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Abstract :

In this study, we studied the GaN-based nanocolumns for fabricating the RGB integrated LEDs.
GaN nanocolumns exhibit excellent optical properties due to dislocation-free nature and strain
relaxation effect. At first, the selective area growth (SAG) of GaN nanocolumns was challenged
directly on sapphire and silicon substrates. On sapphire substrate, the high growth temperature led
to the successful SAG, obtaining the regularly arranged GaN nanocolumns with a diameter of 110
nm and a period of 400 nm. On the other hand, the SAG was obtained only on nanopatterns with a
period of 400 nm and longer on the silicon substrate. Next, the validity of the model for emission
color control with changing diameters was considered. This model is based on the molecular beam
shadow effect and the sidewall diffusions of adatoms, which is expected that thicknesses in InGaN
active layer are changed with column diameter. The thickness in GaN cap layer on InGaN active
region was changed with nanocolumn diameter, indicating the validity of this suggested model.
Finally, the novel material (Eu doped GaN) was investigated as another approach for improving the
emission efficiency in red region. Eu concentration dependence of Eu doped GaN nanocolumns on
optical properties was evaluated. The emission intensity with increasing Eu concentration until 3%,
but decreased at more than 3%. However, the concentration quenching of nanocolumn was

suppressed with that of thin film. Based on this result, a Eu doped GaN nanocolumn LED was
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fabricated on silicon substrate. A clear diode characteristic and a sharp red luminescence were

observed.
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