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We deposited a ZnO thin film on a microslide glass substrate at room temperature by employing the RF
reactive magnetron sputtering process. Our results revealed that deposition rate decreases by increasing
0, /(Ar +0;) ratio that was caused by two mechanisms. The first mechanism was the reduction of plasma
density and, thus, argon ion density; caused by the addition of highly electronegative oxygen. While
the second mechanism was target poisoning caused by the oxidation of the target. Additionally, at the

0O/(Ar +0;) ratio of ~0.3 and the help of XPS analysis the optimum stoichiometry of ZnO thin film (the
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highest binding energy and content fraction of O! peak (O-Zn bond)) and the best polycrystallinity (the
lowest FWHM with largest grain size) was found.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Zinc oxide (ZnO) is an interesting semiconductor II-VI com-
pound material of broad scientific and technological importance.
Due to the unique properties of ZnO, the broad application of this
compound material in fields such as optoelectronics [1,2], sen-
sors [3], piezoelectric [4], and energy and environment [5,6]. These
unique properties of ZnO include a hexagonal wurtzite structure,
a wide direct band gap of 3.37eV at room temperature (RT), a
high sensitivity to various gases, a highly piezoelectric coupling
coefficient, a highly electrical conductive, and stable chemical and
thermal properties; among others.

ZnO films can be deposited by a variety of techniques such as
sputtering [7-9], chemical bath deposition, spray pyrolysis, pulsed
laser deposition, and metal organic chemical vapor deposition.
Among them, the sputtering method represents one of the sim-
plest and most effective methods that can be used to obtain higher
thin film orientation and uniformity with low growth temperature,
including amorphous substrate. However, the material properties
of ZnO thin films are critically related to the plasma deposited tech-
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niques and to the growth parameters. Therefore, understanding the
relationship between material properties and plasma characteris-
tics should greatly help to produce high-quality ZnO thin film.

In a process similar to that done in other research [7-9], we
applied a sputtering technique in order to deposit ZnO thin film
for the purpose of investigating the relationship between general
plasma properties and general film properties [10]. In addition,
the glass substrate was used because it possesses a huge poten-
tial market for future applications, such as heat-reflecting coating
[5], architectural/low-emissivity windows [6,11-15], and wind-
shield (anti-ultraviolet characteristics). We present the effects of
the O, /(Ar+0;) ratio on ZnO film properties (crystal structure, ori-
entation, and composition) while focusing on the role of O-Zn bond,
which has been largely ignored in previous studies. This said, the
influence of oxygen on film properties (crystalline structure, sur-
face morphology, and composition) has been well studied [16-21].

2. Experimental setup

In this study, the ZnO thin film was deposited on a microslide glass substrate
at RT with a Zn target. This was performed using the RF reactive magnetron sput-
tering process, as described in detail in our previous study [10]. Argon and oxygen
were used as the major discharge and reactive gases, respectively. Distance between
the target and substrate was kept as 8 cm throughout the study. ZnO thin films
were grown using a fixed RF power of 100 W and a working pressure of 15 mTorr.
The major test conditions for preparing ZnO thin film include maintaining the
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Fig. 1. The deposition rate as a function of O,/(Ar+0;) ratio in a plasma used for
ZnO thin film deposition.

0O/(Ar+0;)ratioranges between 0.1 and 1.0 while keeping a constant film thickness
of 60 nm; the latter is measured by a surface profilometer. The crystal structure and
orientation of the films was determined using the X-ray diffraction (XRD) technique.
The composition and chemical state of oxygen in the ZnO thin film was studied with
an X-ray photoelectron spectroscopy (XPS). All obtained spectra were calibrated to
a Cls electron peak at 284.6eV [16].

3. Results and discussion
3.1. Deposition rate

Fig. 1 illustrates the deposition rate of the ZnO thin film as a
function of O,/(Ar+0,) ratio through the magnetron sputtering
process. In general, the deposition rate decreases monotonically
with increasing O, /(Ar + O,) ratio. We concluded that there are two
possible mechanisms which cause the observed O, /(Ar+0,) ratio
effect. The first one is that the addition of electronegative oxygen
that is highly affinitive to electrons in the discharge reduces the
plasma density, which results in fewer electrons, fewer positive
argon ions and more negative oxygen ions. In addition, the ioniza-
tion threshold of oxygen is much higher than of argon [22,23]. Thus,
the further addition of oxygen leads to weaker plasma and results
in decreasing deposition rate [24]. The second one is caused by the
so-called “target poisoning”. This can occur when the target surface
isindirect react with oxygen as oxygen is added into the sputtering
chamber. This will create a very thin oxide layer on the surface of
metal target. Therefore, the target surface may change from metal
to ceramic-like (Zn — ZnOy). The addition of this oxide layer on the
target acts like a dielectric layer which shields the applied volt-
age (thus, the electric field) that leads to lower ion bombardment
energy onto the target. This may further deteriorate as more oxygen
is added.

In brief summary, results indicated a reduction in plasma num-
ber density and thus the reduction of ion flux/energy in bombarding
the target [21,25,26]. Accordingly, this also reduced the sputter-
ing yield, which resulted in a lower deposition rate at a higher
O, /(Ar+05) ratio [21,27].

3.2. Structural properties

Fig. 2a shows the XRD data for all combinations of O, /(Ar+0;)
ratio, while Fig. 2b shows that the FWHM of (0002) as well as
estimated grain size (Scherrer equation [23]) as a function of the
0O, /(Ar+05) ratio. Drawing from the XRD pattern, the deposited
ZnO film is a typical poly-crystalline phase with a hexagonal struc-
ture and a clear (0002) orientation for the O,/(Ar+0;) ratios
tested. A minimal value of FWHM was obtained at ~0.3 of the
0,/(Ar+0,) ratio where the corresponding grain size was the
largest (35.68 nm). Bachari et al. [17] argued that in the film
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Fig. 2. (a) XRD pattern of ZnO thin film with various O, /(Ar+0,) ratios and (b) the
FWHM and the calculated grain size as a function of O, /(Ar + O, ) ratio, respectively.

structure, less oxygen will cause an increase in crystallographic
defects while more oxygen will destroy the stoichiometry due
to the lower surface mobility of the deposited atoms and lower
kinetic energy for surface diffusion. In addition, adding more oxy-
gen into the discharge might produce more neutral oxygen atoms
which diffuse into films without low energy [21-23], thus creating
additional unexpected defects. Furthermore, grain size increases
from 29.28 nm at 0.1 of O,/(Ar+0;) ratio up to 35.68 nm at 0.3 of
0O, /(Ar+05) ratio, and then decreases gradually down to 30.86 nm
eventually at 1.0 of O, /(Ar + Oy ) ratio. In other words, the maximum
grain size also occurs at 0.3 of O,/(Ar+0,) ratio that is consistent
with the lowest FWHM of ZnO thin film observed in this study.
According to Kajikawa [28] report, the texture of the films should
be different when changing the O, /(Ar +0) ratio. However, it was
not observed in the current study which is quite different from pre-
vious studies in terms of magnetron types [29], sputtering powers,
chamber pressures [30] and substrate materials [24]. So far, there
was no systematic study that focused on clarifying this observation,
which is definitely worthy of further investigation in the future.

3.3. Chemical properties

Fig. 3 presents the XPS analysis results from the deposited ZnO
thin films. All specimens revealed that the binding energy of Zn 2p3
peak was about 1021.8 eV [18]. Thus, Zn was not seen to exhibit
obvious change in its chemical state over the course of this study.
Nevertheless, the chemical state of the O 1s peak showed appre-
ciable shift as illustrated in Fig. 3a. In brief, the binding energy of
the O 1s peaks were divided into two components, O' (the binding
energy at 529.8 eV) and O! (the binding energy at 531.6 eV), respec-
tively. The O peak was attributed the presence of 02~ ions in the
wurtzite ZnO thin films (O-Zn bond), while the O! peak may have
been caused by the loosely bound oxygen created by absorbed H,O
or by the 02~ ions in the oxygen deficiency produced on the surface
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Fig. 3. (a) The O1s spectra (solid line), O' peak (dashed line) and O' peak (dot line)
of XPS and (b) the binding energy (®) and the content (M) of O' peak with various
02/(Ar+0,) ratio, respectively.

during the ZnO thin film growth (O-H bond or O-0 bond) [19,20].
As shown in Fig. 3a, both O! and O' peaks shifted to a higher bind-
ing energy with an increasing ratio of O,/(Ar+05) in the range of
0.1-0.3, which had the effect of decreasing the number of defect
sites. In contrary, as more oxygen was added to the discharge,
more low energy neutral oxygen might diffuse into the growing
film, destroying its stoichiometry. These findings are summarized
in Fig. 3b, which shows the binding energy and content fraction of
0! peak as a function of the O, /(Ar + 0 ) ratio, in which the trend of
these two properties correlate very well with each other. In addi-
tion, clear maximal values were found at the O, /(Ar + O, ) ratio of 0.3
coinciding with the minimal value observation of FWHM observed
in the XRD analysis (Fig. 2b). These findings reveal that the magni-
tudes of both the binding energy and content fraction of the O! peak
(0O-Zn bond) play a key role in the stoichiometry of ZnO film. The
above observations suggest that suitable oxygen content can pro-
duce ZnO film that is close to stoichiometric. Therefore, we deduce
that the optimum stoichiometric and quality of ZnO thin film may
be obtained at the O, /(Ar + O3 ) ratio of 0.3 under the current exper-
imental configuration.

4. Conclusion

In our study, a ZnO thin film was successfully deposited on
a microslide glass substrate at RT through the employment of
RF reactive magnetron sputtering process. The results show that
the deposition rate decreases as the O,/(Ar+0,) ratio increases

because of two mechanisms. These two mechanisms were the addi-
tion of electronegative oxygen and target poisoning. In addition, at
the O, /(Ar + Oy ) ratio of ~0.3, with the help of XPS analysis, the opti-
mum stoichiometry of ZnO thin film (the highest binding energy
and content fraction of O' peak (O-Zn bond)) and the best poly-
crystallinity (the lowest FWHM with largest grain size) were found.
Our findings showed that appropriate oxygen addition into the dis-
charge is critical in optimizing the ZnO film structure. However,
the best quality and stoichiometry of ZnO thin film simultaneously
were observed at the O, /(Ar + 0, ) ratio of 0.3 for deposition on glass
substrate with the RF power 100 W.
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