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Abstract

Diamond-like carbon (DLC) homogeneous thin films were
deposited from cyclohexane (Ce¢Hi2) liquid by using a plasma jet
system which operates with alternating high voltage 7.5 kv and
frequency 28 kHz. The optical and structural properties and chemical
bonding of these films were investigated. In this work, the effect of
changing the distance between the substrate and the plasma torch (2,
2.5 and 3 cm) was studied. The flow rate of argon gas which used to
generate the plasma was fixed (0.5 L/min). These films were
characterized by  UV-Visible  spectrophotometer,  X-ray
diffractometer (XRD) and scanning electron microscopy (SEM) and
Fourier transformation infrared spectroscopy (FTIR). The maximum
absorption (Amax) appears around 312, 298.3 and 293.2 nm at the three
distance between plasma torch and the substrate 2.5, 2 and 3 cm,
respectively. The values of the optical energy gap are 3.47, 3.65 and
3.76 eV at a different distance (2, 2.5 and 3cm), respectively. In XRD
diffraction pattern, The occurrence of diamond peaks and graphite
peaks in the x-ray spectrum for these films Indicates that there is an
occurrence of local ordered sp® and sp? for carbon domains and
graphite respectively.
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Introduction

Carbon shows itself in few different
phases like diamond [1, 2] graphite,
fullerenes [3, 4], nanotubes [5-8] and
diamond-like carbon [9] because of its

ability to hybridize in several
structures, for example, tetrahedral
(sp®), trigonal (sp®) and linear

coordinations (sp*) [10]. Diamond-like
carbon (DLC) is an important form of
amorphous carbon that consists of a
mixture of both sp® and sp?
coordinated carbon. With a large
fraction of sp* bonded sites, DLC can
show properties close to diamond [11].
The properties of this structure include
high  estimations of  hardness,
transparency in the infrared range,
chemical inertness, low coefficient of
friction and high wear resistance.

The plasma jet used in this research
is non-thermal works at atmospheric
pressure. It is a non-equilibrium
system, that’s mean the -electron
temperature is greatly upper than ion
temperature [12]. Is an easy design, as
it consists of a syringe needle, and it is
used as a high voltage electrode. Gas
flows through the electrode at many
controlled at a various flow rate and
could be measured by unit (I/min).
This system is characterized by high
efficiency; the small size of plasma jet
enables us to deal with large areas, to
give an advantage in dental treatment
in medical use, which requires high
correctness [12]. Also, it can be used
for deposition nitrides, oxides and
other materials of thin films [13].
Plasma jets were, in addition,
suggested as chemical reactors for
decomposition of toxic impurities in
the air [14].

In this work, the plasma jet was
used to deposit a-C: H nano-thin films.
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There are three types of films
depending on the sp3 fraction and
hydrogen content. These types are
polymeric amorphous carbon (PAC),

diamond-like carbon (DLC), and
graphitic amorphous carbon
(GAC) [15].

Experimental part

Fig. 1. shows the system of plasma
jet that used to prepared the DLC thin
films on a quartz substrate in our
experiment. The torch of plasma jet
was generated by using a flow rate of
Argon gas 0.5 L/min flow through a
nebulizer which contained
Cyclohexane (C¢Hiz). The mixing of
cyclohexane and argon gas was
transformed into an aerosol,  this
aerosol guided by the Argon gas
through Teflon tube to the plasma jet.
The plasma was ignited by using an
electric source at a fixed frequency
(28.0 kHz) and high alternated voltage
7.5 kv. The deposition system used in
this work is shown schematically in
fig.1. the distance between the
substrate and the plasma torch is
variable as 2, 2.5 and 3 cm.

Structural analysis of carbon
nanoparticles thin films performed by
(Shimadzu XRD-6000 Japan)

diffractometer with CuK, radiation
(A=1.5418 A) at 40 kV and 30 mA in
the scanning angle (20) from 20° to 80°
with the scanning speed of 0.05 deg/s.
The surface morphology was examined
by scanning electron microscopy
(SEM) under ambient condition. The
optical transmission spectra of the
deposited  films  were  recorded
using UV-VIS double-beam
spectrophotometer in the wavelength
range 200-1100 nm.



Iragi Journal of Physics, 2019

Nobolizer ‘S »

Ny

B 2 2BY

J ~

t Cyclohexane

|

Water

Heater

genei'a_tor
e

Stainless steel f

Vol.17, No.40, PP. 50-58

n pi
e High Voltage
g—

- ¥ Scanning machine
«—=usubstrate
.

\ow
N

Thr;nocooler

Fig. 1: The plasma jet system used to synthesize the DLC thin films.

Results and discussion
Measurements of optical properties
Fig.2 shows the variation of
absorbance spectra as a function of
wavelength for these thin films at
different distances. The Absorbance of
thin films estimating in the UV-Visible
at region (300-1100 nm) has been
analyzed. Numerous Layers of carbon
nanoparticles deposited with 0.5L/min
as a fixed flow rate of argon gas on
quartz substrates with a thickness 200,
220, 250 nm at the different distance
between the substrate and plasma torch
(2, 2.5 and 3 cm), respectively. The
maximum absorption (Amax) appears
around 312, 298.3 and 293.2nm at the
three distance between the substrate
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and plasma torch 2.5, 2 and 3 cm,
respectively. It can be noticed that all
films have a high absorbance at high
energies. The highest absorption found
for the film which prepared at distance
2.5 cm. The figure shows the peaks
width increases when the distance
decreases. Because the flow of
particles is high when the distance
between the plasma nozzle and the
substrate is small (2 cm), which leads
to the dispersion of particles, therefore
the rate of deposition is small while at
the distance is large (3 cm), the
particles flow is very slow so, this also
leads to a low deposition rate. The best
distance gets the good deposition of
particles at distance 2.5 cm.
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Fig. 2: Absorption spectra for a-C: H thin films thin film at the different distance between

the substrate and plasma torch.

The value of the optical energy gap
is shown in Fig.3 at distance (2, 2.5
and 3) cm between the substrate and
plasma torch are 3.47, 3.65 and
3.76 eV, respectively. It can be seen
that the highest optical energy gap

highest ratio of the sp® fraction. The
type of transition was directly allowed
transition as the dependence of (o) on
the photon energy (Av) was found to
follow the subsequent relationship
[16]:

found at a distance of 2.5 cm. This %
indicates that this sample contains the ahv = B(hv — Eg) (1)
002 -
distance=2 cm
|1 distance=2.5 cm
0015 4 distance=3 cm
N ]
E
"":';u ]
£ ool
[a] 4
)
z
0.005
D T T T T T T T T T T T T T T T T T T 1
15 2 25 3 35 4 45
ho (V)

Fig.3: The variation of (ahuv) * versus the Photon Energy (hv) of a-C: H thin films thin
film at the different distance between the substrate and plasma torch.

The scanning electron microscope
analysis

In order to gain more insights of
The morphological characteristics of

the DLC films, SEM analyses of the
DLC film surfaces under the influence
of different distance between the
quartz substrate and the end of the
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plasma torch are performed SEM
image of DLC thin films prepared by
atmospheric pressure plasma jet were
shown in Fig.4. This figure illustrates
the DLC nanoparticles at a different
distance (2, 2.5, 3 cm) between the
substrate and the plasma torch with an
argon flow rate of 0.5 L/ min. Also,
this figure demonstrates that the
average particles size decrease with
increasing the distance. Figs.4 (a, b and
c) illustrate the surface morphology of
the carbon films with distance 2, 2.5

SEMH 150KV |11

ai WD: 3.93 mm
Date(midly): 06/03/18 | View field: 14.4 ym

Det: InBeam
Date(midly): 06/03/18 | View field: 14.4 ym

2pm
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and 3 cm, respectively. One can
observe that the morphologies
radically changed with the different
distance where the nanoparticles
become larger and rougher at a small
distance as compared with the big
distance between the quartz substrate
and the end of the plasma torch,
because of the accumulation of charges
on carbon particles where the lower the
distance the greater the accumulation
of particles due to electrical forces.

e ¢
failier o> X
MAG: kx SEM HV: 15.0 kV
‘WD: 4.27 mm Det: InBeam 2pm
Date(m/dy): 06/03/18 = View field: 14.4 pm

Fig .4 (a, b, ¢): SEM of the fractured surface of DLC thin films at the different distance
between the quartz substrate and the end of the plasma torch, a- 2 cm. b-2.5 cm. c- 3 cm.

X-ray diffraction patterns

Figs.5 (a, b and c) show the x-ray
diffraction pattern of the carbon films
which prepared with Ar flow rate 0.5
L/min and at different Distance
between the substrate and the end of
plasma get a torch (2, 2.5 and 3 cm,
respectively). In fig.5a four diffraction
peaks are found in the spectra at 20
values Two of them at 20 26.56° and
51.86° which could be recognized with
reflection form (002) and (102) plane
of graphite and the peaks at 20 43.32°
and 73.93° could be assigned to the
(111) and (220) lattice spacing of cubic
diamond. In fig.5b the sharp peaks at
20 26.48°, 51.56° could be
a contribution to graphite (002) and
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(102). High-intensity peaks are centred
at 20 43.34°, 73.86° corresponding to
the (111) and (220) diamond plane.
The peaks for the hexagonal structure
of graphite are located at 20 26.48°,
51.56° in fig.3b. While In fig.5c Two
clear peaks can be seen at 43.44°
73.90° could be suggested to identified
with reflections form (111) and (220)
diamond plane. Fig .5b shows the
highest intensity peaks which assigned
to (111) and (220) diamond plane. The
presence of diamond peaks with high
intensity in the x-ray diffraction pattern
for this sample indicates high content
from sp’. This means more
crystallization in this sample.
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Fig.5: X-ray spectrum of DLC films at variable distance (a) 2cm, (b) 2.5cm, (c)3cm.
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The FTIR analysis

Figs .6 (a, b and c) demonstrates
FT-IR spectra for DLC films deposited
on the quartz substrate from
cyclohexane by plasma jet at the
various distance between the substrate
and the plasma torch 2, 2.5 and 3 cm,
respectively with 0.5 flow rate of argon
gas. The spectra in fig.6a demonstrate
Peak at 2900 is of C-H (sp’)
configuration and peak at 2875.67 are
of CH, (sp®) configuration. The
deformation peaks present of (sp®) C-
CHs at1458.08 and1380.49 cm™. The
peaks from 1303.79 cm™' to 1525.59
cm ' having C-C (sp®) configuration.
The spectrum in Fig.6 b the peaks at

Vol.17, No.40, PP. 50-58

2921.69, 2864.09 cm™ correspond to
the CH (sp’) and CH, (sp®)
respectively where the area under these
peaks indicates the increase in the
ratio. the deformation peaks of C-CHjs
(sp®) at 1458.08 and1375.15 cm™.the
peaks at the range from 1310 to
1539.09 cm™ represent C—C having sp?
and sp° configuration. At the fig.6c, the
peaks at 2931.60, 2883.38 cm™

correspond to the CH (sp®) and CH,
(sp®) respectively, the deformation
peaks of (sp’) C-CH; at 1461.94
and1311.5 cm™. The absorption bands
in the range 1300 to 1546 cm™
represent C—C having sp? and sp®.

Fig. 6: Typical FTIR spectrum of DLC at a different distance between the substrate and the
plasma torch a) 2 cm.
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Fig. 6: Typical FTIR spectrum of DLC at a different distance between the substrate and

the plasma torch b) 2.5 and ¢) 3 cm.

Conclusions

Plasma jet can be used successfully
to deposit the diamond-like carbon
films. The significance of this research
comes from the ability to alter optical
properties and energy gap of DLC
films by changing the distance between
the substrate and plasma torch. The
crystalline and nanoparticle size of
DLC thin films can be controlled by
altering the distance between the
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sample and the plasma source. SEM
images show that the average particles
size decrease with increasing the
distance. The X-ray spectrum includes
peaks for the crystalline structure of
diamonds and others for graphite.
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