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ABSTRACT

In this dissertation, we have studied defects. and optoelectronic characteristics on
I11-nitride based LEDs. Effect of thermal annealing-of metals contact on GaN based
light-emitting diodes (LEDs) has been- investigated. The effect of threading dislocation on
GaN based LEDs were also discussed. In the metals contact, we used Ni/Au and indium tin
oxide (ITO) based metals for p-type transparent contact layer (TCL). After thermal annealing,
the optoelectronic characteristics were measured such as the specific contact resistance (pc),
current-voltage (I-V) characteristics, electroluminescence (EL), and photoluminescence (PL).
In the microstructure analyses, the defects and dislocations were observed by transmission
electron microscopy (TEM), scanning electron microscopy (SEM) and energy-dispersive
X-ray spectrometer (EDS). Thus, the influences of dislocations on GaN based LEDs would be
discovered and discussed.

Effect of thermal annealing on Ni film/Mg-doped GaN layer has been investigated. The
wafers activated with Ni film obtained higher effective carrier concentrations than activated

without Ni film. The Ni film may react as a catalyst for activation of Mg-doped GaN with



temperature below 500 °C. While temperature above 600 °C, the Ni film may react with
Mg-doped GaN to transform nickel nitride (NisN), and result in the increase of the effective
carrier concentrations.

The effect of thermal annealing on /-7 properties of GaN based LEDs with Ni/Au and
ITO p-type layer have been studied. According to TEM, SEM and EDS analyses, it was found
that metals diffused into the LED structure with defects such as threading dislocations (TDs)
or V-pits. The conducting paths formed by the metal containing dislocation cores are believed
to be the cause for the observed short circuit behavior of p-n junctions at high annealing
temperatures. Using TEM and EDS analyses, we also observed In-contained metallic interface
between the p-GaN layer and the pure ITO contact layer after annealing at 600 °C. It revealed
that ITO would react at interface or indiffuse near interface at 600 °C. To improve the
reliability of GaN-based LEDs with the ITO contactlayer, we suggest that the NiO layer be
used to prevent the reaction and block the leakage. pathway.

The influences of TDs on electrical”properties 'of GaN based LEDs with naturally
textured surface have been investigated.. After annealing above 800 °C, the normal I-V
behavior of the GaN based LEDs with naturally textured surface still has been observed. It
can achieve good reliability at high current injection life tests. The TEM images are clearly
indicated that the straight TDs of the LED with naturally textured surface can’t extend to top
surface during growth of the second p-GaN layer. These results imply evidences that the
second p-GaN layer (the naturally textured surface) block the leakage pathway and prevent

metals indiffusion along defects or dislocations.
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