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History of Lighting Technology
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Applications for Colored LEDs
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Red Traffic Light

Rear Combination Lamp

LED Backlit LCD Display
(Sony Qualia)

ASDAQ Giant Video Display Programmable Lights Ben Franklin
Times Square NY (Jeff Tsao) Bridge, Philadelphia (Color Kinetics)




Lighting the Earth

Earth at Night (courtesy of NASA)




Projected Energy and Carbon Savings
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Adapted from M. Kendall and M. Scholand, “Energy
| Savings Potential of SSL in General Lighting i
Applications” (U.S. DOE-OBT study by Arthur D. -—
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Human Visual Experience
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Joseph Wright (1768) L5 e
"An Experiment on a Bird in the Air Pump*




SSL Approaches and Challenges
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SSL Evolution

Costs:
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DOE Programs as of mid-2006

Market
Energy-Efficient,
Cost-Competitive
Basic Energy Products
Sclence
' #of Funding
Projects ($ million)
- - - #of
Light Emitting Diode Projects
Large-area substrates, buffer layers, and wafer research 4 378 T e "
Srge-are: : SYerS, Light Diode
High-efficiency semiconductor materials 11 3148 - -
- Suk buffer layer and wafer engineering & development 2 308
Device approaches, structures, and systems 2 $3.7 - - - -
- - - - - - High-efficiency ser materials 1 $0.8
Strategies for improved light extraction and manipulation 1 $12 -
- - - - Manuf: d materials 3 $0.9
High efficiency phosphors and conversion materials 2 $6.0 - - —
- ——— - Optical coupling and modeling 3 $6.3
Design and development of in-situ diagnostic tools 1 $04 -
o Ly T BT T El development 1 $0.1
Organic Light 0!
_ - o : Organic Light Emitting Diode
High-efficiency, low veltags, stable OLED materials 5 $75 - - -
- - - - Between electrodes high-efficiency, low-voltage stable 5 $7.1
Improved contact and surface modification techniques 1 $12 - - - - -
- - - - - - Implementing strategies for improved light extraction and
Strategies for improved light extraction and manipulation 1 $1.1 manipulation 1 308
Approaches to OLED structures between the electrodes 1 $20 Develop architectures that imprave device robustriess increase 1 301
Research on low-cost transparent electrodes 2 $23 lifetime and increase efficiency )
of low-cost fabrication and patteming iques and tools 1 $40 OLED P ion | ging for lighting application 1 $48
Total 32 $52 million Total 18 $21.7 million
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Sandia’s SSL projects span a wide range of S&T

http://lighting.sandia.gov/ 0 General
Economics
Roadmapping

1 Substrates, Buffers and Epitaxy
1.1 Substrates
1.2 Buffers
1.3 Epitaxy Tools
1.4 Epitaxy Processes

2 Physics, Processing and Devices
2.1 Semiconductor Physics

InGaN

| underiayer | 2.2 Device Processing
‘ 1y o l 2.3 LEDs and Integrated LEDs
Sapphire 2.4 Directional Emitters

3 Lamps, Luminaires and Systems
3.1 Phosphors and Encapsulants
3.2 Lamps and Electronics
3.3 Luminaires
3.4 Lighting Systems
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http://lighting.sandia.gov/
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International SSL Knowledge Base
is Growing Rapidly
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Inorganic SSL Knowledge Base:
Citation Chronology

Nakamura, Mukai, Senoh (Nichia)

Candela-class high-brightness InGaN/alGaN double-heterostructure blue-light-emitting diodes
. Morkoc, Strite, Gao, Lin, Sverdlov, Burns (U Illinois)
Leonard, Krishnamurthy, Reaves, Denbaars, Petroff (UCSB) Large band-gap SiC, IlI-V nitride, and II-VI ZnSe-

Direct formation of quantum-sized dots from uniform coherent islands of | posad semiconductor device technologies

InGaAs on GaAs surfaces Cullis, Canham, Calcott (U Sheffield)
The structural and luminescence
properties of p-Si

Amano, Sawaki, Akasaki, Toyoda (Nagoya U)
MOVPE growth of a high-quality GaN film using an AIN buffer layer
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1970 1980 1990 2000 2010
. . Pease, Bond, Crevelt, Holmes, Verne (IGT)
Wilber (Biox Technology) Year Secure automated electronic casino gaming system

Blood constituent measuring device and method

Villa-Real (Self)
Programmable telephone system

Casper, Lowrey (Micron Technology)

Flat panel display with low-voltage row and column address signals
New, Corenman (Nellcor Inc)

Calibrated optical oximeter probe
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Inorganic SSL Knowledge Base:
Distribution by Nation and Continent
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Impact of SSL on Energy Intensity
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As technology (T) evolves, a(E /GDP) @E OGDP
energy intensity (E/GDP) —

can evolve in two ways (E /GDP)@T E@T GDPOT E

]

1 Decrease in energy consumption rate 2 Increase in GDP (difficult to
(easy to imagine, though may be near-zero imagine, but may be as large or
if there is a “rebound” effect) larger)
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