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ABSTRACT
In this study, the amorphous carbon thin films were deposited by ion beam sputtering deposition method on the glass
and Ni—Cu alloy substrates. The structural evolution of amorphous carbon and its correlation with the kinetic energy of
carbon atoms during the growth of thin film was investigated. The effect of substrate material, deposition temperature,
and ion beam energy on the structural changes were examined. Raman spectroscopy indicated a structural transition
from amorphous carbon to diamond-like amorphous carbon (DLC) due to an increase in deposition temperature up to
100°C and ion beam energy from 2 keV to 5 keV. The size of graphite crystallites with sp? bonds (L) were smaller than
1 nm in the amorphous carbon layers deposited on Ni-Cu alloy. The results of residual stress calculation using X-ray
diffractometer (XRD) analysis revealed a decreasing trend in the tensile residual stress values of the amorphous carbon

thin films with increasing the ion beam energy.

Keywords: Thin Film; Amorphous Carbon; Ion Beam Energy; Deposition Temperature; Structural Evolution.

1. INTRODUCTION

Ferromagnetic alloys containing 70.4% Nickel
and 29.6% Copper used as cores in thermo-
brachytherapy are coated with a layer of organic
carbon impregnated with a radioactive isotope [1].
The structure and properties of the amorphous
carbon films strongly depend on the deposition
process parameters including substrate material,
deposition temperature, kinetic energy of the
atoms, deposition pressure, etc. In this study, the
amorphous carbon thin films were deposited on
the glass and Ni—Cu alloy substrates and the effect
of different parameters including substrate
material, deposition temperature, and ion beam
energy on the structure of thin films were
investigated.

2. MATERIALS AND METHODS
Amorphous carbon was deposited on four

*: emohaghegh@aeoi.org.ir

substrate samples of Ni-Cu alloy (with A code)
and two glass samples (with G code). First, the
deposition was applied on two glass and alloy
substrates at the temperatures of 36°C and 100°C
with ion beam energy of 2.2 keV. Then, other two
samples were deposited with ion beam energies of
3 keV and 5 keV. It is noteworthy that the other
process parameters remained constant for all
groups.

The Raman spectra were measured using the
785 nm excitation wavelength of Nd:YLF laser
with a power of 30 mW. The residual stress of the
layers was investigated using X-ray diffractometer
(XRD, STOE; Germany) with a Cu K, radiation
source over a 20 range of 20° to 100°

3. RESULTS AND DISCUSSION

The Raman spectrum of the carbon film is mainly
composed of two broad peaks, namely the G-peak
placed in the range of 1528-1580 cm™ and the D-
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Table 1. The data extracted from Raman spectra and residual stress of deposited layers.

Sample code fon bz’;r:\f)“ergy Czcg‘?f;k Ip/Ig ratio (nLr;) Res‘g\‘z‘g;)tress
A-T36 or A-12.2 22 1531.8 0.311 0.75 627
G-T36 22 1562.3 0.673 111 -
A-T100 22 1577.9 0.060 033 -
G-T100 22 1541.5 0.063 0.34 -
A-13 3 1528.6 0.100 042 205
A-IS 5 1541.7 0232 065 201

peak around 1370 cm!. The data extracted from
the Gaussian deconvolution of Raman spectrum
of different samples are reported in Table 1. The
structural evolution of thin films were identified
according to Ferrari and Robertson theory on
variation of the Raman G peak wavenumber and

In/Ig ratio and typical Raman spectra of carbons

[2, 3]. The main results were as follows:

1. The structure of deposited thin films on glass and
alloy at 36°C were a mixture of nano-crystalline
graphitic carbon and amorphous carbon.

. The size of graphite clusters (L.) deposited on
the alloy was smaller than that of on the glass
which could be related to the effect of the
crystal structure of the alloy substrate on
growth of carbon atoms through deposition
process.

. The deposited thin films on glass and alloy
substrates at 100°C were in the third stage of
the structural evolution (amorphous carbon-
diamond like amorphous carbon).

. As the ion beam energy and deposition
temperature increased, the activation energy of
atoms for diffusion among the surface were
supplied.

The high kinetic energies of carbon atoms can
promote the electron transition from 2s to 2p
orbital and enhance the possibility of forming the
carbon films with a high content of sp*-hybridized
carbon atoms [4]. Since the results of Raman
spectroscopy only depend on the ordering of the
sp? sites and the size of clusters [4], In/Ig ratio
decreased as the number of rings per cluster
decreased and the number of chain groups
increased. So, the possibility of formation of sp*
bonds was enhanced. In other words, as the ion
beam energy increased, Ip/lg ratio decreased and
formation of sp® bonds increased [3, 5].

The residual stresses arising from the growth
of sputtered films originate primarily from the
specific energy transfer into the substrate and the

41

growing film [6, 7]. Residual stress can be
calculated using XRD technique [7]. Since a-C
coating is inherently amorphous, a board hump
appears in the diffraction pattern instead of a
sharp peak. Although, direct measurement of the
residual stress in the amorphous coating is
difficult, it can be calculated using the position of
the peak and the d-spacing change in the
coating/substrate interface. Residual stress (o) of
a-C thin film using Bragg—Brentano method,
which operates in the 620 scan mode, can be
calculated from the following equation [7]:
_Efdy—dg
U( do ]
Where, E, v, dn, and d, are the Young’s modulus,
Poisson’s ratio, d-spacing of the diffraction plane
parallel to the surface of the coating under stress,
and d-spacing of the same planes in the absence of
stresses, respectively. According to the Figure 1,
there is a partial peak shift towards higher 20
angles after coating process with increasing ion
beam energy.
In general, the residual stress in the film is

produced by the energetic bombardment of the
surface. This causes primary and recoil collisions and
produces a volume distortion [6, 7]. Additionally,
energetic particles produce thermal spikes in the film,
promoting displacement of the implanted atoms
followed by stress relaxation [7, 8]. These two factors
are in competition during the deposition process of
the films. Decreasing the residual stress from 627
MPa to 201 MPa with increasing the ion beam energy
from 2 keV to 5 keV could be related to the
production of thermal spikes and displacement of the
implanted atoms across the film.

4. CONCLUSION
Carbon thin films were grown on the Ni-Cu alloy
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Figure 1. XRD patterns of the Ni-Cu alloy substrate before and after coating with a-C thin film

by ion beam sputtering deposition (IBSD)
technique. With increasing ion beam energy, the
tensile residual stress decreased due to the
production of the thermal spikes, while the sp?
content increased. In addition, with increasing
kinetic energy of the deposited atoms due to
increasing substrate temperature up to 100°C,
In/Ig ratio decreased and the structural evolution
involved in amorphous carbon to diamond like
amorphous carbon.
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