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e 4000 BC Democritus # 1% m =+ 3

e 1905 Einstein #& ! “Brown i& ﬁv TE—’_
Sugar Molecule ~1nm

e 1931 B ¥ % + B

e 1959 Feymann lectures “There’s Plenty of
room at the bottom”



Richard Feynman...

"There's Plenty of Room
at the Bottom*

1959# 127 29p » b E A1 2 %2% & (Richard P,
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1962 Ryogo Kubo (4 &% 7 ) # J:quantum
confinement theory

1968 % P* Molecular Beam Epitaxy » MBE
1974 Norio Taniguchi ( 8 © & 7 ) 3l1:&“%2 k&
//{i]_::a_-” _ g‘::!—j

1982 Binnig & Rohrer # B 4 7 "% 7° g icdn
STM
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Electron Gas 7 \\

* G. Binnig, H. Rohrer, Ch. Gerber, and E. Weibel,
Avpl Phys. Lelt 40,15 (1982)
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Atomic Resolution on Si{111)
Si{111)7x7; ngap =199V, It= 2.0 nA, 20 nm x 20 nm

Atomic Resolution on Pt(100)
E. Bergene, Trondheim, Norway; Published in Surf. Sci.
306 1/2 (1994) 10-22
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o 1984 Gleiter4x * # W4 &> 2 » 3 # @ #H
D48 7 F ok

e 1985 Curl Jr., Kroto & Smalley & < % 13
C60 & =+



3
e famous “buckyball” C60

H. W. Kroto, J, R. Heath, S. C. O'Brien, R. F. Curl, and R. E.
Smalley, Nature (London) 318 162 (1985).
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Superconducting
Photonic applications

Biological applications
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e 1986 Drexler ! 5x“Engines of Creation” - 2
e 1986 Binnig, Quate & Gerber # P AFM

e

cantilever
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e 1987 Siegel = = % & 412 K 13 L TiO2 5 & 48
e 1988 ;= RA. Fert% A tvFe/Cr % B %P B IE &
e (giant magnetoresistance, GMR ) >z
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Fe/Cu(111)

M.F. Crommie, C.P. Lutz, D.M. Eigler, Science 262, 218 (1993)
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D.M. Eigler, IBM, Almaden
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Co/Cu(111)

H.C. Monoharan, C.P. Lutz, D.M. Eigler, Nature 403, 512 (2000)
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e 1991 Sumio lijima (4<% & 5 ) FRCNT
= sf s ¢ (carbon nanotube, CNT)*>+1991 & AL G #
d N s Bl TR S NERE N Tk
o U2 PRT S B ARG Ak e
A A E iz~ o gl s d AN H LT ET

Ilnm o Fpt s F B iF ez K IFES R



e o B S i e e Jua.?
_*-.l' «F._..I.lt. ‘.h.ll.l l_.__ll.'r....h.ll.-r

fﬁ..\f.. .\.i.r PN .W.\QI

..\-r;}}

[

r

(10,10) mbhe

tt.-r..f.-* W...J..-_' r_..-...._..I_...- i

i...-.l.jl.lu.. Ifl.f .‘1]1[' .. .‘ rh.l.n
B oA g -ﬁ.ll.-ll" .‘...‘\.I_-r*..“.b*'

=
an3

1
=
L
>
¥
=
=
=
L
o 2
TI..A
=
=
3
[
=
5

graphite

diamond







o A

1994 Adleman “DNA Computing”

1994 IBM *“Magnetoresistive head”

1998 Dekker created Transistor from CNT

1999 Tour/Reed “molecular switch”

2000 = £ W2 24 HeHg 22000 2 iv - 7 £ F K
F2001E A7 3 HI“B R & HHRIRT (32 3
NationalNanotechnology Initiative » %5 & 5 NNI )
e A O S R XY

2001 First nerve cell-silicon microchip built
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Silicon with Coat with Expose photoresist
silicon dioxide layer photoresist with a patterned reticle
A BIER E AR A By

(Si0,)
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Develop ZHE Etch silicon g7 Strip E£¥[H

photoresist dioxide layer S0 photoresist
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Lotus Effect

Professor Wilhelm Barthlott
— - University of Bonn
Iotus@unl bonn.de




ae Scale of Things -- Nanometers and More

Human hair
~10-50 um wide

Red blood cells
with white cell
~2-5pum

~10 nm diameter

~2-1/2 nm dian,

Atoms of silicon
spacing ~tenths of nm

—_—

The

—— The Nanoworld —

102m — 1M
10 mm

1,000,000 nanometers =
103 m =1 millimeter (mm)

Icrowave

| Mi

§ 0.1 mm
1 4
0"m == 100 um
i)
% 0.01
S m b= Y mm
§ ulO um
=
1,000 nanometers =
10%m 1 micrometer (um)

Visible

-7 0.1 um
10%m 100 nm

Ultraviole

108 m b— 0.01 um

10 nm
10°m 1 nanometer (nm)
g
=
3
10m 0.1 nm

Quantum corral off

Things Manmade L
Head of a pin
1-2mm

MicroElectroMechanical devices

10 -100F
y

Red blood cells
Pollen grain

Zone plate x-ray “lens”
Outermost ring spacing
~35nm

positioned one at a time with an STM tip
Corral diameter 14 nm

B blocks to make novel

| \functional devices, e.g., a
photosynthetic reaction

| center with integral

21st Century
Challenge

Combine nanoscale buildin

semiconductor storage

www.sc.doe.gov/production/b8s/scale _of things.html

Carbon nanotube
~2 nm diameter

Office of Basic Energy Sciences
Office of Science, U.S. DOE
Version 03-05-02
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B, = R Ik =2 T

(Electron—Beam Lithography)
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http://nano.nchc.org.tw/dictionary/ebl.html



Biological Self Assembly
IS Heirarchical

Monomer molecules -
amino acids, lipids

"

Polymers - DNA, RNA,
polysaccharides, proteins

Assemblies - membranes, /H
organelles 7

)
Cells
\}

Organs

v T4 Bacteriophage

Organisms

Scientific American, February 1965

50nm



ANATOMY OF A NANOPROBE

Acoustic relay - toxins from
attached to '-’ _ ; the body and
an onboard g dispense
computer ' y, drugs
sends and ' - J
receives =4 im-- Outer shell
ultrasound to X . _ made of
communicate N strong,
with medical : chemically
team - Wl . ¥ inert

: diamond

Sensors and
manipulators
detect illnesses
and perform cell-
by-cell surgery

< WIDTH OF A HUMAN HAIR
.' ® ® ® ® o o « - -Typical probe sizes

Up to 10 trillion nanorobots, each as small as 1/200th the
width of a human hair, might be injected at once
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Nanorobots

echnology is shrinking fast. Computing rechno
that would have filled a warechouse 31 years ago
CHE T |'-¢ s-\.||,||4.|::'.n.| (S RLER R L']:lip a Trection of the
sizge of vour thumbnail, The very smallest scile of
enginecring i called nanotechnolony. A nanometer
is'a billionth of 0 meter, about e width of wn atoons.
Manorechnology may, one day, be capable of producng
fully working rabats to thar scale, called nanorohots oo
panobots, Working at an almost atomic level, nanobots
coubd huild complex flems cheaply and repair clothes,
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CNBT Future Development

Nano-Biodevice
Targeting

Nano-Biomaterials
Screening

Nano-Biophotonic
imaging

CNBT -~

Nano-Biomedical Technology in CYCU




B FH(quantum well)
S —————

B T8 (quantum wire)

B F8(quantum dot)

N
EF i E(Fermiwavelength)

FEEREREFE AR E£F 4 F(quantum

mechanics) 113 - AP T F EF . F PEE & T

+ e B B A H 7 ol & (Fermi wavelength)
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Science

: Semiconductor Clusters,
it Nanocrystals, and Quantum Dots

A. P. Alivisatos

A Metal Semiconductor
Bulk Nanocrystal Atom Bulk Nanncrystal Atom A o
A7 2 Nm
E — = o _:,:_-_.._,_I._-I-\.:\__:.F
il = =
'IE = e ;:.?.vz%:‘*-_;“‘:h?;fi__
= l'| 1’1‘:?."_.-" -\-\';-.‘i
= N s
L P AN 7
= :-J.ﬂ'.-. g "'-.
D S N
Density of states
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This has been cited more than 1634 times.
bCIENCE 16 February 1996, Volume 271, pp. 933-937

Density of states

Energy




Science Semiconductor Nanocrystals as
Fluorescent Biological Labels

Marcel Bruchez Jr., Mario Moronne, Peter Gin, Shimon Weiss *
A. Paul Alivisatos®
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Is has been cited more than 846 times.
SCIENCE voL 281 25 SEPTEMBER 1998




[n vivo cancer targeting and imaging with
semiconductor quantum dots o

re — —~ = ) = r T TF ) . -
Xiaohu Gao,! Yuanyuan Cui,? Richard M Levenson,’ Leland W K Chung? & Shuming Nie!

QD capping ligand
TOPO

e Polymer coating

namre 2004

biotechnology@nature.com
VOLUME 22 NUMBER 8 AUGUST 2004



SClenf o Selective Growth of Metal Tips

s by .
FBEEN .  onto Semiconductor Quantum
Rods and Tetrapods

Taleb Mokari,’2 Eli Rothenberg,’2 Inna Popov,? Ronny Costi,’2
Uri Banin"#

_— Bm)

This has been cited more than 37 times.

SCiENCE VOL 304 18 JUNE 2004 1787




Biological Applications

Quantum dots

/ QBead™

Bio-labelin
g encoded beads

Future applications

. fDetr@::_tir::tn reagents Platform for ¢ Live cell imaging
Or Microscopy Multiplexed assays: in vivo i ‘
: in vivo imaging,...
e DNA chips g _ Y * hey
e flow cytometry ¢ proteornrlcs
* immunoassays, ... * genotyping

egene expression)



