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Influence of sputtering times on the structural and op-
tical properties of Al thin films for radiation-proof ap-
plications
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Al thin films for radiation-proof applications were successfully deposited by magnetron DC-sputtering with different sputtering
times (15, 30 and 60 min). The effect of sputtering time on the film structures, morphology and optical properties was
investigated in detail. The results show that the increase of sputtering time is in favor to be constituted in a cubic structure
with a preferential orientation of Al (111), (200), (220) and (311) diffraction planes. Moreover, the morphology results implied
that increasing sputtering time could vary the structure and increase the grain density and size. Finally, it is also indicated

that 60 min is the best sputtering time for the optical properties in all samples.
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For several years the study of metal films on textile
fabrics has been intensified in order to find new materials
for radiation-proof applications [1, 2]. Among these protec-
tive films, Al film is one of the suitable candidates for the
production of radiation-proof materials due to its good light
reflection, heat radiation performance, high conductivity, the
shielding effect of the microwave and anti-static properties
[3], which make it extensive application in the military, ci-
vilian and other fields [4].

Various techniques such as DC-magnetron sputtering
[5], flash evaporation [6], chemical spray [7] and elec-
tro-deposition [8] have been investigated as suitable tech-
niques for the fabrication of Al thin films. Enormous
amount of work has been already reported on structure, op-
tical properties of Al thin films [9, 10]. However, still it re-
quires further investigation to optimize the optical properties
of Al films to use as a suitable candidate for radiation-proof
applications.

It is well known that properties of Al films are strongly
dependent on the preparation methods and deposition pa-
rameters [11, 12] due to obtained stoichiometry and micro-
structure. For this reason, it is essential to characterize their
properties according to the deposition parameters.

In this paper, we report the preparation of high-quality
Al nano-crystalline thin films on polyester substrates, using
a DC-magnetron sputtering technique. The effect of the
sputtering times on the optical performance of
nano-crystalline Al films was investigated.

1. Experiment
1.1 Synthesis of Al thin films

Thin films of Al were deposited by DC-sputtering in
argon gas atmosphere on polyester substrates. Substrates
were cleaned ultrasonically and chemically in organic sol-
vents. A thin Al film was deposited by an Al target of 60
mm diameter. No changes in target composition where ob-
served with time. All films were deposited at the room tem-
perature 25 °C, at a working gas pressure of 2.0 Pa and a
sputtering power of 100 W. The samples were deposited at
the different sputtering times (15, 30 and 60 min). The pro-
cess parameters of Al films used in DC magnetron sputter-
ing are shown in Table 1.

Table 1. Sputtering parameters of Al films.

Sample Sputtering  Sputtering  Sputtering
time power temperature
/ (min) /(W) /1 (°C)
a 15 100 25
b 30 100 25
c 60 100 25

1.2 Characterizations of Al films

Optical properties of the Al thin films were measured at
normal incidence using a double-beam UV-VIS-NIR spec-
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trophotometer (type Lambda 35 from Perkin Elmer) of op-
tical transmittance in the photon energy range of 1.1- 6.6 eV.
The resistivity calculated from the sheet resistance meas-
ured by a four-point probe. Coupled 6-26 X-ray diffraction
(XRD) scans in the simple mode were performed in the
range of 20=5°-90° by using of the Cu Kal line of the X-ray
source (type Rigaku D/max2550) to investigate crystallo-
graphic properties of the films. The surface morphology of
each film was examined by scanning electron microscopy
(SEM-3400-N, type Hitachi).

2. Results and discussion

2.1 Influence of sputtering times on the
structures of Al films

Fig. 1 shows the XRD patterns of Al films grown on
polyester substrates. It can be seen there were differences
between XRD patterns of Al films at the different sputter-
ing times. The peaks at 38.2°, 44.5°, 65.8°and 78.4°are
correspondes to Al (111), (200), (220) and (311) planes,
respectively[13]. It is clear that the sputtering times had a
significant effect on the preferential orientation of this cu-
bic phase. In addition, there is some diffuse diffraction
peaks indicating there were both partially amorphous or-
ganization in these samples.

Meanwhile, Al,O; (012) diffraction peak appeared on
the position (260 = 26.5°) [14]. It is clear that the partial
oxidation of the Al cubic phase can be detected in these Al
samples while the oxidation tendency is reduced with the
increase of sputtering time. It shows that the longer sput-
tering time (60 min) provides sufficient energy for the
sputtering particles to form crystalline but not to oxidation.
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Fig. 1. XRD patterns of Al films deposited at different
sputtering times.

2.2 Influence of sputtering times on the
morphology of Al films

Fig. 2 shows the Low multiples (x1k) of SEM images
of the Al films at the different sputtering times. It can be
seen from Fig. 2 that the surface of film at 60 min was
rougher and the number of grain boundaries was higher
than that of 15 and 30 min sputtering time. It shows that
the microstructures and surface morphologies of the films
can be improved by the increase of sputtering time. This
could be attributed to the thorough diffusion and better
growth of the Al grains on the increase of sputtering parti-
cles at the longer times [15, 16].

Fig. 2. Low multiples (x1k) of SEM images of Al films
deposited at different sputtering times: (a) 15 min,
(b)30 min and (c)60 min.

Fig. 3 is the high multiples (x30k) of of SEM images of
the Al films at the different sputtering times. It shows that
the film deposited at 15 min has a few isolated grains (Al
grains) with uniform size and well-defined boundaries on
the polyester substrates at low sputtering rate. When the
sputtering time of 30 min deposited, the grain boundaries
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become irregular and some of the grains are connected due
to the increase of the solute concentration or variation of the
applied potentials [17]. However, the shapes of grains were
changed from the circular to the trapezoidal when the sput-
tering time increased from 30 to 60 min. Also, the particle
sizes and intensities are increased as the increase of the
sputtering times can be seen in Fig.3. This result may be due
to the improvement of the surface diffusion energy of depo-
sition atoms on substrates at the longer time, which will
promote atoms to escape from the surface [18], thus the
holes among the sputtering particles were reduced.

Fig. 3. High multiples (%30 k) of SEM images of Al
films deposited at different sputtering times: (a) 15 min,
(b)30 min and (c)60 min.

2.3 Influence of sputtering times on the optical
properties of Al films

Fig. 4 is the transmittance spectra curves of Al films
deposited at different sputtering times. It can be seen in Fig.
4 that the optical transmittance of Al films (15 and 30 min)
both exhibited good optical transmission compared with
the Al film (60 min). This indicates that radiation-proof
properties of Al films were enhanced on the increase of the

sputtering times. The reason is due to that the bigger parti-
cle size and density of Al cubic phases are more helpful to
improve the reflectivity. In addition, a certain number of
grain boundaries can reduce the optical transmittance up to
a certain extent, which also increased the radiation-proof
properties of Al films.

Meanwhile, it can be found in Fig.4 that the radia-
tion-proof properties of Al films can be affected by the
oxidation of Al grains. It can be seen in SEM images that
the grains seem to be rather compact and density of the
holes decreased in the Al film (60 min). Obviously, the
reduction of defects in the films can also reduce the optical
transmittance of visible lights. In this result, the radia-
tion-proof properties of Al films can be improved in the
less oxidation film at 60 min.
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Fig. 4. Transmittance spectra curves of Al films
deposited at different sputtering times.

3. Conclusions

Al films for radiation-proof applications were suc-
cessfully deposited on polyester substrates by magnetron
sputtering at different sputtering times. It is found that the
sputtering time had a significant effect on film structure,
surface morphologies and optical properties in the sputter-
ing process. Moreover, the grain growth and crystalline
improvement of Al cubic phases are more helpful to im-
prove radiation-proof properties of Al films. Furthermore,
the reduction of defects in the oxide layer at 60 min can
also reduce the optical transmittance of visible light.
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