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Growth and characterization of SnOx : F thin films prepared

by pyrolysis of SnCl2
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Metal oxides such as ZnO, In2O3 and SnO2 (undoped
and doped) are very interesting materials because of
their electrical and optical properties. They are known
as transparent conductors due to their high electrical
conductivity and optical transmittance. This allows the
use of such materials either as a transparent front con-
tact in optoelectronic devices, thin film resistors, heat
reflecting coatings, transparent conducting coatings in
solar cells, etc. These oxides can be obtained by several
techniques; vacuum evaporation, sputtering, chemical
vapor deposition (CVD) and spray pyrolysis among
them. Among these techniques, spray pyrolysis has
demonstrated that thin films with very good proper-
ties can be elaborated in a reproducible manner. Fur-
thermore, this technique is very compatible with mass
production of thin films. Of the three compounds, ZnO
is the cheaper to obtain by spray pyrolysis; however, its
electrical properties are at present not very good. In2O3
has the better electrical and optical properties but it is
costly (mainly due to the cost of raw materials). SnO2 is
a good compromise between good electrical and optical
properties and production costs. The aim of this study
is to try to obtain good SnO2 thin films reducing pro-
duction costs by using industrial raw materials. Results
are compared with those obtained by using standard
reagent grade compounds, in order to assess their ef-
fect on the growth and structure of the FTO thin films.

The SnOx (undoped and fluorine-doped) thin films
were deposited onto glass by spray pyrolysis, using
SnCl2 · 2H2O and NH4F as precursors, and several al-
cohols (CH3OH, C2H5OH, either reagent or industrial
grade) as solvents. The solution was sprayed onto Pyrex
glass substrates heated by a tin bath. The experimental
set-up is as described in reference [1]. Air was used as
carrier gas. Since our main goal was to reduce produc-
tion costs, we used SnCl2 · 2H2O because it is cheaper
than the SnCl4 · 5H2O compound commonly used in
spray pyrolyzed SnO2 thin films (cost of SnCl2 · 2H2O
is a fifth than that of SnCl4 · 5H2O). In addition, indus-
trial grade alcohols are more than a half cheaper than
their reagent grade counterparts. Then, we studied the
influence of different alcoholic solvents, molar concen-
tration of the precursors, F/Sn atomic ratio in the start-

ing solution, and the substrate temperature (Ts), on the
growth and structural properties of the films obtained.
Molar concentrations ranged from 0.05 to 0.2 M. F/Sn
atomic ratio was varied from 0.0 to 0.9 in 0.1 steps.
The substrate temperature was changed from 375 to
500◦C in 25◦C steps. The solution flow rate,Fs, was
varied from 3 cc/min to 11 cc/min in odd values. The
gas flux rate,Fg, was kept constant atFg = 10 l/min.
The deposition time was fixed at 10 min.

The crystallographic properties of the samples were
performed by using X-ray spectroscopy on a Siemens
D-500 diffractometer having a Cu cathode withλkα1 =
1.5405 Å. Layer thickness was measured by an Al-
pha Step 100 profilometer from Tencor Instruments,
and confirmed later by an analytical method developed
by Manifacier et al. [2], based on the spectral evo-
lution of the optical transmittance of the films. Opti-
cal spectra were obtained from wavelength measure-
ments on the 300–2500 nm range made with a double
beam UV-3101PC NIR-VIS-UV spectrophotometer
from Shimadzu.

It is expected that the growth rate of the films in-
creases with the molar concentration of the solution, to
an extent. In order to fix the upper limit of molar concen-
tration that could be used without hazing the films, we
deposited undoped SnO2 thin films at a fixed substrate
temperature high enough to assure the complete pyrol-
ysis of the SnCl2 · 2H2O (it is expected that a substrate
temperature higher than 400◦C will lead to the ther-
mal decomposition of this compound, as we can find in
the literature). Haze on films must be avoided because
its presence indicates a homogeneous reaction taking
place well over the substrate, and not a heterogeneous
reaction on the substrate surface, as desired. Then, fix-
ing the substrate temperature at 450◦C we deposited
undoped SnO2 thin films from different starting solu-
tions (different solvents and molar concentrations). As
a result, we found that even if the growth rate increases
as the molar concentration increases—regardless of the
solvent—the quality (in terms of haze) of films de-
creases. Subsequently we used a molar concentration
of 0.05 M (the lower limit before films become hazed)
for our studies.
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Figure 1 Solution flow rate effect on the growth rate of undoped
SnO2 films deposited atTs = 400◦C and from a 0.05 M reagent-grade
methanol-based solution.

As Fig. 1 shows, for undoped SnO2 films deposited
from a 0.05 M methanol-based solution, the growth rate
increases almost linearly with the solution flow rate,
leading to thicker films in very short times. However, on
increasing the growth rate, the films become very rough,
reducing their optical transmittance due to diffuse re-
flection on the surface of the films. The roughness of
films affected their quality when prepared at flow rates
far from 5 cc/min, whichever solvent was used.

Fig. 2 depicts the effect of different solvents on the
time dependence of the thickness for undoped SnO2
films. Thicker films are obtained from an industrial
grade solvent. This is an unexpected effect that could
be very important from the technological point of view,
in reducing production costs of SnO2 thin films: indus-
trial grade alcohols are more than a half cheaper than
their reagent grade counterparts.

Because the use of industrial grade methanol as a
solvent seems to lead to some very interesting results,
in Fig. 3 we present the temperature dependence of the
growth rate for undoped SnO2 thin films deposited from
a 0.05 M solution prepared with this solvent. Growth

Figure 2 Influence of different solvents on the time dependence of the
thickness for undoped SnO2 films prepared from a 0.05 M-based solution
and atTs = 400◦C. [Fs = 5 cc/min].

Figure 3 Temperature dependence of the growth rate for undoped SnO2

thin films deposited from a 0.05 M industrial-grade methanol-based so-
lution. [Fs = 5 cc/min].

rates reach the mass-transport limited kinetics at sub-
strate temperatures higher than 500◦C for these depo-
sition conditions. As expected for SnCl2 · 2H2O (lower
oxidation degree of Sn), the growth rates are lower than
those obtained for undoped SnO2 thin films deposited
from solutions prepared with SnCl4 · 5H2O (higher ox-
idation degree of Sn) [see ref. 3].

The effect of the solution flow rate on the X-ray
diffraction patterns of undoped SnOx thin films ob-
tained at 400◦C, and using methanol industrial grade
as solvent, is shown in Fig. 4 (for these films the

Figure 4 Effect of the solution flow rate on the X-ray diffraction patterns
for undoped SnOx thin films obtained at 400◦C, and from a 0.05 M
industrial-grade methanol-based solution (thickness≈ 0.25µm).
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400◦C substrate temperature was chosen because the
undoped samples present a good optical transparency
and the best photoresponse). The X-ray diffraction pat-
terns show well defined peaks usually associated with
the tetragonal rutile structure of SnO2 [4]. As we can
see, our films have a preferred orientation. The degree
of preferred orientation on the undoped SnOx films
changes with solution flow rate. While at a lower solu-
tion flow rates crystallites in the films shows a strongly
oriented growth with (200) planes of crystallites be-
ing parallel to the surface of the substrate, this behav-
ior become less pronounced with increasing solution
flow rate. According to Kim and Chun [5], this may
be ascribed to a difference on the growing mode of the
films. In the CVD growth process, generally the nu-
cleation rate is reduced as the reactant partial pressures
are decreased [6]. Then, following the study of Kim and
Chun, at lower solution flow rates the preferred orien-
tation on our films may be due to oriented overgrowth
because of preferred nucleation on the growing surface.
A decrease in the crystalline orientation as the solution
flow rate increases may be explained by the occurrence
of homogeneous nucleation, resulting from a random
sticking of homogeneous nuclei on the growing surface.

Bélangeret al. [7] and Agasheet al. [8] calculated
the trap densities along various crystal orientations.
After these studies, only the (200) planes are free of
surface traps. Then, by choosing experimental condi-
tions that leads to films with most of crystallites hav-
ing (200) planes oriented parallel to the surface of the
substrate, we can expect to have the best electrical
transport properties across the films. Following our re-
sults for undoped SnOx films, we deposited a series
of doped films from a methanol industrial grade solu-
tion, atTs = 400◦C andFs = 5 ml/min. Fig. 5 shows
the measured X-ray diffraction patterns, having a F/Sn
atomic ratio in the solution as a parameter, for SnOx

(undoped and fluorine-doped) thin films obtained at
Ts = 400◦C andFs = 5 ml/min, and using methanol
industrial grade as solvent. For all the samples, most
of crystallites in the films grow with their (200) planes
strongly oriented parallel to the substrate surface; we
may note that the preferred orientation becomes less
pronounced for F/Sn= 0.5. It seems that the sticking of
homogeneous nuclei on the growing surface becomes
slightly random for this particular fluorine concentra-
tion, leading to a partial homogeneous nucleation of
crystallites. As Bruneauxet al. [9] have shown, fluo-
rine doping increases the density of structural defects
inside the individual grains. This could explain the loss
of preferred orientation as the F/Sn atomic ratio in the
solution increases, but cannot account for the subse-
quent improvement of the textured growth of films. The
reasons for this behavior remain unclear. (Bruneaux’s
studies were performed using only a ratio F/Sn= 0.7
in the solution kept constant). We may then expect that
the crystalline orientation behavior for doped samples
will have a significant effect on their electrical and op-
tical properties. These studies are in progress and the
overall results will be reported in a forthcoming paper
(although preliminary results can be seen in reference
[10]).

Figure 5 Influence of F/Sn atomic ratio in the solution on the X-ray
diffraction patterns for undoped and fluorine-doped SnOx thin films
obtained at 400◦C and 5 ml/min, and from a 0.05 M industrial-grade
methanol-based solution (thickness≈ 0.25µm).
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