
The self-parasitics
of components

Coupling between 
components
(Mutual inductances)

Multipolar expansion

Allowed the 3D representation of the electromagnetic fields on a
sphere (radius rV) surrounding the study system [2]. 

Near-field coupling between EMC filter components

1-Abstract
EMC filters are increasingly integrated into power applications. To improve the filter performance, it is important to model the electromagnetic interference between components to 
optimize their positions in the filter. A method is proposed to compute the electromagnetic coupling between components. The technique is based on multipolar expansion, which 
provides a representation of generic structures. A simulation illustrates our approach that involves computing the mutual inductance between components based on their geometrical 
placement.
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• In this work, only magnetic coupling effects are studied.
• Due to the weak distance between components and the 

maximum frequency (100MHz), modeling is based on near-
field approximations.

4-Numerical approach

6-First numerical validation
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The translation is 
based on the 
“Addition Theorem for 
Vector Spherical 
Harmonics,” which is 
equivalent to L2M 
transformation in the 
FMM algorithm [3]. 

Two types of parasitic parameters affect EMC filter 
performances: 

� the self-parasitic parameters

� those due to coupling between filter 
components.

Parasitic parameters due to coupling are the first to 
impact filter behavior as the frequency increases [1].

Construct models equivalent to 
components that:  

� Model the magnetic near-field of the filter 
components.

� Take into account the near electromagnetic 
environment.

� Are Integrated in electrical circuit software. 

Inductive coupling:  

� Using equivalent components

� As determined by mutual inductance based 
on distance between components.

• Calculation of the B
radial component on the 
measurement sphere
• are the unknown 
multipolar components 
that must be identified
• Source of order “Nmax”Mutual inductance 

When the spheres containing each of 
the sources do not intersect [2] :

5-Calculus method 

7-PerspectivesThe difficulty lies in the computation of the  components in the
same coordinate system.

The rotation is based 
on Euler angle 
formulas where only 
the first 2 angles are 
necessary, due to 
symmetrical behaviors 
[4].

In the case of 2 simple coils (C1 and C2 with same 
radius of 10cm) with a distance of r.
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The further the 
source, the weaker 
the Nmax order.

• Apply this method to more complex components.

• Use spheroidal harmonic expansion in order to fit the shape of the 
component. 

• Couple this method with PEEC [5] => filter modeling including all 
coupling (traces/traces, components/components, components/traces).

• Use a measurement system that measures Anm components [6].

• Provide component libraries including models of coupling between 
power electronic components.  
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B1 field by FEM modeling or measurement B2 field by FEM modeling or measurement

A1nm computation A2nmcomputation

Equivalent source 1 Equivalent source 2

Rotation + Translation in the first 
coordinate system:

A2nm=> A2n’m’

Computation of the M mutual 
inductance in function of 

A1nm et A2n’m’
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