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' METHOD FOR MAGNETIC TRANSFER

BACKGROUND OF THE INVENTION

The present invention relﬁtes to a method for magnetic
transfer to be used for transfer of a recording information
to a magnetic iecording'medium in a magnetic-recording/
reproduéing apparatus of large capacity and high recording
density. In particular, the inventién relates to a method
for magnetic.transfer to be used in the recording of servo
signal, address signal, other ordinary video signal, audio
signal, data signal, etc. to a magnetic recording medium of
large capacity and high recording density.

With rapid development and progress in the utilization
of digital image, amount of information to be handled in
personal computers and other devices has extensively
increased. Because of the increase of the amount of
information, there are now strong demands on a magnetic
recording medium, which has larger capacity to record the
information and can be manufactured at low cost and
requires shorter timé for writing and reading operations.

In a high density recording medium such as hard disk
or in a high density floppy disk type magnetic recording
medium represented by ZIP (Iomega Inc.), information
recording area has narrower track compared with the floppy
disk now commonly used. In order that magnetic head can
scan over narrow track width and signals can be recorded or

reproduced with high S/N ratio, it is necessary to perform
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accurate scanning by the tracking servo technique.

In a large capacity magnetic recording medium such as
a hard disk or a removable type magnetic recording medium,
servo signal for tracking or address information signal,
reproduction clock signal, etc. are recorded with a certain
spacing between them within one turn of the disk. By
reproducing these signals with a given spacing, the
magnetic head accurately scans over a track while checking
and correcting the position éf the head. It is generally
practiced that these signals are recorded on the magnetic.
recording medium in advance in a process called “preformat”
at the time when the magnetic recording medium is
manufactured.

Accurate positioning is required for the recording of
signals such as servo signal for tracking, address
information signal, reproduction clock signal, etc. 1In
this respect, after the magnetic recording medium is
incorporated in a drive, preformat recording is performed
by a magnetic head under strict position control using a
special-purpose servo recording system.

However, in the éreformat recording of signal such as
servo signal, address information signal, or reproduction
clock signal by the magnetic head, much time is required
for the preformat recording in order to perform the
recording with the magnetic head under strict position
control using a special-purpose servo recording system.
Also, with the increasing requirements on higher magnetic

recording density, the amount of signals to be recorded by
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the preformat recording is increased, and this means that
still more time is required. Therefore, in the manufacture
of a magnetic recording medium, the percentage of the cost
required for the preformat recording process such as servo
signals in the total manufacturing cost is increased, and
there are strong demands to reduce the cost for this
process.

On the other hand, a method has been proposed to
perform magnetic transfer of the preformat information from
a master carrier to a slave medium without recording the
preformat information for each track. For instance, such
transfer technique is disclosed in JP;63183623(A),'JP—
10040544 (a) , . and JP-10269566(2) .

According to the method described in JP-10040544(A) or
JP~-10269566 (A) , surface irregularities (convex and concave
portions) corresponding to the information are formed on
the surface of a substrate used as the master carrier for
magnetic transfer. The surface of the master carrier for
magnetic transfer where ferromagnetic thin film is formed
at léast-on the surface of convex portions is brought into
contact with the surface of sheet-like or disk-like
magnetic recording medium where ferromagnetic thin film or
ferromagnetic power coating layer is formed. Or, by
exciting a ferromagnetic material on the surface of convex
poftions through application of AC bias'magnetic field or
DC magnetic field, magnetized pattern to match the surface
irregularities is recorded on the magnetic recording medium.

According to this method, a predetermined preformat
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information is formed on the slave medium by closely
fitting the surface of convex portions of the master
garrier for magnetic transfer to the magnetic recording
medium for preformatting, to the slave medium, and by
exciting the ferromagnetic material of the convex portion.
Thus, the recording can be carried out statically without
changing relative positions of the master carrier and the
slave medium, and accurate preformat recording can be
achieved. Moreover, the time required for the recording
can be reduced.

This magnetic transfer method is a method to transfer
by bringing both the master carrier and the slave medium in
contact with each other in static state. As a result,
damage seldom occurs to the master carrier for magnetic
transfer or to the slave medium in the process of servo
signal recording, and high durability can be ensured.

As the magnetic substance to be used for the master
carrier for magnetic transfer, soff magnetic material is
Qenerally used. Based on the concept that it would be
better in the magnetic substance to have a magnetic layer
with loweg anisotropf fiéld (Hk) and to be saturated with
lower magnetic field in order to have higher trangfer
efficiency, a material with anisotropy field.of lower than
Hk < 8.0 X 102 kA/m (1 Oe) has been considered as 5
possible candidate substance. However, when magnetic
transfer is performed on a magnetic layer with anisotropy
field of lower than Hk < 8.0 X 102 kA/m (1 Oe), signal

output and half-width of magnetic transfer. are changed and
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signal quality varies. Also, when anisotropy field (Hk) of
the master carrier is increased, the signal of magnetic
transfer is turned to less sharp, and output is decreased.
It is an object of the present invention to provide a
method for preventing deterioration of the quality of the
signal transferred when a recording information recorded on

a master carrier for magnetic transfer is transferred to a

slave medium.

SUMMARY OF THE INVENTION
The present invention provides a magnetic transfer
methéd for performing magnetic transfer to a magnetic
recording medium, whereby relation between anisotropy field
(Hk) of a master carrier for magnetic transfer and coercive
force (Hc) of a slave medium satisfies the following
condition:
4 X 10™* < (Hk/Hc) < 2 X 107,

'Further,-the present invention provides the magnetic
transfer method as described above, wherein the master
carrier for magnetic transfer having a magnetic layer with
a magnetic recording.information recorded thereon is
cloself fitted to the slave medium where the information is
to be transferred, and a magnetic recording information of
the master carrier for magnetic transfer is transferred to
the slave medium, whereby magnetization of the slave medium
is performed by initial DC magnetization in track direction,
and then, the master carrier for magnetic transfer is

closely fitted to the slave medium processed by initial DC
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magnetization, a magnetic field for transfer is applied in
a direction opposite to the direction of the initial DC
magnetization on the surface of the slave medium, and

magnetic transfer is performed.

DESCRIPTION OF THE PREFERRED EMBODIMENT

According to the present invention, when a recording
information is transferred to a magnetic recording medium
by magnetic transfer, it is possible to prevent
deterioration of the quality of the signal transferred by
magnetic transfer if magnitude of anisotropy field (Hk) of
the master carrie¥ is at a constant level with respect to
coercive force (Hc) of the slave medium.

In the magnetic transfer of the recording information,
soft magnetic material is generaily used as the master
carrier for magnetic transfer. In particular, it has been
considered that a magnetic layer with lower magnetic
anisotropy (Hk) and to be satprated with lower magnetic
field would be more suitable in order to have higher
transfer efficiency.

In this connectién, a material with magneﬁic
anisotropy (Hk) lower than 8.0 X 102 kA/m (1 Oe) is used.
In this case, if the master carrier for magnetic transfer
is closely fitted to the slave medium, the magnetization of
the magnetic layer on the master carrier for magnetic
transfer is saturated even in case of a weak magnetic field.
For this reasoﬁ, the magnetization of the magnetic layer of

the master carrier for magnetic transfer may be saturated
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in a magnetic field of geomagnetism, which is about 30 A/m,
or in residual magnetization of iron core of electromagnet.
As a result, magnetizing condition varies on the slave
medium other than the portion where the recording
information is recorded, and this leads to the
deterioration of signal quality.

On the other hand, when a master carrier for magnetic
transfer is used, which is provided with a magnetic layer
with high magnetic anisotropy, much time is required until
saturation magnetization is reached. When magnetic field
is applied with the master carrier closely fitted to the
slave medium, the magnetic field to be absorbed to the
magnetic layer on tﬁe magnetic carrier for magnetic
transfer leaks out to the slave medium. This results in
the change of magnetization of the slave medium with the
patterh of the recorded information, and the output is
decreased.

Bases on the results of analysis as described above,
the relation between the magnitude of the anisotropy field
(Hk) of the master carrier and coercive force (Hc) of the
slave medium was asséssed in detail. As a result, it was
found that.deterioration of the quality of the signal
recorded by the magnetic transfer method can be prevented“
if the following condition is satisfied:

4 X 107 < Bk/Hc < 2 X 107

The present invention provides a magnetic transfer

method for performing magnetic transfer to a magnetic

recording medium with a master carrier for magnetic
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transfer closely fitted to a slave medium, whereby the
relation between anisotropy field (Hk) of the master
carrier and coercive force (Hc) of the slave medium
satisfies the condition of 4 X 10™ < Hk/Hec < 2 X 107,

The master carrier for magnetic transfer to be used in
the magnetic transfer method of the present invention can
be produced by the following procedure:

As the substrate for the master carrier for maghetic
transfer, a material with smooth surface such as silicon,
aluminum, glass, synthetic resin, etc. may be used.

First, photo resist is coated on the substrate, and a
resist pattern to match the pattern formed.by the magnetic
transfer is formed by pattern exposure or direct marking.

In case of the pattern exposure, the pattern is formed
on the substrate by reactive etching, or by physical
etching using argon plasma, or by etching using liquid.

Next, a magnetic layer is provided in a predetermined
£ilm thicknesslby sputtering. Then, the photo resist is
removed by lifting-off. Or, only convex magnetic layer in
contact with the slave medium in.the magnetic transfer may
be produced by lithography-technique.

As a prdcedure to achieve fine fabrication, injection
molding method may be adopfed. |

Description will be given now on the injection molding
method. Laser beam modulated to match the servo signal is
irradiated while a glass substrate coated with photo resist
is being rotated, and the photo resist is exposed to light

over the entire surface of the glass. The resist is then
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developed, and the glass substrate is developed, and
surface irregularities (convex and concave portions) are
formed on the glass. Next, the resist is removed, and
plating is performed on the glass substrate with surface
irregularities, and an original plating member with convex
and concave portions is prepared.

As the material for plating member; nickel or nickel
alloy may be used. To improve the durability of the
plating member, carbon film such as diamond-like carbon may
be formed by the method.such as sputtering.

Using the plating member and the method such as

injection molding, a resin substrate with pattern is
prepared. As the resin material, acrylic resin such as
polycarbonate, polymethyl methacrylate, etc., vinyl
chloride resin such as polyvinyl chloride - vinyl chloride
copolymer, epoxy resin, amorphous polyolefin, or polyeéter
may be used. It is preferable to use polycarbonate because
of moisture resistancé, dimensional stability, and cost.
In case burrs are found on the plating member thus formed,
burrs are removed by burnishing or polishing. Groove depth
of the pattern is préferably within the range of 50 - 1000
nm, or more preferably in the range of 200 - 500 nm.

As the magnetic material, Co, Co alloy (such aé CoNi,
CnNiZr, CoNbTaZr, etc.), Fe, Fe alloy (such as FeCo, FeCo,
Ni, FeNiMo, FeAlSi, FeAl, FeTaN), Ni, Ni alloy (NiFe), etc.
may be used. More preferably, FeCo or FeCoNi may be used.

Prior to the formation of the magnetic layer of the

master carrier for magnetic transfer to be used in the
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magnetic transfer method of the present invention, it is
preferable to provide a nonmagnetic primer layer. It is
preferable that crystal structure and lattice constant of
the primer layer are on equal level with those of the
magnetic layer.

'As the material to form the primer layer, the material
such as Cr, CrTi, CoCr, CrTa, CrMo, NiAl, Ru, etc. may be
used.

The anisotropy field (Hk) of the magnetic layer can be
adjusted by adequately selecting the magnetic layer
material, pressure during sputtering, temperature during
manufacture, and input power during sputtering, etc. Also,
it is adjustable by changihng the sputtering method such as
DC sputtering, AC sputterihg, etec.

A protective film such as diamond-like carbon (DLC)
may be provided on the magnetic layer or a lubricant layer
may be provided.

In particular, it is prefer;ble that the diamond-like
carbon of 5§ - 30 nm and lubricant are present as protective
£ilm.

If the lybricant.is present, it is possible to
increase the durability even when friction occurs due to
the compensation of the deviation caused in the contact
process between the master carrier and the slave medium.

Description will be given below on the slave medium to
be used in the present invention.

As the slave medium, a coating type magnetic recording

medium with ferromagnetic'metal particles dispersed in a
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binder, oi a metal thin film type magnetic recording medium
with ferromagnetic metal thin film formed on a substrate
may be used.

As the coating type magnetic recording medium, Zip 100
or Zip 250, i.e. a recording medium for Zip (Iomega Inc.),
or high density floppy disk called HiFD may be used.

It is preferable that coercive force (Hc) of the slave

medium is within the range of 103 kA/m (1300 Oe) - 313 kA/m

"(4000 Oe), or more preferabiy within the range of 127 kA/m

(1600 Oe) to 239 kA/m (3000 Oe). If coercive force (Hc) of

-the slave medium is less than 103 kA/m, it is not possible

to retain high density recording information of higher than
1 Gb per 6.45 cm? (1 Gb/square inch). On the contrary, if
it is 313 kA/m or more, there is no magnetic recording head
suitable for recérding on the slave medium.

As the metal thin'film type magnetic recording medium,
the material such as Co, Co alloy (such as CoPtCr, CoCr,
CoPtCrTa, CoPtCrNbTa, CoCrB, CoNi, etc.), Fe, Fe alloy
(such as FeCo, FePt, FeCoNi) may be used. To provide clear
and sharp tramsfer, it is preferable that there is magnetic anisotropy in
the Same direction aé the magnetic layer of the master '
carrier for magnetic transfer, i.e. in in-plane direction
in case of in-plane recording and in vertical direction in
case it is vertical.

It is preferable that a nonmagnetic érimer 1$yer is
provided under the magnetic layer, i.e. closer to the

substrate, in order to provide the magnetic anisotropy
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required. It is preferable that crystal structure and
lattice constant are equalized with those of the magnetic
layer.

More concretely, as the material for forming the
primer layer, the material such as Cr, CrTi, CoCr, CrTa,
CrMo, Ni, Ru, etc. may be used.

It is preferable that the relation between the
anisotropy field (Hk) of the master carrier for magnetic
transfer of the present invention and the coercive force
(Hc) of the slave medium is within the range of 4 X 107 <.
(Hk/He) < 2 X 107!, or more préferably within the range of
4 X 10”2 < (Bk/Hec) < 1.5 X 1071,

[Embodiment]

In the following, description will be given on
embodiments of the present invention.
(Example 1)

.For a 3.5 type master carrier for magnetic transfer, a
magnetic layer of 150 nm in thickness comprising FeCo (Co:
30 atom %) was prepared on a substrate of silicon wafer
disk. The péttern was formed with radial lines with equal
spacing of 8 fim in width'from disk center to positions of
20 - 40 mm in radial direction. The line spacing was set
to 8 fm at innermost position of 20 mm in radial direction.

For the preparation of the magnetic layer, DC
sputtering method was used on a sputtering system (ANELVA;
730H) . The manufacturing temperature was set to 25°C,
argon sputtering pressure to 3.3 X 107™* pa (0.25 mTorr) ,

and input power to 2.54 W/cm’.

12



10

15

20

26

As the slave medium, a coating type magnetic recofding
medium (manufactured by qui Photo Film Co., Ltd.) for Zip
250 (Iomega Inc) commefcially available was used. Coercive
force (Hc) of the slave medium was 199 kA/m (2500 Oe).

After inifial DC magnetization of the slave medium at
398 kA/m (5000 Oe), the master carrier for magnetic
transfer was closely fitted to the slave medium. Magnetic
field of 199 kaA/m (2500 Oe) was applied in a direction
opposite to the direction of initial DC magnetization, and
a recording information was transferred to the slave medium.
The slave medium thus prepared was evaluated by the
following evaluation methods to assess the magnetic
transfer information.

(Example 2)

A master carrier of Example 2 was prepared by the same
procedure as in Example i except that the manufacturing
temperature of the master carrier for magnetic transfer was
changed to 60°C. Magnetic transfer was performed by the
same procedure as in Example 1, and the evaluation was
carried out.

(Example 3)

A master carrier for magnetic transfer of Example 3
was prepared by the same procedure as in Example 1 except
tﬁat the magnetic layer of the master carrier for magnetic

transfer was changed to CoFeNi (atom ratio 65:22:13). Then,

" magnetic transfer was performed by the same procedure as in

Example 1, and evaluation was performed.

(Example 4)
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A master carrier for magnetic transfer of Example 4
was prepared by the same procedure as in Exampie 1 except
that the magnetic layer of the master carrier for magnetic
transfer was changed to NiFe (atom ratio 80:20). Then,
magnetic transfer was performed by the same procedure as in
Example 1, and evaluation was performed.

(Comparative example 1)

A master carrier for magnetic transfer of Comparative
example 1 was prepared by the same procedure as in Example
4 except that the manufacturing temperature of the magnetic
layer of the master carrier for magnetic transfer of
Example 4 was changed to 100°C. Then, magnetic transfer
was performed by the same proceduré as in Example 1, and
evaluation was performed.

(Comparative example 2)

A master carrier of Cbmparativé example 2 was prepared
by the same procedure as in Comparative example 1 except
that the magnetic layer of -the master carrier for magnetic
transfer of Comparative example 1 was changed to NiFeCuMo
(atom ratio 76:14:6:4). |
(Comparative example_. 3) |

A master carrier for magnetic transfer of Comparative
example 3 was prepared by the same procedure as in Example
1 except that the pressure during sputtering was changed to
3 X 1072 pa (10 mTorr) on the magnetic layer of the master
carrier for magnetic transfer of Example 1. Then, magnetic
transfer was performed by the same procedure as in Example

1, and evaluation was made.
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-(Comparative example 4)

A master carrier for magnetic transfer of Comparative
example 4 was prepared by the same procedure as in Example
1 except that a primer layer of IrMn (atom ratio 50:50) was
provided on the magnetic layer of the master carrier for
magnetic transfer of Example 1. The manufacturing
temperature of IrMn primer layer was set to 200°C,
sputtering pressure was set to 3.3 X 102 pPa (25 mTorr) ,
and f£film thickness to 30 nm. |
{Evaluation methods)

1. Method for measuring anisotropy field,

AC demagnetization.was performed on the master carrier
for magnetic transfer using an AC demagnetizer (degausser).
Then, magnetic field was increased from zero magnetic field
using a vibration type magnetometer (VSM) for soft magnetic
material, and magnetization value was determined. The
magnetic field where magnetization value did not increase
any more, i;e. magnetization was saturated, was defined as
anisotropy field.

2. Quality of transfer signal

Using an electraﬁagnetic transfer characteristics
measuring system (Kyodo Eleétronics Co., Ltd.; 88-60),
transfer signal on the slave ﬁedium was evaluated. An
inductive head with head gap of 0.23 Um and track width of
3.0 #m was used as the head, and reproduction signal was
examined. Measurement was performed on inner periphery.of
the disk (disk radius: 20 mm) of the slave medium after

magnetic transfer. Magnetic signal intensity (TAA output)-
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for one turn df the disk was measured, and it was expressed
as DTAA. |

The ratio of the magnetic signal intensity (HTAA) and
DTAA in the recording reproduction by the above head is
defined in the equation (1):

' Signal intensity ratio = (DTAA/HTAA) X 100 .. .. .. (1)

In case the value of the equation (1) was 95% or more,
iﬁ was evaluated as “good”. If the value was lower than
this, it was evaluated as “no good”. To confirm the
quality of the signal after magnetic transfer, reproduction
signal was examined. The reproduction signal obtained was
inputted to a digital oscilloscope (LeCroy Inc.; LC334aM),
and evaluation was made on half-width (PW50) of the signal.
If PW 50 was less than 3OQ nm, it was defined as “good”.

If it exceeded this value, it was defined as “no good” .

Table 1
Anisotropy |Hk/Hc Signal Half-width
field (Hk) intensity
ratio
(kA/m) X 100 (nm)

Example 1 15.9 8.0 X 1072 96 (Good) 282 (Good)
Example 2 2.4 -~ 1.2 X 1072 96 (Good) 280 (Good)
Example 3 6.4 3.2 x 1072 97 (Good) 279 (Good)
Example 4 0.4 2.0 x 107 97 (Good) 277 {(Good) -
Comparative 0.07 3.6 X 10~ 96 (Good) 301 (No good)
example 1 : .
Comparative 0.04 2.0 X 10 93 (No good) | 305 (No good)
example 2
Comparative -1 N d 280 (G
example 3 40.0 2.0 X 10 90 (No good) {Good)
Comparative 44.6 2.2 x 10 | 91 (No good) | 283 (Good)
example 4
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As described above, according to the magnetic transfer
method using the master carrier for magnetic transfer of
the present invention, it is possible to perform magnetic
transfer on a disk~type medium such as hard disk, large
capacity removable disk medium, large capacity flexible
medium, etc. within short time and with high productivity.
Also, it is possible to perform the preformat recording of
servo signal for tracking, address information signal,
reproduction signal, etc. in stable manner and without

resulting in deterioration of the quality of the transfer

signal.
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WHAT WE CLAIMED IS:

1. A magnetic transfer method for performing magnetic
transfer to a magnetic recording medium, whereby relation
between anisotropy field (Hk) of a master carrier for
magnetic transfer and coercive force (He) of a slave medium
satisfies the following condition: |

4 X 107! < (Hk/He) < 2 X 1071,

2. A magnetic transfer method acéording to claim 1,
wherein the master cérrier for magnetic transfer having a
magnetic layer with a magnetic recording information
recorded thereon is closely fitted to the slave medium
where the information is to be transferred, and a magnetic
recording information of the master carrier for magnetic
transfer is transferred to the slave medium, whereby
magnetization of the slave medium is performed by initial
DC magnetization in track direction, and then, the master
carrier.for magnetic transfer is closely fitted to the
slave medium processed by initial DC magnetization, a
magnetic field for transfer is applied in a direction
opposite to the direction of the initial DC magnetization

on the surface of the slave medium, and magnetié transfer

is performed.

3. A magnetic transfer method according tp claim 1 or
2, wherein a magnetic recording medium having a slave
medium with coercive force (Hec) within the range of 103 to
313 kA/m is used.

.4. A magnetic recording medium, characterized in that

servo signal is recorded on a magnetic recording medium by
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