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ABSTRACT 
Indium tin oxide thin films are prepared through the aerosol spray pyrolysis technique at different substrate temperatures. The as 
prepared films were investigated to analyze the effect of substrate temperature on the structural, optical and electrical 
characteristics of the film to explore the possibility of the role in photovoltaic applications. The micron thickness films show well 
defined cubic structure with optical transparency of value above 50%. We could observe a slight variation on the Eg values at 
different substrate temperature. The figure of merit also estimated for the indium doped tin oxide films. The results show 
suitability of these materials for the fabrication of photovoltaic. 
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INTRODUCTION 

 

Indium tin oxide thin films are one of the important transparent electrode materials that find applications in 

various optoelectronics devices including Photovoltaic. Because of its high electrical conductivity, high optical 

transparency and smooth surface morphology they are used as also an anti-reflecting coating and transparent 

conducting electrodes in the solar cells and organic light-emitting diodes (OLEDs) [1,2]. These films exhibit 

several interesting physical and chemical properties to act as sensing element for the detecting as several GH 

gases such as nitrous oxide (NO2) gases and the carbon tetrachloride (CCl4) [3,5] that are responsible for the 

global warming.  

The preparation process will differ for every deposition techniques and the parameters maintained 

throughout the preparation process decide the properties of the films. Indium tin oxide thin films have been 

prepared by various deposition techniques including dc magnetron sputtering [6], electron beam evaporation [7], 

reactive sputtering [4,8], sol-gel method [9,10] chemical vapor deposition (CVD) [11] and spray pyrolysis 

[12,13]. Substrate temperature (TS) is the important parameter in the thin film growth technology. In this paper, 

we present our study on the electrical and optical characteristics of the ITO thin films prepared at different 

substrate temperature. We have adopted a technique by generating aerosol to grow the thin film through spray 

pyrolysis technique. To the best of our knowledge there is no literature available on the ITO films grown at such 

a low value of TS through spray pyrolysis technique. 
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MATERIALS AND METHODS 

 

All Tin II chloride dihydrate (SnCl2.2H2O) from Merck and Indium III chloride hydrate 99.99% from Alfa 

Aesar were used as the precursors. The solution was prepared using Indium III chloride hydrate and SnCI2.2H2O 

with the concentrations of 1:9, dissolved in isopropyl alcohol and de-ionized water about 50 ml. Microscopic 

glass slides were used as the substrates and cleaned with chromic acid, soap solution in ordinary water, distilled 

water and then with acetone. The solution was sprayed on the substrate whose temperature is kept at various 

values starting from 200°C to 275°C. After the deposition, films were cooled to the ambient temperature. The 

‘as deposited’ films are characterized by different techniques to analyze the effect of TS. To get the structural 

details of the films X-Ray diffraction pattern were obtained from the XPERT-PRO diffraction system equipped 

with Cu-Kα radiation, Optical transmittance spectrum was taken using an Ocean Optics spectrometer, and the 

surface morphology of the films were observed using Carl Zeiss EVO 18 and the EDX with Quantax 200 with 

X-flash – Bruker. The sheet resistance of the films is measured using the KEITHLEY 2000 digital multimeter. 

The nature of the sample was found through hot probe method. The band gap values are obtained from the 

optical data.  

 

RESULTS AND DISCUSSION 

 

Figure.1 shows a typical X Ray diffraction patterns for the as-deposited indium tin oxide thin films 

prepared at 200°C, 225°C, 250°C and 275°C. The results reveal that the films deposited at 200°C and 225°C are 

in amorphous state. When the TS is 250°C we could get the peak oriented along (4 4 0) and another one 

deposited at 275 °C shows the peaks oriented along (2 2 2), (4 0 0) and (4 4 0) direction depending on their 

energies [6,9,10, 14]. The thin film deposited at 275 °C is identified as polycrystalline indium oxide with a cubic 

structure. Parameter “a” of the films was found to be 10.55 Å which is close in agreement with the JCPDS file – 

89-4598 for the ITO. Grain size (δ) is deduced from the diffraction peak data value using the Scherrer relation 

and the values comes out to be ∼5 and ∼8 nm corresponding to the films of TS values 250°C and 275°C 

respectively. These values are very less compared to the above mentioned values where TS is higher. 
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Fig. 1: XRD pattern for the films a) deposited at 200°C,  b) 225°C,  c) 250°C & d) 275°C 

 

The optical transmittance spectrum for the films was recorded in the wavelength range of 300 to 800 nm 

which is shown in the Figure.2 (a) and could observe the absorption in the ultraviolet region and the 

transmittance in the visible region ranging from 55 to 83% for this set of samples. Film thickness was calculated 

using the formula [A Goswami, 1996] the results are given in the Table. 1. 
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Where, t is the film thickness, λ1, λ2 and λ’1, λ'2 are the two continuous maxima and minima respectively 

and n is refractive index. We could observe that film thickness increases as TS increases. It is interesting that the 

rate of increase in film thickness gradually goes up as TS increase from 200°C to 275°C there is a 100% increase 

in film thickness, whose values in nm at 200°C grown into micron size at 275°C. This shows the strong 

influence of the TS on the film thickness. This increase is due to the enhanced adsorption of the ions on the TS is 

raised.  

From the transition probability calculations the band gap of the spray coated ITO thin films are estimated 

and the values are given in the Table. 1. The range values indicate they are direct and allowed transition. 

 

 
Fig. 2: a) Transmittance spectrum for the films and b) the Plot of αhυ2 Vs hυ 

 

 
Fig. 3: SEM micrographs: a) , b), c) & d) for the films deposited at 200 °C, 225 °C, 250 °C & 275 °C 

respectively 

 

When it is used for photovoltaic application the light harvesting capacity of the materials largely depends 

on the surface and texture of the films. Hence we have investigated the morphology of the films using SEM. 

Figure. 3 show the microstructure of the film’s surface and we observe the grains are spherical in shape with 

crack. These broken grains are due to the sudden evaporation taken place while the droplets of the precursor 

solution fall on the hot surface of the substrate. The EDX spectrum (Figure. 4) conforms the presence of Indium, 

Tin and oxygen along with the silicon which comes from the substrate.  
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Fig. 4: EDX spectrum for the films a) deposited at 250°C & b) 275°C 

 

Another interesting investigation is the semiconducting nature of the film. Through hot probe method we 

could observe the positive Seeback voltage that indicates n-type semiconducting nature of the films. To study 

the electrical characteristics, sheet resistance of the films grown at different TS were estimated that indicates the 

conductivity increases while TS increases, which is an expected behavior of the semiconducting film. This trend 

may be attributed to the better crystallinity of the films and increased grain size. [16].  

Figure of merit is yet another important tool to validate the transparent electrodes performance. It is 

calculated using well known Haacke’s figure of merit [19] equation:  

S

TC
R

T 10

                (2) 

Where, T is the transmittance at 550 nm and RS is the sheet resistance. The figure of merit for the thin films 

was evaluated and is given in Table. 1.   

 
Table 1: Properties of the indium doped tin oxide thin films (this work) 

Substrate 

Temperature 
Ts (

oC) 

Thickness of 

the film (nm) 

Structure Grain 

Size 
(nm) 

Transmittance 

(%) 

Figure of 

merit 
(x10−9Ω−1) 

Optical 

band gap 
(eV) 

Resistivity 

( x10−3 

Ω.m) 

Sheet 

Resistance  
(x103Ω/sq) 

200 365 Amph - 83 - 3.78 high high 

225 402 Amph - 58 1.38 3.76 1688 4200 
250 

 

275 

660 

 

1378 

Cubic 

 

Cubic 

~5 

 

~8 

55 

 

55 

1.42 

 

9.52 

3.75 

 

3.71 

726 

 

118.17 

1100 

 

90.9 

 
Table 2: Properties of the indium doped tin oxide thin films from the reference 

Method of film 

deposition 

Substrate 

Temperature Ts 

(oC) 

Transmittance (%) Resistivity Ω.cm Sheet Resistance 

(Ω/sq) 

Ref. 

PLD 300 90 1.9 x10-4 - [2] 

RF/DC Mag. 150-250 86 3.574x10-4 - [3, 6, 14] 

PVD - 85 5.7 x10-3 - [5, 7] 

R. Sputtering 40-250 85 6 x10-4 - [4, 8] 

Sol Gel ~300 90.2 4.59 x10-3 30 [9, 10] 

CVD 400 80 2.9 x10-4 - [11] 

Spray 300-350 90 0.4 x10-4 - [12, 13, 16-18] 

 

Conclusion: 

ITO films deposited at 200°C and 225°C are in amorphous state while the film grown at 275°C is identified 

as polycrystalline indium tin oxide with a cubic structure. All the films that are consider for the work show 

transparency above 55%. We could observe considerable increase in thickness of the film as TS increased. It is 
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interesting to know that few hundreds of nm grows into micron thick at an elevated temperature. The trend is 

same for the conducting behavior also. We have estimate the figure of merit of the films and could obtain 

highest value of figure of merit for the film deposited at 275°C, compare to the low TS values. From these 

results we conclude the TS have strong influence on the optical and electrical enhancement. We also conclude 

these films deposited at low range TS suitable for photovoltaic applications. 
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