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Learning Objectives
Unraveling the Mysteries of Solid -State Lighting

1. Concepts unique to LED technology such as
directionality

2. The critical link between thermal
management and lifetime

3. How to choose wisely when selecting LED
based luminaires
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Course Outline

1. Introduction¢ Why should | care about LEDs?

2.2 KI i Qa ®&EDtEchMeBgy as compared to
traditional light sources

3. Technology Limitations Characteristics to be aware
of with solidstate lighting

Environmentc Its effect on LEDs
LED Products Where to turn for guidance
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Introduction

Why Should | Care About LEDs?

A By 2030 the US Department of Energy has estimated that LE
technology has the potential to produce yearly energy saving:
190 terawatthours

I Equivalent of 24 large (1,000 MW) power plants

I Reduction of 25% of present energy consumption for lighting

i 9ljdz- 6Sa G2 FLIWINRBEAYIFIG0St& bmp 0A
I Greenhouse gas emissions reduced by 31.4 million metric tons of cartl

A Spanning 201Q 2030, the cumulative energy savings are

estimated to total approximately 1,488 terawatburs

i WSLINBaSydGdAy3 | LIINPEAYLFGSt& PMHAN

I Over that same time period, greenhouse gas emissions would be redt
by 246 million metric tons
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Introduction
Why Should | Care About LEDs?

LEDs are like no other conventional lighting source

Potentially longestlife of any lighting sources
Very high energy efficiency

Small size and instant on allows new applications GG
Produces color light directly without filtering
Integrates will with other semiconductor electronic elements CID
- Thermal management requirements

- Cost

- New technology brings unfamiliar issues to architects, lighting designers,
building owners and facilities managers

+ 4+ + + +

INote: Some manufacturers have introduced products claiming long
lifetimes: fluorescent tubes (40,000 hours); induction (100,000 hours)
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APPLICATION SEGMENTS
2008 - 2013
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Source: Vrinda Bhandarkar, Strategies Unlimited
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Introduction

What have you heard about LEDS?
AcKSe R2y QU LINRPRdAzOS yeé |
A They last forever

Al yée22yS K2 A a-iaSad pradyctsi | f f
everywhere Is foolish

A There is a conspiracy to limit the use of LEDs
A There is a conspiracy to force the use of LEDsS
At KSe R2y QU 62 NJ

A They are too expensive
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Introduction
What is the truth about LEDs?

A Theydo produce heat; just not as much

A TheyR 2 yla@tiforeverc just longer than other sources

Al yée2zyS gK2 AayQi ObBaged AR
products for some applications is foolish

At KSeé R2y QU @¢2N)] AT YAall

A They are expensive but costs continue to drop

A There is a conspiracy by physicists to force the metri
system on everyone but that has nothing to do with
LEDs

| Nl
© 2010LED Transformations, LLC 1-9 ‘mu,{‘




What is an LED?

Introduction

Junction
(depletion region)

Theheatsinkis what allows

the highflux LEDto -
generate much
more light

Outer Package

_ Iz

An LED (Light Emitting Diode) consists of a
chip of semiconducting material treated to
create a structure called a p-n (positive-

negative) junction
Gold Wire

LED Chip

/ e
Reflector Cup ﬁ\k. Epoxy Lens

Anode

i
¥

Cathode —7
LED Chip &y

Diagram of a 5mm LED
Silicon

Submount

~ Heatsink
Gold Wire

Diagram of a high flux LED
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@ Electron O Hole mms) Photon
Smaller bandgap C Lower energy C Longer wavelength photon C Red

Larger bandgap C Higher energy C Shorter wavelength photon C Blue
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Creates heat instead of light
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uBlue LED + YAGoo! White

uBlue LED + YAG + Other phosphor (red, green,étai \White
wJV LED + Red phosphor + Green phosphor + Blue phosphor

Convention Coating

Phosphor

InGaNDie
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What o0s Di f f e

Long Lifetimes

A Traditional light sources fail catastrophically due to
electrodes which weaken or become contaminated and
eventually fail, causing the lamp to stop workipng

for various light sources
50,000

45,000
“w 40,000

A LEDs rarely fail catastrophically 2=

c 30,000

I Light output gradually decreases ove'rg 25,000
operating time g 000
I End of life defined to be when light 0000

output reaches 70% of initial value w0

A Raises issue for designeriow to warn users that product has exceeded
end-of-life and is producing less light than the application may require
I Lifetime highly dependent on temperature (ambient and

device as well as operating current

| Nl
© 2010LED Transformations, LLC 2-16 ‘mu,{‘

Halogen
Incandescent
Compactluorescent
Metal Halide
White LED

Incandescent
Linear
Fluorescent



Long Term Lumen Maintenance Projection based upon 6,000 hour data
(using ASSIST exponential curve fitting method)
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