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2D Poisson equation

p-Si

n+ n+

p-Si

n+ n+

original device scaled device

•  dimensions reduced by κ
•  area reduced by κ2
•  number per chip increased by κ2
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benefits of device scaling

Intel 4004 (1971) 2,250 transistors ~1MHz

(L ~ 5-10  microns)

Itanium 2 (2006) >1,700,000,000 transistors~2GHz

(L ~ 0.065 microns)
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scaled I-V

original device scaled device

VGS

ID

VDS

VGS / κ

ID / κ

VDS / κ
‘constant field scaling’
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scaled short channel effects

original device scaled device

VT

L

VT roll-off

VT / κ

VT roll-off

 L / κ
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questions

1) How do we scale?
(e.g. L, tox, NA, VDD, etc.)

2) How does performance  scale?
(e.g. speed, power, etc.)

3) What does not scale?

4) How does it work in practice?



Lundstrom EE-612 F06 8

outline

1) Objective of scaling

2) Constant field scaling

3) Non-scaling factors

4) The ITRS

5) Scaling in practice



Lundstrom EE-612 F06 9

constant field scaling

Objective:

Maintain a constant electric field as dimensions
are scaled down.

tOX ,L,W , x j ! tOX " ,L " ,W " , x j "
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constant field scaling (ii)

quantity scaled quantity

E (V/cm)
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constant field scaling (iii)

quantity scaled quantity
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impact on circuits / systems

quantity scaled quantity

! = CV
DD

I
D

(sec)

P = V
DD
I
D
(W)

D =
no.

A
C

(cm
-2
)

! "

P /! 2

D !" 2

P A (W/cm
2
) P A

P! = CV
DD

2
P! " 3



Lundstrom EE-612 F06 13

constant voltage scaling

Objective:

Maintain a constant power supply voltage as
dimensions are scaled down.

tOX ,L,W ,WD , x j ! tOX " ,L " ,W " ,WD " , x j "

N
A
! N

A
" 2

V
DD
!V

DD

WD =
2!Si

qNA

Vbi +VDD( ) (cm)electric fields increase!!
power density increases!!
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generalized scaling

E!"E

L, t
ox
, etc.! L /" , t

ox
/" , etc.

V
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!"V
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/# >V

DD
/#

See Taur and Ning, pp. 168-169

constant field:  α = 1
constant voltage:  α = κ 



Lundstrom EE-612 F06 15

impact on circuits / systems

quantity scaled quantity
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generalized scaling

E!"E

L, t
ox
, etc.! L /" , t
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/#

See Taur and Ning, pp. 168-169

constant field:  α = 1
constant voltage:  α = κ 
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bandgap, ψB
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will take some work!
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subthreshold behavior

log I
D

V
GS

IOFF ~ e
!qVT /mkBT

V
DS
= 1.1V

m = 1+ C
D
C
OX

m does not scale
S does not scale!! 

IOFF increases

IOFF spec sets minimum VT

VT spec sets minimum VDD

ION ~ (VDD - VT)

VDD scaling has stopped at about 1.1V
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inversion layer thickness

tinv =
2kBT / q

ES

=
2!SikBT / q

Qi

Qi does not scale for constant field scaling, so…..
 tinv does not scale
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effective mobility

 
µeff ! µSR � Eeff

"#

µeff  decreases with scaling
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ITRS

“The International Technology Roadmap for
Semiconductors, known throughout the world as the
ITRS, is the fifteen-year assessment of the
semiconductor industry’s future technology
requirements. These future needs drive present-day
strategies for world-wide research and development
among manufacturers’ research facilities, universities,
and national labs.”

http://www.itrs.net/
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ITRS 2005 Edition
Executive Summary
System Drivers
Design
Test & Test Equipment
Process Integration, Devices & Structures
RF and A/MS Technologies for Wireless Communications
Emerging Research Devices (includes Emerging Research Materials)
Front End Processes
Lithography
Interconnect
Factory Integration
Assembly & Packaging
Environment, Safety & Health
Yield Enhancement
Metrology
Modeling & Simulation

Acronyms

http://www.itrs.net/
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ITRS:  PIDS (near term)
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ITRS:  PIDS (long term)
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scaling in practice

130nm Logic Technology Featuring 60nm Transistors,
Low-K Dielectrics, and Cu Interconnects
Scott Thompson, et al.,

Transistor Elements for 30nm Physical Gate Lengths
and Beyond
Brian Doyle, et al.

Intel Technology Journal,  Vol. 6 Issue 2, 2002
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speed vs. scaling



Lundstrom EE-612 F06 30

device delay vs. scaling
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effective mobility vs. scaling

Eeff (MV/cm)
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ION and VDD vs. scaling
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energy-delay product vs. scaling
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