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Abstract. In this work, an advanced analysis of Cu/Fe NPs thin films using atomic force
microscopy (AFM) has been discussed to characterize at nanoscale 3-D surface microtexture.
Samples of Cu/Fe thin films were fabricated by Direct Current-Magnetron Sputtering
technique with two controlled thicknesses (group I: Cu 55 nm/Fe 55 nm and group II: Cu 55
nm/Fe 70 nm) in specific conditions of pressure and power. The results obtained from
experimental measurements suggested that the surface of group I has the lowest values for
fractal dimension (D = 2.28 + 0.01) and root mean square height (Sq = 4.40 + 0.1 nm); while
the highest values for fractal dimension (D = 2.31 + 0.01) and root mean square height (Sq =
4.67 = 0.1 nm) were found in group II. Stereometric and fractal analyses applied for thin films
are modern tools for accurate quantitative morphometric characterisation.

1. Introduction

Nanoparticles (NPs) are defined as a various class of materials including a variety of particulate
substances that have in at one external dimension approximately 1 to 100 nm [1, 2].

Metal nanoparticles can be considered a research field in full expansion with many industrial
applications (automotive, electronic, petrochemical, chemical, military, aerospace, power generation,
solar electric power, energy) due to their wide range of tunable physicochemical characteristics [3-5].
In recent decades, different types of Metal NPs have been reported and classified in various research
reports depending on their chemical composition and crystalline forms [1]. In different studies about
thin films prepared by various techniques of DC magnetron sputtering were applied different
mathematical methods for evaluation of micro-roughness parameters [6-10].

Scientific reports with computerized procedures and interpretation in detail regarding the stereometric
analysis of Cu/Fe NPs thin films and optimal research techniques for description of 3-D surface
micromorphology are recorded in the scientific literature [3-5]. Furthermore, recent studies confirmed
the 3-D (three dimensional) surface microtexture of thin films could be estimated using fractal [11-14]
and multifractal [9, 15-18] analyses, as well as by power spectral density (PSD) functions [6, 19-21].
Also, it can be noted that microroughness of a surface texture obtained by AFM is usually considered
in analyses only along z-axis (vertical axis) in correlation with measurement factors [22-25], while
PSD analysis give information about lateral and vertical signals obtained from AFM micrographs [21,
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26-32]. In this work, the stereometric and fractal analysis, as well as PSD functions are applied to
characterize different surface microtextures of samples (Cu/Fe NPs thin films) prepared by DC
Magnetron sputtering technique considering AFM micrographs and the corresponding parameters,
computed according with the standard ISO 25178-2:2012.

2. Materials and Methods

The experimental procedure to obtain samples with two controlled thicknesses (group I: Cu 55 nm/Fe
55 nm and group II: Cu 55 nm/Fe 70 nm) by DC Magnetron sputtering technique, in specific
conditions of pressure (basic pressure, 10.7 x 107 Pa; work pressure 8 Pa) and power (20 Watt) has
been published in details in our previous works [3-5].

Atomic force microscopy imaging was performed using a commercial Nanoscope Multimode AFM
system (Digital Instruments, Santa Barbara, CA). The surfaces were scanned in non contact mode at a
scan rate of 10-20 pm/s to record AFM images of 256 x 256 pixels for areas of 1 ym x 1 pm.

3. Results and Discussion

The stereometric, fractal and PSD analyses applied for AFM data were described in chosen terms of
stereometric analysis using the MountainsMap Premium software version 7.4.8872 [33] and were
calculated based on the definitions given in the standard ISO 25178-2:2012 [34].

The relevant AFM micrographs of the samples, for 1 um x 1 um scanning square areas, are illustrated
in fig. 1.
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Figure 1. 3-D AFM micrographs of samples: a) group I; b) group II.
The root mean square height for group I is Sq = 4.40 [nm] and for group Il is Sq = 4.67 [nm], whilst
arithmetical mean height for group I is Sa = 3.58 [nm] and for group II is Sa = 3.79 [nm]. Also, the
maximum height for group I is Sz =27.6 [nm] and for group Il is Sz=31.1 [nm].
The representation of surface texture directions of analyzed samples using Cartesian graphs are shown
in figure 2 and the corresponding values are given in Table 1.
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Figure 2. The representation of surface texture directions of analyzed samples using Cartesian graphs
for: a) group [; b) group II.
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Table 1. Surface texture directions of analyzed samples using Cartesian graphs.

Samples | Isotropy [%] | First direction [°] | Second direction [°] | Third direction [°]
Group I 60.8 18.5 13.0 26.5
Group I | 49.5 0.10 26.5 16.0

The graphical representation of surface texture isotropy of analyzed samples using the autocorrelation

functions are presented in figure 3.

Parameters Value Unit
Isotropy 49.8 %
Periodicity FEEEE O
Period FEEEEpm
Direction of period TEEXE | @

a)
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Parameters Value Linit 0-2
Isotropy 43.6 %
Periodicity 214 %
Period 0.263 pm
Direction of period 13.8 ©
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Figure 3. The representation of surface texture isotropy of analyzed samples for: a) group I; b) group
II.
Graphical representations of the furrows of the analyzed samples are illustrated in figure 4.

Parameters Value Unit
Maximum depth of furrows 14.6  nm
Mean depth of furrows 6.94 nm
Mean density of furrows 146075  cmfcm2

a)

Parameters Value

Maximum depth of furrows 19.2  nm
Mean depth of furrows 8.58 nm
Mean density of furrows 145999  ¢m/cm2

b)

Figure 4. The representation of the furrows for: a) group I; b) group I
The values of the maximum depth of furrows and mean depth of furrows parameters are greater for
group II, whereas the greater value of mean density of furrows is associated with group I.
Computation of the fractal dimension (Df) based on the enclosing boxes method [33] with
determination of coefficients of correlation (R?), are detailed shown in fig. 5.
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Fractal dimension 2.28 Fractal dimension 2.31
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R2(2) 0.994 R2(2) 0.993
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Figure 5. Graphs of the fractal dimension with coefficients of correlation (R*), computed by the
enclosing boxes method for: a) group I; b) group II.
The representation of averaged power spectrum density (PSD) of surface textures is shown in figure 6
with the corresponding parameter values.
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Figure 6. The representation of averaged PSD of surface textures for: a) group I; b) group II.
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For both samples, wavelength and dominant wavelength have the same values, whilst amplitude and
maximum amplitude is greater for group II.
Graphical representations of the slices of the analyzed samples are presented in figure 7.
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Figure 7. The slices for: a) group I; b) group II.
It can be noted that there are significant differences between the values of the two slices expressed in
all parameters: volume of void, volume of material, mean thickness of void and mean thickness of
material.
The Sk parameters of the analyzed samples are computed in Table 2.

Table 2. Sk parameters of analyzed samples.
Samples Sk Spk Svk | Smrl | Smr2 Sal Sa2
[nm] | [nm] | [nm] | [%] [%] | [nm’ pm?’] | [nm’/ pm?’]
Group I 12 3.74 357 109 |929 204393 127503
Group 11 127 1427 371 [993 [922 211901 145184

The Sk values of following parameters of group II (Sk, Spk, Svk, Sal and Sa2) are greater than the
corresponding values of group I, whilst parameters Smrl and Smr2 are greater for group I than group
II.

Graphs of the contour lines (imaginary lines with points with the same elevation) and photo simulation
of the surface microtexture are presented in figure 8.
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Figure 8. The graphical representation of the contour lines and photo simulation of the surface for: a)
group [; b) group II.

These contours appear on associated topographic micro scale maps as colour lines and give sufficient
and accurate details to facilitate reading them. Also, this comprehensive information highlights
individual surface features.
These results demonstrate the applicability of the AFM system and are essential for deciphering the
complexity of micromorphology of samples and for mapping their topography.
The results of the numerical calculations suggested that the surface of group I has the lowest values for
fractal dimension (D = 2.28 + 0.01) and root mean square height (Sq = 4.40 = 0.1 nm); while the
highest values for fractal dimension (D = 2.31 + 0.01) and root mean square height (Sq = 4.67 + 0.1
nm) were found in group II. On the other hand, the PSD highlights new information about the surface
micromorphology including fractal and superstructure contributions.

4. Conclusion

In our work it is shown an advanced analysis of Cu/Fe NPs thin films fabricated by a DC magnetron
sputtering technique with two controlled thicknesses 55 nm and 70 nm of Fe over layer.

The micromorphology patterns of the samples were analyzed using AFM data with a high-resolution
using MountainsMap Premium software according with the standard ISO 25178-2:2012. Also, based
on the quantitative tests the morphological changes of samples were examined, and we concluded that
in the engineering design of Cu/Fe NPs thin films, synthesized by DC magnetron technique, this
approach has several advantages over other methods to identify sets of topography parameters.
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AFM platform and MountainsMap Premium software applied highlighted the multiparametric
characterization capabilities and provided new perspectives in the detection of surface 3-D
morphology of Cu/Fe NPs thin films.
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