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Group llI-Nitrides semiconductor materials, including GaN, InN, AIN, InGaN,
AlGaN and AlinGaN, i.e. (Al, In, Ga)N, are excellent semiconductors, covering
the spectral range from deep ultraviolet (DUV) to UV, visible and infrared,
with unique properties very suitable for modern electronic and optoelectronic
applications. Remarkable breakthroughs have been achieved in recent years
for research and development (R&D) in these materials and devices, such as
high-power and high brightness UV-blue-green-white light-emitting diodes
(LEDs), UV-blue-green laser diodes (LDs), photo-detectors and various
optoelectronics and electronics devices and applications.

The Nobel Prize in Physics 2014 was awarded jointly to Isamu Akasaki,
Hiroshi Amano and Shuji Nakamura “for the invention of efficient blue light-
emitting diodes which has enabled bright and energy-saving white light
sources”. Red and green diodes had been invented since 1960s-70s but without
blue LED. Despite considerable efforts, the blue LED had remained a challenge
for a long time. The success and inventions on GaN-based LEDs were
revolutionary and benefiting for mankind. lll-Nitrides-based industry has
formed and acquired rapid developments over the world. Incandescent light
bulbs lit the 20th century and the 21st century will be lit by LED lamps.

Before this book, the editor has edited two books, /lI-Nitrice Semiconductor
Materials (2006) and /lI-Nitride Devices and Nanoengineering (2008), both
published by ICP/WSP, in the fields of IlI-Nitride. The developments of these
materials and devices are moving rapidly. Many data or knowledge, some
even just published only recently, have been modified and needed to be
upgraded. This new book, llI-Nitride Materials, Devices and Nano-Structures
as the third instalment, will cover the rapid new developments and
achievements in the Ill-Nitride fields, particularly those made since 2009.

8-1-

786"3

i

A




\

!
)

e
1)

“‘-u'Np'
Al 9PUJIN-]

4
r“

23



llI-Nitride
Materials
Devices and
Nano-Structures

Editor

Zhe Chuan Feng

Guangxi University, P. R. China

\\g‘; World Scientific

NEW JERSEY - LONDON - SINGAPORE - BEIJING - SHANGHAI - HONG KONG - TAIPEl - CHENNAI - TOKYO



Published by

World Scientific Publishing Europe Ltd.

57 Shelton Street, Covent Garden, London WC2H 9HE

Head office: 5 Toh Tuck Link, Singapore 596224

USA office: 27 Warren Street, Suite 401-402, Hackensack, NJ 07601

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

ITI-NITRIDE MATERIALS, DEVICES AND NANO-STRUCTURES
Copyright © 2017 by World Scientific Publishing Europe Ltd.

All rights reserved. This book, or parts thereof, may not be reproduced in any form or by any means,
electronic or mechanical, including photocopying, recording or any information storage and retrieval
system now known or to be invented, without written permission from the Publisher.

For photocopying of material in this volume, please pay a copying fee through the Copyright Clearance
Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, USA. In this case permission to photocopy
is not required from the publisher.

ISBN 978-1-78634-318-5

Desk Editor: Rhaimie Wahap

Typeset by Stallion Press
Email: enquiries@stallionpress.com

Printed in Singapore



llI-Nitride
Materials
Devices and
Nano-Structures






PREFACE

Group III-Nitrides semiconductor materials, including GaN, InN, AIN,
InGaN, AlGaN and AllnGaN, i.e. (Al,In,Ga)N, are excellent semiconduc-
tors, covering the spectral range from deep ultraviolet (DUV) to UV, visible
and infrared, with unique properties very suitable for modern electronic and
optoelectronic applications. Remarkable breakthroughs have been achieved
in recent years for research and development (R&D) in these materials and
devices, such as high-power and high brightness UV-blue-green-white light
emitting diodes (LEDs), UV-blue-green laser diodes (LDs), photo-detectors
and various optoelectronics and electronics devices and applications.

The Nobel Prize in Physics 2014 was awarded jointly to Isamu Akasaki,
Hiroshi Amano and Shuji Nakamura “for the invention of efficient blue
light-emitting diodes which has enabled bright and energy-saving white
light sources". Red and green diodes had been invented since 1960s—
70s but without blue LED. Despite considerable efforts, the blue LED
had remained a challenge for a long time. The success and inventions
on GaN-based LEDs were revolutionary and benefiting of the mankind.
III-Nitrides-based industry has formed and acquired rapid developments
over the world. Incandescent light bulbs lit the 20th century and the 21st
century will be lit by LED lamps.

Recently, I have edited two books, I1I-Nitride Semiconductor Materials
(2006) and /1I-Nitride Devices and Nanoengineering (2008), both published
by Imperial College Press, in III-Nitride fields. The developments of these
materials and devices are moving so rapid that many data or knowledge,
even those just published quite recently, need to be modified and upgraded.
This new book, III-Nitride Materials, Devices and Nano-Structures is the
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vi Preface

third book after the two, will cover the rapidly new developments and
achievements in the field, in particular those made since 2009. It will lean
more towards the engineering and materials side than pure science.

The book is organized for a wide range of audiences and covers each
of the basic and critical aspects of III-Nitrides science and technology.
Each chapter, written by experts in the field, reviews the important topics
and achievements in recent years, discusses progresses made by different
groups, and suggests further works that need to be done. This book provides
useful information on the device and nano-scale process, fabrication of
LEDs, LDs, photodetectors and nano-devices, characterization, application
and development on the III-Nitrides semiconductor devices and nano-
engineering.

This book consists of 11 well-written review chapters in three parts:

Part I — General:

(1) Comprehensive Theoretical and Experimental Studies on III-nitrides,
Doping, Nano-structures and LEDs

(2) Waste Energy Harvesting using III-Nitrides Materials

(3) II-Nitrides for Infrared Optoelectronics

(4) GaN-based photodetectors

Part II - I11-Nitride Materials:

(5) Single Crystal AIN: Growth by Modified Physical Vapor Transport
and Properties

(6) Indium-Rich III-Nitride Alloys Growth by Super-Atmospheric and
Migration-Enhanced, Plasma-assisted MOCVD and Their Properties
analysis

(7) Combined Synchrotron X-ray absorption and optical spectroscopic
studies on III-nitrides

Part III - 111-Nitride Devices and Nano-Structures:

(8) III-Nitride Nano-structures and Improving the Luminescence Effi-
ciency from Quantum Well LEDs,

(9) Fabrication and Characterization of Green Resonant-Cavity Light-
Emitting Diodes Prepared by Wafer Transfer Technologies
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(10) Nanotexturing Effects in GaN/InGaN Multi-Quantum-Wells LED
Planar Structures

(11) Group III-Nitride Nanostructures for Light Emitting Devices and
Beyond.

The current book presents the key properties of ITI-Nitrides materials,
devices and nano-structures, describes key technologies and demonstrates
the remaining challenging issues in material preparation and device
fabrication for future R&D in the 21st century. This book can serve well to
material growers and evaluators, device designers and processing engineers
as well as potential users of ITII-Nitrides technologies, including new comers,
postgraduate students, engineers and scientists in the III-Nitrides field.

Zhe Chuan Feng

Distinguished Professor in Optoelectronic Materials

and Detection Technology

College of Physics Science & Technology, Guangxi University
Guangxi Key Laboratory for Relativistic Astrophysics
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