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There is a need for practical magnetic thin/thick 'ﬁlm inductors and transformers,
increasing with the rapid market growth of personal electronic equipments. Not only in Japan but
in US, Germany and recently in Korea, basic properties and applications for dc-to-dc converters,
LC filters, fluxgate magnetometers, etc. have been discussed. The technology area of Micro-
Magnetic Devices involves materials, processes, design/simulation and packaging as shown in Fig.
1.

We microfabricated magnetic metallic thin-film inductors and YIG film inductors and
analyzed their inductance and ac resistance in 1 MHz - 1 GHz range. The frequency characteristics
are governed by a number of material parameters and structural parameters as shown in Fig. 2.

Reduction of the eddy currents and the coil resistance are of major concern for metallic
thin-film inductors from as low frequency as a few MHz in order to obtain high-Q (quality factor)
and low-loss micro core. The skin depth, & = (2p/uw)!”2 ( p: resistivity, y: permeability, w: angular
frequency) is an useful guideline to achieve eddy current reduction. Toshiba Co. and NTT Co.
announced very recently the commercialization of a 1W class planar dc-to-dc converter using a
microfabricated thin/thick film inductor. Both parties utilize laminated sbutter-deposited
magnetic films in order to reduce eddy current losses. Electro.-deposited films are also useful for
thick coil fabrication which help dc resistance reduction. The planar dc-to-dc converter application
will be going on because a portable electronic equipment require different supply voltages
depending on the function of circuit blocks involved in the equipment.

A potential use of thin film inductors and transformers is LC filters for noise suppression
and signal processing. Their frequency range may cover 1 MHz - 3 GHz. We made a thin-film LC
filter with cut-off frequency of 50 MHz using NiFeCuMo film. Its advantages over air-core LC filter
were size reduction and low insertion losses. Currently the filters with cut-off frequency of 1 GHz
-3 GHz have a potential for personal handy phones (PHS), etc. In this frequency range, ferrite
films and high resistivity films can be main candidates if we take account of eddy currents,
ferromagnetic resonance and anisotropy dispersion in the magnetic films. The LC resonance and
wave-length resonance should be considered in device design.

Micro-Magnetic Devices are coming up to the stage of practical applications. Interactive
discussions with Micro Electro Mechanical Systems (MEMS), magnetic high frequency
measurement techniques and semiconductor microelectronics will help the development of

practical devices very much. ’
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Fig. 1 Technology are of Micro-Magnetic Devices.
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Fig. 2 Material parameters and structural parameters for Micro-Magnetic Devices
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