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Abstract—This paper presents an application of the Method of
Moments (MoM), to compute parasitic capacitances of power
electronics layout. By coupling these capacitancde a resistive
and inductive equivalent circuit obtained thanks to Partial
Element Equivalent Circuit (PEEC) method, a complete
electrical equivalent circuit made of lumped elemets is obtained.
Its simulation by means of a SPICE-like tool enabk the
evaluation of the EMC efficiency of a power electroits
structure.

This method is applied to a boost converter and theesults

obtained by numerical simulation (MoM and finite ekement
method — FEM) are compared to measurements. Finally
radiated EMC investigations are presented thanks tocircuit

simulation and measurements.

I. INTRODUCTION

Up to recent times modelling power electronic lagowith
a simplified resistive and inductive PEEC model wi
sufficient to characterise the equivalent impedaraecurrent
distribution. In fact, to analyse the EM interaosobetween
the power and the drive subcircuits, the capacitfiects
could be neglected without degrading too much t®uacy
of the model. Nowadays, this is no longer possésdepower
electronic systems are getting always smaller ahd
frequency ranges are rising. Besides, EMC condidesaare
now integrated early in the design stage and amsetjuence,
the capacitive couplings cannot be neglected angmor

In the following section, a brief state of the aft the
techniques used to evaluate the parasitic elen®eptesented.
Then, the interest is focused on classical metheus]
especially the MoM, able to systematically extrperasitic
capacitances. Section IV presents the combinatibrthe

PEEC method with a MoM model applied to a commonly-
a static coewxert

used power electronics structures:
Measurements are made to validate the complete Intioake
obtained. Last section presents how this globalivedgnt
circuit can be then used to evaluate the efficiavfche whole
structure regarding EMC performances.

ac°bup|ings of the

Electric, 37 quai P.-L. Merlin 38050 Gobte — France

[I. STATE OFTHE ART

PEEC method is well known for being perfectly agapto
the modeling of cabling in power electronics staes [1-3].

The method has been implemented in a commercially-
available software [4], which models 3D-layouts
equivalent circuit made of resistances, inductaacesmutual
couplings evaluated thanks to analytical formuladio

For power electronics applications where the fregies
are not so high — a few hundreds of MHz — and thectures
are complex, this model is mostly sufficient arfdhécessary,
it is still possible to add to the R-L-M model thalues of
capacitances measured or calculated [1]. But forCEM
considerations where frequency ranges are much more
extended, this approach is not satisfying. Indectieuplings
are considered but the stray capacitances andagacitive
layout which are required for
determination of the common mode are missing. T®dbal,
a systematic technique has to be implemented.

But the calculation of the capacitive elementsasas easy
as for inductances. The limits of the existing wtiedl
formulations based on simple geometries are rapitghed

ith real power electronics structures. And the stjoa of
positioning these capacitances at the right plat®meces the
complexity of the problem. In fact, this is usuallpne by
inserting a capacitance where there is a high dWidtthis
method can hardly be generalized and is often afficent
enough. The purpose of this work is to obtain ah-R-C
model of any cabling structure by combining wellotm
methods with a systematic approach..

the

I1l. CAPACITANCE EVALUATION METHODS

A. Multiconductor transmission line (MTL) equations

Since the PEEC method provides the inductance xr{afsi
one could imagine obtaining the capacitance vabyesatrix
inversion of the simple formula [L][Clz, as usually done for



the computation of the p.u.l. capacitance of maiiguctor dense. So, the distribution of charges is obtaimgdolving
transmission line [5]. Unfortunately the assumptioimat have this linear system with a LU-decomposition.

to be made to apply this equation are too restadidr power

electronics applications [6]. In fact, this firsthequires the Pe o Bl M

exact knowledge of the relative permittivitliyand secondly to 5 N ? ®)

have a homogeneous media. As it is not always Iplestd
reduce the problem to an effectisepermittivity a numerical
approach is preferred. e e |la]lo

B. Method of Moments (MoM)

The Method of Moments (MoM) is known as a powerf%i
approach to model electrotechnical devices in wlath(or
equivalent medium) is predominant [7]. Unlike aresthvell-
known method that is not presented here, FinitemEfd
Method (FEM) [8], only the active materials are med
(conductors, dielectrics) in surface elements.

To compute the capacitances between the regi
composing the structure, an equivalent charge ftation is
used. Free-charges are represented over the condamd
dielectric surfaces by assuming that they are ideaad
embedded in a piecewise-constant medium. Each ceuifa
meshed with n uniformly-distributed rectangular face
elements. Thus each of the n surface elements pesda
potential \{ given by (1) where ;Ss the conductor-dielectric
or dielectric-dielectric interface surface i of ofpa Q, andr;
is the distance between the barycentre of the cigéements
kandi.

Algorithms based on fast multipole method (FMM) are
dely used to model structures at very high fremyeand
which take into account the propagation phenomewnth
little memory and quick integration and resoluttone. But it
appears that they do not converge any times foretimagithis
kind of complex structures (very thin and multiday
conductors laid on dielectrics) with lower frequsc So we

pose a robust and vectorized algorithm to irszrethe
speed of integration time. And, in order to minimiz
consumption of memory, an optimized mesh is uségl @b).

Computing the capacitance matrix C of the m cormuct
regions, and which is therefore of m? size, requicesolve m
times the relation (3) in the following conditionthe jth
column of matrix C is obtained for théh conductor region
whose potential is set to 1Volt and OVolt otherwiaad the
ith element of thajth column is the sum of the charges of the
ith conductor region (4).
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.~ takes into account the nature of the interface

This surface integral can be computed thanks to anThe terme,

integration technique based on Gauss poifitsis surface With a dielectric medium and applies 1, if it is and ¢, (or
integral is numerically divergent when we computee t (¢ +1)/2[5]), if it is a dielectric material and the condoicis
potential produced by a surface element on itselthés 5 \oume (or a surface).
barycentre becausg tends to zero. In order to improve the
accuracy of this potential computation, an analytic IV. APPLICATION TO A STATIC CONVERTER
formulation is used [9]. )

Moreover, at the dielectric-dielectric interfacefage k, the A. Studied structure

jump of the derivative of the potential produce} (hereg,; The system studied is a boost converter. The aghibn
andg, are the relative permittivities of the two medi@]1 made on a Printed Circuit Board (PCB) and congs85pum-
thick copper tracks placed on an epoxy layer whbgdkness

- (2) is 1.6mm. The structure is also composed of a 1.3hick

—_ EqtéE, %4_ 1 iQIJ‘ fii-N

T 2e(e,-c,) S aE,E S ground plane placed under the PCB, 28mm far from it

[Fesmomss] .

Let us consider there arg and ry respectively conductor- e e JQ

dielectric and dielectric-dielectric interface sué elements. © Lok

Consequently, n+ ny = n. Thanks to a point matching Vo= “"H
approach, the two previous relations (1-2) linketibgr the ®

potentials and the charges of each conductor-diaeor — ® .

dielectric-dielectric interface surface element hy linear
relation (3) where the coefficients of the matrixePare
computed with a charge of one Coulomb by surfaeeneht
[11]. Only the conductors have been modelled and the
The square matrix P/E, modelling the interactiotwieen components are supposed ideal (see Fig. 1). Thestigation
each conductor - or dielectric - surface elemenhecessarily is focused on the capacitances between conduaoupling

Fig. 1. Boost converter topology



capacitances) and between the conductors and thendr values. So this comparison contributes to validtte
plane (stray capacitances). By neglecting somelomslike computation of capacitances with the MoM on a ceak.
those between remote conductors, twelve preponteran TABLE |

capacitances — six couplings, six strays- have lbamtified. MEASUREMENTS MOM AND FEM CAPACITANCES

Fig. 2 shows where these capacitances are situated.

Capa. (pF)[ c17 C27 C37 c47 C57 C67|[ Ci2z C23 C34 C53 C65 Ci6
Mes. 153 1,25 2,95 0,87 6,5 157|092 07 112 126 093 098
MoM 1,77 1,3 2,72 0,88 528 1,72|| 0,34 008 089 1,36 03 049

Ground plane T _T_ FEM 19 14 292 093 567 184 025 006 08 11 827 04

% MoM/Mes.| 157 40 7,8 1,1 188 9,6J| 630 886 205 79 591 500

Cua
o Cn Z C» _ﬂ‘é 1 % FEM/Mes. | 24,2 120 10 69 128 172 728 914 286 127 710 592

- G Cis
> Cax q_“_' It has to be noticed that the stray capacitances (G, Cra,
Cic Dielectric (:53-%——' Css, Cis and Gg) are higher than the other ones and are
. 7E therefore easier to measure. On the contrary, dpaditive
o Conductore couplings between conductors are more difficultrieasure
T Crs 7Crs because of their very low value. That is why thisra great
difference between the numerical and measured ydbues »
Fig. 2. Capacitances identified and Gs.

C. PEEC-MoM global model
B. Capacitance evaluation Previous sections have shown how it is possibtopute
Numerical simulation makes it possible to computese With @ systematic approach the parasitic capa@graf a

values. FEM ([12]) and MoM (prototype coded in MAKR layout. Now that it is possible firstly to haveiadlle results

language) methods have been used and Fig. 3 refsese thanks to numerical simulation and secondly to @l#tese
meshes obtained on the studied case. As finite egiegn Capacitances at the right place, a broadband asaiysthe

require the meshing of the surrounding air as vesllan structure can be performed. Fig. 4 $h0W$ the intatam of
important mesh density at the edges, the humbetesfients capacitances between a conduc?or . defmed bydesoand
is very high (about 675.000). For the MoM method thesh Lhe ground pIanctja. The same implantation could beedo
is needed on the active materials only and thiddda a very etween two conductors.

much reduced mesh elements (only 6.000), and caesdy,

to a limited number of unknowns. . Ref. mass>-

Conductor i \ """"""" ? Ci i[k
________________________ B '_‘.'-'Ci ,gndik
By end K

r k: number of nodes

] o Fig. 4. Implantation of capacitances
Fig. 3. a- FEM-mesh b- MoM-mesh

. Let us note that the ground plane is not the mefeseance
Besides, measurements have also been done on @€ e o equivalent circuit because the computatioh o

converter [13]. It is not possible to measure diethe ;54 citance with the MoM assumes that this onéated at
capacitances that have been _calc_ulated but an eatlapf o infinity. That is why there are self capaci@®I¢G gn)
methodology has been used to identify them. An tiapee o1 een the ground plane and the mass reference.
anal_yser is used_to measure equivalent valuescmaespond. Inductive and resistive parts of the layout arecaiated
to Ilngar combl_nauons of the stray and the _CO@I”\Nith PEEC method. Their equivalent matrix can beaeted
capacitances Wh'.Ch need to be extracted. E.’y hagmgera and implemented as a macro-block in a circuit sataul This
measurement series the problem can be definedl&gstem pEEc model can be then completed with the capaaiieuit

of equations. The identification is easy and ithisn possible computed with the MoM method presented in the presi
to make a comparison with the values obtained WithFEM  goqtion. Fig. 5 shows a view of the schematic afirauit

and MoM simulations. ;
) . simulator.
The results are displayed in Table | and show adgoo
correlation between numerical and measured capaeia



ikl i . Fig. 6a presents the meshing and Fig. 6b the maimiof
— - the electric field measured and calculated to &msetom the
. . @ﬁ(mm — chopper in a plane perpendicular to the tracksopper. The
T | +(CIMoM ﬁ results are plotted in the frequency range betvdgeand 200
 — b Lo (3) MHz. The most complete model, with;,Cshows good
[ agreement with the measurements. Most resonanoes ar
L—- = detected up to 174 MHz (the last peak). Moreoves, o&n
e observe the influence of the self capacitanceshemtecision
4 of the simulation results.
This opens new possibilities for design optimigatio
Fig. 5. a- Schematic of a circuit simulator regarding EMC conducted or radiated performancenks to
PEEC and MoM methods which reduce the computational
effort it will be possible to make efficient virtuprototyping
V. MODELLING ELECTROMAGNETIC INTERFERENCES by easily testing different technologies.

In order to answer the same conditions of standard
measurements, a Line Impedance Stabilization Nétwor N } )
(LISN) is added in the circuit simulation. It iseth possible to ~ The parasitic capacitances of a real power eleictson
model the common and differential mode currentsthia Structure have been calculated in order to compheteR-L-M
converter. By the way the far radiated emissions Btodel of a static converter obtained with PEEC meth
electromagnetic field can be modelled and compaied Having a more complete electrical equivalent circoakes it
measurement. One part of those emissions comes tiem POssible to model EMC performance for a wide fremye
loop of common mode currents through the stray citmeces fange. The radiated electric field of a power efmut
and the ground plane. converter is evaluated using the presented simulgirocess

Fig. 6 presents the application of this method notler and successfully compared to measurements.
boost converter which has been analysed both with
measurements and simulations, especially regarttiagfar
electromagnetic field. It has been measured in r@acloic (1
chamber and simulated with MoM combined to PEEC ehod

VI. CONCLUSION
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