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The surface microstructure and wettability of Al-1.0 at.% Cr alloy ¯lms obtained by ion-beam-
assisted deposition on glass substrates have been investigated using atomic force microscopy,
scanning electron microscopy and the sessile drop method. In the passive deposition regime, the
surface roughness of the ¯lms increased from 8.9 nm to 21.6 nm with an increase in coating time
from 3 h to 9 h. A quantitative analysis of the morphology evolution of the ¯lms during their
growth was performed. The results revealed that Al-1.0 at.% Cr alloy ¯lms are hydrophilic. The
mechanism of heterogeneous water wetting of Al-1.0 at.% Cr alloy ¯lms was considered, when
the increasing surface roughness accounts for a decrease of hydrophilicity.
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1. Introduction

To control the properties of thin metal ¯lm coatings
during their deposition on a substrate, it is neces-
sary to diagnose the surface micro- and nano-
structure of the coating/substrate system. Recently,
thin aluminum ¯lms and its alloys have been
actively investigated in the development of coatings
for solar cells components, in particular for outer

contacts, and also as a material for various semi-

conductor devices.1

In this paper, ion-beam-assisted deposition
(IBAD) was used for fabrication of Al-1.0 at.% Cr
alloy ¯lms on glass substrates in order to study their
water wetting properties depending on formation
conditions. The wetting behavior of these ¯lms is
discussed in terms of determined structural changes.
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2. Experimental

The experiments on IBAD of metal ¯lms on glass
substrates were carried out using a resonance ion
source of vacuum arc plasma (pressure of 10�2 Pa)
in two modes: without an accelerating voltage and
at the voltage (U) of 3 kV. The Al-1.0 at.% Cr alloy
was used as electrodes during IBAD. The deposition
time was 3 h, 6 h, 9 h (U ¼ 0) and 10 h (U ¼ 3 kV,
current I ¼ 100mA, current density 5.1mA/cm2)
at the coating deposition rate of � 0:1 nmmin�1. In
accordance with the model proposed by Sigmund,2

the crystallization rate (cooling of the cascades) was
1012–1013 K/s.

The study of the surface topography of the ¯lms
and measurements of their roughness were per-
formed on an NT-206 atomic force microscope
(AFM) with CSC-38 probes with image processing
by SurfaceXplorer software. To characterize the
surface roughness of the samples, three parameters
were selected: two amplitude parameters, Ra (av-
erage roughness) and Rz (10-point height Rz (ISO)),
and one spacing parameter, S (mean spacing of
adjacent local peaks). For the uni¯ed estimation of
the ¯lm surface heterogeneity, the coe±cient k ¼
Rz=S was calculated. Additionally, the surface
structure was studied by a LEO-1455 VP scanning
electron microscope (SEM). As a result of statistical
processing of SEM images, the average diameter D

of the micro-droplet fraction was measured. The
wettability of the thin metal ¯lms deposited on glass
substrates was characterized by the equilibrium
contact angle (ECA) � measured by the sessile drop
method. The drop volume was 9.3�L. The mea-
surement error of ECA was � 1%.

3. Results and Discussion

Figure 1 shows typical AFM images of the thin ¯lms
deposited without an accelerating voltage (a–c) and
at U ¼ 3 kV (d) with corresponding histograms of
the averaged heights and deepening distribution of
the surface relief. All obtained histograms are
unimodal. They have a strongly marked maximum
and positive asymmetry growth explained by the
island mechanism3 and are well described by the
Gauss distribution. According to AFM data, at U ¼ 0
an increase in the coating time from 3 h to 9 h
leads to an increase of the ¯lm roughness from
8.9 nm to 21.6 nm, whereas the histogram maximum
decreases with a more uniform distribution of the
heights and deepenings. This is explained by the
fact that at t ¼ 3 h stage, the ¯lm surface is char-
acterized by the presence of small islands. Areas
between these islands have a low height (Fig. 1(a)).
With the increase in the time of coating (6 h and 9 h,
Figs. 1(b) and 1(c)), the islands decrease due to the

Fig. 1. (a–d) AFM images of thin ¯lms of Al-1.0 at.% Cr alloy depending on the deposition conditions and the corresponding
histograms of heights and deepening distribution of the surface relief; (e) dependence of the coe±cient k and parameter Ra on the
time and mode of the coating deposition; (f) SEM image of the surface of thin ¯lm of Al-1.0 at.% Cr alloy and the corresponding
distribution histogram of the micro-droplet fraction in size groups; (g) dependence of the water contact angle on the surface
roughness with corresponding droplet images obtained for Al-1.0 at.% Cr alloy on glass substrates at U ¼ 0 and 3 kV.
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¯lling of areas between them with the ¯lm material.
The data obtained at U ¼ 3 kV and t ¼ 10 h indi-
cate that the surface heterogeneity decreases sig-
ni¯cantly at almost constant Ra ¼ 19:8 nm
(Figs. 1(d) and 1(e)), leading to the minimum value
of the parameter k ¼ 0:011.

SEM image (Fig. 1(f)) shows that the Al-1.0 at.%
Cr alloy ¯lm deposited on the glass substrate con-
tains a micro-droplet fraction. Size and density of
these droplets depend on the mode and time of de-
position. The distribution of their average measured
diameters over the size groups is predominantly
bimodal and can be described by the superposition
of two Gaussian functions. For the ¯lms obtained at
U ¼ 0 this diameter increases in the range of 0.35–
0.57�mwith increasing the deposition time from 3h
to 9 h (Figs. 1(a) and 1(c)), whereas for the ¯lms
deposited 10 h at U ¼ 3 kV (Fig. 1(d)) the diameter
is � 1:0�m.

Figures 1(a)–1(d) clearly demonstrate the ¯lm
microstructure evolution depending on coating for-
mation conditions. Initially, with the increase of the
coating time deposition, we observe the growth of
parameter Ra, but under U ¼ 3 kV this parameter
decreases although the diameter rises. The obtained
results allow us to conclude that the presence of a
micro-droplet fraction is not the main factor that
a®ects the ¯lm surface roughness.

The increase of the surface roughness from
8.9 nm to 21.6 nm is accompanied by an increase in
the contact angle value from 60:9� to 79:8�
(Fig. 1(g)). At U ¼ 3 kV, ECA is 68:7�.

Thus, it was revealed that all Al-Cr alloy ¯lms
are hydrophilic. Despite the fact that roughness of
the ¯lms deposited in the voltage-free mode for 9 h
and that at U ¼ 3 kV for 10 h were close, never-
theless, the hydrophilicity for the samples obtained
at accelerating voltage was higher. It was estab-
lished that the ECA value increases with the in-
crease of the ¯lm surface roughness. This behavior
of water droplets on the sample surface indicates the
heterogeneous wetting and can be explained in the
framework of the Cassie-Baxter model.4 It means
that the increase of ECA for the same chemical
composition of surface coatings is observed with the
decrease of the wetting area fraction. This phe-
nomenon is reasoned by the fact that the liquid
phase does not penetrate into surface imperfections
and is located on air bubbles inside cavities of the
deposited ¯lm surface.

4. Conclusion

Evolution of micro- and nanostructure of thin Al-
1.0 at.% Cr alloy ¯lms deposited on glass substrates
by the IBAD technique depending on the deposition
conditions has been investigated. It was found that
with increasing coating time from 3h to 9 h, the
surface roughness increases from 8.9 nm to 21.6 nm
at U ¼ 0 and is 19.8 nm at U ¼ 3 kV (t ¼ 10 h). The
¯lm surface is characterized by the Gaussian dis-
tribution of heights and deepenings. The size of
micro-droplet fractions is a®ected by the applied
accelerating voltage and deposition time. The
obtained distribution of the average measured dia-
meters of the micro-droplet fractions in size groups
is mainly bimodal and well described by the super-
position of two Gaussian distributions. The calcu-
lated coe±cient k allows us to quantify changes in
the altitude and longitudinal nanorelief of the de-
posited ¯lm surface depending on conditions of the
coating formation. The increase in the surface
roughness leads to more values of ECA. The
obtained results demonstrate the pathways to con-
trol wettability of solidi¯ed metal ¯lms on glass
substrates by changing the mode of IBAD.
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