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FLEXIBLE MAGNETIC DISK IMAGE FILE SYSTEM USING PERPENDICULAR MAGNETIC RECORDING
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Abstract - The feasibility of application of perpen-
dicular magnetic recording to a large capaf:it:y image
file system has been investigated experimentally. It
is predicted that the areal density of 3.3um2/bit will
be achieved for practical use at 100kFRPI and 1950TPI
by introducing a sensitive single-pole type perpendicu-
lar head with a Fe-Si/SiO2 multi-layered main-pole film
and a durable Co-Cr/Ni-Fe medium with high squareness.
The digital recording of still-pictures was tried by
guardbandless recording with a flexible disk medium for
which the durability over 10 million passes was en-
sured. It was confirmed that at present, the image
data of 10MBytes can be recorded on one side of a 3.5-
inch disk medium with bit error rate less than 1 x
10-5.

INTRODUCTION

We have already proved that perpendicular magnetic
recording using a Co-Cr/Ni-Fe double-layer medium and a
single-pole type perpendicular head possesses tremen-
dous potential for high areal density recording [1,2,
3. The potential shows that this recording technology
is suitably applicable to a large capacity image file
system in which enormous information must be recorded
in a minute area of a disk medium.

In this paper, the feasibility of a large capacity
magnetic disk system for digital image file recording
is discussed, and the results of a trial to apply per-
pendicular recording to an image file system using a
highly durable flexible disk is also described.

HIGH AREAL DENSITY RECORDING

Recording medium

The magnetic properties of a Co-Cr layer are im-
proved by improving the crystalline orientation of a
Ni-Fe underlayer because the Co-Cr layer grows
epitaxially on the Ni-Fe underlayer in the sputtering
process [4]. Fig.1(a) shows the M-H loops in perpen-
dicular direction of the Co-Cr layer on the Ni-Fe un-
derlayer. The loops (A) and (B) are for the media
deposited by normal RF sputtering, and the loop (C)
with the highest squareness is for the medium prepared
by bias RF sputtering [5] to improve the crystalline
orientation of the Ni-Fe and Co-Cr layers. Fig.1(b)
shows the peakshift for NRZI 2-bit pattern versus re-
cording density characteristics measured for the media
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Fig. 1 (a): M-H loops of Co-Cr layer on Ni-Fe under-
layer. (b): Peakshift versus recording density
characteristics.

whose M-H loops are shown in Fig.1(a). It is found
that the smallest peakshift is obtained for the medium
(C) having the highest squareness.

Perpendicular magnetic head

Until quite recently, we used a Co-Zr-Nb film for
the main-pole material because of its high saturation
flux density (12.5kGauss). However we have developed a
new main-pole material with a higher saturation flux
density of 20kGauss [6]. The new main-pole is composed
of four Fe-Si films stacked with three non-magnetic
Si0O2 layers alternately to obtain a high permeability.
Fig.2 shows the relationship between the recording
density, Dps20, at which the peak-shift reaches to 20%,
and the overwrite value, which is defined as the reduc-
tion of the reproduced voltage of 40kFRPI signal after
90kFRPI signal is overwritten on the prior recorded
40kFRPI signal. Two heads with a 0.2um thick main-pole
were used in the measurement. The circles are for the
head with a Fe-Si/SiO2 main-pole, and the triangles are
for that with a Co-Zr-Nb main-pole. In the hatched
zones, the overwrite value less than -26dB is obtained.
As the magneto-motive-force increases, not only the
overwrite value but also the Dps20 are improved because
the sharp magnetization transition is formed in a re-
cording medium when the medium is magnetized strongly
enough to saturate. The Fe-Si/SiO2 multi-layered main-
pole realizes saturation recording easily and can
achieves a higher Dps20 than the Co-Zr-Nb main-pole.
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Fig. 2 Dps2p versus overwrite value measured by
perpendicular heads with Fe-Si/Si0O2 multi-layered
main-pole and Co-Zr-Nb main-pole.

High linear bit density characteristics

Fig.3 shows the bit-density response curve (open
circles) and the peakshift versus recording density
characteristics (solid circles). In this measurement,
a perpendicular head with Fe-Si/Si0O2 multi-layered
main-pole of 0.2um in thickness was used with a Co-
Cr/Ni-Fe medium with a high squareness Co-Cr layer.
The signals were reproduced up to 640kFRPI, and Dsg and
Ds5o* were 125kFRPI and 170kFRPI respectively, where D50
is the recording density at which the reproduced volt-
age becomes a half of that at low densities, and Ds50*
is defined as the D50 on the envelope connecting the
maxima of the reproduced voltage in the bit-density
response curve. In this measurement, the peak shift
was less than 20% up to 100kFRPIL
Side fringing effects

We have already found that the recorded magnetiza-
tion transition at the track edge in the transverse
direction is very sharp, and the recorded trackwidth
almost coincides with the trackwidth of a main-pole
used in recording. It was also found that the cross-
talk in reproduction is small in perpendicular record-
ing compared to longitudinal recording [2].

Fig.4(a) shows the displacement curves measured with

the three heads with trackwidth of 100um, 48um and 12um
at 63.5kFRPI. The displacement curve shows the reduc-
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