
 

28 

for all other combinations, it does not need to be taken into account due to a too small value. However, in 
this work, to analyze the spin-dependent properties in 2D vdW structures (CrSiX3, where X = S, Se, Te), the 
exchange interaction integrals were calculated for atoms located at a distance of up to 10 Å. This was done 
in order to confirm the absence of competition between magnetic orders.  

To calculate the exchange interaction integrals (Jn, where n=1, 2, 3 the order of the atom in accordance with 
the distance), 2×2×1 supercells were created. The orientations of the magnetic moment (spin) were set for 
each Cr atom in such a way as to form 4 magnetic configurations. One of which had a ferromagnetic order 
(FM), the other three were antiferromagnetic (AFM). Structural optimizations were performed for all 
configurations. 

Table 1. Simulation results of Cr2Si2X6 structure, magnetic and electronic properties 

Compound J1, meV J2, meV J3, meV J1, meV 
Hubbard correction 

J2, meV 
Hubbard correction 

J3, meV 
Hubbard correction 

Magnetic 
order 

Cr2Si2S6 2.47 -0.07 0.04 0.84 -0.22 0.01 AFM 

Cr2Si2Se6 -1.59 0.18 -0.04 -1.88 0.13 -0.06 FM 

Cr2Si2Te6 -1.26 0.09 -0.17 -1.61 0.05 0.60 FM 

Here, if the exchange integral is less than zero, then the atomic system is a ferromagnet. According to 
results, Cr2Si2Se6 and Cr2Si2Te6 structures ferromagnets. However, Cr2Si2S6 exhibits strong 
antiferromagnetic order.  Almost all the contribution to the exchange interaction is made by J1. Therefore, 
there is no competition in the magnetic moment. 

III. CONCLUSIONS 

Structural and geometric optimizations were carried out using quantum mechanical simulation in a 
specialized software package VASP, and the main magnetic states were established. Two structures under 
study demonstrate ferromagnetic order (Cr2Si2Se6 and Cr2Si2Te6) and one structure is antiferromagnet.  
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I. 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
16

 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 (CH3OH) with hexamethyldisilazane (HMDS) taken in a ratio of 9:1. 
The deposition time was 8 hours. Then manganese sulfate (MnSO4·5H2O) 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 μm. 

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. 

  

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

2
. 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

-1
 and 1593 cm

-1
, 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

-1
. The appearance of D*- D*' 

peaks may be associated with the presence of a phase of an unordered graphite layer with inclusions of 
ionic impurities [15]. 

III. 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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I. INTRODUCTION 

Multiferroics are materials which combine (ferro)magnetic and ferroelectric ordering. These materials are 
very interesting both for radioelectronic applications and new scientific directions, such as straintronics. Early 
we described the ground states for the different magnetic orderings in the perovskite YFeO3, and the 
dependence of the structural properties on them were established [1]. The difference total energy and 
structural parameters of the various magnetic configurations of the YFeO3 appears due to interaction of iron 
d-shell electrons in magnetic sublattice, formed by iron ions, and interaction between iron ions and 
neighboring yttrium and oxygen ions which change electron density distribution and energy in the material. 
Unfortunately, contribution dependence for each atom species in various magnetic configurations of the 
YFeO3 are unknown. Changes d-shell electron energy of Fe ions for these states of the YFeO3 are unknown 
also. This information can be powerful for engineering magnetic properties of a multiferroics with perovskite 
structure for physical and technical applications. Thereby in this work we study energy dependence for each 
atom species and changes spin-resolved energy iron d-shell electrons of magnetic configurations of the 
YFeO3 by ab-initio method. 

II. METHOD 

We performed our ab-initio calculations within the generalized gradient approximation (GGA) and the 
Perdew – Burke – Ernzerhof exchange-correlation functional with spin polarization as implemented in the 
OpenMX code [2-4]. We used pseudopotentials with the following valence states configuration: Y – 4s, 4p, 
4d, and 5s states; Fe – 3p, 3d, and 4s states; O – 2s and 2p states. We selected the basis sets with 2 


