Dielectrics for Nanosystems 5: Materials Science,
Processing, Reliability, and Manufacturing -and-
Tutorials in Nanotechnology: More than Moore —
Beyond GMOS Emerging Materials and Devices

Editors:

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

L. Ghen
University of Kentucky
Lexington, Kentucky, USA

H. lwai
Tokyo Institute of Technology
Yokohama, Japan

S. Datta
The Pennsylvania State University
University Park, Pennsylvania, USA

Sponsoring Divisions:
Dielectric Science & Technology
Electronics and Photonics

Sensor

New Technology Subcommittee

D. Bauza
Institut de Microelectronique
Grenoble, France

T. Chikyow
National Institute for Materials Science
Ibaraki, Japan

Y. Obeny
National Institute of Standards and Technology
Gaithersburg, Maryland, 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

[THitransactions "
Vol. 45, No. 3



Copyright 2012 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 978-1-56677-955-5 (Hardcover)
ISBN 978-1-60768-313-1 (PDF)

Printed in the United States of America.




ECS Transactions, Volume 45, Issue 3
Dielectrics for Nanosystems 5: Materials Science, Processing, Reliability, and

Manufacturing -and- Tutorials in Nanotechnology: More than Moore - Beyond CMOS

Emerging Materials and Devices

Table of Contents

Preface

Chapter 1
Advanced Nanomaterials and Processing

(Invited) New Dielectric Nanomaterials Fabricated from Nanosheet Technique
M. Osada and T. Sasaki

(Invited) Semiconductor Nanocrystals Embedded in High-k Materials
F. Benner, S. Haas, F. Schneider, V. Klemm, G. Schreiber, J. Von Borany, and
J. Heitmann

(Invited) Low-Temperature Growth of Ge Nanowires by Vapor-Liquid-Solid Chemical
Vapor Deposition
M. Simanullang, A. Seyhan, K. Usami, T. Kodera, Y. Kawano, and S. Oda

(Invited) Experimental Determination of the Electronic Density of States for Graphene
Oxide
B. W. Alphenaar, T. Bansal, A. D. Mohite, H. M. Shah, C. Galande, A. Srivastava,
J. B. Jasinski, and P. M. Ajayan

(Invited) Nanocontact Epitaxy of Thin Films on Si Substrates Using Nanodot Seeds
Fabricated by Ultrathin SiO; Film Technique
Y. Nakamura and M. Ichikawa

Chapter 2
High-k on High-Mobility Substrates

(Invited) Mechanism of Vfb Shift in HfO, Gate Stack by Al Diffusion from (TaC);.
«Aly Gate Electrode
T. Nabatame, M. Kimura, H. Yamada, A. Ohi, T. Ohishi, and T. Chikyow

(Invited) High-k Oxides on InAs 100 and 111B Surfaces
E. Lind, J. Wu, and L. Wernersson

il

31

41

49

61



(Invited) Scanning Probe Analysis of Dielectrics on High Mobility Substrates
S. H. Olsen, R. Kapoor, and S. J. Bull

(Invited) Can Metal/Al,Os/Ing 53Gag 47As/InP MOSCAP Properties Translate to
Metal/Al,05/Ing 53Gag 47As/InP MOSFET Characteristics

K. Cherkaoui, V. Djara, &. O'Connor, J. Lin, M. A. Negara, 1. M. Povey,

S. Monaghan, and P. K. Hurley

Effects of the Interfacial Layer on Electrical Properties of TiO,-based High-k Dielectric
Composite Films
C. Kim and 1. Yun

Chapter 3
Characterization of Dielectrics

(Invited) In Situ XPS Study on ALD (Atomic Layer Deposition) of High-k Dielectrics:
La,O; Using La-Formidinate and Ozone
J. Kim, H. Kim, R. M. Wallace, and T. Park

(Invited) Admittance Spectroscopy of Si/Lal.uO; and Si/GdSiO MOS Structures
F. Ducroquet, O. Engstrom, H. D. Gottlob, J. J. Lopes, and J. Schubert

Comprehensive Demonstration and Physical Origin of HfO, Gate Stacks: Band
Alignment, Vgg Shift and Fermi Level Pinning
X. L. Wang, W. Wang, K. Han, J. Zhang, J. Xiang, X. Ma, H. Yang, D. Chen, and
T Ye

Electrical and Optical Characterization of GeON Layers with High-x Gate Stacks on
Germanium for Future MOSFETSs

S. N. Murad, P. T. Baine, J. H. Montgomery, D. W. McNeill, S. Mitchell,

B. Armstrong, and M. Modreanu

Impact of Si Diffusion Barrier Layer Formed on TiN Surface by In Situ Oxygen
Treatment Process for Advanced Gate-First Metal/High-k Stacks
N. Kitano, K. Chikaraishi, H. Arimura, T. Hosoi, T. Shimura, T. Seino, H. Watanabe,
and T. Nakagawa

A New Mechanism of Symmetry of Current-Voltage Characteristics for High-k
Dielectric Capacitor Structures
W. Lau

Vi

69

79

89

95

103

119

137

145

151



Mechanism of Difficulty to Study the Physics of Leakage Current Reduction by
Nitridation of Silicon before High-k Dielectric Deposition Due to Change in Nucleation
Characteristics and Some Other Factors

W. Lau

Improvement on Interface Quality and Reliability Properties of HfA1Ox MIS Capacitor
with Dual Plasma Treatment
K. Chang, T. Chang, P. Chang, B. Huang, C. Wu, and 1. Deng

An Extended Unified Schottky-Poole-Frenkel Theory to Explain the Current-Voltage
Characteristics of Capacitors Using High-k Dielectric Materials
W. Lau

Chapter 4
Power Devices and Technologies for Nanosystems

(Invited) High-Temperature-Operating Dielectrics of Perovskite Oxides
Y. Ohshima, Y. Noguchi, T. Oguchi, Y. Kitanaka, M. Miyayama, S. Torii, and
T. Kamiyama

SiO; Thickness Dependency of C-V Dispersion in Stacked Al/HfO,/SiO»/4H-SiC
Capacitor
C. Hsu and J. Hvu

(Invited) Impact of Thermal Stability of Isolation Liner on the Electrical Characteristics
of TSVs
C. Okoro, A. Afzal, B. Kandel, and Y. S. Obeng

Innovative Gap-Fill Strategy for 28 nm Shallow Trench Isolation
A. Tavernier, L. Favennec, T. Chevolleau, and V. Jousseaume

Chapter 5
NanoFETs and Memory Devices

(Invited) Stress Techniques in Advanced Transistor Architectures: Bulk FinFETs and
Implant-Free Quantum Well Transistors

G. Eneman, L. Witters, N. Collaert, J. Mitard, G. Hellings, S. Yamaguchi,

A. De Keersgieter, A. Hikavyy, B. Vincent, P. Favia, H. Bender, A. Veloso,

T. Chiarella, M. Togo, R. Loo, K. De Meyer, A. Mercha, N. Horiguchi, and A. Thean

The Impact of Mechanical Strain on Reliability Issue for PD SOl MOSFETs
W. Lo, T. Chang, C. Dai, W. Chung, J. Tsai, C. Chen, O. Cheng, and C. Huang

vii

159

167

175

195

209

217

225

235

247



Investigation of Random Telegraph Signal with PD SOl MOSFETs
C. Chen, T. Chang, H. Lo, S. Ho, W. Lo, T. Tseng, O. Cheng, and C. Huang

Mechanical Damage of Cu/TaO,/Pt Resistive Device Induced by Electric Switching
under High Negative Voltage Stress
T. Liu, Y. Kang, M. Verma, and M. K. Orlowski

Coexistence of Bipolar and Unipolar Switching in Cu/TaO,/Pt Resistive Devices for Cu
and Oxygen Vacancy Nanofilaments
T. Liu, M. Verma, Y. Kang, and M. K. Orlowski

Chapter 6
Memory Devices and Technology

(Invited) FinFET Flash Memory Technology
Y. Liu, T. Kamei, T. Matsukawa, K. Endo, S. O'uchi, J. Tsukada, H. Yamauchi,
Y. Ishikawa, T. Hayashida, K. Sakamoto, A. Ogura, and M. Masahara

Analysis of Cycling Induced Interface Degradation in Si Nanocrystal Memory Devices
D. Jiang, M. Zhang, Z. Huo, Z. Sun, Y. Wang, B. Zhang, J. Chen, and M. Liu

Modeling of Copper Diffusion in Amorphous Aluminum Oxide in CBRAM Memory
Stack

K. Sankaran, L. Goux, S. Clima, M. Mees, J. A. Kittl, M. Jurczak, L. Altimime,

G. Rignanese, and G. Pourtois

Ge-Doped Hafnia-Based Dielectrics for Non-Volatile Memory Applications
L. Khomenkova, X. Portier, M. Carrada, C. Bonafos, B. Sahu, A. Slaoui, and
F. Gourbilleau

Unipolar Resistive Switching Memory Characteristics Using IrOyx/Al,03/SiO,/p-Si MIS
Structure
W. Banerjee, S. Maikap, Y. Chen, and J. Yang

Forming-Free Resistive Switching Memory Characteristics Using [rOy/GdOx/W Cross-
Bar Structure
D. Jana, A. Prakash, and S. Maikap

HfTiON as Charge-Trapping Layer for Nonvolatile Memory Applications
X. Huang and P. Lai

Formation of CoSi2/CoSixNy Nanocrystals for Nonvolatile Memory Application
J. Huang, T. Chang, J. Lu, S. Chen, T. Liu, Y. Chen, P. Yang, H. Huang, D. Gan,
N. Ho, Y. Shi, and S. Sze

Viil

261

273

279

289

311

317

331

345

349

355

361



Low Work Function between Erbium Silicide and n-type Silicon Controlled by Cap Film
Stress
H. Tanaka, A. Teramoto, S. Sugawa, and T. Ohmi

Impact of High-k TaOy Thickness on the Switching Mechanism of Resistive Memory
Device Using IrO,/TaOy/WO,/W Structure
A. Prakash, S. Maikap, W. Chen, H. Lee, F. Chen, M. Kao, and M. Tsai

Chapter 7
Dielectric Processing

(Invited) Ozone Assisted ALD of Doped ZnO as a Transparent Metal
H. Yuan, B. Luo, W. L. Gladfelter, and S. Campbell

(Invited) Carrier Transport through Grain Boundaries in Highly Transparent Conductive
Ga-Doped ZnO Films
T. Yamamoto, H. Song, H. Makino, and N. Yamamoto

Texturing and Tetragonal Phase Stabilization of ALD HfZr, O, Using a Cyclical
Deposition and Annealing Scheme
K. Tapily, S. Consiglio, R. D. Clark, R. Vasi¢, E. Bersch, J. Jordan-Sweet, I. Wells,
G. J. Leusink, and A. C. Diebold

Electrical Properties of Silicon Nitride Using High Density and Low Plasma Damage
PECVD Formed at 400°C
Y. Nakao, A. Teramoto, T. Watanabe, R. Kuroda, T. Suwa, S. Sugawa, and T. Ohmi

New Metal Organic Gas Supply System by Using an Advanced Flow Control System
M. Yamaji, S. Yamashita, A. Hidaka, M. Nagase, N. lkeda, S. Sugawa, and T. Ohmi

(Invited) Low-Frequency Noise Reduction in Si Nanowire MOSFETs
K. Ohmori, W. Feng, R. Hettiarachchi, Y. Lee, S. Sato, K. Kakushima, M. Sato,
K. Fukunda, M. Niwa, K. Yamabe, K. Shiraishi, H. Iwai, and K. Yamada

Hybrid Orientation Substrate Fabrication Using Electron Beam Induced Orientation
Selective Epitaxial Growth of CeO,(100) and (110) Areas on Si(100) Substrates
T. Inoue and S. Shida

Influence of Forming Gas Annealing on SiO,/Si(100) Interface Structures Formed
Utilizing Oxygen Molecules Different from that Utilizing Oxygen Radicals
T. Suwa, Y. Kumagai, A. Teramoto, T. Muro, T. Kinoshita, S. Sugawa, T. Hattori,
and T. Ohmi

371

379

389

401

411

421

429

437

443

453



Investigation of Antimony Oxide Films Deposited by Atomic Layer Deposition
B. Kalkofen, V. Mothukuru, M. Klingsporn, and E. P. Burte

Chapter 8
NEMS, MEMS and Sensor Systems

(Invited) Micropatternable Multifunctional Nanocomposite Polymers for Flexible Soft
NEMS and MEMS Applications
A. Khosla and B. L. Gray

(Invited) Nano-Derived, Micro-Chemical Sensors for High-Temperature Applications
E. M. Sabolsky, C. Wildfire, E. Ciftyurek, and K. Sabolsky

(Invited) Engineering of Nanocomposite Materials for Sensing Applications
A. Amini and B. Bahreyni

(Invited) Dry Adhesives for MEMS Assembly, Manipulation and Integration: Progress
and Challenges
D. Sameoto

Coaxial-Structured Solar Cells with Silicon Nanostructures
H. Li, K. Chen, S. Chiou, H. Liu, C. Juan, and H. Cheng

Polysilicon Nanowire Sensor Devices Based on High-k Dielectric Membrane for pH
Sensing and DNA Detection
C. Wu, P. Hsu, C. Wang, T. Liao, H. Cheng, and Y. Wu

A Compact CMOS 3-D Magnetic Field Sensor
G. Wang and D. Misra

Chapter 9
Tutorial on Nanotechnology: More than Moore

(Invited) Heterogeneous Integration of Ultra-Thin Sheets of Alternative Materials onto
Silicon Substrates
S. M. Levin, J. Kuang, J. Cox, J. S. Mayer, and T. S. Mayer

(Invited) Low Frequency Noise Performance of State-of-the-Art and Emerging CMOS
Devices
C. Claeys, M. Aoulaiche, M. C. Andrade, M. Rodrigues, J. Martino, and E. Simoen

461

477

495

507

515

529

537

543

559

567



(Invited) Heterogeneously Integrated III-V on Silicon for Future Nanoelectronics 581
M. K. Hudait

Author Index 595

Xi





