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Abstract: Aluminum doped tin oxide SnO2: Al thin films were deposited on glass substrates using 
spray pyrolysis method. The deposited films are a polycrystalline with a tetragonal rutile structure. 
The variation of lattice parameters a and c decreases as a function of Al concentration due to ionic 
radius of (Sn=0.71Å) and (Al=0.51Å).Crystallites sizes varied between 29.25 and 32.80 nm. Al the 
samples have a transmission raised between 92 and 95% in the visible range. The optical band 
gap energy was found to vary in the range of 3.68 - 3.85eV. Electrical measurements revealed the 
increase of the electrical conductivity with Al content and show a maximum at 2% of the doping and 
then decreases due to decrease of the grain size. Following this study we can conclude that the 
Aluminum doped tin oxide developed by this technique can be used in gas sensors and 
photovoltaic cells. 
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1. INTRODUCTION 
 
In the past few years, an improvement in the 
research was observed on TCOs, like SnO2 
due to its remarquable physical properties 
and several applications in various domain 
like transparent conducting electrodes in solar 
cells [1], light emitting diodes, and gaz 
sensors [2] .Many reaches have been used 
for photovoltaic application [3-5] due to high 
transparency in the visible region and good 
electrical conductivity.SnO2 is a wide band 
gap semi-conductor with an energy of 3,6eV 
at room temperature exhibiting n type 
electrical conductivity. In order to improve the 
physical properties, doping is necessary step. 
In SnO2, doping is achieved by replacing 
Sn4+atoms with atoms of higher valences 
element. Doping with selective elements 
helps to enhance the structural, electrical and 
optical properties of SnO2 films. The 
efficiency of the doped element depends on 
difference on doping ionic radius and tin ionic 
radius.  
Doping aluminum is chemically stable and 
have ionic radius (Al3+=0,51Å), ionic radius of 
tin (Sn4+=0,71Å) therefore it can be 
substituted into Sn lattice site and can 
contribute to improve the electrical 
conductivity. Several research have studied 
the physical properties of SnO2:Al 
synthesized  by various techniques like RF 

magnetron sputtering [6] sol gel[7] spray 
pyrolysis [8], electron beam evaporation[9]. 
In our work the spray pyrolysis method is  
used to deposit  the SnO2:Al thin films,  due 
to its low fabrication cost and its high deposit 
temperature on glass substrates [10-11].  
The physical properties were investigated. 
Characterizations have been down by X-ray 
diffraction (XRD),UV-visible spectro-
photometry and four-probe electrical 
measurements. 

2. EXPERIMENTAL PROCEDURES 
Doped tin oxide thin films have been 
deposited on glass substrates using a spray 
pyrolysis technique.  
For the prepared of undoped SnO2 precursor 
solution, we used 5g of tin chloride 
(SnCl2.2H2O) of 99.99% purity dissolved in 
33 ml of methanol and 17 ml of distilled water 
to obtain a starting solution with a 0.44mol/l 
concentration.  
Doping of tin oxide thin films with Aluminum 
were prepared by adding the compound of Al 
(AlCl3) in the starting solution with a atomic 
percentage [Al/Sn] = 0.2, 0.4, 0.6and 0.8  
at.% wt.Prior to the deposition, glass 
substrates were ultrasonically cleaned in 
acetone, and distilled water.  
The resulting solution was sprayed onto the 
heated substrates at a constant temperature 
of 480°C measured using electronically 



ALGERIAN  JOURNAL OF SIGNALS AND SYSTEMS (AJSS)

 

Vol. 5, Issue 4, December-2020| ISSN: 2543-3792- EISSN: 2676-1548 221
 

thermocouple positioned under the substrate. 
X-ray diffraction pattern of the thin films were 
measured using an X-ray diffractometer D8 
Advance, Bruker with Cu radiation generated 
at 30 kV and 20 mA (CuK  = 1.542Å) as the 
X-ray source. The diffraction patterns were 
determined over a range of diffraction angle 
2  from 20 to 80.  
We used the spectrophotometer (Shimadzu 
3101PC) using UV–visible/NIR in the range of 
300 and 900 nm, to measure the 
transmittance spectra and a four-point probe 
to get square resistance of the films. 

3. RESULTS AND DISCUSSION 

3.1. Structural properties 
Figure.1shows the XRD patterns of SnO2 
thin films with various Al doping ratios. For 
the un-doped SnO2 film, it can be seen that 
all of them are polycrystalline; predominant 
diffraction peaks at 2  = 26.50°, 33.77°and 
51.55° are presented in the XRD pattern, 
which correspond to the (110), (101) and 
(211) according to the JCPDS No.041-1445 
peaks of the SnO2 tetragonal rutile structure. 
Other  diffraction   peaks appeared with a low 
intensity corresponding to (200), (310)and 
(301), observed at 37.92°, 61.78° and 
65.7°,which agrees well with the reported 
values [12]. 
The absence of Al diffraction peaks indicates 
that doping with Aluminum does not change 
the tetragonal structure of SnO2 and proved 
in the deposited films, Al atoms substitutes 
well Sn atoms into the crystal lattice. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. XRD diagram from un-doped and Al doped 
SnO2 with different Al dopant concentration. 

 

A slight increase in the intensity of the 
diffraction peak oriented (110), (101),(211)   
as function of Al concentration was 
observedwhich proves the influence of 
aluminum on the crystalline structure of the 
films. Crystallite size was determined using 
the Debye Scherer formula given by [13]. 

D = .                         (1) 

Where  is the wavelength of the applied X-
ray ( Cu-k 1=0.154046nm),  is Bragg’s 
angle and  is the broadening of the 
diffraction peak measured at half its 
maximum intensity in radians.  
Crystallites sizes of SnO2:Al thin films as a 
function of Al content (fig. 2), the grain sizes 
varied between 29.25 and 32.80nm and it 
can be seen that Al doped has no influence 
on the grain sizes except for 2% of 
concentration, which probably du the 
constraints in the film structure.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Variation of the grain size as a function of 
Al dopant concentration. 

Figure 3 presents the variation of the lattice 
parameters as a function of Al content. The 
lattice parameters a and c are calculated 
using the following equation [14]: 
 

= +                   (2) 

Where h, k and l are the Miller indices. dhkl is 
the lattice spacing. as shown in Fig. 3, the 
lattice parameter a and c decreases, from 
4.755 Å  and 3.188 Å to attend 4.712 Åand 
3.178Å respectively when Aluminum doping 
increaseand  the parameters reach the value 
which is close to that mentioned in the above 
SnO2(a=0.4737 nm, c=0.3185 nm JCPDS 
card). 
The decrease of lattices parameters a and c 
with the increase of Al concentration is due to 
ionic radius difference of aluminum (rAl3+ 
=0.51Å) and tin (rSn4+ =0.71Å). 
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Fig. 3: Variation of lattices parameters a and c as 

a function of Al concentration. 

3.2. Optical properties 
 
Thin films of SnO2: Al were deposited at 
various content of Aluminum doped 0.2; 
0.4;0.6and 0.8% at a wavelength range of 
300 nm – 900 nm.Figure.4 shows the 
transmittance spectrum in the visible region 
of SnO2 doped Aluminum.  
The films deposited with different 
concentration of aluminum were highly 
transparent more than 90% that vary 
between 92 and 95%depending on the 
dopant concentrations. 
Transmission spectra revel that the films 
have not the same transmittance this may be 
due to the difference in films structure. As 
can be seen, all the spectrums exhibit 
interference fringes.  
The interference fringes are due to the 
multiple reflections at the two film edges, at 
the film/air and the film/substrate interfaces. 
This indicates that the film surface is smooth 
and uniform [15]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4:Optical transmissionspectra of un-doped 
and Al doped tin oxide films with different Al 

dopants content 

We have also determined the value of the 
direct optical band gap for doped and 
undoped SnO2 thin films, from the optical 
absorption for direct energy band gap. The 
optical absorption coefficient,  is given by 
[16]:  
 

= )            (3) 
 
Where A is a constant depending on the 
material,  is the absorption coefficient, h  is 
the photon energy and Eg is the band gap 
energy. Eg is determined by extrapolating the 
linear portion of the plotted curves (Fig.5) to 
zero absorption. The optical band gap is 
found to vary between 3.68 to 3.85eV.There 
is a good accordance with literature were the 
value depending on the dopants and 
preparation method [14-17] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Plot of ( )2 versus h  of Aluminum 
doped tin oxide thin films. 

3.3 Electrical properties 

The introduction of dopants can cause 
increase in number of charge in lattice 
structure and therefore can modify the 
conductivity properties of the material 
[18].The electrical conductivity at different 
Aluminum concentration was carried with 
square resistance measurement chows in 
fig.6. 
The variation in conductivity as function of 
the doping concentration, in the case of weak 
incorporation of aluminum (< 2%), 
conductivity increase due to substitution of 
Al3+atome the Sn2+ site which creates free 
carrier. 
Up to this doping concentration (  2%) 
conductivity of the thin film decreases 
probably to the Al atoms occupy the 
interstitial positions leading to distortion of the 
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crystal structure which gives higher 
resistance. Structural variation causes 
changes in electrical properties.  
A decrease in the crystallite size leads to an 
increase of grain boundary assimilated a 
potential barrier for the charges carriers in 
the polycrystalline materials and this causes 
an increase of electrical resistivity. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6.Evolution of electrical Conductivity and  
Square resistance as a function of Al content. 

 
4. CONCLUSION 

We successfully deposited SnO2:Al films 
using spray pyrolysis technique at different 
dopant concentration, to determine their 
effect on structural optical and electrical 
properties of the obtained films. 
The deposited films  crystallizes in the 
tetragonal rutile structure, with the absence 
of Al diffraction peaks and  that doping with 
Aluminum does not change the tetragonal 
structure of SnO2.Average crystalline size is 
about 30nm, and Al doped has no influence 
on the grain sizes except for 2% of 
concentration, which probably du the 
constraints Films exhibit higher values of 
transmittance, with interferences fringes 
Indicates that films have homogenous 
surface and the band gap varied from 3.68 to 
3.85eV. 
Electrical conductivity increase, with the 
increase of Aluminum dopants, and then 
decreases due to distortion of the crystal 
structure. 
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