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Milestones in Nanoscience-—-z i 5 ch2 2/

4000 BC Democritus “Atom”

1905 Einstein “Theory of Brownian Motion”
Sugar Molecule ~1nm

1931 Electron Microscope Invented

1951 Muller Field ion microscope, see an atom
1959 Feyman lectured “There’s Plenty of room
at the bottom”

1968 Molecular Beam Epitaxy *

1981 Binig & Rohrer STM *

1985 Fullerene Discovered *

1986 Drexler “Engines of Creation”

1989 Eigler Wrote “IBM” using Xe *

1990 lijima discovered CNT *

1994 Adleman “DNA Computing” *

1997 IBM “Magnetoresistive head”

1998 Dekker created Transistor from CNT
1999 Tour/Reed “molecular switch” *

2000 Clinton announced NNI *

2001 First nerve cell-silicon microchip built
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Less than a nanometer

Individual atoms are up Nanometer Thousands of nanometers A million nanometers
to a few angstroms, or Ten shoulder-to-shoul- Biological cells, like these The pinhead sized patch
up to a few tenths of a der hydrogen atoms red blood cells, have diame- of this thumb (circled in
nanometer, in diameter. (blue balls) span 1 ters in the range of thou- black) is a million
nanometer. DNA mole- sands of nanometers, nanometers across. Billions of
cules are about 2.5 Miatars
nanometers wide. A two meter tall male

is two billion
nanometers tall.
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Nano-technology ? Nano-sciences ?

Quantum dots Nanotube Ultrathin films
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At the heartof an sutomoblle catalytic converter is a gus-solld
interface between the gutomobile exhaust fumes and small
transition metal particles supported on an oxide,

Reconstruction of surface atoms

T

c‘b - € d > S ] & O%J(J.,CIU e
i Q- ,.c ke k1l i _______
:‘c ;3 Il °€ ° ﬁ-, :c ° ﬂc 1 lotd T iy
e () e L ) 2 [ -4 C
(@) Asvmmetvie Dimer (h) Symmetric Dimer . “”_r
Cul)
L [ cleavage plane
Sl(loo) . CuO
% oSr
.h“.:"i B
@ e < e
‘__, g i ’,, C] PQOP%0 -
O sr
/ f’-"/ ﬁi: . - Cu)
f!’g, } 64A 3I1TA v %
a"fr"/;/;f.f ' | e
9 a ) o

B1,Sr,CaCu ,O4

5TTE!



5. £ F s endi L

Density of States of Various Quantum Structures
Bulk Superlattice  Quantum Well ~ Quantum Wire Quantum Dot
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Fe grown on Cu bilayer/P(111)
forms periodic array with a density

of 10 Terabit/in2.
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Stages of Epitaxial Isolation

Grow Sillcon Dioxide Layer

Stages of Epitaxial Isolation

Strip Oxide Layer

Baran to Make
pe Isclation Grid
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Stages of Epitaxial Isol

Etch Pattern of Holes
Stages of Epitaxial Isolation

Grow N-Type Epitaxial Layer

Stages of Epitaxial Isolation

|

Complete Transistors in
Isolated N-1ype Pockots

of Epitaxial Isolation

Biffuse N-Type impurity [As)

Stages of Epitaxial Isolation

Grow SO, and Etch Isolation Grid
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Nanochenistry syvnthesis

colloidal liquid colloidal crystal

Fig. 2 Colloidal iquids and crystals.
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dilute polymer ~ semidilute polymer nematic phase smectic phase
solution solution

Fig 3. Polyvmer solutions.

Fig. |. Liguid crystal phases.



43 FPHELFRY
» Gd Doped Iron Oxide Nanoparticle

3+ Bt 2
(G BT S 224 ) Magnetic Nanoparticle
a0
104 AT T2 weighted imaging
. 60 -| B :g" L] il ' '. water
£ 5] E 9
§ ri
G a0 § o
a4 L3
5 i,
i § o
]Dj L ‘mll.'llﬂl]lll : IEIZ:![; i [II I T!TP:J:[“EI-%UTG[(I
o FETTTErr i e trret - i s \ ; }
0102030 4050 60 70 80 90100 Appiis e (uisel

precursorGd®/)6d* +Fa*Fe)imals)
BEHUL G A MR Eh - RAP P FOEET LR R
PR B~ @RS B POt LTS gy o 2K ik

\

et i T od Al 0 SR o

. 3
N \é‘{!; 123

AFPHE? RBPFTEE N A TLIHAPE L F L pPRF
BIRF G BRF LT EELATHE K S T 2 AH
Wit WES B X SATHE B2 &R % T A S AT

AR SLSPE VI eEiaek 1oF s o S

AT o pRHR-k
j %%ﬁ]—}‘s

T

BV RLehi kAo %%ﬁ@xufﬂ%*%@ii
AP o G AFER D BN PIHE A SR TR

#

2ok BT AR A S B ot i > LA R 2 N L g
ﬁ@aﬁég—JrﬂiﬁAJ g & B o

5712 Fl



