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 This paper presents the physical and optical properties of AZO thin films on 
Teflon substrate at low deposition temperature by spray pyrolysis. In this 

study, the effect of different process parameters such as spray time and 
substrate to nozzle distance on the physical and optical characteristic of 
aluminium doped zinc oxide (AZO) deposited on Teflon substrates was 
investigated. The AZO thin films were successfully deposited onto Teflon 
substrate by spray pyrolysis technique at low deposition temperature.  
The physical analysis by X-ray diffraction (XRD) shows that the deposited 
Teflon substrate films have a preferred orientation along the direction (100) 
and (101). Optical measurements were conducted using Jasco/V-670 Ex  
Uv-Vis-NIR Spectrophotometer model to confirms that in visible ray it is 

possible to get good reflectance of AZO films with a reflection of 80%.  
The values of band gaps Eg were calculated from the spectra of UV-Visible 
reflectance that were vary between 3.06 and 3.14 eV.  

Keywords: 

Aluminium zinc oxide (AZO) 

AZO thin film 

Low deposition temperature 

Spray pyrolysis 
Teflon substrate 

Copyright © 2020 Institute of Advanced Engineering and Science.  
All rights reserved. 

Corresponding Author: 

Nur Amalina Muhamad,  

Faculty of Electrical Engineering,  

Universiti Teknologi MARA (UiTM) Cawangan Johor,  

81750 Masai, Johor, Malaysia.  

amalina0942@uitm.edu.my 

 

 

1. INTRODUCTION 

In resent time, Zinc oxide (ZnO) semiconductor-based devices have attracted remarkable interest in 

science and technology field due to exciting and modern applications such as light sensor, gas sensor,  

piezo-electric devices and thermoelectric devices [1-7]. ZnO is an n-type direct band gap semiconductor 

materials that has a wide direct band gap oxide (3.37 eV) and has large exciton binding energy (60 meV) at 
room temperature [8-13]. High structural quality and low deposition temperature play important roles in the 

production of these various applications.  

Therefore, several techniques have been developed including magnetron sputtering, ion plating and 

pulsed-laser deposition [14, 15]. However, these techniques are complicated and expensive. Thus, low cost 

and simple alternative technique have been investigated to cope the problems [16]. Spray pyrolysis method is 

a simple and environmentally friendly method that can produce high quality crystalline AZO films without 

requiring high heat treatment process [17]. In addition, for manufacture of large scale optoelectronic devices, 

flexible substrate such as Teflon substrate is an ideal substrate material because it is commercially available 

and economical [18, 19].  

This paper presents the physical and optical properties of AZO thin films on Teflon substrate at low 

deposition temperature by spray pyrolysis technique, which start from aluminium zinc oxide solution until 

the deposition of the solution onto heated Teflon substrate. In this work, our aim was to study AZO thin films 
deposited onto Teflon substrate at low deposition temperature. The effect of spray time and substrate to 
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nozzle distance on physical and optical properties of AZO was studied. This research will bring significant 

contribution to nanoelectronic devices in the future. 

 

 

2. RESEARCH METHOD 

Aluminium Zinc Oxide (AZO) thin films were deposited onto Teflon substrates by spray pyrolysis 

method. The fabrication process involved were preparation of AZO solution, preparation of Teflon substrates 

and deposition of AZO thin films on Teflon substrates. AZO solution were synthesized using 8.78g  

Zinc Acetate Dehydrate (ZAD) [Zn (CH3OO).2H2O] as precursor, 0.1516g Aluminium Nitrate Nanahydrate 

Al(NO3)3.9H2O as dopant,2.4ml Monoethanolamine (MEA) (HOCH2CH2)NH2 as stabilizer and  
2-methoxyethanol as solvent. The solution contains MEA+AL+MEA were mix with 2-methoxyethanol until 

it reached 100 ml of solution. The solution was magnetically stirred with 80 ̊C heat for 3 hours and then left 

overnight for aging.  

Before AZO thin film deposition, the substrates were cleaned to remove any contaminants present 

on the surface of Teflon substrates. Teflon substrates were firstly cut into 2 cm x 2 cm and cleansed in 

acetone solution, dioxide (DI) water, methanol solution and DI water in ultrasonic bath for 20 minutes.  

Then, the substrates were dried using nitrogen (N2) gas for drying process.  

The deposition of AZO was carried out using spray pyrolysis method. The carrier gas used was 

argon gas which was kept with 1.0 bar carrier gas pressure during all the experiment. The air produced by the 

compressor was connected to the atomizer which was positioned at 3 different distance above the substrate 

that was preheated at a temperature of 180 ̊ C for 30 minutes. The spray time also will be varied to 6 different 
time. The whole experiment was carried out in an enclosed chamber. The parameters for deposition of AZO 

thin films will be listed in Table 1. Finally, the deposited thin films were dried in furnace with temperature 

180  ̊C for 30 minutes.  

 

 

Table 1. Process Parameters for Deposition of AZO thin Films 
Parameter Value 

Spray nozzle diameter 0.2 mm 

Substrate temperature 180 ℃ 

Spray time 20 

Carrier gas pressure 10 s, 20 s, 30 s, 40 s, 50 s and 60 s 

Substrate to nozzle distance 35 cm, 40 cm and 45 cm 

 

 

The physical measurement of AZO thin films was characterized by X-ray diffractometer (XRD) for 

the surface morphology and the crystallinity properties. The optical properties were measured using  

Jasco/V-670 Ex Uv-Vis-NIR Spectrophotometer model at room temperature.  

 

 

3. RESULTS AND ANALYSIS 

3.1.   Physical Characterization 

The crystallographic properties of the spray deposited AZO thin film on the Teflon substrate  

at a low substrate temperature of 180 ℃, were investigated by X-ray diffraction (XRD). For all samples,  

(100) and (101) peaks are much higher than all other AZO thin films peaks. This is result from aluminium 

replacement in hexagonal lattice [20]. The observed diffraction peaks at (100) and (101) planes are in good 

agreement with JCPDS card No. 36-1451 [21, 22]. The XRD pattern of as-prepared AZO thin film on Teflon 

substrate revealed that they were hexagonal wurtzite-type crystal structure. (100) and (101) diffraction peak 

is the only peak acquired from XRD films, indicating that there are no phase corresponding to  

other oxides.  

The diffraction peak (100) and (101) was observed in the range of 31⁰ to 32.2⁰ and 37.2⁰ to 37.6⁰ 

respectively. Among 18 samples from 1X, 1Y and 1Z to 6X, 6Y and 6Z, sample 3X, 4Y and 1Z have  

the smallest full widths at half-maximum (FWHM) of the diffraction peaks at (100) for three different value 
of substrate to nozzle distance. Figure 1 shows the XRD pattern for smallest values of (FWHM) for 3X,  

4Y and 1Z thin films deposited on Teflon substrate by spray pyrolysis method.  
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Figure 1. X-ray diffraction (XRD) pattern of (i) 3X, (ii) 4Y and (iii) 1Z thin films deposited on Teflon 
Substrate by spray pyrolysis method 

 

 

According to previous researcher, for ZnO based materials, the peak broadening of nanocrystalline 

is correlated to crystallite size [23]. For instance, the FWHMs of (100) peaks for samples 3X, 4Y and 1Z 

were 0.17⁰, 0.16⁰ and 0.17⁰ respectively. While FWHMs of diffraction peak (101) for same samples were 

0.5⁰, 0.6⁰ and 0.5⁰. The crystallite size of crystalline materials can be calculated from the FWHMs and 2θ of 

the diffraction peaks using the Scherrer’s formula [24, 25]. 

 

𝐷 =  
0.9𝜆

𝛽 𝑐𝑜𝑠 𝜃
 (1) 

 

where D is the crystallite size, λ is the wavelength of the incident X-ray (0.15406 nm), β and θ are the half-

width at half maximum intensity (FWHM) of the diffraction peak and the Bragg angle at which the 

maximum peak intensity occurs. The calculated crystallite size (D) for each deposited AZO thin film were 

tabulated in Table 2. The crystallite size for diffraction peak (100) calculated using Scherrer equation shows 

increasing in value from distance 35 cm to 40 cm and then decreases in value from 40 cm to 45cm of 

substrate to nozzle distance. This may cause by increasing spray time which also will increase the thickness 
of thin film. As stated by earlier researchers [26, 27], crystallinity increases due to increase in deposition time 

(spray time) which also imply to the thickness of thin films. Thus, from the XRD analysis it can be concluded 

that the best film prepared is sample 4Y which has the largest crystallite size (46.30 nm) with 40 seconds 

spray time and 40 cm substrate to nozzle distance.  

 

 

Table 2. Structural Parameters of AZO thin Films 
Sample ID Position of (100) peak FWHM (⁰) Crystallite size (D) nm 

3X 31.91 0.17 44.40 

4Y 32.14 0.16 46.30 

1Z 32.12 0.17 44.04 

 

 

3.2.   Optical Characterization  

Reflectance spectra of all samples are shown in Figures 2, 3 and 4, note that the reflectance spectra 

of all AZO thin films sample increase smoothly in the Ultraviolet (UV) region. AZO samples show nearly 

80% reflectance except samples deposited at 45 cm substrate to nozzle distance in Figure 4. The reflectance 

spectra in Figure 4 show non-uniform reflectance edge than samples prepared at 35 cm and 40 cm substrate 

to nozzle. Peaks of all samples in the visible region were observed to indication of maximum reflectance 

value for each individual AZO thin films [28]. 
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Figure 2. Optical reflectance spectra of AZO thin films prepared at 35 cm substrate to nozzle distance and six 

different spray time which are 10 s, 20 s, 30 s, 40 s, 50 s and 60 s 

 

 

 
 

Figure 3. Optical reflectance spectra of AZO thin films prepared at 40 cm substrate to nozzle distance and six 

different spray time which are 10 s, 20 s, 30 s, 40 s, 50 s and 60 s 

 

 

 
 

Figure 4. Optical reflectance spectra of AZO thin films prepared at 45 cm substrate to nozzle distance and six 

different spray time which are 10 s, 20 s, 30 s, 40 s, 50 s and 60 s 
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The optical band gap, Eg of AZO thin film can be estimated by the Tauc plot of the Kubelka-Munk 

function. According to the Kubelka-Munk function relation:  

 

𝐹(𝑅) =
𝐾

𝑆
=

(1−𝑅)^2

2𝑅
 (2) 

 

where K is the molar absorption coefficient and S is the scattering factor of the diffused reflectance of the 

film. The Kubelka-Munk function F(R) is directly proportional to the absorption factor, and inversely 

proportional to the scattering factor [29-31].  

The direct band gap energy of deposited AZO thin films were obtained from the intercept of the 

energy axis, y-axis of the tangent to the curve of (F(R)hν)2(eVcm-1)2 vs (hν) curve shown in Figure 5(a), 

5(b) and 5(c) of sample 3X, 4Y and 1Z respectively. The optical band gap of the samples is found to be 3.13 

eV, 3.06 eV and 3.14 eV. The movement of the band gap owing to the increase of Fermi level in the 

conductive band of following semiconductor. From the result obtained, sample 4Y was found to be having 
the smallest value band gap which were 3.16 eV than other samples. This can be related to the physical 

structure of the thin film where sample 4Y also have the greatest crystallinity compared to other samples 

referring to XRD result obtained. The physical structure of the film give impact to the conductivity of the 

thin film where high crystallinity thin film quality will give smaller band gap value thus giving a very 

conductive thin film. Therefore, it can be concluded that the optical band gap increases with increasing 

nozzle-substrate distance less than 40 cm then decreases after the distance of 40 cm as seen in Figures 5(a), 

5(b) and 5(c). These decreases of optical band gap values due to the increase in optical disorder.  

 

 

 
 

 
 

 
 

Figure 5. (a), (b) and (c): Plot of (F(R)hν)2(eVcm-1)2 vs (hν of sample 3X, 4Y and 1Z of AZO thin films 
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4. CONCLUSION 

Aluminium zinc oxide (AZO) thin films by spray pyrolysis method were successfully deposited 

onto Teflon substrate. All AZO thin films were characterized physically and optically in order to study its 

behaviour. The effect of nozzle-substrate distance and spray time on physical and optical properties of the 

Teflon films was investigated. According to the result obtain from the measurement process, the crystallinity 

of all Teflon thin films was improved with nozzle to substrate distance (35cm to 40cm) and spray time  

(30s to 40s). The optical characterization on a range of 300 to 800nm showed that Teflon films have  

a reflectance of 80% where the optical band gap values for the variant spray time and nozzle to substrate 

distance were about 3.06 to 3.24eV. For the future study, the structural and electrical properties will be 

explored for better understanding of the behaviour displayed by AZO thin film deposited onto Teflon 
substrate that can be applied in future device application.  
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