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Sandiais 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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Efficiency Consumption
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Warm-White SSL State-of-the-Art:
12% Efficiency (46 Im/W)
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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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SSL Performance Frontier:
100% efficiency (408 Im/W)
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SSL Progress Report: Luminous Efficacy

< 8x >
B LED R LED GY LEDs + AA|
< 2.4x p< 1.7X—><—1.5x—»

2007 2008
O)

SSL data from SSL perfo_rmancgs
calculated using white
LED simulator 5-3 (Y.
Ohno, NIST)

commercial Luxeon
warm white power
lamps (Philips
Lumileds)

1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
RyGgB i RyGyB i RGgB  RYGB
32% eff L 70% eff L 70% eff . 70%]eff
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
! ! 614 nm !
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
Power T ' ' (1
1 1 1
1 1 1

400 550 700 400 550 700 400 550 700 nm

Sandia
National
Laboratories

Spectra 400 550 700



SSL’s S&T Foundations (Inorganic Materials)

Uncertainty : Patience : Persistence : Serendipity

Nakamura, Mukai, Senoh (Nichia)
Candela-class high-brightness InGaN/alGaN double-heterostructure blue-light-emitting diodes

: Morkoc, Strite, Gao, Lin, Sverdlov, Bumns (U lllinois)
Leonard, Krishnamurthy, Reaves, Denbaars, Petroff (UCSB) Large band-gap SiC, |lI-V nitride, and 1I-VI ZnSe-

Direct formation of quantum-sized dots from uniform coherent islands of | 1,556 semiconductor device technologies

InGaAs on GaAs surfaces | | Cullis, Canham, Calcott (U Sheffield)
The structural and luminescence
properties of p-Si

Amano, Sawaki, Akasaki, Toyoda (Nagoya U)
MOVPE growth of a high-quality GaN film using an AIN buffer layer

10,000

; IN ORGANIC l l K.W. Boyack, et al, “A
I recursive process for
N 010) mapping and
1!000 E A | . (O] i clustering technology
* = .. v il oG -o.' AL 7 I . literatures: case study
I e ot f' ek y e =2 in solid-state
c S 0 s M’- ¥ it S " lighting,” Int. J.
_2 100 =  rarard e 7&*“’ 3 Techn. Transfer and
] = G i, ! _’!\-::!.f:r":;;}" R ARk Commercialization 8,
S E ¢ 2P Al L A R ST 51 (2009).
" Tl < AN PRSI, Torey
- 10 ¢ ."‘-%55:*:' Ty AL G R
E i “-‘-,,-_,,):L— P i‘,.‘ﬂ 42"
; 2% MORIES R TG T S R
B ¥ o ‘é?# -.E'a;‘q_!'\:..'ﬁ' ‘. e 5 :
1 L ' 1 A R S I R el '
1970 1990 2010
Year

Sandia
National
Laboratories



SSL’s S&T Foundations (Organic Materials)

Uncertainty : Patience : Persistence : Serendipity

Burroughes, Bradley, Brown, Marks, Mackay, Friend, Burns, Holmes (U Cambridge)
Light-emitting diodes based on conjugated polymers Braun, Heeger (UC Santa Barbara)
Tang, Vanslyke, Chen (Kodak) Visible light emission from semiconducting polymer diodes

Electroluminescence of doped organic thin films Friend, Gymer, Holmes, Burroughes, Marks, Taliani, Bradley,
Tang, Vanslyke (Kodak) Dos Santos, Bredas, Logdlund, Salaneck (U Cambridge)
Organic electroluminescent diodes Electroluminescence in conjugated polymers
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Science Research Opportunities

Wide-Bandgap Materials: Beyond 2D: Beyond Perturbations:
Foundational Luminescent Nanowires, Light and Matter in
Understanding and Beyond Nanodots and Hybrid Subwavelength Photonic
Structures Structures
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M. Krames, Lumileds Lighting, LLC, presentation at Basic Courtesy of G. Wang (Sandia Natl Labs) Courtesy of A. Fischer (Sandia Natl Labs)

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).
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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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