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First transistor

Invented by

Brattain and Bardeen,
Bell Labs, Dec 23, 1947

1967 — Fairchild
Micromosaic (100
fransisions)

~2.5cm

Nov 15, 1971
First microprocessor
Intel C4004

2T ]

{2300 transistors)

Mov 2000 to today, Intel Pentium 4

Total of 178 million fransistors
{100 million for the 2MB cache memaory)

k4

First Integrated
Circuit {IC)

(2 transistors)
Jack Killby

Texas Instruments
1958

19564 — First logic element ICs
(Transistor Transistor Logic)

1979 — Motorola MCE3000
(63000 transistors)

April 10, 1988 — Intel 486 Family
(0.9 to 1.4 million transistars)

May 7, 1997 — Intel Pentium I
{Core: 7.5 million transistors
A12KEB Cache Memaory: 31 million transistors)



- International Technology Roadmap 3¢
for Semiconductors

acceleration continues..
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If We Can Implement the
e o International Technology RoadMap
for Semiconductors

Hm @l Wasdyr

2001

« 32 000 transistors on the end of a hair

« 8 billion atoms per bit
Human hair:
100 microns diameter

2014

* 1.4 million transistors on
the end of a hair

« T million atoms required

to bulld a memory cell
that can store one bit of

information

Microprocessors would be so fast, they could
perform 20 million calculations in the time it
takes a speeding bullet to travel one foot.




Challenges/Opportunities for
Semiconductor R&D

Year of Production: 1999 2002 : 2008 2011
DRAM Half-Pitch [nm]: 180 130 J | 50
Cwarlay Accuracy [nm]: 65

MPU Gate Length [rim]:

CD Control [rm]:

T oy (equivalent ) [rim]:

Junction Depth [nm]:

Metal Cladding [nm]:

Inter-Maetal Dislectric K-
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v Extreme Ultraviolet Lithography (EUV) can close the gap

‘( Feature size

Litim@raphy
Wavelength

13nm (EUVL) e%essp
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Electronic Structure,
Lattice Dynamics

S, p

Electromagnetic Fields_=LT ransport Equations
kB

Device Simulation
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Apprakimate &

Cluanturn approaches | Semi-classical approaches

Exact ‘

Model

Improvements

Compact modelz

Drift Diffusion
equations
Hy drody namic
Equations

Boltzmann Transport
Equation
More CarlofCA methods

Appropriate for Circuit
Design

Zood for devicas dovn to

0.5 wn,include WwE?)

Yelocity overshoot effect can
he treated properlv

Accurate up to the dasszical
limits

Guantum
Hydrodynarmics

G antum
Marre CarlofC A methods

Cuartum-Kinetic Zguation
(Liouwile, Wigner-Boltzmann)

Green's Functions method

Dired zolution ofthe shody
Schrddingor coguation

Keep all classical
hydrodynamic features +
quanrtum corediors

Keea all classicd
features + quantum coredions

Accurate up to single padicle
cesctiption

Incudes correlations in bath
space andtime domain

Can be zolved only for zmall
num kar of partices

& Eaay, fast
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