
ULSI Process Integration 9
Editors: 

Sponsoring Division:

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. 69, No. 10

C. Claeys

J. Murota

M. Tao

H. Iwai

S. Deleonibus

Electronics and Photonics



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 978-1-62332-317-2 (CD-ROM)
ISBN 978-1-60768-675-0 (PDF)

Printed in the United States of America.



 

v 

 

ECS Transactions, Volume 69, Issue 10  

ULSI Process Integration 9  

  

  

Table of Contents  

  

  

Preface  iii  

  

Chapter 1 

3D Integration & Flexible Electronics  

  

(Keynote) Devices Architectures and Technology for Quantum Computing  

T. Kodera, K. Horibe, S. Oda  

3  

  

(Invited) Smartphones: Driving Technology to More than Moore 3-D Stacked 

Devices/Chips and More Moore FinFET 3-D Doping with High Mobility Channel 

Materials from 20/22nm Production to 5/7nm Exploratory Research  

J. O. Borland  

11  

  

(Invited) Gold-Induced Low-Temperature (<300°C) Growth of Quasi-Single Crystal 

SiGe on Insulator for Advanced Flexible Electronics  

T. Sadoh, J. H. Park, R. Aoki, M. Miyao  

21  

  

(Invited) Temporary Bonding with Polydimethylglutarimide for Residue-Free Layer 

Transfer and 3-D Integration  

T. Matsumae, A. D. Koehler, J. D. Greenlee, T. J. Anderson, H. Baumgart, 

G. G. Jernigan, K. D. Hobart, F. J. Kub  

29  

  

  

Chapter 2 

Photonics & High Frequency Devices  

  

(Invited) Si Photonics and Recent Challenges for on-Chip WDM  

K. Wada, Z. Zhang, M. Yako, K. Ju, N. J. Kawai  

39  

  

(Invited) Multifunctional Technology with Monolithic Integrated THz-, Photonic- and 

µ-Fluidic Modules  

A. Mai, S. Lischke, M. Wietstruck, L. Zimmermann, M. Kaynak, B. Tillack  

47  

  



 

vi 

 

(Invited) Electrical Properties of Group 4 Metal-Nitride/Ge Contacts and the 

Application to Ge Optoelectronic Devices  

H. Nakashima, K. Yamamoto, D. Wang  

55  

  

  

Chapter 3 

Ge and III-V Technologies  

  

Self-Assemble Formation of Ge Dots on Si(100) via C/Ge/C/Si Structure  

Y. Itoh, T. Kawashima, K. Washio  

69  

  

Gate-Bias Dependent Phonon Softening Observed in Ge MOSFETs  

S. Kabuyanagi, T. Nishimura, T. Yajima, A. Toriumi  

75  

  

Biaxial Stress Evaluation in SiGe Epitaxially Grown on Ge Substrate by                            

Oil-Immersion Raman Spectroscopy  

K. Takeuchi, D. Kosemura, S. Yamamoto, M. Tomita, K. Usuda, N. Sawamoto, 

A. Ogura  

81  

  

(Invited) Challenges of Energy Band Engineering with New Sn-Related Group IV 

Semiconductor Materials for Future Integrated Circuits  

S. Zaima, O. Nakatsuka, T. Yamaha, T. Asano, S. Ike, A. Suzuki, M. Kurosawa, 

W. Takeuchi, M. Sakashita  

89  

  

(Invited) Tunneling FET Technologies Using III-V and Ge Materials  

S. Takagi, M. Kim, M. Noguchi, K. Nishi, M. Takenaka  

99  

  

(Invited) Vertical Tunnel FETs Using III-V Nanowire/Si Heterojunctions  

K. Tomioka, T. Fukui, J. Motohisa  

109  

  

(Invited) On the Electrical Activity of Extended Defects in High-Mobility Channel 

Materials  

E. Simoen, G. Eneman, A. Y. Hikavyy, R. Loo, S. Gupta, C. Merckling, A. Alian, 

A. Schulze, M. Caymax, R. Langer, K. Barla, C. Claeys  

119  

  

(Invited) Material and Device Integration for Hybrid III-V/SiGe CMOS Technology  

V. V. Deshpande, V. Djara, D. Caimi, E. O'Connor, M. Sousa, L. Czornomaz, 

J. Fompeyrine  

131  

  

  



 

vii 

 

Chapter 4 

Gate Stack and Characterization  

  

(Invited) Characterization of Individual Si/SiO2 Interface Traps: Direct Observation of 

Single Pb0 Centers by the Charge Pumping (CP) Method and Correction of the 

Conventional CP Theory  

T. Tsuchiya  

145  

  

(Invited) Scavenging Kinetics of Interfacial SiO2 in HfO2/SiO2/Si Gate Stacks  

A. Toriumi, X. Li  

155  

  

(Invited) High-Resolution Photoemission Study of High-k Dielectric Bilayer Stack on 

Ge(100)  

S. Miyazaki, A. Ohta  

165  

  

(Invited) Negative Capacitance Using Ferroelectrics for Future Steep-Slope 

MOSFETS  

A. O'Neill  

171  

  

Photoemission Study on Chemical Bonding Features and Electronic Defect States of 

Thermally-Grown SiO2/4H-SiC Structure  

H. Watanabe, A. Ohta, K. Makihara, S. Miyazaki  

179  

  

  

Chapter 5 

Semiconductor Processing  

  

(Invited) Effect of Individual Dopants in Nano-SOI-MOSFETs and Nano-pn-Diodes  

M. Tabe, D. Moraru, A. Samanta, K. Tyszka, H. N. Tan, Y. Takasu, R. Jablonski, 

L. T. Anh, H. Mizuta, T. Mizuno  

189  

  

(Invited) Silicon Field Emitter Array Photocathode  

H. Shimawaki, M. Nagao, Y. Neo, H. Mimura, F. Wakaya, M. Takai  

197  

  

Hydrogen Plasma Utilization in Advanced Logic Technology  

Q. Han, X. Meng, H. Zhang Sr.  

207  

  

Process Optimization on Self-Aligned Double Patterned Fin Formation  

H. Zhang, Y. Wang, F. Xiao  

215  

  



 

viii 

 

Strained p-Channel MOSFET Fabrication Challenge and Perspective for the 28-Nm 

Technology Node and Beyond  

Z. Zheng, F. Xiao, H. Zhang  

223  

  

  

Chapter 6 

Graphene and 2D Devices  

  

(Invited) Performance of Graphene and Beyond Graphene 2D Semiconductor Devices  

F. Schwierz  

231  

  

  

Chapter 7 

MEMS Applications  

  

(Keynote) Heterogeneous Integration of MEMS by Adhesive Bonding  

M. Esashi, S. Tanaka  

243  

  

CMOS and NEMS Hybrid Architectures  

T. Ernst, I. Ouerghi, W. Ludurczak, J. Arcamone, L. Duraffourg, E. Ollier, 

J. Philippe, S. Hentz  

253  

  

(Invited) Observation of Stress Responses of Bacteria Confined in a MEMS 

Microfluidic Chip  

Y. Nishimura, M. Ishida, K. Sawada, H. Ishii, K. Machida, K. Masu, C. Wang, 

K. Iida, M. Saito, S. Yoshida  

259  

  

  

Chapter 8 

Memory Technologies  

  

(Invited) Innovative Embedded Non-Volatile Memories: Flexibility and Reliability  

G. Navarro, E. Vianello, G. Molas, V. Sousa, L. Perniola  

271  

  

Increase in Oxide Trap Density Due to the Implementation of High-k and Al2O3 Cap 

Layers in Thick-Oxide Input-Output Transistors for DRAM Applications  

E. Simoen, R. Ritzenthaler, M. J. Cho, T. Schram, N. Horiguchi, M. Aoulaiche, 

A. Spessot, P. Fazan, C. Claeys  

281  

  

Resistive Switching Characteristics of Si-Rich Oxides with Embedding Ti Nanodots  

Y. Kato, T. Arai, A. Ohta, K. Makihara, S. Miyazaki  

291  



 

ix 

 

(Invited) Visualization of Conductive Filament of ReRAM during Resistive Switching 

by in-situ TEM  

Y. Takahashi, M. Kudo, M. Arita  

299  

  

  

Chapter 9 

Poster Session  

  

Dummy Poly Gate Removal Process Optimization with Pulsing Plasma Application  

S. L. Ji, R. X. Huang, C. L. Zhang  

313  

  

  

Author Index  321  

 




