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abstract

This thesis is about the crystal growth of InGaN quantum structures on semipolar GaN
bulk substrate and investigation of the polarization properties. The contents of this thesis

are divided into seven chapters, as follows;

Chapter 1: Preface,

Chapter 2: {1122} GaN homoepitaxy,

Chapter 3: Growth of {1122} InGaN/GaN QW,

Chapter 4: Application of {1122} InGaN/GaN QW for LED,

Chapter 5: Optical Polarization anisotropy in {1122} InGaN/GaN QW,
Chapter 6: Fabrication of {1122} InGaN QD,

Chapter 7: Conclusion.

Light emitters based on nitride semiconductors typically consist of c-oriented quantum
wells (QWs), where the quantum confinement stark effect is caused by piezoelectric and
spontaneous polarizations, which lower the optical transition probability. To circumvent
this issue, several groups have tried to fabricate InGaN/GaN and GaN/AlGaN QWs
on nonpolar planes such as {1100} (m plane), and {1120} (a plane). However, the layers
contain numerous nonradiative recombination centers because it is difficult to grow perfect
high quality crystals in nonpolar directions.

Alternatively, there is an increasing interest in semipolar planes, which are tilted with
respect to the c¢ plane, because a reduced or even negligible electric field is theoretically
expected. We have found that the {1122} plane is promising for low internal electric
fields when these planes naturally appear as microfacets through the regrowth process
on c-oriented GaN templates. This structure is being developed as a multicolor emitter.
However, planar, semipolar nitride layers and devices grown on foreign substrates suffer
from a high density of threading dislocations and rough surfaces, which has led us to

believe that, if high quality GaN substrates were available, device performances would be
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drastically improved.

The puroposes of this study are,

(1) Achieve high quality ITI-Nitiride quantum structures on {1122} GaN bulk substrate
and analyze the basic solid state properties to verify the availability of semipolar
planes.

(2) Elucidate the optical polarization in {1122} InGaN/GaN QW.

(3) Fabricate {1122} InGaN Quantum dots to achieve more high efficiency light emitter
and verify the availability of {1122} InGaN QDs.

In chapter 2: the growth condition of {1122} GaN homoepitaxy was optimized. As a
result, the optimized V/III ratio was 3000, and the best growth temperature was 75 °C
less than that best for (0001). The best root mean square (RMS) of surface roughness was
~ 0.16 nm , which is comparable to the lattice spacing of (1122) GaN. The homoepitaxial
layer has good optical property judging from the the PL intensity of the free excitons
which was higher than that of the donor bound excitons.

In chapter 3, {1122} InGaN/GaN QW was grown on the high quality GaN homoepitax-
ial layer, and the formation of the mutiple quantum well (MQW) was verified by X-ray
diffraction (XRD). Moreover, also the strain in the {1122} InGaN/GaN QW was analysed
by XRD reciprocal space mapping. The photoluminescence from QWs was observed, and
the radiative lifitime of (1122) InGaN/GaN QW was two orders of magnitude shorter than
that of (0001), which suggested that the internal electric fields were reduced in {1122}
InGaN/GaN QW compared to (0001).

In chapter 4, the application of the {1122} InGaN/GaN QW to the LED. Using the
{1122} GaN bulk substrate, the practical output power and external quantum efficiency
were successfully achieved. Furthermore, the internal electric fields in {1122} InGaN/GaN
QW was estimated by PL under reverse bias.

In chapter 5, the optical polarization in {1122} InGaN/GaN QW was analyzed. All
the reports about the polarization properties of (In)GaN said that the emission from
(In)GaN was polarized perpendicular to the ¢ axis. On the other hand, in this study, the
polarization switching phenomena in the {1122} InGaN/GaN QWs were observed for the
first time, that is, the emission form the QW is polarized parallel to the ¢ axis for the
samples with In composition higher than ~ 30%. We attributed the phenomena to the
shear strain which is non-zero in the semipolar plane.

In chapter 6, at first, after growth parameters optimization, InGaN Quantum dots (QDs)
on (0001) GaN/c sapphire substrate were grown. The target is to fabricate InGaN/GaN
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QD with monolayer (ML) fluctuation. The crystal growth of (1122) InGaN QDs by
MOVPE was demonstrated, and the shape of ML-fluctuation {1122} InGaN QD was
observed by atomic force microscope.

The PL and time-resolved PL decay time was measured and it was found that the
lifetime was about 100 ps, which is much lower than that of the polar InGaN/GaN QD.

This result suggests that the internal electric fields are also reduced in all direction in
{1122} InGaN/GaN QD.
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(Non polar samples.
H. Masui et al., Appl. Phys. Lett. 92, 091105 (2008).)
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(Non polar samples.
ref. H. Masui et al., Appl. Phys. Lett. 92, 091105 (2008).)
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(a) Polar (b) Semipolar 52) (c) nonpolar
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