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Topological characterizations and optical density of the synthesized hydrogenated amorphous carbon
Cu-Ni NPs @ a-C: H nanotubes (CNTs) with different surface morphology were studied in this report.
Films deposited with Ni layer thickness of 5 nm have a maximum value of optical density especially, in
the high energy range. Steps between 1800 to 2000 KeV in the Rutherford backscattering (RBS) spectra
correspond to the presence of Cu and Ni elements. The thicknesses of films were measured by using
SIMN-RA software. Films deposited with Ni layer thickness of 15 nm have a maximum value of the
lateral size of nanotubes in about 19.7 nm. The grown CNTs of films deposited with Ni layer thickness
15 nm Ni, has a maximum value of diameter in about 16.2 nm. The diagram of bearing area proportion
height shows the percentage of cavities and single-layers. The cavity coverage of films was less than 5 %
and the layer content of films was about 90 %.
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1. INTRODUCTION
The study of physical properties of metallic
nanoparticles in dielectric host medium has been the
subject of extensive research due to their unique
applications in many areas such as nonlinear optical
switching, immunoassay labeling, and Raman
spectroscopy enhancement [1,2]. Especially copper-

nickel nanoparticles have received significant attention
due to their potential applications in optical magnetic
recording, spintronics, data storage devices, and used as
giant magnetic resistance (GMR) [3]. Cu-Ni
nanoparticles have been also used as catalysts for the
synthesis of dimethyl carbonate and carbon nanotubes
[4-6]. Multilayers with a thickness of two layers less
than 100 nm that are inaccessible in bulk have very
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interesting properties due to their magnetic properties
and improvement of their mechanical properties [7].
Although the study of the surface structure and interface
at the atomic scale of such layers is a very difficult task
in surface science the results which are obtained from
these studies are very important. Plasma arc evaporation
[8] and sol-gel methods [9] were used to make coppernickel alloy nanoparticles. Amorphous carbon metals
have many applications as coatings in optical,
electronic, mechanical, and biomedical applications
[6-9]. Since the discovery of carbon nanotubes, there
has been a great deal of interest in synthesizing the
growth of directed nanotubes [10]. The reason for the
interest in nanotubes is due to their excellent physical
properties such as high mechanical strength, high
dimensional ratio, and good thermal conductivity
[11,12]. In recent years, there have been extensive
publications to prove the growth of both random and
homogeneous nanotubes [13-16]. However, for
applications where nanotubes act as electrical
conductors, the growth of directional carbon nanotubes
is preferred. Normally, nanotubes grow in a manner
such as chemical vapor deposition (CVD) on metal
catalyst particles or islands located on top of a
semiconductor or insulating substrate. However, for
many of the predicted programs, it is best to grow the
nanotubes directly on a conventional copper-like
substrate to provide good power. Since copper itself is
not a suitable catalyst for the growth of carbon
nanotubes, the technique discussed here uses nickeltransfer metal as a catalyst in copper substrates.
Esconjauregu et al. have reported that among metals Ni,
Fe, Co, and their alloys act as the best catalyst for direct
growth of carbon nanotubes [17-19]. Nickel was
selected as a catalyst due to its superior properties for
achieving directional carbon nanotube growth [20-23].
CNT growth is difficult on bulk copper unless it is in
the form of nanoparticles or several layers of metal
catalysts are stored in it. In this work, the effect of
different Ni layers’ thickness was studied on optical
density, surface topography, and the fractal dimensions
of films.
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the body of the stainless-steel chamber. All deposition
was performed at room temperature on this electrode
over the glass and silicon substrates. The chamber was
vacuumed to a base pressure of 10 -5 mbar before to the
deposition then the pressure was increased to ambient
pressure by acetylene gas. The RF power 200 W and
initial gas pressure were at different pressures from 0.01
mbar to 0.05 mbar. The copper deposition time was 20
minutes. After the deposition of copper, the electrode
was changed to Ni, and sputtering was done for 2 min
with RF power of 250 W and acetylene initial pressure
of 0.025 mbar. To obtain chemical compounds and the
thickness of the prepared thin films, the RBS spectra
were obtained using a helium ion beam with energy of
about 2 MeV. The thickness of the films and the atomic
content of the films were obtained from RBS data by
SIMN-RA software simulation and the thicknesses of
films were kept constant and were measured from RBS
spectra. In order to study the surface topography of the
thin films and the average nanotube’s size atomic force
microscopy (AFM) analysis in the noncontact mode was
used. By using of a double beam UV-Vis spectrometer,
the optical densities of films were measured. The
Thermal Chemical Vapor Deposition (TCVD) system
includes a furnace, a quartz tube of 60 cm length and 40
mm inner diameter, a temperature controller with a
thermocouple. The LP gas (LPG) with a flow of 80
sccm and at 825 °C was applied to the reactor. The
composition of PLG was measured by a gas
chromatograph (Hewlett Packard, Palo Alto, CA, USA)
and it was a mixture of C3 (54 %), C4 (45 %), and C5
(1 %).

2. EXPERIMENTAL DETAILS
More details of the sputtering deposition process were
given in references [3-5]. The scheme of co-deposition
by RF-Sputtering and RPECVD techniques is shown in
Figure 1. Cu-Ni NPs @ a-C: H with different
thicknesses of Ni overlayer is provided by a capacitance
coupled radio frequency plasma enhanced chemical
vapor deposition (RF-PECVD) system with a 13.56
MHz power supply. The reactor is composed of two
electrodes with different area sizes. The electrode
smaller was Cu and Ni targets at the first and the second
stages of deposition. Another electrode was placed in

Figure 1. (Color online) The scheme of co-deposition by
RF-Sputtering and RPECVD setup [4]
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3. RESULTS AND DISCUSSION
To obtain the optical density of films Equation (1)
was used [24,25]:
Dopt = 2.303 A

(1)

Here A is the absorbance of the films. Figure 2 shows
the optical density of the films with various thicknesses
of Ni layers. As it is clear the optical density for films is
constant between 1 and 3 eV, and then increases with a
relatively slow slope. The optical density of films
containing Ni with a thickness of about 5 nm has a
maximum value. However, the sizes of nanotubes show
very significant changes with photon energy for Ni
films with a layer thickness of 15 nm [26].
From RBS spectra (It has been reported in previous
works [27]) it is possible to find out Cu, Ni, C , and O
contents of the samples. In RBS spectra, steps at 1550
and 1700 KeV could be respectively due to O and Si
nuclei of the amorphous SiO 2 substrate. Peaks at 1400
KeV and in the range 1800 to 1900 KeV were attributed
to C, Cu , and Ni nuclei, respectively. The peak between
1800 and 1900 KeV is considered a convoluted peak.
Their results of SIMN-RA software simulation of RBS
spectra indicate that the Cu layer contains 40 % Cu, 55
% C, and 5 % O , and its thickness is about 100 nm.
This is common among all prepared samples. The
composition of Ni layers was obtained 80 % Ni, 10 %
C, and 10 % O , and the thicknesses of these over layers
for the samples with 2.7- and 10-min deposition were
obtained 5, 10, and 15 nm, respectively. It is clearly
observable that the intensity of RBS spectra was
increased by the increase of the thickness of Ni layers.

Figure 2. Optical density of films for Cu pure, Ni layer
thickness 5 nm, 10 nm, and 15 nm

The SEM images of films with and without Ni for
layers with 5, 10, and 15 nm thicknesses are shown in
Figure 3(a-d), respectively. As it is clear by adding Ni
the density of the CNTs is greatly enhanced.
Furthermore, the average diameter of the grown CNTs
depends on the Ni content and increases by increasing
Ni content. The average diameter of the grown CNTs on
films for Ni layers of thickness 5, 10, and 15 nm Ni are
obtained about 10.3, 12.5, and 16.2 nm, respectively. As
it is clear from Fig. 3(d) which shows the SEM image of
films with 15 nm thickness, MWCNTs are formed on
the films, shorter nanotubes are formed and the quality
and height of these nanotubes in the third sample are
higher than the other samples.
The surface morphology and the average nanoparticle
size of films were obtained by AFM in non-contact
mode and the results are shown in Figure 4. The
nanotubes lateral size of the thin films can be estimated
using AFM images. The variations of nanotubes lateral
sizes of films surfaces versus different the Ni layer
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almost be due to little changes in the size of the
nanotubes with the change in thickness of the Ni layers.
The AFM images for similar substrates were reported
earlier [28]. By comparing SEM and AFM images we
find that both are compatible with each other. It can be
seen that in the pictures, CNTs have different diameters
and in general the average diameter of grown carbon
nanotubes increases with increasing thickness of nickel
layers.

Figure 4. AFM images of films for different Ni layer
thickness (a) Cu pure, (b) Ni-5 nm, (c) Ni-10 nm, and (d) Ni15 nm

Figure 3. SEM images of films for different Ni layer thickness
(a) Cu pure, (b) Ni-5 nm, (c) Ni-10 nm, and (d) Ni-15 nm

thicknesses for different deposited films, Cu pure layer,
Ni-5 nm, Ni-10 nm, and Ni-15 nm were about 12, 14.4,
13.2, and 19.7 nm for films, respectively (Figure 5). The
films deposited with a layer of Ni with a thickness of 15
nm have maximum nanotubes lateral size, however, Cu
pure layer has a minimum of nanotubes lateral size. The
AFM images show that the nanotubes synthesized on
the substrates, firstly, have a uniform distribution that is
distributed throughout the substrates, and secondly, at
the measuring scale, the mean diameter values of the
measured nanotubes also appear to be almost identical.
It was found that the size of nanotubes on films surfaces
was increased with the increasing of the Ni thickness of
the Ni layer from 5 nm, then it was decreased up to 10
nm and from 10 to 15 nm it was increased. The
nanotube’s size changes as Gaussian plots, which can

Figure 5. The variations of nanotubes lateral size of
nanoparticles on the surface of films for Cu pure, Ni-5 nm, Ni10 nm, and Ni-15 nm

Figure 6 (a-d) shows the variations in the height of the
thin films on the surface versus the x and z axes for
films without Ni thin layer and with layer contenting Ni
layer of thicknesses 5, 10, and 15 nm, respectively. The
scanning size on the surface of the films for the AFM
study was chosen as much as 1 μm × 1 μm (the
maximum scale value on the x-axis was as much as
1 μm). The height’s changes on the surface of the
scanned films show that the films have a topological
phase-change films. In the deposited films, the z values
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were about 13 nm for the thin layer contenting Ni
thickness layer 5 nm, Ni thickness layer 10 nm, Cu
pure, and about 17 nm for Ni thickness layer 15 nm.
These results show that the films are smooth in this state
and showed a second phase change. The films without

Ni thin films have lower fluctuations, and the peaks
have a slower slope than other thin layers contenting Ni
thickness layer. The z variations versus x variations are
closely related to both Cu and Ni materials, which have
many peaks.

Figure 6. Z-height variations of nanoparticles on the surface of films versus x-axis of the films for different Ni thickness layer (a) Cu
pure (b) Ni-5 nm, (c) Ni-10 nm, and (d) Ni-15 nm

The PSD spectra were extracted from the scanned
area and 30 nm obtained from AFM images of the films
as shown in Figure 4. It can be seen that all the PSD
points include a high spatial frequency region.
According to the Dynamic Scaling Theory (DST), the
power spectral densities (PSDs) analyses closely show
how the roughness varies with length scale. The AFM
images can be divided into pixels as a small square area
where the vectors h(xi) and h(yj) are the height at (xi,
yj) positions. Then, the one-dimensional average of the
power spectral densities (PSDs) is given as follows:
P (k)
∝

N
2

N
2

2L
2
2
〈∑ (FFT(h(xi )) )〉y + 〈∑ (FFT(h(yi )) )〉x
N
i=1
i=1
[
]
(2)

Where FFT is the Fast Fourier Transform between the
real and reciprocal spaces.
According to the dynamical scaling theory, the
relation P (k) and frequency k are given below for a
system with lateral size L [29]:

P (k) ∝ 𝑘−𝛽

(3)

Here β is calculated from the slope of the log-log in
PSD spectra of high spatial frequency. The fractal
dimensions Df of films are obtained by solving the β
slope of the log-log graph [28]:
𝐷𝑓 = 4+𝛽/2

(4)

Figsure 7 (a-d) show the variations of spectral density
with a spatial frequency of films for: (a) pure Cu and Ni
layers with thicknesses (b) 5 nm, (c) 10 nm, and (d) 15
nm. Especially in the high spatial frequency region, the
spectral compaction power of all films reflects the
inverse current power variations and indicates the
attendance of fractal components in outstanding
topographies. From these values, one can determine the
relative amounts of surface disorder at various distance
scales. As the thicknesses of Ni layers were increased,
the performance of the spectral compaction power
increases as a result of decreasing the size of the
nanotubes. The Ni layer with 15 nm thickness and the
pure Cu layers have maximum and minimum values of
the fractal dimensions, respectively.
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Figure 7. The variations of power spectral density of the films versus frequency k of films for different Ni layer thickness(a) Cu
pure, (b) Ni-5 nm, (c) Ni-10 nm, and (d) Ni-15 nm

Figure 8 shows illustrate the variations of fractal
dimensions versus of Ni layer thickness. The fractal
dimensions of films for pure Cu films and Ni layers
with thicknesses 5, 10, and 15 nm were estimated to be
2.92, 2.98, 2.95, and 2.93 nm, respectively. Therefore,
the fractal dimensions of films increase with the
increase of the Ni thickness layer up to 5 nm, and then,
it was decreased over 5 nm.
Figure 9 shows the variations of bearing area of the
films in respect to Ni layer thickness for Ni layers of
thickness 5 nm, 10 nm, and 15 nm. The area shows the
tolerance for height. In fact, it indicates the amount of

vacuum, zero coverage (cavity, bottom curvature of the
diagram), monolayer (upper curvature of the diagram),
and isolation (between the cavity and monolayer) of the
layers. The films in Cu pure, Ni thickness layer 5 nm,
Ni thickness layer 10 nm have cavity coverage of less
than 5 % and layer content of about 90 % and 95 %
which are monolayer height. In the vacuum, Ni
thickness layer is 15 nm, the coating is 10 %, and the
content of the film is about 90 %, 80 % of which is
isolated. Thickness did not have much effect on the
degree of isolation, so all four diagrams have similar
results.

Figure 8. The variations of fractal dimensions of films for Cu
pure, Ni-5 nm, Ni-10 nm, and Ni-15 nm

Figure 9. The bearing areas of films for Cu pure, Ni-5 nm,
Ni-10 nm, and Ni-15 nm
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4. CONCLUSION

In this article, we show that films have an important
effect on the growth of MWCNTs based on Ni NPs
catalyst. The optical density of films with a layer of Ni
and thickness of 5 nm has the maximum value. The
optical density and the average diameters of the grown
CNTs increase with increasing Ni layer thickness. The
average diameter of CNTs of films with a 15 nm layer
of Ni is 17 nm. The AFM images show that the
nanotubes synthesized on the substrates both have a
uniform distribution and the mean diameter values of
the measured nanotubes also appear to be almost
identical. We found that the fractal dimensions of films
were decreased with the increase of the thickness of the
Ni layer. Thickness did not have much effect on the
degree of isolation, so all four diagrams have similar
results.
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