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Mn4+ red-line phosphor vs. Eu2+ red: +10% lumen equivalent @ 90CRI 
Higher gamut for LCD backlighting with reduced lumen losses 

Spectral rationale for Mn4+-complex fluoride phosphors 
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Mn4+ emission known to be a red-line emitter: lmax>650 nm in oxides 

• Position of 2E →4A2 dependent on Mn4+-ligand covalency in octahedral site 

Mn4+ doped fluoride materials known since 1970’s  

• Excitation into broad 4A2→
4T2 d-d transition & vibronic emission from 2E level 

GE-exclusive technology for use in LED-based systems & new 

compositions/processing 

• TriGainTM technology/patents* actively licensed for display backlighting 

(Nichia/Sharp) 

Mn4+-doped fluoride hosts – basic parameters 

Property Eu2+ doped 

Nitride 

K2SiF6:Mn4+ 

QY (%) >90% ~90% 

PL Lifetime 

(1/e) 
<3 µs  ~8.7 ms 

(2E 4A2) 

450nm   >200 cm-1 <60 cm-1 

(4A2 
4T2) 

FWHM >70 nm 5 peaks ≤ 

2nm 

RI  2 ~1.4 

Absorption 

cut-off 
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*Can include US7497973,US7648649,US8057706,US8252613,US8710487,US8906724with other applications pending  
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Mn4+ fluoride hosts – improving phosphor stability 

Reduced [Mn4+] on surface 

Initial K2SiF6:Mn particle 

Stir in saturated host/HF 

solution 

Treated K2SiF6:Mn particle 

Mn4+ 

doped 

fluoride 

Mn4+ 

doped 

fluoride 

(MnF6)
2- groups can hydrolyze into mixed-valence Mn-oxide/hydroxide 
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Mn4+ fluoride hosts – improving phosphor stability 

Sample Initial QE/Abs D(QE*ABS) 

PFS 95/72 -14% 

Treated PFS 100/70 -2% 

HTHH Testing:  85C/85%RH at 150 hrs. 

XPS shows lower surface 
Mn concentration 

Less parasitic 
absorption 

Improvement in QE, decrease in HTHH degradation 

Treated samples have: 
• No measurable Mn on surface (<0.1%) 

• No parasitic absorption 

• improved quantum efficiency 

• HTHH Degradation improved 7X 
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Mn4+ fluoride hosts –improving phosphor stability 

Composition and/or processing modifications for K2SiF6:Mn4+ → 

comparable stability to many nitrides 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Enables on-chip use in medium power packages (e.g. 3030)  

Red phosphor MacAdam 

steps 

Dx 

K2SiF6:Mn4+  

(2012) 
4.0 -0.0058 

K2SiF6:Mn4+  

(today@GE) 
0.5 -0.0011 

LED accelerated testing: Powder-level testing: 

0 300 600 900 1200 1500

-7

-6

-5

-4

-3

-2

-1

0

 

 

L
o
s
s
 (

%
)

Time

Powder-level testing

K2SiF6:Mn4+ 

(2012) 

K2SiF6:Mn4+ 

(today@GE) 
Commercial 

nitrides 

YAG:Ce 



GE Global Research 
2015 DOE R&D workshop 

7/10 

LED system performance w/ TriGainTM phosphor technology 

GE TriGainTM system improves efficacy and color rendering 

• Light engine efficacy @ 168 lm/W, 4000K, 90CRI 

• Suspender troffer system efficacy @ 135-140 lm/W, 4000K, 90CRI 
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Next steps for Mn4+-doped complex fluorides 

Bringing properties closer to those of typical red phosphors 

Property Eu2+ doped 

Nitride 

K2SiF6:Mn4+ 

QY (%) >90% >90% 

PL Lifetime 

(1/e) 
<3 µs 

 ~8.7 ms 

(2E 4A2) 

450nm   >200 cm-1 <60 cm-1 

(4A2 
4T2) 

FWHM >70 nm 5 peaks ≤ 2nm 

RI  2 ~1.4 

Absorption 

cut-off 
~600 nm 510 nm 

Composition/synthesis modifications must retain good reliability  
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TriGainTM phosphor technology using Mn4+-doped complex fluorides implemented 
for general illumination & display backlighting 
 
Numerous synthesis & composition improvements to meet requirements including 
reliability in medium-power LED packages 
 
R&D in progress to accelerate implementation across different LED systems 
 
Materials synthesis challenges (e.g. HF) are being addressed through careful 
controls & preventative safety procedures 

Summary 

Thank you to the organizers for the invitation 
Thank you for your attention 
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