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Abstract: Transparent p type Aluminum doped tin oxide(SnO2:Al) thin films with different Al percentage
(10,15,20,25 and 30) were fabricated using a low cost simplified spray pyrolysis technique. The optical
properties of the deposited films were characterized in order to study its transmittance and to calculate the
optical constants such as refractive index (n) and extinction coefficient (k). The calculated refractive indexes of
the films with various Al concentrations were in the range of 1.668 to 1.676.  The extinction coefficient values
shows that the grown films were stronger absorbing medium in the lower wavelength region. The electrical
studies confirm that the deposited films are p type and have the carrier concentration of the order of 1016 to
1017/cm3.
Keywords: p type SnO2 thin films, optical constants, electrical properties.

INTRODUCTION

Transparent conducting oxide (TCO) materials have greater importance due to variety of applications
such as electrochromic devices[1], solar cells[2], opto electronic devices[3] etc., Tin Oxide(SnO2) is one of the
TCO material having wider band gap of 3.6eV[4] and it has a wide range applications such as gas sensors[5],
lithium batteries[6], electrodes[7], photovoltaic cells[8] , transistors[9] etc. SnO2 behaves as a n- type
semiconductor[10], however when there is a suitable dopant doped with it, the carrier conversion takes place
and change to p-type semiconductor[11]. Among the various dopants Aluminium has a greater importance with
SnO2 since they produce high transparency in the visible range. SnO2 thin films can be deposited by several
methods such as electron beam evaporation[12], spray pyrolysis[13], Chemical vapor deposition[14],
Sputtering[15] etc. Optical properties of thinfilms gives the information about its band gap energy, band
structure, defects in the film  etc., and may results the use of several applications. In this present work, the
electrical properties of Al doped SnO2 films have been studied. The optical constants such as refractive
index(n), extinction coefficient(k) and thickness of Al doped SnO2 films for different Al concentrations
(10%.15%,20%,25% and 30%) prepared by a low cost spray pyrolysis technique[16,17] have been calculated
and the results are discussed.
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EXPERIMENTAL DETAIL

Film preparation

Al doped SnO2 thin films were prepared by 0.1M of SnCl2.4H2O with atomic percentage of AlCl3

between 10 and 30% of starting solution have been deposited by means of a perfume atomizer on pre heated
glass substrates of dimensions of  75x25x1.35 mm2. The substrates were pre cleaned ultrasonically and using
doubly deionized water to remove the impurities if any on the substrate surface. For film deposition, the
substrates are maintained at a temperature of 350±5ºC using a temperature controller and a chromel-alumel
thermocouple for the formation of SnO2 films. After reaching 350ºC, the solution was sprayed intermittently
using perfume atomizer with a deposition time of 3s after a waiting period of 1-3 min to give enough time for
the formation of thin film.

Film characterization

The deposited films with various Al concentrations (10%,15%,20%,25% and 30%) were characterized
for their optical, and electrical properties.  The optical transmission spectra were obtained by UV Vis
spectrophotometer (Perkin Elmer LAMBDA 35) for the wave length range 300 – 1100nm and the interference
patterns were used to estimate the film thickness. The electrical studies such as hall mobility and charge density
are done by Ecopia HMS 5000 Hall Effect measurement system.

RESULTS AND DISCUSSION

Optical Properties

Al doped SnO2 thin film optical constants of the different atomic percentage are measured using UV
transmission spectrum. Fig 1. Shows transmission spectrum of Al doped SnO2 thin films with Al concentration
of 5%, 10%, 15%, 20%, 25% and 30%.
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Figure 1. Transimission spectrums of Al doped SnO2 thin films

From the Fig 1 it is observed that, the transmission of the film decreases with increase in Al concentration. The
average percentage of transmission of all the thin film samples is lies between 55% and 75% in the visible
region. However, higher Al concentration decreases the transmission percentage is observed for sample having
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30% of Al concentration. This sample has a poor transparency compared to other films. The observed
transmission percentage values are very low compared with earlier reported values [18]. The optical absorption
edges of all samples were lying in the lower wavelength range of about 300 nm to 400 nm. Except the sample
having 30% of Al concentration, all the other samples possess interference pattern indicates uniformity of the
thickness.

Band gap calculation

The band gap of the deposited films are calculated by using the following formula[19]

(αhν) =A(hν-Eg)m (1)

where A is an energy independent constant, m is a constant that determine the optical

transmission type whether it is direct band gap or indirect bandgap and Eg is the Energy gap. From the plot of
(αhν)2 vs hν shown in Fig 2, it is observed that the variation of band gap not depends upon the concentration of
the precursor soulution. The calculated band gap for 10%,15%,20%,25% and 30% of Al doped  SnO2 are 3.4eV,
3eV, 3.15eV, 3.55eV and 3.33eV respectively. These results imply that the deposited films can be used in
photovoltaic devices. The values of the calculated band gaps are very low compared to other reported values
[18] may due to the preparative conditions.
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Figure 2. Optical band gap of Al doped SnO 2 thin films

Optical constant Measurement

The knowledge of optical constants of the thin films are very significant since they can determine the
exact application of the films. Fig 3 shows the variation of refractive index(n) with photon energy (hν).  It is
clear from the figure that the refractive index of the film does not depends upon the concentration of Al.  For
10%,20% and 25% Al concentrated thin films, the trend of the refractive index is decreasing however, for 15%
and 30% the refractive index increases with photon energy. For all the deposited films, the refractive index
value lies between 1.668 and 1.676.
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Figure 3 Variation of refractive index with photon energy of Al doped SnO2 thin films

The another important optical constant, extinction coefficient(k) has been calculated by using the
following formula[20]

k = αλ/4π ---(2)

The variation of k with photon energy is plotted in Fig 4. Irrespective of Al concentration all the films exhibits
same trend. The k value for all the films behave a linear trend upto 3.8 eV after that there is a sudden increase in
the extinction coefficient value. The blue shift in the extinction coefficient value denotes that the films are
stronger absorbing medium in this range.

Figure 4 Variation of extinction coefficient with photon energy of Al doped SnO2 thin films
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Electrical properties

Table 1. Electrical properties of Al doped SnO2 thin films

Sample Thickness(nm)
Carrier
Concentration(cm-3)

Mobility
(cm2/Vs)

Type

10% 954 6.9  x 1016 3.4 P
15% 497 4.2  x 1016 21.3 P
20% 594 5.23  x 1017 6.19 P
25% 1093 7.2  x 1016 22.5 P
30% 942 4.19  x 1017 16.7 P

The electrical properties of SnO2 films with various Al concentrations and thickness of the corresponding films
are shown in Table 1.  It is noted that all the films are P type in nature.  The carrier concentration increases with
increase in Al concentration. The variation of mobility of charge carriers depend up on the Al concentration.
With the higher thickness value the carries concentration of the grown films are increasing. However, Al
concentration also makes significant influence in the carrier concentration. The carrier concentration obtained
from this study is very less compared to earlier reported values [18] due to the preparative conditions.

CONCLUSION

P type Al doped tin oxide (SnO2) thin films were deposited using simplified low cost spray pyrolysis technique
with various Al concentrations(10%,15%,20%,25% and 30%). The effect of Al concentration on the optical and
electrical properties is discussed for the deposited SnO2 films. The transparency of the film decreases with
increase in Al concentration. The optical absorption edges of all films were lies in the range of 300nm to 400
nm. The calculated refractive index(n) reveals that the grown films were suitable for optoelectronic devices. The
extinction coefficient (k) values of the grown films indicate the films are stronger absorbing medium in the
lower wavelengths. The hall effect experiment confirms that the grown films are p type in nature with the carrier
concentration range of 1016 and 1017 /cm3.
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