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Abstract  The substrate temperature plays an important role in the mobility of carbon species as well as the
formation and growth mechanism of the amorphous carbon layers with diamond-like characteristics. The
amorphous carbon structure can be transformed into the diamond- and graphite-like structure under the effect of
substrate temperature. Given that, this study aimed to investigate the structural evolution of the diamond-like
carbon coating followed by changing the substrate temperature through the radio frequency direct ion beam
deposition. In this regard, the substrate temperature values were obtained as 80, 110, and 140 °C for the
deposition of DLC coatings. Raman and X-Ray Spectroscopy (XPS) analyzes were done to evaluate the structure
and chemical composition of the coatings. To further investigate the thickness and roughness of the applied
coatings, Atomic Force Microscopy (AFM) and Field Emission Scanning Electron Microscopy (FESEM) were
used. According to the results, the lowest roughness value of the diamond-like carbon coating surface was
obtained at the substrate temperature of 110 °C. In addition, the lowest value of Ip/Ig and the highest amount of

sp® bonding were obtained at the same substrate temperature.
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1. INTRODUCTION

DLC is a metastable allotrope of carbon composed of
a mixture of sp>- and sp>-hybridized carbon, which is
incorporated into an amorphous matrix. Depending
upon the DLC chemical composition, two types of
layers can be identified: hydrogenated and hydrogen-
free DLC. The hydrogenated films are deposited from
the hydrocarbon sources [1, 2], or in the presence of
hydrogen gas, and this deposition process can contain up
to producing 60 % hydrogen. The factors that play key
roles in determining the structural characteristics and
properties of the DLC layers are the percentage of sp*
bonds, clustering of sp? phase, orientation and graphitic
ordering of sp? clusters, and amount of hydrogen or
other elements in the layer composition. Diamond-Like
Carbon (DLC) coatings have received notable attention
in different sectors such as aerospace, automotive, and
medical industries owing to their ideal tribological
characteristics such as high hardness, low wear rates,
low friction coefficient, and chemical inertness [1-3].
Among these, coatings created through the ion beam
deposition process enjoy unique practical advantages
such as high adhesion among the applied layers, in-situ
cleaning, control of residual stress resulting from
controlling the parameters, increased density of the

layers, control of the grain structure, and low deposition
temperatures. The structure of the diamond-like carbon
layers is affected by the coating process while
achievement of the optimal parameters through any
process is of great importance. For this reason, this study
evaluated the effect of the substrate temperature on the
structural evolutions of the diamond-like carbon coating
by the radio frequency ion beam deposition process.

2. MATERIALS AND METHODS

AAS5083 Al alloy was used as the substrate in this
study. The samples were polished using different grades
of grinding papers (from #80 to #3000) followed by
washing in an ultrasonic bath for 20 min at 40 °C and 40
kHz in acetone. For the deposition of diamond-like thin
carbon layers, the ion beam deposition process with a
radio frequency source was used. Methane gas (CH4)
with 99.99 % purity was used as the hydrocarbon
precursor for the deposition of the diamond-like carbon
coatings.

3. RESULTS AND DISCUSSION

The substrate temperature affects both mobility and
kinetic energy of carbon particles and species and
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provide the conditions for subsurface penetration that
leads an increase in the formation of sp® bonds in the
structure. However, the substrate temperature can
exhibit an opposite behavior and transform the structure
into a graphite-like one. The results of the Raman
analysis for the DLC coatings with substrate
temperature variations are shown in Figure 1. According
to the results, at the substrate temperature of 110 °C, the
Ip/Ig ratio is equal to 0.62 while in the temperature range
of 80-140 °C, it has a lower value. In addition, the
position of the G peak at 110 °C is lower than that at two
other temperatures. Based on the results, it can be
concluded that at 110 °C, the amount of sp® bonds
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increased, and the structure was transformed into the
diamond-like one. In fact, the ions and atoms in the
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Figure 1. Raman spectrum of DLC films in substrate temperature: a) 80 °C, b) 110 °C and c) 140 °C

4. CONCLUSION

In this research, the effect of the substrate temperature
on the structural evolution of diamond-like carbon
coatings through the ion beam deposition process was
investigated. The results of Raman analysis showed the
lowest Ip/Ig ratio in the diamond-like carbon coating at
the substrate temperature of 110 °C.
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