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The development of basic technological approaches to the creation of flexible electronic devices is an actual
problem nowadays. This paper presents the results of forming nanocrystalline silicon coatings on various kinds
of flexible polymer substrates. The coatings were obtained by laser-stimulated metal-induced crystallization. Fully
crystallized silicon films on an area of 30 x 30 um on a polyimide film substrate using this technique were obtained.
The applicability of this technique to the silicon coating on a nanofiber polymer substrate obtained by electrospinning
is demonstrated. The range of laser fluence value which leads to the crystallization of silicon with minimal damage
to nanofiber substrates has been determined. The degree of damage to the substrates was assessed using scanning
electron microscopy. The results of experimental studies confirming the formation of crystallized silicon coatings

on nanofiber polymer substrates are presented.
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Introduction

Currently , semiconductor nano- and submicron materi-
als, for example, thin films, are used in many areas of human
activity, which influences the growing number of studies of
their properties and ways to improve functionality [1-3].
The areas of application of semiconductor nano- and
submicron materials are very wide, for example, they are
used in micro- and nanoelectronics [4], solar energy [5],
sensorics [6]. For the most part, these materials are
amorphous in their original form. And, although their
amorphous form is also widely used in various fields [7],
the use of semiconductor materials in the crystalline state
often makes it possible to create more efficient devices,
sensors and converters [8]. In connection with this, there
is a need for methods which allow to obtain crystallized
semiconductor materials. There are many ways to transform
amorphous materials into crystalline ones, but almost all of
them involve a fairly intense thermal effect on the crys-
tallized material. This circumstance significantly narrows
the range of materials that can be used as substrates for
applying silicon coatings. In particular, polymer materials
are almost completely excluded due to low temperature
resistance, which, in turn, significantly complicates the
creation of flexible sensor systems and solar cells based on
polycrystalline silicon coatings.

Currently , there is great interest in the development
of new methods for forming poly-Si films on low-melting
substrates [9]. The application of polymer substrates allows
to create flexible electronic devices based on silicon, which
will expand the scope of application of these devices. Silicon
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is often crystallized using excimer [10] and femtosecond
lasers [11]. To simplify and reduce the cost of the
crystallization process, an original method of metal-induced
laser-stimulated (MILS) crystallization of amorphous silicon
on low-melting substrates [12] was developed, which is
also applicable to silicon coatings deposited on polymer
films [13]. The key point of the MILS process is the
crystallization of an amorphous silicon coating with a pulsed
infrared laser using a metal absorbing layer. The application
of certain metals (aluminum, tin, gold [14]) makes it
possible to reduce the crystallization temperature of silicon
due to the formation of the eutectic phase. The polymer
substrate is transparent to infrared radiation, like the silicon
coating, which allows to virtually eliminate its heating and
degradation during laser processing.

In this work, the substrates are polyimide (PI) film and
nonwoven nanofibrous material obtained by electrospinning
from a polyacrylonitrile (PAN) solution.

1. Methods of creation and investigation

of samples

Nonwoven substrates were obtained by electrospinning
from a solution of polyacrylonitrile (PAN, (C3H3N), in
dimethylformamide (DMF, C;H;NO). Electroforming was
carried out using a syringe pump ,,SPLab02“ and a high-
voltage power supply FUG HCP 140—65000. For the initial
PAN solution, 0.661 g dry matter and 5.046 ml DMFA were
used. Mixing until homogeneity was carried out using a
heated magnetic stirrer. The temperature was set to 323K,
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and the time spent on dissolution was 3h. The first hour
the mixing intensity was 350 rpm, the second — 500 rpm,
the third — 650 rpm. After 2 h mixing, another 1 ml DMFA
was added. After complete dissolution of the dry substance,
the solution was poured into a syringe, which was fixed
to the unit. The distance from the end of the needle to
the collector with the substrate was set equal to 25cm.
Colored thick paper was used as a substrate. The rate of
squeezing the solution out of the syringe was set to 1 ml/h.
The process lasted 15 min, while the voltage at the source
was equal to U=53kV. The needle was grounded during
the electrospinning process, and a negative potential was
applied to the collector.

The samples were created by sequential sputtering of
silicon and then aluminum onto polymer substrates (film
PI and nanofibrous PAN). Sputtering was carried out in
a Nexdep magnetron sputtering unit (Angstrom, Canada)
in an argon environment. The residual pressure was
2.6 - 1073 Pa, the working pressure after argon injection
was 4.5- 107! Pa. Two magnetron sources are mounted in
the vacuum chamber of the unit under disk targets with a
diameter of 76.2 mm, which allows sputtering of both layers
without devacuuming the chamber. We used targets made
of silicon with a purity of 99.999% and aluminum with a
purity of 99.9% produced by LLC ,,Girmet“ (Russia). The
thickness of both targets was 6 mm. The substrates were
fixed using a shadow mask with six holes in the form of
squares with dimensions 12 x 12 mm. The mask is required
to prevent bending of the polyimide, which can lead to
uneven coverage and distortion during laser processing.
Thus, in one sputtering cycle, six identical two-layer samples
in the shape of 12 x 12mm squares were obtained on a
polyimide substrate.

During the sputtering process, the power of the mag-
netron sources was maintained at a constant level. For
silicon it is 500 W, for aluminum — 300 W. The thickness of
the sprayed layers was controlled using piezoquartz sensors
installed in a vacuum chamber and a sputtering rate control
system (Sycon, USA). For samples on PI, the thickness of
the aluminum layer was 100 nm, the thickness of the silicon
layer was — 900nm. In the case of using electrospun
PAN substrates, the thickness of the layers was reduced
to 150nm (Si) and 30 nm (Al) for the following reason: it
is preferable that the thickness of the silicon coating does
not exceed its width, determined by the fiber diameter.
Taking into account the fact that the average diameter of
the nonwoven material fibers was approximately 500 nm, it
seems advisable to work with silicon layers approximately 3
times thinner. The thickness of the aluminum layer was also
reduced in an appropriate manner. The thickness of the PI
substrate was 500 um, the thickness of the PAN substrate
was 200um. No additional heating of the substrate was
used during the sputtering process.

Laser processing of the samples was carried out using a
MiniMarker 2 unit (Laser Center, Russia), equipped with a
pulsed fiber laser with a wavelength of 1064 nm (YAG:Nd)
and an optical scanner. Annealing was carried out from the

aluminum film side. On each film sample, a square area
of size 10 x 10 mm was processed in the scanning mode
at a fixed fluence value, which varied in the range from
842 to 28 J/cm 2 from sample to sample. For samples on
nonwoven PAN, 2 x 2mm squares were also processed in
scanning mode; the fluence varied in the range from 0.279
to 0457 J/cm?; at high fluences, there was melting of the
nonwoven substrate. The fluence changed in both cases
by changing the speed of the laser beam, since changing
the speed changes the number of pulses per point on the
sample surface, as well as the area of their overlap. This is
due to the fact that processing speed is critical in industrial
production, so this particular characteristic was chosen
as variable. Other parameters of laser processing were
constant: radiation power 0.2 W, pulse frequency 99 kHz,
pulse width is 100 ns.

The structure of the samples was studied by Raman
scattering spectroscopy (RSS) using InVia microscope
(Renishaw, UK). A laser with a wavelength of 532 nm was
used for the study. The signal accumulation time was 10s
at each point at a radiation power of 0.125 mW, the laser
spot size was 1.3 um. Such parameters of probing radiation
make it possible, on the one hand, to avoid crystallization of
amorphous silicon directly during the measurement process,
and on the other hand, they make it possible to obtain
results with a high ,signal-to-noise “ ratio.

Measurements were carried out at 900 points on each
sample (matrix 30 x 30 points) on the PI film, the distance
between adjacent points was 1um. The resulting spectra
were then averaged for each sample to minimize errors.

For samples on nonwoven PAN, the number of measured
points was significantly less due to the fibrous structure
of the sample. At each laser-annealed area, RS spectra
were recorded at 4 points, after which the results were also
averaged.

Scanning electron microscopy (SEM) was carried out
using a Tescan Mira II microscope (Czech Republic).

2. Results and discussion

2.1. Samples on polyimide film

When a two-layer aluminum-silicon structure deposited
on a flexible polymer substrate is irradiated, infrared laser
radiation is actually absorbed only by the aluminum layer.
The energy absorbed by aluminum is partially spent on
ablation of the aluminum layer, and the remaining part
is transferred to the underlying silicon layer through heat
transfer [15]. This part of the energy transferred to the
silicon layer promotes its crystallization.

Figure 1 shows the RS spectra averaged over nine
hundred measured points for the studied samples on PI
film. RS spectra were recorded from the silicon film
side. The spectrum of the initial amorphous silicon film,
recorded in the above mode immediately after sputtering,
was obtained from an additionally sputtered sample with
one layer of amorphous silicon 900 nm thick, since the
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Figure 1. Averaged RS spectra for the studied samples on polyimide substrates: a —I — initial amorphous silicon film (the intensity
value is increased by 10 times), II — laser treatment with a fluence of 8.42J/cm? (the intensity value is increased by 20 times), 1[I —
182J/cm?, IV — 28 J/cm?*; b — area 50—600 cm ™" graphics I with decomposition into components; ¢ — area 400—600 cm ™" graphics II

with decomposition into components.

aluminum layer shields the silicon layer from the probing
laser beam during RS recording. It should be noted that
for laser-processed samples, shielding does not occur, since
during the processing the aluminum layer is predominantly
ablated [12,13].

The spectrum clearly distinguishes the TA (154cm™!)
and LO+TO (433 and 477 cm™~!) modes characteristic of
the amorphous silicon phase. No peaks of the crystalline
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phase are observed, thus, immediately after sputtering, the
silicon layer was completely amorphous.

At a fluence of 842J/cm?, a peak appears in the
spectrum in the region of 514cm™!, corresponding to the
TO mode of the crystalline phase of silicon. The integrated
intensity of the TO mode peak of the amorphous phase is
comparable to the integral intensity of the TO mode of the
crystalline phase, which indicates a significant proportion of
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the amorphous component in the silicon coating. Thus, we
can conclude that the fluence is insufficient for complete
crystallization of silicon.

As the laser processing fluence in the RS spectra in-
creases, the intensity of the TO mode of the crystalline phase
of silicon increases, and the intensity of the amorphous
modes decreases. At a fluence of 18.2J/cm?, the resulting
spectrum shows the presence of only the crystalline phase of
silicon; it is not possible to identify the peaks corresponding
to the amorphous component, despite averaging over nine
hundred points (graph ¢ in Fig. 1). The peak of the
TO mode of crystalline silicon, located in the region of
518cm™!, is almost symmetrical, and its width at half
maximum (half-width) is comparable to the half-width
of a single-crystalline silicon sample (7.7 and 39cm™!,
respectively), which indicates good quality of the crystalline
structure in the sample [17]. The shift of the peak positions
relative to the tabulated value for single crystalline silicon is
due to the small sizes of crystallites, which will be discussed
in detail below. It should be mentioned that there are no
polyimide peaks (the most intense for the substrate used
are located in the region of 1786 and 1392cm™!) in the
RS spectrum of this sample, therefore, the resulting film of
crystallized silicon is continuous.

A further increase in fluence ultimately leads to the
destruction of the silicon coating. Thus, the spectrum of a
sample processed at a fluence of 28 J/cm? does not contain
peaks corresponding to the amorphous or crystalline phases
of silicon. It should be noted that during laser processing
with such a high fluence, there is a black coating on the
surface of the sample. From an analysis of the literature
data, we can conclude that the RS spectrum of this coating
contains only characteristic peaks corresponding to carbon
(D-mode at 1346cm™! and G-mode at 1594cm~!) [18].
Most likely, at such a high fluence, complete ablation of not
only the aluminum layer, but also the silicon layer occurred.
In this case, the near-surface layer of the polyimide substrate
underwent carbonization [19], which is confirmed by RS
measurements. The above considerations allow to come to
the conclusion that this fluence value is clearly redundant
for the crystallization of an amorphous silicon layer with a
thickness of 1 um on a PI substrate.

Based on the averaged RS spectra, the volume fraction
of the crystalline phase of silicon was calculated using
formulas (1) and (2) in accordance with the work [20]:

pczlc/(|c+y|a), (1)

where | — peak intensity of crystalline silicon, |; — peak
intensity of amorphous silicon, y — ratio of integral Raman
scattering cross sections for crystalline and bulk phases.

y(L) =1+ L/50 - exp(—L/250), (2)

where L — crystallite size, expressed in angstroms.
The crystallite size to determine the ratio of scattering
cross sections in the amorphous and crystalline phases was

Table 1. Average crystallite size and fraction of the crystalline
phase in samples on PI substrates processed at different fluences

Fluence, Share Size Size
Jiem? | crystallized | crystallite, | silicon crystallite
nm acc. [22], nm
18.2 1 4.6 6.0
10.2 0.34 43 59
842 0.15 23 2.8

calculated in accordance with the work [21]:
L = a(—A/Aw)"7, (3)

where o — lattice constant of silicon, it is equal to 0.543 nm,
y and A describe vibrations in a nanocrystal taking into
account the size limitation, Aw — the Raman shift of the
position of the peak of a nanocrystal relative to the value of
the position of the peak of single crystal silicon.

The calculated values of the average crystallite size and
the fraction of the crystalline phase in the studied samples
are presented in Table 1.

For comparison, the values of crystallite sizes determined
from the results of calculations from the work [22] are given.
The crystallite sizes determined using two different methods
are quite close, but calculation using formula (3) gives
slightly smaller values. The observed discrepancy in sizes
may be due to the constants y and A, the values of which
were taken from the work [21] without any correction.
Nevertheless, both approaches allow to estimate the average
crystallite size in samples and identify a tendency for its
increase with increasing laser processing fluence.

The measurement results show that with increasing
fluence, the volume fraction of crystallized silicon increases,
as well as the size of the crystallites. The fluence of
18.2J/cm? should be considered optimal for the given
thickness ratio of the silicon and aluminum layers (9:1).
As mentioned above, it is not possible to isolate peaks
corresponding to the modes of the amorphous component
from the average spectrum of the corresponding sample;
therefore, calculation using formula (1) gives a fraction of
the crystalline component equal to unity. Moreover, all the
resulting coatings are nanocrystalline; even for a completely
crystallized sample, the average crystallite size does not
exceed 4.6nm. Analysis of the results obtained would be
incomplete without assessing the spatial homogeneity of the
crystal structure of the samples under study. To visualize
the distribution of the amorphous and crystalline phases in
laser-treated silicon coatings, two-dimensional maps of the
sample surface were constructed based on the results of
the RS measurements. Figure 2 shows a map for a sample
processed at a fluence of 18.2J/cm?. Each map point in
Fig. 2,a represents the integral RS intensity in the range
from 500 to 525cm~! for the crystalline phase of silicon,
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Figure 2. RS maps for the crystalline phase of silicon sample on a PI substrate: ¢ — peak area, » — width at half maximum. The

sample was processed at a fluence of 18.2 J/cm?.

Table 2. Results of studies of samples on non-woven substrates
using the RS method

Fluence, Position Width Integral

J/em? | of the peak,cm ™! | at half maximum, intensity

em™! of the peak
0457 519.8 5.52 25281.3
0.426 519.8 5.38 25056.81
0.4 519.88 5.94 22638.23
0.377 520.08 5.06 30911.18
0.364 519.94 5.81 17983.82
0.352 519.57 6.07 24182.07
0.341 519.64 6.41 19821.13
0.331 519.23 6.7 13924.57
0.32 519.51 6.57 18882.55
0.293 519.27 7.99 10778.78
0.285 519.1 6.92 9822.67
0.279 519.14 7.08 16417.18

and in Fig. 2, b half-width value for the peak of the TO
mode of the crystalline phase.

Since the map in Fig. 2,a was generated for the range
from 500 to 525 cm™!, it illustrates the intensity of the TO
mode of crystalline silicon and, accordingly, the bright areas
correspond to the signal of the crystalline phase of silicon
with the highest intensity. The figure shows that the signal at
all points on the map is different from zero, i.e. the sample

Technical Physics, 2024, Vol. 69, No. 3

does not contain non-crystallized areas, which confirms the
above results.

The map in Fig. 2, b actually copies the intensity map of
the crystalline TO mode, but in inverted form. This result is
quite logical, since the better the crystal structure of silicon
is ordered at the point of analysis, the more intense and
narrower the RS peak is due to better synchronization of
phonon vibrations.

Figure 3, a shows the intensity map of the TO mode peak
of the crystalline phase of silicon for a sample processed
at a fluence of 842J/cm?. The homogeneity here is
much worse; the crystalline phase is detected only at some
points. The size of the crystallized areas is on the order
of several micrometers. Figure 3,b shows a map of the
integral RS intensity of the same sample in the range from
200 to 490cm~!. In this range, the signal intensity is
mainly determined by the LO and TO modes of amorphous
silicon. The amorphous phase is visualized in the form
of fairly large areas with uniform RS signal intensity, and
these areas include areas with a signal from the crystalline
phase. However, there are areas in both maps in which
there is no signal from either the amorphous or crystalline
phases. Most likely, these areas are covered with residual
aluminum, which shields the underlying silicon layer from
the probing laser beam. Thus, at low laser processing
fluences, aluminum ablates from the silicon surface only
partially [23]. Moreover, even in areas with a removed
aluminum layer, the formation of the crystalline phase
occurs to a limited extent.

2.2. Samples on non-woven PAN

For samples on nonwoven PAN substrates, a larger
number of modes were tested due to the fibrous structure
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Figure 3. Peak areca maps for a sample on a polyimide substrate (fluence 8.42J/cm?): a — in the range from 500 to 525cm™", b — in

range from 200 to 490 cm ™.

of the substrate and the lack of information in the scientific
literature on the mechanisms of laser radiation action on
materials of this kind with coatings undergoing a phase
transition.

The results of RS spectroscopy for the studied samples
are given in Table 2.

It should be noted that the position of the peak of the TO
mode of crystalline silicon for all modes exceeds 519 cm™!,
which is significantly closer to single crystal silicon than for
samples on PI substrates. The half-width is also generally
smaller than for thicker samples on PI films. This fact may
indicate a more homogeneous crystallization of thin and
spatially limited silicon coatings by polymer fibers than thick
and macro-sized silicon coatings.

The results shown in Table 2 are further illustrated using
Fig. 4.

The spectra also indicate the presence of crystallization,
with no amorphous phase peaks detected for all three
fluences. The integrated intensity of the peak decreases as
the laser exposure decreases, and the width, on the contrary,
increases. This suggests that as the fluence decreases, the
quality of the crystalline structure of the silicon coating
deteriorates. However, it is not possible to significantly
increase the fluence. The glass transition temperature of
PAN fibers obtained by electrospinning is 377K [24]. If
the specified temperature is reached or exceeded during
annealing, then after its completion the fibers will lose their
flexibility and become brittle, which will subsequently lead
to their damage when the sample is bent.

The above consideration was confirmed using SEM.
SEM images of the surface of the samples under study,
illustrating the change in the state of the coating and
substrate depending on the fluence of laser radiation, are
shown in Fig. 5.

i y
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Figure 4. RS spectra of a sample on a non-woven substrate,
where A — spectrum of a section of the sample processed with a
fluence of 0.279 J/cm?; B — spectrum of a sample area processed
with a fluence of 0.341J/cm?; C — spectrum of a sample area
processed with a fluence of 0.457 J/em?.

It can be seen from the figure that during laser processing,
some of the fibers break or are completely destroyed, after
which only empty half-shells remain, on the surface of
which particles are formed, which go up with increasing
fluence. The average diameters of fibers, half-shells and
particles are given in Table 3.

Sputtered fibers that have not been subjected to laser
annealing have the smallest average diameter (493 nm). The
fibers in areas of the sample that were laser processed with
high fluence values also have a relatively small diameter.
As the fluence decreases, there is a tendency for the
fiber diameter to increase, which can be explained by

Technical Physics, 2024, Vol. 69, No. 3
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Figure 5. SEM images of various sections of the sample on a non-woven substrate with deposited layers of silicon and aluminum: a —
section not treated with laser; b — area treated with a laser with a fluence of 0.279 J/cm?; ¢ — area treated with a laser with a fluence of
0.341 J/em?; d — area treated with a laser with a fluence of 0.457 J/cm?.

Table 3. Results of studies of samples on non-woven substrates using SEM

Fluence, J/cm? Diameter, nm Number of damaged
Fibers Half-shells Particles threads, pes.
0.457 534 352 502 99
0.426 540 441 386 96
04 596 397 344 92
0.377 637 394 361 62
0.364 640 458 327 58
0.352 688 440 327 52
0.341 608 434 385 49
0.331 685 424 372 51
0.32 591 399 354 51
0.293 677 389 335 38
0.285 617 385 350 29
0.279 712 423 354 27

its thermal expansion [25]. The work [26] showed that
as the temperature increases, the density of PAN fibers
increases. This may explain the behavior of fibers during
laser annealing. The temperature in the annealed spot
depends on the fluence; the larger it is, the greater
the heating. Accordingly, during laser processing, two
competing processes occur: thermal expansion of the
fibers and densification of their structure. As a result,

Technical Physics, 2024, Vol. 69, No. 3

at high fluences, the diameter of the fibers begins to
tend to the original diameter of the fibers before laser
treatment.

To assess the condition of the nonwoven substrate after
laser annealing, the number of damaged fibers in SEM
images was calculated. The results are also given in Table 3.

As can be seen from the table, when the fluence is
reduced by only 0.04 J/cm?, the number of damaged fibers
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Figure 6. SEM images of a sample on a non-woven substrate with marked damaged threads: ¢ — area treated with a laser with a fluence
of 0.4J/cm?*; b — area treated with a laser with a fluence of 0.36 J/cm?. Damaged fibers are marked with ovals, areas with missing fibers

are marked with squares.

noticeably decreases. Thus, at a fluence equal to 0.4 J/cm?,
92 damaged fibers were recorded in the SEM image, and
at a fluence equal to 0.364 J/cm?, — 58 damaged fibers. In
Fig. 6 the fibers damaged as a result of laser processing of
the sample are marked in white. Meanwhile, it can be noted
that on the sample processed at a fluence of 0.4 J/cm?, there
are empty half-shells (marked with squares). Thus, it can be
assumed that when the limit value of the fluence (0.4 J/cm?)
is exceeded, destruction of the polymer fibers occurs.

When choosing the optimal laser processing mode, it
should be taken into account that the number of damaged
fibers should be minimal in order to maintain the integrity
of the substrate. At the same time, laser processing
modes with the lowest fluences cannot be considered as the
most optimal, since, according to RS spectroscopy results,
they are inferior to other modes in the crystallinity of the
resulting silicon coating.

2.3. Proposed mechanism of crystallization

Taking into account the above results, we can as-
sume the following mechanism of silicon crystallization.
The work [27] showed that the appearance of D- and
G-modes of carbon in the RS spectrum of polyimide
is possible at a temperature of 833 K. In this case, on
the sample processed at 18.2J/cm 2, no carbon peaks
appeared in the RS spectrum, which indicates the absence
of carbonization of the substrate, and crystallization of
silicon occurred. On the other hand, it is known [28] that
aluminum can reduce the temperature of formation of the
crystalline phase to 623 K. Consequently, crystallization of
silicon on PI substrates most likely occurs in the range
623—833 K, which is lower than the eutectic temperature
for the Si—Al system (850K). Thus, the most probable
mechanism is solid-phase crystallization, described in a
recent work [29]. The silicon layer turns out to be limited,
on the one hand, by a ,,cold“ PI substrate, and on the other
by a ,;* hot aluminum layer that has absorbed the laser
radiation energy. A sharp temperature gradient is formed
in the silicon layer, which contributes to the formation
of significant mechanical stresses, and interatomic bonds

soften. This is followed by destabilization and disorder of
the lattice, reminiscent of melting, although still on a cold
lattice. In the process of stress relaxation, a reverse ordering
process occurs, leading to a structure with minimal potential
energy, i.e. crystalline. In this case, rapid cooling down
of the silicon layer leads to the formation of many small
nanocrystallites.

The aluminum layer not only absorbs laser radiation, but
also provides a more uniform distribution of thermal energy
over the silicon surface, which makes it possible to obtain a
uniformly crystallized silicon layer (Fig. 2,a). Meanwhile, it
cannot be ignored the opportunity of introducing aluminum
into the silicon coating due to diffusion [30].

There is a similar situation in the case of crystallization
on nonwoven PAN substrates. Here the limitation is further
enhanced; the dimensions of the silicon coating are limited
not only by thickness, but also by fiber diameter. As a result,
crystallization is even more successful, although the values
of the fluences required for this are an order of magnitude
lower. In addition, there is an interesting phenomenon:
submicron particles are formed on the fibers. These particles
are probably formed from aluminum residues that have not
undergone ablation. It can be assumed that these are frozen
drops that moved along the fibers during laser processing. It
is worth noting that the silicon coating remains continuous
and without kinks.

Conclusion

During the study, samples of crystallized silicon coat-
ings on flexible film and fibrous polymer substrates were
obtained and studied. The conducted studies confirm the
prospects of using the MILS crystallization technique for
obtaining nanocrystalline silicon coatings on low-melting
substrates.

For samples on PI film, completely crystallized silicon
was obtained over an area 30 x 30um. It is also worth
noting that the thickness of the crystallized silicon layer was
1 um. Such results allow us to talk about the prospects for
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using MILS crystallization in the industrial production of
microelectronic devices and solar cells.

In the case of nonwoven substrates based on PAN, we
can talk about a certain range of laser radiation intensity,
in which it is possible to achieve the optimal ratio of
silicon crystallinity and substrate integrity. This range was
0.341—-0.377 J/em?.

Based on the experimental results obtained, a mecha-
nism for the formation of nanocrystalline silicon coatings
has been proposed, which explains the formation of the
crystalline phase at temperatures not exceeding the melting
point of silicon and the formation of eutectic in the
aluminum-silicon system.
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