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Solid-State Lighting:
It’s Also About Human Productivity!

Asaphus species (Trilobite) picture taken by DanielCD. 
http://en.wikipedia.org/wiki/File:Asaphus_species_trilobite.jpg

Olive baboon in Kenya; courtesy of Ryan Harvey; 
http://en.wikipedia.org/wiki/File:Male_Olive_Baboon_2.jpg

Gray wolf, canis lupus, courtesy of Chris Muiden. 
http://en.wikipedia.org/wiki/File:Canis_lupus_265b.jpg

Red Lory (Eos bornea) upper body preening feathers. 
http://en.wikipedia.org/wiki/File:Red_Lory_%28Eos_bornea%
29-6.jpg

A baby wearing many items of winter clothing: headband, 
cap, fur‐lined coat, shawl and sweater.  Courtesy of 
Andrew Vargas, Clovis, United States. 
http://en.wikipedia.org/wiki/File:Well‐clothed_baby.jpg

Full moon view from Earth in Belgium, 
courtesy of Luc Viatour. 

http://en.wikipedia.org/wiki/File:Full_M
oon_Luc_Viatour.jpg

Full-disk view of the X-ray Sun and 
was produced by the Yohkoh solar 
observatory in 1991. 
http://en.wikipedia.org/wiki/File:Yohko
himage.gif

Bridgelux Helieon Solid-State Lamp.
http://www.bridgelux.com/products/hel

ieon.html
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Lighting Efficiency
and Energy Savings
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Electric bulb
2008 Corning Overview

Fluorescent Tube
http://en.wikipedia.org/wiki/File:Leuchtstofflampen-
chtaube050409.jpg

Candle burning.
http://en.wikipedia.org/wik
i/File:Candleburning.jpg

Bridgelux Helieon Solid-State Lamp.
http://www.bridgelux.com/products/hel

ieon.html

3x

5x

~90 GW

1970                       2000                       2030



JY Tsao    · SSL and Human Productivity!    ·    IEDMS Taiwan 2010 Nov 18      ·      3/9

per capita Consumption of Light:
φ, in Mlmh/(person·year)

Earth at Night (courtesy of NASA)
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Historical and Projected Consumption of Light
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0.0072
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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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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
(2.5 x Corning)

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.jpghttp://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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Anatomy of State-of-Art Commercial SSL

Phosphor/Package 54%
Internal quantum effic 90%
Stokes deficit 76%
Scattering/absorption 80%

Spectral 78%

Blue LED 38%
Joule 90%
IQE at low power 75%
Droop at high power 70%
Light extraction 80%

http://bobbymercerbooks.com

1 mm

0.7A

Thin-Film Flip Chip (TFFC) 
schematic courtesy of Jon Wierer

ε =  16%
η = 66 lm/W
CRI  = 85
CCT = 3,100K
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Two Grand Challenges for 
Efficiency

Bring luminaire 
functionality to the 
chip

Eliminate blue 
LED droop

Fill in the shallow-red 
EL gap
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http://www.irradianthq.com/images/stories/Revo100-400w.jpg
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Asaphus species (Trilobite) picture taken by DanielCD. 
http://en.wikipedia.org/wiki/File:Asaphus_species_trilobite.jpg

Olive baboon in Kenya; courtesy of Ryan Harvey; 
http://en.wikipedia.org/wiki/File:Male_Olive_Baboon_2.jpg

Gray wolf, canis lupus, courtesy of Chris Muiden. 
http://en.wikipedia.org/wiki/File:Canis_lupus_265b.jpg

Red Lory (Eos bornea) upper body preening feathers. 
http://en.wikipedia.org/wiki/File:Red_Lory_%28Eos_bornea%
29-6.jpg

A baby wearing many items of winter clothing: headband, 
cap, fur‐lined coat, shawl and sweater.  Courtesy of 
Andrew Vargas, Clovis, United States. 
http://en.wikipedia.org/wiki/File:Well‐clothed_baby.jpg
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