Met hod for Manufacturing Master Disk for Magnetic Transfer Technical Field
The present invention relates to a nethod for nmanufacturing a master disk
for magnetic transfer, and nore particularly relates to a nethod for

manuf acturing a master disk for nmagnetic transfer, with which it is
possible to evenly enbed a soft magnetic material in the grooves of a
master disk, and forma uniformsoft magnetic |ayer over the entire naster
di sk. Background Art Wth a hard disk drive (HDD), the recording and

pl ayback of data are perfornmed in a state in which a magnetic head is

levitated b cgani mcalled a slider, and the gap between the nagnetic
head and t HECSRFT aber RABUERGEAE 1hg MRGTT | B 6ckh B P Ut e it ai ned
at a few dozen nanoneters. The bit information recorded on the magnetic
recording nediumis stored in data tracks arranged in concentric circles
on the medium and the recording and playback of data are perforned by
nmovi ng andlpolni¢ahi Rget#le nmagnetic head at high speed to the desired data
tracks on the magnetic recordi ng nmedi um surface. Positioning signals
(servo signal s)Therptesest | ngvéiielsel aélyeeposs ta anstiodd t her

manufacturing a ﬁaster disk for magnetic transfer, and more

particularly relates to a method for manufacturing a master

disk for magnetic transfer, with which it is possible to

evenly embed a soft magnetic material in the grooves of a

master disk, and form a uniform soft magnetic layer over the

entire master disk.

Background Art

With a hard disk drive (HDD), the recording and
playback of data are perfcrmed in a state in which a
magnetic head is levitated by a mechanism called a slider,
and the gap between the magnetic head and the surface of a
rotating magnetic recording medium is maintained at a few
dozen nancmeters. The bit information reccrded on the
magnetic recording medium is stored in data tracks arranged
in concentric circles on the medium, and the recording and
playback of data are performed by moving and positioning the
magnetic head at high speed to the desired data tracks on
the magnetic recording medium surface. Positioning signals

{(serve signals) for detecting the relative positions of the



| magnetic head and the data tracks are concentrically witten on the
magneti c recordi ng nmedium surface, and the position of the nagnetic he
on the magnetic recording nmediumis detected at specific tinme interval
These servo signals are witten using a special device called a servo
witer after the magnetic recordi ng nedium has been incorporated into
HDD device in order to keep the center of the wite center from devi at
fromthe center of the nmedium (or the center of the head trajectory).
exi sting HDD-use magnetic recording nedia the recording density at th
devel oprent | ev i
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the wite density of the servo signals for detecting the

position oPntEBenﬁ@ﬂ@?FéChéﬁ@oéﬁlPﬂemﬁﬁaP%n§Uéﬁﬂc?heaﬂﬂlF%e RPPHEC P t he
servo signals, also tends to increase annually, and the increase in th
wite timeodf tb@rm@gsﬁghal behdsonebhe magmpbicf secordingdnédiwy 4Up the cost
and lowering the productivity of HDDs. As for how servo signals are
witten usdagethedsagnapecwfitethmadinteavadsvo Theser seavdeshungle has
been devel oped

are written using a special device called a servo writer
after the magnetic recording medium has been incorporated
into the HDD device in order to keep the center of the write
center from deviating from the center of the medium {(or the

center of the head trajectory).

With existing HDD-use magnetic recording media, the
recording density at the development level has reached 100
Gbits per square inch, and recording capacity is increasing
at a rate of 60% each year. BAs capacity thus increases, the
write density of the servo signals for detecting the
position of the magnetic head on the medium, and the write
time of the servo signals, also tends to increase annually,
and the increase in the write time of servo signals has been
a major factor in driving up the cost and lowering the

productivity of HDDs.

As for how servo signals are written using the signal
write head of a servo writer, a technique has been developed

whereby servo signals are written all at once by magnetic

ad
S.

t he
i ng
Wth
e

e



wher eby servo signals are witten all at once by magnetic 2 transfer,

dramatically reduces the tine it takes to wite servo signals, and th
have been reports of methods for manufacturing a master disk for this
pur pose (see Japanese Patent Application Laid-Cpen No. 2001-034938 an
Japanese Patent Application Laid-Open No. 2003-022527, for instance).
5is a diagramillustrating the steps involved in the nagnetic transf
servo signals. Fig. 5a shows how a permanent magnet for demagneti zi ng
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positioning is performed by disposing a nagnetic transfer master disk
over the nddpaneS5& Patthe ApplécatdoskLpaodi-Openi Ng.sRepl-BFd¢g936castions how
the master disk 52

Japanese Patent Application Laid-Open No. 2003-022527, for

instance).

Fig. 5 is a diagram illustrating the steps involved in
the magnetic transfer of servo signals. Fig. 5a shows how a
permanent magnet for demagnetizing (not shown) is moved in
the direction of the arrow in the drawing over the surface
of a medium 51 at a constant distance of 1 mm or less in the
initial demagnetization step. The magnetic layer provided
to the medium 51 is not in a state of being magnetized in a
specific direction prior to this step, but is evenly
magnetized in the circumferential direction as indicated by
the arrow in the drawing by the magnetic field that leaks
out from the gap of the permanent magnet. Fig. 5b shows the
state when positioning is performed by disposing a magnetic
transfer master disk 52 over the medium 51 in the master
disk positioning step. Fig. 5c shows how the master disk 52
is pressed against the surface of the medium 51 in the
transfer pattern write step, and the magnetic transfer of

servo signals is performed by moving a magnetic transfer
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is pressed against the surface of the nedium51 in the transfer pattern
wite step, and the magnetic transfer of servo signals is perfornmed by
novi ng a nagnetic transfer 3 permanent magnet (not shown) al ong the
novenent path indicated by the arrowin the drawing. Fig. 6 is a diagram
illustrating the relative positional relationship between the nedi um and
the permanent magnet in the initial demagnetization step and the transfer
pattern wite step of the magnetic transfer of the servo signals. Fig. 6a
shows the positional relationship in the initial denagnetization step,

whil e Fig. 99 sH mg t he go?it%gnﬁl rgla |onspé n_t he fer pattern
wite stepPSTPATTHE FAPRP g¥'zat 1 8hY g MIEELHY PFig. 6a, a
demagnet i zi ng per manent magnet 53 is noved in the dlrectlon of the arrow
in the dranfycabes PHetQGrFEE@Wo#ntHBenQHPHh¥951 whi ch conprises a
magnetic | ayer 51b over a substrate 51a, and the magnetic |ayer 51b is
evenly magnetized in the circunferential direction as indicated by the
arrow in the drawing by the magnetic field that | eaks out fromthe gap of
t he permanent nEjpet 653s kndihgramandfiestpatiegntiwi telstépe as shown in
Fi g.

positional relationship between the medium and the permanent

magnet in the initial demagnetization step and the transfer

pattern write step of the magnetic transfer of the servo

signals. Fig. 6a shows the positional relationship in the

initial demagnetization step, while Fig. 6b shows the

positional relationship in the transfer pattern write step.

In the initial demagnetization step, as shown in Fig. 6a, a

demagnetizing permanent magnet 53 is moved in the direction

of the arrow in the drawing over the surface of the medium

51, which comprises a magnetic layer 51b over a substrate

5la, and the magnetic layer 51b is evenly magnetized in the

circumferential direction as indicated by the arrow in the

drawing by the magnetic field that leaks out from the gap of

the permanent magnet 53.

In the transfer pattern write step, as shown in Fig.
6b, the surface on the soft magnetic film side of the master
disk 52, which comprises a soft magnetic film 52b with an
embedded cobalt-based soft magnetic layer on one side of a

silicon substrate 52a, is disposed in contact with the



6b, the surface on the soft magnetic filmside of the master disk 52,

whi ch conprises a soft magnetic filmb52b with an enbedded cobal t-based
soft magnetic |ayer on one side of a silicon substrate 52a, is disposed in
contact with the 4 surface on the nagnetic |ayer side of the nedium 51, and
the magnetic transfer permanent magnet 53 is scanned so as to nove over
the silicon substrate 52a. Since the soft magnetic filmb52b, with its
cobal t - based soft magnetic |ayer enbedded in a pattern, is interposed

bet ween the permanent nmagnet 53 and the magnetic |ayer 51b, the magnetic

field forped.in th i licon substrate 52a by th er manent ne 53 is

Bbl e to maORGEFSe theehagTaoretre, titfrothidlof oEnf RORNGN IO ik |

51b corresBondingatg ositions in the soft nggnetic film52b where there
i

is no cobal'fIBEE BREEF cPREYRRENbURAGReE| P st P nSERR ARGt FS Yayer 51b
corresponding to positions where the cobalt-based nmagnetic |ayer is
present, thevemgheri Ehejaidirenkfngsbtaterednt heSiBfEe| Eon s0bStrate 52a
beconmes weaker because it passes through the soft nagnetic film52b so as
to create magnaghet ftlpabRbwi whthowtsagokalt-basedt ante, magdehoc nkawvesi gnal
witing is perforned. Magnetic transfer is carried

embedded in a pattern, is interposed between the permanent

magnet 53 and the magnetic layer 51b, the magnetic field

formed in the silicon substrate 52a by the permanent magnet

53 is able to magnetize the magnetic particles at sites in

the magnetic layer 51b corresponding to positions in the

soft magnetic film 52b where there is no cobalt-based

magnetic lavyer, but at sites in the magnetic layer 51b

corresponding to positions where the cobalt-based magnetic

layer is present, the magnetic field leaking out from the

silicon substrate 52a bhecomes weaker because it passes

through the soft magnetic film 52b so as to create a

magnetic path with low magnetic resistance, and no new

signal writing is performed. Magnetic transfer is carried

out by this mechanism. As shown in Fig. 6b, the orientation

of the magnetic field in the transfer signal writing is

opposite that of the demagnetization field.

Fig. 7 is a diagram illustrating the standard steps in

producing a master disk.



out by this nmechanism As shown in Fig. 6b, the orientation of the
magnetic field in the transfer signal witing is opposite that of the

dermagneti zation field. Fig. 7 is a diagramillustrating the standard steps
in producing a master disk. 5 The first step is a thermal oxide film
formation step (Fig. 7a) , in which an SIQ2 film71 with a thickness of 0O

.2 pmis fornmed by subjecting the surface of the silicon substrate 52a to
a thermal oxidation treatnent. The second step is a resist application step
(Fig. 7b), in which the Si02 film71 of the silicon substrate 52a that

has under gone t t hernpl _pxi dation reat hot or esi st
751 n et hi ckneb8eof 1655 BREPALSqfoEREEBAT iU, FLb BoERF hioT e th an
oxi de f|In1etch|ng apparatus is such that hotore5|st Sig2 = 1.2, so a

thi ckness 6F1dbodt) - 012 BHiFE aBeSidz ¥k Tha'idHbibrdsidmasedh & @& ch the
Si02 filmforned in a thickness of 0.2 nmin the first step. The third
step is a p@t@érﬁpﬁ@eétbp sebferkiagnbnreshciapat obrhhe¢ FEgliTe), in which

t he photoresist surface of the silicon substrate 52a is exposed using an
el ectron beabsteapesbke apparahasmal dhedhtken theaphehoresist 72 is

The second step is a resist application step (Fig. 7b),
in which the Si0O; film 71 of the silicon substrate 52a that
has undergone the thermal oxidation treatment is coated with
a photoresist 72 in a thickness of 0.2 pm. As discussed
below, the etching rate with an oxide film etching apparatus
is such that photoresist:5i0, = 1:2, so a thickness of about
0.2 pm is adequate for the photoresist used to etch the Si0;

film formed in a thickness of 0.2 mm in the first step.

The third step is a patterning step to form a magnetic
pattern (Fig. 7c¢), in which the photoresist surface of the
silicon substrate 52a is exposed using an electron beam
exposure apparatus or the like, the photoresist 72 is
photosensitized in the desired pattern, and the photoresist
surface is immersed in a developing solution to remove the

exposed portion.

The fourth step is a step of etching the Si0; film 71,

in which the S5i0,; film exposed by the removal of the



phot osensitized in the desired pattern, and the photoresi st surface is
imrersed in a devel oping solution to renove the exposed portion. The
fourth step is a step of etching the Si02 film71, in which the Si02 film
exposed by the renoval of the photoresist is etched with an oxide film
etcher, and the etching is halted at the point when the surface of the
silicon substrate 52a has been exposed. This transfers the pattern forned
on the photoresist 72 to the Si02 film71. The fifth step is a photoresi st
removal step (Fig. 7e), in which the remaining photoresist filmis ashed

and renoved heat]n apd, the nmpsk_of the patterned Si02 film71 is
exposed. Tﬁgog¥§?ﬁl§tegsi Qghg$|wggﬁ 3?cﬂ§ﬁ565$%£m(%$ﬁhe§f)?n?ngﬂﬁhich t he
Sio2 filmis used as a mask in the etching with a silicon etching
appar at us BFCRRBIpSPt PBAERAeRrE tHe BaRhcENeRf thReserfpedncsublerate 52a is
exposed, to formgrooves to a specific depth. The seventh step is a soft
nmagneti c fBEAiFORnEEPBAratepS2¢Fhgs bepn erxpopedh aTkpat ternafenppairat us
that affords high linearity of the sputtered filmparticles is used to
forma pattern formed on the photoresist 72 to the Si0O; film 71.

The fifth step is a photoresist removal step (Flg. 7e},
in which the remaining photoresist film is ashed and removed
by heating, and the mask of the patterned SiQ, film 71 is

exposed.

The sixth step is a silicon etching step (Fig. 7f), in
which the SiQ0, film is used as a mask in the etching with a
silicon etching apparatus of the portion where the surface
of the silicon substrate 52a is exposed, to form grooves to

a specific depth.

The seventh step is a soft magnetic film formation step
(Fig. 7g9), in which a sputtering apparatus that affords high
linearity of the sputtered film particles is used to form a
soft magnetic film 73 such that the film covers the entire
surface of the silicon substrate 52a. This embeds the soft

magnetic material in the grooves formed in the sixth step.



soft magnetic film 73 such that the filmcovers the entire surface of the
silicon substrate 52a. This enbeds the soft magnetic material in the
grooves formed in the sixth step. 7 The eighth step is a CW step (Fig.
7h), in which the soft magnetic film73 forned in the seventh step is
subjected to CMP (Chem cal Mechanical Polishing), and the soft nagnetic
material is renoved fromeverywhere but the grooves fornmed in the sixth
step. This conpletes the enbedding of the soft magnetic material in the
grooves provided to the silicon substrate 52a. In this production
procedure, the reason that the soft netic filmZ73 is, polijshed amay by
CWP after it |s&??r§f h?@ Psba8 ¢ F%ﬂd gﬁ%quz?é1y YRR t HES sur f ace
of the SI2 film71 is so_that the surface of the soft nagnetlc mat eri al
enbedded |ﬁ0fﬁem@gﬁ%9é§ bt &%i dedfeemefelni theorevenblt$aeR 52a will be
positioned in the sane plane as the surface of the SIQ2 film71. The rate
at which t Reb3ettednfpetME ffhem¥galsMpohishedl BylOMPing) abaud 09 tines
the rate at which the SiQ2 is polished, so the amount of residual
pol i shing abftheaghagitc mhearihe s$urtamevedl fhemSe@riwherdlbhastieen
exposed is

grooves formed in the sixth step. This completes the

embedding of the soft magnetic material in the grooves

provided to the silicon substrate 52a.

In this production procedure, the reason that the soft
magnetic film 73 is polished away by CMP after it is first
formed so as to extend adequately beyond the suxrface of the
SiQ0, film 71 is so that the surface of the soft magnetic
material embedded in the grooves provided to the silicon
substrate 52a will be positioned in the same plane as the

surface of the 5i0, film 71.

The rate at which the soft magnetic film 73 is polished
by CMP is about 100 times the rate at which the S$i0; is
polished, so the amount cf residual polishing at the stage
when the surface of the Si0, film 71 has been exposed is
actually quite small, and the CMP is halted based on an

estimation of this stage.



actually quite small, and the CMP is halted based on an estimation of this
stage. 8 Problemto be Solved by the Invention A problem encountered with

t he conventional nethod for master di sk production described above is that
with | arge- dianmeter master disks of 2.5 to 3.5 inches in dianeter, the
soft magnetic material is not evenly enbedded into the grooves around the
outside of the disk. Fig. 8 is a diagramillustrating the results of

exam ning the shape in which the soft nmagnetic naterial is enbedded into
the grooves in the radial direction of the substrate, and consists of

obl i que vi SEM i mage of , md hr ough the enbeddi ng of the soft
nagngtic ngméPégTN%oF?%.§éﬁvgﬂoag gﬁé #ﬁY%??%?nof a groove located in the
center of the substrate, Fig. 8b at 16.4 mmfromthe, substrate _center,
and Fig. 8c at %2?80@‘?%%?& Wetergdt FatR ERAternvantirasupsthad eftent er
of the master disk (Fig. 8a), the soft magnetic material is enbedded

uni form y PASERE gidbvRrodupbiensdesceinefeakesn ihathahevehbetRIT9R of the
soft magnetic material beconmes increasingly | ess conplete in the portions
corr espondidngmebetr hmashadodwssbks the2sbdeowdl bsinthes in diameter, the

soft magnetic material is not evenly embedded into the

grooves around the ocutside of the disk.

Fig. 8 is a diagram illustrating the results of
examining the shape in which the soft magnetic material is
embedded into the grooves in the radial direction of the
substrate, and consists of oblique views (SEM images) of
midway through the embedding of the soft magnetic material.
Fig. 8a shows the interior of a groove located in the center
of the substrate, Fig. 8b at 16.4 mm from the substrate
center, and Fig. 8c at 32.8 mm from the substrate center.
At the substrate center of the master disk (Fig. 8a), the
soft magnetic material is embedded uniformly in the groove,
whereas it can be seen that the embedding of the soft
magnetic material becomes increasingly less complete in the
portions corresponding to the shadows of the side walls of
the groove as we move toward the substrate outer periphery
of the master disk. The reason for this is that as the
distance from the substrate center toward the substrate

outer periphery increases, there is a steady increase in the



the groove as we nove toward the substrate outer periphery of the master
di sk. The reason for this is that as the distance fromthe substrate
center toward the substrate outer periphery increases, there is a steady
increase in the 9 angle forned by the flight direction of the sputtered
particles and the side walls of the groove (the angle of incidence limt).
The sputtering of the soft magnetic material was continued in this state
until enough soft rmagnetic material had been deposited to thoroughly cover
the surface of the Si02 film after which the soft nagnetic |ayer

everywhere but ipside the grooyes was renmoved b . _Fig. 9 shows the
r o5t Sect PBALE LREBRA ek ChS oF bHUHT PEATEORIOE HEh bRy CHR ¥ Phery of the
substrate. It can be seen that the_enbedding of the soft magnetic material
is inconpPetblgaleshand Beewalfs Welineo§rbocIropen helmeti¢let?hnsfer is
performed using a master disk with inconplete enbedding of the soft
magnet i ¢ maneidahcguthmat) t hi Shessbutpearses af etiyensv it edagmethe pl ayback
signals of the magnetic recording nmedium after magnetic recordi ng nedi um
resul ti ng mateaibbssasf comghebed Lnabtsiersssabi hhtyl EhgughOsebnsi sts of
graphs illustrating the playback
magnetic material had been deposited to thoroughly cover the
surface of the S5i0, film, after which the soft magnetic

layer everywhere but inside the grooves was removed by CMP.

Fig. 9 shows the cross sectional shape near a groove
located at the outer periphery of the substrate. It can be
seen that the embedding of the soft magnetic material is
incomplete at the side walls of the groove. When magnetic
transfer is performed using a master disk with incomplete
embedding of the soft magnetic material such as this, sub-
pulses are generated in the playback signals of the magnetic
recording medium after magnetic recording medium, resulting

in a loss of magnetic transfer stability.

Fig. 10 consists of graphs illustrating the playback
signal obtained from a magnetic recording medium in which a
magnetic pattern had been formed by magnetic transfer. Fig.
10a shows a normal playback signal, while Fig. 10b shows a
playback signal including sub-pulses. It can be seen that

the playback signal shown in Fig. 10b includes pulses that

10



signal obtained froma magnetic recording mediumin which a nmagnetic
pattern had been fornmed by magnetic transfer. Fig. 10a shows a nornal

pl ayback signal, while Fig. 10b shows a playback signal including

sub-pul ses. It can be seen that the playback signal shown in Fig. 10b

i ncl udes pul ses that 10 should not be there (sub-pul ses) at the places
indicated by the arrows in the graph, in addition to the nornmal playback
signal. This playback signal is caused by inconplete enbedding of the soft
magnetic material into the grooves of the master disk. Thus, obtaining

hi gher magnetic trapsfer, stabilit requires, sone to uniformy and
compl et ol yORABLA PRE Bof TReTRghBrPcoRETEr| afti nIt HoL 7 SovERTRroS Y ent i r e
master disk. The present invention was conceived in |ight of these

probl ens, &h8 RFLPYSahbobf@ctTapler ebh 280pFH9T dEC at Rt MoEMa+ gplayback

manuf acturing a master disk for magnetic transfer, with which a soft
magnetic maigradl | Théveplyveabkddednah ibecagsedves viceampheter di sk

provided with a textured patterned on its main surface, a soft nagnetic
| ayer is uanbeddiyg 666rukd svet mbgnehicrmatasier thsk, tlandgsobveslses are

the master disk.

Thus, obtaining higher magnetic transfer stability
requires some way to uniformly and completely embed the soft
magnetic material in the grooves over the entire master

disk,

The present invention was conceived in light of these
problems, and it is an object thereof to provide a method
for manufacturing a master disk for magnetic transfer, with
which a soft magnetic material is.evenly embedded in the
grooves of a master disk provided with a textured patterned
on its main surface, a soft magnetic layer is uniformly
formed over the entire master disk, and sub-pulses are
suppressed in the playback signals obtained from a magnetic
recording medium after magnetic transfer, which stabilizes

the magnetic transferability of the master disk.
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suppressed in the playback signals obtained froma nmagnetic recording
medi um after magnetic transfer, which stabilizes the nmagnetic
transferability of the master disk. 11 Means for Solving the ProblemIn
order to achieve the stated object, the first invention is a method for
manuf acturing a master disk for magnetic transfer, conprising a first step
of formng a patterned groove on the main surface of the substrate of a
magnetic transfer master disk, a second step of formng a conductive thin
filmon the main surface of the substrate and on the interior portion of

the groove, a_ thi.rd step.of epesiting a soft magnetic material on the
mai n_surf ab&28F f?ﬁeggﬁgéPgaFgeaﬁaogheghe groove surface by el ectroplating

in which said conductive thin filmserves as one of the electrodes, and a
fourth step of EBnBYARY tRe2SBieVRan§het sEatpdt ePiart depdsi £€85Bn the main
surface of the substrate by CMP, and causing the soft magnetic material to
remai n on i1pysntihe iaAteriechpdr foonmefiufhetyrdngea Mhetsecdhdki Avention is
a method for manufacturing a master disk for magnetic transfer, conprising
a first stmpgnetitotmangfarpatbmprédigroaveioptt beepabl surmang af the

patterned groove on the main surface of the substrate of a

magnetic transfer master disk, a second step of forming a

conductive thin film on the main surface of the substrate

and on the interior portion of the groove, a third step of

depositing a soft magnetic material on the main surface of

the substrate and on the groove surface by electroplating in

which said conductive thin film serves as one of the

electrodes, and a fourth step of removing the soft magnetic

material deposited on the main surface of the substrate by

CMP, and causing the soft magnetic material to remain on

just the interior portion of the groove.

The second invention is a method for manufacturing a
master disk for magnetic transfer, comprising a first step
of forming a patterned groove on the main surface of the
substrate of a magnetic transfer master disk, a second step
of forming a conductive thin film on the main surface of the
substrate and on the groove surface, a third step of
removing the conductive thin film on the main surface of the

substrate by lift-off, and causing the conductive thin film

12



substrate of a magnetic transfer master disk, a second step of formng a
conductive thin filmon the main surface of the substrate and on the
groove surface, a third step of renoving the conductive thin filmon the
main surface of the substrate by lift-off, and causing the conductive thin
film1l2 to remain on just the interior portion of the groove, and a fourth
step of depositing a soft magnetic material in the interior portion of the
groove by electroplating in which said conductive thin filmserves as the
base. Wth the present invention, a soft magnetic material is evenly

enbedded in the grooves,of a master disk provided with a textured
patterned bR FERSHRI AP sitFhckhe al REFFLORalgnEt e | 2 e IXmP Yor MA3A for ned
over the entire master disk, and sub-pul ses are suppressed in the playback
signal s obparkedstepneh Aelgpettind edosdf hgiawer s dfdleerimnit  the
transfer. As a result, it is possible to stabilize the nmagnetic
transferabihtéyiof phetiestef dhskgr8riefbpesteciptémhatoing hen Drlaiings Fi g.
1 is adiagramillustrating the steps entailed by the nethod of the
present inyepdi eonfloct fasUERCHUFIiNG 8ertBgnesi €hérvaséer naster di sk.

With the present invention, a soft magnetic material is
evenly embedded in the grooves of a master disk provided
with a textured patterned on its main surface, a soft
magnetic layer is uniformly formed over the entire master
disk, and sub-pulses are suppressed in the playback signals
obtained from a magnetic recording medium after magnetic
transfer. As a result, it is possible to stabilize the

magnetic transferability of the master disk.

Brief Description of the Drawings
Fig. 1 is a diagram illustrating the steps entailed by
the method of the present invention for manufacturing a

magnetic transfer master disk.

Fig. 2 is a diagram illustrating more specifically the

electroplating step.
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Fig. 2 is a diagramillustrating nore specifically the electroplating step.
13 Fig. 3 is a diagramillustrating an exanple of performng

el ectroplating with conductive plates disposed at the side walls around

t he outer periphery of the master disk. Fig. 4 is a diagramillustrating
the steps entailed by the nethod in Exanple 2 for manufacturing a master
disk for magnetic transfer. Fig. 5is a diagramillustrating the steps
involved in the magnetic transfer of servo signals, with Fig. 5a being a
diagram of the initial denmagnetization step, Fig. 5b the master disk

positioning step, and Fig. 5¢ the transfer attern wite step. Fig. 6 is a
diagran1i||ustrg%9ng t he ?egé?QQ%m POSPEFBARINY e? At $ 6T D %ﬁtmeen t he

medi um and the permanent magnet in the initial demagnetization step and
the transfBerfpaniegneherteortieping vhehnaghdeseive ankiees ofispesedrafp
signals, with Fig. 6a showing the positional relationship in the initial
demagnet i zaheonideepal andaFognd 6bhéheupesi peohpheryedbhit tloashapteén dhek.
transfer pattern wite step. Fig. 7 is a diagramillustrating the standard
steps in
Fig. 4 is a diagram illustrating the steps entailed by
the method in Example 2 for manufacturing a master disk for

magnetic transfer.

Fig. 5 is a diagram illustrating the steps involved in
the magnetic transfer of servo signals, with Fig. 5a being a
diagram of the initial demagnetization step, Fig. 5b the
master disk positioning step, and Fig. 5c the transfer

pattern write step.

Fig. 6 1s a diagram illustrating the relative
positional relationship between the medium and the permanent
magnet in the initial demagnetization step and the transfer
pattern write step of the magnetic transfer of the servo
signals, with Fig. 6a showing the positional relationship in
the initial demagnetization step, and Fig. 6b the positional

relationship in the transfer pattern write step.

Fig. 7 is a diagram illustrating the standard steps in

producing a master disk.
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producing a master disk. 14 Fig. 8 is a diagramillustrating the results of
exam ning the shape in which the soft magnetic material is enbedded into
the grooves in the radial direction of the substrate, and consists of
oblique views (SEMimages) of mdway through the enbeddi ng of the soft
magnetic material. Fig. 8a shows the interior of a groove |located in the
center of the substrate, Fig. 8b at 16.4 nmfromthe substrate center, and
Fig. 8¢c at 32.8 mmfromthe substrate center. Fig. 9 shows the cross
sectional shape near a groove |ocated at the outer periphery of the

substrate. Fig._10 consists of graphs.illustrati t he ayback signal

obt ai ned from aF?"rﬁgngtJr% ?e%b?‘@l)rg% ?'riﬁ‘ilﬁm?’ﬁl%i@ﬁe are?ngg‘F%t?jg pattern was

formed by magnetic transfer, with Fig. 10a being a normal playback signal,

and Fig. 16B2BipLAYbERR SBapMmalni Weldldi Rhesedlpunagret Erprteehts BF t he

I nventi on Enbodi nents of the present invention will now be described

t hrough reésbeddedt onthetlle agkagres 15n the radial direction of the
substrate, and consists of oblique views (SEM images) of

midway through the embedding of the soft magnetic material.

Fig. 8a shows the interior of a groove located in the
center of the substrate, Fig. 8b at 16.4 mm from the
substrate center, and Fig. 8c at 32.8 mm from the substrate

center.

Fig. 9 shows the cross sectional shape near a groove

located at the outer periphery of the substrate.

Fig. 10 consists of graphs illustrating the playback
signal obtained from a magnetic recording medium in which a
magnetic pattern was formed by magnetic transfer, with Fig.
10a keing a normal playback signal, and Fig. 10b a playback

signal including sub-pulses.
Embodiments of the Invention

Embodiments of the present invention will now be

described through reference to the drawings.

15



Example 1 Fig. 1 is a diagramillustrating the steps entailed by the

nmet hod of the present invention for manufacturing a magnetic transfer
master disk. The difference fromthe conventional nmanufacturing method
shown in Fig. 7 is that a soft magnetic filmis formed by el ectroplating.
The first step is a thermal oxide filmformation step (Fig. la), in which
an Si02 film12 with a thickness of 0.2 pmis forned by subjecting the
surface of a silicon substrate 11 to a thermal oxidation treatnent. The

second step is a resist application step (Fig. 1b), in which the Si02 film
12 of the iIicgn Zubstrate 11 that has undergone the thermal oxidation
treatment '8TBafed with a photoresist 13 in a thickness of 0.2 pm As

di scussed above, the etching rate with an oxide filmetching apparatus is

such that photoféSist: 5P 213gpamspliughrakiegsthe abows ef@t@lﬁ%ﬁii%v

adequate for the photoresist used to etch the SSQ2 filmfornmed in a

t hi ckness theomethadi aft heefpresestepnvFheiohi fdr snapufachupanserni ng step

to forma nagnetic pattern (Fig. Ic), in which the photoresist surface of

the siliconagaabstrarendfersmexpoesedinii ngTha @iéférencdbefinoibthe
conventional manufacturing method shown in Fig. 7 is that a

soft magnetic film is formed by electroplating.

The first step is a thermal oxide film formation step
{Fig. la), in which an SiO; film 12 with a thickness of 0.2
pm is formed by subjecting the surface of a silicon

substrate 11 to a thermal oxidation treatment.

The second step is a resist application step (Fig. 1b),
in which the 8Si0; film 12 of the silicon substrate 11 that
has undergone the thermal oxidation treatment is coated with
a photoresist 13 in a thickness of 0.2 pm. As discussed
above, the etching rate with an oxide film etching apparatus
is such that photoresist:8i0; = 1:2, so a thickness of about
0.2 ym is adequate for the photoresist used to etch the Si0;

film formed in a thickness of 0.2 pum in the first step.

The third step is a patterning step to form a magnetic
pattern (Fig. 1lc), in which the photoresist surface of the

silicon substrate 11 is exposed using an electron beam
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exposure apparatus or the like, the photoresist 13 is photosensitized in
the desired pattern, and the photoresist surface is imersed in a

devel opi ng solution to renove the exposed portion. The fourth step is a
step of etching the SiQ2 film12, in which the SiQ2 film exposed by the
renoval of the photoresist is etched wwth an etching gas conprising a

m xture of oxygen gas and CHF3 gas in an oxide filmetcher, and the
etching is halted at the point when the surface of the silicon substrate
11 has been exposed. This transfers the pattern formed on the photoresi st

13 to the Si02 film12. The fifth st is hot oresi st repnpval ste Fi
Lo O i he RkeRctre FRAFARRG Bhotbeelrke  Fb saoterestaf SRVRL SLeP (F O

heating, and the mask of the patterned Si02 film12 is exposed. The sixth
step i s a BhPiesaneiEh7ag sltlegh% FAgsiteq, PrAtedni cand heh&i PPOEPTeF 1%t used
as a mask in the etching of the portion where the surface of the silicon
substrate s$irigceexposmueraedhin gi devehopinhi aglappon atasremave ntlag SF6
gas atnosphere, to formgrooves to a specific depth. 17

exposed portion.

The fourth step is a step of etching the Si0O; film 12,
in which the S5i0; film exposed by the removal of the
photoresist is etched with an etching gas comprising a
mixture of oxygen gas and CHF3 gas in an oxide film etcher,
and the etching is halted at the point when the surface of
the silicon substrate 11 has been exposed. This transfers
the pattern formed on the photoresist 13 to the 5i0; film

12.

The fifth step is a photoresist removal step (Fig. le),
in which the remaining photoresist film is ashed and removed
by heating, and the mask of the patterned S$i0, film 12 is

exposed.

The sixth step is a silicon etching step (Fig. 1f), in
which the 510, film is used as a mask in the etching of the
portion where the surface of the silicon substrate 11 is
exposed, with a silicon etching apparatus and in an SFs gas

atmosphere, to form grooves to a specific depth.
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The seventh step is a conductive thin filmformation step (Fig. 1g), in

whi ch a conductive thin film114 is formed by sputtering on the silicon
substrate 11, and this conductive thin filmis used as the el ectroplating
electrode in the next step. As shown in Fig. 1g, the conductive thin film
is formed not only on the bottom but also on the side walls of the
grooves forned in the silicon substrate 11, so voltage is reliably applied
to the entire surface of the grooves in the electroplating step. The
eighth step is a soft magnetic filmformation step (Fig. Ih), in which
voltage is applied to the electroplatin el ectrode of . the_conductive thin

film14 formed HRSt RRVERHR cBHERUD t?a?%gﬁﬂcBﬁv?nEE%%i%ﬁ#TTEQF@FEﬂ%Hing
solution in which a soft nmagnetic material has been dissolved, and a
plating fiFRFR5 (B9t hegsof innulyheli 2 aandurhivesthbrnelmnld the EPBHREs and
on the surface of the silicon substrate 11. As already described, since
vol t age i sbyebpabtgrappl dpedtheesilihenentbsersuefhte @fidtbeigrooves in the
el ectroplating step, the soft magnetic nmaterial is reliably enbedded in
the intercondottihe gnoovesiml Dsthssedphatthg sleprrépeseing éhect tedger
that the soft magnetic material adhering to the upper surfaces of the
grooves W kh BhackekbesgEpOveRs SRoRA in Fig. lg, the conductive thin

film is formed not only on the bottom, but alsc on the side

walls of the grooves formed in the silicon substrate 11, so

voltage is reliably applied to the entire surface of the

grooves in the electroplating step.

The eighth step is a soft magnetic film formation step
(Fig. 1h), in which voltage is applied to the electroplating
electrode of the conductive thin film 14 formed on the
silicon substrate 11 by immersion into a plating sclution in
which a soft magnetic material has been dissolved, and a
plating film 15 of the soft magnetic material is formed in
the grooves and on the surface of the silicon substrate 11.
As already described, since veltage is reliably applied over
the entire surface of the grooves in the electroplating
step, the soft magnetic material is reliably embedded in the
interior of the grooves. 1In this plating step, there is the
danger that the soft magnetic material adhering to the upper

surfaces of the grooves will block the grooves, so an
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18 additive nust be added to the plating solution so that the plating film
will be formed fromthe bottom of the grooves. The ninth step is a CVWP step
(Fig. 1i), in which the soft magnetic film 15 formed in the eighth step is
subjected to CWP, and the soft magnetic material is renoved from
everywhere but the grooves formed in the sixth step. This conpletes the
enbeddi ng of the soft nmagnetic material in the grooves provided to the
silicon substrate 11. In this CVMP step, it is possible to ascertain ahead
of tinme the polishing rate of the Si02 filmand the polishing rate of the

cobalt or other.magnetjc filmby CMP,. and.estinmate the polishing tinme on
Chebasts SPAEhivErRERhoae ofbd e AL Le T T b o Tet ot e he S 02

film but in actual _practice, the polishing is perforned slightly | onger
than the eBiphafedipémi ¢hihgPei ferredpéren Fhe Batkomi @, thEagT9OYRS t he
polishing, the soft magnetic filmdeposited on the Si02 filmis ground
down, but the polishing speeds up when the soft magnetic filmis polished
away and the Si02 filmappears at the surface. CVP was perforned in the
production of aThashéntHi skepniwhactMa paeperRifadlibeeninfwehped tihea w dth
of 3 pm and as a result it was confirnmed

soft magnetic film 15 formed in the eighth step is subjected

te CMP, and the soft magnetic material is removed from

everywhere but the grooves formed in the sixth step. This

completes the embedding of the soft magnetic material in the

grooves provided to the silicon substrate 11.

In this CMP step, it is possible to ascertain ahead of
time the polishing rate of the Si0; film and the polishing
rate of the cobalt or other magnetic film by CMP, and
estimate the polishing time on the basis of the thickness of
the soft magnetic film deposited on the Si0; film, but in
actual practice, the polishing is performed slightly longer
than the estimated polishing time to be on the safe side.
Early in the polishing, the soft magnetic film deposited on
the Si0; film is ground down, but the polishing speeds up
when the soft magnetic film is polished away and the SiO;
film appears at the surface. CMP was performed in the
production of a master disk on which a pattern had been
formed in a width of 3 ypm, and as a result it was confirmed

that the polishing rate of the $5i0; film was much lower than

19



that the polishing rate of the Si02 filmwas nmuch | ower than 19 the
polishing rate of the soft magnetic film (cobalt), so the polished surface
position substantially coincided with the SiQ2 surface position, and the
surface of the soft magnetic material was depressed by about 0.06 pm
However, if the servo pattern width is narrowed to the current 0.2 pm
equi val ent, there should be a considerable reduction in the

above-nmenti oned depression of the soft magnetic material surface, and no
decrease in magnetic transfer performance. Fig. 2 is a diagramillustrating

nore specifjcally.the electroplajing step of the above-nentjoned eighth
step. The tbFIPB ﬁSEﬁBQtFﬁF@ ? Fgei%ﬁnggﬁgPﬁtécpEégmnéCQB?EF?0n536 in
which a soft magnetic material has been dissolved, the electroplating
el ectrode &het Reléshadcervéacni ROPLLAPRASHEStANEpRseH pataFidedt¥ikhcount er
el ectrode 17 of the sane size as the master disk (silicon substrate 11),
vol t age i stheppliPedsunfade spes bt eonanand phatsumgfd¢e mHftlee sofft magneti c
material is formed in the grooves and on the surface of the silicon
substrat e thignknierflacerdakeapst Beptrhsekaesy abotbeo.pbapimng Hokeven) f orm
here, it is extrenmely inportant that the counter electrode 17 and the
el ectropl atkngnel aety8d8abkeern width is narrowed to the current 0.2 pm
equivalent, there should be a considerable reduction in the
above-mentioned depression of the soft magnetic material

surface, and no decrease in magnetic transfer performance.

Fig. 2 is a diagram illustrating more specifically the
electroplating step of the above-mentioned eighth step. The
silicon substrate 11 is immersed in a plating solution 16 in
which a soft magnetic material has been dissolved, the
electroplating electrode of the conductive thin film 14 is
disposed parallel to a counter electrode 17 of the same size
as the master disk (silicon substrate 11), voltage is
applied in this state, and a plating film of a soft magnetic
material is formed in the grooves and on the surface of the
silicon substrate 11. In order to keep the thickness of the
plating film uniform here, it is extremely important that
the counter electrode 17 and the electroplating electrode be
precisely disposed parallel to each other, and that the
electric field be uniform in the plane of the master disk.

In this drawing, positive voltage is applied to the
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preci sely disposed parallel to each other, and that the electric field be
uniformin the plane of the naster disk. 1In this drawing, positive voltage
is applied to the 20 electroplating el ectrode of the conductive thin film
14, and negative voltage to the counter electrode 17, but the polarity of
the applied voltage can be suitably varied according to the plating
solution 16 and ot her such conditions. Wen a soft magnetic filmis forned
by sputtering as in a conventional nethod, even if a |arge-dianeter target
is wused, the sputtered particle density distribution is higher near the

target cenfer _an r t rd_the out periphe nd this results.in
the soft n%gﬁg ng%%ﬁg??ag %gﬁﬁgeuﬁgvgﬁ?ycgn %8%%%ea€h%%omhf$nf%1gén%. I n
contrast, when the e edding of the soft n?%neti% material is acconplished
by el ect r BpPAFIRG HS1FRAIENEC pFRSefPUPhGENELBRETVDFt age POT FREiably
applied to the entire surface_of the grooves, and the soft magnetic

mat eri al i Boterihpl 9fekbeddesliadt Feltpaeerpbrbef sehalgtvovesiedn this
plating step, basically, the thickness of the plating filmwll be uniform
as | ong asatherdlirgt tocthéeptating solution 16 and other such

conditions.

When a soft magnetic film is formed by sputtering as in
a conventional method, even if a large-diameter target is
used, the sputtered particle density distribution is higher
near the target center and lower toward the outer periphery,
and this results in the soft magnetic material being
unevenly embedded as shown in Fig. B. In contrast, when the
embedding of the soft magnetic material is accomplished by
electroplating as in the present invention, voltage is
reliably applied to the entire surface of the grooves, and
the soft magnetic material is reliably embedded in the

interior of the grooves.

In this plating step, basically, the thickness of the
plating film will be uniform as long as the electric field
intensity is the same over the entire master disk (silicon
substrate 11), but the problem is that the electric field
tends to accumulate around the outer periphery, and the

plating film tends to be thicker in this portion.
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intensity is the sane over the entire master disk (silicon substrate 11),
but the problemis that the electric field tends to accunul ate around the
outer periphery, and the plating filmtends to be thicker in this portion.
21 Fig. 3 is a diagramillustrating an exanple of performng the

el ectroplating with conductive plates 18 disposed at the side walls around
the outer periphery of the master disk (silicon substrate 11) in order to
avoid the above problem As discussed above, it is the tendency of the
electric field to accumul ate around the outer periphery that results in

t he tendency of _the I ing.fiLlmto. ker in this nee portion.
Therefore, if, ag shgmngl dﬁa%raé ?EES%Bﬁ %% % aT%ggl% are di sposed

at the side ar o he, out eri phery of the, master disk (silicon
substrate Eff%aﬁﬁangf eegﬁFEFBBfﬂFg @th cPRUE bt e 1 a%?%cf?ode is the
sane as the outside dianeter of the nmaster disk including the conductive
pl ates 18, I-REASPE @f| Fhpesipesynble asorpnthn evear epeeipieryief dthe
every region of the master disk, and there will be no unevenness in the

t hi ckness ofsthe ghaki hgiliteon Exbapket? 11) in order to avoid the

above problem. As discussed above, it is the tendency of
the electric field to accumulate around the outer periphery
that results in the tendency of the plating film to be
thicker in this same portion. Therefore, if, as shown in
Fig. 3, the conductive plates 18 are disposed at the side
walls around the outer periphery of the master disk (silicon
substrate 11), and if the outside diameter of the counter
electrode is the same as the outside diameter of the master
disk including the conductive plates 18, then it will be
possible to form an even electric field in every region of
the master disk, and there will be no unevenness in the

thickness of the plating film.

Example 2

In this example, a soft magnetic film is formed by
electroless plating. Electroless plating is a plating
method based on a pure chemical reaction, in which metal
ions are reduced and precipitated by a reducing agent
contained in the plating solution, but as long as metal ions

and a reducing agent are both present, the precipitation of
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In this exanple, a soft magnetic filmis formed by electroless plating.

El ectroless plating is a plating nethod based on a pure chem cal reaction,
in which netal ions are reduced and precipitated by a reduci ng agent
contained in the plating solution, but as long as netal ions and a
reduci ng agent are both present, the precipitation of 22 a plating film

w Il also occur as the result of the self catalytic action of the
precipitated nmetal itself. Fig. 4 is a diagramillustrating the steps
entailed by the nmethod in this exanple for manufacturing a master disk

for nagnetlc ransf et The rst _to fourth s S _(Figs. 4a_,to 4d) are the
same as thé Pifs %ngof%oﬂrVﬁE%tgégoiRCE§5nﬁﬁe£g§ g%%ﬂﬁgi%€F$5e P%
therefore wll not be descri bed again. The fifth step.is a S|I|con etchlng
step (Fig. SAERLYEAC GRFEANE AS EP@ZPF?FﬁPiEaF§du§%Ha%slES%%Ek in the etching
of the portion where the surface of the silicon substrate 11 is exposed,
with a silicon etching apparatus and in an SF6 gas atnosphere, to form
grooves to a specific depth. The sixth step is a conductive thin film
formati on step F(Bi.g4 d4e)a dhaghamhidluehdettingethbi atépsneddaitefiobyed by

the method in this example for manufacturing a master disk
for magnetic transfer. The first to fourth steps (Figs. d4a
to 4d) are the same as the first to fourth steps in Example
1 shown in Fig. 1, and therefore will not be described

agalin.

The fifth step is a silicon etching step (Fig. 4e), in
which the Si0; film 12 is used as a mask in the etching of
the portion where the surface of the silicon substrate 11 is
eXposed, with a silicon etching apparatus and in an SFg gas

atmosphere, to form grooves to a specific depth.

The sixth step is a conductive thin film formation step
(Fig. 4e), in which a conductive thin film 14 is formed by
sputtering on the sides and bottom of the grooves and the

surface of the silicon substrate 11.

The seventh step is a conductive thin film sputtering
step (Fig. 4f), in which hydrofluoric acid is made to

permeate from the side walls of the grooves, and the resist
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sputtering on the sides and bottom of the grooves and the surface of the
silicon substrate 11. The seventh step is a conductive thin filmsputtering
step (Fig. 4f), in which hydrofluoric acid is nmade to perneate fromthe
side walls of the grooves, and the resist 23 13 remaining on the surface of
the silicon substrate 11 is renoved by lift-off, |eaving the conductive
thin filmonly in the grooves. The eighth step is an electroless plating
step (Fig. 4g), in which the silicon substrate 11 that has undergone the
seventh step is imrersed in a plating solution in which a soft magnetic

terial h been.di ssol ved, and ich optai ns_a reduci ng agen and the
of 1 magnetrce RATAPLAD OH GRBI SRHCPRCL G pra: PRb BN UEVBRCTA fr bbi bF  at og
until a sufficient thickness is reached with resEect to the depth of the

grooves. WhBROVRE B8fLifhgREf: clRBVERPaFhfsCOPHBET BV € at bEN sHHERN@REY ot her
than in the grooves, the soft nmagnetic material on those portions other
than the giBotks grgovempved by CMP. This conpl etes the enmbeddi ng of the
soft magnetic material into the grooves provided to the silicon substrate
11. Again in this plating step, there is the

The eighth step is an electroless plating step (Fig.
4g), in which the silicon substrate 11 that has undergone
the seventh step is immersed in a plating soclution in which
a soft magnetic material has been dissolved and which
contains a reducing agent, and the soft magnetic material
dissolved in the plating solution is precipitated until a
sufficient thickness is reached with respect to the depth of
the grooves. When the soft magnetic material is
precipitated somewhere other than in the grooves, the soft
magnetic material on those portions other than the grooves
is removed by CMP. This completes the embedding of the soft
magnetic material into the grooves provided to the silicon
substrate 11. Again in this plating step, there is the
danger that the soft magnetic material adhering to the upper
surfaces of the grooves will block the grooves, so an
additive must be added to the plating solution so that the

plating film will be formed from the bottom of the grooves.
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danger that the soft nagnetic material adhering to the upper surfaces of
the grooves will block the grooves, so an additive nust be added to the
plating solution so that the plating filmwll be formed fromthe bottom
of the grooves. 24 Industrial Applicability The present invention can
provide a nmethod for manufacturing a master disk for magnetic transfer
having high transfer stability. 25 Cains 1. A nethod for manufacturing a
master disk for magnetic transfer, conprising: a first step of formng a
patterned groove on the main surface of the substrate of a nagnetic
transfer ngster dlsi; alseconE.Etep of formng a conductive thin filmon
the main SUPPEEELF PRBLISGAREFAEE and on the groove surface; a third step
of depositing a _soft magnetic material on the nmain surface of the
substrate and ohPEhBLFAEREi SRVEPhEPTofiaBf PEABLGR 0dvReBYOR| ER¥ropl ating in
whi ch said conductive thin filmserves as one of the el ectrodes; and a
fourth stepashfperbying aheasver dhgkefpt mageetdt transfer having

high transfer stability.
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deposited on the main surface of the substrate by CVWP, and causing the
soft magnetic material to remain on just the interior portion of the
groove. 2. A nethod for manufacturing a master disk for magnetic transfer,
conprising: a first step of formng a patterned groove on the main surface
of the substrate of a magnetic transfer master disk; a second step of
formng a conductive thin filmon the min surface of the substrate and on
the groove surface; 26 a third step of renoving the conductive thin filmon
the main surface of the substrate by lift-off, and causing the conductive
thin film Q temain on just the interior portion of the groove; and a
fourth ste% Sfmaepositing a soft magnetic material in the interior portion

of the groove by electroplating in which said conductive thin film serves
as the base. 27

1. A method for manufacturing a master disk for
magnetic transfer, comprising:

a first step of forming a patterned grcocove on the main
surface of the substrate of a magnetic transfer master disk:

a second step of forming a conductive thin film on the
main surface of the substrate and on the groove surface;

a third step of depositing a soft magnetic material on
the main surface of the substrate and on the interior
porticn of the groove by electroplating in which said
conductive thin f£ilm serxrves as one of the electrodes; and

a fourth step of removing the soft magnetic material
deposited on the main surface of the substrate by CMP, and
causing the soft magnetic material to remain on just the

interior portion of the groove.

2. A method for manufacturing a master disk for
magnetic transfer, comprising:

a first step of forming a patterned groove on the main
surface of the substrate of a magnetic transfer master disk;

a second step of forming a conductive thin film on the

main surface of the substrate and on the groove surface:;
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a third step of removing the conductive thin film on
the main surface of the substrate by lift-off, and causing
the conductive thin film to remain on just the interior
portion of the groove; and

a fourth step of depositing a soft magnetic material in
the interior portion of the groove by electroplating in

which said conductive thin film serves as the base.
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