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RECORDI NG MEDI UM METHOD OF MANUFACTURI NG THE SAME,
AND MAGNETI C RECORDI NG APPARATUS BACKGROUND OF THE

I NVENTI ON 5 The present invention relates to a

magnetic recording nmedi um having discrete m

ne?hod of manufacturing the sane, and a naym@m|NMMMWNM|
recording apparatus. |nprovenert of recording dengity
is perpetually 10 required for magnetic recording
apparatuses such as hard disk drives. As one solution
for inproving recordThflLdefdki THE ANWEBEE@Ne track

type magnetic recordi ng nmedi um has been proposed in
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deposited on a non-nagnetic substrate and processed
i Nt o Paid ed Ivsg SENET @b ath ¥ 110N @Nec 2l NeFacids, a method of

non-magnetic material is filled in between the
pat t enarsu Od c tt el mapagries | cames,c cardd Ny rhaagyres € s dr ¢ dverd 4. 159
apparatus.

Improvement of recording density is perpetually
required for magnetic recordiﬁg apparatuses such as
hard disk drives. As one solution for improving
recording density, a discrete track type magnetic
recording medium has been proposed in which recording
tracks are separated from one another thereby
preventing the magnetic field of the recording head
from being exerted on an adjacent recording track
(side fringing).

Such a magnetic recording medium having discrete
tracks has a structure in which a magnetic recording
layer is deposited on a non-magnetic substrate and
processed into patterns separated from one another, a
non-magnetic material is filled in between the
patterns of the magnetic recording layer and then is
planarized, a carbon protective film is formed on the
surface thereof by plasma-enhanced CVD, and a
lubricant is applied to the surface of the carbon

protective film. The reason why the non-magnetic
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pl anari zed, a carbon protective filmis fornmed on the
25 surface thereof by plasma-enhanced CVD, and a

| ubricant is applied to the surface of the carbon
protective film The reason why the non-nmagnetic
material is filled in between the patterns of the
magneti c recording |layer and then is planarized, as
descri bed above, is to ensure fl4ing stability of the
head slider over the magnetic recording nedium 5 In
accordance with the study of the present inventor,
howevertestahabs bebhl ¢dubnl befarcen nthdepadieeretel the
track type magnetic recordi ng nmedi um having. the
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15 prepared by di spersing nmagnetic grains in a netal

OXi deinPerC@d DO PIOFLES | V€ Hdd MeaNdfumi@t@hat, in the
i nternedi ate | ayer provided between the granul ar

magnetisctatyert wack t o atdgme ot ot eeto v@didd |l medJym. having
Pat. Appln. KOKAlI Publication No. 2001-43526). This 20
t echrihpestisucioine| e deprobbetn abene, whedire hies cawdona

problem that a carbon protective film with
10 satisfactory quality cannot be formed in some cases
and thus sufficient protective performance cannot be
provided.
Conventionally, there is proposed a magnetic
recording medium comprising a granular magnetic layer
15 prepared by dispersing magnetic grains in a metal
oxlde, a carbon protective film, and a metal
intermediate layer provided between the granular
magnetic layer and the carbon protective film (Jpn.
Pat. Appln. KOKAI Publication No. 2001-43526). This
20 technique is to solve a problem that, when the carbon
protective film is deposited by spattering, oxygen
beaten out of the metal oxide of the granular magnetic
layer is combined with carbon to produce oxidized
carbon, leading to deterioration of the quality of the
25 protective film. In the above technique, provision of
the metal intermediate layer between the granular

magnetic layer and the carbon protective film prevents
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protective filmis deposited by spattering, oxygen
beaten out of the netal oxide of the granular nmagnetic
| ayer is conbined with carbon to produce oxidi zed
carbon, leading to deterioration of the quality of the
25 protective film In the above technique, provision
of the netal internediate | ayer between the granul ar
magneti c | ayer and the carbom pr3otective filmprevents
t he oxi di zed carbon from bei ng produced, making it
possible to prevent the quality of the carbon

pr ot echie vex fdined ronrthei Ny oletlesing apeddutedeverkingeit
prior art does not relate to a 5 magnetic recording
medi R FRL IR P seretent rideksquakbhy st bdtihy erovRs
and al so the nmethod of deposjtin a carbon protective
fi 1 mBPECRET Y Sishbl®nhEiie o BV, de 59t ¥ e the prior
art cannot,solve thg?groblen1of géfficuétyein f oy m ng
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accorgh e @npy agReSte fatdea PE@sEd hewmedhd i O depositing

conprises: a non- 15 magnetic substrate; patterns of
magnes i €a resorsh siged ey es Separfd atbf rer one- amedmesd CvD.
and a non-nmagnetic material filled in between the
pat t efmsrefotde thagneidoc aecoraimyt | sykve wiehpeokelem of
formed on the non- nmagnetic substrate; a netal film
formstiBiemkty in forming a carbon protective film with
satisfactory quality with which the inventor has been
confronted.
BRIEF SUMMARY OF THE INVENTION
A magnetic recording medium according to an
aspect of the present invention comprises: a non-
magnetic substrate; patterns of magnetic recording
layer separated from one another and a non-magnetic
material filled in between the patterns of the
magnetic recording layer which are formed on the non-
magnetic substrate; a metal film formed on the
patterns of magnetic recording layer and the non-
magnetic material; and a carbon protective film formed
on the metal film.
A method of manufacturing a magnetic recording
medium according to another aspect of the present
invention comprises: depositing a magnetic recording

layer on a non-magnetic substrate, and then patterning

the magnetic recording layer into patterns separated
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20 patterns of magnetic recording |ayer and the non-
magnetic material; and a carbon protective filmforned
on the netal film A nethod of manufacturing a

magnetic recording nmedium according to another aspect

of the present 25 invention conprises: depositing a
magnetic recording |ayer on a non-magnetic substrate,
and then patterning the nagmeti4c recording | ayer into
patterns separated fromone another; filling a
non-magnetic material in between t he patterns of the
magnef i@ ratorat M e By erilligm & HEn Pagnet & Aptemeal in

non- ma netlc er|al SO0 as_ to expose the(gg rns of
fhe TRHRSTE Tt ik TRP TR o e qUAsgR b1 SEORAS 1aver,
filman ttt‘he rloatteranrslzo;_‘ntI“_r o r%a net| recorngalltequaay I as
and tﬂp non- gne ial’; p03|t|ng a
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DESCRI R N d&)o—rﬁﬁcﬁ%/%eﬁélﬁvﬁﬁf o AR NG rifd Gf the
1 is a'cross-sectional view of a nmagnetic Trecording

medi uwadreat ing 1k Sy tranks aatarlth npri-onag@tetic

enbodi nent of the present invention; FIGS. 2A 2B, 2C,

2D, 2Rt alRGakH dQdosindir®y a Id dren qriosisecteicte odhialm on
views showi ng a nethod of nmanufacturing the magnetic

r ecortdiengnetedi ufd ot WH1id e 1apHHIGNSB § Piaplenltagsgy to the
shomnnq)a state that the electrodes are brought into

cont aPH ¢ he di sk when

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a cross-sectional view of a magnetic
recording medium having discrete tracks according to
an embodiment of the present invention;

FIGS. 24, 2B, 2C, 2D, 2E, 2F, 2G, 2H, 2I and 2J
are cross-sectional views showing a method of
manufacturing the magnetic recording medium of FIG. 1;

FIG. 3 is a plan view showing a state that the
electrodes are brought into contact with the disk when
a bias voltage is applied to the substrate in
depositing a carbon protective film;

FIG. 4 is a cross-sectional view showing a state
that the electrodes are brought into contact with the
disk as in FIG. 3; and

FIG. 5 is a perspective view of a magnetic
recording apparatus according to an embodiment of the

present invention.
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a bias voltage is applied to the substrate in 20
depositing a carbon protective film FIG 4 is a
cross-sectional view showing a state that the

el ectrodes are brought into contact with the disk as
in FIG 3; and FIG 5 is a perspective view of a
magneti c 25 recordi ng apparatus according to an
enbodi ment of the present inverti on. DETAI LED
DESCRI PTION OF THE I NVENTION FIG 1 shows a
cross-sectional view of a magnetic recordi ng nedi um

(magneti c di sPETAYLEER, iPHSGCRLSILONe OF THEK I N rdithg
to an errbol_grjf' nf f the present 5 inpventiopn. An ,
under | aye 5107 T SHUNHERI GrPSS TRAET Hefifrbt T LS4 UBE 7 dhagnet ic
11. " ec. [ er 13 . udi hg. t wo, 0

nor e%réu;%ﬂje}ﬁdcgc Ingeycglﬁ[snglg%%nn& 11':3bd"}llss]f n]rcdo)r (rjrr{e%gloé]gt l.egcreJCe
underd 3yars gkdeo g dradeld RGO ANY of MR Jdrikdénte

patterned so as to formrecording tracks 10 separat ed

by reGeRastsS.orA NQt magnetl Hydmter iad fdhrisd dn |4 atbn-
into the recesses between the patterns of the
magnetaghetacordibug taayer1 113, 2A megred £ fd e ddbrdiinty alayer 13
carbon protective film16 are formed on the patterns

of thHexatagphietd cwaecor dique Immeretlizs dreydie Iibm afd 13b is
magnetic material 14. A lubricant 17 is applied to .

t he daWsY mottd iwvegilarers. 124 netlodnagnetic recording
manuf_ act urilg the magnetic recording. nedi um shown in

FI G 12%6Y 11 bd Heaht &P dhi§Th @5 to form recording tracks

separated by recesses. A non-magnetic material 14 is
filled into the recesses between the patterns of the
magnetic recording layer 13. A metal film 15 and a
carbon protective film 16 are formed on the patterns
of the magnetic recording layer 13 and the non-
magnetic material 14. A lubricant 17 is applied to
the carbon protective film 16.

A method of manufacturing the magnetic recording
medium shown in FIG. 1 will be described with
reference to FIGS. 2A, 2B, 2C, 2D, 2E, 2F, 2G, 2H, 2I
and 2J.

As shown in FIG. 2A, the underlayer 12 is
deposited by spattering on the non-magnetic substrate
11. The magnetic recording layer 13 is formed by
depositing, for example, two-layered magnetic layers
13a and 13b on the underlayer 12. Each of the
underlayer 12 and the magnetic recording layer 13 is

made to have a structure and thickness so as to
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reference to FIGS. 2A, 2B, 2C, 2D, 2E, 2F, 2G 2H, 21
20 and 2J. As shown in FIG 2A, the underlayer 12 is
deposited by spattering on the non-nmagnetic substrate
11. The magnetic recording |layer 13 is forned by
depositing, for exanple, two-layered magnetic | ayers
25 13a and 13b on the underl aye 12. Each of the
underl ayer 12 and the magnetic®ecording |layer 13 is
made to have a structure and thickness so as to
achieve optinmal electromagnetic transducing

char ax%heirq & Rt imal ﬁrmwwtmmnigq@m di ng,
for exaq?Ie, a soft underl ayer and a crystal

ori erfitt Tortr 7S 1 ayt REPIREF HL % M2 el d afrgording,
5 12,_and a netic |layer wth perpendicul ar

ani so C?rop%/xanl'ln@l set sa%a%/h%n#\érg]ﬁ’e\%% arrbcgdar i i3y er

13. *égggk- tic ' V. [

for mapé!d[t 0 twol-CE cher e lnalgar%éef?ﬁcgg'{jéa)r}*gsrés&f% t;}ﬁed %%elflnayer
two l@ayersnd i riddaet2s TR magnat ige ARGAUH NG} 3%elsot ropy
13 is forned of 10 three or nore |ayers of stacked

magneits aideay efsS. thinandtpgnetd craeoaliiqid dyareriil3 Although
formed of two or nore magnetic |ayers include, for
exanpite mEgriesaist reomerdipgnetadyed ayerid nfovmexh qf aivrs-
containing Co as a nmain conponent and Pt are

di speraargch maanatalic ohdwRrsitl Fncdngd I Bastn driww diateres in

magnetic | ayer containing Co as_a main conponent and
O bt Grot2%oorfthft Mat et et corskdinge, L ae Helst i med of

Jpn'é%%ée'%%”ﬂ%ré<zaJers of stacked magnetic layers.

The magnetic recording layer 13 formed of two or
more magnetic layers include, for example, at least
one magnetic layer in which grains containing Co as a
main component and Pt are dispersed in a metal oxide
and at least one another magnetic layer containing Co
as a main component and Cr but not containing a metal
oxide, as described in Jpn. Pat. Appln. KOKAI
Publication No. 2004-3109150. Examples of the metal
oxide include an oxide of a non-magnetic metal
selected from the group consisting of Cr, Si, Ta, Al
and Ti.

Here, the magnetic layer containing the metal
oxide (so-called granular film) has an advantage that
it is effective to reduce the size of magnetic grains
and isolate the magnetic grains. However, forming the
magnetic recording layer using the magnetic layer

containing the metal oxide alone brings excessively
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Publ i cati on No. 2004-3109150. Exanpl es of the netal

oxi de i nclude an oxide of a non-magnetic netal 20

selected fromthe group consisting of Cr, Si, Ta, Al

and Ti. Here, the magnetic |ayer containing the netal

oxi de (so-called granular film has an advantage that

it is effective to reduce the size of magnetic grains

25 and isolate the magnetic grai/ns.- However, form ng

the magnetic recording |ayer using the magnetic | ayer
contai ning the nmetal oxide alone brings excessively

hi gh TtloEr o8 1G4 vitmwkimaking di § fdeEficubt provpeevide
satisfactory read/wite characteristics. On the other
hand, S 3R NE FRAMETTELS TR RS T BetCcas R nghe other
magnetic, |l ayer containing a netal oxide in conbination

5w (ot HA RGP EYRl L ot CONT I FRY S bt afsing a
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recording layer 13. A stanper 30 10 prepared in

advannei de rd kangetl ©dsd Nel & esd SimZfbvdSt hhead fuctuation
FIG 2C, inprinting is carried out by pressing the

st anpers i3t agae reeid thead b Ste 2fhamanct e t hetnd ¢ dhe

stanper is renoved, thereby transferring the patterns
corresponddhgshown etordfdg 2Backsresiack?Gglissapetied to

signal s, address data signals and read clock signals
to tH'S dqFeIC J9CQrbing bavyewt b t Hatstamper 30

prepared in advance is arranged on the resist 20. As
shown in FIG. 2C, imprinting is carried out by
pressing the stamper 30 against the resist 20, and
then the stamper is removed, thereby transferring the
patterns corresponding to recording tracks, tracking
servo signals, address data signals and read clock
signals to the resist 20. It should be noted that
forming patterns on the resist 20 can also be
accomplished by carrying out exposure through a mask
having desired patterns and development.

As shown in FIG. 2D, resist residues remaining on
the bottoms of the recesses of the patterned resist 20
are removed by reactive ion etching (RIE) using oxygen
gas. As shown in FIG. 2E, the magnetic recording
layer 13 is etched by Ar ion milling to form the
patterns of the magnetic recording layer 13
corresponding to recording tracks, tracking servo

signals, address data signals and read clock signals.




formng patterns on the resist 20 can al so be
acconpl i shed by carrying out exposure through a mask
havi ng desired patterns and devel opnent. 20 As shown
in FIG 2D, resist residues remaining on the bottons
of the recesses of the patterned resist 20 are
renmoved by reactive ion etching (RIE) using oxygen
gas. As shown in FIG 2E, the ndgnetic recording |ayer
13 is etched by Ar ion mlling to formthe 25
patterns of the magnetic recording |ayer 13
correspondtfigsShevpetdrbifg 2Fackke ¥eatkingsseegded off by
signal s, address data si&nals-and read c] ock signals.

As sHO¥ESh e 25 VD e5F st 1Gs Loel BPd13S pyhe non-
RIE.. As sh ' G 2 Si 02 h =, .

mmondtid Tt errdroied o LR Bt S o 1Y e by St02

Into frb@o r8¢ %@ée%%éw&&% Patd Ieé%%tzné hc?f @Q%é&netic

5 recording Tayer and to depos on t

5 pat t exdiso i dder eiic degordlidgpdaversidd, dd the
shoul d be noted that another non-magnetic nateri al
such @est oarhon { Gherayadiee tisedrédoplifce Ddy&k 023, ASIt
shown in FIG 2H, the non-magnetic material (Si02) 10
whi chrsheu ek dessioedy Usposinethes nemvaghdlyiArmaoarial
mlling so as to expose the patterns of the magnetic
recorti®ly 3ayearad (Gerredy b ahed zimgeldee sek fat@2. As
thereof. At this time, etch-back is carried out, for

exanpt ¥ hint? 1 FiGe S e R0 TIROMRE @Rt oF 13 he(9502)
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milling so as to expose the patterns of the magnetic
recording layer 13, thereby planarizing the surface
thereof. At this time, etch-back is carried out, for
example, until the surface of the patterns of the

15 magnetic recording layer 13 is over-etched by about 1
to 5 nm.

As shown in FIG. 2I, the metal film 15 is
deposited on the patterns of the magnetic recording
layer 13 and the non-magnetic material 14. As the

20 metal film 15, a magnetic material having the same
composition as that of an uppermost magnetic layer of
the two or more magnetic layers included in the
magnetic recording layer 13 may be used. In this
manner, if the metal film 15 having a thickness of 1

25 to 5 nm which compensates the thickness overetched in
FIG. 2H is formed again by using the magnetic metal

material having the same composition as that of the
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to 5 nm As shown in FIG 21, the nmetal film15 is
deposited on the patterns of the magnetic recording

| ayer 13 and the non-magnetic material 14. As the 20
netal film 15, a magnetic material having the sane
conposition as that of an uppernost magnetic | ayer of
the two or nore magnetic layers included in the
magnetic recording |ayer 13 may e-used. In this
manner, if the metal film 15 having a thickness of 1
25 to 5 nm which conpensates the thickness overetched
in FERemests Magmeldl aghd Yeby detew @bt eynit | the
nmetal material having the sane conposition as that of

the JPEIe0ST TRATRETECIVETS WRteh itauthDrPT e about in

magneti c characteristics which may be brought gbout in
et ch-9 Tt ST b%ari“&b%r %%%’ae.sst‘? shgﬂ‘f osa}b Ha'de
not e , n j ' ri j :
compa PR e e PP R B ity
magneldn d fVefon SqUsedr&se thtoie@lad aY€ItHd, uppermost
deterioration in the magneti c characteristics can be
suppresgask i Al 1dhpeghi 4 hesslet s | shavhda bel glpseri bed

herei nafter, a non-magnetic nmetal material, for 10
exanmpleteomat ion nay tiee useghetsic hehamdatefistmmdd ¢can be
order to ensure the conductivity of the substrate such

t hat suppeessad t agel daoude thsidetr il apptiede deseribed

substrate in depositing the carbon protective film As
showl§reMaitey, & R HRAORRot@dighal fR3teakel, for

example, Cr or Ti may be used as the metal film 15 in
order to ensure the conductivity of the substrate such
that a bias voltage can be desirably applied to the
substrate in depositing the carbon protective film.

As shown in FIG. 2J, a carbon protective film 16
made of diamond-like carbon (DLC) is deposited on the
metal film 15. Further, the lubricant 17 is applied
to the carbon protective film 16. Thus, a magnetic
recording medium (discrete track medium) can be
manufactured.

Here, to form a carbon protective film, a
deposition method such as plasma-enhanced chemical
vapor deposition (PECVD) or ion beam deposition (IBD)
may be used. 1In order to obtain a carbon protective
film with good quality by such a deposition method, it
is necessary to apply a bias voltage to the substrate.
More specifically, as shown in FIG. 3, a substrate

bias voltage is applied by bringing electrodes 40 into
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is made of dianond-1ike carbon (DLC) is deposited on

the netal film15. Further, the lubricant 17 is

applied to the carbon protective film 16. Thus, a

magneti ¢ recording nedium (discrete track nmedium can

be rmanufactured. 20 Here, to forma carbon protective
film a deposition nethod such as pl asma-enhanced

chemi cal vapor deposition (PECW) or ion beam

deposition (IBD) nay be used. In order to obtain a
carbon protective filmwth good quality by such a
depostentarc et W, seTe p&l | o ek sataryhe e dgpl poat bpascf the
voltage to the substrate. More specifically, as shown

in FISS]8 1% substrate bias voltage is applied by
bringing electrodes 40 into 10 contact w th, seyveral

points at THE BUUES por t FORCaFT ( Heraratip, ATRE LPapad the
of co [ sk el 4

| EGRRE  Th AT Soeilied e FERLPERS o &

Crosss,secdional; MW SPOMha ! G Arg! Nathish this

drawi ng, filnms fornmed on the non-magnetic substrate 11

of t her &l Skg 10f i Emd10t o SO Nt ket Bbh ~maditle O Ystibetrate 11
non- magnetic material 14, on the surface of the non-

magnetf ctlstibstslat el 1ils mod shevmeimldétdil 15amd eodDy the

shown. As descri bed above, the non-nmagnetic materi al

14 i shenorrghdtaick material ol midnitge i surhrcstep e non-

FIG 2H However, it is difficult to conpletely
magnetic substrate 11, and the metal film 15 are
shown. As described above, the non-magnetic material
14 is etched-back by Ar ion milling in the step of
FIG. 2H. However, it is difficult to completely
remove the non-magnetic material 14 from the edge
portion of the disk 10, and thus a part of the non-
magnetic material 14 inevitably remains on that
portion.

Because a carbon protective film is deposited
immediately after the etch-back step in the prior art,
the electrodes 40 are made to be in contact with the
non-magnetic material 14 remaining on the edge portion
of the disk 10, making it impossible to normally apply
a bias voltage to the substrate. As a result, this
brings about deterioration in the quality of the
carbon protective film.

To the contrary, in the embodiment of the present

invention, the metal film 15 is formed on the surface

of the disk 10 in the process of FIG. 2I, making it
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renove the non-magnetic material 14 fromthe edge
portion of the disk 10, and thus a part of the non 15
magnetic material 14 inevitably remains on that
portion. Because a carbon protective filmis deposited
i medi ately after the etch-back step in the prior art,
the electrodes 40 are made to be in contact with the
20 non-magnetic material 14 Temdl nimg on the edge
portion of the disk 10, making it inpossible to
normal |y apply a bias voltage to the substrate. As a
resulROS e gy isi s AN BEt e ignatieiveen e electrodes
qual it carbon protective film 25 To the

f
cont r )F‘,onq ?qu%é“eé_}ﬂbo@i%rﬁtf’ of FHESHEIEMY ! ihRIfS ofpltage
R g e e TR R

pOSSi : C Vi Ly t ) ; S
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can kestsaticfadorid ypapplded to the substrate,
preventing the carbon protective filmfrombeing 5

deteri or atredst ruciate tyf A wdgruet ik eredfordimgngdpLratus 50

recordi ng apparatus 50 in which the nmagnetic

r ecoridi ngnirmdditure desprs thied raowed i ngirsctietme desaokibed above

medium is installed will be described wth reference

to FIG@isEreffe tafetiadiimk 10 insted kashmtidd die elescribed

spindle 51 and is rotated by the notor , , ,
with reference to FIG. 5. The magnetic disk 10 is
mounted on a spindle 51 and is rotated by the motor
that responds to control signals from a driver control
unit (not shown). A pivot 52 is provided in the
vicinity of the magnetic disk 10. An actuator arm 53
is attached to the pivot 52 so as to be pivotally
rotated. A suspension 54 is attached at the distal
end of the actuator arm 53. A head slider 55 is
supported by the suspension 54. A magnetic head
including a write pole and a magnetoresistive element
serving as a read element is incorporated in the
vicinity of the distal end of the head slider 55. A
voice coil motor 56, a type of a linear motor, is
provided to the proximal end of the actuator arm 53.
The voice coil motor 56 is constituted by a coil wound
up on a bobbin portion of the proximal portion of the
actuator arm 53, and a magnetic circuit including a

permanent magnet and a counter yoke which are arranged

to face each other so as to sandwich the coil. The




that responds to control signals froma driver control
unit (not shown). A pivot 52 is provided in the
vicinity of the magnetic disk 10. An actuator arm 53
is attached to the pivot 52 so as to be pivotally 15
rotated. A suspension 54 is attached at the distal

end of the actuator arm 53. A head slider 55 is
supported by the suspension 54.1A nmagneti c head
including a wite pole and a nmagnetoresistive el enent
serving as a read elenment is incorporated in the 20
vi ci miatpagfon ermdi st als eswk witacheoshedte staides <5'5il Anotor
voi ce coil notor 56, a type of a |inear notor,

providfed t&hehs Fagha Uitk tHe bz tiptaredr n‘ﬁf!’f?; air

The voice coil notor 56 |s constitu coil wound

up o2 IdBhi TS o) t ﬁeiﬁf? %%r%%r?%fli eld so
25 aCt u%:[ orhaavremasgﬂr acpeq:earmnar%naetfoltéllcr%l gﬁlqlt ItnC.Il. u:jnléq%

per mane net a counter e ngeed
5 to f @ﬂ:ceh oq.it thﬁu?so' lwrlﬁbe ailr?d read
act uat or arm 53 1| S act uat e e VOI ce COI | notor

56. Wrendie vmane! gl %é%dgﬁ’lé@@tcﬁ%ktﬂ? #d performed
beari ng surface (ABS) of the head slider 55 is held so

as t oyhavre angyredeiemdawd flying height fromthe 5
surface of the magnetic disk 10. Thus, wite and read
of data to and fromthe magnetic disk 10 are perforned
by the magnetic head. 13



10

15

20

25

VWHAT IS CLAIMED IS: 1. A magnetic recording nmedi um
conprising: a non-nagnhetic substrate; patterns of
magneti c recording |ayer separated 5 from one anot her
and a non-magnetic material filled in between the
patterns of the magnetic recording layer which are
formed on the non-nmagnetic substrate; a netal film
formed on the patterns of magnetPc ~recording |ayer
and the non-magnetic material; and 10 a carbon
protective filmformed on the netal film 2. The
magnetic recordi ng nedi®#TadSodifdd & 16 ai m 1,
wherein th pq%terns of the magnetic recording,laxe[
forn1discr§te FARKEC TR BECHT Al na AR W r GUBP H AR T

medi um according to  claim,\l, wherein the magnetic
recording Tayer conprrses two of fhrore magnetic

| ayers. 4..7J i i ' di
i3, WRereT i ner R FERIT o SRELNE PECOE (et e
magnet # & M@l a it aénchaé/irf&u-trﬁ‘@g&@ﬂ?c GRAIROSsi 41 gf‘iﬁﬁed in

that of an uppernost magnetic |ayer included in the
magnedd tovegeac ottl niptteyeis & the ngietic recordimg layer
medi um according to claim3, wherein the netal film

i s fotniezh gfrea REedyret | theretal-megrertiat havs tiptae
conposition different fromthat of an uppernost '
magnet i ¢ |%“mﬁtchﬁh5@df9¢med on the patterns of magnetic

recording layer and the non-magnetic material; and

a carbon protective film formed on the metal
film.

2. The magnetic recording medium according to
claim 1, wherein the patterns of the magnetic
recording layer form discrete tracks.

3. The magnetic recording medium according to
claim 1, wherein the magnetic recording layer
comprises two or more magnetic layers.

4. The magnetic recording medium according to
claim 3, wherein the metal film is formed of a
magnetic metal material having the same composition as
that of an uppermost magnetic layer included in the
magnetic recording layer.

- 5. The magnetic recording medium according to
claim 3, wherein the metal film is formed of a
magnetic metal material having a composition different
from that of an uppermost magnetic layer included in

the magnetic recording layer.
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the magnetic recording |layer. 14 6. The magnetic
recordi ng nedi um according to claim 3. wherein the

two or nore magnetic layers includes at |east one
magnetic |ayer in which grains containing Co as a

mai n conponent and Pt are dispersed 5 in a netal oxide
and at | east one another nagnetic |ayer containing Co
as a main conponent and C butlfiot- containing a

nmetal oxide. 7. The magnetic recording nmedi um

according to claim®6F wherein the netal oxide is

formed of @n okhelemagebicareeobding| pedednfaoperdéng to
group consi sting of Cr, Si, Ta, Al and Ti., 8. The
nmagnett 21T etor i oL Fedf iftn BEe o Bl TF € dNeEPRF HY 1tayers
wherejn the nmetal . filmis fornmed of non-. ma netgc .
ot al L RELETT A1 0 1B THES RGN 1 rERET i HY HetlrgTa ins
accor di . clai : [ - [

ot or o s £Png R 8 MR Do B RO R i SR fyporsed
and. Tin JGne s 1188008k Ofndref ACS 4K | S 8 HBEHSE I fagnetic
recordi ng nedi um conprising: 20 depositing a magnetic

r ecorxh y@r | @yet a D g NOA-a SeYned 1€ Sohisdiat €, areddct el not
patterning the magnetic recording |ayer into patterns

separatreck fiiiony omenetanbtdretrdefil 11 ng a non-magnetic
material in between the
7. The magnetic recording medium according to

claim 6, wherein the metal oxide is formed of an oxide
of a metal selected from the group consisting of Cr,
Si, Ta, Al and Ti.

8. The magnetic recording medium according to
claim 1, wherein the metal film is formed of a non-
magnetic metal material.

9. The magnetic recording medium according to
claim 8, wherein the non-magnetic metal material is
selected from the group consisting of Cr and Ti.

10. A method of manufacturing a magnetic
recording medium, comprising:

depositing a magnetic recording layer on a non-
magnetic substrate, and then patterning the magnetic
recording layer into patterns separated from one
another;

filling a non-magnetic material in between the
patterns of the magnetic recording layer, and then
planarizing the non-magnetic material so as to expose

the patterns of the magnetic recording layer;
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25 patterns of the magnetic recording |layer, and then
pl anari zing the non-nmagnetic nmaterial so as to expose
the patterns of the magnetic recording |ayer; 15
depositing a netal filmon the patterns of the
magneti c recording | ayer and the non-nmagnetic
material; and depositing a carbon protective filmon
the netal 5 filmwhile applyingba bias voltage to the
substrate. 11. The method according to cl ai m 10,
wherein the magnetic recording layer is patterned into
di screte tderdsitiyg aheetwt hbidlmceoridhegoatotetas nedothe
wherein 10 the magnetic recording |ayer conprises two
or NIRENSFEGhSIE@UHYEr slayex ark The s deasieliig to
claim12, wherein a magnetic nmetal material having
the S@H ot on as that of an uppernpst magnetic

| ayer included in the 15 netic recordi | ayer, . s
depositedcgE T Hd & “HIH Eirélo.teﬁ%l%tﬁ% 2Lt o Hgetat

to clgimg %il‘@%ffp?ﬂ'yi%g nagneld ¢ el fe B il s i ke .

a conposi tion di rent” fromthat of” an upper nost
magnetic layer tHeImdathd hadh idenhdragnedl £if ec®) direin

| ayer is deposited as the nmetal film 15. The nethod
accordiengnagnetlial mekhrdihey didyer is patterned into
discrete tracks.

12. The method according to claim 10, wherein
the magnetic recording layer comprises two or more
magnetic layers.

13. The method according to claim 12, wherein a
magnetic metal material having the same composition as
that of an uppermost magnetic layer included in the
magnetic recording layer is deposited as the metal
film.

14. The method according to claim 12, wherein a
magnetic metal material having a composition different
from that of an uppermost magnetic layer included in
the magnetic recording layer is deposited as the metal
film.

15. The method according to claim 12, wherein
the two or more magnetic layers includes at least one
magnetic layer in which grains containing Co as a main
component and Pt are dispersed in a metal oxide and at
least one another magnetic layer containing Co as a

main component and Cr but not containing a metal
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the two or nore magnetic |layers includes at |east one
magnetic layer in which grains containing Co as a main
25 conponent and Pt are dispersed in a netal oxide and
at | east one another magnetic layer containing Co as
a main conmponent and Cr but not containing a netal 16
oxide. 16. The nethod according to claim15, wherein
the metal oxide is forned of-anl®xite of a netal
selected fromthe group consisting of Cr, Si, Ta, Al

5 and Ti. 17. The nethod according to claim 10,

wher e#iide. non- nagnetic netal material is deposited as
the netal film 18. The nethod according to claim17,
wherein 106 t hel e riuefpetaecopdiang e e¢daimikd, wherein
selected fromthe group consisting of C and Ti. 19.
The MEth ety D QA PL Ahereide the tson

protective filmis deposited b | asma- e nceg
chenica ecstaepdorg?aoempotg} ior O clonnsp Sedm s tndggrdsie%jli’onT.a’ Al
20. Amgnetic recording apparatus conprising: the

magneti ¢ recordi ng medi um according to claim1; and a
magnetic head.The method according to claim 10, wherein a

non-magnetic metal material is deposited as the metal
film.

18. The method according to claim 17, wherein
the non-magnetic metal material 1s selected from the
group consisting of Cr and Ti.

19. The method according to claim 17, wherein
the carbon protective film is deposited by plasma-
enhanced chemical vapor deposition or ion beam
deposition.

20. A magnetic recording apparatus comprising:
the magnetic recording medium according to claim 1;

and a magnetic head.



