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1. Introduction  

Transparent conductive oxide (TCO) thin films such as Al doped zinc oxide (AZO) and tin doped indium oxide 
(ITO), due to their low resistivity and high transmittance, have been widely used as transparent conductive 
electrodes for various displays (Li et al., 2010; Minami, 2005) and photovoltaic devices (Manavizadeh et al., 
2009; Bagherzadeh et al., 2009). In generally, TCO thin films were prepared by many methods such as spray 
pyrolysis (Lokhande & Uplane, 2000), pulsed laser deposition (Shin et al., 2011; Viespe et al., 2007), chemical 
vapor deposition (Gaskell & Sheel, 2011; Kim et al., 2010), sol–gel (D. Raoufi &T. Raoufi, 2009; Valencia et 
al., 2008) and sputtering method (Lei et al., 2010; Manavizadeh et al., 2009). Among these techniques, 
sputtering of TCOs is an interesting technique for all applications where low process temperatures are desired 
and the stoichiometry of the films are more controllable than other techniques (Manavizadeh and et. al., 2009).  

Nowadays, the replacement to flexible polymer substrates is gaining a great interest (Fahland et al., 2001, 
Guille & Herrero, 2005) because it can give advantages such as lighter weight, higher shock resistance and 
scalable roll-to-roll preparation procedures. 

In this work, we investigate the effect of ITO buffer layer on AZO physical properties on glass and flexible 
PET substrates. Results show that ITO buffet layer improves the quality of AZO thin films on both substrates. 
The Optical, electrical and morphological properties of AZO layer are analyzed by UV/VIS/IR spectroscopy, 
four point probes and SEM analyses. The quality of films deposited on buffer layer is found to be superior to 
those grown directly on a substrate. 

Experimental 

The substrates used in this study were micro slide glass (rigid substrate) and PET (flexible substrate). All 
substrates were cleaned by RCA method (DI water, ammonia, hydrogen peroxide 5:1:1). The ITO buffer layer 
(~100nm) was deposited on all substrates by RF sputtering at 250W power from an ITO source, with a purity of 
99.99%. Subsequently, the AZO layer with a thickness of 100nm was deposited onto the ITO film on the 
corresponding substrates. The distance between the source and the substrates was 60mm. The vacuum chamber 
was evacuated down to a base pressure of about 6×10-6Torr prior deposition. The reactive sputtering gas was 
high purity argon (99.999%). The deposition was carried out at a constant pressure of 20mTorr. In this work, 
ITO thin films have been grown by sputtering at room temperature simultaneously onto glass and PET 
substrates because of the weak thermal resistance of polymer substrates in high temperature. In order to study 
the physical properties of these layers, the morphological, electrical and optical properties of layers are 
analyzed by scanning electron microscopy (SEM), four point probe system (Keithley 196 & 224) and 
UV/VIS/IR spectrometer (Varian Cary 500), respectively.  

2. Results and Discussion 

In order to analyze the influence of the ITO buffer layer on the structure of AZO thin films, ITO transmittance 
property on both substrates was characterized and then AZO films deposited onto ITO layers were studied. 

Optical transmittance spectra of the ITO on glass and PET substrates are shown in Fig.1. In order to compare 
the transmittance of the ITO coating deposited onto the glass and the polymer, it has been calculated from the 
transmittance Spectrum of the ITO-coated samples by subtracting the transmittance of the corresponding 
substrate. Results demonstrate that the average transmittance of ITO in visible range on Glass and PET 
substrates is 77.8% and 83%, respectively. 



 

Fig. 1: Optical transmittance spectra for ITO layers on Glass and PET substrates. 

 

Fig. 2 shows the transmittance spectra of AZO thin films deposited on Glass and PET substrates with and 
without ITO buffer layer. Although thick layer invariably have lower optical transmission due to optical 
scattering from longer optical path (Wong et al., 2004), the transmittance of AZO films are increased by 
applying the ITO buffer layer. Results show that the average transmittance of AZO varies from 83% to 89% on 
PET substrates and varies from 82% to 92% on glass substrates. This means that ITO buffer layer improves the 
transmission of AZO thin films on the glass and PET substrates. 

 

Fig. 2: Optical transmittance spectra for AZO thin films with and without ITO buffer layer on Glass and PET substrates. 

 
The electrical resistivity of the films was measured by four point probe system. The measured values 

demonstrate that the application of ITO buffer layer reduces the resistivity of AZO film from 4.75×10-2 �cm to 
6.9×10-4 �cm on glass substrate and from 2.27×10-2 �cm to 1.04×10-3 �cm on PET substrate which is due to 
increase of free electron concentration in AZO. The resistivity of the ITO layers on both substrates and AZO 
thin films with and without buffer layers are summarized in Table 1. Comparison of the results shows that 

resistivity of AZO thin film on glass substrate with ZnO buffer layer is the least. This is due to the highest 
number of vacancies. In other word, multilayer thin films show different physical properties other than the 
conventional monolayer thin films (Fallah et al., 2007). The quality of films deposited on buffer layer is found 
to be superior to those grown directly on a substrate (Fallah et al., 2007; Viespe et al. 2007). 

 

 

 



Tab. 1: The Electrical Resistivity of ITO and AZO thin films on both substrates  

Structure Resistivity×10-4 (�-cm) 

ITO/Glass 23.7 
ITO/PET 10.1 

AZO/Glass 227 

AZO/PET 475 

AZO/ITO/Glass 10.4 

AZO/ITO/PET 6.9 

 

Figure 3 shows the surface SEM images of ITO on glass and PET substrates before AZO deposition.  
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Fig. 3: SEM images of ITO on (a) glass and (b) PET substrates. 

 

In order to investigate the morphological properties if AZO on glass and PET substrate in presence of ITO 
buffer layer, the surface and cross-sectional microstructure of AZO films has been imaged by SEM in Fig. 4 
and Fig. 5. The SEM photograph reveals that the growth mechanism of the AZO films on the both substrates is 
3-dimensional manner and a granular crystalline structure is formed, but on glass crystallizes in good order, and 
on PET substrate crystallizes disordered and results the higher resistivity of AZO on such substrates. 

The SEM images reveal that the flat surface of the AZO thin film on ITO/Glass and ITO/PET is a result of the 
most perfectly matching crystal lattice of layer and substrate. SEM images of AZO thin films also show that 
AZO grains on Glass and PET substrate with ITO buffer layer are more uniform than AZO grains on bare glass 
and PET substrate. 
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    Fig. 4: The surface and cross-sectional SEM images of AZO on (a) glass and (b) PET substrates. 

 

 
(a) 

 

 

 

 

 

 
 

 

 

 

(b) 

Fig. 5: The cross-sectional SEM images of AZO on (a) ITO/glass and (b) ITO/PET substrates. 

3. Conclusions 

Optical, electrical and morphological properties of AZO on glass and PET substrates with and without ITO 
buffer layer were analyzed. The quality of films deposited on buffer layer is found to be superior to those grown 
directly on a substrate. The morphological, optical and electrical studies reveal that ITO buffer layers improve 
the crystalline quality, optical and electrical properties of AZO thin films. The results indicate that the 
application of  ITO buffer layer reduces the resistivity of AZO film from 2.27×10-2 �cm to 1.04×10-3 �cm on 



glass substrate and from 4.75×10-2 �cm to 6.9×10-4 �cm on PET substrate which is due to increase of free 
electron concentration in AZO. ITO buffer layer increases the AZO average transmission in visible region (400-
800nm) to 92% and 89% on glass and PET substrates, respectively. The SEM images reveal that the flat surface 
of the AZO thin film on ITO/Glass and ITO/PET is a result of the most perfectly matching crystal lattice of 
layer and substrate. SEM images of AZO thin films also show that AZO grains on Glass and PET substrate with 
ITO buffer layer are more uniform than AZO grains on bare glass and PET substrate.  
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