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Solid-State Lighting

Outline:

1 Light
Productivity
Consumption   

2 SSL Technology
Past, Present, Future

3 SSL Science
Past, Present, Future

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States 
Department of Energy’s National Security Administration under Contract DE-AC04-94AL85000.
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Jeff Tsao  · Physical, Chemical and Nano Sciences Center    · Sandia National Laboratories
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Efficiency
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Tsao and Waide, “The World’s 
Appetite for Light:  Empirical Data 

and Trends Spanning Three 
Centuries and Six Continents,”

 

submitted to The Energy Journal
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Warm-White SSL State-of-the-Art: 
12% Efficiency (46 lm/W)

http://bobbymercerbooks.com/nicole%20eyes.jpg
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O. B. Shchekin, et al., “High 
performance thin-film flip-chip
InGaN-GaN light-emitting 
diodes,”

 

Appl. Phys. Lett. 89, 
071109 (2006)
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J.M. Phillips, et al, “Challenges to Ultra-Efficient SSL”, 
Laser & Photonics Reviews (2007); calculations based on 
white LED simulator 5-3 (Y. Ohno, NIST).
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SSL Performance Frontier: 
100% efficiency (408 lm/W)
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SSL Progress Report: Luminous Efficacy
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SSL’s S&T Foundations (Inorganic Materials)

K.W. Boyack, et al, “A 
recursive process for 

mapping and 
clustering technology 
literatures: case study 

in solid-state 
lighting,”

 

Int. J. 
Techn. Transfer and 

Commercialization 8, 
51 (2009).

Uncertainty           · Patience           · Persistence         · Serendipity
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SSL’s S&T Foundations (Organic Materials)

K.W. Boyack, et al, “A 
recursive process for 

mapping and 
clustering technology 
literatures: case study 

in solid-state 
lighting,”

 

Int. J. 
Techn. Transfer and 

Commercialization 8, 
51 (2009).

Uncertainty           · Patience           · Persistence         · Serendipity
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Science Research Opportunities
Wide-Bandgap Materials:
Foundational 
Understanding and Beyond

Beyond 2D:
Luminescent Nanowires, 
Nanodots and Hybrid 
Structures

a

b

( )1,0,
2
1 ab −=−

Strongly  coupled

0
cωh =

( )1,0,
2
1 ab +=+

+

− Ωh

Exciton
(cavity modes)
Photon

+
0

Exciton Polariton

1

exε

Matter Light
Mixed light-
matter states

V
dsplittingRabi c

02
2

ε
ωh

h =Ω=

a

b

( )1,0,
2
1 ab −=−

Strongly  coupled

0
cωh =

( )1,0,
2
1 ab +=+

+

− Ωh

Exciton
(cavity modes)
Photon

+
0

Exciton Polariton

1

exε

Matter Light
Mixed light-
matter states

V
dsplittingRabi c

02
2

ε
ωh

h =Ω=

Beyond Perturbations:
Light and Matter in 
Subwavelength Photonic 
Structures

Cross-
section
TEM

30 nm

GaN/InGaN/GaN MQW

Radial InGaN shell
as active region

M. Krames, Lumileds Lighting, LLC, presentation at Basic 
Research Needs for Solid State Lighting Workshop, 

sponsored by U. S. Department of Energy, Office of Basic 
Energy Sciences, May 22-24, 2006, Washington, DC (2006).

Courtesy of G. Wang (Sandia Natl

 

Labs) Courtesy of A. Fischer (Sandia Natl

 

Labs)
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Basic Research Needs in Solid-State Lighting
• Grand Challenges

– Rational Design of Solid-State Lighting Structures
– Controlling Losses in the Light Emission 

Processes

• Priority Research Directions
– Unconventional Light-Emitting Semiconductors
– Photon Conversion Materials
– Polar Materials and Heterostructures
– Luminescence Efficiency of InGaN Structures
– Managing and Exploiting Disorder in Organic Films
– Understanding Purity and Degradation in OLEDs
– Integrated Approach to OLED Design

• Cross-Cutting Research Directions
– New Functionalities through Heterogeneous 

Nanostructures
– Innovative Photon Management
– Enhanced Light-Matter Interactions
– Multiscale Modeling for Solid-State Lighting
– Precision Nanoscale Characterization
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