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Source: Energy Efficiency Trends in Residential and Commercial Buildings, DOE Energy Efficiency and Renewable Energy Report, 2008

Switching to solid-state lamps is forecast to result in a 46% reduction in lighting energy
consumption by 2030.

e Cumulative energy savings 2010-2030: 2,700 TWh
* Cumulative cost savings 2010-2030: $250B

Source: Energy Savings Potential of Solid-State Lighting in General lllumination Applications, DOE Energy Efficiency and Renewable Energy
Buildings Report, 2012
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Packaged LED Market and Revenues

Packaged LED revenue is projected to reach $17.1
billion by 2018

A
LED [
Packaged LED revenue - Split by application

(Status of the LED Industry report, August 2012, Yole Développement)
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DOE — EERE Mandate

“By 2025, develop advanced
solid-state lighting
technologies that...are

Solid-State Lighting
Research and Development: mUCh more energy
Multi-Year efficient, longer lasting,
Program Plan and cost-competitive by
April 2012 targeting a product
system efficiency of 50
I o percent with lighting that
B closely reproduces the
EE“:;GYY& visible portions of the
Renewabl Eneroy sunlight spectrum.”

- US Department of Energy
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Solid-State Lamp Designs

Today’s design:
Blue LED + phosphors
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Tomorrow’s design:
Combination of individual LEDs

This approach requires each of the LEDs also be highly efficient!
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Conventional Materials for Visible LEDs

Ternary Alloy Direct Band Gap Energies
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Fundamental Material Properties Limit (AL Ga, ), 5,1y 4P LEDS

Light emission at shorter wavelengths is limited by

: Intervalley Transfer
two mechanisms.
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Carrier confinement potentials are important
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Al In P for Amber LEDs

The properties of Al In, P offer a way to reduce

Intervalley Transfer

the impact of these loss mechanisms.
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Past Barriers for Al In, P LEDs

A number of problems have until now prevented Oxygen contamination
the use of Al,In, P as the light-emitting material Modern improvements in reactor design and
in LEDs precursor purity have reduced this problem.
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The lattice-mismatch with the substrate can
be accommodated with a metamorphic buffer.
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Al In, P LED Performance

Al In, P LEDs were compared to red-emitting
lattice-matched Ga, <In, ;P LED standards of the
same structure in order to gauge relative
efficiency.

e This approach is used to understand the
efficiency potential without having to optimized
the structure for current spreading and light
extraction.

* Extrapolation to optimized efficiencies: AlInP LED (595 nm emission)
= Lattice-matched Ga,:In, P LED = 50% EQE

= Our best Al In, ,P LED (595 nm) is 39% as
efficient as the Ga, cIn, ;P standard.

Work is ongoing to optimize the material and structure for LED applications.

NATIONAL RENEWABLE ENERGY LABORATORY




urrent NREL IP Status

Record of Invention (ROI)
09-36: Patent application

pending in US

ROI 09-59: Patent
application pending in US

and Canada

ROI 10-64: Patent
application pending in US,
Canada, Japan, and Europe

RENEWABLE ENE

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

{19) World Intellectual Property Organization
International Bureau

{43) International Publication Date
21 October 2010 (21.10.2010)

0O A0
{10y International Publication Number
WO 2010/121057 Al

(513 International Patent Classilication:
HOTL 3140 (200501

(21) International Application Number:
PCT/US2010/03 1279

(22) International Filing Date:
15 April 2000 (15404 200101

Colorado 8401 (US), STEINER, Myles A. [CAUS]
MS 1734, 1617 Cole Blwd, Golden, Colorado S0401
(US). BHUSAL, Lekhnath [NP/US]: MS 1734, 1617
Cole Blvd,, Golden, Colorado 50401 {US). ZHANG,
Voug [USUS]; M8 1734, 1617 Cale Blvd,, Golden, Col-
orado 8401 (US).

(74) Agents: WHITE, Paul J. et al; MS 1734, 1617 Cole

(25) Filing Language: English Bivd.. Golden, Colomdo 80400 (US).
(26) Puoblication Language: English (81) Deslgnated States worless otherwise indicated, for every
kindd of pationel proection availeile): AE, AG, AL, AM,
(30) Pr:nrity Data; - N AO, AT, AL, AZ, BA, BE, Bri, BH, BR, BW, BY, BZ,
61/169,980 16 April 2009 (16.04.2009) us CA, CH, CL, CN, €0y, CR, CU, CZ, DE, DK, DM, DO,

(T1) Applicant jfor all desigrated Swares excepr USE AL-
LIANCE FOR SUSTAINABLE ENERGY, LLC [Us/
USJ: 1617 Cole Blvd., Golden, Colorado $040M-3303
(US).

{72) Inventors; and
(75} Inventors/Applicants jjov US orly): MASCARENHAS,
Angeln [US/US]; MS 1734, 1617 Cole Blvd,, Golden,

DZ, BC, FE, EG, ES, FL GI3, GD, GE, GH, GM, GT,
HM, HR, HU, 1D, IL, 1N, 15, JP, KE, KiG, KM, KN, KP,
KR, KZ. LA, LC, LK, LR, LS, LT, LU, LY. MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
MO, MZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, 8C, 8D,
SF, 803, SK, SL, SM, 8T, 8V, 8¥, TH, TJ, TM, TN, TR,
TT, TZ, UA, U, US, UZ, VT, VN, ZA, ZM, ZW.

JContinwed on next pagef

(54) Tithe: LATTICE-MISMATCHED GalnP LED DEVICES AND METHODS OF FABRICATING SAME

1o
i

Grow multiple compastiionally skep groced
Layeers e subsTrate 10 praide sulbstintial #
lattice match

1z

i

Grow discrdered botam condinement or cadding Jlnﬁ
ryer o subescluad allry o Tl 51eps graked laper

Gerowe patially arderad or crdared firs ative layer o2
af seisctad alloy with selected daping aboys battam,
clasiling layur
I
4
Grow part olly ordered or crdened second octive e

layer of salected allay with cppasiie doping abave U7

first ctiver liyer

Grow dsoncered 109 canfinement ar cadaing laer 108
o sedectad alky abave secord active laper

I

Provida contacts, filters and ather sachees 5 114
Piecessary 1o camphete device.

=
=
—
-
-
w
=
—
-1
=
=
—
=
~
g

Fig. 1
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