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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

3)  What questions to ask suppliers

4)  How to distinguish good from                                            
poor SSL products and                                                               
applications

Residence, Kapalua, HI
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Course Outline

1. Introduction ςWhy should I care about LEDs?

2. ²ƘŀǘΩǎ ŘƛŦŦŜǊŜƴǘ ςLED technology as compared to 
traditional light sources

3. Technology Limitations ςCharacteristics to be aware 
of with solid-state lighting

4. LED Products ςWhere to turn for guidance

5. Applications ςWhat are the good ones?

6. Final Thoughts ςSome general rules
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Introduction

LEDs are like no other conventional lighting source

+ Potentially longest1 life of any lighting sources

+ Very high energy efficiency

+ Small size and instant on allows new applications

+ Produces color light directly without filtering

+ Integrates will with other semiconductor electronic elements

- Thermal management requirements

- Cost

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

Why Should I Care About LEDs?

=

1Note:  Some manufacturers have introduced products claiming long 

lifetimes:  fluorescent tubes (40,000 hours); induction (100,000 hours)
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Introduction

Å¢ƘŜȅ ŘƻƴΩǘ ǇǊƻŘǳŎŜ ŀƴȅ ƘŜŀǘ

ÅThey last forever

ÅLED products work well everywhere

Å¢ƘŜȅ ŘƻƴΩǘ ǿƻǊƪ

ÅThey are too expensive

ÅThere is a conspiracy to limit the use of LEDs

ÅThere is a conspiracy to force the use of LEDs

What have you heard about LEDs?
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Introduction

ÅThey do produce heat ςjust not as much

ÅThey ŘƻƴΩǘlast forever ςjust longer than other sources

ÅThere are applications where LED technology is not 
appropriate at this time

Å¢ƘŜȅ ŘƻƴΩǘ ǿƻǊƪ ƛŦ ƳƛǎŀǇǇƭƛŜŘ

ÅThey are expensive but costs continue to drop

ÅThere is a conspiracy by physicists to force the metric 
system on everyone but that has nothing to do with 
LEDs

What is the truth about LEDs?



©2011 LED Transformations, LLC 8

Introduction

What is an LED?

LED Chip

Gold Wire

Cathode

Anode

Reflector Cup
Epoxy Lens

Silicon
Submount

Cathode

Outer Package
Gold Wire

LED Chip

Lens

Heatsink

The heatsinkis what allows 
the high flux LED to
generate much
more light

An LED (Light Emitting Diode) consists of a 

chip of semiconducting material treated to 

create a structure called a p-n (positive-

negative) junction

Diagram of a 5mm LED

Diagram of a high flux LED
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Introduction

How Do You Make a White LED?

DownconvertingPhosphor
ωBlue LED + YAG (Yttrium aluminiumgarnet)  =  CoolWhite
ωBlue LED + YAG + Other phosphor (red, green, etc.)  =  WarmWhite
ωUV LED + Red phosphor + Green phosphor + Blue phosphor

InGaN Die

Phosphor 

Convention Coating

Conformal Coating

400 450 500 550 600 650 700 750

Wavelength

Cool White LED Spectra

Blue Die

Yellow Phosphor
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Whatôs Different

ÅTraditional light sources fail catastrophically due to  
electrodes which weaken or become contaminated and 
eventually fail, causing the lamp to stop working

ÅLEDs rarely fail catastrophically
ïLight output gradually decreases over

operating time
ïEnd of life defined to be when light 

output reaches 70% of initial value

ÁRaises issue for designers ςhow to warn users that product has exceeded 
end-of-life and is producing less light than the application may require

ïLifetime highly dependent on temperature (ambient and
device as well as operating current

Long Lifetimes
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Å It is difficult to predict the long term performance of a device 
with only early lifetime data

6,000 Hours of data

34,800 Hours of data

10,600 Hours of data

Almost 3.5 Xôs longer predicted

lifetime than the 6,000 hour results

Source:  Cree

Whatôs Different

Long Lifetimes ςA Measurement Issue
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Whatôs Different

Potentially Highest Energy Efficiency
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Whatôs Different

Small Size

T5 Fluorescent
1350 lumens

75W PAR 38 Halogen
1100 lumens

75W Incandescent
1200 lumens

Cree MP-L LED
1200 lumens

Source:  Cree
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Whatôs Different

[95ǎ Ŧƻƭƭƻǿ ŀ ŘŜǾŜƭƻǇƳŜƴǘ ǊǳƭŜ ƪƴƻǿƴ ŀǎ IŀƛǘȊΩǎ [ŀǿ

Rate of Development

Source:  Roland Haitz & Lumileds
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Traditional Lamp Suppliers

ÅSylvania

ÅPhilips

ÅGE

LED Suppliers
Å Osram

Å Lumileds

Å Cree

Å Bridgelux

Å Nichia

Å Seoul Semiconductor

Å Toshiba

Å Sharp

Å Toyota Gosei

Å Edison Opto

Å ŀƴŘ Ƴŀƴȅ ƳƻǊŜΧ

Whatôs Different

New Names & Shapes in Lighting
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Luminaire Lifetime ςA Luminaire is a System

Controller

Driver

LED source

Optics

Thermal 
Management

The failure of any one 
component can cause 
the entire system to 
stop functioning

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

Whatôs Different
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Why do we need drivers in the first place?
Å LEDs are non-linear devices (If  vs. Vf) with a                                                      

forward voltage that is temperature dependent

Å LEDs are diodes and therefore will only                                                                                      
operate when current flows in one direction

Å LEDs are low voltage devices (with typical                                                    
forward voltages ranging from 2.8 ς3.5 V) and                                                                                     
require some minimum conditioning and/or protection

Å Light output is best controlled by regulating current

Å The light source that LEDs replace with the greatest improvement in 
efficacy (incandescent) are purely resistive loads with a Power Factor equal 
to 1 ςtherefore it is desirable for the driver circuitry to provide a power 
factor as close as possible to 1

Å Drivers also need to limit the creation of harmonic current effects on the 
AC mains

Whatôs Different

Drivers ςBasics

Source:  Philips Lumileds data sheet
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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:
Å The environment in which they operate
Å The quality of the components used

ς Electrolytic capacitors ςage due to drying out of electrolytic
ς FETs, rectifiers, etc. which can be stressed by heat, vibration and/or 

excessive voltage or current
ςOther components which are affected by heat, moisture, shock and 

vibration

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

Drivers come in many different shapes and sizes ςoften they are 
about the same size as a fluorescent ballast

Whatôs Different

Drivers ςA fundamental point
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Reliability ςDepends on the driver as well

Two examples of failures caused by the driver

Whatôs Different

Stop & Shop, Raritan, NJ ς6 weeks City Center, Las Vegas ς5 months

Not quite 50,000 hours!
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Technology Issues

Radiated Heat
Comes out the front

Incandescent Fixture
Conducted Heat

Comes out the back

LED Fixture

Thermal Management ςWhere the heat goes
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LED Lifetime with ambient temperature of 55Oc is 148,000 hours

LED Lifetime with ambient temperature of 85Oc is 67,000 hours

Source:  Lumileds

Technology Issues

Effect of Heat on Lifetime
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Technology Issues

Luminaire Orientation Can Effect Lifetime

100% effective

85% effective

70% effective

60% effective

LM-79 testing standard 
requires the luminaire be 
tested in the orientation in 
which it will be mounted

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



©2011 LED Transformations, LLC 25

Technology Issues
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Technology Issues

Color Binning

Solid-state lighting manufacturers cannot control the exact 
color characteristics of LEDs when they are fabricated.  To                                                                  
compensate they sort the finished LEDs into color bins.

Source:  LumiledsCustomers 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
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Technology Issues

ÅLM-79-08   Approved Method:  Electrical and
Photometric Measurements of Solid-State
Lighting Products
ïDescribes testing procedure for evaluating light

distribution from LED-based luminaires

ÅLM-80-08   Approved Method for Measuring
Lumen Depreciation of LED Light Sources
ïDescribes testing procedure for measuring lumen

depreciation of LED devices
ïDoes not describe how to evaluate data taken 

ÅNo approved standard available for driver lifetimes

Standards
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Technology Issues

Underwriters Laboratories, one of the major safety listing agencies in the 
United States, has spent considerable effort trying to understand how to 
evaluate and list LED equipment and LED-based luminaires.

Å Originally LED luminaires were tested under 1598 as incandescent lamps

Å bŜǿ утрл hǳǘƭƛƴŜ ƻŦ LƴǾŜǎǘƛƎŀǘƛƻƴ ά[ƛƎƘǘ 9ƳƛǘǘƛƴƎ 5ƛƻŘŜ ό[95ύ [ƛƎƘǘ 
{ƻǳǊŎŜǎ ŦƻǊ ¦ǎŜ ƛƴ [ƛƎƘǘƛƴƎ tǊƻŘǳŎǘǎέ ǿŀǎ ƛǎǎǳŜŘ ƛƴ WŀƴǳŀǊȅ нллт

Å /ƻƴǾŜǊǘŜŘ ǘƻ {ǘŀƴŘŀǊŘ утрл ά[ƛƎƘǘ 9ƳƛǘǘƛƴƎ 5ƛƻŘŜ ό[95ύ 9ǉǳƛǇƳŜƴǘ ŦƻǊ 
¦ǎŜ ƛƴ [ƛƎƘǘƛƴƎ tǊƻŘǳŎǘǎέ ǿŀǎ ƛǎǎǳŜŘ ƛƴ bƻǾŜƳōŜǊ нллф

Å LED drivers are covered by UL 8750, but can also be listed                                                         
(as appropriate) under:
ï UL 1012 ςPower units other than Class 2

ï UL 1310 ςClass 2 Power units

ï UL 61950-1 ςThe Standard for Information Technology Equipment

Part 1: General Requirements, UL 60950-1

Å UL 8750 requirements supplement existing end-product requirements

Standards ςAgency Listings (US)



©2011 LED Transformations, LLC 29

Technology Issues

ÅLED devices have highly directional
light output unlike conventional
light sources 

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

LED Light Output ςά9ǉǳƛǾŀƭŜƴǘέ ǘƻ ŎƻƴǾŜƴǘƛƻƴŀƭ ǎƻǳǊŎŜǎΚ

In properly designed fixtures, this might be a benefit ςmore later
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Technology Issues

¢ƘŜ ²ƻǊŘ ά9ǉǳƛǾŀƭŜƴǘέ

Incandescent lamp light output can be accurately conveyed 
ōȅ ƭƛǎǘƛƴƎ ǘƘŜ ƭŀƳǇΩǎ ǇƻǿŜǊ όǿŀǘǘŀƎŜύ

LED-based lamps do not show the same linear relationship 
due to the differences in device efficacy

Source:  LED Transformations
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Technology Issues

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

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

Obsolescence ςPart of the economic picture

Early 20th century light fixture

Source:  Scot Hinson, Modeliving
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Technology Issues

A 1942 Magazine ad for General Electric
fluorescent lamps

A 2007 news release from a lighting 
magazine on an improved fluorescent 
lamp

Obsolescence ς{ƻƳŜ ǘƘƛƴƎǎ ŘƻƴΩǘ ŎƘŀƴƎŜ
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Technology Issues

Obsolescence ςAnd some things do

¢ƘŜ ǎŀƳŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǿŜō ǎƛǘŜ 
from March 2010 discontinuing 
that same line of LED devices

aŀƴǳŦŀŎǘǳǊŜǊΩǎ ǿŜō ǎƛǘŜ ŦǊƻƳ 
February 2006 showing the addition 
of a new line of LED devices


