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v Handicraft Economy: Based on experiences, human & animal power,

small scale, little science

v Industrial Revolution: Started 1760-1840, based on experiences & simple
science. Materials: iron & steel. Motive power: engine, electricity. System:
factories. Transportation: automobile, train & ship. Knowledge: A little
physics & chemistry. Industry stimulated progress in science.
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Physics and Science & Technology: A Time Spectrum

1604: Galileo, Science is
based on experimental facts!

1609, 1618: Brache,
Kepler laws of planet mo.

1687: Newton, Principia

1690: Huygens, optics
1704: Newton, Optics

1770: Black, calorimetry

|
1600

1824: Carnot cycle
1831: Faraday,
field & em induction

|
1700

|
1800

1769
1698 1712 Automobile Iron
Steam engine Cugnot industry

Savery, Newcomen

Industrial Revolution
(1760 — 1840)

1873: Maxwell
em-wave 1900-1926 QM:
_ Planck,
1849: Kelvin t - 1?0.5- " Einstein, Bohr,
- Kelvin temp. instein, th. :
1850: Clausius laws  rglativty Heisenberg,

of thermodynamics Schroedinger

1957, DNA: Watson & Crick
Molecular Biology

1948: transistor. 1950:
laser. 1980: STM

1875: Gibbs Nuclear, Atom & mole.

H.E. & Solid state phys.

Surf. Sci., Materials Sci.
Cosmology, Nano Sci.

I
1800
1803: Train (Trevithick)

1803-1807: Steam boat
(Symington, Fulton)

Steel indu. 1900

1875-1876: Bell
Telephraph
telephone

comm. Edison,
Marconi
Fleming, Forest

1936: EM,
1901-1907: Wireless 1951: FIM

2000
1957: Sputnik, 1960: laser,

1969: moon landing, 1947-
now, solid state electronics &
computer & information tech.

1903: Airplane, Wright
brother, etc.

1900-1950: modern industry
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Modern Physics and Science & Technology

1) Electromagnetic Waves
1831: Faraday, Induction & Field
1873: Maxwell, EM waves

2) Relativity, Einstein
1905: Special Th. Space & Time,

Mass & Energy

1915: General Th. Acceler. & Gravity

3) Quantum Mechanics

1900:
1905:
1913:
1924
1925:
1926:

Planck, Quantization of Energy
Einstein, Photon

Bohr, H-Model, Appl. Of QM

de Broglie, Matter Wave
Heisenberg, Quantum Mech.

Schroedinger, S-Equation

Atom & Molec. Phys.: Laser,
Optical Trap, BE-Condens.
Condensed Matt. Phys.:
Solid state electronics,
Computer, Informat. tech.
Chemistry: Chem. bond, Chem.
Indus. Pharmaceutical ind.
Biology: Double helix,
Molecular biology,
Genetic engineering
Surface Sci. : Thin films,

Electronic materials,

Catalysis,

Materials Sci.: Interdisciplinary
B = IPAS



Man of the 20" Century
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There's Plenty of Room at
the Bottom

by Richard Feynman

A talk given by Richard Feynman on December 29th 1959 at the annual meeting of the
at the

There is plenty of room at the bottom. Rearranging atoms.

Why cannot we write the entire 24 volumes of the
Encyclopedia Brittanica on the head of a pin?

Let us represent a dot by a small spot of one metal, the next
dash, by an adjacent spot of another metal, and so on.
Suppose, to be conservative, that a bit of information is
going to require a little cube of atoms 5 times 5 times 5---that
Is 125 atoms. All human books can be stored in a cube

of .01 inch in size!
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iy .,.,..guﬂ-;:k Computer CPU:
e S ~2X2 cm?
-- Pentium 11
. EREE ~14 M transistors
L 180 nm
Pentium IV
~42 M transistors
130 nm

s e Centrino & Xenon: ~90 nm

over 60 M transistors

Tl Lo,

Tsong, IP AS



The end ﬂ_f _the Nature 1999
road for silicon?

Max Schulz

Computer chips continue 1o shrink. But the discovery that alayer of

Silicon dicxide must ke atleast four o five atoms thick o functien as an
insulator sugqests that silicon-basad microchips will reach the physical
limits of miniaturization early next century.

Electron Tunneling Effect

L L Ll Y R

he gate oxide causing the chip to fail.

In 1925, Lilienfeld patented® the first 6F
feld-effect device (one where current flow is I
nodified by applying an electric field) based
m silicon, but he probably never got it to 51
ork. It wasn’t until 1960 that Kahng
nd Atalla’ demonstrated the first metal-

wide semiconductor field-effect transistor

High k thin
film!

In 1997, a gate oxide
wag 25 silicon atoms thick.
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Palysilicon
gate
electrode

Insulator In 2012, & gate oxide will

be five silicon atoms thick.
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Atomic Model FIM Image of a W tip
R: 10 nm 25 Nm

E. W. Muller & T. T. Tsong, Field lon Microscopy, Elsevier 1969

T. T. Tsong, Atom-Probe Field lon Microscopy, Cambridge Univ. Press, 1990 B85 1P A



Electronic density.
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3+ 4 B peix (Atomic Force Microscopy)
Atomic resolution achieved recently

Ampltude Detector

Sample]| |

o | BB

Protein Molecule (MIP)

Oecillation Plezo
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with Integral Tip
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4 0:00NTPs 3
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Dynamics of Polymerase DNA

4.6nm

Si(100)-2x1 surf.
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Elect. Microscope
73 (TEM) » #
B 5% (STEM)
B¥F i (SEM)

UHYV TEM in Nano-science Lab. of Institute of Physics, AS
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Surface Effects: Fraction of Surface Atoms Increases, Effects Enhanced
Quantum Properties Dominate
Discrete Quantum Levels
Dot: Atom-Like, Sharp Energy Levels
A Set of Quantum Numbers, 2D & 3D Quantum Dots
Wire: Ballistic Regime, Quantized Conductivity, No heat generation
Resistance is a Wrong Concept, 1+1=1, ax1=1, Wrong Logic

Quantum Confinement Effects: Wave properties

Quantum Tunneling: Insulation Problem,..
Spin Effects: Spintronics
Atom & Molecular Dynamics: Dynamic Behavior, Growth Phenomena
Electronic Effects in Island Growth
Thermal Stability: Diffusion, Size & Shape Fluctuation
Coulomb Blockade: Small Capacitance, Single Electron Electronics

Chemical Stability: Oxidation & Corrosion Resistive Materials o 1P A
song,
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2.5 nm

Variety of atom configurations Yl AuysAgs,

SO 9

C. M. Wel et al

Coulomb Blockade
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Conductance quantization
of quantum wire

Conductance (2e2 /h)

TEM images,
Takayanagi et al.

Conductance (2e2/h)

11-atom gold
chain

Jian et al.




Life Originates from —%
Dynamic Behavior of
Biomolecules A 2N

Single molecule

| YR : Ve
techniques: trace
molecular dynamics by eoe.

it B 4w 0 DNA B

" % E, ":l , » 2 , &>
fluorescence of QD (k¢ ) v & ¢ 1 A SR KA L
T b Feh?) & _—
© T. Misteli / NCI/NIH
© H. Vankayalapati / Univ.
Arizona

e
. . g 3 BEY¥ ik BE _Glycine
Penrose et al. Life orl_glnates Propeller shape Receptors <t i,
from wave properties of biomolecule Triller et al. Science ‘03

electrons in bio-molecules
© S. Neidle

B = IPAS



Atom-exchange diffusion mechanism: Ir/l1r(001)

F’ i . f’ " ™ f’

= .

oy T &

Tracking the movement of one Chen & Tsong, PRL" 90, Nature’ 91

surface atom Kellogg & Feibelman, PRL’90
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0: molecule

0O,/Si(111)-7x7, 300 C

Hwang et al. ‘97 g @

Si adatom 8

Si rest atom

Jumping
Mechanism of a
O, molecule on

Si(111)-surface i



Dynamics of Si magic clusters on a Si surface
A time-lapse movie
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23 ;filﬁ: Nanotechnology

TRENDS IN BUILDING SMALL THINGS
1 m

Dion Eigler ( 19990 in Nanovechinology { Springer)

1mm

Lithography
Im

-‘-'i..
-

NANO
AT R T e G R

Inm Chemistry _ : LAND
Bottom up

10 1960 1980 2000 2020

Rearrange atoms to
create a man-made

nanostructure

Study the physical
properties of such a

structure

Utilize the new
properties to make

new devices
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template for self-organized growth
Ga/Si(111)7x7 IN+Mn/Si(111)7x7
L - |

M.Y. Lai and Y. L. Wang Jian-Long Li et al.
Phys. Rev. Lett. 81 (1998) 164 Phys. Rev. Lett. 88 (2002) 066101
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Pb nano quantum
Islands of types | &
Il on the Si(111)-7x7

surface

Self-organized growth
of Ag nano-pucks on
the island surface
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By Chemical Synthesis & Growth (Self-
Assembly): Single Wall Carbon Nanotube
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Some methods of creating nanostructures

Nano-guitar

2 micron

e Need a ” idol-robot
Quantum Islands : Vapor deposition to play music with this guitar !
Ay~ RS E 400 Would such robot can ever exist?
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Random Walk of an atom

AVAVAVAVAVAVAV

14

-eF/4, or (dE/dx)¥

Random jump direction

Field gradient, particle density gradient, thermal gradient,
atomic interactions, etc. Kinetic Effects

B = IPAS



Directional Walk of W Atom on W(112)
Produced by Chemical Potential Gradient (Field Gradient)

**3“4

Tsong, Walko, Kellogg, Wang 72, °75 “82
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World’s smallest pyramid : ~1.4 nm In height

1) STM probing
2) Coherent electron beam
3) Point ion source

W(111)

Y’ (112) channel

@
‘o’

e3 8 112

T-Y Fu et al.
PRB (2001).

. .‘ : l.: :; "
\ v
: :

Atom perfect & chemically inert Pd-covered W(111)-base
pyramid. Thermally stable up to ~1000 K, h ~ 1.4 nm




FIM images FEM images

Pd on " _

W(111)

10000

Emission Current, pA

Pt on
ﬂ —_———— e ——————

h —
c d 3 MNegative Bias, Volt
f

/] od sinake-atan tio
3 't )
{ Pt trimer tip
1
1000 1200 1400 1600 1800 2000 2200
— 3
I ———

g h

Field emission: extension angle ~ 6 ° Kuoetal. 04
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Pyramid of Egypt » ~140m Pyramid of I. M. Pei » ~14 m
Ratio : H=101 V=103 Ratio : H=1010 Vv =103

B = IPAS



Procedure for Single Atom Chemical Analysis of
a Surface by a Density of States Measurement

1) Create a
single atom
sharp tip, and
characterize it
by TEM

¥

2) Use the tip to
scan the sample,
take dl/dV vs. V
from a pre-
selected atom

vV v .Yy

3) Use TEM to
make sure the
tip is still atom
perfect after the
scan

B = IPAS



Schematic Diagram Showing Single Atom
Chemical Analysis in STM using a Thermally Stable
Single Atom Tip of Known Apex Atom

Tip \ Sample

ps(EgteAV)

Even if they are not,
detailed structure
of p; may still help

identify the
chemical species of
the surface atom.

P(Ep)

SYA\Y

o[ p(Er —£)ps(Er —eV + )T (d eV Me
If p, and T(d,edV) are nearly constant, or p,is aé-function
di

dV—OOpS(EF - eV )
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Atomic Manipulation with
STM: intrinsic interactions of atoms

Tip-Atom
Surface Interaction
Potential

D.M. Eigler et al.
IBM, Amaden

N. Oyabuetal. *x+x &



Create atom-vacancy
by field evaporation

MoS, Surface Hosoki et al. 91
Hitachi Co.

Ep(r) = - 4R () -Y2aF(r)?

B = IPAS



Z'% 7} = = ; 4%[3] Surface Modification in Nanoscale

F.G.I.LRW. Field Evaporation

— —
Golden Taiwan Green Si Island
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STM-MEMS combination system

~15 nm Tb/in? MEMS

B = IPAS



Nano-brush & atom switch b -
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http://domino.research.ibm.com/Comm/bios.nsf/pages/millipede.html/$FILE/milli_anim.jpg
http://domino.research.ibm.com/Comm/bios.nsf/pages/millipede.html/$FILE/milli_SEMs.jpg
http://domino.research.ibm.com/Comm/bios.nsf/pages/millipede.html/$FILE/milli_chip.jpg

Gold Nano
Particle

Coulomb Blockade

Single Electron
Electronics

V =¢g/C =ne/C >2e/C

An=1, AV =¢/C

F PRI [ 5 (C.
D. Chenetal.)

AR X = IPAS



Nature June 2002, “In the new world of 'nanoelectronics', a transistor

whose active component is a single atom has now been demonstrated.”

- @@
Vo

y Source Drain
f Gate

10 08 06 04 02 00
V vs Ag/AgCl

I

-1.0 - T T T
=100 -50 0 50 100

V (V) S - e—t—— i Y
Coulomb blockade & Kondo effect in Kondo resonance in a single-molecule
single-atom transistors PARK et al. transistor LIANG et al. 50X = 1P AS



Spider man’s kong-fu

griw A HrE o L PP E 2200 3 500 7 KR lwent > Huxy - RARAe
3 12 vander Waals ;= Ef & & |+

03015

4015

BRePEHE
g N W S

The perpendicular force F required for
detaching various samples of
polyimide hairs from a silicon surface.
The experimental points are marked by
D/H, indicating the hairs’ diameters D and

_ _ heights H, respectively.The solid curve is
Sticky reusable adhesive tapes under development the best fitto F - P-2. S (mm2)
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Bio-motor

Seeing rotational
motion of F,-ATPase

Noji, Yasuda, Yoshida & Kinosita
Nature 386, 299 (97)
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STM images of propeller

shaped HB-DC molecules
on the Cu (001) surface

Gimzewski et al. Science 281,531 (1998)

Energy (kMNmol}




Man-made nano-

Biotinylated cyvsteine
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http://www.npn.jst.go.jp/

Tie a knot in a DNA with optical
tweezers, then observe knot diffusion
S R Quake et al., PRL ‘03

3 | knot

4, knod
54 Knot
7y knot
Stuck object

i [5)

Optical Tweezers: by light-dipole interaction with a
dielectric particle. A. Ashkin
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light sources

fﬁcusmg
optics

analyte

(—»

1
{3} acquisition &
ARy control unit
5"1 YQ j
f D | D
i3 | amplification
I-V conversion  offset
amplification adjust
Fig. 1. Scanning electron microscopy image of a microfabricated cantilever sensor array prior to deposition of sensor coatings. The functionalized sensors /{j;;j
array was produced from silicon by combined dry and wet etching techniques in the Micromechanics department at the 1BM Zurich B 7 8 -’
Research Laboratory. Cantilever length: 500 um, thickness: 1 um, width: 100 um. Typical spring constant: 002N m ™", //7; /7]7 ;{'f‘l?';;/_/
74
/ef\"'_/
Chemical sensor using —
- L Polystyrene
chan g e INn resonant A —
Polyurethane
Palyurethane/Polystyrens

Polyurethane/Polystyrene/Poalymethyimethacrylate

frequency

Palyvinyipyridine/Polyurethane/Polystyrene/Polymethylmethacrylate

Polywinylpyridine

polymer layer (Sum) o EAU

Baller et al.

Ultramicroscopy 82, 1 (2000)

Si cantilever

Fig. 3. Schematic view of a cantilever array with polymer coat-
ings used for the eight cantilevers ol the sensor array.
PVP = polyvinylpyridine, PU = polyurethane, PS = polysty-
rene, PMMA = polvmethylmethacrylate. Schematic cross sec-
Tsong, IP AS tion of a coated cantilever.




Development of a
nano mass sensor
using carbon
nanotube with a
metallic nano-
crystal

Mass measurement using
resonance frequency change

>
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Satellite night view of the earth

International conflicts often arise from fight

for natural resources such as. il
BX = IPAS



Direct dissociation of water by light into
hydrogen and oxygen by semiconductor
or oxide catalysts.

Theory: 509 efficiency True?

Hydrogen fuel cell & storage technologies
Nanotube? Other compounds?

Solar cells: semiconductor & polymer thin films

How to improve efficiency, cost, environmental
concern & life-time

Can we use solar thermal electricity ? Materials?

Thallium Filled Antimony Skutterudites ,
B = IPAS


http://focus.aps.org/focus_archive?sub=Big&file=big-v11-st13-1.gif&v=11&st=13

Nanotechnology - IS Beautiful

Less energy to manufacture & operate
Use less materials, easy to carry

Many more functions, more efficient, higher
density & sensitivity, etc.

In electronics, devices are safer
Less harmful to our environment

More people can enjoy the fruit of science &
technology

Make sure nano materials are not harmful to our
health & environment

Knowledge expands rapidly. Only continual self-
learning can avoid being out of dated.

AS
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