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I Purpose of the work

Thermal design of complex power modules

using 3D Finite Element Analysis
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hlgh DOF because of limited computational
capabilities of standard PCs

Develop models of electronic components with
simplified geometry to use in complex modules

Assembly the simplified models in the power
module to verify if they can be used with accuracy

in thermal design 2/18




I Summary

= ADC/DC power converter at high switching
frequency

= Thermal design of a power module using FEA
= Modeling workflow

= An example of component study: toroidal inductor
operating @ f=1.8 MHz

* Thermal simplified model of the converter
= Simulations and measurements results
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Thermal design of a power module using

H" Finite Element Analysis

L. Huber, K. Hsu, M. Jovanovic, 1.8 MHz, 48V resonant VRM”,
IEEE Trans. on Power Electronics, vol. 1, n. 1, 2006
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Thermal design of a power module using

H" Finite Element Analysis

Primary Secondary
MOSFET MOSFETs

Design and prototypes fabrication in
cooperation with Department of Information
Engineering of University of Padova (Italy)

High power density = FEA useful to
design the converter layout

Secondar
Transformer \ : Y

High switching frequency = inductor
significant copper and core losses in Primary Secondary
! inductor MOSFETs
magnetic components Nominal conditions

r Vo=1.3V,l5=50A
Complex geometry = Large DOF P .=65W
Measured total power losses
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I Module modeling workflow

Detailed Models

Simplified Models

Power Module
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I Primary inductor

2D simulation of single internal wire
of the Litz structure with COMSOL
AC Power Electromagnetics Mode

High f = Litz wire to avoid cross section

area reduction due to skin effect Simulated current density distribution

f=18MHz, | . =4A(,,.=50A)T=20°C
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@ The distance on the x-axis is measured
l from the center along a radius.
@ The skin depth is about 5o um.
@ The dissipated power density per unit
length is 0.127 W/m.

High DOF if modeled in 3D

7/18



I Primary inductor

We designed a 3D wound with a single wire equivalent to the Litz one. We took it into
account:

1) The different length of the modeled wire (85 mm instead of 200 mm);

2) The diameter of the designed wire in the model (chosen = 0.9 mm to keep low
enough the DOF);

3) The skin effect.

Dissipated Joule Power = Power Density x Length xn,;...=0.17 X 0.100 X 7=0.12W

assuming this power to be uniformly dissipated in the single wire:

» equivalent electrical resistivity = 5.6-108 Qm @ 20°C
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I Primary inductor

Three-step simulation method:

1. Joule effect in the winding using
the Conductive Media DC
application mode;

2. distribution of magnetic flux,
eddy currents and the d|55|pated
power density distribution in the
core using the Quasi Static
Electromagnetic application
mode;

3. input the dissipated power
distributions calculated in the first
two steps into the General Heat
Transfer application mode to
evaluate the temperature
distribution.

Ocu_modified (T) =

W [1-3.9-10(T - 298)]

From Micrometals datasheet

(" loore(T) =14[1-15.10"4(T—298)]
i

4.10° 3.108 2.7-10°

+1.6-1071 f2B?

Ps =

+ +
3 2.3 1.65
. B* B B )

Starting from the three-step
simulation we run a
self-consistent simulation
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I Primary inductor

Magnetic flux density [T]
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Simulated magnetic flux density in the central
section of the resonant inductor core. | . = 4 A.
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I Primary inductor

Temperature [°C] 130

Simplified model

120

110

1100

- 90

70

60 Heat generation only in the sub-
domain representing the wire

Simulated boundaries temperature
distribution of the resonant inductor. |, = 4 A.
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I Module 3D FEM analysis

Boundary COhditiOﬂS Inward heat flux to take into
account of the Joule effect in
the secondary copper traces

Natural air Flxed
convaction temperature (due to heatsink)
¢ seconclary

Interconneciions

Neatural alr
Flxed convection
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I Module 3D FEM analysis

Steady state analysis with Comsol Multiphysics
of two solutions with the same components layout but different substrate:

Standard
PCB IMS
EE T35 um $35 pm
0.5 mm

FR4|/0.8 mm

4
N

0.7 mm

/
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I Standard PCB solution results

@ Iout = SOA
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TI[°C]
130
120
110

100

1190
80

70
60

50

40

30

30°C

Black-painted areas

COMSOL 3D thermal simulation IR camera image
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I Standard PCB solution results
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Primary
MOSFET
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Primary driver Primary
inductor wound

Position

0 Simulated @ lout=30 A
B Measured @ lout=30 A
B Simulated @ lout=50 A
B Measured @ lout=50A

Secondary Secondary
inductor MOSFET
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I IMS solution results

@ Iout = SOA
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COMSOL 3D thermal simulation IR camera image
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I Results comparison

Component AT [OC] (FR4) AT [OC] (IMS)
(test point) | Measured | Simulated | Measured | Simulated
Primary
inductor 97 96 (-1%) 80 71 (-11%)
wound
Primary
inductor core 42 44 (+5%) 42 42 (<1%)
. Transformer 95 99 (+4%) 82 73 (-11%)
Secondary
inductor 78 75 (-4%) 70 61 (-13%)

I

Used for parameter fitting
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I Conclusions

@This work focused on the thermal modeling of power converter boards.

@In order to forecast the critical component temperature a FE model of
the whole converter has been developed.

ised as reference to

I« W

@ The accurate FE model of some components is i

MW= \i 11w Ww\wiil rJ UJ

build simplified models that can be used in the FE thermal simulation of
the whole converter board.

@The results obtained are encouraging, and indicate that this approach
can be a valuable tool providing designers with a way to evaluate the
= interaction between electrical, magnetic and thermal effects while
choosing the proper components, materials and layout for the
converter.
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