fl 6 SEP 2006 MAGNETIC TRANSFER METHOD FOR MAGNETIC RECORDING MEDIUM Technical
Field of the Invention The present invention relates to a magnetic transfer method for a magnetic
recording medium, and more particularly to a method of writing a positioning servo signal of a
writing/reading head of data written on the surface of a magnetic recording mediu#rBb$aRingge
magnetic transfer technique in a hard disc drive (hereinafter abbreviated to "HDD") using magnetic
film as a storage material, which is mainly used as an external. storage device of a computer at
present. Prior Art In HDD, data are recorded/reproduced while a magnetic head is floated from the
surface of ¥PGIHEAT EhalRRNE FledoMifdg Ple iR APGNEEA hBECPRENT aMthEd HiMa distance of
several tens of nm by a floating mechanism called as a slider. Bit information on the magnetic
recording medium is stored in data tracks arranged concentrically on the recording medium surface.
The data recording/reproducing head is moved and positioned to a target track on the magnetic

recording medium® SGitac€ata high-Shé&xd, Bh8 Y SR /&¥brded and reproduced. A positioning

signal (servo signal?lfor detecting the 106 SEP 2006 .
The present inventlon relates to a magnetic transfer

method for a magnetic recording medium, and more particularly
to a method of writing a positioning servo signal of a
writing/reading head of data written on the surface of a
magnetic recording medium by using a magnetic transfer
technique in a hard disc drive (hereinafter abbreviated to
“HDD”) using magnetic film as a storage material, which is
mainly used as an external storage device of a computer at

present.

Prior Art

In HDD, data are recorded/reproduced while a magnetic
head is floated from the surface of a rotating magnetic
recording medium away from the surface of a disc at a distance
of several tens of nmby a floating mechanismcalled as a slider.
Bit information on the magnetic recording medium is stored in
data tracks arranged concentrically on the recording medium
surface. The data recording/reproducing head is moved and
positioned to a target track on the magnetic recording medium

surface at a high speed, and data are recorded and reproduced.

A positioning signal (servo signal) for detecting the



relative position between the head and the data tracks is concentrically written on-the surface of the
magnetic recording medium, and the magnetic head for recording/reproducing data detects the
relative position thereof at a fixed time interval. The servo signal is written in a magnetic recording
medium by using a dedicated device called as a servo writer after the magneti@: $e§5Pdi?ﬂQBmedium is
installed in a hard disc device, and it is used to prevent displacement from the center of a servo
signal detected by the head (or the center of the locus of the head). The recording density of such a
magnetic recording medium reaches 100Gbit/in2 in the case of magnetic recording media under
development kanlithie srsvadgé tapadiyirawis téhincreasd bpBdvtbremdrtperseacka coanection
with the increase of the storage capacity, there is a tendency that the density of the servo signal for
detecting tHEORISREPGSHIGY DERVEERTHINE HeiRl BHE IRC AAtA frackIRARe hEad RCAIEE ilGeased, and
the writing time of the servo signal is increased year by year. The increase of the writing time of the

servo signdlBettMes?Bdatlsr BRGS Heo @R iAProdaaRAs LB SRndHEHAge It dost. Against

the backdrop pLsuch & problom fi been ecenily fSHeloped sugh 2 SeEfpigus et aseyvo somal s

The servo signal is written in a magnetic recording medium by
using a dedicated device called as a servo writer after the
magnetic recording medium is installed in a hard disc device,
and it is used to prevent displacement from the center of a servo
signal detected by the head (or the center of the locus of the

head) .

The recording density of such a magnetic recording
medium reaches 100Gbit/in? in the case of magnetic recording
media under development, and the storage capacity trends to
increase by 60% or more per year. In connection with the increas\e
of the storage capacity, there is a tendency that the density
of the servo signal for detecting the relative position between
the head and the data track by the head is also increased, and
the writing time of the servo signal is increased year by year.
The increase of the writing time of the servo signal becomes
a fact or causing reduction in productivity of HDD and increase

in cost.

Against the backdrop of such a problem has been recently

developed such a technique that a servo signal is collectively



written in a magnetic recording medium by magnetic transfer to shorten the writing time of the servo
information more dramatically as compared with the system of writing a servo signal by using a signal
writing head of the servo writer as described above. Fig. 8 is a diagram showing a magnetic transfer
process of a servo signal. In an initial demagnetizing step, permanent magnet 83 fpr glgmgggetization
is moved so as to be kept spaced from the surface of a magnetic recording medium 81 at a fixed
interval of 1mm or less as shown in Fig. 8 (a) . A magnetic layer formed on the magnetic recording
medium 81 is not kept to be magnetized in a fixed direction before this step, and it is uniformly
magnetized ini& deectionandicated by arearodiingthefigure by magneticifielddeaking frara a gap of the
permanent magnet 82. In a master disc positioning step, a master disc 83 for magnetic transfer is
disposed afilposibneden the hdgrietic ¥eecordifg rhbdiurnm Stvas showain#Fig.S{b)meareexample,
Patent JP-A-11-175973 describes it as a technique to enhance reliability to this positioning that a
marker is piéfBed 6 ek oaEthePEIFGHIng befwdd® tiy sésver eftiermbies diseFidthe center of

the medium. 306 S E P 2006 Ina transfer pattern ertlng step the master disc 83
51gnal by using a signal writing h of the servo writer as

described above.

Fig. 8 is a diagram showing a magnetic transfer process
of a servo signal. In an initial demagnetizing step, permanent
magnet 82 for demagnetization is moved so as to be kept spaced
from the surface of a magnetic recording medium 81 at a fixed
interval of 1mm or less as shown in Fig. 8(a). A magnetic layer
formed on the magnetic recording medium 81 is not kept to be
magnetized in a fixed direction before this step, and it is
uniformly magnetized in a direction indicated by an arrow in
the figure by magnetic field leaking from a gap of the permanent

magnet 8§2.

In a master disc positioning step, a master disc 83 for
magnetic transfer is disposed and positioned on the magnetic
recording medium 81 as shown in Fig. 8(b). For example, Patent
JP-A-11-175973 describes it as a technique to enhance
reliability to this positioning that a marker is provided to
carry out the positioning between the center of the master

disc and the center of the medium.



is brought into close contact with the surface of the magnetic recording medium 81 as shown in Fig. 8
(c), and the permanent magnet 82 for magnetic transfer is moved along a movement path indicated
by an arrow in the figure to perform magnetic transfer. Fig. 9 is a diagram showing the mutual
positional relationship between the permanent magnet and the magnetic recordigg3aedpogs in the
initial demagnetizing step and the transfer pattern writing step for magnetic transfer, wherein Fig. 9(a)
shows the positional relationship in the initial demagnetizing step, and Fig. 9(b) shows the positional
relationship in the transfer pattern writing step. As shown in Fig. 9(b), in the transfer pattern writing
step, the master diserand @ ngpetieaéterdingmetiurg a3é cispdded] Be sitgta disc 83
soft-magnetic-film-side surface of the master disc having soft magnetic film 95 including a Co type
soft magneii€ IRy&rshbedinéa iﬁ%@%%&%ﬁ%ﬁ%u’%ﬁaﬁé@%ﬁﬁ%%&ﬁ%f@ﬂ% é6ntact with a
magnetic-layer-side surface of the magnetic recording medium having a magnetic layer 92 on a

substrate 91 ®5RE tHe BeRfdhdm Hhgnet 9838P mAghdf transfelis ML pt 6 RETRBEE bn the Si

substrate ?n4é én%g g; F o%or%g g-rl;re]% f (c)ﬂtr?g'grs]%necrm:{ns ?r?obfae\(/:lng lt ggé: % %%%g%fént path

indicated by an arrow in the figure to perform magnetic

transfer.

Fig. 9 1s a diagram showing the mutual positional
relationship between the permanent magnet and the magnetic
recording medium in the initial demagnetizing step and the
transfer pattern writing step for magnetic transfer, wherein
Fig. 9(a) shows the positional relationship in the initial
demagnetizing step, and Fig. 9(b) shows the positional

relationship in the transfer pattern writing step.

As shown in Fig. 9(b), in the transfer pattern writing
step, the master disc and the magnetic recording medium are
disposed so that a soft-magnetic-film~side surface of the
master disc having soft magnetic film 95 including a Co type
soft magnetic layer embedded in one surface of an Si substrate
94 is brought into close contact with a magnetic-layer-side
surface of the magnetic recording medium having a magnetic
layer 92 on a substrate 91, and the permanent magnet 93 for
magnetic transfer is swept so as to move on the Si substrate

94.



magnetic layer embedded in the form of a pattern is interposed between the permanent magnet 93
and the magnetic layer 92, so that the magnetic field formed in the Si substrate 94 by the permanent
magnet 93 can magnetize the magnetic layer 92 at the portions corresponding to the positions of the
soft magnetic film 95 at which no Co type soft magnetic layer exists. However, in @t si&ga@fic layer
92 at the portions corresponding to the positions at which the Co type soft magnetic layer exists, the
magnetic field passed through the soft magnetic film 95 so as to form a magnetic route having small
magnetic resistance. Therefore, the magnetic field leaking from the Si substrate 94 is weaker and
new signal writing i§ et carfied BagThelfagidtion trafdsfeheftheSehltesi§ital fevemricd®btit by the
mechanism as described above. As shown in Fig. 9 (b) , the direction of the magnetic field for writing
the transfeSigR&IGS Dposts BTRRAGiIFsEHh blthe My RtiGfiBRITBR §BnisyHetzaliBRSER. 10 is a

diagram showing an embedding%éprocess of the soft magnetic layer in the master disc, wherein (a)

shows a cgﬁﬁf@eﬁﬁpt&ea REsidt &ﬁ%‘ﬁdﬁ}\?sgg?&sigépﬁﬁ fRSTntiRg nﬁ@ﬁc(c% %}"18%595%1 St8ubstrate
Sing o0, 000, SIS, 2SS oG 0 e oo pannele i g1 @) shows 2
thickness permanent magnet 93 can magnetize the magnetic layer 92 at the
portions corresponding to the positions of the soft magnetic
film 95 at which no Co type soft magnetic layer exists. However,
in the magnetic layer 92 at the portions corresponding to the
positions at which the Co type soft magnetic layer exists, the
magnetic field passed through the soft magnetic film 95 so as
to form a magnetic route having small magnetic resistance.
Therefore, the magnetic field leaking from the Si substrate 94
is weaker and new signal writing is not carried out. The magnetic
transfer of the servo signal is carried out by the mechanism
as described above. As shown in Fig. 9(b), the direction of the

magnetic field for writing the transfer signal is opposite to

the direction of the magnetic field for demagnetization.

Fig. 10 is a diagram showing an embedding process of the
soft magnetic layer in the master disc, wherein (a) shows a
coating step of a resist, (b) shows a resist pattern forming
step, (c) shows an Si substrate etching step, Fig. 10(d) shows
a sputtering step to form the Co soft magnetic film, and (e)

shows a liftoff step for removing extra Co film.



is coated on the surface of an Si substrate 1001 of about 500m in thickness by using a spin coater,
and then a resist layer 1002 is formed by patterning based on photolithography method as in the
case of the normal method of manufacturing an Si semiconductor as shown in Fig. 10(b).
Subsequently, as shown in Fig. 10 (b) , dry etching is carried out by a reactive plggmaetciig
method using methane trichloride as reactive gas so that the surface of the Si substrate 1001 in areas
which are not covered by the resist layer 1002 is removed at a depth of about 500nm by etching.
Furthermore, as shown in Fig. 10(d), Co type soft magnetic film 1003a, 1003b of 500nm in thickness
is formed by a sputteringtmethothonael the statel théa theaesisti by erf1 002 isrlefh Friallysas shown in
Fig. 10 (e) , the resultant body containing the Si substrate 1001 immersed in solvent for dissolving
the resist (BysusigiisigtagBrid waverdrafe ke a8 Sécasibh dentandd)d dissalvether@Sistiayer 1002,

so that the resist layer 1002 and the Co soft magnetic film 1003b on the resist Jayer 1002 are
removed. AtPrESEtF B RTS&N3Y SFIoAFinG MRJAeFORRTON BBt FarfacEs Shd calANSd out

reading/writj n.both the surfaces in order to increase the storage .capacit r disc has. been
R RE TE bk ATGE8 o MBE TR, MaP AR ahBaer T

mainly used for magnetic recording me ac Sr e magnetic
reconﬂngnggﬂ%g;@H%6égg%28%6the normal method of manufacturing an Si

semiconductor as shown in Fig. 10(b). Subsequently, as shown
in Fig. 10(b), dry etching is carried out by a reactive plasma
etching method using methane trichloride as reactive gas so
that the surface of the Si substrate 1001 in areas which are
not covered by the resist layer 1002 is removed at a depth of
about 500nm by etching. Furthermore, as shown in Fig. 10(d),
Co type soft magnetic film 1003a, 1003b of 500nm in thickness
is formed by a sputtering method under the state that the resist
layer 1002 is left. Finally, as shown inFig. 10(e), the resultant
body containing the Si substrate 1001 immersed in solvent for
dissolving the resist (by using ultrasonic wave or the like as
occasion demands) to dissolve the resist layer 1002, so that
the resist layer 1002 and the Co soft magnetic film 1003b on

the resist layer 1002 are removed.

At present, a method of forming magnetic film on both the
surfaces and carrying out reading/writing on both the
surfaces in order to increase the storage capacity per disc has
been mainly used for magnetic recording media of HDD. This

manufacturing method for the magnetic recording media 1is



described in Patent JP-A-2002-319128. Problem to be solved by the invention A servo pattern as
described above and a data pattern are provided as a magnetic pattern to be recorded in the
magnetic recording medium. Many magnetic disc are loaded in a present HDD dmgegtggdzeach of
magnetic heads is individually equipped at each of both the surfaces of each magneticthSc! When a
data area is indicated, only HAS (head stack assembly) in which the head corresponding to a
cylinder in the data area concerned is mounted is controlled to be moved to a predetermined position
under servo control, and the other HSAs are kept not to be controlled. For example, when a cylinder
to be read/dfitien idearid Rt eie frd Rt SurPdtieltoth8 bak surface, if a displacement between the
servo patterns on both the surfaces is large, it takes time until the positioning of the HAS on the back
surface by the servo control is stabilized, so that the set ring time corresponding to the reading time
of data after the cylinder _is switched is increased, and thus a hi%h-speed data access of HDD is

degraded. Thereforer R34 SBryLithfutai #a thiré i5hfo GRpfteh?&ht between the magnetic patterns
on both the surfaces of the magneti recording medium, 7.0.8 SER 2008, A conventional targe
pattern to be magnetically

provided as a magnetic pattern to be recorded in the magnetic

recording medium. Many magnetic disc are loaded in a present

HDD device, and each of magnetic heads is individually equipped

at each of both the surfaces of each magnetic disc. When a data

area is indicated, only HAS (head stack assembly) in which the

head corresponding to a cylinder in the data area concerned is

mounted is controlled to be moved to a predetermined position

under servo control, and the other HSAs are kept not to be

controlled.

For example, when a cylinder to be read/written is varied
from the front surface to the back surface, if a displacement
between the servo patterns on both the surfaces is large, it
takes time until the positioning of the HAS on the back surface
by the servo control is stabilized, so that the set ring time
corresponding to the reading time of data after the cylinder
is switched is increased, and thus a high-speed data access of
HDD is degraded. Therefore, it is very important that there is
no displacement between the magnetic patterns on both the

surfaces of the magnetic recording medium.



transferred is limited to a servo pattern having a large pattern width because the photo-process
technique for forming master discs is based on "m-rule”. However, in consideration of advancement
of utility of magnetic transfer and the photo-process technique and application of "sub-m-rule”, a data
pattern as well as a conventional servo pattern should be considered as a transferﬁeergéaépaﬂﬁd't is
required to carry out the magnetic transfer based on a high-density master disc to a magnetic
recording medium. However, the prior art has a problem that it is impossible to carry out the
positioning between a magnetic pattern of a master disc for the front surface of a magnetic recording
medium and a magheti€ panter bi ierhastet T forPihetsatk strfacesf tHeanaghdiarekyrding
medium. The present invention has been implemented in view of the foregoing problem, and has an
object to providesE MEgRdtic fanstahthotiFora AGARLICREdTdmg Medinm that d& ESsily
provide magnetic pattern thvin no displacement between both tl'ﬁ?surface of £e magnetic
recording ETHRE RISEFor SO e BroRIk 1 BFAEFT5 Sttt 1 GHiect HecdrambTe the

invention 806 SEP??G(})OG of cI%im 1da rplagnet_ic tr?ns,ferénethod for a magneticdrecot[_dintr;1 medium in
which a ma{&%%ﬁg]ba P 1S trndfetred [0'the ™ Tu-© - fowever, 1in consideratio

of advancement of utility of magnetic transfer and the
photo-process technique and application of “sub-pum-rule”, a
data pattern as well as a conventional servo pattern should be
considered as a transfer target, and it is required to carry
out the magnetic transfer based on a high-density master disc

to a magnetic recording medium.

However, the prior art has a problem that it 1is
impossible to carry out the positioning between a magnetic
pattern of a master disc for the front surface of a magnetic
recording medium and a magnetic patter of the master disc for

the back surface of the magnetic recording medium.

The present invention has been implemented in view of the
foregoing problem, and has an object to provide a magnetic
transfer method for a magnetic recording medium that can easily
provide magnetic patterns having no displacement between both

the surfaces of the magnetic recording medium.

Means for solving the Problem

In order to attain the object, according to the invention



magnetic recording medium by using a master disc having soft magnetic material embedded therein,
is characterized by comprising: a step of determining an origin of a magnetic recording medium by
observing the inner periphery or outer periphery of the magnetic recording medium; a step of
providing an alignment mark on a first face of the magnetic recording medium ontige $¥sigied the
origin thus determined; a step of providing an alignment mark on a second face of the magnetic
recording medium on the basis of the alignment mark on the surface; and a step of aligning a
corresponding alignment mark provided on a master disc coincident with the alignment mark
provided o thé firstToriseéoRa FaEE bEthe ARFRICREBRANEC Medildy is frafsFtaPiabRstic pattern
formed on the soft magnetic material to the magnetic recording medium. The invention according to
claim 2 is CR&FHcHBrizedin R iR MAgRtc ramdstmEthotSolr & Phafftitsecdraing  fedium

according to claim 1, at Ieastro 1e of thedste[:I)1 Qggprovi.din the ali%nmegt. mark on the firstEface and the
step of prdUiting Fhlecaﬁ&?rﬁen Mark 6n e’ sedond tat Sr&/?dgesetﬁe éﬁﬁnm%‘ﬁtlrrﬁ%rl% tof an area

where magpetlg Informalion op e magneig ecouding mediumis wiitenitead. 9,0 SEP 1008 The
Invention accéi%lng to Cfglm is characterized in that in the fnagnetlc transafer method for gmagnetlc
recording comprising: a step of determining an origin of a magnetic
recording medium by observing the inner periphery or outer
periphery of the magnetic recording medium; a step of providing
an alignment mark on a first face of the magnetic recording
medium on the basis of the origin thus determined; a step of
providing an alignment mark on a second face of the magnetic
recording medium on the basis of the alignment mark on the
surface; and a step of aligning a corresponding alignment mark
provided on a master disc coincident with the alignment mark
provided on the first or second face of the magnetic recording

medium to transfer a magnetic pattern formed on the soft

magnetic material to the magnetic recording medium.

The invention according to claim 2 is characterized in
that in the magnetic transfer method for a magnetic recording
medium according to claim 1, at least one of the step of
providing the alignment mark on the first face and the step of
providing the alignment mark on the second face provides the
alignment mark out of an area where magnetic information on the

magnetic recording medium is written/read.



medium according to claim 1 or 2, the step of providing the alignment mark on the first face and the
step of providing the alignment mark on the second face provide the alignment marks by a photo
process. The invention according to claim 4 is characterized in that in the magnetic transfer method
for a magnetic recording medium according to any one of claims 1 to 3, the step d‘ﬂo@ﬁdmg'gthe
alignment mark on the second face comprises: a step of disposing a photomask at a predetermined
position to provide the alignment mark on the second face and recording an image of the photomask;
a step of disposing the magnetic recording medium at a predetermined position and picking up an
image of the alignnfatft markeprblifedesicthiectiragidee; @l 3Ep of dompanig fieretarted image with

the pickup image;.and _a step of correcting the position of the magnetic recording medium on the
basis of a %?%aﬁ%&?@sﬁfﬁ%%%%ﬁﬁ&?ﬁé@o‘?dﬁ?gtfbogaﬁﬁ 5 1 ORAAEelC S that Flthe

magnetic transfer m%tlgoggo am neti%ecorging n}edil,ér}rg accgrding%o an of
or more al]&%mleur?’[1 marks are p?ovu(:i)e(f of the master dis¢, and at 18ast oR& of tie st%p 0 eproviding

the alignmert gtk on the 191.10,0,6 SER 2006, Jace andhe step of proyiding the glignguent mark
nding

d
on the secondl ace provides two or more alignment marks corresp o the

alignment mark on the second face provide the alignment marks

one of claims 1 to 4, two
yone of dlaim

by a photo process.

The invention according to claim 4 is characterized in
that in the magnetic transfer method for a magnetic recording
medium according to any one of claims 1 to 3, the step of
providing the alignment mark on the second face comprises: a
step of disposing a photomask at a predetermined position to
provide the alignment mark on the second face and recording an
image of the photomask; a step of disposing the magnetic
recording medium at a predetermined position and picking up
an image of the alignment mark provided on the first face; a
step of comparing the recorded image with the pickup image; and
a step of correcting the position of the magnetic recording

medium on the basis of a comparison result.

The invention according to claim 5 is characterized in
that in the magnetic transfer method for a magnetic recording
medium according to any one of claims 1 to 4, two or more
alignment marks are provided on the master disc, and at least

one of the step of providing the alignment mark on the first

10



master disc. The invention according to claim 6 is characterized in that in the magnetic transfer
method for a magnetic recording medium according to any one of claims 1 to 5, each of the
alignment marks provided on the respective faces of the magnetic recording medium and the
corresponding alignment mark provided on the master disc are designed in such @ ghape aggp be
engageable with each other. The invention according to claim 7 is characterized in that in the
magnetic transfer method for a magnetic recording medium according to any one of claims 1 to 6, the
alignment mark of the master disc is provided on a face of the master disc in which the soft magnetic
material is ERBRARY, HHd HERIhMERT AR Bré8ed StHIRE On TR b &ghEREré&samy medium
which corresponds to the master disc is a surface located at %\g O%Eosite sidg fo a surface to which

|

the magnetic® patiri e HaRstdfred by the st U TR YR ntidh HeeBrllng 1 chdint 85s

characteriz%g ir,lcethat iJl:lSth magnetic transfer method according to any one of claims 1 to 6, the
alignment mark of the master disc is provided 11 0 6 SEP 2006 at the opposite side to a surface on

which the soft magnetic material of the master disc is embedded, and the alignment-mark provided
surface on the magnetic recording medium which

The invention according to claim 6 is characterized in
that in the magnetic transfer method for a magnetic recording
medium according to any one of claims 1 to 5, each of the
alignment marks provided on the respective faces of the
magnetic recording medium and the corresponding alignment mark
provided on the master disc are designed in such a shape as to

be engageable with each other.

The invention according to claim 7 is characterized in
that in the magnetic transfer method for a magnetic recording
medium according to any one of claims 1 to 6, the alignment mark
of the master disc is provided on a face of the master disc in
which the soft magnetic material 1is embedded, and the
alignment-mark provided surface on the magnetic recording
medium which corresponds to the master disc is a surface
located at the opposite side to a surface to which the magnetic

pattern is transferred by the master disc.

The invention according to claim 8 is characterized in
that in the magnetic transfer method according to any one of

claims 1 to 6, the alignment mark of the master disc is provided

11



corresponds to the master disc is a surface to which the magnetic pattern is transferred by the master
disc. The present invention has attained the above object by taking the following means. (1) Provision
of Alignment Mark to Front Surface/Back Surface of Magnetic Recording Medium The inner periphery
or outer periphery of a magnetic recording medium is observed by a TV camera tg gesgmmipgsthe
origin (center) of the magnetic recording medium. The origin of a photomask on which an alignment
pattern for the front surface is drawn is aligned with the above center, and the alignment mark drawn
on the photomask for the front surface is formed on the front surface of the magnetic recording

medium bytheqhote precesse Subgequently, she aligament markforeed anrtberfrasuiface of the
magnetic recording medium is observed, and the position of a photomask for the back surface is
adjusted sonthatan alignmehntmeark dsawdicrr the phdienhask , ferribetback suface mhickaiskised for
the positioning to the front surface is aligned with the alignment mark thus observed. Then, the
alignment nperk¥adthe back fardace drawrhd 2 AEIBEP 12006 corothdipttoneabkuior thé bakk surface
is formed on the back surface of the magnetic recording medium. The alignment mark on the front
surface of tf@nipetieds to the master disc is a surface to which the

magnetic pattern is transferred by the master disc.

The present invention has attained the above object by

taking the following means.

(1) Provision of Alignment Mark to Front Surface/Back
Surface of Magnetic Recording Medium

The inner periphery or outer periphery of a magnetic
recording medium is observed by a TV camera to determine the
origin (center) of the magnetic recording medium. The origin
of a photomask on which an alignment pattern for the front
surface is drawn is aligned with the above center, and the
alignment mark drawn on the photomask for the front surface is
formed on the front surface of the magnetic recording medium
by the photo process. Subsequently, the alignment mark formed
on the front surface of the magnetic recording medium is
observed, and the position of a photomask for the back surface
is adjusted so that an alignment mark drawn on the photomask
for the back surface which is used for the positioning to the
front surface is aligned with the alignment mark thus

observed. Then, the alignment mark for the back surface drawn

12



recording medium is used for the positioning to the alignment mark of the master disc for the back
surface, and the alignment mark on the back surface of the magnetic recording medium is used for
the positioning to the alignment of the mask disc for the front surface. Accordingly, with respect to the
shape and position of the alignment marks, it is unnecessary to make them coincidepgbgtwegggthe
front surface/the back surface of the magnetic recording material, and it is sufficient to make them
coincident between respective alignments marks which will be engaged with each other. The
alignment marks are provided to the magnetic recording medium while observing the shape of an
inner hole isto whiehphe sbat ok aspindrddlet is nsetadavhian thermadnetic taeondigcmedium is
installed into HDD and setting the center of a circle inscribing the inner hole as the origin. (2) Provision
of Positioniag Afignment Mdark toMpasteriDisce Aandstey diseddumach of the front and back surfaces on
which a magnetic pattern to be magnetically transferred to a magnetic recording medium is embedded
is provided with 13 0 6 SEP 2006 alignment marks for positioning on a face of the master disc in
which the magnetic pattern is embedded. With respect to the master disc for the front surface, the
alignment marks th&fsof2didlvested Bemk samepositoistas W afghmént haRka gret ic

recording medium is used for the positioning to the alignment
mark of the master disc for the back surface, and the alignment
mark on the back surface of the magnetic recording medium is
used for the positioning to the alignment of the mask disc for
the front surface. Accordingly, with respect to the shape and
position of the alignment marks, it is unnecessary to make them
coincident between the front surface/the back surface of the
magnetic recording material, and it is sufficient to make them
coincident between respective alignments marks which will be

engaged with each other.

The alignment marks are provided to the magnetic
recording medium while observing the shape of an inner hole into
which the shaft of a spindle motor is inserted when the magnetic
recording medium is installed into HDD and setting the center

of a circle inscribing the inner hole as the origin.

(2) Provision of Positiconing Alignment Mark toMaster Disc
A master disc for each of the front and back surfaces on
which a magnetic pattern to be magnetically transferred to a

magnetic recording medium is embedded is provided with

13



the back surface of the magnetic recording medium. With respect to the master disc for the back
surface, the alignment marks thereof are located at the same positions as the alignment marks for the
front surface of the magnetic recording medium. Furthermore, the shapes of the alignment marks are
preferably set so that the corresponding alignment marks are engageable with ealrbofité. i3
Positioning Between Alignment Marks of Magnetic Recording Medium and Master Disc The positions
and shapes of two alignment marks on the magnetic transfer face of the master disc are observed and
recorded by a CCD camera having an enlarging function or the like. Subsequently, the magnetic
recording raedignmisriftisertack sntodherga: ketweendhermastes discoand the G&deametasto observe
the alignment marks provided on the surface opposite to the magnetic transfer face of the magnetic
recording medigim,chndithendifferentesdsdtween the rembrdbdepbsitian mnde spentation theach
alignment mark of the master disc and the position and orientation of each alignment mark of the
magnetic reestting fhesiudothushshdaroad areiaagenineds Anl 190 6rSENR 2606t var-divéctional
orthogonal stage and a rotating stage on which the magnetic recording medium is supported are
moved to figh these Eignfient Mfarkanfitiresdt d@es. Piefdafter thgnment marks for

the Dback surface of the magnetic recording medium. With
respect to the master disc for the back surface, the alignment
marks thereof are located at the same positions as the
alignment marks for the front surface of the magnetic recording
medium. Furthermore, the shapes of the alignment marks are
preferably set so that the corresponding alignment marks are

engageable with each other.

{(3) Positioning Between Alignment Marks of Magnetic
Recording Medium and Master Disc

The positions and shapes of two alignment marks on the
magnetic transfer face of the master disc are observed and
recorded by a CCD camera having an enlarging function or the
like. Subsequently, the magnetic recording medium is inserted
into the gap between the master disc and the CCD camera to
observe the alignment marks provided on the surface opposite
to the magnetic transfer face of the magnetic recording medium,
and the differences between the recorded position and
orientation of each alignment mark of the master disc and the
position and orientation of each alignment mark of the

magnetic recording medium thus observed are determined. An
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magnetic recording medium and the master disc are brought into close contact with each other, and
the permanent magnet is rotationally approached to them and made to go around, thereby
completing the magnetic transfer to one surface. Subsequently, the positioning between the master
disc and the magnetic recording medium is carried out for the other surface in thd $a8&EPnaitner. In
this invention, "master disc” means "maser information carrier” for transfer to a magnetic disc
medium, and the outer shape thereof is not limited to a disc-shape. Brief Description of the Drawings
Fig. 1 is a diagram showing each step of a method of setting alignment marks onto a magnetic
recording medivan aceartiig: D anteivbedimenttof dheprasent dreenting. Fithgkiva diagran
schematically showing the construction of a drawing device for drawing alignment marks onto a
magnetic redozdimrgomediuen secorming ¢o theel e mbodimenp o thie presentrinvedtidre Eigig8ms a diagram
showing a photomask having alignment marks for a magnetic recording medium accordingto 150 6
SEP 2006 e @mbodimertet fite pregaritsnvehtibn. Fgh io bltiagrafmishovdi§ aprodddire of

adjusting the alignment marks onto the magnetic recording medium according
magnetic recording medium and the master disc are brought into

close contact with each other, and the permanent magnet is
rotationally approached to them and made to go around, thereby
completing the magnetic transfer to one surface.
Subsequently, the positioning between the master disc and the
magnetic recording medium is carried out for the other surface

in the same manner.

In this invention, “master disc” means “maser
information carrier” for transfer to a magnetic disc medium,

and the outer shape thereof is not limited to a disc-shape.

Brief Description of the Drawings

Fig. 1 is a diagram showing each step of a method of
setting alignment marks onto a magnetic recording medium
according to an embodiment of the present invention.

Fig. 2 is a diagram schematically showing the
construction of a drawing device for drawing alignment marks
onto a magnetic recording medium according to the embodiment
of the present invention.

Fig. 3 is a diagram showing a photomask having

alignment marks for a magnetic recording medium according to
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to the embodiment of the present invention. Fig. 5 is a diagram showing the magnetic recording
medium having the alignment marks according to the embodiment of the present invention. Fig. 6 is a
diagram showing master discs for the front and back surfaces according to the embodiment of the
present invention. Fig. 7 is a diagram showing a positioning step for the magnetic 8eg@Eingoogedium
and the master disc according to the embodiment of the present invention. Fig. 8 is a diagram
showing a process of carrying out magnetic transfer onto a magnetic recording medium in a prior art.
Fig. 9 is a diagram showing the principle of magnetic transfer to a magnetic recording medium in the
prior art. FighdOdsiactiagraut shdwirigea precessof maratiadtaoring a master disc according to the
embodiment of the present invention. Embodiment of the Invention Fig. 1 is a diagram showing the
procedure of providiiig thé dligameéhe ararks $b thid nagneticeedrdingriedilim #tthig 166 6 SEP
2006 embodiment. Fig. 2 is a diagram showing a drawing device for exposing alignment marks of a
phounnaskq#m%@wﬁﬂﬁ”ﬁﬁkks onto the magnetic recording medium according

to the embodiment of the present invention.

Fig. 5 1s a diagram showing the magnetic recording
medium having the alignment marks according to the embodiment
of the present invention.

Fig. 6 is a diagram showing master discs for the front
and back surfaces according to the embodiment of the present
invention.

Fig. 7 is a diagram showing a positioning step for the
magnetic recording medium and the master disc according to the
embodiment of the present invention.

Fig. 8 is a diagram showing a process of carrying out
magnetic transfer onto a magnetic recording medium in a prior
art.

Fig. 9 is a diagram showing the principle of magnetic
transfer to a magnetic recording medium in the prior art.

Fig. 10 is a diagram showing a process of manufacturing
a master disc according to the embodiment of the present

invention.

Embodiment of the Invention
Fig. 1 is a diagram showing the procedure of providing

the alignment marks to the magnetic recording medium in this
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surface of the magnetic recording medium, Fig. 3 shows the photomask for providing the alignment
marks on the front/back surface of the magnetic recording medium and Fig. 4 is a diagram showing
the procedure of aligning the alignment marks of the photomask for the back surface with the
alignment marks for the hack surface provided on the front surface of the magnetig greggrdjgg medium
in the drawing device. The details of the procedure shown in Fig. 1 will be described with reference to
Figs. 2 to 4 in combination with Fig. 1. (a) Coating of Resist to Surface of Magnetic Recording
Medium First, a photoresist 402 for patterning of alignment marks is coated on the surface of the
magnetic reaadidgrmeediunt 494. £b)iRBaterhing obAlighnenhMaiksl onwWbiitacessfiMagetic
Recording Medium As shown in Fig. 2, the drawing device for drawing the alignment marks on the
magnetic recopdiagmyediamigcouedingnie this enmbedimeotcomplsesartXeY Stage 202 ddr TV
camera, a CCD camera 204, a signal processing device 212, an X, Y stage 208 for magnetic
recording nfedidmCa rethtifd StatRrIPEe-for TECBrIEPDE0Edkidynelié gecobdifif PHeditifcand a

microscope 210 for aligning the alignment marks. The CCD camera 204 is moved above the X,
photomask for providing the alignment marks on the front/back

surface of the magnetic recording medium and Fig. 4 is a diagram
showing the procedure of aligning the alignment marks of the
photomask for the back surface with the alignment marks for the
back surface provided on the front surface of the magnetic
recording medium in the drawing device. The details of the
procedure shown in Fig. 1 will be described with reference to

Figs. 2 to 4 in combination with Fig. 1.

(a) Coating of Resist to Surface of Magnetic Recording
Medium

First, a photoresist 402 for patterning of alignment
marks is coated on the surface of the magnetic recording medium

404.

(b) Patterning of AlignmentMarksonSurfaceofMagnetic
Recording Medium

As shown in Fig. 2, the drawing device for drawing the
alignment marks on the magnetic recording medium according to
this embodiment comprises an X, Y stage 202 for TV camera, a
CCD camera 204, a signal processing device 212, an X, Y stage

208 for magnetic recording medium, a rotating stage 216 for
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Y stage 202 for TV camera, and picks up an image of the surface of the magnetic recording medium
404 or photomask 214 to detect the edge of the magnetic recording medium and the alignment
marks provided on the medium concerned. A high-resolution CCD camera is preferably used. An
image signal thus picked-up is transmitted to the signal processing device 212. Tig stgpabggocessing
device 212 processes an image signal received from the CCD camera 204 to determine the edge of
the magnetic recording medium 404 and calculate the origin of the magnetic recording medium 404.
The alignment mark aligning microscope 210 is a microscope disposed so that the magnetic
recording medjnet4@d ertbephioigmask 214 cardbe abhservesddopra the dovwerrside ofthendigure by
the microscope 210. The photomask 214 is disposed so as to be movable in the horizontal direction in
the drawing-devicki Theoqty stages208 Tior tHE Pnagneticaredbt ding medidinatnoves the rdagnetic
recording medium 404 in the horizontal direction. The rotating stage 216 for the magnetic recording
medium is Yesieel 86 ashorotdte Ay 8 .SEPD RIS Hhetnaghetivdacorfingirediuht 402 disposed

on the rotating stage 216. In this step, the inner hole of the magnetic recording
of the magnetic recording medium 404 or photomask 214 to

detect the edge of the magnetic recording medium and the
alignment marks provided on the medium concerned. A
high-resolution CCD camera is preferably used. An image
signal thus picked up is transmitted to the signal processing r

device 212.

The signal processing device 212 processes an image
signal received from the CCD camera 204 to determine the edge
of the magnetic recording medium 404 and calculate the origin

of the magnetic recording medium 404.

The alignment mark aligning microscope 210 is a
microscope disposed so that the magnetic recording medium 404
or the photomask 214 can be observed from the lower side of the

figure by the microscope 210.

The photomask 214 is disposed so as to be movable in the
horizontal direction in the drawing device. The X, Y stage 208
for the magnetic recording medium moves the magnetic recording
medium 404 in the horizontal direction. The rotating stage 216

for the magnetic recording medium is designed so as to rotate
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medium 404 is observed by the CCD camera 204 equipped to the drawing device shown in Fig. 2,
and the signal processing device 212 processes the image signal from the CCD camera to determine
the center position of the magnetic recording medium 404. The photomask for the front surface of the
magnetic recording medium used in this step is equipped with an alignment maik §c&EfeRggrrk) 106
for alignment with the center of the magnetic recording medium as shown in Fig. 3 (a) , and two
alignment marks 102 for alignment with the back surface of the magnetic recording medium which are
equipped at the right and left sides of the photomask. In this step, the photomask for the front surface
is adjustedtseetietdhe tenteemarki106 ise dligmed WitH the centdoposhitmm of theimagrstigerecording
medium 404 which is determined through the image processing, and the alignment marks 102 for
alignment &rktexposed and developed, whereby the resist at the sites (exposure portion) 406
corresponding to the alignment marks 102 for alignment is removed. Therefore, the photoresist 402
acts as a mask for etching. 1906 S EP 2006 (c) Etching of Alignment Mark onto Surface of Magnetic

Recording Medium When dry-etching is carried out by using the etching mask based on the
photoresist 402, thé 3itE8 t8r8kfBndihgdothger hole ol the maghetic recording

medium 404 is observed by the CCD camera 204 equipped to the
drawing device shown in Fig. 2, and the signal processing
device 212 processes the image signal from the CCD camera to
determine the center position of the magnetic recording medium

404.

The photomask for the front surface of the magnetic
recording medium used in this step is equipped with an
alignment mark (center mark) 106 for alignment with the center
of the magnetic recording medium as shown in Fig. 3(a), and two
alignment marks 102 for alignment with the back surface of the
magnetic recording medium which are equipped at the right and
left sides of the photomask. In this step, the photomask for
the front surface is adjusted so that the center mark 106 is
aligned with the center position of the magnetic recording
medium 404 which is determined through the image processing,
and the alignment marks 102 for alignment are exposed and
developed, whereby the resist at the sites (exposure portion)
406 corresponding to the alignment marks 102 for alignment is

removed. Therefore, the photoresist 402 actsasamask foretching.
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alignment marks having no resist are etched to form recesses 408. (d) Coating of Resist onto Back
Surface A photoresist 402 for patterning of alignment marks is coated on the back surface of the
magnetic recording medium 404. (e) Patterning of Alignment Marks onto Back Surface of Magnetic
Recording Medium This step will be described according to the following procedur@ gsssiropgpgin Fig.
4. Observation and Recording of Alignment Marks of Photomask for the back surface As shown in an
example of Fig. 3 (b) , a photomask for the back surface is provided with two alignment marks for
alignment with the front surface of the magnetic recording medium 404 at the right and left sides of
the photomask. In this) stepcas showh X Eigndéa)t thiaaligrment markst@4 édr aligmnmeanitavhich are
provided on the photomask 310 for the back surface are observed by the alignment-mark aligning
microscopeR2to rahichtheMathigem20 0 6 5 E P 2006 thereof is recorded. As described above, when the
alignment marks are provided on the back surface, the photomask is disposed at a predetermined
position, and the iW%ﬁﬁé{]@%k iss carried out by using the etchingmask

based on the photoresist 402, the sites corresponding to the
alignment marks having no resist are etched to form recesses

408.

(d) Coating of Resist onto Back Surface
A photoresist 402 for patterning of alignment marks is
coated on the back surface of the magnetic recording medium

404.

(e} Patterning of Alignment Marks onto Back Surface of
Magnetic Recording Medium

This step will be described according to the following
procedure as shown in Fig. 4.

e Observation and Recording of Alignment Marks of
Photomask for the back surface

As shown in an example of Fig. 3(b), a photomask for the
back surface is provided with two alignment marks for alignment
with the front surface of the magnetic recording medium 404 at
the right and left sides of the photomask. In this step, as shown
in Fig. 4(a), the alignment marks 104 for alignment which are
provided on the photomask 310 for the back surface are observed

by the alignment-mark aligning microscope 210, and the image
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recorded. Attachment of the magnetic recording medium As shown in Fig. 4 (b) , X, Y stage for the
magnetic recording medium mounted with the magnetic recording medium and the rotating stage for
the magnetic recording medium (hereinafter referred to simply as "stage") are moved in a direction of
the arrow a to attach the magnetic recording medium. Observation and Minute AdjuStrRepi0sf
Alignment Marks of Magnetic Recording Medium As shown in Fig. 4(c), the alignment marks 304 for
the back surface which are equipped on the front surface of the magnetic recording medium 404 are
observed by the alignment-mark aligning microscope 210, and compared with the alignment marks
recorded. @h¢heebdsis of tmoampdrison result, the stage 306 is moved in directions indicated by
arrows b, c and d to correct the displacement amount. As described above, when the alignment
marks are equippe@son tHe batkRaftacea ey maghdtiireddrding Miadinanis dispbsed ara
predetermined position, an image of the alignment marks for the back surface equipped on the front
surface is ﬁ?él%é‘ﬂl%dtr%‘réifb‘?dé?&ﬁﬁaﬁé GRe gid& PR cdipdictPRite 2 26 & SEP 2006

each other, and the position of the magnetic recordlng medium is corrected on the basis of the
Compansoﬁﬁﬁgm termined position, image of the photomask is

recorded.

e Attachment of the magnetic recording medium

As showninFig. 4 (b), X, Y stage for themagnetic recording
medium mounted with the magnetic recording medium and the
rotating stage for the magnetic recording medium (hereinafter
referred to simply as "stage") are moved in a direction of the
arrow a to attach the magnetic recording medium.

e Observation and Minute Adjustment of Alignment Marks
of Magnetic Recording Medium

As shown in Fig. 4(c), the alignment marks 304 for the
back surface which are equipped on the front surface of the
magnetic recording medium 404 are observed by the
alignment-mark aligning microscope 210, and compared with the
alignment marks recorded. On the basis of the comparison
result, the stage 306 is moved in directions indicated by arrows
b, ¢ and d to correct the displacement amount.

As described above, when the alignment marks are equipped
on the back surface, the magnetic recording medium is disposed
at a predetermined position, an image of the alignment marks
for the back surface equipped on the front surface is picked

up, the recorded image and the pickup image are compared with
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Exposure of Alignment Pattern for the back surface In the pre-stage, light is exposed from the upper
side of the photomask under the state that the alignment marks for the back surface are aligned with
the recorded alignment marks, and the alignment marks are drawn on the back surface of the
magnetic recording medium 404. When they are developed, the photoresist 402 dt ghé&Efitezgp$10
corresponding to the alignment marks is removed, so that the photoresist 402 acts as a mask for
etching. (f) Etching of Alignment Marks onto Back Surface of Magnetic Recording Medium When
dry-etching is carried out by using the etching mask based on the photoresist 402, the sites 410
correspondirgto dhi atignatehttrharksdsdving nogghdtbeesisigdG2 are eteheddo nfprerétesses 412.
(9) Lift-off Unnecessary resist is dissolved by resist exfoliating agent, and the magnetic recording
medium 404sre€esdsfatfecsitdéd compéspiohdidy tdthectigpateht eiarks $3:édmpleted. The magnetic
recording medium having the alignment 22 0 6 SEP 2006 marks according to this invention is
achieved through tMeFaber SR pes SHovEmircihe Saltsiebf Bry S-ae dwh FUFI§3CS (a) and (b) ,

the alignment marks 502 for the back surface which
In the pre-stage, light is exposed from the upper side

of the photomask under the state that the alignment marks for
the back surface are aligned with the recorded alignment marks,
and the alignment marks are drawn on the back surface of the
magnetic recording medium 404. When they are developed, the
photoresist 402 at the sites 410 corresponding to the
alignment marks is removed, so that the photoresist 402 acts

as a mask for etching.

(f) Etching of Alignment Marks onto Back Surface of
Magnetic Recording Medium

When dry-etching is carried out by using the etching mask
based on the photoresist 402, the sites 410 corresponding to
the alignment marks having no photoresist 402 are etched to

form recesses 412.

(g) Lift-off
Unnecessary resist is dissolved by resist exfoliating
agent, and the magnetic recording medium 404 recessed at the

sites corresponding to the alignment marks is completed.

The magnetic recording medium having the alignment
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are engaged with the alignment marks provided on the master disc to be magnetically transferred to
the back surface of the magnetic recording medium are provide at the right and left sides on the front
surface of the magnetic recording medium. Likewise, as shown in Figs. 5(b) and (c), the alignment
marks 504 for the front surface which are engaged with the alignment marks pro FER H8Bmaster
disc to be magnetically transferred to the front surface of the magnetic recording medium are
provided at the upper and lower sides on the back surface of the magnetic recording medium. The
positions of the alignment marks for the front and back surfaces of the magnetic recording medium
are preferaBlg o6 of IFE arH 8 witieh thB1athiWiktiHgliadiry RdatfEG But IFigsi Blayasd (b) show

master discs for the front and back surfaces, respectively. As shown in Fig. 6(a), Alignment marks

602 for aligAMRRELS EERY LSRR Bbdifiohing fFMBP hfaghetc fratdidtPniatitii &fe prdiided at the
upper and lower sides on the master disc for the fron face. Furthermore, shown in Fig. 6 (B)
RS B TP g A oA LN Hie PO g e Aep e eE n Th

alignment Ifgnmeer?t a € positioning to magn recording medium are
D e A" nd e silee b TRSISIN oL te B1O0SEE 2009 back sudage. 2
magnetic pattern (soft magnetic material pat ern§6 6 of the soft magnetic film for magnetic transfer
disc to be magnetically transferred to the back surface of the
magnetic recording medium are provide at the right and left
sides on the front surface of the magnetic recording medium.
Likewise, as shown in Figs. 5(b) and (c), the alignment marks
504 for the front surface which are engaged with the alignment
marks provided on the master disc to be magnetically
transferred to the front surface of the magnetic recording
medium are provided at the upper and lower sides on the back
surface of the magnetic recording medium. The positions of the
alignment marks for the front and back surfaces of the magnetic

recording medium are preferably out of the area on which the

data writing/reading is carried out.

Figs. 6(a) and (b) show master discs for the front and
back surfaces, respectively. As shown in Fig. 6(a), Alignment
marks 602 for alignment to carry out the positioning to the
magnetic recording medium are provided at the upper and lower
sides on the master disc for the front surface. Furthermore,
as shown in Fig. 6(B), alignment marks 604 for alignment to carry
out the positioning to the magnetic recording medium are

provided at the right and left sides on the master disc for the
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is embedded in the silicon substrate. Provision of the alignment marks to the master disc can be
carried out without increasing the number of steps by carrying out the light exposure and etching of
the magnetic pattern simultaneously in the process of manufacturing the master disc shown in Fig. 10.
The shape of the master disc shown in Fig. 6 is rectangular, however, there is no pgokles gyen when
it is a circle having an orientation flat like an Si substrate. As described above, by using the
mechanism shown in Fig. 2, the positioning is carried out on the magnetic recording medium and the
master disc which are equipped with the alignment marks. Subsequently, the procedure of carrying
out the magaéte trabHser Gflt b daxeibel ithefdredce oG L7. 1apsRtdge ARt Marks of
Master Disc In this case, a magnetic transfer device having an alignment mark positioning mechanism
is used. APSHIGT M FiRP &7 & %R miethameaT R impldméftetPdy BREBShYIwomaRPATENt mark
aligning CCD cameras 710 and, 712 in an existing magnetic 24 06 SEP 2QD6 transfer device.
Specifically- the aelf&% &Ht fark Alignitig éééﬁlggfﬁe a%ﬁ%rgﬁ(? 712 &R di€p8Zed st si&f positions

that alignment arked G496 asTer dise e pbsenved: The masisr e RIS spbin e

increasing the number of steps by carrying out the light
exposure and etching of the magnetic pattern simultaneously in

the process of manufacturing the master disc shown in Fig. 10.

The shape of the master disc shown in Fig. 6 is
rectangular, however, thereisnoproblemevenwhenit isacircle

having an orientation flat like an Si substrate.

As described above, by using the mechanism shown in Fig.
2, the positioning is carried out on the magnetic recording
medium and the master disc which are equipped with the

alignment marks.

Subsequently, the procedure of carrying out the magnetic

transfer will be described with reference to Fig. 7.

(a) Storage of Alignment Marks of Master Disc

In this case, a magnetic transfer device having an
alignment mark positioning mechanism is used. As shown in Fig.
7(a), this mechanism is implemented by disposing two alignment

mark aligning CCD cameras 710 and 712 in an existing magnetic
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device as described above so that the alignment marks 704 provided on the magnetic transfer
surface of the master disc is located within the visual fields of the alignment-mark aligning CCD
cameras 710 and 712. Images picked up by the CCD cameras are stored. The |r@n%§§§lpl d up and
recorded by the alignment-mark aligning CCD cameras 710 and 712 (recorded | S)

represented by Al and A2, respectively. (b) Observation of Alignment Marks of Magnetic Recording
Medium The magnetic recording medium 404 is set below the master disc 702. At this time, the
magnetic recording medium 404 is set so that the surface on which the front-surface alignment marks
708 correspdrithiid (-t Fridster dReIoF Lafring ot thé hiegiittie traRE ke Frdvidedys placed
face down and also tp ront-SJ[J f%ce aliggment rg\arks 708 are located within th? visual fields of the
alignment-rﬁﬁ&eﬁﬂﬁnl g é&g cam@ras T R EHORAR TR Ellgo.nf(ﬁ ?I%%gégnﬂ}%%cd up by the

alignment-mark aligni §(§;D cameras 710 and 712 and the recor ed images of the alignment marks
704 of the Iﬁg%kg gggﬂ 2006 amlggt%{é %fscdalrgcov%?ﬁpggd C\)/\?ft%eeac(?ﬁgdther. Fig. 7(b) shows a state that

images (observed images) B1 and B2 newly picked up by the CCD cameras 710 and 712 are
superposed on the recorded images Al and A2.

The master disc 702 is set in the magnetic transfer
device as described above so that the alignment marks 704
provided on the magnetic transfer surface of the master disc
is located within the visual fields of the alignment-mark
aligning CCD cameras 710 and 712. Images picked up by the CCD
cameras are stored. The images picked up and recorded by the
alignment-mark aligning CCD cameras 710 and 712 (recorded

images)are represented by Al and A2, respectively.

(b) Observation of Alignment Marks of Magnetic Recording
Medium

The magnetic recording medium 404 is set below the
master disc 702. At this time, the magnetic recording medium
404 1is set so that the surface on which the front-surface
alignment marks 708 corresponding to the master disc for
carrying out the magnetic transfer are provided is placed face
down and also the front-surface alignment marks 708 are
located within the visual fields of the alignment-mark
aligning CCD cameras 710 and 712 as shown in Fig. 7(b). Images
picked up by the alignment-mark aligning CCD cameras 710 and

712 and the recorded images of the alignment marks 704 of the

25



(c) Positioning of Magnetic Recording Medium The X-Y stage and rotating stage on which the
magnetic recording medium 404 is mounted are adjusted so that the alignment marks of the master
disc 702 and the magnetic recording medium 404 are aligned with each other or each image in
which the respective alignment marks are overlapped with each other. The recorhigosill:'ﬁaé Al, A2
and the observed images B1, B2 when the position of the magnetic recording medium is adjusted are
shown in Fig. 7(c). (d) As shown in Fig. 7(c), under the state that the alignment marks for the
magnetic transfer (not shown) to one surface are engaged, the magnetic recording medium and the

master disd"@&2ti5buGhE Mte oS EFaRPRRh 'Ehth GRER Hd Sh-exXiéfal M&dnéfteidas applied

as shown in Fig. 9t erform magnetic transfer. Through the above procedure, the. magnetic transfer
kSt g 3 g

to one surface tdB AR reSPREEHRS JtHaPSirtate, HETR®RPYiSY #1075 ExtRanged for

the back-surface, masiey dise, e magnetic, 26,06 SEP 2000 egarding medium s tymed pver and
then the same process is carried out, whereby the magnetlg franster can be carried out on both the
surfaces in f&%geﬁ%?r‘yﬂa tq the above procedure, there can be provided a magnetic recording

medium which is positioned with respect to both the surfaces thereof

(c) Positioning of Magnetic Recording Medium

The X-Y stage and rotating stage on which the magnetic
recording medium 404 is mounted are adjusted so that the
alignment marks of the master disc 702 and the magnetic
recording medium 404 are aligned with each other on each image
in which the respective alignment marks are overlapped with
each other. The recorded images Al, A2 and the observed images
Bl, B2 when the position of the magnetic recording medium is

adjusted are shown in Fig. 7(c).

(d) As shown in Fig. 7(c), under the state that the
alignment marks for the magnetic transfer (not shown) to one
surface are engaged, the magnetic recording medium and the
master disc are brought into close contact with each other, and
an external magnetic field is applied as shown in Fig. 9 to
perform magnetic transfer. Through the above procedure, the

magnetic transfer to one surface is completed.

With respect to the other surface, the master disc 702

is exchanged for the back-surface master disc, the magnetic
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and embedded with magnetic patterns. The alignment marks of the master disc is provided at the
same position as the embedding surface of the soft magnetic material in this embodiment. However,
they may be provided on the opposite surface to the embedding surface of the s f%n%%%netic
material. In this case, in the alignment-mark positioning mechanism shown in Figﬁ , )
cameras 710 and 712 are disposed above the master disc. The magnetic recording medium 404 is
first disposed to store the alignment marks thereof, and then the master disc is mounted and adjusted
in position so that the alignment marks are engaged. In this case, however, contamination to the
master disc a9 TEENPANE 1 MbveinErtdrethe ke s BB AV e ARRERE 2665 ding medium.

Furthermore, the, step oftembflddin%theﬁoft magn%tic filtm into fthe maste?)r disc and the step of
providing tHe*difghrtentiharks S8 Chridd ot dEparately froh eathGtHer AGVEHAGELTY Effect of the

Invention As desgripgd abaye: agoqrdinato fys invention, the, 27 0.6, 3EP 2006, posifoniag of a
magnetic pattern on the front surtace of a magneti recordlng medium and a magnetic pattern on the

back surfage thesaal.ean bedesformedn & magneti iansleretiod: usinga masier e, and even

when a cylinder to be read/written is varied like front surface -> back surface or
which is positioned with respect to both the surfaces thereof

and embedded with magnetic patterns.

The alignment marks of the master disc is provided at the
same position as the embedding surface of the soft magnetic
material in this embodiment. However, they may be provided on
the opposite surface tothe embedding surface of the soft magnetic
material. In this case, in the alignment-mark positioning
mechanism shown in Fig. 7, the CCD cameras 710 and 712 are
disposed above the master disc. The magnetic recording medium
404 is first disposed to store the alignment marks thereof, and
then the master disc is mounted and adjusted in position so that
the alignment marks are engaged. In this case, however,
contamination to the master disc may occur due to movement of
the master disc above the magnetic recording medium.
Furthermore, the step of embedding the soft magnetic film into
the master disc and the step of providing the alignment marks

are carried out separately from each other.

Advantageous Effect of the Invention

As described above, according to this invention, the
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back surface -> front surface, the data reading/writing time can be made uniform without greatly
varying the time needed until the position of HAS is stabilized. 28 0 6 SEP 2006 CLAIMS 1. A
magnetic transfer method for a magnetic recording medium in which a magnetic pattern is transferred
to the magnetic recording medium by using a master disc having soft magnetic Rdtebl sbedded
therein, characterized by comprising: a step of determining an origin of a magnetic recording medium
by observing the inner periphery or outer periphery of the magnetic recording medium; a step of
providing an alignment mark on a first side face of the magnetic recording medium on the basis of the
origin thus Befermi et 28st8p ot proHARG Hn ARnhTemt arkdita 5eesid Kidd 8FtheYhagnetic
recording medium gn the basis of the alignment mark on the fjrst face; and a stggﬁ%f aligning a

correspondiig BfgrirfieREraRc Higviled orta Ahsbtdr BRESMcTa& With the Rigrtfemitisrk provided

on the first or second ﬁ!ldee of tﬁ1 magoneetlc reggrdmgi medium to tr%qsge{ha @%@g%“%g%ﬁ%%‘ formed on

e
surrace of can errormed in a magne ra . . .
the soft magnetic ma erleﬁ?o e magneﬁc I’eCOI’r&Ing metﬁum,%\rfhereln the magnetic recording medium
using a master disc, and even when a cylinder to be

IS
read/written is varied like front surface — back surface or
back surface — front surface, the data reading/writing time

can be made uniform without greatly varying the time needed

until the position of HAS is stabilized.
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rotationally alignable with the master disc using the alignment mark provided on the first or second
side of the magnetic recording medium. 29 D 6 S E P 2006 2. The magnetic transfer method for a
magnetic recording medium according to claim 1, wherein the alignment mark on the first or second
side is placed outside a data area where magnetic information on the magnetic pe@o?ﬁﬁlg?ﬂﬁ*ﬁedium is
written/read. 3. The magnetic transfer method for a magnetic recording medium according to claim 1,
wherein the alignment marks on the first and second sides are formed by a photo process. 4. The
magnetic transfer method for a magnetic recording medium according to claim 1, wherein said step of
providing ﬁ@&l?@%ment mark on the second side comprises: a step of disposing a photomask at a
predetermined position to provide the alignment mark on the second side and recording an image of
the photomask; a step of disposing the magnetic recording medium at a predetermined position and
obsenving an imagg of ihe aliqnment mark preyided.an.thefrst sidg: g step of camparing, fhe recorded
image with the observed image; and

medium in which amagnetic patternis transferred to the magnetic

recording medium by using a master disc having soft magnetic

material embedded therein, characterized by comprising:

a step of determining an origin of a magnetic
recording medium by observing the inner periphery or outer
periphery of the magnetic recording medium;

a step of providing an alignment mark on a first
side £aee of the magnetic recording medium on the basis of the
origin thus determined;

a step of providing an alignment mark on a second
side of the magnetic recording medium on the basis of the
alignment mark on the first face; and

a step of aligning a corresponding alignment mark
provided on a master disc coincident with the alignment mark
provided on the first or second side of the magnetic recording
medium to transfer a magnetic pattern formed on the soft
magnetic material to the magnetic recording medium,

wherein the magnetic recording medium 1is
rotationally alignable with the master disc using the

alignment mark provided on the first or second side of

the magnetic recording medium.
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a step of correcting the position of the magnetic recording medium on the basis of a comparison
result. 5. The magnetic transfer method for a magnetic recording medium according to claim 1,
wherein two or more alignment marks are provided on the master disc, and two &8n6E® 2m® 6 SEP
2006 alignment marks corresponding to the master disc are formed on the first or second side of the
recording medium. 6. The magnetic transfer method for a magnetic recording medium according to
claim 4, wherein two or more alignment marks are provided on the master disc, and two or more
alignment marks corresponding to the master disc are formed on the first or second side of the

recording mediunt. 7 THTe TR&GHEtIrangrer fthBa F6r4 magna iR aEesidhTy ERTM & ording to

claim 5, wherein Igaacg ofgla%naligcnomgggmgrlis pvg%viggd on. he tﬁfegtrinven idrgs of th% aeqnetic
recording Hrlneéjdlillfm and the cor(r;espon iné‘ alighmer‘let mark p Ovided®on the master disc are configured

s e erosacsie A EEA S By TP TRILELS TS g s wnerer
the Co”eﬁgﬁﬂgggi@"ggﬂ¥%@HE¥E&%Oﬁﬂ?d€ﬂéhQﬂQ§ﬁg¥f¥§Crecording medium is
written/read.

3. The magnetic transfer method for a magnetic
recording medium according to claim 1, wherein the alignment
marks on the first and second sides are formed by a photo
process.

4. The magnetic transfer method for a magnetic recording
medium according to claim 1, wherein said step of providing
the alignment mark on the second side comprises:

a step of disposing a photomask at a predetermined
position to provide the alignment mark on the second side and
recording an image of the photomask;

a step of disposing the magnetic recording medium
at a predetermined position and observing an image of the
alignment mark provided on the first side;

a step of comparing the recorded image with the
observed image; and

a step of correcting the position of the magnetic
recording medium on the basis of a comparison result.

5. The magnetic transfer | method for a magnetic
recording medium according to claim 1, wherein two or more

alignment marks are provided on the master disc, and two or more

30



are configured to be engageable with each other. 9. The method according to claim 1, wherein the
alignment mark of the master disc is provided on a side of the master disc where the soft magnetic
material is embedded, and the alignment mark provided side of the magnetic recod%in g}é{:&iﬁm
corresponding to the master disc is located opposite to the side to which the magne ic%at is
transferred by the 31 8 8 SEP 2006 master disc. 10. The method according to claim 4, wherein the
alignment mark of the master disc is provided on a side of the master disc where the soft magnetic

material is eﬂb%ddggt arpldrt]pe :;Cl:IEjCijrlI[%ent m%rfnprogigleg seide of ;Ehermg%neticg%%orgin ernedium
corresponéa‘lng 6 1he maSter dis¢ isTo64 %Inoppo%ite to t}ﬁe Jidé 18 which the magneﬁc paﬁ{ern is

transferredogiy tpgemﬁt ggisgrlége'lé%% t%]etpgg éacggrdigg o 9%%@ r5dj;’¥1 er%ré&eugl'ignment mark of

the master disc is provided on a si e master disc where the soft magnetic material is

embedded, and the alignment,mark provided side of the magnete recarding -medin gafresponding
to the master disc is located opposite to the side to which the magnetic pattern is transferred by the
master disgeld- ke medhed agcording ta elaim 7, whereiiihewo or more alignment
marks are provided on the master disc, and two or more
alignment marks corresponding to the master disc are
formed on the first or second side of the recording
medium.

7. The magnetic transfer method for a magnetic
recording medium according to claim 5, wherein each of the
alignment marks provided on the respective sides of the
magnetic recording medium and the corresponding alignment mark
provided on the master disc are configured to be engageable
with each other.

8. The magnetic transfer method according to claim 6,
wherein each of the alignment marks provided on the
respective sides of the magnetic recording medium and the
corresponding alignment mark provided on the master disc
are configured to be engageable with each other.

9. The method according to claim 1, wherein the alignment
mark of the master disc is provided on a side of the master disc
where the soft magnetic material is embedded, and the alignment
mark provided side of the magnetic recording medium
corresponding to the master disc is located opposite to the

side to which the magnetic pattern 1is transferred by the
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alignment mark of the master disc is provided on a side of the master disc where the soft magnetic
material is embedded, and the alignment mark provided side of the magnetic recording medium
corresponding to the master disc is located opposite to the side to which the magnetic pattern is
transferred by the mastet disc. 13. The method according to claim 1, wherein the JdfightRe#0ark of
the master disc is provided at the side opposite to the side where the soft magnetic material of the 32
0 6 SEP 2006 master disc is embedded, and the alignment-mark provided side on the magnetic
recording medium cgrreséponding to the master disc is a side to which the magnetic pattern is
transferrednﬁlfttﬁé niaster disc. 14. The method according to claim 4, wherein the alignment mark of

the master disc is Er@yid%gtt ee%i e dopgggi}&%(()it % s(i?g ng?[—jei'fﬁe ﬁoft rQJ%%qieetg: nmaﬁﬁlr'éal of the
provi '

master disc is embedded, and the alignment-mar ed side on the magnetic recording medium

correspondjng {0, the, masien, dise isa sidestowhichddhe;magpstic patieny s, rangterigd by the master

disc. 15. The method according to claim 5, wherein the alignment mark of the master disc is provided
at the sidepgppesitejtodheside whate the softingdeeticmatedal f the s embedded, and

the alignment mark provided side of the magnetic recording
medium corresponding to the master disc is located opposite
to the side to which the magnetic pattern is transferred by
the master disc.

11. The method according to claim 5, wherein the
alignment mark of the master disc is provided on a side of the
master disc where the soft magnetic material is embedded, and
the alignment mark provided side of the magnetic recording
medium corresponding to the master disc is located opposite
to the side to which the magnetic pattern is transferred by
the master disc.

12. The method according to c¢laim 7, wherein the
alignment mark of the master disc is provided on a side of the
master disc where the soft magnetic material is embedded, and
the alignment mark provided side of the magnetic recording
medium corresponding to the master disc is located opposite
to the side to which the magnetic pattern is transferred by the
master disc.

13. The method according to claim 1, wherein the
alignment mark of the master disc is provided at the side

opposite to the side where the soft magnetic material of the
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master disc is embedded, and the alignment-mark provided side on the magnetic recording medium
corresponding to the master disc is a side to which the magnetic pattern is transferred by the master
disc. 16. A magnetic transfer device comprising: a master disc having soft magnetic material
embedded on a first side thereof and an alignment mark on the first side or a seconfl @icﬁ@%pﬁﬁﬂﬁsite the
first side; and a magnetic recording medium having at least one alignment mark on each of a first side
and a second side thereof, 33 0 6 SEP 2006 wherein the alignment mark on the master disc is
alignable with the alignment mark provided on the first or second side of the magnetic recording

medium totRHsTer & MEghR i PRTEAT fornfetf ohtRe SohINRGRETC R Ate il 38 HiE adfitic

re_cordipg medjC m, VIT\{Qereén Rhe ma _net'c rrlecc%{din u%eggﬂis rotat'onalIyt%ligcrhab_l?ngvit the master

disc using e g?lgnme@hr% mark provide Jantheeﬁjl’gt Or Sétond Ede'of the niagnetic fedording medium.

L e TR e SRR o T A o gl g o
the master disc.

14. The method according to claim 4, wherein the
alignment mark of the master disc is provided at the side
oppcsite to the side where the soft magnetic material of the
master disc is embedded, and the alignment-mark provided side
on the magnetic recording medium corresponding to the master
disc is a side to which the magnetic pattern is transferred by
the master disc.

15. The method according to claim 5, wherein the
alignment mark of the master disc is provided at the side
opposite to the side where the soft magnetic material of the
master disc is embedded, and the alignment-mark provided side
on the magnetic recording medium corresponding to the master
disc 1s a side to which the magnetic pattern is transferred
by the master disc.

16. A magnetic transfer device comprising:

a master disc having soft magnetic material
embedded on a first side thereof and an alignment mark on the
first side or a second side opposite the first side; and

a magnetic recording medium having at least one

alignment mark on each of a first side and a second side

thereof,
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master disc are formed on the first or second side of the recording medium. 18. The magnetic transfer
according to claim 17, wherein each of the alignment marks provided on the respective sides of the
magnetic recording medium and the corresponding alignment mark provided on the master disc are
engageable with each other. 19. The magnetic transfer device according to claim 18, 6witdteiflhe
alignment marks of the master disc is provided at the first side of the master disc where the soft
magnetic material is embedded, and the alignment marks of the magnetic recording medium
corresponding to the alignment marks of the master disc are located opposite to the side to which the
'SEP 2006 magn: et BisEro6

34 0 6 SEP 2006 magnetic p‘é{ &rcistrans 69%%%31{1@rr is¢2 éﬂﬁ%%%]étigjtr%%sfer

method according lg, claim 17 wherein the sligament mark.ofdhe master disc Is provided at the
second side thereof, an the aﬁgnment mark of the magnetPc recorg"lng medium corresponding to the

alignment mark ghthe master cisgeis {he side 18 which ihe machelin RAKYD s Jinsteried by the
master disc. 21. The magnetic transfer device according to claim 16, wherein each of the alignment
marks on the Magneticrecerding roegivin sxtends iniorthefegpective sutacetherqal without
magnetic recording medium,
wherein the magnetic recording medium is
rotationally alignable with the master disc using the
alignment mark provided on the first or second side of the
magnetic recording medium.

17. The magnetic transfer device according to claim 16,
wherein two or more alignment marks are provided on the master
disc, and two or more alignment marks corresponding to the
master disc are formed on the first or second side of the
recording medium.

18. The magnetic transfer according to claim 17,
wherein each of the alignment marks provided on the respective
sides of the magnetic recording medium and the corresponding
alignment mark provided on the master disc are engageable with
each other.

19. The magnetic transfer device according to claim 17,
wherein the alignment marks of the master disc is provided at
the first side of the master disc where the soft magnetic
material is embedded, and the alignment marks of the magnetic
recording medium corresponding to the alignment marks of the

master disc are located opposite to the side to which the
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extending through the magnetic recording medium. 22. The magnetic transfer device according to
claim 16, wherein each of the alignment marks on the magnetic recording medium is positioned off

the center thereof. 23. The method according to claim 1, wherein each of the a”%%“gg%
e

magnetic recording medium extends into the respective surface thereof without

n

marks on the

cjﬂ{“ﬁrough the

magnetic recording medium. 24. The method according to claim 1 wherein each of the alignment

marks on the magnetic recording medium is positioned off the center thereof. 35

magnetic pattern is transferred by the master disc.

20. The magnetic transfer method according to claim 17,
wherein the alignment mark of the master disc is provided at
the second side thereof, and the alignment mark of the magnetic
recording medium corresponding to the alignment mark of the
master disc is the side to which the magnetic pattern is
transferred by the master disc.

21. The magnetic transfer device according to claim 16,
wherein each of the alignment marks on the magnetic recording
medium extends into the respective surface thereof without
extending through the magnetic recording medium.

22. The magnetic transfer device according to claim 16,
wherein each of the alignment marks on the magnetic recording
medium is positioned off the center thereof.

23. The method according to claim 1, wherein each of the
alignment marks on the magnetic recording medium extends into
the respective surface thereof without extending through the
magnetic recording medium.

24. The method according to claim 1 wherein each of the
alignment marks on the magnetic recording medium is positioned

off the center thereof.
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