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Thermal-Electric analysis of a LED (Strong Coupling)
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Silicon Submount 124 0.0001
Gallium Nitride n-semiconductor 125 0.118
Gallium Arsenide p-semiconductor 46 0.079

Copper Alloy Heat sink 401 1.724¢-8
Nylon Base 0.634 1000
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Thermal-Electric analysis of a LED : Setting boundary conditions
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Thermal-Electric analysis of a LED : Results

* Temperature  Voltage
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ECAD & Equivalent Circuit extraction

« ECAD import: » 0D Circuit extraction
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“...supply lighting manufacturers with thermal substrates that ensure high LED performance, reduced power
consumption and long life.”

140y T T S
IL_)I LA: ATjynetion = 12.4°C /
'—'CD 1200 LX: ATjyncion = 12.8°C i thick Al
8 -
| - Y
e
= a 2.5 mm
E 100 2 .‘ ‘6 thick Al -
N - L)
e} Predicted 1
Simulation results show temperature plotted on LED, thermal substrate and board. ;
Q— TiUnCKIOI'\
Measurement Location Center of Thermal Pad
/ E sob \ -
L | Q Predicted Thermal Pad
/——”\ c ! / Temperature for 8 Wand 15 W
—= E (@) o SO\ Model Results
ad r— GO -
J LED I_ 7 [ - ¢ eee 35.1A-1.05052
Q ‘o’ o9® 35-1.A-255052
|___coeper | - oth mmw 35-LX-10 5052
DIELECTRIC =) AAA 35-LX-2.5 5052
ALUMINUM BASE 40— k o -
Thermal Pad 5 in 15 20
Coolam® thermal substrates consist of copper foil, polyimide dielectric and aluminum \._../ P Owe r [W]
base. The arrow shows the center of the thermal pad, which cannot be measured under 1

operating conditions.
Effect of aluminum thickness on junction temperature for two power levels and two types
Simulation showed a 15 C temperature difference between the solder pad and the center
of the thermal pad. of dielectric material (LA and LX)

By Kevin Allred, Stacy Hamlet, Winston Fan and Lei Zhao, DuPont Engineering,
E. I. DuPont de Nemours and Company, Wilmington, USA, ANSYS Advantage, Volume X, Issue 1, 2016
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Momentive Performance Materials : Automotive Headlight LED

Electric fan Heat sink fin Heat sink base

2 fold power increase at equal temperatures
(which matched physical measurement)

Thermal pyrolytic graphite (TPG) heat sink core and fins LER N Shrmater, (LEDCe

LED heat spreader

Manjunath Subbanna, Eelco Galestien, Creighton Tomek, Wei Fan,
Momentive Performance Materials,
Strongsville, USA, ANSYS Advantage, Issue 2 2017
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Effects of Thermal Deformation of Car Headlamp Parts on Lighting Performance

y

A

3.49¢

! \
\

L /

Styling Surfaces g

Sun Burn -

i

SPEOS A

- =

Full Thermal Therm Deformations Light Simulation
Fluent Mechanical SPEOS

Optical Surfaces Headlamp CAD

—

a
He&sink_l
PCB
LED

PCB Layout
Reflector Shield HF |
Projection Len normal SS, Slwave
. s pre=s

-3

Electronics Therm
Icepak

Prototype

a
L
——1

view

© CADFEM 2016 Multiphysics numerical simulation for photonics packaging, Joél Grognuz



CADFEM

| W - C- Headlamp - SpaceClaim - ANSYS SPEGS
P

KayShot Momantum Light Simulztion

@DVEEI\'/&«I@EEE %EG@A«g @ %%&N’C@@

SFEIE;?S Toute =ﬁz°‘5 V'e‘feﬁ F'mmi gﬁ:" Interacive Suface Ray-file Luminzire Ambs a\ lerach: 5 Immersive Observer ‘ Direct Inverse Interscive Tl;“; Ccmvnnent cw
Tooks Sources | Sensors Optical Fvooemes Simulzsons Ccmocnerxs -
Seructure ? - deﬂcn '  Properses 4
47 |8 Headlamp” ' 4 Elemerss | [E] Matesial | v Giobal
b @ ANSYS r Nama Matarad 1
[Rr= ) Hug:‘-end Verzicn 2019 R1 | Hame Type Asscazted Geom Kind VOP and SOP
b 71 5] High-end R ) | B Materd 1 VOP end SOP 0 v Sudacic
b ¥ &1 Projecior modide L Tyoe Niroe
b~ Projecior meciie_R Aeflectarnce 0%
_1 Plane v Volumic
= = Frane Tyoe Opacue
b M B Curves

=rl'.fv:"ril‘_'.| Appearance
Lists ’
Melerial 7 ‘
Geometry

| Linked cojects

IS:rxL | Lay_ Seleci_ Grou_ Vieas ﬂnDee_

Ogticrs

Xe

®ren

|§Hed.ru'-r b x| < >

Select & SPEQS object to be edded.



CADFEM
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Effects of Thermal Deformation of Car Headlamp Parts on Lighting Performance

Original Deformed
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Physically Accurate Light Simulation
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Flash Lidar: Multiphysics coupling
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Temperature-dependent moisture migration and hygrothermal strains in electronic packages

Humidity after 168h Stress after 168h

CH —.D3SAzS

Verglelchspannung nach 168h

E |1? VZC E = &y —|—8d|_5 +C ‘,B (C Cref)
1
Diffusion Constant [m?4/s] Diffusion expansion ([m3/kg ])
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