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Summary The energy efficiency trends in power 
electronic converter design are leading to increasing 
demands for faster switching devices with minimal 
switching losses. Consequences are electromagnetic 
design challenges such as parasitic stray inductances 
and high frequency impedance characteristics of 
passive components. The only way to systematically 
approach these challenges are dedicated methods for 
efficient electromagnetic simulation. 
 
1 Introduction 
 
Nowadays, power electronics plays a central role 
in the discussions on energy efficiency and is 
therefore gaining high attention in academic and 
industrial research. With the objective of 
improving the converter performance in terms of 
power quality, efficiency and cost, large progress 
is achieved in power semiconductors research. 
The consequences are that increasing blocking 
voltages, current switching capabilities and 
switching speeds, thus leading to very high dI/dt 
and dU/dt, and consequently to an increased 
complexity of EMI problems to be solved [1]. 
With the introduction of fast switching wide 
bandgap semiconductors (i.e. SiC and GaN), this 
trend will be even more significant [2].  

In order to systematically address above EMI 
problems, dedicated simulation methodologies 
for power electronic converter design have been 
developed. Even though the basic power 
converter circuit topologies are very similar for 
the various applications, the components used 
and the electromagnetic effects observed are very 
different, thus demanding for dedicated 
numerical methods.  

The methods discussed here include 3D field 
simulations, circuit simulations, semiconductors 
and passive components macro modeling and 
model simplification and acceleration methods. 
 
2 Methodologies 
 
One of the most relevant electrical design 
parameter in a power converter is the stray 
inductance in the power commutation loops [1]. 

3D field simulations magnetic field patterns (Fig. 
1), and current density distributions (Fig. 2), are 
therefore used to characterize and optimize the 
layouts of power modules [3] bus bars [4, 5] and 
PCBs for minimal stray inductance. 
 

 
Fig. 1 Magnetic field patterns inside an IGBT 
power module. 
 

 
Fig. 2 Current density distribution in planar 
multi-layer bus bar. 
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Fig. 3 Comparison of simulated and measured 
turn-off waveforms. 



Extracted bus bar and PCB impedances are 
then used in circuit simulations to analyze the 
system switching behavior (Fig. 3) in the time 
and frequency domain [6, 7]. For that purpose, 
other system components also need to be 
modeled and added to the circuit. Most important 
components are the power semiconductors 
(IGBTs, diodes) [8] and passive components such 
as capacitors, chokes (Fig. 4) [9] or cables [10]. 
 

 
Fig. 4 Equivalent circuit of 3-phase choke. 

 

   
Fig. 5 Comparison of measured and modeled 
common- and differential mode impedance of a 
3-phase choke. 
 

With increasing number and complexity of 
component models, the computation effort can 
become prohibitively large and memory 
demanding. Different acceleration methods have 
therefore been developed at system model level 
with divide-and-conquer approaches [7], at 
component model level with model order 
reduction [4] and at solver level using reluctance 
matrix methods [4]. 
 
3 Summary 
 
In recent years, electromagnetic simulations have 
become a powerful tool for power electronic 
converter design. Major challenges have been to 
identify the appropriate numerical methods and to 
develop or adopt efficient simulation platforms 
and tools for the specific demands of power 
electronics. Today, the usage of simulations in 
actual product design is about to become 
standard, especially for IGBT power modules 
design, bus bar design and circuit simulation 
including electromagnetic macro models of active 
and passive components. 
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