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Results-Oriented R&D

Nearly 250 cost-shared projects funded to date have yielded
more than 260 patents and a huge industry footprint
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Huge Industry Footprint

Nearly 200 products can be directly
traced to DOE-funded SSL R&D

Millions of LED products have — v LeD
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143 tBtu of energy saved in 2014 »
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Broad Mix of R&D Partners
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DOE SSL R&D Project Portfolio

* Results-oriented, competitively
selected R&D projects 2016 PROJECT

PORTFOLIO:
SOLID-STATE LIGHTING

* Total current project value: $54.4M
— OLED: $17.4M (10 projects)
— LED: $37.0M (15 projects)

* Industry and university partners
provide average of 36% cost share

Energy Efficiency &

6  energy.gov/eere/ssl/rd-program; http.//energy.gov/sites/prod/files/2016/01/f28/2016_ssl-project-portfolio.pdf ENEMRGOY Renewable Energy



Recipients of SSL Program Investments

National
Laboratory
$1.4 million

3%\

University
$78 million 3
14% - $54.4 Industry
Million* $37.4 million

69%

DOE funds SSL R&D

in partnership with
large and small
companies, academia,
and national labs

Small Business
$7.6 million
14%

* Figures are rounded

U.5. DEPARTMENT OF Energy Eﬁlciency &
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Breakdown of Funding by Focus Area

OLED Product
Development

$2.3 Million
4% P

LED
Manufacturing
$17.3 Million
32%

$54.4
Million®

* Figures are rounded

8 January 2016 Energy Efficiency &
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Success with SBIR

* S40M in SBIR SSL funding since 2000

e 126 awards in total
— 87 Phase 1 awards
— 39 Phase 2 awards

* Projects conducted by small
companies; objectives align
with DOE SSL R&D Plan

 Examples:
— Universal Display Corporation
— MicroContinuum
— Pixelligent
— VoltServer

With SBIR funding support, Universal Display
Corporation has been working for more than
a decade to successfully advance the state of
the art in OLED technology.

Energy Efficiency &

EN ERGY Renewable Energy



FY15 Highlights

Lumileds develops high-voltage LED
light engine with integrated driver

Point source Area Source
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Cree demonstrates scalable module optical efficiency of >90%

L ?ﬁy

OLEDWorks develops high-performance -
OLED panel and luminaire |50 4""‘“&. v

Princeton University improves
outcoupling efficiency of thin-film OLEDs
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SSL Program Is Continuously Evolving

* Connected lighting
* Light quality
* Human factors
* Reliability

* OLED testing
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The Best Is Yet to Come

4.5 Quads

5 - If DOE targets
are met

Source Energy Consumption
Quadrillion (10%) Btus
N

1
O .. T ' T 1 T ! T 1
2013 2020 2030
12 energy.gov/sites/prod/files/2015/05/f22/energysavingsforecast14.pdf EﬁMEmREEFY E;ifxaiﬁc;?:%?



Program Targets

LED Devices:
160 Im/W to 250 Im/W

LED Luminaires:
125-135 Im/W to 200 Im/W

\
.
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LED Efficacy: What America Stands to Gain

1.
2.
3.
4.
5.

Enormous energy. savings

Far-reaching scientific and technological advances
Better LED products with improved lighting quality
Lower first-costs for LED products

Stronger positioning of domestic manufacturing



DR. ROLAND HAITZ

1935-2015

“Solid-state lighting is where

the internet was in the 1980s.
Just as we could not then have
predicted what the internet is
now, 30 years later, we cannot
foresee all that light and lighting
will become in the next decades.
We know simply that it will be
wondrous and beautiful.”

Photo: QuarkStar



Roland Haitz: Career Highlights

PhD under Joins Master Recruiter Retires from Joins
William Shockley HP Fairchild of LEDs! HP/Agilent QuarkStar
- A physicist’s engineer | E i
- Power electronics! | | The Case for SSL | |
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Roland Haitz: Sui Generis

17

1. Consummate Engineer
— A historian’s engineer
— A physicist’s engineer

— A businessman’s
engineer

2. Mensch
— Truth
— Courage
— Hard work

THE CASE FOR A NATIONAL RESEARCH PROGRAM ON
SEMICONDUCTOR LIGHTING"?

Roland Haitz and Fred Kish, Hewlett-Packard Company, Palo Alto, CA 94304
Jeff Tsao and Jeff Nelson, Sandia National Laboratories, Albuquerque, NM 87185-0601

EXECUTIVE SUMMARY

Dramatic changes are unfolding in lighting technology. Semiconductor light emitting diodes
(LEDs), until recently used mainly as simple indicator lamps in electronics and toys, have become as
bright and efficient as incandescent bulbs, at nearly all visible wavelengths. They have already begun
to displace incandescent bulbs in many applications, particularly those requiring durability,
compactness, cool operation and/or directionality (e.g., traffic, automotive, display, and
architectural /directed-area lighting).

Further major improvements in this technology are believed achievable. Recently, external
electrical-to-optical energy conversion efficiencies exceeding 50% have been achieved in infrared light
emitting devices. If similar efficiencies are achieved in the visible, the result would be the holy grail
of lighting: a 2004/ W white light source two times more efficient than fluorescent lamps, and ten
times more efficient than incandescent lamps.

This new white light sonrce wonld change the way we kve, and the way we consume energy. The worldwide
amount of electricity consumed by lighting would decrease by more than 50%, and total worldwide
consumption of electricity would decrease by more than 10%. The global savings would be more
than 1,000TWh/yr of electricity at a value of about US$100B /year, along with the approximately 200
million tons of carbon emissions created during the generation of that electricity. Moreover, more
than 125G of electricity generating capacity would be freed for other uses or would not need to be
created, a savings of over US§50B of construction cost.

Bringing about such revolutionary improvements in performance will require a concerted
national effort, of the order $0.5B over ten years, tackling a broad set of issues m semiconductor
lighting technology. The effort would also require hamessing the most advanced high-technology
companies, the best national laboratory resources, and the most creative university researchers in this

area.

Candles and Lamps Bulbs and Tubes Semiconductors

1 This white paper was first presented publicly at the 1999 Optoelectronics Industry Development Association (OIDA)
forum in Washington DC on Cetober 6, 1999.

2 Revision B:03/30/1999

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy
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