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Raising the Bar

“Efficacy was so 2015”

Erik Swenson
General Manager

Nichia America Corporation
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“At the end of my 7th year, my game was complete. Shooting, defense, 
using the dribble, transition, midrange stuff was all there. Then it 

was about fine-tuning and trying to improve in each area.”

WHO SAID IT?
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Quality of Light

New Features

Smart LightingReplacement of Blubs 
and Linear Fluorescent

High CRI・Fidelity・
Purity

・ Human Centric 
Lighting
・ Improving
Performance
・ Increasing 
Productivity

To expand the market, we must keep fine tuning!

Differentiation is 
needed!

Energy Savings
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CRI≥70 CRI≥80  Spectrum solutions

Efficacy ↑＋
Additional features

By adding new features, the Lighting market will continue to grow.

*1 : NICHIA Estimation

Only Efficacy ↑
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Agenda

1. Where has the focus been?

2. Where is the focus going?  
• Quality of Light
• Market Specific Spectrums
• Reliability

3. Questions
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“The commercialized efficacy goal of SSL is to reach 160 
lumens per watt, which would represent an order of 

magnitude increase in efficacy over incandescent lamps and 
a two-fold improvement over fluorescent lamps.

-2005 SSL Program Planning Workshop Report

“You have to know the past to understand the present.”



Ever Researching For A Brighter World        (http://www.nichia.com)

2005

Projections over the years…

“You have to know the past to understand the present.”
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Projections over the years…

2006

“You have to know the past to understand the present.”
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Projections over the years…

2007

“You have to know the past to understand the present.”
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2005

Projections over the years…

2006
2007

2007 –
This guy started at Nichia!

“You have to know the past to understand the present.”
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Leading to an overconfident rookie’s presentation…

35 Lumens 
per Watt!!!

“You have to know the past to understand the present.”
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We thought 100 lpW would be the end game!

“You have to know the past to understand the present.”

43 Lumens 
per Watt!!!
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more projections over the years…

2009

“You have to know the past to understand the present.”
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more projections over the years…

2010

“You have to know the past to understand the present.”
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more projections over the years…

20092010

2015

“You have to know the past to understand the present.”
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Agenda

1. “You have to know the past to understand the present.”

2. Where is the focus going?  
• Quality of light
• Market Specific Spectrums
• Reliability

3. Questions
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Quote or Joke….
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The Move to High CRI Begins

Estimated in 2017, but not yet realized…

`
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Estimated in 2017, but not yet realized…

The Move to High CRI Begins
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CRI Trend and Estimation

Estimated in 2017, but not realized yet…
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Applications

Let’s not settle for “good enough.”
Let’s continue to fine tune our game & raise the bar!
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Not all CRI’s are created equal…

But… be careful!

Source:  DoE Webinar – LED Essentials 10.11.2007
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Company A Company B

Ra 80 Ra 80 (R9 > 0)

CCT 4000K (O) 3000K (N) 4000K (COB) 3000K (COB)

Rf 82.8 83.1 83.7 83.0

Rg 94.0 94.7 97.7 98.4

CCT 4001.4 3047.9 3930.9 3022.7

Duv 0.002 0.000 0.000 0.000

x 0.382 0.434 0.383 0.435

y 0.383 0.404 0.378 0.402

Ra 83.3 82.3 84.9 83.7

Spectra Comparison (4,000K / 80 CRI)

Company A COB (4,000K / Ra 80)

Company B COB (4,000K / Ra 80)

Co. A
Co. B
Co. B
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Company A Company B

Ra 80 Ra 80 (R9 > 0)

CCT 4000K (O) 3000K (N) 4000K (COB) 3000K (COB)

Rf 82.8 83.1 83.7 83.0

Rg 94.0 94.7 97.7 98.4

CCT 4001.4 3047.9 3930.9 3022.7

Duv 0.002 0.000 0.000 0.000

x 0.382 0.434 0.383 0.435

y 0.383 0.404 0.378 0.402

Ra 83.3 82.3 84.9 83.7

Company A Company B

Ra 90 on the BBL Ra 90 (R9 > 50)

CCT 4000K (N) 3000K (N) 4000K (COB) 3000K (COB)

Rf 90.3 91.6 93.2 92.3

Rg 98.0 98.7 102.5 102.0

CCT 3993.2 3049.6 3977.1 2986.8

Duv 0.001 0.000 0.000 -0.001

x 0.381 0.434 0.382 0.436

y 0.380 0.403 0.378 0.402

Ra 93.4 93.5 96.0 93.6

Spectra Comparison (4,000K / 90 CRI)

Company A COB (4,000K / Ra 90)

Company B COB (4,000K / Ra 90, R9>50)

Co. A
Co. B
Co. B
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Company A Company B

Ra 80 Ra 80 (R9 > 0)

CCT 4000K (O) 3000K (N) 4000K (COB) 3000K (COB)

Rf 82.8 83.1 83.7 83.0

Rg 94.0 94.7 97.7 98.4

CCT 4001.4 3047.9 3930.9 3022.7

Duv 0.002 0.000 0.000 0.000

x 0.382 0.434 0.383 0.435

y 0.383 0.404 0.378 0.402

Ra 83.3 82.3 84.9 83.7

Company A Company B

Ra 90 on the BBL Ra 90 (R9 > 50)

CCT 4000K (N) 3000K (N) 4000K (COB) 3000K (COB)

Rf 90.3 91.6 93.2 92.3

Rg 98.0 98.7 102.5 102.0

CCT 3993.2 3049.6 3977.1 2986.8

Duv 0.001 0.000 0.000 -0.001

x 0.381 0.434 0.382 0.436

y 0.380 0.403 0.378 0.402

Ra 93.4 93.5 96.0 93.6

Spectra Comparison (3,000K / 90 CRI)

Company A COB (4,000K / Ra 90)

Company B COB (4,000K / Ra 90, R9>50)

Co. A

Co. B

Co. B
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As we’ve approached peak WPE, focus is put on quality of light

What is being done to “fine tune”?
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As we’ve approached peak WPE, focus is put on quality of light

What is being done to “fine tune”?

33 lpW!
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As we’ve approached peak WPE, focus is put on quality of light

What is being done to “fine tune”?

33 lpW!172 lpW!
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Ultra High CRI – Full Spectrum
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Light up objects 
as they are designed, as they are.

TM

These figures indicate the measurement value of engineering sample. Each value is possible to be different. Please treat this data as the reference. 

Sunlight

OptisolisTM

(5000K)

Natural Health & Well-being

Museum Studio Factory

Synchronize spectrum to the sunlight throughout 
the day for humans.

Hospital, Residential etc. 

(3000K)@5000K Sunlight

Ultra High CRI – Full Spectrum
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And others…

Ultra High CRI – Full Spectrum
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Agenda

1. “You have to know the past to understand the present.”

2. Where is the focus going?  
• Quality of light
• Market Specific Spectrums
• Reliability

3. Questions
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LED Manufacturer Unique Spectrums

Higher CRI

Horticulture

Productivity

Visual Effect

Full Spectrum White
or

Discrete Colors

For Meats For Veggies For Apparel/ Jewelries

Full Spectrum
(Ultra High CRI)R9050

(Ra>90,R9>50)
R95

(Ra>95)

Unique Colors

Light for Productivity

Human Centric Lighting
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Enhanced Red

Enhanced Red & Green

Enhanced White

Meats

Vegetables, Fish & Meat 

Clothing

Unique Spectrums - Visual Effects

Nichia’s Data

“D-Series Special Color”
“Vivid COB Packages”

“Rs020, Rs060”
“Rs030”
“Rs075”
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Rsp0a
3000K

“All in White”
Rsp0a

Horticulture

Rsp0a
5000K

R8000
5000K

R+B
LED

植物育成
用蛍光灯

Growth speed & balance High reliability 

Working environment

Stable spectrum at high temperature.

Rsp0a 5000K R+B LED

Unique Spectrums - Horticulture
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Rsp0a
3000K

“All in White”
Rsp0a

Horticulture

Rsp0a
5000K

R8000
5000K

R+B
LED

植物育成
用蛍光灯

Growth speed & balance High reliability 

Working environment

Stable spectrum at high temperature.

Rsp0a 5000K R+B LED

Unique Spectrums - Horticulture
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Recently verified research proves
• Better productivity & less fatigue,
• Maximizes Equivalent Melanopic Lux
• Similar Optical Efficacy to CRI 80

①
①

②

③

NEW
Ra>80

NEW Spectrum

Nichia’s Unique Spectrums – Productivity (TBD)
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Figure Color Chart

Target

Target

Evaluation Method

White Black Blue Green Red Yellow

１：Ra>80  
２：Spectrum A
３：NEW Spectrum
４：Ra>90

・Semantic Differential method
10 factors, 7 points scale

・Ranking methods
Dark
Hard to see
Vague
Plain
Cloudy
Dull
Not Dazzling
Dislike
Ugly
Calm

Bright
Easy to see
Vivid
Gorgeous
Clear
Fresh
Dazzling
Like
Beautiful
Stimulating

Sample1

Sample2

NEW

Sample4

Ranking
Evaluation Result for White

Regarding “Clear-Cloudy”, Sample3 has a 
significant difference than Sample1

Impression of Color

1.  Clearer Visibility

In this new spectrum, white is evaluated as “clearer.”

Nichia’s Unique Spectrums – Productivity (TBD)
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2.  How Cyan is Important

Lucas,R.J et al., Trends Neurosci. 37, 1(2014)

Spectral absorbance of human retinal photo receptors

Non-visual sensitivity Importance
Circadian rhythm sensitive 

“A Computerized Approach to Transmission and Absorption 
Characteristics of the Human Eye” CIE 203:2012 (incl. Erratum)

Spectral distribution of the total transmittance of the aging 
human eye computed via the methods of van de Kraats

Visual sensitivity Importance
Aged people less sensitive 

Trigger of Melatonin & Serotonin

Nichia’s Unique Spectrums – Productivity (TBD)
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3.  Eyes are less fatigued from a wider spectrum

K.R.Aggarwala et al., J. Opt. Soc. Am. A 12, 450(1995)

Gain and phase lag of eye accommodation as 
a function of the spectral bandwidth.

Better

Wide

Target 1 Target 2

Better

C. Kubo et al., J. Illum. Engng. Inst. Jpn. 98, 79(2014)

Decline rate of eye accommodation after the visual 
task as a function of the spectral bandwidth.

The wider, the faster eye accommodation response The wider the less eye accommodation fatigue

Nichia’s Unique Spectrums – Productivity (TBD)
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WELL 
Building 

Standards

Light

Circadian

EML
e.g. >250lux

Melanopic Ratio

EML = Equivalent Melanopic Lux

Nichia’s Unique Spectrums – Productivity (TBD)
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Item NEW Ra > 90 Ra > 80

Efficacy (lm/W) A C A+

Cyan
(ipRGC compliant) A B C

Eye/Physiological/Phycological fatigue A A C

Working Efficiency A A C

WELL Building Standard (Efficacy * Cyan) A B B

The value of this new spectrum adds to Human Centric Lighting with higher EMA.

Nichia’s Unique Spectrums – Productivity TBD)
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Unique Spectrums by Manufacturers

Courtesy of current’s website
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Courtesy of Focal Point’s website

Unique Spectrums by Manufacturers
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Courtesy of Signify’s website

Unique Spectrums by Manufacturers
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Courtesy of Signify’s website

Unique Spectrums by Manufacturers
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Agenda

1. Where has the focus been?

2. Where is the focus going?  
• Quality of light
• Market Specific Spectrums
• Reliability

3. Questions
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TM-21 can be misleading
First, we must understand the breakdown mechanisms of an LED

Heat Resistant Polymer Type Flip Chip Ceramic Type
Discoloration of 
Package

Degradation of Chip

Molding Resin (Silicone) Stable - Minimal Discoloration 

Discoloration of 
Package

Degradation of Chip

Molding Resin (Silicone) Stable – Minimal Discoloration

IF IF

Time Time

Remember this 
trend for later!!
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TM-21 can be misleading
Is a calculated value truly feasible in real life?

L70 = 1 Million hours or 114 years!
or

L90 = 312,000 hours or 35 years!
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TM-21 can be misleading
Measurements have tolerance and “bounce,” especially with a limited test set…

0.7
0.75

0.8
0.85

0.9
0.95

1
1.05

1.1

1,000 10,000 100,000 1,000,000

φ

However, per the TM-21 Calculation, the 
LED will actually get brighter over time!

Per the Reported TM-21 Value, 
at 550C the LED will last forever!
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TM-21 can be misleading
Shouldn’t a test at a higher TS reflect lower lifetime?

70

90

1 100 10,000

55C

105C

70

90

10,000 100,000

55C

105C

1050C has a better TM-21     
Calculated value than 550C?
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70

75

80

85

90

95

100

105

1 10 100 1000 10000 100000
Time(hours)

Re
lat

ive
 Lu

mi
no

us
 F

lux
(a

.u.
)

Temperature A
Temperature B

Temp A
Temp B (> A)

TM-21 can be misleading

The reasons for lumen depreciation are the same.
However, when this breakdown occurs has a dramatic effect on the TM-21 value.

Test A - Estimation for actual result (BEST)

Estimation by TM-21 method

Allowable period to predict * 6 times rule

Test A TM-21 @100K

Test B TM-21 @100K

Data period for TM-21
(Ex. 10Kh test result.)

Won’t our customers be more upset to see a product breakdown very early, 
even if it is not to 70% brightness?

Why are these anomalies happening?



Ever Researching For A Brighter World        (http://www.nichia.com)

Excerpts from US DOE SSL 2017 Suggested Research Topics Supplement

LM-80 / TM-21 is being misused…

“While the lifetime of an LED source is one important indicator of LED luminaire 
life, lifetime claims should consider the whole luminaire system, not just the LEDs.”

“Developing accurate lifetime claims, the DOE SSL Program formed an industry 
consortium with the Next Generation Lighting Industry Alliance (NGLIA), the LED 

Systems Reliability Consortium (LSRC)”

“It should be noted that LM-80 measurements are taken with the LED packages 
operating continuously…  This does not necessarily reflect real-world operating 
conditions, so there may not be a perfect match between predictions based on 

laboratory results and practical experiences…”

LM-80 / TM-21 alone is not good enough to judge an LED’s reliability, 
let alone finished product’s reliability
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An LED’s TM-21 extrapolations DO NOT equal an LED's actual lifetime.  
LEDs’ actual lifetimes DO NOT equal an LED Luminaire's actual lifetime.  
TM-21 extrapolations DO NOT equal an LED Luminaire's actual lifetime.

LM-80 / TM-21 is being misused…

Secondary Optics
Can discolor, lose reflectiveness.
Heat and Optical energy will 
accelerate this , thus lower light 
output

LED
Package and die  degradation, etc.

PCB
Solder joints fail = catastrophic failure.
PCB’s can discolor, specifically solder resist, 
becoming less reflective and lower lumen 
maintenance

Drivers
Capacitors are one of the main factor for LED driver 
life.  Because of the electrolyte’s volatilization, 
generally even high quality grade capacitor rated life 
is 40KH@85C.  Higher temperatures accelerates this.

Heat Sink
Chemical Resistance

Housing
Chemical Resistance,  reflectivity, thermals

And more components…

While an LED does have it’s depreciation, we all know it is not the weakest link.  
So why pretend otherwise and reference an LED’s calculated lifetime as a fixture’s lifetime?
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Comments heard in the industry…

LM-80 / TM-21 is being misused…

With no policing or further testing requirements, this mindset will continue!
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Creating LM-80 was a great 1st step.  Establishing TM-21 was a great 2nd step.
The industry now deserves a 3rd step to more accurately predict product lifetime so 
better comparisons can be made vs. just establishing a minimum bar (i.e. TM-21)

New Proposals for Lifetime / Robustness Testing
Test Reference Standard Test Condition Purpose (to evaluate)
High Temperature Operating Life 
(HTOL)

JESD22-A108 TS=max,
IF=max or
Corresponding max rated current (1,000hours)

Accelerated test for LED life time

Wet High Temperature Operating 
Life (WHTOL)

JESD22-A101C TA=60C, RH=90%, IF=max (1,000hours)
or
TA=85C, RH=85%, IF=max (1,000hours)

Accelerated test for LED life time

Temperature Cycling (TMCL) JEITA ED-4701 100 105
Or
JESD22-A108

-40C to 100C (1,000cycles)
or
-40C to 125C (500cycles)

Solder joint reliability btw PCB and LED
LED structure robustness
(ex. Solder crack,  Delamination, etc.) 

Resistance to Soldering Heat (RSH) JEITA ED-4701 300 301 260C (-0 / +5C), 10second
Precondition : according to MSL rating (2 times)

Robustness of LED materials against heat.

Electrostatic Discharge JEITA ED-4701 300 304 HBM 2kV (3 pulses) Robustness against ESD

Sulfuration Test - TA=40C, RH=75% : H2S 2ppm, NO2 4ppm (240hrs)
or
TA=40C, RH=80% : H2S>10ppm (96hours)

Robustness against Harmful gas.
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Solid State Lighting still has so much potential 
to enable much more than lighting has ever done. 

Let’s not limit ourselves with complacency to just “replace.”

Continue to push the limits &
fine-tune our game! 
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Thank you for your time!
ありがとう
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