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ABSTRACT
ZnO thin films were prepared by sol gel process using spin coating technique. The precursor solution
was prepared using Zinc acetate dehydrate, monoethanolamine and 2-methoxy ethanol. Films with
thicknesses in the range 56 nm-170 nm were prepared on glass substrates. The thicknesses of the films
were determined by Tolanski interferometric method. The XRD results indicate that the crystallite
size is maximum and strain is minimum for the film with thickness of 112 nm, indicating better
crystallization .The surface morphology studied by SEM shows an increase in the grain size up to a
thickness of 112 nm and decreases for further increase in thickness. Optical transmittance showed
least transmittance and maximum absorption for 112 nm film. Photo conductivity and photo response
was best for the film with thickness of 112 nm.
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I. INTRODUCTION:
Zinc oxide (ZnO) is a direct and wide band
gap (3.37 eV) semiconductor [1]. It has great
potential for application due to its large
excitonic binding energy of 60 meV at room
temperature [2]. As-grown ZnO usually
exhibits n-type conductivity ZnO thin films
have wide applications in ultraviolet light
emitters [3-5], transparent conductors [6-8],
gas sensors [9] solar windows [10]. ZnO thin
films can be prepared by various methods
such as chemical vapour deposition CVD

[11-13], RF sputtering [14-15], spray
pyrolysis, thermal vapour deposition [16]
and sol-gel process. Sol-gel spin coating
method for the preparation of zinc oxide is
simple, cheaper and a more effective method
to prepare ZnO films for optoelectronic
devices. The structural, morphological and
photoconducting properties of the ZnO film
is influenced by the change in thickness of
the film. In this paper, we report how the
variation in the thickness of the ZnO thin
films formed by spin coating, influences the
structural, morphological, photoconducting
and photo response properties which is
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important for photodetectors and solar cell
application.

was examined by SEM (FESEM FEI quanta)
the optical transmittance for films of
different thicknesses was measured using
CARY5E UV-VIS-NIR spectrophotometer
in the wavelength range 300nm-2500 nm.
Photo conductivity and photo-response
studies were carried for all the films under
illumination of conductivity measurement
apparatus is shown in fig.1 In this method
thin copper wires were used as electrodes
which were fixed using silver paint.

II. Materials and Methods
In this study undoped ZnO thin films were
prepared by sol gel and spin coating methods
on glass substrates. The pre cursor solution
of undoped ZnO was prepared by sol-gel
method using Zinc acetate dihydrate,
monoethanolamine (MEA) and 2-methoxy
ethanol. All the chemicals were used as
purchased without any purification. Zinc
acetate dihydrate was first dissolved in a
mixture of 2-methoxy ethanol and
monoethanolamine at room temperature. The
concentration of zinc acetate was
0.5 mol/litre and the molar ratio of
monoethanolamine to zinc acetate was kept
as 1:1 [17]. A homogenous and clear solution
was obtained after stirring the solution for
1 h. Glass substrates were cleaned with
acetone, methanol and isopropanol before the
deposition of the films. The films were spin
coated using spin coating unit SCU 2007 on
the glass substrates at 2500 rpm for 20s.
After spin coating, the substrates were preheated to 623 K for 15 minutes in a furnace
to evaporate the excess solvent and to
eliminate traces of organic components of
the film from the solvent. This heat treatment
was done at the rate of 4 K/min. The next
coating was done over the film and the above
process of heating was done .Films with
thicknesses of 56 nm, 84 nm, 112 nm, 146
nm and 170 nm were prepared. The film
thickness were determined by Tolanski
interferometric method. The coated films
were finally annealed to temperature of 773
K. The structural property was measured
using.
X-ray diffraction patterns with Bruker AXS
D8 model XRD. The surface morphology
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Fig.1: circuit diagram for photo-conductivity.

The distance between the electrodes was
maintained at 1mm for all the films. The
ends of the wire were connected in series
with a DC power supply (0-500V) and a
picoammeter (Keithley 6485).

III. RESULTS AND DISCUSSION
III.1 Structural property
Figure 2 Shows XRD pattern for films of
different thickness. All the films have
preferred orientation along [002] plane in
addition to this [100], [101], [102], [110],
[103] planes were also observed. The peak
corresponding to reflections from powder
XRD are in good agreement with the JCPDS
data (card No.79002).Williamsons and Hall
plot, shown in fig.3 was plotted to eliminate
broadening of peaks due to instrumental
error and the crystallite size and micro strain
was obtained from the graph [18]. The
crystallite size decreases as the thickness
1418
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From above results the optimum thickness
for the film with better crystallization is
112 nm.

increases and reaches a maximum value for
112 nm film, indicating better crystalline
quality [19].

Table 1: Microstructural parameters for ZnO films of
different thicknesses.

Thickness Crystallite Micro
of films
size from
strain
(nm)
XRD
X 10-3
(nm)
56
35.1
11.29
84
32.3
17.44
112
37
9.66
146
31.6
13.28
170
31
12.73

Dislocation
Density
X 10-15
Lines/m2
0.8
0.9
0.7
1.01
1.04

Bond
Length

1.9440
1.9684
1.9804
1.9791
1.9837

III.2 Surface morphology
Figure 4 shows the SEM images for films of
different thicknesses. All the films are crack
free and film of thickness 112 nm shows
uniform distribution of grains, which is an
indication for good quality film and thereby
for conduction of charge carriers.
Fig.2: XRD pattern for films of different thicknesses.

The strain is minimum for the 112 nm film
and it increases for further increase in
thickness. The results are shown in Table 1.
56 nm
84 nm
112 nm
146 nm
170 nm

0.011
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0.009
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0.008
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0.006
0.005
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Fig.4: SEM images for films of thicknesses a) 56 nm,
b) 84 nm, c) 112 nm, d)146 nm, e)170 nm.
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The grain size increases up to 112 nm and
decreases for further increase in thickness.

Fig.3: Williamsons-Hall plot for films of different
thicknesses.
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of the film. This is due to better surface
morphology and crystallization of the films
confirmed by XRD and SEM

III.3 Optical properties
The optical transmittance for films of various
thicknesses in the UV region is shown in
fig.5 absorption in the UV region. The
transmittance decreases as thickness
increases from 56 nm to 112 nm but
increases for 142 nm and 170 nm films.
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Fig.6: Photo conductivity for films of different
thicknesses.
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III.5 Photo response

Wavelength (nm)

The photo-response for films of different is
shown in fig.7 The graph exhibits the
exponential time dependence of the current
in two different regions following
I=IO(1-e-t/τ1) and I=IO(e-t/τ2), for rise and
decay, respectively The rise and decay time
are tabulated for different films in Table 2.
The slow photo response for all the films is
due to absorption and desorption of oxygen
on the surface of the films [20-21]. It is
found that the film of thickness 112 nm show
a quick rise time and significantly larger
decay time this is due to optimum grain size
and lesser strain of the film [22] This shows
the film with 112 nm thickness is more
Photo-sensitive compared to other films
prepared. From the photo response graph

Fig.5: Transmittance for films of different
thicknesses.

The increased transmittance for 142 nm and
170 nm thickness films is because of the
decrease in the grain size of the films. The
decreased
transmittance
for
the
112 nm thickness film is an indication of
maximum absorbance which is attributed to
the better crystalline quality of the film.
III.4 Photoconductivity
The variation of photoconductivity for films
of various thicknesses is shown in fig.6 It is
found that the photo current increases as the
thickness of the film increases and reaches
maximum for film of thickness 112 nm and
decreases for further increase in the thickness
1420
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there is not much change in the response for
the film 84nm and 146nm.

56 nm
84 nm
112 nm
146 nm
170 nm

14

Photo current(micro amperes)

of thickness 112 nm shows better
crystallization and surface morphology. The
photoconductivity was found to be maximum
for film of thickness 112 nm. Photo response
study of the films indicates a lower rise time
value for 112 nm film making it suitable for
photo diode devices.
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