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DESCRI PTI ON METHOD OF MANUFACTURI NG MAGNETI C RECORDI NG

MEDI A, MAGNETI C RECORDI NG MEDI A AND MAGNETI C
WORADOMBUSTE DEVI CE TECHNI CAL FI ELD The pr esentPCT/JP2006/322520

invention relates to a nethod of manufacturing

magnetic recordi ng nedi a, maghetic recording nedia,

and a magnetic read/wite device. Priority is clained

on Japanese Patent Application No. 2005-327414, filed

Novenber 11, 2005, Japanese Patent Application No.

2006- 046291, filed Febr upegCRBRTIZNNG, and U. S

Provi si onal Patent Application No.60/738599, filed

Novenber 22, 2005, the contents of which are

I ncor porated herein by reference. BACKGROUND ART In

MaddHO D FaMaAN Wi A G TORGNEIMA GNETI CRIXQORBIING MBDINA ASIAGNETIC

hard di sks used in external storage devices for

conput RECORDRYGC MED B AND MA GNETEC REATY AR ITE PBVYICE S

of information, there has arisen a need to further

i ncrease the density of signals recorded per unit

surface area. To achieve such an i nprovenent in the

surface recordi ng densTEGHNICALFIEbPessary to increase

either or both the |inear recording density and the

t r aciePESEM AN Yrgtiere Frdates to aapethed efananufacturingitoagnee recording

[ rovin9 the linear recordin _densit% t hat has

m‘%‘ﬁ%é‘?ﬂ’éf‘@‘ Yeendipe sposeand 3 masegicaead weilegleyisendi cul ar -
o Ry g EIREaS Gl eplisaionNor 0 42 7yl overmber

1S58 RN R e R TR ERS 66, na s,

AP0, PRI SAS R A o

wﬂﬁﬁgﬂ?chﬂﬁ}atmﬂgﬁ%p r&%i%ﬂ?es.ed for inproving the track

recor

BACKGROUND ART
In recent years, with magnetic recording 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 Suph an improvement in the surface recording‘density, itis necesséry 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 permalloy or the like.
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density is a method which uses a discrete track-type
magneti ¢ recordi ng nedi um havi ng nagnetical ly
walsmoufizesd magnetic tracks to avoi d t he gener aR@DIP2066/322520
fringing noise during read and wite operations. Two ‘
di fferent net hods have been p?oposed for manufacturing
such discrete tracktype magnetic recordi ng nedia. One
i nvol ves etching away part- of a magnetic |ayer forned
on a flat substrate (e.g., see Patent Docunent 1). In
t he A bffectivanteagadehdt Gas B8 propdsédOfoPBaproind tfeltek FbRlin
in which rai sed and recessed features have been forme
dehsifyois @maeniod whish gsesla diseee dhdkatyps @agnddiy récotBRHMediVA having
such as injection nolding (e.g., see Patent Docunent -
m@gnetiRalyeletoupbaiumegmietid trackPtdavbiBtht QeRerdtidiadfdnhgimp fois@diring read
2: "JP-A 9-54946 DI SCLOSURE OF | NVENTION I n the forner
andevritodperbtéarause. a magnetic layer is not present in
recessed areas, the recorded data i's magnetically =~
sepdeq dififeeentimathodighaye been propesed fatmanugagfuringisecit diaete track-
positioning with a servo can be obtai ned, However, '

tYRSHBRENEHF fRyordieg @ediaePaninvglves aghingawee part phgmagretic layer formed -

magnetic layer is difficult. Mreover, exactly the =

°nraefgq3 SrRstratg &g nsecofateny Dpcyment g nethf etherpenagnetan layss is formed on

eci sely .rempved from unnecessary areas, nmaking it

a Sﬁ[’%‘fﬁ“’cm ‘?h'f'bfaéﬁég andeecesse featuresiave bechifprned histirehapd én signal
Such circgnsgﬁﬁces reEder.thiS»a roach unsuitable for

recqading arear bY? LrCHaAYe HEE &° osHOR MoMing <ckoeiee PRtpRiDORIEENt 2).
pr oy de ood. yi 4 r the latter nethod, aside
froﬁ?%gfﬁﬁgﬁpeﬁ%s?éé&%éﬁ@g ich rai sed and recessed:

f eatpyy ¢ sehp 108 Rk, the same medium - |

nanE?%@fB??%%mB?bggé§§can6be enpl oyed as in the prior

~art, making this approach suitable for mass

~ production. However, because the '

DISCLOSURE OF INVENTION
In the former method, becadse a magﬁetic layer is not preseht in rec_eésed areas, the
recorded data is magnetically separated and a s"ignal-to-‘noise rétio 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
layer must be precisely removed from unnecessary areas, making it difficult to set and

control the etching conditions. Such circumstances 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 a 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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magnetic |ayer remains in recessed areas, nmagnetic
separation of the recorded data is weak. Moreover, the
WG 2@nass3to- noi se rati o of servo signals i s smaPdT/IP2006/322520
making it inpossible to properly position the head.
Pat ent Docunent 2 thus proposks a nethod for
magneti zation in opposite directions between recessed
and rai sed areas. However, because formatting with the
magnetic- head is required, the advantages of a
MéteaeeiR stghallo-ioiReatiPaNehioGignakas half miRHgUMmp¥iicR w
ains to reduce costs by elimnating servo wite :
prop&yaidsiog thetead gr eat |y conprom sed. Mreover, a |arge
hei ght difference is required between the recessed
ar edatan dotinrent AithBhracdesa methus fdranehetigitibh éh dppskifdirections
stability of the head. Also, due to the increased
betweenkectssesliahy raitddardaai Hedeastpbacanse fodthttfrmpatith & nivgvetichead i
hi gher aspect ratio, making the substrate nore :
reguifefd; thelatlvantagshafredisarete track-oipe mgpghetict raeardin g enediwdis, wtith aims to
the recessed areas. Wien a magnetic recording |layer is o
redupergesis by climmatiig soohwetenpostipas, ete greéatlywdmpupnised. Moreover, a
‘obstructing the recessed areas. |In such cases, new
lange bpighhdiffarenessis requiredibietvgen the récessed aicanarskthel efisedtageas, thus -
such as peeling and cracking of .the magnetic recording
lowerjg the fying Sfﬁbgﬁi af ba beadyj Also.1dye thibg dncrepsed frackglengity, the raised
inventi&n ma5'conEFivedin order to resol.ve the above

ang| reggpred featyses haye aBisheF asppst ratiy ayaking the subsate pjos diffeult to shape
t.he present. i nventjion.js to ovi de,_a manufacturin .
a"ﬂgeﬁgw'%ﬁﬂ%'ﬁfit gt weessbilareas ?ﬁjnfaareewr'ﬁgécord%’ng layer is

- ol ot R SRt B RN D oAU ESRE 1Eesres ety gaich cases

\ e . S | . _ rue

e RYARLL Sl B PL R & agfislecht Rned he?:{t@l é;?c'qr?geofthe
| LON: ROV : | oW 1) A net ,

USSR 8 LR BBl 2, 1o

cturin etrc recordi nedi a. having a nmain

sur fae e QBn MV oM RIN&GCEivEd A Fer S %sglklé BRS®yd dafbacks of the |
ti a? V\X” Cﬁ ‘

- subst a 'y concentric arrangement and on
pridk B2V Fherefore, one object of the present invention is to provide a manufacturing

method which is capable of easily manu'facturing discrete tréék-type 'magnetic recording

- media at low cost. Another object of the invention is to provide such mdgnétic recording

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

Acéordingly, the invention provides the foilowing.
(1) A method of manufééturing magnetic recording media having a 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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for magnetically separating radially adjoining
magneti c tracks from one another are forned, the
worziohoskslpei ng characterized by formng on a f|HtT/JPZOOG/322520
substrate at |east a magnetic recording |layer so as to
fabricate a workpi ece, then ptessing a stanper having
protrusionscorrespondi ng to the grooves against a main
surface of the workpiece so as to transfer the shape
of the protrusions to the workpiece and form grooves
cdrkpRgtih ehe OGRS bfailist aGlasn surfike 3@ e WRAKAELQD as to transfer the
manuf act uri ng nagnetic recordi ng nmedia according t
shapg ofthe ptrokioadtoithe whrkpied &id Haf grdbveBdtwREPthE Hﬁgﬁaﬁ tracks.
have a tip with a curved surface which satisfies the
(2) @hatnicthod b mabufZ&Wirng Magnelic ZEdelh\glﬂlE&Ichd:(ﬁ‘dihE&) (13dbaiz which is
of curvature of the curved surface and Ws the wdth
chafactenieedpinabat psiton®ns (B)e altipewitieh hoded furfira whinhtsdtisfleg the
magneti c recordi ng nedia according to (1) or (2) above
relgbipedhin @ 78Was Rct 23 Wedthérn R indte radiies of apvesreh@ive carved surface
depth of from50 to 100 nm (4) The method of )
a \§u$@em¢thméth¢argwet5h@Sr ecordi ng nedi a according to
one of (1) to (3) above which is characterized by
(3? J{é‘r meted ﬁ@manwﬂé?tkrm&@égneﬁc vsoeding medigaggoeding to (1) or (2) above
recorégl ng l.a is forned on the substrate and a
whiehis 9ra9téﬂ¥eéy@.th4t thergsoavse haye a deetheidram 5@ ta Kol ng -

<4Lﬁ¥ Firbabd e eRR TR el Soming BetiRgtropiing t any one of (1) to
l‘J’%?ﬁv t'c is ?‘%‘a“{%lzf H’: \f,'\i}r’?? ngﬁqug'san wgg%:gqa @?\?lglglggﬁynagnetlc recording

t he nai.n rfaeof

la)&lD %k%: g%eén gltll?rgtlc r%nﬁ g péoq%clngf &é’f"f 15 é’o mflﬂgttlc ?ecordmg
la};g?gmg aﬁrgssfn%ﬁl% ghﬂﬂﬁer a%X%Et thé Fn)am sueface fl;fm)% %vgrd('p&ac% g to

tur reco

(SPTe ﬂaﬁo@gth&;aufg&ur % e re‘@pﬁ?%éq(lg halRh ‘§%HQ 4F( 11) to

pressi ng the stanpe nst ece

(3PRRRE lsthaFabﬁnﬁécp&}r H@ésﬁ%slgé ar‘hhg'na%%ﬂgtr tﬁgmtaﬂl stul:}ﬁce of the workplece,‘

“'substrate. The nme actur. ng nmagnet

| “thérﬁﬁ‘aﬁﬁﬂg @Q}r(ﬂ?@hv@ IRRE B memgagha.@l@xoreﬁ% ¥er(1) to

(6) The method of manufacturmg magnetic recordmg media accordmg to any one of (1) to

-~ (5) above whlch is characterlzed by pressing the stamper against the workplece until the

shape of the protrusions is transferred to the substrate.

‘(7) The method of manufacturing magneti¢"recording media according to ény 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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(6) which is characterized by pressing the stanper
agai nst the workpiece until the thickness of the

worEgnessses recordi ng | ayer becones thinner at ter/rRoecErRs20

of the grooves. (8) The method of manufacturing
magneti c recordi ng nedia acco¥ding to any one of (1)
to (6) which is characterized by pressing the stanper
agai nst the workpiece until the magnetic recording
layer is-severed at the bottom of the grooves.(9) The

(ONEhéAGHRY ofBAHARERIAE RdgElg 'B&tolr(ﬁn% REARACERIAB Y &y one of (1) to
according to any one of (1) to (8) which is

(8% hatchds efdracedtizedirt thad thé Magietig rﬂ&iohﬁng 8@ bl BGrplaﬁM&ﬂaJ}ﬁ@nenc ‘
per pendi cul ar magnetic anlsotropy 10) The rmet hod of
anisirapyct uri ng magnetic recording nedla according to
any one of (1) to (9) which is characterized by
(1p) Bed methad oDmamrfh@tbrigg mhgngec rehetddmﬂedlh] eccdtding toedng oaB@f (1) to '
the magnetic recording layer. ( 1 1) The nmethod of
(Orerhigh aschardcrayizedibyiplatiog re ooerdativg layed ibetwaen drediibgratecand the.
(10) above which is characterized by placing a soft
magighetdcerdinglayerbet ween t he substrate and the
orientation layer. (12) The method of manufacturing

( hh’éh?emﬁboql ef:r@mwf?@urmdn@gnaﬁ@mcqndm mediapgcorstieg wf(l())le)bove which ~

to ( 11) above which is characterized in that the
is ghasaqtsrized by laginge soft magheticelayaibetygen theabstratmangrthpgrientation
plastic, glass, and alum numalloy. (13) A magnetic
laYeLcor di ng medi um having a main surface on \Nhl ch

AR BB ot
| dj

PSR frit 0 AR s

aﬂ&“@gﬁg{lgﬁlég%ndgl qusybstrate in which grooves

or ne urPo Ped thereon at | east a ;

(1 5Rg R hé‘tlcrr?&o%mk %dtﬁyﬁe{w@wma% %Ffaée St \gﬁigﬂ]% gﬁetic tracks are

recor
disposed in a substantially concentric arrangement and on which grooves for magnetically

separating radially adjoining magnetic tracks from 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
protective layer, and the magnetic recording layer has a smaller thickness or 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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protective |ayer, and the magnetic recording |ayer has
a smaller thickness or is severed at the bottom of the

W@roovEsss (14) The magnetic recordi ng nedi um ofCK/1E2P06/322520

above which is characterized in that the bottom of the
grooves has a curved surface %hich satisfies the
relationship 0. 75W< R < 1.25W, where R is the

radi us of curvature of the curved surface and Wis the

wi dt h of the grooves. ( 15) The nmagnetic recording

(T3 Al Mapriic tehdhwritdevied SonipRinEBANSINelic FRERNTH MEdiLA%AH a magnetic

at the bottom of the grooves has a thickness of 2 nm
heud Wiaasw(ifs Inafn SERKMETalsQo bRAFHAWS nhhetie 4ighals GORPE _ﬁ‘iagﬂetﬁ‘:
magnetic recordi ng nmedium-and a magneti c head whic
recotdirpsmedignethe eiagh@ieatsd/ i eteatedice bailg chagerized i tHanmk nagnetic
fromthe magnetic recordi ng nmedium the magnetic
headagld wingleottavagretibRéadgind biey magretit zdrding mbditimtifithe magnetic
magneti c head is a single-pole nagnetic head and the
reqargimgtmedivre obrbhived 1 yedi(Ldh | s t he magnetic recording
medi um of above (13) or (14). As described above, the
pr eséndescribeasrabowe theapreseot imverdignean fortr magnstit oacksho ghigher
density without resorting to conplex, ' o .
demsity we;tﬁwtmsertmﬁp p@mphmg&i‘cabﬁwamtmj misteddbrigsticdrsych as dry
etching, and thus enables discrete track-type magnetic
etF‘@ES;raag thyseazhles disorste adkives magnetieaesnsding medisghar ngexcellent
sui t.abl e for higher recording densities to be easily .
MAgNFUF REPERISE SWEPIF fRblghedecording demitiss tohsseailpandomexgrensively
T?TE [PRA NGS FIG 1 is a schematic sectional view
MANPH' NGt he structure of a magnetic recording nedi um
according to the invention. FIG 2 presents schematic
sectional views illustrating steps in the manufacture

of "the' magnet i i E G RTBN S THIOBRAINGS 1

FIG. 1 is a schematic sectional view showing the strﬁcture of a magnetic recording

rriedium according to the invention.

FIG. 2 presents schematic sectional views illustrating steps in the manufacture of the .
magnetic recording mediur‘n'sh‘own in FiG. 1.

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

FIG. 4 isan enlarged front view bf a prqtmsibn on the stamper.

FIG. 5 presents schematic sectional.i/icws 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.

FIG. 8 is a graph of the track pitch versus the servo signal intensity ratio.
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FIG 3 is a schematic front view of a stanper. FIG 4

is an enlarged front view of a protrusion on the
woermmpesds FI G 5 presents schematic sectional ROESR006/322520

illustrating steps in the fabrication of a. st anper .

FIG 6 is a schematic sectional view showing a

construction in which an orientation |ayér is disposed

on the nmagnetic recording nmedium FIG 7 is a

,schematic sectional view show ng a construction in

whi Gag $f frapRefn@e tGcl gt velsts thetRepRE. On t he

magnetic recording nedium FIG 8 is a graph of the

t r adiGplo Bha ptepisorhé feosedepth wardidahe éeﬁt(ﬁsﬂ%la‘ Jhtensity ratio.
ratio.FIG 9 is a graph of the track pitch versus the

er r GGr &t B.a grhgh ofktRe prooee dppapierals thdReeAONG e Raton defects.

versus the servo signal intensity ratio. FIG 11 is a

gr aptiGof2 ishacgraphoafitbe dagitplitcly eersussthe beoff raeqagsncy of

fabrication defects. FIG 12 is a graph of the track :

pi t (HGvEY sagrapheofahe magnetit eccomlinglaydrltihickrieSs atahab@toapdf the ‘

of the magnetic recording layer thickness at the :
grmwmm ¢ heonyateowes versus the error rate ratio.

"BEST MODE FOR CARRYI NG OUT THE | NVENTI ON The net hod of

manuf act uri ng magnetic recording nedia, the magnetic

recording nedia and th R%\)(etl c read/wite device

accor di ng BBS TM}OBE@%@A dNG GHTHHE BAYENTHY i n

T O P

oA B 8 LS s

B P gt VG e
thSERQUEptl oA ey, B ARL 8% oF*éé’nv%'mferﬁc%"kefy TUMEESE sE¥etimes shown

enlarged so that thelr charactenstlcs will be more readlly understood, but the relative .

d1mensnons of the respective elements shown in the dlagrams may dlffer from reality.

Magnetic Recording Medium
~ First, the megnetic recording medium according to the ihvehtion is described.
‘Referring iol FIG. 1, the magnetic recordiﬁg media according to the inventioh are
‘vdiscrete track-type magnetic recording media‘(r‘r‘\ag‘netic'disks) which can be used in

magnetic read/write de\)ices such as a hard disk drives (HDD), and are composed of at least
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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Magneti c Recording Medium First, the nmagnetic
recording medi umaccording to the invention is
walzwensPed. Referring to FIG 1, the nagnetic PEUar2diaE2520
medi a according to the invention are discrete
track-type magnetic recordi ng medi a (magnetic di sks)
whi ch can be used in magnetic read/wite devices such
as a hard disk drives (HDD), and are conposed of at
.l east a disk substrate 1, a magnetic recording |ayer 2
f or Me@ bofolba of itmekgreoies had £cikyedaefage Phizh 8&tidfée tHea¥@fionship
3 forned on the nmagnetic recording |layer 2. This
0.MBYNE R’ & I ZOWT, dvhieg: Rreid iherradias ofcuirgitite 98 tHe@as/e@BuMbeGRd W' is
are di sposed magnetic tracks 4 in a substantially
the ovidtle of the grapvearRfenRnhd &cs BN thdiiss R’ & stabtantiadiegl iy ameas R, and
5 for magnetically separating radially adjoining
W%ﬁgmbﬁmnmﬂyamkam4a$N6n1one anot her. The bottom 5a of
t he ooves 5 has a curved surface which satisfies the
rel é&%ealwmupﬁt@te75i$\ﬁ<lomagle1i.c 26Mtratewhasief,Hor exantplie plastic, glass
radi us of curvature of the curved surface and Wis the
or@n atumigym eHey. gFhsgvegnetiRrecmdingdaysr Brand fhet protectivR layeg 3 are
substantially the sane as R and Wis substantially
SUt:fr?éS'\seAhéeP&é'twonmédwk §'kb5§éﬂ§§ttTYaﬂPé“?£'ﬁgsol‘éhenldWrragnet | c
substrate nade of, for exanp astic, glass or
al u ﬁmﬁga?trcofﬁcmmé layshAh & f% e?‘@EE}Ftﬂ 'ﬂ@gneay §im haying P?'ﬂ?é"d'CU'ar

L ect, 3 epo t d on the
oLtk s e HRTR AT S i
or exa

o R P ec°2ﬂf§%‘ﬂ°& Pwhla@wet[**f e*agmugrf%f%faﬁ 53‘95&5% Lis

, uséc%sr tﬂwgﬁét#ccreﬁh gn I 5 Oﬁ'he‘:"ﬁs agnéatlc r{naterbq? }sepcrf:ﬁs gar!?ly one having | |

ed

a 19%&)1@? %{l&lﬁlfgrc e'ﬁgr&% ﬂ@’% E] >§Hf5f %91 C'“%“g’g%’? %f(amd)l?s of such ,
ferfomdgnetid ﬁﬁfeﬂgﬁmde%ll%&hlaﬂlm%?ob%ﬁ%ﬁ@ g%ﬁh %@g Q?&bptgand

a magnet I cC anl sotr opI ¢ energy
CHRIrPH, Gt alldyk USithignz@n %K@Hﬁhﬁﬁn,osfucﬁ WEHePt. In addition, an oxide such as
SiO;, Cr,03, ZrO;, Al,03 and Ta;05 may be ‘ad’ded to 'thése ferfomagnétic ‘me‘lterials. The

magnetic recording layer 2 may be composed of a plurality of magnetic materials of

. differing 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 material that are formed as
successive layers. |
The magnetic reébrding 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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ferromagnetic materials include alloys containing
cobalt and platinum such as CoPt and CoCrPt, and

watdooyssseont ai ning iron and platinum such as IKePIR20065822520

addition, an oxjide such as Si®, Cr2q 3, ZrQ2, Al20

and Ta20 may be added to thes® ferromagnetic '

materials. The magnetic recording |layer 2 may be

conposed of a plurality of magnetic materials of

differing conpositions such as Co/Pt or Co/Pd that are

dé‘sm%@%r@oi/éy‘aﬁﬁ ?fo\‘lﬁalllcﬁlycﬁftﬁe BbveTBY Ni§reGHIP zﬁ:slﬁﬁreﬁge it noise due
gnetic materia a

ma a non gnetl C materl

feqr. [ 4 T.
AT R b RIS R 0 o

sugﬁl*eﬁdeﬂ,gen'hbl%gt QU GHOPRD oPthelrBABWIRAAGLRriSRE S B PRvEANET
nmor nore, a sufficient magnetic flux can be

achimegfioittledayer 3 prated@k na@nbt seoridk il et 3 OB &rfd8idn and
when readi-ng data, enabling a magnetic recording
prefegitsudiniagato the stigick @l’tHszhheIgﬁéhdc REordingnddRa® el the magnetic head
densities to be obtained. On the other hand, by )
cogeetihiorngntabiewithihe loreelfisn, C(Iontvbhtﬁanﬁﬂ)gwel]-lkﬁowe&&Eeﬁiian;g:ah by Qsed for -
2 to 30 nmor l|ess, the magnetic recording |ayer 2 can
thomagngtie/ré@ddihg b!yelthéllll[whtlmﬁa‘lptn‘s of e protective layer 3 preferably
subsequent | ydescri bed. grooves 5 during formation of
in¢lhde gres gompBoBd omb@x/@‘rconammgw@stém@ecq suches 8i©,du@r®p The
enl argenment of the netic particles within the
profgefiistipyer sdeds mlﬂ@%s oreferablyr tbé nouprténgibd thiekned ofithis
deterioration of the read/wite characteristics to be
PrefegiMerexsa 3 impgange of £&q ? 0@ Arayides the priotactive layemith a sufficient
reco d|ng | ayer 2 from corrosjon and prevents

t
2%%&8@11 8 ?‘}‘Fe‘ S & 'é“&é(e%’f‘h? H@%@H’éﬁ‘i‘ gndrtae glaandil rReudingayer 2

a th t t th th
© BB G CORDEA RBHLI 2GR NGlShAr ARl B8P et an b

oxartp Fshts £ B?'té't"ieéfwi ?Qyﬁ?ve%“m gfcéf*rggﬁeﬁg’%?fﬂe%g disk
sugﬁl%% @W?@ﬁx&%oﬁ%é Qr:‘o&‘ar Co%\ggégihg\lfent%eg f‘?{ﬁ?b ormeéJ fhereon at

lerEé H'Egrgegé rgéorﬂhgfa%ra?g% &vér?hesmgéﬂet@?etcﬁdqrgg ltapeq 2, a protective

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

. bbttom 5a of the grooves 5.

‘Method of Manufacturing Magnetic Recording 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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protective layer 3 in a range of 1 to 5 nm provides
the protective layer with a sufficient durability and
wabdoowss3tthe gap between the nmagnetic head and REEIP2006/322520
magnetic recording layer 2 to be reduced, making it
possi bl e to achi eve higher rdBording densities. The
magneti c recordi ng nedium 1 of the invention is
characterized in that a disk substrate 1 in which the
above-descri bed grooves 5 have been fornmed has forned
laydnQrse @ tefabli€@AS s wWarkPe@Bah,ither Rres¥irtl \@arhparan hdvinB Protrusions 12
over the magnetic recording |ayer 2, a protective
corraspendidg tathd grovveh bgdife a magmairface bLmO MdirkiGedeaab a2 to transfer
has a smaller thickness or is severed at the bottom 5a
thoshapbef the potesions 1 Metthedodlpidvhand &einugroongs Bbgtveaieh ¢he magnetic
Recordi ng Media Next, the nmethod of manufacturing
tragkgihet i ¢ recording nedia according to the invention is
described.  FIG 2 presents schemati'c cross-sectiona
vi epetificallys when Hng aboepdescnibet meagmetinufeaartlingenafiurh lskown in FIG. 1
above- descri bed netic recordi ng medi um shown in
is Ela@fa@ureAsaS§h@wn in KGR, figst adisls shbsmatet i whichbahbagn shaped and

‘manuf act uring magnetic recording nedia is

| ﬁ"éﬁ’ﬁ‘ﬁt’ alcthe magerigee oy mirieg-like serfaceds pravigkd.substrat e 1 at

gnhetjc. recordinglayer 2 so as to fabricate a
ﬁ{%@ﬁ%n e R &@r&t@tlar@f)mﬁé@yqf in &rmeg by sputtering on

BT AP e, 00ves S s
o S A 2 Ao e 08

~ ma g§l %h&gln%@(e\/\een t he above-descri bed nmagnetic

ecor shown in FIG 1 is manufactured, as

~ showg.d 0v|gé§‘a @&#Ffehé EJ %Qn&g) ?ctotstH? ik Al r&te%n%bhr@l?&e

been shaped and Pt

ma'ﬁhét‘f@rrecdrmhg IBeF 5%9@tHe$rcﬂEc9N'e‘#£@r 3 have been successrvely deposited.
Next, as shown in FIG. 2D, a stamper 11 is pressed agamst the main surface of the
fabricated workprece la by an lmprmtmg method

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

‘. | the workpiece la, protrusrons 12 which correspond to the shape of the grooves S that are

| actually to be formed on the workpiece la. As shown 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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Next, as shown in FIG 2B, a mmgnetic recording |ayer
2 is forned by sputtering on the disk substrate 1

wh2wi/ngs3es pl anari zed mai n surface. Then, as shEOWIR2006/322520

FIG 2C, a protective layer 3 is formed by sputtering
on the magnetic recording |ayér 2. This provides a
wor kpi ece |Ia conposed of the disk substrate 1 on which

- the magnetic recording layer 2 and the protective

| ayer 3 have been successively deposited. Next, as

beaM¥diaiidh fhhexpdfs oRlythe s fice laéfer‘ porRbSHRE re@&@la?&t 14t Me resist
mai n surface of the fabricated workpiece la by an

laye¥n@iiNthen geni®led 06 deR@é@hdnt 0 , Moz which tHY sirfaéiiBe4ted to make
11 has, on the surface that conmes into contact with-

it élhanwry@neﬁc&lvb and PIigst hlekeletrdrivitigtdpe 6o &SRB du®(d),
the shape of the grooves 5 that are actually to be

thérebyrfiming 4 pletinglaiqri IS oa thasubdifats Vi hay [@fikhgi layekll Sis removed
4, these protrusions 12 serve as negative patterns for »

frarh éhegrubsivates 1 H(edndhd funfachafrbe tdnpsved Phatingiaybr 19 isshepattidifed w1th
bei ng square, have curved surfaces that are rounded. ‘

anTheget plapes, aftar Whivh itgs seatdd tpmoke itslestricall? comtuctie and a second
fabricated by a process involving steps |ike those

niekgbelactrafomiag operatitry ig carrigd pms(i)t ifmeally ethie ptating yeyer 14isirgnoved,
formed on a substrate 13 made of a material such as

giwing thegtanipey 11 kBt , the resist layer 14 is subjected to

douhl e exposure by carrying out ordinary el ectron

bearbh'%cﬁs gb%'hm I(:‘)p?]ag%'@h wsemper hbanddhe weepiese dagredpminated

t 11 Il be f ol | owed
‘%%%é %‘b fed %‘r%m%%rm%s PW%elwgerer%ﬁ@amrrlddr BieFSA 2eaingt the

i SRS o 'ﬂr%OfFE”'s?eS{afw%e#aﬁp'105”t edire oG Ay

 C e R aRTEYe, b E) LA R Pl e G eetsé‘ionald} e figf above
thé’]%hglbg tetﬁbﬁgtterﬁge%tmel (ﬂ' gheocﬁg{ &%Etpﬁigsln t Ll ra% c tpé ltn entlon a

[atin ayer e su

nprln%agrmﬁetsubsttrjaieﬁnﬂe%f,' tﬁgeiaﬂrﬁ?& ppgn@tré, %las?gp%eaqiummum'alley is used as

the disk substrate 1, and imprinting of the particular material is carried out at the shape-

retaining temperature or more. That is, to transfer the shape of the protrusions 12 to the disk

‘ ‘shbstrate 1, the stamper 11 is pressed against the workpiece 1a until deformation due to the

transfer of this protrusion 12 reaches the surface Iayer 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 la, 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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fromthe substrate 13 (e). The surface of the renoved

plating layer 15 is then oxidized with an oxygen
wet@msnsssdmfter which it is treated to make it PCT/JP2006/322520

el ectrically conductive and a second ni ckel

el ectroformng operation is darried out (f). Finally,

the plating layer 15 is renoved, giving the stanper 11

(g). Next, as shown in FIG 2D, such a stanper 11 and

t he wor kp| ece la are |amnated together, then placed

0N aASh@eEaldve! ths eition eMBIEShibhe dsﬁmynﬁégnmc {rfcks 4 to be formed
pressed agai nst the main surface of the workpiece la

wlRGIE FesbAmga® plcbMplek @nd OfffiquNtad Sdh@olbyicrd fitirh@éh te@ni§uUdl sich as
tinme, the stanper 11 and the workpiece |la are heated

diy @tchimg, theb chaRingdr paakibleao edstly ahd pexpedksiaelimdhufacture discrete track-
tenperature of the disk substrate 1. In the practice

typé mhpreetic mevending medmnmmicivirggnedl leat mugmetnb aharadradbticoivhichare more
exanple, plastic, glass or an aluminumalloy is used

stmableiﬂ@radnglkrwuxtdmngﬂ and inprinting of the

~particular material is carried out at the . '
shapts shoainrin G 14 itpe pdrantageans fordheprofhsions K2 ot the stamper 11 to
transfer the shape of the protrusions 12 to the disk

haygbips #2a with a ceryed suréaep svhich batisiep thegelatonshipi HEIW R < 1.25W,
wor kpi ece la until deformation due to the transfer of

whaie R lpm@tr?hg? ofrurvatyre g the surved surface apd W isyhe WtS'Fh t)fhtée protrusion.
di sk _substrate 1, gl ass is used as .the dis
substiugt@iripg t&an%few\égb? wgtrv%wbé% %haa?s@; PYine the Pfﬁt@ﬁ@nns of the

t han ven

s ) G B i tachdd e ERpigts R s fug ryplastic

e RS BB e s e

grge %'E 5%5‘medrh§/ t?a(n%gge/&s r;lr lleshﬁ' the aé/naeﬁlggecfogao n%fayer at the bottom 5a of

ormng groove

thésfe étfv@g5gﬁhe?'h@?%sxﬂ%lle‘i‘hﬁcl&r%torr%q Of3g12 between the

netic tracks a per uorinated | ubricant

| ayqjiovl'esve; Hgﬁ <b|°fgWel?l¥t &kéé'tﬂ&n?nﬁaﬁﬂia frtl?e?}[)mx@%ns lé S0

medi um accor Ing to the 1 nvention ote

| 'thatr]i'(t@m é)&iﬁlmtﬁ@re%é&h% [af@9 S th¥ W&Ie' 1 i fn@@éﬁ%at@ O the other

fornmed
hand when R > 12.5, the tips 12a of the protrusnons 12 have an acutely angled shape which

. makes the shape prone to deterioration wnth repeated use of the stamper l 1 and thus shortens

| the useful life (number of repeated uses it can endure) of the stamper 11. The resulting rise
' ‘in the frequency of repiacement 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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wi t hout resorting to a conpl ex and
difficult-to-control mcrofabrication technique such
w@s0odnys3et chi ng, thus making it possible to eaeiT/yPaemd322520
i nexpensi vel y manufacture discrete tracktype magnetic
recordi ng medi um havi ng excellBent nmagnetic
characteristics which are nore suitable fior a high
recording density. As shown in FIG 4, it is
,advant ageous for the protrusions 12 on the stanmper 11
t 0 hatien the geool2as Naveln deptsI&d tisirsDaee enfulsibn sahe sidgAstic
the relationship 0. 75W< R < 1.25W where Ris the
reca@ding dayef pasitionad it thebbttérh a ofithe gebosey § BtRadeqoatdV Ifsndghetic
wi dth of the protrusion. Thus, during transfer of the
regurding Umyieo hdving ldip@mpy i @diseatign phrpeidiatiarus iterssbafatd Renains at
stanper 11 against the main surface of the workpiece
the bottcam 84 of thy gewpe, soisdwill boogapkagdiduridg Hata meddi and writé eperations
respective |layers of the workpiece'la positioned at
orarsuifistant signddo-obise hasiogriawebe btaipecdhdut tbya decraasfie the olput ofthe
a result, the magnetic recording |ayer at the bottom
Se%z sigmalsh Qthey pibevkandratai eropyve Strigpthe smmp than 100 nok thedread
IS severed However, when R < 0.75W_ f|at areas
Clﬁfae_%? 1T vary in regions svhepsrthe ssfase atep gEihs rajsedAeatyrgs iswmall (e.g.,
| at er.al expul sion o e respective’ Iayers of the
SeROrREPRER anq ip rF&'OPh‘dIi%faD%ﬁS@f fagrareaef the Fedsed figatiyes wlﬁs!ﬁe fe.g., data
the protrusions, égohave an

regiorditegrt B8 150 R HE pifkEiont eSO pEna 0
d
Chud! SRR R pRgRTR R H‘é%ie?n%a? btifbsa g ggves s o

’ haik'én a ?ﬁgm?&%lfb% 8nf le qund;érgfgpa%ﬁ h nﬁn o-l“l]eess "8Y u'art 3% ﬁ\?-tfelyl?ness to 2

requency ace ower s p

ﬁn?grdle§shﬁna 1rz§tg§|eof*tﬂe %E@SPU Pé‘%g dl@ la c{'r%rg? ﬂ{e% alo?(?l?e ogrooves

I ncrease pro ction IS pre era

beﬁé}ﬁes%hﬁﬂ&e%ér&%rh@}{ﬁ tlﬁ HRRB S 1R rEEVe05 cm%gm tlﬁX hape of the
having such a depth, the magnetic.recording I ay , .
tipf Q34 br %%Qnﬂkr, ﬁﬂ&ﬁ‘ugeﬁ§, ﬂmo'éléntgflloﬂ SRhORRNER récp?cﬂﬂg layer 2 with

respect to the substrate deviates from a perpendicular direction, making it possible to better

eliminate noise during data read/write due to magnetization of the magnetic recording layer

- 2 at the bottom of the grooves 5, a decrease in the servo signal output, and deterioration in

the error rate due to fringing. Ata thickness of mere than 2 nm, magnetic anfsotropiz will
femain in the direction perpendicular'to‘the"subs.trete at the bottom 5a of the grooves, giving
rise to noise generation during data read/write, a decrease 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 material 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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be fully expelled at the tine of transfer. In
addition, by setting the height difference between the
WO 2003/es53and recessed surface features on the nEETIIP2006/322520
surface of the magnetic recording nediumin a range of
50 to 100 nm stable head fly#ng characteristics can
be ensured. When the grooves 5 have a depth of |ess
than 50 nm expul sion of the magnetic recording |ayer
Jpositioned in the bottom5a of the grooves 5 is
dakrageél estHank GefolhatiBraiIRbilgpsE BEMBE aRgred pvien t8 bRANpPIEssed, in addition
anisotropy in a direction perpendicular to the
to Suhixht it aiadles @naffieenbpattichehdightldoifRrOrite@d bé éhi@e@@Bling a distinct
noise will be generated during data read and wite
and i theit li teansfeop at@rsiaf Hei obtaivivd. si gnal -t o-noi se ratio will
not be obtained due to a decrease in the output of the
ser\(n the gtiet BandOif thdleeadhheempeande avthe aingrof oagster id ®plokv the
of nore than 100 nm the head clearance will vary in
shapeeietairsngieeperature of Uiefsaleserammeaterid], 4 hufficientgecbvielapthrved be -
is small (e.g., servo regions) and in regions where
imppssitdesiofaghisve besausstdefarmation willingtoaturragtheissrfacerafehe disk substrate
%F , data regions), nmaking stable data read and
ite éatéﬁﬁ'é transfern quﬁ@‘@ééh%lr@sf%feé@ﬂﬁvn oxitl haye a loav strength and
preferable for the netic recording |layer 2 at the
dapges $ith3ad ﬁpmﬁ@n@ree&w wil} gnd ip.arisg.” Bryicertrss svhsn the bagting

I d | ess. By setti t he
te'{?igﬁf%tﬁ%ééghaetqan f‘er f5e9§§r rl}?gﬁﬁﬁitm%lgpg B(?)/fngfhetqq ace ofthe disk
t he bottom 5a
5“53%%5%@&)@8@ @dfgﬁw’%ﬁupt%%%?a' apjepiatiomaf @sma@mtscarecordmg

A i Bt e

Su fgrdg SE ge?mg opgra%laiggn{)f t?ie %net{ SR8 gmg er Ewnl& hend to arise due

t'es icu ect

to lﬁlf’?&eﬁ bgpvt?’e%h mcf coefli c*i)e%stcﬁ‘rth%' {‘é@ﬁhsg?m@ﬁﬁﬁ cﬂé’” §u%9trate 1 and

ata read/wite to nmagneti za

thg,ﬁg@{eqbwo} @% yg At the bottom of the grooves 5 a
decrease in the” servo signal out put, and deterioration

i N TePrdcite bR irfleftidn fdl o ﬁgrlcaﬁon%f EH@'\J@&?E&%& Pafbﬁf forming
nmore than 2 nm magneti ¢ ani so ropy will remain in

a nlighetd feostrd R pRAdiodWhedisit subkihge $ lﬂlﬁbﬁtfbﬁﬁlﬂg alprétb@ive MyePIon the
5a of the grooves, giving

- magnetic recording layer 2, a transfer step wnth the above described stamper 11 is carried out.

To carry out the transfer step following formatlon' 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 deterioratirig 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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rise to noise generation during data read/wite, a

decrease in the servo signal output, and a
walstensseation in the error rate due to fringiPQI/JIH2006/3122520

preferable for the heating tenperature during transfer

to be set to at |east the abd$e-nentioned ‘

shape-retaining tenperature of the substrate materi al

but below the nelting point. Setting the tenperature

W thin this range makes it is possible for deformation

due [hehd prastieF tefintdh@oh,aiIFRdud Rake hdgdelc RIS BFer 2 expelled
surface | ayer of the disk substrate 1. This

byeplhseioeid BimgEorsiéaisn MeEWRIlY SMhOgro6 @, bateeaRE tHelfRagnetic
transfer pattern to be suppressed, in addition to
aniotropy sHiftefrail tRs didecsivh perpeedidulsrab tirrsabdigtey tthas substantially no
di fference to be achieved, enabling a distinct and
inflagnct bobath readsihdwrpat tern to be obtai ned. On the other
hand, if the heating tenperature at the tinme of :
t r ars tlerpragicbef tw ibVeatisiapis-alsepassible @ fosnperpbdtactevediyer 3 on
the substrate material, a sufficient groove depth will ”
thomagmpicseiopding tayen hftervke thasfenstep deihg theabowendesctibedrsemper 11.
occur at the surface of the disk substrate 1 due to ,
pat tlesuchta eass veren thbtransiee step isxarmadaow beforedfdrmiag therprotective
w I I have a | ow strength and damage such as '
laygs B obaeavse giProtectivs] lp)@@g@avﬁngp highrhardngssis ingleprewyit on the surface of
contrast, when the heating tenperature at. the tinme of ‘
thg magnatigreqording layer 2, plastic defarmationiof thegpagnetic reprdingrlayss @ by the

f the disk sybstrate 1wl It and deform
st D EATHGF Y CHED G i1 BROTE B0 VET Be Rgitily chat the

BB b LRt PR e s s

N over., .probl.e uch as . peelin r cracki.ng of the
R SRR 08 B P e B 4 SR o8P B os dngSimhere

thediff.eren the fiGi ; roal .

e A3 B R LRSI S R B e

X L . ; Aelice. vanii on. '

P EPEBA AR 13 WAL IR ol WL Bz o
wdfRgiB&t j.c recording layer 2 on the disk substrate 1then

formng a protective layer 3 on the.

In this case, by once again covering with a protective layer 3 the groove from which

~ the magnetic recording layer 2 and the protective layer 3 have been expei]ed 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 fhe 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 ha§ 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



10

15

20

magneti c recording layer 2, a transfer step with the

above-descri bed stanper 11 is carried out. To carry
woato7ns43 ransfer step followi ng formati on of REEIP2006/322520

protective | ayer '3 on the nagnetic recording |ayer 2,

it is necessary to prevent tHé surface of the nagnetlc

recording layer 2 fromdeteriorating due to contact
~with the atnosphere or the like. Mreover, the

protective layer 3 is nore resistant to plastic

gré@fea 5rahhias withan delig eaPar&atm theltRAGHE I chAVRE sebficRAO
thus tends to remain at the bottom 5a of the grooves

wéntheeaUIsE Qo B hdhieved e B¢y LYRIBr thelphétectie 144REY i Mus optional.
provide a protective layer 3 formng step follow ng
t he Altaniaively, 8¢ owntil B1GrE) tHealdgneli 1@ c O Rizahd A SccORliin P the
sinplified, enabling the manuf acture of a magnet i ¢

invention ehiayhaved constrheticnrig whidhi aplorier@tirelagdyid iis idjspbsedtid@veen the
practice of the invention, filnms such as the magnetic

diskesmbstdite ¢ ahdathe maznetiquetdraidglayepR.ast i ¢ def or mati on '
remain on the sidewalls of the groove, but because the o
nmagrideioticatatigntayenfyis shayet whichemtrdle thdicrystl boentation and grain size

perpendi cul ar to the substrate, it has substantially

inghe liamlf@medéhr@ﬁlbd%hoae ite dichaa a ghickriesscof preferahly abouics fock) nm.

of the invention is also possible to formthe
pr ot te@tprfif@“ablsf@rrtheowt@twe Iavigg fde haverahenpannalelpsegteracked (hep)
after . the transfer step using the above-descri bed

SrU it hhisyonables, saqepniokofdhe P%“é\ﬁhcﬂlf?éof'?'ﬁwdﬂ@ﬁe‘il%gm'" size
arried.out before for t he pr tive |ayer 3
Of@be "%\‘”%PES‘{"&'?W@ |lﬁl%r3"gf Fealolrs oL orF G dR oS bayigg an

di
P a3 8% b ST s (LRt S ?ug%&'m\?ﬁaoy

co 4, e PR, Bl W BB PR Ay i, cobar,
tarﬁél[ufnaﬁl'ﬁ dﬁ)ﬁﬁe ,&uﬁeoﬁgrﬁﬂgn%&%magxg 2 may -conme |

Into’ co ere an hus deteri orate,

t tep inp
e o s T

diftfredtRBmpBY BHNS &@tmét@ﬂeg.%r'}gaﬁxbl%, Ude RS TR matte R aWirltdrihGtion

layer having a face-centered cubic (fcc) structure on which has been deposited a second

- orientation layer having a hep structure. In this way, the orientability of the magnetic

| recording layer 2 éan be increased, suppressing thé crystal grain size to be enlarged.
llustrative examples of orientation layers 6 ‘having a fcc structure that may be used include
platinum and platinum alloys containing, for example, boron, carbon, phosphorus, silicon,
aluminum, chromium, cobalt, tantalum, tungsten, praseodymium, 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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above-descri bed stanper 11, a protective |layer 3 nmay
again be fornmed on the surface of the workpiece la. In
waO hiog/ogase, by once again covering with a protBCl/iRe06/322520
| ayer 3 the groove from which the magnetic recording
layer 2 and the protective |dyer 3 have been expelled
in the abovedescri bed transfer step, it i's possible to
prevent corrosion and a deterioration in the magnetic
characteristics due to oxidation and the like fromthe
si devyedrhdtively, mE%&haQ\/r@ccﬁdlngfme‘aMC@fdﬂngb @Cétth@ntlbﬁlMﬁly have, as
3 is again forned, is preferable for the |layer to
shben én El@ﬂpmda&adgemér&ﬁbwhlo@ﬂsﬁh rhagnBlihRYénRis dispeded daiween the
weat herability and wear resistance. Such a filmhas a
digksubitrees & and thpoeibeatidl lyyds 6nm or | ess. Dependi ng on the
material of which the protective layer 3 is nmade and
t he Tiecbfumagadticdnyrp &rstivestoaficredse thid penpendivatae covnpdneheof the
cases in which the protective layer 3 in thegrooves 5
magpatd flex ginetatad frdyeithegnagoptt head and ta mere robwstly dix isttlep, -
enabling sufficient weatherability to be achieved. '
pexpradineler digectien therdineetinn qfmeageetizatien béthe magnetis re¢nading layer 2 on -
‘optional . Alternatively, as shown in FIG 6, 'the .
whiglydasa isdo beesspriiedg nedi a according to the invention
may have a construction in which an orientation |ayer
6 | é hfspasnstc prtspisbsPntaiaingiren. nighsd of epbalt may be ue‘weas the soft

O SRR AT e S BB e, reco

Ay %?2# ST e Fgms.

e 05, S S LWE L B e o

Fe@?ﬂdan? %EF@J .ng'a .tFlg?a Qﬁ&ﬁ%ﬂéﬂ é:sl‘i'-leqlac%rnh eT&Y ' M mjogs SléCh as

record ing

t r
e O 0 A DO o,
Féﬂi) a8y NeBlE FeAF aﬁofs%c!hed?,'liémﬂa,l i’éB’, FeB alloys such as FeBCr, CoB alloys,
CoP al‘loys, CoNi, CoNi alloys such as CoNiB ,and CoNiP, NiPl alloys, and FeCoNi, FeCoNi

alloys such as FeCoNiP and FeCoNiB. In addition, the abo?é-descril‘)ed"soﬁ magnetic

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

A1203, ZI'Oz, SlOz, Ta205 and TlOz

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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contai ni ng, for exanple, boron, carbon, phosphorus,
silicon, alum num chrom um cobalt, tantal um

Wa pngsssm  praseodym um  neodym um or samar i UnPCT/JP2006/322520
Alternatively, the orientation |ayer 6 may be built up
in layers frommaterials havi#g different conpositions
or structures. For exanple, use may be made of a first
orientation |layer having a face-centered cubic (fee)
structure on which has been deposited a second

leBORaid/ Onitd B¥GEe havi ng a hep structure. In this way,
the orientability of the nagnetic recording |ayer 2

can Net, ithch 8aiza€l read/WaRe 86 Ed b cbidthglb Wi iaberBibalidestmRd.

to be enlarged [I'lustrative exanples of orientation

| ay @he ntaghetid regl/ arifeadv itk ol tHeUneentibls cOBpofd dfsietinly the above-

i ncl ude platinum and pl ati num al |l oys contai ning, for
describap agndierrervrdiagredium, pmereha huls,,a ssivoi meshanish parimagisatic head

chromi um cobalt, tantalum tungsten, praseodym um
ande@dytnillem Amngamhaamor paingkzeholnhead anaydeluael] asthahlagyeaic head

cont ai ni ng, for exanple, boron, carbon, phosphorus,
prasiidddobis,adagitedhfon ssadingtio end writing &bl & perpeadicalansystem.

tun sten, praseodym um neodyni um or sanari un and

n gig myw@g edadawithidpdca iy uking éhw/akovedesatibedonggnetip eecording

nagnetlc recordi ng nedi a according to the invention
madim phthe invegtie dwrinflvence af noise ad fHnPging ehesie af thewdeesf the

a soft nagnetlc | ayer 7. i.s disposed between the disk

maglas tragke 3 ambrredpcedosnablingthe gick deneity t benn@r%v(?fit Moreover,
tic,.layer .7. serves,to | ncrease the ul ar
beg B £l adm@m%ﬁ@ﬁafftrcarach& el S sed:om one

nor e .r.obust

. aﬂ%ﬁ?f%m?%he%dthbﬁ edsn TSR SR e magréyt “mgvﬁrétefrgz%ﬂﬂw‘so

netic. dlhg

theeria T Phene P id5F Bl ek %'ae‘?'gfec@&ﬁv%mﬁw& e i
po%yé@gfd ei((a[uld‘é QQ@% (Jvrﬁ tngs éﬁ%gﬁneél%w{ppgosls% f??gr%etlh 1s way, a low-

["us ratl ‘e exa magne

'co%ﬁ'ﬁa%%t?é éad/afﬁké&%nc’é%g@ablg ﬁ)?ﬂl gh-density recordin g.can‘be achieved.

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 1
In Example 1, 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), 1 hour).
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al l oys such as FeCoB and FeCoAl, FeNi, FeN alloys
such as FeNi Mo, FeN Cr, FeN Si and FeN B, FeAl, FeAl
wa@tdooyss3such as FeAl Si, FeAl SiCr and FeAl O Fekart/JH2edr322520
al l oys such as FeCrTi and FeCrCu, FeTa, FeTa all oys ‘
such as FeTaC and FeTaN, FeMj%9lloys such as FeMyO
FeZr, FeZr alloys such as FeZrN, FeC alloys, FeN
- alloys, FeSi alloys, FeP alloys, FeNb alloys, FeHf
FeHf alloys such as FeHf N, FeB, FeB all oys such as
FeBQNextGaBswlstraty Svas PRCedin! tRy Sim-EaMing EiaMibenbt PBE ralmBtron
as CoNiB and CoNi P, NI P alloys, and FeCoNi, FeCoNi
spattbiiyssystemh(Cas0 1Pemami (R tavad bl eGeMa Eiorlbdtat@(ﬂdj 4ridQRe intdiRr of the
above-descri bed soft magnetic material may be a
chaatber wad evaanatetjo an Qltimist edcusinrdfdi o ePali ABOme thidksoftMmagnetic
oxi'de matrix such as Al 208, zZrQ2, Si 2, Ta205 and
lajiérGeas f@dnedronabis vebsyratetblyespsttdringusigg @t89C€ ok 47 MNb7(catajt doatent, 89
formed as successive |ayers of soft magnetic materials
atfravirenyiumi térerst atdomnbsin cantento? atfrgytariget, h Gmamrethigksfirst orlentatlon
successive layers of a soft magnetic material and a ‘
'amméwqu@nn%q soff magnetie layer usingd platinunh tanget heel Zwrh thick second
netic layer 7 is given a structure having a
Orrea aHepfayss s lermed on %9 g @ripatatierelay¢ralpinga ro eamgvﬂltget al2nm
gneti¢c materi al eneration of the nmagnetic doma
th\%ﬂ?%ﬂﬁf%‘ﬂ%&fﬁs\f@w ogdhe seﬁar&q@tqngq&aonéay%w%@,g%@o locr-ISPt-

RS omisob £ B o Aty D Ei R Capisph g mol%
sipESa G 'e)eﬂ%éet%eﬂl” b D BREFOR & i BBge O foon sas formed

net| recordi ng nedium a

o Ol’lrgﬁ% ﬂittgl' %a@eg??aggp %\Se(r:erbyqetgr Cgﬁg%‘?nWOé pﬁgacﬁhet i c head and a

15

20

25

ervo

| Contl‘ﬁ&lt lfd w%)%grecp QIag %n nweeasgsc%éto§ i JH{] glkp% nrt)e(l)‘ aﬁd g%%?elrmy o

be used as mag ne

f

elicgg)fc{er&n@@ kﬁﬂ\{)&%@ﬂﬁ%&%&)fﬂ'&%g gg%ﬁgé%sﬂ?{d%ﬂgﬂoﬁ %@E}ressed gagamst the
wdrRFicsd BePeby 8RERRG M&Bﬁ'ﬁt‘ufg the QrQHéjf)d?tQm (track pltch 180 nm; track
‘width, 80 nm groove depth; 80 nm) and the servo data pattem to the workpiece.

The stamper had, on the face thereof which came into contact with the workpiece,

protrusions corresponding to. the shape to be actually transferred to'the W_orkpiece, These

protrusions, which act as a negative pattern, had at the ends thereof a curved surface which

was rounded and had a radius of curvature of 80 nﬁ1. The radius of curvature R of the
curved surface on the prbtrusions of the stamber 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/cm?) 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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medi um of the invention, the influence of noise and
fringing that arise at the edges of the magnetic
wda 1aek33& can be reduced, enabling the track deIBIR2906I322520
be inmproved. Mreover, because the radially adjoining
magneti c tracks 4 are magneti28al |y separated from one
anot her by grooves 4, this eases the constraints on
the magnetic head witing width. Al so, the servo
signals are provided beforehand to the magnetic
mdrRERkHENBy ARElvY mormmom?aaﬂdth@ﬁﬁ@rid@loetﬁe%aﬁsér% eSRIYER to an
writing, thus enabling [ower cost manufacture. In this
ultiyidte vacuugeOB1 0TBaN Blek € usig@ehwehé gas%@‘(}'hecs@arﬁhl\%)ﬁm@m'iﬁl dn@ra 13.5
hi gh-density recordi ng can be achieved. EXAMPLES ‘
MHBx aadb-Beq@eney gowersupglly py3 hen profectdier|afer iadé BEdiamond-like carbon
advant ageous effects of the invention, although it
was Houted Hyechamibai sdpoe degoeitiont Rmaflylallobvicagng kgeqdfeerfRiotoether was
not limtative of the invention. Exanple 1 In Exanple
formedao suliskneas ef 2mmenake potegtear lbyaratherebyudrspleting the manufacture o
di ameter, 48 mm thickness, 0.508 nmm inside dianeter, *
a ma&pnat§ regarslifgmedismeadcadidg thBxanplé dc &hewedius|of ammatuteiRat the
‘'vacuum dried in an oven (100C, 1mmHg (= 133.322 Pa), 1
boremof theesrpoves firethivipagnetie eecariéngonedivn andh therweidth W of the grooves
filmformng chanber of a DC magnetron sputtering
wesg Beaswrqdaisa1an, atomic fpise migresropy mapwfactareddy Rygial ilagypment.
and %ge i nterior of the chanber was evacuated to an |
ul t iTREMABDEAFGRArdingmadiyns opaxampled WasincarpoRatedgnto a magnetic

DB e i B LR 00 R SRS B it e

O EN T R R S .

- for ‘ of t. i,c .layer using a platinum
ar QebaRndEi R i EROORY R oS Pyt o s Pl o e reac
. fo . A ¢ i i : i | . i n . e
SldfF’u {rﬁgagsln?ﬁ]ﬁ %)glr% é;e[%e’r élgl@géaﬁ %@Lge%rbn tﬁé/ @Flte%%e. gl"h%.heac? positioning
sli'gnals were observed with an oscilloscope. The read/write characteristics were evaluated at

a linear recording density 6f 960 kFCI, and an error rate of 1x 10”7 was obtained.

- Example 2

In Example 2, aside from using reinforped g!ass (N5 glass produced by Hoya) as the
’substrate, setting thé temperature during imprin‘ting to 360°C, and setting the pressure in an
argon atmosphere to 2,000 kgf/cm® (= 19,613 N/em?), 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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thick magnetic |ayer was fornmed on the second

orientation |layer using a 65Co- 10Cr- 15Pt- 10Si Q2
wa@ zobasBacont ent, 65 nol % chrom um cont ent, 118(?1711}2%6/322520

pl ati num content, 15 nmol % Si 2 content, 10 nol %

target, and a 4 nmthick prot2dctive |ayer nmade of

carbon was forned on the |atter magnetic layer,

thereby fabricating a workpiece. Next, the workpiece

was set on the susceptor in an inprinter and a nickel

el ecA IGNIRheediwhichpRIra GRIR@Sic@dot Me t1d sRIRGNAmade the write side

pressurizing piston was pressed against the workpiece,
sitglepeleytyjeraasafsed s thg mayndtigihead tThe Geddygositfoniig sibals@vdie observed

(track pitch, 180 nm track width, 80 nm groove ‘
willept bscil8Bcape) Tandeatihverits eharactetistias partetesalnated at Hignear recording

wor kpi ece. The stanper had,. on the face thereof which
depaiteofi F0KFED N @ emot fatet dfe x\6T kphedeaingt. ot r usi ons

corresponding to the shape to be actually transferred

to the workpi ece. These protru3|ons whi ch act as a

negative pattern, had at the ends thereof a curved

E@Wﬁ#%%e whi ch was rounded and had a radi us of

‘curvature of 80 nm The radius of curvature R of the
cur VBEXampleal asidmiromaising ap alyerinyg se)tfstmw&agmarf@medahmeon an NiP
the width Wof the protrusions were neasured u3|n%
P'%‘t’t&ﬁ?%ﬁf%ﬁ‘ aeiiing  Bospire Apie iepilitiag 23 QHCoy mpeeg ltcafcordmg
unent ran fer t he ‘su Ofgtor and ‘

mgc{] té &ong é%’é"{{?éﬁg as gwauéq AJ(y t&%m met s in Example 1.
v o uShadeb BBefie el sq? Al ‘gast'H%OSW%féﬁgﬂ'&P &

‘ m%ﬁrngfgae %@@WQ@%&%&C% cgar% rrl{e%wan mlﬁere arge n,glgz}e}%?\}l}g@swhlch the

%@M ﬁefa'dq)gsnﬁ}@hg H%{]g Ql%g tlngdr ?%?P%?R{ ﬁg 8%{?&"%#%@/ &nfirmed to be

r por ation)
giated to an ultimate vacuum of Ix 10 5 Pa. -Next,
using ethylene gas as the starting material and a 13.5 .

Mz A GHIRhEJIBAENEd RAMAR RVREkH théredd E‘iHle Qﬁ@ﬁqg&‘é th¥ Surite side
| ayer made of dianond-|ike carbon was forned

singepale @lpe\wal @be B IRSMAd R h&ddNThd NeadPolitibhihs §|tgh5]9 were observed
| ayer o perfluoroether was - s

with an oscilloscope. The read/write characteristics were evaluated ata linear recording

. density of 960 kFCI, and an error rate of 1x10’ >3 was o’btamed.‘

’Comparative Examele 1

In Comparative Example 1, 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-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
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formed to a thickness of 2 nmon the protective |ayer,

t hereby conpl eting the manufacture of a magnetic
WO moopshs4rg nmedi um according to Exanple 1. The H(HUJRZBOMBQZSZO

curvature R at the bottom of the grooves in this

nmagnetic recordi ng nedi um an@2the wi dth Wof the _

grooves were neasured using an atom c force mnicroscope

manufactured by Digital Instrument. The nmagnetic

recordi ng medi um of Exanple 1 was incorporated into a
layeagVae fdrmell A VBl HsRatd BY ispiftcaRf usiag @ 8Dead Zamiib\EdYag content, 89

were carried out, as a result of which the nagnetic
ateaAetop e &dneerm,ngatwaromumfmamw &%) darg @4l Whi thRk first orientation

operations were confirmed to be appropriate. A giant
layenglae faomes ios thewe fi(madnitidRyéraringasplatimeh @rget, ad 2magtedk second

head on the read side, and a single- pole type GVR head
orm@trmskaderavastfhene&ortthe ﬁrsﬂerlenTheanHem upiagiatrutheriiog target, a 12 nm

i gnal s were observed with an oscilloscope. The :

thucle sdgwatictlayee has foted ios thecsscandrazicatatibu bty edusirtg 063GoRERCT-15Pt-

recording density of 960 kFClI, and an error rate of Ix

1035 cabaliceonignt, &5 medf/o; ehromiinecntent, EBmeih@l2inumsiodeent, 15 mol%;.

fromusing reinforced glass (N5 gl ass produced. by
S'@b%‘}e"&sl Ol e jargety andea 4 gtthick grotessive aypemadanfsatbon iweg formed
inting to 3600C, and setting the pressure in an

O"a{P“g@Hefaﬁ‘%%l@b’%ﬂ therepy defuicriyfty Tprkpiecag 613 N cer)

e R R @m
et di ,
Rl b R

a resu

b Rr 7RG 81 RIS SR B ingFaufh SRR oS bins e

L R

Worrgg% .side and made the wite side single-pole type was
as the magnetic head. The head positioning :

Si gﬁ‘ﬁe %o‘r‘\ﬁﬁ@ce%@l{%%ked ata temperature of ]50°C for 10 minutes to cure the |

resist layer.

Next, the workpiece was set in a vacuum system and the resist layer remaining in

. récessed areas of the pattern was removed by ion beam etching using argon gas following

‘which the gas was replaced with SF and the protectrve layer, magnetrc layer and orrentatlon
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 mag,netron‘ 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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with an oscilloscope. The read/wite characteristics
were evaluated at a linear recording density of 960
wkE@r/o58md an error rate of 1x 10 5 5 was obt aPCE#R2006/322520
Exanple 3 In Exanple 3, aside from.using an al um num
substrate having formed ther@n an Ni P plating |ayer
and setting the tenperature during inprinting to
3000C, a mmgnetic recordi ng nmedi um according to
Exanple 3 was manufactured by the sanme nethod as in
oﬂ:]_:aeﬁmahmﬁbr whie fdrmet lea thiknedsiof 2mecon the pgote@ e lllzmeﬂfthereby
Exanpl e 3 was incorporated into a magnetic read/wite
cotipldting theanahufattrareroéachagmilcwmdrang\/ﬁfeénmaﬁd’cbﬁiﬂng)thorﬁﬁiarﬂwe “
result of which the magnetic head positioning
Exapgiat.i Binstrachgaten anneadaguetit escoplingimedinm in€logmparative Example 1
confirmed to be appropriate. A GVR head which used a
hadjgrradke piteheoft I80 nh @ tragkvidth d€ 1 @heinnande grbevevdeptheofSi0den.
singl e-pol e type was used as the magnetic head. The
hea%@@%@?@feﬁ@d@ggﬂl@n weCempirgidye/Bxample h was incorporated into a
osci |l | oscope. The read/wite characteristics were
magpsti¢ead/iyrisg deyiqe and datareadandiwrige &@rﬁe,qamectﬁut,%@ rkgady| of which the
‘and .an errar. rate of 1x 10 5 3 was_ obtai ned.
meghRiiabead ipoatipningppeations anddup sgadivrite opseaignisavere cepfirmed to be
substrate nmade of pol ycarbonate (outside dianeter, 48
APRIPPIRE ckness, O. 508 nn1 i nsi de dianmeter, 15 nm) was

]:jlr'lr Q@Fﬁg Q??%d%{?F t’ > fﬁ?,’g@ ((r_tﬁcl;_%gd %Q; 2@% qu_the write side
sk e P8 Mo ol ?f%tséna& © B B B s Dt sy versobserved

| w1anz§1t (%EH I(a%o?g 1‘i)he @{Pf&frﬁg Eh'%%a%g%ggcs/w&e \é\aalﬁe 8 ngar %bordmg

eriror o er Wwas evacua

aeué 'mts@fdfewwm& Jl)ﬂ'atjeg)f R;“h a8 g hi ck sof t

neticlayer was forne SUBSt T at e by
.sputter| ng using a 89Co-4Zr-7Nb (cobalt content, 89

Comparative Example 2
In Comparative Example 2, a substrate made of upolycar'bonate“(out‘side diameter, 48

mm; thickness, 0.508 mm; inside diamefer, 15 mm) was furnished and a‘st‘ampef 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 substréte was then-cléaned, after which it was
vacuum dried in an oven (100°C, 1 mmHg (= 133.‘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



10

15

20

25

at% zirconiumcontent, 4 at% niobiumcontent, 7 at%
target, a 3 nmthick first orientation |ayer was
wd pomess3en the soft magnetic layer using a pl ar@TiIRZN06/322520
target, a 12 nmthick second orientation |ayer was
formed on the first orientati2dn | ayer using a
rutheniumtarget, a 12 nmthick magnetic | ayer was
formed on the second orientation |ayer using a 65Co-
.10Cr- 15Pt- 10Si O (cobalt content, 65 nol % chrom um
or(‘eﬂt’h&nemayeﬁlﬁammfed o ﬂklmgtf@n@ﬁ)tﬁﬁ&mayerlﬁmgw r%heﬁlumarget al12nm
content, 10 nol% target, and a 4 nmthick protective
thlcayxﬁfgnét&dley@fwzs doid onabe $ebmdeetichfation dayeatiing a SRUNEOCEC 1 5Pt-
| ayer, thereby fabricating a workpiece. Next, a
](lSll@{(m)Baﬂt conent, $6 el %o; amphiied comerithE) mbt%qﬂﬁtmum domyedt, 15 mol%,;
by di pping, formng a resist [ayer. The workpi ece was
SiOhemteret 1omohaaigas adpinothickpratectivedayentreade aficarbormivasdfelmed on
el ectrof ornmed stanper connected to'the end of a
thp lattssmagnetin daypi, snd finalhsa pnmsbiekl lubgisating laydiof perfluprioetber, was
thereby transferring by inprinting a track pattern and
formeqd/en Wapeetessive bavar-t o the wor kpi ece. The wor kpi ece was
‘then baked at a tenperature of 1500C for 10 minutes to.
cur dherigsufting aediym yas intrqsueed intgen aﬁmqomn@éievmen@ée s¢ro regions
a vacuum system and the resist |ayer remainin
werg P&@é‘ﬂaaa“rdé?é’sa grong mltwgtcwéﬁrﬁ USAE ar"é%B?‘é‘dh%Q fig Hﬁwwsavhlch the

m%egt@(éF %?illgaus' ; ﬁg ﬁhsfﬁlﬁ aéeqshq%ea w%éw't;%%ﬁéeﬁséreby :
mwﬁ@aﬁ%ﬁ%@%@% ?%s'gr%zqgan?ﬁ@m g5 TPBT COMPUYUT® Ry The

; trac m S?‘he t%gﬂr he S{Jcr :;Aegér (Jjum\l\??ﬁg\pfarafx% Fé&}nmq% Nd a track

f Ck?gv (G 3010,
plt%ﬂ%ﬂ?ﬁjc't“ﬁ’rae@a ) 'Rﬁ'g#e 1% "?&Era?,%? SRR IO ot o
- of g n?d%ﬂ%‘éc&@ﬁlg medium of Comparative Example 2 was introduced into the
magnetic read/write device, and daia readving‘an'd writing was carried odt. ‘ ' ‘
A GMR head which used a GMR device for the read side and r‘nad‘e thé write side

single#polg type was used as the magnet'ic head. The head pbsitipning signals were observed

- with an oscilloscope. A signal strength and a signal-to-noise ratio sufficient for positioning

the head were not obtained, as a result of which it was not possible to properly carry out the

.'head positioning operation. The read/write characteristics were evaluated at a linear
recording density of 960 kFCI, and an error rate of 1x10"*3 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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. th'PEé‘P&B?' F%Fﬁé"faélfo‘ﬂ? op thfesec

evacuated to an ultimte vacuumof IxIO5 Pa. Next,

usi ng ethylene gas as the starting material and a 13.5
WORD7/nEEdio- f requency power supply, a 3 nm pr 0t1KC1/JB2906/322520

| ayer made of di anond-1ike carbon was formed by

chem cal vapor dep03| tion. Fmally, a lubricating

| ayerof perfluoroether was forned to a thickness of 2

nmon the protective |ayer, thereby conpleting the

.manuf acture of a magnetic recordi ng nmedi um accor di ng

t 0 GRuRAiAkdtNG ER4APRI3Ea dubstthte n{aﬂé“ékp&%&@c{n@teqeuttsﬂg djameter, 48
magnetic recordi ng mediumin Conparative Exanple had

m#h; tHi@@kssP0 1508 md; iASEE diieter, U5 At Wastufhighed amthe@urfmdvas
a groove depth of 30 nm The magnetic recording medi um

cl€ine SR At AiunY &iddia AR b enl( 10965, il he@HRYE aABRA21 PA)O1 Bour).
magnetic read/wite device and data read and wite
wer. Nes@rthé abswatt wagpladed iashd filmpforiniigcdhainber sfAgM@ iriagnetron
head positioning operations and data read/wite .
spopeingtsysam (0e30d Ocaafifionedd by AbelvaQorppatioa), and theGMrior of the
head whi ch used a GWR device for the read side and

chambier wiseevagiated te anleltisatgyaeupolof 1 J5Pavas 80 secthiak soft enagnetic

‘magneti c head. The head positioning signals were
laysy svas Festhedionlthia substratie by spustspieg uding a 88Ga#4r-7Ne (cobalt content, 89
characteristics were evaluated at a |inear recording
ateristonipmpeordg, katdd; niokin acmt@t,r7o¢t%r)aaréeto¢ 3 mio thigh figstygaigntation
obt ai ned. Conparative Exanple 2 In Conparative Exanple
layer was §Qrpied g the YPelBAEHFLIG BY B SrRIRtUTLRAtEs] @d 2 nm thick second
di amet 48 ess,. 0. 508 mm i nside dianeter
or tEBtaHﬁ‘} ?%W?mm%%ﬁaﬁaﬁt af'ﬂ‘%Wﬁéwaémﬁﬁé%‘g%'H“’aé%rﬂﬂsﬁ 12 nm
surface of the substrate so.as to
M%f@ﬂﬁugﬁmg&w - 16651 SP-

e trate.was th a
1o RST Coalel, Bt d?*rf%r JhConiery Or{"?'ft;é%‘“"mﬁ%‘e{m 15 mol%;
&é%grﬁéﬁf P(ﬁ%olf/%?rtgr%gtr 21 4 n ’k p‘i#}gcts\/%g%;e 8? X\Pcartpon Caesq‘ormed on
the latter magnetic layer, and a 2 nm thlck lubncatmg layer of perﬂuoroether was formed on
the protectlve layer. | |

- The resulting medium was introduced into a servo writing device and, by using a

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

recording medium according to Comparative Exa‘nﬁple 3 ‘was'ménufacturedL The track
pattern formed on the magnetic recording rﬁedium‘ 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.
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sputtering system (C- 3010, manufactured by Anel va
Corporation), and the interior of the chanber was
werarossed to an ulti mate vacuum of 1x 10" 5 FE()T/JBQO(IMBZZSZO
nm.thi ck soft magnetic |layer was formed on this
substrate by sputtering usingéa 89Co-4Zr-7Nb (cobalt
content, 89 at% zirconiumcontent, 4 at% niobium
content, 7 at% target, a 3 nmthick first orientation
layer was formed on the soft magnetic |ayer using a

pl atA @MR hesd®hich aseld GIIR! dbvide SERORAATIdRRMA 88 tHeAWRE side
was formed on the first orientation |ayer using a

sifgh-pERItya WaRNGES as the thdgrbiic hBad: K TRRBEAPoSitibANE sighaIs were
formed on the second orientation |ayer using a 65Co-

obskived WitkPtan 0ddlifdsCipe( Cthlo addd/\eioi8 ichatacte Gicsileld ev@hlﬁtématlémnear
content, 10 nol % plati numcontent, 15 nol% Si Q2

recding Aensith@f 060 RICL, and)@t erra réke I £ Fi“Chvaobtagaidi ve

| ayer made of carbon was forned on the |latter magnetic

| ay éfableahbkléw sladvisythareultsnofihiead foshtidmiri geantlirergl/Weteharaéteristic
perfl uoroether was forned on the protective |ayer. The

(errerrate) evajuatious fomBramspleritand derc@aimpanstivesExemples o i3t én Table 1,
‘devi ce and the servo regions were DC formatted by a
“Goog ol lquaStthqﬁgeaglmorsvélnmnlswaﬁQO@d mad) 6T indieases, that head positioning
foll owi ng which the magnetization was reversed in only

WasIpeOoF.ai sed areas by a weak witing current, thereby
manuf acturi ng a magneti c recordi ng nedi um according to
Conpar ati ve Exanple 2. The tracks witten onto the /
magneti ¢ recordi ng nedi um o‘{a Conparative Exanple 2 had -
a track pitch of 180 nm a Pleck wi dth of 80 nm and a

groove depth of 8( The magnet | c rdcor di ngEm&dhtem
of Conparative Exgnpl era&B%S i Rduced into thex)

[EBII C read/ writje devl CeGOQ(j]CI data rjeadi ng ang7

Cd’ﬁﬁja?étﬂ%ﬁ’}@ﬁ: \earrl d—out /-\Gwa'( hread VVII(,H Ubeu gguvr(‘

1 ICICUbIUC al IIblUC lIIC VVIILC DIU
Coniparative Examplé~ ‘ NG, 23,

DT

LQ m»

‘V 3 UDCU IIC uaun T L; rnmeaug. 4 QIIC
oo UST 1

Hnead am-anadtd bhaad
Cqmnarative bxample

) i gnn] S—\M Qd observed wi-th—an
- osci l I oscope. A signal st rengt h and a signal -to noi se
rati o sufficient -for. positioning
As is apparent from the results shown in Table 1, in Example 1, head positioning

could be carried out and the error rate was better than.in Comparative Examples 1to 3.

B Specifically, unlike in Comparative Example 1, deterioration in the magnetic characteristics

<due to shaping of the magnetic layer did not arise in‘Exafnple 1, énabli‘ng a better error rate
to be échieved than in Comparative Exémple 1. Moreox;er, 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 1 and

Comparative Examples 1 to 3, and the servo signal intensity ratios were compared. The



the head were not obtained, as a result of which it
was not possible to properly carry out the head
wW@zBTHFe# ng operation. The read/ wite charactBrT/S2p@s322520
were evaluated at a linear recording density of 960 '
kFCl, and an error rate of 1X710'2 3 was obtai ned. The
track waveform was exam ned with an oscill oscope,
wher eupon t he data waveform was observed to have an
irregular anplitude. Mreover, head positioning was
resdftOhre sASwR il BRMIS TOE s¥hb SiBndin@eAAlydati R3HOWR iid PIG. 8 are
operations were found to be unstable. Conparative
nofef{@H7Rd aldtsbas@®as iy 6f ERoR A cRliutn havigt D EhelapiehroEd60 ai
pol ycar bonate (outside dianeter, 48 mm thickness,
mdduBQBiréd by thesicttdbif @oaiparativd Bxamplewas furni shed and
the surface was cleaned then vacuumdried in an oven
( 108@afapled atigg diffelehd rackpifehys wére herntJactuNefor Ekdiaple 1 and
. substrate was placed in the filmform ng chanber of a
5 CobparmigeExamples pud .eThagraysteeme cnpareéd & Fitawuf act ur ed
‘ " by Anelva Corporation), and the interior.of the |
chanisés evident évactbatasdlts shoan ivFiG Sl and\Waoukmangfle 1xgodd sérvo
‘Pa. A 80 nmthick soft magnetic |ayer was fornmed on
signpli strength sateaveretpptadnedievenr dtragragk ipiigh bel@9 @80 amy, arfd\gnly minor
(cobalt content, 89 at% zirconiumcontent, 4 at% ’
detgripmstioninctbp ewar ratepcgemgd qvan gl track patchpf 160 oR. £ r st
orientation layer was formed_on the soft :magnetic:
| ay extén Bxpnaplp |l apd hamparghiyeExampleol and 3. thethraygbRifi gvas

0 oL AR el A S St P s
SR T S BB Sy SR
o GRE B AR By BB SR B SRl i
L e O
CoRfpaldiVOERGhMES 1 WP 2 LY HESn ATLdIE 2 BERLE C‘t ive layer.

15

Table2. S
| , Throughput (pph)
Example | : 457
Comparative Example 1 - . 138
Comparative Example 2 o 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
20  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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The resulting nmediumwas introduced into a servo
writing device and, by using a special-pu f ose head
wa 200w$BE predet erm ned signals such as servo BEITIRDE/322520

a.magnetic recordi ng nedi um accordi ng to Conparative
Exanmpl e 3 was manufactured. I%e track pattern forned

on the magnetic recordi ng nedi um of Conparative

Exanple 3 had a track pitch of 180 nmand a track

wi dth of 100 nm The nmagnetic recordi ng nedi um of

theCBéBmftebh Yied @@Tﬁéhﬁat&d\(ﬁa&gﬂdﬂi@&imn Qﬁeﬁ&bpbﬁte%i@cmfiﬂdi&d and
read/ wite deyice, and data read and wite were

red@édetl iaRds)Pthus lo%erﬁngltlﬁ?ésﬂhfduggﬁl.h.e magneti c head .
positioning operations and data read/wite operations
wer ek Examgsle | ombdia apyin @ Piffeadne grdo VR prlesatleight differesetbetween
a GWR device for the read side and nmade the wite side
raisdidngldeeqeeded ateppewerapradaed, asd thb eesohigigativo stpaaldntensiey ratios are
head posi tioning signals were observed with- an ‘
compared iroED6. Thbecrve sighatnntersity haicacshewn st FIEs 10ereaormalized
evaluated at a linear recording density of. 960 kFCl,

valypgibased er a yalue af & fasfa medivm havinga sraghpisdhf @60 Tabhanufactured by

‘bel ow shows the results of head positioning and
the raethpdef Cemparativedexampde 3.c (error rate) evaluations for
Exanpl e 1 and for Conparative Exanples 1to 3. In Table
1, Feynhe exts shavasinlG 1hda00p s4ve sighrliptennly ratirenn be
and "NG' indicates that head positioni ng was pqor . )
obtpifgd at 4 grRevy depsh A BAEE ¢ rip o B e aldoueR apiees of R0 ko is

ok Rl o A e ST Bt 1 1 A 1o aR L gy Seskens

o THE° MR oy ARG i ST b SPRALAIS s

R L OSBRSS TREDL 6 g
méa@fr€ment of the signals was impossible. Morebver,vat above 180 nm, obtaining signals
p.er se became impossible dde to contact between thé head aﬁd the"medi.um, This appears to
be due to a decline in the flying height by the head in the servc; region,'e‘md thus a loss of
flying stability. Hence, by sétting the gfoove depth to 100 nm or belbw, the head flying

stability can be ensured.

‘Next, media having different grooves depthAs\‘were manufactured for Example 1

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

medium fabrication are ‘s'hown 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 FIG. 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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to be achieved than in Conparative Exanple 1.
Mor eover, the head position was better in Exanple 1
wa tanossz4LConpar ati ve Exanpl e 2, enabling the prERIRIE@GB22520
of error rate neasurenent to be inproved. Al so, |ess
noi se arose at the track edgé® in Exanple 1than in ‘
Conparative Exanple 3, enabling a better error rate to
be achi eved. Next, sanples. having different track
pitches were manufactured for Exanple 1 and
thEpioRasiahd aha aEUATRIne radk pihds. and THSr®pkMOratiod S&dwn in FIG. 12
intensity ratios were conpared. Theresults are shown
wér@ obtafaed 8s folloerss Fhy errér rgatheh dh@ngls atofdRUites ghlenwack i a
FIG 8 are nornualized val ues based on a value of 1 for
deasityadfi9 kR GV magusedtas akbageline hNekt, 248 wassirilatly agtteh @ola radially
by 't he nethod of Conparative Exanple 3. Sanpl es having
adghidifig treck, fdllosdkg phich hieservoe rae nhihe faveh tmddwhomedsaeedp | The ratio of -
1 and Conparative Exanplés 1 to 3. The error rates are
the:lattpaﬂr@d rate tth&ba®ling\errérgate pridetotthd reoondinigefidataud the adjoining
shown in FIGS. 8 and 9, in Exanple 1, good servo ‘
tragk yiasthestdeterminhdr at es were obt ai ned even at a track
pitch below 180 nm and only minor deterioration in
t he F&pr dhe pegsured desyits é*wvé\/le rF 16t 12a ity apperet thehwb¢n thg @rotrusions

nm Next, in Exanple and Conpar ati ve Exanpl e and
onghe %twap%rrhawgpﬁomth mgwe%%&p@ sichalas 8. 75 £ ke wilateaR is the radius of

bt wh 0 t di di.sk f h
cu?%@é aﬁtﬂg SRR PUCER AR 7l YOI HORIOGn. JEEEP AR the
erbE s i3 Sae Ty ?ﬁ@%t%?s%ﬁﬁﬁwtét?% Fissfo O e her hand, when

o33 A A Pl R LB Bl W o e e

, I 1 d 2 o
f""‘%‘%“m% Eﬁs@g%ﬂ%w@ e 55T < apparent Trom
t he I\f ?,_S lﬁi(t}s i %J@Weeregultts hBlaided g0l r‘ﬂgeﬁﬁ;e'm EhisYof'thE error rates for
medxa havmg differing magnetic recordmg layer 2 thlcknesses (resndual thicknesses) at the :

bottom 5a of the grooves were manufactured. The track pltCh was set at 160 nm, and the

height difference between the raised and recessed features was set at 80 nm. The thickness

. 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 the stamper..
| The error rate ratios shown in FIG. 13 wéré obtained as follows. 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 errof 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 5a of the grooves 5

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



i nvention was better than the productivity in

Conparative Exanples 1 and 2. In Conparative Exanple
wd2003hEping the magnetic |ayer took tine, makimgr/iR2006/32252

I npossi bl e to achi eve a good throughput. In '

Conpar ative Exanple 2, foll o ng production of the

medi um t he servo region had to be formatted

(magneti zation in the opposite directions in raised

and recessed areas), thus |lowering the throughput.

md¥ebmentd irfeh @ R tHo aVBRGE thillREIT the b EIB0 e OF RRY Ryer 2

depths (height difference between raiSed and receSsed
redhigME)at MR UBMOAWF @ grédids t he resul ting servo signal
intensity ratios are conpared in FIG 10. The servo
si gneik appréi Siokythe adsuRsshohawi FIG. 13l that, B sei the thickness of the
normal i zed val ues based on a value of 1 for a medi um
madpavtidigcerdingdayer Riat tid boftord 68 oNtheFaduicas tal2 agh drfess)vnd preferably
‘ met hod of Conparative Exanple 3. Fromthe results
5 1 mhomlesd, detBti@atidiOin the gremrdats dne @ Bingingl detrehsensOnh yha @hérthand,
‘ can be obtained at a groove depth in a range of 10 to
wik0@ magnetad laaubicker thaniyen oémdided a8 tHOGottom ofthergroeves,
preferred. At a groove depth of less than 10 .-nm the
detsgpration ingtha lerrpnitaterdsie iy fringstigemeseconsi der ablly. On the
other hand, at nore than 100 nm. the servo signal
i nt &lext, {Tpbledoshews ths, reyits of measurpmentsyaethe fifeafehesitgnpdr. Table 3
strength per_ track becones larger. At 150 nm precise o
shopsuibig nawber ofdhisks that Badhesn sapalecturgsdysthe fime thas theghane of the
at above, 180 nm qbtaining signals per se hecane .
10 reqeﬁﬁaég%amnetﬁa gaitars forwRd gk fhegeaERn e e i mgnyfagiured using

v O P T 84 i
oo BN R LS DT S v

. [ n..be. ensured. Next di a having different

s} Bl & PR SR B il B or “exanpl & 1

~according to the invention, and the results obtained
from neasurenents of the ease of

15 Table 3

The width of the protrusions versus radius Number 6 £ disks
of curvature of the curved surface (R/W) -
/ . 0.5 , , , - '
0.75 ‘ -
] ‘ R
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.



medi um fabrication are shown in FIG 11. FIG 11 shows
the proportion of disks which had damaged areas in the
wealvess4out of 100 nagnetic recordi ng di sks PCT/JP2006/322520

manuf act ured according to Exanple 1. It is apparent
fromthe results shown in FIG!I 11 that the incidence

of pattern fabrication defects increases at groove

dept hs above 100 nm Next, . FIG 12 shows the error

rates for magnetic recordi ng nedia manufactured by the

met hod of Exanple INUSSTRIAL APPEIGABAMIYY di fferent
degrees of roundness at the tip ofthe protrusions and

at  dikfigventibn RS hidHeEB@Sity THABN R AEKS B1H8 fhrMcdQSithout resorting
shown in FIG 12 were obtained as follows. The error

to kamplendifficliatia-contolmicRIMLIdation Bch@iqiensichas Eryadicting, thus making
density of 960 kFCI was used as the baseline. Next,
it pasidlenagasiiyrint andxpensivelt @Bnufactdre désdictd drahkaglp@magmc recordmg
track, follow ng which the error rate of the given
5 mctdlaabdmwmcamm umgdetlc'ﬂheractatls;tms eiitablecfot hiigharre@rdiag demsities.
‘ to the baseline error rate prior to the recording of
data to the adjoining track was then determ ned. From
the nmeasured results shown in FIG 12, it is apparent
that when the protrusions on the stanper have tips
with a curved surface such that 0. 75W< R, where R is
the radius of curvature of the curved surface and Wis
the width of the protrusion, deterioration in the
error rate due to data recording to the adjoining
track is low. On the other hand, when 0.75W> R at a
narrowed track pitch, a marked deterioration occurs in
the error rate due to fringing when data is recorded
to the adjoining track. Next, FIG 13 shows the
results obtained from neasurenents of the error rates
for nedia having differing magnetic recording | ayer 2
t hi cknesses (residual thicknesses) at the bottom 5a of
t he grooves were manufactured. The track pitch was set
at 160 nm and the height difference between the
rai sed and recessed features was set at 80 nm The
t hi ckness
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of the magnetic recording layer 2 at the bottom 5a of
the grooves was varied by changi ng the degree of
WO pwndssess at the tips of the protrusions on tIeEr/JP2006/322520
stanper. The error rate ratios shown in FIG 13 were
obtained as follows. The errd2 rate when data was
recorded to a given track at a density of 960 KFCl was
used as the baseline. Next, data was simlarly witten
to a radially adjoining track, follow ng which the
error rate of the given trackwes 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. The thickness of the magnetic
1. nafiethed ofmhmisdturthgahagdngc Robidaip hédihatilga 8fa@ndt@facdon which
was neasured by cross-secti.onal transm ssion electron
magneti ogaekp yre(dldphhed iandubdumnials corRepitc arrangineat adl @swhioe grooves
average 't hi ckness of the magnetic recording | ayer 2

forreaguierically saparbtive radilp adjbiaingfmagnetigtradks dom e dndther are formed

~apparent fromthe results shown in FIG 13 that, by
set thegethbdbeing chanatsized by Fermingores flat wbﬁtat@latrlgast amegnetic
‘2 at the bottom 5a of the grooves 5 to 2 nmor |ess,

- recgrring lageesozas Ity fabripate & workpiece, ten pressing stampgmhayng protrusions

error rate due to fringing decreases. On the other
corgspanding knthe grpayreagatnst apain surfpeacfithe warkpizcn pe asctedianeder the
at the bott om of the ooves, deterioratiion in the
shapeof they RIPEISIRYS to H‘erquE@Fcr?ga"Qrf%@égmﬂé%tbetW%Itbe @awmracks
the results of nmeasurenents on the life of the
stanper. Tabl e 3 shoms t he nunber of disks that had
thetlwe hat of th

2 PECBeERR L Fadte e et s %%ws@ﬂggﬁg’qrhﬁﬁg%aﬁm Famicn i

ufa tured u

el ‘*?fb%efe e BeBR R b i e Age Vﬁ? SR EHE IO s the
AT O35 ol TR R e RNl srtce

anc?W S tﬁé\g?dtl%ftm!pmﬁtsnoﬁs deteriorati on i n shape was not

3. The method of manufacturing magnefic rec':ording»media éccording to claim 1 ‘or 2 which

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

4. 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.



Table 3 Fromthe results shown in Table 3, it is

apparent that the stanper has an acceptable long life
wobenof34s 1. 256W where R is the radius of curvetTIROE 322520

the curved surface of the raised features, and Wis

the width of the raised featudBes. On the other hand,

when R> 1.25 W the life of the stanper decreases due

to a deterioration in the tip shape.| NDUSTRI AL

APPLI CABI LI TY The invention enabl es higher density

5. MAgRRtHOd df @l factuinb PhalAETEREcoMI inB Medid REGHIngRE clafin 1 which is
conpl ex, difficult-to-control mcrofabrication -
chtiecler zeiUBSprassity the sidinpereigaitbitBe malmkarfA®@koMBe Whrkpicce, then
possible to easily and inexpensively manufacture :
foing a@t@edtivadyet yip chemapnetid cordingrisiieng nMedi a havi ng
excel | ent magnetic characteristics suitable for higher
recordi ng densities. CLAIMS 1. A nethod of
‘ manuf acturing magnetic recording nedia having a main :
5 6. 3be rettod@f mahifabtunag negndictreacdiag arediadicespdmedo tlaina 1 which is
‘ "~ substantially concentric arrangenent and.on which
chepeeterizas tyqressingribe stampéryagaiopahaworkpiecadntilthe/shapg of the ng
‘magnetic tracks from one another are forned, the
ProfisHed ipEInsterier 40 thesebstrated by forming on a flat
substrate at | east a magnetic recording layer so as to
fabricate a workpi ece, then pressing a stanper having
otrysi.ons corresponding to the grooves - against. a
7. Bhs Fredigrto E@“kﬁffa?‘e*ﬁ@gwa icagqordine Hdipgceqrding f@plainn g which is

10 en GRS e o O et R B 5 o ik o e
according to

o a0 . d'
ma?ﬁ g‘iﬁj?rﬁ%gérvx):ﬁgg%@?ggcgoﬁgf ﬁlf{“ge?%@@"a %lgﬁg%ﬁgﬁ’vetgﬁ‘éovﬁf'ot rusi ons

"~ have a tip with a curved surface which satisfies the
relationship 0. 75W<.R.< 1. 25W where R is the radius

e FUEVES 8 s BB SHTBER Pk NE M i

chﬁ?%ﬁieid%yrﬁ&@fngitﬁ@stéﬁﬂr%gﬁﬁ&%%@&pfe& Gt D hadetié recording

15 layer is severed at the bottom of the grooves.

- 9. The method of manufacturing magnetic recording media accbrding to claim 1 which is

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

20  10. 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.

['1. The method of manufacturing magnetic recording media according to claim 10 which is

25  characterized by placing a soft magnetic layer between the substrate and the orientation layer.
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is characterized in that the grooves have a depth of
from50 to 100 nm - 4. The nethod of manufacturing
woragnesizes r ecor di ng nedi a accordi ng to cl ai m IPahiIrRzho6/R2520
characterized by fabricating a workpiece in which the
magnetic recording layer is Bérmed on the substrate
and a protective layer is formed on the magnetic
recordi ng |layer, then pressing the stanper against the
;mai n surface of the workpiece.5. The nethod of
manuf act uri ng magnetic recording nedia according to
claim1 which is characterized by pressing the stanper
122QR¢ M3tholl R maBkhfactetind MEgheBit réddRliNDMKMh @6@+dihPRclaim 1 which is
form ng a protective |layer on the magnetic récording
chhiayerizeddin tHdn ehensbdiack i9madaoni aatevial REcAGRRY hfiong plastic, glass,
recordi ng nedia according to claim1 which is
andhhmadobrenilagd by pressing the stanper against the
wor kpi ece until the shape of the protrusions is
transferred to the substrate. 7. The nethod of
manuf act uri ng magnetic recording nedia according to
13¢c Aghagnetigiecerdingsnesiam havieg & redh Hyfape eswhith mdgeetid wavkeare
‘agai nst the workpiece until the thickness of the
dispagaddniasubssansinly eancentsie arringsmentandionnwhéch groovésdobiagretically
of the grooves. 8. The nethod of manufacturing
sepradiinetpdiall pedipigingdgnagpetictracke o ang anethen as¢ farmedhi ch i's
char acteri zed by pressing the stanper against the
wor i85 mediugeing chafactrigsddn that p sebstraeiy w%sﬂ:@roqvgs have been -
severed at ,the bottom of the grooves. 9. The net hod of
foRRER IR L i H&f??&g’*ﬁ%ﬁ?t@ PAgIE e CReT AR e A6k O tg Megnetic

[aim1 whi i, h rTized in that th et .
T R R LR MR NN, .

.10...Th tgo of nuf acturing -magnetic recording .
or #esgi‘/%{ecg%tgg? ?rﬂoén ?%tﬁgg%?lor‘ﬁesl which is characterized by
.placing an orientation |ayer between the substrate and

t he magnetic recording | ayer. :
14' The magnetic recording mediu‘m'of claim 13 which is characterized in that the bottom of

the grooves has a curved surface which satisﬁqs the re‘létionshib 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 claim 13, wherein the magnetic recording layer at the

bottom of the grooves has a thickness of 2 im or less.

16. 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,



11. The method of manufacturing magnetic recording
medi a according to claim 10 which is characterized by
w@bmacosiz4m soft magnetic | ayer between the subetT/at2006/322520
and the orientation layer.12. The nethod of
manuf act uri ng magnetic record?ng nedia according to
clai m 1which is characterized in that the substrate is
made of a material selected fromanong plastic, glass,
and alum num alloy. 13. A magnetic recording nmedi um
havitgmagnadt Feaiirita@eviedbey cHardthgined inth4titRE S grfie head is a
di sposed in a substantially concentric arrangenent and
singte-pdié Alagasticdieas addhe Magneicireardiig sRdinalsithgmagittiakdcprding:
adj oi ni ng magnetic tracks from one another are forned,
mddhen oBdaimm beit gy characterized in that a substrate in
whi-ch grooves have been forned has forned thereon at
| east a magnetic recording |ayer and, over the
magneti c recording |layer, a protective |layer, and the
magneti c recording |layer has a smaller thickness or is
severed at the bottom of the grooves. 14. The nmagnetic
recordi ng medi um of claim 13 which is characterized in
that the bottom of the grooves has a curved surface
whi ch satisfies the relationship 0.75W< R < 1.25W,
where R is the radius of curvature of the curved
surface and Wis the width of the grooves. 15. The
magneti ¢ recordi ng nmedi um of claim 13, wherein the
magnetic recording |ayer at the bottom of the grooves
has a thickness of 2 nmor less. 16. A nmagnetic
read/wite device conprising a nagnetic recording
medi um and a magnetic head which wites nmagnetic
signals to and reads nmagnetic signals fromthe
magneti c recordi ng nediumthe nmagnetic read/wite
devi ce being characterized in that the magneti c head
is a single-pole magneti c head and the magnetic
recording nmediumis the magnetic recordi ng nmedi um of
claim 13 or 14.



