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Abstract- In this paper, the cleaved surfaces of layered
crystals AV,BY's and films obtained from them, surfaces
in 2D and 3D scales were investigated. The clusters were
discovered that effect on the efficiency of thermoelectric
properties of converters.
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I. INTRODUCTION

In connection with the miniaturization of electronic
equipment related requirements were specified for both
cooling and thermostabilizing devices. The mandatory
requirements include small dimensions and consumed
energy, the ability to work with static and dynamic
overloads in small power supplies, converters, feedback
systems. Due to the unique physical properties, especially
thermoelectric properties, thin films of Bi,Tes; and Sh,Tes
semiconductors were the subject of intensive
experimental and theoretical studies. The obtained
theoretical results show special interest for consideration
of periodic rough surfaces of multilayer structures.

It can be assumed that the discovery of facts of
introducing atoms into the Te®-Te® interlayer of a single
crystal, the formation of nanoscale defects and
dislocations on them and their effect on the properties of
thin films are very actual problem.

The purpose of this work was to identify nanoscale
layers in foil based on AV,BY'; crystals and study their
thermoelectric properties, for use in thermal converters
for power generation. It should be noted that, the
impurities penetrate are not only into the crystal lattice
AV,BVl;, but also into the space between the layers. In
this state, they must have an effect on different properties.

Step structures can arise during growth and in doped
layered crystals of the Bi,Te; type. Deformations
characteristic of dislocations arises near the step in the
bulk of crystal [1-2]. The obtained results shown
particular interest as periodically rough surfaces of
multilayer structures.

In addition to AFM images of surface in 3D-scale, all
doped samples were investigated AFM images in 2D.
The images include the distribution functions of
nanoparticles with the same dimensions (Fourier spectra),
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and the density of distribution of nanoparticles by (Z)
height (histogram) on (0001) surface. These data were
used in the discussion of the results. However, due to the
large number of drawings, we do not submit them.

On the basis of the foregoing, the research of
introduction of atoms into the Te®-Te® interlayers,
formation of nanoscale defects, dislocations and their
effect on the properties of thin films and foils are very
actual problem.

Il. EXPERIMENTAL

Electron microscopic images were obtained using
scanning probe microscope (SPM) from Solver Next and
AFM-Bruker Nano N8 Neos in 2D-3D.

As today’s most advanced optically navigated AFM,
new N8 Neos offers the familiar handling of most
research optical microscopes. The sample investigation
starts with optical inspection at lower and then higher
magnifications to determine the regions of interest.
Finally, for highest, atomic resolution Bruker’s compact,
interferometry-based AFM module Nanos™ is used.
Arranged at the objective turret just like the various
optical objectives, the Nanos can be positioned to the
localized spot within less than 1 um simply by a turn of
the turret. Due to its revolutionary new concept, the N8
Neos provides for seamless integration of AFM into the
micro- and nanoscopic inspection process.

Fundamental parts of new N8 Neos AFM system have
been redesigned comparing to its predecessor. A rigid
granite stand is incorporated for lowest thermal drift and
highest stability. The ultra-precision vertical stage is a
proprietary development and enables a fast and safe auto-
approach. Like all Bruker AFMs, the N8 Neos uses fiber-
optic interferometry as the basic principle for detection of
cantilever deflection, and providing superior sensitivity
combined with a truly calibrated measurement of the
cantilever’s deflection and amplitude, respectively.

The N8 Neos is the first Atomic Force Microscope
that has the look and feel of a standard optical
microscope [3]. X-ray diffraction measurements were
carried out on a Philips Panalytical diffractometer (XRD).
With their supporting, the compaosition of the matrix and
impurities was determined.



International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 32, Vol. 9, No. 3, Sep. 2017

Since we had little information on the properties of
surface of investigated samples, we began scanning in an
area measuring 5 pm. Based on the scan results of this
area, optimal scan rates were selected and set; further, the
scanning area was measured. Surfaces with a smooth
relief were scanned at a higher speed than surfaces having
a more developed terrain with significant differences in
altitude.

When studying the surface relief, we used a semi-
contact method, which is the main method for
implementing a number of other methods related to the
use of resonant cantilever oscillations.

These crystals were characterized by a p-type
conductivity and an abundance of local states in the band
gap. The localized levels are due to the presence of
structural defects in these crystals, such as vacancies,
dislocations, interstitial impurities, nanostructures and
nano-islands. In those places where the ideal periodicity
of the crystal structure is disturbed, states arise with
energies falling within the range of values forbidden in an
ideal crystal.

In the other words, in contrast to the zones which are
responsible for the entire crystal as a whole, the
additional levels correspond to dislocations, nano-islands
localized on them.

Thin foil for electron microscopy was produced by
successive splitting of the single crystal with adhesive
tape (tape). This method was successfully used to obtain
such compounds of dichalcogenides TiX, (X =S, Se, Te)
[4]. This method investigated the dislocation structures of
single crystals. This method investigated the dislocation
structures of single crystals.The microdiffractions
obtained from the foil plane of the investigated
compounds corresponded to the basal plane (001), and
the interplanar distances calculated by the reflections on
the electron diffraction patterns and, accordingly, the
parameters of the electron cell coincided well with the
literature data [4].

The resulting thin foils were deformed during their
manufacture. This was accompanied by the formation of
a deformation relief on their surface that reflects the
process of deformation in the crystal at the meso-, micro-
and nanoscale levels [5, 6].

The localization of the deformation is the result of an
inhomogeneous dislocation distribution in the crystal;
The surface deformation relief reflects the nature of this
distribution. At high degrees of deformation under
conditions of multiple slip, the dislocation distribution
has a rather complex kind of dislocation structures in
metals.

I1l. TECHNOLOGY OF OBTAINING
MULTILAYER FILMS

Films were obtained on preliminarily peeled
nanolayer surfaces from samples of p- and n-type
AV,BVlsdmpurity>.

The 3D fragment is shown in Figure 1 on the right
and left, and a 2D fragment of one nanoisocket on the
surface (0001) is shown in Figure 2, from which the
heights (within 15 nm) and the cross section at the base
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(hexahedrons) from 3 to 5 nm. The nanofragments
(clusters) are repeated periodically, in the scan region up
to 1x1 um Such nano-formations with such a distribution
density on thin films are obtained for the first time. They
are effective sources of phonon scattering in
thermoelements for electrogeneration.

®)
Figure 1. Image of AFM-Bruker Nano N8 Neos

In the studied island films (OP) based on the AV, BV
-impurity, a periodic distribution of nanoislands on the
(0001) surface with a high distribution density (on an area
of 1 pk) was revealed. The elements of their real structure
are revealed: steps with nanoislands, intersections with
dislocation lines, point vacancy defects and clusters.

Elementary processes are on the surface of thin films
AV,BV'3. A distinctive feature of the nucleation of a new
phase on the surface of substrates from AY;BV'3 in
comparison with the homogeneous formation in the
volume are various defects: point and linear (Figures 1
and 2). The mechanisms of growth of new phase nuclei
are considered. The surface introduces a significant
variety in the mechanisms of growth of embryos in
comparison with the growth in the volume of solids. The
following basic methods of migration of atoms and the
propagation of energy (heat) are distinguished on the
surface:
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- three-dimensional or bulk diffusion of atoms and three-
dimensional heat removal;

- two-dimensional diffusion of atoms on the surface and
two-dimensional heat removal;

-one-dimensional diffusion of atoms along substrate
steps, dislocation outcrops and other local defects.

The clusters formed on the surface (0001), are given
in Figures 1 and 2. It has been shown experimentally that
the growth of islands of the first phase is determined by
two main processes;

- transfer of matter to the island (i.e. diffusion process);
- and the transition of atoms through the interphase
interface, the old phase is a new phase.

(b)
Figure 2. Image of the AFM-Bruker Nano N8 Neos in 3D-2D scales

The Kinetics of the late stage of condensation of thin
films AV,BV'3 is considered. The late stage of thin film
growth is characterized by the fact that the interaction of
new-phase islands, which originated earlier than the so-
called clusters, begins. Therefore, we consider
nanoformations on the (0001) AV,BY's surface. At the
same time, we can accept the existing basic types of
interaction of clusters:

- clusters due to their migration along the surface,

- clusters due to their lateral growth,

- growth of large clusters due to evaporation of smaller,
the so-called stage of Ostwald ripening, which is carried
out through a generalized diffusion field.
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Phase formation on the surface (0001) AV,BV'3,
includes such basic stages as nucleation of new phase
centers, which is independent growth and development of
these processes in interaction with each other - so-called
Oswald ripening (OS).

This phenomenon reflects the late stage of
development of the phase nuclei in time. The phase of the
OS can be the main one, which determines the shape of
the distribution of nanoislands in size [7]. Therefore, we
paid considerable attention to the applicability of the OS
model to the analysis of the processes of self-organization
of quantum-size clusters in the Bi;Tes "impurity" system
with the parameters indicated in Figure 1(a).

Elastic deformations in films and three-dimensional
islands of impurities on AV,BV'; p- and n-type samples
are the key factor that determines not only the
morphological transition (planar Stransky-Krastanov), but
also affects subsequent stages of island evolution,
including their shape, size and spatial distribution. In
many cases, this factor substantially modifies the
classical stages of the phase formation mechanisms and
their sequence up to the quasi-equilibrium coexistence of
three-dimensional nanoislands on the surface (0001) of
the substrate from the same sputtered material.

In the systems of nanoclusters considered, various
types of ordering are distinguished: cluster ordering, size,
distance between islands and their mutual arrangement,
and vertical ordering [8]. In the future, it is necessary to
discuss ways to improve the degree of ordering of
nanostructures with ensembles of quantum dots and to
achieve extremely small dimensions and a high density of
their distribution over the area [7]. Thermoelectric power
(), electrical conductivity (o) were measured on the
resulting films.

IV. CONCLUSIONS

Nanoscale surfaces of thin Bi,;Te; and Sh,Tes films
were studied on which clusters were formed. The values
of the coefficient of thermoelectric power of thin films
obtained by us are in the range (185-225) V/K, specific
electrical conductivity (600-1300)x102 Om/cm; Power
factor (45-50) W/mK, thermoelectric efficiency (2.8-
3.4)x10°% K1, which agrees with the data of [2]. These
results were obtained at T = 330 K.
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