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Abstract—Mouch attention has been lead up the transparent
conducting oxides (TCOs) in recent years due to their
interesting physical properties, which combine electrical
conductivity and optical transparency in the spectral range of
the visible. Among these oxides zinc oxide ZnO is with the
properties optical and electric has attracted the attention of
researchers for a long time. In this work Zinc oxide thin films
prepared by spray pyrolysis technique. A set of ZnO thin films
were deposited with various deposition time, on glass substrate
at 350 °C. The precursor solution is formed with zinc acetate in
distilled methanol with 0.1 molarity. The deposition time was
ranged from 2 to 8 min. The optical properties of those films
were examined by ultraviolet-visible spectrometer (UV). ZnO
thin films were highly transparent in the visible with the
maximum transmittance of 85% and the optical band gap was
found between 3.25 and 3.28 eV.

Keywords—Spray pyrolysis, Zinc oxide, thin films, optical
properties.

l. INTRODUCTION

TCOs have been integrated in several fields such as:
transistors [1,2], solar cells [3], organic light emitting diodes,
and electrochromic windows [4]. Among these oxides zinc
oxide ZnO is with the properties optical and electric has
attracted the attention of researchers for a long time, its
thermal and chemical stability very high, it’s no toxicity like
its abundance in the nature more. Zinc oxide has found
special interest for several applications such as a transparent
conducting film for displays and photovoltaic panels [5-6].
LEDs and the inexpensive transistors [7-9] , gas sensing
detectors [10], spintronics [11], smart textiles [12,13]. Many
methods were employed to produce the ZnO thin films such
as magnetron sputtering [14-15], sol-gel, CVD [16], RF
sputtering [17], hydrothermal [18], atomic layer epitaxy [19],
pulsed laser deposition [20-21], spray pyrolysis [22-23].

The spray pyrolysis used to prepare thin films by
directing them to a substrate for depositing thin layers. This
technique can prepare large areas of layers for the
technological applications despite the simplicity of its
equipment, making it important in the industrial vision, and it
can prepare high quality layers with the ability to control the
thicknesses and quality by the process parameters such as,
distance between nozzle orifice and substrate surface, nozzle
shape and dimensions, precursor material and concentration,
flow rates of gas and solution, spray time and substrate
temperature [24-26].

The aim of this work is to study the optical properties of
ZnO thin films prepared by spray pyrolysis method under
different spray times. Transmittance measurements under
UV-Visible. The evolution of the properties of the sprayed
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ZnO films is discussed and correlated to the deposition
conditions.

Il. EXPERIMENTAL DETAILS

ZnO0 thin films were grown onto glass substrate, using a
spray pyrolysis technique. A solution of 0.1 morality was
prepared by dissolving zinc acetate  dihydrate
C4Hs04ZNn.2H,0 precursor in a methanol CH4O. The
substrates temperature was fixed at 350 -C. A set of samples
was prepared by varying the deposition time Td in the range
of 2 min-8 min to investigate the influence of deposition time
on the optical properties of ZnO films.

The optical transmission in the UV-visible range (300—
1100 nm) measurements was performed using Shimadzu
UV-1601 PC spectrophotometer. Films thicknesses and
optical band gaps were estimated from fitting optical
transmission data.

I1l.  RESULTS AND DISCUSSION

The optical transmission spectra for as-prepared films
with different deposition time are given in Fig. 1 The average
optical transmittance values of all the films were higher than
75% in the visible light and near infrared regions. The films’
optical transmittances fell off at the UV region with
wavelength shorter than 380 nm. In the UV region with
wavelength lower than 380 nm, the ZnO film showed the
lowest transmittance.
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Fig. 1. Spectral variation of transmittance with different deposition
time (Ta).

Films optical band gaps are estimated, as shown in Fig. 2
from the plot (chv)? as a function of photon energy (hv),

according to Tauc formula for direct band gap
semiconductors [27]:
(ahv)? = B(EQ - hv) (1)

where B is a constant, Eg the band gap energy .



Localized states appears near the bands edges which
causes band tails formation due to the disorder in film
network. These band tail states are responsible for the photon
absorption in the low energies range. In this range the
absorption coefficient is given by [28]:

(ahv) = g exp(hv/Ey) 2)
where ag iS a constant, E, is disorder energy commonly
called Urbach tail [29].
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Fig. 2. Typical variation of the quantity (ahv)? as a function of
photon energy.

The variations of the calculated band gap and disorder
energy with deposition time are reported in Fig. 3.

We note a reduction in the gap with the deposition time.
As seen, the variations of both Eg and Eu correlate very well,
this indicates that the variation of the optical gap is governed
by the disorder in the film. Meyer et al. [30].

0z
228 [ . —o— Band gap energy
—e— Urbach energy
00
326
s : s
3 e e
g 3 =
2 s o6 E
g 5
g | ]
AP o B
5 =]
318 .,
\\/. o
316
10

2 4 6 8

Deposition time

Fig. 3. Variation of the optical gap and Urbach energy as a
function of the deposition time.

Authors should discuss the results and how they can be
interpreted in perspective of previous studies and of the
working hypotheses. The findings and their implications
should be discussed in the broadest context possible. Future
research directions may also be highlighted.

IV. CONCLUSIONS

In present work, ZnO thin films have been synthesized
using spray pyrolysis technique. The influence of deposition
time on films properties has been investigated. The obtained
results indicate that ZnO films properties are sensitive to the
deposition time. The values of the optical band gap and
Urbach energy change with deposition time. In the visible
region, all the films are highly transparent more than 75%.
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