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Parasitic Capacitance Computation
1. Integral Method
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m* system resolutions to get 
charge distributions

2. Capacitance Extraction

Problem hypothesis
0-order Galerkin approach (constant charge)
Point matching method (mesh center points)
Numerical integration (Gauss method)
Analytical correction for the diagonal

� Electric potential coefficients � Normal electric field coefficients

Capacitance coefficients

Mesh of interfaces
diel.-air, diel.-cond., cond.-air
triangle or quadrangle elements
conformal mesh is not required

conductor dielectric

Inductive matrix [R-L-M]
Inductive mesh in the skin depth (1MHz)
PEEC method (InCa3D®)

Capacitive matrix [C]
Capacitive mesh : 7,000 quadrangle elements
Integral method with point matching method

� Computation validation : 
measurement  and FEM computation (Flux3D®)

Building complete (R-L-M-C) Circuit
Capacitance location : discretization of 
conductors to accurate capacitive effect 
computations

1. (R-L-M-C) Circuit Extraction

Inductive elements

2. Radiated EMC modeling

3.107

Frequency (Hz)

Measurement
Model without Cii
Model with Cii

3.107

Frequency (Hz)

Measurement
Model without Cii
Model with Cii

Modeling of common and differential     
mode current and voltage excitations

FFT of currents and voltages (Saber®)

� importance of an accurate capacitive modeling
� a real variable speed drive has been modeled (confidential results)

Principal of the adaptive multi-level
interaction control by an octree
cube partitioning of the geometry

Capacitive elements

Ci,gnd/kDiel. εr

Ground 
Plane

Conductor i Rik Lik

Ref. mass Ci,i/k

Cgnd,gnd/k
Rgndk Lgndk

k: number of discretization

Ci,gnd/kDiel. εr

Ground 
Plane

Conductor i Rik Lik

Ref. mass Ci,i/k

Cgnd,gnd/k
Rgndk Lgndk

Ci,gnd/kDiel. εr

Ground 
Plane

Conductor i Rik Lik

Ref. mass Ci,i/k

Cgnd,gnd/k
Rgndk Lgndk

k: number of discretization

Matrix of coefficients
(square and dense)

MoM and PEEC Method

of a Static Converter

InCa3D®

� complex geometries
� skin and proximity effects
� no propagation effects

EMC modeling

Dedicated integral method

inductive effects

capacitive effects

Point matching method
� complex geometries
� proximity effects
� no propagation effects

Analytical formulations
and MTL 

� limited to simple geometries

35µm-thick copper tracks

1,6mm-thick epoxy

ground plane : 28mm under tracks

Sketch of the Topology :

C12 C23 C34 C53 C65 C16

0,92 0,7 1,12 1,26 0,93 0,98
0,34 0,08 0,89 1,36 0,38 0,49
0,25 0,06 0,8 1,1 0,27 0,4

63,0 88,6 20,5 7,9 59,1 50,0
72,8 91,4 28,6 12,7 71,0 59,2

C17 C27 C37 C47 C57 C67

Mes. 1,53 1,25 2,95 0,87 6,5 1,57
MoM 1,77 1,3 2,72 0,88 5,28 1,72
FEM 1,9 1,4 2,92 0,93 5,67 1,84

% MoM/Mes. 15,7 4,0 7,8 1,1 18,8 9,6
% FEM/Mes. 24,2 12,0 1,0 6,9 12,8 17,2

Capa. (pF)

Study of Electric Far Field
Modeling : magnetic far field B (InCa3D®) 
and computation of electric field E (wave 
impedance)
Measurement in anechoic chamber :      
3m electric field in a plane perpendicular to 
copper tracks

LISN BOOST LISN

imcRSIL

Load
Source of 
tension

Ground plane
Common mode current defined

space

Imd + Imc/2

-Imd + Imc/2

LISN BOOST LISN

imcRSIL

Load
Source of 
tension

Ground plane
Common mode current defined

space

Imd + Imc/2

-Imd + Imc/2

Charges of conductor and dielectric

Potentials of conductors

V. Ardon*#, J. Aimé#°, O. Chadebec#, E. Clavel#, E. Vialardi*

*CEDRAT - Technological Pole - 15 ch.de Malacher - 38246 Meylan - France 
vincent.ardon@cedrat.com - www.cedrat.com - Tel (33) 4 76 90 50 45, 

#G2ELab Electrical Engineering Lab. – Grenoble University-CNRS, Grenoble, France
°Schneider Electric - Corporate Research Center Science & Technology, Grenoble, France

Dedicated (R-L-M) PEEC method

Full (R-L-M-C) PEEC method

� very memory consuming

� not adapted for power electronics

(no need of propagation effect computation)

SPICE-like tool 

Objective of this work

Study Constraints

Low frequencies (10kHz-200MHz)

Skin effects

No propagation effects

Side and proximity effects

3. Adaptive Multi-Level Fast Multipole Method
Objectives 

accelerate the computation of interactions 
few memory consuming

Theory of interactions
multipole approach with spherical harmonics

Interactions Q2M-M2L-L2P

Vi=?

q1

q2

qk

Sq Sv

Rq

Rv

Q2M L2P

M2L

Ei=?

Set of potential 
computation points

Set of N charges
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Q2M: charge to multipole

M2L: multipole to local

L2P: local to potential

Performances
time integration and resolution     
comparisons on 2 parallel plates
more and more meshed

� a problem with 10,082 elements
requires 3Gb of memory to solve

� computation speed is highly
increased with AMLFMM 

512 elements

10,082 elements

out of memory (>3Gb)

cube partitioning

example of interactions

* m = number of conductor regions

possible interactions on an example

Legendre polynomial

Integration and resolution times for full interacti ons and AMLFMM

0

20

40

60

80

100

120

0 25000 50000 75000 100000 125000 150000 175000 200000 225000 250000

Total mesh number

T
im

e 
(s

)

Integration (full interactions)

Integration (AMLFMM)

1GMRES resolution (full interaction)

1GMRES resolution (AMLFMM)

Integration and resolution times for full interacti ons and AMLFMM

0

20

40

60

80

100

120

0 25000 50000 75000 100000 125000 150000 175000 200000 225000 250000

Total mesh number

T
im

e 
(s

)

Integration (full interactions)

Integration (AMLFMM)

1GMRES resolution (full interactions)

1GMRES resolution (AMLFMM)


