
This article was downloaded by: [Renmin University of China]
On: 13 October 2013, At: 11:07
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl20

Structural and Optical Properties of
Al–Zn–Cu Thin Films Prepared by DC-
Magnetron Sputtering at Different
Sputtering Powers
Laya Dejam a & S. Mohammad Elahi a
a Plasma Research Center , Science and Research Branch Islamic
Azad University , Tehran , Iran
Published online: 09 Jul 2013.

To cite this article: Laya Dejam & S. Mohammad Elahi (2013) Structural and Optical Properties of
Al–Zn–Cu Thin Films Prepared by DC-Magnetron Sputtering at Different Sputtering Powers, Molecular
Crystals and Liquid Crystals, 577:1, 59-70, DOI: 10.1080/15421406.2013.786644

To link to this article:  http://dx.doi.org/10.1080/15421406.2013.786644

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/15421406.2013.786644
http://dx.doi.org/10.1080/15421406.2013.786644
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst., Vol. 577: pp. 59–70, 2013
Copyright © Taylor & Francis Group, LLC
ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421406.2013.786644

Structural and Optical Properties of Al–Zn–Cu Thin
Films Prepared by DC-Magnetron Sputtering

at Different Sputtering Powers

LAYA DEJAM AND S. MOHAMMAD ELAHI∗

Plasma Research Center, Science and Research Branch Islamic Azad University,
Tehran, Iran

Al–Zn–Cu thin films were deposited using DC-magnetron sputtering on glass substrates
at room temperature in pure Ar gas environment. The influence of variation power
sputtering from 30–120 W on the structural and optical properties has been studied.
The X-ray diffraction (XRD) patterns show amorphous structure for all films. The atomic
force microscopy (AFM) images revealed a homogeneous Al–Zn–Cu dispersion within
the layer in low power sputtering. The optical transmittance spectra showed that the
optical transmittance in the visible was decreased with increased power sputtering. By
increasing thickness of films, optical band gap in films decreased, and intensity of PL is
increased.

Keyword Al-Zn-Cu thin film; optical band gap; particle size; photoluminescence

Introduction

Shape memory alloys (SMAs) have been implemented in a number of high performance ap-
plications requiring high work densities, large recoverable deformations, and high stresses.
More recently, SMAs have become excellent candidates for microactuators when fabricated
as thin films. Their work output density (∼50 MJm−3) exceeds that of other microactuator
mechanisms and they can yield large strokes (∼5%) and forces (∼30 mN). Moreover, thin
film SMAs heat on the order of milliseconds by low voltage (∼5 V) Joule heating, and,
unlike bulk SMAs (wires, beams, etc.), their small mass and large surface-to-volume ratio
allow fast cooling, potentially permitting switching frequencies on the order of 100 Hz [1].

Current microscale SMA applications include microgrippers [2], micropumps, and
microcantilever switches [3,4]. Most of these applications rely on the one-way memory
effect and require a biasing mechanism for full actuation. However, microdevices using
functionally graded films can achieve two-way, out-of-plane displacement with a smaller
footprint than conventional micromechanisms [5,6].

In conjunction with advancing fabrication and film characterization technologies, initial
thin film SMA models have been developed [7–10]. Established bulk models may be
considered for thin film SMAs, provided modifications are made to address issues of scale
and the microfabrication process [11].
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60 L. Dejam and S. M. Elahi

The SMAs such as Cu-based binary and ternary (Cu–Zn, Cu–Al, Cu–Zn–Al, and
Cu–Al–Ni) and Ni–Ti are usually used as functional actuators and sensors [12]. Cu–Zn–Al
alloys exhibit, in a certain range of composition, the Shape Memory Effect (SME), that is,
when a material have the capacity to recover their shape with a simple heating after suffer
an apparent plastic deformation. SME is due to martensitic-austenitic phase transformation
depending on the temperature. The lattice structure changes in Cu–Zn–Al alloys associated
with the martensitic transformation are from the crystal structure DO3 or L21 at higher
temperature (austenitic phase) to 18R (martensitic phase) at lower temperature. Along with
this phase transformation occurs significant changes in mechanical, physical, chemical,
electrical, and optical properties, including yield stress, elastic modulus, damping, hardness,
electrical resistivity, thermal conductivity, thermal expansion, and surface roughness [13].

The influence of the grain size in the properties of SMA has been observed in different
systems, especially the dependence of the martensitic transformation behavior in nanos-
tructure SMA. It has been reported that the transformation takes place in bulk materials
after a severe deformation and different heat treatments when the grain size of the alloy is
around 40 nm [14–19]. The development of SMA with controlled grain size is interesting
for applications. It must be pointed out that, in bulk materials with nanograins, SME could
be limited by grain size [19]. It was suggested that grain boundaries hinder the transfor-
mation. However, grain boundaries should not be a limitation in nanoparticles, so it can be
expected that the transformation will take place [13].

On the other hand, several potential applications of ZnO for novel optical devices
as, for instance blue light emitters, lasers devices, or UV sensors [20] were proposed. In
addition, ZnO doped with transition metal (TM = Co, Cu, Mn, . . . ) ions is intensively
studied for spintronics applications [21,22]

Al doped ZnO thin films have a significant optical transmission in the visible which
makes them highly sought in the photovoltaic industry [20]. In recent years, the zinc oxide
thin films deposition with acceptable quality has been achieved by several techniques such
as chemical vapor deposition [21], laser ablation deposition [23], RF magnetron sputtering
[24]. . . . etc., ZnO can be used in components of micro-and opto-electronics such as field
effect transistors [25], photodiodes [26], light emitting diodes [27], and laser diodes [28].
This material, with an important binding energy of excitons (60 meV), has the property
to interact strongly with light and, therefore, it has become a potential candidate for the
realization of a new very low threshold class of lasers. It is also characterized by a large
transmittance coefficient that exceeds 90% in the visible. Because of its wide gap (3.37 eV),
ZnO can be doped or codoped to improve its optical properties. Among the doping elements,
aluminum can be a good candidate to excite the photoluminescence (PL) in the UV-visible
spectral range. This is due to its new nonlinear optical properties, the room temperature
excitonic emission and the quantum confinement effect [29].

In our knowledge, there is no report on the properties of Aluminum zinc copper thin
films. In this work, we use an Al–Zn–Cu target for sputtering that it prepared just with
press of metals powders and we report detailed study of influences thickness and power
sputtering on structural and optical properties of Al and Cu doped ZnO thin films.

Experimental

Al–Zn–Cu films were deposited by Direct Current planer-magnetron sputtering. Target was
a disk (10 cm diameter and 5 mm thickness) with 55% Al, 40% Zn, and 5% Cu that prepared
from powders of Al, Zn, and Cu metals. The purity of metals powder used in this study
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Properties of Al–Zn–Cu Thin Films Prepared by DC-Magnetron 61

Table 1. Sputtering power, film thickness, and band gap of samples

Sample 1 2 3 4

Power of sputtering (W) 30 37.5 60 120
Film thickness (nm) (standard

error ±5 nm)
28 68 123 406

Band gap (eV) 3.65 3.58 3.5 —

was 99.99%. The sputtering chamber was evacuated to less than 3 × 10−5 mbarr pressures
with rotary and diffusion pumps combination, and then argon gas (Purity 99.999%) was
introduced to the chamber as a sputtering gas. Glass substrate 10 mm × 20 mm square
were distanced 45 mm from target. Before deposition, substrates were cleaned by ultrasonic
waves in acetone and alcohol. Sputtering time and working gas pressure were fixed at 30 s
and 1 × 10 −2 mbar, respectively. Sputtering power was changed from 30 to 120 W that
presented in Table 1. In the deposition process, no external heating was provided. After film
deposition, X-ray diffraction (XRD) was performed on STOE-XRD diffractometer using
Cu-Kα line (l = 0.15406 nm). Energy Dispersive X-Ray (EDX) was measured on Philips
XL Series 30. Atomic Force Microscopy (AFM) micrographs were taken using Auto probe
CP from Park Scientific Instrument. The optical properties of thin films were examined at
room temperature by a UV–Vis absorption spectrophotometer (PG Instruments Ltd). Room
temperature PL of the samples was measured to characterize the luminescence properties
of films, using a Cary Eclipse spectrometer equipped with a xenon lamp. A DEKTAK3
profilmeter was employed to measure the thickness of the growth films.

Results and Discussion

Growth Rate and Film Composition

Growth rate was determined by dividing the film thickness by the sputtering time. This
deposition parameter is important in film thickness control, especially for precise multilayer
preparation [30]. Fig. 1 shows the growth rate as a function of power sputtering. Growth
rate increases linearly with the sputtering power. We attribute this dependence relationship
to the determinacy of sputter growth rate on the Ar ion flux (Jion) and its average kinetic
energy (KEav) upon striking the target.

These are a function of dc applied voltage (Vdc), according to Langmuir–Child rela-
tionship [31] and average kinetic energy equation in dc glow discharge [32]:

Jion ∝ V
3/2

dc (1)

KEav ∝ Vdc. (2)

The high Ar ion flux generally results in substantial ion bombardment on the target
while the high kinetic energy of these ions increases the probability that the impacts of
incident ions will eject target atoms. These two mechanisms are proportional to dc applied
voltage and sputtering power, and hence contribute to the increase of the growth rate [33].

The chemical composition of Al–Zn–Cu films was analyzed by an EDX spectroscopy.
Fig. 2 shows the typical EDX spectrum corresponding to the Al–Zn–Cu film prepared with
power sputtering of 120 W.
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62 L. Dejam and S. M. Elahi

Figure 1. Growth rate of Al–Zn–Cu films on glass substrate.

The amount of atoms arriving at the substrate surface is observed to be inversely
proportional to the Al and Zn content in the target. It means that, the amount of Al in film
is more than Zn. This decreasing arriving possibility could be explained by the decreasing
sputtered atoms, since sputtering yield of Al is lower than sputtering yield of Zn.

XRD Analysis

The crystal structure of Zn–Al–Cu films were investigated by XRD. Fig. 3(a) shows the
patterns of target. All the peaks belong to Zn, Al, Cu, and ZnO.

Figure 3(b) shows the XRD patterns of the as-sputtered thin films at various powers
sputtering. All the films had approximately amorphous structure. It can be explain that the
time of sputtering was not enough for crystallization of films or it might be the rate of
sputtering was very fast that atoms in films did not have time for crystallization. And or
some other parameters, like substrate temperature, are important.

AFM Illustration

Surface morphology of Al–Zn–Cu films was examined by the AFM, as shown in Fig. 4.
The 1 × 1 μm2 3D AFM micrographs show the features of structural change and grain
growth for Al–Zn–Cu films deposited at 30–120 W on glass substrate at room temperature.
It was observed that the AFM micrograph of the Al–Zn–Cu films deposited at 30 and
37.5 W (Figs. 4(a)–(b)) exhibits uniform surface, indicating its amorphous-like behavior.
Figs. 4(c)–(d) show the AFM micrographs for Al–Zn–Cu films deposited at 60 and 120 W,
respectively. In these micrographs, particle size protruding from the film surface develops
in the Al–Zn–Cu films and is enhanced with increasing sputtering power. In Figs. 4(a)–(b),
the grains are smaller and densely packed producing smoother surface in micrograph of
Figs. 4(c)–(d). In Figs. 4(c)–(d), the grains were observed to have agglomerated together
and formed smaller number of bigger grains with voided boundaries and the nanoparticle
grains are not homogeneously distributed all over the substrate surfaces. Comparing the
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Properties of Al–Zn–Cu Thin Films Prepared by DC-Magnetron 63

Figure 2. EDX spectrum of Al–Zn–Cu thin films.

micrographs in Fig. 4, Al–Zn–Cu films deposited at higher sputtering power (Fig. 4(d))
exhibits big particle size and more voided boundaries. We have known that the higher
sputtering power giving better microstructure is due to the fact that sputtering power helps
to increase the surface mobility [34, 35], which is required to form continuous film [31].
The increase in the particle size as a result of bombardment to the growth surface by more
energetic particles with increasing sputtering power has been reported by Song et al. [36].
The highly energized inert Ar ions could provide translational kinetic energy to the adatoms.
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64 L. Dejam and S. M. Elahi

Figure 3. (a) XRD pattern of Al–Zn–Cu target. (b) Al–Zn–Cu thin films.

The surface diffusion of these adatoms was then enhanced with the momentum transfer to
the growing surface. Where adatoms diffusion length becomes larger than distance between
cluster sites, voided boundaries become filled by diffusing adatoms, and the film develops
the characteristics void-free structure. But in this work time of sputtering was just 30 s so
one could conclude that with increasing of sputtering power surface diffusion cause to have
larger particle but the adatoms diffusion length becomes less than distance between cluster
sites so voided boundaries do not become filled by diffusing adatoms.

Optical Properties

The optical transmission was measured by a UV-Vis spectrometer. Fig. 5 gives the spectra
for all the Al–Zn–Cu films. Transmittance of Al–Zn–Cu films increases with decreasing the
film thickness, which is a natural result of absorption law for thin film semiconductors. Fig. 6
shows absorption coefficient of Al–Zn–Cu thin films as one can notice the fundamental
absorption edge of the films shift to higher wavelengths as the film thickness is reduced. The
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Figure 4. AFM image of Al–Zn–Cu thin films on glass.
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66 L. Dejam and S. M. Elahi

Figure 5. Transmittance spectra of Al–Zn–Cu thin films on glass substrate.

optical band gap Eg of the films was estimated by extrapolating linear portions of (αhν)1/2

against photon energy (hν), where α is the absorption coefficient. With the knowledge of
thickness of the film d and transmittance T, α was calculated using the expression α =
(1/d)ln(1/T). The measured band gap as a function of sputtering power is shown to Fig. 7

Figure 6. Absorption coefficient of Al–Zn–Cu thin films on glass substrate.
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Properties of Al–Zn–Cu Thin Films Prepared by DC-Magnetron 67

Figure 7. Plot of (αE)1/2 vs. photon energy for Al–Zn–Cu thin films.

and the magnitude of band gap illustrated in Table 1. By increasing the thickness of films of
the absorption edge is shifted to higher wavelength (red shift) while for thick films (greater
than 400 nm) there was no absorption edge. These results are consistence with the result
of AFM measurement, in which the particle size was on increasing function of the film
thickness. On the other hand, by increasing film thickness the optical band gap of them
decreased.

The room temperature PL spectra of as prepared Al–Zn–Cu films are shown in Fig. 8
after excitation at 320 nm. The PL spectra were fitted with Gaussian line shape peaks.

Figure 8. PL spectra of Al–Zn–Cu thin films on glass substrate in room temperature. The inset shows
PL spectrum of sample 5 with Gaussian fits.
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Table 2. Information of peaks photoluminescence spectra

Sample Peak positions (nm) FWHM (nm) Intensity

1 383.66 44.31 123.5
739.51 98.56 18.16

2 384.99 48 237.7
734.89 82.75 30.05

3 385.54 50.55 212.57
733 76.51 22.01

4 389.86 56.12 594.22
739.45 144.84 145.88

The obtained peak positions and full-width at half-maximum (FWHM) of the curves are
given in Table 2. The influence of power sputtering and film thickness on the intensity and
FWHM of emission peaks was investigated. Two emission peaks are observed at 380 nm
and 730 nm. We guess the first one corresponds to the band-edge emission as it is reported
by [37, 38]. The second one could be related the defects in the thin films [39]. It is seen
that the intensity increases with the increase of power sputtering and thickness of films.
By increasing thickness of films and power sputtering FWHM of emission peaks increase
which is due to the higher number of copper atoms in the more thickened films [40], which
causes an increase of emission and reduction of band gap and there would no band gap
in the thickest films. The increased intensity of PL is related to the presence of copper
atoms in the thin films. The addition of more aluminum atoms leads to the increase of
peak intensity and FWHM around 380 nm (as shown in Fig. 8). This behavior could be
related the increase of particle size and inhomogeneous by increasing sputtering power.
With increasing power sputtering and subsequent increasing of thickness, the particle size
is increased and the distribution of particles is more inhomogeneous. On the other hand, the
position of this peak is shifted to higher wavelength as the power sputtering is increased.

Conclusion

Al–Zn–Cu films were prepared by 55% Al, 40% Zn, and 5% Cu target with DC magnetron
sputtering at various powers sputtering from 30 to 120 W. Growth rate increases linearly with
the sputtering power and by increasing power sputtering the thickness of films increased.
XRD pattern of films showed all of them were amorphous and EDX of films confirmed
that there were Al, Zn, and Cu in films. AFM images showed the particle sizes in thinner
films are smaller and densely packed and in thicker films the grains were observed to
have agglomerated together and formed smaller number of bigger particles with voided
boundaries and the particles are not homogeneously distributed all over the substrate
surfaces that it indicated with PL spectra. By increasing thickness of films and power
sputtering FWHM of emission peaks are increased subsequently the optical band gap of
Al–Zn–Cu films is decreased.
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Würschum, R. (2010). Adv. Eng. Mat., 12, 692–700.
[20] Krunks, M., Katerski, A., Dedova, T., Oja Acik, I., & Mere, A. (2008). Sol. Energ. Mater. Sol.

C, 92, 1016.
[21] Barnes, T. M., Olson, K., & Woldena, C. A. (2005). Appl. Phys. Lett., 86, 112112.
[22] Djouadi, D., Chelouche, A., & Aksas, A. (2012). J. Mater. Environ. Sci., 3(3), 585.
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