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Abstract - Tin oxide thin films were deposited by spray pyrolysis technique on glass substrate at Td=350°C during 30 min 
using SnCl2-2H2O precursor. The surface structural characteristics and morphological properties have been studied by X-
Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy dispersive X-ray Spectroscopy (EDX), and Atomic 
Force Microscopy (AFM). From XRD patterns, we can see the presence of SnO and SnO2 peaks for the as-deposited film, 
while after heat treatment (Ta=450°C, 1h) the structure changed to form pure SnO2phase. SEM revealed for the as-deposited 
film a polycrystalline surface with sand rose shape agglomerates formed by sheets estimated between 0.2 µm - 1.5 µm. After 
annealing, the film surface changed to form round agglomerates with a size varying from 0.5 µm to 2.5 µm. EDX analysis 
confirmed the formation of SnO and SnO2 for the as-deposited film and the annealed one respectively. Root Mean Squared 

high (RMS) obtained from AFM decreased from 422 nm to 256 nm after annealing. Consequently, all results are well 
correlated and confirm the improvement of the structure and morphology of deposited tin oxide films afterheat treatment. 
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I. INTRODUCTION 

 

Tin oxide SnO2 thin films properties are getting great 

interest in several technological fields such as solar 

cells[1], Lithium batteries[2], and gas sensors[3, 4]. 

Moreover,according to Priyadarshini et al [5] and to 

Liang et al [6], annealed and doped SnO2 films 

present a remarkable enhancement in their structural 

and chemical properties. A variety of processes and 

methods has been used to deposit thin films. These 

include, pulsed laser deposition[7], electron beam 

evaporation[8], sputtering[9], thermal 
evaporation[10], sol-gel[11], spin and dip-

coating[12]. Among these techniques, spray pyrolysis 

is a simple and cost effective processing method. It is 

well suited for preparation of doped and undoped 

semiconductors thin films and provides uniform and 

homogeneous layers on various substrates [13-16]. 

Mainly, sputtering and thermal evaporation 

techniques lead to some non-stoichiometry in the film 

composition due to the low oxidation state of the 

chemical compounds during the deposition 

process[10]. Therefore, post heat treatment of the 
films is essential to improve their structural 

properties. In this context, the paper focuses on the 

study of the annealing treatment on the structural and 

morphological properties of tin oxide thin films 

obtained by spray pyrolysis deposition. 

 

II. DETAILS EXPERIMENTAL  

 

2.1. Materials and Procedures 

Tin (II) chloride dehydrate (SnCl2-2H2O 99.8% 

Aldrich) was dissolved in deionized water and 

ethanol to achieve 0.1 M and then sprayed on well 
cleaned glass substrate by the spray pyrolysis 

technique optimizing deposition parameters such as 

temperature Td = 350°C and deposition time t= 30 

min. After deposition process, the samples are 

annealed in air at 450°C and atmospheric pressure for 

1h using an isothermal and well temperature-

controlled furnace. For the investigation of the 

crystalline structure, X-Ray Diffractometer (XRD) 

using CuKα radiation with a wavelength λ=1.5418° at 

2θ varies from 15° to 70° was performed. The surface 

morphology was carried by Scanning Electron 

Microscopy (SEM) and Atomic Force Microscopy 

(AFM). Film chemical composition was studied by 

Energy-Dispersive X-ray Spectroscopy (EDX), 
 

III. RESULTS AND DISCUSSION 
 

3.1. Structural Characteristics 
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Fig.1. XRD patterns of tin oxide sprayed thin films: before 

annealing (a) and after annealing (b). 
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Crystalline structure of as-deposited and annealed 

thin films is determined from the XRD patterns as 
shown in Figure 1. As-deposited thin film at 

Td=350°C (Figure 1 (a)) reveals a mixture of phases 

of SnO identified at (001), (002), (200), (202) and 

SnO2located at (110), (101), (211). We observe also 

the presence of small peaks of Snassigned to (200), 

(101). In contrast, the post-annealing tin oxide thin 

film (Figure 1 (b)) presents a completely 

polycrystalline single phase SnO2 oriented along 

(110) as the main peak and other peaks (101), (200), 

(211), (220), (311), (301) corresponding to the 

tetragonal rutile structure. As result, we can say that 

the deposition temperature of 350°C is not 
sufficientto obtain the typical SnO2 phase during the 

deposition process and the post annealing at 450°C 

allows reaching the desired phase of tin oxide film. 

 

3.2. Morphological properties 

Fig. 2illustratesSEM images of as-deposited 

film(Figs. 2(a), 2(b)) and after annealing one(Figs. 

2(c), 2(d)). From our observation, as-deposited film 

Fig. 2(a) exhibits a polycristalline structure with 

agglomerates randomly distributed on the film 

surface. At an enlarged view, Fig. 2(b) shows that the 
agglomerates are in sand-rose shape formed by sheets 

and needles estimated between 0.2 µm – 1.5 µm. 

After annealing, tinoxide film shows a strong change 

of the morphology(Fig. 2(c)). Agglomerates are 

collected to form denser surface with more uniform 

distribution by comparison to Fig. 2(a). Effectively, 

we observe at higher magnification in Fig. 2(d) round 

and larger grains with sizes varying from 0.5 µm to 

2.5 µm.These SEM images confirm the annealing 

effect and the improvementof the microstructure. 

 

 
 

 
 

 
 

 
Fig.2. SEM images of tin oxide sprayed thin films: before 

annealing(a), (b) andafter annealing (c), (d). 

 

The elementary analysis carried out on the films is 

given by EDX results (Fig. 3). The percentages of tin 

(Sn) and oxygen (O) in the layers confirm the 

formation of SnO for as-deposited film and the 

chemical composition of pure SnO2 for the annealed 
one (Table 1). 

 

 

 
Fig.3. EDX analysis of tin oxide sprayed thin films: before 

annealing (a) and after annealing (b). 
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Element As-deposited 

(Atom %) 

After annealing 

(Atom %) 

O 55.10 65.80 

Na 00 0.26 
Si 1.89 1.13 

Cl 6.57 0.53 

Sn 31.28 28.36 

Au 5.16 3.92 
Table1: Chemical composition ofoxide sprayed thin films 

obtained by EDX analysis 

 

AFM micrographs (Figs. 4(a), 4(b))demonstrate that 

as-deposited and annealed films show rough surfaces 

with more hills than valleys confirmed by the positive 

value of skewness parameter Sk (Table 2). 
Moreover,root mean squared height (RMS) parameter 

decreasesfrom422 nm to 256 nmafter annealing 

indicating a decrease of the film surface roughness. 

This is in good agreement with SEM observations 

where the annealed film showed a better grain 

distribution. 

 

 
Fig.4. AFM micrographs of tin oxide sprayed thin films: before 

annealing (a)and after annealing (b). 

 

Sample Skewness 

(Sk) (nm) 

Root mean squared 

height (RMS) (nm) 

As-deposited 0.16 422 

After annealing 0.18 256 
Table2: AFM parameters of tin oxide sprayed thin films. 

 

IV. CONCLUSIONS 

 

In this paper, tin oxide thin film was synthesized by 

spray pyrolysis technique at 350°C. From XRD 
analysis results, the presence of SnO and SnO2 

peakscan be observed in as-deposited film. Therefore, 

a post annealing at 450°C during 1h in air is required 

to reach pure SnO2thin film. Before annealing, 

microstructural analysis, using SEM revealed sand-

rose shaped SnO agglomerates, while an important 

morphological change appears after heat treatment 

where we observed a complete modification of the 

sand-rose shape to the formation of larger spherical 

SnO2grains. This phenomenon is in good agreement 

withXRD patterns obtained. EDX analysis also 
confirms the percentages of tin (Sn) and oxygen (O) 

in the layers of SnO and SnO2. AFM micrographs 

showed that root mean squared height (RMS) 

decreased strongly after annealing indicating a 

decrease of the film roughness. As conclusion, we 

confirm that the annealing treatment improve the 

structural properties to obtain pure SnO2thin film. 

 

REFERENCES 
 

[1] S. Gul, A. Azam, N. Imrose, S. Riaz, and S. Naseem, “Tin 

Oxide Thin Films Prepared by Sol-gel for PV 

Applications”,MaterialsToday: Proceedings,vol.2,n.10, 

pp.5793-5798, 2015. 

[2] M. A. Macíasa, J. A. H. Martíneza, G. H. Gauthiera,J. E. 

Rodriguez, H. Avila, J. Pinto, J. Pinilla, “Structural and 

Microstructural Characterization of Tin (II) Oxide Useful 

as Anode Material in Lithium Rechargeable Batteries 

Obtained from a Different Synthesis Route at Room 

Temperature”,Materials Research, vol.14, n.2, pp.172-177, 

2011. 

[3] N. H. Touidjen, B. Bendahmane, M. Lamri Zeggar, F. 

Mansour, and M. S. Aida, “SnO2 thin film synthesis for 

organic vapors sensing at ambient temperature”,Sensing 

and Bio-Sensing Research, vol.11, n.1, pp.52-57, 2016. 

[4] A. V. Singhal, K. Chandra, and V. Agarwala, “Doped 

nano-phase tin oxide thin films for selective gas 

sensing”,Int. J. of Nanotechnology, vol.12, n.3-4, pp.248-

262, 2015. 

[5] D. M. Priyadarshini, M. Ramanjaneyulu, M. S. 

Ramachandra Rao, and N. DasGupta, “Effect of annealing 

ambient on SnO2 thin film transistors”, Applied Surface 

Science, vol.418, pp.414-417, 2017. 

[6] Y. C. Liang, C. M. Lee, and Y. J. Lo, “Reducing gas-

sensing performance of Ce-doped SnO2 thin films through 

a cosputtering method”, The Royal Society of Chemistry, 

vol.7, pp.4724-4734, 2017. 

[7] S. Mehraj,M. S. Ansari, and Alimuddin, “Annealed SnO2 

thin films: Structural, electrical and their magnetic 

properties”,Thin Solid Films, vol.589,pp.57-65, 2015. 

[8] N. Kumar, B. Joshi, and K. Asokan, “Influence of 

deposition rate on the structural, optical and electrical 

properties of electron beam evaporated SnO2 thin films for 

transparent conducting electrode applications”,Journal of 

Semiconductors, vol.39, n.8,pp.1-7, 2018. 

a) 

b) 

https://www.sciencedirect.com/science/article/pii/S2214785315010883?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S2214785315010883?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S2214785315010883?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S2214785315010883?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S2214785315010883?via%3Dihub#!
https://doi.org/10.1016/j.matpr.2015.11.129
https://doi.org/10.1016/j.matpr.2015.11.129
https://doi.org/10.1016/j.matpr.2015.11.129
http://dx.doi.org/10.1590/S1516-14392011005000038
http://dx.doi.org/10.1590/S1516-14392011005000038
https://doi.org/10.1016/j.sbsr.2016.11.001
https://doi.org/10.1016/j.sbsr.2016.11.001
https://doi.org/10.1016/j.sbsr.2016.11.001
http://www.inderscience.com/filter.php?aid=67210
http://www.inderscience.com/filter.php?aid=67210
http://www.inderscience.com/filter.php?aid=67210
http://www.inderscience.com/filter.php?aid=67210
10.1504/IJNT.2015.067210
10.1504/IJNT.2015.067210
https://doi.org/10.1016/j.apsusc.2016.11.233
https://doi.org/10.1016/j.apsusc.2016.11.233
https://doi.org/10.1016/j.apsusc.2016.11.233
10.1039/C6RA25853K
10.1039/C6RA25853K
10.1039/C6RA25853K
https://doi.org/10.1016/j.tsf.2015.04.065
10.1088/1674-4926/39/8/083002
10.1088/1674-4926/39/8/083002
10.1088/1674-4926/39/8/083002


International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-5, May-2019, http://iraj.in 

Improvement of Tin Oxide Structural Properties under Annealing Treatment 

 

4 

[9] T. Jäger, B. Bissig, M. Döbeli, A. N. Tiwari, and Y. E. 

Romanyuk,“Thin films of SnO2:F by reactive magnetron 

sputtering with rapid thermal post-annealing”,Thin Solid 

Films, vol.553, pp.21-25, 2014. 

[10] B. P. Singh, R. Kumar, A. Kumar,J. Gaur, S. P. Singh, and 

R. C. Tyagi, “Effect of annealing on properties of 

transparent conducting tin oxide films deposited by 

thermal evaporation”, Indian Journal of Pure & Applied 

Physics, vol.51, pp.558-562, 2013.  

[11] O. Culha, M. F. Ebeoglugil, I. Birlik,E. Celik, and M. 

Toparli, “Synthesis and characterization of semiconductor 

tin oxide thinfilms on glass substrate by sol–gel 

technique”,J Sol-Gel Sci Technol, vol.51, n.1, pp.32-41, 

2009. 

[12] O. C. Monteiro, M. H. M. Mendonça, M. I. S. Pereira,and 

J. M. F. Nogueira, “Preparation of lead and tin oxide thin 

films by spin coating and their application on the electro 

degradation of organic pollutants”,Journal of Solid State 

Electrochemistry, vol.10, pp.41-47,2006. 

[13] J. B. Mooney, and S. B. Radding, “Spray pyrolysis 

processing”, Ann. Rev. Mater. Sci, vol.12, pp.81-101, 

1982. 

[14] N. M. A. Hadia, S. V. Ryabtsev, E. P. Domashevskaya, and 

P. V. Seredin, “Investigation of structural and optical 

properties of powder tin oxide (SnOx) annealed in 

air”,КОНДЕНСИРОВАННЫЕ СРЕДЫ И 

МЕЖФАЗНЫЕ ГРАНИЦЫ, vol.11, n.1, pp.10-15, 2009. 

[15] H. Bendjedidi, A. Attaf, H. Saidi, M. S. Aida, S. Semmari, 

A. Bouhdjar, and Y. Benkhetta, “Properties of n-type SnO2 

semiconductor prepared by spray ultrasonic technique for 

photovoltaic applications”, Journal of Semiconductors, 

vol.36, n.12,pp.1-4,2014. 

[16] G. Turgut, E. Sonmez, S. Aydın, R. Dilber, and U.Turgut, 

“The effect of Mo and F double doping on structural, 

morphological, electrical and optical properties of spray 

deposited SnO2 thin films”, Ceramics International, vol.40, 

n.8, pp.12891-12898, 2014.  

 

 
 

 

 

 

 

 

 



 

 

https://doi.org/10.1016/j.tsf.2013.12.038
https://doi.org/10.1016/j.tsf.2013.12.038
https://doi.org/10.1016/j.tsf.2013.12.038
http://nopr.niscair.res.in/browse?type=author&value=Kumar%2C+Rakesh
http://nopr.niscair.res.in/browse?type=author&value=Kumar%2C+Rakesh
http://nopr.niscair.res.in/browse?type=author&value=Kumar%2C+Rakesh
http://nopr.niscair.res.in/bitstream/123456789/19929/1/IJPAP%2051%288%29%20558-562.pdf
http://nopr.niscair.res.in/bitstream/123456789/19929/1/IJPAP%2051%288%29%20558-562.pdf
http://nopr.niscair.res.in/bitstream/123456789/19929/1/IJPAP%2051%288%29%20558-562.pdf
https://doi.org/10.1007/s10971-009-1956-8
https://doi.org/10.1007/s10971-009-1956-8
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.469.9394&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.469.9394&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.469.9394&rep=rep1&type=pdf
https://doi.org/10.1146/annurev.ms.12.080182.000501
https://doi.org/10.1146/annurev.ms.12.080182.000501
https://www.researchgate.net/profile/N_Hadia/publication/242645757_inveStigation_of_Structural_and_optical_propertieS_of_powder_tin_oxide_Sno_x_annealed_in_air/links/54e619e20cf2bff5a4f2e4f1/inveStigation-of-Structural-and-optical-propertieS-of-powder-tin-oxide-Sno-x-annealed-in-air.pdf
https://www.researchgate.net/profile/N_Hadia/publication/242645757_inveStigation_of_Structural_and_optical_propertieS_of_powder_tin_oxide_Sno_x_annealed_in_air/links/54e619e20cf2bff5a4f2e4f1/inveStigation-of-Structural-and-optical-propertieS-of-powder-tin-oxide-Sno-x-annealed-in-air.pdf
https://www.researchgate.net/profile/N_Hadia/publication/242645757_inveStigation_of_Structural_and_optical_propertieS_of_powder_tin_oxide_Sno_x_annealed_in_air/links/54e619e20cf2bff5a4f2e4f1/inveStigation-of-Structural-and-optical-propertieS-of-powder-tin-oxide-Sno-x-annealed-in-air.pdf
http://www.jos.ac.cn/fileBDTXB/journal/article/jos/2015/12/PDF/20151206.pdf
http://www.jos.ac.cn/fileBDTXB/journal/article/jos/2015/12/PDF/20151206.pdf
http://www.jos.ac.cn/fileBDTXB/journal/article/jos/2015/12/PDF/20151206.pdf
https://www.sciencedirect.com/science/article/pii/S0272884214007032?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0272884214007032?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0272884214007032?via%3Dihub#!
https://doi.org/10.1016/j.ceramint.2014.04.148
https://doi.org/10.1016/j.ceramint.2014.04.148

