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Sir Isaac Newton
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Albert Einstein
(1879 ~ 1955)

i o P PR (B E ISP o POST P RS RO | g 2 A R
1900F -SRI 1 iz > %{j—i me_éf FIELT &

fﬁ\ﬂ =Fint %d’ oy N PR

KPR CApopr = iE ) — FHEJ@%}_’}@\

TR RS YIRS

Jﬁ“@%ﬁ"%ﬁ% PAY R e AASEH{ERCE
BBAAFREAE: £ R B kL N AR - W
RS — - IR EEIET

zégyﬁ[% FFU - _‘{‘J'E JE :J‘[.LJ_L@EJCI?iFﬁ
e jﬁﬁﬁ e %ﬂ‘ﬁpﬁ'”%’%

TR RIE S FIRE - TRISHREIRE A 0 F) P BEERRY  SIREERRY -

http://www.bud.org.tw/sci_star.htm




Bl 4

1900 & T SR b R

1905 & BN SRSV EI I A - ) YRR
1906 BN S AE S B3

1910 = b AR R 1918

1911 & s ey

1913 & PR R 1922

1914 &= s FUE R A BT 1923 — ]
1925 = YaAFPER IS |

1924 & i - T RERpIPTT 1929\

1926 B AP 1033\

1927 & VA E O T M RCR 1032, \

=




WHZE@EJ plI

1895 :

1896~1898: Elﬁwﬁalv51£

1899

1905F : 3

1911
1919

1935

1938=F : [

1939+
1942 =
1954 =
1957

[adfask

EEEAEFJ%

A 58P Ll

—+I L

:F)_‘E‘Eﬁ?n

S

P BT HeAYEe é’ﬁﬁ’“

s

AT B T @ﬁ%wﬂ///////

TEE R (A% 7E
-1W%WA1aA@ﬁ@fﬁﬁiﬁam’
B REIE RS 5 iﬁ

: ﬁ CtE ]
: ﬁi
1932= :
Rientlie.1e G oA Gl

R U P ) )

L Y B R IE“_%JJ%J*?/@%F@ ﬁ,é
PR 5y ﬁ'

:A]E—)‘T‘—

by

g

=90 0 R
)[?j}?,@répjgﬁi

“E=mc?

\\

Fraee

Fy %5/»
%ﬁwﬁﬁ -
Eﬁ'?d’ﬂ”r?ﬁiﬁ#ﬂ



http://upload.wikimedia.org/wikipedia/commons/b/b6/Jj-thomson2.jpg
http://upload.wikimedia.org/wikipedia/commons/5/57/Ernest_Rutherford2.jpg
http://en.wikipedia.org/wiki/File:Enrico_Fermi_1943-49.jpg

) 3 | e TR TR Y T ¥
19 44235 : " Q
A £0.001g —>E = MC%—> #2151 2wk j€0° Che # 1 4 %

ﬁ@?ﬁ'%ﬁcozﬁgﬁﬁ ST /@”F':LT*) 2007?!&"&%—&3&%—4: (/) FRCOH%

USD$22.2/ton

VRIS BRI RS [

paas 966~1306 —
% 25 4.7680 +0.47
~800
5 i 3.7157 +0.60
439~688
B 4 2.5748
60~410
k4 1.2826
4~236
e 1.1750 +0.82
47~97 :
¥ 0.6271
7~74 GLERSIRRSE. oyt
~ 46 }
v SHPRETER $19.3%



4‘:$“l(\‘17‘§ l_—"_’“_‘ -2 -
w1l oA~ F (3?3 ERENH FTRE)

# £0.004659 —E = MC%— #-10002 #f-kj£0° Ce 1 3 #* 3%

P
s 3 FIpd IREAE R M TR
19 46235 : Q@

;‘)5\‘1‘:{:‘0.0019 —E = mMC%— #21512 ¢k j£0°C4e 2 3 %
WAL LG B A BT A R B A Skt



T+ 1 Eqgde

1933  FBESFHYEMKS
— Electron microscope (TEM)
— Ernst Ruska (1986 Nobel Laureate) é

The first point contact
transistor made use of

the semiconductor
M ( germanium. Paper
1947 5 FF[! »Fgl clips and razor blades

R [’ F IFI[S ﬂ y were used to make the

— the first ""point contact™ transistor <& device.
— John Bardeen, Walter Brattain and William Shockley (1956 Nobel Laureate)

1959 ~ MEF
— First Germanium Hybrid Integrated Circuit and eSSy :
exas Instruments’ Tirs substrate: Si

First Silicon Planar Integrated Circuit Demonstrated. — imueorso.
— Jack Kilby (2000 Nobel Laureate), Robert Noyce

1965 IFip e g
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— First series production scanning electron microscope L
— Charles Oatley, Dennis McMullan :ar



SOURCES OF RADIATION
FOR MICROLITHOGRAPHY

Lithography
Wavelength

193}2:}& (Krypton Fluor

Feature
Size

0.01 10
1980 1990 2000 2010 2020

Minimum feature size is scaling faster than lithography wavelength
Advanced photo mask techniques help to bridge the gap

65:—% 7} A& Eﬂ "0’&‘5 :gf] L: %}16%‘5_’3 Mark Bohr, Intel, 2003
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Intel Transistor Scaling and Research Roadmap

Transistor Scaling and Research Roadmap

90nm Node » High Performance Logic 2015-2019
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= 2006 Research
: 45nm Nogs”
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Moore’s Law In Action
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CPU Transistor Counts 1971-2008 & Moore’s Law
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Superconducting-Magnetic Electronics

suspending nanoparticle devices

electrodes with a 5nm gap

ferromagnetic-superconductor device
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Nanowire electronic devices

Suspended fF !
single wall carbon nanotube

PRI [ 7 S50

Bi,Te, wire, [t

INN wire & % 38 ¥ < i 2 s

Ni,Si, wire, FEFHR] i) 7552 Carbon Hel|x RoAPTHUE B

)

Multiwall carbon nanotube

AccV Spot Magn  Dat WD |—| 1 pm
100KV 80 27100x SE 4.7
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Photonic Crystals

Si-based 2D photonic crystal PMMA quasi-2D photonic crystal

e .

AccV Spot Magn WD 4 2 pm
300kv 1.0 36000x 199 lum

Nano Fabrication technology

icle pattern CdSe 2D-pillars

i

AccY SpofMagn WD F——*1 EMinm
20K 30, 100000x 4.8
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[ /FeeRl% F (nano-meter) = ?

1%&F (F57) =1x1072
m

} 2K = 1x10°3m

1 %K = 1x10%m
1%f =1x10°m
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Energy (eV)

= level spacing = 1/D(Eg)V

E.=e%2C; C=ngeD
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S. Tijima 1991

(mn)=(90)
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www.aip.org/png/html/nanodisp.html

Choi et al., in Applied Physics Letters, 15 November 1999

Samsung Advanced Institute of Technology, Korea
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Electron collective motion in metal clusters

Dr. Juen-Kai Wang

Metal
_sphc:rf: T
| b

Resonant excitation

Coherent oscillatory motion



Au nanospheres

i e v e T i e e Dr. Juen-Kai Wan g
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agglomerated

1.4 nm 6 nm

C. J Kiely, J. Fink, M. Brust, D. Bethell and D). J. Schiffrin, Mature 444 396 (1998)



Ag nanorods

R R R T R R R R R R PR R R R PR R R Dr. Juen-Kai Wang

0.2 1

] T T T 1

200 400 600 800 1000
wavelength (nm)

increasing aspect ratio (1-10)

C. J. Mumphy and N. R. Jana, Adv. Mater. 14, 80 (2002)



Surface plasmon subwavelength optics

free standing 300 nm thick silver film
Period = 300, 450 550 nm,

hole diameter = 155, 180 225 nm

Nature 424, 824 (03)

I/, (Arbitrary units)

370 470 570 670 770

Wavelength (um]
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Advanced Materials (06)
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