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Abstract—The purpose of this study was to describe the 3-D
nano-scaled surface texture of the Nickel-Carbon (Ni-C)
nanocomposite thin films composed of Ni nanoparticles with
different average sizes embedded in amorphous hydrogenated
carbon using stereometric analysis. The 3-D nanoscaled surface
texture was studied by atomic force microscopy (AFM) and
stereometric analysis. In a wider context, we also discuss our
findings with regard to manufacture of the Nickel-Carbon
composite thin films with desired surface characteristics.

Keywords-atomic force microscopy; Nickel-Carbon composite
thin films; stereometric analysis; surface micromorphology

. INTRODUCTION

Nickel is conductor, hard and ferromagnetic at room
temperature. Due to a layer of its oxide acting as a protection, it
is corrosion-resistant, so its thin layers are used to cover other
metals to prevent corrosion, which has many uses for the
production of industrial tools [1-3].

Carbon nanocomposites containing metal nanoparticles in
the carbon amorphous environment have attracted the attention
of researchers owing to their interesting physical applications
to investigate their application in various industrial and medical
fields [4-6], and they can also be used as coating materials in
electronics, spintronics, optics, biomedicine, and ferroelectric
memories [7-9].

Thus, the researchers, with changes in the method and
conditions for the construction of these thin layers or even
small changes in the composite structure, create various
physical properties in them. Therefore, control over the method,
fabrication conditions, and impurities of metal-carbon thin film
can lead to control over structural properties and, consequently,
other physical properties [10-19].

A nickel-carbon thin film is considered and studied used as
an optical coating, a catalyst, and a water splitting electrode [20,
21].

In this article, stereometric analyses have been carried out
to investigate the 3-D surface texture of engineered composite

surfaces of Nickel-Carbon, which have been imaged using
AFM.

Il. MATERIALS AND METHODS

A. Materials

Ni-C composite thin films were prepared by the
methodology described elsewhere [1]. Producing the nickel
nanoparticles in carbon bed is performed using RF-PECVD in
acetylene gas environment. In this system, the chamber is
vacuumed using rotary and diffusion pumps up to 10~ bar, and
the chamber consists of two electrodes, one as the target
electrode (nickel) and the other as a substrate. Next, the glass
substrate with 1x1 dimensions is placed inside the chamber on
the electrode attached to earth, and acetylene gas enters the
compartment to adjust the functioning pressure. The RF power
is then applied to create the plasma and begin sputtering. For
all samples (target: Nickel) were used next sputtering
parameters: basic pressure 10° [mbar]; work pressure 0.025
[mbar]; power 250 [W]. The deposition time was varied in
different experiments for samples: A) 7 min; B) 10 min and C)
13 min.

B. Methods

The parameters related to the surface texture of the films
were investigated using atomic force microscopy (AFM)
analysis. MountainsMap® Premium software was used in the
analysis of surface topography [22]. The software makes use of
advanced tools and is compatible with the AFM microscopy.

Il. RESULTS

The measurement data of the samples of three different
deposition periods were entered into MountainsMap®
Premium in order to analyze the samples (Figures: I, I and II1).

First of all, the images were leveled by subtraction using
the following method: the LS plane and shape deletion
operation was employed.

Copyright © 2017, the Authors. Published by Atlantis Press.
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Secondly, identification cards including basic information

12 about the samples (e.g. length, size, spacing, offset) were
" prepared. The data included in the cards were collected in
Table I.
10
9
TABLEI. INFORMATION FROM THE IDENTIFICATION CARDS
B OF ALL THREE SAMPLES

Sample 1 Sample 2 Sample 3

i Length [um] 1,00 1,00 1,00
Size [points] 256 256 256
3 Spacing [nm] 3,92 3,92 3,92
5 Offset [pm] 0,00 0,00 0,024
! Length [um] 1,00 1,00 1,00
0 Size [lines] 256 256 256
Spacing [nm] 3,92 3,92 3,92
Offset [um] -1,0 -1,0 -1,02
FIGURE I. THE AFM IMAGE OF THE SAMPLE: A Length [nm] 12.2 142 0.00
o Z min [nm] -5,71 -6,8 0,00
i Z max [nm] 6,48 7,44 0,00
Size [decimal place 159160 905994 0
13 values]
12 Spacing [pm] 0,0766 0,0157 0,273
11

9 . .
i Thirdly, the 3-D image for each sample was generated. The
B image has a scale, graduation and axis system (Figures 1V-V1).
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FIGURE II. THE AFM IMAGE OF THE SAMPLE: B 8
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FIGURE III. THE AFM IMAGE OF THE SAMPLE: C
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FIGURE V.

FIGURE VI. THE AFM 3D IMAGE OF SAMPLE C

After analyzing the surface samples, the values of surface
stereometric parameters were collected (Table II). These
parameters were determined according to I1SO 25178 standard
and EUR 15178N standard [23-30].

TABLE II. 3-D SURFACE STEREOMETRIC PARAMETERS
3-D surface stereometric parameters
1SO 25178
Sample 1 Sample 2 Sample 3
Sq [nm] 0.999 1.43 3.76
Ssk [-] 0.524 0.102 0.795
Sku [-] 4.68 3.24 4.21
Sp [nm] 6.48 7.44 25.3
Sv [nm] 5.71 6.80 11.6
Sz [nm] 12.2 14.2 36.9
Sa [nm] 0.760 1.13 2.93
EUR 15178N
Sz [nm] | 9.68 | 10.3 | 315

Advances in Intelligent Systems Research, volume 153

IV. DISCUSSIONS

The deposition time for the samples was as the following:
sample A: 7 minutes, sample B: 10 minutes and sample C: 13
minutes. After leveling and shape disposal, the images did not
change, because the operations had been performed earlier.

The data from the identification cards for each sample are
the same against X- and Y-axes. Only the offset value for the
sample 3 is different. On the other hand, this information is
more varied against the Z-axis. All the samples were logged in
256 points which fall 256 scanning lines. The measurements
of each sample in X and Y-axes account 1 um X 1 pm, and in
Z-axis: 12.2 nm — sample A, 14.2 nm — sample B, 0.00 nm -
sample C.

There were eight altitude parameters for the above samples,
Table I1).

The largest root mean height (Sq) shows the sample C
(3.76 nm), whereas the lowest one has the sample A (0.999
nm). This parameter indicates the root mean square of a
measured surface.

The surface skewness (Ssk) of all three samples is positive
(Ssk > 0). It indicatives of the dominance of peaks on their
surface, and the highest number of them has the sample C
(0.795), while the lowest number of peaks has the sample B
(0.102).

The surface kurtosis (Sku) for each sample reaches the
value above 3.00. Hence, it can be concluded that there are
excessively high peaks or valleys on the surface
with the highest value for the sample A (4.68). However, the
lowest value appears in the sample B (3.24).

As far as the Sp and Sv parameters are considered, the
highest maximum peak height and the largest pit height can be
observed in the sample C (Sp = 25.3 nm, Sv = 11.6 nm),
whereas the lowest values of these parameters are reached by
the sample A (Sp = 6.48 nm, Sv = 5.71 nm). In addition, the
sample C has the following values for the parameters: Sp =
7.44 nm, Sv = 6.80 nm.

On the basis of this information, it may be said that the
greatest value of Sz parameter (i.e. the sum of the maximum
peak height value and the maximum pit height value) has the
sample C (36.9 nm), and the least value is observed in the
sample A (12.2 nm).

The highest arithmetic mean surface height (Sa) also
appears in the sample C (2.93 nm), while the lowest one in the
sample A (0.760 nm). These values also represent the
arithmetic means of vertical deviations of the surface from the
mean surface.

The last obtained parameter was the Sz parameter (defined
in the EUR 15178N standard) which was used to determine
the heights of ten surface points. The sample C for this
parameter shows the highest value (31.5 nm), and the sample
A the lower value (9.68 nm). The sample with the deposition
time of 13 minutes is found to be the sample that has the
highest values of altitude parameters (except for the parameter
Sku).
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V. CONCLUSION

The 3-D analysis of surface topography plays a significant
role in the characteristics of material properties and

functionality which may have various applications in technique.

The stereometric analysis was conducted by means of
MountainsMap® Premium software of the AFM images. It can
be seen that the time deposition had an influence on the
obtained values of the altitude parameters. The differences in
the surface topography have been observed in each examined
sample. The combination of RF-sputtering and RF-PECVD
techniques represents a suitable route to prepare the Nickel-
Carbon nanocomposite thin films composed of Ni
nanoparticles with different average sizes embedded in
amorphous hydrogenated carbon. Furthermore, all these
morphological parameters can be used in various mathematical
models to describe the local topography of the 3-D sample
surface textures.
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