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This paper reports a study on the chemical composition, the morphology, the type of nanostructure, the
mechanical and chemical stability of ATO films deposited by sol-gel, and CVD methodes on glass substrate.
For this investigation were used following techniques: AFM, XRD, XPS, UV-VIS spectrometry, ECI, measuring
of the corrosion potential. The both samples have remarkable good properties: satisfying hardness, low
electrical resistance, the charge carrier numbers approach the value established for metals and very high
transmittance in VIS region, and very low monthly corrosion rate. Based on these results,  the use of CVD and
SG films as protective coatings , is recommended .
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Among transparent conducting oxide materials, the
antimony doped tin-dioxide (ATO) films find wide
applications due to their excellent properties. They have
high mechanical, chemical and environmental stability and
are characterized by high electrical conductivity, 90%
transparence in the visible region and remarkable
reflectivity in infrared region. These films are raw materials
for  sensors [1,2], solar cells, liquid crystal displays [3],
luminescent lamps [4], protecting layers for the glass
objects [5-9], , photosensitive membranes [10], and
dimensionally stable anodes (DSA) [11-12]. The structural,
mechanical electrical and optical properties of the ATO
films are depending on the synthesis process and the type
of substrate material.

This paper reports a study on the morphology, the type
of nanostructure, the mechanical and chemical stability
of ATO films deposited by sol-gel [7],and CVD[6]
techniques on glass substrate. The morphology and the
mechanical properties of the coatings have been
investigated by AFM and by nanoindentation [13 -14].  Their
chemical composition was determined by XPS,  and XRD
measurements. The variation of the lifetime in the presence
of some chemical degrading media( HCl, HOCl, NaCl,
nascence hydrogen) was studied by following the evolution
of the sheet resistance the optical transmittance and the
corrosion potential.

Experimental part
The preparation methods of the films

The substrates were  soda-lime silica glass plates (5x10
mm). The substrates were cleaned carefully with neutral
detergent. In all cases the pre-treatament was terminated
by rinsing with deionized water and acetone.

The precursor solution was a mixture of 35 g SnCl4 x
5H2O, 10 g SbCl3 dissolved in 50 mL 2-propanol. The solution
was heated to 70o C and stirred for 4 h.

The glass substrates were coated by SG or CVD method.
Sol-gel (SG) technique: the film was obtained, by dip-

coating, the substrate was immersed into the sol and have
been draw out from it with a speed of 10 mm/min. The
wet layer was dried at 100oC for 15 min and heated at
500oC for 1 hour.

The films prepared in such way are amorphous and are
transformed to a nanocrystalline coating by a heat post-
treatment.

In the CVD process the substrate was heated to 425oC
and maintained in the reactor at this temperature for 10
min. The carrier gas was nitrogen with a flow rate of 1 l/
min. In this method after cooling the resulting ATO films to
room temperature, they were submitted to a thermal post-
treatment at 360oC for 45 min.

Characterization techniques
Composition and crystal structure study: X- ray

diffraction (XRD) measurements (Philips PW 3710, Kα-
Cu) for CVD coatings and X- ray photoelectron spectroscopy
(XPS) (EA 125 Omicron) for sol-gel coatings.

AFM Investigation
The surface morphology of samples was investigated

by contact mode atomic force microscopy (AFM). The tests
were carried out using a Nanoscope Dimension 3100 AFM
with a Nanoscope III a controller  under software  version
4 .43r8 .

Nanoindentation
The mechanical properties of the SnO2 layer were

measured by a Hysitron Triboscope nanoindenter. The
indenter-traducer of the equipment was mounted in place
of the AFM scanner in the Nanoscope Dimension 3100.
Depth sensing hardness tests were performed between 4
and 12 mN load .

Electrical conductivity measurement
The sheet resistance measurement of ATO coatings

was performed using the four-point method and a self-
made device. The carrier charge numbers were determined
by the Mott-Schottky equation, measuring impedance at
1000 Hz. The electrochemical impedance was measured
using Solartron 1286 electrochemical impedance (ECI) and
Solartron 1250 (FRA). Experiments were done in a three-
electrode cell using a platinum net as a counter electrode
and saturated calomel electrode as a reference electrode.
The working electrode was the ATO film on glass .
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Transmittance investigation
The transmittance spectra were recorded in the 200-

900 nm  wavelength range using a Pye-Unicam UV-VIS
spectrophotometer.

Potentiodynamic measurements of corrosion potential
were performed using a computer controlled  potentiostat
Model PG STAT 10 from Autolab (Netherlands) in a
conventional three electrode electrochemical cell
equipped with an Ag/AgCl, KClsat (Radiometer, France) as
reference electrode and a platinum sheet as counter
electrode. The working electrode was 1 cm2 glass covered
by ATO films. The concentration of the solutions for the
chemical corrosion tests was 1M.

Results and discussions
The morphology and crystalline structure of ATO

coatings deposited on glass are very important because
the film stability is affected by the quality of the surface
(uniformity, roughness, adhesion to the substrate) and in
the same time by the characteristics of the structure
(crystallinity, amorphity and the grain size).

In addition, AFM investigations point out the uniformity
of the ATO coatings on the glass. However, the thickness
of ATO films prepared by sol-gel method is smaller
compared to those obtained by chemical vapor deposition.

In the figure 1 were  presented three dimensional (3D)
AFM images(1a-SG;1b-CVD).

 The images show dense, continuous and homogenous
ATO deposits with a few superficial cracks on the surface..
The sample prepared by CVD method contains larger
particles in a homogeneous distribution; the SG-sample
contains smaller particles also in homogeneous
distribution.

For hardness test of thin films and coatings the so called
nanoindnetation method (fig.2) was developed which
enables the hardness measurement and the determination
of the elastic modulus on these samples.

The relaxed nanoindentation impressions were imaged
by AFM as shown in figure 2 The impressions show different
character: the impression in the substrate has sharp edges
and small pile up around the indenter (fig 2a), while the

coated samples have smooth edges and obviously a
shallower depth than the one in the substrate (fig. 2b, 2c).

The CVD and SG samples have remarkable good
properties: satisfying hardness(CVD-5,9 Mpa;SG-5,5
Mpa),low electrical resistance (CVD-30,SG-28 ohm), the
charge carrier numbers approach the value established
for metals (CVD- 4.6 x 10-20, SG- 4.0 x 10-20   nr/cm3) and
very high transmission in visible region (CVD-83,SG-81 %).

In all cases the adhesion of the films to the substrates
caused by the Si-O-Sn type bonds is satisfactory.

The chemical composition of the ATO film is
demonstrated by XRD  and XPS determination. The XRD
investigations confirmed  that Tin and Antimony were found
in the oxidation form SnO2 and Sb2O4 . In the same time
XPS measurements reveal that at the surface of the film
contains Sn and Sb.

The results of XPS show that the sample surface is
contaminated by carbon and chlorine. The presence of
carbon ions can be explained by the fact that they appear
from the contamination of the film from the laboratory
environment (organic substances, vapors). Regarding the
chlorine contamination, we can say that this element could
be provided from the precursor solution.

The chemical stability
The chemical stability in different chemical media (1M

HCl, NaCl, HOCl) was investigated, during a 90 days period,
by the following processes: the evolution of the sheet
resistance (ρ) (the Vis optical transmittance(T) and the
corrosion potential( E).

The effect of the exposure of the ATO films to these
degrading media is important because the films are used
in chemical industry as protective layers against aggressive
media. The experimental results of these studies are shown
in tables 1 and 2.

From these results we can conclude: the monthly
corrosion rate is very low for all samples,  the stability in all
three media  is very good. The ATO films obtained by CVD
and SG have no degradation during the first 30 days of
treatment.

It is well known the mechanical and chemical stability
of ATO films ,which provide a long lifetime for them.

Fig. 1. 3D view AFM
images of CVD sample
(a) and SG sample (b)

Fig. 2. The relaxed
nanoindentation impressions

images by AFM
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The single degrading media for these films is the
nascence hydrogen. This is specially important at the SnO2
joint film for multilayer solar cells, because the presence
of metallic Sn and the SnO (appeared at the reduction of
the SnO2 at the joint) seriously reduce the light absorbance
in the solar cell active surface.

The results of the variation of ATO films characteristics
function of curing time with nascence hydrogen are given
in table 3.

The 30 s nascence hydrogen treatment do not affected
the layer. After this period the thickness of the layer

decreases ver y much quickly, the film resistance
substantially increases and the optical transmittance
diminishes to the half of starting value.

Conclusions
Among transparent conducting oxide materials, the

antimony doped tin-dioxide (ATO) films find wide
applications due to their excellent properties.

The AFM images show a dense, continuous and
homogenous ATO deposits with a few superficial cracks
on the surface with spherical nanoparticles.

Table 1
VARIATION OF INVESTIGATED CHARACTERISTICS IN THE THREE CHEMICAL MEDIA- SG SAMPLE

Table 2
VARIATION OF INVESTIGATED CHARACTERISTICS IN THE THREE

 CHEMICAL MEDIA- CVD SAMPLE

Table 3
INFLUENCE OF THE NASCENCE HYDROGEN
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The both CVD and SG samples have remarkable good
properties: satisfying hardness, low electrical resistance,
the charge carrier numbers approach the value established
for metals and  very high transmittance in Vis region . In all
cases the adhesion of the films to the substrates, caused
by the Si-O-Sn  type bonds is satisfactory.

The AFM and XRD analysis proved for all ATO coatings
the crystalline, tetragonal cassiterite structure. Based on
these investigation it was confirmed that Tin and Antimony
were found in the oxidation form SnO2 and Sb2O4.

We can conclude: the monthly corrosion rate is very
low for all samples, the stability in all three media is very
good. The ATO films obtained by CVD and SG have no
degradation during the first 30 days.

The 30 s nascence hydrogen treatment does not
affected the layer. After this period the thickness of the
layer decreases very much, the film resistance substantially
increases and the optical transmittance diminish to the
half of it’s starting value.

Based on these results, we can recommend the use of
CVD and SG films as protective coatings.

Acknowledgement: This work was supported by the Hungarian-
Romanian Intergovernmental Scientific and Technological Cooperation
Project( RO-19 2002-2005R, O-35 2006-2007) and The National Research
Project Matnantech no. 232/2004.

References
1.SAUKKO, S., LANTTO, V., Thin Solid F ilms, 436, 2003, p .137
2.ROTARIU, I., JITARU, M., KORMOS, F., KALMAN, E.,
Conf.Environmental Chemistry Chisinev, Moldova, 2005, p.195
3. BERNARDI, I. B., SOLEDADE, L. E., SANTOS I.A., LEITE, E. R.,
LONGO, E., VARELA, J. A., ThinSolid Films, 405, 2002, p.228
4. SCHIERBAUM, K.D., EIMAR, W., GOPEL, W., Sensor As ctuators B7
1/30, 1992, p.709
5. PUETZ, J., CHALVET, F.N., AEGERTER, M. A., Thin Solid Films,
442,2003, p. 53
6. SZANYI, J., Applied Surface Science 185, 2002, p . l6l
7.JITARU, M., KORMOS, F., ROMAN, C., PAVAI, M., KALMAN, E.,CAS
Sinaia 2005, p.69
8.MA, J., HAO, X., XU, X., YANG, Y., HUANG, SH., ZHANG, D., CHEN ,C.,
Solid State Communications 2l, 2002, p .345
9.PAVAI, M., SAJO, I., PAPP, K., KORMOS, F., KALMAN, E., III Karpat-
medencei kornyezettudomanyi konferencia Cluj, 2007, p.194
10.NATAKA, K., MORIKAWA, Y., YOSHIMUR,A K., SAITO, H., Eur. Pat.
Appl. EPI,174, 771,2002
11.VILLULAS, H. M. , MATTOS COSTA, F. J., NASCEMTE, R. A .,
BULHOES, L.O., Electrochimica Acta, 49, 2004
12. REGHINI ,D., COMAN, V., KORMS, F., PAPP, K. , NAGY, P. , KALMAN,
E., Sixth National Conference on Chemistry, Sofia, Bulgaria, 2008,
p.242
13. NAGY, P. M., European Microscopy and Analysis, 13-15 nov 2004
14. NAGY,, P. M., HORVATH P., KORMOS, F., KALMAN, E., Materias and
Manufacturing Processes 20 , 2005, p.115

Manuscript received: 10.06.2009

241




