Nanotechnology in our Daily Life

Iridescent car paint: Based on interference colors
(like a butterly, no bleaching after 5 years Miami)




Nanotechnology on our Desktops
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Quantum Well Laser: Designing the Perfect Trap

2

THRESHOLD CURRENT Jn(kAlcm?)

—
n
¥ L ¥

o
(¥))

s
- DH

- MQW

: MMOW

LA |

a9

il
JlFL
N

e L L g el
100 1000

ACTIVE UAYER THICKNESS d(A)

*

6 nm: Optimum Thickness



Nanocrystals

Quantum Dots (Bawendi Group)
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‘alice Frankel

Quantum effect: Crystal size determines the color

(blue-shifted when smaller)



Bandgap (eV)

When does silicon cease to be silicon?

The band gap of silicon nanoclusters
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3 nm: Gap begins to change



Transistor

Gate Oxide { % 4n

source drain

Power consumption by a leaky gate oxide
A show-stopper for silicon technology?



Hard Disk Reading Head
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The Physicist's View: Fundamental Length Scales

Energy — Length
Room temperature operation requires energies
larger than the thermal energy: k;T = 25 meV

Quantum Electric Magnetic

Quantum Well: Capacitor: Magnetic Particle:
Quantum Well Laser  Single Electron Transistor  Storage Media
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Biological Length Scales

Virus (TMV)

18 nm




Molecular
Recognition

A
NS

i Enzymes

(zuest - Host

Co-@

Catalyst

Y

Function
via

Surfaces

- | Life Science | -

Functional
Supramolecular
SYSTEMS

Multilayers

Liquid Crystals

Organization T

synthetic Materials

0 i

Monolayers

Puur
o
hat )
Micclles ) ~
Tt T

) T
Lipasomos

Molecular
Selforganization

~ A
S
s

Order
— and
Mobility




s W
S c o
< c

r+ £
£5s
¥ o



ing

Each panel

_ﬂ_ __”m___“_._

&

N

T

riul‘..l.i.[ T ey S sy, i s

s — e, - |I|1.}.

B ERISIE

\Jllllrunr..u.-l\ln?ll-lrf.llll..l = —

WL.I.l‘..l.lr. |.|1..r.qtr.lu ...|.I_r.|r|u
.
__ :: ,;
r .;.lllll|iubl.l4!....1...r1-..|.. 1101\.lt<:J&1
e n-..llnlnlrl.wl T

W

e
[ =N~ - R s, S M

TR t. i

- u..rrll1.lll...llm i S T

O

e O /&.\\v\\%\w//a o\§7 & o7
P %,,vﬁv./o...m_wmw@:o@. .o..&.

@ a & &
w *\W@ «v& ° a \9 .
i P S~ 6N
b )y (R N -
MW @ 7 ./.(Q N @ 97

\ f b
obww\»mlwﬂ,...oﬁ.hb oeoemﬁ 060.

+ - 5

@ O ] . L »

6 < ® < a.ﬁ / B e s gt e e

o s o e et T g

gt ey st i ol

Pt e

Rarms e T Ty e sel]

, Self-Assembly, Self-Correct

ICS

B e R B B SR

<
o
-
+
O
o
w
S
=
O
o
=

[jes Wi
it b e Db A &
AN

Hewlett-Packard molecular memory, feramac computer

New Concepts




In Pursuit of the Ultimate Storage Medium :
1Bit = 1 Atom

Silicon Surface

CD-ROM

~ 16nm Track

10 um

Density x 1000 000



Speed versus Density
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- Speed is sacrificed as density increases (less signal per bit)
- Density and speed in silicon are comparable to those in DNA




When will we be down to atoms ?

Using Moore's Law ...
250 Terabit/inch?

Year 2038 P
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"Disruptive technologies" start at the low end

Clayton Christensen, Harvard Business School

Major established
electronics markets:
tabletop radios, floor-standing
televisions, computers,
telecomm.equipment, etc.
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Disruptive technology: transistors vs. vacuum tubes

Figure 3. Successful disruptors target smaller, “green space” markets instead of stretching
toward existing, larger markets.
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