
PROCEEDINGS OF SPIE 

Volume 7939 
 
 

Proceedings of SPIE, 0277-786X, v. 7939 
 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 
 

Gallium Nitride Materials  
and Devices VI 

Jen-Inn Chyi 
Yasushi Nanishi 
Hadis Morkoç 
Joachim Piprek 
Euijoon Yoon 
Editors 
 
 
24–27 January 2011 
San Francisco, California, United States 
 
 
Sponsored and Published by 
SPIE 
 
 
 



The papers included in this volume were part of the technical conference cited on the cover and 
title page. Papers were selected and subject to review by the editors and conference program 
committee. Some conference presentations may not be available for publication. The papers 
published in these proceedings reflect the work and thoughts of the authors and are published 
herein as submitted. The publisher is not responsible for the validity of the information or for any 
outcomes resulting from reliance thereon. 
 
Please use the following format to cite material from this book: 
   Author(s), "Title of Paper," in Gallium Nitride Materials and Devices VI, edited by Jen-Inn Chyi, 
Yasushi Nanishi, Hadis Morkoç, Joachim Piprek, Euijoon Yoon, Proceedings of SPIE Vol. 7939 (SPIE, 
Bellingham, WA, 2011) Article CID Number. 
 
ISSN 0277-786X 
ISBN 9780819484765 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 
SPIE.org 
 
Copyright © 2011, Society of Photo-Optical Instrumentation Engineers 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this 
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright 
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made 
electronically through CCC Online at copyright.com. Other copying for republication, resale, 
advertising or promotion, or any form of systematic or multiple reproduction of any material in this 
book is prohibited except with permission in writing from the publisher. The CCC fee code is 
0277-786X/11/$18.00. 
 
Printed in the United States of America. 
 
Publication of record for individual papers is online in the SPIE Digital Library. 

 
SPIEDigitalLibrary.org 
 
 
 
 

 
Paper Numbering: Proceedings of SPIE follow an e-First publication model, with papers published 
first online and then in print and on CD-ROM. Papers are published as they are submitted and meet 
publication criteria. A unique, consistent, permanent citation identifier (CID) number is assigned to 
each article at the time of the first publication. Utilization of CIDs allows articles to be fully citable as 
soon as they are published online, and connects the same identifier to all online, print, and 
electronic versions of the publication. SPIE uses a six-digit CID article numbering system in which: 

 The first four digits correspond to the SPIE volume number.  
 The last two digits indicate publication order within the volume using a Base 36 numbering 

system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. 

The CID number appears on each page of the manuscript. The complete citation is used on the first 
page, and an abbreviated version on subsequent pages. Numbers in the index correspond to the 
last two digits of the six-digit CID number. 



  Contents 

 
 ix Conference Committee 
 xi Introduction 
 
 
  GROWTH I  
 
 7939 02 Growth of bulk GaN crystal by Na flux method (Invited Paper) [7939-01] 
  M. Imade, N. Miyoshi, M. Yoshimura, Y. Kitaoka, T. Sasaki, Y. Mori, Osaka Univ. (Japan) 
 
 7939 03 Cathodoluminescence spectroscopy on selectively grown GaN nanowires (Invited Paper) 

[7939-02] 
  T. Schumann, T. Gotschke, F. Limbach, Forschungszentrum Jülich GmbH (Germany) and 

Paul-Drude-Institut für Festkörperelektronik (Germany); T. Stoica, Forschungszentrum Jülich 
GmbH (Germany); R. Calarco, Forschungszentrum Jülich GmbH (Germany) and 
Paul-Drude-Institut für Festkörperelektronik (Germany) 

 
 7939 04 Growth and fabrication of InN-based III-nitride device structure using droplet elimination 

process by radical beam irradiation (Invited Paper) [7939-03] 
  T. Yamaguchi, T. Araki, Ritsumeikan Univ. (Japan); Y. Nanishi, Ritsumeikan Univ. (Japan) and 

Seoul National Univ. (Korea, Republic of) 
 
 7939 05 Cathodoluminescence characteristics of linearly shaped staggered InGaN quantum wells 

light-emitting diodes [7939-04] 
  H. Zhao, J. Zhang, G. Liu, T. Toma, J. D. Poplawsky, V. Dierolf, N. Tansu, Lehigh Univ. (United 

States) 
 
 
  GAN DOPING  
 
 7939 07 Photoluminescence of Mg-doped m-plane GaN grown by MOCVD on bulk GaN substrates 

(Invited Paper) [7939-20] 
  B. Monemar, Linköping Univ. (Sweden) and Lund Univ. (Sweden); P. Paskov, G. Pozina,  

C. Hemmingsson, P. Bergman, Linköping Univ. (Sweden); D. Lindgren, L. Samuelson, Lund 
Univ. (Sweden); X. Ni, H. Morkoç, Virginia Commonwealth Univ. (United States); T. Paskova, 
Kyma Technologies, Inc. (United States); Z. Bi, J. Ohlsson, Glo AB (Sweden) 

 
 7939 0A Kelvin probe measurements of p-type GaN [7939-23] 
  M. Foussekis, X. Ni, H. Morkoç, M. A. Reshchikov, A. A. Baski, Virginia Commonwealth Univ. 

(United States) 
 
 7939 0B Fermi level effect on strain of Si-doped GaN [7939-24] 
  J. Xie, S. Mita, HexaTech, Inc. (United States); R. Collazo, A. Rice, J. Tweedie, Z. Sitar, North 

Carolina State Univ. (United States) 
 
 

iii



  FET I  
 
 7939 0C The role of fluorine ions in GaN heterojunction transistors: applications and stability (Invited 

Paper) [7939-25] 
  K. J. Chen, Hong Kong Univ. of Science and Technology (Hong Kong, China) 
 
 7939 0E Effect of substrate offcut on AlGaN/GaN HFET structures on bulk GaN substrates [7939-27] 
  J. H. Leach, Kyma Technologies, Inc. (United States) and Virginia Commonwealth Univ. 

(United States); N. Biswas, T. Paskova, E. A. Preble, K. R. Evans, Kyma Technologies, Inc. 
(United States); M. Wu, X. Ni, X. Li, Ü. Özgür, H. Morkoç, Virginia Commonwealth Univ. (United 
States) 

 
 
  FET II  
 
 7939 0H New factors affecting HFET stability, 1/f noise, and reliability [7939-30] 
  P. H. Handel, Univ. of Missouri-St. Louis (United States); H. Morkoç, Virginia Commonwealth 

Univ. (United States) 
 
 
  ADVANCED TECHNIQUES I  
 
 7939 0I Point defects in GaN and related group-III nitrides studied by means of positron annihilation 

(Invited Paper) [7939-31] 
  A. Uedono, Univ. of Tsukuba (Japan); S. Ishibashi, National Institute of Advanced Industrial 

Science and Technology (Japan); S. F. Chichibu, Tohoku Univ. (Japan); K. Akimoto, Univ. of 
Tsukuba (Japan) 

 
 7939 0J Role of In-segregation in anomalously large band-gap bowings of (In,Al,Ga)N (Invited 

Paper) [7939-32] 
  I. Gorczyca, T. Suski, Institute of High Pressure Physics (Poland); N. E. Christensen, A. Svane, 

Aarhus Univ. (Denmark) 
 
 
  ADVANCED TECHNIQUES II  
 
 7939 0M Bowing of biexciton binding in AlxGa1-xN ternary alloys (Invited Paper) [7939-35] 
  Y. Yamada, Yamaguchi Univ. (Japan) 
 
 7939 0N Inhomogeneous carrier distribution in InGaN multiple quantum wells and its influences on 

device performances (Invited Paper) [7939-36] 
  H.-Y. Ryu, Inha Univ. (Korea, Republic of); J.-I. Shim, Hanyang Univ. (Korea, Republic of) 
 
 7939 0O Thermoelectric properties of MOCVD-grown AlInN alloys with various compositions 

[7939-37] 
  J. Zhang, H. Tong, G. Liu, J. A. Herbsommer, G. S. Huang, N. Tansu, Lehigh Univ. (United 

States) 
 
 7939 0P Hydrogen etch of GaN and its application to produce porous GaN caves [7939-38] 
  Y.-H. Yeh, Y.-C. Hsu, Y.-H. Wu, K.-M. Chen, W.-I. Lee, National Chiao Tung Univ. (Taiwan) 
 
 

iv



  ADVANCED TECHNIQUES III  
 
 7939 0Q Plasmonic effects in In(Ga)N (Invited Paper) [7939-39] 
  S. V. Ivanov, T. V. Shubina, A. A. Toropov, Ioffe Physico-Technical Institute (Russian 

Federation) 
 
 
  LASERS  
 
 7939 0V Recent developments in AlGaN-based laser diodes for short ultraviolet region (Invited 

Paper) [7939-43] 
  H. Yoshida, M. Kuwabara, Y. Yamashita, K. Uchiyama, H. Kan, Hamamatsu Photonics K.K. 

(Japan) 
 
 7939 0W Recent results on the physical origin of the degradation of GaN-based LEDs and lasers 

(Invited Paper) [7939-44] 
  M. Meneghini, Univ. degli Studi di Padova (Italy); N. Trivellin, Panasonic Corp. (Japan);  

G. Meneghesso, Univ. degli Studi di Padova (Italy); K. Orita, S. Takigawa, T. Tanaka, D. Ueda, 
Panasonic Corp. (Japan); E. Zanoni, Univ. degli Studi di Padova (Italy) 

 
 7939 0Y High-performance blue and green laser diodes based on nonpolar/semipolar bulk GaN 

substrates [7939-47] 
  J. W. Raring, M. C. Schmidt, C. Poblenz, B. Li, Y.-C. Chang, M. J. Mondry, Y.-D. Lin,  

M. R. Krames, R. Craig, J. S. Speck, S. P. DenBaars, S. Nakamura, Soraa, Inc. (United States) 
 
 
  NOVEL DEVICES  
 
 7939 10 The development of monolithic alternating current light-emitting diode (Invited Paper) 

[7939-49] 
  W.-Y. Yeh, H.-H. Yen, Y.-J. Chan, Industrial Technology Research Institute (Taiwan) 
 
 7939 13 Etching formation of GaN micro optoelectronic device array [7939-52] 
  Q. Fan, F. Lee, K. Yadavalli, M. S. Lee, C.-L. Chuang, H. S. El-Ghoroury, Ostendo Technologies, 

Inc. (United States) 
 
 
  LEDS I  
 
 7939 16 Unified model for the GaN LED efficiency droop [7939-08] 
  J. Piprek, NUSOD Institute LLC (United States) 
 
 7939 17 Impact of ballistic electron transport on efficiency of InGaN based LEDs [7939-09] 
  F. Zhang, X. Li, S. Liu, S. Okur, V. Avrutin, Ü. Özgür, H. Morkoç, Virginia Commonwealth Univ. 

(United States); A. Matulionis, Semiconductor Physics Institute (Lithuania); M. Kisin, Ostendo 
Technologies, Inc. (United States) 

 
 

v



  LEDS II  
 
 7939 18 InAlGaN optical emitters: laser diodes with non-epitaxial cladding layers and ultraviolet 

light-emitting diodes (Invited Paper) [7939-10] 
  C. Chua, Z. Yang, C. Knollenberg, M. Teepe, B. Cheng, A. Strittmatter, D. Bour, N. M. Johnson, 

Palo Alto Research Center, Inc. (United States) 
 
 7939 19 Properties of TCO anodes deposited by APCVD and their applications to OLEDs (Invited 

Paper) [7939-11] 
  R. Y. Korotkov, P. Ricou, L. Fang, J. Coffey, G. Silverman, Arkema Inc. (United States);  

M. Ruske, H. Schwab, Philips Technologie GmbH (Germany); A. B. Padmaperuma,  
D. J. Gaspar, Pacific Northwest National Lab. (United States) 

 
 7939 1A An efficiency droop model of the saturated radiative recombination rate and its verification 

by radiative and nonradiative carrier lifetime measurements in InGaN-based light emitting 
diodes [7939-12] 

  J.-I. Shim, H. Kim, D.-S. Shin, Hanyang Univ. (Korea, Republic of); H.-Y. Ryu, Inha Univ. (Korea, 
Republic of) 

 
 
  LEDS III  
 
 7939 1C Modeling of III-nitride light-emitting diodes: progress, problems, and perspectives (Invited 

Paper) [7939-14] 
  S. Y. Karpov, STR Group-Soft-Impact, Ltd. (Russian Federation) 
 
 7939 1D Enhancement of external quantum efficiency in GaN based LEDs (Invited Paper) [7939-15] 
  J. H. Son, J.-L. Lee, Pohang Univ. of Science and Technology (Korea, Republic of) 
 
 7939 1E Vertical composition variation in nominally uniform InGaN layers revealed by 

aberration-corrected STEM imaging (Invited Paper) [7939-94] 
  A. B. Yankovich, A. V. Kvit, Univ. of Wisconsin-Madison (United States); X. Li, F. Zhang,  

V. Avrutin, H. Y. Liu, N. Izyumska, Ü. Özgür, H. Morkoç, Virginia Commonwealth Univ. (United 
States); P. M. Voyles, Univ. of Wisconsin-Madison (United States) 

 
 
  LEDS IV  
 
 7939 1G Optical polarization of UV-A and UV-B (In)(Al)GaN multiple quantum well light-emitting 

diodes [7939-18] 
  T. Kolbe, Technische Univ. Berlin (Germany); A. Knauer, Ferdinand-Braun-Institut für 

Höchstfrequenztechnik (Germany); J. Stellmach, Technische Univ. Berlin (Germany);  
C. Chua, Z. Yang, Palo Alto Research Ctr., Inc. (United States); S. Einfeldt, 
Ferdinand-Braun-Institut für Höchstfrequenztechnik (Germany); P. Vogt, Technische Univ. 
Berlin (Germany); N. M. Johnson, Palo Alto Research Ctr., Inc. (United States); M. Weyers, 
Ferdinand-Braun-Institut für Höchstfrequenztechnik (Germany); M. Kneissl, Technische Univ. 
Berlin (Germany) and Ferdinand-Braun-Institut für Höchstfrequenztechnik (Germany) 

 
 

vi



  POSTER SESSION  
 
 7939 1J Characteristics of InGaN/sapphire-based photovoltaic devices with different superlattice 

absorption layers and buffer layers [7939-54] 
  C.-C. Yang, J.-K. Sheu, M.-S. Huang, S.-J. Tu, F.-W. Huang, K.-H. Chang, National Cheng Kung 

Univ. (Taiwan); M.-L. Lee, National Cheng Kung Univ. (Taiwan) and Southern Taiwan Univ. of 
Technology (Taiwan); W.-C. Lai, National Cheng Kung Univ. (Taiwan) 

 
 7939 1O Two-dimensional drift-diffusion simulation of GaN HFETs [7939-60] 
  Q. Fan, Ostendo Technologies, Inc. (United States); H. Morkoç, Virginia Commonwealth 

Univ. (United States) 
 
 7939 1P Heterostructure designs for enhanced performance and reliability in GaN HFETs: 

camelback channels [7939-61] 
  J. H. Leach, M. Wu, H. Morkoç, Virginia Commonwealth Univ. (United States); M. Ramonas, 

A. Matulionis, Semiconductor Physics Institute (Lithuania) 
 
 7939 1S 1/f Noise in Schottky diodes [7939-64] 
  P. H. Handel, Univ. of Missouri-St. Louis (United States); H. Morkoç, Virginia Commonwealth 

Univ. (United States) 
 
 7939 1T Fabrication and lasing characteristics of GaN nanopillars [7939-65] 
  M.-H. Lo, Y.-J. Cheng, National Chiao Tung Univ. (Taiwan) and Research Ctr. for Applied 

Science (Taiwan); H.-C. Kuo, S.-C. Wang, National Chiao Tung Univ. (Taiwan) 
 
 7939 1V Fabrication of high-efficiency LED using moth-eye structure [7939-67] 
  H. Sakurai, Meijo Univ. (Japan); T. Kondo, A. Suzuki, T. Kitano, M. Mori, EL-SEED Corp. (Japan); 

M. Iwaya, T. Takeuchi, Meijo Univ. (Japan); S. Kamiyama, Meijo Univ. (Japan) and EL-SEED 
Corp. (Japan); I. Akasaki, Meijo Univ. (Japan) 

 
 7939 1W Optical properties of nonpolar (1-100) and semipolar (1-101)GaN grown by MOCVD on Si 

patterned substrates [7939-68] 
  N. Izyumskaya, S. J. Liu, S. Okur, M. Wu, V. Avrutin, Ü. Özgür, Virginia Commonwealth Univ. 

(United States); S. Metzner, F. Bertram, J. Christen, Otto-von-Guericke Univ. Magdeburg 
(Germany); L. Zhou, D. J. Smith, Arizona State Univ. (United States); H. Morkoç, Virginia 
Commonwealth Univ. (United States) 

 
 7939 1X Growth of semi-polar GaN-based light-emitting diodes grown on an patterned Si substrate 

[7939-69] 
  C.-H. Chiu, D.-W. Lin, Z.-Y. Li, National Chiao Tung Univ. (Taiwan); S.-C. Ling, National Chiao 

Tung Univ. (Taiwan) and Industrial Technology Research Institute (Taiwan); H.-C. Kuo,  
  T.-C. Lu, S.-C. Wang, National Chiao Tung Univ. (Taiwan); W.-T. Liao, Industrial Technology 

Research Institute (Taiwan); T. Tanikawa, Y. Honda, M. Yamaguchi, Nagoya Univ. (Japan); 
N. Sawaki, Aichi Institute of Technology (Japan) 

 
 7939 1Z Enhancement in light extraction efficiency of GaN-based vertical light-emitting diodes by 

AgCu-based reflectors [7939-71] 
  T. Jeong, S. W. Kim, J. H. Baek, Korea Photonics Technology Institute (Korea, Republic of) 
 
 7939 20 Deep inductively coupled plasma etching of ELO-GaN grown with high fill factor [7939-72] 
  H. Gao, J. Lee, X. Ni, J. Leach, Ü. Özgür, H. Morkoç, Virginia Commonwealth Univ. (United 

States) 

vii



 7939 25 Enhanced hydrogen gas generation rate by n-GaN photoelectrode with immersed 
finger-type indium tin oxide ohmic contacts [7939-77] 

  S.-Y. Liu, J.-C. Ye, Y.-C. Lin, K.-H. Chang, National Cheng Kung Univ. (Taiwan); M.-L. Lee, 
National Cheng Kung Univ. (Taiwan) and Southern Taiwan Univ. of Technology (Taiwan); 
W.-C. Lai, J.-K. Sheu, National Cheng Kung Univ. (Taiwan) 

 
 7939 27 High modal gain in Ga(NAsP)/(BGa)((As)P) heterostructures grown lattice matched on (001) 

silicon [7939-79] 
  N. Koukourakis, D. A. Funke, N. C. Gerhardt, M. R. Hofmann, Ruhr-Univ. Bochum (Germany); 

S. Liebich, C. Bückers, S. Zinnkann, M. Zimprich, A. Beyer, S. Chatterjee, S. W. Koch, 
Philipps-Univ. Marburg (Germany); B. Kunert, NAsP III/V GmbH (Germany); K. Volz, W. Stolz, 
Philipps-Univ. Marburg (Germany) 

 
 7939 2A Growth of GaN single crystals by a Ca- and Ba-added Na flux method [7939-82] 
  H. Ukegawa, Y. Konishi, T. Fujimori, N. Miyoshi, M. Imade, M. Yoshimura, Y. Kitaoka, T. Sasaki, 

Y. Mori, Osaka Univ. (Japan) 
 
 7939 2B Measurement of nonuniform bowing in GaN/sapphire epi-wafers and subsequent stress 

analysis by using a theoretical model [7939-83] 
  Y. Jang, D.-H. Jang, J.-I. Shim, D.-S. Shin, Hanyang Univ. (Korea, Republic of) 
 
 7939 2D Direct observation of lattice constant variations depending on layer structures in an 

InGaN/GaN MQW LED [7939-85] 
  S. Kimura, K. Tachibana, T. Oka, H. Nago, H. Yoshida, S. Nunoue, Toshiba Corp. (Japan) 
 
 7939 2E Optimization of ZnO:Ga properties for application as a transparent conducting oxide in 

InGaN-based light-emitting diodes [7939-87] 
  H. Y. Liu, X. Li, S. Liu, X. Ni, V. Avrutin, N. Izyumskaya, Ü. Özgür, Virginia Commonwealth Univ. 

(United States); A. B. Yankovich, A. V. Kvit, P. M. Voyles, Univ. of Wisconsin-Madison (United 
States); M. A. Reshchikov, H. Morkoç, Virginia Commonwealth Univ. (United States) 

 
 7939 2F Low-frequency noise measurements of generation-recombination effect and field-assisted 

emission in AlGaN/GaN MOSHFETs and HFETs [7939-88] 
  C. Kayis, J. H. Leach, C. Y. Zhu, M. Wu, X. Li, Virginia Commonwealth Univ. (United States);  

X. Yang, V. Misra, North Carolina State Univ. (United States); P. H. Handel, Univ. of Missouri-St. 
Louis (United States); Ü. Özgür, H. Morkoç, Virginia Commonwealth Univ. (United States) 

 
 7939 2G Low-frequency noise measurements of electrical stress in InAlN/GaN and AlGaN/GaN 

heterostructure field-effect transistors [7939-89] 
  C. Kayis, C. Y. Zhu, M. Wu, X. Li, Ü. Özgür, H. Morkoç, Virginia Commonwealth Univ. (United 

States) 
 
 7939 2H Growth of crack-free semi-polar (1-101) GaN on a 7°-off (001) Si substrate by metal-organic 

chemical vapor deposition [7939-90] 
  H.-Y. Lin, H.-H. Liu, National Central Univ. (Taiwan); C.-Z. Liao, Industrial Technology Research 

Institute (Taiwan); J.-I. Chyi, National Central Univ. (Taiwan) and Research Ctr. for Applied 
Sciences (Taiwan) 

 

viii



 7939 2J Electrical properties of In-doped ZnO films grown by plasma-assisted molecular beam 
epitaxy on GaN(0001) template [7939-92] 

  C.-Y. Chen, L.-H. Siao, National Central Univ. (Taiwan); J.-I. Chyi, National Central Univ. 
(Taiwan) and Research Ctr. for Applied Sciences (Taiwan); C.-K. Chao, C.-H. Wu, Institute of 
Nuclear Energy Research (Taiwan) 

 
 7939 2K Current spreading effect in vertical GaN/InGaN LEDs [7939-93] 
  C.-K. Li, Y.-R. Wu, National Taiwan Univ. (Taiwan) 
 
  Author Index 

ix





Conference Committee 

 
Symposium Chair 

Liang-Chy Chien, Kent State University (United States) 
 

Symposium Cochairs 

E. Fred Schubert, Rensselaer Polytechnic Institute (United States) 
Klaus P. Streubel, OSRAM GmbH (Germany) 

 

Program Track Chair  

James G. Grote, Air Force Research Laboratory (United States) 
 

Conference Chairs 

Jen-Inn Chyi, National Central University (Taiwan) 
Yasushi Nanishi, Ritsumeikan University (Japan) 
Hadis Morkoç, Virginia Commonwealth University (United States) 
Joachim Piprek, NUSOD Institute LLC (United States) 
Euijoon Yoon, Seoul National University (Korea, Republic of) 

 

Program Committee 

Hiroshi Amano, Meijo University (Japan) 
Jong-Hyeob Baek, Korea Photonics Technology Institute (Korea, 

Republic of) 
Alison A. Baski, Virginia Commonwealth University (United States) 
Shoou-Jinn Chang, National Cheng Kung University (Taiwan) 
Li-Chyong Chen, National Taiwan University (Taiwan) 
Hiroshi Fujioka, The University of Tokyo (Japan) 
Nicolas Grandjean, Ecole Polytechnique Fédérale de Lausanne 

(Switzerland) 
Detlef Hommel, Universität Bremen (Germany) 
Yoichi Kawakami, Kyoto University (Japan) 
Michael Kneissl, Technische Universität Berlin (Germany) 
Hao-Chung Kuo, National Chiao Tung University (Taiwan) 
Narihiko Maeda, NTT Photonics Laboratory (Japan) 
Hideto Miyake, Mie University (Japan) 
Yong-Tae Moon, LG Electronics Inc. (Korea, Republic of) 
Takashi Mukai, Nichia Corporation (Japan) 
Ok-Hyun Nam, Korea Polytechnic University (Korea, Republic of) 
Ulrich T. Schwarz, Fraunhofer-Institut für Angewandte Festkörperphysik 

(Germany) 

xi



Tae-Yeon Seong, Korea University (Korea, Republic of) 
Jong-In Shim, Hanyang University (Korea, Republic of) 
Kenji Shiojima, University of Fukui (Japan) 
Cheolsoo Sone, Samsung Electro-Mechanics (Korea, Republic of) 
Chih-Chung Yang, National Taiwan University (Taiwan) 

 

Session Chairs 

  Growth I 
Hadis Morkoç, Virginia Commonwealth University (United States) 
 

  GaN Doping 
Yasushi Nanishi, Ritsumeikan University (Japan) 
 

  FET I 
Euijoon Yoon, Seoul National University (Korea, Republic of) 
 

  FET II 
Joachim Piprek, NUSOD Institute LLC (United States) 
 

  Advanced Techniques I 
Jen-Inn Chyi, National Central University (Taiwan) 
 

  Advanced Techniques II 
Akira Uedono, University of Tsukuba (Japan) 
 

  Advanced Techniques III 
Bernard Gil, Universitité Montpellier 2 (France) 
 

  Lasers 
Jen-Inn Chyi, National Central University (Taiwan) 
 

  Novel Devices 
Enrico Zanoni, Università degli Studi di Padova (Italy) 
 

  LEDs I 
Sergey Y. Karpov, STR Group-Soft Impact Limited (Russian Federation) 
 

  LEDs II 
Shangir Gwo, National Tsing Hua University (Taiwan) 
 

  LEDs III 
Christopher L. Chua, Palo Alto Research Center, Inc. (United States) 
 

  LEDs IV 
Hadis Morkoç, Virginia Commonwealth University (United States) 

xii



Introduction 

 
GaN based electronic and optoelectronic devices continue to develop rapidly 
as reflected by the advances reported at the meeting. Today, the GaN based 
light emitters adorn the automobiles, traffic lights, moving signs, outdoor displays, 
handheld electronics, and background lighting in many consumer electronics 
including flat panel televisions. All LED outdoor lighting applications are already in 
full swing. Indoor lighting with LEDs seems to be catching up as high efficiency 
warm-white lamps, some voltage compatible with existing fixtures, have been 
demonstrated by increasing number of vendors. Efficiency retention or the loss of 
it at high injection levels has received a great deal of attention due to the 
enormous impact of efficiency on indoor lighting by LEDs. To the end, non polar 
and semi-polar orientations of GaN and InGaN in the context of growth and 
investigations of optical processes are under intensive studies. Models accounting 
for leakage, including that due hot electrons, and remedies therefore are being 
developed.  Due to cost pressures, using Si substrates for GaN epitaxy with clever 
patterning and strain balancing, to avoid cracking upon cooling from growth 
temperatures, is being implemented. Semi-polar LEDs on Si substrates have also 
been demonstrated. New LED approaches, such as alternating-current (AC) LEDs 
and high-voltage (HV) LEDs, have shown their potential in addressing the cost 
and reliability issues.   
 
The research on GaN-based power electronic devices, including FETs and diodes, 
has drawn increasing attentions lately, especially from the industry sector as the 
deployments of energy efficient power supplies and converter for all electric and 
hybrid vehicles are highly sought after. To compete with its Si counterpart in this 
realm, novel device structures and process technologies for GaN-based devices 
are emerging. High-breakdown normally-off devices with low on-resistance, low 
off-leakage current, fast recovery time, high temperature operation, and high 
conversion efficiency are rigorously pursued. Monolithic integration of GaN power 
transistors and Schottky diodes for inverters have been demonstrated.  
 
The SPIE symposium on GaN Materials and Devices is annually organized to 
disseminate the latest results and provide an opportunity for researchers from 
around the world to engage in far reaching and probing discussions. Many world 
renowned invited speakers from Asia, Europe and USA set the stage with wide 
ranging formal discussions. Not to be underestimated is the fact that the meeting 
served the purpose of getting experts and newcomers, particularly graduate 
students who turned out in large numbers, together for friendship and informal 
discussions of issues relevant to GaN and related materials and devices, and also 
to develop collaborations. Such exchanges will undoubtedly play an invaluable 
role in propelling the field forward in general and in particular addressing pivotal 
issues such as determination and improvement of internal quantum efficiency 
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and external quantum efficiency of LEDs as well as realizing the full potential of 
GaN power devices for energy efficiency products. 
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