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Deliverable Summary 

 

 

This deliverable summarizes in few lines the progress/steps done in 2008-2010 to prepare 

the book focusing on novel materials for ultimate CMOS, advanced modeling & simulation for 

nano-MOSFETs and nano-characterization methods.  

The idea was to highlight in this book the main research advances in the fields for which 

our Academic and Scientific Community has a great expertise. 

Table of contents is also given. 
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1. Multi-chapter multi-authors book 

1.1. Generalities 

Discussion on the content and potential contributors of the book was started at the end of 2008 and the 

contributions were finalized in 2010. The book addresses WP1, WP2, WP3 and WP4 of Nanosil. The 

book was proposed to contain three parts: i) novel materials; ii) simulations and modeling for 

nanoscale devices; iii) nanocharacterization methods. Each of these parts consists then in chapters. 

The length of each chapter was proposed to be about 30 pages, which leads to a book of about 650 

pages. 

ISTE-Wiley was selected as future Publisher. 

Detailed guidelines for the chapters’ preparation as well as template given by the Publisher were sent 

to all contributors in 2009. 

At the beginning of 2010, the Copyright agreements were transferred to the Publisher. 

Proofs were sent to authors in April 2010. 

Finally, the book was published mid- 2010.  

http://www.iste.co.uk/index.php?f=a&ACTION=View&id=357 

Complete reference is: 

“Nanoscale CMOS: Innovative Materials, Modeling and  Characterization” 

Edited by Francis Balestra, INP-Minatec, Grenoble, France 

ISBN: 9781848211803 

Publication Date: May 2010   Hardback   672 pp. 

“Hard copy” was sent to a representative of each laboratory contributing to the book. 

1.2. Table of Contents 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F. BALESTRA 

PART 1. NOVEL MATERIALS FOR NANOSCALE CMOS . . . . . . . . . . . . . . 1 

Chapter 1. Introduction to Part 1 . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
D. LEADLEY, A. DOBBIE, V. SHAH and J. PARSONS 

1.1. Nanoscale CMOS requirements . . . . . . . . . . . . . . . . . . . . . . . 3 
1.2. The gate stack – high-κ dielectrics . . . . . . . . . . . . . . . . . . . . . . 5 
1.3. Strained channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
1.3.1. Carrier mobility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
1.3.2. Introducing strain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
1.3.3. Global strain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
1.3.4. Local strain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
1.3.5. Strained layers on insulator . . . . . . . . . . . . . . . . . . . . . . . . 14 
1.3.6. Alternative channel materials . . . . . . . . . . . . . . . . . . . . . . 15 
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1.4. Source-drain contacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
1.5. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 

Chapter 2. Gate Stacks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
O. ENGSTRÖM, I. Z. MITROVIC, S. HALL, P. K. HURLEY,  K. CHERKAOUI, 
S. MONAGHAN, H. D. B. GOTTLOB and M. C. LEMME  

2.1. Gate-channel coupling in MOSFETs . . . . . . . . . . . . . . . . . . . . 23 
2.2. Properties of dielectrics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
2.2.1. The effect of polarization . . . . . . . . . . . . . . . . . . . . . . . . . 24 
2.2.2. Energy offset and k-values . . . . . . . . . . . . . . . . . . . . . . . . 26 
2.2.3. Structural stability and reactivity . . . . . . . . . . . . . . . . . . . . 27 
2.3. Interfaces states and bulk oxide traps . . . . . . . . . . . . . . . . . . . . 29 
2.3.1. Energy distributions of interface states . . . . . . . . . . . . . . . . . 29 
2.3.2. Physical properties of interface states: capture cross-sections . . . 32 
2.3.3. Electron states in transition regions . . . . . . . . . . . . . . . . . . . 34 
2.3.4. Bulk traps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
2.4. Two ternary compounds: GdSiO and LaSiO . . . . . . . . . . . . . . . . 39 
2.4.1. GdSiO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
2.4.2. LaSiO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
2.5. Metal gate technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
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2.5.2. FUSI NiSi metal gate technology for rapid material screening . . . 52 
2.5.3. Gate-first integration of TiN metal gate electrodes . . . . . . . . . . 54 
2.5.4. AlN buffer layer technology for tuning of mid-gap metal work function. . 55 
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2.7. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
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