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Figure 3.4a The electromagnetic spectrum. Figure 3.4b The optical portion of the

electromagnetic spectrum.
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Albert Einstein (1879-1955)
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1) Gas Lasers (# & & &)

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

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 (H# # T &%)

Chemical Laser, Free-Electron Laser, ...
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Evolution of Light-Emitting Diode Efficiency
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Distributed Bragg Reflector (DBR)

p- metal

/

«— Window layer X T 2n ‘L (Eg T)
4 Cladding layer

Ve Active layer N-pai I'S

AljGa, As WY

l— Substrate

n- metal
DBR%RE;LﬁE“J = éi -FK? I O ) #ﬁ'%}éi‘él‘ ARYF o

2000/04/10 1 A28 4 iE--FP B £ 14K & BAe /10 L i kX g5 26

13



AP A (e T HF R

Window, GaP Window, GaP
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Lumileds 2 # éhi§ B f 4% LED

1991 1994
¥Rk 2 BP 2
GaAsi# GaP& 1=
1998
4 ' 2
GaP A

Fig. 1. Four generations of AIGalnP LEDs; (a) absorbing substrate (AS) LED;
(b) transparent substrate (TS) LED with two to three times the AS flux;
(¢) high-power LED with five times the TS flux; (d) truncated inverted pyramid
(TIF) LED with eight times the TS flux,
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LEDS # & & o 7 Stdi s 2w

1. epitaxy 2. metalization 3. bonding 4, substrate removal

= | —
ww

; substrate
epilayer

carrier
(GaAs, Si, metal...)

Fig. 3. Ametal-bonding scheme used for creating an “artificial” wafer with epilayersona

new carrier and buried metal-mirror layers in between.
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4% of the generated
photons are extracted rough or tapered
| surface
total internal
2ROy, / reflection

Fig. 1. Total internal reflection and substrate Fig. 2. In substrate-less LEDs a highly

absorption limit the photon extraction reflective metal mirror reflects all the
efficiency of conventional LEDs grownon  gownward-travelling light. The thin active

absorbing substrates. layer minimizes internal absorption,
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KSU Optically-pumped llI-Nitide Photonic Crystals
20 times enhancement in emission intensity

SEM image and near-field scanning optical
microscopy (NSOM) intensity image collected
above the patterned photonic crystal (PC) region -
20 times enhancement under optical pumping.
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1 Signal mirrors,

Certer high-mourded stop lamps (CHMSEL) byl }

4 eamyo bed lighting N ::E’:;:::Emrﬂ-
e sty lighting

Backup

ligghingy

and stop

lamps

Interior Applications
- Map lamps
« Passenger reading lights
* PRNDLyear sebector ligkding
» Dome lights
+ Inberior door fights
* Instrumerd panal lights
& displays
» Bumbignee lighting
* Trunk lights

Furnire board &
Forctmel ligghdirig

Lisense plate e
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v BLED R (FEE LIS EM)

2
e
:
8
3
e/
:

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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v RLEDe R * (Eig)

Q
Fig. 3. This white lamp produced 1200Im,
e N about the same as an incandescent bulb,
Ledtronics include DécorLED lamps with Edison screw bases. but with twice the efficiency.
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RC-LED% # .7 & W

Contact layer

} 4+ DBR: R~0.6-0.7

R Rz

Absorbing substrate
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RC-LEDELED? w {21 &

extraction cone

active layer active layer

mirror
light emission .

light emission resonal%i"

Fig. 1. Ina conventional LED (left) the light emission is isotropic. Only a small percentage
of the emitted light can be extracted. In an RCLED (right) the active layer and mirrors can
be designed such that the light is emitted mostly inside the extraction cone.
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The Clusterlab 600 Research MBE System
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e 3V H ¢ OLED

FOLED-based Pixelated, Monochrome Display
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Source: UDC, Inc.
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44+ OLED2#:#&

Cathode separator Shadew mask

R emission layer

ITO
G emission layer Shadow mask
B emission layer Shadow mask

Small molecules are thermally
: R, &, B pattering is defined by
evaporated in vacuum shadow masking in vacuum
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Seiko Epson 40+t OLED > 28 7+ %

40-inch full-color OLED display
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