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Learning Objectives
LED Lighting Marketplace

1) Critical differences between LED and other lighting
technologies

2) Understanding the effect of temperature on
product lifetimes

4) How to distinguish good from
poor SSL products and
applications
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Introduction¢ Why should | care about LEDs?

2 K| 0 Qa4 RULED echndaBgy as compared to
traditional light sources

Technology Limitations Characteristics to be aware
of with solidstate lighting
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Why Should | Care About LEDs?

Introduction

LEDs are like no other conventional lighting source

+ 4+ + + +

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 CII)
Thermal management requirements

Cost

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

Note: Some manufacturers have introduced products claiming long
lifetimes: fluorescent tubes (40,000 hours); induction (100,000 hours)
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What have you heard about LEDS?

AcKSe R2y QU LINRPRdAzOS yeé |
A They last forever

A LED products work well everywhere

At KSeé R2y QU ¢2N]

A They are too expensive

A There is a conspiracy to limit the use of LEDs

A There is a conspiracy to force the use of LEDsS

Introduction
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What is the truth about LEDs?

Introduction

A Theydo produce heat; just not as much
A TheyR 2 yla@tiforeverc just longer than other sources

A There are applications where LED technology is not
appropriate at this time

AcKSe R2Yy QU 62N AT YArall
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
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What is an LED?

Introduction

Junction
(depletion region)

Theheatsinkis what allows

the high flux LEDto_—,¢
generate much / =

more light

o
Cathode 2

Outer Package

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 /
Reflector Cup \ Epoxy Lens
Lens

J Lk Anode

o
¥

Cathode —7
LED Chip ¥

Diagram of a 5mm LED

Silicon
Submount

Heatsink

Gold Wire

Diagram of a high flux LED



uBlue LED + YAG (Yttriamaminiumgarnet) =Cool
uBlue LED + YAG + Other phosphor (red, green, eté/arm
wJV LED + Red phosphor + Green phosphor + Blue phosphor

Convention Coatin
J Cool White LED Spectr.
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1. Introduction¢ Why should | care about LEDs?

=2 2 K|l 0Qa KED®BiaBgy as compared to
traditional light sources

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

4. LED Products Where to turn for guidance
5. Applicationsg What are the good onec
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Long Lifetimes

What 0s Di f f ¢

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 £ 20000

o :
*= 15,000

I End of life defined to be when light 10000
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

Incandescent
Halogen
Incandescent
Compactluorescent
Metal Halide
Linear
Fluorescent
White LED



6,000Hours ofdata

Long Term Lumen Maintenance Projection based upon 6,000 hour data
(using ASSIST exponential curve fitting method)
100
95 L
9= 1 moggscme e 10,600Hours ofdata
5 90 1 | y
c
E] Long Term Lumen Maintenance Projection based upon 10,600 hour data
2 857 (using ASSIST exponential curve fitting method)
£ 100
=
£ 804
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L7 = 63,917 hours
L ! 1.00328E + 02¢-327516E-06)
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5 90 4 =
70 : : | =
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time (hours) E
= |
£ 801
S C s L7 = 109,903 hours
70 T T T 1
1000 10000 100000 1000000
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34 ,800Hours ofdata

Almost 3.5 X6 s | oredicted
lifetime than the 6,000 hour results

©2011 LED sformations, LL

% Luminous Flux
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Long Term Lumen Maintenance Projection based upon 34,800 hour data
(using ASSIST exponential curve fitting method)

= 1.00161E+026+1 B0360E-06x

L7 = 222,564 hours

1000 10000 100000 1000000
time (hours)
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T5 Fluorescent
1350 lumens

75W PAR 38 Halogen ..
1100 lumens N

75W Incandescent
1200 lumens

Source: Cree

Cree MP-L LED
1200 lumens X

©2011 LED Transformations, LLC
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Traditional Lamp SuppliersLED Suppliers

A Sylvania
A Philips

A GE

©2011 LED Transformations, LLC
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Osram
Lumileds
Cree
Bridgelux
Nichia

Toshiba

Sharp

Toyota Gosel
Edison Opto
YR YI yeé
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Luminaire Lifetime A Luminaire is a System

The failure of any one e

component can cause
the entire system to <I il
stop functioning oy

Luminaire designers make
trade-offs among the
components, depending on
the desired performance
criteriac for example the
number of LEDs ($$$) versus
drive current (lifetime)

Optics

- <
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Driversc Basics

Why do we need drivers in the first place?

A LEDs are nolinear devices {(Ms.V;) with a
forward voltage that is temperaturdependent

A LEDsre diodes and therefore will only
operate when current flows in one direction |

A LEDs are low voltage devices (with typical
forward Voltages ranging from 2C835 \a and Source: Philips Lumileds data sheet
requiresome minimum conditioning and/or protection

A Light output is best controlled by regulating current

A Thelight source that LEDs replace with the greatest improvement in
efficacy (incandescent) are purely resistive loads with a Power Factor eqt
to 1 ¢ therefore it is desirable for the driver circuitry to provide a power
factor as close as possible to 1

A Drivers also need tmit the creation otharmonic current effects on the
AC mains

@
=1
=

Fomward Current maA
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Driversc A fundamental point
The lifetime of the driver affects the lifetime of the luminaire

Drivers are like any other electronic power supply with their
performance and reliability a function of:

A The environment in which they operate

A The quality of the components used
¢ Electrolytic capacitorg age due to drying out of electrolytic

¢ FETs, rectifiers, etc. which can be stressetdat, vibration and/or
excessive voltage or current

¢ Other components which are affected by heat, moisture, shock and
vibration

A The skill and care with which they are designed and built
A The stress to which they are subjected in the field

Drivers come in many different shapes and sizefien they are
about the same size as a fluorescent ballast
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Reliabilityc Depends on the driver as well

Two examples of failures caused by the driver

Stop & Shop, Raritan, &b weeks City Center, Las Vega® months

Not quite 50,000 hours!

©2011 LED Transformations, LLC
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1. Introduction¢ Why should | care about LEDs?

2.2 KI 1 Qa RLED technialBgy &s compared to
traditional light sources

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

5. Applicationsg What are the good
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LUMILEDS

Normalized Light Qutput

Lumen Maintenance Projection for

White LXM3-PWx1 LUXEON Rebel under these conditions
55°C, 0.35A (Tjunction = 68°C) Normalized to 1 at 24 hours

“Philips Lumileds recommends
Wlﬂom of < Bx the test

T e Extrapolated data =
/,:: _>|

=1.8% at 10,000 hours

09

08

35,000 hour
25,000 hour

=
6xtest time” \

0.7

ENERGY STAR 25,000 and 35,000
limits after 6,000 hours of stress

Ta within =5°C of Ts, in accordance with LMB0.
|

L70 = 148,000 hours

06
1,000

10,000
Hours

©2011 LED Transformations, LLC

100,000

1,000,000

PHILIPS

O Lumen Maintenance Projection for

White LXM3-PWx1 LUXEON Rebel under these conditions
85°C, 0.35A (Tjunction = 98°C) Normalized to 1 at 24 hours

“Philips Lumileds recommends
extrapolations of < 6x the test
time

4*"‘.’.\
Extrapolated data = —6,0% at 10,000 hours
e =

ENERGY STAR 25,000 and 35,000  SXtest time”
limits after 6,000 hours of stress
|

L70 = 67,000 hours

0.9

35,000 hour
25,000 hour

08

Normalized Light Output

07

Ta within =5°C of Ts, in accordance with LM8O.
|

0.6

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

Hours

Source: Lumileds
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- ctive
Luminaire manufacturers

must take desired loo
orientations into account
when designing thermal
management system for
products

70% effective

LM-79 testing standard

requires the luminaire be
tested in the orientation in
which it will be mounted 60% effective

©2011 LED Transformations, LLC
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Solidstate lighting manufacturers cannot control the exact
color characteristics of LEDs when they are fabricated. To
compensate they sort the finished LEDs into color bins.

Customers purchasing the widest
range of bins get the lowest prices.
It then becomes their responsibility

to produce consistent color products.

At least one manufacturer with a
multi-chip product is mix/matching
within the device to
provide consistent color.

Source: Cree

©2011 LED Transformations, LLC

Source: Lumileds




@
Mia
EXPO & CONFERENCE

Standards

Technology Issues

A LM-79-08 Approved Method: Electrical an —_—

Photometric Measurements of Selidate

Lighting Products
I Describes testing procedure for evaluating light
distribution from LEEbased luminaires

PPPPPPPP

A LM-80-08 Approved Method for Measuring

Lumen Depreciation of LED Light Sources

I Describes testing procedure for measuring lumen
depreciation of LED devices

I Does not describe how to evaluate data taken

A No approved standard available for driver lifetimes
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Standards; Agency Listings (US)

Underwriters Laboratories, one of the major safety listing agencies in the

Do o I» Po

United States, has spent considerable effort trying to understand how to
evaluate and list LED equipment and Hi&Bed luminaires.
Originally LED luminaires were tested under 1598 as incandescent lamps
bS¢ y1pn hdzif AyS 2F LyYy@SaidAaldAzy
{2dzNDSa F2NJ!'aS Ay [AITIKIAY3IT t NPRoO
| 2V OSNIOSR (2 {0FYRFENR yT1tpn af[ AIKI
'aS AY [AIKIGAY3I t NPRdAzOU & - em R
LED drivers are covered by UL 8750, but can also be |
(as appropriate) under: .
I UL 1012 Power units other than Class 2 - (N3
T UL 131C; Class 2 Power units ﬂ
I UL 61954l ¢ The Standard for Information Technology Equipmei |

Part 1: General Requirements, UL 60950 2 M
UL 8750 requirements supplement existing gardduct requirements
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LED Light OQutpwja 91j dza g1 t Sy ié 2 02y @Sy

A LED devices have highly direction
light output unlike conventional
light sources

g
2
:

=
5
]

A In directional fixtures such as
downlights, this results in much
less wasted light trapped in the fixture

In properly designed fixtures, thmsight be a benefitc more later

©2011 LED Transformations, LLC 29
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Incandescent Light Output versus Power
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A Philips
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Source: LED Transformations
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Obsolescence part of the economic picture

Technology Issues

A If Edison were alive today, he would certainly recognize his
light bulb

A If you owned this fixture, you could
still get lamps for it

Source: Scot HinsoRlodeliving
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A 2007 news release from a lighting
magazine on an improved fluorescent
lamp

Philips Lighting introduces revolutionary new Alte Il linear fluorescent
lamp technology

Date Announced: 06 Sep 2007

SOMERSET, M.J. - Philips Lighting Company, a division of Philips.
Electronics Morth America Corporation, an affiliate of Royal Philips
Electronics (NYSE: PHG, AEX: PHI), proudly announces the introduction of
ALTO Il, its next-generation low-mercury fluorescent lamp technology for
the professional lighting market.

- .

Twelve years ago, Philips Lighting introduced its original ALTO technology [ gy -
and set a new industry standard by reducing the amount of mercury in its Bt G gk o
T8 fluorescent lamps to an industry low of 3.5 mg. WS O S e B, S v Y
i et gl bk oas AW e ass g
s e e = 3! e e e b ap——

Today, through Philips Lighting’s innovative technology, ALTO 11 T8 lamps
now contain only 1.7 mg of mercury, an unprecedented 50 percent
reduction from previous lavels.

Now incorporated into a variety of 32-Watt Philips T8 lamps, lamps with ALTO Il technology will continue to deliver the
same high performance as the previous generation of ALTO lamps.

i G'E MAZDA LAMPS
GENERAL@ELEOTRIC

Mgt il rmy 2y ety e e e o -

©2011 LED
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February 2006 showing the additign
of a new line of LED devices

Lightimg Sobutiens

¢KS alyYS YI ydzFl
from March 2010 discontinuing

that same line of LED devices
|

O d2NB
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should contact their account re antatives to discuss the svailability of and

for information regarding tools available to sssist you in migrating to

White oo Cotor

business and kooks forsard bo continuing 1o suppert you throwgh the produdt ransition.

For mare information on produst migratan gnd support plesss contadct
of regravisw the migraton workeheets on-hineg.

So
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