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Abstract:

Zig-zag structure of the nickel thin film has been obtained using Glancing Angle
Deposition (GLAD) technique. Glass substrate was positioned 75 degrees with respect to the
substrate normal. The obtained nickel thin film was characterized by X-ray Photoelectron
Spectroscopy, Scanning Electron Microscopy and Atomic Force Microscopy. Surface energy
of the deposited thin film was determined by measuring the contact angle using the static
sessile drop method.
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1. Introduction

Glancing Angle Deposition (GLAD) is a technique for producing nanostructured thin
films. In this method, the substrate can be rotated about two axes, as illustrated in Fig. 1 (left
side). Rotation about one axis is changing the angle of the incident particle flux (tilt motor)
while the rotating about the other one controls the structure of the deposited film (rotation
motor) [3]. The motors that are connected to the computer control the movements about both
axes. Controlled substrate motion allows producing predictable forms of nanostructures [4].
Obtained columnar nanostructures are inclined toward the direction of the incident particle
flux. These structures may take form of slanted and vertical posts [5,6], helices [7] or zig-zag
[8] columns.

Schematic illustration of the growth of columnar structures is given on the right side
in Fig. 1. The formation of the nucleus from the arriving particle flux is a random process.
Nuclei grow into columns giving rise to the development of the shadowing. Since the
columns are not equal in size, as a result, some columns will screen their neighbors from the
incoming particle flux. Because of this effect, shadowed columns will stop growing. For small
angles of the incident particle flux, the roughness of the substrate and the shadowing effect
are very important for the formation of columnar structures. The columns tilt angle (B) is
smaller than the incident particle flux angle (o) and its value can be obtained using equation

[9]:
P=o- arcsin(l_c%j .
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The size and density of obtained nanostructures will change as a function of incident
particle flux angle (o) [10].
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Fig. 1. Schematic view of GLAD apparatus and GLAD growth [1,2].

Since GLAD has been known for a couple of decades, many applications of this
method have been developed. Depending on the type of nanostructures, the present method
can be used in optically active coatings [11], nanoemitters [12], thin film wave plates [13],
magnetic storage media [14], photonic crystals [15], humidity or pressure sensors [16], etc.
The structure of thin films can be adjusted to suit the needs of the applications. For example,
zig-zag structures are used for electrochemical capacitors [6], highly stretchable conductive
electrodes [17], anti-Stokes emission testers [18], data storage with NiFe zig-zag structures
[19], etc. Also, films with this structure are of interest for thermal protection applications.
They reduce thermal conductivity and elastic modulus [20]. Further development of GLAD
technique will lead to increase number of possible applications.

In this work, GLAD method designed and assembled in our laboratory was used for
the deposition of nickel thin film with zig-zag structure.

2. Experimental procedure

Nickel thin film was deposited by evaporating nickel onto glass substrate. Prior to
deposition, glass substrate was cleaned in ethanol solution in ultra—sonic bath and rinsed with
18.2 M Q deionised water. After that, substrate was also cleaned by the ozone (NovaScan
PSD-UVT) and then attached to substrate holder in the chamber. The base pressure of the
system was 4 x 107 Pa. Emission current was constant and its value was 170 mA. The
duration of the deposition was 3 hours. After 1 hour 30 minutes of deposition, the substrate
rapidly rotates by 180 degrees and the deposition continues for another 1 hour 30 minutes.
Repeating rotations and pauses will lead to the creation of the arms of zig-zag structures [21].
In our study, zig-zag structures were deposited with oblique angle of a = 75 degrees and -75
degrees with respect to the substrate normal.

X-ray Photoelectron Spectroscopy (SPECS Systems, PHOIBOS 100/150) was used to
determine the chemical composition of the deposited thin film. A monochromatic Al Ka X-
ray source was used for sample analysis. To control charging of the sample, the charge
neutralizer filament was used. Concentrations of elements present in the film were obtained
using CASAXPS software. To remove the surface impurities, as well as in order to perform
depth analysis, the sample was sputtered for 80 sec with 5 keV argon ions.
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Field Emission Scanning Electron Microscope, Mira XMU (TESCAN, Czech
Republic) at 20 kV was used for morphology studies. Cross sectional SEM image of the
sample was used to determine the thickness of the film. Prior to the FESEM analysis, the
sample was sputter coated with Au-Pd alloy.

The obtained nickel thin film was also characterized using Multimode Quadrex SPM
with Nanoscope Ille controller (Veeco Instruments, Inc.). In this work, Atomic Force
Microscope (AFM) was operated in the tapping mode, using a commercial Veeco FESP probe
with a cantilever length of 225 pm. Surface topography and diameter of the columns were
observed.

Surface free energy of the deposited thin film was determined by measuring the
contact angle using the static sessile drop method. Apparatus for the measurement is made in
our laboratory. The contact angle was determined by using ImageJ1.46r [22] program. The
behavior of 2 pl droplets of deionized water and ethylene glycol on a nickel thin film were

observed. Based on the values of the contact angles, surface free energy of the thin film was
calculated.

3. Results and Discussion

XPS analysis was performed after 80 sec of sputtering with argon ions (Fig. 2).
Nickel LMM and XPS spectra peaks of nickel, oxygen and carbon were recorded for the
deposited thin film. It was found that the thin film consists of 7.6 at.% of carbon, 2.9 at.% of
oxygen and 89.5 at.% of nickel. Since the deposited thin film has a porous structure, the
presence of carbon is probably due to the absorption from the ambient atmosphere.
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Fig. 2. XPS spectra of the nickel thin film.

For determination of the film thickness, sample is analyzed by SEM. Specimen was
prepared cross sectional, which is shown in Fig. 3. It can be seen that the thin film has zig-zag
structure. According to SEM image analysis it was found that the thickness of the nickel thin
film is (440 + 30) nm. In addition, it is seen that some of the columns stop growing. As
deposition continues, the surviving columns become larger. It can be noticed the presence of

small particles over the whole sample surface. These particles originate from the Au-Pd alloy
coating.



54 J. Potocnik et al. /Science of Sintering, 48 (2016) 51-56

Surface of the sample was analyzed by AFM technique (Fig. 4). It can be seen that
the grains of almost the same size exist on the sample surface. Also, it can be noticed that the
grains posses different separations. Based on the topographic image the diameter of the
columns found to be (22 + 2) nm [23] and the surface roughness value equal to

(1.60 £ 0.08) nm.
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Fig. 3. SEM cross section image of the nickel thin film.
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Fig. 4. Topographic AFM image of the nickel thin film.
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Fig. 5. Droplets of a) water and b) ethylene glycol on the nickel thin film.
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According to static sessile drop method (Fig. 5) it was found that the contact angles
for water and ethylene glycol were (88 + 5) degrees and (61 + 3) degrees respectively. The
value of the contact angle for water indicates that the deposited thin film represents
hydrophilic material. Based on the values of the contact angles, obtained surface energy of the
nickel thin film was y, = (29 £ 2) mJ/m’. In this case, a deposited thin film has lower value for
the surface free energy as compared to the bulk [24].

4. Conclusions

In this paper, we have demonstrated that the deposition of nickel thin film with zig-
zag structure can be achieved using GLAD technique. As confirmed by XPS analysis, it was
found that the thin film consists of 89.5 at.% of nickel. Thickness of the deposited thin film
was 440 nm. According to AFM analysis it was found that the diameter of the columns is
22 nm and the surface roughness value is 1.60 nm. Static sessile drop method enabled us to
determine the surface free energy of the nickel thin film, which was 29 mJ/m®.
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Caoparcaj: Y osom pady, kopucmehu memoody 0enoH08arA NPU MATUM YeL08UMd, CY 0obUjene
YUK-yax cmpykmype mankoz cioja Hukia. Huki je oenonosan na noonozy o0 cmakia Koja je
nocmassmend, y 00HOCY HA HOPMALY HA NOSPUIUHY, NOO yenom 00 75 cmenenu. JJobujenu
ManKu  cnoj Hukia je Kkapakmepucan nomohy — penozencke — ¢homoenekmpoHcke
CNEKMPOCKONUje, MUKPOCKONA Y NOAbY AMOMCKUX cuia u ckanupajyhee enekmponckoe
mukpockona. Ilospuwuncka cnroboona enepeuja O0enonoeanoz mawkoz cioja je oopehena
Memooom Kansouye u mo Mjeperoem KOHMaKmuoz yend.

Kuwyune pujeuu: Oenonogarbe npu Manum Yyenosumd, peHO2eHCKd (HOomoeneKmponcKa
CREKMPOCKONUjd, MUKPOCKON Y NObY AMOMCKUX CUNA, Memooa Kanmsuye, HUKI



http://www.imagej.en.softonic.com/

	1. Introduction 
	 
	 



