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(a) Photograph

(b) Circuit-diagram

Fig. 1 Typical CMOS low noise amplifier (LNA) in the
LTE-RF circuit®.
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(b) Magnetic thin film inductor
Fig. 2 Schematic view of a chip size package (CSP) RF-IC.



Fig. 3 Photograph of a magnetic thin film inductor with
slit in the magnetic film and the conductor line for RF-IC®.
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(a) Air-core inductor

Magnetic material
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(b) Embedded magnetic core between conductor lines

Fig. 4 Schematic cross section of the planar spiral
inductors.
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(a) Photograph and cross-section 7

(b) STEM image & and Electron Beam Holography image
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(c) Static magnetization curve

Fig. 5. Photograph, cross-section, STEM (Scanning TEM)
image, Electron Beam Holography image and static
magnetization curve of carbonyl-iron powder.

Table 1. Typical specifications of carbonyl-iron powder
(Hard Grades; BASF Co.) used for composite magnetic
core.

Fe content; up to 97.8 %,
C; 1.0 Y%max, N5 0.9 Y%max, O 5 0.5 Yomax,
Mean diameter 1.1 pm

Composition wt.%

Saturation
magnetization

Coercive force | 800 A/m (10.0 Oe, measured using VSM)

2.0 T (measured using VSM)
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Fig. 6. Magnetic properties of 45 vol.% carbonyl- iron/
epoxy composite core made by metal mask printing.
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Fig. 7. Schematic cross-section and top view of composite core inductor with changing core thickness.
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Fig. 8. Calculated several electrical characteristics of the
five kinds in spiral inductors with/without composite core.
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distribution in the center of coil conductors.
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Table 2. Coil size.

Number of turns 2,3, 4 [turn]

Coil thickness 5 um
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i | (| == . l. Iﬂwm

Glass substrate

(d) Cross-section view

Fig. 10. Schematic view of inductors with composite core filled only in spacing with changing coil structure.
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Fig. 11. Inductance and Q-factor enhancement in several inductors with composite core filled only in spacing on the basis of
air core inductors at 1 GHz.
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