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Abstract

Undoped and Sb-doped SnO2 films , 100 nm thick have been deposited by electron beam evaporation from bulk samples
prepared using sintering technique. Either undoped or Sb-doped SnO2 films are nearly amorphous, resistive and transparent.
With increasing Sb content, the resistivity slightly decreases and then increases with further addition of Sb, which acts as donor
and/or acceptor impurity atom in the SnO2 lattice, respectively. Besides, the doping of Sb inside the SnO2 lattice was associated
with the increase in the film transmission at solar maximum wavelength and the width of optical band gap; which were
interpreted in terms of the interaction between the two oxidation states of antimony, Sb31 and Sb51 and the increase of atomic
bond energy, respectively. Moreover, the addition of Sb to the SnO2 lattice has proved to affect significantly on the refractive
index, the extinction coefficient, concentration of free carriers, dielectric constant, electric carrier susceptibility and Mott’s
parameters, which have been explained and correlated to the film microstructure change.q 1999 Elsevier Science Ltd. All
rights reserved.
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1. Introduction

Because of the high transparency and low resistivity
SnO2-based thin films, combined with mechanical hardness
and good environmental stability, they have found a wide
range of application [1–6].

Undoped tin oxide films are semiconductors with a wide
band gap [7–9] and tetragonal rutile structure. All studies
reported in the literature have dealt mainly with the resis-
tivity and transmission of Sb:SnO2 films [10–15] and less
care has been devoted to the study of their other optical and
electrical parameters.

Homogeneity of thin Sb:SnO2 film elaborated by usual
thermal evaporation from its bulky form prepared by usual
melt quench technique may be difficult to achieve due to
large differences in thermal parameters (such as melting and
boiling points) of SnO2 and Sb. This leads, in most cases, to
form bulk alloy, which consists of separated Sb and SnO2

phases. These separated materials have very different vapour
pressures at the evaporation temperatures and consequently
they would evaporate at very different rates to give films

with compositions different from that of the source material.
For this reason and others concerning with technical appli-
cations and economic usefulness, many techniques such
as reactive sputtering [16,17], reactive evaporation [18],
chemical vapour deposition [19] and pyrolysis of stannic
compounds [20] have been employed to deposit thin
SnO2-based films on several substrates. To our knowledge,
there is no data available in the literature on Sb–Sn–O films
prepared by electron beam evaporation. In the present study,
we have used electron beam evaporation to prepare thin Sb–
Sn–O films from bulk tablets prepared by sintering after
mixing and pressing the appropriate amounts of SnO2 and
Sb powders. Sintering process is an inexpensive method for
producing lumps of powdered materials in a bulky form
without affecting their chemical properties, while their
physical properties approach those of single crystal phase
[21]. Besides, the high degree of control possible with elec-
tron beam sources, which provide economical and efficient
usage of evaporant, enables constant rate deposition.

The aim of the present work is to investigate the effect of
antimony doping on the optical and electrical properties of
the electron beam evaporated Sb–Sn–O films from their
bulky form prepared by sintering technique. The thickness
of the used films was about 100 nm, which is the employed
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thickness for many applications [22–24]. A study of the
change in some optical and electrical parameters with Sb
content has been also considered.

2. Experimental details

Portions of powdered highly pure SnO2 and Sb were
ground separately by means of an agate mortar and pestle.
Appropriate ratios of Sb and SnO2 that passed through a
sieve piece of 100mm mesh but which were retained by
one of 54mm mesh were thoroughly mixed and prepared
in a tablet form using cold pressing technique. The contents
of Sb (in atomic weight) were taken in the ratio Sb=Sn� 0;
0.05, 0.10, 0.15, 0.20 and 0.25. In order to increase the
diffusion process and consequently improve the homo-
geneity of the material, the tablets were heated at
,6008C for 5 h. Sintering (which is often associated with
the formation of new bonds, densification and may be grain
growth [21]) of these tablets was carried out at 9008C for 4 h
in air.

The present films were deposited onto ultrasonically
cleaned corning glass substrates by electron beam
evaporation at 2× 1025 Torr using an Edwards high

vacuum coating unit model E306A. Substrates were heated
at 3008C during film deposition using a resistance heater and
a chromel–alumel thermocouple monitored their tempera-
tures. The rate of deposition and the thickness of the films
were controlled to be about 10 nm min21 and 90–100 nm,
respectively, by means of a digital film thickness monitor
model TM200 Maxtek. Silver paste electrodes with elec-
trode separation of 2 mm were used.

Investigations of the microstructure were carried out
using an X-ray diffractometer (Philips model PW1710)
and scanning electron microscope (Joel JSM-5300). A
Jasco V-570 UV–visible–NIR spectrophotometer (with
photometric accuracy of^ 0.002–0.004 absorbance and
^ 0.3% transmittance) was employed to record the trans-
mission and reflection spectra over the wavelength range
200–2500 nm at normal incidence. Optical parameters
namely absorption coefficienta0, refractive index (n),
extinction coefficient (K), dielectric constante 0, were calcu-
lated as described elsewhere [25].

By means of a variable temperature liquid nitrogen cryo-
stat (Oxford DN-1710) combined with programmable
temperature controller (Oxford ITC4) and a digital (Keithly
614) electrometer the film resistivity was measured in the
temperature range 80–475 K.
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Fig. 1. X-ray diffraction patterns for undoped and Sb-doped SnO2 thin films.



3. Results

The X-ray diffraction patterns for undoped and Sb-doped
SnO2 films are as shown in Fig. 1. It is clear that all films
seem to be partially amorphous. Small peaks corresponding
to SnO2 and SnO crystalline phases, which are embedded in
the amorphous matrix, could be observed for the undoped
film and is slightly affected in intensity with the increase of
Sb-doping. Addition of Sb inside the SnO2 film leads to the
appearance of two non-intensive unidentified phases and
one other corresponding to the Sb2O5 oxide. A diffraction
peak characterizing SbO2 oxide appears and seems to
increase in intensity with further increase in Sb content.

Besides, it is observed that, for heavily Sb-doped SnO2,
peaks characterizing the SnO2 phase shift to lower values
of 2u indicating the increase of lattice constant [10]. This
suggests that some of the Sn41 ions in the SnO2 lattice are
replaced by Sb31 ions having larger ionic radius [26,27].

Fig. 2 shows the scanning electron microscope (SEM)
topographs of undoped and Sb-doped SnO2 films. It is
evident that the surface of undoped film seems to be smooth
and contains few small grains confirming the nearly amor-
phous nature of the film. For the film having Sb=Sn� 0:05;
more grains could be observed in the amorphous matrix and
may be attributed to the new phases formed due to the Sb
addition. With further increase of Sb content, the surface
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Fig. 2. SEM topographs of Sb–Sn–O films with different Sb-contents.



tends to be more smooth indicating the increase of film
amorphinity with Sb-doping. Aggregation of grains
observed for the heaviest Sb-doped films, might be related
to the grown, especially SbO2, phases identified by X-ray
diffractograms shown in Fig. 1.

Fig. 3 shows the temperature dependence of the electrical
conductivitys (T) plotted in the form of lns versus 1/T for
films having Sb=Sn� 0, 0.10, 0.15, 0.20 and 0.25 in the
temperature range from 80 to 475 K. Two distinct regions
of s (T) corresponding to the low and high temperature
ranges are observed. In the high temperature region (375–
475 K) the abrupt increase ins means that the conduction is
thermally activated and assumed to arise from the contribu-
tion of the conduction between the extended states. This
behaviour ofs (T) is well described by the simple Arrhenius
law,s�T� � s0 exp�2DE=KT�, whereDE is the correspond-
ing activation energy ands0 the pre-exponential factor. The
calculated values of bothDE ands0 are given in Table 1. It
is seen that uncertainties in the values of both parameters are
excessively high. Similar high uncertainties in some elec-
trical and optical parameters such as Hall mobility, number
of carriers and band gap have been found by Terrier et al.
[14] for Sb:SnO2 films elaborated by the sol–gel method.
However, a tendency for a decrease in bothDE and s0

values with Sb incorporation may be noticed here. This
may confirm the correlation of the change inDE, which is
a function of the electronic energy levels of the chemically
interacting atoms in the glass, with the corresponding
change ins0, which includes the carrier mobility and
density of states.

In the wide low temperature region (80–375 K),s (T)
exhibits relatively less thermal activation, which is
characterized by hopping conduction between the loca-
lized states. As shown in Fig. 4, the conductivity data in
this low temperature region, which are replotted as
ln s

��
T
p

versus (1/T)1/4 and well fitted by straight lines,
satisfy Mott’s formula for variable-range hopping [28]
s�T� � s0

0
=
��
T
p

exp�2�T0=T�1=4�, whereT0 � 16a3
=KN�Ef �;

s0
0 is the pre-exponential factor,N(Ef) is the density of

localized states at the Fermi level,a describes the spatial
extent of the localized wave function and is assumed to be
0.124 Å21 [29] and K the Boltzmann constant. Values of
s0
0, T0, N(Ef), as well as the room temperature values of

the hopping distanceR and hopping energyW (in Mott’s
theory R� �9=8paKTN�Ef ��1=4 and W � 3=4pR3N�Ef ��
were calculated and are listed in Table 1. From this table,
it is observed that the necessary conditions for Mott’s vari-
able-range hopping processW . KT and aR @ 1 are, in
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Fig. 3. lns versus 1/T plots for undoped and Sb-doped SnO2 films.

Table 1
Variations of the electrical activation energyDE, the pre-exponential factors0 and Mott’s parametersT0, s0

0, N(Ef), and room temperature
values ofR andW with Sb/Sn ratio

Sb/Sn DE (eV) 1022s0 (V21 cm21) 1025T0 (K) 1023s 00 (V21 cm21 K1/2) 10221N(Ef) (eV21 cm23) 107R (cm) W (meV)

0 0.44–0.92 1.92–3.72 0.17–0.45 0.35–0.61 4.13–10.92 1.06–1.35 12.5–33.05
0.05 0.48–0.86 4.54–7.54 0.16–0.70 4.37–10.17 2.65–11.61 1.04–1.51 9.93–43.49
0.10 0.35–0.97 1.90–3.60 0.33–1.11 2.59–6.27 1.67–5.63 1.25–1.70 13.22–44.57
0.15 0.42–0.88 0.92–1.80 0.46–1.38 2.55–6.25 1.35–4.04 1.36–1.79 15.13–45.28
0.20 0.44–0.82 0.74–1.38 0.45–1.61 2.00–5.80 1.15–4.13 1.86–1.35 13.99–50.23
0.25 0.34–0.88 0.75–1.33 0.90–3.34 0.98–2.74 0.56–2.06 1.61–2.23 16.38–60.26



general, satisfied. On the other hand, the increase observed,
in general, inR andW values gives an impression that the
initial and final states of hopping below and over Fermi
level, respectively, may be displaced far from the Fermi
level, a matter that could be explained regarding the
observed decrease inN(Ef) shown in Table 1.

In order to illustrate the effect of Sb-doping on the film
resistivity (r ) measured at room temperature, the relation of
ln r versus Sb/Sn ratio is represented in Fig. 5. The resis-
tivity of the undoped film is 4:14× 106 V cm. With addition
of Sb the resistivity slightly decreases to a value of 3:86×
106V cm at Sb=Sn� 0:05 and then it increases with further
addition of Sb reaching the value 5:64× 106 V cm at
Sb=Sn� 0:25. Thus, all films seem to be very resistive
and the resistivity variation with Sb-doping is small
compared with the results reported before [3,7,8] for films
elaborated by other techniques.

Fig. 6 shows the variations of transmittance (T), reflection
(R) and absorption coefficient (a0) in the wavelength range

from 200 to 2500 nm for undoped and Sb-doped SnO2. It is
observed that all films have absorption edge at a wavelength
of around 300 nm. Maximum transmittance of undoped film
is clearly seen at 750 nm. With increasing Sb-doping this
maximum of transmission shifts towards lower values of
wavelength (l) to be at about 500 nm, which is the solar
maximum wavelength, for heavily Sb-doped films. These
maximum values are about 70, 71.2, 80.4, 81.1, 78.5 and
77.2% for films with Sb=Sn� 0, 0.05, 0.10, 0.15, 0.20 and
0.25, respectively. In the NIR spectral region while the
reflection and absorption decrease, the transmission
increases with increasingl , confirming the high transpar-
ency of the present films in the NIR as well as the visible
spectral regions. At constant value of wavelength
(l � 500 nm) whileT increases, bothR and a0 decrease
with increasing Sb/Sn. Besides, as seen from Table 2, the
average value ofT in the visible (270–780 nm) spectral
region increases from about 21 to 62% with increasing the
ratio Sb/Sn from 0 to 0.25. This means that the increase of
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Fig. 4. Plots of lnsT1/2 versus (1/T)1/4 for undoped and Sb-doped SnO2 films.

Fig. 5. Variation of lnr with Sb/Sn ratio.



Sb content in SnO2 films improves their transparency in this
spectral region.

Sb-doping effects on the refractive index (n) and the
extinction coefficient (K) may be clear from the results listed
in Table 2. It is seen thatn decreases with increasing Sb/Sn
from 0 to 0.05 and then increases for heavier Sb-doping.
However, K decreases with Sb-content for all Sb-doped
films as a consequence of the decrease ina0 with the latter.

Spitzer and Fan [30] have shown that the contribution
from the free carrier electric susceptibility to the real
dielectric constant e 0 can be written as:e 0 � ei 2
e2
=pc2�N=mp�l2 � n2 2 k2 and e2=pc2�N=mp�l2 � 24pxc,

wheree i is the infinitely high frequency dielectric constant
(or lattice dielectric constant),N/mp is the ratio of carrier
concentration to the effective mass andx c is the electric free
carrier susceptibility. Good fitting to straight lines for the
relationse 0 versusl 2 and ln( 2 4px c) versus lnl in the
NIR (from 2100 to 2500) region are seen in Figs. 7 and 8,
respectively. Values ofe i, N/mp and the average value ofx c

were estimated from these plots and recorded as functions of
the ratio Sb/Sn in Table 2. It is observed that all parameters
e i, N/mp andux cu, in general, seem to decrease with increas-
ing Sb/Sn ratio.

In agreement with the results reported by Kojima et al.
[12] and Jousse [31], the intercepts of linear portions of the
(a0hn )1/2 versus hn plots near the absorption edge to
�a0hn�1=2 � 0 have been employed to deduce the width of
the optical band gapEg as shown in Fig. 9. The estimated
values ofEg are given in Table 2 as a function of the Sb/Sn
ratio. Besides, as seen from Fig. 9, exponential tails char-
acterizing amorphous materials appear in the plots. Tauc
[32] believes that such exponential variation ofa0 with
hn is due to transitions between localized states and will
vary from sample to sample.

4. Discussion

Results of the resistivities (r ) measured at room tempera-
ture as a function of Sb/Sn ratio shown in Fig. 5, indicate
that, although the variation of lnr versus Sb/Sn is different
in behaviour with some reported results of Sb–Sn–O films
elaborated by other techniques (for example Ref. [14]), it is
somewhat similar to that obtained by Kojima et al. [10] and
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Fig. 6. Transmittance (T%), reflection (R%) and absorption coeffi-
cient (a0) of undoped and Sb-doped SnO2 films in the wavelength
range from 200 to 2500 nm.

Table 2
Variations of the optical gapEg and the average values ofn, K andT in the visible spectral region and values ofe i, N/mp and 2 x c in the NIR
region with the Sb/Sn ratio

Sb/Sn Eg (eV) n K T e i N/mp (1020 cm23) 2 x c

0 1.64–2.28 2.56 0.310 0.21 10.85–14.35 7.80–9.92 0.30–0.38
0.05 2.08–2.56 2.08 0.179 0.31 6.58–8.22 3.9–4.76 0.15–0.19
0.10 2.23–2.67 2.49 0.125 0.43 5.01–6.19 2.27–2.73 0.09–0.11
0.15 2.24–2.76 2.62 0.124 0.45 5.29–6.51 2.72–3.28 0.11–0.13
0.20 2.28–2.76 2.63 0.122 0.51 5.30–6.50 2.74–3.26 0.11–0.13
0.25 2.32–2.80 2.68 0.123 0.62 4.88–5.92 1.84–2.16 0.09–0.11



Tsunashima [33] for films prepared by spray pyrolysis at a
temperature of 5008C and thermal decomposition of tin 2-
ethyl hexanoate and antimony tributoxide at 6008C, respec-
tively. However, the present films are more resistive, a
matter that can be attributed to their relatively smaller thick-
ness and higher degree of amorphization. The relatively low
resistivity observed for the undoped film is attributed to the
deviation from stoichiometry due to oxygen vacancies
[26,27], which act as electron donors and increase the free
carrier concentration [34]. The slight decrease in resistivity
of the film with Sb=Sn� 0:05 could be attributed to the
small excess of free electrons produced when some of the
Sb51 ions are substituted on the Sn41 sites, where the anti-
mony acts as an effective donor. Besides, the increase of
resistivity for films with Sb=Sn$ 0:10 may be resulted
from the increase of amorphization in films due to Sb-
doping [26] rather than the compensation process, which
can occur between the two n- and p-types of conduction
[10,33,35,36]. Regarding the X-ray diffractograms in Fig.
1, it can be concluded that the trivalent Sb31 component

appears and its concentration is increasingly important for
heavily Sb-doping which acts as an acceptor. Then, the
electrons created by the oxygen vacancies or Sb51 may be
trapped by the acceptor levels and the SnO2 becomes
compensated. Thus, the observed increase in the resistivity
with increasing Sb-doping can be predicted.

It is observed from Table 1 that the density of statesN(Ef)
possesses relatively high values. Similar results for amor-
phous thin films have been reported [37] and attributed to
the uncertainties involved in estimating the parametersT0

ands 00 since, a large number of simplifying assumptions
are introduced on Mott’s relation. However, we think that
the present high values ofN(Ef) may be reasonable regard-
ing the additional states atEf owing to the creation of SnO
on the expense of SnO2, which increases the disorder in the
SnO2 film [41]. Besides, the conclusion that the addition of
Sb impurities inside the SnO2 films lead to a decrease of the
localized density of statesN(Ef) participating in the hopping
conduction, which is proved experimentally here as shown
in Table 1, have been emphasized by Kojima et al. [10].
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Fig. 7. Plots of the optical dielectric constante 0 of undoped and Sb-doped SnO2 films versusl 2.

Fig. 8. Plots of ln(2 4px c) of undoped and Sb-doped SnO2 films versus lnl .



They have observed that as [Sb]/[Sn] increases from 0.04 up
to 0.23 the density of states decreases from 8× 1019 to 2×
1019 eV21 cm23 for SnO2 films elaborated by spray pyroly-
sis. As shown in Fig. 10, these results may be explained on
the basis of the increase in the energy of the bonds joining
together the atoms in the films owing to Sb-doping [10]. In
fact, the energy of the states introduced by the Sb–O bonds
is larger than that of Sn–O [38] and, therefore, they lie at
energy levels which are outside the band region of the SnO2.
This may indicate that the Fermi levelEf lies more deeply
within the band gap and consequently, the Sb that acts as the
glass former [26] does not participate in the creation of
carriers. This may be supported regarding the decrease in
the ratio of carrier concentration to the effective mass (N/mp)
with increasing Sb content as shown in Table 2. This means
that, asEf moves farther away from the conduction band
mobility edge due to the increase in Sb content, the number

N(Ef) of localized states participating in the hopping
conduction is expected to decrease.

From the transmission data shown in Fig. 6 and the
change in averageT with Sb-content in the visible spectral
region listed in Table 2, it is proved that the present partially
amorphous films are transparent and the averageT increases
with increasing Sb-doping. The reasons why the crystalline
Sb–Sn–O thin films are black whereas the amorphous films
are colourless have been discussed in detail by Kojima et al.
[12,13]. They have reported that the blackening of the poly-
crystalline films results from the interaction between Sb31

and Sb51 ions which are randomly substituted in the SnO2

(rutile type structure) lattice. In this process which is known
as quantum-mechanical resonance, the electron exchange
among ions which differ in valency gives rise to abnormally
deep and intense coloration [39]. Such a process can be
observed also in the compounds containing ions of the
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Fig. 9. (ahn)1/2 against hn plots for undoped and Sb-doped SnO2 films.



same element in two different states of oxidation. These
compounds (such as SbO2, which consists of Sb31 and
Sb51 instead of Sb41 ions) are termed mixed-valence
compounds [40]. These two states of oxidation must be
symmetric to each other and energetically equivalent.
Besides, it is also necessary for Sb31 and Sb51 ions to be
in exactly equivalent sites, i.e. every cation must be
surrounded by six anions in octahedral coordination.
However, in the present amorphous Sb–Sn–O films these
conditions are not verified due to the asymmetrical atmo-
sphere around ions owing to the increasing disorder in the
amorphous structure. In addition, the deficiency in oxygen
content which may be associated with the formation of SnO
compound in the SnO2 films [41], makes the coordination of
the Sb31 and Sb51 to be different. These differences in coor-
dinations of the Sb31 and Sb51 ions and the asymmetrical
atmosphere around them make it difficult for electron trans-
fer to take place. Consequently, these films seem to be
colourless [40]. Thus, the increase of the number of oxygen
vacancies and/or the amorphization in Sb–Sn–O films with
Sb-doping should lead to the increase of their transparency.

As shown in Table 2, although high uncertainties could be
observed in the values ofEg, it seemed to be improved by
Sb-doping. Similar increase inEg of SnO2 films with Sb-
doping has been noticed formerly [12] and attributed to the
increase in the atomic bond energy with Sb incorporation.
From the other side, the present results ofEg are rather
different from those found by Terrier et al. [14]. They
could not attribute the difference between Sb-doped SnO2

(Eg � 3:85^ 0:2 eV) and undoped SnO2 (Eg � 4^ 0:2 eV)
to a decrease of the optical gap due to the presence of doping
states into the forbidden band since the material was
degenerated. Uncertainties were too high to state that

there was a modification of the optical gap after doping.
Besides, values reported forEg of Sb-doped and undoped-
SnO2 films by different authors [10,14,42,43], which vary
between 3.1 and 4.1 eV, are higher than its present values.
This may confirm the high dependence ofEg on the film
elaboration method. On the other hand, the relatively
small value ofEg of the present film may be caused by the
high degree of disorder in the film. In addition, the used
substrate temperature (3008C) during film deposition was
too low to improve its crystallinity. Moreover, as seen
from Tables 1 and 2, the values of the optical band gapEg

is about two to four times larger than those corresponding to
the high temperature activation energyDE. This has been
observed for some oxides and chalcogenide glasses (see for
example Ref. [44]) and attributed to that the electronic acti-
vation is not across the whole mobility gap but is possibly
from one or more trapping levels to the conduction band or
from bonding states to a trapping level.

Besides, several possible reasons that can contribute to
the increase in the refractive index (n) have been proposed
[45]. The observed abrupt decrease in (n) for the present film
having Sb=Sn� 0:05 as shown in Table 2, may be due to the
decrease in material compactness as a consequence of the
glass network formation by Sb atoms. With further increase
in Sb content the reflection decreases as seen from Fig. 6,
due to the decrease in carrier concentration, which lead to
the observed increase in the refractive index for films with
higher Sb-doping. Finally, as shown in Table 2, both the
lattice dielectric constante i and the electric free carrier
susceptibilityux cu, in general, decrease with increasing Sb-
doping. The decrease ine i may be attributed to the increase
in the concentration of impurity Sb atoms inside SnO2 films,
which results in an increase of the disorder in the structure
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Fig. 10. Energy diagram of the bonding in the case of (a) SnO2 and (b) with Sb-incorporation in the amorphous film. Localized states, which
exist in the band gap, may be originated from the dangling and/or distorted bonds. The bonding energyESb–Oof the Sb–O bond is larger than
ESn–O corresponding to the Sn–O bond, so the bonding and antibonding levels of Sb–O bond lie outside the band gap of SnO2.



matrix [26]. Besides, the decrease of electric susceptibility
could be correlated to the decrease observed in free carrier
concentration as Sb-content increases.

5. Conclusions

The high resistivity of undoped and Sb-doped SnO2 films
may be mainly attributed to the high degree of amorphiza-
tion in their structures. This resistivity seemed to be depen-
dent on the content of Sb, which may replace as pentavalent
Sb51 and/or trivalent Sb31 ions in Sn41 sites and acts as
donor and/or acceptor impurities, respectively. The maxi-
mum values of the transmission of films lie at solar maxi-
mum and exceed 80% for some cases, which can be
considered as a good result. Besides, the average transmis-
sion value of films in the visible range has been found to
increase with Sb content and interpreted in terms of the
interaction between antimony in the two different oxidation
states in the SnO2 lattice. Addition of Sb to SnO2 films,
which forms a glass network in the structure and makes
the Fermi level to be shifted farther away from the conduc-
tion band, has proved to have significant effects on all other
considered electrical and optical parameters.

Accordingly [12,13], it may be concluded that amorphous
Sb–Sn–O films are transparent and the enhancement of
their electrical properties may depend on the formation of
Sb–O oxides. As it is proved in Fig. 1, the main feature of
the elaborated films from the initial bulk Sb:SnO2 material
prepared using sintering technique may be the creation of
the Sb–O bonds. This confirms that the bulk Sb–Sn–O
material prepared by the sintering method is still promising
initial material for producing transparent conductive films.
Performing the sintering for longer time and higher
temperature for the initial bulk material and annealing the
elaborated films at suitable conditions may improve simul-
taneously the electrical and optical properties of the present
films, which is the project of our future work.
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