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Relative Power Conversion

/, ‘\
VS .|

Incandescent T
(60W)
Visible Light 8% 20-30%
IR 73% ~0%
ke 19% 70-80%
(Conduction + Convection)
Total 100% 100%

* Information from Dept of Energy



L ED Curmculum Course

Thermal Design &

=y N

TheLighting SolutionsCenter

LLLLLLLL ighting

Relative Power Conversion




L ED Curriculum Course“
Thermal Design m

=T

TheLighting SolutionsCenter

HUBBELLLighting

Conduction:

The transfer of heat energy

through a substance or from one )
substance to another due to

temperature difference

Convection:

The process in which hot air rises
and cool air delves down. Hot air
will cool down as it flows through
the cooler air mass until it reaches

equilibrium . 2 kinds of >
convection: natural and forced

Radiation:

The process of heat transfer
through electromagnetic radiation

In an LED application both
principles of conduction and
convection are used but heavily
weighted in conduction

Conduction

S — X
: %“\\

* Courtesy of Future Electronics
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Effects of Heat

« Excessive heat will affect
performance and lifetime

 Qverheat can cause
permanent damage to 30%
the component

* Heat has to be
transferred to ambient

Qo

70%
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LED Junction Temperature (T))

The junction is a specific location an LED where critical
measurements are taken to predict expected life

Juncbon

Running an LED above its HUWMZED\""’ / g

rated maximum junction \ / e
temperature will decrease its i [ »/’j&m
lifetime and accelerate its _Dielectric
lumen maintenance loss <~..c'?§i§'${ —

External heat sink

) Source: PNNL 7 emperature (T )
* Courtesy of IES
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The LED junction temperature is affected by:

* Ambient Temperature of Enviroment

« Thermal path between the LED and the outside air

* The amount of power (drive current) applied . »f
7wl

The LED junction temperature is |
determined by:

« Measuring the board temperature adjacent to the /
LED (Solder Point, Tgp)

* Courtesy of IES
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Thermal Conductivity Examples

450
LTAl: k=170

400
350 B Copper: k=400
300
i o

el Silicon: k=148
200 [J Stainless Steel: k=16
150
o B Carbon Steel: k=60

50 I B Acrylic: k=0.18

0 -

Thermal Conductivity Units are in W/mK.

* Courtesy of Future Electronics
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Importance of Thermal Management

Effects on LEDs

« Reduces efficiency/efficacy
* Reduces forward voltage

« Life/lumen maintenance

« Color Shift
— Dominant wavelength
— Color Temperature

« Reliability
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 Efficiency/Efficacy

Light output reduces with temperature

200% ;
\ed % Blue Royal Blue Green
150% : \ \ \
: \ \ White \
N \\ \\ \\
—aVE |

100%

Relative Light Output (LOP)

50% +

O% L L - I k L - k - - : { L T T T T 1
-40 -20 0 20 40 60 80 100 120

Junction Temperature TJ [°C]
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Forward Current

B Forward Current vs.

Chromaticity Coordinate

(.38 |
Ta=25C
0.37
20mA
700mA
R00mA
0.35 SO
(.34 .
0.33 (.34 0.35 0.36 0.37
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Life/lumen maintenance

Useful Life of High Brightness White LEDs

at Different Operating Temperatures

100% -—

(o)
o
2

/

‘T, = 74°C

pereton

63°C |

80% +—1L ==
70%

Light Output

60%

50%

1000

Source: Lighting Research Center

10000
Hours

100000
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B Ambient Temperature vs.

« Color Shift Chromaticity Coordinate
0.38
I[Fp=700mA
0.37
fumft_‘.
>0.36 :
40/C J .
01C 25°C
0.35
0.34

033 034 035 036 0.37
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*Thermal Instabilit

* courtesy of IES
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o Rellablllty Junction Temp

Location
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* Reliablility

Conduction
to Housing

Conduction\
to Housing
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* Reliability

MTBF in hours (Mean Time Between Failures)
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70

1

85

- B33216, GB,
* LIBRARY

* Data from Microsemi
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Effects on LEDs

« Reduces efficiency/efficacy
 Reduces forward voltage

« Life/lumen maintenance

« Color Shift
— Dominant wavelength
— Color Temperature

« Reliability

Application

NDefi ning the Operat
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Define the Operating Environment
 Indoor or Outdoor
* Humidity or moisture
* Enclosure Requirements
« Maximum Ambient Temperature

How do we defl ne
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UL thermal test standard methodology

V2" plywood w/ 72" clearance on top + 3” clearance on sides
of fixture

25C° room side
Multiple thermocouples placed
Temperature
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« All plenums are not created equal
— Non-IC low ambient \

— Air handling o

— Exterior canopy /ﬁﬂO%
S/

— Insulated /V\\\
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Thermal Feedback

« Safety/thermal protection
« Component protection

» Life preservation

."!LH |

] : ‘g*"
e

High ambient temp Reduced power/lumens
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* Reliablility

Convection

lm ’ Conduction
‘, \\'. , : ‘\\\' "“ ‘ ‘ tO HOUSIng

LifeShield™ Protection System

- Two sensors located at the hottest spots on
the EmitterDeck

- Temperature readings every 30 sec.
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« Electrical, Thermal & Optical All Affect Light Output

— Integrated approach is required

Electrical @

Thermal ——— | Delivered :> Delivered
Lumens LPW

» Optical ! ﬁ
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LED Chips Supply Partner

Purchase

Circuit Board Purchase/
). 94 Manufactur

Assembly
LED Power
Supply
Thermal
Management

Typical
Manufacturer

Light Engine
Assembly

Light Fixture
Assembly
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“Off the shelf” components

* Pros:
— Little or no tooling cost
— Fast... no tooling lead times

— Proven designs and
technology

— Low technology risk

 Cons:
— Limited design freedom
« Size and packaging
« Style
« Performance
— Typically higher piece price
— Less market differentiation =
high marketing risk
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Custom components

* Pros:
— Tooled components
— Unlimited design freedom

— Great market differentiation,

lower marketing risk.
— Low pc price

 Cons:
— Higher tooling cost
— Longer lead time
— Greater technology risk
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Mass vs Surface Area
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Board Design
Affects fixture design
Determines flexibility
Avallability
Costs
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Board Design

36-LED’s at 350mA = 3,600 lumens at 44-watts
36-LED’s at 600mA = 5,000 lumens at 76-watts
24-LED’s at 600mA = 3,600 lumens at 51-watts

> Design board for 36 or 24 LED'’s ﬂ_& \
(fewer sku’s) /e " B _ [
> Add 2 or 3 different chip dies on ‘ E,_:/—ﬂ
same board = '} |
> Split into two circuits for one or two
drivers |
> Design in circuit for thermal testing
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“What we want”! .

Low High
Efficacy (LPW) >
Lumen Maintenance (L70) >
Aesthetics (look) >
Size/Scale j>
Cost j>
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Efficacy (LPW) >

Lumen Maintenance (L70) >

Aesthetics (look) >

Size/Scale >

Cost >
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LED module
Heat Sink  Decorative Glass

Cast Housing

Low Voltage Dimmable
Power Module Heat Sink
Mounting Bracket

Isolated Driver
Die Cast Housing

Die Cast Faceplate
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Time zero 1000 hours

LED Puck
84.1% Drop

16.50 Lin
97.8% Drop

220 Lines
96.9% Drop
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