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JHuceprariitna poboTa MpUCBsYEHA AOCTIHKEHHIO TPUIATHOCTI BUKOPUCTAHHS
noBepxoHb ckoitoBaHHs (100) InsSe; Ta (001) InTe nnst popmyBaHHS HAHOCHCTEM
In%(100) InsSes, In%/(001) InTe Ha OCHOBI XaNbKOTEHIJHMX HAIIBIPOBIIHUKIB 3
MPUPOAHAMH  HAHOCTPYKTYpPOBAaHMMH MATPHUISIMH Ta BUBYCHHIO MEXaHI3MIB
(dbopMyBaHHS 1H/IIEBUX HAHOCTPYKTYP Ha iX TTOBEPXHSX.

XanpKOreH1H1 apyBaTl HaMmiBIPOBIAHUKY Takl sk InsSes Ta InTe nHanexars 10
KJIacy MaTepialliB, sIKI MOXYTh BIJKPUTH TEPCHEKTUBH JJIA €JIEKTPOHIKM HOBOIO
nokoiHHS. L1 cnofyku KprcTani3yloThes y apyBaTi CTPYKTYPH, OKPEMI IIapU-T1aKeTH,
AKl BOJIOJIIOTh BUCOKMM CTYIIEHEM I1HIMBIAYaldbHOCTI. Lle 3yMOBIIOE HE TIIBKU
aHI30TPOITI0  €JIEKTPOHHUX CHEKTPIB IXHIX T[OBEPXOHb, OaraThoX (HI3MUHUX
BIACTUBOCTEH, aje TakoXK [MOpPOJKYye TIE€BHI  OCOOIMBOCTI Yy  CTPYKTYpi
MOBEPXHI — OOPO3HUCTICTH 3 JIAHIFOXKKOBO-IOAI0HUMEU cTpykTypamu i (100) InsSes.
CrabuTbHICTh MDKIIAPOBUX TTOBEPXOHB CKOJIFOBAHHS Ta TIEPCIIEKTUBHICTh BUKOPUCTAHHS
OOPO3HUCTUX aHI30TPOITHUX CKOJIIB B SIKOCTI MAaTpHILlb, A1 (POPMYBAHHS TOBEPXHEBUX
HAHOJPOTIB Ta HAHOCTPYKTYpP, TAKOXK BUKIIMKAE 3alliKaBJIeHHs. BupimeHHs 1mux 3amaq
BUMArae JOCHiHKEHHS CTPYKTYpPH TOBEPXOHB IIAPYBATHX KPUCTATIB, iIXHIX €IEKTPOHHUX
BJIACTUBOCTEH, KOHTPOJIO MDK(A3HUX B3a€EMOMAIA 3 MOXIUBUM (HOpPMYyBaHHIM
1HTEepQEHCIB.

TakuM dYHMHOM, 3 TOYKH 30py TMOAAIBIIOTO PO3BUTKY HAHOPO3MIPHHUX
€JICKTPOHHUX MPUCTPOiB HEOOX1AHO TOCTITUTH MOKIUBOCTI (DOPMYBaHHS IPOCTOPOBO
BIIOPSI/IKOBAHUX MACHBIB METaJE€BUX HAHOCTPYKTYp Ha iXHIX MOBEPXHSX, a TAKOX
3MIMCHUTA  pO3poOKYy Ta  ampoOallii0  HOBUX  TEXHOJOTIM  QopMmyBaHHS

HAHOTETEPOCTPYKTYP Ha iX MMOBEPXHSX.
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[TpoBeneHO NOCHIIKEHHSI E€IEKTPOHHOI CTPYKTYpPH Ta €JIeMEHTHO-(a30BOro
ckianay moBepxoHb ckomoBaHHA KpuctanmiB (100) InsSes ta (001) InTe meromamm
yinbTpadioneToBoi Ta X-npoMeHeBoi (oToenekTpoHHoi crekTpockonid (YDEC i
X®EC), a TakoX METOJOM MOJETIOBAHHA B paMKax Teopii (yHKIIOHaIa TyCTHHHU 3
BUKOPUCTAHHSIM y3arajibHeHoro rpajientHoro HabmumxeHHs (DFT-GGA). VYBara
NpUIiJIeHa BIUIUBY OOPOOKM MOBEPXOHb 10HHUM PO3MUIICHHSIM Ta MOAAIBIINX 3MiH,
10 BUHUKAIOTH MiJT 4ac 30epiranHs 3pa3KiB HaBiTh y HaJBHUCOKOoMY BakyyMmi (HBB).

Y  pamkax pgociaipkeHHs OyJo TPOBEIEHO PO3pPaxyHOK E€JIEeKTPOHHO-
€HEpPreTUYHOi CTPYKTypH KpucTally InsSes;, Buxomsum 31 CTPyKTYpHOI 1H(OpMaIli,
METOJOM (yHKLIOHAJa €JIEKTPOHHOI TYCTMHU 3 Yy3araJbHEHUM TIpaJl€eHTHUM
HaOmmxeHHs M (DFT-GGA) 13 3acrocyBanHHsAM (yHKIIOHATa OOMIHY-KOPEJsiii
ITepnwto-bepka-Ennieproga. Omnepskani  pe3ylbTartd, A03BOJWIM 3’°ACyBaTh  SIK1
€HEPreTUYHl CTaHU 1 SKUX aTOMIB BH3HAYaIOTh E€JIEKTPOHHI BJIACTHBOCTI MOBEPXHI
ckomoBaHHs (100) InsSe; 1 garoTh OCHOBHMII BHECOK B aJCOpPOLINHI E€IEKTPOHHI
npouecu i (GopMyBaHHs 1HTEP(EUCHOTO MOKPUTTA. 3TITHO LUX PEe3yJbTaTiB 30HA
npoBigHocTi InsSe; dopmyeTsest nepeBaxHo In-p- Ta Se-p-opOitansamu, 301UTbIINM
BHECKOM In-p, a BaJieHTHa 30Ha B Jlana3oH1 eHeprii 3B’s3ky Bia -2,5 mo -4,5 eB
dbopmyeThest iepeBakHo In-5p ta Se-4p cranamu, 3 OUIBIIUM BHECKOM Se-p-opOiTadi.

Bcranosneno, mo Y®OEC-cnektpu mns mosepxonb ckony (100) xpucramis
InySes, ounieHux 10HHUM OOMOapayBaHHs Ar”, CYTTEBO BIIPI3HIIOTHCA BiJ] CIEKTPIB
aTOMapHO YHCTHUX IOBEPXOHb. [OHHE pO3NWIEHHS NPU3BOAUTH A0 30aradeHHs
MOBEPXHI aTOMaMM 1HJIII0, 110 BUKJIMKAE 3MIIIEHHA piBHSI Depmi, 3MIHY poOOTH
BUXO/y, a TaKoX MOJU]IKAIiI0 TYCTHHU EJIEKTPOHHUX CTAaHIB BaJCHTHOI 30HU.
[IponemoHcTpoBaHO, 110 MOBHA TycTHHA cTaHIB I[n4Ses po3paxoBana merogom DFT-
GGA B uomy criBnagae 3 YOEC crnekTpoM i1 aTOMapHO YKCTO1 MoBepxHi. Tomy
BHUBUYCHHSI 30HHOI CTPYKTYpH moBepxHi ckoiry (100) InsSes micist ioHHOTO PO3MMIICHHS
yu mnepeOdyBanHs y HBB Oinbine, HDX Jekiibka TOAWH, CJIJ BBaXaTH
HelH()OpPMATUBHUM, 1 TAKUX BILJIMBIB HA 3PA30K CJIiJl YHUKATH.

Excniepumentanbhi  gociimkenns aucnepeii E(k;,;) Ha T1oBepxHi cKomy

(100) InsSes B3moBx HampsiMkiB <001> ta <010> moka3zanu aHI30TPOITIIO EIEKTPOHHUX



3

BIacTUBOCTeH. Po3paxoBaHOo e(EeKTHBHI Macu eJIeKTpOHIiB 1mobmamu3y [ Touku, o
CTaHOBJIATH 1,62m, Ta 0,43m, BIATIOBIIHO JIsl HATIPSIMKIB -Xrtal-Y.

X-nmpomeHeBa (HOTOCTIECKTPOHHA CIIEKTPOCKOITiSI TOBEpXOHb ckosoBaHHs (001)
kpuctaiiB InTe BusBUIa HASBHICTD 3HAYHOI KIJIBKOCTI 3a0pYIHIOIOUUX KOMITIOHEHTIB,
30KpeMa BYTJICIIO Ta KMCHIO JJIsl KPUCTAIB CKOJIEHUX ex situ. BusBneHo nosBy daszu
TeO, na nHeouwmmeHit moBepxHi. JlochmipkeHO €(EeKTHBHICTh METOJIB OYUIIEHHS
noBepxHi: TepmiuHa o0poOka npu 400 °C mpoTsaroMm JecsiTd XBUIMH 3abe3nedye
AecopOlLil0 KUCHIO Ta 3HUKHEHHsSI OKUCHOI (pa3u Temypy, aje He YCyBa€ BYTJICIEBI
3a0pynHeHHs. EQexTuBHE OUYMIICHHS JAOCATA€TbCA JIMIIE 33 YMOB 10HHOTO
PO3MWIEHHS, 110, OJHAK, CYNPOBOJKYETHCS 3MIHOIO CTEXIOMETpii IOBEpXHI
CKOJIFOBAHHS BHACIIJIOK PI3HUX KOE(ILIEHTIB PO3NUICHHS OCHOBHUX KOMITIOHEHT In 1
Te.

JocnimkeHo mpolecu caMOoOpraHizaiii 1HJAIEBUX HAHOCHCTEM Ha IMOBEPXHSIX
ckomoBadHs (100) InsSe; ta (001) InTe, 1m0 BUKOPUCTOBYBAIUCH B AKOCT1 MIA0JIOHIB
st hopmyBanHs HyJIbBUMIpHUX (0D) 1 niHiliHUX onHOoMipHUX (1D) HaHOCTPYKTYD.
3anponoHOBAHO Ta €KCIEPUMEHTAIBLHO PEAi30BaHO JBa MIAXOAU ISl (PopMyBaHHs
nanocucteM In%(100) InsSe; ta In%(001) InTe, sxi OGa3yroTbCca Ha mpolEecax
BTOPUHHOI'O TBEPJOTUIBHOIO 3MOYYBaHHS Ta IUIECHPSIMOBAHOI 3MiHM MOBEPXHEBOI
CTEX10METpIi IOHHUM PO3MUICHHSM.

Brepie orpumano 0D manocucremy In’(001) InTe Ha moBepXHi CKOTIOBAHHS
(001) mapysatoro kpuctany InTe 3a 10moMoror TepMidHO aKTUBOBAHOT'O IPOIIECY
BTOPUHHOTO TBEPAOTIIHLHOIO 3MOYyBaHHs. BcTaHoBIeHO, 1110 (hopMa Ta MPOCTOPOBE
po3TanryBaHHsl ChOPMOBAHMX HAHOCTPYKTYP BU3HAUAETHCS CUMETPIEIO0 MMOBEPXHEBOI
rpatku InTe.

AHaJi3 CHEKTpiB TYCTHHH EJICKTPOHHUX CTaHIB HAa MOBEPXHI HAHOCUCTEMU
In%/(001)InTe orpumanux meromoM CTC mnokasye KOpEIsLiro MK IIPOLEcaMu
BTOPUHHOTO TBEPJOTUILHOTO 3MOYYBaHHS Ta 30UIBIICHHAM TYCTHHH EJIEKTPOHHHX
CTaHIB HAaHOCHUCTEMH Yy 3a0opoHeHiW 30H1 HamiBmpoBigHuka InTe, mo BigmoBimae
MeTasesii ¢asi In’, mpu 301IbIIEHH] CTYIIEHS IOKPUTTS iHAi€M. 3HAYEHHS BETMYUHN

3aboponenoi 30uu InTe, Bu3nauene meronom CTC piBue 1,16 eB.
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3anpomnoHoBaHO HOBHM miaxia s (opmyBaHHs diHIMHMX 1D Hanocucrem
In%(100) InsSes 3mino0 crexiomerpii mosepxui ckomoBanus (100) InsSe; ionHEM
po3nuiIeHHSIM. BcTaHOBIIEHO, 1110 BIIMIHHICTD Y KOoe(iIlieHTax PO3MUJICHHS aToMiB In
1 Se mpU3BOAUTH 10 HAKOMUYEHHS I1HAII0 HA TMOBEPXHI 3 MOAAJBIINM (Pa3oBUM
nepexonoM Ta GpopMmyBaHHsaM (da3u MeTanigroro ingiro In® ma mosepxni (100) InsSes.
3anponoHOBaHa TEXHOJIOTIS HE MOTpeOye mornepeanpoi MoaudiKarii MiIKIaIKd IH
HAHECEHHsI TIPOBITHOTO MIAPY 1 I03BOJISIE OTPUMATH JIHINHI 1HAIEBI HAHOCTPYKTYPH 3
YITKO BU3HAYCHUMH NapaMeTpaMu: HANpSIMOM, IMONEPEUHUM Mepepi3oM, MepioioM 1
JOBKHHOIO.

[IpoBeneHO MOCHIKEHHS KIHETUKH POCTY 1HAIEBUX HAHOCTPYKTYp Ha
IOBEPXHAX CKOJNIOBaHHsA ImapyBatux kpuctamis A’BS, 3okpema (001) InTe Ta
(100) IngSes.  PesynpraTd  a”amizy — mapaMeTpiB  IIOPCTKOCTI  MOBEPXHI:
cepenHbokBaApaTuyHoi mopctkocTi (RMS), acumerpii (skewness) Ta ekciecy
(kurtosis), BKa3zylooThb Ha MOJIOHICTh KIHETUYHHX 3aKOHOMIpPHOCTEW (POpMyBaHHS
HAHOCTPYKTYP Ha MOBEPXHIX CKOJTIOBAHHS IMX IIapyBaTHX KpucTaii. [lokazaHo, 1o
XapakTep 1 MEXaHI3MU POCTY METAJIEBUX HAHOCTPYKTYp 1HII0 BH3HAYAIOTHCS
MOCTIZIOBHICTIO €KCIEPUMEHTAIbHUX TMPOLEAYyp, a caMe: HAHECEHHSM 1HIIO,
HarpiBaHHS HAHECEHOTO I1apy Ta KUIbKICTIO HAHECEHOTO MaTepialy Ha MOBEPXHIO.

3’sicoBano, 1m0 s moBepxHi ckomoBaHHs (001) InTe 3pocranns mapamerpa
CepeHbOKBAAPATUYHOI IOPCTKOCTI Ta 3M1HU Yy PSD-crniekTpax, mij yac TepMooopoOKu
HAHECEHOTO Iapy 1HJII0, 3yMOBJEHI aKTHUBAIIEI0 TMPOIECY BTOPUHHOTO
TBEPAOTIILHOTO 3MOYYBaHHS Ta (OpPMYBaHHSIM HAHOCTPYKTYp 3a TEpPMIYHO
aKkTUBOBaHMM MexaHi3MoM @onbMmepa-Bebepa. st moBepxHI  CKOJIOBAHHS
(100) InsSes B excriepuMEHTANBHINA TIPOLIETYPl «IOCHIIOBHE HAHECEHHS TH/IIFO — BiTIAI
(7>200 °C)» npu HU3BKUX CTYMEHSX MOKPUTTS CHOCTEPIraEThCS MOIIAPOBUN PICT 13
CepeIHbOI0 TOBIIMHOIO B OJMH aTOMHHUM IIap. AKTHUBalis HpPOLECY BTOPHUHHOIO
TBEPJIOTIILHOTO 3MOYYBAHHS AaKTHBI3yE PICT OCTPIBLUEBUX HAHOCTPYKTYp 13
CEepeHBOI0 BHUCOTOK 1O 2-X aTOMHUX IapiB 1HAII0 BHUIIE «0a30BOr0» pIBHS

HaBKOJIMIIIHBOI TOBEPXHI 3TiIHO MexaHi3my Donbmepa-Bebepa.
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Hocarayto ¢opmyBaHHs JiHIHHUX 1D-1HAIEBUX HaHOCHCTEM Ha IMOBEPXHI
(100) InsSes, sAKi OPIEHTYIOTHCS OOPO3HUCTOIO TMOBEPXHEIO MIAKIANKH. Takui picT
BIJOYBa€ThHCS 32 YMOB TEPMIUHO aKTHUBOBAaHOTO pexxuMy pocty Ponabmepa-Bebepa, y
EKCIIEPUMEHTATILHUX TPOIEAYpaxX «IOCTIOBHE HaHeCeHHs 1Hir0 — Bimman (7>200 °C)»
Ta «0OararopasoBe HaHeceHHs — Bianaiu (7>200 °C)». OgHak 3 TOUYKH 30py MOPIBHIHHS
napaMeTpiB MIOPCTKOCTI MOBEPXHI MEPIIUN TOTIK EKCIEPUMEHTAIBHUX MPOLEAYP
BUPI3HAETHCS 3HAYHO MEHIIMMH 3HAUEHHSMHU HEBIIOPAIKOBAHOCTI MOBEPXOHb 32
BUCOTOI0 32 JaHUMU RMS, acumerpiero Ta ekcuecom.

[IpakTHyHa WIHHICTH PE3YJIbTATIB JIOCIIIKEHHS IOJSAra€e y BCTAaHOBIICHHI
MeXaHi3MIB (OpMyBaHHS 1H/I€BUX HAHOCTPYKTYpP Ha TMIOBEPXHSIX CKOJIOBAHHS
XaJbKoreH1THUX KpucTamiB InsSe; ta InTe, 1o 1o3Bossge po3misaaTy i Marepiaiu sk
MEPCIEKTUBHI MAaTpulll JJsi CTBOPEHHS CTa0UIbHUX HAHOCHCTEM 1 BIJIKpHUBAE
NEPCIEKTUBY BUKOPUCTAHHA ILIMX CHUCTEM Y BHUPOOHUUTBI HaHOPO3MIPHHUX
€JIEKTPOHHUX KOMIIOHEHTIB. 30KpeMa, pe3yiabTaTd MOXKYyTh OyTH 3aCTOCOBAHI IMpHU
po3po0ILIl TMOJIbOBUX TPAH3UCTOPIB Ta HAINIBIOPOBIIHUKOBUX MpuUIaAiB Ha Oap'epi
[oTTKi, A€ BaXJIMWBOIO € CTablabHA M KepoBaHa MOP(QOJOTiS KOHTAKTy MeTa-
HaIBMNPOBIAHUK. Takox 111 Marepiaiu € NePCIeKTUBHUMH JJI1 CTBOPEHHSI CEHCOPHUX
€JIEMEHTIB 1 (HOTOHHUX MPUCTPOIB.

Takum yMHOM, OflepKaHi Pe3yJIbTaTh MalOTh BaXKIMBE 3HAYCHHS JJII PO3BUTKY
MPUKIAAHUX HAIPSIMIB MIKPO- Ta HAHOEJIEKTPOHIKH, BIIKPUBAIOYH HOB1 MOYJIMBOCTI B

1HXeHepii PyHKI[IOHAIIbHUX HAHOCUCTEM.

Kuro4oBi cioBa: mapyBaTi KpUCTalM, XaIbKOTCHIIN 1HAII0, HAHOCTPYKTYPH,
HAHOCHUCTEMH, CKaHylOo4Ya TyHEJbHAa MIKPOCKOMIS Ta CIEKTPOCKOoIid, X-IMpoMEeHeBa
(bhOTOCNIEKTPOHHA CIIEKTPOCKOITIS, YIbTpadioneToBa POTOCTESKTPOHHA CIIEKTPOCKOIis
Ta CIIEKTPOCKOIIISI 3 KyTOBUM PO3UICHHSIM, Teopist (DyHKITIOHANIA TyCTUHHN, BTOPUHHE

TBEPJIOTIJIbHE 3MOYYBaHHs, CAMOOPTaHi3allisl HAHOCTPYKTYP.
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This work is devoted to the investigation of the suitability of the cleaved surfaces
(100) InsSes and (001) InTe for the formation of nanosystems In%(100) InsSe; and
In%/(001) InTe based on chalcogenide semiconductors with natural nanostructured
matrices, and to the study of the mechanisms of indium nanostructure formation on
their surfaces.

Chalcogenide layered semiconductors such as InsSes and InTe belong to a class
of materials that hold promise for next-generation electronics. These compounds
crystallize in layered structures, where individual layer packets exhibit a high degree
of independence. This leads not only to the anisotropy of the electronic spectra and
various physical properties of their surfaces, but also to specific surface features — such
as the grooved, chain-like structures observed on the (100) surface of InsSes. The
stability of interlayer cleavage surfaces and the potential use of grooved anisotropic
cleavages as templates for the formation of surface nanowires and nanostructures also
attract considerable interest. Addressing these challenges requires a thorough
investigation of the surface structure of layered crystals, their electronic properties, and
control over interfacial interactions, including the potential formation of interfaces.

Thus, in the context of further development of nanoscale electronic devices, it is
essential to explore the possibilities of forming spatially ordered arrays of metallic
nanostructures on these surfaces, as well as to develop and test new technologies for
the fabrication of nanostructures and nanoheterostructures based on them.

The electronic structure and elemental-phase composition of the cleaved
surfaces of (100) InsSes and (001) InTe crystals were investigated using ultraviolet and
X-ray photoelectron spectroscopy (UPS and XPS), as well as density functional theory
(DFT-GGA). Special attention was paid to the influence of ion sputtering and
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subsequent changes during storage of the samples, even under ultra-high vacuum
(UHV) conditions.

As part of the study, the electronic band structure of the InsSes crystal was
calculated based on structural information using the density functional theory (DFT)
within the generalized gradient approximation (GGA), employing the Perdew—Burke—
Ernzerhof (PBE) exchange-correlation functional. The obtained results made it
possible to determine which atomic states contribute most significantly to the
electronic properties of the (100) cleavage surface of InsSes; and play a key role in
adsorption-related electronic processes and interface formation. According to these
findings, the conduction band of InsSe; is mainly formed by In-p and Se-p orbitals,
with a predominant contribution from In-p. The valence band, in the binding energy
range from —2.5 to —4.5 ¢V, is primarily composed of In-5p and Se-4p states, with a
stronger contribution from Se-p orbitals.

It was established that the UPS spectra of (100) InsSe; surfaces cleaned by Ar*
ion bombardment significantly differ from the spectra of atomically clean cleaved
surfaces. lon sputtering leads to surface enrichment with indium atoms, resulting in a
shift of the Fermi level, change in work function, and modification of the valence band
density of states. It was shown that the total density of states of In4Ses calculated using
DFT-GGA generally corresponds to the UPS spectrum of the atomically clean surface.
Therefore, studying the band structure of the (100) InsSe; surface after ion
bombardment or prolonged UHV exposure is uninformative and should be avoided.

Experimental studies of the E(k,,) dispersion on the (100) InsSe; cleavage
surface along the <001> and <010> directions revealed anisotropy in electronic
properties. The effective electron masses near the I' point were calculated to be 1.62m,
and 0.43m, for the I-X and I'-Y directions, respectively.

XPS studies of the (001) InTe cleavage surface revealed a significant presence
of contaminants, particularly carbon and oxygen, for ex situ cleaved crystals. The TeO,
oxide phase was detected on uncleaned surfaces. The efficiency of surface cleaning
methods was investigated: thermal treatment at 400 °C for ten minutes enabled oxygen

desorption and the disappearance of the oxide phase, but did not eliminate carbon
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contamination. Effective cleaning was achieved only under ion sputtering, which
however altered the surface stoichiometry due to different sputtering rates of In and Te.

The self-organization processes of indium nanosystems on the cleaved surfaces
of (100) InsSe; and (001) InTe were studied, which served as templates for the
formation of 0D and linear 1D nanostructures. Two approaches for forming
nanosystems In°/(100) InsSe; and In%(001) InTe were proposed and experimentally
implemented, based on solid-state dewetting and intentional changes in surface
stoichiometry via ion sputtering.

For the first time, a 0D nanosystem In%(001) InTe was obtained on the cleaved
surface of the layered (001) InTe crystal using a thermally activated solid-state
dewetting process. It was found that the shape and spatial arrangement of the resulting
nanostructures are determined by the surface lattice symmetry of InTe.

Analysis of the density of states spectra of the In®/(001) InTe nanosystem surface
obtained by STS showed a correlation between the solid-state dewetting process and
the increase in the density of states in the bandgap of InTe, corresponding to the
metallic In® phase, with increased indium coverage. The bandgap of InTe, determined
by STS, was 1.16 eV.

A new approach for forming linear 1D nanosystems In%(100) InsSe; was
implemented by modifying the surface stoichiometry of the (100) InsSes; cleavage
plane via ion sputtering. It was found that differences in the sputtering rates of In and
Se atoms led to indium accumulation on the surface, followed by a phase transition and
the formation of metallic In’. The proposed technique does not require pre-
modification of the substrate or deposition of a conductive layer and enables the
formation of indium nanostructures with clearly defined direction, cross-section,
spacing, and length.

The kinetics of indium nanostructure growth on the cleaved surfaces of layered
A’BS crystals, particularly (001) InTe and (100) InsSe;, were investigated. Surface
roughness parameters (RMS), skewness, and kurtosis analysis indicated similar growth

behavior on both surfaces. The growth mechanisms of metallic indium nanostructures
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were shown to depend on the experimental sequence: indium deposition, heating, and
the amount of material.

For the (001) InTe surface, increases in RMS and PSD spectrum changes during
thermal treatment of the deposited indium layer were associated with the activation of
solid-state dewetting and nanostructure formation via a thermally activated Volmer—
Weber mode. For (100)InsSes;, under the “sequential deposition—annealing
(T>200 °C)” procedure at low coverage, layer-by-layer growth was observed with an
average thickness of one atomic layer. Activation of dewetting initiated island growth
of indium nanostructures with an average height of two atomic layers above the base
surface.

Formation of linear 1D indium nanosystems was achieved on the (100) InsSes
surface, oriented by the grooved substrate pattern. Such growth followed a thermally
activated Volmer—Weber mode under “sequential deposition — annealing (7>200 °C)”
and “multiple deposition — final annealing (7>200 °C)” procedures. However, the
former showed significantly lower surface roughness and disorder based on RMS,
skewness, and kurtosis.

The practical significance of the research results lies in the identification of the
mechanisms of indium nanostructure formation on the cleavage surfaces of
chalcogenide crystals InsSe; and InTe. This enables considering these materials as
promising templates for the creation of stable nanosystems and opens up prospects for
their application in the production of nanoscale electronic components. In particular,
the results can be applied in the development of field-effect transistors and
semiconductor devices based on Schottky barriers, where stable and controllable
metal-semiconductor contact morphology is essential. These materials are also
promising candidates for the development of sensor elements and photonic devices.
Thus, the obtained results are of considerable importance for the advancement of
applied research in micro- and nanoelectronics, offering new opportunities in the

engineering of functional nanosystems.
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