
JOURNAL OF ELECTRICAL AND ELECTRONIC SYSTEMS RESEARCH

53 

Abstract—Aluminium zinc oxide (AZO) thin films were deposited 

by spray pyrolysis method using different deposition time 10 s, 20 

s, 30 s, 40 s, 50 s and 60 s. The structural and electrical properties 

of the AZO thin films were investigated by X-ray diffraction 

(XRD) and two-point probe system. XRD results reveal that all 

AZO thin films were polycrystalline with hexagonal wurtzite 

structure with a preferential oriental in the (101) plane. The 

crystalline size was calculated from Scherrer’s formula were in the 

range from 31 nm to 44 nm. According to the current-voltage (I-

V) measurement spectra, the AZO thin films deposited on Teflon 

substrates with different deposition time had a resistivity of 1.08 x 

102 Ωcm to 9.78 x 101 Ωcm along with conductivity in the range of 

1.02 x 10-2 Scm-1 to 9.26 x 10-3 Scm-1.  

Index Terms—Aluminium zinc oxide (AZO), deposition time, 

electrical properties, structural properties, spray pyrolysis, thin 

film.  

I. INTRODUCTION

OWADAYS transparent conducting zinc oxide (ZnO)

have gained much interest on account of its appreciable 

optical and electrical properties [1], [2]. Besides, ZnO, an n-

type semiconductor oxide component is non-toxic compared to 

other material such as indium tin oxide [3]. ZnO has a direct 

wide bandgap around 3.2 eV to 3.37 eV, which makes ZnO 

optical wavelength spectrum transparent for a large wavelength 

of optical spectrum range [4]. Other advantages of the use of 

ZnO as transparent conductive contact are its abundance in 

nature, high chemical and mechanical stability, high exciton 

binding energy of 60 meV and finally low cost [5], [6]. 
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Due to such remarkable properties of zinc oxide, zinc oxide 

became the most favourable semiconducting material for the 

application in solar cells [7], gas sensor [8], [9], humidity sensor 

[10], chemical sensor [11], photonic crystal, light-emitting 

diodes and ultra-violet (UV) detector [12], [13].  

 A variety of deposition techniques have been used to deposit 

aluminium zinc oxide (AZO) thin film for instance magnetron 

sputtering [14]–[16], pulse laser deposition [17], sol-gel [18], 

[19], hydrothermal, spin coating, chemical vapour deposition 

(CVD) and spray pyrolysis [21], [22]. All these deposition 

techniques should fulfil the requirement to produce a good 

quality AZO thin film. Among the listed techniques, spray 

pyrolysis is one of widely used technique for the preparation of 

AZO thin film due to its simplicity, affordable and non-vacuum 

method. In addition, spray pyrolysis is very useful for large 

scale production [19]. The different deposition parameters of 

spray pyrolysis such as spray time, nozzle to substrate distance, 

gas carrier pressure, type of gas carrier used, the concentration 

of precursor and substrate temperature play an important role in 

the determination of the quality of thin film deposited by spray 

pyrolysis. It has been proven that these deposition parameters 

give a significant effect on the properties of AZO thin film.  

 In the present work, we studied the effect of spray time on 

structural and electrical properties of sprayed AZO thin films. 

AZO thin films were deposited by spray pyrolysis method on 

Teflon substrates. This study can provide a better understanding 

and improvement of the quality of AZO thin films-based 

devices. 

II. EXPERIMENTAL DETAILS

There are three stages of AZO thin film fabrication process, 

which are the beginning, middle and end process. In the 

beginning process, Teflon substrates and AZO solution were 

prepared. While the deposition of AZO thin films and the 

deposition of metal contact took placed in the middle process. 

The end process was the measuring process of AZO thin films 

for structural and electrical properties.  

In the beginning process, Teflon substrate was prepared. 

First, Teflon substrates were cut into 2 cm × 2 cm in size. Then, 

the substrates were cleaned with acetone, deionized (DI) water 

and methanol. The sequence as followed, acetone: DI water: 
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methanol: DI water. The Teflon substrates were sonicated by 

Power-Sonic 405 for 20 minutes each.  The substrates were 

cleaned to remove any contaminants on the surface of the 

substrates. Finally, the cleaned Teflon substrates were blown by 

nitrogen gas with position tilted 35 degrees. In this study, AZO 

solution was synthesized using four materials, Zinc Acetate 

Dehydrate (ZAD) [Zn (CH3OO).2H2O] as precursor, 

Monoethanolamine (MEA) (HOCH2CH2)NH2 as a stabilizer, 

Aluminium Nitrate Nanahydrate AL(NO3)3.9H2O as dopant, 

and 2-methoxyethanol as the solvent. The solutions were 

magnetically mixed and stirred for 3 hours with 80 ̊ C heat. The 

solution was then left overnight for ageing.  

 

 
Fig. 1. Spray pyrolysis set-up. 

In this deposition technique, the AZO solution was sprayed 

by means of a 0.2 mm nozzle assisted by argon gas which was 

kept with 1.0 bar carrier gas pressure over a hot substrate. The 

substrate was heated at 180 ̊ C. AZO thin films were deposited 

onto cleaned Teflon substrate using spray pyrolysis technique 

at various deposition time. The spray pyrolysis technique set-

up was shown in Figure 1. The depositions time were 10, 20, 

30, 40, 50 and 60 seconds. The nozzle to substrate distance was 

held constant at 40 cm. Finally, the deposited AZO thin films 

were dried in the furnace for 30 minutes with temperature 180  ̊

C. Metal contact silver (Ag) deposition were done by the 

thermal evaporator.  

The structural properties were studied by X-ray diffraction 

(XRD) measurements using Rigaku (D/MAX-2000) with Cu 

Kα radiation (λ=0.154 nm) at room temperature. The electrical 

properties were measured by the two-point probe system.  

III. RESULTS AND DISCUSSION  

A. Structural Characterizations 

 

The X-Ray diffraction (XRD) spectra for Aluminium Zinc 

Oxide (AZO) thin films deposited at different deposition time 

were shown in Figure 2. All diffraction spectrum reveals all 

deposited films having preferential growth along (100) and 

(101) planes. Also, all thin films exhibit polycrystalline nature 

that belongs to JCPDS card No.36-1451, which was the 

hexagonal wurtzite type [22].  

 
Fig. 2. X-Ray Diffraction spectra of AZO thin films deposited at different 

deposition time. 

As deposited AZO samples show weak XRD intensity and 

broad peaks which indicated the amorphous structure and poor 

crystallinity of AZO thin films. The increments of deposition 

time do not significantly increase the crystal quality of the thin 

films as the sharp peaks were observed at samples with 

deposition time of 10 s, 20 s, 30 s and 40 s then the peaks 

become broad or dull from 40 s to 50 s onwards. These 

statements were proven by the full width at half maximum 

(FWHM) value of each sample at (101) plane. The FWHM 

values reflex the same trend as XRD spectrum where FWHM 

values of as deposited AZO thin films at 10 s, 20 s, 30 s, 40 s, 

50 s and 60 s to be 0.211⁰, 0.209⁰, 0.191⁰, 0.168⁰, 0.241⁰ and 

0.230⁰ respectively.  

The grain size of AZO thin films could be estimated using 

Scherrer’s formula, as shown by the following equation (1): 

 

                                           𝐷 =
0.9λ

β cos 𝜃
 (1) 

 

Where D is grain size, λ is x-ray wavelength of 1.54 Å. Β is full 

width at half maximum (FWHM) in radian and θ is the 

diffraction angle. The calculated sizes from Scherrer’s formula 

to be 35.69 nm, 35.90 nm, 39.30 nm, 44.70 nm, 31.16 nm and 

32.59 nm as deposited samples and deposition time at 10 s, 20 

s, 30 s, 40 s, 50 s and 60 s respectively as shown in Figure 3. 
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B. Electrical Characterization  

 

 
Figure 4 shows the current-voltage (I-V) measurement 

spectra for AZO thin films at different deposition time using 

silver (Ag) as metal contacts. It was found that the current 

intensity of the AZO thin films at respective voltage was 

highest at 40 s deposition time and lowest at AZO thin film 

deposited at 30 s.  

Figure 5 shows the electrical resistivity of AZO thin films at 

different spray time of 10 s, 20 s, 30 s, 40 s, 50 s and 60 s. The 

resistivity was calculated by the following equation (2): 

 

                                        𝜌 = (
𝑉

𝐼
)

𝑤𝑡

𝑙
 (2) 

 

where V is the voltage applied, I is the measured current, w is 

the width of the electrode, t is the thickness of the film, and l is 

the length between two electrodes.  

Based on figure 5, the lowest resistivity was 3.26 x 101 Ωcm, 

which have a thickness of 1.3 μm and 40 s spray time which 

also the highest value of thickness between other samples. 

Thus, when spray time increases, the crystallite size of the 

sample also increases. It can be explained by the grain boundary 

defects due to the state of oxygen acceptor [23]. It seems that 

grain boundary scattering of charge was reduced, resulting in 

the reduction in resistivity.  

 
Conductivity is inversely perpendicular to the resistivity of 

the thin film, which gives the formula of conductivity in 

equation (3): 

                                            𝜎 =
1

𝜌
 (3) 

 

where σ is the conductivity and ρ is the resistivity of a thin film. 

Figure 6 shows the electrical conductivity of AZO thin films at 

different spray time calculated from I-V curve data. It was 

observed that the conductivity of AZO thin film highest at 

sample deposited at deposition time 40 s. The conductivity of 

AZO decreases as the deposition time decreases but increases 

after 30 s. However, after the increment of the sample deposited 

at 40 s, the conductivity continues to decline.  

 This trend was similar to the grain size trend with different 

spray time of AZO thin films. There were many reasons 

corresponds to conductivity that relates to crystallite size which 

was the structural modification that occurs perpendicularly to 

the substrate surface and the changing stacking mode where it 

affects the dislocation and distortion of the orientation resulting 

in the mobility of charge carrier which will correspond to 

 
Fig. 3. Variation of grain size of AZO thin films at different deposition time. 

 

 
Fig. 4. I-V curve of AZO thin films at different deposition time. 

 

 
Fig. 5. Variation of resistivity with different deposition time. 

 

 
Fig. 6. Electrical conductivity of AZO thin films at different deposition time. 
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increase in resistivity where it also leads to decrease in 

conductivity [24].  

IV. CONCLUSION 

In conclusion, the properties of AZO thin films deposited on 

a Teflon substrate prepared at different deposition time have 

been investigated. Through the study of the effect of deposition 

time on structural and electrical properties of AZO thin films 

deposited by spray pyrolysis, AZO thin film prepared at 40 s 

spray time was found to exhibit quality thin film with 

preferential growth compared to other AZO thin films. The 

increment of crystallite size could improve the electrical 

properties in the thin film. The conductivity of AZO thin films 

was found to be highest at 40 s which was 3.06 x 10-2 Scm-1 

with lowest resistivity value of 3.26 x 101 Ωcm also, have the 

highest crystallite size value of 44.7 nm. 
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