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LED Cooling Variations: 

Chip On Board, LED-On-Board and 

Driver -On-Board



Overview
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ÅIntroduction

ÅExamples of LEDs single & multichip

ÅLED on Board, Chip on Board, Diver on Board

ÅDifferences in Light engines
ïLED on board

ïChip on Board

ïMultichip on board

ïCarriers
ÅFR4 pcb

ÅMCPCB FR4 based & enhanced

ÅCeramic

ÅInterfacing with heat sink
ÅConclusion
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Examples Of LED Solutions 

Single & Multichip Solutions - COB

Copyright © Optimal Thermal Solutions BV 3

Source: Cree, Osram, Citizen, Lumileds



COB, LED on Board, LED with Driver 

on Board (AC&DC)
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Source: GE Infusion 

DLM3000, If,max

1400mA

Source: OSRAM PL-CORE 

Z3 5000-930, If,max 1600mA

Source: OSRAM 

PL-CORE 

AC2000-827, 

Inom, ac 130mA

Lucent LED70

If,max 1000mA (34W)

1. What are the 

differences thermally

2. What is important 

3. How to optimize

Lucent LED50 

If,max 700mA (20W)
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Thermal resistance of LED package

Examples Of LED Solutions 

Thermal resistance over time
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Source: Thermal Management for LED Applications figure 2.19, 

with courtesy of Cree & Schubert EF & Lumileds



Examples Of LED Solutions 

Typical thermal resistances
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Source: with courtesy of Cree & Lumileds

XP-C XP-E XP-GXM-L

XM-L 

EZW MX-3 MX-6 ML-B ML-ELuxeon A

Luxe

on Tx

L2CI-

xxxx1

20206

LHC1-

xxxx-

1202

LHC1-

xxxx-

1211

White (cool, neutral,warm) 12 9 6 2.5 3 11 5 25 11 6 3 0.98 0.67 0.19

Blue 12 9

Green 20 15

Amber, red, red-orange 15 10

Cree

Color

Lumiled 

Material conductivity typical thickness

[W/mK] [um]

FR4 0.3 800-1600

Copper 385 18-35-70-105

Ceramic 16

Solderpaste 50 150

Aluminum Nitride 170

FR4 Prepreg 0.3 60-100

Epoxy 0.3

enhanced prepreg 3 100

Via 385 25-35



HS

Differences in Light Engines

Single die leaded LED package

on a FR4 board

Å Plastic package with in the centre bottom a copper/ aluminium slug

Å Die attached to the slug and wire bonded to a lead-frame LED 
devices are highly complex devices. 

Å Slug and leads soldered with solder paste top board

Å To model such a complex device, a lot of detail knowledge, time and 
effort would need to go into modelling the device. 

Å The junction to slug/thermal pad thermal resistance is given by LED 
supplier the Rj-s but the actual thermal model is much more complex
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LED(s)LensPhosphor(s)

Bond wire

PCB

TIM

Vias

Slug
Lead

Copper

Solder paste



HS

Differences in Light Engines

Single Die Ceramic package

on a FR4

Å Ceramic carrier with a two connections paths and a centre 
path for cooling. Die attached to the ceramic and wire bonded 
to the paths

Å The package is placed with solder paste to the board

Å The junction to slug/thermal pad thermal resistance is given 
by LED supplier the Rj-s but the actual thermal model is much 
more complex see schematic
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LED(s)LensPhosphor(s)

Bond wire

PCB

TIM

Vias

Ceramic substrate

Path
Copper



Differences in Light Engines

Chip on Board

on Metal Core PCB

ÅDie is directly attached to the copper path ïlesser 
interfaces

ÅDie wire bonded to dedicated paths

ÅEnvironmentally covered  with a glob top which can 
contain phosphor and lens

ÅOne to many LED chips on a board
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LED die
Glob-top

(lens)
Phosphor(s)

Bond wire

TIM

Die attach

Copper 35-70-105um
Dielectric 

60-100um
Core aluminium 

or copper
HS



Differences in Light Engines

Chip on Board

on Ceramic PCB

ÅDie is directly attached to the path ïlesser interfaces

ÅDie wire bonded to dedicated paths

ÅNo additional insulation layer

ÅEnvironmentally covered  with a glob top which can 
contain phosphor and lens

ÅOne to many LED chips on a board
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LED die
Glob-top

(lens)
Phosphor(s)

Bond wire

TIM

Die attach

Copper 35-70-105um

Ceramic

HS



Differences in Light Engines

Single LED on Board

Multiple LED on Board
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HS

HS

Multi LED on pcb board

Multi LED on MCPCB board

HS

HS

Single LED on PCB board

Single LED on MCPCB board



Differences in Light Engines

Multiple Chip on Board

Multiple Chip in package
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MCPCB

Standard FR4 brd

With viaôs

Core aluminium 

or copper

Ceramic/ Alum Ni

HS

HS

HSHS

HS

HS



HS

Differences in Light Engines

FR4 carrier
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FR4

Vias 0.3-0.6, 

wall thickness 25-35um, 

epoxy filled, copper filled

Copper 

Å Carrier of standard FR4 board material 400-800-1600um

Å Thick copper on the top and on the bottom for spreading the heat 

over a larger surface 35-70-05-140um and thicker

Å Add viaôsto increase through-board conductivity

Example:

Copper path

5mmx3mm


