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Abstract. The influence of doped antimony and fluorine ions on the properties of SnO2 thin films were examined. The physical, electrical and optical
characteristics of the films as a function of preparation conditions were investigated. The absorption curves of SnO2 : F, Sb films were taken down and the
obtained values of the separate parameters discussed. Possibilities for application of these doped SnO2 films as transparent electrodes in electroluminescent
and liquid crystal display structures were shown.
PACS number: 73.60.Fw, 73.61.Le

1

Introduction

The preparation, the properties and the different characteristics of doped SnO2
thin films have been the object of intensive investigations. That is because of
their wide application in various fields and it is connected with the mechanical
and chemical stability of the films, their good adhesion to different substrates,
steadiness under the action of aggressive media, high conductivity and transparency in the visible spectral region [1-3]. The combination of their electrical
and optical properties permits these films to be successfully applied in various
electronic and optoelectronic devices as transparent electrodes in liquid crystal and electroluminescent displays, photocells, detectors, sensors, antireflection
coatings, etc. [4-11].
The aim of this paper is to study SnO2 thin films doped with fluorine and antimony ions. The absorption curves of the SnO2 : F, Sb are taken down and their
basic physical, electrical and optical parameters are determined. Possibilities
for the practical use of the doped SnO2 thin films as transparent electrodes in
various electroluminescent and liquid crystal display structures are pointed out.
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Experimental Details

The doped SnO2 thin film samples were deposited onto reclined and heated
quartz substrates using a spray pyrolytic technique [12]. The antimony ions were
introduced in the spray mixture from SbCl3 and the fluorine ions — from NH4 F.
The chemicals used were of proanalysis purity. The antimony concentration cSb
was 0.5 wt % and fluorine concentration cF 0.4 wt %.
The transmission spectra in the UV and the visible region were measured by a
Hewlett-Packard 8452 Å and a Shimadzu UV-190 Spectrophotometer, the electrical sheet resistance by a four-probe FPP-5000, Vecco Instruments Inc. and the
thickness by a Talystep surface profilometer. The average visible transparency,
absorption edge, direct and indirect band gap width, optical quality factor and
resistance were determined from the transmission spectra.
3

Results and Discussion

From the transmission spectra in the UV region, and if the reflectance is neglected, the absorption coefficient α can be calculated from the dependence [13]
α=

1 1
ln
,
d
T

(1)

where d is the film thickness and T is the transmission in %.
The curves of the absorption coefficient α, α2 and α1/2 vs wavelength λ for
SnO2 : F, Sb film samples are given in Figure 1.
It is known that for direct transmission α varies as (hν − Eg )1/2 , while for
indirect phonon-assisted transmission α varies as (hν − Eg + Eph )2 , where Eg
is the direct band gap, Eg is the indirect band gap and Eph the photon energy.
From these plots the absorption edge α, the direct band gap Eg and the indirect
transition energy (Eg + Eph ) were calculated. The obtained results (from the
calculation carried out) are given in Table 1.
It can be seen from Table 1 that the values of absorption edge, Eg and (Eg +Eph )
of the investigated SnO2 : F, Sb film samples vary in the ranges 3.865–3.955 eV,
4.046–4.168 eV and 3.579–3.735 eV. The higher values of Eg are due to FSb doping. The average transparency in the visible region varies from 81.2 to
84.4%. The optical quality factor Q = T /RS was higher than unity as it reaches
3.238. This is mainly due to the presence of simultaneous fluorine-antimony
doping, resulting in low electrical sheet resistance RS which is in the borders of
26 to 34 Ω/.
Comparing the obtained results for SnO2 : F, Sb films to those for SnO2 : F, P
films [14,15] a considerable change in the values of their physical, electrical and
optical parameters can be marked. The average transparency T of SnO2 : F, P
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Figure 1. Typical absorption curves for film sample 40 a.: ◦ – α;  – α2 ; ∆ – α1/2 .

films in the visible spectral region varies from 76 to 81%, their electrical sheet
resistance RS is higher from 38 to 71 Ω/ and their optical quality factor Q is
hardly 2.132. This can be used a fact that the ionic radius of F (1.33 Å) is the
nearest to that of O2 (1.32 Å). This does matter at the substitution of O2 in the
thin oxide crystal lattice. On the other hand, it is importance metallic characters

Table 1. Physical, electrical, optical parameters of SnO2 : F, Sb films
N

Sample

cF
wt %

cSb
wt %

d
µm

T
%

Abs. edge
eV

1
2
3
4

40 a
40 b
41 a
41 b

0.4
0.4
0.4
0.4

0.5
0.5
0.5
0.5

0.30
0.32
0.28
0.33

82.1
84.4
81.2
84.2

3.930
3.955
3.865
3.906

Table 1 (continued)
N

Sample

Eg
eV

Eg + Eph
eV

RS
Ω/cm2

Q = T /RS

ρ
Ω.cm

1
2
3
4

40 a
40 b
41 a
41 b

4.046
4.168
4.167
4.106

3.632
3.579
3.590
3.735

28
34
32
26

2.932
2.482
2.537
3.238

0.84.10−3
1.09.10−3
0.90.10−3
0.86.10−3
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of Sb impurity which has an atomic radius ra = 1.61 Å.
It is known that SnO2 thin film conductivity depends on the concentration of
oxygen vacancies in its crystal lattice. The introduction of suitable doping ions
as F plus Sb3+ leads to its increase [16]. When these ions are introduced in SnO2
films, they substitute O2− anions or Sn4+ cations in the lattice, respectively. In
this way some new donor levels are created in the energy band gap and their
presence leads to an increased conductivity of the SnO2 films without causing
much reduction in their transmission [17,18].
The higher transparency and the low electrical sheet resistance of the investigated SnO2 : F, Sb films as compared to these of SnO2 : F, P films are of importance for their practical application.
4

Conclusion

The SnO2 : F, Sb thin films, prepared by spray pyrolytic technique were obtained.
The change of the absorption coefficient α of these films vs wavelength λ at an
optimal concentration of doping F and Sb ions was investigated. The average
transparency T , the electrical sheet resistance RS and the optical quality factor
Q = T /RS at the same optical concentration were determined. The obtained
values of the above parameters, compared to the same for SnO2 : F, P thin films,
are higher. Because of that the SnO2 : F, Sb thin films are more suitable for
application as transparent electrodes in various electroluminescent and liquid
crystal display structures.
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