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Materials based on silicon are widely used in energy, electronic devices, solar cells, optoelectronics, and the
electronics industry. A current challenge is the controlled use of these materials in technologies under mechanical
loads, radiation, and magnetic fields. The aim of the study is to investigate the change in the surface texture of
silicon under the influence of a magnetic field and high-temperature plastic deformation using fractal analysis.

The material for the study consisted of n-Si monocrystalline silicon wafers grown by the Czochralski method
(Si-CZ), with controlled damage applied to the surface using a diamond indenter. The study employed a method to
investigate dislocation movement in silicon single crystals under high-temperature plastic deformation. The
experimental technique combines several materials science methods: deformation by the four-point bending test,
annealing, chemical etching, and microscopy. In addition to high-temperature plastic deformation, silicon was
treated in a magnetic field. The sample was placed between the poles of an electromagnet to create a magnetic field.
The magnetic induction vector was perpendicular to the induced scratch.

The analysis and description technique combines visual observation of photographs and fractal analysis of
microimages of the chemically etched surface of silicon. Within the framework of fractal analysis, fractal dimension
and lacunarity indicators were determined, which describe the unevenness and complexity of the dislocation
structure of the surface. The obtained images revealed numerous dislocation exits on the surface located around the
artificially created scratch, as well as changes in the surface texture.

Magnetic treatment leads to the segregation of silicon atoms and impurities at the surface and the formation of a
granular structure on the wafer surface. In this case, the fractality of the surface of the samples increases, while
lacunarity decreases. It has been shown that under the influence of a weak magnetic field, the stabilization or
blocking of the movement of already existing dislocations is possible. After turning off the field, the energy in the
system is insufficient for these defects to activate and begin to move even after a second round of annealing and load.
This behaviour allows for the use of sample treatment in a magnetic field to obtain defect-free silicon structures.

Keywords: single-crystal silicon, energy, microelectronics technology, surface texture for biochips, magnetic
field, high-temperature deformation, etching pits, dislocations, fractal analysis, impurities, microimages

INTRODUCTION is the development of new silicon-based
materials and methods for technological
purification from defects in these materials,
which are needed for energy and other industries
where silicon use involves mechanical loads,
radiation, and weak magnetic fields.

Weak magnetic fields are those in which the
condition is met: uB < kgT, where u is the Bohr
magneton, B is the magnetic field induction, &z is
the Boltzmann constant, and 7 is the
temperature. For example, for room temperature

Materials based on silicon are widely used,
especially the wafers grown using the
Czochralski method (Si-CZ), in solar cells and
the electronics industry [1, 2]. On one hand, the
semiconductor and diamagnetic properties of
such materials can be significantly and
controllably altered by impurities and dopants,
which opens new possibilities for further
applications. On the other hand, defects in
crystalline silicon can negatively affect the
performance of the products. An important issue
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(T=295K), a magnetic field with induction
B <<400 T can be considered weak.

Experimental and simulation results on the
influence of a magnetic field on doped silicon
crystals indicate intrinsic magnetism at the
silicon surfaces [3], changes in the Fermi-level
position at the surface compared to the values for
bulk doping concentrations [4], alterations in
conductivity and the electrophysical properties
of surface structures [5], plasticization effects
[6], reduction in photoconductivity after
exposure to a magnetic field [7], and
transformations in the microdefect structure of
silicon crystals [8]. Isothermal annealing reveals
the possibility of reducing the density of
structural defects in silicon wafers [9], as well as
an increase in the paramagnetic component of
magnetic  susceptibility and microhardness,
linked to the restructuring of the single-crystal
silicon structure [10]. Despite the available
experimental information on this topic, there is
still no complete theory or experimental studies
regarding changes in surface topology and the
dependence of dislocation movement in
semiconductors subjected to high-temperature
plastic deformation and exposure to a magnetic
field (hereinafter referred to as MF). Reliable
information on the distinction between the roles
of different types of barriers and stoppers that
either prevent or accelerate dislocation
propagation is lacking.

In most cases, the explanation of material
behaviour in a magnetic field is associated with
thermal heating of the sample. However, in the
case of weak magnetic fields for silicon, this
justification is no longer sufficient, and
additional methods for describing behaviour in a
magnetic field are needed to significantly expand
our understanding. One promising method for
studying structures and solving the problem is
fractal analysis of the silicon surface using
images obtained through optical, electron, or
atomic force microscopy of the material [11-13].
This approach enables the identification of small
details in the images and determination of
correlations between the fractal properties of the
surface texture and the material’s physical
characteristics.

The aim of this work is to study the change
in the texture of the silicon surface under the
influence of a magnetic field and high-
temperature plastic deformation using fractal
analysis.
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MATERIALS AND METHODS

The material used in this study was single-
crystal silicon wafers with dimensions of
20.0x3.4x0.3 mm® along the crystallographic
directions [110], [112], and [111], respectively,
with a surface orientation of {111}. The silicon
single crystals were doped with phosphorus
during growth by the Czochralski method
(Si-CZ) to a resistivity of 4.5 Ohm-cm [14].

This work utilizes a method for studying the
movement of dislocations in silicon single
crystals  under  high-temperature  plastic
deformation. We use four-point flexural test
ASTM C 1211 — 02: Standard test method for
flexural strength of advanced ceramics at
elevated temperatures [15]. The experimental
technique combines several materials science
methods: deformation using the four-point
bending method, annealing, chemical etching,
and microscopy. The key stages are outlined as
follows:

Stage 1 — Scratch ~ Creation: ~ Controlled
damage (scrape) is applied to the silicon surface
using a diamond indenter from the PMT-3m
microhardness  tester, creating points of
deformation localization that act as sources of
dislocations.

Stage 2 — High-Temperature Plastic
Deformation: The silicon sample is deformed
using the four-point bending method with high-
temperature annealing at 923 K, which activates
dislocations and stimulates their movement
under mechanical stress (Fig. 1). The movement
of surface dislocation loops occurs under tensile
stresses of 60—70 MPa by bending the silicon
wafer for 30 min.

Stage 3 — Chemical  Etching: Selective
chemical etching is performed at 300K in a
Sirtle etching chamber (Cr20s : H2O : HF =1:2: 3),
allowing for the detection of dislocations on the
silicon surface and the study of their density and
mobility after high-temperature deformation.

Stage 4 — Observation: Dislocation structures
on the surface of the silicon single crystal are
observed and photographed using a MIM-8M
metallographic  microscope. The eyepiece
micrometer of the microscope allows for accurate
measurement of the dislocation path length after
deformation and etching, with a measurement
error of 1 %, ensuring high accuracy.

Stage 5 — Repeated Loading: The
sample is subjected to repeated

silicon
loading

ISSN 2079-1704. X®TI1. 2025. T. 16. Ne 3



Assessment of changes in the texture of the silicon surface under the influence of a magnetic field

following the same procedure as in Stage 2 to
compare the behaviour of dislocations after the
initial and repeated deformations. This loading is
carried out at the temperature of 873 K for
90 minutes with tensile stresses of 65 MPa by
bending the silicon wafer.

Stage 6 — Repeated Chemical Etching: A
second round of chemical etching, as described
in Stage 3, is performed to capture the new
configuration of dislocations and any changes in
the material’s structure.

Stage 7 — Repeated Observation: In this
stage, the dislocation path length is recalculated,
following the same procedure as Stage 4.

The experimental procedure consisted of a
cycle of Stages 1-7, followed by data analysis
for two types of samples:

Fig. 1.

—Type 1 (Control Samples): These samples
followed the standard procedure as described in
Stages 1-7.

—Type 2 (Samples with MF Treatment):
After Stage 3, additional magnetic treatment was
applied in a modulated constant MF. This allows
for the study of how the magnetic field affects
changes in surface texture, mobility and the
behaviour of dislocations in the material.

For the magnetic treatment, the test sample
was placed Dbetween the poles of an
electromagnet to generate a magnetic field with
an induction value of B=0.33 T. The magnetic
treatment lasted for 180 minutes. The magnetic
induction vector was perpendicular to the applied
scratch (Fig. 1 b). The time interval between the
end of the magnetic treatment and the start of
high-temperature plastic deformation did not
exceed 5 minutes.
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a — diagram of the four-point bending test for a monocrystalline silicon wafer under load (P = mg = 5.89 N);

b — diagram of the location of a silicon wafer (sample) with a scratch between the poles of the magnet:
1 — MF poles; 2 — silicon wafer; 3 — scratch; 4 — pits of etching of surface dislocations at Stages 4 and 7

Fractal Analysis. Fractal analysis allows for
the quantitative assessment of the complexity of
silicon  surface structures after plastic
deformation and exposure to MF. The primary
metrics for image evaluation are fractal
dimension (denoted as D) and lacunarity
(denoted as L), which indicate the unevenness
and complexity of the dislocation structure on
the surface. Since quasi-fractals are formed by
dislocations and other structures on the silicon
surface, this method enables a description of the
surface using physical fractality and quantitative
estimates. Lacunarity is an indicator of the
uniformity of the distribution of structures or the
space between the elements of the structure.
High lacunarity signifies the presence of large
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voids or inhomogeneities of voids within the
structure. The fractal analysis was performed
using the ImageJ program with the FracLac
plugin, following the corresponding steps for
evaluation.

1) Pre-selection of the Image Area: The parts
of the image outside the field of view of the
microscope or those that were unilluminated
were cropped. The solid dislocation (scratch),
which was introduced during the stage of
controlled damage, was isolated in the image for
analysis. Artifacts, such as the eyepiece ruler,
were not removed, as they were needed to
determine the scale, where each scale division
corresponds to 10 pm.
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2) Image Conversion to Binary Form: The of magnetic treatment on dislocation movement
color image was converted to a binary (black and and changes in surface texture.
white) form.

3) Calculation of Physical Fractal Dimension RESULTS AND DISCUSSION
and Lacunarity: The primary method used for Changes in the surface of single-crystal
calculating the fractal dimension was Box silicon after the introduction of dislocations by
Counting, with default settings. The statistical applying a scratch were visualized through
measurement error for the fractality index D was microimaging of the chemically etched surface
determined in the ImageJ program as the using an optical microscope (metallography).
standard deviation. The measurement error for The obtained images revealed the scratch itself,
the lacunarity index L was calculated within the numerous dislocation exits to the surface located
95% confidence interval. The multiple near the scratch, and changes in the surface
correlation coefficient R* was approximately texture. Let us examine the results in more detail
0.99 for both parameters. and sequentially.

4) Comparison of Control and Magnetically Image of the silicon surface and the
Treated Samples: A comparison of the fractal movement of dislocations without MF
dimension and lacunarity between the control treatment. A detailed comparison of the
samples (Type 1) and those treated in a magnetic microimages of the chemically etched surface of
field (Type 2) was conducted at a fixed distance a Type 1 monosilicon wafer is shown in Fig. 2.
(25 um) from the edge of the scratch. This This figure compares changes in the structure
approach allows for the assessment of the effect near the scratch at Stage 4 (with dislocations

formed after Stage 2) and at Stage 7 (after the
second load and annealing).

\

. o ¥

\& Y ‘;- o
: 4 88 &
& *‘ f b: .‘ . ﬂ ‘

a

Fig. 2. Microimages of the structure of the etched Type 1 silicon wafer near the scratch: a — after the first loading,
at Stage 4, b — after the second loading and annealing, at Stage 7. New small etching pits (triangles) are
formed next to the initial large ones in an orderly pattern: a small triangle is located next to the large one

Let us apply fractal analysis to the images in oriented at an angle of 60° to the scratch line and
Fig. 2. The fractal dimension and lacunarity for at an angle of 30° to the direction of the magnetic
Type 1 samples at Stage 3 were D =1.33 £0.02 induction vector B. The dislocation loops end in
and L=091+0.03, respectively. The pyramidal cavities on the etched surface of the
corresponding data for Type 1 samples at Stage 7 plate (etching pits, represented as black pyramids
were D =1.37=+0.02, L=0.92+0.03 (Fig. 2 b). in Fig. 1-2).

As one can observe, the results do not differ After the second loading of the control
significantly after repeated loading: the fractal samples and etching, the dislocations are set in
dimension increases slightly, while the lacunarity motion (Fig. 2 a — Fig. 2 b). New small etching
remains almost unchanged. pits are formed next to the initial large pits in an

In Fig. 2 a, it can be seen that at Stage 2, a orderly manner. At Stage 5, the dislocation
sequence of dislocations is formed along the detaches and begins to move, which can be
crystal axis direction. Clusters of dislocations are observed at Stage 7 by the appearance of new
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small pyramids along the pre-defined lines, at a
certain distance from the initially created large
pyramids. Thus, without MF treatment, the
mobility of dislocations remains high and can be
estimated by the distance between the small and
large pyramids, as well as the thermal annealing
time. In the case under consideration, the
average speed of dislocation movement in the
control samples was 0.03 pm/s.

Another noticeable change in the control
samples at Stage 7 (Fig. 2 b) is the appearance of
white spots or speckles inside the large etching
pits (within the large triangles, which represent
the primary dislocations after Stage 2). These
white spots are likely zones of impurity
segregation, where silicon atoms and defects
accumulate on the surface due to disruption of
the crystal structure. Such impurities are
inherently present in the initial silicon samples
due to the wafer manufacturing process. In other
words, the etching pit (large triangle) is partially
healed by the release of atoms to the surface.

The effect of MF on the texture of the
silicon surface and the mobility of dislocations.
Fig. 3 shows a portion of the scratch, numerous
dislocation exits to the surface (etching pits in
the form of black pyramids), and an additional
granular (or “curly”) structure with a high
density of such grains on the surface. After
exposing the plate to a magnetic field with an

induction of 0.33 T for 3 hours, the surface
structure of the silicon plate at the final Stage 7
changes radically. However, the pattern of the
primary dislocations (from Stage 3) remains
unchanged. Specifically, instead of the clean
background observed in Fig.2, curls and
impurity grains appear on the surface of the
silicon sample (Fig. 3). Thus, as a result of the
MF treatment, a magnetically induced stop of
dislocations occurs on the surface of Type 2
samples, which can be observed at Stage 7 when
comparing Fig. 2 and Fig. 3.

In order to calculate the fractal dimension
and lacunarity, two areas, A and B, of the same
size were selected from the image of the Type 2
silicon surface at Stage 7 (Fig.3). The fractal
dimension and lacunarity for these samples were
as follows: for zone A-D=1.81=x0.02,
L=0.34+0.03; for zone B-D=1.77+0.04;
L =0.50+0.03. One can see that in the absence
of dislocations, the lacunarity increased more
significantly than the fractal dimension. In the
absence of a significant number of dislocations
on one side of the scratch, it is the increased
lacunarity — parameter that indicates the
heterogeneity of the structure (surface
background). Thus, the results suggest that the
fractal dimension is not significantly influenced
by dislocations but is instead affected by the
impurity texture of the plate surface.

Fig. 3.

Microimage of the chemically etched surface of a Type 2 silicon wafer at Stage 7, after the second loading

and annealing. Zone A exhibits a high density of dislocations, while zone B is dominated by a texture of

surface grains formed by impurities
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In Fig.3, it can be observed that the
microimages of Type 2 samples at Stage 7 not
only show the absence of small new pyramids
(etching triangles) after the second high-
temperature plastic deformation, but also reveal
that the grainy impurities induced by the MF
treatment are distributed across the entire surface
of the silicon wafer, not just in the region with a
high density of black pyramids. This raises the
question of how to interpret these grains: Are
they the result of segregation of silicon atoms or
impurities from within the wafer to the surface,

or is it due to surface absorption of atoms from
the surrounding?

For completeness, we will evaluate the
change in the texture of the silicon wafer surface
in different areas of the wafer using fractal
analysis (Fig.4). The evaluation of the grain
structure of the Type 2 silicon surface at Stage 7
(Fig.4) wusing fractal analysis yields the
following results:

—inzone C: D=1.75+0.04 and L=0.37 £ 0.03
—inzone E: D=1.79£0.04 and L = 0.54 = 0.03
—inzone F: D=1.70+0.03 and L = 0.53 + 0.03.

Fig. 4. The microimage of the Type 2 silicon surface at Stage 7, observed under a metallographic microscope. zone
C, located far from the high dislocation density zone and from other defects (F), displays white grains
(curls) with a uniform structure — both in terms of grain density and distribution. In zone E the grains are

mostly collapsed (destroyed)

The obtained values clearly indicate a
significant change in the surface texture of
crystalline  silicon after MF treatment,
specifically the appearance of impurities and the
cessation of dislocation movement. Using X-ray
spectral analysis, the chemical composition of
the surface layers of the wafers in zone C, which
is located far from the dislocation region (as
shown in Fig. 4) was determined. The carbon
content by weight percentage was found to be
8.5 %, oxygen at 0.4 %, and silicon at 91.4 %
[16]. Another characteristic of the granular
surface structure is its instability, as it gradually
disappears, leading to a more homogeneous
surface on the silicon wafers [17].

We have systematized the results of the
fractal analysis in Table. A comparison of zones
C, E, and F clearly reflects the structuring of the
surface based on the images. The highest
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fractality was found in zone E (D = 1.79), where
the impurity grains on the surface are no longer
as clearly defined as in zone C. In zone E, the
impurities undergo destruction and reduction in
grain size, resulting in a grinding effect. The
gradual leveling of the surface is also reflected in
the value of lacunarity — L =0.54 in zone E,
compared to L = 0.37 in zone C.

Regarding the fractal dimension in zone F in
Fig. 4, it was found to be smaller (D=1.7)
compared to zones C and E, which confirms that
dislocations (etching pits) do not play a
significant role in surface structuring relative to
the appearance of impurity grains. This is also
indirectly supported by the fractal data for the
control samples of Type 1 without MF treatment:
D =1.33 and D =1.37 after the first and second
loadings, respectively. On the surface of the
control samples, apart from dislocations, no
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impurities are present, so the fractal dimension is
significantly smaller. At the same time, the
lacunarity of the control samples (Table) —
L=0.91 and L =0.92 after the first and second
annealing and loading reflects the homogeneity
of the silicon wafer surface. In contrast, the
lacunarity of the MF-treated Type 2 samples is

significantly reduced, even in the dislocation exit
zone (zone F in Fig. 4), where it is only 0.53.
These results strongly indicate that the use of
fractal analysis for numerical evaluation of the
silicon surface texture aligns well with the
changes observed visually.

Table. Fractal dimension and lacunarity in experimental silicon samples
Figure Stage Dimension, D Lacunarity, L
Type 1
Fig.2a 4 1.3340,02 0.91+0.03
Fig.2b 7 1.3740,02 0.92+0.03
Type 2 after MF
Fig. 3 Zone A 7 1.81+0.02 0,34+0.03
Fig. 3 Zone B 7 1.77+0.04 0.50+0.03
Type 2 after MF
Fig. 4 Zone C 7 1.75+0,04 0.37+0.03
Fig. 4 Zone E 7 1.79+0,04 0.54+0.03
Fig. 4 Zone F 7 1.70+0,03 0.53+0.03
The results allow to summarize the Even under the influence of a weak magnetic

following: the use of fractal analysis proves to be
an effective method for studying changes in the
texture of the silicon surface under the influence
of a weak magnetic field and high-temperature
plastic deformation.

The fractal dimension of the surface of
Type 1 (control samples without magnetic field
treatment) at Stages4 and 7 remains almost
unchanged, and the movement of dislocations
continues at an average speed of 0.03 um/s. In
this case, the lacunarity, at the level of L =0.92,
reflects the homogeneity of the surface of the
silicon wafers at all stages.

The results show that the influence of a weak
magnetic field is manifested in the redistribution
of impurities, defects, and the atomic structure of
crystalline  silicon, accompanied by the
segregation on the wafer surface. This changes
the morphology of the surface of a single-crystal
silicon wafer, altering the fractality parameters.
Consequently, it becomes possible to compare
the fractal dimensions and lacunarities of treated
samples. A comparison of microimages and the
corresponding fractal analysis of Type 1 and
Type 2 samples reveals that, after holding
Type 2 wafers in a magnetic field, the location of
primary dislocations remains unchanged. This
characterizes the magnetically induced stopping
of dislocations on the surface of Type 2 samples.
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field, stabilization or “freezing” of existing
defects occurs (e.g., in our case, blocking the
movement of already existing dislocations in
Type 2 samples). Once the field is turned off, the
energy in the system is insufficient to activate
these defects and initiate movement capable of
causing plastic deformation and forming new
dislocations. This behaviour suggests that
processing silicon samples in a magnetic field
can be used to obtain defect-free silicon
structures.

Impurities are always present in the initial
silicon samples from the wafer manufacturing
process. Oxygen atoms are incorporated into CZ
silicon crystals due to the reaction between the
silicon melt and the quartz crucible at the crystal-
melt interface. Carbon enters the silicon crystals
during the growth process, originating from the
polycrystalline starting material and from
graphite parts of the equipment [10, 14]. This
happens for both Type 1 and Type 2 samples.

In Fig. 2 b, for Type 1 samples, we observed
that at Stage 7, the etching pits (large triangle),
formed by dislocation detachment, are healed
and filled by the release of atoms to the surface.
In Fig. 3 b, for Type 2 samples, at Stage 7, we
saw white grains with a uniform structure
appearing on the wafer surface. Upon closer
inspection, it becomes clear that some of these
grains have a pyramidal shape. According to
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other authors, impurities, primarily hydrogen,
often take on the form of pyramids that
eventually collapse over time [17]. Some of the
impurities brought to the surface under the
influence of the magnetic field are adsorbed
from the surrounding air, while others result
from the segregation of impurities from within
the silicon itself.

Our last discussion concerned the
importance of the surface texture of crystalline
silicon, which can vary and significantly depends
on the growth method. The effect of surface
texture on the properties of silicon-based
materials has been demonstrated in biochips with
fluorescence [2], using biomolecules [13], in
changes to electronic properties [9], etc. As we
can see, processing silicon samples alters the
texture of the surface layers and can be used to
obtain different silicon structures for practical
applications [18].

CONCLUSION

The study of changes in the texture of the
silicon surface under the influence of a weak
magnetic field and high-temperature plastic
deformation can be effectively conducted using

fractal analysis of surface images. The shape,
location, and number of etching pits provide
valuable information about the state of a silicon
material during operation, orientation of the
dislocation line relative to the surface.

MF treatment leads to a redistribution of the
atomic structure of crystalline silicon, along with
the segregation of atoms on the surface of the
plate, resulting in the formation of a granular
structure. Under these conditions, the fractal
dimension of the surface increases, while the
lacunarity decreases. However, the lacunarity
can provide additional information about the
surface texture if impurity defects collapse,
smoothing the surface.

When exposed to a weak magnetic field,
stabilization or blocking of the movement of
existing dislocations is observed. After the field
is turned off, the energy in the system remains
insufficient to activate these defects and initiate
movement, even after subsequent annealing and
loading. This behaviour suggests that processing
silicon samples in a magnetic field can be a
promising method for obtaining defect-free
silicon structures.

OuiHka 3MiHU TeKCTYpPH NMOBEPXHi KPEMHIIO MiJ Ai€l0 MATHITHOTO MOJISI TA
BHCOKOTeMIIEePAaTYPHOI IVIaCTHYHOI AedopMmantii 32 JoOMOro0 (ppakTajibLHOro aHATIZY
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Jlabopamopis KOMNO3UMHUX MAMEPIANE AMOMHO-800He80I eHepeemuKu, Bidoin s0epHo-gizuunux 00cnioxceny,
ITnemumym npuxnaonoi gizuxu Hayionanonoi akademii nayx Yrpainu
eyn. Ilemponasniscvka, 58, Cymu, 40000, Yrpaina, * aramshirinyan@ukr.net
Kagpeopa bioenepeemuxu, 6ioingpopmamuxu ma exobiomexronozii, @axynivmem 0iomexnonozii i 6iomexHixku
Hayionanvnuii mexuiunuil ynigepcumem Yxpainu “Kuiscoxuti nonimexniunuu incmumym imeni leopsa Cikopcvrozo”
Bepecmeiicoxuii npocnexm, 37, Kuis, 03056, Ykpaina

Mamepianu Ha 0cHO8I KpeMHit0 3HAXOOSIMb WIUPOKe 3ACHMOCYBAHHS 8 eHepeemuyi, eleKmMpOHHUX NPUCMPOSX md
COHAYHUX elleMeHMAx, ONMmoeleKMPUYHIl Mma eneKmpPOHHIl NPOMUCTOBOCI. AKMYanbHOW0 NPOOLEMOI0 € KOHMPOIbOBAHE
BUKOPUCIMAHHA YUX MAMEPIANI6 6 MEXHONO0IAX 3a HAAGHOCMI MEXAHIYHUX HABAHMAJICEHb, ONPOMIHEHHS | MASHIMHUX NOJIB
(MI1).

Mema pobomu nonscac y 00CTiONCEHHi 3MiHU MEKCMypu NOBEPXHI KPeMHil0 nio OIi€l0 MacHimHo2o noasi ma
BUCOKOMEMNEPANYPHOT NIACMUYHOT Oeghopmayii 3a 00NoMo20I0 PpaKmanbHO20 aHaizy.

Mamepianom OocniodxcenHs cyeysanu NIACMUHKY MOHOKPUCIMANIYHOZ0 KPeMHilo n-Si, UpOWeHi Memooom
Yoxpanvcvkozo (Si-CZ), i na noeepxmi sikux )10 HAHECEHO KOHMPOTbOBAHE NOUIKOOJICEHHS 30 OONOMOZOI0 AMAZHO20
iHOemmopa. 'Y pobomi 3acmocoéano Memoo GUSUEHHS pPYXYy OUCTIOKAYil Yy MOHOKPUCMALAX KPEMHIl0 nid OI€l
sucoxomemnepamyproi niacmuunoi oegpopmayii. Texnika excnepumennty HOEOHYE KIIbKA Memooie Mamepianio3HasCmed.
Odepopmayito 34 MemoooM HOMUPUONOPHO2O GUSUHY, GIONAN, XiMiuHe mpasienHs ma Mikpockonito. Ilopso 3
BUCOKOMEMNEPAMYPHOIO NAACMUYHOI Oedhopmayiero 30MICHIOBANACA 0OPOOKA KpemHito 6 mazHimuomy noni. J{ociionuti
3DA30K POIMAULO8YBATIU MINHC NOTIOCAMU eLeKMPOMASHIMA 07l CMBOPEHHSA MASHIMHO20 noiA. Bexmop maenimuoi indyxyii
0Y8 nepneHOUK)IAPHULL HaHeCeHIll NOOPANUHI.
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Assessment of changes in the texture of the silicon surface under the influence of a magnetic field

Texnika ananizy i onucy nOEOHye GizyaiibHe CROCMEPENCeHHs. Md (DPAKMATbHUL AHA3 MIKPO300padiCceHb XiMIYHO
npompasneHoi nosepxui kpemuiio. B pamxax paxmansrozo ananizy 6UHA4AnUC, NOKAZHUKYU QPAKMATbHOT pOIMIpHOCTI
ma JaKyHapHoCmi, SIKi 6KA3YI0OMb HA HEPIGHOMIPHICMb MA CKAAOHICMb meKcmypu nogepxni naacmun. Ha ompumanux
300padiceHHsax 6YN0 GUOHO YUCTEHHI 8UXOOU OUCIOKAYI HA NOBEPXHIO, SAKI PO3MAUIOBAHI 6 OKONI WIMYYHO CMEOPEHOT
NOOPANUHY, A 3MIHU MEKCMYPU NOBEPXHI.

Maenimua o6podka npusodums 0o cespecayii amomie KpeMHiro ma OOMIUOK I YIMGOPEHHsL 3ePHUCIOT MeKCmypu Hd
NOBEPXHI NAACMUHU, (DPAKMATbHICMb NOBEPXI 3pA3KI6 8 MAKOMY pasi 30LIbULyembCs, a NAKYHAPHICMb 3MEeHULYEMbCA.
THoxazano, wo nio Oieto ciabKo20 MASHIMHO20 NONS MOXMCIUSA CMAOLIi3ayis abo ONOKYBAHHS PYXY 6Xce ICHYIOYUX
oucnoxayiul. Ilicnsa i0KmoYents nois eHepeis 8 cucmemi HeOoCmamHs, Wob yi deghekmu aKmMuBy8anUcs ma no4AU pyx
Hagimw nicisa Opy2020 8ionany i Hasanmadcenus. Taxka nogedinka oac 3mo2y 8UKOPUCMO8Y8ami 00poOKY 3pa3Kie KPEeMHII0
6 MII ons ompumanms 6ez0edhexmuux KpeMHIEBUX CIPYKIYP.

Knouosi cnosa: MonokpucmaniuHuil KpemHtiil, eHepeemuKa, mexHonN02is MIKpOeIeKmMpOHIKU, MEeKCMypa No8epxXHi OJis
biouunie, MacHimHe noie, GUCOKOMEMNEPAMYPHA Oeopmayis, SIMKU MpaslieHHs, OUCIOKayll, GpakmaibHuil avais,
OOMIWKU, MIKDO30OPANCEHHS
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