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Abstract. In this paper, Al-doped ZnO (AZO) films have been deposited by RF sputtering at room
temperature with thickness 300 nm from an Aluminium Zinc Oxide target in Argon 99.99% ambient and
without substrate heating with RF power of 300 watt. After deposition, the samples have been annealed at
temperatures ranging from 300 to 500 o C in vacuum for 1h. The effect of flow rate of the Argon gas and
annealing, on the Structural properties and grain size have been investigated by XRD using Cu(Ka1)
radiation (λ= 0.154056 nm) in θ-2θ scan mode. It is shown that the structural properties and grain size of the
AZO thin films are dependent on the flow rate of the Argon gas. The experimental results show that good
qualities of crystalline structure appeared when AZO film prepared by flow rate of Argon gas 10 SCCM. But
the effect of annealing on the structural properties of the AZO thin films is low. A high degree of preferred
orientation which depends on the various flow rate of argon gas is exhibited. The θ-2θ scan data of AZO
films exhibit a strong 2θ peaks at nearby 34.53˚, corresponding to the (002) peaks of AZO. It is indicated that
the film is a crystalline with a preferential orientation along c-axis. There is a 2% variation in 2θ peaks of
AZO films. ( i.e. 34.53˚ ± 2%) have been prepared at various flow rate and annealing temperature.
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1. Introduction
Recently, AZO has been extensively studied because they combine attractive properties with high visible
transparent and electrical conductively and this material is excellent alternative to replace indium tin oxide
(ITO) and tin oxide (SnO2) as transparent conducting electrodes in solar cells device and flat panel displays
[1,2]. In addition, AZO is also potentially useful in surface acoustic devices (SAW) [3] and optical
waveguides [4]. Properties and, therefore, device performance are also expected to improve drastically by
using single-crystalline or high c-axis orientation film in place of no oriented polycrystalline films. Specially,
AZO thin films with high c-axis orientated crystalline structure along (002) plane can reduces the electrical
resistivity due to an increase in carriers mobility by reducing the probability of the scattering of the carriers
at the grain boundary [5]. Generally, c-axis orientation films of AZO are fabricated by RF magnetron
sputtering [6], chemical vapour deposition [7], pulsed laser deposition [8], spray pyrolysis [9] and sol–gel
process [10], etc. At present RF sputtering systems are commonly used for AZO deposition in acoustic
applications.
The characteristics of AZO films are generally affected by the preparation conditions, such as the
deposition methods, working pressure, substrate temperature and the types of substrates. In this study, AZO
thin films were deposited by RF sputtering from aluminium doped zinc oxide target at pure argon
atmosphere. The influence of sputtering conditions (mainly the argon flow rate) on the properties of AZO
films was studied.
AZO films were deposited by an RF sputtering system using AZO (99.99% purity) target with a diameter
and a thickness of 76 and 3 mm, respectively. The sputtering was carried out in an argon (99.99% purity) gas
atmosphere by supplying 300 W RF power at a frequency of 13.56 MHz. The flow rate of the argon gas was
set between 5 to 30 SCCM. The distance between target and substrate was about 80 mm. The chamber was
down to 8*10-6 Torre using a diffusion pump before introducing the argon sputtering gas into the chamber.
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The AZO film was grown at room temperature at a pressure of 3.3*10-2 Torre. The physical structure of the
films (crystalline structure or microstructure) were analysed by XRD using CuKa1 radiation (k = 0.154056
nm) in θ-2θ scan mode.

2. XRD analysing
2.1. Investigation of argon gas flow rate on structural properties
The crystalline structure and orientation of the AZO thin films were investigated by XRD. Fig.1 shows
the XRD spectra of AZO thin films deposited at room temperature with an argon flow rate between 5 to 30
SCCM. The films exhibited a high degree of preferred orientation which depends on the various argon flow
rate. The θ-2θ scan data of AZO films exhibit a strong 2θ peaks at 34.53˚, corresponding to the (002) peaks
of AZO. C-Axis (002) diffraction peaks were distinguishably observed in the grown AZO films, we surmise
that the c-axis oriented AZO film is obtained. It is noteworthy that C-Axis (002) diffraction peak of AZO
thin film deposited with setting of argon gas flow rate on 10 SCCM, has highest intensity between all
samples.

2θ(degree)
Fig. 1: XRD patterns of Al-doped ZnO thin films deposited on glass substrate with various argon gas flow rate.

2.2. Low shift in the position of ZnO (002) pick
A high degree of preferred orientation which depends on the various flow rate of argon gas is exhibited.
The θ-2θ scan data of AZO films exhibit a strong 2θ peaks at nearby 34.53˚, corresponding to the (002)
peaks of AZO. It is indicated that the film is a crystalline with a preferential orientation along c-axis.
But accurate investigation indicated that there is a variation in 2θ value of c-axis, resulting from change in
amount aluminum in thin film. Because the ionic radii of Zn+2 and Al+3 are 72 pm and 53 pm, the lengths of
the c-axis are expected to shorten about 1.1% and 1.8%, respectively, if all the Al atoms are substituted into
Zn sites in the crystal. Thus the position of the ZnO (002) peak is expected to shift ~ 0.5°.
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Fig. 2 represented variation of 2θ peak as a function of the gas flow deposition and the annealing
temperature in vacuum. From Fig. 2 can be seen that in various annealing temperature the respective
maximum location of 2θ peak is achieved at gas flow 20 SCCM.

Fig 2: The location of 2θ peak for AZO thin films deposited on glass substrate in various argon gas flow rate within
5 to 30 SCCM and annealing at 300○C, 400○C and 500○C for 1h in vacuum pressure in 10-5 Torr

2.3. FWHM and grain size
XRD spectra show that the AZO films deposited by RF sputtering, have a polycrystalline hexagonal
wurtzite structure and are strongly oriented with the (002) faces perpendicular to the substrate surface (c-axis
orientation). We investigated the FWHM of the (002) peak of the AZO thin films, and calculated grain size
of them. The grain size can be deduced from x-ray diffraction by

t=

0 .9 λ
∇θ * cosθ B

Fig. 3: Grain size of the AZO films have been prepared at different gas flow and various annealing
temperature
where t is the grain size, Δθ is the FWHM, and θB is the Bragg angle, and λ=1.5418 Å (X-ray wave length).
According to the XRD spectra, FWHM of samples deposited with different argon gas flow rate, can be
calculated. The grain size has been measured for the AZO films with different gas flow and is represented in
Fig. 3 as a function of the annealing temperature in vacuum. For the as-grown samples, the grain size is in
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the 10-18 nm range with a tendency to decrease when the gas flow increases. When the annealing is
performed in vacuum, the grain size becomes 10-12 nm at 300C, decreased to 8-12 at 400 C, and increased
to 10-18 at 500C.

3. Conclusion
In summary, the structure of the AZO films with various argon gas flow rate and annealing temperature
in vacuum on crystalline structure of AZO thin films deposited by RF sputtering system were investigated.
The structural characteristics reveal that flat and well defined columnar films with C-Axis (002) diffraction
peaks were formed. It is noteworthy that C-Axis (002) diffraction peak of AZO thin film deposited with
setting of argon gas flow rate on 10 sccm, has highest intensity between all samples. It seems that deposition
with higher flow rate of argon gas, ions have lower opportunity deposition on the c-axis oriented. Accurate
investigation indicated that there is a variation in 2θ value of c-axis, resulting from change in amount
aluminum in thin film. Thus the position of the ZnO (002) peak is expected to shift ~ 0.5°. Annealing in
vacuum also is becoming more regularity in physical structure, and intensity of peak in XRD spectra
increased. Grain size of AZO thin films, were affected on conductivity and transparency of films. AZO thin
films deposited with lower argon gas flow rate, could have larger grains size. Sample deposited by setting
argon gas flow rate on 10 sccm, has appropriated grain size.

4. References
[1] R. Groenen,, J. L. Linden, H. R. M. van Lierop, D. C. Schram, A. D. Kuypers and M. C. M. van de Sanden. An
expanding thermal plasma for deposition of surface textured ZnO:Al with focus on thin film solar cell applications.
Applied Surface Science, Volume 173, Issues 1-2, 22 March 2001, 40-43
[2] Nathan W. Schmidt, Thomas S. Totushek, William A. Kimes, David R. Callender, and James R. Doyle. Effects of
substrate temperature and near-substrate plasma density on the properties of dc magnetron sputtered aluminum
doped zinc oxide. Journal of Applied Physics, Vol. 94, no 9(2003)
[3] Sheng-Yuan Chu, Te-Yi Chen, Walter Water. The investigation of preferred orientatiom growth of ZnO films on
the PbTiO3-based ceramics and its application for SAW devices. Journal of Crystal Growth 257 (2003) 280–285
[4] M. Bertolotti, M. V. Laschena, M. Rossi, A. Ferrari, L. S. Qian, F. Quaranta and A. Valcntini. Optical propagation
loss reduction in ZnO thin films under CO2 laser treatment. Res. 5 (9) (1990) 1929.
[5] J. Cembrero, A. Elmanouni, B. Hartiti, M. Mollar, B. Mari. Nanocolumnar ZnO films for photovoltaic
applications. Thin Solid Films 451–452 (2004) 198–202.
[6] Xiao-Tao Hao, Li-Wei Tan, Kian-Soo Ong, Furong Zhu. High-performance low-temperature transparent
conducting aluminum-doped ZnO thin films and applications. Elsevier, Journal of Crystal Growth 287 (2006) 44–
47
[7] B.S. Li, Y.C. Liu, Z.Z. Zhi, D.Z. Shen, Y.M. Lu, J.Y. Zhang, X.G. Kong, X.W. Fanm. Effect of the growth
temperature on ZnO thin films grown by plasma enhanced chemical vapor deposition. Thin Solid Films 414 (2002)
170–174
[8] Julia M. Phillips, R. J. Cava, G. A. Thomas, S. A. Carter, J. Kwo, T. Siegrist, J. J. Krajewski, J. H. Marshall, W. F.
Peck, D. H. Rapkine. Zinc-indium-oxide: A high conductivity transparent conducting oxide. Appl. Phys. Lett., Vol.
67, No. 15, 9 October 1995, 2246 – 2248.
[9] A. Mosbah, A. Moustaghfir, S. Abed, N. Bouhssira, M.S. Aida, E. Tomasella, M. Jacquet. Comparison of the
structural and optical properties of zinc oxide thin films deposited by d.c. and r.f. sputtering and spray pyrolysis.
Surface & Coatings Technology 200 (2005) 293–296
[10] S. Bandyopadhyay, G.K. Paul, S.K. Sen. Study of optical properties of some sol–gel derived films of ZnO.
Elsevier Solar Energy Materials and Solar Cells. 71 (2002) 103–113

33

