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Table 1  Magnetic properties and electrical resistivity, R of Co-containing ferrite
thin-films.
He. He//s s Ms Mt R
[Oe] [Oe] + [ emu/ce] | [ memu/om?] [MQ]
As-deposited ferrite 3110 820 0.56 234 052 0020
thin—film
Ferite thin-fim oxidized | 4,4, 1150 0.75 235 0.70 0.48
by ECR plasma
;ezfe thinfilm annealed | 399 1240 082 225 0.74 480
Table 2  Grain size, R; and Rmax of Co-containing ferrite
thin-films.

3. Results and Discussions
3.1 Post-Oxidation Effects

The as-deposited Co-containing ferrite thin-film pre-
pared by the reactive-ECR-sputtering method showed
an electric resistivity of 20k which was almost same
as that of an as-deposited CoO-Fe3Q,4 thin-film pre-
pared by the conventional sputtering method and
which was considerably low as compared with that of
the Co-yFesO3 thin-film prepared by the combination
of conventional-sputter-deposition and post-oxidation
performed by annealing in air, which typical electric re-
sistivity is in the range from 100 MQ2 to 1000 M€). For
this reason, it was suspected that the as-deposited Co-
containing ferrite thin-films prepared by reactive-ECR-
sputtering method were insufficiently oxidized.

To investigate the oxidation effects, two kinds of
post-oxidation were carried out for the 40 nm thick Co-
containing ferrite thin-films prepared by the reactive-
ECR-sputtering. One oxidation method is annealing
in air, that is, samples are heated up and kept at 300
degree Celsius for one hour with applying a 1000 Oe
magnetic field in perpendicularly to the film surface.
Another oxidation method is ECR plasma ozidation:
the samples are exposed to an oxygen plasma stream
generated utilizing an ECR phenomena and a penning
ionization effect of helium [4]. An ECR ion shower ap-
paratus (ELIONICS Corp.: EIS-200ER) was used in
the latter oxidation experiment. A microwave input
power and an ion acceleration voltage and processing
temperature were set at 150 W, 150V and 150 degree
Celsius, respectively. The ECR plasma oxidation time
was 150 second and a magnetic field of about 350 Oe
was applied perpendicularly to the film surface.

Table 1 shows the magnetic properties and elec-
tric resistivity (R) of the three Co-containing ferrite
thin-films: as-deposited film, film oxidized by ECR
plasma, and film annealed in air. Perpendicular square-
ness and coercivity of the as-deposited film were 0.56
and 3110 Oe, respectively. The ferrite thin-film oxidized
by ECR plasma increased the perpendicular squareness
from 0.56 to 0.75. The ferrite thin-film annealed in air
increased perpendicular squraeness to 0.82 and the per-
pendicular coercivity to 3220 Oe.

Grain size R, R
[am] |[nm]| [nm]

As—deposited ferrite
thin—film

Ferrite thin—film oxidized
by ECR plasma

Ferrite thin—film annealed
in air

14.9 0.60 3.61

184 0.64 | 344

394 1.40 8.31

These fractional increase in perpendicular square-
ness and coercivity is supposed to be due to the in-
creased magnetic anisotropy induced by application of
magnetic field during oxidation and/or due to stress
induced magnetic anisotropy. To clarify their reason,
further experiment is necessary.

The ferrite thin-film oxidized by ECR plasma and
annealed in air shows the increase in the electric re-
sistivity of the film by 20 times and 20000 times as
compared with the as-deposited film, respectively. This
shows that these two oxidation methods are effective to
promote the oxidation of the films.

Table 2 shows the surface morphology of the three
kinds Co-containing ferrite thin-film media. The as-
deposited Co-containing ferrite thin-film has a small
grain size of 14.9 nm and a smooth surface R, of 0.6 nm.
The Co-containing ferrite thin-film oxidized by ECR
plasma had a grain size of 18.4nm and R, of 0.64 nm,
and remarkable changes in grain size and R, were not
observed. On the other hand, the film annealed in air
had a grain size of 39.4nm and R, of 1.4nm. In an-
nealing, grains become large resulting in rough surface
because of long time exposure in high temperature. It
was proved that the ECR plasma oxidation was effec-
tive to improve magnetic properties as a recording layer
with maintaining smooth surface and fine grains of the
film.

3.2 Recording Characteristics of Co-containing Fer-
rite Thin-Film Media

The recording characteristics of the Co-containing fer-
rite thin-film media were measured and compared
among the three samples: one was the as-deposited me-
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