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is Room Is BEquipped With %
Cdison Clectric Sight.

Do not attempt to light with
match. Simply turn key

on wall by the door.

L ———m B O E—
The use of Electricity for lighting is in no way harmiul
to heaith, nor dees it affect the soundness of sleep.
T ACCh
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* Lifetime Issues
* System Issues

* Looking on the Bright Side
*  Summary
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giving rise to many new applications and products,
particularly in the general illumination area

Haitz’s Law: LED output increases by a factor of 20
while cost decreases by a factor of 10 every 10 years

Sales of High Power LEDs (devices) were $330M in
2007 and are forecast to be over $1.4B by 2012
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Other (2% / 1%)

Compact Fluorescent (21% / 19%)

Strategies in Light 2008
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Ben Franklin Bridge Boeing 787
Philadelphia Dreamliner
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Los Angeles Airport
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Racine, WA

Courtesy BetaLED

T

Oakland, CA
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LEDs don’t generate any heat NoO
LEDs last forever Depends on your definition of “forever”

LEDs are just like other light sources (only better) No

LEDs are simple to work with No

LEDs are a major element in the future of lighting Definitely
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Cylinder of lime (calcium oxide)
which is heated to a state of dazzling brilliancy by
the flame of the oxy-hydrogen blowpipe
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more diodes in the circuit design.
Wikipedia
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Anode ‘: ‘ Cathode st

LED
Symbol

Diode Rectifier Bridge
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Aluminum
126.981

31
Ga
Gallium
69.723
49

In
Indium
114.818

AllnGaN
Green, Blue,
White

Cc

Carbon
12.0107

14
Si
Silicon
28.0955
32
Ge

Germanium
72.61

50
Sn
Tin
118.710

7
N

Nitrogen
14.006

15
P

Phosphorus
30.973

33
As

Arsenic
74.921

51
Sb

Antimony
121.760

Base Elements

P-Type Dopants

N-Type Dopants
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Acceptor atoms

Free holes
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Acceptor atoms

Free holes
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1960’s Red LEDs (HP & Monsanto) 0.01 lumens

1970’s First consumer products - Watches, calculators

1980’s Green LEDs 0.1 lumens
1990’s Blue LEDs (Nakamura at Nichia) 1 lumen
2000’s High flux packages 100 lumens
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Gold Wire Bond

Typical construction
for a 5mm LED

Typical Flux = 3 Im

Number of LEDs to equal the
output of a 60W incandescent
light bulb = 200
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Lens

Cathode Silicone Encapsulant

LED Chip

Gold Wire

Plastic Case

Heatsink Slug

Typical
construction for a
High Flux LED

Typical Flux > 70 Im

Number of LEDs to equal the
output of a 60W incandescent
light bulb < 12
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Cool White
Warm White

Conventional Coating of Phosphor Granules

Light source is smaller and
often allows for a smaller
secondary optic
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CIE 1931 x, y chromaticity diagram
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Lumileds
Rebel
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Data Sheet Usable* Lifetime
Im/W Im/W (hrs)

Metal halide 10k-20k
T8 fluorescent

T5 fluorescent
High-pressure sodium
Best-in-Class Power LED

Low-pressure sodium 120-140 65-75 16k

Light Type

* Typical expected performance in real-life applications. Based on mean lumens, and including
ballast/driver, thermal equilibrium. and typical fixture Coefficient of Utilization losses.

Figure courtesy Mark McClear, Cree
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wavelength (nm)

coordinate system as the relative o SACAPLL

stimulus given by the following equations:
Y .

y_X+Y+Z

Z

- X+Y+Z7 With X +Y + Z = 1 by definition only two
coordinates are necessary to define a color.
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Wavelength (nm)
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Inside the black box
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* ATHD regulated in many countries
* Life
— LED life versus driver life

— Elements which limit driver lifetime
* Electrolytic capacitors—aging due to drying out of electrolytic
* FETs, rectifiers, etc. which are stressed by heat and vibration
* Other components affected by heat, moisture, environment

* Agency Approvals
— Confusion as to how to list products
— The light engine
* Size
— Drivers equivalent to fluorescent ballasts
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— OK for low power applications
* Linear regulator
— e.g. LM317 regulator IC

* Switch mode power supply (SMPS)

— Buck, Boost, Buck-Boost, Flyback, SEPIC, etc.

* Constant current with feedback
— Closed loop system gives best performance
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S lypliCal maximum junction temperatures o

Capacitors Values can change by 10-20% or more as temperatures
increase and drift as the component ages

Large ceramic capacitors are sensitive to mechanical stresses which

can cause failures
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LEDs are non-linear loads which create
distortion on the supply line

Driver should not draw power if load

is not on (Energy Star requirement)

Efficiency as a function of load power
— 90% at full power

— <70% efficiency at partial power
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Royal Blue, Blue, Cyan, ___
Green, White (InZal)

[ [ I
Red, Reddish Crangs, .‘-
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FORWARD WVOLTAGE (V]

brightness LEDs depends on the forward
current ¢

f—:::::— AllnGaN green ~
| —d— AlinGaN blue ||

* Forward voltages of parallel strings must
be balanced

Output Intensity (arb. units)

Forward Current (ma)
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LEDS
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(Outline of Investigation—Introduced January 2007)
— 8750 LED Light Sources for Use in Lighting

* Power supplies are listed under either
— 2108 Low Voltage Lighting Systems

— 1012 Power Units Other Than Class 2
— 1310 Class 2 Power Units
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flicker, brownouts, ESD, etc.

* EN 61000-3-2--Harmonics and power factor

 EN60825 (Class 2)—Laser Standard under which LEDs
presently fall; expected to be revised for LEDs - the deep
blue LEDs have most cause for concern when used with
narrow beam optics

* EN61347—control equipment; split into sections for
types of control gear - new section in draft for LED

control equipment
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Osram LEW E2B Cool

Lumileds LXHL-PWO01 Cool

Lumileds LXHL-DW01 Cool .

Lumileds LXHL-BWO02 Cool Batwing g . 18 135
Lumileds LXHL-PW09 Cool 120 . . 34 135
Lumileds LXHL-DW09 Cool Side-emit . . 34 135
Lumileds LXHL-PW03 Cool 150 ’ : 5 38 135
Lumileds LXK2-PW etc Cool . 33 150

Nichia NCCW002, etc Cool 35,70,120 42 22 105 80
Nichia NS6W083 Cool 120 60 13 120 80

Cree XL7090 Cool 100 21 125 75
Cree 3XL7090 Cool 100 48 145 75
Cree XL7090XR Cool 100 53 5 10 145 75

Seoul Semi W10190 Cool 10 125 70
Seoul Semi W10290 Cool 15 125 70
Seoul Semi W10490 Cool 20 125 70
Cotco LD-700AWN1-70 Cool

Source: Curran & Peck—Comparison of White LEDs, Lightfair 2006
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Croun Code Min. Luminows Flux Max. Luminous Flux
- @ 250 mA (Im) @ 350 mA (lm)

M2 39.8 43.7

M3 45,7

31.7

P2 &7.2 73.9
P3 73.9 0.6
P4 0.6 av.4
Q2 &7.4 93.9
Q3 93.9 100
Q4 100 107
Q35 107 114
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=== Osram Cool
=== QOsram Warm
=== |_umileds Cool
=== | umileds Warm
=== Nichia Cool
=== Nichia Warm
Cree XL
Cree XR
2500 Kelvin === Seoul Cool
15000 Kelvin
=== Seoul Warm

Cotco Cool

=== Blackbody

0.4
X

Source: Curran & Peck—Comparison of White LEDs, Lightfair 2006
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1.20E-03

=== CreeXL7090WHT
CreeXL7090WW
SeoulW32180
SeoulN32180

== | umiledsPW12 K2

=== | umiledsLXHL-BL03

=== NichiaNCCW022

=== NichiaNCCL023
OsramLW W5SG

1.00E-03

8.00E-04

Luminous Flux (

6.00E-04

4.00E-04 -

2.00E-04 -

0.00E+00

400 450
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500 550 600 650 700 750

Wavelength (nm)

Source: Curran & Peck—Comparison of White LEDs, Lightfair 2006 38
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Incandescent Fixture LED Fixture

(Conducted Heat)

—————
I
e —
I

Ceilin Tiles

(Radiated Heat)
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A fixture using a 60W incandescent light bulb will produce about 900 lumens of light.
The fixture will need to dissipate 3W of heat via conduction (60W x 0.05 = 3W).

A fixture using LEDs as the light source would require 12 LEDs to achieve the
same 900 lumens of light (900/75 = 12). The input power to the fixture would be

(assuming a Vf of 3.2V and current of 350mamps)

Power =12x 3.2V x0.350amp = 13.4W

The fixture would need to conduct 90% of that heat or approximately 12.1W (about
4 times the heat of the incandescent bulb).
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LED light degradation versus temperature
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| | |
=\ hite Photometric

Relative Light Qutput (%)

0.2 60%
0 50%
60 40 20 0 20 40 60 °C 100 15 5 25 45 B85 85 105 125 145
— =T
] Junction Temperature, T, =°C
Osram Golden Dragon Lumileds K2
Source: Osram/Lumileds data sheets
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Heat Sink

Heat pipes

Thermo-electric Cooler
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condensation | adiabatic section evaporation
« >4 »a- >

vapor flow

neat out

heat in

et = : " wick structure

Cold End liquid flow

container
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Incandescent

Relative Light Output

2000 4000 6000 8000 10000 12000 14000
Time (hrs)
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— How long will a fixture remain in use?

— Is it easier to replace the source or the whole
luminaire?

* How to signal that a light needs to be replaced?

— Flash something?
— Make it fail completely?
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(B50, L70) lifetimes for InGaN LUXEON Rebel

Lifetime (Hours)

Tirwes (Fszsa v |
R 100 110 120 130 140 150 160
&L BS 75 g5 = i0s ik
o waa TaTT BT 453 AT T

Junction Temperature (C)

McClear, Cree Lumileds Data Sheet

Courtesy Mark
Cree Lumileds

Standards are coming:
IESNA LM-79 Approved Method for the Electrical and Photometric testing of

Solid-State Lighting Devices
IESNA LM-80 Approved Method for Measuring Lumen Depreciation of LED

Light Sources (still in committee)
ANSI C78.377 Specifications for Chromaticity of Solid-State Lighting Products

51
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bulb for the 119 degree
case.
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Relative Light Output
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350 mA @ 35°C
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Source: Curran & Peck—Comparison of White LEDs, Lightfair 2006
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Overall light output reduced by 20%
(#4,5,6 will be approximately 60%
brighter and will fail prematurely)

700 mamps = Figure 2) No current flows; no light output

Assume LED #2 shorts:
Figure 1) 420mamps through #1,2,3
280mamps through #4,5,6

350 mamps =% h b b b P b Overall light output reduced by

approximately 22%

Figure 2) 350mamps through #1,2,3,4,5,6;
overall light output reduced by
approximately 17%

Figure 2
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S : Height Differences
Iof LED Die of LED Die

Lumileds Osram Cree
Luxeon K2 Golden Dragon XRE
Tmm X 1Tmm 0.8mm x 0.8mm Tmm x 1Tmm
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Size of die affects ='| Elevation of die affects
| the beam pattern the beam pattern

Courtesy John Peck, Dialight
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* When LEDs “fail’

— Still produce photons
— System never directly sees LEDs electrically
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* Fights are now moving down the development chain
— System control
— Optics
— Color mixing
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Ann Arbor, Ml . Raleigh, NC

Toronto, Canada [ == Austin, TX

Courtsey Leotech
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Courtesy Cree

LED 948W
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Things to Consider

° Th@rmal' I\Aanagement e

— Slgnlﬂoé‘""i‘famount of mternal heat to dlspose of

: Fqu--$$$-—L|fet|mé ' |
— Be selectlve oﬁfﬁppllcatlons - "'i,-

* Driver EIeetrOnlcs it

— Lifetime of LEDs doesn’t matter if driver fails

But don’t ignore LEDs—They represent a significant
percentage of the future lighting marketplace
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A device used in the
early part of this
century to replace
non-functioning light
sources
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* John Peck Dialight
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Stanton, NJ 08885
Phone 908.437.6007
www.ledtransformations.com
jeurran@ledtransformations.com

[ ransformations
LLC

Your Guide to Solid State Lighting
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