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Er2IAY . Global and Taiwan LED Market Trends

No.1 in Volume (Taiwan 38 %, Japan 27%)
No.2 in Revenue (Taiwan 23%, Japan 37%)

O
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Worldwide LED Taiwan LED

W market value e market value

Worldwide growth rate —=— Taiwan growth rate

Source : ITRI/IEK(2008)
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EPISTM Worldwide LED Market Outlook for 2009
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EPIS‘I‘AR LED Notebook Backlight Demands

£ LED 5XXHKE Mt W
MAR 2007 2008 2009f 2010f 2012f GAGR%(08-12)
NB 47 687 2,522 4,738 7,897 84
Em®E 0 7 51 160 652 211

LCDTV 3 114 1,699 5484 26,174 289
@it .50 808 4,272 10,382 34,723 156
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In 2009, there will be around 63M of NB that
will use LED backlight, assuming 40 LED in each LED backlight.

-> a 40 % penetration rate
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H’ISTM LED LCDTYV Market Penetration

unit: Millian Equivalent to 63% of the total LED used in worldwide cell phones
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mource; LEDinside, Witsviews
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(PS8 [,CD TV with LED Backlight
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EPISTAR
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The Advantage of LED LCDTV
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msm& Government Policies in Driving SSL

Plan to replace the incandescent light bulb with LED lamp at 2009
Taiwan Q1 in government buildings, and are not allowed to manufacture
and use incandescent light bulb completely starting from 2012
Plan to ban the incandescent lamp after 2010
Plan to ban (producing and using) the incandescent lamp after 2010

The government announced at 2008.04.05. The incandescent light buibs

Japan will be completely phased out before 2012

Canada Plan to ban using the incandescent lamp after 2012

(@111 g Il will phase out the use of incandescent bulbs by 2018.

England Plan to eliminate incandescent lamp gradually by 2012
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Emgmﬁ Business Model - Vertical Integration
ST kE Solid State Lighting

Toyada
Gosei Cree-

4 Cotco

UMTOBE
B Osracn
uminatiof Tridonic

Acto
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=~%w Retail Light Source Survey

Incandescent Fluorescent
MR-16 TS T-5

i

di-:
[

el

OSRAM L 36w/880

Made in Germany

SKYWHITE

-

Lm/W 25~35(Xe) 85~95 | 65~70 | 50~65 | 50~55 [LEes
14~54 | 13~28 | 13~28 | 5~10 [WEPRYS)

W/Pkg 20~50
~3000 | ~1400 | ~1200 | ~350 (WL

[Lm/Pkg* ~500
W/$ 0.5 0.06~0.13 0.14 | 0.17 |~ MUK

Lm/$* ~5 ) ~30 ~8 ~10 ~10 ~3 ~0.3
*x *x 0 57% 57% ~55% -

P.F -
>12000 <10[0]0) 10000 3000 3000 K[islomm >20000

Lifetime ~2500
Color. T Warm Tunable | Tunable | Tunable | Tunable | Tunable | Tunable WETIEI[=

CRI

* on average ** depends on ballast ** All price in NT$
Copyright © 2009 by EPISTAR. All Rights Reserved
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f;f%%_ LED Lighting Applications

EverLight Street

13W LED
Light Bulb

Cree Down
Light Module

Delta Solar Street Light :
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saJLIC'EH

Cost Analysis for Different Lighting Sources

B 2-3-4 TR RZE T E KAt

[ D3I/ klm

—a— LED —&— Incandescent ——CFL ——— Fluorescent ——HID
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(Eesmae  eop SAEMIE H 1 BIR

Fo 3 5 HENWERGHE
280~315nm B B E 4 B & F4E
315~400nm R&EAREKYD > BEARAHMBE r MEEN K
400~520nm(&) HE&FRBABHFRKLHRR  HASEABERR
EEHNRKERS

520~610nm RS FBUER AR EXAALBRAERELE
610~720nm(4x) R F/K > R R  BEMICEETFEF
720~1000nm @R AT

Effect of LED irradiation on the rhizocarp shapes of radish

Tamulaitis et al. (2005) J. Phys.D: Appl. Phys. 38: 3182-

HPS treatment 455 nm

{high pressure 640 Nnm LED 640 nm LED i :

b viRosr et e s L Green house White fluorescent light
T35 nm

660 nm LED 90%
450 nm LED 10%




ErlsTaR  Epistar HB LED Product Line-up

(AlGa, y) In, P

561nm PG |:|
571nm YG [ |
585nm SY [ |
589nm YL [ |

| 595nm AY [ |
Mass Production 475-485nm 605nm YO [ |

BC[ | 485-495nm 615nm SO/RO [ |
GLL ] 495-515nm 624nm HR

GH [ 515-535nm 631nm SR
639nm DJ

Pilot Run 380-405Snm
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fgj}i{ﬁ%_ Efficiency Evolution of Light Sources
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Source: Lumlieds

Figure 2.1: Historical and Predicted Efficacy of Light Sources

Source: Lumileds. Courtesy of Department of Energy, USA
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EPISTAR

grisTar. Efficiency Roadmap (DOE)

" m Cree cool white production
B Cree warm white production
| shoratory Projection - Cool YWhite
e Comimercial Product Projection - Cool White
= = Commercial Product Projection - Warm White
® | aboratory - Cool White
< Commercial Product - Cool White
+  Commercial Product - Warm White
w1 aximum Efficacy - Warm White
0 | | = = Maximum Efficacy - Coal White

2004 2006 2008 2010

2012 2014 2016 2018 2020
Year
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gf’lsmﬁ Luminous Efficiency

sa JLIC &

‘/ Luminous Efficiency (lII]/W) — 77 pack X 77 phos X 77 elec X 77 int X 77 extract

Where

7 pack - Packaging Efficiency (optics design)

7 phos - Phosphor Conversion Efficiency (phosphor design)

7 etec - Electrical Efficiency (V,and injection efficiency)

7 ine « Internal Quantum Efficiency (Ep1 layer design and quality)

N extrace - L1ght Extraction Efficiency (LED chip structure and device design)

" Next = Nint X 7 extract 15 the External Quantum Efficiency (EQE)
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ErISTAR Efficiency Breakdown (Phosphor-Converting LED)

Luminaire

Line woltage input ST T TS T e
LED Package
2m0s Target T
s R zoos | T t
5 Electrical aras
) =s5% 9% DrHwver = Efficiency
+ L @ H90% 959%
B Leo
&) zo= 519
Packag IRE @ S0 9 0%
;1 e El=ctrorns o phots =
™3 S I | 5o Q0%
Therma
E’ S5 L= Lhs. 2 - e L
Efficiency | A s | Ba% 21 %
i3 R EGE
B " 1
&) =0 az% Fixture @ FPhosphar E B 5% T3
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R R had
| Scattering @ 20 % S0
o . v Efficiency
m Optical Power —
he 17 a41% 5
= = = kS 51 %%
________________________________ =

Figure 4.5 Phosphor-Converhing LLETD - Current and Target Lurminaire Efficiencies for

Steady State Operation
Source: LEID Techrnical Cormrrdttes, Fall 20058

IMote:
1. Thetarget azsunesa COT of 100K and CEREI of 90, Current CCT: 4100-a2008, CEREI: 7o

2. The target for 2d includes theloss due to the Stolces shaft (9 0%0 gquanbun wield tirmes the matio of the
average purnped wavwelength and the average wavelength ernitted), the vwalue hereis typical ofa blue
di odef~yellow phosphior svstern

3. The showm efficdency allocation is ondy one method ofachiewing the 941960 haminaire eficiency target.

Copyright © 2009 by EPISTAR. All Rights Reserved Multi-Year Program Plan FY’09-FY’15 March 2009




()erstae  How Achievable is 150 Im/W 2

sa LI E
How Achievable is 150 Im/W ? LuMILEDS
PC White * High performance commercial
Today” | Future “‘cool white” LED.

Coys (%0) ~80 ~90
QE (%) e ~90 1mm? chip driven at 350mA.
EQE (%) ~45 ~80
Vs (V) ~3.3 ~2.9
-35

LE (Im/W) ~70 ~150

« |QE must increase by =1.5X

« This table assumes a phosphor conversion on 200 lumens/optical VWatt for “cool” white
(CCT =5000).

« For “warm” white (CCT 3000 — 4000) the conversion is significantly lower and requires
development. This is an issue for illumination.

« To achieve 1000 lumen source drive current must be ~-2A which reduces luminous
Eﬁiﬂacy [LE} M. George Craford, March 2007, APS

Copyright © 2009 by EPISTAR. All Rights Reserved



Eﬂsmﬁ Improveme_n_t of Luminous
I - Efficienc

v’ Internal Quantum Efficiency - droop issue
* Epitaxial quality
® Quantum well/barrier design

v Light Extraction Efficiency

* Light scattering/diffraction in or on the LED chip
* Reduce the absorption of the reflected/scattered light.

v’ Electric Efficiency

* Current spreading (crowding)— “Finger” and Transparent Contact Metal Layer
(ITO)

* Reduce forward voltage

v Phosphor Conversion Efficiency

v Packaging Efficiency

Copyright © 2009 by EPISTAR/R&D. All Rights Reserved




EP;?%% Droop Issue - Attributions

v Droop: External quantum efficiency drops as injection current increases.

v Droop attributions

® Phonon-assisted Auger Recombination - Philips Lumileds,
OSRAM

* Piezoelectric (Polarization) effects in the quantum wells -
RPI, Samsung Electro-Mechanics, Virginia
Commonwealth Univ

* Non-radiative recombination - West Virginia University

® Defects

Copyright © 2009 by EPISTAR/R&D. All Rights Reserved




’ﬁf’lsmﬁ Device Design Approaches

sm JLIC'E

v/ Better current spreading

¥~ New transparent oxide

¥~ Optimized contact finger design
" Thicker n-GaN

v Better light extraction

¥ Surface texturing

" Interface light path design

v’ Reduce forward voltage, V;

“¥” Increase p-GaN doping concentration

e~ Reduce contact resistance

Copyright © 2009 by EPISTAR/R&D. All Rights Reserved




EPISTAR
smJLIL'EH

Venus-Series

"
£-pad

ITO
N VAR VL VL VR VAR VAN

-Claddin Laer

n-Cladding Layer
Buffer Layer

Al,O, Substrate

® [TO on rough p-GaN
m Leaf vein finger design

Generic

]
p-pad
ITO

p-Cladding Layer

n-Cladding Layer
ESS

Al,O, Substrate

® JTO on flat p-GaN
m ESS technology

Copyright © 2009 by EPISTAR/R&D. All Rights Reserved

Power Chip Portfolio

£-pacT
ITO

p-Cladding Layer

n-Cladding Layer
Lambertian Reflector

Bonding Layer

AIN Substrate

® /TO on flat p-GaN

® Lambertion reflector

™ Highk,, . substrate

m Separation of heat dissipation
and current path




Evolution of Power Chip
rerrformance

100 1m/W

5

Efficiency Evoluation

—— 350 mA
—%— 700 mA

Time Sequence

V45B V45C Generic
Product Portfolio
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High voltage

Power ‘tlansmi_ssinn lines

substation

From Power to Illumination

Transmission
substation

A Power plant

Most of the lighting source are powered by
AC Power!!!

Flush Mount
‘ ‘ TY-Circline FL

Fluorescent Fixture
T8, TA

Chandelier
Incandescent
CFL {if applicable)

Hanging Larnp
f Pendant
Incandescent
CFL (if applicahle)

Recessed Lighting
/£ Baffle Trim
Wall Bracket Halogen
fSconce
. ®
AC 15 eyel V\\
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EPISTAR
B ILIC'E

Worldwide Main Voltage & Frequency

Map of the world by voltage 8bd frequency
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EPES?%_ From Light Bulb to LED

g8 JL T

Conventional )
Lighting

AC Electricity SW|tch / Dimmer Bulb / Lamp

Conventional
DCLED lighting

AC Electricity Converter / Adapter Control circuit LED driven via DC

AC Electricity Switch / Dimmer LED via AC

Copyright © 2009 by EPISTAR. All Rights Reserved




EPISTAR . . .
EE.E = e Efficiency from AC Utility to DC Input

AC 1110~130V

Foot Print
{excluding LEDs):

720 mm?

=
Decrease Footprint Increase Efficiency National

“Source:
Copyright © 2009 by EPISTAR. All Rights Reserved




ﬁf*lsmﬁ The ACLED Market Forecast

(billion Japan Yen)

Forecast by Japan & /& #7 i 2005.2.22
2000 billion

200 billion

20 billion

(Forecast by EOL)

| | |
2005 2010 2015
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Ef’ls’mﬁ Innovation for LED Lighting: ACLED

chip design

e | =
= o Al g
T= 1= Y
i S
=

- Voltage ,

In a single chip

*AC LED chip works under high voltage driven directly.

*No additional rectifier or adapter need.

*The area size and the numbers of microchips (cells) decide the driving voltage
and power.

Copyright © 2009 by EPISTAR. All Rights Reserved




Eﬂsmﬁ Principles Behind AC-Driven

g JCJC &'
® Circuit Layout
— Diode Rectifier

(Seoul Semiconductor)

- Bridge Rectifier
(ITRI, Epistar)

_
2%
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Eﬂsmﬁ Principles Behind AC-Driven LED

® Operation Point for DCLED is static

|

A

. °

> V, ’ v >

t t t
— Constant voltage
— Constant current

v y

i-v transfer function of diode

® Operation Point for ACLED is dynamic

I

V! L

I

— Alternating sinusoid voltage
— Alternating non-sinusoid current

i-v transfer function of diode

Copyright © 2009 by EPISTAR. All Rights Reserved




EHSTAR Principle Behind AC-Driven LED

— I-V Characteristics of AC LED ® Power Factor
— Real Power T

P = % g V(1)(1)dlt

— Apparent power:

P =V xI_

apparent rms

— Power factor is the ratio of the
real power to apparent power:

-0a0s 0om oo aonm ool n0; anzs aoia ook 0040 P

_ _ _ real
P.F.= p—real _

B apparent
electric- Characteristics of AC LED The PF of AC LED is 0.8~0.9

Current k Time
5 e @V

1. Increase the cell number
2. Reduce the operation current
3. Add resistor

R&D. All Rights Reserved

y

optical
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Eﬂsmﬁ Solutions fo:_' Power System
seTLICE VEIELV T S

® Adding a resistor

| < exp {V}

® Adding a Capacitor

S o ,

Copyright © 2009 by EPISTAR/R&D. All Rights Reserved




EPISTAR

Rrkw ACLED

® DCT AT ® FRERE

(Diode rectifier type)

Seoul Semiconductor

e
i

— R LED AR SZ A R —
(3]

— AE RN S R BT LD
B - BT R A
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E%é‘;ﬁ%_ ACLED Chip Performances

(Customer Packaging Data)

Driving Voltage :

Product Type:

Driving Current :
Resister (Q) £ 80 (Q)

ES-RD-AC110V-A55-28L-3 (Bin 03) e
Vf @ 10mA (WIthOUt reSiStor): ~90V ps:1. LITEON 1902705
Wid: 455.0 ~ 460.0 nm 2- No Resistor

3. n is estimated 610

455
300

Name Efficiency

\
' |
| ‘

|

l

j

&5 = =1
& b

No./Unit Im/W

Min . . 68.0

Max . . 74.1

3 . -

Avg.

StdDev
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EPISTAR
5 JL .7'!: =5l

ACLED Family

Power Consumption

ES CEI:l I:lAE47

32V /30mA @ 0.7W

ES-CELICJAC99

[

r |

’71 [

8s

ES CEI:l LJAC55

l |

Tl

i

110V / 12mA @1W

110V /55mA @ 4W

ES-CELICJADS5
(under develop)

220V /6mA @ 1W

Driving Voltage

Copyright © 2009 by EPISTAR/R&D. All Rights Reserved




EPISIAR — Lower Cost Approach: ACLED

480 Im @ 4W
=

Driver IC USD$ 2.0 Package ‘
USD$0.6~1.0 Other component USD$ 4.0 Fixture A
150 Im/w MCPCB USD$ 1.0

@2012 DOE Target Efficiency~80%

490 Im @ 4V

—
(if 4 chip peraERauEy)

ChEn Om MCPCB USD$ 1.0 Package LD L
USD$0.9~1.5 Fixture uUsSD$ 0.5

130 Im/w P-F- ~ 950/0
@2012 Target

Note: The cost of LED chip are only for reference because it depended on performance and chip size.
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58 JLIC &

Use AC55 to form Lamps

4W AC LED

6W AC LED

15W AC LED

AC LED Module

=

AC55 (1W) X 4
TS

AC55 (1W) X 6

AC55 (1W) X 15
EFEEEEESD
TETEEES

Luminous Flux
@ 5700K

230 Im

350 Im

900 Im

Luminous Flux
@ 3000K

160 Im

250 Im

650 Im
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5@35%% Vision With LED

Lighting Up the World Through Diode Emitting

Photo graph; NASA Copyright © 2009 by EPISTAR. All Rights Reserved




