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Things Natural

~5mm

Dust mite
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200 um

Human hair
~10-50 um wide

Red blood cells |
with white cell
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1,000,000 nanometers =
1 millimeter (mm)
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10 um

1.000 nanometers =
1 micrometer (um)
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Things Manmade

Polien gran

Zone plate x-ray “lens”™
Qutermost ting spacing
~35nm

21st Century
Challenge

) 107m A% Combine nanoscale building
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" DNA. " R o 101 Quantum corral of 48 iron atoms on co| surface Carbon nanotube
~2-112 nm diameter m 0.1 nm pper ~2 nm diameter

positioned one at a time with an STM tip
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~ 2000 Years Ago i Sulfide nanocrystals used by Greeks and
Romans to dye hair

~ 1000 Years Ago (Middle Ages) 1 Gold nanoparticles of different
sizes used to produce different colors in stained
glass windows
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A 198171 IBM develops Scanning Tunneling Microscope

A 19851 fBuckyballd - Scientists at Rice University and University
of Sussex discover Cgg

A19867i AEngi nes
K. Eric Drexler.
Binnig, Quate and Gerbe

A 19891 IBM logo made with individual atoms

A19917 Carbon nanotube discovered by S. lijima
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A 19997 fNanomedicined i 1st nanomedicine book by R. Freitas
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There’s Plenty of Room at the Bottom:

An Invitation to Enter a New Field of Physics

“People tell me about miniaturization, and how far it has progressed

today. They tell me about electric motors that are the size of the nail
on your small finger. And there is a device on the market, they tell
me, by which you can write the Lord's Prayer on the head of a pin.
But that's nothing; that's the most primitive, halting step in the
direction | intend to discuss. It 1s a staggeringly small world that is
below. In the year 2000, when they look back at this age, they will
Richard Fevnman  wonder why it was not until the year 1960 that anybody began

Cal Tec h,. 1959  seriously to move in this direction. Why cannot we write the entire
24 volumes of the Encyclopedia Brittanica on the head of a pin? "

This goal requires patterning at the 10 nanometer scale.
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Nanotechnology Applications

gy Information Technology

ASmaller, faster, more
energy efficient and
powerful computing
and other IT-based
systems

Medicine

ACancer treatment
ABone treatment
ADrug delivery
AAppetite control
ADrug development
AMedical tools
ADiagnostic tests
Almaging

Energy

4 AMore efficient and cost
\« effective technologies for
energy production
Solar cells
T Fuelcells

1 Batteries
1 Bio fuels

Consumer Goods
= AFoods and beverages

U ﬁ”‘ 1 Advanced packaging materials,
sensors, and lab-on-chips for
. food guality testing
gl AAppliances and textiles
A 1 Stain proof, water proof and
wrinkle free textiles
AHousehold and cosmetics
1 Self-cleaning and scratch free
products, paints, and better
cosmetics




Nanotechnology according to Hollywood

Nanotechnology Scientist: Created by Nanotechnology:
Willem Dafoe in Spiderman The Hulk




Nanotechnology in the Marketplace
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Invention of the Transistor

/ John Bardeen

' — Walter Brattain

A ep e s
Bell Laboratories, 1947 William Shockley




Moore’s Law

transistors
Pentium® 4 Brocesser ] 100,000,000

MOORE'S LAW

P LA 11 P OCaaOr 10,000,000

ABS™ DX Froceesor,

Intel Co-Founder
Gordon E. Moore

“*Cramming More Components Onto Integrated Circuits™
Author: Gordon E. Moore
Publication: Electronics, April 19, 1965

The Frst Planar Integrated Circult 1961

“No Expomcntial is Forever ., bur We Can Delay Forever™,”
Gordon L Moure, Internutionad Sobid State Clrcolts Conference, Feb, 10, 2001




