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1 DESCRI PTION METHOD OF MANUFACTURI NG MAGNETI C

RECORDI NG MEDI UM AND MAGNETI C RECORDI NG AND

REPRODUCI NG APPARATUS 5 TECHNI CAL FI ELD [ 0001] The
present invention relates toja nethod of manufacturing

a magnetic recording nmediumto be used in_a_hard disk

[ or the |like, and a. nmagnetic recordi and

?SVL ggr oduci ng appar at u?%%ﬁ%??@?l is clai rredr’mm"wum”l"”"ll4'“w
Japanese. Patent Application No. 2008-012384, L
January 23, 2008, the content of which is_incorporsted
herein by reference. BACKGROUND ART 15 [0002] In

NEEHOD 08 ANUTA @PPRING IiéI@[GNETlTUZe R@;CMEHQEIMEDIUM, AND
recordj r ses, such _as _magnetic dis

appar Mfﬁ &%EQ@W@ KNS R PRORPS TRHARBARA TS

t ape apparatuses, has increased considerably, and the

i mportance thereof has al so igcr eascﬁ_d. hiAt the sane .

i ' enpt is being nmade to highly increase e
Tlgrde}giglrcd?‘%glglélésr{)y of magnetic recording 20 nedia used
for ese apparatuses. In particular, since the
i nt ﬂé@Q}jtl on of a magnetoresistive (MR) head and a

partial response maxi mum |ikelihood (PRWML)

t ecHigPoisynt inventiengelates to heneshnd cfopamdenudngg migneictrycording

has accel erated even nore, and with the introduction
meiura tgbandedrimg haiddisls etityer thoMRE, 4hdad a radnetid flcording and

magnet oresi stive (TMR) head or the like in recent

rept6@icing dpparat@cor di ng density has continued to incre_ase
at 25 a rate as high as about 100% per year. Regardi ng

theg%; mRORRdifed 66 F5Hn2% PR pdiflEhc 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 ﬁa.rticular, 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 yeérs, the recording density has continued to inérease at

a rate as high as about 100% per year. Regarding these magnetic recording media, there

l!llﬂllllﬂllﬂlllﬂlllmllﬂllll”lll |
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2 is a demand for a further increase in the recording
density in the future. It is therefore required to
achi eve a higher coercive force, a higher

signal -to-noise ratio (SNR) and a  higher resolution
for a magnetic layer. In addition, in recent years,

A R L
B R S BIEHIS Lot S 4 IR SUSTERL s L LIE L8

. recording devices have a track density of as high as
highgryegotption {95 ganagnetio layen dniaddisiondisrereny yearsy attenms to increase
magnetically recorded i nformati on on adjacent tracks
thejsntfaed rrarding densitabiveatdodreen @onktatlyomadeshy incrdabi@g the track
magnetic transition regions 10 at their boundary
derfsitg it@ethe SEONHe nprovEReR9 i &2 lindkd ebBo &ASity.Y | mpair
the SNR. The inpairnment of the SNR may directly | ead
to ﬁx@g rease in the bit error rate, which is a
drawback to i nproving the recording density. [0004]
In der to increase the surface recordi density, . |
o A0 Bost ot lEnRREe tolfrali o8V ichs bre e Farl perey af hyhigh as
@tt fgﬂthe magneti c recording mediumfiner and to ]
NQEDE Howevegrasdhegack draasy mceeapesy Blagneticalls reposdddgnformation on
Jmagneti zation and magnetic filmthickness for each
adjpeenp trecksgntst feres Mathesaeh othes antlas peemltg thegnigrietib eransitien regions
finer, the m nimum nmagnetization volune per 1 bit
at theic bowrslasyredgionsAsc@mé 8 avist sourbe wiiolohrgeasily @gmirdhe SNR. The
recorded data due to the nmagnetization reversal by

impteaherft bPEHeBENR QihyWitekt] P fealto a d8crbikeat %‘{ l|l>i‘l? oroafiS WhidSis a
~di stance between'the adjacent tracks w e reduced,
. av2 I3 s extrenely high precision
dnégkéggﬁ?p%§%¥gﬂ%ﬁgaﬁgbﬁgFﬁ%EFecording appar at us, and
at bﬂ@ ame tinme, recording is conducted w dely
whete é reproduction is perfornmed nore narrowy than
during recording in order to_elimnate as nuch
i nf IuHeRto iagreasdhe plréace renording damgitye Bis neqessers ta make the size
commonl y adopted nmethod. According to this
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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3 nmethod, inter-track influence can be suppressed to
the mninum On the other hand, it is difficult to
obtain satisfactory reproduction output with this

met hod, and thus an adequate3 level of SNRis
difficult to secure. As one of the nethods for solving

i iR | f i the . . .
e irer R SR oo B SIpHFGHE oiPe gbighs bn U oBappina. it
dif%igglhfoﬁéb‘%%ﬁesat Qeféﬁt’lrr}%g’(rpg&%lsoléllt h‘%?"}‘iglb esglegglgg,@eéﬁbus an adequate

surface of a recording nediumor by formng

levgbof SRR Avdifficyiciotseone. bet ween the adj acent tracks, so

as to physically separate the recording tracks from

one Asront o€ the rhisthedd foe solvingaach atpestlen @fBeatViuctualiBn, of securing
referred to as a discrete track nethod. 10 [0005] As

theBBNRXSH BT Is€c1ing IHE bufficihB&ItEEE ah hAGKpL Y REerERIBRS bk dieﬁaity has

recording medium there is known a magnefic recor

oD 8, LS Bl L MRS ROOS P EBELES§ rcoring

havi ng "an unéven patt

hysi cal separ at ed netic ., recording tracks and a
e B B e b e o oo e ABERAG FgsgRo 25 to

exanpl e, refer 15 to Patent Docunent 15. Thi s magnetic

physically sepasatiths 1erpidingirecks ropmpahanpthere nettlra technique

| ayer is formed, thereof via a soft magnetic |ayer, on

will he refenrrétoeasaf discrets titask metleodahi ch has a plurality of
uneven patterns on the surface, and a protective film
Is [06dSied on the surface of the ferromagnetic |ayer.
In this magnetic recording medium a magnetic

I eC Gt amBR Fiudhh QRcleh: tg%tgdlqt?f)éf‘ gf}%%lc: r%Q%rﬁ%)%qnéc{l?t?h tghere is

t he surroundi ngs thereof 0] éc

. _ a fo.thi ti di
nd 8 enb ORI ARk L BTt G S
soft magnpet i I%¥er.can be syppressed, the

ha‘%iﬂg? AR SR prtternfo on jts,Yr{pceiage paysically 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 regording 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
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hardly occurs, and there is no interfefence bet ween
adj acent signals. Therefore, it is considered that a
hi gh density nmagnetic recording mediumw th | ess noi se
can be fornmed. The discrete Yrack nethod includes the
following two nethods. That is, a nmethod of form ng '
hatdlR6KSuréfah@ thede [BRHNGE i di ym co ed of ..
se%er al Iayerége of tqﬁfen réggﬁ%ﬂvseggggﬁSﬁé@agﬁﬁﬁrefm@ 1t 1s
ormng thin films Qf a nagnetic recordin
oo 54108 1} o BT . Pifincsic Poaringdne B StitiicpSoeirs cap e formed
the surface of a substrate in advance or on a thin
fi 1 mieyrets gack method ingludesrthe follomang svq methods.afhites, a method
refer to Patent Docunents 2 and 3). O these, the
of formiveg trachsiabigr & saghtterrecatibry medium @Spds@l 6f RWORS HyBE; of thin
met hod or a substrate processing nethod. The

filjs é forted; sintd@ mM@hHDEF Radid iPEMAS A Raddtt P@Jor&iﬂg Trr;eéﬁéum

physi cal processing with respect to the nedium su

aftbSarD@ieRen SR & BEBLLHRL&IY J1the TRFhL By ials’sPP%agg gE%Rrggg%or ona

thus the production process can be sinp
: [ Ls. unl.d kel.y to heconme contam nated_during
i R b ot B o G e i bend iggements 2 and

f d he substrate wil|l be passed onto the filns
31 OF ekt s Moo s Srisferraddp as p ate-prabessingomethbdior a
in that the flyin osition and flying height of a 15
SUBSHAISIRIPSRSFING me&mg*gi Ireathboksing methmddes tie adephiagde detat the
data while flying over the medium cannot be
physicabipticzesing @ith réspectith eite Madidm duefacs BHeafy Hsdikd before the
devi ces, high speed action of devices in response to

medien i f0rh &6 and BRRHEE BlodaRid prbBRs LEEBEhAi S8 1L 56
m ni aturization as mgll as he action o evices Wi %
medRiE s BEeTy tg?g%}hqpé R YR CRI%%E géee %hﬁcﬁ?o@réggesgl %lw}évér,

20 sophistic t echni ques suc
[ i kngwn .as "system | arge-scale_ integration
the kS Heb@Rortfed e sl Hgasd 6o G formed thereon.
backdr op, .apparatuses for |ithography techniques
Th%ﬁf"&ﬁ @%F\PQE E%enaﬁ RisPlem Bthaidhe dyingrpositionpnd dlng gjglntfof a
sem conduct or devi ces are becom ng nore ‘expensi ve as
recppingfrapregdugineead drat ofcotdiraeprodyures grmsstdke flying over the medium

cannot be stabilized.

On the other hand, for semiconductor devices, high speed action of devices in

- Tesponse to even further acceleration 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 beco.ming more expensive.as the miniaturization of devices

progresses.
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. [0007] Currently, a shift fromthe KrF | aser
it hography in which the mnimumline wdth is 130 nm
to the ArF laser |ithography has been started in the
phot oexposure |ithography technique. 5 [0008] The
mnimmline wdth for the ArF | aser |ithography

adoBS ]in the manufacturing level is 100 rim

whereas 't he manufacturing of devices. having a m ni mum

ling width of. 90 nmh tarted in the year 2003, and

t hogémﬁ% Jio1 %Pm% %SIF ﬁ%ﬁ@r lithgeraphp in B%lqhithﬁ? s hing

.have started their manufacturing in the year 2005 and .
width @s71301m te ths At kasdr ithogradhydas been stantéd imithe phabenposse

F2 laser (F2 excinmer |aser) |ithography, extrene
lithoptaphy itesheiqué.i t hogr aphy (EUWVL), el ectron beam

projection |ithography (EPL) and X-ray |ithography

haveodeggn eagerly anticipated to serve as the

techni ques to achi eve even finer processing. 15 These

| Roh ARl BROVIENTS: ARUGr ULeARY RERD JuGeesstyl 1N

preparing patterns from nm

0010]. ver. . as the mniaturjzation_of devices .
m ‘r‘%&‘i“%&% Eg’\,éﬁsﬁogdm’w}%fﬁea{s ¢ manuiaclEng Af feyiceshaviaggeminimum
. in_the initial cost of exposure apparatuses
ling af Y2 am has starigd in the yzar 2043 andihose hivdng aguisimum line width
“resol ution equivalent to the wavel ength of used |ight
of oumeedi4§ nal ave startadaheir nmgnnfapiurting in drdyeah D60T i 2007,
nanoi nprinting |ithography has been attracting
respdctieslyl on as a processing technique for achieving a
resolution of about 10 rimwhile being a | ow cost
promg](refer to Patent Docunent 4). [0011] 6

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 antigipated 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 technicjue for achieving a resolution of about 10 nm while being a low
cost process (refer to Patent Document 4).

[0011]



In Patent Docunent 5, transfer of uneven patterns on
the surface of a nmagnetic disc by the use of a

nanoi nprinting process and al so the position alignnment
of dies for the nanoi nprintgng process using an
openi ng of the disc have been discl osed. [0012] 5

Pat osed -t
ot afbace B DR Ments, 18Ry B URSER sl BE 182 s figf B F magnetc
cordi ng .medi um whi.ch has been transferred fromthe

disfy i fheruse &DanpiBIEHNG PERCGHEARd 2lg0 @smﬁage aligrmentioh digs for

Patent Application, First Publication No. 2004-164692

ther@npimprinting Doengsewsingdn opepingeafheidise davebebnRiisobosed.

Application, First Publication No. 2004-178793

[ Paf@1R] Document 3] Japanese Unexami ned Pat ent

Appl i catl on, First Publication No. 2004-178794

Pap cat
Lot SRl o RO i

s s PR SRS S AR OEE B e i

di Patent Docunent 6] Japanese Unexam ned Patent
ppl i cation, First Publication No. 2005-038477 20
DI SCLOSURE OF | NVENTI ON PROBLEMS TO BE SOLVED BY THE
| NvERatertiPocumeat) ] Japansse Hagxamined Patsay ApplicatioheFirst Publication
process for producing so-called discrete track nmedia
Noo2004-164692

10 [Patent Document 2] Japanese Uﬁexamined 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
15 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
20
DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0013]
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patterned nmedi a havi ng magnetic recordi ng patterns
whi ch are magnetically separated, - nanoi nprinting

t echni ques have been enployed. As a resin used in the
pattern transfer in this preduction process, it is
preferable to use a photocurable resin since it is

siml e an asy .t vveve nmet al Sta
e B BeRined gV i B it R GO g UE LS e pedia or
cases, and since netalllc stanpers do not transnit
patjerpgc me 3 hRYPS SRALABGrepRiding pfg@msow high agggaepneficalieseparated,
pattern transfer, which is a problem In addition, the
naneampenting techmigesrhaye beep emplogerbeAs agssin ewdlin therpattam transfer in
production of a large quantity of defective products

thigthreduétivn rbedspdt isipreforablectd. usk dphbRiRbR, resih BERe it is simple and
metal lic stanpers are 10 expensive, the use thereof

eash 38 ubdI CHERERY, bRIRY ngé:ISE%h {5 @&eﬂdnﬁun%r];ntmg process

fecording medi a. [O 14] Additiona use

tern i.ch
4R B gl BhETRRalif yhtipe ac{ A ﬁ“ﬁ?tgsvfaﬁge&esm
ver even when a resi as_a sfanmper, in
b Ve dhepriieEn rpRstr Whisdis agr@?@me@ lnl%@@ pattern
quantlty of 15 defective products will be produced
trapg{gnwping a $tampe] may respit dx the girodussiop oé 8 darge fivansity pHdefeetive
to solve these problens by providing a nmethod for '
pradactsfvdenuhe stamaenia dneltenc Fusthemebragsimednetatiioiagdpers are
produces few defective products with a | ow production

expedsive, the ubEANNRJFERs fickedbGhErodtiREBh 6847 of hi@héic felording media.

order to achi eve the above-nenti oned object, the
pregﬁﬂt i nvention has adopted the aspects descrlbed
bel (1) A nethod of manufacturing a magnetic

rec %cf%liitpo%aﬁ‘)?, gr@seho 4 fedin' 18 ?amper in the pattern transfer which is
capable of tré.nsmitting 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 produqes 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. |
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recordi ng patterns which are nagnetically separated,

the nmet hod characterized by including, in the

following order: a step of form ng a nagnetic |ayer on
- a substrate which has an opgning in the center; a
~step of applying a resin filmonto the magnetic | ayer;

a 5 ($} £kn | ' rate.a filmtype .
ol é }on V\;ﬂ‘l T 6@%&1&%%\/% Ep%f‘{ag& %ﬁhrgg‘%ﬁ‘&e“ﬂeqlma }nga%ggnetlc
p.of transferring the uneven ttern of the nold
rech}@Re Bouerp ERRIcR A et lifﬁéﬁepa%at%@ e methag chaactepred by
. fl‘rggm t.he s ﬁstrate; and a step of formng a magnetic
ingl B&d}l#&fg PVEEPIERT: & HED 9d dorating a magaetiulayemont Meubstrate which
uneven pattern which has been transferred. 10 (2) The
hagr@n ppaping intheredndert astep 9f appipipgetresin fidO@nts the MBdietivlayer; a
according to the above aspect (1), characterized in
steplodiprdshiaig bidingt ithebeatd alTim-Hpe RN bA WhidH kh &8 e Bhftern has
Is pressed agai nst the substrate by making this
be @RI, d et REAFMNE il uhBEPREN e
substrate. e;5(:3) Asmet hod (])#lgﬁea ag?%ﬁﬁﬂgé&dgg%ﬁ)n%% fem film; 2
' j aracterjzed i 15 that .identi cal
st 28 B A R FARRE PG, rtsCusn of Riiag B
nqgg t hereb conducting in succession the steps
TecQElpg PRLAn O theymagshs daves peing theyyneyen patjern which has been
plurality of substrates. (4) The nethod of
uaWﬁﬁ@ﬂhcturing a magnetic recordi ng nedi um according to
any one of the above aspects (1) to (3),
chaf2cTlermetaod bhmuhafactitieg besignefic tetoabRl mediv@naotdiBe to the
20 magnetic layer is a radiation-curable resin, and
abéackispédt ¢1), Eitiradtetizedn tHY tHeSBhiltype nhd1d Agd &t i i
back su??gce of the nold when P?gnsferr%ngsﬁﬁ%&%ﬁgégﬁlnddls
R BahsPlhels . : ' Llm (5) JThe .
P ahsploe sy, (kg R SpbRRL b Cdia it giciPosing of the
su g&;ding to any one of the above aspects (1) to (4),
characterized in that the step of applying a resin

fitm9, onto the gnetic layer, the step of pressing
ag Al “telrﬁ]lé’ds‘?fhki%%f’rr{’g@éu@& 3 MgeRsfisaesrsftimganedium 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)ona plﬁrality -
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 curiné 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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whi ch an uneven pattern has been formed and the step
of transferring the uneven pattern of the nold onto
the resin filmare carried out sinultaneously on both
surfaces of the substrate. g (6) A magnetic recording
and reproduci ng apparatus characterized by including a

' ' of . .a gnetic. recordi di um
onfi R BbRNaSr, 1 el i et ABF sl Ryfimntype mold on
gnetic recording nmedi um descri bed. in any one of the
Whgﬁb%%ﬁ%ee%em bag'becg foryed andthe gien of transfetringtthelnneres pattern
t he magnetic recording nediumin the recording
of thermgeldionty the resimy filrh iace ¢eedet ewrsihultatico sl bn dothesuefaBés 6F the
section and a reproducing section; a 10 head driving
subptdate. t hat rel atively noves the magnetic head with
respect to the nagnetic recording nedium and a
rec ) ' ' . j evice t.hat .
| mpor s PO ROt B e AR Rt g 3 heluding o
E. . magnetic _head. . EFFECT OF THE
el 8 418 htd Holkfe PR b 0R8S et medioa of
i nyention, the patterns of magnetic layers in the
maﬁﬂé”r&ﬂn@ ABRLCHE ﬁ@oréag gredivop deseribpd insanycene|of the above aspects
patterned nedia can be efficiently forned. Therefore,
(Litp (P} alsyisigyinét thet dsivsy ittemagnetig mestording ewivth irgtherelording
with a high recording density at high productivity.
dire@idBRh BfagDERGRIAR Eofdtitied DHE réda3pih NeStion Q0d Blreftb&ucide béttion; a
a cross sectional view show ng an apparatus for

hedtPdYiKiAE Lbik tHaOredativRE) Movethe nBeASEhad with fers] eicjg \[Ac;eﬁlg %agnetic

invention. 10 FIG 2 is a cross sectiona

rec%ﬂﬁﬁ‘é RRRdfins LAl 8 r%é@lg}g%%sa@&fonsstlg%a SII'OC.CSSSingp c[e%ic’csé%lqat inputs

agalhst a resin s

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 3 is a diagramshowi ng a bottom surface of a
transl ucent pressing board applied to the apparatus
for manufacturing a resin nold. 5 FIG 4 is a plan
view of a nother stanper porgg on applied to the
apparatus for manufacturing a resin nold. FIG 5 is a
cro ctional viewaf a.resin substrate whjch is
pu ngﬁ%gﬁﬁf qreRs Se%&ﬂ?\é\i Ve Shewing,a statewhese A mepther stagmper is
nmold. FIG 6 is _a cross sectional view showing a state
pregied againpica resigi sybsaBt rate is 10 punched by the
apparatus for manufacturing a resin nold. FIG 7 is a
cr oEHG.skistai iagrhmwshewingtwbdttogn surficetof aafdnelucéh Oréseinigboard
substrate is being punched by the apparatus for

appliea 4 Gtapbhmathsdof REhuTaditifg afbdh nldS a cross
sectional view showing a state where the resin nold

whi RS . f.Qr
nangma%?% Fl Iﬁ%{egmr esi L}ﬁ%%ﬁ&g&{;ﬁ%ﬁ&géﬁw go He@ppgrafys for
r.0ss section vi ew showi ng a state where anot her
maﬁ%@fﬂ“&%ﬁ&%fn@? 'S set to the apparatus for
man i cturing a resin nold. FIG 10 is a schematic
i Al RGP HGeriapebpeRTof farsinsubsiranhiehispwshPd by the
recordi ng nmedi um of the present invention. FIG 11 is
apparatisitpr mansfashiring aarefiniomeldype, continuous nol d. 20
FIG 12 is a schematic diagram showi ng a nagnetic

r ecBIGli g aaonoksrseqticvd LivieWGhoapas stateSwidre tHeerefih 88 ate is
i nvention. DESCRI PTI ON OF THE REFERENCE SYMBOLS

purlcded 8Y tHelappdratid o8 naRh@L@And 3 redilhigh hole 1b:
Thr ough hol e _

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.9isa éross secﬁonal view showing a state where another resin substrate is
set to the apparatus for manufacturing a resin mold.

FIG. lO is a schematic diagram Showi'ng a step of rﬁanufactuﬁng a magnetic
recording medium of the present inventién.

FIG.1lisa diagfam 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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2: Upper die set 5 3: Second platen 5: Lower die set
6:. Disc-shaped cutter set nenber 7: Quter peripheral
cutter portion 7a: Inner peri pheral surface 10 7b:
Cutting bl ade surface ?{ter bl ade surface 7A
Qut er peri pheral cutter bI a : I nner peripheral
cuttleE §O|it| on I nner peripheral cutter blade 15
aﬁ%‘h pher al cutter blade 8b: Cutti ng bl ade

surf ace 8c:. Concave portion 9: Cutter nmenber 10:
Radilat 1 sAugbligle e supporting nechanism 20 11:
I rradiation device 12: Supporting nenber 15:
Radilht Though boisni t ti ng pressing board 16: |nside
sliding supporting nenber 16a: Concave portion 12
17: 200bpérdiit seal out si de sliding supporting menber 18:
Cradl e 20: El astic nenber

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 menrber

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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21: Mother stanper 5 25: Fil mtype substrate 25B

Quter peripheral portion 25a: Hard |ayer 25b: Soft
resin film 25c: Curable resin film 10 30: Resin nold
30: Mdld 31: Renoving rod §9. Substrate 59a: Opening
15 59b: Quter peripheral portion 59c: Inner

St BBl s BE PRBRETRERT. hmsk | ayer
400; Resin film 500: Mbld 600: MIling ions 700: Part
in 'dﬁ@ c layer which is partially subjected to ion
mlling 13 800: Part in magnetic |layer with reforned
magR@tklestisrmogmaberi es  900: Protective film 1000:
Magneti c recordi ng nmedi um

21: Mother stamper

25: Film-type substrate

25B: Outer peripheral portion

25a: Hard layer

25b: Soft resin film

25¢: Curable resin film

30: Resin mold

30: Mqld

31: Removing rod

59: Substrate

59a: Opening

59b: Outer peripheral portion

59c: 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
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101: Mediumdriving unit 5 102: Magnetic head 103:
Head driving unit 104: Recordi ng/reproducing signal
system BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 10

- [0020] The present inventions s a nethod of

manuf acturing a magnetic recordi ng nmedi um havi ng

mag i ecordi atterns. which are. magnetically
sepgfsg'tlgaa{]%trﬁ eﬁg{qgfgawghéqugpgﬁngg%ewr PRVE™i ng, in
the f0ollow n der: a step of formng a magnetic
Iaygb&oé{"tgcg%og ate which has an opening in the
centre; a step of applying a resin filmto 15 the
magri806:Magngtie recordingmediunpr essi ng agai nst t he
substrate a filmtype nold on which an wuneven pattern
has 10eavlediamndrikingusit ep of transferring the uneven
pattern of the nold onto the resin film a step of
sepap2tMaghetibdei®! d fromthe substrate; and a step of
form ng nagnetic recording patterns on the nmagnetic
| aygpa.Usd ven pattern which has been
tragg?'tei?éraggj.&%%gﬂ] The filmtype nold used in the
present_ i nvention on, which an uneven pattern has been
forjrg‘g' Regordipg/reprodiing Signabsystsma fl exible thin plate
made of a netal, a resin or the |I|ike and having an
uneven pattern corresponding to the nmagnetic recording
pattern of the magnetic recording nmediumfornmed on
BESHeMONE BOR CABRAANG OWT RHHEINSEENMTIONIvent i on, by 14
adopting such a configuration for the nold used for
the[@20]ern transfer, the steps of supplying the nold
to the surface of the substrate for a magnetic

surface of the su mgn |
R e R

erefrom can be .egsily carried out, and

met8 ulljllis H?ﬂneér%g%%tgcrgmrfiwé Pafterns aﬂqé(i are magnetlcafly 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

| th¢ 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 fesin film; a sfep of separating the mold from the substrate; énd 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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5 recording nedia can be conducted w th higher
productivity. That is, a die nmade of a nickel alloy
or a resin has conventionally been used for '
transferring the magnetic rgcording patterns to the
surface of a substrate for a magnetic recording

di um, However, these di.es exhibjt low flexibility
a0 iU S tondRE e il isr Raiths pacar trassir,the sieps of
si nul t aneous or conti nuous supply of nunerous nol ds
supplyng thegnelidrte ithe gurface\pf thi swbsitatel for pasagneticirdcardigemedium,
production of magnetic recording nmedia with | ow
prepsing o thevnalg therét0 2@4nsferring dil patteons, and detacldng khditecyP&ing of the
nold is used for transferring the magnetic recording :

moixhitHeRsfisn Eah beéasily 8588l ol waa ihiRhe hanPEERARR OP%@&Q&E

to readily form an opening or the I’ ke 1 n the
: j ' | 1...bec . possi bl
T e T R L g e
- L&cC [ Lum and t he | d, and. thus _a .nethod for,
nick I o B P b R B oot st i Tgvtic
productivity can be provided. That is, a ) .
recprsting pafierns i dheaugtnee pEa pehstiats fiog ameatingtie teserdingmadinar. d
disk or the |ike has an opening at the center thereof
Hogygvers these dies axhibit hew flesibility tvhich spkentheir shoathrsapplyi difficult,
notor. However, the magnetic recording patterns

and sinmaitdnéons df somtiiueud supply dblinderons PRldserdish e ivehich has
need to be fornmed with high precision with respect to

restfi@] RABO pR@uéior G&RREE Fecor@Rg nydd B0 BRIduEtivity.
recording pattern of a magnetic recording umi’s
prOﬁkﬁg? eccentrically with respect to the opening at
the center, a head that reads information from or

writes.jnformti to a netic¢ recording nedium . )
can ORI ek A RE TR s e (g iR snaggie recording
t hus, readi ng i nformation fromthe nagnetic recording
PatifERs ighe pregent igyentipmdt bespmeswobvbletdesadily formyarbepening or the
_inhibited. Therefore, with conventional manufacturing
likgrisx the arpld.t Wherpfoge dysisingrthp opéringyrit bepohtes pessitsie kaieadilp position
a magnetic recording nmediumand the nold for pattern
thetsubstedtefor manainetd retot i@ mietiin asdtHehRola! HRAMthud'@Rthod for
since a filmis used in the present invention in which

mafufiBheink rmuReti€ fdtoldiAg iiefunt it high productivity can be provided.

That is, a rotating-type magnetic recording medium used in a hard disk or the like has an
opening 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 ffom
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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5 be readily processed, it becones possible to readily
provi de a positioning hole such as an opening to the
film and the positioning process using the opening
can readily be conducted. [P923] |In the present

i nvention, the opening of a filmtype nold can easily

: inci,de with,the opening of a .
“"§u§§¥r2?%8?%§855§%8ﬁ$Fﬂ%m$%%%rﬁ@ﬁagﬁ%dwﬂhva@vﬁqua
shaort space of tinme, and the nold can al so be pressed
e ety garheds. LifTarse frOeiiaping the Bibstrpiedor & pagneti
whi ch nmakes it possible to considerably enhance the
recordjng sredium gnd therrhald fompatterc ransfergeqfiredugiog tiene. On the other
recording nedia. [0024] 15 In addition, since a
harid, |since pfdmnisluskd i ths ptsém inveatiph 65RRichiaMERL P Pattdri triinsfer can
filmcan readily be made | ong, making it possible to

be eeudilly prsuesiey, #beMIntlS dod&Bie! tg ?%ad%l? gy?(z\{lc?% §1/p§$l{i5§i'ilg $oR Nk as an

the film In other rds, t

onSs gm0 BB AL i 5T o

cor@g%e m pressing of the nold thereto, transferring of

% terns, and detaching and recovering of the nold 20
therefrom can be carried out in succession, or
al t 69473 i vel y, different steps can be conducted
si mul t aneously, which makes it possible to
condi thermaerent ismbmtivme thehpenimgadadilinviyby niodd theeasily be made to
manuf acturi ng of magnetic recording nedia. Further, a

coifroidd with e dperig bhe sistilei for 4 8RGnARCR AN AR WSwitth a short
reused. As a result, the occurrénce of a [farge

spa@ R titre aRf the &8 LinY 81T BI BRI i PR GY St
pthe.dgﬁgge caused to Eﬁg ﬁg%gﬁk%gﬁgé%ﬁ%%ﬂga%#ﬁg%FVQ gh
. hi ecision mold wwth litfle pattern e '

pre . élg Pvcl)l?cgﬂt Il‘i:l%)l?]es 4 a}?]osB1(l?9e t&c(?{}f,lg%ra{)]lgtengﬁl}cettgx?@goductlvny in the

Furt hernore, even when a npld fornmed on a filmis
maP‘é{?g ng of Ziagnefis regordingmedia- transferring patterns,

cleaning of the nold after use and maki ng decision as

to W¥her the nold can be reused or not can be

perforned in succession w thout

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 provid;e 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 fhe
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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5 stopping the manufacturing apparatus. [0025] In the
present invention, a resin filmapplied onto the
magnetic filmcan be a radiation-curable resin. In
other words, since the nold ysed in the present
invention can be nmade into a thin plate, radiation

J | . in.can iated fromthe back
cor et o i Bl Bl h 1R e et ogbe
ac#tgern of th |d onto the resin film_ As a result,
Pr"gfl Gk AP YRE- %B%?Warf’d%“ﬁ*ﬁg Aareld formeesian aifjlyp in rewsed after

on the magnetic film surface can be fornmed in a short
beiggused fof transferringipatitrnspiteming ofiths sidid eft¢raise ahd Rekinghicision
productivity in the manufacturing of nmagnetic

as toewimsthbirnige et can Hed@u®H or hdt ¢4 WRASHrfor@Bd irl Suck&&ion without
present invention, the step of applying a resin film

sto i JrRahshd Af48¢, the step of pressing against
egsuéb}gﬂate aﬁéi&?ﬁmtyp'e mol d on which an uneven
pat WHQ@ has been fornmed and the step of transferring
the uneven pattern of the nold onto the resin film
canI b&lﬁcarri ed out sinultaneous|y on both surfaces of
t he'? YGPEISFRL BVenfion; a resin iing applicd opie-theimagngtic fir sambe a
invention is a filmtype nold with high 20 flexibility
radigtignicyrablgstesing rla oghes ywords, e e, melddised in thie lpreseairinedrsion can
be made I ong. Accordingly, the steps of supplying the
be matlelintoa tidh Iplateirhdiation fifr ctking tiestin ahe bé GfadiatedBOREhE Back
recordi ng medium pressing of the nold thereto,

surfacaof {HRIholaGvIh tRakiifs the aRver k@A MNEe ﬁ{lﬁﬁi onto the resin film.
recovering of the nold therefromcan be easily carri ed

AsQYtsuld Q9ALk lélytzﬂ fd}l??ﬁﬁnmgtra‘?{l%}{gﬁ re%gpﬁgé Bﬁgetéﬁ 8frel glier ringgld-:tic film

carrying out e prese ron W

inedetai.l using a ser.ies of diagranms. However,
surfiEe S b 5 st i SO e ST o B dpsrbf o sapinee the
oway limted to the ?n‘oodi ments described bel ow.
proﬁg@%ﬁ& 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 ﬁhﬁ-type mold on which an
uneveri patfern has been formed and the éfep of transferﬁng the uneven pattém 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.
Accofdingly, 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]
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5 FIGS. 1 to 9 show an apparatus for manufacturing a
filmtype nold used:in the present invention. As
shown in FIG 1, a manufacturing apparatus with such
~configurations is constitutgg by having an upper die
set 2 supported by a first platen 1 and a |ower die

set upported by.a second plLaten 3. Here, the fir
o1 o P Pt BB 5 e ik perst davemgon piL be
vertical novenent such as an oil hydraulic cylinder
described belowpp detpil Asiagiasepeoeh diagrags. dloweyendt should be noted that
~nmovabl e vertically, and the second platen 3 is
therpresentigivention ib irseo wap linsted wn thesemobddiments tdesoribed below.
[0029] A disc-shaped cutter set nenber 6 is provided
aboyego2ghe first platen 1 in a freely novable manner
vertically by being supported by an actuator device

Lo A, 05 63 AT A O i

t. tihQn, 7 1S ided o he outer periphera
Pt ifitsniBh. A8 3ndvh B BIGT o e Pk g e B B e
nber 6. A bar shaped.inner perjpheral cutter portion
comgiguratinng i3 eRgtiaied; byshavinganaypnst diersst B SuRRSWied by st platen 1
“the cutter set nmenmber 6. A cutter nenmber 9 is
and a hewirtdig w68 5 supparteddy aiscend platengh diete, hatfirsrplagen { iiosupported
7 and inner peripheral cutter portion 8. In 20
by addctubton device fon ghesvariedd navestenpaicheR ah @il odiduic chliadie (not
7A is formed dowmmwardly on the top end side of the

sh&WMh)SdREproRTIRERD a6 t8 bSfredlP hidvable vertdlly24hd AP 8&cond platen 3 is
peripheral cutter blade 8A is forned on the top elgd

j f ' er | I ter portion 8. The
mog%l-?egr&paegrglgg ﬁ%dggﬁg‘g& %déi %%8?#‘?%%&7 penetrates through

and xtended below the first platen 1 via a

thrég@ﬁ) hole 1 a formed in the outer peripheral

portign of the platen 1, 18 and the inner peripheral

cut teflisgrshaped Suersehmembe i mpwidg 2boe the fisst platerelin a freely

below the first platen 1 via a through hole 1 b
mdvgbiegnanmer vérticabntyebeing suppertpd Ay @n attuator device forftheyuertidal

such that the outer peripheral cutter portion 7 and
mdvementsieh apean ofi htaulic uyliler pRdtishéwn Alkc@lindfivaBéluter peripheral

vertically in response to the vertical novenent of the

cutstgoRfiorS s pYBUREH of thM dfer 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 penetfates 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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5 respect to the first platen 1. The cross section of
the outer peripheral cutter blade 7Ais forned into a
triangul ar shape, and has a cutting bl ade surface 7b
extended directly from an iygpner peripheral surface 7a
of a cylindrical outer peripheral cutter portion 7 and

.outer .bl ade surface 7c inclined towards the
and e dftfs Torpbatel S TFEPSTHER & hrar G L Broush SBAIS prhded belpythe
i nner peripheral cutter blade 8A is configured into a
firg platemh  visl aiteoughdiole Hotesmed gt g centenef the platen hglt by eopdigured
surface 8b which is extended directly froman outer
sughethitthe puler penifhacad cutdér mortien 7 ahd iednnerpetiplpeesli quiter pdrtion 8 are
cutter portion 8 and a nortar-shaped concave portion

mo¥ed vBRiChIlg irPreSFoASS tSBE WefiRaPinodiném be iteqittt § 8enber 6 with
which is forned at the top end portion of the Inner

[ tar . : .
res B O U st e TRE SRR srict dF Al AhlRaRRU el fter bpce 7455
re.l rovided.in a rt bel.ow the pl.at 1 and.in
forfef 0 R oo, dpR Bivep SFBE BIaLE shiis Brpacidag diestly from
Lnner peripheral cutter portion 8 Accordingly, it is
an ugieF pefaphsal surfaceata of a GysipAneal outer pgriphesalisutier portion 7 and an
i rradiated downwards from a radi ati on source which is
oufeq blade [sarfadentcdnelifiellyowards tieeoutsidedf tht iouter denipheeal Thfter portion 7.
such as a high pressure nmercury |anp, a | ow pressure

Thenirired pyriphepatieutter biedeed A Roddrdigutedifio Bcut@ipoblad@§Hape @onstituted
xenon nercury lanmp and an ultraviolet LED 20 | anp.

of AdRifitig IURRuffact & WRRhIOEERSd difecily fBAY 4n ﬁﬂé ipheral surface
LED | anp because the

desirable to use an ultraviol et
.on i ch, may. cause .distortions .
of » BFihaBte A% pAERETLLER b} ARYa AL i5p8] Fipca¥% Bortion 8c
wavel engt h for ultraviqglet rays.used in such cases, a
hayae a1 ?%Pﬁctwnﬁfi%ﬂ inyeEeR &?PF@W%Z? ormadi a5 theep sadl griton of
be mentjoned. [0030] 19 A frame shaped supporting
theripRgrareripherak cytes ppEio@ &el ow the irradi ation device 11,
and a radiation-transmtting pressing board 15 nade of
a difstmaddimpedurgk asppopteg thechanisnh 0 hiken irsadfatioviiddeite 11 are
bel ow the supporting menber 12. The radiation source
prosiidaiint pgt bel@wities pldn 1tdhd ih beebed thebutéteiétipBerdlleuticl ortion 7

supporting nenber 12 and the radiation
and the inner peripheral cutter portion 8. Accordingly, it is configured so that ultraviolet
light can be irradiated downwards from a radiation source which is installed internaily in
the irradiation device 11, such as a high pressure mercury lémp, a low pressure mercury
lamp, a metal halide lamp, a xenon lamp, a xenon mercury lamp and an ultréviolet 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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5 transmtting pressing board 15 are integrated with
the platen 1. Accordingly, it is configured so that
the radiation-transmtting pressing board 15 noves
vertically in response to tRe vertical novement of
the first platen 1. On the other hand, a cylindrical,

i NSi sl iding supporting,nmepber 16 a a L. .
cyl i‘ﬁﬁﬁns shaved aP%‘f)f’g%n%me&bﬁ@Qmsewﬁﬁﬂ gelﬁwbe irradfation device
havj ng t he sanme height are provided 10 on the second
1 gng ardmtioptignsypitinepressing beard 15 sndds of iatdissashapedglass board or
these menbers so as to be freely slidable vertically,
thealpke is lpeovidesicietovi thei suppaertipg hiettbeb Y 22 Mhe kadistich soRRRAupRSHting
made of a spring nenber or the like which is provided

mehnfiser & Dethe iradfatbauzhizetl-1 Sthe RagpdFRh Rlembet 20RA4 telralifition-
provided on the cradle 18 so as to protrude upward to

o AR S Ring Rarq S REREEASY MR AN DR AGRRER D i
b f d,.f h
coR R EL B ER o TR P gt L Db v e

i nvention, since a resin mld for formng an uneven
respaRsedp theoyeriigak moyemgpeoighe firsyplagerct.e track type
magnetic recording nediumis manufactured, an uneven
pat tQ&F e pther handaagyfindninal, dndide §lstimeshpportinveanembéaitartda
20 a discrete track type nagnetic recordi ng medi um has

cylivedrival, ontidt stidirighseppartihgéenter | @aviip thesansd RIRR arddrovided
[0032] 20 1In addition, a concave portion 16a capabl e

on@he $eR6RT platedl 3t NE dREQRSTRNGINO €S id %Jﬁl&%@ﬂﬂe{hg%ﬁ%embe soasto

peri pheral cutter blade 8A Is forned at t er o

be tﬁ@@lyi JiALele .véxltiicglilﬂ UAnd THE ?%lgg?/ q% %@bﬁﬁéﬁ %28{1 Efqrsﬂvg member 20 made

mandfacturing a resrn nol ! _
of F R BB oeirab? e p s afti i bereBelovio b daahmubdinped mother
sta];1%rer 2??5 Srgﬁigencij gg tlfei Jrgglp{ io gsolodﬁrotrude 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]



10

15

20

[0033] As an exanple of such substrates, filmtype

substrate 25 having a three layer structure as shown

in FIG 5 can be used. In the present enbodi nent, the

substrate 25 is 10 constitutygd of a filmtype hard

| ayer 25a, a soft resin film25b and a curable resin

filg} C. 50034 lt.is refs;ab%e to use, for the

har "}d@!ﬁn’ sgncaye portign; Lop caRIAIe §T Wsepking the- aforemeationed rod-
~_trapsm ttance and which is hardly deformabl e during
shaperhmReTREriPRerad Fufier plade 84nis farmer atghe egnser ofthe inside sliding

conposed of resin materials such as aromatic
suppoitinggnemiserdiéch as pol yet hyl ene terephthal ate and

pol yet hyl ene napht hal ate; cycl ool efin polyners such as

Ze OPer maluyPicaiied a P@ff?mofﬂacfw{h%%éiﬁl?&n%gzﬁﬁﬁﬁratus l-gvg:gg a

Corporation), TOPAS (product nanme, manufacture

oAb 10, iS00 IS N B e o

L esi ch a omati ¢ pol ycarbonates and 20
m‘%‘ﬁ%éig%fi.ﬁ’g ﬁélo "des; polyol efin-based thernosetting

resj uch as pol ypropyl ene, pol y(4-nmethyl pentene),
polg£§§fene and PMVA; or thernosetting resin filns

such as epoxy resins and allyl resins. In addition,

t heAs Al gkarepls of Suchirubbtaates, filiyetyp@ Substrate A5chaningen three layer
within the range from about 10 to about 3,000 m

struc R85 stidtvn intFIGs 5Spaebensdd. dnttke ﬁ&@ent ERlboliineent Qht sUtRELR 25 is

film25b, a material having high ultraviolet

conbtiRBIBlal AR S pRMrd BV & D BXD M FSi ﬁHl? Q?lﬂ ahd'§ curable resin film
inmprinting using a filmtype m)fnd of the presen

25¢ nvention, both the function to reinforce adhesion
with the hard |layer 25a and the curable resin film
ZSngg%rthe flexibility to follow the swelling of the
5s ate which is subjected to the inprinting.

Accordingly, the soft resin film25b is conposed of

r eshtss Pfﬁ?eéﬂ?lﬁ%u%ﬁqii theshard jlayes 3 amatssal hayngthigineltraviolet

rubber and polypropyl ene o '

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 resiﬁs such as aromatic polycarbonates and
alicyclic polyimides; polyolefin-based fhennosetting resins such as polypropylene,
poly(4-methylpentene), polystyrene and PMMA; or thermbsetting 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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films". In addition, the thickness of the soft
adhesion [ ayer 25b can be made within the range from
about 0.5 to about 1,000 gm Note that in those cases
where the extent of swelling of the hard |ayer 25a is
small in the filmtype substrate 25 having a three

| ayer. 10.structure. i1 i ossLble_to forma substrate
oy g PR 1<, s gt el FRSC i 2. Grmlort! ki gk o
Iay?r 25a and the curable resin film25¢c by omtting

ultiapiolet Srapstpitianee and whuoh gxhipis, dugiag themprining wsing aclsetype
where a two | ayer structure is adopted, in order to

mokd okthg presenttifreentiantesh the fosttivreto reinforba@adhesiayevitli?tha hard layer
and the curable resin film25c, it is also possible to

25s a1 the tuabR 8sih i@ 5efand iR ﬂ@ﬁﬂilik}aﬁbefbﬂ&%&hé Swélling bf e
treatnment, such as a corona 15 treatnment, for

iSRS SRS IO BN LN, O, MO AL

tegqr d co rcially avail ab sugh as a

coBhE<Phck hA1AEA 901 QTR LAY BB AR A e Fpyine
0Q, (.prqduct nane) manufactured by Toyobo Co., Ltd.) or

filme} jlﬁﬁggi@wfr ¢ SHcimepnoshe poh AdiestanUip¥er 25p o bE impde within the
DuPont Fil s Jggan Limted) can al so be used, and

rangp &xprip apuh P S0 1860w sleRPOtim e Bt that int these ases Where theeextent of
pur pose. [0037] The curable resin film25c is

sweltinp of ¢ hafd fayel Zadt smakk in @eiflimhg e BebstrafIHiving HilRewlayer
such as a (nmeth)acryl oyl group, an allyl group, a

striwtie] it & SU4BibleAD FOPREh 3Abrafdl IDNEhg Rtvid layS HRICHYE cHsBHRed of the
a cycl ohexene oxide group and a vinyl "ether group. It

' Hij I [ esh N Sl l
half 3R 254 S B QPR A o o EnE AR B Bt 256 B
ich _can be cured rapidl uch as th)acryl oyl

e dn GBe S5hef hgTe LBy HEef Srrdebife: Biarier Ty eagthen the
and vi nyl et her graoup. 5 [0038]l anpl es of the )

adiiesiqp heWRERShS e 0t 2t garab w20 i alge pagsible to
i ncl ud

subljer:]cqc ollee iurface of the hard layer 25a to a surface treatment, such as a corona

Ex
¢ RS

treatment, for enhancing adhesiveness.

[0036]

Further, for the hard layer 25a and the soft résin film 25b, those 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 25c¢ is composed of at least one resin having a curéble

group such as a (meth)acryloyl group, an allyl group, a vinyl group, an oxetanyl group, a
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nono( nmet h) acryl ates such as nethyl (neth)acrylate,
ethyl (nmeth)acrylate, n-propyl (neth)acryl ate,

i sopropyl (neth)acrylate, n-butyl (neth)acryl ate,

i sobutyl (meth)acrylate, se@butyl (neth)acrylate,
hexyl (neth)acrylate, octyl (nmeth)acryl ate,

P M S o s

ISR B B MO Lo ABLDACE LS corbie
whiTR b B SHRG i sk ge e BAeHAN roup, an oxelany] group,a

2- hydroxyphenyl et hyl (meth)acryl ate; (neth)acrylam des
cygé@wx% OWWmeywltheﬂlhy goupl ami de, N, N-di et hyl

(et h)acryl am de and N-acryl oyl 15 norpholi ne;

pol yfO@38t i onal ' (meth)acryl ates such as ethyl ene

glycol di(nmeth)acrylate, propylene glyco

di et hyl ene glycol di(neth)acrylate, tri

Sk TS M SR b e R By s grspeyt

thritol enta(nmeth)acrylate; and :
RSB PG Teok I | RerREa R Erbu CBrtRBptenabvig! (oethyacrylae,
é Jacrylic acjd to epoxy resins such as bi sphenol A
s¢ g’e ( Qﬁwlamh?% EngtheasTylpies petphmetiaeybatg, Z-ethjhsxyl
br om nat ed bi sphenol A epoxy resins, bisphenol F epoxy
(metlyperylate digeyldmedpantylate ssobsrnyp (reeth)acnine] BelrRyY(meth)acrylate,
resins, cresol novol ac epoxy resins, alicyclic epoxy

pheagl (os:th)herylaye; ibdydyl emethyadrfiie) -hyAR%9EAS] &M?écxég%t)é;?

of bi sphenol A, chel ate epoxy résins, glyoxa

hykdesi iepdy@(ﬂqaﬁ)a&m&te, ﬁﬁ?&&k%&%ﬁ@?ﬁm&&&w%r}%ﬁ% S

nodi epoxy resins, " dicycl Iene phe
RSy IS INE- g,lfle epgxy. . resins and
( c- capfol act ong§#8 éé | gﬁfggl &?e&%asc?ﬂg.e’ @%{ﬁ%ﬁ’f:@ﬁm@fdeﬁ fechas
S ich.has an,a | ..gro include allyl ethers
N’éﬁ §{ﬁge§1§mg’teﬂ9?%ﬁ‘€m¢‘i‘% i%ﬁ-w%mﬁfwmasWda gad A-agryloyl
| yci.dyl ether; nonoallyl esters such as allyl 5
m(g‘@é?‘lérl‘% pﬁl’?’é“‘é’ftllowﬂ (BeHiacylatesdiugh by ¢thpleneglycsiudifmeth)acrylate,
diall'yl am ne, 1,4-cyclohexane diallyl dicarboxylate,
prepydensglypmdidaeshecrytita| 1L 4rbutarediphdimétajaeryaand, dledblenk glycol
i sophthalate; and allyl _ _
di(meth)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 résins_, hydrogenated
bisphenol A epoxy resins, brominated bisphenol A epoxy resins, bisphenol F epoxy
resins, novolac epoxy resins, phenol novolac €poxy reSins, cresol novolac €poxy 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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ester resins obtained by reacting allyl alcohols with
ol.igo esters such as ol igopropyl ene terephthalate.
Exanpl es of the resins which has a vinyl group include
nmonovi nyl ethers such as 1Q3n-propyl vinyl ether,

I sopropyl vinyl ether, n-butylvinyl ether,

mogﬁégg:gbﬂyy i nSL,/lcﬁE}hﬁxSGprengarc]h E%Hﬁi&%ﬂ%&?%ﬁ Bﬁcbme modified epoxy

| tate, |
‘es‘%ﬁpgﬁ%{SHéETSE‘C{?Pﬁ;PPOCﬁﬁ?Q?@ﬂg‘@V%ﬁ ?ﬁ; abgnz\élapg; di vi nyl

esters such_as divinyl adipate; Nvinyl am des such
3 o the Sesifowhich hanen allyl ereupinelire slylathaiesuchds
N—vinylfornan1de styrene derivatives such as styrene,
ethylene glyceltthgnoall§] ethemrdridydliyt glyeidy] etheryeidnphRylyeseesuch as allyl
m met hyl styrene, p-nethylstyrene, 2,4-

acethiteridyllys byniRag; dllgt ebtere bl Kid{418/18@mine, 1,4-cyclohexane diallyl
2, 6-di net hyl styrene, 3, 4-di methyl styrené,  3,5-

dlcﬁ‘bﬁﬁ‘%lﬁﬁé' &W%lﬁih?%atlitre 4d1§1‘1§l%r@?ﬁtmﬂla t#lﬁ%‘i‘ﬁlgl isophthalate; and allyl

trine ene anet

T L N e —

nostyrene, m bronostyrene, p- bronnstyrene
‘w“@hﬂﬁﬁﬁ%xystyrene m 20 net hoxyst yrene,
p-nethoxyst rene, o-hydroxystyrene, m hydroxystyrene,
Eyamplry ot §ae aesans whigh has i vistye grpup iscludenmbhoyitdregiers such as
4 vi nyl bi phenyl , 1-vi nyl napht hal ene,
n-pPopyil vipy Ireslmdns lbqbrepﬁl,vué,ﬁl ethey, In-tutyleinyh ethigt, isobutylvinyl ether, 2-
-vinyl ant hracene, a-nethylstyrene, o- |sopropenyl

th 1Bk RRy] &thérS 68tk hyltedhds @RS ’
e §2' 45&'%' mgt s 06 ﬁ%@’%l }é e A cyQohSRARA M &811&%5% esters

suc% g gd eﬂé{%: \ﬁnﬂg Eé}loﬁ%tx @but ﬁtf and vinyl benzoate' divinyl esters
such ERGRY WE&‘EW 1 MRS ét&%ﬂé% AT ey eI N

ycol . divin et her butanedlol d|V|nyI et her,
Vm% tﬁ%&‘gr?é’é %1"11&’ f?irlﬁwm@ FFene derivatiysh SHRItASGItyrdhey 2efypimethyl-
et her, cycl ohexanedi net hanol divinyl ether, diethylene

a-msitkydaiyreng; e-mefhylstytese, mrdethylsoréngl pmesthylytyraned #i ny |
et her; polyfunctional vinyl ethers such as 5

dmtetthymyi'egnb dl, piderpethglstyrend, 0)6-digtekiilstaRte, FB%-HﬂﬁétM?lbtfytérﬁ 3,5-
tetravinyl ether; and divinyl aryls such as d|V|ny

dinkREMA8Hfne, 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-bromqstyrene, o-methoxystyrene, m-
methoxystyrene, p-methoxystyrene, o-hydroxystyrene, m-hydroxystyrene, p-
hydroxystyrene, 2-vinylbiphenyl, 3-viny1biphenyl, 4-vinylbiphenyl, l-vinylnaphthalené,
2-vinylnaphthalene, 4-vinyl-p-terphenyl, 1-vinylanthracene, a-methylstyrene, o-
isopropenyl toluene, m-isopropenyl toluene, p-isopropenyl toluene, 2,4-dimethyl-a-

methylstyrene, 2,3-dimethyl-a-methylstyrene, 3,5-dimethyl-a-methylstyrene, p-
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Exanpl es of the resins which has an oxetanyl group
i ncl ude nonooxet anyl .conpounds such as

3- et hyl - 3- hydr oxymet hyl oxet ane and '

3- et hyl - 3- net hacryl oxynet hylp4 oxet ane; and ot her
pol yfuncti onal oxetane resins such as Aron Oxetane

ol S AL W

ne). a manuf act ured by Ni ppo
ethg%gg)glyc&.@ E?é‘%@?% %E@) xgilyl etheinb ﬁ@xg%/ed@q{éﬁvmyl ether,
resins which has a egC|dyI gr oup |nclude bi sphenol A

19ensmrgedialsliviay) etherngieldhyaanedinethangl idiviny] stharpdiethylasighycol
brom nat ed bi sphenol A epoxy resin, bisphenol F epoxy

divirgd iether anl/pietiylempqkycot divinyl eﬂi&ﬁmﬂlyfﬂﬁmiﬂrﬁbv'ﬁppe&hers such as
resin, cresol novolac epoxy resin, N-glycidyl epoxy

trith @R} 1Blprépne tAFngRaket 2n8 %bﬁka&@ttﬁit@p@&mhyfeth&h £ Pd®inyl aryls

epoxy reS|n gl yoxal epOxy résin, am no-gro

su&pﬁk@* gxy resin, rubber modi f i ed epoxy resin,
dic opent I ene phenollc epoxy resin, silicone

i ed e resin a 20 c- ca rolacton nodi fi ed
epo%falpglgr“ ﬁ%éi?ﬁ’r’fﬂ %@cggai ?‘Fé(’}Feé%‘? &1o4h 1apludg mogooxetanyl
cycl ohexene oxi de_ group include Cell oxide 2021P :

Coqlm%ia sechasFesthyldhy drexymehob oxqtpnecandci-ethsivdmetigproxymethyl
3150 (product- nane) and EHPE 3150CE (product name)
ox¢tanay fad otherpolplunDaored bx Ghmniesiab stehdassAronedxetated)XT-121

[0040] 25 1In addition, the thickness of the

(produtit ahine)arD M@ (5rogidt nhinkMndhefa6RRedIBy maég%sw ¢di td., and
the range from about 0.05 to about 50 gm so that at

OX TR0 @V asthe)Hnldr@XBP(Blodl@Miim fhr h@&%tn
400 nm or | es):gnare pre (ﬁltor ably tepansmﬂltct e‘ém‘ﬁ' il
p ubstrate 25 having the af orenenti oned
Ché%ln@géfg‘t(?on is placed 5 between the nother stanper
%ggg he radi ation-transmtting pressing board 15.
\Nhl| king the radiation-curable resin film 25c

therein to face downward as shown in FIG 1,
Examples of the resins which has a glycidyl group include blsphenol 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 époxy 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]



10

15

20

and the substrate 25 is then pressed against the
surface of the nother stanper 21 at a specified
pressure via the radiation-transmtting pressing board
15 by lowering the first phagten 1.For the nother
stanper 21, a netal plate conposed of materials, such

as 32 I whi ca e subjected to
oy o iR e ¥kn P the cR0aRSn T b iR san be made
formation of fine and uneven patterns with currently
withiB 46 SHER f1RE) 2RO DA AP S0 HiRrsorat alasst Y6 oRuiiaNislet rays
and uneven pattern which is a reverse pattern of the
havingrewayrlengtie 0£400 pator desa afeoprebatatdp tahsmstedf ace of t he
not her stanper 21 can be transferred onto the

r adlled filantyparsabsteatd BS havihg tHe Adfen¥ntibh&l SonPighifaBbs iLplaced
by this operation (the process 15 described so far

betWbdr the el kb DY 288 tie &&ﬁﬁ%ﬁﬁfmﬁhﬁﬁﬁ%ﬁ)&s@@%&rﬁ%fwhﬂe
surface of

ile pressing the substrate 25 onto t

wh
malE o P et S B St R o g im LG 1,
and b R 23 i Pisodressed sttt HETSEE obiheguoibey Seumper 21 ata

curing step (2)). 20 Before, after, or even during the

Spegified BreassHEr iip the sgsliationdiransmd Hingautessing oand | b wesing the first

punched fromthe substrate 25 using the outer

platpe  ifpin ¢hreahothet stemphr 2d e nidkabypidtet doenposeest maeralpheech ks a Ni
cutter blade 8A by | owering the outer periphera

allogpivhith cae bt s@jedte@Bhibhrédis18h prdl:@ﬁirﬂg‘ﬁ{daénaﬁléttﬁ@f)reﬁge
er

portion 8 due to the [owering of the cutter set he

fon’vématl‘?lfn @ﬂﬂ@’hnid%egér%at@n(stm eﬁlﬁgfﬁ a\gﬁﬁlﬁ% ?%%’ing gecfhgquues can be

be referred to as a punching step
in hi_s ;punchi ng step,.because the oute '
applftd; R R PP Bt Bk g Reer e R et the e gad uneven
while sliding along.the surface extending fromthe
patigi }Qrmﬁé PR Hﬁe?‘?%aﬁ? ofthe syatherqitarapgr 2 lgande dansferrad aato the
supporting menber 17 whereas the inner periphera
radigtiep-gprablsi rasis fBmRfecifdle substratePSthyahis @Bration l(the proatsng
along the inside of the inside sliding 5 supporting
desenghedeso fiBwilt bereferbat toak @ tbsfeastepgl punched at an
accurate.position, thereby obtaining a

do U@hﬂi&,'\ﬁlﬁ?@ﬁ@sﬂ?%&e?sgbfﬁ‘{é D9 ofttd thBBEfacdli FTRS BbiIRR Gamper 21,

outer dianeter w _
ultraviolet radiation is irradiated from the irradiation device 11, thereby curing the
radiation-curable resin film 25c (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 8A 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 shown in

FIG. 6 (the process described so far will be referred to as a punching step (3)).
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i ntended sizes. In addition, in the process for
removing the nold 30 by punching the substrate 25 as
shown in FIG 6, the central portion 25A of the
substrate 25 punched by theg nner peripheral cutter
bl ade 8A is discharged to the side where a concave

S uppafie M pditpbit 965 Gk lne e eRbtmburer Bl e e

25B qf the substrate 25 punched by the outer )
subag?ﬁe&%ewlaﬁ Lidimeclong tha sutkes exiondingdrom diouter periphent efra

peripheral side of the sliding supporting nmenber 17.
cylindrigal, optsicda siding Nepriontieg mdirdrel 2wherfeas the inmarqeripheral cutter

portion 16a of the sliding supporting nenber 16 is

bladedpuathesstie substra¢ 98 whsle isHeingl@ig tHe BRRIeT th ins{#R sliding
i nner peripheral cutter blade 8A, 15 when punching thée

ot ISR 10k RSl R BRGIEH B, werty
' I .al ong the inper perjpheral .

obBEELPOSK Gt REAES, B SRk Gl b Ll BB e it

. nchi n ccyracy .can be enhanced. . I n_addition, i

mt%gi&éa’szsg t ﬁe aﬁé&“@ » 1B RI0SESSSPT Kemovang the mypld 4P pymupslgng the
menber 17 is made al nost as |arge as the inner

subgiraigeoets shewr HeF ISt toe therrenirplrortion 234 vé thelsiubsizaty 25 pwhehed by
punchi ng the substrate 20 25, the substrate 25 can be

thepumear tpedplaralaruttachlada8 & ipdischdrged toithdisidé wiiiefef 4 eatichye Bottion 16a
the outer peripheral cutter blade 7A along the outer

is pRevehpitah@terRe Qe 1 slidi SiphSHRG MRS 16] AH adBRREperibheral

and thus the punching accuracy can be enhanced.

porli68 Q@E%f%%ﬂ?)@tré&' bs %)hﬁct,lfed é’%{éﬂg %M’Jteﬂ g%rl?ﬂgﬁi‘aﬁ] 60999 a4e TA s

doughnut shape can be pun accuracl es

. shape and positign of.the inner circle_as

ais it e B OB EcBRrR 8536 of B ficine “Ees e stectie a7 Here

b In t GHB%F ent inyvention, when a filn}tyfe nmold is

SRR r glamﬁf‘g s RAFRONERYSRATHAR | Ruptk the Blidipg supnasEngmember
provi ded in succession, the punching by a cutter bl ade

16 jssmadesglmosicasdange enthe qutertdimmetanefithe innet periptetralfvatter blade 8A,
punching to the outer circle wll be omtted. [0041]

whén piehingthn shbstigtet 276 tis dubbteait €5 25n BS paitden at in dcGratéposition
if the first platen 1 and the cutter set nenber 6 are

witm?ﬁscgﬁgﬁngmmh& peripheral chth® bEde® A3Mohs (1R iRN& Reipheral edge

of the concave portion 16a, and fhus the punching accuracy can be enhanced. In addition,
because the outer diameter 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 éan 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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sandwi ched between the outer peripheral cutter bl ade
7A and the inner peripheral cutter blade 8A
Accordingly, as shown in FIG 8, the outer peripheral
cutter blade 7A and the inngr peripheral cutter Dbl ade
8A are noved so as to detach fromthe nDId 30 by

ral e nber res t he
2 RS 5) TS i e S5 pd b
a se aratin deV|ce such as _a renpyving rod 31

Wh@ﬁ%ﬁl BRE AEF DOV IR0 SusEesion: termunchigz N quier Bafe is
During this renoval process, since the outer

carped pyinaliato theinner cirgl auéthppuanking he thermsr qirekd willdreadmitted.
cutter blade 8A are already detached fromthe nold 30
and[{0Od&] mol d 30 is thus in close contact only with the
radi ation-transmtting pressing 15 board 15, the nold

30 Aas dhé YutERRIAL MR Y '
Once trhe m)hﬁ% 30 l|ls det acﬁﬁgg&lﬁg{?ﬁgﬁ% 1Pﬁg\ﬂrﬁ$leﬁaglgﬂdthe

cutfe?gét%én?&r 8 Lagc??ag% %Eﬂo@ﬁ ﬁ?fi(g g7t’ boand cﬂ'ﬁ) is PRBIA S hile being

prece or S IS Seé erween

r,adi at i on tr sn1tt|n ssin r.d and t he
sanfigfcagy lbs‘?"gﬁlb & ier perhERh e gl@%@a’@ mﬂi@e HRSIeE PeEphicER) cutter
% gﬂ_be obtalned as descrlbed earlier by carrélng out
blade, A, Acserdmplyas shown én BIG-Sathepuser neaipheral eufteabladn 7A and the
step and 20 the punching step all over again in an
inner pRziphera! clster bidde @ Aparemaed sy ab &séeladinfréin@Re midld 30 bBraising
and the nold 30 can be mass produced by repeatedly

the caftensengember 6 hethapsieat 1oQhé first pRkdr Demldakoneld I @nTRétbe
30 manufactured in the above-nmenti oned manner is used

takéPbut JIRRU s%ﬁﬁﬂéﬁh% dedile sinSs 3‘%&‘18 %“rgs %zglgvxﬂgg%%hﬁﬁg goruon |

recordi ng nedi a patterne

gecordln medi u
3105 bR efl Bleclr, TRERE b mw%tpé%%f% K %OIHsfsp%l@E?ral cutter
0 n the a of ubstrate can

blag%sAﬁgﬂ SRS 5, ur @i g rgl ﬁa@rﬁ fi&i)%qheggom the mold 30

descri bed above which is forned on the surface 5 of a
and{hg malg AR ds thus imelpsegaatashnlyevigh theeadiation-trapsmeitiing pressing

magneti c | ayer or a perpendicular nagnetic |ayer.
boatthé § ctheragid B cah by exadilpsepapated esiapthe emoning rod 3hg an

al l oy having Co as _

Once the mold 30 is detached from the radiation-transmitting pressing board 15,

another piece of substrate 25 is set between the radiation—transmittihg 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
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a maj or conponent thereof. [0042] For exanple, as a
magnetic |ayer for an in-plane magnetic recording
medium a 10 |lam nated structure conposed of a

non- magnetic Cr Mo under| ayerngand a ferromagnetic
CoCr Pt Ta magnetic |ayer can be used. [0043] As a

I.e.aver for a perpendi cul ar netic, recordin
an BRI oF iR of B RGPS mace i ek tgnleR s sl layer
const.ituted of a hacking | ayer conposed of a soft
Or RFREFSHYS laypiciss been rmgg opdhe;Surface of B nopamgart:; swybstratgcan be
FeCoZr B and FeCoZrBCu), an FeTa alloy (e.g., FeTaN
meptienedeTaC) and a Co alloy (e.g., CoTaZr, CoZrNB and
CoB), an orientation controlling film conposed of Pt,
Pd, Fof élamplé, mefisigretic 1dyer b describet abolve il i8 fémidd! o the surface
made of Ru or the |like, which will be provided as

. : t e ar a .
ot SRSETS e S0y IS RGO Gy e gt

. S jckness of .1 he magnetic | r .S
maffiqlfydt® Meectadibic ke SHE R Pl ohe Ui o i Co as
pt ef er abl nﬁ)t |l ess than 5 nmand not nore than 15 nm
a ‘Wﬁﬁﬁ@%ﬁé @E?ir may be formed in accordance with
the t Be and the lamnated structure of the magnetic
al | Bif%f Lsed so that sufficient head output/input can
be obtai ned. The thickness of the magnetic |[|ayer
neeler ¢xanipde, @g aahagnetio fayamfoe ah fiaplane eeighetidretbidaton@sdium, a
in order to obtain .29 predeterm ned output greater

lantih&ted stedidtarietofipoRed ofaf ndnbiBaghdiR M BRIPEIG N8 felBmagnetic
the other hand, since various paraneters’ representing

CoCFﬁTF?r?&hgﬂi@& andineReguci ng characteristics are

usual I'y 71 npal ?Ied as the l'evel of output increases, it
IS ﬂﬁﬁgisary to. determ ne the optimumthickness. The
magheti¢ |ayer is usually forned as a thin filmby 5

a sputterin rocess. [0044] . . .
s a magnetic layer for a perpendicular magnetic recording medium, for example,

o0

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, CoZtNB and CoB), an orientation
controﬂing film éomposed 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 t}ﬁckness of the magnetic

layer needs tobe equal to or more than a certain thickness in order to obtain
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In the present invention, although a nmagnetic
recording pattern which is nmagnetically separated is
formed on the magnetic layer, prior to this process, a
mask |ayer that correspondgowith the magnetically
recording pattern is formed on the surface of 10 the

' tion of the k layer i.nc|ude

prefPRRRE ol brealel R ehRlin Rt 358 SeneeShrdbymdiivton. On the

l.ayer, a step of pressing agai.nst the substrate a
othef i’/‘?ﬂdr V2l H%TD%IS (Eﬁ‘p AMGATS FFPEFFenRe the recprdiag and seproduning

formed, a step of transferring the uneven pattern of
charpeieristigh aregisuallyt impaired ias thfei level anfl dutpus inereasds, & épascabiangto

the nmold fromthe substrate. Each of the steps wll
detbmmitie st dtiechrb elickatesd) TiRS b gneticllayed dibstalde fdtRleqds bhf film by

t he manuf acturing nethod 15 of the present invention _
asﬁflﬂ.td'riﬁ HRoONEY/ limted to the steps described bel ow.

0045] The magnetic recordi ng medi um of the present

| nveRjgqpn can be manufactured, for exanple, for

exanple, by a nethod including the following steps in

the fpellowng ord in FIG 10: the step A
of - Pefeliiny S0F, o ugRaragnpig seontes s mbI0

- magpetic substrate 100, the step B of formng a mask
mag%%

Kellgaepamied isgomred onethamepeoeiic layemypsor @0bis froeess;tapask
C of applying a resin film400 on top of the mask
layerthat caggeponds avith thp nidgnetical ly aesirding ipagera i'R@MEH 68 the surface of
pattern of the magnetic recording pattern to the resin

thefrhdgned® Ghyets SFotghatiof bf thetry2® 18R Gn ML Glsh® HAoBWikda FAE fil
step D indicates the m)verren?%of t he m)SF% Saggw da i

: e a st
omgBor e te s LONCBIILB, R NOEAS SHRNS B i
r i.nt 4 rd.shows a st of separatin
Sl P BOE! AR ILS IR o L0 RE BB g or e
in .t ortion oncave portion in the diagram
mOEqwg‘?&gﬁ I ﬁeﬂél}ﬁff@@&d[‘;) St%ﬁgffségﬂéﬁag ﬁ& méldtﬂ@l ﬂ@g%lbswe-g Each of the
pattern of the nmagnetic recording pattern (i.e., a
step Wil b deseribas bedowén detail.r Bshoulflibemotaddhat theslenifacturimgenethod

cases 5 where a resin filmstill remains in the
of the present ipantionns inmd Way Hinitpd B) thetshps FeepibEd Bélow.
partially subjecting to ion mlling, fromthe side

surfeas]of the resin film400 to the

The magnetic.recérding medium of the present invention can be rﬁanufactured,
for example, for 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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surface | ayer portion of the magnetic |ayer 200 (the
reference nuneral 700 indicates a part of the
magnetic | ayer partially subjected to ion mlling, and
the reference synbol d indisgates the depth of
magnetic |ayer to which ion mlling has been

PO kst U5 3 ShshPoolhe [ D B T i e

_ ctive _plasma or reactive jon 700 the part of the .
m°5f§§ﬂ%‘t %Sl}bé%tfﬁ)%t@bﬁ@é r¢r0Yigg agnaskiin ghe paytion (concave portion

. reference nuneral 800 indicates a part of the nmagnetic

in the diagrany shehwing theestereld) corpespprding ésthemagativegeattern of the magnetic
refornmed), the step H of renoving the resin film400

recarding petterpdle., aayprofIOBoviag totieprefn £XPaSd 8ehdskén those cases
magnetic layer to an inert gas and the step | of

whER\ERkER gﬂﬁﬁﬁnft&h&ﬁﬁ & the cgﬁci\;éﬁ)oglf?(%ﬂ%ttgﬁ sﬂteﬁgﬁgg,‘éﬂ-shfﬂ; Pof

protective film900. Note t ] o gve
S . abl t at | t
parlEY6bidcing o RESAILAD B0 ADAEe LPRLUGER 0% SR
surfith SEtipSion 4k e ghagent Ttk 200 (e rgfirencq el 7RO pdicates a

has been renpved wi || be exposed to the reactive
parpphthgunagnetiglayerametiallyesubjestes. todon mildingeasid the yefere8Gnsymbol d
formed on top of the magnetic layer 200 in the step B
indicatetsiiee dapth bimagmetic imren t@ehivhi iog ndllingdnas been cageRd)) the step
medi um according to the present invention is

G dfreformipl adrRfioBrbpeficd Of thd MhSidtiallayep BY %&Pbd%gg ﬁ’tv% }eggﬁte

one selected fromthe group consisting o
Do : L : g T s
plafiph o €38 loRZ00 Wi F e Megfen BE b REred B sor il e
shi el di .pr.opertie t he sk 31. layer 300, .
refl o Hsord R BORRE § R oftnerterti 42" i s aueegte propertes
roperties for forning the, magnetic¢ recording pattern
hax{E e refpERerSke PP A OSANARE BFSETBEIM AP @b e mask layer 300, a
Furthernore, since the above-nentioned substances are
step g€ pxposigythemegraticlsyando ar insri gas agd she step T bEcostesipg thd surface

depicted in FIG 10, an anount of the residue and thus
of the mbapmitialalyernwitin a phetectivef flaeo@d. otk ieat ARBOGEH the above method is

recordi ng nedi um can be reduced. In the nethod for

a pfféerusmﬁanbmaﬁinanﬂeﬁme%tépqc B SH A AR o H Th G gk Iﬁ_stht)@ can be
éarried out without this step. In such a case, the_ exposed sui'facé 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 fop of the magnetic layer 200 in the step B in the
method for manufacturing a magnetic recording rﬁedimn accordiﬁg 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,, Ta,0s, 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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present invention, anong these substances, it is
preferable to use As, Ge, Sri or Ga as the nmask |ayer
300, nore preferably Ni, Ti, V or Nb, and nost
preferably Mo, Ta or W In 3general, the thickness of
the mask |l ayer 300 is preferably within the range from

s S0 68 rlch 0o BTk A 80 bl Bl B A0 0 Rysming e
magréeg %%%5%% H%H'B ‘%22‘}8}% gF’(\éFIgbatYPe%ngk 1 lgpilgggqu@q%hennore,

.ternms_of pattern transfer by a filmtype nold can be

singgs b abayfmspiéenradaybatandss aeaspiledrytétehesofsingrenaive gas, in the step
ultraviolet curing resin, such as a novol ac-based

H depixiter in FAGr ¥0,i an ansdwant of ﬁﬁircﬁdwuﬁdahh&g(ﬁitémineﬁmxyn the surface of
resins. [0047] In the present invention, as shown in

thetrhenetie Recbrdig fieliint Y@fbdvelige@n Whi ch an uneven
pattern has been forned is pressed agalnst aresin

f“e M n%xltez‘ﬁetr R e&@@g@g@hﬁ@% ﬁﬁ@lgﬁgﬁ ,]ﬁg o acco%’émg to the

a d fromt a
Pfe%?lﬁsﬂé RNt eﬁeﬁgg%%w SUSTEE1S 8 u5F Adag Sn Ot Ga as the
the resin. filmcan be set to 60 MPa or | ess.
meslp fayer300s v DEeksrable Nie i Yoer b ndimest prefeiablyavo, Ta of W. In
((conpressive force)/(nold area)), in other words, can
genseal e dipknessiobthe ndskilalieng0q seproferapiy withinethe exhgbyfrcan 1 nm to
pressing machine with the nold area. In addition, the
208&. filmtype nold can be nade into any shapes, and
can be nade, for exanple, into a disc shape in which
bot hpgalse out er peripheral portion and the inner
perlpheral portion are punched Fbmever, in the

pr e 6)#&\4 'Vglﬂlona ﬁ{%%' 1%}@1? 5 ?ersfrhﬁfnh 5s§appgﬁd onto the

pre era use ong, ypé mo

S AT N LT
proE)gxgtl%g %Il trze%nggtd i)gtrtre]m trar?s%er 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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Further, as shown in FIG 11, magnetic recordi ng nedia
can be manufactured wth high productivity by

provi di ng an opening 59a to the long film positioning
the opening by making thisigpening 59a to coi ncide
with the opening of the substrate, 10 pressing the

I in the substrate usi a . .
Rt 080 b e TR0 Breed P paarades fop oxpmpleaiotp dise
for curing.the resin filmfromthe jig side. In ]
shagf Whigh, DOfHHDE e PRHBlisERlaTHOR #mctihe infer perphesal moriin are
having an identical pattern are provided in
punshed eHewever, intthg presens dnveption; 45| mentiwned earjien it is peafbrable to use a
the steps in succession, and al so both surfaces of the
long ufilsi-tygpeancill imadivhtidenticelogttbrmoarspeivad it seesekdivn BE€shown in
processed at the sane tine. 15 [0049] In the nethod
FId.an, /A ' i Iofefi i m
accor di ﬁg%ﬁg&%lﬁg&%ﬁgﬁtﬁ{ aﬂlg%{c/{éﬁfeiggﬁlﬁgfo oW ng the
tragﬁng of a negative pattern of the magnetic
rec rél g pattern to the resin film400 as shown in

the_steps C and D _depjcted in FIG 10, it is

pr eF%‘iﬂﬁi % PeVRdRE %Shiel fReERieEsopking mediacan be panufastired

.of the resin film400 within the 20 range fromO to 10
with highmrodugtivify byrrsovidinglenepsning Sade thedeag fibmi pasitiaping the

the resin film 400 within the above-nentioned range,
openimg yemskiap thif openihg A%a tohwimAdk withtes oxihas the bshurraten

the step E depicted in FIG 10, the occurrence of sag
presding the resld@g@iastithOfutRtrateiBing Piklididn HFand@Rif@ |l PRd irradiating |

suppressed, the shielding properties of the nask |ayer

: bt Surin 11 ng: i be i V. .
e B PR TAOREI Ay Fot b0 e AL, 680225 HERLR ffym in FIG.

ttern.using the sk | ayer 300 can.al so be inproved.

11, Rck Shdlad Ravifl bl ReRcal medRare Pyl af e, SP¥eTmES

the range fromabout 1.0 nmto about 100 Mh. In the
Posalrbi%@rﬁa%iym RRGhgH the;steps ingligsassipns admdso ooth syrdzees pEthe

resin film400 in the steps C and D depicted in FIG
substyate mﬁggg]tp fecondingpnedia ca kesilydegecessed at the same time.

radi ation-curable material, 5 either the irradiation

of f[GdO&tion to the resin filmmay be conducted during

the step for transferring a pattern to the resin film

4OOIIUﬁliC HietRod R thaptlbactRingld BaghdtRILHHRL it ScE&Ring to the
present in.vention, folloWing the transfer of a negative pattern of the niagnetic .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 thickneés 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 suppréssed, 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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film400 may be carried out after the pattern
transferring step. By enploying such a manufacturing
net hod, it becones possible to transfer the shape of
the nold 500 to the resin f33 m 400 w th high
accuracy. Accordingly, in the step of etching the mask

rech R piterd 9%??2%%@@3@32%93‘0'9?@%%8&%%%5 oig‘%%if gmige%?a'ﬂﬁbs
mask_ | 300, car , i el di
il e tesit ek, & Wil TE S it ebonb A Bertomboriri e

ions can be inproved, and properties for form ng the
naghethedreseatigventiog, pae matarialit bryuse dorthe kesirafin 406@in the steps
al so be inproved. It should be noted that the term
C anddaidepicted in §8@dl 0, althdueghyit Byreferablevienise @ fadistich-eRb1e Piaterial,
that includes a wi de range of 15 el ectromagnetic
eithéed\(eSirradiifion dF rdt®ation' 8 Y¥he Mk ﬂﬂlnemh%' 88 tondictdddthMl e step for
ray, X-ray and gamma ray. |In addition,

traﬁﬁ&'rﬁ‘fgia%u_@ﬂ{ t%%&eregﬁlt %Eqﬂe ﬁ(‘)(?ﬁ%ﬁé g (;ﬁog(? 506 UL tl?ehxe ga‘?.{aflgg} % the resin

t hernbsetting resin ron s

an _ultraviplet .cuning.resin en the radiation is

tuf Ao HneheoRYe et e B RoRole e it oot pplgYRE suh o
magneti c recording nmedi um according to the 20 present

map Wﬂngmet%%‘{a dichegpmgs pessitie tosransfesthe shape pEihe inar)d 00 to the
pattern to the resin film400 wusing the nold 500, it

reshieidlonrd@0 patbdiigh eccumcyr dwsomlinglyian theagpep of etélirg thel askdayer
the resin film wth high accuracy by pressing the

300mad shoxgeinrthé steh & depioitetl ini HIG. W) the otdiren8Sdisaliak Mel dlge portion
exhibiting a high level of fluidity, and irradiating

of thaGhakil®rer 300 Qard 9@51[@??5@%5, !tlhé@lﬁé?diﬁg rggoﬁe?ﬁ"es Jfid Iﬁxgél& fa%r with

while the nold is sti ei ng pres agal nst t

0. fi . 4 tion. of . th | d
s O Ol S SRR T
ra iatuQn ta the resin fil hi l.e pressin% t he nol d
ree 5@%8? THESPELhGRSY Tayer An 2t beiimpravsdt Hehaldrhscnased that the

irradiating radiation fromthe side opposite to that

- ter radiations| ufed n the PISSSAiAVEion iep corcephibatingludes a wide range of

irradiating radiation fromthe substrate side, a
clepimemaghetit wavesiditelt anlgeat i, atsitderlightf alemviobe 18y, deray and gamma
surface of the nold, or a nethod of irradiating

rayr ddiaddition, fatifatiogleutably MalerialRQBd €, e exbmplB, b M5 &ting resin
material or substrate using highly conductive
wheéR ieaiRfoMid Keat 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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respect to a solid material, such as heat ray can al so
be used. [0050] By enploying the nethod of the
present invention as described above, by 10 inpairing
the magnetic properties in t3ge regi on between magnetic

tracks (i.e., the region separating t he respective
t r NG the |
f?&‘*ﬁ‘é‘ﬁ@“@%@%é“e&%s SR (5 BRI P B e to the

AL SRR A S e et

recordi ng densit mhlch i s capable of preventing the
irgfiating tadiation fray theigide pppositedo thuk nfthe 15oli s nvatipnessenlier, a

i nvention, as shown in the step F, it is preferable to
mqt@dnférradiat}imgnadiaﬁomﬁrohhﬁlesubsftamaesid)é, atrhétho® gNtddeating\tediation

by ion mlling or the |like. Wen renoving a portion

frogf theRelesurfh@cst th mole of B aehdTof lexelauﬁ%l hidtRIA through thermal
reform ng the nagnetlc properties he magnet |

condiéBbn B¥mEEP BRIA Hlawi‘i%}] SI4beCSe tu%n% E}@ﬁ* ¥ cﬁ{cﬁ%TPad?Jtion with

reactive ions as In case O

ont.rast of the neti recordi ng
resgg%ﬁgtflﬁ& e@gﬁggfﬁbc%‘ﬁ y:fﬁﬁa{p #r atio of the
§§§$ recordi ng nedlun1|s al so |nproved, as
n‘E 04 to the case where a portion of the magnetic
Iayer has not been renpved. The reason for this is
pr e Byraseploying diel method of thegpresent inverftmneaspesdribed abovd, b
magnetic |layer is renoved, the surface becones clean

impaiding theanddnetit prbpartits it regiof betwdett n (?nbtxé ’ﬁ‘@ckfsqa@t théQegion
plasna or the reactive ion is increase Furth er,

seprdti tHefeBpdchive ﬂb‘gﬁetﬁzsla}/&'s}j Sor Kafpho Ib¥1 réﬁlfcﬂ'%ﬁtgxg ?e\)epof coercive

the surface portion of the nagnetlc yer,

t he magneti.c .
forfzg1 ?/Igar fe:éﬁr al | g'}i]g%t% ﬁkéty nqg Q]?cl &tﬁ'fo%ts IIUH.EC % ?’8%%% ogé}gtﬁtlo c;)ﬁowde a
e.de d up,.to mhlch a portion of the surface Q
ma#ﬁ%tlc Wgﬁfﬁa}% GG b e S By cRisinientingmBich ghespable of
referably within the range from 5 0.1 nmto
Prefsn‘i‘ﬁ‘ﬁ t%ﬁ%}eé digg Suging magngliq yecardinge range from 1 to 10
rim In those cases where the renoval depth by the ion
m | I thy preseheiggentivanaOshbwinn thhstepFf it it preferatderaysimoat 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 rnagnetic properties
of the magnetic layer by exposing the surface to reactive plasma or reactive ions as in the
case of the present inventien, 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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the magnetic | ayer nentioned above will not be
achieved. On the other hand, in those cases where the
renoval depth is greater than 15 nm surface
snoot hness of the magnetic 3gecordi ng medi um
. deteriorates and thus the floating properties of the
: L] Lar ; i.ng. the .
R G g Bl S R B R - O RAE i Gcpgpereats
. . The present inyentiop i.s.characterized by formng a
mt?gﬁing?gnfﬂ%\tayﬁﬁ %‘fghég?fiﬁlfe‘:@'eparat es, for exanple, the
magneti c recording track and the servo signal pattern
por i1} g prespyt ipgersion; g depld dreyieewhieh prooptéon ofghe gurfase of the
by inpairing the magnetic properties) of the 15 '
magegjivdayer i @ymrvet py éorpmsliing ot the likegs etdferablgyweithin tharahgdhfrom
films have already been forned to the reactive plasm

0.1a1m tES ARakbEY/Srefe@sbly Aathil@eRandt AR 15baP . IpPhEtEdses

in FIG 10, the magnetic recording pattern which 1s

whBRANE tnt Rkl depify B R o n‘ﬂﬁingel\%gersis agd d. PTHnIélE g}efegfﬁﬁgglle rre,moval of

invention refers"to a stat ere a

[ eparated hy.regi gns 800 i C ave bee .
the el RPN T Sontrpe iR DR LEs @fFamitaingose
medium fromthe surface side. In other words, in those )
casgs, where theramnqysb deRip Hegreaten thow 15 ppp spefacesymgosiinegs ofthg magnetic
viewed fromthe surface side, the object of the
recprdsnemedium/daierierates and Bws dehileating propartiés oftthe magngtizt iead
| ayer 200 is not separated at the bottomthereof, and
dettfiokates lvéer pestiring tht maghétv ﬂ&cérﬁ&g&ﬁﬂl&%?ﬁodﬁéin@&ﬁﬁ&&ﬂug
recording pattern, which is magnetically separated,
adopyad)i n the present invention. In 36 addition, the
term "nmagnetic recording pattern” used in the present
I nv ' ' : ' -calle atterned
o PO UG e SAPRGrloBe b R0 e R rp B0 AR hRlghieally
.arranged wih.certain requl.arity for.each one pit .
serf @0 A bfblen A FreERiBE lradkafd e R6te Mamagpatem porton,
pattern is arranged in tracks, and other patterns such
by seforning thesmaenaticpaenestiesyi-es by irapririeg themagnetisproperiies) of the
exanpl es descri bed above, it is preferable to apply

maghetiqleperdiytexppsing thei magretic fayso o avhicfibhslave tabreadypleeen formed

magneti c recordi ng nedium in which nmagnetically
to the reactive plasma or the reactive ion.

As shown in the step G .depicted in FIG. 10, thé magnetic recording patterri 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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separated magnetic recording patterns are the magnetic
recording track and servo signal patterns, fromthe
vi ewpoi nt of sinplicity in manufacture. In the present
invention, reformng of thggmagnetic |ayer for the
sake of form ng the magnetic recording pattern 10

' It R Ny f |
s o8 SRUEIR el e TRRE A D plSipe R nctuds
thoffn Uit i oot guemhed arecia iy ilch 8 SBnFYF esaRne Bt thgrtanged

.residual magnetization, or the |ike. Furthernore, the
with cerdain regularali forrack ane bitghosssindhtinediedn whichaknagnetiverecording
magnetic layer, to which filns have al ready been
pattenr ivetirangatbinfiaeits, abyl oehep pattergs sudhastseib sidhal %ﬁtems or the like.
magnetic | ayer that magnetically separates the
NMBgOE tHetvatRaEnTsled d agb '
portion to the reactf%ghglasﬁgggfﬁﬁﬁgﬁﬁggﬁgggtbpgﬁbﬁggm
. r ' 0 tes of. the etic ..
iy B N8l U Rene AP o A RED i iy VRRR Shaheccaly
_alteration of the crystal structure of the ghetic
SCPPI%F?rmaW“E 5%00&518% Brfmnderihs Hw,gnwwdmaéra%ﬁ &¢rve signal
| ayer. anprphous refers to making the atomc ] )
pattgris, FgBNBA (ViyfPoinof simaplicity dn mapafacpge. It the presentriavention,
atom c arrangenent with no | ong distance order, and
reforpring ohtheiniagnati¢ iayer foe ther ke of farkiimgthe magatteriecording pattern
arrangenent of the magnetic layer into a state where
refdts 67 catisingtanpdriilehaigri ifsfoh @xarnpledé @€ foted ARBrebifaa 2
nm are randonmly arranged. When confirmng the state

ma@etizAfoRb Ot E@J‘ﬁg@ﬁ%r@é& t@‘%ﬁl@&ﬂ lt%ﬁt #?gl{eti@ .rl%f]e'?,sa?rd tRe

State is 37 obtaine rough X-ray act'i or

e, SLEALA5A LB L R S RS 0
I AN SRR TN

plasma (1 CP) and reactive ion plasma (RIE). Further,
layes ghyhich fimsthare pleepglyibgen Bormsd, umewhpus byhexposigarnart of the
i nvention include the reactive ion present in the

 magmetisdeyerdhat magnatadly spharaten tarmagresic récoeding trapk asdhe servo

menti oned above. The inductively coupled plasma refers
sighd] pattgiir fofiprefothe k@cHl AFIABmA BF BHeN85btRY¥ jon. Reforming of the

magnetic properties of the magneﬁc layer in the présent 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 makipg 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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appl ying a high voltage to gas, thereby form ng
plasma, and further generating the Joule's heat by an
eddy current inside the plasma by a varying nagnetic
field of high frequency. 103Fhe inductively coupl ed

pl asma has high el ectron density and thus enabl es the

obt%uﬁlgg %‘%‘e)t(%éy ncet dnt %%ﬁe%r?r%htdéi%gag fion n‘E"ﬁﬁyal pCe Wigléesentmg
I [ te t k di
cryRah AT ?%ag%%‘?ﬁgl“@?ﬁl? aﬂfa%éa%c%gm%% reactive I on

plasma is the highly reactive plasma in which a

r eaExamplegakthe seastiveplagma usghHp, thprsentdrvergiod i@dids inductively

added to the plasma. By using such plasma as the :
coupbaicplasnea I6Pphmbreactive ibhelasmagRIE). | Furthet,iexampids of he reactive

possi bl e to achieve the reform ng of the magnetic

ionRise@ & the peseit 1ﬁ%t16ﬁ§h'il§ﬁdecthé rdativé {dh fHe@REn the mducﬂvely
efficiency. [0052] 1In the present invention, it

coﬂ&f}]ﬁﬁﬁﬁz{% Q(ﬁlvghgn ﬁ%ﬁhi’e%ngh@cf%v%r t he reactlve

I on aloge I on I's part|cularly

desi t th en . on a 20 hal ogen i on
f or Déig‘ ?Yﬁ%f sw‘i?#@aaﬁa fedggs o tﬁ%lpsr@élﬁsgfaa%tamed by
elected fromthe group consisting of CF4, SF6, CHF3,
aplizetna adnigh yadiage i st thershyfermipg Diasaprand further ganesating the Joule's
enhancing the reactivity between the magnetic |ayer
heag byl anteddyp tersend insids the plasing byiasveryihg nstgactie fickigpfthigh frequency.
pattern to be fornmed. The reason for this observation

Thé indnotiveletoupi@Bbpladria haleHigh blectromessity anll ting énlam@gme reforming
that the hal ogen atomin the reactive plasma etch es

of tlEne?R proRrEdn hfg‘htb?ﬁé@ﬁ&smfaoﬁlmfti‘a thrpﬁltﬁ Ynide ‘51' fcompared

the nagnetlc | ayer, as a‘result o t he sur ace

SR e e

S|ble at the clea ed surface of the
Th%ﬁe@ﬁﬁif? ioh Pl 1 el achive ) aggerin Juih2 Eachy#as, such as Oy,
effici ency 5 Although the rmgnetl c layer is reforned
SF - Hhan 65 ARd €. ivergided tocthe lasmat Bynesinghsuch plassnanasitbe reactive
been formed to the reactive plasma in the present
plapma émthequgsentiaveniony itiimpossible forazheva theyrefemiing ofthehyagnetic
~reaction of the nmagnetic netal which constitutes the
propeghetof 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, SF¢, CHF3, CC14 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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| ayer with atons or ions in the reactive plasma. The
term"reaction"” used herein includes alteration of
-the crystal structure of the magnetic netal,
‘alteration of the conpositi 88 of 10 the magnetic
netal, oxidation of the magnetic netal, nitridation of

fordi@ﬁsd@&ﬁ@ésl ferri®d 6h theaffasd bf tﬁ@}da?ﬁet&f la&é}ead'@ﬂz@ﬁﬁ bfwhich the
metal, among others, due to penetration of atons or

surfta@éao ﬂhE ?‘Eagh # err 1?@&5%1%(?'{ g%g%lhaﬂ&ﬁg ereﬁ@ olf‘fhe magnetic

I nv 1 on,

s, oSﬁ.egsbm RN gaq%sF

such as dry etch| ,, 15 reactive ion etching, ion
withrhalpgenyetema aeigheflidiensy. can be enpl oyed. [0053] Then,
in the present invention, as depicted in the step I,

t heAlthgrehtthe magyetic lagertis Wi‘bﬂnk:di}y ¢ stigaismbgnefic azibtér tb which
is exposed to an i-nert gas, thereby stabilizing the

filnisEERe bech fotied to theRedcEias Plasia)in tHRproR@nRivestidra R refoPming is
stabilized and the occurrence of 20 migration of the

L§ r :
pref(RATE berforheh “%%@%&%?imﬁ e fﬁﬁﬁpﬂﬂ{@%ﬁ%@%ﬁﬁ%@ Regnetic
rOVLSIon C S,_not, evi.dent

oyt Bp RS RY 19 P et Doy grEfih "i5¢d pefgin includes
magneti c particles is_suppressed due to

alteptioniof s Qmstel'f styycire of therazgnetic metals ﬁt@@m%@e gmpagition of
magnetic layer, or migration of 39 the nagnetic

the pragneted mestab oxidagioh ok e magnebip mestaledlittidatimo of thempagnetic metal
surface of the magnetic |ayer which has been active

andistlicacion e thehyagrieeic eaepalsarneng othars, dietot pegeatioAsofaroms or the

inert gas used in the present invention, it is

likehehSFcabl R FlOsmS Brt@thel BASTetiORRtalgas sel ected from the .
group consisting of Ar, and Xe. Th| s i s because

"~ th
e P e e ST Rl 0

i nert in the

e Bk o 5o F%hfoae X2 s BRSO g chinge

of the devices or_nethods selected fromthe group
reatyiedpn eichingoton; rpRling and weretahing crp be empioygdt hese, it
is particularly desirable to enploy ICP or RIE in view

of E®RBEVI ng

Then, in the present invention, as depicted in the step I, the magnetic layer

| 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 s.uppressed 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
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hi gh dose. As for the descriptions on the ICP and R E
used herein, the sane applies as 10 nenti oned
earlier. In the present invention, as depicted in the
step I, after formng the prgtective film 900, it is
~preferable to include a step for manufacturing a

| a Iubr cant
e"ﬁ%@%t%%@%%ougﬁ%q R Bt B8 P Bt Bty aver
n i.n filmof D anond L|ke Car bon
th‘%‘ hap gferé%% Il%re“g’vﬁd BUﬁ‘erFé‘@ﬂﬁ‘He RRINEH 38 esent
invention is not limted thereto. The protective film
nay Asendnerhgasoisad Boths presgmsrinvensiopois ésdpreferatde tsouse (aCjeast one
hydr ogenat ed carbon (HxC), carbon nitride (CN),
gassabactruioim theagroop corsisting ofi Az AHb ané XeSiTh]s 6 betduge thekeelements
or other materials that are usually enployed as a

areFE’ule@@ﬁd e als@ yefredtivelin s@;&fﬁ&sﬂfﬁ th Qﬁ%rat;{)lg 08ma tic Oparticles.

Ti N. Further, e protectlve filmmay const |
F
°€?13%‘§@°%‘&5%“f"*ﬁ. qﬂé@é%“ Dol SR SER it e’i‘}?l"y any
cause wh he. t kne of the ote tive f
on 3t g R Ror M B el G Beioun 68 ior Gy 16 ana
he magnetic, | ayer, becones too great, mhlch nmay cause
RIE A heseqitds E?Jtlii’gt'ﬂiétif‘gjﬁableﬁﬁ SERlast I o IEG e of achieving
insufficient. It is preferable to forma |ubricating
highdpse. Aa fardhe déscringonsrantthe ICR end Rifrusdddzenpinethe sime lapplies as
| ubricant used for the lubricating 40 Ilayer include a

mehtioned ¢aelidrased | ubri cant, a hydrocar bon-based
| ubricant and a m xture thereof, and the I ubri cating

| ay ¢ tHepreseHPink¥ntionl AEgk YEtéJ‘lnathE Eﬂeglf HR SrofiBive film
Next, a configuration of a magnetl recor lng an op

resent |nv ntlon
902 ﬁg{,\,ﬁgéﬁ}aﬁ%&%%@{lﬁrﬁ&e Fg mahuf crtlér(l:n(ﬁ% éne ﬁd'ecordmg medium by
o SRR DA s SO BE B 50
recordi.n m 1000 of the resent i nvention, and a

forming aAhin file Orfé)lalﬁptld Like Gasben byfpyesmme af@MPrmiethady ghe

recording direction, a magnetic head 102 constituted
preséntanvengion nsingtdinsigast thenatoa nichegproteptiveifiln nay e atdadsonaeeous layer

head driving unit 103 which noves the
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 constituted of two or more layers.

The thickness of the protective film 900 needs to be less than 10 nm. This is

because when the thickness of the protective 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 lubricaﬁng
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magnetic head 102 relative to the magnetic recording
medi um 1000, and a 10 recordi ng/reproduci ng signal
processi ng system 104 t hat conbi nes
recordi ng/ reproducti on signalg processing devices for
carrying out the signal input to the nmagnetic head

R P 3 R
BB R EAR B bl RSB SGERE P

t he_ conventional cases, the 15 wdth of the
r epNg¥u@ichRfigiaaiiprefs BagnfticdaeOTAnE eadEePrediising anparaygs of the
the recording head in order to elimnate the

presentt inventien sfshowg e FIG. 12 dlfsd magneticeeiondiag ahd reproducirige
portions. However, in the present invention, the

appaftiPeitbe ﬁﬂ:s&lﬂ&ﬁ‘vé&’mdﬁ s @bpabiud REMEHHhE @fdﬂ&ﬁgntldﬂeqtrﬁhgnetlc

are made substantially the same because the nagnetlc

recbfd@mefi ﬂ)()"(‘facgrﬁﬁg resent F:F\%ngﬂ GndBdhiiidl }Asl that

pr ocessed 1 n a rmgn tica I sconti nuous rra

. esult ficient re roductlon 0
arfeG hEBium Bkt et RS E e i idi o7 Ranshictéa S
re roducln ection of the afaqrenentjoned nagne iC
recKing Hctian PRAGIng segtignyR head drivingrunitdi03 whigh giexes the
strength can be obtai ned even under high recording
magegiisi hopd 187 eelatinesto shemggraticoeeadimganerdjumri@09 gmdaduci ng
apparatus wth high recording density can be
recactingropebdukingtshpmhproeessitpesystehre 1 vbgaetontbihesad i s 41
raised at a flying height of 0.005 gmto 0.020 gm -
rec@fﬂn‘i@ré du@ﬁ@ﬂ sighaPrédealing Betibss fof Qiﬁ‘ﬁﬁngﬂﬁE §Hﬁput to the

t he ou is incréased and the deV|ce NR is

%ﬂa&r}%ug |l%\§%€bh§rraﬁ6hﬁ%th&[w %r ge C ap acl ?@1%1210 gead 102.

ble can b d. In additi.on,

A ifhiagticiyof Bt S Perts feblye {6 eort e it Faraiai sbording
decodj ng systemis conbined, the recording density can

ang [eprQegPPRARBIS Viluhigh secosdingdeasitya 18 therqoaveniianal easgh the
SNR can be achi eved even when the recording and

width pf tehurspreglucing hpad hasrheen nwddematrowet thao khatlefithetrycarfling head in
not | ess than 100K tracks per inch, linear recording

ordg:e tsélinginafe thé HiKehid ¢f rAggnetio ¢lansition i‘éﬁoﬂs&@ atek &dge portions.

ensity

However, in the present mvennon the reproducing head width and the recording head

m;

m

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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of not | ess than 100G bits per 1 square inch. 10
EXAMPLES [0054] <Preparation of lamnated filnp
Laminated filns Ato F were prepared by applying a W
curable resin indicated 154in Table 1 onto a hard
filmindicated in Table 1, followed by drying under

o S B B RN USG5 WHLSORAGE it
o R I o R hataB LR DA et poa

doughnut shaped disc having a thickness of 0.3 nm an
resylireamagnetinsecording andrepralugingapparatisshatdias dilange capacisy and is
63.5 mm and nmade by Ni electroformng, the pattern in
highlyi rehiathl earhles prlovideilf Ireadditen, vdtenaesigral porvessingdeirduitof a
and a concave portion was 80 nm the width of the

mag e Xikelthdod ecylifig dyiten 18 cnbihétE the @tbrdfig ddASitF SRRV Ber be
portion was 80 nm and the nother stanper was set by

m;%]ﬁ@:cp gF&rQQmﬂgfeg ?F@gfﬁﬁgft}.@ﬁsﬁﬁ cfaﬁg@ at ?ﬁéédjeven Eaeh e

e lam nate repare

above- nentianed nmanner was _cut..int 2 .a l.ong shape
reciBE aiRbNeR NG 36 Firiomad mith e fagk dehsk a5 BteSs AR 100k
surface to which an _epoxy acrylate solution has been .
tracksiner aghy ipepn resorsingdensiy of é@@%ﬁt bitg\perdpch argd dgirerprding density
di e, the nother stanper was pressed agai nst the
of netressdhandl GG bits gerdtsquangriedsur e of 30 MPa for 10
seconds, and WV light was then irradiated for 20
seconds by adjusting the illumnation intensity of an
irradi ati on device (equipped with an LED | anp havi ng
ExamMerekength of 365 nm at 30 mWcn2 while applying
the pressure. The irradiation of WIlight was then
stow,] and a hole having a dianeter of 12 nm was

<Preparation of laminated film>

Laminated films A to F were prepared by applying a UV curable resin indicated
in Table 1 onto a hard film indicated in Table 1, followed by drying under adequate
conditions. The constitutions of thé films A to H are shown in Table 1.
<Preparation of ﬁlm-tyﬁe mold>

A mother stamper was prepared by form_jng an unevén 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 convexj portion and a concave portion was 80 nm,
the width of the convex portion was 120 nm aﬁd 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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made at the center of the pattern using an inner

peri pheral cutter blade. Thereafter, the 10 upper die
set was raised, thereby releasing the die. This
operation was repeated for #2000 tines in the |ong
direction wth an interval of 80 mm thereby preparing

a logshapB WirP 8 WiBththf 70 Intiing Rvdsdenty ﬁl@idng%é §irfie \ﬁ@?vgjch an

provided I n succession in the |Idng direction. No

h tWo .pi.eces of filmit | ds re each prepared
epos) Wit o RUST i e abp e s Ryt Gos) 15
<Prﬁ§${$ﬁti on of substrate for magnetic recording
med ttached with resist filnm A vacuum chanber
with a glass substrate for a magnetic recordi ng nmedi um
bei Adfer gsfam’@a thérdieeihe methereiampertvess pressed pgainsy theelanfinated film
1.0 x 10-5 Pa or less in advance. The glass substrate
at ausresbutessfeSonvVia SomBsz condspard Yt laght iwas dhegl ianadiakadciori 90 8€tonds
Li 2Si 206, A1203- K20, A1203- K20, MgO P205, and

by SH303EARCHARIGANS! ik 6 SOFAANARL YevREGe AN LET ED
20 di aneter of 65 mm an i nner di ameter of mm and

L T e R
B8 T Mt Pord, LB T B 4 BB P

indicate the nolar ratio) to be served as a nagnetic
mage;gicthe griter ofthe pattesn uping & innes persphesd cager blpde. gThaseafter, the
substrate using a DC sputtering process. The thickness
upref didret FeCosedoflierebyagleating thealye r Thia p&@tion mas répeated for 1,000
t hi ckness of the Ru internedi ate |ayer was 10 nm and

time§ h the MrpkdifR o withne ifReE bF 80 nd¥ SthedB$ pidpatifiy a Al Ke mold

| ayer was then forned thereon by a sputtering

in Whidh §&ticdIHaHBRS Kvér@gﬁfvid’éﬁ?in CRARLS e ‘Pc;ngrcﬁre%fign.t RNBte that
f was 5 60 wa

t hi ckness thereo “nm A resi st appl 1 ed by

' ' bot h f f.th i
BB AR T PR U658 RGaBRARE) o

Co. (gt?.) which was an ultraviolet curing resin was

useR8Ja" resist. In addition, the resin was diluted

and adjusted with a solvent so that the resultin
<Prepprption of Risatefas magueticypsording 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 10” Pa or less in advance. The glass
substrate used herein was made of a crystallized glass including Li;Si;Os, Al,03-K50,
AlLOs3- K50, MgO- P,0s, and Sb,03-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-30Co-5B alloy to be served as a soft magnetic layer, Ru to
be served as an intermediate layer, and a 74Co-6Cr-i 8Pt-2Si0; alloy (these numerals

indicate the molar ratio) to be served as a magnetic layer were laminated in this order on
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[0057] 10 <Inprinting on the resist filmplaced on
the substrate for a nmagnetic recordi ng nedium .using a
filmtype nol d> The substrate for a magnetic recording
medi um whi ch was prepared i M3t he aforenmentioned
exanpl e was sandwi ched by the filmtype nolds prepared

theiglhst B@bstrafeQlsRERNDCAPEHe b&ssf "I‘P&]@éﬂ@ﬂbs?.b & FeBbLBLoft

j1gs made of quartz so tha t he 15 surface was

f. bstrate
maRARTRY: s o0t 164 Bickpeld ¥ B RY pdelife R eptp Af onand the
rod net er f 20 S, provi ded
SR F st b ndty T Lot Ttk ber asdbenvformed rong by a
the positions of the substrate for a nmagnetic
SPYHEEBE BIasessneldieuniskreyer Fes cpnstitnipg of Folaad tb&f&m:kness thereof was
pressing for 10 seconds with a pressing force of 0.6

60 MR Aisdsisgwas applicdeyen spinacdating rgéthod oY bbihghtfav@sof the magnetic

irradiated fromthe 20 quartz jig side at an
recotdingin8éitihQ P AKLEN@AdnVifARfurdP by v\zmddéil 9, BR.)ARch 3P an

having a wavel ength of 365 nmwhile the preSS| ng

ultlfa OT& ch %&aﬁgwwgg%g? 1s-[h31g§ 1{1§ﬁ tPé ll%ilél ‘&%gcﬁ"fé#%/%a?nd
ad;ﬁ%%%b"g‘?g% Ef?ngscﬁhﬁ% ﬁ’ﬁ’& tﬁ]’ﬁ‘? t%&‘ess’rlr‘?i‘és ]tqgﬁgﬂ'ness of

t he | ayer on the substrate surface was 80 nm
andl ({qu t hi ckness of the concave portion of the 44

resist layer was about 5 nm In addition, the angle of-
<Imm‘élti;xgmpat£© resist filmplased oh ¢he sissate fhry magnes ratmding3fedium

degrees with respect to the substrate surface. The
usingpfiimttypgmotd>t he resist |ayer was carried out on

1, 000 pieces of substrates for each filns using the

fil
i | Te AubstrteHor 2 nl2@R&GH] re&;:r@!.rg?xhg&ggﬁ@glfﬁ i&%ﬁf%ﬁ)&red in the

eval uati on of nagnéetic reco a part

<foRre Rt RiHp s 4P S RRLRERILE it Sk BRAOOER Gy

d et chi ng
aforeetrr(l:er}lt{c])ged Iega.ntlp e from {)oth r;1edeg 82191Igtjllg(s) rr]nsadte %E’ qua.rYz 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 pbsitions 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 illuminatio_n intensity of 30 mW/cm? using an LED lamp having a
wavelength of 365 nm while the pressing force remained unchanged. Thereafter, the
ﬁim—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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the resist was etched using 02 gas of 40 sccm a
pressure of 0.3 Pa, a high-frequency 10 pl asma power
of 300 W a DC bias of 30 Wand an etching tine of 10
seconds, whereas the Ta |ay was etched using CF4
gas of 50 sccm a pressure of 0.6 Pa, a high-frequency

resit BB WA ¥RIut 8fnnP OR) a\&ﬂitﬁmpﬁe%gE JHih Bk rft0p of the resist
Thén, t e of Ca

etching tinme of 30 seconds. e surf

£ .1ayer i C s _net caqvered.b

layBFies o OF TBORCHIA s o U SBHS sitPler THRMEPring on the
were used far the ion m|ling process. 15 The

resgsh ﬁﬂ}ﬁef Pansarpisd optan 1,800 pieess; q%@ubiv@aeéigr ¢aeh dilms using the films A
hi gh-frequency di scharge power of 800 W an

toHecel erating - vol tage of 500 V, a pressure of 0.014 Pa,
an Ar flowrate of 5 sccm a processing tine of 40
sec¢dB8]and a current density of 0.4 mA/cnR. The
surface on which ion mlling was conducted was

<FEXRATRhrdPréRegt évma@&@maéf@i_ctr%_rﬂﬁ? E@tttérﬁ>

properties of the exposed portion in e nagnetif
I ' ' |
o e N O R 08 LSRG 6 2 SR Brfn BT e

the reactive | as treatment of the gnetic |ayer. .

layp thegshelow,yereqEmgHel by AP | Brisriseihe gonditions for dy etching,
generating pl asma, CF4 was used (90 cc/min) with a

theggsist Wéﬂetgeﬁﬁé—}sufgé?z gas 8 AR sceyaeprgssusnoidt.3 Paoa inghrftequency
pressure inside the chanber of 0.5 Pa, and the

plasmgmowier of 39 W, adS bias of 86 I dnd an e@BihgsimeoofiE) seébnds, whereas
[ 0059] Then, the resist layer and the nmask | ayer were

the Bantayetiwiyetchiod 8ingiTHdas S0 séand pre@ife §fU.6 $hYa high-frequency
etching were the use of an SF6 gas at 100 sccm a

pldgg%%ﬁ)%:? 0P50WE a5C blks of b0 'W%fﬁ %ﬁgﬁgﬁéggiﬁlge;gp%@&%ﬁdé) f

Wand a processing tine o

Ther t ieher l,asma was .irradiated onto th
sur e G syflk€ ol 438 FURETEANER ek R Fomd cPyorcd g the
irradi ati on of .inert s plasma were: the use of_an .
m%Sfﬁ i% I 248 rqmsoved byjion @gl?lﬁggﬁa?@ wre gseshipr the ioganilling process.
accel erating voltage of 300 V, a current density of
cangifiopyipr n ifngqeacgshyyerd akighfiregoensyatisrhierge power of 800
of a carbon (i.e., DLC dianond |ike carbon)
W, an accelerating voltage of 500 V, a pressure of 0.014 Pa, an Ar flow rate of 5 sccm, a

'procéssing time of 40 seconds and a current densify 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
cqupled 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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protective filmwas deposited on the surface thereof,
and a lubricant was then applied 10 thereon to

manuf acture a magnetic recording nedium [0060] Wth
respect to a total of 8,000 43 eces of the nagnetic
recording media manufactured in the above-nentioned
exangse] (1, 000 pi eces each, nmanufactured using the
films A'to H), the defective rate for the forned

For @%ﬁ%‘%’?ﬁ‘?ﬁ@%@% RS RSLPRLIelErmbled ) Bl diibiome

) re of trac forms on the surface
COIWI%PS@ ﬁt@?%‘mf %M .abiéj%apcab@mssw of2.0 Pa, a

atterns as the defectlve products. As a result, it
8?3@1@6%&%@ layaa pewer of 08 W iand amgecessing timeeof 308gaenids.
~recordi ng nmedi um manufactured by using the filmA was

There6f6r, hef%af plasmh evas imadiated ontosthe sdifng: ofebié thapnetic layer. The
manuf actured by using the filmB, 4.0%for the

contAGAB fof the QrrsBERS b Mide BN H&mwfa%@ﬁ&%m lhlé{ P4 (5REcm), a
filmC, 1.9%for the rmgnetlc recording nediu

predBBE bR 101S 4 A Hélbfhgig% QISIIE n 3 acxzur el‘g'feglrt d&{hﬁx of 04 mA/cm

magnetl C recor Ing ne

ami ) rqc Stufﬁ tér(é/e fsg | %é%ﬁa n Sy fic ohag C or gII?Ig(':?'dcklf:llgond like carbon)
tJ di f t ed by using the
Prﬁ‘?q%rﬁ](s Ittt depoYieHon | %éi?ﬁa&gﬁ&‘%pé‘f%%i@m%gnm toen agplicd

manuf actured by using the filmH Accordingly,
thereggriemanufastuse dinregnetdicgondingmedimnuf act ured with hi gh

productivity in all cases using any of these fil ns.

[ 006ag60][ Table 1] 47 ~3 No 0O O O Cy oco T ~? 00 A w

‘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 by 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



OO0 00 " ~a Aat n0OcmcoC3cooao00&o0o cmCOCD

00 00 xv-= U5 o A4 colC-IR Vuuuzuuma ~c
OO0 00O CRCOMMMMMMMA "+fmn n x nn 7d o
c::, 53 AAOY. O ~ mV1id46~tp ~ k' ~ ~ya bA~ ~ ao

PNNNiG~aUaQppp-ytii Cu ~ o'a'r -1
mandfB&udtiby ustighe AIRM. Accordingly, magnetic recording media were

manufactured with high productivity in all cases using any of these films.
[0061]

[Table 1]
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10 pattern has been forned; a step of transferring the
uneven pattern of the nold onto the resin filnm a
step of separating the nold fromthe substrate; and a
step of forming a magnetic #8cording pattern on the
magneti c | ayer using the wuneven pattern which has
INIDESTRIABAFREICABIT By 2. The net hod of manufacturing a
magneti ¢ recordi ng medi um according to Claim1,
whefp the fil mtype nold has an opening, and the
nol d i s pressed against the substrate by making this
opeRing.to.cqaincide wth.the opening of.the substrat.e.
b Acching 16 s BEFeRiPRlian A rHEn et g R meGiREY ey oe
dium wherein identical patterns are provided in .
excgﬁ%@wrawagw [fenYSTSiRP chyacisrptics and hayiap jughyeaerding dgnsity
in succession the steps of aiml1 or 2 on a plurality
candfe wobided with highoiroductivityeamethine thegfreseatinfemti anr iis thighdy
magneti ¢ recordi ng nmedi um according to Caim1 or 2,
induéteialey appliasbieesi n fil mapplied onto the magnetic |ayer
is a radiation-curable resin, and radiation for
curing the resin is irradiated fromthe back surface
of the mold when 5 transferring the uneven pattern of
the nold onto the resin film 5. The nethod of
manuf acturing a magnetic recordi ng medi um according to
Caim1l or 2, wherein the step of applying a resin
filmonto the magnetic layer, the step of 10 pressing
agai nst the substrate a filmtype nold on which an
uneven pattern has been forned and the step of
transferring the uneven pattern of the nold onto the
resin filmare carried out simnultaneously on both
surfaces of the substrate. 6. A magnetic recording and
reproduci ng apparatus conprising a conbi nation of:
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15 a magnetic recordi ng nmedi um manuf actured by the

met hod of manufacturing a nmagnetic recording medi um
of Claiml1l or 2; a driving unit that drives the
magneti ¢ recordi ng medi um i @9t he recording direction;
a magnetic head constituted of a recording section and
a reproducing section; 2pq: d driving unit that
relatively noves the magnetic head with respect to the
magneti c recordi ng nmedium and a
recordlng/reproductlon si gnal processing device that

to the magnetic head_and reproduces
1. &gﬁt&}fsad ;k gﬁ%‘ Ctﬂ]?l&gwatlﬁ@nﬁg%ﬁé‘{){ ding,mgdium hav1rF1Jg magnetic recording

- patterns which are magnetically separated, the method comprising, 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 onto the magnetic layer;

a step of pressing against the substrate a film-type mold on which an uneven
pattern ﬁas 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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~ 4. The method of manufacturing a magnetic recording medium according to Claim 1 or

2,
wherein 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 Claim 1 or
2,

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.

6. A magnétic recording and reproducing apparatus comprising a combination of:

a magnetic recording medium manufactured by the method of manufacturing a
magnetic recording medium of Claim 1 or 2;

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.



