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Fe–Zr–N thin films were deposited in an argon and nitrogen mixed atmosphere using a rf
magnetron reactive sputtering apparatus at room temperature. The x-ray diffraction pattern of the
Fe76Zr8N16 thin film obtained at room temperature indicates that the as-sputtered film consists of
amorphous and crystalline phases. The mixed structure of the sample was also confirmed by the
temperature dependence of the saturation magnetic flux density. The as-sputtered film exhibited soft
magnetic properties with a saturation magnetic flux density of 1.1 T and effective permeability of
1400 or more at 1 MHz. The film also showed good thermal stability, sustaining the effective
permeability of 3000 at temperatures up to 550 °C. The film annealed in a magnetic field of 500 Oe
at 450 °C showed a permeability of 2200 or more up to 40 MHz. The conventional Mössbauer
spectrum of the kapton substrate sample obtained at room temperature could be fitted by a mixture
of three kinds of six-line hyperfine splittings. © 1998 American Institute of Physics.
@S0021-8979~98!16711-7#

I. INTRODUCTION

II. EXPERIMENT

Recently various investigations have been performed on
the development of soft magnetic materials with high saturation magnetic flux densities that would be useful for high
density magnetic recording systems.1–3 High saturation magnetic flux densities and excellent soft magnetic properties at
high frequencies are essential for magnetic recording head
materials. To reduce the magnetocrystalline anisotropy of Fe,
most of these investigations on Fe-based alloy films are concentrated on research to reduce the grain size of magnetically
coupled a-Fe. It is reported that the addition of a B, N, or C
element to Fe-based alloy reduces the grain size, but high
temperature treatments often prevent the fine grain size to be
maintained.4–6
Fe–M–N ~M5Zr, Hf, Ta, Nb! ternary systems7 also exhibit excellent soft magnetic properties even after heat treatments above 550 °C. The Fe–Zr–N ternary alloy, especially,
has merits for practical use, such as low material cost and a
wide range of composition in which desirable soft magnetic
properties can be achieved.
In this work, Fe–Zr–N thin films were made using a rf
magnetron sputtering technique, and the dependence of the
magnetic properties of the samples, such as the saturation
magnetic flux density and the effective permeability, on the
annealing temperature were examined. In order to investigate
the thermal stability of the film, the temperature dependence
of the saturation magnetic flux density of the sample was
studied. Also, the magnetic hyperfine field of Fe particles in
the sample was examined by conventional Mössbauer spectroscopy.

Fe–Zr–N thin films were deposited on various substrates
~Corning glass No. 7059, a Si wafer, and kapton! in an argon
and nitrogen mixed atmosphere using a rf magnetron reactive sputtering apparatus at room temperature. In order to
avoid oxidation of the films during annealing, the silicon
dioxide film was coated with a thickness of 1000 Å. The
as-sputtered film was annealed at 200–700 °C for 30 min in
a nitrogen atmosphere. The background pressure was lower
than 7.031027 Torr. A mixture of argon and nitrogen with a
purity 99.999% was used as the sputtering gas. The deposition gas pressure was fixed at 6 mTorr, and the partial pres-
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FIG. 1. The x-ray diffraction pattern of the as-sputtered Fe76Zr8N16 thin
film.
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