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Abstract
Structural properties of thin zinc oxide (ZnO)
films reactively sputtered on Si substrates using
radio frequency (rf) magnetron have been
studied in this work as a function of the
substrate temperature (30 to 760°C) during
deposition and the concentration of oxygen (10
to 90%) in the Ar-O2 gas mixture.
The X-ray diffraction (XRD) have shown that
the ZnO films grown at the ambient temperature
are most weakly crystallized and the film
crystalline quality stabilises above 200°C.
However, the best crystalline quality is obtained
for the (002) orientation at the ambient
temperature with an Ar/O2 gas mixture of 10%
of oxygen. Also, the film growth rate varies with
the substrate temperature and the amount of
oxygen. The increasing of oxygen in the gas
mixture induces a decreasing of the (002) peak
intensity, and increases slightly those of the
(100) et (101) orientations.
The film stoichiometry is near Zn1O1 as
observed from Energy dispersive X-ray
spectroscopy (EDXS). The scanning electron
microscopy (SEM) has shown a columnar
structure of the ZnO films.

I. Introduction
ZnO is an attractive material for large variety of
applications as microelectronic, piezozlctric,
optoelectronic and photovoltaic devices. It is a

wide-bandgap oxide semiconductor with a
direct energy gap of about 3.37 eV. A goal of
this study is to obtain suitable films for shear
wave transduction. The zinc oxide has emerged
as one of the most promising materials, due to
its optical and electrical properties associated
with the high chemical and mechanical stability,
which makes it a lower cost material, when
compared to the most currently used transparent
conductive oxide materials ITO (indium tin
oxide) and SnO2 ( tin oxide).
During the last
years, several deposition
techniques for thins films have been developed
and studied, such as, ion-beam-assisted
deposition [1], chemical vapour deposition
CVD [2], pulsed-enhanced chemical vapour
deposition PECVD [3], spray pyrolysis [4,5],
molecular beam epitaxy (MBE) [6], pulse Laser
deposition (PLD) [7,8], sol-gel processing
[9,10], reactive DC sputtering [11,12] and AC.
magnetron sputtering technique which is one of
the most widely used to its reproducibility and
efficiency [13-16]. The growth methods of ZnO
films are compatible with a wide range of
substrates (pyrex, quartz, silicon, sapphire…).
Consequently, many potential applications, such
as transparent electrode in solar cells [17,18],
transparent conductors, piezoelectric transducers
and surface acoustic wave devices [19,20] could
be archived.
Radio frequency magnetron sputtering exhibits
interesting advantages: the low substrate
temperature, the good adhesion of the films on
the substrates, and a high deposition rate. The
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physical properties of the films depend on the
sputtering parameters, such as the substrate
temperature, the oxygen partial pressure and the
sputtering power [21]. Therefore, it is
meaningful to report in this paper, the effects of
the deposition parameters on ZnO thins films
structural properties using r.f. magnetron
sputtering.
II. Experimental approach
Zinc oxide films elaborated by r.f. magnetron
sputtering are very sensitive to the deposition
parameters, these should therefore be optimised
in order to obtain highly orientated ZnO films.
The fig. 1 shows the apparatus of r.f. magnetron
sputtering. It consists of a cylindrical plasma
chamber.
The ZnO films were deposited by r.f. magnetron
system on silicon Si(100) substrates. The Zinc
target (purity 99.99%) diameter was 100 mm (4
inch) and 6.35 mm thick. The distance between
the cathode and the substrate holder was 70 mm.
The deposition chamber was pumped down to a
base pressure of 5.10-7mbar by a turbomolecular
pump prior to the introduction of the argonoxygen gas mixture for ZnO thin film
production. The pressure was fixed at 2.102
mbar and the time deposition was 3000s.

Fig.1 Radio frequency magnetron sputtering
system.
The RF power delivered by the RF generator
was varied between 20 and 100 watts. The
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substrate holder temperature was varied from
the room temperature to 760°C and the oxygen
percentage in Ar/O2 gas mixture was varied
from 10 to 90%.
All these conditions were summarized in the
table I.
DEPOSITION CONDITIONS OF ZnO
TABLE I.
BY R.F MAGNETRON SPUTTERING
R.F Power
20W and 100W
Pressure
2.10-2 mbar
O2 in Ar/O2
10% to 90%
Gas flow
25sccm
Target
ZnO (purity 99,99%)
Temperature
ambiant to 760°C
Deposition time
3000s

The crystallographic properties of films were
analysed by X-ray Diffraction (XRD) using the
Cu Kα (with λ = 1.5405 A°) radiation. The
morphology of the films is obtained by using
scanning electron microscopy (SEM). The
atomic compositions and the stoechiometry of
the ZnO films were determined by Energy
Dispersive X-ray Spectroscopy (EDXS).
III. Results and discussion
III.1 Structural and morphologic properties
Fig. 2 shows the XRD pattern for samples

deposited at several temperature (ranging from
31 to 760°C, p=2.10-2mbar, P=100W, Ar-O2 at
50-50%). We observe only one strong peak at
2θ~34.4°, which can be attributed to the (002)
line of the hexagonal ZnO würtzite phase
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[22,23]. All the sputtered ZnO films are highly
textured, with the c-axis perpendicular to the
substrate surface.
The intensity of the (002) peak increases as a
function of the substrate temperature showing
an improvement of the films crystallinity.
Moreover the peak intensity increases while its
full width at half maximum (FWHM) decreases.
Further increasing of substrate temperature
leads to a slightly decreasing of the peak
intensity for films prepared at 760°C. It
indicates a saturation of films crystallinity.
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Fig.3 X-ray spectra of ZnO thin film as a function of
oxygen percentage in the gas mixture
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TABLE II. THICHNESS AND GRAINS SIZE FOR
DIFERENT PERCENTAGE OF OXYGEN IN THE GAS
MIXTURE.
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Fig.2 X-ray spectra of ZnO thin film as a function of
substrate temperature.

Fig.3 shows the XRD spetra obtained for
samples deposited at several oxygen percentage
varied from 10 to 90%, room-temperature,
P=100W and a pressure of 2.10-2mbar. The
XRD diffraction spectra also reveals the
existence of ZnO single phase with hexagonal
würtzite structure with a preferential orientation
in the (002) direction. The increase of oxygen
percentage from 10 to 90% in the gas mixture
decrease the (002) peak intensity, while
increases slightly those of the (100) and (101)
orientations.

Perc.
O2
(%)
30
50
70
90

Max
size
(nm)
78
59
52
30

Min
size
(nm)
61
55
47
24

Mean
size
(nm)
70
57
50
27

σ
nm2
3.080
0.446
1.734
1.297

Ecart
Type
nm
1.755
0.668
1.317
1.139

For each sample, we have chosen ten
measurements of the grains size on the SEM
analysis. When the percentage of oxygen in the
gas mixture increases, the mean size of the
grains decrease, which explains the poor
crystalline quality at high O2 concentration. The
variance and the standard deviation are small,
which reveals the good homogeneity of the ZnO
films in grain size. A typical SEM image shows
the columnar structure of the ZnO films Fig.4.
The column size is summarised in the table II.
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spectrum shows a better crystalline quality for
the 200°C and 100W film, fig5 .

III.2 Deposition rate and composition
structure

0,3

Fig.4 Cross section SEM micrograph of ZnO films at 30%
of oxygen percentage in gas mixture
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Fig.5 X-ray diffractograms of ZnO thin films as function
of r.f. power, (a) at T=31°C, (b) at T=200°C.

For the same thickness (60 nm) for two films at
P=20w, T=31 and 200°C, Ar-O2 at 50-50%.
Phrase incomplete et donc pas Claire.
Also, for the 700 nm films thick (P=100W,
T=31 and 200°C, Ar-O2 at 50-50%, the XRD
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Fig.6 ZnO growth rate as function of the substrate
temperature (a) and oxygen percentage in Ar/O2 gas
mixture (b).
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Fig.6 shows the variation of the deposition rate
versus substrate temperature (a) and oxygen
percentage in Ar/O2 gas mixture (b). The
increasing of the temperature and the oxygen
percentage induces a decreasing of the rate
deposition due to a decreasing of sticking
coefficient.

O=47.73%
Zn=52.26%
Zn/O=1.09

Fig.7 Atomic composition by EDXS characterisation

The results obtained by Energy Dispersive Xray Spectroscopy (EDXS) are shown in Fig.7.
We have used a standard sample ZnO results
and we have compared with our results. The
characterisation have revealed that all the films
were stoïchiometric and there atomic
compositions are Zn1O1.
IV. Conclusion
Zinc oxide thin films have been deposited by r.f.
magnetron sputtering, using a ZnO target. The
temperature substrate has been varied between
31°C to 760°C and the oxygen percentage in
Ar/O2 gas mixture varied between 10% to 90%.
We have mainly observed the presence of the
ZnO hexagonal phase of würtzite type and a
preferential orientation of the film growth along
the c-axis. The ZnO films formed at the ambient
temperature are most weakly crystallized and
the film crystalline quality stabilises above
200°C. Furthermore, the best crystalline quality
is obtained for the (002) orientation at 400°C
temperature in the presence of 50% of oxygen
amount. At room-temperature, the highest
quality is obtained at 10% of O2 in the gas
mixture.

108

Acknowledgement
The authors wish to acknowledge L. Bouvot and
A. Kohler for their helpful contributions.
Reference
[1] D.H. Zang , D.E. Brodie . Thin Solid Films
(1994); 238, 95.
[2] J. Hu , R.G. Gordon . J. Appl. Phys.
(1992);71(2):880
[3] K. Haga, M. Kamidaira, Y. Kashiwaba, J.
Cryst. Growth. 77 (2000) 217.
[4] F. Paraguay, W. Estrada , D.R. Acosta , E.
Andarade , M. Miki-Yoshida . Thin Solid
Films (1999);350:192.
[5] M. M. Bagheri-Mohagheghi, M. ShokoohSaremi, Thin Solid Films 441 (2003) 238.
[6] Y. F. Chen, N.T. Tuan, Y. Segawa, H.J. Ko,
S.K. Hong, T. Yao, Appl. Phys. Lett. 78
(2001) 1469.
[7] B.J. Jin, S. Im, S.Y. Lee, Thin Solid
Films366 (2000) 107.
[8] B.J. Jin, H.S. Woo, S. Im, S.H. Bae, S.Y.
Lee, Appl. Surf. Sci.169/170 (2001) 521.
[9] A.E. Gimenez Gonzales, J.A. Soto Urueta,
R. Suerez Para, J. Cryst. Growth 192 (1998)
430.
[10] J.H. Lee, K.H. Ko, B.O. Park, J. Cryt.
Growth 247 (2003) 119.
[11] G.B. Zhang, C.S. Shi, z.f. Han, J.Y. Shi,
Phys Lett. 18 (2001) 441.
[12] B.X. Lin, Z.X. Fu, Y.B. Jia, Appl. Phys.
Lett 79 (2001) 943.
[13] K. Ellmer, J. Phys. D : Appl. Phys. 33
(2000) R17.
[14] M. Link, M. Schreiter, J. Weber, R. Gabl,
D. Pitzer, R. Primig, and W. Wersing ,M. B.
Assouar, O. Elmazria, Journal of Vacuum
Science & Technology A: Vacuum, Surfaces,
and Films 24 (2006) 218,
[15] R. Ondo-Ndong, F. Pascal-Delannoy, A.
Boyer, A. Giani, A Foucaran. Mat. Sci. and
Eng. B97 (2003) 68-73.
[16] A. Mosbah, A. Moustaghfir, S. Abed, N.
Bouhssira, M.S. Aida, E. Tomasella and M.
Jacquet. ELSEVIER Science. 200 (2005) 293
[17] S. Fay, S. Dubail, U. Kroll, J. Meier, Y.
Zeigler, A. Shah, Proceedings of the 16th
Photonoltaic Solar Energy Conference, (2000)
362.

S. Bensmaine et al, Journal of Electron Devices, Vol. 5, 2007, pp. 104-109

[18] K. Kushiya, M. Ohshita, I. Hara, Y.
Tanaka, B. Sang, Y. Nagoya, M. Tachiyuki, O.
Yamase, En. Mat. Sol. Cells 75 (2003) 171.
[19] D.C. Look, Mater. Sci. Eng. B 80 (1-3)
(2001) 383.
[20] A.B. Djurisic, Y. Chan, E.H. Li, Mater. Sci.
Eng. R 38 (6) (2002) 237.
[21] Y. Yoshino, T. Makino, Y. Katayama, T.
Hata. Vacuum 59, 538, (2000).
[22] L. J. Meng, M. P Dos Santos, Thin Solid
Films 250 (1994) 26-32.
[23] C. Messaoudi, D. Sayah, M. Abd-Lefdil,
Phys. Stat. Sol. A151 (1995) 93.

109

