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Abstract %

Using a pulsed arc discharge, carbon coatings b oped with silicon and nitrogen are
deposited on quartz and silicon substrates ructure and phase composition of the
coatings are studied by atomic force py, Raman spectroscopy, and X-ray
photoelectron spectroscopy. The optic band Eg and the refractive index of the coatings
are determined depending on the alloyi lements. The influence of nitrogen and silicon on
the formation of the structure of the,darbon’matrix and the formation of chemical compounds
in the coatings, leading to a charﬁl he width optic band gap Eg, has been established.

Changes in the roughness Ra and size of the Csp? cluster are shown in the case of binary
doping with nitrogen and siliza&

Introduction Q
The functional properQof oatings largely depend on their chemical, phase composition and

morphology, and @ on-based coatings they are determined by the sp®/sp? ratio [1], the
value of which€a changed both by regulating the deposition parameters and as a result
of the formation of composite or multilayer coatings. Alloying with nitrogen leads to a change
nd properties of coatings (increase in wear resistance, decrease in internal
h is recovered by the formation of chemical bonds between carbon and nitrogen
ato e incorporation of nitrogen into the structure of carbon chains [1]. Silicon alloying
o) GQatings causes a change in their structural-phase composition, optical and mechanical
ro es, and, which is especially important, electrophysical properties mainly due to the
ation of chemical compounds [2]. With the joint introduction of nitrogen and silicon into the
rbon coating, the formation of silicon nitrides, carbides and carbonitrides is possible, which
affect the phase composition of the carbon matrix and change the properties. The aim of this
work is to establish the effect of complex alloying of carbon coatings with nitrogen and silicon
on their optical properties and to analyze the relationship between changes in properties and
the phase composition of the carbon matrix.

Deposition technique
Using a pulsed vacuum arc discharge, carbon coatings doped with silicon, nitrogen, and binary
doped with silicon and nitrogen are deposited on quartz and silicon substrates. The thickness
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of the coatings was 86+5 nm. The deposition of a-C:Si:N coatings was due to the sputtering of
a composite cathode at a nitrogen pressure in the chamber equal to 102 Pa. Carbon coatings
were applied at a discharge voltage of 350 V and a pulse repetition rate of 15 Hz. The
absorption spectrum of a-C coatings in the visible and UV regions was studied using a Cary-
50 (Varian) spectrophotometer. The optical band gap was determined according to the Tauc
method [3]. The refractive index was measured by laser ellipsometry. Surface morphology was
studied using a Solver P47 PRO scanning probe microscope. The structure of the coatings

was established by Raman spectroscopy and photoelectron spectroscopy. \
The results obtained and their analysis :

It was found by atomic force microscopy that for a-C:Si:N» coatings, in comparison with si

component carbon layers, the roughness (Ra) increases with a simultaneous incre i) th

grain size, which is associated with the interaction between carbon, silicon and ni n and

the formation of the SiN phase, which characterized by higher growth rates t p® and

C: N2 coating indicates an increase in the size of Csp? clusters and ase in the
concentration of carbon atoms in the state with sp? bond hybridization.
the a-C:Si coating in combination with a decrease in the G-peak width in
the size of Csp? clusters and the degree of their ordering. .
For a-C:N2 and a-C: Si:N; coatings, lower values of the ID/IG ratio increase in the width of
the G-peak in comparison with coatings obtained with assistedinjtrogen ions, as well as a shift
in the position of the G-peak to a more high wavenug .%¥The change in the phase

e an increase in

composition of the carbon matrix was determined by the is shown that the sp?/sp? ratio
is maximum for a-C coating. a-C:N3 is characterized crease in the graphite component
and the formation of C—N compounds, which determi n increase in absorption in the UV
region (Fig. 1) and a decrease in the band gap E N\2), as well as a refractive index n=2.62.
For the a-C:Si coating, at sufficiently large val he sp3/sp? ratio, the formation of bonds
of the C-Si and Si-O is observed in the struc , Which lead to an increase in Eg to 2.86 eV,

while the value of n reaches 2.72.
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increase in C-N bonds due to the formation of pyridine-like compounds, which determines a
decrease in the band gap (Fig. 2). It has been found that a change in Eg, which depends on
the concentration of carbon atoms with an sp? bond, and an increase in the size of Csp?
clusters, cause the formation of a broad absorption band in the UV region. Thus, a change in
Eg and n is a sign of a change in their optical properties due to the formation of a cluster
structure with different cluster sizes and sp?/sp® bond ratios.

E%r a-C:Si:Nz coatings, the formation of ternary SiN,C, compounds is possible, as well as an
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Conclusion

The regularities of the influence of complex alloying of carbon coatings with nitrogen and silicon
on their optical properties have been determined. It was found that binary-doped carbon
coatings have optical properties (Eg and n), the values of which are intermediate between the
values characteristic of coatings doped with nitrogen and silicon. The decrease in the catalytic
effect of silicon on the phase composition of the carbon matrix and, accordingly, the properties
of the binary-alloyed coating is explained by its participation in the formation of chemical
compounds with nitrogen. \

References %

[11 D. G. Piliptsov, A.S. Rudenkov, P.A. Luchnikov, A.V.Rogachev, Jiao Xiao Hung, in,
“Composite carbon coatings deposited from pulsed cathode plasma” [Komp onnyye
uglerodnyye pokrytiya, osazhdennyye iz impul'snoy katodnoy plazmy] (Moscow: iotekhnika,
October 2020, 283 p.).

[2] A.S. Chaus, X. H. Jiang, P. Pokorny, D. G. Piliptsou, A. V. Rogachev “Impro

e mechanical

property of amor-phous carbon films by silicon doping” Diam. & Rel.Mat. — 142 (Janiary,
2018).

[3] Tauc, J.; Grigorovici, R.; Vancu, “Optical properties and electronic structure of amorphous
germanium” A. Phys. Stat. Solid 15, 627 — 637 (March,1966). & °

86





