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Mo or-eo6s 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 Nanﬁelectmniis: IEEE
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Nanoelectronics

What is Nanoelectronics?

— Electronics on a nanometer scale
(feature size less than 100 nm)

= Si-based (CMOS) and beyond-CMOS

Carbon nanotube
= | s Nnelectroo i mpor t aBnkistor

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

ITRS 2005

What technical
capabilities
need to be
developed for
the industry to
stay on
Law and the
other trends?
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Contributors

2005 ITRS Members by Region

Eurepe (124)
10 %

Japan (2213)
17 %
‘K_ur\ea (60)
ER L
Taiwan (172)

13%

USA (709)
550
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2005 ITRS Members by Affiliation

Others (74)
6%

Consortia /

Reszsearch

Ins titute /
University
(274)
21%

Equipment /
Materials
Suppliers (263)
20%

Chip makers
(677)
531%

Figure 1 Composition of the ITRS Teams—I1288 Global Participants
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Structure

= Executive Summary (89 pages)

— 11 Focus International Technology Working Groups
- e
— Emerging Research Devices / Emerging Research Materials
- e

= 4 Crosscut International Technology Working Groups
- e
— Modeling and Simulation
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ITRS Product Technology Trend

1000.0

Befors 1993

MPU & DRAM M1
& Flash Poly

JTIXRIYR
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T1XEYR Glpris =
1.6818 x GLph
Manotechnology (=100nm) Era Begins -1599
1005 2000 2005 2010 2015
q__ﬂnﬂ‘mdunﬁm
—

2005 - 2020 ITRS Range
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—— DRAM M1 1/2 Pitch

o MPU M1 1/2 Pitch
(2.5-year cycle)

—— Flash Poly 1/2 Pitch

| —— MPU Gate Length -

Printed

——MPUGate Length -
Physical

Near-term
Years:
2005 to 2013

Long-term
Years:
2014 to 2020



Scaling CMOS

Table 76a Lithography Technology Requirements—Near-term Years

Manufacnurable solutions exist, and ave being opiimized
Mamyfacturable solufions are kmown

Interim solufions ave known
Manufacturable selutions are NOT kmown

11/36

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM 4 pitch (nm) {contacted) 80 70 63 37 30 43 40 36 32
DRAM and Flash

DIRAM ¥ pitch fam) 80 70 65 a7 a0

Flash ¥ pitch {nm) {un-contacted poly) 76 64 57 51 45

Contact in resist (nm) 94 79 70 63 56

Contact after efch fnm) 72

Overlay [4] (3 sigma) (m)

CD control (3 sigma) nm) [B]




CMOQOS and beyond CMOS

—

—

CMOS is the workhorse of the

industry.
. am‘a'cwiﬁcmu
Yet, scaling of CMOS has " e \ﬁgﬁ
technological and physical limits. o ,gg-:,;:» S '% ‘“’ff —
=v.z: \’d‘ v g{ '{ '\\5, S

o't 4 i%;: ..,:? 3 ,.m,&’; : "-»i‘f:. Dabye kngh
The semiconduct or w /s ,,W«:::
future success continues to il e e o
depend on new ideas. Y Rl -

A nﬁ 10am 100nm 1 ym 10pm
denensions

Chapter on Emerging Research
Devices including Emerging
R es e ar C h M a.t er | al S Goser Gloeserkoetter Dienstuhl
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Taxonomy for Nano Information Processing

1 Analog

Bio inspired ! Quantum -Cﬂmputatmnal

models

Ferromagnetic

Digital T ;
Reconfigurable Quamum—\A:ﬁi:::c'
Cellular arrays Bio inspired
Boolean
Molecular 'FPh_aﬁs:F -
Electric charge
g = state state S_tate
Scaled Spin . variables
CMOS RTDs orientation
10 FETs
SET Molecular
5 ]
Devices




Devices and Architectures

= Devices: = Architectures:

— Carbon nanotube and —  Quantum Cellular
nanowires, Automata,

— Ferroelectric FET — Cellular Nonlinear
memory, Networks,

— Molecular, — Reconfigurable

— Nano floating gate Implementations,
memory, — Biologically Inspired

— Polymer memory, Implementation.

— Polymer transistor,

2

Resonant tunneling
devices,

Spin transistor.



ITRS

Emerging Technologies and CMOS
Emerging Technologies
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Potential Solutions for Logic Devices (CNT and NW)

NW-FET
CMOS Architectural Compatibility® Performance
Substantially exceeds CMOS
*  oris compatible with CMOS architecture
Energy Hficiency 3 ** gy is monolithically integrable with CMOS wafer technology

¥¥*or is compatible with CMOS operating temperature

(ie.. Substantially Better than Silicon Logic)

Comparable to CMOS

*  orcan be integrated with CMOS architecture with some difficulty
2 % oris functionally integrable (easily) with CMOS wafer technology
¥¥*op requures a modest cooling technology, T = 77K

iie.. Comparable to Silicon Logic)

Operational Reliability Substantially (2=) inferior to CMOS

*  orcan not be integrated with CMOS architecture

1 % oris not integrable with CMOS wafer technology

FERgr requires very aggressive cooling technology, T < 77K

iie.. Substantially Worse that Silicon Logic)



http://en.wikipedia.org/wiki/Image:Types_of_Carbon_Nanotubes.png

ITRS

Modeling and Simulation: Technology CAD for CMOS

= High-frequency device and
circuit modeling

. Extrinsic (and Layout)
= Front-end process modeling =3
PSN Circunt
. D !
= Integrated modeling of = | povice
equipment and materials CMP™ i M }
: : : T1 . N Process
= Lithography simulation o ’

— Thermo-mechanical-electrical
modeling for interconnections
and packages



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

— O-MOORE-NICE,
(Operational MOdel
Order REduction for
Nanoscale IC
Electronics)



Molecular Simulation

Course: Molecular Simulation for MST

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

= Introductory course for MST engir

= 12 lectures, 3 computational labs

€.
IMTEK®




Molecular Simulation

From the First Principles

Ab initio (from the beginning)
Input: A few fundamental
constants

— electron mass, proton mass, Plank
constant, speed of I|light, &

= Output: Everything

—
—

= Computationally expensive

= Blue Gene: IBM Petaflop
computer

— Protein folding
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