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technology will continue to play a critical role in realizing the ultimate 
goal of making a 200 lm/W device or beyond.5 

6.   DOE ALITE 1995  

In 1995, US Department of Energy (DOE) organized a workshop, 
ALITE (Advanced Lighting Technologies) held in Washington DC that 
involved major lighting companies such as GE, Phillips and Osram to 
identify promising areas for pre-competitive research in the basic science 
of commercial light sources that might lead to major breakthroughs in 
the performance and efficiency. It was recognized at the time, that 
lighting consumes about 20% of the total electric energy generated in 
USA and the efficiencies of major light sources used over the century 
were merely 5-25%.  

After intensive presentation and discussion among about 80 experts 
coming from world leading academic, industrial and research institutions, 
the ALITE Workshop reviewed all types of traditional light sources 
including incandescence lights, fluorescence lights, halogen and HID and 
other conventional light sources, the group concluded that in spite of the 
intensive R&D efforts, the technologies of three major conventional 
lighting sources, namely, incandescence, fluorescence and halogen, have 
not shown any significant improvements in the past thirty years. 

In addition, the workshop further concluded at the time that the 
semiconductor light source is the only promising technology that mostly 
likely to make breakthroughs for achieving a much higher efficiencies. In 
the conclusion of the workshop, it was predicted that LED lighting would 
reach 10 lumen/watt by year 2000 and  >100 lumen/watt by year 2005 
with up to 100,000 hours of life. The output of the ALITE Workshop was 
published in a report (EPRI Report, TR-106022), called, �Vision 2000 
Lighting Technology Roadmap� which could be seen as a white paper for 
the national solid state lighting project launched later.15 

I left the workshop convinced that LED lighting is going to be an 
important technology for the GE lighting business and initiated a 
program at GE funded by the GE Lighting Business to look into the  
feasibility of using LED for general lighting applications in 1997. This 
was the very first funded project at GE on this emerging solid state 
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One goal of the national SSL program is to stimulate domestic 
production through the use of public-private partnerships. Participation 
to the national program will include more than 15 research institutions 
and university research labs, as well as more than 2500 companies 
involved in LED wafers, chips, packaging and applications. 

Another key goal of China�s SSL program is energy savings. China is 
the second largest energy-consuming country after the US, and its energy 
consumption per dollar of GDP however is much higher than Japan, 
Europe or the US. The country has set an ambitious plan to quadruple its 
total GDP by 2015, but hold the increase of her energy consumption only 
by a factor of two. 

Lighting is seen a key element for the increase of energy demand, 
especially as 14 million rural Chinese move to cities each year. The 
adoption of SSL will be an important element in reducing the growth of 
energy demand. China expects to be the largest market for LEDs and 
solid-state lighting in the world.�  From reports, it is apparent solid state 
lighting will become a rapid growing industry in Asia in general, and in 
China in particular.  

10.   Taiwan�s solid state lighting program 

Taiwan has become a leading producer of GaN LED with a production 
capacity of about 1.1B per month GaN chips and 1.25B per month of 
InGaAlP chips. Taiwan is now ranked as the world leading producer of 
both GaN and InGaAlP chips.17 The MOCVD industry in Taiwan grew 
rapidly since 1998 with commercial MOCVD reactors installed in 
production estimated exceeding 300 units. 

10.1.   GaN-based solid state lighting research  

From 1997 to 2000, the GaN program at ITRI (Industrial Technology 
Research Institute) funded by the government focussed on  the epi- 
technology for growing InGaN LED UV and blue LED, and LED chip 
processes, such as contacts, dry etching and chipping processes for high  
power and high efficiency GaN-based LED devices for display and 
lighting applications.  
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Since 2001, the ITRI research program started to address packaging 
technologies as well as lighting applications critical to energy 
conservation. Technologies on special package designs for lighting 
application as well as packaging technologies using flip-chip for high 
power devices were developed. The program has been coupled closely to 
the lighting industry and LED-based lighting equipment. Demonstrations 
using solid state lighting for replacement of conventional lighting 
sources for energy saving and environmental conservation have also 
begun in this phase.  

ITRI played in key role in technology development and personnel 
trainging for the industry. The close interactions between ITRI and local 
industry had contributed to the rapid growth of the MOCVD industry 
during this period.18,19  

10.2.   Next Generation Semiconductor Lighting Research and 
Development Consortium (2002-2005) 

One of the major industrial projects funded by the Ministry of Economic 
Affairs was  the �Next Generation Semiconductor Lighting Research and 
Development Consortium,� formed in 2002 with participation of ten 
LED companies to develop advanced solid state lighting technologies 
with goals to achieve: (a) 100 lumen/W lab devices, and (b) 50 lumen/W 
proto-type commercial devices by 2005.  

The consortium members were Epistar, Forepi, Ledtech, LiteOn, 
Opto-tech, Everbright, Kingbright, Tyntek, ParaLight, and Unity.               
Dr. Frank Chien of Forepi served as PI for this R&DC project.   

This research and development consortium was successfully 
completed in 2005 by meeting its original technical goals. For the LED 
industry, this project was significant in that it was the first time, multiple 
companies worked together in a research project performing various 
tasks to achieve a common goal. It was a novelty to both the business 
culture and practice in Taiwan where most companies tend to work on 
research alone. Throughout the project, ITRI played a key role working 
with member companies in planning, organizing, facilitating and 
performing some of the technical tasks from the beginning till its 
completion.    
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The funding supports for solid state lighting programs  come from 
Department of Industrial Technology, Ministry of Economics Affair 
(DOIT/MOEA) for research and engineering, and from Commission of 
Energy, Ministry of Economics Affairs for solid state lighting 
demonstration, and lighting-based module technologies.20,21 

11.   Conclusion 

As the world energy becomes scared, and our environment becomes 
endangered, a new and efficient lighting source is critically needed to 
replace the traditional lighting sources which have electrical power 
efficiencies less than 25%. In the meantime, it is estimated there are 
about 2 billion population on earth still do not have the electricity,              
and therefore, do no have electrically generated light in their daily             
life. The traditional lighting sources have failed to meet these two 
challenges for over a century since they were introduced. The GaN-based 
semiconductor lighting source developed in the past decade promises to 
overcome both of these challenges. 

In this chapter, we discussed major technological advancements in 
the history of the light source development including the invention of 
light bulbs in the late 19th century, the invention of coherent light lasers, 
particularly semiconductor lasers in mid-20th century, and the high-
brightness blue/white GaN-based LED in the late 20th century. We 
showed that In each of these scientific breakthroughs, the nano-science 
and technology, in a broader sense, have played a key role in the 
subsequent commercialization of these inventions and made them into 
successful products. 

We further reviewed several major events and national initiatives in 
USA, Japan, China and Taiwan for the development of viable solid state 
lighting sources to save energy, reduce green house gases and protect our 
environment and the earth..     

Looking into the future, it is just as Edison proclaimed when he 
invented the incandescence light bulb that,   

 
�... Where this thing�s going to stop, Lord only knows�� 
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