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ABSTRACT

In this work, aluminum doped zinc oxide (AZO) films were prepared on a
glass substrate by dc magnetron sputtering using the AZO ceramic target with non
reactive mode. In the laboratory scale, the AZO films were deposited on the 2.5x2.5
cm? glass substrate with static mode. The zinc oxide ceramic target was aluminum
doped with the concentration of 0.1, 2 and 10 wt% and was prepared by sintering at
the temperature of 1200, 1300 and 1450 °C in cooperation with quenching process,
respectively. In the industrial scale, the films were prepared with a dynamic mode on
10x10 cm? glass substrate by in-line dc magnetron sputtering. Various types of
ceramic targets with aluminum concentration of 0.5 wt% or 1 wt% and different

preparation methods were used to prepare the AZO films.
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Firstly, the influence of target processing, aluminum concentration and
sputtering conditions on AZO films were investigated. The resistivity in the range of
3.6-11x10™ Qcm was obtained, depending on the type of targets and deposition
conditions. An increasing resistivity at low deposition pressure was attributed to high
energy bombardment, indicating a unique character for dc magnetron sputtering using
ceramic target. In addition, highly transmittance of more than 80 % in the visible and
near infrared range was achieved for all films. For solar cell application, AZO films
were etched in diluted hydrochloric acid to roughen the surface and the resulting
surface texture was studied. It was found that the choice of the target and the
deposition conditions strongly affect the etching behavior and the light scattering
properties of the etched films. In this research, the appropriate films were prepared by
high sintering temperature with 0.5 wt% aluminum doping target.

Secondly, the chemical state and vertical heterogeneity of the AZO films
prepared by this technique were studied by X-ray photoelectron spectroscopy (XPS)
and Auger electron spectroscopy (AES). Both of the Al2p and Zn2ps, photoelectron
peaks showed their elements on oxidized state. The binding energy of the Ols
components indicated O-Zn bonding, hydroxide and absorbed water state. Auger
depth profiling was used to assess the stoichiometry of the film to a depth of 300 nm
and a depth resolution of 13 nm was achieved in this profile.

Moreover, the damp heat stability and subsequent vacuum annealing behavior
of the sputtered AZO films were investigated. A degradation of resistivity was found
for all films after the damp heat treatment. For the compact films with large grain
size, a small increase in the electrical resistivity was observed, whereas the less

compact films prepared at high deposition pressures or very thin films (< 300 nm)
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showed an increase in resistivity up to three times of the initial value. It is attributed
to the absorbed water occurring in the damp heat treatment process, leading to a
capture of free electrons and resulting in an increase of resistivity. However, the
degradation of resistivity could be largely reversed by annealing in vacuum with a
temperature of at least 150 °C.

Finally, the AZO films with most favorable properties have been successfully
applied as transparent electrodes in amorphous and microcrystalline silicon thin film

solar cell with the efficiency up to 9.2% and 8.2%, respectively.
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