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Over Current Mode Analysis for Planar Inductor Using Finite Element Method
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Over current detection characteristics based on magnetic
saturation of an outer magnetic core type planar inductor
were analyzed. The planar inductor had two planar windings:
an inner planar coil connected to the main electrical circuit,
and an outer planar search coil on the top surface of the outer
thin magnetic core. The planar inductor was used as an
energy storage element for high-frequency power conversion
equipment, such as switching dc-dc converters. The basic
operation of the over current mode due to magnetic core
saturation was simulated by a nonlinear finite element method.
Key words : over current detection, planar inductor, finite
element method, switching power supplies
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(b) Cross sectional view
Fig. 1 Basic structure of the planar inductor.
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Table 1 Specifications of the planar inductor.

Size 15 mm in diameter
Inner coil 35 um-thick double-layer copper spiral
Search coil Size: 12 mm in outside diameter
Line/space: 400/400 zm
Turmns N : 10
Upper Material: Co based amorphous

magnetic core Static initial permeability: = 100,000
Saturation induction: 0.65 T

Electrical resistivity; 10 °Q ‘m

Size: 15 mm in diameter

Thickness: 15 um X 3 layers
Interlayer insulator: 3 um in thickness

Lower Material: Mn-Zn ferrite plate

magnetic core Static initial permeability: 1500
Saturation induction: 0.5 T
Electrical resistivity: 3 Q ‘m
Size: 15 mm in diameter
Thickness: 500 um

Air gap between 200 pm
upper and lower cores

Large ldc

Current

Small ldc

ldc

t

Fig. 2 Main coil current of the planar inductor
used in the dc-dc converter.
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Fig. 3 Alternating flux in the planar inductor.
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Fig. 7 Alternating flux in the upper triple-layered
magnetic core.
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Fig. 8 Alternating flux density distribution in the upper
triple-layered magnetic core, Idc = 0.1 A.
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(b) Perpendicular leakage alternating flux density By

Fig. 9 Alternating flux density distribution in the upper
triple-layered magnetic core, Idc = 0.5 A.
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(b) Perpendicular leakage alternating flux density By

Fig. 10 Alternating flux density distribution in the upper
triple-layered magnetic core, Idc = 0.7 A.
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Fig.12 Superimposed dc current characteristic of self
inductance Lc, search coil mutual inductance M, and
coupling coefficient k.
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