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MAGNETIC TRANSFER APPARATUS FOR
TRANSFERRING DATA TO PERPENDICULAR MAGNETIC
RECORDING MEDIUM AND METHOD OF MAGNETIC
TRANSFER

Field of the Invention

The present invention relates to an apparatus for magnetically
transferring servo data for positioning the magnetic head for data recording
and for data reading to a magnetic disc (magnetic recording medium) in a
hard disc drive (hereinafter referred to as a “HDD”), that is used in these
days as a peripheral storage apparatus for most of the computers.
Specifically, the present invention relates to a magnetic transfer apparatus,

that uses the magnetic transfer techniques for transferring servo data to the

so-called perpendicular magnetic recording media, in that the direction of -

the magnetization recorded therein is perpendicular to the magnetic

recording media.

Prior Art

The magnetic recording media used for HDD’s exhibit a recording
density of 20 Gbit per a square inch at the present stage of development and
the recording capacity thereof is increasing at the rate of 60 % a year. Since
the area for recording one bit has become narrower due to the increase of

the recording capacity, data recording and data reproduction by the

so-called longitudinal magnetic recording method, in that the direction of

the magnetization recorded is parallel to the surface (longitudinal direction)
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of the magnetic recording medium, become more difficult. To obviate this
problem, the - so-called perpendicular recording medium, in that the
direction of the magnetization recorded is perpendicular to the magnetic
recording medium, has been proposed. The perpendicular magnetic
recording medium includes a magnetic recording layer of a hard magnetic
material and a lining layer of a soft magnetic material for localizing the
magnetic fluxes generated by the magnetic head used for recording data in -

the recording layer.

In the usual HDD’s, data is recorded and reproduced by a magnetic
head mounted on a floating mechanism called slider, that keeps the
magnetic heéd floating several tens nm above a circular magnetic recording
medium rotating. The bit data on the magnetic recording medium is stored
in data tracks arranged concentrically on the magnetic recording medium.
To record and reproduce data, the magnetic head for data recording and for
data reproduction is moved fast toward an aimed data track and -positioned
above the aimed data track. Servo data including tracking signals for
detecting a relative position of the magnetic head and the data track, |
address signals and reproducing clock signals is stored on the recording
plane of the magnetic recording medium. The servo data corresponding to
one data track is stored on the same circle of the data track at a
predetermined period of angles. As shown in Fig. 17, the servo data is stored
in servo data regions, shaped with stripes (or fans) and formed at a
predetermined period of angles, and along the data tracks. The servo data is
recorded by an exclusive apparatus called servo track writer to a magnetic
recording medium mounted on a HDD, so that the centers of the regions
storing the signals indicative of the servo data may not deviate from the
center of the magnetic recording medium nor from the center of the

trajectory of the magnetic head for data recording and for data reproduction.
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As described earlier, the recording density of the servo data is

inevitably rising with increasing recording density of the magnetic

‘recording medium. Due to the high recording density of the magnetic

recording medium, the time necessary to write the servo data with a high
density is prolonged, the manufacturing efficiencies of the HDD’s are

lowered and the manufacturing costs are increased.

Recently, an alternative method has been proposed to obviate the
problems of the cdnventional method, that writes the servo data from a
magnetic head of the data track writer for writing the signals indicaitive of
the servo data in the data tracks track by track. The alternative method
shorteﬁs the time necessary to record the servo data on magnetic recording
media by transferring the servo data stored on a master disc to the magnetic
recording media recording medium by recording medium by the magnetic

transfer techniques.

Japanese Unexamined Laid Open Patent Application H10-40544
discloses a method of transferrihg servo data to a longitudinal magnetic
recording medium from a master disc including convex portions and
ferromagnetic concave portions. However, this publication describes nothing
on the magnetic transfer method for perpendicular magnetic recording |
media. Japanese Unexamined Laid Open Patent Application H11-25455
discloses a scheme, that uses a master disc including a groove formed
thereon for air feeding and for air sucking to ensure tight contact of the
master disc with a magnetic recording medium. However, this publication
describes nothing on the magnetic transfer method for perpendicular

magnetic recording media.

Fig. 1(a) is a schematic drawing describing initialization of a
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longitudinal magnetic recording medium. Fig. 1(b) is a schematic drawing

describing magnetic transfer to the longitudinal magnetic recording medium.

Referring now to Fig. 1(a), the initialization of the longitudinal magnetic

recording medium is an operation, that magnetizes the magnetic layer of a

magnetic recording medium 1 in a certain direction parallel to the magnetic
recording medium by a leakage magnetic field 4 leaking from a gap 8 of a
ring head 2. Referring now to Fig. 1(b), the_ magnetic transfer is an
operation, that applies a magnetic field 7, opposite to the leakage magnetic
field 4 used in the initialization operation, from a gap 6 of a ring head 5 to
the magnetic recording medium 1 in tight contact with a master disc for
magnetic transfer 8 (hereinafter referred to simply as a “master disc’). Since
the leakage magnetic field 7 converges to soft magnetic layers 9 with a high
magnetic permeability, the strength of the leakage magnetic field 7 applied
to the magnetic recording medium 1 decreases in the portidns facing to the
soft magnetic layers 9 of the master disc 8. The strength of the leakage

magnetic field 7 applied to the magnetic recording medium 1 does not

decrease in the portions not facing to the soft magnetic layers 9. Therefore, -

only the portions of the magnetic recording medium 1 not facing to any soft

magnetic layer 9 are magnetized by the leakage magnetic field 7. Thus,

servo signals are transferred. As described above, the initialization |

operation or the transfer operation is conducted by positioning a ring head

above one surface of a magnetic recording medium.

Fig. 2(a) is a schematic drawing describing initialization of a

perpendicular magnetic recording medium, the magnetization direction

thereof is perpendicular thereto. Fig. 2(b) is a schematic drawing describing |

magnetic transfer onto the perpendicular mégnetic recording medium.
Referring now to Fig. 2(a), a perpendicular magnetic recording medium 11
is initialized by a perpendicular magnetic field 14 applied thereto from two

permanent magnets of single pole type 12 and 12 (hereinafter referred to as
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“single-pole magnetic h_eads”) such that the magnetization directs to a
direction perpendicular to the perpendicular magnetic recording medium 11.
Referring now to Fig. 2(b), a perpendicular magnetic field 15, the direction
thereof is opposite to that of the perpendicular magnetic field 14 used for
initialization, is applied to the perpendicular magnetic recording medium 11
in tight contact with a master disc 8. The perpendicular magnetic field 15
converges to soft magnetic layers 9, the magnetic permeability thereof is
high. The strength of the perpendicular magnetic field 15 increases in the
portions of the perpendicular magnetic recording medium 11 facing to the
soft magnetic -layers 9 embedded in the master disc 8. The strength of the
perpendicular magnetic field 15 decreases in the portions of the
perpendicular magnetic recording medium 1'1' not facing to any soft
magnetic layer 9. Therefore, the perpendicular magnetic field 15 is effective -
only beneath the soft magnetic layers 9 for magnetically transferring of the
servo signals. In the way different from the magnetic transfer to the
longitudinal magnetic recording medium, the magnetic transfer to the
perpendicular magnetic recording medium is conducted with two single-pole
magnetic heads 12, 12 or 13, 13 facing opposite to each other across the

perpendicular magnetic recording medium 11.

Problems to be solved by the Invention

The conventional magnetic transfer apparatus, that conducts magnetic
transfer to the perpendicular magnetic recording medium, poses the

following problems.

First, the magnetic field distribution in the magnetic transfer
described with reference to Fig. 2(b) is. explained. In the initialization
described in Fig. 2(a) and the magnetic transfer in Fig. 2(b), two single-pole

magnetic heads are arranged such that a pole of a first polarity of one of the
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magnetic heads is facing to a pole of a second polarity of the other magnetic

‘head (1) to narrow the expansion of the magnetic field in the longitudinal

directions and (2) to apply only the perpendicular component of the
magnetic field to the perpendicular magnetic recording medium. Fig. 4 is a
schematic drawing describing a model of the magnetic field applied by two
single-pole magnetic heads 13 and 18. To simplify the model, it is assumed
that only parallel components 21 and 22 exist on both sides of one of the
single-pole magnetic heads 13 and only a perpendicular component 23 in
the central area below the one of the single-pole magnetic heads 18. It is
also assumed that only parallel components 24 and 25 exist on both sides of
the other one of the single-pole magnetic heads 18 and only a perpendicular
component 26 in the central area above the other one of the single-pole
magnetic heads 13. As the model described in Fig. 4 indicates, the
single-pole magnetic heads 18 and 13 positioned facing to each other are
more effective to converge the perpendicular components 23 and 26 and to
prevent the parallel components 21, 22, 24 and 25 from extending as
compared with using one single-pole magnetic head (e.g. one of the -
single-pole magnetic heads 13 only). When the single-pole magnetic heads
13 and 13 are aligned at the same orientation in perpendicular to the
perpendicular magnetic recording medium 11 and spaced apart from the
perpendicular recording medium 11 for the same distance (hereinafter, the
above described arrangement of the magnetic heads will be referred to as
the symmetrical positional relationship between (of) the magnetic heads),
only the perpendicular componénts of the magnetié fields are applied to the
perpendicular magnetic recording medium and the parallel components 21,
22 of the magnetic field applied by the one of the single-pole magnetic head
18 and the parallel components 24, 25 of the magnetic field applied by the

other one of the single-pole magnetic head 13 compensate each other.

As described above, only the perpendicular components of the
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magnetic fields are effective for magnetic transfer to the perpendicular
magnetic recording medium. Therefore, it is necessary not only for the
physical shap es of the single-pole magnetic heads to be the same but also for
the positional relationship between the magnetic heads to be symmetric

with respect to the surface of the perpendicular magnetic recording medium.

Note that two single-pole magnetic heads are facing to e_,ach other in
such én orientation that a pole of a first polarity of one of the magnetic
heads is facing to a pole of a second polarity of the other magnetic head.
Since the single-pole magnetic heads are spaced apart from the surface of
the perpendicular magnetic recording medium for 0.5 mm at the shortest,
the single-pole magnetic heads are spaced apart from each other for several
mm. Since the single-pole magnetic heads exhibiting the magnetic force of

the order of 107! T (several thousands Gauss) or more are used in the

conventional magnetic transfer apparatus, a stronger magnetic field may be
used in the future. Therefore, a strong attractive force is generated between
the single-pole magnetic heads. The strong attractive force causes a heavy
load on the mounts of the magnetic heads. As described above, it is
necessary to position the magnetic heads symmetrically with respect to the
surface of the perpendicular magnetic recording inedium. It is difficult aﬁd
impractical to adjust the positions of the single-pole magnetic heads as
described above depending solely on the mechanical precision of the
single-pole magnetic heads. To obviate this problem, it is_ necessary to
mount the single-pole magnetic heads on the magnetic transfer apparatus
via an adjusting stage for adjusting the positions of the single-pole magnetic
heads at least in one direction. However, the adjusting stage, that endures
the heavy load described above, is inevitably large and such a large
adjusting stage is impractical.' Such a large adjusting stage is impractical
also from the view point of costs. In view of the foregoing, it is a first object

of the invention to provide a magnetic transfer apparatus, that meets the
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requiréements of the rigidity of the mount of the single-pole magnetic head
and includes a small adjusting stage for adjusting the positions of the

single-pole magnetic heads.

For conducting a practical magnetic transfer operation, the

perpendicular magnetic recording medium is attached to and detached from

‘magnetic transfer apparatus. During the attaching and the detaching of the

perpendicular magnetic recording medium, it is necessary to withdraw the
magnetic heads from the perpendicular magnetic recording medium, It is
necessary for the magnetic transfer apparatus to have a structure, that
facilitates moving the magnetic heads while keeping their symmetrical

positional relationship during the removal thereof.

Figs. 6(a) and 6(b) show the servo signals, that do not meet the
transfer conditions described above. As described above, it is necessary to
raise and lower the magnetic heads in the directions 10 shown in Figs. 2(a)
and 2(b) once for every turn of the magnetic recording medium to withdraw
the magnetic heads from the perpendicular magnetic recording medium
during the initialization and the magnetic transfer. In detail, Fig. 6(a) is a
chart describing the wave form of the servo signal transferred by single-pole
magnetic heads moved without their symmetrical positional relationship |
maintained during the magnetic transfer,. Fig. 6(b) is a chart describing the
wave form of a servo signal transferred, by single-pole magnetic heads
moved with their symmetrical positional relationship maintained during the

magnetic transfer, to the perpendicular magnetic recording medium

initialized with the single-pole magnetic heads moved without their

symmetrical positional relationship maintained during the initialization.
When the magnetic heads for magnetic transfer are not moved
symmetrically, an anomaly 34, that is a drastic change in the transferred

signal intensity, is caused as shown in Fig. 6(a) once for every rotation cycle



10

15

20

26

of the recording medium at the position of the recording medium, at that the
magnetic heads for magnetic transfer are raised and lowered. Referring now
to Fig. 6(b), an anomaly 85, that is a drastic change in the transferred signal
intensity, is caused once for every rotation cycle of the recording medium at
the position of the recording medium, at that the magnetic heads for
magnetic transfer are raised and lowered. As the wave forms described in
Figs. 6(2) and 6(b) indicate, it is important to move the magnetic heads with
their symmetrical positional relationship always maintained.

In view of the foregoing, it is a second object of the invention to provide
a magnetic transfer apparatus for perpendicular magnetic recording media,
and a method of magnetic transfer, that facilitate positioning magnetic
heads symmetrically and moving the magnetic heads with their

symmetrical positional relationship always maintained.

Brief Description of the Drawing Figures

Fig. 1(a) is a schematic drawing describing initialization of a
longitudinal magnetic recording medium. |

Fig. 1(b) is a schematic drawing describing magnetic transfer onto the
longitudinal magnetic recording medium.

Fig. 2(a) is a schematic drawing describing a conventional
initialization process for initializing a perpendicular magnetic recording
medium.

Fig. 2(b) is a schematic drawing describing a conventional process of
magnetic transfer onto the perpendicular magnetic recording medium,

Fig. 8(a) is a schematic drawing describing another conventional
initialization process for initializing a perpendicular magnetic recording

medium.
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Fig. 8(b) is a chemati_c' drawing describing another conventional
process of magnetic transfer onto a perpendicular magnetic recording
medium.

Fig. 4 is a schematic drawing describing a model of the magnetic field
applied by two single-pole magnetic heads.

Fig. 5 is a schematic drawing describing a model of the magnetic fields
applied by two ring heads.

Fig. 6(a) is a chart describing the wave form of the servo signal
transferred to a perpendicular magnetic recording medium by the
single-pole magnetic heads moved without their symmetrical positional
relationship maintained during the magnetic transfer.

Fig. 6(b) is a chart describing the wave form of the servo signal
transferred, by single-pole magnetic heads moved with their symmetrical
positional relationship always maintained during the magnetic transfer, to
the perpendicular magnetic recording medium, initialized with single-pole
magnetic heads moved without their symmetrical positional relationship
maintained dﬁring the initialization,

Fig. 7(a) is a top plan view of a magnetic transfer apparatus according
to a first embodiment of the invention.

Fig. 7(b) is a side plan view of the magnetic transfer apparatus
according to the first embodiment of the invention.

Fig. 8(a) is an expanded top plan view of the magnetic field application
block for magnetic transfer of Figs. 7(a) and 7(b).

Fig. 8() is an expanded side plan view of the magnetic field
application block for magnetic transfer of Figs. 7(a) and 7(b).

Fig. 9(a) is a side plan view of the magnetic transfer apparatus, to that

a perpendicular magnetic recording medium is mounted for initialization.,

Fig. 9(b) is a side plan view of the magnetic transfer apparatus, in that -

the magnetic field application block for initialization is positioned in close

10



10

15

20

25

30

proximity to the perpendicular magnetic recording medium,

Fig. 9(c) is a side plan view of the magnetic transfer apparatus, in that
the magnetic heads for initialization are positioned in close proximity to the
perpendicular magnetic recording medium.

Fig. 10(a) is a side plan view of the magnetic transfer apparatus, to
that an initialized perpendicular magnetic recording medium is mounted for
magnetic transfer, | |

Fig. 10(b) is a side plan view of the magnetic transfer apparatus, in
that a master disc for magnetic transfer is positioned in close j)roximity to
the initialized perpendicular magnetic recording medium.

Fig. 10(c) is a side plan view of the magnetic transfer apparatus, in
that the magnetic field application block for magnetic transfer is positioned
in close proximity to the perpendicular magnetic recording medium.,

Fig. 10(d) is a side plan view of the magnetic transfer apparatus, in
that the magnetic heads for magnetic transfer are positioned in close
proximity to the perpendicular magnetic recording medium.

Fig. 11(a) is an expanded top plan view of a link mechanism of the
magnetic transfer apparatus according to the invention.

Fig. 11(b) is an expanded side plan view of the link mechanism of Fig.
11(a). .

Fig. 12(a) is an expanded side plan view of a magnetic field application
block for magnetic transfer according to the first embodiment of the
invention showing the actuator pulling in the linear stage and the side
plate.

Fig. 12(b) is another expanded side plan view of the magnetic field
application block for magnetic transfer according to the first embodiment
showing the actuator pushing out the linear stage and the side plate. _

Fig. 13(a) is a side plan view of a magnetic field application block for
magnetic transfer according to a second embodiment of the invention.

Fig 13(b) is another side plan view of the magnetic field application

11
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block for magnetic transfer according to the second embodiment seen in the
direction indicated by the arrow B in Fig. 13(a).

Fig 18(c) is a cross section along C-C of Fig 13(b).

Fig. 14(a) is a side plan view showing the magnetic heads made to
come close by the mechanism for symmetrically moving the magnetic heads.

Fig. 14(b) is a side plan view showing the magnetic heads withdrawn
by the mechanism for symmetrically moving the magnetic heads of Fig.

14(a).

Fig. 14(c) is a side plan view seen in the direction indicated by the -

arrow E of Fig. 14(b).

Fig. 15 is a perspective cross sectional view of a typical perpendicular
magnetic recording medium.

Fig. 16 is a top plan view of a master disc used for magnetic transfer
according to the invention.

Fig. 17 is a top plan view of a perpendicular magnetic recording
medium manufactured by the magnetic transfer method according to the
invention.

Fig. 18(A) shows the positional relation between the transfer signals
and the soft magnetic layers.

Fig. 18(B) shows the magnetic lines of force in the perpendicular '
magnetic recording medium and the master disc. |

Fig. 18(C) is a graph showing the distribution of perpendicular
components of the magnetic fluxes on the surface of the perpendicular

magnetic recording medium.

Means for solving the Problems

According to a first aspect of the invention, there is provided a
magnetic transfer apparatus, the magnetic transfer apparatus magnetically

transferring servo data carried by a master disc to a perpendicular magnetic -

- 12
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recording medium including a substrate and a magnetic recording layer on
the substrate, the magnetic transfer apparatus including: a positioning
means, the positfoning means positioning the master disc in close proximity
to or in tight contacf with the perpendicular magnetic recording medium; an
adjusting means, the adjusting means adjusting the positions of the master
disc and the perpendicular magnetic recording medium; a first magnetic
field application means, the first magnetic field application means applying
a magnetic field for magnetically transferring to the master disc and the
perpendicular magnetic recording medium positioned in close proximity to
each other or in tight contact with each other; the first magnetic field
application means including a pair of magnetic heads for magnetically
transferring arranged symmetrically with respect to the surface of the
perpendicular magnetic recording medium facing to the master disc; and the -
magnetic heads for nﬁagnetfc transferring moving symmetrically with
respect to the surface of the perpendicular magnetic recording medium
facing to the master disc.

Advantageously, the magnetic transfer apparatus further includes a
second magnetic field application means, the second magnetic field
application means applying to the perpendicular magnetic recording
medium a magnetic field for initializing the magnetization over the entire
perpendicular magnetic recording medium; the second magnetic field
application means including a pair of magnetic heads for initializing.
arranged symmetrically with respect to the surface of the perpendicular
magnetic recording mediﬁm, that will be facing to the master disc; and the
magnetic heads for initializing moving symmetrically with respect to the
surface of the perpendicular magnetic recording medium, that will be facing

to the master disc.

According to a second aspect of the invention there is provided a

13
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magnetic transfer apparatus, the magnetic transfer apparatus magnetically
transferring servo data carried by a master disc to a perpendicular magnetic
recording medium including a substrate and two magnetic recording layers
on the major surfaces of the substrate, the magnetic transfer apparatus
including: a positioning means, the positioning means positioning the

master disc in close proximity to or in tight contact with the perpendicular

‘magnetic recording medium; -an adjusting means, the adjusting means

adjusting the positions of the master disc and the perpendicular magnetic
recording medium; a first magnetic field application means, the first
magnetic field application means applying a magnetic field for magnetically
transferring to the master disc and the perpendicular magnetic recording
medium positioned in close proximity to each other or in tight contact with
each other; the first magnetic field application means including a pair of
magnetic heads for magnetically transferring arranged symnietrically with
respect to the center plane between the major surfaces of the perpendicular
magnetic recording medium; and the magnetic heads for magnetic
transferring moving symmetrically with respect to the center plane between -

the major surfaces of the perpendicular magnetic recording medium.

Advantageously, the magnetic transfer apparatus further includes a
second magnetic field application means, the second magnetic. field
application means applying to the perpendicular magnetic recording
medium a magnetic field for initializing the magnetization over the entire
perpendicular magnetic recording medium; the second magnetic field
application means including a pair of magnetic heads for initializing
arranged symmetrically with respect to the center plane between the major
surfaces of the perpendicular magnetic recording medium; and the magnetic
heads for initializing moving symmetrically with respect to the center plane
between the major surfaces of the perpendicular magnetic recording

medium.

14
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Advantageously, the first magnetic field application means includes a
horizontal linear stage moving horizontally; two vertical linear stages
moving vertically; two links connecting the horizontal linear stage and the
vertical linear stages; the magnetic heads for magnetically transferring
being mounted on the respective vertical linear stages; and an actuator, the
actuator driving the horizontal linear stage to move the magnetic heads for

magnetically transferring always symmetrically.

Advantageously, the first magnetic field application means includes a
driving shaft; a pinion on the drive shaft; two racks coupled to the pinion,
the racks being moved by the rotation of the pinion to the respective
directions opposite to each other; two vertical linear stages fixed to the
respective racks, the vertical linear stages movi_ng vertically; the magnetic .
heads for magnetically transferring being mounted on the respective
vertical linear stages; and the driving shaft rotating to move the magnetic

heads vertically and always symmefrically.

Advantageously, the first magnetic field application means includes a
first linear stage; a second linear stage; the first linear stage and the second
linear stage moving always symmetrically the magnetic heads for
magnetically transferring; the first linear stage including an adjusting stage

mounting one of the magnetic heads for magnetically transferring thereon,

and a fixing means; the other one of the magnetic heads for magnetically .

transferring being mounted on the second linear stage; the one of the
magnetic heads for magnetically transferfing being released from the fixing
thereof to the first linear stage to adjust the positions of the magnetic heads
for magnetically transferring; and the fixing means fixing the one of the
magnetic heads for magnetically transferring to the first linear stage to

apply a magnetic field to the perpendicular magnetic recording medium.

15
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Advantageously, the first magnetic field application means and the

second magnetic field application means has the same structure.

Advantageously, each of the magnetic heads for magnetically

transferring is a single-pole magnetic head.

Advantageously, each of the magnetic heads for magnetically

transferring is a ring head.

Advantageously, each of the magnetic heads for initializing is a

single-pole magnetic head.

Advantageously, the master disc includes a nonmagnetic substrate
including soft magnetic layers, the soft magnetic layers being arranged in
stripe-shaped ranges patterned or embedded in the surface portion of the

nonmagnetic substrate corresponding to the servo data.

According to a third aspect of the invéntion, there is provided a method
of magnetically transferring servo data carried by a master disc to a
perpendicular magnetic recordiﬁg medium including a substrate and a
magnetic recording layer on one of the major surfaces of the substrate, the
method including the steps of' positioning the master disc in close proximity
to or in tight contact with the perpendicular magnetic recording medium;
positioning a pair of magnetic heads for magnetically transferring in a
symmetrical positional relationship with respect to the surface of the
perpendicular magnetic recording medium facing to the master disc; making
the magnetic heads for magnetically transferring come close to the
perpendicular magnetic recording medium while keeping the symmetrical

positional relationship with respect to the surface of the perpendicular

16
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magnetic recording medium facing to the masf.er disc; applying a magnetic
field to the perpendicular magnetic recording medium from the magnetic
heads for magnetically transferring to transfer the servo data from the
master disc to the perpendicular magnetic recording medium; and
withdrawing the magnetic heads for magnetically transferring from the
perpendicular magnetic recording medium while keeping the symmetrical
positional relationship with respect to the surface of the perpendicular

magnetic recording medium facing to the master disc.

Advantageously, the method further includes the steps of: positioniilg
a pair of magnetic heads for initializing the perpendicular magnetic .
recording medium in a symmetrical positional relationship with respect to
the surface of the perpendicular magnetic recording medium, that will be
facing to the master disc; making the magnetic heads for initializing come
close to the perpendicular magnetic recording medium while keeping the
symmetrical positional relationship with respect to the surface of the
perpendicular magnetic recording medium, that will facing to the master
disc; applying a magnetic field to the perpendicular magnetic recording
medium from the magnetic heads for initializing to initialize the
perpendicular magnetic recording medium; and withdrawing the magnetic
heads for initializing from the perpendicular magnetic recording medium
while keeping the symmetrical positional relationship with respect to the
surface of the perpendicular magnetic recording medium, that will be facing

to the master disc.

According to a fourth aspect of the invention, there is provides a
method of magnetically tran'sferring servo data carried by a master disc to a
perpendicular magnetic recording medium including a substrate and two
magnetic recording layer on both major surfaces of the substrate, the

method including the steps of positioning the master disc in close proximity

17
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to or in tight contact with the perpendicular magnetic recording medium;
positioning a pair of magnetic heads for magnetically transferring in a
symmetrical positional relationship with respect to the center plane between
the major surfaces of the perpendicular magnetic recording medium;
making the magnetic heads for xﬁagnetically transferring come close to the
perpendicular magnetic recording medium while keeping the symmetrical
positional relai;ionship with respect to the center plane between the major -
surfaces of the perpendicular magnetic recording medium; applying a
magnetic field to the perpendicular magnetic recording medium from the
magnetic heads for magnetically transferring to transfer the servo data from
the master disc to the perpendiculai' magnetic recording medium; and
withdrawing the magnetic heads for magnetically transferring from the
perpendicular magnetic recording medium while keeping the symmetrical
positional relationship with respect to the center plane between the major

surfaces of the perpendicular magnetic recording medium.

Advantageously, the method further includes the steps of' positioning
a pair of magnetic heads for initializing the perpendicular magnetic
recording medium in a symmetrical positional rélationship with respect to
the center plane between the major surfaces of the perpendicular magnetic
recording medium; making the magnetic heads for initializing come close to
the perpendicular magnetic recording medium while keeping the
symmetrical pdsitional .relationship with respect to the center plane between
the major surfaces of the perpendicular magnetic recording medium; ”
applying a magnetic field to the perpelidicular magnetic recording medium
from the magnetic heads for initializing to initialize the perpendicular -
magnetic recording medium; and withdrawing the magnetic heads for
initializing from the perpendicular magnetic recording medium while
keeping the symmetrical positional relationship with respect to the center

plane between the major surfaces of the perpendicular magnetic recording

18
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medium.

Advantageously, the pair of the magnetic heads for magnetically
transferring is a pair of single-pole magnetic heads, a pole of a first polarity
of one of the single-pole magnetic heads facing to a pole of a second polarity

of the other one of the single-pole magnetic heads.

Advantageously, the pair of the magnetic heads for magnetically

transferring is a pair of ring heads, the poles of the same polarity of the ring

heads facing to each other.

Modes for carrying out the Invention
Perpendicular recording medium

Fig. 15 is a perspective cross sectional view of a typical perpendicular
magnetic recording medium. Referring now to Fig. 15, the perpendicular
magnetic recording medium according to the invention includes a
nonmagnetic substrate 201, a soft magnetic layer 202, and a magnetic -
recording layer 204. If necesséry, a protection layer 205, a liquid lubricant
layer 206 or both are formed on the magnétic recording layer 204. Although .
these layers are formed on one side of the substrate 201 in Fig. 15, these
layers may be formed on both sides of the substrate 201.

A circular Al alloy plate (a circular disc having a circular hole bored in
the central part thereof) plated with a NiP layer, a circular tempered glass
plate or a circular crystallized glass plate usually used in the longitudinal
magnetic recording media may be used for the nonmagnetic substrate 201.
Although a NiFe alloy or a Sendust (FeSiAl) alloy may be used for the soft
magnetic layer 202, amorphous Co alloys are preferable for the soft '

19
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magnetic layer 202, The Co alloys are synthesized by adding Zr, Nb, Ta, Hf,
Ti or W alone or an appropriate combination of these metals to Co. A
ferromagnetic material containing at least Co and Cr is used for the
magnetic recording layer 204 preferably. In using a ferromagnetic material
for a perpendicular magnetic recording medium, it is necessary to orient the
c-axis of the close packed hexagonal structure of the ferromagnetic material
in perpendicular to the recording plane of the perpendiéular magnetic
recording medium, that is to orient the easy axis of magnetization of the .
ferromagnetic material in perpendicular to the recording plane of the

perpendicular magnetic recording medium. It is important for the coercive

force of the material of the magnetic recording layer 204 in the |
perpendicular direction to be much higher than that in the longitudinal
direction of the magnetic recording medium. Preferably, an undercoating
layer 203 of a Ti alloy or a TiCr alloy is interposed between the soft
magnetic layer 202 and the magnetic recording layer 204 to control the
crystal orientation and the crystal size of the magnetic recording layer 204.
A thin film containing carbon as its main component is used for the _'
protection layer 205. A lubricant of perfluoropolyether family is used for the
lubricant layer 206.

Master disc

A master disc 8 as shown in Fig. 16 and as used for the conventional
longitudinal magnetic recording medium is used for the magnetic transfer of
the perpendicular magnetic recording medium according to the invention.
The master disc 8 includes a nonmagnetic substrate 211 and soft magnetic
material layers (soft magnetic layers 9) isolated from each other and
embedded in stripe-shaped (fun-shaped) periodical regions 210 formed on or
in the surface portion of the nonmagnetic substrate 211. The soft magnetic

layers 9 are shaped with pattefns corresponding to the servo data.
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The patterhs corresponding to the servo data are patterns, with that
the servo data is transferred to a magnetic recording medium when
magnetic transfer is conducted on the magnetic recording medium. The
patterns are different depending on the specifications of the HDD. The
patterns as used for the conventional longitudinal magnetic recording
medium may be used for the perpendicular magnetic recording medium.
Usually, the patterns are formed in the stripe-shaped regions 210 extending
in the radial direction of the master disc 8 and formed periodically at every

predetermined degrees of angle.

The nonmagnetic substrate 211 for the master disc is made of a glass,
silicon or a resin, although it depends on the method of forming the patterns
of the soft magnetic layers. The nonmagnetic substrate 211 having an area
corresponding to the area of the perpendicular magnetic recording medium
11, to that the servo dafa is transferred, may be used. Preferably, the shape -
and the area of the nonmagneﬁc substrate 211 are the same with those of
the perpendicular magnetic recording medium 11. Although it depends on
the manufacturing conditions such as the perpendicular magnetic recording
medium 11 used and the strength of the magnetic field, the nonmagnetic

substrate 211 is preferably from 0.2 to 0.5 mm in thickness.

Preferably, the magnetic permeability of the soft magnetic layers 9 is
greatly different from the magnetic permeability in the longitudinal
direction of the magnetic recording layer of the perpendicular magnetic
recording medium. Preferably, the relative magnetic permeability of the soft
magnetic layer is 100 or more. The material that exhibits such a high
magnetic permeability facilitates converging the magnetic field applied by
the magnetic heads for magnetic transfer in the perpendicular direction and

conducting efficient magnetic transfer. Preferably, the soft magnetic layers
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9 are made of pure Co. Although the soft magnetic layers 9 are preferably -
thick for magnetic flux localization, the soft magnetic layer 9 are preferably

thin for recording the servo data with a high density. Therefore, there exists

an optimum thickness for the soft magnetic layers 9. The soft magnetic |
layers 9 are preferably from 200 to 500 nm, more preferably from 250 to 350
nm, and the most preferably 300 nm in thickness. The soft magnetic layers
9 of the master disc 8 are formed on the nonmagnetic substrate 211 or in the
surface portions of the nonmagnetic substrate 211. For forming the soft
magnetic layers 9 on the nonmagnetic substrate 211, patterned soft .
magnetic layers are deposited on the nonmagnetic substrate 211. For
forming the soft magnetic layers 9 in the surface portions of the
nonmagnétic substrate 211, concave portions shaped with desired patterns
are arranged on the nonmagnetic substrate 211 and soft magnetic layers 9

are buried in the concave portions.
Initialization

Since the initialization according to the invention is conducted with
two single-pole magnetic heads facing to each other in the same way as
described earlier with reference to Fig. 2(a), the initialization according to .
the invention will hot be described in detailed to avoid duplicated
explanations. The initialization is conducted using two single-pole magnetic _
heads facing to each other in the same way as the magnetic transfer except
that any master disc is not used and the magnetic field applied for

initialization is opposite to the magnetic field applied for magnetic transfer.

Magnetic transfer

The magnetic transfer is conducted by positioning a master disc 8 in

tight contact with or in close proximity to a perpendicular magnetic
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recording medium 11 and by applying a perpendicular magnetic field from

single-pole magnetic heads facing opposite to each other. The magnetic

transfer may be conducted also by applying a parallel magnetic field from

ring heads. The surface of the master disc 8 facing to the perpendicular
magnetic recording medium 11 includes soft magnetic layers 9 carrying the
servo data. When the master disc 8 is positioned in close proximity to the
perpendicular magnetic recording medium 11, the master disc 8 and the
perpendicular magnetic recording medium 11 is spaced apart for 1 mm or
shorter.

By the magnetic transfer operation described in detail below, the servo
data on the master disc is transferred to a perpendicular magnetic recording -
medium.. The servo data transferred to the perpendicular magnetic
recording medium from the master disc is recorded, as illustrated in Fig. 17,
in stripe-shaped regions 212 extending in the radial direction of the
perpendicular magnetic recording medium 11. Preferably, the regions 212

are arranged periodically at every predetermined angles of degree.

Transfer operation using perpendicular magnetic field

The transfer operation by a perpendicular magnetic field is conducted
by using single-pole magnetic heads arranged symmetrically with respect to
the surface (h_aving a magnetic recording layer thereon) of the perpendicular
magnetic recording medium or with respect to the center plane between the
major surfaces (having magnetic recording layers thereon) of the
perpendicular magnetic recording medium and- by moving the magnetic
heads to the portions of the perpendicular magnetic recording medium,
therein the servo data is to be recorded. In detail, the transfer operation is

conducted by rotating the magnetic recording medium or by moving the
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single-pole magnetic heads in the circumferential direction of the magnetic
recording medium and by applying a perpendicular magnetic field from the

single-pole magnetic heads.

The single-pole magnetic heads 13 generate a magnetic field in
perpendicular to the perpendicular magnetic recording medium 11,
Although it depends on the coercive force and the magnetic permeability
(both in the perpendicular direction and the longitudinal direction) of the
magnetic recording layer of the perpendicular magnetic recording medium
11, the permeability of the master disc, the shape of the magnetic heads 13
and such factdrs, the magnetic field strength is preferably from 0.4 to 1 T. _

It is necessary to optimize the spacing between the surface of the
perpendicular magnetic recording medium 11 ﬁcing to the master disc 8
and the single-pole magnetic heads 13 (in the case, therein the magnetic
transfer is conducted on one of the major surfaces of the magnetic recording
medium 11) or the spacing between the center plane between the major
surfaces of the perpendicular magnetic recording medium 11 and the
single-pole magnetic heads 13 (in the case, therein the magnetic transfer is
conducted on the major surfaces of the magnetic recording medium 11)
considering the strength of the magnetic field generated by the single-pole
magnetic heads 18, the shape of the soft magnetic layers 9 of the master disc
8, the material of the soft magnetié layers 9, and the magnetic
characteristics of the perpendicular magnetic recording medium 11. The

preferable spacing is from 1 to 4 mm.

For intensifying the strength of the magnetic field in the perpendicular
direction contributing to recording the transferred signals, it is necessary for
the magnetic flux density to be large in the soft magnetic layers 9. As the
magnetic flux density in the soft magnetic layers 9 increases, the magnetic

field in the portions of the magnetic recording layer beneath the soft
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magnetic layers 9 becomes higher and the higher magnetic field in the
magnetic recording layer facilitates writing the transferred signals more

clearly.

When a perpendicular magnetic field is applied to the perpendicular
magnetic recording medium 11; the magnetic fluxes converge to the portions
of the magnetic recording medium 11 facing to the soft magnetic layers 9
and a leakage magnetic field is caused in the portions of the magnetic
recording medium 11 not facing to any soft magnetic layer 9. Therefore, the
strength of the 'magnetic field applied to the perpendicular magnetic
recording medium 11 changes periodically in one direction. In other words,
the magnetic transfer is conducted not depending simply on the strength of
the perpendicular magnetic field localized to the soft magnetic layers 9 but
utilizing the difference between the strength of the magnetic field in the
portions of the magnetic recording medium 11 facing to the soft magnetic
layers 9 and strength of the magnetic field in the portions of the magnetic '
recording medium 11 not facing to any soft magnetic layer 9 Therefore, it is
necessary for the coercive force He in the direction perpendicular to the
magnetic recording layer of the perpendicular magnetic recording medium
11 to be higher than the strength of the magnetic field in the portions
thereof not facing to any soft magnetic layer 9 and to be lower than the
strength of the magnetic field in the portions thereof facing to the soft
magnetic layers 9.

Transfer operation using parallel magnetic field

The transfer operation by a parallel magnetic field is conducted by
using ring heads arranged symmetrically with respect to the surface (having -
a magnetic recording layer thereon) of the perpendicular magnetic recording

medium or with respect to the center plane between the major surfaces
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(having magnetic recording layers thereon) of the perpendicular magnetic

recording medium and by moving the ring heads to the portions of the
perpendicular magnetic recording medium, therein the servo data is to be
recorded. In detail, the transfer operation is conducted by rotating the
magnetic recording medium or by moving the ring heads in the
circumferential direction of the magnetic recording medium and by applying

a parallel magnetic field from the ring heads.

Now the magnetic transfer using a parallel magnetic field will be -

described in detail with reference to Fig. 3(b). In the magnetic transfer
process according to the invention, ring heads 16 and 17, each including a
permanent magnet and yokes attached to both poles of the permanent
magnet as shown in Fig. 8(b), are used. A gap 27 or 28 is formed between
the tips of the yokes. The ring heads are oriented such that the gaps 27 and
28 are facing to the master disc. Parallel magnetic fields 18 and 29, due to
the leakage magnetic fields from the gaps 27 and 28 and parallel to the
major surfaces of the perpendicular magnetic recording medium 11, are

applied to the perpendicular magnetic recording medium 11.

Although it depends on the master disc 8 and the perpendicular |

magnetic recording medium 11, the gaps 27 and 28 of the ring heads are

preferably from 3 to 6 mm in width. Although the ring heads, each including

a permanent magnet, are described in Fig. 3(b), the permanent magnet may

be replaced by a solenoid co_il having appropriate dimensions and such a

means well known to those skilled in the art. In the magnetic transfer
process according to the invention, the magnetic heads (ring heads)
generate a magnetic field in parallel to (in the longitudinal direction of) the

perpendicular magnetic recording medium 11. Although it depends on the.

coercive force and the permeability (both in the perpendicular direction and

in the parallel direction) of the magnetic recording layer of the
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perpendicular magnetic recording medium 11, the permeability of the soft
magnetic layers 9, the shapes of the ring heads 16 and 17, and such factors,
the strength of the magnetic field 18 is preferably from 0.4 to 1 T.

A pair of ring heads 16 and 17 are positioned with respect to the
perpendicular magnetic recording medium 11 in the same manner as the
single-pole magnetic heads 18 and 18. Note that the ring heads 16 and 17
are arranged as shown in Fig. 8(b) in such an orientation that generates a

unidirectional parallel magnetic field.

It is necessary to optimize the spacing between the surface of the
perpendicular magnetic recording medium 11 facing to the master disc 8 -
and the gaps 27, 28 of the ring heads (in the case, therein the magnetic'
transfer is conducted on one of the major surfaces of the magnetic recording
medium 11) or the spacing between the center plane between the major
surfaces of the perpendicular magnetic recording medium 11 and the gaps
27, 28 of the ring heads (in the case, therein the magnetic transfer is
conducted on the major surfaces of the magnetic recording medium 11)
considering the strength of the magnetic field generated by the ring heads
16, 17, the shape of the soft magnetic layers 9 of the master disc 8, the
material of the soft magnetic layers 9, and the magnetic characteristics of
the perpendicular magnetic recording medium 11. The preferable spacing is
from 1 to 4 mm. '

In the magnetic transfer according to the invention, the ring heads 16
and 17 are moved in the same way as the single-pole magnetic heads 18.

The ring heads 16 and 17 are moved from the side of the N pole to the side

of the S pole or vise versa.
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Now the mechanism of the magnetic transfer to the perpendicular
magnetic recording medium using a parallel magnetic field will be described
with reference to Figs. 18(A) through 18(C). Fig. 18(A) shows the positional
relatiohship between the transfer signals and a magnetic field 301 applied
by the ring heads 16 and 17 in parallel to the perpendicular magnetic .
recording medium 11 and the master disc 8. Fig. 18(B) shows magnetic lines

of force 302 of the parallel magnetic field. Fig. 18(C) is a graph showing the

distribution of the perpendicular components of the magnetic field applied

in parallel to the perpendicular magnetic recording medium.

The magnetic field applied to the vicinity of the soft magnetic layers 9
converges to the soft magnetic layers 9, the magnetic permeability thereof is
high. The magnetic field applied to the vicinity of the soft magnetic layers 9
causes a leakage magnetic field in the regions, therein any soft magnetic
layer does not exist. Since the magnetic field converging to the soft mé.gnetic
layers 9 and the leakage magnetic field have perpendicular components, a
perpendicular magnetic field is generated. The strength of the -
perpendicular magnetic field has peaks at both ends of the pattern of the
soft magnetic layer, The directions of the peaks at both ends of the pattern
of the soft magnetic layer are opposite to each other. If the perpendicular
magnetic recording medium 11 was uniformly magnetized upward in the
figure by initialization, the magnetization in the right end portion of the soft
magnetic layer is inverted by the magnetic transfer, that is the signal is
transferred, since a perpendicular component of the magnetic fields pointing
downward is generated in the right end portion of the soft magnetic layer.
The magnetization in the left end portion of the soft magnetic layer, to that |
the magnetic field pointing downward is applied, is not inverted. In other

words, the magnetization in the left end portion of the soft magnetic layer
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keeps the initialized direction and, therefore, any signal is not transferred
to the left end portion of the soft magnetic layer.

Note that the direction of the perpendicular component of the magnetic
field generated at the right end of the soft magnetic layer by the parallel
magnetic field applied to the soft magnetic layers 9 is opposite to the
direction of the perpendicular component of the magnetic field generated at
the left end of the soft magnetic layer. Therefore, it is possible to invert the
direction of the initial magnetization (that is, it is possible to transfer a
signal corresponding to the soft magnetic layer) as far as the strength of the
perpendicular component of the magnetic field generated by applying a
parallel magnetic field is higher than the coercive force of the perpendicular
magnetic recording medium 11. In other words, the magnetic transfer is
facilitated not by the difference of the magnetic field strength between the
portions facing to the soft magnetic layers 9 and the portions not facing to
any soft magnetic layer but simply by the strength of the perpendicular
component of the magnetic field generated. The mechanism described above
facilitates avoiding the limitations posed on the magnetic recording layer of
the perpendicular magnetic recording medium 11 for conducting magnetic
transfer by applying a perpendicular magnetic field and expanding the |

range of selecting materials for the magnetic recording layer.

As described above, only the parallel component of the magnetic field
applied to the perpendicular magnetic recording medium 11, more in detail
only the perpendicular magnetic field generated by the parallel component,
is effective for the magnetic transfer. Therefore, it is important in applying
the parallel magnetic field not only for the polarity of the magnetic field that
the ring heads 16 and 17 generate but also for the strength distribution of
the magnetic field to be symmetric with respect to the surface of the
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perpendicular magnetic recording medium 11 facing to the master disc 8 (in

the case, therein the magnetic transfer is conducted on one of the major .

surfaces of the magnetic recording medium 11) or with respect to the center

plane between the major surfaces of the perpendicular magnetic recording
medium 11 (in the case, therein the magnetic transfer is conducted on the
major surfaces of the magnetic recording mediuxﬁ 11). As shown in Fig. 5,
the magnetic field generated by a ring head has a perpendicular component
as well as parallel componénts. In Fig. 5, a magnetic field (indicated by
arrows 30, 18 and 31) from the gap 27 of the ring head 16 and a magnetic
field (indicated by arrows 32, 29 and 83) from the gap 28 of the ring head 17
are shown in a simplified fashion. The perpendicular magnetic field
(indicated by the arrows 30, 31, 32 and 38) caused by the ring heads may
invert the direction of the m_agnetization in the perpendicular magnetic
recording medium and, therefore, may erase the transferred signals. Or, the
perpendicular magnetic field may transfer signals to the portions, therein -
the signals are not to be recorded. By arranging the ring heads 16 and 17
symmetrically as shown in Fig. 3(b), the perpendicular components of the
magnetic field may be canceled in the vicinity of the surface of the
perpendicular magneti_c recording medium 11 or in the vicinity of the
surface of the master disc 8, thereon the soft magnetic layers 9 are formed.
Therefore, the magnetic field is applied in parallel to the surface of the
perpendicular magnetic recording medium 11 facing to the master disc 8 by
the rihg heads arranged symmetrically with respect to the surface of the
perpendidular magnetic reéording medium 11 facing to the master disc 8 as '
shown in Fig. 3(b).

As described above, it is necessary to arrange the ring heads 16 and 17
symmetrically in the transfer operation, that applies parallel magnetic
fields. It is necessary to use an adjusting stage for adjusting the positions of

the ring heads 16 and 17. Since the poles of the same polarity are facing to
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each other in contrast to the magnetic transfer that employs perpendicular
magnetic fields, a large repulsive force is caused between the ring heads 16 '
and 17. Therefore, it is necessary to employ a structure, that includes an
adjusting stage and mounts for the ring heads rigid enough to sustain the

tolerable load of the adjusting stage.

Therefore, it is necessary to employ a structure for the magnetic
transfer by means of parallel magnetic fields, that facilitates arranging the
magnetic heads symmetrically and moving the magnetic heads with their

symmetrical positional relationship kept during the movement.

Magnetic transfer apparatus

Now the magnetic transfer apparatus according to the invention for
conducting the foregoing initialization operation and for conducting the
foregoing transfer operation will be described below. The magnetic transfer

apparatus according to the invention has the following specific features.

(1) The magnetic transfer apparatus according to the invention faéilitates
arranging magnetic heads symmetrically with respect to the surface of the
perpendicular magnetic recording medium 11 facing to the master disc 8 (in
the case, therein the magnetic transfer is conducted on one of the major
surfaces of the magnetic recording medium 11) or with respect to the center
plane between the major surfaces of the perpendicular magnetic recording
medium 11 (in the case, therein the magnetic transfer is conducted on the

major surfaces of the magnetic recording medium 11).

(2) During moving the magnetic heads, the magnetic transfer apparatus
according to the invention facilitates maintaining the symmetrical

positional relationship between the magnetic heads with respect to the
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surface of the perpendicular magnetic recording medium 11 facing to the
master disc 8 (in the case, therein the magnetic transfer is conducted on one
of the major surfaces of the magﬁetic recording medium 11) or with respect
to the center plane between the major surfaces of the perpendicular
magnetic recording medium 11 (in the case, therein the magnetic transfer is

conducted on the major surfaces of the magnetic recording medium 11).

(3 The magnetic transfer apparatus according to the invention facilitates
moving the magnetic heads for adjusting the positions thereof to the area
almost unaffected by the magnetic force and detaching the magnetic heads
from a vertical linear stage. The magnetic transfer apparatus according to
the invention facilitates fixing the magnetic heads and the vertical linear
stage. The magnetic transfer apparatus according to the invention having
the functions as described above facilitates adjusting the positions of the
magnetic heads and maintaining the rigidity of the mount of the magnetic
heads. The magnetic transfer apparatus according to the invention

facilitates reducing the size and manufacturing costs thereof.

Embodiments

Now the magnetic transfer apparatus according to the invention will
be described in detail below in connection with the preferred embodiments
thereof.

The magnetic transfer apparatus for perpendicular magnetic recording
medium according to the embodiments of the invention will be described
with reference to Figs. 7(a) through 14(c).

Fig. 7(a) is a top plan view of a magnetic transfer apparatus according

to a first embodiment of the invention, Fig. 7(b) is a side plan view of the
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magnetic transfer apparatus according to the first embodiment of the -

invention.

The magi_xetic transfer apparatus according to the first embodimént
includes four blocks 101, 102, 103, and 104. These blocks are arranged on a

base 110 as shown in the figures to conduct a series of transfer operations.
Now the structures of each block will be explained below.

The block 101 is a supporting block for supporting a perpendicular
magnetic .recording medium. The supporting block 101 includes an air chuck
107 for holding a perpendicular magnetic recording medium 105, to that
servo data will be transferred, and for contacting the recording medium 105
tightly with a master disc 106; a spindle 108 for holding the recording
medium 105 and master disc 106 and for rotating the recording medium 105
and master disc 106 during the transfer operation; and a driving motor 109

for driving the spindle.

The block 102 is a magnetic field application block for magnetic -
transfer according to the first embodiment of the invention. Fig. 8(a) is an
expanded top plan view of the block 102. Fig. 8(b) is an expanded side plan
view of the block 102. The block 102 includes ai base 112 mounted on the
base 110 via a linear guide 111. Stoppers 114 and 115 are arranged on both
sides of the linear guide 111. The stoppers 114 and 115 define the limits of
the movement of the base 112 in the directions indicated by an arrow 116
during the initialization operation. A liner guide 113 is mounted on the base
112. Two vertical linear stages 117 and 118 are mounted on the liner guide
113 such that the vertical linear stages 117 and 118 are moveable vertically
as indicated by arrows 119 and 120. Mounting plates 123 and 124 for
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mounting magnetic heads 121 and 122 are attached to the respective
vertical linear stages 117 and 118 via respective fixing shafts 125 and 126.
A uniaxial adjusting stage 127 is mounted on one of the vertical linear |
stages 117. The uniaxial adjusting stage 127 is fixed to the mounting plate
128. The fixing shafts 125 and the mounting plate 128 are released from the
fixed state thereof by loosening attaching screws 130. Since the adjusting
stage 127 is moved by a micrometer head 128 due to the structure described
above when the attaching screws 130 are loosened, the magnetic head 121 is
moveable such that the relative distance between the magnetic heads 121
and 122 is adjustable. It is not always necessary to provide the other
vertical linear stage 118 with an adjusting stage. A link mechanism 131 is
disposed on the other side of the apparatus to open or make the vertical
linear stages come close to each other simultaneously. The magnetic headé :

are single-pole magnetic heads or ring heads.

The block 103 is a magnetic field application block, that applies
magnetic fields for conducting the initializaﬁon operation. Since the
structure, the function and the behavior of the block 108 are the same with
those of the block 102 except that the block 103 is a mirror image of the
block 102 and that the magnetic heads are single-pole magnetic heads solely

for initialization, detailed descriptions of the block 103 are omitted.

The block 104 is a master disc holding block. The block 104 includes an

air chuck 132 for holding a master disc 106 as shown in Fig. 7(b); a stage -

133 mounting the air chuck 132 thereon; a linear guide 184, that guides the
air chuck 132 verticélly to space aparf the master disc 106 from the
perpendicular magnetic recording medium; and an actuator 185 for driving
the stage 133 along the linear guide 134. Although an air cylinder is used
for the actuator 135 according to the embodiment, an oil-hydraulic cylinder

and such a means well known to those skilled in the art may be used
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alternatively.

Now the series of the operations conducted by the magnetic transfer
apparatus will be described in connection with the practical initialization
and magnetic transfer. Fig. 9(a) is a side plan view of the magnetic transfer
apparatus, to that a perpendicular magnetic recprding medium is mounted |
for initialization. Fig. 9(b) is a side plan view of the magnetic transfer
apparatus, in that the magnetic field application block for initialization is
positioned in close proximity to the perpendicular magnetic recording
medium. Fig. 9(¢) is a side plan view of the magnetic transfer apparatus, in
that the magnetic heads for initialization are positioned in close proximity
to the perpendicular magnetic recording mediuvm. Fig. 1_0(a) is a side plan
view of the magnetic transfer apparatus, to that an initialized perpendicular
magnetic recording medium is mounted for magnetic transfer. Fig. 10(b) is a
side plan view of the magnetic transfer apparatus, in that a master disc for
magnetic transfer is positioned in close proximity to the initialized .
perpendicular magnetic recording medium. Fig. 10(c) is a side plan view of
the magnetic transfer apparatus, in that the magnetic field application
block for magnetic transfer according to the ﬁrst_ embodiment is positioned
in close proximity fo the perpendicular magnetic recording medium. Fig.
10(d) is a side plan view of the magnetic transfer apparatus, in that the
magnetic heads for magnetic transfer are positioned in close proximity to
the perpendicular magnetic recording medium. In Figs. 9(a) through 9(c),
the block 104 not used for magnetic transfer is omitted for the sake of

simplicity.

Fig. 9(a) shows the same state with that shown in Fig.7(a). Referring -
now to Fig. 9(a), magnetic heads 136 and 137 are held keeping a vertical
symmetry and a sufﬁcient spacing between the perpendicular magnetic

recording medium 105 such that the perpendicular magnetic recording
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medium 105 is not affected by the magnetic force. A base 138 of the
magnétic field application block for initialization and the base 112 of the
magnetic field application bldck for magnetic transfer according to the first
embodiment are at the respective withdrawn positions, thereat the base 138
touches a stoﬁper 140 and the base 112 touches the stopper 115, spaced
apart widely from the Spindle 108. The perpendicular magnetic recording
medium 105 is attached to and detached from the spindle 108 while the
base 138 for initialization and the base 112 for magnetic transfer are

positioned as described above. In Fig. 9(a), the perpendicular magnetic

recording medium 105 is on the spindle 108.

Referring now to Fig. 9(b), the baée 188 for initialization is brought to
the proximity of the perpendicular magnetic recording medium 105, until
the base 138 touches a stopper 142. While the base 138 is approaching to
the perpendicular magnetic recording medium 105, the magnetic heads 136
and 137 are spaced apart from each other so that the magnetic heads 136
and 137 may not affect the recording medium 105.

Referring now to Fig. 9(c), vertical linear stages 144 and 145 are made -
to come close in the direction indicated by an arrow 143 such that the
magnetic heads 136 and 137 are positioned symmetrically with respect to
the perpendicular magnetic recording medium 105 (in detail, with respect to
the surface of the perpendicular magnetic recording medium 105, thereon
the magnetic recording layer is formed, or with respect to the center plane
between the major surfaces of the recording medium 105). Since the
magnetic heads 136 and 187 move always keeping their symmetrical
positional relationship, the anomaly due to the ascending and the
descending of the magnetic heads is prevented from causing. Since the

magnetic heads 136 and 137 slowly close downward and upward
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respectively to the perpendicular magnetic recording medium 105, the
recording medium 105 is affected by the turbulence of the magnetic field
much less than by the conventional method, that inserts and draws out the
recording medium 105 laterally into and from the space between the
magnetic heads already made to come close. Thus, a magnetic field is-
applied to the perpendicular magnetic recording medium 105 more ideally.
The spindle 108, chucking the perpendicular magnetic recording medium
105 between the magnetic heads made to come close to each other with their
symmetrical pbsitional relationship 'kept, is rotated one or more turns and
the entire surface or surfaces of the perpendicular magnetic recording
medium 1056 are initialized. Since the magnetic heads 136 and 137 are
arranged symmetrically with respect to the perpendicular magnetic

recording medium 105, (1) the longitudinal expansion of the magnetic field _

is narrowed and (2) only the perpendicular component of the magnetic field

is applied to the recording medium 105.

After initializing the perpendicular magnetic recording medium 105,
the magnetic heads 136 and 137 are withdrawn from each other by the -
vertical linear stages 144 and 145. Thus, the magnetic heads 136 and 137
return to the state shown in Fig. 9(b). Since the magnetic heads 136 and 137
move keeping their symmetrical positional relationship while returning to
the state shown in Fig. 9(b), the anomaly due to the ascending and

descending of the magnetic heads is prevented from causing. Finally, the

initialization operation is completed by retuniing the base 138 to the -

waiting position shown in Fig. 9(a).

Now the magnetic transfer operation will be described. Fig. 10(a)
shows the same state with those shown in Figs.7(a) and 9(a). Referring now
to Fig. 10(a), the perpendicular magnetic recording medium 105 has been

initialized already by the initialized operation described above with
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reference to Figs. 9(a) through 9(c). Alternatively, the perpendicular
magnetic recording medium 105 is a recording medium initialized by any of
the other methods. At this stage, the position of the master disc is-adjusfed.
The position of the master disc 106 is adjusted, for example, by observing a
not shown marker marked at the center of the master disc 106 through a

not shown CCD camera having a reference point and by making the marker

coincide with the reference point. Since the reference point is positioned |

such that the reference point coincides with the center of the spindle 108

and since the perpendicular magnetic recording medium 105 is chucked

onto the spindle 108, the positions of the master disc 106 and the recording

medium 105 are adjusted.

Referring now to Fig. 10(b), the master disc 106 is lowered via the
stage 133 to the direction indicated by an arrow 146 and made contact
tightly with the perpendicular magnetic recording medium 105 by the air
chuck 107,

Referring now to Fig. 10(c¢), the base 112 for magnetic transfer is made
to come close to the perpendicular magnetic recording medium 105 until the
base 112 touches the stopper 114. The base 112 is made to come close to the
recording medium 105 with the magnetic heads 121 and 122 spaced apart
from each other such that the magnetic heads 121 and 122 do not affect the

recording medium 105,

Referring now to Fig. 10(d), the vertical linear stages 117 and 118 are
made to come close in the direction indicated by an arrow 150 such that the

magnetic heads 121 and 122 are always at the respective positions

symmetrical with i'espect to the perpendicular magnetic recording medium -

105 as a plane of symmetry. Since the moving magnetic heads 121 and 122

always keep their symmetrical positional relationship as describe above, the
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anomaly at the ascending and descending position of the magnetic heads is
prevented from causing. Since the magnetic heads 121 and 122 are
arranged symmetrically with respect to the perpendicular magnetic
recording medium 105, only the perpendicular component of the magnetic
field is applied to the perpendicular magnetic recording medium 105 when
the magnetic heads are single-pole magnetic heads or only the parallel
component of the magnetic field is applied to the perpendicular magnetic
recording medium 105 when the magnetic heads are ring heads. Since the
magnetic heads 121 and 122 slowly close downward and wupward

respectively to the perpendicular magnetic recording medium 105, the

'recording medium 105 is affected by the turbulence of the magnetic field

much less than by the conventional method, that inserts and draws out the
recording 'medium 105 laterally into and from the space between the
magnetic heads already made to come close. Thus, a magnetic field is
applied to the perpendicular magnetic recording medium 105 more ideally.
The spindle 108, chucking the perpendicular magnetic recording medium
105 and the master disc 106 between the magnetic heads made to come
close to each other with their symmetrical positional relationship kept, is
rotated one or more turns and servo signals are transferred to the entire

surface or surfaces of the perpendicular magnetic recording medium 105.

After transferring the éervo data to the perpendiéular magnetic
recording medium 105, the magnetic heéds 121 and 122 are withdrawn
from each other by the vertical linear stages 117 and 118. Thus, the
magnetic heads 121 and 122 return to the state shown in Fig. 10(c).

After withdrawing the base 112 to the waiting position shown in Fig.
10(b), the master disc 106 is raised via the stage 183 and withdrawn from
the perpendicular magnetic recording medium 105. The magnetic transfer

apparatus returns to the initial state shown in Fig, 10(a) and the magnetic

39




10

15

20

25

30

transfer operation is completed.

Now the mechanism for symmetrically transporting the magnetic |
heads will be described in detail. Fig. 11(a) is an expanded top plan view of
the link mechanism 131 attached to the magnetic field application block for
magnetic transfer. Fig. 11(b) is an expanded side plan view of the link
mechanism 131 attached to the magnetic field application block for

magnetic transfer according to the first embodiment.

Referring now to these figures, a horizontal linear guide 155 is
attached to the base 112 of the magnetic field application block 102. A
horizontal linear stage 156 is on the horizontal linear guide 155. A side
plate 157 is disposed on the horizontal linear stage 156. A pin 158 is

between the horizontal linear stage 156 and the side plate 157. Pins 159 and

161 are attached to the side walls of the vertical linear stages 117 and 118.
An upper link 160 connects the pins 158 and 159 to each other. A lower link
162 connects the pins 158 and 161 to each dther. An actuator 164 is
attached to the base 112 via an attaching plate 163. The actuator 164 is
coupled with the side plate 157 via a shaft coupling 165. Although an air
cylinder is used for the actuator 164 according to the invention, an
oil-hydraulic cylinder and such a means well known to those skilled in the
art may be used alternatively. The actuator 164, capable of exerting driving
force along the direction indicated by aﬁ arrow 166, moves the side plate 157
and the horizontal linear stage 156 along the linear guide 155 in the
direction indicated by the arrow 166. Fig. 12(a) is an expanded side plan
view of the magnetic field application block for magnetic transfer according -
to the first embodiment showing the actuator 164 pulling in the linear stage
156 and the side plate 157 to the direction indicated by an arrow 167. Since
the pin 158 is moved to the direction indicated by the arrow 167 in
association with the behavior of the actuator 164 described above, the upper

40



10

15

20

26

80

link 160 rotates to the direction indicated by an arrow 168 and the lower

link to the direction indicated by an arrow 169. By the rotational force of the

lower links 160 and 162, the vertical linear stage 117 moves to the direction
indicated by an arrow 170 and the vertical linear stage 118 to the direction

indicated by an arrow 171.

Therefore, the magnetic heads 121 and 122 mounted on the vertical
linear stages 117 and 118 move to the respective directions indicated by the
arrows 170 and 171 while keeping their symmetrical positional relationship.
Referring now to Fig. 12(b), the actuator 164 pushes the vertical linear stage
156 and the side plate 157 to the direction indicated by an arrow 172 for a
distance A. Since the pin 158 moves to the direction indicated by an arrow
172 opposite to the direction indicated by the arrow 167 in Fig. 12(a), the
upper link 160 rotates to the direction indicated by an arrow 173 and the
lower link 162 to the direction indicated by an arrow 174. Receiving the
rotational forces of the links 160 and 162, the- vertical linear stage 117
moves to the direction indicated by an arrow 175 and the vertical linear
stage 118 to the direction indicated by .an arrow 176. Therefore, the
magnetic head 121 mounted on the vertical linear stage 117 moves to the
direction indicated by the arrow 175 and the magnetic head 122 mounted on
the vertical linear stage 118 moves to the direction indicated by the arrow

176 while keeping their symmetrical positional relationship.

Now another mechanism according to a second embbdiment of the
invention for symmetrically transporting the magnetic heads will be
described below in detail. Fig. 18(a) is a side plan view of a magnetic field
application block for magnetic transfer according to a second embodiment of
the invention. Referring now to Fig. 13(a), the magnetic field application
block for magnetic transfer according to the second embodiment is different

from the magnetic field application block for magnetic transfer according to
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the first embodiment in that the vertical linear stages 151 and 152 in the
magnetic field application block according to the second embodiment are
shaped with a letter L. One side of each L-shaped linear stage is attached to
the linear guide 153 in the same way as in the magnetic field application
block according to the first embodiment such that the L-shaped vertical
linear stages 151 and 152 are guided vertically. The other side of each
L-shaped vertical linear stage is protruding to the opposite side of the
magnetic head 121 or 122. The portions of the L-shaped vertical linear
stages 1561 and 152 on the sides of the magnetid heads have the structure
same with those in the magnetic field application block according to the first

embodiment.

Fig 13(b) is another side plan view of the magnetic field application
block for magnetic transfer according to the second embodiment seen in the
direction indicated by the arrow B in Fig. 13(a). Fig 13(c) is a cross section
along C-C of Fig 13(b). In Figs. 13(b) and 13(c), the linear stages and the -
magnetic heads are omitted for the sake of simplicity. Referring now to
these figures, a shaft bush 184 is arranged in a magnetic field application
base 154. A pin 178 is inserted to the shaft bush 184 and connected to a not
shown driving shaft. A pinion 177 is fixed to the pin 178. A rack 179 is
disposed on one side of the vertical linear stage 151 and a rack 180 on one
side of the vertical linear stage 152. The racks 179 and 180 couple with the
pinion 177. In the magnetic field application block according to the second
embodiment, the vertical linear stages 1561 and 152 are moved with their
symmetrical positional relationship always kept by rotating the pin 178 by
the not shown actuator. When the pinion 177 is rotated in the direction
indicated by an arrow 181 as shown in Fig. 13(b) by driving the pin 178, the
pinion 177 exerts driving force downward to the linear stage 151 via the
rack 179 and the linear stage 151 moves downward as indicated by an

arrow 182. Since the pinion 177 exerts driving force upward to the linear

42




10

15

20

26

30

stage 152 via the rack 180, the linear stage 152 moves upward as indicated
by an arrow 183. '

Now the method of adjusting the positions of the magnetic heads for
initialization and for magnetic transfer will be described below. Since the
adjusting method for initialization and the adjusting method for magnetic
transfer are essentially the same with each other, the descriptions will be

made in connection with the magnetic heads for magnetic transfer.

Fig. 14(a) shows the magnetic heads 121 and 122 made to come close to
each other. In the state shown in Fig. 14(a), the spacing D between the
magnetic heads 121 and 122 is set such that the magnetic heads 121 and
122 are positioned symmetrically with reSpect to the perpendicular
magnetic recording medium. Since large attractive force or large repulsive
force is caused, as described earlier, between the magnetic heads 121 and
122 made to come close to each other, the adjusting stage 127, rigid enough
to sustain the large attractive force or the large repulsive force, is inevitably
large. To provide the mounting mechanism with sufficient rigidity, the
vertical linear stage 117 and the mounting plate 123 are fixed by the fixing -
shafts 125 using the attaching screws 130. In other words, the attractive
force or the repulsive force caused by the magnetic heads made to come close
to each other is exerted through the mounting plate 123 and the fixing
shafts 125 to the vertical linear stage 117 and sustained by the vertical
linear stage 117. Since it is required for the adjusting stage 127 only to be
rigid enough to sustain the weights of the mounting plate 123 and the

magnetic head 121, it is possible to minimize the adjusting stage 127.

Fig. 14(b) shows the magnetic heads 121 and 122 withdrawn from each
other. The magnetic heads 121 and 122 are withdrawn from each other as
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shown in Fig. 14(b) for adjusting the spacing D so that attractive force or

repulsive force may not be caused between the magnetic heads 121 and 122,

Fig. 14(c) shows the magnetic head 121, the mounting plate 123 and four

screws 130 corresponding to four fixing shafts seen in the direction
indicated by the arrow E of Fig. 14(b). Then, the four screws 130 are
loosened to release the mounting plate 123 and the linear stage 117 from
the fixed state thereof. When the mounting plate 123 and the linear stage

117 are released from the fixed state thereof, it is possible to adjust the

spacing D by moving the magnetic head 121, since the adjusting stage 127 is
now moveable to the direction indicated by an arrow 187 by the micrometer
head 128. Since long holes 191 are bored in the mounting plate 123, the
position of the mounting plate 123, that is the position of the magnetic head
121, is adjustable by the length of the long holes. After the adjustment is
over, the fixing shafts 125 for fixing the mounting plate 123 and the linear
stage 117 are tightened by tightening the screws 130 to provide the
mounting mechanism with sufficient rigidity. The spacing D between the |
magnetic heads 121 and 122 is adjusted as described above. By employing
the structures and the means described above, the small adjusting stage -
facilitates adjusting the positions of the magnetic heads and the mounting
mechanism for mounting the magnetic heads is rigid enough under the

applied magnetic field.

Advantageous Effects of the Invention |

The magnetic transfer apparatus according to the invention exhibits

the following effects.

(1) The anomaly of drastically changing transferred signal intensity due .
to the ascending and the descending of the magnetic heads is prevented

from causing in the portion of the magnetic recording medium
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corresponding to the ascending and the descending of the magnetic heads.

(2) An inexpensive and small adjusting mechanism for adjusting the
5 positions of the magnetic heads and an inexpensive, small and very rigid

mounting mechanism for mounting the magnetic heads are realized.
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1. A magnetic transfer apparatus, the magnetic transfer apparatus'

What is claimed is

magnetically transferring servo data carried by a master disc to a
perpendicular magnetic recording medium comprising a substrate and a
magnetic recording layer on the substrate, the magnetic transfer apparatus
comprising: ,

a positioning means, the positioning means positioning the master disc
in close proximity to or in tight contact with the perpendicular magnetic
recording medium; .

an adjusting méans, the adjusting means adjusting the positions of the -
master disc and the perpendicﬁlar magnetic recording medinm;

a first magnetic field application méans, the first magnetic field
application means applying a magnetic field for magnetically transferring to
the master disc and the perpendicular magnetic recording medium
positioned in close proximity to each other or in tight contact with each
other;

the first magnetic field application means comprising a pair of
magnetic heads for magnetically transferring arranged symmetrically with
respect to the surface of the perpendicular magnetic recording medium
facing to the master disc; and '

the magnetic heads for magnetic transferring moving symmetrically
with respect to the surface of the perpendicular magnetic recording medium

facing to the master disc.

2. The magnetic tfansfer apparatus é.ccording to Claim 1, the magnetic
transfer apparatus further comprising:

a second magnetic field application means, the second magnetic field
application means applying to the perpendicular magnetic recording
medium a magnetic field for initializing the magnetization over the entire

perpendicular magnetic recording medium;
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the second magnetic field application means comprising a pair of
magnetic heads for initializing arranged symmetrically with respect to the
surface of the perpendicular magnetic recording medium, that will be facing
to the master disc; and

the magnetic heads for initializing moving symmetrically with respect
to the surface of the perpendicular magnetic recording medium, that will be
facing to the master disc.

8. A magnetic transfer apparatus, the magnetic transfer apparatus
magnetically transferring servo data carried by a master disc to a
perpendicular magnetic recording medium comprising a substrate and two
magnetic recording layers on the major surfaces of the substrate, the
magnetic transfer apparatus comprising:

a positioning means, the positioning means positioning the master disc
in close proximity to or in tight contact with the perpendicular magnetic
recording medium;

an adjusting means, the adjusting means adjusting the positions of the
master disc and the perpendicular magnetic recording medium;

a first magnetic field application means, the first magnetic field
application means applying a magnetic field for magnetically transferring to
the master disc and the perpendicular magnetic recording medium
positioned in close proximity to each other or in tight contact with each
other; |

the first magnetic field application means comprising a pair of
magnetic heads for magnetically transferring arranged symmetrically with
respect to the center plane between the major surfaces of the perpendicular
magnetic recording medium; and

the magnetic heads for magnetic transférﬁng moving symmetrically
with respect to the center plane between the major surfaces of the

perpendicular magnetic recording medium.
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4. The magnetic transfer apparatus according to Claim 3, the magnetic
transfer apparatus further comprising:

a second magnetic field application means, the second magnetic field
application means applying to the perpendicular magnetic recording
medium a magnetic field for initializing the magnetization over the entire
perpendicular magnetic recording medium;

the second magnetic field application means comprising a pair of
magnetic heads for initializing arranged symmetrically with respéct to the

center plane between the major surfaces of the perpendicular magnetic -

recording medium; and

the magnetic heads for initializing moving symmetrically with respect
to the center plane between the major surfaces of the perpendicular

magnetic recording medium.

5. The magnetlc transfer apparatus accordmg to Claim 1, the first
magnetic field application means comprising:

a horizontal linear stage moving horizontally;

two vertical linear stages moving vertically:

two links connecting the horizontal linear stage and the vertical linear
stages:

the magnetic heads for magnetically transferring being mounted on
the respective vertical linear stages; and -

an actuator, the actuator driving the horizontal linear stage, whereby |
to move the magnetic heads for magnetically transferring always

symmetrically.

6. The magnetic transfer apparatus according to Claim 3, the first
magnetic field application means comprising:

a horizontal linear stage moving horizontally;

two vertical linear stages moving vertically;

two links connecting the horizontal linear stage and the vertical linear
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the magnetic heads for magnetically transferring being mounted on

stages;

the respective vertical linear stages; and
an actuator, the actuator driving the horizontal linear stage, whereby
to move the magnetic heads for magnetically transferring always

symmetrically.

7. The magnetic transfer apparatus according to Claim 1, the first
magnetic field application means comprising:

a driving shaft;

a pinion on the drive shaft;

two racks coupled to the pinions, the racks being moved by the rotation
of the pinion to the respective directions opposite to each other;

two vertical linear stages fixed to the respective racks, the vertical -

linear stages moving verticallyi

the magnetic heads for magnetically transferring being mounted on
the respective vertical linear stages; and _
the driving shaft rotating, whereby to move the magnetic heads

vertically and always symmetrically.

8. The magnetic transfer apparatus according to Claim 8, the first
magnetic field application means comprising:

a driving shaft; '

a pinion on the drive shaft;

two racks coupled to the pinions, the racks being moved by the rotation .
of the pinion to the respective directions opposite to each other;

two vertical linear stages fixed to the respective racks, the vertical
linear stages moving vertically; _

the magnetic heads for magnetically transferring being mounted on
the respective vertical linear stages; and

the driving shaft rotating, whereby to move the magnetic heads
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vertically and always symmetrically.

9. The magnetic transfer apparatus according to Claim 1, the first
magnetic field application means comprising: ' |

a first linear stage;

a second linear stage;

the first linear stage and the second linear stage moving always
symmetrically the magnetié heads for magnetically transferring;

the first linear stage comprising an adjusting stage mounting one of
the magnetic heads for magnetically transferring thereon, and a fixing
means;

the other one of the magnetic heads for magnetically transferring
being mbunted_ on the second linear stage;

the one of the magnetic heads for magnetically transferring being
released from the fixing thereof to the first linear stage, whereby to adjust
the positions of the magnetic heads for magnetically transferring; and

the fixing means fixing the one of the magnetic heads for magnetically
transferring to the first linear stage, whereby to apply a magnetic field to

the perpendicular magnetic recording medium.

10. The magnetic transfer apparatus according to Claim 3, the first
magnetic field application means comprising:

a first linear stage;

a second linear stage;

the first linear stage and the second linear stage moving always
symmetrically the magnetic heads for magnetically transferring;

the first linear stage comprising an adjusting stage mounting one of
the magnetic heads for magnetically transferring thereon, and a fixing
means;

the other one of the magnetic heads for magnetically transferring

being mounted on the second linear stage;
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the one of the magnetic heads for magnetically transferring being

released from the fixing thereof to the first linear stage, whereby to adjust '

the positions of the magnetic heads for magnetically transferring; and
the fixing means fixing the one of the magnetic heads for magnetically
transferring to the first linear stage, whereby to apply a magnetic field to

the perpendicular magnetic recording medium.

11. The magnetic transfer apparatus according to Claim 2, wherein the
first magnetic field application means and the second magnetic field

application means has the same structure.

12. The magnetic transfer apparatus according to Claim 4, wherein the
first magnetic field application means and the second magnetic field .

application means has the same structure.

13. The magnetic transfer apparatus according to Claim 1, wherein each of
the magnetic heads for magnetically transferring comprises a single-pole

magnetic head.

14. The magnetic transfer apparatus according to Claim 3, wherein each of
the magnetic heads for magnetically transferring comprises a single-pole

magnetic head.

15. The magnetic transfer apparatus according to Claim 1, wherein each of

the magnetic heads for magnetically transferring comprises a ring head.

16. The magnetic transfer apparatus according to Claim 8, wherein each of

the magnetic heads for magnetically transferring comprises a ring head.

17. The magnetic transfer apparatus according to Claim 2, wherein each of

the magnetic heads for initializing comprises a single-pole magnetic head.

18. The magnetic transfer apparatus according to Claim 4, wherein each of

the magnetic heads for initializing comprises a single-pole magnetic head.
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19. The magnetic transfer apparatus according to Claim 1, wherein the

master disc comprises a nonmagnetic substrate comprising soft magnetic

layers, the soft magnetic layers being arranged in stripe-shaped ranges
patterned or embedded periodically in the surface portion of the

nonmagnetic substrate corresponding to the servo data.

20. The magnetic transfer apparatus according to Claim 3, wherein the
master disc comprises a nonmagnetic substrate comprising soft magnetic
layers, the soft magnetic layers being arranged in stripe-shaped ranges
patterned or embedded periodically in the surface portion of the

'nonmagnetic substrate corresponding to the servo data.

21. A method of magnetically transferring servo data carried by a master
disc to a perpendicular magnetic recording medium comprising a substrate
and a magnetic recording layer on one of the major surfaces of the substrate,
the method comprising the steps of

positioniﬁg the master disc in close proximity to or in tight contact
with the perpendicular magnetic recording medium; |

positioning a pair of magnetic heads for magnetically transferring in a
symmetrical positional relationship with respect to the surface of the
perpendicular magnetic recording medium facing to the master disc;

making the magnetic heads for magnetically transferring come close to
the perpendicular magnetic recording medium while keeping the
symmetrical positional relationship with respect to the surface of the |
perpendicular magnetic recording medium facing to the master disc;

applying a magnetic field to the perpendicular magnetic recording
medium from the maghetic heads for magnetically transferring, whereby to
transfer the servo data from the master disc to the perpendicular magnetic
recording medium; and

withdrawing the magnetic heads for magnetically transferring from

the perpendicular magnetic recording medium while keeping the
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symmetrical positional relationship with respect to the surface of the

perpendicular magnetic recording medium facing to the master disc.

22. The method according to Claim 21, the method further comprising the |
steps of:

positioning a pair of magnetic heads for initializing the perpendicular
magnetic recording medium in a symmetrical positional relationship with
respect to the surface of the perpendicular magnetic recording medium, that
will be facing to the master disc; |

making the maghetic heads for ihitializing come close to the
perpendicular magnetic recording medium while keeping the symmétrical
poéitional relationship with respect to the surface of the perpendicular
magnetic recording medium, that will facing to the master disc;

applying a magnetic field to the perpendicular magnetic recording
medium from the magnetic heads for initializing, whereby to initialize the
perpendicular magnetic recording medium; and

withdrawing the magnetic heads for initializing from the
perpendicular magnetic recording medium while keeping the symmetrical
positional relationship with respect to the surface of the perpendicular -

magnetic recording medium, that will be facing to the master disc.

23. A method of magnetically transferring servo data carried by a master
disc to a perpendicular magnetic recording medium comprising a substrate
and two magnetic recording layer on both major surfaces of the substrate,
the method comprising the steps oft '

positioning the master disc in close proximity to or in tight contact
with the perpendicular magnetic recording medium;

positioning a pair of magnetic heads for magnetically transferring in a
symmetrical positional relationship with respect to the center plane between
the major surfaces of the perpendicular magnetic recording medium;

making the magnetic heads for magnetically transferring come close to
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the perpendicular magnetic recording medium while keeping the
symmetrical positional relationship with respect to the center plane between
the major surfaces of the perpendicular magnetic recording medium;

applying a magnetic field to the perpehdicular magnetic recording
medium from the magnetic heads for magnetically transferring, whereby to
transfer the servo data from the master disc to the perpendicular magnetic
recording medium; and

withdrawing the magnetic heads for magnetically transferring from
the perpendicular magnetic recording medium while keeping the
symmetrical positional relationship with respect to the center plane between

the major surfaces of the perpendicular magnetic recording medium.

24. The method according to Claim 23, the method further comprising the
steps of: |

positioning a pair of magnetic heads for initializing the 'perp.endicular
magnetic recording medium in a symmetrical positional relationship with
respect to the center plane between the major surfaces of the perpendicular
magnetic recording medium; _ _

making the magnetic heads for initializing come close to the -
perpendicular magnetic recording medium while keeping the symmetrical
positional relationship with respect to the center plane between the major
surfaces of the perpendicular magnetic recording medium;

applying a magnetic field to the perpendicular magnetic recording -
medium from the magnetic heads for initializing, whereby to initialize the
perpendicular magnetic recording medium; and

~ withdrawing the magnetic heads for initializing from the

perpendicular magnetic recording medium while keeping the symmetrical

positional relationship with respect to the center plane between the major

surfaces of the perpendicular magnetic recording medium.
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25. The method according to- Claim 21, wherein the pair of the magnetic |
heads for magnetically transferring comprises a pair of single-pole magnetic
heads, a pole of a first polarity of one of the single-pole magnetic heads
facing to a pole of a second polarity of the other one of the single-pole

magnetic heads.

26. The method according to Claim 23, wherein the pair of the magnetic
heads for magnetically transferring comprises a pair of single-pole magnetic
heads, a pole of a first polarity of one of the single-pole magnetic heads
facing to a pole of a second polarity of the other one of the single-pole
magnetic heads. '

- 27. The method according to Claim 21, wherein the pair of the magnetic

heads for magnetically transferring comprises a pair of ring heads, the poles

of the same polarity of the ring heads facing to each other.

28. The method according to Claim 23, wherein the pair of the magnetic
heads for magnetically transferring comprises a pair of ring heads, the poles

of the same polarity of the ring heads facing to each other.
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