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The Pleasure of Finding Things Out
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( “ There’s plenty of room at
the bottom ”, 1959 & )
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» 4th Century, Roman glassmaker: the color of glasses can be
changed by mixing in metal particles

» 1883, Films containing silver halides for photography were
Invented by George Eastman, founder of Kodak

« 1908, Gustay Mie first provided the explanation of the size
dependence of color

 Vision from Feynman in 1959: “There 1s plenty room at the
bottom”, and also recognized there are plenty of nature-given
nanostructures in biological systems

« 1950-1960, small metal particles were investigated by physicists

« 1957, Ralph Landauer realized the importance of guantum
mechanics plays in devices with small scales

» Before 1997 => mesoscopic (or low dimensional) physics :
quantum dots, wells, wires...are known already
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ajor- Topics of Nanoscience and Technology

Nano
Materials

Nano
Science and
Technology

Nanoproducts
(Devices and
Systems)

Nano Processing
and
Characterization
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op-down

BASIC CHIPMAKING PROCESS

Wafer ,

Photoresist 1 Steam oxidizes surface

«._J‘

(red layer)
: 2 Photoresist [dark blue layer)
coats oxidized wafer

Mask

3 Lithography
transfers desired
pattern from
mask to wafer

Lens

=
J»
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« Moore‘s aW gy

A 30% decrease in the size of
printed dimensions every two years.
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PVIOSFET (= 522 S FEniifi)

—m

Polysilicon
gate
electrode

Insulator

Curre nt : :25 e =::z:5*:i:‘zs‘t"‘is_“: TR ' CU rrent

Semuconductor |
(silicon) Electrons

Field-effect transistor

1960 Kahng and Atalla, First MOSFET
1970 First I1C, 1 kbit, 750 khz microprocessor
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Sealing Limits to CMOS Technology

Gate Oxide ~ 5 Si Atoms thick

e

182 monolayers channel

Shrinking the junction depth =) increasing the carrier concentration
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(a vanced lithographic techniques,
e-beam, x-ray..)
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First Lesson :
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(Bulk-to-nano Transition)
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7). size-dependence of melting temperature

b Ti=®)
m. g bulk __
13‘“’1‘ -—T=3
1000
500
3001 ] i L ] .
0 50 100 150 200  pial

Ph. Buffat and J-P. Borel, Phys. Rev. A13, 2287 (1976)
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5. size-dependence of color
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powered cadmium selenide

larger

smaller
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». size-dependence of magnetism

Rhodium Clusters |
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True Magnetic Moment Per Atom
(bohr magnetons)
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A. J. Cox et al. Phys. Rev. B49, 12295 (1994)









il Wﬁ,g (Superparamagnetism)
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Dependence of the coercive field B, (i.e., H.) on the granular particle size d of a
Nd-B—e permanent magnet. [Adapted from A. Manaf et al., J. Magn. Magn. Mater. 101,
360 (1991).]
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(1) ’Fl:fﬁ}—?'fﬁf, fo-(MBE)
- For Nano electronics in metals, oxides,
and semiconductors

(1) 2K NSV 8451 : STM, AFM, MFM
> 1982F IBM " &l Binning =2 Rohrergﬁﬁﬂ]ﬁﬁ

eSS (STM
> 1986# Binning ~ Quati = Gerber 3&PH'F(="7

EEIRESH (AFM) .




Integrated MBE Multi-chambpr'/System

1\ e L e
g - pts

Now located in the Nano
28 Technology Center, ITRI,
g Hsin Chu, Taiwan

For Metal, Oxide and
Semiconductor Films
On the Nano scale



w Single Crystalline (111) Sc,0, Film on (111) Si

...................
Reflectivity
1 ]
10°F 35.9 A thick Sc,0, film 3
= [
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Hong and Kwo et al



SHiE 2 BREE R (STM)

Ve
% Vibration isolation

Feedback Display
amplifier z-vﬂue

' i Computer

Preset value Scan
of current output
+0.1~+30nA

Tunneling
current

oL Current

) amplifier

Coarse & Bias
' +0.01~+2V

Figure 1.10 Scanning tunneling microscope. (From C. Julian Chen, /ntroduction to
Scanning Tunneling Microscopy, Oxford: Oxford University Press, 1993.)



EFF P (Quantum Corral)

Of 7.13 nm radius, 48 Fe atoms

Fe

Crommue, Luts, and Eigler, Science 262, 218-220, 1993
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h = Planck constant
(6.626x104 joule-sec)

— T~

DeBroglie: W Einstein:
A =h/p E=hv=p%/2m

<>

A
B E pd 75 A (300K)=6.2nm
(& %58 ¢ 10nm < 1 <100nm)
B+ A,(300K) <0.2nm
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» Interference

« Quantization

* Tunneling

e Quantum Spin

32



(D) F%

(Interference)
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(Quantization)
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B3 (quantum well): 1B FE 75

AlGaAs

MOSFET: . 2D electron Gas
GaAs
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B T3 (quantum wire): 2 TEHGS
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SEM images of MoO, nanowires on graphite surfaces
Science 290, 2120-2123, (2000)



Carbon Nanotube

+ Structure of carbon nonatubes

Carbon: 1s2, 2s! 2p3
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spl. sp2. sp?
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Graphite




Carbon Nanotube based Transistors / Electronic§5
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powdered Cadmium Selenide

larger

smaller
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(Tunneling)




Classical Picture

electron . —> ¢lectric field

in classical physics, the eleciron
is repelled by an eleciric ficld as
— . long as energy of electron is below
energy level of the ficld

Cuantum Picture

eleciron
Wave —>

in quantum physics, the wave
funciion of the eleciron encounters

the eleciric field, but has some
finite probability of tlunneling through
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Sample

Nature 409, 304(2001)



(IV) B %
(Quantum Spin)
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Word line

Fig. 7. A schematic representation of RAM that
is constructed of magnetic tunnel junctions
connected together in a point contact array.
The conducting wires provide current to the
junctions and permit voltage measurements to
be made. They also enable the manipulation of
the magnetization of the elements by carrying
currents both above and below the magnetic
junctions to create magnetic fields.
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- B RAHEFR (qubit)

Z
4

T A2 )  qubit=c|0)+ F|D)
Due to superposition
d _np & | 0) More information!




Summary
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* Interference

» Quantization

* Tunneling

« Quantum Spin
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