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II. METHODS

m Minimize the AC resistance of the inductor
winding for efficient high-frequency (HF)
operation

m Avoid parasitic HF magnetic fields in the winding

Ferrite Core

Air Gap

Winding

A Parasitic magnetic skin field H ., proximity field H o and fringing
field H,, around the air gap

III. STRAIGHT CONDUCTOR

A Straight conductor with single air gap
orthogonal to the conductor surface

m Design guideline for optimal air gap to
conductor distance d_based on simplified
field calculations:
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A f valuesinthe region with A F valuesin the region with
dominating proximity effect dominating skin effect

m Place air gap above the conductor

m Use fringing field H,, to compensate the
magnetic fields H . and H ox

m Find optimal distance d between
air gap and conductor o n T =088
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P = RDCFRIHQHS :/ (:I:O,_y,z) dV A a) Magnetic field components perpendicular to the
v conductor surface and b) current densities J, for
different d

IV. CIRCULAR CONDUCTOR

m The DC current density J . 1n a circular conductor is not homogeneous as in a
straight conductor — Find optimal air gap position (zag,rag), where J, matches J_
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Normalized Air Gap Positions: (z,,/b,), (r,,/7.)
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A Currend densities in a circular conductor with r_=5mm A Optimal air gap positions for a circular PCB winding and
and r = 20mm for a) without an air gap, b) an air gap different ratios of radii r, /r_.
placed in the optimal position and c) an air gap
positioned as in a straight conductor

V. EXPERIMENTAL RESULTS

m Practical implementation of the design concept

Ferrite Core

Specifications: N__=6,1 =30A,L =5uH 2
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A PCB windingonly A PCBinductor using A Conventional PCB A Practical implementation of the proposed
(L =500nH) new design approach inductor (L = 5uH) inductor design concept
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. . o Measured Inductor Material (TIM)
m Air Coil (Wmdlng. only) = Winding Losses (W)
® New Inductor Design
, u Core Losses (W)
u Conventional Inductor
A Measured AC resistance values using A Calorimetric measurements of the total A Thermally enhanced PCB

an impedance analyzer inductor losses inductor design




