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Films of SnO
2
 were prepared by the spray pyrolysis technique onto glass

substrate heated up to 500°C. Optical absorption measurements in the

wavelength range 300-900 nm were studied and confirmed that annealing
films at 550ºC for different annealing time has a significant effect on the

optical properties of the films. The optical constants confirm that SnO
2
 films

have an indirect band gap that decreased from 3.3 to 3.1eV as the annealing
time increases to 3hrs. The dispersion of the refractive index was analyzed
using the concept of a single oscillator. The values of the single oscillator
energy E

o
 were 6.6, 6.57, 6.48 and 6.18eV, while the dispersion energy E

d

values were 94, 82, 77, and 70 for the as deposited and the annealed films for
1, 2, and 3hrs respectively. The increase in the density of localized states E

u

from 595 to 667meV causes an expanding in the Urbach tail and consequently
decreases the energy gap.  2014 Trade Science Inc. - INDIA

INTRODUCTION

Transparent conducting oxide (TCO) thin films such
as zinc oxide, indium oxide, tin oxide, and cadmium
oxide have attracted considerable attention because of
their low resistivity and high optical transmittance[1,2].
Due to their unique optical and electrical properties,
their films are used for photovoltaic devices,
phototransistors, liquid crystal displays, optical heat-
ers, gas sensors, solar cells, transparent electrodes and
other optoelectronic devices[3-8].

Among these TCOs, SnO
2
 films are inexpensive,

chemically stable in acidic and basic solutions, thermally
stable in oxidizing environments at high temperatures
and also mechanically strong, which are important at-

tributes for the fabrication and operation of solar
cells[9,10]. SnO

2
 has a tetragonal structure, their prop-

erty is resulted from its n-type semiconductor behavior,
similar to the rutile structure with the wide band gap of
E

g 
=3.6�4.0eV[11,12].
Thin films of SnO

2
 can be produced by various tech-

niques, such as chemical vapor deposition[13,14], canon-
ray evaporation[15], sol�gel coating[16], pulsed laser
deposition[17], magnetron sputtering[18,19], electron beam
evaporation[20] and spray pyrolysis[21�22]. Among these
techniques that used to form SnO

2
 films spray pyrolysis

technique is the best, it is simple and inexpensive ex-
perimental arrangement, ease of adding various doping
materials, reproducibility, high growth rate and mass
production capability for uniform large area coatings[23].
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In reviewing of literatures, it can be seen that the effect
of annealing time on the optical properties of SnO

2
 films

should be studied more sufficiently. In this paper, we
report and discuss the characterization of the SnO

2
 films

prepared by spray pyrolysis technique and annealed to
550ºC for 1, 2, and 3 hrs.

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 (filtered
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[24]. Knowing the
dimensions of the substrates used, the thicknesses can
be determined using the following equation[25]:

lL

m
d

m


 (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 re-
corded 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 DISCUSSION

The study of the optical absorption of the investi-
gated SnO

2
 films, particularly the absorption edge has

proved to be very useful for elucidation of the elec-

tronic structure of these materials. The optical absorp-
tion spectra of the tested films as a function of anneal-
ing time are shown in Figure 1. The absorption at higher
wavelengths in the visible region is low and at wave-
length 350�380 nm, an intense absorption can be seen.

These results were in a good agreement with that ob-
tained by Patil et al.[26]. Moreover, it can be noticed
that the absorbance tends to increase as the annealing
time rises from 1 to 3 hrs.

Figure 1 : Absorbance of as deposited and annealed SnO
2

films versus wavelength

Figure 2 : lná versus photon energy for as deposited and an-
nealed SnO

2
 films

The tail of the absorption edge is exponential, indi-
cating the presence of localized states in the energy band
gap. The amount of tailing can be predicted to a first
approximation by plotting the absorption edge data in
terms of an equation originally given by Urbach[27]. The
absorption edge gives a measure of the energy band
gap and the exponential dependence of the absorption
coefficient, in the exponential edge region Urbach rule
is expressed as[28,29]:
á = á

o
 exp (hõ / E

U
) (2)

Where á
o
 is a constant, E

U
 is the Urbach energy, which

characterizes the slope of the exponential edge. Figure
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2 shows Urbach plots of the films. The value of E
U
 was

obtained from the inverse of the slope of lná vs. hõ and

is given in TABLE 1. E
U
 values change inversely with

the optical band gap. The Urbach energy values of the
films increase with the increasing of annealing time. The
increase of E

U
 suggests that the atomic structural disor-

der of SnO
2
 films increases by increasing annealing time.

This behavior can result from increasing the grain size.
The size of the grains varies with annealing temperature
and influences the values of the optical energy gap. It is
well known that the size of crystallites is in direct rela-
tionship with the increase of the temperature and the
annealing time, more the temperature is high more the
size of the grains is important and more the annealing
time is important more the grain is large. Such result
was also confirmed by Hemissi et al.[30]. So, this in-

crease leads to a redistribution of states from band to
tail and may be attributed to the improvement of crys-
tallinity. As a result, both a decrease in the optical gap
and expanding of the Urbach tail have taken place.

According to inter-band absorption theory, the
optical band of the SnO

2
 films can be calculated using

Tauc�s relation[28]:
(áhõ) = A(hõ�E

g
)n (3)

where á is the absorption coefficient, A a constant, h is

Planck�s constant, õ the photon frequency, E
g
 the opti-

cal band gap and n is an index which could take differ-
ent values according to the electronic transition. For
allowed direct transitions the coefficient n is equal to 1/
2 and for indirect allowed transitions n = 2. The curves
(áhõ)1/2 for the direct allowed transition does not present
evidence linearity, this seems to suggest that SnO

2
 has

Sample Ed 
(eV) 

Eo 
(eV) 

Eg 

(eV)   n(o) M-1 
M-3 
eV-2 

So x1013 
m-2 

ëo 
nm 

Utail 

meV 
Before annealing 
(as deposited) 

94 6.60 3.30 15.20 3.90 15.20 0.326 2.20 612 595 

Annealing for 1 hr 82 6.57 3.28 13.50 3.67 12.50 0.289 1.85 599 625 

Annealing for 2 hrs 77 6.48 3.24 12.90 3.59 11.90 0.283 1.74 580 645 

Annealing for 3 hrs 70 6.18 3.10 12.36 3.51 11.36 0.272 1.60 572 667 

TABLE 1 : The optical parameters

Figure 3 : (áhõ)2 for SnO
2
 film versus photon energy for the as deposited and annealed films
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an indirect band gap.
The value E

g
 corresponding to the indirect band

gap transition was calculated from the curve of (áhõ)2

versus hõ, using the formula:
(áhõ)2 = A(hõ�E

g
) (4)

The extrapolation of the linear part of the curve
(áhõ)2 to the energy axis is shown in Figure 3. The indi-
rect band-gap energy for the as deposited film is equal
to 3.3eV, which is quite comparable with the reported
values[26,31,32]. It can be seen that the energy band gap
of the films tends to decrease with increasing annealing
time to 3 hrs. The decrease in the optical band gap with
increasing annealing time can be attributed to a decrease
in crystallinity disorder of the films. The optical band
gap of SnO

2
 films is obviously affected by the defects

and the crystallinity.
Wemple and Didomenico[33,34] use a single-oscilla-

tor description to define dispersion energy parameters
E

d
 and E

o
. The refractive index dispersion plays an im-

portant role in the optical communication and designing
of the optical devices. Therefore, it is a significant fac-
tor. The relation between the refractive index n, and the
single oscillator strength below the band gap is given by
the expression:
n2 = 1 + [E

d
 E

o 
/ E

o
2� E 2] (5)

Where E
d
 and E

o
 are single oscillator constants, E

o
 is

the energy of the effective dispersion oscillator, E
d
 the

so-called dispersion energy, which measures the inten-
sity of the inter band optical transitions. The oscillator
energy E

o
 is an average of the optical band gap, E

opt
,

can be obtained from the Wemple�Didomenico model.

This model describes the dielectric response for transi-
tions below the optical gap. Experimental verification
of Eq. (4) can be obtained by plotting (n2�1)�1 ver-
sus (hõ)2as illustrated in Figure 4 which yields a straight
line for normal behavior having the slope (E

o
E

d
) -1 and

the intercept with the vertical axis equal to E
o
/E

d
. E

o

and E
d
 values were determined from the slope, (E

o
E

d
)�1

and intercept (E
o
/E

d
) on the vertical axis. E

o
 values de-

creased as the optical band gap decreases. According
to the single-oscillator model, the single oscillator pa-
rameters E

o
 and E

d
 are related to the imaginary part of

the complex dielectric constant, the moments of the
imaginary part of the optical spectrum M

�1
 and M

�3

moments can be derived from the following relations[35]:

E
o

2 = M
-1
 / M

-3
(6)

E
d

2 =M3
-1
 / M

-3
(7)

The values obtained for the dispersion parameters
E

o
, E

d
, M

-1
 and M

-3
 are listed in TABLE 1. The ob-

tained M
-1
 and M

-3
 moments have decreased with in-

creasing annealing time. For the definition of the de-
pendence of the refractive index (n) on the light wave-
length (ë), the single-term Sellmeier relation can be
used[33]:

Figure 4 : Variation in (n2 � 1)-1 as a function of (hõ)2 for SnO
2

films

n2 (ë) - 1 = S
o
ë

o
2

 
/ 1 - (ë

o
/ë)2 (8)

Where ë
o
 is the average oscillator position and S

o
 is

the average oscillator strength. The parameters S
o
 and

ë
o
 in Eq. (7) can be obtained experimentally by plot-

ting (n2 � 1)-1 versus ë-2 as shown in Figure 5, the
slope of the resulting straight line gives 1/S

o
, and the

infinite-wavelength intercept gives 1/ S
o
 ë

o
2. The re-

sults show a decrease in the band gap which may be
attributed to the presence of unstructured defects, that
increase the density of localized states and cause an
expanding in the Urbach tail and consequently de-
crease the energy gap.

Figure 5 : Variation in (n2 � 1)-1 as a function of (ë)-2 for SnO
2

films
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CONCLUSION

Tin Oxide SnO
2
 thin films have been successfully

deposited onto a glass substrate by the spray pyrolysis
technique. The type of optical transition responsible for
optical absorption was indirect allowed transitions. The
E

g
WD values obtained from Wemple�Didomenico model

are in agreement with those determined from the Tauc
model and found to be decreasing with the increasing
of annealing time and have the values of 3.3, 3.28, 3.24
and 3.1eV for the as deposited, annealed films for 1, 2
and 3 hrs respectively. The optical dispersion param-
eters were characterized and found to be obeying the
single oscillator model. The single oscillator parameters
were determined, the change in dispersion was investi-
gated and its value decreased from 6.6 to 6.18eV with
increasing annealing time to 3 hrs.
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