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Abstract 

Tin oxide (SnO2) thin films was prepared by dip-coating technique at various bath tempera-
tures (313, 333, 353 and 373 K) and annealed at 673 K in this study. And the obtained results were 
studied and correlated with the computational method. Scanning electron microscopy (SEM) in-
vestigation demonstrated that the prepared samples are spherical with agglomeration. The ele-
mental analysis (EDAX) confirms the presence of Sn and O. Further, the SnO2 thin films micro-
structures are simulated, their thermodynamic and surface properties have been calculated. Micro-
Raman spectra were recorded for the prepared samples. Micro-Raman results exhibit the first-order 
Raman mode E1g (475 cm−1) indicating that the grown SnO2 belongs to the rutile structure. In addi-
tion, the envelope method used for studying optical characteristics of the thin films from the transmit-
tance spectra. The semiconducting nature of the films has been noticed from linear I-V characteris-
tics. Furthermore, the electrical conductivity studies suggest that the highest conductivity samples 
acquire the lowest activation energy and their values are also in the semiconducting range.  
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Introduction 

Electrically conducting highly transparent thin films 
has aroused curiosity among the scientific community to 
discover new innovative materials with desirable proper-
ties, makes them find potential applications in the fields 
of optoelectronic devices, solar cells, and hybrid microe-
lectronics [1 – 3]. Transparent conducting oxides (TCO) 
are excellent semiconductors which display a high trans-
mission in the visible region and also it has high electrical 
conductivity. Among the different TCOs, Tin oxide 
(SnO2), the most stable oxide of tin, is a metal oxide sem-
iconductor that finds its use in a number of applications 
in the field of display devices, solar cells, light-emitting 
diodes, laser diodes, and solid-state gas sensors due to its 
interesting wide band gap, and its excellent thermal, me-
chanical and chemical stability [4, 5]. SnO2 is an n-type 
wide bandgap semiconductor oxide with a high direct 
bandgap (Eg) in the 3.6 – 3.9 eV range at room tempera-
ture, making it extremely transparent in the visible region 
[6, 7]. Several techniques, including magnetron sputtering 
[8], chemical vapor deposition [9], atomic layer deposi-
tion [10], pulsed laser deposition [11], spray pyrolysis 
[12], and sol-gel [13], can be used to develop SnO2 that is 
either undoped or doped. Among the various preparative 
methods, the sol-gel dip-coating technique has proved to 

be the most well-known method for fabricating thin films 
at nanoscale. Even though the preparation of thin films by 
this technique is being simple and low cost, the main ad-
vantage of it is the ability to form inorganic structures at 
relatively low temperatures. SEM with EDAX, UV-Vis, 
and electrical analysis used to classify SnO2 thin films 
prepared by dip-coating method at various temperatures 
(313, 333, 353 and 373 K) and annealed at 673 K using 
SnCl2 as a precursor. Further, correlated and discussed 
the results obtained from the experiment with computa-
tional method. 

Materials and methods 

Due to enhance good structural qualities, easy to pro-
duce coatings, and high purity materials at a low cost on a 
variety of substances dip-coating method is more appro-
priate for the preparation of films [14]. In the current 
study, dip coating method has used to prepare SnO2 thin 
films and described briefly in our previously published 
research protocol [15]. In general, SnCl2 or SnCl4 has 
used as precursors. In the present study, anhydrous SnCl2 
has used as a precursor to prepare SnO2 thin film [16, 17].   

Pure SnO2 sols were prepared at 1:9:9:6 molar ratio of 
anhydrous SnCl2, distilled water, n-propanol [C3H7OH], 
and i-proponal [2-C3H7OH], respectively [14, 16, 17]. Ini-
tially, the precursor was dissolved into 66.3 % of the total 
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amount n-propanol. In addition, prehydrolysis of the 
SnCl2, we add 33 % of the distilled water total amount 
suspended in remaining n-propanol (C3H7OH). For one 
hour it was stirred continuously and then earlier prepared 
sol was mixed with the solution of the remaining amount 
of water dissolve in the known amount of 2-C3H7OH. It 
was again stirred for one hour in a continuous manner for 
obtaining clear and homogenous sols. Finally, SnO2 thin 
film was formed. Further, the bath temperature changed 
from 313-373 K in a step of 20 K, and then the films 
were annealed at 673 K. 

X-ray diffraction characterization study of sample 
analysis described in previously [15]. The morphological 
studies of SnO2 thin films were investigated by SEM 
(JSM 6390 JEOL) and the elemental composition was 
analyzed by EDAX. UV-Vis-NIR spectrophotometer 
(Perkin-Elmer Lambda 35) is used for recording the opti-
cal absorption spectrum. Electrical studies were carried 
out using a Keithley electrometer 6517 B. 

Calculation of the thermodynamic and surface charac-
teristics of SnO2 thin films at all temperatures was carried 
out using MERA software with periodic boundary condi-
tions along a and b axes of SnO2 unit cell like it was de-
scribed in [18,19] and applied in studying organic, inor-
ganic and combined systems in [18 – 36]. The MOPS al-
gorithm has also shown previous successful use in model-
ing oxyhydrate gel formation [18 – 36], crystal structures 
of triosmium clusters [20, 21], complexation of organic 
molecules during chemical reactions [22, 24, 28, 33, 35], 
and crystal structures and interaction energies of gas hy-
drates [18, 19]. The measured energies, thermodynamic 
characteristics (such as enthalpies, entropies, and Gibbs 
free energies), modeled structures of the complexes, crys-
tals, and clusters, predicted yields, rates, and regio- and 
stereo-specificity of the reactions, and predicted yields, 
rates, and regio- and stereo-specificity of the reactions 
were all in good agreement with experimental results 
previously stated in the publications mentioned above. 

Results and discussion 

XRD studies of the deposited thin films established 
tetragonal rutile crystalline structure and the detected dif-
fraction peaks 33.41°, 26.4°, 23.6°, 23, 17.6°, 16.7° and 
15.9°, and it is very well matching h k l planes (1 1 0), (1 
0 1), (2 0 0), (1 1 1), (2 1 1), (2 2 0) and (2 0 0), respec-
tively. The low intensity peak in the XRD pattern of the 
dip coated tin oxide thin film prepared at bath tempera-
tures of 313 K and 333 K suggests that these films are 
almost entirely non-crystalline and giving the information 
about that the material is amorphous. On the other hand, 
the films prepared at 353 K and 373 K have increased in-
tensity, as well as additional peaks also observed and 
listed in detail in previous study [15]. Along with results, 
tin oxide films deposited (353 K and 373 K) have shown 
to be crystalline. It has been observed that as the bath 
temperature rises, the crystalline nature also rises, as pre-
viously mentioned [15]. The surface morphology of SnO2 

thin films was investigated by JEOL JSM-6390 LV SEM 
and it is one of the best tools for investigating surface 
smoothness and grain size of particle finding. The surface 
morphology of SnO2 thin films prepared at different bath 
temperatures of 313, 333, 353 and 373 K shown in fig. 1. 
The SnO2 thin films are in a spherical shape with agglom-
eration [37]. The film has cracks that were most likely 
caused by thermal stress that built up during the drying 
process. This is consistent with the literature review [38]. 

(a)   (b)  

(c)   (d)  
Fig. 1. SEM images of SnO2 thin films (a) 313 K, (b) 333 K, 

(c) 353 K, and (d) 373 K 

The elemental composition of SnO2 thin films was de-
termined by EDAX spectrum. Quantitative analysis of the 
film was investigated by using the EDAX technique for 
thin films prepared (313, 333, 353 and 373 K) to study 
the composition in the film as shown in fig. 2. The for-
mation of SnO2 product confirmed by the presence of Sn 
and O is observed in the EDAX. The atomic % of Sn and 
O and their corresponding value are listed in tab. 1 show-
ing that the sample was slightly tin rich, which is in good 
agreement with the previous reports [39]. The elemental 
analysis verifies purity of the prepared thin films.  

The cassiterite structure from Crystallography Open 
Database (COD ID 1000062) was used as a starting point 
for modeling thin films of SnO2. It belongs to the space 
group P42/mnm with the cell parameters a = b 4.7380 Å, 
c = 3.1865 Å. 

The unit cell was propagated to sizes 10×10×534 along 
the axes a, b and c, so as to achieve the experimentally ob-
served size of 170 nm along the c axis. The constructed 
nanocluster contains 679 764 atoms in which 228 808 tin 
atoms and 450 956 oxygen atoms that correspond to the 
composition SnO1.9709 or 33.66 atomic % of tin and 66.34 
atomic % of oxygen. However, the experimental composi-
tion of thin SnO2 films, in contrast to cassiterite, contains a 
much larger amount of tin and a smaller amount of oxygen 
(e.g. 50.7 atomic % of tin and 48.6 atomic % of oxygen at 
bath temperatures 313 and 333 K. To achieve such a com-
position, it is necessary to remove 262 460 oxygen atoms 
from the structure of the constructed nanocluster. Then, the 
particle will contain 417 304 atoms with 228 808 tin atoms 
and 188 496 oxygen atoms that correspond to the composi-
tion SnO0.8238 or 50.7 atomic % of tin and 48.6 atomic % of 
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oxygen. Thus, in the process of thin films of SnO2 prepar- ing, its reduction actually occurs.  

(a)  (b)  

(c)  (d)  
Fig. 2. EDAX spectra of SnO2 thin films (a) 313 K, (b) 333 K, (c), 353 K, and (d) 373 K 

Tab. 1. Atomic percentage of elements  
at different bath temperatures 

Bath temperatures (K) 
(Sn (Atomic %), O (Atomic %) 

and Si (Atomic %)) 
313 K 50.7, 48.6 and 0.7 
333 K 41.4, 58.3 and 0.3 
353 K 43.1, 56.4 and 0.5 
373 K 48.4, 51.0 and 0.6 

For the construction of a particle with such composi-
tion, 262 460 oxygen atoms were removed 1 000 000 
times from the structure of the initial nanocluster (a vari-
ant of the Monte Carlo method) with the consequent es-
timation of the Gibbs free energy of each 1 000 000 ob-
tained particles at bath temperature 313 K using periodic 
boundary conditions along a and b axes. The least Gibbs 
free energy particle was used for further computational 
study. The usage of periodic boundary conditions along a 
and b axes within the MERA approach allows us to simu-
late a quasi-infinite thin SnO2 film with a thickness of 
170 nm, therefore the constructed particle was called the 
elemental structural component (ESC) of a thin SnO2 film. 

The Gibbs free energy obtained for the ESC accounting 
periodic boundary conditions is – 41.46 kJ per mol of at-
oms (pma). The calculation per 1 mol of atoms was done 
because the ESC does not have the stoichiometric composi-
tion of SnO2 and the Gibbs free energy of the entire ESC is 
divided by the total number of atoms. The enthalpy of the 
formation is – 32.97 kJ∙pma and the entropy is 27.14 J pma. 
The fragment of the ESC is represented in fig. 3. 

The elucidation of the ESC structure shows the fol-
lowing. The structure of the ESC retains many symmetry 
elements of the initial crystal (see fig. 4). As a result of 
the Monte Carlo procedure, oxygen atoms were removed 
mainly from the surface of the ESC, moreover, as a rule, 
from the AOB plane of the initial crystal, which corre-
sponds to the surface of the thin film. The portion of the 
tin accessible surface is 54.46 % while this one of the ox-
ygen is 45.54 % that approximately agrees with the thin 

film total composition (tab. 1). More detailed study of the 
fragments of the surface shows that on the surface of the 
thin film, the tin chains are formed due to the removal of 
oxygen so as it is represented in fig. 5a. The chains usual-
ly include 3 – 5 tin atoms located at a distance of 3.186 –
 3.187 Å from each other. These values are slightly great-
er than two covalent radii of tin (2×1.45 Å = 2.90 Å) and 
noticeably less than its two van der Waals radii 
(2×2.17 Å = 4.34 Å) but nevertheless, the observed values 
are closer to the covalent bond length that provides a 
conductivity of the thin film. At the same time, in the di-
rections a and b perpendicular to the c axis (fig. 5b), an 
almost strict order of the initial crystal with alternating tin 
and oxygen atoms is observed. 

(a)  

(b)  
Fig. 3. The structure of the ESC fragment. View along: 

 a) c axis; b) a or b axis 
In order to explain the decrease in oxygen content in 

the SnO2 thin film (353 K and 373 K), the modeling of 
oxygen elimination is performed within the MERA ap-
proach. The modeled process is as follows 

ESC → ESC (– O2) + O2 , 
where ESC (– O2) is ESC without oxygen. 
For modeling of oxygen elimination, as above, an ox-

ygen molecule was removed 1 000 times from the struc-
ture of the ESC (a variant of the Monte Carlo method) 
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with the consequent estimation of the Gibbs free energy 
of each 1 000 obtained particles using periodic boundary 
conditions along a and b axes. The least Gibbs free ener-
gy particle was used for further study. 

(a)  

(b)  
Fig. 4. The structure of the initial crystal fragment. View along: 

a) c axis; b) a or b axis 

(a)  

(b)  
Fig. 5. Enlarged fragment of surface. View along: 

 a) c axis; b) a or b axis 

The products’ enthalpy of the formation is –
 28.53 kJ pma and the entropy is 40.22 J pma. Thus, both 
enthalpy and entropy increase during the process. Both 
are well explained. The elimination of oxygen requires 
the breaking of several bonds, which requires energy, and 
as a result of the process, only one bond O-O is formed. 
The increase in entropy is well explained by the existence 
of the gaseous component in products. The calculation of 
the Gibbs free energy (∆G) of the process according to 
the traditional formula  

∆G = ∆H – T∆S (1) 

(Where ∆H is the process enthalpy; ∆S is the process en-
tropy) and then the calculation of equilibrium constants 
(Ke) using van't Hoff equation for 313 K to 373 K tem-
peratures shows the following (tab. 2). For the bath tem-
peratures 313 K and 333 K, the ∆G is positive and Ke is 

less than zero that indicates thermodynamically unfavor-
able process of O2 elimination while for the bath tempera-
tures 353 K and 373 K, the ∆G is negative and Ke are 
greater than zero that indicates the thermodynamically 
favorable process of O2 elimination. It is possible to de-
termine the bath temperature when the elimination pro-
cess becomes favorable from the equation (1) if we 
equate ∆G to zero and solve for T. So, the obtained value 
is T = 339 K. Another interesting observation: the ratio of 
atomic % of Sn and O correlates well with the equilibri-
um constant (correlation coefficient is 0.945). 

Tab. 2. The thermodynamic characteristics and the ratio of atomic 
% of Sn and O (Ratio) for the process of O2 elimination at different 

bath temperatures 

Thermodynamic characteristics Bath temperature  
(313, 333, 353 and 373 K) 

∆G, kJ pma 0.34, 0.08, – 0.18 and – 0.44 
Ke 0.88, 0.97, 1.06 and 1.15 
Ratio 1.21, 1.21, 2.54 and 3.62 

The modeling of SnO2 thin films with the composition at 
353 K and 373 K performed using the approach described in 
materials and methods, showed the elongation of tin chains 
to 5 –7 atoms, which should lead to an increase in the con-
ductivity of thin SnO2 films that really is observed. Moreo-
ver, the Gibbs free energy related well both with conductivi-
ty and activation energy (Ea). The equations for dependen-
cies shown in fig. 6 look as follows 

σ = 0.2297∙10 –3 + 0.1793∙10 – 4exp(– 6.9574∙∆G) (2) 

Correlation coefficient R = 0.999 
And 
Ea

 = 0.475 + 0.96∙∆G 
R = 0.957. 
The analogous dependencies of σ and Ea on Ke are al-

so observed. 

(a)  

(b)  
Fig. 6. The dependency of a) conductivity and b) Ea on ∆G 
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Moreover, the existence of metal chains must influ-
ence optical properties too. Actually, the band gap (table 
3) is dependent both on ∆G and on Ke (fig. 7). The equa-
tions for dependencies shown in fig. 7 look as follows 

∆E = 2.724 + 1.26∙∆G (3) 
R = 0.977 
∆E = 6.31 – 3.59∙Ke 
R = 0.979. 

Tab. 3. Bandgap energies of the prepared SnO2 thin films 

Different  
parameters 

Bath temperature  
(313, 333, 353 and 373 K) 

Type  
of transition 

Direct allowed, Direct allowed, 
Direct allowed and Direct allowed 

Bandgap  
energy (eV) 3.21, 2.80, 2.37 and 2.27 

lower 
cutoff wavelength (nm) 392, 372, 320 and 304 

(a)  

(b)  
Fig. 7. The dependencies of the band gap energies (∆E)  

on a) Ea and b) Ke 

UV-Vis spectrum was recorded in the range of 200 –
 1100 nm wavelength by three regions; (i) 200 – 400 nm, 
(ii) 400 – 800 nm, and (iii) 800 – 1100 nm, respectively. 
The transmittance spectra of SnO2 thin films prepared 
(313, 333, 353, and 373 K) are shown in fig. 8a. The val-
ue of transmittance in the UV region is found to be in-
creased sharply with increasing wavelength and becomes 
almost constant towards the visible region. In addition, 
the lower cutoff wavelength was found to be at 304 –
 392 nm, and it shows transparency in the visible region. 
Moreover, the transmittance value is very low and oc-
curred in the range of 300 – 900 nm; on the other hand, it 
was increasing of the wavelength when the wavelength is 
longer than 900 nm [40]. The calculated direct bandgap 
of SnO2 thin films (fig. 8b) in the range of 2.25 – 3.21 eV 
clearly indicates that tab. 3, which compares well with the 
reported value of 3.66 eV [41]. 

In the present study, four probe instruments fixed in 
the temperature range 303 – 403 K which is used for find-

ing the electrical resistivity of the SnO2 thin films and it 
is shown in fig. 9. By utilizing four electrical contacts 
with the sample surface the electrical measurement is per-
formed. Two of the probes are used to measure the cur-
rent, while the other two are used to measure the corre-
sponding voltage. 

(a)  

(b)  
Fig. 8. (a) Optical spectra of SnO2 thin film prepared (313 K, 

333 K, 353 K and 373 K) with inserted Tauc plot (313 K) 
image.(b) Plot of (h)2 vs. h for SnO2 thin films at different 

temperatures 

 
Fig. 9. I–V characteristics of SnO2 thin film prepared (a) 313 K 

(b) 333 K (c) 353 K and (d) 373 K 

The electrical conductivity of samples are calculted 
by using the equation, 

ρ = (π / ln(2)) ∙ (V/I)∙t)) (4) 
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Where, I is the current, V is the applied voltage and t is 
the thickness of the sample, respectively. The rectifying 
behavior was investigated in the following manner. In 
that case, we applied voltage (1 to 10V) in steps of 1 V. I 
was automatically measured with a delay time of 2 sec by 
concerning each voltage increment. Analyzing current-
voltage (I-V) data for all selected temperatures was 
transmitted to the computer and stored in a computer for 
additional data analysis. Furthermore, reversing the polarity 
of contacts several times was carried out for I-V measure-
ments for each sample. The results of the I-V characteristics 
of samples are shown in fig. 9. From the results, the curves 
are linear; it may suggest that ohmic conduction by the inci-
dence of thermally generated carriers [42]. 

The electrical conduction process is limited by ther-
mally activated carriers, and this process continues in the 
expectation of the injected free carrier density being 
comparable with the following two examples. (i) Carrier 
density produced by heat (ii) The conduction current is 
primarily responsible for injected space charge at suffi-
ciently high fields. 

In the current analysis, when the same field is applied, 
the current rises as the temperature in the ohmic region 
rises. According to the findings, it can lead to the thermal 
ionization of trapping centres, a shift in the quasi Fermi 
stage, and a lowering of the barrier crosswise through 
which electrons are transported, causing conduction to 
enter the nearly ohmic region [43]. 

As noticed in the fig. 10, conductivity (σ) increases 
with respect to the temperature increasing in the whole 
range 303 to 403 K by all cases. This is a significant 
characteristic of semiconducting behavior. At the bath 
temperature 313 K, the value of DC conductivity of SnO2 

thin film is 0.232×10 –3 S/cm. Further, the bath tempera-
ture increase, the σ values are in 0.232×10 –3– 0.567×10 –3 
S/cm. SnO2 thin films conductivity raises gradually by a 
few orders of magnitude [16]. 

 
Fig. 10. Temperature Vs Conductivity of SnO2 thin film 
prepared (a) 313 K, (b) 333 K, (c) 353 K and (d) 373 K 

SnO2 thin films conductivity increased slightly with 
respect to the increase of the bath temperature and it may 
cause by not only be the reason for mobility of charge 
carriers at the Fermi level. Moreover, it may also due to 
the occurrence of a higher quantity of conducting species 
[44 – 46]. 

ρ = ρ0
 exp (Ea

 / KT) (5) 

At different constant applied voltages, the activation 
energy (Ea) is calculated using the above equation and by 
plotting the values of 1000/T against lnσdc as shown in 
fig. 11. Jonscher and Ansari [45] pointed out E values. 
According to their theory, a value of less than 0.8 eV in-
dicates that the dominant charge transport occurs due to 
electron movement. If the value is greater than 0.8 eV, it 
indicates that ionic charge transport is dominant. In this 
analysis, E values are associated with Jonscher and An-
sari's findings, implying that electronic conduction domi-
nance is important in all samples [45]. 

Arrhenius plot was used for the calculation of activa-
tion energy values of SnO2 thin films entire temperature 
range (313 – 373 K). The activation energy values are in 
the range of 0.80 – 0.11 eV. It clearly confirmed that the 
bath temperature of the sample increases with the direct 
relationship of increase in conductivity. The decrease in 
activation energy with different bath temperatures at 333, 
353, and 373 K are noticed. It may suggest that potential 
barriers are lowered by the presence of an external elec-
tric field. Moreover, by using Perlman initial rise method 
[47] with separating the individual peak from the compo-
site curves, the activation energies for charge transport me-
chanics were measured. The slopes of plots give the infor-
mation of activation energies from the initial rising portion 
of individual peaks and the results are shown in fig. 11. 

(a)   (b)  

(c)   (d)  
Fig. 11. 1000/T Vs lnσdc of SnO2 thin film prepared (a) 313 K, 

(b) 333 K, (c) 353 K and (d) 373 K 

Raman analysis of the prepared samples were per-
formed using Laser Raman spectrometer (Acton Spec-
traPro 2500i, Princeton Instruments, Acton Optics & 
Coatings). The major characteristic peaks of SnO2 thin 
films prepared (313, 333, 353, and 373 K) is shown in 
fig. 12. The peak at 2437 cm –1 is originating from envi-
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ronmental light. The Raman band at 1089 cm−1 is at-
tributed to the stretching vibration of SiO bond of SiO4 
tetrahedral unit with one NBO, that is, [SiO4] − units in 
silicate glasses. The Raman active mode E1g is situated at 
475 cm –1 for all prepared samples. These Raman results 
confirms the tetragonal rutile structure of SnO2 [48, 49]. 
The doubly degenerate E1g mode is related to the vibra-
tion of oxygen in the oxygen plane. When compared to 
samples that were annealed at high temperatures, the as-
grown sample exhibits comparatively low intensity and 
broader peaks, which suggests the presence of imperfect 
lattice sites and an amorphous phase. The annealed sam-
ples' increased crystalline SnO2 grain size is evident from 
the Raman bands' increased intensity. These findings 
demonstrate that the crystalline size in the as-grown stage 
is significantly smaller than in the heat-treated samples. 

 
Fig. 12. Raman Spectrum of SnO2 thin films at different 

temperatures 

Conclusion 

In conclusion, the correlation between the computa-
tional and experimental studies of tin oxide (SnO2) thin 
films prepared by dip-coating technique (313, 333, 353 
and 373 K) and annealed at 673 K has reported. SEM re-
sults show spherical shape with the agglomeration of the 
samples. The presence of tin and oxide elements and non-
stoichiometric nature were found from the EDAX analy-
sis. Therefore, the SnO2 thin films microstructures are 
simulated, their thermodynamic and surface properties 
are calculated. It was determined that the reason for the 
change in the composition of SnO2 thin films with in-
creasing bath temperature is a decrease in the Gibbs free 
energy due to the entropy factor. The computational study 
of micromorphology of SnO2 thin films shows the exist-
ence of Snn chains (n = 3 – 7, dependently on the bath 
temperature) on the thin films that cause an increase of 
conductivity, a decrease in the activation energy of con-
ductivity, and a decrease in band gaps, that actually are 
experimentally observed. The quantitative models relat-
ing these experimental properties with the calculated 
thermodynamic properties were constructed. Further-
more, Optical characteristics were measured from the 
transmittance spectra in the UV-VIS region using the en-
velop method. I-V characteristics results confirmed that 
the semiconducting nature of the films. From the results, 
curves are like linear; it may suggest that ohmic conduc-
tion due to the occurrence of thermally generated carriers. 

The estimated electrical conductivity of SnO2 films is ob-
tained in the range of 0.232 × 10 –3 (Ω-cm) to 0.567 × 10 –3 

(Ω-cm). It is also observed that conductivity of SnO2 thin 
films conductivity increases with respect to increase of 
the bath temperature and it may be caused by two rea-
sons, mobility of the charge carriers at the Fermi level 
and the presence of a higher quantity of conducting spe-
cies. The results of electrical conductivity studies con-
firmed that the highest conductivity (σ) samples acquire 
the lowest activation energy and their values are in the 
semiconducting range. 
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