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Abstract In the present study, diamond-like carbon thin films were formed by ion beam deposition using titanium
(Ti) and chromium (Cr) interlayers. The effect of the interlayers on the structural and mechanical properties of the
diamond-like carbon thin films was studied. Raman spectroscopy analysis was used to investigate the structural
changes of the formed carbon coatings. Field emission scanning electron microscopy (FESEM) and atomic force
microscopy (AFM) were used to examine the thickness and surface roughness of the layers. The mechanical
properties of the diamond-like carbon coatings were investigated by nanoindentation testing. The results of Raman
analysis showed that the diamond-like carbon coating formed with a Ti interlayer had a lower ID/IG ratio and more
sp3 diamond bonds than the diamond-like carbon monolayer coating and the carbon coating with a Cr interlayer.
The results of the nanoindentation test for the carbon coatings showed that the inclusion of Ti and Cr interlayers
led to an increase in the hardness of the diamond-like carbon coating. Also, according to the results, the Ti/DLC

coating had higher hardness and plastic strength (H/E) than the Ct/DLC coating.
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1. INTRODUCTION

Carbon has different forms due to differences in the
types of bonds and atomic arrangements in its structure.
The existence of different forms of carbon is determined
by the arrangement of atoms in the structure and the type
of bonding between them [Robertson, 2002]. Carbon
films possess outstanding properties such as high
hardness, a low friction coefficient, and high wear
resistance. A major obstacle to the development of
industrial applications of DLC films is the high level of
compressive stress. This leads to delamination and
peeling due to poor adhesion of the carbon films to the
substrate. The presence of excessive residual stresses and
poor adhesion of these coatings to the substrate limits
their application. One of the main causes of residual
stress is the mismatch between the properties of the film
and the substrate [Bewilogua & Hofmann, 2014]. One
solution to reduce residual stress and improve properties
is the use of interlayers. Interlayers reduce the difference
in properties between the substrate and the top coating
and enhance interfacial interactions, in which metal or
ceramic layers are used to increase adhesion strength
[Huang, 2018]. Improved adhesion reduces the
compressive stress of the DLC film and increases its
load-bearing capacity. Multilayer films increase adhesion
strength due to the deflection or closure of transverse
cracks at the interfaces between layers and the increase
in stiffness by preventing the movement of dislocations
across these interfaces [Huang, 2018]. Meanwhile,
titanium (Ti) and chromium (Cr) have highly occupied d
orbitals, which promote carbon diffusion and the
formation of carbide phases at the interface between the

carbon coating and the interlayer, thereby increasing the
adhesion of carbon layers to the substrate [Huang, 2018].
Therefore, in the present research, the effect of Ti and Cr
interlayers on the structural and mechanical changes of
the carbon coating produced by ion beam deposition was
investigated.

2. MATERIALS AND METHODS

In this study, the cathodic arc deposition (CAD)
process was used to create the Ti and Cr interlayers. In
the cathodic arc deposition chamber, titanium and
chromium cathodes were placed at the bottom of the
chamber, and an electric arc was generated between the
cathode and the chamber body under vacuum conditions.
The arc on the cathode formed a molten pool, which
vaporized titanium and chromium and transported them
to the substrate. These particles, separated from the
cathode, formed a coating on the surface of the substrate.
To deposit thin DLC layers, ion beam deposition was
employed using acetylene (C:H:) gas with a purity of
99.99% as the source gas.

3. RESULTS AND DISCUSSION

In this section, the effect of using Ti and Cr interlayers
on the structural changes of the DLC film is discussed.
The results of Raman spectroscopy for DLC, Ti/DLC,
and Cr/DLC films produced by ion beam deposition are
shown in Figure 1.

The properties of the two peaks, D and G, can be used
to characterize carbon coatings. For example, the ID/IG
ratio is directly related to the sp2/sp3 bond ratio
[Robertson, 2002]. In Raman analysis, the full width at
half maximum (FWHM) of the G peak is also related to
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the structural order of the film. This parameter, along
with the position of the G peak, indicates the degree of
disorder in the structure of the DLC film, which is caused
by changes in bond angles and distortions along the
bonds [Huang, 2018]. According to the results of Raman
analysis, it is observed that the structural characteristics
of the DLC film changed with the use of the interlayer.
However, the results obtained for all three coatings are
favorable. Regarding the ID/IG ratio, it should be noted
that in the Ti/DLC coating, according to Figure 1b, this
ratio is equal to 0.48, which is lower than that of the
diamond-like carbon coating without an interlayer and
the Cr/DLC film.

According to the results, the DLC film with a Cr
interlayer exhibited an increased ID/IG ratio of 0.54.
Based on the obtained data, the DLC film with a Ti
interlayer has the lowest ID/IG ratio among the three
films.
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Figure 1. Fitted diagram of Raman analysis for diamond-like
carbon coatings: a) DLC b) Ti/DLC c) Ct/DLC.

4. CONCLUSION

In this study, Ti and Cr interlayers were used to
improve the structural properties of the DLC film.
According to the results of Raman analysis, it was

observed that the presence of the interlayer improved the
structure and reduced the ID/IG ratio in the DLC film.
This is consistent with the increase in sp3 diamond bonds
in the structure.
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