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Full-disk view of the X-ray Sun and

was produced by the Yohkoh solar Full moon view from Earth in Belgium,
observatory in 1991. courtesy of Luc Viatour.
http://en.wikipedia.org/wiki/File:Yohko http://en.wikipedia.org/wiki/File:Full_M
himage.gif oon_Luc_Viatour,jpg

Bridgelux Helieon Solid-State Lamp.
tp: bridgelux.

ieon.html

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

Gray wolf, canis lupus, courtesy of Chris Muiden. Olive baboon in Kenya; courtesy of Ryan Harvey;
http://en.wikipedia.org/wiki/File:Canis_lupus_265b.jpg

http://en.wikipedia.org/wiki/File:Male_Olive_Baboon_2.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

Red Lory (Eos bornea) upper body preening feathers.
http://en.wikipedia.org/wiki/File:Red_Lory_%28Eos_bornea%
29-6.jpg
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per capita Consumption of Light:
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Historical and projected consumption of light

@ (PImhlyr)

/

104

102

10-2

10-4

10-6

& ssLs

0.0072
I
| |
B-GDP/CoL (Plmhl/yr)
10¢ 10+ 10-2 1 102 104
E Col ~ Cof [ GDP = N gdp i) &
i WRLD 2030 < >
E per per
E WRLD 20(%/ capita capita
E US 2001 Mation Cost Lumi- Gross gross| Consump-|consump-
E OECD-EU 2005 . . ) . . .
£ 4 CN 2006 ar Cost of of nous| Domestic| Popu-| domestic tion of tion of
E gﬁﬁjggosoo ‘\” CN 2005 Mations| Year| Light|Energy|Efficacy] Product| lation| product Light ight
; Al AR 5 5 m Gs 5 Plmh | Mimh
B AU+NZ 2005 - am Gper = flmn Mimh
E UK 2000 Mimh | rWh W wr per-yr yr pEr-yr
£ Wrld|2030 0.6 119 268.0] 139,091 8.3 16,704| 1,688.00 202 68
E Wrld|2005 3.3 119 4751 60,670 6.4 9,445 12952 20.05
E UK1900 A4k D-NONGRID 1999 us|2001 20| 76| a97| 12,039 03| a2237] 4189 13511
3 Wrid
E MNeon-
E Grid|1993 | 600.2 183 03 4,404 2.0 2,202 0.05 0.04
" UK 1800 LS LY
E
; After JY Tsao, HD Saunders, JR Creighton, ME
E UK 1750 Coltrin, JA Simmons, “SSL: An Energy Economics
E UK 1700 Perspective,” J Physics D (submitted).
LLLiine Laninml L LiLLim Ll L0 L LR Lopnd L L 1iie (MR Liliiun L L aii
(PN v S — e, -
Candles Gas HID SSL
Kerosene Fluorescent
Incandescent
Sandia
EERE i) Natoral
Laboratories




Chip area needed to light the world
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The other electronics “killer apps”

Liquid crystal Solar cells Si electronics | GaN solid-state | GaAs
displays (2009) (2009) (2009) lighting (2030) electronics
(2009)
Approximate 230 64 4.4 0.15 0.026
area turnover
(km?/year)
# football 43,000 11,800 800 28 5

fields / year (2.5 x Corning) (Manhattan) (2 x Monaco) (Vatican City / 4)
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Anatomy of State-of-Art Commercial SSL

e =16%

n =66 Im/W

CRI =85 Spectral 78%
CCT = 3,100K

Phosphor/Package
Internal quantum effic

Stokes deficit
Scattering/absorption

Blue LED

Joule

IQE at low power
Droop at high power
Light extraction

Thin-Film Flip Chip (TFFC)
schematic courtesy of Jon Wierer
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Two Grand Challenges for| One for
Efficiency | Functionality

@a Eliminate blue Fill in the shallow-red | (2) Bring luminaire
LED droop EL gap functionality to the
chip

Target: 200 A/cm?
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http://www.irradianthq.com/images/stories/Revo100-400w.jpg

Gray wolf, canis lupus, courtesy of Chris Muiden. Olive baboon in Kenya; courtesy of Ryan Harvey;
http://en.wikipedia.org/wiki/File:Canis_lupus_265b.jpg http://en.wikipedia.org/wiki/File:Male_Olive_Baboon_2.jpg

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

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