1 DESCRIPTION Title of Invention METHOD FOR MANUFACTURING MAGNETIC RECORDING
MEDIUM, 5MAGNETIC RECORDING MEDIUM AND MAGNETIC RECORDING/REPRODUCING
DEVICE Technical Field [0001] 10The present invention relates to an improvement in a magnetic
recording medium used for, for example, a magnetic recording/reproducing apparatus (hard disk
drive), a method of manufacturing a magnetic recording medium, and a magnetic
recording/reproducing apparatus. Priority is claimed on Japanese Patent Application No.
2008-047630, filed 15February 28, 2008, the gprieptfAch is incorporated herein by reference.

Title of Invention
METHOD FOR MANUFACTURING MAGNETIC RECORDING MEDIUM,
5 MAGNETIC RECORDING MEDIUM AND MAGNETIC
RECORDING/REPRODUCING DEVICE

Technical Field
[0001]

10 The present invention relates to an improvement in a magnetic recording
medium used for, for example, a magnetic recording/reproducing apparatus (hard disk
drive), a method of manufacturing a magnetic recording medium, and a magnetic
recording/reproducing apparatus.

Priority is claimed on Japanese Patent Application No. 2008-047630, filed

15  February 28, 2008, the content of which is incorporated herein by reference.

Background Art
[0002]
In recent years, the application range of, for example, magnetic
20  recording/reproducing apparatuses, flexible disk apparatuses, and magnetic tape
apparatuses, has increased remarkably, and the importance thereof has increased.
Therefore, a technique has been developed for significantly improving the recording
density of magnetic recording media used in these apparatuses. In particular, the
introduction of an MR head and a PRML technique has significantly increased surface

25  recording density. In recent years, with the development of GMR heads and TMR




Background Art [0002] In recent years, the application range of, for example, magnetic 20
recording/reproducing apparatuses, flexible disk apparatuses, and magnetic tape apparatuses, has
increased remarkably, and the importance thereof has increased. Therefore, a technique has been
developed for significantly improving the recording density of magnetic recording media used in these
apparatuses. In particular, the introduction of an MR head and a PRML technique has significantly
increased suHeasts. 2Beacspiipedisnsity ohmesaeli e divigmpdiybieiopinest 6f CRIR tlelstand TMR
heads, the recording density of magnetic recording media has increased at a rate of about 100% per
year. There id @¥enrandator Lherheraderaard fior Brtesiamgade iisicormagnatieraéording media. In
order to meet such demand, it is necessary to improve the coerctvity, signal-to-noise ratio (SNR), and
resolution of Theghaigrietierfies FaRdip|ay By Oid Adaimtsstifudcdengedry ihegecHasysesm e widmpt to
increase track density in addition to linear recording density, thereby improving surface recording
density. [0003Percivitih sl gdsorAaia s e éSDIInancb et SramagRcHa S S raBIe derssity of 110
kKTPI. However, when the track density increases, interference occurs between the magnetic recording
information itEhisl dtigjdBepeerhoRaraHiPEe hiadiestZatidictiah s rasforaclkieriy angsighdetty region
therebetween, acts as a source of noise, which may cause a reduction in SNR. When the SNR is
reduced, bit éfrbpearEteridiatedpith BrECRNISMRPYB\ETHERES sGecbrdiAgdénsity. [0004] in
order to improve the surface recording density, it is necessary to further reduce the size of each
recording bit on the m@@hstic recording medium and maximize the magnetic film thickness and
saturation magnetization for each recording bit. However, when the size of the ecording bit is reduced,

the minimum magnetiZtibiesomnpaache rerers nsirrsed i apRriiy Batd isaekadayitueltbl 0

magnetization reversal caused by heat fluctuation. [0005]
kTPI. However, when the track density increases, interference occurs between the

magnetic recording information items of adjacent tracks, and a magnetization transition
region, which is a boundary region therebetween, acts as a source of noise, which may
cause a reduction in SNR.  When the SNR is reduced, bit error rates deteriorate, which
prevents improvements in recording density.

[0004]

In order to improve the surface recording density, it is necessary to further
reduce the size of each recording bit on the magnetic recording medium and maximize
the magnetic film thickness and saturation magnetization for each recording bit.
However, when the size of the recording bit is reduced, the minimum magnetization
volume per bit is reduced, and recording data is erased due to magnetization reversal
caused by heat fluctuation.

[0005]

When the distance between the tracks is reduced, the magnetic
recording/reproducing apparatus requires a very accurate track servo technique. In
general, a method has been used which performs recording with a large track width and

performs reproduction with a track width smaller than that during recording to minimize



When the distance between the tracks is reduced, the magnetic recording/reproducing apparatus
requires a very accurate track servo technique. In general ahod has been used which performs
recording with a large track width and 3 the influence of adjacent tracks. However, in this method, it is
possible to minimize the influence between the tracks3 but it is difficult to obtain a sufficient
reproduction output. Therefore, it is difficult to ensure a sufficient SNR. [0006] In order to solve the
problem of hél fibteatioal adibessdreckssufficiaist SNR BntractiffficibistRassiic tRavemeNn g fethod
has been proposed in which concave and convex portions are formed on the surface of a recording
medium aloniihenesdrei e phisiceiiksdpiibie dHal saldroMtE o RetTiReRs BEPFPPEURTHONEBK: density.
Hereinafter, such a technique is referred to as a discrete track method, and a magnetic recording
medium manditeesived BystHeldesdrdenuek hefisEn r¥érred to as a discrete track medium. In
addition, there has also been an attempt to manufacture so-called patterned media in which a data
region in the same tr&@R%€lfurther divided. [0007] As an example of discrete track media, a
magnetic recording medium has been known in which a magnetic layer is formed on a non-magnetic

substrate having an Urevesr patelveihmmsebbanied kepfbisunsienhed arsits sorHisisinebi& rdrbrding

tracks and servo signal patterns that are physically separated from each other (for example, Patent
Document 1)2 sufﬁqwr%h@u%gﬁbﬁécr%@wr@ww&/bﬁ@, hesaPERAtRIEHCTRIY S8 TSR TGN the surface
of a substrate on which a plurality of concave and convex portions is formed, with a soft magnetic layer
interposed thepeBetReER I aiprertavdmsrissAfedevtdesmedianpeneidedimegietic layer. In
the magnetic recording medium, a magnetic recording region that is physically separated from its
surroundingsﬁﬁwﬁﬁﬁbdﬁwar%@ffbé%%ﬁgNééb?dih@ri’éﬁfﬁ@?ﬁ%\@ﬁéﬁ’@%@@ﬁﬂﬁb mBgfsHatE:-possible
to prevent the fbnnation of domain walls in the soft magnetic layer. Therefore, it is possible to 4
prevent an advehsttefeuany astarrddansn dierete sk mythodsard scBasBaiesRCatiEENt signals. As

aresult it is possible to provide a high-density magnetic recording medium with less noise.
medium manufactured by the discrete track method is referred to as a discrete track

medium. In addition, there has also been an attempt to manufacture so-called patterned
media in which a data region in the same track is further divided.

[0007]

As an example of discrete track media, a magnetic recording medium has been
known in which a magnetic layer is formed on a non-magnetic substrate having an
uneven pattern formed on the surface thereof so as to form magnetic recording tracks and
servo signal patterns that are physically separated from each other (for example, Patent
Document 1).

In the magnetic recording medium, a ferromagnetic layer is formed on the
surface of a substrate on which a plurality of concave and convex portions is formed,
with a soft magnetic layer interposed therebetween, and a protective film is formed on
the surface of the ferromagnetic layer. In the magnetic recording medium, a magnetic
recording region that is physically separated from its surroundings is formed in a convex
region. According to the magnetic recording medium, it is possible to prevent the

formation of domain walls in the soft magnetic layer. Therefore, it is possible to



[0008] Examples of the discrete track method include a method of forming a magnetic recording
layer including a number of thin films and physically forming tracks on the magnetic recording layer
and a method of forming an uneven pattern on the surface of a substrate and forming a thin magnetic
recording layer on the substrate (for example, PatentDocuments 2 and 3). In addition, a method has
been proposed in which nitrogen or oxygen ions are implanted into a region between the magnetic
tracks of a mBEEaEIRgEY erw HEchRe A riisinianvaA B ihaistsaaaseRsHERRm, or a laser
beam is radiated onto the region to change the magnetic characteristics of the region (Patent
Documents 42536 n[Pita#s DodamErl] 1P RSSOk 16 REYMPhiaah HertMEMPE P 18011 78793

[Patent Document 3] JP-A-2004-178794 [Patent Document 4] JP-A-5-205257 [Patent Document 5]
medium with less noise.

[0008]

Examples of the discrete track method include a method of forming a magnetic
recording layer including a number of thin films and physically forming tracks on the
magnetic recording layer and a method of forming an uneven pattern on the surface of a
substrate and forming a thin magnetic recording layer on the substrate (for example,
Patent Documents 2 and 3).

In addition, a method has been proposed in which nitrogen or oxygen ions are
implanted into a region between the magnetic tracks of a magnetic layer that has been
formed in advance in the discrete track medium, or a laser beam is radiated onto the
region to change the magnetic characteristics of the region (Patent Documents 4 to 6).

[Patent Document 1] JP-A-2004-164692

[Patent Document 2] JP-A-2004-178793

[Patent Document 3] JP-A-2004-178794

[Patent Document 4] JP-A-5-205257

[Patent Document 5] JP-A-2006-209952

[Patent Document 6] JP-A-2006-309841

Disclosure of Invention
Technical Problem
[0009]
As described above, in a process of manufacturing so-called discrete track media

or patterned media including a magnetically separated magnetic recording pattern, in



JP-A-2006-209952 [Patent Document 6] JP-A-2006-309841 Disclosure of Invention Technical
Problem [0009] As described above, in a process of manufacturing so-called discrete track media
or patterned media including a magnetically separated magnetic recording pattern,in 5 some cases,
the magnetic layer is exposed to reactive plasma or rgactive ions u oxygen or a halogen to form a
magnetic recording pattern, or the magnetic layer is processed by, for example, ion milling so as to
have a magn¥iesERsIaiG PagBetc ThesdsraspriTedtaimF SRR R teRe UV 5088 3§88 forming a
mask layer on the surface of the magnetic layer and patterning the mask layer using a
photolithograpPEeachfdio 958 Enbswre B meeisd of atting Rttra reade e e YR & nano imprint
technique using a stamp having an uncven shape in the surface thereof In this case, a resist layer is
provided on RTRESRAAYSr faincER@PEh [paiBiHiREParsir ey 46 thagssist repstiBg PRESRnomiprint

technique, and for example, ion milling is performed on the mask layer using the transferred uneven
pattern. [0010]ese manufacturing methods include a process of forming a mask layer on the surface

of the magnetic layer and patterning the mask layer using a photolithography technique.
As another method of patterning the mask layer, there is a nanoimprint technique using a
stamp having an uneven shape in the surface thereof. In this case, a resist layer is
provided on a mask layer, an uneven pattern is transferred to the resist layer by the
nanoimprint technique, and for example, ion milling is performed on the mask layer
using the transferred uneven pattern.

[0010]

FIG. 4 is a process cross-sectional view illustrating a method of manufacturing a
magnetic recording medium using the nanoimprint technique according to the related art.
In order to manufacture a magnetic recording medium including a magnetically separated
magnetic recording pattern, first, as shown in FIG. 4(a), a magnetic layer 102 is formed
on a non-magnetic substrate 101 and a mask layer 103 for forming the magnetic
recording pattern is formed on the magnetic layer 102.

Then, a resist is applied onto the mask layer 103 to form a resist layer 104. In
this case, since the resist is generally a liquid, a foreign material 111 is likely to permeate
into the resist layer, as shown in FIG. 4(a). In some cases, the foreign material 111 in
the air is adhered to the resist.

Then, the magnetic recording pattern is transferred to the resist layer 104.
However, when the resist layer 104 is patterned by the nanoimprint technique, as shown
in FIG. 4(b), the foreign material 111 is deeply buried into the mask layer 103 or the

magnetic layer 102 by a stamper, and it is difficult to remove the foreign material 111.




FIG. 4 is a process cross-sectional view illustrating a method of manufacturing a magnetic recording
medium using the nanoimprint technique according to the related art. In order to manufacture a
magnetic recording medium including a magnetically separated magnetic recording pattern, first, as
shown in FIG. 4(a), a magnetic layer 102 is formed o6 a non-magnetic substrate 101 and a mask layer
103 for forming the magnetic recording pattern is formed on the magnetic layer 102. Then, a resist
is applied onto the mABK a3t DI t6 1%@1 HredRt pryaPindonHideds ecdicacher dsdeidshenerally a
liquid, a foreign material Il is likely to permeate into the resist Ia&er, as shown in FIG. 4(a). In some
eases, the fol®igh Prhterarm prssithaades Kikerets o mB 85I H(dptnmpsk FA%gktt Fecording
pattern is transferred to the resist Ia%/er 104. However, when the resist layer 104 is patterned by the
nano mprtnt Rk 8 SRl essitpRitRe hidigh matéﬁﬁpasff?ﬁa@eld?;%&ﬁémﬁto the mask
layer 103 or the magnetic Iaxer_ 102 by a stamper, and it is difficult to remove the foreign material 6
Then, as shoWAZRFRFERELC) Tos xartied onthrilas iefpherBrineaaisthefsist layer 104 to Rhin a
resist pattern 104a. As shown in FIG. 4(d), the mask layer 103 is patterned on the basis of the resist
pattern 104a to form EHdsk pattern 103a, and the magnetic layer 102 is processed on the basis of the
mask pattern 103a. [0011] As such, when the foreign material 111 hinders the process of the
magnetic layer 102, d'détstivege dsriendmattre hhghateretisaingametitin Mashrieviths
possible to use the magnetic recording medium including the defective sector in a hard disk drive while
avoiding the d8fe@tiSEidoreHBRssErs H5thRSHRIRICIE U EN& e BIgn HAwsYEh 114 remaining on
the surface of the magnetic recording medium damages the head of the hard disk drive, Therefore, it is
necessary to ReHHIOVR thesfohs greimsfisriecodin gt dashelingd o dstRvtniatsqianinig Pafoved
together when the mask pattern 103a is removed by, for example ion. However, the foreign material
111 may not Bl eeyad iR peiding O S5ERING 8150Feig R ERETarBhen tHBUGR tHE1oHSgn material
111 is removed, the mask layer 103b remaining on a shape portion of the foreign mat al 111 remains
on the surfacKBR EHIEHAEL réeBriREAR AT RS REMT Magrstia searting MEW® damage the
head. [0012] The invention has been made in grder to solve the above-mentioned problems, and
an object of tABMFER AL B6iBY G HiEtHENof nhARSHAEuHY ESREgRe i FERYEIG medium, a
magnetic recarding medium manufactured by the manufacturing method, and a magnetic
recording/reptd NG A htds inBisRciiEsniAg Aeerematai) MédrrmAsichiectisasibess
effectively and reliably removigg foreign materials on the surface of the magnetic recording medium,

preventing a MASKEVRIHFEM PamSifRYY Es the SRR BIHe MRGHRHC rHeSrETh Medtiehnd forming

the pattern of a
P material 111 may not be removed depending on the kind of foreign material. Even

though the foreign material 111 is removed, the mask layer 103b remaining on a shape
portion of the foreign material 111 remains on the surface of the magnetic recording
medium, as shown in FIG. 4(f) and is likely to damage the head.

[0012]

The invention has been made in order to solve the above-mentioned problems,
and an object of the invention is to provide a method of manufacturing a magnetic
recording medium, a magnetic recording medium manufactured by the manufacturing
method, and a magnetic recording/reproducing apparatus including the magnetic
recording medium that are capable of effectively and reliably removing foreign materials
on the surface of the magnetic recording medium, preventing a mask layer from

remaining on the surface of the magnetic recording medium, and forming the pattern of a




7 magnetic layer with high productivity. Technical Solution [0013] In order to solve the
above-mentioned problems, the inventors conducted diligent studies. As a result, the invention was
achieved. That is, the invention is as follows. According to a first aspect of the invention, there is
provided a method of manufacturing a magnetic recording medium including a magnetically separated
magnetic recording pattern. The methodincludes: a step of forminu at least a magnetic layer on a
non-magnetidxsbsitaleyer step bifopisidertvitask layer on the magnetic layer; a step of patterning the
mask layer to form a mask pattern; a step of forming the magnetic recording pattern on the magnetic
layer using the mask pattern; a step of burnishing the surface of the mask pattern with an abrasive;
and a step of removing the mask pattern. According to a second aspect of the invention, in the
method of marfsfaseatinglativiagnetic recording medium according to the first aspect, in the step of
burnishing the surface of the mask pattern with the abrasive, a tape including the abrasive may be
pressed against the ri¥slé pattern to abrade the mask pattern. According to a third aspect of the
invention, in the method of manufacturing a magnetic recording medium according to the first or
second aspect, befor&ntelgiigaedvefisabazsisatiensdominssnch vipusatarraehsiciefubricant may be
applied onto the surface of the mask pattern. According to a fourth aspect of the invention, in the
method of mahligsaitd e magrictic HcBRIRgeREdimMsadertidy tolhié hilerdsperiots Rsbricant
may be applied with a thickness of | A or more. 8 According to a -fifth aspect of the invention, in
the method onHQLWﬁfacturing a. magnetic recording medium according to any one of the first to fourth
aspects, in the process of forming the magnetic recording pattern on the magnetic layer using the
mask pattern, a regioA SPIdE RGN ER fapestthbiie moerboerEiwith iy Websk Ptk thay be exposed
to reactive plasma. or a reactive ion atmosphere such that the magnetic characteristics of the region of
the magnetic R/EHaFBIEAGAdeRLNCtiC IKepEHHIA FRs MsiRs Hepect BragneiivaditisnatHere is provided a
magnetic recording medium manufactured by the method of manufacturing a magnetic recording
medium acco’f‘%ﬁﬁ@%éﬁ?ﬁ&ﬁégﬁ%ﬁ@mrs?ﬂ%ﬁﬂﬁﬁ%ﬁ@éﬁde& a step of forming at least a magnetic

layer on a non-magnetic substrate; a step of forming a mask layer on the magnetic layer;
a step of patterning the mask layer to form a mask pattern; a step of forming the magnetic
recording pattern on the magnetic layer using the mask pattern; a step of burnishing the
surface of the mask pattern with an abrasive; and a step of removing the mask pattern.

According to a second aspect of the invention, in the method of manufacturing a
magnetic recording medium according to the first aspect, in the step of burnishing the
surface of the mask pattern with the abrasive, a tape including the abrasive may be
pressed against the mask pattern to abrade the mask pattern.

According to a third aspect of the invention, in the method of manufacturing a
magnetic recording medium according to the first or second aspect, before the surface of
the mask pattern is burnished by the abrasive, a lubricant may be applied onto the surface
of the mask pattern.

According to a fourth aspect of the invention, in the method of manufacturing a
magnetic recording medium according to the third aspect, the lubricant may be applied

with a thickness of 1 A or more.



According to a seventh aspect of the invention, a magnetic recording/reproducing apparatus includes:
the magnetic recording medium according to the sixth aspect; a driving unit that drives the magnetic
recording medium in a recording direction; a magnetic head including a recording unit and a
reproducing unit; a unit that moves the magnetic head relative to the magnetic recording medium and
a recording/reproduction signal processing unit that inputs signals to the magnetic head and
reproduces signals odgsardiagerciiibgurert REHY InuvHifagadhs rrbed (oo factuigarding to the
invention, it is possible to form the pattern of the magnetic layer with high efficiency. That is, it is
possible to inFERRifEsAElnsmMERg aseTS diteih Bp tRRC ARG 149 dowHbasReti a8V form the
pattern. Therefore, it is possible to provide a method of manufacturing a. magnetic recording medium
having high eseshidrennechearsms et tinshaiane bty din SiFwirgig peductivity. in
addition, according to the invention, it is possible to provide a magnetic 9 recording/reproducing
apparatus indladesg a ieeignedchemensaciegiRthiving 19 Yl setioagel e tbriarashe
characteristics and recording density. Brief Description of Drawings [OOlSthFP FIG. 1 is a process
diagram illus@SEPTSS ESHET DP IHaRUAIQEPRG ECrPagHBE PRESENEH hlditinageeiiding to an
embodiment of the invention. FIGs. 2A and 2B are diagrams schematically illustrating a surface
treatment apshraSEgisicidkefs g MEtho B sEABR IRt dFme e sHagnetic recording medium
according to an embodiment of the invention. FIG. $ is a perspective view illustrating a magnetic
recording/reproducing&g5paiagus asbekoispesd ahtesipuentintireis movkisdn magnetic

recording medium manufactured by the method of manufacturing a magnetic recording
medium according to any one of the first to fifth aspects.

According to a seventh aspect of the invention, a magnetic
recording/reproducing apparatus includes: the magnetic recording medium according to
the sixth aspect; a driving unit that drives the magnetic recording medium in a recording
direction; a magnetic head including a recording unit and a reproducing unit; a unit that
moves the magnetic head relative to the magnetic recording medium; and a
recording/reproduction signal processing unit that inputs signals to the magnetic head and

reproduces signals output from the magnetic head.

Advantageous Effects

[0014]

According to the invention, it is possible to form the pattern of the magnetic
layer with high efficiency. That is, it is possible to improve the yield of forming the
pattern of the magnetic layer and accurately form the pattern.  Therefore, it is possible
to provide a method of manufacturing a magnetic recording medium having high
electromagnetic conversion characteristics and recording density with high productivity.

In addition, according to the invention, it is possible to provide a magnetic



FIG. 4 is a process cross-sectional view illustrating a method of manufacturing a magnetic recording
medium using a nanoirnm int technique according to the related art. Brief descriptions of the drawings
[0016] NON-MAGNETIC SUBSTRATE MAGNETIC LAYER 3. MASK LAYER 3a: MASK PATTERN 4:
RESIST LAYER 4a: RESIST PATTERN 4b: CONCAVE PORTION 5: STAMP 10 6: MILLING

ION
recording/reproducing apparatus including a magnetic recording medium having high

electromagnetic conversion characteristics and recording density.

Brief Description of Drawings

[0015]

FIG. 1 is a process diagram illustrating a method of manufacturing a magnetic
recording medium according to an embodiment of the invention.

FIGs. 2A and 2B are diagrams schematically illustrating a surface treatment
apparatus applicable to the method of manufacturing the magnetic recording medium
according to an embodiment of the invention.

FIG. 3 is a perspective view illustrating a magnetic recording/reproducing
apparatus according to an embodiment of the invention.

FIG. 4 is a process cross-sectional view illustrating a method of manufacturing a

magnetic recording medium using a nanoimprint technique according to the related art.

Brief descriptions of the drawings
[0016]
1: NON-MAGNETIC SUBSTRATE
2: MAGNETIC LAYER
3: MASK LAYER
3a: MASK PATTERN
4: RESIST LAYER
4a: RESIST PATTERN
4b: CONCAVE PORTION

5: STAMP




7: CONCAVE PORTION FORMED IN MAGNETIC LAYER 8: MAGNETIC RECORDING
MEDIUM HAVING MASK LAYER REMAINING THEREIN 9: PROTECTIVE FILM 10:
MAGNETIC RECORDING MEDIUM 20: MAGNETIC RECORDING/REPRODUCING APPARATUS 21:
MEDIUM DRIVING UNIT 27: MAGNETIC HEAD 28:iJEAD DRIVING UNIT 29:

RECORDING/REPRODUCTION SIGNAL SYSTEM 30: SURFACE TREATMENT APPARATUS 31:
GUIDE 32: POLISHIRG VAPEINS: EXD

7. CONCAVE PORTION FORMED IN MAGNETIC LAYER

8: MAGNETIC RECORDING MEDIUM HAVING MASK LAYER
REMAINING THEREIN

9: PROTECTIVE FILM

10:  MAGNETIC RECORDING MEDIUM

20: MAGNETIC RECORDING/REPRODUCING APPARATUS

21: MEDIUM DRIVING UNIT

27: MAGNETIC HEAD

28: HEAD DRIVING UNIT

29: RECORDING/REPRODUCTION SIGNAL SYSTEM

30: SURFACE TREATMENT APPARATUS

31: GUIDE

32: POLISHING TAPE

33: PAD

34: BLOCK

35: GROUND WIRE

36: SPINDLE

37: ATTACHMENT PORTION

d: DEPTH OF CONCAVE PORTION 7

Best Mode for Carrying out the Invention
[0017]
Hereinafter, an embodiment of the invention will be described in detail with

reference to the accompanying drawings. FIG. 1 is a process diagram illustrating a



34: BLOCK 35: GROUND WIRE 36: SPINDLE 37: ATTACHMENT PORTION d: DEPTH OF
CONCAVE PORTION 7 Best Mode for Carrying out the invention [0017] Hereinafter, an
embodiment of the invention will be described in detail wift reference to the accompanying drawings.
FIG. I is a process diagram illustrating a 11 method pff, nufhcturing a magnetic recording medium
according to an embodiment of the invention. FIG. 2A and 2B are diagrams schematically illustrating a
surface treatmethedpsarandasitiriag b appirtPtorthes Mt SRERTREETRIABRFRERS recording
medium according to an embodiment of the invention. The following drawings are for illustrating the
structure of tHecémyBoddment B 1R inve ABioHeIdagmes ssBedatiallxaHisteating ssfasfckness, or
dimensions of each member are different from the actual dimensions of a polishing apparatus, a
magnetic recraihtshepRaRatEriba sAngaetelietérdhisgrehrsRicmassaranss [peaseMethod of

manufacturing magnetic recording medium> . _ .
recording medium according to an embodiment of the invention. The following

drawings are for illustrating the structure of the embodiment of the invention. In some
cases, for example, the size, thickness, or dimensions of each member are different from
the actual dimensions of a polishing apparatus, a magnetic recording medium, and a
magnetic recording/reproducing apparatus.

[0018]
<Method of manufacturing magnetic recording medium>

First, a method of manufacturing a magnetic recording medium according to an
embodiment of the invention will be described.

The method of manufacturing the magnetic recording medium according to this
embodiment is a method of manufacturing a magnetic recording medium having a
magnetically separated magnetic recording pattern and includes a process of forming at
least a magnetic layer on a non-magnetic substrate, a process of forming a mask layer on
the magnetic layer, a process of patterning the mask layer to form a mask pattern, a
process of forming a magnetic recording pattern on the magnetic layer using the mask
pattern, a process of burnishing the surface of the mask pattern with an abrasive, and a
process of removing the mask pattern.

Next, each of the processes of the method of manufacturing the magnetic
recording medium of this embodiment will be described in detail together with the
magnetic recording medium and the surface treatment apparatus (burnishing device).

[0019]

(Magnetic recording medium)



First, a method of manufacturing a magnetic recording medium according to an embodiment of the
invention will be described. The method of manufacturing the magnetic recording medium
according to this embodiment is a method of manufacturing a magnetic recording medium having a
magnetically separated magnetic recording pattern ard includes a process of forming at least a
magnetic layer on a non-magnetic substrate, a process of foiHnng a mask layer on the magnetic layer,
a process of patternidgeieaghttic FRyerdis sonedam asropdinere, thiprorkediBErS i dea ShagAkic
recording pattern on the magnetic layer using the mask pattern, a process of burnishing the surface of
the mask patfeviuitican abrakiveolmepanstscess ottd Memed e laysskaganarsic 1ayer3@aﬂr@ach of the
processes of the method of manufacturing the magnetic recording medium of this embodiment will be
described in d@taBnsirtewitenedapetcrdcbramecHisdilimandomecd widbe trefticittapparatus
(burnishing device). [0019] gMagnetic recording medium) The magnetic recording medium
according to tHI8-BIHEs iels Ao elebrpiet Alsrirctorash omibe QLEsmIHagRetid oSV aA
intermediate layer, a magnetic layer having a magnetic pattern formed thereon, and a protective film
are formed ofi fiel§Urfachomagnsisragraie suestad Qaera imsEafifipm ROFBREBY dn the outer
surface. As shown in FIG. 1(i), in the magnetic recording medium 10 according to this embodiment, a
non-magneti@SuRyE¢ sHhsiErn&tia TAYBIH¢IINghe (it FEBBTGIFRF YRR BTN ZdY & PfRective layer 9
are indispensable components and the other layers may be appropriately provided. Therefore, in
FIGS. 1(a) toPrficqtyeraxsinerp anlirronshleraymrancatizaddte oihpelmisiBaE Pyer 2, and the
protective layer 9 of the magnetic recording medium O, for example, a lubrication layer, a seed layer, a
base layer, aAPIEIRES Yapisr idpdintel te By and & Kol(thagratietbgidhard ot shown. [0020]
(Process of fom ng magnetic layer) First, the process of forming at least the magnetic layer on the
non-magnetidSUR¥EE W T BETaEsEribe dn agnstin s de MJdhsProtRE DY EHR RE AP tiRERRH forming
method, such as a sputtering method. In this way, as shown in FIG. 1(a), the thin magnetic layer 2 is
formed on th&sserlmag il Bstraexrmob £ NBieHag ABtR sutssddieer 2 DA ¥ HoMmagnetic
substrate 1, any of the following non-magnetic substrates may be used: an Al alloy substrate made of,
for example, BRIETING BBy aRADIREI&H BECd ArRimeo M ph e e el ¥5dR gAY Rubstrate; an alum
nosilicate-based glasso(s)tzj(t))strate;

(Process of forming magnetic layer)

First, the process of forming at least the magnetic layer on the non-magnetic
substrate will be described. The magnetic layer is formed by a general thin film
forming method, such as a sputtering method. In this way, as shown in FIG. 1(a), the
thin magnetic layer 2 is formed on the non-magnetic substrate 1.

[0021]

Non-magnetic substrate

As the non-magnetic substrate 1, any of the following non-magnetic substrates
may be used: an Al alloy substrate made of, for example, an Al-Mg alloy having Al as a
main component; a general soda glass substrate; an aluminosilicate-based glass substrate;
a crystallized glass substrate; a silicon substrate; a titanium substrate; a ceramic substrate;
and substrates made of various kinds of resins. Among the substrates, it is preferable to

use an Al alloy substrate, a glass-based substrate, such as a crystallized glass substrate, or




crystallized glass substrate; a silicon substrate; a titanium substrate; a ceramic substrate; and
substrates made of various k mis of resins. Among the substrates it is preferable to use an Al alloy
substrate, a glass-based substrate, such as a crystallized glass substrate, or 13 a silicon substrate.
The average surface roughness (Ra) of the non-magrsetic substrate 1 is preferably equal to or less
than 1 nm, more preferably equal to or less than 0.5 run, and most preferably equal to or less than 0.1
nm. [0022] Maghete rpetrate.  [the preragaisie o ereinssindin e 2 peRwastiss BRERSG Including
Co as a main component. For example, the magnetic layer 2 may be made of an alloy obtained by
adding an oxid@gcdty cawtiperdese s | ope s e mmlie vrdew Bgmhsdutandy, such as
CoCrPt-0, CoCrPt-Si02, CoCrPt-Cr203, CoCrPt-Ti02, CoCrPt-Zr02, CoCrPt-Nb205, CoCrPt-Ta205,
CoCrPt-Al20 31 Cor AR EID 3Ueh &y PHIRO Shar Ebe#Pt-WO5. In the constituent materials. X indicates,
for example, Ru or W and Y indicates, ler example, Cu or Mg. it is preferable that the magnetic layer 2
includes 0.5 at% to 6[48%2bf oxide. [0023] The thickness of the magnetic layer 2 is preferably
equal to or more than 3 nm and equal to or less than 20 urn and more preferably equal to or more than
5 nm and eqidPEaBIIEEEthan 15 mu The magnetic layer 2 may be formed according to the kind of
magnetic alloy used and the laminated structure such that a sufficient head output is obtained.

Therefore, the thicknéisis Brafseagrétbamrensteddy s boenidrefor it ERUgitenvdiue in order

to obtain a predetermined output or more during reproduction. In general various parameters indicating
recording/repfati CeBIP eRgFactERE GEa Rt 1BrIRAGIEH QIR YSE s Bt trpeefmherbrarebitiReAecessary

to set the thickness of the magnetic layer 2 to an o(?timal value.]g0024] EProcess of forming mask layer)
14 by adding an oxide to CoCr, CoCrPt, CoCrPtB, CoCrPtB-X, or CoCrPtB-X-Y or a

Co-based alloy, such as CoCrPt-O, CoCrPt-Si0,, CoCrPt-Cry O3, CoCrPt-Ti0,,
CoCrPt-ZrO,, CoCrPt-Nb,Os, CoCrPt-TayOs, CoCrPt-Al,O3, CoCrPt-B,0s,
CoCrPt-WO,, or CoCrPt-WOs;. In the constituent materials, X indicates, for example,
Ru or W and Y indicates, for example, Cu or Mg. 1t is preferable that the magnetic
layer 2 includes 0.5 at% to 6 at% of oxide.

[0023]

The thickness of the magnetic layer 2 is preferably equal to or more than 3 nm
and equal to or less than 20 nm and more preferably equal to or more than 5 nm and
equal to or less than 15 nm. The magnetic layer 2 may be formed according to the kind
of magnetic alloy used and the laminated structure such that a sufficient head output is
obtained. Therefore, the thickness of the magnetic layer 2 needs to be equal to or more
than a given value in order to obtain a predetermined output or more during reproduction.
In general, various parameters indicating recording/reproduction characteristics
deteriorate with an increase in output. Therefore, it is necessary to set the thickness of
the magnetic layer 2 to an optimal value.

[0024]

(Process of forming mask layer)



Next, the process of forming the mask layer on the magnetic layer willbe described. The mask layer is
formed of a general thin film forming method, such as a sputtering method. In this.ay, as shown in FIG.
1(b), a thin mask layer 3 may be formed on the magnetic layer 2. [0025] Mask layer The mask
layer 3 may be made of a material including one or more elements selected from the group of Ta, W,
Ta nitride, W nitride, Si, SiG), Ta205, Re, Mo, Ti, V. Nb, Sn, Ga, Ge, As, and Ni. The use of the
materials makes it pdSehtorapre el ios e i g s fh 28K hsyBREGH 1¥epEEY fFa milling ion 6,
which will be described below. In addition, it is possible to improve the formation characteristics of a
magnetic recorssil hatterhexnaskiesiniperdestribear geldiingyimmdormise mytod, 4@ Atdterials
facilitate dry etching using a reactive gas. Therefore, the use of the materials makes it possible to
reduce the afOWiSEBEBSIH0E ard thissYeurssiRe eonfdNindhor Suheatfaxer or ik Sfagnetic
recording medium 10 in an inert gas radiation process (see FIG. 1(h)), which will be described below.
[0026] IHcErRSheRibe BRESHGIEYRINg the magnetic recording medium according to this
embodiment of the invention, among the above-mentioned materials, the mask layer 3 is preferably
made of As, Ge, Sn, B19&3, more preferably Ni, Ti, V, or Nb, and most preferably Mo, Ta, or W. In
addition, in general, it is preferable that the thickness of the mask layer 3 be in the range of 1 nm to 20
nm. [0027] (PY5E&435%F forming mask pattern) 15 Next, the process of patterning the mask layer
to form the mask pattern will be described. In the process of forming the mask pattern, first, as
shown in FIG. 1(c), afeeReik ippictprid aiaadmekaayairddonsing as Qs8R OIapar Ll anathod of

applying the resist is not particularly limited, but a general thin film-forming method, such as a spin

coating meth&elertl ranudsrmgehdal e iSaniretané HisdhStnidkhie §285tt$eeré§%tli§y\§r 4 be in

the range of 10 nm to 100 nm [0028 . ’ . .
Nb, Sn, Ga, Ge, As, and Ni. The use of the materials makes it possible to improve the

shielding of the mask layer 3 with respect to a milling ion 6, which will be described
below. In addition, it is possible to improve the formation characteristics of a magnetic
recording pattern 2A, which will be described below, by the mask layer 3.  The
materials facilitate dry etching using a reactive gas. Therefore, the use of the materials
makes it possible to reduce the amount of residue and thus reduce the contamination of
the surface of the magnetic recording medium 10 in an inert gas radiation process (see
FIG. 1(h)), which will be described below.

[0026]

In the method of manufacturing the magnetic recording medium according to
this embodiment of the invention, among the above-mentioned materials, the mask layer
3 is preferably made of As, Ge, Sn, or Ga, more preferably Ni, Ti, V, or Nb, and most
preferably Mo, Ta, or W. In addition, in general, it is preferable that the thickness of
the mask layer 3 be in the range of 1 nm to 20 nm.

[0027]

(Process of forming mask pattern)



Then, a negative pattern (having concave portions corresponding to recording tracks that are fm-med
in the resist layer in order to separate the recording tracks) of the magnetic recording pattern is
transferred to the resist layer 4 to form a resist pattern. It is preferable that the resist pattern be formed
by a nanoimprint method using a stamp 5, as shownlif FIG. 1(d). Specifically, the stamp 5 having the
negative pattern formed therein is pressed against the resist layer 4 with high fluidity after the resist
layer 4 is formed. Wimefﬁet%?m%%mgt&@é%ahag%@ﬁgé%résﬁgmg}éﬁrm%a%&eﬁml&vs are
radiated to the resist layer 4 to harden the resist layer 4. Thereafter, the stamp 5 is separated from the
resist layer 4@%%@%@, it is possible to accurately transfer the shape of the negative pattern formed
in the stamp 5 to the resist layer 4, thereby forming a resist pattern 4a. In FIG. 1(d), an an-ow S
indicates the movemBhisiRs sl fsmyee28s maskpatieiBrsiors fharthdnhitknkss fsstbncave
portion 4b of the resist layer 4 after the resist pattern 4a is formed be in the range of 0 nm to 10 nm.
When the thiskhidicgomie tsiaave psrtidn utyor thesststisyiybr 44sM6HH HERBBvE MeRtdied
range, it is possible to prevent the sagging of the edge of the mask layer 3 in the process of etching
the mask Iayé?@%ﬂ%ﬁ“ilﬁrbiémi@vﬁﬁfcﬁ ghie e dipetrBRIBaAsRo 46 b RS Ve Bife Sididing of the
mask layer 3 with respect to the milling ion 6, which will be described below. In addition, it is possible
to improve tHB¥Patis Brdrsererittigsnsithd! iagritibie Brting \pAatans by the Hdsidager 3. [0030]
The radioactive rays radiated to the resist layer 4 may include a wide range of electromagnetic waves,
such as heat]?%%?(%ﬁsrﬂgqi%w&ﬁ%ﬂﬂ(}@@ Fys, X-rays, and gamma rays. In this embodiment, the
radioactive rays are radiated with the stamp 5 being pressed against the resist layer 4, but the
invention is not limite®¥&leto. For example, after the pattern is transferred to the resist layer 4 and the
stamp 5 is separated from the resist layer 4, the radioactive rays may be radjated. A method of
radiating the radioact%?amgamée@@M)@W&Cﬁ%wﬁeﬁ}aﬂ@ TrHiESRO R FIP SRERHPRE any of the
following methods may be appropriately selected: a method of radiating the radioactive rays from a
side oppositd i id erped s thr SRTLH PR D AEET. t SrRAIST BF FacrafiRetacsdoEtve rays
from the stamp 5 ma.de of a material capable of transmitting the radioactive rays; a method of
radiating the PARABEEEVRS AT #BRN T iR SITTRCE DI tA ESANTY B, A A Mot i iiatint
radioactive rays with high conductivity with respect to a solid, such as heat ra using heat transferred
from the stanipRSFHECBsPEESS SR KHOD IHETSY BY thBRSHBITBHICMEHEHARESTP possible to
accurately transfer the shape of the negativef pattern formed in the stamp 5 to the resist layer 4,
thereby formﬁffgsh?évregxsﬁlﬁa&é% 42NB055Y Rebi6tTaper ThE 18S9 a78r I MBS B EREbf a
radiation-curabple resist material. Examples of the radiation-curable material include a thermosetting
resin that is cured’by’ Wé%ﬁngfsg%fﬂat51?16ﬁﬁ?%i@%ﬁcﬁ?ﬁ%@%@ﬁ?@éﬂ?ﬁ%ﬂ% &Sl Wﬁﬁr‘éviolet rays. In

this formed. With the stamp 5 being pressed against the resist layer 4, radioactive rays are
radiated to the resist layer 4 to harden the resist layer 4. Thereafter, the stamp 5 is
separated from the resist layer 4.  In this way, it is possible to accurately transfer the
shape of the negative pattern formed in the stamp 5 to the resist layer 4, thereby forming
a resist pattern 4a.  In FIG. 1(d), an arrow S indicates the movement of the stamp 5.

[0029]

It is preferable that the thickness of a concave portion 4b of the resist layer 4
after the resist pattern 4a is formed be in the range of 0 nm to 10 nm. When the
thickness of the concave portion 4b of the resist layer 4 is within the above-mentioned
range, it is possible to prevent the sagging of the edge of the mask layer 3 in the process

of etching the mask layer 3 shown in FIG. 1(e), which will be described below and




17 embodiment, it is preferable that a novolac-based resin, an acrylic acid ester-based
ultraviolet-curable resin, or an alicyclic epoxy-based ultraviolet-curable resin be used as the resist
material. [0032] Stamp It is preferable that a stamp material forming the stamp 5 be glass or resin
with high ultraviolet transmittance. In thi yay, even thgugh ultraviolet rays are radiated with the stamp
5 being pressed against the resist layer 4, the stamp 5 can transmit the ultraviolet rays, and it is
possible to effaetivetyiashketding Qiitis/ piek raysrtd WHE resedelpeha MHlHdien 8, the dtarilh b
transmitting the ultraviolet rays may be manufactured by a mother stamper. A mother stamper which
may be useddesgitegtiglived b&nﬁﬁ%&ﬁi@»&tﬂﬁ@%@k@ﬁﬁ&%‘%%ﬁéﬁﬁﬁﬂﬁt@ GBectEsisEgafiple, an
electron beam drawing method, and a material forming the mother stamper needs to have rigidity and
durability resibamegnefisriscesding flalganiy&1amerkdisF dtamper may be made of Ni. However, the
mother stamper may be any material as long as the material is suitable for the above-mentioned
purpose. Servo signdUafterns, such as a burst pattern, a gray code pattern, and a preamble pattern,
in addition to general tracks for recording data may be Rimed in the mother stamper. In addition, the
negative pattern of thEnmErgienstivesriTgpagdie haysistitaed menadudns 5ijooamge of Then, as
shown in FIG. 1(e), a region of the mask layer 4 that is not covered with the resist pattern 4a is
removed, to fITARAGER FATBHE 38U SrscifabiRy sHesBlidielss thaaviaket rayers ey H&lremoved by
dry etching using a reactive gas. As shown in FIG | (d), when the resist remains in the concave portion
4b of the resiStRPeraythe In i pahotisfasidessrdoraiae ENE e st ek BeFte Satterned. In

this way, the mask pattern 3a is thrmed on the magnetic layer 2. [0034]]_ (Process of forming magnetic
recording pa&)@;}ﬁ; pressed against the resist layer 4, but the invention 1s not limited thereto. For

example, after the pattern is transferred to the resist layer 4 and the stamp § is separated
from the resist layer 4, the radioactive rays may be radiated. A method of radiating the
radioactive rays to the resist layer 4 is not particularly limited, but for example, any of
the following methods may be appropriately selected: a method of radiating the
radioactive rays from a side opposite to the stamp 5, that is, from the substrate 1; a
method of radiating the radioactive rays from the stamp 5 made of a material capable of
transmitting the radioactive rays; a method of radiating the radioactive rays from the side
surface of the stamp 5; and a method of radiating radioactive rays with high conductivity
with respect to a solid, such as heat rays, using heat transferred from the stamp 5 or the
substrate 1. As such, the use of the nanoimprint method makes it possible to accurately
transfer the shape of the negative pattern formed in the stamp 5 to the resist layer 4,
thereby forming the resist pattern 4a.

[0031]
Resist layer

The resist layer 4 may be made of a radiation-curable resist material.
Examples of the radiation-curable material include a thermosetting resin that is cured by

heat rays and an ultraviolet-curable resist resin that is cured by ultraviolet rays. In this



Next, the process of forming the magnetic recording pattern in the magnetic layer using the mask
pattern will be described. In the process of forming the magnetic recording pattern, first, it is preferable
that a portion of the outer layer of the magnetic layer 2 be removed by, for example, ion milling. When
a portion of the outer layer of the magnetic layer 2 isremoved, it is preferable that the magnetic layer 2
be exposed to reactive plasma or a reactive ion atmosphere to modify the magnetic characteristics. In
this case, it i¥PHSEIBIENo imprEEacBAtRBE B HTebatSE fetie. Rt arETHE PaftereYRa%E compared to
the structure in which a portion of the magnetic layer 2 is not removed. In addition, it is possible to
improve the SINGEREOPYRDINERSHRY ABCHINEHTERERINE SOGHEWH MeERSTaDED 618 beHsidered that this
is because the surface of the magnetic layer 2 is cleaned and activated, which results in an
improvementth? resistiBliwittl reactive plasma or reactive ions, when the outer layer of the magnetic
layer 2 is removed. In addition it is considered that this is because a defect, such as a hole, is formed
in the outer layer of ttﬁ%oﬁ’?dgnetic layer 2 and reactive ions are likely to infiltrate into the magnetic layer
2. [0035] Specifically, as shownFIG. 1(0, the outer layer of the region of the magnetic layer 2 that is not
covered with #4&@ask pattern 3a is removed by ion milling. The depth d of the concave portion 7
formed in the magnetic layer 2 by the radiation of the milling ion 6 is preferably in the range of 0.1 nm
to 15 nm and more p?éféiﬁﬁf?fﬁ‘?{%@l?éﬁé@@?wrtél forpmaihseintiB JBpEIAILTEsE  EHD. 1 nm, the
effect of removing 19 the magnetic layer 2 is not obtained, which is not preferable. On the other hand,
when the deptih WRHRSHENIBIHEShe ldte 8epf hen dhpree bR i HREGgNe gEcrEdditfitig medium
deteriorates and the floating characteristics of the magnetic head deteriorate when the magnetic
recording/repYG&U@lﬁ@tﬁﬁgéﬂ%@%ﬁ@fé&’ﬁﬁé&}%ﬁ%ﬁ lavst patetamie S[eoBERSMiTien, the region
of the magnetic layer 2 that is not covered with the mask pattern 3a is exposed to reactive plasma or a
reactive ion atHBSEHEREH6-Aeribis BRs SR esidactiyphctefigie dherahiervir)romags teehnagitgtic layer 2.
Specifically, for example, the formed magnetic layer 2 is exposed to reactive plasma or reactive ions to
change (redul¥$hé maRyAcdici emdhsciivpicdy REHIEYE ik WHAVRI atie 8¥ PPreragidactegd

magnetically separates a magnetic recording track from a servo signal pattern portion in the magnetic

layer 2. A metGHMPBEpEEmgThe formtlHgReGE 1Myeh D1y beathdd phatnbianrd uti{aming to make

the magnetic layer 2 amorphous may be given as an example of the method of modifying the region
that magnetich %gﬁakdqétgemé%@ﬁ@ﬁ@?%em fenekams the derrosigian SatEReIBREML: In
addition,the change in the magnetic characteristics of the magnetic layer 2 in this embodiment
includes a ch&i$a matRadAreming dheter HampapRetrs Ryarve rigiftymakdyseRilipersifaiking the
magnetic layer 2 amorphous means changing the atomic arrangement of the magnetic layer 2 into an
irregular atontfERFARGTEMEMIAABING BhE aREa AR BRIS2EPERRIAN! De rdhIBRISriRgement of
fine crystal grains with a. diameter of less than 2 nm. When the atomic arrangement (amorphous state)

is checked by A aFEIRHBHORE APEART afdensAaibsmgierays e aaled9s B8t found in X-ray

diffraction or electron beam diffraction, but only a halo wavethrm is found. [0037]
above-mentioned purpose.  Servo signal patterns, such as a burst pattern, a gray code

pattern, and a preamble pattern, in addition to general tracks for recording data may be
formed in the mother stamper. In addition, the negative pattern of the magnetic
recording pattern may be formed in the stamp 5.

[0033]

Then, as shown in FIG. 1(e), a region of the mask layer 4 that is not covered
with the resist pattern 4a is removed to form a mask pattern 3a. Specifically, the region
of the mask layer 4 may be removed by dry etching using a reactive gas. As shown in

FIG. 1(d), when the resist remains in the concave portion 4b of the resist layer 4, the




20 Inductively coupled plasma (103) or reactive ion plasma (RIE) may be given as an example of
the reactive plasma. For example, the reactive ions may include reactive ions in the inductively
coupled plasma or the reactive ion plasma. [0038] The inductively coupled plasma is
high-temperature plasma obtained by applying a highgroltage to air to ionize the air into plasma and
generating joule heat in the plasma due to an eddy current caused by a high-frequency variable
magnetic fieldcTHBIRHIRSIN el Boaprchpladvinthag g isrpakersieg-anth ¢ais BiRand¥ the magnetic
characteristics in the magnetic layer 2 having a large area with high efficiency, as compared to the
related art thatdslapefsetuies dserden ek RIBRIESHETidn beams. The reactive ion plasma is highly
reactive plasma obtained by adding a reactive gas, such as 02, SF6, CHF3, CF,,, or CC14 to plasma.
In this embodiment, diffé&he plasma is used as reactive plasma, it is possible to change the magnetic
characteristics of the magnetic layer 2 with high efficiency. [0039] In this embodiment, it is
preferable thaPtRecrs AEHQBPIESHEBEtHRHECFOAEIMENSHE Mhclude halogen ions. It is preferable that the
halogen ions be formed by introducing one or more kinds of halogenated gases selected from the
group of CF4, SF6, CHFsS, t@%ﬁ“&‘??é%’é@ﬁ%ﬁ%%?&%@%@éﬁ%&% PATFEVEHE PRABIRHE between
the magnetic layer 2 and plasma and sharpen the magnetic layer pattern. The detailed reason is not
clear, hut it islEOHEVETRE At TG MY ?a@%ﬁ’é’ged {5 the BgAeEe bfAHBIRTEIGR ORI 2 are
etched by halogen atoms in the reactive plasma and the surface of the magnetic layer 2 is cleaned by
etching, resulfSgrHPETEadETh ifHe pedstincohaie reatineaé Ay erter Invsyafids, Magedfsidered that
the cleaned surface of the magnetic layer 2 reacts with the halogen atoms with high efficiency. 21
[0040]  inl@Vier @B aemaset thefvarhaamitadtioii e r 21 exgaseaon hE FAEEUE S Na in order
to modify the magnetic layer 2. However, it is preferable that the magnetic layer 2 be modified by the
reaction betwBeikEAisJRETITSRPRYIRRIAGItHE Siaye teatihs e gne s iomE dLRREM M Yeactive
plasma. The reaction includes a variation in the crystal structure of the magnetic metal, a variation in
the compositiBiSFie Bl ARG Bt RISHIC SIS H Bt frBsan sHR GBS ST NS mabhetic
metal, and silicidation of the ma?neti.c metal due to the infiltration of atoms in the reactive plasma. into

the magnetic THEEAStnithiP /AP e ALt reettmsy Pahemagacticrssrehnporsiemn 24, as

compared to the structure in which a portion of the magnetic layer 2 is not removed. In
addition, it is possible to improve the S/N ratio of the magnetic recording medium 10
shown in FIG. 1(i). It is considered that this is because the surface of the magnetic layer
2 is cleaned and activated, which results in an improvement in reaction with reactive
plasma or reactive ions, when the outer layer of the magnetic layer 2 is removed. In
addition, it is considered that this is because a defect, such as a hole, is formed in the
outer layer of the magnetic layer 2 and reactive ions are likely to infiltrate into the
magnetic layer 2.

[0035]

Specifically, as shown in FIG. 1(f), the outer layer of the region of the magnetic
layer 2 that is not covered with the mask pattern 3a is removed by ion milling. The
depth d of the concave portion 7 formed in the magnetic layer 2 by the radiation of the
milling ion 6 is preferably in the range of 0.1 nm to 15 nm and more preferably in the

range of I nm to 10 nm. When the depth d is less than 0.1 nm, the effect of removing



in this embodiment, it is preferable to perform the ion milling process as described above before the
region of the magnetic layer 2 that is not covered with the mask pattern 3a is exposed to the reactive
plasma. or the rea.ctive ion atmosphere. However, the ion. milling process may not be performed. In
this case, the region of the magnetic layer 2 that is npi covered with the mask pattern 3a is exposed to
the reactive plasma or the reactive ions. In this embodiment, the magnetic characteristics of the
magnetic lay B2 i aYRr eHangbasifsitn W%‘édﬁéﬁ?é%ﬁ%’rﬁing%f%&rﬁ@% N3Bg&s2 a portion
of the magnetic layer 2 may be physically removed without using the above-mentioned process and
the removed hefrIhAdy BerRlBaWitra nB-Fipserd RafrRcoIbhs enstigret {8tbrding pattern
2A in the magnetic layer 2. [0042] Magnetic recording pattern 22 In this embodiment, the
magnetically BB Be HamRRILLS HRR pa i daTisic 1 tharrenstisgrrasielsipPsie separated
by a non-magnetic region 21 in a top view of the magnetic recording medium, as shown in FTG. IL),
which will be HeEtHISS8 BRI 94 }§gf¥@%@&ﬁ%&éﬂ&9@t%ﬁ%@‘g@ﬁ%&§?biw@8 from he
surface side is included in the concept of a magnetically separated magnetic recording pattern even
though the ni%fﬁf?éﬁlél?ayer 2 is not separated in a bottom view. The magnetic recording pattern
according to this embodiment includes so-called patterned media in which a magnetic recording
pattern is regularly al[l%ﬂ?&éd for one bit, media in which the magnetic recording pattern is arranged in a
track shape, or a servo signal pattern. [0043] = As described above, in this embodiment, it is
preferable that the maBFetiBanyEenar: gl Yecordrigsoateny 9RbE Ehise8atk a so-called
discrete magnetic recording medium, which is a. magnetic recording track and a servo signal pattern,
in order to sIMAIRPAR FEMISIRIFG Procass s thid ErBBERBAIREPRSHIRETES O the magnetic
layer 2 for forminE,, the magnetic recording pattern 2A includes partially changing, for example, the
coercivity andP sEeE qg?gﬁﬁﬁi?gﬁ%r%%%%ﬁ%ﬁ%‘ﬁ%}aﬂﬁeéaditi%ﬂeﬁﬂf}ﬁ%} IndPEHE Halfretic
layer non-magnetic, in order to pattern the magnetic layer. The change in the coereivity and the
remnant maghedoshen Bresind 'ﬁdfai?ﬁﬁoﬁ?@lﬁaé@%Y%ﬁW'éfré‘?écﬂW&?Bﬂsif“lotﬁlvéa%‘ércivity and a
reduction in the remnant magnetization. [0044] (Burnishing process) . Next, the process of

burnishing th& &5 ¢ReaRAsBRa SRR Hhith B TS il Riigs dge region that

magnetically separates a magnetic recording track from a servo signal pattern portion in
the magnetic layer 2. A method of exposing the formed magnetic layer 2 to reactive
plasma or reactive ions to make the magnetic layer 2 amorphous may be given as an
example of the method of modifying the region that magnetically separates the magnetic
recording track from the servo signal pattern portion. In addition, the change in the
magnetic characteristics of the magnetic layer 2 in this embodiment includes a change in
the crystal structure of the magnetic layer.

In this embodiment, making the magnetic layer 2 amorphous means changing
the atomic arrangement of the magnetic layer 2 into an irregular atomic arrangement
without a long-distance order, specifically, the random arrangement of fine crystal grains
with a diameter of less than 2 nm. When the atomic arrangement (amorphous state) is
checked by an analysis method, a peak waveform indicating a crystal plane is not found
in X-ray diffraction or electron beam diffraction, but only a halo waveform is found.

[0037]




23 In the burnishing process, a surface treatment apparatus 30 shown in FIGs. 2A and 2B is used
to burnish the surface of the mask pattern 3a with an abrasive. Specifically, the term "burnishing’
means removing the foreign material remaining on the mask layer with an abrasive In this
embodiment, it is preferable that the process of burngshing the surface of the mask pattern 3a, with the
abrasive be performed by pressing a tape (polishing tape) including an abrasive against the mask
surface and abradindiReckisdk ceipied piotns (16 ras ccaehimionippardiis) mayAs ehsfiSn FIGs.
2A and 2B, the surface treatment apparatus 30 has a schematic structure including a. polishing tape
32 that is usé@ £ HBREhCL aEIeH $OLT8Ihg FEGUHNB Ralin 5EESE Y 46 P MG TS #H&reon and
a pad 33 that presses the polishing tape 32 to contact the magnetic recording medium 8. The polishing
tape 32 contdets EndpBliiiey shecsumedgdsaant B SRty siayRER Fecording medium 8 that
includes the magnetic layer 2 (2A), the mask pattern 3a (mask layer 3), and the resist pattern 4a
(resist layer 4) remaitif§%n the mask layer shown in FIG. I(l). In the example shown in FIG. 2, the
polishing tape 32 is held by a plurality of guides 31 and is provided so as to be wound and transported
from an RI direction t%ﬁ@?cﬂ‘lﬂ’ébtié‘?ﬁpl}?éf%ﬂ%iﬁ&t&%@@?%@%ﬁ%mé}%%ﬁ%mrom the RI
direction to the R2 direction by a driving unit (not shown). A portion of the polishing tape 32 used for
the polishing $eExs3digb oA %%@ré%&%ﬁﬁ@%tlwpg’r?%ﬁﬁgrﬁ%aﬂﬁa§88168Fﬁ6H1is
continuously transported to a position facing the magnetic recording medium 8. The base of the
polishing tap&3Plsrmdecdp anesiny sursispesd pop BighimeuananitsaklfeBreashsidis!dr diamond
is used as abrasive grains adhered to one surface of the polishing tape 32. 24 [0046] The pad 33
is a member RAvimguEcRYisbisaralssteksmg hee bishsHRy ety ee st treemB iRt EiCording
medium 8 and is made of a resin or fabric cloth. The member may be a rubber roller (which is also
referred to asShaRERIY FEBbEICRENCHS IREXARINE eater Merwdh biglypHiosnte Pad 33 is
attached to a block 34 made of metal. The block 34 is disposed at a position where the polishing tape
32 does not GoRtRBESHiA thieTphtrd 3 Heh e Wartaess gisstrie Hesh PditLSEtE 5% indby state, as
shown in FIG. 2A. When the magnetic recording medium 8 is polished, as shown in FIG. 2B, the block
34 is operated BRI YR RlaHBRd PSR ER B TR RARY et ailiRa s \htH tR&SpSistion of the
block 34, the pad 33 presses the polishing tape 31 Reference numeral 35 indicates a. ground wire that
discharges sttieiREtritiFenGfgedrbtheipatrgnaa dpitiread edipetied s mBRITASE Lidwn) to
rotate the magnetic recording medium 8 attached to an attachment portion 37. 10047] _In this

embodiment, AhE&HAGR HBRrdAPAPPaIa IS0 8 e I8stintoAtasteEsticsc SiameRRSER pattern 3a
or the resist pattern 4a with an abrasive. Therefore it is possible to effectively remove the foreign
material remaftiFi? oM thEighelitigaes or the foreign material which has worked its way into the mask
layer 3 without damaging the patterned magnetic layer 2. In this embodiment, before the burnishing
process, when the mgg Béttern 3a or the resist pattern 4a remains, it is preferable that a lubricant be
applied onto the surface of the resist pattern 4a, When the lubricant is applied to, for example, the
surface of the mask pattBH DI sBSdiRPIS RS hALEE S LR AURSHIAG D PR ECRRHY R TR layer 2 in
the burnishing process and stably remove the foreign mater a from, for example, the surface of the
mask layer 3 FREEE palesst %SForhe?m?é?‘é{? @6‘?‘ H@-gﬁ?@éﬁqdﬁ?&gﬁﬁo S DNsed

lubricant, and a. mixture thereof inay be
one or more kinds of halggenated gases selected from the group of CF4, SFs, CHF3, CCly,

and KBr. In this way, it is possible to improve the reactivity between the magnetic
layer 2 and plasma and sharpen the magnetic layer pattern. The detailed reason is not
clear, but it is conceivable that foreign materials adhered to the surface of the magnetic
layer 2 are etched by halogen atoms in the reactive plasma and the surface of the
magnetic layer 2 is cleaned by etching, resulting in an increase in the reaction of the
magnetic layer 2.  In addition, it is considered that the cleaned surface of the magnetic

layer 2 reacts with the halogen atoms with high efficiency.



25 used as the lubricant according to this embodiment. It is preferable that the lubricant be applied
with an average -film thickness of 1 A or more. When the applied lubricant is thin, the lubricant is not
applied onto the surface as a continuous film. The lubricant applied according to the invention is
effective even though it is applied onto the surface ir2an island shape in which the lubricant is not a
continuous film. In this case, the thickness of the lubricant is represented by an average film thickness.
[0048] In this emB8dithent, as shown in FIG. I(f), the resist pattern 4a remains on the mask pattern
3a of the magnetic recording medium 8 having the mask layer 3 remaining therein. However, since the
thickness of the resigt gtﬁeﬁ*ﬁﬁ%@}@ﬁéﬂdbééoﬁpﬂ@é%%ﬁ’ﬁlﬁg%@dé eraedrindRedyarE process of
exposing the resist pattern 4a to an atmosphere, such as the reactive plasma, it is easy to remove the
foreign mateRESTBAAIATNS IR Brdihathe myerdigdimgife bﬂﬂW§Nﬁﬁglb¥%€@§§lﬁa¥H%@&&F§ﬁ, in some
cases, the resist pattern 4a is removed by the reactive plasma. That is, the burnishing process
according to TEEHB &R RtGReNiReI Dy B edsactPRiPeRtgB IR EMERCHHE MK PaHBE{Sa (mask
layer 3) and a process of burnishing the surface of the mask pattern 3a through the resist pattern 4a
(resist layer A 3RGHEMBHRGAHEASTRIGH inBtdnarearmsHiRglaHtAe oLheFIase [B6HY|EProcess of
removing mask pattern) Next, the process of removing the mask pattern will be described. In the
process of rerABH Y e M sk FatBHTEE ShBeAteRTte Hghlthe FHaiQpR B ARRORItPR Thask
pattern 3a. are removed. This process may be performed by, for example, a dry etching method, a
reactive ion eRHPRERATEHBE AN HINR F%fﬁ%%ﬂeéﬁc&\ﬁ@iéﬂfﬁﬁ?dlﬁ%%ﬁg& RN M55diment, the
burnishing process is performed before the process of remqving the mask pattern. Therefore, the
resist pattern®§ %}Hﬁlfﬁé’?ﬁéﬁlﬁdﬁ%ﬁ%}& BrefabumhintheibiisiHened Aamiintie fserdt Yattern 4a is
completely removed, or the foreign material, which is an obstacle to, for example, dry etching, is
removed. Th&lafBrenfadsoasmistis matably ksthisveandhegiaepaitrerasingd s haskbattern 3a

such that thege is rzio Mreign material. [0050] (Process of radiating inert gas)
ormed.

[0041]

In this embodiment, it is preferable to perform the ion milling process as
described above before the region of the magnetic layer 2 that is not covered with the
mask pattern 3a is exposed to the reactive plasma or the reactive ion atmosphere.
However, the ion milling process may not be performed. In this case, the region of the
magnetic layer 2 that is not covered with the mask pattern 3a is exposed to the reactive
plasma or the reactive ions.

In this embodiment, the magnetic characteristics of the magnetic layer 2 are
partially changed to form the magnetic recording pattern 2A. However, a portion of the
magnetic layer 2 may be physically removed without using the above-mentioned process
and the removed portion may be filled with a non-magnetic material to form the
magnetic recording pattern 2A in the magnetic layer 2.

[0042]

Magnetic recording pattern




Next, in this embodiment, as shown in FIG. 1(h), it is preferable that an inert gas be emitted to the
magnetic layer 2 having the magnetic layer pattern 2A formed therein to stabilize the magnetic layer 2.
According to this process the magnetic layer 2 is stabilized and it is possible to prevent the migration
of magnetic particles even in a hot and humid enviropinent. The detailed reason why the migration is
prevented is not clear, but it is conceivable that an inert element infiltrates into the surface of the
magnetic layer 2 to pheEnecRodigratidhoParesHsyhetRP pRIGEIBL eI e SRITIga LRIt to
remove the active surface of the magnetic layer 2, thereby preventing the migration of the magnetic
particles. [00BERRsehag e magngtis [pererdpRePREBhEYR PIBrE BEREE S68ited OMIMRE B W of Ar,
He, and Xe be used as the inert gas. This is because these elements are stable and can effectively
prevent the niGrad8AHFREIHHBASIIBERARE TS BrEfSralil 11k dhy Sk srsetBedisiAthe group of
a method using an ion gun, 1CP, and RIE be used as the method of emitting the inert gas. In
particular, it i$ preferasB iRt lexstanthatis whreigdrgd R dra et s MdstidaeAser and
RIE. ICP and R1E have been described above. [0052] (Process of forming protective layer) 27
Finally, as shivifriroBReptiql? fHPég’é?ﬁ%lélﬁfrﬁ@?ﬂréi@@?é%‘?ﬁtiﬁéﬁf@é@%%%§8@?&m?ﬁ§ the protective
layer 9 on the magnetic layer 2 hav ng the magnetic layer pattern 2A formed therein and applying a
lubricant ontd A& BGtEVE 1ayet ScoRTHIedHBA BPHSIIFG the PREEREDSHRFFIS RS Ularly limited.
However, in general, a method of forming a diamond-like carbon thin film using a P-CVD apparatus is
performed. [OB591ratecve b dimephmdistetivedlyepatyasbasiiads BRELRABEE Rt erial, such
as carbon (C), hydrogenated carbon (HxC), nitrogenated carbon (CN), amorphous carbon, or silicon
carbide (SIC)SPH RERAIS IHATFEYRREAIPEEEd Yo BRI Tay&i CBURABEBRE 2203, or TiN.
The protective layer 9 may be a laminate of two or more layers. The thickness of the protective layer 9
needs to be [ESOTARE DAISH 1 THANBFAKACSE SRR PFotE HvRVAyE i8S than 10 nn, the distance
between the head and the magnetic layer is increased. As a result, the intensity of input/output signals
is insufficient, which igo%%breferable. It is preferable to form a lubrication layer on the protective layer
9. A fluorine-based lubricant hydrocarbon-based |ubricant, or a mixture thereof is given as an example

of the lubricant used o #5&ctiBBiaRNYH aya FRbpTERsbib e tHe LT B Senerally

kilned with a thickness of | inn to 4 am. ) , ,
separated magnetic recording pattern 2A be applied to a so-called discrete magnetic

recording medium, which is a magnetic recording track and a servo signal pattern, in
order to simplify the manufacturing process. In this embodiment, the modification of
the magnetic layer 2 for forming the magnetic recording pattern 2A includes partially
changing, for example, the coercivity and the remnant magnetization of the magnetic
layer in addition to making the magnetic layer non-magnetic, in order to pattern the
magnetic layer. The change in the coercivity and the remnant magnetization of the
magnetic layer includes, for example, a reduction in the coercivity and a reduction in the
remnant magnetization.

[0044]
(Burnishing process)

Next, the process of burnishing the surface of the mask pattern with an abrasive

will be described.




In this way, the magnetic recording medium 10 is manufactured as shown in FIG (i). [0054] As
described above, in the method of manufacturing the magnetic recording medium according to this
embodiment, after the magnetic layer 2 is patterned using the mask pattern 3a, the surface of the
mask pattern 3a is burnished by an abrasive. Therefgse, it is possible to remove the foreign material
remaining on the surface of the 28 magnetic recording medium. Thereafter, the mask pattern 3a is
removed and the fordyhertatavidline affeedive i ahd e FEBIR PEHTOPAERINS 3 rhsiit #hE faeigh material
does not remain on the surface of the magnetic recording medium, or the mask layer in a shade
portion of theafst@igrisrhsae fmbauashribe rapiess of Hirafark PaETs2aoF itheBBbiAsINfentioned processes
makes it possible to foun the pattern of the magnetic layer with high efficiency and high productivity.
[0055]  A&wsriiitgli. the teranUbactirivmeemiasiod SRRt ERER eSO SSBY8 HPBvide a
magnetic recording medium 10 with high surface recording density without any writing blur during
magnetic rec8relingskyaradiphebrmsiyretidncthar setbpdirenss s pegisabbe i diethio fasigifetic
tracks (the region separating the magnetic layers), for example, reducing coercivity and remnant
magnetizatioR 4o HEnghesuifpte[00BEmask peétanch: WHEIRMgRs HFebmBEROEIBThPaifieHfing the
magnetic recording medium of this embodiment, it is possible to provide the magnetic recording
medium 10 apdeaatieelisling wenm irskidmegpthedrmsypatairscBrrimashadians rodcipadinedheffectively
and reliably removing the foreign material on the surface of the magnetic recording medium 10,
preventing the'Askiskiger 3 from remaining on the magnetic recording medium 10, and forming the
pattern of the magnetic layer 2 with high productivity. [0057] <Magnetic recording/reproducing
apparatus> NextO84tagnetic recording/reproducing apparatus according to an embodiment of
the invention will be described. FIG. 3 is a perspective view illustrating the magnetic
recording/reprodiicmiicapperbiiivdettrding to this embodiment.

As shown in FIGs. 2A and 2B, the surface treatment apparatus 30 has a
schematic structure including a polishing tape 32 that is used to polish a magnetic
recording medium 8 having the mask layer remaining thereon and a pad 33 that presses
the polishing tape 32 to contact the magnetic recording medium 8. The polishing tape
32 contacts and polishes the surfaces 8a and 8b of the magnetic recording medium § that
includes the magnetic layer 2 (2A), the mask pattern 3a (mask layer 3), and the resist
pattern 4a (resist layer 4) remaining on the mask layer shown in FIG. 1(f). In the
example shown in FIG. 2, the polishing tape 32 is held by a plurality of guides 31 and is
provided so aé to be wound and transported from an R direction to an R, direction.

The polishing tape 32 is wound and transported from the R, direction to the R, direction
by a driving unit (not shown). A portion of the polishing tape 32 used for the polishing
process is wound around a collecting unit (not shown) and an unused portion is
continuously transported to a position facing the magnetic recording medium 8.

The base of the polishing tape 32 is made of a resin, such as PET. For example,

alumina, silicon carbide, or diamond is used as abrasive grains adhered to one surface of

the polishing tape 32.



As shown in MG. 3, a magnetic reeordingfreprod cing apparatus 20 according 29 to this embodiment
includes the magnetic recording medium 10, a medium driving unit 21 that drives the magnetic
recording medium 10 in a recording direction, the magnetic head 27 including a reading unit and a
reproducing unit, a. head driving unit 28 that moves thie magnetic head 27 relative to the magnetic
recording medium [0, and a recording/reproduction signal system 29 including a.
recording/reproductidf®ighal processing unit that inputs signals to the magnetic head 27 and
reproduces the signals output from the magnetic head 27. The units may be combined with each other
to form the magnetic Teeording/ieprogudisighapparatie 2o nrhmrsrredBrding BersPaAZtie related
art, the width of the reproducing head is smaller than that of the recording head in order to remove the
influence of eRiak StyagmeisNerPEMagHElizad ANfdASNIGS PEgiBr HITakt, Gl this e diment, the
width of the reproducing head is substantially equal to that of the recording head as the recording
tracks of the MeghetieEbsrainy pseelis ﬁ‘@%’\%ﬁ/@ pser§irgcddseas §é’%<t6%€}?h§g‘??éll‘?éhllylaiscrete.
In this way, is possible to obtain a sufficient reproduction output and a high SNR. [0058] in
addition, the FeprsausissimtomieGraghaend RBathopad 3cvitiaskedi e PR hamsicTerefore, is
possible to obtain sufficient signal intensity even at high recording density and thus achieve the
magnetic recBr&ifg/réprddlaeindrais Parersdz wnestioh Yot dhsPabHER. YRR HSTHMg height of
the magnetic head 27 is in the range of 0.005 pm to 0.020 pin which is less than that in the related art
the output is FepRsEdtheHigh SNRNSE StEfRed TrHEIBIb AP EWotbiBIE tosirlde e Alagnetic
recording/reproducing apparatus 20 with high capacity and high reliability. When a signal processing
circuit using alaRimdHIRAIoSihgaBEMgIHEtRGEr R THuDRRHB it RobsaehRs fHf3FNEr improve
recording density. For example, a sufficient SNR is obtained even when recording and reproduction
are performe§ Iéi aRabr Blskigrds oortgbisarbchisitiosiet hakhs ety derei BpPLooo
kbits/inch or more and a recording density of 100 Gbits per square inch or more, [0059] As
described ab&tevatcoNifyths arertigghetith fduardiAdapmsdLtIy eppaia re B BetRR e Hbodiment, it
is possible to provide the magnetic recording/reproducing apparatus 20 including the magnetic
recording me ﬁﬁ@@e\/ﬁﬂﬁnﬁb%é%Fééﬂﬁ%ﬁé@r%??é“@o‘ﬁ%féfgﬁrﬁﬁﬁgﬁé%?éﬁ%&emﬁ@%Cr]é"t"&t?&if‘@ density.

[Examples] ' . _
the pad 33. A spindle 36 is rotated by a motor (not shown) to rotate the magnetic

recording medium 8 attached to an attachment portion 37.

[0047]

In this embodiment, the surface treatment apparatus 30 is used to burnish the
surface of the mask pattern 3a or the resist pattern 4a with an abrasive. Therefore, it is
possible to effectively remove the foreign material remaining on the mask layer 3 or the
foreign material which has worked its way into the mask layer 3 without damaging the
patterned magnetic layer 2. In this embodiment, before the burnishing process, when
the mask pattern 3a or the resist pattern 4a remains, it is preferable that a lubricant be
applied onto the surface of the resist pattern 4a. When the lubricant is applied to, for
example, the surface of the mask pattern 3a, it is possible to further reduce the scratching
of the magnetic layer 2 in the burnishing process and stably remove the foreign material
from, for example, the surface of the mask layer 3 (mask pattern 3a). For example, a

fluorine-based lubricant, a hydrocarbon-based lubricant, and a mixture thereof may be




[0060] Next, the invention will be described in detail with reference to examples, but the invention
is not limited to the examples. [0061] <Manufacture evaluation samples: Examples 1 to 9 and
Comparative Examples 1 and 2> Magnetic recording media according to Examples 1 to 9 and
Comparative Examples 1 and 2 of the invention wergjmanufactured as follows. First, a vacuum
chamber with a glass substrate for an HD set therein was evacuated to 1 Ox 10" 5 Pa or less. The
glass su bstrd’f&eg%é}iﬁ Iifsiesaimpreivadmblgenbedimenizedt dtausiaklaitgtitiedidosani2e3-K 20,
Al203-K20, MgO-P205, Sb203-Zn0 as a constituent component. The glass substrate had an outside
diameter of 65 phiefl Bitirdice drgndds Bﬁéglﬁ%ﬁf)ﬁﬁegﬁ BiseageVirrahs PBDHRHETTIGRRY 18 2 A.
[0062] Then, a soft magnetic layer made of 65Fe-30Co-5B, an inteimediate layer made of Ru, and a.
vertically-alighéel Fhaé;#ggi@wénv&iﬂ@@@émw%w&ﬁ%ﬁ%%ﬁlé@f&%@%ﬂ%e Jibsdubtisattate using a
DC sputtering method. The magnetic layer had an alloy composition of Co-.I OCr-20Pt-8(Si02) (mole
ratio) and hadrplistRaeEBEISMhA Imisation retisRiveR\h ibyerrrhanierhesyE 600 A and
the Ru intermediate layer had a thickness of 100 A. Then, a mask layer was formed on the magnetic
layer by a spiittetiifieriethere rishishdkadylr sasimimie 6PTH0MRN ARk fed¥DF66- /RS, A resist was
coated on the mask layer by a spin coating method to form a resist layer. The resist wa.s made of a
novolac resineierswasha URFSHAM st ESETBtRE Y. e SHERABEs BIAHE Fesist layer was 100 tun
[0063] Then a stamp which was made of glass and had the negative pattern of the magnetic
recording pattern Waé%‘ggsed against the resist layer at a pressure of 1 M.Pa (about 8.8 kgficm2). In
this case, the stamp made of glass with an ultraviolet transmittance of 95% or more was used. With
the stamp being presibtisgametimerbssehayer Lol iy ohith RriRE SR AgRBE 280NN were
radiated for 10 seconds from the upper side of the stamp to cure the resist. The stamp was then
separated frompike pEsIs: Jaydrths IPRRBRECHRSGHHBASIRIIBEOS A paths R sk IRy FESISERAIBM fhereby
forming a resist pattern. In the resist pattern, a convex portion of the resist had a circular shape with a.
width of 120 Htehd dEBrate BRIt Br tkassoétratrsstivetipp $idp Edrerd WidhI6180 mu. The
resist layer had a thickness of 80 mil, and the concave portion of the resist layer had a thickness of
about 5 nm. PREARGR dEHETEERN B HBFAGTH D HFE heuRs By SPitRYbesets 1 MSQBUREEE surface

was substantiall)(X 90 degrees. o . ' .
such as the reactive plasma, it is easy to remove the foreign material remaining on the

mask layer 3 using the burnishing process. In addition, in some cases, the resist pattern
4a is removed by the reactive plasma. That is, the burnishing process according to this
embodiment includes a process of directly burnishing the mask pattern 3a (mask layer 3)
and a process of burnishing the surface of the mask pattern 3a through the resist pattern
4a (resist layer 4) and removing the foreign material remaining on the outer layer.

[0049]

(Process of removing mask pattern)

Next, the process of removing the mask pattern will be described.  In the
process of removing the mask pattern, as shown in FIG. 1(g), the resist pattern 4a and the
mask pattern 3a are removed. This process may be performed by, for example, a dry
etching method, a reactive ion etching method, an ion milling method, or a wet etching
method. In this embodiment, the burnishing process is performed before the process of

removing the mask pattern. Therefore, the resist pattern 4a and the mask pattern 3a are




[0064] The bottom of the concave portion of the resist pattern and a Ta layer, which was the
mask layer, were removed by dry etching to foin a mask pattern. The dry etching was performed on
the resist layer under the etching conditions of an 02 gas flow rate of 40 seem, a pressure of 0.3 Pa, a
high-frequency plasma power of 300 W, a DC bias af@30 W, and an etching time of 10 seconds. The
dry etching was performed on the Ta layer, which was the mask layer, under the etching conditions of
a CF4 gas fléhinee of soesehi Wipsetdsiiesist pagpnamgrmegonesmusiatbaErees00 w, a DC
bias of 60W, and an etching time of 30 seconds. [0065] Then, the surface of a. region of the
magnetic layBretRarwaSiabitayORSPARKHETRAERPSHEM AR AW i ion IRTIFHBICA NS were
used in the ion milling. The ion milling was performed under the conditions of a high-frequency
discharge poRfspiblesoowiahly semernes o Fevisiayecst soend thegreskmatiero e sucp dhaih&rsisw rate of
5 sccm, a process time of 40 seconds, and a current density of 0.4 mAiem2. Then, the surface
subjected to ﬂ‘i’ef%‘ﬁ%ﬁimﬁ&Wés exposed to a reactive plasma atmosphere to change the magnetic
characteristics of the region of the magnetic layer that is not covered with the mask pattern, The
reactive plasma proc Nas performed using an inductively coupled plasma apparatus NE550
manufactured by ULVAC, Inc. In the reactive plasma, the flow rate of CE4 gas was 90 cc/mm. In
addition, the fBEagve PisadiiprdeedLednditions were a plasma generating input power of 200 W, an
internal pressure of 0.5 Pa, and a process time of 300 seconds. Then, the gas was changed from CE4
to 02, and the magnetiedaye thimephedssadaanisyadadits. [Boes]s Preferps HRteRdRfsiees 1o 5, 8,
and 9 and Comparative Example 1, a lubricant was applied onto the surface of the substrate. Z-dol
2000, which ReHHiF i BB s0BHE AHCT vl ARG NGB LRITE TATEEHRIRIOHOTREHRIABSS of the
lubrication film was in the range of 5 A to 20 A. The lubricant application conditions are shown in Table
1, In ExafpiEs theoagnelisUmsie’of thecRTAUEIE EH RSk atiermpariitiaxsitdie of the resist
layer (resist pattern) were burnished by a polishing tape. Model number 33 DQ3 using Al203 with a
particle diam&t@rbres anhitds Ras e VRRIdh TR iR By STHAES AR @ 2085 used as

the polishing tape. The burnishing conditions of Examples 1 to 9 are shown in Table 1.
and humid environment. The detailed reason why the migration is prevented is not

clear, but it is conceivable that an inert element infiltrates into the surface of the magnetic
layer 2 to prevent the migration of the magnetic particles, or the inert gas is emitted to
remove the active surface of the magnetic layer 2, thereby preventing the migration of the
magnetic particles.

[0051]
Inert gas

It is preferable that one or more gases selected from the group of Ar, He, and Xe
be used as the inert gas. This is because these elements are stable and can effectively
prevent the migration of the magnetic particles. It is preferable that any one selected
from the group of a method using an ion gun, ICP, and RIE be used as the method of
emitting the inert gas. In particular, it is preferable to use ICP and RIE since a large
amount of inert gas is emitted in I[CP and RIE. ICP and RIE have been described above.

[0052]

(Process of forming protective layer)




[0067] In Examples t to 9 and Comparative Examples | and 2, the resist layer (resist pattern) and
the mask layer (mask pattern) were removed by dry etching. The dry etching was performed under the
process conditions of a SF6 gas flow rate of 100 seem, a. pressure of 2.0 Pa, a high-frequency plasma
power of 400 W, and a process time of 300 seconds)Then, inert gas plasma was emitted to the
magnetic layer. The inert gas plasma wa.s emitted under the conditions of an Ar gas (inert gas) flow
rate of 5 seem, a preE&tdyor0sbawPa v atceldritisnbosiagat ordoukly anclifsnedensiss of 0.4
mA/cm2, and a process time of 15 seconds. 17 nally, a carbon (DLC: diamond-like carbon) protective
film was form@anith hemstpeis dtvenirosrip e agraicd idhe indgadhe magcly Beypatisdihod. Then,
as a. lubricant, Z-dol 2000 was applied with a thickness of 20 A. In this way, the magnetic recording
media accordifigiesnmbilisras sl PrMYICOH] phisave i p IS iechvg ypefe namgHtdd. [0068]
<Evaluation method> A glide testperformed on the magnetic recording media according to Examples
lto 9 and Corfipara/dExeispies filand B nattrstidarte smiedeadisitierenith sc8rstkesBadvwas
levitated at a height of 6 nin from the surface of the magnetic recording medium to scan the surface of

the magneticteturaing nibnandslikaeabandmdiumpas sfintpAetppieiasde eteatsthe sensor was

counted. The results ﬁ)r&g?own in Table 1. [0069] 34 [Table Thickness of lubricant (A)

Protective film

The protective layer 9 may be made of a carbon material, such as carbon (C),
hydrogenated carbon (HxC), nitrogenated carbon (CN), amorphous carbon, or silicon
carbide (SiC), or a material that is generally used for a protective layer, such as SiOs,
Z1,0;, or TiN.  The protective layer 9 may be a laminate of two or more layers. The
thickness of the protective layer 9 needs to be less than 10 nm. If the thickness of the
protective layer 9 is more than 10 nm, the distance between the head and the magnetic
layer is increased.  As a result, the intensity of input/output signals is insufficient, which
is not preferable. It is preferable to form a lubrication layer on the protective layer 9.
A fluorine-based lubricant, a hydrocarbon-based lubricant, or a mixture thereof is given
as an example of the lubricant used for the lubrication layer. It is preferable that the
lubrication layer be generally formed with a thickness of 1 nm to 4 nm.

In this way, the magnetic recording medium 10 is manufactured as shown in
FIG. 13).

[0054]

As described above, in the method of manufacturing the magnetic recording
medium according to this embodiment, after the magnetic layer 2 is patterned using the
mask pattern 3a, the surface of the mask pattern 3a is burnished by an abrasive.

Therefore, it is possible to remove the foreign material remaining on the surface of the



Tape burnishing conditions 6 tun-levitated glide test result: Number of objects detected
(articles/surface) Number of revolutions (rpm) Time (sec)i 'ample | 5
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magnetic recording medium. Thereafter, the mask pattern 3a is removed and the
foreign material is effectively and reliably removed. As a result, the foreign material
does not remain on the surface of the magnetic recording medium, or the mask layer in a
shade portion of the foreign material does not remain.  Therefore, the use of the
above-mentioned processes makes it possible to form the pattern of the magnetic layer
with high efficiency and high productivity.

[0055]

According to the manufacturing method of this embodiment, it is possible to
provide a magnetic recording medium 10 with high surface recording density without
any writing blur during magnetic recording by reducing the magnetic characteristics of
the region between the magnetic tracks (the region separating the magnetic layers), for
example, reducing coercivity and remnant magnetization to the utmost limit.

[0056]

As such, according to the method of manufacturing the magnetic recording
medium of this embodiment, it is possible to provide the magnetic recording medium 10
and a method of manufacturing the magnetic recording medium 10 capable of effectively
and reliably removing the foreign material on the surface of the magnetic recording
medium 10, preventing the mask layer 3 from remaining on the magnetic recording
medium 10, and forming the pattern of the magnetic layer 2 with high productivity.

[0057]
<Magnetic recording/reproducing apparatus>

Next, a magnetic recording/reproducing apparatus according to an embodiment
of the invention will be described. FIG. 3 is a perspective view illustrating the magnetic
recording/reproducing apparatus according to this embodiment.

As shown in FIG. 3, a magnetic recording/reproducing apparatus 20 according
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to this embodiment includes the magnetic recording medium 10, a medium driving unit
21 that drives the magnetic recording medium 10 in a recording direction, the magnetic
head 27 including a reading unit and a reproducing unit, a head driving unit 28 that
moves the magnetic head 27 relative to the magnetic recording medium 10, and a
recording/reproduction signal system 29 including a recording/reproduction signal
processing unit that inputs signals to the magnetic head 27 and reproduces the signals
output from the magnetic head 27. The units may be combined with each other to form
the magnetic recording/reproducing apparatus 20 with high recording density. In the
related art, the width of the reproducing head is smaller than that of the recording head in
order to remove the influence of a track edge portion on a magnetization transition region.
However, in this embodiment, the width of the reproducing head is substantially equal to
that of the recording head as the recording tracks of the magnetic recording medium 10
have been processed so as to be magnetically discrete. In this way, it is possible to
obtain a sufficient reproduction output and a high SNR.

[0058]

In addition, the reproducing unit of the magnetic head 27 is a GMR head or a
TMR head. Therefore, it is possible to obtain sufficient signal intensity even at high
recording density and thus achieve the magnetic recording/reproducing apparatus 20 with
high recording density. When the flying height of the magnetic head 27 is in the range
0f 0.005 pm to 0.020 um which is less than that in the related art, the output is improved
and a high SNR is obtained. Therefore, it is possible to provide the magnetic
recording/reproducing apparatus 20 with high capacity and high reliability. When a
signal processing circuit using a maximum-likelihood decoding method is incorporated,
it is possible to further improve recording density. For example, a sufficient SNR is

obtained even when recording and reproduction are performed at a track density of 100 k
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tracks/inch or more, a linear recording density of 1000 kbits/inch or more, and a
recording density of 100 Gbits per square inch or more.

[0059]

As described above, according to the magnetic recording/reproducing apparatus
20 of this embodiment, it is possible to provide the magnetic recording/reproducing
apparatus 20 including the magnetic recording medium 10 with good electromagnetic
conversion characteristics and high recording density.
[Examples]

[0060]

Next, the invention will be described in detail with reference to examples, but
the invention is not limited to the examples.

[0061]
<Manufacture evaluation samples: Examples 1 to 9 and Comparative Examples 1 and 2>

Magnetic recording media according to Examples 1 to 9 and Comparative
Examples 1 and 2 of the invention were manufactured as follows. First, a vacuum
chamber with a glass substrate for an HD set therein was evacuated to 1.0x10° > Pa or less.
The glass substrate used in the examples was made of crystallized glass including
Li,S1,0s, AL03-K,0, AlLO;-K,0, MgO-P,0s, Sby05-ZnO as a constituent component.
The glass substrate had an outside diameter of 65 mm, an inside diameter of 20 mm and
an average surface roughness (Ra) of 2 A.

[0062]

Then, a soft magnetic layer made of 65Fe-30Co-5B, an intermediate layer made
of Ru, and a vertically-aligned magnetic layer with a granular structure were formed on
the glass substrate using a DC sputtering method. The magnetic layer had an alloy

composition of Co-10Cr-20Pt-8(Si0,) (mole ratio) and had a thickness of 150 A. The
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FeCoB soft magnetic layer had a thickness of 600 A and the Ru intermediate layer had a
thickness of 100 A.  Then, a mask layer was formed on the magnetic layer by a
sputtering method.  The mask layer was made of Ta with a thickness of 60 nm. A
resist was coated on the mask layer by a spin coating method to form a resist layer. The
resist was made of a novolac resin which was an ultraviolet-curable resin.  The
thickness of the resist layer was 100 nm.

[0063]

Then, a stamp which was made of glass and had the negative pattern of the
magnetic recording pattern was pressed against the resist layer at a pressure of 1 MPa
(about 8.8 kgf/em?). In this case, the stamp made of glass with an ultraviolet
transmittance of 95% or more was used. With the stamp being pressed against the resist
layer, ultraviolet rays with a wavelength of 250 nm were radiated for 10 seconds from the
upper side of the stamp to cure the resist. The stamp was then separated from the resist
layer to transfer the magnetic recording pattern to the resist layer, thereby forming a
resist pattern.  In the resist pattern, a convex portion of the resist had a circular shape
with a width of 120 nm, and a concave portion of the resist had a circular shape with a
width of 60 nm. The resist layer had a thickness of 80 nm, and the concave portion of
the resist layer had a thickness of about 5 nm. The angle of the concave portion of the
resist layer with respect to the substrate surface was substantially 90 degrees.

[0064]

The bottom of the concave portion of the resist pattern and a Ta layer, which
was the mask layer, were removed by dry etching to form a mask pattern. The dry
etching was performed on the resist layer under the etching conditions of an O, gas flow
rate of 40 sccm, a pressure of 0.3 Pa, a high-frequency plasma power of 300 W, a DC

bias of 30 W, and an etching time of 10 seconds. The dry etching was performed on the
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Ta layer, which was the mask layer, under the etching conditions of a CF4 gas flow rate
of 50 scem, a pressure of 0.6 Pa, a high-frequency plasma power of 500 W, a DC bias of
60 W, and an etching time of 30 seconds.

[0065]

Then, the surface of a region of the magnetic layer that was not covered with the
mask pattern was removed by ion milling. Arions were used in the ion milling. The
ion milling was performed 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
scem, a process time of 40 seconds, and a current density of 0.4 mA/cm®.  Then, the
surface subjected to the ion milling was exposed to a reactive plasma atmosphere to
change the magnetic characteristics of the region of the magnetic layer that is not covered
with the mask pattern. The reactive plasma process was performed using an inductively
coupled plasma apparatus NE550 manufactured by ULVAC, Inc. In the reactive
plasma, the flow rate of CF4 gas was 90 cc/min. In addition, the reactive plasma
process conditions were a plasma generating input power of 200 W, an internal pressure
of 0.5 Pa, and a process time of 300 seconds. Then, the gas was changed from CF4 to
O,, and the magnetic layer was processed for 50 seconds.

[0066]

Then, in Examples 1 to 5, 8, and 9 and Comparative Example 1, a lubricant was
applied onto the surface of the substrate. Z-dol 2000, which is a fluorine-based
lubricant, was used as the lubricant. In addition, the thickness of the lubrication film
was in the range of 5 A to 20 A.  The lubricant application conditions are shown in
Table 1.

In Examples 1 to 9, the surface of the mask layer (mask pattern) and the surface

of the resist layer (resist pattern) were burnished by a polishing tape. Model number



None 500 or more [0070] <Evaluation results> As shown in Table 1, in Comparative Examples 1
and 2 in which the burnishing process was not performed before the dry etching process, which was
the process of removing the mask layer, the number of impact objects detected was 500 or more
regardless of whether a lubricant was applied. Inxontrast, in Examples 1 to 9 in which the
burnishing process was performed before the dry etching process, the number of impact objects on
the surface oPfB& uriagneti© recdrdingrireilinmaten a00ot ass|AnBkansplesvtel5VE and 9 in which the
lubricant was applied before the burnishing process, the number of impact objects was 12 or less.

As such, accorgdinittutaé byethodehmbrLfactsrisey temaghehingdepedinghwédinmboighe invention, it
was possible to effectively remove the foreign material on the surface of the magnetic recording
medium and predisionthef ireskitbepel fodhaneshaining dabllsel surface of the magnetic recording medium.
35 Industrial Applicability [0071] According to the invention it is possible to provide a magnetic
recording medium witAd6igh recording density and high productivity, and thus improve the industrial

applicability thereof
In Examples 1 to 9 and Comparative Examples 1 and 2, the resist layer (resist

pattern) and the mask layer (mask pattern) were removed by dry etching. The dry
etching was performed under the process conditions of a SF gas flow rate of 100 scem, a
pressure of 2.0 Pa, a high-frequency plasma power of 400 W, and a process time of 300
seconds. Then, inert gas plasma was emitted to the magnetic layer. The inert gas
plasma was emitted under the conditions of an Ar gas (inert gas) flow rate of 5 scem, a
pressure of 0.014 Pa, an acceleration voltage of 300 V, a current density of 0.4 mA/ cmz,
and a process time of 15 seconds. Finally, a carbon (DLC: diamond-like carbon)
protective film was formed with a thickness of 4 nm on the surface of the magnetic layer
by a CVD method. Then, as a lubricant, Z-dol 2000 was applied with a thickness of 20
A. In this way, the magnetic recording media according to Examples 1 to 7 and
Comparative Examples 1 and 2 were manufactured.

[0068]
<Evaluation method>

A glide test was performed on the magnetic recording media according to
Examples 1 to 9 and Comparative Examples 1 and 2. In the glide test, a head slider
with a shock sensor was levitated at a height of 6 nm from the surface of the magnetic
recording medium to scan the surface of the magnetic recording medium surface, and the
number of impact objects detected by the sensor was counted. The results are shown in
Table 1.

[0069]



36 CLAIMS

mask layer to form a mask pattern;

| . A method of manufacturing a magnetic recording medium including a magnetically
separated magnetic recording pattern, comprising: 5a step of forming at least a magnetic layer on a
non-magnetic substrate; a step of forming a mask layer on the magnetic layer; a step of patterning the

a step of forming the magnetic recording pattern on the

magnetic layer using the mask pattern; 10a step of burnishing the surface of the mask pattern with an

abrasive; and a step dfadmbling the mask pattern,

wherein, in the step of burnishing the surface

of the mask pattern with the abrasive, a tape including the abrasive is pressed against the mask
pattern to abrade the mask pattern. 15 219 Wﬁﬁ%ﬁnfm‘turﬁi@“&i%ﬁ‘a@@é‘ﬂﬁ? f&tording
: . . S8 result:
medium acdording to claim ]lhbricant A) Nun.lber of Time (sec) Number of objects detected
revolutions (rpm) )
(articles/surface)

Example 1 5 1000 4 5

Example 2 10 1000 4 1

Example 3 20 1000 4 0

Example 4 10 1500 4 6

Example 5 10 2000 4 12

Example 6 0 1000 4 100

Example 7 0 2000 4 112

Example 8 1 1000 4 5

Example 9 2 500 4 4

Comparative 10 None None 500 or more
Example 1
Comparative 0 None None 500 or more
Example 2
[0070]

<Evaluation results>

As shown in Table 1, in Comparative Examples 1 and 2 in which the burnishing
process was not performed before the dry etching process, which was the process of
removing the mask layer, the number of impact objects detected was 500 or more
regardless of whether a lubricant was applied.

In contrast, in Examples 1 to 9 in which the burnishing process was performed
before the dry etching process, the number of impact objects on the surface of the
magnetic recording medium was 112 or less. In Examples 1 to 5, 8, and 9 in which the
lubricant was applied before the burnishing process, the number of impact objects was 12
or less.

As such, according to the method of manufacturing the magnetic recording
medium of the invention, it was possible to effectively remove the foreign material on the

surface of the magnetic recording medium and prevent the mask layer from remaining on

the surface of the magnetic recording medium.



wherein, before the surface of the mask pattern is burnished by the abrasive, a lubricant is applied
onto the surface of the mask pattern. 20 3. The method of manufacturing a magnetic recording
medium according to claim 2, wherein the lubricant is applied with a thickness of | A or more. 37 4.
The method of manufacturing a magnetic recording medium according to claim wherein, in the process
of forming the magnetic recording pattern on the magnetic layer using the mask pattern, a region of
the magnetic layer that is not covered 5with the mask pattern is exposed to reactive plasma or a

reactive ion atmosphere such that the magnetic characteristics of the region of the magnetic layer arc
changed. Industrial Applicability

[0071]
According to the invention, it is possible to provide a magnetic recording
medium with high recording density and high productivity, and thus improve the

industrial applicability thereof.
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CLAIMS

1. A method of manufacturing a magnetic recording medium including a
magnetically separated magnetic recording pattern, comprising:

a step of forming at least a magnetic layer on a non-magnetic substrate;

a step of forming a mask layer on the magnetic layer;

a step of patterning the mask layer to form a mask pattern;

a step of forming the magnetic recording pattern on the magnetic layer using the
mask pattern;

a step of burnishing the surface of the mask pattern with an abrasive; and

a step of removing the mask pattern,

wherein, in the step of burnishing the surface of the mask pattern with the
abrasive, a tape including the abrasive is pressed against the mask pattern to abrade the

mask pattern.

2. The method of manufacturing a magnetic recording medium according to
claim 1,
wherein, before the surface of the mask pattern is burnished by the abrasive, a

lubricant is applied onto the surface of the mask pattern.

3. The method of manufacturing a magnetic recording medium according to
claim 2,

wherein the lubricant is applied with a thickness of 1 A or more.
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4. The method of manufacturing a magnetic recording medium according to
claim 1,
wherein, in the process of forming the magnetic recording pattern on the
magnetic layer using the mask pattern, a region of the magnetic layer that is not covered
with the mask pattern is exposed to reactive plasma or a reactive ion atmosphere such

that the magnetic characteristics of the region of the magnetic layer are changed.




