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White Light for General Illumination 

Creating White Light 

WHITE 
LIGHT 



LIGHT EMITTING DIODE 

Epitaxial Layer 

Substrate 



LIGHT EMITTING DIODE 



LED Package  



Blue + Phosphor 
Generating White Light with LEDs 

Phosphor 

Blue LED 
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RALPH  C. TUTTLE 

Substrate 

Phosphor 

Blue photons emitted from the LED chip strike phosphor particles and are down 

converted to longer wavelengths.    



8 CIE 1931 Color Space  
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Blue + Yellow Phosphor 

Blue 
Peak 

Yellow 
Phosphor 



Phosphor Converted LEDs 



Precise Color Tuning 
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6500K 

2700K 

2700 Tc(K) 6500 

Credit: Finelite 
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6500K 

2700K 

2700 Tc(K) 6500 

Credit: Finelite 
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Precise Color Tuning 
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17 Approximate Stokes Loss Improvements  
2008 to Present 

CCT  2008  

5700k   1.00   

 

4000k   0.71    

 

3000k   0.42    

 

 

 



18 Approximate Stokes Loss Improvements  
2008 to Present 

CCT  2008  2012  2016 

5700k   1.00   1.00   1.00 

 

4000k   0.71   0.94   0.98 

 

3000k   0.42   0.77   0.83 
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Packaged LED Value Evolution 
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Annual Improvement in $/lm 
@ 100 LPW 

43% 45% 35% 29% 45% 40% 27% 

E
ff

ic
a

c
y
 (

L
P

W
) 



20 
Thermal Management Value Opportunities  

Have Changed 

Extruded Aluminum  
Thermal Conductivity = ~250 W/m-K 
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More Light… 

 

Less Heat… 

 

More Cost??? 

 

 

 

More LEDs With Same Total Power…  

Thermal Management 



22 Real-World Example (before) 

Photo Courtesy: LABSL 



23 Real-World Example (after) 

Photo Courtesy: LABSL 
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Metal Halide 4000K 

“Blue Light” Spectral Comparison 

pg. 24 

6000K LED 

4000K LED 



Controlling Blue Wavelengths – Cambridge, MA 

• Lumen values derived from city’s 
2013 inventory 

• Blue content calculated by PNNL 

• System operates at 70% output at 
startup; dimmed by 50% (i.e., to 35% 
of full) after midnight 

*includes 405 to 530 nm 

Cambridge, MA

Blue Light Impacts from LED 

Conversion

Full 

system as 

installed

At dusk 

startup

After 

midnight 

Blue 

percent 

of 

radiant 

power

at full 

power at dusk

after 

midnight

Pre-Conversion HPS 54 54 54 10% 5.4 5.4 5.4

Post-Conversion 4000K LED 32 22.4 11.2 32% 10.2 7.2 3.6

Percent Change -41% -59% -79% N/A 90% 33% -34%

Initial Output (million lumens) "Blue" Lumens (millions)

* 





27 Paved Surfaces Reflect Less “Blue”* 

*   A Sustainable Approach to Outdoor Lighting Utilizing  

 Concrete Pavement, Portland Concrete Association, 2009 

pg. 27 
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Fire Light to Moonlight 

“Natural” Light at Night? 



30 
Color Temperature of the Moon 

Cooler 

Warmer 
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Outdoor Residential Lighting  

Preferred Choices  

“Select a color temperature that complements the environment”   
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Eric Haugaard  
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Eric.Haugaard@Cree.com 
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