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The magnetic properties of Fe-Si3 Nx thin films fabricated by a co-sputtering technique were
studied by electrical resistivity, magnetometry, and Mössbauer spectroscopy as a function of the
Ar pressure. As the Ar pressure increased, the electrical resistivity increased while the saturation
magnetization decreased. The temperature and the field dependences of the magnetization of the
co-sputtered thin films can be explained by a mixture of ferromagnetic and paramagnetic components. Also, the Mössbauer spectra showed good agreement with the magnetization results; the
ferromagnetic contribution to the magnetization decreased with increasing Ar pressure.

I. INTRODUCTION

they show high electrical resistivities for a single layered
film. In this study, we determined the structure, the
electrical resistivity, and some of the engineering magnetic properties of Fe-Si3 Nx thin films prepared by cosputtering. We also addressed the magnetic phase distributions in the films, based on the temperature dependence of the magnetization and a Mössbauer spectroscopy.

Ferrite cores have been used as magnetic devices for
high-frequency applications due to their high resistivities. However, it has been recognized that the efficiency
of ferrite cores is low due to their low saturation magnetization. In order to solve the problem, many studies were
carried out to develop Fe- and Co-based materials during last decade [1–3]. As a result, Fe- and Co-based thin
films with amorphous structures [4,5] or nanocrystalline
phases [6,7], which exhibit good soft-magnetic properties
up to 10 MHz, have been developed. However, with a further demand for the miniaturization of electromagnetic
devices, active research is now under way to develop new
films exhibiting good soft-magnetic properties up to 100
MHz or GHz. For applications at higher frequencies, soft
magnetic thin films must have high electrical resistivities
to minimize eddy-current loss.
Three types of thin films are considered for very highfrequency applications: multilayered thin films; composite, anisotropic films; and granular films [8,9]. Among
these types, granular films, consisting of metallic magnetic grains surrounded by an intergranular phase with
a high electrical resistivity, are of great interest because

II. EXPERIMENTAL
Fe granular thin film specimens were prepared by cosputtering of Fe and Si3 N4 in an RF magnetron sputtering unit. The Fe content in the specimens was controlled
by changing the area fraction of Si3 N4 chips placed on
a pure Fe target. The films studied here were prepared
with a fixed area fraction of 50 %. The system was evacuated down to 7×10−7 Torr before introducing 99.999 %
pure Ar gas. The pressure of the Ar gas during sputtering was varied from 1 to 50 mTorr. Thin films with
thicknesses of 1 µm were deposited on Corning 7059 glass
for electric and magnetic property measurements and
also on kapton for Mössbauer experiments. The composition of the films was analyzed by using Auger electron spectroscopy (AES) and electron probe microanalysis (EPMA). For the characterization of the structure of
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