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History of Lighting Technology
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Compiled by JY Tsao (Sandia Labs) using data from:
A Bergh, et al, Physics Today 54, 42-47 (DEC 2001);
JY Tsao, Ed., Light Emitting Diodes (LEDs) for General Illumination Update 2002 (OIDA, Sep 2002);
N Nakayama, et al, Optical Review 2, 167-170 (1995); JA Edmond, et al, Physica B185, 453 (1993);
R Haitz, et al, The Case for a National Research Program on Semiconductor Lighting (OIDA, Oct 1999);
WD Nordhaus, in The Economics of New Goods, TF Breshnahan and RJ Gordon, Eds. (U of Chicago Press, 1997), pp. 29-70
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Applications for Colored LEDs
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Lighting the Earth

Earth at Night (courtesy of NASA)
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Projected Energy and Carbon Savings

~3x

~5x

Adapted from M. Kendall and M. Scholand, “Energy 
Savings Potential of SSL in General Lighting 
Applications” (U.S. DOE-OBT study by Arthur D. 
Little, 2001), and EIA Statistics.

Projected Year 
2025 Savings

US World

Electricity used 
(TWh/yr)

620 ~2,000

$ spent on 
Electricity ($B/yr)

42 ~150

Electricity 
generating 
capacity (GW)

70 ~250

Carbon emissions 
(MtC/yr)

100 ~350

% of Kyoto 
protocol

7.5
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Human Visual Experience

Joseph Wright (1768)
"An Experiment on a Bird in the Air Pump“
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SSL Approaches and Challenges
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SSL Evolution

$/kW (1.6x)lm/W (15x)

Cost of Light (25x)

inWlm
MWh
/

/$

kh

klm
Wlm

kW
in

in /$1
/

/$
+

Costs:
Ownership  =  Operating  +  Capital

Electricity

Luminous
Efficacy

Power
Delivery

Cost

Lifetime

Mainte-
nance

Cost

0

20

40

60

80

100

0.1 1.0 10.0 100.0

Cost of Light ($/Mlmh )

C
ol

or
 R

en
de

rin
g 

In
de

x 
(C

R
I)

Incandescent

Fluorescent

HID

2006    2005
High CRI LED 

2006          2005
Low CRI LED

100%
efficient SSL
Cap/Op = 1/5

Acknowledgements:
Yoshi Ohno (NIST)

Michael Scholand & Eugene Hong 
(Navigant)



JY Tsao                  · Next Semiconductor Revolution (IEA) · 2007 June

DOE Programs as of mid-2006
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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
2.2 Device Processing
2.3 LEDs and Integrated LEDs
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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International SSL Knowledge Base
is Growing Rapidly
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Inorganic SSL Knowledge Base:
Citation Chronology
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Morkoc, Strite, Gao, Lin, Sverdlov, Burns (U Illinois)
Large band-gap SiC, III-V nitride, and II-VI ZnSe-
based semiconductor device technologies

Nakamura, Mukai, Senoh (Nichia)
Candela-class high-brightness InGaN/alGaN double-heterostructure  blue-light-emitting diodes

Wilber (Biox Technology)
Blood constituent measuring device and method

New, Corenman (Nellcor Inc)
Calibrated optical oximeter probe

Pease, Bond, Crevelt, Holmes, Verne (IGT)
Secure automated electronic casino gaming system

Leonard, Krishnamurthy, Reaves, Denbaars, Petroff (UCSB)
Direct formation of quantum-sized dots from uniform coherent islands of 

InGaAs on GaAs surfaces

Amano, Sawaki, Akasaki, Toyoda (Nagoya U)
MOVPE growth of a high-quality GaN film using an AlN buffer layer

Villa-Real (Self)
Programmable telephone system

Casper, Lowrey (Micron Technology)
Flat panel display with low-voltage row and column address signals

Cullis, Canham, Calcott (U Sheffield)
The structural and luminescence 
properties of p-Si
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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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1 Decrease in energy consumption rate 
(easy to imagine, though may be near-zero 

if there is a “rebound” effect)

2 Increase in GDP (difficult to 
imagine, but may be as large or 
larger)

As technology (T) evolves, 
energy intensity (Ė/GDP) 

can evolve in two ways 

Energy consumption rate 
required to sustain a given GDP=
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