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Effect of aluminum oxide doping on the optical properties of zinc oxide
thin films prepared using the spray pyrolysis technique
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Abstract:

In this research, thin films of pure zinc oxide (ZnO) and aluminum oxide (Al=0s) doped
with varying percentages (0, 1, 2, 3, and 4%) were prepared using the thermochemical spray
technique on glass substrates. Optical measurements showed that the absorbance is high at short
wavelengths, reaching its highest value at a wavelength of approximately 328 nm. The 4% doped
sample exhibited high absorbance compared to the pure sample, which showed lower absorbance.
The absorbance then gradually decreased to relatively low and stable values within the range of
700-1100 nm due to the incident photon energy being below the energy gap of the films.

Transmittance exhibited behavior opposite to that of absorbance. The pure sample recorded
the highest transmittance of 97.08% at longer wavelengths, decreasing to 68.08% at shorter wave-
lengths. Transmittance decreased significantly with increasing doping levels, reaching 60.13% at
a 4% doping concentration, due to increased light scattering and a higher density of electronic
states within the crystal structure.

The optical gap of the pure sample was 3.18 eV, while it gradually decreased with increasing
doping, reaching 2.76 eV at a 4% doping concentration. This decrease is attributed to the intro-
duction of additional energy levels within the gap, resulting from the substitution of AI** ions for
Zn?*, This substitution narrows the optical gap and shifts the optical edge towards longer wave-
lengths.

Keywords: Zinc oxide, aluminum oxide, chemical spray pyrolysis, optical properties.
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