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2015 International Year of Light (IYL 2015)

2011 International Year of Chemistry (IYC 2011)
2009 International Year of Astronomy (I'YA 2009)
2005 The World Year of Physics
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Lotk | &
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INTERNATIONAL

YEAR OF LIGHT _
2015 International Year of

™

ASTRONOMY

CHEMISTRY 209

A . .
@1 QOverview and Aims

Via?

The International Year of Light is a cross-disciplinary educational and
outreach project with more than 100 partners from over 85 countries.

Why Light?

The science and applications of light creates revolutionary - but often
unseen - technologies that directly improve quality of life worldwide.

Light-based technology is a major economic driver with potential to
revolutionize the 21st century [as electronics did in the 20th century].

Health Communications Economy Environment Social




3 3 100+ partners from 85 countries
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¥ 8 Opportunity for the future

Ya?
» The Proclamation of an International Year of Light is a tremendous

opportunity to coordinate international activities and promote new
initiatives to support the revolutionary potential of light technologies

How?
» Clear themes, cross-cutting activities, communication with the public

Science Technology Nature Culture




Light has an inclusive identity for all
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56 : 1 2015 Celebrates Major Annlversarles

1015 Ibn Al Haythem ({7 4 « % & ¥4%) Book of Optics
1815 Fresnel and the wave nature of light

1865 Maxwell and electromagnetic waves

1915 General relativity — light in space and time

1965 Cosmic microwave background, Charles Kao
and optical fiber technology
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3§ 2 Activities are very broad - science
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Origin of Life

Healthcare
Communications & GPS
Optical Instruments

The Universe

Cultural Heritage

Education for All

e
a0 0 B e
wojele

. L - W ‘

Nature

Light and Art
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50 Cultural Heritage

Smart lighting can both highlight culture and reduce light pollution
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{':1 Highlighting Impact on Development

Light technology is at the heart of the
Internet and communications

EUROPE
27.8 Tbps

Educate. Engage. Inspire.

JOINme ¢

GLOBAL CLASSROOM

TODAY!

(YouTube.com/Schools)

lel
°/*’< hereyy

]

Raising awareness of disparities in information
access is essential for future development of

397 Gbps

/

Photovoltaic

- Crystalline Silicon Materials

- Silicon & Thin Film Solar Cells
- PV Cell Modules

- PV Power System

LED & Lighting Application
- LED Epi & Packaging
- LED Lamp

- LCD Material & Component
- TFT-LCD Panel & LCM
-TN/STN-LCD

- PDP, OLED, E-paper, 3D

Optical Storage
- Optical Disc Drive & Player

- Laser Printer, Copier REEARHERERISpEIRRIS

- DSC, Camcorder

Optical Fiber |
Communication

- OFC Components
- OFC Equipments

Precision Optical’
Components & Lens

- Optical Glass / Plastic Material
- Lens Module

LASER Light Sources &

Industry, Biophotonics

- LD, CO,/ HeNe Lasers

- Material Processing Machine,
Medical Device, etc.




e,

B “: Taiwan industry grew with worldwide market

R7AY 4 . . .
. Taiwan Photonics Production Value Trend 1996~2012
90 60%
Unit: $ Billion USD*
80 /\ = 50%
70 - - .
[N
60 > 1
/> N/ \ | >
50 — =I5
/N | 2o
40 4 — — = =E
\j - 10%
30 = X -
_ 0
20 R ] 0%
S mm W |
1996]1997/1998]199912000/2001]2002]2003/2004]2005/2006/2007/2008/2009/2010[2011/2012
EIProduction Value| 3.4 | 4.5 |58 | 6.4 1 9.7 [11.8]14.3]19.6/28.3/41.4/148.2/60.9/59.2/51.3]72.2|81.1]75.8
——Growth Rate | 16%|34%)30%| 10% |52%]| 21%]|22%|37%| 44% | 46% | 17%]| 26%| -3% |-13% 41%| 12%]| -7%
June, 2013
RS The Trend of Taiwan Photonics Production
EO-1 Unit: $ Million USD Value
/na ¥ 100,000 15%
90,000 \ p—
80,000 - 10%
70,000
60,000 - 5%
50,000
40,000 - 0%
30,000
20,000 5%
10,000
- -10%
2011 2012 2013(F) 2014(F) 2015(F)
I Precision Lens 2,597 2,716 3,023 3,396 3,841 8%
I Laser Application 367 424 488 565 655 2%
I OFC 811 908 1,014 1,107 1,205 8%
I Optical Storage 4,836 3,691 3,339 3,098 2,896 10%
I Sensor & I/0O Devices 5,710 5,942 6,111 6,248 6,413 2%
B FPD 55,934 53,756 55,999 58,426 61,568 2%
I Photovoltaic 5,949 3,542 3,597 3,766 3,955 89%
I L ED & SSL 4,845 4,801 5,385 6,229 7,323 9;
Total Value 81,050 75,781 78,955 82,833 87,855 2%(:
——=Growth Rate 13% -7% 4% 5% 6% JAGR

June, 2013
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2015 International Year of Light

(1) BB} £ (International Year of Light, IYL)

‘ L - http://www.light2015.0org/Home.html

(2) @& IYL (International Year of Light)
#8Y4 : http://iyl2015.tps.com.tw/

(3) IYL TEEEVERERL MU
' . https://www.youtube.com/watch?v=6A9Rz03
‘ VATO
(4) IYL 2015 BIBR K FE BB OB A I EEHE
3t
2015 https://www.youtube.com/watch?v=TUWEXKm
INTERNATIONAL YEAR OF LIGHT Vsnd

In Taiwan
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on Photobiology , AOCP 2013)
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# & F4& OPTIC 2015
HFEABALTER
(Optics & Photonics Taiwan, X 3
2015/12/04~12/06
International Conference) 44
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L0 Summary

Why light and optics?

Light is central to science, technology, art and culture.
Light can promote education at all levels.

Light technology drives development.

Why an International Year of Light?

The importance of light technology needs to be appreciated.
International coordination will create durable programmes.

We aim to inspire a new generation to study science through light.

The 21st century is the Century of Light.
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Vs’ Learning Optics, my story

wsrre (ML
Cincinnati OLLRC




*3 7'6'?—’ 5 &?my story

TN RA B, 248 K,k % (1979-1983,1983-1985)

v.w? Optics, Hologram, Optical Waveguide

<7 3 B b3k, BT STM, s %3k 3 % (1985-1990)

“,a? Raman Spectroscopy, Photon Scanning Tunneling Microscopy, Evanescent Wave

TN SRR, AR KR, 2k AT, §HT LS (1990-2000)

%/.w? Near-field Optics, Nano Optics, Nanophotonics, Plasmonics

TN BEWE BB BR AT BRSPS AR (2000-
Ye? 2015)

Metamaterial, Transformation Optics, Meta Surface, Meta Hologram
eta Device and System

UNIVERSITY OF -l((_r MLI
Cincinnati OLLRC
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1815# > Fresnel #& 1 3k erjd & 28 o
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1905# > Einstein # ) &
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1965 % » % 4648 o) 4 3T o




1665 Newton sk ed ¥t

1

-"." OPTICKS: ) , 2 — >
1‘" OR, A “‘ }!% Jc‘ é\‘ﬁﬁﬁﬁ‘i

TREATISE , , 4, o2
d 47 o A Ak en

OF THE

Reflections, Refradions, .- L= >
'){:;_ﬂ:'dim.r and Colours E 5 710 —FL ‘é_(;;_‘. )!L ﬁ, E ‘J
- T K

'LIGI—IT.!

Tie Fovntn EpiTioy, crmied

By Sit ISAAC NEWTON, Knt.

Sunlight

-
-hh
-

1800 Herschel % 34 ¢t 2

T
T% 4 B8 A o o
IR b o .




1801 Ritter % 3% ¢k &

e
e it

RN SRt L ]
TR K o







3R TR E ()

e Galileo
* Rgmer
e Bradley
* Fizeau
 Foucault
e Michelson

e SI 37 E_iE

Galileo
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1676 Rgmer
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10'S ECLIPSE AND THE SPEED OF LIGHT N
As Earth moves away from Jupiter, light from lo takes longer A > \
to reach us, and so lo's orbit appears to slow down. JUPITER L~ \
\ B Q _
@
S
- el - - — — i - \
- ~ - - i
¥ £ * N = R :
/ S == !
EARTH ON FAR @H S . 5
SIDE OF THE SUN ) I
1 | I
| L ]
\\ ““ |I
\ SUN 7 T~ ;
\ » EARTH o A i
b ~ ’ 4 T~ =, > Ry N
A e = JUPFI’ERK = )
i — s V' & e
— - \ -, l
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N 9 10

Huygens = & ¥ ki % 110,000,000 toises/s, 1 toise =#1.949 m -

1729 Bradley
JEE Sk ek (7 4 P Tk i#

to fixed star or galaxy

301,000 km/s

apparenl direction

to fixed star or galaxy

[V
&
k4
By

.?-o-.....
-

The apparent change in position of a fixed star or galaxy during
an earth year is called aberration of starlight and its solution will
be by means of derivation of relativistic aberration of starlight
which Einstein accomplished in special relativity, 1905




1849 Fizeau ¥ o F B 2 3k :#

o 7 4 ¥ ki 313,300 km/s

1850 Foucault ] Tk ¢ ki

e Foucault * *gig 4= ;2 { B rgk Pl 7 kg
298,000 km/s (1862) -
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Michelson /p| & £ & — &
1877-1931

1879 Bl ¥ 299,910 + 50 km/s -
1883 ip| ¥ 299,853 + 60 km/s -
1926 ip| ¥ 299,796 + 4 km/s -

1930 F 4£7 Pease &2
Pearson & % ; 1931 # @& >
A = 0 1935# £ chficdy
5 299,774 + 11 km/s -

1905 # > Einstein #% D1 Ap ¥t > H ¢ X B

Z e E o

1975% > B 7 ki Sip| 25 299,792,458 m/s -
WE a4x10772 p oo

1983# > F"%EAHEF] (SI) 372 ki@ 5 /2
B 299,792,458 m/s -




e FEi4n+ o B N

* ¥ o JhMLF W B jiThY
o 7t e ¢ k= jnd

© AT E * iR

o 43l = if o k¥ iR

JRER - JE .—'}J;Kig B3R




d

lens

i = 1T

focal plane




Calcite Crystal
Birefringence

EXE s 3

@H‘OS C%|

glass plate

(a) (b)
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The two refracted rays passing through
the Iceland Spar crystal are polarized
with perpendicular crientations.

1814 von Fraunhofer

e e R
A AR R R KT
38 43244588 4% 0 14
#& Bunsen 2 Kirchhoff#%
¥E 2 RN KL o
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1821 Fraunhofer %: a1 &

FA2604% 4442 2wk 3% - 04 e o
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full spectrum

1848 Fizeau =k eR 3 &4 3R

m our Sun

Absorption Lines from a supercluster of galaxies, BAS11

v=0.07¢, d=1 billion light years
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Tyndall > &

True solution Colloidal sol
(No scattering (Scattering of
of light) light})

1887 Michelson/Morley
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A Nichelrox
1852 - 1937




Die Messungen von Lummer
und Pringsheim -

1899 Lummer/Pringsheim 2.

5t 3%

x x x beobachtet .
o oo berechnet .

« « beobadhtet
o 5 8 berechnet

2015
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. The Sun
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©1998 Enoyclopaedia Britannica, Inc.




1919 Eddington
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1909 Taylor k33 sk e+ 3

Interference fringes with feeble light> By G. I. TAYLOR, B.A.,
Tnm;M. i E_iy Professor Sir J. J. Thomson,

FR.S.)
[Read 26 January 1909.]

Photographs were

taken of the shadow of a needle, the source of light being a
narrow slit placed in front of a gas flame. The intensity of the

light was reduced by means of smoked glass screens.

The time of exposure for the
first photograph was obtained by trial, a certain standard of
blackness being attained by the plate when fully developed.

‘was 2000 hours or about 3 months. In no case was there an
diminution in the sharpness of the pattern although the plates 315
not all reach the sbanaaa black f th

ackness of the first photograph.

Proc. Camb. Phil. Soc. 15, 114 (1909)




1928 Raman % & 5 § BEATHAR 5 € 4o i

Vibrational Raman
AV = -]

JUl

‘AMMMM.I ;

Rayleigh
AVv=0 Al=0
Vibrational Raman
Rotational Raman | Rotational Raman AV = +]
Al A =42
.|’ | hl!%!h - 1’
/\/ = h,“hMM’Al _[- -l I’uﬂhnl i /\/ AN lli Wi
| —
2;=532 nm 537 nm 607 nm

1936 Beth Flifir k4 & £

Beth Experiment in 1936 (Phys. Rev.)

A2 birefringent plate

Left circularly polarized light

@LE N
—C D
Q P—

Right circularly polarized light
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1954 Townes, 1960 Maiman =& 7 /s bt

Coherent

light| beam
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T 111 Reference

1948 Gabor =z ifjtT

Beamsplitter

Hlumination )
bedm Object
—n_-.

Object
beam

N1 beam

Photographic
plate

Reéconstruction
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= Virtual

\I image

Photographic
plate

Recanstructed
wavefronts

Viewer
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Bloembergen

requency Doubling Inside a Nonlinear Crystal
Warning: Science Happening Inside
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Invisible Light _ Blue Light

wavelength: 980 nm wavelength 490 nm

1982 Aspect
B T e A 4 4B

/- Detectors
-
+1 oy Source
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=t / =
A Two—channel polarizers \)

Coincidence monitorx\
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o H-KE (rayoptics)
Euclid, Ptolemy, Kepler, Snell, Descartes, Fermat,
Newton.
o ;& £ & (wave optics)
Hooke, Huygens, Young, Fresnel, Arago,
von Fraunhofer, Maxwell, Rayleigh, Einstein, Born.
e ¥ F k& (quantum optics)
Einstein, Bohr, Dirac, Bose, Feynman, Glauber,
Mandel.

o L& F F“—’——"Zh’ﬁiﬁ » 7% "8 PF X Euclid ~
Ptolemyj"% L 2 1@?{/1?& o
e |7 17Jﬁ_ o MEFHERNTEFNES o R
%ﬁrﬁg Ed %%ﬁgfﬁ%ﬁﬂ;g B R s e
’ﬁlﬁ?#é,me R 4:;1m}; E/]L EE Rea
% od N HE kB RE £k
47 54 “ %‘rmp TR F'B
o Kepler®y i3 &+ 7 Ptolemyfﬁé N B A BT A &
ST R T FHEE S Tt A
iaﬁ42}§:
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Thomas Young
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Malus

1809 # - ;2 K4~ 72 & fEtienne-Louis
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Augustin-Jean Fresnel
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Jean Fresnel ( 1788—1827)
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Emil Wolf
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Dr. Arthur Chiou
Professor, Institute of Biophotonics
Director, Biophotonics & Molecular Imaging Research Center (BMIRC)
National Yang-Ming University
Taipei, Taiwan
aechiou@ym.edu.tw

The International Year of Light
and Light-based Technologies
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GENESIS 1:3

“And God said, Let there be light: and there was light.”

KING JAMES VERSION (K]V)

A View Chapter

(GENESIS 1:3 CONTEXT

'In the beginning God created the heaven and the earth. “And the earth was without form, and void; and

darkness [was] upon the face of the deep. And the Spirit of God moved upon the face of the waters. “And

God said, Let there be light: and there was light. “And God saw the light, that [it was] good: and God
divided the light from the darkness. And God called the light Day, and the darkness he called Night. And the

evening and the morning were the first day.

A View Chapter

Spectroscopy
and Laser-Related
Nobel Prizes




The Nobel Prize in S G R SR
Chemistry 2014

004

03

Intensity (a.u.)
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Photo: Matt Staley/HHM © Bernd 5¢

Eric Betzig Plancicinstne
Stefan W. Hell

Prize share: 1/3

Prize share: 1/3

Prize share: 1/3

The Nobel Prize in Chemistry 2014 was awarded jointly to Eric
Betzig, Stefan W. Hell and William E. Moerner “for the development
of super-resolved fluorescence microscopy".

Confocal

proteins Confocal
E S

The Nobel Prize in Physics
2014

AR A K

Ill. N. Elmehed. ©® Nobe lll. N. Elmehed. © Nobe
Media 2014 Media 2014
University : : .
3 ; Hiroshi Amano Shuji Nakamura
Isamu Akasaki ; J
Prize share: 1/3 Prize share: 1/3

Prize share: 1/3

The Nobel Prize in Physics 2014 was awarded jointly to Isamu
Akasaki, Hiroshi Amano and Shuji Nakamura “for the invention of
efficient blue light-emitting diodes which has enabled bright and
energy-saving white light sources”.

(GW/em')



Arthur L. Schawlow
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Thelngretible Power of Light

Charles Townes

Theodore H.
Maiman.

e 74t e 404 s o e ey

Building a Better World with Light
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12th Century - Salvino D'Amate from Italy
made the first eye glass, providing the wearer
with an element of magnification to one eye.

1590 - Two Dutch spectacle makers,
Zacharias Jansen and his father Hans started
experimenting by mounting two lensesin a
tube, the first compound microscope.

1609 - Galileo Galilei develops a compound
microscope with a convex and a concave lens.

Anton van LeeuwenhoeK
(1632 - 1723)

Leeuwenhoek Microscopy
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TOWARDS A

NATURAL HISTORY

OF THE

CORALLINES,

AND OTHER

Marinkg Probuctrons of the like Kind,
Commenly found

On the Coafts of Gruar Bairarswand Inesanp.

To which s alded

The Discurrrion of a ege MARINE POLYPE taken
nesr the Nerth Paie, by the Whale-fithers, in the Somaer 1743,

By JOHN ELLIS, F.R.S.

" LONDOWN:
Printed for the Aurnor;
And Sold by A Micras, in the Strand; J. n.un IneToN,
in %, Past't Church-Tard, and R and ], Dopsey y, in PallMai,

M.DCC.LV.

John Ellis' "Aquatic Microscope", as manufactured for him by John Cuff and described in
Ellis' 1755 book, "An Essay Towards a Natural History of the Corallines".

The most notable feature of this pattern is the eyepiece that can be moved side-to-side and
in-and-out, to view the entire field without touching the stage. This was important for Ellis'
work on aquatic animals such as Hydra, which cease motion in reaction to stage movement.
A photograph of a similar instrument is also shown. This is slightly different from Ellis'
microscope, in having a round stem instead of square. http://www.microscope-
antiques.com/ellis.html

Y7

Number 1 compound microscope by Powell and Lealand. Signed and dated on
the stage with the makers' name and address, 170 Euston Road, London, 1878.
Accompanied by a case of lenses and other accessories. The objectives range in
value between 1in. 302 and 1/50 15092. Sixteen of the lenses are signed by P & L
and inscribed with a power matching their lids.

Sold at auction yesterday for £15600 (US$ 25,000).
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Drawing of mitosis by
Walther Flemming.

www.shutterstock.com - 102438631
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United States Patent 1 1] Patent Number: 5,238,796
Maruyama et al. (45) Date of Patent:  Aug. 24, 1993
4] SILVER HALIDE PHOTOG
= EMUTSION AND PHOTOURAPIIC OTHER PUBLICATIONS
LIGHT-SENSITIVE MATERIAL Mitchell, J. Soc. Phot. Sci. Tech. Japan, vol, 48, No. 3,
1985, pp. 191-204,
[75) Investors: Yoichl Maruyam; Shigebaru Urabe, Farnel, . Phot. Sci, v, 13, 1963, pp. 25-31
both of Misami-ashigara, Japan Shiozawa, J. Soc. Phot. Sci. qup; 16 (1571), pp.
Assignee: Phots Film Kanaga: -t
i }:':’., Oo, Tty - Shiosaus. J. Soc. ot Sk Japan, 35213 (1972, .
¥
[21] Appl. No: TB8S3S Hamilton, Photo. Sci. and Exg., 11 (1967), pp. 57-68.
\ ‘ Berry, J. Appl. Phys., 27 (1936), pp. 636-639.
[2) Filed:  Nov.# 1991 Berry, 1. Am Phys, 15 (1964), pp. 1165-2168,
30 Foreign Application Priority Data Primary Examiner—Janet C. Baxter
Mov. 14,1990 [JP]  Jepam o — 1308072 Attormey. Agent, or Firm—Birch, Stewart, Kolasch &
(51 Tot Q3 o GOIC 1005, GOC 14
. Gucia [ ABSTRACT
5] Us.Q. ... — A30/805 I0/H4% A gibver halide photographic emulsion containing tabu-

A3056T; 430/569
[58] Field of Search lar silver balide grains which have an aspect ratio of 2

430/547, 363, 305, 43 o more and in which dislocations are Jocalized in
«center portion of each grain. The tabualar n]mhl.lne
15€] Refersnces Clied grains have o thickness of less thas 0.5 pum asd » diame-
U5 PATENT DOCUMENTS ter of I3 e o moee and account for at beast 50% of a

tatal projected arca of the silver halide grains. This

4414306 1171983
emalsion has & high sensitivity lnd pned reciprocity
Ina

4418310 1171583

44104 11984 mate-
44N 271984 rial having at Jeast two lightsensitive silver halide
b x:m emalsion layers having different color sensitivities on &
4450081 T/1984 support, the sbove tabalar silver halide photographic
A RCRAG] emulsion and &t least one type of a coupler which is
081614 1071551 ccupbed with an oxidant of a color developing agent to
3,068,173 1171991 develop a color are added 1o at beast one af the emulsion
301,038 1199 layeas, thereby obtaining a photographic light-sensitive
350,806 3/1991 material having 3 high sensitivity and good reciprocity
harac:
FOREIGN PATENT DOCUME? Chincieritis.
MENS 83/19%0 Europess Pt OFF. . . 4204367 20 Claims, 1 Drawing Sbeet

Silver Halide Photographic
Emulsion And Photographic
Light-sensitive
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% The Nobel Prize in Chemistry 1999 -

Y Ahmed Zewail BN

Ahmed Zewai 2014 é’ 5) )
Nobel [ o A

Share this: o
Laureates 7<
Nobel Lecture o b N |

Femtochemistry: Atomic-Scale Dynamics of
the Chemical Bond Using Ultrafast Lasers

Ahmed Zewail held his Nobel Lecture December 8, 1998, at
Aula Magna, Stockholm University. He was presented by

Professor Bengt Nordén, Member of the Nobel Committee
for Chemistry.

Explore the
Nobel Prize
Talks Podcast

NOBEL PRIZE QUIZ

>

Test your knowledge about the Nobel Prize



COMPARISON OF CMO AND CREENOUGH STEREOMICROSCOPE DESICNS

o Suge/Base
CMO Kommon Main Objective)

So, what’s new!?

4HH: ZefEifEMTE (Spatial Resolution)

22 AT E (Temporal Resolution)

e ELZERE (Penetration Depth; in vivo)
%R 2635/ 2 5 Hyper-Spectral Imaging)
2 4. Multi-Dimensional

26 THEE: Multi-Functional

SC#%: Recording

35 : Display

=1b: Quantifications

H #/{L: Automation

YEIR > JCERARIERTTI: > ARGk > Beim 0 BUERES
CAATE AL G



8-Dimensional
Hyper-Microscopy?

Spatial: 3-D

Temporal: 1-D

Excitation & Detection Wavelengths: 2- D
Excitation & Detection Polarizations: 2- D

Multi-Functional

Fabrication

Manipulation

Viscoelasticity Mapping
Biochemical/Molecular Functional Mapping

Optics
in Jena
Ernst Abbe

A2

Inainad

Carl Zeiss



Optics & Photonics in Jena, Germany

Mobile Phone Camera
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The winning design of the 1994 Intemational Optical Design Conference lens design contest
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171 nm
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|
|
Rayleigh limit Abbe limit Sparrow limit
061-A 0.50- A 0 47+A
de —==— d= =Sl 0=~
NA NA NA A =510 nm

NA=14

Gould, Verkhusha, Hess, Nature
Protocols(2009, p291)
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Principle of STED Microscopy/Nanoscopy

1. Detector

2. Excitation laser
3. Depletion laser
4. Phase filter

ag

5. STED objective

6. Focused excitation spot

7. Overlay

8. Resulting fluorescence spot




Figure 6: Nuclear structures visualized by dual color STED experiments.

The image on the left was prepared using a confocal microscope, while that on
the right was produced using a STED microscope. The nuclear structures have
been visualized with Chromeo 494 (green) and ATTO 647N (red). Images courtesy
of Dr. L. Schermelleh, LMU Biozentrum Munich, Germany.

The principle of STED-microscopy

Regular optical STED-microscopy
microscope

g

Exciting laser —=

haam %
o o r.c
Exciting lsser [ .
R = Ouenching laser
%ﬁm ‘

Rlustratica: © Johan Jarnestad/The Royal Swedich Academy of Sciencas
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Structured lllumination microscopy
The idea: Moiré fringes

Moiré fringes can be resolvable
even if unknown pattern is not

= Investigating non-linear imaging techniques both in

4 : scanning mode and periodic illumination geometries:
on real biosamples (e.g. chromosome protein
structure...)

. STED (stimulated emission depletion)
SHG (second harmonic emission)
. CARS (Coherent anti-stoke Raman Scattering)

M. Gustaftson, J. Sedat UCSF



Chemiluminescence in living animals =
bioluminescence

marine

terrestrial

Dlscovery of Gre%n‘F Iuarescent
Protem GFP |

“‘.' ‘. ’ 'Ti'.\-‘. £
" Osamu Shimomura

509 nm
395 nm




Light can be produced in several ways
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chemiluminescence bioluminescence

Fluorescence Proteins (FPs)
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Principle of Excitation and Emission

<

= Ultraviolet (IUV)

» and Visible
Light Emitted
Blue-—/
uv

Fluorescent

Specimen Figure 3




Hyper-Spectral Imaging
or
Spectro-Microscopy

3D Spectral Unmixing of 6
Components in Lving Skin

Observation of cell by TIRFM

e The schematic of our
experimental platform

* The fluorescence molecules
would be excited when
transported toward the
evanescent field

* The background is removed
greatly

Total Internal Reflection Fluorescence

N

Excitation} gluadss
(n=1.518)

http://micro.magnet.fsu.edu/primer/tech
niques/fluorescence/tirf/olympusaptirf.ht

ml
P/NSTL@NTU



Comparison between Epi-fluorescence and
TIRFM image

The relatively fuzzy picture of The same cell under TIRFM

microtubule distributions exhibited a much clearer picture

under the epi-fluorescence where individual microtubules

microscope near the growth substrate could be
resolved

P/NSTL@NTU

namre ARTICLES
photonics

Wide-field, high-resolution Fourier ptychographic
microscopy :

Guoan Zheng'*, Roarke Horstmeyer and Changhuei Yang
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What’s New in Microscopy ?

T '’

Cover Glass

Sample Holding Tube
with Square Cross-Section

O

E. H. K. Stelzer
EMBL

Lz

Single-Plane Illumination Microscopy (SPIM)

What’s New in Microscopy ?

" Multi-Axis Imaging Microscopy (MAIM)
* Differential Active Optical Manipulator

E. H. K. Stelzer, EMBL.




What’s New in Microscopy ?

‘A

= Multi-Axis Imaging Microscopy (MAIM)
= Differential Active Optical Manipulator

E. H. K. Stelzer, EMBL.

capilary

gel

¥
$icai

capilary

sample bag




Selective Plane lllumination Microscopy (SPIM)
components & benefits

illumination fibre

beam expander Camera [

cylindrical lens Tubalens

beam stop Filter

Objective

Only focal plane is illuminated Optical sectioning; reduced bleaching
Translation stage 3D stacks
Water bath Aberration reduction; “bio-friendly”

Huisken et al., Science 305, 1007 (2004)

Move the SPIM SEtUp

sample step R oz x
by step | A\ « (LT

R ¢ ¢« WD
4

'''''
»»»»»

......




Light-Sheet Microscopy

(B) Excitation scanner

diSPIM
CMOS
Camera

CDZ-1000 translation stage ( C)

LS-50

diSPIM
module

MS-2500

RAMM frame XY stage

Bottom
| camera

Inverted microscope

[Z] Binary SLM
(E)

(D) I Mask :b /2 wave plate
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€ cornea

Olfactory bulb

‘-/-—.., 3E|J.m
4

Posterior Pigmented layer

o0 v IR Bowman’s membrane

o i) collagen fibrils

epithelium ¥.:i+:% i
%5 e c. endothelium

W

c. stroma

Ultrahigh resolution OCT (2.6 X 6 pum)

High speed (45 fps, 10004096 pixels) in vivo eye

and braimn tomograms of a living fish.
W.C. Kuo* et al., Opt. Express 21,2013 _ /
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Capsule Endoscopy

PillCam™ SB

Endoscopic capsule end-on, showing six LEDs and camera lens.

=

Integration of
AFM with STED




Laser 3-d Micro- and Nano- Fabrications

objective

Femtosecond
laser system

Methods Cell Biol. 2007; 82: 239-266. ; doi: 10.1016/5S0091-679X(06)82007-8

Laser Microsurgery in the GFP Era: A Cell Biologist's Perspective
Valentin Magidson, Jadranka Loné&arek, Polla Hergert,” Conly L. Rieder,
and Alexey Khodjakov




TRANSORAL LASER MICROSURGERY
Removing throat and neck tumors through the mouth minimizes
risks and speeds recovery.

By Gwen Ericson Article originally appeared in the spring 2008 issue of Outlook magazine
- See more at:
http://www.siteman.wustl.edu/contentpage.aspx?id=2836#sthash.cl7SyS3n.dpuf

[Baseandissue - Photoablative
-

UJ\./A,% fim eximer laser. Exceeds molecular binding.
p Ablates corneal no heating

g?ﬁéted In sittkeratomileusis) - reshaping the cornea




Optical Manipulation

(EEERE)

Optics & Photonics News (March 2010)

Forty Years of Optical Manipulation

David McGloin and Jonathan P. Reid

This year, as the laser celebrates its 50th anniversary, a field that was made possible through laser
technology reaches an important milestone as well. Over the past 40 years, optical manipulation
research has deepened our understanding of physics and biology, and it has yielded the optical-
tweezer technique that is used across all the sciences.

It is strange to think that light—that most
ephemeral of things—can have any mechanical
effect. But it has long been known that the
universal palette can, in fact, push and pull on
physical objects. The idea was put on sound
mathematical footing with the development of
the theory of electromagnetism by james Clerk
Maxwell, who described what we now call
radiation pressure.

Radiation pressure is the most intuitive form of
optical force: Light incident on a surface
produces a force on that surface. As P.N.
Lebedev notes in his experimental verification of
this hypothesis, “The value of this beam pressure
is rather small.” This is something of an
understatement. The maximum pressure exerted
by the sun on a reflecting object is on the order
of 1 pN/mZ. Measuring such a tiny force at the
turn of the century, as Lebedev somehow
managed to do, was an impressive feat.

OPEN ACCESS

[=—=1

John Newhart

Artist’s interpretation of a DNA strand held under tension
by two beads trapped in optical tweezers.



DNA Spring Constant Measured
by Oscillatory Optical Tweezers

Tracking

" 3 7 Oscillatory trapping
H beam
dSDN
~2.0um PS
bead trapped
by the beam

~20.0pm PS bead
fixed on the
cover-glass

Using a blue Ilght pattern to guide cell
migration

The motion d|re tion of the cell
centroid was turned by ~90 degree.

J.-L. Xiao, D.-H. Lu, and C.-H. Lee, Appl. Phys. Lett. 102, 123703
(2013).



Frontiers in Multi-displinary Research & Development

‘j Optogenetics:
| Controlling the Brain with Light
| (An illuminating journey into the
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Lasers:
History, Basics, and Applications
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Outline

Laser Pioneers and the discovery of the
laser

Ordinary light vs Laser Light
Basics principles of laser action
Properties of laser light
Examples of Typical Lasers
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Outline

Laser Pioneers and the discovery of the
laser

Ordinary light vs Laser Light
Basics principles of laser action
Properties of laser light
Examples of Typical Lasers

© ® NO gkrowdb-=

Noble Prizes Related to Lasers

A. Einstein (1917): Stimulated Emission

Townes, Basov, Prokhorov (1958): Masers and Laser Principles
Gabor (1971): Holography

Schawlow, Bloembergen (1981): Laser Spectroscopy

Chu (4 # < ) , Cohen-Tannoudiji, and Phillips (1997): Laser
Cooling and Trapping of Atoms

Zewail (1999): Femtosecond Photochemistry

Alferov, Kroemer (2000): Semiconductor heterstructures for
optoelctronics

Cornell, Ketterle, and Wieman (2001): Bose-Einstein
Condensation

Glauber, Hall, and Hansch (2005): Quantum theory of optical
and development of laser-based precision spectroscopy
coherence

http://nobelprize.org/nobel/




| aser Pioneers

Einstein Gould
1917 1957

Stimulated Laser
Emission Patent

Maiman 1960

Townes and Schawlow 1958
Optical Maser The 1%t Laser

Before the MASER

A theory of light emission proposed by Albert
Einstein.

Einstein’s ideas primarily of academic interest
until 1950s.

After WWI, German Rudolf W. Ladenburg
became interested in spectroscopic theory
and energy level.

Study atomic absorption: huge absorption near
resonant— negative dispersion/consequence
of stimulated emission

(1928)




The MASER(I)

« After WWII, due to development of
RADAR:

« MASER's idea: three group (Towns @
Columbia; Joseph Weber @ Maryland,;
Alexander M. Prokhorov and Nikolai G.
Basov @ Moscow)

+ 1st MASER by Towns and his postdoc and
graduate student.

The MASER(Il)-Townes

* 1948, Join Columbia Univ. from Bell lab.
Focus in microwave spectroscopy.

* Transfer to study maser because of
delay in generation of new microwave
source, 1951.

 |dea in Franklin park.
 Calculation in envelope.
* Working on MASER peacefully.




Maser: Microwave Amplification by
Stimulated Emission of Radiation

Output
quide

Input

@ @ Focuser crosssection |} QUide
0[0, J U

NH3 :m}.‘ii'.'t'{'-.‘-f-fé'f-f-.’-."«."-?:-":'1::.‘:.‘3.'-':-':-':?:???.’.o.‘.*:-:tsum.
Source Cavity
Focuser
End view of source
Townes and the 1st Maser 1954
st Maser: NH; (K: 1.25 cm)

Gordon,J.P., Zeiger,H.J., Townes,C.H.: 1954, Phys.Rev., 95, 282.

The MASER(IlI)-Others

* Weber’s work: no operation due to lack
of cavity.1953

* Prokhorov and Basov @ Lebedev: plan
to control population of various enrrgy

levels lead to enhance the sensitivity,
1950.

« Basov’s doctoral thesis.

1st application: Ramesey; hydrogen maser in 1960
—1989 Nobel prize




Before the LASER

Lots of scientist focus on this subject before
1st operation of maser.

1951, Fabrikant and his student file a patent
“A method for the amplification of
electromagnetic radiation.” But, rejected until
1959.

1954, Rober H. Dicke propose “optical bomb”:
include short excitation pulse and a pair of
parallel mirrors; 1956 files and 1958 grant.

The LASER(I)

I

1st detailed proposal for building laser: "optical maser’
by Townes and Schawlow (Town’s postdoc. Fellow
and leave to Bell lab. In 1951)

1958, PR’s paper “Infared and Optical maser”.
1960, file patent from Bell lab.

1957, Gould defined laser. (Polykaro Kusch’s student;
1955’s Nobel prize)

Cavity idea: Gould, Townes and Schawlow proposed
Fabry-Perot inteferometer.

1959, Schawlow and T. Maiman @ Hughes.

1960 May 16: silvered coated end inside a spring-
shaped flashlamp.

Rejected by PRL.




Ruby : The 1st Laser

Flash tube

s Rapid
non-radiative
transitions

Y
: : Metastable levels
Laser
A transition
Trigger alectrode Quar!z tube Ruby " ’
+.
Cr 'AIZO3 Ground state § (Geamm
Theodore Harold Maiman Energy levels of chromium ions in ruby

The Ruby Laser
U. S. Patent No. 3,353,115

http:// www.invent.org/hall of fame/96.html

Ruby Laser: Mechanical Parts




Maiman and his first Ruby laser

NY Times Picture of Maiman
and the Ruby laser, July 8,
1960 It is not the first laser!

l Nature, 187,493, 1960

Maiman and his 13
Ruby Laser:

Lasing observed on
May 16, 1960

Outline

1. Laser Pioneers and the discovery of the
laser

Ordinary light vs Laser Light
Basics principles of laser action
Types of lasers
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Solar Spectrum

Newton showed that sunlight 1s made
up of many different “colors.”

White _ Screen
All colors
ofthe
Green Visible
Blue Spectrum
| Violet

http://www.phys.ksu.edu/perg/vqm/laserweb/Java/Prism/Prisme.htm

Solar Spectrum

How much “light” 1s present at wavelengths
to which our eyes are not sensitive?

od
5
%
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i | ] l
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7000 6000 5000 4000




Blackbody Radiation

Every object absorbs radiation and emits radiation.

For an “i1deal” object, these amounts are equal.

Sun: T=10,0000F — A, =500nm

Photo Flood Lamp: T =35000°F — A ., = 1000 nm

You: T=100°F — A, = 10,000 nm

Blackbody Radiation Spectra
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Solar Spectrum

Solar Irradiance at TOA
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Common Light Sources

Light bulbs (including halogen)

- glowing filament at some temperature
- mostly infrared radiation (heat)

- very 1nefficient as a light source




Common Light Sources

Fluorescent lights
- glowing gas
- tube coated with phosphor
Black lights
- same, but coated to absorb visible
light and transmit UV light

Spectral Lamps and Atoms

Street lamps (bluish-white or yellow/orange)
- glowing gas, either mercury vapor
or sodium vapor
- identify using a spectrometer or
diffraction grating

http://phys.educ.ksu.edu/vgm/html/emission.htm
I




Spectral Lamps and Atoms

Planetary model of atom:
electrons “orbit” around
the central nucleus

Each atomic element has
its own “fingerprint,”
corresponding to the changes in orbit of
electrons, and the resulting emitted
photon energy

Outline
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What is a laser?

. Laser is a coherent source of light.

Laser light is more directional, more monochromatic,
and hence more bright compared with thermal sources

(candle,sun, light bulb, etc.).
e  Why is laser light coherent?

It is produced through stimulated emission in contrast
with ordinary light, or spontaneous emission.

What does the word “Laser” come from?

Laser: Light Amplification by Stimulated
Emission of Radiation

or

Lots of Applied Scientists Eating Regularly
“1957 by Gould”




The “S” in LASER stands for Stimulated

~®

The “E” in LASER stands for Emission

The R in laser stands for radiation.

Key Elements of a Laser

Amplifying medium

\

Output

\ Pumping process

* Pumping process prepares amplifying medium in suitable
state

« Optical power increases on each pass through an amplifying
(gain) medium consisting of atoms, molecules in the form of
gases, liquid or solids

 |f gain exceeds loss, device will oscillate, generating a
coherent output

optical feedback (cavity)




Atoms and Energy Levels

Level 2 —@—

—p———  Level |

Either this... ... or this
“Shell Model” of
the Atom An “idealized” 2-level system
he
E= E isthe Energy
Photons are also A A isthe Wavelength
“quantized” h and ¢ are fundamental
congants which just get the
units correct

Ground and Excited States

“Ground State” “Excited State”




Three Atomic Processes

@

Stimulated absorption

Three Atomic Processes

.

Spontaneous emission




Three Atomic Processes

WCDW

Stimulated emission
Physics 2000

Two types of emission processes

Absorption Absorption
& &
Spontaneous Stimulated Emission
Emission Two-level
System

Laser light results from stimulated emission




A “Photon Slide”
Photons in the Laser Environment

START

Atoms in Excited State

Two Level System

Em1 Nm Em1 Nm

VavUaN VaVaivAYA
VAVAN

En1 I\In En’ I\In

Even with very a intense pump source, the best one can
achieve with a two-level system is

excited state population = ground state population




Lasing in a 3-Level System

Lasing in a 4-level system

A
wt‘
— Metastable state

Population
inversion

A\ 4 v
/ast relaxation

slow

efficient pumping
slow relaxation




The MASER(IV)-levels

High Reflector
(Totally Reflecting)

1

« Two-level first.

* 1956, Basov and Prokhorov proposed in
3-level gas material

* 1956, Nicolas Bloembergen @ Harvard
proposed 1st 3-level solid-state maser.

 Ali Jven also work in 3-level maser.

Laser Resonator consists of Lasing Medium {gas,
liquid, or solid) between HR and OC Mirrors

Lasing Medium at Ground State

Pump Energy (Electrical, Optical, Chemical, etc.)
Vb bbbl bbb bl b
N 3

. e e e #
6,0 2030 0%
L] 9 @ .,
0,0%00,7 0, ¢ ,% ) .
 _ee 9 . ... . LI ™ ©
e *°,5 %4 e O%e® 0 s % 0,4,

Population Inversion

Full Stimulated Emission, Coherent Laser Beam Generated

Basic Laser Operation

Output Coupler

(Partially Reflecting)

" LR P S
00 %0 o 0l
o, O @

Legend:
@ Ground State
® Energy Level 1
® Energy Level 2

® Spontaneous
Emission

. Stimulated

_ i Basic
atoms, ions, Lase r
Operation

or molecules
depending on
lasing medium

http://www.phys.ksu.edu/perg/vgm/laserweb/Ch-3/F3s5p1.htm




Feedback in an Optical Cavity

Total reflector

| Output

Partial reflector

vy

* Each successive pass grows or shrinks depending on

— can picture as Fabry- Perot interferometer

i

transmission = |
g>or<T

 Curved mirrors lead to Gaussian transverse intensity profile

Optical Cavity and
Directionality of the laser beam

Apertures Apertures Transmission mode

;] : j::>

Plane -wave input

Equiphase
surfaces

)’!\

Apertures

Diffraction-limited
optical beam:
O~\2a




TEM modes-

e a) on axis TEMOO

* b) off axis TEM10

— (TEMpQq) confocal
M — p, g, # intensity min.
a o ? e multimode — less

il 4 coherence

confocal mirrors

* narrow cavity TEMOO
v —4 B"‘”

\"“_‘"""/

I PLATE

*transverse electromagnetic

' “ {} mode

TEM,, TEM, TEM

Mode-Selection by the FP:
Transverse Modes

it TEMO0 TEMO1

TEMO3 TEM13

http://www.iap.uni-bonn.de/lehre/ss01 laserphysics/optres.html
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What properties make lasers
interesting/ useful?

« Compared to conventional “thermal” light source:
— key difference is “coherence” of the laser output
— highly correlated in space and time
* Spatial coherence
» Temporal coherence
« Extremely short pulses possible
— <5 fs (~ one optical cycle) in the near IR, sub-fs (EUV)
« Extremely high power possible (beyond terawatt, 1012 W)




Properties Of Laser Beams (I)

Highly Monochromatic

. Single-color output

o Narrow bandwidth: Av/vo~ 10~ or even smaller
. Coherence time: Tc ~Av - ~ 1 us

. Coherent length : cxTc ~ 300 m)

Temporally coherent!

— nearly ideal sine wave

— very precise measurements of distance and time possible

Coherence

Coherence in time

A TRAIN OF INCOHERENT PHOTONS
A TRAIN OF COHERENT PHOTONS




Properties of Laser Beams (ll)

Highly Directional

Cavity provides feedback only along its axis.
Diffraction-limited beam divergence: 0, ~ /D

For a spot size D =1 mm, 64 ~ 0.03".

— laser beam diverges slowly
— propagate long distances and remain bright
= focus to small (~ A 2) spot

Spatially Coherent!

http://www.colorado.edu/physics/2000/index.pl

Properties Of Laser Beams (lll)

Extremely Bright

Brightness is defined as Power
~ Areax Solid - Angle

For an optical beam of power P, diameter D, divergence, 6d

beam area = 7D 2 /4, solid angle =7t 6d ?

4P _ 4P
(iD6,)  (wA)

petawatt peak power systems demonstrated (> 10 1> W)

B =

kilowatt average power widely used commercially
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Lasers: Big and Small Ones

National Ignition Facility
1.8 MJ Nd:glass laser

5 mW laser for CD player R :

< $0.50 All operate on

same general principles




Lasers: Big and Small Ones (lI)

The Nova Laser for
The 1st (Ruby) L
e 1st (Ruby) Laser Fusion Research

Types of Lasers :
Classified by Gain Medium

Gas Lasers

Dye Lasers

Solid-state Lasers
Semiconductor Diode Lasers
Free Electron Lasers




Types of Lasers (l): Gas Lasers

rear
mirror

high
voltage

output
coupler

Excimer :
ArF* - 248 nm,
XeCl* - 308 nm (pulsed)

Nitrogen : 337 nm
(pulsed)(1963:1st UV laser)

He-Ne : 632.8 nm (cw) (1962;
IR@1961)

Arion : 488, 541
nm(1964/CW)

CO2:10.6 um (1964) (cw or
pulsed)

laser
beam

discharge

electron impact excites
atomic or molecular
species

low efficiency (10 -4
typical), discrete
wavelengths (UV — FIR)

The Helium- “1st gas
Neon Laser 'aser

http://phys.educ.ksu.edu/vgm/html/henelaser.html

Energetic electrons in a
glow discharge collide with
and excite He atoms,
which then collide with and
transfer the excitation to
Ne atoms, an ideal 4-level
system.

|
||
Ki 1[-.!1_ | L

=20 Stimulated transition

[ EtAnode Discharge tube
. AN - - ]
S 7
Brewster

Mirror

QG




Types of Lasers (ll):Solid State Lasers

* The gain medium in a solid-state laser is an impurity center (dopant)
in a crystal or glass.

 optical pumping (flashlamp, diode laser)

« The first laser was a ruby crystal (Cr*" in Al,O,) that lased at 694
nm when pumped by a flashlamp

« efficient, high power, often broadly tunable and/ or short pulses
(typically NIR).

» The most commonly used solid-state laser is one with Nd** in a
Y,ALO, (YAG) or YLiF,(YLF) crystal or in a glass.

17 M, SBR j\k

Fiber-coupled  M;
Diode-laser bar

Nd:GdVO,

Ruby : The 18t Laser

Broad e Rapid
F levels non-radiative
_ transitions

¥ ¥
Pamnging ligii i i Metastable levels
VAV Lo
DANIRRANERINRRNR N \\V transition
Trigger alectrode (.n..mr 1 lube ? by » P A~
3 ' \.‘\\ /II \ ’
+ -
- (694.2 nm)
Cr AIZO3 Ground state _ . 4
Theodore Harold Maiman Energy levels of chromium ions in ruby

The Ruby Laser
U. S. Patent No. 3,353,115

http://phys.educ.ksu.edu/vgm/html/rubylaser.html




Types of Lasers (ll): Dye Lasers

» The gain medium 1n a dye laser 1s an organic dye molecule that 1s
dissolved in a solvent.

» The dye and solvent are circulated through a cell or a jet, and the
dye molecules are excited by flashlamps or other lasers.

» Pulsed dye lasers use a cell and cw dye lasers typically use a jet.

» The organic dye molecules have broad fluorescence bands and
dye lasers are typically tunable over 30 to 80 nm.

* Dyes exist to cover the near-uv to near-infrared spectral region:
330 - 1020 nm.

“ ., pump ;
1st @ 1966 beam : ;
4 P lens laser
""""" 5 : output
S
beam dye output
grating expander cell coupler

Dye lasers

Dye lasers are an ideal four-level system, and a given dye will lase
over a range of ~100 nm.




Types of Lasers (lll):Semicon. Lasers

* Semiconductor lasers are light-emitting diodes within a resonator cavity that is
formed either on the surfaces of the diode or externally.

* An electric current passing through the diode produces light emission when
electrons and holes recombine at the p-n junction.

» Because of the small size of the active medium, the laser output is very
divergent and requires special optics to produce a good beam shape.

» These lasers are used in optical-fiber communications, CD players, and in high-
resolution molecular spectroscopy in the near-infrared.

* Diode laser arrays can replace flashlamps to efficiently pump solid-state lasers.

» Diode lasers are tunable over a narrow range and different semiconductor
materials are used to make lasers at 680, 800, 1300, and 1500 nm.

metal contact
voltage L l g g active region

bias =
“1st @ 1962 N N /
metal —\'*:‘_:::'_ laser output
cantas \i heat sink

DIODE PUMPED LASER




Lasers:
Light Extraordinary!

Laser machining

Barcode Scanner

Laser Surgery

Picture courtesy of Fiorenzo Omenetto

Laser Applications

Laser light shows

Art restoration

Laser Surgery

Cutting, welding, drilling of metals
Compact disc and DVD players

Dental cavity-finders




Laser Applications

Medical Welding and .
— : Surveying
applications Cutting

. Laser nuclear Communicati
Garment industry :

fusion on
. CDs and optical

Laser printing discs Spectroscopy
Heat treatment Barcode scanners |Laser cooling

http://hyperphysics.phy-astr.gsu.edu/hbase/optmod/lasapp.html#c0O

What you should learn about lasers

* How does radiation interact with matter?
— absorption and emission
— stimulated and spontaneous events
— conditions for amplification rather than absorption
 How do we prepare system to obtain gain?
— dynamics of evolution of population between energy levels
—  pumping to obtain population inversion
— saturation to reach steady- state
« How do EM waves propagate in space and resonate in cavities?
— gaussian beams
— interferometers (optical feedback cavities)

« Combining these basic elements, we can predict behavior of
laser oscillators and amplifiers




Summary

« Lasers are among the most important
inventions of the 20th century.

 Lasers are versatile tools for basic studies
In science as well as day to day
applications.

* Understanding the operation principles
and properties of laser beams are
important for photonics professionals.
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B4 . Bl tf 42 (Genesis)

In the beginning God created the heaven and the earth. At the first God made the
heaven and the earth. And the earth was without form, and void; and darkness was
upon the face of the deep. And the Spirit of God moved upon the face of the

waters. And the earth was waste and without form; and it was dark on the face of the
deep: and the Spirit of God was moving on the face of the waters.And God said, Let
there be light: and there was light. And God said, Let there be light: and there was
light. And God saw the light, that it was good: and God divided the light from the
darkness. And God, looking on the light, saw that it was good. and God made a
division between the light and the dark.
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Chart of the Electromagnetic Spectrum
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History of optics - From Wikipedia encyclopedia

« FBFMRE (~BC)
- HHEYEE (~1600)
« ERHKE (~1900)

* The word optics is derived from the Greek “za orricd” which refers to matters of vision.
Optics began with the development of lenses by the ancient Egyptians (~750BC), followed
by theories on light and vision developed by Greek (Opfics, Euclid, c¢. 300 BC).

* Arab scholar, /bn al-Haytham, published “Book of Optics” 1015.

*  Kepler (1/1/1604) published as Astronomiae Pars Optica (The Optical Part of Astronomy),
recognized as the foundation of modern optics (though the law of refraction is conspicuously
absent).

*  Optics was significantly advanced in early modern Europe, where diffractive optics began,
now known as "classical optics". And "modern optics" refers to areas of optical science and
technology developed in the 20th century, which is referred as “quantum optics”.
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Renaissance and early modern optics

Snellius (1580—-1626) found the mathematical law of refraction, now
known as Snell's law.
Huygens (1629—-1695) - Huygens’ principle.

Newton (1643—1727) - the refraction of light, demonstrated a prism
could decompose white light into a spectrum of colours, known as
Newton's theory of colour.

In Hypothesis of Light of 1675, Newton proposed the existence of the
ether to transmit forces between particles.

In 1704, Newton published Opticks, he expounded his corpuscular
theory of light made up of extremely subtle corpuscles,

1803 Young did double slit interferometer to explain the wave nature of
light suggested by Hyugens.
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World Yearof.__:_l Phy5|cs 2005
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Aoout WP 2005 ] Taachari niemational Cownload Aoout Bnitein

The Miond Year of Physics 2005 is 3 United Mations endorsed, intemational
celebration of physics. Events throughaut the ywear will highlight the witality of
physics and its importance in the coming millennium, and will zommemorate the
pionearng contributions of Abert Bnstein in 1905, Through the efforts of 3 worldwide
collaboration of scientific societies, the Wordd Year of Physics brings the excitemnant
of physics to the public and will inspire @ new generation of scientists.
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.= Event Finder
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“100 Years ago, Einstein developed the theory for the photo-
electric effect which uncovered the modern quantum physics. The
theory also lay the foundation of modern optics (coherent optics)
and introduced the 20t century opto-electronics (photonics), that
brought forth the huge optoelectronics industry which totally
changed the life of modern world.”
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1. @4 ... (Thomas Edison, ~1880)
2. ¥EHE ... (Albert Einstein , ~1890)
3. B®&. J®HT .. (Arthur Schawlow

& Charles Townes, ~1960)

4. B8 ... (Charles Kao, ~1970)
5. A= ... (Shuji Nakamura , ~1990)
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Major Milestones in Photonics

B4 RHER
(Edison’s Invention of light bulbs ~1880)
FRITEHADEERE

(Einstein’s Discovery of Photo-electric Effect, ~1890)
MR R

(Invention of Coherent Radiation, LASER ~1960)

pir B ENEE L

(Invention of fiber optics communication, ~1970)
“n‘%&'ﬁ%ﬁ%/ H YELEDHY SR
(Invention of High Brightness White LED, ~1990Q)
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830 vs 38IR
Discovery vs Invention
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Milestone; #4zq] - EFZR%, landmark
Coherent; 22 z)-
- HF
« HHE Coherent, consistent
3 Through, common, open, coherent, all, logical
e B4 Coherent, consistent
From Webster Online Dictionary:
Co-her-ent; adjective \ko-'hir-ont, - her-\
Definition of COHERENT
1 . a: logically ordered or integrated : consistent <coherent style> <a coherent
argument>
* b: having clarity or intelligibility : understandable <a coherent person> <a
coherent passage>
2 : having the quality of holding together or cohering; especially: cohesive,
coordinated <a coherent plan for action>
2015/10/13
Liuys 20151024 16
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Major Milestones in Photonics

1. B4 FRESN
(Inventlon of Inght bulbs ~1880)

B DRI R 0 i R 35

N

(Eirn;teirn’a Photo-electric Effect, ~1890)
Empn USSR S
(Invention of Coherent Radiation, LASER ~1960)

4. St R HYsEEH
r

(lrl‘\/erntiorn of fiber optics communication, ~1970)

w
.

~1990)
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Major Milestones in Photonics

1. B RHEEN

(Invention of light bulbs ~1880)
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- History of Cighting
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Solid-State
Lighting —
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Luminous Efficacy (Im/W)
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Figure 1: 2iM-yvear evolution of luminous efficacy for various lighting technologies.

2015/10/13 Jeff Y. Tsao, Sandia Labs., IEEE Electronic Circuits & Devices, May/June, 2004
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Incandescence Light — Blrth of Lighting "

Patent US#223,898,

Incandescent
lamp, 1870s Jan. 27, 1880
3y
<«— BC- 1880’s 1879
2015/10/13
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National Tsing Hua University

t Light

HowStuffWaorks

A collision with a moving particle
excites the atom.

This causes an electron to jump to
a higher energy level.

The electron falls back to its
original energy level, releasing the
exira energy in the form of a light
photon.
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PLANCK DISTRIBUTION- BLACKBODY RADIATION® = o res orvert

P, =8 thc / N> [exp (hc/AKT - 1)]

* P, =Power per m? area per wavelength

* h =Planck’s constant (6.626 x 10-34 J-s)

e ¢ =Speed of Light (3 x 108 m/s)

* A =Wavelength (m)

* k =Boltzmann Constant (1.38 x 10-23 J/K)
e T =Temperature (K)

This is the black body radiation function
for each temperature, i.e. the spectral power
emitted at each wavelength.

10 Fuliraviole visbl | infrared |
|
L } Fig. 18.2. Spectral intensity distribu-
1 tion of Planck’s black-body radia-
1 tion a5 a function of wavelength for
vt different temperatures. The maxi-
5 mum of the intensity shifis to shorter
§ r T= wavelengths as the black-body tem-
& Rrature inereases.
N
»
24t
B
£l
2+
0 l Ll I | I I Ll I
0 10 20 30

Wavelength & (im)

ww Light org
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- Original Carbon Filament Incandescence Bulb
NG 2 = =)
* BER(K ~ FJanid

* Low efficiency - When a filament
is heated (Incandescence), it
releases mostly infrared light
photons invisible to the human
eye till to around 2,200C they will
emit a good deal of visible light.

* Short life - The filament first
invented by Edison was made of
a long, thin length of carbon
filament which lasted only tens of
hours.

2015/10/13
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Stop & Think

- REIRBVERZEHEE ~ MIIRETSZMIHIE
HEYEIRTRER ~ IREAEHNFALE?

« Now if Edison were your Boss, and asked
you to improve the efficiency of the light bulb
he just invented, what would you do?

2015/10/13
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Langmuir- 1932 Nobel Prize in Chemistry

“For his discoveries and investigations in surface chemistry"

. BiCC-BASE (1881-1957)
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Coolidge's Tungsten Lamp at 10 LPW

o BRI (1873-
1975) Y EHERE
RREVXSEHE - 2B E R
(GE)YHFL E = 1A S VE]
MWk o EERN P
1ZEEss " (Ductile
tungsten)ZEHH A > EF7N H
YEHEEER o
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FLOURESCENT TUBE
MERCURY ATOMS VISIBLE
PHOSPHOR COATING
ARGON GAS

AND MERCURY
VAPOR

CATHODE
ELECTRON FLOW
ULTRAVIOLET RADIATION

MERCURY
GLASS TUBE

2015/10/13
Liuys 20151024 32



BRI EEERVIRIARAG =L 5T

= ATrtificial™

8 & (Incandescence) & s % (Fluorescence bulbs)

B % & (Halogen bulbs) /& % &% (Compact FB)
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(Invention of light bulbs ~1880)

B RATEREERE

(Einstein’s Photo-electric Effect, 1890-1916)

(- ElE S Y 5 A

(Invention of Conerent Radiation, LASER ~1980)
2. 68k 3 =7 o

‘L‘-Ir Fl AT J—,UUJ

rore

(Invention of fiber optics communication, ~1970)

_ 'LELEL[J)
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Major Milestones in Photonics

2. FRHHA L ERUE

(Einstein’s Photo-electric
Effect, 1890-1916)
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(Albert Einstein - 1879-1955)
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Albert Einstein (1879 -1955)
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ASAEEARENWNEEXREARRZT :

wE

— XFEE  “OnaHeuristic Viewpoint Concerning the Production
and Transformation of Light”, (June 9)
- BENEUE - EEREFIL (Quantized) - BRETEF7]
BIWEREER - ARERRNEFHAENCT

— BRENEI  “On the Motion of Small Particles Suspended in a
Stationary Liquid, as Required by the Molecular Kinetic Theory of
Heat”, (July 18)

o Bl T ERRNBHSFENINER
— JRFEAREIEM " On the Electrodynamics of Moving Bodies”, (Sept 26)
« RETHIEEXRESHAGE W ENRIER

— VB HARE B RVEEHA “Does the Inertia of a Body Depend Upon Its
Energy Content”, (Nov. 21)

e BITE=mc2

- SIRE- REBA9S/4B G "By R R

JERIE Sty SemmE

. Green Light Blue Light .
Red Light = g
1; e\-'l:')fenergy 2.3 eV per packet 3.1 eV per packet I;i;};
per packet electcrEJns
Lower
energy
electrons
No electrons
Potassium
Potassium electrons need 2 units o JEFRYHEELSZ 1905455 HEY)
of energy to escape (2 eV). sty e
HESHEGE - tHITf2 M 4R
N2 yrdE S, a) r==24
55 B M LR, Emas T 7
R Y B AR -
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MNiels Bohr
(1885-1962)
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1911 - Rutherford's model of the
atom with electrons orbiting a central
nucleus (The so-called planetary
model) was theoretically unstable.
Unlike planets orbiting the Sun,
electrons are charged particles,
which should radiate energy and
spiral in toward the nucleus.

1913 - Bohr published, “On the
Constitution of Afoms and
Molecules,” He used the quantum of
energy, A, introduced into physics by
Max Planck in 1900, to explain
Rutherford's atomic structure and to
account for the line spectrum of
hydrogen.
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Bohr assumed there were ‘stationary’ orbits for the electrons
in which the electron did not radiate energy.

He further assumed such orbits occurred when the electron
had definite values of angular momentum, with specifically
values of h/2r, 2h/2r, 3h/2mr, ... where h is Planck's constant.

He further postulated that emission of light occurred when an
electron moved from one orbit to a lower-energy orbit;
absorption occurred a change to a higher-energy orbit. In each
case the energy difference produced radiation of energy hv,
where v is the frequency.

In 1913 he realized that, using this idea, he could obtain a
formula similar to the empirical formula of Balmer for a series
of lines in the hydrogen spectrum.

Liuys 20151024
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Max Planck (1858-1947)
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Black-body radiation

* Planck was commissioned in 1894 by electric companies to
create maximum light from light bulbs with minimum energy.

+ 1895, Kirchhoff stated : "how does the intensity of the
electromagnetic radiation emitted by a black body (a perfect
absorber, also known as a “cavity radiator”’) depend on the
frequency of the radiation (i.e., the color of light) and the
temperature of the body?".

« The question, explored experimentally, but no theoretical
treatment agreed with experimental values.

« Wien's law correctly predicted the behavior at high frequencies,
but failed at low frequencies. The Rayleigh-Jeans law, another

approach to the problem, created what was later known as the

"ultraviolet catastrophe", but contrary to many textbooks this was

not a motivation for Planck.

2015/10/13
Liuys 20151024

45

||||||||

j_
PLANCK ENERGY DISTRIBUTION FORMULA' =% % 7
w0, XE™ % T-2808 x10°mK
" 9] peak
Z 5| The wavelength of the peak of
R isible the blackbody radiation curve
> 6 | 6000 K gives a measure of temperature.
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q
2
iz

1500 2000 2500
966 nm (IR) Wavelength {nm)

P, =8 mhc / N [exp (hc/AKT - 1)] Max Planck

(1858-1947)

Where, P, =Power per m? area per m wavelength; h = Planck’s
constant (6.626 x 1034 J.s); ¢ = Speed of Light (3 x 108 m/s); A=
Wavelength (m); k =Boltzmann Constant (1.38 x 102 J/K); T =
Temperature (K)
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Max Planck
{1858-1947)

* Max Born wrote about Planck: "He was, by nature, a
conservative mind; he had nothing of the revolutionary and was
thoroughly skeptical about speculations. Yet his belief in the
compelling force of logical reasoning from facts was so
strong that he did not flinch from announcing the most
revolutionary idea which ever has shaken physics."
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Philipp Lenard (1862-1947)

Red Light Green Light Blue Light
1.8 eV of energy 2.3 eV per packet 3.1 ¢V per packet enerofy

per packet electrons
Lower
energy
electrons
No electrons
Potassium

Potasstum electrons need 2 units
of energy to escape (2 eV).

2015/10/13
Liuys 20151024



National Tsing Hua University

- BREMEE (—ERIRXNEEEBIRINEENEERE) ERMXE -
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PEFRESERANEEEKRIEG BFEENRE @ HiIELH
—EZEamEERSF (photon)HIERE :

- A fFR—EFHEENH T - BEYCFR%RY
BEE SN CAVIARFK L —ESEARE R ..

E=hv

- ERS—IZEYIEERERAR (Max Planck ) fI#&%& 7 a8
tREENSFIER - MiIEL—JEEZmERHE - HPEiTh—
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Robert Millikan
ZE(A% FILIR (1868-1953)

ir ﬂE |
h=—=4.1x10"¢V -5 :
AV AE =1.25¢V

=
8
"
a2 =
]
o=
E R S — |
o ) . . | 14
2. 5 The linear increase in Ay =3x10" Hz
= " |
S 3 ?Le;::::hl;ltnzﬂ;g:ﬁ:’ The slope of the curve gave the
E 2 eiecting t ham has constant of proportionality
% _E Uy eJhe 9 rapartional that we now call Planck’s
== gy prop constant.

to frequency.

] ] | ] ] ]
4 ] 8 10 12
Frequency,Hz x 'Il.'.l.h:l Data from Millikan, 1916
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* In my sophomore year, my Greek professor asked me to teach the
course in elementary physics in the preparatory department during
the next year. To my reply that | did not know any physics at all,
his answer was, "Anyone who can do well in my Greek can teach
physics." "All right," said I, “I will try and see what | can do with it."
| at once purchased an Avery's Elements of Physics, and spent
the greater part of my summer vacation of 1889 at home — trying
to master the subject. | doubt if | have ever taught better in my life
than in my first course in physics in 1889. | was so intensely
interested in keeping my knowledge ahead of that of the class that
they may have caught some of my own interest and enthusiasm.
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When Einstein published his seminal 1905 paper on the particle
theory of light, Millikan was convinced that it had to be wrong,
because of the vast body of evidence that had already shown that
light was a wave.

He undertook a decade-long experimental program to test Einstein's
theory, which required building what he described as "a machine shop
in vacud" in order to prepare the very clean metal surface of the photo
electrode.

His results published in 1914 confirmed Einstein's predictions in every
detail, but Millikan was not convinced of Einstein's interpretation, and
as late as 1916 he wrote, "Einstein's photoelectric equation... cannot
in my judgment be looked upon at present as resting upon any sort of
a satisfactory theoretical foundation," even though "it actually
represents very accurately the behavior" of the photoelectric effect.
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De Broglie's Hypothesis

* In his 1923 doctoral dissertation, Louis de
Broglie made a bold assertion. Considering
Einstein's relationship of wavelength A to
momentum p, de Broglie proposed that this
relationship would determine the wavelength
of any matter, in the relationship, called the
“de Broglie wavelength’.

A = hlp(h is Planck's constant)
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Major Milestones in Photonics

- AN (N = N AN
1 '.-Hf!,;”'l:;uc-u[r =Ene=va)
—0 = A= ,I,'J t")' :;_];:n”,'i_ﬂ.[‘

(Invention of light bulos ~1880)

2, EBHEITHEHE EETIIE

-

(Ematem’s Photo-electric
3. TR RIS

(Invention of Coherent Radiation, LASER ~1960)
4, ytagmstessaH

— |

I

frect, ~1890)

HF]\/E‘HUQF] of fiber optics cornrmunication, ~1970)
5. MRt / | JELEDEY %A

B b 1 . D) er
Jentian © lgn Brig
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The First Maser and the First Laser

* A. L. Schawlow and C. H. Townes,
“Infrared and Optical Masers,” Phys.
Rev. 112, 1940 (1958)

« T. Maiman, “Stimulated Optical
Radiation in Ruby,” Nature (London)
187, 493 (1960)
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(Light Amplification Stimulated Emission Radiation)

-« ZHEEET (Stimulated emission ) & EEHHY EEDRIR o 2 EEEHHY
SR (Light Amplification by Stimulated Emission of Radiation ) 4@
sitae " LASER | o g B R B 0 R B R
(Einstein) f17E191 78R AER X (RPN ESE TR ) FHH
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Before During After
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B35 14 3% (1921-1999) ZE B {7 S5 H7(1915-2015) oo

SEEHONER

\

(from left to ight) Charles Townes, Patent 2,929,922 for Microwave Amplification by Stimulated
Emission of Radiation, Arthur Schawlow
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Infrared and Optical Masers
A. L. Schawlow and C. H. Townes
Phys. Rev. 112, 1940 — Published 15 December 1958

ABSTRACT

The extension of maser techniques to the infrared and optical region is
considered. It is shown that by using a resonant cavity of centimeter dimensions,
having many resonant modes, maser oscillation at these wavelengths can be
achieved by pumping with reasonable amounts of incoherent light. For
wavelengths much shorter than those of the ultraviolet region, maser-type
amplification appears to be quite impractical. Although use of a multimode cavity is
suggested, a single mode may be selected by making only the end walls highly
reflecting, and defining a suitably small angular aperture. Then extremely
monochromatic and coherent light is produced. The design principles are
illustrated by reference to a system using potassium vapor.

A. L. Schawlow and C. H. Townes," Bell Telephone Laboratories, Murray Hill, New Jersey; “Permanent
address: Columbia University, New York, New York.; Received 26 August 1958
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Filed July 30, 1958
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Components ol the first ruby laser

100% reflective
mirror
Quartz flash tube

Switch

Polished aluminum Laser beam
reflecting cylinder  g59; reflective
mirror

Theodore Maiman developed the first working laser at Hughes
Research Lab in 1960, and his paper describing the operation of
the first laser was published in Nature three months later
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“for fundamental work in the field of quantum electronics, which has led

to the construction of oscillators and amplifiers based on the maser-laser
principle”
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Gould’s Patent and Patent War! et s vaiversy

Laser Inventor: Gorden Gould (1920-2005)
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The Patent War Gould ca. 1985 In 1957 Townes talked over some ideas about pumping light-energy
into atoms with Gordon Gould, a graduate student who had been thinking along similar lines.
Worried that he might be scooped, Gould wrote down his ideas for the record. He developed many
more ideas of how lasers could be built and used, and in April 1959 he filed patent applications with
his employer, the high-tech research firm TRG. Nine months earlier Schawlow and Townes had

applied for a patent on behalf of Bell Laboratories, which employed Schawlow on staff and Townes
as a consultant.
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e [5]#H (Coherent)

e £E7H (Collimated)

e E5JE (High Brightness, Watt/cm2/Q)
o [BEHFHRE (Short pulse, ~1018 sec)

e SIhj* (High Power, Watt=)/s)

e Eiff (Spectrally Pure)
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Major Milestones in Photonics
1. ZEESIHEEE
(Invention of light bulos ~1880)
2. B LI E RIS
(Einstein’s Photo-electric Effect, ~1890)
3. MR
(Invention of Conerent Radiation, LASER ~1960)
4. SEEREIMAYREA
(Invention of fiber optics communication, ~1970)
5. mjulEEar / LEDE 555
21990)
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* William B. Shockley John Bardeen Walter H. Brattain

* The Nobel Prize in Physics 1956 was awarded jointly to
William Bradford Shockley, John Bardeen and Walter
Houser Brattain "for their researches on semiconductors and
their discovery of the transistor effect”.
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1946 ENIAC 1 Computer 20,000 vacuum tubes later...

1947/48 Bardeen, Brattain & Shockley invented The Transistor.

1951 Eckert & Mauchly UNIVAC Computer First commercial computer.
1953 IBM 701 EDPM Computer IBM enters into The History of Computers'.

1954 IBM FORTRAN Computer Programming Language The first successful high
level programming language.

1955 ERMA and MICR The first bank industry computer - also MICR (magnetic ink
character recognition) for reading checks.

1958 Jack Kilby & Robert Noyce invented The Integrated Circuit (IC) “The Chip'
1962 Steve Russell & MIT Spacewar Computer Game The first computer game.
1964 Douglas Engelbart Computer Mouse & Windows

1969 ARPAnet The original Internet.

1970 Intel 1103 Computer Memory The world's first available DRAM chip.
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Dr. R. N. Hall inventor of the semiconductor injection laser.

“For the first realization of the
semiconductor injection laser:

A basic element of optical fiber
communications.”
- 1962 GE's Research Center.
— Invented magnetrons used in microwave ovens,

— Discovered alloyed p-n junctions, the
fundamental elements of power rectifiers.

e 1962, first developed the semiconductor injection
laser

— usedin all CD, DVD, laser printers

— fiber-optic communications systems.
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« GE Research Labs., - Hall, R N, Fenner, G.
E, Kingsley, J. D, Soltys, T. J and Carlson R.
O. Phys. Rev. Lett. 9, 366-369 (1962 .

 |IBM Research Labs. - Nathan M,l, Dumke
W.P, Burns G, Dill F, H Jr, and Lasher G
Appl. Phys. Lett. 1, 62 (1962).

« MIT Lincoln Labs.- Nathan M,l, Dumke W.P,
Burns G, Dill F, H Jr, and Lasher G Appl.
Phys. Lett. 1, 62 (1962).
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Charles Kao (1933-)
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In 1970, Corning scientists Dr. Robert Maurer Dr. Peter Schultz, and Dr. Donald Keck

developed a highly pure optical glass that effectively transmitted light signals over long

distances. This astounding medium, which is thinner than a human hair, revolutionized

global communications. By 2011, the world depended upon the continuous transmission
of voice, data, and video along more than 1.6 billion kilometers of optical fiber installed
around the globe.
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Bandwidth is Growing Rapidly Since 2005

~800% Growth in Bandwidth 2006 thro 2009-4G

e

terphute per month 00%)

4,000

1994 -Netscapte

ernet Traffic

1998 Google

Internet users® in China

IEPNEENEN  2007-iPhone

: . | 180
9
200 SubbCE , i 2011 Internet
I\ 2006 Internet . Users > 2B

2002 Interne Users > 1B

users >500M | |—l
I\ S -
_ 5]

2008 :|

- B 1 __
_ 2002 01 04 05 D0& OF
5 2 3 2= £ S 8 3 38 8 & - et
= =2 2 A A ®m ®A ®” ® &8 =8 " A y
— = FT.com
Data from Estimating the Exaflood. Bret Swanson Uses 55% growth per year. This is the year-end
& George Gilder, January 2008, page 8, Figure 2 2007 annual Internet traffic growth rates as
published by Minnesota Internet Traffic Studies
(MINTS)
(Source: Discovery Institute and The Minnesota Internet Traffic Studies showed at the year end of
2007 growth at 50-60% e.q. a growth from 2006 to 2011 of ~800%)
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Major Milestones in Photonics

[ e ra) ¢

[lnvention oF fioer optics cormrmunication, ~1970)
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(lnvention of High Brightness White LED, ~1990)
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Major Milestones in Photonics

5. RIEEEE/ HICLEDRYSREH
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World's first LED at GE

1962, Holonyak built the world's first LED which emitted
only red light but it lit a research boom whose multi-
colored offspring now illuminate homes and cities, the
latest 1Pad “retina” screens, and flat-screen TVs. “Boy,
those were the golden years,” says Holonyak, now 83
years old. “When I went in, I didn't realize all that we were
going to do. As far as I am concerned, the modern LED
starts at GE.” - See more at:

http://www.gelighting.c

------ AN -

om/LightingWeb/emea/news-and-media/news/First-LED-by-
olonya 1SD 1 41 1 douf
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- Materials and devices breakthroughs
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"for the invention of efficient blue light-emitting diodes which
has enabled bright and energy-saving white light sources”

)

Isamu Akasaki Hiroshi Amano Shuji Nakamura
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Dr. Shuji Nakamura drank Sake and discussed the future of
white LED technology in Akita, Japan, 4 Oct 1997
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Light Emitting Diode Structure

7
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Light
» : -—p - P-N Junction
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+ Cconduction © Junction
Band A LT
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Semiconductor

330000
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No Voltage <|
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Band

Hole/Electron
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Electrons

S, |

Voltage Applied

Emitted
Figure 4 Light

LEDs are p-n junction devices constructed of GaAs, GaAsP,

or GaP. The device is forward biased and when electrons
and holes cross the junction and recombined, photons are

produced. The process is called electroluminescence.
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e 1962- LED first demonstrated at GE Research Laboratory

e 1968- First products in electronic display infroduced by HP.
about 0.001 lumens at 20 mA in red till 1985,

e 1985-LED reached >10 lumens.
e 1990- >10Im/W in GaAlAs, but color limited to > 640 nm.

e 1990's AlGalnP developed and color ranging from red to
yellow-green; > 20 Im/W in 620 nm

e 1995- HP worked toward 50 Im/W

* In 1995, Nichiareported a breakthrough in GaN blue-
green LED and completed the full color spectrum. A new
era of solid state lighting began.
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L

White LED processes
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¥ 8 A Az 8 4F: (Substrate)

HVPE -~ Laser lift-off

& dh & & (Epitaxy)

MOVPE

« 7t # 4 (Processing and Fabrication)

Transparent electrodes (3% 873 & j2) - Metal contacts (4
J& € 4%) ~ Masks (38 2) ~ Etching (£#:%]) - Polishing (& %)

- 31 % 84 (Packaging)

Bonding (Z#fsE474) > Flip—chip (B &&# %) ~
Phosphors (% &#r%4) ~ Epoxy (#1A5:E€A) ~ Heat

management (%##3%3t) ~ Optical Design (&#3%3t)

- RERAEA (Testing) :

Optical lumens ( % % B ) -
efficiency ( 2% #% ) -~ Color
temperature (&:®) ~CRI GE&M)
~ Lamp design ~ SMD
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MOCVD System
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Characterization of Blue LED Devices
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Figure 1: 200-year evolution of luminous efficacy for various lighting technologies,
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Table 1: Lamp targets and derived costs for

SSL-LED and traditional lighting technologies

SSL-LED
2002
LAMP TARGETS!
Luminous efficacy 20
(Im/W)
Lifetime (h) 20,000
Flux (Im/lamp) 25
Input power (W/lamp) 1.3
Lamp cost (in $/kim) 200.0
Lamp cost (in $/lamp) 5.0
Color rendering index (CRI) 70
DERIVED LAMP COSTS?
Capital cost [$/(MIm-h)] 12.00
Operating cost [$#/(MIm-h)] 3.50

Ownership cost [%/(MIm-h)] 15.50

SSL-LED  SSL-LED

2007 2012
75 150
20,000 100,000
200 1,000
2.7 6.7
20.0 5.0
4.0 5.0

80 80
1.25 0.30
0.93 0.47
2.18 0.77

SSL-LED
2020

200

100,000
1,500
75

2.0

3.0

80

0.13
0.35
0.48

INCAN-
DESCENT

16

1,000
1,200
75.0
0.4
0.5
100

1.25
4.38
5.63

FLUOR-
ESCENT

85

10,000
3.400
40.0
15
5.0

75

0.18
0.82
1.00

HID

90

20,000
36,000
400.0
1.0
35.0
80

0.05
0.78
0.83

1. 88L-LED larmp targets taken from the U.S. SSL-LED Roadmap Update 2002. The targets were developed under the assumption of significant national
investment directed towards the key science and technology challenges outlined in that roadmap.
2. Derived lamp costs, assuming that the targets are met. The capital cost is the cost (per Mim) to buy a light bulb or lamp, amortized over its lifetime (up
to 20,000 hours). The operating cost is the cost (per Mim-h) to run a light bulb or lamp. The life-ownership or ownership cost is the sum of the capital

and operating costs. The units for all three are $/{Mim-h).
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Save Earth, Energy and Environment

Goal (2015): BEERRLEARIEIR
= 10x BBRERER
= 2x LR

In USA:

= FERED 25 GWEST ~ Si8IUS$350BEE
= FERD 7.5 CO, BERELE (USA)

In China;

= SEFD LOWREE] c RIZIRAOERESR)

In the World:
= 44t BB EHI200E A AR —4RHE ¢

HHHE R BB

1940-1980

Vacuum ‘ Transistors
Tubes

TV and
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| 1980 2010 Flat Panel
¢ CRT b
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-- B4, Oct 1879

" We are striking it big in the electric light, better than my vivid
imagination first conceived. Where this thing is going to stop

Lord only knows. - Thomas Edison, October 1879
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Z—%I1 : Galileo Galilei, Robert Hooke, Isaac Newton, Christiaan Huygens,
Daniel Bernoulli, Joseph-Louis Lagrange, Charles-Augustin de Coulomb,
Alessandro Volta, James Prescott Joule, Thomas Young, Augustin-Jean
Fresnel, Nicolas Léonard Sadi Carnot, Michael Faraday, Rudolf Julius
Emanuel Clausius.

2 %1 : James Clerk Maxwell, Ludwig Eduard Boltzmann, William Rowan

Hamilton, William Thomson (Lord Kelvin), Hendrik Antoon Lorentz, John
William Strutt (Lord Rayleigh), Max Planck, Josiah Willard Gibbs, Albert

Einstein, Ernest Rutherford, Heike Kamerlingh Onnes, Niels Bohr, Louis
de Broglie, Max Born, Werner Heisenberg.

28 =%1] : Erwin Schrodinger, Wolfgang Pauli, Paul Dirac, Enrico Fermi,

%) 117518 (Hideki Yukawa), Lev Landau, A7k ¥z—E]
(Sin-ltiroTomonaga), Julian Schwinger, Richard Feynman, John
Bardeen, 15z (Chen Ning Yang), ZEF#E (Tsung Dao Lee), = fd
J (Chien Shiung Wu), Murray Gell-Mann, Steven Weinberg.
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