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Learning Objectives
By the end of this presentation

• You will know what metrics to apply to a lighting system that is designed 
to change its appearance

• You will know the difference between “Dim to Warm” and “Tunable 
White” lighting systems

• You will understand the basics of a “Tunable White” lighting system

• You will understand the basics of an automated lighting system 
designed to provide lighting throughout the day that matches the natural 
cycle of day light.



51 Year History

• 1962 First practical red LED invented on October 9 by Nick Holonyak (GE)
• 1971 “Blue” GaN MIS-LED demonstrated (Pankove)
• 1972 Yellow, red, and red-orange improved 10X by George Craford (HP)
• 1991 High quality p-type GaN grown; first pn-junction GaN LED (Nichia)
• 1992 Short-lived ZnSe-CdZnSe blue laser developed (3M)
• 1993 Commercial “candela-class” blue GaN LEDs introduced by Shuji Nakamura (Nichia)
• 1995 Bright quantum-well blue and green LEDs introduced (Nichia)
• 1996 Room temperature nitride “blue” laser diode demonstrated (Nichia)
• 1997 US demonstrates room temperature “blue” laser diode (Cree)
• 2000 First large area LED chips (Lumileds)
• 2001 Surface roughening for improved light extraction (Taiwan)
• 2001 Patterned substrate technology for improved light extraction (Japan)
• 2004 SONY markets Blu-Ray (HD-DVD) players (23 GB/layer)
• 2005 Large area LED chips with roughened surfaced
• 2006 Solid-state lighting revolution begins

Evolution of the LED



LED Sources – Now Surpass All other Lamp Types
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LED is now the highest efficacy “white light” source on the market 

• Beware, there is a wide range 
in LED source performance

• There are “lagging” and 
“leading” suppliers
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Discrete LED: Packages & Types



Smaller Source Size

• Increased Lumen Density
• High CBCP
• Lower Assembly Cost

96% smaller 
than XR

78% smaller 
than XP



• ASIC controls drive current
• “Off time” keeps efficacy <85 LPW
• Dedicated/discrete input voltage (i.e. 120VAC)
• Phase dimming via “banks” of LEDs
• 0-10 V dimming is available in some products

AC LEDs with ASIC

ASIC

Surge Protection Circuit
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Attention to details are important before install



The Language of Light

CRI SPD GAI? OMG
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Color Rendering Index (CRI)



CRI measures how faithfully a light source renders specific reference colors compared to how those colors 
are rendered by an “ideal” or natural light source, typically a blackbody radiator. 

If each color point is reproduced exactly as it is by a blackbody, then the color rendering is 100. Any deviation 
in any direction for any color point results in a CRI of less than 100.

The first 8 color samples are  
used to calculate the general 
color rendering index, Ra. The 
next 6 colors provide 
supplementary information.

Though CRI Ra is the most common reference metric for “color quality”, more colors from R9-R15 must be 
included for an appropriate evaluation.

Re-introduction to Color Rendering Index (CRI)



Color Rendering Index (CRI)

Test Light Source Blackbody radiator
at the same CCT

1960 CIE Color 
space

1960 CIE Color 
space

Use formula to calculate R1 – R8

R1 R2 R3 R4 R5 R6 R7 R8 CRI or Ra = average
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COLOR RENDERING INDEX (CRI)

LED Binning and Color Consistency
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COLOR RENDERING INDEX (CRI)

Larger Bin Quadrants vs. Smaller Bin Quadrants



CRI vs. SPD



GAIBB Illustrated – Xicato Vibrant Series

The gamut area for 
Vibrant Series is offset 
and larger than the 
area for a blackbody 
radiator.

Each identified point 
represents colors R1 
through R15 of CRI.
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TM-30-15

Prepared by the 
Color Metric Task Group 
and the 
Color Committee of the IES



IES TM-30 Overview (or What’s Different This Time?)



Color Samples & Basic Calculation Flow





IES TM-30 Metrics





IES PS‐8‐14
“…it is the position of the IES that CRI requirements 
should not be a metric used in energy regulations to 
characterize color attributes for solid state lighting until 
there is a consensus on the issue.”

Title 24: “With the exception of decorative, 
monochromatic LEDs, Joint Appendix JA8 requires that 
LED luminaires designed for indoor residential use have a 
minimum CRI of 90 and a CCT of 2700K – 4000K in order to 
qualify as high efficacy.” 
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A Rose by any other word?

Dim to Warm
Bright White

Tunable White

Circadian Rhythm Lighting

RGB LED Lighting
RGBW LED Lighting

RGBA LED Lighting

Vibrant White
Crisp White Perfect‐Color

Circadian Balanced Illumination
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Benefits of Tunable White Lighting Systems

Improved Productivity

Better Visual  Acuity

Health Benefits/Circadian Rhythm

Energy Saving & Sustainability 



Color-Tunable Lighting

Digital Lighting
Technology:
• 5 String Mixing: Full spectrum mixing
• Tunable White
• On Board Calibration
• Thermal Compensation
• Thermal Turn Down
• Built-in Wireless (with copy & paste 

functionality)
• 1% dimming
• Dim-to-Warm
• Saturation & Hue
• Scene Presets

Market Opportunity:
• Healthcare
• Hospitality
• Retail
• Office
• Education



Light & Color

In order to perceive a 
color, the source must 
produce and the object 
must reflect the color
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Dim to Warm

Typical product range is 3000K down to 
1800K

Color Temperature change is tied to the 
dimming
curve

Replace – Halogen Incandescent light 
sources
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Dim to Warm

Dimming starts with premium white 
light that warms from 3000K to 
1800K when dimmed. CRI and R9 
values remain above 90 throughout 
entire dimming range, and the color 
stays within 1 SDCM on Black Body 
Locus

Dimming fixtures are dimmable to 
1% using 0‐10V protocol
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Tunable White 3000K to 6500K

More Complex

Wide variety of Application

Simple or Complex controls
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Tunable White - Education

Lighting Matched to the activity 

• Energy
• Standard
• Concentrate
• Relax
• Lecture
• “AV” ‐ Presentations
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Typical Classroom
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Circadian Rhythm 



Thank you!


