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WD 2007/ 055345 PCT/ JP2006/ 322520 DESCRI PTI ON METHOD OF
MANUFACTURI NG MAGNETI C RECORDI NG MEDI A, MAGNETI C
RECORDI NG MEDI A AND MAGNETI C READY WRI TE DEVI CE 5

TECHNI CAL FI ELD The present invention relates to a

WQ W8UOSSHMSmanuf act uri ng magnetic record i.ng PeEH2406/322520
magneti c recordi ng nedia, and a magnetic read/wite
device. Priority is clained onl Japanese Pat ent
Application No. 2005-327414, filed Novenber 10 11,
2005, Japanese Patent Application No. 200.6-046291,
filed February 23; 2006, and U.S. Provisional Patent
Appl i cation No. 60/ 738599, DESCRITINenber 22, 2005, the
contents of which are incorporated herein by
reference. BACKGROUND ART 15 In recent years,
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signals recorded per unit surface area. To achieve
such an inprovenent in the surface recogdiﬂgtg:nfghgér
Lécg?drﬁ;eézﬁgyt;Oananfﬁgeﬁﬁgghh?ggggging density. 20
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donsi (o1 Pregte REhAR G et ol AR dishdhRery g RaadeBE Rcplag

Rfédie ?ﬁigﬁéﬂic@éco%&di& ah@% Maghetid rdHBIMIREJNNCP carri es

out ecordi ng a single-pole head using.a

per pepgibfityl iaElaifid BR Tigandse Patest ALhiiBRISh WD, DEVSLI414 filANovember
al | oy-based magnetic recording Tayer with nagnetic

arni, 3e05( RPxnesd Pttt ApplidatiomNo. 1006986290 filed Fétigars 0B2006:a8d U.S.
and having a soft magnetic.layer of permalloy or the -

| Rrivcaision¥DP 2106 A 5 Eatibh NXEU/TBB2B0) Gled 2dvertiber 22 Q008 thecdnitenes of

‘met hod that has been proposed for inproving-the track

nelddr att itgorporated herein by reference.

‘BACKGROI_JND ART
In recent years, with'magnetic record'ing media such as hard disks used in external

storage devices for computers being called on to store increasing amounts of information,

. there has arisen a need to further increase the density of signals recorded per unit surface

aréa. To achieve such an improvement in the surface recording density, it is necesséiary to
increase either or both the linear recording density and the track recording density.

One effective method for improving the linear recording density that has recently
been proposed is a so-called perpendicular magnetic recording method which carries out
recording with a single-pole head using a perpendicular magnetic recording medium having
a CoCr alloy-based magnetic recording layer with magnetic anisotropy in the vertical

direction of the substrate and having a soft magnetic layer of permalioy or the like.
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density is a method which uses a discrete track-type
magneti ¢ recordi ng nedi um having magnetically

decoupl ed magnetic tracks to avoid the generation of
fringing noise during read and wite operations. 5 Two
WQ 30875 et hods, have been proposed for manuP@EIRIPI6332520
such-di screte track- type magnetic recordi ng nedia. One

i nvol ves etching away part of magnetic | ayer forned

on a flat substrate (e.g., see Patent Docunent, 1). In
the other, a magnetic layer is formed on a substrate

in which raised and recessed features have been forned
bef or dreafective metherkthat hepbesp arapgsed ferdmprying thesedek repauting
such as injection nolding ( see Patent Docunent
ﬂens@(;s PHYE »%mﬂdiqcretgmci-tnpmmglc reqydipg medium havmg
Docune JP-A 9-54946 DI SCLOSURE OF | NV er ON In the
ffa?s%ﬁwah&ﬁf&?apl% Baghedie tracksinyavold 1he gengpion g frpging P@gee%mg read
n.re esseq areas, the 15 recorded data is

rf’&ﬂr‘i"é ?‘&%ﬁrq W%eparated and a si gnal -t o0-noi se ratio.

obt ai i Ao R bR R PGBy g ok

| t %Egli{ é/ﬁg Hegord | ! eE?I a‘bﬁgﬁ%@t%fvg &crﬂbég\bsﬁﬂ;a}t of M}{ E(?e\f%rlager formed

rﬂﬁsdt ﬂe{? glilt;g{l'§9¥6$€ lc% i’gtgﬁ)(\f%éurﬁ'l&ﬂg‘) uﬂr{ﬁé:&ﬁ{fa{ %ﬁnaﬁfeﬁ@ﬁrer is formed on

t to set an contro e etc

%Gsﬁateqn%vméﬁqsﬁed:ana%ue@seaireﬁﬁﬁes heien fodthsd BUPBreRAR hn signal
unsui tabl e for .use 20 as an ordi nary mass production

REQFHRS ar’éﬁb?ﬁy d0dtnique Qidhds nﬁecﬁ@@ﬁ'lowll@b(@ .g., S HaRht b8@&ment 2). |
| atter nethod, aside fromusing a su strate in which
rai SGd’a&ﬁd)é@ﬁﬁﬁlSEd]P-}ﬁeaﬂMﬁS have been forned, the
same -medi um manuf acturi ng process can be. enployed as in
t he pPaent Dodumentelki JPeA B84 ppr oach suitabl e for mass

"production. However, because the nmgnetic |ayer

remains in recessed areas, magnetic separation of the
recorded data is weak. WD 2007/ 055345 PCT/ JP2006/ 322520
3 ‘Moreover, the si ghPCLOSHBELF MNMENTION servo signal s

is small, naklng it inpossible to _properly position
the hé%@e former method, because a magnetlc layer is not presént in recessed areas, the

recorded data is magnetically separated and a signal-to-noise rauo sufficient for positioning _

with a servo can be obtained, However, shortening the dry etching time for removing the

. magnetic layer is difficult. Moreover, exactly the required amount of only the magnetic

‘lay‘er must be precisely removed from unnecessary_'a_i'eas, makiﬁg it difficult to set afjnd
controt the etching conditions. Such _cirpun'l'stance; render this approach unsuitable for use
as an ordinary mass production process that must provide a good yield.

As for the latter method, aside from using 2 substrate in which raised and recessed
features have been formed, the same medium manufacturing process can be employed as in
the prior art, making this approach suitable for mass production. However, because the

magnetic layer remains in recessed areas, magnetic separation of the recorded data is weak.
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Pat ent Docunent 2 thus proposes a nethod for
magneti zation in opposite directions between recessed
and rai sed areas. However, because formatting with the
(gnetlc head is 5 reqU|red t he advantages of a
N EOUBEM5r ack-t ype magnetic recordi ng medi unf CHR2R/322520
ains to reduce costs by elimnating servo wite
operations, are greatly conprom sed. Mreover, a |arge
hei ght difference is required between the recessed
areas and the raised areas, thus |owering the flying
stabilit¥ of the head. Also due to the increased track
dMﬁsepw the pignal-49-geise raipef seeesizaals issaall upaking it irapagsible to
gher as ect ratjo, making the substrate nore
P?bﬂ%@'?%”@ﬁﬁ%% 10 and narrowing further the width

-"L  GefBERtenf B araetietn Dot oamagneea n s oopgsie direcions
P reﬁ%%ceas?ﬂ uBFrlSHER R MgMere wstRaFBAAG MOBiechelsdgad s
| a§ ?egl ljhggd\glz}{g%e% glélsa'gteq{a{:lﬁlgﬁﬁ qgtge?gtrelc%ﬁir eCn%ad t'mrm]g.vhlch aims to

er eNnce w esen’t

ij;@ &@Ebﬁ?b)‘"@ﬁmﬁﬁﬁg ‘%érV@ %ké'bpgfaqgﬁs.é{g Igfe?%%o\ﬁ'ﬁ)r&nﬁgtg .b!QXl%over, a

wbac S prior-art one
qgrgﬁ ReighY BE&Rce! l§‘r‘é$meﬂ BBtween the r&EQé’d ﬁ@as%nm%@&tﬂab NRlus

d which is capable of easily manufacturing
doteri the nﬁmg Kabi o FRARES. | £156, A6OlodhdicressRd trackodentiBthe raised
er object of the invention is to provide
sand hecaBsgd datueesrhavced kiping aspaardito, makihy teRebsuaejniat difficultao shape
provi de a magneti'c read/ wite device. Accordingly, the
| amd entrowing ffurther the svidth of the rdcessédryeas 2Whed » magnetichemrdiig layer is
manufact uri ng magnetic recording nedi a having a nmain

 stermedoan top ofswclt i substeager attends wpy chskoectiag thedecspred exgas. fin guch cases,

substantially concentric arrangenent and on which
grevorrellems ariseniag/uding @alfcvrmaa@p@fg ferts guch g pegling andigrackingrad the
magneti c tracks fromone another are forned, the

rfBagNstc exdige daysn and iaferfsenceyity the heelg on a f1 at

faprt bivir%%%?%?og%ﬁ kg st e e ARy Srme
protr - 20(}%7/9 45 PQ/Q]P 006/ 32r25% a 4 fct
EiF B SRR o Oet iR Be LI Tt = 0 Payidna aiipyacturing
tlﬂ& M&hl@ﬁ‘ras ?%a%?%&%asﬁl? n‘a'i‘n@ﬂg’t{lﬁ rﬁfi& ete ﬁmE{ or;)a%jlgﬁc recording
O es et ween

pro rustons Iece a rmgd

't rﬂ@dlﬁqwtcbs‘i I\E@lﬁéﬁ‘%bject of the invention is to provide such magnetic recording

“media. A further object is to provide a magnetic read/write device.

Accordingly, the invention provides the following.
(1) A method of manufacturing magnetic recording media having a2 main surface on which
magnetic tracks are disposed in a substantially concentric arrangement and on which grooves
for magnetically separating radially adjoining magnetic tracks from one another are formed,
the method being characterized by forming on a flat substrate at least a magnetic recording

layer so as to fabricate a workpiece, then pressing a stamper having protrusions
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(2) The nmethod of manufacturing magnetic recording

nmedi a according to (1) above which is <characterized in
that protrusions have a tip with a curved surface which
satisfies the 5 relationship 0.75W5 R 5 1.25W where R
WO 200056H8i us of curvature of the curved sur fREIP2HG22530
is the width of the protrusions. (3) The nethod of
manuf act uri ng magneti c recordi'ng nedia according to (1)
or (2) above which is characterized in that the

grooves have a depth of from50 to 100 nm (4) The

met hod of manufacturing magnetic recording nedia
avoerespinding toshagrpoes agadist ¢ mgint surface®f (@) wakpecs sodas totransfer the
characterized by fabricating a workpiece in which the
rigpreafithe pretevsiont tehe weskeiecs andfformeraovsa betmersﬁbbgtagrm tracks.
and a protective layer is forned on the nagneti

r@t Bhegnsiped qfawrlfacwe&mﬁe@ggme@r inganegia-acers, ma&aﬁlhsltovs Mdich is

|n syrface of the rkp| ece., (5). The nmetho
ARG EeE Y ﬁgt ma‘gw a‘Fé’élﬁ’r%‘FW‘W@&Pﬁ‘f%é‘d}‘fgﬁ Sﬁﬁsﬂebthﬁny

@tlgrﬁa%é’gé\‘ga& @WV e R B T 6 e Burtce

or tective layer on the nmagnetic
gsn“ﬁ wld'ﬂ é}qhe Q'ﬁ{r e et hod” of manuf acturing

?’i‘ﬁ{) &h&aﬁé}t‘?ﬁtﬂbﬂ&u g ﬁgperc ﬂ%nﬁe‘&.a%é!orﬁﬂiwo(fl)éﬁ)z) Fve -

ove erl e

t\blﬁcl-?fs PR SrerBORINIRLL tﬂahg%cW% ffé%‘g%‘&@ptli BF frbmtsb‘i’o 1q0Re. of

the protrusions Is transfer to the substrate. (7)
TaPTREhARSH TimdRBRbhARE Hnﬁ%ﬂ%ﬁc F&&ﬂﬁ: infedia2e60rBinp & 4R @ndof (1) to
according to any ‘one of (1) to (6) which'is

o psbaes @hick cthbyctprizd by Iﬁ@ribhﬁlg&tvwm&e&gﬁrhnﬁ thetriggnetic recording
wor kpi ece until the thickness of the magnetic -

r leyeo isdfomgedlcayies substcatrand atpl'otcmee lagér i foembdbon thermagndnh eecordmg

"grooves. (8) The nethod of manufacturing magnetic

rlegsorthiinryessingthe steoper aiaingt thomainysurdave of the Moykpiese. ( 6)

which is characterized by pressing the stanper against

t (R Theonethedafanann facturing magngtin escprding mesdlisragbarding toyany ong of (1) to
severed at the bottom of the grooves. WO 2007055345
HSrwhich sehpragisrized by gressing ﬂmsarn@%r ﬁs@n%fhemm pusfacepfi thgworkpiece,

netic recordi ng nedia according.to a one of (1) to
(hsh @mleaapgoteeﬂa? &%r@mtfféaaanﬁ"%rﬁ&tgfd%@ys%gneti c

r(%f‘?lqedrlnagod J anu actun g mggne it lgeléor%:rng e%péeatc}:&diﬁg to any one of (1) to

| ~(5) above which is charactenzed by pressing the stamper against the workpiece until the

shape of the protrusions is transferred to the substrate.

(7) The method of manufacturing magnetid"rccor&ing media according to ﬁny one of (1) to
(6) which is characterized by pressing the stamper against the workpiece until the thickness
of the magnetic recording layer becomes thinner at the bottom of the grooves. |

(8) The method of manufacturing magnetic recording media according to any one of (1) to
(6) which is characterized by pressing the stamper against the workpiece until the magnetic

recording layer is severed at the bottom of the grooves.
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ani sotropy. (10) The net hod of manufacturing magnetic
recordi ng nedia according to any one of (1) to 5 (9)
which is characterized by placing an orientation |ayer

bet ween the substrate and the nagnetic recordin

WA WPT0561E) The net hod of manufact uri ng nmagneb¢EIP2006/322520
recordi ng nedia according to (,10) above which is
characterized by placing a soft magnetic |ayer between
the substrate and the orientation layer. 10 (12) The

met hod of manufacturing magnetic recordi ng nedia

according to any one of (1) to (11) above which is
cBaTbemethod efananyfachuing maenesic isprdinganedia apaerdingfio any one of (1) to
materj al selected from ‘anong pl astic, glass, and .
ABUrish s %Pwaelyr.w%im)hawhﬁﬁ@er@gp eecprdinglgiehbasipstendirHanmaggetic
a main surface on which magnetic tracks are disposed

i 019¥eR¥hst antial |y concentric arrangenent and on which

es for neti cal | 15 separati r adi al |

S OI R e R i hamefe REGTA e a0 Prigrordine 19 e of (1) o
t UM bei n aracterized:.in that a substrate i
T TR0 STt by & BlaR b itenof Ly ] bty ardne
I : |.6. recording | ayer and, over the magnetic
r’g.%%"%%‘?aﬁg@'?@gyry?"a protective |ayer, and the magnetic
r @GPPI dhdPores Ang MAgrleBE rebdly g%aa Eordi ich -
a(? ﬂ:e_ botto_magpﬁtéﬁen%ﬁg%\?esfe 2_OEl 14) ﬂ%eorrr'g%ﬁggig{:&gfe wh|0h
IS el sbkiiteABFH 1T @4 fokBhaghBRIBydMBbiMRer the SiRIrAE b thd 8fertdtion
that the bottom of the grooves has a curved surface
Wayeeh satisfies the relationship 0.75W <_ R S 1.25W,
where R is the radius of curvature of the curved
SU2Y Heenaln offnanafattoringmednietiofectriiimg gredimaesording idany Tine of (1) to
magneti c. recordi ng medi um of (13), wherein the magnetic
r(é timbdverghichjseharacterized in theftthesvbsifaie i e1ade ofamatetial selected from
thi ckness of 2 nmor_ |ess. WO 2007/ 055345 - ‘
P8 Phote RRen 8pdaluminumayion magnetic read/ wite device .
conprising a magneti ¢ recaordi ng, nedi um and a nagnetic
r{égﬁ‘\m@s ic\fpaordiag medive having3 mai surfacs of yhighgngggetic tracks are
naa- neti.c si nal,sl fromthe nmagnetic . o .

isposed in a substantially concentric arrangement and on which grooves for magnetically
separating radially adjoining magnetic tracks fg'om one another are formed, the medium

being characterized in that a substrate in which grooves have been formed has formed

. thereon at least a magnetic recording layer and, over the magnetic recording layer, a

‘pr'otect_ive'layer, and the magnetic recording layer ha_s a smaller thickness o is severed at the
bottom of the grooves. |

(14) The magnetic recording medium of (13) above which is characterized in that the bottom
of the grooves has a curved surface which satisfies the relationship 0.75W’ £ R’ < 1.25W’,
where R’ is the radius of curvature of the curved surface and W* is the width of the grooves.
(15) The magnetic recording medium of (13), wherein the magnetic recording layer at the

bottom of the grooves has a thickness of 2 nm or less.
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recordi ng nmedium the magnetic read/wite device being
characterized in that the magnetic head is a
si ngl e-pol e nagneti ¢ head and the nagnetic recording
medi umis the magnetic 5 recording nedi um of above é ;?
W0 200705534Rs descri bed above, the present invefilHBR00E/ES20
formmagnetic tracks to a higher density w thout
resorting to conpl ex, di fficul-to-control
m crof abri cati on such as dry etching, and thuwenabl es
di screte track-type magnetic recording nmedia having
excel l ent nmagnetic properties suitable for her
r dEbA tagpetisaendiwiite devies dompeising hmaamﬂmeurwemﬁedg:@n ynd 4 magnetic
manuf act ured. BRI EF DESCRI PTI ON OF THE DRAWNGS FIG | -
i fseaé which dvrites reagsetds signalsito gndagads magnetis se&né15£qom}b@ DRREnelE
anetlc recordin nedlun1accord|n% to th
ing 8% 'uzsthcmsn ic pRdoRRiE dedeaRenES é’aété%%efjé‘h‘é'Pt the mpgnetic

|II stratin S i the nuf acture f th netic
et i w'a@c& aetip herdiand fhe cpagneticypegrding mediymds We agnesic
FIG 4 is an enlargedfront

'ieﬁwa'aﬁ "ﬁ\é\llﬁpocffl%a %ﬂﬂé’ﬁ(l{ﬂe stanper. FIG 5 presents
e A ABEd bR bR M) LA AP RREE s W Ehigher
S@e% .ﬂloui’&eé‘qfé{a@;ﬁ%ﬂﬁlgi‘ AR E&SJnkrSﬂnichfW?!c&'ibn%ﬂch as dry

orierntation posed on the nagnet

ra@fnﬁgi ROth IR bIES difdr&e trzcu-%@m§gsiaﬁaﬁtcbrqu@%dimainﬁ Ck@Vent

showing a construction in a soft magnetic ayer

I xﬁagﬁgﬁ@mﬁ@@rsunme foRBigRérirecofdieOdentbities (56 easity arbinkstgensiely
is a grap f the track pi'tch versus the servo signal

| maraftdrgd. r at i 0. WO 2007/ 055345 PCT/ JP20061322520 7

FIG 9 is.a graph of the track pitch versus the error
rate. FIG 10 is a graph of the groove depth versus the

servo signal intensity ratio.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. | is a_schematig sectional view showing the structure of a magnetic recording
medium accordihg to the invention.

FIG. 2 presents schematic sectional views illustrating steps in the manufacture of the
magnetic recording medium'sh'own in FIG. 1.

FIG. 3 is a schematic front view of a stamper. .

FIG. 4 is an enlarged front view of a prqtrusibn on the stamper.

FIG. 5 presents schematic seclional“vi_cws illustrating steps in the fabrication of a
stamper. |

FIG. 6 is a schematic sectional view showing a construction in which an orientation
layer is disposed on the magnetic recording medium.

FIG. 7 is a schematic sectional view showing a construction in which a soft magnetic
layer is disposed on the magnetic recording medium.

F1G. 8 is a graph of the track pitch versus the servo signal intensity ratio.



pephy ety e . . pes— s

10

15

20

25

FIG I | is a graph of the groove depth versus the
frequency of fabrication defects. FIG 12 is a graph
of the track pitch versus the error rate ratio. 5 FIG
13 is a graph of the magnetic recording |ayer thickng;s
WO 00568t om of .the grooves versus the errdrCyEges22520
rati o. BEST MODE FOR CARRYI NG,OUT THE | NVENTI ON The

nmet hod of manufacturing nmagnetic recording nmedia, the
magnetic recording 10 nmedia and the magnetic read/wite
devi ce according to the present invention are described
in detail, belowin conjunction with the acconpanyi ng
di agr &H&.9 ip A 8faRB ofjths grekmitch yerakstheertas rate ¢ he
descriptiaqn bel'ow .for the sake of conveni ence key |
foat uFBS 1 5ea GaRbbf heBroTRIRAR oG S S DErhaene Rt

Cho. 1 EGatH Vet Eaphatitr BRe™ kR iERR oY SEN-DL Wdiongd dotecs
h T ' differ f Jty. 15
i/agmﬂcg I&éggg‘gb@g{t WE?CLIT tf—l]' ‘Ifesriug%}eherg%ﬁmﬁagfﬁ%{"lf‘cyr ecordi ng

medi U , . b . . :
Ret or T F B bt ielclY RRUARR B ARl Bl potomsof the
PEREHN s R drldfrakMgHt i On are - discrete track-type

magneti ¢ recordi ng nmedi a (magneti c' di sks) which can be
used in 20 magnetic read/wite devices such as a hard

di sk drives (HDD), and are conposed of at |least a disk
substrate 1BESTTMODEROR CARBYMNGOURYHE IRVENTIGR on the

di sk substrate-1, and a protective |layer 3 forned on

t he nAhemeihod nEmandactging magneti2 recoiirg media) el reagnetixneclirdigg
medi um has a main surface on which are disposed :
meegiaeanil the magaetisread/wniteadesiobarcond inigdd the prasens émventian are described in
arrangenent and on which are formed grooves 5 for 25

- Wil belowdn conjunstian Mith thy accompanying diagramp | lnghediegierns referred to in

tracks.4 fromone anaother. WD 2007/ 055345 i
Hesrdesesintion baowrionthegakeipd conyenieier key (sptuten aregpmeiinaes showms

Gt P st b o s e B retive

%%e\:/n%ltolrjlg &f tgtfs retslgle(?:ti\(/:euerlé/meggntsss%(ra\twg71 Fn‘l‘athéj1 (ri]idgr\e{\&s Imsay differ from reality,

a
Magnétic Recording Medium
_ First, the m#gnetic recording medium according to the iﬁvention fs &escribed. .
‘Referring iq FIG. I, the magnetic recordiﬁg media according to the invention are
discrete track-type magnetic recording media_(zhagnetic‘disks) which can be used in
magnetic read/write de\)ices such as a hard disk drives (HDD), and are composed of at Jeast
a disk substrate 1, a magnetic recording layer 2 formed on the disk substrate 1, and a
protective layer 3 formed on the magnetic recording layer 2.
This magnetic recording medium has a main surface on which are disposed magnetic
tracks 4 in a substantially concentric arrangement and on which are formed grooves 5 for

magnetically separating radially adjoining magnetic tracks 4 from one another.
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e gsdhi gmagmg Freprding; sz

ATl ey o it Rk . = A e 4 e g

the wi dth of the grooves. R” - Rand W - W that is,
R is substantially the sanme as R, and W is
substantially the same as W 5 The di sk substrate | is

a nonnm net| c substrate made of, for exanple, ‘%ﬁ’ i
YORLO8HS an al uni num al | oy. The magnetic recd ﬁéjosﬁzzszo
| ayer 2 and the protective |ayer 3 are successively
deposited on, the disk substrate |I by sputtering or the

i ke. The magnetic recording layer 2 is, for exanple, a
magnetic film having perpendicular magnetic

o oad)e Risrs Sk ER %Feéhgﬁ%&%‘%éﬁ‘{f"éfaQ‘?fﬁ“hﬁiafﬁ%ép"gﬁ%%%hip
Al di .
AR P e RS e '\*Paﬂgfﬁ@%"?‘eﬁ‘?u@'%&arvr?a sprdggang i
t f
ﬂ?e w1dﬁ{ Jﬁﬁangggve% g%lngke cl(je r%gy' ‘?)Vf &;els,leﬂe gg %%Ft%“ Ig gli/egsf'a%ng as R, and

_IWI |§§g sﬁa'h tﬁé@a‘?ﬂ%‘a@% of such ferromagneti c material s

i nc s contai ning cobalt. and platinum such as

CoPt ﬂgdlsm{%& 1 ?srhqwﬁhlaéﬁéﬁc QiR A Aaddor fo?@xa?rgbq’e Iglastlc, glass

pl ati num such as FePt. Ih addition, an oxid

102 akrhinutd AR, TKE Qagneﬁ&%@&dﬁg%%hﬁfﬂﬁl tA@yroRetvedaRd 3 tafe

t hese ferromagnetic materials magneti.c. recordi ng

| sayeessivdlydposied 6 tHe @Sk duissirate 1 bly ypuieiing orthe likgnet i ¢
materials of differing conmpositions such as. Co/ Pt or

Co/ Pd Ththmhgretie rdcordingdayas? sufoe esampls almagestis;fiborhaviay perpendicular

conposed of a magnetic material and a nonnmagnetic '

meagesticnisoinerty. & ferbwagnetic meterial fonrclddsthe weis bhgaey magrtization.is-

The magnetic recording layer 2 has a t hi ckness of

sriented Bl in @dmumewdlﬁ@lﬁrt tp ke maip surfage ekthe disk gibstrate 1 is
hi n

Leda o b ecic res i %%fe%‘g%ggg%pg{;érggl%{ﬁﬂprgfcﬁqbb\hone having

& ft”a%tt{ﬁga%ggt%ﬁé et abget E@g w@awﬂﬁ\s %Sv?%té‘r%&a«%f%vch
e malaels g iAo e ring doBR iedsippiy ff Bcopda
r@o@ﬁlﬁ Lrﬁi arllggsoé’o laﬂﬁné I%qnd ilahﬁurﬁ Qu%sq{emz a'a&ﬁﬁ%’%ﬁ §x1de such as

magnetic re can ‘be expe

LS A, SRS 8 S0 B5Sifpt mci ie
frR{gredd xeébrdlﬁg lhé Tiadepmposelvldr & BMﬁihty @mdgnarcqaa&.dlm

noi.se due
dlffermg compositions such as Co/Pt or Co/Pd that are formed as successive layers; or may
be composed of a magnetic material and a nonmagnetic materlal that are formed as
successive layers. |

The magnetic recording layer 2 has a thickness of preferably 5 to 30 nm. By setting
the thickness of this magnetic recording layer 2 to 5 nm or more, a sufficient magnetic flux
can be achieved and a high signal-to-noise ratio is obtained when reading data, enabling a
magnetic recording medium that is better suited for high recording densities to be obtained.

On the other hand, by setting the thickness of this magnetic recording layer 2 to 30 nm or

less, the magnetic recording layer 2 can be expelled from the bottom 5a of the subsequently
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to enlargenent of the magnetic particles within the
magnetic recording |layer 2 can be suppressed, enabling
deterioration of the read/wite characteristics to be

ﬁ{evented The protective layer 3 protects the qﬁgnetic
QUSRS ayer 2 from corrosion and 5 prevent PRoggeas2o

to the surface of the magnetic recordi ng nedi um when

the magnetic head. cone i nt o %ont act wi th the medi um
Conventionally well-known materials can be used for

the magnetic recording layer 3. Illustrative exanples

of the protective |layer 3 preferably include ones

clesqpibsé groofesdatubing famaiawnl thergronyens. sMbeeouercan incresse asnoise due

Si 02 or Zr02.: The protective |layer 3 has a thickness

dp eplaeapeniof welmasnglqmﬂICSéwti1wghq marlem: tekording lasfer 2 pgnche
10 protective |ayer in_.arange of to. 5 nm provi des

tsweprssss@ &pahlipg d?tsrmt'qm ch weaeaéi(}mtﬁ Eli'aé?ﬂe"sﬂ‘ifr‘ab? P!iew\t%ilnd

bet en th netic head an

al | owsl_ t he :

R PPé%B?%‘iaH?j e e Magheyg recariinEdayer wrwwwn and

poé‘??a{g Aamp B s o G rog G recordin REd i i phe magmetic head
ove é%“tgc?%hrt]hetrn&}mtﬁ @on%é‘nhgﬁ%&%eﬁl%%&n cr‘%'s c%nR% %d for -

escCri oves en forrre as f

th@ﬁﬁ t:@}ecoﬂ:l ?3 Ifhy %ﬁﬁgfe?éﬂﬁgf}ﬂaﬁch@ﬁﬁerg p?é?%gl?ly

over e mag ne recor rotec

ancl@d?sdon'ei‘t:&rﬁﬁtseci Jf%argﬁig&%hﬁm'iﬁcpsrugélﬂﬂe Etﬁ:‘l’)% S,MR2r6,, The

l er thickness or is severed at the bottomb5a o
Fgmearvecmgesa has altkickieds 6XfprdfErablf 24 5hinh SetMag BRithickness of this
ecordi ng Media 20 Next, the method of nmanufacturing
naoadive tayect i aang: ofe do 5 nmGeovidhs g fratedtive layenwishia sufficierst
described. FIG 2 presents schematic cross-sectional

. lugakility hind i tomatlierggp betepen the mapretinhendfand themeagnetic redneding layer 2

above- descri bed magnetic recordi ng nmedi um shown in FIG
1to bagedutrdvmaking ftpasibs totaplieverighae tecasding dersitics
manuf act uri ng magnetic .recording 25 nedia is, :

char adbhepmag www@r&mmum oathmlratenteﬂnskc@wsqnﬁ%& e that gdisk

|l e netjc recqrdi, WD 2007/ 05534
FSE%“I?FBZ'O'OG?%‘IB"S?B??POV& exeld 8@%9 E@/egsewfgmddm formged thereon at
\LTF? hsglgeﬂlg refgrdm qaye% ands, |°51g ihe n‘?iat\g%e ic recordmg Payer f% protective

layer 3, and in that the magnetic recording layer 2 has a smaller thickness or is severed at the

_bottom Sa of the grooves 5. -

Method of Manufacturing Magnetic Rec.orc'l'ing Media

Next, the method of manufacturing magnetic recording media according to the
invention is described.

FIG. 2 presents schematic cross-sectional views illustrating steps in the manufacture
of the above-described magnetic recording medium shown in FIG. 1.

As shown in FIG. 2, the inventive method of manufacturing magnetic recording

media is characterized by forming on a flat disk substrate 1 at least a magnetic recording
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corresponding to the grooves 5 against a main surface

of the workpiece | a so as to transfer the shape of

the protrusions 12 to the workpi ece and form grooves 5

bet ween t he magnetic tracks 4. 5 Specifical when

Pie208BB ¥ descri bed magnetic recordi ng nedi unggwmﬁpﬁzsm

FIG ‘I is manufactured, as shown in FIG 2A, first a

di sk substrate | which has be shaped and finished at

the main surface to a mirror-like surface is provided.

Next, as shown in FIG 2B, a magnetic recording |ayer 2

|sf r med uttering on the disk substrate | having

Aax&r RARS ‘2%’ ﬁg‘Fﬁ“@dﬂ’F & 43, they Preseing a slampefdirhayine pratsusions 12
ot e

ﬁﬁﬁ?ﬁ@?ﬁ%ﬂ&@i@iwﬁﬁs E%ﬁ’st'z%afﬁ%ﬁ?ﬁo% eﬁgﬁkég%ggggg@épansfer
e SR E R Biruniol§ 17 s SRRl ot BB pabf ey e mpmmeti

Bﬁé@s fpeen successwely deposited. - Next, as shown in
2

D, a stanper | is pressed agai nst the main
surfa i: .
| § elzcggcahg%nﬁl:g tﬁ%@?ﬁf@%ﬁ%e%a%@?&oédlﬁ xm/duﬁ'ﬂ shown |P FIG. ]

lis Mafufaciited, B8 sHRMWTiRERS. LAATIrE 28BS subSiAte FWHICR%S H\‘.eﬁ Qhapﬁ@@nd
wor kpi ece | a, protrusions 12 which correspond to the

Sinehed &fthd Mgin GErRRY &5a Mirfdhdike Airface Bprdiddedy to be for med

on the workpiece la. As shown enlarged in FIG 4, these
pr ot r dekmpasshowr isEIGY 2B asmaghend sevardipg ldyer 1 fératedtblp@puttering on
grooves 5 and thus have tips |2a which, instead of

holesi digk SUEﬂra&qubavmg aplangrizadmatiswsiacé.aces that are

rounded. The stanper 11 having such protrusions 12 can

be falb¢rsas @wpyn BlGREcerratertikedaxer A és fomped by spyutasing lgp dhe
shown.in FIG 5. First, a positive resist layer 14 is

,ﬂ’éﬂgﬁ%‘&réq?r@“%[ﬁ‘hi%"tzrate 13 made of a mat eri al such as

silic Next, the_ resist s subpjected.to
doubl inw&fé?a&eaeéwmecs a&%?ﬂﬂ;wdr@ s]koﬁ"lﬁtﬁ Jﬂw ich thsn
essed 25

TR TReeRying by P BT o Tayer o BEOEsSh Y 88Rsifl
| OWer \BOWEL o Bh GEHRS 218t el BF qugsmgaﬂaza ORER S face of the

PCT/ J
fabricated workp:ece labyan 1mprmtmg method

Referring to F1G. 3, this stamper 11 has, on the surface that comes into contact with

_ the workpiece 1a, protrusions 12 which correspond to the shape of the grooizes 5 that are

| actually to be formed on the workpiece 1a. As shc}wn enlarged in FIG. 4, these protrusions

12 serve as negative patterns for the grooves 5 and thus have tips 12a which, instead of being
square, have curved surfaces that are rounded.

The stamper 11 having such protrusions 12 can be fabricated by a process involving
steps like those shown in FIG. 5. First, a positive resist layer 14 is formed on a substrate 13
made of a material such as silicon (a). Next, the resist layer 14 is subjected to double
exposure (b) by carrying out ordinary electron beam radiation at places where the recessed

areas of the stamper 11 will be located, followed by lower-power, broader-width electron
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beam radi ati on that exposes only the surface Iayer
portion of the resist |layer 14. The resist layer 14 is
then renoved by devel opnent (c) , follow ng which the

urfaeistreatedto make it electrically c i
iy %?srs?“ét ni ckel el ectroform ng operation ig&ﬂ%ﬁfyqﬁégzsm

out (d), thereby formng a pl ﬂtlng | ayer 15 on the
substrate 13. Next, this pl at i) g layer 15 is renoved 5
fromthe substrate 13 (e). The .surface of ‘the renoved
plating layer 15 is then oxidized with an oxygen

plasma, after which it is treated to nmake i
elpe@@trpcpetégqtpat@mmqlx,@egﬁ cgllagg(pgﬁ@n oﬁ;h‘g%spst layer 14. The resist

SN C SRR
BB LR g o oeitRn s ot
PS80 AR HANE 0P IRl Bl BRI 1 i moves
ul?tgﬁfhe sEﬁstr@&Wﬁi'(@)at’['hQ ?ur?afce Bf §?ew(?r@f(ogﬁ1atﬂ1§%ﬁ¥ P8is tﬁén i dfed with

e sta and the a are

té?n 0’% Qenh:ﬂés%aa&ﬁe? WhtRGME tredidifto SRARPR efe&h@dll}' ddfductive and a second
tenperature of the di sk substrate 1. In the practice of

tiekel Ev@FiToriing Gherdfion SREMRE bt (HLBRNALIR PR 18fer 1§ Biremoved,
exanpl e, pl astl c, glass or an alum numalloy is used as

lgiwhgldmedtaaipesmb@b_r ate 1, and inmprinting of the

- particular material is carri ed out at the, shape-

r et ai MNemy as shoparia FLG.€Do sucharsampdthidtand she wakpieanlaferlaminated
shape of the protrusions 12 to the disk substrate 1,
tthgethsr.therepladed pr iastage @otshawn)y aihers thetstampsn F kisipeassed laganst the
until -deformation due to the transfer of this =~

.pPree syréace af the “ioelmeéa ungler the ﬁrnilé@thna';& pressyFe RYApiaPR K

substrate | ass i s use i sk substrate

1, thé“ﬁ‘@%f'i"ﬁé\h? sinpesr il apdthemorkeisee 14 ar bratec i apdbeid sty above
h%%vagrré"ﬁeé SEa g he i R lﬂﬁ%eeﬁr%«r%{s?% {rgention,

pr{roﬁ%]er% 8ubsﬁ@tg g{ad(\! oP ;hg 8&% EF(E 8@%%‘? taﬁ anz l%ur[[r{p £e“r%y|ls lised as
tﬁe &1@@%&&&9 1, f Q%f;ﬂﬁmpﬂf lﬁQ g%ﬁulér%atérmjﬁ calfrﬁﬁ Bl the shape-

grooves as t ansrerre ape o € protrusions

lrgtann‘?ﬂ ﬁEerBtt]Pe FRE THat fs! B HhSsterdhe §h§p°etdf¥he ﬁotrusrons 12 to the disk

perfluorihated |ubricant: layer is forned,- thereby

LA S S AR e o
transfer of thls protrusion 12 reaches the surf‘ace layer of the disk substrate 1.

When glass is used as the disk substrate 1, the heating temperature will be higher
than for plastic. In such a case, to prevent deterioration of the magnetic recording layer 2
and the like, it is preferable to carry out pattern transfer in an inert atmosphere, |

Next, as shown in FIG. 2E, the stamper 11 is separated from the workpiece |a, thus
forming grooves 5 as the transferred shape of the protrusions 12 between the magnetic tracks

4. Lastly, a perfluorinated lubricant layer is formed, thereby giving a magnetic recording

medium according to the invention.
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12 As noted above, the invention enabl es higher density
magnetic tracks 4 to be formed wthout resorting to a
conplex and difficult-to-control mcrofabrication
techni%ue such as dry etching, thus nmaking it ibP
WO RUP3#5and i nexpensi vel y manuf acture di scrit 12?"3@%520
type nmagneti c recording nedluE}haV|ng excel | ent
magneti c characteristics which"are nore 5 suitable for
a high recording density. As shown in FIG 4, it is
advant ageous for the protru3|ons 12 on the stanper I I
to have tips % a curv?F surface which sati sfj
the r és&preéﬁgh\fept 8 m?fswon@.nw % 8h25wS!txAm&n@u¢;trec§smb formed
ra.lus of ,curvat ur J urved urf e.and Wis t

o '8?0"{"F?e‘oﬁrCSF‘PF%i“%a‘lﬂeﬂ"l‘fﬁ'§°'cﬁﬁ’r°f??b°r? P%n@mtew'qwuch =

ressing t.he Erot u3|o

{cg 3Fus|1r%e}kslr2ggigw§|§ipf% t?lgas% igtaﬁp nsvelyJparny ture dnscg'etc track-
e ork SRl ol i Rh St whighpg more
pﬁﬁbﬁl#ﬁ??ﬂ@%e& %‘I’e(nglﬂtha of 'the grooves 5 forned by

trans e magnetic recording |ayer at

the bottspepm MAG. 4t.h§§@va9{ wﬁn&e%nﬁfonbﬁfo.ﬁhé%g@]1 to -
t hi ckness or i s severed wever, when R <0.7

araeaﬁliasf 22 Widta dupRdsidRe Whih QdtistiEsahPreRitioishi M S WX R €9, 2$5v
that 1ateral expul sion of the'respective l'ayers of the

WtidtR ¢t tadiusio$ ciraate @ Bithe eurvédsutfiee ant Ve is théravitith ofvheproffusion,
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> 12.5, the tips |12a of the protrusions 12 have an

acut eITylualdgdmgirahﬁ:pef thprotusionelResbagteb,preshiag ehepprcnnmohmf the ,
deterioration with repeated use of the stanper | and .
tdtamspes; hbagaimethe naim aydpecfemf theiwoekpiesa ip tateralfy qxepiéaluea) plasic
it can _endure) of the stanper -11. The resulting rise

. i defarmatiany wmﬁﬁw-veiawr@ of the deekpicce dnrasiiopeda e hoipmsa of the

and the .increase in the number of 20 st equi red
i reeven e frmed Byjtransfegn As 8 gesult, the raagnetiq refOﬁ 98 Eﬂfyérraém%i%m 5a of

HEW%&%%ifﬂﬁst@%B?ﬁ"?ﬁ@%ﬁﬁ&ssg%” or i ng Layes 2 -
Fur |y B PP <SRV RRERe bl oS Yo B«

| Slﬁ&ttlétg}g! df}xgﬁls: ﬁ'ogﬁl%: Pécﬁn% ﬁg&@?ﬂfr‘é \W&‘ﬁﬁlecé ﬁls frﬁﬁ gleam the other‘ |

recesse ures ace

rﬂ%ﬂ&‘%ﬂeg R@E?S hé‘ 22 BEE potridiord 15 AR A%kt ahé’le& pe which

nm sta ing characteristics can bé ehsure

. make_s the shape prone to deterloratlon with repeated use of the stamper 11 and thus shortens

the useful life (number of repeated uses it can endure) of the stamper 11. The resulting rise
_Iin the frequency of replacement lowers productiviéy, and the increase in the number of
stampers required increases production costs.

Also, it is preferable for the grooves 5 to have a depth of 50 nm or more. By having
such a depth, the magnetic recording layer 2 positioned at the bottom 5a of the grooves 5 can
be fully expelled at the time of transfer. In addition, by setting the height difference between
the raised and recessed surface features on the main surface of the magnetic recording

medium in a range of 50 to 100 nm, stable head flying characteristics can be ensured.
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WD 2007/ 055345 PCT/ JP2006/ 322520 13 Wen the grooves 5

have a depth of |less than 50 nm expul sion of the

magnetic recording layer positioned in the bottom 5a

of the grooves 5 is inadequate. If magnetic recordin

WRRBT35HAvi ng ani sotropy in a direction per g&idPeYeiar:so

to the substrate remains at {he bott om 5a of the

grooves, noise wll be generated during data read and

wite operations 5 or a sufficient signal-to-noise

ratio will not be obtained due to a decrease in the

out put, of the servo signals the ot her hand, at a

gr oov&/hsn thegrepves S figted Erinl lessd %nﬂo ftnhéxwéaan of:thwaew&e
in.re |on ere t surface.are

Seporting e UG  Brfiion 2 ¢ e ey S i ea%s "G Rasnsic

-rec%fcg 83""("2 ha‘m'mgI aTnaol{rolfpg&e cﬁéje:t?owmeﬂ c%l?r tB?Ibe sagsttrgwrgliains at

leeq}o%“ﬁg &Ig ?t{ot\{gp ﬁmsmcflsbsélg?llne“aratgfdu%%r rdXtaZyadfn& wrlkehoer,le%tions

preterab nagnet ecord

Q?B%nﬂﬂh@ﬁ s% LB &Rk Qegul%%?i‘l Rl ob{%ﬁw‘éﬁ dék ¢ '3' d%Er@?s%?n fﬂg ﬁ%p[x‘mf the

€ss prerera nm or €ss. y set

tshivg i Kgﬁ‘é@ GPthé otHaPhaAG, At%%?oové@%ﬁﬂ biERdre Qmm%o Hﬁethe head
magnetic recording |ayer 2 at the bottom 5a of

@leaRH@sSwillRaBaN P& ST HeRthe MPRAAY&IOf the rhiSed flaamle@tstsﬁﬂn g,

of the grooves curved in the shape of the tips 12a

Gervh Regiont ) @ regioh®vhets iR3Grfack Arka Of the Riistdifeuturey is ldnge (e.g., data
magnetic recording layer -2 with 15 respect to the

segiats), atakmgewbhtdata réadcamd wrlpeappanmsombaﬂsnbmb toeaty on, .

making it possible to better elimnate noise during

dat a Héspitisrabledorithe magnatia gasetdingdayen aighe bottormiagrfahd gooves 5to
recording layer 2 at the bottomof the _grooves 5, a

~ devgathiskngsp ot ham 9e logs angd lypfatabkydtrmer lessn By setiag the rtlafknsﬁ to2

i'n the error rate duetofrln At athlcknes%

8t & lespanpepetiztionelfhempgnciiniesdstiing fyetd #tithe bostam 39 of theygrroves
SRRk S e ubh S géefsar%a{ﬁ%;:éu@égaz} Shr e

i b%ﬂqﬁ%gafgpﬂaateﬁmasr W BRRERR e Dy ol g s winn

dg#% 'gf‘l?c;. gtlr%)tglfréé? d%\{) S%e 1t %\ E?r%&rd CLP?dI ﬁ{)ﬂh %k}n%q%rsﬁﬁlg tPvetter

eas]

3&@5’?;6;?&% ﬁ{‘lgérjclla?‘l%gﬁwﬁ%td% 2] rﬂ%n‘etﬁ%ﬁ@l{ Ghthe ﬁ)a@'fetlé Fk%ordmg layer

| ow t he ting poln
Sei tiebattdrR f the FRAVAL 3)h Fedbbaslinfihd Rive sTEABOSUPTRIRS détbridrstion in

possi ble for deformati on due to.
the error rate due to frmgmg At a thickness of more than 2 nm, ‘magnetic amsotropy will
remain in the direction perpendicular to the substrate at the bottom 5a of the grooves, giving
rise to noise generation during data read/write, a dectease in the servo signal output, and a
deterioration in the error rate due to fringing.

It is preferable for the heating temperature during transfer to be set to at least the
above-mentioned shape-retaining temperature of the substrate materiat but below the melting

point. Setting the temperature within this range makes it is possible for deformation due to

transfer of the raised areas 12 to reach the surface layer of the disk substrate 1. This allows
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25 transfer of the raised areas 12 to reach the surface
| ayer of the disk substrate 1. This allows WO
2007/ 055345 PCT/ JP20061322520 14 damage such as

n or collapse of the transfer patte
?&pﬁ??ﬂ@g'@g in addition to which it enables %&/}p%ﬂ%ﬁzzszo
sufficient pattern height di forence to .be achi eved,
enabling a distinct and fait transfer pattern to
be obtained. On the other hand; if the heat i ng
tenperature at the t|rre of transfer is belowthe 5

ﬁ&nﬁfq qruglitl gsln ef%gg rd:g %p[bslg of tﬁ; tr%g?cr S#%g}sé%ﬁggpﬁ%géd in addition
t i on W

3& W\g}ﬁ { 381%:'{35”%5 &l:j g} @eéghédlfﬁereaﬁeeto g aéaﬁegﬁ{raglmg a distinct
ah@ﬁﬁ%,ﬁﬁ trar{@é@g%ﬁﬁ 1o ger])%tat"regnsf erred pattern will have a

I"ow anage such as deformation orcoll apse

wi | | b?rrtﬁie &ge,q,gr,(ﬁ%t{,ﬁ{wﬁﬁé‘&@é&cup"!?% tfn%eoﬁr%ﬂs%ng bel{.)nl éhe

tenperat ure at ans I's at or above

'Eﬁ!lﬁel-rglgmﬂ@' t%peéﬁtpr% of te ﬁls‘sﬁ'atgfmaté?ﬁl ﬂs@t‘ﬁcru?t ﬁmtdﬁﬁﬁt%viil be -

mel t "an orm |srupt|ngt e cryst
Qﬁtb@dﬁib&ltb QhiVe HebiRisd @IS Halion WRIGRE Scilfat thedliffhceofaldisk substrate
ul-timately resulting in deterioration of the magnetic
ahie ac pateinStancer. Wbiceay ke trangfeftbd fatRrowitihadsa PREFeRgh @hd
cracking of the nagnetic recording layer 2 will tend to
alamgge sddeas deforimagordorfcbBapsaiwi] towsd toaeise. tByecontadt fwieinalnd leating
of thermal expansion for the disk substrate I and the
ergpeeatiire at e Gimeiofi sy érat ot abbge tha mekingpoint theomurfoée aftbe disk
i nvention, follow ng fabrication of the workpiece |a by
fsubstypied Wil merdicand dpform.ctissvRting ghel caystal orientation néthammneuc recording
substrate | then form protective layer 3 on the

. rf%rgh%ﬁr@t:u P@e'swcrrwglqga@/eae@ratamo the sragpeticichpraciprshics. h?éloreover

ltPﬁ‘g’ o %ﬁiﬁ%pﬁgﬁe}t%‘”ﬁam& ?na%%% e xed S o6 e due
2

ﬁélﬁ’grgéfgcﬁpc? ESQHF%@% cée"‘éi@?'}f I Q%ﬁpﬂf%ﬁa ﬁg‘dhe&:ﬁl&substrate 1 and

‘Eﬁ'ﬁ%qﬁ&gfefgfg'ng@%?h 2 fromdeteriorating due to | cont act

e€’or the |ike. Moreover, t he

Pr ot egf Y Eralc@%qf the: ihvenfioH, Follo Igsl%or tl$rPofRi1é‘§Br‘kgrece La by forming

def or mat | he rragnetl c Ing |ayer

tahnb R YaSordiRg 1S8R oh b diskEubRRE P ReSforRingd\RoBERRARY 50.1 the

Consequent |y, "bécause there is thus no need to provid

. Andphéicasidrdifg tagw a GrahsBir Biep Qvith R abbad-0Rvrited stahtfer 11 is camed out.

transfer step, the
" Tocarry out the transfer step following formation of the protective layer 3 on the

magnetic recording layer 2, it is necessary to prevent the surface of the magnetic recording
layer 2 from deteriorating due to contact with the atmosphere or the like. Moreover, the
protective layer 3 is more resistant to plastic deformation than the magnetic recording layer 2,
and thus tends to remain at the bottom 5a of the grooves 5. Consequently, because there is
thus no need to provide a protective layer 3 forming step following the transfer step, the
manufacturing operations can be simplified, enabling the manufacture of a magnetic

recording medium having a high weatherability.
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manuf acturi ng operations can be sinplified, enabling

the manufacture of a magnetic 25 recordi ng nmedi um

having a high weatherability. WO 2007/ 055345

PCT/ JP2006/ 322520 15 In the practice of the j [
Wﬁr’r‘?ﬁw@%‘ﬁ as the. magnetic recording |ayer 2 ée‘%@l%%ggﬁm
by plastic deformation remain,pn the sidewalls of .the
groove, but because the nagneefc ani sotropy shifts
fromthe direction perpendicular to the substrate, it

has substantially no influence on data read and wite.

5:n ﬁhinr actice of the i nventEon it is also possible
to folhibeReachsepidhe inventipm,filips siichas the magnelig Fesprding layer 2 expelled

5 st e < e 196wt 3P B oo s cauih s gt
PRS0 g e SOk BB R hBLRL b Sy o
"’}nﬁ\ieQFe @na([agar}%g@anidswrﬂgt present on the surface of the
magnett ¢ recording T'dayer 2, plastic deformation of the
Trabr P RERLARR g sl By BA RSkl bePFon

RESHbdHelit fedorifidliayet Dans Wie RfSfePdied (3 TROMBYL Gest B sABEr 1. |
| ayer” 2 may cone into contact wth the atnosphere and

thus dediRh a@4sa! When the rdnsRE QbPis3kied bk beford firRing tRlpettedive
transfer step 1n an inert gas atnosphere. "~ In addition,
ilayet Bicbepiuae & poeective lajee 3ihaviagt high hardadsk swongresehieon the surface of

- transfer step with the above-described stanper 11, a

phomagretivecordinglayer pjastigdéforntatior of thentagnetit reeordingfiges? by the
of the 15 workpi'ece | a. In this case, by once again
ctarpet higeanibe lstablypacicd outi \Qn thegtber hand, igéveny the pessilfiliythat the

whi ch* the magnetic recording layer 2. and the °

. phdecsof thpanagagticrrecpréing layerdanaysepielinte gontert with tharypesphere and

described transfer step, it is possible to prevent |

dosasisriprteali ds Rictgrpblerte saRt qubsrch 3 tiapsfersigg i dn inert gas atmosphere.

characteristics, due to PXi dati onéﬁﬁd the. lik from.thhﬁ

si dewdll 1St ke RYPSISe 8t e inventioficlgilamisg st dr srapevith the

B8l RS (APl g R B Pl B et
: weat herability and wear resistance. Such a

?ﬁ?ﬁél%]%gtda thi ckness of preferably 5 nmor Iess.

In this case, by once again covering with a protective Iay;r 3 the groove from which
.the magnetic recording layer- 2.and the protective layer 3 have been expeileci in the above-
described transfer step, it is possible to prevent corrosion and a deterioration‘in the magnetic
_characteristics due to oxidation and the like from the sidewalls of the groove 5. If such a
protective layer 3 is aga‘in formed, it is preferable for the layer to be a diamond-like carbon
(DLC) film having excellent weatherability and wear resistance. Such a film has a thickness
of preferably 5 nm or less.
Depending on the material of which the protective layer 3 is made and the

mechanical properties of the film, there will be cases in which the protective layer 3 in the
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Dependi ng on the material of which the protective |ayer
3 is made and the nechanical properties of the film
there will be cases in which the protective layer 3 in

t he 2007/ 055345 PCT/ JP2006/ 322520 16 gr ooy
WMW‘ESW% hout being expelled in the transf eli:&i{é%o’s/szzsm

enabling sufficient weatherability to be achieved.
Whet her to re-formthe protective layer 3 is thus
optional. Alternatively, as showmn in FIG 6, the

magnetic recording media according to the invention may
hdve a_construction.in ich an orientatiqn layer, 6 is
FRQYES 2 EPTAARS utbeing %mﬂeéw@ﬁﬁwﬁaﬂ@,wﬂ%@gﬁw cient
magnet i ¢. recordi.ng | ayer, 2. The orientatiqn |ayer 6 is
PSR tab i o e P a6 o ERe piedinedtes e optonal.

RO A b I
TSGRl 5 A BT ol 1BFoB ey e

R du6Rte 10nd e ﬁ%e@%pﬁ@g% Eﬁgg@r orientation and

magnheti c grain si magnetic recording | ayer

2. 'l Y blikdiibR 18¥PERa8SyePhhieh E&%%Ftﬁ@d?ys’t@bﬁ@ﬁatﬁm%u igfh@h size
an hcp structureé which rmay be used include those nmadé

Qh tHeUdyRefonvEd difectly BbbvE @nithay albickiess 6PpHEREDIyEbouf Do 30 nm.
exanpl e, boron, carbon, phosphorus, silicon, alum num
chr omitusiprefepddid for the oeigtationnayet 6itodavenhexpsamabeloyest-padked (hep)

- neodym um or samarium Alternatively, the orientation

|siryature 6 Thimendbdestgobd tontrol ofithd peypendicdlararientatiar argl rsaghetwd grgjn size
15 different conpositions or stivctures. For exanple,

wf thermeagnelic reentiding fayer 7. i1 Hestrathve examples efiorientayjar layessy ¢ haying an
face-centered cubic (fcc) structure on which has been -

. dep seyctuse) Which @nay bg usedrincdisie hase madegfaptheiwm gga guthgagm alloy

structure. In this way, the orientapili of the . .
ﬁa@tﬁ@msﬁr P@&Pﬁaibﬂ@m <R(hop PROBRAMB AR gy, chromium, cobalt,
SiilljrﬁﬁreSSi ng the crystal e%gai n size to.be enlarged. -
I

WPy YR AR, RREADT R Mof OB T M AP BH Yy er s 6 having a |
£ S, R Ry MRS £ B e
Qfl‘ﬁ??aﬁ %HEc%sitﬁ:!n.L» b QRetured! F'S%Qh#ﬂ}}e I3 ), B hnadkPR first orientation
tantal um ' tungsten, praseodym-un neodym um or

YRRV a faBRbdn R ALR ML PBULRA TR HY Beeh ARt £ebcond
for exanple, boron, carbon, phosphorus, silicon,

otientation layer having a hcp structure. In this way, the orientability of the magnetic
recording layer 2 can be increased, suppressing thé crystal grain size to be enlarged.
Tllustrative examples of orientation layers 6 having a fce structure that may be used include
platinum and platinum alloys containing, for example, boron, carbon, phosphorus, silicon,
aluminum, chromium, cobalt, tantalum, tungsten, prasecdymium, neodymium or samarium;
palladium and palladium alloys containing, for example, boron, carbon, phosphorus, silicon,

aluminum, chromium, cobalt, tantalum, tungsten, praseodymium, neodymium or samarium;

and NiFe alloys such as NiFe and NiFeW,
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e, — B S oS

al um num chrom um cobalt, tant aI um tungst en,
praseodym um neodym um or samariunm and N Fe all oys
such as N Fe and Ni FeW WD 2007/ 055345

322520 17 Alternatively, the magn
%%@2§%ggmdl a according to the invention rrag‘EJF(i’Vg“’-“’é%””
shown in FIG 7, ‘an arrangenent in which a soft
magnetic |ayer 7 is disposed between the  disk

substrate | and the orientation |ayer 6. The soft
magnetic | ayer 7 serves to increase the perpendicul ar

ESSEZﬁ?*é%wﬁgeaigﬁedm?@”ﬁ%?egirﬁ%s&&ﬁaﬁ%?ﬁﬁffftﬁﬁ@venuon may have, s
GFOPR Bt ok Etap BRI i oh et ey 2Rt i e
b(ﬁslis%PﬂFa%epa%i%{‘me%ta g érléc material containing iron,

nic or co sed as the soft rragnetl c

| ayer The sbt lnﬁg{ 'i:@ia!l)_g}!ﬁr SRR 1ﬁc°re%£ trﬁ‘]&%@;eﬁ&&}l B@ﬁé&o%{ the

materi als inc FeCo S suc

ARsbnERCN genEraltl froEﬁNm eQY ﬁeaﬁ‘dﬁ@toﬁﬁorEWum ﬁf AR
FeN Si and FeNi B, FeAl, FeAl alloys such as FeAl S,

ﬁﬁﬁdeﬁﬂn&laﬁﬂﬁctﬁﬁﬁh@nrdﬁﬁ@ of rphktizalidrPorThémad eﬁéreccﬁﬁﬁ@_ﬁiyer 2on
FeCrCu, FeTa, FeTa alloys such as FeTaC and FeTaN,
Relivth ddtd sysbsiecdrdas FeMyO, FeZr, FeZr alloys such as
FeZrN, FeC alloys, FeN all oys, FeSi all oys, FeP all oys,
FeNb &l safymagnBidnateriad kbntaihing yron, inkk! axsobultinay, beRms@) asibdsoft

+ alloys such as -FeBCr, CoB alloys, 15 CoP alloys, CoN,

aoagnetid laysrd. dishative examples cafrsmch@@mmgnmemmriedmelumcm FeCo
FeCoNi ,  FeCoN_ alloys such as FeCoNi P and FéCoN B

vy uehas FatoB-agd FeCerls EsNinEaNi aioxs sHetasdeNEMo,feNifer, 51=le1 and

R R R T I T e

ﬁ“é% R NG e s L TR

ﬁ\fﬂed %Jeir IBQZr anl dslu];:f ? I l%&t. g:gf;@ ﬂFoyg.ggF ahgﬁ I gﬁgys, FeP alloys,

as SUCCG ayer

niBJN%rl s, ?o 9elfI‘PJi %ayer ,‘;l“éBa'FeB H@@ﬁéh'a%%?&r, CoB alloys,‘

vvhen magn a structure

mﬂﬁyﬁ Clobth N um;}s*m & 'doﬂl‘nﬁﬂd@&\l PeliiteByd, BMPFCoN, IRCoNi

alloys such as FeCoNiP and FeCoNiB. In addition, the above-described soft magnetic

. material may be a material having a granular structure dispersed in an oxide matrix such as

ALO;, Zr0,, Si0,, Tay0s and TiO-.

| Alternatively, the soft magnetic layer 7 may be formed as successive layers of soft
magnetic materials havihg different compositions or may be formed as successive layers of a
soft magnetic material and a nonmagnetic material. In particular, when the soft magnetic
layer 7 is given a structure having a ruthenium thin-film formed between layers of a soft
magnetic material, generation of the magnetic domain walls distinctive to soft magnetism is

suppressed, enabling the suppression of spike noise.
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magneti c material, generation of the magnetic domain
wal | s distinctive to soft nmagnetismis suppressed,
enabl i ng the suppression of spike noise. 25 WO

5 PCT/JP2006/ 322520 18 Magnetic '
égg%:]g&%é&t, the magnetic read/wite device :‘E@%{rﬂ)c#dr%%sm
to the invention'is describedyg The magnetic read/ wite
device of the invention is conposed of mainly the
above- descri bed magnetic recording nedium a notor, a
hub, a servo nmechanism a nmagnetic head 5 and a

SGEB A VAR D o 027 L T
o L08R BB gt
above-{le ﬁﬁé*eﬁ@ geaﬁ)??ﬂ@&év?cerof Qe Ron ig?tﬁ#ﬁég%ooéf nﬂ{hﬂg tthe above-

i nvent on, e |1 uence OrT nol se an I Ngl ng

Qfegﬁi%ediﬁ)aée&ﬁ ﬁ?%gﬁlg%edm?@, a nmpz?mb?agerr?tg#éch%nﬁﬁpa Pﬁgnetic head

reduced, éna he track density 'to be I nproved.

R4 @ e¥ffollerl O BRE-BIPE Redd¥f asdledolehedPingy B NGd HPMB Rlabietic head,

tracks 4 are magnetically séparated fromone another
BYoridedQMie Bdabted tfbH r8adBrSte Snd WALIROMSH & Pbripbridiciar kistem,

magneti c head witing w dth. so, the servo signals

ar e pilothisdeagnbif readehardevioe, bh asinp@e abive-degeibedimagnetic recording
medi um making it possible to exclude servo witing, ‘
tnnedinne oftbé inveptiooytbe infloarice wfimifecand frirgging| thattakibesat Waeyedpgas of the

~ low cost nmagnetic read/write. device suitable for

hhaghetitaracks 3 candi sedvicerdy enpblingyde tradki depsity.to bSinEpeanedl Breover,
Exanpl es are given below to illustrative the
dgcaupt the edindly edicinnggmagnetiqirackyd ara maghetically sepasalgd from one
shogl'd be under st ood %hat t he fol | owi ng, exanples arg

. f9pthen BY; grogves,d this caspthe FORsHpts op the sepapsticAspd writing width. Also,

the servo signals are provided beforehand to the magnetic recording medium, making it
possible to exclude servo writing, thus.enabling lower cost manufacture.” In this way, a low-

cost magnetic read/write device suitable for high-density recording can be achieved.

5

20

EXAMPLES
Examples-are given below to illustrative the advantageous effects.of the invention,
although it should be understood that the following examples are not limitative of the

invention.

Example ]
1n Example 1, a substrate made of polycarbonate (outside diameter, 48 mm;
thickness, 0.508 mm; inside diameter, 15 mm) was fumished and the surface was cleaned

then vacuum dried in an oven (100°C, I mmHg (= 133.322 Pa), 1 hour).
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In Exanple 1, a substrate rrade of poI ycar bonate

(outside dianeter, 48 mm thickness, 0.508 mm inside

di aneter, 15 M) was furnished and the surface was

cl eaned then vacuumdried in an oven (100C, =
WO2085855M8) | hour). WD 2007/ 055345 PCT/JpzoJc’)%“/c@g@%&”?“
19 Next, the substrate was pI ?ed in the filmformng
chanber of a DC nagnetron spuftering system (C 301 O,

manuf actured by Anelva Corporation), and the interior
of the chanber was evacuat ed to an ultimte vacuum of

f or rreg\'%‘r i “gﬂ'é%g?o‘g{?rp © gwﬁ%bﬂl Fagﬂ{;‘g&h%g‘? ¥%bc magnetron
47r - TN 89 5 %
R R E&%&ez&ﬁﬁﬂx N aﬂé@ﬁ ?gaﬂte e
Al 4 T
s f@tief Pﬁ ﬁ1t|§ Q]gst a?eylﬁrspﬁ\@e?ﬁ 951 t A -11?197]‘&15 géﬁalt content, 89

?entatlon ayer using-arut n|u

t 51%3 5lr&ﬁ9ﬁ?$dn€enl A% MESIurh QEATEH, 240 %ti eaCPm th:ck first onentatlon
orientation |ayér using a 65Co-10Cr-15

(RP&ralas férRiel 8 the s6 maABAetL |a@&r@mgtagalammmget &@2 Hfalu%k second
pl ati num content, 15 not% 10 Si 02 content, 10 nol %

t @ficgkion Rpel v@as%rﬂféﬁbh kielfirRropiemaiongyek 83IRY a FaERI VA target, a 12 nm
carbon was forned on the latter magnetic |ayer,

t thékeingnétiwtisjec avhs fogmed mhkmacaubonehkamn lay¢rarsing ml6pCed €Cr-15Pt-

- was set on the -susceptor in an inprinter and.a nickel
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el @5i@1 btaltroonitentt émxek%,@bmmm echtent, K0tmeoltx dlatifiura content, 15 mol%;
pressurizing piston was' pressed agai nst the workpiece,

t Hilk eojenty gk Mren} ang admpt thiskipretectivelayeraeade 9hear as formed
(track pitch, 180 nm track .15 width, 80 nm groove

.depthe lansunw%huert ﬂ@e%fa%caaa& BVBHPIEEF N to t he

?‘éﬁipllﬁ% R q‘?Eet?q%Sheva%?%bs%waeﬁ%‘ﬁa%@?{e:@fadn“@ef h
ST wpe Sorprisd B pifor8or ﬁg'z'wf%t o S Ged et e
n@&gyeye R %@g@ﬁ%ﬁ@ Y Badd 1B G0 ok

CHAR R A BloofiP m (T h&) SRSl dataattath 18 e %oﬂi Jc@e 20

curve sur ace o e protru3|ons of the stanpe
the wieRaipef haHh&\ tRE Bk heleBWhidPEdie .mac%%aclwuﬁhmomp.ece

~atomc force m croscope (AFM manufactured by Digit

| protrigichs Rbrrespénding to. the shape to be actually transferred to the workplece ‘These
protruslons, which act as a negative pattem, had at tbe ends thereof a curved surface which
was rounded and had a radius of curvature of 80 nm. The radius of curvature R of the
curved surface on the protrusions of the stam[;ver and the width W of the protrusions were
measured using an atomic force microscope (AFM) manufactured by Digital Instrument. At
the time of transfer, the susceptor and stamper were heated to and held at 150°C.
Pressurization to a pressure of 35 kgf/cm2 (= 343 N/em?) was carried out.

The stamper was then separated from the workpiece, following which the workpiece

was placed in the film-forming chamber of a DC magnetron sputtering system (C-3010,
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. deghpastioniag opeRUs Pad|dats feRd/wHteRpEraPRs YEEES:

the tinme of transfer, the susceptor and st anper were
heated to and held at 150C. Pressurization to a
pressure of 35 kgf/cn2 (= 343 N cn¥Z) was carried out.
The anper was then separated fromthe workpj

W&%@%ﬂsﬁ Swhi ch the wor kpi ece 25 was pl acedp#(%g‘&ﬁ%%mzs?o
filmform ng chamber of a DC gggnetron sputtering.
system (C- 3010, WD 2007/ 055345 PCT/ JP2006/ 322520 20
manuf act ured by Anel va Corporation) and the interior of

t he chanber was evacuated to an wultimte vacuumof | x

Fa et e L ori e”ﬁ%%?e?:gﬁeré&%aﬁbw@ gt oo
3 nm

G i 15 Ko 7, B0 e BB e g el 2 135
f-ly Eadtogﬁéctggy MF su‘f)%hfgz? 3 Bnlnlfy%t? ?w ervl\@a%e %{ &lgﬁggcplllge cafbon

ness nm on prot | ve ayer,

%g%rﬁ';eh 'Bg ch %ﬁcmgwr odftion Oﬁma@h gﬂ?yggﬁin I%?nc&{ Lf@#ﬂ?lgroether was

um ac ng to anpl e vature

Hormnfl 14 BehickRedsio® InRf o&th@pﬁfe@@éqa/el' @h&gﬂﬁ%oﬂﬁﬁﬂﬁ th€ manufacture of
recordi ng medi um and the w dth e grooves were .
mﬁﬁ%détﬁﬁrebt&dnﬁg niQive! 200r8ink & ERNPICT. ORRQRBLY FRUNAGEUK S the
gital Instrunent. The magnetic recordi ng nmedi um of
boasmlo€the graced iInckis pagmtie ecording nredivhgaaithewiith W of the grooves
read/ wite device and data read and wite were carried
outre measuskd ueisg kb atomicferce Imitroeopagarefaceiredhaldigital Instrument.
positioning operations and data read/wite operations
wer e dbnfmiagnesid recording mestiumo pf Example 1 wasgnegnporated intoa magnetic
magnet or esi stive (GVWR) device was used as the magnetic
Headdvia devyiee waiatagpas'eand Hihite were pagekaybas @ resplsef @W thearpgnetic

was, used on the wite side, The head p03|t|? _
nfi to be appropnatc.

{fﬁﬁé?fé%ﬁm%ﬁ‘%é‘r%%ﬁvg%@#%é%w%% T —
1 2 1 S
Tt La o PE BBt R R B

"s'% wire Jﬂgﬁ'vecg\gg@aﬁ @cﬁlosc% d, tTIﬂ:Qezfglnﬂ'ltE @l@fa‘e@fs%s@ve‘#@édfﬂﬂted at

rinting to and se tlng the pressure I n an

 3ieR reéo?aﬁgaa.@ﬁy 51969 k@@P ali@hd @rm% rde&ofli% 1@1%&1/ c;b'fg%aed a

magnetic re I'ng medi um according to
manuf act ured by the sanme nethod as in Exarrpl e I

Example 2 ‘ ' _

In Example 2, aside from using reinforced g]ass (N5 glass produced by Hoya) as the
.substrate, setting the temperature during imiprinting to 360°C, and setting the pressure in an
argon atmosphere to 2,000 kgf/em? (= 19,613 N/cm®), a magnetic recording medium
according to Example 2 was manufactured by the same method as in Example 1.

Next, the magnetic recording medium of Example 2 was incorporated into a
magnetic read/write device, and data read and write were carried out, as a result of which the
magnetic head positioning operations and data read/write operations were confirmed to be

appropriate.
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Next, the magnetic recordi ng nedi um of Exanple 2 was
incorporated into a nagnetic read/ wite device, and
data read and wite were carried out, as a result of
%9&3% magneti ¢ head positioning operati OEET@%@%BHSN
readiwite operations were confirnmed to be <
appropriate. WO 2007/ 055345 PG/ JP2006/ 322520 21 A GWR
head which used a GWR device for the read.side and nade
the wite side single-pole type was used as the
magneti c head. The head positioning signals were

obser VE g}rMﬂ\?’lEzﬂl xﬂnchoésg& !i bﬁﬁ?&? e fi Tﬂﬁe egélgde a lﬁ%qp (ﬁ?en\arite side

char act ICS were eva

dﬁﬂélg-g%ﬂg :? egﬁ‘g gkeéxqs the! gall %g( Fhe rl@atdgog IOI‘I]I‘I siél%lsrsxnve?‘c observed
US4tR Gn Qﬁll%lswﬁb N{RR l%hﬂ?@ﬁfe%ﬁaa&ﬂl&@wérg EMtJdrh?E ﬁg&r fdlording

Ni P .plating |layer and setting the tenperature during

| gdsibf 980 KFO1, AR4n e%r%&@ﬁtﬁlﬁs*ﬁmﬁ& medi um
according to Exan'p e was manuf actured by the sane

nmet hod as in Exanpl e I 10 Next, the magnetic recording

.medi um of Exanple 3 was incorporated into, a nmagnetic

r Beahiphe 3t € "devi ce, and data read and wite were carried
out, as a result of which the nmagnetic head .

posi t i loExagpleBeasidei fromsusinghndhunzinure aubistite havingiormed therson an NiP
were confirnmed to be appropriate. A GVR head which )
ueletinglaygurndiseitingdhe temperaturerdutiog mptistingie 90Us ampagnei rﬁ@rdmg
side 15 single-pole type was used as the:magnetic_
hosgumpReordiag tp Fﬁ@mph %w?smfagwa@ym-*éms resiiogeg in Example 1.

i.ll osco The read/ characteri,stics

ek SN R Ry B S R A e

| and aFgfﬁa@P&TBQt €,0f fijdilﬁ “ilaﬁ a&wﬂg\r"\%ﬁ’? s%gft'%%ﬁﬂf & rgsult of which the

SHQ&r{ L@L{ad@%ﬁﬁmﬁﬁ%@% Y 4%8 r&?tg ?eaé%&?{:&?at%ﬁ&@k%nrrﬁ%d to be
f %p%p?‘!gt%d and the sur f ace was

A GMR head which used a GMR device for the read snde and made the write side
'smgle-pole type was used as the magnetic head. The head posmomng signals were observed
with an oscilloscope. The read/write characteristics were evaluated at a linear recording |
. density of 960 kFCI, and an error rate of 1 x103? was .olbtaingd.
Comparative Example 1

In Comparative Exampte |, a substrate made of polycarbonate (outside diameter, 48
mm; thickness, 0.508 mm,; inside diameter, 15 mm) was furnished and the surface was
cleaned then vacuum dried in an oven (100°C, 1 mmHg (= 133.322 Pa), | hour).

Next, the substrate was placed in the film~forming chamber of a DC magnetron

sputtering system (C-3018, manufactured by Anelva Corporation), and the interior of the

chamber was evacuated to an ultimate vacuum of 1x10” Pa. A 80 nm thick soft magnetic
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.c?JF“éme‘i@e" stamper spanecte

cl eaned then vacuumdried in an oven (100C, |I mHg (=
133.322 Pa), | hour). Next, the substrate was placed in
the filmform ng chanber of a DC nmagnetron sputtering

3010, manufactured by Anel va Cor por agt.i
‘35‘?’528&??& erior of the 25 chanber was evacug%@{gogﬂ%ﬁszo
ultimte vacuumof 1 x 10'5 P% A 80 nmthick soft.
magneti ¢ WD. 2007/ 055345 PCT/J 5006/ 322520 .. 22 | ayer was
formed on this substrate by sputterlng usi ng a

89Co-4Zr-7Nb (cobalt content, 89 at% zirconium

ntent t % b L ent t 3
C e forded oy ?%ﬁ@f#ﬂgﬁ%fﬁ?’ﬁﬁﬁgmggrBﬁe%?%ﬂst tre%%@m 89

SR Aty fent s DR a2 R £ e
A R A Tt

rragne
05'1' tigh gﬂ-t‘{gﬁt % e Stcﬁgg?n&%% b 2 tm%% fPeget a 12 nm
pthﬁ‘k'nﬂa‘éﬂét&‘lﬂe?%s foﬁﬁem (e wc&%wﬁﬁﬂ&@ﬁ&er ulilg 985 -10Cr-15Pt-

target nmthick protective |ayer nade o .

cm cf)ﬁ’t@ﬁfeéiS mePe:lch@nlidh t&itenTBIDTRIIY plaﬁh‘tﬁﬁ content, 15 mol%;.
there y fabri cat | ng a workpi ece. Next, a t her noset

r $i8l; Sontaid,S] 0aRg1Y4) figdt,nti @@ gt ik qatdtwﬁvé Ry& mddy oflt4lunngas formed

- formng a~ 10 resist layer. The workpi ece was then set

oon thi éatterumagnptiolayérthermeby fupricatibes warkpicae.ni ckel

el ectroformed stanper connected to the end of: a

pr essUN¥dxkiankenppist tasistieas pplisdde thepoutatise tayereby dipping fosming a

thereby transferring by inprinting a track pattern and

swpigidayent Bhepuarkpiess Was thaneet apdhacyseeptor inand MRHRRLAN @anickah

t hen baked at a tenperature of . 150C for 10 m . nutes to -
QM ndeof @ PraspEiZiNg PISRNNAS PrRsgedagpinst the

- BeSalt e RN e NG Y IR oFFE S PRI b o5 Rsehfo he

eth?(l nge using argon gas, following which the gas was
EBI*BEE vvi th' SF6 and the protective |layer, magnetic

|ayer -@ by ko] &”K&Lth%ﬂ balﬁ:ﬁlé?{ te ger%.ﬂ?e Jﬁ%ﬁﬁ%ﬁl@h%?es‘(‘@&re the

rem)ve Ctive ere ayer
ﬁ?‘ Ve‘@mved fromthe surface of t he’ wor kpi ece,

Next, the workplece was set in a vacuum system and the resist layer remaining in
'recessed areas of the pattern was removed by ion beam etching usmg argon gas following
‘whiich the § gas was replaced with SFg and the protectlve layer, magnetrc layer and orientation
layer in the recessed areas was removed. by reactlve etching.

The resist layer was then removed from the surface of the workpiece, following
which the workpiece was placed in the film-forming chamber of a DC magnetron sputtering
system (C-3010, manufactured by Anelva Corporation) and the interior of the chamber was
evacuated to an ultimate vacuum of 1x10”° Pa. Next, using ethylene gas as the starting
material and a 13.5 MHz radio-frequency power supply, a 3 nm protective layer made of

diamond-like carbon was formed by chemical vapor deposition. Finally, a lubricating layer
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whi ch the workpiece was placed in the filmformng
chanber of a DC nagnetron sputtering system (C 3010,
manuf act ured by Anel va Corporation) and the interior of
t he chanmber was evacuated to an ultimate vacuum of
WVO2745845 Next, .using ethyl ene gas as the stP%T{']ipg(B(””zszo
material and a 13.5 MHz radi oBfrequency, power supply, a
3 nmprotective |ayer made of "25 di anond-|ike carbon
was formed by chemi cal vapor deposition. Finally, a

| ubricating | ayer WO 2007/ 055345 PCT/ JP2006/ 322520 23

O LB 20 g SRRy e et hEit Boec ol
SR P B b SR T PARASTR
A5 1 e B SRR Rt s e
SRR b o0 0l MGRCks S5 AR

nmagn ,efrhé?maé?@ﬁlé Wbl WRMivmEo it AAkite ELAGHIAD %Wn'l:?]rg%lﬁﬁﬁ fnto a

carried out, as a result of whi'ch the gnetic
PibghdticQEHdNEHt® BEViSd dnd/Agta 36dd aRBivAevRREICatkidd Gt 3B &t 8NWhich the
were confirmed to be appropriate. A-GVWR head which

lwiagﬁieti% heddpoditiohing ofuﬁﬁtidnbl nd dabikesd/ Witedpebalidi@evetd\@niifrhddao be
side 10 single-pole type was used as the magnetic ,
hpprdpriatdie head positioning signals were observed wth

an oscilloscope. The read/wite characteristics were ‘
eval uAt@dRdeadwhich osed arGB devierfor the neadside ofid @8de the-@rite side
and an error raté of 1 x 104 8 was obtai ned.

cinsls=nolerty Reevasssphisehomametighead il haad pasitioniagpignalp werg observed
substrat.e nmade _of pol ycarbonate, (outside dianeter, 48

_ nivith anjoscilloseans, The eradyWits charsgtetigics waresy alpated f afippanggording

furni s )d a-,stanper . ngessed agai nst one .
ety LR K o 3 Sz OB 4B® RS PBRRt and t her eby
transfer the track pattern and servo data. The surface
of this substrate was then cleaned, after which it was

\%&Wm'%ﬁﬁgﬂ& an oven (100C, 1 mmHg (= 133.322 Pa), 1

, the substrate was placed in the

T 06 St R BRBRBIe ©f a Shbdlard TREHIST @Y carbonate (outside diameter, 48

mm; thickness, 0.508 mm; inside diamefer, 15 mm) was furnished and a stamp_erA was

. pressed against one surface of the substrate so as.to imprint and thereby transfer the track

pattern and servo data. The surface of this substrate was then cleaned, after which it was
vacuum dried in an oven (100°C, 1 mmHg (= ]33.322 Pa), 1 hour).

Next, the substrate was placed in the film-forming chamber of a DC magnetron
sputtering system (C-3010, manufactured by Anelva Corporation), and the interior of the
chamber was evacuated to an ultimate vacuum of 1x10° Pa). A 80 nm thick soft magnetic
layer was formed on this substrate by sputtering using a 89Co-4Zr-7Nb (cobalt content, 89
at%; zirconium content, 4 at%; niobium content, 7 at%) target, a 3 nm thick first orientation

layer was formed on the soft magnetic layer using a platinum target, a 12 nm thick second
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~Wwhich It was not possi

sputtering system (C- 3010, manufactured by Anel va
Corporation), and the interior of the chanber was
evacuated to an ultimate vacuumof 1 x 10'5 Pa). A 80

' oft magnetic |ayer was forned on thi
g@%@@%§§g§by sputtering using a 89Co-4Zr-7Nb FAp06/322520

content, 89 at% zirconiumcgptent, 4 at% niobium
content, 7 at% target, a 3 nmthick first orientation

25 layer was forned on the soft magnetic |ayer using a
platinumtarget, a 12 nmthick second WO 2007/ 055345

PCT/ JP2006/ 322520 24 ordentation, |l ayer was faqrned on
tRENEH Py%ﬁaéfsﬂ"afﬁl Bithe Ut Prigitatiog 'aaeg‘tﬂ’}%rﬂ“@ﬁ?‘t"aﬁﬂé‘f‘z algnm

el i TR s R oy BTt

o -, L0 i S0 - 9 %:
SRS R RN R .15 move
308hn 1 6 B o N ¥ Gl Pl Pl

. . , gnetic-layer, -an
aheiafiPagh@le hydbland Bhiih 3 A4 HickalibMalikd 10k 08 plHALorsEifer was

ormed on the Pprotective layer. The resulting nedi um
VigiEneld oh kiRcpiseétiveidyer.a servo write device and the servo
regions were DC formatted by a strong witing current
usi ng The reagting medibmarhs ift@diedimga wive triteldvice and the servo regions
magneti zation was reversed in only the rai sed areas by
averneBC formattedy & strangrvriting heranbysidgla magnefiabdady foHgwiag which the
magnetic recordi ng nmedi um accordi ng to Conparative
Eragnesization wasireversed danly theiraisedrareanbya whak wWeitresquitent, thereby -
recordi ng nmedi um of Conparative Exanple 2 had a track
phangfeclyring gmagmetic secordingmedivm pecordinggo GompamtveExgmplnde The
dept h of- 80, nm The magnetic recordi ng nedi um o

f
dBRksayrltenpatopthe magnetio regarding medium oL Pronsradive ﬁéa'f?ﬁiﬁé hest 9 ack

re d/wote devi ce,, angd data [eadi ng, and iting was

FPUFH PPOSR 2 traek widgpf 89, andhe BROYFLSAth O ERAMGevi ce for .
| e

wae udBam R Rt i et R R B o Byt o e

SRR e BT T o iln BB F GRS o 1 O

o-nolse-ratl icrent for

POS 500 fihead DFic T8 AISHR R0tce RPURIrBRIbide 3R raliEp kil |

. was I _ O properly carry ou
hartk-pAsiybé AR B19d RPRE Alafilic hdddSThe head ?ositioning signals were observed

read/witecharacteristics were eval uated at a |inear

~with an oscilloscope. A signal strength and a signal-to-noise ratio sufficient for positioning
the head were not 'ébtained, as a result of which it was not possible to propérly carry out the
head positioning operation. The read/write 'cha‘raclteristics were evaluated at a linear
recording density of 960 kFCI, and an error rate of 1x10%* was obtained. The track
waveform was examined with an oscilloscope, whereupon the data waveform was observed

to have an irregular amplitude. Moreover, head positioning was poor, as a result of which

the data read/write operations were found to be unstable.

Comparative Example 3
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20 recording denS|ty of 960 kFCI and an error rate of

1 x 10.2.3 was obtained. The track wavef or m was

exam ned with an oscill oscope, whereupon the data
veform was observed to have an irregular applit

\%}@ V‘ér’rs“shead positioni ng was poor, as a resnﬁm&#ms%zzszo

whi ch the data read/wite opgrations were found to be

unstabl e. 25 Conparative Exan‘g e 3 WD 2007/ 055345

PCT/ JP2006/ 322520 25 In Conparative Exanple 3, a

substrate nade of poI ycar bonate (outside dianeter, 48

mm t hi gkness I nside di ame

furn JIn o aai v el e S meﬂf‘e%frpeiy rgwtwm?&@ﬁﬁlameter 4
: egnﬁkﬂfés D Bi8mt Qe Lo v it %Ffi?&msrﬁ@ace
ncﬁ mr@auﬁﬁrlﬁ%&%&‘f%@ﬁ%ﬂmﬁﬁsP B habor

Of th eég B’% t@ﬁaw%%}’aggéj i 'il%edt}l&of Igalnﬂ;%f gfy D \l;l\%mne lfon

gsg([htg@ Q.EQ%}%{E'(? ﬁg?’{ar"@%‘ﬁ‘f“gﬁl?ﬂgggae %lﬂgrafzﬁlvcﬂ gaglﬁ%e interior of the
tc‘% E SHwas Syathated oo dﬁmﬁ@@cﬁﬁ}ﬁ of Ix %ﬁ% 3?091% thhc@ soft ?rﬂbnetm

first orientation |ayer was formed on.t

By Yab formndd 64 thisSsubdral by spdtteringudind H8ICo-AZr A BdalticBHtent, 89
second 10 orientation |ayer was formed on the first
QitYoSHiEdhiuficonRYE # atds) Micbiten Eoiitdhe 17 ) fafeq @3, nidthick Mi¥Norientation
thi ck magnetic-layer was fornmed. on the second
deyee waafanted bathe soft magrgtialagér@sing b p@ﬁnum kargdPta 12 fobthiXk second
(cobalt content, 65 nol %, chrom um content, 10.nol %
p}ramanmniawm'ae IﬁQrmed_ &n the[fst orig@itatipn daynt esing a mmemgm%:get al2nm
tarE a 4 nmthick protective Layer made of carbon

reErRsia laysr wasw@nn anghe sepRndoripptationlayer ugipgia 65Co-HGy-15Pt-
thi ck Iubr|cat| er of perfluoroeth was formed.on
18IS pc Btce@ﬁrat %Fhromw featsb P! zerdﬁtumwgtem 15 mol%;

Lﬁé&?oia“e‘:niﬂp' R a%%i%%l o ife e S ofied on
e B el R R g e Ok R formed on

agttern fornmed on the magnetic recording
tng?'jb[e%&#%legenpar ative Exanple 3 had a track

“ The resulting medium was introduced into a servo wntmg device and, by using a

. special-purpose head to write predetermined signals such as servo signals, a magnetic

recording medium according to Comparative Exémp_le 3 was manufactured. The track
pattern formed on the magnetic recording medium of Comparative Example 3 had a track
pitch of 180 nm and a track width of 100 nm.

The magnetic recording medium of Comparative Example 3 was incorporated into a
magnetic read/write device, and data read and write were carried out. As a result, the
magnetic head positioning operations and data read/write operations were confirmed to be

appropriate.



10

15

20

20 pitch of 180 nm and a track Wi dth of 100 nm The
magneti ¢ recordi ng nedi um of Conparative Exanple 3 was
incorporated into a magnetic read/ wite device, and

ta r and wite were carried out. As ar t
%gﬁg’(q%gﬁﬁead positioni ng operations and dat ?&’}mow}g?ﬁm
read/ wite operations were copfirned to be
appropriate. W 2007/ 055345 / JP2006/ 322520 26 A GV\R

head whi ch used a GWR device for the read side and nade
the wite si de SI ngle pole type was used as the

magnet i head tioni sig .
obser \rﬁeél\% hegd g'ch ysedy wice fpﬁﬂu%rr@gdz)q%apgl gnade the write side

RS 5pS yeie e BGhel3he ﬁhe?ae@%gﬁ%vin%?%%?'ﬂ%as
esul

@éﬁ?"ﬁdo%“w b Eabe, i PR IR P @F‘F‘éﬁs et glupted 8 ingar
q-é’(%édl 9é de%gj anﬁtf%Q %@%&@ e%g fteocgf le i ha eri;gaé Ic:'xarrpl es |

cat

POSi t QEE 1PeidRIhH0OFle re@ﬂ% hﬁd ed Fiq'b_“gf'?%ﬁﬁi é%rlg%ﬁﬂactensuc

positioning was poor posi t'1 oni ng

Eiﬁ'&rratéﬁév%lualﬁ&ng %r@xamﬁéqrﬁﬂh ?or'Co%qutweF’E%mp@rmaﬁaid Yéble 1,
anpl e Conpar ati ve Exanpl e

Corpa inBicites tﬁmam T@sﬁi@@ﬂg was gooasmdswnad.@aaés tﬁdt%adﬂaemomng
results shown in ble 1, in Exanple, 1, head -

pessipbéroni ng- coul d be carriéd out and the error
was -better than. in Conparative Exanples.l to 3.
Specifically, unlike in: Conparative Exarrpl e 1,
deterioration in the magnetic characteristics 15 due to
shapi ng of the magnetic |aydebldild not arise in Exanple

rate

I, emaptTng a vetter error rate " Error rate
B Head pqsntlomng (Log X)
Example. Good -5.7
Comparative Example Good -4.8
Comparative Example NG 23
Comparative Example Good

42

As is apparent from the results shown in Table 1, in E_xamp]e 1, head positioning

could be carried out and the error rate was better than,in'Comparative Exémples 1to3.

N Specifically, unlike in Conibafative Example 1, deterioration in the magnetic characteristics

.due to shaping of the magnetic layer did not arise in‘Exaﬁple 1, énabling a better error rate
to be achieved than in Comparative Example 1. Moreoxlrer, the head position was better in
Example 1 than in Comparative Example 2, enabling the precision of error rate measurement
to be improved. Also, less noise arose at the track edges in Example 1 than in Comparative
Example 3, enabling a better error rate to be achieved.

Next, samples having different track pitches were manufactured for Example | and

Comparative Examples 1 to 3, and the servo signal intensity ratios were compared. The
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to be achleved than in Cbnparatlve Exanple 1. Moreover

the head position was better in Exanple |I than in

Cbnparative Exanpl e 2, enabling the precision of error
rement to be inproved. Also, |ess

arose é%i#he track edges i.n Exanple | than |npgmﬁ(m6"3'225:20

Conparative Exanple 3, enabling a better error rate to

be achi eved. 20 Next, sanples having different track

pi tches were manufactured fpr<Exaane | and

Conpar ative Exanples | to 3, and the servo signa

st oliern 24 o8 5 SERRRED i kg shavg IRTRS. e e
Ffﬂa&zsi%ﬁueeg'f*%?“%ké%a o3 R gt e s Befshom
%\ﬁh%gtugefdtl%gﬁ(mah{;&& Jgp%%?vé‘ 3” actured by the

_ nparati ve nple anpl es havi ng
dif f eg?@leg ke difelce Fﬁ%c fcﬁTs'Wé?é'éa t&dd f‘o‘?ﬁixﬁﬁ@@ﬁlaﬁd I

and npar atve e error es are

CHRARe RIS 1 83, %ee.ﬁorerytwﬁ@emﬁ,sa%a ihlpgGr@sul ts

shown in 9, in Exanple 1, good servo B
si gnalassd e'v@dwt florh ateqssuwsglﬁwabﬁ RIGEd afy 9,1n Ekardplk 1 2466d servo
pitch bel ow 180 nm and only. m nor deterioration in
tsipmalestrenyth Fabdsavee eitainedtver i tatk pitshrieiky 180tned) and odl$ thinor
nrn. Next, in Exanple | and Conparative Exanples | and
Z!etetlhatmmmah@érmn ratevaccutr€d oenpud testk pashes 160 nthhe dat a
obt ai ned when 000 nmagnetic recordi ng di sks-of each

type Nemtsin Emnmfmbmd@paﬂahee ExamplegHpad 2uihe tiuj@tgbplmvraed

for the operations fromsubstrate fabrication

(cemputad baseden Wéldaqaﬁayﬂméwaﬁpi PQmagmpticoreqriiag disky ?f@&fh type

| ayer; and u ormatting, of, the servo regions. The
.t‘Yﬁ’?)'@@'HE 4’ eLraﬁﬁlpet W“&’&@BP’&F%E"'#\&‘ OPFfatioN feom ?uéﬂrate

JrsaovB ori o T TR 0 dGhsaHon SRR s and O 1 fmating

of the servo regions. The throughputs for Example | according to the invention and

Comparative Ekamples.l and 2 are shown in Table 2 below.

" Table 2.

. Throughput (pph)
Example | : 457
Comparative Example | : . 138
Comparative Example 2 - 345

It is apparent from the results in Table 2 that the productivity in Example 1 of the
invention was better than the productivity in Comparative Examples 1 and 2. In
Comparative Example 1, shaping the magnetic layer took time, making it impossible to

achieve a good throughput. In Comparative Example 2, following production of the medium,
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Conpar ative Exanple 1 138 Conparative Exanple 2 345 It
is apparent fromthe results in Table 2 that the
productivity in Exanple | of the invention was better

roductivity in Conparative Exanples | an
%8739)'}’%%48& ative Exanple I, shaping the rragn%ﬂ’%’%“&%’r”"
took tinme, nmaking it irrpossi g to achi eve a good
t hroughput. I n Conparative EXanple 2, follow ng
production of the nmedium WD 2007/055345
PCT/ JP2006/ 322520 28 the servo region had to be

itisSah oAy hep 40 b BEasd dmagneb g P‘!dtg‘?\éiﬂ%ﬁ'gel 4!%%5@';";3 W raised and
éecsﬁgcgargegé’ E’r‘gﬁ?‘ﬁgf"&ﬂ? E%T&E@”éncengelt areeﬁw Pgi sled :Lgnt
reces hﬁrﬁg%%leviﬁ ?dn? Lo Cc? gbrer‘?tn Godha ge;;tﬁsS@%e &tn@gergr{fﬁ getween

Si gna ensl are

Ridean Fhed dar%frré g,r @Jd' o tﬁér.%rm"gr FJ Ss&p;ﬂners Ty patios are

norna 1ze oh a value

hd?gzl it fF(lG aﬁk ’Iﬁ’l'ets&bo Sikn n@ﬁ%ﬁﬁﬁs%h@@h 4 B1&. BY are no ized

Conparative mthe results shown
lvmu&.l taseddd 2 va1GR0T f&erﬁramﬁﬁ gmrg d R pieH &F zrs@hrnqnmracm‘ed by .
obtained at a groove depth in a range of 10 10
aietrh&htgifbf@omﬂgﬁv@&%ld}) 100 nmis 10 rmre preferred
At a grodve. depth of less than 10 nm the servo signal
i nt enErotnythevzakiesshowo insiiGe 13 bigyod exvotsignabinteasityfrativdgan e
nmore than .100-nm the servo signal intensity
phtemerast@@oowg depth firca eanpe oft10de 10 nm rbhaighrabngsof éﬁhg:t 190 nm is
per track becomes larger. At 150 nm precise
mozespreterreht Air groene deptrodless thers 14 mdbﬁebrceslgne/bm@ewweahens
above 180 nnh obt ai ni ng signals _per se -becane’

Rother 'earin epr aan k08 Ay Fhe Sprua dien#l dntensity increases,

iy R e gy A O
bl | the, . .

st Bbafite ¥ ea?%%%dmps%s%reF@”gf?reha?’rrivi%'iM‘@r Rffaining signals

§Lr6§? brL.earrié u%?&s*%?e g % gact bet\bgeﬁtthe ltn‘?drtﬁgrﬁ]p&gm Thrs aP%ears to

eren ooves RS e
be due to a decline i in the: ﬂymg height by the head in the servo region, and thus a loss of

flying stability. Hence, by settmg the groove depth to 100 nm or below the head flying
stability can be ensured

Next, media having different grooves depth's.were manufactured for Example |

according to the invention, and the results cbtained from measurements of the ease of

medium fabrication are shown in FIG. 11. FIG. 11 shows the proportion of disks which had
damaged areas in the pattern out of 100 magnetic recording disks manufactured according to
Example 1. It is apparent from the results shown in F1G. 11 that the incidence of pattern
fabrication defects increases at groove depths above 100 nm.

Next, FIG. 12 shows the error rates for magnetic recording media manufactured by

the method of Example 1 using stampers having different degrees of roundness at the tip of
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according to the |nvent|on and the results obtained
from measurenents of the ease of 20 medi um fabrication
are shown in FIG 11. FIG 11 shows the proportion of
di sks which had damaged areas in the pattern out of
YOPWEGAYEi ¢ recording di sks manuf act ured accBrdFIYoLEs20
Exanpl e 1. It is.apparent froigthe results shown in
FIG 11 that the incidence of “pattern fabrication
def ects increases at groove depths above 100 nm Next,
FIG 12 shows the error rates for magnetic recording

di a manufactured by 25 -the nethod of Exanple | usin

é'?eal?fﬁ%‘f%o“ﬁ aw ﬁghf&rw érla@mmb@gr ees 1B eFYUAE ﬁ9é§’§ shpwny IRETG.
3165 UG ol ST P PR bR PRSI EEHRALD & Bivem s
fﬁ%és?rgFv?é%fﬁ@%“ﬁg%”aaide%ige rlﬁ%{sfda%%aﬂﬁ%gmwee g fadially
RgPindIERE, Gl om HARIFSH! Pl TS B BFFGHUAS: The oot
%’é RitdVeFldr faledS e J&n.hemdg}qﬂxg’gh&g? 2 e By %ﬁd%fa%? ﬁfe ahjzﬁmg |

en track was measur

?JaElQﬁaJtﬂEr?th&an@ basel ine error rate prior to the
recording of data to the adjoining track was then

det er Mdafhe nicasmld B&IEBIRWHRFIG. A3 Ul Is%pﬁ?ém\’ihal ﬂhé:d % prb@usions
it is apparent that when the protrusions h

DhaetimpeaH&veltiph vithialchirvad Sudfaveshcs thaf TSV KUK, thHerﬁll isGhe’RlWs of

.5 R where Ris the radius of 'curvature of t he curved

survhmesofaidcured sutfive and W is tiefwitlthef e ptottusion deterioration in the
deterioration in‘the 10 error rate due to data

regoomatt dug ta data teeordibig 06 the ndjoiningadack is ldvovdn e ottiee hartdhwhen
hand, .when 0.75W> R at a narrowed track pitch, a

, 652 Reat anangmad track Ritsharmarked detseioratipmpccprstiie thegmor wte due to

fringing when data is recorded to the adjoining track.
pﬁammgw ¢ datags s9epRded torthe pdiaining Yackpbt ai ned from

neasu f the err ates for nedia hav
di ffe p\ﬁdﬂé‘ﬂ% thetesy ‘iﬁ,oﬁ '"F‘i{fiéff' ﬂrafqﬁ?rem@}%%egﬂor rates for
i cknesses tto

&f%ﬁ%@?%@e e R oglhggqes%ef) a e
ang rﬁgéoﬁtrﬂg 8}0:39eshx9ergnutanu%cu§rg{ eﬂ}%?@gﬁlm | 55 %nd the

esse eatures wasS 'S C ness

?l&ighmmg&%h&eﬁ BeRhidld lrﬁxﬁéd l%atﬁ'lte#vgfsepﬁltﬁo% SPheQhickness

grooves was varied by c

. of the magnetic recording layer 2 at the bottom 5a of the grooves was varied by changing the

degree of roundness at the tips of the protrusiqns on Fhe stamper..
| The error rate ratios shown in FIG. 13 wEre obtained as foilows. The error rate when
data was recorded to a given track at a density of 960 kFCI was used as the baseline. Next,
data was similarly written to a radially adjoining track, following which the error rate of the
given track was measured. The ratio of the latter error rate to the baseline error rate prior to
the recording of data to the adjoining track was then determined.
The thickness of the magnetic recording layer 2 at the bottom Sa of the grooves §

was measured by cross-sectional transmission electron microscopy (TEM), and the



degree of roundness at the tips of the protru3|ons on
the stanper.. The error rate ratios shown in FIG 13
were obtained as fol | ows. The error rate when 20 data

Sorﬁ grded to a given track at a density of_ 960 kF

BP43s the baseline. Next, data was si (Fg‘;nglosfszzsgo

witten to a radially adjoi nI{HJ track, follow ng which
the error rate of the given ack was neasured. The
ratio of the latter error rate.to the baseline error
rate prior to the recording of data to the adjoining
track was then determ' ned. _%Ee t hi ckness, of the
MREGHEeMEnty indisptay aght avprage hickpess bthg gagagticseconting layer 2
rooves sured by cross-secti onal

?‘Bﬂ%‘ﬁgg‘s‘%ﬁ“@"}agﬁ? EP¥Ebscopy (TEM), and the WO

2007/ 055345 JP2006 2520 )

il  RtPPRET et AT wr&ﬁgpﬁﬁﬂﬁgﬁé‘éﬁsfhlwess of the
PR EBORAY B GBI SRofhe bRt 3b 2 Sy sty

s Y B Pl bR e e
ZvHea Ha h&ﬁ%ye?fl‘nﬂ:k@trtﬁ;ﬂ AR tmained ]at !’I‘l@*bgﬁorh 6Pthe ﬁrooves

deterloratlon In the error rate due to fringi,
AeCfiSAEASin thd erfdf atOh RS rrh%mg aroden a nmagnetic Iayer
thi cker tthan 2 nmrenmained at' the bottom of the
gr OOV Hisxt, Taldé BEtiowsalid results Bf MéBureMER of e difclsfahd Qamper. Table 3
fringing arose. Next, Table 3 shows the results of :
shassithenenties oDdiskshiat had len mabdfactatd by the timEalt ¢heFhapehvdwe
t he nunber of disks that had been manufactured by the

10 treogssed braes inithe pahepdoroied phthe hipgnesicaecoedingimedia manufadtered using
pattern formed on the magnetic recordi ng nedia
. teerramg stemnpesexhibited) 0% defommatipn ﬁ'p'anlpﬁewt@k#gmm t1éh§ um%llmn in the
deformation fromthe initial shape.  The %E)per imt’
tnﬁ@ ermﬁﬁwb%mea"f%ﬁ"gﬁ%wﬁasmﬁté@%r Blacendn the &4 ea}tw'%ngdweﬂca entries

éllnthetablelack némerlcal entries signify

tSWH{ atpdetgriogation;in, shaps,w G8&%not observed. 15
Table 3 The width of the protrusions versus radius
Nurmber of disks of curvature of the curved surface

5. (RW Table 3
Thie width of the protrusions versus radius ' .
of curvature of tlfe curved surface (R/W) » Number of disks
: . 0.5 , , ‘ -
0.75 , -
] -
1.25 ' 4350
1.4 : ' 1300

From the results shown in Table 3, it is apparent that the stamper has an acceptable
long life when R < 1.25W, where R is the radius of curvature at the curved surface of the
raised features, and W is the width of the raised features. On the other hand, when R > 1.25

20 W, the life of the stamper decreases due to a deterioration in the tip shape.
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0.5 0.75 - 1 _ 1.25 4350 1.4 1300 Fromthe results

shown in Table 3, it is apparent that the stanper has

an acceptable long life when R5 1.25W where Ris the

radi us of curvature at the curved surface of the

MR 20F0F8Ft ures, and Wis the width of the raPSE#P2006/322520

features. On the .other hand, when R > 1.25 20 W the

life of the stanper decreases>Hue to a deterioration in

the tip shape. WD 2007/ 055345 PCT/JP2006/ 322520 31

| NDUSTRI AL APPLI CABI LI TY The invention enabl es hi gher

density magnetic tracks to be forned without resorting

to conpl ex, difficullNDUSTBokE ABPLIGARIBIEDr i cati on

techni ques such as dry etching, thus making it )

possi bihg invgniérsanableshigher densise Magnesr (ragks fubatormedewithout resorting

di screte-track-type magnetic recordjng 5 nedja havin .
%qsmakmg

: Y [ I ng
eRcamplerrditfigyiinia-fentiehmicstabaicptian;technigyessuest &s drpptchipg
recording densities. CLAINMS 1. A pethod of . .
Ao Bl ATy s igeientl s Ban G Cack g maentic fecording
surf.ace.on which nmagnetic tracks i.sposed i n -
HEUE SRS madRET Fhoieh GRS &Rl S hOBR ol i
grooves for magnetically separating radially adjoining
magneti c tracks fromone another are forned, the nethod
bei ng characterized by formng on a flat substrate at
| east a magnetic recording |layer so as to fabricate a
wor kpi ece, then pressing a stanper having protrusions
corresponding to the grooves against a main surface of
the workpiece so as to transfer the shape of the
protrusions to the workpi ece and form grooves between
the magnetic tracks, and pressing the stanper agai nst
t he workpi ece until the thickness of the magnetic
recordi ng | ayer becones thinner at the bottom of the
grooves or until the magnetic recording-
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Iayer 'S severed at the bott om of the grooves, the

protrusions have a tip with a curved surface which

satisfies the relationship 0.75W R <1.25W where Ris

the radius of curvature of the curved surface and Wis

the wdth of the protrusions. 2. The nethod of

manuf acturing magneti c recordi ng nedia according to

claiml which is characterized in that the grooves

hav 2pgspth of from50 to 100 nm 3. The nethod of

nanu%ac uring magnetic recording nedia according to

claim1l which is characterized by fabricating a

wor kpi ece in which the magnetic recording |layer is

f or (et nRfhod S¥enantfaRslipdhfnaRdecdr g%e@ﬁthh\)niﬁ%i AYi8 burfaSe on which

formed on the magnetic recording | ayer en pressing

t hemaggbtariacis atBdpased i DQibstRitiallSdsheaEie a®ingthent WaY dapiteti@rooves for

4. The method of manufacturing magnetic recordi ng nedi a

ac cagietivgllst @parhtig madizliyhdjcihing magrehatrakd forh aschnbyier are formed,

pressing the stanper against the main surface of the

wor kpi ecehe trhthnd beingrichegactesizqslr oyt foorhing en| aafl@rsubstrateiad least a magnetic

magneti c recording |layer. 32 5. The nethod of

mara¢aading; kysgsontigvelebrecaicet HRAPINE. thedli RICSHBE Gr HMRYT b@fmg protrusions

claim1 which is characterized by pressi ng the stanper

ag 5OFePoRding tg\g}e@qoggseagyﬁqt j&|main,gy: gqe,gﬁ the yyorkpiege so as to transfer the shape
to the substrate.

e i RERF 2 a’lw%géépé mar%ovrsebeweam@nwmlsm& and
the-magnattenf afurar Skl s SesB B aP RSB Tisgrss
ani é%tl Jm d M%s g%omg{:lglggégtamgboqtfonﬁ fg;%%{ﬁ% %E{Q_ﬂ H@%&Eéﬂg recording-

record la a Ing to cC

Ch&!ﬁﬁ?k%&de?e@@t Y bR RS ARVAYT | ent ation layer between
the substrate and the magnetic recording |ayer. 8. The

net hod oftheRetisRad kivé A Gp WAGNEIVA shir&eOHich ks it relationship
according to claim7 which is characterized by placing
a SoISTWaRgh2iWowlhessRis theahdimssnt cidheus ubké catee sarfiete tddeW is the
orientation layer. 9. The nethod of manufacturing
maghidthiof the progneiénag medi a according to claim | which is
characterized in that the substrate is nade of a

mat eri al selected from anong plastic, glass, and

2. The method of manufacturing magnetic recording media according to claim 1 which is

characterized in that the grooves have a depth of from 50 to 100 nm.

3. The method of manufacturing magnetic recording media according to claim 1 which is
characterized by fabricating a workpiece in which the magnetic recording layer is formed on the
substrate and a protective layer is formed on the magnetic recording layer, then pressing the

 stamper against the main surface of the workpiece.

4. The method of manufacturing magnetic recording media according to claim 1 which is
characterized by pressing the stamper against the main surface of the workpiece, then forming

a protective layer on the magnetic recording layer.
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alumnum alloy. J 10. A magnetic read/wite device
conprising a nmagnetic recordi ng nmedium and a nmagnetic
head which wites nagnetic signals to and reads
magneti c signals fromthe nmagnetic recordi ng nmedi um
the magnetic read/wite device being characterized in
that the magnetic head is a single-pole nagnetic head
and the magnetic recording nediumis obtained by the
met hod of manufacturing magnetic recordi ng nedi a
according to claim1. 33

5. The method of manufacturing magnetic recording media according to claim 1 which is
characterized by pressing the stamper against the workpiece until the shape of the protrusions

is transferred to the substrate.

6. The method of manufacturing magnetic recording media according to claim 1 which is

characterized in that the magnetic recording layer has perpendicular magnetic anisotropy.

7. The method of manufacturing magnetic recording media according to claim 1 which is
characterized by placing an orientation layer between the substrate and the magnetic recording

layer.

8. The method of manufacturing magnetic recording media according to claim 7 which is

characterized by placing a soft magnetic layer between the substrate and the orientation layer.

9. The method of manufacturing magnetic recording media according to claim 1 which is
characterized in that the substrate is made of a material selected from among plastic, glass, and

aluminum alloy.

10. A magnetic read/write device comprising a magnetic recording medium and a magnetic
head which writes magnetic signals to and reads magnetic signals from the magnetic
recording medium,

the magnetic read/write device being characterized in that the magnetic head is a
single-pole magnetic head and the magnetic recording medium is obtained by the method of

" manufacturing magnetic recording media according to claim 1.
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