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Tin oxide SnO2 films were prepared by RF magnetron sputtering. The effects of oxygen partial pressure percentage on the SnO2

property have been investigated to obtain relatively high-resistivity SnO2 films which could be used as buffer layers to optimize the
performance of CdTe/CdS solar cells. The oxygen partial pressure percentage varied in the range of 1%∼10%. The results show
that the introduction of oxygen would suppress the deposition and growth of SnO2 films. Electrical measurement suggests that the
film resistivity decreases with the increase of oxygen pressure. The SnO2 films with resistivity of 232Ω cm were obtained in pure
Ar atmosphere. All SnO2 films fabricated with different oxygen partial pressure percentage have almost the same optical band gap.

1. Introduction

SnO2 is reported to be widely used in many fields owing
to its good optical and electrical properties. Tin oxide
SnO2 is a kind of typical transparent n-type semiconductor
with wide band gap (3.6–4.0 eV) [1]. SnO2 thin film can
be prepared by a variety of methods such as chemical
vapor deposition (CVD), sputtering, sol-gel process, and
spray pyrolysis. Compared with other deposition techniques,
magnetron sputtering is the most attractive technique for
industrial development due to its high deposition rate,
competitive costs, good reproducibility, and possibility of
using commercially available large-area sputtering systems
[2].

In the case of intrinsic SnO2, the density of conducting
electrons has often been attributed to the presence of
unintentionally introduced donor centers, usually identified
as metallic interstitials (Mi) or oxygen vacancies (VO) that
produce shallow donor or impurity states located closed to
the conduction band [3]. A great variety of dopants have
been studied in order to improve the electrical properties
of SnO2 for certain applications [4, 5]. However, only a few
researches focused on high-resistivity SnO2 films [6–10].

As for CdTe/CdS solar cells, the window layer should
be as thin as possible to improve the short-circuit current
density. However, the thin window layer of CdS may lead

to the direct touch of CdTe absorption layer and the front
electrode, which would degrade the device performance.
Fortunately, it can be avoided by introducing a layer of high-
resistivity SnO2 film between the window layer and the front
electrode. It could reduce the forward current caused by the
perforation of CdS. By introducing a layer of about 50 nm
SnO2, the thickness of CdS could be reduced to 80 nm,
which will cause less absorption of the incident light, and
so the Jsc and efficiency would be improved. As a result, the
performance of the CdTe solar cell would be better owing to
SnO2 buffer layer with relatively high resistivity [11].

Large variations in the electrical properties have been
reported for SnO2 films [12–16]. Oxygen plays an important
role in the deposition process. In this paper, SnO2 films
with relatively high resistivity were fabricated by magnetron
sputtering. And the influence of oxygen partial pressure on
structural, electrical, and optical properties of SnO2 films was
studied.

2. Experimental

SnO2 films were deposited on borosilicate glasses by RF
magnetron sputtering. The target is SnO2 ceramic disc with
5 N purity. The diameter of target is 64 mm. The substrates
were placed on a substrate holder with heating block. The
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distance between the substrate and target was 11 cm. The
chamber was evacuated to a base pressure of 6 × 10−4 Pa
and the working pressure was controlled to be 1 Pa in pure
Ar gas or a mixture of Ar and O2. The oxygen partial
pressure percentage ranged from 1% to 10% and the working
gases were supplied via mass-flow-controlled gas inlets. The
substrate temperature was 250◦C and the sputtering power
was 150 W.

The structure of the films was studied by DX-2600 X-ray
diffractometer with 0.15418 nm copper target Kα radiation.
The resistivity of the film was measured using the two-probe
method in our home-made instrument and film thickness
was obtained by Ambios XP-2 profiler. The AFM images
were obtained by CFM4000 scanning probe microscope. The
transmission spectra of the films were measured by Lambda
950 UV-vis spectrometer.

3. Results and Discussion

Figure 1 illustrates the thickness of SnO2 films deposited
under the same deposition time with different oxygen
partial pressures’ percentage. The results show that the film
thickness decreases with the increasing oxygen pressure.
The maximum thickness of 148 nm was obtained in pure
argon atmosphere and the minimum value was only 17 nm
obtained in the film with 10% oxygen partial pressure
percentage. The film thickness decreases with the increase of
oxygen partial pressure. This tendency is more obvious when
the percentage is lower than 3%. In order to understand this
result and explore the role of oxygen in the growing process
of SnO2 films, some other films were intentionally fabricated
at different deposition time and the films were measured to
determine the thicknesses.

Table 1 shows the film thickness of different deposition
time at different oxygen partial pressure percentage. It is
out of expectation that the film thickness did not increase
proportionally with the deposition time except for the
sample without oxygen. For example, for samples with 5%
oxygen, the film thickness with 60 min deposition time only
increases 8 nm compared with the sample within 30 min.
The thickness of the sample with 110 min deposition time
increases no more than 50% of the sample with 30 min.
This phenomenon indicates that the deposition rate of films
decreased with the increase of the oxygen pressure, and in the
atmosphere with oxygen, the deposition rate of SnO2 films
decreased with the increase of deposition time. This result
is similar to [17], in which Suzuki and Mizuhashi believed
that the oxygen obstructed the deposition of SnO2 because
of the lower sputtering yield and large polarizability of the
oxygen ion. And Kilic and Zunger thought the reduction
in the rate deposition is attributed primarily to collisions
of the ablated tin and oxygen particles with the ionized
gas plasma during deposition [18]. Another explanation is
as follows: in the given atmosphere, bigger oxygen partial
pressure percentage means the less quantity of Ar, which
leads to the increase of unionized neutral oxygen atoms.
The neutral O2 atoms impact with the sputtering particles
and thus consume the energy of the sputtering particles.

Consequently, these particles diffuse to low energy positions
without enough energy, resulting in low deposition rate [19].

In order to study the effect of oxygen on the surface mor-
phology of SnO2 films, AFM images of films deposited with
different oxygen partial pressure percentage are observed as
shown in Figure 2. The surface roughness (RMS) and particle
size are shown in Table 1. Obviously, with same deposition
time, the film particle of the sample with percentage of 0%
is bigger than that of the 10%, and the surface roughness of
the former was 1.2 nm while the later was 0.608 nm. With
the increase of time, the particle of the film with 0% oxygen
becomes bigger while the film with 10% is smaller. It seems
that oxygen inhibits the growth of grain.

The XRD patterns for the samples are present in Figure 3.
For SnO2 film grown in pure argon, XRD spectrum exhibits
5 obvious diffraction peaks corresponding to (110), (101),
(211), (002), and (112) plane of SnO2 phase. No peak of
other phase was observed. Among the 5 peaks, the intensity
of (101) plane was much stronger. Once introduced oxygen,
the intensity of (110) peak decreased sharply and (211) peak
disappeared. (101) peak totally disappeared once introduced
oxygen. Through the XRD data, it can be concluded that
oxygen had an adverse effect on the crystallization of SnO2

films deposited by magnetron sputtering. The effect of O2 on
film structure can be explained as follows. In the atmosphere
containing oxygen, the particles that reached the substrate
had not enough energy to form polycrystalline films. What’s
more, the oxygen might induce defects in the films, which
will influence the nucleation and growth of the films. As a
result, the films look more amorphous.

The relationship between electrical resistivity for SnO2

films and oxygen partial pressure percentage is plotted in
Figure 4. Similar with thickness, increasing oxygen caused
the decline of resistivity. For the film deposited in pure Ar,
the resistivity was the maximum with value of 232Ω cm.
Once introduced 1% oxygen, the value was less than half of
the maximum. When oxygen partial pressure percentage is
3%, the resistivity decreased almost two orders of magnitude
to about 1Ω cm. With more oxygen, the value decreased
continuously and reached the lowest one of 0.11Ω cm at 10%
oxygen partial pressure percentage. It is worthy to note that
the resistivity curve is very similar to the thickness curve. We
suppose that there is some relationship between them.

It is known that completely stoichiometric SnO2 is
an insulator or at most an ionic conductor. However, in
practice this material is never stoichiometric and invariably
presents defects. These defects are responsible for making
free carriers available in the conduction process. For the
RF magnetron-sputtered SnO2 films, stoichiometric films
cannot be acquired even though in pure Ar atmosphere.
In the case of intrinsic materials, the density of conducting
electrons has often been attributed to the presence of
unintentionally introduced donor centers, usually identified
as metallic interstitials (Mi) or oxygen vacancies (VO) that
produce shallow donor or impurity states located close
to the conduction band. The excess of donor electrons is
thermally ionized at room temperature and moves into the
host conduction band. In SnO2, the important role of Sni in
populating the conduction band, in addition to the VO, has
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Table 1: Film thickness, surface roughness, and particle size of SnO2 films deposited with different conditions.

Oxygen partial pressure
percentage (%)

Deposition time (min) Thickness (nm) RMS (nm) Particle size (nm)

0
20 62 0.612 0.8

60 148 1.2 2.4

3
60 55 — —

110 87 — —

5

30 50 — —

60 58 — —

110 70 — —

10
60 30 0.608 1.4

135 50 0.56 1.2
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Figure 1: Thickness of SnO2 films as a function of the oxygen partial pressure.

been conclusively supported by first-principle calculation of
Suzuki and Mizuhashi [17]. They showed that Sni and VO,
which dominated the defect structure of SnO2 due to the
multivalence of Sn, explained the natural nonstoichiometry
of this material and produce shallow donor levels, turning
the material into an intrinsic n-type semiconductor.

The decrease of film resistivity might be attributed to VO

and Sni that both play positive role in film conductivity. With
the increasing oxygen, the amount of Sni increased while VO

decreased. According to the report of Kilic and Zunger, the
effect of Sni on film conductivity was more obvious than that
of VO due to the lower formation energy of Sni than VO [18].
As a consequence, the carrier concentration increased and
hence the mobility, resulting in a decrease in film resistivity.
De and Ray have found amorphous phases of unknown
stoichiometry with resistivity of about 33.3Ω cm [13] and
Eun-Kyung Kim and Oliver have reported the amorphous
SnO2 with resistivity of 5.6∗ 10(−3) Ω cm [2]. As we known,
the resistivity of 232Ω cm for SnO2 film is higher than that
of other similar reports.

The optical transmittance spectra of all samples in the
region of 200 nm to 900 nm are shown in Figure 5. There
is no obvious change in the optical transmittance with
the increase of oxygen partial pressure percentage. The

average transmittance in visible region varied from 83.18%
to 88.63% with the maximum appeared at 1% sample and
minimum at 10%. The optical energy band gap of SnO2 films
was calculated using (1) [20]:

α =
B
(
hν− Eg

)n

hν
, (1)

where the exponent n could have the values of 0.5, 1.5, 2,
and 3 depending on the type of the electronic transition in k-
space. For the allowed direct band gap transition in a crystal,
n = 0.5. The band gap was determined by extrapolating the
liner region of (αhν)2-hν plots. The bang gap Eg of the SnO2

films deposited in 10% oxygen partial pressure percentage
was 3.9 eV, and the others were 4.0 eV. That is, the oxygen
content seemed to have no obvious effect on the optical band
gap of films, which is discrepant with some researches. Lee
reported that the band gap varied from 3.74 eV to 4.20 eV
according to deposition conditions [21].

At room temperature, the band gap of SnO2 is 3.6 eV,
which is lower than what we got. According to the Brus
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Figure 2: AFM images of samples of different oxygen pressure percentage and deposition time.
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Figure 3: XRD patterns of SnO2 films deposited at different oxygen concentration.

formula, the band gap change caused by small grain size can
be calculated using

ΔE = E2π2

2m∗r2
= h2

8m∗r2
, (2)

where m∗ = memh/me + mh, h = 6.626 ∗ 10−34 J · s
[22]. Considering the grain size in this paper, ΔE has been
calculated to be 0.38 eV, which means the band gap will
increase to 3.98 eV due to the confinement quantum effect.
This result is very close to our experimental data (4.0 eV).
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Figure 4: Electrical resistivity as a function of oxygen partial pressure percentage.
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Figure 5: The transmittance of SnO2 films deposited at various oxygen pressure percentages.

Because of the special features of the electronic structure
of SnO2, the formation of intrinsic defects in SnO2 has only
small effects on the optical transparency [18]. It might be
caused by the combined effects of the thickness, defect
density, and oxygen content. In addition, the reflection was
not concerned. To find the real origin, it is necessary to do
some further studies.

4. Conclusions

SnO2 films were deposited with different oxygen partial
pressure percentage by RF magnetron sputtering using SnO2

ceramic disc. The film structure and morphology were
analyzed. The results show that the oxygen would obstruct
the deposition of SnO2 and further to deteriorate the
crystallization of SnO2 film. With the increasing oxygen
partial pressure, the resistivity of SnO2 decreases while the

optical band gap was maintained at 4.0 eV. The SnO2 film
with the resistivity of 232Ω cm was obtained in pure argon
atmosphere.
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oxygen pressure on the physical properties of the pulsed-laser
deposited Te doped SnO2 thin films,” Journal of Alloys and
Compounds, vol. 508, no. 2, pp. 342–347, 2010.

[4] B. Stjerna, E. Olsson, and C. G. Granqvist, “Optical and
electrical properties of radio frequency sputtered tin oxide
films doped with oxygen vacancies, F, Sb, or Mo,” Journal of
Applied Physics, vol. 76, no. 6, pp. 3797–3817, 1994.

[5] S. U. Lee, B. Hong, and W. S. Choi, “Structural, electrical, and
optical properties of antimony-doped tin oxide films prepared
at room temperature by radio frequency magnetron sputtering
for transparent electrodes,” Journal of Vacuum Science and
Technology A, vol. 27, no. 4, pp. 996–1000, 2009.

[6] W. Spence, “The uv absorption edge of tin oxide thin films,”
Journal of Applied Physics, vol. 38, no. 9, pp. 3767–3770, 1967.

[7] F. M. Amanullah, M. Saleh Al-Mobarak, A. M. Al-Dhafiri,
and K. M. Al-Shibani, “Development of spray technique for
the preparation of thin films and characterization of tin oxide
transparent conductors,” Materials Chemistry and Physics, vol.
59, no. 3, pp. 247–253, 1999.

[8] J. Q. Wang, H. T. Wang, M. Wen, and Y. C. Zhu, “Testing
results analysis of contact materials’ electrical contact perfor-
mance,” Journal of Zhejiang University Science A, vol. 8, no. 3,
pp. 459–463, 2007.

[9] Masayuk, Dkyua, Shojikaneko et al., “Low temperature depo-
sition of SnO2 thin films as transparent electrodes by spray
pyroloysis of tetra-n-butyhin,” European Ceramic Society, vol.
21, pp. 2099–2102, 2000.

[10] P. S. Patil, “Versatility of chemical spray pyrolysis technique,”
Materials Chemistry and Physics, vol. 59, no. 3, pp. 185–198,
1999.

[11] F. Yao and L. Feng, “Properties of SnO2 polycrystalline thin
films prepared by magnetic reactive sputtering,” Semiconduc-
tor Optoelectronics, vol. 28, pp. 367–369, 2007.

[12] T. Yamazaki, U. Mizutani, and Y. Iwama, “Electrical properties
of SnO2 polycrystalline thin films and single crystals exposed
to O2 and H2-Gases,” Japanese Journal of Applied Physics, vol.
22, pp. 454–459, 1983.

[13] A. De and S. Ray, “A study of the structural and electronic
properties of magnetron sputtered tin oxide films,” Journal of
Physics D, vol. 24, no. 5, p. 719, 1991.

[14] D. Jousse, C. Constantino, and I. Chambouleyron, “Highly
conductive and transparent amorphous tin oxide,” Journal of
Applied Physics, vol. 54, no. 1, pp. 431–434, 1983.

[15] S. Muranaka, Y. Bando, and T. Takada, “Preparation by reac-
tive deposition and some physical properties of amorphous tin
oxide films and crystalline SnO2 films,” Thin Solid Films, vol.
86, no. 1, pp. 11–19, 1981.

[16] K. Sundaram and G. Bhagavat, “Chemical vapour deposition
of tin oxide films and their electrical properties,” Journal of
Physics D, vol. 14, no. 2, p. 333, 1981.

[17] K. Suzuki and M. Mizuhashi, “Structural, electrical and optical
properties of r.f.-magnetron-sputtered SnO2:Sb film,” Thin
Solid Films, vol. 97, no. 2, pp. 119–127, 1982.

[18] C. Kilic and A. Zunger, “Origins of coexistence of conductivity
and transparency in SnO2,” Physical Review Letters, vol. 88, no.
9, Article ID 095501, 4 pages, 2002.

[19] I. T. Tang, Y. C. Wang, W. C. Hwang et al., “Investigation
of piezoelectric ZnO film deposited on diamond like carbon
coated onto Si substrate under different sputtering condi-
tions,” Journal of Crystal Growth, vol. 252, no. 1–3, pp. 190–
198, 2003.

[20] F. Wooten, Optical Properties of Solids, Academic Press, 1972.

[21] J. Lee, “Effects of oxygen concentration on the properties of
sputtered SnO2:Sb films deposited at low temperature,” Thin
Solid Films, vol. 516, no. 7, pp. 1386–1390, 2008.

[22] L. E. Brus, “Electron-electron and electron-hole interactions
in small semiconductor crystallites: the size dependence of the
lowest excited electronic state,” Journal of Chemical Physics,
vol. 80, article 4403, 7 pages, 1984.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Inorganic Chemistry
International Journal of

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

 International Journal ofPhotoenergy

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Carbohydrate 
Chemistry

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Physical Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com

 Analytical Methods 
in Chemistry

Journal of

Volume 2014

Bioinorganic Chemistry 
and Applications
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Spectroscopy
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Medicinal Chemistry
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Chromatography  
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Applied Chemistry
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Theoretical Chemistry
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Spectroscopy

Analytical Chemistry
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Quantum Chemistry

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Organic Chemistry 
International

Electrochemistry
International Journal of

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Catalysts
Journal of


