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Abstract. Solar energy is one of the most important sources of renewable energy today, but its 

production is based on silicon cells, expensive and difficult to produce, so the research seek new 

materials to replace them. This work aims to deposit tin oxide doped with fluorine on the glass 

substrate using the sol-gel method to provide a working solution and spray pyrolysis technique to 

perform the deposition. F-SnO2 (FTO) were synthesized by sol-gel method, employing NH4F and  

SnCl2 precursor in an ethanol solution. Before the formation of the gel phase, the entire solution 

was sprayed, with the aid of a pistol aerographic substrate under heated at 600 °C divided by 50 

applications and cooled in the furnace. The substrates had resistances between 10 and 30 S.cm. The 

energy dispersive x-ray (EDS) revealed the presence of fluorine in the SnO2 network. 

Introduction 

Semiconductor thin films containing oxides are employable as electrodes in solar cell 

manufacturing, as an alternative to silicon [1,2,3]. Heterojunctions with SnO2-based oxide 

semiconductor are produced via techniques such as CVD and electroplating [1,3]. 

Tin dioxide semiconductor has a large band gap, which ranges from 3.6 to 4.1eV depending 

on the assemblage method [1]. There are several applications for this material in the form of thin 

films, such as optoelectronic devices [1], transparent electrodes [2]. Nevertheless, the most known 

application is as gas sensor [3].  

This work presents the calibration solution (SnCl2 complexed with NH4F in a mixture of 

water and ethanol) made by sol-gel method, as well as its sintering and recrystallization processed 

on a glass surface by spray pyrolysis technique. The ceramic heater as a heat source, it enclosed in a 

furnace’s chamber were utilized. Electrical resistance, SEM and EDS techniques were employed to 

characterize the as-prepared product.  

 

 

Experimental Procedure 

 

The calibration solution (7 g SnCl2.2H2O (Vetec), 1 g NH4F (Vetec), 25 ml ethanol (Synth) 

and 25 mL water-deionized) made by sol-gel method. A furnace’s chamber at 600°C was used to 

heat the glass substrates. Before the formation of the gel phase, the calibration solution was 

sprinkled into a spray of fine droplets by a spray nozzle (APREX alfa 4) with the help of air as the 

carrier gas fed into the spray nozzle from air compressor (SHULZ Twister). Exactly 50 applications 

of the solution at 600°C was sprayed on the substrate.  

The as-prepared product was identified by scanning electron microscopes (SEM) associated 

with energy dispersive X-ray (EDX). A multimeter (Link VA-18B) tested their electrical resistance.  
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Results and Discussion  

 

The most import factor of the pyrolysis process is the substrate temperature, because the 

spray pyrolysis involves a thermally stimulated chemical reaction between clusters of liquid/vapor 

atoms [4]. Also, beyond of the desired product other by-products and excess solvent escape in the 

vapor phase [2,4,5,]. ]. It favors the use of the ceramic heater since that there are corrosive agents 

inside the chamber atmosphere due the presence of HCl, NH3 and other by-products. In the ceramic 

heater, the metallic resistance inserted within the ceramic mass so that prevent the oxidation of 

heater. The dynamics of evaporation and pyrolytic reaction are strongly temperature dependent [4]. 

A calibration solution of tin salt, ammonium fluoride and water were sprayed on a hot substrate (at 

600ºC) with air as the carrier gas to obtain the corresponding tin oxide films. As a result of the 

growth process and consequent microstructure, sprayed films are firmly adhered on substrate, 

mechanically hard, rough surface morphology and stable with temperature up to the spray 

temperature [4]. 

 

 

Figure 1 shows the surface morphology of F-doped tin oxide film grown on the glass 

substrate. The surface like-has micron-size grain scattered on a rough background. SEM (Fig. 1a 

and Fig. 1b) shows that the grains were developed in a relatively orderly (Fig. 1a and 1b) and the 

grain size is approximately 2μm in diameter (Fig. 1b) 

 

 
  

 

 

 

 

 

 

 

 

 

 
Fig. 1 - a) SEM morphologies of area. b) timely SEM view of the grown grains. 

The most import factor of the pyrolysis process is the substrate temperature, because the 

spray pyrolysis involves a thermally stimulated chemical reaction between clusters of liquid/vapor 

atoms and followed by sintering and recrystallization of the clusters of crystallites on a substrate 

surface [4,6]. SEM (Fig. 1a and Fig. 1b) shows crystallites spherical-like clusters.  

The technique of energy dispersive X-ray (EDX) is not allowed to identify the valence 

number elements, but we can clearly identify which tin and oxygen elements are present in the 

sample (Fig. 2a and Fig. 2b). EDX (Fig. 2a) represents an area of about 20μm
2 

(Spectrum 1), and 

advises that it is not possible to identify the fluorine element in the sample. Fortunately, EDX (Fig. 

2b) show that the fluorine is present on the grain boundaries (Spectrum 2), which proves that 

doping was successful. In Table 1, we can see the values. 

 

Elements Weight % Atomic % 

Oxygen 17.083 59.038 

Fluorine 0.956 2.782 

Tin 81.961 38.181 
Table 1 

 

b) 

a) 
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In sprayed oxide films of tin, the presence of Sn
+2 

species and oxygen vacancies has been 

observed in pure tin oxide films, which are present to form Sn
4+

(1-δ)Sn
2+

(1-δ)O
2-

(2-δ) [4]. The presence 

of Sn
+4

 is associated with the conversion of Sn
+2

 to Sn
+4

 species from of thermally stimulated 

chemical reaction between clusters of Sn
+2

/oxygen atoms. The stoichiometry of oxide 

semiconductor films is dependent on relatively complex reactions, their stoichiometry not match to 

the bulk oxide [4, 7].  

The parameter that dominates the microstructure of materials during spray pyrolysis is 

substrate temperature, presumably because it like-avoid the growth kinetics of the films to obtain 

the corresponding oxide films from salts. Fortunately, SEM associated with EDX allow we to 

recognize the fluorine-doped tin oxide (SnO2:F) on substrate surface. Also, dopants (fluorine 

element) tend to be fixed in the grain boundaries.   

 

 
Figure 2: a) EDX the area of Spectrum 1(Fig. 1a), b) EDX of Spectrum 2 (Fig. 1b) 

Tin oxide films are transparent and conducting (n-type). Presumably, the transparency and 

electrical resistance of sprayed tin oxide films depending on the deposition conditions. In particular, 

the variables of interest are the substrate temperature and the chemical solution. In the case of 

dopants, for instance, F promotes the decrease of the resistivity and post-deposition treatments 

[4,7]. Moreover, the electrical conductivity of tin oxide films could be attributed to the presence of 

multivalent tin species, thus oxygen deficiency and presence of dopant [4]. In this work, there were 

obtained fluorine-doped tin oxide semiconductor films made by spray pyrolysis with ceramic heater 

have electrical resistances between 10 and 30 S.cm. 

 

Conclusion  

 

EDX associated with SEM allowed us to identify the fluorine in SnO2-based oxide 

semiconductor, as well as the percentage amounts of the elements and the average grain size. 

Therefore, the results of this work suggest that the association of spray pyrolysis technique with sol-

gel method can promote the growth of the F-doped tin oxide (SnO2:F). Solar cells can utilize the 

synthesized films in their construction. 
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