1 DESCRIPTION Titl'e of Invention MAGNETI C RECORDI NG -

MEDI UM METHOD OF MANUFACTURI NG MAGNETI C RECORDI NG -

MEDI UM AND MAGNETI C RECORDI NG REPRODUCI NG APPARATUS
~Technical Field [0001] The present invention rilmﬂm,mmmnI"l”ll“"l

to an inprovement in a magnetic recording nedil

for, for exanple, a madDESCRIPEIQN di ng/ repraduci ng_ *159159* .

apparatus (hard disk drive), a nethod of

manuf acturi ng a magnetic recordi ng nmedi um and
mgnet ¢ recorai ng/epr odi ng. apparacus. pri or IHMMIIIT
cl ai med on Japanese Patent i.cation No. «G00002* _
2008- 047630, Pi | ed Fegﬁ[]?a?‘ﬁgg%‘}“"??os, t he Cgm_sﬁt_ﬁfd" -
' [:Sl in hy reference. ackgr oun
VB TIC REIRBINE MERFUN Me o CeNmom T ARgERING
for exanple, magnetic recording/reproducing .
apparatggﬁgﬁﬂﬁﬂ IRHCORDERGApRTHM 8D MAGNETAEL i C
tape apparatuses, has increased remarkably, and the
| nportance t RECORDING/RERR@DEKIING ARPARATUS, a
techni que has been devel oped for significantly .
i nproving the recording density of magnetic recording
medi a used in these apparatuses. In partlﬁu!ar, Lhe
[ tion of an MR head and a PRML techni que has
Ta?#%%???%%ntly i ncreased surface recording density. In
rec% hoyears, with the devel opment of GWR heads and
TVR 9 ﬁeads, the recording density of magnetic
recqrdi ng media has increased at a rate of about 100%
per ngl'&ﬁr_esephgw@nqx@ 15laiRsria 88 improventent infemagnetic eeceding
the recordi ng density of
medium used for, for example, a magnetic recording/reproducing apparatus (hard disk

drive), a method of manufacturing a magnetic recording medium, and a magnetic
recording/reproducing apparatus.
Priority is claimed on Japanese Patent Application No. 2008-047630, filed

February 28, 2008, the content of which is incorporated herein by reference.

Background Art

[0002]

In recent years, the application range of, for example, magnetic
recording/reproducing apparatuses, flexible disk apparatuses, and magnetic tapE
apparatuses, has increased remarkably, and the importance thereof has in_crease&.
Therefore, a techniéue has been developed for significantly improving the recording
density of magnetic recording media used in these apparatuses. In particular, the
introduction of an MR.head and a PRML technique has significantly increased surface

recording density. In recent years, with the development of GMR heads and TMR



magnetic recording nmedia. In order to nmeet such
demand, it is necessary to inprove the coercivity,
signal -to-noise ratio (SNR), and resolution of the
magnetic recording layer. Imyaddition, in recent
years, there has been an attenpt to increase track

heade thé tecoidingdidisity @A mafzhetld &@&Hh{é%edig hQQinQFé&éei[cfo% §pte of about

t hereby inproving surface recordi ng density.
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' ncr.eases, interference,occurs between
e Ak el C R Ao € ket SHSPICGand o s do aprove the
tracks, and a.magnetjzation transition region, which
coeirgvgy,g&gml;g)rgm%r@p@ KSNReragaesalelion efthe magneticsnegerdingdfyer.
noi se, which may cause a reduction in SNR \Wen the
In agdptiqns iny rgeens earsheredias been ant atemisitte incoraat eackiiérshy in addition
prevents inprovenents in recording density. [0004] In
to lorederecodinignjensive thdrebsinigraciglsapREciedetdapNinkiyy, it 1S
necessary to further reduce the size of each
recofodoslg bit on the magnetic recordi ng nmedi um and
maxi m ze the magnetic filmthickness and saturation
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caused by heat fluctuation. [0005] When the distance
magnatigdesprding infprapation; itemseofipdiatent trackseegd et thagnetization transition
recordi ng/ reproduci ng apparatus requires a very
regipoe whichds 2 bawidaseregiont thefehetsneen, dots asges@rd! of ndiseEwWhRE may
has been used which perforns recording with a | arge

caube aeddustic in SNR.  PechAReBNRER r€ted, i err thte @ dLtbAGH te, which
width smaller than that during recording to mnimze ¥ :

preVdifts inbrbWaR&GHRs ﬁlfre@&klﬁlg%hsi .acks. However, in this

~ method, it is possiblée to nimze the influence
bet the tracks, but it is difficult to obtain a:
suf ficlrent reproduction output.

In order to improve the surface recording density, it is necessary to further
reduce the size of each recording bit on the magnetic recording medium and maximize
the magneﬁc film thickness and sé’furation magnetization for each recording bit.
However, when the size of the recording bit is reduced; the muumum magnetizétion
volume per bit is reduced, and recording data is erased due to magnetization reversal
caused by heat fluctuation.

[0005]

When the distance between the tracks is reduced, 1;.he magnetic
recording/reproducing apparatus requires a very accurate track servo technique. In
general, a method has been used which perférms recording with a large track width and

performs reproduction with a track width smaller than that during recording to minimize



Therefore, it is difficult to ensure a sufficient SNR
[0006] In order to solve the problem of heat
fluctuation and ensure a sufficient SNR and a
sufficient output, the follagw ng method has been
proposed in which concave and convex portions are

the frdugBet eftudideentatticks C eHOWeRer! BGRE MM dTRAL ?H&s‘%l@ 'ﬂgﬁﬁﬂ]ﬁﬁze the
tracks to physically separate the recording tracks,

: ' ' : ' fer ej paf.ter uch a
S et e TRAANRG Whd A1 8L oo B S AR el Durput
a.nmagnetic recordi ng. .nedi manuf actured by the

Thegﬁqdrcel’ Et‘%&?ﬁ%’&ﬁé"ﬁﬁwsa Sﬂgiﬁlﬁﬁgh‘ﬁgh to as a discrete .
track medium In addition, there has al so been an
attéﬁgxﬂto manuf acture so-called patterned nedia in
which a data region in the sane track is further
di vildedder @807 the Asotdemex hogt ficafatidh a6d ehsuird & 86fficient SNR and
medi a, a nmagnetic recordi ng nmedi um has been known in

a sufificiedt cutpubghefollbwiny Biethiod Had be@hroposdd 1R WHIGHERIchve and
substrate having an uneven pattern fornmed on the

con®eX pHE6nd NEF&RIdR RS sv.(r?dcfe Ay g(ﬂfl% ;';1 editt gfo%%gclg% g?“fk)? to

tracks and servo signal patterns arep
f h other . (for .exanpl e, Patent .
phyFERR S SORCERR: Rt bty BT b o . Hereinafier,
ferromn netif Iayer is formed on the surface of a
suchyg, B?SP’:S@% ISJfeRiTe dhaga E}Salieéﬂ frack mgthedaad \aamagnstie aeppeding
portions is formed, wth a soft magnetic |ayer
mediynapgindasiured by isedisgreta tragh thethodriptafetred/® 4sid disdrste track
formed on the surface of the ferromagnetic layer. In
medire. mbgadstifion, tecohali aigp beedi anmttempiRoASiifBctufea®dalicd Patterned
region that is physically separated fromits
med$al{r WhidH a6 fegioh @ MRGa tfhck NWistker dife@n- Accor ding

to the magnetic recording nedium it is possible to
pre\[@@mgt he formation of domain walls in the soft

magneti C¢ | ayer. Therefore, it is possible to 4
prevent an_adv e effect by. heat fluctuatjon and
Phers iR T fafte aek et mecheh Ciesming magis: bgeen

a resylt, it is possible to provide a high-density
knowgdﬂgf g @@g@e&qcﬁ@yer is formed on a non-magnetic substrate having an

uneven pattern formed on the surface thereof so as vto form magnetic recdrding tracks and
servo signal patterns that are physically separated from each other (for example, Patent
Document 1).

In the magnetic recording medium, a ferromagnetic layer is formed on the
surface of a substrate on which a plurality of concave and coh\;ex portions .is formed,
with a soft magnetic layer interposed therebetween, and a protective film is formed on
the surface of tﬁe ferromagnetic layer. In the magnetic recording medium, a magnetic
recording region that is physically separéted from its surroundings is formed in a convex
region. According to the magnetic recording medium, it is possible to prevent the

formation of domain walls in the soft magnetic layer. Therefore, it is possible to



mediumw th | ess noise. [0008] Exanples of the

di screte track nethod include a nethod of formng a
magneti ¢ recording |ayer including a nunber of thin
films and physically form ngstracks on the magnetic
recordi ng layer and a nethod of form ng an uneven

prepatt e advedse éfftRt By hEaGRicRatian afd Bjtd ﬁtrﬁ) ééﬁ%@}
thin rragnetl c recording |ayer on the su strate
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adjﬁggtﬁ ﬂgg hés F}ggegggsgr opoﬁ gglﬁle%\/\% P%\ﬂg’%? ‘Z '165? Im(%g%@rfecordmg

S inplanted into a region betvveenthe magneti c
me{hﬁ%c <glrlgeS'I.i(r)rgr‘taigneti c layer that has been formed in

advaljégg in the discrete track nedium or a | aser beam

r 8t ed onto the region to change the magnetic
characterlstl cs of the region (Patent Docunents 4 to

_ Expaipdestofthe disemte tiick hretho @ BMudbGA469R0d bPRIrRig a magnetic
Documant 2] JP-A-2004-178793 [ Patent Docunment 3]

recarBing-1200 4ncliding 4 nuhiBat eNthirDREs R ]su:zlﬁ’ ﬁ)rﬁug%ggé(g on the
[ Pat ent Docunent 5] JP-A-2006-20995 at ent cunment
magletid Pee%r&ﬁ%ﬁagéf’%%&mggigg Q5 2h uhY ngaang” JE e YAl of a

d di sg rete tra
Subgb%{t%?él?crﬁeog&ﬁ }%tgﬂ a i néilgﬁ H§EH ’rP&glﬁ%etrl &}FF gﬁ%sgﬁfgr(g%réample
netic recording pattern, in 5 sone cases, the
Pat?Pé Spments g)ﬂé‘lddq)s exposed to reactive plasma or
reactive ions usi n%gaoxygen or a halogen to forma

magrié editivacbmethed haabesr moporediih svhicigmiabien draygpen fons are
processed by, for exanple, ion mlling so as to have a

imphangeteinicca regtor btitwgerptie inefghetic tracks of a magnetic layer that has been

formed in advance in the discrete track medium, or a laser beam is radiated onto the

region to qhange the magnetic characteristics of the region (Patent Documents 4 to 6).

[Patent Document 1]

[Patent Document 2]

- [Patent Document 3]

[Patent Document 4]
[Patent Document 5]

[Patent Document 6]

JP-A-2004-164692
JP-A-2004-178793
JP-A-2004-178794
JP-A-5-205257

JP-A-2006-209952

JP-A-2006-309841

Disclosure of Invention
Technical Problem
[0009]
As described above, in a process of manufacturing so-called discrete track media

or patterned media including a magnetically separated magnetic recording pattern, in



These manuf acturing nmethods include a process of
formng a mask | ayer on the surface of the magnetic
| ayer and patterning the mask |ayer using a

phot ol i t hography techni que. < As anot her nethod of
patterning the mask | ayer, t%ere IS a nanoi nprint

somieRakR| thdenathefi@laFer BleRPheday! 'ré&u@@glé&ﬁﬂ 5 re%l?f?ﬂ?elohg uliflf

surface thereof In thi s case si st Tayer

oxygérgﬁﬂs?garq? agé?tg rfi%gr&éfﬂf %%Pe &ﬁ;ﬁgé%pl layer is
q andfor e i on mlllngls per f or med
Pr°°§ﬁs s%am% fon f&ﬁﬁ%sq fpto hayp ampgengtic raserding pattern.

pattern. [0010] FIG 4 is a process cross-sectional
e@? BAnpiartysng mqthpgsangredvoprastssmfifotaiog amhasl layer on the surface
magneti ¢ recordi ng nedi um usi ng the nanoi npri nt
of theemhgrieticdayres and datreayning thdwmaslelagteekigs 4 photbtheERShy tRhnique.
manuf acture a magnetic recordi ng nmedi umincluding a

As amgie inmetiadd of epaind @ mdmgﬁlﬁtr' fhefeQs @ hehdihpPiat Ee@fu‘ﬁque using a
first, as shown in FIG 4(a), a nmagnetic Iayer 102

e
d h r 102. Th
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In this c since the resist is generally a

nanmqg}na technigye rfowa&nl%uloq mulling is pgréargned onghe mask &ayer

into the resist layer, as shown in FIG 4(a). In sone
lmﬁﬁﬁhéﬁanﬁﬁmﬁi@mﬁﬁgnamaner|aI 111 in the air is adhered

to the resist. Then, the magnetic recording pattern is

tran8dHred to the resist | ayer 104. However, when

the resist layer 104 is patterned by the nanoi nprint

tec 'FIGQWPS a 83 QRMLs-skBtidrafvietk imlstrz{tﬁlg frﬁétﬁb? Qf mami%gtuﬁng a

mat eri al is deeply buried into t ayer

.S
maddfic Rer ﬁ?@%@eﬂ%ﬂo{o@ﬂ?#&*@ﬁr i ﬁ%c%ilf fijacfginego Ggicd
: ion mlling |
tn off J0 PHBALBTS finsERelcurec Ay meBum igcioging mpggrisally separated
pattern 104a. As shown in FIG 4(d), the mask | ayer
magnigHC recording pattsindirsi as shovisni G f(@) hemegedtistlayert 108 rinformed
104a to forma nmask pattern 103a, and the
on a non-magnetic substrate 101 and a mask layer 103 for forming the magnetic

.recording pattern is formed on the magnetic layer 102.

Then, a resist is.applied onto the mask layer 103 to form a resist layer 104. In
this case, since the resist is generally a liquid, a foreign ._rnaterial 111 is likely to permeate
into the resisﬁ layer, as shown in FIG. 4(a). In some cases, the foreign material 111 in
the air is adhered to the resist.

Then, the magnetic recording pattern is transferred to the resist layer 104.
However, when the resist layer 104 is patterned by the nanoimprint technique, as shown
in FIG. 4(b), the foreign material 111 is deeply buried into the mask léyer 103 or the

magnetic layer 102 by a stamper, and it is difficult to remove the foreign material 111.



magnetic layer 102 is processed on the basis of the
mask pattern 103a. [0011] As such, when the foreign
material 111 hinders the process of the magnetic |ayer
102, a defective sector occu s in the magnetic
recordi ng medi um However, is possible to use the

t
ggg?gl?énl‘:?g %ﬁha(ﬂg Wg x‘%b gﬁﬂ' e g,: 1@19 g{l/@lﬁ q¢ égr?clg]r'rﬁ/e% on the resist

f as, sho n the .
lay ?r@ﬁé S F BBl Lt PG AT R BRRG b e sk e 03 i
eti Eeco ng medi um damages the head of the
Pati"r tg% ¢ Tosist eptdera 1 0fe tq rmacpakapajternl Genandethe
t he forelgn material 111. In some cases, the foreign
magastieriyer 102 is procasesrbarethetbasie bfitre mdrskrpattéﬂmel O%ask .
pattern 103a is renoved by, for exanple, ion mlling.
Howef@ot1] the foreign naterial 111 nmay not be renoved
depending on the kind of foreign material. Even

t hougfisidaewhe! ie3BreiB Bhietth] 1hilhiherk t@fég%@gefss Bﬁ&e%éﬁetic layer

| ayer 103b remai ni ng on a shape por

r t sur,face of the
102, BLELHRERS ofturd M e Gren? ggecgr#&wxeﬂ:p} G HoweYer iy
I kel 0 da e the hea 0012 The 1invention
P“F%f?%e B \é}?daégﬁegcagerc ing Bleggm @4%@%@6@&%}«1@ pestasdn a hard
probl ens, and an object of the invention is to
dlslfaﬁhaw whilgayaiding thedefeetivefsactonr | Howevenpayrskoiva in FIG. 4(e), the
recordi ng nmedi um a nmagnetic recordi ng nmedi um
foreigm ufatartalit Edrempainihg omalnifuafiice of @ mappeho theoftlifly Medium
magneti ¢ recordi ng/ reproduci ng apparatus including the

- danfep@s el Head bEGRMEI@ sKBAVEM TREEfR, ¢ i6 APARLLY 8 remave the
s

effectively and reliably removing forelgn terla

forQPn Mgy Bc %%Eml%ay st @%}e?%nr HERAA N9 0% r?rﬂ%vegljpge&%eé when

preventing a nas rom B.I n| ng on

e ek FORAOE LS EEL AL 0, St oL g LR o

h | Sol ution
materelgl Pll lcnalay not be removec{ depen!hng on the kind of forelgn matenal Even

though the fOreign material 111 is removed, the mask layer 103b remaining on a shape
portion of the foreign material 111 remains on the surface of the magnetic recording
medium, as shown in FIG. 4(f) and is likely to damage the head.

10012]

The mvention has been made in order to solve the above-mentioned problems,
and an object of the invention is to provide a méthod of manufacturing a magnetic
recording medium, a magnetic recording medium manufactured by the manufacturing
method, and a magnetic recording/reproducing apparatus including the magnetic
recording medium that are capable of effectively and reliably removing foreign materials
on the surface of the magnetic recording medium, preventing a mask layer from

remaining on the surface of the magnetic recording medium, and forming the pattern of a



In order to solve the above-nentioned probl ens, the
i nventors conducted diligent studies. As a result, 'the
i nvention was achieved. That is, the invention is as
follows. According to a firsf aspect of the invention,
there is provided a nethod of manufacturing a
magmgio ¢dyiet witt dRgHpdaudRaiyum i ncl udi ng a magnetically
separated magnetic reCording pattern. The net hod
includes: a step of formng at |east a nmagnetic |ayer
on a non-magnetic substrate; a step of form ng a mask
aye n.the magnetic layer; a step of patterning the
nﬂ%%€$§%§ntofonnarmskpaHerm a step of formng
t he netic recording pattern on the magnetic |ayer
usir[g8 e mask pattern; a step of burnishing the
surface of the mask pattern with an abrasive; and a
st egnekder ¢ovenlive thetdbe veramkiti raedt problemActhe fiah dagork Gormiucted
second aspect of the invention, in the nethod of

diliganusfudizk ur A8g résultré@navdntioh $&Q adhiBgedTe dmms‘?%cmﬁé.n@ign is as

to the first aspect, in the step of burnishing the
follgwkface of the mask pattern with the abrasive, a tape

i ncludi ng the abrasive may be pressed against the
According to

mask . t br ade e. mask ttern.
R 4 Rf R e C R it Pdrrrga meshod of
facturing a magnetic recording nmedi um accordi ng
magulaiiydng § agnesié recrdig maeis inc Biing penagnetioaliy speast
the mask pattern is burnished by the abrasive, a
magnelie reeartingmsttase A nethod madudesea stap béiferming at lbsst Amsdgnetic
pattern. According to a fourth aspect of the

layqrronerdnemagrietic shiestratd; haetpof fomiilg achdskilagr an tﬁ'@ﬁﬁ%ﬁétfé layer;
recordi ng nmedi um according to the third aspect, the

a stepI6f pARHindBY RBkABRY kSfbrm'd thisipdiaht l%ns?tﬁﬁoﬂfonﬁi tt?% magnetic

nore. 8 According to a fifth aspect of the inve
{+A; t [ tic recordi.ng,.
recdlie HuE cAe RacliBNL 06 ik e Pl Pt s 557 8 Pepfining the
S...in_the ocess of formng the magnetic
surfBEPSRS s e Ep w A Aneeshisg L SieP o5 e gha Meskragsten.
pattern, a region of the magnetic |ayer that is not
covehsatding 10 3 srsondaspepfafiles Wvertiomh & the method of manufacturing a

magnetic recording medium according to the first aspect, in the step of burnishing the
~ surface of the mask pattern with the abrasive, a tape includihg the abrasive may be
pressed against the mask pattern to abrade the mask pattern.

According to a third aspect of the invention, in the method of manufacturing a
magnetic recording medium according to the first or second aspect, before the surface of
the mask pattern is burnished by the abrasive, a lubricant may be applied onto the surface
of the mask pattern.

According to a fourth aspect of the invention, in the method of manufacturing a
magnetic recording medium according to the third aspect, the lubricant may be applied

with a thickness of 1 A or more.



exposed to reactive plasma or a reactive ion

at nosphere such that the -nagnetic characteristics of
the region of the magnetic |ayer. are changed.
According to a sixth aspect of the invention, there is
provi ded a magnetic recordi ng nmedi um manuf actured by

t he AebiioEE @fa IRAYEREE O thd hRnfiBE RS HieCmEBEQ Bf@g%facmmg a

medi um according to any one of the first to
: [ : e esl . of - t .
maﬁﬁi%ﬁgﬁ%gﬁ%&ne c?ﬁédﬁg g)ca\égg‘lsn%go r epﬁ%&f?c’?oﬁgﬁﬁﬁﬁfﬁ}sa{rb@e
proi nclttsjges: ttge magneti c recordi ng di um according to
RO LORRIne LR BEETCIE PR MEPaim of IETIAETE Ve By phRsing the mask

magnetic recording nediumin a recording direction; a
Patigrnh E1ien pfcthe magaeticianer thatris aot eivierpdumith thermisk pattern may be
reproducing unit; a unit that noves the magnetic head
expossi 4¢ reaetivoplafrea vag netiive oncmmdiphgrewdh diat tiendaghetic

recordi ng/ reproduction signal processing unit that

chaiattetibticsif giedegidnofithe maBeiR lhver RRAchaAPEy. T eproduces
signals output fromthe magnetic head. Advant ageous

Ef f %E@rdiﬁéngixth’%ﬁg&‘i drfQ ileen;tilag ﬂlgr\/quhiécﬁ?%ed: e}a?%g%etic

possible to formt pattern of the nma
i igh efficienc hat is, [t is.possible to, )
recetbyd BB e REY by B eS8 abisp PR Ae driaghetc recording
neti ¢, | ayer and curately formthe pattern.

mec{?‘ﬁﬂ@&% 19g 1O any Qn‘i)Bééingf% to figthspretde a net hod of

manuf act uri ng a magnetic recordi ng nmedi um havi ng hi gh

el edyccordihiond @Ve@t?l\?émfiit ofithe haveativey s magmsicand

recordi ng density with high productivity. In
recoadidpfreproducing appdiratgs inoludbe thawaidtRtecdrlling md¥Pg abldtding to

to provide a magnetic 9 recordi ng/reproducing

the €phaspddtSa dieihg dhigha dFRENGE in?agh@t‘?@fegB%%@g{ii%ﬂsiﬂg\#gg&ding

hi gh el ectromagneti ¢ conversi on characte
: j [ §: ief i pLi f Draw . .
dlreFt’g%g %?ﬁé%e%@ ﬂ%écf %clgﬁ%ﬂ gacrggr% |rglag tlaa%%i qolieag(}dﬁé\npg glajt'aa unit that

. acturing a nmagnetic
movl§ tcﬁ]eonqaé)rfetlg%gg fative't0 the magr?ettllc recording medium; and a

recording/reproduction signal processing unit that inputs signals to the magnetic head and

reproduces signals output from the magnetic head.

- Advantageous Effects

[0014]

According to the invention, it is possible to form the pattern of thé magnetic
layer with high efficiency. That is, it is possible to improve the yield of forming the
pattern of the magnetic layer and accurately form the pattern. Therefore, it is possiblé
to provide a method of manufacturing a magnetic recording medium having high
electromagnetic conversion characteristics and recording density with high productivity.

In addition, according to the invention, it is possible to provide a magnetic



recordi ng nmedi um according to an enbodi nent of the
invention. FIGs. 2A and 2B are diagrans schematically
illustrating a surface treatnment apparatus applicable
to the nmethod of manufacturifngg the magnetic recording
medi um according to an enbodi nent of the invention.

recdrtifag/rploduding 8pFRARS hl\éﬁld‘i'ﬂgeé{\’n{aléh&% fe@&ﬂglf}%grﬂ%dgﬁlglnr}?atvincg high

recordr ng/ reproduci ng . appar at us accor
:TgasTolol e tj.on, FIG 4 is a process
e e, gggd;%qng’%rasf&vﬁhéa&w&e%%%t‘?‘"é]trieﬁgdglgrf%f‘ﬂ d of
manuf acturing a magnetic recordi ng nedi um usi ng a
nanoi nprint techni que according to the related art.
.Brief descriptions of the drawi ngs [0016] 1:
BrigjdresaiepmoiDSWBEERATE  2: MAGNETI C LAYER 3: MASK
LAYER 3a: MASK PATTERN 4: RESI ST LAYER 4a: RESIST
PATTERN] 4b: CONCAVE PORTION 5: STAWP 10 6: MLLING
| ON 7: CONCAVE PORTI ON FORMED | N MAGNETI C LAYER 8:

NVAGYEG, € BB, ,
THERELN o1 PROTECH et | e ey ot oot e thderc

recdffie b in MAREG FRERTRNG: SERRORZ NG APPARATUS

FIGs. 2A and 2B are diagrams schematically illustrating a surface treatment
apparatus applicable to the method of manufacturing the magnetic recording medium
éccording to an embodiment of the invention.

FIG. 3 is a perspective view illustrating a magnetic recording/rebroducing
apparatus acéording to an embodiment of the invention.

FIG. 4 is a process cross-sectional view illustrating a method of manufacturing a

magnetic recording medium using a nanoimprint technique according to the related art.

Brief descﬁptions of the drawings
[0016]
1: NON-MAGNETIC SUBSTRATE
2: MAGNETIC LAYER
3: MASKLAYER
3a: MASK PATTERN
4: RESIST LAYER
4a: RESIST PATTERN
4b: CONCAVE PORTION

5: STAMP



21: MEDI UM DRI VING UNIT 27: MAGNETI C HEAD 28: HEAD

DRI VING UNI T 29: RECORDI NG REPRODUCTI ON SI GNAL SYSTEM
30: SURFACE TREATMENT APPARATUS 31: GUI DE 32:

POLI SHI NG TAPE 33: PAD 34: 1 LOCK 35: GROUND WRE 36:
SPI NDLE 37: ATTACHVENT PORTI d: DEPTH OF CONCAVE

PORTS-ONVITL LER@S toNpde for Carrying out. the Invention
[0017] Hereina ?ter an enbodi ment of the i nventl on

TR R D BB o 5 e i

illustrati a 11  nethod of rmnufacturln rmgnetlc
reco :dilﬁ@ T RECCQIHRING MEDAY 9K LAYER
invention. FIG 2A and 2B are dlagrans schematical ly
REMAINNGTHREREINsur f ace  treat nent apparatus that can
be applied to the nethod of manufacturing a magnetic
reca®:di PROTEGTUVMEZILM di ng to an enbodi nent of the
i nvention. The follow ng draw ngs are for

i 11 upg:r alACNETIe RECERIYING kenenbodi ment of the

i nvention. In sone cases, for exanple t he size,

(roraly R Wﬂ@%ﬁgﬁ%&é&%mﬁ %ﬁém ent
R oo TR

27: MAGNETIC HEAD

28: HEAD DRIVING UNIT

29: RECORDING/REPRODUCTION SIGNAL SYSTEM
30: SURFACE TREATMENT APPARATUS
31: GUIDE

32: POLISHING TAPE

33: PAD

34: BLOCK

35 GROUND WIRE

36: SPINDLE

37: ATTACHMENT PORTION

d: DEPTH OF CONCAVE PORTION 7

Best Mode for Carrying out the Invention
[0017]
Hereinafter, an embodiment of the invention will be described in detail with

reference to the accompanying drawings. FIG. 1 is a process diagram illustrating a



[0018] <Method of manufacturing nmagnetic recording
medi unm> First, a nethod of nmanufacturing a nmagnetic
recordi ng medi um according to an enbodi nent of the
invention will be described.;;The nethod of

manuf acturing the nagnetic recording. medi um accordi ng

methad off hﬁmuﬁﬁmﬁg Rfigrefic fecBRIINE Fheﬁfun'ifﬁélibfrﬁﬁ% H‘Qm@odiment of

magneti c recordi ng medi um having a nagnet

the $RRATISA. edFI@Q@xeéﬂdOZ%tgr%cq %a&%s R EHR ?y 4 uggétﬁrygoare]s ace

process of formn nagne

ubst r at process .of for ng a mask

tre §Iétr {LP&%S* ﬁ?%??@ingg} &ﬁfi&é ggqu tlmgtaénww@
nask | ayer to forma nask pattern, a process of

reC?r g THEAMMASEprainEcio BB catbarigens of ther inventionhe T dolbting

| ayer using the mask pattern, a process of burnishing

drawings e foa dldusthting therstrabtueas ft the Bmbbdlimeai oftheasieiion.aNh some
a process of renoving the nmask pattern. Next, each of

castd) forxamphs @ sdfe, tHicknasy, BPdindnsivas ot @ﬁh%érﬁgexia!i‘cedﬁferent from
magnetic recor di ng nmedi um of th| s enbodi nent w Il be

the 4981 diRRAsibAs Sted
®Fecor di ng med; u angfngggb%g ace g{rl%gctrﬁeggg&gp%%q“ﬂlugnda
0019] (Magnetic recording
ma%rgg&@%%%lgg/r%%x&&c%&]@&%a%} Secor di ng nmedi um according to
th| 3 5[|$jgd| ment has, for exanple, a structure in which
f gnetic Iayer an internedi ate | ayer, a
na netic layer having a magnetic pattern forned

<M@w@f1@6manaf@en@n|gm@@u¢ tesofdiigmmediantor ned on t he
surface of a non-magnetic substrate and a | ubri cant

fi | Miirss, & methed o mahbfacing  wBapkae ﬁecoﬂﬁn%ﬁﬁﬂﬁnﬁ Bccofdifi to an
1(i), in the magnetic recording nmedium 10 according to

embdiiBe oIkl HRBhtiondwilNNGIBIRL | C substrate 1, a |
magnetic | ayer 2 (magnetic recordl ng pattern 2A), and

a pfﬂ%tlﬁ&hba’ 8t k¥ &fac ﬂé fhel 41 ao?dl%g %@{ﬁ?xﬁﬂe@ctosrdﬁg o thlS

the other -l ayers may appr

eml%cﬂﬁrlhgxti {35 & mé ﬁ]od: ofGS anu]éc%ng a m(agl)netlc re oerfilsngorgler:]cﬁlrlmthg\azﬂlg a

) magnetically separated magnetic recording pattern and includes a process of forming at
least a magnetic layer on a non-magnetic substrate, a process of forming a mask layer on
the magnetic layer, a process of patterning the mask layer to form a mask pattern, a
process of forming a magnetic recording pattern on the magnetic layer using the mask
pzittern, a process of burnishing the surface of the mask pattern with an abrasive, and a

~ process of removing the mask pattern.

Next, each of the processes of the method of manufacturing the magnetic
recording medium of this embodiment will be described in detail together with the
magnetic recofding medium and the éurface treatment apparatus (burnishing device).

[0019]

(Magnetic recording medium)



non- magnetic substrate 1, the nmagnetic |ayer 2, and
the protective layer 9 of the magnetic recording
medi um 10, for exanple, a lubrication |ayer, a seed
| ayer, a base |ayer, an unq?rlay | ayer, an
internediate |ayer, and a soft nmgnetic |ayer are not
ShowWhe th&}0R6E recofHiRe BR8iudd adRrdthe% ddﬁnleﬁ’tylﬁ{s) for example,
First, the process of formng at |east the nmagnetic
a sthRWRE iPRhicAe LR ' iste Myl AB€a0mer i
described. The 2%%%%??%&F%f@#ﬁééﬁg%gﬁggeﬁflgmﬁgﬂg#QFIha“ng
i film fornj nmet hqd, such as, a sputterin
amég’ieﬁ%é’?]“?rﬁ f{’ﬂ? ?nvai’éﬁsarﬂfmqlﬁe arejfogmed e the sufape of 2
magnetic |ayer 2 is formed on the non-nmagnetic '
nongmpgneig subsiraty angzinbripqsh filp g farmed onitke putemsusface.neAs shown in
non-magnetic substrate 1, any of the follow ng
FIGn i), matheenagnetis idvotding eedinmy0 hecoudiag to tis dhbedit@t, a
substrate nade of, for exanple, an Al-My alloy having
nonAhagifetia sutisiiate G QITRAIMRAE laydr J@MBERhic$03RdiAE $8Bern 2A), and a
substrate; an alum nosilicate-based gl ass Substrate;

pro®@ctiveiay@ld drg %i%{e@?&%lé&ﬂ?ﬁﬂ&éﬁ%m@ Stl?ér (gt!ngr;olgye:lrg glsatyrbaet € a

titani um substr a ceramc su
.yade0f vari.o [ of .resins. Ampng. the
eop PRI E TR, Bt af KRS 1 il Berhiotge gy e
subst r.at a g{ ss-based substrate, such as a )
HOHHP%FQF |S’i$%f&teg 3&% agnsdic dajtes 2, and the profectiviejlasss 9 of the magnetic
substrate. The average surface roughness (Ra) of the
recosging merstieanile, Hulssampleea lubricatiqur lefer abted laymad base layer, an

|l ess than 1 nm nore preferably equal to or |ess than

underldy laper, am thtenmesifatplagére babh yofe eisgheticolaper dr€ast shbavm, 0. 1
nm [0022] Magnetic layer It is preferable that the
magnedioy | ayer 2 be made of an alloy including Co as a
mai n conponent. For exanple, the nmagnetic |ayer 2 may

R R

First, the process of forming at least the magnetic layer on the non-magnetic
substrate will be described. The magnetic layer is formed by a general thin film
forming method, such as a sputtering method. In this way, as shown in FIG. 1(a), the
thin magnetic layer 2 is formed on the non-magnetic substrate 1.

[0021]
Non-magnetic substrate

As the non-magnetic substrate 1, any of the following non-magnetic substrates
may be used: an Al alloy substrate made- of, for example, an Al-Mg alloy having Al as a
main component; a general soda glass substrate; an aluminosilicate-based glass substraté;
a crystallized glass substrate; a silicon substrate: a titanium substrate; a cerarﬁic substrate;

and substrates made of various kinds of resins. Among the substrates, it is preferable to

use an Al alloy substrate, a glass-based substrate, such as a crystallized glasé substrate, .or



Co- based al l oy, such as CoCrPt-O CoCrPt-Si02,
CoCrPt-Cr203, CoCrPt-Ti 02, CoCrPt-Zr02, CoCrPt-Nb205,
CoCr Pt - Ta20b, CoCr Pt-A1203, CoCrPt-B203, CoCrPt-W2,
or CoCrPt-W03. -1n the constllguent materials, X

i ndi cates, for exanple, Ru of Wand Y indicates, for

a sﬂ@é&ﬁh@&bﬁrat@l THe Mragletsdﬁceqroﬁéﬁﬁé%? /Ifz(?gd?g‘l?(el %Jh mﬁg[gg%siuﬁstrate 1

| ayer 2 includes 0.5 at/oto at

BV s S B By LA g

0 nm ra equal to or nore than 5 nm
Thos REF?eré H‘%&"G? qsgggm ]\;ﬂml5 nm The magnetic |ayer 2

may be formed according to the kind of magnetic all oy
used9@¥d the |aninated structure such that a
sufficient head output is obtained. Therefore, the

Magretickayess of the magnetic |ayer 2 needs to be equal to
or nore than a given value in order to obtain a

pr edeis@idTerabR tBatitRd na@hetiaerdtibd RIS SPPANS1hANding b as a
gener aI varil ous par aneters indicati ng

i SERBSHOE RIS O Al %ﬁ%fe@?gi.n@sﬁ AR BLALS ahyine
. i {
by sl o opsGTEL @e&‘éﬁt@?@%&%ﬁ%@o@@% Hery
N? t he rocess of for_rﬁn the mask | ayer on the
Co- ﬁ%ﬂgﬁé Hoy, spelyas Eo -G CafarBerSiBin d1oCrReCrskCo TiQs,
fornmed of a general thin filmform ng nethod, such as

CoCPt-€p0t, CoGrRgNbed 4 6o CrPrTe0ss CoGyPt- AkOs, iﬁi)ﬁ’rPt-BzGi @oCrPt-WO,,
1(b), a thin nmask |ayerr 3 may be fornmed on the

or CodlyReW@;. | dy eife cdnsfitab@Thate IS KX liddibdtes! st dxBSbld R W and Y
may be nmade of a materi al |ncI udi ng one or nore

1nd1@£t@§r§'&te$(ax\}'\x??€ @‘iltcfrq\/lér °H‘1§ 02 @g%fthedgag 10T%er 2\i)\'1cludes 0.5

nitride nitride,
at% to 6 at% of oxide.

[0023]

The thickness of the magnetic layer 2 is preferably equal to or more than 3 nm
and equal to or less than 20 nm and more preferably equal to or more than 5 nm and
equal to or less than 15 nm. The magnetic layer 2 may be formed according to the kind
- of magnetic alloy used and the laminated structure such that a sufficient head output is
obtained. Therefore, the thickness of the magnetic layer 2 needs to be equal to or more
thaﬁ a given value in order to obtain a predetermined output or more during reproduction.
In general, various parameters indicating recording/reproduction characteristics
deteriorate with an increase in output. Therefore, it is necessary to set the thickness of
the magnetic layer 2 to an optimal value.

[0024] |

(Process of forming mask layer)



Nb, Sn, Ga, Ge, As, and Ni. The use of the materials

makes it possible to inprove the shielding of the

mask | ayer 3 with respect to a mlling ion 6, which

wi |l be described below Ipgqaddition, it is possible

to inprove the formation characteristics of a magnetic

r ec ANkt e pRICESIOT f&ﬁain%ﬁﬂﬂeclhaé{ld labersh € $fdonbed 1:;{95‘I Wi be
e ry

by the mask layer 3. T materials facilltate

desEilddl NTh $ARQ 1R ef g%fdlé’@otgﬁéelrgfgg ﬁ?ﬁfﬁ?&?agénﬁh&éag?étfﬁfh asa

the materials “nakes It pos ore
.resi due and,thus reduce t contam nation_ of _the
souflirtE RSB TRt o SR Bt G0hd (e HURmEBR 4y esd may be
i nert gas radiation process (see FIG 1(h)), which
formed pn Hie RgnEls KYEr Bel ow. [0026] In the nethod of
manuf act uri ng the magnetic recordi ng medi um accor di ng
to [0B2H enbodi ment of the invention, anong the
above-nentioned materials, the mask layer 3 is
Mask lafe@r abl y nmade of As, Ge, Sn, or Ga, nore preferably
Ni, Ti, V, or Nb, and nost preferably Mo, Ta, or W
'n - ) Lo ig i ’ ; o
thi oknenakinyerd SATRE Bete bha b PR ol 0 b Hemeps

ayer range
Process, of, for.m k tern) 15
selck@eforfifle o2 1o, 3 DRI s e S0 THE B8 Vaar B v
the k patt il be escripbed. In the process of
No,SE (Pngec RS G0N pibt ror e PAerAakeR koI © prove the
,%%;), a resist is applied onto the mask layer 3 to
shigldjngof thegnaskilayes g evithyrespeatta aoilling iemp) which wilderdesdritied
is not particularly limted, but a general thin

beldw.| nixf agiditiongitiepdsstble uiatprase the Sqritation @haraterifishPd magnetic
may be used. In general, it is preferable that the

recdriinglgaasm 2K, wiieh #elf bé HedcAKEd bdowDBy tHE hilk LAHIe AfpelO
‘nmto 100 nm [0028] Then, a negative pattern (having

matERAAIS fi‘é’c‘?lit@ﬁr&d' SRR AUsfrfpSPRAG G AL O ﬁ"ﬁgrgfo%,qge use of the materials

makes it possible to reduce the amount of residue and thus reduce the contamination of
the surface of the magnetic recording medium 10 in an inert gas radiation process (see
FIG. 1(h)), which will be described below. |

[0026] |

In the method of manufacturing the magnetic recording medium according to
this embodiment of the invéntion, among the above-mentioned materials, the mask layer
3 is preferably made of As, Ge, Sn, or Ga, more prefe_rably Ni, Ti, V, or Nb, and most
preferably Mo, Ta, or W. In addition, in general, it is preferable that the thickness of
the mask layer 3 be in the range of 1 nm to 20 nm.

[0027]

(Process of forming mask pattern)



tracks that are forned in the resist layer in order to
separate the recording tracks) of the magnetic
recording pattern is transferred to the resist |ayer 4
to forma resist pattern. | is preferable that the -
resist pattern be forned by a nanoi nprint nethod using
Qo . L .
ot R P e b mak Myer R e B pud el o be
dma?ﬁﬁged agai nst the resist layer 4 with high fluidity
after the resist layer 4 is fornmed. Wth the stanp 5
bei ressed against the resist |ayer 4, radioactive
¢ ay S HePrORes R fa e thefeaskduiiem. Fagiers Bows thEHGcHc), Baesist
. resist layer 4. Thereafter, the stanp 5 is separated
is applipchontrethe aeasktlayeapdo farm 4 resishilayendy, Aimethed pbsisilyihg the resist
to accurately transfer the shape of the negative
is nparibeudarfyolimied, but b genarhladin Sint-Gortig FRSid suchYR'a shin coating
thereby formng a resist pattern 4a. In FIG 1(d), an -

metBbd, Ahyod Wi CatiLFerteh, FRVRERAMbIOfhat hﬁfﬁ%ﬁﬁ@%s of thelr@9¢ Yhyer 4

It is preferable that the thickness o concave

: ' jst layer 4 after the resist
be%%ﬁ%ﬂgﬁ%ﬁglq)émﬁgﬁ%gﬁ{be in the range of 0 nmto 10 nm

VMeq @ﬂﬁ t hi ckness of the concave portion 4b of the

resig ayer 4 is within the above-nenti oned range,

it i.s possible to prevent the saggi ng of the edge of

t he igBi@ negative pattqin (Iraving enmesve partions edriaspondieg teerskording

| ayer 3 shown in FIG 1(e), which wll be described
trackethatarg domied! injthgpresiselaybeinshie tdisegarat thdwecomidy hrake) of the

3 wth respect to the mlling ion 6, which will be
maghetic fecoatind pataith id tRareiielit® fhe debist Ry&UPR) fBIR alrbsist pattern. It

i mprove the formation characteristics of the magnetic
is pf; i i | inTori

pFe®&able i tIRA%SIRE Path¥n B@ﬁ)éﬁﬁtﬁg ‘5?7 ﬁ?ﬁrﬁﬁlrgpr tQIQe%fP(%d %Tl?é?/ stamp 5,

radi oactive rays radi ate esist laye
' gde f ., electramgneti c waves, sug
o shORR HERICE J00° SoRBRaR) neeibh R g€ ot daned
and a rays., I n.this enbodj ment, the radioactive
therPR)s PSP g1t B TENERd YR agRS i MR hesotlayer 4 is
agai nst the resist layer 4, but the invention is not
formedyi ¢Wh theestemp 5 teing pressadpiainstahe easist lyephtradioactive rays are
transferred to the resist layer 4 and the stanp 5 is
radigteg 4o tieadsist layer 4 to harden the resist layer 4. Thereafter, the stamp 5 is
separated from the resist layer 4. In this way, it is possible to accurately transfer the
shape of the negative pattern formed in the stamp 5 to the resist layer 4, thereby forming
aresist pattern 4a.  In FIG. 1(d), an arrow S indicates the movement of the stamp 5.
[0029] -
It is preferable that the thickness of a concave portion 4b of the resist layer 4
after the resist pattern 4a is formed be in the range of 0 nm to 10 nm. When the
thickness of the concave portion 4b of the resist layer 4 is within the above-mentioned

range, it is possible to prevent the sagging of the edge of the mask layer 3 in the process

of etching the mask layer 3 shown in FIG. 1(e), which will be described below and



fromthe resist |layer 4, the radioactive rays may be
radi ated. A nethod of radiating the radioactive rays
to the resist layer 4 is not particularly limted, but
for exanple, any of the folkow ng nethods may be
appropriately selected: a nméthod of radiating the
impiévb the hieMng e fadiNaFes3 JRMAREARET {o&hd Rillif i ich wi
that is, frogrmthe subsfrate 1; Eais}%rretqﬁoguolpgrlg%?’amtppggmube
destied v acty M AYE ; - St a de_.of .
et e rt%g(?vp c a%aa\télglet[ogf R 1{ é%%gﬁt l?nr%g‘?ehtge ?0351,388’& Fﬁ?f@“ensms of
rays;.a nmethod of radiating the_radioactive rays from
theﬂ%n%tfcdrgcorgﬁ}gf%?gtsmot?y ﬁéna§gé 3. and a method of
radi ati ng radi oactive rays with high conductivity
mﬁtHOPQHpect to a solid, such as heat rays, using heat
transferred fromthe stanp 5 or the substrate 1. As
suc ilhetrtadioadtveaty fadiatedno ithepresist lag@thedy FkeR d wide range of
possi ble to accurately transfer the shape of the

eledi@@aighve Watdsesuthfa0 he@days) visifle ShRMItravioRt kR, KesiStand
| ayer 4, thereby formng the resist pattern 4a.

' T, i st _layer 4 b de of
ganl O3, FES Sl THE ARl 8Kl g S ROR,00
i AR ST B ket B AT b, ror

ul ira iolet-curable resist resin that is cured by
examyple, gé? g patterpds trangterrgddo the resisblemerrfeand the stamp 3 is separated
preferable that a novol ac-based resin, an acrylic acid

frora shetesigblaper 4, the tadiphetivstragsimaplbe radiated,, Amethod of radiating the
alicyclic epoxy-based ultraviolet-curable resin be

radios@ileasys tohke resisi hiyendisaiok phrtichid6$ 2imited! BiTot ExdnSple, any of
preferable that a stanp material formng the stanp 5

the RAIOHIAS eflods %ﬂlynrbet Inbfopridied séﬂ:ét&ﬁ\éi‘rﬂétﬁ&b ?1; radiating the

transmttance. I'S way, even thoug ravi o

e RN Y
ot Y L G b SR T RSl e s o
transmitting the radioactive rays; a method of radiating the radioactive rays from the side
surface of the stamp 5; and a method of radiating radioactive rays with high conductivity
with respect to a solid, such as heat rays, using heat transferred from the stamp 5 or the
substrate 1.  As such, the use of the nanoimprint method makes it possible to accurately.
transfer the shape of the negative pattern forined in the stamp 5 to the resist layer 4,
thereby forming the resist pattern 4a.

[0031]
Resist layer

The resist layer 4 may be made of a radiation—éurable resist material.

Examples of the radiation-curable material include a thermosetting resin that is cured by

heat rays and an ultraviolet-curable resist resin that is cured by ultraviolet rays. In this



| ayer 4. In addition, the stanp 5 transmtting the
ultraviolet rays may be manufactured by a nother
stanper. A nother stanper which nay be used is that
obtained by formng a fine 9rack pattern in a mnetal
pl ate using, for exanple, an el ectron beam draw ng

emBBAMERt, it isaﬁ}@fe?aﬂi@flﬁf h ﬁl)vélgé-%ﬁ%g 6&{?1? aﬂnatcggfl’csat%goﬁ eer{bgseéi

needs to have rigidity an rabrtrty r
e ORESa SC XA TO RE ShATR TBA T s o

th mat eri al f\s long as the material is suitable for the
© Igst By ‘i oned purpose. Servo signal patterns, such

as a burst pattern, a gray code pattern, and a
predRB3d pattern, in addition to general tracks for
recording data nay be fornmed in the nother stanper.
Stathp addition, the negative pattern of the magnetic
recording pattern may be formed in the stanp 5. [0033]

Thery isj)?%ﬁﬁgwﬁtrh Sthifsp mdt&lal fmg {tl‘%’é&t@ﬁe%?rg)? %%? tlér resin with

| ayer hat is not covered ern

s oS . k t - i ficall)
higtf eSS RS * s VTR el oot s Tt
i RS BB 1 S e e v e

the resist |layer 4, the 18 remaining resist is

ultraapist ey s.and it iR eassible toreffectivalyondiate the pltavinletadys torthe resist
this way, the mask pattern 3a is fornmed on the

layerdgndn dditiany,e¢he fampG0Bakmitting deesieanbld efyRing bagRRifhdured
recordi ng pattern) Next, the process of formng the

by amgtet slempec ordndthed atahfleP whithiigy PRERALE that bBYEEd i
usi ng the mask patterr?hg\nfll be dg};cri bec}. Ian t&hee by forming

fily @ @8 i ' ecor i attern,.

« Y OS85 LA AT i 58PS RO fin s

first, | IS pre ron O

I r-ofe 1 h netic |ayer be renmpved by, for, )
and g)a(}é%ﬁpgl’fo%l%ﬁg ﬁquploﬁu&r s T %ee§6 qulil%/ﬁ T} 1%@‘}/%@].{:@11@ resistant
| ayer of _ the mpagnetic layer 2 is renoved, it is
to aﬂ%“feé?'akﬁ 0% eKHAPLe the TRIbeTeTATaPgr ayas bompade ebdibs dipweyer, the

reactive plasma or a reactive ion atnosphere to nodify
mothﬁrestmgmnwcb%_mrra@tﬁaali astlomgas the material is suitable for the

above-mentioned purpose. Servo signal patterns, such as a burst pattern, a gfay cvt)de-
pattern, and a preamble pattern, in addition to general tracks for recc;rding data may be
formed in the mother stamper. In addition, the negative pattern of the magnetic
recording pattern may be formed in the stamp 5.

[0033]

Then, as shown in FIG. 1(e), a region of the mask layer 4 that is not covered
with the resist pattern 4a is removed to form a mask pattern 3a. .'Speciﬁcally', the region
of the mask layer 4 may be removed by dry etching using a reactive gas. As shown in

FIG. 1(d), when the resist remains in the concave portion 4b of the resist layer 4, the



this case, it is possible to inprove the contrast of

the magnetic recording pattern 2A, as conpared to the

structure in which a portion of the magnetic |ayer 2

is not renoved. In additi 0:28 it is possible to

inprove the S/INratio of the magnetic recording nmedi um
renibithing RQDisirBmb{&d and thén tHelmhsk | ¥ aty LSy S

because the surface of tﬁemnag%g%}?clgﬁ’gggrpgﬁlz Iins S way, the

HAR ! i%?ﬁ whi.-ch results in an inprovenent

ma?lé regg%a?lggo%ﬁt reggl%aigxrllgtlc EVSIS or reactive ions,

V\hrerg[\?gg‘ﬁ outer layer of the nagnetic layer 2 is
re JIn addition, it is considered that this is

because a defect, such as a hole, is formed in the
. (Presgpeof fogyiag mgenctie resarding pastdralyer 2 and reactive ions
are likely to infiltrate into the nmagnetic |ayer 2.

[ 003%¢xt, tBp prrictssoef] fosming shehapseticteddr@ing Haftbm ih ke ﬁﬁéﬁe’ﬁc

| ayer of the region of the magnetic |ayer 2 that |

layeraisingalemask patidin Wig baasderiBad ! emnns gr(;c%ssr (?frfg}ﬁ?ﬂgo e n%lggnetic

mlling. The depth d of the concave portion

AR g e | ayd e.radi:ation qf th )
recdl e RUERONRY P BYEhnfe B A PRrobRE! P ey s oF trmagpetc
nm_and r referahly ip.the_range of 1 nmto 10
laysh 2 B GRBR e B debfrotpisdof willingn o iene porfion REtheionesdayer of
of repoving 19 the magnetic layer 2 is not obtained, -
the Pagpefc layer s is BerBeada i [ieprefavablp ¢ha thvemagreatid, layeh Srbe expesed to
depth d is nore than 15 nm the flatness of the
reaciiye fpiasmack atrpastivagoredtimosplere tainodify tecnbgnetie cBirateALas. In
and the floating characteristics of the nagnetic head

thisdeses itiio podsible WhigtproNethBREMEAs: 6f HRGRE RO F{BRY '
apparatus i s manufactured, v?thi chis g(rilllot %r%g?lgggﬁegng’ as

con{faR¥Gb thelfRRturé REWHRE 2 WS id fay LY &S g t hat |
is not-covered wth t ﬁgbmsﬁab%gwgﬁéﬁgeri 9 B%Wed' In
d r Y2 or.a active, i on atrmsphe,re_to,
aadlfhes BRI TR P SPEBl ot dbe Reefrime g mitiom 10
. the tic.l.ayer . 2. ecifically, for exanple, the
Sho% H‘hgg@ﬂlzgn effid CP% ecgﬁﬁagthég(xﬁ bsedpse the wiface ofthp nsegmetic layer
) 0{ reactive ions to change
2 is cleaned and activated, which results in an improvement in reaction with reactive
plasma or reactive ions, when the outer layer of the magnetic layer 2 is removed. In
addition, it is considered that this is because a defect, such as a hole, is formed in tﬁe
outer layer of the magnetic layer 2 and reactive ions are likely to infiltrate into the

magnetic layer 2.

[0035]

Specifically, as shown in FIG. 1(f), the outer layer of the region of the magnetic
layer 2 that is not covered with the mask pattern 3a is removed by ion milling. The
depth d of the concave portion 7 formed in the magnetic layer 2 by the radiation of the
milling ion 6 is preferably in the range of 0.1 nm to 15 nm and more preferably in the

range of 1 nm to 10 nm. When the depth d is less than 0.1 nm, the effect of removing |



(reduce the magnetic characteristics) the magnetic
characteristics of the region that magnetically
separates a nagnetic recording track froma servo
signal pattern portion in nége magnetic | ayer 2. A
met hod of exposing the for magnetic layer 2 to
Y 5 : . ' 0 ke, the etic
e e R i A SN P ARt RoltE P8 ol e e
di f,yin he reqi t hat magneti cal |y .
the gg%g ?g? gs?r?ﬁ’én 13 d’ﬁlgttf‘% Hatpgttdhe, ﬂlf[“atcs of theymaanetii recerding
ignal pattern portion. In addition, the change in the
me‘ﬁﬁ@'ﬁgﬁr@f@ﬁ%ﬁ‘%@é iiogting ehagdcterinsicsraf)thetragnkty beadXeiteriorate
thi s enbodi nent includes a change in the crystal
whegy the sragneticofecotdingiegrelutiog lapyaatus imahifactarddo dihient not
meki ng the magnetic |ayer 2 anorphous neans changi ng
prefefablaat om ¢ arrangenent of the nmagnetic layer 2 into an
irregular atom c arrangenent w thout a | ong-distance
or dqoe3gypeci fically, the random arrangement of fine
crystal 'grains wth a diameter of less than 2 rim

Whe e ] rangenen rphous state) .is
chocrtsd 55 b i RERHET It T Bepscnct savsat b the mask
[ nd:'* cati n(% g cr%stal plane is not found in X-ray
Patigene 38,15 SXPGRI &7 T3PS Plavmaeadiearti e i98 @itapsphpgtto shingeghe
hal o waveformis found. [0037] 20 |Inductively
magnstip ratragierging of eRegivn of dae miageeticdayqyi2as iSpediReal)y, foyexample,
be given as an exanple of the reactive plasma. For

the forenep ineggne tielay e is sxposedns rédeyive Plakmdr FRBE1E 18 td Hiee
in the inductively coupled plasna or the reactive ion

(redpt@thBnadnefid 8haradib@sticafiue ‘iﬂa‘éﬁéﬁl’% &g&;ﬁtéfjstileé S in ré%?ré fhat

hi gh-tenperature pl asnma obt ai ne applyrng a

mag‘ﬁgjti&ﬁg'eseﬁg}a@s Ell I{é%{fgg? E'eizcﬁrcﬁl?i terg%l{ fr!)rrx]ltaosggxléoastsl gnaaall%g fa-ayportion in

generating Jo asmng

the ?’)ildél{leggt la)%eﬁ 25 ie ﬂAd B‘}é{i}%\?g(if%%%ﬁfgﬂqég r%Miaga;ggg tlﬁr;/g% 3 ?ct) i1'eCactive

1 el ectron, density and can change the magnetic

PlasgRAT IRV E 49158 maketthemagnatistlpyer 2aameqrpousanaynbe givemagen
area With high efficiency, as conpared to the related

example qfitht methodfefenedifingtihs cegiom thar amknetivdilp setmiaigs the Magnetic
beans.

recording track from the servo signal pattern portion. In addition, the change in the

magnetic characteristics of the magnetic layer 2 in this embodiment includes a change in

the crystal structure of the magnetic layer.

In this embodiment, making the magnetic layer 2 amorphous means changing
the atomic arrangement of the magnetic layer 2 into an irregular atomic arrangement
without a long-distance order, speciﬁéally, the random arrangement of fine crystal grains
with a diameter of less than 2 nm. When the atomic arrangement (amorphous state) is
checked by an analysis method, a peak waveform indicating a crystal plane is not found

in X-ray diffraction or electron beam diffraction, but only a halo waveform is found.

[0037]



The reactive ion plasma is highly reactive plasma

obt ai ned by adding a reactive gas, such as 02, SF6,
CHF3, CF4, or CCl4 to plasma. In this enbodi nent,
since the plasma is used aé reactive plasm, it is
possi bl e to change the magn Pic characteristics of the

RO ch R oS REBeeh TR e v

| asna the.reactive ions include hal ggen ions. |t )

an RetEIE o e (RGeS e Hedl DBl irentieopRuBan juciude reactive
. introducing_ one or nore kinds of hal ogenated gases
long i the inkiyctiyldyrreunledyplasma of theraactisedon WekiBa. CCl 4, and

KBr. Inthis way, it is possible to inprove the

reacf)D¥8lty bet ween the magnetic Ilayer 2 and plasnm

and sharpen the nagnetic |ayer pattern. The detail ed

r easThe inSudivkly RupRE pldata ik hid ' Ll

foreign nateryalsﬁadﬁeredl%gl}ﬁgﬁgﬁﬁﬁgﬁgmgﬁmt elnedby

oPrIEAEER vl Lo & €16pEt HinH B BRSAHER BRIt
the BiespEERT Ghe-Bl e Blopd 67  rieigrasinly parkbls marer heid

IS considered t hat the cleaned surface of the magnetic
Thq igductively coypled nlgsma has bighogleefean dansivy and ean ¢thagge the magnetic

efficiency. 21 [0040] In this enbodiment, the forned
chapagtpisticcin| thy magreticdayex Bdwwing olardecareeaithihigh efficRaoR dsn

order to nodify the magnetic |ayer 2. However, it is

conragdctoahd geldtbdért tHue manBRORIECdibayR radk Rt diPind RA RYms.
the reaction between the nmagnetic netal formng the

The'Ra&dlel i6n hﬁ)ﬁ%ﬁ ihi8RY B BE pMsmlaWttaihé 5§1§dc{iﬁ§§%%a\éﬁve gas, such
pl asma. The reactron includes a variation | €
r t pgcCt Ur-e-0 iC tal, a.variation .
o O G i ™ Nl his e b B i used
of Ihelna netic m%kgl, nitrhdation}of t he magnetic .
as rRagtiye p asg‘grdl & Possibledeichangsy the magelineharectonistiss ofithe magnetic
the infiltration of atons in the reactive plasnma into
laygridewhB diebigficisRgyal . In this way, the magnetic
reCﬂbgggg pattern 2A is forned.

In this embodiment, it is preferable that the reactive plasma or the reactive ions
include halogen ions. It is pfeferable that the halogen ions be formed by introducing
one or more kinds of halogenated gases selected from the group of CF4, SFs, CHF3, CCla,
and KBr. In this way, it is p'ossible to improve the reactivity bétween the magnetic
layer 2 and plasma and sharpen the magnetic layer pattern. The detailed reason is not
clear, but it is conceivable that foreigﬁ maferials adhered to the surface of the magnetic
layer 2 are etched by halogen atdms in the reactive plasma and the surface of the
magnetic layer 2 is cleaned by etching, resulting in an iﬁcrease in the reaction of the
magnetic layer 2. In addition, it is considered that the cleaned surface of the magnetic

layer 2 reacts with the halogen atoms with high efficiency.



[0041] In this enbodinent, it is preferable to
performthe ion mlling process as described above
before the region of the magnetic layer 2 that is not
covered with the nask patt ﬁn 3a is exposed to the
reactive plasma or the reactive ion atnosphere. '
I—Iovvem@go] the ion mlling process may not be perforned.
In this 'case, the region of the nmagnetic |ayer 2 that
IS not,.covered wt he nask patiern 3a is exposed to
t heriPi%‘é FF\?’S‘?‘HE“&&H%% efr{a H@%ng%%fav/%’- 1ssp@osediio th reactive
enbodi nent, the magnetic characteristics of the
plaspaynarder tp madify the magnesicrlayes)2. y Havavgndt ispréforabietthat the
magnetic recording pattern 2A. However, a portion of
magrighic layeyd bt imodifigeby temeactiba bptweeh ¢ifd myigrictitin@sl forming the
W t hout using the above-nentioned process and the
magretio¥dr Pand hthsBomSinfthd feRetivd f1fknd. n%er@&qu'iﬁcj des a
material to formthe nmagnetic recording pattern A5
varihfl . eti.c.recordin o
B g Rl o st VRCh L Sprmposition of
t ef.ic cordin attern 2A neans that  the
the SRR BULDRREEOF of B8 Sidene e BBl FiishComar e mestnets ol
dZﬁ% at view of the magnetic recording nedium as
andg 10 O fre, magngfic mygigl dye iy the iplugtiar of pethslie thpweactive
That is, the magnetic layer 2 that is separated as
plasmagithe magnetieemetal.f alnghisivery, the magnetid egbording piteern 2A is
concept of a magnetically separated magnetic recording
formak t ern even though the nmagnetic layer 2 is not
separated in a bottomview. The magnetic recording
pat eg41] according to this enbodi nent includes
so-cal l ed patterned nedia in which a nmagnetic

o in PO R i 5 PG R BBt I S m il Trecess s
g A O A LN
masE rpgztgrrn tgll is e>t<g]oasfed E[oht%e rrrcaaa%?iset: ipl%?rlnla)cl)r the reactive ién atrnosphere.
However, the ion milling process may not be performed. In this case, the region of the
magnetic layer 2 that is not covered with the mask pattern 3a is exposed to the reactive
plasma or the reactive ions.

In this embodiment, the magnetic characteristics of the magnetic layer 2 are
partially changed to form the magnetic recording pattern 2A. However, a portion of the
magnetic layer 2 may be physically removed without using the above-mentioned process
and the removed portion may be filled with a non-rﬁagnetic material to form the
magnetic recording pattern 2A in t-he mégnetic layer 2.

[0042]

Magnetic recording pattern



separated nmagnetic recording pattern 2A be applied to
a so-called discrete magnetic recordi ng nedium which
is a magnetic recording track and a servo signal
pattern, in order to sinpl bEy t he manuf acturing
process. In this enbodinent;the nodification of the

Mag @ ithi§ elndy&i f ' - | G.recordin _
pattern SA n]?:IIleEq& etgé S%%@ﬁ?ﬁ%ggb%ﬁ%ﬁ‘gﬁ“??gf‘g‘f"or?"%%‘ﬁa%&?m 2A
LVIE: nd,t.he remmant nagneti zation of the )
me%%&%%?*?%&%é IR 2SRRI 2 AR TIAGRE MR TR @ top view of
th | ayer . non- Hg,%net |.C, in order to pattern the nagnetic
€ p%g?t_m I g dREH UM, a3 hovwagaddOy i ¢2), whigh B be daseaibed below.
magneti zati on of the nagnetic |ayer includes, for

Thag jsa s meagngtie kayer 2 itha is septraedenetioved frymabesiafice didetié BRluded
in the remmant magnetization. [0044] (Burnishing

in tiw coesystjof Mlawdgnetibtlyepae®d nedgnbiic RlcoRiiAgps f
of the mask pattern Wlpth an agélrasive lﬁvl\iaf)lttéglééwnt%@ghthe

ma@dREE ldybellis mo? sepdiatt®h PHERS BiRY F@ge?rﬁg%eéﬁ &gt%)régh?lg Pattern

treatnent apparatus 30 shown in F

' : IS face .of, the sk pattern 3a i
acol2 b RBUERL ] BBl R Shpgger
recdiBANS germvi réﬁ t he f'or%‘gn mat erial remaining on the

g RHera s faeplrly prrageedsfop ene bR, mpdia e Ml the magnétic | s
referable that the process of burnishing the surface
' rec‘@?‘“ﬁtﬁ’é“%ék%%&&eém aackhape o1 swovyasigna pagemer f or med
by pressing a tape (polishing tape) including an
abr 480438 agai nst the mask surface and abrading the
mask surface. [0045] Surface treatnent apparatus As

shows descrieGmbo?d) ia ks &Bbodiftnt W i 3fdel .
apparatus 30 has a schemati cnst rlu?t u?eB{%ﬁ%ﬁg‘%ﬁl&g%etlcaﬂy

S Sataid et M oA B TR g
reéotrgﬁ?lé %itﬁﬂ,%ﬁcﬂ <’flsda r?ﬁ?égrtle %treggrgi%%etfqack and a servo signal pattern, in
order to simplify the manufacturing process. In this embodiment, the modification of
the magnetic layer 2 for forming the magnetié recording pattern 2A includes partially
changing, for example, the coercivity and the remnant magnetization of the magnetic
layer in addition to making the magnetic layer non-magnetic, in order to pattern the
magnetic layer. The change in the coercivity and the remnant magnetiz_a&ion of the
magnetic layer includes, for example, a reduction in the coercivity and a reduction in the
remnant magnetization.

[0044]
(Burnishing process)

Next, the process of burnishing the surface of the mask pattern with an abrasive

will be described.



the polishing tape 32 to contact the magnetic

recordi ng nedium 8. The polishing tape 32 contacts
and polishes the surfaces 8a and 8b of the magnetic
recording medium 8 that ingludes the magnetic |ayer 2
(2A), the mask pattern 3a (frask |l ayer 3), and the-

i i ARG pAGebl Abideq Pidthet otk R P PR s 24

iy :E 2. the palishin ape 32 is held by .
and 48 7 biq ' bymigh s the sk ﬁﬁ%‘?ﬁlgé‘d“ Ve
uggfand transported froman Rl direction to an R2
Spegglﬁ »itRnternpn Busashing, imagns sgreowing ithe facrignimatedial remaining on
transported fromthe Rl direction to the R2 direction
the mgslalagier withgn abiasive noln thisemboditentpittis prefceible ket the process of
polishing tape 32 used for the polishing process is
burnighingl tiersatfack 6f 1668k phtiin BaivitH MetabSRAWM: g@ﬁgnﬁ‘éh by pressing
unused portion is continuously transported to a
ata%@@o' likifg tpe] APAREGN | ] - abk
ase of %ﬁgﬁégﬁPgﬁﬁ%g ta%%¢§%&®§9ﬁ%ﬁggggﬁgkggéﬁﬁ¥xgﬁg%ﬂw
rnm%%w&ﬁ% For exanple, alumna, silicon carbide, or
iranond is used as abrasive grains adhered to one
surf@ﬁg of the polishing tape 32. 24 [0046] The pad
33 ﬁ Irenber havi ng a function of pressing the
‘polishing tape 32 to contact the magnetic recording
SUﬁ%@HFﬁﬁﬁﬁn%ﬁRPmﬁﬂﬁﬂade of a resin or fabric cloth. The
menber may be a rubber roller (which is also referred
t o ds shobadkFiGs.2ubiet 2B,ahé surfaceltieatrhéif afpcaamb 80 HAORN
in FIG. 2A and 2B, the pad 33 is attached to a bl ock

scheldatitht@cie intRidalg a Jo1&hRleGake 34 tHat idisSPRSHHishG I@%ﬁ{’tegg ¢

posi tion where the polishing tape 32 does not

reco‘gﬁi}lg AR @qlagﬁlg\g’gg fhabih Bygyéegﬁgﬁgéﬁ%ﬁe?%o% aa;gaﬁ.a{%gﬁpresses

O Ts in a stan state; a
neti£. recordi,ng nedji.um 8 i.s pol.shed, as shown

e SRR G MR B BB 0 1RSI e
37 di rectigns F1 %Fd F2 by the driving unit (not shown).

@pehtsaRe Pehshes thoorrisres fncanst Sref tha magnetiqrgeordmgonedivass that
. .the polishing tape 32. Reference nuneral 35 indicates
inclydes tlg magngticdaydrdt (24i) sbé avagk patieratdadmablekyer 3)i ind the resist

charged_to the pad 33. A spindle 36 is rotated by a

patternt4ar(resisotayshé)wejnairing on leembdkelap@@3h6ivhen FIG. 1(f). In the
example shown in FIG. 2, the polishing tape 32 is held by a plurality of guides 31 and is
provided so as to be wound and transported from an R, direction to an R, direction.
The polishing tape 32 is wound and transported from the R; direction to the R, direction
by a driving unit (not shown). A portion of the polishing tape 32 used for the polishing
process is wound around a collecting unit (not shown) and an unused portion is

continuously transported to a position facing the magnetic recording medium 8.

The base of the polishing tape 32 is made of a resin, such as PET. For example

b

alumina, silicon carbide, or diamond is used as abrasive grains adhered to one surface of

the polishing tape 32.



recording medium 8 attached to an attachnent portion
37. [0047] In this enbodi nent, the surface treatnent
apparatus 30 is used to burnish the surface of the
mask pattern 3a or the resi§ pattern 4a with an
abrasive. Therefore, it is %ossible to effectively
renqﬁ§4épe foreign material renmining on the mask
| ayer 3 'or the foreign material which has worked its
way Nt o t.he mask .l ayer. 3 w thout damagi ng the .
oy (B s BT Hgtind s Huncloniof S enBa e lishingapps 22 t
t he burni shing process, when the mask pattern 3a or
contaqbthednagnetiorecoring madivan$ipnd is made of agesiner fijire dotht  Ahe
| ubricant be applied onto the surface of the resist
mempbertreaynbelarubblernllehevhictis aisniefdrtedapab h ®dcitifg rikder roller). In
exanpl e, the surface of the nask pattern 3a, it is
the pranplblsBowinl FIGhEA ah@ 38 thel 4R 3305 atsdhed % a Block made of
_ magnetic | ayer 2 in the burnishing process and sté%?y
[ M@ o f fQr..ex | e,.~t he
methEMOMR Y1&t& J405 ﬁinsggierafag 3 grogiélozl nvgl{;é télg?)tohghlg%nga)p.e 32 does not

surface of the R ern
I i.ne-b [ t, ..
confBXERRh She B LG RS RARE lreatry BBarsel a0 ds invesemtbyrage. as

be .25 _used the lubricant according to this
showpip hﬁeﬁ% Phep shegpagnettispecording madiem 8jp pplishet, 4seshown in
applied with an average filmthickness of 1 A or nore.
FIGV\EEnﬂle@ocgpﬂ is egerpigd towandtthe dire¢tivins F1tahé FRuWyrthe dfitingunit (not
not applied-onto the surface as a continuous film The
shoivalr i Wathtthe aymphtioncbfahie blodk 39, the phdl83 ipFusdatth® Bolishing tape 32.
effective even though it is app[pi ed onto the surface

Refemnédmifiéalts :0RRRs ia[gﬁ&ﬁﬂd:\biré Byt hié@ﬁeitrgc?sgzaﬂcsel it 'cit%h%harged to

continuous film In is case, the ness

t ca i S1.0 b n.avera filmthickness.

the pABSAT et AL EREHRS ol (RYSHAMR fizp B e prapRes

t he resi.st ftern 4a remains on.th mask pattern 3a
recogamlgﬁléemﬁgat aﬁhng%B&P&iﬁﬁﬁp‘?@Hipﬁm%‘ avi ng the mask
| ayer 3 remaining therein. However, since the
t hi dJRA®Hs of the resi st pattern 4a is reduced or the
resist pattern 4a deteriorates by the process of
ex pdsithig embedinesi, she paface treadzent apmnatas BO pIved & burdisbhhe
as the reactive plasma, it is easy to renove the

surtho ef the musk phtteth 35 @ftHeteslet [itefr 4 with an abrasive. Therefore, it is

possible to effectively remove the foreign material remaining on the mask layer 3 or the
foreign material which has worked its way into the mask layer 3 without damaging the
patterned magnetic layer 2. In_this embodiment, before the burnishing process, when
the mask pattern 3a or the resist pattern 4a remains, it is preferable that a lubricant be
applied onto the surface. of th_fe resist pattern 4a.  When the lubricant is applied to, for
example, the surface of the mask pattern 3a, it is possible to further reduce the scratching
of the magnetic layer 2 in the burnishing process and stably remove the foreign material
from, for example, the surface of the mask layer 3 (mask pattern 3a). For example, a

fluorine-based lubricant, a hydrocarbon-based lubricant, and a mixture thereof may be



mask | ayer 3 using the burnishing process. In
addition, in sone cases, the resist pattern 4a is
renoved by the reactive plasma. That is, the

bur ni shing, process accordi?g to this enbodi nent

i ncl udes a process of directty burnishing the mask

useH %E HRNObRAnt mﬁ] @nboﬂﬂqeﬁ P 'it? % ﬁ?e%er%f){et}.gatr{h% F@{gant be

he surface of s pattern 3a oug

43 er.4), and re g.the foreign
o &Y 570 'St TR dhickReher Bl Sroptsy o\ heroagpplied labcant s
.(Process of renmovi ng mask pattern) Next, the process
thﬂbfherléh%%lﬁ& ok aPRisioniiuthe shirfage 4514 epatidueey filbed. Thenlubtieant
rocess of renoving the mask pattern, as shown in FIG
applied pecording taethie snveption & affedtivaenknttheughnin ikapplitd efito tBasurface
are renmoved. This process may be performed by, for

in a@Xslamd shap@irtWwitich@he& ibfBari®f ARG, coﬁtlﬁ&ﬂﬁtﬁli‘f? 'IH Mhigtsdl fg
method, an ion mlling nethod, or a met e chi ng

tmdmééé%@thellﬁbﬁ&n&sereﬁﬁeegém aﬁ&%r&}giﬁéf it ng g cQy 0cess s

per f ormed bef or procéess of € mask
patqﬁ Therefore the resist pattern 4a and the nask
pattern 3a are 26 thinned or renoved a little, the

resist..pa rn 4a i s conpletely renoved, or the
f or e‘f‘d‘?fg H’& dimmegy, asghowp in KIG, 1 (Drde 258 paiernf4grremains on the

exanple, dry et chi ng, is renoved. Therefore, it is
magksten) i fdhe Blazagtioreeardinganediemsisiving thatmask ayka 3aadaining
the mask pattern 3a such that there is no foreign

theneint. erabevef,3ls0]the thRkaesf tied resisrihateinga isnBAlice@aFE the resist
Next, in this enbodinent, as shown in FIG 1(h), it is

pat(ﬂﬁﬁiaﬁdeﬂéﬁcﬁat%i" BY iR pro&as Bf Qﬁ)%smEQh@stfsf shdr 45 B€an a tn&o&phere

magnetic | ayer 2 having the nmagnetic yer pattern

such % ﬂtnegegclﬁ% glagﬁxta it 1sséa§§) kd de vte b f@g 0§ tnllaﬁ%{i/agﬁ( rEalp.glg on the

According t I'S process, e nmag het
zed g it.l.s ossr revent the mgratjon

a0 650 A0kt B25H") o SRS el B

enV|rw£g§n The detail ed reason why the mgration is

42 1§ e §To36tve plpgmg., Dhat 15, the burpishiveipvedsseaccerding to this

inert element infiltrates into the surface of the
embagimentiicludes a process of directly burmshmg the mask pattern 3a (mask layer 3)
and a process of burnishing the surface of the mask pattern 3a through the resist pattern
4a (resist layer 4) and removing the foreigh material remaining on the outer layer.

[0049]

(Process of removing mask pattern)

Next, the process of removing the mask pattern will be described. In the
process of removing the mask pattern, as shown in FIG. 1(g), the resist pattern 4a and the
mask pattern 3a are removed.  This process may be performed by, for example, a dry
etching method, a reactive ion etching method, an ion milling method, or a wet etching

method. - In this embodiment, the burnishing process is performed before the process of

removing the mask pattern.  Therefore, the resist pattern 4a and the mask pattern 3a are



| ayer 2 to prevent the mgration of the magnetic _
particles, or the inert gas is emtted to renove the
active surface of the magnetic layer 2, thereby
preventing the mgration of skhe magnetic particles.
[0051] Inert gas It is pregérable that one or nore

thingad esrenelved taQﬁtlé,rtHé‘Tésﬁ?ﬁ)_&féi‘H Ra ‘?{)c letefyr redYed Sr 1 ogeign

used as the inert gas. This is because these €l enen
\ I . ef, tivel t th ] ti ..
i, A E0R065600 8 LELRRL iy RIETL 0T AL 1
pos§ 8 8 RBPhCihmae b e s B4TeHE 48 o et roftemeii sueh Hit there i

he inert _gas. In particular, it is preferable to use
O I At E since a large anount of inert gas is
emtted in ICP and RIE. I CP and RI E have been
desdP9HHd above. [0052] (Process of form ng
protective layer) 27 Finally, as shown in FIG 1(i),

~ (Prdchsssofaatiadhgrineit gagef erably includes a process of
formng the protective layer 9 on the nagnetic |ayer 2

havi t:hen; ' . -f.or ned in.
and iy SRR fent ISR FIG. A0S TirabaTht g inert gas
. od of formn he protective film9 is not
be yf1E4 ROfe Fragnrit e hGREUE Regnet er apiern 3 Aeoraettherein to
f formng a dianond-like carbon thin filmusing a
Stab&’éx?%e Hﬁggﬁ’%& lgyers  Agoortipg i thiy proses, the magoetiolaydri in
The protective layer 9 may be nmade of a carbon
stabglized iangd fit, is possibla o prevbwirihd Migratiby df mgemaicqartid¢sasn in a hot
(HXC), nitrogenated carbon (CN), anorphous carbon, or

and diufrii¢ emviranmsenit.d TS éBhiledoeason Wb tHedhighdidh ié Srevented is not
generally used for a protective |layer, such as Si02,

clead 6203 is @6ncEivible RSt 43 iAER el hﬁ}}ﬁé‘ce? %lﬂ?gfkéﬁrﬁce of the renagnetic

| am nate of two or nore |ayers. ness o

laye? EIC{% E)Févje}{{eth ﬁig'éati%n Q)?‘ﬁgesmg&ekﬁ% plalet'fc’c et bole }rg)ertNghais it gm}tttya to

ness or t

remove the active surface of the magnetic layer 2, thereby preventing the migration of the
magnetic particles.

[0051]
Inert gas

It is preferable that one or more gases selected from the group of Ar, He, and Xe
be used as the inert gas. This is because these .elements are stable and can effectively
prevent_ the migration of the magnetic particles. It is preferable that any one selected
from the group of a method using an ion gun, ICP, and RIE be used as the method of
emitting the inert gas. In particular, it is preferable to use ICP and RIE since a large
amount of inert gas is emitted in ICP and RIE.. ICP and RIE have been described above.

- [0052]

(Process of forming protective layer)



protective layer 9 is nore than 10 nm the distance
bet ween the head and the magnetic |ayer is increased.
As a result, the intensity of input/output signals is
insufficient, which is not,preferable. It is
preferable to forma lubrication [ ayer on the

pr otREfallyy as bl in%IG.Alfii,lﬂEi%ieﬁ'ﬁ)'oaﬁﬁﬁﬂ Ftbhh QHélud%; a process of

hydr ocar bon- based | ubricant, or a m xture thereo

i el | ybricant.used for the
forﬂail%?ﬁ%glt%i%egﬁ OF a{§er. Oﬁtﬂ%{ %15 e (Lai?}éeﬁl(‘z}a‘tvﬂlzgtstﬁ? ﬁ’é‘gnetlchlayer pattern
l.ubri.cation l.ayer. be nerally formed with a thickness
24 fgrined fhcreis pd 3holying 3 becandpnta We preleriieilever Qe orgmathod of

medi um 10 i s manufactured as shown in FIG 1(i).
formimgrhg propestiye §ibm e sotpsetienlaiin limited methwdvarf in general, a method
manuf acturi ng the magnetic recording nedi um accordi ng
of forminpasliantratliikecdrborafhirefilrh heingRINEMIT appayis # gefformed.
patterned using the mask pattern 3a, the surface of
the [0883 pattern 3a is burnished by an abrasive.
Therefore, it is possible to renove the foreign
Prof®Bii®d figh remaining on the surface of the 28 magnetic
recording medium Thereafter, the mask pattern 3a is

re d and.the foreign material .is effectively and
ol LRSS Byer % 7wl 67 Ervbon araserih, ik ef pabon (O),
does not %emai n.on the surface of the nmagnetic
hydf%g&B?tﬂig ARFoRR Gilnk nigrogenatechearkon EyM), amerphous hardben, or silicon
portion of the foreign material does not renain.
carbigieSaE€hros 2 material dat if ganemllyalsed Gommeproicotiad]ape) SQISBSSIO;,
.. makes it possible to formthe pattern of the nagnetic
Zr,0gypediNwi The piogetiet tayer @rey ndiahiitile Bf S G th¥iet¥yers. The
[ 0055] According to the manufacturing method of this
thicRAAS AF PR Protettive lﬁyéi‘%?éehé ﬁ)l g leshRY 16 Gl %gﬁ%fcﬁness of the

recordi ng medium10 wt surface recor

j j ; it bl ur duri magnet i.c .
pro®e aferd e a0t it SRR beiRrh A HEBT S tiumagnetic
the. regi on between the magnetic tracks (the region )
layeg ésplé]l‘;rfng g tHe Wﬁ@h &g Eltqng% PEInpuf/gutputesignaly is insufficient, which
. redu in? cqoercivity and remmant nmagnetization to the
is nok rablg. ilt is preferd 1¢ to form a lubrication layer on the protective layer 9.

A fluorine-based lubricant, a hydrocarbon-based lubricant, or a mixture thereof is given
as an example of the lubricant used for the 1ubﬁcation layer. It is preferable that the
lubrication layer be generally formed with a thickness of 1 nm to 4 nm.

In this way, fhe magnetic recording medium 10 is manufactured as shown in
FIG. 1().

[0054]

As described above, in the method of manufacturiﬁg the magnetic recording
medium according to this embodiment, after the magnetic layer 2 is patterned using the
mask pattern 3a, the surface of the mask pattern 3a is burnished by an abras%ve.

Therefore, it is possible to remove the foreign material remaining on the surface of the



[0056] As such, according to the nethod of
manuf acturing the magnetic recording nediumof this
enbodi ment, it is possible to provide the nmagnetic
recording nmedium 10 and a ppthod of manufacturing the
magneti ¢ recordi ng medi um 10 capabl e of effectively
magyetic redorditg yhedfummVi Tigerédfeer 1Be S8R pARdrARh X reibvellGnd the
surface of the magnetic recording medium 10, :
fi ] : : r r eqal ni ncthe .
Ol PR o B oo o8 Rl 88 S
< ticda 2 With.high .produgtivity. .
docf bl R i BAFgre i Seraige Gha patieamask laver ina
Next,., a etic recarding/ reproduci ng appar at us
shadg.pogtign HBE% OGBS ERIEASE nopremaie | Hwﬁgma iheise|of itlee
described. FIG 3 is a perspective viewillustrating
aboy erenemtignesk processesaoaktis ngpassibleid foim theagmperad fthe magnetic layer
according to this enbodinment. As shown in FIG 3, a
withrhighetffidenoycmd diigigprodpetddtyci ng appar atus 20 accordi ng
29 to this enbodi nent includes the magnetic recording
nmedifgo3s40, a nediumdriving unit 21 that drives the
magneti ¢ recording medium 10 in a recording direction,

h ' 7.1 I ' - eadi it .and, .
he Amanail & a05AAEAAS 009 FurcathoBlnl L 200,
TR T IR -

signal_ system 29 including a recording/reproduction
y blupdyinesmpgnstia peqording byiregueing the graghsti¢ chardvgeristics of
magneti c head 27 and reproduces the signals output
the fagaon béteeeraihn endgnetietrackd {the Thgiot Béfiasatimpyth® enagaety Bgets), for
with each other to form the magnetic
exafnle Fetiu@b e prcBdtyCindGeRBRR AL 1128 o tb higHdsf B5ar di ng
density. In the related art, the width of the
repripgégi ng head is smaller than that of the recording
heaJ in” order to renove the influence of a track edge

port} netjzati.on transition region. . )

Fowdver < PRI GBS Retphor A aetithy B magaeric recording

.€ Q&d cin% head i.s, substantially equal to. that of
medif ¢l S FEPAGTHAdt S POH eI e BEPARS S maEaRiES tEotdhig medium 10

magneti c recording nmedi um 10
and a mefnhod of manufacturing the magnetic recording medium 10 capable of effectively

and reliably removing the foreign material on the surface of the magnetic recording
medium 10, preventing the mask layer 3 from reﬁaiMng on the magnetic recording
medium 10, and forming the pattern of the magnetic layer 2 with high productivity.

[0057] |
<Magnetic recording/reproducing apparatus>

Next, a magnetic recording/reproducing apparatus according to an embodiment
of the invention will be described. FIG.3isa perspective view illustrating the magnetic
recording/reproducing apparatus according to this embodiment.

As shown in FIG. 3, a magnetic recording/reproducing apparatus 20 according



have been processed so as to be magnetically discrete.
In this way, it is possible to obtain a sufficient
reproduction output and a high SNR [0058] In
addi tion, the reproducing ugét of the magnetic head 27
is a G head or a TM head. Therefore, it is .
to g embbditnenPineRidas theSHAdneRE ?é%ﬁﬁh@ﬂl% iU 6 b LiufY, 13& unit

hi gh recording density and thus” achieve € nmagne

21 G5EG L AN EORALA) 151D Hg%c*%meme

head 27 therane of 0.005 mto O,
headf 270 i%dgﬁ*%g ot i A A EPTOR T G B! 3Dl Gang mE28 that

out is inproved and a high SNR is obtained.
movg§d mégl@twuh@ad 87 priafivetip dha magneticirceording medimatlilcand a
recor di ng/ reproduci ng apparatus 20 with high capacity
recarduhgheruduationaigral systenV\B2 includitg @ Fordingegssditon signal
circuit using a nmaxi mum|ikelihood decoding nethod is

prodeasiag RAit =g thputd digrags BARS MAbLetichehd DY RRA rd &&\ég{the signals
recordl ng density. For exanple, a suffici

AT e PO HAR 7 G B B 1550 b o

Nttt b ok

uar |nc of nore. [0059] _As described above,
relaj [qb {thé r ?Pé@ﬁl}&ulgchqaé dosralieg thathaiefdhe tecording head in
apparatus 20 of this enbodinent, it is possible to
ordgrig vérdeve the influpnet pta tredoedgie rp@ttlcammai neigherizafipp aaAsitién region.
20 |nclud|ng the magnetic recording nmedi um 10 with

Howeoed, i ltds tmbodigret, ithe wtdimbﬁﬂﬁlr%”toﬂﬁkﬂﬁ BEAT s ShibtmtRN equal to
hi gh recording density. [Exanples] 060] Next, t

thatl OTIRMeb &Qind Hehd RS &S &drH g%a'cﬁs gehe 'Iﬂa%%ﬁp{echrd?l{&e%&&um 10

to exanples, but the invention Is not
hav€ %@é}ﬁgrgg'essec{ QOB be magnetically discrete. In this way, it is possible to

obtain a sufﬁcient reproduction output and a high SNR.

[0058]

In addition, the reproducing unit of the magnetic head 27 is a GMR head or a
TMR head. Therefore, it is possible to obtain sufficient signal intensity even at high
recording density and thus achieve the magnetic recording/reproduging apparatus 20 with
high recording density. When the flying height of the magnetic head 27 is in the range
of 0.005 pm to 0.020 um which is less than that in the related art, the output is improved
and a high SNR is obtained. Therefore, it is possible to provide the magnetic
recording/reproducing apparatus 20 with high capacity and high reliability. When a
signal processing circuit using a maximum-likelihood decoding method is incorporated,
it is possible to further improve recording density. For example, a sufficient SNR is

obtained even when recording and reproduction are performed at a track density of 100 k



<Manuf acture eval uati on sanples: Exanples 1 to 9 and
Conparative Exanples 1 and 2> Magnetic recording

medi a according to Exanples 1 to 9 and Conparative
Exanples 1 and.2 of the invzﬁlti on were nanufactured as
follows. First, a vacuum chanber with a gl ass

tracks/ch lodbforé, Qf lirkAr fé@oﬁlﬂ{% ddRitFoP 1 VGPKBMARUR S ofeCarkd § X

10-5 Pa or less. The glass substrate used. in the

; G [  ass including
recdHRgRSH m%%’ef%%%%%@%%% P205, Sb203-ZnO as
a Ciﬁiéedtuem conponent. The gl ass substrate had an
out ]di ameter of 65 mm an inside dianeter of 20 mm

and an average surface roughness (Ra) of 2 A [0062]
Therfs deserpad aﬁ»ﬁgmﬂm@dmye thavmagnasic reGrding@uodR;in@apparatus
internmedi ate | ayer made of Ru, and a
20 ofehis ieodbot imenit, igisqubssibigne provideathe maginttic Recordatifepfoducing
structure were fornmed on the glass substrate using a
appiehs 0tiheluding tiehbgtktic Fewramg heidiem | 10%ah SR a&u%kﬂa%}ieﬁc
conposition of Co-I OCr-20Pt-8(Si2) (nole ratio) and

_ j { Ihe; 31.. FeCoB soft nmagnetic
COnl a%g?"‘ﬁ%é&gﬁf‘ﬁ%gﬁﬁgﬂ@ gérg’&% d/fﬁé% the Ru internedi ate
- had a thickness of 100 A. Then, a mask |ayer
[Exﬁgl%?]or med on the magnetic |layer by a sputtering
nmet 2861 The mask | ayer was nmade of Ta with a thickness
of 6\9] A resist was coated on the nask | ayer by a
spin coating nethod to forma resist |layer. The
r esiNgxt\thg invauiéorowilhbsdasotibed inaletail whh cdferense t@rexamples, but
ultraviolet-curable resin. The thickness of the
the mesntidn is apelimiad tdBe erample®063] Then, a stanp which
was made of gl ass and had the negative pattern of the
magneddlq recording pattern was pressed against the
resist layer at a pressure of 1 MPa (about 8.8

LSR5 Py i
RALTLOER RS T - —

Exavrr\ﬁaﬁees 1r a?n%i 2af)fe t%e fir?Jen’tli8n%v%$eo£1(aj1§uffa£uolrne]dtat;efollows. First, a vacuum
chamber with a glass substrate for an HD set therein was evacuated to 1.0x107 Pa or less.
The glass substrate used in the examples was made of crystallized glass including
LizSi20s, Al203-K20, ALO3-K20, MgO-P,0s, Sb,03-ZnO as a constituent componeﬁt.
The glass substrate had an outside diameter of 65 mm, an inside diameter of 20 mm and
an average surface roughness (Ra) of 2 A.

[0062]

Then, a soft magnetic layer made of 65Fe-30Co-5B, an intermediate layer made
of Ru, and a vertically-aligned magnetic layer with a granular structﬁre were formed on

the glass substrate using a DC sputtering method.  The magnetic layer had an alloy

composition of Co-10Cr-20Pt-8(SiOz) (mole ratio) and had a thickness of 150 A. The



upper side of the stanp to cure the resist. The stanp
was then separated fromthe resist |ayer to transfer
the magnetic recording pattern to the resist |ayer,
thereby formng a resist pgfjtern. In the resist
pattern, a convex portion of the resist had a circular

FeCollagodt mugretic tayet Hidna tHickindGs 660(PAGNA 1ORE BUEmRAdté Per had a
of the resist had a circular shape with a w dth of "60

thicRfRss bR E0T AS| %eﬁ,aa)/rﬁﬁsmgerawwfoﬁhgg of t axag%egg}l@%g gg téh e

concave portion of the resist layer

. le of the.concave rtio f the

spullrifeifithod e 8 08 G pale R FE BB M uRE e o flomiach

.substantially 90 degrees. [0064] The bottom of the _
resig s £0ate Op themask lay ereby & spiacopiing method el foammaaresisylayer.  The

which was the mask |ayer, were renoved by dry etching
resigtgvasgpafeanfmawiolaaresir whichheasianyultreviokktegrabésreiar f Gheed

on the resist layer under the etching conditions of an
thicR@esg af thelresist layar evasflO8@nsccm a pressure of 0.3 Pa, a

hi gh-frequency plasma power of 300 W a DC bias of 30

W qu@iﬁnetching time of 10 seconds. The dry etching

was perforned on the 32 Ta layer, which was the mask

| ay chi Ltions a CE4 gas fl

ot o ey e EEoa: GERHG i NBahe Regdlive Bifem of e

high-freguen | asma. power . of 500 .W a DC bias of 60
magheld FeronEatierh ot PlrselAealpsL e SRYE layeogtapressref 1 MPa

the surfage of a region of the magnetic layer that was
(aboy 8- 8eafesrey vingthiscpe, theestamp made oh gless with mowdtaiglei on

mlling. Ar ions were used in the ion mlling. The
trangoiftance Of Mo wamopewhonsed OMith the stiemp beilptprexssd gfairdt the resist

hi gh-frequency di scharge power of 800 W an

layeaadehwebit tay8 with 4 wgeeleigtD00250 ni e $5d4t8d ®r 10 @LéndR3rom the
an Ar flowrate of 5 sccm a process tine of 40

upp&eEQN&isthe 3afhpao CHfe RO }esfjs?.ns*.l[;flé’ sthanyefbl tﬁég{g §e\';%:ate-rcpﬁ th the resist

the surface subjected to the ron'm S expos
1 ' sphere to_change th .

o B0 MBRL AR LIRS B RORE et
.Hgégr th?t is not covered wth the mask pattern. The
resistaatiemy o I s dRHSIRABES & COREXRATTiON AL sesisi fad A circular shape

..inducti vel -
with a width of 128/ nm, and a concave portion of the resist had a circular shape with a

width of 60 nm. The resist layer had a thickness of 80 nm, and the concave portion of
the resist layer had a thicknes§ of about 5 nm. The angle of the concave portion of the
resist layer with respecf to the substrate surface was substantially 90 degrees.

[0064]

The bottom of the concave portion of the resist pattern and a Ta layer, which
was the mask layer, were removed by dry etching to form a mask pattern. The dry
etching was performed on the resist layer under the etching conditions of an O gas flow
rate of 40 sccm, a preé_sure of 0.3 Pa; a high-frequency plasma power of 300 W, a DC

bias of 30 W, and an etching time of 10 seconds. The dry etching was performed on the



coupl ed plasma apparatus NE550 manufactured by ULVAC,
Inc. In the reactive plasma, the flowrate of CF4 gas
was 90 cc/mn. In addition, the reactive plasna
process conditions were a phasma generating input
power of 200 W an internal pressure of 0.5 Pa, and a

Ta Jayerg edicht wasethe tnask tiye £ w@AetSthe HoBvg cbRSitIBAS o FREFS gé’sn@&g rate
fromCFa to 02, and the magnetic | ayer was procéssed

of 50%tcmOa @68 hiohl; . ’ i
B G R g bl Tiond AR G e 30 9. 2 B bias of
' to.the face, of the substrate. Z-dol 2000,
60 %pimclz#]g?gtgg&glu%?? e_s[g:ggréd&. | ubri cant, was used as the
| ubr t. In addition, the thickness of the
Iubr[pﬁgﬂi'on film was in the range of 5 Ato 20 A The
| ubricant application conditions are shown in Table
1. |Thepxhapgidacelofiagegion ofi thesmagratie layker tHae wan akt doaged with the
(mask pattern) and the surface of the resist |ayer
maskrpagtest wsatterved byiorembiling)i SRednbwede psUiis Me@n@lfhg. The
Model nunmber 33 D@ using A1203 with a particle
ion SHiBiRtveds REfofinéd TS 1 ARRItRRL ¥Ea hi’gg"—ﬁ%qdé’ﬂé}{ discharge power of
was “used” as e

maln_uf actured by Sum tonmo LL_ . sel I
r00?, e AR IR B bR 908 4 Py BEOTRLSE

9 and Conparatjve Ex les 1 and 2, the resist_I|ayer

scorgy EBiosE 35 Ot oom. bRe Rt Oagis ol AR o1 Hhen, the
were renmoved by dry etching. The dry etching was

surfaes subjseid ta r‘i]éﬁalontm%hfﬁﬁ WessoswhidiarearityegllasmaSHEfogptere to
flowrate of 100 sccm a pressure of 2.0 Pa, a

chapgerthe fragyerémchargsiteristins pidthe regién ¢0be Wagastc Rypr AEEIS ot covered
time of 300 seconds. Then, inert gas plasma was

witlethetrh®t patternh e THBGEREVE pladiig roctewhdSdrfor#Ra usfi& " TRductively
was emtted under the conditions of an Ar gas (rnert

cou @é})lishﬁ\ﬁpbﬁtaﬁlS%E%Osrﬁ%mg%%m\eﬂ %gqiu\r,gco Encc.)' q_rlx.%l%e;%%?t%%

accel eration voltage o current densi
4 % a process  tinme . of seconds;.
plasg}aha| i W 8?@%?‘1‘%?%{6 HfeamGha-tp iaﬁé%l@ﬁ’r“gﬁﬁ?acme plasma

process conditions were a plasma generating input power of 200 W, an internal pressure

of 0.5 Pa, and a process time of 300 seconds. Then, the gas was changed from CF,4 to
O, and the magnetic layer was processed for 50 seconds.

[0066]

Then, in Examples 1 to 5, 8, and 9 and Coml;a:ative Example 1, a lubricant was
applied onto the surface of the substrate. Z-dol 2000, which is a fluorine-based
lubricant, was used as the lubricant. In addition, the thickness of the lubrication film
was in the range of 5 A t0 20 A.  The lubricant application conditions are shown in
Table 1.

In Examples 1 to 9, the surface of the mask layer (mask pattern) and the surface

of the resist layer (resist pattern) were burnished by a polishing tape. Model number



protective filmwas formed with a thickness of 4 nm on
the surface of the magnetic layer by a CVD nethod.
Then, as a lubricant, Z-dol 2000 was applied with a

t hi ckness of 20 A In thi sgyay, the nmagnetic

recordi ng nmedia according to Exanples 1 to 7 and

DQSasipg A vwithy pail ks didmeRe o 013868 aTRAYHA! var\%glch MGS}

<Eval uatl on net hod> A gI [ de t est vvas per or e

A L o S T %v@géunga

der th a shock sensor was levitated at a
conH@io&;}P Frmm%ﬁ%etsili‘@@dﬁf 1abke lof the magnetic
recordi ng madl umto scan the surface of the magnetic
recdP®tg nedi um surface, and the nunber of inpact
obj ects detected by the sensor was counted. The

r esUh Examples d o WrandrCondateve ExAn169] addh2, thd addlse laled (resist
Tape burni shing conditions 6 nmlevitat ed gl'i de teést

pattdfi) aid e smark lﬁ%ﬂﬁﬁsl@{:atfeﬁ%}%ére rérﬁ@&écp%n&ly(e@mﬂ% Merhe dry

(sec) Nunber of objects detected i ons
etclﬁi%%vbﬁﬁ%%@égflﬁﬁ&) tge E@%chm 1t1(5)ng‘§£%§g’|s gasAErffTﬁ I4ig ﬁg i(? geem, a
pre%rge%?:o gaéq'gé% %géefjfg pla%ﬁ'l% ower of QOO O,Oanfri alpggcess time of 300

| seconds. Then, inert gas plasma was emitted to the magnetic layer. The inert gas
plasma was emifted under the conditions of an Ar gas (inert gas) flow rate of 5 sccm, a
pressufe 0f 0.014 Pa, an acceleration voltage of 300 V, é current density of 0.4 mA/cm?,
and a process time of 15 séconds.’ Finally, a carbon (DLC: diamond-like carbon)
protective film was formed with a thickness of 4 nm on the surface of the magnetic layer
by a CVD method. Then, as a lubricant, Z-dol 2000 was applied with a thickness of 20
A. In this way, the magnetic recording media according to Examples 1 to 7 and
Comparative Examples 1 and 2 were manufactured.

[0068]
<Evaluation method>

A glide test was performed on the magnetic recording media according to
- Examples 1 to 9 and Comparative Examples 1 and 2. In the glide test, a head slider
with a shock sensor was levitated at a height of 6 nm from the surface of the magnetic
recording medium to scan the surface of the magnetic recording medium surface, and the
number of impact objects detected by the sensor was counted.  The results are shown in
Table 1.

[0069]



Exanple 8 1 1000 4 5 Exanple 9 2 500 4 4 Conparative
10 None None 500 or nore Exanple 1 Conparative O None
None 500 or more Exanple 2 [0070] <Eval uation
results> As shown in Table %4 i n Conparative Exanpl es
1 and 2 in which the burnishing process was not

per f{oaied] before the dry etching process, which was
the process of renDV|ng t he mask Iayer t he nunber of

I mpact [obj ect S detect %pevmﬁusﬂﬁi conditid T g?ﬂ levmﬁed) glﬁie test
whet her| aThitkaesse@nt Was apptred. 1T co Fesuit:

Exanpl s Libti@n@aj n |whittHOTHE bur minghicag pm&&&amas detected
perforned _before t|HEHISP &PBhing proceds, t (e RYERREe)

Exafiple fpdct objsects on t heoosur f a¢ce of4 the | magneil G

Expmplo? diilng medl um was 112000r | ess. |4 Exdgnples 1 t0 5

Exgmplegd | 9 i n28phi ch it he 140Qbri cant whas agpl i ed befoore

Exgmple f1irini shi Hhy progess, 1308e number of irpact objects

| Exgmple§o | oy | HEg  Ad suckaccondingd t o tlhe net hod of

Example o dt ur i Drg—-t—hv@rJ gnetl recaqrdi ny dium of 1%e
xample 2y lon 10 uas docsi M08 (o bffe ivelly renmovellZhe

Exa@plt De |i nventi on,

E :‘l 1
Expple g rat-eti-al—omthel®yurfale of4 the [magnetic s
C]i)r(nam%.%:l%ie irg—redium-and—pralbat—the ma%k_l_@,mr from?
E&%ﬂ y nijng onl0 the surfaNecof the rmegaeti|c receuslbrmire
oS AN - Y. WA NP | NI I S e Vs Y X I Accordinga
COur “vgn 99 FTrIaustiTdar—ApprreaprTTT y OO T NGOG 1G
|

ilt i sNemessi blle tNenprovi de a so@gneid C

recording nedi um w th hi gh recordimyg density and—htgh
productivity, and thus inprove the

[0070]

<Evaluation results>

As shown in Table 1, in Comparative Examples 1 and 2 in which the burnishing

process was not performed before the dry etching process, which was the process of

removing the mask layer, the number of impact objects detected was 500 or more

regardless of whether a lubricant was applied.

In contrast, in Examples 1 to 9 in which the burnishing process was performed

before the dry etching process, the number of impact objects on the surface of the

magnetic recording medium was 112 or less. In Examples 1 to 5, 8, and 9 in which the

lubricant was applied before the burnishing process, the number of impact objects was 12

or less.

As such, according to the method of manufacturing the magnetic recording

medium of the invention, it was possible to effectively remove the foreign material on the

surface of the magnetic recording medium and prevent the mask layer from remaining on

the surface of the magnetic recording medium.




industrial applicability thereof. 36 CLAIMS 1. A
nmet hod of manufacturing a magnetic recordi ng nmedi um
including a mnmagnetically separated magnetic recording
pattern, conprising: a step§y formng at |east a
magneti c | ayer on a non-nmagnétic substrate; a step of
formng a mask | ayer on the magnetic |layer; a step of
patterning the nmask |ayer to forma mask pattern; a
IndSiER & pﬂ&%ﬂiﬁg the magnetic recording pattern on the
magnetic | ayer using the mask pattern; a step of
burn@ ybng the surface of the mask pattern with an
abrasrvet and a step of renoving the nask pattern. 2.
The et hod of manufacturing a magnetic recording
medi AF§oaEES telthsdnvention ihismobsiblete pedvide 2 magheticsteeqrdife
burni shing the surface of the mask pattern with the
mediymawith bighaetapingidensitydindchiph eroalue@siy and SnRRPERE the
agai nst the mask pattern to abrade the nmask pattern.
inddstridlngpphedbiias tedreganuf act uri ng a magnetic recording
medi um according to claim1, wherein, before the
surface of the mask pattern is burnished by the
abrasive, a lubricant is applied onto the surface of
the mask pattern. 4. The nethod of manufacturing a
magneti ¢ recordi ng nedi um according to claim3, 37
wherein the lubricant is applied with a thickness of 1
A or nore. 5. The nmethod of nmanufacturing a magnetic
recordi ng medi um according to



claim11l, wherein, in the process of formng the
magneti c recording pattern on the nmagnetic |ayer
using the mask pattern, a region of the magnetic |ayer
that is not covered with tRg mask pattern is exposed
to reactive plasma or a reactive ion atnosphere such
that the magnetic characterastiscs of the region of the
magneti c | ayer are changed. 6. A nagnetic recording
medi um manuf actured by the nmethod of manufacturing a
magneti c recordi ng nmedi um according to any one of

cl ains t c oo . magneti c recordi ng/ repr.oducin
appalr' at‘%g“e@%’ﬁ»p".fif%ﬂlwéc %’Qﬂﬁ%ﬁt’icée?(gg’é’lgd? umRdpsluding a

accor?ing to claim6, a driving unit that drives the
magpetirally; $Pated angtinEesotding patiern.coommdising: direction; a
magnetic head including a recording unit and a
r epraciiiercofrfgrmmigtat leastenmagrehiatiayepvas donemaggtie substiagad
relative to the magnetic recording nedium and a
I ec ar gl fosping dlaidkdayiodthé mPEAGRSIEVEY unit t hat

inputs signals to the magnetic head and reproduces
ST gnadté SHaRtinidd AAAR ARERPIS B3¢ pattern;
a step of forming the magnetic recording pattern on the magnetic layer using the
mask pattern;.

a step of burnishing the surface of the mask pattern with an abrasive; and

a step of removing the mask pattern.

2. The method of manufacturing a magnetic recording medium according to
claim 1,
wherein, in the step of burnishing the surface of the mask pattern with the

abrasive, a tape including the abrasive is pressed against the mask patterr to abrade the

mask pattern.

3. The method of manufacturing a magnetic recording medium according to

claim 1,

wherein, before the surface of the mask pattern is burnished by the abrasive, a

lubricant is applied onto the surface of the mask pattern.

4. The method of manufacturing a magnetic recording medium according to

claim 3,



37

wherein the lubricant is applied with a thickness of 1 A or more.

5. The method of manufactufing a magnetic recording medium according to
claim 1,

wherein, in the procéss of forming the magnetic recording pattern on the
magnetic layer using the mask pattern, a region of the magnetic layer that is not covered
with the mask pattern is exposed to reactive plasma or a reactive ion atmosphere such

that the magnetic characteristics of the region of the magnetic layer are changed.

6. A magnetic recording medium manufactured by the method of

manufacturing a magnetic recording medium according to any one of claims 1 to 5.

7. A magnetic recording/reproducing apparatus comprising:

the magnetic recording medium according to claim 6;

a driving unit that drives the magnetic.recording medium in a recording
direction;

a magnetic head including a recording unit and a reproducing unit;

a unit that moves the magnetic head relative to the magnetic recording medium;
and

a recording/reproduction signal processing unit that inputs signals to the

magnetic head and reproduces signals output from the magnetic head.



