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ZnO is widely used as a functional material because it has a wide and direct band gap, large excitons 

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 electrical and optical properties. Zinc oxide (ZnO) thin films were deposited on glass sub-

strate by dip coating technique. The effects of sol aging time on the deposition of ZnO films were studied by 

using the field emission scanning electron microscopy (FE-SEM) and optical transmission techniques. Thin 

films of ZnO were prepared on glass substrate and annealed at 300 C, 350 C and 400 C. The increase in sol 

aging time resulted in a gradual improvement in crystallinity. Effect of sol aging on optical transparency is 

quite obvious through increased transmission with prolonged sol aging time. Interestingly, 72-168 h sol aging 

time was found to be optimal to achieve smooth surface morphology, good crystallinity and high optical 

transmittance which were attributed to an ideal stability of solution. The UV-Vis transmittance spectrum of 

synthesized sample suggests the optical band gap value of 3.2 eV. Dip coating technique create ZnO films 

with potential for application as transparent electrodes in optoelectronic devices such as solar cell. 
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1. INTRODUCTION 
 

Zinc oxide is one of the versatile and technologically 

interesting semiconducting material because of its typi-

cal properties such as resistivity control over the range 

10 – 3-105 Ω cm [1], transparency in the visible range, 

high electrochemical stability, direct band gap (3.3 eV), 

absence of toxicity and abundance in nature. It crystal-

lizes in a wurtzite structure and exhibits n-type con-

ductivity due to residual donors [2]. Stoichiometric ZnO 

films are highly resistive, but less resistive films can be 

made either by introducing oxygen vacancies which act 

as donors or by doping with group III elements as Al, 

Ga or In [3].  

ZnO is one of the semiconductors having good chem-

ical stability against hydrogen plasma [4] and suitable 

for photovoltaic applications because of its high-

electrical conductivity and optical transmittance in the 

visible region of the solar spectrum [5], which is pri-

marily important in solar cell fabrications. Thin films 

of ZnO can be used as a window layer and also as one of 

the electrodes in solar cell [4]. Along with this applica-

tion, ZnO thin films have been used in varistors [6], gas 

sensors [7] and solar cell transparent contact fabrica-

tion [8] etc.  

ZnO thin films have been prepared by a variety of 

thin-film deposition techniques, such as pulsed laser 

deposition [9], RF magnetron sputtering [10], chemical 

vapour deposition [11], spray pyrolysis [12], electrodep-

osition [13] and sol-gel process [14, 15] etc.  

Among them, the sol-gel technique offers the possi-

bility of preparing a small as well as large-area coating 

of ZnO thin films at low cost for technological applica-

tions. In this work, thin films of ZnO were prepared by 

sol-gel associated with dip coating onto glass sub-

strates. Structural and optical characterizations of ZnO 

thin films are reported. 

 

2. EXPERIMENTAL DETAILS 
 

Sol gel method was used to prepare zinc oxide thin 

film. Zinc acetate dihydrate (Zn(CH3COO)2·2H2O), ab-

solute ethanol and distilled water (H2O) were used as a 

starting material, dissolving 2.2 g of zinc acetate dehy-

drate in 40 ml of distilled water, after which the solu-

tion was stirred vigorously using a magnetic stirrer for 

30 minutes on a hot plate at 60 °C to obtain homogene-

ous solution. After dissolving ethanol and potassium 

hydroxide, heated at 60 C for 1 hr and finally zinc ace-

tate solution added into homogeneous solution. Initially 

the solution was milky but after stirring for approxi-

mately 2 hr at 60 C, the solution became homogene-

ous, transparent and stable. The sol was aged for 

24 hours and then dip-coating was carried out.  

In this experiment glass substrates were used. The 

substrates were washed with a detergent and ultrason-

ically cleaned in acetone and then in isopropanol. Thin 

film of ZnO were deposited on glass substrate obtained 

from blue star, India. Each layer of as prepared film 

was dried at 300 °C and 350 °C in oven for 20 minutes. 

The dipping process was conducted four times after 

each layer cooled down at room temperature.  

For second recipe, 1.0 g polyvinyl alcohol was added 

to the homogeneous solution as a capping agent, stir-

ring this solution for 1hr at 60 °C and aged at room 

temperature for 24 hr. Finally this solution was dip 

coated on the glass substrate with for drying and heat-

ing at same temperature as reported above. 

 

3. RESULTS AND DISCUSSION 
 

3.1 Scanning Electron Microscope 
 

SEM micrographs were taken at different resolu-

tions and resultant SEM images are shown in Figure 1, 

Figure 2 and Figure 3.  

Figure 1 (a) shows the SEM images of the ZnO mul-
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tilayer thin film prepared at different temperatures i.e. 

300 °C, 350 °C and 400 °C. Sample has been synthesized 

at 300 °C for 60 min without any additional agent. The 

surface of the sample is smooth and uniform and a net-

work structure is formed. Micro structural analysis of 

ZnO thin film sample prepared at temperature 300 °C 

was carried out using Scanning electron microscope 

(SEM). The layers do not overlap and there is a light 

trapping structure on the surface. This structure can 

enhance the reflection of the sunlight, lengthen the opti-

cal distance of the sunlight in the thin film and improve 

the photoelectric conversion efficiency as compared with 

the literature [16]. The grains of the thin films have been 

formed with uniform and loose surface. 

During the coalescence stage of the dip coating pro-

cess, fine particles do not have enough kinetic energy to 

grow into larger grains [17]. 
 

 
 

a 
 

 
 

b 
 

Fig. 1 – SEM images of ZnO thin film sample prepared at 

temperature 300 °C 
 

From the Figure 1 (b) images shows that nanoplates 

of ZnO have been produced at 300 °C. This behavior may 

be attributed to the fact that the growth kinetic process 

of ZnO is slow at low temperatures, so the growth of 

nano species takes place at higher temperature to obtain 

different morphological structures. However, rise in re-

action temperature results in increase in reaction rate, 

so ZnO grains rapidly grow, which leads to formation of 

nanorods with random orientations at 300 °C. 

The morphology evolution of ZnO as influence of 

temperature is due to nanorods getting squeezed to-

gether to form nanoparticles [18]. At higher tempera-

ture, 300 °C, nanoplates have been obtained and size of 

these nanoplates is 1 m. So, the most proper reaction 

temperature is that which produces uniform size dis-

tribution of ZnO nanorods with high aspect ratio of 

300 °C as compared with the literature [19]. This cre-

ates great amount of ZnO nuclei and limits the crystal 

growth rate, and then large-scale hexagonal ZnO parti-

cles were produced. The grain size of the film vary be-

tween 1-6 m. So, the most proper reaction tempera-

ture is that which produces uniform size distribution of 

ZnO nanorods with high temperature as compared with 

the literature [20]. 

Figure 2 (a) suggest SEM images of the ZnO thin 

films sample prepared at temperature 350 °C. Figure 2 

(a) shows granular like shape of the grains. Effectively, 

the as-prepared film produces the appearance of a gra 

nular structures composed of small grains that appear 

somehow aggregated with porosity around. The growth 

of unsymmetrical ZnO rod having large surface area 

which or that can be seen in SEM micrograph and this 

was comparable 
 

 
 

a 

 
 

b 
 

Fig. 2 – SEM image of ZnO thin film sample prepared at 

temperature 350 C 
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with literature [21]. Figure 2 (b) show the image of 

sample prepared at 350 °C for 2 hr without any addi-

tional agent. The SEM images of the ZnO thin film 

prepared with different reaction times are presented 

below in Figure 3 (b). It can be seen that the morpholo-

gy of the ZnO structures prepared by different temper-

atures showed similar spindle-shaped/flower structures 

having size 5.38 m. That is, the reaction time had lit-

tle effect on the morphology of the product. This image 

appears as a large area of spindle ZnO. The morpholo-

gies of ZnO nanostructure are diverse from each other. 

The density of ZnO nano crystal is relatively low, only 

little spindly crystal reunited into flower in the present 

concentration which we used in our experiment. When 

concentration is little higher, the density of ZnO nano 

crystals are appropriately, they are clearly visible as 

compared with the literature [22]. 

Surface morphology of ZnO thin film capped with pol-

yvinyl alcohol is shown in Figure 3 (a and b). From the 

Figure 4 in the picture their morphology is not homogene-

ous. Even the appearance of the films does not look good, 

their surface is not uniform and there are many cracks 

and bubbles as compare with the literature [23]. The ZnO 

nanoparticles are clearly seen. The size of these spheres is 
 

 
 

a 
 

 
 

b 
 

Fig. 3 – SEM image of ZnO thin film sample prepared at tem-

perature 400 C (With capping agent)  
 

2.36 m. Thus, capping agent affect the size of grains. 

Figures 3 (a) and (b) depict the SEM images of ZnO 

nanostructure with PVA as a capping agent annealed at 

temperatures 400 C, respectively. With increasing an-

nealing temperatures, the grain growth is observed in 

both samples as compared with the literature [24]. From 

micrograph, it is observed that growth of small square 

shape. Such type of square slabs in ZnO thin films are 

also observed by L. Znaidi et al. [25].  

Table 1 show the grain size and shape of ZnO thin 

film which was deposited at different annealing tem-

peratures. 

 

3.2 UV-VIS Spectroscopy 
 

Ultraviolet-Visible spectroscopy is used to analyze 

materials in the UV (200 to 400 nm) and visible (400 to 

800 nm) region of the electromagnetic spectrum. UV-VIS 

transmittance characterization was used on ZnO thin 

film to investigate their optical properties. UV 

Spectrophotometer is employed in this work to 

characterize the optical properties of the fabricated 

samples. In this work we used to scan the samples in 

the wavelength range of 200-800 nm as shown in 

Figure 4. 
 

Table 1 – Grain shape and size of ZnO thin films deposited at 

different annealing temperatures 
 

№ 

 

Sample Condition 

 

Shape Size 

 

1 

Sample prepared at 

300 °C 

Nanoplates 1 m 

 

2 

Sample prepared at 

350 °C 

Flower like 

shape 

5.38 m 

 

3 

Sample prepared at 

400 °C (With capping 

agent) 

Spherical 

shape 

2.36 m 
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Fig. 4 – Optical transmittance spectrum of ZnO thin film 

sample annealed at temperature 400 C (with capping agent) 
 

As we noted that ZnO thin film shows not very good 

uniformity, but good surface passivation and chemical 

stability. Higher ZnO concentration in the solutions 

will promote aggregation to affect UV absorption and 

scatter visible light. This sample did not show intense 

absorption bands in this UV-Vis region, which indicates 

that the presence of ZnO in the thin film modified the 

optical properties. 
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The optical band gap energy Eg and absorption 

coefficient  is related by the equation (Tauc, 1970) 

[26]. 
 

 (h)2  A(h – Eg)  
 

Where  is the absorption coefficient, A is the con-

stant, h is the Planck’s constant, hν is the photon ener-

gy, Eg is the optical band gap energy. The plot of square 

of the absorption coefficient vs. photon energy of the 

films prepared by different annealing temperatures is 

shown in the Figure 5, Figure 6 and Figure 7.  

The energy gap Eg of the samples were evaluated 

from the intercept of the linear portion of the each 

curve for different annealing temperature with the hν 

in X-axis.  

Figure 5, 6, and 7 shows the relation between ab-

sorption edges (h)2 for PVA capped ZnO thin film as 

a function of photon energy hν. At extension of the 

curve to the value (h)2  0, we get the direct band gap 

of the zinc oxide thin film. The band gap energy Eg of 

PVA capped ZnO thin film is found to be 3.17 eV [27, 

28]. The increase of transmission with increasing con-

centration can be due to a more enhanced crystallinity 

at higher precursor concentration and/or a decreasing 

optical scattering caused by densification of film crys-

tallites. As the concentration increased, the grain size 

is also increased, and the grain boundary density of a 

film is decreased; therefore, the scattering of carriers at 

grain boundaries is decreased. The higher transmission  
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Fig. 5 – Typical (h)2 vs (h) shows optical band gap of sam-

ple annealed at 300 C temperature 
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Fig. 6 – Typical (h)2 vs (h) shows optical band gap of sam-

ple annealed at 350 C temperature 
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Fig. 7 – Typical (h)2 vs (h) shows optical band gap of sam-

ple annealed at 400 C temperature 
 

Table 2 – Grain shape and size of ZnO thin films deposited at 

different annealing temperatures 
 

No 

 

Annealing Tem-

perature (C) 

 

Transmittance 

(%) 

Band 

Gap (eV) 

1 300 C  60 % 3.23 

2 350 C  60 % 4.11 

3 400 C with 

capping agent 

PVA 

 80 % 3.17 

 

reveals the impacts of precursor concentration on the 

optical property [29, 30]. 

It is observed that band gap is tuned in reasonable 

limit with capping agent and annealing temperatures 

3.17-4.11 eV. Transparency as large as 80 % is achieved 

which is quite encouraging by this low cost method 

[28]. Table 2 gives values of Eg of the films deposited at 

different annealing temperatures. 

Above studies suggest the suitability of ZnO trans-

parent layers for optoelectronic applications. Dip coat-

ing looks a suitable low cost method for the deposition 

of such oxide layers, which has potential to scale up to 

industry level. 

 

4. CONCLUSION 
 

ZnO thin films have been grown on glass substrates 

by dip coating technique and film have been character-

ized for optical and structural measurements. All the 

films exhibit high transmittance in the range of 300 nm 

to 800 nm thus making the films suitable for optoelec-

tronic devices, for instance as window layers in solar 

cells. It is clear from the SEM micrograph that the ul-

trathin flake-like nanostructures have grown on layer. 

ZnO nanoplatelets or nanoflakes like structure were 

formed on adding specific amount of zinc acetate dehy-

drated in the above precursors. In addition, network 

like porous structure was obtained because of low tem-

perature growth. The film surface is not uniform and 

there are many cracks and bubbles. The sample which 

is prepared by zinc acetate dehydrated and potassium 

hydroxide 300 °C shows nanorods like structure and 

niagg llams. The other sample which is at 350 °C shows 

spindle like morphology of the sample, prepared by dip 
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coating method. The band gap of the sample is observed 

in the range 3.23 eV, 4.11 eV and 3.17 eV. The films 

showed transparency ( 80 %) in the visible region. 

Transmittance spectra show the transparency is not so 

much good. Above study suggest suitability of dip coat-

ing method for ZnO thin film for low cost optoelectronic 

devices. 
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