
Semiconductors, Dielectrics, 
and Metals for Nanoelectronics 11

S. Kar
Indian Institute of Technology
Kolkata, India

S. Van Elshocht
IMEC
Leuven, Belgium

K. Kita
University of Tokyo
Tokyo, Japan

H. Jagannathan
IBM Research
Albany, New York, USA

M. Houssa
University of Leuven
Leuven, Belgium

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

D. Landheer
National Research Council Canada
Ottawa, Ontario, Canada

Editors: 

Sponsoring Divisions:

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

TM

Vol. 58, No. 7

Dielectric Science & Technology

Electronics and Photonics



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 978-1-62332-098-0 (Hardcover)
ISBN 978-1-60768-452-7 (PDF)

Printed in the United States of America.



 

v 
 

ECS Transactions, Volume 58, Issue 7  

Semiconductors, Dielectrics, and Metals for Nanoelectronics 11  
  
  

Table of Contents  
  
  
Preface  iii 

  
Chapter 1 

Defects, Traps, and Reliability  
  
Effects of N-Rich TiN Capping Layer on Reliability in Gate-Last High-k/Metal Gate 
MOSFETs  

K. Bae, K. T. Lee, H. C. Sagong, M. Choe, H. Lee, S. Kim, K. S. Kim, J. Park, 
S. Pae, J. Park  

3 

  
High Temperature Annealing of the Interface State Component of Negative-Bias 
Temperature Instability (NBTI) in MOSFET Devices  

D. Nguyen, K. Kambour, C. Kouhestani, H. P. Hjalmarson, R. A. B. Devine  

9 

  
Reliability of ALD Hf1-XZrxO2 Deposited by Intermediate Annealing or Intermediate 
Plasma Treatment  

M. Bhuyian, D. Misra, K. Tapily, R. Clark, S. Consiglio, C. Wajda, G. Nakamura, 
G. Leusink  

17 

  
(Invited) Multiphonon Processes as the Origin of Reliability Issues  

W. Goes, M. Toledano-Luque, F. Schanovsky, M. Bina, O. Baumgartner, B. Kaczer, 
T. Grasser  

31 

  
Similarities between Ionizing Radiation Effects and Negative-Bias Temperature 
Instability (NBTI) in MOSFET Devices  

H. P. Hjalmarson, D. Nguyen, K. Kambour, C. Kouhestani, R. A. B. Devine  

49 

  
(Invited) SiC MOS Interface States: Difference between Si Face and C Face  

T. Umeda, M. Okamoto, R. Kosugi, S. Harada, R. Arai, Y. Sato, T. Makino, 
T. Ohshima  

55 

  



 

vi 
 

Reliability of La-Silicate MOS Capacitors with Tungsten Carbide Gate Electrode for 
Scaled EOT  

S. Hosoda, K. Tuokedaerhan, K. Kakushima, Y. Kataoka, A. Nishiyama, N. Sugii, 
H. Wakabayashi, K. Tsutsui, K. Natori, H. Iwai  

61 

  
(Invited) Origins for Fermi Level Control in Metal/High-k/Si Stacks with Inserted 
Dielectric Layers  

M. Eizenberg, L. Kornblum  

65 

  
  

Chapter 2 
Graphene Devices  

  
(Invited) Novel Graphene Devices  

C. M. Corbet, M. Ramon, H. C. Movva, D. Reddy, S. Kang, S. F. Chowdhury, 
D. Akinwande, E. Tutuc, F. Register, S. K. Banerjee  

73 

  
  

Chapter 3 
Nanowire Technology  

  
Oxidation Models for Crystalline Silicon Nanowires  

R. G. Mertens, V. H. Velez, K. B. Sundaram  
81 

  
Resistivity of Ni Silicide Nanowires and Its Dependence on Ni Film Thickness Used 
for the Formation  

J. Song, K. Matsumoto, K. Kakushima, Y. Kataoka, A. Nishiyama, N. Sugii, 
H. Wakabayashi, K. Tsutsui, K. Natori, H. Iwai  

87 

  
(Invited) III-V Nanowires for Optoelectronic Applications  

H. Tan, N. Jiang, D. Saxena, Y. H. Lee, S. Mokkapati, L. Fu, Q. Gao, H. J. Joyce, 
C. Jagadish  

93 

  
(Invited) Vertical III-V Nanowire-Channel on Si  

K. Tomioka, T. Fukui  
99 

  
(Invited) Nanoscale Heterogeneous Reactions and Interfaces in Ge/Si and for III-V on 
Si Integrated Devices  

S. Dayeh, W. Tang, B. M. Nguyen, X. Dai, Y. Liu, Y. Hwang, X. H. Liu, R. Chen  

115 

  



 

vii 
 

(Invited) How to Dope a Semiconductor Nanocrystal  
Y. Amit, A. Fasut, O. Milo, E. Rabani, A. Frenkel, U. Banin  

127 

  
  

Chapter 4 
Ge and SiGe Channels  

  
Advanced Spectroscopic Ellipsometry Application for Multi-Layers SiGe at 28nm 
Node and Beyond  

T. C. Hsuan, Y. C. Hu, M. C. Hsu, D. Z. Zhan, S. Yu, C. C. Chien, S. J. Chang, 
S. M. Chiu, C. J. Huang, C. Y. Cheng, J. Cheng, G. Raphael, Z. Jiang, Y. Carlos, 
Z. Tan, R. Hoobler  

137 

  
(Invited) Integration of High-κ Dielectrics on Epitaxial (100), (110) and (111) 
Germanium for Multifunctional Devices  

M. K. Hudait, Y. Zhu, D. Maurya, S. Priya  

145 

  
Effect of Precursor Entrance Sequence during Atomic Layer Deposition on the 
Al2O3/Ge Interface by X-ray Photoelectron Spectroscopy  

J. Xiang, G. Wang, T. Li, H. Cui, X. Wang, G. Xu, J. Li, W. Wang, C. Zhao  

153 

  
High Quality SiGe:B of High Ge Layer for 14nm and Beyond FINFET Processes  

C. I. Liao, C. Y. Chen, S. Yu, C. C. Chien, C. L. Yang, J. Y. Wu, B. Ramachandran  
159 

  
  

Chapter 5 
Resistive Memory  

  
(Invited) Resistive Switching in Metal Oxides: From Physical Modeling to Device 
Scaling  

D. Ielmini, S. Ambrogio, S. Balatti  

165 

  
(Invited) Optimization of WAl2O3Cu(-Te) Material Stack for High-Performance 
Conductive-Bridging Memory Cells  

L. Goux, W. Kim, K. Opsomer, A. Belmonte, G. S. Kar, F. De Stefano, 
V. V. Afanas'ev, U. Celano, M. Houssa, W. Devulder, C. Detavernier, R. Muller, 
W. Vandervorst, M. Jurczak  

175 

  
(Invited) Theoretical Design of Desirable Stack Structure for Resistive Random 
Access Memories  

K. Kamiya, M. Y. Yang, B. Magyari-Köpe, M. Niwa, Y. Nishi, K. Shiraishi  

181 



 

viii 
 

  
(Invited) The Role of Electrochemical Interfaces in ReRAM Memory Cells  

I. Valov, S. Tappertzhofen, E. Linn, R. Waser  
189 

  
  

Chapter 6 
2D Semiconductors  

  
Chemical Vapor Deposition of MoS2 Films  

J. Mun, D. Kim, J. Yun, Y. Shin, S. Kang, T. Kim  
199 

  
(Invited) Fundamentals in MoS2 Transistors: Dielectric, Scaling and Metal Contacts  

H. Liu, A. T. Neal, Y. Du, P. D. Ye  
203 

  
Interaction of Germanene with (0001)ZnSe Surfaces: A Theoretical Study  

M. Houssa, E. Scalise, B. van den Broek, G. Pourtois, V. V. Afanas'ev, A. Stesmans  
209 

  
(Invited) Structural and Chemical Stabilization of the Epitaxial Silicene  

A. Molle, D. Chiappe, E. Cinquanta, C. Grazianetti, M. Fanciulli, E. Scalise, 
B. van den Broek, M. Houssa  

217 

  
(Invited) Pseudopotential-Based Study of Electron Transport in Low-Dimensionality 
Nanostructures  

M. V. Fischetti, S. J. Aboud, Z. Y. Ong, J. Kim, S. Narayanan, C. E. Sachs  

229 

  
  

Chapter 7 
Novel Dielectric Applications  

  
Refined Characterization Up to Millimeter Waves of Ferroelectric KTN Thin Film for 
Efficient Integrated Tunable Devices  

G. Houzet, T. Lacrevaz, C. Bermond, A. Le Febvrier, S. Députier, M. Guilloux-Viry, 
P. Queffelec, B. Fléchet  

237 

  
Engineering of the Interface between Silicon and Rare-Earth-Oxide Buffer for GaN 
Growth  

R. Dargis, A. Clark, F. E. Arkun, R. Smith  

243 

  



 

ix 
 

(Invited) Vanadium Dioxide for Selector Applications  
I. P. Radu, B. Govoreanu, K. Martens, M. Toeller, A. P. Peter, M. R. Ikram, 
L. Q. Zhang, H. Hody, W. Kim, P. Favia, T. Conard, H. Y. Chou, B. Put, 
V. V. Afanasiev, A. Stesmans, M. Heyns, S. De Gendt, M. Jurczak  

249 

  
Light Wavelength Effect on Tungsten Oxide Dielectric Properties  

C. C. Lin, Y. Kuo  
259 

  
Electrodeposition and Characterization of ZnO Rods Films  

V. N. D. Santos, S. A. S. Machado  
265 

  
  

Chapter 8 
Novel Transistors  

  
(Invited) Extremely Short Channel Si-MOSFETs Prepared on SOI Substrates Using 
Anisotropic Wet Etching  

S. Migita, Y. Morita, M. Masahara, H. Ota  

273 

  
(Invited) High-Performance Field-Effect-Transistors on Monolayer-WSe2  

W. Liu, W. Cao, J. Kang, K. Banerjee  
281 

  
Development of an All-Wet-Etch Process Chemistry for the Patterning of Metal 
Conductors in Igzo Thin-Film-Transistors  

K. Leschkies, S. Verhaverbeke, D. K. Yim, H. C. Hsu, H. Kim, R. Lim, J. M. White, 
R. J. Visser  

287 

  
A Two-Step Electrical Degradation Behavior in α-InGaZnO Thin-Film Transistor  

T. M. Pan, F. H. Chen, C. H. Chen, C. C. Lin, C. Cheng, F. H. Ko, W. H. Lin, 
P. H. Chen, J. L. Her, Y. H. Matsud  

299 

  
  

Chapter 9 
Characterization  

  
Measurement of Complex Conductance in the PHz Frequency Range with 
Subnanometric Spatial Resolution: Application to the Grain Boundary of Monoclinic 
Hafnia  

C. Guedj  

305 

  



 

x 
 

(Invited) Electron Band Alignment at Ge/Oxide and  AIII-BV/Oxide Interfaces from 
Internal Photoemission Experiments  

V. V. Afanas'ev, H. Y. Chou, M. Houssa, A. Stesmans  

311 

  
FTIR-ATR Study on Near-Interface Structure of Thermal Oxides on 4H-SiC 
Substrates  

H. Hirai, K. Kita  

317 

  
Investigation on Oxygen Diffusion in a High-k Metal-Gate Stack for Advanced CMOS 
Technology by XPS  

A. Kechichian, P. Barboux, M. Gros-Jean  

325 

  
Lateral Nonuniformity of the Tunneling Current of Al/SiO2/p-Si Capacitor in Inversion 
Region Due to Edge Fringing Field Effect  

H. W. Lu, J. G. Hwu  

339 

  
Extremely Large Refractive Indexes in Anodic Tantalum Pentoxide  

A. Kulpa, N. A. F. Jaeger  
345 

  
Schottky Barrier Height between Erbium Silicide and Various Morphology of Si(100) 
Surface Changed by Alkaline Etching  

H. Tanaka, A. Teramoto, S. Sugawa, T. Ohmi  

349 

  
Effects of Non-Complexing Additives on Electrodeposited Cu(InGa)Se2 (CIGSe) Thin 
Film  

F. W. D. S. Lucas, L. H. Mascaro  

355 

  
Improved Characteristics for Metal-nGaSb Ohmic Contact by Using Indium Gallium 
Zinc Oxide (IGZO)  

J. H. Shin, H. W. Jung, J. H. Park  

361 

  
  

Chapter 10 
InGaAs Channels  

  
(Invited) Physical and Electrical Properties of Scaled Gate Stacks on Si/Passivated 
In0.53Ga0.47As  

C. Marchiori, M. El Kazzi, L. Czornomaz, D. Pierucci, M. Silly, F. Sirotti, S. Abel, 
E. Uccelli, M. Sousa, J. Fompeyrine  

369 

  



 

xi 
 

Electrical Properties and Charge Transport in the Pd/Al2O3/InGaAs MOS Structure  
Y. Y. Gomeniuk, Y. V. Gomeniuk, A. N. Nazarov, S. Monaghan, K. Cherkaoui, 
O'Connor, I. Povey, V. Djara, P. K. Hurley  

379 

  
Electrical Characterization of Atomic Layer Deposited La2O3 Films on 
In0.53Ga0.47As Substrates  

H. Oomine, D. H. Zadeh, K. Kakushima, Y. Kataoka, A. Nishiyama, N. Sugii, 
H. Wakabayashi, K. Tsutsui, K. Natori, H. Iwai  

385 

  
  
Author Index  391 
 




