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Project objectives
Develop efficient phosphor platforms to enable efficient, customer-driven solid 
state lighting.

Overall efficacy & color goals for this program for 1000 lm lamps:
– 96 lm/W at CCT~3000 K & CRI>80
– 71 lm/W at CCT<3100 K & CRI~95

Vio™ platform is testing vehicle & one potential path for commercialization.
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Future 
CRI~80
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Project tasks, milestones, & deliverables

1st year milestones =  understanding & discovery
2nd year milestones = discovery & optimization
3rd year milestones = optimization & integration into 
lamps
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Setting the goals for phosphor discovery
Initial spectral goals via theoretical blend calculations:
– Green spectral goals: λmax =520-545 nm, emission FWHM <80 nm
– Yellow-orange spectral goals: λmax =590-620 nm, emission FWHM <70 nm

Vio™ development & prior DOE program on phosphor quenching:
– Baseline for phosphor performance & quenching processes

400 450 500 550 600 650 700 750

Wavelength (nm)

G
re

en

Y
el

lo
w

-O
ra

ng
e

Key
priorities



5
2009 DOE SSL R&D workshop

2/4/2009

For phosphors w/ fast decay times, three routes for quenching:
– Thermally activated ionization Intrinsic for a host
– Thermally activated relaxation to lower levels Intrinsic for a host
– Energy transfer to lattice defects Can be addressed

Understanding phosphor quenching

Conduction Band

Photoionization Relaxation to lower levels Energy transfer
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Experimental assessment of phosphor quenching mechanism
Understanding quenching = phosphor downselection & optimization
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Developing new green phosphors
Using crystal/combinatorial chemistry methods to develop/optimize materials: 

Current best green phosphor:
– >15% higher efficiency vs. current Lumination green @150oC
– Quantum efficiency = commercial Ce3+-garnets @ 450 nm excitation
– Initial samples: >3,000 hrs w/o efficiency losses or color shift
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Emission/excitation spectra for 
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Developing new orange phosphors
Beyond efficiency, also must test/downselect for phosphor reliability:
Use stable Vio™ package/phosphors as internal standard to test new 

phosphors:

Best orange phosphors @ 2/2009:
– Potentially ~15-20% higher efficiency vs. current Lumination yellow @150oC
– Initial samples passed >10,000 hrs w/o efficiency losses or color shift
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Blend development & lamp testing
Initial blend calculations using new phosphors + GE Lumination portfolio:
Initial lamps using yellow-green phosphor + Lumination red phosphor blends:
– CCT~3000 K & CRI~91; >60 lm/W efficacy 
– Lamps in reliability testing for color/lumen stability

Additional blend testing underway for different CCT/CRI combinations
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Next steps for Year 3
Continue optimization of new orange & green phosphors
– Further quantify luminescence quenching pathways
– Designed experiments for composition/synthesis parameters

Phosphor incorporation into polymeric materials
– Evaluate efficiency/reliability for phosphors when incorporated in Lumination 

polymers/silicones;  develop methods to retain efficiencies if reactions occur

Lamp testing of new phosphors & blends
– Continue testing of new phosphors & their blends
– Determine quantitative functions for CCT, CRI, lumens, & reliability
– Initial package optimization (coating thickness, blend composition, etc.)
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Patents & publications from this program
Patents 
Two patent application filed for new phosphor compositions.
One disclosure in process.

Peer-reviewed publications
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3. A.A. Setlur, A.M. Srivastava, H.L. Pham, M.E. Hannah, and U. Happek, “Charge 
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light emitting diode lamps,” Appl. Phys. Lett. 92, 081104 (2008).


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11

