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Change a Light, Change the World
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Why we need a breakthrough
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BES Contractors Meeting
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Basic Research Needs for Solid State Lighting

Workshop Charge: To identify basic research needs
and opportunities underlying light emitting diode and
related technologies, with a focus on new or emerging
science challenges with potential for significant long-
term impact on energy-efficient and productivity-
enhancing solid state lighting. Highlighted areas will
Include organic and inorganic materials and
nanostructure physics and chemistry, photon
manipulation, and cross-cutting science grand
challenges.

BASIC RESEARCH MEEDS FOR
SOLID-STATE LIGHTING




Basic Research Needs for Solid State Lighting
May 22-24, 2006
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Panel structure and output




GRAND CHALLENGE:
Rational design of solid-state lighting structures
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Rational design of solid-state lighting structures
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Rational design of solid-state lighting structures
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Grand Challenge #1 & associated Priority Research Directions

Discovery Research Use-inspired Basic Research Applied Research

= Rational design of SSL
lighting structures

Technology Maturation
& Deployment

= New functionalities
through heterogeneous
nanostructures

* [nnovative photon
management

= Mana
= Enhanced light-matter disor

interactions
= Under

= Precision nanoscale degra

characterization,
synthesis, and assembly

= Multi-scale modeling -
guantum excitations to
light extraction

Office of Science
BES




GRAND CHALLENGE: Control of radiative and
nonradiative processes In light-emitting materials
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Control of radiative and non-radiative processes in
light-emitting materials
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Control of radiative & non-radiative processes in light-emitting
materials




Grand Challenge #2 and associated Priority Research Directions

: Technology Maturation
Applied Research & Deployment

Discovery Research Use-inspired Basic Research

= Control of radiative &
non-radiative processes
in light-emitting materials

= Precision nanoscale
characterization,

synthesis, and assembly ® Integ
OLEL

Office of Science
BES




From Science to Deployment — a map for Solid-State Lighting

Discovery Research Use-inspired Basic Research > Applied Research >

= Rational design of SSL . Uncc
lighting structures emit

= Control of radiative &
non-radiative processes
in light-emitting materials

= Phot
mate

= New functionalities " Pola
through heterogeneous ~ N€té
nanostructures .

= |[nnovative photon of In

management -

= Enhanced light-matter diso
interactions
= Unde

= Premsmn_naqoscale degr
characterization,
synthesis, and assembly ® Integ

= Multi-scale modeling - O
guantum excitations to
light extraction

Office of Science Teclhnology Offices
BES EERE

Technology Maturation
& Deployment




Summary

BASIC RESEARCH MEEDS FOR
SOLID-STATE LIGHTING
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BES OUTLOOK




BES Scientific User Facilities Serve ~10,000 Users Each Year

Electron Microscopy Advanced
Materials Center for Materials Photon
Preparation Center Research Source
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BES National User Facilities for Nanoscale Science- Actual Photos
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LED Research Advancements and Opportunities

l Cantilever

) epitaxy reduces

e defect density

in GaN

I J. Simmons et al., SNL

Nanoscale Indium clustering in InGaN

LBNL and Lumileds CRADA ERTEM image
5 ._I .sv, :\%I' u

Microcavity effects for
increased light

L . .
i, extraction
[ . ‘:» et Shen et. al., Appl. Phys. Lett. 82, 2221
\: iy (2003).
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Nano quantum dots provide tunable hsphors



Nanotechnology-Enabled LED Research Breakthroughs

Wavelength conversion
High refractive index

Light generation




Nanoscale Research Opportunities in OLEDs

1 Organic Semiconductors 2
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