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Thin tin oxide (SnO2) fi lms have been grown on (001) SiO2 substrate by pulsed laser 
deposition (PLD) technique. XeCl laser was used for ablation of SnO2 ceramic targets at 
substrate temperatures ranging from room temperature to 500 oC and oxygen pressure in the 
range of 5  – 30 Pa. The structural and optical parameters of the layers have been studied as 
function of the deposition conditions. The oxygen pressure of 20 Pa was determined as an 
optimum one while the structural and optical properties vary with the substrate temperature. 
The film deposited at 500 oC and 20 Pa oxygen pressure has best crystalline properties, i.e. 
optimum growth conditions. However, film grown at 20 Pa and 200 oC has maximum 
transmission in the visible region. The refractive index of the film deposited at optimum 
growth conditions is 1.93, which is close to that of the bulk material (1.96). Moreover, film 
grown at 20 Pa and 400 oC has lowest (7 dB/cm) optical waveguide loss. 
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1. Introduction 

 
Tin oxide (SnO2) is an n-type semiconductor which possesses perfect physical properties, 

superior chemical stabil ity and low cost. All these properties have stimulated its applications in 
active and passive electronic devices [1-3]. Additionally, the material shows high variations of the 
electrical resistance in the presence of oxidizing and reducing gases. Thin tin oxide films exhibit 
high optical transparency (> 80 %) in the visible region. These advantageous properties are used for 
gas sensor application [4,5]. The electrical gas sensors are sensitive to the electric or magnetic fields 
in contrast to the optical ones. Our main interest is focused on obtaining of thin tin oxide films, 
which would be appropriate for optical gas sensors. 

There are many different techniques used for depositing tin oxide fi lms: r. f. sputtering [6-
13], dc-magnetron sputtering [14], thermal evaporation [15,16], ion beam deposition [17], rheotaxial 
growth and thermal oxidation (RGTO) [18-20], chemical vapour deposition [21-25], spray pyrolysis 
[26], successive ionic layer deposition (SILD) [27], and other chemical methods [28,29]. 
Sberveglieri [30] has presented a review of the techniques applied for tin oxide films deposition. As 
it is shown there, all methods discussed require high substrate temperature or post deposition 
annealing in order to fabricate good quality polycrystall ine films. High temperature, however, 
damages the surface of the fi lms and increases the interface thickness, which has negative effect on 
the optical properties, especially on the waveguiding. 

Pulsed laser deposition technique was successfully applied for growing of quality thin tin 
oxide films [31-33]. They were produced by ablation of either Sn metal target [31] or SnO2 target 
[33]. The substrate use were (100) Si, (001) SiO2 [31] or Al2O3 [32,33]. 

We report on deposition of tin oxide layers on (001) SiO2 substrate by laser ablation of SnO2 
ceramic targets. Silicon oxide is used as a substrate, because of its transparency and low refractive 
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index, which is suitable for production of planar waveguide structures. The influence of the 
deposition conditions on the structural and optical properties of the produced layers was studied. 
 
 

2. Experimental 
 

The tin oxide thin fi lms were produced in a standard PLD set-up. XeCl excimer laser 
(wavelength of 308 nm, pulse duration of 30 ns, and repetition rate of 2 Hz) was used for ablation of 
ceramic SnO2 targets. All depositions were carried out at laser fluence of 1 J.cm-2

 in order to reduce 
the droplet formation. 

The ceramics targets were prepared from SnO2 (99.5 % purity) powder, which was pressed 
at 6 MPa to form pallets and then sintered at 1100 oC for 4 hours. The targets thus produced have 
high density and hardness. 

The (001) SiO2 plates having dimensions of 10 × 10 mm2 were used as substrates in our 
experiments. They were cleaned in an ultrasonic bath before deposition. All substrates were located 
parallel to the target at a distance of 4 cm. The targets were rotated to ensure homogeneous erosion 
of its surface. 

The chamber was evacuated down to 1×10-3 Pa. All depositions were performed in oxygen 
(99.99 % purity) pressure between 5 and 30 Pa. The deposition time was 90 min for all experiments. 
They were accomplished at substrate temperatures from the room temperature to 500 oC. 

The crystalline structure of the films was analyzed by XRD measurements with CuKα 
radiation in θ - 2θ Bragg – Brentano geometry. A CARY-5E type spectrophotometer was used to 
obtain the optical transmission spectra in the wavelength range between 200 nm and 3000 nm. The 
refractive index and the thickness of the layers were determined by m - line spectroscopy using 
film – prism coupling. A SrTiO3 prism was used to introduce He-Ne laser light into the films. The 
optical waveguide losses were measured by recording the attenuation of the scattered light along the 
propagation path. 
 
 

3. Results and discussions 
 
Films grown at oxygen pressure below 20 Pa are amorphous for all temperatures applied. At 

P(O2) = 20 Pa and higher, the films consist of SnO2-x (0 
�
 x 

�
 1). The intensity of the peaks 

corresponding to SnO2 phase has maximum values at 20 Pa, optimum oxygen pressure, and then 
decreases with the pressure raise. However, the intensity of the oxygen deficient phases has opposite 
trend. 

The influence of deposition temperature on the films structure was investigated at                 
P(O2) = 20 Pa. All the films grown at substrate temperature below 200 oC are amorphous. At           
Ts = 200 oC, the layer consists of amorphous phase mixed with oxygen deficient phases and shallow 
(110) SnO2 crystallites. The amorphous phase completely disappears with further temperature 
increase and the films become polycrystalline with different SnO2-x (0 

�
 x 

�
 1) phases. At 400 oC a 

transformation from SnO orthorhombic and Sn2O3 triclinic to SnO2 tetragonal structure is observed. 
Furthermore, at 500 oC (highest deposition temperature applied) the film consists only of 
polycrystalline SnO2. This behaviour is clearly illustrated in Fig. 1. 

The grain size of the SnO2 crystallites evaluated using Scherrer’s equation increases with the 
oxygen pressure, whereas they decrease with the temperature raise. Fig. 2 shows the dependence of 
the grain size as a function of the substrate temperature at P(O2) = 20 Pa. As is seen the smallest 
grain size obtained is 90 nm for the fi lm grown at 500 oC. The lattice constants of this film were 
calculated to be a = 0.473 nm and c = 0.317 nm, respectively, which are very close to those of the 
tetragonal SnO2 (a = 0.475 nm and c = 0.319 nm) [35]. 
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Fig. 1. XRD patterns of the fi lms grown at 20 Pa oxygen pressure and substrate temperature: 
(a) 200 oC and (b) 500 oC. 
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Fig. 2. Grain size of the films grown at 20 Pa as a function of substrate temperature. 

 
 
The optical properties of the films are consistent with the structural ones. Fig. 3 shows the 

transmission spectra of the films deposited at different pressures. As is seen the layer grown at 20 Pa 
(Fig. 3 c) has maximum transmission value of 89 % at 940 nm. The optical band gap (Eg) was 
calculated from the optical transmission spectra using following relation Eg = 1241.5 / λλλλc [34], 
where λλλλc is the critical wavelength defined as the inflection point of the UV absorption edge. λλλλc was 
determined from the second derivative of the transmission curve. 
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Fig. 3. Optical transmission spectra of the fi lms grown at 200 oC and at different oxygen pressure: 
(a) 5 Pa; (b) 10 Pa; (c) 20 Pa and (d) 30 Pa. 

 
 
Fig. 4 presents average optical transmission Ta evaluated as a mean value between the 

maximums and the minimums of the transmission spectra in the wavelength interval between 400 
and 700 nm, and Eg as a function of oxygen pressure for the films deposited at 200 oC. As is seen, 
Eg has a constant value for the films grown at pressures up to 20 Pa and then significantly increases 
(from 3.37 to 3.99 eV) with further increase of the oxygen pressure. Moreover, Ta does not initially 
change when oxygen pressure rises. However, it increases slowly starting from 10 Pa and reaches a 
maximum value of 83 % at 20 Pa. Then it slightly drops with further pressure increase. 

 
Fig. 4. Optical transmittance Ta in the visible region and band gap Eg as function of the 

oxygen pressure for the films grown at 200 oC. 
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This behaviour can be explained by the modi fication of the amount of oxygen vacancies 
with the oxygen pressure applied, which will modify the free carrier density and subsequently the 
absorbed energy. As a result, this will cause a shift of the absorption edge. 

It was also found that the substrate temperature also affects on the optical properties of the 
tin oxide films. Fig. 5 represents the optical band-gap as function of the substrate temperature for the 
films deposited at P(O2) = 20 Pa. Additionally, some data taken from Ref. 36 are added for 
comparison. As is seen, there is a good coincidence between both experimental data. 

Fig. 5. Optical band gap of films grown at 20 Pa oxygen pressure for different temperature. 
 
 
The lowest optical waveguide loss measured for the fi lm grown at P(O2) = 20 Pa and               

Ts = 400 oC is 7 dBcm-1. The thickness of the fi lms depending on the growth conditions is between 
200 nm and 400 nm. The measured refractive index of the layers is between 1.91 and 1.93. The fi lms 
grown at 500 oC substrate temperature and 20 Pa oxygen pressure possess nearest value (1.93) to 
that of the bulk material (n = 1.96) [35]. This confirms XRD results presented before, indicating that 
this fi lm has the best crystalline properties. 

 
 

4. Conclusion 
 

The structural and optical analyses of the tin oxide films demonstrate that oxygen pressure 
and substrate temperature are very important parameters determining film quality. 20 Pa was found 
to be the optimal oxygen pressure for obtaining of thin tin oxide films with best structural and 
optical properties. The highest transmission of 89% in the visible region was observed for the fi lm 
grown at 200 oC substrate temperature. The lowest optical waveguide loss measured is 7 dB.cm-1. 
The best crystall ine structure without any oxygen deficient phases has film grown at 500 oC, whose 
refractive index (n = 1.93) was found to be the closest one to this of the bulk material. 

The application of the films as optical gas sensors will be the subject of future investigation. 
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