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Preparation of transparent conducting ZnO:Al films on glass substrates
by ultrasonic spray technique
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2Material Sciences Department, Faculty of Science, University of Biskra 07000, Algeria
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Abstract: Transparent conductive Al doped ZnO thin films were deposited by ultrasonic spray technique. Condi-
tions of preparation have been optimized to get good quality. A set of aluminum (Al) doped ZnO (between 0 and 5
wt%) thin films were grown on glass substrate at 350 ıC. Nanocrystalline films with a hexagonal wurtzite structure
show a strong (002) preferred orientation. The maximum value of grain size G D 32.05 nm is attained of Al doped
ZnO film with 3 wt%. All the films have low absorbance in the visible region, thus the films are transparent in the
visible region; the band gap energy increased from 3.10 to 3.26 eV when Al concentration increased from 0 to 3
wt%. The electrical conductivity of the films increased from 7.5 to 15.2 (��cm)�1. So the best results are achieved
in Al doped ZnO film with 3 wt%.
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1. Introduction

ZnO is one of the most important semiconductor materials
due to its wide band gap (3.37 eV) and large exciton binding en-
ergy (60 meV) at room temperatureŒ1�. Transparent conducting
oxides (TCO) are widely used in microelectronic devices, light
emitting diodes, thin film, antireflection coatings for transpar-
ent electrodes in solar cells, and in surface acousticwave gas
sensorsŒ2�5�.

ZnO thin films can be produced by several techniques such
as reactive evaporation, molecular beam epitaxy (MBE), mag-
netron sputtering technique, pulsed laser deposition (PLD), the
sol–gel technique, chemical vapor deposition, electrochemical
depositionŒ6�8� andspray pyrolysisŒ9�. Among these, we will
focus more particularly in this paper on the spray technique
that is a low cost method suitable for large-scale production. It
has several advantages in producing nanocrystalline thin films,
such as, relatively homogeneous composition, a simple and de-
positionon glass substrate because of the low substrate temper-
atures involved, easy control of film thickness, and fine and
porous microstructureŒ10�. It is possible to alter the mechani-
cal, electrical, optical and magnetic properties of ZnO nano-
structures.

The Al doped ZnO thin films have various applications
such as transparent conductive film, ferromagnetism, semicon-
ductors, piezoelectric and solar cells. The films have low resis-
tivity and good optical gap energy at low temperature, and are
transparent in the visible regionŒ11�. There are several reports
on ZnO nanostructures doped with different elements, such as
Fe, Ga, Li, N, Cu, P, and CoŒ10; 12�14�. The films (ZnO:Al) are
considered to be a material of utmost importance due to their
high conductivity, good transparency and lower cost.

In this paper, we have deposited Al doped ZnO thin films
on a glass substrate through ultrasonic spray technique at a sub-

strate temperature of 350 ıC, and the effect of the Al concen-
trations of the ZnO films has been studied. The main goal for
this research is to find optimumAl doping concentration which
gives highly semiconducting properties of Al doped ZnO thin
films.

2. Experimental procedure

2.1. Preparation of spray solution

ZnO solution was prepared by dissolving 0.1M
(Zn(CH3COO)2�2H2O) in the solvent containing equal
volumes absolute ethanol solution (99.995%) purity, then
adding drops of NaOH solution as a stabilizer, and stirring
the mixture solution at 50 ıC for 2 h to yield a clear and
transparent solution.

ZnO:Al solution was prepared by adding to the precedent
solution aluminum chloride, 6-methoxyethanol, such that ther-
atio of Al/Zn. This Al content can be varied in the range of
0–5 wt%. The solution became clear and homogeneous after
stirring for 2 h at 50 to 70 ıC.

The substrate was R217102 glass, 1 � 1 � 0.1 cm3 in size
prior to pumping; the substrates were cleaned with alcohol in
an ultrasonic bath and blow-dried with dry nitrogen gas.

2.2. Deposition of thin films

The resulting solutions were sprayed on the heated glass
substrates by ultrasonic nebulizer system (Sonics) which trans-
forms the liquid to a stream formed with uniform and fine
droplets of 40 �m average diameter (given by the manufac-
turer). The deposition was performed at a substrate temperature
of 350 ıC with 2 min of deposition timeŒ15; 16�.
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Fig. 6. X-ray diffraction patterns of Al doped ZnO thin films at differ-
ent concentrations.

Fig. 7. The variation of the grain size and the FWHM of undoped and
Al doped ZnO thin films.

where G is the grain size, � is the X-ray wavelength (� D

1.5406 Å), ˇ is the full width at half-maximum (FWHM), and
� is Bragg angle of (002) peak.

In Fig. 7 we have reported the variation of grain size and
FWHMas a function of doping level. As can be seen, the grain-
size increased for Al doped ZnO thin films with 1 to 3 wt%
and in this region the values of FWHM decreased. The in-
crease of the grain size has been indicated by the enhancement
of the crystallinity and c-axis orientation of ZnO thin films
by ZhangŒ18�. The increase in the FWHM with decreasing the
grain size for undoped and Al doped ZnO thin films indicates
the deterioration in crystallinity of ZnO thin films due to Al
doping.

4. Conclusions

In conclusion, highly transparent conductive thin films of
Al doped ZnO have been deposited on glass substrate by ultra-
sonic spray at a substrate temperature of 350 ıC. The optical,
electrical and structural properties were investigated. All the
films are nanocrystalline structure wurtzite and (002) oriented,
which is favorable to the diffusion of atoms absorbed on the
substrate. Themaximumvalue of crystallite sizeG D 32.05 nm
is attained in ZnO:Al films with 3 wt%. All the films have low
absorbance in the visible region, thus the films are transparent

in the visible region. The band gap energy increases fromEg D

3.10 for undoped ZnO thin films to Eg D 3.26 eV for Al doped
ZnO thin films at 3 wt%, which may be attributed to the similar
ionic radius between Al3C and Zn2C. The increase in the con-
ductivity of the samples has been explained by displacement
of the electrons. The optimum amount of Al doping content is
3 wt% in ZnO thin films.
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