHus, CO3[aBaéMOro OJHOW YacTUIel WM kiactepoMm wyacTtuil. CpaBHeHUE
M300paXEHUI, TIOMYYCHHBIX C IOMOIIBI0 AaTOMHO-CHJIOBOTO U  MAarHUTO-CHJIOBOTO
MHUKPOCKOITIOB, W BBIYMTAHHE COOTBETCTBYIOIIMX (Pa30BBIX KOHTPACTOB IO3BOJISET
BU3yaJIU3UPOBATh ~ HAMAarHMYEHHOCTh  IUICHKHM, HA  KOTOPYK)  BIHUSIOT  YaCTHUIIBL.
[IponemMoHcTpHpOBaHa  OIIEHKAa  KOJMYECTBA  YacTUI[ MO  MAarHUTHOMY  OTKJIIUKY
rerepocTpykTypbl CoFeB. ITlomyuensl teopetudeckas ouenka 1 OOMMF-monenupoBanue
nuamerpa obmactu  1uieHkun CoFeB, HamarHmueHHOCTH KOTOpOM  MeHseTCs Ha
MIPOTUBOIOJIOKHYIO TIOJI ICUCTBUEM JIUIIOIHLHOTO MarHUTHOTO TOJIS, CO3/1aBAE€MOT0 YaCTHUIICH
Fe/Fe30s. OnHm HaxoAATCI B XOpOIIEM COrjacMM ¢ 001acThio, HaOIrogacMoi
AKCIEPUMEHTAIIbHO. Pe3ynbTaThl OyAyT MOJIE3HBI 17151 pa3pabOTKH CEHCOPOB "nmaboparopus Ha
KpucTaiie" MarHUTHO-MEYEHBbIX siueek. PaboTa BbIMONHEHA B paMKax TOCYJapCTBEHHOTO
3amanus (AAAA 0089-2019-0011) ans UTTXD PAH.

Visualization of reversed magnetization areas on the surface of the CoFeB
thin films under stray field of Fe/FesO. nanoparticles

E.l. Kunitsyna, O.V. Koplak, R.B. Morgunov
Institute of Problems of Chemical Physics, 142432 Chernogolovka

A promising direction of registration and selection of magnetically labelled biological
objects is the technology based on of sensors of giant magnetoresistance (GMR), due to the
accuracy of the sensors. Magnetoresistive sensors are based on the magnetization reversal of
thin ferromagnetic layers under the influence of a dipole magnetic field of a magnetic particle.
The Fe/Fe3z04 nanoparticles have been deposited on the surfaces of ultra-thin CoFeB film and
CoFeB/Ta/CoFeB heterostructure to be detected of magnetization reversal of these thin film
structures caused by the stray field generated by one particle or a cluster of particles.
Comparison between the Atomic Force and Magnetic Force Microscope images and
subtraction of corresponding phase contrasts allows visualization of the film magnetization
affected by the particles. Estimation of particles number by magnetic response of the CoFeB
heterostructure is demonstrated. Theoretical estimation and OOMMF modeling of the
diameter of the CoFeB film area, which magnetization is reversed under the dipolar magnetic
field created by the Fe/FesO4 particle, are obtained. They are found to be in good agreements
with the area observed experimentally. The results will be useful for the development of lab-
on-chip sensors of magnetically labeled cells. This work was carried out within the state
assignment (AAAA 0089-2019-0011) for the IPCP RAS.
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HccaenoBanue CBOMCTB JJIEKTPOHHOH CHCTEMbI MOJIYNPOBOAHUKOBBIX
HAHOBHMCKEPOB M YIJIEPOJHBIX HAHOTPYOOK CKAHHUPYIOIIMMHU METOAUKAMH
Ha 0a3e aTOMHO-CHJI0OBOI0 MHUKPOCKOIA

A.A. KykoB
UDTT PAH, 142432, 2. Yepnoeconosxa, yn. Axademuxa Ocunvsaua, 2

JleTanbHO WCCIIEIOBaHBI JIOKATBLHBIE OCOOCHHOCTH 3JIEKTPOHHBIX CHCTEM YIJIEPOJIHBIX
HaHotpyook (YHT) m momynmpoBomHukoBeix HaHOBHCKEepoB INN um INAS mpu momomu
pPa3IMYHBIX 30HJOBBIX METOJAMK Ha OCHOBE AaTOMHO-CHJIOBOro Mukpockoma. B VHT
MIPOJIEMOHCTPUPOBAHO HAIMYKE MOJIYIIPOBOJHUKOBOM IIENN B CIEKTPE, MPUMEHSS TOJIBKO
u3MepeHue Tonorpaduu noBepxHocty. [lokasana BeicOKas MPOCTPAHCTBEHHAs pa3pelliaronas
CIIOCOOHOCTBH TaKOTO MOAX0Ja. MeTOANKONW M3MEpPEHUS MAarHUTOTPAHCIIOPTA B MPUCYTCTBUU
3apsSOKEHHOTO0  30HJAa  aTOMHO-CHJIOBOTO  MHKPOCKOINA  MPOJEMOHCTPHUPOBAHO  Kak
CYHIECTBEHHOE BIIMSHUE TMPOCTPAHCTBEHHOTO  PACHPENCIICHUS HEOAHOPOJHOCTEH B
HAHOBHCKEpPE HAa MArHUTOTPAHCIOPT, TaK M HaJU4Ue YCTOWYHMBBIX TPACKTOPUIl TOKa B
HanoBuckepax INN. TlogpobHo o6Cyx)maeTcsi BO3MOKHOCTh HaOIIOJEHUE YHUBEPCATBHBIX
GbaykTyaruii mpoBOJUMOCTH B KBAa3HMOJHOMEPHBIX cHucTeMax. PaboTa BBINIOJIHEHA B paMKax
rocyaapctBenHoro 3ananus st UOTT PAH, a takke npu nopnepxkke Poccuiickoro donma
(dbyHIIaMeHTaIbHBIX UccaenoBaHuil, rpant 19-29-0302 1 Mk.

Investigations of features of electronic systems of nanowhiskers and carbon
nanotubes using scanning probe techniques based on atomic force
microscope

A.A. Zhukov
ISSP RAS, Chernogolovka, Moscow District, 2 Academician Ossipyan str., 142432

Local peculiarities of electronic systems structures of semiconductor nanowhiskers InAs
and InN and carbon nanotubes (CNT) have been investigated by set of probe techniques based
on atomic force microscope. In CNT we demonstrate the presence and of the semiconducting
gap just measuring topography only. The high lateral resolution of such technique was
demonstrated. Using scanning gate microscopy technique, we demonstrate the essential role
of the spatial distribution of the defects on the magnetotransport in nanowhiskers and stable
current trajectories in InN structures. The observation of the universal conductance
fluctuations in quasi-one dimensional structures is discussed in details. This work was carried
out within the state assignment for the ISSP RAS and was supported by the Russian
Foundation for Basic Research (grant 19-29-03021mkK).
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IMHUCCHOHHBIE PE30HAHCHI U KBAHTOBO-pa3MepHbIe 3¢ ¢eKThI 11
3JIEKTPOHOB Ha/l MOBEPXHOCTHIO MPOBOASIIMX IVIEHOK

A.10. Ananpimkug 12

Y Unemumym gusuxu muxpocmpyxmyp PAH, 603087, Huscruii Hoszopoo, yn. Akademuueckas, 0.7.
2 Huoicezopoockuii 2ocyoapcmeenmniii yuueepcumem um. H.HU. Jlobauesckozo, 603950, Huxcnuii Hoé2opoo, np.
Tazapuna, 0.23.

B nmokname Oymer mpejcrtaBiicH 0030p pabOT MO HCCICIOBAHHIO KBA3HUCTAI[MOHAPHBIX
ANICKTPOHHBIX COCTOSHUN HAJl MOBEPXHOCTHIO METAUIOB M IIOJYIPOBOJHHUKOB. Takue
COCTOSIHHSI COOTBETCTBYIOT JIOKAJTHM3ALUK JJICKTPOHA B MOTCHIUAIBHOMN SIME, OJJHA M3 CTCHOK
KOTOpO# 00pa3zoBaHa MOBEPXHOCTHIO 00pasua, a Apyras — HEOAHOPOAHBIM AIIEKTPHUYECKUM
MOTCHIIMAIOM CHJI M300paKCHUsI WIIM TIOTCHIMAJIOM BHEIIHUX MCTOYHHKOB. Hanmnume Takux
COCTOSIHMI MPUBOAUT K OCHWDUIALMSIM TYHHEIBHOH MPOBOAUMOCTH B 3aBHCHMOCTH OT
Pa3HOCTH MOTCHIIMAIOB MEXAYy HIJIOH CKAaHUPYIOIIETO TYHHEIBHOIO MHUKPOCKOIHS |
o0pa3ioM (Tak Ha3pIBACMble OCHWULANMU | yHIUIaXa) HAa MOPOre MOSBICHUS XOJIOIHOM
MOJIEBOM 3MHUCCHU. AHAIM3 OCOOCHHOCTEH TYHHEJIbHBIX CIEKTPOB I0O3BOJISICT IOJIYYHTh,
HaIrpuMep, JIOKAIbHYIO paboTy BBIXO/a M APYTUE APAMETPHIL.

OpurnHaibHas YacTh JOKJIaaa OyleT TMOCBsIICHAa H3ydeHHIo anpdepeHnnanbHOR
OPOBOJMMOCTH W OMHUCCHOHHBIX DPE30HAHCOB Juisi TOHKMX Pbh  miéHok mertomom
HHU3KOTEMIIEPATYPHOM CKaHUPYIOIIEH TYHHEIbHON CIIEKTPOCKOIMHY B AMANa30He HAPSHKESHHMA
Vot 0.1 10 10 B B 1ByX pexxumax: 3alaHHO# BBICOTHI (Z) U 3a/IaHHOTO TyHHENIbHOTO ToKa (1).
Bouio obHapyxeHo, uto npu V>4.5 Bonbt Habmoxatores nuku dI/dV u dz/dV, cesazanHbIe ¢
bopMupoBaHueM KBaHTOBAHHBIX JIIEKTPOHHBIX COCTOSIHUH B MOTEHITHAIIC
AIEKTPOCTATUYECKOTO U300paKCHUs, MOTHU(DUIMPOBAHHOTO BHEUIHUM  3JIEKTPUYCCKUM
monem. Ilpm V<4.5 BoapT ocummistopHoe moseaenue dl/dV wu dz/dV cBszano ¢
(bOpMHpOBaHUEM CTOSIYMX 3JIEKTPOHHBIX BOJH B PD IIeHKe, IPU 3TOM IMOJOKCHUE TaKHX
PE30HAHCHBIX MMUKOB HA OCH HEPIHH OMPEACIACTCS JIOKAIBHON TOJIIMHOW CJIOS B TOYKE
U3MEpEHHUsT W HE 3aBHCHUT OT BBICOTHI WIUIBI. MlccieqoBaHHe OCOOCHHOCTEH TYHHEIBHBIX
CIIEKTPOB B HIMPOKOM JHAIA30HE HAMPSIKEHHUS MO3BOJIAET IKCIEPUMEHTAIBHO HCCIICI0BAThH
mapaMeTpbl 30HHOTO CIIEKTPa, B YaCTHOCTH, OIECHHTH JHEPTUH, COOTBETCTBYIOIIHE THY H
MOTOJIKY 30HBI MPOBOAMMOCTH B Ph mnénkax, m mx mpocrpaHcTBeHHBIE Bapuanuu. Pabora
BBIMIOJIHEHA TpH  (DUHAHCOBOW mojumepxke Poccuiickoro ¢oHma (yHIaMEHTATbHBIX
uccnenoBanuii (mpoext 19-02-00528).

Emission resonances and quantum size effects for electrons

A.Yu. Aladyshkin 12

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

This talk is devoted to an overview of recent studies of quasi-stationary electronic states
above the surface of metals and semiconductors. These states correspond to the localization of
an electron in the potential well, formed by the surface of the sample and by an
inhomogeneous electric potential induced by an image source or external sources. The
presence of such the states leads to the oscillations of the differential tunneling conductivity
as a function of the bias potential between the tip of scanning tunneling microscopy and the
sample (the so-called Gundlach oscillations) at the threshold of the appearance of cold
electronic emission. The analysis of the features of the tunneling spectra allows one to obtain,
for example, the local work function and other parameters.
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The original part of the talk is devoted to the experimental investigations of differential
tunneling conductivity and emission resonances for thin Pb films by the method of low-
temperature scanning tunneling spectroscopy in the voltage range V from 0.1 to 10 volt in two
regimes: for a given height (z) and for a given tunneling current (I). It have found out that at
V>4.5 volt, both dependences dI/dV and dz/dV have peaks at the same energies, what can be
associated with the formation of quantized electronic states in the image electrostatic potential
modified by an external electric field. At V < 4.5 volt, the oscillatory behavior of dl/dV and
dz/dV is associated with the formation of standing electron waves in the Pb film, and the
position of such resonance peaks on the energy axis is mainly determined by the local
thickness of the Pb film at the measurement point and it does not depend on the tip height.
The study of the features of tunneling spectra in a wide voltage range allows us to investigate
experimentally the parameters of the band spectrum, in particular, to estimate the energies
corresponding to the bottom and top of the conduction band in Pb films and their spatial
variations. This work was financially supported by the Russian Fund for Basic Research
(project 19-02-00528).
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MarHuTHO-pe30HAHCHAsI CHJIOBasi CIEKTPOCKONMUA (peppOMArHUTHBIX
TOHKOIIJICHOYHBIX HAHOCTPYKTYP

B.JI.Mupouos, E.B.Cxopoxonos
HUDM PAH, 603950, Huorcrnuii Hoseopoo, I'CI1-105

B noxnage npuBOAATCA pe3ysbTAThl MCCIEIOBAHMM IJIAHAPHBIX TOHKOIUIEHOYHBIX
(eppOMarHuTHBIX ~ HAHOCTPYKTYp C TIOMOIIbI0  MAarHMTHO-PE30HAHCHOTO  CHJIOBOTO
Mukpockorna (MPCM). AHanu3upyroTcsi 0COOCHHOCTH MarHUTHOTO B3aUMOJICUCTBHS 30H/1A C
obpasuom. OnuUCHIBAIOTCS anropuT™Mbl MojaenupoBanuss MPCM otkiuka u pacaeroB MPCM
CHEKTPOB, a TaKXe IPOCTPAHCTBEHHBIX pPaCHpPeIeiIeHUN aMIUIMTYIbl PE30HAHCHBIX
KosebaHuii HaMarHW4eHHocTH oOpasna. llpuBomsarcs pesynbratet MPCM uccnenoBanuii
MuKpornosiocok NiFe ¢ MIOCKOCTHOW aHU30TPONKEH U MHOTOCIIOMHBIX MIEHOYHBIX CTPYKTYP
Co/Pt ¢ neprieHAUKYJIIPHON OCEBOM aHM30TPOITHEH.

Pa6ota BeinosasieTcs mpu noaaepxkke PODU (mpoekt 18-02-00247)

Magnetic resonance force spectroscopy of ferromagnetic thin-film
nanostructures

V.L. Mironov, E.V. Skorohodov
IPM RAS, 60950, Nizhny Novgorod,GSP-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 Russian Foundation for Basic Research (project # 18-02-00247).
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CrnoHTaHHbIE MATTEPHbI BUXPEBOH MaTepuu B CBEPXNPOBOAHUKAX MeEKIY
TanamMu | u 11

A. Baros™ 2, S. Wolf®, M. D. Croitoru®, A. A. Illanenxo*, B. C. Ctomnsipos?

nstitute for Theoretical Physics 111, University of Bayreuth, Bayreuth 95440, Germany
2Mockoeckuii ¢husuxo-mexuuveckuii uncmumym, JJonconpyousiii, 141700 Mockea, Poccus
3School of Physics, University of Melbourne, Parkville, VIC 3010, Australia

*Departamento de Fisica, Universidade Federal de Pernambuco, Recife PE 50740-560, Brazil

DKCIEPUMEHTHI C CBEPXITPOBOIHUKAMHU MEXKy cTaHnapTHeIMK THnamu | u || BeisaBrIIM
9K30THYECKHE TATTEpHbl MArHUTHOTO IIOTOKA KOHJEHCAaTa, B KOTOPBIX MEHCCHEPOBCKHE
JIOMEHBl COCYIIECTBYIOT C OCTPOBKAMH BHXPEBOM pEIIETKH, a TAKXKE C BHUXPEBBIMHU
KJIacTepaMu M Iienodkamu. JIo cuX mop He ObLia IPEACTABIICHA HCYCPIIBIBAOIIAS TCOPHUS
TakuxX KoHGuUrypanuid. Msl pemiaemM 3Ty AaBHIOK (yHIaAMEHTaJIbHYIO IPOOJIeMy, pa3BHBas
MOJIX0JI, KOTOPBIH coYeTaeT B ce0¢ paclIMpeHHe TECOPHH BO3MYIICHUH MHUKPOCKOIMWYECKOM
TEOPUH CO CTATUCTHUYECKUM MOJCIMPOBAHUEM M KOTOPBIM HE TpeOyeT MpeIBapUTEIbLHOTO
MPEIIOI0KEHUS O paclpeneiacHun Buxped. Hame wuccrnenoBanue mnpenjaraetT Hambosee
MOJIHYIO KapTHHY KpPOCCOBepa Mexay Tumamu cepxmnpoBoaumoctu | u |l, goctynubimMu B
HACTOSIINIT MOMEHT.

Spontaneous patterns of vortex matter in superconductors between types |
and 11

A. Vagov: 2, S. Wolf%, M. D. Croitoru®, A. A. Shanenko®, and V. S. Stolyarov?

Ynstitute for Theoretical Physics 111, University of Bayreuth, Bayreuth 95440, Germany
2MIPT, 9 Institutskiy per., Dolgoprudny, Moscow Region, 141700, Russian Federation
3School of Physics, University of Melbourne, Parkville, VIC 3010, Australia

4Departamento de Fisica, Universidade Federal de Pernambuco, Recife PE 50740-560, Brazil

Experiments with the crossover superconductors between standard types | and Il revealed
exotic magnetic flux patterns where Meissner domains coexist with islands of the vortex
lattice as well as with vortex clusters and chains. Until now a comprehensive theory for such
configurations has not been presented. We solve this old-standing fundamental problem by
developing an approach which combines the perturbation expansion of the microscopic theory
with statistical simulations and which requires no prior assumption on the vortex distribution.
Our study offers the most complete picture of the interchange of the superconductivity types
available so far. The mixed state in this regime reveals a rich manifold of exotic
configurations, which reproduce available experimental results.
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MuxkpoBoJiHOBast CIIEKTPOCKOINSA KyOuTa Meiicuepa CHJILHO
B3aHMOEiICTBYIONIEr0 ¢ BUXPAMHU AOPUKOCOBA

A.B. Be3psumun®?

1YHu@epcumem wmama Hnnunotic, 61801 Ypoana-Lllamnaiin, CILIIA
2 B nacmosuwyee epems Ha cabamuxan 8 Mockosckom uzuxo-mexHuueckuil uncmumyme,
Loneonpyonwiii, 141700 Mockea, Poccus

B noknane OyayT npoJeMOHCTPUPOBAHbBI Pe3yabTaThl MO pa3pabOTKE U TECTUPOBAHUIO
HOBOM MoauGUKaMu KyOMTOB THIA TPAaH3MOH, Ha3BaHHoro MeiicHepon. Kyour
KOHTPOJIMPYETCd MEHCHEPOBCKMMHM TOKAMU B JJIEKTPOAAX M IIO3BOJIIET OCYILECTBIIATH
CWIBHYIO CBA3b C BUXpAMH AOpuKocoBa. Takoil pPeXUM HCIOJB3YETCS AJId HU3YYEHMS] U
CIIEKTPOCKOIIMHU IEKTPOHHBIX COCTOSIHMH JIOKAJIM30BAHHBIX B KOpax BHXped. B orcyrcrBue
BUXpeH, Hawmyuiiee u3MepeHnHoe Bpems penakcanuu (T1) Opio mopsiaka 50 Mkc, a Bpems
c6os (a3 (T2) cocraBmio okono 40 Mkc. M3MepeHnsi B MArHUTHOM TOJIE TIOKA3aJIH, YTO €CIIU
KyOUT CBsi3aH, Hampumep, ¢ ~4 BUXpSAMH, BpeMeHa pelakcauuud U c00s (a3bl CTAHOBSTCS
MeHbule, nopsaka 10 mxc. Tem He MeHee, Takue BpeMeHa OCTATOYHBI JJI CHEKTPOCKOIINU
Kopa Buxps. Penmakcanus JaHHBIX KyOMTOB aHaJIM3UpPYETCsl B paMKax KBAHTOBOM Teopuu
nuccunanuu Kangelpei-Jlerrerra.

Microwave Spectroscopy of Meissneron-transmon qubit strongly coupled to
Abrikosov vortices

A. Bezryadin'?

Moscow Institute of Physics and Technology, Dolgoprudny, 141700 Moscow, Russia
20n sabbatical leave at Moscow Institute of Physics and Technology, Dolgoprudny, 141700 Moscow,
Russia

We present a type of transmon split-junction qubit which can be controlled by Meissner
screening currents flowing in the adjacent superconducting film electrodes. The design of this
qubit allows coupling to Abrikosov vortices in cases when the qubit serves as a tool to study
the core electronic states. Without vortices, the best detected relaxation time (T1) was of the
order of 50 ps and the dephasing time (T2) about 40 pus. We present a quantitative analysis of
the radiation-free relaxation in the qubit strongly coupled to vortices. If the qubit is coupled to
~4 vortices the relaxation and decoherence times become lower, of the order of 10 us. This is
still sufficiently long times for the spectroscopy of the vortex core. The relaxation of the qubit
is analyzed in terms of the Caldeira-Leggett quantum dissipation theory.
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3apskennble nedekThl Ha moBepxHocTH Si(100)-2x1-H u Si(100)-2x1-Cl
T.B. IlaBaoBa, B.M. lllesmrora, K.H. Enpmos
Unemumym oowei puzuxu um. A.M. I[lpoxoposa PAH, 119991, Mockea, yi. Basunosa, 38

Oo6opBannbie cBsa3u KpemHus Ha moBepxHocTd Si(100)-2x1, mOKpBITOH BOZOPOIOM HIIH
XJIOPOM, TIPECTABIAIOT COOON OJHOATOMHBIC KBAaHTOBBIE TOYKH, 3apsIOBBIM COCTOSHHEM
KOTOPBIX MOXKHO YIPaBIATH ¢ Ucnonb3oBanueM CTM. OGopBaHHast CBs3b aTOMa KPEMHUS Ha
MecTe yAaJeHHOro atoma Bojxopoaa Ha mosepxHoctu Si(100)-2x1-H sBusiercss nambonee
W3YYEHHOW KBAHTOBOW TOuKOW. Hamu Teopermvecku IOKa3aHO, YTO HE TOJBKO IIPH
yIaJIeHUU, HO W TpH BHeApeHuH agatoma Bojgopoaa B Si(100)-2x1-H Bo3HuKarOT
OOOpBaHHBIC CBS3M KpPEMHHS, KOTOPbIE MOTYT OBITh 3apsoKeHbl. Takue COCTOSIHUS
HaOJMIOAAMNCh paHee B pAAE OKCIEPUMEHTANbHBIX padoT, HO HE OBUIM NPaBUIBHO
uaentudunuposansl. Jas xmopupoBanHoi moBepxHocTH Si(100)-2x1, 3KCnepHMEHTAIBHO
MOKa3aHO CO3/laHue OOOpPBAaHHBIX CBSA3CH KaK MpU YJAICHWHU, TaK W TPH BHEIPCHUU
otaenbHbix atoMoB Cl. ITpomeMOHCTPUPOBAHO KOHTPOJIMPYEMOE MEPEKIIOYCHUE 3apsaa Ha
TaKUX 00OPBaHHBIX CBA3SX C Kcmonb3oBanremM CTM.

Charged defects on Si(100)-2x1-H and Si(100)-2x1-Cl surfaces
T.V. Pavlova, V.M. Shevlyuga, K.N. Eltsov

Prokhorov General Physics Institute of the Russian Academy of Sciences, 38 Vavilov st., Moscow,
119991

Silicon dangling bonds on the Si(100)-2x1surface covered with hydrogen or chlorine can
work as single-atom quantum dots, which charge states can be controlled using STM. The
most studied quantum dot is the dangling bond of the silicon atom at the site of the removed
hydrogen atom on the Si(100)-2x1-H surface. We have theoretically shown that not only the
removal but also the insertion of a hydrogen adatom into Si(100)-2x1-H leads to the creation
of the silicon dangling bond, which can be charged. Such states were observed earlier in
several experimental works. For a chlorinated Si(100)-2x1 surface, the creation of dangling
bonds has been shown experimentally both upon removal and insertion of individual ClI
atoms. The controlled switching of the charge on such dangling bonds is demonstrated using
STM.
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