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DESCRIPTION METHOD OF MANUFACTURING MAGNETIC
RECORDING MEDIUM, AND MAGNETIC RECORDING AND
REPRODUCING APPARATUS S TECHNICAL FIELD [0001] The present
invention relates to a method of manufacturing a magnetic recording
medium to be used in a hard disk device,or the like, and to a magnetic
recording and 10reproducing apparatus. Priority is claimed on

Japanese Patent Application No. %ﬁ%ﬁ}gﬁ%ﬂled January 23, 2008,
the content of which is incorporated herein by reference. BACKGROUND
ART 15[0002] In recent years, the application range of magnetic
recording apparatuses, such as magnetic disk apparatuses, flexible disk

apPARISRSIROF NAGNE TG BRSRARRAIA ISR E TSI RESRERN GMISISRIRRIMND

and the importance thereof has also increased. At the same time, an
attempt is b¥AG MHAHE BIHIGHRPINFeASEtREPBEIRYiRd e naiR At M &bhetic

recording 90media used for these apparatuses. In particular, since the
introduction of a magnetoresistive (MR) head and a partial response
marieHNtikglingeid(PRML) technology, increase in the surface recording
density has accelerated even more, and with the introduction of a giant
magnetofésidfive (GMR) head, a tunnel magnetoresistive (TMR) head or
the like in recent years, the recording density has continued to increase at
a rate as Highrezathowtl30%spes yeamRegardingithesammagmetignetic recording
recording media, there

medium to be used in a hard disk device or the like, and to a magnetic recording and

reproducing apparatus.

Priority is claimed on Japanese Patent Application No. 2008-012384, filed

January 23, 2008, the content of which is incorporated herein by reference.

BACKGROUND ART

[0002]

In recent years, the application range of magnetic recording apparatuses, such as
magnetic disk apparatuses, flexible disk apparatuses and magnetic tape apparatuses, has
increased considerably, and the importance thereof has also increased. At the same time,
an attempt is being made to highly increase the recording density of magnetic recording
media used for these apparatuses. In particular, since the introduction of a
magnetoresistive (MR) head and a partial response maximum likelihood (PRML)
technology, increase in the surface recording density has accelerated even more, and with
the introduction of a giant magnetoresistive (GMR) head, a tunnel magnetoresistive
(TMR) head or the like in recent years, the recording density has continued to increase at

a rate as high as about 100% per year. Regarding these magnetic recording media, there
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is a demand for a further increase in the recording density in the future, It

is therefore required to achieve a higher coercive force, a higher
signal-to-noise ratio (SNR) and a higher resolution for a magnetic layer. In
addition, in recent years, attempts to increase the surface recording

density have also been constantly madeoby increasing the track 5density
together with the improvements in the linear recording density. [0003] The
MRS desRRE foadtelicragerdita ter cas e R diaskoansiburf asibigbe®re
110 kTPI. However, as the track density increases, magnetically recorded
infedmadion eshreiacaphbaeksdnerieres With@ach atheh ARt aHAIERY lind a
the magnetic transition regions 10at their boundary regions become a
ndigdaauscistiohich aayeeasiliaimpdil deiHNRn Therinpaitmerhipidheincrease
SNR may directly lead to a decrease in the bit error rate, which is a

dréwy badkctordmpdngnigrthiey remereisighdensityst40304ddnbyraerdsime thaseck
the surface recording density, it is necessary to make the size 150f each
redorslingdsittber thishtimgnetiovetordingtmduianr fivediagditossscure the
greatest possible levels of saturation magnetization and magnetic film
thicknes$M¥t3éach recording bit However, as the recording bit becomes
finer, the minimum magnetization volume per 1 bit becomes small. As a
result, thESrEIoRASISRIEaHETE coversina day e trict vyt @i gdas high as

reversal tz%/ heat fluctuation will occur. 70In addition, since the distance

betheth'the KA ELEnt tREREHiIF B PEdRISER S tPABRCSERYY TaemrrLE AR on on
o AP AL A R VoS aTENS BB dUR MRy BB e proRE peons

is orme ore narro an during recording in order.to eliminate
f d ly than d d d I t

Sl ooundgary regions. ME a NO1ISE JoUrce V\f 1 may €asi %1m831|r € . The
much influence S|§055|be rom the adjacerit tracks in a commonly

Sl et ScruimminIe Ane Ut pleashinlniR e
drawback to improving the recording density.

[0004]

In order to increase the surface recording density, it is necessary to make the size
of each recording bit on the magnetic recording medium finer and to secure the greatest
possible levels of saturation magnetization and magnetic film thickness for each

- recording bit. However, as the recording bit becomes finer, the minimum magnetization
volume per 1 bit becomes small. As a result, the problem of loss of recorded data due to
the magnetization reversal by heat fluctuation will occur.

In addition, since the distance between the adjacent tracks will be reduced, a track
servo technique with extremely high precision is required in the magnetic recording
apparatus, and at the same time, recording is conducted widely whereas feproduction is

performed more narrowly than during recording in order to eliminate as much influence

as possible from the adjacent tracks in a commonly adopted method. According to this
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difficult to obtain satisfactory reproduction output with this method, and
thus an adequate level of SNR is difficult to secure. As one of the methods
for solving such a problem of heat fluctuation, of securing 5the SNR, or of
securing the sufficient output, an attempt to increase the track density has
been made by forming an uneven pattern along the tracks on the surface
of a recording medium or by forming non-magnetic portions between the

adiRERNL IFRGKS SoiRgIMBhYSIGRIN SeRAAIe e KeGRRIIRG RAGKS HAB IR, it is

another. Hereafter, such a technique will be referred to as a discrete track

meitiedit 1O KHAR LA xR BB EiSaB Rl apkm e agReliCadequate

recording medium, there is known a magnetic recording medium which is
formed HBNRNediffiaghesiscsufzstrate having an uneven pattern formed on

its surface and physically separated magnetic recording tacks and a servo
signal pattesnearttlionmebods theshedivorifo pertdenpld xefdhtbiaiPateftecuring
Document 1). This magnetic recording medium is one in which a

fethomdBnetiofl syrariscfteredl]deetcofpvia zn stimpagnisticiay s oacthdensity has
surface of a substrate which has a plurality of uneven patterns on the
suraeamasadniprotactireutivrics fotare dloretie saekscm ditiserface of a recording
ferromaanetic layer. In this magnetic recording medium, a magnetic

reBSFY e BN TR A SRR CRANAO8S  BeBHeRD At AD GRS ER s to
thereof 20is formed in a projecting region. [0006] According to this

mBgHHYeBRAG R SERGFS oFeRBT RO dHTERHEt G e
soft. magnetic layer can.be suppressed, the influence of the heat
flu\aﬁlabﬁgﬁ%eﬁr% WSE&Eﬁ@t?rEgC{ﬁ@%h% no interference between adjacent
signals. '@}&r fore, it is considered that a high density magnetic recording
medium wi Ss noise can be formed.

As an example of such a discrete track type magnetic recording medium, there is
known a magnetic recording medium which is formed on a non-magnetic substrate
having an uneven pattern formed on its surface and physically separated magnetic
recording tracks and a servo signal pattern are formed on the medium (for examplé, refer
to Patent Document 1). This magnetic recording medium is one in which a
ferromagnetic layer is formed, thereof via a soft magnetic layer, on the surface of a
substrate which has a plurality of uneven patterns on the surface, and a protective film is
formed on the surface of the ferromagnetic layer. In this magnetic recording medium, a
magnetic recording region which is magnetically isolated from the surroundings thereof
is formed in a projecting region.

[0006]
According to this magnetic recording medium, since the generation of a magnetic

wall in the soft magnetic layer can be suppressed, the influence of the heat fluctuation




The discrete track method includes the following two methods. That is, a
method of forming tracks after a magnetic recording medium composed of
several layers of thin 5films is formed, and a method of forming thin films
of a magnetic recording medium after an uneven pattern is formed directly
on the surface of a substrate in advance or on a thin film layer for the
formation of tracks (for example, refer to Patent Documents 2 and 3). Of

thegedithebattenmetind is:ofan felered 9,85 aB5e:aRosRINg ehad Q%
thod has the

a substrate processing method. The pre-embossing me

adveniagednihalihg danhysicalRrirGessing YHBAeRPRh IRIDEEHMD: formed.

surface is being completed before the medium is formed, and thus the

producticrhpricess eatkhecsigpiifiediantalsodhnmedivBds gl 0 4 method
become contaminated during the production process, However, the

unef/mnsing e dios afed omibeesobsitattnyitdkupassagoordeieitsayers of thin
formed thereon. Therefore, there has been a problem in that the flying

5 positiorisichfydrgpeightiota i fredarding/ féprodicing headbaldiegoresium
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or reproduces data while flying over the medium cannot be stabilized.
Orifiseanthesvsandtttor sdrivon direttly devivesyrhighos peetisaatiom afivance or on a
devices in response to even further acceleration in the trend for the device
mifigtdipdaen & hefoamatersetior bt deviveswlitibwer PoweDocuments 2 and
consumption have been required, and highly 20sophisticated techniques

such &8 HifRSSharreg Rl RABA ey decmn A argesbatsinaasihgdnr 2
LSD)" have also been required. Against such a backdrop, apparatuses for

fmf ?gﬁfﬁﬂg%??ﬁﬁ%@s%ﬁcﬁ SBRIE G0 ne Rechrbigyiinamesassdashy the

' ice i ensive as the
e e e DB v

medium is formed, and thus the production process can be simplified and also the
medium is unlikely to become contaminated during the production process. However,
the uneven shape formed on the substrate will be passed onto the films formed thereon.
Therefore, there has been a problem in that the flying position and flying height of a
recording/reproducing head that records or reproduces data while flying over the medium
cannot be stabilized.

On the other hand, for semiconductor devices, high speed action of devices in
response to even fﬁrther écceleraﬁon in the trend for the device miniaturization as well as
the action of devices with lower power consumption have been required, and highly
sophisticated techniques such as functional integration known as “system large-scale
integration (LSI)” have also been required. Against such a backdrop, apparatﬁses for
lithography techniques which serve as a core technology in the processing of
semiconductor devices are becoming more expensive as the miniaturization of devices

progresses.
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Currently, a shift from the Ka' laser lithography in which the minimum line
width is 130 nm to the ArF laser lithography has been started in the
photoexposure lithography technique. 5[0008] The minimum line width
for the ArF laser lithography adopted in the manufacturing level is 100 tun,
whereas the manufacturing of devices having a minimum line width of 90
nm has started in the year 2003, and those having a minimum line width
of 65 n @@6145 nm have started their manufacturing in the year 2005 and

2007, 10respectively. [0009] In such circumstances, F2 laser (F2

excimer dasepithogiaphyn ekl e Htavinietdpho of apivh (B Miskmum line
electron beam projection lithography (EPL) and X-ray lithography have

begateagerlynanticipaled: tasseBoasaits teehriguestal achie yarvapdnet
processing. 15These lithography techniques have already been
slichegshllyinepheparng patterns from 40 nm to 70 tun in size. [0010]

However, as the miniaturization of devices progresses, in addition to the
exponerti@dDijcrease in the initial cost of exposure apparatuses

themselves, cost of the 20mask for achieving a resolution equivalent to

the wavédlengtiniofurs éiddighdtsdar ceeid didesmdibasinphrapldpyedindithus the
nanoirnprinting lithography has been attracting attention as a processing
teRiRRRORNRIVINE & m&s&hﬂmﬁh@@@@@@%ﬁ%@%@ﬁ@ﬁﬁ@@%&@%ﬁmm

process (refer to Patent Document 4). [0011] 6 _ L o
line width of 90 nm has started in the year 2003, and those having a minimum line width

of 65 nm and 45 nm have started their manufacturing in the year 2005 and 2007,
respectively.

[0009]

In such circumstances, F, laser (F, excimer laser) lithography, extreme ultraviolet
lithography (EUVL), electron beam projection lithography (EPL) and X-ray lithography
have been eagerly anticipated to serve as the techniques to achieve even finer processing.
These lithography techniques have already been successful in preparing patterns from 40
nm to 70 nm in size.

[0010]

However, as the miniaturization of devices progresses, in addition to the
exponential increase in the initial cost of exposure apparatuses themsélves, cost of the
mask for achieving a resolution equivalent to the wavelength of used light source is also
increasing rapidly, and thus the nanoimprinting lithography has been attracting attention
as a processing technique for achieving a resolution of about 10 nm while being a low
cost process (refer to Patent Document 4).

[0011]
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In Patent Document 5, transfer of uneven patterns on the surface of a
magnetic disc by the use of a nanoimprinting process and also the
position alignment of dies for the nanoimprinting process using an opening
of the disc have been disclosed. [0012] 5Patent Document 6 has
disclosed the use of a resin stamper as @ nanoimprinting stamper for a
magnetic recording medium which has been transferred from the master

disc. piRatentiRecHment Hdrpangsad/aexamineshRalentARRICAHRBn tic
First Publication No. 2004-164692 10[Patent Document 2] Japanese

UggxaminedsP stan-ARBliGatian, frbsid ulicatianNesitoR4tlh@r38of dies for

[Patent Document 3] Japanese Unexamined Patent Application, First
Pulligation MNeid0fdeéS 184g an (PaiitdDaclinetadd Bedalishedsed.

Japanese Translation No. 2004-504718 of PCT International Publication
[Patent Dmxdainent 5] Japanese Unexamined Patent Application, First
Publication No. 2004-103232 [Patent Document 6] Japanese
Unexamhagohifadentdg olivatitisg| SdesttRulp toatioreditost2006:- @3 8 4770#0printing
DISCLOSURE OF INVENTION PROBLEMS TO BE SOLVED BY THE
|NNaE @)Na[@@gg@tic recording medium which has been transferred from the master
disc.
[Patent Document 1] Japanese Unexamined Patent Application, First Publication
No. 2004-164692
[Patent Document 2] Japanese Unexamined Patent Application, First Publication
No. 2004-178793
[Patent Document 3] Japanese Unéxamined Patent Application, First Publication
No. 2004-178794
[Patent Document 4] Published Japanese Translation No. 2004-504718 of PCT
International Publication
[Patent Document 5] Japanese Unexamined Patent Application, First Publication
No. 2004-103232

[Patent Document 6] Japanese Unexamined Patent Application, First Publication

No. 2005-038477

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0013]
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7 As described above, in the process for producing so-called discrete
track media or patterned media having magnetic recording patterns which
are magnetically separated, nanoimprinting techniques have been
employed. As a resin used in the pattern transfer in this production
process, it is preferable to use a photocyrable resin since it is simple and
5easy to use. However, metallic stampers have been used for the

hanoim 9(@5@91?}%%%&0 i@ﬁﬁ{pﬁ%%@f&@%ﬁ%g%@ﬁgdﬁﬁ@% i8R media or

not transmit light, a photocurable resin cannot be used in the pattern

transiare yhick, ig.9iREaRlem-d0.2ddiie p%@rﬁ@%’i@ht@@ﬁfﬁgﬂ@Mﬁ‘sepmated,

stamper may result in the production of a large quantity of defective

progdiatHWIER thasiampeiJs akanployetheNneresiainsal meatRlattern transfer in

stampers are 10expensive, the use thereof has increased the production
CaBlsgfrpaaansatissean dingnesionld00 144 Aditicunedhle theiuspaf iaisesinple and
as a stamper in the pattern transfer which is capable of transmitting light
hassalsoecHdisolasartiditesapesenaiten e sin iseusadiapanting process
stamper, in those cases where the stamper is broken, a large quantity of
15defectivesgreddcisawithbalirothned ssdoywayefdatblight, Aphotsjestblethgsin
present invention is to solve these problems by providing a method for
meanufEdterisey & thagastioresoding mbdiumpwhien pfo dddidiotethe pattern
defective products with a low production cost. 20 MEANS FOR SOLVING
THEFROBLEMSIOBI G)2y rewidrdhe RoduRareclilame daaniEnes detsctive

object, the present invention has adopted the aspects described below.
products when the stamper is broken. Furthermore, since metallic stampers are

expensive, the use thereof has increased the production cost of magnetic recording media.

[0014]

Additionally, the use of a resin as a stamper in the pattern transfer which is
capable of transmitting light has also been disclosed. However, even when a resin is
used as a stamper, in those cases where the stamper is broken, a large quantity of
defective products will be produced anyway.

[0015]

An object of the present invention is to solve these problems by providing a
method for manufacturing a magnetic recording medium which produces few defective

products with a low production cost.

MEANS FOR SOLVING THE PROBLEMS

[0016]

In order to achieve the above-mentioned object, the present invention has adopted

the aspects described below.




8 (1) A method of manufacturing a magnetic recording medium having
magnetic recording patterns which are magnetically separated, the
method characterized by including, in the following order: a step of
forming a magnetic layer on a substrate which has an opening in the
center; a step of applying a resin film ontp the magnetic layer; a Sstep of

- pressing against the substrate a film-type mold on which an uneven
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pattern r@?@%@%ﬁé@uﬁ%&@%ﬁ&@@ﬂgﬁﬁ%ﬁ%&ﬁﬁ{@% e netic

mold onto the resin film; a step of separating the mold from the substrate;

andd:giap pkEeHNRg A maanetictessrdipg-paliat: aRdhR MAgRelC

using the uneven pattern which has been transferred. 10(2) The metho

of invaniifac it HRgra 16vagReligie e ateing roeslivim aceardiotielbe AaMéaate which
aspect (1), characterized in that the film-type mold has an opening, and

théanaldbisngdsenkagaiasthesobsipiimby redkifigitbisopeningderic layer; a
coincide with the opening of the substrate. (3) A method of
amiactipiessiagnagnetit.cscbsting anfidditypechatdoterihéd im Ihtvah pattern has
identical patterns are continuously provided on the film-type mold, thereby
cobrgndiingad sytspessionsieice s deseribedtémthtabovddagye tiq 19sor film; a
(2) on a plurality of substrates. (4) The method of manufacturing a
méa§hccrEsiahgmedilifrractsreihgtscanydonBepfahompoges sseaets (1)

to (3), characterized in that the resin film applied onto the 20 magnetic
|aﬁ@%@&%@&%ﬁrb%w%%{aa?rouﬁatﬁa%i%ﬁnrafeemﬁ@rﬂq\émég%aﬁsbew
irr%%%%ed from the back surface of the mold when transferring the uneven
pa Bfthe mold onto the resin film. (5) The method of

f [ ' di di ding to an) fth
above adpULE (714} ERAISBHIN T IRAE thEo B or ABGTR £ Tall o
fil to th tic | h f ' inst the. substrat :
B e R L o i

Step.aitransiaiing MR e wsnRRtie A Aol ORGSR URAIR of the
carried out' simultaneously on both surfaces of the substrate
substrate. )

(3) A method of manufacturing a magnetic recording medium characterized in
that identical patterns are continuously provided on the film-type mold, thereby
conducting in succession the steps described in the above aspect (1) or (2) on a plurality
of substrates. |

(4) The method of manufacturing a magnetic recording medium according to any
one of the above aspects (1) to (3), characterized in that the resin film applied onto the
magnetic layer is a radiation-curable resin, and radiation for curing the resin is irradiated
from the back surface of the mold when transferring the uneven pattern of the mold onto
the resin film.

(5) The method of manufacturing a magnetic recording medium according to any

one of the above aspects (1) to (4), characterized in that the step of applying a resin film
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5(6) A magnetic recording and reproducing apparatus characterized by
including a combination of: a magnetic recording medium manufactured
by the method of manufacturing a magnetic recording medium described
in any one of the above aspects (1) to (5); a driving unit that drives the
magnetic recording medium in the recordjng direction; a magnetic head
constituted of a recording section and a reproducing section; a 10head

driying 4Pt hatie ptive aeveshe MAg Q%ﬁfgﬁﬁ%g%ma@%%ﬁ%-ﬁp@%m on

magnetic recording medium; and a recordi oduction signa

Proagssing Wevice,hakinavi signals lohednagpsic-head: e uneven pattern
reproduces output signals from the magnetic head. EFFECT OF THE

INVEAETHIN SRIOGLTEACSORIING JA-HRE AESARIAIBRLIONBSPalSIAS OF the

magnetic lavers in the magnetic recording media such as the so-called
patigrede-media can be efficiently formed. Therefore, it is possible to
provide a magnetic recording medium with a high recording density at

high prodgtivitya g6t iB Riokd D E SEaREPrHuNNG Eppardtud RAMOMEG S8 1@¥]luding a

FIG. 1 is a cross sectional view showing an apparatus for manufacturing a

resienrholetiaccdrding guethegrederny imdntionantfctured by the method of
manufacturing a magnetic recording medium described in any one of the above aspects
(1) to (5); a driving unit that drives the magnetic recording medium in the recording
direction; a magnetic head constituted of a recording section and a reproducing section; a
head driving unit that relatively moves the magnetic head with respect to the magnetic

recording medium; and a recording/reproduction signal processing device that inputs

signals to the magnetic head and reproduces output signals from the magnetic head.

EFFECT OF THE INVENTION

[0017]

According to the present invention, the patterns of magnetic layers in the
magnetic recording media such as the so-called patterned media can be efficiently
formed. Therefore, it is possible to provide a magnetic recording medium with a high

recording density at high productivity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]
FIG. 1 is a cross sectional view showing an apparatus for manufacturing a resin

mold according to the present invention.
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FIG. 2 is a cross sectional view showing a state where a mother stamper
IS pressed against a resin substrate. FIG. 3 is a diagram showing a
bottom surface of a translucent pressing board applied to the apparatus
for manufacturing a resin mold. FIG-. 4 is a plan view of a mother
stamper portion applied to the apparatuPOfor manufacturing a resin mold.
FIG. 5 is a cross sectional view of a resin substrate which is punched by

the app fgu% {8 ! @(%rsl%]é%gt?lﬂnpgi A ERIWH lag State whe!‘:el g;m %gexasﬁgxﬁ%r i%
sectional view showing a state where the resin substrate is 10 punched by

t?&g@@@%&g%g@@mﬁ%@ng a resin mold. FIG. 7 is a cross
o .

tional view showing a state after the resin substrate is being punched

by the appgratys, far AN WBGHIENOAH&R BRIl o FAGraB R @ PSS sing board

sectional view showing a state where the resin mold which has been

pupshedbyhs pRRRIAMS RN MRAKIAS WG afgsin mold is taken out.

15FIG. 9 is a cross sectional view showing a state where another resin

substratgis seisto ghe aeparaiusdtemantibechdriieharesid mald.appafl. for
10 is a schematic diagram showing a step of manufacturing a magnetic

recardifigtonedivmstf thedresent invention. FIG. 11 is a diagram showing
a Elm-type, continuous mold. 20FIG. 12 is a schematic diagram showing a
magneti¢'Técoidingramndaajpred wgingod ppesiatsid sif trevpriesenpimvbettion the
DESCRIPTION OF THE REFERENCE SYMBOLS [0019]
apparatus for manufacturing a resin mold.
FIG. 6 is a cross sectional view showing a state where the resin substrate is
punched by the apparatus for manufacturing a resin mold.
FIG. 7 is a cross sectional view showing a state after the resin substrate is being
punched by the apparatus for manufacturing a resin mold.
FIG. 8 is a cross sectional view showing a state where the resin mold which has
been punched by the apparatus for manufacturing a resin mold is taken out.
FIG. 9 is a cross sectional view showing a state where another resin substrate is
set to the apparatus for manufacturing a resin mold.
FIG. 10 is a schematic diagram showing a step of manufacturing a magnetic
recording medium of the present invention.
FIG. 11 is a diagram showing a film-type, continuous mold.

FIG. 12 is a schematic diagram showing a magnetic recording and reproducing

. apparatus of the present invention.

DESCRIPTION OF THE REFERENCE SYMBOLS

[0019]
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1: First platen la: Through hole Ib: Through hole 2: Upper die set 3:
Second platen 5: Lower die set 6: Disc-shaped cutter set member 7: Outer
peripheral cutter portion 7a: Inner peripheral surface 107b: Cutting blade
surface 7c: Outer blade surface 7A: Outer peripheral cutter blade  8:
Inner peripheral cutter portion 8A: Inner;peripheral cutter blade 158a:
Inner peripheral cutter blade 8b: Cutting blade surface 8c: Concave

portion g. gyg{ei)wéﬁmber 10: Radiation source supporting
mechanism 2011: Irradiation device

la: Through hole .

1b: Through hole

2: Upper die set

3: Second platen

5: Lower die set

6: Disc-shaped cutter set member

7: Outer peripheral cutter portion

7a: Inner peripheral surface

7b: Cutting blade surface

7c: Outer blade surface

7A: Outer peripheral cutter blade

8: Inner peripheral cutter portion

8A: Inner peripheral cutter blade

8a: Inner peripheral cutter blade

8b: Cutting blade surface

8c: Concave portion

9: Cutter member

10: Radiation source supporting mechanism
11: Irradiation device

12: Supporting member

15: Radiation-transmitting pressing board
16: Inside sliding supporting member

16a: Concave portion
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12: Supporting member 15: Radiation-transmitting pressing board 16:
Inside sliding supporting member 16a: Concave portion 17 17: Cylindrical
outside sliding supporting member 18: Cradle 20: Elastic member 21.:
Mother stamper 525: Film-type substrate 25B: Outer peripheral portion
25a: Hard layer 25b: Soft resin film 25c:1§:urable resin film 1030: Resin
mold 30: Mold

17: Cylindrical outside sliding supporting member
18: Cradle

20: Elastic member

21: Mother stamper

25: Film-type substrate

25B: Outer peripheral portion
25a: Hard layer

25b: Soft resin film

25c: Curable resin film

30: Resin mold

30: Mold

31: Removing rod

59: Substrate

59a: Opening

59b: Outer peripheral portion
59¢: Inner peripheral portion
59A: Resin mold

100: Non-magnetic substrate
200: Magnetic layer

300: Mask layer

400: Resin film

500: Mold

600: Milling ions

700: Part in magnetic layer which is partially subjected to ion milling




10

15

20

31: Removing rod 59: Substrate 59a: Opening 1559b: Outer peripheral
portion 59e: Inner peripheral portion 59A: Resin mold 100: Non-magnetic
substrate 200: Magnetic layer 20300: Mask layer 400: Resin film 500:
Mold 600: Milling ions 700: Part in magnetic layer which is partially
subjected to ion milling 13 800: Part in magnetic layer with eformed
magnetic properties 900: Protective film T000: Magnetic recording

medium 464: M@%%&\@MW%%@ i%vith reformed magnetic properties
900: Protective film
1000: Magnetic recording medium
101: Medium driving unit
102: Magnetic head
103: Head driving unit

104: Recording/reproducing signal system

BEST MODE FOR CARRYING OUT THE INVENTION

[0020]

The present invention is a method of manufacturing a magnetic recording
medium having magnetic recording patterns which are magnetically separated, the
method characterized by including, in the following order: a step of forming a magnetic
layer on a substrate which has an opening in the centre; a step of applying a resin film to
the magnetic layer; a step of pressing against the substrate a film-type mold on which an
uneven pattern has been formed; a step of transferring the uneven pattern of the mold
onto the resin film; a step of separating the mold from the substrate; and a step of

forming magnetic recording patterns on the magnetic layer using the uneven pattern

which has been transferred.

[0021]

The film-type mold used in the present invention on which an uneven pattern has
been formed is a film constituted of a flexible thin plate made of a metal, a resin or the
like and having an uneven pattern corresponding to the magnetic recording pattern of the

magnetic recording medium formed on the surface thereof. In the present invention, by
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5102: Magnetic head 103: Head driving unit 104: Recording/reproducing
signal system BEST MODE FOR CARRYING OUT THE INVENTION
10[0020] The present invention is a method of manufacturing a magnetic
recording medium having magnetic recording patterns which are
magnetically separated, the method characterized by including in the
following order: a step of forming a magnetic layer on a substrate which
hag.anopening in the centre; 2,ep. of applving.a resin fim o dSe, oo of
magnetic [ayer, a step of pressing against the stibstrate a film-type m

on which an uneven pattern.has been formed; a ste 0% tran ing. t
o R

mBJQs gﬁﬁg]omﬁe%gﬂrtﬁg?et%,nﬁjaﬁs%ﬁ?ngfo%ﬁ@ﬂ%s%ﬁ%‘%ﬁﬁl%omd%c%vermg of the

patternson the magnetic layer usingthe uneven pattern which has been

trapste et P08 1k easifNe o bipe.Auaid v aechin e RIRRSRE nyStien

on which an uneven pattern has been formed is a film constituted of a

flexiRieininpigic masiecehamneialif resie prdbectikaanthhavindi’nade of a

uneven pattern corresponding to the magnetic recording pattern of the
magretigkecerdingimedivonJarnadignése siwdasethementdn thenpreseiot
invention, by 14 adopting such a configuration for the mold used for he
patesniifgnsiesihe siepsrofcsupplyibgttite faoichiaptire stedfadmgibéium.
substrate for a magnetic recording medium, pressing of the mold thereto,
trdfstervingtiofspditerad;ibnddefathingyamnilce cmkesi o s et dubgrediGmoult,
can be easily carried out, and thus the manufacturing of magnetic 5
regoiding irediaicancoetivondusiprl witnhigtrer prodde avinlsa iafifsla whech has
made of a nickel alloy or a resin has conventionally been used for
traastEedny trerirdypitan cbvesamty praeting wagie SilHis pPrdustiniirate

for a magnetic recording medium However, these dies exhibit low

flexibility ¢h makes their smooth supply difficult, and simultaneous or

coninuoyS SRR, o TEIRUS MR A1 s Uk i

has | .
e magnetic recording
patterns in the present invention, it becomes possible to readily form an opening or-the
like in the mold. Therefore, by using the opening, it becomes possible to readily position
the substrate for a magnetic recording medium and the mold, énd thus a method for
manufacturing a magnetic recording medium with high productivity can be provided.
That is, a rotating-type magnetic recording medium used in a hard disk or the like has an
opéning at the center thereof so as to attach the medium to a spindle of a rotating motor.
However, the magnetic recording patterns formed in discrete track media or patterned
media need to be formed with high precision with respect to the opening at the center,
and when a magnetic recording pattern of a magnetic recording medium is provided
eccentrically with respect to the opening at the center, a head that reads information from

or writes information to a magnetic recording medium cannot follow the magnetic

recording patterns, and thus reading information from the magnetic recording medium or
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10resulted in the production of magnetic recording media with low
productivity. [0022] In addition, since a film-type mold is used for
ansferring the magnetic recording patterns in the present invention, it
becomes possible to readily foun an opening or the like in the mold.
Therefore, by using the opening, it becoyges possible to readily position 15
the substrate for a magnetic recording medium and the mold, and thus a
MG fﬂf&ﬁﬂ%@%‘éwﬁg rﬁcﬁ‘é‘gHﬁﬁ'&{e%?offié@&&k?%ﬁ‘c\éﬂ%mgﬁal

productivity ca provided." That Is, a rotating-type magnetic recording

mﬁgmé&as%q%%tmfg sk L dnerdikeo bR AR.ARE WG AL RS GERAGhetic

thereof so as to attach the medium to a spindle of a rotating motor.

HewenahothR MY Ehﬁiiﬁlé%gﬁi'f@g}fiﬁgﬁ{ Radaemnedunedisqraiedrackoneriather
or patterned 20media need to be formed with high precision with respect

tothel ppenindiah he ganiehandssenanmadnelic de eardlagRaesmatAsfer can
magnetic recording medium is provided eccentrically with respect to the

ofeninglidy thecesnteit Bebaackthalsisiads iedditnpalieiiéramositivtitgshole such as an
information to a magnetic recording medium cannot follow the magnetic
reopeding tpabkefiis, andl teys seading mfoessation freropthEnmegnetidily be
recording medium or 15 writing information thereto may be inhibited.
Theersferedwith conventional manufacturing methods, the process for
positioning the substrate for a magnetic recording medium and the mold

for patted¥32dmsfer required a long time. On the other hand, since a film is
used in the present invention in which a mold for pattern transfer can Sbe

readily pfB¢BSBETCH HEEHHESs 156 SEBE e Fétiy PRsviidL b satbiRg made to

hole_such as an opening to the film, and the positioning process using the
op T e H AR B ESH AeRs21e 693 e gRetSreSar R BRTT fighin a short

i f.a film- d ilv b de.to 1Q coincid ith th )
PR DI AT TP ST AR P TEST R REaIERD i FHRE LRy e

?nné}jgig&ﬁ%lpé%gHggﬁgyié’r}eté@dﬁ%qﬂggg‘uring of magnetic recording

[0024] '

In addition, since a film-type mold is used in the present invention, this film can
readily be made long, making it possible to continuously providé identical transfer
patterns onto the film. In other words, to a plurality of substrates, the steps of supplying
the mold to the surface of the substrate for a magnetic recording medium, pressing of the
mold thereto, transferring of patterns, and detaching and recovering of the mold
therefrom can be carried out in succession, or alternatively, different steps can be
conducted simultaneously, which makes it possible to considerably enhance the
productivity in the manufacturing of magnetic recording media. Further, a mold formed

on the film is used once only and is not reused. As a result, the occurrence of a large

quantity of defective magnetic recording media due to the damage caused to the mold
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[0024] 15In addition, since a film-type mold is used in the present
invention, his film can readily be made long, making it possible to
continuously provide identical transfer patterns onto the film. In other
words, to a plurality of substrates, the steps of supplying the mold to the
surface of the substrate for a magnetic jgcording medium, pressing of the
mold thereto, transferring of patterns, and detaching and recovering of the

Mol OIS RHOMCAR AL UG AN HERRRSARe A RUSIOAHYEYan be

different steps can be conducted simultaneously, which makes it possible

top?@sﬂﬁ@@e[@ﬂc?_/ &APaRGRIBSBIOAUCHIND Ihe A ae BH INIR] RNRCRSRLIS er
i

recording media. Further, a mold formed on the film is used once only and

iSHeald QuePEb: HorEESHN PR ASCUERRCER TR Iatae Auantitaed delesiviRcision

magnetic recording media due to the damage caused to the mold 16 can
beswoidetheand ambligbapresisigRdaelbnith itle:Fatiesn telerdesatiorviacut

be provided at any time. Furthermore, even when a mold formed on a film
isstepsiad aftendbeigusetdos-ransferring patterns, cleaning of the mold

after use and making decision as to whether the mold can be reused or

not can PeOp&rformed in succession without 5stopping the manufacturing
apparatus. [0025] In the present invention, a resin film applied onto the
magnetiéfifin preebeinveatietiorasir dive vemind notHe masmsicsitivecthde a
mold used in the present invention can be made into a thin plate, radiation
foradifiieg-weaRianisstanlpetheadiatdel sipra Bropdérsed duthgdacstrhia vaign can
when transferring the uneven pattern of the mold onto the resin film. As a
reBtibedsingie Bye PRIF FEAHAHE A PR BT RAEFESFITAY Brabfeatiads! dhem the back
magnetic film surface can be formed in a short space of time, Whic%’? _

AR OSBRI 0 R AL T B SEICOVRE AR SRR FRUILRRIG B rosin film
magnetc tecordina media. {00261 15in addiion, n the present vention:. g,
the"Ste5 ot apPiying aTesin hiim fo'the magnetic fé%/%r, the sriep ot e

Pregsing aganstihe sybeliate & lInspe.mald eaMNICH ANUOEYS Dnance e
pattern has been formed and the step of transferring the tneven pattern of
thﬁroductivity in the manufacturing of magnetic recording media.

[0026]

In addition, in the present invention, the step of applying a resin film onto the
magnetic layer, the step of pressing against the substrate a film-type mold on which an
uneven pattern has been formed and the step of transferring the uneven pattern of the
mold onto the resin film can be carried out simultaneously on both surfaces of the
substrate. That is, the mold used in the present invention is a film-type mold with high
flexibility and is therefore easy to handle, and the film can also be made long.
Accordingly, the steps of supplying the mold to both surfaces of the substrate for a
magnetic recording medium, pressing of the mold thereto, transferring of patterns, and

detaching and recovering of the mold therefrom can be easily carried out.

[0027]




mold onto the resin film can be carried out simultaneously on both
surfaces of the substrate. That is, the mold used in the present invention
is a film-type mold with high 20flexibility and is therefore easy to handle,
and the film can also be made long. Accordingly, the steps of supplying

* the mold to both surfaces of the substrate for a magnetic recording
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medium, pressing of the mold thereto, transferring of patterns, and

detachi ring of. the m Id therefro an be easil
ng} K? pre f? n%n‘glm é rcl%gr}fmg omu ﬁle res%rhzmyeg{j‘ 5 %911%%

[0027] 1 erred e orcarryin rese

'”XS&E’%@&’%‘&&S TRl PSQ#%% illl EIRULHSING ASELGS of 9{8‘&@5@%@ that

However, it shou d be noted that the present invention is in no way limited

106, RIRPAVBRNIE HERHIGH BRI 19988ImbodiiaRs iRs2r ARy,

apparatus for manufacturing a film-type mold used in the present
mvenﬂoqQ@‘@}shown in FIG. I, a manufacturing apparatus with such
configurations is constituted by having an upper die set 2 supported by a

first platgndsanehd iweralieppetsssRRonted fayra secofithpiate mdldieEe in the
the first platen 1 is supported by an actuator device for the vertical

mexsene itveutbnashareivhydeudic] cylinger{antihQshesrnuandisspebvided
so as to be freely movable vertically, and the second platen 3 is mounted

orvanfigsmfinot showminand Hixed the reampfd G203eA Disprshaddy eultersatn 1
member 6 is provided above the first platen 1 in a freely
and a lower die set 5 supported by a second platen 3. Here, the first platen 1 is supported
by an actuator device for the vertical movement such as an oil hydraulic cylinder (not
showﬁ) and is provided so as to be freely movable vertically, and the second platen 3 is
mounted on a base (not shown) and fixed thereon.

[0029]

A disc-shaped cutter set member 6 is provided above the first platen | in a freely
movable manner vertically by being supported by an actuator device for the vertical
movement such as an oil hydraulic cylinder (not shown). A cylindrical outer peripheral
cutter portion 7 is provided on the outer peripheral portion side of the bottom surface of
the cutter set member 6. A bar shaped inner peripheral cutter portion 8 is provided at the
center of the bottom surface of the cutter set member 6. A cutter member 9 is constituted
of these outer peripheral cutter portion 7 and inner peripheral cutter portion 8. In |
addition, a ring shaped outer peripheral cutter blade 7A is formed downwardly on the top
end side of the outer peripheral cutter portion 7, and an inner peripheral cutter blade 8A
is formed on the top end side of the inner peripheral cuﬁer portion 8.

The outer peripheral cutter portion 7 penetrates through and is extended below the

first platen 1 via a through hole 1a formed in the outer peripheral portion of the platen 1,
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movable manner vertically by being supported by an actuator device for
the vertical 15 movement such as an oil hydraulic cylinder (not shown). A
cylindrical outer peripheral cutter portion 7 is provided on the outer
peripheral portion side of the bottom surface of the cutter set member 6. A
bar shaped inner peripheral cutter porti%} 8 is provided at the center of the
bottom surface of the cutter set member 6. A Gutter member 9 is

c iyt ft ' ' i j I
it S I s S S

785 formed dowawardhyon hielon &nd sideaidng ariERRANPeIaLGHAS red

portion?, and an inner peripheral cutter blade 8A is formed on the top end

sigipfiharonal-PpERhiRYal 4HEHBRIERN Sad the THR HReJIRNBERLBHIR! 8 are
portion 7 penetrates through and is extended below the first platen 1 via a

thiivgh hateda fermeddnstng auteshedipherahBariomodiie pateiibet 8 with
and the inner peripheral cutter portion 8 penetrates through and is

extepsie tbhkréoiivstheabisstiplalte draiaadhisawdhboladbptensnediatithe BRAETA is
of the platen I. It is configured such that the outer peripheral cutter portion

7 fond ¢t énioretripegiphesialeutied jportiont@nars sovethve fihcattynided directly from
response to the vertical movement of the cutter set member 6 with

Srsipact tetipbefisbsplater7d oTheytrokis dentiorpefipherd stetepenplmerdland an
cutter blade 7A is formed into a triangular shape, and has a cutting blade
s\t RHccsdrrtct ddiong teoverdithe eaitsider pftibe alvserpaselparbegter portion 7.
cylindrical outer peripheral cutter portion 7 and an outer blade surface 7c.
inéhAdenweigbaust Geibeds She otrel pard HErH eiltias PiafsotiapeFRastituted

inner peripheral cutter blade SA is configured into a cutting blade shape

P
cigrittiteretade SeiRemePoTkinh Lerierd e AR FooxaR Ity RrfdiRyel surface
from an outer peripheral surface of a bar shaped inner peripheral cutter .
RS A TR B A VB o S AR EFee ol S paion 8o
of,an.inverted V shape which is f d at the top end portion of the,inner
O S o B Lo SR BRGAOL 82 B o Bpfon of

aqgegﬂnié%g ion. deyice 3&?&?815 provided in a part below the platen 1

and in between the outer peripheral cutter portion 7 and the inner

peripheral cUier R 8uAGGAIR Y dhiSco0Tigy ed saihaiHiraolet are
light can be irradiated downwards from a radiation source which is
ingtallednieinally el dhed adiationade viceedlsctUsh Asca UGPBFESSIHE portion 7
mercury lamp, a low pressure mercury lamp, a metal halide lamp, a xenon
lasmd, tacd@nenpatariesty damp suitdarsulxasdaeieidi B Qe puddnongdhdseaviolet
radiation sources, it is particularly desirable to use an ultraviolet LED lamp
bdgaunserthe levdlaichdéatgendsdtion svhidhtivayocawsehiibtoiiotdlad themally in
molded products is low. In terms of the wavelength for ultraviolet rays

ugbd imssighroakses:cal Wavdbarsgthigithinstiiee raegarfi (R 2091 Preseigo mercury

nm can be mentioned. [0030]
lamp, a metal halide lamp, a xenon lamp, a xenon mercury lamp and an ultraviolet LED

lamp. Among these radiation sources, it is particularly desirable to use an ultraviolet
LED lamp because the level of heat generation which may cause distortions in the
molded products is low. In terms of the wavelength for ultraviolet rays used in such
cases, a wavelength within the range from 220 nm to 400 nm can be mentioned.

[0030]
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19 A frame shaped supporting member 12 is provided below the
irradiation device 11, and a radiation-transmitting pressing board 15 made
of' a disc-shaped glass board or the like is provided below the supporting
member 12. The radiation source supporting member 10, the irradiation
device 11, the supporting member 12 apyl the radiation- 5 transmitting
pressing board 15 are integrated with the platen 1. Accordingly, it is

configureadsg et g SagleHar HRRAIILING BHSRAORRI L SHRNES device

vertically in response to the vertical movement of the first platen 1.

the: oihierhanei h DAiRdriaals RRIE SidInG SYRRAKING BRENRHIEARE Board or

cylindrical, outside sliding supporting member 17 having the same height

angdIiRYides- QR R RaaeBEhPIRIER FehblistshpReshGramie sbirie kn@sbrting
between these members so as to be freely slidable vertically, and the
cradiabts is, shpperad dydaeneladtichnamiet 20mracteof Pasp tingr ke
or the like which is provided therebelow. A doughnut-shaped mother
stampeitAigppsavigechahl therciadieaifi sathshie gactnudeAspurdinktp, soine
extent, as compared to the sliding supporting members 16 and 17.
15[@0%L}ed so THae theotkatstampeniiitps espagtbrartb Bertransfertad]ly in
formed on the upper surface side thereof In the embodiment of the
priespeisptetgonrisitcacy vesin aidhy fostfolafing -an uneven pattern on the
surface of a discrete track type magnetic recording medium is
manufactiiréls, ethctiiein paifshicrr Bsthfsitines i st opPaid © and a
surface of 20 a discrete track type magnetic recording medium has been

kifiteRf Bt e SRl SR PROIR FSERTH &Y 28V 1o F]538° helgh AtfmtioH ot
© RIS RTion 0 pabi oLneeiog e AEISENIOISS vz
in%ied resélfgfi Isr]%szlfg Bgrrttlicna }Ep gnrgl%gg czzl'rgdle‘ 18 is supported by an elastic member 20 made
of a spring member or the like which is provided therebelow. A doughnut-shaped mother
stamper 21 is provided on the cradle 18 so as to protrude upward to some extent, as
compared to the sliding supporting members 16 and 17.
[0031] |
The mother stamper 21 has a pattern to be transferred, formed on the upper
surface side thereof. In the embodiment of the present invention, since a resin mold for
forming an uneven pattern on the surface of a discrete track type magnetic recording
medium is manufactured, an uneven pattern for a thin film to be formed on the surface of
a discrete track type magﬁetic recording medium has been formed on the surface of the
mother stamper 21.

[0032]
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For manufacturin.g a resin mold by the manufacturing apparatus having a
5configuration shown in FIG, 1, a film-type substrate is prepared to be
used as a base for an intended film-type mold. [0033] As an example
of such substrates, film-type substrate 25 having a three layer structure as
shown in FIG. 5 can be used. In the pregent embodiment, the substrate 25
is 10constituted of a film-type hard layer 25a, a soft resin film 25b and a

curableesin; ity 236nl038brtion!t 62 RASISIABIGIQ 1R RIS HRIH KB o d-

25a, a material having high ultraviolet transmittance and which is hardly

defgronable Jiaringepneing Aeantdinghmhehasd dalayendsasiae sliding

composed of resin materials such as aromatic polyesters such as

palyptinyignacamphthala e and polyethylene naphthalate; cycloolefin
polymers such as Zeonor (product name, manufactured by Zeon

CorporatigmantdRAS {peodsict makh &y thamuiachoediy-Polpindtisinga.
Ltd.) and ARTON (product name, manufactured by JSR Corporation);

herdfthermaseliting ie$iHs. $uetias-grenelticrpolisgadpersdtesbended as a base for
20alicyclic polyimides; polyolefin-based thermosetting resins such as
palyiptopide fignpgohe(dohdthylpentene), polystyrene and PMMA; or
thermosetting resin films such as epoxy resins and allyl resins. In
addition[a#®thickness of the hard layer 25a can be made within the range

from about 10 to about 3,000 urn. [0035] 21 '
As an example of such substrates, film-type substrate 25 having a three layer

structure as shown in FIG. 5 can be used. In the present embodiment, the substrate 25 is
constituted of a film-type hard layer 25a, a soft resin film 25b and a curable resin film
25c¢.

[0034]

It is preferable to use, for the hard layer 25a, a material having high ultraviolet
transmittance and which is hardly deformable during punching. Accordingly, the hard
layer 25a is composed of resin materials such as aromatic polyesters such as polyethylene
terephthalate and polyethylene naphthalate; cycloolefin polymers such as Zeonor
(product name, manufactured by Zeon Corporation), TOPAS (product name,
manufactured by Polyplastics Co., Ltd.) and ARTON (product name, manufactured by
JSR Corporation); hard thermosetting resins such as aromatic polycarbonates and
alicyclic polyimides; polyolefin-based thermosetting resins such as polypropylene,
poly(4-methylpentene), polystyrene and PMMA; or thermosetting resin films such as
epoxy resins and allyl resins. In addition, the thickness of the hard layer 25a can be made
within the range from about 10 to about 3,000 pm.

[0035]
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It is preferable to use, for the soft resin film 25b, a material having high
ultraviolet transmittance and which exhibits, during the imprinting using a
film-type mold of the present invention, both the function to reinforce
adhesion with the hard layer 25a and the curable resin film 25c and the
flexibility to follow the swelling of the supgtrate which is subjected to the
imprinting. Accordingly, the soft resin film 25b is composed of resin

materialg; sUGR@SHRIGARE MHPRRTsI RANRFUIRCL AndRAIRRRYIRHE

films". In addition, the thickness of the soft adhesion layer 25b can be

magiawatbiniharange fmyakauaisito ahatt Ao HMNatenthatimh-type

those cases where the extent of swelling of the hard layer 25a is small in

thedilistypesesirate dbhadngie: thieg daye rRsrucidiRsibiSaessiblet®layer
form a substrate having a two layer structure constituted of the hard layer

253 and the ausdlalecsasiiifilns 2aadajeaivitibiiirthe &0k wesinstilalialof khe
addition, in those cases where a two layer structure is adopted, in order to
steehgtheniiehashdgeored atweamthminagrd Aayerdigyatic Hoé cesialilbr@sinis
film 25c, it is also possible to subject one surface of the hard layer 25a to

a surfpowdrefansiomatsuicks auch sofeiiaonstrebitenantionenibheicing polypropylene
adhesiveness. [0036] Further, for the hard layer 25a and the soft resin
filiesh, Inedditionichedhickirsgelifpdoaiiedhapigctmmndieiedy wangpsithin the
such as a PET film of an easy-adhesion grade (Cosmoshine A-4100
(pFeRASE RO taniraBAedO8) waydbaacht Indpts cresinvberedbsspmmt of
03 (manufactured by Teijin DuPont Films Japan Limitede can also be

SSEF RIS IR 2165 1o BB G SPETBF S b tree lave
[00t37Jt The Curﬁgl? rfsin film 25ctiﬁ}clzom o§ed of at Iteastt one resgnt dof th
haVifig B rRISGrSup S0Eh A& RS ARR A GRS K ByiCgPstisegt of the
vinyl group,.an oxetanyl aroup, a.22 idyl group,.a cyclohexene xid
T A AT dther Era g B Ay Ao Sl AT e Lhate

regiuiin 40606 comPesed Qa3 eRI0: NAYING & CHERPIE.ITR Hfi)dy%cgrg@hen the

be cured rapidly such as a (meth)acryloyl group, an oxetanyl group, a

cygiabeyene-Reidegroun a%@ adnyketeraauR. 20838} fxamplrs sl o
resins usable herein which has a (tneth)acryloyl group include

subject one surface of the hard layer 25a to a surface treatment, such as a corona
treatment, for enhancing adhesiveness.

[0036]

Further, for the hard layer 25a and the soft resin film 25b, fhos‘e which are
integrally formed and commercially available such as a PET film of an easy-adhesion
grade (Cosmoshine A-4100 (product name) manufactured by Toyobo Co., Ltd.) or Teijin
Tetron film O3 (manufactured by Teijin DuPont Films Japan Limited) can also be used,
and they can also be used directly as they are for the purpose.

[0037]

The curable resin film 25¢ is composed of at least one resin having a curable

group such as a (meth)acryloyl group, an allyl group, a vinyl group, an oxetanyl group, a
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mono(meth)acrylates such as methyl (rneth)acrylate, ethyl (meth)acrylate,
n-propyl (meth)acrylate, isopropyl (meth)acrylate, n-butyl (meth)aciylate,
isobutyl (meth)acrylate, sec-butyl (meth)acrylate, hexyl (meth)acrylate,
octyl (meth)acrylate, 2-ethylhexyl 10(meth)acrylate, decyl (meth)acrylate,
isobornyl (meth)acrylate, cyclohexyl (meth)acrylate, phenyl

(meth)acrylate, benzyl (meth)acrylate, 2-hydroxyetlayl (meth)acrylate, 2-
hydhoxgipranyinimeti)aiesytates:3dsydoaxvidpyldynetiyaciiatel is particularly
2-hydroxybutyl (meth)acrylate and 2-hydroxyphenylethyl (meth)acrylate;
(méasiyablythanitleswseidk msihlNadifieboyofnretefact v asiitdRatibNadietiye group
(meth)acrylamide and N-acryloyl 15morpholine; poly-functional
(mesheandreesutturd ptwle aeaglpetidifiyierh monylate popeapylenreglycol
di(meth)acryla e, 1,4-butanediol di(meth)acrylate, diethylene glycol
diieiPhaessaadesavpand yiioyl elienathyacrylate, trimethylolpropane
di(meth)acrylate, trimethylolpropane tri(rneth)acrylate and pentaerythritol
penta(me[m%/lafgdrylate; and so-called epoxy (meth)acrylates formed by
adding 2Q(meth)acrylic acid to epoxy resins such as bisphenol A epoxy

resins, h bt dsisSHssrAledies rearishas s imsHearblephersp Anclude
epoxy resins, bisphenol F epoxy resins, novolac epoxy resins, phenol
By RSB DT e N R e SRy ey

N idyl e [ resins, novolac e resins of bisphenol A, chelme
T

sk, o chnutset dlsnsadone snerele ponyeons

silicone modified epoxy resihs an prolacton

E%’I@Q‘l &tﬁ@?d‘&?i%@(?ﬁ&ﬁ%,Q%@H%ﬁﬁg%%&%gl%u%W%%I%nl{g@lgacrylate,

as ethylene glycol monoallyi ether and allyl ono esters

sugheasi alhdd Rsplate Rhchalhh AERERAIR, Qiﬁﬁw&al@&h%gi@%%%% 2-

amine, 1,4-cyclohexane diallyl dicarboxylate, diallyi p

tetephtixalnte AneheialyHsapthalatenprshaliuhestRerasiosobiainesbiy

reacting allyl alcohols with oligo esters such as oligopropylene

tefeplithalatieiExampliedrof thecrgsits Whieth aas arvimd grouspyiaslude such as

monovinyl ethers such as 10n-propylvinyl ether, isopropylvinyl ether,

n-Butytdimatesthenetbstsuridwind, einedighetiykib)advityhitherd N-acryloyl
octadecylvinyl ether and cyclohexylvinyl ether; monovinyl esters such as
vifyPERRSHaRe;, RANYUBFE plsh s tipg ity raneh am dthitgi g nzoatanaivirgtylate,
esters such as divinyl adipate; N-vinyl amides such as N-vinylpyrrolidonc,
NPREREIACR $irPA Ce Rt bR B N IvirkHanplintidienstiessl deridistivdensugirol
as sg reﬂe, 2,4-dimethyl- . )
di(tneth)acrylate, triethylene glycol di(meth)acrylate, trimethylolpropane
di(meth)acrylate, trimethylolpropane tri(meth)acrylate and pentaerythritol
penta(meth)acrylate; and so-called epoxy (meth)acrylates formed by adding
(meth)acrylic acid to epoxy resins such as bisphenol A epoxy resins, hydrogenated
bisphenol A epoxy resins, brominated bisphenol A epoxy resins, bisphenol F epoxy
resins, novolac epoxy resins, phenol novolac epoxy reéins, cresol novolac epoxy resins,

alicyclic epoxy resins, N-glycidyl epoxy resins, novolac epoxy resins of bisphenol A,

chelate epoxy resins, glyoxal epoxy resins, amino-group containing epoxy resins, rubber
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15a-methylstyrene, o-methylstyrene, m-methylstyrene, p-methylstyrene,
2,4- climethylstyrene, 2,5-dimethylstyrene, 2,6-dimethylstyrene,
3,4-dirnethytstyrene, 3,5- dimethylstyrene, 2,4,6-trimethylstyrene,
2,4,5-trimethylstyrene, pentamethylstyrene, o- ethylstyrene,
m-ethylstyrene, p-ethylstyrene, o-chlorogfyrene, m-chlorostyrene,
pchlorostyrene, o-bromostyrene, m-bromostyrene, p-bromostyrene,

Oi%‘aEBQ&‘)éEM}? %n@,’d% %H%ﬂ%@éﬁé}{é%}%nl?ﬁ%ﬁ@%}‘é%& Y8icone modified epoxy

o-hydroxystyréne, m-hydroxystyrene, p- hydroxystyrene,

2rvinydbiphenybAminyikinhenyla kyivypapkthalene, 2-vinylnaphthalene,

4-vinyl-p4erphenyl, 1-vinylanthracene, a-methylstyrene, o- isopropenyl

toluene, pRaispRECTEAY HESIHE RBIdR-1SQRFCAB MYk BRAde allyl ethers such as
2,4-dimethyl-amethylstyrene, 2,3-dimethyl-a aethylstyrene,

3 &hglisnethiylcar meHoylsty eene apd AWl sORidpyttemetbitstyyeatsrs such as allyl
a-ethylstyrene and a-chlorostyrene; divinyl ethers such as ethylene

glyeodte divdrl e thezohid - disdyiedialsdivthylseliablyl dibuetanediphdidmytiallyl
ether, 1,9-nonanediol divinyl ether, cyclohexanedimethanol divinyl ether,

di¢thytenglatychhidivipythethrer dnidlytrietnitniglyodldiilylybethielate; and allyl
polyfunctional vinyl ethers such as Strimethylolpropane trivinyl ether and
pertiarythsicbitbted\inytatiies allnhthivivid aiiobgelssesdivitydsoBigeenemylene
Examples of the resins which has an oxetanyl group include
mMSFHEIREEHy| compounds such as 3-ethyl-3-hydroxymethyl oxetane and
3-ethyl-3-methamyloxymethyl oxetane; and other polyfunctional oxetane
resins st BRI Bhisistie BIRTEED ¢ Db BaMR A ranavesxL gksrs such as
(product name) manufactured by Toagosei EQ., td., and OXIF? (product
B AR ST RRIAE PGS A A 5 RS ther, 2
CQ%?] %?{Jy%?ﬁy{'égier, octadecylvinyl ether and cyclohexylvinyl ether; monovinyl esters
such as vinyl acetate, vinyl propionate, vinyl butyrate and vinyl benzoate; divinyl esters
such as divinyl adipate; N-vinyl amides such as N-vinylpyrrolidone, N-methyl-N-
vinylacetamide and N-vinylformamide; styrene derivatives such as styrene, 2,4-dimethyl-
a~-methylstyrene, o-methylstyrene, m-methylstyrene, p-methylstyrene, 2,4-
dimethylstyrene, 2,5-dimethylstyrene, 2,6-dimethylstyrene, 3,4-dimethylstyrene, 3,5-
dimethylstyrene, 2,4,6-trimethylstyrene, 2,4,5-trimethylstyrene, pentamethylstyrene, o-
ethylstyrene, m-ethylstyrene, p-ethylstyrene, o-chlorostyrene, m-chlorostyrene, p-
chlorostyrene, o-bromostyrene, m-bromostyrene, p-bromostyrene, o-methoxystyrene, m-
methoxystyrene, p-methoxystyrene, o-hydroxystyrene, m-hydroxystyrene, p-
hydroxystyrene, 2-vinylbiphenyl, 3-vinylbiphenyl, 4-vinylbiphenyl, 1-vinylnaphthalene,
2-vinylnaphthalene, 4-vinyl-p-terphenyl, 1-vinylanthracene, a-methylstyrene, o-

isopropenyl toluene, m-isopropeny! toluene, p-isopropenyl toluene, 2,4-dimethyl-o-

methylstyrene, 2,3-dimethyl-a-methylstyrene, 3,5-dimethyl-a-methylstyrene, p-
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[0039] Examples of the resins which has a glycidyl group include
bisphenol A epoxy 15resin, hydrogenated bisphenol A epoxy resin,
brominated bisphenol A epoxy resin, bisphenol F epoxy resin, novolac
epoxy resin, phenol novolac epoxy resin, cresol novolac epoxy resin,
N-glycidyl epoxy resin, novolac epoxy rggin of bisphenol A, cheiate epoxy
resin, glyoxal epoxy resin, amino-group containing epoxy resin, rubber

%%2%1-a.ﬁaﬁ§%xg@éﬁ@’ dicyciopsentadiens ARGQUEGRANYFES I, SIIGRRL.s

epoxy résin and 20a-caprolactone modified epoxy resin.

Exameles A dRFaRINS MAICNAR A LHGIREXENG1RKIA% HOURMEIUESiny! ether,
Celloxide 2021P(product name), Celloxide 3000 (product name), EFIPE

313 {preduss name) and:EHREn3laREmiprafduatnamehsmansdaaunes Ry

Daicel Chemical Industries, Ltd. [0040] 25 In addition, the thickness of

theivagipdian-ahdahlenkests Hial9e/aan &Bemads uhibd e fangeabieuch as
about 0.05 to about 50 um, so that at least 30% of ultraviolet rays having a
wavielehgibl o400 mvin! leksrarel peatecahlyittinsrviied cTee fitrd-djyiey! aryls
substrate 25 having the aforementioned configuration is placed Sbetween
theachathéivaighbperedd and the radiation-transmitting pressing board 15
while making the radiation-curable resin film 25c therein to face downward
as showhxarEi@s ¢f thndetins sdbstrbae @50 thoh gresded edsairstapreetanyl
surface of the mother stamper 21 at a specified pressure via the

raghatisaearsehistryetressihndpoaractisy byNeaering thass-methacryloxymethyl

oxetane; and other polyfunctional oxetane resins such as Aron Oxetane OXT-121
(product name) and OX-SQ (product ﬁa_me) manufactured by Toagosei Co., Ltd., and
OXTP (product name) and OXBP (product name) manufactured by Nippon Steel
Chemical Co., Ltd.

[0039]

Examples of the resins which has a glycidyl group include bisphenol A epoxy
resin, hydrogenated bisphenol A epoxy resin, brominated bisphenol A epoxy resin,
bisphenol F epoxy resin, novolac epoxy resin, phenol novolac epoxy resin, cresol
novolac epoxy resin, N-glycidyl epoxy resin, novolac epoxy resin of bisphenol A, chelate
epoxy resin, glyoxal epoxy resin, amino-group containing epoxy resin, rubber modified
epoxy resin, dicyclopentadiene phenolic epoxy resin, silicone modified epoxy resin and
g-caprolactone modified epoxy resin.

Examples of the resins which has a cyclohexene oxide group include Celloxide
2021P (product name), Celloxide 3000 (product name), EHPE 3150 (product name) and
EHPE 3150CE (product name) manufactured by Daicel Chemical Industries, Ltd.

[0040]
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platen 1.For the mother stamper 21, a metal plate composed of materials,
such as a Ni 10alloy, which can be subjected to high-precision processing
and enable the precise formation of fine and uneven patterns with
currently available molding techniques can be applied. A fine and uneven
pattern which is a reverse pattern of theyfine and uneven pattern formed
on the surface of the mother stamper 21 can be transferred onto the

radiation:Cli@hlem MRt il &R6 Ofihe BUhSHRIERR Py HISIAPSAtaE S e

process 15described so far will be referred to as a transfer step (1)).

FuriRal tNhie-p iRssinBcthne) P4RstEBIRZD QMO AU aee: 8HYIQ MAHeblet rays
stamper 21, ultraviolet radiation is irradiated from the irradiation device 11,

therelhy suringdhel adroiCur addieie PR fdnbRbe-ihaineacess described

so far will be referred to as a curing step (2)). 70Before, after, or even

during thghabbreypdkinbsstep 8 idists iapedreasintingd 3@ igputchedplaced
from the substrate 25 using the outer peripheral cutter blade 7A and the
inbetperileenathcu tempkedd 8Adbiid ovdéring-thamoniemperighemboutier> while
portion 7 and the inner peripheral cutter portion 8 due to the lowering of
thaakime ihsendintioTbevrbds rehioviinF IS Bi¢thia prdessdotiasaribes $ovarin FIG. 1,
will be referred to as a punching step (3)). 76 During this punching step,

bégd (ee sHstiires perisharabtaseisdbespirerdshh matiss tiarrpn2] at a
while sliding along the surface extending from the outer periphery of a
cyhseiicdi rsturadiaibrigUatipo iy ridmsarismyhe é%rgé {Aering the first
peripheral cutter blade 8 punches the substrate 25 while sliding along the _
inBItiE ot 1 SR RGBS up pBMIAG M seRPesHha!psHak el ia N

b t t ition, thereby obtaini doughnut-shaped
R R e e e S
In;addition, inth f ing th Id 30 ing the .
o e T A s oo e
25 gunchd I, 15 e eKeral e Dads, 84 s CleChaIos 0 1even
side he center

where a concave portion 16a 10is present at of the sliding

SURREHING-MRBRe18, AR GURURKRSHPRSIA! 21 can be transferred onto the
radiation-curable resin film 25¢ of the substrate 25 by this operation (the process
described so far will be referred to as a transfer step (1)).

Further, while pressing the substrate 25 onto the surface of the .mother stamper 21,
ultraviolet radiation is irradiated from the irradiation device 11, thereby curing the
radiation-curable resin film 25¢ (the process described so far will be referred to as a
curing step (2)).

Before, after, or even during the above curing step, a disc-shaped resin mold 30 is
punched from the substrate 25 using the outer peripheral cutter blade 7A and the inner
peripheral cutter blade 8 A by lowering the outer peripheral cutter portion 7 and the inner
peripheral cutter portion 8 due to the lowering of the cutter set member 6 as shownin

FIG. 6 (the process described so far will be referred to as a punching step (3)).
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portion 25B of the substrate 25 punched by the outer peripheral cutter
blade 7A is discharged to the outer peripheral side of the sliding
supporting member 17. Here, because the inner diameter of the concave
portion 16a of the sliding supporting member 16 is made almost as large
as the outer diameter of the inner periphgral cutter blade 8A, 15when
punching the substrate 25, the substrate 25 can be punched at an

accuraterposition withaut dificui ysthe dnner peripherel cittas blade, BAvnes the

along the inner peripheral’edge of the concave portion 16a, and thus'the

Pupshiag: 2CGHEACYIEARDE SR hANGRE 20 ditinp f@ﬁ?ﬁf&%@ep&lﬂf@ﬁéry of 2
arge as

diameter of the sliding supporting member 17 is made almost as
theyinnelcdiamaies ofdhe ouigsBarphasbeutenbladantAnih ea PUBRD Biter
the substrate 2025, the substrate 25 can be punched at an accurate

pasiiiers withowt difficibératytheiduer dies phampiheutiadbladre ids@longithe
outer peripheral edge of the sliding supporting member 17, and thus the
punphingrgcatitdey tanteewnharcsdahherpiacaedne substiate Roshavingereby
an intended doughnut shape can be punched with high accuracies in both
thebshiape addygbsitichapkthadrhe? bircle as ivedt dstheshapewaddiameter with
position of the outer circle. In the present invention, when a film-type
multid f attesintdreaiisiidoshiapbepradsishitd esmicaingahe meldpé pravidedria the
succession, the punching by a cutter blade is carried out only to the inner
CiftIRSHAE #iep ig F64he SineendrdiBowinheS draftibe spheatp SAmERched by
punching the substrate 25 as shown in FIG. 6, if the first platen 1 and the
CUHE ST rEfREr e e Rinds P AdsHewA R HIGhY sife WhetE BepReave portion 162

elevated while being sandwiched between the outer peripheral cutter,
blésd%f@fﬂ“éﬁfﬁﬂﬁé%%ésgtg? % HREF Bl& MBS AL BPYi AR EPSHBRFR!

in FIG. 8 ter peripheral cutter hlade 7A and the inner peripheral, .
LT B A A R S AR BEaA 5 IRGRO Sty T

9]
are moved So rom Yy raising

10&@%&%&%&3&%’&%&:‘? §5n6 Mt E?aseoc%%éosfﬁ?gﬁé?léfp@? hdhdine mod: .

30 can then ut using a separating suclt as’a removing

rog31, bayiegaranding Partitaat fhaitan engtherapt, WIS Erember

oval process, since the outer peripherafgcutter blade 7A andthe inner

peripRerabsuligsflade-8Aaraalrady Aeirebethiram e BRkLB.aBAAg: 84,

mold 30 is thus in close contact only with the radiation-transmitting
pregsingutbbpartd Sidhemold 80 cashe: rEndily rapatietalshg doeite position

removing rod 31. Once the mold 30 is detached from the
radiation-ttdfsmitinglpr éssinpebhphechlbitanblinkr fiedenpfthuhisicate@phigal edge
set between the radiation-transmitting pressing board 15 and the mother
staxfriberc@icaveghoion inok| G1ddhThénpoltBOcarvtiren bedbtahetted In addition,
described earlier by carrying out the pressing step, the ultraviolet ray
irragatiohtieaprighdiameter of the sliding supporting member 17 is made almost as large
as the inner diameter of the outer peripheral cutter blade 7A, when punching the substrate
25, the substrate 25 can be punched at an accurate position without difficulty by the outer -
peripheral cutter blade 7A along the outer peripheral edge of the sliding supporting
member 17, and thus the punching accuracy can be enhanced. Therefore, the substrate

25 having an intended doughnut shape can be punched with high accuracies in both the

shape and position of the inner circle as well as the shape and position of the outer circle.
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20the punching step all over again in an order as described previously
based on FIGS. 2 to 8, and the mold 30 can be mass produced by
repeatedly carrying out the operations described above. The mold 30
manufactured in the above-mentioned manner is used for manufacturing
the discrete track type magnetic recordipg media or patterned media. As
28 an example of this kind of magnetic recording medium, those in which

a magnefiG ayel. ot ROLGGIKE JAYE, Pas Rerrgime thot the, SHHRC b &in

non-magnetic substrate can be mentioned. For example, a magnétic layer

as.frscrbee abawuehichis {uaed qRribgisHIRc e RREADMN I BAIISSIEde is

substrate may be either an in-plane magnetic layer or a perpendicular
MagRelis ayer; (hhesemagneliGianass, aheHie ierakly fRrpre disintdbabmitted.
alloy having Co as a major component thereof [0042] For example,

as a magygti¢ layer for an in-plane magnetic recording medium, a 10
laminated structure composed of a non-magnetic CrMo underlayer and a
ferromaguteiieGebigtihe mnbgneticdayehean e Gesl.ifbA8Est plafes & and the
magnetic layer for a perpendicular magnetic recording medium, for

exatrplet antanbinateck stiseduresbonstittEed. f thbacking)lay@ecorm pdséobeing
a soft magnetic FeCo 15alloy (e.g., FeCoB, FeCoSiB, FeCoZr, FeCoZrB
andnfebztBewreanhceTieafoipergl cutter blade 7A and the inner peripheral cutter

blade 8 A. Accordingly, as shown in FIG. 8, the outer peripheral cutter blade 7A and the
inner peripheral cutter blade 8A are moved so as to detach from the mold 30 by raising
the cutter set member 6 with respect to the first platen 1, and the mold 30 can then be
taken out using a separating device such asa removing rod 31 having a bending portion |
31a at the top end thereof. During this removal process, since the outer peripheral cutter
blade 7A and the inner peripheral cutter blade 8A are already detached from the mold 30
and the mold 30 is thus in close contact only with the radiation-transmitting pressing
board 15, the mold 30 can be readily separated using the removing rod 31.

Once the mold 30 is detached from the radiation-transmitting pressirig board 15,
another piece of substrate 25 is set betweéﬁ the radiation-transmitting pressing board 15
and the mother stamper 21 as shown in FIG. 9. The mold 30 can then be obtained as
described earlier by carrying out the pressing step, the ultraviolet ray irradiation step and
the punching step all over again in an order as described previously based on FIGS. 2 to
8, and the mold 30 can be mass produced by repeatedly carrying out the operations
described above.

The mold 30 manufactured in the above-mentioned manner is used for

manufacturing the discrete track type magnetic recording media or patterned media. As




10

15

20

FeTaN and FeTaC) and a Co alloy (e.g., CoTa 7r, CoZrNB and CoB), an
orientation controlling film composed of Pt, Pd, NiCr, NiFeCr or the like, an
intermediate film made of Ru or the like, which will be provided as
necessary, and a magnetic layer composed of a 60Co-15Cr-15Pt alloy or

a 70Co-5Cr-15Pt-10Si02 alloy can be u§§d, 20The thickness of the
magnetic layer is not less than 3 run and not more than 20 nm and

pref im. and or 15 rim. The. Ic...
L B e e
Stpeie:aling maguelc alaxdsatrodiplauicianl iead AU RN L, be
canbe obtained. The thickness of the magnetic layer needs to be equal to
orpekethan a certain thickness in order to obtain 29 predetermined
output greater than certain output at the time of reproduction. On the other

hand, sinee ¥aHRHS PAMEIS S YaN CSHBEItHEFRCRRIAG:3BEhed on the surface
reproducing characteristics are usually impaired as the level of output

inefeaaesmiidsdliccassane i Haleiiitae 40 enhaniip wiadiiakness of hecpdedicular
layer is usually formed as a thin film by 5a sputterina process. [0044] In

thepesenkirye Mo, mihonghgdanage etefarbdrding qabikenn mihiibyi®aving Co as
magnetically separated is formed on the magnetic layer, prior to this

process; eomasletayierthat corresponds with the magnetically recording

pattern is formed on the surface of 10the magnetic layer. Formation of the
mask layl@P4actludes a step of applying a resin film onto the magnetic

layer, a step of pressing against the substrate a film-type mold on which

an uneverRFFRBhas HEeaRSraEr dosteplaMipns SRags arRedEERedium, a
pattern of the mold onto the resin film and a stegygf separating the mold

fradfRErSLBRIFRHS, R S AEHEPERERTY JESiBRFBRYSUAN adtaipmpenstic

sh u#d be noted that the manufacturing method 150f the present invention
i ﬁ?‘? gﬁﬁ}ﬂﬁ%‘?@ﬁt@ﬁf&%‘ﬁé’ﬁé‘&%cribed below. [0045]  The magnetic

recordinqqr@ﬁjium of the present invention can be manufactured, for
example, tor'example, by a method including the following steps in the

];ggOWingA(])sr g%{a%%eo‘%p:q lirl}oll?_ Ia%egp%ng}guﬂp Rxé%r&)eftxlyhrgy&%ﬁg lﬁ%&ﬁ?ﬁ, for example,
gnetic layer on anon
a laminated structure constituted of a backing layer composed of a soft magnetic FeCo
alloy (e.g., FeCoB, FeCoSiB, FeCoZr, FeCoZrB and FeCoZrBCu), an FeTa alloy (e.g.,
FeTaN and FeTaC) and a Co alloy (e.g., CoTaZr, CoZrNB and CoB), an orientation
controlling film composed of Pt, Pd, NiCr, NiFeCr or the like, an intermediate film made
of Ru or the like, which will be provided as necessary, and a magnetic layer composed of
a 60Co-15Cr-15Pt alloy or a 70Co-5Cr-15Pt-10Si0, alloy can be used.
The thickness of the magnetic layer is not less than 3 nm and not more than 20
nm and preferably not less than 5 nm and not more than 15 nm. The magnetic layer may
be formed in accordance with the type and the laminated structure of the magnetic alloy

used so that sufficient head output/input can be obtained. The thickness of the magnetic

layer needs to be equal to or more than a certain thickness in order to obtain
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20magnetic substrate 100, the step B of forming a mask layer 300 on top
of the magnetic layer 200, the step C of applying a resin film 400 on top of
the mask layer 300, the step D of transferring a negative pattern of the
magnetic recording pattern to the resin film 400 using a film-type mold 500
(the arrow in the step D indicates the mgyement of the mold 500.
Accordingly, the arrow pointing downward shows a step of pressing a

filgyRe ARt aniaa st islas AN dhR AR Y BRNINGHENRId SheW e

a step of separating the mold from the substrate), the step E of removing

a paaskhimdNAREHIBN (S PRERYE LOFEGRLN NG dlasrasnishowing hrster D)
corresponding to the negative pattern of the magnetic recording pattern
(i.cnarrGteRtRE reMaViNY hathittasimblmvans aupaskindiess cagesssary to
5where a resin film still remains in the concave portion in the step D), the
stegdrroinpalitiathyiaubjetithaets. idmhenilipgstanydhs sidellsudaceiok thein film by
resin film 400 to the surface layer portion of the magnetic layer 200 (the
redererteimgipnerads700 indicates a part of the magnetic layer partially
subjected to ion milling, and the reference symbol d indicates the depth of
magnetidU84§&r to which ion milling has been conducted), the step 10G of
reforming magnetic properties of the magnetic layer by exposing to a

reactive Blabpiaceriaarenieoron!tonghe pagnstitHerrdgiasttayehich is
subjected to ion milling (the reference numeral 800 indicates a part of the
mEgSEEECAPEIRASIER MEYFRER RIopeRISE Nave Haih ietbirRepesta mask
step H of removing the resin film 400 and the mask layer 300, a step of

efﬁ%%‘i ARFHSETTRRGACHY DY OF DAFSHEN YA PR Leah 1 Srasdeting rsurface of

surface 150f the magnetic. layer with a protective film 900. Note that .
IR AR TRE dbiSie BB b BFeRar e T B R L B Rg g 1

F grflt%otrﬂg%gn%gdg?amllhn thefmethod can be carried out \?ulthout this

step. In'suclta case, the e%(%sgffsssﬁr%?a%gealgfqtﬁ%e rsﬁlagsgﬁ%tﬁg é}%ﬂﬁﬁg}g e

magk has, Qﬁ&%ﬁ%@%&%‘?ﬂ%’%?&%ﬁ% f&%&%&ﬁ%&%&%ﬁglﬁém\%&ﬁ Stern of the

reactive ions. 20The mask layer 300 feinted on top o magnetic fayer

20QJmthastepBinihe Methad,oF LaRUACHING ARBANGHGIBEEINGach of the

medium according to the present invention is preferably formed usinn a

Mmaiggiak nopéaininghad IRashanaasiedegfiomthe Goup: SeNSIStNa-alfid: method
W, Ta nitrides, W nitrides, Si, SiO2, Ta205, Re, Mo, Ti, V. Nb, Sn, Ga, Ge,
Asatie PieByt iisiagistchia fbateyidiminel shiglding piopemieselothe mask

31 layer 300 with respect to milling ion 600 can be improved and

propertie®fdt forming the magnetic recording pattern using the mask layer

300 can also be improved. Furthermore, since the above-mentioned
substancekearesmasilyedpydatemetvsmef tbaotissergasydntivrecstelps hanufactured,

depicted in FIG. 10, an amount of the residue and thus contamination on
th(fgg@ﬁg@@l@ffor example, by a method including the following steps in the following

order as shown in FIG. 10: the step A of forming at least a magnetic layer 200 on a non-
magnetic substrate 100, the step B of forming a mask layer 300 on top of the magnetic
layer 200, the step C of applying a resin film 400 on top of the mask layer 300, the step D
of transferring a negative pattern of the magnetic recording pattern to the resin film 400
using a film-type mold 500 (the arrow in the step D indicates the movement of the mold

500. Accordingly, the arrow pointing downward shows a step of pressing a film-type
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5 the magnetic recording medium can be reduced. In the method for
anufacturing a magnetic recording medium according to the present
invention, among these substances, it is preferable to use As, Ge, Sn or
Ga as the mask layer 300, more preferably Ni, Ti, V or Nb, and most
preferably Mo, Ta or W. In general, the {ickness of the mask layer 300 is
preferably within the range from 1 nm to 1020 run. [0046] In the
PIESRNLAY 202 SROMDR0 S Ensia IR isapnlied onia bt

magnetic layer 200 via the mask layer 300. As a resin film, those

exhiptingnia¥oRble REpRELties ID dermsinalterRitranaies A FMad¥R&ortion

mold can be used, and preferable 15examples thereof include an
ultrauiolp GURNG SRHIR.tBLISRAD 2 fevRasdbasedie st it @ster fesiigonetic

and alicyclic epoxy resins. [0047] In the present invention, as shown in

theesiepn patfiimn (ype Mald drmbitiy dotnaven atiend hamdiewniosaasks

is pressed against a resin film, thereby transferring the 20uneven pattern

ofwtherenotesio filve salirefiimsanththeomeeld imthien isepasate @ fram tteg F of

substrate. Here, for example, a pressure at which the film-type mold is

pressedaghinstitgdorasimiiing drotetisesitts 60 iR aihtassinTHin poddsuhe

can be derived from the formula: ((compressive force)/(mold area)), in

othisiasoFele ertive efehermigedibyadividify(thervfeteederaetald/f mdicates a

pressing machine with the mold area. In addition, the 32 film-type mold

cAfHe Fpnetisrgvenegaalla sebissied dorimadeitiesathipracrienscdigabol d

shape in which both the outer peripheral@gortion and the inner peripheral

pdRBiaRe s ATEHR B TPRARBRIENT fReMDieRdeh TRVERRIBR, RESHERHBHEY- the step

eaz&lie}g, itfis .referablet.to use a lon %film-t%%e.n:%old i% which ide?tical "

pat QS AR R RS T R GRERISSiBh s ABIGH Gy er Y exposing to a reactive
plasma or reactive ion 700 the part of the magnetic layer subjected to ion milling (the
reference numeral 800 indicates a part of the magnetic layer in which magnetic properties
have been reformed), the step H of removing the resin film 400 and the mask layer 300, a
step of exposing the magnetic layer to an inert gas and the step I of covering the surface
of the magnetic layer with a protective film 900. Note that although the above method is
a preferable method that includes the step F of conducting ion milling, the method can be
carried out without this step. In such a case, the exposed surface of the magnetic layer
where the mask has been removed will be exposed to the reactive plasma or the reactive
ions.

The mask layer 300 formed on top of the magnetic layer 200 in the step B in the

method for manufacturing a magnetic recording medium according to the present
invention is preferably formed using a material containing at least one selected from the

group consisting of Ta, W, Ta nitrides, W nitrides, Si, SiO,, Ta20Os, Re, Mo, Ti, V, Nb,

Sn, Ga, Ge, As and Ni. By using such a material, the shielding properties of the mask
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5FIG. 11, in view of the productivity of magnetic recording medium. [0048]
Further, as shown in FIG. 11, magnetic recording media can be
manufactured with high productivity by providing an opening 59a to the
long film, positioning the opening by making this opening 59a to coincide
with the opening of the substrate, 10pregsing the mold against the
substrate using a radiation-transmitting jig, and irradiating radiation for

CYLRY 106 K23 AU EOH R4 D160 R AHBR G TR RR Rl EEH ng the

11, since molds having an identical pattern are provided in succession, it

becomas 9&%@3@1% [ YoM 8RGHRE IRR-S1EN M SHEARSSIBNRA] Blermore,

both surfaces of the substrate of magnetic recording media can easily be

pragessrG sV SROBBEIRIQQA48] casilindtheraeihad deramaiufag iinge step
a magnetic recording medium according to the present invention, following

the tansker iaffdegativepatiersfdidheitrgneatibrecardinghaitesn fite theface of
resin EIm 400 as shown in the steps C and D depicted in FIG. 10, it is
priaferatpeto makdithenibickness o€ aedaredave portion of the resin film 400
within the 20range from 0 to 10 nm. By making the thickness of a concave
portion dhttre reshodilfor 400wlittinites apguetinsctivheg redye fvthisiey the
of etching the mask layer 300 as shown in the step E depicted in FIG. 10,
theresent repeéonf aagrat tisecsngegportion o Prbistavas ol ayen 8(decan ¢eba as the
suppressed, the shielding properties of the mask layer 300 with respect to
mifias 16)‘?6@@965%@16&%%?&1/%8{1@1%%%&B?{%@@P%Hﬁﬁ&h%% Rty In
33 recording pattern using the mask Iaoéer 300 can alsqg be improved. In

geRTBF A -tHE tRitkRESS HPHRISIAYAIM S SASHTR Y A igE it a B ti To! 1on

rir? to about 100 nm. In the present invention, as a material to be used
fof #¥%esin film 400 in the steps C and D depicted in FIG. 10, although it
is prefer%)&%? use a radiation-curable material,

In the present invention, as shown in the step C, a resin ﬁhn is applied onto the
magnetic layer 200 via the mask layer 300. As a resin film, those exhibiting favorable
properties in terms of pattern transfer by a film-type mold can be used, and preferable
examples thereof include an ultraviolet curing resin, such as a novolac-based resin,
acrylic ester resins and alicyclic epoxy resins.

[0047]

In the present invention, as shown in the step D, a film-type mold on which an
uneven pattern has been formed is pressed against a resin film, thereby transferring the
uneven pattern of the mold to the resin film, and the mold is then separated from the
substrate. Here, for example, a pressure at which the film-type mold is pressed against
the resin film can be set to 60 MPa or less. This pressure can be derived from the
formula: ((compressive force)/(mold area)), in other words, can be determined by

dividing the weight detected by a pressing machine with the mold area. In addition, the
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5either the irradiation of radiation to the resin film may be conducted

during the step for transferring a pattern to the resin film 400 using a mold
500, or the irradiation to the resin film 400 may be carried out after the

pattern transferring step. By employing such a manufacturing method, it
becomes possible to transfer the shapeyef the mold 500 to the resin film

400 with high accuracy. Accordingly, in the step of etching the mask layer
1883R%as e ihasens SeRALesnid Gt MR OGEHEERROIREY disc
at the edge portion of the mask layer 300 can be suppressed, the

shiglding prepestiesief s0epaskHavepwitbrrespert g digsisrkiansosarh e
improved, and properties for forming the magnetic recording pattern using
theuoRsk IByerecar @lge: be-lnnravesidh shauldihmaptatditaat therteemble to use a
'radiation” used in the present invention is a concept that includes a wide
rdoge il ogtechsimhiagneis wames)] putbrasdhepiorayedisibledighitn as shown in
ultraviolet ray, X-ray and gamma ray. In addition, radiation-curable
midteriblsirefemtof fihe pxaiwgiejta ¢ ermosiitiagrésigmdddmthe radiation is
heat ray and an ultraviolet curing resin when the radiation is ultraviolet ray.

In the mE¥d of manufacturing a magnetic recording medium according

to the 20present invention, especially in the step of transferring a pattern

to the reBinithitm x6baysirig e rhblasgBtic seshnespsssisie ko mramehstured
the shape of the mold to the resin film with high accuracy by pressing the
mith A msedretiatib i RONiRE tie RSN S T4 0 xninneniy . meitievardhe
fluidity, and irradiating radiation onto the resin film to cure the resin film
whREA T ke b sy presadt SRyam st tHE [OSiRnRTESH oS e

34 separation of the mold from the resin film As.a method for irradiating .. .
TSN B PSR G RO S EE A S AR GT bR
addition to.the, method.ofiadiating raciation fram, e, 8ide 0BROSIEIR i Fic.
that of the mold 48 mentioned eaflier, a'method of irra lating radiation

from fhe s %%&ga&%dﬂg%n%&ﬁ%g%{e ggé?ﬁm%@&% g%@t%ésgﬁgﬁj %@Ag%s

surface of the mold, or a me of Irradiating radiation through them a

CoduEiion o tienald malerial of Supslale YSINgiIably SeRAECHYGe

radiation with respect to a solid material, such as heat ray can also be
US@Hstrate of magnetic recording media can easily be processed at the same time.

[0049]

In the method for manufacturing a magnetic recording medium according to the
present invention, following the transfer of a negative pattern of the magnetic recording
pattern to the resin film 400 as shown in the steps C and D depicted in FIG. 10, it is
preferable to make the thickness of a concave portion of the resin film 400 within the
range from 0 to 10 nm. By making the thickness of a concave portion of the resin film
400 within the above-mentioned range, in the step of etching the mask layer 300 as
shown in the step E depicted in FIG. 10, the occurrence of sag at the edge portion of the
mask layer 300 can be suppressed, the shielding properties of the mask layer 300 with

respect to milling ion 600 can be improved, and properties for forming the magnetic
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[0050] By employing the method of the present invention as described
above, by 10impairing the magnetic properties in the region between
Magnetic tracks (i.e., the region separating the respective magnetic
layers), for example, by reducing the level of coercive force and residual
magnetization to the utmost Emit,t becogges possible to provide a
magnetic recording medium having a high surface recording density which

' £eprhle plRvRRlinadhe.leedg AR BAAIEIReOG. daIN o

present invention, as shown in the step F, it is preferable to remove a

pariomalsthemiriaceah themagneliclaverdy i98,miling of 1oslikeo\When

removing a portion of the surface of the magnetic layer and then reforming

the magngticpieRgktias.atithe Maanelicalayee hy.axprsiogthemrr RreiiAhe steps
reactive plasma or reactive ions as in the case of the present invention,

the eantragémtHaa TGN etiCareca it RY PaLRFAPEeROINES AARRRIaIaNE theerial,
SThi ratio of the magnetic recording medium is also improved, as

cothpareéd indhiettase’ e a farianstf fite magbhetiendyesdhdsrtot heeryp for
removed. The reason for this is presumed as follows. Since the surface
pdortnsfanfitiye pragneticttayesiis fieméifedsitihe swfadethecdm asadiedonandhe resin
is activated and thus reactivity with the reactive plasma or the reactive ion

is {Herda8enFasrthancdinder flefdutpatauhtassfoidsy step. Iyintmpliyoegisinh a

the surface portion of the magnetic laver, the reactive ion easily

peRtdps e Meihathdrivsemeyarogsibladn trestrafbetshape ofifihapid §efto the
invention, the depth d up to which a portion of the surface of the magnetic
layeiiisTar et yigh g orAnecrtingly phetle b Witkthinsdhamgek layer

from 50.1 nm to 15 nm, more preferably within the range from L to 10 nm,

I TS R A S %mﬁsméﬁ% By et g Sa8 s Brfer portion
run,.the effect of removal of the magnetic | .mentioned ahove will not .
e S T SRR ot SR RAIOTRE R APt vt
is gr. than 15 nm, surface smoathness of the etic recording ..
s B S BB R IO R e

10detesiarates e prad ieiog e, maonelics Gaoriing apchreRRdYGRY tat the

apparatus.
term “radiation” used in the present invention is a concept that includes a wide range of

electromagnetic waves, such as heat ray, visible light, ultraviolet ray, X-ray and gamma
ray. In addition, radiation-curable materials refer to, for example, a thermosetting resin
when the radiation is heat ray and an ultraviolet curing resin when the radiation is
ultraviolet ray.
In the method of manufacturing a magnetic recording medium according to the
present invention, especially in the step of transferring a pattern to the resin film 400
using the mold 500, it becomes possible to transfer the shape of the mold to the resin film
- with high accuracy by pressing the mold against the resin film while the resin film is
exhibiting a high level of fluidity, and irradiating radiation onto the resin film to cure the

resin film while the mold is still being pressed against the resin film, followed by the
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[0051] The present invention is characterized by forming a region that
magnetically separates, for example, the magnetic recording track and the
servo signal pattern portion, by refoiming the maonetic properties (i.e., by
impairing the magnetic properties) of the 15magnetic layer by exposing

the magnetic layer on which films have gready been formed to the

reactive plasma or the reactive ion. As shown in the step G depicted in
F'%&Qbiéﬁ%f@%@ﬂpﬂ@ﬁ‘%@'F&iﬁ@ﬁ&i”ﬁl\ém%{ﬁd@ aangligaibhseRamaiatio the
as

escribed in the present invention refers to a state where a magnetic

|layei 2R svaep aradasRyJ BRIRNSAAG WRiIFRiNES NRRAdIEMMAURIEAREH of
when 20 viewing the magnetic recording medium from the surface side. In

otheldwargsatidhastoeagessitb o ikt agaesicihayesid00 iscaaparategier, a
when viewed from the surface side, the object of the present invention can
beradhié e dreverniip thdintagfetin thyentiR@Atisshial sepaiated aritimthaitatiation
thereof, and thus these cases fall within the concept of magnetic recording
pdttenrthevkiithsisfatagfi dtécakids eparatsch doltptetiaim the f rtise nbbovgntiermal
In 36 addition, the term "magnetic recording pattern" used in the present
inverdienitnchedethened mathva orcaltstgiattengddge dienivativicradiation with
magnetic recording pattern is arranged with certain regularity for each one
bifetheiart selidweipaiah GWklch Aeragheae asedriigdpattern is arranged

in tracks, and other patterns such as servo signal patterns or the like. 50f
the varioﬁ)é)%%mples described above, it is preferable to apply the

present riven on tq a so-called discrete type magnetic recording medium,
in which @ﬁé&isy%%55?3?8&%5@3@&%&6%&}?& %5@%@%3@?%6%

magnetic re[\ﬁordln %rack an% serv%sgnal n\%attems"from th Vl?i\(sr\]/ 1%'n%h%fregion

SRR 1T ARSTER RE TR BAOSARE L BHISHT FRRSRFndrey

moé‘%%%{‘fn'a%@?e%‘é%éé@t%%%%ﬁéﬁg En'e”r%,t & DA %é‘%{zer%%%iﬂg F%%E@Jél of coercive
10refers t0 causing a partial changde in, for exa pl’ , COercive 1orce an

repiaual magnGIANOR QARG MAINEHGINS R AISLIRAAMIRELIDS provide a

magnetic layer, and the change refers to decrease in coercive force,

regidual IRzt 0N RS s FUHREIRE! ¢ NRIRLERSRIHINERIOR &Rfble of

also be achieved by making the magnetic layer, to which films have

aligadyniae miosraath AMmerhoumby epesing.a part of the

In the present invention, as shown in the step F, it is preferable to remove a

portion of the surface of the magnetic layer by ion milling or the like. When removing a
portion of the surface of the magnetic layer and then reforming the magnetic properties
of the magnetic layer by exposing the surface to reactive plasma or reactive ions as in the
case of the present invention, the contrast of the magnetic recording pattern becomes
sharper and the S/N ratio of the magnetic recording medium is also improved, as
compared to the case where a portion of the magnetic layer has not been removed. The
reason for this is presumed as follows. ‘Since the surface portion of the magnetic layer is

removed, the surface becomes clean and is activated and thus reactivity with the reactive

plasma or the reactive ion is increased. Further, since defects, such as voids, are
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15magnetic layer that magnetically separates the magnetic recording
track and the servo signal pattern portion to the reactive plasma or the
reactive ion. Reforming of the magnetic properties of the magnetic layer in
the present invention also includes alteration of the crystal structure of the
magnetic layer. In the present inventiom4naking the magnetic layer
amorphous refers to making the atomic arrangement of the magnetic

tagles AR, 3R IR aIlan SR AEangemMeNE WO ARG diRiA LS Pi8ktrates

and more specifically, réfers to making the atomic arrangement of the

mﬁwg{gqﬁggl%tﬂmgy@lsﬁ%%mggqmg{@crystalIine grains having diameters
less than 2 nm are randomly arranged. When confirming the state of the

atomic apangpINeAt By aianaltitptipiogesswaishal@dstisy dlainethce of the
through X-ray diffraction or electron diffraction in which no peaks

repegaenting arystahtaedvaien adtignize chatidednlyrefdrabiyisvitbogdrizatie from
Examples of the reactive plasma used in the present invention include
induciivety 15 moupled pltefembl(ICR)iatd reagtitenoh pldSma.(PiE)ose cases
Rtrther, examples of the reactive 5ion used in the present invention

inetbiete theresactivddpth prabe mrinniiennigletivdandblpfedimasier ehgmoval of
reactive ion plasma mentioned above. The inductively coupled plasma
refey snahigh lesimpesatineeprbSvravaBrahbel aspiappslyiRg BinrihcydRagdnshose
gas, thereby forming plasma, and further generating the Joule's heat by ,
arf sy eeie d irmerekisengids BTy Bty ﬁﬁlﬁ&éﬁf&?&rﬁa@%ﬂﬁ Rfrfhe magnetic
frequency. 10The inductively coupled plasma has high electron density
arfBcEy e magiuE AR FERSR ARG b E SRE IO BRI SRR BRRIENCSH

a IH]agnetic film with zal:‘ar e area compared with a fonve tional case

WHER T8 DA FHSETE Bre I ST G B TS HCBaRe R

reactive @Bsglﬁsma is the highly reactive plasma in which a reactive gas,
such as 02,"SF6, CIIF3. CF4 and CC14, s added to the plasma. By using

such Pa3TAAa e REINE i RIRANA)0.Be RIGAE0L RYRAN'A: hifmetically
possible to achieve the reforming of the magnetic
separates, for example, the magnetic recording track and the servo signal pattern portion,
by reforming the magnetic properties (i.e., by impairing the magnetic properties) of the
maghetic layer byAexposing the magnetic layer on which films have already been formed
to the reactive plasma or the reactive ion.
As shown in the step G depicted in FIG. 10, the magnetic recording pattern which
is magnetically separated as described in the present invention refers to a state where a
magnetic layer 200 is separated by regions 800 which have been non-magnetized, when
viewing the magnetic recording medium from the Surface side. In other words, in those
cases where the magnetic layer 200 is separated when viewed from the surface side, the
object of the present invention can be achieved even if the magnetic layer 200 is not

separated at the bottom thereof, and thus these cases fall within the concept of magnetic

recording pattern, which is magnetically separated, adopted in the present invention. In
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properties of the magnetic film with higher efficiency. [0052] In the present
invention, it is preferable that the reactive plasma or the reactive ion

include a halogen ion, and it is particularly desirable that the halogen ion

be a 20halogen ion formed by introducing at least one halogenated gas
selected from the group consisting of Cfg, SF6, CHF3, CC14 and KBr

into the reactive plasma, in view of enhancing the reactivity between the
naagneticlayerand laperraaRd sigain viswiRtiraRening dheopatatdes

to be formed. The reason for this observation is not yet clear in detail.
Havkevethi is-thaugbhthatdha slogemmaipmiadheitaaciivenplparem elehesged
the 38 foreign substances formed on the surface of the magnetic layer, as
aweBukrofinegli dhe Soirtach oldibé, tage etithéayedisiclehivbd, dhgrely recording
enhancing the reactivity of the magnetic layer. In addition, it is also
ppssibiasthattigedde aneld surdagkeobiiiernsaynk tis dayersigadtsattdtins or the like.
halogen atoms at high efficiency. 5Although the magnetic layer is
reforme@ihexpisingtirenkagnstibaysbots viticpréfierabledoannde theamersat

to the reactive plasma in the present invention, the reforming is preferably
pErfeRfirsin g sesetion GferrieriagrearnphetecaHian BeAsmmytasvHeh magnetically
magnetic layer with atoms or ions in the reactive plasma. The term )
"RSRBTRH HEBErHErERY IR ARt bR BrareticracdétaiEike et frevo signal
magnetic metal, alteration of the composition of 10 the magnetic metal,

oRHSh B A R R S S Rl R RABH RS a g SR PRTETR] BERton:
silication of magnetic. metal, ong others, due to penetration qf
STETBP RS T AR B S e AL e e AfeorSing pattern
Thereafter, in the present invention, as depicted in the step H, the resist
e R S G B e

i%@igﬁ?%%m%%%%f&&th\%@ gtahing gce{mtwg&%ﬁgtw%mme

e employed , in the p?esent invention, as'depicted in

the,siep LAheaghelic IAYSERHNIVAIRA Y- IRESIERS &Lz i8NS like.

exposed to an inert gas, thereby stabilizing the magnetic layer. The

reason whytitBenmnagneticdayenissiabilizethRobiheRsedr Benag@is the magnetic
layer, to which films have already been formed, amorphous by exposing a part of the
magnetic layer that magnetically separates the magnetic recording track and the servo
signal pattern portion to the reactive plasma or the reactive ion. Reforming of the
magnetic properties of the magnetic layer in the present invention also includes alteration
of the crystal structure of the magnetic layer. In the present invention, making the
magnetic layer amorphous refers to making the atomic arrangement of the magnetic layer
into an irregular atomic arrangement with no long distance order, and more specifically,
refers to making the atomic arrangement of the magnetic layer into a state where

microcrystalline grains having diameters less than 2 nm are randomly arranged. When

confirming the state of the atomic arrangement by an analytical process, a state is
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20 migration of the magnetic particles or the like is suppressed even
under a high temperature, high humidity environment by the provision of
such a step is not evident. However, it is thought that either migration of
the magnetic particles is suppressed due to the penetration of inert
elements into the surface of the magnefi¢ layer, or migration of 39 the
magnetic particles or the like is suppressed because the surface of the

%%%ﬁé@tﬁé!&%ﬁ’?@%%ﬁd?ﬁ&&ﬁﬁﬁoﬁgf&&dﬁ EEROMESh BY Wi SHBIRULE 1P enting

inert gas. s an inert gas used in the present invention, it is preferable

fQNseableastonegas seletiedifromibhe eraimsensisting of Ar, He and
Xe. This is because these elements 5are stable and are also highly

effectiverip, spRRISSSIDS:tR8Wdsstan Rl madpetisseartifiesidnahdhe inductively
exposure to an inert gas in the present invention, it is preferable to employ

apyupng plthe: (RGeS Ofdneihods selesie® fryMAlehgraupmplesisfihg thctive
ion gun, ICP and RIB. Among these, it is particularly desirable to employ

|Géh ardd Enithyigesaftdahiavingihigld dhsecds for therssoriptinmdur tively

ICP and RIB used herein, the same applies as 10mentioned earlier. In
theresantsmuentionacs dépigtieshia thmtstepd abdter: forming the protective

film 900, it is preferable to include a step for manufacturing a magnetic
recordinghaidiustiviely apphisopteiuierietant thaisholemipkenten HrsproteEings by
film 900 is generally fanned by faint. a thin film of Diamond Like Carbon
bwpéwéwa@%s@,\@m@\m%t pabIHermsRpEdseTRInRh BN eractpffgdhe Joule's
thereto. The protective film may be a carbonaceous layer composed of

chAshRY(ED SATUragsAAtBR AR &Y, T bERe PR YO NSl fhBighE ERpency.
carbon, silicon carbide, (SiC) oy the like, or other materials that are usual .

o O e SR AN e e o O SRS 0, e reormine
Further, the protective film be constituted of or more layers.

TR GE O A FOILE ok B0 BB B i S gered

THiRS besauRe en e hiIckERa Qe ARG B BB Y BB B beam.
nm, the distance between the head and the magnetic layer becomes too

orpRlWRIEN A LRSS LhG RRHLABA QWL SIANahIMERSIAQi DEEAMGich as O,,
insufficient. It is preferable to form a lubricating layer on top of the
protectiverfilor Bxanplgsiof Haedubiicanidise dEOr e wicat R a as the reactive
plasma in the present invention, it is possible to achieve the reforming of the magnetic
properties of the magnetic film with higher efficiency.
[0052]
In the present invention, it is preferable that the reactive plasma or the reactive
ion include a halogen ion, and it is particularly desirable that the halogen ion be a
halogen ion formed by introducing at least one halogenated gas selected from the group
consisting of CF4, SFg, CHF3, CCly and KBr into the reactive plasma, in view of
enhancing the reactivity between the magnetic layer and the plasma and also in view of

sharpening the pattern to be formed. The reason for this observation is not yet clear in

detail. However, it is thought that the halogen atom in the reactive plasma etches the
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40 layer include a fluorine-based lubricant, a hydrocarbon-based lubricant

and a mixture thereof, and the lubricating layer is usually formed with a
thichiess of 1 to 4 nm. Next, a configuration of a magnetic recording

and reproducing apparatus of the present invention is shown in FIG. 12.

The magnetic recording and reproducingg5apparatus of the present

invention is an apparatus having the aforementioned magnetic recording
NTBetism sLOGRHRES TS RIRESINHE VRIHQ b fAREl AaBHRe Iy S VNGO eduk 0% KRAlthe
drives the medium in the recording direction, a magnetic head 102
censtityieriief aigciding:sRAiomead dhartepratieiig: SRe gt dikedthe magnetic
driving unit 103 which moves the magnetic head 102 relative to the

magpretia aédniehng ineldipostBiOihanthaclaraetording/of o dlaging Siginalreacts
processing system 104 that combines recording/reproduction signal

preite singed evdoesafdr garfficignoyt the signal input to the magnetic head

102 and the reproduction of output signals from the magnetic head 102. A
combinatihooglhitbe megnpoirntd erabtesdthe coofitpgrittonaghetimagmatiovhich
recording and reproducing apparatus with high recording density. In the

cohe heon Apenesahéo 1BovierpLnE taspep o Eheatrry 4hé sty sraip Bbnriemeng is
narrower than that of the recording head in order to eliminate the influence
oGt etFEEIR B Y sgpehnafiac et PRk rehidb ireyeutRs thremagnetic
present jnvention, the reproducing head width and the recording head, .

W AYE M ATRS SBERS ARi TR BARE e al B EHR nissHEic HratRBFihinctudes

ti di di h ' ticall -
e e R e N o e

nigh SR san e Achiaved, o (FUln Dy constiing the eproduding ...,
section of the aforémentioned magnétic head with a ead ora

%ﬁ‘&'_sﬁ%éfi{%ﬁ%%ﬁ%%&gﬁ%%%%ﬁ%g@ng%R%Q?,dd&é’{% URAeh DI RSN,

h
density, and thus a magnetic recording and reproducing apparatus with

higherecerding drnsiycambeirchieyed. Fiythermore, when the magnetic
head is 41 raised at a flying height of 0.005 pm to 0.020 pm, which is

lower thamdhatis thencopnventianal Gasess heeutPi deeinereased a8dth® and
device SNR is also enhanced. As a result, a magnetic recording and
refhrodusiiriy @pRatatvsdharbasia lange dapaciyand inhigblyaseliakiersan

be provided. In addition, when a signal processing circuit of a maximum
likelibbodicecrting, systeiliig corhbiethine cecbedingldeasity can further

be improved. For example, a sufficiently high SNR can be achieved even
when théd&cdrding and reproducing are performed with the track density

of not less than 100K tracks per inch, linear recording density of 1000K

bits per ihegnalidith@rrsent direntensisdepistd Esheraer 10bcmgE g layer

square inch.
activated by the steps F, G and H is exposed to an inert gas, thereby stabilizing the
magnetic layer. The reason why the magnetic layer is stabilized and the occurrence of
migration of the magnetic particles or the like is suppressed even under a high
temperature, high humidity environment by the provision of such a step is not evident.

However, it is thought that either migration of the magnetic particles is suppressed due to

the penetration of inert elements into the surface of the magnetic layer, or migration of




10 EXAMPLES [0054] <Preparation of laminated film> Laminated films A
to F were prepared by applying a IN curable resin indicated 15 in Table 1
onto a hard film indicated in Table 1, followed by drying under adequate
conditions. The constitutions of the films A to H are shown in Table 1.
<Preparat o of film-type mold> A mgbher stamper was prepared by
forming an uneven concentric pattern on the surface of a doughnut

shisped disc paMidR Pothickaess ol Fudbeyaisneie diameder efelh@adddtidayer
and an outer diameter of 63.5 mm and made by Ni electrofomiing, the

pattecn Haswbightheceighiodiffcse neechpdnee amtcarviegaportion and a
concave portion was 80 tun, the width of the convex portion was 120 nm
and the Widthioeérthecosedduehp griiesmtvas80onnit, @amdcthalrothesestalegséone
was set by making the patterned surface to face upward. Each of the
lagaineded dilrirenAtie ke parssting thictabbventh &sticiaslistmnmescWeesetiements
into 42 a long shape with a width of 70 mm and was set by making the

5 sufastatis endiets alsehighly stisatve BolubpissHas Biseni gispha @ienfgastic particles.
downward. [0055] After fastening the die, the mother stamper was
preisiBg eepaise thandRsTh 4Radniihn Dy esenl reauine BAsoraimsabipioremploy any
seconds, and UV light was then irradiated for 20 seconds by adjusting the
il1GRSiR4H ASRY B ARG ARG AR R BERI PSRRI ftéﬁaﬂ&?pand

having a wavelength of 365 am) at 30 mW/cmz2 whi n%lg the .
io sk o R R G S M R
a gdiameter of 12 mm was.made at th nte he pattern ysing an inner
PR AP THRTCA  d TOT ol (SaI AL (e s
10 threnreenq%rrlgheeaar'peg‘ the die. This operation was repeated for 1,000

In the present invention, as depicted in the step 1, after forming the protective film
900, it is preferable to include a step for manufacturing a magnetic recording medium by
applying a lubricant thereto. Although the protective film 900 is generally formed by
forming a thin film of Diamond Like Carbon by, for example, a P-CVD method, the

15  present invention is not limited thereto. The protective film may be a carbonaceous layer
composed of carbon (C), hydrogenated carbon (HxC), carbon nitride (CN), amorphous
carbon, silicon carbide (SiC) or the like, or other materials that are usually employed as a
protective layer material, such as SiO,, Zr,O3 and TiN. Further, the protective film may
be cénstituted of twd or more layers.

20 The thickness of the protective film 900 needs to be less than 10 nm. This is
because when the thickness of the proteétive film is more than 10 nm, the distance
between the head and the magnetic layer becomes too great, which may cause the input
and output signal intensity to become insufficient. It is preferable to form a lubricating

layer on top of the protective film. Examples of the lubricant used for the lubricating
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times in the long direction with an interval of 80 mm, thereby preparing a
film-type mold in which identical patterns were provided in succession in
the long direction. Note that two pieces of film-type molds were each
prepared by using the laminated films A to H. [0056] 15<Preparation of
substrate for magnetic recording mediugg attached with resist film> A
vacuum chamber with a glass substrate for a magnetic recording medium

bging RlRGEH M@&M@a@%%ﬁ%&%@h&@&é@é%@b%éﬁ Q¥R aar 1888 e

advance. The glass substrate used heréin was made of a crystallized

glassdnciuaing LWBRia0R ARDIKAMKIZRKIAMaR1RA%1 216 4 nm.

Sb203-Zn0 as constituting components, and had an outer 20 diameter of

65 mm, ap-nnaodimetemalf 20N aiidRbraiverager sphfasaOUGIRESS of the
(Ra) of 2 angstrom. Thin films of a 65Fe-30Co-5B alloy to be served

apresaft imagnetit yem RUFIG b serne dhas et irkerrtiadiaie tayeduidg a
74Co6Cr-18P1-2Si02 alloy (these numerals indicate the molar ratio) to be
sefved s a ftagnetial ayenvierdslamippdedcuinbtviaptiesforenditloecglasgnetic
substrate using a DC sputtering process. The thickness of the FeCoB soft
magetiodayetiwad B0 pfiththpresiok neseiofrthamfuisdmeltisies aydrl Rathat
10 nm and the thickness of the magnetic layer was 15 rim A mask layer
walsiviee thonebante tho rebyr dingpditesiiog. froeasstioThragrdSicrayEipdot a
constituted of Ta and the thickness thereof was 560 nm A resist was
apsReHing seeing shlifpinInbE sirborradird i et dfkigykish moves the
recording medium. PAK-01 (manufactured by Toyo Gosei Co., Ltd.) which
waRAgRCHraRAG I C Y s s raisbarsoR s fardima d b ARHe resin

was diluted and adjusted with a solvent so that the resulting film thickness
WA OO0 T ST THETOSIE A FIEERFon the
substrate for a magnetic recording medium using a 11lin-type mold>
D ATE T NNl TEC T o TR R e APEL Hoipi e

Thésu
%@@M{b%?%qt?xt@%&i%@%@m@@m@woz.

aforementione a was
in the'a gﬁe%r%aeﬁg)%n%xear#p% ront both sides Using jigs made of quartz

SOA%@%EHSPO%%Q%%%%OM% IRethenfesindimoidenadih& recording

substrate for a magnetic recording
and reproducing apparatus with high recording density. In the conventional cases, the

width of the reproducing head has been made narrower than that of the recording head in
order to eliminate the influence of magnetic transition regions at track edge portions.
However, in the present invention, the reproducing head width and the recording head
width are made substantially the same because the magnetic track of the magnetic
recording medium has been processed in a magnetically discontinuous manner. Asa
result, sufficient reproduction output and high SNR can be achieved.

Further, by constitutiﬂg the reproducing section of the aforementioned magnetic
head with a GMR head or a TMR head, sufficient signal strength can be obtained even
under high recording density, and thus a magnetic recording and reproducing apparatus

with high recording density can be achieved. Furthermore, when the magnetic head is
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medium. Note that a cylindrical rod having a diameter of 20 mm was
provided perpendicularly in one of the quartz jigs for aligning the positions
of the substrate for a magnetic recording medium and the film-type mold.
After pressing for 10 seconds with a pressing force of 0.6 MPa using 2 of
these quartz jigs, UV light was irradiategfrom the 20quartz jig side at an
illumination intensity of 30 mW/cm2 using an LED lamp having a

wayele agéfﬂ%i‘ GR{n Yrhileote:Presing [RICRHRMAINRALHEAINASH the

Thereatfter, the film-type mold is separated from the substrate for a

magreticreserdingimedivmisndrthedilmdyRednald a8 regRyersaidyd@ As a
film-winding machine. The thickness of the resist layer on the substrate
suekate AvascB6it TdchldanchiliedpicBuesg siphetcoteavaspodignoapibizy 4dd is
resist layer was about 5 run In addition, the angle of the concave portion
oftiilpal yasistHryen wasrabat Othdedndes witinresigaet pootlesssigasteateof a
surface. The imprinting on the resist layer was carried out on 1,000 pieces
ofnsubistvatégkébheatefimis gisimgrhie fitmbitedo thk H{0068E drwiitiationlemiakr be
property evaluation of magnetic recording pattern> Then, a part of the
reisigtiapdr Correspariding bitndp high/eNidaorPanchie rd Rygarvhen the
therebelow were removed by dry etching. In terms of the conditions for dr
etEshTgina endrrBradae rE SRR BeTSHRE O 2 Bh dhe froksdamitaop res deni sol BUK
Pa, a high-frequency 10 plasma power of 300 W, a DC bias of 30W and ‘
arfTatknieg i Brord sertirsdsuniread RN TRt RrlsBiche deaifige density
CF4 gas of 50 seem, a pressure of 0.6 Pa, a high-frequency plasma
p&ﬁ@?tJF%g%}%OBélﬁiagjfséﬁaWlgﬁlﬁt an etching time of 30 seconds.
Then, the surface of a part of the magnetic layer which was not covered

by the mask layer was removed by ion milling. Ar ions were used for the
ioR-yili rocess. The conditions for the ion milling process were a
high-frequency discharge power of 800 W. an accelerating voltage of 500

V, a presgeg pf 0.014 Pa, an Ar flow rate of 5 sccm, a processing time of

40 seconds and a current density of 0.4 mAicm2. The surface on which

ionppilingwas copdratedivas exposed to reactive plasma and the
magnetic properties of the exposed portion in the magnetic layer were

reformedi AmiaedGive )20 EQupiastplastieydgpicend E550cavailableifrpmicated

ULVAC, Inc. was used in the reactive plasma treatment of the magnetic

layemdbiéerma ot thedgimand cosndit dabledetbfamgdrierdtingepladimad g iae

was used (90 ccimin) with a supplied power for plasma generation of 200

W eanditque sEirednsidgitne chiamblensoh GoFPas aerthenmhageétic layer

was processed for 300 seconds.
<Preparation of film-type mold>

A mother stamper was prepared by forming an uneven concentric pattern on the

surface of a doughnut shaped disc having a thickness of 0.3 mm, an inner diameter of 16
mm and an outer diameter of 63.5 mm and made by Ni electroforming, the pattern in
which the height difference between a convex portion and a concave portion was 80 nm,
the width of the convex portion was 120 nm and the width of the concave portion was 80

nm, and the mother stamper was set by making the patterned surface to face upward.

Each of the laminated films A to H prepared in the above-mentioned manner was cut into
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45 [0059] Then, the resist layer and the mask layer were removed by

dry etching. The conditions for dry etching were the use of an SF6 gas at

100 seem, a pressure of 2.0 Pa, a high-frequency plasma power of 400W
and a processing time of 300 seconds. Thereafter, inert gas plasma was
irradiated onto the surface of the magnetic layer. The conditions for the
irradiation of inert gas plasma were: the use of an inert gas (5 seem), a
PEESEL R HeOxithd Radtan enrealer ahngyolads ohBRQ Weawticent dénditn

of 0.4 mA/cm2 and a processing time of 10 seconds.4 nm of a carbon

(ipoxd laGrytirmesatdikeascdebonppiedective: flowmesdleposited on the

surface thereof, and a lubricant was then applied 10 thereon to
manufa¢@irte g magnetic recording medium. [0060] With respect to a

total of 8,000 pieces of the magnetic recording media manufactured in the
above-mditidagchigiimpibe( tho0dopietesneerhyanpivsiad aanstigipdmaated film
films A to H), the defective rate for the formed patterns was examined.
Theadetestive 13 A@ idetHd feranss. padibiidishisealbatiaeiinieddanatiyseconds
those in which 3% or more of the tracks formed on the surface ofa__ -
magrEuet R R HReERMSIsb TRt rAdTENRIO B AREAT s ipRs Rt apd-ED
products. As a result, it was found that the defective rate faor thg magnetic

R BRIy TR S BB E RSB LAY YHE I A RS T8 {ho RyeastaF- The
thy neti i di fact i he EI 4.0% .
O e S8 RRAT I MR O LR G Tl e v
1.9% f i ding.medi fact b i il
e A A e B OH  o

film E. 3.2% for the. ' i ' 0 i
tlfglpﬁﬁ% c?%)e.%%%sf r%gg@,gcﬂgx%%g?&%ﬁg@%%ecﬁéu%ﬂﬁ%‘é@%ﬂr@gstﬁ B for 1,000

or the magneétic recording medium manufactured by

usdﬁfésﬂﬁ‘? tﬁg@og’g @?&&&%@r&bﬁﬁ}%@@ Eﬁﬁg@ﬁ?@b@ﬁ@%é@ film-type mold

manufactured by using the film H Accordingly, magnetic recording media
wete mantasisegdwith highepreaurivitysin Al sasasthsibgeaieeidhe stote that

films. [0061] [Table 1]
two pieces of film-type molds were each prepared by using the laminated films A to H.
[0056]
<Preparation of substrate for magnetic recording medium attached with resist film>
A vacuum chamber with a glass substrate for a magnetic recording medium being
placed therein was evacuated to a pressure of 1.0 x 107 Pa or less in advance. The glass
substrate used herein was made of a crystallized glass including Li,S1,05, ALO3-K,0,
Al Os3- K0, MgO- P;0s, and Sb,O3-Zn0 as constituﬁng components, and had an outer .
diameter of 65 mm, an inner diameter of 20 mm and an average surface roughness (Ra)
of 2 angstrom.
Thin films of a 65Fe-30Co0-5B alloy to be served as a soft magnetic layer, Ru to

be served as an intermediate layer, and a 74Co-6Cr-18Pt-2810; alloy (these numerals

indicate the molar ratio) to be served as a magnetic layer were laminated in this order on
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the glass substrate using a DC sputteriné process. The thickness of the FeCoB soft
magnetic layer was 60 nm, the thickness of the Ru intermediate layer was 10 nm and the
thickness of the magnetic layer was 15 nm. A mask layer was then formed thereon by a
sputtering process. The mask layer was constituted of Ta and the thickness thereof was
60 nm. A resist was applied by a spin coating method on both surfaces of the magnetic
recording medium. PAK-01 (manufactured by Toyo Gosei Co., Ltd.) which was an
ultraviolet curing resin was used as a resist. In addition, the resin was diluted and
adjusted with a solvent so that the resulting film thickness was 100 nm.

[0057]
<Imprinting on the resist film placed on the substrate for a magnetic recording medium
using a film-type mold>

The substrate for a magnetic recording medium which was prepared in the
aforementioned example was sandwiched by the film-type molds prepared in the
aforementioned example from both sides using jigs made of quartz so that the mold
surface was opposed to the resin film side of the substrate for a magnetic recording
medium. Note that a cylindrical rod having a diameter of 20 mm was provided
perpendicularly in one of the quartz jigs for aligning the positions of the substrate for a
magnetic recording medium and the film-type mold. After pressing for 10 seconds with
a pressing force of 0.6 MPa using 2 of these quartz jigs, UV light was irradiated from the
quartz jig side at an illumination intensity of 30 mW/cm? using an LED lamp having a
wavelength of 365 nm while the pressing force remained unchanged. Thereafter, the
film-type mold is separated from the substrate for a magnetic recording medium, and the
film-type mold was recovered by a film-winding machine. The thickness of the resist

layer on the substrate surface was 80 nm and the thickness of the concave portion of the
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resist layer was about 5 nm. In addition, the angle of the concave portion of the resist
layer was about 90 degrees with respect to the substrate surface. The imprinting on the
resist layer was carried out on 1,000 pieces of substrates for each films using the films A
to H.

[0058]
<Formation and property evaluation of magnetic recording pattern>

Then, a part of the resist layer corresponding to the concave portion and a Ta
layer therebelow were removed by dry etching. In terms of the conditions for dry etching,
the resist was etched using O, gas of 40 scem, a pressure of 0.3 Pa, a high-frequency
plasma power of 300 W, a DC bias of 30 W and an etching time of 10 seconds, whereas
the Ta layer was etched using CF4 gas of 50 scem, a pressure of 0.6 Pa, a high-frequency
plasma power of 500 W, a DC bias of 60 W and an etching time of 30 seconds.

Then, the surface of a part of the magnetic layer which was not covered by the
mask layer was removed by ion milling. Arions were used for the ion milling process.
The conditions for the ion milling process were a high-frequency discharge power of 800
W, an accelerating voltage of 500 V, a pressure of 0.014 Pa, an Ar flow rate of 5 scem, a
processing time of 40 seconds and a current density of 0.4 mA/ cm’. The surface on
which ion milling was conducted was exposed to reactive plasma and the magnetic
properties of the exposed portion in the magnetic layer were reformed. An inductively
coupled plasma device NE550 available from ULVAC, Inc. was used in the reactive
plasma treatment of the magnetic layer. In terms of the gas and conditions used for
generating plasma, CF4 was used (90 cc/min) with a supplied power for plasma
generation of 200 W and a pressure inside the chamber of 0.5 Pa, and the magnetic layer

was processed for 300 seconds.
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[0059]

Then, the resist layer and the mask layer were removed by dry etéhing. The
conditions for dry etching were the use of an SF¢ gas at 100 scem, a pressure of 2.0 Pa, a
high-frequency plasma power of 400 W and a processing time of 300 seconds.
Thereafter, inert gas plasma was irradiated onto the surface of the magnetic layer. The
conditions for the irradiation of inert gas plasma were: the use of an inert gas (5 sccm), a
pressure of 0.014 Pa, an accelerating voltage of 300 V, a current density of 0.4 mA/cm?
and a processing time of 10 seconds.4 nm of a carbon (i.e., DLC: diamond like carbon)
protective film was deposited on the surface thereof, and a lubricant was then applied
thereon to manufacture a magnetic recording medium.

[0060]

With respect to a total of 8,000 pieces of the magnetic recording media
manufactured in the above-mentioned example (1,000 pieces each, manufactured using
the films A to H), the defective rate for the formed patterns was examined. The defective
rate for the formed patterns was calculated by defining those in which 3% or more of the
tracks formed on the surface of a magnetic recording medium exhibited defective
patterns as the defective products. As a result, it was found that the defective rate for the
magnetic recording medium manufactured by using the film A was 3.6%, 2.9% for the
magnetic recording medium manufactured by using the film B, 4.0% for the magnetic
recording medium manufactured by using the film C, 1.9% for the magnetic recording
medium manufactured by using the film D, 2.7% for the magnetic recording medium
manufactured Ey using the film E, 3.2% for the magnetic recording medium
manufactured by using the film F, 3.7% for the magnetic recording medium

manufactured by using the film G, and 1.2% for the magnetic recording medium
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manufactured by using the film H. Accordingly, magnetic recording media were
manufactured with high productivity in all cases using any of these films.
[0061]

[Table 1]
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INDUSTRIAL APPLICABILITY
[0062]
According to the present invention, a magnetic recording medium exhibiting
excellent electromagnetic conversion characteristics and having high recording density
can be provided with high productivity, and thus the present invention is highly

industrially applicable.




10

15

20

48 INDUSTRIAL APPLICABILITY [0062] According to the present
invention, a magnetic recording medium exhibiting  excellent
electromagnetic conversion characteristics and having high recording
density 5can be provided with high productivity, and thus the present
invention is highly industrially applicablgg MCSLLP 49 CLAIMS 1. A
method of manufacturing a magnetic recording medium having magnetic
recording patterns which are magnetigally geparated. the method
comprising, in the following 5order: a step of forming a magnetic layer on
a substrate which has an opening in the center; a step of applying a resin
film onto the magnetic layer; a step of pressing against the
?ubs&r atetifiloT-type fnald anawhighea0 raerden hdiatteiavirasnemntic recording
ormed,

patterns which are magnetically separated, the method comprising, in the following

MCSLLP

order:

a step of forming a magnetic layer on a substrate which has an opening in the
center,

a step of applying a resin film onto the magnetic layer;

a step of pressing against the substrate a film-type mold on which an uneven
pattern has been formed;

a step of transferring the uneven pattern of the mold onto the resin film;

a step of separating the mold from the substrate; and

a step of forming a magnetic recording pattern on the magnetic layer using the

uneven pattern which has been transferred.

2. The method of manufacturing a magnetic recording medium according to Claim 1,
wherein the film-type mold has an opening, and the mold is pressed against the

substrate by making this opening to coincide with the opening of the substrate.

3. A method of manufacturing a magnetic recording medium,
wherein identical patterns are provided in succession on the film-type mold,

thereby conducting in succession the steps of Claim 1 or 2 on a plurality of substrates.
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a step of transferring the uneven pattern of the mold onto the resin film; a
step of separating the mold from the substrate; and a step of forming a
magnetic recording pattern on the magnetic layer using the uneven MCSLLP
pattern which has been transferred. 15 2. The method of manufacturing a
magnetic recording medium accordingstb Claim 1, wherein the film-type

mold has an opening, and the mold is pressed against the substrate by
makingthis dpéninguibaointidewighdieropeding oethesabetdiag 20 Glamn 1 or
method of manufacturing a magnetic recording medium, wherein identical
atterns are provided in succession on the film-type mold, thereby

conducting in succession the steps of Claim 1 or 2 on a plurality of
substrategeitobs ¢S5 61 aphbahetiothefmrsmaricciuriigss rdiigaccurable
recording medium according to Claim 1 or wherein the resin film applied

ronito tind radighetiddayerirgdhatistdn isakisre fromsthe Aackaufaspfibie mold
curing the resin is irradiated from the back surface of the mold Swhen
whetstamivierting dovesy panaitaraohHidsmerions the redmiim. 5. The

method of manufacturing a magnetic recording medium according to Cairn

1 or 2, wherein the step of applying a resin film onto the magnetic layer,

the step of 10 pressing against the substrate a film-type mold on which an
tn@he mpthedrAftRanB ESHIH R SRR tid S BRI R A HENGa i 1 of
pattern of the mold onto the resin film are carried out simultaneously on

both surfaces of the substrate.

wherein the step of applying a resin film onto the magnetic layer, the step of
pressing against the substrate a film-type mold on which an uneven pattern has been
formed and the step of transferring the uneven pattern of the mold onto the resin film

are carried out simultaneously on both surfaces of the substrate.




