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ABSTRACT

Indium tin oxide (ITO) thin films have been prepared by ultrasonic spray pyrolysis technique using different Sn concentrations
on a glass substrate at 400°C. X-ray diffraction patterns reveal that all films have polycrystalline cubic structure with
preferentially oriented along (400) plane. The films high optical transmittance is improved from 70 % to 80 % in visible region
and optical band gap is increased from 3.69 to 3.84 eV with increasing tin concentration. The electrical measurements were
performed using four probes technique. The maximum value of conductivity is 813 (Q.cm)™*was measured in 8% Sn doped

film.
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1 INTRODUCTION

During the last two decades, the dominant transparent
conducting oxides (TCOs) have been tin oxide (SnO,)
indium oxide (In,O3z), indium tin oxide (In,O3:Sn or ITO),
and zinc oxide (ZnO), which have found applications in
wide areas such as electronic and optoelectronic fields.

Stoichiometric In,03 is a well-known to be a transparent
intrinsic semiconductor that can be doped by substituting
indium (In) atoms by tin (Sn) ones yielding indium tin
oxide (ITO) [1]. Due to the high transmittance in the visible
spectral region and the high conductivity, indium tin oxide
films found a wide interest.  Thereafter, the broad
applications of ITO in electronic and optical devices such
as: transparent electrodes for display devices, gas sensors,
heating elements [2]. For these applications, the typical
characteristics required are: an electrical resistivity lower

than 1% 10* (Q.cm) [3-6] and an optical transmittance
higher than 80 % in the visible spectrum [4.7]. Indium tin
oxide thin-films have been deposited using various
methods, such as magnetron sputtering [8-9], sol-gel
deposition [10], electron beam evaporation [11], chemical
vapor deposition [12], pulsed laser deposition [13], and
spray pyrolysis [14 -16]. Spray pyrolysis is one of the most
popular techniques due to its low cost, in addition, it can
operate in atmospheric pressure, and it is suitable for large-
scale coating.

In the present work, we have deposited tin doped In203
thin films deposited on glass substrates at 400°C by
ultrasonic spray technique to study its opto-electrical
properties, and crystal structure.

2  EXPERIMENTAL DETAILS

In the present work, Indium tin oxide films are prepared
using a ultrasonic spray deposition system (Fig. 1).
In,O3:Sn solution were prepared by dissolving 0.1 M
indium chloride hydrate (InCls, 4H,0) was used as the
source of Indium source ,dissolved in an appropriate
amount of methanol CH;OH solution (99.995%) purity and
Tin chloride hydrate SnCl;.5H,0 (99.0%) was used as tin
(Sn) doped . Some drops of HCI solution have been added
as stabilizer. The tin doping level in the solution was varied
from 0 to 10 at% on glass substrates heated at 400°C in
atmospheric pressure. All Substrates were cleaned and
degreased successively using Acetone, propanol, and
distilled water. The solution flow rate was chosen to be 50
mL/h. Films structure was analyzed using X-ray
spectroscopy on a D8 ADVANCE Diffract meter by a Cu
Ko radiation (A = 1.5405 A), the optical transmittance
spectra were obtained by a UV-VIS spectrophotometer.
These measurements were carried using glass as reference
in a wavelength range of 200-800 nm. Electrical resistivity
was measured by four-point method.
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Table 01: Deposition Parameters

Doping level Amount of Substrate Deposition time Distance Nozzle
(at %) solution (ml) temperature (°C) (min) -substrate (cm)
Undoped 40 400 5 4.5

2 / / / /

4 / / / /

6 / / / /

8 / / / /

10 / / / /

bottle carrier solution

= <low controller

!Atomiser

Figure 01: Schematic diagram of the ultrasonic spray technique

3  RESULTS AND DISCUSSION

3.1  Structural studies

Fig. 2 shows the X-ray diffraction patterns of indium tin
oxide thin films prepared with different tin concentrations.
This result shows that all films have polycrystalline
structure; they crystallize in the cubic bixybite structure of
indium In,O5. The obtained phase was in accordance with
the standard JCPDS data (Card no. 65-3170) [17]. As can
be seen, the whole films have a preferential orientation in
the plane (400) around the angle 26 =35.62°. The increasing
intensity of the (400) plane is attributed to the increase of
crystallite size and growth along this plane.

The crystallite size was calculated from the XRD pattern
using Debye-Scherrer formula [18-20]:

05k

D= B.cosd

€Y
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Where 4 is X-ray wavelength («1 =1.54060°A), B s full
width at half maximum in radian and € is Bragg’s angle.

The dislocation density ( & ) and strain (¢) was calculated
using the following equations [18]:

(5 1
- D® )
e~ x 100% -

Structural parameters of prepared ITO thin films using the
above equations are presented in Table 2. The variation of
crystallite size and strain with doping concentration are
reported in Fig. 3. The crystallite size enhances with films
doping. The increase in the crystallite size from 49.2 to 59
nm is caused by coalescence of crystallites during films
growth.

The strain and dislocation density of (400) planes are given
in Table 1. The calculated value of lattice constant of
prepared ITO films are a= 10,0615A° to 10, 0899A°, they
are slightly smaller than the reported value 10.118 A°® for
pure indium oxide (JCPDS Card No. 06-0416). This can be
attributed to the oxygen deficiency [21].
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Figure 02: X-ray pattern of Indium tin oxide films prepared at various concentrations

Table 02: Structural parameters of prepared indium tin oxide (ITO) thin films for different Sn concentrations

FWHM d-spase Crystallite o - ,
20 (°) hkl . a(A°) €70 & (x10~"lignes/m®)
®) (A°) size (nm)
Undoped 35,6948 0,1771 2,51543 400 49,201 10,0615 —0,4797 4,1310
2 35,6346 0,2066 2,51954 400 42,168 100779 —0,3175 5,6238
4 35,5908 0,1771 2,52254 400 49,186 10,0899 —0, 1938 4,1335
6 35,6708 0,1476 2,51707 400 59,030 10,0680 —0,4154 2,8698
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8 35,6301 0,1771 2,51985 400 49,192 10,0792 —0,3046 4,1325
10 35,6434 0,1476 2,51894 400 59,026 10,0755 —0,3412 2,8702
3.2 Optical studies
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Figure 03: Variation of grain size and strain of indium tin oxide

with Sn concentration

The optical properties of thin films are known to depend
strongly on the films thickness, microstructures, levels of
impurities and deposition parameters. The optical
transmittance of prepared indium tin oxide (ITO) thin films
for different doping concentrations is shown in Fig. 4. It
can be seen that the average transmittance of the tin doped
indium oxide film is 85% at 8 % Sn. Films optical
transmission spectra after doping, indicates a highly
transparent material (>80%) in the visible range. the large
films absorbance in the interval 300< A< 400 nm due to the
excitation and electrons migration from the valence band to
the conduction band.
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Figure 04: Transmittance spectra of the indium tin oxide thin films as a function of Sn doping

The direct optical band gap energy E4 of ITO films was

calculated from the transmission spectra using the
following relations [18].
(xhv)? = Athv — Eg) )

Where o is absorption coefficient, A is the constant
independent of photon energy (hv), and Eg is the optical
band gap. The values of optical band gap are illustrated in
fig 5.
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It is observed that band gap increavses rapidly from 3,69 (0
at %) to 3,84eV (8at%) and then decreased slightly to
3,80eV (10 at%). A Similar behavior of band gap, for high
tin doping, is reported previously by Benamar et al [22].
The widening of the optical band gap is related to increased
carrier concentration, which is explained in terms of Moss—
Burstein effect [17]. The narrowing of band gap for higher
Sn doping may be due to many-body interaction effects
either between free carriers or between free carriers and
ionized impurities [23].
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Figure 05: Variations of optical band gap of indium tin oxides

thin films as function of Sn concentrations

3.3

The measured electrical parameters of prepared ITO thin
films, are showed in Fig. 6. As can be seen, the resistivity is
decreased with increasing Sn concentrations; this is
desirable for transparent conducting oxide. The results
indicate that the prepared ITO thin films are highly
degenerating n-type conductivity [5]. The incorporation of
Sn dopant in indium oxide films changes the overall
electrical film properties significantly. We obtained a
minimum electrical resistivity 3.9 x 10 %(Q.cm). Similar
results were reported in previous literature by Seki et al[17].
The mobility increase is related to the reduction of grain
boundary scattering. The electronic transport property for
films is entirely related to the films microstructure and
doping concentration.

Electrical studies
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Figure 06: Electrical parameters of prepared indium tin oxide ITO

thin films as function of Sn concentrations.

4  CONCLUSIONS

In this work, we have optimized the doping ratio of tin-
doped In,03 films prepared by reactive spray ultrasonic
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pyrolysis. The obtained results indicated that films ITO
have a good crystallinity and exhibit cubic structure with a
preferential orientation along (4 0 0) direction. In addition,
the optical study shows transmission exceeding 85% in the
visible region and a high absorption in the IR region. The
films optical gap varies from 3.69 to 3.84 eV. The film
prepared at 8 at % showed lower value of electrical
resistivity (p).These results suggest that the prepared films
may have applications in optoelectronic devices production.
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