10

15

20

25

DESCRI PTI ON METHOD OF PRODUCI NG MAGNETI C RECORDI NG
MVEDI UM  AND MAGNETI C RECORDI NGAND READI NG DEVI CE

WOTBRGHNOGRL FlI ELD The present invention rel at ePGQIaIPA008/061384

nmet hod of producing a nmagnetic recordi ng nmedium and a
magneti c recordi ng and readi ng device where the
magneti c recordi ng nediumor the nmagnetic recording
and readi ng devi ce are uBESCRAPBIMrd di sk device or
the |ike. BACKGROUND ART In recent years, not only has
the applicability of nagnetic recording devices such
as a magnetic disk device, flexible disk device, or

NMagNRETHOR F PRODAECHES MAENBTIC RECHLORIE MEDITEIAND
its inportance has been increased, but the recording

devi ce” nas A RUE RECORTSI AN READI R PRV cB1eh 2

particular, the areal density has been strikingly
i ncreased since an MR head and the PRM. techni que were

i ntroduced. Recently, a GVR head, TMR head, etc. have
been i ntroduced, and t ABCANISAL BESDYi ng density has

been continuously increased at the rate of about 100%
per year. Achievenment of higher recording density is
still sought in devel oping such a nmagnetic recording

nmedi UThe pRe¢ idvetioR rdtatgRra BEB6E b¥ srolladif€a nAghitidhiedording
signal -to-noise ratio (SNR), and higher resolution are

Mhéiith 426 al fadnBfc FREABA fnd BERAEHETcd RUGE the magnetic recording
Additionally, in recent years, considerable efforts

3 i ' i h .
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,&éﬁﬂémrease areal recording density.

BACKGROUND ART

In recent years, not only has the applicability of magnetic recording devices
such as a magnetic disk device, flexible disk device, or magnetic tape device been
remarkably broadened, and its importance has been increased, but the recording density
of a magnetic recording medium used in such a device has also been remarkably
improved. In particular, the areal density has been strikingly increased since an MR
head and the PRML technique were introduced. Recently, a GMR head, TMR head, etc.
have been introduced, and the areal recording density has been continuously increased at
the rate of about 100% per year. Achievement of higher recording density is still sought
in developing such a magnetic recording medium. | Therefore, a higher coercive force, a
higher signal-to-noise ratio (SNR), and higher resolution are required in the magnetic

recording layer. Additionally, in recent years, considerable efforts have been devoted to



The track density of the | atest magnetic recording
devi ce reaches about 110 kTPI. However, as the track
WORERE16189 s i ncreased, magnetical |l y-recorded d®ETAPIBI061384
interfere with each other between adjacent tracks.
Consequently, the magnetic transition region of the
boundary portion will be a noise source, and it is
ih¢rkasing nas onlythe trackmec@NiRg dEhsity husatts thetrackdleositaiserdsdr to
the bit error rate, and such a problemis an obstacle

ih@edsenr@y toeardinpedensieor di ng density. In order to
i ncrease the areal recording density, it is necessary

to aC%@M&H&ﬁSlﬁ%ﬂﬂ%ﬁée??@ﬁ%rﬁtlg r%ﬂiﬁ?ﬁé@@e IhCaChCS about 110 kTPL

magneti zatl on a i ckness Thn each recordi ng

I-gob)}/el}/g{q ia% g}le tt%i%gg O%r ﬁér%rg%ednlglggne&c%@-g%{)véfg dg{g will interfere with

smal However, as fhe recordi is .mad
5 eg?rr@?'ihsfr betyrn aHRTRTAE K i feeefet m@e raegne&mtrawppn frgion of the
smal |, and there is a problemin which recorded data

bahedasp partioddll be amhise Sowrse, rad éris kikely duierhir the $NReat This leads
fluctuation. Furthernore, because the di stance between

td b dedrsasef tieer st ratsumld sachagrodldne israacbseledgo depioeing the
requires an extrenely precise track servo technol ogy,
réddedial gensitg. t echni que is generally adopted, in which
recording is broadly done, and reading is done

harr O‘TEBrdEPt%rlnérQ Qs 3G r&;&iﬂg rdeﬁs?geiﬁ & ﬂé@@ss!u?ﬁ% achieye the

i nfl uence ron1a Jacent tracks~as as pos
th|

10 %R'P%Sé € s Qe/réinagrf# %gtgo%ﬁnﬁq%\%%gptz ][:hg %’SI?TS&H‘ ﬁaal recording bit on
uff| ci ent ;ae adi ngl out put in the nethaod, and therg is
t BHRGITS AT O IR mERM by Pweyipt 3dj6sing thesigheliaagh gecording bit to be
sufficient SNR An exanple of a nethod which attenpts
smellen| Fowelver, py b resordafig bih & made snidligs theampgnetic mynimum volume
attain a sufficient SNR or to attain a sufficient
peubipwutill basmblé, ané theroid@groblem in which recorded data disappear due to the
flux reversal caused from heat fluctuation.

15 Furthermore, because the distance between tracks is narrower, such a magnetic
recording device requires an extremely precise track servo technology, and also, a
technique is generally adopted, in which recording is broadly done, and reading is done
narrower than recording in order to exclude the influence from adjacent tracks as much
as possible. In this method, the influence between tracks can be minimized. However,

20 it is difficult to attain sufficient réading output in the method, and there is a problem in
which it is difficult to obtain a sufficient SNR.

An example of a method which attempts to solve the problem of the heat
fluctuation, to attain a sufficient SNR, or to attain a sufficient output can be mentioned.

In this method, an attempt is made to increase the track density in the following way.

25  Thatis, a projected part and a recessed part are formed on the surface of the magnetic
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In this method, an attenpt is nmade to increase the

track density in the followng way. That is, a
wWOoR0e}/B5618d part and a recessed part are fornmedC3rIPRI98/061384

surface of the magneticrecordi ng medi um al ong tracks

to physically separate recording tracks from each

ot her, thereby increasing the track density. Such a

reerfing epediug alpagtragks teghysicallyrseparate rerskding trads fromamarh other,

the magnetic recordi ng nmedi um produced by the nethod

thaebypincedsiag tie tratksiendtye Sudckteoldyuanis calis] the “dixasplteack

of such a discrete track nedium a magnetic recording

AR A A BthK MR eti MBS Ride e dIBA PRI duted 6§ HeGhiBodRELHED as a
is formed on a non-nmagnetic substrate having a

“GLSQ}G%C&?%F%II@&HmBecessed pattern on its surface, and
physica

y-Separated magnetic recording tracks and a

servo ,si gnal ttern are formed therein (For. exanple, .. .
see PaveimBliasith 5 SSorHRITES medfive teigelio RepRBRS edium i
medi u a ferromagnetic layer is formed through a soft
knaynevhere themagnstie reqording medinaels 9rmed Ona fipsragnetic substrate
having a plurality of projected and recessed parts
hahiag agmojeatnd and mcedsed patteen dbmitesurfase fandiphgsicdllyrseparated magnetic
its surface. In the magnetic recording nmedium a
réediag tricksemdradeR® si@al pattetrbark GorifRd thétein(Boéxaid, 8€k Patent
part, and the magnetic recording region is physically
sicuh@gdf rom t he surroundi ngs thereof. According to
t he magr?et ic recording medium generation of a
magneti c.domai 0 wal | ..can be preyented i.n,the. soft
magnott i BRleRe torB eyt S YESh Rl B KyaFisTOtlsg trough o
fluctuation is negligible, and interference betyween
Sa% jAgBRHC @yaﬂﬁgﬁga Gk e SDPTate g BPRralfty of Brojected and
consi dered that a high density rmrg]get i c recording
repeaied ATk thereoaxidyl protechvslaygsiis furtgnfdsaed pp dfg erdaceThén the
di screte track nmethod includes the follow ng two
napobiii goedinghediuing a negnetic recording region is formed in the projected part,
and the magnetic recording region is physically divided from the surroundings thereof.
According to the magnetic recording medium, generation of a magnetic domain wall can
be prevented in the soft magnetic layer. Consequently, the influence of heat fluctuation
is negligible, and interference between adjacent signals does not occur. Therefore, it is
considered that a high density magnetic recording medium which exhibits less noise can
be produced.

The discrete track method includes the following two techniques. That is, a
techm'due wherein tracks are formed after a magnetic recording medium including _
several thin layers is formed; or a technique wherein thin layers of the magnetic
recording medium are formed directly'on the surface of a substrate in advance or after a

recessed and projected pattern is formed on the thin layers for the track-formation can be

mentioned (for example, see Patent Document 2 or 3). The former technique is often
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techni que wherein tracks are forned after a magnetic
recordi ng nedi umincluding several thin layers is

WO 290%6W18%r a techni que wherein thin | ayers ofPGIAR2008/061384

magneti c recording mediumare forned directly on the
surface of a substrate in advdnce or after a recessed

and projected pattern is forned on the thin [ayers for
ealled { magneticdrypatressssingtype’ ndveitenhaique hasra disadypniage ewhich the
Pat ent Docunent 2 or 3). The former technique is
okdiencialikeld t8 bagmeimnated dering theqesdictign pyopess beddwse physical
techni que has a di sadvantage in which the nediumis

plok@kg iPcdrduaed b its BatRd aftey foRbinghke BEAMMCindihe production
process because physical processing is conducted on

. . ‘ ! o di

pEesi it 158 orftpliled. POR B0 o BT it e PR Rs oficy clled an
hand, .the latter thod i often called an "enbgssin
LRssing (e S and sArtRateBRn durhe i ppducson atisessdidly ssets
hardly occurs. However, the recessed and projected .
Hawgverthe mreessehanderoegisd shapedforned omthe subsipts Willynspssinto layers
formed thereon. Therefore, there is a problemin which
formed thgieny. pdhérefoon themelistamgobleyi ingviich thé flymig pesition and the
recordi ng/ readi ng head, which record or read data

fiing Reifhtyo fragreantdingfréuinpetohiad, vhiah escofl orséaldata while flying over the
Furt hernore, another nmethod is disclosed (see Patent

ROGHRE e SofsthBle 6) . I n the nethod, ions such as
nitrogen or oxygen are injected into a magnetic |ayer

formeg| ?ﬁlg&?,%&he%eﬁmg?&Eclgﬁa%éeﬁ’aiteﬁl{ 3) 1:13{1&9 11?%2) In

t he magnet| ayer ere nagnetic propertres o
are nodified to form.regi ons bet

reat.ed portion . en .
b e B cUchas SR SR of 2 o8 BSR S THRPUeo <t formed in
However, the _ion_ injection or the laser irradiation =
W ARG & kager bagmds irradjagdde theymagnedic fayenwhereby,magnetic properties
projected and recessed structure is often forned on
afiike geatédpation artetneodibiefhiotfonn regyans bepwkdh theomagretic tiabks of the
energy density is lowwth respect to the entire
disuréta@ack medium.

However, the ion injection or the laser irradiation damages the magnetic layer in
this method, and a projected and recessed structure is often formed on the surface of the
magnetic layer. Additionally, the energy density is low with respect to the entire surface
of the medium in this method although the injected ions or the laser has high energy, and
there is a problem in which this requires a long-term treatment to modify the magnetic
properties of the entire surface of the medium.

In addition, Patent Document 7 discloses a patterning method for a magnetic
material wherein an exposed area of the surface of a ferromagnetic layer of a magnetic
recording medium is exposed to an active reaction gas containing a halogen to fluorinate -

the ferromagnetic material whereby the ferromagnetic material is formed into a

non-ferromagnetic body.
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of the mediumin this nmethod al though the injected
ions or the |aser has high energy, and there is a

WOR0OH156% n which this requires a | ong-term t PEYIRRIB/061384

to nodify the magnetic properties of the entire

surface of the nedium In addftion, Patent Docunent 7

di scl oses a patterning nethod for a magnetic materi al

wher eillateahDesyoendd: adapanese Uregamineddtatendp A pplication, Publication No.
ferromagnetic | ayer of a magnetic recording nmediumis
H0po$ddo2 o an active reaction gas contai ning a hal ogen

to fluorinate the ferromagnetic material whereby the
ferromagnetic material is formed into a

non-f erronmagneti ¢ body. Patent Docunent 1: Japanese

Unexarg Appl i Li ' . o
2004. 1838bR0RRFah 2 pRiskle (Wit it RRphtinon, Pybiication No.
@@t ﬁ%mﬁppl i cation, Publication No. 2004-178793 Patent

o 3: Japanese Unexam ned Patent Application,

Publ i cati on No. 2004-178794 Patent Docunent 4:. o
Japand&stent Resmsntdd  fapenese UnspamimgdPafent AppliGatign, Rsplication No.
No. H5-205257 Patent Docunent 5: Japanese Exam ned
rRddng7%ppl i cation, Publication No. 2006-209952 Patent
Docunment 6: Japanese Unexam ned Patent Application,

Publ i PatenoDodNenen? 3067384 Unerkaled PagdmBBplication, Publication No.
Japanese Unexam ned Patent Application, Publication

000 23g2- 359138

Patent Document 5: Japanese Examined Patent Application, Publication No.
2006-209952

Patent Document 6: Japanese Unexamined Patent Application, Publication No.
2006-309841 |

Patent Document 7: Japanese Unexamined Patent Application, Publication No.

2002-359138
DISCLOSURE OF INVENTION

Because the method disclosed in Patent Document 7 does not include
physical;processing of the magnetic layer, the method can prevent the magnetic layer
from being contaminated during processing. Furthermore, the method can also '
accomplish modification of magnetic properties of the maghetic layer in a short time,
compared fo use of an ion beam or the like for modification of magﬁefic properties of the
magneﬁc layer.

However, when the method of Patent Document 7 is used, a fluoride such as
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DI SCLOSURE OF | NVENTI ON Because the nethod di scl osed
in Patent Docunent 7 does not i ncl ude

WO 1wa89- pr ocessi ng of the magnetic | ayer, t RETAPRONGH61384

can prevent the magnetic |ayer from bei ng contam nated
during processing. Furthernorge, the nmethod can al so
acconplish nodification of magnetic properties of the
cobglhBuondd iayermedrareundileg magrietie recvodiparegibn. o Resentlyf itayas found
ion beamor the |like for nodification of magnetic

thatQPE 4 flesridy gradeillyrgniet itiee hagtRtic 1dyereMbé magh&it red@ding region.
met hod of Patent Docunent 7 is used, a fluoride such
s cled e U R RERS s pere lowered
ofvgrut%l{e %eg 5%‘2}@1&/ dﬁ&eolgs?ndrfg stuPl? a %%?1&50' ﬁ%C(LraXl%[méd}m%IWas utilized
magheti c recording reglrom” I'h particular, Ft was
di:scovered that. magneti c recordj.ng/ readi ng properties
URESTEOR: \X)@P%BP*&%%FC”?R%%&% Pd di sk drive using

such a magnetic recording nmediumwas utilized under )
condi tlhepeesent inyeghon éstp @reduge @ sernalladuidisgrets trackharpe magnetic
present invention is to produce a so-called "discrete
réqoadikg medamnrbariphitenedmeodidin’ daviad ithenfollowidgpfattums mea high

medi unt having the follow ng features at a high

pRIRIEHSH taleusiRgd £ siuflifigd tethodP| Thitee vk hOfagnbfidtredoding devices
even in magnetic recordi ng devices that have recently

ARG }e@&{?f'}‘r't fﬁ@éd tgé}g{lj éggilfféélﬁt?esaa§ réc%ﬁﬂﬁg ?%it G3éds¥s, the produced

I ncr eases, e pro Iscrete track-type magnetic

recor di nmedi um. or_patterned medi can attain .

B Brohn PRy e R e B bR e thlef s ppin,
conyentignpal nediia, can remarkably increase the,
IGCOEBRE TG IETIRATes SHtYaleRhOTUBGiTo fpieatienal giedia(in ng
magnetic-recording by way of decreasing the coercive
rgragriably mrpreass thuatordmg densiyaandoganiprevieagiviigsertnss drring
magneti c recording pattern areas. Furthernore, the .
nehgaeticetegording by way of decreasing the coercive force and residual magnetization

in regions between magnetic recording pattern areas. Furthermore, the discrete
track-type magnetic recording medium or patterned medium has a higher areal recording
density, higher surféce-ﬂatness, and excellent environmental resistance.

In order to solve the above-described problem, the present inventors conducted
intensive studies thereon, and this resulted in the present invention.

That is, the present invention relates to the following aspects.

(1) A method of producing a magnetic recording medium having a

. magnetically-separated magnetic recording pattern, the method including: forming a

magnetic layer over a non-magnetic substrate; and then exposing a surface of the
magnetic layer partially to reactive plasma, or a reactive ion generated in the plasma to
amorphize the portion of the magnetic layer and to modify the magnetic properties of the

portion whereby a magnetically-separated magnetic recording pattern is formed.
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track-type magnetic recordi ng nedium or patterned
medi um has a hi gher areal recording density, higher

WO/ EHOEIf | at-ness, and excel | ent envi r onment alPCT/JP2008/061384

resistance. In order to solve the above-descri bed

probl em the present inventor% conducted intensive

studies thereon, and this resulted in the present

i nvent(ZonThermgthod of prascing egeagnetintesprdingmedinmtaseording to (1),
the follow ng aspects. (I) A nmethod of producing a

witegeie thecma gty ationgnagndiudero fithe ipogioa of the magnetic layer which is
magneti cal | y- separated magnetic recordi ng pattern, the

PbRAdo teaslivdilna fsQAdHsRE 16 75RWR sk ©f HRYRHgifY Blaghetization
non- magneti c ‘'substrate; and then exposing a surface of

Al IROMELeo inl AYEyiRATe! dnksit gfogsﬁl%g,i ve plasma, or a

ctive 1 on generat sma t o anorphi ze the

orti of, t he etic Jayer and to di fy.the .
aanedhe P b 8EBiteng d sinerin Cpra i according o (1) o
magnet i cal | y-separated magnetic recording pattern is
(R bvhetein the caersivgdencs @f 8te nortinnefithey mgﬂﬁgﬁ@xqr &hich is exposed to
recordi ng medi um according to (1), wherein the
reacgive plagme isoad) useglrto tS08eomdesstdfehanigina moerdfciviefercettgnetfiic
| ayer which is exposed to reactive plasnma i s adjusted
it Do the nlag&icQiropditier i gi nal nmagneti zati on nagni t ude
thereof in nodifying the magnetic properties. (3) The

met hog?)ofn&r:ﬁ&ﬂsa BOpRIEaE s&ﬁ%ﬂw&&wﬂdﬁg rH@erzbcording do any

accordi'ng to (1) (2), wherein the coercive force.

PRSP\l TP b G5t ek bR o

ori %i E%I .coercive force thereof in nodifying the

SRAGASH DX TSN REXYEYYUESThe met hod of produci ng a
magnetic recording medi um according to any one of (1)
to (3f3) whrraethod pEprodueing ¢ eagnefimigcorsing mediamap¢arding to any
i ncl udes an oxygen ion generated by introducing a -

ook p €N tg@y, wherein the reactive plasma includes a halogen ion.

(6) The method of producing a magnetic recording medium according to (5),
wherein the portion of the magnetic layer which is exposed to the halogen ion does not
substantially include a halide of a substance constituting the magnetic layer.

(7) The method of producing a magnetic recording medium according to (5) or
(6), wherein the reactive plasma includeé oxygen and a halogen.

(8) The method of producing a magnetic recording medium according to any
one of (5) to (7), wherein the magnetic layer is exposed to plasma including oxygen, and
then the magnetic layer is exposed to plasma including a halogen in exposing the surface
of the magnetic layer Iﬁartially to reactive plasma to modify magnetic properties of _t_h.e. :
portion of the magnetic layer.

(9) The method of producing a magnetic recording medium accordiﬁg to any

one of (1) to (8), further including injecting an ion partially to the surface of the magnetic



(5) The nmethod of producing a magnetic recording

medi um according to any one of (1) to (4), wherein the
wormwesitS6189 pl asma i ncl udes a hal ogen ion. (6) POIF/IRA0ROGH3S4

of producing a magnetic recordi ng nedi um according to

(5), wherein the portion of tg§e magnetic |ayer which

is exposed to the hal ogen i on does not substantially

layee batbee expoaing dee wifage sithe tmgoaicdayes pattially ngrepttive plasma.

magnetic |ayer. (7) The nmethod of. producing a nagnetic

recor digyg TROheHL@6Lpiodidigg & aghdtictbedrBing nddie bécodifig to (9),

reacti ve plasma includes oxygen and a hal ogen. (8) The

WIRER SOy el HtFis AB jc recording medium

according to any one o 57 to (7), wherein the

magnetiG |l.ayer .is osed to plasma inel udi oxyge

and e T Tethd 6T BORRIng & i decoiding gt accdrding to any
5 g, SR v achdioe i bR brdir,

magnetic properties of the portion of the magnetic

intagducing(igtp thesactistelrdebnuy at feastduneihalpganatedygastselected from the group

recordi ng medi um according to any one of (1) to (8),

cbngistherofiGHg) SEl CHF:,CE@GIandKBm i on partially to the
surface of the magneticlayer before exposing the

sur f age2)of THeNRet ARG BEHroudiy @fnagﬁétfcir@édr&’ing PnedfAE hébRling to any
pl asma. (10) The method of produci ng a magnetic

(10) _ ing a magnet
opE e T AL AR B b o 1) “The met hod of

producjng magpetic recordin edi um according to an
10 Ore o 1PE) PheReRGhs oDt b PR aF U RE A P aggSrdiny to any
hal oggen ion which is formed by introducing into the .
ope gt Ve (I9)-ahegeing affes thermagnetiy layeryis fermsd qQysiths apaepaggetic
fromthe group consisting of CF4, SF6, CHF3, CO 4, and
silmitrate; 4 29sisT pattame farddruing threodagnietically-sepapatedineagnettoredonding
medi um according to any
pattern is formed on the surface of the magnetic layer, and then, a portion which is not
covered with the resist pattern is exposed to the reactive plasma to modify magnetic
15  properties of the portion, thereby forming the magnetically-separated magnetic recording
pattern.

(14) The method of producing a magnetic recording medium according to any
one of (1) to (13), wherein a resist pattern is formed after a protective layer is formed on
the magnetic layer.

20 (15) The method of producing a magnetic recording medium according to (14),
wherein, before exposing the surface of the magnetic layer partially to reactive plasma or
a reactive ion generated in the plasma, the resist pattern is formed on the surfacé of the
protective layer after the protective layer is formed on the magnetic layer.

(16) The method of producing a magnetic recording medium according to any

25 one of (1) to (15), wherein the magnetic recording pattern is a perpendicular magnetic
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one of (5) to ( 11), wherein the halogen ion is an F
ion. (13) The nethod of produci ng a nagnetic recording

WOond¥/tasiccording to any one of (1) to (12), ViIrERe)3/061384

after the magnetic layer is fornmed over the

non- magneti c substrate, a resyst pattern for formng

t he magneti cal | y-separated magnetic recording pattern
reeordipg paideron t he surface of the magnetic |ayer, and
then, a portion which is not covered wth the resist
pat t eq17)i sAenqgastRoretcrdingand eqdingvdvivk Aintding: 1 thdgyietic
magneti c properties of the portion, thereby formng

rbQRdiB RIS ?Mdﬁ(’:edst?yptﬁé ﬂ{e%dr@gﬁﬁfukﬁlgraerﬁﬁghgﬁ@Ebcording medium

pattern. (14) The neéthod of producing a magnetic
r [ i di . an .
oG O Bl ST PPEF o Berb ey Ry ton dcblndstad fribperi
| ayer is forped on the netic |ayer 5). The nmethod ..
refOTRg ARy 1%‘9‘%%8{]@%55?%88‘?& meSiRn e which inlylss fgecording
(14), wherein, before exposing the surface of the
Ped gheéaireading eart; g sy stem Which moyessbe magngsichsadhredativaly to the
reactive ion generated in the plasm, the resist
npehtie recoslirfgomedidmoand hirecerndirfegamd reddinigde gl -pravessingeunit which
| ayer after the protective layer is forned on the
ifRELbibkal k@R madndfd hdddnd®iHI@keds 43 QEipiE sTp@aldfrom the magnetic
magneti c recordi ng nmedi um according to any one of (1)
he2q (15), wherein the magnetic recording patternis a
per pendi cul ar magneticrecording pattern. (17) A

magnet,i ¢ r.ecaqrdi ng _and. readi ng_devi.ce, including. th
magnetEorEEdp e Rt o At fyrerard il afnith has
produci ng a magneti c recordi ng nedi um acc¢ordi ng to any
ezswileaffme@aeﬂf EFLIBNE PafiermssaPIEAING ProRettiS andrrceHeRtighit s
the magnetic recording nediumin the recording

refiording-density propegiiast and Wik isunlikplyi indnandedbwthe sigpabiintegference

between adjacent patterns can be produced at a high production rate with regard to the
magnetic recording medium wherein the magnetic recording pattern is formed after the
magnetic layer is formed over the non-magnetic substrate.

Because the magnetic recording medium produced by the presént invention has
excellent surface-flatness, the magnetic recording medium can be applied to a magnetic
recording and reading device that enables low-flying height of a magnetic head.

Furthermore, because the magnetic recording medium of the present invention
has excellent environmental resistance, the magnetic recording medium can be stably
used under conditions of high temperature and humidity (for example, applicable to a car

navigation system).

BRIEF DESCRIPTION OF THE DRAWINGS
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part and a reading part; a system which noves the
magneti c head relatively to the magnetic recording

worsns/wswisend a recordi ng and readi ng si gnal - prEeCEERDI8Y61384

unit which inputs a signal to the magnetic head and

whi ch reads an output signal flbomthe magnetic head.
Accor dj to the present invention, a magnetic o
recor d*: ﬂ% lr?g%l‘i"% i’rf:%%?'é‘??tlﬁﬁ%l seere oftke magivsicirecording medium
recording pattern-separating properties and excel | ent
REqRding toothel pregerd émisintign.pr oper ti es, and which is
unlikely influenced by the signal interference between
adj aceHIG. pahdves msorfimrainof debiagchetit radoRditard reglist H&Ace
rate with regard to the magnetic recordi ng nmedi um

werdhdotthe preBah @tveitisgcor di ng pattern is forned after
the magnetic layer is fornmed over the non-nagnetic

substr [ cording medi um ..
o oducag beraa o hARedBERSk Gt £ R iE Redium
urface-f| at nes the magnetic recordi ng nmedi um can be
§°p°|8fq%é%t°tt e%reﬁeﬁéﬁ@ﬁ’tém}ecordi ng and readi ng device
that enables |owflying height of a magnetic head. ‘
Fur t hellffof showsetba ghdnge i theanasastization cwgnitudy tefate and after the
the present invention has excellent environnental '
reatinentof the, magnetiosegnating medinor hony imBdampleclawith eactive plasma.
stably used under conditions of high tenperature and
InBTGO4.1(Y) referd toceforp hreatirit kédRlify iediRnCwith RAYHEAS1hRM while
system). BRI EF DESCRI PTI ON OF THE DRAW NGSFI G 1 shows

- @) SdTO8 S0 SRG ileRDRY the trﬁa%g&w t%c&tiintg.r}ﬁecﬁag NG r‘éﬁrt%% %‘Iaghm%\%s |

medi um according to t present “i nventi on. ; !
a confgrgus at.i . net i ecardi ng and, re n
devi ceplg'c%(fr)gracfﬁ %%%Shwgg%rgsélité r?? Xlr ng'f%ia‘étgo.n Hnalysts Befordand after

treating the magnetic layer with reactive plasma. In FIG. 5, (a) refers to a signal before

treating the magnetic layer with reactive plasma while (b) and (c) refer to a signal after
treating the magnetic layer with reactive plasma. In (b), a bias voltage is applied to the
substrate during the treatment, and oxygen is added to the plasma.

The numeriéal symbol “1” refers to a non-magnetic substrate; the numerical
symbol “2” refers to an soft magnetic layer and an intermediate layer; the numerical
symbol “2a” refers to an soft magnetic layer; the numerical symbol “2b” refers to an
intermediate layer; the numerical symbol “3” refers to a magnetic layer; the numerical
symbol “4” refers to a non-magnetized layer; the numerical symbol “5” refers to a
protective layer; the reference numeral “6” refers to a resist pattern; the numerical
symbol “11” refers to a mediufn-actuating unit; the numerical symbol “27” refers to a
magnetic head; the numerical symbol “28” refers to a head-actuating unit; the numerical
symbol “29” refers to a signal recording and reading unit; and the numerical symbol “30”

refers to a magnetic recording medium.
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FIG 3 explains the nethod of producing a magnetic
recordi ng nedi um according to the present invention.

WORI0@/15418hows t he change in the magneti zati on PCHEGRRA0Y€E1384

before and after the treatnment of the magnetic

recordi ng nmedi um shown in Exgnple 1 with reactive
plasma. In FIG 4, (a) refers to before treating the
recording mediumw th reactive plasnma while (b) refers
to after treating the magnetic recording nediumwth
reactive pBaESTAMVOBEFOR ICARRYING CUT SHEANVENEN ts of
X-ray diffraction analysis before and after treating
the magnetic layer with reactive plasma. In FIG 5,
(a) refers to a signal before treating the magnetic

Laifgﬁlﬁetpgﬁs%iﬁﬁ{fﬁnég? ?ﬂ%@i"ﬁ@%%%&?f coflifg peljufrihVind &

reactive plasna a. bias voltage i, plied to .
m%@ege%@rsea@rétesmgﬁalq rﬁ@ortims@@%ﬁtovem B grgmagnetic
added to the plasma. The nunerical synbol "1" refers
stibstrater o Fheefgmedd magngtie tayert ie expdsed truareionizal! centemidh reagtive
refers to an soft nmagnetic |ayer and an internediate
playey or pldsenarto amiokshade thy pdrcibn 6P niapnetis layer, tierebgfproducing a
magnetic | ayer; the nunerical synbol "2b" refers to an

refib WHR s@ﬁﬁaiegnﬁrmagn@ﬁc RUbRI eﬁV;EE?@' Th metRE LS Sprbucing a

a magnetic | ayer; nuneri ca "4" refers to a

r@%ﬁgﬁg %%ﬁltdﬁ rﬂeéhﬁ}ﬁearccorh{ﬁ% rés(‘eﬁ{ 1n§/¥xﬂp>91| M?&ﬂ%ﬁl@aﬂy

erence nunef

FELB1 bt B B R R TR 0 P

synbol "27" refers to a magnetjc head; the nunerical
fseﬁwmy oczgrs i Hieci® Qi phasierlNxaisigAbe gensticlayer for example, by

nunmerical synbol "29" refers to a signal recording and
wayadfiionymilting) assincludévkiniconventiond! psydvigtibn tr@diods.ef urthetroore, the

a magnetic recordi ng medi um BEST MODE FOR CARRYI NG QUT
piédtnctidlyEISTHOAN £ the present invention does not include a step such as injecting ions
into the magnetic layer (i.e. a step which damages the magnetic layer).

In the present invention, the magnetic layer that forms the magnetic recording

pattern is exposed to an ionized content in reactive plaisma or plasma to amorphize a
portion of the magnetic layer. When the magnetic layer is exposed to reactive ions or
the like, an ionized product of a magnetic alloy is produced on the exposed portion. For
example, as disclosed in Patent Document 7, when a Co-based magnetic alloy is exposed
to fluorine ion plasma, the Co-based magnetic alloy is converted to cobalt fluoride which
is non-magnetic. This is because ions included in reactive plasma have high reactivity,
and the ions are easily reacted with the magnetic alloy, etc. In the method of producing
a magnetic recording medium of the present invention, with respect to the magnetic layer

exposed to such a reactive ion, etc. the magnetic alloy is not non-magnetized with a .

reaction product of the magnetic alloy and an ion, but is non-magnetized by way of



The present invention relates to a magnetic recording
di um having a magnetical |l y-separated nagnetic

e
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substrate. The formed magnetic | ayer is exposed to an

ioni zed content in reactive pl2asma or plasma to

anor phi ze the portion of the magnetic |ayer, thereby.
apljeingg Ahisdybesaustuelnions pmda%esoq-megnﬁéz@mﬂh%magnetw layer
recording pattern part. The method of producing a

gradyably didfuse aoo diersgrnvenidingnmgoeticdilloyg thao fdrine thpr magmetic recording
i nvention, during nmagnetically separating the nmagnetic
paf&@! teRBy I%b&i_ﬁhﬁ mid@hétic ﬁ@FéﬁB@éf thépSrBlohl U6dr time, and therefore
generation, which frequently occurs in the step of

0V Phgslh R phAALIDRs OBgLa Laver (1o exam! o
R T T e e L

as injecting.ions into the magnetic |ayer (j.e. a step
repcting thedneggedc aley Wﬁé Araciye plagiag. ) mffth0<¥ Wherginggan reactive

i nvention, the magnetic layer that fornms the magnetic
plasoeragé egliged agamst the nesgpetaeallaydo ghysicatly destrayghe stmacting of the
reactive plasma or plasma to anorphize a portion of
pokttonnaag be mentibrader Molbever] heiethiod wdietein thayeignetic allgyds eghcted
to reactive ions or the like, an ionized product of a

WROIRRS inreddtive YldshaRb PFduesaPdniZe8 pRMROTEhd Bh AP allbP and
exanpl e, as disclosed in Patent Docunent 7, en a

5,096 FRORE ol hEpBUARSA) MR OF o comsidre.
obal t .fl uoride which is.npn- netic., This i s pecause.

HOpREmRle A AGHIGUS WRORARS Prad RESRITETIRY rowpased o aitpriive

and the igns are easi|ly reacted with the magnetic

fhyorigg iongdp dorm por-magrRicirobalbflugndsdend thg C%b%gw@fe ds heated to

recordi ng nmedi um of the present invention, wth

onbsiemove the fivesinertipent] and amyesnorphqys Sissbased allayrwiapse crystal

reactive ion, etc. the magnetic alloy is not

stradtuita g destioyedlisirdducad can be mentioned.  The condition for producing such

an amorphous magnetic alloy can be determined by appropriately selecting a
composition of the magnetic alloy, a type of ion included in reactive plasma, reaction
pressure, reaction time, temperature, etc. For example, FIG. 5 shows the results of
X-ray diffraction analysis with respect to a reaction product of a magnetic alloy of
70Co—5Cr—15Pt—10S10, w1th reactive plasma generated by using CFs. FIG. 5 (a)
éhows the results of X-ray diffraction with respect to the magnetic layer before reacting it
with the reactive plasma. In the ﬁgure, the large signai present around a diffraction
aﬁgle of 42° refers to a diffraction peak of an Ru intermediate layer present under the
magnetic layer, and the signal present around 43° refers to a diffraction peak of Co.
included in the magnetic alloy. FIG. 5 (b) shows the results of X-ray diffraction where

the magnetic layer is exposed to reactive plasma including a fluorine ion for 60 seconds.



reacti on product of the magnetic alloy and an ion, but
i's non-magneti zed by way ofanorphizing. This is

WOoReesH1LsEIsuch i ons used for non-magneti zi ng t RET/IP2008/061384
magneti c | ayer gradually diffuse into the surroundi ng
magnetic alloy that forns thg3magnetic recording
pattern, thereby inpairing nmagnetic properties of the
Wahtrégard iowenditions CFapud Ohevees ered at U ér/infmpig andefi cc/minute,
t hereof needs to be prevented. Wth regard to the
respebiivki v fthaveltapd hgplieg fohtasimggaictationwWae 2 0OW; thepressure inside
portion by reacting the nmagnetic alloy with reactive
thd Qﬁjﬁmﬁv@.g‘ P AMAKEIUBstrRB Biak vak 086 W.V 4n RUBBDR. tBE €
col'l'i ded agai nst the magnetic alloy to physically

I t ' ti.one .
Pl O\ SUEbME Wik byt 13T cE Bt Rl TR 6B reacrion,
eacted with ions in reactive pla t o produce an
5 SR A et gtk e oy CotfRl REe “anpgt present

the ionized conpound of the magnetic alloy is renoved
Mengorss, the peakcaseid A’ efitheRor intexmagdinte, layer reasedingdgud he result
wherein a Co-based nmagnetic alloy is exposed to a
reeateditha thid Qobased magnetioalfoyrlostisrwiagpeiliptopeoiealand was
fluoride, and the cobalt fluoride is heated to only

gedl h@ufthéteiord) F1G.RICE Bffers 2016l cR vHERS (BB 1sEnétt 1896reA FIG. 5
al l oy whose crystal structure is destroyed is produced

asl)eg(gﬂyéﬁtti) PREve ﬂigaﬁ‘??é:ﬁ@ﬂhﬁfgq‘ﬂlgg{ne REpd li-gdvgkg'eﬁ WG R to

nmor phous magneti c oy can be erm ne

appr.opr i I el ectii .conposition.of .the magnetic

0 GRRGGRY S L iy Shisfhe B it PR g 37 A not dded to
reacti on pressure, action tinme, tenperature, etc.
theofrealRshh s, onpr stz SRovdn e caseth peakgrosad A disappeared, and
diffraction analysis with respect to a reaction
pelsdigeivedfrom oohghBuerideaverp presént 20wad 367,41 ° 1t 44° ediile the peak
with reactive plasma generated by using CF4. FIG 5 (a)
of HeviRu intmmedatel 1ayer dmaAneday di ffraction with respect to
the magnetic | ayer before reacting it with the

r eact Basedindtities doRdidi&] By @E pesefitifvdn@irel@ métBodbS controlling
present around a diffraction
15  halogenization or amorphization of the magnetic alloy in modifying the magnetic layer
using reactive plasma including a halogen ion includes the following.
1) A bias voltage can be applied to the substrate to promote the amorphization. It is
considered that this is because the destruction of the crystal structure can be easily
promoted in the magnetic layer due to the ion bombardment, compared to a
20  halogenization reaction with a halogen ion.
2) Ifthe halogen in reactive plasma is in a state of radicals, halogenization of magnetic
particles is easily promoted. On the other hand, if the halogen is in a state of ions,
~amorphization of magnetic particles is easily promoted. It is considered that this is

because there is a difference in the reactivity of halogen.

25 3) When CF; is used as the gas including a halogen, halogenization of magnetic
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angle of 42 refers to a diffraction peak of an Ru
internmedi ate | ayer present under the magnetic |ayer,

WOoaWa8/136d89si gnal present around 43 refers to a PCI/JP2008/061384

diffraction peak of Co included in the nagnetic all oy.
FIG 5 (b) shows the resultsiaf X-ray diffraction
where the magnetic |l ayer is exposed to reactive plasma
partoflesds eapils prdraeted.neOn the dthar haod, sdworide iswsed, anegphidation
conditions, CF and O2 were used at 10 cc/m nute and 90
th&b ot i viskly pr&apeat | K@ aonsidbed gl tiags duepd pRpeftiek of a
pl asma generati on was 200 W the pressure inside the
h@p,% ghigddigaswas 0.5 Pa; and the substrate bias was 200
In addition, the tenperature of the substrate was

- 432 ;Wt] ] o‘g)g)g? B gsugﬁfg g oar:égcl} n (rez'{ %%?mg ?ésna}% Dglgzﬁ {é%“ &;Sm ?gnetl pajficles is

ived fromcobalt, fl S not esen . . .
e&efyenseepte dth 1@@%9@”5#&&% 5 ivheteiie oA AY of egnsticgarticles i
| ayer remai ned. The result reveal ed that the Co-based
g aestliyprempigy thasdaldgesizetion thergef al properti es and was
anor phi zed. Furthernore, FIG5 (c) refers to a case
SWhéWRert the naggetid lager| hay e pramfilaF ktGictare (Wherenasoxadpindudad in the
reactive plasma including a fluorine ion. However,

6N bbdMddry, ﬁalfégaﬂtatﬁoﬁw dticparticlés} diffib@t @U&?rbﬁbﬁd. This is

bi as was not appli ed, oxygen was not added to the
I t he peak
LR IR JencBE gg%%ﬁ%@%%ﬂéfgﬁ cf‘ﬂ?% TE§ e coval

fluori evvere res nt aound %3 fl44tV\'h ‘ga lled
peak ”e?ﬁf Q}e R’%Sr?ﬁ R gnuag iaelydasf so-ca
studles condu ted by the present i nventors, net hod
“pttegrnck medig Eelﬁ%ﬂ %@éﬁ}eﬂﬁf‘?‘:@mlw PYIFER BITABETDI VSIS t he
magnetic alloy in nodifying the magnetic |ayer using
prasigterinined pegdarity aheverll hiy; amhdinodherein 8 magnetiageerdingepattern is
following. 1) A bias voltage can be applied to the
afrabgddrtedckwise; @ranotieemetia sachadserad-sigmal phtterns

considered that this is because the destruction of the
cryst i p&tiénad, #iepefRatde bk !pYesent invention be applied to a so-called

“discrete-type magnetic recording medium” whose magnetically-separated magnetic

- recording pattern is a magnetic recording track and a servo-signal pattern because of ease

of its production.

The present invention will be further described in detail with reference to such a
discrete-type magnetic recording medium. |

A cross-sectional structure of a discrete-type magnetic recording medium
according to the present invention is shown in FIG. 1. The magnetic recording medium

30 of the present invention has a structure wherein a soft magnetic layer and an

* intermediate layer 2 are formed on the surface of a non-magnetic substrate 1; a magnetic

layer 3 and a non-magnetized layer 4 where a magnetic pattern is formed are formed

thereon; a protective layer 5 is further formed thereon; and a lubricating film is formed



pronoted in the magnetic |ayer due to the ion
bonmbar dnent, conpared to a hal ogeni zati on reacti on
wonopsi1w18%al ogen ion. 2) If the hal ogen i n readt(N&E2008/061384

plasma is in a state of radicals, hal ogenization of
magnetic particles is easilylpronoted. On the other
hand, if the halogen is in a state of ions,
oarfet pHeDRast SHfase (nehghesyn B hafigie)es is easily
promoted. It is considered that this is because there
is a @i bfder erembance thdrecodagtdeusityy itas preferabdethat 8jnaghetic portion
CF4 is used as the gas including a hal ogen,
wiathogenb @t nfignéiic | @q{dvﬁ%aarﬁlhgieas htfer®86 200 nm or less, and it is
pronoted. On the other hand, when SF6 is used,
pefah 'tﬁﬁgﬂn%ﬁ-rh%%ﬁ@f)oﬂtiﬁg%ﬂéﬁll“l” BE Q58 hthr lés% | Accordingly, it is
consi dered that IsTI's due to properties of a
hal o j ze S.. As.When nis added to reactiyve..,.

s el g AR pue ST WAL AET Pt B Ranled - BREHL fyinin o
prompted. It is considered that this is because
rege 9A8PQ AT 18sgnet i ¢ particles is nore easily
pronot ed t han hal ogeni zation thereof. 5) Wen the
magneiThe npmyagnétiessubstoate h usealrin sherpresent mventionesan e sitabdy
is included in the grain boundary, hal ogenization of
selegedfrom RRiols ademapsetidishbstatdst For dxampic) abAddlloy butstrate
i s because the reaction of the oxide with the hal ogen
indMihSAfl by Shadt @dpRdent (1R RBENEIAICMERN6Y 0N sBRtrhRIhich is
part of the present invention includes a so-called

10 ma%@to'fgér{b?zg égﬁeg%lgss X\Iﬂﬁﬁrgjesplc@te%g%? 1hds {rggt?]?lgé@agla?s?tsﬁﬁ&[{,

'S ar Fange Ing pre erm ne egu every
bit: a nmedia wherein magpeti.c recordi.n attern i
i haERTE & RO o P HRORRSE. B bt gn Al-alidy
servo- si Iqnal pattern. In particular, it_is preferable
sybpirate; p glagy wbstiate srheasicrirllized glhase.i @ stlison sulstiaiq is peferable.
"di screte-type magneti c recordi ng nedi unf’ whose
Imaddition, tlad dvgrage purfategdughmgssatfitiae substrate (Ra) is preferably 1 nm or less,
more preferably 0.5 nm or less, and most preferably 0.1 nm or less.

15 The magnetic layer 3 formed over the surface of the non-magnetic substrate 1 as
described above may be formed into a longitudinal magnetic recording pattern (as
longitudinal magnetic recording media) or a perpendicular magnetic recording pattern (as
perpendicular magnetic recording media). However, a perpendicular magnetic
recording pattern is preferable in order to achieve higher recording density. That is, it is

20  preferable that the magnetic recording pattern of the present invention be a perpendicular
magnetic recording pattern although the magnetic recording pattern can be longitudinal
magnetic recording pattern. It is preferable that the magnetic layer be formed from an
alloy which includes Co as a main component in either longitudinal or perpendicular

magnetic recording media.

25 For example, with regard to a magnetic layer used for longitudinal magnetic
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recording pattern is a magnetic recording track and a
servo-signal pattern because of ease of its

WOoR0oRL6t8%n. The present invention will be fuPieP2008/061384

described in detail with reference to such a

di screte-type nmagnetic recordieng nmedi um A
cross-sectional structure of a discrete-type nmagnetic
Teeqrdingimegiare dauinpigstuetdraghich inchedep p aopmagneticGrM e Andeslying
shown in FIG 1. The magnetic recordi ng nmedi um 30 of

layxe apd e SerimdgnenCoCrPtRamagnesic et vaebaviidlizedn a sof t
magnetic |ayer and an internediate |ayer 2 are forned

on t heyihfdgadao AfmAnBROyBAREd ket peritntiicalaf mhgndlic recording
magneti c | ayer 3 and a non-magneti zed | ayer where a

t1h.C: pat ' I : . .
& hirR Bt B B TB R RIB O 8 edbf, for example,
| ubricatj.n ilmis for h ter t .surf gce

B EREnCroe Y Grotdreobn e aS: FRCRAER AR
recording density, it is preferable that a _magnetic
BeGodiBawne be T allgy (sychiasd eﬁﬂtj ReFeta)ager Ca allay/(SHeh 2 CoTaZr,
magneti c pattern be 200 nmor less, and it is

(pZeN8; abCeB}; lanrientaten-cengrodlingcfilposuchan PhiRd WiCr or MidFeCr; an
100 nmor less. Accordingly, it is preferable that a
ihteAnddiqe taybr such a§ Ru¥if\ikcdsyarbe and b mtupaeticaydruchictais formed of a
possible within a range of 300 nmor |ess. The

G00R=MRGE 5 PGalIRY BS b 78E6-IC g §P:—i1 0SIdI1BY ERARhidaRAh b Rtilized.
can be suitably selected from vari ous non-nagnetic

b ) . - al :
SUbSt 8k ety of ARk feric AR oMy e o ATALAIR 3 yn 10,00 o,

i nclu as a nal (o]0] or exa

al.l oy);,.or .a.substrate which is e of general soda

ot SRttty S et 2 S BSd o ao Lhe wagas s g BF
glass, silicon, titanium ceramcs, or resins_ can be
appioprigakformed dspending pa e tynecf merengtic allayanddgminate structure used

substrate, a glass substrate such as crystallized
thgreigssuch that a sufficieohhead lpsitpuatan besolaipbdr aeamagnetic layer needs to

have a certain thickness or higher in order to obtain a certain level of the output during
reading. To the contrary, as the output increases, several parameters that represent
recording/reading properties are generally deteriorated. Therefore, it is necessary to
select the optimum thickness thereof.

In general, the magnetic layer is formed into a thin film by the sputtering
method.

Hereinafter, the method of producing a magnetic recording mediufn, of the
presenf invention will be described in detail. |

In the present invention, the formed magnetic layer is exposed to reactive

| plasma to amorphize a portion of the magnetic layer 3. Consequently, magnetic

properties of the portion are modified whereby a region which magnetically separates the

magnetic recording track and servo-signal pattern part is formed.
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In addition, the average surface roughness of the
substrate (Ra) is preferably 1 nmor |ess, nore

WOes/Evvadd y 0.5 nmor | ess, and nost pref er ablRCTOIP2003/961384

or less. The magnetic layer 3 formed over the surface

of the non-magnetic substratg7l as descri bed above nmay

be fornmed into a | ongitudinal nmagnetic recording

pat t er'Mddfyingmegrtetid propertiva gfite intagnetiolayiérii gpeviiikiaily novans

a perpendi cul ar nagnetic recording pattern (as
redipendtssitiae foreg Reidual hagetidiis, MBoh@dthersloyRMemaghetic layer.
per pendi cul ar magnetic recording pattern is preferable

N/IGre elaﬁcapgf g&plrﬁyﬁﬁémﬁ LfelsQE ﬁ{veﬂérﬁagec o&%}&‘)’e folPdndithe

pre e that the nmagnetic Ing pattern
ese i nvention be a perpendicul ar magnetic
rgsel%o %‘ ethaFf)%rn al though the magnetic recording

pattern ca ngi t udi nal e c recor di

pat t ePATticy Fargsmﬁﬁ%wéﬁ% Y e %terfe %{@ﬁémﬂemr Bpesfenghly adopted
formed froman alloy which includes Co as a main

te orndifiidhe miagnesictpegertiasngin the inrehodo thepragnetinhition imzagnitude is
magneti c recordi ng nmedia. For exanple, with regard to
adjusegne 7b% drdyws oraead preferablyri@s oudlessadf the original magnetization
magneti crecording nedia, a |lam nate structure which

nhd¥ak tHEE Snd tHEQdeFR@ BEde Gs 4djidled focHRN ¥ 186, bavBfe ﬁ@i‘éra%ly 20% or
ferrorragnetl c CoCrPtTa rragnetl c layer can be utilized

lé/é"stoﬁ5 tﬂe“iﬂ?%ﬁr?al"cé?%&vg‘?&%%tﬁ rsd SPEito RS o é&%&%ﬁf&qéﬁ:‘} 3

gnet i ecor nmedi a am nat'e Stru ure
ft magneti c er I,ch rmed of for

3Bre R GRET e Af P el mtiasc efghhettunts

FeCoZr FeCoZrB, or FeCoZrBCu), a FeTa alloy (such_ as

Rfl BY sycdmthod, wiiie cFrory qaa>be @v@ﬂteégu%gr@zgnetwaﬂy-recordmg

CoZr NB, or CoB); an orientation-controlling filmsuch '
data ipto, themhedivngrand emagnetagecordingimediumbayiag e highgearesluetording

as Ru (if necessary); and a magnetic |ayer which is
densitysdn ®E paoadédo- 15Cr- 15Pt all oy or a 70Co-5Cr-|

5Pt- 10Si2 alloy are | am nated can be utili zed.

In the present invention, the formed magnetic layer 3 is exposed to reactive
plasma to amorphize the magnetic layer whereby the region which magnetically
separates the magnetic recording track and servo-signal pattern part is formed.

In the present invention, “to amorbhize the magnetié layer” refers to forming an
atomic arrangement of the magnetic layer 3 into a state of an irregular atomic
arrangement which does not have a long-distance order. More specifically, this refers to
a state where fine crystal particles of 2 nm or less are randomly arranged. When such a
state of the atomic arrangement is confirmed by an analysis method such as the X-ray
diffraction or electron diffraction, a peak that represents the crystal plane is not present
while only a halo (a broad signal) is present.

As an example of the reactive plasma in the present invention, the inductively

coupled plasma (ICP) or the reactive ion plasma (RIE) can be mentioned.
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The thickness of the magnetic |ayer may be within a
range of 3 nmto 20 nm and preferably within a range

woaoB15mt o 15 nm The magnetic | ayer may be PCT/JP2008/061384

appropriately fornmed depending on a type of nmagnetic

all oy and | am nate structure jgsed therein, such that a
sufficient head output can be obtained. The nagnetic

| ayer Theeautuctivelii@vepled plesmaisrhighhicalpestigre plasimaghaiis obtained in
order to obtain a certain |level of the output during

the &sliodng Way.t MEhat @)k hadhWoltage i BFpliditp digab fClo8APREmMA, and Joule
several paraneters that represent recording/reading -

lﬁapiegéﬁér&éd ﬁfsﬁieqr%élﬁlﬁm Mlhedt%teﬁ@ CLA Ry f xlaﬁg%&t eufré ency

IS nécessary to select t eoptlnumth?’c ne reor.

n neral . t etic l.ayer is forped in a thi.n
AR Rne e TRPRRY G B e i " Prdndichfey
of producing a gnetic recordinp di um of the X
Preled ﬁfjasmﬁ\bém higheR R PROpeRS r (eI, BRplAsma carachifye
present invention, the fornmed magnetic |ayer is
e Beatigntod magaetic repqitiessimg magnanolapen ¥ kavangabroad aregfat higher
the magnetic | ayer 3. Consequently, magnetic
affi ety comspapdd tohke gunventivhabredwaidn fof didcistettaRymalia using an ion
regi on which magnetically separates the magnetic
Heggor di ng track and servo-signal pattern part is
formed. "Modi fyi ng magnetic properties of the magnetic

| ¢ R Ope! . .
oy e Th REELTd i;bﬂ }Jééén{ﬁ%ngh%wﬁ%&%ﬁﬁé{%gréﬁggﬁeg%a}s Such as

resi dual magneti zati on,

2 e BESREEL! Sl DAL A D0 853 & e
m

netjzation. Particularly, in the present invention
reachive plasmajim e PEaSRRIINY entiph.anedifintipn of speaetic RFop@HeS §f the
the magnetic properties. In the nethod, the
magyatie layert3 can besaghievediat higher efficiency.

In the present invention, the formed magnetic layer 3 is exposed to reactive
plasma in order to modify the magnetic layer 3. It is preferable that the modification be
achieved by a reaction of a magnetic metal included in the magnetic layer 3 with atoms
or ions in reactive plasma. The reaction includes modification of the crystal structure of
the magnetic metal, modification of the composition of the magnetic metal, oxidation of
the magnetic metal, nitridation of the magnetic metal, silication of the magnetic metal,
among others, due to penetration of atoms, etc. in the plasma into the magnetic metal.

In the present invention, in particular, it is preferable that oxygen atoms be
included in the reactive plasma, and that the magnetic metal included in the magnetic
layer 3 be reacted with the oxygen atoms in the reactive plasma to oxidize the magnetic
layer 3. The magnetic layer 3 is partially oxidized, and the residual magnetization, the

coercive force, among others, of the oxidized portion can be efficiently decreased.

Therefore, a magnetic recording medium including a magnetically-separated magnetic



adjusted to 75% or |less, or nore preferably 50% or
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hatogan gtomemay bt added torthprreadtive plagma v@th entwithous oxitgsna@foneqy  As
irregul ar atom c arrangenent which does not have a

destiibediabbd ) obien brigten abdhissorahelikd areatded to iy Radtbegl@niagthe
a state where fine crystal particles of 2 nmor |ess
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- ol ; T LEfragti
ety SR R BRI AR Cbe SpBite Mortdcs P Bie kel fiEEKY. 1n
: nly a.halo (a broad. signal).is present. an exanpl
10 {8 ieaiftalaget Gomsiaceimalorr byiae FroBlEnEari S eory g an oo
i nduct | velgé cogcﬁl_ed plasma (1 CP) or the reactjve ion |
fhrtherepbaRet)  Additipeallyedven oh ey evh atomsduerqtnddsd tedhgpreastive
plasma is high-tenperature plasma that is obtained in
plésenaf tiel halogag atems. areTieattiviesyithathisinggdgnetad allyethercby pehiieedg the
to a gas to form plasma, and Joul e heat is generated
rhodificketioh b€ nflgasticbpropeetiésofabidinaghaticdater By The réasgh far this is not
hi gh-frequency
clear in detail, but it is considered that the halogen atoms in the reactive plasma etch
15  impurities formed on the surface of the magnetic layer 3, and the surface of the magnetic
layer 3 is cleaned, thereby enhancing the reactivity of the magnetic layer 3. Asa
halogen atom that imparts such an effect, use of F atoms is particularly preferable.
In the present invention, the process of exposing the surface of the magnetic
layer 3 partially to reactive plasma to modify the magnetic properties of the portion of
20  the magnetic layer 3 preferably includes: exposing the magnetic layer 3 to plasma
including oxygen (first step); and then exposing the magnetic layer 3 to plasma including
a halogen (second step). By adopting such steps, the modifying rate of the magnetic
- properties of the magnetic layer 3 can be increased, and the residual magnetfzation, the

coercive force, among others, of the magnetic layer 3 can be efficiently lowered. This

25  is because, based on studies by the present inventors, a region of the grain boundary of
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desitpyed.i and|themactRnviortionaroersdofroinghs giam bamdaryte magnetic
pl asma. The reaction includes nodification of the
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t he
artlcglar i S peferab%ethat 0

ygen ataons be .
10 oifon 56 BBt Pan. o KOTGRREHS i esidiy Hre CE 0 dg sepeiye oree
nmetal included in the nmagnetic |ayer 3 be reacted with
appeg athyire At e srmgnetis larrs Jreenbe efcipntidemened: oxi di ze the
magnetic layer 3. The magnetic layer 3 is partially
oxi di kethe peasenttimeenties,iacktepl of igjgetotg ins pastiallyt imto the enrdaceef the
force, anong others, of the oxidized portion can be
nmephetdd lapdrl3yis @lﬁifér&bl?@dovided before the step of exposing the surface of the
magnetic layer 3 partially to reactive plasma. When such a step is provided,

15  modification of magnetic properties of the magnetic layer 3 can be further accelerated.
This is because, based on studies by the present inventors, when ions are injected
partially to the surface of the magnetic layer 3, the surface of the magnetic layer 3
becomes active, and the reactivity of the magnetic layer 3 with plasma is further
enhanced in the step of exposing the magnetic layer 3 to reactive plasma after the

20  ion-injection.

In the present invention, it is preferable that an inert ion such as argon or
nitrogen be used as the ions injected into the magnetic layer 3. This is because such an
inert ion does not adversely affect the reactivity of the magnetic layer 3 with the reactive

plasma after the ion-injection.

25 In the present invention, the following steps are preferably adopted. That is, a
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the nodification of magnetic properties of the
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phsmartteatuhdny, thoprodactianveogdsaismmery simpie theyprodvetinig caat bec
properties of the portion of the nagnetic |ayer 3
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>1 5 the magnetic layer 3 could be reacted with réactive plasma even after the protective layer
5 was formed on the surface of the magnetic layer 3. With regard to a reason why the
magnetic layer 3 covered by the protective layer 5 can react with reactive plasma, based
on the present inventors’ assumption, voids or the like may be present in the protective
layer 5, reactive ions in plasma intrude into the layer from the voids, and the reactive ions

20 ﬁiay react with the magnetic metal, as illustrated in Figure 3. Furthermore, it is
assumed that the reactive ions spread in the protecti%/e layer 5, and the reactive ions reach
the magnetic layer 3.

With regard to the formation of the resist pattern, a method wherein a resist is

coated onto the magnetic layer 3 or a protective layer 5, which is formed subséquently to

25  the magnetic layer 3, a stamper is placed directly thereon, and this is pressed at high
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with plasma is further

15  carbon is formed using the P-CVD, among others, in general. However, the method is

not particularly limited.

Examplés of the profective layer 5 include a carbonaceous layer such as carbon
(C), a carbon hydride (HxC), carbon nitride (CN), amorphous carbon, or silicon carbide;
or a material generally used for a protective layer (for example, SiO,, Zr203, TiN, etc.).

20  Additionally, the protective layer 5 may include two or more layers.

It is required that the thickness of the protective layer 5 be less than 10 nm. If
the thickness of the protective layer 5 exceeds 10 nm, then, the distance between the head
and the magnetic layer 5 is excessively longer. Consequently, sufficient strength of the
output and input signal can not be obtained.

25 It is preferable that a lubricant layer be formed on the protective layer 3.
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enhanced in the step of exposing the magnetic |ayer 3
to reactive plasma after the ion-injection. In the
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such as argon or nitrogen be used as the ions injected
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inert ion does not adversely affect the reactivity of
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the ion-injection. In the present invention, the
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met hod can further enhance the reactivity of the
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dchating devicasl whichattuatee theintaghetitireeodingltadiums30 i@ the recording
protective layer 5 is fornmed on the magnetic |ayer 3,
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magneti c recording pattern is forne Then,
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reactive asma |'s conducted.” Because i
unnecessai farma protective layer 5 after t .
PR RE SR off ool Reorlind anF ool PR it combined
very sinple, the productivity can be inproved, and

it sPiaRg o reatingeiepalaresseue pitahwhishdprgsa signal to the
produci ng a nmagnetic recordi ng nedium The present

magpetie beas 27cand rvdhietareads anowpi digoal figmdlgmagnetinthead Bht When
the magnetic |layer 3 could be reacted with reactive
thésasompenents &t tembinkéd, axnadretit racerdimy device achieving higher recording

- density can be produced. Because the recording tracks of the magnetic recording

medium are processed into a magnetically discontinuous structure, the width of the
reading head can be made to be the same as the width of the recording head, and they can
be actuated while the width of the reading head has been conventionally made narrower
than the recording head to eliminate the influence of the magnetic transition region of the
track edge portion. Accordingly, a sufficient reading output and a higher SNR can be
obtained. |

Moreover, when the above-described reading part of the magnetic head 27 is
formed with a GMR head or TMR head, sufficient signal strength can be obtained even
in higher recording density, and a magnetic recording device having high recording
density can be achieved. Furthermore, when the flying height of the magnetic head 27

is adjusted to 0.005 to 0.020 pm (i.e. when the magnetic head is flown at a height lower
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5 was forned on the surface of the magnetic |ayer 3.
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reactive plasma, based on the present inventors'
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resist pattern can be adopted. Furthernore, a general

npdrert otrackiTeeprdipaidensiyoiin D@{Ebbit{wh & swre andh g peqosding gensity of 100
forma pattern. Exanples of the resist include a

GHiginoW's & buffieRnnSNR dalvbe ubtabed. resin, SOG or the like.

As the stanper used in the above process, for exanple,

a netal plate on which a fine track pattern is forned

by the el ectron beamlithography or the |like can be

Eﬁé‘% leSThe material for the stanper requires sufficient
ardness and durability to withstand the process. For
ﬁx%r{@? Ni or the like can be used, but the materi al

(B ?R)articularlylirrited as long as it neets the
above-descri bed purpose. As the stanper, besides

t r ack$ YAeByE Cé@ﬁg"rf ergfpd 13 alass sHhsirale gvas sely Was ¥aqynmed at 1.0 x
patterns such as a burst pattern, gray code pattern,

167 Paroe dasbireadvatteer The ghasa bubstrate Wasmpasly of p arysiadiigededass that
renmove the resist after the reactive plasma treatnent,

iacladdIiiSi@s, Al -KsO ABOeHKL G MO AROst &l SheBetZn(@ a$ components.

etching, the ion trimmng, or the wet etching can

The outer diameter was 65 mm; the inner diameter was 20 mm; the average surface
roughness (Ra) was 2 angstrom (unit: A; and equal to 0.2 nm).

On the glass substrate, using the DC sputtering, FeCoB as a soft magnetic layer;
Ru as an intermediate layer; and 70Co—5Cr—15Pt—108i0; alloy as a magnetic layer were
laminated in order; and, using the P-CVD method, a C (carbon) protective layer, and a
fluorine-based lubricant film were further laminated as thin films thereon in order. With
regard to the thickness of each layer, the FeCOB soft _magnetic layer was 600 A; the Ru
intermediate layer was 100 A; the magnetic layer was 150 A; and the C (carbon)
protective layer was 4 nm on average. |

A UV-curable resin was coated thereon in a thickness of 200 nm, .and its surface

was imprinted using a Ni stamper prepared in advance. The stamper had a track pitch

of 100 nm, and grooves whose depth was 20 nm.  Using this stamper, an imprint was
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is preferable that a |ubricant |ayer be forned on

genereteg plosnd andeqonditiong ipibe Plasmatesaerriinn: f%raﬁ?fﬁmI}@e@Ff WFS used at
the lubricant |ayer include a fluorine-based

loudermimatet andsOcaadased lay 80 camitoas e dThadppliehpewerdor generating

m xture thereof. In general, the lubricant |ayer is
PlantBkasi 000V 2tht ?fdé&ﬁe $ssidefthd appardtusias Mjusted toldes Pa; and the
configuration of the magnetic recordi ng and readi ng

s%ﬁéﬂa‘féebl%c whi R 0PHe %gmhe'sﬁ?ﬁ&tdt‘?ﬁh ISgritie Wbotding” Jn@thut?n was treated

e magnetic reco ng and readlng deV|ce of "the

fﬁﬁg(z ge?:%)% sp\é % Iai())% h”&‘igﬁé‘}%&%’hg ?aﬁf% (ﬁ%ﬁg E'é Q&‘% Cplasfx_)ta was

whj ch t t d h
Falerting! o Koy SGRE Pimmdh g{qeréé’tﬁ@;%%a%%ﬁ#@ﬁ?m dos

a recording part and a reading part; a head-actuating
disappe@l. vwﬂmﬂ%e wheebanche siemghdsrived femrcapalt flaprds vag gotpéserved

t he magnetic
and it was confirmed that the portion was formed into an amorphous structure.

.The production conditions are summarized in Table 1.
After that, the resist remaining on the surface of the magnetic recording medium

was removed by the dry etching, and a fluorine-based lubricant film was finally coated

- thereon to complete the production of the magnetic recording medium.

(Examples 2 to 22)

| Magnetic recording media were produced in the same manner as Example 1.
In .this case, the type of gas used for generating the reactive plasma, the applied' power,
the reaction pressure, and the reaction time was modified as shown in Table 1. In

Examples 2 to 22, the X-ray diffraction analysis was conducted with respect to the

_portion of the magnetic layer treated with reactive plasma. In the results, a signal

derived from Co disappeared. On the other hand, a signal derived from cobalt fluoride
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signal to the magnetic head 27 and which reads an
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Because the recording tracks of the magnetic recording
stoRgid i all Expinpleegsed2.i nto a magnetical |y di scontinuous
structure, the width of the reading head can be nade

to be the sanme as the width of the recordi ng head, and
they can be actuated while the width of the reading

ead has been gpnventionally made narrower than the

t

(CIPRIA RN 0 eliminate the influence of the
magnetic transition region of the track edge portion,
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SNR can be obtai ned. Mreover, when the . «

Habever, dbeu thenagnedaliyergvasdreatediwitihisagtiygridasma, pbiag voltage was
is formed with a GWR head or TMR head, sufficient ]

n6i £pptikbd &1 the sgistrazamdoexygbrt waseat iscleded in the plhsma gas.  With
recordi ng density, and a magnetic recordi ng device

rd¥aMd AGhdpHALERIGRAGH O redBfg nediam, e Jaedy dffedtion analysis was
: urthernore, when the flying height of the nagnetic

c?rﬁc@ngtené&igfrle%ggbt dtﬁlg g&?og 0Pl ntxe%ngti@l% el PRatdd: With ¥WA&HVe plasma.

['own at hei ght | owerthan prior
arts), .the .output isS.i ved. ther W= .
T T M L AR
recordi ng device, having | arge capaci,t hi
degyqdafsem cobaltByprisie Was Sbederss afﬂia %?&ﬁ@?/g&?rfgﬁﬂfv egﬁom
signal -processing circuit according to the maxi num
ammokizatioo @f fecwasinatiobssrvednbi ned, the recording density
can be further inproved. For exanple, even if
r ecor Witigregad to e@rdhammetic ecodimotdia patduged ndixiamptasdi toy2?2
of 100 KTPI or nore; a track recording density of 1000
pkRiukéd B theUbo PRA&CriBIdn@thé € @Qeieh@ntiBrthe agadtizA06h magnitude, a
15  decrement in the coercive force, electromagnetic conversion properties (SNR and
3T-squash), the surface roughness (Ra), and the head-flying height (glide avalanche)
were measured. The evaluation of electromagnetic conversion properties was
conducted using a spin stand. In this case, as heads for the evaluation, a perpendicular
recording head was used for recording, and a TuMR head was used for reading. A SNR
20  value and 3T-squash were measured when a signal of 750 kFCI was recorded therein.
FIG. 4 shows a change in the magnetization magnitude before and after the reactive
plasma treatment with respect to the magnetic recording medium shown in Example 1.
The results of the evaluation are shown in Table 1 with respect to Examples 1 to 22.

The produced magnetic recording media had excellent RW properties such as

25  SNR or 3T-squash, and their head-flying properties were also stable. That is, the
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p(srubstrate, gl(séi ng the D(%lepu?teri ng, FeCoB as a so%t Y

magnetic |ayer; Ru as an internediate |ayer; and
70Co-5 Cr- 15Pt- 10SiO alloy as a magnetic |ayer were

am nat ed i rder;. and,. using the P-CVD nethod, a C

(Titsg-Hbte syebelion ph ke <Teslitmashats sPTVRipa gEperties of
| ubricant filmwere further lamnated as thin filns

5 magagtipiecoidinggedia) Wth regard to the thickness of each
| ayer, the FeCOB soft magnetic |ayer was 600 A; the Ru
i nt er Wéith wspect mytbe magsetitGcotling medrremynduded ih Eyampladsand
150 A; and the C (carbon) protective |ayer was 4 nm on
Congiaegive Bxakdyles Uit LinltBsit SNRadd co&cind folee eddevaluated before
t hi ckness of 200 nm and its surface was inprinted

aH& hite idc¥atiRg HEREH aR0SBRAESHD C ﬁn@ﬁi’@ﬂl‘ﬁﬁidit}—%? 864 AP EP0 hours.
had a track pitch of 100 nm and grooves whose depth

was 29 L?)aﬂ%ﬁ&ﬂi‘h%s §&fb§gt%§) usift 2t SRRl a‘ﬁ@@gﬁrd@{e\y&@z”

' the UV-curable resin coa e protectiv a
Its surface, was ex ed to reactive pla o
10 prosfierd buiigh BRhch SARIoRAG A SRESHRG SAUMBG b9 e
UV-curabl e resin was conducted. The reactive plasma )
shielslge e head avap ysed: fapa Maiding PR, ndyaanagigic beatidrgiGHR device
using an inductively coupl ed plasna
was used for a reading part. The SNR was obtained as a rms value (root mean
square-inches) where Sp-p was160 kFCI and N was 960 kFCI. As aresult, the
magnetic recording media both in Example 1 and Comparative Example had sufficient
15 SNR and coercive force before the time-course evaluation. However, after the
evaluation, the SNR decreased by 0.1%, and the coercive force decreased by 1% in the
magnetic recording medium of Example 1.  On the other hand, the SNR decreased by

0.4%, and the coercive force decreased by 8% in the magnetic recording medium of

Comparative Example.
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for exanpl e,

generating plasma and conditions

produced by ULVAC, I nc.

and 2 was used at 90 cc/ m nute.

appl i ed power for generating8plasm was 200 W the

appar at us " NE550"
to the gas used for
Wa 200%/hs1§l asnma gener ati on,

10 cc/ m nute,
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(Conpar ati ve Exanpl e) Amagnetic recordi ng nedi um was
produced in the sane nmanner as Exanple 1. However,
WORheR156188 magnetic | ayer was treated w t h read®Cild@2008/061384
pl asma, a bias voltage was not applied to the
substrate, and oxygen was not2d ncluded in the plasm
gas. Wth regard to the produced magnetic recording
medi um the X-ray NPUSIRIAOARRIACASIEITNEs conduct ed
with respect to the portion of the magnetic |ayer
treated with reactive plasma. In the results, a signa
derived from Co di sappeared. On the other hand, a
si gnal i A Lola: e : .
a B oo e e Ea B hecording
. ohserved. .Wth regard to. the eti,c .recordin

il G5 st el el RS s ik SR TR B0 ¢ g %same can be
abgve-descri bed, net hod, .a decrenment in the . i

> fwaﬁ P 2408 RdksHIA ufg%l,ds 215k e RERFONES O dnfogmptip dechnology.
force, electromagnetic conversion properties (SNR and
Treredeigathn presentanentipa bes higherindustrigl raplicabiligy. t he
head-flyi ng height (glide aval anche) were neasured.
The eval uation of el ectromagneti c conversion
properties was conducted using a spin stand. In this
case, as heads for the evaluation, a perpendicul ar
recordi ng head was used for recording, and a TuMR head
was used for reading. A SNR value and 3T-squash were
measured when a signal of 750 kFClI was recorded
therein. FIG 4 shows a change in the nagnetization
magni tude before and after the reactive plasna
treatnment with respect to the magnetic recording
medi um shown in Exanple 1. The results of the
eval uation are shown in Table 1 with respect to
Exanples 1 to 22. The produced magnetic recording
medi a had excel |l ent RWhroperties such as
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25

SNR or 3T-squash, and their head-flying properties
were al so stable. That is, theproduced nmagnetic

WOre685rd189g nedi a had hi gher surface fl at ness, P&TAIP2008/061384

excel | ent separating properties according to the
non- magneti c portion between 3¢ acks in the magnetic
| ayer. (Tinme-course evaluation on changes in

el ectromagneti ¢ conversi on (JrASti es of magnetic

-recording nmedia) Wth respect to the nmagnetic

recordi ng nmedi a produced in Exanple 1 and Con'parativ'e
Exanpl e, changes in their SNR and coercive force were

gval uak aeuRRf TR bR g Al hhelid FeBAlAS BedillfMavingan oven
at 800C and in"a humdity of 80%for 720 hours. The

[ .
R s e g e T R
Entergtri ses, and a %gi n stand " Sl70.||\/§". A
shi el JEENPG3dN3ED5HC RS UEEHNPHMAgnGHS MG APE, and a
magneti ¢ head using a GVR device was used for a
readi rfbeIpeyposingae ofidhe roagnetia dayenpartiallye roagtiye plasma, or a
(root mean square-inches) where Sp-p wasl60 kFCl and N
reactive6on gérEtated idshaplassaitoiamdrpkizetipnmiriion ofehomdgmgic layer and

- media both in Exanple 1 and Conparative Exanpl e had

6 uhddify thE naZhiRicaitEpet@BIoF itheepdri s &hbRbp b endofigtically-separated
ti me-course evaluation. However, after the eval uation,
BNRAREH %gd% R¥omel”e and the coercive force
rg‘g%lreease gy§ %Igl}] tﬂe magneti ¢ recordi ng nmedi um of
Exanple 1. On the other hand, the SNR decreased by
0.4% and the coercive force decreased by 8%in the

magnet_j.c recordi ng, medi um of Conparative, Exanpl g. Tabl e.
4R ) IOSTASiRSTed PROGUHIE 3 BABIE TSONIBE ME iR asprdie o Ciim 1,

produci ng a negnetic recording nedium the magnetic
whkareindhggagnetization magnitude of the portion of the magnetic layer which is

exposed to reactive plasma is adjusted to 75% or less of the original magnetization

magnitude thereof in modifying the magnetic properties.

3. The method of producing a magnetic recording medium according to Claim 1,
wherein the coercive force of the portion of the magnetic layer which is exposed to
reactive plasma is adjusted to 50% or less of the original coercive force thereof in

modifying the magnetic properties.
4. The method of producing a magnetic recording medium according to Claim'1,
wherein the reactive plasma is plasma which includes an oxygén ion generated by —

introducing a oxygen gas.

5. The method of producing a magnetic recording medium according to Claim 1,



medi um t hereof, and the magnetic recordi ng and readi ng
devi ce using the sane can be applied in various

WO 2908/5%6t8%l fiel ds such as el ectronics or i nf®AOTEPRWA/N061384
technol ogy. Therefore, the present invention has
hi gher industrial applicabili3y. CLAIMS 1. A nethod of
produci ng a nagneti c recordi ng nedi um havi ng a
wiregeia thecrshétive plgsaadndudavadnalagen iorecor di ng pattern, the
met hod conprising: formng a magnetic | ayer over a
non- magneti c substrate; and then exposing a surface of
the nagnetic layer partially to reactive plasna, or a

g. eact IThe MePMbASTRE AR d Madrefc RBRIR: hﬁdﬁﬁpé&m&ﬁg fo®aim 5,

portion of the magnetic layer and to nodify the

vﬁ?e%lﬁ 'tiﬁecpq?{ &p (gfre tilé g&gﬁ’%lc:ir%%n Q‘/%.lél’{ 19 %Xﬁgggﬁ ?(p ‘éﬁe%ta ogen 10I1 does not

rmgne etic rec |ng

rmed.. 2. e netho roduci ng . netic

S gn%% e 6b» SHtsBcscceiriine Menemstin e
magneti zati on magni tude of the portion of the magnetic
| ayer which is exposed to reactive plasma i s adjusted
to 75% or less of the original magnetizati on nmagnitude
7 her edhe methmidiffipyoduginglaanaggtie tdcordimgmediuireaccolingltoeClaim 5,
met hod of producing a nagnetic recording nmedi um
veledH tientgadtive ?la'smmlﬂcludbﬁ Ok pieR ahti@ Halpes! ve force of
the portion of the nmagnetic |ayer which is exposed to
reactive plasma is adjusted to 50% or |ess of the
original coercive force thereof in nodifying the

gmagne r,ope hod.. of roduc . a .

T e o Pﬁ@&%‘&.“dﬂ%‘%@%l@& foi% pPRE ok o Claim s,
erein the reactive plasm is ma whi ch inc¢l ude
“dm??reé& dPPERgHC Eﬂﬁ%‘ﬁ SKRRFED P I ?&mfg Eﬁdﬁ’é XYEHy Gon thead! dhe

magnetic layer is exposed to plasma including a halogen in exposing the surface of the

magnetic layer partially to reactive plasma to modify magnetic properties of the portion

of the magnetic layer.

15
9. The méthod of producing a magnetic recording medium according to Claim 1
further comprising injecting an ion partially to the surface of the magnetic layer before
exposing the surface of the magnetic layer partially to reactive plasma.

20 10. The method of producing a magnetic recording medium according to Claim 9,

wherein the injected ion is argon or nitrogen.

11.  The method of producing a magnetic recording medium according to Claim 5,
wherein the halogén ion is a halogen ion which is formed by introducing into the reactive

25  plasma at least one halogenated gas selected from the group consisting of CF, SFs, CHF3,



5. The nmethod of producing a magnetic recordi ng nmedi um
according to Caiml, wherein the reactive plasna

WO 0081d®% "a hal ogen ion. 6. The nethod of protfukfFg08e1384
magneti ¢ recordi ng medi um according to C aimb5,
wherein the portion of the magnetic |ayer which is
exposed to the hal ogen ion does not substantially
(Gigland&Ba. hal i de of a substance constituting the
magnetic |ayer. 7. The nmethod of producing a magnetic
recordi ng nmedi um according to Caimb5, wherein the
reacti ve plasma includes oxygen and a hal ogen. 8. The

198t ho@h@ﬁueﬂfo@@f?&ﬁmﬁlg@xﬁ%{ehé rdcBfdmiEinBdiuiBatctiidling to Claim 5,
according to Caim5, wherein the magnetic |ayer 1s

XPOS t [,Rcl udi ng oxygen, and then the

W%ﬁ%ﬁ%ﬁ‘%@&%%?&@a%%lggéd to plasma including a
hal ogen in exposing the surface of the nagnetic |ayer

S partially to reactive plasnma to nodify magnetic
properties of the portion of the nagnetic |ayer. 9. .
13he ndéhtiowther qf rpﬂdﬁl@mggﬂ magnstp scrrdingmedigmyascording i Claim 1,
according to Claim1l1 further conprising injecting an
vihereialfter thie Inyagneti¢ lagersis féracd cotr thh eomaggetticsubstyate, a resist
bef ore exposing the surface of the magnetic |ayer

pBdrh iféd fodning the&mabhetRaly-8paPatedlilagnttie rdtetdingpaifern is formed on
produci ng a magnetic recordi ng nedi um according to

td QT Sof Yﬁg%[a%ilx_ﬁéé ﬂ%gf%ﬂh%i o%ﬁ’% lﬁo?t'ibd: whih $Hdbt @6vered with the resist

nitrogen. oduci ng a magnetic

recor.din di.um according to Cl.aj g rej .
10 SR irRaT  hErRER R Yy el gl b e porcion

i ntroducing into the reactive plasm at.|east one

Ty O BB D RSERsICa LY SePar s e RSB SRS AISGR ng of

CF4, SF6, CHF ,CO 4, and KBr. 12. The net hod of

produci ng a magnetic recordi ng nedi um according to

Caimb5, wherein the halogen ion is an F ion.

14. - The method of producing a magnetic recording medium according to Claim 1,

wherein a resist pattern is formed after a protective layer is formed on the magnetic layer.

15
15. The method of producing a magnetic recording medium according to Claim 1,
wherein the magnetic recording pattern is a perpendicular magnetic recording pattern.
16. A magnetic recording and reading device, comprising:

20 the magnetic recording medium produced by the method of producing a

magnetic recording medium according to Claim 1;

an actuating device which actuates the magnetic recording medium in the
recording direction;

a magnetic head which includes a recording pan and a reading part;

25 a system which moves the magnetic head relatively to the magnetic recording



13. The nmethod of producing a magnetic recording
medi um according to Claim1, wherein, after

WO 208418t | ayer is formed over the non- nagnet?@¢“Pﬂmwm“““
substrate, a resist pattern for formng the
magnet i cal | y- separat ed nagnet33c recordi ng pattern is
formed on the surface of the nagnetic |ayer, and then,
medyomt &wn which is not covered with the resist pattern
is exposed to the reactive plasnma to nodify nmagnetic
pr opentre@sdiaf ahd eapimigtsignal-ptocessaipyunitoiitinmptitser signal to the
magneti cal | y- separated magnetic recording pattern. 14.
A HE ORI A WHEIPRHES BloRpUTREMAL Fr6mItRE Blagidhia Hereli UM
according to Claim1, wherein a resist pattern is
fornmed after a protective |layer is forned on the
magnetic layer. 15. The nethod of producing a nmagnetic
recordi ng nmedi um according to Claim1, wherein the
magneti c recording pattern is a perpendi cul ar nmagnetic
recording pattern. 16. Amagnetic recordi ng and readi ng
devi ce, conprising: the magnetic recordi ng nedi um
produced by the nethod of producing a magnetic
recordi ng nmedi um according to Claim1l; an actuating
devi ce which actuates the magnetic recording mediumin
the recording direction; a magnetic head which
includes a recording part and a reading part; a system
whi ch noves the magnetic head relatively to the
magneti c recordi ngnedi umy and a recordi ng and readi ng
signal -processing unit which inputs a signal to the
magneti ¢ head and whi ch reads an out put signal from
t he magneti c head.



