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Experimental investigation of 3-D surface microtexture of
nickel-carbon nanocomposite thin films

Stefan Télu, Alicja Raplewicz, Sebastian Stach

Abstract. The study's aim was to identify the 3-D surface
spatial parameters that describe the 3-D surface
microtexture of  the nickel—carbon (Ni-C)
nanocomposite thin films composed of Ni nanoparticles
with different average sizes embedded in amorphous
hydrogenated carbon, prepared by the combining radio
frequency magnetron sputtering technique and plasma-
enhanced chemical vapor deposition (RF-PECVD). The
deposition time was varied at 7, 10 and 13 min,
respectively. The sample investigation was performed
using an atomic force microscope, and the obtained data
were analyzed and visualized using MountainsMap®
Premium software to determine their stereometric
surface engineering characteristics. The results from this
study provide not only fundamental insights into the
texture characteristics, but also directions toward their
implementation in nano-tribological models

[. INTRODUCTION
In the field of nanotechnology, the investigative tools
and level of wunderstanding of basic nanoscale
phenomena has led to the optimization of nanostructure
properties, the correct understanding of the thin film
growth mechanism, as well as finding of new
applications with high impact in the areas of energy,
environment, communications, computing, medicine,
space exploration, and security [1]-[7].

A key element in the manufacturing process is the
application of a method to obtain the optimal
nanostructure through a no-bake step [8]-[11].

The thin films can be rationally designed to exhibit
novel and significantly improved physical, chemical,
mechanical and magnetic properties [12]-[22].
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Diamond-like carbon (DLC) is metastable,
amorphous carbon material, which may contain micro-
crystalline phase of diamond [23].

These films due to their attractive properties as
coating materials have many fields of application in
engineering, and medical technology [24]-[33].

Nickel as carbon composite has found many
applications in many fields such as the optical coatings,
catalyst, and water splitting electrode [34]-[38] and also
along with carbon can have interesting physical
properties [39]-[40].

The objective of this work was to characterize the
3-D surface microtexture of the Ni—C nanocomposite
thin films with different mean grain sizes prepared by
RF-PECVD using atomic force microscopy (AFM).

II MATERIALS AND METHODS

ITa.SAMPLES PREPARATION

Ni—C composite thin films were prepared by the
methodology described in Ref. [2] with the synthetic
conditions for preparing the samples according to Table
L.

Table 1. Synthetic conditions used for preparing the samples.

Sputtering parameters Deposi-
Tar- Basic Working tion
ID Power .
get | preassure | preassure W] time
[mbar] [mbar] [min]
#1 Ni 10 0.025 250 7
#2 Ni 10 0.025 250 10
#3 Ni 103 0.025 250 13

IIb. MEASURING DATA ACQUISITION

The samples 1, 2 and 3 were analyzed by
MountainsMap® Premium program version 6.2.7200
developed by Digital Surf [41]. All images were
obtained over square areas of 1 pm x 1 um.

The experimental data obtained using the atomic
force microscopy was loaded into the MountainsMap®
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Premium program and then leveled to remove the tilt of
the image.

As the leveling method, the LS plane was selected, b) Sample 2
the leveling was done by the subtraction, which is a
method suitable for small tilt angles.

This operation was performed for three samples
labeled 1A (Fig. 1), 2A (Fig. 2), and 3A (Fig. 3).

The images of the samples 1, 2 and 3, before (top)
and after the leveling operation (bottom) are shown in
Figs. 1 to Fig. 3.

a) Sample 1

Fig. 2, a. The image of the sample 2 before the leveling
operation.

Fig. 1, a. The image of the sample 1 before the leveling
operation.

Fig. 2, b. The image of the sample 2 after the leveling
operation.

Fig. 1, b. The image of the sample 1 after the levelling
operation.
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¢) Sample 3 a) Sample 1

Fig. 3, a. The image of the sample 3 before the leveling

. Fig. 4, a. The image of the sample 1 after shape removal
operation.

operation.

b) Sample 2

Fig. 3, b. The image of the sample 3 after the leveling
operation.

Fig. 4, b. The image of the sample 2 after shape removal
operation.

Once a leveled image of each sample was obtained,
another shape removal operation was performed. As with
leveling, this operation was repeated for all three
samples: 1 (Fig. 4, a), 2 (Fig. 4, b), and 3 (Fig. 4, ).
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Fig. 4, c. The image of the sample 3 after shape removal
operation.

The 3-D view of the investigated surface was
generated for each sample, with the additional elements
such as pitch, axis arrangement, and the dimensions (Fig.

5).

a) Sample 1

K= 1pm 1
Y= 1um
z=1220m 0

Fig. 5, a. The 3-D surface microtexture of the sample 1.
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b) Sample 2

Fig. 5, b. The 3-D surface microtexture of the sample 2.

¢) Sample 3
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Fig. 5, c. The 3-D surface microtexture of the sample 3.

The ID cards were generated for each sample. These
cards contain the most important information such as
length, size, spacing, etc. The obtained data are
summarized in the Table 2.

Table 2. Data from sample ID cards.

Sample1 | Sample2 | Sample 3

Length [pum] 1.00 1.00 1.00

X | Size [points] 256 256 256

2 [ Spacing [nm] | 3.92 3.92 3.92

< [Offset [um] 0.00 0.00 0.024
Length [um] 1.00 1.00 1.00

> [ Size [lines] 256 256 256

'<>(_< Spacing [nm] 3.92 3.92 3.92
Offset [um] -1.10 -1.00 -1.02
Length [nm] 12.2 14.2 36.9

N Z min [nm] -5.71 -6.8 -11.6

» | Z max [nm] 6.48 7.44 253

& | Size [decimal | 159160 905994 134987
place values]
Spacing [pm] 0.0766 0.0157 0.273
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Table 3. Surface spatial parameters of the analyzed samples.

Parameters ID Sample | Sample | Sample
1 2 3

Auto-correlation 0.0139 0.0164 | 0.0202

length Sal [um]

Texture aspext ratio 0.362 0.429 0.510

Str

Texture direction 170 177 78.5

Std [°]

IIT. ANALYSIS AND RESULTS

The sample investigations using AFM combined with
the data processing with the MountainsMap® Premium
program, enable the detailed and accurate analysis of the
material surface.

On the basis of the performed measurements, it can
be seen that parameters such as length, size or spacing
for the X and Y axes are identical for each sample.

However, the offset is different: for the X axis is
(0.00 pm) for samples 1 and 2, but it is 0.024 pm for
sample 3.

In the case of the Y axis, the value of the offset is
negative in all cases, but this value varies slightly from
sample to sample, for the sample 1 it becomes value
(-1.1 pm), for the sample 2 (-1.00 um), and for sample 3
(-1.02 um).

The greatest differences can be observed in the case
of Z axis. The largest axis length (36.9 nm) is observed
for the sample 3, while the shortest length of Y axis is
(12.2 nm) for the sample 1. The middle value (14.2 nm)
is measured for the sample 2. It can be deduced that the
shorter the deposition time of a particular sample, the
smaller the thickness of the resulting material.

Therefore, there are also differences in the minimum
and maximum values measured for the Z axis. All the
minimum values assume negative values. The difference
between the smallest and the highest minimum value on
the Z axis accepted for the individual samples is (5.89
nm). The smallest value was observed for sample 1 (-
5.71 nm), while the largest for sample 3 (-11.6 nm).

The midpoint (-6.8 nm) was observed for sample 2.
The maximum values, measured for the individual
samples on the Z axis, all are positive, where the
between the smallest and the highest values is observed
the difference (18.32 nm). The smallest value (6.48 nm)
is measured for sample 1, while the largest (25.3 nm) for
sample 3. The middle value is observed for the sample 2,
for which Z is the maximum (7.44 nm).

Other differences to observe based on the performed
research and analysis are the variations in the size of
each sample on the Z axis. The difference between the
largest and the smallest sample size is 746834 decimal
places. The smallest value is observed for sample 3, the
size of which is (134987 decimal places), while the
highest value (905994 decimal places) is measured for
sample 2. The middle value (159160 decimal places) is
measured for sample 1.
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Therefore it can be assumed that there is some
dependence between the deposition time and the sample
size on the Z axis. However, this is not proportional in
any way, because the shortest deposition time is
observed for the investigated sample with the mean size,
and the longest deposition time for the sample with the
smallest size of the Z axis. On the other hand, the largest
sample size was measured for a sample with an average
deposition time. Similar dependencies observed in case
of the spacing. The difference between the smallest and
the largest spacing is (0.2573 pm). The largest spacing
(0.273 pm) is observed for sample 3, while the smallest
Z axis spacing (0.01575 pm) is measured for 2. The
center value of the spacing (0.0766 pm) was measured
for sample 1.

During the study, spatial parameters were also
analyzed in accordance with ISO 25178. Through this
analysis, the effect of the deposition time and the surface
parameters such as the autocorrelation length, the texture
aspect ratio and the texture direction can be observed.
Depending on the time of the thin film deposition, an
increase in the autocorrelation length can be observed.
The difference between two extremes is (0.0063 um).
The smallest value of the Sal (0.0139 pum), is measured
for sample 1 and the highest value (0.0202 um) is taken
for sample 3. The average value (0.0164 um) is observed
for sample 2. It can be observed that the longer the
deposition time of a sample, the higher the Sal factor, i.e.
the deposition time of the sample significantly affects the
longevity of the surface of the material - the longer the
deposition time, the longer the surface of the sample.

Another parameter, which significantly influences
the time of film deposition, is the texture aspect ratio Str.
The difference between the highest and lowest value of
this parameter is (0.148). Similar to the case of the auto-
correlation length, the smallest value (0.362) is obtained
for the sample 1, while for sample 3 is measured the
highest value of this parameter (0.510). The average
value of (0.429) is observed for the sample 2.

It can be noted that the deposition time affects the
isotropy of the material surface. The shorter the
deposition time, the surface of the obtained material
shows less anisotropy. Due to the lack of the anisotropy
in the tested samples, it was possible to determine the
texture direction. The difference between extreme values
is (98.5°). The smallest value (78.5°) is measured for the
sample 3, while the largest (177°) is observed for the
sample 2. The sample 1 assumes a center value of the
texture direction (170°).

VI. CONCLUSION

The objective of this study was to characterize the
surface  micromorphology of the nickel-carbon
nanocomposite thin films composed of Ni nanoparticles
with different average sizes embedded in amorphous
hydrogenated carbon, prepared by RF-PECVD. The

AFM  sample images were processed using
MountainsMap® Premium program.
Analysis of the results obtained using the

MountainsMap® Premium program was based on the
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leveling and shaping operations for each sample, as well
as generating three-dimensional views of the surfaces of
the analyzed materials, together with all necessary scales
and legends.

In addition, were generated ID cards which contain
all the basic data of the investigated samples. The spatial
parameters values according to ISO 25178 were also
evaluated.

Such detailed investigations of material parameters,
not only spatial, have an extraordinary potential and a
multitude of the applications. An accurate surface
analysis can greatly facilitate the engineering design
process, especially for the items such as implants and
prostheses, which require the special attention and
precision. In addition, the investigation of the materials
in nanoscale may be very useful for the study of the
friction wear or the effects of body fluids on the
particular material properties.

Our analysis revealed there is an influence of the
deposition time of the material on its three-dimensional
geometry. The greatest influence can be observed in the
case of the Z axis of the examined samples and in the
case of spatial parameters used to describe the surface of
the material. The deposition time significantly affects the
thickness of the resulting material, as well as its isotropy
and long-term surface area of the nickel-carbon
composite. Such detailed investigations in nanoscale of
material parameters, not only spatial, have an
extraordinary potential and a multitude of the
applications. An accurate surface analysis can greatly
facilitate the engineering design process.

Appendix

The spatial parameters of 3D surface roughness,
according with ISO 25178-2: 2012 are defined as
follows [42]:

Spatial parameters describe topographic characteristics
based upon spectral analysis. They quantify the lateral
information present on the X- and Y-axes of the surface.
(Sal) - Auto-correlation length is the horizontal distance
of the autocorrelation function (tx, ty) which has the
fastest decay to a specified value s, with 0 < s < 1. The
default value for s in the software is 0.2. This parameter
expresses the content in wavelength of the surface. A
high value indicates that the surface has mainly high
wavelengths (low frequencies). In our study, s =0.2.
(Str) - Texture-aspect ratio is the ratio of the shortest
decrease length at 0.2 from the autocorrelation, on the
greatest length. This parameter has a result between 0
and 1. If the value is near 1, we can say that the surface
is isotropic, i.c. has the same characteristics in all
directions. If the wvalue is near 0, the surface is
anisotropic, i.e. has an oriented and/or periodical
structure. In our study, s = 0.2.

(Std) - Texture direction calculates the main angle for the
texture of the surface, given by the maximum of the
polar spectrum. This parameter has a meaning if Str is
lower than 0.5. In our study, Reference Angle = 0°.
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