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Taming thermal management issues with high power LE Ds
Agenda

» Thermal Management is important
» Temperature effect on a LED
* Thermal Stackup
» Cooling techniques
e Substrates
» Thermal Interface Materials
» Heat sinks
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Bergquist Product families - The best-known and
most trusted names in the industry

Gap Pa#l - Thermally Conductive Material for
Filling Air Gaps

Sil-Pa® - Thermally Conductive Insulator
Hi-Flow® - Phase Change Material

Thermal Cla@ - Insulated Metal Substrate
Liqui-Bond® - Thermally Conductive Liquid
Adhesive
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Why is Thermal Management Important

100 Watt GS Incandescent Bulb
Energy

Vizsible

Light 5%

Heat
Losses
12%

.

IRB3%

HEAT LOSS
LED >> 85%
Incandescent Bulb >> 12%
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Why is Thermal Management Important

Most part of the Energy is converted into Heat
Excessive Heat will affect

LIGHT OUTPUT
LED COLOUR
LIFETIME

Good Thermal Design is required to control junction Temperature
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What is the effect of heat for a LED
Temperature reduces light output

Red, Red-Orange and Amber at Test Current White, Green, Cyan, Blue and Royal Blue at Test Current
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What is the effect of heat for a LED
Temperature change wave length
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How does Temperature effect the LED
Temperature reduces operating life
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Source: Narendran, et al, Performance Characteristics of High-Power Light-Emitting Diodes
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Good Heat Management gives you

Increased Light output

|eSS LED Light v. Power
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000 } .
= 5000 - . * *
Longer Llfetlme :Emnu + KR
5 2000 :‘
g J
Stable Colors 2” .
° I I j T T T
. 0 2 4 6 a 10 M M
Reliable System et

(BERGOUIST )

Thermal Products Division

WORLD HEADQUARTERS 18930 West 78" Street Chanhassen, MN 55317 1.800.347.4572 PH 952.835.2322 FAX
952.835.0430

Thermal Products Membrane Switches  Touch Screens  Electronics Labels and Graphic Overlays
WWW.BERGQUISTCOMPANY.COM




Bergquist

The World Leader In Thermal
Management Technology

Methodes to transport heat

- Conduction

@ @ Convection

? Radiation

Opto Semiconductors OS RAM
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Methodes to transport heat

Conduction — most efficient
Convection — Usually the way out
- Natural
- Forced air
Radiation — Generally negligible

It is important to focus on the exit for the thermal energy
Concentrate on Conduction and Convection

WORLD HEADQUARTERS 18930 West 78" Street Chanhassen, MN 55317 1.800.347.4572 PH 952.835.2322 FAX
952.835.0430

Thermal Products Membrane Switches  Touch Screens  Electronics Labels and Graphic Overlays
WWW.BERGQUISTCOMPANY.COM

(BERGOUIST )

Thermal Products Division




Bergquist

The World Leader In Thermal
Management Technology

Thermal System

Electrical System
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Voltage
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Current
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Resistance
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Membrane Switches

Thermal System
Temperature T,
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Power Dissipation
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OSRAM

Opto Semiconductors

WORLD HEADQUARTERS 18930 West 78" Street Chanhassen, MN 55317 1.800.347.4572 PH 952.835.2322 FAX
952.835.0430

Thermal Products
WWW.BERGQUISTCOMPANY.COM

Touch Screens  Electronics  Labels and Graphic Overlays



Bergquist

The World Leader In Thermal
Management Technology

Thermal Resistance

—_—

Riprep

Rb die attach
Ri die attach/circuit

Rbcircuit RTG?HI = Z RF
i

i circuit/dielectric
b dielectric
Ri dielectric/base
Rb base
R; ot of assembly R, = Material + Interfacial Resistance

WA AR

[
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Thermal System

Opto Semiconductors OS RAM
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Thermal Resistance Ry, of the LED
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Thermal Substrate Technologies
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Thermal Substrate Technologies

« Copper 90..400 W/mK
« Gold 290 W/mK

¢ Aluminium 50 .. 235 W/mK
« Steel (low carbon) 66 W/mK

« Boron Nitride 39 W/mK

¢ Solder 20..50 W/mK

¢ Stainless Steel 20 W/mK

* Alumina 27 W/mK
 Mica 0.7 W/mK
Water 0.5 W/mK
 FR4 0.3 W/mK

*  Epoxy 0.2..0.3 W/mK
Mylar 0.2 W/mK

o Air 0.027 W/mK
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Thermal Substrate Technologies

Diminishing return on thermal
resistance with thermal conductivity

Thermal Impedance reaches
asymptotic value at

75um thickness at 4W/mK
255um thickness at 8SW/mK

Dielectric thickness has most impact in the thermal stackup
75um with 1,5W/mK equals to 255um at 9W/mK
Practical limitations on thickness and thermal conductivity need to be
considered when choosing the Dielectric System
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Thermal Substrate Technologies

Thermal Clad® - IMS Insulated Metal Substrate

A

Circuit Layer

«—

Dielectric Layer

) Base Layer
Dielectric Types HT/LTI  75um + 150um 2,2 W/mK
MP 75um 1,3 W/mK
CML 150pum 1,1 W/mK
FR4 150pum 0,3 W/mK

WORLD HEADQUARTERS 18930 West 78" Street Chanhassen, MN 55317 1.800.347.4572 PH 952.835.2322 FAX
952.835.0430

Thermal Products Membrane Switches  Touch Screens  Electronics Labels and Graphic Overlays
WWW.BERGQUISTCOMPANY.COM



Bergquist

The World Leader In Thermal
Management Technology

Difference in Thermal Substrate Technologies
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Thermal Substrate Technology Example

Comparing MCPCB Substrate — STAR Design
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Thermal Substrate Technology Example

Light Output with different Dielectric Materials at T} 50C
Cree Chip and infinite Heat sink

0.2-0.3 W/mK 1.3 W/mK 2.2 WImK
FR4 Bergquist MP Bergquist LTI

WORLD HEADQUARTERS 18930 West 78" Street Chanhassen, MN 55317 1.800.347.4572 PH 952.835.2322 FAX
952.835.0430

Thermal Products Membrane Switches  Touch Screens  Electronics Labels and Graphic Overlays
WWW.BERGQUISTCOMPANY.COM



Bergquist

The World Leader In Thermal
Management Technology

Thermal Substrate Technologies

Choosing the appropriate Dielectric
Rule of Thumb

Rth of LED > 10K/W

you will not notice an improvement when choosing
high performance Dielectric, stay with our Standard MP
however you notice an improvement from FR4/Alu

Rth of LED < 10K/W

you will notice a thermal performance difference using our
high performance Dielectric LTI or HT
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Thermal Solutions for LED Designs

IMS mounted to heat sink FR4 PCB mounted to heat sink
No Electrical Insulation Electrical Insulation
fill air voids, surface roughness compensate surface structure
keep Layer thin create surface contact

FR4

MCPCB
THERMAL CLAD

Q-Pad / SIL PAD /
_ GAP PAD /
Hi Flow Gap Filler
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Thermal Substrate Technologies

Parameters which influence the Thermal Resistance/Impedance
Using a Thermal Interface Materials

Surface

\ Surfai Area Roughness

Thermal Resistance «fmmm Softness

T L

Pressure Flatness
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Thermal Solutions for LED Designs

Thermal Conductive Interface Materials
PE Film (Mylar, Kapton) 0,2 -0,4 W/mK

Ceramic Filled Silicone Interface Materials
Silicone Foll (Sil Pad®) 0,8 —3,5W/mK

Gap Filling Materials
Pad Form (Gap Pad®) 0,8 — 5,0+ W/mK
Liquid (Gap Filler) 1,0 — 3,6+ W/mK
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Thermal Solutions for LED Designs

Thermal Conductive Bonding Materials

Non Filled PSA 0,2 - 0,3 W/mK
Thermally enhanced PSA
Bond Ply® 0,4 -0,8 W/mK

Liquide Silicone/Epoxy Bonding Materials
Epoxy non filled 0,2 -0,3 W/mK
Liqui-Bond™ filled 1,0 — 2,0+ W/mK

WORLD HEADQUARTERS 18930 West 78" Street Chanhassen, MN 55317 1.800.347.4572 PH 952.835.2322 FAX
952.835.0430

Thermal Products Membrane Switches  Touch Screens  Electronics Labels and Graphic Overlays
WWW.BERGQUISTCOMPANY.COM



Bergquist

The World Leader In Thermal
Management Technology

Thermal Solutions for LED Designs

Thermal Conductive Interface Materials
between metal base and heat sink

Thermal Conductive / Non Electric Isolating
Thermal Conductive Foll

e Q-Pad® 2/ Q-Pad® 3 2,0 - 2,5W/mK
Phase Change Material

e Hi-Flow® 105/ 225 /565 1,0 - 3,0 W/mK
Thermal Interface Compound

e TIC™ 1,0 —4,0 W/mK
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Thermal Solutions for LED Designs
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Heat Sink Solutions

Removing the heat from the die is only effective
If it can also be removed from the assembly.
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