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ABSTRACT

SnO
2
 thin films were synthesized by spray pyrolysis technique on glass

substrates preheated to 500ºC. The films were annealed at 550ºC in air for

periods of 1, 2, and 3 hrs. The optical characterizations of the as deposited
and annealed films were carried out using UV-Vis transmittance spectros-
copy in the wavelength range 300�900 nm. The results show that in the

visible region the transmittance of the films increases as the annealing
time increases to 3 hrs, while the reverse is the case with the reflectance.
The results also show that the absorption coefficient and the skin depth
were tending to decrease with increasing annealing time, on the other
hand the refractive index, extinction coefficient, real and imaginary parts
of dielectric constant decreases with increasing annealing time. In the
visible region the refractive index values were varied between 3.2�3.6.
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INTRODUCTION

Transparent conductive oxides films have been ex-
tensively used in a variety of applications because of
their special optical and electrical properties such as
wide band gaps, typically larger than 3 eV, and conse-
quently high optical transparency in the visible spectral
region. Also these films have low resistivity (ñ < 10-4

Ùcm)[1-3]. Tin dioxide SnO
2
 is a promising material for

a variety of applications, and seems to be the most ap-
propriate material for different applications in optoelec-
tronic devices such as solar cells, optical filters, high
stability resistors, displays and electrochromic devices,
covering layers for fiber optical systems, photovoltaic
devices, and gas sensing[4-9]

To grow SnO
2
 films, several chemical and physical

methods employed for the production of device quality
films like chemical vapor deposition[10], thermal evapo-
ration[11], sol�gel coating[12], laser pulse evaporation[13],
magnetron sputtering[14], electron beam evaporation[15]

and spray pyrolysis[16,17]. The simplest way to form SnO
2

films is the spray pyrolysis technique, it is simple and
inexpensive experimental arrangement, ease of adding
various doping materials, reproducibility, high growth
rate and mass production capability for uniform large
area coatings[18]. In addition, the tin oxide prepared by
the spraying technique is also physically and chemically
resistant against environmental effects and adheres
strongly to different substrates.

Many researches have been devoted to study the
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fabrication and characterization of SnO
2
 thin films. In a

review of literatures, it can be seen that the effect of
annealing duration time on the film characteristics should
be studied more sufficiently. In this study, the optical
characteristics of SnO

2
 films deposited by spray py-

rolysis technique on glass substrates are reported, and
the effect of annealing time upon the optical constants
of the films was investigated.

EXPERIMENTAL DETAILS

Tin oxide SnO
2
 thin films were deposited by the

spray pyrolysis technique, using an aqueous solution of
0.1M SnCl

4
.5H

2
O from Merck chemicals, this mate-

rial was dissolved in de-ionized water and ethanol, a
few drops of HCl were added to make the solution
clearly formed the final spray solution and a total vol-
ume of 50 ml was used in each deposition. The spray-
ing process was done by using a laboratory designed
glass atomizer, which has an output nozzle about 1 mm.
The films were deposited on preheated glass substrates
at a temperature of 500°C, with the optimized condi-

tions that concern the following parameters, spray time
was 7 Sec and the spray interval 3 min was kept con-
stant to avoid excessive cooling, the carrier gas (fil-
tered compressed air) was maintained at a pressure of
105 Nm-2, distance between nozzle and the substrate
was about 29cm, solution flow rate 5 ml/min.

The samples were weighed before and after spray-

ing to determine the mass of the films[19]. Knowing the
dimensions of the substrates used, the thicknesses can
be determined using the following equation[20]:

(1)

Where m is the difference between the mass after
and before spraying, ñ

m
 is the density, l the width and L

the length. Optical transmittance and absorbance were
recorded in the wavelength range (300-900 nm) using
UV-VIS spectrophotometer (Shimadzu Company Ja-
pan). The effect of annealing time on the optical prop-
erties was investigated.

RESULTS AND DISCUSSIONS

The spectral dependence of transmittance for the
as deposited and annealed at 550ºC films for different

annealing times are shown in Figure 1. The results indi-
cate that transmittance of the films increases with the
increasing of the incident photons wavelength ë, also it

can be noticed that annealing time improves their trans-
parency. The figure shows that the percentage of trans-
mission of the as deposited film is approximately 60%
in the visible region, increased to 63%, 65% and 67%
with increasing the annealing time to 1, 2, and 3 hrs
respectively. These results were in close agreement with
that obtained by Arturo et al[21] and Chaitra et al[22].
Such a behavior of transmission coefficient could be

Figure 1 : Transmittance versus wavelength for as deposited and annealed SnO
2
 films
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explained by specific transformations of defect sub-
system during annealing films to longer duration time.

Figure 2 shows that in the visible region, the reflec-
tance average value of the as deposited films were about
0.32%, while the reflectance for the films after annealed
to 550ºC decreased with the increasing of wavelength

and annealing time, and have the average value of 0.27%
with increasing annealing time to 3 hrs. It can be seen
that the reflectance in the visible region is limited only
by the surface reflectance.

The optical properties of SnO
2
 films by means of

optical absorption in the visible region of (300�900)

nm have been investigated. The absorption coefficient
(á) could be calculated using the following relation[23]:

(2)

Where (A) is the absorption and (t) is the film thick-
ness. Figure 3 show the dependence of the absorption
coefficient (á) of the as deposited and annealed SnO

2

films. It can be seen that with the increasing of anneal-
ing time the absorption edge slightly shifts to a higher
wavelength direction in the visible region. This result
proves that the films are sensitive to visible light, an in-
tense absorption can be seen in the wavelength range
350�380 nm, while at higher wavelengths in the visible

region the absorption coefficient is low. These results
were in good agreement with that obtained by Patil et
al.[24]. Moreover, it can be noticed that the absorbance

Figure 2 : Reflectance versus wavelength for as deposited and annealed SnO
2
 films

Figure 3 : Absorption coefficient versus wavelength for SnO
2
 films
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tends to increase as the annealing time rises from 1 to 3
hrs.

Refractive index of the films is an important param-
eter for optoelectronic devices design. In order to cal-
culate the optical constant refractive index (n) and the
extinction coefficient (k) of the films at different wave-
lengths, we can use the following relations[25,26]:
n = [1 +R/1 � R] + [4R / (1-R)2 � k2 ]1/2 (3)

k = áë/4ð (4)

Where (á) is the absorption coefficient and ë is the
wavelength. The refractive index of the films was cal-
culated by using Eq. (2) and the variation of refractive

index with wavelength for the films is shown in Figure
4. All films showed similar behavior in refractive index
spectra. There is a little decrease in refractive index
values for the films with increasing annealing time. The
lowering of refractive index can be attributed to the
density and the surface roughness[27]. Refractive index
values of the samples have varied between (3.2�3.6)

at long wavelengths. It can be noticed that all films have
a similar k variation belonging to wavelength of polar-
ized light, and a similar tendency was observed accord-
ing to the curves of refractive index. The extinction co-
efficient of a material is directly related to its absorption
characteristic. As shown in Figure 5, the k values are

Figure 4 : Refractive index versus wavelength for as deposited and annealed SnO
2
 films

Figure 5 : Extension coefficient versus wavelength for as deposited and annealed SnO
2
 films
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very small at long wavelengths where all films are nearly
transparent. Both refractive index and extinction coef-
ficient of the films are decreasing with increasing an-
nealing time.

The obtained values of n and k were used to calcu-
late both å

r 
and imaginary å

i
 parts of the dielectric con-

stant and they were obtained using the formulas[28]:
år  = n2 � k2 (5)

å
i
 = 2nk (6)

Where å
r
 determines the maximum energy that can be

stored in the material, å
i
 also is called the relative loss

factor and represents the absorption of electrical en-
ergy by a dielectric material that is subjected to an al-
ternating electromagnetic field. The variation of both

Figure 6 : Real part of the dielectric constant for as deposited and annealed SnO
2
 films

Figure 7 : Imaginary part of the dielectric constant for as deposited and annealed SnO
2
 films

real å
r
 and imaginary å

i
 parts of the dielectric constant

for SnO
2
 films (before and after annealing for different

times) as a function of wavelength are shown in Figures
6 and 7. It can be noticed that the values of the real part
are higher than those of the imaginary part. The å

1
 val-

ues decrease as the wavelength increases. Also both å
1

and å
2
 values of the dielectric constant are found to be

decreased after annealing.
The skin depth could be calculated using the fol-

lowing relation[29]:
÷ = ë / 2ðk (7)

Where ë is the wavelength of the incident photon, k is

the extinction coefficient. Figure 8 show the variation of
skin depth as a function of wavelength for all films. It is
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Figure 8 : Skin depth versus wavelength for as deposited and annealed SnO
2
 films

Figure 9 : Optical conductivity versus wavelength for as deposited and annealed SnO
2
 films

clear from the figure that the skin depth increase as the
wavelength increase, this behavior could be seen in all
samples, also the skin depth decreases as the annealing
duration time increases to 3 hrs, which means that the
skin depth is a transmittance related.

The optical conductivity was calculated using the
relation[30]:

ó = á n c / 4ð (8)

Where (c) is the velocity of light.
Figure 9 shows the variation of optical conductivity

with the wavelength. It was observed that the optical
conductivity decreases with the increasing of annealing

time. Also, It can be noticed that the optical conductiv-
ity for all films increased in the high photon energies
region and decreased in the low photon energy region,
this decrease is due to the low absorbance of the films
in that region. This suggests that the increase in optical
conductivity is due to electrons excited by photon en-
ergy. The origin of this increasing may be attributed to
some changes in the structure due to the annealing and
the charge ordering effect.

CONCLUSION

Thin films of SnO
2
 have been successfully depos-
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ited onto a glass substrate by the spray pyrolysis tech-
nique. All samples were optically characterized by us-
ing UV-VIS technique and the results were systemati-
cally presented. It was found that the transmittance of
the as deposited films in the visible domain reaches 60%
while it increases to 67% by increasing the annealing
time to 3 hrs. Results indicate that the optical param-
eters are strongly dependent on annealing duration time,
as the annealing time increases, the absorption coeffi-
cient and the skin depth were tending to decrease with
increasing annealing time, on the other hand the refrac-
tive index, extinction coefficient, real and imaginary parts
of dielectric constant decreases with increasing anneal-
ing time. These present observations can help improve
the understanding of the optical parameters of SnO

2

thin films.
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