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Zinc Oxide nanostructures thin films have been deposited on glass substrates by using chemical

vapour deposition technique at 1000°C assisted by gas blocker. Glass substrates was sputtered by

Graphical abstract

~5nm of gold to form a catalyst layer on top of glass. Different gas flow rates of 0.05, 0.10, 0.20, 0.40

L/min were used in the deposition. After the deposition, the layer was annealed at temperatures of
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500°C for 1 hours under atmospheric pressure. The surface morphologies of ZnO thin film were
investigated field emission scanning electron microscope (FESEM). X-ray diffraction (XRD) results
confirm the presence of ZnO layer with high peak of (002) crystal orientation and shows improvement
after annealing. The mechanism of ZnO nanostructures formation will be discussed in this paper.
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INTRODUCTION

Zinc Oxide (ZnO) is n-type group I1-VI semiconductor crystallize
in either cubic zinc-blende or hexagonal wurtzite structure where each
anion is surrounded by four cations at the corners of a tetrahedron, and
vice versa [1]. In addition, ZnO is a direct wide band-gap (3.37 eV)
semiconductor with a large exciton binding energy (60 meV) and high
thermal stability, making it an important semiconductor with wide
applications in optoelectronics [2], solar cell [3], piezoelectric device
[4] and gas sensing [5,6]. ZnO thin films can be prepared by using
various methods including physical deposition or wet process. Some of
the methods reported are sol-gel[7,8], pulsed-laser deposition [9,10],
sputtering [11,12], spray pyrolysis, molecular beam deposition and
chemical vapour deposition [13-15].

Chemical vapour deposition (CVD) is very attractive as a simple
cost-effective means of preparing ZnO nanostructure. It is known that
the growth of ZnO nanowires via CVD is sensitive to process
conditions. Subtle changes in experimental conditions, such as source
temperature, the distance between substrate and source, gas flow rate,
substrate material, and choice of catalyst, can cause dramatic changes
in the shape, density and size of the grown nanostructures. Therefore,
it is important to investigate the parameters controlling the nanowires
growth and the effect of these parameters on the ZnO nanowire
structures. In this paper, we focus on the oxygen gas flow and the effect
of annealing.

EXPERIMENTAL

Figure 1 shows the thermal CVD system which consists of the
thermal furnace, a gas blocker, Argon and Oxygen gas flow, alumina
boat used to put precursor and alumina tube. Figure 2 shows the process
flow of the fabrication process of ZnO thin film nanostructures. It starts
with preparation of 2 cm x 2 cm glass substrate. The substrate was
cleaned with acetone and ethanol using ultrasonic machine respectively
for 10 minutes, then cleaned with deionized water and dried with
nitrogen gas. About 5nm of gold was coated on the cleaned glass.
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Fig. 1 The schematic diagram of thermal CVD system.

The sample was put inside the CVD chamber under low pressure
and temperature for ZnO nanostructure thin film deposition. After
deposition, the samples were characterized in XRD to confirm the
presence of zinc oxide peaks. The morphologies of thin film was
observed using field emission scanning electron microscopy (FESEM).
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The whole process was repeated and optimized until ZnO
nanostructures was deposited on glass substrate. The sample was then
annealed at 500 °C in atmospheric environment for 1 hour. Figure 3
shows the processes involved against time during the CVD deposition.
Initially, the furnace was kept at 27°C and 0.2 I/min of Ar gas flow was
introduced for 10 min. Then, furnace temperature was ramped up at
20°C per minute until a maximum temperature of 1000°C was reached.
The furnace was kept at 1000°C for 1 hour. During this time, the oxygen
gas was fed in. Next, the chamber was cooled down to 100°C.
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g. 3 Temperature versus time graph during CVD process.

RESULTS AND DISCUSSION

Figure 4(a) shows the scanning electron image of amorphous ZnO
nanostructure with oxygen gas flow of 0.05 I/min. The average grain
size increases when oxygen gas flow increased to 0.4 I/min as shown in
Figure 4(b).

Figure 5 shows the XRD pattern of ZnO thin film with different
oxygen gas flow rate. From the spectrum, the main crystal orientation
of ZnO thin film is along (0 0 2) and (1 0 1) at 34.37° and 36.36°
respectively. Other orientations corresponding to (1 0 0) are present at
31.7°. The crystallinity improvement for all orientations is observed
after annealing process. This is shown by the increment of full width at

half maximum (FWHM) value. From the parameters obtained, the grain
size of ZnO could be estimated using Scherer’s formula as shows in
equation [16]:

094
D =
B Cos@

@)

where D is grain size, A is X-ray wavelength of 1.54 A, B is FWHM of
the XRD peaks in radian and 0 is diffraction angle.

Fig 4 SEM image of ZnO nanostructure with oxygen gas flow of (a) 0.05
I/min. (b) 0.40 I/min.
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Fig. 5 XRD patterns of ZnO thin film with different oxygen gas flow.

Table 1 and Table 2 show the FWHM and grain sizes obtained
before and after annealing for oxygen gas flow of 0.05 I/min and 0.40
I/min, respectively. For 0.05 I/min, the calculated grain size increases
from 13.2 nm to 19.8 nm for (1 0 0) orientation, 22.9 nm to 26.9 nm for
(0 0 2) orientation and highest increment for (1 0 1) orientation which
increased by 12.5 nm after annealing process This increment might due
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to the merging activity of the ZnO particles to form denser film after
annealing with high temperature [17]. Meanwhile, the grain size and
FWHM for ZnO thin film with oxygen flow rate of 0.40 I/min decreases
after annealed. This might due to the presence of more oxygen atom
surrounding Zn ion to form a weak and unstable bond when oxygen
flow rate increases. After annealing, both ZnO thin films deposited with
different flow rate shows almost similar FWHM and grains size. This
shows that the weak and unstable bond could be easily broken during
annealing and atom is rearranged themselves to form a stable Zn-O
compound.

Table 1 FWHM and grain size before and annealing for ZnO thin film
deposited at O2 gas flow of 0.05 I/min

Lattice Before annealing After annealing

(h k I)|FWHM | Grain size (nm)| FWHM | Grain size (nm)
100 | 0.71 13.20 0.47 19.89
002 041 22.96 0.35 26.90
101 047 20.13 0.30 32.68

Table 2 FWHM and grain size before and annealing for ZnO thin film
deposited at Oz gas flow of 0.4 I/min

Lattice Before annealing After annealing
(hkl)| FWHM |Grain size (nm)| FWHM | Grain size (nm)
100 0.30 32.30 0.39 15.86
002 0.24 41.20 0.35 26.90
101 0.35 27.00 0.35 27.03
CONCLUSION

Zinc oxide thin film nanostructure was successfully fabricated by
thermal chemical vapour deposition. The grain size of the nanostructure
during 0.05 I/min of oxygen flow shows smaller grain size compared to
film deposited at 0.4 I/min. For 0.05 I/min, the grain sizes increases
after annealing. However, for 0.4 I/min, the grain sizes reduce due to
many dangling bonds present on the film before the annealing process.
Therefore, FWHM from the XRD peaks and grain sizes changes after
anneal due to atoms rearranging themselves into stable form.
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