
MATERIALS RESEARCH SOCIETY 
SYMPOSIUM PROCEEDINGS VOLUME 955 

 
 
 

Advances in III-V Nitride 
Semiconductor Materials  

and Devices 
 
 
 
 
 
 
 
 
 

November 27 – December 1, 2006 
Boston, Massachusetts, USA 

 
 
 
 
 
 
 
 
 
 

Printed from e-media with permission by: 

 Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
www.proceedings.com 

 
ISBN: 978-1-60423-411-4 

 
Some format issues in the e-media version may also appear in this print version.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CAMBRIDGE UNIVERSITY PRESS 
Cambridge, New York, Melbourne, Madrid, Cape Town, 
Singapore, São Paulo, Delhi, Tokyo, Mexico City 
 
Cambridge University Press 
32 Avenue of the Americas, New York, NY 10013-2473, USA 
 
www.cambridge.org 
 
Materials Research Society 
506 Keystone Drive, Warrendale, PA 15086 
http://www.mrs.org 
 
©Materials Research Society 2007 
 
This publication is in copyright. Subject to statutory exception 
and to the provisions of relevant collective licensing agreements, 
no reproduction of any part may take place without the written 
permission of Cambridge University Press. 
 
First published 2007 
 
CODEN: MRSPDH 
 
ISBN: 978-1-60423-411-4 
 
Cambridge University Press has no responsibility for the persistence or  
accuracy of URLs for external or third-part Internet Web sites referred to  
in this publication and does not guarantee that any content on such Web sites 
is, or will remain, accurate or appropriate. 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2634 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 

 

 



TABLE OF CONTENTS 
 
 
 

Investigation of The Electrical and Chemical Properties of Plasma-Treated 
AlGaN...................................................................................................................................... 1

X. A. Cao, H. Piao, S. F. Leboeuf, J. Y. Lin, H. X. Jiang 
 

Fabrication of High-performance Photodetector Based on AlGaN/GaN 
Hetero-field-effect Transistors with p-GaN Gate................................................................ 7

S. Miura, T. Fujii, M. Iwaya, S. Kamiyama, H. Amano, I. Akasaki 
 

Al rich AlN/AlGaN Quantum Wells ................................................................................... 13
T. M. Al Tahtamouni, N. Nepal, J. Lin, H. Jiang 

 

Strain-free Low-defect-density Bulk GaN with Nonpolar Orientations ......................... 19
T. Paskova, P. P. Paskov, V. Darakchieva, R. Kroeger, D. Hommel, B. Monemar, S. 
Lourdudoss, E. Preble, A. Hanser, M. N. Williams, M. Tutor 

 

Fabrication and Characterization of 2-inch Diameter AlN Single-Crystal 
Wafers cut From Bulk Crystals .......................................................................................... 22

R. T. Bondokov, K. E. Morgan, G. A. Slack, L. J. Schowalter 
 

Details of the Improvement of Crystalline Quality of A-Plane GaN Using 
One-step Lateral Growth .................................................................................................... 28

D. IIda, T. Nagai, T. Kawashima, A. Miura, Y. Okadome, Y. Tsuchiya, M. Iwaya, S. 
Kamiyama, H. Amano, I. Akasaki 

 

High Temperature MOVPE Growth of AlxGa1-xN (0.2-1) Layers on 
Sapphire and SiC Substrates for the Fabrication Deep UV Optical Devices ................. 34

B. Krishnan, M. Imura, K. Ilda, K. Nagamatsu, H. Sugimura, T. Nagai, T. Sumii, F. Mori, 
A. Bandoh, M. Iwaya, S. Kamiyama, H. Amano, I. Akasaki 

 

Growth and Characterization of Semi-polar (11-22) GaN with in-situ SiNx 
Interlayers ............................................................................................................................. 40

J. Hollander, C. McAleese, M. Kappers, C. Humphreys 
 

Study of Defects in p-type Layers in III-nitride Laser Diode Structures 
Grown by Molecular Beam Epitaxy ................................................................................... 46

H. Xiu, P. M. F. J Costa, M. Kauer, T. M. Smeeton, S. E. Hooper, J. Heffernan, C. J. 
Humphreys 

 

Ultraviolet Light Emitting Diodes Using Non-Polar A-plane AlGaN 
Multiple Quantum Wells ..................................................................................................... 53

R. Chandrasekaran, A. Bhattacharyya, R. France, C. Thomidis, A. Williams, T. Moustakas 
 

Blue-green-red LEDs based on InGaN Quantum Dots by Plasma-assisted 
MBE using GaN QDs for Dislocation Filtering ................................................................. 56

T. Xu, A. Y. Nikiforov, R. France, C. Thomidis, A. Williams, T. D. Moustakas, L. Zhou, D. 
J. Smith 

 

Low-dislocation-density Nonpolar AlN Grown on 4H-SiC (11-20) 
Substrates.............................................................................................................................. 61

J. Suda, M. Horita, T. Kimoto 
 



1.37 - 2.90 Micron Intersubband Transitions in GaN/AlN Superlattices ....................... 63
E. A. Decuir Jr., E. Fred, O. Manasreh, J. Xie, H. Morkoc, E. Baumann, D. Hofstetter 

 

Nanoparticle-loaded Encapsulation Materials for Light-emitting Diode 
Applications .......................................................................................................................... 69

F. W. Mont, H. Luo, M. F. Schubert, J. K. Kim, E. F. Schubert, R. W. Siegel 
 

Ultrathin AlN/GaN Heterojunctions by MBE for THz Applications.............................. 75
Y. Cao, D. Jena 

 

The Influence of Device Structure on High-electric-field Effects and 
Reliability of AlGaN/GaN HFETs ...................................................................................... 79

W. Kuang, R. J. Trew, G. L. Bilbro, Y. Liu 
 

AlGaN/GaN-sensors for Monitoring of Enzyme Activity by pH-
Measurements....................................................................................................................... 85

G. Kittler, A. Spitznas, B. Luebbers, V. Lebedev, D. Wegener, M. Gebinoga, F. Weise, A. 
Schober, O. Ambacher 

 

Electrical Detection of Deoxyribonucleic Acid Hybridization With 
AlGaN/GaN High Electron Mobility Transistors ............................................................. 88

B. S. Kang, S. J. Pearton, J. J. Chen, F. Ren, J. W. Johnson, R. J. Therrien, P. Rajagopal, 
J. C. Roberts, E. L. Piner, K. J. Linthicum 

 

Magnetic and Optical Properties of Eu-doped GaN ......................................................... 94
J. Hite, G. T. Thaler, J. H. Park, A. J. Steckl, C. R. Abernathy, J. M. Zavada, S. Pearton 

 

Loss of Quantum Efficiency in Green Light Emitting Diode Dies at Low 
Temperature ......................................................................................................................... 97

Y. Li, W. Zhao, Y. Xia, M. Zhu, J. Senaviratne, T. Detchprohm, E. F. Schubert, C. M. 
Wetzel 

 

Estimation of Junction Temperature in Operating Light Emitting Diodes ................. 102
S. Sakhawat, A. N. Guha, O. Akpa, P. Z. Hagler, D. Wang, M. Park, K. Das 

 

500 K Operation AlGaN/GaN HFETs with a Large Current and a High 
Breakdown Voltage ............................................................................................................ 105

H. Kambayashi, J. Li, N. Ikeda, S. Yoshida 
 

Ion-Implanted GaN/AlGaN/GaN HEMTs with Extremely Low Gate 
Leakage Current ................................................................................................................ 111

K. Nomoto, T. Tajima, T. Mishima, M. Satoh, T. Nakamura 
 

Low-voltage Avalanche Breakdown in AlGaN Multi-quantum Wells.......................... 116
S. Zhang 

 

Influence of Overheating Effect on Transport Properties of AlGaN/GaN 
Heterostructures................................................................................................................. 119

A. Kurakin, S. Vitusevich, M. Petrychuk, H. Hardtdegen, S. Danylyuk, A. Belyaev, N. Klein 
 

Persistent Photoconductivity in High-mobility AlxGa1-xN/AlN/GaN 
Heterostructures Grown by Metal-organic Vapor-phase Epitaxy ................................ 124

N. Biyikli, U. Ozgur, X. Ni, Y. Fu, H. Morkoc, C. Kurdak 
 



Evaluation on Crystal and Optical Properties of AlN:Er Prepared by RF 
Magnetron Sputtering Method ......................................................................................... 127

S. I. Uekusa, T. Ohno, T. Arai, H. Miura 
 

Traps in Si-doped AlxGa1-xN Grown by Molecular Beam Epitaxy on 
Sapphire Characterized by Deep Level Transient Spectoscopy .................................... 132

M. Ahoujja, S. Elhamri, M. Hogsed, Y. K. Yeo, R. L. Hengehold 
 

Fully Unstrained GaN on Thick AlN Layers for MEMS Application .......................... 138
K. Tonisch, F. Niebelschuetz, V. Cimalla, H. Romanus, W. Ambacher 

 

Wet Etching of Bulk AlN Crystals.................................................................................... 144
D. Zhuang, Z. G. Herro, X. Li, R. Schlesser, Z. Sitar 

 

Selective Area Growth of GaN Nano Islands by Metal Organic Chemical 
Vapor Deposition: Experiments and Computer Simulations ........................................ 150

A. Chandolu, G. D. Kipshidze, S. A. Nikishin, L. Tian, S. Daoying, M. Holtz, A. Lobanova 
 

Optical Transmission Measurements on MOCVD Grown GaMnN Films on 
Sapphire .............................................................................................................................. 156

F. E. Arkun, N. A. El-Masry, J. Muth, X. Zhang, A. Mahrouse, J. Zavada, S. M. Bedair 
 

Influence of Growth Conditions on Phase Separation of InGaN Bulk 
Material Grown by MOCVD ............................................................................................ 162

Y. Huang, O. Jani, E. H. Park, I. Ferguson 
 

Compound-source Molecular Beam Epitaxy of GaN on Si at Low 
Temperature Using GaN Powder and Ammonia as Sources ......................................... 165

T. Honda, M. Sawada, H. Yamamoto, M. Sawadaishi 
 

The Structural and Optical Properties of Self-assembled InGaN/GaN 
Quantum Dots Grown by Molecular Beam Epitaxy....................................................... 170

T. M. Smeeton, M. Senes, K. L. Smith, S. E. Hooper, J. Heffernan 
 

Growth and Polarity Control of GaN and AlN on Carbon-face SiC by 
Metalorganic Vapor Phase Epitaxy.................................................................................. 176

Y. Fu, X. Ni, J. Xie, N. Biyikli, Q. Fan, S. Chevtchenko, Ü Özgür, H. Morkoc, Y. Ke, R. 
Devaty, W. J. Choyke, C. K. Inoki, T. S. Kuan 

 

Electronic Properties and Stability of Artificial In-N Molecules................................... 180
L. A. Pozhar, W. C. Mitchel 

 

Comparison of the Incorporation of Various Transition Metals into GaN by 
MOCVD .............................................................................................................................. 186

M. H. Kane, W. Fenwick, N. Li, S. Gupta, E. H. Park, I. T. Ferguson 
 

Position-Controlled InN Nano-dot Growth on Patterned Substrates by 
ECR-MBE ........................................................................................................................... 190

T. Yamaguchi, T. Araki, H. Naoi, Y. Nanishi 
 

Optical Properties of Nearly Lattice-matched AlInN/GaN Single Quantum 
Wells with Varying Well-widths ....................................................................................... 196

L. T. Tan, R. W. Martin, I. M. Watson, K. P. O'Donnell 
 



Investigation of Electrical Properties in Si Ion Implanted GaN Layer as A 
Function of Dose and Energy ............................................................................................ 199

M. Satoh, T. Saitoh, K. Nomoto, T. Nakamura 
 

Schottky I-V Characteristics of Au/Ni/GaN/SiNx Nanonework/Sapphire 
Structures............................................................................................................................ 204

J. Xie, Y. Fu, H. Morkoc 
 

Development of Aluminum Nitride/Platinum Stack Structures for an 
Enhanced Piezoelectric Response ..................................................................................... 207

A. Kabulski, J. Harman, P. Famouri, D. Korakakis 
 

Electroreflectance Spectra of InGaN/AlGaN/GaN p-n-Heterostructures .................... 210
A. E. Yunovich, L. Avakyants, M. Badgutdinov, P. Bokov, A. Chervyakov, S. Shirokov, E. 
Vasileva, A. Feopentov, F. Snegov, D. Bauman, B. Yavich 

 

Characterization of GaN/Si Using Capacitance Spectroscopies .................................... 213
S. R. Smith, J. C. Roberts, P. Rajagopal, J. W. Cook, E. L. Piner, K. J. Linthicum, S. 
Elhamri 

 

Vertically Increasing Well Thickness and In Content in GaInN MQW's due 
to V-shaped Pits.................................................................................................................. 216

H. Bremers, L. Hoffmann, D. Fuhrmann, U. Rossow, A. Hangleiter 
 

Low-Temperature Cathodoluminescence Mapping of Green, Blue, and UV 
GaInN/GaN LED Dies ....................................................................................................... 219

Y. Xia, T. Detchprohm, J. Senawiratne, Y. Li, W. Zhao, M. Zhu, C. Wetzel 
 

Recessed Gate Processing for GaN/AlGaN-HEMTs....................................................... 225
W. Pletschen, R. Kiefer, B. Raynor, S. Mueller, F. Benkhelifa, R. Quay, M. Mikulla, M. 
Schlechtweg, G. Weimann 

 

Comparison between the Photoluminescence Mappings Under Selective 
and Non-selective Excitation and the Electroluminescence Mappings of the 
Epitaxial Wafers with InGaN-LED Structure ................................................................ 229

K. Tadatomo, O. Shimoike, H. Noda, M. Hiraoka, K. Yoshimura, K. Hoshino 
 

Investigation of Optical Properties of Nitrogen Incorporated Sb based 
Quantum Well and Quantum Dots for Infrared Sensors Application .......................... 235

S. M. Kim, H. B. Yuen, F. Hatami, A. Moto, A. Chin, J. S. Harris 
 

Resonant Energy Transfer due to Exciton Coupling in Hybrid Persovskites 
Conjugated to GaN Semiconductors ................................................................................ 241

J. Li, A. Neogi, T. Ishihara 
 

Defects in Electron and Neutron Irradiated n-GaN: Disordered Regions 
Versus Point Defects .......................................................................................................... 245

A. Y. Polykov, N. B. Smirnov, A. V. Govorkov, A. V. Markov, C. R. Lee, I. H. Lee, N. G. 
Kolin, D. I. Merkurisov, V. M. Boiko, J. S. Wright, S. J. Pearton 

 

Deep Centers in GaN Layers Grown on Epitaxial Lateral Overgrowth 
Templates by Metalorganic Chemical Vapor Deposition............................................... 248

S. A. Chevtchenko, J. Xie, Y. Fu, X. Ni, H. Morkoc 
 



Electrical Characterization of GaN Based Ultraviolet and Blue Light 
Emitting Diodes .................................................................................................................. 255

A. M. K. Tegueu, O. Akpa, A. Guha, K. Das 
 

Investigation of Low Angle Grain Boundaries in Hexagonal Silicon Carbide............. 261
Y. Chen, H. Chen, N. Zhang, M. Dudley, R. Ma 

 

Defect Reduction in (11-20) A-plane GaN by Two-step Epitaxial Lateral 
Overgrowth ......................................................................................................................... 267

X. Ni, Ü. Özgür, Y. Fu, N. Biyikli, H. Morkoc, Z. Liliental-Weber 
 

Electroluminescence from Single 3D GaN Nanowire Grown by Self-
Catalytic Molecular Beam Epitaxy................................................................................... 270

C. E. Kendrick, R. Tilley, M. Kobayashi, R. J. Reeves, S. M. Durbin 
 

Recombination Dynamics in Ultraviolet Light-emitting Diodes with Si-
doped AlxGa1-xN/AlyGa1-yN Multiple Quantum Well Active Regions ........................... 276

K. X. Chen, Y. A. Xi, F. W. Mont, J. K. Kim, E. F. Schubert, X. Li, W. Liu, J. A. Smart 
 

Mg-doped N-polar InN Grown by RF-MBE ................................................................... 282
D. Muto, H. Naoi, S. Takado, H. Na, T. Araki, Y. Nanishi 

 

MBE Growth of Cubic InN ............................................................................................... 288
J. Schormann, D. J. As, K. Lischka 

 

Properties of InN layers grown by High Pressure CVD................................................. 291
M. Alevli, G. Durkaya, R. Kirste, A. Weesekara, U. Perera, W. Fenwick, V. Woods, I. T. 
Ferguson, A. Hoffman, N. Dietz 

 

Photoluminescence, Capacitance-Voltage, and Variable Field Hall Effect 
Measurements of Mg-Doped InN ..................................................................................... 297

C. H. Swartz, S. M. Durbin, R. J. Reeves, K. Prince, J. V. Kennedy, S. Chandril, T. H. 
Myers, D. Carder 

 

High Resolution Transmission Electron Microscopy Study of Thermal 
Oxidation of Single Crystalline Aluminum Nitride ........................................................ 300

J. Chaudhuri, R. G. Lee, L. O. Nyakiti, Z. Gu, J. H. Edgar, P. Li 
 

Experimental Analysis of the Spontaneous Polarization Field in GaN by 
UHV-cathodoluminescence ............................................................................................... 303

M. Finke, D. Fuhrmann, U. Rossow, A. Hangleiter 
 

Characterization of Non-Polar Surfaces in HVPE Grown Gallium Nitride ................ 306
K. Y. Lai, J. A. Grenko, V. D. Wheeler, M. Johnson, E. A. Preble, N. M. Williams, A. D. 
Hanser 

 

Spin-Orbit Coupling and Zero-Field Electron Spin Splitting in 
AlGaN/AlN/GaN Heterostructures with a Polarization Induced Two-
Dimensional Electron Gas ................................................................................................. 312

C. Kurdak, N. Biyikli, H. Cheng, U. Ozgur, H. Morkoc, V. I. Litvinov 
 

Properties of Ferromagnetic GaGdN ............................................................................... 315
J. K. Hite, R. P. Davies, R. M. Frazier, G. T. Thaler, C. R. Abernathy, S. J. Pearton, J. M. 
Zavada 

 



Gadolinium and Oxygen Co-doping of Gallium Nitride: An LSDA + U 
Study.................................................................................................................................... 319

W. R. L. Lambrecht, P. Larson 
 

Erbium-doped GaN Epilayers Synthesized by Metal-organic Chemical 
Vapor Deposition................................................................................................................ 325

C. Ugolini, N. Nepal, J. Y. Lin, H. X. Jiang, J. M. Zavada 
 

Preparation of High Conductive Cubic Boron Nitride Thin Films by in-situ 
zinc Doping ......................................................................................................................... 330

K. Nose, T. Yoshida 
 

A Study of Defects and Surface Properties in AlGaN/GaN High Electron 
Mobility Transistors (HEMTs) Grown by MOCVD on Semi-Insulating SiC 
Substrates............................................................................................................................ 333

Y. Sin, H. I. Kim, P. Adams, G. Stupian 
 

Structural Defects in Laterally Overgrown GaN Layers Grown on Non-
polar Substrates.................................................................................................................. 339

Z. Liliental-Weber, X. Ni, H. Morkoc 
 

Thermodynamic Analysis of Impurities in the Sublimation Growth of AlN 
Single Crystals .................................................................................................................... 342

L. Du, J. H. Edgar 
 

Design and Optimization of GaN-based Semiconductor Saturable Absorber 
Mirror Operating at Around 415 nm............................................................................... 348

F. Lin, N. Xiang, X. C. Wang, J. Arokiaraj, W. Liu, H. F. Liu, S. J. Chua 
 

Phonon Decay in GaN and AlN and Self-Heating in III-N Devices............................... 354
M. Holtz, D. Y. Song, S. A. Nikishin, V. Soukhoveev, A. Usikov, V. Dmitriev, E. Mokhov, U. 
Makarov, H. Helava 

 

Optical Properties of Undoped, n-Doped and p-Doped GaN/AlN 
Superlattices........................................................................................................................ 360

P. Paskov, B. Monemar, S. Kamyiama, H. Amano, I. Akasaki 
 

Spinodal Decomposition and Super-Paramagnetism in Dilute Magnetic 
Nitride Semiconductors ..................................................................................................... 363

K. Sato, T. Fukushima, H. Katayama-Yoshida 
 

Fabrication of AlGaN/GaN HFET with a High Breakdown Voltage on 4-
inch Si (111) Substrate by MOVPE .................................................................................. 369

Y. Niiyama, S. Kato, Y. Sato, M. Iwami, J. Li, H. Takehara, H. Kambayashi, N. Ikeda, S. 
Yoshida 

 

Electrical Properties, Deep Levels Spectra and Luminescence of Undoped 
GaN/InGaN Multi-quantum-well Structures as Affected by Electron 
Irradiation........................................................................................................................... 375

A. Y. Polyakov, N. B. Smirnov, A. V. Govorkov, A. V. Markov, C. R. Lee, I. H. Lee, N. G. 
Kolin, D. I. Merkurisov, V. M. Boiko, J. S. Wright 

 

Titanium Nitride Epitaxy on Tungsten (100) by Sublimation Crystal 
Growth ................................................................................................................................ 378

L. Mercurio, J. H. Edgar, L. Du, E. A. Kenik 
 



Effects of Surface Treatments on Optical Properties of GaN........................................ 385
G. Fujimoto, K. Fujii, T. Minegishi, H. Goto, T. Goto, T. Yao 

 

AlGaN/GaN High Electron Mobility Transistors on Si/SiO2/poly-SiC 
Substrates............................................................................................................................ 391

T. Anderson, F. Ren, L. Voss, M. Hlad, B. P. Gila, S. Pearton, L. Covert, J. Lin, J. Thuret, 
H. Lahreche, P. Bove 

 

Photoluminescence from Gd-implanted AlN and GaN Epilayers ................................. 400
J. M. Zavada, N. Nepal, J. Lin, K. H. Kim, H. X. Jiang, J. Hite, G. T. Thaler, R. M. Frazier, 
C. R. Abernathy, S. J. Pearton 

 

Investigation of the Optical Properties of Epitaxial-lateral-overgrown GaN 
on R- and M-plane Sapphire ............................................................................................. 404

T. Guhne, Z. Bougrioua, M. Albrecht, P. Vennegues, M. Leroux, M. Laugt, S. Ndiaye, M. 
Teisseire, L. Nguyen, P. Gibart 

 

Localisation of Excitation in InGaN Epilayers and Quantum wells ............................. 408
K. P. O'Donnell 

 

Bulk AlN Crystal Growth on SiC Seeds and Defects Study........................................... 411
P. Lu, J. H. Edgar, C. Cao, K. Hohn, R. Dalmau, R. Schlesser, Z. Sitar 

 

Epitaxial Growth of ZrO2 on GaN by MOMBE for High Dielectric 
Material Applications ........................................................................................................ 417

X. Gu, J. Xie, S. Chevtchenko, N. Izyumskaya, V. Avrutin, H. Morkoc 
 

GaAsN Thin Film Growth by Chemical Beam Epitaxy with Source Gas 
Flow Rate Modulation ....................................................................................................... 423

Y. Ohshita, K. Saito, K. Nishimura, T. Suzuki, M. Yamaguchi 
 

Piezoelectric Fields in Tilted GaInN Quantum Wells..................................................... 429
M. Feneberg, F. Lipski, R. Sauer, K. Thonke, T. Wunderer, P. Bruckner, F. Scholz 

 

Author Index 
 




