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We report the synthesis of p-SiC/por-Si/mono-Si heterostructure by a hybrid method, consisting of the
electrochemical etching of the single-crystal silicon surface with a subsequent carbidization by a thermal annealing
in a methane atmosphere. This method has a number of advantages over the known ones, because it is cheap enough
and allows one to form the silicon carbide layers of high- quality. The formed structure was studied by means of SEM,
EDX and XRD methods. As a result, the dense B-SiC layer, consisting of an array of the spherical islands with
diameters of 2—6 um, coated with the small pores, was formed on the por-Si/mono-Si surface. The geometric dimensions
of the islands were studied by calibrating the sample image in the ImageJ software package. The maximum value of
the linear size (diameter) of the island du. = 5.95 pm and the minimum value dyi, = 2.11 pum were found in the studied
area. In general, the average diameter of the islands is d = 3.72 um. The distribution has the lefi-sided asymmetry,
that is, the smaller islets predominate. Roundness (the ratio of the area to the square of the larger axis) R = 0.86.
According to the results of EDX analysis, it was found that the synthesized structure surface consists exclusively of the
carbon and silicon atoms, indicating the high quality of the formed structures. It was found that the SiC film crystallizes
in the cubic phase. The formation of the islands is explained by means of the layer-plus-island growth model according
to Stranski-Krastanow mechanism, which is characterized by the formation of the dense wetting layer with the massive
island complex on the surface. It should be also noted that the porous SiC layers of island type can, in turn, show the
perspective as the buffers with the heteroepitaxy of the silicon substrate materials.

Keywords: silicon carbide, Stranski-Krastanow mechanism, layer-plus-island growth, electrochemical etching,
thermal annealing, porous layers, crystal lattice

INTRODUCTION a significant parameter mismatch of the Si and
SiC crystal lattices [16]. This causes the elastic
stresses, which, in turn, initiates the growth of
extended defects.

The way out of this situation can be the use of
buffer layers, which are able to take the relaxation
loads of mechanical stresses connected with the
parameter mismatch of the lattice and the
difference of the thermal expansion coefficients.
This will reduce the stresses and avoid the cracks
of immassive defects.

The nanostructured layer of the output
substrate is often used as the buffer layers. Thus,
the application of the graphite layer on the por-
InP/mono-InP structure of indium phosphide by
annealing in a stream of fine graphite powder was
demonstrated in our paper [17]. The porous layers
of indium phosphide were also used as the buffer
layer for growing InN [18].

The electrochemical etching in acid solutions
is one of the simplest nanostructuring methods of
the semiconductor surface [19, 20]. Such surface
treatment leads to the formation of an array of the
etching pits, which create a dense porous frame
[21]. The porous layers have a high roughness

Due to its unique properties, silicon carbide is
the subject of many studies for a long time [1, 2].
In particular, it is characterized by thermal,
chemical and radiation resistance [3, 4]. It also has
the high stability of the electrical and optical
characteristics [5]. This determines its suitability
to be wused in power electronics and
optoelectronics [6].

The silicon carbide films have been widely
used as substrates for forming the heteroepitaxial
structures [7]. Thus, the layers of graphene [8],
nitrides AIN [9], GaN [10] and AlGaN/GaN [11]
are formed on the SiC surface. Such structures are
applied in laser technology and for creating the
integrated circuits [12].

Silicon carbide is usually grown on the single-
crystal silicon substrates. The methods such as
laser surfacing [13], three-dimensional printing
[14], multiphase oxidation [15], efc. are used for
this purpose.

The main problem here is the low quality of
the grown films due to a large number of
structural defects. This phenomenon is caused by
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coefficient, which provides an excellent adhesion
of the deposited structures with the substrate
surface [22]. This helps to eliminate the non-
conformity problem of the lattice parameters.

In the proposed study, the SiC synthesis on
the substrate of the porous Si is demonstrated, the
morphological and structural characteristics of the
formed heterostructure is analysed and the film
growth mechanism is found.

EXPERIMENT

Experiment samples. Mono-Si samples,
grown by the Czochralski method, were used. The
ingots were cut into plates sized 1x2 cm by means
of the wire cutting method with the diamond-
impregnated wire. The plate thickness was
200 pm. The samples were polished on both sides
to a mirror shine. The characteristics of the
experiment samples are shown in Table.

Table. Characteristics of experiment samples
Conductivity type n-type
Type of crystal lattice Cubic
Surface orientation (111)
Impurity P (phosphorus)
Concentration of non-basic charge carriers 1.8x10Y7 cm™!
Specific resistance 2 Ohm-cm

Experiment method. The experiment was
carried out in two stages. The first stage is the
etching of the oxide film on the mono-Si surface
and the formation of the porous layer by the
electrochemical etching. The second stage is the
formation of the SiC film on the silicon surface by
the high-temperature deposition.

Ist stage. FElectrochemical etching. After
cutting and polishing the single-crystal silicon
surface is characterized by a large number of the
broken bonds, causing the growth of its own SiO»
oxide. The electrochemical etching in the aqueous
solution of hydrochloric acid (5%) for 3 min. at a
voltage of U = 2V was applied for removing the
oxide from the surface. The electrochemical
etching was «carried out in a Teflon
electrochemical cell, equipped with an airflow
module and an electrolyte stirring system.

Then the samples were extracted from the
electrolyte and washed in deionized water for
forming a porous layer. Meanwhile, the
electrolyte composition was changed to the
aqueous solution of hydrofluoric acid in the
following  ratio of the  components:
HF : H,O =1 : 1. In this electrolyte composition
the samples were etched for 7 min at a constant
voltage of U = 5V. The experiment was carried
out under room conditions and daylight.

During the experiment the bubbles were
observed on the anode and cathode. After the
experiment a small amount of the sediment was
recorded at the electrolytic cell bottom.
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After the experiment, the samples were
washed again in deionized water and dried in dry
air by means of a muffle furnace for removing the
moisture residues by such successive steps:

*3 hat 150 °C;

* 60 min at 250-300 °C;

* 60 min at 400 °C.

After that, to prevent the oxidation processes,
it immediately proceeded to the deposition of
silicon carbide.

2nd stage. Thermal deposition. The SiC
epitaxial layers were formed by rapid thermal
vacuum carbidization by means of a Jipelec
JetFirst-100 device. Methane (CH4) was used as a
precursor gas. The carbidization parameters were
as follows: temperature mode — gradual increase
from 50 to 900 °C, pressure in the reaction
chamber P ~ 1-102 Pa, two treatment series of
50 seconds with an interval of 1 min.

The treated samples were placed in a solution
of hydrochloric acid for removing the residuals of
unwanted impurities for 20 min. After that, the
samples were dried in a nitrogen chamber at a
temperature of 150 °C for 1 h.

Characterization. The morphology of the
obtained structures was studied by means of a
SEO-SEM Inspect S50-B. The component
composition of the elements was studied by the
energy dispersion analysis (EDX) according to
the mapping technology by means of an
AZtecOne spectrometer. The composition and
crystallinity degree of the structures were
determined by means of X-ray diffraction (XRD).
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The spectra were measured by means of a Dron-
3M difractor on CuK,-emission in the angle range
of 23 10-80° with a step of 0.01. 3D-modelling of
the carbidization process was carried out by
means of the ImageG software package.

RESULTS

SEM- analysis. Fig. 1 shows the SEM-image
of the surface morphology of the synthesized
B-SiC/por-Si/mono-Si heterostructure. It can be
seen the presence of the convex spherical islands
that tightly cover the silicon surface. The islands
are separated by the grooves that do not show
anisotropy, but are more random. The deeper and
voluminous grooves are observed at some islet
joints. Most likely, their appearance is associated
with the substrate defects. The channels could be
formed during the chemical treatment in HCI
solution. If etching is excessive, the HCl-based
electrolyte reacts strongly with weak spots in the
SiC coating, forming the etching channels.

Furthermore, the ultra-fine pores, the size of
which does not exceed 100 nm, can be observed
on the island surface. In general, the silicon
carbide is a rather inert material and usually does
not show the ability to etch the pores during the
chemical etching or low-temperature treatment.
The appearance of the pores can be explained by
etching the “weak” spots of the carbide film
during the chemical etching in hydrochloric acid
and thermal drying in the chamber. Such weak
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Fig. 2.

distribution diagram of linear sizes of islands ()

ISSN 2079-1704. CPTS 2022. V. 13. N 4

449

spots can be the localization sites of uncontrolled
impurities and point defects of the crystal lattice
of the silicon carbide.

HY magn| WD spot det HFW
20.00 kV 8 000 x|11.0 mm 4.5 ETD 34.1 ym

10 pm
Sumy State University

Fig. 1. Morphology  of  B-SiC/por-Si/mono-Si
surface, obtained by means of SEM

The geometric dimensions of the islands were
studied by calibrating the sample image in the
ImagelJ software package (Fig. 2). The maximum
value of the linear size (diameter) of the island
dmax = 5.95 um and the minimum value
dmin = 2.11 pm were found in the studied area. In
general, the average diameter of the islands is
d = 3.72 um. The distribution has the left-sided
asymmetry, that is, the smaller islets predominate.
Roundness (the ratio of the area to the square of
the larger axis) R = 0.86.

Calibration of SEM-image of B-SiC/por-Si/mono-Si surface by means of ImageJ software package (a) and
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EDX-analysis. Fig. 3 shows the EDX-
mapping of formed structure surface. It can be
seen that the P-SiC/por-Si/mono-Si surface
contains only the Si and C atoms. No other atoms
were detected, i.e., the heterostructure was not
oxidized, as well as the uncontrolled impurities
were not observed. It can be also seen that the
carbon is in much lower concentrations than the
silicon. This may indicate a small thickness of the
B-SiC film, which causes the reflexes to be
appeared from the silicon substrate.

Layered Image

50 um

Fig. 3. Energy dispersive X-ray (EDX) mapping
analysis of sample

It should be noted that the carbon is
distributed evenly over the entire sample surface.
This indicates the uniform carbidization of the
silicon surface as well as the good quality of the
formed structure.

XRD- analysis. The radiograph of the
obtained heterostructure is shown in Fig. 4. The
peak at 29 = 28.5° corresponds to the reflection
from the plane (111) of the elemental silicon [23].
A slight shift to the low-frequency spectrum part
is due to the quantum-dimensional -effects
because of the presence of the porous layer. It can
be also due to the curvature of the silicon lattice
as a result of the elastic stresses to be appeared
between the Si and SiC layers because of the
parameter mismatch of the crystal lattices. The
low intensity of the spectrum is due to the
overgrowth of the porous silicon surface with the
SiC film.

The peaks at the values of 2 § 35.6° and 59.9°
correspond to the reflection from (111) and (220)
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and the cubic B-SiC planes, respectively [24]. The
absence of other intense peaks indicates the good
crystallization of the obtained layers.
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Fig. 4. XRD pattern of B-SiC/por-Si/mono-Si
DISCUSSION

As mentioned above, the parameters of the Si
and SiC crystal lattices are significantly differed
(Fig. 5). This usually significantly complicates
the carbidization of the silicon surface. As a
result, the uneven SiC layers, which are prone to
amorphization and the appearance of a significant
number of the structural defects, are formed [24].
We have demonstrated that the structurally and
morphologically uniform SiC layer can be formed
on the silicon surface due to the use of the buffer
porous layer.

SiC

¥ Crystal system: Cubic

Space group name: F-43m

a (A): 5.6608

Y Volume of cell (10 pm): 181.39

Si

@ Crystal system: Cubic

Space group name: P1

a(A): 4.348

Volume of cell (10°° pm): 82.20

Fig. 5. Crystal lattices and structural parameters of
SiC and Si

One may assume such growth mechanism of
the SiC film on the por-Si/mono-Si surface. The
carbon atoms, coming to the silicon surface, react
with the substrate atoms. The reaction result is the
formation of the Si-C compounds. The silicon
atoms come into the boundary due to the
diffusion. This creates openings in the near-
surface layers of the substrate. On the other side,
the silicon surface contains the porous layer. The
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gaps between the pores are the protrusions, they
are also silicon donors for forming the SiC layer.
The pores (nanocavities) are, in turn, the places of
origin of the silicon and carbon compounds. They
reduce the deformation of the substrate and the
grown SiC film. That is, the buffer pore layer of
the silicon directly participates in the chemical
carbidization reaction. At that the point defects —
openings and the internodal carbon atoms are also
formed in the growing SiC layer, which become
effective channels for relaxing the elastic stresses
in the Si-SiC system. This, in turn, explains the
subsequent formation of the etching pits and pores
on the SiC island surface.

Thus, the diffusion of the silicon atoms to the
SiC-Si boundary and the evolution of the
openings, caused by this diffusion, depend on the
elastic deformation fields, the presence of
nanovoids and the structure of the por-Si buffer
layer. This opens up prospects for optimizing and
improving the quality level of the SiC layers in the
presence of buffer “soft” por-Si layers.
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Also, in our opinion, an interesting explanation
is the formation of the SiC layer, consisting of the
densely packed islands. As you may know, there are
three film growth mechanisms on the
semiconductor substrates, namely [25] (Fig. 6):

e Frank—van der Merwe growth mechanism;

e Volmer— Weber island growth mechanism;

e Stranski — Krastanow layer-plus-island
growth mechanism.

Frank — van der Merwe growth mechanism is
observed in the systems with a very low mismatch
of the crystal lattices between the deposited film
and the substrate (Fig. 6 «). Under such
conditions, the film (the so-called “wetting
layer”) increases due to the formation of single-
atom degrees [26]. Volmer — Weber mechanism
is typical for the systems with a high mismatch of
the constant lattices (Fig. 6 ). It is characterized
by the island growth without forming the wetting
layer [27].

Layer-plus- W
Island Growth

—
Cc

Fig. 6. Film growth mechanisms on semiconductor surface: a — Frank — van der Merwe, b — Volmer — Weber, ¢ — Stranski —

Krastanow growth mechanisms

Growth
wetting layer

Fig. 7. SiC growth mechanism on por-Si surface () and model of B-SiC/por-Si/mono-Si heterostructure ()
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Stranski-Krastanow mechanism is the
intermediate one (Fig. 6 ¢). According to this
mechanism, the layer-by-layer growth is occurred
at the initial deposition stages due to the gradual
increase of the wetting layer [28]. The formation
of the elastic deformations, which induces the
film to compress, is observed due to the slight
parameter mismatch of the crystal lattices. Due to
this, the spherical islands are formed. Thus, a
three-dimensional crystallite system is formed on
the substrate coated with the wetting layer.

In our case, the SiC growth on the Si surface
is characterized by the fact that the lattice
mismatch is significantly minimized by the
presence of the porous layer. Therefore, it
becomes possible to form the heterostructure
according to Stranski-Krastanow mechanism
(Fig. 7 a).

On the one side, the formation of the islands
reduces the system energy by reducing the bulk
chemical component. However, along with this,
the system energy can be increased by increasing
the effective surface area. This induces the origin
of the islands on the stressed layer, which leads to
the relaxation of the energy system. Thus, the
presence of the wetting layer with the island
complex on the surface is observed. Fig. 7 b
shows the model of the formed p-SiC/por-
Si/mono-Si heterostructure.

Thus, the porous layer of the silicon serves as
a reliable “soft” substrate for forming the B-SiC
on the Si surface. It helps to relieve the elastic
stresses that usually occur at the SiC/Si boundary
as well as “smoothes” the non-conformities of the
crystal lattices of these materials. It should be also
noted that the porous SiC layers of island type
can, in turn, show the perspective as the buffers
with the heteroepitaxy of the silicon substrate
materials.

CONCLUSIONS

In our paper the formation technology and
mechanism of the B-SiC/por-Si/mono-Si
heterostructure are demonstrated. According to
the proposed method, the porous layer of the
silicon was formed by the electrochemical etching
on the single-crystal Si surface in the aqueous
solution of hydrofluoric acid. The B-SiC layers
were formed by the rapid thermal vacuum
carbidization in the methane atmosphere.
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As a result, the dense B-SiC layer, consisting
of an array of the spherical islands with the
diameters of 2—6 um, coated with the small pores,
was formed on the por-Si/mono-Si surface.
According to the results of EDX analysis, it has
been found that the synthesized structure surface
consists exclusively of the carbon and silicon
atoms, indicating the high quality of the formed
structures.

The XRD-spectrum analysis allowed to
reveal the presence of the Si (111) and the cubic
phase of the B-SiC with the reflection from the
planes (111) and (220). These results indicate the
good crystallization of the heterostructure.

It has been found that the B-SiC islands are
growing according to Stranski — Krastanow layer-
plus-island growth mechanism, which is
characterized by the formation of the dense
wetting layer with the massive island complex on
the surface.

It has been shown that the por-Si is a reliable
buffer layer, which reduces the elastic stresses
occurring at the SiC — Si boundary and allows to
minimize the effect of the parameter mismatch of
the crystal lattices on the silicon carbidization
processes.
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®opmyBanns B-SiC Ha noBepxHi por-Si/mono-Si 3a mexanizMoMm CtpaHncbkoro — Kpacranosa
5A.0. Cuuikosa, C.C. KoBauos, 1.O. Bapayc, A.C. Jlazapenko, I.T. Bornanos

Beposancokuii Oeporcasnuii nedacoziunuil yrigepcumem
eyn. LLImioma, 4, beposancwek, 71100, YVkpaina, yanasuchikova@gmail.com

Mu nogioomnsemo npo cunmes cemepocmpykmypu B-SiC/por-Si/mono-Si 2iopuonum memooom, sKuti 6KI04aAe
eNeKMPOoXiMiuHe MpasleHHs NOBEPXHI MOHOKPUCMANIYHO20 KPEeMHil0 3 HACMYNHON Kapbidizayiclo mepmiuHum
sionanom y ammocpepi memany. Taxuti memoo mae HU3KY nepeeaz Hao 8i0OMUMU, OCKLTbKU € OOCMAMHbO 0eULeGUM
ma 0036075€ opmysamu wapu kapoioy kpemHito ucoxoi skocmi. Cghopmosarny cmpykmypy 6y10 00CnioHceHo 3a
donomoeorw SEM, EDX ma XRD memoodie. B pesyromami na noeepxui por-Si/mono-Si ymeopuscs wiibHuil wap
P-SiC, sxuti cknadaemocs 3 macugy cgheponodionux ocmpisyie diamempamu 2—6 um, Kpumux OpiOHUMU NOPAMU.
Teomempuuni posmipu ocmpigyie 6y10 00CHIONCEHO 30 OONOMO20I0 KANiOpYsanHs 300padicenns 3paska 6 Imagel.
Bcemanosneno, wo y docnioxcysaniii obnacmi maxcumanvhe 3HAYEHHs AIHIHO20 po3mipy (Oiamemp) ocmpiska
Anax = 5.95 um, minimanvre 3Havwents dyiym = 2.11 um. 3aeanom, ocmpisku maroms cepedniii diamemp d = 3.72 um.
Posnooin mae nieocmoponnio acumempiro, mobmo nepesasicaroms o6invuL OpioHi ocmpiseku. Okpyenicms (8iOHOUIeHHS
naowi 0o keadpamy Oinewoi eici) R = 0.86. 3a pesyremamamu EDX ananizy ecmauosieHo, wjo nogepxus
CUHME308AHOT CIPYKIMYPU CKIAOAEMbCS BUHAMKOBO 3 AMOMIE 8V2ieyio ma KPeMHiio, o c8Ii04Uums npo 8UCOKY AKiCMb
cpopmosanux cmpykmyp. Bemanoeneno, wo nuiexa SiC kpucmanizyemucst 8 KyOiuniu cuneanii. Ymeopenust ocmpigxie
noscHeno 3a Odonomoeoro layer-plus-island moodeni pocmy 3a mexamizmom Cmpancvkoeo — Kpacmanosa, axuil
Xapakmepusyemvcs YMeOPEHHAM WINIbHO20 3MOUYBANbHO20 WAPY 3 AHCAMONEM MACUBHUX OCMPIBYI8 HA NOBEPXHI.
Ioxaszano, wo por-Si € HaOiHUM OYDEPHUM WAPOM, SKUTL 3MEHULYE NPYICHI HARPYICEHHS, WO GUHUKATOMb HA MEHC]
po30iny SiC=Si, i 0036015€ MIHIMI3y6amMU GNIUE HEBIONOBIOHOCMI NAPAMEMPIE KPUCMALIYHUX IDAMOK HA Npoyecu
Kap6ioizayii kpemuito. Heobxiono maxooic 3aznavumu, wo nopysami wiapu SiC ocmpieko8020 muny mModlcyms, 8 80
yepey, NOKazamu nepcneKmusHicms K 0ygepu npu cemepoenimaxcii mamepianieé Ha KPEMHIEG! NIOKAAOKU.

Knrouosi cnosa: xap6io xkpemuiro, mexanizm Cmparncokozo — Kpacmanosa, layer-plus-island moodens pocmy,
eleKmpoXiMiuHe MpasiienHs, mepMiyHuil 8iONal, NOpPy8ami wiapu, KPUCMALiYHa IpamKa

REFERENCES

1. Emtsev K.V., Bostwick A., Horn K., Jobst J., Kellogg G.L., Ley L., Seyller T. Towards wafer-size graphene
layers by atmospheric pressure graphitization of silicon carbide. Nat. mater. 2009. 8(3): 203.

2. Zhang W. Tribology of SiC ceramics under lubrication: Features, developments, and perspectives. Curr. Opin.
Solid State Mater. Sci. 2022. 26(4): 101000.

3.  Zhang Q., Xia X., Chen P., Xiao P., Zhou W., Li Y. Current research art of rare earth compound modified SiC-
CMC:s for enhanced wet-oxygen corrosion resistance. Ceram. Int. 2022. 48(17): 24131.

4. Dodi E., Balak Z., Kafashan H. Oxidation-affected zone in the sintered ZrB,—SiC—HfB, composites. Synthesis
and Sintering. 2022. 2(1): 31.

5. Qinglong A.N., Jie C.H.E.N., Weiwei M.L.N.G., Ming C.H.E.N. Machining of SiC ceramic matrix composites: a
review. Chin. J. Aeronaut. 2021. 34(4): 540.

6.  She X., Huang A.Q., Lucia O., Ozpineci B. Review of silicon carbide power devices and their applications. /[EEE
Trans. Ind. Electron. 2017. 64(10): 8193.

7.  Riedl C., Coletti C., Iwasaki T., Zakharov A.A., Starke U. Quasi-free-standing epitaxial graphene on SiC obtained
by hydrogen intercalation. Phys. Rev. Lett. 2009. 103(24): 246804.

8.  Riedl C., Coletti C., Starke U. Structural and electronic properties of epitaxial graphene on SiC (0 00 1): a review
of growth, characterization, transfer doping and hydrogen intercalation. J. Phys. D.: Appl. Phys. 2010. 43(37):
374009.

9. Lul, Chen J.T., Dahlqvist M., Kabouche R., Medjdoub F., Rosen J., Hultman L. Transmorphic epitaxial growth
of AIN nucleation layers on SiC substrates for high-breakdown thin GaN transistors. Appl. Phys. Lett. 2019.
115(22): 221601.

10. YuY., Wang T., Chen X., Zhang L., Wang Y., Niu Y., Zhang, Y. Demonstration of epitaxial growth of strain-
relaxed GaN films on graphene/SiC substrates for long wavelength light-emitting diodes. Light Sci. Appl. 2021.
10(1): 1.

ISSN 2079-1704. CPTS 2022. V. 13. N 4 453



Y.O. Suchikova, S.S. Kovachov, I.O. Bardus et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Leone S., Benkhelifa F., Kirste L., Manz C., Quay R., Ambacher O. Epitaxial growth optimization of AlIGaN/GaN
high electron mobility transistor structures on 3C-SiC/Si. J. Appl. Phys. 2019. 125(23): 235701.

Wang Y., Yang S., Chang H., Li W., Chen X., Hou R., Wei T. Flexible graphene-assisted van der Waals epitaxy
growth of crack-free AIN epilayer on SiC by lattice engineering. Appl. Surf. Sci. 2020. 520: 146358.

Lusquifios F., Pou J., Quintero F., Pérez-Amor M. Laser cladding of SiC/Si composite coating on Si—SiC ceramic
substrates. Surf. Coat. Technol. 2008. 202(9): 1588.

Moon J., Caballero A.C., Hozer L., Chiang Y.M., Cima M.J. Fabrication of functionally graded reaction
infiltrated SiC—Si composite by three-dimensional printing (3DP™) process. Mater. Sci. Eng. A. 2001. 298(1-2):
110.

Yao X., Li H., Zhang Y., Wu H., Qiang X. A SiC-Si—ZrB2 multiphase oxidation protective ceramic coating for
SiC-coated carbon/carbon composites. Ceram. Int. 2012. 38(3): 2095.

Zhu X., Zhang Y., Su Y., Fu Y. Zhang P. SiC-Si coating with micro-pores to protect carbon/carbon composites
against oxidation. J. Eur. Ceram. Soc. 2021. 41(1): 114.

Vambol S.0., Bohdanov I.T., Vambol V.V., Nestorenko T.P., Onyschenko S.V. Improvement of electrochemical
supercapacitors by using nanostructured semiconductors. Journal of Nano- and Electronic Physics. 2018. 10(4):
04020.

Suchikova J.A. Synthesis of indium nitride epitaxial layers on a substrate of porous indium phosphide. Journal
of Nano- and Electronic Physics. 2015. 7(3): 03017.

Sychikova Y.O., Bogdanov I.T., Kovachov S.S. Influence of current density of anodizing on the geometric
characteristics of nanostructures synthesized on the surface of semiconductors of A*B° group and silicon. Funct.
Mater. 2019. 27(1): 29.

Suchikova J.A., Kidalov V.V., Sukach G.A. Preparation of nanoporous n-InP(100) layers by electrochemical
etching in HCI solution. Funct. Mater. 2010. 17(1): 131.

Suchikova Y. Porous indium phosphide: Preparation and properties. In: Handbook of Nanoelectrochemistry:
Electrochemical Synthesis Methods, Properties, and Characterization Techniques. (Springer International
Publishing Switzerland, 2016).

Vambol S., Vambol V., Suchikova Y., Bogdanov I., Kondratenko O. Investigation of the porous GaP layers’
chemical composition and the quality of the tests carried out. Journal of Achievements in Materials and
Manufacturing Engineering. 2018. 86(2): 49.

Patra S., Mitra P., Pradhan S.K. Preparation of nanodimensional CdS by chemical dipping technique and their
characterization. Mater. Res. 2011. 14(1): 17.

Katharria Y.S., Kumar S., Singh F., Pivin J.C., Kanjilal D. Synthesis of buried SiC using an energetic ion beam.
J. Phys. D: Appl. Phys. 2006. 39(18): 3969.

Lozovoy K.A., Korotaev A.G., Kokhanenko A.P., Ditko V.V., Voitsekhovskii A.V. Kinetics of epitaxial
formation of nanostructures by Frank—van der Merwe, Volmer—Weber and Stranski—Krastanow growth modes.
Surf. Coat. Technol. 2020. 384: 125289.

AquaJ.N., Berbezier L., Favre L., Frisch T., Ronda A. Growth and self-organization of SiGe nanostructures. Phys.
Rep. 2013. 522(2): 59.

Qiu X.P., Liu X., Jiang S.M., Jiang G.R., Zhang Q.F. Growth mechanism for zinc coatings deposited by vacuum
thermal evaporation. J. Iron Steel Res. Int. 2021. 28(8): 1047.

Prieto J.E., Markov 1. Stranski — Krastanov mechanism of growth and the effect of misfit sign on quantum dots
nucleation. Surf. Sci. 2017. 664: 172.

Received 27.05.2022, accepted 05.12.2022

454 ISSN 2079-1704. CPTS 2022. V. 13. N 4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>

    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /RUS <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


