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Abstract

This dissertation explores the fabrication, structural properties, physical features, optical
and electronic properties of GaN-based low-dimensional structure and light emitting device.
The main focus of this dissertation can be divided into four parts. First, the enhancement in
the light output of InGaN-based microhole array light emitting diodes (LEDs) is studied,
including device fabrication, electronic' ‘properties and light output performance. The
experimental results measured from the mictohole array LEDs are analyzed with the TracePro
simulation. Next, the growth of zero-dimensional* sttucture of InGaN quantum dots (QDs)
with different size grown on SiN nanoholes by metal organic chemical vapor deposition
(MOCVD) is presented. Their optical and structural properties are investigated by using
low-temperature photoluminescence (PL) measurement, high resolution transmission micro
(HRTEM) and atomic force microscope (AFM). The photoluminescence spectroscopy was
further utilized to study the tuning of confined energy levels in InGaN QDs via rapid thermal
annealing. The following part presents the optical properties of InGaN/GaN multiple quantum
well nanorods with diameters from 60 to 100 nm. The formation of the nanorods is employed
by two methods. One is a directly induced coupled plasma (ICP) etching of InGaN/GaN
MQWs LEDs wafer. The other one is ICP etching with self-assemble nickel (Ni) nanomasks
formed by rapid thermal annealing. The PL, HRTEM and SEM are employed to study their
optical and structural properties. The last part is the effects of delta-trimethylindium (3-TMIn)
flow process on optical properties of InGaN/GaN MQWs LEDs. This part focus on the
improvement on light output of the InGaN/GaN MQWs LEDs with 3-TMIn flow process
examined by using temperature-dependent PL and HRTEM measurements compared with
that of the conventional devices without 5-TMIn flow process. The localization effect and the

thermal activation energy by the 6-TMIn process are also studied here.
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