PATTERNED MAGNETI C MEDI UM MAGNETI C RECORDI NG MEDI UM AND MAGNETI C STORAGE
DEVI CE CLAIM OF PRIORITY The present application clains 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 INVENTION 1. Field of the Invention The present invention
relates to a patterned magnetic nmedium a magnetic recording nmediumand a
magneti c storage device. 2. Description of the Related Art As a recording

medi um f oPARTERNGYY RIAGNRTHC MEDIUMEM AGNBIRERECORSING MEDIUR AN such as a
hard di sk has heretofore been in heavy usage. Also as a recording nedium

for a hone appliance, a poMABGNETIE@RSEPReGEE BEYVICEe | i ke, a nmagnetic
recording nediumhaving a |large recording capacity has recently attracted
attention. The heavy wusage of such a nmagnetic recordi ng nedi um has

i ncreased the needs for a mag | i medi um whi ch enabl es recordi ng
with small power consunption. W@A\Qﬁﬁﬁf to the magnetic recording

redi um sur f aceng epRidh NdpfRARG VIR, NERLPTR6R BESHesd TAXARN However,

for a downsizing, an even nore dranati ase | Ing capacity

and the DRo8&3364motfiled oh TRICOMBEENH, 2006, the caitért a evhiccRridiady idetoratedhas been
demanded. As a candidate for the magnetic recording nediumthat can realize
such si guir¢fersae intoibisapphesitoni n t he surface recording density, there has
been proposed a magnetic recording nedium having a recording | ayer forned
to have a concavo-convex pattern, such as a patterned magnetic nedi um (see,

e B 2 s, BTGRP ATPOR N PRI, o, 2005 122070,
recordi ng. mpeHlIoT @B dnwentibn der 1
The present invention relates to a patterned magnetic medium, a magnetic
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 nedium may be caused by
collision between the nagnetic recording mediumand the slider. Therefore,
it is required to prevent such problens fromoccurring even if the magnetic
recordi ng medium col |l ides against the slider. Particularly, a recording

| ayer nade of a magnetic material is required to be made unlikely to be
defornmed in a direction parallel to a surface of a substrate (hereinafter
referred s 3 b MBSt §at 8y SHAr pro8letis a6k hPBmadeNo WlQldet And péetB it dre

probl ens descri bed above, ¥he I nventors of the present invention have
conduct ed sueface sf teti msgrtetic gbdtoading anauban sndyobe oalsed @y aotlsoor bitwger theer in  a
patterned magnetic mediumunlikely to be deformed. Specifically, the
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formed in contact wwth the first "protective film Moreover, the recording

| ayer hasnalepailikelyn t the uddformeedl ar medirdayionagaraife]l ao n@mgneheec of id Bubstrate i nt o

contact with a concavo-convex pattern of a nonmagnetic material. As a
resul t oftherpipaigryefersd tq ase subsisaie srréachdirectiondind out that the recording | ayer

d f ti teri i likely to be deforned in the case where
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mai n constituent element. The inventors have further found it effective to
set constmagnetnt metiameimckided: atsubstrage) rietoificmégrietre noddrly i@ filnda nenthaPngtict o set a

concentragtion of the C to fr 15 at.%to 25 at. % 0 set a concentration
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Moreover, the recording layer has a pattern structure formed by making a magnetic film

come into contact with a concavo-convex pattern of a nonmagnetic material. As a
result of the studies, the inventors have found out that the recording layer made of a
magnetic material is unlikely to be deformed in the case where the first protective film
includes carbon as the main constituent element and the second protective film is a
wet-coated polymer film. Furthermore, it is preferable to provide a third protective
film which is formed in contact with the second protective film and which includes
carbon as the main constituent element. The inventors have further found it effective
to set constituent elements of the magnetic film to be Co, Cr and Pt, to set a
concentration of the Cr to from 15 at.% to 25 at.%, to set a concentration of the Pt to
from 10 at.% to 20 at.% and to set the wet-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



pol y- paraxyl yl ene (parylene N). Note that, in the present specification, a
mai n constituent el enment nmeans an 2 el enent having a highest atom c percent
concentration. The present invention makes it possible to provide a highly
reliable and functional magnetic recording nediumw th which defects in the
magnetic recording nediumand a slider won't occur even if the nmagnetic
recordi ng nedium col lides against the slider. BRI EF DESCRI PTION OF THE
DRAWNGS FIG 1 is a cross-sectional view of a patterned nagnetic nedi um
that is derhathaeing ahighbsttakmippesent contstentioen. FIG 2 is a view showi ng a
step of manufacturing a recording layer in the patterned magnetic nmedi um
that is Enmbodi ridatpresent inyratipp esalies it essibleote. prv@le 3 highly talieblestishii ng a
step of nuf act uri ng. t he recordi.ng | ayer,.i.n the .pafterned.magneti c nmedi um
That s BROGEAEHEEREtsewEng e Vi sttt deres o thé FLBSHA BaP S ng
step of Cl 4| C i i r - Le nmedi um
that s EOarad h{Adh"FohTIRCE Blr TG e, roPGuLE BRATIORNLE o
step of nmpukasE lideng the recording layer in the patterned magnetic nmedium
that is Enmbodinent |of the present invention. FIG 6 is a view showi ng a
step of manufacturing the recording layer in the patterned magnetic nmedi um

that is Enbodiment | of the present inhvention. FlG 7 is a cross-sectional
view of a patterned ma@ﬂgﬁf %%@Wh%@h‘égﬂ@% RRAINGEHt 2 of the pr esent
invention. FIG hsS..a, cr - i YA . R/gn i ¢, medi um
that is En‘oodiFrIré‘nt1 3 %fcr{))%gsegtfogltsale& I ﬁgeaﬁ;gfgémg*%@g{lggg% cr ogltsa{- gsecti onal
view of FEBaigbhCl 6AEOpRLET ifRdliskn having a granular structure that is

Enbodi ment 4 of the present invention. FIG 10 is a cross-sectional view of
a magnetic st orfdge2de\a viewt $hmtwing 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 10of 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.



Enbodi ment 5 of the present invention. FIG 11 is a schematic view of the
magneti c storage device that is Enbodinent 5 of the present invention when
vi ewed from above. 3 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Herei nafter, enbodi ments of the present invention will be described in
detail by referring to the drawi ngs. [Enbodinent 1] First, FIG | shows a
cross-sectional structure of a patterned magnetic nedium that is Enbodi nent
| of the present invention. As shown in FIG 1, the patterned nagnetic

medi um of thi s pehQdENENESCRPTAONCOE I PREPPRREDANVBOIMERESat | ayer 2, a
soft magnetic film 3, a nonmagnetic film4, a soft magnetic filmb5, an

i nt er nedi at e f iHarin&tanembodimanmgriahé prekedt midhfion vallfter dmdriloml m datdobt rate 1
by use of., for exanple, a DC nmgnetron sputtering nethod. After the
nonmagnetbycrefpating odhe d@Wings. patterned, a nagnetic film (recording | ayer)
207 is fagm?bd therggn. Moreover, a first protective film 108, second
protecti n}logﬂ;gné and 208a and a third protective film308 are fornmed on
the magnetic iy 3d AHHRIA 634 QRIbAN Struduleoffa Pekitied hRIoNEA: Aitahlyp thi rd
protective film For exanple, a pattern structure of the fonmagnetic
material thé7is Bbydiment FldE thd pr&ehtoinvettionn tAResHodn! RVWFIE 1TBh Phtteried

exanpl e, the nonmagnetic film 107 is fornmed with the nonmagnetic nmateri al
by use ofmagnstiDBedagmef thinembeiment hasg qonfigendtion int Whichidpre¢dat @yepy, and a

tt is f d f tt d b . int. f |
(FIG3). '%ﬁﬁ%&?%ﬁzg npEmEEFGE (8  areoR ghasnpte Aim et BiemEgiak Bk ng at
hi gh t . i : t
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FIG 3, drja@ictBh N@uférintemetiodhi AGtep¥hd! $8nRhgrRtibBRiteAAY IO i pRfdrhéd,na MY be
enpl oyed besides the nanoinprint. Mreover, pattern formation by

sel f - or ganagetic dimn@ycanding Usyed) 20 xst forinke thaepret iMofebVan 2 itst profestimed by use
of, for exanple, the DC nagnetron sputtering nmethod or the like (FIG 4).
Ther eaf t film 1A% seconrd ppptestize tfilips 308 apd 208a and a third protective film 308 ‘are

formed on the magnetic film and a lubrication layer 9 is further formed on the third

protective film. For example, a pattern structure of the nonmagnetic material 107
shown in FIG. 1 is formed in the following manner. For example, the nonmagnetic
film 107 is formed with the nonmagnetic material by use of the DC magnetron
sputtering method or the like (FIG. 2) and a pattern is formed by use of a mask patterned
by nanoimprint, for example (FIG. 3). The nanoimprint is a method for forming a
pattern by pressing at high temperature a formed mold having a concavo-convex pattern
structure and, thereafter, being cooled down. In formation of the pattern as shown in
FIG. 3, dry etching or wet etching by use of a mask having a pattern may be employed
besides the nanoimprint. Moreover, pattern formation by self-organization may be
used. Next, the magnetic film 207 is formed by use of, for example, the DC
magnetron sputtering method or the like (FIG. 4). Thereafter, the first protective film
108 including carbon as the main constituent element is formed by use of, for example,
a chemical vapor deposition method, the DC magnetron sputtering method or the like
(FIG. 5). In this case, the chemical vapor deposition method characteristically
facilitates filling up groove bottoms and groove edges in the pattern. Meanwhile, the
sputtering method characteristically facilitates formation of a hard high-quality film on

a side face of the pattern. Subsequently, the second protective films 208 and 208a are
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108 including carbon as the main constituent elenent is formed by use of,
for exanple, a chem cal vapor deposition nethod, the DC magnetron
sputtering method or the like (FIG5). In this case, the chem cal vapor
deposition nmethod characteristically facilitates filling up groove bottons
and groove edges in the pattern. Meanwhile, the sputtering method
characteristically facilitates formation of a hard high-quality filmon a
side face of the pattern. Subsequently, the second protective filnms 208 and

208a ar e fudhdrUbinh&l by aseetiwblyciatd wilymedt file@aduel ap ¢l-yombinidg palysilokbnas
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preferable in terns of production and cost-effective because of its

advant agen®f btawiittegd alepdralings unfamnceppﬁcaﬂimuampemtf ofTiie regcompl arogedtizatfilon usi ng
chem cal nechani cal (ipol i shi ng or the like,. Furthernore, the third
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protectlvefl m 308 on the magnetic |m§o I'n a patterned magnetic

medi um  aherddrdegtrotectivel fiint 308 inclhdmgreachondis tg: maiyedonstiuers eleidntrizsfofmedred in a
concavo-convex pattern. Wien the protective filmis forned by use of a

wet - coat exh thepseaad plquqCﬁthﬁlfﬁéQ@Fheﬂbﬁl%m@yet hés termedhberepher eof is flattened

by el T2 RAEREELZAL) 00 6P Ut g Reki st 0 anDesptl o0 one
s
pattern ahe agnetRdnetloy. fil m 207. However, it
In a patterned magnetic medium, a magnetic film that is a recording layer is

sometimes formed in a concavo-convex pattern. When the protective film is formed

by use of a wet-coated polymer film as described above, the surface thereof is flattened

by itself. Thus, a planarization step such as polishing can be omitted and the

production can be simplified. Therefore, it is preferable that a wet-coated polymer

film that is the second protective film 208 is formed so as to have it upper surface set

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



is not preferable to formthe second protective filmby use of a wet-coated
polymer film directly on the magnetic film 207 wthout formng the first
protective film 108, because of poor adhesion between a nmagnetic filmand a
wet - coated polymer film Use of the first protective film 108 incl uding
carbon as the main constituent elenent has an effect of inproving the
adhesi on. For exanple, when it is assuned that adhesion between the second
protective film 208 and the magnetic film 207 is 1, adhesion between the

first proheglirvfuifedtosdfiBaantt fileprdRenes fifin f108,/eQdcond pritettive filanghgdhesi on
between the "first protective film 108 and the second protective film208 is

about 3. aBddle magmetic 6ilrof207 dedhesichwthies, wibtkharddrmnd nsongcawith kadudther. dynam cs
sinmulatign to analyze activation 5 energ required to separate the first
pr ot ect i vidermel ﬁ?ld@adyn@wyss%%lﬁaorpm@eﬁhp éowqaﬂqwazmg a%ﬂﬁ&lqnmef caelyA®M ¢ film
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potential between atons and soIV|ng a Newton's equation of notion based on
the forcef Aep@hd(eﬁhysldzecbll 1 Goblisted in 0983)pRige @87 PHyséxampls 0l By bédng bl i shed
in 1983), e 4877, for_exanple. By using this calculation nethod, a
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i mprovenment of the adhesion, e to rst protective
film 108 mtur@eﬁetgﬁb@y@ﬁlgea&@mﬁx parts of the concavo convex pattern but
al so on the groove bottons and side faces of the concavo-convex pattern. In
order to mai nt Aereechianiiwatovsmenhof the ddhesien, nbrseprofeedtde ablfarnt thef first her

provide the thir tect e film308 includi carbon as the nain
const i t udthot e%trVé*—nng[) 10%, oty gy abesisit ﬁ?‘Bieéd’@W@? the sansee-conyex RRETBue use of
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wet - coat ed pol yﬁr&frdéﬂ {MMathmééHahlcﬁU@tr&@th,t & i8MAbfe preferable to further
provide the third protective film 308 including carbon as the main constituent element
on the second protective film 208. In this case, use of the third protective film
consisting of carbon with 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.



Young's nodul us. Thus, when external force acts on the nmediumin collision
against a slider or the like, the second protective filmserves as a
cushioning material for allowing the force to escape. Therefore, the above
structure is considered to be desirable. Moreover, a conbination of carbon
and a wet-coated polyner filmachi eves good adhesion as described above.
Moreover, it is preferable that constituent elenents of the nmagnetic film
are set to be Co, O and Pt, a concentration of the C is set to from 15
at. % to IBndoditachbd] @ concentration of the Pt is set to from10 at.%to 20
at.% Accordingly, the magnetic filmcan be forned to achieve a high degree
of evenness whéNext,dilGes slwfiwsor gressadecorail mew afraspattened dnalgfxemammmt

Mor eover,. L ocal. concentration of intern stress can be event d. Thus
adhesi on ipEmheginent Ogﬁgfrigﬁieétﬁ"’?‘?ﬂ%ndw l%%}?fswﬁt t?spmtﬁrebq ipgpt 1 gFQtectlve
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nonmagnetic material 107 has the pattern structure in Enbodiment 1, a
subst r at esubsthutes 1ds pattdraedbg tuselof Hareimprikiifedéxaemle, Zilml fmrﬁaMdpmatses?, after
the substrate | is patterned by use of nanoinprint, for exanple, film
f or mat i orfrpsEeRlY sexscuted @ng@ﬁﬁst phethete utlays, oE\t@b&Bm@nt aristaharacteriveds by Bhbodi ment
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Enmbodi m&gﬁet&%ﬁmnﬁgﬁ&gts as those in Enbodinent 1 are al so achieved
Ir

by provi st protective film 108, a second protective film 208 and a
third protectiln®nfbodiméf8, e samoefbat acthbld it EifodimEnbbaticnsatadhievéext , Fl G
8 shows a cross-sectional view of a patterned magnetic nmediumthat s
Enbodi merlty Brayidinghe hirse peotectivievim i108. aweeend prad¢ctiverfdnt 208 awd Bnitload nent 1

(FIG 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 1is 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



1) is that, while the nonmagnetic material 107 has a patterned structure in
Enbodinent 1, there is no nonnagnetic material 107 and a magnetic fil m 207
has a patterned structure in Enbodi ment 3. Enbodinment 3 is characterized by
a sinpler manufacturing process than that in Enbodinent 1 since there is no
filmformation step for the nonmagnetic material 107. In Enbodi nent 3, the
sane effects as those in Enbodinent | are also achieved by providing a
first protective film 108, a second protective film208 and a third

pr ot ect i VI®7fis baned QSgramulimerudtued e tEBbddiment20ié.différsiad i®mbodlmaxt alsd| G 9
shows a cross-sectional view of a magnetic recording nediumthat is

Enbodi nenn thabfa fine protestime filny antfooned \imae flat ginfiaesr enimbodimemnidods nent |
(FIG 1) .is that, while the nanmagnetic naterial 107 has the patterned

st ruct ur EhpReteprghly freipplor map Tabses® Pk 54 dn Enbodient dgCoMeE mat o | a
deposite ai boundary in formation of a magnetic film 207 in
Enbodineﬂ?gﬁpgxgégkg§ ure in which the nonmagnetic material 107 is

deposi ted on thg FhisddimBRUN dfektsOdre A AGHKVRH | stich iak Tnprovatly adlifesfoal bed a
granul ar structure. Enbodinent 4 is different fromEnbodinment 1 also in

that a fipretidipget ferst protectivd film $08,6r swechdoproctiveafilns 068 anka tHinbprdiceevwe 4 i s
characterized by a sinpler manufacturing process than that in Enbodi nent 1

si nce t hdilg 30§ anothsamagnetic nlilms 284 andninkprpviag rghability By fusmgsthgy secand o

achi eved such.as. Vi n dhesion b providing a first protective film
108, a sé’ggﬁ&“‘ﬁ%&%@{f@%ﬁﬁ?%@%{ ‘a third protective film 308 on the
magneti c [fE}r{ng%tgpd inproving reliability by using the second protective

film 208 as a cushioning material. [Enbodinment 5] Next, FIGS. 10 and 11 show
schemati c vi ewdNext, iGSapheitd t1 sioow schemdéw views tolfiatmagnsticstoagde devite thaof t he
5{23\:3tfirig%iég&m|5:IO%;thlelprLSsén?in\‘/]eimet}/(\)/ngf t he magnetic storage device when
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 patterned 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.

8



FIG 10 is a cross-sectional view along the line A-A" in FIG 11. The
magneti c storage device of this enbodi nent includes: a patterned nagnetic
medi um 201; a drive part 202 for rotationally driving the patterned
magneti c nedium a magnetic head 203 including a recording part and a
reproduction part; a driving neans 204 for noving the magnetic head 203 in
relation to the patterned magnetic nmedi um 201; and a recording and
reproduction signal processing neans 205 for inputting a signal of the
magnet i ¢ Waads cldfidedaigd reproduci ng an output signal fromthe nagnetic head
203. Here, the patterned magnetic nmedium 201 is a nedium as described in
Enbodi nent. 1A pSpewidfmagiktiy metlive cqmaprisergaed magneti ¢ nmedi um 201 is formed by
using materials and a structure which prevent tensile strain from being
caused in a di ASEPf#f parallel to a surface of a substrate of the medium
when the nmediumig hi e . .er tic. di um
201 shows. i gharRabdrey il s ARl it IR AE 6K, FRPLRKLRyy

advant aggay@f hadVirfghar @ntRARLddnb¥x Fattén"RERAETE Cwhichr A SfofBYd G HYpridipAl essi ng
defects caused by hits between the slider and the patterned magneti c nmedi um
201 even sufface dfebhelsdbstratej ng anount (di stance between a head and a
protective film _in operatign of the nagnetic storage device is set to 10
nm or | ess. Notdefifshawotepitves filvp whila dp formed glogg the H?a%%’d sEycturgspthdhe hose

descri bed _in Enbodi nent s and 3 or the magnetic recording nmediumin

Embodi morfEFAT8 e LR Ry R Pt SR SEmBC AL i 5 cl o med is: 1.
A patterned magnebify FREICHI GRARIMISH fOform8d %ﬂtﬂ% FiRd ?%ot,@ctﬁ%fﬁln{@&f‘%té c film
a nonmagnetic film ah internmediate film and a recording layer having a
concavo- cwevedtef pblydien fishr uct ure, which are forned on a principal surface

of the substrate; a first protective filmwhich is forned along the pattern
structure on the recording |ayer and includes carbon as a main constituent

[ealr g?gg: | nﬁ l}%rﬁsaﬁgl%relg gﬁr r%tlei\:cr;lé 1§mfa|céoq]divnw?gltg Qlain? 1f errtrﬂgrd co%]prgs?nefg:f st
a third protective film which is formed on the second protective film and

includes carbon as a main constituent element.

3. The patterned magnetic medium according to claim 1, 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.

4. The patterned magnetic medium according to claim 2, wherein the second

protective film is provided between the first and third protective films.

5. 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, polyamide, DVS-BCB,
parylene C and parylene N.

6. The patterned magnetic medium according to claim 1, wherein constituent elements
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wet - coated polyner film 2. The patterned magnetic nedi um according to claim
1, further conprising: a third protective filmwhich is fornmed on the second
protective filmand includes carbon as a nain constituent elenent. 3. The
patterned magneti c nmedi um according to claiml1l, 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
film 4. oflte reedrimgrigytr argOetCreanddd) acormentedtidnrg theoCelsgiom 25 anbietoedn t he
second protective filmis provided between the first and third protective
filmns. 5.at-?‘h@dp?eﬁ0ﬁlé¢rﬁ@@0ﬁ9§§@tﬂt¢s fremil0wt-dced0ktiy to claim 1, wherein the
wet -coated polynmer filmis any one selected froma group consisting of

H cont ai ni ng pol ysi |l oxane, nethyl -containing pol ysil oxane, polyi m de,

pol yam dej niygie ga{?&hé’@gf;agﬁng{tic LYeti ccor@iﬂ% le @lgﬁi < ﬁﬁgeﬁ’ﬁ%){gtﬁﬂ&lt MenfentsThe

patterned magnetic me according to clarm rein constituent el enents
9 of the of@eoreclhrdhgllaye area€e, Goand@rt, @aochcBhtratdnaInieot fsakdmnsat. %8 2 r i s
from15 at.%to 25 at.%and a concentration of the Pt is from10 at.%to 20
at. % 7. atpreansa concerdthtion ghteils insemumatbeordiaidoto claim 5, wherein
constituent elenents of the recording |layer are Co, C and Pt, a
concentration of the & is from1l5 at.%to 25 at.%and a concentration of

the Pt i f 0 . .0 . . ti di
acgor di Inggt g?l g}péig %ﬁgid rﬂo\%grgeglég%@dﬁﬁogc%a%g? ‘r?oa@gﬁ%g’;\ggg%gﬁgg\e/o[ goxelxug]at tern

and the concaveheCRB¥tate Ratd @nBawfcdniex paten ehdig | ayer derives fromthe
concavo-convex pattern of the substrate. 9. The patterned nagnetic nedi um

accordi ng to cltla mobgavorgoniex pattepr i fi rthe wcouimmglayeri cdenmeserfrah Haevi ng a

concavo-convex pattern on fIEe internedi ate
concavo-convex pattern of the substrate.

9. The patterned magnetic medium according to claim 1, further comprising:
a nonmagnetic material having a concavo-convex pattern on the intermediate
layer,

wherein the recording layer is formed on the nonmagnetic material.

10. The patterned magnetic medium according to claim 1, wherein the
concavo-convex pattern of the recording layer is formed by patterning the recording

layer.

11. A magnetic recording medium comprising:

a substrate;

a soft magnetic film, a nonmagnetic film and an intermediate film and a
recording layer having a granular structure in which grains of a magnetic material are
separated by oxides, which are formed on a principal surface of the substrate;

a first protective film which is formed on the recording layer and includes
carbon as a main constituent element; and

a second protective film which is formed on the first protective film and is a

wet-coated polymer film.
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| ayer, wherein the recording |layer is formed on the nonmagnetic material .
10. The patterned nagnetic nedi um according to claim1l, wherein the
concavo-convex pattern of the recording layer is forned by patterning the
recording layer. 11. A magnetic recordi ng nmedi umconprising: a substrate;
a soft magnetic film a nonmagnetic filmand an internediate filmand a
recording | ayer having a granular structure in which grains of a magnetic
material are separated by oxides, which are forned on a principal surface
of the substrate; a first protective filmwhich is fornmed on the recording
| ayer and includes carbon as a nmain constituent elenent; and a second

prot ect i vi@. f Thenmaighetie resorflmgmesdiion acdveding teclain bt.dotthereomprisingnd is a

wet - coated polyner film 10 _12. The_n%gnet'c recordi ng medi.um according to
claim11, furt Retitdopplerdys fimawhish iy fhas onithe SEsqnh BIOIEHVE diFoRMEd on t he

second prigélgget !ch%oBiaL?gl?aﬁxgc%iégﬁlle}ftdﬁém&ﬁ.r bon as a main constituent el enent.

13. The magnetic reco rumaccording to claim11l, wherein the

wet -coated polynmer filmis any one selected froma group consisting of

H cont ai ni ng pol ysi | oxane, nethyl -containing pol ysil oxane, polyi m de,

pol yam déi3m dbe magnyaaiaberdiiySeBOB) acquadipg enelainald wiergih eine wit-cdated The
magneti c recording nmedium according to claim11l, wherein constituent

el enent s ROy 1lpgie 3ry PR Selesied frame graup eynsistige of H-eordaiping mobastlp¥ncor the o
is from 15 %%

t.%to 25 at.% and a concentration of the Pt.is 0 at.%to
20 at o Reniridtang el PRER: aPhERREGT AR g Ba i RV ST o er e n
constitu%ler@@mﬁﬁg%eme recording layer are Co, O and Pt, a
concentrati‘on of the iIs from1l5 at.%to 25 at.% and a concentration of
the Pt is from10 at.%to 20 at.%
14. The magnetic recording medium according to claim 11, 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.%.

15. The magnetic recording medium according to claim 13, 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.%.

16. A magnetic storage device comprising:

a drive part for driving the patterned magnetic medium according to claim 1 in
a recording direction;

a magnetic head including a recording part and a reproduction part;

a means for moving the magnetic head in relation to the patterned magnetic
medium; and

a recording and reproduction processing means for inputting a signal of the

magnetic head and reproducing an output signal from the magnetic head.

17. A magnetic storage device comprising:
a drive part for driving the magnetic recording medium according to claim 11

in a recording direction;
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16. A magnetic storage device conprising: a drive part for driving the
patterned nmagnetic nmediumaccording to claiml in a recording direction; a
magneti c head including a recording part and a reproduction part; a neans
for moving the magnetic head in relation to the patterned magnetic nedium
and a recordi ng and reproduction processing nmeans for inputting a signal of
the nagnetic head and reproduci ng an output signal fromthe magnetic head.
17. A magnetic storage device conprising: a drive part for driving the
magnetic recor dinkgnetehdadindcdingh Agotding pat aadld reprdtiuatisiepar;di ng direction;
11 a magnetic head including a recording part and a reproduction part; a
means for novi agnedne fommovtngcthh avagneinc heddaini shatioo to e maghesid tecowslong di ng
medi um and,.a recordi ng and reproducti on processing neans for inputting a
signal ofM34M; #dgneti c head and reproduci ng an out put signal from the

magnetic head. all%cording and reproduction processing means for inputting a signal of the

magnetic head and reproducing an output signal from the magnetic head.
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