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Structured Analysis of Nanostructured Zinc Oxide (ZnO) Thin Films Deposited by Sol-Gel

In this work, zinc oxide (ZnO) thin films are deposited on glass substrate using the sol-gel spin coating technique. The effect 
of annealing temperature on structural properties was investigated. The ZnO sol-gel was produced from zinc acetate dehydrate 
as the starting material with iso-propanol alcohol as the stabilizer. The ratio was controlled, distilled water and diethanolamine as 
the solvent mixing on a magnetic stirrer for an hour under constant heat of 60°C. The ZnO thin film was deposited using the spin 
coating technique with the speed of 3000 rpm for 30 minutes before the sample undergoes pre-heat in the oven at the temperature 
of 100°C for 10 minutes. The sample was annealing in the furnace for an hour at 200°C, 350°C, and 500°C. The X-ray diffraction 
(XRD) analysis confirms that hexagonal wurtzite structure with zincite and zinc acetate hydroxide hydrate composition. The thin 
films surface roughness was analyzed using an atomic force microscope (AFM) and scanning electron microscope (SEM) for 
surface morphology observation. 

Keywords: Sol-gel; Zinc Oxide (ZnO); Thin films; nanostructured

1. Introduction

The ZnO is a semiconductor material with several favorable 
properties, including good optical properties such as transpar-
ency, high and room-temperature solid [1,2]. The application of 
thin film has been widely used nowadays in the field of semi-
conductors [3], oil-water separation [4], and optical application 
[5]. ZnO thin film is one of the essential types of thin film. ZnO 
thin film can be grown using various techniques from physical 
method and chemical method. Many causes can interfere with 
thin-film growth, such as the environment, the deformation tech-
nique, and the method. Different types of emission defects had 
been recorded, with some of them already been identified as the 
causes. At the same time, the rest of it remains experimental and 
study and the study that has been done on how to obtain a thin 
film with better structural quality with better optical properties, 
composition, and improves morphological structure. In this 
study, the ratio of the starting material was iso-propanol alcohol 
and the heat treatment temperature is tested to obtain a conclu-
sion on a better ZnO thin film besides finding the solution on the 

emission defect. Thin-film deposition techniques can generally 
be classified in three ways: physical process, chemical process, 
and wetting process. The physical method covers the deposition 
technique, which depends on the evaporation and ejection of the 
materials from the source.

In contrast, the chemical method covers the deposition 
technique, which depends on the physical properties, thermal 
effects, and thermal growth [6,7]. The film growth generally 
occurs at the third step, where the unit species lose their velocity 
component normal to the substrate and are physically absorbed 
onto the surface of the substrate with a weak bond. The absorbed 
species are not in equilibrium with each other around the surface 
until they interact with other adsorbed atoms and form clusters. 
Finally, the clusters continue to grow until they reach a critical 
radius that is thermodynamically stable as the nucleus. Various 
deposition techniques have prepared ZnO thin films, including 
sol-gel process [1,2,8], spray pyrolysis [9], ultrasonic spray [6], 
magnetron sputtering [10], pulsed laser deposition [11], and reac-
tive electron beam evaporation. An excellent optical properties 
quality material shows high transparency within a visible range 
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with an average transmittance between 80 and 90% due to low 
scattering or absorption loss [12]. Typically the reflectance 
decreases while the transmittance increase depending on the 
doping materials. For a better quality of optical properties closely 
related to the characteristic of the bandgap of the material as the 
wider bandgap brings the better optical properties [12]. Optical 
properties were studied using a UV-Vis spectrophotometer to 
determine the absorbance, transmittance percentage, and concen-
tration of materials. In this study, the ratio of the starting material 
and the sintering temperature was variable to growth on a better 
ZnO thin film besides finding the solution on deposition effect  
parameters.

2. Methodology

The detailed procedure to grow ZnO thin film on glass sub-
strates and each characterization process with analysis procedure 
on X-ray diffraction (XRD), Atomic Force Microscope (AFM), 
and Scanning Electron Microscope (SEM).

Sol-gel preparation and characterization

The ZnO thin films were prepared by using the sol-gel 
method. The glass substrates were cleaned by using acetone, 
ethanol, and distilled water in the ultrasonic bath. Then, the 
glass substrate was put into acetone solution and cleaned using 
an ultrasonic bath for 10 minutes. The ZnO sol-gel was prepared 
by dissolving zinc acetate dihydrate (Zn(CH3COO)2.2H2O) in 
iso-propanol (C3H8O). The diethanolamine (DEA) (C4H11NO2 
and distilled water which both act as a catalyst. The zinc acetate 
dihydrate powder was dissolved in iso-propanol with a concen-
tration of 0.06 mol/L to form the ZnO precursor solution. The 
precursor solution was stirred for 30 minutes and heated at 60°C 
on a hotplate magnetic stirrer until a homogenous ZnO precur-
sor solution was formed. Then, diethanolamine and distilled 
water were added drop by drop until the solution changed from 
milky white to a clear transparent solution. The solution was 
thoroughly stirred and heated for 2 hours before being kept for 
24 hours aging process at room temperature at 23°C. The sol-gel 
synthesis parameter was set at ratios 1 and 10 of Iso-Propanol, 
as shown in Tables 1 and 2.

Table 1

Chemical composition for solution ratio 1 

Name of chemical Chemical formula Ratio
Zinc acetate dehydrate Zn(CH3COO)2.2H2O 1

Iso-Propanol C3H8O 1
Distilled water H2O 1
Diethanolamine C4H11NO2 1

Table 2

Chemical composition for solution ratio 10

Name of chemical Chemical formula Ratio
Zinc acetate dehydrate Zn(CH3COO)2.2H2O 1

Iso-Propanol C3H8O 10
Distilled water H2O 1
Diethanolamine C4H11NO2 1

Spin coating technique

The ZnO films were deposited on glass substrates by us-
ing the spin coating technique. The spin coating technique has 
been conducted by dripping sol-gel dropped onto a substrate 
and spin at 3000 rpm for 30 seconds. The droplet of ZnO sol-gel 
spreads rapidly on the substrate. Spin coater (VTC-50A, MTI 
Corporation) was used to deposit thin films. The substrate was 
placed on the spin coater rotating plate center with a few drops 
of ZnO sol dripped onto the substrate. Then, the spin coater was 
switched on to deposit the thin film. The deposition was run 
for ten cycles for one type of ZnO sol until the resulting thin 
film form on the glass substrate. The thin film deposition was 
conducted in a control fume hood at room temperature. After 
each deposition cycle, the substrate was taken out from the spin 
coater and dried in the oven at 100°C for 3 minutes to evaporate 
the ZnO sol-gel and remove organic residual. One deposition 
cycle is considered as one time of deposition with a one-time 
drying process. After the drying process in the oven was done, 
the substrate should be cooled to room temperature before other 
deposition cycles can be done on the substrate. The deposited 
substrate was then calcined at 200°C, 350°C, and 500°C in the 
furnace for the resulting ZnO thin film. 

Characterization Analysis

The ZnO thin films have been characterized with vari-
ous methods such as XRD, FESEM, AFM, EDX, and UV-Vis. 
Different methods are used to study different analyses of ZnO 
thin film characteristics. The X-Ray Diffraction (XRD, Bruker 
D8 Advanced) analyzed thin films’ crystal structure and lattice 
parameters. The characterization was obtained with Cu-Kα radia-
tion at a wavelength range is 0.15406 nm and scan angle 2θ. The 
analysis is carried out at 2θ (20° to 70°). The results obtained 
from XRD were analyzed using EVA software to match with 
a standard pattern. The Scanning Electron Microscope (SEM) 
was used to observe the morphology of the thin film sample at 
high magnification, high resolution, and depth of focus. Atomic 
Force Microscope (AFM) (XE-100 Park System) was used to 
scan surface topographies and RMS values. In this study, the scan 
size used was 3 µm × 3 µm. The results obtained were analyzed 
using XEC software. 
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3. Results and Discussion

Structure analysis of ZnO thin film

The crystal structure of ZnO thin film was studied using 
X-ray diffraction (XRD). Fig. 1 shown the XRD analysis of ZnO 
thin films with two different ratios of Iso-Propanol and three 
calcination temperatures at 200°C, 350°C, and 500°C. Fig. 1 
shows the XRD spectra of ZnO thin film based on the sol-gel 
ratio (1 and 10). The XRD spectra match two types of structure, 
zinc acetate hydroxide hydrate from the reference spectra file 
no PDF2007:00-056-0569 and zinc oxide with the spectra file 
no of PDF2007:00 036-1451. Through the analysis from Fig. 1 
at the highest diffraction peak resulting at ZnO (101) followed 
by (002) and (100) respectively. In contrast, the higher peak and 
intensity was formed at the sample with calcination temperature 
of 500°C compare to the sample with calcination temperature of 
350°C and 200°C. The results have shown that the diffraction 
for samples with calcination temperature of 350°C and 200°C 
has a very low intensity. It is shown that the intensity increases 
if the sol-gel ratios decrease. The sample with calcination 
temperature of 350°C with the sol-gel ratio one and the sample 
with calcination temperature of 200°C detected the composition 
of zinc acetate hydroxide hydrate caused by contamination to 

the sol-gel during sol-gel preparation. The XRD result demon-
strated that all the film is polycrystalline wurtzite hexagonal 
structure. The findings are similar to Vaseem and Shaivalini 
findings, where the similar composition detected on XRD 
analysis with the same highest peak plane also obtain from the 
 graph [8,13].

Surface roughness analysis of ZnO thin film

The surface roughness of ZnO thin film was characterized 
using AFM. The surface’s mean roughness (Ra) is calculated 
for a 3 μm2 × 3 μm2 scan area. Fig. 2 shown the root mean 
square (RMS) vs. temperature (°C), while Fig. 3 shows AFM 
topographies of ZnO thin films. Based on Fig. 2 and Fig. 3, 
the sol-gel ratio and calcination temperature affect the surface 
roughness and morphology of the thin film. The morphology of 
the ZnO thin film shows that a higher ratio of solvent and higher 
calcination temperature gave the smaller grain size compared to 
all the samples. Mouet T [13] found a similar result where the 
temperature directly effects the sample roughness and grain size. 
According to Fig. 2, the sample with an annealing temperature 
at 350°C has a smoother surface than sample calcination at 
200°C and 500°C because the temperature effects the rough-
ness and grain size. Fig. 3 shows that the sample with the higher 
ratio of the sol-gel given a smaller roughness value compared 
with the lower ratio of solvent. It is known that the increase 
in surface roughness may cause deterioration of the optical 
 properties [14]. 

Fig. 2. RMS table on surface roughness for samples

Surface morphology analysis of ZnO thin film

The micrograph of ZnO thin film was observed using a scan-
ning electron microscope (SEM). Fig. 4 shows the micrograph 
of the ZnO thin film using the SEM at the magnification of 1000 
times based on the sol-gel ratio. The micrograph shows the thin 
film’s surface morphology given the different grain boundary 
sizes at 500°C with ratios 1 and 10. Fig. 4 shows the ZnO thin 
films micrograph with a ratio 1 has a smoother surface than 

(a)

(b)
Fig. 1. XRD pattern for the sample with sol-gel (a) ratio one and (b) ten
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Ratio 1 Ratio 10

200°C

350°C

500°C

Fig. 3. AFM surface Morphology of ZnO Thin Films with different parameter with magnifications 3 μm2 × 3 μm2
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10 ratio. From the perspective of the sol-gel ratio, the grain 
boundary of samples with a sol-gel ratio of 1 is more significant 
than samples with a sol-gel ratio of 10 higher intensity thin film, 
causing it harder to close the gap between grains. The findings 
made by P. Hosseini Vajargah and Shaivalini Singh show the 
same type of grain, and boundary conditions prove that tem-
perature directly effects the grain condition of the thin film and 
the surface roughness [1,13]. Our finding can be concluded that 
the ratio of solvent, i.e., Iso-Propanol, also given a different 
surface structure.

(a)

(b)
Fig. 4. Micrograph image of SEM on sample at 500°C with ratio (a) 1 
and (b) 10 

5. Conclusion

In conclusion, the different structured of ZnO thin films 
were obtained using the different ratios of iso-propanol alcohol 
at ratios 1 and 10 on composition. The other parameter were con-
trolled are calcination temperature process at 200°C, 350°C, and 
500°C. The XRD spectra showed the existence of ZnO with the 

crystal structure with hexagonal wurtzite of the highest diffrac-
tion peak resulting at ZnO (101) followed by (002) and (100) with 
calcination temperature at 500°C. It is proved that the intensity 
of thin film can be controlled by the calcination temperature 
and the ratio of sol-gel. The intensity of thin-film increases with 
the increase of the calcination temperature. The result of AFM 
shows that the chemical ratio and calcination temperature affect 
the thin film surface roughness and morphology. It proved that 
the sample with a higher ratio of sol-gel has a smaller roughness 
value than the sample with a lower ratio of sol-gel. The sol-gel 
ratio and calcination temperature also can control the surface 
condition and grain boundary shown with the SEM image.  
The smaller sol-gel ratio has the more extensive grain bound-
ary because higher intensity thin film causing it harder to close 
the gap between grains. The in-depth analysis of influences 
temperature and solvent maybe will be extended to include in 
further studies. 
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