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The possibility of expanding the element base of optoelectronics and power electronics by using 3-Ga,O5; motivates the search for
efficient methods for growing its high-quality films. Here, 5-Ga,0O; films with thicknesses of 1.15 and 2.25 pm were deposited on
SiC/porous Si/Si substrates using high-frequency magnetron sputtering and characterized by scanning electron microscopy, X-ray
diffraction (XRD), and micro-Raman spectroscopy techniques. The films were composed of 5-Ga,Oj; crystallites with an average
size of 62 and 109 nm, preferentially oriented along [100] direction. The relative increase of their lattice parameters with respect to
single crystal ones was no more than 1.5 x 107 for the ¢ parameter. The small strain values of about 1 x 10~ calculated from the
XRD patterns were verified by the absence of any significant changes in phonon modes’ parameters in the 3-Ga,O3 film Raman
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Modern trends in scaling of Si-based micro- and optoelectronic
devices involve the search for new materials, possessing, among
other properties, a high value of dielectric constant (k), enough to
replace SiO, in the metal oxide semiconductor (MOS) structures. '
Various metal oxide materials such as Yb203,3 7—A1203,4 NiOx,’
TiO,,° HfO,,”® Zr0,*° have already been successfully synthesized
on Si substrates. Gallium oxide (Ga,0O3) can be confidently added to
that lineup. Belonging to the C2/m space group,'” this wide-bandgap
material (E; is varied from 4.26eV to 5.24¢eV, depending on
whether it is bulk or film'") exhibits strong resistance to electrical
impact (the breakdown field is 8 MV em ! and k is 10) as well as
excellent chemical and thermal stability.'> The 3-phase of gallium
oxide can be easily doped, which makes it possible to obtain well-
conducting layers. 314 g Young’s modulus—ranging from approxi-
mately 240 GPa to 270 GPa—provides sufficient rigidity for use in
high-frequency nanoresonators. Its low mass and reasonable fracture
strength make it particularly attractive for sensitive components in
micro- and nanoelectromechanical devices. Nevertheless, its rela-
tively low fracture toughness and thermal conductivity require
careful consideration when designing high-power circuits.'> Due to
all these factors, the fabrication of the high quality 5-Ga,0Oj3 layers
and heterostructures based on them is receiving more and more
attention.'>™" To date, it is known about the creation of energy-
efficient LEDs, Schottky diodes, solar-blind ultraviolet photodetec-
tors, field-effect transistors, gas sensors, and the possibility of
producing high-voltage transistors on the basis of §-Ga,0; epitaxial
layers.>%¢

Since silicon remains one of the base materials of microelec-
tronics, investigations aimed at synthesizing epitaxial 5-Ga,Oj3 films
on Si substrates are of particular practical interest.”” However, it is
very difficult to produce such films directly on the silicon surface. In
an oxygen atmosphere at high temperature, an amorphous silica layer
is formed on the silicon surface and the epitaxial film will not grow
on such a substrate. To prevent oxidation, it is possible to use Si
substrates with a pre-coated buffered epitaxial layer of silicon
carbide. Silicon carbide (SiC) is a wide-bandgap semiconductor
material with a large number of polytypes given by the various
stacking sequences of Si and C atoms in its structure.”® The most
popular, hexagonal 4H-SiC and 6H-SiC polytypes are stable at very
high temperatures and have significant advantages over Si in the
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values of important parameters at room temperature: a wider band
gap (approximately 3.26 eV as opposed to 1.1 eV), a higher break-
down field (3 MV cm™! compared to 0.3 MV em™) and a greater
thermal conductivity (5 W (cm K)! up against 1.5 W (cm K™%
Besides, SiC has exceptional mechanical strength, hardness and
chemical stability, which contributes to its durability and reliability
in harsh environments.”*° Being deposited on Si substrate, SiC
films can be successfully used in designing high-performance
ultraviolet detectors.’’ Current research continues to confirm the
enormous potential of SiC in areas such as power electronics,
complementary metal oxide semiconductor (CMOS) technology
and various energy applications, lazing the foundation for its
continued growth in commercial use.?”*

Although high-frequency magnetron sputtering (HFMS) has been
effectively utilized to deposit 8-Ga,O; films with controlled thick-
ness and desirable crystalline properties, a comprehensive evaluation
of its performance relative to alternative techniques is essential for
assessing its practical value. Commonly employed methods for
0-Ga,03 film growth include pulsed laser deposition (PLD),
molecular beam epitaxy (MBE), metal-organic chemical vapor
deposition (MOCVD), and mist-CVD.'®!'"#33* Each technique
offers distinct advantages in terms of film quality, deposition rate,
scalability, and equipment complexity. For instance, MBE and
MOCVD can produce high-purity, epitaxial films with excellent
control over stoichiometry and doping but require complex, high-
vacuum environments and are limited in throughput. Conversely,
PLD allows for high-fidelity stoichiometric transfer but suffers from
poor uniformity over large areas. HFMS, in contrast, offers a balance
between quality and scalability, operating at lower substrate tem-
peratures and enabling deposition over larger substrates with
relatively simple equipment. Additionally, magnetron sputtering
enables better control of film stress and adhesion, which is
particularly relevant when targeting mechanical robustness in
MEMS or power device applications. When compared to these
alternatives, HFMS emerges as a versatile and cost-effective
approach, especially suitable for industrial-scale deposition of
(-Ga,05 films with moderate to high crystalline quality.'®>

In our earlier paper’® we used successfully this technique to
deposit §-Ga,O; films on the porous Si/Si substrates. In this work,
we discuss fabrication of the micron-thick (3-Ga,Os5 films on SiC/
porous Si/Si substrates as well as define their structural parameters
and quality by scanning electron microscopy (SEM), X-ray diffrac-
tion (XRD) and micro-Raman spectroscopy techniques.


https://orcid.org/0000-0002-8627-6678
https://orcid.org/0009-0009-4147-1179
https://orcid.org/0000-0002-5866-8084
https://doi.org/10.1149/2162-8777/adfb52
mailto:derhachov.mp@gmail.com
https://crossmark.crossref.org/dialog/?doi=10.1149/2162-8777/adfb52&domain=pdf&date_stamp=2025-09-08

ECS Journal of Solid State Science and Technology, 2025 14 094002

Experimental

The fabrication process of the Ga,03/SiC/porous Si/Si structure
consisted of three sequential stages: (1) formation of a porous layer
on the Si wafer surface, (2) deposition of a SiC film on the porous
surface, (3) deposition of a Ga,O5 film on the formed substrate.

Porous Si/Si substrates were obtained from Smart Membranes
GmbH (Germany). The porous layer was formed by electrochemical
etching of the original Si wafers with surface orientation along the
(100) or (111) plane. As shown in papers,””® there is a strong
anisotropy of the electrochemical etching rate in crystalline silicon
because the [111] crystallographic direction is not the preferred
direction for pore growth. While pores in (100)-oriented Si wafer
grow perpendicular to the surface, along the [100] directions, those
in (111)-oriented wafer propagate along the [100] directions inclined
by approximately 55° relative to normal to the surface. In order to
compensate for the different etching rates and to achieve layers with
comparable thicknesses and pore diameters, different technological
parameters were employed for (100)- and (111)-oriented Si wafers.
Pore diameters were measured from SEM images, where pores
appeared as darker regions, using Image] software (National
Institutes of Health, USA). The resulting data were used to construct
histograms illustrating the distribution of pore sizes and their
corresponding frequencies. The depth of the porous layer was
determined using cross-sectional SEM imaging. According to that,
the mean pore diameter was approximately 17 nm, and the depth of
the porous layer was about 240 nm.

SiC films were deposited on porous Si/Si substrates by atomic
substitution method.**** The process involved the reaction between
gas compounds such as CO and SiH, at high temperatures, which
leads to the formation of a SiC layer on the porous silicon surface.*’
For this purpose, air was first removed from the vacuum chamber to
102-107* Pa using a 2NVR-5DM rotary pump, after which the
sample was heated with a graphite heater to a temperature of 950 °C
to 1290 °C. The next step was to feed a mixture of CO and SiH, into
the chamber using a HORIBA gas regulator with a total pressure of
130 Pa at flow rates of 15cm® min~" for CO and 3 cm® min~"' for
SiH4. The deposition duration was from 20 min to 60 min. The
mechanism of SiC films production on porous Si substrates was
described in more detail in our previous paper.**

Gallium oxide films were deposited by high-frequency magnetron
sputtering of 99.995% pure Ga,0; in a high-purity argon atmosphere
at a constant chamber pressure of about 3 x 107> Pa (or 2 mTorr).
The time required to grow films with thickness between 1 pm and
2 pm was estimated from our earlier results,>® assuming a linear
dependence for the film thickness, and ranged from 250 min to
350 min. Deposition was performed on SiC/porous Si/Si substrates
heated up to 200 °C. After deposition, all samples were annealed for
two hours in the air atmosphere at 850 °C.

Visual inspection of all obtained structures was performed using a
TESCAN MIRA 3 IMU scanning electron microscope. The ele-
mental composition of the SiC/porous Si/Si substrates was deter-
mined by an Oxford Instruments INCA Energy 350 X-max 80
energy dispersive microanalyzer.

XRD measurements were performed by PANalitical X Pert Pro
with Cu Koy radiation (1 = 1.5406 A). The grazing-incidence XRD
(GIXRD) patterns as well as the symmetric 20/w scans were
obtained to define structural properties of Ga,O; films and SiC/
porous Si/Si substrates, respectively. The symmetric 26/w scans
were measured using a four-crystal Ge (220) monochromator.

Micro-Raman spectroscopy was used to identify the structural
phase and crystal quality of Ga,O3 films grown on SiC/porous Si/Si
substrates. The Raman measurements were acquired in a quasi-
backscattering geometry using the Horiba Jobin-Yvon T64000 triple
spectrometer with integrated micro-Raman setup—Olympus BX-41
microscope equipped with a motorized XYZ stage (at minimum step
of 0.1 pm) and Peltier-cooled CCD detector. The experiments were
conducted at room temperature using the 532 nm line of diode-
pumped solid-state laser (Spectra-Physics).

Results and Discussion

SEM images of SiC layers deposited on the porous Si/Si
substrates with differently oriented Si wafers are shown in Fig. 1.
Within the examined surface area, the SiC layer thickness varies
slightly and is, on average, 120 nm for the film grown on the Si (100)
wafer (Fig. 1b) and 51 nm for that on the Si (111) wafer (Fig. 1d),
with deviations from the mean value no more than 5nm. Such
differences in the SiC layer thickness are reasonably attributed to the
different surface orientation of the silicon wafer. As shown in
paper,* thermodynamic stability and atomic bonding configurations
of the surface are the main factors that underline the critical role of
crystallographic orientation in controlling the morphology and
thickness of SiC layers synthesized via the atomic substitution
method. Si (111) surface is more densely packed and energetically
more stable than Si (100) surface, which leads to a reduced
substitution rate and, consequently, a thinner SiC layer.
Furthermore, the higher surface energy and lower atomic density
of Si (100) surface promote a more efficient atomic substitution
process, resulting in thicker SiC films. Thus, under identical growth
conditions, the SiC layer formed on Si (111) wafer should tend to be
thinner compared to that on Si (100) wafer. %

SEM images of Ga,Oz films grown on the SiC/porous Si/Si
substrates are represented in Fig. 2. As can be seen from there, the
obtained gallium oxide films consist of crystallites in the form of
oblique parallelepipeds or even plane-parallel plates inclined to the
substrate surface at an angle in the range of 29°-39° for the film in
Fig. 2a and 64°-70° for the other one (Fig. 2b). Different thicknesses of
the films, in this case, are due to the different durations of their
deposition. The thicker (2.25 pm) Ga,O; film was deposited on the
substrate with Si (100) wafer for 330 min (Fig. 2a), while the thinner
(1.15 pm) Ga, O3 film was grown on the substrate with Si (111) wafer in
262 min (Fig. 2b). In both structures, the Ga,O; film thickness exceeds
the SiC layer thickness by almost 20 times. As with the SiC layer,
variation of the film thickness within the examined surface area is not
significant and does not exceed 7nm. Hereinafter, the 2.25 pm
Ga,053/120nm SiC/Si (100) structure will be referred to as “Sl
structure” (Fig. 2a) and the 1.15 pm GayOs/51 nm SiC/Si (111)
structure will be called “S2 structure” (Fig. 2b).

As expected, the SiC layer prevents the formation of amorphous
silica on the Si wafer surface. The obtained SEM images do not
indicate the presence of oxide layer. In accordance with the EDAX
spectroscopy results, the silicon content in the SiC/porous Si/Si
substrates is, on average, 80.7 wt% and the carbon is 17.6 wt%.
Finally, a wide diffuse halo, which is typical for amorphous silica
phase and centered at about 22° on the two-theta scale, is not
observed in both the symmetric 26/w scans (Fig. 3) and the GIXRD
patterns (Fig. 4).

The symmetric 20/ scans contain intensive crystalline Si and
SiC peaks and also weak, sometimes barely visible, peaks of the
Ga,03 phase (Fig. 3). Most intensive XRD peaks at 69.10° and
28.22° are related to the (400) and (111) Si peaks, verifying the (100)
and (111) wafer surface orientation in the S1 and S2 structures,
respectively. Silicon carbide is manifested only in the S2 pattern as
peaks at 35.66° and 75.47°, which are due to the X-ray diffraction on
the sets of (111) and (222) planes of the cubic SiC phase (curve 2 in
Fig. 3). The appearance of these peaks suggests pseudomorphism of
the SiC layer with respect to the Si wafer. In the case of
polycrystallinity, the SiC peaks should be observed in the GIXRD
patterns too, but they are not present there (Fig. 4).

The GIXRD patterns of the S1 and S2 structures are in complete
agreement with the reference data for 5-Ga,Oj3 single crystals (PDF2
#010-87-1901) regarding the angular positions of peaks. On the
contrary, the intensity of a number of peaks, especially in the range
of 29°—40° on the two-theta scale, significantly differs both from the
reference data and when comparing the measured patterns with each
other (Fig. 4 and the inset therein). Such behavior may indicate the
occurrence of texture, the presence of the fractions of crystallites with
the preferred orientation. Based on that assumption, we engaged the
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Figure 1. Plan view and cross-section SEM images of the SiC layers on the porous Si/Si substrates with differently oriented wafer surfaces: a, b-Si (100); ¢, d-Si
(111).
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Figure 2. Cross-section SEM images of the Ga,03/SiC/porous Si/Si structures with differently oriented wafer surfaces: a—Si (100); b-Si (111).

March-Dollase multi-axial model,*> when performing the full profile
Rietveld refinement using FullProf Suite package. To estimate the n=>0-r"1-r3"1"? x 100%. [1]
degree of preferred orientation, we choose the parameter 7, introduced
by E. Zolotoyabk04° and defined through the March parameter r as The best agreement with the experimental data is achieved when

follows considering two preferred orientations for the S1 structure, along
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Figure 3. Symmetric 26/w scans of the S1 (1) and S2 (2) structures.
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Figure 4. GIXRD patterns of the S1 (1) and S2 (2) structures together with reference data for 5-Ga,0; (PDF2 #010-87-1901). All the patterns are normalized by
the corresponding intensity of the (111) peak, the highest one for the reference data. The inset presents the intensity redistribution in the patterns with indicating

reference peaks.

[100] (n = 62%) and [401] (n = 24%) directions, and three preferred
orientations for the S2 structure, along [100] (n = 47%), [101]
(n = 23%) and [201] (y = 21%) directions. Nevertheless, even the
March-Dollase approach does not allow us to attain the proper

intensities of some peaks positioned at about 48.6°, 57.8°, 60.5° and
64.8° in the corresponding XRD Opatterns (Fig. 5). Besides, two peaks
within the ranges of 55.3°~57.1% and 77.2°-78.4° for the S2 pattern
are excluded from the calculations as those that cannot be described
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Figure 5. The Rietveld refinement results for the S1 (a) and S2 (b) structures. The measured GIXRD patterns are plotted by green and orange dotted curves, and
the calculated profile by the violet one (Ycal). The bottom blue curve represents the differences between the experimental and the calculated data. The peaks,

marked with asterisks, are excluded from the calculations.

Table 1. 3-Ga,O; film lattice parameters and their relative changes.

(3-Ga,05 film Relative changes
Lattice parameters S1 S2 (3-Ga, 05 single crystal'” S1 S2
a (A) 12.2194(6) 12.2237(8) 12.214(3) 0.44 x 107 0.79 x 107
b (A) 3.0371(4) 3.03812(2) 3.0371(9) 0.00 0.34 x 107
c (A 5.8032(6) 5.80662(5) 5.7981(9) 0.88 x 107° 147 x 107
V (A% 209.103(36) 209.364(27) 208.85(9) 1.21 x 107 2.46 x 107

within the applied model in any way. The origin of these peaks,
marked with asterisks in Fig. 5, remains to be elucidated.

The lattice parameters of the (3-Ga,O; films, refined with the
Rietveld methodology by using the program package FullProf
Suite,*’ and their relative changes with respect to single crystal
patameters'® are listed in Table 1. To calculate the crystallite size D
and strain € we apply the Williamson-Hall method within the
uniform deformation model by exploiting the equation*®*’

Bcos@ = A/D + 4esind, [2]

where 6 and B are the angular position and full width at half
maximum (FWHM) of the corresponding (hkl) diffraction peaks.
Considering Eq. 2 as a linear approximation of the set of values of 8
and B on the Bcosf vs 4sinf graph (Fig. 6), we estimate the
corresponding D and € values as well as the dislocation density & in
terms of the domain contribution, = D=2 (Table II).

Now, let us consider the Raman spectra of the obtained
structures. As mentioned above, 5-Ga,0Oj3 single crystal belongs to
the monoclinic system with the corresponding C,;, point symmetry
group.'® In accordance with the theoretical analysis for this group,
irreducible representation for optical phonons at the [-point,
corresponding to the center of the Brillouin zone, can be written as
follows™

T, = 10A, + 5B, + 4A, + 8B,, 3]

where A, and B, modes are Raman-active, A, and B, ones are
infrared active.

In our case, without analyzing the polarization state of the
scattered radiation, we quite clearly reveal all of these 15 Raman-
active modes in the spectrum of the S1 structure (green curve in
Fig. 7). As for the other structure, a larger number of Raman bands
is observed (orange curve in Fig. 7). The appeared bands are
related to the substrate contribution and assigned to the vibrations

Table II. 3-Ga,O; film structural parameters.

Parameter S1 S2
Crystallite size D (nm) 109 + 20 62+ 6

Strain £ (0.94 + 0.17) x 107 (0.56 + 0.15) x 107
Dislocation density & (m™) ~8.4 x 10 ~2.6 x 10"

in the Si and SiC lattices.’’ > Such different contributions from
the substrates, more prominent for a thicker film in the S2 structure,
can be primarily attributed to the different orientation of the Si
wafer surface relative to the incident laser beam. This orientation
specifies the Raman tensor components ;; and, consequently, band
intensities. The silicon Raman bands positioned within the
200 cm'-450 cm™ and 900 cm™'-1050 cm™' ranges are most
intensive for the component axx.S ' This component cannot be
observed in the spectrum of the S1 structure with the Si (100)
wafer, but it is available to be detected in the spectrum of the Si
(111) wafer.

The S1 and S2 Raman spectra are plotted in Fig. 7 together with
the results of their fitting performed within the framework of the
model of weakly-coupled oscillators with the following equation™

J(w, T)=[n(w,
N
X Z ijwf}/j/((wj2 - 0h)? + a)2}/j2) + Yo [4]

j=1

T) + 1]

Herein, J(w, T) is the spectral intensity, n(w, T) is the
Bose-Einstein factor, wj;, y; and I; are the peak position, halfwidth
and area of the jth Raman band, respectively, N is the number of
bands, and y, is the background level. Some of the Raman bands
assigned to the Si two-phonon overtone states®’ are better modeled
by asymmetric Lorentz function LA(w) composed of the simple



y = 0.00056x + 0.00248 for the S2 structure (2).
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Figure 6. The Williamson-Hall analysis of the S1 (solid squares) and S2 (dotted circles) structures. Fit to the data, the strain is extracted from the slope and the
crystalline size is extracted from the y-intercept of the fit. Linear fit is given by the following expressions: y = 0.00094x + 0.00142 for the S1 structure (1) and

Table III. Comparison of the positions (cm™) and areas of B-Ga,O3; Raman bands.

Film, w; Single crystal, Oref; W — (T)mf}.
Phonon mode Sl s2 Ref. 56 Ref. 57 Ref. 58 e Sl s2 —
A0 110.3 110.8 111.4 110.7 111.0 111.0 -0.7 -0.3 0.8
B 114.2 1145 114.8 1143 114.8 114.6 -0.5 -0.2 0.7
BY 144.6 145.0 145.5 144.9 144.8 145.1 ~0.5 -0.1 1.0
n 169.6 169.9 170.4 169.8 169.9 170.0 —0.4 -0.2 1.0
A 200.3 200.4 200.9 2003 200.2 200.5 -0.2 0.0 1.0
A 319.8 320.3 320.9 3203 320.0 320.4 ~0.6 ~0.1 1.5
e 346.6 347.0 3472 347.0 346.6 346.9 04 0.1 05
BY 354.7 353.4 353.5 353.4 353.2 353.4 13 0.1 2.0
A 416.6 416.5 417.0 416.7 4162 416.6 ~0.1 ~0.1 13
A0 4754 475.3 475.6 4753 474.9 4753 0.1 0.0 0.7
B 476.8 479.0 476.6 475.9 474.9 475.8 1.0 32 6.4
A® 629.5 630.8 630.4 630.4 630.0 630.3 -0.7 05 0.9
BY 652.3 653.9 652.6 652.4 652.3 652.4 —0.1 15 1.5
ne 658.0 660.5 658.5 659.0 658.3 658.6 —0.6 1.9 1.0
ne 767.6 768.1 766.9 767.3 766.7 767.0 0.6 1.1 1.0

Lorentzian L(w) = (1 + 4(w — (Jgf)z/yf)“ in such a way™>

LA(w) = [L(w)]"forow € w; and LA(w)

=[L(w))¢ for w > w;,

(5]

where v and & were different exponents raising the corresponding

side of the Lorentzian.

Spectral (3-Ga,O; peak positions in the measured (w;) and
reference (wref]_) Raman spectra together with a shift from the

averaged Refs. 56-58 value ((TJ,%_) and ratio of normalized areas
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Figure 7. Raman spectra and their fitting results for the S1 (a) and S2 (b) structures. Measured curves are green (1) and orange (2), total calculated profile is
violet, the other colored curves represent the (3-Ga,0O; A, and B, modes as well as Si and SiC ones as indicated above them in the b part.

for the jth band in the S1 and S2 spectra given in Table III. The last
right column shows the ratio of normalized areas (integrated
intensities) for the jth Raman band in the S1 and S2 spectra. By
normalization, in this case, we mean dividing the band area of the jth
A, or B, phonon mode by the band area of the A or B{” mode,
most strong in the corresponding representation. As can be seen from
Table III, the frequencies of the (-Ga,Oz phonon modes in the
spectra of both films remain practically unchanged relative to the
average reference values (T),gfj. The exception to this is a slight, no

more than 2 cm™, shift for the high-frequency B, A{” and A{'”
modes that are assigned to the antisymmetric and symmetric
stretching as well as bending vibrations of different GaO, groups in
GaO, tetrahedrons.”® Such behavior of these modes may be caused
by some changes of lattice parameters discussed above (Table I). As

for the 3.2 cm™! B mode shift, this could be attributed to the

ambiguity of the fitting procedure due to its low intensity and the
strong overlapping of the neighboring 475 cem™ (8-Ga,0;) and
521 cm™' (Si) modes with a much greater intensity (bottom part of
Fig. 7). In any case, these shifts are much smaller than those, ranging
from 10 cm™ to 40 cm™, observed for gallium oxide nanowires and
caused by internal strains.>® Being critical of the intensity variations
for some B, modes for the reasons just described, we can ascertain
that the parameters of [(3-Ga,O; optical modes remain largely
unchanged when altering the film thickness together the Si wafer
orientation.

Conclusions

In this paper we have demonstrated the possibility of growing the
1.15 pm and 2.25 pm (-Ga,05 films on SiC/porous Si/Si substrates
using high-frequency magnetron sputtering technique. The deposited
(3-Ga,03 films are found to have a polycrystalline structure with an
average crystallite size of 62 nm and 109 nm. Most of the crystallites
are preferentially oriented along the [100] direction as the other
preferred orientations along [401], [101] and [201] directions might

be also considered. The relative changes in (-Ga,O; crystallite
lattice parameters do not exceed 1.5 x 107, with a more deviation
for thicker film, and the estimated strain ¢ values are no higher than
1 x 107, The fitting of the Raman spectra reveals no significant
discrepancies between the parameters of phonon modes both in our
(-Ga, 03 films and the corresponding single crystal. Thus, the further
application of the magnetron sputtering technique for growing
(-Ga,03 films with thicknesses ranging from tens of nanometers
to tens of micrometers appears to be feasible. In this case, as follows
from the results obtained, it is possible to deposit the films on non-
native substrates, in particular, silicon substrates, without the
appearance of significant internal stresses and considerable changes
in lattice parameters, which is especially important to meet the
modern needs of micro- and optoelectronics.

The successful fabrication of 3-Ga,Oj5 thin films on Si substrates
demonstrates the potential for integrating ultra-wide bandgap mate-
rials with silicon-based platforms. To advance the practical use of
such heterostructures, further studies will focus on electrical char-
acterization of Schottky and MOS structures, analysis of interface
states, and stability under high electric fields and thermal cycling.
Investigation of charge transport mechanisms and optical response
under UV illumination will also be carried out to evaluate device-
level applicability. The use of (3-Ga,O3 in power electronics can
increase the energy efficiency of devices, reducing indirect impacts
on climate and resources. Although gallium oxide is not currently
subject to strict environmental regulation, its production and utiliza-
tion should be controlled, especially in the nanoform. Further
research on its environmental safety and bioaccumulation is needed.
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