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Structural and Optical Properties of ZnO Thin Film Prepared by
Oxidation of Zn Metal Powders

(Struktur and Ciri Optik Filem Nipis ZnO yang Disediakan Melalui Kaedah Pengoksidaan Serbuk Logam ZnO)
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Abstract

High quality ZnO nanostructures have been fabricated at room temperature by a simple vacuum thermal evaporator from
metallic Zn powders (99.999% purity) on a silicon (100) substrate. The Zn thin films were then transferred into a thermal
tube furnace for oxidation at 700°C for different time durations. Time was found to be a critical factor in the synthesis.
This was followed by characterization of their morphological, structural and optical properties. The morphology of the
grown ZnO nanostructures exhibited several large grains, which increased gradually with increasing oxidation time.
The crystallinity of the grown nanostructures was investigated using X-ray diffraction, revealing that the synthesized
ZnO was in hexagonal wurtzite phase. The photoluminescence (PL) spectra of the fabricated ZnO nanostructures showed
high intensity peak in the UV region due to near-band-edge (NBE) emission in which the structures oxidized for 30 min
showing highest intensity.
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Abstrak

Struktur nano ZnO yang berkualiti tinggi telah difabrikasikan pada suhu bilik menggunakan teknik pengewap terma
tervakum yang mudah daripada serbuk logam Zn (99.999% tulen) di atas substrat silikon (100). Filem nipis Zn
kemudiannya dipindahkan ke dalam tiub relau pemanas untuk pengoksidaan pada suhu 700°C untuk masa yang berbeza.
Masa pengoksidaan dikenal pasti sebagai sebagai faktor yang kritikal dalam sintesis. Ini diikuti oleh pencirian sifat-sifat
permukaan, struktur dan optik. Permukaan struktur nano ZnO menunjukkan beberapa butiran yang besar, yang membesar
apabila masa pengoksidaan ditingkatkan. Kehabluran struktur nano yang ditumbuh dikaji menggunakan pembelauan
sinar-X, menunjukkan ZnO berada dalam fasa heksagonal wurtzit. Spektrum fotoluminesen (PL) struktur nano ZnO
menunjukkan keamatan puncak yang tinggi di dalam rantau ultra-lembayung (UV) berpunca daripada pancaran daripada
peralihan pinggir jalur dengan struktur teroksida pada 30 min menunjukkan pancaran paling tinggi keamatannya.
Kata kunci: Fotoluminesen; pengewap terma tervakum; struktur nano ZnO
Introduction
Due to its wide direct band gap (3.37 eV), large excitation
binding energy (60 meV), excellent optical properties
and low cost, zinc oxide (ZnO) has become one of the
most important functional components in a plethora
of devices, (Huang et al. 2001), solar cells (Chen et al.
2006), and gas sensors (Gupta et al. 2010; Kathirvel et
al. 2009). Moreover, ZnO is a promising material for
short wavelength optoelectronic devices, especially for
ultraviolet (UV) light-emitting diodes (LEDs) and laser
diodes (LDs), due to its large exciton binding energy of
60 meV (Huang et al. 2001). The ZnO exciton binding
energy is much larger than the room temperature thermal
energy (26 meV), suggesting that the electron-hole pairs
are stable even at room temperature. Therefore, efficient
UV LEDs and LDs operating at room temperature can
be expected, provided that high-quality p-type ZnO is
available (Look 2005). Another advantage of ZnO is its
low price, compared with other materials, placing it as a

promising candidate for industrial applications. ZnO thin
films display three major photoluminescence peaks at
around 378, 510 and 650 nm, corresponding to the colors
of ultraviolet, green and red, respectively.
Many techniques have been employed to prepare
ZnO films (Chang & Hung 2008; Gao et al. 2006; Hassan
et al. 2011; Kong et al. 2003; Park et al. 2002; Tang et
al. 2007; Wang 2004; Zhang 2010) including chemical
vapor deposition, sol-gel, spray pyrolysis, molecular beam
epitaxy, pulsed laser deposition, vacuum arc deposition
and magnetron sputtering. Fabrication of ZnO films by
thermal oxidation of Zn containing precursors, such as
ZnS and Zn films, were also reported (Chen et al. 2006;
Kitano et al. 1995; Kumar et al. 2011; Park et al. 2006).
ZnO films synthesized using this method demonstrated
excellent photoluminescence properties that were highly
related to the applied temperature.
In the present work, ZnO films on silicon substrates
were prepared by a simple oxidation of Zn films deposited
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by vacuum thermal evaporation. Subsequently, the optical
properties of the oxide films formed were studied.
Experimental Details
High purity zinc powder (99.999% Sigma-Aldrich) was
deposited on the substrate via thermal evaporation on
n-type Si (100) substrate. A vacuum system using the
diffusion pump with a base pressure of 2.2×10-4 torr was
used for the deposition. In addition, metallic Zn powders
were evaporated from the resistively heated tungsten boat.
The Zn thin films were then successively transferred into
a thermal tube furnace for oxidation at 700°C and O2 flow
at 5 L/min at oxidation times of 10, 20 and 30 min to form
the ZnO thin films. After the oxidation, the samples were
cooled at room temperature.
The morphology of the formed ZnO nanostructures
was observed with a scanning electron microscope
(SEM, model JEOL JSM-6460LV with energy dispersive
X-ray spectroscopy EDX installed). X-ray diffractometer
(XRD; PANalytical X’Pert PRO diffractometer with Cu
Kα radiation) was used for the structural measurements.
The photoluminescence ( PL) spectra of the samples
were measured with a He-Cd laser (325 nm) at room
temperature.
Results and Discussion
Figure 1 shows the SEM photographs of ZnO films with
various grain sizes. The surface morphology of the films
varied with oxidation time. The grain size increased with
increasing oxidation time, whereas the roughness of the
samples decreased. This indicates that the films grown in
three-dimensional (3D) and the rate of growth increased
further until the maximum oxidation time of 30 min,
leading to a smooth surface with uniform particles, as
shown in Figure 1(c).
Figure 2 shows the XRD patterns of the thin films
prepared at different oxidation times. All samples gave
(b)
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Figure

similar XRD patterns, which indicate the high crystalline
structure of the thin film. The synthesized ZnO thin films
gave an XRD reflection peak detected at 2θ=34.4, indicating
a (002) orientation. It is apparent that the 2θ value of the
[0002] peak is almost typical to the standard value (2θ =
34.43°) (Yogamalar et al. 2009). In addition, the intensity,
as well as the full-width half-maximum of the (002) peak
were observed to be dependent on the oxidation time. The
ZnO peaks having much lower intensity were also detected
at 31.7 and 36.2, corresponding to the lattice planes (100)
and (101), respectively. The ZnO peak of the film oxidized
for 30 min is the highest and narrowest. The grain sizes
(GS) of the ZnO films can be calculated using Scherer’s
formula (Kathirvel et al. 2009):
(1)

θ

where λ, θ and B are the X-ray wavelength (0.154 nm),
the Bragg diffraction angle and the line-width at halfmaximum of the (002) peak at around 34.4, respectively.
The calculated grain sizes of the samples were 29.4, 29.45
and 29.47 nm for the samples oxidized at 700°C for 10,
20 and 30 min, respectively. Obviously, the grain size of
the samples increased with increasing oxidation time. This
behavior was due to the relaxation of the strain. The asgrown film particles were under strain, thus, the relaxation
of the strain enhances with increase in oxidation time.
Figure 3 shows the PL spectra of the samples prepared
at oxidation times 10, 20 and 30 min. All the structures
grown at different temperature zones showed a single
strong, dominated and high-intensity peak in the UV
region at 3.4, 3.37 and 3.38 eV. The UV emission is also
referred to as the ‘near-band-edge’ emission, generated by
the recombination of the free excitons through an exciton
collision process (Huang et al. 2001; Ismardi et al. 2012;
Jeong et al. 2003; Ye & Chen 2012). In addition, the
improvement of crystal quality can cause a high-intensity
near-band-edge emission with a very low or no green
emission (Sekar et al. 2005). Based on the results, the UV
(c)

1. The typical surface SEM images of the samples prepared under different
oxidation time of (a) 10, (b) 20 and (c) 30 min
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2. The XRD spectrum of the samples prepared under various
oxidation time at (a) 10, (b) 20 and (c) 30 min
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3. The PL spectra of the samples prepared at various oxidation
times at (a) 10, (b) 20 and (c) 30 min in the UV region
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peaks became more intensive at 30 min. No impurities
and structural defects, such as oxygen vacancies and
interstitials of zinc were observed.
	In the synthesized ZnO nanoparticles grown on Si
substrate, the near-band-edge emission dominated over the
green-level emission, which indicates that the grown ZnO
nanoparticles have good crystal quality with very little or
no structural defects and that they display excellent optical
properties.
Conclusion
A facile method was reported for the fabrication of highly
crystalline ZnO nanostructure from metallic Zn via thermal
evaporation technique. The morphology and crystallinity
of the fabricated ZnO nanostructures were found to depend
on the oxidation time. Extending the oxidation time from
10 to 20 min led to the growth of high crystalline ZnO
nanostructures. Further increase in the oxidation time to
30 min resulted in the formation of large, smooth surface
and uniform grains of ZnO nanostructure. XRD analyses
showed that the ZnO nanostructure oxidized at 30 min
have the best crystallinity. The photoluminescence (PL)
measurements showed narrow peaks at the near-bandedge (NBE) emission which again confirms the high crystal
quality of the fabricated nanostructure.
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