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Pacnucanue 1o0KJ1aa10B

Cpena, 1 urona 2022 r.

10.00-10.10

OTkpbiTHE KOHepeHIun

10.10-10.50

B.A. beikos, AH.B. brikos, B.B. Koros, B.B. Ilonsakos, C.1. JleecmeHT

“ATOMHO-CHJI0BAasi MUKPOCKOIMS U CIIEKTPOCKONMUS OJJMHOYHBIX
MOJIEKYJI U MOJIEKYJISIPHBIX aHcaM0J1eil — BO3MOKHOCTH NTPUOOPOB
HT-MAT Cnextpym UncTpymentc”

10.50-11.30

E.B. Cxopoxonos, I.A. Tarapckuii, B.JI. Muponos

“MPCM uccienoBanus (peppoMarHuTHOr0 pe3oHaHca B 00MEHHO-
CBSI3aHHBIX MATHUTHBIX BUXPAX”

11.30-11.50

Coffee break

11.50-12.30

A.B. Aukynunos, H.A. benbckas, JI.A. Ko3znos, A.A. Kpacunun, T.C.
Kynkens, M.M. Xanucos, E.K. Xpamnosa

“Komno3utHsblie Ni-Mg ruipocuiinKkaTHble HAHOCBUTKH: CTPOEHHe,
MeXaHn4YecKne, MAarHUTHBIE cBoiicTBa”

12.30-13.10

A.T'. Temups3en

“MarHMTHO-CHJI0Basi MUKPOCKOIMS MPOLECCOB
nepeMarHu4MBaHus”

13.10-14.00

Lunch

14.00-14.40

B.B. JIpemos, A.K. I'pe6enko, JI.A. Kazapsn, [1.A. Mansikus,
J1.C. AxoBnen
“ Ocodennoctu Mmetoguk ACM-nurorpaduu Ha rpajdene”

14.40-15.20

JLA. ®omun, U.B. Manukos, B.A. bepesun, B.I'. Kpumrrorn,
E.A. Bunkos, C.I'. Hurapes, /J[.JI. 3aropckuii, 1.M. [lonynenko,
C.C. XKyxos, E.C. Xykoa

“MeTalsin4ecKHe MATHUTHbIE MUKPO- M HAHOCTPYKTYPHBI 1JIs1
cnMHTPOHUKHU U TT'n poToHNKkn”

15.20-15.40

Coffee break

15.40-16.20

A.1O. Anagpiukun, C.M. bBoxko

“Bu3yaau3anus CKPbITHIX YacTel JUCIOKANMOHHBIX JUHUI B
miénkax Pb(111) merogom ckaHupyoueil TYHHEeJIbHOU
CHEeKTPOCKONUMN”

16.20-17.00

A.H. Yaiika

“Moaudukanus d3JIeKTPOHHOI CTPYKTYPHI cJioeB rpadena Ha 4~
SiC(001) mosiekysiamu peHa3nHOBOTO Kpacutest HeiiTpaibHblii
KpacHbIi”




Yer1Bepr, 2 urons 2022 r.

10.00-10.40

H.U. ®enoros, A.A. Maiiznax, B.B. [1aBnosckuii, I'.B. PeibansueHko,
C.B. 3aiiiieB-30T0B

“IlogBH:KHBbIE OCTPOBKH TOMOJIOTHYECKOro u3oJsitopa BiyTes,
BbIpallleHHbIE C MOMOIIBIO JIA3€PHOI0 HANBIJIEHUS B PeKUMeE
MUTAKCUM BaH Jep Baanabca”

10.40-11.20

H.C. Komapos, B.M. Illentora, b.B. Anapromeykna

“CTpykTypHble (pa30Bble Nepexoabl B MOHOC/I0€ XJIOPa HA IPaHAX
Ag(100) m Ag(110)”

11.20-11.40

Coffee break

11.40-12.20

E.®. Mupraszuszosa, T.B. Ilasmosa, K.H. Exb1ioB

“IlokpsiThie rpadgenoM Ni-urusl st CTM-nurorpaduu kpemaus”

12.20-13.00

A.B. Ucakos, C./I. 3axapos, H.C. Komapos, b.B. Anapromniedkud

“ATOMHas CTPYKTYpa MoHOCJI0iHBIX MJIeHOK Nil, u Agl,
cuHTe3upoBaHHbIX HA rpansax Ni(110) m Ag(111) B ycioBusix
CBEPXBBICOKOI0 BaKyyma”

13.00-14.00

Lunch

14.00-14.40

T.B. ITaBnoa, B.M. Illesimora

“JapsiioBbIe COCTOSTHMS 000PBAHHOM CBSI3U KPEMHHS U NePexXoabl
Me:K1y HUMH Ha nosepxHoctH Si(100)-2x1-Br”

14.40-15.20

A.U. Opemikul, I.A. My3sruenko, C.U. Opemkun, M.H. IletyxoB,
P. Kruger

“da3oBble Mepexobl HA MOBEPXHOCTAX MeIU, BbI3BAHHbIE
agcopOuue MoJsiekyJ ¢gpropdyaiepeHos”

15.20-15.40

Coffee break

15.40-16.20

J.A. Myssiuenko, C.1. Opewkun, B.W. [Tanos, A.1. Opemxkun

“OaHOCJIOMHBIN U ABYXCJIOHHBbIH repMaHeH HA MOBEPXHOCTH
Al(111)”

16.20-17.00

A.1O. Anagplkuy

“OneHka mapaMeTpoB JTHHEHHOH perpeccuu (MeTOoANYeCKoe
coo01Ienue)”




IaTauna, 3 uionsa 2022 r.

10.00-10.25

J1.B. Jle6eneB, B.A. llIkonauna, JLH. JIBopeukas, K.H. HoBukosa,
H.A. Conomonos, A.B. Apxunos, A.O. I'ony6ok, 1.C. Myxun

“CuHTe3 KOMMO3UTHBIX Au/Si HaHOCTPYKTYpP MeToaoM CTM
JuTorpaguu U UX UccIe0BaHUE B YCJIOBHAX CBEPXBBLICOKOTO
Bakyyma”

10.25-10.50

O.M. I'opbenko, M.B. XKyxkos, C.}O. Jlykamenko, C.B. [Tnuaxun, N. /1.
Canoxxauko, M.JI. @enbmThiH, A.O. ['omy6ok

“O NpoCTPaHCTBEHHOM pa3pelieHUH Mbe30Pe30HAHCHOTO
30H0BOI0 JATYHKA ¢ BOJb(pPamMoBoii Ur10ii”

10.50-11.15

C.10. Jlykamenko, O.M. I'opbenko, M.B. XKykos, C.B. [Tnuaxuu,
N. . Canoxnukos, M.JI. ®enpmtein, A.O. ['onybok

“Oco0eHHOCTH OBeIeHUsI KPUBO MOIB0A CKAHUPYIOILET 0
MHUKPOCKONA HOHHOW MPOBOAUMOCTH”

11.15-11.35

Coffee break

11.35-12.00

I1.H. Acranuna, O.B. Komnak, A.A. AHocos

“AHaJM3 CTPYKTYPHI JUNUAHOH MeMOPaHbI ¢ MATHUTHBIMU
HanouacTunamu CoFe;O4 ¢ moMomb10 6J1MKHeN0IbHOI
ONTHYECKOH MUKPOCKONUN”

12.00-12.25

E.B. IBopenxkas, O.B. Korutax

“OnpenejieHHe MATHUTHOTO MOMEHTA OJMHOYHOM HaHOC(hepbI
HHUKeJISl METOIOM MATHUTO-CUJIOBO MUKPOCKONIMU”

12.25-12.50

A.A. Haraitnukosa, O.B. Komnak

“Mop¢omeTpusi OHOTOTHUYECKUX KJIETOK ¢ MATHUTHBIMHU
HAHOYACTHIAMM

12.50-14.00

Lunch

14.00-14.40

C.B. Yekmazos, A.C. Kcéns, A.A. Cmupnos, P.H. Moxuuns, A.M.
Nownos, C.I'. [IporacoBa, A.A. Kanycrun, B.C. Cronsapos, C.1. boxko

“CoJMTOHBI B TPEXMEPHBIX NaiepJICOBCKUX AMYIEKTPUKAaX”

14.40-15.20

J.A. ®okuH

“HOCTOI/IHCTBa H HEI0CTATKH PA3JTHYHBIX pea.mznaum‘f[ OAHO-
MHOTOIIPOXOAHBIX METOAMK JJIHA HCCJICA0BAHUA PaClIPpeaACTCHUSA
AICKTPHYICCKUX CBOMCTB MaTepl/la.]'IOB”

15.20-15.30

Coffee break

15.30-16.10

A.A. XKyxos

“ Korga Ky/JI0HOBCKasi 0J10Ka/1a yKe TaBHO 3aKOHYWIACH, a
CTAaHJAPTHBINA 1M (PPY3HbINH TPAHCHOPT elIé U He AyMAaJl
HAYMHATLCA”

16.10-16.50

“Kpyrasii croa. Ooumme Bonpocs! npumeHenuss CTM u ACM.”

16.50-17.00

3akpbITHEe KOH(EPEHIIUH U NOJABEAeHHEe HTOTOB




CIUCOK NTOKJIATUUKOB

AnanpimikuH Anekceit FOpreBuu
AnapromedukuH bopuc Bragumuposuy
AHKyInHOB Anekcanap BuranseBuu
Actanuna [lonmuna HukomnaeBHa
beikoB Bukrop AnekcanapoBuy
['opbenko Onbra MapkoBHa
JIBopenkas EnnzaBera ButanbeBHa
Hpémon BsiuecnaB BeeBonogoBruu
KykoB Anekceit AnekceeBud
3aitues-3otoB Cepreit Bimagumupouy
Komapos Hukura Cepreesnu
Jlebenes Jlenuc BnagumupoBud
Jlyxamenko Cranncinas FOpbeBruy
Mupraszuszosa Exarepuna ®anypoBHa
My3brueHko JMutpuii AHATOILEBUY
HaraitnukoBa Anacracusa AnekceeBHa
Opemkun Auapeit iBanoBu4
[TaBnoBa Tartesana ButanbeBHa
CxopoxonoB EBrennit Bmagumuposuy
TemupszeB Anekceii ['puropbeBud
®oxunH /leHnc AnekcanapoBud
®omuH JleB AnekcaHapoBUY

Yaiika Anekcanap HukonaeBuu

UekmazoB Cepreit BacunbeBuu

aladyshkin@ipmras.ru
andrush@kapella.gpi.ru
alex_ank@mail.ru
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vbykov@ntmdt-si.com
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dvoretskaya95@yandex.ru
dremovs54@gmail.com
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stas.lukashenko@mail.ru
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ATOMHO-CHJI0BAasi MUKPOCKONHUSA M CMIEKTPOCKONHS OJJMHOYHBIX MOJIEKYJI U
MOJIEKYJISAPHBIX aHcaM0J1eid — Bo3MOkHOCTH npudopoB HT-M/IT
Cnexrpym UHCcTpyMeHTC

B.A. beikos, Au.B. Beikos, B.B. Koros, B.B. Ilonsakos, C.1. JIeecMeHT
HT-MJIT Cnexmpym Hucmpymenme, 2. Mocksa, 2. 3enenozpad, npoes3o 4922, 0.4 cmp.3

B nmanHoM gokianme paccMaTpUBAIOTCS BO3MOXKHOCTH MPHUOOPOB KOMITAHUHM IS
UCCIIEJOBAaHMS CIMHUYHBIX MOJIEKYJ U MOJIEKYJISIPHBIX CTPYKTYP METOJaMU aTOMHO-CHIIOBOU
MHUKPOCKOIIMU U CIEKTPOCKONUHU. PaccMaTpuBalOTCsl yCIOBHS M OCOOCHHOCTH KOHCTPYKIHH
npuOOpPOB, 30HI0B, OKPYKCHHS, 00ECIICUNBAIOIINE BO3MOKHOCTD JIOCTIKEHHUS MPEAETbHBIX
XapaKTepUCTUK IPUOOPOB.

Atomic force microscopy and spectroscopy of single molecules and
molecular ensembles — the capabilities of NT-MDT Spectrum Instruments

V.A. Bykov, An.V. Bykov, V.V. Kotov, V.V. Polyakov, S.I. Leesment
NT-MDT Spectrum Instruments, Moscow, Zelenograd, Proezd 4922, 4/3

This report discusses the capabilities of the company's instruments for the study of single
molecules and molecular structures using atomic force microscopy and spectroscopy. The

conditions and features of the design of devices, probes, and the environment, which provide
the possibility of achieving the limiting characteristics of devices, are considered.
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MPCM wucciaenoBaHusi (eppoOMArHATHOIO PpPe30HAHCA B  OOMEHHO-
CBSI3AHHBIX MATHUTHBIX BUXPAX

E.B. Cropoxomos’, JLLA. TaTapCKHﬁl’z, B.JL MI/IpOHOBl

W®dM PAH, 603950,0. Agponuno , Husicezopoockas o6n., yi. Akademuueckas, 0.7
2 HHT'Y um. H.H. Jlo6auesckozo, 603022, 2. H. Hoseopoo, np. I'acapuna, 23

HuzkouacToTHBIN (eppOMarHUTHBIA PE30HAHC B CHUCTEME JIBOMHBIX MEPEKPHIBAIOLIUXCS
(beppOMarHUTHBIX JTUCKOB MPECTABISET MHTEPEC B CBSI3U C MX BO3MOXHBIM HCIIOJIb30BAaHHEM
B CIHMH-TPaHC(EpPHBIX BUXPEBBIX HaHOOCUWIATOpax. Hanuume cunbHON OOMEHHOHN CBS3U
MEXIy INEePEKPBHIBAOIIUMHUCS JUCKAaMU II03BOJISET JOCTUYb CHUHXPOHU3ALMMU TMPOTPOIHBIX
MO/ B KaXJIOM U3 HUX.

B Takoi cucreme CyleCTBYIOT HECKOJIBKO YCTOWYMBBIX MAarHMTHBIX COCTOSHHW. Ecimn
000JIOUKM BHUXpEH B KaXKIOM U3 JMCKOB 3aKpyu€Hbl B pa3HbIe CTOPOHBI, MEXIY HHUMH
dbopMupyercsi poMOudeckuii joMeH. Eciu ke 000J0ukH BUXPEH 3aKpydeHbl OJUHAKOBO, TO
Mexay HUMH (opMHpYyeTCcs OCOOCHHOCTh, AHTUBUXPb. Pe30HaHCHBIE XapaKTEpUCTUKU U
3aBUCUMOCTM 4YacTOT MPH MPHUIOKEHUS BHEIIHEr0 OJHOPOJHOIO MArHUTHOIO IOJA
CYILLIECTBEHHO DPa3jW4Hbl B TaKOM cucTeMe. B JoKiazne mpeacTaBlieHbl pe3yJbTaTbl TaKUX
HCCIIEIOBAaHUM HM3KOYACTOTHBIX PE30HAHCHBIX KOJEOaHWH B cucTeMe OOMEHHO-CBSI3aHHBIX
MarHuTHBIX BHXPEH METOJaMH MarHUTHO-PE30HAHCHOW CuiioBod mMukpockonuu (MPCM) u
MHUKPOMAarHUTHOTO MOJEIIMPOBAHUS.

Pabora BeimonHseTcs npu noanepxkke Poccuiickoro HaydHoro ¢onna (mpoekt Ne 21-12-
00271).

MRFM studies of ferromagnetic resonance in exchange-coupled magnetic
vortices

E.V. Skorokhodov?*, D.A.Tatarskiy'?, V.L. Mironov!

'IPM RAS, 603950, Nizhny Novgorod, Afonino, Akademicheskaya st., 7
“Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Gagarina ave., 23

Low-frequency ferromagnetic resonance in a system of double overlapping ferromagnetic
disks is of interest in connection with their possible use in spin-transfer vortex
nanooscillators. The presence of a strong exchange coupling between overlapping disks
makes it possible to achieve synchronization of gyrotropic modes in each of them.

There are several stable magnetic states in the system. If the vortex shells in each of the
disks are twisted in different directions, a rhombic domain is formed between them. If the
shells of the vortices are twisted in the same way, then a antivortex singularity is formed
between them. Resonance characteristics and frequency dependences upon application of an
external uniform magnetic field are significantly different in these states. The report presents
the results of such studies of low-frequency resonant oscillations in a system of exchange-
coupled magnetic vortices using magnetic resonance force microscopy (MRFM) and
micromagnetic modeling.

The work is supported by the Russian Science Foundation (project No. 21-12-00271).
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Kommo3utabie Ni-Mg ruapocujiMkaTHble HAHOCBHUTKH: CTPOEHHE,
MeXaHMYeCKHue, MArHUTHbIE CBOHCTBA

A.B. AHKVI[I/IHOBl, H.A. BGJIBCKaSIl, I.A. K03J10132, AA. KpaCI/IHI/IHl, T.C. KYHKCHBS,
M.M. Xamcos*, E.K. XpaHOBal

YOTH um. A.®. Hogpe, 194021 Canxm Iemepbype, yu. HHonumexnuueckas, 26
2MTY um. M.B. Jlomonocosa, 119991 Mockesa, Jlenunckue 2opwi, 1

MOTH, 141701 Honeonpyouwtii, Hncmumymcxuii nep., 9
*UD um. UII. [Tasnosa, 199034 Canxm-Ilemepbype, nab. Makaposa, 6

I'uppocunmkaTel CO CTPYKTYypOM XpH30THIIA, NEKOPAaNUTa, rajulyasuTa CBOPAuYMBAIOTCS B
JUIMHHBIE HAHOTPYOKU M HAaHOCBUTKH C BHEUIHUM M BHYTPEHHUM JMAMETPOM B mpezenax 20—
200 aM u 4-30 HM cooTBeTCTBeHHO. Takas (hopMa KOMIIEHCHPYET YINPYIHe HAIpPsKCHHS,
BBI3BAHHBIE PACCOTTIACOBAHMEM KPHUCTAJUIMYECKUX PEIIETOK IMPOTUBOMIOJIOKHBIX CTOPOH
TUAPOCUIIMKATHOTO CJIOSI: METAJIOKUCIOPOAHON (OKTadpPUUECKOM) U KPEMHEKHCIOPOIHON
(Terpasmpuueckoii). Bo3MOXXHOCTH BapbUpPOBAaTH COCTaB, OCOOEHHOCTU CTPYKTYphl H
Mop(onorun AenarT HAHOCBUTKHM TMJIPOCUIMKATOB MEPCIEKTHBHBIMU aJICOPOCHTAMU U
KalcyllaMy, KaTanu3aTopaMd ¢ apMHUPYIOUIUMH  KOMIIOHEHTaMH  KOMIIO3UIIMOHHBIX
MaTepuaiaoB. B yacTHOCTH, A MOTEHLMAJIbHBIX MPUMEHEHUH B KayecTBE aJCOPOEHTOB C
MarHUTHBIM YIpPaBICHUEM M KaTalau3aTOPOB HYKHO BKJIIOYAaTh B COCTaB HaHOCBUTKOB
(beppOMarHuTHBIE XHUMHYECKHE OJJIEMEHThl. B 9STOW CBSI3M MPHOOPETAIOT BaKHOCTH
UCCIIEIOBaHMS YCTPOIICTBA, MEXaHMUYECKUX U MAarHUTHBIX CBOMCTB OTAEIbHBIX HAHOCBUTKOB.
B noknane oOcyxaroTcs pe3yibTaTbl, HEAABHO MOJYyYEHHbIE HAMU B TaKMX HCCIIE0BaHUSAX,
C aKIIEHTOM Ha METOAaX aTOMHO-CHUJIOBONH MUKPOCKOIIHH.

Composite Ni-Mg hydrosilicate nanoscrolls: structure, mechanical,
magnetic properties

A.V. Ankudinov', N.A. Belskaya®, D.A. Kozlov?, A.A. Krasilin®, T.S. Kunkel®,

M.M. Khalisov*, E.K. Khrapova®

!|offe Institute, 194021 Saint-Petersburg, Politekhnicheskaya, 26
?omonosov MSU, 119991 Moscow, Leninskiye Hills, 1

SMIPT, 141701, Dolgoprudny, Institutskiy Per., 9

*Pavlov Institute of Physiology, 199034, Saint-Petersburg, Makarova emb, 6

Hydrosilicates with the structure of chrysotile, pecoraite, and halloysite roll up into long
nanotubes and nanoscrolls with outer and inner diameters ranging from 20-200 nm and 4-30
nm, respectively. This shape compensates for the elastic stresses caused by the mismatch of
the crystal lattices of the opposite sides of the hydrosilicate layer: metal-oxygen (octahedral)
and silicon-oxygen (tetrahedral). The ability to vary the composition, structure, and
morphology makes hydrosilicate nanoscrolls promising adsorbents and capsules, catalysts,
and reinforcing components of composite materials. In particular, for potential applications as
magnetically controlled adsorbents and catalysts, ferromagnetic chemical elements should be
included in the composition of nanoscrolls. In this regard, it becomes important to study the
structure, mechanical and magnetic properties of individual nanoscrolls. The report discusses
the results recently obtained by us in such studies, with emphasis on the methods of atomic
force microscopy.
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MarHI’ITHO'CI/IJ]OBaH MI/IKpOCKOIII/Iﬂ HpOHeCCOB HepeMarHH‘lHBaHI/Iﬂ
A.T'. Temupsses
@UPD um. B.A. Komenvuuxosa PAH, 141190, ®@psizuno, na. Beedenckoeo, 0. 1

HccnenoBanue  mporeccoB — MEpeMarHMYMBAHMS —~ METOAaMH  MarHUTHO-CHIIOBOM
MUKPOCKOIIMH MOJPa3yMEBaeT MOJIydeHHUE OOJIbLION cepuu (0 HECKOJIbKHUX COTEH) CKAHOB.
PaccMoTpeHBl HHCTPYMEHTHI, HEOOXOAWMBIC JJIsI aBTOMATH3alMU JaHHOTO IIpolecca.
[IpencraBneHsl  SKCHEPUMEHTAIbHBIE  PE3yJAbTAaThl 10  HCCIEAOBAHMS  IPOLIECCOB
NepEeMarHNYMBaHMsl PA3NIUYHBIX CTPYKTYp KaK BO BHEUIIHEM MarHUTHOM IIOJIe, TaK U IOJ
BIIMAHHUEM MardiuTHOI'O I1I0JIA 30HAA.

Magnetic force microscopy of magnetization reversal

A.G. Temiryazev

Kotelnikov FIRE RAS, Russia, 141190, Fryazino, Vvedenskii sq. 1

The study of magnetization reversal by magnetic force microscopy involves obtaining a
large series (up to several hundred) of scans. The tools necessary to automate this process are
considered. Experimental results are presented on the study of magnetization reversal
processes of various structures both in an external magnetic field and under the action of the
magnetic field of the probe.
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Ocodennoctu metoguk ACM-nurorpagpuu Ha rpadene
B.B. Z[peMOBl‘Z, A K. I“pe(ieHKol‘2 , LA Ka3ap$1Hl , ILA. MaJ‘IBIHIKI/IHg, J.C. SIkoBJIEB”

"MoTH, Llenmp gpomonuxu u 0symepuvix mamepuanoe , 141701, JJonconpyonutii
2PKI], 143025 Cronkoeo, Mocksa.
3Artech Carbon OU, 10111 Tannun, Dcmonus

Jlutorpadus ¢ nomonisto ACM UIst U3TOTOBJICHUS SKCIIEPUMEHTAILHBIX HAHOCTPYKTYP
IIUPOKO HCIIOJIB3YeTCS B COBPEMEHHBIX HCCleqoBaHUsIX. CHEKTp METOJIOB JIOCTATOYHO
MIMPOK M TIOYTH BCETJIa JUIsI KaXIOro HOBOTO MarepHaja HEeoOXOIUMO IMOAOUpaTh WU
n3o0peraTth CBOM Meron. Mbl mpeiaraéM  METOJ HW3TOTOBICHHS  TPAHCIOPTHBIX
HAHOCTPYKTYp Ha OCHOBE KaIlCyJIMPOBAHHOTO ¢ oMoIibio h-BN MOHO U MHOrOCI0MHOTO (110
10 nm) rpadena. DToT MeTon OazUpyeTcss Ha BO3MOXKHOCTSX, 3aJI0KEHHBIX B CTaHIAPTHOM
npudbope NEXT Il kommanuu NT-MDT. CrpykrypupoBanune rpadeHa BO3MOXKHO C
paspereHueM He Xyxe dem 50 NM, Tpu 3TOM KauecTBO TPaHUIL JIyUIllee U3 BCEX M3BECTHBIX,
M3TOTOBJICHHBIX METOaMH JINTOTpaduii.

Precise and gentle AFM-based graphene lithography techniques
V.V. Dremov?, A.K. Grebenko?, D.A. Kazaryan®, P.A. Malyshkin®, D.S. Yakovlev?

IMIPT, Center of photonic and 2D materials, 141701, Dolgoprudnyi
RQC, 143025 Skolkovo, Moscow.
$Artech Carbon OU, 10111 Tallinn, Estonia

AFM lithography is widely used for production of modern nanostructures. The set of
techniques is rich but often when dealing with new material researchers have to invent new
one. Here we present the method to develop the graphene nanostructure encapsulated in h-BN
for transport measurements. This technique has a resolution not worse than 50 nm with the
boundary of the best known quality.
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MeTa/uin4yecKe MATHUTHbIE MUKPO- U HAHOCTPYKTYPBI VISl CHUHTPOHUKH
u TI'u poroHukn

JILA. ®omun’, .B. Manuxos', B.A Bepesun®, B.I'. Kpumror', E.A. Bunkos?, C.I'. Uurapes?,
JI.J1. 3aropckuit®, .M. I[onyz[eHK03, C.C. }KyKOB4, E.C. >Ky1<013a4

‘urirm PAH, 142432, Mockosckas o61., . Yepnoeonoska, yi. Axademurxa Ocunvsina, 0.6.
2DUPD PAH, 141190, Mockoeckas o61., 2. ®@pszurno .na. Beeoewnckoeo, 0. 1,
SOHUL] «Kpucmannozpagus u pomonuxay PAH 119333, Mockea, Jlenunckuii np., 0. 59.

*MOTHU, 141700, Mockoeckas 06x., 2. JJoneonpyousiii, Hncmumymckuii nepeyiok, 0.9.

M3rotoBieHsl MHKPO- M HAHOCTPYKTYpbl U3 (DEPpPOMAarHUTHBIX METAJIOB B BHJE
TETEPOreHHBIX  HAHOIPOBOJIOK, a TakKKe€  HAHOOCTPOBKOB,  IIOKPBITBIX  IUICHKOHU
METAJUINYECKOro  aHTU(eppoMarHeTuka. lcciaenoBaHbl — CIEKTpbl HMX — IPOIYCKaHMS,
OTPa)XEHUs, a TAKKE IOIJIOIMIEHUS U U3JIyYCHHs O] IEHCTBUEM IIPOITYCKAEMOIro 4epe3 HUX
toka B TI'n nuamasone uyactoT. OCOOEHHOCTH CIIEKTPOB MOYKHO OOBSCHUTH HAKOIUICHHMEM
HEPaBHOBECHOTO CIHMHA 32 c4eT Au(p(y3un NIEKTPOHOB U €T0 pelaKcalueid, CTUMYIHPYeMOil
BHemHUM TI'-u3nydeHuem, 4To MOKeT OBbITh MCIOJB30BAHO JUISl CO3JIaHHSI UCTOYHHUKOB U
nerektopoB TI'1 uznydenus, paboTarOmKX NpU KOMHATHON TeMIIepaType.

Metallic magnetic micro- and nanostructures for spintronics and THz
photonics

L.A. Fomin®, I.V. Malikov?, V.A. Berezin®, V.G. Krishtop®, E.A. Vilkov?, S.G. Chigarev?,
D.L. Zagorsky?, I. M. Doludenko®, S.S. Zhukov*, E.S. Zhukova®*

YIMT RAS, 142432, Moscow region, Chernogolovka, st. Academician Osipyan, 6.
’FIRE RAS, 141190, Moscow region, Fryazino, pl. Vvedensky, - 1,
*FSRC "Crystallography and Photonics" RAS 119333, Moscow, Leninsky pr., 59.
‘MIPT, 141700, Moscow region, Dolgoprudny, Institutskiy lane, 9.

Micro- and nanostructures are fabricated from ferromagnetic metals in the form of
heterogeneous nanowires, as well as nanoislands coated with a film of a metallic
antiferromagnet. The spectra of their transmission, reflection, as well as absorption and
emission under the action of a current passed through them in the THz frequency range have
been studied. The features of the spectra can be explained by the accumulation of
nonequilibrium spin due to electron diffusion and its relaxation stimulated by external THz
radiation, which can be used to create sources and detectors of THz radiation operating at
room temperature.
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Busyainu3zauusi CKpPbITHIX YaCTeH IMCIOKANUOHHBIX JJUHUN B IVIEHKAX
Pb(111) MeTO0M CKAHMPYIOIIIEl TYHHEJIbHON CHIEKTPOCKONNH

A.IO.AJIa,z[LImKI/IHl’2 1 C.1.Bokko®

Y Unemumym usuxu muxpocmpykmyp PAH, yn. Axademuyeckas, 0. 7, Huocnuii Hoseopoo, 603950
ZHuofceeopodCKuﬁ eocyoapcmeenuwlli ynusepcumem um. H. U. Jlobaueeckozo, np. I'acapuna, 0. 23,
Huoicnuti Hoszopoo, 603022

3 Unemumym gusuxu meépoozo mena um. FO. A. Ocunvana PAH, yn. Akademukxa Ocunvsna, 2,
Yepnoeonoexa, 142432

MerogamMu  HM3KOTEMIIEpATypHOM CKAHMPYIOLIEH TYHHEIBHOM MHUKDOCKOIIMUA U
CIIEKTPOCKOIIMU JKCIIEPUMEHTAIIBHO HCCIIEJOBAHbl JIOKAJIBHBIE DJIEKTPOHHBIE CBOMCTBA
wiéHok Pb(111) ¢ aucnokanusiMu pasiu4HBIX TUHOB. V3MepeHHs BBINOJIHEHBI B PEXKHME
3aJJaHHOTO TYHHEJIBHOI'O TOKa C aKTUBHOH 00paTHOH cBA3bI0. CONOCTaBICHUE XAPAKTEPHBIX
oco0eHHOCTeH Ha Tormorpaduyeckux N300paKEHUAX U KapTax BapHUalliil TYHHEIBHOTO TOKA U
muddepeHranbHON TyHHEIbHON MPOBOAUMOCTH NMPH (PUKCUPOBAHHOW 3HEPTUM IO3BOJISET
YCTAaHOBUTH MOJIOKEHUE MPOEKIMH CKPBITBIX YacTEH MOANOBEPXHOCTHBIX JUCIOKALMOHHBIX
nuHuil. IlokazaHo, 4TO 1B€ BUHTOBBIX JUCIIOKALMU C BEKTOpaMH broprepca pazHOro 3Haka
MOTYT COEIMHSTHCS MMOCPEACTBOM CKPBITOM IMCIOKAIIMOHHON MeTiu. B HEKOTOphIX ciiydasx
IIOAIIOBEPXHOCTHBIE IUCIOKALIMOHHBIC JIMHUN, UHAYLIUPOBAHHBIE BUHTOBBIMH JUCIIOKALUSAMU,
pacnpoCTpaHsAIOTCA II0 HAIpPaBIEHUIO K IEPUMETPY OCTPOBKOB, HE B3aUMOJEIHCTBYs C
JAPYTUMH JUCIOKAIIMOHHBIMU JTMHUSMH WU CKPBITBIMU e(hEeKTaMU MOATI0OKKH.

PaGora BhIONHEHAa TpPH TOAJNEPXKKE TrocynapcTBeHHbIX 3amanuiit MMOM PAH
(u3rotoBnieHue 00pasioB u uaMepenus) u UOTT PAH (unaTepnperanmsi).

Observation of hidden parts of dislocation loops in thin Pb films by means
of scanning tunneling spectroscopy

A.Yu. Aladyshkin'? and S.I. Bozhko®

YInstitute for Physics of Microstructures RAS, Nizhny Novgorod 603950, Russia;
?Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod 603022, Russia
% Osipyan Institute of Solid State Physics RAS, Chernogolovka 142432, Russia

Local electronic properties of quasi-two-dimensional Pb(111) islands with dislocations of
various types were experimentally studied by means of low-temperature scanning tunneling
microscopy and spectroscopy in the regime of constant current. A comparison of the
topography map, the maps of tunneling current variation, and the differential tunneling
conductance at a given energy acquired simultaneously allows one to visualize the hidden
parts of the dislocation loops under the sample surface. We demonstrate that two closely
positioned screw dislocations with the opposite Burgers vectors can either (i) connect to each
other by the subsurface dislocation loop or (ii) generate independent hidden edge dislocation
lines, which run toward the perimeter of the Pb island.
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Monudukanus 3JeKTPOHHOI CTPYKTYphI cjoeB rpagena Ha A-SiC(001)
MoJIeKYyJaMH (peHa3uHOBOro Kpacure/sa HeiTpaabHbIA KpacHbIN

A.H. Yaiika

Unemumym ¢pusuxu meepoozo mena um. FO.A. Ocunvana PAH, 2. Yepnozonoexa, yn. Axademuxa
Ocunvsana, 0. 2, 142432, Poccus

Mopaudukaims aTOMHON M 3JCKTPOHHOH CTPYKTYyphl cioeB rpadena Ha A-SiC(001)
MoJieKyJlaMu (eHa3mHOBOTrO Kpacutens HeirpansHbiii KpacHblil BcclieoBaHa ¢ MOMOIIBIO
CKaHUpYIOLIEH TYHHEJIbHOMN MHKPOCKOIINH, PEHTI€HOBCKOM (OTOINEKTPOHHOI
CHEKTPOCKOIINH, OKOJIOIIOPOTrOBOM TOHKOM CTPYKTYPhI PEHTT€HOBCKOI'O CIIEKTPa MOTJIOIICHHS
(NEXAFS), $h0oTO3MHUCCHOHHOW 3JIEKTPOHHOW MHUKPOCKOIHMH M TEOPETHYCCKHX PACUCTOB B
pamkax Teopuu (YHKIUOHANA IUJIOTHOCTH. JlaHHBIE (OTORIEKTPOHHON M CKaHUPYIOLIEH
TYHHEJIbHOW CIIEKTPOCKONHH M TEOPETHUYECKHUE PACUeThl JEMOHCTPUPYIOT (OPMUPOBAHUE
KOMITO3UTHOM (peHa3UH-TPaQEHOBOM CTPYKTYPHI C OOJIBIIION 3arpenieHHON 30HOW. MOJIEKYJIIbI
KpacuTells B OTOW CTPYKType MOIYT pacrojaraTbCsi Kak [apajulebHO, TakK U
neprneHauKyIsipHo cinosiM rpadena [1,2]. CornmacHo JaHHBIM CKaHUPYIOIIEH TYHHEIbHOU
CIEKTPOCKOIIUU U TEOPETUYECKUM PaCUETaM, FIEKTPOHHAs CTPYKTYpa B Pa3IMYHbIX y4acTKax
[MOBEPXHOCTHU 3aBUCHUT OT JIOKAJIbHON aTOMHOM CTPYKTYpPbl U OPUEHTALIUH MOJIEKYJ KPaCUTEIs
OTHOCHUTEJIBHO OBEPXHOCTH [2].

Pabota BeimonHeHa B pamkax roc3ananus UOTT PAH npu nognepxke nmpoekrta PO
20-02-00489.

[1] N.N. Sergeeva, A.N. Chaika et al., Nanotechnology, 2018, 29, 275705.
[2] D.V. Potorochin, A.N. Chaika et al., Appl. Surf. Sci. 585 (2022) 152542

Modification of the electronic structure of few-layer graphene grown on 4
SiC(001) by Neutral Red dye

A.N. Chaika

Institute of Solid State Physics of the Russian Academy of Sciences, 2 Academician Ossipyan Street,
Moscow District, 142432, Russia

Modification of the atomic and electronic structure of few-layer graphene on #~SiC(001)
using phenazine dye Neutral Red has been studied using scanning tunneling microscopy, X-
ray photoelectron spectroscopy, near-edge X-ray absorption fine structure, photoemission
electron microscopy, and density functional theory calculations. The photoelectron and
scanning tunneling spectroscopy experimental data and theoretical calculations demonstrate
the formation of a composite phenazine/graphene structure with a large energy gap. The
molecules in this structure can be oriented both parallel and perpendicular to the graphene
surface [1,2]. According to scanning tunneling spectroscopy experiments and theoretical
calculations, the density of electron states in different surface areas depends on the local
atomic structure [2].

This work was carried out within the state task of the ISSP RAS and supported by the
Russian Foundation for Basic Research (Grant no. 20-02-00489)

[1] N.N. Sergeeva, A.N. Chaika et al., Nanotechnology, 2018, 29, 275705.
[2] D.V. Potorochin, A.N. Chaika et al., Appl. Surf. Sci. 585 (2022) 152542
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IMoaBM:KHBIE OCTPOBKH TOMOJIOTHYECKOr0 U30J8TOpa Bi,Te;, BoipamieHHbIe
C IOMOUIBIO JIA3ePHOI0 HANIBIJICHUS B Pe:KMMe dNMMTAKCHH BaH Jaep Baanbca

H. 1. CDGI[OTOBl, A A Maﬁsnaxl, B. B. HaBHOBCKHﬁl, I'. B. Peibanbuenko?,

C.B. 3a171ueB-30T0131’ 3

lHhtcmumym paouomexuuxu u anekmponuxu um. B. A. Komenvnuxosa PAH, y1. Moxoeas, 0. 11, cmp.
7, Mockea, 125009

2Pusuueckuii uncmumym um. 1. H. Jlebedesa PAH, Jlenuncxuil np-m, 0. 54, Mockesa, 119991
 Boicwas wxona 9KOHOMUKY, V. Macnuykas, o. 20, Mockea, 101000

NmnynscHoe na3epHoe HanbuleHue (PLD) sBasieTcst mpocThiM METOOM BbIpallliBaHUS
MHOTOKOMIIOHEHTHBIX IJIEHOK, HO OOBIYHO HE paccMaTpUBAETCs KaK MHCTPYMEHT BaH-Iep-
BaaJIbCOBOM SMUTAKCUH W3-32 OOJBIIONW PHEPTUM MOHOB, 0Opa3yIOIIMXCs MPU BO3JIEHCTBHU
JIA3epHOro My4yKa HAa MUIICHb W MOBPEXKIAOIIMX MOJJIOKKY U HambpuUissieMyro MiEHkKy. [lpu
9TOM MHOIJIa C LENbl0 0oJiee TOYHOIO IMEpPEeHOca CTEXMOMETPUM MHUIIEHH Ha MOJJIONKKY
HAlbUICHUE MPOBOIUTCSA B aTMocdepe mHepTHOro rasza. Ilnenku BiTes, BoipaiiuBaembie ¢
nmomompto  PLD B armocdepe  wmHeprHOro ra3a  (aproHa) Ha  TOJUIOXKKE
BBICOKOOPHUEHTUPOBAHHOTO mupoauTudeckoro rpadura (HOPG) coxpaHsAOT OpHEHTAIMIO
MIOJIJIO’KKH, YTO CBUJIETENICTBYET O peallM3allii SIUTaKCUU BaH Jep Baanbca, B To BpeMs Kak
IpU HANbUICHUH B BaKyyMe€ BO3HUKAIOT MOJIMKPHUCTAUIMYECKUE IUIGHKH C Pa3TU4YHON
opuenranueit 3épeH [1]. Bo3amoxHOCTh peanu3anuu BaH Jep BaanbCcoBOI SMUTAKCUH TIPHU
PLD cBsa3biBaeTcsi ¢ 3aMeIJICHHEM BBICOKOIHEPIeTUYECKUX HMOHOB HMHEPTHBIM Ta3oM. B
HaCTOsIIeH paboTe Mbl JAEMOHCTPHpPYEM, YTO OCTpOBKH BirTes C pasmepamMu B JeCSITKH
HAaHOMETPOB, BBIPAILEHHBIE [TPU HAMBUICHUH B UHEPTHOM ra3e Ha noepxnoctu HOPG, moryt
IepeMelaTbCcsl IO IMOAJOKKE U Bpallarbcs I0J BO3AEUCTBUEM MWIJIbl TYHHEJIBHOT'O
MUKpOCKoma. Peanuzanusi TaHHOTO METOJa POCTa OCTPOBKOB Ha MOBEPXHOCTH CIIOMCTBIX
MaTepHaJIOB C MOCTOSHHON PEINeTKH, OJIM3KON K MOCTOSHHO#M pemerku Bi,Tes, oTkpsiBaeT
BO3MOKHOCTh M3y4eHHs 3((EKTOB, BBI3BAHHBIX NMPOCTPAHCTBEHHON MOAYJALMEH perieTku
octpoBKoB Bi,Tes.

HccnenoBanus cocrtaBa NMPOBOAMINCH C HcHojib3oBaHueM obOopynoBanus LIKIT ®UAH
uM. I1.H. JleGeneBa. UncienHble pacueTsl MPOBOIWINCH C UCTOIb30BaHUEM pecypcoB MCIL]
PAH. Pabora BeinonHeHa npu ¢prHaHCcoBOM noanaepxkke PH® (rpant 21-72-20114).

[1] N.I. Fedotov, A.A. Maizlakh, V.V. Pavlovskiy, G.V. Rybalchenko, S.V. Zaitsev-Zotov,
arXiv:2203.06734, submitted to Surfaces and Interfaces.

Mobile islands of the Bi,Te; topological insulator grown by pulsed laser
deposition in the van der Waals epitaxy mode

N.I. Fedotov', A.A. Maizlakh', V.V. Pavlovskiy*, G.V. Rybalchenko?, S.V. Zaitsev-Zotov™

'Kotelnikov Institute of Radioengineering and Electronics of RAS, Mokhovaya str., 11/7, Moscow,
125009

2Physical Institute P. N. Lebedev Russian Academy of Sciences, Leninsky pr-t, 54, Moscow, 119991
3Higher School of Economics, Myasnitskaya, 20, Moscow, 101000

Pulsed laser deposition (PLD) is a simple method for growing multicomponent films, but
is not usually considered as a tool for van der Waals epitaxy owing to the high energy of ions
produced due to interaction of the laser beam with the target. These ions damage the substrate
and the deposited film. In this case, sometimes, in order to transfer the target stoichiometry to
the substrate more accurately, deposition is carried out in an inert gas atmosphere. Films of
Bi,Te; formed during PLD in an inert gas (argon) atmosphere on highly oriented pyrolytic
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graphite (HOPG) retain the orientation of the substrate, which indicates the implementation of
van der Waals epitaxy, whereas polycrystalline films formed during vacuum deposition have
different grain orientations [1]. The possibility of implementing van der Waals epitaxy by
PLD is associated with the slowdown of high-energy ions by the inert gas. In this work, we
demonstrate that Bi,Tes islands tens of nanometers in size, grown by PLD in an inert gas on a
HOPG surface, can move and rotate on a substrate under the influence of a tunneling
microscope tip. Implementation of this method of growing islands on the surface of layered
materials with a lattice constant close to that of Bi,Tes opens up the possibility of studying the
effects of spatial modulation of the lattice of Bi,Tes islands.

Composition studies were carried out using the equipment of the Shared Facility Center
at P.N. Lebedev Physical Institute of RAS. The computations were performed using
computational resources at the Joint Supercomputer Center of RAS. This work was supported
by the Russian Science Foundation (grant no. 21-72-20114).

[1] N. I. Fedotov, A. A. Maizlakh, V. V. Pavlovskiy, G. V. Rybalchenko, S. V. Zaitsev-Zotov,
arXiv:2203.06734, submitted to Surfaces and Interfaces.
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CTpykTypHbIe (ha3oBble Mepexoabl B MOHOCT0€e XJopa Ha rpansax Ag(100) n
Ag(110)

H.C. Komapos, B.M. Illesntora, b.B. Annapronieukux
HOD PAH, 119991, Mockea, ya. Basunosa, 0.38

MetogamMu  ckaHupylonied TyHHenbHOH Mukpockonuu (CTM), mudpakuun
MEJICHHBIX dJeKTpoHOB ([AMD) B KoMOMHamMM C pacueTaMd B paMKax Teopuu
¢ynkumonana  miotHoct  (T®II) Opma  uccnenoBaHa — aroOMHasg — CTPYKTYpa
XEeMOCOpOMpPOBaHHOTO XJiopa Ha TpaHax cepedpa (100) m (110) Ha pa3nIMuHBIX 3Tamax
azcopOnuu.

Ha ocnoBanmu T®OII pacuyeroB ycranoBieHo, uro s rpann  (100),
NPEAMOYTUTEIIEHBIM MECTOM aJICOPOLINU SIBIISICTCS TMOJIOKEHHE B SIMKE MEXIY YeTHIPbMS
atromamu cepebpa. Merogamu CTM u MDD ycTaHOBIEHO, YTO EIMHCTBEHHOMN
YIOPSI0UEHHON CTPYKTYpo# xsopa Ha noBepxHocTr AQ(100) siBisiercst ctpykrypa c(2x2),
cooTBeTcTBYymoMmas cteneHu nokpeitus 0.5 monocnos (MC).

AncopOuust xnopa Ha noBepxHocTh AQ(110) npuBoaut kK GOpMHPOBAHHIO YHOPSIOYCHHON
cTpykTyphl P(2x1), cocrosiyto u3 memnodek —Cl-Ag—CIl-Ag—, mapamiebHbIX HANPaBICHUIO
<100> moanoxku. Ilpu yBenmn4eHUN CTENEHH MTOKPBITHS MPOUCXOANT CIIApUBAHKE LIETIOYEK U
dbopmupoBanue cTpykrypbl P(3x1). JanbHeilmnas 5SKCHO3UIMS XJOPOM TMPUBOAUT K
(OpMHUPOBAHMIO KBA3WTEKCAarOHAJIBHOW pEIIeTKH XJIopa, a Takke K (HaceTUPOBaHUIO
MTOBEPXHOCTH.

Structural phase transitions in a chlorine monolayer on Ag(100) and
Ag(110)

N.S. Komarov, V.M. Shevlyuga, B.V. Andryushechkin

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

The atomic structure of chemisorbed chlorine on silver (100) and (110) faces at various

stages of adsorption was studied by scanning tunneling microscopy (STM) and low-energy
electron diffraction (LEED) combined with density functional theory (DFT) calculations.
Based on DFT calculations, it was found that for the (100) face, the preferred adsorption site
is the four-fold hollow position. Using the STM and LEED, it was found that the only ordered
structure of chlorine on the Ag(100) surface is the c(2x2) structure, which corresponds to a
coverage of 0.5 monolayer (ML).
Adsorption of chlorine onto the Ag(110) surface leads to the formation of an ordered p(2x1)
structure consisting of —ClI-Ag-CI-Ag— chains parallel to the <100> direction of the
substrate. With an increase in the degree of coverage, the pairing of chains and the formation
of the p(3x1) structure occur. Further exposure to chlorine leads to the formation of a quasi-
hexagonal chlorine lattice, as well as surface faceting.
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IokpsiThie rpadpenom Ni-urasi 1iass CTM-aurorpadpuu kpeMHust
E.®. anra31/13013a1'2, T.B. HaBJIOBal, K.H. EJIBL[OB]"Z

‘Mow PAH, 119991, Mockea, ya. Basunosa, 0.38
2<Da1<yﬂbmem ¢usuxu, HUY BIIID, Mocksa, yr. Macnuykas, 0.20

Jljis BOCHIIPOM3BOAMMOIO TEXHOJOTUYECKOTO BO3JCHCTBUS Ha MOBEPXHOCTH TBEPAOIO
tena 30H10M CTM HEoOXO0IMMO MMETh AOCTATOYHO MHEPTHYIO U MPOYHYIO MOBEPXHOCTH
octpus 30Haa. Kak mokassiBaet ombiT, octprie W- win Pt/RO-uriiel B pexuMe TYHHEIBHOTO
KOHTAKTa MOKET MEHATh CBOE COCTOSIHHE IPH M01a4e UMITyJIbCHOTO HampspkeHus 2+5 B, uto
MIPUBOJIUT K TJIOXO BOCIIPOU3BOAUMEBIM pe3ynbTraraM B mpouecce CTM-nutorpaguu KpeMHHUS.
[Ipemiaraercs ucnonb3oBath CTM-UTIBL, MOKpHITBIE MOHOCHOeM rpadena. B kauectse
KaHJIuJaTa BbIOpaHbl WrIbl U3 uuctoro Hukens (99.98 %), Ha MOBEPXHOCTH KOTOPOTO
tepmonporpammupyemsiii poct (TIIP) rpadgena nHamu yxe peanuzoBan. Kputepuem Hamuuus
rpadeHa Ha moBepxHOCTH NIi-HIJIBI sIBiISEeTCS crenuduueckas (JTUHEHHAs) 3aBUCHMOCTD
muddepentmansaor TyHHenbHOU npoBoaumocTu (CTC), u crnenmduyeckas Gpopma JMHUA
yraepona Cki B 3JEKTPOHHOM Oe-crekTpe. YcioBus cuHte3a rpadena mpu TIIP: moza
npornuieHa 500-1000 JlenrMioop npu KOMHATHOW TEMIIEpPAType € IMOCIEIYIOIIUM OTKHUITOM
mpu 500 °C. B noxnane o0Cy>Kaar0Tcs MOIyYEHHbIE PEe3yIbTaThI.

Pabota BeInonHeHa npu noaaepkke Poccuiickoro Hayunoro ®onpa (rpant 21-12-00299).

Graphene covered Ni tips for STM lithography on silicon
E.F. Mirgazizova'?, T.V. Pavlova®, K.N. Eltsov*?

'GPI RAS, 119991, Moscow, ulitsa Vavilova,38
“Faculty of Physics, HSE, Moscow, ulitsa Myasnitskaya, 20

For a reproducible technological impact on the surface of a solid with an STM probe, it is
necessary to have a sufficiently inert and robust surface of the probe apex. As experience
shows, the apex of a W or Pt/Ro tip in the tunnel contact mode can change its state when a
pulsed voltage of 2+5 V is applied, which leads to poorly reproducible results in the process
of silicon STM lithography. We propose to use STM tip covered with a monolayer of
graphene. As a candidate, we chose tips made of pure nickel (99.98 %), on the surface of
which we implemented temperature programmed growth (TPG) of graphene. As criterion for
the presence of graphene on the surface of the Ni tip, a specific (linear) dependence of the
differential tunnel conductivity in STS and the specific shape of the CKLL carbon line in
AES are chosen. Conditions for the synthesis of graphene during TPG are: a dose of
propylene 500-1000 L at room temperature followed by annealing at 500 °C. The report
discusses the results obtained.

This study was supported by the Russian Science Foundation (Grant 21-12-00299).
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ATOMHasl CTPYKTypa MOHOCJI0HHBIX mi1eHOK Nil, u Agl, cuHTe3upOBaHHBIX
Ha rpansax Ni(110) u Ag(111) B ycioBHSIX CBEPXBBICOKOI0 BAKyyMa

A.B. I/IcaKOBl, C.. 3axapOBl, H.C. KOMaDOBZ, b.B. AHIIpIOH_Ie‘-IKI/IHZ

YHuy BILID, 101000, Mockea, yi. Macuuykas, 0. 20
oo PAH, 119991, Mocksa, yn. Basunosa, 0.38

B nocnennee necstuiieTne NOBBILICHHBIA MHTEPEC UCCIENOBATENIECH CBSA3aH C IMOMCKOM
JBYMEPHBIX MaTepHalioB, OOJANAIOMIMX YHUKAJIbHBIMH CBOHCTBAMHU Ui MPUMEHEHHH B
obmactd  (ONMTO)3ACKTPOHUKKH W CHOMHTPOHUKH. OCHOBOW Ui CHHTE3a JBYMEPHBIX
MaTEpUajoB CTaJl KJacC CIOMCTBIX MAaTEpUajoB, WM3BECTHBIX KaK BaH-JI€P-BaajbCOBbIE
KPHUCTAJLJIbI BBUY CIIA00M CBSI3U MEX]Y CIIOSIMH, UTO 00eCIIeYuBaET BO3MOKHOCTh OTACIICHUS
TOHKHX cJoeB. B pabore ¢ HCHONb30BaHMEM KOHTPOJIMPYEMOW CBEPXBBICOKOBAKYYMHOM
a7copOLMU MOJIEKYJISIPHOTO I0/la HAa MOBEPXHOCTh MOHOKPHCTAJJIOB HHKENS U cepedpa, a
Takke BaH-Aep-BaanbcoBoii (B/IB) snuTakcuu CUHTE3MPOBAIUCH JIBYMEPHBIE MaTEpUalbl,
umeroiue ctpykrypy tuna «Couasuda» ML-Nil, (I—Ni—I) u DLHC-Agl (I—Ag—Ag—I).
Ha mnpumepe cucrem Nily/I/Ni, Nily/I/Ag, Agl/l/Ag, Agl/l/Ni npoxemoHcTprpoBaHa
BO3MOKHOCTb cuHTe3a 2D BJIB maTepuanioB Ha OCHOBE MOAMJIOB Ha PA3IMYHBIX MOJIOKKAX
(Ag, Ni) ¢ ucnonp3oBanueM 0yhepHOro ciosi — XeMOCOpPOMPOBAHHOTO MOHOCJIOS T'aJlIOTeHa.
OCHOBHBIM METOJOM HM3YYEHMS] aTOMHOM CTPYKTYpBhI SIBJISJIACh CKaHUPYIOIIAsl TyHHEIbHAs
MUKPOCKOTIIHSL.

Atomic structure of Nil, and Agl monolayer films synthesized on Ni(110)
and Ag(111) under ultrahigh vacuum conditions

A.V. Isakov?, S.D. Zakharov', N.S. Komarov?, B.V. Andryushechkin?

'HSE University, Myasnitskaya str. 20, 101000 Moscow, Russia
*Prokhorov General Physics Institute of the Russian Academy of Sciences, Vavilov str. 38, 119991
Moscow, Russia

In the last decade, the increased interest of researchers is associated with the search for
two-dimensional materials with unique properties for applications in the field of
(opto)electronics and spintronics. The basis for the synthesis of two-dimensional materials has
become a class of layered materials known as van der Waals materials, due to the weak bond
between the layers, which allows them to peel off. Using controlled ultrahigh vacuum
adsorption of molecular iodine on the surface of nickel and silver single crystals, as well as
van der Waals (VDW) epitaxy, we synthesized two-dimensional materials having a sandwich-
like structure ML-Nil, (I-Ni-1) and DLHC- Agl (I-Ag-Ag-I). Using the Nily/I/Ni, Nil/I/Ag,
Agl/l/Ag, and Agl/lI/Ni systems as an example, we demonstrated the possibility of
synthesizing VDW materials based on iodides on various substrates (Ag, Ni) using a buffer
layer—a chemisorbed monolayer halogen was demonstrated. The main method for studying
the atomic structure was scanning tunneling microscopy.
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3apsiioBble COCTOSIHUSI 00OPBAHHOI CBA3M KPEMHHMS W MePeXobl MeKIy
HUMH Ha oBepxHocTH Si(100)-2x1-Br

T.B. IlaBnoBa, B.M. IlleBmora
Unemumym ooweri puzuxu um. A.M. I[lpoxoposa PAH, 119991, Mockea, yi. Basunosa, 38

[IponemoHcTpupoBaHO co3AaHMe OOOPBAHHBIX CBSI3€M KpeMHHsI HAa OpOMHUPOBAHHOMN
noBepxuoctd  Si(100) B CTM. 3apsjoBble COCTOSHHMS OOOPBAaHHOM CBSI3U KPEMHUS
KOHTPOJIMPYEMO H3MEHSUIHCHh 3a cueT 3(dexTa HMCKPUBICHHS 30H HAMPSIKCHHEM MEXKITY
urioi u oopasom. CornacHo pacyeraM, MPU YMEHBIICHUH MOJIOKUTEIHHOTO HANIPSDKEHUS Ha
o0pasie 3apsAa0BOe COCTOSHUE OOOPBAHHOHM CBS3U JTOJHDKHO MU3MEHSTHCS C IMOJIOKUTEIEHOTO
Ha HEWTpaJIbHOE M Jlajiee Ha oTpunareabHoe. OTHAKO B AKCIIEPUMEHTE HAOIIOAAETCS IIEPEX 0T
U3 TIOJIOKUTEIIBHO 3apsHKEHHOTO COCTOSIHUSL B OTPHIIATENIbHOE, 03 Mmepexoa B HeHTpalibHOE.
B nacTosmeli pabote npenioxkeHo oobsicHeHue Haomogaemoro 3¢ dekra. Pabora BeimoaHeHa
npu noaaepxkke Poccuiickoro Hayunoro ®onpa (rpant 21-12-00299).

Charged states of a silicon dangling bond and transitions between these
states on the Si(100)-2x1-Br surface

T.V. Pavlova, V.M. Shevlyuga

Prokhorov General Physics Institute of the Russian Academy of Sciences, Moscow

Silicon dangling bonds were created on a brominated Si(100) surface in STM. We have
changed the charge states of the silicon dangling bond in a controlled manner by means of the
effect of band bending caused by the voltage between the tip and the sample. According to
calculations, as the positive voltage at the sample decreases, the charge state of the dangling
bond should change from positive to negative through the neutral state. However, in the
experiment, a transition from a positively charged state to a negative one is observed without
a transition to a neutral state. In the present work, an explanation of the observed effect is
proposed. This study was supported by the Russian Science Foundation (Grant 21-12-00299).
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da3oBble MEPEXo/Ibl HA MOBEPXHOCTAX Me/IU, BLI3BAHHbIE a/ICOPOIHei
MOJIeKYJI propdy/LiepeHoB

AM. Opemkun’, JTA. My3bl‘-IeHKOl, C.N. OpeLLIKI/IHZ, M.H. HeTyXOBS, P. Kriiger4

Y ®usuueckuii paxynomem MI'Y um. M.B. Jlomonocosa, 119991, I'CIT-1, Mocksa, Jlenunckue 2opoL,
0.1, cmp.2

2FAHUII um. T1K. Himenbepea MI'Y um. M.B. Jlomonocosa, 119234, Mockea, Ynusepcumemcxuil
npocnekm, 0.13

*ICB, UMR 6303 CNRS-Université de Bourgogne Franche-Comté, Dijon, France

“Chiba University, Graduate School of Engineering and Molecular Chirality Research Center,
Chiba, Japan

dopmupoBaHuE CTPYKTYp Taiorenuaa meau Ha nosepxaoctsx Cu(001) u Cu(111) 6su10
M3Y4eHO C TPUMEHEHHEM METOJOB CKaHUPYIOMIEH TYHHEIbHOM MHKPOCKONUU U
PEHTICHOBCKOM  (POTOIIEKTPOHHON CHEKTpOocKomuu. B kauecTBe wucToyHHKa (HTOpa
UCIONIb30BATNCh MOJeKkynbl (ropdymiepena CegoFig. Ilpu cyOMOHOCIOWHOM MOKPBHITUN
CeoF1s Ha TOBEPXHOCTH MEIM, CIYCTS HECKOJBKO YACOB IOCJE HAIBUICHHS, HAOII0IaeTCs
JBYMEPHBI POCT HOBBIX CTPYKTYpP, MHAYIUPOBAHHBIX OTCOCAMHUBIIUMUCS OT MOJEKYIIbI
dropdymnepena aromamu ¢ropa. B sKkcmepuMeHTax IMOKa3aHO, YTO (TOPUA MEIH,
HeCcTaOUIbHBI B 00BEME, MOXKET OBITh CTAOMIM3UPOBAH B BUIE ABYMEPHOW pEHIETKH Ha
MOBEPXHOCTH Menu. PeHTreHoBckass (OTODIEKTPOHHAS CHEKTPOCKOIUS YKa3bIBaeT Ha
XeMOCOPOUPOBAHHOI COCTOSIHHE aTOMOB () TOpa M OTCYTCTBHE CTEleHH OKucieHms Cu'?
MTOBEPXHOCTHBIX aTOMOB MEJIH.

Phase transitions on cupper surface induced by adsorption of fluorinated
fullerene molecules

A.l. Oreshkin®, D.A. Muzychenko, S.1. Oreshkin?, M.N. Petukhov®, P. Kriiger*

“physical department of M.V. Lomonosov Moscow State University, Leninskie Gory, Moscow,
119991, Russia

“Sternberg Astronomical Institute, Moscow State University, Universitetsky pr., 13, Moscow 119234,
Russia

* ICB, UMR 6303 CNRS-Université de Bourgogne Franche-Comté, Dijon, France

* Chiba University, Graduate School of Engineering and Molecular Chirality Research Center,
Chiba, Japan

The formation of copper halide structures on copper (001) and (111) surfaces was
studied using scanning tunneling microscopy and X-ray photoelectron spectroscopy.
Fluorinated fullerene molecules CgoF1g were used as a source of fluorine atoms. With a
submonolayer coating of fluorinated fullerene on the copper surface, several hours after
deposition, one can observe a two-dimensional growth of new structures induced by fluorine
atoms detached from the fluorinated fullerene molecule. Experiments have shown that copper
fluoride, which is unstable in bulk, can be stabilized in the form of a two-dimensional lattice
on Cu surface. X-ray photoelectron spectroscopy indicates the chemisorbed state of fluorine
atoms and the absence of the Cu*? oxidation state of surface copper atoms.
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OnaHoC/I0MHBII U ABYXCJIOHHBIH repManen Ha moBepxHoctu Al(111)

JLA. My3mquK01, C.H. OpeH_IKI/IHZ, B.1. HaHOBl, AMN. OpeH_IKI/IHl

1 o

Qusuueckuil paxyromem, MI'Y umenu M.B. Jlomonocosa,, Mockea, Poccus.
2 . y

Tocyoapcmeennvlii acmponomuyeckuti uncmumym umenu 11.K. [[Imepnbepea, Mockea, Poccus.

Cunres noctrpadenoBsix 2D-maTepuanoB Ha 06a3e 2MeMeHTOB [V rpynmnbsl HHTEHCUBHO
U3y4aeTcs B HACTOAILIEE BpeMs C LEIbI0 KCIOIb30BAHUS OCHOBHBIX YHUKAJIbHBIX
AJIEKTPOHHBIX CBOWCTB TrpadeHa B KOMOMHAIMM C YBEJIWYCHHBIM CIHH-OPOUTAIHHBIM
B3aMMO/ICHICTBIEM M BO3MOKHOCTBIO YIIPABICHUEM IIMPUHON 3ampelieHHol 30Hb1. ['epManen
ABIISICTCA aHANOroM TrpadeHa u mpencraBisier coboil MoHocnoit aromoB (Ge B BHIE
JIBYMEpPHOM c1nab0 M30THYTOW CTPYKTYPbl THUIA «ITYENUHBIX cOT». CiemayeT OTMETUTh, UTO
repMaHeH MOKET OBITh CO3[aH TOJBKO MCKYCCTBEHHBIM ITyTE€M, TaK Kak B IPUPOAE HE
CYUIECTBYET KPUCTAJJIOB F€pMaHuUs, MOJI0OHBIX IpadUTy, UCIOIb30BAHHOMY ISl MOJTYYCHHS
rpadena. OHaKoO, MOJTYYEHHbIE HA CETOAHSIIHUN J€Hb AKCIIEPUMEHTAIbHbIE PE3Y/IbTAThI 110
CHUHTE3y TIepPMEHEHAa Ha METaJUIMYECKUX IOBEPXHOCTAX BeChbMa IPOTUBOPEYMBHI M HE
MO3BOJISIIOT CJlielaTh OJHO3HAYHBIA BBIBOJ O TOM, 4YTO (OpMHUpyEMble Ha IOBEPXHOCTH
repMaHueBbIe CTPYKTYPBI MPEACTABIAIOT CO00M UIMEHHO MOHOCJION FepMaHus CO CTPYKTYpOil
«IMYEJIMHBIX COT», a HE SBIAIOTCA YIOPSJOYEHHbIM cIlaBoM. B pabore MeTonom
CKaHUPYIOLIEH TYHHEIbHOW MHMKPOCKOIHMHM CBEPXBBICOKOTO pa3pelleHuss HCCIeI0BalIach
BO3MOYKHOCTh CHHTE3a repmaneHa Ha moBepxHoctd Al(111). PesympraTsl sKkcriepuMeHTOB
CPaBHHUBAJIUCH C PE3yJbTaTaMU YHCIEHHOTO MOJICIMPOBAHMS B paMKax T€OpHH (yHKIIHOHATA
W10THOCTU.  [lodydeHHblE  SKCIIEPUMEHTAIbHBIE M TEOPETHYECKHE  PE3yJbTaThbl
CBUCTEIHCTBYIOT 00 OJTHOBPEMEHHOM 3apOXKJIEHUH U POCTE TPEX pa3inyuHbIX a3 repMaHuit
COZIepKALINX MOHOCIOEB € COTOOOpa3sHOW aTroMHON cTpykTypoit (2x%2)/Al(111)(3%3) u
(V3xV3)R30°/Al(111)(N7x\7)R+19°. Onmako, Bompoc 06 HCTHHHON crexmomerpun 2D
MOHOCJHOEB, HMHAYHHpOBaHHBIX aromamu Ge Ha mnoBepxHoctu Al(111), npomomxkaer
OCTaBaThCs AKTyaJIbHBIM.

Single-layer and bilayer germanene on Al(111) surface

D.A. Muzychenko?, S.I. Oreshkin?, V.I. Panov?, A.l. Oreshkin®

'Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia.
ZAstronomical Institute, Lomonosov Moscow State University, Moscow, Russia.

The synthesis of postgraphene 2D materials based on elements of IV group has been
studied intensively with the aim of taking advantage of the emerging graphene striking
properties as well as of benefiting from an increased spin-orbit coupling and improved
possibilities for band gap engineering. Germanene is an analogue of graphene and is a
monolayer of Ge atoms in the form of 2D buckled honeycomb structure. It should be noted
that germanene can only be synthesized artificially, since there are no germanium crystals
similar to graphite used to produce graphene. However, the question of formation and the
atomic structures of germanene on metal substrates have been debated during the past few
years. In this work, the possibility of synthesizing of germanene on the Al(111) surface has
been studied by ultrahigh resolution STM. The experimental results were compared with the
results of numerical simulation within the framework of the density functional theory. Our
experimental and theoretical findings suggest simultaneous nucleation and growth of three
distinct phases of strongly buckled (2x2)/A1(111)(3%3) and
(V3x\3)R30°/A1(111)(N7x\7)R+19° germanene-induced 2D structures with honeycomb
atomic arrangements. However, the question of the true stoichiometry of Ge induced 2D
structures on the Al(111) surface remains topical.
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Ouenka napaMeTpoB JIUHEHHOM perpeccuu

A.1O. Ana):[blmKnﬂl‘z

YWnemumym ¢usurxu muxpocmpykmyp PAH, yn. Akademuueckas, 0. 7, Husxcnuti Hoezopoo, 603950
2 . 6

Huoicezopoocxuti cocyoapcmeenuwiii ynueepcumem um. H. U. Jlobauesckozo, np. I'acapuna, 0. 23,
Huoicnuti Hoseopoo, 603022

B noxmane Oyayr pa3oOpaHbl HEKOTOpPBIE METOAMYECKHE BOIPOCHI, KAaCAOIIUECS
CTaTUCTHYECKONH OOpabOTKH HKCHEPUMEHTAIbHBIX JaHHBIX. [l MOJeNn HauMEeHbIINX
KBaJ[paToB B JIMHEWHOM ciydae Y=K-Xx+h OyayT momydeHbl GOpMysbl Ui OLUEHKH CPEIHUX
3HaueHuit koadpuumentoB K u b. [lasee OynyT HoiydeHbl OLECHKH CpPEIHEKBAAPATHYHBIX
OTKJIOHEHMM Gk U Op. DbyIyT mNpencTaBieHbl INPAKTUYECKUE IIPUMEPBI ITPUMEHEHMS
COOTHOILIEHUH i1 KO3()(HUIIMEHTOB JTUHEHHON perpeccuu i OUEHOK MHKPOCKOMUYECKHX
[apaMeTpoB TOHKUX IJIEHOK (HAarpUMep, TOJIIIMHBI CMAauHUBAOLIETO CJI04, JOKaJIbHON paboTh
BBIX0JIa ¥ KOHCTAHTHI 3JIEKTPOH-(DOHOHHOTO B3aUMOJICHCTBUS) M0 pe3yabTaTaM TYHHEIbHBIX
1 (OTOIMUCCUOHHBIX U3MEPEHUIA.

Estimation of parameters of linear-regression model
A.Yu. Aladyshkin?

YInstitute for Physics of Microstructures RAS, Nizhny Novgorod 603950, Russia;
?Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod 603022, Russia

This talk is devoted to some methodological aspects dealing with statistical analysis of
experimental data. For the model of least squares in linear case y=k-x+b we derive expressions
for estimates of mean values for k and b. Then we get the estimates for standard deviations ok
u op, Application of these formulas for estimation of microscopic parameters of thin films will
be discussed.
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CunTe3 KoMNO3UTHBIX Au/Si Ha”HOCTPYKTYpP MeTogoMm CTM snurorpadum u
UX HCC/IeI0BaHHe B YCIOBHAX CBEPXBBICOKOI0 BAKyyMa

J1.B. He6e):[eBl'2’3, B.A. ]_HKOJII[I/IHI, JL.H. HBopeuKaﬂl, K.H HOBI/IKOBal, H.A. COHOMOHOBl,
A.B. Apxunos’, A.O. Fomy6ok™%, N.C. Myxua™"

YUkaoemuneckuii ynusepcumem um. K. M. Angpéposa, 194021, Poccus, e. Cankm-Ilemep6ype, y.
Xnonuna, 0. 8

2Hucmumym ananumuyecko2o npubopocmpoenus PAH, 190103, Poccus, Canxkm-ITemep6ype,
Puoicckuit np., 0. 26

3CaHKm—Hemep6yp20Ku12 eocyoapcmeennuiil yuugepcumem, 199034, Poccus, e. Canxkm-Ilemep6bype,
Ynusepcumemcras nabepesicnas, 0. 7/9

4 . o
Cauxm-Ilemepbypeckuii nonumexrudeckuii yHugepcumem Ilempa Benukozo, 195251, Poccus,

Canxm-Ilemepoype, yn. [lonumexuuuecxas, 0. 29

[lepCHeKTUBHBIM IIyTEM PA3BUTHS BBHIYUCIUTEIBHOW TEXHHKH SBISICTCS WHTETPALHS
(OTOHHBIX U JEKTPOHHBIX 3JICMEHTOB B ONTOIEKTPOHHBIE MHKPOCXEMbI HOBOTO MOKOJICHHSI.
JIi1st 3TOro HEOOXOMUMO PELIUTh 337a4y CO3JaHUSI HAHOMACIITAOHBIX JJIEKTPOYIIPABIIEMbIX
MCTOYHHMKOB ONTHUYECKOTO M3IyueHus. B naHHO#l pabote nccnemyercst Mmeton GopMUpPOBaHHS
TaKUX UCTOYHUKOB, B OCHOBE KOTOPBIX JEKUT dPPEKT u3ayueHus: GOTOHOB MPH HEYIPYroM
TYHHEJIMPOBAaHHUU JJICKTPOHOB 4Yepe3 HaHOKOHTAakT. Jlns srtoro wucnonedyercss CTM-
autorpadusi, MO3BOJSIONIAs JOKATBHO MOIU(PUIMPOBATH CIIOU IUIEHOK 30JI0TO/KPEMHHN C
MOMOIIBIO JIOKAIEHOTO HMITYJIbCHOT'O HAarpeBa.

HWccnenoBanus BBIIONHEHBI IPU (UHAHCOBOI moaepkke Poccuiickoro HayuHoro ¢honaa
(mpoexT Ne 21-79-10346).

Synthesis of composite Au/Si nanostructures by STM lithography and their
study under ultrahigh vacuum conditions

D.V. Lebedev'*? V.A. Shkoldin®, L.N. Dvoretskaya®, K.N. Novikova®, N.A. Solomonov*,
A.V. Arkhipov*, A.O. Fomy6ok™?, 1.S. Mukhin*

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

¥Saint Petersburg State University, Universitetskaya embankment, 7/9, St. Petersburg, 199034, Russia
“Peter the Great St. Petersburg Polytechnic University, 195251 Russia,

St. Petersburg, st. Politekhnicheskaya, 29

A promising way for the development of computer technology is the integration of
photonic and electronic elements into optoelectronic microcircuits of a new generation. To do
this, it is necessary to solve the problem of creating nanoscale electrically controlled sources
of optical radiation. In this paper, we study a method for the formation of such sources based
on the effect of photon emission during inelastic tunneling of electrons through a nanocontact.
For this, STM lithography is used, which makes it possible to locally modify layers of
gold/silicon films using local pulsed heating.

The research was carried out with the financial support of the Russian Science
Foundation (project no. 21-79-10346).
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O [pOCTPAHCTBEHHOM pa3pelieHuM Mbe30PEe30HAHCHOIO0 30HIA0BOIO
AATYUKA ¢ BOJIb(PpaMoBOH UTJIOM

O.M. I'op6enko, M.B. XKykos, C.1O. Jlykamenko, C.B. [Tnuaxun, U./]. CanoxHUKOB,
M.JI. ®enbmteid, A.O. T'omybok

HAII PAH, 198095, Cankm-Ilemepoype, ya. Heana Yepuwix, 31-33, aum. A

B ckanupyromeir 30H70BOM Mukpockonuu (C3M) HCHONIB3YIOT 30HJOBBIE JIATUYUKHU
CHJIOBOTO B3aUMOJCHCTBUSA pa3inyHbIX TUNOB. Haubonee MmMMPOKO pacrnpoCTpaHEHbI
KPEMHMEBBIE KaHTWJIEBEPBI C ONTHUYECKOW PETHCTpalueld MX OTKJIOHEHHUS IOJ JEHCTBHUEM
CHJIOBOTO B3aMMOJICHCTBHS C HCCIIEAYEeMOi OBepXHOCThIO. Taxke m3ectHsl “self-sensing”
30H/IOBBIC JATYMKH HA OCHOBE KPEMHHMEBOTO KaHTHJIEBEPA WIIH MbE30TPYOKH, UCTIONb3YIOIINE
[IbE€30PE3UCTUBHBII WM IbE30PE30HAHCHBI MPUHLUIBI HM3MEpEeHHs UuX Hporuda,
COOTBETCTBEHHO. B naHHO#l paborte wuccnenoBaics “Self-sensing” mbe3ope3oHaHCHBIN
30H/I0BBIN AaT4MK. JlaTuuK npencTaBiseT co0oi mbe30TpyOoKy, Ha CBOOOAHOM KOHIIE KOTOPOH
3akperieHa W wWriia  JAIMHOW  HECKOJBKO MMWUIMMETPOB. OOBIYHO CUMTAEeTCs, 4YTO
IIPOCTPAHCTBEHHOE pa3pellieHHe 30HI0BbIX AaT4UKOB C3M 00ycCloBIE€HO paguycoM cdepsl
Ipu BepuiMHe HaHoWTbl. OpHako, B KojeOaTenbHbIX pexumax padorsl C3M “narHo”
KOHTAKTa 30HJa C 00pa3lloM MOXET pa3MbIBaThCs, yXY/IIas MPOCTpaHCTBEHHOe. B naHHOMN
paboTe MEeTOJOM KOHEUHBIX AJIEMEHTOB C UCTOIBb30BaHUEM porpamMmmHoro nakera COMSOL
pacCcUMTHIBAIUCH AMIUIMTYTHO-4acTOTHas XapakTepuctuka (AUX) cucremsl npe3oTpyoka - W
urna u pasmep 3p(HEeKTUBHOrO MATHA KOHTAKTa 30HIAA C 00pas3loM B YCIOBHSAX PEATbHOTO
sKcnepuMeHTa. [IpoBeieHO cpaBHEHHE Pe3yIbTAaTOB pacyera ¢ sKcrepuMeHTanbHol AUX.

On the spatial resolution of a piezoresonance probe sensor with a tungsten
needle

O.M. Gorbenko, M.V. Zhukov, S.Yu. Lukashenko, S.V. Pichahchi, I1.D. Sapozhnikov, M.L.
Felshtyn, A.O. Golubok

IAI RAS, 198095, Saint-Petersburg, Ivana Chernyh str., 31-33, litera A

In scanning probe microscopy (SPM) the various types of force interaction probe sensors
are used. Silicon cantilevers with optical registration of their deflection under the influence of
force interaction with the surface under study are the most widespread. Also “self-sensing”
probe sensors based on a silicon cantilever or piezo tubes using piezoresistive or
piezoresonance principle for measuring their deflection, respectively, are known. In this work
a “self-sensing” piezoresonance probe sensor was investigated. The sensor is a piezo tube, at
the free end of which a W needle with a length of several millimeters is fixed. It is generally
assumed that the spatial resolution of SPM probe sensors is due to the radius of the sphere at
the apex of the needle tip. However, in the oscillatory modes of SPM operation the “spot” of
the probe's contact with the sample can be blurred, impairing the spatial resolution. In this
paper the amplitude-frequency characteristic of the piezo-tube - W needle system and the size
of the effective contact spot of the probe with the sample were calculated by finite element
method using COMSOL software package. The calculation results are compared with the
experimental frequency response curve.
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Oco0eHHOCTH TOBeJeHUS KPHUBOIl MOJABOJA CKAHMPYKOIIEr0 MHKPOCKOINA
HOHHOW NMPOBOAUMOCTH

C.IO. Jlykamenko, O.M. I'opbenko, M.B. XKXykos, C.B. ITnyaxuu, 1.JI. Canoxxaukos, M.JI.
@enpmthiH, A.O. ['omybok

UHAII PAH, 198095, Cankm-Ilemepoype, ya. Heana Yepmuwix, 31-33, aum. A

PabGora ckaHupylOIIET0O MHUKpPOCKONA MOHHOM NPOBOAMMOCTH OCHOBaHAa  Ha
HPEIIONIOKEHUH, YTO MOHHBIA TOK |(Z), mpoTekaromuii yepe3 HaHOANEpTypy 30HJAa B BUJIC
CTEKJISIHHOW HaHONMIIETKM MMEET MaKCUMallbHOE 3HaueHue |=lg BAamm oT uccieayeMoro
o0pa3ia, MOrpy>KEHHOr0 B PACTBOP JEKTPOJIUTA U YMEHbIIAETCS MPHU COMMXKEHUM 30HIA C
MOBEpXHOCThI0. Benmmumny pabodero toka CMMUII oObHO BBIOWpAIOT BOJM3M TOKA
HachimeHus 1~0,91s,. OmHako, B HEKOTOPHIX CIydasX MMEET MECTO HEOOBIYHOE TOBEICHHE
3aBucuMocTd |(Z) Ha KpHBOI MOJIBOJA C YBEIMYCHHEM HOHHOTO TOKA IMPHU MPUOIIKCHUU
HAHOITMIIETKH K MOBEPXHOCTH oOpasua. [losiBieHne nuka Ha KpuBoil mozasoxa |(z) mpu
COMMKEHNHM HAHOIMUIIETKH C TIOBEPXHOCTBIO 0O0pa3lla MBI HAa3bIBAEM «IHK-2(PPEKTOMY.
OueBuAHO, YTO MUK-3PPEKT MOXKET IPUBOAUTH K cOOI0 B padote ciensmen cucremsl CMUIIT
u mymam Ha CMMUII-u3o0paxkenusix. B pabore s3kcriepuMeHTalIbHO UCCIEAYETCs MOSBICHUE
IIMKa Ha KpUBOH mojBoja. PaccMarpuBas HaHONMMIIETKY BOJU3U MOBEPXHOCTH o0Opa3lia Kak
MUKPO(DIIONIHYI0 cUcTeMy B Bujae 1T — oOpa3Horo kaHanma, B padOTe pacCUMTHIBACTCS
3aBUCcUMOCTS |(Z) ¢ ucmonap30BaHUEM METO]a KOHEYHBIX 3JIEMEHTOB U IIPOrPAMMHOTO MaKeTa
KOMCOJL

Features behavior of the approach curve of a scanning ionic conductivity
microscope.

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

IAI RAS, 198095, Saint-Petersburg, Ivana Chernyh str., 31-33, litera A

The operation of a scanning ionic conductivity microscope (SICM) is based on the
assumption that the ion current I(z) flowing in an electrolyte solution through the narrow
aperture of a probe in the form of a glass nanopipette has a maximum value I=lg; far from the
sample and decreases as the probe approaches the surface. The value of the SICM work
current is usually chosen near the saturation current 1~0.91s,;. However, in some cases there is
an unusual behavior of the 1(z) approach curve near the surface when the ion current increases
as the nanopipette approaches the sample surface. The appearance of a peak on the I(z) curve
when the nanopipette approaches the sample surface is what we call the "peak effect”. It is
obvious that the peak effect can lead to the failure of the SICM feedback system and
increasing noise at the SICM images. In this work the appearance of the peak on the approach
curve have been studied experimentally. Considering the nanopipette near the sample surface
as a microfluidic system in the form of a T - shaped channel the I(z) dependence using the
finite element method and the COMSOL software package have been calculated.
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AHAJIU3 CTPYKTYPbI JUNHUIHON MeMOPaHbI ¢ MATHUTHBIMM HAHOYACTUIIAMH
CoFe,O4 C moMoIIbI0 OJIMKHENOJIbHOH ONTHYECKOH MUKPOCKOTUN

[1.H. Acranuna® 2, 0.B. Komnak® 3, A.A. Anocos®

YMIY um. M.B. Jlomonocosa, 119991, Mockea
2UIIXD PAH, 142432, Yepnozconoska
SIIrMY um. M. Ceuenosa, 119991, Mockea

MarHuTHble HAHOYACTULIBI HKCIONB3YIOT B TEPANEBTHUUYECKUX IEJSIX B MEIULIMHE: B
TepanmuMu paka, B KadyecTBe KOHTpacTHOro BemiectBa B MPT, ans 1ocTaBKM JieKapcTB,
JIOKQJIbHOM runepTepMuu U T.4. He 10 KOHIIa U3y4eHHBIM SBIISIETCS BOIIPOC B3aWMOJAEHUCTBUS
HAHOYACTHI[ ¢ OMOJOTHYECKUM OOBEKTOM — JIMIMUIHOW MeMOpaHOW, MOCPEICTBOM KOTOpPOM
MIPOUCXOUT OOMEH MEXKIy KJICTKOW W e¢ BHEIIHeW cpenoil. biukHemonpHas omTuyeckas
mukpockormsi  (S-SNOM)  Obta  wWcmosib30BaHa  JJIsi  BHU3yalM3alldd  TTOBEPXHOCTH
HAaHOOOBEKTOB M HCCIEIOBAHUS MEXaHH3M B3aUMOACWUCTBUS JIMIHIHOW MeMOpaHbl C
MarHUTHBIMH ~ HaHodacTulamMu. brnarogaps ToMmy, 4YTO MHKPOCKON  OJHOBPEMEHHO
PErUCTPUPYET YEThIpE CUTHAJIA: TOMOJIOTHI0 ToBepxHOCcTH ACM, (a3oBblii KOHTpACT,
OTpaXEHHE CBETa U TOIVIONIEHWE CBETa JTO TO3BOJWIO HIECHTU(DUIUPOBATH YaCTU
A30JICKTUHOBOW JIUMHMIHOW MeMOpaHbl, KOTOpble MOAW(DUIMPOBAHBI HAHOYACTUIIAMHU
CoFe;04, nmuamerpom 14 HM. [IpoHMKHOBEHHWE HAHOYACTUI[ B MEMOpaHY BBI3bIBACT
W3MEHEeHHe ee  CcTpyKTypel. Merogom  S-SNOM  Obutm  MICHTHQHUIIMPOBAHBI
PEKOHCTPYHpPOBAHHBIE AaTOMHBIE TPYIIBI B TIOBEPXHOCTHBIX cJosx MeMmOpanbl. [locie
no0aBJICHHUSI HAHOYACTHI[ YBEIMYMBAeTCs KoiudecTBo cBszeidr Fe — OH m Fe = C-H.
I'unpodobHbIe HAHOYACTUIIBI CTUMYJIUPYIOT PEKOHCTPYKIIUIO MOBEPXHOCTHU JIMITUTHOTO CIOS
U OTKPBITHE IIOp, 00ecreurBasl yBEIMUYEHUE HOHHOM TPOBOJUMOCTH.

Analysis of the structure of a lipid membrane with magnetic CoFe,O,
nanoparticles using near-field optical microscopy

P.N. Astanina’?, O.V. Koplak®3, A.A. Anosov®

'Moscow State University, 119991, Moscow
?Institute of Problems of Chemical Physics of RAS, 142432, Chernogolovka
*Moscow State Medical University, 119991, Moscow

Magnetic nanoparticles are used for therapeutic purposes in medicine: in cancer therapy,
as a contrast agent in MRI, for drug delivery, local hyperthermia, etc. The interaction of
nanoparticles with a biological object — the lipid membrane, through which the exchange
between the cell and its external environment takes place, is not fully understood. Scanning
near-field optical microscopy (s-SNOM) was used to visualize the surface of nanoobjects and
investigate the mechanism of interaction of the lipid membrane with magnetic nanoparticles.
Due to the fact that the microscope simultaneously registers four signals: the topology of the
AFM surface, phase contrast, light reflection and light absorption, it is possible to identify
parts of the azolectin lipid membrane that are modified by CoFe,O, nanoparticles with a
diameter of 14 nm. The penetration of nanoparticles into the membrane causes a change in its
structure. The reconstructed atomic groups in the surface layers of the membrane were
identified by the s-SNOM method. After the addition of nanoparticles, the number of Fe—OH
and Fe = C—H bonds increases. Hydrophobic nanoparticles stimulate the reconstruction of the
surface of the lipid layer and the opening of pores, providing an increase in ionic conductivity.
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OmnpenereHue MarHMTHOIO MOMEHTAa OJAUMHOYHON HaHOchepbl HHKeIs
METOI0M MATrHUTO-CHJI0BOM MUKPOCKOIIUH

E.B. JIBopenkas, O.B. Komiax
UIIXD PAH, 142432, YepHnoeonoska

MarHuTHbIE HAHOCTPYKTYpBI (HAaHOIPOBOJA, HAHOC(HEPHI, HAHOCETH) MPHUBICKAIOT OOJBIIOE
BHUMAaHME CHEIMAINCTOB OJarofaps BO3MOKHOCTH UX LIMPOKOrO IPUMEHEHUs B Onodusmke,
MEIMIMHE, YCTPONCTBAX MArHUTHOM JIOTMKM M MarHuTHOW mnamsaTH. OCHOBHBIMU
napaMeTpamMHu TaKUX HaHOOOBEKTOB SIBJIETCS UX pa3Mep, TeMIleparypHas CTaOWJIbHOCTh M
CKOpPOCTb  I€pEMarHMYMBaHUs, YUYUTHIBAIOIAs] HAMarHMYEHHOCTb  HachlleHUs M,
MarHuTHyto aHusorponuto K um oobem V. B pabote nccienoBaHbl JOKajdbHbIE MarHUTHBIE
coiictBa HaHocdep Ni, KoTopbie BXOAAT B cocTaB ()eppOMArHUTHON HAHOCETH, MOTYyYCHHON
METOJIOM JIa3epHON abuALuu B cpesie cBepXTeKyuero reius. OnpeneneH MarHUTHbIA MOMEHT
OJIMHOYHOW HUKENEeBOM HaHOC(EpHhl C MOMOIIBI0 METO/Ja MAarHUTO-CUIIOBOM MHUKPOCKOIHUHU.
VY4yureiBasg, 4YTO JIOKAJIBHOE IIOJE pACCESIHUS OJUHOYHOM OAHOPOJHOW HaMarHMYEHHOU
HaHOoC(EpPbI PaBHO TOJII0 PAaCCESHUS TOYSUHOTO IO, PACIIONOKEHHOTO B €0 IIEHTPE, OBbLI
paccunTaH (ha30BbIil CABUT 4@ KaHTUIIEBepa U MPOBe/IeHa ero KalnuOpoBKa Ha aTTECTOBAaHHOM
HaHovactune Fe,O3 ¢ M3BecTHONW HAMAarHWYEHHOCTHIO. DTO Jajl0 BO3MOXKHOCTH PAacCUUTATh
k03¢ duIueHT nponopruoHansHoctd C(N) U ONMpeAeNuTh JTOKAIBHBI MATHUTHBI MOMEHT
OJJMHOYHOM HaHocdepbl HuKess auametpoM 0 = 75 NM, koTopbIil ObLT paBeH u = 4510
A'm. IlomyueHo xopouiee COIIacoBaHHE C TEOPETHUYECKH PACCUMTAHHBIM 3HAUYEHUEM U =
Mnd3/6 = 4.2:10™° A-m? a1t 01HOXOMEHHOT0 HaHOC(EePbI HUKEIIS.

PaGoTa BbImonHeHa B paMKax TeMaTHueckod KapTel MHCTHTyTa mpolieM XHMHUYECKOM
¢uznku AAAA-A19-119092390079-8.

Determination of the magnetic moment of a single nickel nanosphere by
magnetic force microscopy

E.V. Dvoretskaya, O.V. Koplak
Institute of Problems of Chemical Physics of RAS, 142432, Chernogolovka

Magnetic nanostructures (nanowires, nanospheres, nanonetworks) attract great attention of
specialists due to the possibility of their wide application in biophysics, medicine, magnetic
logic devices and magnetic memory. The main parameters of such nanoobjects are their size,
temperature stability, and magnetization reversal rate, which takes into account the saturation
magnetization Ms, magnetic anisotropy K, and volume V. In this work, we study the local
magnetic properties of Ni nanospheres that are part of a ferromagnetic nanonetwork obtained
by laser ablation in a superfluid helium medium. The magnetic moment of a single nickel
nanosphere was determined using the method of magnetic force microscopy. Considering that
the local stray field of a single homogeneous magnetized nanosphere is equal to the stray field
of a point dipole located at its center, the phase shift 4¢ of the cantilever was calculated and
calibrated on a certified Fe,O3 nanoparticle with a known magnetization. This made it
possible to calculate the coefficient of proportionality c(h) and determine the local magnetic
moment of a single nickel nanosphere with a diameter of d = 75 nm, which was equal to x =
4510 A'm. A good agreement with the theoretically calculated value u = Msnd3/6 = 4.2-10°
9 A-m? for a single-domain nickel nanosphere was obtained.

The work was carried out within the framework of the thematic map of the Institute
for Problems of Chemical Physics AAAA-A19-119092390079-8.
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MopdomeTpusi 0MOJIOTHYECKUX KJIETOK ¢ MATHUTHBIMU HAHOYACTHIIAMU
AA. HaraﬁHHKOBal, 0.B. Konnak®

"MTY um. M.B. Jlomonocosa, 119991, Mocksa
2UTIX® PAH, 142432, Yeprozonoska

MarsnuTHble  HAaHOYACTHIBI  MOTEHUHAIbHO MMEIOT I[IUPOKOE IPUMEHEHHE B
OouomenuiHe (aZpecHas JOCTaBKa JIEKAPCTB, MAarHUTHAs THIIEPTEPMHUS, WHHOBAIMOHHBIC
METO/bl JIMarHOCTUKM U Tepaluu B KIMHUYECKOH mpakTuke). biarogaps cBoum pazMepam
OHU CIIOCOOHBI B3aMMO/ICHCTBOBAaTh C OPraHU3MOM Ha KJIETOYHOM ypoBHeE. [Ipu 3TOM BCTaér
Ba)XHBII BOMPOC O BJIMSHWM HAHOYACTHUI] Ha >KMBbIe KJIETKU. VccremoBanue MophoIoruu
KJICTOYHOM IOBEPXHOCTH C HAHOYACTHIIAMU M JMHAMMKY €€ HM3MEHEHHs BO BPEMEHHU OT
KHUBOH 10 MepTBOU B pabore ObuIO mpoBeneHO MeTooM ACM CKaHUPOBaHHS B JKUAKOCTH.
beun monoOpansl kietkn Hela ¢ pasHoil koHueHTpanmeil HaHoyacTuil. Takke ObUIH
MPOBEJICHBI AKCIIEPUMEHTHI ¢ KieTkamu Hela ¢ HaHouacTuiiamMu pasHbIX pasmepoB. Pexum
CKaHMPOBAHUs BbIOPaH MaKCHUMaJbHO ILAASIIUM, BO M30€kKaHHE TPaBMUPOBAHMS KIIETOK.
ITomydena 3akOHOMEpHOCTh 0O0pa3oBaHUs AE€PEKTOB B MeMOpaHe KJIETKH B CIEICTBHE
IIPOHUKHOBEHUS MarHUTHBIX HaHouacTull CoFe 04 pazHoro aquamerpa.

Morphometry of biological cells with magnetic nanoparticles
A.A. Nagaynikova', O.V. Koplak®

'M.V. Lomonosov Moscow State University, 119991, Moscow
?Institute of Problems of Chemical Physics, 142432, Chernogolovka

Magnetic nanoparticles are widely used in biomedicine (targeted drug delivery, magnetic
hyperthermia, innovative methods of diagnostics and therapy in clinical practice). Due to their
size, they interact with the body at the cellular level. This raises an important question about
the effect of nanoparticles on living cells. The study of the morphology of the cell surface
with nanoparticles and the dynamics of its changes over time from alive to dead in the work
was carried out by the AFM method in liquid. Hela cells with different concentrations of
nanoparticles analyzed. Experiments were also carried out with Hela cells with nanoparticles
of different sizes. Cells are not injured in the soft scanning mode. The formation of defects in
the cell membrane during the penetration of CoFe,O, magnetic nanoparticles of different
diameters was found.
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Co1MTOHBI B TPEXMEPHBIX MAHEPJICOBCKUX AHIIEKTPUKAX

C.B. quMaBOBl, A.C. KcéH31, AA. CMI/IpHOBl, P.H. MO)K‘II/IJ'IBl, AM. I/IOHOBl’Z, CTI.
Iporacosa’, A.A. Kanycrun', B.C. Cronsipos>*®, C.1. Boxko®

Ynemumym gusuku meépdoeo mena Poccutickoti akademuu nayk, 142432 Poccus, 2. Yeprozonosxa,
Mockosckas obn., yn. Akademuka Ocunvsanua, 0. 2

ZHauMOHaﬂbelﬁ uccredosamenvckuil yHugepcumem «Bvicuas wixona sxkonomuxuy, 101000 Poccus, .
Mocxea, yn. Macuuykas, 0. 20

SMockoeckuii @usuxo-mexnuueckuti uncmumym, 141701 Poccusa, [oneonpyouwiii, Mockoseckas ooi.,
Unemumymcekuii nep., 0. 9

4Hauu0Haﬂbelﬁ uccredosamenvckuli mexronocudeckuil yrusepcumem « MUCuCy, 119049 Poccus, e.
Mocksa, Jlenunckuii np-km, 0. 4, cmp. 1

5cDeOepaﬂbHoe 20cy0apcmeeHoe yhumaphoe npeonpusmue « Bcepoccutickuil HayuHo-
uccreoosamenvckuii uncmumym asmomamuxu um. HJIL [yxoear, 127030 Poccus, Mockea, yx.
Cywesckas, 0. 22

B nmanHoMm gokiiame OyayT MpeAcCTaBleHBI Pe3yJbTaThl HCCIEIOBAHHI HOBOTO THIIA
KBa3UJBYMEPHBIX JE(PEKTOB B KPUCTAIUIMUECKUX MANHEPICOBCKUX AMDIIEKTPUKAX, CTPYKTYypa
KOTOPBIX UMEET CIIOUCTHIN XapaKTep BJOJIb OJTHOTO U3 KpHCTaLIOrpadudecKuX HarpaBICHUH.
Takue nedexTsl ObUIM BIiepBBIe TeopeTHuecku onucanbl emé B 1979 r. Cy, Lpuddepom n
XurepoM s ciydasi MPOCTOM JTMHEHHON CONMPsHKEHHON CTPYKTYphl moauaretuieHa, (CH)y,
U Ha3BaHbl TONOJOTMYECKMMH COJUTOHaMU. B pamkax naHHOM paboThl OOBEKTaMU
HCCIIeIOBaHMI BBICTYNAIN MOHOKpUcTamueckue Sb u Bi. Kak n3BecTHo, MMEHHO (ha30BbIii
nepexon llaifepiaca ans 3TUX MaTepuanoB SBJSETCS OCHOBONOJArarolled MPUYUHON
(GhopMUPOBaHUS AIIEKTPOHHOTO CIIEKTpa C JIHEPreTHYecKO wIeNnbl0 U J1ehopMUpPOBAHUS
KPUCTAJINYECKONH PELIETKH, BBIPAKEHHOTO B UYEPENOBAHUU JUIMHHBIX U  KOPOTKHUX
XMUMHUYECKHX CBsi3ei Bmosb [111] wampaienus. B pesynbrare mMeercs CIABOCHHOCTh
aToMHBIX TuTockocTeit (111) B Tak HasbiBaeMble «Omciaon» B ciaydae Sb u Bi. Atomuble
IUIOCKOCTH, OTAEIEHHbIE IPYT OT Apyra JUIMHHOM CBSI3bI0 COEIMHEHBI MKy cOOOW BaH-Aep-
BaaJbCOBBIMU CHJIaMH, B TO BpeMsl KaK BHYTPU OHUCIIOS aTOMHBIE IUIOCKOCTU CBS3aHbI
YKOPOUYEHHBIMH KOBaJCHTHBIMU XUMHUYECKMMH cBs3siMu. Mcnonbzys meroast CTM u CTC,
[I9M, a Taxxe 4ucIeHHBIE pacy€Thl, MPOBEAEHHBIE B paMKaX MPUOIMXKEHUS (QyHKIHOHAIA
IUIOTHOCTH, YJalloCh MPOJAEMOHCTPUPOBAThH CYIECTBOBAaHUE B MPHUIIOBEPXHOCTHOHN obiacTu
(111) xBasuaBymepHOro jedekrta, BH3YATU3UPOBAHHBIA Kak HapylICHUE YepeIOBaHUS
MEXIIIOCKOCTHBIX paccTosiHuiA B0k [111], momo6HO ToMy, uTo onuckiBaeTcsi B Mogaenu Cy-
[Mpuddepa-Xurepa TUTSt COJIUTOHA. Pazmep chopMuUpOBaHHOMN nedexTHOM
MPUTIOBEPXHOCTHON 007acTH cocTaBmwi 8 — 10 MEXKIUIOCKOCTHBIX paccTrosiHuil Baoip [111]
HaIPaBJICHUS, YTO C OMNPEACIEHHON TOYHOCTBIO COBIAAANO C Pa3MEPOM TOIOJIOTMUYECKOTO
COJMMTOHa B oOaHOMepHO#W yraepoxnoit memouke (CH),. Ho Henmp3s He OTMETHTH
CYLICCTBEHHBIE HW3MEHEHHUS B DJJIEKTPOHHOW CTPYKType, NPOSBUBILIEECS, HAIpUMEpP, B
Pa3HOCTH IJIOTHOCTHU 3JIEKTPOHHBIX COCTOSIHUM Uil MaTepUalioB C HaJIUYUEM U OTCYTCTBUEM
COJIUTOHA, YTO OBUIO MOKAa3aHO KaK B YHCICHHOM KBAaHTOBO-MEXaHHMUYECKOM pacdére, Tak U B
CTC u YOOC usmepenusix. O6pa3oBaHH€ TaHHOTO MPHUIIOBEPXHOCTHOTO JI€()EKTHOTO CIIOS
o0CyXJaeTcs ¢ TOYKM 3pEHMs JIOKAJBbHOIO HapylIeHHWs YCIOBHH (a3oBoro mepexona
[Taitepiica.

30

3 UIOHA

<
=
>
L
-
=<
-




Solitons in 3D Peierls dielectrics

S.V. Chekmazov!, A.S. Ksenz!, A.A. Smirnov?, R.N. Mozhchil*, A.M. lonov*?, S.G.
Protasova’, A.A. Kapustin®, V.S. Stolyarov®*®, and S.1. Bozhko'

YInstitute of Solid State Physics, Russian Academy of Sciences, 142432 Russia, Chernogolovka,
Moscow District, Academician Osipyan str., 2

“National Research University Higher School of Economics, 101000 Russia, Moscow, Myasnitskaya
str., 20

*Moscow Institute of Physics and Technology, 141701 Russia, Dolgoprudny, Moscow District,
Institutskiy per., 9

*National University of Science and Technology MISiS, 119049 Russia, Moscow, Leninskiy prosp., 4
*The Federal State Unitary Enterprise Dukhov Automatics Research Institute (VNIIA), 127030 Russia,
Moscow, Sushchevskaya str., 22

This report will present the results of the studies of a new type of quasi-two-dimensional
defects in crystalline Peierls dielectrics with a layered structure. Such defects were first
described theoretically in 1979 by W.P. Su, J.R. Schrieffer, and A.J. Heeger (SSH) for the
case of a simple linear conjugated structure of polyacetylene, (CH)y, and were called
topological solitons. Within this work, single-crystalline Sb and Bi were the objects of
research. As is well-known, for these materials, it is the Peierls transition that is the main
reason for the formation of an electronic spectrum with a band gap and the deformation of a
crystal lattice expressed in the alternation of long and short chemical bonds along the [111]
direction. As a result, (111) atomic planes double into the so-called “bilayers” in the case of
Sb and Bi. Atomic planes separated by the long bond are coupled by the van der Waals forces.
Inside a bilayer, however, atomic planes are coupled by the shortened covalent chemical
bonds. The existence of a quasi-two-dimensional defect in (111) near-surface region was
demonstrated using STM, STS, TEM, and ab initio simulations performed within density
functional approximation. It was visualized as the disturbance of the alternation of interlayer
distances along the [111] direction. This was done in the way similar to that described in the
SSH model for a soliton. The size of the formed defect near-surface region was 8 — 10
interlayer distances along the [111] direction, which is agreement with the size of a
topological soliton in a one-dimensional (CH)x chain. One of the most important points is
increase of DOS caused by soliton. This has been demonstrated in both numerical quantum-
mechanical calculation and STS and UPS measurements. The formation of this near-surface
defect layer is discussed in terms of the local brake of the Peierls transition conditions.
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JlocTOMHCTBA M HEAOCTATKHM  Pa3jJMYHBIX peaju3aliid oOJHO- W
MHOTONPOXOAHBIX  METOAMK UIA  HMCCJe0BAHUSI  paclpeneIeHus
IJIEKTPUYECKHUX CBOICTB MATEPHAJIOB

J.A.®okun
000 «Jlaxonay, 117342, Mocxsa, yr.Bymaeposa, 17

B Hacrosimee Bpemsi CyIIECTBYET JIOCTaTOYHO OoJbInoe KommuecTBO ACM-pexumoB
UCCIIEIOBAHUS pacipe/ieIeHHsI SJICKTPUUECKUX CBOWCTB MaTepuaios. [Ipu 3ToM olHU U Te ke
PEXUMBI MOT'YT OBITh MO-Pa3HOMY MTOCTPOEHBI B Pa3IMYHBIX IKCIIEPUMEHTax. B «xomIuiekT»
MCTOAHUK BXOJAT TAKUC MCTOAbI, KaK 3JICKTPO-CHUJIOBAsA MUKPOCKOIIUA, METO/J 30H1a KCJIbBUHA,
CKaHUPYIOLas €MKOCTHAsi MHKPOCKOMUS M T.O. OTH METOAbI IMO3BOJIIOT IPOBOIUTH
HCCIIE0OBAHUS C MPOCTPAHCTBEHHBIM Pa3pEUICHUEM B HECKOJIbKO HAHOMETPOB, U KXl U3
HUX O0NazaeT psioM JOCTOMHCTB U HENOCTAaTKOB. JlOKiaa coAepKUT 0030p yKa3zaHHBIX
MCTOAOB U MOAKPCINICH PAJOM SKCIICPUMCHTAJIbHBIX I/1306pa)I(GHI/Iﬁ AJi1 WIUJIIOCTpaluy, 4To
BXHO B CBSI3U C BBICOKMM CIIPOCOM Ha TaKHe HCCIENOBAaHUS HE TOJBKO B HAYYHBIX
UCCIIEIOBaHMIX, HO U Ha IPOU3BOJICTBE.

Advantages and drawbacks of different approaches to single- and multi-
pass techniques for studying materials electrical properties distribution

D.A. Fokin
LLC “Lacopa”, 117342, Moscow, Butlerova street, 17

There are currently plenty of different AFM modes for electric properties distribution
study. More then this same modes could be organized differently in a different set-ups. The
“set” of those techniques includes such modes as Electric Force Microscopy, Kelvine Probe
Microscopy, Scanning Capacitance Microscopy, etc. These modes allow one to perform the
studies with a few nanometers spatial resolution, but each of them has its advantages and
drawbacks. By this report | will make an overview of these methods together with presenting
experimental results, which is important due to the high demand for such studies not only in
scientific research, but also in production.
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Koraa ky/soHoBckasi 0J10Kaa yake JaBHO 3aKOHYMWJIACH, 4 CTAHAAPTHBII
G Py3HbIA TPAHCIIOPT elle U He AYMAJ HAYMHATHCH

A.A. XKykoB
UDTT PAH, 142432, Yeprnozonoska, Mockosckas 00a., yn. Akademurxa Ocunvsina, 0.2

MeTtoaukoi u3MepeHusi MarHUTOTPaHCIIOPTa B MPUCYTCTBUU MIPOBOJIAIIEH UIJIbI AaTOMHO-
CHJIOBOTO MUKPOCKOIA MCCIIEOBAH MEPEX0/ OT PEeKUMa KYJOHOBCKOHM OJIOKAIbl K PEKUMY
CTaHJAPTHOTO JU((PY3HOTr0o TPAHCIOPTa B MOJIYIPOBOAHUKOBBIX HaHOIPOBOJIOKax. [loka3ana
KPUTHYECKH BaKHAs POJIb PE30HAHCHBIX paccewBareneld B (OpMHUPOBAHUU (PpakTalbHOTO
pekuMa TpaHCIOPTa B JAHHBIX CTPYKTYypax.

Pabora BemonHeHa B pamkax roc3aganus UOTT PAH.

When the Coulomb blockade has been over long time ago but standard
diffusion transport does not even think to appear

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

Using scanning gate microscopy technique, the transition from the Coulomb blockade
regime to standard diffusion transport regime in semiconducting nanowires is investigated.
The crucial role of resonant scatters in formation of the fractal transport regime is shown.

This work is supported by state task of ISSP RAS.
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