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Abstract

The undoped and fluorine doped tin oxide (Sn0O,) thin films are synthesized by using cost-effective spray
ultrasonic technique; the films are sprayed on heated glass substrates at 480°C. The dependence of
structural, optical and electrical properties of SnO, films on the concentration of fluorine is investigated. X-
ray diffraction, Optical absorption, four-point probe and Hall Effect studies have been performed on
undoped and fluorine doped SnO, (FTO) films. X-ray diffraction pattern reveals the presence of cassiterite
structure with (200) as preferential orientation for FTO films. The crystallite size varies from 10.3 to
27.12nm and was affected by F concentration which was lying between 0 and 12wt.%. All films exhibit
optical transmission T(A) more than 83.9% in visible region; the optically estimated film thickness varies
from 700 to 975nm for the same given time (3 min deposition) and band gap (E) varies from 3.651 to
3.902eV. The electrical study reveals that the films have n-type electrical conductivity and depend upon
fluorine concentration too. The sprayed FTO film doped at 6wt.% has the minimum resistivity of
1.47x1073Qcm and minimum resistance sheet (Rgp,) of 21Q/cm? whereas the carrier concentration and
mobility were about 2.04x10”cm™3 and 208.4cm?V~1s71 respectively.

Introduction

Transparent conducting oxides (TCO), such as tin doped indium oxide, In,03:Sn (ITO), fluorine doped tin
oxide, SnO,:F (FTO), antimony doped tin oxide, Sn0,:Sb (ATO), aluminum doped zinc oxide, ZnO:Al (AZO)
and gallium doped zinc oxide Zn0O:Ga (GZO0), are particularly attractive because of their high optical
transparency in the visible region, good electrical conductivity and high infrared reflectivity. They find
numerous applications, some of which includes liquid crystal displays [1], wave guide electron devices [2],
light emitted diode [3], dye-sensitized solar cells [4], thick-film sensor [5], transparent electrodes in solar
cells [6], flat panel displays [7], organic light emitting diodes [8] and heat mirrors [9].
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The undoped stoichiometric SnO-, films have very high electrical resistivity because of their low intrinsic
carrier density and mobility. Therefore the challenge is to prepare non-stoichiometric doped thin films. The
conductivity of weakly non-stoichiometric tin oxide films is supposed to be due to doubly ionized vacancies
serving as donors [10]. Dopants as antimony, Sb, indium, In and fluorine, F, are frequently used [11]. Recently
Li has been used as dopant with SnO, [12] Fluorine, due to its similar ionic radii, fluorine may substitute for
the anion (072) in SnO; and acts as a donor in SnO,:F [13].

A large variety of techniques have been developed for TCOs thin film deposition. The screen printing
technique [14], chemical vapor deposition [15], reactive evaporation [16] dc and rf sputtering, sol-gel [17],
[18] and pulsed laser ablation [19] are some deposition methods currently used for preparation of ITO and
FTO thin films. Among these, spray pyrolysis is the most convenient method because of its simple and
inexpensive experimental arrangement, and spray ultra sonic [20], [21] high growth rates and wide
possibility of varying the film properties by changing composition of the starting solution. It has been
successfully used to synthesize many transparent conducting oxide films [22], [23], [24], [25].

The properties of spray deposited SnO, thin films are found to be dependent on the processing conditions,
solvents and the nature of used precursors [25], [26]. The effects of precursor concentration, solvents and
solvent ratio on the FTO thin films have reported in literatures [27], [28], [29]. The effect of gas sensing of F
doped tin oxide has also been reported [30].

For practical application in solid-state optoelectronic devices, thin films with high transmission and low
resistance are the prime requisite. In order to obtain device quality FTO thin films with different level
fluorine doped tin oxide (SnO,:F); thin films have been deposited by spray ultrasonic technique. The aim of
this work is to investigate the structural, optical and electrical properties of highly conducting SnO:F thin
films in the average of fluorine doping level lying between 0 and 12wt.%.

Section snippets

Preparation of spray solution

The undoped and fluorine doped tin oxide thin films were prepared using a chemical spray ultrasonic
technique as shown in (Fig. 1). Stannous chloride (SnCl,-2H,0) was used as a precursor for tin. This tin
precursor dissolved in double distilled water and methanol (volume ratio 1:1) with adding few drops of
(HCI). The precursor concentration was (0.1 M), served as a starting solution. For fluorine doping,
ammonium fluoride (NH4F) was dissolved in doubly distilled water and added, with an...

Crystalline structure

The X-ray diffraction pattern of F (0-12wt.%) doped SnO, thin films are shown in (Fig. 2). as it can be seen
the diffraction peaks were observed at 26=26.68°, 33.97°, 37.8°, 51.79°, 61.72° and 65.95° which are related
to the following plans (110),(101),(200),(211),(310) and (301) respectively. The obtained XRD spectra
matched well with the space group P4,mnm according to JCPDS (No. 41-1445) of the tetragonal, rutile SnO,
structure [31]. The peaks of the undoped SnO, were indexed to the...

Conclusions

In this paper, we have reported the preparation and characterization of the SnO:F thin films by spray
ultrasonic technique. The XRD of sprayed samples with thicknesses *700nm have shown polycrystalline
structure with clear characteristic peak of SnO, cassiterite phase. The average optical transparency (T%) of
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the films in visible spectra decreases from 93% for the undoped to 81.3% for the doped one at 6wt.%. The Hall
Effect has shown n-type conductivity in those films with F-doping. The...
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