Graphene, Ge/lll-V, and Emerging
Materials for Post GMOS Applications 9

Editors:

D. Misra
New Jersey Institute of Technology
Newark, New Jersey, USA

Y. Obeng
National Institute of Standards and Technology

Gaithersburg, Maryland, USA
Z. Karim

AIXTRON
Sunnyvale, California, USA

Sponsoring Divisions:
Dielectric Science & Technology
Flectronics and Photonics

S. De Gendt
imec
Leuven, Belgium

P. Srinivasan
GLOBALFOUNDRIES
Malta, New York, USA

Published by
The Electrochemical Society

65 South Main Street, Building D
Pennington, NJ 08534-2839, USA

tel 609 737 1902
fax 609 737 2743

www.electrochem.org

dfy

[THiransactions

Vol. 53, No. 1



Copyright 2013 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 978-1-62332-023-2 (Hardcover)
ISBN 978-1-60768-374-2 (PDF)

Printed in the United States of America.




ECS Transactions, Volume 53, Issue 1
Graphene, Ge/lll-V, and Emerging Materials for Post CMOS Applications 5

Table of Contents

Preface

Chapter 1
Graphene Processing

(Invited) Rethinking High-Performance CVD Graphene Nanoelectronics on Oxidized
Silicon
D. Akinwande, L. Tao

(Invited) Challenges of Graphene Growth on Silicon Carbide
R. Yakimova, G. R. Yazdi, T. lakimov, J. Eriksson, V. Darakchieva

(Invited) Growth Kinetics and Uniform Scaling-up of Graphene Synthesis
K. Celebi, M. T. Cole, N. Rupesinghe, P. Greenwood, L. Tao, D. Akinwande,
J. Robertson, H. G. Park, K. B. K. Teo

(Invited) Carbon 1D/2D Nanoelectronics: Advances in Synthesis and Integration
J. M. Parker, X. Chen, L. Liyanage, A. Tang, H. S. P. Wong
Chapter 2

Graphene Characterization

(Invited) Thermal Transport in Graphene and Graphene-based Composites
J. Hu, W. Park, X. Ruan, Y. P. Chen

(Invited) Theoretical Study of Silicene and Germanene
M. Houssa, B. van den Broek, E. Scalise, G. Pourtois, V. Afanas'ev, A. Stesmans

(Invited) Integration and Characterization of Graphene-Insulator-Graphene Junctions
T. Roy, C. Joiner, Z. R. Hesabi, E. M. Vogel

17

27

41

51

63



(Invited) Graphene Underneath Metals
A. Toriumi, K. Nagashio, T. Moriyama, R. Ifuku

Chapter 3
Graphene Electronics

(Invited) Recent Advances in Graphene RF Electronics: Opportunities
J. S. Moon, D. K. Gaskill, P. Asbeck

(Invited) Graphene Transistors for Ambipolar Mixing at Microwave Frequencies
H. Madan, M. J. Hollander, J. A. Robinson, S. Datta

(Invited) Graphene Based Tunable Schottky Diode for High Performance Devices
J. Heo, H. J. Song, K. E. Byun, D. S. Seo, S. Park

Chapter 4
Graphene Devices

(Invited) Graphene Nanoribbon Growth and Dual-Gated Graphene Transistors
S. Sato, K. Hayashi, S. Nakaharai, N. Yokoyama

(Invited) Toward Ambient-Stable Molecular Gated Graphene-FET: A Donor/Acceptor
Hybrid Architecture to Achieve Bandgap in Bilayer Graphene
A. Nourbakhsh, M. Cantoro, M. M. Heyns, B. F. Sels, S. De Gendt

Transfer-Free Bilayer Graphene FETs: Application as Memory Devices
P. J. Wessely, U. Schwalke

Effect of Gate Dielectric on Ballistic Transport of Cylindrical Carbon Nanotube
MOSFET
M. S. Hossain, S. U. Z. Khan, A. Aziz, M. W. Rahman, M. A. Arafat

Chapter 5
111-V-based Nanowires and Devices

(Invited) InGaSb MOSFET Channel on Metamorphic Buffer: Materials, Interfaces and
Process Options

A. Greene, S. Madisetti, P. Nagaiah, V. Tokranov, M. Yakimov, R. Moore,

S. Oktyabrsky

Vi

71

83

91

101

109

121

131

139

149



(Invited) I11-V/High-k Defects: DIGS vs. Border Traps
C. L. Hinkle, R. V. Galatage, H. Dong, S. R. M. Anwar, B. Brennan, R. M. Wallace,
E. M. Vogel

Capacitance-Voltage Characteristics of Gate-All-Around InsGa;.xAs Nanowire Transistor
Q. D. M. Khosru, S. U. Z. Khan, M. S. Hossain, F. U. Rahman, M. O. Hossen,
R. Zaman

Improved Characteristics of GaSh MOS Capacitors by Ozone Post Deposition Treatment
L. Zhao, Z. Tan, J. Wang, J. Xu

Chapter 6
Ge-based Nanowires and Devices

(Invited) Photoluminescence Efficiency of Germanium Dots Self-Assembled on Oxides
D. J. Lockwood, N. L. Rowell, E. G. Barbagiovanni, L. V. Goncharova, P. J. Simpson,
|. Berbezier, G. Amiard, L. Favre, A. Ronda, M. Faustini, D. Grosso

Tensor Evaluation of Stress Relaxation Profile in Strained SiGe Nanostructures on Si
Substrate
M. Tomita, D. Kosemura, K. Usuda, A. Ogura

(Invited) Structural and Optical Properties of Si/Ge Nanowire Heterojunctions
L. Tsybeskov, H. Y. Chang, S. Mala, T. I. Kamins, X. Wu, D. J. Lockwood

(Invited) Stress Simulations of Si- and Ge-Channel FinFETSs for the 14 nm-Node and
Beyond

G. Eneman, D. P. Brunco, L. Witters, B. Vincent, P. Favia, A. Hikavyy,

A. De Keersgieter, J. Mitard, R. Loo, A. Veloso, O. Richard, H. Bender,

W. Vandervorst, M. Caymax, N. Horiguchi, N. Collaert, A. Thean

(Invited) Germanium Nanostructures in High-K Materials
P. Seidel, M. Geyer, D. Lehninger, F. Schneider, V. Klemm, J. Heitmann

GeSn Film Deposition Using Metal Organic Chemical VVapor Deposition
K. Suda, T. Uno, T. Miyakawa, H. Machida, M. Ishikawa, H. Sudo, Y. Ohshita,
A. Ogura

vii

161

169

177

185

207

215

225

237

245



Identification of Deep Levels Associated with Extended and Point Defects in GeSn
Epitaxial Layers Using DLTs
S. Gupta, E. Simoen, H. Vrielinck, C. Merckling, B. Vincent, F. Gencarelli, R. Loo,
M. Heyns

Semi-Metal Nanowire Transistors from First Principle Calculations
L. Ansari, G. Fagas, J. C. Greer

Chapter 7
Optoelectronics and Power Devices

(Invited) Indirect Conversion Digital X-Ray Imager Using an Amorphous Selenium
Photoconductor
S. Abbaszadeh, R. Keshavarzi, K. Wang, K. S. Karim

ALD HfO; and Al,O3 as MIM Capacitor Dielectric for GaAs HBT Technology
J. Yota

Effect of Different Patterns Epitaxial Lift-Off Process by Finite Element Method
R. H.Horng, F. L. Wu, S. L. Ou, F. C. Liu, M. T. Lin, C. H. Lu, Y. C. Kao, D. S. Wuu

Novel Cross-Linked Ortho-Carborane and Ortho-Carborane:
Y (Y=1,4-Diaminobenzene, Pyridine, Benzene) Polymer Films: A New Class of
Carborane-Based Materials with Tunable Electronic Structure

F. L. Pasquale, R. James, R. Welch, E. Echeverria, P. A. Dowben, J. A. Kelber

Chapter 8
Poster Session

Application of an Extended Unified Schottky-Poole-Frenkel Model to High-k Capacitor
Structures Used in Analog Integrated Circuit Technology
W.S. Lau

Charateristics of Low Temperature High Quality Silicon Oxide by Plasma Enhanced
Atomic Layer Deposition with In Situ Plasma Densification Process
H. Kim, S. N. Zaretskiy, S. Shin, W. Jung, R. Hwang, C. Jeong, S. Park, H. Hwang,
I. Chung

viii

251

259

271

281

295

303

313

321



Interface Trap Redistribution and Deep Depletion Behavior of Non-Planar MOS with
Ultra Thin Oxide Grown by Anodic Oxidation
P. H. Tseng, J. G. Hwu

Effect of Composition Rate on Erbium Silicide Work Function on Different Silicon
Surface Orientation
H. Tanaka, A. Teramoto, T. Motoya, S. Sugawa, T. Ohmi

Effect of Moisture on Electrical and Reliability Characteristics for Dense and Porous
Low-k Dielectrics
Y. L. Cheng, J. F. Huang, W. Y. Chang, Y. M. Chang, J. Leu

Experimental Observation of Poole-Frenkel Saturation in an Ultrathin Tantalum Oxide
Capacitor Structure
W.S. Lau

Author Index

331

343

351

361

369





