Wide Bandgap Semiconductor

Materials and Devices 16

Editors:

S. Jany

K. Shenai

G. W. Hunter
F. Ren

C. 0'Dwyer
K. Mishra

Sponsoring Divisions:

Flectronics and Photonics

Dielectric Science & Technology
Luminescence and Display Materials

Sensor

Published by

The Electrochemical Society
Q 4 65 South Main Street, Building D
Pennington, NJ 08534-2839, USA

tel 609 737 1902
fax 609 737 2743

www.electrochem.org

[THifransactions "
Vol. 66, No. 1



Copyright 2015 by The Electrochemical Society.
All rights reserved.

This book has been registered with Copyright Clearance Center.
For further information, please contact the Copyright Clearance Center,
Salem, Massachusetts.

Published by:

The Electrochemical Society
65 South Main Street
Pennington, New Jersey 08534-2839, USA

Telephone 609.737.1902
Fax 609.737.2743
e-mail: ecs@electrochem.org
Web: www.electrochem.org

ISSN 1938-6737 (online)
ISSN 1938-5862 (print)
ISSN 2151-2051 (cd-rom)

ISBN 978-1-62332-234-2 (CD-ROM)
ISBN 978-1-60768-591-3 (PDF)

Printed in the United States of America.




ECS Transactions, Volume 66, Issue 1
Wide Bandgap Semiconductor Materials and Devices 16

Table of Contents

Preface

Chapter 1
GaN based Electronics |

(Invited) Radiation Effects in AlGaN/GaN and InAIN/GaN High Electron Mobility
Transistors
S. J. Pearton, Y. H. Hwang, F. Ren

(Invited) Failure Mechanisms in AlGaN/GaN HEMTSs Irradiated with 2MeV Protons
T. J. Anderson, A. D. Koehler, P. Specht, B. D. Weaver, J. D. Greenlee, M. J. Tadjer,
J. K. Hite, M. A. Mastro, M. Porter, M. Wade, O. Dubon, M. Luysberg,

K. D. Hobart, T. R. Weatherford, F. J. Kub

(Invited) Simulation of Radiation Effects in AIGaN/GaN HEMTs
E. Patrick, M. Choudhury, F. Ren, S. J. Pearton, M. E. Law

(Invited) Neutron Irradiation Effect on GaN-Based Materials
M. L. Zhang, R. X. Yang, X. L. Wang, S. F. Liu

(Invited) Thermal Limitations in Wide Bandgap (WBG) Semiconductor Power
Switching Devices
K. Shenai

(Invited) Low Loss Power Conversion with Gallium Nitride Based Devices
S. Chowdhury

(Invited) GaN High Power Devices and Their Applications
J. K. Mun, W. Chang, D. M. Kang

Investigating the Effects of Annealing on Off-State Step-Stressed AIGaN/GaN High
Electron Mobility Transistors
B. J. Kim, S. Ahn, Y. H. Hwang, F. Ren, S. J. Pearton

15

21

33

53

67

79

85



Chapter 2
Growth and Characterization

(Invited) Synchrotron White-Beam X-Ray Topography Analysis of the Defect
Structure of HVPE-GaN Substrates
L. Kirste, A. N. Danilewsky, T. Sochacki, K. Kéhler, M. Zajac, R. Kucharski,
M. Boc¢kowski, P. J. McNally

(Invited) Developing Periodically Oriented Gallium Nitride for Frequency Conversion
J. K. Hite, J. A. Freitas, M. A. Mastro, I. Vurgaftman, J. R. Meyer, C. G. Brown,
F. J. Kub, S. R. Bowman, C. R. Eddy Jr.

Epitaxial Growth of High Quality GaN Films on Lattice Matched Metallic Layers
A. M. Dabiran, F. Machuca, I. De, R. Weiss

Oil-Immersion Raman Spectroscopy for c-Plane GaN on Si and Al,O3 Substrates
R. Imai, D. Kosemura, A. Ogura

Chapter 3
GaN based Optical and Energy Devices

(Invited) InGaN/GaN Multiple Quantum Well Solar Cells for Energy and Hydrogen
Generation
H. Jiang, J. Lin

(Invited) Nitride Photocatalyst to Produce Clean Hydrogen from Water without Extra
Bias
K. Ohkawa

(Invited) Group-111 Nitrides to the Extreme --- from LEDs and Solar Cells to the
Transistor
A. Bross, L. Zhao, D. Elsaesser, Z. Li, M. Durniak, T. Detchprohm, T. S. P. Chow,
C. Wetzel

(Invited) Applications of Electrochemistry for Novel Wide Bandgap GaN Devices
S. H. Park, C. Zhang, G. Yuan, D. Chen, J. Han

Vi

93

107

113

119

129

135

139

143



(Invited) High Efficiency Green-Yellow Emission from InGaN/GaN Quantum Well
Structures Grown on Overgrown Semi-Polar (11-22) GaN on Regularly Arrayed
Micro-Rod Templates

Y. Gong, K. Xing, B. Xu, X. Yu, Z. Li, J. Bai, T. Wang

Hydrothermally Grown Nonpolar a-Plane ZnO and Its Applications
J. Kim, K. H. Baik, S. Jang

(Invited) Fully Porous GaN p-n Junctions Fabricated by Chemical Vapor Deposition: A
Green Technology towards More Efficient LEDs

J. J. Carvajal, J. Mena, O. Bilousov, O. Martinez, J. Jiménez, V. Z. Zubialevich,

P. J. Parbrook, H. Geaney, C. O'Dwyer, F. Diaz, M. Aguil6

Chapter 4
GaN based Electronics |1

(Invited) Power Loss Reduction in Perforated-Channel HFET Switches
M. Shur, M. Gaevski, R. Gaska, G. Simin, H. Y. Wong, N. Braga, R. Mickevicius

A Novel Backside Gate Structure to Improve Device Performance
Y. H. Hwang, W. Zhu, C. Dong, S. Ahn, F. Ren, I. Kravchenko, D. Smith,
S. J. Pearton

(Invited) High-Power AlGaN/GaN Heterostructure Field-Effect Transistors on 200mm
Si Substrates
C. F. Lo, O. Laboutin, C. K. Kao, K. O'Connor, D. Hill, W. Johnson

Large Gate Swing and High Threshold Voltage Enhancement-Mode AlGaN/GaN
HEMTSs Using Low Energy Fluorine lon Implantation in GaN Layer
C.H.Wu, P. C. Han, E. Y. Chang

In-Situ Characterization of Defect Dynamics in 4H-SiC Power Diodes under High-
Voltage Stressing
K. Shenai, B. Raghothamachar, M. Dudley, A. Christou

(Invited) Investigations and Improvements of AlInN/GaN HEMTs Grown on Si
J. 1. Chyi, Y. M. Hsin, G. Y. Lee, H. C. Chiu

A Novel Approach to Improve Heat Dissipation of AlIGaN/GaN High Electron
Mobility Transistors with a Backside Cu Via
Y. H. Hwang, T. S. Kang, F. Ren, S. J. Pearton

vii

151

157

163

179

185

191

201

205

217

223



Chapter 5
Novel Wide Bandgap Materials and Devices

Optically Transparent Flexible IGZO TFTs Fabricated with a Selective Wet-Etch
Process
A. Tari, C. H. Lee, W. S. Wong

Effect of Island Configuration and Neutral Axis Location for Mechanical Bending
Strain on a-1GZ0O Thin Film Transistors
C. B. Park, J. J. Kim, H. Na, T. H. Moon, S. S. Yoo, M. S. Yang

Effects of Annealing Pressure and Ambient on Thermally Robust RuOyx Schottky
Contacts on InAIN/AIN/GaN-on-Si(111) Heterostructure
L. M. Kyaw, Y. Liu, M. Y. Lai, T. N. Bhat, H. R. Tan, P. C. Lim, S. Tripathy,
E. F. Chor

Simulation Comparison of Self-Heating Effects in Junctionless Nanowire Transistors
and FinFET Devices
G. Mariniello, M. Pavanello

Weak Quantum Confinement and Polaritons in ZnO and ZnO Cu Nanocrystals
Prepared by Electrochemical Method
T. V. Torchynska, B. El Filali, A. I. Diaz Cano, L. V. Shcherbyna

ALD NiO Thin Films As a Hole Transport-Electron Blocking Layer Material for
Photo-Detector and Solar Cell Devices

W. J. Nam, Z. Gray, J. Stayancho, V. Plotnikov, D. Kwon, S. Waggoner,

D. V. Shenai-Khatkhate, M. Pickering, T. Okano, A. Compaan, S. J. Fonash

Analysis of Patterned Defects on Graphene Using Micro-Raman Spectroscopy and
Liquid Crystals
G. Yang, S. Oh, J. Kim

Chapter 6
Poster Session

A New Capacitance-Voltage Model for Hydrogen-Terminated Diamond Mosfet
X. Zhou, S. Albin

viii

233

241

249

259

267

275

281

287



Blue Emission Stimulation in Mixture of ZnO and Carbon Nanocrystals at Mechanical
Processing
T. V. Torchynska, B. Perez Millan, E. Velazquez Lozada, M. Kakazey, M. Vlasova

Photocurrent Enhancement of TiO2 Nanotubes Decorated with PbS Quantum Dots
K. Du, G. Liu, X. Chen, K. Wang

Effect of Cu- and Y-Codoping on Structural and Luminescent Properties of Zirconia
Based Nanopowders

N. Korsunska, T. Stara, L. Khomenkova, Y. Poslishchuk, V. Kladko,

K. Michailovska, M. Kharchenko, O. Gorban

Effect of Rare-Earth Doping on Structural and Luminescent Properties of Screen-
Printed ZnO Films
L. Khomenkova, V. I. Kushnirenko, N. M. Osipyonok, A. F. Singaevsky, G. S. Pekar,
K. Avramenko, V. V. Strelchuk, L. V. Borkovska

Author Index

297

305

313

321

333





