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ABSTRACT: As the key component of power conversion,
IGBT plays a quite important role in power electronics.
However, it is hard to characterize the behavior of IGBTSs or to
components  since
multi-physics fields interacted with each other complicatedly
inside the IGBTs and the effect of these fields vary with the
application scenarios of the component. The multi-physics

describe the mechanisms of the

simulation technology can describe the internal laws of the
IGBT during operation from the perspective of the field, which
provides an effective way to overcome the above-mentioned
difficulties. In this paper, the existed researches have been
summarized. The latest multi-physics modeling technologies
and applications of multi-physics analysis in IGBT were
discussed. Also, several problems and challenges faced by the
model were identified. In addition, the future development
trends of multi-physics simulation technology in IGBTS, such
as reduced order method technology, nonlinear solution
technology, electric-magnetic-thermal-mechanical coupling
technology, multi-scale simulation technology, and digital twin
technology, were also analyzed. It can be predicted that with
the application of wide-bandgap semiconductor materials,
multi-physics modeling technology will further play a
significant role in the fields of mechanism revelation,
packaging optimization, condition monitoring, failure analysis
and so on.
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different packages
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Table 1 Classification and characteristics of
IGBT’s electrical model
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The physical field involved in the Insulated Gate
Bipolar Transistor (IGBT) is very complex. The use of
multi-physics modeling and analysis technology
(MMAT) can provide greater possibilities for exploring
IGBT’s failure mechanisms, improving its reliability, and
optimizing package design. In addition, the use of
MMAT to analyze IGBTSs is also aimed to explore the
essence of power electronic devices and enriching

related theories. This article takes the IGBT
multi-physics  simulation as the starting point,
summarizes the IGBT multi-physics  modeling

technology and its application status, sorts out the
difficulties and limitations of IGBT multi-physics
modeling technology, and further discusses the future
multi-physics model research direction of IGBT.

As for the IGBT multi-physics modeling
technology, it can be divided into three types of models:
1) electro-magnetic coupling, 2) electro-thermal
coupling, and 3) electro-thermal-stress coupling
according to the coupling mode and application. The
electro-magnetic model is mainly used to describe the
electrical characteristics of the IGBT and reveal the
influence of the IGBT on the external circuit. The
electro-thermal model is mainly used to describe the heat
conduction law of IGBT under the effect of heating. The
electro-thermal-stress model considers the effect of the
stress field on the basis of the electrothermal model,
which includes the influence of electric and thermal
fields on the stress field, as well as the reaction of the
stress field on the electric and thermal fields. The
interaction of the internal physical fields of the IGBT is
summarized in Fig 1. Fig 1(a) and (b) respectively
represent the multi-physics coupling relationship in the
IGBT module and the press-pack IGBT. Meanwhile, The
IGBT multi-physics modeling also encounter the
following challenges in the processing of coordinated
calculations:1) Matching of time scales between different
physics, 2) Data transfer between different physics and
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Fig. 1 Multi-physics coupling mode of IGBTs in
different packages
3) The problem of iterative convergence.

Furthermore, the typical applications of current
multi-physics analysis techniques IGBTs are
summarized, which includes mechanism revealing,
packaging optimization, condition monitoring and failure
analysis, as shown in Fig. 2. However, the limitations of
IGBT multi-physics analysis are also obvious, which
are mainly reflected in 1) the poor numerical stability;
2) high dependence on hardware; 3) the relatively
lagging development of calculation methods than
hardware; and 4) the lack of credibility of the results.
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Fig. 2 Typical applications of multi-physics field analysis in IGBT

Finally, the future trends of MMAT are also
discussed. These trends mainly include model reduction
technology  (ROM),  nonlinear  solution,  full
electromagnetic and thermal coupling, multi-scale
coordination, digital twins and so on.



