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We studied the silicon carbide semiconductor compound, which is widely used as the most characteristic material in the preparation of
semiconductors. In the radio frequency (RF) mode of the magnetron sputtering device, 300-400 nm thick SiC thin films were formed in
an Ar environment as a reactive gas in a vacuum of 10 Torr. In the radio frequency mode, a power of 240 W with a frequency of 100
kHz and D=70% were used. The maximum sputtering speed of the magnetron was 50 AJs. A circular silicon carbide (SiC) target with a
diameter of 76.2 mm and a compound content of (99.9%) was used. X-ray analysis of the obtained films was performed on an XRD-
6100 device and the Miller indices were determined. In addition, the optical parameters of the thin films were determined. FTIR
spectroscopic analysis showed a relative decrease in the transmission spectrum in the far-IR region from 13.1% to 8.9% with increasing
SiC film thickness in the range of 480-400 cm'. Characteristic peaks associated with Si-C and C=C vibrations were also detected. A
characteristic Si-C stretching absorption was observed at a wave number of 780 cm™!, where the IR absorption was 88.7%. At a wave
number of 2180 cm™!, it corresponds to a triple covalent bond of C=C. The results showed that the optical and electrical properties of SiC
films can be easily tuned by changing the Si and C concentrations in the coating for the same film thickness.
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INTRODUCTION

Silicon carbide is the most effective material for the production of semiconductors. Silicon carbide powder is also
used as a nuclear fuel for fusion reactors [1-2]. SiC mainly exhibits strong chemical bonding, strength, and at the same
time, better electrical, optical, and thermal properties than other materials, which is the basis for its effective use in
many electronic devices [3-5]. Since silicon carbide thin films have a wide optical energy gap, it can be used in the
production of UV detectors. The study of the properties of nanoscale materials is one of the important problems facing
modern solid-state physics. The properties of such materials can differ significantly from the properties of both bulk
materials and individual nanoparticles that make up the composition [16]. Thus, nanocomposite materials are the basis
for the creation of new materials with specific structural, electronic, and optical properties, which are determined by the
size, shape, and arrangement of the nanoparticles in their composition.

Recent research results show that silicon carbide is one of the materials that can replace traditional materials in the
preparation of semiconductor materials. Due to the electronic properties of silicon carbide thin films, it is one of the
main materials in the preparation of new-age optoelectronic and photoelectronic devices. Silicon carbide thin films are
used for energy storage in LEDs, nanoelectronics, optoelectronics and photoelectronics, and various other sensors.

Silicon carbide thin films can be deposited by various methods, such as plasma-enhanced chemical vapor
deposition (PE-CVD), molecular beam epitaxy (MBE), laser-assisted deposition (PLD), and radio-frequency magnetron
sputtering (RF-PVD). Of the various options, reactive magnetron sputtering is the most widely used due to its relative
simplicity, high deposition rate, good adhesion, and low production cost [6]. In this work, the optical and X-ray
structural properties of SiC films grown by radio frequency RF magnetron sputtering were studied.

EXPERIMENTAL TECHNIQUE

In this study, SiC thin films were deposited on the surface of a silicon monocrystalline substrate using a radio
frequency magnetron sputtering device. The deposition process was performed at a temperature of 400 °C using an
automatically controlled vacuum furnace. The sputtering rate during the deposition of silicon carbide thin films in an
argon atmosphere at a vacuum of 10 Torr was 50 A/s, and a power of 240 W at a frequency of 100 kHz and D=70%
were used for 6-8 minutes in the reactive radio frequency mode. The maximum sputtering rate of the magnetron was
50 A/s. A circular silicon carbide (SiC) target with a diameter of 76.2 mm and a compound composition of (99.9%) was
used [7,8].

Powder X-ray diffraction is a method for studying the structural properties of a material using X-ray diffraction
(X-ray diffraction) from a powder or polycrystalline sample of the material under study [9,10]. The results of the study
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are manifested in the dependence of the radiation intensity on the angle of incidence. The advantage of this method is
that it is very convenient for determining the structural composition of each substance, even if its structure is unknown.
A thin film of silicon carbide was studied by X-ray diffraction and elemental analysis. The identification of the samples
was carried out based on the diffraction patterns recorded on a computer-controlled XRD-6100 (Shimadzu, Japan)
apparatus.

SiC Coating SiC Coating
940.6nm

Figure 1. Cross-sectional SEM micrographs of SiC films deposited at a methane flow rate of 35% (a) without external
heating at — 50 °C (b) with external heating at — 250 °C [13]

Si (100) Substrate Si1(100) Substrate

The deposition parameters of thin silicon carbide films deposited by reactive DC magnetron sputtering were
studied. According to SEM results, the coating thickness decreased significantly with increasing gas (methane) flow
rate and temperature. It is also clear from microstructural examinations that denser coatings were formed with
increasing deposition temperature. Figure 1 shows the observed changes in coating thickness and morphology [13].

RESULTS AND THEIR DISCUSSION
X-ray diffraction analysis
Figure 2 shows the X-ray diffraction (XRD) patterns for a silicon carbide thin film grown by radio frequency (RF)
magnetron sputtering. The X-ray diffraction patterns of a silicon carbide thin film with a thickness of 300 nm show five
peaks at diffraction angles. These peaks correspond to angles of 35, 41, 59, 71, and 75. The Miller indices correspond to
the (111), (020), (202), (311), and (222) planes, respectively [14].

1000

I sic
22
900 @
S
-l
800 g
g
700 s
3 3
9
Fro00 §
§ 500 ) 3
= =] = -
g o 2 -
g 4001 -+ o 4
E e g =8
= g ®
300 g 8 £ 5
= & I
= S -
200 8 g g
M
100 g
JL ]
| N
10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00
Cu-Kal (1.540560 A) 2theta

Figure 2. XRD analysis and Miller indices of a silicon carbide thin film grown on a silicon monocrystalline substrate are presented.

Figure 3 shows the crystal structure of SiC. It was found that the silicon carbide crystal lattice is cubic
(pr. gr. Pbnm) and consists of two chemical elements: Si, C. This result was obtained by using the Profix software to
obtain the “cif” results of the X-ray spectrum data obtained using the XRD-6100 measuring device, and our results were
compared with the results of SiC films grown by other methods [15].

Figure 3. Crystal structure (cubic structure pr. gr. Pbnm)

Figure 4 shows the transmission spectra of SiC thin films of different thicknesses measured using the Qatr-10
(diamond crystal) attachment of the FTIR device. Magnetron sputtering has a strong and direct effect on the optical
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properties of the films obtained in different modes. In general, according to the results obtained in the infrared
transmission spectrum in the range of 400-3000 cm™!, a significant transmission spectrum was obtained for films with a
thickness of 300 nm and 400 nm. With increasing thickness, the transmission spectrum in the range of 400-480 cm™ in
the far-IR region showed a relative decrease from 13.1% to 8.9%. The low value of the transmission in the IR region is
part of the optical properties of SiC, where its values are associated with the value of the optical band gap in the UV
region.

Infrared spectroscopy analysis
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Figure 4. Transmission spectrum of 300-400 nm thick SiC thin films
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Figure 5. Double FFT method and Maclaurin’s spectra based on the processing of the FTIR spectrum of SiC thin films.

The refractive index of the film was calculated based on the processing of the infrared transmission spectrum of
SiC thin films, and the refractive index was found to be 2.62 by the Double FFT method according to the Kremers-
Kroing function [17]. Based on the Maclaurin formula [18], the infrared absorption corresponding to the wave number
of 490 cm™' is confirmed to be n=2.6. The absorption spectra of SiC films with a thickness of 300 nm and 400 nm at
infrared wavelengths are presented in Figure 6. The absorption (A) values were estimated based on the transmission
values. It was observed that the optical absorption values decreased. This makes such a film suitable for use in the
production of optoelectronic devices. According to the results of the ultraviolet absorption spectrum of silicon carbide,
the refractive index at 632.8 nm is 2.63.
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Figure 6. Infrared absorption spectra of SiC thin films with a thickness of 300 nm and 400 nm.

The results of the analysis of SiC thin films were carried out using a Fourier transform infrared spectrophotometer
to determine the molecular vibrations. This analysis allows us to assess the quality of the material. As can be seen from
the FTIR spectrum, since there are no excessive vibrations, we conclude that there are no impurities or defects in the
film. Also, characteristic peaks associated with Si-C and C=C vibrations were detected. At a wave number of 780 cm™!,
where the IR absorption was 88.7%, a characteristic Si-C stretching absorption was observed. At a wave number of
2180 cm’!, it corresponds to a triple covalent bond of C=C. The covalent characters of Si-C-Si and C-Si-C bonds are
characterized by three base potentials [11]. By analyzing the FTIR spectra, the dependence of the photon energy on the
Kubelka-Munk [7] function (ahv)? for SiC was obtained. Based on the obtained results, the band gap for the SiC film
was calculated. According to the calculation results, the band gap for SiC is 3.2 eV, which is an extrapolated straight
line of the curve between (hv) and (ahv)?. SiC thin films can be widely used in electronic and optical engineering,
optoelectronics, solar selective coatings, blue light-emitting diodes, and phototransistors due to their unique properties
as a result of the formation of a radio frequency magnetron sputtering device.

CONCLUSIONS

In a radio frequency (100 kHz, D=70%) magnetron sputtering device, 320 nm thick and well-adhered SiC thin
films were successfully grown on Si (111) and glass substrates. According to the results of XRD analysis, it was
found that the silicon carbide crystal lattice is cubic (pr. gr. Pbnm) and is a compound of two chemical elements: Si,
C. FTIR spectroscopic analysis showed a relative decrease in the transmission spectrum in the far-IR region from
13.1% to 8.9% with an increase in the thickness of the SiC film. Also, characteristic peaks associated with Si-C and
C=C vibrations were detected. A characteristic Si-C stretching absorption was observed at a wave number of
780 cm’!, where the IR absorption was 88.7%. At a wavenumber of 2180 cm’!, it corresponds to a triple covalent
bond of C=C. The study is promising for the future study of the formation mechanism of SiC films and the
improvement of their optical properties.
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CTPYKTYPHI XAPAKTEPUCTUKMU TA OIITUYHI BJACTUBOCTI TOHKHUX IJIIBOK SiC,
OTPUMAHUX METOJOM RF-PVD
M.A. dasaaros*’, K.T. Jlaspanos?, X.T. Jospanos?, C.H. Xy3zanog®, A.P. Koxipos®, C. Xouikynosa®
“Kapwuncokuii depocasnuii ynisepcumem, Kapwi, 180100, Y36exucman
bKapwuncoxuii inoicenepno-exonomiunuti incmumym. Kapwi, 180100, Vzbexucman

[IpoBeneHo mocHiKEHHS HAMIBIPOBIOHUKOBOI CIIONYKH KapOily KpeMHilo, SKa IIUPOKO BHKOPHUCTOBYETHCS SK HaWOUIBII
XapakTepHUH MaTepial Ui BUTOTOBJICHHS HaIMiBOPOBIHHKIB. Y pamiogactoTHOMY (RF) pekumi mpucTporo MarHETpOHHOTO
posmmnenns ToHki mwiiBky SiC TommHO0 300-400 HM Oynu chopMOBaHi B CepefOBHINI Ar y BHUTTISII peakifHO3MaTHOTO Ta3y y
Bakyymi 10* Topp. VY pamiouacToTHOMy peXMMi BUKOPUCTOBYBajacs notyxuicts 240 Br 3 wactororo 100 k[ i D=70%.
MakcuManbHa MBUIKICTh PO3MMICHHS MarHeTpoHa craHoBuiia 50 A/c. BukopucTOBYBanu Kpyriy MillieHb 3 Kap0iny kpemHiro (SiC)
niamerpom 76,2 MM i BMicToM crioiyku (99,9%). Pentrenorpadiunuii aHaii3 oTpUMaHKX IUTIBOK NMPOBOAMIM Ha npmitaai XRD-6100
i Bu3Hauanu ingexcu Mimtepa. Kpim Toro, Oynu Bu3HA4YeHI ONTHYHI mapaMeTpu TOHKUX IUTiBOK. Cnekrpockomiunuii ananiz FTIR
TMI0Ka3aB BiZIHOCHE 3HIKEHHS CIIEKTPa MpOoIycKaHHs B nanbHiit [U-06macti 3 13,1% no 8,9% 3i 36inbenHsM ToBumHy mwiiBku SiC B
nianasoni 480-400 cm™!. Takox Oyiu BUSABIEHI XapaKTepHi Mk, moB's3aHi 3 konuBanHamu Si-C i C=C. XapakTepHe NOIIMHAHHS
npu posrarysanni Si-C crocrepiranocs mpu xeuinboBoMy umcii 780 cm™!, ne [U-mornuuanus cranosmio 88,7%. [Tpu XBUIEOBOMY
guci 2180 cm! me Bianosimae motpiliHOMy KoBameHTHOMY 3B 3Ky C=C. Pe3ynbTaTn IMOKasaiy, IO ONTHYHI Ta EIEKTPUYHI
BIACTUBOCTI IIiBOK SiC MOJKHA JIETKO HANAIITYBaTH, 3MiHIOIOUN KOHIeHTpanii Si Ta C y HOKPUTTI JUIs OXHAKOBOI TOBIIMHH ILTiBKH.
KnarouoBi cnoBa: macnemponne posnunenns; kapbio kpemuilo, penmeeno@azoeuil ananiz; Cnekmp HPONYCKAHHA; NOKA3ZHUK
sanomnennsi; FTIR



