DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND METHOD FOR MANUFACTURI NG THE
SAME, "AND MAGNETI C RECORDI NG REPRODUCI NG APPARATUS 5 TECHNI

[ 0001] The present invention relates to a nmagnetic recordi @mm Im'mmmd
for a magnetic recording reproducing gpparatus (hard disk drive nd a
met hod for manufacturing the sane, and a magnetic recording reb 8du0|ng
apparatus. 10 This application cl gblg@ "HUNV on Japanese Patent
Application No. 2008-098106 filed on April 4, 2008, the disclosure of

which is i e

Recent |y, TOgBSE BRSBTS A Py SO B O e C IR et
recording re uci aratus, flexible disk devices and ma netlc t ape
dovi ces. andt HESAMEAREER NG i s8R B e apRPR Rt AP

i nportance has al so increased. Recording density of magnetic recordlng
medi a used for these devices has been increased 20 significantly. [0003]

Wth the introduction of an MR head and a PRM. technol ogy, surface

recordi ng density has inproved BECHNIGWIEFIEL@i ficantly. In recent years,
GWR heads and TMR heads have al so been introduced, which further increase
the surface recppdijng density by 25 about 100% per year.

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

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

herein.

BACKGROUND ART
15 [0002]

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

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

[0003]

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

25  about 100% per year.
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2 [0004] Accordingly, there is a demand to further increase recording
densit'y of these magnetic recording nmedia. Specifically, it is required to
i ncrease a coercive force, a signal-to-noise ratio (SNR) and resol ution of
magnetic layers. In recent years, efforyis 5 have been nade to increase
surface recording density by increasing linear recording density and track
density. [0005][podde nost recent nmagnetic recording reproduci ng apparatus
has track density of as high as 110 kTPI. As the track density increases,

novever . . MRONE! htedGAGHMRA 1 doRGAS IPRIAB: hEtee ARl ACRRL oApks, bodl NS

interfering with eac may easl cause apro a

oot oas s RERS GRBLorHAE TR o ARSCIHAhS! SRR I POE Ao FOAR FHoH *0i t o or

rate, which i s an_obstacle to an inprovenent in recording density. [0006]
15 1 n or d&ignalgoingise saie(SNRrandaesodetionifipagnetis jaygrs. i dn T%eﬂé@é@sﬁ%‘gﬁ& 0

provi de reduced-sized recording bits on the magnetic recordi ng nedi um
each r¥ecohaieigebintade baincregsasuxiagemepuling Bémsits by unatisog lmegnecoxlatg on and
maxi mum possi bl e magnetic filmthickness. There is a problem however,

that the dedi¢efd shcledensigording bit has a small magnetizing m ni mum
volunme per 1 bit and recorded data nay di sappear due to 20 flux reversal
caused by heat fdogsf uation. [0007] Since adjacent tracks are close to each
other in a high track density configuration, a significantly precise track
servo techni quer r.ecor di

ARG AN R S e
as high as 110 kTPI.  As the track density increases, however, magnetic recording

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

[0006]

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

20  flux reversal caused by heat fluctuation.

[0007]

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

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



25 of tracks and reproduced in a smaller nunber of tracks in order to avoid
influénce from3 adjacent tracks as nmuch as possible. In this manner,
however, although influence between the tracks can be controlled to the
mninmum it is difficult to obtain a sufficient reproduction output and
thus to provide a sufficient SNR [0008% 5 1n order to avoid the above

heat fl i | i fl.Gi t id
ea UCLYAen® fradds R INAIPHh A8 Podsh1Lr oM S nrg%rgfég 5""?"8% althd glﬁﬁﬂﬁxehge provi de

sufficient "output, an attenpt has been rnia concavo- convex

" ecor o ngoneae DRI SADRLTE LRE Rl Fidt Rl FoharaREe om one

another to ipcrease the track density ereinafter, such a technique is
usual |y r BPEGHEHOR gutput @%F’Bﬁ:ﬁoé{r‘é‘” paspcknieNRod, and a magnetic recording
medi um manuf actured by this discrete track nethod is referred to as a
discrete track [B98Lm . An attenpt has al so been made to provide a

so-cal l ed patterned nediumthat has further divided data areas in the sane

track.5[0009] Ibordbetoavokl theabwve heat fucteatRapréebleh ahbigo phosideat sffi¢iaak
medi um a magnetic recording nediumin which a nmagnetic layer is fornmed on

a non- MgBRR &ndSePpedviad suribieht oudpE OCAERHR BRY BoenRAideab forf:P4 med on the
surface to forma physically-separated magnetic recording track and a

i . I 1). 0010] .. 20 Th
G sl osedloeabB bRV doREuali O AGHE IR EeorlRlp S FRF IR of che Bpgheric] o, 10
on the surfac

the sur e grEmeRudt o frdf BT EaID oS FSpELRY TRk oW D% HYBied on
the surface of the ferromagnetic |ayer. The nagnetic recordi ng nmedi um has,
in its coHifssasgthedrack density (hereinafter, such a technique is usually referred to as a discrete
10 track method, and a magnetic recording medium manufactured by this discrete track
method is referred to as a discrete track medium). An attempt has also been made to
provide a so-called patterned medium that has further divided data areas in the same
track.
[0009]
15 There is known, as an example of the discrete track medium, a magnetic
recording medium in which a magnetic layer is formed on a non-magnetic substrate with
a concavo-convex pattern formed on the surface to form a physically-separated magnetic
recording track and a servo signal pattern (see, for example, Patent Document 1).
[0010]
20 The disclosed magnetic recording medium includes a ferromagnetic layer
formed on the surface of a substrate with plural concavo-convex configurations on the
surface via a soft magnetic layer, a protective film being formed on the surface of the
ferromagnetic layer. The magnetic recording medium has, in its convex area, a

magnetic recording area which is physically separated from the surrounding areas.

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



magneti c recording area which is physically separated fromthe surroundi ng
areas.” 25 According to the nmagnetic recordi ng nedium since formation of a
magnetic wall in the 4 soft magnetic |aver can be avoi ded and influence of
the heat fluctuation can be prevented, ,there is no interference between

adj acent signals. Thus, a high-density‘%agnetic recording nediumw th | ess

noi se cansQe E&Yﬁcﬁfﬂf S&Moideﬁ HQngl%eZﬁE g% ﬁlethéegtc d?@&lf&g%ag :B(ré] S%Sr’g%f%m

met hod of physTca rmng tracks a r magneti c recor

consisting of. several thin filmlayers is fornmed, .and a. nethod of formng
= concavotiebrivat hdeepdt Sovie R S¥R Tetds, (HUS. LhERBRO BRRIHG @  Lnin
magneti c recording_nmediumfilm (see, for exanple, Patent Docunents 2 and
3). [oo1rroming@ediym with lsstneise paRe pravidgd.separ ati ng an area between
magnetic tracks of a discrete track nedium a nethod of injecting nitrogen

i ons and oxygen[JOdhls into a prelimnarily formed continuous magnetic | ayer
or by irradiating with |laser so as to change nagnetic characteristics of

that ayea is di $hd dis@ete(tBiele metlyd YRR £mefial @fbhy ety Bithmg4ratls &ler ald
[ Patent Docunent 1 ] Japanese Unexam ned Patent Application, First

Publ i cati gRghQic re&Q@ﬂ%%%ﬁﬁﬁ cbi@diBRlof O BRL Aln HIRIREREmENEXA ned Pat ent
Application, First Publication No. 2004-178793 | Patent Docunent 3]

Sapenese RIS R Bl A3 a3 80 M on
First PUb!cﬂir(l: ?ntzaigr?er%ichgéorEll?lig me5d_il%rg %%r?](see, for example, Patent Documents 2 and 3).
[0012]

10 As the method of physically separating an area between magnetic tracks of a
discrete track medium, a method of injecting nitrogen ions and oxygen ions into a
preliminarily formed continuous magnetic layer or by irradiating with laser so as to
change magnetic characteristics of that area is disclosed (see, for example, Patent
Documents 4 to 6).

15  [Patent Document 1] Japanese Unexamined Patent Application, First Publication No.
2004-164692
[Patent Document 2] Japanese Unexamined Patent Application, First Publication No.
2004-178793

[Patent Document 3] Japanese Unexamined Patent Application, First Publication No.

20 2004-178794

[Patent Document 4] Japanese Unexamined Patent Application, First Publication No. Hei

5-205257
[Patent Document 5] Japanese Unexamined Patent Application, First Publication No.

2006-209952

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



[ Patent Docunent 5] Japanese Unexam ned Patent Application, First
Publication No. 2006-209952 25 [Patent Docunent 6] Japanese Unexani ned

Pat ent Application, First Publication No. 5 2006-309841 DI SCLOSURE OF THE
| N\VENTI ON  PROBLEMS TO BE SOLVED BY THE | NVENTION 5 [0013] As descri bed
above, in the step of manufacturing a discrete track nmediumand a
patternedgdi@gsi N order to forma phyS|caIIy separ ated magnetic recording
area, there is wused a nethod of form ng a separated magnetic recording
pattern on a magnetic layer by subjecting to reactive plasma including
oxygen or hal ogen, or reactive ions, -or a nmethod 10 of form ng a separated

. . . . tic |
(herei naf ter referred to RISTaRHEE of i VEdTONnG met hoty. {0014
These manuf acturing nethogghﬁggégﬁggégiEigéknﬁgggg%ighhagla di screte track
medi um and patt er ned BRQB surface of a
magnetic |ayer; 15 patterning the mask | ayer using photolithographic

t echnd ogy; ando0Dijjecting ions into a boundary area of a nmagnetic
recording area, thereby causing deterioration of nmagnetic characteristics

of the portion, A98esBAbedB@NEihdhd\@ep bEmBRthéRAng h @&tRke trardit%@dlﬁﬁra&maact uring
nmet hods are excel lent in that the manufacturi ng process 20 can

si ol i 1 e anc that, 36l LgRGe, BvcGomM Aflaald @ggg%c&@c%rmnggﬁéa' bl ggor ding

medi um i uring proces as conpared w

manuf act ur i QP #|1 whi ch _a _nan- na%netic terial is buried in
boundary %F g% of forming a separated magnetic recording pattern on a magnetic layer by

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

referred to as a magnetic layer processing method).

25 [0016]



physically processing a nmagnetic |ayer and then the surface is snoothened
(herei'nafter referred to as a nagnetic |ayer processing nethod). 25 [0016]
6 On the other hand, in the nagnetic recordi ng nmedi um manuf act ured by

t hese net hods, since the portion where partial irradiation with ions and
injection of ions are conducted to the continuous nagnetic |ayer is

slightly renmovegdy (gt shehantiSindhd ¥Eohdic BEor ?%nﬁédiﬂﬁrrﬁd-ngl?acuﬁecgbgh?e@ nce in

| evel is formed between the nmagnetic recor g area and the el ghbori ng

boundary arga.;. lmn this ¢ t he sunf.ac an_be.snmoothed by fi.lling the
por 11 on’ hisHRgs e AhEpGRBE wHk Al HAFaART nf (ST IRELSh 4ineiAF, When
such a nethod i s ysed, .a nerit of a magnetic layer nodifying nethod to a
magnet i c FORANFted 0 BecontinyPusopagaatiiayemis shekily eowysd (et%d&eﬂgb@(jﬁ thei gh
smoot hness is required to the surface of the nagnetic recording nedium
based on other pereiapoi ditferenag indews! ghformed bavieeo trmagretin fréqpuding awa and the
permtted, a carbon filmwas fornmed on a magnetic |layer by a CVD nethod in

a stat® wheigkbaingdmuadaty-acqany éx thivedse ghie atuifar cae Basmsothed v illindde magnet i c
recording area and the boundary area of the above nagnetic |layer. As a

result, ipoMA hhoMBY difféenddig 16Vl GhtiRiBerkab@indele BaWDRR hda@h ot he

concave part where ions are injected becones snaller than that of convex
part whereg. i i N} . I on filmformation
Condi {1 onge i 36, Bflert B PR Eu kb3 B e ERGTHE Bherti 4 o
radicals fornmed b thg.CVD met hod i s concentrated on the convex part of
t he surfaB%ocfﬁsulgrféetgﬁ% PABRE™and nucl eation of carbon at the portion is
preferentially conducted, and thus the thickness of 20 the carbon film of

the convex part[®débnmes Iarger than that of the other portion. [0018]

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

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



The carbon protective |ayer to be formed on the surface of the above
magnetic recording nediumhas, in addition to a function of protective the
magneti c recording nediumfromcontacting with the magnetic head, a
function of preventing the magnetic 25 lLayer from corrodi ng (oxidizing) due
to noisture in atnospheric air. 7 [0019] As is apparent fromthe present

i nventors' st udp()mb]ﬁ a magnetic recording nediumincluding at |east a
magneti c | ayer and a carbon protective layer fornmed on a substrate, if a

concavo- convex nfiguration . is present on.the surface of the,.magnetic 5

| ayer, the thi cg‘géssasp% n{ ﬁ%mctiéﬁ B%ﬁe ?%Yeé‘gotrf’ fgl%pa’?@rm?ﬂ?%céﬁvéq@gt he concave
part of the ,magn?t i.c |l ayer becones smaller, and thus corraosion of the
magnet i ¢ MeGRIM nelydingaAtyeasta magusticdaermpd meprhen pertestis layesifermedch i s
considered that, since the carbon protective |ayer at the concave part of
t he magnesubstraigydia dogcaypraonyex eonfigrationhepresant os ithwrsusface bf theamagactipr oceeded
and also there is a difference in the thickness of the carbon protective

|l ayer Dn ket hiee thivkhesof dfe dattnprgteed veclal éryirat.covdie tief @neavd parlsfahére
apparent that, when the carbon protective |layer has a distribution in a

t hi cknessnflbh&fd lbpd? RBEMS SFRARE, laddl thlabrioSioh bk le¥mieti® fayePls1RER 0! S

present under the thin portion of the carbon protective ['ayer, corrosion at

vt ow of PEREIFRER HRRIR, A Rheorl® o PR M R AR PRl ey cor
gener at edl i 11a¢ BRBOL LGDF Bty B o s inhs i g BerorRaPB PEHERE R
environmental resistance, and a nethod for manufacturing the same, and a
magnet i ¢ Praseesediang alsesheselifcd differappainatha shigkrieayofithe cahgmratectivedasiedpig
red u{r(]) 2tohe surface of the magnetic layer. Therefore, it became apparent that, when the carbon

protective layer has a distribution in a thickness direction and a material that is likely to

be corroded is present under the thin portion of the carbon protective layer, corrosion at

the portion is accelerated.

[0020]

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

20

MEANS TO SOLVE THE PROBLEMS
[0021]
The present invention provides the following means.

(1) A magnetic recording medium including, on a substrate, at least a magnetic layer

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



MEANS TO SOLVE THE PROBLEMS [0021] The present invention provides the

f'ol | owi ng means. (1) A magnetic recordi ng medi umincluding, on a substrate,
at |east a magnetic layer 25 and a carbon protective |ayer that covers the
magnetic | ayer, wherein 8 a convex pard serving as a magnetic recording
area, and a concave part serving as a boundary area that separates the
magneti c recor dj QW : 1 |ayer,
and a barrier I%?%}@%g%?%rﬁ%r%g@r%?n f/:g%récgfdl&[%]%eg’c‘%lgraon%é&%gtﬂggg t ée:
concave part. 5 .servin s. th undary. area.and the carb rotective
ayer. (25 ahendf kB ot it Redtis POl Ry o PR R Rt e
boundary afea is fornmed by nodifying a portion of the nagnetic |aver. (3)
The magnef} Bemagets layer um according to (1) or (2), wherein the

t hi ckness of the carbon protective |ayer on the magnetic recording area is
nore than the thbakaekyer codtapiing meidnyon Tpisdoeoed besweken/tbe concavtpathoundar y
area. (4) The magnetic recordi ng nmedi umaccording to any one of (1) to (3),
wher ei 5 t kavinghs chatesadal atdacandahe ¢ebor pypesctiveldyeom 0.3 to 5 nm (5) A

met hod for manufacturing a magnetic recordi ng nedium including the steps
of : 15 forai ng EhOREAPREGedAYRE ntlidn 26QREHALE( ) RhFRGh bERINAY S PAN t
serving as boundary area that sSeparates a magnetic recording area, on the

surface ohﬂgbgw%%%ﬁ&gﬁg&%ﬁh%eﬁc Pa%{i er |ayer containing mainly Cr

or Ti at e concave g a carbon protective |ayer that
covers t h&)mag nﬁu‘e glaér?&i%rrec?oqgintg rr]r(lae:dllaliirrrl rallcc(:aorrding to (1) or (2), wherein the thickness

of the carbon protective layer on the magnetic recording area is more than the thickness
10 of the carbon protective layer on the boundary area.
4) The magnetic recording medium according to any one of (1) to (3), wherein the
thickness of the barrier layer is from 0.3 to 5 nm.
(5) A method for manufacturing a magnetic recording medium, including the steps
of:
15 forming a magnetic layer on a substrate;
forming a concave part serving as boundary area that separates a magnetic
recording area, on the surface of the magnetic layer;
forming a barrier layer containing mainly Cr or Ti at the concave part; and
forming a carbon protective layer that covers the magnetic layer and the barrier
20  layer.
(6) The method for manufacturing a magnetic recording medium according to claim
5, wherein the step of forming the concave part serving as the boundary area that
separates the magnetic recording area, on the surface of a magnetic layer includes the
substeps of:

25 forming a mask layer on the magnetic layer;



20 layer. (6) The nethod for manufacturing a magnetic recordi ng nmedi um
according to claim 5, wherein the step of form ng the concave part serving
as the boundary area that separates the magnetic recording area, on the
surface of a magnetic |aver includes t substeps of: 25 form ng a mask

| ayer on the magnetic layer; 9 formng a resist |layer on the mask |ayer;

form ng a concayg,Rariredt: ke R fia QP aQ,Plr.respondi ng to the boundary area
of the resist layer; renoving the masl( ayer at the part corresponding to

2t o por L1 on’ wHSBIRIRSREAT PG i s B pe o oD b Bk PBaRb o

reactive ions, thereby nodifying the magnetic |ayer at the part. (7) The
met hod f ofeSIsRiRYeTact ur i ng a magnetic recording medi um according to (6),
wherein, in the substep of formng the concave part at the position
correspondi ng twemohmg th®maski hagtar at the part ofrrashendies icsthe kaymyve padyeandesi st

|l ayer is irradiated wwth radiation in a state where a stanp is pressed

agai nst the resyghosinayier expbbed wbficd 6fhe heighétidiagershaportih wige Sieatiisk t o t he
resist layer. (8) The nmethod for manufacturing a magnetic recordi ng nmedi um

accor di ngjker 6 8dm&Ved, folact WSl RHR R rER%LL %s%egelﬂﬁonmﬁ%tﬁe hﬁ)éﬁéticat a

portion whére the mask layer 'is renoved 15 1s rehoved ough™ton mlling.
(9) The t hod .f or nuf acturing a magnetic recordi ng nedi um according to
(6), \/\hgﬁgFrﬂgtﬂﬁeepag{ﬁelp of formng the barrier |ayer containing mainly Cr or

Ti at the goncaye rt .includes the substeps of, . .
(73 a’¥he mgt%ogl for manu(%acturtmg a magnetﬁ:precordmg medium according to (6),

wherein, in the substep of forming the concave part at the position corresponding to the
10 boundary area of the resist layer, the resist layer is irradiated with radiation in a state
where a stamp is pressed against the resist layer, thereby transferring a shape of the stamp
to the resist layer.
(8) The method for manufacturing a magnetic recording medium according to (6) or
(7), wherein a portion of the magnetic layer at a portion where the mask layer is removed
15  is removed through ion milling.
)] The method for manufacturing a magnetic recording medium according to (6),
wherein the step of forming the barrier layer containing mainly Cr or Ti at the concave
part includes the substeps of:
forming the barrier layer on the surface of the magnetic layer and on the resist
20  layer; and
removing the resist layer and the mask layer and also removing the barrier layer
on the resist layer through lift-off.
(10) The method for manufacturing a magnetic recording medium according to (9),

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



formng the barrier layer on the surface of the magnetic |ayer and on the
r'esi st 20 layer; and renoving the resist layer and the nmask | ayer and al so
renoving the barrier layer on the resist layer through lift-off. (10) The
met hod for manufacturing a magnetic rqurding medi um according to (9),
wherein, when the barrier layer forned On the nmagnetic recording area of

the magnefaér id QelebtRgS re:hﬁ)véﬁl tRESUrFRE Bf 'ﬂ?er%%fﬁﬁ?tic tr&:%rcﬁﬂ%%{%ﬁ & ﬁ‘lféi.dhl?é'ﬂ WRgnetic

recording area is irradiated with 1ion bea roman o que direction. (11)

A magnetic_r, rding. reproduci apparatus including: the nagnetic
recordingmﬁéﬁﬁﬁégg%ggpgﬁﬂ%(ﬁ%m§%§ one of (1) to (4); 5 a mediumdriving

unit that ives the magnetic recording nediumin a recording direction; a
magneti c Hggd t fARagHERs ’??F%h%g eRPdReins FPBYaa iTWiBgd a reproduci ng
operation to the magnetic recording nmedium a head noving unit that noves
t he magnetic hetd magngti¢ ieeonding medinmeaeepiding Gy oo pli(Ingo (i um and a
recordi ng reproduci ng signal processing unit that inputs signals to the
magneti ¢ head amchediipi drdviag snis itgun dtisesotht prdgnéti Ofecdldtgraediain i alreastding
EFFECTS OF THE | NVENTI ON 15 [ 0022] As descri bed above, according to the

i nvent i ondirédtions possible to provide a magnetic recording nediumthat is
excellent in corrosion resistance of a magnetic |layer and has particularly

hi gh envi ronnen i I ok - t L gh-hum dity
eni ronment . an gbERIERENEE pHIGTS Erehitlid GHBRIEHER AT s
to the magnetic recording medium;
a head moving unit that moves the magnetic head relative to the magnetic
10 recording medium; and

a recording reproducing signal processing unit that inputs signals to the

magnetic head and reproduces signals output from the magnetic head.

EFFECTS OF THE INVENTION
15 [0022]

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

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

magnetic recording medium.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

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



20 manufacturing the sane; and a magnetic recordi ng reproduci ng appar at us
usi ng ‘the magnetic recordi ng nmedium BRI EF DESCRI PTI ON OF THE DRAW NGS
[0023] 25 Fig. 1A is a cross-sectional view for explaining a nmagnetic |aver
of a magnetic 11 recording mediumto ich the invention is applied. Fig.

| Bis a cross-sectional view for explaining a magnetic |ayer of a magnetic

recor di ng e@g{@,’-ngn uﬁ?ﬂo : F ] ls.applied. Fig. 1 Cis a
cross-secgti ona VF(gW oﬁ%elilgﬁlgilﬁ?leﬁlgbgqﬂ@ %g?i c layer of a magnetic 5
recording nmediumto.which the .invention is, applied. Fig. 2 i .
cross- sect i onal ﬂ&i g@\/lsf %Froggzﬁch%%i Hbe%?%teéBlaﬂﬁR%H@Eﬁ%ﬁlﬁy?{goﬁ TREGABE i ¢
recordi ng nmedjumtog which the invention is applied, which shows a step A
Fig. 3 isteepiurg weditnoieayhich thy invsntign py 20phiethg a step of nanufacturing a
magnetic recording nediumto which the invention is applied, which shows a
step B. 10 Fi g.Fig. I€ iza owss-sastivhadvadw forexplaming x plagnetinigyer oftagpagnketic
manuf acturing a magnetic recording nediumto which the invention is

- applied, whbelinghewmnatosiitph the ilvdhtiob i spptie@ss- secti onal view for
explaining a step of manufacturing a magnetic recording nmediumto which

the invention ipjapRy r8eh-seibrid] vRRORS eRpiaintl Petep b¥mafufasiufih 93 SipREkd onal

view for explaining a step of manufacturing a nmagnetic 15 reécordi ng nedi um
to which i: | I Sp.: i M. hows, .a, step E.. Fiig. 7 is

cr oss-sec{élagrndéll?g I\?/]ilaélw grﬁg%ﬁlgilﬁ%ﬁl&%g ‘i%bé’%gg’fwﬁ%a Oavgﬁj?tfe%é‘a magneti c
recordi ng nedi u}gltg.v\,hich the invention is. applied, which shows a step F.
Fig. 8 is crossi@ectigRSrsestieng! visw ﬁ?‘%l?‘r‘i’i“h‘?gf%fe%f)gﬁa%‘ll RHADE AEHAEFHY a
magnetic recordi ng_ mediumto which the invention is applied, which shows a
step G recording medium to which the invention is applied, which shows a step B.

10 Fig. 4 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step C.
Fig. 5 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step D.
Fig. 6 is cross-sectional view for explaining a step of manufacturing a magnetic
15  recording medium to which the invention is applied, which shows a step E.
Fig. 7 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step F.
Fig. 8 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step G.
20 Fig. 9 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step H.
Fig. 10 is cross-sectional view for explaining a step of manufacturing a magnetic
recording medium to which the invention is applied, which shows a step I.
Fig. 11 is cross-sectional view for explaining a step of manufacturing a magnetic

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



20 Fig. 9 is cross-sectional view for explaining a step of manufacturing a
magnetiic recording nediumto which the invention is applied, which shows a
step H Fig. 10 is cross-sectional view for explaining a step of

manuf acturing a magnetic recording rre%um to which the invention is

applied, which shows a step |I. Fig. 11°T's cross-sectional view for
expl ai ning a stgp of isARAdact ttfral Gied SHBURRS 4 Gep 8PrdnRRML BeriBBEL4M to whi ch
the invention isgappllsi ed, vahi chas vas a Igt?éep Sp 1r2 Fig 12 1i S g

h

cross-sectional .yi gw_show ng.: f _renovin barrier |layer, Fig. 13
is a perspecti vFelg'\/l ew # ﬁ&é‘%eﬁ%‘ﬁgﬁ%%%qﬁ ur%t“‘i?’lgﬁragfmgf?rﬁ]g%%?tlwc recordi ng
reproduci ng apparatus to which the invention,is applied. 5 DESCRI PTI ON OF
REFERENcEemﬁwegoﬁp@e%&pp@i@mwwmgﬁ%@tlinefengwslﬁ PRRIEd- 2: Magnetic |ayer 3:
Mask |ayer 10 4: Resist layer 5: Stanp 6: Boundary area (concave part) 7:
Magnetic recording area (convex part) 8: Barrier layer 15 9: Carbon
protective |layer 31: Magnetic di sk (magnetic recordi ng nedium 32: rotation

drivirg section (medi uMESCRIPTIONCOF IREDERBSCEMIGMBRALead 34: Head
driving section (head novi ng neans)

[0024]
1: Non-magnetic substrate
2: Magnetic layer
3: Mask layer
10 4: Resist layer
5: Stamp
6: Boundary area (concave part)
7: Magnetic recording area (convex part)
8: Barrier layer
15 9: Carbon protective layer
31: Magnetic disk (magnetic recording medium)
32: rotation driving section (medium driving section)
33: Magnetic head
34: Head driving section (head moving means)
20 35: Recording and reproducing signal processing system (Recording and
reproducing signal processing means)
100: Magnetic layer
101: Convex part
102: Concave part

25 103: Carbon protective layer



20 35: Recording and reproduci ng signal processing system (Recording and
reproduci ng signal processing means) 100: Magnetic |ayer 101: Convex part
102: Concave part 25 103: Carbon protective layer 13 M Magnetic recording
area S Boundary area BEST MODE FOR CARRYI NG OUT THE I NVENTION 5 [0025] A
magneti c recordi ng medi umand a nmethod for manufacturing the same, and a

magneti c recor%ng{argﬁptq‘gqg@gdi}%g@aoar atus, to which the present invention is
applied, will be described inm detail with reference to the acconpanying

drawi ngs. For t§1§3 ease ofeunder standi ng, characteristic features in the
drawi ngs referre TEYE % the fol | ow ng description are enlarged in sone
drawi ngs. Accordingly, conponents are not necessarily illustrated in
actual dinensional ratios. [0026] (Magnetic recording nmedium The nagnetic
recording mediumto which the present invention is applied is 15
characterized by i nBhidi M@DRIE FORaSARR YRYnOUICTHEYRVENION car bon
protective layer, formed on a substrate, a convex part serving as a
magnets ¢ recor dioogslarea, and a concave part serving as a boundary area
that separates the nagnetic recording area being provided on the surface

ormed botween A Baa e b A Y e BB BeI N0
protecti V%a&r?@ﬁ%rrecording reproducing apparatus, to which the present invention is applied, will
be described in detail with reference to the accompanying drawings.
For the ease of understanding, characteristic features in the drawings referred to
10 in the following description are enlarged in some drawings. Accordingly, components
are not necessarily illustrated in actual dimensional ratios.
[0026]
(Magnetic recording medium)
The magnetic recording medium to which the present invention is applied is
~ 15 characterized by including at least a magnetic layer and a carbon protective layer, formed
on a substrate, a convex part serving as a magnetic recording area, and a concave part
serving as a boundary area that separates the magnetic recording area being provided on
the surface of the magnetic layer, and a barrier layer containing mainly Cr or Ti being
formed between a boundary area of the magnetic layer and the carbon protective layer.
20 [0027]
Specifically, when the magnetic recording medium is viewed from the surface
side, a separated magnetic recording area is formed by forming a non-magnetized
boundary area on a continuous magnetic layer. In the present invention, when the

magnetic layer is viewed from the surface side, the magnetic recording area may be

o
wn

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



20 [0027] Specifically, when the magnetic recording nediumis viewed from
the surface side, a separated magnetic recording area is fornmed by formng
a non-magneti zed boundary area on a continuous magnetic layer. In the
present invention, when the nagnetic Igver is viewed fromthe surface
side, the magnetic recording area may §é 25 separated by the boundary area
and, even_il tic r i i he bottom
of o madice PO BERR e REREL I BRI Rl RRABITEC el "D, coent
invention.as the separated magnetic recording area of.the, present _invention
(the sur f BEntief 25 e Scpaealce mASheD arcor g e s e icsst inyerion oy erfbgnet | ¢
head side of the magnetic |ayer (opposite the surface at the substrate

si de of t pkthewmpraeticlayenrefers Qribe sus{asn af theymagnsiie hepdssids ofithe magnetigraydre

| aver itself is covered with a carbon protective layer, it is illustrated
as the s(nppasite thé swiifere mhgresubsrateaside of the negntid lagev) angd, desie ifi the swrfgee [ 0028]
Nanmely, the present invention can be applied to a discrete track type
nmagnet§ ¢ of &6 dbinBec PHE itRlfiNedveted With @Re@An peotbdIfeeARe it fsaRkstHedsdst y by
form ng a concavo-convex 10 configuration along recording tracks on the

surface the%uf@@@ttthgnla@l{ﬁfctl%l}y@riﬁmé foHWﬁf-chﬁgérgatﬁ)ﬁPar ating the recording

tracks wth each other. I's case, the nmagnetic” recording area forns a
magneti c recordmﬁ Lrack and a servo signal pattern. Furthernore, the
present inventi § n be applied to patterned nedia in which magnetic
recording areas_are disposed with given regularity every 1 bit, nmedia in

whi ch rmagneti c M8MeRe Biedresgnidpysdioncan ge @ o jariscrde HagkivPe magpetick, and
a magnetic recording nedium including the other servo signal pattern.

Among t hemcording medmethalisentadpddo insrease traekldengityrbyliferming agpadayoredven as
to apply the present invention in view of handiness in manufacture of the
magnetd ¢ cetfiyudativg di®@ r¢odrding tracks on the surface of a magnetic layer thereby
physically separating the recording tracks with each other. In this case, the magnetic
recording area forms a magnetic recording track and a servo signal pattern.
Furthermore, the present invention can be applied to patterned media in which magnetic
recording areas are disposed with given regularity every 1 bit, media in which magnetic
15  recording areas are disposed in the form of a track, and a magnetic recording medium
including the other servo signal pattern. Among them, a discrete type magnetic
recording medium is preferred so as to épply the present invention in view of handiness
in manufacture of the magnetic recording medium.
[0029]
20 Herein, the magnetic layer as a characterizing portion of the magnetic recording
medium to which the present invention is applied is described. As shown in Fig. 1A to
Fig. 1C, the surface of a magnetic layer 100 of each magnetic recording medium is
provided with a convex part 101 serving as a magnetic recording area M, and a concave

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

25 [0030]



[0029] 20 Herein, the magnetic |layer as a characterizing portion of the
magnetic recording mediumto which the present invention is applied is
described. As shown in Fig. 1 Ato Fig. 1 C, the surface of a magnetic

| ayer 100 of each magnetic recording ne iumis provided with a convex part
101 serving as a magnetic recording area M and a concave part 102 serving

as a boundary ayy a £ e or di
100301 15 1 (ndBe st BFineHRRRCAL R oIl MRANG! o FROE D0afbifninde |

the. boundiaryGHeeh 85 HEfhon i S nE RIS M bal sl = 1™ °

irradiation with ions or injection of .ions, plural concave parts 102 in
whi ch t he®PEREPRRghels ,agﬁfiQP Wdergogs &raéﬁatmf@éi} 1008 9T iectoB ) astspRlpral 5 101
serving as the magnetic recording area Mis forned between these plural
concave gencave 1B 107hewhiobl the portion ncdightly grahed ag2formed, ahd thewnier pastl at
the portion that would be turned into the boundary area S of the

cont i rfuou$0 Inmgvieg hctheayphetdOfecbydingareaM Isi fogmedlieseetbedsdsiuail oafcaes . [ 0031]
10 On the magnetic |ayer 100 on which the convex part 101 and the concave

part  102p4rfs0nRav TheRplens) catictvd SArf¥Ed2 can GRE bR Tolidt AGhd YEtibAMRE Wbl 1 S
formed using a PVD nethod (physical vapor deposition nethod). In this

R L G o e R L S L S L

of the carbon otective layer 103, a concavo-convex 15 configuration
havi ng al flr‘?)s§flb$41}éer§18 *Thei ght (depth) as those of the convex part 101 and
t he concave part 102 formed on the surface of the nagnetic |layer 100 is
formed. [0032] [0031]

10 On the magnetic layer 100 on which the convex part 101 and the concave part
102 (concavo-convex) are formed, a carbon protective layer 103 is formed using a PVD
method (physical vapor deposition method). In this case, the thickness of the carbon
protective layer 103 is the same on the surfaces of the convex part 101 and the concave
part 102. On the surface of the carbon protective layer 103, a concavo-convex

15  configuration having almost the same height (depth) as those of the convex part 101 and
the concave part 102 formed on the surface of the magnetic layer 100 is formed.

[0032]
On the other hand, in the case of the magnetic recording medium shown in Fig.
1B, on the magnetic layer 100 on which the convex part 101 and the concave part 102 are

20  formed, a carbon protective layer 103 is formed using a CVD method (chemical vapor
deposition method). In this case, the thickness of the carbon protective layer 103 on the
surface of the boundary area S (concave part 102) where ions are injected may be
sometimes larger than that on the surface of the magnetic recording area M (convex part
101) where ions are not injected.

25 [0033]



On the other hand, in the case of the magnetic recordi ng nmedi um shown in
Fig. 1B, on the nmagnetic |ayer 100 on which the convex part 101 and the
concave part 102 are 20 formed, a car bon protective layer 103 is forned
using a CVD net hod (chem cal vapor gg3|tion method). In this case, the
t hi ckness of the carbon protective |ay 103 on the surface of the

boundary area Srficpncayq o%ﬂglaertég%ﬁatvm?ﬂeg%dragﬁweﬁe bl £E 180 IRYe Be

sonetines |arger t e sur t he magne recording area M
(convex par are not ecte IL? 16 Th| reason

i s consi d@lagrbe“tcﬁ%%ervl\@& atnh”étr et‘foélﬁa‘(/%%‘? e?‘(ﬁﬂ %HI%U(? g‘&‘?%&o&f the jur ari:ﬁgnetl c
| ayer 100, an ultrafine concavo-convex configuration is formed on the
surface #mbpiebahiliziafiadhesian efarectivemadieals atibe poriondaereases aad thuse portion

i ncreases, and thus nucleation of carbon at this portion is preferentially

conduct ednmi@htiph@ftmrooﬂmeﬁls mirtiothis Befesmbiolly poriuetetiiaué theatiirknds93f die t he i on
i njection portion becones |larger than that at the other portions. Such a

tendergy t&bod plotictioellaser 863 AtaheInanee SEGHIBA B8N 1486r (hak fIRER thef the
magneti c recording mediumsince it acts to reduce a diftference of elevation

bet ween t Bﬁeﬁgmﬁsffs Pakh 4QdnRREY fsgﬁeﬂ?:ﬁé‘& Y& @aén}l%&&%n{o%&m%& Snd DgeRYr face

of the magnetic layer 100. 10 T003 However present invention is
unsui t ed f )i the magnetic rec rdln dlu avi n uch .av0- convex
cont 1 gur at (s meaa ot REAREITPRE'D it Rotrehee & RGO Hea: um

since the carbon protective |aye 103 has a_|l arge thickness in_the

peri pher aPSHEFR HS5FOBYEX prst ﬁ@gﬂéﬁkﬁ CoREEBT H‘?‘rﬁéo%lf‘gﬁle@’loné]@ﬁ ystacoaf B t he
magnetic | ayer 100 15 does not generate fromthis portion. It is considered
t hat a bamagesticllayesrlODs provi ded between the magnetic recording area M of

the magnetic | ayer 100 and the carbon
10 [0034]

However, the present invention is unsuited for the magnetic recording medium
having such a concavo-convex configuration. Namely, in the case of this magnetic
- recording medium, since the carbon protective layer 103 has a large thickness in the
peripheral portion of the magnetic recording area M, corrosion of the magnetic layer 100
15 does not generate from this portion. It is considered that a barrier layer is provided
between the magnetic recording area M of the magnetic layer 100 and the carbon
protective layer 103 in the magnetic recording medium having such a concavo-convex
configuration. However, when such a constitution is adopted, a distance between the
magnetic recording area M and the magnetic head increases, resulting in deterioration of
20  electromagnetic conversion characteristics of the magnetic recording medium.
[0035]
On the other hand, the present invention is applied to the magnetic recording
medium in which the thickness of the carbon protective layer 103 on the surface of the
magnetic recording area M (convex part 101) becomes larger than that on the surface of

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



protective layer 103 in the magnetic recordi ng nedi um havi ng such a
concavo-convex configuration. However, when such a constitution is
adopted, a distance between the nmagnetic recording area Mand the magnetic
head increases, resulting in deterloratlon of 20 el ectronagnetic conversion
characteristics of the nagnetic recordlgg medi um [ 0035] Cn the ot her

hand, the h‘?{] iclr ?&‘ﬁlg%d‘légaipfé o@Qbfe%@?&eHP&ﬁ&’a[{fS@ o"f?rﬁ hei@ry g1 UM i n

whi ch the't ness o e car rotective layer e surface of

t he nagnsﬁ;c recordl ar ea (% vex art 101). becogﬁ Q%Gg .han t hat
on the su 3&8518%“%2@11& ‘émBSﬂﬂﬁ% ye ee‘Ba 66‘86?&95 g8 BA M R BF el own i n
Fig. 1 C _Nanel in the case of 17 this magnetic recording nedium it is
possi bl e tayeptinihe szibgamresectie leyer 4 0p gndhake povariag thessusface Ré el ng
corrosion resistance in the magnetic recording area Min the magnetic

| ayer 100béyndatyeareaflyoth pbatieckyere | ayer 103 and al so covering the surface
of the boundary area S wth a barrier layer. 5 [0036] In the present
inventjon, it ipo3dbpo considered that the thickness of the carbon
protective |ayer 103 on the surface of the magnetic recording area M my be

the same as thy th@tﬁbrés@x?c Lﬁb'érfn%ﬁeit %faléd“&)rﬁmé%%é& tRE ﬁ?ckﬁess"&ﬂﬁé’&{rboﬁme” such

a structure is adopte t he carbon protectlve ayer has a distribution in

2 L ke Rgghi £Eh R 05 G Bt bk RS B P RRR YL 1O

condi tion magne ng ne us a poss y " of
dispersio n en i stan aracteristi of the. ma netlc
recor di ng an&m*af@ ﬂﬁiséze apoarsﬁrﬁ grﬂawqyaﬁ Whep sy fftrchirﬁﬂ

bet ween the nmagnetic |ayer 100 and the carbon 15 protective Iayer 103 in

t he bound#eycaghaazprgectivys lagerrhas pslistiutinnoniaghigknrss diseqiionthecause of a slight

10  change in the manufacturing conditions of the magnetic recording medium, and thus a
possibility of dispersion in environmental resistance characteristics of the magnetic
recording medium may increase.

[0037]
The barrier layer is provided between the magnetic layer 100 and the carbon

15  protective layer 103 in the boundary area S, but can also be provided between the
magnetic layer 100 and the carbon protective layer 103 in the magnetic recording area M.
However, when the barrier layer is provided between the magnetic layer 100 and the
carbon protective layer 103 in the magnetic recording area M, since a material containing
mainly Cr or Ti used for the barrier layer is often a non-magnetic material, a distance

20  between the magnetic head and the magnetic layer in the magnetic recording reproducing
apparatus increases, resulting in deterioration of magnetic recording reproducing
characteristics of the magnetic recording medium. Therefore, in the present invention,
since the magnetic layer 100 includes the convex part 101 and the concave part 102, it is
desired to provide the barrier layer so as to fill the concave part 102 in view of

25  prevention of deterioration of electromagnetic conversion characteristics of the magnetic



magnetic layer 100 and the carbon protective layer 103 in the magnetic
recording area M However, when the barrier layer is provided between the
magnetic | ayer 100 and the carbon protective |ayer 103 in the magnetic
recording area M since a material contgining minly C or Ti used for the
barrier layer is often a non-nmagnetic terial, a distance 20 between the
magnet i pe%%pdl gleallﬁﬁl gsﬁlﬁ)t né gf'gl lll{'}‘aéy(%‘tﬁ-g%g#létl% léﬁe(fqr()g' ng reproducing
appar at us |ncre ses, resulting eterioration ti'c recording
reproduci ng ﬁg@gierlstlcs of the magnetic recording nmedium Therefore,
in the present tion since the magnetic | ayer 100 includes the convex
part 101 and the concave part 102, it is desired to provide the barrier

| ayer so as to fithe n@%@eteforﬁecad@ggaﬂmm@vm the e vefSURSUpY: SR FIOHTUISf
deterioration of electromagnetic conversion characteristics of the nagnetic
18 recor didgxygedipanetzated fsor thchibigpation bétlewaftmneratctived aymgrethicdédy er

100. [0038] In the nagnetic recording nmedium having the above structure,

si nce $0i sy ieharaadapetyig BpopsibiRtts dtednf doRrdsion ik MagRtitilfer of THA&Rar bon
protective | ayer are shielded 5 by the barrier layer, it i's possible to

prevent _CQEJO‘?&!ng'?o ok [pﬁ'&@ntrfﬁ%%tohclt dns.Elblengﬁ'@\fla’é £ma fc%%rﬁ tn?ecflﬂgl um

present inventi I's possib provi a magneri c recor e
hat i Ll ent t
parti cul ol trrgR R R R R i Rl %afh Sy 52, e and

hi gh-hum di ty enV|ronnent and s also excellent productivity
[0039] (MERHEPTRGHAl ﬁ%ﬁlﬁﬁéfn&eflaﬁi?rﬁgma%&mqrewee%@rfaghfgmﬁéidﬁylﬁwlr%@emffiu&i step

of manufacturing a magnetic recording nediumto which the present
i nvent i onid alsapgsellent improduggivifescri bed with reference to Figs. 2 to 12. As
shown in Fig. 11, the magnetic recording nediumto be manufactured by

10 [0039]

(Method for manufacturing magnetic recording medium)

Specific step of manufacturing a magnetic recording medium to which the
present invention is applied will be described with referenc.e to Figs. 2 to 12.

As shown in Fig. 11, the magnetic recording medium to be manufactured by

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

[0040]

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

25 [0041]



15 applying the present invention has a structure in which a soft magnetic
layer, an internediate |ayer, a magnetic layer with a nagnetic pattern
formed thereon, and a carbon protective |ayer are |am nated on the surface
of a non-magnetic substrate inthis o ger, and also lubricating |ayer is
formed on the outernost surface. [0040]rl 20 I'n the magnetic recording

medi um conponent z tJ ﬁfébrg at e tic

| ayer and the ?grtg%%sgr%g?{eagtg{é\cle F‘%@gg g&ﬁ@ceﬂeg(gg rie é%%’ﬁ%%ggg%pri ate
nodi fications without departing.fromthe gist of the,inventjon, including
Tt er | ol seatPPHMHRRATSRERS Fals foTHt o B Pt megnpi SbSHE § (Gmahdy
illustratigons of the soft nmagnetic layer, the internediate | ayer and the
| ubri cat i ¥eéerradyie@s asEPAYi tted. 25 [00411 19 In the case of manufacturing
this magnetic recording nedium as shown in Fig. 2, a continuous nmagnetic
| ayer 2 is for nkds mossiblertonsereg thst nan-magstic atbstratg hemgiof abt-eragnetaf erred to
as a step A). It is possible to use, as the non-magnetic substrate 1, any
of nors magitetrates Suchubah RALRSy Sulstta@nAie ofil foRbxypls ISAIF MigalloRdentaining or
exanple, an Al-My alloy containing A as a main conmponent; and substrates

made of PRM@QMaHﬂ&Jmp’%ﬂ@ﬁ‘t_; ghdstRates ﬁﬁa&%f&ﬂv%ﬁtﬁfaﬁs&ﬁ%@%s& asses,
crystallized glasses, silicon, titanium ceramcs and 'various ki nds of

resins. Appng these .substrates Al | oy substrat.e.  a gl ass-bhased
Subst r at o LTCROsIEAE-BOTENE S S Rersf oFPE E BBy, BB g et s ac e 1 s
preferably use ~I&%0 The average surface roughness (Ra) of the non-pmagnetic
subst r at ez@‘?"éil Of L5sH5t y A tg?selsé §fat%g‘éAg?liqye$‘§5qr§}e’cﬁ ga‘ﬁ%"é‘?ﬁess,
and particularly preferably 0.1 nmor |ess. [0042

substrate such as a crystallized glass substrate, or a silicon substrate is preferably used.

10 The average surface roughness (Ra) of the non-magnetic substrate 1 is
preferably 1 nm or less, more preferably 0.5 nm or less, and particularly preferably 0.1
nm or less.

[0042]
It is possible to use, as the material of the magnetic layer 2, a magnetic material

15  containing an oxide in the amount within a range from 0.5 atomic % to 6 atomic %.
Specifically, it is preferred to use a magnetic alloy containing mainly Co as a main
component. Examples of the magnetic alloy include alloys composed of CoCr, CoCrPt,
CoCrPtB, CoCrPtB-X and CoCrPtB-X-Y, containing an oxide added therein; and
Co-based alloys such as CoCrPt-O, CoCrPt-SiO,, CoCrPt-Cr,03, CoCrPt-TiOs,

20  CoCrPt-ZrO,, CoCrPt-Nb,Os, CoCrPt-Ta;Os, CoCrPt-Al, O3, CoCrPt-B,0s,
CoCrPt-WO; and CoCrPt-WO3. X in the above constituent materials represents Ru or
W, and Y represents Cu or Mg.

[0043]
In order to obtain given or more output in the case of reproducing, certain

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



It is possible to use, as the material of the magnetic |ayer 2, a magnetic
materi'al 15 containing an oxide in the amount within a range fromO0.5
atomc %to 6 atomc % Specifically, it is preferred to use a magnetic
alloy containing mainly Co as a main cgrmponent . Exanpl es of the magnetic
all oy include alloys conposed of CoCr, CPt, CoCrPtB, CoCrPtB-X and

e SR ARSI N e o
CoCr Pt - Nb2B, CoCr Pt - Ta205.  CoCr Pt - A1203 Pt.- B20 CoCr Pt - W2

Cor Pt VO SorEsq  QUD SRS PRARA A dh NPT ds AEDGHS 1Y 20y and v
represents Cu_or . [0043] . In order to aobtain given or_nore output in the
case of rﬁm%%%lwg{g? thigkness of the magneticnlaxer Lis Prgde@blyrset 19e3 FAGHE9TE apdiyer 2

is required. On the other hand, since various 20 paraneters representing
r ecor di ng20 epradessi ang robrrrpaetersmblys nmsoruserglang 1aneor lossat ésdesérited i ncr ease
in output, it is necessary to optinmally set the thickness of the magnetic

|l ayer 2. alpecihkingaghbtyc lab6e2 il bk frafedab ak he obagneiffidenltdvad odpiginptief er abl y
set to 3 rimor nore and 20 nmor less, and nore preferably 5 nmor nore

and 15 nMmQiordifs B thékifdesAhRRGed st of ME MeARbICrolRY8Ed.2 My be formed
so as to obtain sufficient head output/input™ according to the kind and

| am nat ed strucf@r“g of magnetic alloys to be used. [0044] As shown in Fig.
3, a mask | ayer i]s formed on the magnetic layer 2 (hereinafter referred

to as a step B). The nask | ayer can be formed of a material 10 containing
any one or rmreARiSFfBE“ Ebﬁgcﬁé’dn?ﬁidmetrﬁés&ﬂfge EP?EP‘?ﬂfelB}'er‘?a, W Ta
nitride, Wnitride, Si, Si®, Ta205 Re, Mo, Ti, V, Nb, Sri, G, Ge, As
and Ni . Athsagjnefiesgeferrpd to as giepBor rHie meskulseerAscandgs fomped ofra materipbr e

preferably Ni, Ti, V or Nb, and nost
10 containing any one or more kinds selected from the group consisting of Ta, W, Ta nitride,

W nitride, Si, SiO,, Ta,0s, Re, Mo, Ti, V, Nb, Sn, Ga, Ge, As and Ni. Among these, it
is preferred to use As, Ge, Sn or Ga, more preferably Ni, Ti, V or Nb, and most
preferably Mo, Ta or W. Commonly, the thickness of the mask layer 3 is preferably
within a range from 1 nm to 20 nm.

15 [0045]

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

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

[0046]

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

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



preferably Mo.. Ta or W Commonly, the thickness of the mask laver 3 is
preferably wthin a range from1 nmto 20 nm 15 [0045] Use of these
mat eri al s enabl es the i nprovenent of the shielding property of the nask
|l ayer 3 to mlling ions and the inprov3 nt of magnetic recording
area-formng characteristics by nmeans “of the mask | ayer 3. Furthernore,

si nce t hegRraSidRSARGRSIeGhHE suddBs nb¥ol %‘a?é&ﬁ%@ﬂs,‘é&c%icaacfdeeg%% Y& ARSend U 1S

possi bl e to decrease the residual substance an to reduce contam nation
on the surface of magnetic recording mediumin a step Hshow in Fig. 9
that is sHOW Rereinafter. [ 0046] Next, as shown in Fig. 4, a resist |aver
4 is formed on I&)gg mask |aver 3 (hereinafter referred to as a step Q It
is possible to 7] as the material of the resist 25 |layer 4, resist
material that is cured under irradiation with radiation, for exanple, 21

ul travi ol et - cur Mpxteay shomandig 19, the maskdhyl-3bia patternab(hasjnadier ydfercedhioi
esters and alicyclic epoxy resins. [0047] Next, as shown in Fig. 5, the
mask |ayeastdpiDy. patterned (hereinafter referred to as 5 a step D).
Specifically, using a stanp 5 made of a glass or resin that is highly

transmissive tgpdilfidatyi @hifila @45 5 rﬁ‘ad&?(ﬁ‘aat%é{s%_o?%stir?fhgt ﬂs%%ﬂ?%ﬂﬂi@ﬁ@eto the
resist laver 4. The negative pattern is obtained by formng a concave part

£2, 90 e Sl ST el BRI e AR
track). L%(l)tge?r?ls obtained by forming a concave part 4a on the resist layer 4 of the magnetic
layer 2 corresponding to a boundary area that separates a magnetic recording area

10 (recording track).

[0048]

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

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

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

[0049]

In the case of transferring a negative pattern to the resist layer 4 using such a

stamp 5, the stamp 3 is pressed against the resist layer 4, as indicated by the arrow in Fig.

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



The stanp 5 is obtained, for exanple, by transferring a convex part 5a
corresponding to the track pattern using a stanper obtained by formng a
fine track pattern (concave part) corresponding to the recording pattern
on a netal plate by an 15 el ectron be?y | i t hographic method. Since

har dness and durability demands for thé“process are required to the

mat eri al : , ist Mved &iUsigdy :l-ﬁ)f/gg : ] rial of
t he st anpg{eséésa%ﬁi%ﬁlwpﬁlfisgg% glei(’?g%eglsﬁawygfr?gl as lfong }e{{lgh?tw lglgﬁ?‘g@%rg t he
obj ect descrihed above..ln addition to the track.pattern corresponding to
the recor %rllc{n%‘eng?easg‘%n? 3 Sreg%rggegi g 5 5SisHlay e nsﬁ’é’&rar %%156%9%% $ndsr vo
signal, sych as burst patterpn, a 20 gray code pattern and a preanbl e
pattern, #&Wegér‘%‘? Teelgt ke 4 ‘Plég% MAgnEtT By ered coptesPandinasiodhe Beundaryt #ea-st anp
5. [0049] In the case of transferring a negative pattern to the resist

| ayer 4 using sl¥R0h stanp 5, the stanp 5 i s pressed agai nst the resist

| ayer 4, as indicated by the arrowin Fig. 25 5, in a state where the
resi st5layer 4 hagcdrthgipossibiedd tinsfenthe shaptof th&smptShe tisd meigt laydrst Ridh
pressed against the resist |layer 4, the resist layer 4 is cured by

i rradi ati pghwchitaéPsy adih@uch Anshiihi@iitdMetloaPrSs higo peRMIAICEh bRt he
resist layer 4. Thus, a concave part 4a can be forned on the resist |ayer

becoms. pserEiuppttlr Es AU RRBERL Aol i PANRIEI AeBlbe st R Jor 4

wi th high accuracy by usi uch a manufacturing nmethod.. I.t i, | so

possi bl e P%nﬁoﬂﬁf@?%n?%elay?ﬁggﬁ%ﬁ ﬂ@luBgSTSBP? ; edflaﬁkﬂ@y?éstﬁatl 1%19%%“36‘?0 i nj ect ed
ions by elimnating sagging at the edge portion of the mask layer 3 in the
et chi ng sheggingfter.h tmgsrmoagzbhe 13 ipprep € mpggetiscier rdingtaseaeforminger . It is al so
possible to inprove nmagnetic recording area-formng 10 characteristics by
meansl®f thaeracteisiick by exeaBs of the mask layer 3.

[0051]

Examples of the method of irradiating the resist layer 4 with radiation in a state
where the stamp 5 is pressed against the resist layer 4 include a method of irradiating
with radiation from the opposite side of the stamp 5, namely, the non-magnetic substrate

15 1, a method of selecting a substance capable of transmitting radiation as the material of
the stamp 5 and irradiating radiation form the stamp 5 side, and a method of irradiating
with radiation from the side of the stamp 5. It is also to use a method of irradiation with
radiation through heat conduction from the stamp 5 or non-magnetic substrate 1 side
using radiation having high conductivity to a solid, such as heat rays. In the case of

20  transferring a negative pattern to the resist layer 4 using the stamp 5, it is also possible to
irradiate the resist layer 4 with radiation after transferring the pattern.

[0052]

The radiation as used herein refers to electromagnetic waves in a broad sense,
such as heat rays, visible rays, ultraviolet rays, X-rays and gamma rays. The material

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



[0051] Exanples of the nethod of irradiating the resist layer 4 wth

radiation in a state where the stanp 5 is pressed against the resist |ayer
4 include a nethod of irradiating wth radiation fromthe opposite side of
the stanp 5, nanely, the non-magnetic ggbstrate 15 1, a nmethod of selecting
a substance capable of transmtting radiation as the material of the stanp

5 and i 11 gl Al {MkdoatibR 98 hORTRBR HAP 5 side, and a method of

irradiating wth radiation fromthe si"de of the stanp 5. It is also to use
a met hod of |rrﬁ)g iltel on with radiation through heat conduction fromthe
stanp 5 or non- 5 tic substrate 1 side wusing radiation having high
conductivity to_a solid, such as heat rays. In the case of 20 transferring
a negative pat tEhﬁtm%n?%é’frﬂ%“s?%lﬁﬂ%ﬁﬁé?%ﬁod)&fﬁg'ﬂ%ch‘én thedgegistdayer 1§ s al so
possible to irradiate the resist layer 4 with radiation after transferring
the pat t epreferpidoBdjusted vathimairange droma8 1w s@dmherWhen theftiicinespotthe conaamagnet i ¢
waves in a broad sense, such as heat rays, visible rays, ultraviolet rays,
X- 1 ays5 angargdaisadj sl witliie tiedbene edng@bit idissibke t6 imptbvethd ¢hiddinatprepertw t h
radi ati on may be a thernosetting resin for heat rays and 23 an

ul travi ol gf eWARNS et 8% Milliak 1(5HstHyfb‘l’1'nﬂh@dngrﬁ§?mF at B223ke Jhreioh BF HengSk of

the concave part 4a to be fornmed on the resis ayer 4 |s preferably

adj ust ed ri ss of t concave
S hart - 4ale S %ﬁfe}ﬁ%V% i rgc% a?%a%“é‘% R BT i fipsictBicue ¢ ne
shi el di ng ert nask I I ng |o S

saggi ng a aP]ﬁ VBH%H’%S B’fg%efp‘? gl%fay?r% i deg eflg‘efeﬂﬂ?lﬁﬁbe%gnetl c
recordi ng area-formng characterlstlcs by neans of the mask | ayer 3 in the

et chi ng sthagknsss efifbe fﬁa§klavgybrs commepy fromphowt |G am thdO8inmaf t er . The

t hi ckness of the resist layer 4 is comonly fromabout 10 nmto 100 nm
10 [0054]

Next, as shown in Fig. 6, a concave part 3a is formed by removing the mask
layer 3 of the portion corresponding to the concave part 4a of the resist layer 4
(hereinafter referred to as a step E).  In this step E, when the resist layer 4 remains on -
the bottom the concave part 4a, the remaining resist layer 4 is removed together with the

15  mask layer 3.

[0055]

Next, as'shown in Fig. 7, a concave part 2a is formed by removing a portion of
the surface layer of the magnetic layer 2 through ion milling (hereinafter referred to as a
step F).

20 The depth d of the concave part 2a is preferably adjusted within a range from 0.1
to 15 nm, and more preferably from 1 to 10 nm. When the depth d of the concave part
2ais less than 0.1 nm, the effect of removing the magnetic layer 2 is not exerted. In
contrast, when the depth d of the concave part 2a is more than 15 nm, surface smoothness
of the magnetic recording medium becomes worse, resulting in deterioration of levitation

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



10 [0054] Next, as shown in Fig. 6, a concave part 3a is formed by renoving
the mask layer 3 of the portion corresponding to the concave part 4a of
the resist layer 4 (hereinafter referred to as a step E). In this step E,
when the resist layer 4 remains on the, bottomthe concave part 4a, the
remai ning resist layer 4 is renoved togét her wwth the 15 mask |ayer 3.

[ 0055] 4 .i.n Fig. 7, a concave part 2a is fornmed by renoving a
portion 2%£%%@§§PB%%ES] ayer of the nagnetic layer 2 through ion mlling

(hereinafter re ok ed to as a step F). 20 The depth d of the concave part
2a is preferablip 3@ usted within a range from0.1 to 15 nm and nore
preferably from1l to 10 nm Wen the depth d of the concave part 2a is

| ess than 0.1 nhpe aheaestepdiqandisorherasnitied. t Hethipergprotil is ppssibie topform anot
exerted. In contrast, when the depth d of the concave part 2a is nore than
15 M, suetthegkcowaat fanc2eson e nidgecmaigyet 2 by exmsingithgexpodedisurizee ofite wor se,
resulting in deterioration of levitation 25 characteristics of the nmagnetic

head i thRgeaRdap 2B REHCECE Plabmb ofrdBBGREIoS il £665 G ddGcrdskd HeRfiARdCI Ng
appar at us. FOOSG] The above step F can also be omitted. In this case, it

i's possi bkﬁe&%ré,%ﬂé@g@ﬂe a@v@h&g?ﬁl?lﬂg@eéﬁ aR@fte &%3 &ébgcgpﬁ%m%ti\% ﬂl@s\ﬁg ?12 by

exposi ng t he expos surface o 5" magnet | to reactive plasna
or reactiyve jons in a_st. describ herei nafter. Therefore, en the
above i on" Y5 RE° ?F@ﬁo‘é{ﬁ‘gd’?hee&§’ﬁb%°§g‘eé;>‘?ﬂ%asﬂerﬁ’ﬁn?8 DEEOIRS @%?%ﬁe@ “or
reactive ions a@é%r ovi ded, the depth d of the concave part 2a becones the
total depth. | ]

Next, as shown in Fig. 8, by exposing the portion (concave part 2a) removed by

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

[0058]

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

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

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



Next, as shown in Fig. 8, by exposing the portion (concave part 2a) renoved
by 10 ion milling of the magnetic layer 2 to reactive plasma or reactive

ions, magnetic characteristics of the magnetic |laver 2 of the portion are
nodi fied. Thus, it is possible to separate a nagnetic recording area 7 by
the nodified boundary area 6 of the mag etic layer 2 (hereinafter referred

to as a siBR rfbrs t[)ggéé‘)’érsioﬂ-?f %tﬁgﬁ@%‘raagfrggﬁfem ?f J‘fﬁgﬁg irg rl]z%yemj) bigGah bpn of

magneti c characteristics o tic layer ef'ers’to partial change

of coerciyve force and residual . netization of the magnetdc,layer 2, in
ada ¢t on FEeHBh ShagnerraRr R P ARG e nsl o b BRIy B 48 o
separating the_magnetic recording area 7 of the magnetic |laver 2, and the
change r ef@PVErsian Jtaestpte yhers Anggraptal grainsdieriag frigaly sy of dess dhan? pAIYual
magneti zati on. 20 As one of methods of nodifying magnetic characteristics
of the nagmetged at mpdom?2, Whenrthestatepif @fonikarmsnggnant enniifmedibpamet hod of
converting the magnetic layer 2 into an anorphous state by exposing the

for meds magm@itical mawed, 2sthie WiIeaEh by dxkipasdtod criy&alchlaveis nbPRgogMiBdEAnd,
nodi fication of magnetic characteristics of the nmagnetic laver 2 also

includes pRRIHAEALFQBhDEPUIINAAREPDY ROraQldifBrabfidiSérdleSlonWehi BrfRfctibhe .
magnetic layer 2. 2571 n the present” i nvéntion, conversion of the magnetic

| aver into an ag}br ous 25 state refers to conversion of atomc
arrangenent of netic layer into a formof irregular atomc

AR PR R N,
|l ess than 2 rimare arranged at random Wen the state of atomc
ar r angene#te fognedbmpgnaie daysy 24p racuyrplpshe af reaetiveddns, & is preferrsdorrealizepeak
assigned to a crystal plane is not recognized and only halo is recognized
i s cobdi rrednddifidatiomybydthé teaation of magnetic exdtalaonitatingiiht iapntiiolayer 2 60h9]
atoms or ions in reactive plasma. The reaction as used herein includes a change in
crystal structure of magnetic metal caused by penetration of atoms in reactive plasma
into magnetic metal, a change in composition of magnetic metal, oxidation of magnetic
metal, nitriding of magnetic metal and silicification of magnetic metal.
15 [0060]
Examples of the reactive plasma include inductively coupled plasma (ICP) and
reactive ion plasma (RIE).
Examples of the reactive ions include reactive ion that exist in inductively
coupled plasma and reactive ion plasma.
20 [0061]
The inductively coupled plasma is high-temperature plasma obtained by
applying a high voltage to a gas thereby converting into plasma, and generating Joule
heat caused by eddy current inside plasma by means of high-frequency variable magnetic

field. The inductively coupled plasma has high electron density and can realize

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



In the present invention, although the nmagnetic layer 2 is nodified by
exposing the formed nmagnetic |layer 2 to reactive plasma or reactive ions,
it is preferred to realize 10 the nodification by the reaction of magnetic
nmetal constituting the magnetic |ayer é wWith atons or ions in reactive

pl asma. The reaction as used herein in Pudes a change in crystal structure
of magnet ¢ I o I I into
mgnet | o e GRARA i BRTRK B n B A PHR ki ERR hIGUB B o
magnetic neta itriding of magnetic nmetal and silicification of nagnetic
netal . 15PT ?ng§gﬁples of the reactive plasna include inductively
coupl ed plasma ICEG and reactive ion plasma (RIE). Exanples of the
reactive ions i H9%8He reactive ion that exist in i nductively coupled

pl asma and reactive ion plasma. 20 [0061] The inductively coupled plasm is
hi gh-t enper at ur €hpteasting iobpkismads highlyanepdtivie pdpsmahibgdinebby adfing areacyes

t hereby converting into plasma, and generating Joule heat caused by eddy
currend i psdfehRs 85 8FPEHIGATE, &FfCCl, ghplhsasUeihByconddsipabiiBleiBangié c  fiel d.
The inductively coupl ed plasnma has higﬂ el ectron density and can realize 25
modi 1 Cat gy BRONAh {1 RALACLASESre. Mbibidi N OfiliPhigRENidithcd pymonet i c

ati hi
|l ayer with a 26 w de area as conpared wth the case of rrgnufactu ihg a

di screte tr.a i i riQr Lon _beam 062] The reactive ion
| asrma isugﬁn E?%ﬁésﬁ#vég%agﬁ‘%&g%ﬁé%%‘g PB%?"*%&BY %% Yeactive 5 gas such
P . :
as 02, SF6, CHF? 4 or CCl4 in plasma. It becones possible to realize
nodi fi cati on of q{)é etic characteristics of the magnetic layer 2 with high
efficiency by -
YRy In the present invention, it is preferred that the reactive plasma or reactive ions

10 contain halogen ions. It is preferred that halogen ions are halogen ions formed by
introducing any one or more kinds halogenated gasses selected from the group consisting
of CF4, SFs, CHF3, CCls and KBr in view of enhancing reactivity of the magnetic layer 2
with plasma and making a formed pattern sharp.

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

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

[0064]

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

25  improved.



using such plasma as the reactive plasma of the present invention. [0063]
In the present invention, it is preferred that the reactive plasm or
reactive ions 10 contain halogen ions. It is preferred that hal ogen ions
are hal ogen ions formed by introduci ngsgny one or nore kinds hal ogenat ed
gasses selected fromthe group consisti of CF4, SF6, CHF3, CCl4 and KBr

. 9 . ;
in view of enhafigl ROEEAChYHEN %at}l{igrg%gﬂggtd FortiBY BF thé sul%éehaﬁ:lé%? R and

maki ng a formed pattern sharp. Detai reason 1s not apparent” but iIs

considered that .a fareign material .forped 5 on.,the surface .of the
mmgnet ¢ Tapestodfyes 2, PeAlnl B R pyor LS mef A TR 308 FREEHR witler ey
cleaning the, surface of the nagnetic |ayer 2, resulting in an, increase of
the magnERFiEva pigwra or repgtiviedony lgsn@@ﬁeﬁaéiiéefe@ﬁém ABVACRRY AR IndipdpeRde of
the magnetic layer 2 undergoes a reaction with hal ogen atonms with high
ef fi ci encinto fleaerfhce [ager|af themagnetic dapter 2rand thusonactive éonsarpbkely enpafetratse
surface | ayer of the magnetic layer 2 is renoved and then the surface is
exposedl t 6 drahagnetiplaysnB vizrthe @efettsve i ons thereby nodi fying magnetic
characteristics of the magnetic |ayer 2, contrast of a magnetic recording
area becomes nmof@es] ear than that in the case where a portion of the
magnetic | ayer is not renoved, and also S/N of the magnetic recording

modi um vas 25 A gvadAl 'Y 3 ASON L 8 SAABLARLET Bek TOY gAY no @

portion of the surface |ayer e m ye ani ng

activation of the part_are achj.eved and. reactivity wth activ | gsma or
enot tve. Pontoundsaiiin e Tt e Be BNt 2envale il e pb e fev SuBed Tt o
the surface | ayer of the magnetic layer 2 and thus reactive ions are likely
t o penet r gheseingftqr mefgrredheo apergsten He | ayer 2 via the defects.

10 The barrier layer 8 can use, as the material containing mainly Cr or Ti, Cr and Ti
as well as an alloy containing mainly Cr or Ti such as CrMo, CrW, CrCo, CrTi, TiN or
TiCo. The alloy containing mainly Cr or Ti means that a constituent element having a
first atomic ratio is Cr or Ti.  Cr or Ti is a material suited to shield diffusion of moisture
or oxygen in atmospheric air since it has high corrosion resistance and has a dense crystal

15  structure. Itis possible to use a sputtering method as a method of forming a barrier
layer 8.

[0066]
The thickness of the barrier layer 8 is preferably within a range from 0.3 to 5 nm.
When the thickness of the barrier layer 8 is adjusted within the above range, it becomes

20  possible to shield diffusion of moisture or oxygen in atmospheric air into the magnetic

layer, and to make the surface of the magnetic recording medium smooth.

[0067]

Next, as shown in Fig. 10, the resist layer 4 and the mask layer 3 are removed
(hereinafter referred to as a step I). In this step I, the resist layer 4 and the mask layer 3

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



[0065] Next, as shown in Fig. 9, a barrier layer 8 containing mainly Cr or
Ti is formed at a boundary area 6 of the nodified magnetic |layer 2 and the
surface of the resist layer 4 (hereinafter referred to as a step H). 10
The barrier layer 8 can use, as the na%&;ial containing mainly C or Ti, Cr
and Ti as well as an alloy containing inly G or Ti such as CM, CGW

CrCo, O Tyamolel! tﬁ}rouglghﬁ‘cbff Thfryaeltéh‘?ﬁg,‘f%rtl% EUI{'EQCHIH# %r}t’}m@img_?r Wet &@Hlﬂg t hat a

constituent el enent aV|ng firstTatomc rati is a
mat eri al SU|ted t.0 ure %ygigygen in atnnspherlc

air since ?fn[behléﬁfdﬁ?éﬁ OESPPB& rfe§‘§tgii§€fr nacnéth LS ense crystal 15

structure. 0ssible to use a sputtering nmethod as a nethod of formng
a barrier Iaye[O(g [0066] The thickness of the barrier layer 8 is
preferably within a ran ge from0.3 to 5 nm Wen the thickness of the
barrier |ayer 8litegajeudiredoving Hierbartier lapwSeformedyen thetsutfecorfisbe 2RpdEsi bl e
to shield diffusion of noisture or oxygen in atnospheric air into the

magnets c rdcapditig ardd, it &s poRkidle b enploy aaetleld dfieadimdipetht surfRe@feieng nmedi um
snooth. [0067] Next, as shown in Fig. 10, the resist |ayer 4 and the mask

layer 3 apf ﬁ&f@fé@&dn%rh%ae? Rahtisd béal abhesh d8liRs dﬁeaio%p Ihis i Ehetrﬁbﬁﬁo@t ep I,
the resi st ayer the mask |l ayer 3 25 are renoved d at the sane

t ' me, the, %@flfch‘%ﬂ é)%gr lagerQ{]f gd 81??119&1#1’1%? tlecgiﬁch% ?ﬁleeslﬁ é vek efqued through

lift-off. y et |ng, etc tchi ng

can be use s to renove. the resi and th mask rr. 3. [0068]
" the oasdedRePistit PROeUES Moot ags UFhE megp R e IRETaT FUEAODT | ho

nmagnet i c : — — : :
beam B from an oblique direction, as shown in Fig. 12, thus burying the barrier layer 8

10 into only the boundary area 6 (concave part) on the surface of magnetic layer 2 having
the boundary area 6 (concave part).
[0069]
After removing the resist layer 4 and the mask layer 3, it is preferred to provide
a step of irradiating the magnetic layer 2 activated in the above steps F, G and H with an
15 inert gas. By providing such a step, the magnetic layer 2 is stabilized and the
occurrence of migration of magnetic particles is suppressed even under a
high-temperature and high-humidity environment. This reason is not apparent but is
considered that, when an inert element penetrates into the surface of the magnetic layer 2,
movement of magnetic particles is suppressed. Alternatively, irradiation of an inert gas
20  enables removal of the active surface of the magnetic layer 2 and suppression of
migration of magnetic particles.
[0070]
It is preferred to use, as the inert gas, any one or more kinds of gasses selected
from the group consisting of Ar, He and Xe. Because these elements are stable and

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



5 recording area 7, it is possible to enploy a nethod of irradiating the
surface of the magnetic recording area 7 with ion beam from an obli que
direction. This is the nethod in which the barrier |layer 8 forned on the
magneti c recording area 7 (convex part),is selectively etched by
irradiating the surface of the nmagneti C’recording area 7 with ion beam B

froman opld Qu&od Eflﬁ&%c}]g@gl e g?&ﬁ%%néi@tixgé (?fioﬁgun,tlﬁi*%mﬁ RikliRghd fSe ??r rier

| ayer 8 10 I nto on oundary area conCave part) on the surface of

R N e

provide a step of irradiating the magnetic |layer 2 activated in the above
steps F, Pseigqabliiwiel ofrf latgeiimatiatiqudosegy provi di ng such a step, the
magnetic layer 2 is stabilized and the occurrence of mgration of magnetic
particles is sudressed even under a high-tenperature and high-humidity
environnent. This reason is not apparent but is considered that, when an

inert ®lenent pRegtaadhesniinFog. tihea sabbmpetative hgengnetoerd digstrfaces of
novenent of magnetic particles is suppressed. Alternatively, irradiation of

an inert gRSnZRBORREELS af LR Valri?layleP8 i@ fdrinke (Rdih A2 kb & ABORES e | ayer
2 and suppression of mgration of ‘'magnetic particles. [0070] It is

Cel oot ea. 1 Pieh s 5rblE ot 18 d B RN s TRAER
Cuppr ossi M RO v ar WP Bibe " Sinolgh ooV Bonehogirbacam ect ec
fromthe gr oup consisting of ion gun, ICP and RIE in the case of
i rradi at i 8imdprmation deviee vsegds thepresat irveseomare kodwn, it GRpreferRy B iiss aised
particularly preferably in view of a |arge irradiation dose.
10 CVD film formation device described below so as to increase the thickness of the carbon
protective layer 9 on the magnetic recording area 7 of the magnetic layer 2 as compared
with that on the boundary area 6.
[0072]
The CVD film formation device may be provided with a chamber that
15  accommodates a disk; electrodes disposed so as to oppose to each other inside both side
wall faces of the chamber; a high-frequency power supply that supplies high-frequency
electric power to these electrodes; a bias power supply that can be connected to the disk
in the chamber; and a supply source of a reaction gas that would be a raw material of a
carbon protective layer 9 to be formed on the disk.
20 [0073]
To the chamber, an introduction pipe through which a reaction gas is introduced
into the chamber, and an exhaust pipe through which the gas in the chamber is discharged
out of the system are connected. The exhaust pipe is provided with a displacement

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

25  controlling the displacement.



[0071] 5 Next, as shown in Fig. 11, a carbon protective |aver 9 that
covers the surfaces of the nmagnetic |laver 2 and the barrier layer 8 is
formed (hereinafter referred to as a step J). 1In the case of form ng the
carbon protective layer 9, a dianond | hke carbon (DLC) thin filmis
preferably fornmed using a CVD net hod. t hough a CVD nethod and a CVD film

formation devi ceiisefrbdtd iR, B @8 Bh-FrENRALY POWA RipkROMRighittequsnd}r ef er red
ed P C

to use a 10 CVD filmformation device descri bel ow so as to I ncrease the
t hi ckness t r L Y (%Oh\%f magnet ¢ recardi ng area
7 of the oqger{esp ﬁ%&?}%‘\?gé}l Sﬁjgggg&rr%éﬁg & (\?\n{%(ﬁm%:oa On Ot é:%B ?an‘ﬁléeln;./t[l%r ea 6.
[0072] The, CVD fi I.m{éorg&ti on %ﬁ\/i ce may be provided with a chanber that
15 accommtiRERrogchyslayers] 8dPFates di sposed so as to oppose to each ot her

inside both side wall faces of the chanber; a high-frequency power supply
that supplies hitétprefergdénese, aethe biasipowsoswnply. e higlefrequeaney poweresipply &i as
power supply that can be connected to the disk in the chanber; and a

suppl Y5 soupeltedDCapaveastippin sgastot doateniatd sladiga a thavonvek gaitalf tief magneciar bon
protective layer 9 to be formed on the disk. 20 [0073] To the chanber, an

i nt roduct je@Brdtigd@ed NItB&EPy Wincladk kel dedBindaStht Sohvix REUEAHo ifchlage tHae
chanber, and an exhaust pipe through which the gas in the chanber is

di schar gef; %ﬁna%ltlwgo{s%{lgtcﬁm\llegﬁrﬁtconnect ed. The exhaust pipe is provided

wi th a displacenen contro ve, whereby an internal pressure of the

chanmber can be set tp a | ue 25 controlling the displacement. 30 It
is preferred t oﬁ&@?gérggﬁf’g?}Fﬁlﬁaﬁgﬁﬁgﬁfi%ﬁ@?wﬁﬁw%s%’pqpy?y lE%)fgﬁ'&ﬁﬂ‘-l‘?r}cé’quency
power supply that can suppl %Vel ectric power of 50 to 2,000 Wto el ectrodes
when t he eclectric power of 10 to 300°W to the disk. It is preferred to use, as the pulsed-DC power
10 supply, a pulsed-DC power supply that can apply a voltage (average voltage) of -400 to
-10 V to the disk at a pulse width within a range from 10 to 50,000 ns and a frequency
within a range from 10 kHz to 1 GHz.

[0074]
Preferably, a lubricating layer is formed on the protective layer 9. Examples of
15  the lubricant to be used in the lubricating layer include a fluorine-based lubricant, a
hydrocarbon-based lubricant and mixtures thereof. The lubricant layer is usually
formed in the thickness of 1 to 4 nm.
[0075]
In the magnetic recording medium manufactured through the manufacturing
20  steps described above, it is possible to eliminate bleeding during magnetic recording to
obtain high surface recording density by allowing magnetic characteristics of a boundary
area 6 of a magnetic layer 2 to deteriorate, for example, by reducing coercive force and
residual magnetization to the upmost limit. According to the present invention, it is

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

25  manufacturing process.



carbon protective layer 9 is formed. It is preferred to use, as the bias
power supply, a high-frequency power supply or 5 a pul sed-DC power supply
so as to concentrate plasna at the convex part of the magnetic recording
area 7, thereby to increase radical deg§ity of the convex part and to
increase the filmformation rate of the convex part. It is preferred that
the high-frequ BysPOVer supply can apply high-frequency electric power of
10 to 300 Wto the disk. It is preferred to use, as the pul sed-DC power 10

supply, a | sed- [.S |y th an apply a voltage (average voltage)
of "Cado ¢ ORRAG e FRE R LR agb BN PR Ui Thin & Tange. (1 om 10 to
50,000 ns and a, frequency ithin a.range from10 kHz to 1 GHz. [0074]
Preferably, a | %Ff@aﬁlﬁwgcqngggqaﬂpg of  FHABBC T Al ing ISPIOERsing apRajas o
Exanples of 15 the lubricant to be used in the lubricating |ayer include a
f 1 uori ne- Gy td which thainyertiomyisl pprled b shayasmdFiguld.i cant and mi xt ures
thereof. The lubricant layer is usually fornmed in the thickness of 1 to 4
nm [QD75] | n Abshovagindligcl3, deanainegc rediding reprodwidguppdratisrto wgticH the

manuf acturing 20 steps described above, it is possible to elimnate

bl eedi ng  giehdith BBMNRIIiRcIHESY HhBktit AikAhRigRetl BRod ol BEBUME S P Hidddiodensi ty
by allow ng magnetic characteristics of a boundary area 6 of a nagnetic

| ayer, 2 el S0k WA roRn N AR me N B PRGNS | B188AN

resi dual nagnetization €°upnos ccor present

i tion, .it is . possible to manufacture such a ymagnetic recordi medi um
by a's1 rpiEvigcesieB RS S e ARt g e by g trrgne dreltion % &

magnetic head 33 that performs a recording operation and a reproducing operation to the
10 magnetic disk 31; a head driving section that moves the magnetic head 33 to a radial

direction of the magnetic disk 31 (head moving means that moves the magnetic head

relative to the magnetic recording medium) 34; and a recording reproducing signal

processing system that inputs signals to the magnetic head 33 and reproduces signals

output from the magnetic head 33 (recording reproducing signal processing means) 35.
15 [0077]

When the magnetic recording medium to which the above present invention is
applied is used in the magnetic recording reproducing apparatus, it becomes possible to
form a magnetic recording reproducing apparatus having high recording density. In the
related art magnetic recording reproducing apparatuses, the reproducing head width has a

20  smaller width than that of the recording head width so as to eliminate influence of a
magnetization transition region of a track edge portion. By forming a recording track of
the magnetic recording medium in a magnetically discontinuous manner, the reproducing
head may have the same width as that of the recording head. Accordingly, sufficient
reproduction output and a high SNR can be obtain;ed.

25 [0078]



(Magnetic recording reproduci ng apparatus) An exenplary configuration of a
magneti ¢ recordi ng reproduci ng apparatus (HDD) to which the invention is
applied is shown in Fig. 13. 5 As shown in Fig. 13, the nagnetic recording
reproduci ng apparatus to which the inugntion is applied includes a
magneti c di sk (magnetic recordi ng nmedi 31; a rotation driving section

that rotati onal builikkRs bl o FBU0RIfe LREOR OF 19 ALK SR ATy 1 Vi N

section that drives the magnetic recordi ng ne N a recordi ng ection)

Cepr oduci HYTBBEFLET bRV MR EC w1 Be BBRedh ot e scct i on

t hat noves the gnetic head 33 tg a radial direction of the magnetic disk
31 (head TRSOTARE Fensity apd dhusAghagnetin ESGPEdAS FSRIOHISHE appatakisi with hight he
magnetic recordi ng nediun) 34; and a recordi ng reproduci ng signal

pr ocessi ntecesdenedenshiycan bpohigingd.gnWhentadevitatiomagostt of themdgdSicaiedd 33 is
reproduces signals output fromthe nagnetic head 33 (recordi ng reproducing

si gnal5 pr afiisd regetens).085um t39.0200id] whikeis loher g kel ictheeelafediarg Mmedi um
to which the above present invention is applied is used in the magnetic

recor di NgohBRf REMGHIEd ﬁﬁcﬂ’%gg{h%viciets}mmﬁn&ﬂ%ﬁ& NS athg%h-f:éif BirRafonetic

recordi ng reproduci ng apparatus having high recordi ng nS|€y. In the
rel ated ayt iLc recording.reproduci ng apparat uses, the reproduci ng
head wi dt gﬁgg‘ggg%%%aﬁggﬁwregc%%&}% P’i%’gﬁc?lﬁg%’p%gmf ﬁ%“ugee%‘??’d’ueﬁ-g G3i dth so
as to elimnate influence of a .magneti.zatjon transition region of .a track
cdge por t DB PP PRFRLL O atsiar g el dend GReocnaes wed B erEDakeh di g
medi umin a magnetically discontinuous manner, the reproducing head may
have the Bessbletafurthesinerease the racaeding densityn gAlseEiienASdGr ehinrhgl optaised f i ci ent
reproduction output and a high SNR can be obtai ned. 25 [0078] 32

10 even when data is recorded and reproduced at, for example, track density of 100 or more

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

density of 100 or more Gbits per square inch.

EXAMPLES
15 [0079]
Hereinafter, effects of the invention will be described in more detail by way of
Example. It should be noted that the invention is not limited to the following Examples
and modifications may be made without departing from the spirit and scope of the
invention.
20 [0080]
(Example 1)
In Example 1, a vacuum chamber with a HD glass substrate (having a disk
shape) disposed therein was evacuated to 1.0 x 10 Pa or less in advance. The glass
substrate used herein was a crystallized glass substrate containing Li;Si,0s5, Al;03-K50,

25 ALO3-K;0, MgO-P,0s and Sb,03-ZnO as constituent components, and having an outer



Furt hernore, when a reproducing section of the magnetic head 33 is forned
by a GWR head or a TMR head, sufficient signal intensity can be obtained
even in high recording density, and thus a magnetic recordi ng reproducing
apparatus with high recording density.can be obtained. Wen a |levitation
anount of the magnetic head 33 is 5 mﬁ@ in arange from0.005 mto 0.020

TR e A T BBl SN,

hi gh device SNR Is al ned, us a h -capacity an liable

magneti c ngordin reproduci ng apparatus can be provided. Wien a signal
processi n§' 6APEU"Sf or maxi num | i kel i hood decoding is used in conbination
it is possible to further increase the recording density. A sufficient SNR
can be obtai ned[®81kven when data i s recorded and reproduced at, for
exanpl e, track density of 100 or nore ktracks per inch, linear recording
density of 1, 000ngrglassisubdtiate, 8 6pEe-3DGot) Bafiin peg softimagnetoidagirt a/Roffilh@d or
nore Gbits per square inch. EXAMPLES 15 [0079] Hereinafter, effects of the

i nvent § on awfidterntdide BGed, bedla perpeidieulsherhagretioYayeniavihg a il Strudthresi@ul d be
noted that the invention is not limted to the foll ow ng Exanples and

nodi fi cat ixpfs A mekt ta 10 | t b &k of
the i nventi On.et'i@]%%&%éggo] (Elggllrgr& eé%?ﬁt{térfﬁ%xrgérrtgﬁ gﬁleggééaﬂggﬁ%}}gﬁgﬁgf wth

fo 20 HPBORbpa R PoCi et s G BRH e S RGTRR bR Rer o1 1y v a
Vo0 po0s ARE0IEH0. HemenERG SRS SRR [ erahis tibrng of A FLrRr 53
soft magnetic layer was adjusted to 600 A and that of a Ru intermediate layer was
10  adjusted to 100 A. A mask layer was formed thereon using a sputtering method. The
mask layer was formed using Ta and the thickness was adjusted to 60 nm. A resist was
coated thereon using a spin coating method. A novolak-based resin that is an
ultraviolet-curable resin was used as the resist. The thickness was adjusted to 100 nm.
[0082]

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

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

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



di ameter of 65 nm an inner dianeter of 20 nm and an average surface
roughness (Ra) of 2 angstrons. [00811 On a glass substrate, a
65Fe-30Co-5B filmas a soft magnetic layer, a Ru filmas 5 an internedi ate
| ayer, and a perpendi cul ar magnetic Ia)é r having a granular structure as a
magnetic | ayer were fornmed using a DC %utteri ng nmet hod. The magnetic | ayer
had an all oy c[ggg)ﬂsition of Co-1 OCr-20Pt-8(Si2) (in nolar ratio) and the
t hi ckness was Justed to 150 A. Concerning the thickness of other |ayers,

t he thickness qf. eCoB sof net.i ¢ | ayer adjusted.to 600 A and
that of a Ru i nEfeacanevs BybeT IRIeY Invf 400 B R HOOmAS e otk h &y or e
formed thereon using a sputtering nethod. The mask |ayer was fornmed using
Ta and t hweieHPeRmekly dstehing stldy atehing was pendacied aising 4lsscmoban €4 geher eon
using a spin coating nethod. A novol ak-based resin that is an

ul t ravi ol wtdec theatohditiorsoia prassuns efl0.aPat hbighdsiqguencyThlesmhelekrie pewensd
adjusted to 100 nm [0082] 15 Using a glass stanp having a negative
pattern of0EWrBMEbas of BEW shdwh @tldag tief 19t88and s RERSS60thagaigist the

resist layer under a pressure of 1 MPa (about 8.8 kgf/cnR). In this state,
the resi sty lavflic WRSctoMhS hab¥ohducRdi Rl Whhhbridl ¢if 24k Ah&lr tﬁ@mﬁ%ﬂsng a
wavel ength”of 250 nm for 10 seconds from above the ass stanp having an

ultraviole t ransm nce, .0 5% 0r re. .The sta hen r.enoved from
the res: st 1 B5RRRER 6 B8 Tk Ry AIRE S PP EROAD WraRSr R o the
resist la The t.tern of.  the etic . recording area transferred to the
resi st |a§§$’*’ ﬁr&ﬂ%g@fm%ﬂp’&r‘)fébﬁ??‘g@gg%eé‘fhl%%ptﬁﬁTaga}ﬁ-dth of 120 nm at the
convex part of the resist and a circular configuration having a w dth of
60 nm at the col¥®8¥ke part of the resist. The thickness of the resist |ayer

was 80 nm and depth of the concave part of the resist was about 5 nm An
angl el®f concavNeRbthpantfagf ofttheporeish stheteatiie magasti @lagettis 96t dagdaris thiet h

respect to the surface of the substrate.

mask layer was removed by ion milling. The depth of the layer removed by ion milling
was 4 nm. Ar ions were used in ion milling. Ion milling was conducted under the
conditions of a high-frequency discharge power of 800 W, an acceleration voltage of 500
V, a pressure of 0.014 Pa, an Ar flow rate of 5 sccm and a current density of 0.4 mA/cm?.

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

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

[0083]

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



34 [0083] Next, the concave part of the resist |laver and the Ta | ayer
under the resist laver were renoved by dry etching. Dry etching was
conducted using 40 sccmof an 02 gas under the conditions of a pressure of
0.3 Pa, a high-frequency plasma el ectri,g power of 5 300 W a DC bias of 30
Wand an etching tinme of 10 seconds for~etching of the resist |layer, while

dry etchifge H‘@Set&'gﬁ%%§ E6hdusiclBsind 166 SRR br 8n SFA BRI CoddIBomOfdi ti ons

of a pressure’of Pa, a high-frequency plasma el ectric power of 500 W a

DC bias of 6 an i n i f .seconds reteching.of .the Ta

| ayer. [OBrgiﬁuQe (\i%iﬁl%%t%h@hg{jes ufgrfcé'cpe 0t? ?%%“%8??%??‘{9@‘3%115 et ﬁ%gfr}ec | ayer
i t ith th K | by | i1 1ing. The depth of
the. | ayer of SHoPERRsy  NSA: ATECRIIRG WHBSIECRTIARS UFacq e be Tegeiciargn —
mlling. lon mlli ng was conducted under the conditions of a

hi gh- f r eqlibaiyection oharggs igsvikas cohd@OBl wying b seae of ar argpwgaswidents of 500 V,
a pressure of 0.014 Pa, an Ar flowrate of 5 sccmand a current density of

0. 4 mY cn€onditbonkhé a pusskare & HUIJ Pal adadeeleraiivniiolthge el 0BV, @cuasarddnsity eact i ve
pl asma, and magnetic characteristics of the magnetic |ayer of the portion

wer e nodi bf @4.mARnf RAd & eRETAY Eme RF 28 B&ohti € at TR Yesisflajh@ndBgnghdiClal@yer, an
i nductively coupl ed plasma device NE550 manufactured by ULVAC, Inc. was

used. The i AR nt was conducted wusing a 90 cc/m nute of
a CF4 gaswrggealfaéhlgggd%r ‘ger{greg@l} n of plasma under the conditions 20 of an

el ectric power @)f O W a pressure in a device of 0.5 Pa and a treating
time of 300 setdOf After displacing the CF4 gas by an oxygen gas, the
magnetic | ayer was treated for 50 seconds. In the magnetic |laver, on the
surface subj ect €8 thosurfagea caabanddiagiondrikgrrarhon (Bh&nhprotactise jayst was 4 nm
thick layer made of O was forned as a barrier laver. [0085]

10  formed by a CVD method. The carbon protective layer was formed using an RF plasma

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

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



25 Next, the resist laver and the nmask | ayer were renoved through dry
etching. 35 The dry etching was conducted using 100 sccm of an SF6 gas
under the conditions of a pressure of 2.0 Pa, a high-frequency plasma

el ectric power of 400 Wand a treatingi,iinme of 300 seconds. Next, argon
ions were injected into the surface of the magnetic layer. The injection

of argon Aoy A der the 5
conditi ongl%g?mgﬁ%?@ggure géfaug‘%sr%/ %gﬁegquggggﬁg%g??g)aﬁg qty;ge of 300 V, a

current den fe. 10 s

resist | a§le(fsr g%dp?%lggkgfsﬁ% g’g%rr %\g\%&gﬁc;cg%\yeogogqﬁeggu%ﬁeaptﬁn ho"trOOBG]
On the surfaceg, car bo (tdél-ﬂgip@xd l i ke cfgébon pr ot ectl ve Iayer was
10 f or medtsye RaEdHVRERbEC! S ABONI? eeovee] eeanmgnfeaf%uﬂgg ng an
RF plasma  CVD devi ce under the conditions of an applied electric power of
13. 56 MzICBHES.wlarthe mgasur¢mertt gsimatdC8rMEi haibilitr®! S&cuittsacid gonthimingase of
formng the carbon protective |layer, a DC pulse voltage of -150 V, a pul se

wi dt h Hf 200ppiofandasauded aguenayardfligdOd kilza vaslt, tappimbel df@omrosivhspdatat e.
Next, Z-dol 2000 as a lubricant was coated in a thickness of 20 15

angst r ons wa 1 A0 fadehnd theaEirt ©f c6W: &itRgtedBetis W2 HROSLhm/fFa4Es onnent al
resi stance of the nagnetic recordi ng nmedi um manuf actured as descri bed

above was eval um The eval uation was conducted by the foll ow ng
procedure. Afte ] ntaining 20 the magnetic recordi ng nmedi um under an

at rmspher ]:f P}i onment at a tenperature of 80C and a humdity of 85%for
96 hours, er of corrosion spots having a dianmeter of 5 m croncp or

more formed on the surface of t he magnetl c_recording nedium was counted.
In Example 2, a magnetic recording medium was prepared under the same

10  conditions as in Example 1, except that a Ti film was formed as the barrier layer. Next,
environmental resistance of the magnetic recording medium of Example 2 was evaluated.
As a result, the number of corrosion spots was 1/surface and the amount of cobalt
extracted was 0.41 microgram/surface.

[0090]

15  (Comparative Example 1)

In Comparative Example 1, a magnetic recording medium was prepared under
the same conditions as in Example 1, except that the barrier layer was not formed. Next,
environmental resistance of the magnetic recording medium of Comparative Example 1
was evaluated. As a result, the number of corrosion spots was 19/surface and the

20  amount of cobalt extracted was 0.39 microgram/surface.

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

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



[0088], 25 On the surface of the magnetic recording medium 5 parts (100 36
mcroliter/portion) of an aqueous 3% nnitric acid solution and 5 parts (100
mcroliter/portion) of pure water were respectively dropped. After standing
for 1 hour, these |iquids were coIIec%gd and the amount of Co contained
therein was neasured using |CP-MS. In~“the neasurenent using |CP-M5 1
mllilit efarﬁ@ul%% gﬁsxtifdnﬁleﬂﬁdl test@ic@bPh RthoRe #OR cORlinPdrea NASs HSREHAS 2

standard 11 qui d. a result, the nunber of corrosion spots was 1 /surface

and the app of .cobalt extr.acted S.0.12 meragram surface. ..] 0089]
(Exarpl e oy it dipReh Rt 26 BRI MR AP R BEb B e
the sanme 10 co ditions,a%,ln Exanple 1, except that a Ti filmwas forned as
t he barri@FmP&8@$nﬂﬁ@R¥?1ﬂgﬁvironnental resi stance of the magnetic
recordi ng nmedi um of Exanple 2 was evaluated. As a result, the nunber of
corrosion spots was 1l/surface and the anmount of cobalt extracted was 0.41
m crogram surface. [0090] 15 (Conparative Exanple 1) In Conparative
Exanple 1, a nagnetic recordi ng nmedi um was prepared under the sane
conditions as in Exanple 1, except that the barrier |layer was not forned.
Next, environnmental resistance of the magnetic recordi ng nedi um of
Conparative Exanple 1 was evaluated. As a result, the nunber of corrosion
spots was 19/surface and the 20 anmount of cobalt extracted was 0. 39

m crogram surface. | NDUSTRI AL APPLI CABILITY [0091 ]



According to the present invention, it becones possible to provide a
magnetic 25 recording nmediumthat has high recording density and has high
corrosion resistance, 37 particularly environnental resistance of a
magnetic recording area, and is therefgge excellent in durability, with
hi gh productivity. Accordingly, the préSent invention has great industrial
applicability. 38 CLAIMS 1. A nagnegi@r ordi ng nmedi um conprising, on a
substrate, at |east a magnetic |ayer and a carbon protective |ayer that
covers the magnetic |ayer, wherein 5 a convex part serving as a magnetic
recording area, and a concave part serving as a boundary area that
separates_the magneti ¢ recording.,.area are. provided on the surface, of the
magnetic Fayer, AGRRENSUGECPTAMNE MEUM COBRTISING AR asHPSiralke. ef least amagngti¢ or ned

bet ween the concave part serving as the boundary area and the carbon

pr ot ect i viayknanslra catigorpprotrhveriagerdhiteorens dhelinagnatedayem wereindi ng to cl ai m 1,
wherein the boundary area is forned by nodifying a portion of the magnetic
| ayer.53. The nagheik parteevind 3¢ meghetoraoedingafeg, imd L£dcncielparidesriag n t he

t hi ckness of 15 the carbon protective |ayer on the nagnetic recording area

i's nore t happbliflahlurekass ﬁl_fatesttﬁ@rélﬁgﬁéi’i‘%rfe&fr@ltnﬁ%éavﬁe ANRled ¥R thdsurbRundary

area. 4. The magnétic recorpdl ng nedi um according to claim1l, wherein the

t hi ckness | e ayer is from0.3 to 5 nm 20 5. A nethod for
nanufactuP?&Eréﬂﬁﬁgﬁg@%%£¥%cording medi um conprising the steps

a barrier layer containing mainly Cr or Ti is formed between the concave part
serving as the boundary area and the carbon protective layer.
10
2. The magnetic recording medium according to claim 1, wherein the boundary

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

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

the carbon protective layer on the boundary area.

4, The magnetic recording medium according to claim 1, wherein the thickness of
the barrier layer is from 0.3 to 5 nm.
20
5. A method for manufacturing a magnetic recording medium, comprising the steps
of:
forming a magnetic layer on a substrate;
forming a concave part serving as boundary area that separates a magnetic

25  recording area, on the surface of the magnetic layer;



of: formng a magnetic |ayer on a substrate; formng a concave part serving
as boundary area that separates a nagnetic 25 recording area, on the
surface of the magnetic layer; 39 formng a barrier |ayer containing
mainly Cr or Ti at the concave part; agg form ng a carbon protective | ayer
that covers the magnetic |layer and the-Barrier layer. 5 6. The nethod for

manuf act uri ng afo%ﬂ{é[e%]ﬁé}riérelﬁg&%ﬂ&ir{{ﬁgHéfﬂlﬁ%‘%%? ‘ﬂ ﬂgh{)&n‘% gér %%d"mer ein

the step of formng e concave par erving as oun rea that

separates the netic recordin ea, .on the surface. qf a netic |ayer
Uncl udes the  SUBBIESCIEPOn gl aehihaleqvaisdhe BHEvss [ ABa P Reyer - 10
formng a resist |laver on the mask |ayer; formng a concave part at the
posi ti on E¥e%k esponding to the boundary area of the resist laver; renoving
the mask |layer at the part corresponding to the concave part; and exposing
t he exposed surface of the magnetic |ayer at a portion where the mask 15

| ayer is renoved, to reactive plasma or reactive ions, thereby nodifying

the megnegi c | @y@metbodifemp@ifhcturing 4 RtaghBfihRdoditdy Mediuhaetodidfydoldmgnet i ¢
recordi ng medi um according to claim 6, wherein, in the substep of form ng

the concaye,pati tﬂ% ﬁEﬂB‘%f R)?ﬁliiﬁ%- e c&&irag@?ﬁﬁ @gf;vgl%ea%Q%@?%&lﬁ%wh‘ﬂb’é@ﬁ{ y area of

the resist |ayer, e resist Taver is irra radiation in a state
shere & SRy SHRLSIRNE AOPRI b By U5 Ltack BYShagh IRNERY i BARTRE T O @
substeps of:
forming a mask layer on the magnetic layer;
10 forming a resist layer on the mask layer;
forming a concave part at the position corresponding to the boundary area of the
resist layer;
removing the mask layer at the part corresponding to the concave part; and
exposing the exposed surface of the magnetic layer at a portion where the mask

15 layer is removed, to reactive plasma or reactive ions, thereby modifying the magnetic

layer at the part.

7. The method for manufacturing a magnetic recording medium according to claim
6, wherein, in the substep of forming the concave part at the position corresponding to

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

to the resist layer.



40 8., The nmethod for manufacturing a magnetic recordi ng nmedi um accordi ng
to claim 6, wherein a portion of the nagnetic |aver at a portion where the
mask |l ayer is renmoved is renmoved through ion mlling. 5 9. The nethod for
manuf acturi ng a magnetic recordi ng rredi4§m according to claim 6, wherein
the step of formng the barrier layer containing mainly C or Ti at the

concave part i#gl ngﬁﬁ)dtf{g'r:rggfrﬂﬂgéntgﬁg% g Hﬁag{lgt{c@e@%dfrﬂ@%ngﬁﬁ&i a%éorljd_%&etg Pt he

surface of the nagnetic resis ayer; ‘an renoving the
resist layer,and the .mask.layer and al so renovi e barrier .| aver on the
resist | a§e¥”h‘irﬁ%%‘ml?‘? P{t-hSF‘%/%gni‘éc. AYHA FOHET ‘i”g‘%e ﬂifrfﬂ?%\‘clf’}ﬁf‘rrilﬁbenawﬁﬁgnet ic
recordi ng, medi um according to claim 9, wherein, when the barrier |aver
formed oniteEoNedHEeyeh ipREBR@ENg area of the magnetic 15 layer is
selectively renoved, the surface of the nmagnetic recording area is

irradiated with ion beamfroman oblique direction. 11. A magnetic
recordi ng reproduci ng apparatus conprising: the nmagnetic recordi ng nedi um

accor df ngot 0 anyhenRttd f6 MbAEadtufifg 4 maghetd: RESHIHP HEdIMMNGcHide thReimdr | ves
t he magnetic recording mediumin a recording direction; a magnetic head

t hat perfGfmeéiﬂﬁg%gbﬁﬁ)rﬁﬁ?%]@lki?‘aﬂi& efcdRRLRGYSIRG @p&rﬁgk 81 coh&vkhe

magneti c recordi ng nmediunt a head noving unit tHhat noves t magnet1 ¢ head

relative to. th netic 25 recording nedium and 41 a recording
r epr oduci Rﬁnéchlh%?%ber%%gggﬁ g unit that inputs signals to the

forming the barrier layer on the surface of the magnetic layer and on the resist
layer; and
10 removing the resist layer and the mask layer and also removing he barrier layer

on the resist layer through lift-off.

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

ion beam from an oblique direction.

11. A magnetic recording reproducing apparatus comprising:
the magnetic recording medium according to any one of claims 1 to 4;
20 a medium driving unit that drives the magnetic recording medium in a recording
direction;
a magnetic head that performs a recording operation and a reproducing operation
to the magnetic recording medium;
a head moving unit that moves the magnetic head relative to the magnetic

25  recording medium; and



magneti ¢ head and reproduces signals output fromthe nagnetic head.

41

a recording reproducing signal processing unit that inputs signals to the

magnetic head and reproduces signals output from the magnetic head.



