1142

IEICE TRANS. ELECTRON., VOL.E84-C, NO.9 SEPTEMBER 2001

IPAPER Special Issue on Selected Papers from the 5th Asian Symposium on Information Storage Technology l

Preparation and Magnetic Properties of Ferrite Thin-Film

Media

Setsuo YAMAMOTO?), Regular Member, Kei HIRATAT, Hiroki KURISUT,
Mitsuru MATSUURA', Takanori DOI!, and Kousaku TAMARI'!, Nonmembers

SUMMARY  Employing reactive sputtering using an elec-
tron-cyclotron-resonance microwave plasma without oxidation
process, high coercivity ferrite thin-films with perpendicular mag-
netic anisotropy were successfully prepared without NiO under-
layer at low substrate temperature. The ferrite thin-film de-
posited on glass substrate had smooth surface and were composed
of small grains. Perpendicular recording was performed on the
ferrite thin-film hard disk. The ferrite thin-films with high co-
ercivity could be prepared on flexible film substrates (Polyimide
and PET).
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1. Introduction

We have already proved that a Co-v FeyOg3 spinel ferrite
thin-film deposited on a NiO underlayer has feasibility
as high density perpendicular magnetic recording media
151,

The preparation method of the media we have de-
veloped is as follows: Using reactive sputtering method
with magnetron sputtering apparatus, at first, a (100)
oriented NiO underlayer is deposited on a glass sub-
strate. And then, a (200) oriented CoO-Fe3Qy thin
film is reactive sputter deposited using an Fe-Co alloy
target at a substrate temperature of about 200 degrees
centigrade. The coercivity of the CoO-FezO4 thin-film
is too low to utilize as recording media. Therefore, the
Co0O-Fe30y4 thin-film is transformed to a Co-y FeyO3
thin-film with high coercivity over 2000 Oe by the post-
oxidation. As the post-oxidation methods, we proposed
two methods: One was annealing in the air at 250-
300 degrees centigrade for 0.5-2 hours. The other was
plasma oxidation using very active oxygen plasma pro-
duced by an electron-cyclotron-resonance (ECR) and
ionization enhancement using helium. In the plasma
oxidation method, the processing temperature was low-
ered to 150 degrees and processing time was shortened
to half to a few minutes. However, from the viewpoint
of practical production, simplification in media struc-
ture and preparation method is required.
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In this study, preparation of ferrite thin-films
by the sputtering deposition process without post-
oxidation process was tried. And the deposition of the
ferrite thin-films on the flexible film substrate was car-
ried out aiming at the application to the tape media.

2. Experimental

To prepare the ferrite thin-films, reactive sputtering us-
ing ECR sputtering apparatus was performed using an
Fe-Co alloy target with a Co content of 6 at. % in the
mixture gas of argon and oxygen. Substrate temper-
ature was set in the range of 65 to 150 degrees centi-
grade. The ferrite thin-films were deposited directly on
the substrate without any underlayers. Post-oxidation
was not carried out.

Measurement of magnetic properties, surface ob-
servation and crystallographic analysis were preformed
using a VSM, an AFM and a XRD (Cu-K,), respec-
tively. In the measurement of recording characteristics,
an IND/AMR, merged head mounted on a 30% pico-
slider was used.

3. Results and Discussions
3.1 Ferrite Thin-Films Deposited on Glass Substrates

Ferrite thin-films were deposited on glass substrates,
and the feasibility of application to the hard disk media
was investigates. As substrates, two crystallized glasses
made by OHARA Corp. (Substrate-A, (TS-10ST) and
substrate-B, (TS-CZ)) with a diameter of 2.5 inches
disks were used. The thickness of the ferrite thin-films
was 70 nm.

M-H hysteresis loops of the ferrite thin-films are
shown in Fig.1. The ferrite thin-film deposited on
the substrate-A shows high perpendicular coercivity of
3110 Oe which is 3.2 times as high as its in-plane coer-
civity of 960 Oe. The squareness in perpendicular direc-
tion is 0.56. The perpendicular corercivity of the ferrite
film on the substrate-B is rather lower than that on the
substrate-A. The perpendicular magnetic anisotropy of
the films is supposed to be induced by internal tensile
stress in the ferrite thin-film.

Figure 2 shows the X-ray diffraction diagrams for
the ferrite thin-films deposited on the substrate-A and















