PATTERNED MAGNETI C MEDI UM MAGNETI C RECORDI NG MEDI UM AND MAGNETI C
STORAGE DEVICE CLAIM OF PRIORITY The present application
clainms priority from Japanese application JP 2006-336476 filed on
Decenber 14, 2006, the content of which is hereby incorporated by
reference into this application. BACKGROUND OF THE I NVENTION 1. Field
of the Invention The present invention relates to a patterned
magneti c nedium a magnetic recording nmedium and a nagneti c storage

device. 2. [.Rti.on t i n

modi um 1 or PATLERMEPIBRERC KAt RS smcodtind; SR ARe
such as a hard di sk has he'i\?A@NPﬁ“RS?P@RAb‘E usage. Also as a
recordi ng medium for a honme appliance, a portable tel ephone and the
| i ke, a magnetic recording nmedium having a | arge recordi ng capacity
has recently attracted attention. The heavy usage of such a magnetic
recordi ng nedi um has i ncr eased-kHM %@&QORXTYa magneti ¢ recordi ng
medi um whi ch e c E i .| -.po C tl .
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even nore dramatic increase in a recording capacity and the IiKke,
further i bprefcemsrntojtys applicationf ace recordi ng density has been
demanded. As a candidate for the magnetic recordi ng nmediumthat can
realize such significant inprovenent in the surface recording
density, there has been pPAIRKSROUND®ETEE SVECQO& ng nedi um havi ng a
recording layer fornmed to have a concavo-convex pattern, such as a
‘pat t er ned Imabisktaféhedavintion (see, for exanpl e, Japanese Patent

Lai d- Publ i ti . 2005- 28706) . U RY OF THE. | NVENTI .
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slider recording medium and a magnetic storage device.

2. Description of the Related Art

As a recording medium for a calculator and the like, a magnetic recording
medium such as a hard disk has heretofore been in heavy usage. Also as a recording
medium for a home appliance, a portable telephone and the like, a magnetic recording
medium having a large recording capacity has recently attracted attention. The heavy
usage of such a magnetic recording medium has increased the needs for a magnetic
recording medium which enables recording with small power consumption. Moreover,
as to the magnetic recording medium, surface recording density has heretofore been
improved. However, for a downsizing, an even more dramatic increase in a recording
capacity and the like, further improvement in the surface recording density has been
demanded. As a candidate for the magnetic recording medium that can realize such
significant improvement in the surface recording density, there has been proposed a
magnetic recording medium having a recording layer formed to have a concavo-convex
pattern, such as a patterned magnetic medium (see, for example, Japanese Patent

Laid-open Publication No. 2005-122876).

SUMMARY OF THE INVENTION

However, since a distance between a magnetic recording medium and a slider



tends to be reduced year by year, problens such as damage to the
slider and peel-off of a surface of the magnetic recordi ng nmedi um may
be caused by collision between the magnetic recordi ng nedi um and the
slider. Therefore, it is required to prevent such problens from
occurring even if the magnetic recording nedium collides against the
slider. Particularly, a recording |ayer made of a magnetic materi al
is required to be made unlikely to be deforned in a direction

parallel to a_ surface,of substrate (hereinafter referred to
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FIG2 is a view showi ng a step of nmanufacturi recording |ayer in
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the recording layer in the patterned magnetic mediumthat Is

Enbodi menfroth ¥ athe Hr #dendd tonseethieivanm-coated polymer film to be any one selected
from a group consisting of H-containing polysiloxane (HSQ), methyl-containing
polysiloxane (MSQ), polyimide, polyamideimide, polyamide, di-vinyl-siloxane bis
benzo-cyclo-butene (DVS-BCB), poly-monochloro-paraxylylene (parylene C) and
poly-paraxylylene (parylene N).

Note that, in the present specification, a main constituent element means an
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FIG4 is a view showing a step of manufacturi ng ‘the recordi ng | ayer
in the patterned magnetic nediumthat is Enbodiment 1 of the present

I nventi on. FIG 5 is a view show ng a step of manufacturing
the recording layer in the patterned magnetic nmediumthat is

Enbodi nent | of the present invention. FIG6 is a view show ng
a step of manufacturing the recording layer in the patterned magnetic
medi um that is Enbodinent 1 of the present invention. FIG 7
IS a cross |.QF Al er netic nmediumthat is
Embod: mont 9 PR L LR o AR GRRGHARAL, & "E4 01
Cross-sectional THé exeseft Aav@aiohemniles BeRalé Go rPRekiddnat kighklyi @liable and
Enbodi nent 3 of the present invention. FIG9 is a

cr oss- sectiimgtignalvnagneds resondagnaediemreigio phich glefesti inth aeigrriicaeeprdingl ar
structure tfaat S Enﬁo{%i ent, 4 of the. %esent I nvent.i on, g “.CEI G
10 i's a cravhiBElt BN VI BFUacTlgRdtT Sagrdicaiyeodingi BelivRatelides
Enbodi mentagingfind dhdedr esent i nventi on. FIG 11 is a schematic
view of the magnetic storage device that is Enbodi nent 5 of the
present invention when viewed from above. DETAI LED DESCRI PTI ON

OF THE PREFERRED EMBODI %iﬁ@iﬁﬁ I 1‘2&“@% of the present
invention will be descr &F—F R@a% t he draw ngs.
[ Enbodi ment 1] piG. 1 is a cross-sectional view of a patterned magnetic medium that is
Embodiment 1 of the present invention.
FIG 2 is a view showing a step of manufacturing a recording layer in the
patterned magnetic medium that is Embodiment | of the present invention.
FIG. 3 is a view showing a step of manufacturing the recording layer in the
patterned magnetic medium that is Embodiment 1 of the present invention.
FIG. 4 is a view showing a step of manufacturing the recording layer in the
patterned magnetic medium that is Embodiment 1 of the present invention.
FIG. 5 is a view showing a step of manufacturing the recording layer in the
patterned magnetic medium that is Embodiment 1of the present invention.
FIG. 6 is a view showing a step of manufacturing the recording layer in the
patterned magnetic medium that is Embodiment 1 of the present invention.
FIG. 7 is a cross-sectional view of a patterned magnetic medium that is
Embodiment 2 of the present invention.
FIG. 8 is a cross-sectional view of a patterned magnetic medium that is
Embodiment 3 of the present invention.
FIG 9 is a cross-sectional view of a magnetic recording medium having a
granular structure that is Embodiment 4 of the present invention.
FIG. 10 is a cross-sectional view of a magnetic storage device that is
Embodiment 5 of the present invention.
FIG. 11 is a schematic view of the magnetic storage device that is Embodiment

5 of the present invention when viewed from above.



First, FIG 1l shows a cross-sectional structure of a patterned
magnetic nmediumthat is Enbodi nent 1 of the present invention. As
shown in FIG 1, the patterned nmagnetic nedi um of this enbodi nent has
a configuration in which a precoat layer 2, a soft magnetic film3, a
nonmagnetic film4, a soft magnetic filmb5, an internediate film®é
and a nonmagnetic film 107 are forned on a substrate 1 by use of, for
exanpl e, a DC magnetron sputtering nethod. After the nonmagnetic

material 107 is ' j r di L. 207 is
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of the non@%ﬁgﬁgc terial 107 shown in FIG1 is formed in the

fol | owi ng ity exanpl e, the nonmagnetic film 107 is forned

with the nonnmag i (=T USEoR -1 Ng
nmet hod or the | ?E%t ?%S gv)%i%aﬁ%xag%a?ﬁe?thnﬁé‘%o%ﬁ@%%g&%}ﬁlgc{lhnrgsk
patterned thyt isdmbodjiménntl, off the peesanpineentibh.G 89 shobeimBIMi iNRd pitterieda
method for formng a pattern by pressing at high tenperature a forned
mol d havi rigagaciomedive-f dhiy exbpdimerl hes arcpatauiation amwhichparresert layer Bei ng
cool _ed do%ft %&n{:t?c{,'ﬁ%“,%r}m%aé&ﬁc %%%eég%ﬁa n@ﬁx\,ﬂlnl‘lg E‘l%te%heéjlétx film

et ching or"wet “etchi'ng’by use”of "a ma3 aving a paftern nay be

enpl oyed besiddesontdagndiia HnMOT iafd fordd @OV Qibstradd] b s SR foFRkadple,RYDC

sel f-organi zati on may be used. Next, the magnetic film 207 is forned

by use of ,migpetrex apileans mpshodC Adigh dher nenmagneticemptegalmbdh ésd peternede 2

like (FIG_4). .Thereafter, the first.profective film 108 .4 ncludin

car bon as PRECHAIT CBREIE SD &b ReRnRl Bbhe by Ster Gl Rfphite
exanmpl e, &1gh e, GalonY GREECHRE AMlAist 108 endEI08S And bNBir@ErHBARBIIIAN308 are
sputtering method or the like (FIG 5). In this case, the chem cal
vapor depdsimddorn thetrhagietdhiimaend rilghricotdn layéral is furthereforhed bn the thpd
groove bottons. and grqove edges in_ the patter Meanwhi |l.e, the

Sput t or | n*RER B Bha 2L EXTRT: & ZRISP FByie e OBPARReG MBI W o
hi gh- qual ihywhiih QN A RLAQ fe®e MilowiRe nfldrer br HRPRAURNMdnthagldie
second protective filnms 208 and 208a are further forned by use of
wet - coat edilpoll §hes férmedswiluche asniagnetd anatdrial) bpohsgsofl theaPE (agSGPN
met hyl - cont ai nj n ol ysi.l gxa ., pol yi.m de,  pol yam dei m de,

pol yani de,spgqqr\pg%a%zogiqr m@jﬁ‘@?ﬁé yﬁ&fﬁﬂ%l‘{}p%‘i% e“s% B@S—‘@@Bﬁmmed
paryl ene ,,al%i] I |8 a( m%% use
of polyi m'cl‘9 e cﬂ%ﬁg%%’gﬁfg%mcﬂa{?l(gﬂgr@geiﬁjgslﬁggpl g%]h}e 0 rotgrs]fl?)é?%%}égg fo a

hot and hupaitetn®fprassingreriigh tEhpemacon briped ekl Havingfal doneaz0&anvaypatiem
om tted dependi ng on an_application armount. The second%tProt ective

film for netugipreidd. Gerealifenbeing gacledslonmy  fofopmations of| the paftess as ghoxmiia i n
terms of i : - Y f 1 t f
havi ng a ﬁlg"(tj}lgj ?tg%lgg\%r tﬁlgg%}fkﬁ%%rs}?%%enﬁ r%lg.g %@ﬁﬁ? S&F ﬁ%ﬁ%&ﬁ;&g&gﬁo mdcal
mechani calbegigts fBi ddgoiafpht). Moretwer,| padsiem. fomatidhebyreel€orgahieationi fdy be
protective film 308 includi 29 carbon as the nmain constituent el enent

i s forned weft e bEneragiele il 287 £1p | fRimagdda by mise | abp £orc geamye. | g &PCo
is formed . Fdpd 0N ~W i
e fect | acHIRIE Ly peing Mo & ¢ PRE IR bEC itk Rl b bl iy
protecti ve oBiihdMditiBcattivg s i fbinrcdngtitehedtmstet i fohik BBBuRbf] foe exmepigt i C
film207. . I'n a patterned magnetic nmedium a magnetic filmthat
i s a recoridihsgiqahyanor depostientmataosl. fhgr IAE dndepcteonchnbering wethodrr phatlker n.
When t he egti il mis.,forj y e of a.wet-goated | 3
im as dOERH _ ed\ﬁgb‘?y‘iﬁe?&%éﬁf’s ! %’%’3’? _e"gP"S%‘s"“f P&@P&%&“@@”‘%@@P’f.
Thus, a plfadiRtaies &lli@MupSired cSBoROma n@ QtdoSd1dpds Gihe A&l t MRenAIR, thae
production can be sinplified. Therefore, it is preferable that a
sputtering method characteristically facilitates formation of a hard high-quality film on
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[ Enbodi nent 21 Next, FIG 7 shows a cross-sectional view of a
patterned magnetic nmediumthat is Enbodi nent 2 of the present
invention. What is different fromEnbodinent 1 (FIG 1) is that,
whil e the nonnmagnetic material 107 has the pattern structure in
Enbodi ment 1, a substrate 1 has a pattern structure in Enbodi mnent 2.
I n Enbodi nent 2, after the substrate 1 is patterned by use of

nanoi nprint, for exanple, filmformation processes are sinply

execut ed f i i racteri a
S oo e b Elea UG vl Diifed JRARA ATRR sy 4oyt CORCARI LA 2
pat t er ni NGHSEmdR§IVeeeMAinirg golysiloxme (BE)), polyimide, pdlydniibeithide pblyZnidehe
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that, while the nonnagnetic material 107 has the patterned structure
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deposi ted . Al ndary in formation of a magnetic film 207 in
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above convex parts of a concavo-convex pattern of the magnetic film 207. However, it

is not preferable to form the second protective film by use of a wet-coated polymer film
directly on the magnetic film 207 without forming the first protective film 108, because
of poor adhesion between a magnetic film and a wet-coated polymer film. Use of the
first protective film 108 including carbon as the main constituent element has an effect
of improving the adhesion. For example, when it is assumed that adhesion between
the second protective film 208 and the magnetic film 207 is 1, adhesion between the
first protective film 108 and the magnetic film 207 is about 7 and adhesion between the
first protective film 108 and the second protective film 208 is about 3. Such a ratio of

adhesion is obtained by using a molecular dynamics simulation to analyze activation



[ Enbodi nent 5] Next, FIGS. 10 and 11 show schematic views of a
magneti c storage device that is Enbodi ment 5 of the present

i nventi on. FIG 11 is a view of the nagnetic storage device
when viewed fromabove. FIG 10 is a cross-sectional view along the
line AAA" in FIG 11. The magnetic storage device of this enbodi nment

i ncludes: a patterned magnetic nedium 201; a drive part 202 for
rotationally driving the patterned nmagnetic nedi um a nagnetic head

203 including a recordin t ~and .epL.od i.on part: a driyi
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subst r at e adfApphiel Pladicsivoliié (pubhishedind i 483),ipagd ¥ 877 bipr éxaenphee a Byssirglthis
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operation of the magnetic storage device is set to 10 nmor |ess.
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havi ng a @Jﬁ@@?\ﬂ@ﬁ@'@@ﬁﬁézsﬂwﬁ E@{smdetsfmqa@f ]tch_eépnqnm-éqtmvaf Qatfaﬂ;-_rr:ad ona
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the first protective filmand is a wet-coated polyner film a third

prot ect i venf the rpeggmidcprotestiveofilme d08n Inhthis eason dseppb thec thirnd eprbiektivea filin

consi sti n%or(ljsfistfr:agro;J gar}bonawnﬁh high hardness has an effect of improving strength. Moreover,

the second protective film is a wet-coated polymer film and is soft due to its small
Young's modulus. Thus, when external force acts on the medium in collision against a
slider or the like, the second protective film serves as a cushioning material for allowing
the force to escape. Therefore, the above structure is considered to be desirable.
Moreover, a combination of carbon and a wet-coated polymer film achieves good
adhesion as described above.

Moreover, it is preferable that constituent elements of the magnetic film are set
to be Co, Cr and Pt, a concentration of the Cr is set to from 15 at.% to 25 at.% and a
concentration of the Pt is set to from 10 at.% to 20 at.%. Accordingly, the magnetic
film can be formed to achieve a high degree of evenness where sizes of crystal grains
are around 10 nanometers. Moreover, local concentration of internal stress can be
prevented. Thus, adhesion between the magnetic film and the carbon of the first

protective film is improved.



a lubrication layer which is fornmed on said third protective film
wherein a | ower surface of the second protective filmis in concave
parts of the concavo-convex pattern and an upper surface of the
second protective filmis above concavo-convex patterns of the
recording layer and the first protective Elm 2. The patterned
magneti c nmedi um according to claim1l, wherein the wet-coated pol yner
filmis any one selected froma group consisting of fl-containing

pol ysi | oxa[m critet h :jd cont ai ni ng pol ysi |l oxane, polyi m de,
pol yam dei 858t dyeni de, DVS-BCB, parylene C and paryl ene N 3.

The patterned ”ﬁl@ﬂeFI@ TG rB&CREEHNRAOVIEW of h PatiBrded d{ﬂ'gﬁétﬁﬂ edium that
constituent elements of the recording |ayer are Co, Pt

concent r atis bmbodimehte? @rthe pesenminyéntian. Whatos 2HTesint fr@maﬁmlbcuhment 1 (FIG
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the C is from1 % and a concentration of fthe Pt is
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according to claim1l1, wherein the substrate has a concavo-convex
pattern arfee FMPLY S¥eHFa-werfiek apotbarer Rhuse Epbadimsab o ehampatsased by pves
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magnet i C I um accor er co
nonmagnet iseprietvekn &lm fainatighsa concavo-convex pattern on t he
internediate fil . . )
In Embodiment 2, the same effects as those in Embodiment | are also achieved
by providing a first protective film 108, a second protective film 208 and a third
protective film 308 on a magnetic film 207.
[Embodiment3]
Next, FIG. 8 shows a cross-sectional view of a patterned magnetic medium that
is Embodiment 3 of the present invention. What is different from Embodiment! (FIG.
1) is that, while the nonmagnetic material 107 has a patterned structure in Embodiment
1, there is no nonmagnetic material 107 and a magnetic film 207 has a patterned
structure in Embodiment 3. Embodiment 3 is characterized by a simpler
manufacturing process than that in Embodiment 1 since there is no film formation step
for the nonmagnetic material 107.
In Embodiment 3, the same effects as those in Embodiment 1 are also achieved
by providing a first protective film 108, a second protective film 208 and a third
protective film 308 on the magnetic film 207.
[Embodiment 4]
Next, FIG. 9 shows a cross-sectional view of a magnetic recording medium that
is Embodiment 4 of the present invention. What is different from Embodiment 1 (FIG.
1) is that, while the nonmagnetic material 107 has the patterned structure in
Embodiment 1, a nonmagnetic material 107 is made of a material deposited on a grain

boundary in formation of a magnetic film 207 in Embodiment 4. A structure in which

the nonmagnetic material 107 is deposited on the grain boundary of the magnetic film



wherein the recording layer is formed on the nonmagnetic material .

7. The patterned nmagnetic medi um according to claim1l1, wherein the
concavo-convex pattern of the recording layer is formed by patterning
the recording layer. 8. A magnhetic recording nmedi um conprising: a
substrate; a soft magnetic film a nonmagnetic film and an

I ntermedi ate Elmand a recording | ayer having a granular structure in
whi ch grains of a nmagnetic material are separated by oxides, which

are forme n a.principal surfac ft,he bstrate:; .a first. protective
¥ i oredds PBaat sy nethisf o iagirad 47° SEReEt e Erithginit L 8o
a second pROMECHI HAt forbtBRtVRI Gl 115 1bANIEEN ON fldneuffaécSt BhRIRGEAVE il m
and is a wet-coated polyner film a third protective filmwhich is

f or med on dhhmctsrzedry apiroplecmandachiringpaavdssdhansthattin Egbodimear beinge therd a

| ubricatian | ayer .which is forned on the third protective film 9.
The nagnet'f 8% PEEBIE HEP medi um according to claim8, wherein the

wet - coat ed pol y R Eqfbblifeh 4 28ecRNRe SRb SRR SRR i Eﬂ«&glxgcmégiéﬁ bH9

of H-containing polysiloxane, nethyl-contalning poly ane,
pol yi m de,prppadiygaifale ipritebeive fibvh Y 88yiadeconDyt&GBe fibaR98 emba Girdpeotective
paryl ene I\fl'ilm 308 on the magnetic film 207 and improving reliability by using the second
protective film 208 as a cushioning material.
[Embodiment 5]

Next, FIGS. 10 and 11 show schematic views of a magnetic storage device that
is Embodiment 5 of the present invention.

FIG. 11 is a view of the magnetic storage device when viewed from above.
FIG. 10 is a cross-sectional view along the line A-A’ in FIG. 11. The magnetic storage
device of this embodiment includes: a patterned magnetic medium 201; a drive part 202
for rotationally driving the patterned magnetic medium; a magnetic head 203 including
a recording part and a reproduction part; a driving means 204 for moving the magnetic
head 203 in relation to the pattemed magnetic medium 201; and a recording and
reproduction signal processing means 205 for inputting a signal of the magnetic head
203 and reproducing an output signal from the magnetic head 203. Here, the patterned
magnetic medium 201 is a medium as described in Embodiment 1. Specifically, the
patterned magnetic medium 201 is formed by using materials and a structure which
prevent tensile strain from being caused in a direction parallel to a surface of a substrate
of the medium when the medium is hit by the head so that the patterned magnetic
medium 201 shows higher resistance to a hit by the head. Thus, there is an advantage
of high reliability as a magnetic storage device by suppressing defects caused by hits
between the slider and the patterned magnetic medium 201 even if a head floating
amount (distance between a head and a protective film) in operation of the magnetic
storage device is set to 10 nm or less. Note that the same effects are also achieved by

using those described in Embodiments 2 and 3 or the magnetic recording medium in

Embodiment 4 as the patterned magnetic medium 201.
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10. The magnetic recordi ng nmedi um according to claim8, wherein
constituent elenents of the recording |ayer are Co, O and Pt, a
concentration of the O is from1l5 at. %to 25 at. % and a
concentration of the Pt is from1l0 at %to 20 at. % 11. The
magneti c recordi ng nmedium according to claim9, wherein constituent

el ements of the re r@i.n%-la ~are Co, O and Pt, a concentration of
the C is from 15 %ﬁgﬂ% 8 151'(._%an‘d a concentration of the Pt is

from10 at %to 20-ot P8iemes magnghicmediug cameprigieg:devi ce conpri sing: a
drive part for dri W8 patterned magnetic nmedi um according to
claim1 in a recor @59 meAgnete fibn, a sonmagmetic Glmhemdntemmkdidteng a
recording part and ailmemndductdondingdager lavingamsoficvoouvexg t he
magnetic head in relpatiennstiustireswhivhtaee frethedranepiiecipiidnm and a
recordi ng and repr odiact pdtheprbstassi ng nmeans for 1 nputting a signal of
t he magnetic head at[ﬁflstr;&@feeﬁmﬁmﬁlvﬂﬁc@i&tmeéiamglmglr})gﬁbﬁhe magneti c

head. 13. A magnet i€mshpé | geyr- il N gl part for
driving the magg_et | Ghonead g?ﬁ?%ﬁﬁ“rﬁ%@%ﬁ ﬁ%ls%%uglde{?‘% Sina
recording directi Ofigecofid PRABEN ARG Rich 3 frdeADnFnd %J.gs?rﬁzdolvng part and
a reproduction part ective film and is a wet-coated polymer film;
a third protective film which is formed on the second pro-
tective film and consisting of carbon; and
a hilil;:;cation layer which is formed on said third protective
wherein a lower surface of the second protective film is in
concave parts of the concavo-convex pattern and an
upper surface of the second protective film is above
concavo-conveX patterns of the recording layer and the
first protective film.
2. The patterned magnetic medium according to claim 1,
wherein the wet-coated polymer film is any one selected from
a group consisting of H-containing polysiloxane, methyl-
containing polysiloxane, polyimide, polyamideimide, polya-
mide, DVS-BCB, parylene C and parylene N,
3. The patterned magnetic medium according to claim 1,
wherein constituent elements of the recording layer are Co,
Cr and Pt, a concentration of the Cr is from 15 at, % to 25 at.
% and a concentration of the Pt is from 10 at. % to 20 at, %.
4. The patterned magnetic medium according to claim 2,
wherein constituent elements of the recording layer are Co,
Cr and Pt, a concentration of the Cr is from 15 at. % to 25 at.
% and a concentration of the Pt is from 10 at. % to 20 at. %.
5. The patterned magnetic medium according to claim 1,
wherein
the substrate has a concavo-convex pattern and
the concavo-convex pattern of the recording layer derives
from the concavo-convex pattern of the substrate,
6. The patterned magnetic medium according to claim 1
further comprising: ,
a nonmagnetic material baving a concavo-convex pattern
on the intermediate film,
wherein the recording layer is formed on the nonmagnetic
material.



a means for noving the magnetic head in relation to the magnetic
recording medium and a recording and reproduction processing means
for inputting a signal of the magnetic head and reproducing an out put
signal fromthe nagnetic head. 14. A patterned magnetic medi um
conprising: a magnetic film having a concavo-convex pattern
structure; a firs rotective filmwhich is formed al ong the pattern
structure on the patierned magnppticapedinmtacaerdify toceldion], a second
protective fil m%(%hm@mmﬂmx péfters of S rgroodingdayterise fil m and
is a polyner fi fenmed bytpatieringtheaesardingilhyerwhi ch is fornmed on the
second protecti v&.fAMgaa&musﬁ@mwiuﬁicm@M%:_ and a lubrication
| ayer which is foasedtefe; sai d t&! rd protﬂecft | viﬂ ;}I&g ﬁh;St hghgecond
atterned nagnetigsdfegiaghbRsARE,H RhnhQnelidfith Afld sMRERhE
POt et v 1111 S o Eimtal P e i b e
formng a flat surf@es, W i Qogf" ?eéﬁﬁi%ﬁ%e S
16. The patterned r r di_n 0,Clal wherein the
first pr gt ective fi EEQTE%S’QNC e?#(r?gﬂ% a%qprgggggﬁrgqfep- or a DC
ragnetron sputt eraeérst Ipm ective film which is formed on the recording,
layer and consisting of carbon;
a second protective film which is formed on the first pro-
tective film and is a wet-coated polymer film;
a third protective film which is formed on the second pro-
tective film and consisting of carbon; and
a lubrication layer which is formed on the third protective
film.
9. The magnetic recording medium according to claim 8,
wherein the wet-coated polymer film is any one selected from
a group consisting of H-containing polysiloxane, methyl-
containing polysiloxane, polyimide, polyamideimide, polya-
mide, DVS-BCB, parylene C and parylene N.
10. The magnetic recording medium according to claim 8,
wherein constituent elements of the recording layer are Co,
Cr and Pt, a concentration of the Cr is from 15 at. % to 25 at.
% and a concentration of the Pt is from 10 at. % to 20 at. %.
11. The magpnetic recording medium according to claim 9,
wherein constituent elements of the recording layer are Co,
Cr and Pt, a concentration of the Cris from 15 at. % to 25 at.
% and a concentration of the Pt is from 10 at. % to 20 at. %.
12. A magnetic storage device comprising;
a drive part for driving the patterned magnetic medium
according to ¢laim 1 in a recording direction;
a magnetic head including a recording part and a reproduc-
tion part;
a means for moving the magnetic head in relation to the
patterned magnetic medium; and
a recording and reproduction processing means for input-
ting a signal of the magnetic head and reproducing an
output signal from the magnetic head.
13. A magnetic storage device comprising:
a drive part for driving the magpetic recording medium
according to claim 8 in a recording direction;
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17. The patterned magnetic medi umaccording to claim 15, wherein the
magnetic filmhas crystal grains of a size of about 10 nmanoneters.

a magnetic head including a recording part and a reproduc-

tion part;

a means for moving the magnetic head in relaticn to the

magnetic recording medium; and

a recording and reproduction processing means for input-

ting a signal of the magnetic head and reproducing an
output signa] from the magnetic head.

14. A patterned magnetic medium comprising:

a magnetic film having a concavo-convex pattern structure;

a first protective film which is formed along the pattern

structure on the magnetic film and consisting of carbon;

a second protective film which is formed on the first pro-

tective film, and is a polymer film;

a third protective film which is formed on the second pro-

tective film and consisting of carbon; and

alubrication layer which is formed on said third protective

- film,

15. The patterned magnetic medium according to claim 14,
wherein the second protective film is a wet-coated polymer
film having a property of forming a flat surface without
chemical and mechanical polishing,

16. The patterned magnetic medium according to claim 15,
wherein the first protective film is a chemical vapor deposited
film or a DC magnetron sputtered film.

17. The patterned magnetic medium according to claim 15,
wherein the magnetic film has crystal grains of a size of about
10 nanometers.
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