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continuing professional education. As such, it does not
include content that may be deemed or construed to be an
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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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A The concept of binning as used by various LH
manufacturers for flux, color and

A The criticality of thermal management

AWhat is meant by LED lifetimes
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Course Outline

§

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
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Introduction

Why should | care about LEDs?
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Cdison Clectric Kight.

Do not attempt to light with
match, Simply turn key
an wall by the door.
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" Introduction
KL LEDs are showing up in more and more places \ Retail / Food service applications

X L CNASYR{20Qa wSalldNIyisz 28aGFASER al
Color changing applications - -
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Ben Franklin Bridge p
Philadelphia " . Boeing 787
= Dreamliner

Los Angeles Airport

LED 948W ‘Source Cree.
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& Architectural applications h' E ’

So why are LEDs becoming so popular?

a.49mm

—
A small size [

A High Efficiency

A Many Colors qauw -

g ek e o I 2 A No Mercury @
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FllMoon Tower
Taian Chin A Long Lifetimes
Fe Boas
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Introduction -‘g’”ﬂ"t Introduction
Street/Area lighting applications &

Raleigh, NC & Percentages of the Lighting Market

Light Sources (2007 / 2012)

LED (2% / 11%)

Source BeraleD

2007

‘Compact Fluorescent (21% / 19%)

Toronto, Canada

Soutce: Stateges i Lght 2008

Source BeraL D
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Some LED Milestones
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Introduction

0.001lumens
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hfb LED Composition
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What is a diode?

P Type

y plor atoms

Free elec)

Donor afpms
holes

7
Anode :’ Cathode
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It takes a minimum voltage
applied to the diode to get
electrons and holes to flow
across this depletion zone

Depletion Zone

NType =™ PType

- ~ Junction
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Photon Generation

Introduction

9

@ electron
@ hole
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Phonon (Heat) Generation
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Introduction
Construction
Theheatsinkis what allows the Lens.
o high flux LED to e
LEDChip generate much =
more light Lecnp

~
[— ooy Lens
etiecior Cup — Mgt Caote

P s

Cathode —>

- " Heatsink
mwmn/ colgvire
Typical construction
Typical construction fora
for a 5mm LED High Flux LED

Typical Flux = 3 Im
Number of LEDs to equal the
output of a 60W incandescent
light bulb > 250
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Siicon
Submount

Typical Flux > 75 Im

Number of LEDS to equal the

output of a 60W incandescent
light bulb < 12
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£ Terminology

‘ h /J Light Output

Termg Flux

A Candela The luminous intensity, in a given direction, of a
source that emits monochromatic radiation of frequency 540
x 102 hertz and that has a radiant intensity in that direction of
1/683 watt per steradian. [A fundamental SI unit]

A Lumert The luminous flux of a source that emits one candela]
into a solid angle of one steradian.

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

1fc=10.76 lux

©2008 LED Transformations, LLC 1

= Terminology

Z ) Color
Blackbody Radiatads a device that absorbs all electro
magnetic radiation that falls on it. Its emissivity is equal to 1.

t 1 yO| Qa widsdroaskhérddidioh [ | &
emitted from a blackbody radiator.

UKT) =8he<®/ [e"%T¢ 1]

where

U(st) = Spectral Energy Density

<= wavelength (in meters)

T = temperature (in degrees Kelvin)

¢ =3.0 x 1dm/sec (Speed of Light)
.63x18'W2dzt S 450 ot t - "

k=138x1BW2 df SkY 6.2€ 041 YIyyoa

I2yaidlyido
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%""’x Terminology

E ,’ Colon Eye Response

¥
7— Color Matching Functions | |
\ {from 1931 & 1978 CIE)

/I
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£ Terminology
}'( JJ Colorg Definitions Specnl Response

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 p—
coordinate system as the relative
stimulus given by the following equations:

X Y
S y= X N
X+Y+Z X+Y+Z
z= Z
X+Y+Z M
2008 LD Tanstomatons, L.C 2
o, ]
- Terminology
s » )" Color Eye Response
R?dmmemc Flux to Luminous Flux P";"“F‘" Eye Response

1
|
|
|

J K
/ \
/B

I
| |
o | |
By N/ |
| |
\ |
\

|

| |

IR/ \ AN
wl ST X/ J AN

el

©2008 LED Transformations, LLC

= Terminology

Color is not important in all lighting environments

«—— Color Not Important Color Important

No moon Full Moon Twiight  Office Full Sun

Mesopic Regime

Scotopic Regime_| [ Photopic Regime

Cones Dominant

Rods Dominant

T T T T T T T T T
& & " & &% & & § §
Luminance (cd/)

<01 -
<ot -
401 -
<01
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Thermal Issues

Terminology

How to avoid feelingBlue

Rule #1: Stay cool

) w R \ (and make sure your luminaire does too)
CAIdNE TNEY al ATedi 9vHGahy3plen2Rsaz
by . Frea Schubert g m
31

Blue, green and white LEDs " il
generally have higher forward e
voltages than do amber, orange n an o
od el Lo Contm ()

Figure courtesy lan Ferguson, Georgia Tech
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Terminology Thermal Issues

Forward Voltage

Why is heat such an issue with LEDs?

A Forward Voltage Nis roughly equal to the
bandgap energy of the LED semiconductor S Efficacy Heat Loss (%)
divided by the elementary charge ource (Im/w) Radiation | Convection | Conduction
Vi=E/ Incandescent 15 90 5 5
=Blq Fi 90 20 40 20
where g f1.6 X If? coulombs T [AID 100 50 5 5
A Output Intensity of typical high e [LED 75 5 5 90

brightness LEDs is dependent on the
Forward Current;|

Foreann urent )
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Terminology Thermal Issues
Luminaire Efficiency It is all a matter of where the heat goes
The small source (die) size allows for much better control of light output from Incandescent Fixture LED Fixture
LED sources as compared with other conventional light sources Radiated Heat Conducted Heat

LED Sources (75 lum/W) Incandescent Source (17 lum/W)
‘CU = 90%; Driver = 85%; Thermal = 90% Coefficient of Utilization = 60%
Luminaire efficiency = 52 lum/W 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

Ceiling Tile

©2008 LED Transformations, LLC 27 ©2008 LED Transformations, LLC 0
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Thermal Issues
How a heat pipe works

& = Thermal Issues

-hﬁ- Incandescent versus LED Luminaire

Efficacy Heat Loss (%) Sintered metal or \groves
| Source | mw) | Radiation | Convection [ Conduction v
ncandescent |15
Fluorescent | 00 —
100
[LED 7 -
=

Afixture using a 60W incandescent light bulb produces 900 lubadiight and
must dissipate3 watts of heat via conduction.

== Cold water
A fixture using LEDs as the light source would require 12 LEDs to achieve the same 9 '
lumeng.. The input power to the fixture would be (assuming; ah8.2V and current of <= Hot water vapor
350mA) COLD END HOT END

Power =12x3.2Vx350mA = 13.4W

a H n
The fixture would need to conduct approximatd® wattsof heat. Heat out eatl

Lignoring luminaire efficiencies
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Thermal Issues
G6NRY3 6AGK (KA

Thermal Issues

How Important Is Thermal Management for LEDs?
Ask the manufacturers:
A Philips Proper thermal design is imperatite keep the LED emitter
package below its rated operating temperature

A Cree The majority of LED failure mechanisms are temperature

dependent.Elevated junction temperatures cause

light output reduction and accelerated chip degradation

Osram In order to achieve reliability and optimal

performancea proper thermal management design

is absolutely necessary

Nichia For high power LED applicatiotis:

designer must consider how to manage heatorder to enhance the
erformance of the LEDs. If heat management is not considered, the
ifetime of the LED will be significantly decreased, or the LED will fail.

Seoul Semiconductor Heat causes bad reliability and changes of

electrical and optical character negativeo power LEDs must

dissipate heat from chip in that package.

A number of MRL6s were installed in
aluminum cans in a luminaire which was,
in turn, installed in a glass atrium in a

‘Nan of the world with lots of sun

How would this fixture work?

>

Would this one work any better?

The MR16 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.

>

The result major failures within a couple of weeks of installation
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& Thermal Issues

i Lifetimes & Light Output
& 4 Thermal Management Components

How to avoid feelingBlue

Rule #2: Live long and prosper

(just be sure to read the fine print)

Thermoelectric rcae . w—
Coolers (Peltier) Metal Core PCBs

Heat Sinks

Heat Pipes
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