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A Introduction
A Examples of LEDs single & multichip
A LED on Board, Chip on Board, Diver on Board

A Differences in Light engines
I LED on board
I Chip on Board
I Multichip on board

I Carriers
A FR4 pcb
A MCPCB FR4 based & enhanced
A Ceramic

A Interfacing with heat sink
A Conclusion



Examples Of LED Solutions
Single & Multichip Solutions - COB

Source: Cree, Osram, Citizen, Lumileds
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COB, LED on Board, LED with Driver
on Board (AC&DC)

C p

1. What are the
differences thermally

2. What is important

3. How to optimize

Source: GE Infusi’
DLM3000, I ax
1400mA

Source: OSRAM PL-CORE
Z3 5000-930, I .« 1600mMA

Source: OSRAM
PL-CORE

- AC2000-827.

lhom, @C 130mMA

Lucent LED70 Lucent LED50
lt max 1000mMA (34W) I hax 700mA (20W)
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Examples Of LED Solutions
Thermal resistance over time

Thermal resistance of LED package
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Source: Thermal Management for LED Applications figure 2.19,

with courtesy of Cree & Schubert EF & Lumileds
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Examples Of LED Solutions
Typical thermal resistances

Cree Lumiled
L2CIH{LHCI{LHC1
XM-L Luxe|XXXXIXXXX-|XXXX
Color XP-G XP-B XP-G XM-U EZW| MX-3 MX-6| ML-B| ML-Huxeornon Tx202061202 (1211

White (cool, neutral,warm)| 12 | 9 6 [ 25| 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

Source: with courtesy of Cree & Lumileds

Material conductivity|typical thicknes
[W/mK] [um]
FR4 0.3 800-1600
Coppef 385 18-35-70-105
Cerami¢ 16
Solderpast¢ 50 150
Aluminum Nitridg 170
FR4 Preprgg 0.3 60-100
Epoxy 0.3
enhanced preprep 3 100
Via 385 25-35




Differences in Light Engines ATC
Single die leaded LED package L -

on a FR4 board L

Rlens-amb <

Tlens

Phosphor(s)  Lens  LED(s) o, s U
i - Qin ) Tiead
Bond wire o A [
Slug - L
Lead Solder paste Rjunctshg = < Riead-brd
\ / TEIUQ
|_|. . ..-
PCB ' RN ™~ Copper e rd S
Tel Tp
TIM _ #"'—L
Rbrd-hs = = Riphe
Vias j 7
Heatsink Heatsink

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

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

Slug and leads soldered with solder paste top board

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

The junction to slug/thermal pad thermal resistance is given by LED
supplier the R, ; but the actual thermal model is much more complex

o Io o Do Do
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Differences in Light Engines
Single Die Ceramic package

O

on a FR4 -~
.\‘,\ S ambient
e !
Rlens-amb =
Phosphor(s) Lens LED(s) CREE XP-E  LUXEON REBEL Tlens
Bond wire Rjunc-ens = Riunctpath
. Qin " Tpath
Ceramic substrate Junction T
P ath Rjunct-ceramic < < Rpath-brd
Copper Tceramic — 4!.]
Reeramic-hrd :" x
PCB (LI =/ = oo
TIM - el
' < = Riphs
] 1
Vias Heatsink Heatsink

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

A The package is placed with solder paste to the board

A The junction to slug/thermal pad thermal resistance is given
by LED supplier the R; ; but the actual thermal model is much

more complex see schematic
Copyright © Optimal Thermal Solutions BV 8



Differences in Light Engines

Chip on Board
on Metal Core PCB s
Phosphor(s) Glob-top | £p gie _ e
(IenS) - Rjunc-lems
Bond wire _ Junction
Die attach Runctcopperion £ Rindip
Dielectric Copper 35-70-105um {isf_ﬁ Te
60-100um - - Rorepreg = = Rprepreg
___ Lore aluminium A A A
Rinterface T— _T- Rinterface
A Die is directly attached to the copper path i lesser
Interfaces

A Die wire bonded to dedicated paths

A Environmentally covered with a glob top which can
contain phosphor and lens

A One to many LED chips on a board
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Differences in Light Engines
Chip on Board
on Ceramic PCB e

-
Rlens-amb =

Phosphor(s) Glob-top LED die e
(IenS) Rjunc-lens ;t

Bond wire _ Juretion
Die attach <

Rjunct-brd =
Copper 35-70-105um

c . Rbrd-to
eramic Tel Tp
TIM rer 1
Rird-hs <] 1]} Rip-hs
atsi

_|

nk Heatsink

A Die is directly attached to the path i lesser interfaces
A Die wire bonded to dedicated paths
A No additional insulation layer

A Environmentally covered with a glob top which can
contain phosphor and lens

A One to many LED chips on a board
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Differences in Light Engines
Single LED on Board
Multiple LED on Board

OS5

Single LED on PCB board Multi LED on pcb board
.—E='=l—.
| INIRININ | | IHINININ IMINININ
Single LED on MCPCB board Multi LED on MCPCB board
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Differences in Light Engines
Multiple Chip on Board
Multiple Chip in package

%%

Standard FR4 brd
Withvi aods

MCPCB

Core aluminium
or copper

) DY) et ]

Ceramic/ Alum Ni} ‘ ‘ i
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Differences in Light Engines
FR4 carrier

IRIRINI ||

FR4

Vias 0.3-0.6,
wall thickness 25-35um,
epoxy filled, copper filled

Example: 60 0 O O
Copper path O 00 O O
Smmx3mm

O O O O

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

A Thick copper on the top and on the bottom for spreading the heat
over a larger surface 35-70-05-140um and thicker

A Addv i dodnerease through-board conductivity
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