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Virtual prototyping is essential in the development of new power electronics devices like
transformers and static power converters. Circuit simulators as SPICE and SIMPLORER allow the
optimization of complex circuit prototypes by associating models of passive and active components.
Magnetic components constitute a major part of electronics devices, therefore accurate modeling of
magnetic materials is mandatory in order to predict their realistic behavior under variable operating
conditions. In fact nonlinear characteristics of magnetic materials in addition to dynamic and
thermal effects have a non-negligible influence on device’s performance and must be taken into
account in circuit simulations [1].

This paper takes place in this context by proposing a non-linear dynamic model of magnetic
components for use in circuit simulators. It includes the material’s nonlinear hysteresis behavior
with accurate modeling of winding and core losses in addition to thermal effects that are not taken
into account by existing models. The model is based on the principle of separation of static and
dynamic contributions as well as Bertotti’s theory [2].
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the static hysteresis behavior of the magnetic material and a dynamic model to add classical and
excess losses in the core. Each of these blocks is described using VHDL-AMS [3] modeling
language due to its multi-domain modeling feature, allowing coupling with a thermal model. The
thermal model can be represented by a simple temperature source for static thermal conditions or by
an equivalent thermal circuit for self-heating conditions.

The magnetic component model is validated by modeling a Nanocrystalline-core inductor. The
appropriate choice of static law able to describe the piecewise linear static behavior of the material
is presented. The identification of static and dynamic models parameters is discussed. Thermal
effects are investigated, by predicting the model’s parameters variation as function of temperature.
The effects of frequency and waveform are also studied.
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