
Advances in Materials Physics and Chemistry, 2012, 2, 11-16 
http://dx.doi.org/10.4236/ampc.2012.21002 Published Online March 2012 (http://www.SciRP.org/journal/ampc) 

Synthesis Sol-Gel Derived Highly Transparent ZnO Thin 
Films for Optoelectronic Applications 

Wasan R. Saleh, Nada M. Saeed*, Wesam A. Twej, Mohammed Alwan 
Physics Department, College of Science, University of Baghdad, Baghdad, Iraq 

Email: *nadaalkhanchi@yahoo.com 
 

Received September 17, 2011; revised October 17, 2011; accepted November 16, 2011 

ABSTRACT 

In this work, ZnO thin films were derived by sol-gel using two different techniques; dip coating and spin coating tech-
nique. The films were deposited onto glass substrate at room temperature using sol-gel composed from zinc acetate de-
hydrate, monoethanolamine, isopropanole, and de-ionized water, the films were preheated at 225˚C for 15 min. The 
crystallographic structures of ZnO films were investigated using X-ray diffraction (XRD); the result shows that the 
good film was prepared at dip coating technique, it was polycrystalline and highly c-orientation along (002) plane, the 
lattice constant ratio (c/a) was calculated at (002), it was about 1.56. The structure of thin films, prepared by spin coat-
ing technique, was amorphous with low intensity and wide peaks. The optical properties of the prepared film were 
studied using UV-VIS spectrophotometer with the range 190 - 850 nm, and by using the fluorescence spectrometer. The 
optical characterization of ZnO thin films that were prepared by the dip coating method have good transmittance of 
about 92% in the visible region, it can be noted from the fluorescence spectrometer two broad visible emission bands 
centered at 380 nm and 430 nm. The optical energy gaps for the direct and indirect allowed transitions were calculated, 
the values were equal 3.2 eV and 3.1 eV respectively. Dip coating technique create ZnO films with potential for appli-
cation as transparent electrodes in optoelectronic devices such as solar cell. 
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1. Introduction 

Zinc oxide films exhibit a combination of interesting 
piezoelectric, electrical, optical, and thermal properties, 
which are already applied in the fabrication of a number 
of devices, such as gas sensors, ultrasonic oscillators and 
transparent electrodes in solar cells. Several techniques 
were employed to produce pure and doped ZnO films, 
including chemical vapor deposition, sputtering, spray 
pyrolysis, and the sol gel process [1]. 

ZnO is widely used as a functional material because 
it has a wide and direct band gap, large exciton binding 
energy, and excellent chemical and thermal stability. 
ZnO is a semiconductor material which is widely used as 
transparent electrodes in solar cells, chemical and gas 
sensors, and light emitting diodes, due to its unique elec-
trical and optical properties. All these applications re-
quire stable and time controllable electrical parameters of 
zinc oxide thin films, possibly achieved without any post- 
growth treatment of the deposited ZnO layers [2]. Normally 
ZnO founds in the hexagonal structure [3]. ZnO thin 
films is interested as transparent conductor, because the 
n-type ZnO thin film has a wide band gap (Eg = 3.2 eV), 
and high transmission in the visible range, and ZnO thin 

films can take place of SnO2 and ITO because of their 
electrical and optical properties and its excellent stability 
which has been mentioned widely [4,5]. 

Nowadays, the sol-gel methods have been extensively 
used to obtain various kinds of functional oxide films. 
Relatively few works have been done in this direction for 
ZnO film prepared by sol-gel process. The Sol-gel proc-
esses have the advantages of controllability of composi-
tions, simplicity in processing and it is of lower material 
cost in comparison to the ITO films [6,7]. 

The sol-gel process is characterized by different phases, 
namely. Hydrolysis of the precursors, condensation, dry- 
ing, sintering. Any of these phases has a great influence 
on the properties of the resulting material. In the recent 
years, there are wide applications in the sol-gel technique 
field. This application includes optoelectronic devices, 
chemical and biological sensors, electrical and thermal 
insulators, industrial materials [8,9]. 

2. Experiment Details 

ZnO thin films were derived by sol-gel method on quartz 
substrate using dipping and spin coating technique. The 
sol solution was prepare by mixing zinc acetate dehy-
drate (Zn(CH3COO)2·2H2O), monoethanolamine (MEA) *Corresponding author. 
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and adequate deionized water, the mixture was added to 
15 ml isopropanol alcohol. The molar ratio of MEA to 
zinc acetate was maintained at 1:1 and the concentration 
of zinc acetate was 0.6 mol/L. The solution was heated at 
60˚C with continuous stirring using magnetic stirrer for 
two hour under reflex until it become clear and homoge-
neous. The prepared solution was aged at room tempera-
ture for one day before coating. The glass substrate was 
cleaned before using for precipitation process by washing 
it with deionized water using ultra sonic for 5 min, then 
the substrate was cleaning again using isopropanol alco-
hol and ultrasonic for 10 min. 

The cleaned glass slide of dimensions (35 mm × 25 
mm × 1 mm) was dipping in the sol gel by a controlled 
withdrawal speed of 1 mm/min; the glass slide was car-
ried out, in the same speed, in the air at room temperature. 
The dipping process was repeated 4 times to get thin 
layer of ZnO films, the films were preheated at 225˚C for 
15 min. 

The thicknesses of ZnO films are calculated by using 
two methods; the “Weighting method” and the “Optical 
interference fringes method”, the average thickness of 
the prepared films were 340 nm and 200 nm for dip- 
coating and spin-coating techniques respectively. 

The crystalline structure was analyzed by X-ray dif-
fraction using Cu radiation 1.54060 Å, 40 KV and 30 

mA, Scanning angle, 2θ, was between (20˚ to 50˚). The 
grain size has been by using Atomic Force Microscope 
(AFM). The optical transmittance and absorbance were 
determined using Optima SP-3000 spectrometer in the 
wavelength range from 190 - 850 nm, while the fluores-
cence spectrum was determined using spectrofluormeter 
SL174. 

3. Results and Discussion 

3.1. X-Ray Diffraction 

X-ray diffraction (XRD) was used for crystal phase iden-
tification for ZnO thin films prepared by sol-gel tech-
nique, Figure 1 represent X-ray pattern of ZnO thin film 
prepared by using dip coating method. 

From Figure 1, the film has polycrystalline of hex-
agonal structure with one sharp peak and two small peaks; 
(002), (101), and (102) appear at 2 = 34.45˚, 36.23˚ and 
47.55˚ respectively, as listed in Table 1. The results are 
in agreement with the American Standard of Testing 
Materials (ASTM) and with [10]. Figure 2 shows that 
the film has amorphous structure with three pronounced 
ZnO diffraction peaks; (100), (002), and (101) appear at 
2 = 31.8˚, 34.4˚and 36.2˚ which are very close to wurtz-
ite ZnO ones and in agreement with (ASTM), as listed in 
Table 2. 
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Figure 1. X-ray diffraction of ZnO thin film prepared by dip coating. 
 

Table 1. The value of (hkl), 2θ, and d for all peak of ZnO thin films prepared by dip coating technique. 

(hkl) (2θ) Degree d (Å) (ASTM) d (Å) (XRD) 

(002) 34.45˚ 2.602 2.601 

(101) 36.23˚ 2.476 2.478 

(102) 47.55˚ 1.911 1.9106 
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Figure 2. X-ray diffraction of ZnO thin film prepared by spin coating. 
 

Table 2. The value of (hkl), 2θ, and d for all peak of ZnO thin films prepared by spin coating technique. 

(hkl) (2θ) Degree d (Å) (ASTM) d (Å) (XRD) 

(100) 31.8˚ 2.816 2.809 

(002) 34.4˚ 2.602 2.604 

(101) 36.2˚ 2.476 2.476 

 
The lattice constants for ZnO thin films can be calcu-

lated by using the fallowing relation [11]: 
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The c/a ratio of the lattice constants was calculated at 
(002), it was 1.56 which is nearly close to the ratio of an 
ideal hexagonal structure which was recorded as 1.633 
[12]. 

3.2. Surface Morphology 

The surface morphology of the ZnO thin films, prepared 
by using two different techniques, are imaged by using 
Atomic Force Microscope (AFM), as shown in Figures 
3(a) and (b), Figure 3(a) shows that the grain size of 
ZnO film prepared by dip coating was about 291 nm and 
roughness of about 3.23 nm. 

Figure 3(b) shows ZnO thin film prepared by spin 
coating, it was constructed from nanostructure with av-
erage dimensions of about 130 nm, the roughness is 2.52 
nm. The roughness of the surface causes enhanced light 
scattering on the surface of the sample that increases the 
refractive index, consequently. 

3.3. Absorption and Transmission 

Dip sample has highly transmission within the visible 
region at high pH; it was about 92% at pH = 6.5, while 

the spin sample show low transmittance compare with 
dip sample at the same pH, as shown in Figure 4. The 
moderately high transmittances of the films throughout 
the VIS. regions make it a good material for photovoltaic 
applications. 

The absorbance of the prepared film is shown in Fig-
ure 5. It is obvious from the figure that the absorbance of 
all samples were decreases as the wavelength increases 
in the visible region. The sample exhibit low absorbance 
at high pH. 

3.4. Photoluminescence Spectrums  

The photoluminescence (PL), studies at room tempera-
ture, provide information of different energy state avail-
able between valence and conduction bands responsible 
for irradiative recombination. Figure 6 represent the pho- 
toluminescence spectrum (PL) of ZnO films prepared by 
dip and spin coating method, the films was excited at 340 
nm. 

Starting from lower pH sample (pH = 6) the PL spec-
trum undistinguished with no discrete luminous bands. 
By increasing the pH value to 6.3 two discrete peaks 
were appeared. The first one fixed at 630 nm, which can 
be referred to the strong direct band transition, responsi-
ble for the UV emission. The second band fixed at 430 
nm is due to exaction emission, which is responsible for 
violet emission and it gives a good evidence of exaction 
formation in the prepared Zn  samples. These samples  O 
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Figure 3. (a) AFM image of ZnO thin film the prepared by dip coating technique; (b) AFM image of ZnO thin film the pre-
pared by spin coating technique. 
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Figure 4. Optical transmittance vs. wavelength for ZnO thin film prepared by dip coating method at different value of pH the 
sol-gel. 
 
have high binding energy enable to create the exciton 
formation at room temperature. 

Further increasing of pH value reaching 6.5, the two 
assigned peaks still exist in the spectrum, but at low in-
tensities and broader. The intensity of the UV peak at pH 
= 6.3 sample is lower than the intensity of the violet peak, 

while at pH = 6.5 sample the intensity of UV peak is 
greater than that of the violet peak. At pH = 6.3 sample 
the band-to-band transition was quenched by the defect 
states. While at pH = 6.5 sample the prepared film be-
comes more cross linked utilizing lower cracks and more 
homogeneous stricture. So the probability of band to  
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Figure 5. Optical absorbance vs. wavelength for ZnO thin 
film prepared by dip coating method at different value of 
pH sol-gel. 
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Figure 6. The photoluminescence spectrum of ZnO film at 
different pH value of the sol-gel. 
 
band transition (375 nm) enhanced with respect to exci-
tation transition (430 nm). 

The increasing of pH lead to accelerate the condensa-
tion rate in the preparing processes [13]. Also this is lead 
to increase the net work cross linking as well as increase 
the particle size of the final product before drying and 
after the dipping processes. 

In spin coating sample, there is a wide band contain 
the two emission band which are appear in the dip coat-
ing sample. This may be attributed to the high speed of 
spinning, which was needed to get homogeneous sample, 
and non newtenion sols behavior utilized by highly con-
densation rate of Zn:Ac at pH of 6.5. This value of pH is 
required in the preparation processes in order to have a 
high transmittance of the film. Slight broadening of band- 
to-band transition peak might be related to the existence 
of micro crack on the surface of the films. A deep level 
peak at 537 nm (green emission) is attributed to zinc va-
cancies. 

The energy band gap from photoluminescence spec-
trum of the ZnO film is calculated by using the following 
equation: 

 
1240

nmgE


                  (2) 

For the Photoluminescence wavelength 380 nm the 
energy band gap is found to be (3.263 eV), which is in 
agreement with the result mentioned by [14].  

3.5. Direct and Indirect Energy Gap 

The value of the energy gap (Eg) of ZnO compound as a 
bulk is equal 3.31 eV but as thin film it is depend on the 
manufacturing techniques [15]. The optical energy gap 
can be estimated by calculating the absorption coefficient 
(α) which depends on the film thickness (length of the 
absorption media) and absorbance, as given in the fol-
lowing equation: 

A
2.303

d
    

 
                (3) 

where A is the absorbance, and d is the thickness. The 
energy gap was estimated by assuming a direct and indi-
rect allowed transition between valence and conduction 
bands using the Tauc equation [16]: 

 r

ghv B hv E  

 

             (4) 

where B is constant, α is the absorption coefficient, hv is 
the incident photon energy, and r is constant, for direct 
transition r equals 1/2, and for indirect transition equals 2 
[5]. Figure 7 shows the plot of (αhv)2 vs hv, Eg is deter-
mined by extrapolating the straight line portion of the 
spectrum to αhv = 0. 

From the figure, the value of the optical energy gap of 
ZnO thin film is equal 3.2 eV for the direct transition 
between valence and conduction bands, this value are in 
good agreement with previously reported value [4,17]. 

The optical energy gap for the indirect allowed transi-
tion of ZnO thin films was calculated from Equation (2) 
using r = 2, it was 3.0 eV, as show in Figure 8. 

The actual values of the optical energy gap are ex- 
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Figure 7. Direct allowed transition energy gap of ZnO thin 
films. 
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Figure 8. The optical energy gap of ZnO films for the indi-
rect allowed transition. 
 
tracted from the direct transition peak found in the pho-
toluminescence spectrum. 

4. Conclusions 

The goal of sol-gel processing is to provide nano-scale 
control over the structure of a material from the earliest 
stage of processing; nanostructure ZnO thin films were 
successfully prepared at room temperature by sol-gel 
technique using spin coating method. The sols remain 
stable and were usable for many days. 

ZnO prepared films by dip coating method have a ho-
mogeneous and dense surface with the hexagonal crys-
talline structure. The dip coating is the preferred method 
to produce more transparence ZnO films. Using Zn con-
centration of 0.6 mol/L in sol prepared films of highest 
transmittance in the visible range higher than 92% with a 
sharp fundamental absorption. The best pH value utiliz-
ing for transparent films and favorable spectroscopic 
properties must be within 6.5 values. 
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