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Basic examination of composite magnetic core with surface-oxidized
carbonyl-iron powder (CIP)/epoxy for high @factor RF-inductor

BRI - BTG IEAY - VR

BMKRFEAC LT AL 2T 7 ) ud—k o Z—, RHEREBTHER 4-17-1 (T380-8553)

M. Sonehara', Y. Miyajima, and T. Sato
Spin Device Technology Center, Shinshu University, 4-17-1 Wakasato, Nagano 380-8553, Japan

The carbonyl-iron powder (CIP) was annealed in the air for the composite core of high @-factor RF-inductor
to see if an oxidized film would be formed on CIP surface. Results showed that not only the surface-oxidized film
thickness but also the crystallite diameter and coecivity increased when increasing the annealing temperature and
time. The most suitable annealing conditions were found to be 240°C and 6 h: about 40 nm of Fe304 and Fe203 were
formed on the CIP surface under these conditions. A magnetic composite with the surface-oxidized film on magnetic
particles was fabricated and its permeability measured. The inductance and resistance were calculated by a 3D
full-model electromagnetic analyzer on the basis of measured permeability and the ¢-factor was then estimated using
these characteristics. The highest @factor, 33, was observed at 1.8 GHz, which was higher than that of the air-core

from 0.1 to 1.8 GHz.
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Fig.1 Schematic cross section of the planar spiral inductors.
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Fig. 2 (a) The XRD patterns and (b) the annealing temperature 7a
dependence of mean grain size D in the CIPs with/without the
surface-oxidized film.
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and loss tangent tand in the CIPs with/without the surface-oxidized film/
€poxy composites.
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Table 1 DC resistivity in the CIPs with/without the surface-oxidized

film / epoxy composites.
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Fig. 8 Schematic top view and cross-section of 2-turn spiral
inductor with composite magnetic core.

Table 2 Analysis conditions of 2-turn spiral inductor with

composite magnetic core.

. Size 20x20x 20 [mm’]
Analysis area ” .
Boundary condition Radiation
Number 71,736
Cells
Shape Tetrahedron
Feed Lumped port (50 Q)
" L Maximum number of passes; 20,
Convergence condition determination .
Maximum delta S; 0.001
Position of inductor Center
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Fig. 9 Calculated frequency f dependence of inductance L, equivalent
series resistance R, and Q-factor in the three kinds of 2-turn spiral inductor
with composite magnetic core and air-core inductor.
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