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White is white, right?  
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l ighting 

installations  

(turning) badé 
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Donõt panicé

it can be doneé example good LED lighting installation with proven lifetime performance 

 

What to do to get color right?  



Getting Color Right 

Janos Schanda, Peter Csuti, University of Pannonia 

Gerard Harbers, Raghuram Petluri, Xicato Inc 

5-step check -list to get color righté 

1 Is the color specification within required limits? 

2 Is the color specified at actual operating conditions? 

3 
Does the manufacturer provide data for color shift over life of the 

product, and does it meet the requirements? 

4 
Is the CRI performance: Ra, but also R9 to R15, good enough for 

the target application? 

5 
Does the supplier use results from color engineering standards 

research, especially in the field of LEDs? 
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CCT  correlated color temperature  

uv    distance to the Black Body Line  

Lamp Color Specification needs not only CCT but also uv  

CIE 1960 UCS 

Black Body 

Line  

X,Y,Z? 

x,y? 

uô,vô? 

CCT, uv 

most 

common in 

lighting 

industry 

1 
How is color 

defined? 

2 

3 

4 

5 
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SDCM: Standard 

Deviation of Color 

Matching 

 

CIE E2000 

ÅMacAdam ellipses 

Åuôvô CIE 1976 

space 

ellipses 

in color 

diagrams 

1 

What color 

differences can we 

see? 

2 

3 

4 

5 
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1 

What is the size of 

these ellipses in 

CCT & uv? 

2 

3 

4 

5 

red zone:  

4-7 SDCM 
non-color critical 

applications 

yellow zone:  

2-4 SDCM 
general lighting 

green zone:  

< 2 SDCM 
for accent & 

architectural lighting 

3000K target for other CCT targets please check Xicato Inc. 
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1 

Tolerances in 

the CIE 1976 

uô,vô space 

2 

3 

4 

5 

red zone 

uôvô  0.004 ï 0.007 
non-color critical 

applications only 

yellow zone 

uôvô  0.002 ï 0.004 
general lighting 

green zone 

uôvô <0.002 
for accent & architectural lighting 

3000K  

uôvô circles are a 

good, practical 

metric for color 

differences of 

lamps 

and much easier to 

use than MacAdam 

ellipses 
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5-step check -list to  get color righté 

1 Is the color specification within required limits? 

2 Is the color specified at actual operating conditions? 

3 
Does the manufacturer provide data for color shift over life of the 

product, and do they meet the requirements? 

4 
Is the CRI performance: Ra, but also R9 to R15, good enough for 

the target application? 

5 
Does the supplier use results from color engineering standards 

research, especially in the field of LEDs? 
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B 

A 

A, B & C product examples, operated from low to 

max operating current & temperature  

C 

1 

2 

How big is shift 

with current & 

temperature? 

3 

4 

5 

LEDs shift in color 

with current and 

temperature 

 

Not all products 

behave the same 
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5-step check -list to get color righté  

1 Is the color specification within required limits? 

2 Is the color specified at actual operating conditions? 

3 
Does the manufacturer provide data for color shift over life of the 

product, and do they meet the requirements? 

4 
Is the CRI performance: Ra, but also R9 to R15, good enough for the target 

application? 

5 
Does the supplier use results from color engineering standards research, 

especially in the field of LEDs? 
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Yes  

Å White LEDs: blue or UV chip + phosphor  

Å LEDs efficient compared to incandescent, still 50% to 90% of power 

converted to heat ; LEDs can get HOT!  

Å Multiple phosphors needed, degrading differently depending on 

temperature and time  

1 

2 

3 
Do LEDs shift color 

over time? 

4 

5 
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Å Suppliers use different phosphors and materials, and make different 

decisions with regard to cost, efficiency and reliability  

Å In Cold Phosphor  configurations, phosphor temperatures are lower 

than in Phosphor on Chip  configurations  

1 

2 

3 

Not all lights 

are created 

equalé 

4 

5 

Junction Temperature  

90~150C 

Phosphor Temperature  

100~180C 

Phosphor Temperature  

70~100C 

Junction Temperature  

90~130C 
Case Temperature  

70~90C 

Phosphor on Chip  

Cold Phosphor  
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1 

2 

3 

Are there standards 

for color shift over 

time? 

4 

5 

US Energy Star Luminaires V1.0: 

Å uôvô< 0.007 in 6000 hrs 

Å IES LM-79-08 & IES LM-80-08 test methods 

Å é too relaxed, need less shift over longer 

time! 

red zone 

uôvô  0.004 ï 0.007 

non-color critical applications 

only 

yellow zone 

uôvô  0.002 ï 0.004 

general lighting 

green zone 

uôvô <0.002 

for accent & architectural lighting 
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1 

2 

3 

Get color 

maintenance 

data 

4 

5 

White LED Supplier A 

CCT 3000K, Tj~112C, test 

time 6000hr 

1000mA 

4 samples 

3 samples 

Å LM -80 -08 requires 6000h CIE 1976 data  

Å Top tier companies provide these data  

Å In the examples above: compare initial 

color and color shifts  

Remote Phosphor Module 

Supplier B 

 CCT 3000K, Tj~117C, test 

time 4000hr 

1000mA, 2000lm 
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5-step check -list to get color  righté 

1 Is the color specification within required limits? 

2 Is the color specified at actual operating conditions? 

3 
Does the manufacturer provide data for color shift over life of the product, 

and do they meet the requirements? 

4 
Is the CRI performance: Ra, but also R9 to R15, good enough for the 

target application? 

5 
Does the supplier use results from color engineering standards research, 

especially in the field of LEDs? 
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1 

2 

3 

4 

Color rendering 

requires more 

than 1 numberé 

5 

LED A 

LED B 

Halogen 

Metal-Halide 

Compact Fl. 

B A 

A 

B 
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5-step check -list to get color righté 

1 Is the color specification within required limits? 

2 Is the color specified at actual operating conditions? 

3 
Does the manufacturer provide data for color shift over life of the product, 

and do they meet the requirements? 

4 
Is the CRI performance: Ra, but also R9 to R15, good enough for the target 

application? 

5 
Does the manufacturer keep up to date with results from color 

engineering standards research, especially in the field of LEDs? 
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1 

2 

3 

4 

5 

If lamps have same 

color points, they look 

the same, right? 

They should, but in practice they donõt 
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1 

2 

3 

4 

5 

Colorimetry 

should predict 

color match! 

Å Visual match of test light with the additive 

mixture of three primaries (Red, Green, Blue) 

 

Å Instrumental match: 

Å Measure spectral power distribution 

Å Use Colour matching functions 

Å Calculate tristimulus values: 
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Instrumental chromaticities 

calculated using the CIE 1931 2° CMFs

0.3

0.4

0.5
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RGB LED

Visual average

Broad-band reference

#1
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1 

2 

3 

4 

5 

Example differences 

between visual and 

instrumental match 
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0,0
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1,8
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Different CMFs

CIE 1931 xΈ(ɚ)

CIE 1931 yΈ(ɚ)

CIE 1931 zΈ(ɚ)

TC1-36 xΈ(ɚ)

TC1-36 yΈ(ɚ)

TC1-36 zΈ(ɚ)

UP. xΈ(ɚ)

UP. yΈ(ɚ)

UP. zΈ(ɚ)

1 

2 

3 

4 

5 

Improved color 

matching functions are 

being developed 

CIE 1931 2deg  

CIE TC 1 -36: Fundamental  

University of Pannonia: Modified fundamental  CMFs  
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1 

2 

3 

4 

5 
Improvement in Color 

matching Functions 


