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T SOE H Investigation on p-type ZnO nanoparticles and their application
to visible LEDs
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In this study, p-type ZnO nanoparticles (NPs) were synthesized by the arc-discharge method, and utilizing
these NPs, homojunction light-emitting diodes (LEDs) were fabricated and studied. The fabrication of ZnO
NPs was monitored and studied in situ by controlling the plasma parameters. The dependence of ZnO NPs
nitrogen concentration on the performance of ZnO nanoparticle-based LEDs has been explained through
optical emission spectroscopy techniques. Nitrogen dopants in ZnO NPs can become acceptors, more
advantageously at lower plasma temperatures during the manufacturing process. The nanocrystals ZnO have
been characterized for structure using X-ray diffraction and scanning electron microscopy, and optically by

Raman spectroscopy and photoluminescence spectroscopy.

The role of defects in the acceptor properties of NPs was studied by annealing ZnO NPs in oxygen and
nitrogen environments. Annealing of nitrogen-doped ZnO NPs in a nitrogen environment was shown to
increase the number of zinc vacancies. Conversely, annealing in an oxygen environment results in a higher
number of oxygen vacancies due to the desorption of nitrogen. The contribution of zinc vacancies to acceptor
formation in nitrogen-doped ZnO NPs, as studied by photoluminescence, was confirmed for the first time
by actual device formation. The primary factor contributing to the p-type behavior is the synergistic influence

of acceptor doping and zinc deficiency in nitrogen-doped ZnO NPs.

The thermal impact of LEDs was studied on aluminum-based LEDs by current injection and by



thermoelectric methods. The ultraviolet (UV) intensity exhibits an initial increase as the injection current
rises towards the saturation limit, accompanied by a shift in the peak position. Subsequently, at higher
injection currents and at higher temperatures, the UV intensity decreases. The UV light emitted by the ZnO-
based LEDs was down-converted into visible light by utilizing phosphors. Optically stable and high-color

rendering index white light was fabricated using a multi-phosphor-based approach.
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