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1) Gas Lasers (# & & &)

He-Ne Laser, Ar* Laser, CO, Laser, N, Laser, ...
2) Liquid Lasers (i i & &)

Organic Dye Lasers, ...
3) Solid-State Lasers (i § %)

Ruby Laser, Nd:YAG Laser, Nd:Glass Laser, ...
4) Semiconductor Lasers (£ %% 3 &%)

AlGaAs, InGaAsP, AlGalnP, InGaN, InGaAsN, ...
5) Other Lasers (# & g )

Chemical Laser, Free-Electron Laser, ...
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B &+ § & (Edge-Emitting Laser, EEL)
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©Lumileds

@Lumiled

©OSRAM Opto Semiconductors
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David Garman, [Online]. Available: http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/garman.pdf
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LEDAI R %

Israeli designer Omri Barzeev got inspired
by the night sky and created the “Starlight”
— a table lamp composed of 126 LED lights
set on a polygonal shape structure that one
can mold freely in various shapes.
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i Signal mirrors,
Certer high-mourted stop lamps [CHMSL) ors,
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= p—r seourtty lighting

Bathup
licghitirsgy
and stop
lamps

Interior Applications
- Map lamps
« Passenger reading lights
* PRNDLyear selactor lighting
» Dome lights
+ Inberior door fights
* Instrument panel lights
& displays
+ mbignce lighting
* Trunk lights

s R board &
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LUMILELD

Fig. 1. Applications of white LEDs. Left: a Ford concept car uses Luxeon LEDs from
Lumileds as part of an adaptive lighting system that can produce different beam patterns
to suit different situations such as highway, in-town or curve driving. Right: white LEDs can
replace conventional discharge lamps as the flash for mobile phone cameras. The RGB
multichip version can produce a variety of color temperatures.
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St Fig. 3. This white lamp produced 1200 Im,
3 ". about the same as an incandescent bulb,

RV 3 e ]
Ledtronics include DécorLED lamps with Edison screw bases. but with twice the efficiency.
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£ T = FRHH

| 1 b 1 v V VI
3Li ‘Be B 6C N 80
11Na 12Mg 13A| 14Si 15P 168

19K | %ca | 0Zn | %Ga | ¥Ge | #As | #Se

SRb | 38gr | 48Cd | 4In | °Sn | 5Sbh | 52Te

55CS 5688. SOHg 81T| 82pb BSBi 84p0

1VV: Photo-detector
11-V & 11-VI: LED/LD & Photo-detector
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1r D violet
i s A blue
0.8 2 green
06 E s e orange
red

0.4

0.2/
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400 450 500 550 600 650 700 750
Wavelength (hm)

Human eyes are sensitive to green light (~555 nm), and hence the
development of green (or yellowish green) AlGalnP LED is desirable.
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Photonic Luminous Efficiency

F %% 3 ¥ m* InGaN LED

mINGaN LED/Z 5 & 27 fechgih > < 84
L6 BRAEFEALOYRHF S -

m¥ L EF gEkivp (SIC) E.7 4 aIlnGaN
LEDA 1 » 4 BF 5 F b f > RO E
L ET

mInGaN LED% % # R i B 7 L % %2
Eeb oo e B F %k F] 425k (570 nm~650
nm)iz- BAE& > B # iR &2 frAlGalnP
LED#AR ¥ |2ehiks o

2012/05/04 1 AR 4 A - KT LRI G 4 [ STk sk X fF 34

17



InGaN LED:h= i 84§

p-Electrode
: A
— EpTETA
p-GaN %%};‘ g b 2
p-Al,Ga, N
In,Ga, N n-Electrode
n-Al,Ga,,N i

n-GaN

GaN Buffer Layer

Sapphire Substrate

2012/05/04 1 AR 4 E .- kR L RE A 4 [ T2k 3R sk X i 35

AIGaInP;? InGaN LED & &,

mpaFE EL AL S MOCVD
(f ?% E/lbﬁ/%)é’ LED"’E" ‘l%

<!

T
IM

5t o Fl5 & do il R P o

,g
( ""‘iﬁsaalz)'& BBBFT’?'J: ’
e £ A }iﬁi‘& o
m T ?MOCVD B I\/IBE*‘,'SK oA
A i

") * o

=0

2012/05/04 1Az A E - KT EEM A A IR kR sk 36

18



The Clusterlab 600 Research MBE System

g . | |
2012/05/04 1 AR A E - kg L HEE A2 Fef ] 3733 % 3R Sk -k EF 37

LED% s & AR ik 2 30 gb RALL W b

0%

S4%
S0% 4

70% A
60% -
50% 4
40% 4
30% 4
20% A
10% A

0% T T T T T

2009 2010 2011 2012 2013 2014
2006 % o S RARH » - AL H 0 BT kR ILEDR {H TR KB
CCFL% & T 4R » 3¢ #2010 LED T AR ehig 35 & 12 18% » 4p & +03400% 5 o

Source : WitsView » s R 2FTA? v —PHEF TR R HE > 2010£12?
2012/05/04 1 Ap#2 4 E -k LA Fef ] 3733 % 3R Sk E EF 38

19



A FLED® 34 ¥4

= LEDEE (EAE%) ——BEE (%)

180,000 50%
160,000 | 4 as%
140,000 | 1 40%
120,000 + 35%
- 0%

100,000 |
80,000 1%%
' 4 20%
60.000 4 15%
40,000 | 4 10%
20,000 4 59
0 . . : . 0%

2009 2010(e) 20116 2012f) 2013(f)

FEIRE © T IEK(2010/02)

2012/05/04 1 AR A E - KT LRI G 4 [ FIm K grs ok X fF 39

2009 T 2010 LED > % &

2010 102

2009 61

0 20 40 60 80 100 120
Fir:hif=
¥ F R L B IMS Research#® 3 47 1 » LEDeh 23 3 3-8 #7£2000 # 16174
2 AAE12010& 1027 E ~ > EXE FRE6CT% - iR F L U RLEDD 354
v b - 0 BiEAlRE R o ',$ T LEDRE B H2 ¢ H @ LEDRE? & H-F
43020138 NP FE RO o A& R F AW K hike - RIFFLED
o~ MR R otk o
Source : IMS Research » fLEFaRALHFTA Y w—F P F LT F KL 2011817
2012/05/04 1 AR A .- kR LA i A [ FIT ko 3R ok 40

20



R BT A B A P e ?

T R T
_ E g i .
(’ : . ':I a 74 1

2012/05/04 1 Aedrd E - KT LERGA BG4S gk EE 4]

} ¥4 % BHOLED)MA B

mi@CRTIE R E ¥ R EE
AR 0 FltC BT E R RE T

< ¢ =} ePDPE A7 B 2 LCDRR
f‘i« BB 'Eg(fl’i BBB)lg&E./:F %"%B" oo

m ¥ fh— 3837400 0 OLED (3 #% %
= &% ) - OLED#_Organic Light-
Emitting Diode e # > - #7

THEEE o

2012/05/04 1AL A E - KT L EREAE G AL ik X 42

A

21



— ; » % ""
OLEDM# & & fil
m 1963# > Popeg¥ 4 T ¥ B} % - £ 3 MOLEDe~ gk » ¥ &
% fcF RFenT B EAnthracene & W EF » BLET|H % ih
Boholed WHFEB AT REF G kand » pF@s i
%E'Jiiﬁn
n 1987&

f1C. W. Tang 2 Steve Van Slyke %

%%;‘“f#mOLED;»fi_ A

3 ;uf*m'}’} ip 0 HMIEITTR

Bt s @ﬁ%% Tk @ﬁ%%’ Bod TR

r’p‘? %Ef. ®EET B ,v,g:.l i‘ﬁimﬁ % o

[ 199041 ) ‘f’ﬁ]ﬁ)}@% £ coFriend® A X 74 B g D i
#3043 R* 2OLED} > FPolymer LED( ﬁsﬁg_PLED)
FREFFEE - RETHP > (> TOLEDR- L -+ %
AL orihg RE R R o

2012/05/04 1 AR A E - KT LRI G 4 [ FIm K grs ok X fF 43

OLED# 7+ Ehigat

mp gk ~2 3 ’Eb’lo/}fl
m3 R A (>100, OOO cd/m?)
mFEREFE(us) i3 RER %
mETE 5 ~EEQ mm) -~ B4R & (>170°)
lﬁ@ﬁﬁﬁifﬁ i« 558 7 B (3-9 V)
md e ® ¥ o~ Mg
?;ﬁ%@ ST RV AGRZ 2
&Lk (F 2 Hg>2006# i %)

2012/05/04 1 AR 4 A - KT LRI G 4 [ STk sk X fF 44

22



5

OLED ¥ i 5 4538
aTFT-LCD# % % ik

2012/05/04 1 AR A E - KT LRI G 4 [ FIm K grs ok X fF 45




e 3V H ¢ OLED

| FOLED-based Pixelated, Monochrome Display

Source: UDC, Inc.
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@ 7 4L % & PV Special Research @ 7 % & National Chiao—Tung
Centre, UNSW, Australia University, Taiwan
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