1 DESCRIPTION MAGNETIC RECORDING MEDIUM AND METHOD FOR MANUFACTURING THE
SAME, AND MAGNETIC RECORDING REPRODUCING APPARATUS 5TECHNICAL FIELD [0001]
The present invention relates to a magnetic recording medium used for a magnetic recording
reproducing apparatus (hard disk drive) and a methodjfor manufacturing the same, and a magnetic
recording reproducing apparatus. 10This application claims priority on Japanese Patent Application
No. 2008-098106 filed on April 4, 2008, the diséSrBIGTIMMBR is incorporated by reference herein.
BACKGROUND ART 15[0002] Recently, magnetic recording has been utilized, for example, for
magnetic recordW@HM&W@M@W@@@RQM&E@@W@M@&EMM and its
applicability has increased significantly and its importance has also increased. Recording density of
magnetic recording iediNEedfd? MédeMdellceR HaOBEEN (nBleBBeH 2HsIhifitBRIRA00G3] With
the ntroduction of an MR head and a PRML technology, surface recording density has improved still
more significantly. In recent years, GMR heads and TNIR heads have also been introduced, which

further increase the surface recording density by
5 TECHNICAL FIELD

[0001]

The present invention relates to a magnetic recording médium used for a
magnetic recording reproducing apparatus (hard disk drive) and a method for
manufacturing the same, and a magnetic recording reproducing apparatus.

10 This application claims priority on Japanese Patent Application No.
2008-098106 filed on April 4, 2008, the disclosure of which is incorporated by reference

herein.

BACKGROUND ART
15 [0002]

Recently, magnetic recording has been utilized, for example, for magnetic
recording reproducing apparatus, flexible disk devices and magnetic tape devices, and its
applicability has increased significantly and its importance has also increased.

Recording density of magnetic recording media used for these devices has been increased
20 significantly.

[0003]

With the introduction of an MR head and a PRML technology, surface recording
density has improved still more significantly. In recent years, GMR heads and TMR
heads have also been introduced, which further increase the surface recording density by

25 about 100% per year.



25about 100% per year. 2 [0004] Accordingly, there is a demand to further increase recording
density of these magnetic recording media. Specifically, it is required to increase a coercive force, a
signal-to-noise ratio (SNR) and resolution of magnetic layers. In recent years, efforts 5have been
made to increase surface recording density by increasing, linear recording density and track density.
[0005] The most recent magnetic recording reproducing apparatus has track density of as high as 110
KTPI. As the track der8f94hcreases, however, magnetic recording 10information between adjacent
tracks begins interfering with each other, which may easily cause a problem that a magnetizing
transition area of a bofdeputiaglpcbernas adeolsadsiourashiianersese aeesding SMNRILThEtHegrease in the
SNR causes a decrease in a bit error rate, which is an obstacle to an improvement in recording
density. [0006jn8nhe iy skaotd iz reedie- sublerseliedbrding thansitd, i isaeasessenyredvgriviie 2
reduced-sized recording bits on the magnetic recording medium, each recording bit having maximum
possible satursigonlfivanriesi ratio (SN Rbxtichtasp PO ESIIsIE maggaetitafing thibkiress! Yere s&ferroblem,
however, that the reduced-sized recording bit has a small magnetizing minimum volume per 1 bit and

recorded datahaied/bdappdaidinensRoflukecsversalioa dan by oactastuabipaar recording

density and track density.

[0005]

The most recent magnetic recording reproducing apparatus has track density of
as high as 110 kTPI.  As the track density increases, however, magnetic recording

10 information between adjacent tracks begins interfering with each other, which may easily
cause a problem that a magnetizing transition area of a border area becomes a noise
source that decreases the SNR. The decrease in the SNR causes a decrease in a bit error
rate, which is an obstacle to an improvement in recording density.

[0006]

15 In order to increase surface recording density, it is necessary to provide
reduced-sized recording bits on the magnetic recording medium, each recording bit
having maximum possible saturation magnetization and maximum possible magnetic
film thickness. There is a problem, however, that the reduced-sized recording bit has a
small magnetizing minimum volume per 1 bit and recorded data may disappear due to

20  flux reversal caused by heat fluctuation.

[0007]

Since adjacent tracks are close to each other in a high track density
configuration, a significantly precise track servo technique is necessary for a magnetic
recording reproducing apparatus. Therefore, information is recorded on a larger number

25  of tracks and reproduced in a smaller number of tracks in order to avoid influence from



[0007] Since adjacent tracks are close to each other in a high track density configuration, a
significantly precise track servo technique is necessary for a magnetic recording reproducing
apparatus. Therefore information is recorded on a larger number of tracks and reproduced in a smaller
number of tracks in order to avoid influence from 3 adjacent tracks as much as possible. In this
manner, however, although influence between the tracks can be controlled to the minimum, it is
difficult to obtaihiaassufficidntaseprstustionsobiput Endithuetacprbviviey ersutheleht SNRNBO08] 5in order
to avoid the above heat fluctuation problem and to provide a sufficient SNR and to provide sufficient
output, an attéeiptehashissesknade o fonicdledirdrortonren considilfmidhtamngntestétioieling tracks
on the surface of the magnetic recording medium so as to physically separate the recording tracks
from one anotiseraduisicreasepticundhdius énsigvide eesnbfensidiRa technique is usually referred to as a
discrete 10 track method, and a magnetic recording medium manufactured by this discrete track
method is referred to #08%iscrete track medium). An attempt has also been made to provide a
so-called patterned medium that has further divided data areas in the same track. [0009] 15There is
known, a8 an examplérofudes tisoieitthaskanelnatlur weitpnatio bbaso i doredtiiia drswikidpna
magnetic layer is formed on a non-magnetic substrate with concavo-convex pattern formed on the
surface to fouRlafphydicaiipvrlsareliecanagotc recdiuing headicemmadsdpidsignal pattern (see, for
example, Patent Document 1). [0010] 20The disclosed magnetic recording medium includes a
ferromagneticdenefonpedvrahbsurtioe e shb seeansingir plksairciscavecoriiér sssiglifations on
the surface via a soft magnetic layer, a protective film being formed on the surface of the
ferromagnetictkepedimheedagn stieséetuipigathe sipadiaddncestéor Ercetion one another to

increase the track density (hereinafter, such a technique is usually referred to as a discrete

10 track method, and a magnetic recording medium manufactured by this discrete track
method is referred to as a discrete track medium). An attempt has also been made to
provide a so-called patterned medium that has further divided data areas in the same
track.

[0009]

15 There is known, as an example of the discrete track medium, a magnetic
recording medium in which a magnetic layer is formed on a non-magnetic substrate with
a concavo-convex pattern formed on the surface to form a physically-separated magnetic
recording track and a servo signal pattern (see, for example, Patent Document 1).

[0010]

20 The disclosed magnetic recording medium includes a ferromagnetic layer
formed on the surface of a substrate with plural concavo-convex configurations on the
surface via a soft magnetic layer, a protective film being formed on the surface of the
ferromagnetic layer. The magnetic recording medium has, in its convex area, a
magnetic recording area which is physically separated from the surrounding areas.

25  According to the magnetic recording medium, since formation of a magnetic wall in the



magnetic recording area which is physically separated from the surrounding areas. According to the
magnetic recording medium, since formation of a magnetic wall in the 4 soft magnetic layer can be
avoided and influence of the heat fluctuation can be prevented, there is no interference between
adjacent signals, Thus, a high-density magnetic recording medium with less noise can be provided.
[0011] The discrete track method includes a method of physically forming tracks after a magnetic
recording medieftmcamsistihg of sevesahbitedimdayérsistorftecdhentdlactmetivodof fermbvgaed,
concavo-convex pattern on a substrate surface and then forming a thin magnetic recording medium
film (see, for ekarnpeicRateritDosubabmntsadrad 3. {R0BR 10Asthemgbtdeostf phasically separating
an area between magnetic tracks of a discrete track medium, a method of injecting nitrogen ions and
oxygen ions ints@greimédarily fotimesh conttmaous: agynétit layer or by irradiating with laser so as to
change magnetic characteristics of that area is disclosed (see, for example, Patent Documents 4 to 6),
15[Patent Document IPJaplanese Unexamined Patent Application, First Publication No. 2004-164692
[Patent Document 2] Japanese Unexamined Patent Application. First Publication No. 2004-178793
[Patent Ddcument 3] Japadieset rexamiribodPatbntcAppticttion FirstiealhjidatiomNoadc2gt1 -1 78794

[Patent Document 4] Japanese Unexamined Patent Application First Publication No. Hei 5-205257
[Patent Documennsiidapandse drdxamicasi FBatent spplidationfiFrstyRubilicitiorden?006-209952
method of forming a concavo-convex pattern on a substrate surface and then forming a
thin magnetic recording medium film (see, for example, Patent Documents 2 and 3).
[0012]
10 As the method of physically separating an area between magnetic tracks of a
discrete track medium, a method of injecting nitrogen ions and oxygen ions into a
preliminarily formed continuous magnetic layer or by irradiating with laser so as to
change magnetic characteristics of that area is disclosed (see, for example, Patent
Documents 4 to 6).
15 [Patent Document 1] Japanese Unexamined Patent Application, First Publication No.
2004-164692
[Patent Document 2] Japanese Unexamined Patent Application, First Publication No.
2004-178793
[Patent Document 3] Japanese Unexamined Patent Application, First Publication No.
20 2004-178794
[Patent Document 4] Japanese Unexamined Patent Application, First Publication No. Hei
5-205257
[Patent Document 5] Japanese Unexamined Patent Application, First Publication No.

2006-209952

25  [Patent Document 6] Japanese Unexamined Patent Application, First Publication No.



25[Patent Document 6] Japanese Unexamined Patent Application, First Publication No. 2006-309841
DISCLOSURE OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION 5[0013]
As described above, in the step of manufacturing a discrete track medium and a patterned media, in
order to form a physically separated magnetic recordigg area, there is used a method of forming a
separated magnetic recording pattern on a magnetic layer by subjecting to reactive plasma including
oxygen or hal@ges30p8dactive ions, or a method 100f forming a separated magnetic recording area by
injecting ions into a magnetic layer (hereinafter referred to as a magnetic layer modifying method).
[0014] These manufacturing methods are methods for manufacturing a discrete track medium and
patterned media by forming a mask layer on the surface of a magnetic layer; 15 patterning the mask
layer using photolithographic technoBdyCaabInjEcting ToHs INteraNddUndary area of a magnetic
recording area, thereby causing deterioration of magnetic characteristics of the portion, or
on-magnetizing the portion. [{REGBTEAES ramieiniginethods AhevéReElient in that the
manufacturing process 20can be simplified and that an influence of contamination of the magnetic
recordingdmedium in tH®bdanufacturing process can be decreased as compared with a manufacturing
method in which a non-magnetic material is buried in a boundary area by physically processing a
magnetic layer and theys tiescsiaebdssmobthgned{emifeheirefedied ¢t deck madnstiendyer
processing method). |

patterned media, in order to form a physically separated magnetic recording area, there is

used a method of forming a separated magnetic recording pattern on a magnetic layer by
subjecting to reactive plasma including oxygen or halogen, or reactive ions, or a method
10 of forming a separated magnetic recording area by injecting ions into a magnetic layer
(hereinafter referred to as a magnetic layer modifying method).
[0014]
These manufacturing methods are methods for manufacturing a discrete track
medium and patterned media by forming a mask layer on the surface of a magnetic layer;
15  patterning the mask layer using photolithographi§ technology; and injecting ions into a
boundary area of a magnetic recording area, thereby causing deterioration of magnetic
characteristics of the portion, or non-magnetizing the portion.
[0015]
These manufacturing methods are excellent in that the manufacturing process
20 can be simplified and that an influence of contamination of the magnetic recording
medium in the manufacturing process can be decreased as compared with a
manufacturing method in which a non-magnetic material is buried in a boundary area by
physically processing a magnetic layer and then the surface is smoothened (hereinafter
referred to as a magnetic layer processing method).

25 [0016]




[0016] 6 On the other hand, in the magnetic recording medium manufactured by these methods,
since the portion where partial irradiation with ions and injection of ions are conducted to the
continuous magnetic layer is slightly removed (etched) relative to the other portion, a difference in level
is formed between the magnetic recording area and the Sneighboring boundary area, In this case, the
surface can be smoothed by filling the portion having a difference in level with other substances.
However, when such &methoitids hiseld jratheerit gfcii onagmetitlayetimodifyinfenetddy theaemagnetic
layer processing method disappears. [0017] 10Although high smoothness is required to the surface of
the magnetic neetroilngsmedihepdrasedvberthestielWwpaiistoatvathightscontajestonvéxopsnfiguration is
permitted, a carbon film was formed on a magnetic layer by a CVD method in a state where a
concavo-convesrconfiguratiercoetaiossbetgeic thgemaghehidyrecondiod) (ardzdnc it bouthdary area of
the above magnetic layer. As a result, it was found that the thickness 150f the carbon film at the
concave part wherepintisarediffectectbedomies Smaté hittaedh dtcohegnvex pact dine reciomsidhe not
injected, although it depends on film formation conditions of the carbon film. This reason is considered
that carban radisgldtoimgesh nydtng €34D nhethstiss ohcentiate daorbthecotivekipyaillofghiee surface of
the substrate and nucleation of carbon at the portion is preferentially conducted, and thus the
thickness of 2@t @atavimfjlnldidrecomiexgarithetomeskugersthaH dhatvef, thbenthierhportion. [0018]
The carbon protective layer to be foimed on the surface of the above magnetic recording medium has,
in addition to arfethotios wfedratectiite fhenmagpistic yecoaifyinpeditho from corgaetintyeith the
magnetic head, a function of preventing the magnetic 25layer from corroding (oxidizing) due to
moisture in atrpospkeng miethod disappears.

[0017]
10 Although high smoothness is required to the surface of the magnetic recording
medium, based on the viewpoint that a sight concavo-convex configuration is permitted,
a carbon film was formed on a magnetic layer by a CVD method in a state where a
concavo-convex configuration remains between the magnetic recording area and the
boundary area of the above magnetic layer. As a result, it was found that the thickness
15 of the carbon film at the concave part where ions are injected becomes smaller than that
of convex part where ions are not injected, although it depends on film formation
conditions of the carbon film. This reason is considered that carbon radicals formed by
the CVD method is concentrated on the convex part of the surface of the substrate and
nucleation of carbon at the portion is preferentially conducted, and thus the thickness of
20  the carbon film of the convex part becomes larger than that of the other portion.
[0018]
The carbon protective layer to be formed on the surface of the above magnetic
recording medium has, in addition to a function of protective the magnetic recording
medium from contacting with the magnetic head, a function of preventing the magnetic

25  layer from corroding (oxidizing) due to moisture in atmospheric air.




[0019] As is apparent from the present inventors' study, in a magnetic recording medium including at
least a magnetic layer and a carbon protective layer formed on a substrate, if a concavo-convex
configuration is present on the surface of the magnetic 5layer, the thickness of the carbon protective
layer that covers the concave part of the magnetic layer becomes smaller, and thus corrosion of the
magnetic layer is likely to proceeds from the portion. This reason is considered that, since the carbon
protective layer at the [66ih@hve part of the magnetic layer is simply is thin, the corrosion of this area
proceeded and also there is a difference in the thickness of the carbon protective layer on 10 the
surface of the magnetisslaygrpdithetéforetlit pesamenappansnstiht, iwhemtnetcarbomdingtective layer
has a distribution in a thickness direction and a material that is likely to be corroded is present under
the hin portiomuofdinencarhaiingretéctie lagenstoirysiomadttharporgootéstaccikligrafedn§d020d 15The
present invention has been made in view of the aforementioned related art problems, and an object
thereof is to provittet Magnetiaveconding cnetiguma that p revemisoccho siofate delyememtettin the
above magnetic layer, thus enabling an improvement in environmental resistance, and a method for
manufactdringlaher shmicmd s nfagn etiboequndngvie prootibiig apparatususing te ehégnetic
recording medium. 20 MEANS TO SOLVE THE PROBLEMS [0021] The present invention provides
the following meznstil)Ayendgneties scritingm ol moimointing, the rmasnbstr &tgsrait Ldast wmagnetic
layer

proceeds from the portion. This reason is considered that, since the carbon protective

layer at the concave part of the magnetic layer is simply is thin, the corrosion of this area
proceeded and also there is a difference in the thickness of the carbon protective layer on

10 the surface of the magnetic layer. Therefore, it became apparent that, when the carbon
protective layer has a distribution in a thickness direction and a material that is likely to
be corroded is present under the thin portion of the carbon protective layer, corrosion at
the portion is accelerated.

[0020]

15 The present invention has been made in view of the aforementioned related art
problems, and an object thereof is to provide a magnetic recording medium that prevents
corrosion to be generated in the above magnetic layer, thus enabling an improvement in
environmental resistance, and a method for manufacturing the same, and a magnetic
recording reproducing apparatus using the magnetic recording medium.

20

MEANS TO SOLVE THE PROBLEMS
[0021]
The present invention provides the following means.
() A magnetic recording medium including, on a substrate, at least a magnetic layer

25  and a carbon protective layer that covers the magnetic layer, wherein




and a carbon protective layer that covers the magnetic layer, wherein a convex part serving as a
magnetic recording area, and a concave pan serving as a boundary area that separates the magnetic
recording area are provided on the surface of the magnetic layer, and a barrier layer containing
mainly Cr or Ti is formed between the concave part 5sgrving as the boundary area and the carbon
protective layer. (2) The magnetic recording medium according to (1), wherein the boundary area is
formed by modifying aaportien plthemagrsticolageetic (&)oftiegragmetid revoaing rardiumngccording
to (1) or (2), wherein the thickness of the carbon protective layer on the magnetic recording area is
more than theahickneskfafthhaadparaprotective tayerrerptimp evmdaeyparesied 4 The surdgpetic
recording medium according to any one of ( to (3) wherein the thickness of the barrier layer is from 0.3
to 5 nm. (5) Aofitbthoddoetmamusfasturing a magnetic recording medium including the steps of:
15forming a magnetic layer on a substrate; forming a concave part serving as boundary area that
separates a magnetic séeordingareanonitne surfiayeCofahél mdgmetic Yatreecfdimingneabaniat layer
containing mainly Cr or Ti at the concave part; and foiling a carbon protective layer that covers the
magnetic fayesamthghes barHden@layer $6) Trecarbthout dechanafacturing a magnetic recording
medium according to claim 5, wherein the step of forming the concave part serving as the boundary
area that sepafdites th&hmagreetit cecording aredivonatsiimiase(bf, avhraginetic tayedimglaugessthe
substeps of: 25forming a mask layer on the magnetic layer; 9
formed by modifying a portion of the magnetic layer.
(3) The magnetic recording medium according to (1) or (2), wherein the thickness
of the carbon protective layer on the magnetic recording area is more than the thickness
10 ofthe carbon protective layer on the boundary area.
4) The magnetic recording medium according to any one of (1) to (3), wherein the
thickness of the barrier layer is from 0.3 to 5 nm.
(5) A method for manufacturing a magnetic recording medium, including the steps
of:
15 forming a magnetic layer on a substrate;
forming a concave part serving as boundary area that separates a magnetic
recording area, on the surface of the magnetic layer;
forming a barrier layer containing mainly Cr or Ti at the concave part; and
forming a carbon protective layer that covers the magnetic layer and the barrier
20  layer.
(6) The method for manufacturing a magnetic recording medium according to claim
5, wherein the step of forming the concave part serving as the boundary area that
separates the magnetic recording area, on the surface of a magnetic layer includes the

substeps of:

25 forming a mask layer on the magnetic layer;




forming a resist layer on the mask layer; forming a concave part at the position corresponding to
the boundary area of the resist layer; removing the mask layer at the part corresponding to the
concave part; and 5exposing the exposed surface of the magnetic layer at a portion where the mask
layer is removed, to reactive plasma or reactive ions, t§1ereby modifying the magnetic layer at the part.
(7) The method for manufacturing a magnetic recording medium according to (6), wherein, in the
substep of forming the@araave gt lat thepdsitinakdsmesponding to the 10boundary area of the resist
layer, the resist layer is irradiated with radiation in a state where a stamp is pressed against the resist

layer, thereby transferfirgiaghapecathamstaniptootigoiesistdayaiding8) THecbmeihuog foranarhefacturing
a magnetic recording medium according to (6) or (7) wherein a portion of the magnetic layer at a
portion where ithigsmagde;layer is removed 15is removed through ion milling. (9) The method for
manufacturing a magnetic recording medium according to (6), wherein the step of forming the barrier
layer containing mainlye@oand tlad thesicdneave parpanctucespdiel sigstépscoficave part; fardning the
barrier layer on the surface of the magnetic layer and on the resist 20layer; and removing the
resist layer and the maskdayigrianekalsedsmdving tiie: badgiestiayereonttheaeRiatidyer theongdh lift-off.
(10) The method for manufacturing a magnetic recording medium according to (9), wherein, when the
barrier layer faanedoritheddagnesicirecolding aresaof theomagineticy hibyenistseleativetic removed,
the surface of the magnetic recording area is irradiated with ion beam from an oblique direction.
layer at the part.
(7) The method for manufacturing a magnetic recording medium according to (6),
wherein, in the substep of forming the concave part at the position corresponding to the
10 boundary area of the resist layer, the resist layer is irradiated with radiation in a state
where a stamp is pressed against the resist layer, thereby transferring a shape of the stamp
to the resist layer.
(8) The method for manufacturing a magnetic recording medium according to (6) or
(7), wherein a portion of the magnetic layer at a portion where the mask layer is removed
15 isremoved through ion milling.
) The method for manufacturing a magnetic recording medium according to (6),
wherein the step of forming the barrier layer containing mainly Cr or Ti at the concave
part includes the substeps of:
~ forming the barrier layer on the surface of the magnetic layer and on the resist
20  layer; and
removing the resist layer and the mask layer and also removing the barrier layer
on the resist layer through lift-off.

(10) The method for manufacturing a magnetic recording medium according to (9),

wherein, when the barrier layer formed on the magnetic recording area of the magnetic



(11)A magnetic recording reproducing apparatus including: the magnetic recording medium according
to any one of (1) to (4); a medium driving unit that drives the magnetic recording medium in a
recording direction; a magnetic head that performs a recording operation and a reproducing
operation to the magnetic recording medium; fyhead moving unit that moves the magnetic
head relative to the magnetic 10 recording medium; and a recording reproducing signal
processing uriytiras ispets wignais co dheimagrietic dishe maghetisrodosts sigeals owmpateftonthhe
magnetic head. EFFECTS OF THE INVENTION 15[0022] As described above, according to the
invention; it isipobsiseftonp rovidéi gumdigewtinrecording medium that is excellent in corrosion
resistance of a magnetic layer and has particularly high environmental resistance under a
high-temperatuile andAighehetividitoshugoemehisingdipateserckifeng:in productivity; and a method
for 20 manufacturing the same; and a magnetic recording reproducing apparatus using the magnetic
recording medium. BRIERRESCREPTHIN OFITHEDRAMINGS J00R3]T (1) tec¢diding medium to which
the invention is applied. _
5 a medium driving unit that drives the magnetic recording medium in a recording
direction;
a magnetic head that performs a recording operation and a reproducing operation
to the magnetic recording medium;
a head moving unit that moves the magnetic head relative to the magnetic
10 recording medium; and

a recording reproducing signal processing unit that inputs signals to the

magnetic head and reproduces signals output from the magnetic head.

EFFECTS OF THE INVENTION
15 [0022]

As described above, according to the invention, it is possible to provide a
magnetic recording medium that is excellent in corrosion resistance of a magnetic layer
and has particularly high environmental resistance under a high-temperature and
high-humidity environment, and is also excellent in productivity; and a method for

20  manufacturing the same; and a magnetic recording reproducing apparatus using the

magnetic recording medium.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

25 Fig. 1A is a cross-sectional view for explaining a magnetic layer of a magnetic




Fig. 1B is a cross-sectional view For explaining a magnetic layer of a magnetic recording medium to
which the invention is applied. Fig. 1C is a cross-sectional view for explaining a magnetic layer
of a magnetic 5recording medium to which the invention is applied. Fig. 2 is cross-sectional view
for explaining a step of manufacturing a magnetic recgrding medium to which the invention is applied,
which shows a step A. Fig. 3 is cross-sectional view for explaining a step of manufacturing a
magnetic recardinglimediediito whiticthé¢rnveanttomis applied, which shows a step B. 10Fig. 4 is
cross-sectional view for explaining a step of manufacturing a magnetic recording medium to which the
invention is applied, whigh! Bhewsmastepctonal viewgfd isxprassagectiopadtiichaytorodxplapingia step of

manufacturing a magnetic recording medium to which the invention is applied, which shows a step D.
Fig. 6 is crossreaatitmamdémwnion exjpleinirg @ steprofsragpitfdcturing a magnetic 15recording medium to
which the invention is applied, which shows a step E. Fig. 7 is cross-sectional view for explaining
a step of manufacturirfij@a Magnretio sesardng! medition ¢tapddiichgheringesitolayisragplisdgndiich shows a
step F. Fig. 8 is cross-sectional view for explaining a step of manufacturing a magnetic recording
medium t6 whietotldininuexdiion ts aitiethevidnichtshowspeistdp G. Fig. 9 is cross-sectional view for
explaining a step of manufacturing a magnetic recording medium to which the invention is applied,
which shows a step HFig. 2 iFigodQssctrmasssestionakylewifgr expladiingaSteprof grramafmetining a
magnetic recording medium to which the invention is applied, which shows a step I. Fig. 11 is
cross-sectionakviedifgmesplainiogvai sheph cofmeaniofastapipiged, waghetio ®S restopding medium to which
the invention is applied, which shows a step J.
Fig. 3 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step B.
10 Fig. 4 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step C.
Fig. 5 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step D.
Fig. 6 is cross-sectional view for explaining a step of manufacturing a magnetic
15  recording medium to which the invention is applied, which shows a step E.
Fig. 7 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step F.
Fig. 8 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step G.
20 Fig. 9 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step H.
Fig. 10 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step .

Fig. 11 is cross-sectional view for explaining a step of manufacturing a magnetic

25 recording medium to which the invention is applied, which shows a step J.




Fig. 12 is a cross-sectional view showing a step of removing a barrier layer. Fig. 13 is a perspective
view of an exemplary configuration of a magnetic recording reproducing apparatus to which the
invention is applied. DESCRIPTION OF REFERENCE NUMERALS [0024] 1: Non-magnetic substrate
2: Magnetic layer 3: Mask layer 104: Resist layer 5: Stamp 6: Boundary area (concave part) 7:
Magnetic recording area (convex part) 8: Barrier layer 159: Carbon protective layer 31: Magnetic disk
(magnetic recording ngdium)S2credaten: diiving: sedion{me diepro fraring sgciibayddidvagnetic head
34: Head driving section (head moving means)

Fig. 13 is a perspective view of an exemplary configuration of a magnetic

recording reproducing apparatus to which the invention is applied.

5 DESCRIPTION OF REFERENCE NUMERALS

[0024]
1: Non-magnetic substrate
2: Magnetic layer
3: Mask layer

10 4: Resist layer
5: Stamp
6: Boundary area (concave part)
7: Magnetic recording area (convex part)
8: Barrier layer

15 9: Carbon protective layer
31: Magnetic disk (magnetic recording medium)
32: rotation driving section (medium driving section)
33: Magnetic head
34: Head driving section (head moving means)

20 35: Recording and reproducing signal processing system (Recording and

reproducing signal processing means)

100: Magnetic layer
101: Convex part
102: Concave part

25 103: Carbon protective layer




2035: Recording and reproducing signal processin.g system (Recording and reproducing signal
processing means) 100: Magmetic layer 101: Convex part 102: Concave part 25103: Carbon
protective layer 13 M: Magnetic recording area 8: Boundary area BEST MODE FOR CARRYING OUT
THE INVENTION [0025] A magnetic recording mgdium and a method for manufacturing the
same, and a magnetic recording reproducing apparatus, to which the present invention is applied, will
be described in detail Mith peferencetoding aweompanying drawings. For the ease of
understanding, characteristic features in the drawings referred to 10in the following description are

enlarged in some drawirgsunliecprdiagly, components are not necessarily illustrated in actual
dimensional ratios. [0026] (Magnetic recording medium)

BEST MODE FOR CARRYING OUT THE INVENTION
5 [0025]

A magnetic recording medium and a method for manufacturing the same, and a
magnetic recording reproducing apparatus, to which the present invention is applied, will
be described in detail with reference to the accompanying drawings.

For the ease of understanding, characteristic features in the drawings referred to

10 in the following description are enlarged in some drawings. Accordingly, components
are not necessarily illustrated in actual dimensional ratios.

[0026]

(Magnetic recording medium)
The magnetic recording medium to which the present invention is applied is
15 characterized by including at least a magnetic layer and a carbon protective layer, formed
on a substrate, a convex part serving as a magnetic recording area, and a concave part
serving as a boundary area that separates the magnetic recording area being provided on
the surface of the magnetic layer, and a barrier layer containing mainly Cr or Ti being
formed between a boundary area of the magnetic layer and the carbon protective layer.
20 [0027]

Specifically, when the magnetic recording medium is viewed from the surface
side, a separated magnetic recording area is formed by forming a non-magnetized
boundary area on a continuous magnetic layer. In the present invention, when the
magnetic layer is viewed from the surface side, the magnetic recording area may be

25  separated by the boundary area and, even if the magnetic recording area is not separated




The magnetic recording medium to which the present invention is applied is 15characterized by
including at least a magnetic laver and a carbon protective layer, formed on a substrate, a convex part
serving as a magnetic recording area, and a concave part serving as a boundary area that separates
the magnetic recording area being provided on the sufface of the magnetic layer, and a harrier layer
containing mainly Cr or Ti being formed between a boundary area of the magnetic layer and the

carbon protectivehtaysttor 0§02z hSpecitcalyt, whepdhtbiaag aeilevedardisjgemetihipissviewed from the
surface side, a separated magnetic recording area is formed by forming a non-magnetized boundary
area on a continuaiismaghelieplayen Mahe fikesenidingentions iberbaat inagnetic (desugadewed from
the surface side, the magnetic recording area may be 25separated by the boundary area and, even if
the magnetic retokdingeacga isysotgepataladsfaat thehbatinmeot thednagnefichiayeaigrtit possible to
achieve the object of the present invention as the separated magnetic recording area of the present

invention (the Gippasreohthauniagaetic laysitataisl¢éothresutacti atdhe) magnstio hthd sidéef the
magnetic layer (opposite the surface at the substrate side of the magnetic layer) and, even if the

surface ofsthe sfigignetighayendiselftislcoveseekvdtivishcachdoppotesatie: layer, it isillusitatddias the
surface of the magnetic layer in the following description). [0028] Namely, the present invention
can be appliedio sudiserefetisacksypr agnatibsdonotiing: madiigtidinat is intended to increase track
density by forming a concavo-convex 10configuration along recording tracks on the surface of a
magnetic layer thereby(ulagsically separating the recording tracks with each other In this case, the
magnetic recording area forms a magnetic recording track and a servo signal pattern. Furthermore. the
present invention can beragplidd fo@aticmetivadian baupidiedragnditicreecotding preasgaceidisposed
with given regularity every | bit, media in which magnetic 15recording areas are disposed in the form of
a track, and a reagdéticrredonditgnethitsmibactudingetihe wibiersetito Sigahiagte tordmongthem, a
discrete type magnetic recording medium is preferred so as to apply the present invention in view of
handiness)in eanfifactiien af dhe magdieticretaroingenedismof a magnetic layer thereby

physically separating the recording tracks with each other. In this case, the magnetic

recording area forms a magnetic recording track and a servo signal pattern.

Furthermore, the present invention can be applied to patterned media in which magnetic

recording areas are disposed with given regularity every 1 bit, media in which magnetic

15 recording areas are disposed in the form of a track, and a magnetic recording medium

including the other servo signal pattern. Among them, a discrete type magnetic

recording medium is preferred so as to apply the present invention in view of handiness

in manufacture of the magnetic recording medium.

[0029]
20 Herein, the magnetic layer as a characterizing portion of the magnetic recording

medium to which the present invention is applied is described. As shown in Fig. 1A to

Fig. 1C, the surface of a magnetic layer 100 of each magnetic recording medium is

provided with a convex part 101 serving as a magnetic recording area M, and a concave

part 102 serving as a boundary area S that separates the magnetic recording area M.

25 [0030]



[0029] 20Herein, the magnetic layer as a characterizing portion of the magnetic recording medium to
which the present invention is applied is described. As shown in Fig. IA to Fig. 1C, the surface of a
magnetic layer 100 of each magnetic recording medium is provided with a convex part 101 serving as
a magnetic recording area M. and a concave part 10 §erving as a boundary area S that separates the
magnetic recording area M. [0030] 15 In the case of the magnetic recording medium shown in Fig. 1A
among magnetic recordithg caeslisf, thdendheripestion thatwedlioh badwmedrintd thenhoigndapyatea S of a
continuous magnetic layer 100 undergoes irradiation with ions or ijection of ions, plural concave parts
102 in which the @ditigmisislighiynetahpst@ase flarmadiabd theediextpardb iilsensng as sdhe magnetic
recording area M is formed between these plural concave parts 102. These plural concave parts 102
can also be formehaitherportion [Hat Welichde dosn aghititai thedituindacy ateatBrobthensoptimlous
magnetic layer 100 by ion milling described hereinafter. [0031] 100n the magnetic layer 100 on which
the convex patbifivapartheiconcakipéit pORi(eonsciybtBosivry] are filarnrddadl chchonproteetive layer
103 is formed using a PVD method (physical vapor deposition method). In this case, the thickness of

the carbof pratectveslayes fiSns hetkamednthecsuMaced idbdaoreaextpastpliihlanddie: concave
part 102. On the surface of the carbon protective layer 103, a concavo-convex 15configuration having

almost the sarpardight (dpts)pas:thosacatdhaco e xpaatsd ik dnthtleaconrgae @athdGofddmed on
the surface of the magnetic layer 100 is formed.
be turned into the boundary area S of the continuous magnetic layer 100 by ion milling
described hereinafter.
[0031]
10 On the magnetic layer 100 on which the convex part 101 and the concave part
102 (concavo-convex) are formed, a carbon protective layer 103 is formed using a PVD
method (physical vapor deposition method). In this case, the thickness of the carbon
protective layer 103 is the same on the surfaces of the convex part 101 and the concave
part 102.  On the surface of the carbon protective layer 103, a concavo-convex
15 configuration having almost the same height (ciepth) as those of the convex part 101 and
the concave part 102 formed on the surface of the magnetic layer 100 is formed.
[0032]
On the other hand, in the case of the magnetic recording medium shown in Fig.
1B, on the magnetic layer 100 on which the convex part 101 and the concave part 102 are
20 formed, a carbon protective layer 103 is formed using a CVD method (chemical vapor
deposition method). In this case, the thickness of the carbon protective layer 103 on the
surface of the boundary area S (concave part 102) where ions are injected may be
sometimes larger than that on the surface of the magnetic recording area M (convex part

101) where ions are not injected.

25 [0033]




[0032] On the other hand, in the case of the magnetic recording medium shown in Fig. 1B, on the
magnetic layer 100 on which the convex part 101 and the concave part 102 are 20formed, a carbon
protective layer 103 is formed using a CVD method (chemical vapor deposition method). In this case,
the thickness of the carbon protective layer 103 on thgssurface of the boundary area S (concave part
102) where ions are injected may be sometimes larger than that on the surface of the magnetic
recording area M (coriVeix patohQd ovkekedonisaare tat pojeicte hh2E{0333rd hjected Iitheeason is
considered that, at the portion where ions are injected of the magnetic layer 100, an uttrafine
concavo-convexgoafigasaton(sdo mhed ondhe surfacevandqniddability. of fadihedion b reattoee radicals
at the portion increases, and thus nucleation of carbon at this portion is preferentially conducted and
the thickness eafidhededibionopratieciive ddyercli®s atliba ian injectianmportemsde aodisdarger than that
at the other portions. Such a tendency is preferred so as to enhance smoothness of the surface of the
magnetic recotdineathedifinagiocetitiactsota se dupe fedifferién cendbelevatio nhbelwdansthe donvex part
101 and the concave part 102 formed on the surface of the magnetic layer 100. 10[0034] However, the
present inventarbismynsteitadefbryiel 03agniticorecoeding predimbdravieg lsushr thaootcavoibonvex
configuration. Namely, in the case of this magnetic recording medium, since the carbon protective
layer 103 has atllargethickne Ssioh theplrphér al glertmhsofathie mbgnetisnieodnoisgditba Mkfaarrosion
of the magnetic layer 100 15does not generate from this portion. It is considered that a barrier layer is
provided betwetth¢heanagieticordbordirdianeaihdaf thesmagdetic dali&erbdOcarftiiveganbon protective
layer 103 in the magnetic recording medium having such a concavo-convex configuration. However,
when such a denstittitie imadopad, @ Hisid e dvetwee pahd (Rdgmetic oe cbedimdaaced Meand the
magnetic head increases, resulting in deterioration of

magnetic layer 100.

10 [0034]

However, the present invention is unsuited for the magnetic recording medium
having such a concavo-convex configuration. Namely, in the case of this magnetic
recording medium, since the carbon protective layer 103 has a large thickness in the
peripheral portion of the magnetic recording area M, corrosion of the magnetic layer 100

15  does not generate from this portion. It is considered that a barrier layer is provided
between the magnetic recording area M of the magnetic layer 100 and the carbon
protective layer 103 in the magnetic recording medium having such a concavo-convex
configuration. However, when such a constitution is adopted, a distance between the
magnetic recording area M and the magnetic head increases, resulting in deterioration of

20  electromagnetic conversion characteristics of the magnetic recording medium.

[0035]

On the other hand, the present invention is applied to the magnetic recording
medium in which the thickness of the carbon protective layer 103 on the surface of the
magnetic recording area M (convex part 101) becomes larger than that on the surface of

25  the boundary area S (concave part 102), as shown in Fig. 1C.  Namely, in the case of




20electromagnetic conversion characteristics of the magnetic recording medium. [0035] On the
other hand, the present invention is applied to the magnetic recording medium in which the thickness
or the carbon protective layer 103 on the surface of the magnetic recording area M (convex part 101)
becomes larger than that on the surface of the boundary area S (concave part 102), as shown in Fig.
1C. Namely, in the case of 17 this magnetic recording medium, it is possible to prevent oxidation of
this boundarythrem&ginyiensuridg.coredsion reisigtanitaatotheagmatietiarofdng yeadvhirke
magnetic layer 100 by the carbon protective layer 103 and also covering the surface of the boundary
area S with a Barierskayes c[0086dn resivative présentaignaitticapitlispiseanddrisitersthgnatithe thickness
of the carbon protective layer 103 on the surface of the magnetic recording area M may be the same
as that on thelsyefd©® bf tthe trobndarptaceacSaytoneyendutorcsustng teucitiresobidepted, the carbon
protective layer has a distribution in a thickness direction because of a slight 10change in the
manufacturing camtlitioms 0f tivéthnzdlgpretic legeording medium, and thus a possibility of dispersion in
environmental resistance characteristics of the magnetic recording medium may increase. [0037] The
bather layer is providgtdB3éiween the magnetic layer 100 and the carbon 15protective layer 103 in the
boundary area S. but can also be provided between the magnetic layer 100 and the carbon protective
layer 103 in the magnbtitcgrosdingnaratdd, iHowkveromshineththiidhdahidgmsisoptbvidetidetween the
magnetic layer 100 and the carbon protective layer 103 in the magnetic recording area M, since a
material contapnongtivaitdyeCt @ di tiseshftrcthel Bz nerdegter iscoftbngarrarMimagnbtichnateriads a
distance

that on the surface of the boundary area S. However, when such a structure is adopted,

the carbon protective layer has a distribution in a thickness direction because of a slight
10 change in the manufacturing conditions of the magnetic recording medium, and thus a
possibility of dispersion in environmental resistance characteristics of the magnetic
recording medium may increase.
[0037]
The barrier layer is provided between the magnetic layer 100 and the carbon
15 protective layer 103 in the boundary area S, but can also be provided between the
magnetic layer 100 and the carbon protective layer 103 in the magnetic recording area M.
However, when the barrier layer is provided between the magnetic layer 100 and the
carbon protective layer 103 in the magnetic recording area M, since a material containing
mainly Cr or Ti used for the barrier layer is often a non-magnetic material, a distance
20  between the magnetic head and the magnetic layer in the magnetic recording reproducing
apparatus increases, resulting in deterioration of magnetic recording reproducing
characteristics of the magnetic recording medium. | Therefore, in the present invention,
since the magnetic layer 100 includes the convex part 101 and the concave part 102, it is
desired to provide the barrier layer so as to fill the concave part 102 in view of

25  prevention of deterioration of electromagnetic conversion characteristics of the magnetic




20between the magnetic head and the magnetic layer in the magnetic recording reproducing
apparatus increases, resulting in deterioration of magnetic recording reproducing characteristics of the
magnetic recording medium. Therefore, in the present invention, since the magnetic layer 100 includes
the convex part 101 and the concave part 102, it is dggired to provide the barrier layer so as to fill the
concave part 102 in view of 25prevention of deterioration of electromagnetic conversion characteristics
of the magnetiecdidirgcordingraed immocththgmidbthsngfafethétherfapnalidhieyenadetic layer 100. [0038]
In the magnetic recording medium having die above structure, since moisture and oxygen penetrated
from the thin portion offtlid8 carbon protective layer are shielded by the barrier layer, It is possible to
prevent corrosion of the magnetic layer. Therefore, according to the present invention, it is possible to
provide a magnetic rebotiingagreditiracthding excilienhinicgtiesibovesistance shacmagstetic layer, and
has particularly high environmental resistance under a high-temperature and high-humidity
environment, andl dsalsn geealient froprobkidtivityoriof00B9E (et drfsecianifpctaringeidghetic
recording medium) Specific step of manufacturing a magnetic recording medium to which the
present irfventigniis appiltethyill besdessitie dovpitty referencedo Higs: agrtBcAsyshowhdrekigs, 11, the
magnetic recording medium to be manufactured by 15applying the present invention has a structure in
which a soft magoeticdayehc arcietuinadisierdaites, msvibtmetio tayér avithguenageatidipatierdiformed
thereon, and a carbon protective layer are laminated on the surface of a non-magnetic substrate in this
order, and alsthilixieatiipdayerdis-toionad dstahe olitermagstisutiaes . al@DAG] 20t thelmsighetic
recording medium, components other than the non-magnetic substrate, the magnetic layer and the
carbon protectiveitayarentalyrtxscariachder avitlytapgmppridtes rmodifightionsidithewtidepestingiflom the
gist of the invention, including materials and dimensions thereof. Therefore, in Figs. 2 to 12,
illustrations ofithdssofknedigmatiptagectithieyintennediate layer and the lubricating layer are omitted.

10 [0039]
(Method for manufacturing magnetic recording medium)
Specific step of manufacturing a magnetic recording medium to which the
present invention is applied will be described with reference to Figs. 2 to 12.
As shown in Fig. 11, the magnetic recording medium to be manufactured by

15  applying the present invention has a structure in which a soft magnetic layer, an
intermediate layer, a magnetic layer with a magnetic pattern formed thereon, and a
carbon protective layer are laminated on the surface of a non-magnetic substrate in this
order, and also lubricating layer is formed on the outermost surface.

[0040]

20 In the magnetic recording medium, components other than the non-magnetic
substrate, the magnetic layer and the carbon protective layer may be carried out with
appropriate modifications without departing from the gist of the invention, including
materials and dimensions thereof. Therefore, in Figs. 2 to 12, illustrations of the soft
magnetic layer, the intermediate layer and the lubricating layer are omitted.

25 [0041]




25[0041] 19 In the case of manufacturing this magnetic recording medium, as shown in Fig. 2, a
continuous magnetic layer 2 is formed on a non-magnetic substrate 1 (hereinafter referred to as a step
A). It is possible to use, as the non-magnetic substrate 1, any of non-magnetic substrates such as
an Al alloy substrate made of, for example, an Al-Mg :ilgoy containing Al as a main component; and
substrates made of conventional soda glasses, aluminosilicate-based glasses, crystallized glasses,
silicon, titanium, ceramichaogky afioualdndsrofg dsinmabnedogahesa gubsitate s ssshAMalloyFigubstrate,
a glass-based substrate such as a crystallized glass substrate, or a silicon substrate is preferably
used, 10The ayeragetsuidacentguelhniss(R&) tinel nar-magnetiasidstibatedt is (heetetabdy 1 nm or
less, more preferably 0.5 mit or less, and particularly preferably 0.1 nm or less. [0042] It is possible to
use, as the matdeiatotdhe magnatic layer 2, a magnetic material 15containing an oxide in the amount
within a range from 0.5 atomic % to 6 atomic %. Specifically, it is preferred to use a magnetic alloy
containing mainly Co asigposiibeampanenthExamplesnefithamagadtiaatoy ivakaeadidys composed
of CoCr, CoCrPt, CoCrPtB, CoCrPtB-X and CoCrPtB-X-Y, containing an oxide added therein; and
Co-based:zalloystsueieasuCioey Bit-8] (aSrRibSia, cadert-Or283npaCiRATING 206G oGHiing2,
CoCrPt-Nb205, CoCrPt-Ta205, CoCrPt-Al203, CoCrPt-B203, CoCrPt-W02 and CoCrPt-W03. X in the
above constitughhsnatelialorepsesentsRuubstdteanthde represantsotal ssddgld@@43] In order to obtain
given or more output in the case of reproducing, certain

aluminosilicate-based glasses, crystallized glasses, silicon, titanium, ceramics and

various kinds of resins. Among these substrates, an Al alloy substrate, a glass-based
substrate such as a crystallized glass substrate, or a silicon substrate is preferably used.
10 The average surface roughness (Ra) of the non-magnetic substrate 1 is
preferably 1 nm or less, more preferably 0.5 nm or less, and particularly preferably 0.1
nm or less.
[0042]
It is possible to use, as the material of the magnetic layer 2, a magnetic material
15 containing an oxide in the amount within a range from 0.5 atomic % to 6 atomic %.
Specifically, it is preferred to use a magnetic alloy containing mainly Co as a main
component. Examples of the magnetic alloy include alloys composed of CoCr, CoCrPt,
CoCrPtB, CoCrPtB-X and CoCrPtB-X-Y, containing an oxide added therein; and
Co-based alloys such as CoCrPt-O, CoCrPt-Si0,, CoCrPt-Cr03, CoCrPt-TiO,,
20 CoCrPt-ZrO,, CoCrPt-Nb,Os, CoCrPt-Ta,Os, CoCrPt-Al, O3, CoCrPt-B,0s3,
CoCrPt-WO; and CoCrPt-WOs. X in the above constituent materials represents Ru or
W, and Y represents Cu or Mg.
[0043]
In order to obtain given or more output in the case of reproducing, certain

25 thickness or more of the magnetic layer 2 is required. On the other hand, since various



25thickness or more or the magnetic layer 2 is required. On the other hand, since various 20
parameters representing recording reproducing characteristics usually deteriorate with an increase in
output, it is necessary to optimally set the thickness of the magnetic layer 2. Specifically, the thickness
of the magnetic layer 2 is preferably set to 3 mu or mgge and 20 run or less, and more preferably 5 mu
or more and 15 run or less. As described above, the magnetic layer 2 may be formed so as to obtain
sufficient heagautpett/in perrasaoiing dorthegkind ahdilamirate e sttictuse Dfyndagnetgaliotsao be
used. [0044] As shown in Fig. 3, a mask layer 3 is formed on the magnetic layer 2 (hereinafter referred
to as a step 13)crEhe: imaskpayert i3 ceredarforongoiofad ysatehiatiiOcorstaidithy angone Gryardre kinds
selected from the group consisting ofTa. W Ta nitride, W nitride, Si, SRI', Ta205, Re, Me, Ti, V, Nb,
Sn, Ga, Ge, ASrenidibillAnhenhitkess, if i preferad loywse Agyr&ferdbiy eetGa3marerpneferadly Ni, Ti, V
or Nb, and most preferably Me, Ta or W. Commonly, the thickness of the mask layer 3 is preferably
within a range2fvamm bdmiessR0 more Po¢BE4bly 5 nriserodthese Materialenablesdtiseribgdrovement of
the shielding property of the mask layer 3 to milling ions and the improvement of magnetic recording
area-forming charactestiggbiinheang ofthédafaskddyeras td-obther nudfe]sinbeathespglibstances are
easily dry-etched with a reactive gas, it is possible to decrease the residual substance and 20to reduce
contaminationaototkdéngurfaicekif dragrietic reedrdingue diumgneaistép A shiomwusdd. Fig. 9 that is shown
hereinafter. [0046] Next, as shown Fig. 4, a resist layer 4 is formed on the mask layer 3
(hereinafter referred tg@st4) step C). It is possible to use, as the material of the resist 25layer 4 resist
material that is cured under irradiation with radiation, for example,

As shown in Fig. 3, a mask layer 3 is formed on the magnetic layer 2

(hereinafter referred to as a step B). The mask layer 3 can be formed of a material

10 containing any one or more kinds selected from the group consisting of Ta, W, Ta nitride,
W nitride, Si, Si0,, Ta,Os, Re, Mo, Ti, V, Nb, Sn, Ga, Ge, As and Ni. Among these, it
is preferred to use As, Ge, Sn or Ga, more preferably Ni, Ti, V or Nb, and most
preferably Mo, Ta or W.  Commonly, the thickness of the mask layer 3 is preferably
within a range from 1 nm to 20 nm.

15 [0045]

Use of these materials enables the improvement of the shielding property of the
mask layer 3 to milling ions and the improvement of magnetic recording area-forming
characteristics by means of the mask layer 3. Furthermore, since these substances are
easily dry-etched with a reactive gas, it is possible to decrease the residual substance and

20  to reduce contamination on the surface of magnetic recording medium in a step H shown
in Fig. 9 that is shown hereinafter.

[0046]

Next, as shown in Fig. 4, a resist layer 4 is formed on the mask layer 3
(hereinafter referred to as a step C). It is possible to use, as the material of the resist

25  layer 4, resist material that is cured under irradiation with radiation, for example,




21 ultraviolet-curable resins such as novolak-based resins, acrylic acid esters and alicyclie epoxy
resins. [0047] Next, as shown in Fig. 5, the mask layer 3 is patterned (hereinafter referred to as
5a step D). Specifically, using a stamp 5 made of a glass or resin that is highly transn ssive to
ultraviolet rays, a negative pattern is transferred to the resist layer 4. The negative pattern is obtained
by forming a concave part 4a on the resist layer 4 of the magnetic layer 2 corresponding to a boundary
area that separhted danagnblicrescorsing @areavbOftdecedingsinack)rfRO 48 Ehe stamip el ibtained, for
example, by transferring a convex pan 5a corresponding to the track pattern using a stamper obtained
by forming a fiy@tracisipattern (concave part) corresponding to the recording pattern on a metal plate
by an 15electron beam lithographic method. Since hardness and durability demands for the process
are required to the mdi@&l]of the stamper, for example, Ni is used. However, the material of the
stamper is not limited to such a material as long as it achieves the object described above. In addition

to the track pattern coNespandingvtoithEigetotidimpsiatly o8 e qautting d diergpatfemns torcéspanding to
servo signal, such as a burst pattern, a 20gray code pattern and a preamble pattern, may be formed
and theseSpattesgemdy. he transferred to the stamp 5.

Specifically, using a stamp 5 made of a glass or resin that is highly transmissive
to ultraviolet rays, a negative pattern is transferred to the resist layer 4. The negative
pattern is obtained by forming a concave part 4a on the resist layer 4 of the magnetic
layer 2 corresponding to a boundary area that separates a magnetic recording area

10 (recording track).

[0048]

The stamp 5 is obtained, for example, by transferring a convex part 5a
corresponding to the track pattern using a stamper obtained by forming a fine track
pattern (concave part) corresponding to the recording pattern on a metal plate by an

15 electron beam lithographic method. Since hardness and durability demands for the
process are required to the material of the stamper, for example, Ni is used. However,
the material of the stamper is not limited to such a material as long as it achieves the
object described above. In addition to the track pattern corresponding to the recording
track for recording data, patterns corresponding to servo signal, such as a burst pattern, a

20 gray code pattern and a preamble pattern, may be formed and these patters may be
transferred to the stamp 5.

[0049]

In the case of transferring a negative pattern to the resist layer 4 using such a
stamp 5, the stamp 5 is pressed against the resist layer 4, as indicated by the arrow in Fig.

25 5, in a state where the resist layer 4 has high fluidity. In a state where the stamp 5 1s



[0049] In the ease of transferring a negative pattern to the resist layer 4 using such a stamp 5,
the stamp 5 is pressed against the resist layer 4, as indicated by the arrow in Fig. 255, in a state where
the resist layer 4 has high fluidity. In a state where the stamp 5 is ')2 pressed against the resist layer
4, the resist layer 4 is cured by irradiating with radiatign, and then the stamp 5 is separated from the
resist layer 4. Thus, a concave part 4a can be formed on the resist layer 4 of the magnetic layer 2
correspondingtestke houndahy sres.|[Q050] it recomegsrgossibied btranstietitiievsHapeiofitime stamp 5
to the resist layer 4 with high accuracy by using such a manufacturing method. It is also possible to
improve the shieldirng groparty of itrepaasidlayen Sitaénjeciedidns binelimimatagesaygiacat the edge
portion of the mask layer 3 in the etching step of the mask layer 3 that is described hereinafter. It is
also possible torimptovgmagnetieyecoodithg aremdocming 20chaacietistics he meansofdwe.mask
layer 3. [0051] Examples of the method of irradiating the resist layer 4 with radiation in a state
where the stamp 5 is p#€S8&d against the resist layer 4 include a method of irradiating with radiation
from the opposite side of the stamp 5, namely, the non-magnetic substrate 151, a method of selecting
a substante capable df trasmittnssitEdiatiomatthieersiztpeial dfakheustamip Thamckistdajatidgrigdiation
form the stamp 5 side, and a method of irradiating with radiation from the side of the stamp 5. It is also
to use a methadbfircadiatioy rathigtiochth roagkfiveat cpnoutidn flomatke stasipesompoyadgnetic
substrate 1 side using radiation having high conductivity to a solid, such as heat rays. In the case of
20transferringshinkljagipeopatteof thetheske sisttad/ar djasing ithe btachmb)aitiix alsyipgstitile ¢dge
portion of the mask layer 3 in the etching step of the mask layer 3 that is described
hereinafter. It is also possible to improve magnetic recording area-forming
10 characteristics by means of the mask layer 3.
[0051]
Examples of the method of irradiating the resist layer 4 with radiation in a state
where the stamp 5 is pressed against the resist layer 4 include a method of irradiating
with radiation from the opposite side of the stamp 5, namely, the non-magnetic substrate
15 1, amethod of selecting a substance capable of transmitting radiation as the material of
the stamp 5 and irradiating radiation form the stamp 5 side, and a method of irradiating
with radiation from the side of the stamp 5. It is also to use a method of irradiation with
radiation through heat conduction from the stamp 5 or non-magnetic substrate 1 side
using radiation having high conductivity to a solid, such as heat rays. In the case of
20  transferring a negative pattern to the resist layer 4 using the stamp 5, it is also possible to
irradiate the resist layer 4 with radiation after transferring the pattern.
[0052]
The radiation as used herein refers to electromagnetic waves in a broad sense,

such as heat rays, visible rays, ultraviolet rays, X-rays and gamma rays. The material

25 that is cured by irradiation with radiation may be a thermosetting resin for heat rays and




irradiate the resist layer 4 with radiation after transferring the pattern. [0052] The radiation as
used herein refers to electromagnetic waves in a broad sense, such as heat rays, visible rays,
ultraviolet rays, X-rays and gamma rays. The material 25that is cured by irradiation with radiation may
be a thermosetting resin for heat rays and 23 an ultrayjolet-curable resin for ultraviolet rays. [00531
The thickness of the concave part 4a to be formed on the resist layer 4 is preferably adjusted within a
ranee from 0 tanlQtravioWthandble tbsokfesdtodtheetomeave Spart 4a is adjusted within the above
range, it is possible to improve the shielding property of the mask layer 3 to milling ions by eliminating
sagging at the edge p@iioh of the mask layer 3, and to improve magnetic recording area-forming
characteristics by means of the mask layer 3 in the etching step of the mask layer 3 that is described
hereinafter. The thickriéssthkiresesfshéay@rcdvis pominonyefformaboutlkOremsit d@0tnsu 10[0054]
Next, as shown in Fig. 6, a concave part 3a is formed by removing the mask layer 3 of the portion
correspondingpieftrebipadpsepavitdia ofrtheaésist (aiet UnihereWaftethefeirktto aSthestenc®&k In this
step E, when the resist layer 4 remains on the bottom the concave part 4a, the remaining resist layer 4
is removefl togethén withitmeed Snithsk ey el Bc[00%5] it is idesiblasoshgwevintighicldicppoaetpart 2a is
formed by removing a portion of the surface layer of the magnetic layer 2 through ion milling
(hereinafter reféntedneshd mystdpdinilling ions by eliminating sagging at the edge portion of the mask
layer 3, and to improve magnetic recording area-forming characteristics by means of the
mask layer 3 in the etching step of the mask layer 3 that is described hereinafter. The
thickness of the resist layer 4 is commonly from about 10 nm to 100 nm.
10 [0054]
Next, as shown in Fig. 6, a concave part 3a is formed by removing the mask
layer 3 of the portion corresponding to the concave part 4a of the resist layer 4
(hereinafter referred to as a step E).  In this step E, when the resist layer 4 remains on
the bottom the concave part 4a, the remaining resist layer 4 is removed together with the
15 mask layer 3.
[0055]
Next, as shown in Fig. 7, a concave part 2a is formed by removing a portion of
the surface layer of the magnetic layer 2 through ion milling (hereinafter referred to as a
step F).
20 The depth d of the concave part 2a is preferably adjusted within a range from 0.1
to 15 nm, and more preferably from 1 to 10 nm. When the depth d of the concave part
2ais less than 0.1 nm, the effect of removing the magnetic layer 2 is not exerted. In
contrast, when the depth d of the concave part 2a is more than 15 nm, surface smoothness

of the magnetic recording medium becomes worse, resulting in deterioration of levitation

25 characteristics of the magnetic head in the case of manufacturing a magnetic recording




20The depth d of the concave part 2a is preferably adjusted within a range from 0.1 to 15 nm, and
more preferably from 1 to 10 nm. When the depth d of the concave part 2a is less than 0.1 TIM, the
effect of removing the magnetic layer 2 is not exerted. In contrast, when the depth d of the concave
part 2a is more than 15 um, surface smoothness of thg magnetic recording medium becomes
worseresulting in deterioration of levitation 25characteristics of the magnetic head in the case of
manufacturingeprodgnetiegeearaing 24 reproducing apparatus. [0056] The above step F can also be
omitted. In this case, it is possible to form an etched concave part 2a on the magnetic layer 2 by
exposing the exposed&ugtice of the magnetic layer 2 to reactive plasma or reactive ions in a step G
described hereinafter. Therefore, when the above ion millinu step and the step of exposing to reactive
plasma or reactive ioriBharsbpreiided; the slepthe daftthé cdnahecparti2é besdhiesthertosal depth.
[0057] Next, as shown in Fig. 8, by exposing the portion (concave part 2a) removed by 10ion milling of
the magnetic kaykeRcsntaactue Plasntaconigaetivéanns, agnethghhsasiesisticsidhthe fvagnetic layer
of the portion are modified. Thus, it is possible to separate a magnetic recording area 7 by the
modified Boundapyatein eob theremagnepiadayes 2 dharetnafieinefanpad tewasibedtrp @R {on58] 15In the

present invention, modification of magnetic characteristics of the
Therefore, when the above ion milling step and the step of exposing to reactive plasma or
reactive ions are provided, the depth d of the concave part 2a becomes the totai depth.
[0057]
Next, as shown in Fig. 8, by exposing the portion (concave part 2a) removed by

10 ion milling of the magnetic layer 2 to reactive plasma or reactive ions, magnetic
characteristics of the magnetic layer 2 of the portion are modified. Thus, it is possible
to separate a magnetic recording area 7 by the modified boundary area 6 of the magnetic
layer 2 (hereinafter referred to as a step G).

[0058]

15 In the present invention, modification of magnetic characteristics of the
magnetic layer 2 refers to partial change of coercive force and residual magnetization of
the magnetic layer 2, in addition to non-magnetization of the boundary area 6 for the
purpose of separating the magnetic recording area 7 of the magnetic layer 2, and the
change refers to a decrease in coercive force and a decrease in residual magnetization.

20- As one of methods of modifying magnetic characteristics of the magnetic layer 2,
for example, there is exemplified a method of converting the magnetic layer 2 into an
amorphous state by exposing the formed magnetic layer 2 to reactive plasma or reactive
ions. Namely, modification of magnetic characteristics of the magnetic layer 2 also

includes realization through variation of a crystal structure of the magnetic layer 2.

25 In the present invention, conversion of the magnetic layer into an amorphous




magnetic layer 2 refers to partial change of coercive force and residual magnetization of the magnetic
layer 2, in addition to non-magnetization of the boundary area 6 for the purpose of separating the
matmetic recording area 7 of the magnetic layer 2, and the change refers to a decrease in coercive
force and a decrease in residual magnetization. ZOASﬁ ne of methods of modifying magnetic
characteristics of the magnetic layer 2, for example, there is exemplified a method of converting the
magnetic layestigitefars amorphosisstdigidyiexpasigidie drmesnesignstie layes 2otmrefictive plasma
or reactive ions. Namely, modification of magnetic characteristics of the magnetic layer 2 also includes
realization thraugulsariaiiai abamarysialtsiideuréoabtigmagnetier] ayeozSdpedif qatgsestetavention,
conversion of the magnetic layer into an amorphous state refers to conversion of atomic arrangement
of a magnetic taye¢ita inforasaidrvagutai atomicabpangehaeiigudraio Jopgdlistarics arder agnd more
specifically refers to conversion into a state where fine crystal grains having a grain size of less than 2
rim arc arrangedaapedndemddthenthestatesatatdatado angegeerhis canfiimed by an analytical
method, a state where a peak assigned to a crystal plane is not recognized and only halo is
recognizefl is enaifitived dreyhXdraysdiftraditon opcaleattdmbe amm difikadtiand QOS] recoglivtdesptesent
invention, although the magnetic layer 2 is modified by exposing the formed magnetic layer 2 to
reactive plasmarirgadtivecionsyédissprefred toyrEatizedl Gthetiorodifitadiam bydinali&aatiom of
magnetic metal constituting the magnetic layer 2 with atoms or ions in reactive plasma. The reaction
as used herein includ¢shange in crystal structure of magnetic metal caused by penetration of
atoms in reactive plasma into magnetic metal, a change in composition of magnetic metal, oxidation of
magnetic metal, nitridingtied pragme ticvereiah, crbih silgdi fina torp o tho dgyree ici smeddl {8 [P 6Rposing
Examples of the reactive plasma include inductively coupled plasma (1CP) and reactive ion plasma
(RIB). Exdamplesaf theynesdctiveciodhsinglcidie rdactiveiandttiteeiost, indupstbfetyedau pladizplasma
and reactive ion plasma. 20[0061]

10 the modification by the reaction of magnetic metal constituting the magnetic layer 2 with

atoms or ions in reactive plasma. The reaction as used herein includes a change in
crystal structure of magnetic metal caused by penetration of atoms in reactive plasma
into magnetic metal, a change in composition of magnetic metal, oxidation of magnetic
metal, nitriding of magnetic metal and silicification of magnetic metal.

15 [0060]

Examples of the reactive plasma include inductively coupled plasma (ICP) and
reactive ion plasma (RiE).

Examples of the reactive ions include reactive ion that exist in inductively
coupled plasma and reactive ion plasma.

20 [0061]

The inductively coupled plasma is high-temperature plasma obtained by
applying a high voltage to a gas thereby converting into plasma, and generating Joule
heat caused by eddy current inside plasma by means of high-frequency variable magnetic
field. The inductively coupled plasma has high electron density and can realize

25  modification of magnetic characteristics with high efficiency in a magnetic layer with a




The inductively coupled plasma is high-temperature plasma obtained by applying a high voltage to a
gas thereby converting into plasma, and generating Joule heat caused by eddy current inside plasma
by means of high-frequency-variable magnetic field. The inductively coupled plasma has high electron
density and can realize modification of magnetic characteristics with high efficiency in a magnetic layer
with a 76 wide area as compared with the case of manufacturing a discrete track medium using prior

art ion beam. [QB2rea as coflparegagtivationplasMmaaisihighiieactive iasmr ebthieddygadding a
reactive 5gas such as 02, SF6, CI-1173, CF4 or CCI4 in plasma. It becomes possible to realize

modification opagretis aakacteristics of the magnetic layer 2 with high efficiency by using such
plasma as the reactive plasma of the present invention. [0063] In the present invention, it is preferred
that the reactive plasmaggrfeactive ions 10contain halogen ions. It is preferred that halogen ions are
halogen ions formed by introducing any one or more kinds halogenated gasses selected from the

group consisting of CFrheSE46ti GE hdhl66l andeKiBrdacrieswfsenhangingl reaetivine of ihe titagnetic
layer 2 with plasma and making a formed pattern sharp. Detailed reason is not apparent but is

consideresl thaka fackignhaseriat formet JSondhersytisea of thesovagnglisdijetiseiehed by
halogen atoms in reactive plasma thereby cleaning the surface of the magnetic layer 2, resulting in an

increase of thenméigneticdayenankitls slameensiterefithat thadclieaned Suifiace of sitcreagnetic layer 2
undergoes a reaction with halogen atoms with high efficiency. [0064]

using such plasma as the reactive plasma of the present invention.
[0063]
In the present invention, it is preferred that the reactive plasma or reactive ions

10 contain halogen ions. It is preferred that halogen ions are halogen ions formed by
introducing any one or more kinds halogenated gasses selected from the group consisting
of CF4, SFs, CHF;, CCly and KBr in view of enhancing reactivity of the magnetic layer 2
with plasma and making a formed pattern sharp.

Detailed reason is not apparent but is considered that a foreign material formed

15 on the surface of the magnetic layer 2 is etched by halogen atoms in reactive plasma
thereby cleaning the surface of the magnetic layer 2, resulting in an increase of the
magnetic layer 2. It is also considered that the cleaned surface of the magnetic layer 2
undergoes a reaction with halogen atoms with high efficiency.

[0064]

20 In the present invention, when a portion of the surface layer of the magnetic
layer 2 is removed and then the surface is exposed to reactive plasma or reactive ions
thereby modifying magnetic characteristics of the magnetic layer 2, contrast of a
magnetic recording area becomes more clear than that in the case where a portion of the
magnetic layer 2 is not removed, and also S/N of the magnetic recording medium was

25  improved.



20In the present invention, when a portion of the surface layer of the magnetic layer 2 is removed and
then the surface is exposed to reactive plasma or reactive ions thereby modifying magnetic
characteristics of the magnetic layer contrast of a magnetic recording area becomes more clear than
that in the case where a portion of the magnetic layer2 is not removed, and also S,N of the magnetic
recording medium was improved. 27 This reason is considered that, by removing a portion of the
surface layer of the mdgizatiesiayer @nsléanihthan dyactivatiog eptheqect dre schieveg and fieactivity
with reactive plasma or reactive ions is enhanced, and defects such as vacancy are introduced into the
surface layer efidhecthalgnetiz, ldyeniRgend thutiy a6 actifelio parapec ikelie tepankteate Giryte ithe magnetic
layer 2 via the defects. [0065] Next, as shown in Fig. 9, a barrier layer 8 containing mainly Cr or Ti
is formed at aeactndapiaaresobrefithecmodifiechhragedtinibyec 2 andihe suctace afctheredisethyer 4
(hereinafter referred to as a step H). 10The barrier layer 8 can use, as the material containing mainly
Cr or Ti, Cr anididiths swelh@d ayradidy ¢ ontgietingl ayeirdya Gl dniFirsactivasots Me, IGdlY, tCpCest@id i, TiN or
TiCo. The alloy containing mainly Cr or Ti means that a constituent element having a first atomic ratio
is Cr or Tb Cr ontd ths aspaterabgritediddishielddiffusion of moisture or oxwen in atmospheric air since
it has high corrosion resistance and has a dense crystal 15structure. It is possible to use a sputtering
method as a method dbfidhing a barrier layer 8. [0066] The thickness of the barrier layer 8 is
preferably within a range from 0.3 to 5 mit When the thickness of the barrier layer 8 is adjusted within
the above range, it bedamxigss shown in Fig. 9, a barrier layer 8 containing mainly Cr or Ti is formed

at a boundary area 6 of the modified magnetic layer 2 and the surface of the resist layer 4

(hereinafter referred to as a step H).

10 The barrier layer 8 can use, as the material containing mainly Cr or Ti, Cr and Ti

as well as an alloy containing mainly Cr or Ti such as CrMo, CrW, CrCo, CrTi, TiN or

TiCo. The alloy containing mainly Cr or Ti means that a constituent element having a

first atomic ratio is Cr or Ti.  Cr or Ti is a material suited to shield diffusion of moisture

or oxygen in atmospheric air since it has high corrosion resistance and has a dense crystal

15 structure. Itis possible to use a sputtering method as a method of forming a barrier
layer 8.
[0066]
The thickness of the barrier layer 8 is preferably within a range from 0.3 to 5 nm.
When the thickness of the barrier layer 8 is adjusted within the above range, it becomes

20  possible to shield diffusion of moisture or oxygen in atmospheric air into the magnetic
layer, and to make the surface of the magnetic recording medium smooth.
[0067]
Next, as shown in Fig. 10, the resist layer 4 and the mask layer 3 are removed
(hereinafter referred to as a step I).  In this step [, the resist layer 4 and the mask layer 3

25  are removed and, at the same time, the barrier layer 8 on the resist layer 4 is also




20possible to shield diffusion of moisture or oxygen in atmospheric air into the magnetic layer, and to
make the surface of the magnetic recording medium smooth. 10067] Next, as shown in Fig. 10,
the resist layer 4 and the mask layer 3 are removed (hereinafter referred to as a step I). In this step |,
the resist layer 4 and the mask layer 3 are removed aﬁd at the same lime, the barrier layer 8 on the
resist layer 4 is also 28 removed through lift-off. Dry etching, reactive ion etching, ion milling or wet
etching can becuseddohasiih tefiroife theyesibidayendtiandoinetohask layeniBiiQ@68idnetbriease of
removing the barrier layer 8 formed on the surface of the magnetic 5recording area 7, it is possible to
employ a methkand taf inatsatingdhensuréahe akiktdayaghaiic trecotdinthared. 7 with ion beam from an
oblique direction. This is the method in which the barrier layer 8 formed on the magnetic recording
area 7 (convex part) is@glctively etched by irradiating the surface of the magnetic recording area 7
with ion beam B from an oblique, direction, as shown in Fig. 12, thus burying the barrier layer 8 10into

only the boundary arel 6hicaneafaqast)ion tircbatritadeyef figneticomyier iiasdng therbatirdary area
6 (concave part). [0069] After removing the resist layer 4 and the mask layer 3, it is preferred to

provide aSstepreddrdadiating thie imnmpgndile tayenR@ciivatéddrofheabovestepsiithés aftiEE]l with an
15inert gas. By providing such a step, the magnetic layer 2 is stabilized and the
magnetic recording area 7 with ion beam from an oblique direction. This is the method
in which the barrier layer 8 formed on the magnetic recording area 7 (convex part) is
selectively etched by irradiating the surface of the magnetic recording area 7 with ion
beam B from an oblique direction, as shown in Fig. 12, thus burying the barrier layer 8
10 into only the boundary area 6 (concave part) on the surface of magnetic layer 2 having
the boundary area 6 (concave part).
[0069]
Aﬁer removing the resist layer 4 and the mask layer 3, it is preferred to provide
a step of irradiating the magnetic layer 2 activated in the above steps F, G and H with an
15  inertgas. By providing such a step, the magnetic layer 2 is stabilized and the
occurrence of migration of magnetic particles is suppressed even under a
high-temperature and high-humidity environment. This reason is not apparent but is
considered that, when an inert element penetrates into the surface of the magnetic layer 2,
movement of magnetic particles is suppressed. Alternatively, irradiation of an inert gas
20 enables removal of the active surface of the magnetic layer 2 and suppression of
migration of magnetic particles.
[0070]
It is preferred to use, as the inert gas, any one or more kinds of gasses selected

from the group consisting of Ar, He and Xe. Because these elements are stable and

25  magnetic particles have high effects of suppressing migration. It is preferred to use any




occurrence of migration of magnetic, particles is suppressed even under a high-temperature and
high-humidity environment. This reason is not apparent but is considered that, when an inert element
penetrates into the surface of the magnetic laver 2, movement of magnetic particles is suppressed.
Alternatively, irradiation of an inert gas 20enables regggval of the active surface of the magnetic layer 2
and suppression of migration of magnetic particles. [0070] It is preferred to use, as the inert gas, any
one or more kindsiafigassascsaldtied ttiogrdbe grasigiagrsisiinguatl ATP e dRAIEXe. (Becadss these
elements are stable and 25magnetic particles have high effects of suppressing migration. It is
preferred to useagdintic2Ovatieamaihio g selestemfroineHaergroods cCOrBistiRGEAE inse g partkGRrénd R1E in
the case of irradiation with an inert gas. Among- these methods, ICP or RIE is used patrticularly
preferably in viesteodtayangedvadiatiancoseliddod Hbse. Next, as shown in Fig. L I, a carbon protective
layer 9 that covers the surfaces of the magnetic layer 2 and the barrier layer 8 is formed (hereinafter
referred to as a step ,H)dnithe case of forming the carbon protective layer 9, a diamond like carbon
(DEC) thin film is preferably formed using a CVD method. Although a CVD method and a CVD film
foimation $levice usedNie:th)apiesentiinygntionare knoptoidttis piefer@echio wusem e SvRdhof
formation device described below so as to increase the thickness of the carbon protective layer 9 on

the magnetic nhearndingtiréeaydr Of dhe thaleiic kayer82 o nosdphred it thataadire Boundary. area 6.
[0072] The CVD film formation device may be provided with a chamber that 15 accommodates a disk;

electrodes dispoged-se a$ foroppo e idacipaiteeriinside:botlha dideovdllfecesiodfii®Lhamiber; a
high-frequency power supply that supplies high-frequency electric power to these electrodes; a bias
power supply filat Gaprdfergoiyrfected tasthe diSKIinrtikehohambihoaph aGvpplyetiont eadh & kHaction gas
that would be a raw material of a carbon protective layer 9 to be formed on the disk.
film formation device used in the present invention are known, it is preferred to use a
10 CVD film formation device described below so as to increase the thickness of the carboﬁ
protective layer 9 on the magnetic recording area 7 of the magnetic layer 2 as compared
with that on the boundary area 6.
[0072]
The CVD film formation device may be provided with a chamber that
15 accommodates a disk; electrodes disposed so as to oppose to each other inside both side
wall faces of the chamber; a high-frequency power supply that supplies high-frequency
electric power to these electrodes; a bias power supply that can be connected to the disk
in the chamber; and a supply source of a reaction gas that would be a raw material of a
carbon protéctive layer 9 to be formed on the disk.
20 [0073]
To the chamber, an introduction pipe through which a reaction gas is introduced
into the chamber, and an exhaust pipe through which the gas in the chamber is discharged
out of the system are connected. The exhaust pipe is provided with a displacement

control valve, whereby an internal pressure of the chamber can be set to any value by

25  controlling the displacement.




20[0073] To the chamber, an introduction pipe through which a reaction gas is introduced into the
chamber, and an exhaust pipe through which the gas in the chamber is discharged out of the system
are connected. The exhaust pipe is provided with a displacement control valve, whereby an internal
pressure of the chamber can be set to any value by 3§ It is preferred to use, as the
high-frequency power supply, a high-frequency power supply that can supply electric power of 50 to
2,000 W to electrodeditpre fitrecdarbare protectivehdyeenenis fpomedsupply, l4 ls grefequeddp use, as the
bias power supply, a high-frequency power supply or a pulsed-DC power supply so as to concentrate
plasma at the momitesapgigt hithemsagpstideagcorpivgaoda 7 {dledebyMadnireastesadieal thensity of the
convex part and to increase the film formation rate of the convex pan. It is preferred that the

high-frequencyapowenrstepphe cayeapplydighdrequency electric power of 10 to 300W to the disk. It is
preferred to use, as the pulsed-DC power 10 supply, a pulsed-DC power supply that can apply a

voltage (average voltdge) méf408ite Uk, itththe digkatasppise widihitairesyangeefrom ¢o 50,000
ns and a frequency within a range from 10 kHz to 1 01-12. [0074] Preferably, a lubricating layer is
formed o1} thesprotectie |ayer Oskprdyrples of dbhdhadatbitamicbhaused ix thet lobtieatingnityer
include a fluorine-based lubricant, a hydrocarbon-based lubricant and mixtures thereof The lubricant
layer is usuallycfondiad incth@, thiokhgss wicletscd atica]GR7AS] o fhbemagymticareendtdmmensdiutine
manufactured through the manufacturing 20steps described above, it is possible to eliminate bleeding
during magnefi¢tnmeioandingnteaghtdihdigin euxrface recording density by allowing magnetic
characteristics of a boundary area 6 of a magnetic layer 2 to deteriorate, for example, by reducing
coercive force and redidisairefagebtization tgbhiagpenostdimitrscpptdicg apthe lnghséagiruention, it is
possible to manufacture such a magnetic recording medium by a simple and easy
electric power of 10 to 300 W to the disk. It is preferred to use, as the pulsed-DC power
10 supply, a pulsed-DC power supply that can apply a voltage (average voltage) of -400 to
-10 V to the disk at a pulse width within a range from 10 to 50,000 ns and a frequency
within a range from 10 kHz to 1 GHz.
[0074]
Preferably, a lubricating layer is formed on the protective layer 9. Examples of
15  the lubricant to be used in the lubricating layer include a fluorine-based lubricant, a
hydrocarbon-based Iubricant and mixtures thereof. The lubricant layer is usually
formed in the thickness of 1 to 4 nm.
[0075]
In the magnetic recording medium manufactured through the manufacturing
20 steps described above, it is possible to eliminate bleeding during magnetic recording to
obtain high surface recording density by allowing magnetic characteristics of a boundary
area 6 of a magnetic layer 2 to deteriorate, for example, by reducing coercive force and
residual magnetization to the upmost limit. According to the present invention, it is

possible to manufacture such a magnetic recording medium by a simple and easy

25  manufacturing process.




25manufacturing process. :31 [0076] (Magnetic recording reproducing apparatus) An exemplary
configuration of a magnetic recording reproducing apparatus (HDD) to which the invention is applied is
shown in Fig. 13. 5As shown in Fig. 13, the magnetic recording reproducing apparatus to which the
invention is applied includes a magnetic disk (magnetj¢ recording medium) 31; a rotation driving
section that rotationally drives the magnetic recording medium 31 (medium driving section that drives
the magnetic recording@@iédium in a recording direction) 32; a magnetic head 33 that performs a
recording operation and a reproducing operation to the 10 magnetic disk 31; a head driving section
that moves théuiaggewticcbedihgd3da alradialagipectios) of the magnetic disk 31 (head moving means
that moves the magnetic head relative to the magnetic recording medium) 34; and a recording

reproducing signal processimgpsysteon fiyatdtiputsf sigmatsdictte ondigg etio dbading ugmotateproduces
signals output from the magnetic head 33 (recording reproducing signal processing means) 35.
15[0077] (MIED) tloewrhiat nkti inrecoikding apedidns thaviich Hg dbove present invention is applied is
used in the magnetic recording reproducing apparatus, it becomes possible to form a magnetic
recordingIeproducing/apparatiis Baying, thghrenetdingdedisiyetnahe nelatpchesatuniagrkit teeording
reproducing apparatuses, the reproducing head width has a 20smaller width than that of the recording
head width soiagetoistimsingpéiédfiuehdeser mapagetizhtiorgratsitioordgipmafiatratk edgatportion. By
forming a recording track of the magnetic recording medium in a magnetically discontinuous manner,
the reproducintyiheacsenayrhiae theteany idtes dscthatopt the vendiding dibad. Adcoedingly, sufficient
reproduction output and a high SNR can be obtained. - 251'00781
driving section that drives the magnetic recording medium in a recording direction) 32; a
magnetic head 33 that performs a recording operation and a reproducing operation to the
10 magnetic disk 31; a head driving section that moves the magnetic head 33 to a radial
direction of the magnetic disk 31 (head moving means that moves the magnetic head
relative to the magnetic recording medium) 34; and a recording reproducing signal
processing system that inputs signals to the magnetic head 33 and reproduces signals
output from the magnetic head 33 (recording reproducing signal processing means) 33.
15 [0077]
When the magnetic recording medium to which the above present invention is
applied is used in the magnetic recording reproducing apparatus, it becomes possible to
form a magnetic recording reproducing apparatus having high recording density. In the
related art magnetic recording reproducing apparatuses, the reproducing head width has a
20  smaller width than that of the recording head width so as to eliminate influence of a
magnetization transition region of a track edge portion. By forming a recording track of
the magnetic recording medium in a magnetically discontinuous manner, the reproducing
head may have the same width as that of the recording head. Accordingly, sufficient

reproduction output and a high SNR can be obtained.

25 [0078]




37 Furthermore, when a reproducing section of the magnetic head 33 is formed by a GMR head or a
TMR head, sufficient signal intensity can be obtained even in high recording density, and thus a
magnetic recording reproducing apparatus with high recording density can be obtained. When a
levitation amount of the magnetic head 33 is 5within nge from 0.005 m to 0.020 pm, which is lower
than that in the related art, output is improved and a high device SNR is obtained, and thus a
high-capacity and highiyimababiesnaaetesaoduding tepiodwcitg appastitseadrs bés goevieedyVWhen a
signal processing circuit for maximum likelihood decoding is used in combination, it is possible to

further increasg i kegdrding MEsEydAsaafliciantiGhtRicrAsie chidnedtdideyensnhenidata is recorded
and reproduced at, for example, track density of 100 or more ktracks per inch, linear recording density
of 1,000 or make ddliisgpdimiich andecamdngetnsity eidO pronriedGbiisrpek sguaregnch.

EXAMPLES 15[0079] Hereinafter, effects of the invention will be described in more detail by way

of Example. It shotdéhpe aieiedcthabdlvdtrvedtioMikenat levilketatheial e axasmplasadrad is
modifications may be made without departing from the spirit and scope of the invention. 20[0080]
(Exampled) withim ExampcmaOvEcuwm tohaotoermuitihac ki glass absitate (havingdal disk shape)
disposed therein was evacuated to 1.0 x 107" Pa or less in advance. The glass substrate used herein
was a crystallisachglas snsprostatadaniiainidy ic2 SKIOB;, Al20Rd 20 22AHIOGH2P adltgrdd 205 and

Sb203-Zn0 as constituent components, and having an outer
highly reliable magnetic recording reproducing apparatus can be provided. When a
signal processing circuit for maximum likelihood decoding is used in combination, it is
possible to further increase the recdrding density. A sufficient SNR can be obtained
10 even when data is recorded and reproduced at, for example, track density of 100 or more

ktracks per inch, linear recording density of 1,000 or more kbits per inch and recording

density of 100 or more Gbits per square inch.

EXAMPLES
15 [0079]
Hereinafter, effects of the invention will be described in more detail by way of
Example. It should be noted that the invention is not limited to the following Examples
and modifications may be made without departing from the spirit and scope of the
invention.
20 [0080]
(Example 1)
In Example 1, a vacuum chamber with a HD glass substrate (having a disk
shape) disposed therein was evacuated to 1.0 x 107 Pa or less in advance. The glass
substrate used herein was a crystallized glass substrate containing Li,Si,0s, Al,03-K50,

25 ALO3-K,0, MgO-P,05 and Sby03-Zn0O as constituent components, and having an outer



33 diameter of 65 rum, an inner diameter of 20 mm and an average surface roughness (Ra) of 2
angstroms. [00811 On a glass substrate, a 65Fe-30C0-5B film as a soft magnetic layer, a Ru film
as an intermediate layer, and a perpendicular magnetic layer having a granular structure as a
magnetic layer were formed using a DC sputtering method. The magnetic layer had an alloy
composition of Co-10Cr-20Pt-8(Si02) (in molar ratio) and the thickness was adjusted to 150 A.
Concerning théitiickne$$ dirathen layersiithethickidssof andeCoBegft sndgereticfyesw®s adjusted
to 600 A and that of a Ru intermediate layer was 10adjusted to 100 A. A mask layer was formed
thereon using & 3puftemmgsmethod. The mask layer was formed using Ta and the thickness was
adjusted to 60 nm. A resist was coated thereon using a spin coating method. A novolak-based resin
that is an ultraviolet-c(i98Blg resin was used as the resist. The thickness was adjusted to 100 nm.
[0082] 15Using a glass stamp having a negative pattern of a magnetic recording area, the stamp was
pressed against the re3ist Eyer unbdenta, presEen¥) 6O NBHE talrous & BnkagfecB d dattiis sttefitheasesist
layer was cured by irradiating with ultraviolet rays having a wavelength of 250 nm for 10 seconds from
above theSglass stampetavingyan altdayisigtendicsnittaageof 85% bavinge.fhulstasiipaias athen
removed from the resist layer and 20the magnetic recording area was transferred to the resist layer.
The pattern ofrthegnertagiagtic wetofding drsmyrandfespett¢unpenatiist. laydemackactiedalar bedfiguration
having a width of 120 tun at the convex part of the resist and a circular configuration having a width of
60 nm at the ciigavegadihihe (asitdCTRONBKIEas (Of thelsesisio)nyet thash8daassava depth of the
concave part of the resist was about 5 nm. An angle of concave 25part of the resist layer was about 90
degrees with redjpetetlty the) shirfaCerskthingubsthatknegg of other layers, the thickness of a FeCoB

soft magnetic layer was adjusted to 600 A and that of a Ru intermediate layer was

10 adjusted to 100 A. A mask layer was formed thereon using a sputtering method. The
mask layer was formed using Ta and the thickness was adjusted to 60 nm. A resist was
coated thereon using a spin coating method. A novolak-based resin that is an
ultraviolet-curable resin was used as the resist. The thickness was adjusted to 100 nm.

[0082]

15 Using a glass stamp having a negative pattern of a magnetic recording area, the
stamp was pressed against the resist layer under a pressure of 1 MPa (about 8.8 kgf/cmz).
In this state, the resist layer was cured by irradiating with ultraviolet rays having a
wavelength of 250 nm for 10 seconds from above the glass stamp having an ultraviolet
transmittance of 95% or more. The stamp was then removed from the resist layer and

20 the magnetic recording area was transferred to the resist layer. The pattern of the
magnetic recording area transferred to the resist layer had a circular configuration having
a width of 120 nm at the convex part of the resist and a circular configuration having a
width of 60 nm at the concave part of the resist. The thickness of the resist layer was 80
nm and depth of the concave part of the resist was about 5 nm. An angle of concave

25 part of the resist layer was about 90 degrees with respect to the surface of the substrate.




[0083] Next, the concave part of the resist layer and the Ta layer under the resist layer were
removed by dry etching. Dry etching was conducted using 40 seem of an 02 gas under the conditions
of a pressure of 0.3 Pa a high-frequency plasma electric power of 5300 W, a DC bias of 30 W and an
etching time of 10 seconds for etching of the resist Iay r, while dry etching was conducted using 50
seem of a CF4 gas under the conditions of a pressure of 0.6 Pa, a high-frequency plasma electric
power of 500 W, a DQaoigis of ,60 W and an etching time of 30 seconds for etching of the Ta layer.
[0084] 10Next, the surface of the portion where the magnetic layer is not coated with the mask layer
was removed by ion milingh¢ kerdepthaft thethayesise tapstethHyhoTailinouwis hemsibrlors were
used in ion milling. lon milling was conducted under the conditions of a high-frequency discharge
power of 800Werendancetdratidnyvalihiagg. of BOY & hangreas e oiQddldiRg 4ardniflofanade gdd seem
and a current density of 0.4 mAlcm2. 15The surface subjected to ion milling was exposed to reactive
plasma, arid maggietic chatisicierisficpebine: mbQadts iaieh dfdhecpoytinsmerdatadifiedetothe
reactive plasma treatment of the magnetic layer, an inductively coupled plasma device NE550
manufactfired3ioy W1 ¥AC, bhs.oras Wsedd ThetohadtitienpleShistteadsdot svesgooflthetediasing a 90
ceiminute of a CF4 gas as a gas for generation of plasma under the conditions 200f an electric power
or 200 W. a piegaurehitcaidestidenf @b Bamandea wrsating toe off 300K econdseAfhercdisptaning the CFj
gas by an oxygen gas, the magnetic layer was treated for 50 seconds. In the magnetic layer, on the
surface subjectedpesnadibtitaioPaoh Mighrietiquehey adtenistidsc@ 4 puwdhickIay &y, mdue whCrfwas
formed as a barrier layer. [0085] Next, the resist layer and the mask layer were removed through dry
etching. 60 W and an etching time of 30 seconds for etching of the Ta layer.

[0084]

10 Next, the surface of the portion where the magnetic layer is not coated with the
mask layer was removed by ion milling. ~The depth of the layer removed by ion milling
was 4 nm. Ar ions were used in ion milling. Jon milling was conéucted under the
conditions of a high-frequency discharge power of 800 W, an acceleration voltage of 500
V, a pressure of 0.014 Pa, an Ar flow rate of 5 sccm and a current density of 0.4 mA/em®.

15 The surface subjected to ion milling was exposed to reactive plasma, and magnetic
characteristics of the magnetic layer of the portion were modified. In the reactive
plasma treatment of the magnetic layer, an inductively coupled plasma device NE550
manufactured by ULVAC, Inc. was used. The reactive plasma treatment was conducted
using a 90 ce/minute of a CF4 gas as a gas for generation of plasma under the conditions

20  of an electric power of 200 W, a pressure in a device of 0.5 Pa and a treating time of 300
seconds. After displacing the CF4 gas by an oxygen gas, the magnetic layer was treated
for 50 seconds. In the magnetic layer, on the surface subjected to modification of
magnetic characteristics, a 4 nm thick layer made of Cr was formed as a barrier layer.

[0085]

25 Next, the resist layer and the mask layer were removed through dry etching.




35 The dry etching was conducted using 100 sccm of an SF6 gas under the conditions of a pressure
of 2.0 Pa, a high-frequency plasma electric power of 400W and a treating time of 300 seconds, Next,
argon ions were injected into the surface of the magnetic layer. The injection of argon ions was
conducted using 5 sccm of an argon gas under the 5 gonditions of a pressure of 0.014 Pa, an
acceleration voltage of 300 V, a current density of 0.4 mA/cm- and a treating time of 10 seconds. The

resist layer anghthérmaskitpyeaerieliRmovethihrougtedry tialtng ¢HQBaEQhetbenslititases faacarbon
(diamond like carbon (DLC)) protective layer was 10 formed by a CVD method. The carbon protective

layer was formesidusingr aro RE, plaigmarcavibhoe piasnuneletthie monditonsohamappiiestiatedtie power of
13.56 MHz, 500 W and a film formation time of 10 seconds. In the case of forming the carbon

protective layest HDSzquide vollageaoiddOnd veepLiseswdtinof ReCurfacand hdrequentylafa00 kHz
was applied to a substrate. Next, Z-dol 2000 as a lubricant was coated in a thickness of 20

15angstroms {the bigiotmeEgnedic kecordingonikdiadu{R@8Yccm oEnvigomentahtesigiance of the
magnetic recording medium manufactured as described above was evaluated. The evaluation was
conducted by tbedioitewist piesadure. (Aftel Paaimtaiisigr2Qthe oiagaetic tesordingrenediiritunder an
atmospheric environment at a temperature of 80C and a humidity of 85% for 96 hours, the number of
corrosion spotsthaving @dfaméter-afthmicrensy oseoond Sormeerosisherufadehofitasknagnetic

recording medium was counted. [0088] 250n the surface of the magnetic recording medium. 5 parts
(100 36 were removed through dry etching.
[0086]
On the surface, a carbon (diamond like carbon (DLC)).protective layer was
10 formed by a CVD method. The carbon protective layer was formed using an RF plasma
CVD device under the conditions of an applied electric power of 13.56 MHz, 500 W and
a film formation time of 10 seconds. In the case of forming the carbon protective layer,
a DC pulse voltage of -150 'V, a pulse width of 200 nm and a frequency of 200 kHz was
applied to a substrate. Next, Z-dol 2000 as a lubricant was coated in a thickness of 20
15 angstroms to obtain a magnetic recording medium.
| [0087]
Environmental resistance of the magnetic recording medium manufactured as
described above was evaluated.
The evaluation was conducted by the following procedure. After maintaining
20  the magnetic recording medium under an atmospheric environment at a temperature of
80°C and a humidity of 85% for 96 hours, the number of corrosion spots having a
diameter of 5 microne or more formed on the surface of the magnetic recording medium
was counted.

[0088]

25 On the surface of the magnetic recording medium, 5 parts (100




microliter/portion) of an aqueous 3% nitric acid solution and 5 parts (100 microliter/portion) of pure
water were respectively dropped. After standing for 1 hour, these liquids were collected and the
amount of Co contained therein was measured using TCP-MS. In the measurement using ICP-MS, 1
milliliter of 3% nitric acid containing 5200 ppt of Y was ysed as a standard liquid. As a result, the
number of corrosion spots was 1/surface and the amount of cobalt extracted was 0.12
microgram/surace! {2088ttkyarnpleag)d o ¥amiitel 2addnagneticarecdrding (h@dium was prepared
under the same 10conditions as in Example 1, except that a Ti film was formed as the barrier layer.
Next, environmesrsikesistdoapodiite magneticeraspedingimedivpedf Examplendinasoevatvated. As a
result, the number of corrosion spots was 1/surface and the amount of cobalt extracted was 0.41
microgram/suttase li099 vkt Calinpadbdive thxampletf Co chn@oriparatirevizxanephertd agirggnetic
recording medium was prepared under the same conditions as in Example 1, except that the barrier
layer was not faipret$. Néxthe mvitonreseial veaisiaicd16f theitidignetic3 feconding iheditaimofg
Comparative Example 1 was evaluated. As a result, the number of corrosion spots was 19/surface and
the 20amunt2ificolnalf Exivactredwas Sadianichiogidm/surfaesuliNDE)SiRI&Lo AFBRLICOABHIEY [0091]
According to the present invention, it becomes possible to provide a magnetic 25recording medium
that has high reeoldingfdensidytianshiasihigh dettasioncesdistanté? microgram/surface.
[0089]
(Example 2)
In Example 2, a magnetic recording medium was prepared under the same
10 conditions as in Example 1, except that a Ti film was formed as the barrier layer. Next,
environmental resistance of the magnetic recording medium of Example 2 was evaluated.
As a result, the number of corrosion spots was 1/surface and the amount of cobalt
extracted was 0.41 microgram/surface.
[0090]
15 (Comparative Example 1)
In Comparative Example 1, a magnetic recording medium was prepared under
the same conditions as in Example 1, except that the barrier layer was not formed. Next,
environmental resistance of the magnetic recording medium of Comparative Example 1

was evaluated. As a result, the number of corrosion spots was 19/surface and the

20 amount of cobalt extracted was 0.39 microgram/surface.

INDUSTRIAL APPLICABILITY
[0091]
According to the present invention, it becomes possible to provide a magnetic

25 recording medium that has high recording density and has high corrosion resistance,



particularly environmental resistance of a magnetic recording area, and is therefore excellent in
durability, with high productivity. Accordingly, the present invention has great industrial applicability. '8
CLAIMS 1. A magnetic recording medium comprising, on a substrate, at least a magnetic layer that
uses a magnetic alloy containing mainly Co as a mai 9omponent and a carbon protective layer that

covers the magnetic layer, wherein a convex part serving as a magnetic recording area, and a
concave part spimiogl asyechoupsiaryareaithial Gepps e ibecragrate resordingsareaase provided on
the surface of the magnetic layer, a barrier layer containing mainly Cr or Ti is formed between

the concave pagctserving asihe, keunday Raandtihe sadeemiRiest veckye inanditietaoundary

area is formed by modifying a portion of the magnetic layer. 2. The magnetic recording medium
according to claigatinwhereingpadiidiiess of the carbon protective layer on the magnetic recording
area is more than the thickness of 15the carbon protective layer on the boundary area. 3. The
magnetic recording medium according to claim 1, wherein the thickness of the barrier layer is from 03
to 5 rim. 204.A method for manufacturing a magnetic recording medium, comprising the steps of:
forming a magnetic layer on a substrate; forming a concave part serving as boundary area that
separates a magnetic recording area, on the surface of the magnetic layer;



39 forming a barrier layer containing mainly Cr or Ti at the concave part; and forming, a carbon
protective layer that covers the magnetic layer and the barrier layer, wherein the step of "f)‘r’r‘ﬁiiﬁ‘gthe
concave part serving as the boundary area that separates 5the magnetic recording area, on the
surface of a magnetic layer includes the substeps of: forming a mask layer on the magnetic layer;
forming a resist layer on the mask layer; forming a 8&ncave part at the position corresponding to the
boundary area of the resist layer; JOremoving the mask layer at the pail corresponding to the concave
part; and exposing the exposed surface of the nggﬁg‘l’@layer at a portion where the mask layer is
removed, to reactive plasma or reactive ions, thereby modifying the magnetic layer at the part, and a
portion of the magnetic layer at a portion where the mask layer is removed is 15removed through ion

milling. 5.The method for manufacturing a magnetic recording medium acciording to clajm
1. A magnetic recording medium comprising, ona substrate, at least amagnetic

layer that uses a magnetic alloy containing mainly Co as a main component and a
5 carbon protective layer that covers the magnetic layer, wherein
a convex part serving as a magnetic recording area, and a concave part serving
as a boundary area that separates the magnetic recording area are provided on the
surface of the magnetic layer,
a barrier layer containing mainly Cr or Ti is formed between the concave part
10 serving as the boundary area and the carbon protective layer, and

the boundary area is formed by modifying a portion of the magnetic layer.

2. The magnetic recording medium according to claim 1, wherein the thickness of
the carbon protective layer on the magnetic recording area is more than the thickness of

15  the carbon protective layer on the boundary area.

3. The magnetic recording medium according to claim 1, wherein the thickness of

the barrier layer is from 0.3 to 5 nm.

20 4. A method for manufacturing a magnetic recording medium, comprising the steps
of:
forming a magnetic layer on a substrate;
forming a concave part serving as boundary area that separates a magnetic

recording area, on the surface of the magnetic layer;




4, wherein, in the substep of forming the concave part at the position corresponding to the boundary
area of the resist layer, the resist layer is irradiated with radiation in a state 20where a stampds..p
pressed against the resist layer, thereby transferring a shape of the stamp to the resist layer. 40 6.
The method for manufacturing a magnetic recording medium according to claim 4, wherein the step of
forming the barrier layer containing mainly Cr or Ti dPthe concave part includes the substeps of:
forming thc barrier layer on the surface of the magnetic layer and on the resist Slayer; and

removing the resist |&ymniaad treripmlsysagentaiing s ialn6Vinh the B ReRiaVe Pyt A1 resist layer
through lift-off. 7. The method for manufacturing a magnetic recording medium according to claim 106,
wherein, whenrthispasiebiayetertisd i Hesarse fiecravgrsing larsn e brgrely thyer is
selectively removed, the surface of the magnetic recording area is irradiated with ion beam from an
oblique directibareg) A magnetic recording reproducing apparatus comprising: 15the magnetic
recording medium according to any one of claims 1 to 3;, a medium driving unit that drives the
magnetic recording et s Es FrpBrRvEtRA: serving s tishrinday fhst PR S ecording

operation and a reproducing operation to the magnetic recording medium;
5 the magnetic recording area, on the surface of a magnetiC layer inc udes the substeps of:

forming a mask layer on the magnetic layer;

forming a resist layer on the mask layer;

forming a concave part at the position corresponding to the boundary area of
the resist layer;

10 removing the mask layer at the part corresponding to the concave part; and

exposing the exposed surface of the magnetic layer at a portion where the mask
layer is removed, to reactive plasma or reactive ions, thereby modifying the magnetic
layer at the part, and

a portion of the magnetic layer at a portion where the mask layer is removed is

15  removed through ion milling.

5. The method for manufacturing a magnetic recording medium according to claim

4, wherein, in the substep of forming the concave part at the position corresponding to

the boundary area of the resist layer, the resist layer is irradiated with radiation in a state
20  where a stamp is pressed against the resist layer, thereby transferring a shape of the

stamp to the resist layer.




20a head moving unit that moves the magnetic head relative to the magnetic recording medium; and
a recording r(_eproducing signal processing unit that inputs signals to the magnetic head and ¢ |
reproduces signals output from the magnetic head. o
40

6. The method for manufacturing a magnetic recording medium according to claim

4, wherein the step of forming the barrier layer containing mainly Cr or Ti at the

concave part includes the substeps of:

forming the barrier layer on the surface of the magnetic layer and on the resist
5 layer; and

removing the resist layer and the mask layer and also removing the barrier

Jayer on the resist layer through lift-off.

7. The method for manufacturing a magnetic recording medium according to claim
10 6, wherein, when the barrier layer formed on the magnetic recording area of the
magnetic layer is selectively removed, the surface of the magnetic recording area is

irradiated with ion beam from an oblique direction.

8. A magnetic recording reproducing apparatus comprising:
15 the magnetic recording medium according to any one of claims 1 to 3;
a medium driving unit that drives the magnetic recording medium in a
recording direction;
a magnetic head that performs a recording operation and a reproducing
operation to the magnetic recording medium;
20 a head moving unit that moves the magnetic head relative to the magnetic
recording medium; and
a recording reproducing signal processing unit that inputs signals to the

magnetic head and reproduces signals output from the magnetic head.




