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Semiconductor dies

Converter

Components off-the-shelf

—— 3 PCB manufacturing —sm

Standard parts
(e.g. magnetic cores)

Custom parts (heatsink...)
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eCAD

The entire structure of a PCB-embedded converter is described in the eCAD tool

D == e Carte fille (1).PcbDoc - Altiur Designer (22.7.1) S 5 x

File Edit View Project Place Design Jools Route Reports Window Help B ﬁ ° “NotConnected . A

Projects vIx h Home Pag 1 Properties vIx

: E‘q ) Board Components (and 12 more) | ¥ +

Search Search

Layout

g?roject Group General Parameters Health Check v

4 ‘-Free Do:u[r: 4 Selection Filter L4 Laye rS m ate rl a I S

Carte fill [y

All - On

Components 3D Bodies Keepouts Tracks Arcs L Laye rs d i m e n Si O n S

Pads  Vias  Regions Polygons  Fills  Texts

« Components:
o * pinsinfo
— A  Location
* Value
- T * And more : schematic ...

Top
Bottom: 6

Projects PCB LS » [ [1]1TopLayer [ [2] Bottom Layer M Top Overlay [ Bottom Overlay M Top Paste [ Bottom Paste [ T C:

X:-1425mil Y:-900mil  Grid: 25mil (Hotspot Snap) Panels
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eCAD

The entire structure of a PCB-embedded converter is described in the eCAD tool

T 4 E Carte fille (1).PcbDoc - Altium Designer (22.7.1) Search = X

Reports  Window Help B ﬁ ° “NotConnected . A

File Edit View Project Place Design Iools Ro;

Projects vIx h‘ Home Page Carte fille (1).PcbDoc Properties vIx

] E‘q o Board Components (and 12 more) | ¥ +

o
Search geah b Layo u t
g?roject Group General Parameters Health Check v

4 - Free Docurr:< 4 Selection Filter L Laye rS m ate ri a I S

All - On

Components 3D Bodies Keepouts Tracks Arcs L Laye rs d i m e n Si O n S

Pads  Vias  Regions Polygons  Fills  Texts
 Components:

» Snap Options . . f
[ ]
4 Board Informatios p I n S I n O

SerneY S TouE 7

Board Size

-  Location

Ar i
Components Area: 5 5.1 Density: L Va | u e

Components Primitives & Others

pes * And more : schematic ...

Top:
Bottom: 6

Projects PCB LS » [ [1]1TopLayer [ [2] Bottom Layer M Top Overlay [ Bottom Overlay B Top Paste [ Bottom Paste [ T

5mil Y:-900mil ~ Grid: 25mil (Hotspot Snap) Panels

Is-it possible to generate a virtual prototype from this description ?
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Generate a virtual prototype from the detailed circuit

description available in the PCB CAD:

Introduction /

« Simulation of the complete PCB model (thermal,

electrical & coupled models)
» Use of existing modelling software
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Finite element
simulation a
(Ansys) Vbscript

Circuit parasitics
calculation ( Q3D)

Thermal simulation
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i F ol
L _l:'.l =
Circuit Time-domaine :.
Simulation simulation ' . . =
(LTspice) &
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Generate a virtual prototype from the detailed circuit
description available in the PCB CAD:
« Simulation of the complete PCB model (thermal,
electrical & coupled models)

‘ot . C++
» Use of existing modelling software
. . . .| Finite element
Electrical modelling approach realized: | simulation .
: : : ;I Can=ys) Vbscript
* Generate a readable LTspice schematic which .
includes the parasitic effect of the interconnections | (“Thermal simulation | [  Circuit parasitics
=> Validation of the electrical behavior || ceplo iy r~maE
X I |Loh o]
l! yui
Simulation simulation .. =

(LTspice)
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1 Introduction

Generate a virtual prototype from the detailed circuit
description available in the PCB CAD:
« Simulation of the complete PCB model (thermal,
electrical & coupled models)
» Use of existing modelling software

Electrical modelling approach realized:

* Generate a readable LTspice schematic which
includes the parasitic effect of the interconnections
=>» Validation of the electrical behavior

* Generate a reduced-order thermal model (RC-
network equivalent thermal model)

« Add the RC-network to the LTspice schematic
=>»Validation of the thermal behavior
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--Design Toolkit ---------revemeemeeeeinnes :

C++
Finite element
simulation c
(Aii=ys) Vbscript
Thermal simulation Circuit parasitics
(icepak) © . m calculation ( Q3D)
. €3
?:J'
Circuit Time-domaine _: His
Simulation simulation ' .. . =
(LTspice) 4
Introduction 5
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Electrical modelling

Automatic Design Tool for PCB Embedded technology
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--Design Toolkit

Geometry export
preparation

Model construction
/simplification

7y
//f

..............................

3D-Model Construction

Data Export format

Many file format are available

Importing data in Ansys :

/\
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Gerber ODB++ IPC-2581 EDB

3D-model -- - - ++

Layout details -- - + ++
(materials, Nets)

Components details -- - + ¥+

.........................................................
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--Design Toolkit

Geometry export
preparation

Model construction
/simplification

”
///

..............................

3D-Model Construction

Data Export format

Many file format are available

Importing data in Ansys :

/ ‘ MITSUBISHI
i &% ELECTRIC
7/

Changes for the Better

Gerber ODB++ IPC-2581 EDB

3D-model -- - - ++

Layout details -- - + ++
(materials, Nets)

Components details -- - + ¥+

Additional data required :
« Connection pads to be considered
» Via simplification data

« Some testbench info ( e.g., Heatsink description)

.........................................................
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2 3D-Model Construction

--Design ToolKit -

Geometry export
preparation

Model construction
/simplification

Vbscript

) ___/_;’ _

.........................................................
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1. Geometry import

2. Simplify the geometry

» Faceting of round shapes (feature

of Ansys)
* Grouping of vias

Confidential

/Wr“”

]

» o
= o
SEEEE

./’

(MR AT e e e e e e ke oe e s EE S e

€€€€-€€6€,€6'E‘Ez€€‘€€at_€
=8 < e

E€.€€€€€€€€€€€€€€€€

LS8 ot ok o o S w o = a o o ke o

e S e

R e e e

e

ttaeaeae |

tre s ven s |

Eceecaae) |

e
e |

Seeececceeer
EeEcceCaees

£

232 Via
Area= 10,44 mm~2

4012 pVia
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Changes for the Better

2 3D-Model Construction % e MTsyBieH

1. Geometry import Simplification

= . 2. Simplify the geometry

+ Faceting of round shapes (feature | : \\_

: of Ansys) i -

Jll Geometry export ; * Grouping of vias = | i ]

: preparation ! i | \' |

L b o I
Model construction . . :

; /simplification : Aims to reduce : , 232 Via 6 « Via » groups

: : * the number of objects Area= 10,44 mmA?2 Area= 98,12 mmA?2
: ! * the complexity of the mesh Ratio= 0.1

. & .

Limit the processing

E &
: I : memory 4012 pVia 1 « Via » group
Area=33,9014 mm~2 Area=254,853 mm~2
Ratio =0,133
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Preparation of the 3D-Model &W ELECTRC

A : Changes for the Better
--Design ToolKit --------eemmeeemeeeisy

: = . 1. Geometry import
_ i;: . 2. Simplify the geometry
L . 3. Prepare the 3D-model for Q3D

C++

Geometry export '
preparation

Model construction
/simplification

Vbscript
- Circuit parasitics
calculation ( Q3D)

.........................................................
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2 Preparation of the 3D-Model \ e s

N

d ) . Changes for the Better

- Design Toolkit ----------remeeeeeeeeeeieeeny
i . 1. Geometry import
2. Simplify the geometry
3. Prepare the 3D-model for Q3D
C++

Geometry export . . . .
preparation : Automatic placement of the terminals (Sink/Source)

Net = connected conductors
Model construction

/simplification —
Vbscript X

Circuit parasitics
calculation ( Q3D)

.........................................................
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--Design Toolkit

C++

Geometry export
preparation

Vbscript

Model construction
/simplification

Circuit parasitics
calculation ( Q3D)

Preparation of the 3D-Model \ e s

d ) . Changes for the Better

.........

1. Geometry import
2. Simplify the geometry
3. Prepare the 3D-model for Q3D

» Automatic placement of the terminals (Sink/Source)
Source

Net = connected conductors

Sink

.........................................................
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A ) . Changes for the Better

--Design Toolkit --------oeeveeeeeeons
; o . 1. Geometry import
Wy Qj: . 2. Simplify the geometry
- .- ! . 3. Prepare the 3D-model for Q3D
Capar I

Geometry export . . . .
preparation : Automatic placement of the terminals (Sink/Source)

Source

Net = connected conductors

Model construction
/simplification

Circuit parasitics /

Vbscript
calculation ( Q3D) : Sink
« Terminals simplifications:
Pin3: R1+R2
Pin1;: R2 Pin3: R1 I
© Resistance
Circuit : —_—

Simulation ‘ Pin2: R2

N Pin2: R2
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2 Preparation of the 3D-Model / e s

Design Toolkit

Geometry export
preparation

Model construction
/simplification

Circuit parasitics
calculation ( Q3D)

.........................................................

©Mitsubishi Electric R&D Centre Europe Export Control: NLR

A ) Changes for the Better

Geometry import
Simplify the geometry
Prepare the 3D-model for Q3D

» Automatic placement of the terminals (Sink/Source)
Source

Net = connected conductors

Sink Created footprints

« Terminals simplifications:

T0u_top_t_fill

]
\

Different pins

L]

Confidential Electrical Modelling ‘ 10

Created footprints
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Nl Geometry export
preparation

2

Design Toolkit

C++

Model construction
/simplification

Vbscript

Circuit
Simulation

Schematic
creation

Circuit parasitics
calculation ( Q3D)

- - -
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Q3D simulation \
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}( ) . Changes for the Better
Geometry import

Simplify the geometry

Prepare the 3D-model for Q3D

Run stray R,L,C calculation between all terminals

Generate the SPICE model
Export the SPICE model terminals info to the custom extension (eCAD)

Ansys (Q3D 3D-Model) Stray R,L,C equivalent circuit ( LTspice)

Ui
P 11—C1_2
- Lt G
R1_1— 3 13—D1_2
D1_1— a 14 —D2_2
- 15—E1
D2_1—{5
p 6 16 —C2
c1i—l7 17 —HV_plus
18 —Output
R2_1—8 .
19 —HV_minus
R1_2—9
E2— 10 20 1
21—R2 2

‘ . Half_bridge_Q3D

Number of VIAs : 103

Solved in ~ 4 min

Electrical Modelling 11
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--Design Toolkit

Circuit
Simulation

simulation
(LTspice)

LTspice schematic generation

Time-domaine :._

Schematic
creation

.........................................................
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6. Export the SPICE model terminals info to the custom extension (eCAD)

7. Generate the complete LTspice schematic:

Decoupling capacitor

HV plus

C2 C1

nF 1000F
[V_minus

eCAD( Altium)

Power stage

Layout model as single block

HV_plus

A0

Confidential

Generate automatically the connections

Reproduce location of symbols (from Altium schematic)

Circuit simulation( LTspice)

=doonf =

c2
r100nf

Electrical

HV_plus

2
IGB3ONSOT
[
3

=
5

10k

Modelling

HY_mi
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2 Experimental validation (1/2) %\ g“'éfn'.?#%'%”'
; anges for the Delter

1. Characterization of circuit impedances

Impedance :
Simulation vs Measurement
100 —————— ——————ry ———————
I Simu_Via
= - Simu_box
&> sol . Simu_Via_+R |
S eee—— Simu_box_+R
"é’ ‘“ﬁﬁﬁ%}ﬁﬁ Measure
g) \_/
— ~—"
W
10° 10° 107 108
100 ————— ——— ————m
'g 50
o
DC+ bul g ol
2
7 a:‘f 50 !
= loop ~. & DI e =4
E © -100 1 Y s o i A S S A
E E 10° 10° 107 108
g . B VAC frequency[Hz]
Q H
g 2 IGBT 2
Tg £ - ) Ky * No bad effect of the of the geometry simplification
- ‘ » Measurement accuracy limited (contact prob ...)
I » Good simulation/experiment agreement overall
Electrical Modelling 13
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2 Experimental validation (2/2) e My

A e Changes for the Better
2. Double pulse test

450 T 1 \ 1 T 36
m——— simn ’mes
mes oo I5.'i.mu
Adapter PCB 375 - e 30
= B g 300 - ! k,.__— 24
D205 | 200 18 §
> 5
= | 290+
Half-Bridge cell 150 12
2801,
75 16
270" —— T
253 2535 254 2545 255
0 1 1 1 1 1 0
Lload 25 26 27 28 29 30 31 32

t [us]

C) Caee|_ » Used equivalent Spice model for the IGBT & Diode

300V e  Good match between measurement & simulation

Results validate the electrical modelling approach
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W

Thermal Modelling

Automatic Design Tool for PCB Embedded technology
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Geometry export
preparation

Model construction
/simplification

' Thermal gimulation
X (icepak) & .=
i= (& |

N E 1= |
L] \ l;
: S8
L]
L]
'
: Y
' Circuit Time-domaine
' Simulation simulation
: (LTspice) i
L]
L)
©Mitsubishi Electric R&D Centre Europe Export Control: NLR

Schematic
creation

Thermal model /\ .

Changes for the Better

MITSUBISHI

AN ELECTRIC

Fompire

Run the thermal transient simulation

Adiabatic
Condition

T.IL.M

+ Heat-sink

T_Chip 1

T_Chip 2

T h-coefficient

T _Reference

Confidential Thermal modelling

Adiabatic
Condition

16



Thermal model

3

‘ MITSUBISHI
AN ELECTRIC

Changes for the Better

Coupling thermal

model

NPT =1 11T chip 2

(N RQ)

Adiabatic
Condition

- DeSigN TOOIKIt -------s-eereeeeeeeeeeeene - o
: €sign 100 » Objective of this simulation
T : Run the thermal transient simulation
Geometry export Schematic
preparation creation ' P=1W
Model construction
/simplification Adiabatic
Condition
Thermal simulation
(icepak) 1 e TIM (N RC)

Heat-sink

T

T_Chip 1 self
Thermal model

Time-domaine
simulation
(LTspice)

Circuit
Simulation

©Mitsubishi Electric R&D Centre Europe Export Control: NLR Confidential

h-coefficient

T _Reference

Thermal modelling 16



3 Thermal model /\
« Objective of this simulation

;--Design Toolkit

' Run the thermal transient simulation
| ; Coupling thermal

Geometry export Schematic T—Chlp 1 _mﬁ_T Chip 2
preparation creation : : 2

Model construction

/simplification Adiabatic
Condition
Thermal §_irnu|ati0n
(icepak) :;_-_; 3 om ' TIM
[ : .
i Heat-sink
T_Chip 1 self T h-coefficient
. Thermal model T _Reference
Circuit Time-domaine
Simulation simulation

(LTspice)

©Mitsubishi Electric R&D Centre Europe Export Control: NLR Confidential Thermal modellin g
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Condition
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3 Thermal model /\ e My

Changes for the Better

« Objective of this simulation

;--Design Toolkit

' Run the thermal transient simulation
| ; Coupling thermal

Geometry export Schematic T—Chlp 1 _mﬁ_T Chip 2
preparation creation : : 2

Model construction

/simplification ! Adiabatic Adlab'a-tlc
Condition Condition
Thermal simulation
(icepak) i Tom | TIM
i , _
+ Heat-sink
T_Chip 1 self T h-coefficient
| Thermal model T _Reference
Circuit Time-domaine
Simulation simulation :
(LTspice) : ) ) o .
* : ‘ N simulations to do ( where 1 Chip is active and the others are off)

©Mitsubishi Electric R&D Centre Europe Export Control: NLR Confidential Thermal modellin g ‘ 16
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--Design Toolkit

C++

Finite element
simulation
(Ansys)
Vbscript

Geometry export

preparation

Reduced-order thermal model

..............................

Schematic
creation

Model construction
/simplification

Thermal sim

(icepak) = 1

Circuit parasitics .
calculation ( Q3D)

ulation

=

Circuit
Simulation

©Mitsubishi Electric R&D Centre Europe

Reduced-order thermal

model generation

Time-domaine :

simulation
(LTspice)

Export Control: NLR

Generation of the Reduced thermal model

Monitors - Temperature [cel]

From thermal transient measurement
Self & coupling thermal model

35.00 7
3250
30.00-
27,50
25.00-

22.50

20.00 7

[=]
(=]
[=]
=
|_l.
o
-
I=]
-
(=]
I=]

Time [s]

Confidential

Thermal

/.

Fomfpiry

Modelling

‘ MITSUBISHI
AN ELECTRIC

Changes for the Better
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--Design Toolkit --------oooooeoe

C++

Geometry export

preparation

L  Model construction
simulation /simplification
(Ansys)

Vbscript

Thermal gimulation
(icepak) ¥
|:'_":r

Circuit parasitics .
calculation ( Q3D)

Reduced-order thermal

model generation

Circuit Time-domaine
Simulation simulation
(LTspice) &
©Mitsubishi Electric R&D Centre Europe Export Control: NLR

Schematic

creation

Reduced-order thermal model

..........

‘ MITSUBISHI
/ \ AN ELECTRIC

d 5 Changes for the Better

Generation of the Reduced thermal model

Monitors - Temperature [cel]

From thermal transient measurement
Self & coupling thermal model

35.00 7
3250
30.00-
27,50
25.00-

22.50

20.00 7

T2 Self model

it
T

[=]
(=]
[=]
|=

parinvey

Coupling model T2->T1

T

S

Coupling model T2->D1

Thermal Modelling 17
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--Design Toolkit

C++

Geometry export

preparation

Finite element
simulation
(Ansys)

Vbscript v

Thermal §_imu|ati0n
(icepak) E __m.
|

Reduced-order thermal

model generation

Time-domaine
simulation
(LTspice)

Circuit
Simulation

Model construction
/simplification

Reduced-order thermal model

Schematic
creation

Circuit parasitics |
calculation ( Q3D)

..............................

©Mitsubishi Electric R&D Centre Europe

Export Control: NLR
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A ELECTRIC

Changes for the Better

Generation of the Reduced thermal model

From thermal transient measurement

Self & coupling thermal model

35.00 7
32.50
30.00 7

27.50

Monitors - Temperature [cel]

25.00
22.50

20.00 7

How can we Generate such model ?

(=]

(=]

Confidential

Time [s]

T2 Self model

,
T

? {TH
Coupling model T2->T1
?
—1
Coupling model T2->D1

Curve Fitting methods

/ (Not stable enough & depends
a lot from the initial conditions)

Thermal Modelling 17
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Changes for the Better

Unit step response of the lumped circuit (P=1 W)
R,

R, R,
— @Hﬂ e q a(t)=P.Y Ri(l—c™)

1

Wanted Foster model With ti=Ri. Ci

35.00
32.50
30.00

27.50

Monitors - Temperature [cel]

25.00)

2250

20.00

T T T T
0 1 10 100 1000

Time [s

o 3
o3

Thermal simulation output
(Icepak)

©Mitsubishi Electric R&D Centre Europe Export Control: NLR Confidential Thermal Modellin g 18



‘ MITSUBISHI
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Changes for the Better

Unit step response of the lumped circuit (P=1 W)
R,

R, R,
— @Hﬂ e q a(t)=P.Y Ri(l—c™)

1

Wanted Foster model With ti=Ri. Ci

Identification of Reduced
thermal model

32.50

a(z)

35.00 7 @
Vs

30.00

27.50

N
o
o
o
1

Monitors - Temperature [cel]

2250

20.00

T T T T T T
0 ] 0 1 10 100 1000

Time [s

Thermal simulation output
(Icepak)
Used by the JEEDEC

©Mitsubishi Electric R&D Centre Europe Export Control: NLR Confidential Thermal Modellin g 18
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3 Reduced-order thermal model &% ELECTRC

Changes for the Better

Unit step response of the lumped circuit (P=1 W)
R,

R, R
AR e | a(t) = P. ) Ryl —e7)

1

Wanted Foster model With ti=Ri. Ci

Identification of Reduced

®

da(z)/dz
N

thermal model

35.00
32.50
30.00

Derivation

— ) /I \ -

27.50

Monitors - Temperature [cel]

N
o
o
o
1

2250

20.00

T T T T
0 1 10 100 1000

Time [s

o 3
o3

Thermal simulation output
(Icepak)
Used by the JEEDEC

©Mitsubishi Electric R&D Centre Europe Export Control: NLR Confidential

Thermal Modelling 18



‘ MITSUBISHI
3 Reduced-order thermal model &% ELECTRC

Changes for the Better

Unit step response of the lumped circuit (P=1 W)
R,

R, R
AR e | a(t) = P. ) Ryl —e7)

1

Wanted Foster model With ti=Ri. Ci

Identification of Reduced
thermal model

35.00 @
32507 da(z)/dz
/-
30‘00—: ;-’f \""\.
Derivation /“I
27.50] — 7 N

Monitors - Temperature [cel]

25.007] Deconvolution
R(z) Discretization

2250

20.00

T T T T
0 1 10 100 1000

Time [s

o 3
o3

Thermal simulation output

(Icepak)
Used by the JEEDEC
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‘ MITSUBISHI
3 Reduced-order thermal model &% ELECTRC

Changes for the Better

Unit step response of the lumped circuit (P=1 W)
R,

R, R,
— gCﬁW e e, q a(t) =Py Ri(l—ew)

1

Wanted Foster model With ti=Ri. Ci

Identification of Reduced
thermal model

35.00 @
=0 da(z)/dz
/-
30‘00—: ;-’f \""\.
Derivation j' ‘
27.50] —— 7 N

Monitors - Temperature [cel]

25.00)

Deconvolution

] R(z) Discretization
22501 Rihl Rih2 Run3

] WA oy

] = - u?
20.00 T T T T T T Cthl Cihz Cih3

0 0 0 0 1 10 100 1000

Tmels Foster model
Thermal simulation output @

(Icepak)
Used by the JEEDEC
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‘ MITSUBISHI
3 Reduced-order thermal model &% ELECTRC

Changes for the Better

Unit step response of the lumped circuit (P=1 W)

R, R, R
—t
- '}—j_rl I = a(t) =P R;(1—e™)
l I | A\ L . g 2
g, e, e j D
1
Wanted Foster model With ti = Ri. Ci
T(t)
e e 6000 . —
Identification of Reduced
Temp_ref
thermal model | reconstr_RC
@ 5000 e Optimized_3RC
35.00 T
1 — 4000 F 1
32.50 O
] da(z)/dz e,
T ] f/-\‘ 8
5 30.00 [\ ?(:'5 3000 -
‘g Derivation / S
£ 27.50 —) ! AN £
- = 2000
,% 25 on—: Deconvolution
= 1 R(z) Discretization 1000 |
1 Rihl Rih2 Rin3
22.507 —\AA AN/
] e e i u?'" ' o T
S 0 0 0 1 10 100 1000 Cibd G s 107 107 1072 107" 10° 10" 102
Time [s] Time [s]
Foster model

Thermal simulation output @ @ NRME = 14.4551 % =» 2.2652e-06 %

(Icepak) Used by the JEEDEC Least square optimization
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3 Design Toolkit: Thermal modelling Approach "\ I‘"I‘E"I'.Escl%%%m

d ) s Changes for the Better

Number of simulation = N

Applied on IPB1 3D model Where N is the number of Heat sources

T2 is active Temperature extraction
Temperature
feed 343481 35.00
333018
224355
314792
305229 32.50
295666
286103 %‘
276540 8 20004
IZGSQTB g
257415 2
247852 i
238289 £ 27.50
228726 °
I2I 9163 ':“
20.9600 g
200037 'E 25.00
=
22.50
20.00 T , . : ' |
e} 0 Q e} 1 10 100 1000
Time [s]

lcepak simulation
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Changes for the Better

3 Design Toolkit: Thermal modelling Approach % I““Enl'.?cl%%%m

Self-heating Thermal coupling
TR T W epL RT2 D
Number of simulation = N Temp_ni O O
Applied on IPB1 3D model Where N is the number of Heat sources lm_m FCJ—ET&

I
W 035F 221F -°'3.54F 2.25F
/

T2 is active Temperature extraction TUTPTZT P_T1L P_D1
(N
N/

o Temp_T2
.3434a| 35.00 0.85Q 14.17 ¢ 9|55 Q
333918
324355
ez ] A 32.50 |
1% I

Temperature

295666

286103

276540 ] ¥
266978 L
267415 LI (LY

30.00

247852
238289
228726
219163

209600

200037

27.50

0.02F 1.86
25.00

Temp_D2 =

S
22507 0.39Q 1.520 14.27 Q
20.00 T . . I

T
o] 0 0 o] 1 10 100 1000 0.06 F 0.1643F 1.76 F 2.76 F 3.09F 2.18F 292F
Time [s

Monitors - Temperature [cel]

o
O

lcepak simulation

To include this thermal model to the Ltspice schematic
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‘ MITSUBISHI
AN ELECTRIC

Changes for the Better

Conclusion & perspectives
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Changes for the Better

. . ‘ MITSUBISHI
4 Conclusion®& perspectives 4. AW ELECTRIC

Toolkit:
Electrical modelling :
*  Full workflow demonstrated on simple
: prototype
Geometry export | Schematic g « Modelling of the external metal planes
preparation creation : i
Thermal modelling :

*  3D- model export/import & preparation done

ALUCREENENE  vodel construction

Pl /simplification E « Working Zth calculation & reduced thermal model
Vbscript : generation
Thermal simulation Circuit parasitics
(icepak) & . m calculation ( Q3D) .
; [L 13 Perspectives
o

» Validation thermal modelling approach

Reduced-order thermal

model generation « Add the test bench ()
Cireuit  [Time-domaine .« ... ~© '« Design a complete PCB-embedded converter ( ANPC)
S imllationy .. i Y ,
simulation S(IEED?EE)” Sl .+ Construction of the electro-thermal model

. Validation ( IPB1 & ANPC-prototype )

.........................................................
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