Atomic Layer Deposition Applications 6

Editors:

J. W. Elam A. Londergan

Argonne National Laboratory Qualcomm MEMS Technologies

Argonne, lllinois, USA San Jose, California, USA

S. De Gendt S. F. Bent

IMEC Stanford University

Leuven, Belgium Stanford, California, USA

0. van der Straten F. Roozehoom

IBM Research Eindhoven University of Technology

Albany, New York, USA and TNO Science and Industry
. Eindhoven, The Netherlands

A. Delahie

IMEC

Leuven, Belgium

Sponsoring Divisions:

{ Dielectric Science & Technology
Flectronics and Photonics

) Published by " H ™
m The Electrochemical Society [THitransactions
4 65 South Main Street, Building D
Q Penn?rljgton,al‘\lr] 02;;;4—2%‘35;,”8% vol- 33, NO- z
tel 609 737 1902
fax 609 737 2743

www.electrochem.org




Copyright 2010 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 978-1-56677-821-3 (Hardcover)
ISBN 978-1-60768-171-7 (PDF)

Printed in the United States of America.




ECS Transactions, Volume 33, | ssue 2
Atomic Layer Deposition Applications 6

Table of Contents
Preface

Chapter 1
Surface Engineering and Nanofabrication

Thermally Stable Nanoporous Gold-Alumina Core-Shell with Tunable Optical
Transmission
L. Qian and B. Das

ALD on High Mobility Channels: Engineering the Proper Gate Stack Passivation
S. Sioncke, H. Lin, C. Adelmann, G. Brammertz, A. Delabie, T. Conard, A. Franquet,
M. Caymax, M. Meuris, H. Struyf, S. De Gendt, M. M. Heyns, C. Fleischmann,
K. Temst, A. Vantomme, M. Miiller, M. Kolbe, B. Beckhoff, D. Schmeisser, and
M. Tallarida

Atomic Layer Deposition for Nanoel ectrode Devices
B. Willis, R. Gupta, and C. Ni

Electrophoretic Light Scattering for Surface Zeta Potential Measurement of ALD Metal
Oxide Films
D. Gu, S. Yalcin, H. Baumgart, S. Qian, O. Baysal, and A. Beskok

Atomic Layer Deposition of Al,O3z on Biological Pili Substrate
Y. Zhu, B. Cao, R. Nicholas, C. Mao, and M. Kane

Chapter 2
Metal Oxide Films

(Invited) Atomic Layer Deposition for Epitaxial Oxides on Silicon
B. Willis and C. B. Zhang

The Influence of 1ons and Photons during Plasma-Assisted ALD of Metal Oxides
H. B. Profijt, P. Kudlacek, M. van de Sanden, and W. Kessels

25

37

51

61



Structural and Electrical Analysis of Thin Interface Control Layers of MgO or
Al>O; Deposited by Atomic Layer Deposition and Incorporated at the High-k/I11-V
Interface of MO,/InyGay.xAs (M = Hf|Zr, x = 0|0.53) Gate Stacks

A. O'Mahony, S. Monaghan, R. Chiodo, I. Povey, K. Cherkaoui, R. Nagle,

E. O'Connor, R. Long, V. Djara, D. O'Connell, F. Crupi, M. Pemble, and P. K. Hurley

Enhanced Voltage Linearity of HfO, Metal-Insulator-Metal Capacitors by H,O Prepulsing
Treatment on Bottom Electrode
C. Lin, Y. Chen, C. Lee, H. Chang, W. Chang, and C. Liu

New Mechanisms for Ozone-Based ALD Growth of High-k Dielectrics via Nitrogen-
Oxygen Species
S. Jung, P. Raisanen, M. Givens, E. Shero, A. Delabie, J. Swerts, S. Van Elshocht, and
J. Willem Maes

Fabrication of Coatings with Targeted Tunable Electrical Propertiesvia ALD: Al,04/ZnO
and szOdTBQOs

A. Brodie, P. De Cecco, C. Bevis, J. R. Maldonado, R. Bhatia, E. Deguns, and

G. M. Sundaram

(Invited) Structural and Electrical Characterization of TiO, and Al-Doped TiO, Films
on Ir Electrode for Next Generation DRAM Capacitor
S. Han, S. Kim, and C. Hwang

Raman Spectroscopy of ZnO Thin Films by Atomic Layer Deposition
K. Tapily, D. Gu, H. Baumgart, M. Rigo, and J. Seo

Chapter 3
Metal and Metal Nitride Films

Investigation of Volmer-Weber Growth during the Nucleation Phase of ALD Platinum
Thin Films and Template Based Platinum Nanotubes
P. Shrestha, D. Gu, N. Tran, K. Tapily, H. Baumgart, and G. Namkoong

The Deposition of Ru and RuO, Films for DRAM Electrode
M. Schaekers, B. Capon, C. Detavernier, and N. Blasco

Deposition of Copper on Ruthenium for Cu Metallization
J. Kelly, O. van der Straten, T. Vo, R. Janek, and Y. Dordi

Grain Size Measurement and Its Correlation to the Resistivity of Metal ALD Films
R. B. Milligan and D. Li

Vi

69

83

91

101

111

117

127

135

145

159



(Invited) Plasma Enhanced Atomic Layer Deposition of TaN Films for Advanced
Interconnects
P. Ma, J. Lu, J. Aubuchon, T. Gung, and M. Chang

Plasma-Enabled ALD of Niobium Nitride Using an Organometallic Nb Precursor
E. Deguns, M. J. Sowa, M. J. Dalberth, R. Bhatia, R. Kanjolia, D. Moser,
G. M. Sundaram, and J. S. Becker

ALD TaN from PDMAT in TSV Architectures
V. Brizé, L. Artaud, G. Berthomé, R. Boichot, S. Daniele, I. Nuta, A. Mantoux, and
E. Blanquet

Interactions of Metal-Organic PEALD TaN with Ultra-Low k Dielectric Materials
O. van der Straten, H. Shobha, J. Demarest, and J. Maniscalco

Synthesis of NbN Thin Films for Superconducting Radiofrequency (SRF) Applications
by Atomic Layer Deposition to Fabricate Superconductor-Insul ator-Superconductor
(S-1-S) Multilayer Structures

D. Gu, K. Tapily, H. Baumgart, G. Namkoong, and R. Crooks

Chapter 4
Emerging Applications - Batteries, Photovoltaics, and LEDs

(Invited) All-Solid-State Batteries: A Challenging Route towards 3D Integration
M. Donders, J. Oudenhoven, L. Baggetto, H. Knoops, M. van de Sanden, W. Kessels,
and P. Notten

Atomic Layer Deposition of LiOH and Li,CO3; Using Lithium t-Butoxide as the Lithium
Source
A. S. Cavanagh, Y. Lee, B. Yoon, and S. George

(Invited) Dye-Sensitized Solar Cell Photoel ectrode Fabrication and Modification by
Atomic Layer Deposition
A. Martinson

(Invited) ALD Moisture Barrier for Cu(InGa)Se;, Solar Cells
P. F. Carcia, R. S. McLean, and S. Hegedus

Dye-Sensitized Solar Cells Fabricated from Atomic Layer Deposited Photoanodes on
Aerogel Scaffolds

D. Hess, M. Mushfig, R. Dalvi, R. Winter, U. Sampathkumaran, K. Goswami,

A. Yangaus-Gil, and J. Elam

vii

169

177

183

195

203

213

223

231

237

245



Two-Dye-Molecule-Stacked Structures on ZnO Films Formed by Liquid-Phase Molecular
Layer Deposition (MLD) for Waveguide-Type Photo-Voltaic Devices
T. Yoshimura and H. Watanabe

The Structure and Ultraviolet Electroluminescence of n-ZnO-SiO,-ZnO Nanocomposite/
p-GaN Heterojunction LED
H. Tsai, W. Li, M. Chen, M. Shiojiri, and J. Yang

Chapter 5
Surface Chemistry and New Processes

(Invited) Atomic Layer Deposition on Polymers: Applications to Physical Encapsulation
of Electrospun Nylon Nanofibers

C. J. Oldham, B. Gong, J. Spagnola, J. Jur, K. J. Senecal, T. A. Godfrey, and

G. N. Parsons

(Invited) The Surface Chemistry of Atomic Layer Deposition (ALD) Processes for Metal
Nitride and Metal Oxide Film Growth
M. Bouman and F. Zaera

(Invited) Ultra-Conformal CVD at Low Temperatures: The Role of Site Blocking and the
Use of Growth Inhibitors
J. R. Abelson

(Invited) Developments of ALD Processes: Experiments and Thermodynamic Evaluations
E. Blanquet, I. Nuta, V. Brizé, R. Boichot, A. Mantoux, P. Violet, and S. Daniele

Growth Rate Control in ALD by Surface Functionalization: Alkyl Alcohols on Metal
Oxides
A. Yanguas-Gil and J. Elam

(Invited) Chemisorption Reaction Mechanisms for Atomic Layer Deposition of High-k
Oxides on High Mobility Channels
A. Delabie, S. Sioncke, S. Van Elshocht, M. Caymax, G. Pourtois, and K. Pierloot

Growth Mechanism of ALD ZnO Films Investigated by Physical Characterization
K. Tapily, D. Gu, and H. Baumgart

Plasma Enhanced Atomic Layer Deposition of SiN:H Using N, and Silane
S. King

viii

259

267

279

291

307

321

333

355

365



Structural and Optical Properties of In,Oz Films Grown on (0001) Sapphire Substrates by
Alternate Supply of Trimethyl-Indium and Nitrous Oxide
H. Su, K. Yen, W. Chi, H. Ni, and J. Gong

Chapter 6
Equipment and Precursors

Plasma-Enhanced ALD of TiO, Using aNovel Cyclopentadienyl Alkylamido Precursor
[Ti(Cp¥®)(NMey)s] and O, Plasma
A. Sarkar, S. Potts, S. Rushworth, F. Roozeboom, M. van de Sanden, and W. Kessels

(Invited) DC Biased Remote Plasma Atomic Layer Deposition and Its Applications
H. Kim and H. Jeon

High-k Gate Stack: Improved Reliability through Process Clustering
H. Graoui, S. C. Hung, B. Kanan, R. Curtis, M. Bevan, P. Liu, A. Noori, D. Chu,
B. Mcdougal, C. N. Ni, O. Chan, L. Date, J. Borniquel, J. Swenberg, and M. Mahajani

Atomic Layer Deposition of LaOx and LaAlOx Thin Films Using Direct Liquid Injection
of Lanthanum Sources
Y. Senzaki, Y. Okuyama, G. Kim, J. Mack, L. Matthysse, and T. Kauschke

Chapter 7
Statusand Challengesin Ultrafast ALD

(Invited) Ultrafast Atomic Layer Deposition of Alumina Layersfor Solar Cell Passivation
P. Poodt, A. Lankhorst, F. Roozeboom, V. Tiba, K. Spee, D. Maas, and A. Vermeer

(Invited) Large Format Atomic Layer Deposition
G. M. Sundaram, A. Bertuch, R. Bhatia, R. Coutu, M. J. Dalberth, E. Deguns, G. Liu,
M. J. Sowa, and J. S. Becker

(Invited) High Throughput ALD of Al,O3 Layers for Surface Passivation of Silicon Solar
Cdls
V. Kuznetsov, E. Granneman, P. Vermont, and K. Vanormelingen

High Throughput ALD Production Systems for Cadmium Free CIGS and Enhanced

Efficiency c-Si Solar Cells
J. I. Skarp

Author Index

375

385

395

403

411

419

429

441

447

453





