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[. INTRODUCTION
Silicon-carbon films are derived from diamond-like carbon materials that have numerous useful properties:

high coating hardness value,

low coefficient of friction,

high corrosion and wear resistance [1-4],

high electrical resistance (up to 10'® Ohm-cm) [5],
optical bandgap width up to 3.6 eV [6],

high thermal conductivity (up to 10 W/(m-K)),
low-temperature coefficient of expansion,
chemical stability [7-8].

Due to their properties, diamond-like carbon films have multifunctional applications in optical, electrical, and
biomedical systems.
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But this material also has disadvantages. The main problems are limited adhesion and low thermal stability.
These factors greatly limit their practical application. Silicon-carbon films are devoid of these disadvantages
while maintaining the advantages of diamond-like carbon films. However, they are very difficult to obtain.
This fact makes relevant research in the search for new methods for producing silicon-carbon films.

II. EXPERIMENTAL

In this work, silicon-carbon films were obtained by electrochemical deposition from an electrolyte solution.
The ease of implementation and the ability to control the thickness of the films during their growth are the
advantages of this method [9]. The choice of a dielectric with a thin copper sublayer as a substrate was
justified in [10]. The deposition was carried out in two stages. At the first stage, a "pure" silicon-carbon film
was obtained from a solution of methanol (CH;OH) with hexamethyldisilazane (HMDS) taken in a ratio of 9:1.
The deposition time was 8 hours. Then manganese sulfate (MnSO,4-5H,0) was added to the solution and
precipitation was carried out for another 10 minutes. The embedding of manganese atoms into the structure
of a silicon-carbon film was proved by X-ray phase diffractometry [11]. The thickness of the obtained films
was about 100 ym.

The structure of silicon-carbon films was studied using the inVia Raman Microscope Raman scattering
spectrometer (Renishaw, UK). The results of the study are shown in Figure 1.
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Figure 1. Raman spectrum and decomposition spectrum of peaks D and G of manganese-doped silicon-
carbon films (peaks D* and D’ characterize disordered carbon)

The structure of the silicon-carbon film is multiphase and is characterized by the presence of a
predominantly hexagonal phase of the 6H SiC polytype with inclusions of the rhombohedral phase of 15R
SiC [12]. The presence of the Si-C bond responsible for the presence of the amorphous phase of silicon
carbide was also found. The sample is characterized by the presence of D and G peaks. The G peak
characterizes carbon in the plane of the vibrational mode sp This parameter displays the degree of
crystallization of the material. The D-band displays the degree of structural disorder (disorderliness) near the
edge of the microcrystalline structure which reduces the symmetry of the structure [13, 14]. The D and G
peaks are positioned at 1346 cm’ ' and 1593 cm™ , respectively.

The procedure for decomposing Raman peaks allows you to see the "hidden" peaks. A detailed analysis of
the spectral parameters was obtained by fitting the curve profile using the Lorentz function. A band of D*- D*
peaks was detected on the spectra of the sample in the region of ~1200 cm™. The appearance of D*- D*
peaks may be associated with the presence of a phase of an unordered graphlte layer with inclusions of
ionic impurities [15].

[ll. CONCLUSIONS

Thus, the electrochemical deposition method makes it possible to obtain silicon-carbon complex structures.
The influence of the structure of the obtained films on their properties requires further study.
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