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White is white, right?
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lighting
Installations
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it can be doneé example good LED Ilighting 1 ns

What to do to get color right?
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5-stepcheck -l 1 st to get col

—

Is the color specification within required limits?

Is the color specified at actual operating conditions?

Does the manufacturer provide data for color shift over life of the
product, and does it meet the requirements?

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

Does the supplier use results from color engineering standards
research, especially in the field of LEDs?
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Lamp Color Specification needs not only CCT but also Auv
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What is the size of red zone;:
these ellipses in 4-7 SDCM
CCT & Auv? T T T T T T T T T T T 2 T non-color critical

applications

2 0.005

_ yellow zone:
3 2-4 SDCM
o - < | lighting
3 § 0.000 1 enera
% : S
green zone:
4 ~0.005 } <2 SDCM

for accent &
architqctural lighting
2800 2850 2900 2950 3000 3050 3100 3150 3200
5 CIE Correlated Color Temperature (K)

3000K target for other CCT targets please check Xicato Inc.
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5-stepcheck -listto get <col or r

Is the color specification within required limits?

Is the color specified at actual operating conditions?

Does the manufacturer provide data for color shift over life of the
product, and do they meet the requirements?

the target application?

Does the supplier use results from color engineering standards
research, especially in the field of LEDs?

4 Is the CRI performance: Ra, but also R9 to R15, good enough for
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0.009 -
1 0.007 -
—~ 0.005
S
How big is shift S 0.D0S
with current & < 0.001
temperature? w -0.001 |
Q.
> -0.003
3 3 -0.005 |
LEDs shift in color
with current and -0.007
temperature -0.009 - ; ; ; : ; : ;
4 2800 2850 2900 2950 3000 3050 3100 3150 3200
Not all products Correlated Color Temperature (K)

behave the same

A, B & C product examples, operated from low to
5 max operating current & temperature
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5-stepcheck -l 1 st to get col

Is the color specification within required limits?

Is the color specified at actual operating conditions?

product, and do they meet the requirements?

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

Does the supplier use results from color engineering standards research,

3 Does the manufacturer provide data for color shift over life of the
5 especially in the field of LEDs?
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AY /

Do LEDs shift color
over time?

Phosphor

4 Yes

A White LEDs: blue or UV chip + phosphor
A LEDs efficient compared to incandescent, still 50% to 90% of power
5 converted to heat ; LEDs can get HOT!
A Multiple phosphors needed, degrading differently depending on
temperature and time
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) Phosphor Temperature
Phosphor on Chip ploo 1gopc

1 /5//

Cold Phosphor Phosphor Temperature
Phosphor / 70~100C
2 N\

Junction Temperature

Not all lights 90~150C
are created
equal é T
”: DN
Junction Temperature S

_ Case Temperature
4 90~130C e

A Suppliers use different phosphors and materials, and make different

5 decisions with regard to cost, efficiency and reliability
A In Cold Phosphor  configurations, phosphor temperatures are lower
than in  Phosphor on Chip configurations
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White LED Supplier A
CCT 3000K, Tj~112C, test
time 6000hr

1000mA

Remote Phosphor Module

Supplier B

CCT 3000K, Tj~117C, test

time 4000hr
1000mA, 2000Im

Get color 8

‘0.0
maintenance "Q
data \ 7

-0.013 K -0.008
2

—H=

-0.00

uuuuu

LM -80 -08 requires 6000h CIE 1976 data

In the examples above: compare initial
color and color shifts

:l -0.013 -0.008 0.003 ‘

A
5 ﬁ Top tier companies provide these data

0.012
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Vd

5-step check -list to get color ri ght é

Is the color specification within required limits?

Is the color specified at actual operating conditions?

Does the manufacturer provide data for color shift over life of the product,
and do they meet the requirements?

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

especially in the field of LEDs?

Does the supplier use results from color engineering standards research,
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1 Ra [ R1 [ R2 [ Ra [IRAN] Rs RGN R7 | Rs Ri12| R1a R15
LED @Y 81 |80 |85| 80|81 |78]80 86|66 64 |70 |58 |81 |93 |75
LEDE) 98 98 |90 | 98|08 |08 |07 |98 |as 90 (o8 |88 | o8| o8 |os
2 Halogen 98 |98 |99 | 90|00 |08| 08| |or o7 |08 |97 | 98 | 90 | 97
Metal-Halide |82 | 90 |94 |60 |82 | 81|81 |87 |71 50 |62 | 55|93 | 78 | 88
CompactFl. |87 |91 |93 |86 |90t |s0|00|8s]|70 76 | o1 |81 |93 | 92 | 81

Color rendering
requires more

than 1 nu
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5-stepcheck -l 1 st to get col

Is the color specification within required limits?

Is the color specified at actual operating conditions?

Does the manufacturer provide data for color shift over life of the product,
and do they meet the requirements?

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

Does the manufacturer keep up to date with results from color
engineering standards research, especially in the field of LEDs?

1
2
3
4
)
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520
|

If lamps have same
color points, they look
the same, right?

Body-back curve

Same Color Point, Different Spectral Power Distribution,
Different Appearance*

': Metal Halide

Fluorescent

LED Mfg.A 80 CRI

1—— LED Mfg.B 80 CRI

LED Mfg.B 90 CRI

a

000

*Simulation

They

shoul d, but

n

pr ac
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primaries —._
\

A Visual match of test light with the additive Dt
1 mixture of three primaries (Red, Green, Blue) Q\ A
A Instrumental match:

2 A Measure spectral power distribution o E 06
A Use Colour matching functions
.. > 1E-06
A Calculate tristimulus values: 2 I
£ —77
£ 5.E-07
3 780nm @' — G 7
X=k Z S(A) x(A)dA 0.E+00 '
380nm 400 500 600 700
780nm wavelength, nm
4 Y=k Z 5(2) ¥(AN)dA 5
330nm 15 If\\
Colorimetry e £ N
should predict ZI=k Z 5(2) z(AdA 3 05 | \/ /N —
color match! 380nm 0 AL N\ —,

400 500 600 700

wavelength, nm
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Instrumental chromaticities

1 calculated using the CIE 1931 2° CMFs
0.6 |

>
0.4 3 o RGB LED
' * Visual average
4 A Broad-band reference
0.3

: 0.1 0.2 0.3 04 0.5
Example differences
between visual and u
instrumental match
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2,0 Different CMFs |
—CIE 1931 x(&)

18 AN\ |
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4 350 400 450 500 550 600 650 700 750

Improved color CIE 1931 2deg
matching functions are CIETC 1 -36: Fundamental
being developed University of Pannonia: Modified fundamental CMFs




Getting Color Right
Janos Schanda, Peter Csuti, University of Pannonia
Gerard Harbers, Raghuram Petluri, Xicato Inc

Improvement in Color
matching Functions




