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*159159* - 1 TITLE OF THE | NVENTI ON PATTERNED
MAGNET, MEDI A, STAVPER FOR MANUFACTURE OF
PATTE mﬁm@mﬂ@m RECORDI NG MEDI A, METHOD OF
NANUF ERNED MAGNETI C RECORDI NG 5 MEDI A,
AND NMAGNETTEBRECORDI NG REPRODUCTI ON APPARATUS
BACKGROUND OF THE | NVENTI ON The present invention
relates to a patterned magnetilc recording nedia, a
stanper for manufacture of the patterned magnetic
recording nmedia, a nethod of 10 manufacturing the
patterned magneti c rECHRIiGR THHI AVENHDON nmagneti c
recordi ng/ reproducti on apparatus. Recently, a

pat PETAER Ny HAGNE Trléc GEGORY I iMe D[Pt SIAYEE W@Ra)
i n which HH%PetIC | aye patterned into forns

dan $4TRBVRER o F RN, MG T e, REBIORD NG S A

oot arey cEoran Bndinsting St SR Repranae

at {eh d f

ot SRR AR SR R A L s
surface. 20 MoreoygrxcRBURBMBrCARES NGHiTABR roughness
is enhanced. A magnetic recording nedia wth dust

and/ or M0 reydrAC e TRUMINGS Srd 15 s &dea fa e dd g
characteristics of the read/ wite head. In a

converhieial rer@ieling heedrdi Rg skdipdr Fo3d meenifRtdture of
start stop (CSS) technique, in which a | anding
the patterned magnetic recording media, a method of
manufacturing the patterned magnetic recording media,
and a magnetic recording/reproduction apparatus.

Recently, a patterned magnetic recording media
(patterned media), in which magnetic layer is
patterned into forms of data tracks, servo signals or
data bits, has been studiea in expectation of a high-
density magnetic recording media.

During the process of fabricating the patterned
magnetic recording media, where a thin film material
is etched, dust is often generated‘on the surface.
Moreover, in some cases, surface roughness 1is
enhanced. A magnetic recording media with dust and/or
large surface roughness is no good for flying
characteristics of the read/write head.

In a conventional magnetic recording media, a
contact start stop (CSS) technique, in which a landing
zone having a protruded texture pattern is formed on

an inner portion of the disk substrate is known. This
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zone having a protruded texture pattern is forned on
an i nner portion of the disk substrate is known. This
*@00002* technique is used to inmprove the flying
characteristics of the magnetic head (see, for
exanpl e, Jpn. Pat. Appln. KOKAlI Publication No.
8-124340 and Jpn. Pat. Appln. KOKAI Publication 5 No.
9-167305). However, it is noet appropriate to apply
such a technique to the patterned magnetic recording
medi a. BRI EF SUMVARY OF THE | NVENTI ON According to an
aspeethofigtibe ipr esent tionviewtrioge, the0 ftllyemg i s provi ded
a patterned magnetic recording nedia, conprising: a
maghbBractesdpdiing ldy sheangdoactpcoteed Usdeaydor
fornmed on a substrate, the magnetic recording |ayer

i ncPtidMRdea HRFnefPé -maPeiinal KOKatt &idd ok 18 or m of
data trac a nonnmagnetic 15 terial filled in,
ot oenBee 4300 Aol HTRIn Hhs S BT oA BRI hpn
an area W, thi froman outer. _end.  _The recessed
i et b o e S R S

deegﬁgllghgﬂchh% $urhag e ,Qf ttog?’ﬁh%ﬁ?%gt%%%d fhgnetic

Acco g to another aspect resent I ent1on,

t hekecbedRhgvindedaad stanper used for patterning the
above patterned nmagnetic recording nedia, conprising:

a pattern corregrImi MYMMAR®F regesRedyordéyn on of

the media in an area within 1 mMm 25 froma position

cor r espodicog diimat e @Eat teeypeed reditthe present invention,
there is provided a patterned magnetic recording
media, comprising: a magnetic recording layer and a
protective layer formed on a substrate, the magnetic
recording layer including a magnetic material
patterned in a form of data tracks and a nonmagnetic
material filled in between the tracks; and a recessed
portion formed in an area within 1 mm from an outer
end. The recessed portion extends to the media end
and is 1 to 50 nm deeper than the surface of the data
area.

According to another aspect of the present
invention, there is provided a stamper used for
patterning the above patterned magnetic recording
media, comprising: a pattern corresponding to the
recessed portion of the media in an area within 1 mm
from a position corresponding to the patterned media

end.

According to still another aspect of the present
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end. According to still another aspect of the present
invention, there is provided a nethod of manufacturing
t he above patterned magnetic recordi ng nedia,
conprising follow ng process: formng an etching nask
on the nmedia;, and renoving the etching mask in an area
5wthin 1 mmfromthe outer end of the nedia.
According to yet another aspecB of the present
invention, there is provided a nethod of manufacturing
t he above patterned magnetic recordi ng nedia,
conpmniveintg ool Itdnsineg ipr gorssidefdoraninedg e charfmagmatfiscctiring
material to be filled in between the patterns of the
mag e @bedtceiadit sgmachdasiditd:c aeFarshing mgdive
nonnmagnet,i ¢ material in an area within 1 mmfromthe

out &P SO % HE Iheiiidd REQG RTig KU THAK ey SASPedd rask
A G R it
a_ §hassisy fuoiAgl & A tached dnside dhe ehassis: a
patterned nagnetic recordi ng nedia according to claim

1 attacheghdndihey spi NAl© a i §d ﬁg@e@' & 1 t
read/ wite headlhﬁgonfi g%redato Tl yei[;l ove the pat tperrenseecf1

NMBgAefied tIiReQr dndG "B HrANHR AR IR Y st uring
allows the read/ wite head to unl oad. BRI EF

DESERIeP Blvav eOlp a e rSRERAIGNEHIAE rdcoltdi ddRMANG, FI G
1 is a schematic sectional view of a 25 patterned

magretpe isé oy diolg owethica pame@rsd :ndrdmmiary e maodiayerdtic
of the present invention,;
material to be filled in between the patterns of the
magnetic material on the media; and removing the
nonmagnetic material in an area within 1 mm from the
outer end of the media.

According to further aspect of the present
invention, there is provided a magnetic
recording/reproduction apparatus comprising: a
chassis; a spindle attached inside the chassis; a
patterned magnetic recording media according to claim
1 attached to the spindle; a slider having a
read/write head configured to fly above the patterned
magnetic recording media; and a ramp mechanism which
allows the read/write head to unload.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a schematic sectional view of a
patterned magnetic recording media according to an

embodiment of the present invention;

FIG. 2 is a schematic plan view of a discrete
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FIG 2 is a schematic plan view of a discrete track
nmedia, which is a type of a patterned magnetic
recordi ng nmedia, according to the enbodi nent of the
present invention, FIG 3 is a schematic plan view of

a patterned 5 magnetic recording nedia having a
recessed portion according to an enbodi nent of the
present invention; FIG 4 is a4schematic sectiona
view of a patterned magnetic recordi ng nedia
according to an enbodinment of the present invention;
10 Frecksmedia,svhésht il fedtvipenalf @ mthqﬂgn@gnetlc
recessed portion of a patterned magnetic recordin
nedFscaée‘éPau A§LS raRcorpedingete shet Rabpddgemt of the
i nvention; FlG E&IS a sectional view of an exanple of
a P5F§PFelREIG EQREt i c recording nedia according to
an enbo Ren f the res ventlon G 7.is a
sect | onaI(EJ Vi evt3v g £ &ndt ée‘r%n gxanﬁ ot 1Y 5 aﬂterpr?écd:erned

magmsghgtlecc_l@%@al%d&n@dago%éwé%% Lo r%%epsl e g;;oefiv%vqon

of the present 1 nvent’ on;

ShoﬁbegralﬁérEooﬁna%m%%@l%knta%gtQ%% Ratds@ned nvention;
magnetic recordi ng nedia according to an enbodi nment

of the prasent iiRventsdcdrmaflic sedtIohdll anel &% a
showi ng a part of an end of another patterned
magpetice rnedomdigng tiedira caccdndi mgdiab sfcwcanling to an
enbodi nent of the present invention; FIG 10 is a
schemipidémeast ednghevpewsehtad nviempdiont;i ng st anper
according _to an enbodi nent of the
IG. 5 is a schematic sectional view showing a

recessed portion of a patterned magnetic recording

media according to an embodiment of the present

invention;

FIG. 6 is a sectional view of an example of a
patterned magnetic recording media according to an
embodiment of the present invention;

FIG. 7 is a sectional view of another example of

a patterned magnetic recording media according to an

embodiment of the present invention;

FIG. 8 is a plan view showing a part of an end of

another patterned magnetic recording media according

to an embodiment of the present invention;

FIG. 9 is a plan view showing a part of an end of

another patterned magnetic recording media according
to an embodiment of the present invention;
FIG. 10 is a schematic sectional view of an

imprinting stamper according to an embodiment of the
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present invention;, FIG 11 is a plan view show ng a
part of an end of the inprinting stanper according to
an enbodi nrent of the present invention; 5 FIGS. 12A
and 12B are sectional views showi ng an exanple of a
nmet hod of manufacturing a patterned mnmagnetic

recordi ng nmedi a according to an enbodi rent of the
present invention; FIGS. 13A abd 43B are sectiona

views show ng 10 another exanple of a nethod of
manufacturing a patterned magnetic recordi ng nedi a
accoreisegtt onaentésbedi nent of the present invention;
FIG 14 is a sectional view show ng still another

exanpl e &G Adt HEd 2ot Legnviigst whowg ey patteerthef B end
magneti ¢ recordi ng nmedia according to an enbodi nent of
theoﬁr§§§nﬂmpﬁ&§ﬁﬂP6nSt§W@eFlGPQE§Q%§gatﬁe@§p@@HQQ§ment
VIGM/Of a na%netlc rec%édlng/reproductlon appar at us

accSFditRg PEESR " teBIGER 7 0f t he present i nventi on.
20 DETAI%%E DE%%%!PTBQ%@ THE IN% %ﬁe%§ showing an

nanufacturlng process Oor a pa erne

r ece&%ggerr%@' 3 devably o'fn&'a%%%%c%b%nl a%%%ec%sme%

formdata patterns, resulting in an ac Fat1on

dustaghdtacr eeicduali ngl madiBs k Rl iiing ﬂ@“dﬂ“éﬁﬁdﬂiﬁg%t of
portion of the disk substrate. This i's because an

et chihegpmresknits iaftan ibar;nmed by coating a |iquid

material such as a resist. In a cleaning process, dust

tends toFEG&SUMIlI3at enat 1t3ke saerges quaritdrarl ofiews showing
another example of a method of manufacturing a
patterned magnetic recording media according to an
embodiment of the present invention;

FIG. 14 is a sectional view showing still another
example of a method of manufacturing a patterned
magnetic recording media according to an embodiment of
the present invention; and

FIG. 15 is a perspective view of a magnetic
recording/reproductioﬁ apparatus according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A manufacturing process of a patterned magnetic
recording media usually includes etching process to
form data patterns, resulting in an accumulation of
dust and a residual of a mask material on an outer
portion of the disk substrate. This is because an

etching mask is often formed by coating a liquid

material such as a resist. In a cleaning process,
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substrate together with a cleaning liquid, and this

al so results in an accunul ati on of dust on an outer
portion of the disk substrate. Therefore, when the 5
outer end-portion of the substrate is as high as the
surface of the data area, dust is attached to the
magneti ¢ head during | oading and causes a head crash.
Preci se investigations by the fpresent inventors have
reveal ed that the dust which causes the head crash is
10 localized in an area within 1 mmfromthe outer end
of dasdi skndebstr aceurTierne ot lthe fogerd pout:ibhabf a
provision of a recessed portion in that portion can

pr eVERELEREShERISENGSh Wéithe gt ideleyinan Lémmadi mane 6his
the present invention will is hereinafter be

desé ?BeaeﬁP@ﬁsrépeﬁénéécF@uﬂﬁéloﬁréﬁ Ryst prganiouter

h f
onoRBr 2 LBR0BEr bk, Sel 3 BecrGee thesRtokfhoat santhe
of EU eQrgﬁgn%or@Y%ﬁtbgnth h%%b%%& rn%d 2% %%%%e% the

recor dfa consi sts a substrate

”Hggﬁkfﬁc@nggrkﬁ¥eﬁa3% a%e%agﬁ%gkcl%e%%E%gﬁ%d %@y%ﬁels

i ncluding a patterned nagnetic mateéri al

nonfaghetic RakEar dakrihg flichliedd RnbetweeRr st Rehead crash.
patterns of the magnetic material 15, a protective 25

| ayeretd sandnaektibybtdnhslby Ehe pZeskows iaveaherat have
plan view of a discrete track nedia, which is a type

of aepattledntdamaghet dostewbridhngansdisathac beradi rgatsh is
an enbodi nent of the present invention. Recording

traépRsatizgddin an area within 1 mm from the outer end of

a disk substrate. Then, it has found out that
provision of a recessed portion in that portion can
prevent the head crash effectively.

An embodiment of the present invention will
hereinafter be described with reference to the
drawings.

FIG. 1 shows a schematic sectional view of a
patterned magnetic recording media according to an
embodiment of the present invention. This patterned
magnetic recording media consists of; a substrate 11,
a soft magnetic underlayer 12, a magnetic recording
layer 13 including a patterned magnetic material 15
and a nonmagnetic material 16 filled in between the
patterns of the magnetic material 15, a protective
layer 14 and a lubricant 17.

FIG. 2 shows a schematic plan view of a discrete

track media, which is a type of a patterned magnetic
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nonmagneti c material 25, which separates the recording
tracks 21, are alternately forned. The nonmagnetic 5
portion corresponds to a guard band in a conventiona
medi a. The recording track 21 divides into a servo
zone 22, which stores servo signals and the |ike, and
a user area 23 storing user data. In FIG 2, lines
and dotted |lines are drawn at The-tracks for a better
10 understanding. A configuration shown in FIG 2 is
simlar to that used in a conventional magnetic
recoeabmqinedmadibutabso¢Uﬁh@r¢m:ahwmmhddﬁmwmzkﬁbthe
nonmagnetic material is included in the servo zones
andPBEcREEN INNENtiadks. RESOFHENTS telaews & Isemehmat i ¢
pl an view of a patterned__magnetic recording nedia
havpﬁﬁmégP§5é§sgétE6ﬂﬁlo@ Sralboidi FEPRS 3e e isdinfsinT ding
of re i nvention. area wthin 1 nmm from
the LERERR"2Na 6 netredrge 13 TouTedee S oS e
medi a_end.  This

&?Egﬁgﬁoc%Qrgég%%%ln%o g%arecggggblﬁoﬁtlq?yﬁ?tlonal

dra WS~ an Ie 0]

forﬁgglbn arhign e%%?ﬁ§n§0%§% N9 218ld; AWR's 8nto a servo

circunference of the ne 4 shows a sc enatlc

seckbasaboyi awieh tst&%re@atsfe%%e%lr&m%t lahd ¢ diin®, and
nmedi a according to an 25 enbodi nent of the present

I nvenusem. atkias 24dr aword nghews.r Walda.r efley ermer t2g tlhiges
media 31, a central axis 44, an area 42 within 1 mm

f r oantihdottiedr lengsofreheramdi &t3theand aarks ddirus dktter
in which 1 nmis subtracted froma specification

r adhogesstendingdi a’A vl@@frl@@ef@@e@np@mwmln i3 HIG .FIXGis3

shoul d  be
similar to that used in a conventional magnetic

recording media, but is different from in that the
nonmagnetic material is included in the servo zones
and between the tracks.

FIG. 3 shows a schematic plan view of a patterned
magnetic recording media having a recessed portion
according to an embodiment of the present invention.
In an area within 1 mm from the outer end of the media
31, a recessed portion 32 is formed with extending to
the media end. This drawing shows an example of a
recessed portion 32 formed in a ring shape covering
all over a circumference of the media.

FIG. 4 shows a schematic sectional view of the
patterned magnetic recording media according to an
embodiment of the present invention. This drawing
shows, with reference to the media 31, a central axis

44, an area 42 within 1 mm from the outer end of the
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placed in the area within 1 nmfromthe outer end of

5 the nedia, but an actual nedia has a tapered end as
shown in FIG 4. Therefore, in the present invention
the area 42 outside the radius 41, which is determ ned
by subtracting 1 mmfromthe specification radius of
the nedia, is defined as "the area within 1 mmfrom 10
the outer end of the nedia"- F8r exanple, when a
specific radius is determned as 32.5 mmfor a 2.5
inches type nedia, the area 41 is in a range wthin
31. Begmaf 3dm tEnel eentrealivaxidd 441 iwhikhGl 4mand subtracted
area 42 outside the area 41 is "the area within 15 1
mm frem eherewidd carnd cof nadd usedifa'the megtigul d be
noted that the recessed portion 32 is preferably

f or ned fFQﬂﬁtqﬁ§Qﬁ§ﬂQ1R9ﬁ$%Q?zﬁzI%ﬁnﬁlé;wﬁrﬁﬂﬁu¥ﬂ(hﬁ

f the ¢ d tion. F \ i fi
val REDE G CRGeARE DO, 1 M50 2570 Y 1 o sn b E

o Bl MRS SRR AT o B s

so tha € recessed portion is pPre

ins%ﬂ%w%fi%h%TQQSMRio%h%ge%%ge”!ﬁﬁp h%h%f%géﬂ} T%@é%tion,
th the

end. I'n a case of a substrate Wi ther di aneter

t he tdiest:aRGe 40f SR iiRSitdR RAYiLIOM10f fNen 23 determined
recessed portion can be simlarly decided on the basis

of bys sspeialdtdalg AN mFIfGond tHROWP e iIFGRGFRIIIC radius of
sectional view of the recessed portion of a patterned
maghiéel medéeor disngle fiiedica aac C'ahedl Y et20 wart hembddinie rftrom
of the present invention. As shown in this draw ng,
an &heaoudwar enchat fhdarmeddeda 3Foaxtexadp lteg tWhen a
outer nedia end., .
specific radius is determined as 32.5 mm for a
2.5 inches type media, the area 41 is in a range
within 31.5 mm from the central axis 44 in FIG. 4 and
the area 42 outside the area 41 is "the area within
1 mm from the outer end of the media". It should be
noted that the recessed portion 32 is preferably
formed from the media end to at least an inner side
from the tapered portion. For example, a specific
value of the tapered portion is 150 £ 70 pm in a case
of a disk substrate having a diameter of 2.5 inches,
so that the recessed portion 32 is preferably formed
inside of the position at 150 um from the outer media
end. In a case of a substrate with the other
diameter, the distance of the inside position of the
recessed portion can be similarly decided on the basis

of its specification.

FIG. 5 shows a schematic sectional view of the
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5 This area is the recessed portion 32 and enables to
prevent a head crash by capturing dust when the
magneti ¢ head is | oaded onto the nedia. A height
difference of the data area 33 and the recessed
portion 32 is indicated by the nuneral 43. A 10
recessed anount indicated by 43 is preferably 1 nmto
50 nm |f the recessed anount Ps tess than 1 nm a
head crash occurs by dust in portions other than the
recessed portion 32. On the other hand, the recessed

‘anpiAacepaedeporhannsoinm e tiet nede egalsite checarsel 11y

formation of the recessed portion will be costly, and

t heMREad EF&eKIANGht codBurMRLAI st ot ithe PecassdE of

the,difference in the flying height when the magnetic

headENFoRHed B FHEYPetBsbd SpOFENaRT2 M [ TEFGL s eT

t he ess portion.32 is formed in 20 parallel wt

e to8etr Bretetrraces Retevdr Tt M auth be e

t haty,adv g t I n [ Nt-i-,0

obtaPnedggggngﬁfQ%ﬁqug%ggggd%ggFgﬁgn323%n?2%4%§Heﬁe&9

FI GorBvehewa ae88CtiraRal by eWpRhirahLXMR §reh &ne?5

patterned magnetic recording nedia according to an

enbadyhentcohetbe ipr eseded @vent itdR. modithi s draw ng,

a recessed portion is forned by reducing the thickness

10 of th@ pedghdt idie fleapercel 4f Tharalafacye Jueanhd the

medi a, processes before and after formation of the

pr orecesved apesiimay 32ndlsudedd cptecedy whiecmumeslriadi t43. A

the deposition of the protective |ayer or that etches
recessed amount indicated by 43 is preferably 1 nm to

50 nm. If the recessed amount is less than 1 nm, a
head crash occurs by dust in portions other than the
recessed portion 32. On the other hand, the recessed
amount larger than 50 nm is not preferable because
formation of the recessed portion will be costly, and
the head crash might occur at this portion because of
the difference in the flying height when the magnetic
head is loaded on the recessed portion 32.

In FIG. 5, the recessed portion 32 is formed in
parallel with the substrate surface. However, it
should be noted that advantages of the present
invention can be obtained even if the recessed portion
32 is inclined.

FIG. 6 shows a sectional view of an example of a
patterned magnetic recording media according to an
embodiment of the present invention. In this drawing,

a recessed portion is formed by reducing the thickness



10

15

20

25

5 the protective layer in an area within 1 mmfromthe
outer end. If this nethod is used, it is not

necessary to change precedi ng processes, where |ayers
fromthe underlayer to a magnetic | ayer are deposited.
FIG 7 shows a sectional view of another exanple 10

of a patterned magnetic recordi ng nedia according to

an enbodi nent of the presemt iverntion. In this

drawi ng, a thickness of the magnetic recording |ayer

13 of the recessed portion is made smaller than that

of tofe tdhat prarest ilve deneralld.t h@pmeiractdstideayaichld

15 shoul d be as thin as possible, for exanple, set to

a meiddiene £3 osfe sassutbeF ana sad kedit emghetmar ispacihghe
may be as small as possible. Mreover, the protective

| ay ®FFLCHdeds Ldy Hava va ipdpsia \2 dfrdasg s mhdtdroninki it ts
the head, and .of, allowing the lubricant to efficiently

20 SHYCKEPRSEEEn Afud S RS Ssidf dRYe s P & dhd o fafeshes

to Qroc SsS th&.nag etic recording |layer, 13 under_the

3 &r'°14 T S mAhé R thor tfpfxom the

protecti vré)tleé:

howe o B o i, ISP SRR, RS B oo

o manu ure such d redia

Pr 0¢2328% 06 Qe ARG Rf ltpe:re JeQf 1R iggs'bsc‘g Vaqslt{f, % i lga yers

recording | ayer may i'nclude a pro t

t he fdepOsihlel Ahdefr 1R iMmaanet i grRarding dayefe IR sited.
11 that etches the magnetic recording layer 13 in the

area W t W16 .1 TmaHavwema hee datiteeta lenth.ew foff hirsottred haskample

is used, it is not necessary to change the preceding

depedi i patpestessonanetiic tdeeamiderd ayeiia according to
an embodiment of the present invention. 1In this
drawing, a thickness of the magnetic recording layer
13 of the recessed portion is made smaller than that
of the-data area. In general, the protective layer 14
should be as thin as possible, for example, set to a
thickness of about 5 nm so that magnetic spacing may
be as small as possible. Moreover, the protective
layer 14 needs to have a property of low friction with
the head and of allowing the lubricant to efficiently
stick thereto. Thus, it is preferable in some cases
to process the magnetic recording layer 13 under the
protective layer 14 to form the recessed portion,
rather than processing the protective layer 14 as
shown in FIG. 6. To manufacture such a media, the
processes before and after formation of the magnetic

recording layer may include a process which inhibits

the deposition of the magnetic recording layer 13 or



10

15

20

25

5 Dependi ng on a manufacturing process of the nedia

and requirenents of a system it is properly selected
whet her to reduce the thickness of the protective

| ayer as shown in FIG 6, to reduce the thickness of

t he magnetic recording |layer as shown in FIG 7, or to
10 reduce the thickness of both |layers. In any case,

the advantages of the presentllinvention can be
obtained. FIG 8 shows a part of an outer end portion
of another patterned magnetic recordi ng nedi a
accéhgitngt ahe sart henbedinesritc ofe ddrel ipreslenyterd MBerin darhe
In this 15 drawing, the horizontal direction is a

r adiegeadivilddtiinod @m dincacttiben)ouwsfen advedilf, tdrid ttethod
vertical direction is a circunferential direction (0

di r &6t USR8, it titfe NAEdINECERS adoWP iFharsies teawinggeding
the recessed portions 32 may be forned as a plurality
of F&E’é’&%&% BFGASSSFS o tt%/‘?e tg‘k?ri fe%-he nmedi a.

That is; {4 6'33%51 G{)i%lc ssed portion t_?uzli iﬁngqes,%rgﬁoctae. snsieo ; tst[%hq*;’ Eréedia

cont i nuous a periphery o

bet ween relhe ﬂe%%st%?%afp%r gsit}%%nﬁZ itS issetpirkag)e?:eléﬁ%%%g ted

100 nn1_to 100 m I nce 'bét ween esse
25 poetheRs t32 defuTROHY thaknkQd B RN, AGIHHIRG

costs increase. On the other hand, if the distance is

gr edtgert han shaWnMindEsic.t @)ds d or R e katieknk2s of
bet ween the recessed portions and may cause the head

crathe Aagnettérnirtetcentd ipat tlarve rofasa splowraliint W1af. 7, or to

recessed portions 32 as shown in FIG 8, is effective
reduce the thickness of both layers. 1In any case, the
advantages of the present invention can be obtained.

FIG. 8 shows a part of an outer end portion of

another patterned magnetic recording media according
to an embodiment of the present invention. In this
drawing, the horizontal direction is a radial
direction (r direction) of the media, and the vertical
direction is a circumferential direction (0 direction)
of the media. As shown in this drawing, the recessed
portions 32 may be formed as a plurality of recessed
portions on the periphery of the media. That is, the
recessed portion 32 does not need to be continuous
along a periphery of the media. A distance between
the recessed portions 32 is set to a range of 100 nm
to 100 um. TIf a distance between the recessed
portions 32 is shorter than 100 nm, manufacturing

costs increase. On the other hand, if the distance is

greater than 100 pum, dust tends to be accumulated
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5 to prevent a head crash on the outer periphery of
the nmedia due to a change in flying height caused by a
hei ght difference in the nedia surface. Though the
plurality of recessed portions 32 is drawn as a
rectangul ar shape along the radial 10 direction, it
shoul d be noted that arbitrary shape of the recessed
portions 32 is possible. For é@anple, as shown in
FIG 9, it may have a shape inclined with respect to
the nedia radial direction. Next, a stanper

(i npetweengthestreceplsade porsedniso ants magn ufaacteurtden head
patterned magnetic recording nedia according to an
enb68RFERt of the present invention wll be
described. An inprinting nethod is used as _ one of the

nmanuf act &R AG EREMHEFENST Pafrd eFat o Fed L Ukdgnidty ©f
di dia..In thi t hod, ist is .20 t ed
L R R
X mast . gl
Phe B BRel8pReaPLagie 25 o ol BB Bk B0t the

| aygbqiihguRatbenned hgsi sh |f§Xz_‘?_'hr?j %elq]%ﬁ% AP a

for an etching process such as’io ing or RIE. 725

ACCﬁédeﬁ 1o rirhire net hed + hav ek dTaNWie Matd er ns Qf
nanoneter order can be transferred onto the nmedia with

hi gh t hr caghiptt thealplng alti oss Mexdssdedee fonls 32 is

manuf acturing costs of the nedia. The patterned

magnetive eecer diengamgdila ractapd rd ong aheemaadiatent of

the present invention can al so be manufactured at | ow

costiygsichgoa  siif Iskovilepbienniotgdrgtiadd.arbitrary shape of
the recessed portions 32 is possible. For example, as
shown in FIG. 9, it may have a shape inclined with
respect to the media radial direction.

Next, a stamper (imprinting master plate) used to
manufacture a patterned magnetic recording media
according to an embodiment of the present invention
will be described. An imprinting method is used as
one of the manufacturing methods of the patterned
magnetic recording media. In this method, a resist is
coated onto the media, and a master plate (stamper)
having patterns to be processed is pressed (imprinted)
on the resist to transfer the patterns into the resist
layer. The patterned resist layer is used as a mask
for an etching process such as ion milling or RIE.
According to this method, even minute patterns of

nanometer order can be transferred onto the media with

high throughput, making it possible to reduce
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5 1n the stanper according to the enbodi nent of the
present invention, a pattern corresponding to the
recessed portion of the nedia is fornmed in an area
within 1 mmfroma position of the stanper

corresponding to the outer end of the nmedia substrate.

10 This pattern only needs to satisfy to formthe
recessed portion which is r td350-nm deeper than the
data area after the process. Such a requirenent

depends on a material of the mask and on an etching

met padufTsrefioge coistsi ofnshepossiibl.e fThedpeaitde rarwdl5
actual height of the pattern corresponding to the

r ecB39BELR6r rRERIIENG Medishagscaddabeitat ife soboddment of
view of an inprinting stanper 101 according to an
enbGBFMBRESERT tRYCPEdS8nCaNNGERLI BF. MPRULRICE Ugeswiakg Low
t he nuperal, 20_103 denotes a.p ttern rresponding to
thecﬁsgfgﬁﬁnﬁna Ch81aatataPEs gﬁnﬁh@e%§89a. Dependi ng

on MhEthEB E%%.s%%% %rak%o@ Q%%j%% %%ep%%ﬂg&f%eﬁ% of the

protrude porti on orresponds to a recess or

probruseaR 9AvERe iBRdi 8. patRelkfl 8odhaWMRY 1 getguq%%m
102 denotes a pattern 25 corresponding to t recessed

por keeasekdt perfednacf Ahkhpddhat R PattREN 1H02n Sirea
indicated as a protrusion, it nmay be a recess

depehdhig dnmmhé&rbype ebsthéon 34 thkaBRampelr. €.,

whether it is negative or positive. For the

i npeputrengostangetoatber dungrt entheferhedimeeiita elibsheate.
present invention used to manufacture a nedi a having

a ploial peytetnr epéysageds to satisfy to form the

recessed portion which is 1 to 50 nm deeper than the
data area after the process. Such a requirement

depends on a material of the mask and on an etching
method. Therefore, it is not possible to decide an

actual height of the pattern corresponding to the

recessed portion.

FIG. 10 shows a schematic sectional view of an
imprinting stamper 101 according to an embodiment of
the present invention. In this drawing, the numeral
103 denotes a pattern corresponding to the pattern in
the data area of the media. Depending on whether the
stamper is negative or positive, a protruded portion
corresponds to a recess or protrusion on the media.
In this drawing, the numeral 102 denotes a pattern
corresponding to the recessed portion of the media.
Although the pattern 102 is indicated as a protrusion,

it may be a recess depending on the type of the
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5 portions 32 as shown in FIG 8 or FIG 9, the
patterns 102 corresponding to the recessed portions
32 of the nedia are formed in a plurality of divided
patterns, as shown in a plan viewof FIG 11. A

di stance between the patterns 102 is set to a range of
100 nm 10 to 100 m In FIG 11, the horizonta
direction is the radial dired#om (r direction) of
the media, and the vertical direction is the
circunferential direction (O direction) of the nedia,
as FRaFPEr:8ief . 9WhpLhekeldi d6ancgabéiReen PRS1tive.
patterns_102 is 15 snaller than 100 nm ngnufacturi ng
costs of FPRe th&t AMPEL NtASLe 8E8MPEY AIFECHHET rand s f

t he dj st [ t than,100 m, dust tends t
acCEIPHL BT b hebRor RoSPEREs SBYSBbIeToRS St ray
cause Lpecpead .Cragls A0 Yen A hatlenngd agneliGeq
recording mediais manufactdred by € Tnprinting

sta ; i e .nhat.ecm nt t 02
- Englgﬁg ?? Eg shb@h_&ﬁé%&%. gPatt @S @, tH2 QWML rns

I'S possi to prevent a head crash in

theiout ebrre8pbRhehY €6 the Fediedsdue pbetd orRange Jdf the
the flying 25 hei ght caused by a height difference in

t hemgadlbaarsurbased ih aheuudabe tgob&d dikdideidh®atterns,

pattern corresponding to the recessed portion of the

nedea shywhbSin5ahglenavikapefofiér tlAan ®hatisslaowee in

FIG 11. Next, a nethod of manufacturing a patterned

maghetweenetbediag tesdisa lAdcdndiseg to &n remgsdiofe il lofmm
to 100 pum. In FIG. 11, the horizontal direction is
the radial direction (r direction) of the media, and
the vertical direction is the circumferential
direction (0 direction) of the media, as in FIG. 8 or

- 9., If the distance between the patterns 102 is

smaller than 100 nm, manufacturing costs of the
stamper increase. On the other hand, if the distance
is greater than 100 um, dust tends to accumulate
between the recessed portions and may cause the head
crash.

When a patterned magnetic recording media is
manufactured by the imprinting stamper having the
intermittent patterns 102 as shown in FIG. 11, it is
possible to prevent a head crash in the outer

- periphery of the media due to a change in the flying
height caused by a height difference in the media

surface. It should be noted that the pattern

corresponding to the recessed portion of the media may
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the present invention will be described. A part of the
manuf acturing process wll be schematically described
referring to FIGS. 12A and 12B. FIG 12A shows a
state where a magnetic recording |ayer 121 is
deposited on the substrate 11 and an etching mask 122
is coated thereon. For the 10 etching mask 122, an
organi ¢ material such as a-redi5t - or an inorganic

mat eri al such as spin-on glass (SOG my be used.
Next, as shown in FIG 12B, a partially renoved

por hewe 228hepet b&hetrchhag mhsk sR2wins ilhomfed lln t he
area within 1 mmfromthe outer nedia end. As 15 shown
in FIG Ye2BL.ie methed wécassartpaterdaepleettattenr@tbye
t he etchln mask 122 in the renoved portion 123. The
recBegBgt ﬁ r EEGRTEARIDBSAIAMBECPEOLRE tRaghetti@odiment of

di 121 th hi d t chi
P R0 BNET B e mgcesaed ething

d 2 | t fh thi k th
7ot gt 13 el e b e e

121scN€hggg§aQEgr@g§% gehh§e%E9QEﬂ% %?S%Ib@plg% r%%

exanpl e din which a solv the ma

coafed.torthe pont sABWEOR 88RQRALMAG O ot h%grn%%el%sed
portion to reduce a thickness of the mask and/or a

met bedoraingi ¢hykhe 10asK si Aebbe ipedt oo teer RBReNGItRY 11

16 to the recessed portion is wiped with a cloth

whi ehd doestpbtingr odeke 1@dsti sorcowitiell &hrealdoer.. TFhe the

nmethod in which the solvent is coated produces |ess

dusetghdnpgsmask 122, an organic material such as a resist
or an inorganic material such as spin-on glass (SOG)
may be used. Next, as shown in FIG. 12B, a partially
removed portion 123 of the etching mask 122 is formed
in the area within 1 mm from the outer media end. As
shown in FIG. 12B, it is not necessary to completely
remove the etching mask 122 in the removed portion
123. The recessed portion can be formed in the
magnetic recording layer 121 through this processed
etching mask 122. Since ﬁhe thin etching mask in the
removed portion 123 is lost faster than thick one, the
recessed portion is successfully formed on the
media 121.

Methods of removing the etching mask include, for

example, a method in which a solvent of the mask is
coated to the portion corresponding to the recessed

portion to reduce a thickness of the mask and/or a

method in which the mask in the portion corresponding
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easy, but is not good in controllability on a wdth of

5 the recessed portion. On the other hand, the nethod

in which the nmask is wiped is likely to produce dust,

but is good in controllability on the width of the
recessed portion. For the nmethod in which the mask is

W ped, the cloth or roller is placed in an outer 10

peri phery of a spin coater,- aric t ken noved onto the
substrate i mMmedi ately after spin coating the nmask
material. This allows a high-speed mask renoving

pr otesshei trkcgese dc potrtdlonaliisl wtipedT e tiaak atayhbehich
renoved in other methods. These nethods can be 15
appPred tetebehidugensisies wadeich matredilalrs offher metded in
the material described above. It is preferable to .
r emtié Chh&het sRilvgNradie satere Presisssd Lgsst dpst and is
sinultanegusl, with the formation mask for the

f th
dat §38VealBEc G EOCNEORS: 4 ER L0 1ARR A Yr Gfedemddth of
[ be f d at ti ) d
oS FE A e e BoR i s R anh oEs OeT) APSFmi gn Rethod
0 . H f H ] . t .
oS0 PRLRE ¥Rel RaUTEG! b ST 1HRE 1L 0 DY oI Bk,

mMagpati § s §eekdiing cod? roal8h 131 yleR0thkethi dth io¥ the
possible td manufacture a nedia in which the thickness

of trbecgBeAeboetiesqr difdg thayelethddSAR Wwhikht ke mask is
recessed portion as shown in 17 FIG 7. Wen the

et chiipgdnaskel22citdh oratredlent dst peadeayen bl owtenre

| ayers up to the magnetic recording |ayer and the

pr opectipherlyapér aaseidepgositeed, and ithen moved onto the
substrate immediately after spin coating the mask
material. This allows a high-speed mask removing
process with good controllability. The mask may be
removed in other methods. These methods can be
applied to etching masks made of materials other than
the material described above.

It is preferable to remove the etching mask at
the recessed portion simultaneously with the formation
of the mask for the data area because the data area
and the recessed portion can be formed at a time.
However, dust may reach the data area to cause loss of
information (such as servo information).

When the etching mask 122 is coated onto the
layer 121 where layers up to the magnetic recording
layer are deposited, it is possible to manufacture a

media in which the thickness of the magnetic recording

layer is small in the recessed portion as shown in
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possi bl e to manufacture a nmedia in which the thickness
5 of the protective layer is small in the recessed
portion as shown in FIG 6. A part of another

manuf acturi ng process wll be schematically described
referring to FIGS. 13A and 13B. FIG 13A shows a
state in which the nonmagnetic 10 nmaterial 16 to be
filled in between the patterndsif - the magnetic
material 15 is deposited after formng the patterns

of the magnetic material 15 on the soft nmagnetic
undEEGayér 1%hen the stbbtingt makk. 1Rextis asatshibwntion the
FI G 13B, partially renmoved portion 133 of 15 the
nonhﬁgﬁétﬂ@1théFﬁaﬂaY6r§supoﬁ@edhﬁnm@@@eam@aramaﬂﬁumg

fromthe outer nmedia end. Methods of faorming the
nogﬂééﬁétPednﬁpﬁrPﬁPththﬁcﬁéﬁéraaﬁ§tﬁ@@qsﬁnﬁﬁrcﬂtals

Si.o2 d ted b
SouPEARRLEOPE R ReeE b S0ePifE L. LFEER 18 Bhipess
h he . hi t t
E hiofnfiﬁﬁééﬁ PREbLIPerRal Rt 48! %F‘Ié‘ﬂrgvé& S5 Ronerss
the BQBHBHnQE'EBBQheEhabIEG be formed by etching,

as 1n the nmetho own in FI 12 The renoved portion
133 of thepR@RMBENGhEhedd MERLERIRL LS TR & SONMBA e

in such a manner that etching is perforned under a

condchematiBadhiycleebkybetihecpetirphgr Y cofr1id3e 13a and
nonmagnetic material 16 is etched 18 fast. Another

met hod. of FEGr nilAdg thewsormagaeki dn whtiehi ahelGaonsmaigmetic

coat the SOG In this case, to form
material 16 to be filled in between the patterns of
the magnetic material 15 is deposited after forming
the patterns of the magnetic material 15 on the soft
magnetic underlayer 12 on the substrate 11. Next,_as
shown in FIG. 13B, a partially removed portion 133 of
the nonmagnetic material 16 is formed in the area
within 1 mm from the outer media end.

Methods of forming the nonmagnetic material 16
include a method in which a nonmagnetic material such
as Si0p 1s deposited by sputtering or the like. 1In
this case, after forming the removed portion on the
etching mask coated onto the nonmagnetic material, the
removed portion 133 of the nonmagnetic material 16 may
be formed by etching, as in the method shown in
FIG. 12. The removed portion 133 of the nonmagnetic
material 16 may be formed in such a manner that

etching is performed under a condition in which only

the periphery of the nonmagnetic material 16 is etched
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t he renoved portion 133 of the nonmagnetic material 5
16, for exanple, a nethod in which a solvent of the
SOG is coated to the portion corresponding to the
recessed portion to reduce the thickness, and/or a
method in which the SOGin the portion correspondi ng
to the recessed portion is wiped with a cloth which 10
does not produce dust or withlBraller is possible.

The nmethod in which the solvent is coated produces

| ess dust and is easy, but is not good in
contft@gitl-abi ity on the width of the recessed portion.
On the other hand, the nmethod in which the SOGis 15

wi ped i s ANAISF 118 st rde TSN DN S yemenatic
controllability on the width of the recessed portiaqn.
I'n fR&ESTeeHod & i SwhiCc £ Bte T66G5CS wi g&d Fitlife c@SGh ter form
rol Ler, i lLaced in.the ter ri r f .t.he spin.
coatte, "R RECR ol ot B BB Befib sl aifi e
20 bsterat e .l | atel fier: SR oat i
ThiE%éIFg%s%gaﬁgg%?s%ee tg?%ﬁééégﬁﬁfﬁ'goégg”%m% Fsche
contsoel liabidbiattied The 3Gyt ik RIFRNRGInd 86 the
met hods. As shown in FIG 13B, it is not necessary to

25 ceplsekel porenove tiche arurnanet ith idnedsgl akll/idr a
the renoved portion 133. The patterned nedi a can be

manoeddiodr ed by iddpadict iS0F time threotoeattiiven lcayere sEbnding

directly in the follow ng process as shown in FIG 7.

As $leowmel ¥ eRleSs ety parttd omorisagrigsicc wirktherd alloté nénich

be etched down to just the magnetic material 15
does not produce dust or with a roller is possible.
The method in which the solvent is coated produces
less dust and is easy, but is not good in
confrollability on the width of the recessed portion.
On the other hand, the method in which the S0G is
wiped is likely to produce dust, but is good in
controllability on the width of the recessed portion.
In the method in which the SOG is wiped, the cloth or
roller is placed in the outer periphery of the spin
coater, and then the cloth or roller is moved onto the
substrate immediately after spin coating the SOG.
This allows a high-speed process with good
controllability. The SOG may be removed in other
methods. |

As shown in FIG. 13B, it is not necessary to

completely remove the nonmagnetic material 16 in the

removed portion 133. The patterned media can be

manufactured by depositing the protective layer
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appears. This nethod is advantageous for reducing the
5 magnetic spacing |loss, but will be costly. Next, a
magneti ¢ recordi ng/ reproducti on apparatus according
to the enbodi nent of the present invention wll be
descri bed. This magnetic recording/reproduction
apparatus has a chassis, a 10 spindle attached inside
the chassis, a patterned magiétic recording nedia
nmounted on the spindle and having a recessed portion
on the outer end portion thereof, a slider having a
r ealf WEFt&YhéRd tEEnErddPEdnat BrPlcgsaheve shisempatt drlfed 7 .
magneti c rec%%din nmedi a, .15 and a ranp nmechani sm

whi ch al PSWSPOHE r8ad/firi 1 héd¢ DOAT@INGAd.C Aatsping 16
hei ght of the, slider i ferably 20 less. As

1L 80 56 LD8GB S5 BrShEe LA heARgR T b R

20 TR Aaghet FE PR e AP FoRr BA0EraN BpaAFat et T the

a raggnkead QBSBQHESWBSQQSBHESw@QH pap B%gg duri ng

| oadi ng of the hea When the patterne etic

recor di ngemedi a h@g!nagi*ch%e%%%i%%qrré%fr@d%%tii%nu_sa%ajﬂétus
t he magnetic recording/ reproducti on apparatus using a

25 gonbdadlingt avt tREOpmbE8SheARCHEANLSE peSknitS iAention
captured when the head accesses around the periphery

of vhéldbskdebatribedis Mbtissmagdeantageous conpared to
- 20 the case of the apparatus with the ranp | oad
nmecharPEfinaérapsednbedobehbRaratist brisak ahdssis, a

st acked C .
spindle attached inside the chassis, a patterned

magnetic recording media mounted on the spindle and
having a recessed portion on the outer end portion
thereof, a slider having a read/write head configured
to fly above the patterned magnetic recording media,
and a ramp mechanism which allows the read/write head
to unload. A flying height of the slider is
preferably 20 nm or less.

As described above, when the patterned magnetic
recording media having the recessed portion is used in
the magnetic recording/reproduction apparatus with a
ramp load mechanism, dust is not captured during
loading of the head. When the patterned magnetic
recording media having the recessed portion is used in
the magnetic recording/reproduction apparatus using a
contact start stop (CSS) mechanism, dust is not
captured when the head accesses around the periphery

of the disk, but it is not so advantageous compared to
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structure of the |layers used for ordinary magnetic 5
recordi ng nedia can be applied to the patterned
magneti ¢ recordi ng media according to the enbodi nent
of the present invention. <Substrate> For the
substrate, it is possible to use, for 10 exanple, a
gl ass substrate, an Al -based all oy substrate, a
ceram c substrate, a carborm s#f¥strate or a S
substrate having an oxi de surface, or such a
substrate plated with NNP or the |ike. The gl ass
subshrafrasenefudbs arPAFRGUS Hliads thed rare load
crystahlized gl ass, and the anorphous glass that can
be 1§&d21cfMudes soda |ime glass and al unmino-silicate

I T tallized.gl t hat can be used
ol a5 T8, BRLLLALELZ Bl pos L 0o Be dieed v
Cer@ﬁkﬁc%ﬂ?étﬁét%he'Fak?r@oﬁébgl% L0 o ??ha&%rm é%@%f%
20 al um num oxi de, alum numnitridé and sSili*con

nit&é@@réinﬁehﬁdﬁﬁ %aﬁoﬁgoﬁﬁﬁlﬁgﬁl%@i@?ﬁtgg%%erned

materials as the nmain conponent or a rei nforced

nmat gabaktot rbhesedisybskanaescoblrdisg@ahso tPesehilRiitient
use the netal or non-netal 25 substrate in which a

Ni Pofaybe psebentednoenaisur.face by use of a plating
nmet hod or a sputtering nethod. It should be noted that
t he sput Kévbsgragsehod is 21 only used bel ow as a
method of forming a thin filmon the substrate, but a
vacuum dEpssitheosupstrede ant dlsemossdlbdts g mstchodwr

the |ike_ can al so be used for
example, a glass substrate, an Al-based alloy

substrate, a ceramic substrate, a carbon substrate or
a Si substrate having an oxide surface, or such a
substrate plated with NiP or the like.

The glass substrate includes amorphous glass and
crystallized glass, and the amorphous glass that can
be used includes soda lime glass and alumino-silicate
glass. The crystallized glass that can be used
includes lithium-based crystallized glass. For the
ceramic substrate, it is pdssible to use, for example,
aluminum oxide, alﬁminum nitride and silicon nitride
as well as a compound including these materials as the
main component or a fiber reinforced material of these
substances.

It is also possible to use the metal or non-metal
substrate in which a NiP layer is formed on a surface
by use of a plating method or a sputtering method.

It should be noted that the sputtering methoed is
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t he enbodi ment of the present invention. 5 <Soft
Magneti ¢ Underl ayer> When the nmagnetic recording |ayer
13 is a perpendicular magneti zation filmand the

media is used as a perpendicul ar magnetic recording
medi a, a soft rmagnetic underlayer (backing |ayer)

with high 10 perneability nmay be provided to construct

a so-called perpendicul ar twal ayer nmedia. In this

per pendi cul ar two-layer nedia, the soft magnetic

underl ayer (SUL) perfornms as a part of the magnetic
recondlyngshdadedonwhasas ameshpgl efpdbembiegdabyhin film on
hori zontal |y passing a 15 recording magnetic field
froﬁhﬁh§UHﬁgﬁéth hesda vhecoughdepesisdondmagheddi ant o
return it to the na%netic head. The soft mmgnetic
undErPEyEPPLaEYRBY FETheFpPy &hshadkenggnedilsof pel gsed for

jent with fficiepnt int ity to i th
P eatPGr PRECHEPREE nfc Ehe2B RO RE e PP RES Al i ng Fe.
N and Coqq30 BEgNERdc LRnALhe 2qlt magnetic
under | ayer. re’specificalTy, e i ncl udes, for

exa”p|e'wﬁeEGGBéb%%?%e%HEOXe%%%@éﬁ§N65§ggN?érE%C%V' a

FeNi - based al |l oy su as FeN, r

FeNoSkpeadbedl aPamggnakho¥s ianFedim 3adbasedmakliay is used
such as FeAl, FeAlSi, FeAlISIiCr, FeAISiTiRu or FeAl Q

a FedaabpsegeabloylauchagsecketareteTaCng meBedaNa ebra
FeZr - based all oy such as FeZrN. - 22 1t is also

possephettio usdealageer i(bbhchavigndagerii giabr hdtal | i ne

structure such as FeAlO FeMjO FeTaN or FeZrN

conparmeahibdtst Bayr bropeoufided, tor chasicmgcad a so-called
perpendicular two-layer media. In this perpendicular
two-layer media, the soft magnetic unaerlayer (SUL)
performs as a part of the magnetic recording head such
as a single-pole head by horizontally passing a
recording magnetic field from the magnetic head
through the recording media to return it to the
magnetic head. The soft magnetic underlayer serves to
apply a sharp magnetic field gradient with sufficient
intensity to improve thelread/write performance.

A material containing Fe, Ni and Co can be used
for the soft magnetic underlayer. More specifically,
it includes, for example, a FeCo-based alloy such as
FeCo or FeCoV, a FeNi-based alloy such as FeNi,
FeNiMo, FeNiCr or FeNiSi, a FeAl-based alloy, a FeSi-
based alloy such as FeAl, FeAlSi, FeAlSiCr, FeAlSiTiRu

or FeAlO, a FeTa-based alloy such as FeTa, FeTaC or

FeTaN, or a FeZr-based alloy such as FeZrN.
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granul ar structure in which fine crystal grains are 5

di spersed in a non-magnetic matrix. As another

material for the soft nmagnetic underlayer, a Co alloy
can be used which contains Co and at |east one

selected fromthe group consisting of Zr, Hf, Nb, Ta,

Ti and Y. Co is preferably contained 10 at 80 at % or

nore. Such a Co all oy general B¢ becones anorphous

when forned into a filmby the sputtering nethod. The
anor phous soft magnetic material does not have a

crystal | Lheimnghebi poaniibder bpyuser psmalterdefleby imyd a

a grain boundary, and therefore shows good 15 soft
maghtciecthatratt eresstegctyhe ggehopssiehlan FeMgO, FeTaN
anor phous soft magnetic _material can reduce nois% in

t heoFelipArN AcprbeniBe SHoRpRo0E ¥BEE RAghBri ©r having a
materi al . _includes, for exanp|le,.CoZr ZrNp, and a

o7 TaRU bt pSEBACEF By I URRGED: Fs 8L YPEate S5AaErnEs®

to further provide__an_un l [ I nprove
crygfﬁP?FﬁFaylgfatﬂ%néﬂfggggé?gﬁaF%gﬁﬁgPove an
adhes'0”AEOaRB%hEEba%EégﬁalA%OQ TR 86! nfnethe:
underl ayer, 1t Is possible to use Ti,, 25 Ta, W Cr,

Pt 9rhqap1albey goabahniRg the BBOWEedOWhakh @%nd@i®ls Co
nitride of the above. An internedi ate | ayer nade of a

nongagneti Leddt BAkebedkctad Beopr atiededobet weesitstdng of
SUL and the recording |ayer. The internediate |ayer
haszrwoHff uNbi i Das; Thl ecki iig t Ke éxcpaedereplyl icogtained
I nteraction
at 80 at% or more. Such a Co alloy generally becomes
amorphous when formed into a film by the sputtering
method. The amorphous soft magnetic material does not
have a crystalline magnetic anisotropy, crystal
defects and a grain boundary, and therefore shows good
soft magnetic characteristics. The use of such an
amorphous soft magnetic material can reduce noise in
the media.

A preferred amorphous soft magnetic material
includes, for example, CoZr, CoZrNb, and a CoZrta-
based alloy.

Under the SUL, it is possible to further provide
an underlayer to improve crystallinity of the SUL
and/or to improve an adhesion to the substrate. As a
material for the underlayer, it is possible to use Ti, .
Ta, W, Cr, Pt or an alloy containing the above, or an

oxide or nitride of the above.

An intermediate layer made of a nonmagnetic
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between the SUL and the recording |layer and 5
controlling the crystallinity of the recording |ayer.
As a material for the internediate layer, it is
possible to use Ru, Pt, Pd, W Ti, Ta, C, Si or an
all oy containing the above, or an oxide or nitride of
the above. 10 In order to prevent the spi ke noise, the
SUL |layer may be divided imt@3a plurality of |ayers.
A Ru layer with a thickness of 0.5 to 1.5 nm nmay be
inserted to exert antiferromgnetic exchange coupling
bet heéarihé Fapebs. pAcyofiednbghsero LhpeBUbkmpndeth®
exchange-coupled to a hard magnetic |ayer such as
CoCFPECTrSie baYFEPt KBS AjteAMpriAcecanry6rr BpF WOt O
a pi.nning | ayer _nmade of an antiferromagnetic material
sucﬁuagt?PwﬁfoPlpF%ﬁnguﬁhﬁhﬁ§cea§a? SCHRgABEI 4NEREACTtioN

20 Sesuiah BhaceObr 2B Ehe sbtordyer ft%‘y%éshegte? T e
- i . ¢ R -
ayerBOR  TPHE KBS YRR LA p ARG OE oy e Trpotathe Laver.

posakbhenatariise apy QHQ_QBthB@HEEEQiQH 8k it is
Im 25 ht

magnet i zation fi in whic e magheti zation

easygosxiBlestBrluBkYRQY | eBl edapewpendi cgbar ck9 EReor an
media, or an in-plane magnetizing film in which the
magaéibgatbnnaeasygaxhe 3Bovies BRI Ahyoatidenbednifrtibe of
in-plane direction of the nedia. The magnetic
recbhdi agovayer is preferably nade of a materia
containing Co as the main
In order to prevent the spike noise, the SUL
layer may be divided into a plurality of layers. A Ru
layer with a thickness of 0.5 to 1.5 nm may be
inserted to exert antiferromagnetic exchange coupling
between the layers. A soft magnetic layer may be
exchange-coupled to a hard magnetic layer such as
CoCrPt, SmCo or FePt having in-plane anisotropy or to
a pinning layer made of an antiferromagnetic material
such as IrMn or PtMn. In this case, a magnetic film
(e.g., Co) or a nonmagnetic material (e.g., Pt) may be
stacked under or on the SUL layer to control exchange-
coupling strength.
<Magnetic Recording Layer>
For the magnetic recording layer, it is possible
to use any one of a perpendicular magnetization film,
in which the magnetization easy axis is mainly

oriented perpendicular to the media, or an in-plane

magnetizing film, in which the magnetization easy axis
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conmponent, containing at |east Pt, and containing an

5 oxide. The oxide is preferably cobalt oxide, silicon
oxi de, titanium oxide or an oxide of a netal
constituting the magnetic recording layer. In the
magneti c recording |layer, magnetic grains (magnetic
crystal grains) are preferably dispersed. 10 These
magneti c grai ns preferabl y-ha¥d a-col umar structure

t hrough the magnetic recording layer. This structure
results in the good orientation and crystallinity of
thelﬁa@ﬁenlz graensedand thei $n-phenef digepbsshbbé tbe
obtain, a signal-to-noise ratio 15 éSNR sui tabl e for
hig%e@éﬁsitﬁh?e@égaﬁﬁ@c AACarBuRe ﬁYﬁﬁeléxpaéfﬁ§ably
|npor%ant to obfain _such a, structure. e oxi,de

cont@ft PE PrEfrEFLbRY CeRBLBE"8r CRors 5 8 #31Rol % or

I
or er 2bRaiehe] eoBPR M ngrhs Daat: 8 anansoShBreiping an
'eS§XlJQe r?ﬁéogxiéetbgtﬁkg?ergéig cggglg %E?Etagﬁl&con

around the nagnetic bn~an

M nb AL Y& | zeitgnl% 59§der@9nshl 6xgu8! Bs: aVhgRathe
oxi de content is over the above 25 mentioned range,

t hecous det i €MBy NEheNmbhRetBONCEEErd¥hgi NSyaRd degrade
the orientation and crystallinity of the nagnetic

grai ns. Thethri degnayipr eecprtidhg 0ay2r, anvdnemrder gtfadns
magneti c grains and nay prevent the formation of the
col (magnesticucrustall grasnadt arpr ptefabbbliyhdisphesed.
oxi de content is bel ow the above-
These magnetic grains preferably have a columnar
structure through the magnetic recording layer. This
structure results in the good orientation and
crystallinity of the magnetic grains, and it is
therefore possible to obtain a signal-to-noise ratio
(SNR) suitable for high-density recording.
An amount of the oxide is important to obtain
such a structure. The oxide content is preferably
3 mol% or more and 12 mol% or less in a total amount
of Co, Cr and Pt. Still preferably, it is 5 mol% or
more and 10 mol% or less. The reason is that the
oxide can precipitate around the magnetic grainsto
give good isolation and miniaturization of the
magnetic grains.
When the oxide content is over the above-
mentioned range, the oxide remains in the magnetic

grains and degrade the orientation and crystallinity

cf the magnetic grains. The oxide may precipitate on
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menti oned range because the isolation and 5

m niaturization of the magnetic grains is not
sufficient, which results in increasing nmedi um noise
and is not suitable for high-density recording. The Cr
content of the magnetic recording layer is preferably
O at%or nore and 16 at% or less. Still 10 preferably,
it is 10 at%or nore and 14 at2% or- | ess. The O
content is preferably within the above- nenti oned
range because a crystalline nmagnetic ani sotropy
constdntinfarothehmagagheéti grghiaisnanids megpporieivght the
wi t hout | o0sing so much magnetization, thus making 15
it BesBrbLent efobhai Aoleanlwr steucharact editstliscaot
suitabl e for high-density recording and sufficient

t hePRBESFPREBULRRENtERaPEAEEr FONTtEEL e P§lRpt the above-

f ble that the Cr tent |, . _th
abolE FEREPoneanPinBECAES R SEeKd SOt Ehe et i ¢ 20

graj,ns. i : s, Le to.deteri,oration of the
the?ggﬁé?Pﬁggég?ggng u?g iﬁg§§?%&Fy§F§PPFnﬂFyn5%d

ori | f he 0Lain Lesu N .
ot S0F8 02 MAFCTRABELLEA0LH, R ARLERR LRI notee
conkgat i 6f nbhBesREABY C FHeCAk ghigehay ey irdcofqing.
preferably 10 at% or nore and 25 at% of | ess. The

content Taepcef evabky twothichet b gakeve- FRRHreNed nal is

because sufficient Ku for high-density recording an
26 pyebdrebyst &l kthi by mndeornentlat kar of tlbesnagsetiila
grains can be obtained, thus making it possible to
obt Braferabler &l 18] LBt a&bi om worabiehdt f4andst be less.

The Cr content is preferably within the above-
mentioned range because a crystalline magnetic
anisotropy constant Ku of the magnetic grains is kept
high without losing so much magnetization, thus making
it possible to obtain read/write characteristics
suitable for high-density recording and sufficient
thermal fluctuation characteristics.

It is not preferable that the Cr content is over
the above-mentioned range because Ku of the magnetic
grains is reduced. This leads to deterioration of the
thermal fluctuation durability, crystallinity and
orientation of the magnetic grains and results in
deteriorated read/write characteristics.

The Pt content of the magnetic recording layer is
preferably 10 at% or more and 25 at% or less. The Pt
content is preferably within the above-mentioned range

because sufficient Ku for high-density recording and
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‘read/wite characteristics suitable for hi gh-density

5 recording. It is not preferable that the Pt content
is over the above-nentioned range because an fcc
structure is fornmed in the magnetic grains and the
crystallinity and orientation mght be inpaired. It
is not 10 preferable that the Pt content is belowthe
above- nentioned range becausééit -is not possible to
obtain sufficient Ku to obtain the therma
fluctuation characteristics for high-density
recorddngryshnaddldnitpgnahd CGoieftatPbnand the mrpdefic
the 15 nmagnetic recording |ayer can contain at | east
onedraiefefdnsepeebbdinedm thesgnakipneonsi BEBAGPEE BO
Ta, M, Cu, Nd, W Nb, Sm Tb, Ru and Re. \Wen the
abo%%tah%nFF%nEheéméﬁeﬁ@ug£u66ﬁPaiﬁ@é?bﬁﬁéty and the

m ni atyri zati on, of he, netic,grains_can. be .

o Ohot e BT e nEhasact 9Lt ST R Py ihAA o f6nt BiEBRdERRLEY
be Lg@éggggg Thus, it is possible to obtain the
read/Wrte “characteristics and the therma

flUCtuatEQniguﬁéQig%g¥erggﬁg £ Bkagh% %QrcghgghqquiEWer

recordi ng. The tot content of the above-nentione

el epRAt abdvelfeft EbREADPLYNn§eab¥aliskess. rbt k8rlture is
preferable that the total content thereof is over 8

at Yfbemadsenather yagakkibegphase ahbethkhanykhelhepiicy

formed in the - 27 nmagnetic grains and the

cryshdl brnenhyatndnomightabeohmpefirede négneési oogr ai ns

are degraded. This results in the read/wite

chapaeterdbipcthahdthhePthepniknt is below the above-
mentioned range because it is not possible to obtain
sufficient Ku to obtain the thermal fluctuation
characteristics for high-density recording.

In addition to Co, Cr, Pt and the oxide, the
magnetic recording layer can contain at least one
element selected from the group consisting of B, Ta,
Mo, Cu, Nd, W, Nb, Sm, Tb, Ru and Re. When the above-
mentioned element is contained, the miniaturization of
the magnetic grains can be promoted or the
crystallinity and orientation can be improved. Thus,
it is possible to obtain the read/write
characteristics and the thermal fluctuation durability
more suitable for high-density recording.

The total content of the above-mentioned element
is preferably 8 at% or less. It is not preferable

that the total content thereof is over 8 at% because a

crystalline phase other than the hcp is formed in the
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fluctuation durability not suitable for high-density

5 recording. For the magnetic recording |layer, it is
possible to use a CoPt-based alloy, a CoCr-based

all oy, a CoPtCr-based alloy, CoPtOQ CoPtCrQO CoPtSi

and CoPtCrSi. Anmultilayer structure of Co and an

alloy 10 including as the main conponent at | east one
selected fromthe group coensizsting of Pt, Pd, Rh and

Ru including CoCr/PtCr, CoB/PdB, CoQ RhO can be used.
Cr, B and O can be added to the above multil ayer
sysmegne15cheatthbndsshefctbetﬁﬂgnahtq redobairgtation
|l ayer is preferably 2 to 60 nm and still preferably

5 t@fBGhﬁnmagnﬁhﬂ@kGégsngfarhedﬁagadﬁdc r 8bamsdiregults in

| ayer below 2 nmtends to result in a too snal
S|gE%P rgafpuEisadchargetrsiseicA eRdckhes shermehe

d 60 t ends |t .t
mORTEGEUAhE B HusaPer Rkl hafu ShdREts Cad BdoBroPRSLEY

L orce of the magnetic recording |layer is
pre%%?§g928537000 A/ m (300000e) or nore. If the

Coerc'veFEQrEﬁe'ﬁag E%Wc2§ggggdA5@]ﬁ%g%QOqu h%% ible

25 fluctuation dur |I|ty ten Srate’
<Probegtbve £8yerBaibg RIOLCt hVeokayeh ke R1QKyded on

the nagnetic 28 recording layer. The protective’l'ayer
i s popvCdedaksd @ud@? ,t 0oPEBYEnbPeREOoSePtel Lhg
a

magneti ¢ recordi ng yer and to prevent danage to the

nmedCaPsOrface mhenltilayer structure of Co and an alloy
including as the main component at least one selected
from the group consisting of Pt, Pd, Rh and Ru
"including CoCr/PtCr, CoB/PdB, CoO/RhO can be used.
Cr, B and O can be added to the abbve multilayer
system.

The thickness of the magnetic recording layer is
preferably 2 to 60 nm, and still preferably 5 to
30 nm. A thickness of the magnetic recording layer
below 2 nm tends to result in a too small signal
output and large noise. A thickness of the magnetic
recording layer over 60 nm tends to result in a too
high read signal and a distorted waveform.

Coercive force of the magnetic recording layer is
preferably 237000 A/m (300000e) or more. If the
coercive force is below 237000 A/m (300000e), thermal
fluctuation durability tend to deteriorate.

<Protective Layer>

The protective layer is provided on the magnetic
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the magnetic head is brought into contact with the 5
medi a. Materials thereof include, for exanple, C

Si2 or Zr2. The thickness of the protective layer is
preferably 1 to 10 nm The thickness of the

protective layer is preferably at this | evel because

10 spaci ng between the head and the nedia can be
reduced. <Lubricant Layer> TR& | ubricant |ayer can be
provided on the protective layer. It is possible to
use conventionally known materials such as 15

per FEGOKLEpORydeler,. albehpirotegsivee laye rf igopirvaticed in
carboxylic acid. Key feature of the patterned nmagnetic
r ecBFERRgtomBdrY e cEPARGLCH af EhBoARERRLl6f referding
present invention is a structure of the magnetic

recOPdPRg3BE IFRyBreVAStsAGNAIREN tRl Ehe1edia sRghecec when
' | 13 ,i ncl ud he, ti terial /15,
ndcrhe Mgpsiignerie Ra. EFehehTe R BantA e brikin ke
Pathenis. Oliatle;IRaNehbe B! ehialal®. (3UCH A Iagney o
material = separated by the honmagneti c mat &fi at Can

progyg§ 35 g&gaals in, for exanple, the servo zone
depending on whether or not the magnetic nateri al

exi sts. AneshoMmknieBsFb® tde PRotserMeezaRge22 i¢f the
patterned magnetic - 29 recording nmedia according to

an pmbédirabaty af tbhe0 pmeseMhei nhenknessi bel wdes a
preanbl e section, an ABCD burst section, an address
secProheahdve Abiyeor is preferably at this level because
spacing between the head and the media can be reduced.
<Lubricant Layer>

The lubricant layer can be provided on the
protective layer. It is possible to use.
conventionally known materials such as
perfluoropolyether, alcohol fluoride and fluorinated
carboxylic acid.

Key feature of the patterned magnetic recording
media according to an embodiment of the present
invention is a structure of the magnetic recording
layer. As shown in FIG. 1, the magnetic recording
layer 13 includes the magnetic material 15, and the
nonmagnetic material 16 filled in between the patterns
of the magnetic material 15. Such a magnetic material
separated by the nonmagnetic material can produce
signals in, for example, the servo zone depending on

whether or not the magnetic material exists. As shown

in FIG. 2, the servo zone 22 of the patterned magnetic
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section. These servo signals are also generated by 5
the magnetic material 15 and the nonmagnetic materi al
16 and are read by the read head. In a patterned
magnetic recordi ng nedia according to an enbodi nment
of the present invention, an isolated pattern of the
nagnetlc material for each recording 10 unit nay be
formed in the user area 23-shéf im FIG 2. In such a
patterned magnetic recording nedia, one magnetic
pattern will be one recording mark (nunber of bits
per refierdang nadiiasapgotAadngySoemn. ems@@lﬁm@nﬁatotfertrh@d
magneti ¢ recordi ng medi a_has an 15 advantage qf hig

tol Bf ﬁﬁEBtaéﬁi"ﬁ§FlPﬁe lf‘ﬁéPﬁlﬁls af PEeeTR o hedstse aﬁ‘h@BCD

|ns | ated magneti s can eased i,n size as

LPEE P RRIgh, AT AHRR A" sedR RO LR B iR B2 S
ten -be3EXer akyugdigdinsolabed manchiss Grslalecd by

rarns rorm one recor Howev

aCCHﬁ@t ﬁa@ﬁ%'t&boﬁ'a'ﬂgr‘%fa 1t BL% E%@d th%mn%n%%nre@:qg HaR@rial
mark i's nécessary. An exanple of

manytaghdr kpg @eaaabyertn@draa@nﬁtela@ recor dl ng medi a
will be described below 25 <Manufacture of Stanper>

First, aImaste@atplahned tagnke ipatdedydtrdishiy media according

nanufactured. A phot osensitive resin is coated onto a

30 tS8i asubsbpdtimenandfanhel ecesentbaeameans iiomnr,adinatiesblated

to the photosensitive resin layer to form'a | atent

i magatteandothéhet Magnestienmaiteage li $odewelabpagacrding

forghit may be formed in the user area 23 shown in
FIG. 2. 1In such a patterned magnetic recording media,
one magnetic pattern will be one recording mark
(number of bits per one unit varies by the system).
Such a patterned magnetic recording media has an
advantage of high tolerance against the thermal
fluctuation because the insolated magnetic grains can
be increased in size as compared with a conventional
media in which several ten to several hundred
insolated magnetic crystal grains form one recording
mark. However, an accurate positioning of the head
onto the recording mark is necessary.

An example of a method of manufacturing a
patterned magnetic recording media will be described
below.

<Manufacture of Stamper>

First, a master plate for the pattern is

manufactured. A photosensitive resin is coated onto a
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patterns of protrusions and recesses. The patterns of
5 protrusions and recesses are generated by use of an
exposure apparatus conprising a signal source to
control the electron beamw th predeterm ned timng
and a stage, which highly accurately noves the
substrate synchronously with the signal source. 10 An
Ni conductive layer is formed36n the resultant resist
master plate by the ordinary sputtering nethod. Next,
a nickel filmis electrofornmed on the conductive

| ay8L wibbtaathi ckndssnoklabbtubn3beam iBorrradiated to
el ectroform ng, a high-concentration nickel sulfamate
15 phatphgt§§B0§n§mveNSE§60)lﬁﬁﬁ@f@@t@pém by 18iteng image,
Chem cal Corporation. One exanple of electroformng
condnfi BR§Ni §has faLFBHs IMREEKES SEVEARRES: t@oécgﬂt

Borlc Cld 4 /L 20 Surfact sodi um |
sul Pat frné o gfetrﬁ*éﬁﬁaﬁaﬁaﬁers 2355 5 bsseegns of

thepE?E %ﬁrrg ssgs %eas %g%£§§%%$% u%@tl%f an

t e r esi St
”HSEQonhéée Ba?QEﬁbncé ?@?Eeé g&%&b&'% R o

conducti ve f|Fn1 the el ec I'm an

feSbGH@EoﬂeﬁhételEE@@ontB@ahe%h%h b@%u@%@&mraeéltlmlng
renoved by oxygen plasma ashing process. An exanpl e

of the axygagepl abivhadhighd yCcaaduiriade 1iys masefsolthews;
flow rate of an oxygen gas: 100 ml/mn, ashing tine:
substrate synchronously with the signal source.

An Ni conductive layer is formed on the resultant
resist master plate by the ordinary sputtering method.
Next, a nickel film is electroformed on the conductive
layer with a thickness of about 300 pm. For
electroforming, a high-concentration niékel sulfamate
plating solution (NS-160) manufactured by Showa
Chemical Corporation. One example of electroforming
conditions is as follows.

Nickel sulfamate: 600 g/L

Boric acid: 40 g/L

Surfactant (sodium lauryl sulfate): 0.15 g/L

Temperature of a solution: 55°C

pH: 3.8 to 4.0

Current density: 20 A/dm2.

Subsequently, the electroformed film is released
from the resist master plate to obtain a stamper

comprising the conductive film, the electroformed film

and a residual resist. Then, the resist residual 1is
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ten mnutes, power: 100 Wand pressure: 4 Pa. This 5
becones a father stanper. The father stanper itself

can be used as the inprinting stanper, but it is
preferable to subject this father stanper to the

el ectroform ng process repeatedly to duplicate a

| arge nunber of stanpers as 10 follows. First, an
oxide filmis formed on a surBace- of the father
stanper in the oxygen plasma ashing simlar to that
for removing the resist residual. An exanple of the
concémooadilsy bkpgenapbashat Aehbdryggenocgas. 1BO example
m/mn, time: three mnutes, power: 200 Wand 15

pr eREutke @xpaenThbasma askked €pnditionl bet pof 5PHREWS;
with the same techni que as the above. Subsequently
thef%@%c¥@6?o9ﬁeaanrn9¢@ 98 6ab88 FiOWENeaFALRGY Lime:
sta

Whi
neg nv%“ﬁ) S0k Ear nPuSF or LR8N TRBS oSS o 4i fiing FRbS
% fs %agggﬁe rgg&%@gﬁfather stanper is repeated

en or rmre er stanpers. Further, in

the sanme n t ak.ni t
THBNRSE has étﬁﬁgg Eegeﬁ% <Rt 8kni;8gy Bgetpf

not her stanper fro er stanper, an ox

i s {@pAEet ORgasEahpase @uttb@ Bt peErdBaBlanper suBhdct
an N filmis electrofornmed and rel eased, thereby

obtamﬂsngaahsﬁnssamp@erthavhegenbetsaﬂermmagtptaaeeé

the father stanper. - 32 <lnprinting> After the

(somépsiepey te dhplasehecal Lyrgéeanedewi bh atetpaes as

for five mnutes, it is imersed in
follows. First, an oxide film is formed on a surface
of the father stamper in the oxygen plasma ashing
similar to that for removing the resist residual. An
example of the condition is; flow rate of the oxygen
gas: 100 ml/min, time: three minutes, power: 200 W and
pressure: 4 Pa. Then, a nickel film is electroformed
with the same technique as the above. Subsequently,
the electroformed film is released from the father
stamper. This is a mother stamper, in which the
negative pattern is formed. The step of obtaining the
mother stamper from the father stamper is repeated to
obtain ten or more mother stampers.

Further, in the same manner as a procedure of
obtaining the mother stamper from the father stamper,
an oxide film is formed on a surface of the mother
stamper, and an Ni film is electroformed and released,

thereby obtaining a son stamper having the same

patterns of the father stamper.
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fluoroal kyl silane [CF3(Cf2)7Cf 2CH2Si (Owe) 3) (a brand

5 nane TSL8233 manufactured by GE Toshiba Silicone
corporation) which is a silane coupling agent
containing a chlorine-based fluorine resin as a
fluorine-based rel ease agent in ethanol with a
concentration of 2% for 30 m nutes or nore. The 10
solution is blown off by a-bldderr and then it is
anneal ed for one hour at 120C in a nitrogen

at nosphere. A resist (prepared in such a manner that

a brand vEner 81818granuf act ured by Rohm and Haas

El ectronic Materials corporation is diluted five tines
15 wit h pErset Bye enegny cotampabnid hyleraepnacatalecleaned

(PGVEA), or SlSO%%ﬁig,coated to the magneti c di sk, by
ttuﬂ%ﬁ#rﬁ%ﬁﬁﬁ%ﬁ,f dt 1R BRARRF - whthlipatPBERESHF 10
' d. [ f d
AR G AL I R SR
t e t 1
{ edtfR (AL e Ee B B0 0 G EORTLEY BT LR Re
|1 radi gt i on; 4,0 &ﬁy@hni@U£e§%§Q§etBsapﬁnﬁsahsgnet

160C for 30 mnutes to crosslink the entife resi st

fildan 2o gl &8 EhThi Dge- R FedSENGot DR OXYEEA 88Sal S
used to renove the resist residual in the recessed

porfiwsr DiethesS3 réhpasat egdepat irr athanbhewmedi am

Subsequently, the magnetic recording |ayer is etched

by doncamtmatliomgof 2% for 30 minutes or more. The
solution is blown off by a blower, and then it is
annealed for one hour at 120°C in a nitrogen

- atmosphere. A resist (prepared in such a manner that
a brand name S1818 manufactured by Rohm and Haas
Electronic Materials corporation is diluted five times
with polyethyleneglycol monomethylether acetate
(PGMEA), or S1801) is coated to the magnetic disk by
the spin coater, and the stamper with patterns of
protrusions and recesses is pressed for 60 seconds at
450 bar. Then, the stamper is released by use of
vacuum tweezers. The patterns are transferred to a
resist film, and the patterns are hardened by UV
irradiation for five minutes and then annealed at
160°C for 30 minutes to crosslink the entire resist
film,
<Media Etching>

RIE using the oxygen gas is used to remove the

resist residual in the recessed portion of the
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The angles of the incident ions are selected to be 30
and 70 in order to suppress a damage to the magnetic 5
| ayer and a re-deposition phenonenon, respectively.
After etching the magnetic material, oxygen RIE is
used to renove the etching mask. Then, carbon is
deposited as a protective layer. A lubricant is

coated on the nedia by a dirppPAg process. 10 In this
case, a magnetic material is such as CoCrPt and the
nonmagnetic material is a mxture of air, the carbon
protmptrinveedli pataadnt he Foprinedhum. ItSP§S§H§8nEé§3|EP§
to manufacture a patterned magnet recor din a4
mmo@@g@atiacéepgrésngukévaﬁt%a|F§C$ﬁ§t ﬂBdm&# 10g-

f di sk o
el B0E #HE.BFobbsEhsr HHENAFREL aPiﬂﬁg#“ﬁessff Sa"Ee pre 20
h thod d b
T hoth oreee? (ReCapiesr 4 ety {Qe?g% %%tlc
gn Lhe pgdia, by ,a 8@&@189abﬁ5noﬁgﬁo§06r%§ﬁeg%1vely
cIa s¥fred” Fre

Into Si an a | oxane

pol s kyl S kgg&el N@ & RIE
R g i

hydﬁeaan@be@eﬁb%ﬁsthexaaeh@abymEEk(HC@Bknan@amh@m.uaa
25 depending on a chem cal structure of siloxane. For

exadpbesited mmnuf aebtieed by Takpe .Chka lCbriceatt ¢
and FOX manufactured by Dow Corning corporation are 34
di | ecbedeby ohi wéet mees awibyh ansiiippli nigs BRPOPS Sket one
(MBK). After coating of the SOG it is pre-baked for

In this case, a magnetic material is such as
CoCrPt and the nonmagnetic material is a mixture of
air, the carbon protective film and the lubricant.

It is also possible to manufacture a patterned
magnetic recording media whose surface is
substantially flat. A method of manufacturing such a
magnetic disk will be shown below.

The process of manufacturing the stamper is the
same as that in the method described above. 1In an
imprinting process, the spin-on glass (SOG) is coated
on the media by a spin coater. The SOG can be
classified into silica glass, an alkylsiloxane
polymer, an alkylsilsesgioxan polymer (MSQ), a
hydrogenated silsesqioxan polymer (HSQ), a
hydrogenated alkysiloxane polymer (HOSP) and the like
depending on a chemical structure of siloxane. For

example, T-7 manufactured by Tokyo Ohka Corporation

and FOX manufactured by Dow Corning corporation are
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20 mnutes at 100C in an oven in order to evaporate
the solution of the SOG and to obtain proper hardness.
5 Then, the stanper is pressed for 60 seconds at 450
bar to transfer the patterns to the SOG resist. Next,
an inductively coupled plasma (1 CP) etching apparatus
is used to renove residuals of the SOGfilm SF6 is
used as an etching gas, and a3éhamber pressure 10 is
set to 2 nmlforr. Both coil RF power and platen RF
power are set to 100 W Etching tinme is set to, for
exa®bleted hynfive ahmesowsbBomEshyA ABPPUSYLlpketess
is simlar to that nentioned above, After .the m Iing
for

pr o£4EBK) SO EFRF| gPatenghat thS §S8d f6r 1BhETETCRIKA
ist is enbed the spi ter, Th h
%8 R SRR e 5B £OR TR, LhEoorare
- hi ,
R FhERofa0E PhACERE) gt b bBLal Ao BroblE, nardness.

UseTﬁé3P3th€a§9§m95rth§ gkggsﬁerfBQe6QOSEEth@gat 4SP bar

material by using the ordinary sputtering nethod f

depesi tiagsaad tRB Ehttb@gsf@b ehehsbackesiAmy
mat eri al which can be deposited by sputtering is wused

as the nyeragnehi ¢ntiukhtinglyatetipdled ktlashaul AR etching
noted that a patterned nedia whose 25 surface is
unesppamayubeimanetdctor edmbyecorsidukilisg oft kdea®®@Entfilm.
of the etch-back. A patterned nedia may be fabricated

by $BsniAgushe 8pdPRacyChandeiré r 8b6r @i shagbermpgiessure
on the patterned substrate nade _by the simlar
pro¢8s§ShehPi 6nBFCgBove BORNp&OEdr RED PRYGTa Ao Pdaten RE

power are set to 100 W. Etching time is set to, for
example, 2 minutes and 40 seconds. A milling process
is similar to that mentioned above.

After the milling process, SOG similar to that
used for the etching resist is embedded by the spin
coater. Then, the media is ion milled again until a
magnetic layer appears (etch-back process). In this
case, the nonmagnetic material is Si0p. It is also
possible to use Alp03, Taz0g or the like for the
filling material by using the ordinary sputtering
method for depositing and ion milling for etch-back.
Any material which can be deposited by sputtering is
used as the nonmagnetic filling material.

It should be noted that a patterned media whose
surface is uneven may be manufactured by controlling
the amount of the etch-back. A patterned media may be

fabricated by forming the ordinary magnetic recording
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surface is substantially flat nay be fabricated on the
patterned substrate by filling and etch-backing the 5
nonmagnetic material as nentioned above. EXAMPLES
(Exanple 1) In the present exanple, a glass substrate
having a dianmeter of 0.85 inches was used as a di sk
substrate 10 11. A thin filmwas deposited on the

gl ass substrate by use of —a BE& magnetron sputter

met hod, and a perpendicul ar magnetic recording media
schenatlcally shown in FIG 1 was manufactured. A
CoZnéBigobn thagpét:ternﬂdesuéywa(ﬁsumﬁdplw ﬁﬁﬁ/&lmalar
i nternedi ate 15 | ayer g n/a Ru seed | ayer [10 nnj
mspagéasasmaﬂtleﬁaérp 9@? CBCPPFI‘—SFO?d[ D§A] WRRS®S

d
ﬁ;ﬁﬁ?; ?Eﬁeﬁsbgsgégéb%ﬁ%é? mage gpb%lcam%d on the
%?%%ﬁ%¥%%@sﬁgwﬁﬁw””&%%%ﬁgtm
Lo EBAKaBhaLE AXLBS; LA® 8RR R8T A00E 0! oK

"ace ove the substrate. ince Ar ions
tengxgnggsunder the mask around the nmask edge, the
outer end of the nmedia was slightly etched. The
position (gkatipeeTa)ymask and conditions of 25 the Ar
ion mlling (pressure, energy) were adjusted so that
an area Inmuhfer pmetske towtxampdrd e&f gl sdissiostsadist rretwing
was only etched. The etching tinme was 36 adjusted to
manaf déemes emedifa OwliGs é ncbess ved awedhtes aaicd sk subgtrate

5, 10, 20, 50, 70 and 100 nm
11. A thin film was depos1ted on the glass substrate

by use of a DC magnetron sputter method, and a
perpendicular magnetic recording media schematically
shown in FIG. 1 was manufactured. A CoZrNb soft
magnetic underlayer (SUL) [100 nm]/a Ta intermediate
layer [5 nm]/a Ru seed layer [10 nm] was used as an
underlayer. CoCrPt-Si0Op [20 nm] was used as a
magnetic recording layer, and C [4 nm] manufactured by
a CVD method was used for a protective layer. After
the deposition of the SUL, the media was etched by an
Ar ion milling through a Ta mask plate having the same
size as the disk substrate placed above the substrate.
Since Ar ions tend to go under the mask around the
mask edge, the outer end of the media was slightly
etched. The position of the Ta mask and conditions of
the Ar ion milling (pressure, energy) were adjusted so
that an area 1 mm from the outer end of the disk

substrate was only etched. The etching time was
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respectively. These nedia were eval uated by a

read/ wite tester 5 (spin stand). In this eval uation,
a recording head was |oaded by a simlar nmanner to
that in an actual drive in order to check if the head
crash occurs. A head was | oaded fromthe outside of
the nedia and a state of the contact between the
medi a and the head 10 were-evadbuated by an acoustic

em ssion (AE) sensor or a vibration sensor. \Wen the
contact noise was detected by the AE sensor or when
vi baat usnedf ta mshiiflectwas wbdéavetoby theecgsbhagmennts
sensor, the nedia was cl assified as defective. An

i nchden@eSof 1t hé, 18,déPecPOwadledBFuadP@dnfor ten
runs. As a result, defects were not produced in the
medF&SRAG5EVPeYessed ampunt was 1 to 50 nm Next, the
medi a de ri bed ﬁé ve was use

nﬁgnetic &86r B Fr&ﬁf&dﬁgﬁlgﬁ%fg %ggéig%h?w%ﬁﬁ © fgster
S f
regggagﬁg%£ggggtlVﬁlvkﬁw%oevgﬁﬁth§gne% gecordlng head

reproduc aratu 202

att@ﬁg.ego'aaégdﬁya chagshs, ARANRPRL! @hARd i nMBENGltGal
recordi ng ne 61 provided with a recessed portion

i s pot gbabhyohedprt @d eRekhe iFPitRd! Bed@2 crABh22ccurs. A
actuator arm 204 is attached to a pivot 203 located in

t henvhei phky 10hdehe fredi ah20butAisiespensihenn2dBa snd a
attached to a tip of the actuator arm 204. A slider 37
206 sica teuporthed comtadtowertwegnf abe ofedilse aggs péesihegd

205. Aread/wite head is forned at a tip of the
were evaluated by an acoustic emission (AE) sensor or

a vibration sensor. When the contact noise was
detected by the AE sensor or when vibration of a
slider was observed by the vibration sensor, the media
was classified as defective. An incidence of the
defect was evaluated for ten runs. As a result,
defects were not produced in the media whose recessed
amount was 1 to 50 nm.

Next, the media described above was used to
manufacture a magnetic recording/reproduction
apparatus. FIG. 15 shows a perspective view of the
magnetic recording/reproduction apparatus. A spindle
202 is attached inside a chassis, and a patterned
magnetic recording media 201 provided with a recessed
portion is rotatably mounted on the spindle 202. An
actuator arm 204 is attached to a pivot 203 located in
the vicinity of the media 201. A suspension 205 is

attached to a tip of the actuator arm 204. A slider
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slider 206. The magnetic head is a so-called

i ntegrated head, and includes a wite head having a 5
singl e-pole structure, and a read head using a GWR

film a TMR filmor the like. The actuator arm 204 is
operated by a voice coil notor (VCM 208. The slider

206 is unloaded to the ranp nechani sm 208 before the
operation. Wien the nedia 20137s rotated by the 10
spindle 202, the head is | oaded on the nedia 201 and

is positioned in a flying state. The nuneral 209 .
deridftesi s suvRert el gbn ad Hawer ager hagpedf chheysuspension
recorded on the nedia 201 as a perpendicul ar recording
syt A cieaddwrbearkedd ihi Sodesscet cdnptPses hhés
head | C, which generates drive sigpals for an.agtuator
and® Lt ¥oht 4 Y 's?@%ﬁ“@%ﬁe?%%d?ﬁﬁgtésh%aEQ"??géﬁ ng
performance of the a ratu escribed, a .
et r T Tep et iy THe FOARAR fnl hke BeatalmBinpo?
100, 40 DES. SOOE 42 r e I pPefr

R S PR AT R S e

1 10 ), nin seWeth hr ki RG €1kQT, TRBdabPubBErVRERL 204 is
case, sone of the apparatuses stopped by the head

Cr aShe r4 EX@ANPY €a 2) 0 28e AcBBUi @o¥Bs NMAOMf agbBredTas slider
follows. In patterns of an inprinting stanper, a

r ece®6ells panloatethaso e medmpnmacpantsEmn208 before the

corresponding to an area within - 38 1 mmfromthe

outepenedien endvhdhethecesdid POLt ienrowasedohyi hbeus

as schematically shown in FIG 3. The
spindle 202, the head is loaded on the media 201 and
is positioned in a flying state. The numeral 209
denotes a cover. Digital data are magnetically
recorded on the media 201 as a perpendicular recording
system. A circuit board of this device comprises a
head IC, which generates drive signals for an actuator
and a control signal for read/write head.

Tracking performance of the apparatus described
above was tested by repeating the load and unload
operation for 100 times. As a result, some
apparatuses equipped with media other than media whose
recessed amount was 1 to 50 nm showed tracking error,
and in the worst case, some of the apparatuses stopped
by the head crash.

(Example 2)

A media was manufactured as follows. 1In patterns

of an imprinting stamper, a recessed portion was

formed in a portion corresponding to an area within
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data area was patterned as isolated marks of the
recording unit (a discrete bit type patterned nagnetic
5 recording nedia). A substrate size was changed to
1.8 inches type. A manufacturing process was changed
as follows. Filmstack of a FeCoTa soft magnetic
underlayer (SUL) [80 nm/a Ta internediate |layer [5
nni/an Ru 10 seed layer [10 Bf/CoCrPt-Tiox [15 nnj/C
[2 nmM was deposited on a substrate. Then, SOG was
coated to the nedia. Inprinting was carried out using
t helstanpepm gescprbed aséwe.emae r BBpstrecespadaboation
the recesseqd portion of the igErinted gattern wa

renBPBdABFAGUSES 25 §48°MFhiCaULYaEBOBR the FhEdi 4 -wadh®
flatt d by filli SOG .and et chi back, it

| onCREFI FAGS "SHLRBROGACES. o8 CAPBBRCRr BEGETI 08 FAfer

2 d ited,. LS. G ' ;
of PRe¥RTng EREE IF antrb b a iy Gl PR ER e o

chapge,20: dgPhRgi4 .OfAtBﬁbQHESEef@E%ésﬁgspehhhg%dOEo
the nedia after the process to 0, 1, 10, 50 and 80

nm 1. pespestkvelye . WgNnmsaGheRak s gebee8s @hs changed
processed nedia were checked by TEM the carbon

probectbveolvayer of the outer recessed portion was at

least 1 nm 25 thinner than the carbon protective | ayer

of a dat &ilar ehackceft a FeChfanedifd Mhagnedia recdesdeger

depth of 0 nm These nedia were subject to a spin

st at@Utesi 889nmdi/ ai Far ingerngdiptheEtanpike (. nmd /an Ru

result, the nedia whose recessed anpunt s 1to.50

nn1ﬁé?€ ﬁ@yer [10 nm]/CoCrPt-Tiog [15 nm]/C [2 nm] was
deposited on a substrate. Then, SOG was coated to the
media. Imprinting was carried out using the stamper
described above. The resist residual at the recessed
portion of the imprinted pattern was removed using SFg
gas. The surface of the media was flattened by
filling SOG and etching back it by Ar ion milling.
Subsequently, a carbon protective layer [2 nm] was
deposited. In this case, a pattern height of the
recessed portion of the stamper was changed to change
depths 43 of the outer recessed portion of the media
after the process to 0, 1, 10, 50 and 80 nm,
respectively. When sectional structures of processed
media were checked by TEM, the carbon protective layer
of the outer recessed portion was at least 1 nm
thinner than the carbon protective layer of a data

area except in the media having a recessed depth of

0 nm. These media were subject to a spin stand test
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def ective. These nedia were used to nanufacture 5
recordi ng/ reproduction apparatuses simlar to those in
Exanple 1, and a test simlar to that in Exanple 1 was
conducted. As a result, sone apparatuses equi pped

wi th nedia other than nedi a whose recessed anmobunt was
1, 10 and 50 nm showed tracking error, and in the 10
wor st case, some of the apparéguses st opped by the

head crash. Next, a stanper as schematically shown in
FIG 8, in which a plurality of patterns ,
cors Espbadi hg thathen Ewamesedlpor BFop Rasusépakheempdia
formed, was used. A 15 di stance between the recessed
porvhofs ymeessedt amostnRsS180tANP 0208 HAFS1PAF 100 m
and 500 m respectively. The recessed anmobunt was set
to ehRTEL1¥Rese nedia were subject to a spin stand

Lot Thhhe heghIoUakd BXARLS festraslanylt, the

media w e recessed portions

of }QQOPglng%gggggﬁg tﬂbnlgggh§gguégg RifiWere ROk hose in

defective. Ia were used to nmanufacture

recpLghpotr epr @HHCLI eBsAPRARAt HEEE oSkREkaknt @xbh@ie 1Nwas
Exanple 1, and a test simlar to that in Exanple 1 was

25 gendueted. Assaaresglilt,Seshecapppratbises seguuppedd
wWith nedia other than nedia with a di stance between

t hewt enemsddlapotheensheh hedianwh28e mecebsed dfomnt was
40 and 100 m showed tracking error, and in the worst
casé, $0mendf 50hemappawatiusescktiogpedrioy t Badhdéad the

worst case, some of the apparatuses stopped by the
head crash.

Next, a stamper as schematically shown in FIG. 8,
in which a plurality of patterns corresponding to the
recessed portion was separately formed, was used. A
distance between the recessed portions was set to
50 nm, 100 nm, 200 nm, 1 pm, 100 pm and 500 pm,
respectively. The recessed amount was set to 5 nm.
These media were subject to a spin stand test similar
to that in Example 1. As a result, the media with a
distance between the recessed portions of 100 nm,

200 nm, 1 pm, 10 pm and 100 pm were not defective.

These media were used to manufacture
recording/reproduction apparatuses similar to those in
Example 1, and a test similar to that in Example 1 was
conducted. As a result, some apparatuses equipped
with media other than media with a distance.between

the recessed portions of 100 nm, 200 nm, 1 um, 10 pm
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crash. (Exanple 3) 5 A nedia was manufactured as
follows. A substrate size was changed to 2.5 inches.
A manufacturing process was changed as follows. A
filmstack of a Ni Ta underlayer [15 nn]j/a C
underlayer [5 nm/a CoCrPtB [25 nn] was deposited on a
10 substrate. This magnetic recording layer is a so
cal l ed in-plane recordi ng FayéP whose easy axis of
magnetization is in the plane of the nedia. A photo-
resist was coated and then inprinted using a stanper
si ndndrle9 whashoweExbhprleing gheEAr, apndrea WREhVArss
1 mfromthe outer nedia end was wi ped with a c| ot
made2 e onF iRt PEskNEaBPPRT P RUBE P LPBPREGRY e RN E
resi st _thickness. Next, the resist residual.in the
rece53®- portion of the inprinted pattern was renoved
using 02,ga nd,t hen the nedia was etched by Ar ion
1tanRde R

20 m i n the residual resist was ashed by
02 ashiRpg aen i : d_.y <hi DU Ler
and etc egegggkw8§ %%nloécgykkgnag {%é%?wé.ca%bgk%%trate

prosectiyes! axengbd 081 2vgs;idenesited. mlaHu@Q%QﬁQ@ng
with this procesS, a nedia in which the recessed 2

porpreBeexi 48 tRahfednagnebitowecordi ng | ayer as

schematically shown in FIG 7 could be manufact ured.

In this aasélmvatbolsofir esdufes uofiepleysirng lthemil/et ICr

41 and rotation speeds were used. In addition,

i nstederlayewni pbngmi/ ehCoBePEBolRD amd| Wght dgpegatedf on a

a sol vent
substrate. This magnetic recording layer is a so-
called in-plane recording layer whose easy axis of
magnetization is in the plane of the media. A photo-
resist was coated and then imprinted using a stamper
similar to that in Example 1. Then, an area within
1 mm from the outer media end was wiped with a cloth
made from dustless fabric in order to reduce the
resist thickness. Next, the resist residual in the
recessed portion of the imprinted pattern was removed
using 05 gas, and then the media was etched by Ar ion
milling, and then the residual resist was ashed by 02
ashing. Then, SiOy was filled by bias sputtering and
etched back by Ar ion milling. Then, a carbon
protective layer [4 nm] was deposited. In accordance
with this process, a media in which the recessed
portion exists in the magnetic recording layer as

schematically shown in FIG. 7 could be manufactured.

In this case, various pressures of pressing the cloth
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of the resist was dropped after the resist spin-

coating process in the area within 1 mmfromthe outer

5 media end without stopping the rotation. Various

amount of the drop was tried. The thickness of the

resist layer at the outer end was reduced by this

process. Wen sectional structures of the nedia after

t hese processes were checked B}y TEM depths 43 of the

10 outer recessed portion of the magnetic recording

| ayer were 0, 0.8, 1, 15 and 25 nm respectivel

Thexed lrmtawmrao@embqs e¢ere ousedpi nInt a¢dl €t ean, silmtaad

to that in Exanple 1. As a result, the nedia whose

r ecels S0 HM UMt Eielsha ¢boDlB, nin Skt 8N hoameetecef ve. sabvent

These nedi a were used to manuf , ,

 eCO i bt BT o ;P Hcet CrwiFarieh TRbRE in
and a test simlar_to,that in Ex

coé%%ﬁ%ﬁﬁ 9@9%@?%sbptéh%oﬁﬁe%p%%}%%ﬁs% quFppe%%%rgﬁter

q'é%doéh than, fed étééﬁ‘g r@ﬁgs§<§ga@fﬁHntV¥\@§ougo 1

omed trackin and

Ca%ﬁnoé&@Ebetﬁ@edé@ﬁa&§£U§§§e§tOP@EQ @MléhﬁeQEagf the
crash. Next, a film'stack of a N Ta underlayer [15

N fes 1 ¥ llﬂ?i@f | @&y e€hé Sonpd £ ac KOG Pk Brédbcaal bE £8isn

was 25 deposited on a substrate. Then, SOG was coat ed

andoroops s nt ewhensi sgct bensl agpeucsunebaoft bhé haediisedfter

in Exanple 1. Then, the resist residual of the

recelssee prd@espestweneothebkednpyi AE¥d gepteenddast the

renmoved using SF6 gas, and then the nedia was etched

by @wnte¥ ropessed portion of the magnetic recording layer
were 0, 0.8, 1, 15 and 25 nm, respectively. These
media were subject to a spin stand test similar to
that in Example 1. As a result, the media whose
recessed amount was 1 to 25 nm were not defective.

These media were used to manufacture
recording/reproduction apparatuses similar to those in
Example 1, and a test similar to that in Example 1 was
conducted. As a result, some apparatuses equipped
with media other than media whose recessed amount was
1 to 25 nm showed tracking error, and in the worst
case, some of the apparatuses stopped by the head
crash.
Next, a film stack of a NiTa underlayer [15 nm]/a

Cr underlayer [5 nm]/a CoCrPtB [25 nm]/C [3 nm] was
deposited on a substrate. Then, SOG was coated and

imprinted using the stamper similar to that used in

Example 1. Then, the resist residual of the recessed
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mlling. Subsequently, the SOG was agai n coated for
filling. Then, an area within 1 mmfromthe nedia end
5 was wiped with a cloth nade fromdustless fabric in
order to reduce the thickness of the SOG Next, the
SOG was etched back by Ar ion mlling, and then a
carbon protective layer [2 nn] was deposited. In
accordance with this process, 432 nedia in which the 10
recessed portion was in the protective |ayer as
schematically shown in FIG 6 was manufactured. In
thigorasen virtbesippesstedspattprasspagreneverotiiandsSFke
rotati on nunbers were tried. Instead of wiping with

t hed@$ ot #1d atBE P ghkbe afBEAR BPSacEBREENPYoRNt AE SOB was
15 d d th th
ki ﬁe aiPSedi&Rnhe bRet AESarOR aES<er FEatednERT
t t f_th f h
Efgﬁﬂe 49 er G ﬁéﬁéegaﬁeﬁ%ﬁg%ﬁe?d}é‘%r L9538 prgie end
OUt££Sr$£8§§teggrélgmogﬁ éQS EgBﬁCBh¥€lE§¥eEagglc in
processed were respectively

Thesgqapdt @ %@&&é@h@%ﬂ@@&@l BrstaBdsbest &bﬁ‘t' akhe
to that in Exanple 1. As a result, the nedia whose

recs@@eﬁagn@uaheuasaéktEy4Aenhmﬁrmlmm&nqefeaﬂnvaen a
These nedi a were used to manufacture 25

r ecoadbog/ peptedtitveohagppal at us¢swabsnikeapstvetihoséni n
Exanple 1, and a test simlar to that in Exanple 1 was
condacoedange witbsthis ponecapparangdés eQunBé@h 48e
W th nedia other than nedia whose recessed_anmount was
1 t¥egepRrdhBAEEiPPatRENgReEh6r PrakBCtAVEN 2NEFSES

schematically shown in FIG. 6 was manufactured. In
this case, various pressures of pressing the cloth and
rotation numbers were tried. Instead of wiping with
the cloth, a slight amount of a solvent of the SOG was
dropped in the area within 1 mm from the outer media
end. Various amount of the drop was tried. When
sectional structures of the media after these
processes were checked by TEM, the depths 43 of the
outer recessed portion of the protective layer
processed were 0, 0.5, 1, 3 and 4 nm, respectively.
These media were subject to a spin stand test similar
to that in Example 1. As a result, the media whose
recessed amount was 1 to 4 nm were not defective.
These media were used to manufacture
recording/reproduction apparatuses similar to those in
Example 1, and a test similar to that in Example 1 was

conducted. As a result, some apparatuses equipped
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case, sone of the apparatuses stopped by the head
crash. 5 Additional advantages and nodifications wl|
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limted to
the specific details and representative enbodi nents
shown and descri bed herein. Accordingly, various 10
nmodi fi cati ons may be made W t Adut “departing fromthe
spirit or scope of the general inventive concept as
def-ined by the appended clains and their equivalents.
44 vyHATESi Tl aF VED tsan1me¢@9awh@sﬁe§eﬁagﬁ@ﬁ|émount was
recordi ng nedi a, conpr|3|n a magnetic recording

| aybrtan B LPReuRe| FEaFkYRS ©BrPEr neBdohatEbYPF Ste,

which t I
gRBPFC TATS! Pal RAL PBPACA PROE AEKGPSHACE -he néad
nongpgpgtic material filled in between the tracks in
a data area; and a recessed portion fornmed in an area

Wi t hin 1Aa‘aht19n£&0ga@en9%@§ HRd ﬁoea@léaql%fse@qlmg
to the nedia end, and the'recessed portionis 1 to

nm gdeepery bbanrthe €AbacaERalldd IhetHBdh@taCC@thagore,
to claim1, wherein a thickness of the protective

| ayehei intbetienessedtdSbpostieonakpeatsl ¢ashot himited to
smal l er than a thickness of the protective |ayer in

t hetdat apaceéic3deThelaednd aepoedengatovel ambpdiments
wherein a

shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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thi ckness of a magnetic |layer in the recessed portion
is at least 1 nmsmaller than a thickness of the 20
magnetic layer in the data area. 4. The nedia
according to claim1, wherein the recessed portion is
divided into a plurality of recessed portions, and a
di stance between the recessed portlons is set to a
range of 100 nmto 100 m 25 384 A-stanper used for
patterni ng the patterned nagnetlc recordlng medi a
according to claiml1, : a pattern
corresponding to thevﬁﬁﬁ%gg%dj @%nI of the media in
an area within 1. mqmfromthe outer gla end., .6. The
st anper écco@dPﬁBtFSnﬁpamﬁgﬁet%ﬁeFSFﬁr h89 BeHdfrern
corres ondlng to the recessed portion of the nedia is
di vf THAth9a plurality of patterns, and a distance

bet ween Ehﬁ ﬁggﬁﬁg” 8r8§%gt9a 12398 %fgtEQe%%g%% &ayer

100 m 7 manuf acturing the erne

nag@@fh@drSﬁoédéﬁgsﬁ§gt@ aEﬁoﬁghEH Eﬁechﬁbﬁb%ic recording
conprising: formng an efching mask on thé nedia; and

renpyy8g theledchyng magketNcanadeeaad phitReknem ihrom
the outer nedia end. 15 8. A nethod of manufacturing

t hetpatker apd amagnetygoetécomdirgintdifalaedoidi bgtween
claim1, conprising:
the tracks in a data area; and

a recessed portion formed in an area within 1 mm
from an outer media end and extending to the media
end, and the recessed portion is 1 to 50 nm deeper
than the data area.

2. The media according to claim 1, wherein a
thickness of the protective layer in the recessed
portion is at least 1 nm smaller than a thickness of
the protective layer in the data area.

3. The media according to claim 1, wherein a
thickness of a magnetic layer in the recessed portion
is at least 1 nm smaller than a thickness of the
magnetic layer in the data area.

4. The media according to claim 1, wherein the
recessed portion is divided into a plurality of
recessed portions, and a distance between the recessed
portions is set to a range of 100 nm to 100 pm.

5. A stamper used for patterning the patterned

magnetic recording media according to claim 1,

comprising:
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form ng a nonmagnetic material to be filled in

bet ween the patterns of the magnetic material on the
20 nedi a; and renoving the nonmagnetic material in an
area within 1 mmfromthe outer nedia end. 9. A
magneti ¢ recordi ng/ reproducti on apparatus conpri sing:
25 a chassis; a spindle attached inside the chassis; a
patterned nmagnetic recordi ng fitdi a according to - 46
claiml rotatably nounted on the spindle; a slider
having a read/wite head configured to fly above the
patterned paghetnccoecesdondginedia; thadregesarpd portion
mechani sm which allows the read/wite head 5 to

unl ®adthg onedhe  bippak a2 ve2 adtohtng mo EFaintBe outer

wherein a flying height of the slider is 20 nm or
| eqgedia end.

6. The stamper according to claim 5, wherein the
pattern corresponding to the recessed portion of the
media is divided into a plurality of patterns, and a
distance between the patterns is set to a range of
100 nm to 100 pm.

7. A method of manufacturing the patterned
magnetic recording media according to claim 1,
comprising:

forming an etching mask on the media; and

removing the etching mask in an area within 1 mm
from the outer media end. |

8. A method of manufacturing the patterned
magnetic recording media according to claim 1,
comprising:

forming a nonmagnetic material to be filled in
between the patterns of the magnetic material on the
media; and

removing the nonmagnetic material in an area
within 1 mm from the outer media end.

9. A magnetic recording/reproduction apparatus
comprising:

a chassis;

a spindle attached inside the chassis;

a patterned magnetic recording media according to
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claim 1 rotatably mounted on the spindle;

a slider having a read/write head configured to
fly above the patterned magnetic recording media; and

a ramp mechanism which allows the read/write head
to unload.

10. The apparatus according to claim 9, wherein

a flying height of the slider is 20 nm or less.



