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Institute of Architects Continuing Education Systems.  Credit earned on 
completion of this program will be reported to CES Records for AIA 
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available on request.
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education.  As such, it does not include content that may be deemed or 
construed to be an approval or endorsement by the AIA of any material 
of construction or any method or manner of handling, using, 
distributing, or dealing in any material or product.  Questions related to 
specific materials, methods, and services will be addressed at the 
conclusion of this presentation.

0 - 3



Learning Objectives
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 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. Environment ςIts effect on LEDs

5. LED Products ςWhere to turn for guidance

6. Applications ςGood ones and bad ones

7. Final Thoughts ςSome general rules
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Introduction

ÅBy 2030 the US Department of Energy has estimated that LED 
technology has the potential to produce yearly energy savings of 
190 terawatt-hours
ïEquivalent of 24 large (1,000 MW) power plants

ïReduction of 25% of present energy consumption for lighting

ï9ǉǳŀǘŜǎ ǘƻ ŀǇǇǊƻȄƛƳŀǘŜƭȅ Ϸмр ōƛƭƭƛƻƴ ǎŀǾƛƴƎǎ ƛƴ ǘƻŘŀȅΩǎ ŘƻƭƭŀǊǎ

ÅSpanning 2010 ς2030, the cumulative energy savings are 
estimated to total approximately 1,488 terawatt-hours
ïwŜǇǊŜǎŜƴǘƛƴƎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ Ϸмнл ōƛƭƭƛƻƴ ŀǘ ǘƻŘŀȅΩǎ ŜƴŜǊƎȅ ǇǊƛŎŜǎ 

ïOver that same time period, greenhouse gas emissions would be reduced 
by 246 million metric tons

Why Should I Care About LEDs?
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Introduction
Why Should I Care About LEDs?

=

1 - 7©  2010 LED Transformations, LLC

1 - 7©  2010 LED Transformations, LLC

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

1Note:  Some manufacturers have introduced products claiming long lifetimes:  
fluorescent tubes (40,000 hours); induction (100,000 hours)



Introduction
Why Should I Care About LEDs?
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LED market growth over the next 3 years
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Introduction

Å¢ƘŜȅ ŘƻƴΩǘ ǇǊƻŘǳŎŜ ŀƴȅ ƘŜŀǘ

ÅThey last forever

Å!ƴȅƻƴŜ ǿƘƻ ƛǎƴΩǘ ƛƴǎǘŀƭƭƛƴƎ [95-based products 
everywhere is foolish

ÅThere is a conspiracy to limit the use of LEDs

ÅThere is a conspiracy to force the use of LEDs

Å¢ƘŜȅ ŘƻƴΩǘ ǿƻǊƪ

ÅThey are too expensive

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

Å!ƴȅƻƴŜ ǿƘƻ ƛǎƴΩǘ ŎƻƴǎƛŘŜǊƛƴƎ ƛƴǎǘŀƭƭƛƴƎ [95-based 
products for some applications is foolish

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 having nothing to do with LEDs

What is the truth about LEDs?
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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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Ev - Top of Valence Band 

Ec - Bottom of Conduction Band

EgAlInGaP

EgInGaN

Electron Hole Photon

Smaller bandgap Č Lower energy Č Longer wavelength photon Č Red

Larger bandgap Č Higher energy Č Shorter wavelength photon Č Blue

Source:  Ian Ferguson, NC University

Introduction
How does the LED make light?
BandgapsςDifferent gaps, different colors
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electron

hole

photon

Introduction
How does the LED make light?
Sometimes it works ςRadiativeRecombination
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How does the LED make light?
{ƻƳŜǘƛƳŜǎ ƛǘ ŘƻŜǎƴΩǘ ςNon-radiativeRecombination

Creates heat instead of light

Introduction
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photon

electron

hole
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Introduction
How does a white LED work?

DownconvertingPhosphor
ωBlue LED + YAG  Cool White
ωBlue LED + YAG + Other phosphor (red, green, etc.) Warm White
ωUV LED + Red phosphor + Green phosphor + Blue phosphor

InGaNDie

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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Course Outline

1. Introduction ςWhy should I care about LEDs?

2. ²ƘŀǘΩǎ ŘƛŦŦŜǊŜƴǘ ςLED technology as compared to 
traditional light sources
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solid-state lighting

4. Environment ςIts effect on LEDs
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²ƘŀǘΩǎ 5ƛŦŦŜǊŜƴǘ

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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²ƘŀǘΩǎ 5ƛŦŦŜǊŜƴǘ

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

Long Lifetimes ςA Measurement Issue
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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
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Source:  Cree

6,000 Hours
of data

10,600 Hours
of data

34,800 Hours
of data


