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The cleavage surface of Sb2Tes layered chalcogenide crystal like as other 2D layered ones,
such as InSe, In4Ses, InTe, is provided as a nanoscale embossed template for the formation of
arrays of self-assembled In nanostructures due to thermal deposition and subsequent solid state
dewetting (SSD) procedure. Sh2Tes samples were characterised by X-ray diffraction (XRD), X—
ray photoelectron spectroscopy (XPS), low energy electron diffraction (LEED) and scanning
tunneling microscopy/spectroscopy (STM/STS). Sh2Tes has got the anisotropic crystal structure
with the presence of van der Waals interlayer interactions. The studied (0001) surfaces were
stable with a specific surface relief, which, as in the cases of other layered crystals InsSes, InSe,
InTe, is due to the crystal structure of the layer package. The shape of single In induced
nanostructure and their array’s symmetry are directed by the (0001) surface lattice symmetry. We
observed the formation of triangular shaped In nanostructures ordered in hexagonal structured
arrays with the well-defined lattice parameter after the SSD. That is, it can be argued that the
cleavage (0001) surface of the Sh2Tes crystal actually works as a spatially distributed ordered set
of cells, which act as a guiding factor for the self-organization of nanostructures due to SSD
process on the macroscale. The comparative fractal analysis of STM images of the (0001) Sh2Tes
and (0001) InSe surfaces, shows that distribution in size of In nanostructures are almost the same
under commensurate experimental conditions. Sh2Tes energy gap determined from STS spectra of
initial surfaces is approaching value of 0.2 eV. An increase in the degree of In coverage is
expressed in DOS distribution with appearance of its sufficient value in the range of SbhoTes
energy gap.

Keywords: layered crystal chalcogenides, self-assembled nanostructures, nanostructures’
template directed assembly, hetero nanostructures, solid state dewetting, LEED, STM/STS, XPS.

1. Introduction

2D layered chalcogenide semiconductors, such as, InSe, InsSes, InTe, Sh,Tes are among
newly emerging materials suitable for functional nanoscale devices applications [1]. It looks
like that surface of 2D laye-red crystals are one among most perspective templates for self-
assembling of metal nanostructures due to the solid state dewetting [2,3]. Because of intrinsic
nature of van der Waals interlayer bonding, layered chalcogenide crystals’ surfaces possess
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good ambient stability, might be just easily obtained by cleavage even in UHV, and, thus,
applied as template for fabrication of metal-semiconductor hetero nanosystems.

Antimony telluride Sb,Te; is one among currently used semiconductor materials for
thermoelectric converters to operate within range of room temperatures with high value of
thermoelectric efficiency parameter ZT. Sh,Tes like as bismuth telluride are often used as
components of thermoelectric alloys with thermo-electromotive force 150-220 puV/K. Beside,
antimony telluride exhibits nonlinear optical properties [4-6]. All these applications have one
basis, namely that antimony telluride Sh.Tes; belongs to the class of layered strongly
anisotropic semiconductors. The crystalline material contains covalently bonded atoms,
forming 5 atoms’ thick layers (stacked in order: Te-Sh-Te-Sb-Te), which are bonded to each
other by the van der Waals bonds [7]. Due to its layered structure and weak interlayer bond
strength, part of Sh,Tes can be mechanically cleaved, exfoliated by adhesive tape or, e.g., by
electrochemical procedure [8], to form even a few single layer flakes.

Like other antimony and bismuth chalcogenides, Sh,Tes has got semiconductor
properties. SbhoTes is a narrow-band semiconductor with a band gap of 0.21 eV [9]. It can be
converted into both n- and p-type semiconductors by doping with a suitable impurity. It is also,
like Bi.Ses, a topological insulator and, therefore, exhibits thickness-dependent physical
properties [10].

It is characterized by the presence of a large number of intrinsic defects of the acceptor
type, presumably antistructural, i.e., part of the excess antimony atoms takes the place of
tellurium atoms — (Sbre). In such case the high concentration of holes (p~10%° cm®) might be
observed, which can be changed only in a narrow range, that complicates the study of the
Sh,Tes energy spectrum.

Based on our previous studies of the layered chalcogenides’ surfaces [11-13], another
potential application of antimony telluride can be expected. The surfaces of layered
chalcogenide crystals combine the properties of stable ordered templates along with the weak
interaction in the template-deposited layer, which contributes to the formation of ordered
metal-semiconductor nanoheterosystems as a result of solid-state dewetting technique (SSD).

In this paper, we focus on the application of (0001) cleavage surface of Sh,Tes layered
chalcogenide crystal, as ordered template, suitable for the formation of metal nanostructures’
arrays using the SSD. Actually SSD method applications were involved in making arrays of
nanoscale particles for electronic and photonic devices and for catalyzing growth of nanotubes
and nanowires long enough [14]. One of the key issues in this technology is getting the perfect
quality patterned templates and their stability as a basis for output self-organizing structures.
However, in contrast to the case of patterned surfaces of layered crystals obtained by cleavage,
to achieve this goal in SSD very often it is necessary to apply fairly complex of time-
consuming and expensive two-dimensional (2D) fabrication procedures. Among the, so-called,
methods of substrate’s prepatterning to obtain arrays of nanostructures on it, application of
various techniques, such as controlled chemicals, such as selective etching of the substrate
surface, galvanic substitution reactions, by which it can be transformed into a template
decorated with numerous ordered structures has been reported. Another group of methods
includes techniques to form patterns on the surface using lithographic methods, mechanical
scribbing, indentation or the use of nanoscale catalysts, which are pre-deposited on the
substrate surface, thus forming a certain structure on the surface, the so-called, wetting layer
[15-17].
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2. Experimental

The Sh,Tes crystal was grown by the Bridgman-Stockbarger method. It should be noted
that (0001) Sh,Tes cleavages for XPS and LEED studies were obtained ex situ in consequence
of experimental constraints. At the same time samples for STM/STS studies were cleaved
directly in an UHV. In both cases, the work pieces for cleavage had a special shape of a
pedestal and roughly 3x4x6 mm? size. Such shape in combination with Sh,Tes intrinsic bulk
anisotropy allow to get several perfect (0001) Sh,Tes cleavage surfaces in consequence of
multiple chipping manipulations even in situ.

Thermal evaporator EFM-3 was applied for indium deposition in situ. Indium ion current
inside the effusion cell was maintained to be constant during the indium deposition. The
deposition rate was kept at approximately 0.07 ML/min. Small deposition rates facilitated in
producing hetero growth, rather than obtaining of polycrystalline films at high deposition rates.
Such rates allowed organizing an activation-migration movement of deposited indium with
localization on growth activation centers under consequent annealing at 440-450 K, 3-5 min.

Structural studies were performed using XRD a powder X-ray diffractometer "Stoe
STADI I" (Germany) with CuKa - wavelength A=1.540598 A.

The element-phase composition studies of the surfaces of layered Sh,Tes crystals were
performed by XPS method. XPS spectra were acquired by SPECS (PHOIBOS HSA3500 100
R6 [HWType 30:14] MCD 5 (Germany)). An X-ray source with the Mg anode MgKa (E =
1253.6 eV) was applied. The XPS spectra were recorded in an ultrahigh vacuum of 10-° Torr.
The analysis of XPS spectra was performed by SpecsLab Prodigy software.

Low energy electron data (LEED) were acquired by ErLEED 100 optics designed by
SPECS Surface Nano Analysis GmbH. The LEED data were analyzed using the SPECS
SAFIRE Diffraction Image Acquisition and Processing System for LEED and RHEED.

STM/STS data were obtained by Omicron Nano Technology STM/AFM System
operating with UHV better than 10°° Torr at room temperature. The acquisition of STM data
was conducted in the constant current mode with spatial resolution 400x400 points regardless
of scanned area. STS data were acquired with spatial resolution 80x80 points in current
imaging tunnelling spectroscopy (CITS) mode. Free software WS&M v.4.0 from Nanotec
Electronica [18] was used while analyzing and processing of STM data.

3. Results and discussion

3.1. Elemental and structural studies of Sb2Tes (0001) surface as template for indium

deposition

Fig. 1a shows XPS survey spectrum of the (0001) Sh,Tes surface. XPS spectrum in
addition to the main reference maxima of the components of Sb,Tes (Sb 3dsp, Te 3dsp),
contains also a substantial maximum of carbon (C 1s). The latter one appears in a consequence
of the adsorption from laboratory atmosphere after cleavage. The most intense XPS maxima Sh
3dss2, Te 3dsy, like all others, were identified using a database [19], and recorded in a precise
scale of binding energies in order to evaluate new chemical interactions with the transfer of
electronic charge on the (0001) surface of the layered Sh,Tes crystal and in its interface layers.
Control of the possible charging of the cleavage surface during X-irradiation and XPS spectra
recording was necessary because it affects the XPS results (obtained binding energies of
chemical elements), thus, the binding energies of the elements were adjusted relatively to the
C 1s maximum of carbon (284.5 eV). The results of quantitative analysis, by the method of
pure standards, using XPS spectra allow us to conclude about the stoichiometry of the Sh,Tes
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compound beside the presence of a significant amount of adsorbed carbon. Detailed analysis of
extended XPS spectra for Te in the range of binding energies 560—610 eV, which contains the
reference maximum Te 3ds2 at a binding energy of 572.3 eV and its doublet Te 3ds;, and Sh
with components Sb 3ds, and Sb 3ds» in the binding energy range of 510-560 eV, also
revealed the appearance of peaks of tellurium and antimony oxide phases. However, the
concentration of oxygen is much lower than that of carbon. The results of XPS analysis of the
initial (0001) surfaces of antimony telluride actually also confirm the data of our previous
studies that the surfaces of layered chalcogenide semiconductors obtained ex situ tend to be
predominantly carbon contaminated [20].

The structural studies of bulk Sh,Tes layered crystals by the of X-ray diffraction (XRD)
method and their (0001) cleavage surfaces by the LEED method were conducted.

In consequence of XRD study (see Fig. 1b) the symmetry of the Sb,Tes crystal lattice and
its lattice parameters were determined. XRD study shows on rhombohedral crystal structure
(R3m space group, lattice parameters a=4.2654(8) A, c=30.435(2) A).
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Fig.1. Sb2Tes crystal bulk characterization by: a) XPS survey spectrum, recorded with a resolution of 1
eV and without background correction of the peaks' intensity of chemical elements; b) XRD study (STOE
STADI P, CuKal); ¢) panoramic model representation of the calculated structural data of the crystal
(view towards the surface of the packet - layer) [21] and d, €) Sh2Tes (0001) surface characterization on
macroscale by LEED patterns of the as-cleaved sample acquired at a primary electron energies of 78 eV
and 112.5 eV.

Fig. 1c represents model of Sb,Tes surface layer calculated using the Vienna Ab initio
Simulation Package obtained from the Materials Project [21] a sizable materials database that
contains computed structural, electronic, and energetic data for over 33000 compounds. This
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model is experimentally confirmed on Fig. 1d that shows LEED pattern of the as-cleaved
Sh,Tes sample, acquired at a primary electron energy of 78 eV. Since the diameter of the
primary electron beam spot on the crystal surface is about 1 mm, we can conclude that studied
templates have got excellent surface structural quality in macroscale according to LEED.
LEED shows that the symmetry of the reciprocal lattice of (0001) Sh,Tes; doesn’t depend on
the exposure time at 295 K after cleavage in UHV, and indicates that two-dimensional (2D)
lattice on (0001) Sh,Te; cleavages exhibits no reconstruction and is structurally stable at room
temperature range and after cleavage ex situ at least.

In addition, detailed studies of the intensity dependence of diffraction spots on the
primary electrons’ energy, as in the case of a layered InSe crystal [22] allow us to conclude that
there exhibits a "triangle-like" relief of the Sb,Tes (0001) surface due to vertical displacements
of surface layer atoms arranged in sub layers. Fig. 1e shows for example the characteristic
LEED spectrum of the (0001) surface at a given energy of primary electron beam, that
indicates on the presence of triangular shaped cells, which then could act as a natural relief in
the process of self-organized nanostructures forming by the SSD method.

Fig. 2 shows the results of STM study of initial 51.2x51.2 nm? Sbh,Te; (0001) surface
obtained by cleavage in situ. Inset on Fig. 2a shows schematically a setup for obtaining
multiple quality cleavage surfaces in UHV. The acquired images are essentially noisy as it's
shown on Fig. 2a, so, we applied 2D Fast Fourier filtering (see Fig. 2b) to reveal clear surface
pattern with ~4.5 A hexagonal lattice parameter size that is very close to Sb,Tes crystal one in
(0001) plane according to XRD data. Zoomed fragment of periodical structure from Fig. 2b is
shown on Fig. 2c overlaid by model representation of the corresponding surface lattice.

Fig.2. STM study of initial Sh2Tes (0001) substrate: a) STM image 51.2x51.2 nm? (tunneling current
124 pA, bias +1.6 V), Inset: Schematic image of the sample cleavage in situ: 1 — stainless steel holder, 2 —
sample in the form of a "pedestal” suitable for multiple cleavages, 3 — glue or double-sided tape for
sample fixing, 4 — stainless steel tip. The arrow indicates the direction of splitting; b) corresponding 2D
FFT image; c) zoomed fragment of 2D FFT image 4.7x5.2 nm? with characteristic lattice size ~4.5 A.

Moreover, it should be noted that the detected structure is steadily observed regardless of
the time that has passed after the cleavage, which makes it possible, given, as well as the
results of the LEED study on the sample surfaces obtained even ex situ, unambiguously, to
retrieve the lack of Sb,Te; (0001) surface lattice reconstruction, and therefore its suitability as a
template for SSD applications.
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3.2. STM/STS study of (0001) Sh.Tes crystal surface
Initial Sh,Tes (0001) surface was subjected to In deposition in situ. Fig. 3a shows
corresponding STM image acquired after 105 s indium deposition. One could observe rather
inhomogeneous surface without visible signs of ordering in the In deposited layer. Next the
SSD process was activated. For this purpose the samples with deposited indium were annealed
at a temperature of about 170°C, which is higher than the melting point of indium. Due to the
presence of inhomogeneous in height on the nanoscale triangular shaped ordered morphology
of Sh,Te; (0001) surface we could observe formation of similar shaped nanostructures after the
SSD, what is also characteristic in the case of the In/InSe (0001) layered chalcogenide crystals’
surfaces previously reported [3]. Fig. 3b shows 0D triangular shaped indium self-organized
nanostructures induced on (0001) surface Sh,Tes due to SSD process.
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Fig.3. STM study of Sh2Tes (0001) surface: a) after 105 s indium deposition on substrate (155x155 nm?
image, tunneling current 101 pA, bias -1.0 V) with subsequent data (c) on height intervals of image
pixels; b) after SSD process due to annealing (~170°C) (155x155 nm? image, tunneling current 124 pA,
bias voltage +1.0 V) with subsequent data (d) on height intervals of image pixels

In addition to the formation of self-assembled indium triangular nanostructures from the
obtained STM data one can derive conclusion about the Z height component of images’ pixels.
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In the case of Figs. 3a and b the whole array of pixel heights of the corresponding image might
be divided into two characteristic subsets (see Figs. 3c and 3d, respectively), what allows us to
determine the difference between the average pixel heights of these subsets. For the case of the
deposited indium layer on the initial (0001) surface (Fig. 3c), this difference is ~3.2 A, which,
given the 1.56 A value of the indium atomic radius, confirms the presence of a monolayer of
deposited indium. Moreover, the evaluated degree of indium coverage 6 of the surface (0001)
Sh,Tes is more than 0.9. Thus, looking at the Fig. 3c, we can consider that “basic” observed
plane is the surface formed by the deposition of a indium monolayer.

The data on Fig. 3d show that in the result of SSD process the degree of coverage of the
initial surface by In decreases significantly, apparently due to the formation of a triangular
shaped nano structures, with their height averaging about 1.5 In monolayer (ML), and, in fact,
it could reach up to 2 In MLs.

Therefore, all these confirms the viewpoint that the surfaces of layered chalcogenide
crystals due to their stability, poor adhesion and relief at the nanoscale can serve as ideal
templates for obtaining metal nanostructures with the shapes that are defined by the symmetry
of the corresponding surface crystal lattice.

Interesting from the point of view of the formation kinetics of the In/ (0001) Sh,Tes
system are the results of the analysis obtained using the Roughness analysis tool in WSxM
application shown on Fig. 4a. Curves 1-4 show height distribution acquired in each of points of
STM analysis, i.e., pixels on STM images, over 400x400 nm? surface areas for initial, indium
deposited and consequently annealed samples, respectively. Statistics on the distribution of
pixel heights shown by curves 1-4 on Fig. 4a along with the corresponding cases of numerical
parameters that characterize the degree of asymmetry of the surface (skewness) and its
peakness (kurtosis) presented on inset allow us to draw conclusions how the morphology of the
studied surfaces changes. The initial (0001) surface of Sb,Tes (casel) is sufficiently
asymmetric with high degree of peakness. Substantial degrees of indium deposition (case 3)
increase the symmetry of the surface layer (skewness parameter equal to zero shows on
symmetry of surface's pixels distribution, value above it shows on peaks and below on holes)
and lead to an almost Gaussian distribution of heights (kurtosis parameter (peakness) equal to
3.0 is characteristic for Gaussian distribution [23]).

At the same time, further surface heating (case 4) with the activation of SSD processes
tends to "restore" asymmetry and peakness. However, in this case we are dealing with the
formation of self-organized ordered indium nanostructures on the relief of the antimony
telluride (0001) surface pattern.

3.3. STS study of Sh2Tes crystal surface

The changes in Sh;Tes (0001) morphology due to indium deposition when considering
heterogeneous metal — semiconductor system are also confirmed by STS data. Fig. 4b shows
normalized derivative (dI/dV)/(1/V) curves via bias voltage between probe and studied surface
averaged over 150x150 nm? area for initial template (curve 1), after In deposition (curve 2) and
after the subsequent SSD process (curve 3).

In these cases the densities of the surface states (DOS) that participate in tunneling
processes via tip—surface bias voltage are presented. Consequently, Sb,Tes; energy gap
determined from STS spectra of initial surfaces is approaching value of 0.2 eV. It should be
noted that this is not a local value acquired from a single point which contributes to the tunnel
current with a diameter of about 1 A, but appears as a result of averaging the 6400 points STS
data of from a sufficiently large area, so, it is consistent with known data obtained by other
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methods [6]. Fig. 4b (curves 2, 3) confirms an increase in the degree of indium coverage that is
shown by changes in DOS distribution with appearance of its sufficient value in the range of
semiconductor Sh,Tes energy gap. However, it should be noted that due to the SSD process
(curve 3), the shape of DOS which can be correlated with the valence band (range of negative
biases’ voltages) and the conduction band (range of positive biases’ voltages) of the SboTes
crystal tends to be restored relatively to just indium deposited initial template (curve 2).
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Fig.4. STM/STS study of Sh,Tes (0001) surface: a) height distribution of pixels for 400x400 nm? STM
images on (0001) Sh2Tes surface before and after indium deposition: 1 — initial, 2 — 45 s deposition, 3 —
105 s deposition, 4 — annealed (~170°C). Inset table presents corresponding values of surface parameters
; b) averaged STS data over 6400 curves acquired from 150x150 nm? areas indicating initial surface’s
band gap ~0.2 eV (1, green curve) and energy spectra indicating sufficient value of DOS within band gap
after 105 s indium deposition (2, violet curve) and after SSD process due to annealing (~170°C) (3, red
curve).

3.4. STM study of indium nanostructures arrangement on (0001) Sh.Tes crystal surface
The study of the formation of indium nanostructures, in fact on a macro scale, on the
(0001) Sbh,Tes crystal surface is shown on Fig. 5. For this study, we used the results of STM
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analysis of surface areas measuring 1x1 um? Fig. 5a shows as acquired STM image with
indium nanostructures spatially distributed in some order. Given the rather different height and
triangular dimensions of these nanostructures, which have already been shown in Fig. 3, it is
visually difficult to draw a conclusion about the nature of their ordering. However, the
application of 2D Fast Fourier Transform (FFT) filtering to selected raw STM images, a
fragment of which is shown in Fig. 5b, shows, as expected, hexagonal structure with the well-
defined lattice parameter. That is, it can be argued that the cleavage (0001) surface of the
Sh,Tes crystal actually works as a spatially distributed ordered set of cells, which act as a
guiding factor for the self-organization of nanostructures due to SSD process on the
macroscale.

Usually the dimensions of such triangular structures are larger than the actual parameters
of the (0001) surface lattice of Sh,Tes; while maintaining the shape of the guide pattern.
Moreover, the dimensions of these triangles are distributed in magnitude. This phenomenon is
referred to as the Gibbs-Thomson effect which works in the nucleation of indium atoms in the
SSD process and is based on achieving the, so-called, critical size of the nucleus, above which
nanostructure continues to grow, and below it dissolves [23].
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Fig.5. STM study of In/(0001)Sbh2Tes 2D layered semiconductor nanosystem: a) 1x1 um? STM image
(tunneling current 124 pA, bias +1.0 V) with indium nanostructures after SSD processing; b) zoomed
fragment 200x242.5 nm? of 2D FFT image showing on hexagonal like ordering of indium nanostructures
with subsequent lattice model well fitted under ~29 nm parameter; c) fractal analysis of triangular shaped
indium nanostructures formed on 1x1 pm? areas of: (0001) Sb2Tes (1 — blue circles (experimental data)
and (0001) InSe surfaces (2 — green circles (experimental data) and corresponding in colour
approximations.

Given the similarity of the symmetry of the (0001) Sh,Tes and (0001) InSe surfaces [18],
which is confirmed by the results of the corresponding analyses by LEED and STM methods,
we performed a fractal analysis of STM images of these surfaces under comparable
experimental conditions in SSD formation of indium nanostructures.

Fig. 5¢ shows that corresponding approximations of log P = f(log S) dependencies for
self-similar shapes have the same slope in both cases. From the point of view of fractal
analysis, the distribution in size of indium nanostructures are almost the same on these crystal
templates under commensurate conditions —the amount of predeposited indium, the
temperature and heating time in the process of SSD. That is, the last parameters, due to the
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anisotropy of the properties of chalcogenide layered crystals and the lack of strong interactions
between the crystal surface and the deposited layer of indium, make it possible to control the
probability of nucleation of metal nanostructures or modulate free interfacial energy
influencing critical size of indium nucleus.

4. Conclusions

Surface of 2D Sh,Tes layered semiconductor crystal was applied as template for directed
assembly of indium nanostructures. The studied surfaces were stable and have a specific
surface relief, which, as in the cases of previously studied layered crystals InsSes, InSe, InTe, is
due to the crystal structure of the layer package. Thereby, as well as the anisotropic crystal
structure with the presence of van der Waals interlayer interactions, (0001) Sh,Tes crystal
surface allows the formation of triangular shaped indium nanostructures ordered in arrays in
the SSD process, that is, could be used as template. Moreover, it was found that for the process
of SSD indium nanostructuring, despite the different chemical composition of the template
Sh,Tes or InSe, as a compound, the similarity of the symmetry of the (0001) Sh,Te; and
(0001) InSe surfaces’ nanosized relief that determines the shape and ordering of deposited
nanostructures and the following parameters in SSD process are decisive: the amount of
predeposited indium, the heating temperature and annealing time.
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®OPMYBAHHS CAMOOPI'AHI3OBAHOI HAHOCUCTEMMU METAJITYHUI
In/ ITIOBEPXHS (0001) Sh2Tes 2D IAPYBATOI'O HAIIBIIPOBITHUKA
SIK HATIPABJISAIOUMI IIABJIOH
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HaBeneHi pe3ynbraTté eKCliepUMEHTaIbHHUX JOCHTIKEHb TOBEPXOHb CKOJIOBAHHS IIApyBaTOro
XaJIbKOTeHIIHOrO Kprctany SbzTes. Beranosieno, mo 2D mosepxwi ckomosanns (0001) ShoTes €
NIPUIATHI U1 BUKOPUCTAHHS y SIKOCTI HAHOPO3MIPHOTO penbeHOro miabioHy st (popMyBaHHS
MAacHuBiB IHJI€BUX CaMOOpPTaHi30BaHMX HAHOCTPYKTyp Ta HaHocucreM In/(0001) SboTes mpu iforo
TEPMIYHOMY OCaKeHHI iN Situ Ta mpomeaypu BTOPHHHOTO TBEPAOTLIBHOTO 3MovyBaHHS (BT3).
3pasku mIapyBaTHX HamiBOpoBimHUKIB SboTes, ix mosepxui ckomoBanus (0001) SheTes Ta
Hanocucremu In/(0001) ShoTes nHa iX OCHOBI XapakTepu3yBaad i IOCIIIDKYBald METOAaMH: X-
npoMeHeBoi  qudpakiii; kpucranorpadiro mosepxors (0001) ShoTes — mudppakuiero MOBiIBHEX
enextponis ([I1E); pazoBo-enemMenTHHIT cKitan — X-(DOTOETEKTPOHHOIO criekTpockormier (XPEC) a
Tonorpadiro MOBEPXOHb | HAHOCHCTEM — CKaHYIOUOI0 TYHEIBHOIO MIKPOCKOIIIEI/CIIEKTPOCKOIIIEI0
(CTM/CTC). Bceranosieno, mo mnosepxti (0001) ShoTes € crabinbHuMEU 3 0cOOIMBEM pebedOM,
0, SIK 1 Y BHIaJKax iHIIMX IIapyBaTHX KPHCTANIIB, 3yMOBJICHO KPHCTAJIIYHOIO CTPYKTYpOIO MIap-
makery. ®opma okpemoi iHmieBoi HaHoctpyktyp In/(0001) ShoTes Ta cumerpis ix MacuBiB
(HaHOCHCTEM) BH3HAUYAIOTHCS CUMETpieto moBepxHeBoi rpatku (0001). BeranoBneHo dopmyBaHHS
In HaHOCTPYKTYp TPUKYTHOI ()OPMH, YMOPSIKOBAaHHX Y Ie€KCarOHalbHI CTPYKTYypOBaHi MacHBH 3
BHpa3HUM TapaMeTpoM moBepxHeBoi Iparku miciast BT3. IMosepxus ckomosanus (0001) ShoTes
MPAIIOE SIK TPOCTOPOBO PO3MOIUICHH BIOPSIKOBAaHMA Hablp KOMIpPOK, 1 € HampaBISIFOYNM
(akTopoM Uil camoopraHizaiii HaHOCTPYKTyp 3aBisiku BT3 y makpomaciutadi. [TopiBHsUTBHMIA
bpakranpHuit ananiz CTM-306paxens noBepxob (0001) SbzTes i (0001) InSe i3 chopmoBanmmu
MacHBaMM HAaHOCTPYKTYp MOKa3ye, IO PO3MOALT 33 po3MipaMH HAaHOCTPYKTYp iHAiI0 Maibke
OJTHAKOBHII y CHIBMIpHHX €KCIEPHMEHTaJbHHX yMOBaxX. Bemmumna 3abopoHeHOl 30HM Sb2Tes,
Bu3HaueHa 3a crnekrpamu CTC BUXiTHHX MMOBEPXOHB, € Om3bKoro 10 0,2 eB. 30imbmeHHs cTyneHs
MOKPUTTS TOBEPXHi In 3yMOBIIOE 3MiHY pO3MOALTY TYCTHHH €HEPreTHYHHMX CTaHIB HAHOCHCTEM
In/(0001) Sh2Tes 3 mosiBOIO i CYyTTEBOI BENMYIKMHM B Jiana3oHi 3a00poHeH0i 300U SbaTes.

Kniouoei cnosa: miapyBari XaNbKOTEHITHI KPHCTAJIM, CaMOOpraHi30BaHI HAHOCTPYKTYpH,
30ipka HAHOCTPYKTYp KepoBaHa IIa0JIOHOM, TeTePOHAHOCTPYKTYPH, BTOPHHHE TBEpAOTLIHHE
3mouyBaHHs, koMmrieke metoauk — JIITE, CTM/CTC, X®PEC, X-npomeHeBa qudpakitis.
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