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Mooreôs Law

Exponential growth.

Cost per function 

reduction:

25-29% per year.

Market growth:

On average 17% per year.

The law holds for about 45 

years.

ITRS

Industry want to keep with 

this law further.

Introduction

Gordon E. Moore, 1965

Cramming more components 

onto integrated circuits
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Papers on Nanoelectronics: Web of Science

925 papers:

Refereed 

journals.

Search includes:

Title,

Keywords,

Abstract.

Introduction
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Papers on Nanoelectronis: IEEE

1681 papers.

Only IEEE 

publications.

IEEE 

conferences are 

included.

Introduction
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CRC On-Line Book Chapters

163 Hits

Introduction
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What is Nanoelectronics?

Electronics on a nanometer scale 

(feature size less than 100 nm)

Si-based (CMOS) and beyond-CMOS

Is ñelectroò important? 

Information processing

Introduction

Carbon nanotube 

transistor

http://upload.wikimedia.org/wikipedia/de/7/7b/N-Kanal-MOSFET.png
http://de.wikipedia.org/wiki/Bild:DNA.jpg


Nanoelectronics

7 / 36

ITRS 2005

What technical 

capabilities 

need to be 

developed for 

the industry to 

stay on Mooreôs 

Law and the 

other trends?

ITRS
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Contributors

ITRS
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Structure

Executive Summary (89 pages)

11 Focus International Technology Working Groups

é

Emerging Research Devices / Emerging Research Materials

é

4 Crosscut International Technology Working Groups

é

Modeling and Simulation

ITRS
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ITRS Product Technology Trend

Near-term 

Years: 

2005 to 2013

Long-term 

Years: 

2014 to 2020

ITRS



Nanoelectronics

11 / 36

Scaling CMOS

ITRS
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CMOS and beyond CMOS 

CMOS is the workhorse of the 
industry.

Yet, scaling of CMOS has 
technological and physical limits.

The semiconductor industryôs 
future success continues to 
depend on new ideas.

Chapter on Emerging Research 
Devices including Emerging 
Research Materials.

ITRS

Goser Gloeserkoetter Dienstuhl
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Taxonomy for Nano Information Processing

ITRS
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Devices and Architectures

Devices:

Carbon nanotube and 
nanowires,

Ferroelectric FET 
memory,

Molecular,

Nano floating gate 
memory,

Polymer memory,

Polymer transistor,

Resonant tunneling 
devices,

Spin transistor.

Architectures:

Quantum Cellular 
Automata,

Cellular Nonlinear 
Networks,

Reconfigurable 
Implementations,

Biologically Inspired 
Implementation.

ITRS
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Emerging Technologies and CMOS

ITRS
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Potential Solutions for Logic Devices (CNT and NW)

ITRS

http://en.wikipedia.org/wiki/Image:Types_of_Carbon_Nanotubes.png
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Modeling and Simulation: Technology CAD for CMOS

High-frequency device and 
circuit modeling

Front-end process modeling

Integrated modeling of 
equipment and materials

Lithography simulation

Thermo-mechanical-electrical 
modeling for interconnections 
and packages

ITRS
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Modeling and Simulation: Molecular Simulation

Ultimate nanoscale CMOS simulation

Nano-scale modeling of novel devices

Modeling of new materials

Nanoscale simulation capability including accurate 
atomistic and quantum effects

Algorithms:

Efficient atomistic/quantum models; ab-initio or molecular 
dynamics based topography simulations;

Multi-scale simulation (atomistic-continuum); fast coupling of 
equipment-topography-electrical-reliability models; hierarchichal 
full-chip simulation.

ITRS
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Model Order Reduction for EDA

Current EU projects:

COMSON (COupled 
Multiscale Simulation 
and Optimization in 
Nanoelectronics) 
http://www.comson.org/

CHAMELEON RF, 
(Comprehensive High-
Accuracy Modelling of 
ELectromagnetic Effects 
in Complete Nanoscale 
RF blocks) 
http://www.chameleon-
rf.org/

O-MOORE-NICE, 

(Operational MOdel 

Order REduction for 

Nanoscale IC

Electronics)
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Course: Molecular Simulation for MST 

J. G. Korvink, E. B. Rudnyi
http://evgenii.rudnyi.ru/teaching.html#md

Introductory course for MST engineers

12 lectures, 3 computational labs

Molecular Simulation



Nanoelectronics

21 / 36

From the First Principles

Ab initio (from the beginning)

Input: A few fundamental 
constants 

electron mass, proton mass, Plank 
constant, speed of light, é

Output: Everything

Computationally expensive

Blue Gene: IBM Petaflop 
computer

Protein folding 

Molecular Simulation


