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IESNA is a Registered Provider with the American 
Institute of Architects Continuing Education Systems. 
Credits earned on completion of this program will be 

reported to CES Records for AIA members. Certificates 
of Completion for non-AIA members are available on 

request.

This program is registered with the AIA/CES for 
continuing professional 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.
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Learning Objectives

How to avoid feeling Blue when using Green LEDs

Dr. John W. Curran

ÅThe concept of binning as used by various LED 
manufacturers for flux, color and Vf

ÅThe criticality of thermal management

ÅWhat is meant by LED lifetimes 
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1. Introduction
2. Terminology
3. Thermal Issues
4. Lifetimes & Light Output
5. Color & Binning
6. LED Economics
7. Lighting Systems
8. LED Drivers
9. Summary
10. Questions

Course Outline
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Why should I care about LEDs?

ïToo complicated; ά²Ƙȅ ŎŀƴΩǘ L Ƨǳǎǘ ǇƭǳƎ ǘƘŜƳ ƛƴ 
ƭƛƪŜ ƻǘƘŜǊ ƭŀƳǇǎΚέ

ïNot ready for prime time; άL ǊŜƳŜƳōŜǊ ǘƘŜ 
ǇǊƻōƭŜƳǎ L ƘŀŘ ǿƛǘƘ /ƻƳǇŀŎǘ CƭǳƻǊŜǎŎŜƴǘǎέ

ïToo expensive; άLΩƭƭ ŎƘŜŎƪ ǘƘŜƳ ƻǳǘ ƛƴ ŀ ŎƻǳǇƭŜ ƻŦ 
ȅŜŀǊǎ ǿƘŜƴ ǘƘŜȅ Ŏƻǎǘ ƭŜǎǎέ

ïToo confusing; άLΩƭƭ Ƨǳǎǘ ǎǘƛŎƪ ǿƛǘƘ ǿƘŀǘ L ƪƴƻǿέ

Introduction
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Introduction

LEDs are not the first lighting technology to confuse people
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LEDs are showing up in more and more places

Color changing applications

Ben Franklin Bridge
Philadelphia Boeing 787

Dreamliner

Introduction

Los Angeles Airport
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Hard Rock Hotel
Las Vegas

Architectural applications

Introduction

Full Moon Tower
Tainjan, China

ά²ŀǘŜǊ /ǳōŜέ
Beijing China

Five Boats
Duisburg, Germany
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Raleigh, NC

Austin, TX

Ann Arbor, MI

Toronto, Canada

Source BetaLED
Source Leotek

Source Relume

Source BetaLED

Introduction

Street/Area lighting applications
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LED  948W
Source Cree

CǊƛŜƴŘƭȅΩǎ wŜǎǘŀǳǊŀƴǘΣ ²ŜǎǘŦƛŜƭŘ a!

Introduction

Retail / Food service applications
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ÅSmall Size 

ÅHigh Efficiency

ÅMany Colors

ÅNo Mercury Hg

ÅLong Lifetimes

Introduction

4.49mm

So why are LEDs becoming so popular?

=

Source  US Dept of Energy
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Incandescent/Halide (26% / 21%)

Compact Fluorescent (21% / 19%)

HID (7% / 5%)

Linear Fluorescent (42% / 43%)

LED (2% / 11%)

Other (2% / 1%)

2007

2012

Percentages of the Lighting Market

Light Sources (2007 / 2012)

Source:  Strategies in Light 2008

Introduction
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Some LED Milestones

1962   First LED (Holonyakat GE) 0.001 lumens

мфслΩǎ wŜŘ [95ǎ όIt ϧ aƻƴǎŀƴǘƻ) .01 lumens

мфтлΩǎ CƛǊǎǘ ŎƻƴǎǳƳŜǊ ǇǊƻŘǳŎǘǎ - Watches, calculators

мфулΩǎ DǊŜŜƴ [95ǎ 0.1 lumens

мффлΩǎ .ƭǳŜ [95ǎ όbŀƪŀƳǳǊŀ ŀǘ bƛŎƘƛŀύ1 lumen

нлллΩǎ IƛƎƘ ŦƭǳȄ ǇŀŎƪŀƎŜǎ100+ lumens

Introduction
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Group IIIA Group IVA Group VA

5                   

B
Boron   

10.811

6                    

C
Carbon 

12.0107

7

N
Nitrogen 

14.006

13                  

Al
Aluminum 

126.981

14                    

Si
Silicon 

28.0955

15                  

P
Phosphorus 

30.973

31                  

Ga
Gallium 

69.723

32                    

Ge
Germanium 

72.61

33                  

As
Arsenic 

74.921

49                  

In
Indium 

114.818

50                    

Sn
Tin     

118.710

51                   

Sb
Antimony 

121.760

Base Elements

P-Type Dopants

N-Type Dopants

AlInGaP

AlInGaN

LED Composition

Introduction
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N Type P Type

Free electrons

Donor atoms

Acceptor atoms

Free holes N Type P Type

Depletion Zone

Junction

{

What is a diode?

Anode Cathode

Introduction

It takes a minimum voltage 

applied to the diode to get 

electrons and holes to flow 

across this depletion zone
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electron

hole

photon

Photon Generation

Introduction
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Phonon (Heat) Generation

Introduction
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Typical construction
for a 5mm LED

Typical construction 
for a

High Flux LED

Typical Flux = 3 lm Typical Flux > 75 lm

Number of LEDs to equal the
output of a 60W incandescent

light bulb > 250

Number of LEDs to equal the
output of a 60W incandescent

light bulb < 12

Construction

Introduction

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
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TermsτFlux

ÅCandelaτThe luminous intensity, in a given direction, of a 
source that emits monochromatic radiation of frequency 540 
x 1012 hertz and that has a radiant intensity in that direction of 
1/683 watt per steradian.  [A fundamental SI unit]

ÅLumenτThe luminous flux of a source that emits one candela 
into a solid angle of one steradian.

Å IlluminanceτThe luminous intensity incident on a surface of 
one square unit of measure; given as lux in metric units and as 
foot-candles (fc) in English units where

1 fc = 10.76 lux

Terminology

Light Output
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Blackbody Radiatoris a device that absorbs all electro-

magnetic radiation that falls on it.  Its emissivity is equal to 1.

tƭŀƴŎƪΩǎ wŀŘƛŀǘƛƻƴ [ŀǿ describes the radiation

emitted from a blackbody radiator.

U(˂ ,T) = 8̄ hc˂ -5 / [ehc/ k˂Tς1]

where 

U(˂ ,t) = Spectral Energy Density

=˂ wavelength (in meters)

T = temperature (in degrees Kelvin)

c = 3.0 x 108 m/sec (Speed of Light)

h = 6.63 x 10-34WƻǳƭŜ ǎŜŎ όtƭŀƴŎƪΩǎ /ƻƴǎǘŀƴǘύ

k = 1.38 x 10-23WƻǳƭŜκY ό.ƻƭǘȊƳŀƴƴΩǎ /ƻƴǎǘŀƴǘύ

Terminology

Color
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Terminology

ColorτEye Response
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X,  Y and Z are the spectral response

curves for the three different cone

receptors in the eye.  If the eye

response to a color stimulus is given

by X, Y and Z, we can define a color

coordinate system as the relative

stimulus given by the following equations:

_______                      _______

_______

x =
X

y = 

z =

Y

Z

X + Y + Z X + Y + Z

X + Y + Z

Spectral Response

CIE Chart (1931)

Color ςDefinitions

Terminology

X

Y

With X + Y + Z = 1 by definition,

only two coordinates are

necessary to define a color
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0
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Photopic Eye ResponseRadiometric Flux to Luminous Flux

Terminology

ColorτEye Response
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Color is not important in all lighting environments
Color ImportantColor Not Important

Rods Dominant

Cones Dominant

Scotopic Regime

Mesopic Regime

Photopic Regime
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6

Luminance (cd/m2)

No moon Full Moon Twilight Office Full Sun

Terminology

 

 



How to avoid feeling Blue when using Green LEDs Dr. John W. Curran 
 

© 2008 LED Transformations, LLC Page 5 
 

Slide 25 

© 2008 LED Transformations, LLC 25

Forward Voltage

Figure courtesy Ian Ferguson, Georgia Tech

Terminology

CƛƎǳǊŜ ŦǊƻƳ ά[ƛƎƘǘ 9ƳƛǘǘƛƴƎ 5ƛƻŘŜǎΣ нnd ed
by E. Fred Schubert

Blue, green and white LEDs
generally have higher forward
voltages than do amber, orange
and red
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Å Forward Voltage Vf is roughly equal to the

bandgap energy of the LED semiconductor

divided by the elementary charge

Vf = Eg / q

where q =1.6 x 10-19 coulombs

Å Output Intensity of typical high 

brightness LEDs is dependent on the

Forward Current If

Forward Voltage

Terminology
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Luminaire Efficiency

The small source (die) size allows for much better control of light output from 
LED sources as compared with other conventional light sources 

LED Sources (75 lum/W)
CU = 90%; Driver = 85%; Thermal = 90%

Luminaire efficiency = 52 lum/W

Incandescent Source (17 lum/W)
Coefficient of Utilization = 60%

Luminaire efficiency = 10 lum/W

This allows for design of luminaires utilizing sources with less luminous
flux (LEDs) that produce higher illuminance on a given surface than
conventional light sources

Terminology
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Thermal Issues

How to avoid feelingBlue

Rule #1:  Stay cool

(and make sure your luminaire does too)
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Thermal Issues

Heat Loss (%)

Radiation Convection Conduction

Incandescent 15 90 5 5

Fluorescent 90 40 40 20

HID 100 90 5 5

LED 75 5 5 90

Efficacy 

(lm/W)
Source

Why is heat such an issue with LEDs?

29
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Thermal Issues

Radiated Heat Conducted Heat

Ceiling Tile

Incandescent Fixture LED Fixture

It is all a matter of where the heat goes
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A fixture using LEDs as the light source would require 12 LEDs to achieve the same 900 
lumens1.  The input power to the fixture would be (assuming a Vf of 3.2V and current of 
350mA)

Power = 12 x 3.2V x 350mA  =  13.4W 
The fixture would need to conduct approximately 12 wattsof heat.

A fixture using a 60W incandescent light bulb produces 900 lumens1 of light and
must dissipate 3 wattsof heat via conduction.

Heat Loss (%)

Radiation Convection Conduction

Incandescent 15 90 5 5

Fluorescent 90 40 40 20

HID 100 90 5 5

LED 75 5 5 90

Efficacy 

(lm/W)
Source

Thermal Issues

1 Ignoring luminaire efficiencies

Incandescent versus LED Luminaire
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Å Philips:  Proper thermal design is imperativeto keep the LED emitter 
package below its rated operating temperature

Å Cree:  The majority of LED failure mechanisms are temperature-
dependent. Elevated junction temperatures cause 
light output reduction and accelerated chip degradation

Å Osram:  In order to achieve reliability and optimal
performance a proper thermal management design
is absolutely necessary

Å Nichia:  For high power LED applications, the 
designer must consider how to manage heat, in order to enhance the 
performance of the LEDs.  If heat management is not considered, the 
lifetime of the LED will be significantly decreased, or the LED will fail.

Å Seoul Semiconductor:  Heat causes bad reliability and changes of 
electrical and optical character negatively. So power LEDs must 
dissipate heat from chip in that package.

How Important Is Thermal Management for LEDs?
Ask the manufacturers:

Source:  Osram
data sheet

Thermal Issues
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Thermal Management Components

Heat Sinks
Metal Core PCBs

Heat Pipes

Thermoelectric
Coolers (Peltier)

Piezo fans

Thermal Issues

 

 

Slide 34 

© 2008 LED Transformations, LLC 3434

Sintered metal or V-groves

HOT END
Heat in

COLD END
Heat out

How a heat pipe works

Hot water vapor

Cold water

Thermal Issues
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Thermal Issues

²ƘŀǘΩǎ ǿǊƻƴƎ ǿƛǘƘ ǘƘƛǎ ǇƛŎǘǳǊŜΚ

The MR-16 is designed to create air flow 
over the slots or fins along its shell

The can surrounding the light blocks all
air flow resulting in a unit that runs much
hotter than the device manufacturer
probably specified.

A number of MR-16s were installed in
aluminum cans in a luminaire which was,
in turn, installed in a glass atrium in a
part of the world with lots of sun

The resultτmajor failures within a couple of weeks of installation

35

How would this fixture work?

Would this one work any better?
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How to avoid feelingBlue

Rule #2:  Live long and prosper

(just be sure to read the fine print)

Lifetimes & Light Output
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