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Abstract. An extended concept for the characterization of the electromagnetic be-
havior of high power bus bars in high power semiconductor modules is presented.
Based on a three-dimensional transient finite element analysis of the electromag-
netic field under realistic switching conditions, the eigendynamics of interconnects
is evaluated. It is demonstrated that the investigation of distributed parasitic effects
caused by short switching times and steep current or voltage ramps complements
the common circuit analysis approach. The different modelling and simulation tech-
niques in use are discussed focusing on specific numerical requirements. The capa-
bilities of the method are demonstrated by some illustrative numerical examples.

1 Introduction

The optimization of high power components based on fast switching power
semiconductor devices requires an integral approach that takes into account
the overall performance of a module including the system-specific parasitic
effects. With increasing switching frequencies and ever shorter pulse width,
the eigendynamics inherent in the system becomes relevant and, hence, has
to be included in the system analysis. Along with electrothermal aspects,
the transient electromagnetic behavior of the interconnects can no longer be
neglected. Therefore, the characterization of a complex, multiply contacted
bus bar, or a system of bus bars, respectively, has to include the concept
of time-dependent inductance. Induced overvoltage peaks, not only resulting
from the time-derivative of the terminal current but also reflecting the time-
dependence of the inductance, have to be considered as they can damage
the attached semiconductor devices. Inhomogeneous current distributions in
the interconnects do not only cause non-negligible electrothermal heating,
but they can also lead to malfunction of large-scaled semiconductor switches
which require a most homogeneous current distribution along the contacts.
Moreover, the switching behavior may no longer be governed by the turn-on
time of the semiconductor switches in use, but rather by the turn-on delay
caused by the inductances of the bus bars.



386 Bo6hm, Wachutka, Hoppe

2 Conventional Approach

Commonly the characterization and description of the electromagnetic behav-
ior of high power bus bar structures is restricted to the determination of the
integral quantities resistance, terminal currents and terminal voltages, and
the extraction of the static inductance matrix of self- and mutual inductance
coefficients. Apart from the widely employed heuristic approaches [1], there
exists a well-established numerical method for inductance extraction, namely
the Partial-Element-Equivalent-Circuit-Method (PEEC) [2]. This method is
based on the calculation of the partial inductances by evaluating Neumann’s

formula.
12 dlzdl]
Ly =— —_— 1
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Ly, denotes an inductance matrix element, the index f indicates that
current filaments are considered, r;; = |r; — ;| and dl; is an element of
conductor 7. For the evaluation of (1), the interconnects are partitioned into
brick-shaped parts where each brick is associated with a current filament [3].
Therefore the PEEC-method is quite restricted with respect to the geomet-
rical shape.

Besides other integration techniques are used to evaluate this formula, for
example by multipole expansion [4] or Monte Carlo integration [5].

3 Extended FEM Based Approach

However, all above-mentioned methods are restricted to the quasi-magneto—
static or the time-harmonic case. But for the analysis of the fast transient
behavior of interconnects and in view of the wide variety of associated target
functionals, a detailed understanding of the electromagnetic fields inside and
outside the interconnects is essential. For this purpose it is more appropriate
to stay in the time domain and not to change to the frequency domain by
Fourier analysis.

We have already presented a methodology for the analysis of the transient
electromagnetic behavior of multiply contacted interconnects based on the
"field diffusion approximation® [6,7]. This methodology requires an efficient
solver for the associated electric and magnetic potentials. To this end, we
extended the finite element simulator SESES [8] by an electromagnetic kernel
based on the A,V-A formalism [9] which stands for solving the magnetic
vector and electric scalar potentials (A, ) inside the conducting region(s)
and A in the nonconducting region(s).

The finite element simulator SESES provides a number of features essen-
tial for the simulation of the transient electromagnetic behavior of intercon-
nects. Besides a mesh generator based on hexahedral isoparametric elements,
which are very well suited to the shape of multiply banded and cutted plates,
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5 Conclusion

The finite element simulator SESES allows the numerical analysis of the tran-
sient electromagnetic behavior of interconnects under realistic switching con-
ditions. Equipped with the terminal characteristics and time-dependent im-
pedence coefficients extracted from the transient electric and magnetic fields
and with a view to shape optimization, we are able to define target function-
als to assess the quality of a given interconnect set-up with respect to the
uniformity of current flow, switching time delay, overvoltage and overheating
limitations and related quantities of interest. In addition, our methodological
concept provides a future perspective of extracting a set of time-dependent
inductance coefficients required as input for circuit-level full system simula-
tions of high power modules.
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