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Major Milestones in Photonics

 |Invention of Light Bulbs (1882)

— Beginning of man-made electrically-generated light
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i[§SEs Edison’s Lamp - 1882

" 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

Thomas Edison, 1882 September 4, 1882



September 4, 1882

ITRI .
B[ OEslison’s Incandescent Lamp - 1882

“Thefirst step isan intuition- and
comes with a burst, then difficulties
arise. — Thisthing gives out and then
that- ‘Bugs —as such little faults and
difficulties are called- show
themselves and months of anxious
watching. Study and labor are
required before commercial success
or failure- is certainly reached.... |
have theright principle and am on the
right tracks, but time, hard ward, and
some good luck are necessary too.”

- Thomas Edison, describing hisinventive process, 1878



U8 OEs Traditional Lighting Sources

Incandescence bulbs Compact fluorescence bulbs

Halogen bulbs Fluorescence bulbs



B8 Ogs Evolution of Lighting Technologies
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i3k  White LED - 1996




i80Es | ED Light Bulbs - 2000




I8 Oks White LED Efficiencies
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B8 Ogs Evolution of Lighting Technologies
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B[ O Beginning of Nano-technology - 1900s
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Eﬂj OES Incandescence, fluorescence & LED Lights
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i[§ OEs Main Technology for White LED

I Red + Green + Blue LEDs UV LED + RGB Phosphor I Binary Complimentary
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I I Yellow phosphor

Efficiephcy Excellent Wavelength depended : Good
CRII _ _ Excellent _ Excellent Fair
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I1I-V technologies developing in Taiwan

ks Compound Semiconductor
OES

AlGalnP
670/650nm/DVD LD by MOVPE

1300/1550 nm LD by MOVPLE_==Electronics
Devices

850 nm VCSEL by MBE/MOCYD
1310nm QD

AlGaAs B




mrrm GaN Research at
ITRI/OES

MOCVD Growth
AIXTRON 2400G3-HT

Device Processing
Device Package

Measurement



B[§ Ops Comparison of 1W White-LED Lamp

~ OES/ITRI Lumileds

Thickness 5mm 15.7mm
Area 17x17mm?2  25x25mm?
Weight 1.85¢g 6.14g
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B8 Oks

LED

hrs

| ncandescent 15 5 8 1,000

100 9 15 1,000

135 7 12 5,000

20 / 12 3,000

300 14 24 3,000

Halogen 50 7 12 2,500

( ) 11 17 o0 10,000

Fluor escent 30 27 80 20,000
White LED (blue LED + YAGQG) 0.07 10* 30 >10,000
White LED (blue LED + R+G) 0.07 18* 25 >10,000
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Units by types (x10,000)
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ITRI Types of Lighting Sources used in Taiwan
I8 Gks

Energy Consumed by types

5% 3%

7%

2%
4%

3% 45%

2%

29%

40W 3,600 | 10,000 9,400
20W 3,800 7,500 11,400
10W 500 7,500 1,300
1,000 6,000 2,055

3,250 1,000 1,370

400 2,500 342

80 | 12,000 329

70 | 12,000 115

50 9,000 92

|:| 40W . 20W |:| 10W
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mrgés LED vs Incandescence Light bulbs for

Traffic Lights Applications in Taiwan

Light Sources

W att/Bults
Total Intersections

Total traffic lights
units

Daily electricity
consumed (degr ee)

Yearly electrical
energy consumed

Yearly cost (NTD$)

Total yearly cost
(NTD$)

2. LED
3. LED

LED I ncandescence Lights
10W (0.01KW) 116W (0.116KW)
45,000 45,000
360,000 (8x 45,000) 360,000 (8x 45,000)

86,400(0.01x360,000x 24) 1,002,240

(0.116 x360,000 X 24)
31,536,000 (86,400 x 365,817,600 (1,002,240 x
365) 365)
80,101,440 929,176,704
(31,536,000 x 2.54) (365,817,600 x 2.54)
80,100,000 (NTD) 929,170,000 (NTD)
) 87 NT$2.54
334,281,600 ( 3.34 )

92917 -8010 =84,907 ( NT$8.

Notes

8 lights per
intersection

24 hour per day

Cost per unit -
NTD $2.54



Demonstration of White-LED Lighting
In ITRI/OES

Exhibition Room in ITRI/OES
50W Halogen Incandescent > 6W LED Lamp



m MR Demonstration of White-LED Lighting
OES in ITRIOES

W lE_D Lamp

Meeting Room in ITRI/OES
20W Halogen Incandescent *9W LED Lamp, Power Saving > 50%




Demonstration of White-LED Lighting
In Taipel Municipal Social Education Hall
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20W Halogen Incandescent »4W LED Lamp, Power Saving : 80%
120W PAR38 Bulb »18W LED Lamp, Power Saving : 85%
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JK Yao Architectual Lighting Design, Taipei, Taiwan

e 1999 International Lighting Design Association
- 1ALD Award of Excellence

e 2003 International Lighting Design Association
- IALD Award of Merit

e 2001 International Lighting Design Association
- IALD Compendium of Good Practice

e 2002 International Lighting Design Association
- IALD Annual Award Judge
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Image #5
Various Patterns ...

LED at Mullion Joint -
Day and Night

M39/40
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Directions of LED Application

General Lighting

General

Lightings

Task
Lighting

Signal \
Lamp .
Mobile  pigital TFT LCD
Out-door Phone  peyices TV
Displays
DiS |a Sign & /
piay Architectural

— Lighting Back Lighting

Screens

& TV

Source: KOPTI




Display
1980-

2005
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ITRI
m OESGrowth of Optoelectronics Industry in Talwan

| e
Source: ITRI/IEK (2003/01)

16,000
‘ 13,644

400 | _y
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Opti cal Component s
Optoel ectronic Clhonmp¥%nent s
4 1. OAgpplications

Opti cal Storage- 34
y TFT Disp DSC, | /O devices

51. 8%

2001- Industry revenue USD$12.4B; 2002 Industry Revenue = USD$17.8B



ITRI
m OES Taiwan's products ranked as top 3 WW in 2002

Top 1 (15 Items) Top 2 (8 ltems) Top 3 (3 Items)
* |IC foundry
« IC Packaging * IC Design « DRAM
e Mask ROM * |C Resistor e« S&M TN/STN
e CD-R e Large TFT-LCD Module « LCD Module
e CD-RW e S&M TFT-LCD Module « PDP
. DVD-ROM .LED
. CD-ROM

» Ethernet Switch

 LCD Monitor
Wireless LAN - (AlElieg) L Ehy
. ADSLModem * Mother Board
« Cable Modem IC - 6 items
° NIiC Optoelectronics - 11
 Hub Communication - 8
« SOHO Router Information technology -

« Notebook PC

Taiwan is one of the leading producers in the world in optoelectronics

(USD$17.8B), electronics & IC (USD$18.7), communication (USD$14.2B)
and information technology (USD$21B) - relateded products




SLIA-

Semiconductor Lighting Industry Association

Formed 2002/10 by companies of LED and lighting
Industries to develop and promote the technology,
standard and applications of LED for lighting applications.
The membership has grown from 30+ to 50+ companies.




ITRI
m OFES Next Generation Lighting R&D Consortium

2002/9/19 - 11 LED companies formed R&D
consortium to develop technologies NT$ 10M

Goal: 40 lumen/W NT$383M /2 yrs
(R&D target: 100 lumen/W)

Phase 1 2002 - 2003
Phase 2 : 2 year, 2003/12-2005

Epitaxy
(Up-stream)

Processing/Fabrication
(mid-stream)

FOREPI
4 TINTEK Corporation
Packaging/Modules BN | s<<ismg b rigiai lEn DS
(Down-stream) e LITE'.H ' p—

Lamp Design &

(Lighting companies)

YSLiu/Industry Forum/CLEO/PR2003 Copy Right@ITRI



i[§ Oes White LED Efficiency Roadmap
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1§ Oks Future Impacts

e Equivalent electric saving
Energy to 11B degree.
* Reduceimport energy
resour ce dependency.
* Improvelighting

efficiency.
Environmental I

* CO, emission reduction.
 No mercury pollution.

Economic I

» Expedite white LED product
development.

e Industry investment: NT$2B+. * Reduce waste volume.
* LED revenue NT$4B+. * Vibration resistance.
« Photonic industry revenueto Industry

NT$40B by 2005.
* Vertical integration.
* Provide new product for new lighting applications.
e Improve | P protection.



National Initiatives at
China, Korea, Japan and USA

Y.S.Liu, Industrial Technology Research Institute, Taiwan, ROC



National Solid State Lighting
Projects in Mainland China

By Dr. Lianghui Chen



DIM ational Project in China (2003-2005)

o “Chinese National Semiconductor Lighting
Engineering(SLE)” started from June 17,2003.
Investment of SLE iIs15 M USD for 2003-2005, and
mainly from Government.

« “Semiconductor Lighting Industrialization
Developing Technology Project” in Oct. 2003.
Looking for 5-10 times budget of SLE, and mainly
from Industrial companies.



A8 OEs

National Project in Mainland China

(2006 -2020)

e National stratagem study and consultation report
on SSL is underway.

 Thetarget of SSL Is:

— 30% lighting energy saving, the same with
electricity generation of TGP(Three Gorges
Project)

— Budget : 5% the investment of TGP

— Period : 15-20 years, the same with TGP




Korea NatMél e

2y ey -
“Next Generation Growth Engine of Korea” Program (' 04-08)
- 10 High Growth Big Industries wer e Selected (about 2 B$)
Display Industry: LCD, PDP, LED, Organic EL,
3D, e-Paper

R&D Fund for LED: about 120 M$/5 years
Fund for Infra, Training & Education, Standardization &
Int’| Cooperation will be additionally supported.

High Growth 10 Large Industries
Digital TV & Broadcast, Display,
Intelligent Robot, Next Generation Car,
Next Generation Semiconductor, Net Generation Mobile Communication

| | ntelligent Home Networks, Digital Contents & SW Solutions,
Next Generation Battery, Bio New Medicine & Chip

KOPTI



ITRI . .
I8 Os Japan‘s“Light for the 21 Century’

Goal : GaN-based Light Source w/120lm/W by 2010

Period : 1998 ~ 2002
Budget : US$50M / 5 yrs.
4_

(NEDO)

(JRCM)

 BlueLED + YAG:

20% (external QE) at 20mA,
> 20 Im/W, 6,500K , R=85,
Life 20,000 hours.

e UVLED +RGB:

24% (external QE) at 20mA,
Power 16 mW @ 20mA.
Wavelength = 382 nm

» Better temperature stability

UV LED ascompared with
Blue-based.

29



m Worldwide National Programson LED

Tawan

Korea

Light for the 21%
century

Next generation
lighting initiative
(Vision 2020)

Next generation
illumination light
sour ce proj ect

LED and
Semiconductor
Lighting Korea

120 Im/W light source

200 Im/W light
source

Infra & Development
50 Im/W 2005 (prod.)
75 Im/W 2005 (lab)

80 Im/W (2008)
130 Im/W (2013)

Phase |: 98.9~2003.8
Phase |l: 03.9~08.8

Phase |: 2002~2011
Phasell: 2011~2020

Phase|: 02.3~02.8
Phasell: 02.8~05.7

Phase |: 2004~2008
Phase I1: 2009-2013

1stage: 6b Yen
2 stage: begin in 2004

50M $lyear
For 10 years

100M $ for 2002
15M $/year 2003-2005

About 200 M$¥/ 5 years

NEDO+ METI:

Y amaguchi Univ (4
Univ. + 13 Companies
+ 1 Association)

OIDA

11 Companies
Consortium

| nstitute + Univ +
Company total
Consortium




LKA opportunities for White LED

 Cell phones (1.4B units LEDSs)
« Automobiles

e LCD-TV back light (>100M units/year)

— Mitsubishi announced LED-back light for 17.5”
TFT-LCD

e Flashlight for DSC
« PTV light sources




100% NTSC 70% NTSC
No Mercury 3-5% Hg

Highly efficient and long lifetime light emitting for better life.
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Speaker’s Biography

Y.S. Liu

Fellow and VP, Industrial Technology Research Institute
General Director, Optoelectronics & Systems Labs.,

* Ph.D. Cornell University
« BS, National Taiwan University
 Experiences:

. Honors:

Program Director, DARPA Advanced Research Projects

Principal Scientist, GE Corporate Research & Development Center

Adjunct Professors- New York State University, Albany and RPI

President, Optical Engineer Society, ROC

Board member, Taiwan Electronics and Electrical Manufacturers Association
Borad member, IEEE, Taiwan chapter

President, Taiwan Optical Communication Industry Alliance

President, Solid State Lighting Association, Taiwan

ITRI Fellow

Fellow of OSA (Optical Society of America)

Fellow of PSA (Photonic Society of American-Chinese)

Fellow of PRMS (Asian Pacific Materials Society)

"50 R&D Stars to Watch”, Industry Week

2003 Recipient of the 10th Tung Yuen Science and Technology Award



Thank You

Y.S.Liu

liluys@itri.org.tw
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