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RECORDMMAH NMAMNRMINS TECHNI CAL FI ELD The present invention relates to a
mast er -1 nt g tion magnetic 5 recording apparatus for recording

predeterm ned nmaster information signals, using a master inf

carrier, on a magnetic recording nedi um used in a magnetlc ﬂ“)mmmlm"‘"\““mml
recor di ng/ reproduci ng apparatus wth large capacity and recQ

density. 10 BACKGROUND ART A magnetic recording/ reprodu0| ng appara us has
been increasing in i5 20 25 30 recording density in order to achieve its
smal | si ze MASTERGENEARIMATIONEMAGNETYC RECORDING APPARATERd di sk
drive as a typical nagnetic recording/reproduci ng apparatus, apparatuses

with an areal recording density of nore than five gigabits per square inch
(7. 75 MITESHINPCAdrBIELDPeady avail able on the market. The practical use of
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processi fgopdhQénsitgh as "partial response”. However, recently the rate of
increase in track density exceeds that of track recording density greatly,
which is a primary factor for the increase in areal recording density
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magnetic recording media, performance of a head-disk interface, and the like
and the advent of a new signal processing method such as “partial response”.
However, recently the rate of increase in track density exceeds that of track

25 recording density greatly, which is a primary factor for the increase in areal
recording density. Practical use of a magneto-resistive type head, which is
superior to a conventional inductive type magnetic head in reproduction-
amplitude performance by far, has contributed to the increase in track
density, and has enabled the reproduction of signals from a track whose

30 width is a few microns or less with a high S/N ratio. It is expected that a
track pitch will reach the sub micron range in the near future along with
further improvement of the head performance.

A conventional hard disk drive has areas (hereafter referred to as

"preformat recording areas") where master information signals such as a

35 tracking servo signal, an address data signal, and a reproduction clock signal
are recorded, so that a magnetic head can scan such a narrow track correctly
and reproduce the signals with a high S/N ratio. The preformat recording
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address data signal, and a reproduction clock signal are to be reference
signals for the nagnetic head to scan a track correctly Therefore, precise
track-positioning accuracy is required in recording the signals. In a
conventional hard disk drive, a magnetic disk and a magnetic head are 10

i ncorporated into a drive in advance. 2Then the master information signals
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a recor df‘oﬂ%wtixrlg (I:‘le(asons cause the increase in the time required for the preformat
30 recording. Thatis, the more the track density increases, the greater the

precision that is required for positioning the magnetic head. Therefore,
preformat recording areas where the information signals such as the
tracking servo signal and the like are recorded have to be located at a
smaller angular interval over one rotation of the disk. Consequently, the

35 preformat information signals to be recorded in the disk increase as the
recording density increases. Thus, more time is required for the preformat
recording.



20 width, and the width of a pole 23 at a |eading edge is several ti88$P 2002
| arger than the recording track width. Both the two conditions nentioned
above may cause the diffusive recording magnetic field at recording track
edges. As a result, such problens occur that the nagnetization at the track
edges of the recorded 25 preformat signals | acks steepness in transition or
erased areas appear on both sides of & track edge. In a current tracking
servo techni que, magneti chead position is detected based on a change anount
of reproduction anplitude when the magnetic head deviates froma track to
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from a track to scan, i.e. the off-track characteristic is steep. Consequently,
when a magnetization at an edge of a track of the preformat signals lacks
steepness in transition, it is difficult to realize the precise tracking servo

35 technique that is required for a submicron track recording in the future.
In order to solve the aforementioned two problems in the preformat
recording using a magnetic head, Japanese Laid-open Patent Publication
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Therefore, in order to allow the preformat recording techni que using a

master information carrier to be really effective, it is preferable that

t he ~as ~ P 2002 5 magneti zed direction of a ferromagnetic film pattern
formed on the master information carrier and the head-gap | ength directi-en
coincide with each other in preformat recording. That is to say, it is
preferable that the magneti zed directidon of the ferromagnetic filmis

per pendi cul ar at every 5 portion to the track-scanning direction of the
magnetic head in every track on the magnetic disk. Wen the preformat
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enabl I ngmiokred piedw bebit shown by the alternating long and short dash line 17 in
FIG. 1 by a voice coil motor 15. The orbit generally has a circular-arc shape
taken with a rotation axis 18 of a head actuator as its center. The
tangential direction at arbitrary points on the circular arc substantially
30 coincides with the head-gap width direction. This tangential direction is
defined as the "track-scanning direction“. FIG. 3 is an enlarged view of a
part of a recording track on a magnetic disk 12. Generally, the magnetized
direction of bits 31 recorded in the magnetic disk 12 coincides with the head-
gap length direction and is perpendicular at every portion to the head-gap
35 width length, i.e. the track-scanning direction of the magnetic head 11.
Therefore, in order to allow the preformat recording technique using
a master information carrier to be really effective, it is preferable that the
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track-scanni ng by the magnetic head in the magnetic recording/reproduci ng
apparatus to be obtai ned. The device for applying a magnetic field can be a
bar-1i ke permanent nmagnet with a center axis curved along the circular-arc
orbit and its 15 magneti zing direction perpendicular to the center axis.
Further, the device for applying a magnetic field can be a | arge nagnetic
head having a pair of bar-like nagnetic bodi es opposi ng each other, between
which a center axis curved along the circular-arc orbit is |ocated, and a

?Qg'net“?2Fﬁgﬁﬁﬁégtﬁﬂeﬁt?éﬁff%ﬁ?%%@ip?‘Em't %“*%’é‘ﬁ?“é?‘?*’?i%??%“?ﬂg e 20
Const r ucHHORRaHOR AEHER 2RHHNE 1AdERR eqtranicoipeister Wish esxch; he

recor gedoﬂidrganrefdiﬁlwﬁzfgdiﬁg._ itirlli?ﬁﬁ@etgé g4y, St &‘el?ﬂ)lé !ﬂﬁaﬂﬁ&sﬂt_ eti ;:h
I’ECOI’_II’] nedlr um COl NClI V¥I € nNeagdr ag en |rreag|on, _US
enabl | ngthaeneized Sirestionctdhaitreromannelts i 38 eprpehdigHar AL evaatict i on 25
anpl i8 udpoftion to tloktrackmoanginyydirbetiomgfiehe mdpradic eddin avgydirack
recordi ng/ repr l{hg:appa t ai. : P . THE
DRAW NGSgéItEQ "igﬁe%‘g%‘?gh théévj\'/? E‘r&%%p%fé’?‘g‘agéﬁg‘%ﬁﬁ%@‘Eglr#:;g%&a?&%%‘é a 30
conmon  htheimgigsietigrdisle arereproduiced aspiga magnetihboadghe maepoatic ihead

confi gur gt4 t.d Ok i N I ' i nformati on
P gnars QeteRit By hAMNG maghehraioh if 166 IAAGEANRM R ARG, | 0 LT
magnet i z&8ewiPEs (Whan the magsehead hirectnn ofths feromagngtiafilmdoes not

tracky scesifcide \dith%%iMdﬁiﬁ RéhgtRAA L dtTor]) 2RE r%?focﬁﬁﬁbhdélﬁﬁli@ﬂde
e .
n

repr oducti on provi.ded i.n ard disk drive; G i § a plan, view show ng
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carrier head fThetegntitgickesthnaing hesqdl ke@ih nhénentheoscannlicg 5 is a view
show ng anpl e _of .eplossed patterns correspondi ng to preformt
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5 FIG 6 is a cPlyes-ibcmmprdant/that stevice fonapplying ainmagnetic fiekd wsaghet i c
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7 is a perspective view show ng the principal recording_ portiq

field to correspond to a circular-arc orbit of the magnetic head in track-

scanning.

DISCLOSURE OF INVENTION

20 The present invention aims to solve the aforementioned problems in
the prior art. It is an object of the present invention to provide a master-
information magnetic recording apparatus enabling highly reliable
preformat recording. In more detail, the object is to provide the master-
information magnetic recording apparatus in which when magnetizing a

25 ferromagnetic film pattern formed on a master information carrier, the
magnetizing direction of recording bits of the ferromagnetic film pattern
coincides with a head-gap length direction of a magnetic head in a magnetic
recording/reproducing apparatus.

In order to attain the aforementioned object, the master-information

30 magnetic recording apparatus according to the present invention has a
construction as follows: The apparatus has a construction for recording
predetermined information signals into a magnetic recording medium
having a ferromagnetic layer, by using a master information carrier
comprising a substrate on which a ferromagnetic film pattern corresponding

35 to predetermined information signals is formed. The apparatus comprises a
support for holding a magnetic recording medium in contact with the master
information carrier; and means for applying a magnetic field to the master



of the recording apparatus shown in FIG 6, including a cross sdd PER B a
10 part thereof; FIG 8 is a perspective view showi ng an exanpl e of nethods
of initial magnetization of a magnetic recording nmediuminto which

i nformati on signals are recorded using the recordi ng apparatus shown in
FIG 6; 15 FIG 9 is a plan view show ng a schematic configuration of a
master information carrier in a secong enbodi nrent of the present invention;
and FIG 10 is a cross-sectional view showi ng the master-information
magneti c recordi ng apparatus in the second enbodi nent of the present
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thus enabling the preformat recording that permits sufficient reproduction
25 amplitude for track-scanning by the magnetic head in the magnetic

recording/reproducing apparatus to be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a plan view showing a schematic configuration of a
30 common hard disk drive;

FIG. 2 is a plan view showing a schematic configuration of a
magnetic head for recording and reproducing information signals provided in
the hard disk drive;

FIG. 8 is a view showing the magnetized direction of recorded bits

35 on a hard disk and a track-scanning direction of the magnetic head for
recording and reproduction provided in the hard disk drive;

FIG. 4 is a plan view showing a schematic configuration of a master



20 track-circunferential direction. Similarly, the embossed patt&0n$ER28
are arranged transversely to the track-circunferential direction and al ong
a track-scanning orbit of a magnetic head in a nagnetic

recordi ng/ reproduci ng apparatus. In FIG 5, parts shown with hatching are
protrudi ng portions and their surfaces are fornmed of a ferronmagnetic

mat eri al such as Co. 25 A nethod of férnming the fine enbossed pattern
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Conthct RO STETRE AL ecrosted R he e P RGP shERaT 1o by

usi ng t HGatkbspheric pressure is relieved. Thus, the ferromagnetic film
can be prevented from being chipped. As a result, one master information
carrier 30 can be used for the recording of a considerable nunber of disks
conpar e BESTMORKFORCARRYINGi QUT! BNVENTIGNs, and thus, the life of
t he mast j "l carrier can be extended. Further, the master
informatiTon carrier can have a_longer life by form ng, a hard, protective
fil18Pon the feFlbndgsa srossiseational Vew pagMag 2 majteginformatign 35 The

recor di RAagAPRE 2ésbrdiry 8ppAAY 0T fiRdtenibedini@ i RicbEding thlthe present
invention. A circular recessed portion 63a is formed at the center of a lower
plate 63. In the recessed portion 63a, a circular elastic plate 67 is placed.
On the elastic plate 67, a hard disk 61 is positioned, and a master
35 information carrier 62 is placed on the hard disk 61. Center holes 61a and
67a are formed at the centers of the hard disk 61 and the elastic plate 67,
respectively. A suction pipe 68 is connected to the lower plate 63 at its



ferromagnetic filmon the protruding portions of the enbossed pati@rﬂipgmlz
master information pattern) formed on the naster information carrier 62 to
1 0SEP 2002 10 record preformat information signals into the hard disk
61 as a magnetic recording nmedium the direction of nmagnetizing the
ferromagnetic filmon the protruding gortions coi ncides with the head-gap
| ength direction of a magnetic head i B a magneti c recordi ng/reproduci ng
apparatus. 5 Substantially, the head-gap |l ength direction is perpendicul ar
to the trackscanning direction of the magnetic head in the magnetic
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on a surface of a glass substrate with a fine surface roughness and an
excellent flatness by a sputtering method. As a next step, a resist film is

30 exposed and developed by a photolithographic method or another
lithographic technique using a laser beam or an electron beam. Then, an
embossed pattern is formed by dry etching or the like. Alternatively, the
embossed pattern also can be formed by a so-called lift-off technology in
which a resist film is formed on a surface of a glass substrate and is

35 patterned, a ferromagnetic film made of Co or the like is formed, and then
the resist film is removed.

The method of forming the embossed pattern on the surface of the



10 positioned close to the hard disk 61, thus initializing the h&P&“ﬁi§%261
(initial magnetization). The permanent magnet 81 has the sane shape as that
of the pernmanent magnet 66 used in recording preformat information signals.
The magneti zing direction 82 of the pernmanent magnet 81 nmay be the sanme as
or opposite to the magnetizing direction 66a of the permanent magnet 66. 15
In the first enbodi nent, the nmagnetizong direction 82 is opposite to the
magneti zing direction 66a. As shown in FIG 6, the elastic plate 67, the
hard di sk 61, and the nmaster information carrier 62 are then superposed on
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the magnetic head in ic recor paratus are
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enbodi m:f) tevgﬁ(%%rﬁiogxgb&%gtcrﬁpped As a result, one master information carrier
30  can be used for the recording of a considerable number of disks compared to
conventional master information carriers, and thus, the life of the master
information carrier can be extended. Further, the master information
carrier can have a longer life by forming a hard protective film on the
ferromagnetic film and non-magnetic solid material.
35 The recording apparatus is designed so that when magnetizing the
ferromagnetic film on the protruding portions of the embossed pattern (a
master information pattern) formed on the master information carrier 62 to
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25 present invention. A circular recessed portion 103a is fornmed at the

center of a lower plate 103. A circular elastic plate 107 is placed in the
recessed portion 103a. On the elastic plate 107) a hard disk 101 is
positioned, and a master information carrier 102 is placed on the hard di sk
101. Center holes 10la and 107a are fornmed at the centers of the hard disk
101 and the elastic 30 plate 107, reé&ectively A suction pipe 108 is
connected to the lower plate 103 at its center, and is continuous with the
center hole 10la of the hard disk 101 and the center hole 107a of the
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to the getérdiRftepritRicthEeappar@manetic field 106e toward the magnetic core
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FIGS. 6, 7, and 8.
In the first embodiment, as shown in FIG. 6, an atmospheric

(

pressure is utilized for bringing the hard disk 61 and the master information
carrier 62 into close contact with each other, which are mechanically pressed
35 further to contact with each other using bolts 65, thus ensuring an entire
and uniform contact between them. Then, the ferromagnetic film on the
protruding portions of the embossed patterns formed on the master
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recordi ng/ reproduci ng magneti c head on the face opposing the master
information carrier 102. Each of nmgnetic core half bodies 106a and 106b
has a sectored face opposing the master information carrier 102. One side
of each sectored face has a 5 circul ar-arc shape being along a
track-scanning orbit of the recordi ngllr eproduci ng magnetic head. Therefore,
the direction of the nagnetic field 106e generated at the gap 106c is

per pendi cular to the trackscanning orbit at every portion. The use of the
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25 at their periphery, the upper flange 104 is placed on the upper surface

of the master information carrier 102 at the periphery The upper flange 104
and the lower plate 103 are fixed with the bolts 105. In this case, by
adjusting the fastening torque of the bolts 105, the hard disk 101 and the
master information carrier 102 are pressed and cone into contact with each
other 30 suitably, resulting in a uni¥brm contact between them Finally,
the large nagnetic head 106 is rotated in parallel to the nmaster

i nformation carrier 102 about the alternating |ong and short dash |ine

shown i NehGnadiSn dabHer GEPJ%UB%@ aMerfstin ?"l@hk'a‘i’n’ﬂ SRRPAhER 1dekithdQ the

master inforpation carrier 102. Consequen ferromagnetic i1l mon the
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FIG. 10 is a cross-sectional view showing a master-information

magnetic recording apparatus of a second embodiment according to the

25  present invention. A circular recessed portion 103a is formed at the center
of a lower plate 103. A circular elastic plate 107 is placed in the recessed
portion 103a. On the elastic plate 107, a hard disk 101 is positioned, and a
master information carrier 102 is placed on the hard disk 101. Center holes
101a and 107a are formed at the centers of the hard disk 101 and the elastic

30 plate 107, respectively. A suction pipe 108 is connected to the lower plate
103 at its center, and is continuous with the center hole 101a of the hard disk
101 and the center hole 107a of the elastic plate 107. An air suction device
109 is provided at an end of the suction pipe 108. When the air suction
device 109 starts operating, the master information carrier 102 is drawn

35 toward the hard disk 101, since air between the master information carrier
102 and the hard disk 101 is sacked out. An upper flange 104 presses the
upper surface of the master information carrier 102 at the periphery,
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means for applying a magnetic field to the master information carrier to
magneti ze the ferromagnetic filmpattern, the direction of the applied
magnetic field being perpendicular to a circular-arc orbit on the nagnetic
recordi ng nmedi um al ong whi ch a nmagnetic head scans tracks in a magnetic
recordi ng/ reproduci ng apparatus into which the magnetic recording nediumis
installed. 2. The master-information ¥agnetic recordi ng apparatus according
to claim1, wherein said nmeans for applying a magnetic field is a
f an- shaped pernmanent nmagnet curved along the circular-arc orbit. 3. The

V\rrzst er-i fe‘swlﬁﬁg AR \][mtmﬁhiclcn_tmqj"etﬂm@napaaraatiuilislachrachmﬂlé iﬂla@tﬁi mdlh
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a pair o‘ln g@f’f‘é’a&}rp’éqﬁgi vggl%olﬁﬁ'é’g hate ﬁ‘&i fl]q'rg‘ gﬁ”ﬁ%éh ¥ gap is
f or med sﬁxa‘.: wiith belts 108ed Aahwmgralrkdecdemtban-large mragnietichead previded of
manuf act yr cor u c [
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10%%% ( )mggn% 1c%1 10325 used for recording preformat information signals is
formed of a magnetic core half body 106a with a coil 106d and a magnetic
core half body 106b that are arranged opposing each other to provide a gap
106c. Application of current to the coil 106d generates a magnetic field 106e
toward the magnetic core half body 106b from the magnetic core half body

35 106a at the gap 106c¢, as shown with an arrow 106e. By changing the
direction for applying current, the direction of the magnetic field generated
at the gap 106¢ can be changed. The gap 106¢ has a circular-arc shape



10%& ()-10%& ()-f10%& ()-10%& ()- 3y#10%r& ()-0 (G @ 10 SEP 2002
10%2& ()-610%& ()--f 10%& ()--, 10%& ()-9% 10%& ()- $10%& ()-! 10%& ()-
'V bC@ 10%&' & 10%& ()- @10%& ()-& 10%& ()- 10z 10z 10z8! 10%& ()- @9

1002& ()-V u-}[<bC@ 10% 10%& ()-1t° #10%& ()- It #100& ()- | ~#10%8I& ()-
& 10%z& ()-39"10%& ()-Yqz}*<bC@

10% 28$10%228& ()-/110%& ()-y! ~ s$$10000& ()- " s$$10% (& ()- ! S$SLO%E () -

| MLO%2 &' () - gz. Opl uV4!l "109%& ()-910%& ()-|t10%& ()-L' 10%& ()- 10

being along a track-scanning orbit of the recording/reproducing magnetic
head on the face opposing the master information carrier 102. Each of
magnetic core half bodies 106a and 106b has a sectored face opposing the
master information carrier 102. One side of each sectored face has a

5 circular-arc shape being along a track-scanning orbit of the
recording/reproducing magnetic head. Therefore, the direction of the
magnetic field 106e generated at the gap 106¢ is perpendicular to the track-
scanning orbit at every portion. The use of the large magnetic head 106
allows the ferromagnetic film on the protruding portions of the master

10 information carrier 102 to be magnetized in the direction perpendicular to
the track-scanning direction of the recording/reproducing magnetic head
over all of the tracks. That is to say, the ferromagnetic film is magnetized in
the same direction as the head-gap length direction of the
recording/reproducing magnetic head.

15 The process of recording the information signals corresponding to
the embossed pattern formed on the master information carrier into the hard
disk as a magnetic recording medium will be explained with reference to
FIGS. 10, 11, and 12.

As in the first embodiment, as shown in FIG. 10, an atmospheric

20  pressure is utilized for bringing the hard disk 101 and the master
information carrier 102 into contact with each other, which are mechanically
pressed further to contact with each other, thus ensuring an entire and
uniform contact between them. Then, the ferromagnetic film on the
protruding portions of the embossed pattern formed on the master

25  information carrier 102 is magnetized using the second magnetic head 106,
thus recording preformat information signals corresponding to the embossed
pattern into the hard disk 101. The recording process will be explained in
detail as follows.

Before recording the information signals using the master

30 information carrier 102, initial magnetization is carried out. As shown in
FIG. 12, electric current is applied to the coil 121a and a large magnetic head
121 is rotated in parallel to the hard disk 101 about a center axis 122 of the
hard disk 101, which is indicated with an alternating long and short dash
line, with the gap 121b being positioned close to the hard disk 101, thus

35 initializing the hard disk 101 (initial magnetization). In this case, the large
magnetic head 121 may be replaced with the permanent magnet 81 as shown
in FIG. 8. The large magnetic head 121 may have the same shape as that of
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hard disk 101 are in contact with each other.

15 As a next step, the air suction device 109 is started. Air between the
master information carrier 102 and the hard disk 101 is sucked out through
the center hole 101a of the hard disk 101 and the center hole 107a of the
elastic plate 107, and therefore the master information carrier 102 is forced
toward the hard disk 101. An atmospheric pressure acts on the center

20  portion of the master information carrier 102. In this condition, only the
vicinity of the center portion of the master information carrier 102 is
securely in contact with the hard disk 101, and the master information
carrier 102 and the hard disk 101 may not be in secure contact with each
other at their periphery. In order to obtain a secure contact between them

25  at their periphery, the upper flange 104 is placed on the upper surface of the
master information carrier 102 at the periphery. The upper flange 104 and
the lower plate 103 are fixed with the bolts 105. In this case, by adjusting
the fastening torque of the bolts 105, the hard disk 101 and the master
information carrier 102 are pressed and come into contact with each other

30 suitably, resulting in a uniform contact between them. Finally, the large
magnetic head 106 is rotated in parallel to the master information carrier
102 about the alternating long and short dash line shown in FIG. 10, thus
applying a direct excition magnetic field to the master information carrier
102. Consequently, the ferromagnetic film on the protruding portions of the

35 master information carrier 102 is magnetized, thus recording preformat
information signals corresponding to the embossed pattern into the hard
disk 101.
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It ena%les the preformat recording that permits sufficient reproduction
10 amplitude for track-scanning by the recording/reproducing magnetic head to

be obtained.

INDUSTRIAL APPLICABILITY
According to the present invention, the magnetized direction of
15 recorded bits of preformat information signals in a magnetic recording
medium can coincide with a head-gap length direction of a magnetic head
provided in a magnetic recording/reproducing apparatus for reproducing the
information signals recorded in the magnetic recording medium. It enables
the preformat recording that permits sufficient reproduction amplitude for
20 track-scanning by the recording/reproducing magnetic head to be obtained.
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applying a magnetic field to magnetize the ferromagnetic film pattern, comprising:

a support for holding the magnetic recording medium in contact with the
master information carrier;

means for applying a magnetic field to the master information carrier to
magnetize the ferromagnetic film pattern, the direction of the applied magnetic field
being perpendicular to a circular-arc orbit on the magnetic recording medium along
which a magnetic head scans tracks in a magnetic recording/reproducing apparatus

into which the magnetic recording medium is installed.

2, The master-information magnetic recording apparatus according to claim 1,
wherein said means for applying a magnetic field is a fan-shaped permanent magnet

curved along the circular-arc orbit.

3. The master-information magnetic recording apparatus according to claim 1,
wherein said means for applying a magnetic field is a magnetic head having a pair of
magnetic core halves opposing each other between which a gap is formed so as to
be curved along the circular-arc orbit.

3. A method of manufacturing a magnetic recording medium in which
predetermined information signals are recorded into a magnetic recording medium
having a ferromagnetic layer with a master information carrier comprising a substrate
on which a ferromagnetic film pattern corresponding to the predetermined information
signals is formed, comprising the steps of:

holding the magnetic recording medium in contact with the master information

carrier;
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ferromagnetic m pattern, the direction of the applle magnetic field being
perpendicular to a circular-arc orbit on the magnetic recording medium along which a
magnetic head scans tracks in a magnetic recording/reproducing apparatus into

which the magnetic recording medium is installed.

4, The method of manufacturing a magnetic recording medium according to
claim 4, wherein said magnetic field is applied with a fan-shaped permanent magnet
curved along the circular-arc orbit.

5. The method of manufacturing a magnetic recording medium according to
claim 4, wherein said magnetic field is applied with a magnetic head having a pair of
magnetic core halves opposing each other between which a gap is formed so as to
be curved along the circular-arc orbit.



