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Simulation Methods for Power Inductors: Homogenization and Model Order Reduction
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Recently, the development of high-speed devices using GaN
and SiC has allowed magnetic devices such as power inductors
and high-frequency transformers to be miniaturized. The rise
in the operating frequency, however, increases the eddy cur-
rent and hysteresis losses in the winding coils and soft mag-
netic composite widely used for magnetic cores. The computa-
tional cost of directly computing eddy currents in the coils and
magnetic particles is large because of their fine structure. This
paper reports a homogenization method that replaces
small-structured material with homogenous material with
complex permeability to allow for the fast analysis of those
eddy currents. Moreover, this paper reports a method based on
the homogenization method and model order reduction that
makes it possible to perform an effective time-domain compu-
tation of eddy current effects in inductors and other magnetic
devices.
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Fig.1 3D model of soft magnetic composite generated by
discrete element method.
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Fig. 2 Cauer circuit, which is equivalent to continued
fraction.
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Table 1 Complex permeability, where /i (z) denotes first
order Bessel function, and z is defined in eq. (3).
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Fig. 5 Methods in model order reduction.
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Table 2 Inductor parameters.

Window height 4 [mm]
Window width 7 [mm]
Diameter of winding coil 0.5 [mm]
Number of turns 74 turns
DC resistance 0.298 [Q]

Filling factor of windings 0.519 [—]

Unit cell size 0.615 [mm]
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3D model

2D model

Fig. 6 2D and 3D models of inductor.
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Table 3 Circuit parameters of Cauer circuit equivalent to
winding coil shown in Fig. 7.

Inductance L; [H] Conductance Gi=1R; [S])

L, 1.000%x10° Gi 5.885x10 "
L, 7.809%x107" Ge 5.296x10°
Ls 2.050%x10° Gs 9.646x107°
L, 5.002x10° Gs 3.728x10°*
Ls 4.751x10" Gs 2.836x107°
Ls 9.385x10° Gs 7.174x107°
L, 8.714x10" G+ 1.110%x10°°
Ls 1.785%10" Gs 2.364%x10°°
Lo 6.739x10" Gy 7.066x107"°
Lo 1.347%x10? Gho 9.157x10 %
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Fig. 8 Original and homogenized 2D models.
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Fig. 9 Frequency dependence of complex permeability ().
Abscissa represents normalized frequency defined by §/a.
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Fig. 11 Time evolution of dissipated power due to eddy
current.
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Fig. 12 Contributions from DC and eddy current losses
computed from 3D inductor model.
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