Atomic Layer Deposition Applications 9

Editors:

F. Roozehoom

Eindhoven University of Technology,
and TNO Eindhoven

Eindhoven, The Netherlands

A. Delahie

IMEC

and Catholic University (KU Leuven)
Leuven, Belgium

A. Londergan
Qualcomm Technologies, Inc.
Santa Clara, USA

Sponsoring Divisions:

Hlectronics and Photonics

K4 Dielectric Science & Technology

S. De Gendt

IMEC

and Catholic University (KU Leuven)
Leuven, Belgium

J. W. Elam
Argonne National Laboratory
Argonne, lllinois, USA

0. van der Straten
IBM Research
Albany, New York, USA

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. 58, No. 10



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 978-1-62332-101-7 (Hardcover)
ISBN 978-1-60768-455-8 (PDF)

Printed in the United States of America.




ECS Transactions, Volume 58, Issue 10
Atomic Layer Deposition Applications 9

Table of Contents

Preface

Chapter 1
Reaction Mechanisms and Characterization

(Invited) Unit Steps of an ALD Half-Cycle
T. Blomberg

(Invited) In Situ Characterization of Plasma-Assisted Pt ALD on W ALD Adhesion
Layers with Spectroscopic Ellipsometry
A. S. Cavanagh, L. Baker, J. W. Clancey, J. Yin, A. Kongkanand, F. T. Wagner,
S. M. George

(Invited) Vapor Phase Surface Functionalization Using Atomic Layer Deposition (ALD)
and Self Assembled Molecules (SAMs)
G. M. Sundaram, L. Lecordier, R. Bhatia

Chapter 2
General Session

Diaphragm Durability Enhancement for Valves Supplying Gas for Atomic Layer
Deposition
M. Yamaji, T. Tanikawa, T. Yakushijin, T. Funakoshi, S. Yamashita, A. Hidaka,
M. Nagase, N. Ikeda, S. Sugawa, T. Ohmi

VO, Films Prepared by Atomic Layer Deposition and RF Magnetron Sputtering
M. Tangirala, K. Zhang, D. Nminibapiel, V. Pallem, C. Dussarrat, W. Cao, T. N. Adam,
C. S. Johnson, H. Elsayed-Ali, H. Baumgart

Microstructure Analysis of ALD Bi,Tes/Sh,Te; Thermoelectric Nanolaminates
D. Nminibapiel, K. Zhang, M. Tangirala, H. Baumgart, V. S. Chakravadhanula,
C. Kiibel, V. Kochergin

19

27

41

49

59



Ultra Dielectrophoresis Using Atomic Layer Deposited Films: Electrothermal Analysis
S. Emaminejad, M. Javanmard, R. W. Dutton, R. W. Davis

Chapter 3
Energy Applications

ALD-TiO; Preparation and Characterization for Metal-Insulator-Silicon
Photoelectrochemical Applications
A. G. Scheuermann, J. P. Lawrence, M. Gunji, C. E. D. Chidsey, P. C. MclIntyre

(Invited) Characteristics of SnSy by Atomic Layer Deposition for CIGS Solar Cells
G. Ham, S. Shin, J. Park, H. Jeon

(Invited) Atomic Layer Deposition of Multicomponent Metal Sulfides Applied to Thin
Film Photovoltaics
E. Thimsen

(Invited) Spatial Atomic Layer Deposition of Transparent Conductive Oxides
A. llliberi, R. Scherpenborg, P. Poodt, F. Roozeboom

(Invited) Conformal Deposition for 3D Thin-Film Batteries
P. M. Vereecken, C. Huyghebaert

High Surface Capacity Li-lon All Solid State 3D Microbattery Based on Anatase TiO,
Deposited by ALD on Silicon Microstructures

E. Eustache, P. Tilmant, L. Morgenroth, P. Roussel, N. Rolland, T. Brousse, C. Lethien

ALD Growth of PbTe and PbSe Superlattices for Thermoelectric Applications
K. Zhang, A. D. Ramalingom Pillai, D. Nminibapiel, M. Tangirala,
V. S. Chakravadhanula, C. Kiibel, H. Baumgart, V. Kochergin

Chapter 4
Ocxides and Conductors for Advanced Devices

(Invited) Advanced Dielectrics Targeting 2X DRAM MIM Capacitors
M. Popovici, J. Swerts, M. Aoulaiche, A. Redolfi, B. Kaczer, M. S. Kim, B. Douhard,
A. Delabie, S. Clima, M. Jurczak, S. Van Elshocht

Vi

67

75

87

95

105

111

119

131

143



ALD of SrTiO3 and Pt for Pt/SrTiOs/Pt MIM Structures: Growth and Crystallization
Study
V. Longo, F. Roozeboom, W. M. M. Kessels, M. Verheijen

Atomic Layer Deposition of Thin Oxide Films for Resistive Switching
K. Fréhlich Sr., P. Jancovi¢, B. Hudec, J. Dérer, A. Paskaleva, T. Bertaud,
T. Schroeder

(Invited) ALD and Pulsed-CVD of Ru, RuO,, and SrRuO3
J. H. Han, C. S. Hwang

(Invited) Catalytic Surface Reactions during Nucleation and Growth of Atomic Layer
Deposition of Noble Metals: A Case Study for Platinum
A. Mackus, A. Bol, W. M. M. Kessels

Conductivity Improvements of Atomic Layer Deposited TasNs
H. F. W. Dekkers, L. P. B. Lima, S. Van Elshocht

Room Temperature Sensing of O, and CO by Atomic Layer Deposition Prepared ZnO
Films Coated with Pt Nanoparticles
I. Erkens, M. Blauw, M. Verheijen, F. Roozeboom, W. M. M. Kessels

X-ray Characterization of PEALD versus PVD Tantalum Nitride Barrier Deposition and

the Impact on Via Contact Resistance
X. Zhang, O. van der Straten, T. Bolom, M. He, J. Maniscalco, D. Edelstein

Tetragonal Zirconia Stabilization by Metal Addition for Metal-Insulator-Metal Capacitor

Applications
J. Ferrand, V. Beugin, A. Crisci, S. Coindeau, S. Jeannot, M. Gros-Jean, E. Blanquet

Physical, Electrical, and Reliability Characteristics of Multi-Step Deposition-Annealed
HfO, Film
Y. L. Cheng, C. Y. Hsieh, T. C. Bo, C. S. Wu, J. R. Lin

vii

153

163

171

183

195

203

215

223

235



Chapter 5
Materials Diversification

(Invited) Synthesis, Characterization, and Application of Tunable Resistance Coatings
Prepared by Atomic Layer Deposition
J. W. Elam, A. U. Mane, J. A. Libera, J. N. Hryn, O. H. Siegmund, J. McPhate,
M. J. Wetstein, A. Elagin, M. J. Minot, A. O'Mahony, R. G. Wagner, W. M. Tong,
A. D. Brodie, M. A. McCord, C. F. Bevis

(Invited) Molecular Layer Deposition
D. C. Cameron, T. V. lvanova

(Invited) Characterization of Atomic Layer Deposited Films as Diffusion Barriers for
Silver Art Objects

A. Marquardt, E. M. Breitung, T. Drayman-Weisser, G. Gates, G. W. Rubloff,

R. J. Phaneuf

Chapter 6
II1-V and Silicon MOS

(Invited) Plasma-Enhanced Atomic Layer Deposition of I1I-Nitride Thin Films
C. Ozgit-Akgun, I. Donmez, N. Biyikli

A Comprehensive Study of Thermal Stability on Microstructure and Residual Stress for
ALD HfZrO, Films at 28nm HKMG CMOS Applications
C. K. Chiang, J. C. Chang, C. C. Chien, C. L. Yang, J. Y. Wu

Ultrathin SiO; Films Grown by Atomic Layer Deposition Using
Tris(dimethylamino)silane (TDMAS) and Ozone
L. Han, Z. D. Chen

Application of Atomic Layer Deposition Tungsten (ALD W) as Gate Filling Metal for 22
nm and Beyond Nodes CMOS Technology
G. Wang, Q. Xu, T. Yang, J. Luo, J. Xiang, J. Xu, G. Xu, C. Li, J. Li, J. Yan, C. Zhao,
D. Chen, T. Ye

viii

249

263

277

289

299

307

317



Self-Cleaning and Electrical Characteristics of ZrO, (HfO,)/GaAs MOS Capacitor 325
Fabricated by Atomic Layer Deposition

C. White, T. Donovan, I. Cashwell, R. B. Konda, D. R. Sahu, B. Xiao, M. Bahoura,

A. K. Pradhan

Author Index 335





