
JY Tsao · SSL: The III-V Epi Killer App · ICMOVPE 2010 May 24 · SAND2010-4049C · 1/7

Solid-State Lighting: The III-V Epi “Killer App”
Jeff Tsao · Physical, Chemical and Nano Sciences Center · Sandia National Laboratories

Earth at Night (courtesy of NASA)

Center high-mount stop light (CHMSL).
http://www.honda-
tech.com/showthread.php?t=2413558

HP calculator.
http://www.hpmu
seum.org/32.jpg

Traffic light.
http://mksurf8.blogspot.co

m/2009/11/relasyon.html

Sharp QuadPixel RGBY LED-backlit LCD Display.  
http://www.macworld.com/article/145541/2010/01

/sharp_quadpixel.html

Surefire U2 flashlight. 
http://en.wikipedia.org/wiki/File:Sur
efireU2JPG.jpg 

NASDAQ’s Giant Video 
Display in Times Square, 

New York (Jeff Tsao)

Nokia camera phone with LED flash.
http://www.itechnews.net/wp-
content/uploads/2009/07/Nokia-
3720-Classic-the-most-rugged-mobile-
phone.jpg

http://tan-moneyonline.com/wp-
content/uploads/2008/03/earthatnig

ht-asia1.jpg
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Historical and projected consumption of light
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After JY Tsao, HD Saunders, JR Creighton, ME 
Coltrin, JA Simmons, “SSL: An Energy Economics 

Perspective,” J Physics D (submitted).
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Power

Light

Chip area needed to light the world
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http://tan-moneyonline.com/wp-
content/uploads/2008/03/earthatnight-
asia1.jpg
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The other electronics “killer apps”

Market Liquid crystal 
displays (2009)

Solar cells 
(2009)

Si electronics 
(2009)

GaN solid-state 
lighting (2030)

GaAs 
electronics 
(2009)

Approximate
area turnover 

(km2/year)

230 64 4.4 0.15 0.026

# football 
fields / year

43,000
(Lake Tahoe / 2)

11,800
(Manhattan)

800
(2 x Monaco)

28
(Vatican City / 4)

5

http://blog.elisehuard.be/wp-
content/uploads/2007/12/wafer_

200mm_90nm_1024k_dc.jpg
http://en.wikipedia.org/wiki/Fi
le:Solar_cell.png

Sharp QuadPixel RGBY LED-
backlit LCD Display.  
http://www.macworld.com/articl
e/145541/2010/01/sharp_quadpi
xel.html

http://www.itechnews.net/wp-
content/uploads/2009/07/Noki

a-3720-Classic-the-most-
rugged-mobile-phone.jpg

Estimate from Steven S 
Rosenblum, 
Corning, Inc

Assuming 9.6 GWp

(http://www.displaybank.com/en
g/info/sread.php?id=5730) at 
15% efficiency

Estimate from A Anwar, Strategy 
Analytics

Estimate from Gartner 
(http://www.fabtech.org/news/_
a/gartner_revises_silicon_wafer_
demand_forecast/)

http://tan-moneyonline.com/wp-
content/uploads/2008/03/eartha
tnight-asia1.jpg
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Enroute to the end game:
luminous efficacy, cost, functionality

Adapted from
JY Tsao, ME Coltrin, 

MH Crawford, JA 
Simmons, “SSL: An 
Integrated Human 

Factors, Technology 
and Economic 

Perspective,” Proc 
IEEE (in press).
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Technology Grand Challenges

Courtesy of M. Krames, Philips-Lumileds
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green gap and add 
control loops
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