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ZnO thin films have been prepared by sol gel spin coating technique on glass
substrate and annealed with different temperatures. Grain size, lattice constant c and
strain are calculated from the (002) plane of XRD.XRD data show hexagonal
single-phase ZnO with the wurtzite crystal structure for all annealed films and films
annealed at 450oC show good crystallinity and grain size. The optical absorbance of
the films annealed at 450oC showed the high UV-absorbance and small optical band
gap. The photoluminescence results show intense green emission and the green
emission indicates the presence of oxygen vacancies.
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INTRODUCTION
ZnO is a II–VI compound semiconductor whose ionicity
resides at the borderline between the covalent and ionic
semiconductors (Morkoc et al, 2009). It is an intrinsic n-type
semiconductor because of deviation from stoichiometry and
the presence of intrinsic defects such as O vacancies (VO) and
Zn interstitials (Zni) (Morkoc et al, 2009). ZnO is a
semiconductor with wide band gap of 3.37 eV and large
exciton binding energy of 60 meV. In terms of band energy,
ZnO is a suitable alternative to TiO2 (Sakthivela et al , 2003).
ZnO is also an environmentally friendly material that does not
form toxic byproducts(Hidaka et al, 1994). ZnO has received
much research attention due to its low toxicity and low price,
high chemical and thermal stability, high transparency in the
visible wavelength range and unique optical properties. In the
powder form, ZnO is a very important material due to its
potential applications in numerous areas such as electronics
and photonics. It is one of the most promising materials for the
next generation optoelectronic device in the UV region. It has
potential use in photo detectors(Chopra et al, 1983), solar cells
(Hupkes et al ,2006), light emitting diodes (LEDs) (Jeong et al
, 2006) , gas sensors (Suchea et al , 2006), surface acoustic
devices (Water et al , 2002), transparent electrodes (Michelotti
et al,2006) and photo catalyst (Jang et al, 2006;Ye et al
,2006). ZnO films have been prepared by various methods of
film depositions, which include r.f sputtering (Quaranta et al,
1993), pulsed laser deposition (Cracium et al, 1994), laser
molecular beam epitaxy (Ong et al, 2001), electron beam
evaporation (Kuroyanagi et al ,1989) spray pyrolysis (Fiddes
et al, 1996), sol-gel process (Ohyama et al,1997;Bao et al
,1998;Han et al, 2003;Kim et al 2004), etc. The sol gel process
has distinct advantages over the other techniques due to
excellent compositional control, homogeneity on the
molecular level due to the mixing of liquid precursors, and
lower crystallization temperature (Brinker et al, 1990).

In this paper, structural and optical properties of sol gel spin

coated ZnO thin films were studied and the effect of annealing
temperature on structural and optical properties was reported.

Preparation of thin films

The ZnO thin films were prepared on glass substrates by
repeated coating. The solution was dropped on the cleaned glass
substrates and the substrates   were   rotated at 2000 rpm for 20s
(Apex Instruments Co SCU -2008C) and the ZnO thin films
were prepared by repeated coating. After each coating films were
heated at 200oC for 10 min to evaporate the solvent and the
organic residuals (named as pre-heat treatment). After the pre-
heat treatment, the ZnO thin films were allowed to cool to room
temperature to avoid crakes. The  spin-coating and pre-heating
process were repeated for ten  times. For crystallization, the ZnO
thin films were heated in a furnace in air atmosphere at 250,350
and 450oC for 60 minutes and allowed to cool to room
temperature gradually.

Characterization of thin films

The crystallinity of each ZnO film was determined by X-ray
diffraction using an (XPERT-PRO) X-ray diffracttometer witu
CuKα radiation source in the range of 30-70o with 0.050 step
size. The optical properties were studied by using a UV-
Visible spectrophotometer (JASCO Corp., V-570).
Photoluminescence spectra have been recorded using a
HORIBA JOBIN-YVON-Fluorolg at an excitation wavelength
of 350nm.The thickness of the thin films was studied by
surface profilelo meter (MITUOYO-SURFTEST SJ 301
SERIES) and thickness of the ZnO thin films were about
620nm for as prepared, 520nm for annealed at 250oC, 500nm
for 350oC and 190nm for 450oC, annealing leads to decrease
in thickness of the ZnO thin films.

RESULTS AND DISCUSSION
Structural studies

X-ray diffraction technique has been used to study the
structural properties of the prepared ZnO thin films. Fig 1.0
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(a-d) shows the typical XRD patterns of ZnO thin films
synthesized by sol–gel spin coating method. In the XRD
patterns of the obtained ZnO thin films, no impurity peaks
were observed indicating that hydroxyl-free ZnO thin films
were obtained. It seems that all annealed ZnO thin films
possess a high crystallinity, since all peaks are very sharp. The
annealed ZnO thin films diffraction peaks can be well indexed
to the hexagonal phase ZnO with a wurtzite structure
(hexagonal phase, space group P63mc) with lattice parameters
a = b = 3.249 ˚A and c = 5.206 ˚A reported in JCPDS card (no.
36–1451).

As seen from the figure 1.0(a), XRD pattern of as prepared
ZnO thin film is amorphous. As seen from the figure 1.0(b-d),
eight peaks  appeared and the relative intensity of the peaks

tends to increase and width of the peaks gets decreased with
increasing annealing temperature. The increase in peak
intensities indicates an improvement in the crystallinity of the
films. Eight peaks appear at 2θ = 31.8o, 34.5o, 36.3o, 47.5o,
56.6o, 62.8o, 67.9o and 69.0o, which correspond to the (1 0 0),
(0 0 2), (1 0 1), (1 0 2), (1 1 0), (1 0 3), (2 0 0), (1 1 2) and (2 0
1) planes, for the film annealed at 450oC. It is well known that
the growth rate of the different family of planes follows the
sequence (0 0 1) > (1 0 1) > (1 0 0) (Yang et al,2009). But in
our samples the (1 0 1) peak is the most intense peak, that
shows (1 0 1) plane is preferred growth plane. May be this
rearrangement of the order of growth rate among (0 0 1), (1 0
0), and (1 0 1) surfaces are due to synthesis condition
(Ghoshal et al, 2008). As seen from the XRD pattern (002)
peak intensity is weaker than that of the (100) and (101) peaks
because annealing at 450oC results in increase in number of
oxygen defects (Hui et al, 2013).

The figure. 1.1 shows (002) diffraction peaks in 2θ region
from 34o to 35o. These peaks of ZnO films shift to higher
diffraction angle with an increase in annealing temperature.
The shift to the higher diffraction angle of (002) peak may be
related to a decrease of the lattice parameters which comes
from the oxygen deficiency and strain caused by
crystallization during the annealing process (Kim et al,1999;
Han et al,1995).

The grain size of the ZnO thin films has been estimated from
FWHM of (002) diffraction peak using the Scherrer
formula(Cullity et al,1978)
D  =  kλ / βcos θ (1)

where λ is the X-ray wavelength of 1.54Ǻ, θ is the Bragg
diffraction angle in degrees, k is a fixed number of 0.9 and   β
is the FWHM of (002) plane. The dislocation density has also
been calculated using the formula (1/D2).

The lattice constant c is equal to 2d for the (002) diffraction
peak. The lattice constant is used to estimate the strain (ɛ) in
the films along the c-axis given by the following equation

ɛ = (2)

where Cbulk is the unstrained lattice parameter measured from
the bulk ZnO and the value of the Cbulk is 0.52069nm.C film is
the lattice parameter of ZnO thin films.
The grain size, lattice constant strain and dislocation density
of the ZnO thin films annealed at different temperature are
shown in the table 1. As the annealing temperature increases
the strain  of the film gets decreased for 350oC, and it greatly

Figure 1.1 X-Ray diffraction peaks ZnO thin films annealed at different
temperatures in 2θ region from 34.0 to 35.0o.
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Figure 1.0 (a-d) XRD patterns of ZnO thin films prepared at different
annealing temperature
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increases for 450oC. It is clear that annealing affect the
crystalline size, lattice constant, strain and dislocation density
of the ZnO thin films. By increasing the annealing temperature
the grain size of the ZnO thin films gets increased and good
grain size was obtained at 450oC.

.

Optical properties

The optical absorption spectra of ZnO thin films annealed at
250, 350, and 450oC is shown in the Figure 2. The absorbance
intensity of the UV peaks increases with increase in the
annealing temperature from 250 to 450oC and sharp peaks
with maximum absorption intensity in UV region were
observed for the film annealed at 450oC

The absorption edge shifts to higher wavelength with increase
of annealing temperature. The optical band gap of ZnO films
was found to decrease with the increase in annealing
temperature. The optical band gaps were found to be 3.28,
3.24 and 3.22 eV for the films annealed at 250,350 and 450oC.
The decrease in band gap of ZnO films may be attributed to
the improvement in the crystalline quality of the films and
increase in grain size.

Figure 3 shows the PL spectra of ZnO thin films annealed at
250, 350, and 450oC for wavelength ranging from 365 to
650nm.

It may be observed that all the  PL spectra are dominated by
strong luminescence peak at  ~382nm followed by peak at
~510nm.The UV peak is attributed to the recombination of
free excitons through excion - exciton  collision process due to
the (382nm) wide direct band gap transition of ZnO, and
therefore indicates good crystallinity  of  ZnO samples. The
samples annealed at 250,350 and 450oC show visible emission
centered at ~510nm. With increase in annealing temperature,
the intensity of the visible emission gets increased and shift
towards the higher energy side and all the annealed samples
show green emission band centered at ~509nm. The strong
green emission (509 nm) resulted primarily from intrinsic
defects. The intrinsic defects are associated with deep level
emissions such as oxygen vacancies and interstitials
(Vanheusden et al,1996).The oxygen vacancies and

interstitials were induced by the thermal treatment process and
sol-gel process.

The broad emission band revealed in the visible region is due
to the superposition of green and yellow emission. The green
emission is typically associated with oxygen vacancy and the
yellow emission is associated with interstitial oxygen .The two
oxygen defects are competing with each other, presenting in
the competition of green and yellow bands in PL. These two
oxygen defects, can enhance the electron hole pair separation
rate in ZnO thin films. As the redox reactions might occur on
the surface of oxygen vacancies and interstitial oxygen
defects, the oxygen defects can be considered to be the active
sites of the ZnO photo catalyst (Wang et al,2008). The
obtained PL results reveal that the films annealed at 450oC
exhibit broad and strong green and yellow emission and this is
due to oxygen vacancies and interstitial oxygen defects. It was
reported that the oxygen defects on the surface of ZnO thin
films would improve the separation of photogenerated
electron–hole pairs (Wood et al,2001; Gouvêa et al ,2000).

CONCLUSION
ZnO thin films were prepared by sol gel spin coating method
and their structural and optical parameter are investigated. The
structural and optical properties ZnO thin films are
significantly affected by annealing temperature. Annealing
temperature greatly influences the grain size, lattice constant
,strain ,dislocation density and crystallinity of ZnO thin films
and ZnO thin films annealed at 450oC shows good grain size,
lower dislocation density and higher crystallinity.

The sample annealed at 450oC shows maximum UV
absorption intensity and small optical band gap. The PL
spectra show that the intensity of the visible emission of the
thin films increases with increasing annealing temperature.
The maximum intensity is in green and yellow region at 450oC
which are typically associated with oxygen vacancies and
interstitial oxygen defects. This inturn improves the electron
hole pair separation and hence one can use these ZnO thin
films for photo catalytic application.

Acknowledgement
Financial support from the University Grants Commission is
gratefully acknowledged.

Table 1 Structural parameters of ZnO thin films annealed
at different temperatures

Annealing
Temperature

(°C)

Grain size
(nm)

Lattice
constant(nm)

C

Strain(ɛ)
10-3

Dislocation
Density 10-3

(lines/m2)
250 14.62 0.520042 -1.24 4.67
350 22.10 0.52036 -0.62 2.04
450 33.60 0.51819 -4.8 0.85

Figure  2 UV-Vis absorption spectra of the ZnO thin films annealed at
different temperatures
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Figure 3 Photoluminescence spectra of ZnO thin films annealed at
different temperatures
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