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KEYWORDSABSTRACT

Zinc Oxide (ZnO) thin films have been deposited onto glass substrates by
economical spray pyrolysis at different substrate temperatures and concen-
trations of Zinc acetate used as precursor under atmospheric pressure. The
films were characterized by XRD, optical transmittance and SEM techniques.
All the films are polycrystalline with hexagonal wurtzite structure, with c-
axis growth (002) perpendicular to substrate surface. At the substrate tem-
perature of 4000C and solution concentrationof 0.2 M, ZnO thin films exhib-
ited highest crystallinity. The grain size, Zn � O bond length, dislocation

density and stress of the films changes from 72.26 nm to 105.33 nm., 1.9699
A0 to 1.9725 A0, 1.863 x 10-4 (nm)-2 to 0.9032 x 10-4 (nm)-2 and - 0.48798 Gpa to
55.066 Gpa respectively. Morphological study showed surface microrods
are obtained at lower concentration (0.1M). Length and diameter of surface
microrods were found in the range from 1µm to 8 µm and 0.1 µm to 0.9 µm

respectively. Optical band gap was found to be in the range 2.92 eV to 3.24
eV. The average transmission of the films is about 85% in the visible region.
 2012 Trade Science Inc. - INDIA

INTRODUCTION

Zinc oxide is an n � type wide band gap (> 3 eV)

semiconductive oxide[1]. Due to its conductivity and high
transmittance, ZnO films have been attracting growing
attention in the recent years. It has been recognized as
one of the promising nanomaterials in a broad range of
technological applications[2] e.g. surface acoustic wave
device[3], chemical sensor[4], photonic crystal[5], light
emitting diodes[6] and solar cell[7]. ZnO thin films have
been used as ozone gas sensors because they have high
sensitivity to many gases[8]. In addition, a great deal of

attention has been focused on the study of low dimen-
sional nanostructures of ZnO thin films[9]. Various meth-
ods have been used to grow ZnO nanostructures, such
as nanorods[10-12], microrods[13], nanowires[14],
nanobelts[15] and nanostars[16]. The methods include ra-
dio frequency magnetron sputtering[17], chemical vapor
deposition[18], thermal vaporization[19], hydrothermal
method[20], sol-gel method[21], laser ablation[22], elec-
trochemical deposition[23] and ion beam assisted depo-
sition[24] and spray pyrolysis[25]. Among these methods,
spray pyrolysis is a useful alternative to the traditional
methods for obtaining thin films of pure ZnO. It is of
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particular interest because of its simplicity, low cost and
eco-friendly nature. Many researchers have prepared
the ZnO thin films by spray pyrolysis technique in aque-
ous and non aqueous medium with and without addi-
tion of alcohol[26-28]. However very few researchers have
paid attention to �obtain ZnO microrod thin films through

aqueous, non aqueous medium and their characteriza-
tion. Here we report the direct growth of zinc oxide
thin films on glass substrate by chemical spray pyrolysis
method. We have also carried out structural, optical
and morphological study of the films with the aim of
understanding physical properties of obtained ZnO rods.

EXPERIMENTAL

ZnO thin films were deposited by a locally made
spray pyrolysis deposition chamber on to glass sub-
strate (75 X 25 X 2 mm3) using zinc acetate as precur-
sor. The solution of zinc acetate was prepared in water
+ methanol + acetic acid (25 cc + 65 cc + 10 cc)[29].
The films were prepared by varying the deposition tem-
perature from 3000C to 4500C (0.1M, 0.2M, 0.3M
and 0.4 M) and concentration of zinc acetate from 0.1
M to 0.4M (at 3000C, 3500C, 4000C and 4500C) in
order to study the effect of substrate temperature and
precursor concentration on properties of the films. Other
parameters such as spray rate (5cc min-1), nozzle to
substrate distance (33cm) and carrier air pressure (2
atm) were kept at their fixed value throughout deposi-
tion process. Glass substrates were ultrasonically
cleaned by deionized water, acetone and methanol be-
fore the experiment.

The structural properties were studied by Philips
X- ray diffractometer PW � 1710 ( = 1.5405 A0)
using Cu � K radiation in the span of 20 to 800. Sur-
face morphology of the thin film was studied with JEOL
JSM- 6360 Scanning Electron Microscope (SEM).
Optical absorption study was carried out in the wave-
length range 300 nm � 1000 nm using spectrometer

Systronic model -119.

RESULT AND DISCUSSION

Structural properties

XRD patterns of ZnO thin films deposited at differ-

Figure 1 : XRD pattern of ZnO thin films deposited at differ-
ent temperatures at (a) 0.1 M (b) 0.2M (c) 0.3 M (d) 0.4M
concentration of zinc acetate.
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ent temperatures and concentrations are shown in Fig-
ure 1 (a-d) respectively. From XRD data, it is seen that
the films exhibit hexagonal (Wurtzite) crystal structure
with preferential growth along the (002) plane. The in-
tensity of the (002) diffraction is highest at the substrate
temperature of 4000C, indicating an improvement of
the film crystallinity at this temperature. When substrate
temperature 3000C many sputtered ions form the tar-
get, which cannot obtain enough energy to adjust the
bound direction and length to the lattice position[30].

Upon increasing the substrate temperature, crys-
tallinity of the samples increased due possibility of ho-
mogeneous reactions. The analogous results were re-
ported for spray deposited ZnO films, deposited
through aqueous medium[31]. This was explained based
on higher chemical purity of the ZnO films, which re-
sulted from thermal decomposition. All the peaks in the
diffraction pattern were indexed on the basis of a JCPDS
data card 05 - 6044

The crystallite size of the ZnO thin films prepared
at different temperatures and concentration was evalu-
ated from the full width at half maxima (FWHM) of
(002) peak using Scherrer�s formula,






cos
94.0

D (1)

where ,  and  are X-ray wavelength, Bragg dif-
fraction angle and FWHM respectively. The grain size
obtain is 73.26 nm, 92.23 nm, 92.26 nm and 105.33
nm for the films deposited at 3000C, 3500C, 4000C
and 4500C respectively. XRD studies revealed that op-
timized substrate temperature for the growth of ZnO
film with preferred (002) orientation is 4000C.

The dislocation density  which represents the
amount of defects in the film, was determined from the
formula,  = 1/ D2[32]. The larger the D and smaller
FWHM values indicate better crystallization of the film.
It was observed that the grain size values increases with
increasing deposition temperature and decreases with
increasing concentration, which clearly reveals the de-
terioration in the crystallinity. These values are given in
the TABLE 1. Dislocation density exhibit decreasing
trend with increasing deposition temperature and in-
creases as concentration increases, which leads de-
creasing of lattice imperfections as deposition tempera-
ture increases and increase of lattice imperfections as

concentration increases.
Lattice constants a and c are calculated by using

well known analytical method. Zn � O bond length L

is given by formula[33].
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Where the u parameter in the Wurtzite structure is
given by,
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Zn- O bond length is given TABLE 1. It is ob-
served that bond length is minimum of its value at 4000C
and 0.2M concentration. Such film being relatively stable
may have prospective applications in purification of water
by photoelectrolcatalysis.

Quantitative information concerning the preferen-
tial crystal orientation can be obtained from the texture
coefficient, TC defined as,



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0

0
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Where TC (hkl) is the texture coefficient, I (hkl) is
the XRD intensity and n is number of diffraction peaks
considered, I

0 
(hkl) is the intensity of the XRD refer-

ence of randomly oriented grains. If TC (002) 1 for
all hkl planes considered, then the films are with ran-
domly oriented crystallite, while values higher than 1
indicate the abundance of grains in a given (hkl) direc-

TABLE 1 : Position of (002) plane, FWHM, particle size, dis-
location density, a/c ratio and Zn-O bond length at different
temperatures and concentrations.

Tempe 
rature FWHM 2 D( nm) x10-4 

(nm)-2 

Thick 
Ness 
(nm) 

L(A) 

3000C 0.1968 31.83 73.26 1.863 156 1.9699 

3500C 0.1574 34.47 92.23 1.175 204 1.9756 

4000C 0.1574 34.46 92.26 1.175 252 1.9655 

4500C 0.1378 34.40 105.33 0.9032 116 1.9725 

Concentration 

0.1M 0.1574 34.45 92.22 1.1758 125 1.9781 

0.2M 0.1574 34.46 92.26 1.1747 252 1.9655 

0.3M 0.1968 34.49 73.77 1.8375 304 1.9746 

0.4M 0.1717 34.50 81.98 1.4879 415 1.9751 
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tion. The values 0 < TC (hkl) < 1 indicates the lack of
grains oriented in that direction. As TC (hkl) increase,
the preferential growth of the crystallites in the direction
perpendicular to the hkl plane is the higher. The varia-
tion of TC (002) of films with respect to temperature
and concentration is shown in Figure 2 and Figure 3. It
can be seen that at 3000C deposition temperature there
is no orientation of grains along c � axis, as temperature

increases c-axis orientation increases. TC (002) has its
maximum value at 4000C and this trend is repeated for
all concentrations.

To investigate the effect of the substrate tempera-
ture on the stress in the ZnO thin films, the stress was
calculated using formula

c

c
c6.453 0 (5)

Where c
0
 (5.206 Å) is the c-axis lattice constant of

bulk ZnO and c is the c- axis lattice constant calculated
from the XRD pattern. From data (TABLE 2.) we con-
firm that stress is compressive as compared to the value
of bulk ZnO. This result indicates that the deposition
temperature strongly affects the stress of the ZnO thin
films[34].

Morphological studies

The surface topology of the synthesized ZnO rods
examined by the SEM is shown in Figure 4. These SEM
images show that at 3000C and of 0.2 M concentration
of zinc acetate, no rods are observed but at higher tem-
peratures 3500C to 4500C, we observed microrods in
the plane of film surface, which is agreed with XRD
results. As temperature increases diameter of rod in-
creases from about 0.1m to 0.9 m although few thin-
ner rods about 0.1 m in diameter are seen and length
of the rod increases from 1 m to 8 m. As tempera-
ture and concentration increases, rods becomes regu-
lar and almost perpendicular to the substrate, indicating
that ZnO microrods preferentially grow along the (002)
direction. Similar studies were reported by[35], but we
could achieve longer microrods observed in the present
case.

Optical properties

Optical transmission spectra of ZnO Microrods are
shown in Figure 5 and Figure 6. The films are uniform
and transparent. This is also confirmed by the transmit-
tance spectra of the films. The developed interference
pattern in the transmittance shows that the films are
specular to a great extent. The average transmittance
of the films in the visible region is about 85 % those are
deposited at 4000C and 0.2 M concentration, which is
agree with pervious work reported[35]. Also we ob-
served that for higher concentration transmittance goes
on decreasing (Figure 6.).

For the direct transition, the optical band gap en-
ergy of ZnO thin film was determined by using the
equation,

Figure 2 : Texture coefficient 0f various planes at different
substrate temperatures

Figure 3 : Texture coefficient 0f (002) plane at different solu-
tion concentration
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(a) (b)

(c)
(d)

(e)

(g)

Figure 4 : Scanning Electron micrographs of ZnO thin films (a)3000C, 0.1M, (b) 3500C, 0.1M, (c) 4000C, 0.1M, (d) 4500C
0.1M (e) 4000C, 0.2M (f) 4000C, 0.3M and (g) 4000C, 0.4M

(f)
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extrapolating the linear part of the plot to  = 0, optical
band gap was estimated. From Figure 7, it is observed
that as deposition temperature increases band gap in-
creases, it becomes maximum (3.224 eV) at tempera-
ture 4000C and for higher temperature it is slightly de-
creases. Also it is indicated that from Figure 8, as con-
centration increases optical band gap decreases con-
siderably due to increases in grain size compared to
variation in temperature.

CONCLUSION

Zinc Oxide (ZnO) microrod thin films of various
thicknesses have been obtained by varying deposition
temperature and concentration of precursor. All the films
except deposited at 3000C showed c- axis growth per-

Temperature 

Stress in 
Gpa 

at 0.1M 
Conc. 

Stress in 
Gpa 

at 0.2M 
Conc. 

Stress in 
Gpa 

at 0.3M 
Conc. 

Stress in 
Gpa 

at 0.4M 
Conc. 

300C 55.066 4.469 26.801 1.0455 

350C 28.80 -0.48798 0.3485 1.3069 

400C 0.2613 0.4182 0.522 0.7841 

450C 2.2624 0.1394 -87.160 0.7841 

TABLE 2 : Stress in Gpa at different temperatures and con-
centrations.

Figure 5 : Transmittance spectra of ZnO thin films at differ-
ent substrate Temperatures

Figure 6 : Transmittance spectra of ZnO thin films at differ-
ent solution concentrations

 



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h

Eh
.Const

2
1

g (6)

Where h is the photon energy and Eg is the optical
band gap which could be calculated from (h)2 verses
h plot, which are shown in Figure 7 and Figure 8. By

Figure 7 : Plot of (ahv)2 vs hv of ZnO thin films at different
substrate Temperatures

Figure 8 : Plot of (ahv)2 vis hv of ZnO thin films at different
solution concentrations
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pendicular to substrate surface. At a substrate tempera-
ture 4000C and 0.2 M concentration, ZnO thin film
showed the highest (002) peak. The grain size increases
(72.26 nm to 105.33 nm) as temperature increases. Zn
� O bond length is minimum at 4000C and 0.2M con-
centration. Dislocation density the films changes from
1.863 x 10-4 (nm)-2 to 0.9032 x 10-4 (nm)-2. Morpho-
logical study showed surface microrods are obtained
at low concentration (0.1M). Length and diameter of
surface microrods were found in the range from 1µm to

8 µm and 0.1 µm to 0.9 µm respectively. Optical band

gap of ZnO thin films was found to be in the range 2.92
eV to 3.24 eV. The films are compressive comparative
to bulk ZnO with average transmission is of the order
of 85% in the visible region.
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