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Abstract

Abstract

GaN-based wide-band gap semiconductors are being widely used in color
display, signal indication and solid-state lighting due to their outstanding physical and
chemical properties. It is now a hot topic in semiconductor research. Although great
progresses have been made in the studies of GaN-based devices, several obstacles still
act as the critical handicaps restricting the further development and improvement.
Among these obstacles, p-type GaN doping is one of the most difficult problems in
improving device performances. Thermal annealing is usually used to improve the
concentration of holes in p-GaN, however the specific conditions of the experiments
should be further optimized. This thesis is focused on the problem of p-type GaN
doping and the GaN-based LEDs wafer are annealed at 800 “C in pure N, ambient for

20 min and at 500 C in pure O, ambient for 6 min, then the optical and electrical

properties of LEDs are systematically investigated. The main results are summarized
as the following:

1. The current-voltage measurement of p-GaN shows: samples annealed at
low-temperature in O, ambient and high-temperature in N, ambient show similar
current-voltage characteristics which means these two methods both can improve the
concentration of holes in p-GaN.

2. The temperature-dependent photoluminescence measurements shows:
high-temperature thermal annealing in N, ambient can induce indium clusters in
InGaN MQWs. Although the deep traps induced by indium clusters can act as
localized centers for carriers, there are much more dislocations out of the trap centers
due to high-temperature annealing. As a result, the radiative efficiency of the sample
annealed in N, ambient is lower than that annealed in O, ambient at room
temperature.

3. Compared with the high-temperature N, annealing, the low-temperature O,
annealing shows superior characteristics in the improvement of LED: the forward
voltage is decreased from 3.76 V to 3.18 V and the wall-plug efficiency is increased

about 41 % at 20 mA.
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