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Abstract

This work was carried out to investigate the effect of dual doping on the structural, optical, and electrical
properties of zinc oxide (ZnO) thin films prepared by spray pyrolysis using compressed air at a
deposition temperature of 400 °C. The films were doped with equimolar binary combinations of
cobalt/manganese (Co/Mn), cobalt/magnesium (Co/Mg), and magnesium/manganese (Mg/Mn).

X-ray diffraction (XRD) results revealed that all the films crystallized in a hexagonal wurtzite structure,
with a preferred orientation along the (002) plane, except for the Co/Mn-doped films, which exhibited a
dominant (101) orientation. The film thickness ranged from 130.8 to 658.9 nm, while the average
crystallite size varied between 26 and 32 nm, indicating an increase in structural defects within the
crystal lattice.

In terms of optical properties, dual doping significantly influenced both transmittance and the extinction
coefficient across all doping cases. Notably, Co/Mn dual doping led to a reduction in the optical band
gap due to the formation of sub-bandgap energy levels. In contrast, the Co/Mg-doped films exhibited an
increase in the band gap, attributed to the Burstein-Moss effect. The Urbach energy was estimated to be
in the range of 0.67 to 1.81 eV.

Keywords: Zinc oxide thin films — Dual doping — Spray pyrolysis — Structural and optical propertie
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