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* New process technology every 2 years
Driving « Flawless ramp of new process technology into HVM

* Lead Product synchronized with HVM ramp
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Performance of Intel Micro -Processors:
~2X Every 2.5 -3 Years

Intel's Microprocessor Clock Frequency

P4

=
o
o
o

Pll
486 Pl

Pentium Processor
386
- Clock

8080 — Expon. (Clock)

=
o
|

=
=

O

N
L
2
e
D
@
Q
)
X
O
O
O

1970 1980 1990 2000 2010
year

S.W. Lee TCAD Division LTD Intel Corp.




Process Technology Pipeline

Actual Forecast

Process Name P858 Px60 Pl1262 P1264 P1266 P1268

1st Production 1999 2001 2003 2005 2007 2009
Lithography 180 130 90 65 45 32 nm

Gate Length 130 65 45 32 22 16 nm

< Fab Development )( Research

M
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Device Feature Size Scaled into Sub 100nm Range

10000
ominal feature size

Micron

Gate Length
0.1F

Nanotechnology 70nrﬁ t
50nm

0.01 ' ; ' ; 10
1970 1980 1990 2000 2010 2020

o Extreme short channel effect - Random dopant fluctuation

« Channel impurity scattering & line edge roughness

« Parasitic Rsd & Cov limiting » Lithography printing, control
performance & proximity effect
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Gate Oxide Scaling

=
o

Metal Oxide Silicon

Technology
Generations FN

+
Trap Assisted ‘—-_I;‘_

Direct [«

—~
S
c

~
0
%
Q
-

4

©

L

=
)

o
X

@)
Q

e}
@

O

=

1995 2000 2005

» Gate dielectric must scale to maintain maximum gate control of charge
 SIO, gate dielectric thickness approaching physical limit
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Power Trends
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Increasing Sources of Non-Uniformity Requiring a Wid  er
Range of Integrated Physical and Compact Modeling

Wafer Processing Design Model
« Systematic WID « Assumptions

(across wafer & field)  Approximations
* Process change and e Errors in models

drift e etc.
» Unassignable cause

Applied Signals
« Power supply

« On chip voltage

« Self heating

» Device degradation
. etc.
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Variations: Layout Dependent Flare in EUV

Rough mirrors in EUV optics cause scattering or flare
Flare and flare variation causes WID CD variation
“Long range” layout variations affect local flare

Layout can be modified to minimize such flare variation

Short range component Long range component
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Shrinking Usable Voltage Range

VMIN VMAX

Cache falil rate
Total power
Performance

Reliability
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Device Innovation: Scaling Alone No Longer Suffice

Normal Y YYY X ) Faster

electron '..,“““‘, electron
flow e9eee flow

Normal silicon lattice Strained silicon lattice
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Deavice Innovation: Futur




Researcn on New Materlals

1980s 1990s

2000s

Ni

Identification and Integration of new materizls for device &
inierconnect ;ys 2rn will e key to exiending Moore's Law
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Irnplications for Cornpact Modeling

ction point wrere ne vV cornpeact cevice
moclels ey e needed ever/ 1~2 tecnnology generatior
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A nierarchn of cornpact device models will pe required for
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Irnplications for Cornpact Modeling

A significantly wicler rainge of cormpact models are neede d
oevond transistor and interconnect cormpact moclels to support
optirnized product design under decreased PV & RV margi s

- Power analysis
- Slynzl JrJ[dUrJF/ aralysis
- Selkneat analysis

- /—\HrlJ/FJLclJ relationsnips on layout dependencies
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orzpu letziry tecnnology feailres
- JH protectior
- Robust porting of "custornized” compact mocels onto - vendor

simulators
= Fastiurn around and roinirmurn support
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Requirements on Corpact Transisior Model
During Tecnnology and Procduct Cycle




Proprietary Mocdel Cusiormization
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Porting of Customized Model

Vendor Simulator A

Modeling of
Doping Profiles

Vendor Simulator B

Gate
Tunneling Enhanced
Models Overlap Capac.
Model
More Physical Zﬁ

Enhanced
Substrate
Current Model

Modular Model Structure + Standardized Verilog-A & Compiler
—-> Model Portability
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Integrated TCAD Modeling
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- Dopant Fluctuail

~ 500 dopant atorns for
90nrm rnocle

Causes scatter In fne
fLrrn -orn” charac[er]stics
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Interconnect Anzalysis witn Integraied Modeling Systerrn
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Cormpact Model Enapled Product SER Risk Analysis
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| Self-rleat Analysis for RV and PV
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Conclusions
extending Moore's Law Is Joo #11.
We aire ai tne Inflection point wriere cormpzact models must pe
developed at ever fasier rate and over a rmuch Droacer range,

- New devices, new materials, new circult tec
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Invernted to extend Moore's Law
- Models and tools rust be supplied to all groduc
uncer decreasing rmargins (Veo, power .oudc ef,

Must ouild rnecnanismn to rlHow oorrmJ of proprieiar
custornizaiion quickly and [P

Partnersnip arnong universities, EDA vendors, cnigp
ard fapless design cormnpanies will pe required
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