10

15

20

25

-1 TI TLE OF THE | NVENTI ON  MAGNETI C RECORDING

MEDI A, MAGNETI C RECORDI NG APPARATUS, AND STAMP

BACKGROUND OF THE | NVENTION 5 The present i nventl ﬂmluw‘"“ml“ ““"l“l“l
relates to a magnetic recording nmedia having dis

tracks, a magnetic recording apparatus having the *159159%
magnetic recording nedia, and a stanper used to

*CNNOND*

manuf acture the magnetic recardipng-nedia. 10 In re

years, much attention has been paid to dlscrete tnmﬂwnlmn
medi a expected to i nprove the recording

the discrete track mq#@mEzﬁﬁqﬁﬁﬁnIngN@&@wng tracks
are separated from one another by guard bands forned
of gMAPNEY @ RECTRDTAGNIA T ALS Mt | HEC GRUPINGESS
the magnetic interference between the adjacent

t r ac AP PARATIENUPALT BTAMAEM di screte track nedia, the
patterns of a magnetic |layer are desirably fornmed by
an inprint nmethod B8CKGRAUNPafpelHEl ANVENE IO8se, if
patterns of the magnetic layer 20 corresponding to

si gnal s foh& RFesd Vo Imsardn s redediesastq e manei s

r di trac fornmed by using the i rint
ggtag%%cFFp%g abigqﬁyg dlscggte té%cks, ;n%agnetlc

recording apparatus having the magnetic recording

media, and a stamper used to manufacture the magnetic
recording media.

In recent years, much attention has been paid to
discrete track media expected to improve the recording
density; in the discrete track media, adjacent
recording tracks are separated from one another by
guard bands formed of grooves or a nonmagnetic
material to suppress the magnetic interference between
the adjacent tracks. To manufacture such discrete
track media, the patterns of a magnetic layer are
desirably formed by an imprint method using a stamper.
In this case, if patterns of the magnetic layer
corresponding to signals for the servo region as
well as the patterns of recording tracks are formed
by using the imprint method, it is possible to
eliminate the need for a servo track write process,
thus reducing costs.

There is a document that refers to position
detection marks (an address section) in the servo

zone Sz in a discrete track media (Jps. Pat. Appln.
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elimnate the need for a servo track wite process,

t hus reducing costs. 25 There is a docunent that
refers to position detection marks (an address
section) in the servo zone Sz in a discrete track
medi a (Jps. Pat. Appln. KOKAlI Publication No.
2004-110896). However, the prior art does not

consi der adverse effects of f-ine configuration of the
position detection marks (the address section) on
signal quality. 5 The present inventors exam ned a

di scrKaKA T rraekl i dedich i, tho sl dd Y6 0f agdeli&ssSr, the
signals obtained fromthe servo regions. As a result,

t hey prave faoundiodshatgt idorsdite casbserspiad ftectd dhefine
address signals is made insufficient wth a high

noi seondigluraA it priolddid eawiusieor sidtmtt wdremdmos (the
magnetic patterns used as address bits on servo

regi GRSITESS SS5EHdIMg Ao Siviaddjatadhnitt ecor di ng tracks
are arrangis so that one corner of one of the

magneti c G SRS AHETIEIET PHRMENRDR 21SGF e e oheack
f the her netic 15 fluxes, ar ,

concHREa: &8 Ton End Cart rgféfao?q{eefs}sagmn%s FRTRS

Th [ f t netic ux I ncreas

The FRERSOEACKOn T HGPST & LS, "By M6 Foune

i ncreage ,t he neise -ca%%lsEFéﬁhal% Y & HE a{%@@%—g q\lcﬁwoals

A magnetic recording nedi aving a magne ayer
formed pAde SWRSIFALE RAGCHIHNG 1A PG ASRECLe vl . the

present invention conprises: data regions
probable cause is that when two magnetic patterns used
as address bits on servo regions corresponding to
two adjacent recording tracks are arranged so that one
corner of one of the magnetic patterns is almost in
point-contact with one corner of the other, magnetic
fluxes are concentrated on the corners of the magnetic
patterns. The concentration of the magnetic fluxes
may increase the leakage magnetic field, which in turn
may increase the noise.
BRIEF SUMMARY OF THE INVENTION

A magnetic recording media having a magnetic
layer formed on a substrate according to one aspect
of the present invention comprises: data regions
including a magnetic pattern constituting a recoding
track; and servo regions including magnetic patterns
used as address bits, the data regions and the
servo regions being contained in a plane of the

magnetic layer, wherein, in a case where two magnetic
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including a magnetic pattern constituting a recoding
track; and servo regions including magnetic patterns
25 used as address bits, the data regions and the
servo regions being contained in a plane of the
magnetic | ayer, wherein, in a case where two magnetic
patterns used as address bits on the servo regions
corresponding to two adj acent. rgcordi ng tracks are
arranged in such a manner that one corner of one of
the nagnetic patterns is closest to one corner of 5
the gihaferdNef ey S Rfrddte g magnald GPakd & dlfions
are substantially joined together. A magnetic
r ecoraimg sgpparialds At ddigdent anaidweliaspacdcled are
the present invention conprises the above nagnetic
recoedingggesdiian sLThA sstramperr used tanhdrerudract We drie of
above magnetic recording nmedia according to stil
anot kée Fsgact isf pathe novsesentc liopesit iton wenprdsess of
patterns of projec- tions and recesses corresponding
to t hESnRGNSt c thst terme st athd headmst ima gredoralinsg terns
nmedi a. isNgRIEF DEiQRIPTLON OF THE SEVERAL VI EW5 OF
THE BRAWPNES "BRG1aL +¥s IR 1pEFs fOASTE Lvri ew showi ng a
magneti c L ecording apparat.us according to an .
enbodi ment" § gtqweéCl%prrgegceC)rﬁ A SRR Y G iE R didn
Vi ew,$RheW.Rg -3 an f gnetjc .patterns i.n a
magngti C gi sl‘g1 gg?gr [ nght%o_p a%eg%bgglﬁ)ﬁ%rﬁl%& C_thIiné’rlses
present LP¥eR! hARnethe r3dosd@ Rl R d4iew show ng
j oi ned magnetic
A stamper used to manufacture the above magnetic
recording media according to still another aspect of
the present invention comprises patterns of projec-

tions and recesses corresponding to the magnetic

patterns of the magnetic recording media.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a perspective view showing a magnetic
recording apparatus according to an embodiment of the
present invention;

FIG. 2 is a plan view showing an example of
magnetic patterns in a magnetic disk according to
an embodiment of the present invention;

FIG. 3 is a plan view showing joined magnetic
patterns used as address bits in the magnetic disk
according to an embodiment of the present invention;

FIG. 4 is a plan view showing another example
of magnetic patterns in a magnetic disk according to

an embodiment of the present invention;
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patterns used as address bits in the magnetic disk
according to an enbodi nent of the present invention;
25 FIG 4 is a plan view showi ng anot her exanple of
magneti c patterns in a magnetic disk according to an
enbodi nent of the present invention; FIGS. 5A to 5F
are sectional views showing a nethod of manufacturing
a stanper used in an exanple_ ofs the present

invention; FIGS. 6A to 6F are sectional views show ng
a 5 nethod of manufacturing a magnetic di sk according

to an exampias OfsA he presed ddwenthon: v & ghéﬁiﬁg a
pl an view of joined nagnetic patterns wused as addréss

bi t s mieit Hote gragRet fa ot sk raf GOr dighd 10 e EXAA® Sfample
the present invention, in which the 10 hatched

por t icdng hshgw asegrietiirorepariidrgns, while the white
background shows a nonnagnetic portion; FIG 8 is a

pl an vi ew EHEM ff tie ¢F ol eetiertigatl erisvs nslowing a
stanper used to manufacture the magnetic di sk shown

in FRE&TPPY iof WieineH adiét i Fe dasBrat ish £ sk srserdieng
pr oj SC“ on port ilons, while the white background shows
recesS B EFGARLFCE 'S PIESAHn WYEH S0 ng

magneti c tierns  used as address bits in a

netic
di sk accorditig to° & domparatiVe exdingls WIS %Ié‘i‘ttems

10 i §sa4Pk3 a%iider\@s%h?wt%g i %ﬁge(:trnr%a eettf?%t toce’].lrsgi ais%ncooa%ding

st anper USGS to manufacture t

in Fk@-a%-example of the present invention, in which the
hatched portions show magnetic portions, while the
white background shows a nonmagnetic portion;

FIG. 8 is a plan view showing the projection
patterns in a stamper used to manufacture the magnetic
disk shown in FIG. 7, in which the hatched portions
show the projection portions, while the white
background shows recess portions;

FIG. 9 is a plan view showing magnetic patterns
used as address bits in a magnetic disk according to
a comparative example; and

FIG. 10 is a plan view showing projection
patterns in a stamper used to manufacture the magnetic
disk shown in FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIG. 1, a magnetic recording
apparatus according to an embodiment of the present
invention will be described. The magnetic recording

apparatus comprises a magnetic disk 71, a head
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wth reference
to FIG 1, a magnetic recording 25 apparatus
according to an enbodi nent of the present invention
will be described. The magnetic recording apparatus
conprises a magnetic disk 71, a head slider 76

i ncluding a magneti c head, a head suspension assenbly
(suspension 75 and actuator armsg/4). that supports the
head slider 76, a voice coil notor (VCM 77, and a
circuit board; all these conponents 5 are provided

i nsi del oM assi sndad il Benetd €i digkadl 4 sndPYNi€&bension
on and rotated by a spindle notor 72. Vari ous dlglta?

dat a srsemtelgor datspans idre Tagned ifctlistor laim P4) that

per pendi cul ar magnetic recording system The magnetic

head surrgrpcr datred Head st herd), s idercdbecd Sl anotor
so-called integrated head including a wite head of a

si ngl @I € st rant i el recar dveaall Lisigs @ sdmpd ket s

MR read elenent (GVR film TMR film or the |ike).

The SFSHpeHSVorters insiqfela Hrasoie eift of the actuator

The. 1 ecor diiTe TTHOE oT: S nE) nebrEA et o Sk 7280 THeta ted by
R S e L PR L T S
ari vy TS Redi e s e S P bt el

aneSriaay sy o s ianal e,

I C tangener ak@adidIMidRG S10N& & so-called integrated head
including a write head of a single pole structure
and a read head using a shielded MR read elemenz (GMR
film, TMR film, or the like). The suspension 75 1is
held at one end of the actuator arm 74 to support the
head slider 76 so as to face the recording surface of
the magnetic disk 71. The actuator arm 74 is attached
to a pivot 73. The voice coil motor (VCM) 77 is
provided at the other end of the actuator arm 74. The
voice coil motor (VCM) 77 drives the head suspension
assembly to position the magnetic head at an arbitrary
radial position of the magnetic disk 71. The circuit
board comprises a head IC to generate driving signals
for the voice coil motor (VCM) and control signals for
controlling read and write operations performed by the
magnetic head.

The magnetic disk used in the present invention

is a so-called discrete track media. The discrete
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for the voice coil notor (VCM and control signals for
controlling read and wite operations perforned by the
25 magneti c head. The magnetic di sk used in the

present invention is a so-called discrete track

medi a. The discrete track nedia has a magnetic | ayer
formed on a substrate, in which data regions each
including a pattern of the magnetic |ayer _
constituting a recording track and servo regions each
formed between 5 data regions along the track

di r egid i [ dﬁggggi t S S

addr gjsﬂs%]? ?{ggbalraneoiﬁtg]a?%aed I n tl‘f:1ae)pé|gllt aﬁeﬂg?&]t e &
nmagnehics drapes, {theaei dRaetd CrePadd STl £ SERM 3 ed
from one anot her by grooves or a nonmagnetic portion.

10 FlaGpaz tshrows fart rex angy ree tofc NMegnet i copat {@ifisng a
formed on the surface of the magnetic disk 71. As
showf€aPIRIIGY X rassr \and egfons 20y st deteh raginmns bdveen
are alternately fornmed along a circunferential

di r e@ditén retHe seraleneditn 26 dinad iudest o pravehbirec W ing
section 21, an address section 22, and a burst section
23; BZNSHEG RELE TEG o1fed €5 FdEE S Pdis erus wintdianed
magneti c.|l ayer. The servo region 20 may include a gap
segt ilgnctihﬁ i@d’i”ﬁ S ttg‘et Iﬁ‘?s?é‘gertég% c}r?syed%r/ t@esreegjrfacﬂ&_rehtlc
ma rr [ i ffe t _order or .20 nner. e
ot a PSP B R P adsTh L Ak o Perony Gy e oF
of pat hehas oHettike Jmgneti ¢ layer and guard bands 32
consi sting of grooves or a nonmagnetic

FIG. 2 shows an example of magnetic patterns
formed on the surface of the magnetic disk 71.
As shown in FIG. 2, servo regions 20 and data regions
30 are alternately formed along a circumferential
direction. The servo region 20 includes a preamble
section 21, an address section 22, and a burst section
23; each of these regions is formed of patterns of
the magnetic layer. The servo region 20 may include
a gap section in addition to these regions or the
regions may be arranged in a different order or
manner. The data regions 30 have recording tracks 31
consisting of patterns of the magnetic layer and
guard bands 32 consisting of grooves or a nonmagnetic
portion, the recording tracks 31 and guard bands 32
being alternately formed along the radial direction.
In such a microscopic range as shown in FIG. 2, the
radial direction and the circumferential direction

are depicted such that they are orthogonal to each
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portion, the recording tracks 31 and guard bands 32
being alternately forned al ong the radial direction.
25 In such a mcroscopic range as showmn in FIG 2, the
radial direction and the circunferential direction

are depicted such that they are orthogonal to each

ot her. However, the servo regions nmay be forned Iike
arcs in the magnetic disk as_a whole so as to
correspond with the I ocus of the actuator arm of the
head slider. Further, the patterns of the nmagnetic 5

| ayero e vardodapandidig o the radi @ls ReSY 1hONeo tied

the embodi nent of the present invention, in a case

wher & itkao aragnetn o Hatiaims: used a5 HId egsobitso 99 to
the servo regions corresponding to two adj acent

r ec o siocack v iarre tara angads idf stieh sactmnner dhatoAOthe
one corner of one of the nagnetic patterns is closest

to oh€asorsdddent. t Hadtheer, thee pedrtwerss of £ thee twgnetic
magnetic patterns are substantially joined together.

W t h le¢Rer 8Fde i8d YFIGEPeRd i & o1t itdifr atabing ofpasiet ion.
magnetic patterns of the address section in the servo

15 regi on qleﬁh9 § R0, T RS Yhowsngention, in a
magneti ttern 22a used .as an .address bit for ,

r ecoFe: is%gel%terraed(twr% g}?(?nr?gc etﬁagtﬁaﬁqser%edzﬁ aﬁﬂu&z@z%s kblts
used as ddr, j f [acent recarding,trac

et TR REES, el e A R S B

8, Orépo%gii%@d 85l s %&%ecatrjr\éﬂg?\eééj g}? S n‘?gn&&:e that

rragnetl C pattern 22a. IS arran osest to one
cor neheotolrhe r BEIRGE © At ih Bt i AL NS LOT NI Sl osest

of the nmagnetic
to one corner of the cother, the corners of the two
magnetic patterns are substantially joined together.
With reference to FIG. 3, a configuration of the
magnetic patterns of the address section in the servo
region 22 will be described. FIG. 3 shows a magnetic
pattern 22a used as an address bit for a recording
track m and magnetic patterns 22b and 22c used as
address bits for the adjacent recording track m+l.
The angular positions of 22a, 22b, and 22c are 6, 6-1,
and 8+1, respectively. One corner of the magnetic
pattern 22a is arranged closest to one corner of the
magnetic pattern 22b, and the corners of the magnetic
patterns 22a and 22b are joined together by a junction
J. Likewise, one corner of the magnetic pattern 22a
is arranged closest to one corner of the magnetic

pattern 22c¢, and the corners of the magnetic patterns

22a and 22c are joined together by a junction J.
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patterns 22a and 22b are joined together by a junction
J. Likew se, one corner of the nmagnetic pattern 22a 25
is arranged cl osest to one corner of the magnetic
pattern 22c, and the corners of the magnetic patterns
22a and 22c are joined together by a junction J. By
thus joining the corners of the two adjacent magnetic
patterns, used as address bits, git is possible to
suppress concentration of magnetic fluxes in the
corners of the magnetic patterns. 5 Consequently,

[

noise is r%l@gﬁstﬁ%ﬂgﬁ € 1004, %S £ E’rilcgn@.lzﬁeégj?&nt

obt ai ned. € posi rel ations et ween t

nagneddghepald ats dised asaddesadiidss as Show iy

FIG 3 is generalized as follows. The positional 10

r el atpicorssihile et wesrptdes rEgein o fALderdrs i adlid: 22b

is such that a signal for the track m and angul ar

posi tfilowe® dirf ftéres dommares sifgrale frargridtel ¢ reecke amnls and
angul ar position 0 and froma signal for the track m

and &R§FleaMepddivyi o idel land achated He sirgrale foyod mddress
the track m and angul ar, position e is the sane as a

si gnat 9GSt e BradPt@iineshd angul ar position 0-1.

The posit rel.ationshi p bhetween the magnetic

' |
patterns ; %§§ﬁﬁ1§§6”1 - STt TS e R§GIRED fidke t he
trac Kla@?‘n@%q cagglll_lt%rr n%o Isteldo gl sg ﬁgcf&f rf%%rsg gfg_lrt%m é?h S-; hg%%] J in

signal “for the track mrl™ an

frompacsi gnals fenhethe itzre@ﬁ K smeand angul &4, b 8150' L11:qn, Q1
and that the siignal for the track m and angul ar
relationship between the magnetic patterns 22a and 22b
is such that a signal for the track m and angular
position © differs from a signal for the track m+1l
and angular position 6 and from a signal for the track
m and angular position 6-1 and that the signal for
the track m and angular position 6 is the same as a
signal for the track m+l and angular position 6-1.
The positional relationship between the magnetic
patterns 22a and 22c is such that the signal for
the track m and angular position © differs from the
signal for the track m+l and angular position 6 and
from a signal for the track m and angular position 6+1
and that the signal for the track m and angular
position 8 is the same as a signal for the track m+1
and angular position 6+1. The two magnetic patterns
having such a positional relationship have their
corners arranged closest to each other. In this case,

one corner of the magnetic pattern (22a) with the
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position e is the sane as a signal for the track mtl
and angul ar position e+l. The two nagnetic patterns 25
havi ng such a positional rel ationship have their
corners arranged closest to each other. In this case,
one corner of the magnetic pattern (22a) with the
track mand angul ar position O is substantially

joined to one corner of the magnretic pattern (22b)
with the track mtl and angul ar position e-1 or the
magneti c pattern (22c) with the track mtl and angul ar

5 pogiradd rdthd Eieyd et o i g e ef@bslaby@@ﬁ@lébﬁf/
following conditions. The circunferential length o

the Jjaimed aro bries eouadr tof athsmaddrest thagh thadn of 22b)
one of the joined magnetic patterns. The radi al

| engtwhi t10 tdfe ttheaqkunmcitli eamd drsywelgualpdl irorsmd 1 esr the
than a quarter of the track width of one of the

j oi NG INPdgifetiat bt eldds) MiGh £shdwadnathlerand angular
exanpl e of the magnetic patterns fornmed on the
sur?gfﬁl&ﬂoph@ &agnetlc disk 15 71. In FIG 2, a

d d cti t t
Pe 4o R o?pr"q”fierca%ﬂ,saéﬁeﬁot"@e”ff«?ﬁ%czwl'r;”g
b AB 5 d.b t ctio CD
o st R R A SRS st G b

burstju§1%({:t l@N 28,5 %g{/ﬁ iR, 20 By g‘lldé'r ?cﬁ’lat%cq:rhtat of one

magnet |1 C pat terns e arrange one corner
of one ehet Ao imRENefigh Rl YNt drs .Cl Cr?[‘:H:‘estratcpiaoj_m:'length

corner of the other, as in the case of
of the junction J is equal to or smaller than a
quarter of the track width of one of the joined
magnetic patterns.

FIG. 4 shows another example of the magnetic
patterns formed on the surface of the magnetic disk
71. In FIG. 2, a burst ABCD is provided as one
section. In contrast, in FIG. 4, the burst section
is divided into a first burst section (AB) 25 and
a second burst section (CD) 26. In the first burst
section 25 and the second burst section 26, shown in
FIG. 4, adjacent magnetic patterns may be arranged
so that one corner of one of the magnetic patterns 1is
closest to one corner of the other, as in the case of
the address section 22. Accordingly, a magnetic disk
having such servo regions as shown in FIG. 4, corners
of two magnetic patterns are preferably joined

together as shown in FIG. 3, not only in the address

section 22 but alsc in the first burst section 25 and
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t he address section 22. Accordingly, a magnetic disk
havi ng such servo regions as shown in FIG 4, corners
25 of two magnetic patterns are preferably joined
together as shown in FIG 3, not only in the address
section 22 but also in the first burst section 25 and
10 the second burst section 26. In order to join the
corners of the magnetic patterpns as shown in FIG 3,
imprinting is carried out using a stanper having
patterns of projections and 5 recesses correspondi ng

to t hegme@einde Ratdterdtset ilde B4 anper has proj ection
patterns in which portions corresponding to the

junctions Iretowessy tihe Loimetse dorides BYNELE Cnagnetic
patterns in the magnetic recording nedia are
separattée rivsomse adlowot her .FITher®f ameyr whemeuich @addied out
stanmper is used to transfer fine patterns to a resist
by i WAt iEng,t e dlay itnter gt ewimisc kv fa prartefidre and
resist to be renoved can pass are established. This
makes SCE S5ESs CHIFE SSHOMAFGING et ttdyen Magirie torc prattttens .
collggse. Correspondingly, it is possible to suppress
15 pat'tePhoFRPE GF SpRPIaT AN 5SSt i sthefferportions
durinpg. iapeinting, This i.nproves the durability of
the —stamp Ph?gnﬁngpeggg PﬁgcﬁﬁﬁﬁérQ§FWﬁﬁﬂuﬁq%:Qﬂ%ﬂ&¥s of
that ¢ neap,BReLARr bated W.th one s &f; xaml es, of i
the presen invenklon Wi Tl QeQ%fO%%g§§Fﬁﬁé§%§§5§;ng media
(Exagpkekeparated from each other. Therefore, when such a
stamper is used to transfer fine patterns to a resist
by imprinting, channels through which a part of the
resist to be removed can pass are established. This
makes it possible to avoid pattern fall or pattern
collapse. Correspondingly, it is possible to suppress
pattern fall or pattern collapse in the stamper during
imprinting. This improves the durability of the
stamper to increase the number of magnetic disks that
can be imprinted with one stamper.
Examples of the present invention will be
described below.
(Example)
In accordance with the processes shown in
FIGS. 5A to 5F and 6A to 6F, a magnetic disk according
to the present example was produced. The magnetic
disk had a track density of 100 kTPI (Track Per Inch)

in a data zone of a radius range between 5 mm and

10 mm. One track includes 120 sectors. One sector



10

15

20

25

In accordance with the processes shown in FIGS. 5A to
S5F and 6A to 6F, a magnetic disk according to the
present exanple was produced. The magnetic 25 disk had
a track density of 100 kTPl (Track Per Inch) in a
data zone of a radius range between 5 nm and 10 nm
One track includes 120 sectors. One sector - 11
corresponds to 10,000 bits. EIG 7 shows a part of the
address section 22, which is a part of the servo
region in one sector. This figure shows that, where

two m%yyggébﬂagtggr@b;bg§qg%g§_address bits were
t

arranged in such a manner at one corner of one of

the magnetfIs pat t&hdss WaSpa £ OSESEhd 02 Qe E9T HCEL Ofn 22,
the other, the corners of the two magnetic patterns

are jwiined itogetdert Wi hidedtnctiafich thersd z&ofor.
the junction J was designed 10 as described bel ow
The didsurffigrern isod=engtat ofwhde fjumnatdgretiovgstterns
about half that of one of the joined magnetic
pat t &%l SPh@dddisd Hidmytie s ammrjaatttirosuch is manner
one-tenth of the track w dth of one of the joined
magnetied PR SHL e D Tonmmd é&t%w%wmt@t?@ was
having such _servo regions, inprinting is carried out
usi n&qgse§ttaﬁﬁepq$a\ﬁ°%@e§atctfergﬁée S Hsitoj €19 (ﬁ%”bﬁ%ﬁt hOf
rece S r di ng tqQ the magneti.c tterns on the
ecesiEs S EVRNIg LR Lhe TS PRSI I e
Proj 8enc2Qchi ons apd r8cesses (fe tjl?.l%cr]ﬁal%r}letj c\:Nalsaydeersigned
formeéd by
as described below. The circumferential length of the
junction J was about half that of one of the joined
magnetic patterns. The radial length of the junction
J is one-tenth of the track width of one of the joined
magnetic patterns.
To manufacture a magnetic disk having such
servo regions, imprinting is carried out using a
stamper having patterns of projections and recesses
corresponding to the magnetic patterns on the magnetic
disk, as shown in FIG. 8. 1In the patterns of projec-
tions and recesses of the magnetic layer formed by
imprinting and subseguent processing, the recess
portions may be filled with a nonmagnetic material so
as to flatten the surface.
A method for manufacturing the magnetic disk
in this Example will be described in detail.

First, a stamper was produced using the method

shown in FIGS. 5A to 5F.
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i mprinting and subsequent processing, the recess
portions may be filled with a nonnmagnetic material so
as to flatten the surface. A nethod for manufacturing
the magnetic disk 25 in this Exanple will be
described in detail. First, a stanper was produced
using the nethod shown in FIGS. 5Ato 5F. - 12 As
shown in FIG 5A a 6-inch Si wgfer-1 was prepared
and was surface-treated wth hexanmethyl disilazane
(HVDS). On the other hand, a resist ZEP-520

manuf act urzed d964EQY Gargorst | on @'\aﬁﬁcgﬁ l S"f evga]_BeJI:Wl C&as

with anisole, foll owed byf|Iter|ng with a 2-pm

menbpaeeafidd end The Sunvefei- trase S phich ofca@taeﬁietywb
the resist solution, which was then pre-baked at 200C

for thsded amamet e$iMer eln foreriatthed heandsistrds wt h

a thickness of about 0.1 pm 10 As shown in FIG 5B,

desi PEX —PALt Eems hasrtal regr dwn ZdaNe cidnpaora ttien ress sdiuted

on the Si wafer 1 at an acceleration voltage of 50 kV

usi ngWerEctidh E@&ﬁplﬁrtﬁﬁﬁﬂébﬁ¥iéﬁM:%ﬂkﬁﬁr#ﬂﬂnWthia

yige} hermal field ssion _type el ectron gun

eni tm Hih M f&P&Mfﬁgtf% pr ddEs 1 TSR nals "R i el -

sour e ng,si gnal.s. faor. farm ng,servo patterns,
s?gsg??epﬁéh %h rggglsﬁaFF@P§§oQﬂ1 q%%ﬂﬂ@%%nﬁ@ﬁms

SIQHBE% ﬁgﬁgdtgtaZO%Q§g?ogr£MFQg ﬁXﬁE%g%{OEPEQ%by forming

draw ng equi pnent, and I gnal s for con
el ecthenrbearidef L@ehi QN til ckness of about 0.1 gm.

As shown in FIG. 5B, desired patterns were
drawn directly on the resist 2 on the Si wafer 1 at
an acceleration voltage of 50 kV using electron beam
lithography equipment having a ZrO/W thermal field
emission type electron gun emitter. In the drawing
process, used was a signal source generating signals
for forming servo patterns, burst patterns, address
patterns, and track patterns, signals send to a
stage driving system for the drawing equipment, and
signals for controlling electron beam deflection in
a synchronized manner. In this process, the drawing
was carried out such that, in a site where two
magnetic patterns used as address bits on the servo
regions corresponding to two adjacent recording
tracks are arranged in such a manner that one corner
of one of the magnetic patterns is closest to one
corner of the other, the corners of the two magnetic

patterns are substantially joined together. During
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20 a synchroni zed manner. In this process, the draw ng
was carried out such that, in a site where two
magnetic patterns used as address bits on the servo
regi ons corresponding to two adj acent recording

tracks are arranged in such a manner that one corner
25 of one of the magnetic patterns is closest to one
corner of the other, the cornergzof_the two nagnetic
patterns are substantially joined together. During -
13 the drawi ng process, the stage was rotated at a

consttand dﬂd’%ﬁ&f(? Wl dy, ((He)stfqeQh Ml s andy npved

in the radi al irection. The el ectron bean1ma$
def | ectredt dfrar 1dactar otelld it | o @AW df a0 MeG PNhd moved

into concentric circles. As shown in FIG 5C, the S

waf erinl tles riamiierls el rdat i#ED- NAG o el taedril rech b yw 20N

Corporation) for 90 seconds to devel op the resist 2.

The Wefdeakes! fidrereaamercged iamd td e itraZND-Rgions

(manyfactured by 10 ZEON Corporation) for 90 seconds.

The W&F@rqﬁ%?%ﬂﬂ%%?ﬂﬁ%ﬁ?ﬂ?ﬁ-air bl ow to produce a

s MO By T S o T ek G

uaed 15 ZE oD Gef ARG a P Braer Al A o 2T

vacus oBEohed 10 BoFEa i L0900y s g gt

was tﬂ@huihﬁ@rkgdlaﬁﬁ-rﬁ%s%@ei%h%ﬁ@a%’(%%%ﬁ%@%@d%@@ﬂby
ZEON Corporation) for 90 seconds. The wafer was
then dried by air blow to produce a resist master 5.

As shown in FIG. 5D, a conductive film 6
consisting of Ni was deposited on the resist master
5> by sputtering. Specifically, pure nickel was used
as a target and a chamber was evacuated to a vacuum
of 8 X 1073 Pa. An argon gas was introduced into
the chamber by which the pressure of the chamber was
adjusted to 1 Pa. In the chamber, 400-W DC power
was applied to carry out sputtering for 40 seconds,
thereby depositing a conductive film 6 with a
thickness of about 30 nm.

As shown in FIG. B5E, the resist master 5 with
the conductive film 6 was immersed in a nickel
sulfamate plating solution (NS-160 manufactured by
Showa Chemical Industry Co., Ltd.). The resist

master 5 was electroformed for 90 minutes to form a Ni

electroformed film 7 with a thickness of about 300 um.,
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was applied to carry out sputtering for 40 seconds, 20
t hereby depositing a conductive filmé6 with a

t hi ckness of about 30 nm As shown in FIG b5E, the
resist master 5 with the conductive film®6 was
imrersed in a nickel sulfamate plating solution
(NS-160 manuf actured by 25 Showa Chem cal | ndustry
Co., Ltd.). The resist nmaster H4was el ectroforned for
90 minutes to forma Ni electrofornmed film7 with a

t hi ckness of about 300 pm - 14 Conditions for the

el ectqcofdirniongs afcr ashd dlasior dNeked i faBESL 1 oys
600g/ L, Boric acid: 40g/L, Surfactant (sodium | auryl
sul fate): NLdEgl Lsul Sarbd gl de@@ypley at ure: 55C, pH

4.0, Current density: 20A/dn2. As shown in FIG 5F
the el ect risflorqrear ¥d4 MO /land conductive film6 were
peeled off fromthe resist 10 master 5 with a resist
resi due adheri@ftaidr ebirditie Fasrst sebfaue) wad. 159/L,

renoved by .oxygen plasma ashing, Specifically, an
oxygen ga 4ﬂﬁ%ﬁﬂﬁﬁﬁﬁPr?ht%§Fhe chanber at 100
m/mn an$ﬁph% essure in the chanber was adj usted
to 4 Pa. en, ‘il the 15 chanber, 100-W power was

appl Ted | @Gt Undll3sMBhoBANNG for 20 m hut es.

Thus, a father stanper uding the conductive film
6 and el eals WA n FIG. 5F, the electroformed film 7

and conductive film 6 were peeled off from the resist

master 5 with a resist residue adhered thereon.
The resist residue was removed by oxygen plasma
ashing. Specifically, an oxygen gas was introduced
into the chamber at 100 ml/min and the pressure in

the chamber was adjusted to 4 Pa. Then, in the

chamber, 100-W power was applied to carry out plasma

ashing for 20 minutes. Thus, a father stamper
including the conductive film 6 and electroformed
film 7 was provided. Subsequently, the unnecessary
portions of the farther stamper were punched off
using a metal blade to obtain an imprint stamper 8.
The stamper 8 had the patterns shown in FIG. 8.
Then, a magnetic disk was manufactured by
the method shown in FIGS. 6A to 6F.
As shown in FIG. 6A, the stamper 8 was
subjected to ultrasonic cleaning with acetone for
15 minutes. The stamper 8 was treated as described

below in order to improve releasability during
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film?7 was provided. Subsequently, the unnecessary
portions of the farther stanper were punched off 20
using a nmetal blade to obtain an inprint stanper 8.
The stanper 8 had the patterns shown in FIG 8. Then,
a magnetic di sk was manufactured by the nethod shown
in FIGS. 6Ato 6F. As shown in FIG 6A, the stanper 8
was 25 subjected to ultrasonic ¢feaning with acetone
for 15 mnutes. The stanper 8 was treated as
described below in order to inprove releasability

duri ngpr ik i dgprizmtdNgt A AAtF AL Ma1kyisil
fluoroal kyl silane [ CF3(CF2) 7CH2CH2SI ( OWE) 3] (TSL8233

manuf[&FuICEs ) byCH JGH ;BastuiMes Si | (Tamess)3 did il edb i ddy by
ethanol to a concentration of 5% was prepared. The

st am&ér T®sd$ a5 Sinneroges )i mlitlhe esblwittirorefrarn@0 to a

m nutes, followed by blowi ng away a residual solution
usi n&oé?q?lné\};@ﬁlo@n@f e ashe rsiremsat. 8 Thes e 2B was
at 120C for one hour. On the ot her hand, a magnetic

r ecor8Rg Seay e the ®é§iﬂéﬁﬁs QQ/WﬂﬂniﬁﬂdrﬁPkﬁPW§d by
di sk bstrate 11 10 avi n nsisting o
doughidt L SAaBea TgPade WA Lo SHamdcer oriT 65 Bhieties, 2

Ine TRGRCLEE, BEOREATa LA e JPaated Wit
A L S SHE R
resi sp lasoBebbeisudf 842 s@luttering on a disk substrate 11
having consisting of doughnut-shaped glass with
a diameter of 0.85 inches. The magnetic recording
layer 12 was spin-coated with a resist 15 (S1801
manufactured by Rohm and Haas) at a rotating speed
of 4,000 rpm.
As shown in FIG. 6B, the stamper 8 was brought
into contact with the resist 15 on the surface of
the disk substrate 11 and pressed at 1,800 bar for
one minute to transfer the patterns of the stamper 8
to the resist 15. The resist 15 to which the patterns
had been transferred was irradiated with UV for
five minutes, and then baked at 160°C for 30 minutes.
With the process for forming projections and recesses
by imprinting, resist residues remain at the bottom of
each of the recesses.
As shown in FIG. 6C, the resist residue at the
bottom of each of the recesses was removed by reactive

ion etching (RIE) with an oxygen gas. As shown in
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the di sk substrate 11 and pressed at 1,800 bar for

one mnute to transfer the patterns of the stanper 8
to the resist 15. The resist 15 to which the patterns
20 had been transferred was irradiated with UV for
five mnutes, and then baked at 160C for 30 m nutes.
Wth the process for form ng projections and recesses
by inmprinting, resist residues {gmain at the bottom of
each of the recesses. 25 As shown in FIG 6C, the
resist residue at the bottom of each of the recesses

vegh,b N i d ing | j t
was IremmyV egh ytHeeargdn\@CHdG%ch%QﬂGr%? (RH MW L8t ched

oxygen gas. As shown in the nagnetic

recoidi iy liayemilld RS Bliched nddyp At d s M 140 usding: 15
the patterns of the resist 15 as a mask. As shown in

FI G aBEa tee kpat ther hooin tie FIesSiGE, Ihevas tdadmpest the
away by.oxy%en RIE. As shown 5 in FIG 6F, a carbon

pr ot E6EIlvE |y &ia s1 3 twdprdshegiaedy aldyomreRlithe As shown
surface of the magnetic recording |ayer 12. .
SubséquértGy PFa lPulsAireamt BRes eiplviced et H8 wiveig st as i ted
di sk gﬁoduced. The recesses in the stanper 8, shown

in FRGH BXSLcoMFesHdnd o Ahé sy a]a@aeé&c%cxe@évgrgﬂéﬂ% layer
[ th ' h in 6F. One thouysan

portans e e Tedia show 0 €5, e thovsand

i ncl udiyng <t he 4 BRr i3LiNg By 0C&$S, f@%e%%e%ner§g§£p%%amper

Magnet'c recordi ng“apparat ises were assenbl ed Using

magnet i ¢hdivaks nPFAdUCed  eveint <kp ARPHAPIHRL & Jaunber. Of

i nprinting processes.

magnetic portions on the media shown in 6F.

One thousand magnetic disks were manufactured
by the method including the imprinting process
using one stamper. Magnetic recording apparatuses
were assembled using magnetic disks produced every
appropriate number of imprinting processes.
The magnetic recording apparatuses were tested for
performance by detecting address signals. As a
result, for all the magnetic disks including the
one produced in 1,000th imprinting process, desired
address signals were obtained within the range between
the inner peripheral position and the outer peripheral
position.
(Comparative Example)

In the Comparative Example, conditions for
electron beam lithography were varied from those in

the method for manufacturing a stamper in the above

Example. That is, in the electron beam lithography,
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The magnetic recordi ng apparatuses were tested for
performance by detecting address signals. As a

result, for all the nmagnetic disks including the one
produced in 1,000th inprinting process, desired 20
address signals were obtained within the range between
the i nner peripheral position and the outer periphera
posi tion. (Conparative Exanple);in the Conparative
Exanpl e, conditions for 25 el ectron beamlithography
were varied fromthose in the nethod for

manufiackuiaR@ ¥hsh@MReL gt dike Bk & a o en Halection
is, in the electron beamlithography, 17 in a case

wher eotrwe spodideely @ Ratet @IddT ddt &exGldbn the servo
corresponding to the address section on the servo
regi orgace areaagedngrdsdich smamrnetarirat tore cotenetorner
of one of the projection patterns is closest to one 5
cornef ehet RE dhikeprodlesttioon Pegamrgotis fadrorstwitrg one
these two pr%jection patterns were applied so as not
to o78FP&P Rt Khealhhetrherlech nofe edfe s Hdsp s drawing
t he Focesies sim.lar .to those used in the above
Exanbl'8 e EHOUBE IEG (APBUREE 15 *BEaSar ZRP Liféh o0 3% not
manuf act yr netic di sk, using.the resuyltant
stan%ér%vﬁsé?pgggg ows © h8t866recéﬁo hﬁhfﬁ%} S'Qﬁsgﬁﬁ§s'
Stanpge Weedellebne (DAl Akl YASKATRE: A8 SHLOWLoJd!
this figure, the two adjacent projection patterns
Example were used to produce a stamper and then
to manufacture a magnetic disk using the resultant
stamper.

FIG. 10 shows the projection patterns of the
stamper used in the Comparative Example. As shown
in this figure, the two adjacent projection patterns
of the stamper are formed such that their corners
are almost in point-contact with each other. FIG. 9
shows the magnetic patterns of a magnetic disk
according to the Comparative Example manufactured
using the stamper. As shown in this figure, the
two adjacent magnetic patterns of the magnetic disk
are formed such that their corners are almost in
point-contact with each other.

One thousand magnetic disks were manufactured
by the method including the imprinting process using
one stamper, as in the case of the Example. Magnetic

recording apparatuses were assembled using magnetic

disks produced every appropriate number of imprinting
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15 of the stanper are forned such that their corners
are alnost in point-contact wwth each other. FIG 9
shows the nagnetic patterns of a magnetic disk
according to the Conparative Exanpl e manufactured

using the stanper. As shown in this figure, the 20 two
adj acent magnetic patterns of the nagnetic disk are
formed such that their cornersigre-alnost in

poi nt-contact with each other. One thousand nagnetic

di sks were manufactured by the nethod including the

| Mpr pRbERYsBEOCESPURLAGetde QR OTHAMRL hpAT dthiskRe were
case of the Exanple. Magnetic recordi ng apparat uses

wer etassedbled psirfigrimgaet by deiceks ipgoddeedseveriynals.
appropriate nunber of inprinting 18 processes. The
magnet i ¢ Ascar diesg lappanatthseS Olehe matgesttaae fddrsk, an
performance by detecting address signals. Rs a result,

i n t RddBe8EhShAgAdt B rairskasandetaddeds pagitgrall agrliyoron
was detected particularly on 5 an outer periphera

port BBnOU¥RE BEAAPEETraft BPILREN -usdPPoB L EFEEEs Sift§ Tt fée
500t h magneti c di sk.was ex% ined with an atomc force
i cr BSEoREE( RERFSSTAEA, thRo CUOFBePERRS obs &Féd "R ¢ he

i i di . he add
et PR RER Hor T TR BRET0 o060t ML REGHSPEE draR) - Then.

addr £5s4gi-gpal ﬁﬁérﬁkée%%r Ggd.pal hr%‘é%rctti'a% ;iia%'%efxfn%m
an inner peripheral position to an odter peripheral

pOSiEb??es%Bﬁd%h@”E%rtEEt%Hdr%@% 43ethoh .Precessicld in the

the 1,000th magnétic di sk was

1,000th magnetic disk, address signal errors occurred

all over the disk from an inner peripheral position

to an outer peripheral position. The stamper after

the use for processing the 1,000th magnetic disk was
examined with AFM. Then, defects were observed in
the projection patterns corresponding to the address
section.

Now, materials used for the layers of the
magnetic recording media according to the embodiments
of the present invention as well as the stacked
structure of the layers will be described.
<Substrate>

The substrate may be, for example, a glass
substrate, an Al-based alloy substrate, a ceramic
substrate, a carbon substrate, a compound semicon-
ductor substrate, or an Si single-crystal substrate.
The glass substrate may be formed of amorphous glass

or crystallized glass. The amorphous glass includes
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exam ned with AFM Then, defects were observed in is
the projection patterns corresponding to the address
section. Now, nmaterials used for the layers of the
magnetic recording nmedia according to the enbodi nents
of the present invention as well as the stacked 20
structure of the layers will be descri bed.

<Substrate> The substrate may bey for exanple, a glass
substrate, an Al -based alloy substrate, a ceramc
substrate, a carbon substrate, a conpound sem con 25

duct ebasuhsieatg.as®y, an udlinddidlie-ade/sfiads subst ratee. Like.
The gl ass substrate may be forned of anorphous gl ass

or cMyst aldyiszed 1dlzasis .g 1Hys amarlpiess 1glassinfed st scApstal -
soda linme glass, alum nocilicate glass, or the like.

The drystaldlisaed ogl dge ilideudesHe tdunamiasabsryestal -
lized glass or the like. The ceranic substrate

i ncl d@€s ugesi /it eriad syedy hegvnIma ifrdrymecp e dal Qi i Bhum
oxide, alumnummnitride, silicon nitride, or the

| keC*dfea ﬁ&flé}l.%m %ttélﬁﬂ@d 5y LAY Wleﬁrrffcéﬁrcﬁrg e

330 58 TR AT S, 8 g e
Crysg%ht%g%%t% S%h%@kkﬁghce l§é%¥§o ugﬂofngﬁgg%g%te

10 an oxide film‘on the sur

<Sof t neAgRRL %a‘A@derAll@é%r? Wien 1 penpendigill &4 single-
magneti ¢ recordi ng nedi a

crystal substrate, so-called a silicon wafer, may have
an oxide film on the surface thereof.
<Soft-magnetic underlayer>

When a perpendicular magnetic recording media
is produced, so-called perpendicular double layer
media in which a perpendicular magnetic recording
layer is formed on a soft-magnetic underlayer (SUL) is
used. The soft-magnetic underlayer in the perpen-
dicular double layer media is provided so as to pass
a recording magnetic field from a recording magnetic
pole through this layer and to return the recording
magnetic field to a return yoke arranged near the
recording magnetic pole. That is, the soft-magnetic
underlayer provides a part of the function of the
write head, serving to apply a steep perpendicular
magnetic field to the recording layer so as to improve
recording efficiency.

The soft-magnetic underlayer is formed of a high

permeability material containing at least one of Fe,
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i s produced, so-called perpendicul ar double | ayer
medi a in which a perpendicul ar magnetic recording 15

| ayer is formed on a soft-magnetic underlayer (SUL) is
used. The soft-nmagnetic underlayer in the perpen-

di cul ar doubl e layer nedia is provided so as to pass

a recording magnetic field froma recordi ng magnetic
pol e through this layer and 10 ggturn the recordi ng 20
magnetic field to a return yoke arranged near the
recordi ng magnetic pole. That is, the soft-magnetic

underliay @hdpiceVi desicd Refde rAfaithe fdingdd o pfrddi®-pbased
wite head, serving to apply a steep perpendi cul ar
magnetile f iselcth 2@ tthed eser g, avel mNiagHdsed MIroMe such
25 recording efficiency. The soft-magnetic underl ayer

i s fasnéeNof, aehiigle, peMNiEabidnd Feakatdsr, aln deRlat nd FeSi-
at least one of Fe, 20 N, and Co. Such materials

i ncl basecan IReQoshiadeds dldidy St Hs FeBol Sirfer FEGALS1iTiRu
an FeN -based alloy such as FeN, FeN My, FeN Cr and

FeNi 8nd §/PHOA Araf¢Trebiasasasdd 4l 10V s ieh FalFeAleTaC and

FeAl Si eAl SiCr, FeA SiTiRu 5._and FeAlL.O an
FeTa- Ggégd Ao Ns (&R Tad 3EEFa 2 IROYa S WY 2 Fe RN -and

an Fezr - bﬁedf%lrfeto &Suce& igcfc’ uFedZe:%aé/;%hrgln?’a?%%%g&grerﬁei& of

under | ayer

nicrgpﬁg%%?L%hn%éyﬂiC%P%ﬂé?bé%yéﬁ?ﬂvﬂﬁg §gf&5g&¥§30r a

contai ning fine grains disperse i'n a matrix such

as FepbQu1EeMIOr e Tal RdFeAY £ i6RCRyLOMH A N d)k B g
at% or nore of Fe.
in a matrix such as FeAlO, FeMgO, FeTaN, and FeZrN,
each containing 60 at% or more of Fe.

The soft-magnetic underlayer may be formed of
other materials such as a Co alloy containing Co
and at least one of Zr, Hf, Nb, Ta, Ti and Y. The
material preferably contains 80 at% or more of Co.
An amorphous layer is easily formed when such a Co
alloy is deposited by sputtering. The amorphous
soft-magnetic material exhibits very excellent soft
magnetism because of free of magnetocrystalline
anisotropy, crystal defects and grain boundaries.
Further, the use of the amorphous soft-magnetic
material reduces noise from the media. Preferred
amorphous soft-magnetic materials include, for
example, a CoZr-, CoZrNb- and CoZrTa-based alloys.

Another underlayer may be provided under the
soft-magnetic underlayer in order to improve the

crystalinity of the soft-magnetic underlayer or
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The soft-magnetic underlayer may be forned of other
materials such as a Co alloy containing Co and at

| east one of Zr, Hf, No, Ta, Ti and Y. The 15 materi al
preferably contains 80 at% or nore of Co. An

anor phous | ayer is easily fornmed when such a Co alloy
is deposited by sputtering. The anorphous
soft-magnetic material exhihitsyyery excellent soft
magneti sm because of free of magnetocrystalline 20

ani sotropy, crystal defects and grain boundaries.

Furthek Jdhesuse o the amyAheus sofdstmagnetd Gor the
mat eri al reduces noise fromthe nedia. Preferred

anor pheks 199l myaneldec T8t ard, alys, incl ude, SR an alloy
exanpl e, a CoZr-, CoZrNb- and CoZrTa-based all oys. 25
Anot her render laayeoxtaye edpmdwirderd wiwdesaitdieig the above
soft-magneti c underl ayer in order to inprove the
crystaltiedi.ty of the soft-nagnetic underlayer or 21

the adhesion to the substrate. Materials for the

under | aye®n déltfgaepiatea, laye rorcormistai &af & |rnmag-
t hereof, and oxide and nitride containing the above

netaP?tSCAﬁUPﬁFéPﬁﬁdFéﬂéqeaf€PWﬁ§%§:Qﬁq%fQﬁ 9?%uﬁﬁﬁﬂf
AR R T s Il
reco&gkggdh er. E e iq%%r Qi%%%d.%%er serves t%, ¢
di srupt excﬁ ng€YCOUpI i'ng in eraction ebe]‘ta Sen e o ©°

SOf t 47RgNEk! & xURdeiea¥elAnd of e eSUdiNg AV RlefNte
soft-magnetic underlayer and the recording layer and
to control the crystalinity of the recording layer.
Materials for the intermediate layer include Ru, Pt,
pd, W, Ti, Ta, Cr, Si and an alloy thereof, and oxide
and nitride containing the above metal.

To prevent spike noise, the soft-magnetic
underlayer may be divided into layers that are
antiferromagnetically coupled with each other
through a Ru layer with a thickness of 0.5 to 1.5 nm
sandwiched therebetween. Alternatively, the soft-
magnetic layer may be exchange-coupled with a pinning
layer formed of a hard magnetic material with in-plane
anisotropy, such as CoCrPt, SmCo and FePt, or an
antiferromagnetic material such as IrMn and PtMn. 1In
this case, to control the exchange coupling force, a
magnetic layer such as Co or a nonmagnetic layer such

as Pt may be stacked on the Ru layer.
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to control the crystalinity of the recording | ayer.
Materials for the internediate |ayer include Ru, Pt,
Pd, W Ti, Ta, C, Si and an alloy thereof, and oxide
and nitride containing the above netal. 15 To prevent
spi ke noi se, the soft-magnetic underlayer may be
divided into | ayers that are antiferromagnetically
coupled with each other througipa Ru layer with a
thi ckness of 0.5 to 1.5 nm sandw ched t her ebet ween.
Al ternatively, the soft 20 magnetic |ayer may be

exchapgepeauplced oM M3 g RiiNiRdG o dByRy ffofdred of a

hard magnetic material with in-plane anisotropy, such

as CoCr Pt Thamge ravathdiefila wmaghe@nd i feeroodrgnelager is
material such as Irivnh and Ptivh. In this case, to

cont folrmekle oéx c farge xeowdld, ng frertes;iad 26 Imalgnetdrctaining

| ayer such as Co or a nonmagnetic |ayer such as Pt _

may Be:staskedndmat kg Redsdaydit, coptaidfdrdpdnniatulegquired,
Magneti c Recordi ng Layer> The perpendi cul ar magneti c ,

r ecoPAPNG WraVEr CONRGIEd G Fdrld%exEie, 2% Tat g qmIoxide
mai nly containing Co, containing at |east Pt .
Cont 81 hg TP A PEJGed, 18 AR MR IS M-
oxid h as,silico [ tJ_t.anj um oxi

t he %gr%%gn% & ullgl eﬁégn%g%ce%rcegcg cﬁer?gl {Hayerr}g(rﬁtg%feet%{:bly

crystalrghaing Jpnghestthec fir m & £ol ymale mifuetdy e.
In a perpendi cul ar magnetic recordi ng | ayer having

suchpagsbiiet HeRorldi® g 1Q IRt i ryfdmla Hadtnsoave the
favorabl e orientation ‘and
magnetic crystal grains have favorable orientation and
crystality, making it possible to provide a signal-to-
noise ratio (SNR) suitable for high-density recording.
The amount of oxide is important for obtaining the
above structure. The content of the oxide in the
total amount of Co, Pt and Cr is preferably 3 mol% or
more and 12 meol% or less, more preferably 5 mol% or
more and 10 mol% or less. If the content of the
oxide in the perpendicular magnetic recording layer is
within this range, the oxide is precipitated around
the magnetic grains, making it possible to isolate
the magnetic grains and to reduce their sizes. If
the content of the oxide exceeds the above range, the
oxide remains in the magnetic grains to degrade the
orientation and crystalinity. Moreover, the oxide
is precipitated over and under the magnetic grains
to prevent formation of the columnar structure in

which the magnetic grains penetrate the perpendicular



10

15

20

25

crystality, making it possible to provide a signal-to-
noi se ratio (SNR) suitable for high-density recording.
The anmount of oxide is inmportant for obtaining the
above structure. The content of the oxide in the 15
total amount of Co, Pt and Cr is preferably 3 nol % or
nmore and 12 nol % or less, nore preferably 5 nol % or
more and 10 nol % or less. If_the cantent of the oxide
in the perpendicul ar magnetic recording |ayer is
within this range, the oxide is precipitated around 20

the pRgRRLiC FRiJIS fPKING A 4 PO BB didi39l13te

the magnetic grains and to reduce théir "sizes. If the

cont eitreef ithe oXnde hexeeeds thed@bave drRNG Nt of the
oxide remains in the magnetic grains to degrade the

or i eptkatlieon san@ ser ydtaal ithiet wboMer eavefe, tdhe dddeatZon of
is precipitated over and under the nmagnetic grains to
prevéhe franmetiion gafa itntse acol wineanr estuadditaur ein theadhd chizes
the magnetic rgfr.ai.ns penetrate the perpendicular - 23
magnétec insgdidicigntayeThiis e rgaseendicdifiearin reading
direction. On the other hand, if the content of the ,
oxi d&3ité | BeLiffar t REPLFS-E Leat@e OtRd 1 SolSHArGH dfo—noise
t he magnet i rai ns . and the reduction i.n their sjzes 5
ore FRcaPr iGhEhe ShinRBlel dRar SaSR oS T PasR TS
dat a, maki it i ssible t. t ai si gnal+1.0-noi se .
rati o (SN )%s lﬁotnatb%gc oft) Eﬁtl gl%- %e NSi réyr%reencogL:}: |lnagr. r%hden Stic

cont %@.Eo%iﬁ%; il%g/%'}e '%e?}%%ir%%lly 1'65‘%'%% G B Hdg

| ayer is pre eralyf t% or nore an
25 at% or less. When the Pt content is within this
range, the perpendicular magnetic recording layer
provides a required uniaxial magnetic anisotropy
constant Ku. Moreover, the magnetic grains exhibit
good cyrstalinity and orientation, resulting in
thermal fluctuation characteristics and read/write
characteristics suitable for high-density recording.
If the Pt content exceeds the above range, a layer of
an fcc structure may be formed in the magnetic grains
to degrade the crystalinity and orientation. On the
other hand, if the Pt content is less than the above
range, it is impossible to obtain a uniaxial magnetic
anisotropy constant Ku and thus thermal fluctuation
characteristics suitable for high-density recording.

The content of Cr in the perpendicular magnetic

recording layer is preferably 0 at% or more and 16 at$
or less, more preferably 10 at%$ or more and 14 at% or

less. When the Cr content is within this range, high
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10 25 at% or less. Wien the Pt content is within this
range, the perpendicul ar magnetic recording |ayer

provi des a required uniaxial nmagnetic ani sotropy

constant Ku. Mreover, the magnetic grains exhibit

good cyrstalinity and orientation, resulting in 15

thermal fluctuation characteristics and read/wite
characteristics suitable for-high-density recording.

If the Pt content exceeds the above range, a |ayer of

an fcc structure may be forned in the magnetic grains

to degiagda it iy dal ivd tha ath HdEMAHAON: AQEEL S0 in
ot her hand, if the Pt content is |less than the above
rangeyniiatx iied ingeossd il eartiscolagd yn Gonstaxi alu magnet s corings
ani sotropy constant Ku and thus thermal fluctuation

char sctfdriicsitands rasd/abtie o arhdvapt-aeist 1gs ravdrdhegmnal

The content of O in the perpendicular magnetic 25

r ecorfdiusg Uadyian iah grasttearEin bl & sawbtrb roandl ale-dgnsity
or less, nore preferably 10 at% or nore and 14 at % or

| ess FORREN e O ettt IO AdRads dmye, 2R eh tange,

24 neti zati on _can be mai ntai ned w t hout reduction
T OEHCAS TR @ i ST o St KA ST aS S8
bri n%% d%gxfai ei ecmte rteh dllmvgli tﬁuccrktauraatcitoer{i Sr*tri Cas’c aen istic
t her mal Iuéfuatlon %%aracterls I CS Sui é%ﬁe fforl S

hi ghgensiney cé‘fsec%qalml% drdd tJl%.eqtactﬂhrHr?rgf EXEE G Sgnet ic

the above range, the constant Ku of e magnetic
grai Ryadew.eages 4 adegrade Hhea-dhermmlcd lucd i ONistics

characteristics and the crystalinity and orientation
of t heymagneldotaded.

The perpendicular magnetic recording layer may
contain not only Co, Pt, Cr and an oxide but also
one or more additive elements selected from the
group consisting of B, Ta, Mo, Cu, Nd, W, Nb, Sm,
Tb, Ru and Re. These additive elements enable to
facilitate reduction in the sizes of the magnetic
grains or to improve the crystalinity and orienta-
tion. This in turn makes it possible to provide
read/write characteristics and thermal fluctuation
characteristics more suitable for high-density
recording. The total content of these additive
elements is preferably 8 at% or less. If the
total content exceeds 8 at%, a phase other than a
hcp phase is formed in the magnetic grains. This
disturbs crystalinity and orientation of the
magnetic grains, making it impossible to provide

read/write characteristics and thermal fluctuation
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grains. As a result, the read/wite characteristics

10 may be degraded. The perpendi cul ar magnetic
recording layer may contain not only Co, Pt, C and
an oxide but also one or nore additive el enents
selected fromthe group consisting of B, Ta, M, Cu,
Nd, W Nb, Sm 15 Th, Ru and Re. These additive

el ements enable to facilitate geduction in the sizes
of the magnetic grains or to inprove the crystalinity
and orienta- tion. This in turn makes it possible to

provb@%ra%%%@@@ﬂﬂé%‘gﬁﬁﬁgﬂfgifgﬂ(Hiéﬁuhéﬁgﬁﬂgﬂﬁecording.

fluctuation 20 characteristics nore suitable

hi gh- densidthe i @afediing. s Ty tiaiadlpapdrantcofa £ heSgnetic
additive elenents is preferably 8 at%or less. If the

t ot alreconidénly éxgeads it laidd =8 Qrsexidwerallan a hep
phase is formed in the magnetic grains. This 25

di st Grbs -bapsalaldioyy and adtiCenttatsesh adfl ahe Carighet i ¢
grains, making it inpossible to provide read/wite

char &6FEFirsyi E9PaFd et P HAnidt-uatlilgh Rerendicular
characteristics suitable for high-density recordin
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magnetic recording layer may be formed of a multilayer

film such as CoCr/PtCr, CoB/PdB and CoO/Rh0O, which

are prepared by adding Cr, B or O to each layer of

the above multilayer film.

The thickness of the perpendicular magnetic

recording layer preferably ranges between 5 nm

and 60 nm, more preferably between 10 nm and 40 nm.

A perpendicular magnetic recording layer having

a thickness within this range is suitable for

high-density recording. If the thickness of the

perpendicular magnetic recording layer is less than

5 nm, read output tends to be so low that a noise

component becomes relatively high. On the other

hand, when the thickness of the perpendicular magnetic

recording layer exceeds 40 nm, read output tends to

be so high as to distort waveforms. The coercivity

of the perpendicular magnetic recording layer 1is

preferably 237,000A/m (3,000 Oe) or more. If the
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an el enent selected fromthe group consisting of Pt,
Pd, Rh and Ru and a Co | ayer. The perpendicular 10
magneti c recording |ayer may be forned of a nultilayer
filmsuch as CoCr/PtCr, CoB/PdB and CoQ' RhO, which are
prepared by adding C, B or O to each |layer of the
above nmultilayer film The thickness of the

per pendi cul ar magnetic 15 recoygling | ayer preferably
ranges between 5 nmand 60 nm nore preferably between
10 nmand 40 nm A perpendicul ar magnetic recording

| ayercJeadiRg 18 til ckdiess nid B3y tduon m@nae do sl it ablee
for high-density recording. If ‘the thickness of the

20 pempeidilc ulaic tRENRIH ¢HACoH MG d i@k md § deSfed aded.
5 nm read output tends to be so | ow that a noise

c onp amen to ehrgeonEs urlel ratdqued ne rid sgh .o fOt Heh e edtgeatd thanids r
when the thickness of the perpendicul ar magnetic

r ecomlgm@tllwymecem;hedzs Wy eammis eack founghdty teritdsort oan@s .

be so hi as to distort wavefornms. The coercivity of

the pér ﬁglﬁdup@mp@fn HeEgHatd & FeeEdisty isayl@ssg $han 0.8, the

pr ef er abl 237 000A/m (3,000 Ce) or nore. If the - 26
coer ¢GE P{? sfllu€st§attl+éW ISP 0GRS ((BNeb0 te)Pe tdpgraded.

therngl Elu tuatlon characterlstlcs may be degraded.
The perﬁeﬁ @Jia éﬁﬁéreness of the perpendicul ar

magnetic recor Cﬁ%éﬂ% Y esfeerr\?ﬁbé %o t%rae%;%ﬁg’rcec%%rgosion

If the perpen ar squar ness i's 1ess

ther pgl tweug)te%ténmJuq%léh@a%%ttl%n%é&mgd%%qedand to
prevent damage to the media surface when the magnetic
head comes into contact with the media. Materials for
the protective layer include, for example, C, SiOy and
ZrOp. The protective layer preferably has a thickness
of 1 to 10 nm. When the thickness of the protective
layer is within this range, the distance between the
head and the media can be reduced. This is suitable
for high-density recording.
<Lubricant Layer>

The lubricant may be formed of, for example,
perfluoropolyether, fluorinated alcohol or fluorinated
carboxylic acid.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited
to the specific details and representative embodiments
shown and described herein. Accordingly, various

modifications may be made without departing from the



<Protective Layer> The protective | ayer serves to
prevent corrosion of the perpendicul ar nagnetic
recording layer and to 10 prevent danmage to the nedia
surface when the magnetic head conmes into contact with
the media. Materials for the protective |ayer

i nclude, for exanple, C, Si2 and ZrQ2. The
protective |ayer preferably hasa thickness of 1 to
10 nm When the thickness of the protective 15 | ayer
is within this range, the distance between the head

and the -medid gapRpke Jredueedenli=s 'ﬁiv%lﬁttﬁm &od@pt as
hi gh-density recordi ng. <Lubricant Layer> The

| ubr U@@fihe@a}bybﬁéhfeora?@@n@fe,d farn i@l .t r equivalents.

per fl uoropol yether, fluorinated al cohol or fluorinated
carboxylic acid. Additional advantages and
nodi fications will readily occur to those skilled in

the art. Therefore, the invention in its broader
aspects is not limted 25 to the specific details and
representative enbodi nents shown and descri bed
herein. Accordingly, various nodifications nay be
made w t hout departing fromthe 27 spirit or scope of
the general inventive concept as defined by the
appended clains and their equivalents. 28 WHAT | S
CLAIMED IS: 1. A magnetic recording nedia having a
magneti c
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| ayer fornmed on a substrate, conprising: data regions

i ncluding a nagnetic pattern consti- 5 tuting a

recodi ng track; and servo regions including nagnetic
patterns used as address bits, the data regi ons and

the servo regions being contained in a plane of the
magnetic | ayer, 10 wherein, in a case where two

magneti c patterns used as addrass bits on the servo
regions corresponding to two adjacent recording

tracks are arranged in such a manner that one corner

of one of the magneticypatrt esnsL.hsMEbOSESt t O oOne

corner of 15 the other, the corners of the two

magneti c [att &y mmgrartd s uesicantirgl Imedia nedsiraget hesgnetic
2. The magnetic recording nmedia according to claima1,

wher éiey etrhé oragde inc ap atuositrs: tar, e cogparigtied : f rom each

ot her by a nonmagnetic portion. 20 3. The nagnetic .
recor di ng 9@ & adesrsdilmg tusling & mapnafter ¢lat tgen consti-
magnetic patterns are separated from each other by a

gr ooVEE1RY Ph&SRRGASOI ELPEkSr @Ry medi a according to
claim1l1l, wherein the servo.regions include atg£

e eanbl e
25 secti ofcidR aGdresS SEET R R A Hhhs P i b, Y5 ed
S. The umg %ggfﬁﬁgggrding medi a according to claiml,
0

wherein a Peng the junction in a 29
circunferentl alydi nRCLION 15 LRYR! L9 fggﬂdﬁg being
contained in a plane of the magnetic layer,

wherein, in a case where two magnetic
patterns used as address bits on the servo regions
corresponding to two adjacent recording tracks are
arranged in such a manner that one corner of one
of the magnetic patterns is closest to one corner of
the other, the corners of the two magnetic patterns
are substantially joined together.

2. The magnetic recording media according to
claim 1, wherein the magnetic patterns are separated
from each other by a nonmagnetic portion.

3. The magnetic recording media according to
claim 1, wherein the magnetic patterns are separated
from each other by a groove.

4. The magnetic recording media according to
claim 1, wherein the servo regions include a preamble
section, an address section, and a burst section.

5. The magnetic recording media according

to claim 1, wherein a length of the junction in a



than that of one of the joined nagnetic patterns. 6.

The magnetic recordi ng nedia according to claiml1,
wherein a length of the junction in a radial 5

direction is equal to or smaller than a quarter of the
track width of one of the joined magnetic patterns.

7. The magnetic recording nedia according to claiml,
wherein the magnetic patterns inglude a soft nagnetic
under| ayer and a perpendi cul ar nagnetic 10 recordi ng

| ayer forned on the soft magnetic under- |ayer. 8. The
magnetiire uFeaeti tith IMedird A difkdul cd@idh lsmaller
further conprising a protective layer on the

per pemeinc uhart negretd © ff eder dicihddyergnes O.pakterns.
magneti c recordi ng apparatus conprising the magnetic
recor di ng drediThaacordi i treedmdind . medir Fcctadpey to
used to manufacture the nmagnetic recording nedia .
accofcditid tlo MhEnRin coiEiMPT pdia erictgfon in a radial
projections and recesses correspaonding to 20 the
magné&tite Gratfertfs eéi‘uatlhet%égﬁwe?t“iacureefc%r}mrhga feeEen °f the

The st anper . ording to claim.l0, erein,  the
st amper had {B6) €t O Pt (a¥ns ST SHhTE R T s terns-

correspondj ng Tthtoe %%Aeucrkc%t roerESOLbflter L4fe %%cprecﬁfn fato

[
the magneti'c patter I the nagne recordi ng ne

25 ars .36parnated A5iomeach 8l c It (i StaPRlde a
according to claim 10, wherein the stanper Is forned
of niseifel magnetic underlayer and a perpendicular magnetic
recording layer formed on the soft magnetic under-
layer.
8. The magnetic recording media according to
claim 1, further comprising a protective layer on
the perpendicular magnetic recording layer.
9. A magnetic recording apparatus comprising
the magnetic recording media according to claim 1.
10. A stamper used to manufacture the magnetic
recording media according to claim 1 comprising
patterns of projections and recesses corresponding to
the magnetic patterns of the magnetic recording media.
11. The stamper according to claim 10, wherein
the stamper has projection patterns in which portions
corresponding to the junctions between the corners of
the magnetic patterns in the magnetic recording media
are separated from each other.
12. The stamper according to claim 10, wherein

the stamper is formed of nickel.



