. @M&M

= Kao Yuan Univ

LED®E X BREFEHARY

A AFH HLE
BRAFARASL KERERATKL




i University

1. LED Applications
2. LED introduction
3. CMLT Advantages
4. LED Epitaxy & Chip
5.PKG & LCD BLU

6. Conclusion

T — Lei's m@l@ 777



SiAEAEE 1 EDEESY . LED BE
LED(%%JT’E%)E~@ BIT 2% YRR 7 1 DGR
= E > 100 Im/W, EER{E > 263 Im/W
Fﬁxﬁlg ghEe
. EFEIE, 1@5@( mUV), BEVEELR (&IR)
: ﬁ%ﬁﬂ@
. SR (>100000Hrs)
. TS, TE
- W78 3000~6000K
. =tk (R,G,B,)

N

w5 e -~ ‘ ~—— -
- La's TER U T



Kao Yuan University

5

Silicone

LED Chip

I\ re—— | Lead Frame
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R+G+B LED UV-LED:##

R,G,B &t

* Dynamic oolor tuning * Whita point tunable by * Siple 10 Creals whits * Dynamic colar tuning
» Excelleni color rendering phosphors + Good color rendaring + Exgallant golor mndering
= Large color gamul + Excollent color rendening + Large color gamui

+ Simpla 1o craabe white . . . . .
H AT BT AR 2 AT AET 1 e

There are various ways to create white light from LEDs, each with specific advantages.
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Signs Display

2006 Asia Games in Doha- 165 m»39m
LED Display

Fig. 3. Audi Le Mans concept carwith LED headlamps designed by
Ruetz, a Gemman engineering company, using Optis software (see

Audf; BMW, HoWA, Toyota; Hyundst. . ..
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2. LED introduction
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Dicing Saw Epitaxy

Brightness

Color
Ingot Substrate Wafer
= = — I i ]
Package
Brightness Optics Housing
Heat Design Lead Frame Circuit
Resin Heat Sink
Die/Chip LED Module
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Light V,; break bias
I: Reverse leakage
current

V¢ @ Starting Voltage

Rumir

Infrared 1.6V
C ¢ (mA — Red 1.8~2.1V
urrent (mA) aeatios Orange 2.2V AllnGaP
-V, Yellow 2.4V
Vbr 2 Green 3.0~3.5V
J X Blue 3.0~.35V
) Voltage  While(YAG) 3.0~3.5V InGaN
i | .0~3.
Reverse bias orward bias g .
Ultra Violet 3.5V
=3 Vo V,, : Working vol
, * Yorking voltage
_ Leakage current (uA~nA) Lighting Zone
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Forward bias

Hole injection(+)

p-GaN InGaN/GaN MQW [[n-GaN

Electron injection(-)

leakage
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GaN LED wafer

eEpi-wafer Diameter : 50.8 mm=+0.5mm
*Epi-layer thickness : 4~7 um
*Total Thickness : 430 wum+50 wm

.
Characteristics
Parameter Symbol Test condition Unit
Min. Typ. Max.
Dominant wavelength Wwd EL (If= 20mA) nm 440 460 480
Luminous Intensity Iv EL (If=20mA) mcd 20 100 200
Forward Voltage A% If=20mA volt 29 32 35
Reverse Current Ir Vr=5V LA 0.01 0.05 1
ESD yield ESD% Machine Model 200V % - >80 -
w
Characteristics
Parameter Symbol Test condition Unit
Min. Typ. Max.
Dominant wavelength Wwd EL (If=20mA) nm 500 525 550
Luminous Intensity Iv EL (If= 20mA) mcd 400 500 600
Forward Voltage \%i If=20mA volt 2.8 32 3.6
Reverse Current Ir Vr=5V UA 0.01 0.05 1
ESD yield ESD% Machine Model 200V % - >80 ---
-
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e AlGalnP LED wafer

*Epi-wafer Diameter : 100.0£0.5 mm
*Epi-layer thickness : 4~20 um
*Total Thickness * 365+30 um

[ .
Characteristics
Parameter Symbol Test condition Unit
Min. Typ. Max.
Dominant
Wwd EL (If=20mA) nm 560 570 580
wavelength
Luminous Intensity Iv EL (If=20mA) mcd 10 50 80
Forward Voltage A% If=20mA volt 1.8 20 24
Reliability LlIfe AlAvg = [(1200 hr— Iinitial)/Iinitial]Avg % 25 0 25
Characteristics
Parameter Symbol Test condition Unit
Min. Typ. Max.
Dominant wd EL (If= 20mA) nm 580 590 600
wavelength
Luminous Intensity Iv EL (If=20mA) mcd 30 170 200
Forward Voltage \%i If=20mA volt 1.8 2.0 24
Reliability LIfe ATAvg = [(1200 hr — Iinitial)/Tinitial | Avg % -15 0 15
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e Epitaxy
— Patterned Subtrate
— GaN Substrate

e Chip
— Surface Roughness
— Photonics Crystal
— Laser lift-off
— Wafer Bonding

* Package

— High Index Material
— Hybrid Materials

— Ceramic Lead FrameModule
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%

Brightness / [lluminance

— = Heat

Efficiency (Im/W) —

Color Control CCT /CIE -

Flux Density lm/package

Cost (Im/$) -
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3. Brightness & Life
Improvement
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\Estimating Life time Roadmap
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2. LED packaged with
Yellow phosphor.
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4. Epitaxy & Chip
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* Epitaxy
— Patterned Subtrate

— GGaN Substrate
— Si Substrate
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Kao Yuan University
Growth temperature: 450(GaN buffer)~11000 °C

Precursors : Ga: TMGa (Ga(CH3)3) or TMAI
Dopant : SiH4, CP2Mg
Purgegas: N ,, H,

. 1.GaN-LED Epitaxy

N:NH ;
SiH4 or CP2Mg ——
TMGa, TMIn or TMA]  =——
N : NH3 e 4
Purge gas : N2 + H2 ﬁ
p-GaN
MQW InGaN/GaN (Active)
n-GaN
GaN or AIN Buffer

@it Wr Vo T Vesld.
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ITO
[ Cr/Pt/Au ] /
Enhance Light Extraction p-GaN
PR or Nano Particle
n-GaN [Cr/Pt/Au |
..{...:{> pEgiigiplngiglginl
——
Nano-patterned substrate
MQW Quality
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e Chip
— Current Spreading Layer
— Surface Roughing

— Photonics Crystal
— Laser Lift-off (Thin GaN)

ST TR
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Example - GaN-based LED

P-GaN ICP P-GaN ITO [ P-GaN _

N-GaN |:|> N-GaN ‘:|> N-GaN
Sapphire Sub. Sapphire Sub. Sapphire Sub.

_ P-GaN
Electrode I P-GaN I Si0; _
::> N.GaN L ::> N-GaN
Sapphire Sub. -

i Sapphire Sub.
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CSL requirements :

1. Low sheet resistance NAu tramspavant
2. Low contact resistance to p-GaN fayer (<l0nm)
3. High optical transparency //

P contact

y.

(Ni/Au)

p-GaN (0.5 um)

Material
1. Ni/Au IGaNMOW -~
2.1TO Sapphire
3.7Zn0

N contact (Ti/Au)

T SR U i)
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{ ne=. 34 AlGAlmIP

n=1 Air

—) 0 =sin(17 -
n

Let's THEIeE Ulp TR



-, BIABNT ‘*-‘Conventional and Photonic Crystal LED
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Conventional This work

Low T oy due to TIR Improvement of T] .y
by diffraction

m—— k of diffracted ,.--------,
beeeo- Light cone light ¢ ‘

.V Senas ‘ Grating vector

A k of emitted
p-GaN cladding layer . | / Total Internal light

Reflection (TIR)

InGaN
active layer ,/'
S
\ '
n-GaN cladding layer Sapphire substrate

LS W: Z/U,lﬁ ; he. |i
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335 " Photonic crystal LED

B Top view of PhC M Cross-sectional view
blue LED of 2-D PhC
NI/AUW/ITO _ y
transparent NI/AU/ITO
PhC area electrode n-electrode transparent electrode
\ !

p-electrode p-GaN

InGaN

n-GaN
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'335 . Photonic crystal LED

Enhance Light Extraction
SEM

insulator
p-co‘ntact thin transparent
L p-contact
-GaN n-contact
n-GaN MQWs
sapphire (b)

Applied Physics Letters, vol. 87, 203508, 2005
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W /cm - °C
GaN LED{# .z sapphire &tz B3 72 2 GaN 3
InN 0.45
EEREGE  EEmREH ES2E AN Lo
o GaAs 0.5
IEE %IJ Sapphire | 0.35
Diamond | 20
Cu 393
SapphireZ: i~ 55 » 1 [AI G HLED - e
\ Ag 4.17
B EEEAY ) ©

: P
% [ sapphire Z: 1t ——— N i
P IL%E-THI —‘ -
Az kil

T H 45 BGaN LED T A
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Laser (KrF 248 excimer laser)

Ly

Sapphire 900~1000 °C
GaN—/ Ga + "2 N2

ff
e -GaN buffer
-Gdl\ll |V|uvv
"7 Bondingmetal
—————————————
=] gg‘% \%*&

‘?7-" S .
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BIAEATE Thin GaN — GaN LED Process

Sapphire

m Epitaxy
m P-mirror metallization

m Bonding on carrier
m LLO of epi

| Sapphire

- — e d i s

GaN |GaN CaN | GaN

m Contacts
m Chip processing

m Chip dicing GaN GaN GaN  GaN
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' Thin GaN — GaN LED Process
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1. Metal Depaosition

receptor
wafer

2. Low-T bonding
(200°C)

In
N
p-contact e

In,Ga, N
LED

Al;0;

Pd: 100 nm
In: 1 gm

4. Final structure after CAIBE etch and
n-contact definition

n-contact

GaN:Si

3. Laser Lift-off

a) interfacial GaN  b) thermal
decomposition detachment
(40°C)

KrF pulsed
excimer laser

InGaN SQW (k= 455nm)

— —+—— GaN:Mg

back-contact

100 um

NORG, APL VO 7TeRr 000
LS BIE o) intes ua‘}u
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50 = 328 /
qu o -§- lJ' t H I
S a0l 326 atera
:}‘ Vertical -
= 20
2 30} 3ur
: 2
& L r] f ic:
.E 20 Lateral = 322 . Vertical -~ 0
S wf E P e
= L '
= =320
"= A
¢ -] =
i { P | M " 1 | 318 | " 1 A
6 4 -2 0 2 4 6 38 10 0 0 20 30 40 50
(a) Voltages (V) (b} Current density (A/cm?2)
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3 5 7t ST I SR A AR EE Iy s B I HE I

[ A U i E R A AL
MOW Z i 2 1 8 5
n & p/Ex{E

% b 2< MNP
F<E LR

T e

Flip-Chip LED
Chip |[thin GaN LED
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Package %%ﬂé%

4 (Eutectic) # 2

Epi
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5. Package
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S kel | Package
* Package
— High Index Material

— High Thermal Conductivity

— High Stability Materials(Silicone)
— Ceramic Lead Frame

— Si Lead Frame

Let's TEhe U Theile
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o LED Package
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o $AEAE R Requirement

P max~0-6-5.
Rth=8-15 KIW
1998

P na=0.2-0.4W "rojector ==
Rth=50 KIW .

R z2K/W
Prac01W 1994
Rth=150-200
1970 Indicator LED IT
Indicator LED

1962

First Indicator LED

Lei's BN U Tl
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Silicone COB Silicone Mold
dispense
—
£ IR -7~ oV Van B pdly - N7

Silicone Lens

Fresnel

Silicone Encapsulating Material

Si or Ceramic Lead Frame
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6.LCD - LED BLU

LS W: Z/U,lﬁ ; he. |i




/
T
eV

J?i ‘k/\ﬂ

Kao )uun University

LED Backlight

CIE 1931 2° CHROMATICITY DIAGRAM

k.|

yellowist,

greenich-
yellow

580 orange
yellow

ye\lr wi sh-
plr k

purplish-

pmk /‘f

450

purplish- —s-
blue 40T
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@%4#,81 | ED BLU Revolution

llllllllllllllllllllllllllllllllllllllllll

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

32”7, 96W, 16mm
no heat sink / no fans
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ect Type and Edge Typ:—

Direct type LED BLU Edge type LED BLU
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Shmh R LIRS e

- 7",_ - b - "
ILEIS ;’ F_gvni (U)o Y.C’r’v}_’@mg_q/




Kao Yuan University

b CCFL vs LED

Fluorescent Lamp vs. LED

j £l K ﬁ 1 CCF_L “ A W d

CCFL

A &4 48 =20 Shd

radiation pattern

1 #ﬂ,l | L .3 FFDS

LED np l} |I||_

'
at | ] .8 h
S \\ ' r

F
L] . " B N BN - 1. W——
- s - - -y Lo —_

By s o W b @

radiation spectrum

CCFL

@it Wr Vo T Vesld.




o $aAEA | _Spectrum — CCFL vs LED

UV Avoidance
Anti-UV solutions =—> Cost !!
w1 N "..
A | LED spectrum
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g Epitaxy Chip &M BEMLE -8 ] S8
RIEH Im/w
_ NB# X 2500mcd I
Nichia GaN/PSS | KI&tE TV (130 Im/w) Im/w& | »&#% Cost
TG GaN/PSS VIS AT - TV H 2300mcd Im/wg | MR Cost
(120 Im/w)
K it
Cree GaN/Sic I H AW HEHH 5110 Im/w | Rt NS Cost
AN 2100med | Im/wiE i
AN Im/w
] GaN/Al.0; | KI5t NBZ St 2200mcd Im/w& IP
TVE L (115 Im/w) RIBH Im/w
TH GaN/PSS | K¥&H#E | NBEX 2200mcd Im/wE IP
TVE X (115 Im/w) RIH I/
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e LED %% &t A% LB fln

e LED i fli#HE HIm/W ~ EEEmZ
]

« LED H1iTER 8 w275 [H]

e LED 2 £ LCD o P =l A Bk i E
SR ERIE. ...

B (B T = SP asPaa Il iy
e LED feftEE - HFEHE - FEEXLE

<2 LCD BLU
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Thank You
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