Method for Manufacturing Magnetic Recording Medium, and Magnetic Recording/Reproducing Device
Technical Field [0001] This invention relates to a process for manufacturing a magnetic recording
medium used for a magnetic recording/reproducing device such as a hard disk device. Background Art
[0002] In recent years, magnetic recording apparatuses such as a magnetic disk apparatus, a
flexible disk apparatus and a magnetic tape apparatus are widely used with their importance being
increasing. Recording density of a magnetic recording medium used in the magnetic recording
apparatus is greatly enhanced. Especially, since the development of MR head and PRML technique,
the areal recordingMenigity iSanoMaandanote-inoressing: Recentlysittheaddanch TMiRdead have
been develgped. and theJsaie ohinaieass i he areplyecarding density is about 100% per year. There
is still increasing a demand for further enhancing the recording density, and therefore, a magnetic
layer having a higher coercive force, and a higher signal-to-noise ratio (SNR) and a high resolution are
eagerly desired. An attempt of increaSgwhtiecarack dehsity together with an increase of a liner

recording density tq @mnirence an areal recording density is also being made. [0003] Ina recent
magnetic recordingrglggili@vé%%i@ck d nsé%(sh%% reached agou 110 kTPI._.However, with an increase

of the track density, magnetic recorﬁ\'nrﬁéin?ormatlon s fianle 1o in e?ﬁnaﬁ%hfgggﬁ%ﬁgr Between

adjacent trABRS N ERFHRIIZARS N W FEGioRSHndBHHRFEEFY regions thereof as a noise
source tend¢oimpangiecpRidhiese problemsxeshltisn lewktng idbifkerdertate and impede the
enhancement of the recording density. [0004] To enhance the areal recording density, it is required to

2
Background Art

[co02]

In recent years, magnetic recording apparatuses such as a
magnetic disk apparatus, a flexible disk apparatus and a magnetic
tape apparatus are widely used with their importance being
increasing. Recording density of a magnetic recording medium used
in the magnetic recording apparatus is greatly enhanced.
Especially, since the development of MR head and PRML technigue,
the areal recording density is more and more increasing. Recently
GMR head and TMR head have been developed, and the rate of increase
in the areal recording density is about 100% per yvear. There is
still increasing a demand for further enhancing the recording
density, and therefore, a magnetic layer having a higher coercive
force, and a higher signal-to-noise ratio (SNR) and a high
regolution are eagerly degsired.

An attempt of increasing the track density together with an
increase of a liner recording density to enhance an areal recording
density is also being made.

[0go03]

In a recent magnetic recording medium, the track density has
reached about 110 kTPI. However, with an increase of the track
density, magnetic recording information is liable to inferring with
each other between adjacent tracks, and magnetization transition
regions in the boundary regions thereof as a noise source tend to
impair the SNR. These problems result in lowering inbit error rate
and impede the enhancement of the recording density.

[0004]

To enhance the areal recording density, it is required to



render small the size of each recording bit and give the maximum saturated magnetization and
magnetic film thickness to each recording bit. However, when the bit size is decreased, the minimum
magnetization volume per bit becomes small, and the recorded data are tend to disappear due to
magnetization reversal caused by heat fluctuation, [0005] Further, in view of the reduction in
distance between the adjacent tracks, a high-precision track servo system technology is required for
the magnetic recording apparatus, and an operation is adopted wherein recording is carried out widely
but the-reproduction is carried out narrowly 50 that the influence of the adjacent tracks is minimized.
This operation is advantageous in.that the influence of the adjacent tracks can be minimized, but
disadvantageousin tHat ﬁeti%%rsaﬁ%ti%n Satputis rattier WhE Sisieads o GitficOis)'in
enhancemefesH e SNRAE S HESHRH Righ leverqopnsl I ilrotredtkesthe RatAGEtuation, maintain
the desired ShiR-afithabtain thedesited repsadictionouima,:a praposal 418s Heen:madenwherein

rldggs and,%gaxs% fredogmed 0R2 magnetic B%%Wé@gs%@%{%ﬁ% that %%Qﬁﬁétﬁﬁgd tracks on
the ridges is partj_tloncfzg b)éthe }r%ooyes whereby tqqne;tt_rzacgideng%|swgnhanc{ledé This type of magnetic
recording média is ﬂeré?naﬁgF eferred 10 as a discrete track media. and the technique for providing
this type of ragREiRTeedrding media is hereinafter referred to as a discrete track method.
Further, an attempt i©belrig made for dividing the data region in the same track, i.e., providing
patterned media.  roAprexample-pf the diserate ttack medium, i asnagneticragordingmedium
disclosed in patent.document.L whichis made by providing & nop-magnetc subslrate fgving
protrusions an& depressions formed on the suffacerfhé"ir”eo : and the agnetic ?ayer cqr?gsponding
surface configurstibht EefOMEd-6R TFREABHIMAGTENC SIBSRRET T Give PHYSCANEHEESTR magnetic
-recording trackszaung setvosigrapatemnsi{000¥E car Tircntagneticiregordirtg niedium in patent
document 1 has-a sifyelure such-thal sufesrernagrelia jayer intormed viama seffldpagnetie underlayer
on the non-magnelle subsiraje having ralusionsand depressions farmed.n e sufae thereof, and
e ayer. The red

an overcoat Is formed on the ferromagnetic magnetic recordingpatteredregions
form.magneﬁé‘?&c&r‘b?nj%é‘ﬁﬁ%’?ﬁn‘iﬁe%tﬁ%éﬁ@rﬁhﬁ@éiVpﬁ?ﬁ‘[ié??e@ffb?rﬁ”tﬁ@%ur%ﬁnding
regions.  dhzhevaboesaneatidnetmagheticrecording: inedianihe decurednce of ferromagnetic
domain wall #nthe:soft magnetic underiayarcanrberprevenied obmiimiged and thetetosre the influence
due to the h%altgfllycitg@ggp is reduced and the interfere between the adjacent signals is minimized with
the result of provisio?o%fo%lmagnetic recording medium having a large SNR. [0008]

To reduce the heat fluctuation, maintain the desired SNR and
obtain the desired reproduction cutput, a proposal has been made
whereln ridges and grooves are formed on a magnetic recording medium
so that each of patterned tracks on the ridges is partitioned by
the grooves whereby the track density ls enhanced. This type of
magnetic recording media is hereinafter referred to as a discrete
track media, and the technigue for providing this type of magnetic
recording media is heresinafter referred to as a discreste track

- method.

Further, an attempt is beingmade for dividing the data region
in the same track, i.e., providing patterned medis,.

An example of the discrete track medium is a magnatic
recording medium disclosed in patent document i, which is made by
providing & non-magnetic substrate having protrusions and
depressions formed on the surface thereof, and the magnetic ilaver
corresponding surface configuration is formed on the non-magnetic
substrate, to give physically discrete magnetic recording tracks
and servo signal patterns.

FO00T]



The discrete track method includes two type of methods: a first type is drawn to a method wherein
tracks are foimed after the fordation of a multilayer magnetic recording medium comprising several
laminated films; and a second type is drawn to a method wherein patterns having protrusions and
depressions are formed directly on a substrate OT formed on a film layer for forming tracks thereon,
and then a multilayer magnetic recording mediumds made usingthepatternedsubstrateorthefilmlayer
(see, for example, patent document 2 and patent document 3). [0009] Further, other discrete track
methods have been proposed in patent document 4, patent document 5 and patent document 6. In
these methods, a previously formed magnetic layer of a magnetic recording medium is, for example,
subjected to an implERafiBE G oGP Ion-BF oX§Ggeronto R ztfidte TR aS el wireby the
magnetic charactetisties ofaegibnas partitomimgenragnetic traeks are Sefeetivetyamadiiett. [0010] Patent
document 1 JP2Q04-164622 Al Ratent dogument 23R 2004-178403-ALPatent-document 3 JP

2004-178794 Al Patent document 4 JP |.15-205257 Al Patent glo‘[;ggg%%é JR 2006-209952 Al Patent

document 6 85056551396&2%1 Al'Disclosure of tﬁgq%ventlon Problemsto %‘“§8 Ved %y the Invention

overcoat is formedlon the ferrcmagnetic layer. The magnetic
recording pattered reglons form magnetic recording regions on the
protrusicns physically partitioned from the surrounding regions.

In the zbove-menticned magnetic recording medium, the
ocourrence of ferromagnetic domaln wall in the soft magnetic
underlayer can be prevented cr minimized and therefore the infinence
due to the heat fluctuation is reduced and the interfere betwsen
the adjacent signals is minimized with the result of provision of
a magnetic recording medium having a large SNR.

[000g] '

The discrete track methed includes two type of methods: a
first type 1s drawn to a method wherein tracks zre formed after
the formation of s multilayer magnetic recording medium comprising
several laminated films; and a second type is drawn To a method
wherein patterns having protrusions and depressions are formed

irectly on a substrate or formed ona £11m layer for forming tracks
thereon, and then a multilayer magnetic recording medium is made
using the patternad substrate or the film layer (see, for example,
patent document 2 and patent document 3j.

[0C0%]

Further, cther discrete track methods have been proposed in
patent document 4, patent decument & and patent document 6. Inthese
methods, a previously formed magnetic layer of a magnetic recording
medium is, for example, subjected to an implantation of nitrogen
ion or oxygen lon or irradiated with laser whereby the magnetic
characteristics of regionsg partitioning magnetic tracks ars
selectively modified.

[0C10]

Patent document 2004-164602 Al
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B5-205257 Al
Jr 2006-209952 AL

o
O
v

Patent document
Patent document

Patent document

{1 s i)
cy
av]

Patent document



[0011] For the production of the above-mentioned discrete truck media and patterned media,
which have a magnetically partitioned magnetic recording pattern, there is often adopted a step of
exposing a magnetic layer to a reactive plasma or a reactive ion using oxygen or a halogen. Such step
includes, for example, the following means. (ﬁl) Means for forming a magnetically partitioned
pattern on the magnetic layer by ion milling using a reactive plasma or a reactive ion. (2) Means
for removing a resist formed on the magnetic layer by ion milling using a reactive plasma or a reactive
ion. (3) Means for forming a magnetically partitioned pattern on the magnetic layer by modifying
the magnetic characteristics of divided regions of the magnetic layer by using a reactive plasma or a
reactive ion. [0012]* ateﬁ%s%%%ﬁ%?n@adg%fﬁ%eﬁ%%ﬁ%?s,pfg)r the production of a magnetic
recording medium including the above-mentioned step revealed that the surface of the magnetic
recording layer is oxidized or halogepated-by=thesreagtiveplasma:r reactive ion using oxygen or -

haloggn, and the o] c}l:%tg)%n(l)sr Q%Ioggn%ig,peg_ %@g@gpe@yg&lleads to.corrosior) of a magnetic .
recording medium alt grains contained in the magnetic

layer: An object[gpf’ﬁié present invention is to provide a magnetic recording medium characterized
in that corrosion do&snotioear Thetéws aifly 1% AipRIZReN STt E &5 19e DXIdatan or
halogenation:inthe stiface portien afdbe-magnetic tayer, anc:thus; themagneticirecatdihg medium

exhibits an ephanced epyironmental resistanceMeans.for Salying;the broblems;[0013] 5 To

achieve the above-recited objects, the inventors have made extens|v'e_’”efa{o|rﬁtsc_ﬁ<3}:r)c(::]L gﬁonggleted the
present invefitiBRZ "¢ AcB6rIIRG 16 orfd 3§p%%t,ath%?%olg*ﬁ‘%v%§c? Hprocéss o manufacturing a
magnetic recoriling PrEdRIMTavinga aagneticddly Fatkionedl et te CoidiRg patiéid,

~Characterizedday. eotmprisiagrthe following steps, conducted in this order: a step of forming a magnetic -

layer on a non-magnetjc,substrate; a Step ,of expasing the. sutface-of regions gtthe-magnetic layer to a
reactive plasma or a reactiv; ion, which, regions.are to m,a{ggneaticxaélalg&qrytion the ma%netic layer; and a
5 i

step of expogirﬁ% fetiism Sﬁé%ﬁca y 3|f")%’1‘&it%’n‘e‘d“ rﬁ?a&ﬁé layertoan ﬁeﬁlgaa?s{n itradiation.
reactive ion.

" {2) Means for remcving & resist formed on the magnetic layer
by ion milling using a reactive plasma or a reactive ion.
| {3) Means for forming a magnetically partitioned pattern on
the magnetic layer by modifying the magnetic characteristics of
divided regions of the magnetic layer by using a reactive plasma
or a rsactive ion.
S [00123

Ressarches, made by the inveniors, for the production of a
magnetic recording medium including the above-mentioned step
revezled that the surface of the magnetic recording layer ls
oxidized or halogenated by the reactive plasma or reactive ilon using
oxygen or a halogen, and the oxidation cor halogenation of the
magnetic layer leads to corrosion of & magnetic recording medium
due to migration of magnetic grains such as cobalt grains contained
in the magnetic laver.

An object of the present invention is to provide a magnetic
recording medium characterized in that corrosion doss not occur
or occurs only to a minimized extent due to the oxidation or
halogenation in the surface portion of the magnetic layer, and thus,
the magnetic recording medium exhibits an enhanced environmental
resistance.

Means for Solving the Problems

100133




According to another aspect, there is provided a process for manufacturing a magnetic recording
medium having a magnetically partitioned magnetic recording pattern, characterized by comprising the
following steps, conducted in this order: a step of forming a magnetic layer on a non-magnetic -
substrate; a step of removing surface layer portions of regions of the magnetic layer, which regions are
to magnetically partition the magnetic layer; a step of exposing the thus-exposed surface of regions of
the magnetic layer, Frortiifoie thbsaave 1aper pediohivsreaf aveibyenremoved,smadeactive
plasma or aseasivivensandestepraf exppsisgdhe theswaanseticallyrastitigned magnetic layer to an
inert gas irradiation in disclosed the following processes for.making a magnetic recording
medium. 1 AACrco%%g?% r?ngan%?gpt% rﬁl%cag ’mga’lfg% r?eﬁf% ree &?ﬁ\élrégaiuafn g%?r?gs 8 nr"flgﬁ netically .
partitioned FfagHEtfc ng PREIRC thaFateridea by SshBisiy tHeSfalovasg sty (2) and
(3), conducred-rithisneder magnid)iarstepeafdoainga magnesierlayeromanar-pagReticispbstrate;
(2) a step o siposingibe-sutace obissions.libe reagnaliclayer o g ieaclivg plasa.gr g reactive

ion, which regions are to ma%%]etlcal,l partition the magnetic layer for forming a magneticafly
partitioned magnoe%lr%%o?ding%qae&:ér%; SRET O (3) FRFBPBRpoSing R e agnefigally
partitioned ffagtietiedaysr telvn FierEgas irrddiaten dee14f thel2hAgpeocess faymantfaciuring a
magnetic resardingmediusnhasing eamaneticaly, paritioned nagnaticrecordingpattery
characterizeg byccqmpring s folowng S U Gl (ang (@) eqndycictin i grder. )

a step of forming a magnetic layer'on a non- netic substrate; aes}fgssojfrllgm ﬁg surface
layer portioh€ 4t TegM df e Magifeticd lelreinBrTRgioHS ata s ndghetiBalinsartitirathe magnetic
layer for forrmingca atdgnetically partitioned magnetic recording pattern; (3) a step of exposing the
‘thus-exposed surface afdedions,of the faonetic laver, from VXB_'%&BI%%%"J‘&%@%!@&Q@%%@ thereof
have been remoged in st%p 2) , to a reactive plasma or a reactive ion; an _
manuracturing & magnetlc recording medium having a magnetically
partitioned magnetic recording pattern, characterized by
comprising the following steps, conducted in this order: a step
of forming a magnetic layer on a non-magnetic substrate; a step
ofremovimgsurfacelayexportionscﬁfregionsofthenmgneticlayer,
which regions are to magnetically partition the magnetic layer;.
a step of exposing the thus-exposed surface of regions of the

magnetic layer, from which the surface layer portion thereof have

been removed, to a reactive plasma or a reactive ion; and a step
of exposing the thus-magnetically partitioned magnetic layer to

an inert gas irradiation.

Herein disclosed are the following processes for making a
magnetic recording medium. '



(4) a step of exposing the thus-magnetically partitioned magnetic layer to an inert gas irradiation.
[0015] [3] The process for manufacturing a magnetic recording medium as mentioned above in [2]
-, Wherein the surface layer portions of said regions are removed by ion milling in step (2) . [4]

- The process for manufacturing a magnetic recordifg medium as mentioned above in [2] or [3], wherein
the surface layer portions in said portions to be removed in step (2) have a thickness in the range of
0.1 nmto 15 nm. [1l[5)pegreeestiomaanifattiuriga aagmest fecordingdhedinedasmentioned
above in almyaeﬁezgf Al tﬁg&ﬂe\ﬁ/ﬁ@mimyth@@ﬁg@gﬁg{@i%@@{@ﬁg@f g@ﬁm@élc Wé&gxposed toa
reactive pla I Iwe,ion n.extent suc the . magnetic characteristics qf said regions of
the magneti%q?grgr%é%g%%r%g dgt'fgem oﬁ%itselél.glo% %] %%H?Wes&%%gsggf m(aiu?al%:%ur?%’a magnetic
recording n@éﬁF&?%éﬁti&WaﬁE@@% [5], wherein the deterioration of the magnetic characteristics
is reduction of the cOEJcize dorge afid fesidiatmagnatizatidn. Layey] dhespracassfermantyfacturing a
magnetic recordipgmediumas mentioned above in [5], wherein the deterioration of the magnetic
characteristics is cagzsed b%/ﬁ%em%netizatjon or amorphization, _[8] The process for manufacturing

a magnetic recordingm&diiiFas metiSHEBGRbBGeSHRF6ratof £ 15 17| ChHdtaiRaABFE tive plasma
or the reacth&yioh dontainscagokygenlsama or[g Teeproicessifon matifektureylamsagnetic
recording mesliufags<neationed aheve any ene ofdddin [Fcwherpinthe seactiveplagma or the
reactive ion contains logen.jon. {0017] 0] The process for manufacturing a magnetic
recording r?lngi ur%%sc%’n{:-:- tig)ner(j: %1%10{\% ?r? [gf %%réﬁ] ﬁ'l%g gfgb%% i%%%%rﬁaloarécr?ion formed by

introducing a halidegas ft6 R defivemasiie saiehalns gaaBeng et ldastrrehslicegds selected
from the groupgreensistingafiCE4, Sk6iE358@14 angd{Btion. [11] Tha process for manufacturing
-a magnetic recording,medium as mentioned above in any one of [1] to [10], wherein the inert gas used

“for the exposure to r[h? inert %as irradiation is at least one inert gas selected from the group consisting
of Ar. He and Xe. 2 process Lor manufacturing a magnetic recording medium

having a magnetically partitioned magnetic recording pattern,
characterized by comprising the following steps (1), (2), {3) and
(4), conducted in this order:

{1) a step of forming a magnetic layer on a non-magnetic
substrate;

{2) a step of removing surface layer portions of regions of
the magnetic layer, which regions are to magnetically partition
the magnetic layer for forming a magnetically partitioned magnetic
recording pattern;

(3) a step of exposing the thus-exposed surface of regions
of the magnetic layer, from which the surface layer portion thereof
have been removed in step (2), to a reactive plasma or a reactive
ion; and

(4) a step of exposing the thus-magnetically partitioned
magnetic layer to an inert gas irradiation.

[0015]

[3] The process for manufacturing a magnetic recording
medium as mentioned above in [2], wherein the surface layer portions

of said regions are removed by ion milling in step (2).



[12] The process for manufacturing a magnetic recording 7 medium as mentioned above in any one of
[1] to [11], wherein the exposure to the inert gas irradiation is carried out by a method using at least
one means selected from the group consisting of ion gun, induced coupled plasma (ICP), and reactive
ion plasma (RIE). [0018] According to one aspect, there is provided a process for manufacturing a
magnetic recording medium characterized by com?)rising the following steps, conducted in this order: a
step of forming a magnetic layer on a non-magnetic substrate; a step of forming a masking layer on
the magnetic layer; a step of forming a resist layer on the masking layer; a step of forming on the resist
layer a-magnetic recording pattern for partitioning the magnetic layer into divided regions; a step of
removing the masking layetartEarany, aresriiaiesisinayer anTtheregiong espesponding to the
magnetic layerspartittoningnregioas mbtheemagneticred@dingipattem; anstepof expasing-the
thus-exposegd surfages of magneticlaygs fromawhich e masking layer,apd theyesidualresist layer in
said regionsj.orf rpggnletic Igygﬁhglvxge beer% ren \{grd, to a reactive plasma or a reactive ion, whereby a
magnetic recording pg??é%n i§ Tormed Which is mag'netically partitioned by said regions of magnetic
layer; a step of removihg the WHOIEFe8idial MasKirRfiayer8nd '3t 6F ExpBSHIGHRE magnetic layer
to an inert gasdttadistmment i Aoedrdingyto anotmer aspectf thére iscprodidedaeprocessifor
manufacturing: armagneticstacording medivm tcharagterized by-cmprising: the fellowing steps,
conducted in (s order. 8.6 of louping aspagnelic layer. 00.2 90MAANElc substiate a step of
forming a mas mgj]ayéb{ on the magnetic [Elyer; a ste chfef}érmlngla resist ayLer“orJ the masking layer; a
step of formifig?or the Tesist iy el asﬁi’ébﬁ@ﬁ&?@éoﬂﬁ%@”ﬁaﬁ%ﬁ%ﬁﬁa%ﬁﬁ’&ﬂn‘{fﬁi@%@ﬁ%tic layer into
divided regio¥s; arsteprofremoving the masking layer and, if any, a residual resist layer, in the regions
. corresponding to the; pragnetic layer-partitioning regions in the magnetic recording pattern; a step of

removing the surface jayer porions 1 sajd regians o the masnel layer rom which the masking layer
p

and the residual resist layer have been removed; a ste of eXposing’the _t'“hus-e.xpoké*e'd‘ surface in the
regions of theTNAgREtR Tayer Frem GMidis the sr&rjfac‘%r’l%l%?f) B feTEb? FavESBeth réfoved, to a
75 reactive plasmerdrateactivecdohs wWhicreby a saagiétic redoiiding patterivis fbrmee wivich is
magnetically-astitioned:ayseid regions.of magnetic layer; a step of removing the whole residual

masking layer; and & step.gf.exposiaghe agnetielayer 10.an nertgas nadiatign. g [13) Herein

disclosed is a process for manufacturing a magpetic recording medium having a magnetically
partitioned magnetic ?50‘6?8i‘h@°8§§e %?cﬁajrgc?é) Zeﬁgﬁf%ﬁﬁ\ﬁﬁ&ncgeﬁ%'f&iiﬁﬁih%ﬂs?ép?@) through (8)
, conducted FERS bidefRaractey astepofifoneing sniagriéticeiayet braon-pragnetic substrate;
(2) a step of faintingiaxxatasking layer on the magnetic layer; (3) a step of fanning a resist layer on
the masking layer; [8] The process for manufacturing a magnetic recording
medium as menticned above in anv one of (2] to [7], wherein the
reactive plasma or the rzactive ion containg an oxygen ion.
[9] The process for manufacturing a magnetic recording
medium as mentioned above in any one of 1] to [7}, wherein the
reactive plasma or the reactive ion contains a halogen ion.
160173
[10} The process for manufacturing z magnetic recording
medium as mentioned above in 9], wherein the halogen ion iz a
halogen ion formed by introducing a halide gas into a reactive plasma,
s2id npalide gas being at least cne halide gas selected from the
group consisting of CF,, 5Fe, CHF;, £C1, and KBr.
{111 The process for manufacturing a magnetic recording
mecdium as mentioned above in any one ©f [1] to [10], wherein the
inert gas used for the exposure to the insrt gas irradiation is
at least one inert gas selected IZrom the group consisting of Ar,
He and Xe.

[12] The process for manufacturing a magnetic recording



(4) a step of forming on the resist layer a magnetic recording pattern for partitioning the magnetic layer
into divided regions; (5) a step of removing the masking layer and, if any, a residual resist layer,
in the regions corresponding to the magnetic layer-partitioning regions in the magnetic recording
pattern; (6) a step of exposing the thus-expoded surfaces of magnetic layer, from which the
masking layer and the residual resist layer in said regions of magnetic layer have been removed in
step (5) , tO"GIEHBIPE prasthaics raketire ish abierslsy afndghetie réédldingliratesin iShetaled which
is magneticallypartiioneddne saitkiegions of magnatic dayers car-(a@ siep ofremeavingthe whole

residual mq%g%gﬁl%e{ie%%% one gtggﬂ&&g%g@f?ﬁéﬁ%& oégﬁgg@%q% yer to,an inert gas

irradiation. Herein disclosed Is a process anufacturing a magnetic recording
medium ha¥ifiy a%%%‘?id&%&ﬂa@ﬁt@ﬁ@a‘?ﬁa&%és: TRBRIRAGAE R, PRt d Bfeomprising the

following steps (1) frough (9) , conducted in this order: (1) a step of taming a magnetic layer on

a non-magnetic susitatiing +(2) dhefeppidarming,a.raasking Jayaran the maguetic layer; 3)
a step of formrlln%g reS|s.tlEI%/er on the rggilélnqﬁlgé/ggdin% (gégiﬁﬁp gqf\lﬁgjérénq[% fg%sé%e r%s},flst layer a
itioni cl mto di )

magnetic ré“@or%lné:télrpja rn%ornf)a itioning the magne
comprising the following steps, conducted in this order: a step

of forming a magnetic layer on a non-magnetic substrate; a step
of forming a masking layer on the magnetic layer; a step of forming
a resist layer on the masking layer; a step of forming on the resist
layer a magnetic recording pattern for partitioning the magnetic
layer into divided.regions; a step of removing the masking layer
and, if any, a residual resist layer, in the regions corresponding
to the magnetic layer-partitioning regions in the magnetic
recording pattern; a step of exposing the thus-exposed surfaces
of magnetic layer, from which the masking layer and the residual
resist layer in said regions of magnetic layer have been removed,
to a reactive plasma or a reactive ion, whereby a magnetic recording
pattern is formed which is magnetically partitioned by said regions
of magnetic layer; a step of removing the whole residual masking
tayer; and a step of exposing the magnetic laver to an inert gas
irradiation.

According to another aspect, there is provided a process for
manufacturing a magnetic recording medium, characterized by
comprising the following steps, conducted in this order: a step
of forming a magnetic layer on a non-magnetic substrate; a step
of forming a masking layer on the magnetic layer; a step of forming
a resist layer on the masking layer; a step of forming on the resist
layer a magnetic recording pattern for partitioning the magnetic
layer into divided regions; a step of removing the masking layer
and, if any, a residual resist layer, in the regions corresponding
to the magnetic layer-partitioning regions in the magnetic
recording pattern; a step of removing the surface layer portions
in said regions of the magnetic layer, from which the masking layer
and the residual resist layer have been removed; a step of exposing
the thus-exposed surface in the regions of the magnetic layer, from
which the surface layer portion thereof have been removed, to a



(5) a step of removing the masking layer and, if any, a residual resist layer, in the regions
corresponding to the magnetic layer-partitioning regions in the magnetic recording pattern; (6) a
step of removing the surface layer portions in said regions of the magnetic layer, from which the
masking layer and the residual resist layer have béen removed in step (5). (7) a step of exposing
the thus-exposed surface in the regions of the magnetic layer, from which the surface layer portion
thereof havE3REH HEMBYaET A st I6X 2B st tivarplashRrePy raatigsLis, ivherbta pagnetic

recording ppHedzisfoumnesh wiiChis cragnealicatiypartiiopeskhy Saitbiegions of impgagledayer; (8)
a step of re@ﬂﬁ%ﬁ@%%ﬂ'ﬁg@?}dﬁalﬁéﬁk&% EF]%"?‘LB £hel %ﬁéeprgé%egi'“r@asﬁé%{ ggions of

magnetic layer to an inert gas irradiation.” ~ [15] The process for manufacturing a magneq[ic recording
medium as TARIONEFARDVETFPARY dHEPGELITHo T8, TATER FdindPEEMprR & a i85 of ¥8fiming a

protective overeghtagventhe exposed surface after the exposure of said regions of magnetic layer to

an inert gas irradiation [0020e : , ACCOrEINGL1P a1 agpgehLbere isprayided-amagngtic tecording
reproducmqna%ga atus chara&terlzed / COI’T}PI’ISII”I , iIn.combination, the magnetic recording medium
manufactured y@t j'ecprlz)ecce%]é i e dBrdante With 58y df TRERBLYE s aﬁw{beﬁlart for driving
the magnetita@eokdinghpedivhie thaTeevrdinglthicrtbRr A3naghEtichrepEicomprisitg a recording
part and a reprduging parsgneans fonmdAg the Magnetic-head in a-relative-mation to the magnetic
recording medium,; r ing-apgd- dyci igpal treat ans for inputting signal to the
magnetic head and?grg rzap%)%%:}?:t%%n ?)%ggfj%%s%n%%%%e%hé?n%%e&%h%ag ° éBagn/é;Itslégdisclosed is
the followin§#h&§R&tie€ recording reproducing apparatus.  [16] A magnetic recording reproducing
apparatus charactefizédsby twampfisingminrepmbiaatidngtlispragnetiche congmgirhe diayemanufactured

‘by the process as mentigned gboye nanpy-gne,of-Lld Ji_g_r[l%ﬁglri&ggcﬁgrtﬁgg]gmgwggg/%g}agnetic
recording medium i tge recor w\n}gﬁ%yectlon; a m&g:etlc,head compnsm&aa recording part and a
reproducing part ; n?é s B MGG the-HagREtRThESE R 2 1RIATVE MOHBH 1o HEMATERR recording

medium; arep& Fesording-BRdepbioticiag-sigaweating feges fortnpditingisigregd e magnetic

head and for reproduction ef-eutpsit signalFiom thadnageetic.§eadyEffeghaf ther Inveption [0021]
residual resist layer, in the regions correspending to the magnetic
layer-partitioning regions in the magnetic recording pattern;

(6) a step of exposing the thus-exposed surfaces of magnetié
layer, from which the masking layer and the residual resist layer
in said regions of magnetic layer have been removed in step (5),
to a reactive plasma or a reactive ion, whereby a magnetic recording
pattern is formed which is magnetically partitioned by said regions
of magnetic layer;

(7) a step of removing the whole residual masking layer; and

(8) a step of exposing said regions of magnetic layer to an
inert gas irradiation.

[001¢9]

[14] Herein disclosed is a process for manufacturing a
magnetic recording medium having a magnetically partitioned
magnetic recording pattern, characterized by comprising the
following steps {1) throuch (9), conducted in this order:

(1) a step of forming a magnetic layver on a non-magnetic
substrate;

(2) a step of forming a masking layer on the magnetic layer;

(3) a step of forming a resist layer on the masking layer;

(4} a step of forming on the resist layer a magnetic recording



According to the present invention, a magnetic recording medium can be provided which is
characterized in that migration 9 of magnetic grains such as cobalt grains does not occur or occurs
only to a minimized extent in the magnetic layer, and thus, which exhibits an enhanced environmental
resistance. Brief Description of the Drawings [0022§ Fig. 1 is a flow-sheet of the first-half steps for
producing a magnetic recording medium according to the present invention. Fig. 2 is flow-sheet of
the secondviicstepstior madttigainaghetonegoeding frediumiaccoriing dedheqyesent invention.
Fig. 3 is a schematicglustratien ob the-magnetic @qgrqigg;{r%oggg@g %,Qﬁqrg_ys legh,e Qresgnt o
invention. . fig. 45,2 oraph showing corosion charagterislics, Le,, & relation between Ar iadiation
time and Co corrosion, o[%g[lalned1 i the examplées andthe comepa?a Ve e%amp%s?. gr??lzj"}% is a graph
showing electitihagetid EbAversiol eharastetBticd s aagnalatio FbenveEmnar radiaton time and
signal-noise ratio, obainedsitsthecdxarsptes aad the: comiFarasivesxamples: Referencesaumerals:
[0023] 7 NonsmagnetiGSulstrale et i ¢ 1ayer, from which the masking layer and

the residual resist layer have been removed in step (5).

(7) a step of exposing the thus-exposed surface in the regions
of the magnetic layer, from which the surface layer portion therecf
have been removed in step {6}, to a reactive plasma or a reactive
ion, whereby a magnetic recording pattern is formed which is
magnetically partitioned by said regions of magnetic layer;

(8) a step of removing the whole residual masking layer; and

{9) a step of exposing sald regions of magnetic layer to an
inert gas irradiation.

[15] The process for manufacturing a magnetic recording
medium as mentioned above in any one of [1] to [14], which further
comprises a step of forming a protective overcecat over the exposed
surface after the exposure of said regions of magnetic laver to
an inert gas irradiation.

[0020]

According to an aspect, there is provided a magnetic
recording reproducing apparatus characterized by comprising, in
combination, the magnetic recording medium manufactured by the
process in accordance with any of the above aspects; a driving part
for driving the magnetic recording medium in the recording
direction; a magnetic head comprising a recording part and a
reproducing part; means for moving the magnetic head in a relative
motion to the magnetic recording medium; and a
recording-and-reproducing signal treating means for inputting
signal to the magnetic head and for reproduction of output signal
from the macgnetic head.



2 Magnetic layer 3 Masking layer 4 Resist layer 5 Stamp 6 Milling ion 7 Region from which surface
layer portion of the magnetic laver have been partially removed d: Depth of the region from
which surface layer portion of the magnetic laver has been partially removed, i.e., thickness of the
removed surface layer portion of the magnetic lay&a 8. Region of the magnetic layer, having
modified magnetic characteristics 9 Protective overcoat 10 Reactive plasma or reactive ion 11 Inert
gas 10 100 MagnetitgecBidingaediubs the following magnetic recording

reproducing apparatus.

[16] A magnetic recording reproducing apparatus
characterized by comprising, in combination, the magnetic
recording medium manufactured by the process as mentioned above
in any one of [1] to [15]; a driving part for driving the magnetic
recording medium in the recording direction; a magnetic head
comprising a recording part and a reproducing part; means for moving
the magnetic head in a relative motion to the magnetic recording
medium; and a recoxrding-and-reproducing signal treating means for
inputting signal to the magnetic head and for reproduction of
‘output signal from the magnetic head.

Effect of the Invention
[0021]
According to the present invention, a magnetic recording

medium can be provided which is characterized in that migration



101 Medium-driving part 102 Magnetic head 103 Head driving part 104 Recording-reproducing signal
system Best Mode for Carrying Out the Invention [0024] The present invention is concerned with a
process for manufacturing a magnetic recording medium having a magnetically partitioned magnetic
recording pattern, which is characterized by comprising the following steps (1), (2) and (3), conducted
in this order: (1) a step of forming a magnetic layer on a non-magnetic substrate; (2) a step of
exposing the surface of regions of the magnetic layer to a reactive plasma or a reactive ion, which
regions are to magnetically partition the magnetic layer for folming a magnetically partitioned magnetic
recording pattern; and (3) a step of exposing the_thus-magnetically partitioned magnetic layer to an
_inert gas irrdthidiei Prefefdbly & ProceiscREEordiRGR R RS &Mt o THpHEEs the following
steps (1), (2¥n(3) andx(4)icondueted-mthis ordens(Hzarstap of Teymingardagnetic layetion
anon-magnetig.substrate, 2)ra stepiotremevingstiface layer fortions of regions of the magnetic
layer, which regions are to magnetically partition the magnetic layer for forming a magnetically
partitioned magnetic recordin patterni')é3) a step of exposing the thus-exposed surface of regions of
the magnetic layer, from Whic?‘?ﬁfeegu %%rlé@é?%r%nﬁ@r%ﬁaﬁ?&\?@%een removed in step (2), to a
reactive plasma or d #€aetive ion; and (4) a step of exposing the thus-magnetically partitioned
magnetic layer to arriRertigas iradigliosn40025] the Fhednagaeticsregarding mesium made by the

process of the present inventionhas a,magnetically partitioned magnetic recording:pajtern, and
regions for magnetically partitioning the magn,ef%% recor m(gopatgern. The regions for magnetically
%“llﬁ/fﬁl

partitioning the magnetic, fecSrding pattsm-are forméa by conducting & step of e magnetic
characteristiesTof®d : fegionsTo Magrebcally pertitonmgth e R gHEREFEC ORI Pattern by exposing
‘said regions to a reagtive plasma araneeactive 10N prefetably after:surfacedayerportions of said
regions of th?e@@ﬁﬁ%%'?é/&@é@J%O‘é%%-am@{z%a%%r the- magnelig layerJs-exposed to an inert gas
irradiation. [0026] ~y e%éarches, mqgeg  the inventors, on tfﬁ%r‘proguctiog .%fsa magnetic recording
medium including the above-meéntioned s“?epwr“éle/%a?ga that the Sufface of the %nagnéfic récording layer
is oxidizedorhalegehatedbythereachiveplashia ot PEathive iBRUSMGBRYHERBr adkAdER?E and thus, the
exposed surface-bt the magretictayerris activatest: and ecrseduently, the environmental resistance of
a magnetic recording mediumbecomes-detesiorated  if said-surface:is notrigradiated with an inert gas
iradiation. More specifically the magnetic metal graing, such 3, coball grains, acliyated by the
oxidation or ﬁé{ﬁ)*gecnaetlofn of the magnetic fayer | yrtlhe reactive plasma or reactive |on,fend to migrate
and partly prétiefe- fioft e ‘Sirfdte BPEaMBGA overdsatiidsT iy Rismpet atereParahigh-humidity
conditions, arskogdasionally cause injury to a head of a hard disk drive. In the production process
according to the pregentinvention;the magnetic layer, which has been activated by the oxidation or
halogenation with th? %Eive plasma or reactive ion, is exposed to an inert gas irradiation, and
consequently, the magnetic layer is stabilized and the migration of magnetic metal grains does not
occur or occurs onlyto & ARG ExEHtUNa&r high-temperature and high-humidity conditions.

2 Magnetic layer

3 Masking layer

4 Resist layer

5 Stamp

6 Milling ion

7 Regilon from which surfsce layer portion of the magnetic
layer have been partially removed

d: Depth of the region from which surface layer portion

of the magnetic laver has been partially removed, i1.e., thickness
of the removed surface layer portion of the magnetic layer.

8. Region of the magnetic layer, having modified magnetic
characteristics

9 Protective overcoat

10 Reactive plasma or reaciive ion

1l Inert gas



[0027] By the term "magnetic recording pattern”. as used in this specification is meant a magnetic
recording pattern in abroad sense which include patterned media wherein magnetic recording patterns
are arranged with a certain regularity per bit; media wherein magnetic recording patterns are arranged
in tracks fashion; and servo signal patterns. The process of the present invention is preferably
adopted for the manufacture of a discrete type magnetic recoding medium in view of simplicity and
ease, wherein the magnetically partitioned 12 magnetic recording pattern involves magnetic recoding
tracks and servo signal patterns. [0028] The process for making the magnetic recording medium
according to the E)resent invention will be specifically described with reference to the accompanying
Fig. 1 and Fig. 2.19¢ ‘i‘lﬁ@qﬁﬁbﬁeﬁé%ﬁg?&ﬁ]fﬁ%ﬁm made has a multi-layer structure as illustrated
in, for example, stép JfiedEige-2which ¢ompiises a non-magnetic substrate 1, a magnetic layer 2
formed on the substratesandayingadmagnetic recording pattern, and an overcoat 9, which are

formed in this ordeys In}itggdn@jgin\%tg:gr%q_rging medium produced by the process of the present
invention, optionz%l I?yers other than a nogzm_,argnentlc substrate 1, a magnetic layer 2 and an overcoat 9
can be appropriately affaRged-ecording 18 the nEed " Thus? 3 €8t magnetic underlayer and an
intermediate layer (which are not shown in Fig. 2) may be formed between the non-magnetic substrate
1 and the magnetic layer 2=Adulatcatingfilos (noti shown:indFig. 2)may besformed on the overcoat.
[0029] The nonl@@ﬁgﬂetic substrate 1 used in the present invention is not particularly limited, and,

as specific example%ggefgofs, etp1 re g@gnt%% rpleggonegﬁaelgmai um %\Hog sulpgtgajes p{)redominantly
comprised of aluminuim SUCH as, for example, an KI?M’g aﬁlo“y sUbstrateFand Subsirates made of

ordinary sod&§iasas a0 SiliCaE §ldss, iass cetamies slicoa hixhianT Brantics -and resins. Of
- these, alumipant alloyrsubstrates; iglasscsubiSingtes suethras glass: cesarnieszsulsstiate] &uyd silicon
“substrate are prgferably. used.co11 henan4pagnetic stibstratepreferablnhas-an;average surface
roughness (Ra) of not Jarger-than 1.1, more preferably. ot prger than 0.5,m, agd especially
preferably notlargér hgn?).f run.iJ 03 - ¥ 0

substrate; (2) a step of exposing the surface of regilons of the

magnetic layer to a reactive plasma or a reactive lon, which regions

re to magnetically partition the magnetic layer for forming a

magnetically partitionedmagnetic recording pattern; and {3} a step

of exposing the thus-magnetically partitioned magnetic layer to

an inert gas irradiation. Preferably, the process according to the

present invention comprises the following steps (1), {Z), (3) and

(4}, conducted in this order: (1) a step of forming a magnetic layer

on a non-magnetic substrate; (2} a step of removing surface laver

portions of regions of the magnetic layer, which regions are to

magneticzlly partition the nﬁgnetic laver for forming a

magnetically partitionsd magnetic recording pattern; (3} a step

of exposing the thus-expcosed surface of regions of the magnetic

layer, from which the surface layer portion thereof have been

removed in step (2), to a reactive plasma or a reactive ion; and

{4) a step of exposing the thus-magnetically partitioned magnetic

layer to an inert gas irradiation. '

[GG25]
The magnetic recording medium made by the process of the

present invention has a magnetically partitioned magnetic

recording pattern, and regions for magnetically partitioning the

magnetic recording pattern. The regions for magnetically

partitioning the magnetic-recerding pattern are formed by

conducting a step of modifyving magnetic characteristics of said



The magnetic layer 2 formed on the non-magnetic substrate 1 may be either an in-plane magnetic
layer or a perpendicular magnetic layer. A perpendicular magnetic layer is preferable in view of more
enhanced recording density. The magnetic layer is preferably formed from an alloy Predominantly
comprised of cobalt. A preferable example of the in-plane magnetic layer is a combination of a
ferromagnetic CoCrPtTa layer with a non-magnet]r& Crlvio underlayer. [0031] A preferable example
of the perpendicular magnetic layer has a laminate structure which is a combination of a soft magnetic
underlayer comprised of a FeCo alloy such as FeCoB, FeCoSiE, FeCoZr, FeCoZME or Fe.CoZrECu;
a FeTa alloy such as FeTaN or FeTaC; or a Co alloy such as CoTaZr, CoZrNE or CoE; an
orientation-coftiifiiy fayerehfrised of Ptapad! Nttt Nife R SiFbpfioRsFMiermédiate Ru layer;
and a ferromagrietic:layer-compnises: df a 60 Cv:1 5Cr4d 5Pealicyora #9@0<5Cr-15£1t10S8i02 alloy (the
numeral occygiing srunediately befere gach alemeniJefessto:%nhy srole-gtithe-glamenty. [0032]
Usually the magnelic layer is tormed &5 a fimiariu by SPUEIING...,. e magnglc Javer usually has
thickness in the ran%% of 3 nnito 20 nm, preferably 5 nmto 15 nm.. T mdgri’eﬂcﬁ?er is fa-ad so that
sufficiently highfmsin é'[ﬁd%tjtb’ﬁ“??l’v'ea%aﬁoﬁg%%%@%btained in consideration of the kind of magnetic

alloy and the laminat&#riidture. The magnetic layer has a thickness of at least certain value so as to
obtain an output powe_é@ila:‘c}{a@& gggairbgevﬁ@tjgpé@due;@n.ddowg/qu@_amar@ge@ting to the
recordation-teprpduetiop.characteristics are generally deteriorated.with.an inergase of the output

power. Therefore an optimum thickness of magnetic laver is preferably chosen in consideration of the
output poweF SRAThE TectTdatidn-Febrodtictivh chardianstics: [6633F "9 The!focess for producing
the magneticcrscbraitoemedifteaciording to-thecoreseift eitoRas spetiicallyexemplified in Fig. 1
-and Fig. 2 camptsaescthe followiag Steps Arthtoughalexpo sStepus Dideiming et leastaagnetic layer 2
on a non-magpelic substrateley  and consequently, the environmental resistance
of amagnetic recording mediumbecomes deteriorated, 1f said surface
isnct irradiated with an inert gas irradiation. More specifically,
the magnetic metal grains such as cobalt grains, activated by the
oxidation or haleogenation of the magnetic layer by the reactive
plasma or reactive ion, tend to migrate and partly protrude from
the surface of carbon overccoat under high—-temperature and
high-humidity conditions, and occasionally cause injury to a head
of a hard disk drive. _
In the production process according to the present invention,
the magnetic laver, which has been activated by the oxidation or
halogenation with the reactive plasma or rsactive ion, is exposed
to an inert gas irradiation, and consequently, the magnetic layer
is stabilized and the migration of magnetic metal grains does not
occur or occurs only to the minimum extent under high-temperature
and high-humidity conditions.
100271
By the term “magnetic recording pattern” as used in this
specification is meant s magnetic recording pattern in a broad sense
which include patterned media wherein magnetic recording pattenns
are arranged with a certain regularity per bit; mediz whserein
magnetic recording patterns are arranged in tracks fashion; and
servo signzl patterns.
The process of the present invention is preferably adopted
for the manufacture of a discrete f{yps magnetic recoding medium

inviewof simplicity and ease, wherein themagnetically partitioned



Step B of forming a masking layer 3 on magnetic layer 2. Step C of forming a resist layer 4 on masking
layer 3. 14 Step D of transferring a negative magnetic recording pattern onto the resist layer 4 by
using a stamp 5. The arrow in Fig. 1 refers to the direction in which the stamp 5 moves. Step E of
selectively removing the regions of the masking layer 3, which are depressions corresponding to the
negative magnetic recording patterns of the magr]l 3tic recording pattern. In the case when the resist
layer partially remains in the depression regions in step D, the residual resist layer 4 and the masking
layer 3 in the depression are removed in step E. ~ tep E of partially
ion-milling 6 the depression regions of the surface layer of magnetic layer 2, corresponding to the
regions fronTAHIER HraSRAT st Bas paftralyTembvedasnd remdiRgthedonhtafifed #8gions.
Reference nemmeral &4 indicates: theion-milled regions of the surface layer of magnetic laver, and
reference letter d. indigatgs the thickness of the surface layer portions of magnetic layer which have

been removed by iop-iling..... SieP..of exposing theinmiled.segiqns.f.of e magnetic laver,
Yy

from which the surface layer portions of magnetic layerhave been removéd, to a reactive plasma or a
reactive ion 1BCHERSI Moy iRG IREhaghete ‘et dbersi SEFSaf e orsF BF a§hetic layer.
Reference nuthiérai S ndicates thé reginnsofitheymag et layervvhiEhhave modified magnetic
characteristics. Steprittofemoning resist-dayer 4anthimaskinrg tayes3m:) ¢ iStepykef exposing the
magnetic layer,2, frgm.whichyresistlayer4:3nd pasking layer 3haye peensemoveds to.an inert gas
irradiation. Step J of covering the surface of the magnetic layer 2 with a protective overcoat 9.
The above-rﬁ@ﬁ‘ﬁ%@ﬁ%@p@%ﬂ%@&&ﬁﬁcar%u ittt Sut in %gﬁ%&g%oﬁiﬁ&&eﬁom‘egtep F,
partially ion-AHIiHeE6 IHesHEpiresSion relions of the Btiface Iy éfiagridticcayers2dsiiot essential,
~but is preferably-earsiecboutrinthezease whenithe ion-teillingistep Fis clifedzthe=stface of magnetic
layer which is £xposes b heemeval damasking [ueit instepE Is-egozedioafearive plasma or

a reactive ion in ste 0034 . : :
optlongl l£yers]othex Than a non-magnetlic substrate 1, 2 magnetic

layer 2 and an overcoat 2 can be appropriately arranged according
to the need. Thus, a soft magnetic underlayer and an intermediate
layer (which are not shown in Fig. 2) may be formed between the

non-magnetic substrate 1 and the magnetic layer 2. A lubricating

€47

film (not shown in Fig. 2) may be formed on the overcoat.

[o029] _

The nen~magnetic substrate 1 used in the present inventicn
is not particularly limited, and, as specific examples thereocf,
there can be mentioned aluminum alloy substrates predominantly
comprised of aluminum such as, for example, an Al-Mg alloy
supstrate; and substrates made of ordinary scoda glass,
aluminosilicate glass, glass ceramics, silicon, titanlum, ceramics,
and resinsg., f these, ailuminum alloy substrates, glass substrates
such as glass ceramics substrate, and silicon substrate ars
preferably used.

The non-magnetic substrate preferably has an average surfacs
roughness {(Ra) of not larger than 1 nm, more prefersbly not larger
than 0.5 mm, and especially preferably not larger than 0.1 nm.

(00301

The magnetic layer Z formed on the ncon-magnetic substrate
1 may be either an in-plane magnetic layer or a perpendicular
magnetic layer. A perpendicular magnetic layer is preferable in
view of more enhanced recording density.

The magnetic layer is preferably fermed from an alloy



The masking layer 3, formed on the magnetic layer 2 in the step B in the process for producing the
magnetic recording medium according to the present invention, is fozmed preferably from at least one
material selected from Ta, W, Ta nitride, W nitride, Si, Si02, Ta205, Re, Mo, Ti, V, Nb, Sn, Ga, Ge, As
and Ni. By using these materials, the shieldability of the masking layer 3 against milling ion 6 can be
enhanced and the formability of the magnetic recb?‘ding pattern by the masking layer 3 can also be
enhanced. These materials can easily be removed at dry etching step using reactive gas, and
therefore, in the step H shown in Fig. 2, residual masking layer can be minimized and staining of the
exposed surface of magnetic recording medium layer can be avoided or minimized. [0035]
Among the MRBSRATY-FREr oI RHGMaRTAS USFihthe masking layer-fozyzing step B, As, Ge, Sn and
Ga are preferable. N, gie¥sardbNb axemmore pieferable;-anid:Mo MEgmeid W argsnosepreferable.
The masking layerRreferably basa thicknessiin the-range ofd yirn 19 20 amfP086)ner 1 When negative
magnetic retﬁ%\gci)n?lp ,I.E?JQ ig;ransferred onto the resist layer 4, formed in the step C, by using a
stamp 5 as illistrated in fhgsfép D, the stamping is preferably carried out under conditions such that
the regions of the reépﬁqéd/er 4, pressed by the stamping, have a thickness in the range of 0 to 10 rim.
By carrying out the stampirg sinteesach conditionspatiEmitiersgions ofeie maskigiayer 3,
corresponding igthe negative magnetic.recording patiernroftnagneticyesording:patiets, are
selectively refoyedhy. e1ehing In Lhe:sten£ e ishicg A0 pe-efigctaddnafadianiageous manner.
e

That is, Undesirable sagging at edge portions of the'masking laver 3 can be_avoided and the
shieldatility oftheé¥hasking’ %%’%Bg@hiﬁsg fhifing iof 6 2AH bé Bnhahted i SepF inFig™2, and the
foztaability of the rhagrietidrecdidifay patterfrby the Frasking RS alses 6ARAREEdIRY  The resist
layer usually:hasa thigkpessdnthewrange of abeuiA 0 rpate;ahout:100mEm 1 [PO3Hdniepeeferred

‘embodiment,of the process:for manufacturing. 16,3 magneticrecerding mediumsaccardiag to the

iy

present invention, as the material fgrjgggmlrh ghe resist Ies}yer_% in the step C,ir,l,F,ig-. 1, a material which
can be curedfapoH iffadiatiorr With Fadiation s ised?andy whah naga |1\:/%‘m%‘gﬁ‘é’ficlrré%ording pattern is
transferred otoese #68isY lagee ZEIRPG5IRG ASRIMPES $A THe stepy ONGrafter ik traiistarof negative
magnetic recording pattexi has been completed, the resist layer4 is irradiated with radiation. In this
preferred embodiment, the;configuration. f starp.5.can be transfewed on the resistiayer 4 with high
precision. Consequently, when the regions of the masking layer 3, corresponding to the negative
magnetic rec%?&%beﬁéé/gfn of the magnetic recording pattern, are removed by etching in the step E in
Fig. 1, undesirable saggiri§ et eeige porfions Bithemaskify fayéraeh be &VsidedRdthe
shieldability af the:masking layer 8ragainst miltingl fon:6. cdfitlsereghanted, i the formed

formabilityofthemagnetic,recording patierarby the maskingJayer 3rean alessbeeriaaneerd.

opbtained in consideration of the kind of magnetic alloy and the

laminar structure. The magnetic layer has a thickness of at least
certain value so as to obitain an output power of at least certain
level at reproduction. However, parameters relating to the
recordaticn-reproduction characteristics are gensrally
deteriorated with an increase of the cuiput power. Therefore an
optimum thickness of magnetic layer is preferably chosen in
consideration of the cutput power and the recordation-reproduction
characteristics.

[0033]

The process for producing the magnetic recording medilum
according to the present invention as specifically exemplified in
Tig. 1 and Fig. 2 comprises the following steps A through J.

Step B of forming at least magnetic layer 2 on a non-magnetic
substrate 1.

| Step B of forming a masking layer 3 on magnetic layer Z.

Step C of forming a resist layer 4 on masking layer 3.



The radiation used for curing the curable material refers to electromagnetic waves in a broad sense
which include heat rays, visible light, ultraviolet light, X rays and gamma rays. The curable material
includes thermosetting resins which are curable by heat rays, and ultraviolet-setting resins which are
curable by ultraviolet light. [0038] In the proc %s for producing the magnetic recording medium of
the present invention, in the step D of transferrin§ egative magnetic recording patterns onto the resist
layer 4 by using stamp 5, it is preferable that the stamp is pressed on the resist layer 4 having high
fluidity, and, while the resist layer is in the pressed state, the resist layer 4 is irradiated with radiation to
be thereby cured, and thereafter the stamp 5 is removed from the resist layer 4. By this procedure, the
configuration of the SE&MF Can BE HEEl 10 BRFresis: TR B With S5 Righ BReRisiohn “[0039] For
irradiating thentesistayes Havingshigh fluldity:withoragisticmwtile tAagesistdayenisirothe pressed
state, there eandesadopted aimethodef irradiating aclaanineiestaiciuie somprising the resist layer with
radiation by exposing. e suptiels 17 8ige [l corslde gpRasite L the stamn:pregacy (et layer) of

the laminate structure to. radjation; alnetho of using a radiation raﬁﬁnsmﬁgt%n% stamp, and exposing the
stamp-presset St of e mitatedSHFGERTE10 radiation; & méthod of 8Xpo&Hg the stamp-pressed
resist layer toaaiationInrappiyiagradiaton fofm sideen e afrakssiudtare:2and a Method of using
rgdiation exfﬂb%;timg@ehdgﬁﬁm@e&\ﬁimtola@@ﬁ%mhaa&paat;dfayssaind@@g&ipgethe_istamp-pressed
side of the laminaig stryclure, o5 the oppesite side(substiate.side) thergof, with the: highly

thermocondl.éctlve rzldia jon. [00393 In %g%qggrred specific example of the procedure of irradiating
the radiation=cdrabié TeSi Tayér ﬁ/‘rijthaﬁ:ég‘diéﬁon to ‘cuulrre? tﬁé?rpes’f“s't layer, an ultraviolet ray-curable resin
such as novolak resfit;&h étyliRcacitEé Ste L Esi or B &fch AliPhAGFEFE Ry PBSHE - G8Edds the
‘radiation-curabesesistaesiayand 4 stampmade of a hightyrubiemdoletray-trahsnuitiing-glass or resin is
used. [0040] ¢ qopy %%Q%Q&%%&@?D&%@t@@%ﬁd%&%@%,mézgﬁl%%*@%@ﬁ@ﬁ@t'cs such as,
for example, the cqercive force and tr#e residual ma netization n the re ions of parti ioning the
T2 e re erelence n cra f AN ;caz_esgﬁ = J_in— S_b

. Ti=1h © 10 . . M = L—IM1 =0 5. .
magnetic tracks can be reduced fo the minimurm va U€s, and'consequently, the letter bleeding at

writing can bESavGTded and e pldé retsiaing BRASRY of ity ATagRetid FeCording riediGm can be
enhanced toqgieater &xtent %1 ckness of the surface layer portions of magnetic
layer which have been removed by lon-milling.
Step G of exposing the ion-millad regions 7 of the magnetic
layer, fromwhich the surface layer portions of magnetic layer have
neen removed, 0 a2 reactive plasma or a reactive lon 10, thereby
modifying the magnetic characteristics of said regions 7 of magnetic
layer. Reference numeral 8 indicates the regions of the magnetic
laver which have modified magnetic characteristics.
Step H of removing resist layer 4 and masking layer 3.
Step I of exposing the magnetic layer 2, from which resist
layer 4 and masking layer 3 have been removed, to an inert gas
irradiation.
Step J of covering the surface of the magnetic layer 2 with
a protective overcoat 9.
The above-menticned steps A Through J are carried out in the
above-recited crder.
Step F, partially ion-milling © the depression regions of
the surface layer of magnetic laver 2, is not essential, but i
preferably carried out. In the case when the ion-milling step F
is omitted, the surface of magnetic layer which 1= exposed by the
removal of masking layver 3 in step E is exposed Lo a reactive plasma
or a reactive ion in step G.
[0034]



The stamp used in the pattern-transferring step D is preferably made by forming minute track patterns
on a metal plate, for example, by electron beam lithography. The material used for forming the stamp
is not particularly limited, provided that the purpose of the invention is not impaired, but, a material
having a hardness sufficient for enduring over th%process for producing the magnetic recoding
medium, and having good durability, is preferably used. Such material includes, for example, nickel.
The patterns formed on the stamp include those which are conventionally used tracks for recording
ordinary data, and further 18 include patters for servo signal, such as burst patterns, gray code
patterns and preamble patterns. [0042 As illustrated.in the step F in Fig. 2,.the surface layer
portions in the depr&gigﬁ%éﬁ)%sg%iy f‘hle Bﬁ‘laé% |%§a%r are &%?gr%bjff réﬁf'(;%vreg bjyn fb’?gxample,
ion-milling, &R¢EhBréaficre tReessly ExposeeityibAsEre ExEoséd for@ Feacive plgsaTor a reactive
ion, wherebythemaggetic eharactesstics ofzaitiregions afe:medified:CEhemaghetia recording
medium ha@%g_%@%émbéyi@%dmeég@g %ﬁgﬁ%i%h@ﬁaﬁ‘@{ﬁ@é, T}ﬁ?m@%ﬁc ggcording |
patterns exhibiting_clear contrast sahi R, as compared with_those. of the conventiona
magnetic re%éé&ihgﬁfe%iu%vvh%ﬁ doés ‘ho&’ \%g‘ fg%?dn‘écht Mo |f?’e3"d mgt nhestllcnghéﬂga?cszf’eristics, and
which has b&ehgsrebated by Blhetea whérei thE SHfacd 14y R FortioASINHHE Bepredsion regions of
magnetic layeraftecaat reraoved il 4he expoSureaifisdit yegfonsstaaaesictive plasmargr a reactive
ion is not ¢ A%Q,%-bm&ﬁg@c@%gf@éﬁf&% f@&@wiagg@@s@éésaﬁ&%dby theremeval.afthe s(tjlrfacg layer
portions in the regions of, magnetic layer, the newly.ex regions are clear actiyated, an
therefore, e%ﬁ%itggr?ﬁa;r{cg% r%%%?&?t@ WTthééﬁ[re%eC(ﬁ%lenﬁggs%g a%%%%e%c%ﬁ%’%%%d sgé%%ndly, surface

defects sucl B8R vofdstare frmied iRtHE NIy Skposed eyions Inf WA 4 7858tive plasma or
“ion can be easilypemetrated:00#3] staThathickness, asexpréssediaredvin sep#tincFig. 2, in the
depression rm}a%éhgﬁsﬁ{@gel@@j of=magneticlayen tebawemaved-y, for example, ion-milling, is
preferably in the ran glt .1 nmto 15 nm, more preferably 1 nmto |IOnm. When the thickness of the
removed regions is sma I:é[_than O.l_nmﬁ the above-mentioned benefits %r{‘éu t about by the removal
of said regions are THEUHGEACRT COREas ToheR e TRITRTESS O there ”{/% er&‘@igiﬁjsqg larger than
15 rim, the résuttingfragheatictesording tediumSias aipBer surfaeessmobthfess'dnd The magnetic
recording-repraducing appatattshasa- govs head-finating propartyre moin theqiesant énvention, the
regions of the magnetic Iayer, .which. magnetically. parfition, for example. the magpefic recording tracks

and servo signal patterns from each other are exposéd to 19 a reactive plasma or a reactive ion

whereby the thagngtic SharactEHstics of the regions of magnetic layer are modified or degraded.
[0036]

When negative magnetlic recording pattern is transferredonto
the resist layer 4, formed in the step C, by using a stamp 5 as
illustrated in the step D, the stamping is preferably carried out
under conditions such that the regions of the rasist layer 4, pressead
by the stamping; have a thickness in the range cf 0 te 10 nm. Ry
carrying out the stamping under such conditions, when the regilons
of the masking layer 3, correspending to the negative magnetic
recording pattern of magnetic recording pattern, are selectively
removed by etching in the step E, the etching can be effected in
an advantageous manner. That is, undesirable sagging at edge
portions of the masking layer 3 can be avoided and the shieldability
of the masking laver 3 against milling ion 6 can be enhanced in
step F in Fig. 2, and the formability of the magnetic recording
pattern by the masking layer 3 also is enhanced.

The resist layer usually has a thicknsss in the range of about
10 nm to about 100 rm.

[0037]

In a preferred embodiment of the process for manufacturing



[0044] By the teziL 'magnetically partitioned magnetic recording pattern” as used in the present
specification is meant, as illustrated in Fig.2, step G, the magnetic recording pattern which is
partitioned by the modified or demagnetized regions 8 of the magnetic layer 2 as seen when the
laminated structure is viewed from the front side. The object of the present invention can be achieved
in an embodiment wherein, in the case when the Jrﬁagnetic layer 2 is partitioned by the modified or
demagnetized regions 8 thereof in the upper surface portion of the magnetic layer 2, even though the
magnetic layer 2 is not partitioned in the lowermost portion thereof. Therefore this embodiment also
falls within the scope of the magnetically partitioned magnetic recording pattern as herein used.

By the term Tmigieticlfe coriiy pattefrcasu P REPePRis tHe BNt arhagmeticlfatueimg pattern in a
broad senseawhicla ingluete: pattemned mediagvheeeinsmagnelisrecotding patemsare arranged with a
certain regulayity per.hit.i madia whergin magneticrecording patierns are arangedin tracks fashion;
and servo s?nalll g)aétprggd [0%45 ' ne The, process g]ﬁ __tL}%e Pé%so%%tilgvegygpzl; x{)rlefera\bly adopted for
the manufactiire'of & discréte R/T)é ma%che‘tic recading medium in View Simp icify and ease, wherein
the magneti¢aify:pariiieReerradgnetic FeeaTting SatterRinvéives madasic Tecoding faeks and servo
signal patterbs. cr aThermddificatiors 6fthe inagpeti¢ layeras conducted far faintiagtthermagnetic
recording pattesminthe-prasentdnventiea sefers foat least partially. changing the magpetic
characteristics (more spesifically. Jwering.the cpercive farge and residal magnetizatiop) of the

magnetic layer in Spetified regions thereof for the formatio magnetic recording pattern. [0046]

The above-mMéRtishBE RGNS TithéRaghetidiayef Whidh Mmidhatically pattition, for example, the
magnetic recording tradky 28rendtServe signal pattemsfrarreativethér, canrbedormeby
- amorphization ef-thespacifie regians by exposuredeareastive plasma,peaireaetive dangThus, the
magnetic chasacisristicnof bgdsalens ot Masnel layercan he adiied alsg b changing the

a

crystalline stfucture of the magnetic [ayer (moré specifically, by amorphization of the m%ganetic layer) in
f.

specified regiAg tREr8of BREXTUSIG Said Spea ikt regiBns o redctive pIASmL6F & 7éhctive ion for
the formatiort bf thielrdgiahs formagn élicaiigsatiiv nipgsthel nragastic recoiding treicks amd servo signal
patterns.  nd kewynesahizationof theagiieticlayer iz the preseant Havertionefers ta-that the atomic
arrangementbig;] %r@&g}@gg%@w&s_ changed tq an irregylar atomic arrangement with no

long-distance order. Morga?g,ec,iflcally it refers to that microcrystalline particles havin%a size of smaller

than 2 cm are arranaga iREYANRIon  THS S %ﬁe?ﬁ’éﬁ%n A SThT 6 the Wﬁ(’“}Forclr%taﬁﬁ’ 3

éji)sarticles can.
be confirmed-ByetCabIERERGT T ERS BftriButclToAh e eRtallineplane bidsy Tré prasénce of halo
alone by X-ray diffractioiyanalysis os-electean-rayrdiffractien, analysis (04 Az vs .Thekeactive plasma

as used in the presentjnvention includes forexample[ndyctivelycoypled, plasma, (G7).and reactive

ion plasma ( IP%b‘é'be rea;cti\ie(%pn as used in the present invention.includes, for eéqrgqlg% reactive ions

present in thé above-mentioned inductively coupled plasma and reactive N plasma.
ultraviciet light.

(0038]

In the process for producing the magnetic recording medium
of the present invention, in the step D of transferring negative
magnetic recording patterns onto the resist layer 4 by using stamp
5, it is preferasble that the stamp is pressed on the resist layer
4 having high filuvidity, and, while the resist layer is in the pressed
state, the resist layer 4 is irradiated with radiation to be thereby
cured, and thersafter the stamp 5 is removed from the resist layer
4. By this procedure, the configuration cf the stamp can be
tranaferred to the resist layer 4 with a high precision.

- [0039)

For irradiating the resist layer having high fluidity with
radiation while the resist layer is in the pressed state, there
can be adopted a method of irradiating a laminate structure
comprising the resist laver with radiation by exposing the substrate



[0043] The inductively coupled plasma as used herein refers to a high-temperature plasma which
is obtained by imposing a high voltage to a gas to thereby form plasma: and further applying magnetic
variation at a high frequency to generate joule heat due to over-current inside the plasma. The
inductive coupled plasma has a high electron density, and, can modify the magnetic characteristics of
magnetic layer with a high efficiency in a broad-aféa magnetic film, as compared with the case of
making discrete track media conventionally using an ion beam. The reactive ion plasma as used
herein refers to a highly reactive plasma which is obtained by adding a reactive gas such 21 as 02,

SFE, CHF3, CF4 or CC14 in a plasma. When such reactive ion plasma having a reactive gas added is
used in the protessiofthe PrESeMERVEREBNSait PISSHRECET RIGHT 56 riaghaliéthatacteristics of
the magnetic tey érawithza higherefficiency: [08483t Lorln themprotedsar theipresent invention, the
magnetic chatagteristics:obthenmaaneliclaver asemogified Ry exposingthe raagnetic: layer to the
reactive plasyaa, This modliation js effeeted prefgrably by, the feagion of magnets, mefal constituting
the magnetic Tayer with an atom or an ion within thé reactive plasma; The redction 6f the magnetic

metal with the-SIETFEFHE S SREORTARIET By foreimple BetStratisly drstbmtd Ot thePeactive
plasma into tHeitagnstie metalwitte tive restits of modificationhofthel crystallinesstiratture of the
magnetic metahghangg of theeompasitien of the-magaetic a)etal-angsoxigation, nifridaton and/or
silicification af the magoetic mefal. [00301 5 . Aeactive plasma coataiping oxygen. atoms is

preferably used as the reactive plaSma in the present invention whereby the magnetic metal

constituting & Risgietic 15/ eris dioted 1 te5tt Wit e-oxyger atofd withi the reactive plasma to
oxidize speciffedregions ot tienimfheticayer. By the oxidation of the specific regions of magnetic
- layer, the residual magrietjzation and the coercive force can be reduced with more enhanced

efficiency. That is, t a | rai a[=1a]] I [o itioned magnetic recordin
pattern cyan be mgdg?ﬁ?a%ggg%\%%%aisgr%%%égtwnwrg}r{%%?ggsgg??%e?%%%%? .tr% imoéliification of theg
regions for partitioning the Mag Aéfic Fayer, Tor %At ol by reactive PiasniZ as conducted for forming
the magneticrecordisg Petierh inthepredent iverionShcliRiesehaiging 6eloweénng thé magnetic
characteristiesyvntee Specificaty; daweting the esercivefalcesandagsidisalimagnetizationy of the
specific regions; of magnelis layerygand demagnetization or amoiphization,of the spegifig regions of
rnagneﬂclaxggiggggg highly ultraviolet ray-transmitting glass or resin iz
used.

[0040]

By adopiing the above-mentioned procedures, the magnetic
characteristics such as, for ewample, the coercive force and the
residual magnetization in the regions of partitioning the magnetic
tracks can be reduced to the minimum values, and consequently, the
letter bleeding at writing can be avolided and the plane recording
density of the magnetic recording medlum can be enhanced to greater
extent.

(00413

The stamp used in the pattern-itransferring step D is
preferably made by forming minute track patterns on a metal plate,
for example, by electron beam lithography. The material used for
~forming the stamp is not particularly limited, provided that the
purpose of the invention is not impaired, but, a material having
a hardness sufficient for enduring over the process for producing
the magnetlic recoding medium, and having good durability, is
preferably used. Such material includes, for example, nickel.

The patterns formed cn the stamp include thoss which are

conventionally used tracks for recording ordinary data, and further



A reactive plasma containing a halogen ion is also preferably 22 used as the reactive plasma in the
present invention. As the halogen ion, a fluorine ion is especially preferable. The halogen ion may
be present either alone or as a combination thereof with an oxygen ion in the reactive plasma. As
mentioned above, the magnetic characteristics ofzghe magnetic laver can be modified with an
enhanced efficiency by the reaction of the oxygenion in the reactive plasma with the magnetic metal
constituting the magnetic layer, and, the efficiency of modification can be La./ improved by the
combination of the oxygen ion with the halogen ion in the reactive plasma. Even in the case when
the reactive plasma contains a halogen ionﬂ,but_cﬂoesﬂ not contain an oxygen ion, the halogen ion reacts
with the magRet TERRINTRE MAGREEIA 16 madty (e Rigireli CrafacterEis 5 ihe magnetic
layer. The reesortforswhich i aetelcat- bt #i85resumed that the halogen ion in the reactive plasma
etches foreign matterodeposited on the surface of the magnetic layer to make clean the surface of the
magnetic layer with the resylt.of.enhancement.gf the-reactivity of-the magnefic layer .Eurther the clean
surface of the mggnetic_lay r is presumed, to reactr:[he Iggen ion W[[Q a hiaqgmgfficiency. This
beneficial efféct is %%f)e%:rilal?y ?nar‘eﬁgel(ﬁys obtained’when a Iubri%em%%n%“asce& a “theaﬁglogen ion. [00521
- After the mipEFfcHON bf IKBSHELIHE rebigns FtRemakhietitliayerds carfed BU#é t8sist layer 4 and
the maskingdagendvdre removed asdlustratedeinsthecstep MdnaFige 2cThesrerhovab obthe resist layer 4 -
and the masking-layer 3¢an.he carried.autby, ok example; a-pracedwe efdryetehingy Leactive ion
etching, ion @ilgnlg %E\é’féaitchml%- N m%f%eg @ggeﬁ;&gval ont 1e regigt _[a}}/ersff]%]drta%e ng%sking layer 3,
the magnetic f%ﬁ/_er%a\ﬁng Seen acﬁvgfe in'the s?e‘ps. : (gﬁan in FQ.% IS é’xpo§eéc‘fd an inert gas
irradiation intR&sSte plioWersby HE Riddgn &ti¢ Iajerss stabifiz et ArftPGeEirkente HRefigration of
“magnetic grainsisavoidedior minimized evemundet [gh-ternperatgre AR highcapmditg conditions.
The reason fer whigh, sHcly @@ﬁ&%@@ﬁﬁmﬁéyﬁm@&%&@ﬂﬁg&ﬂéﬂ@&mﬂ&@@@é@n is not.clear.
Ut s PresupaLieL e e element. 23.ntden nig e suiface Jayergotion o e magneti

r and fur

layer and consequen?lffﬁé?nlgratlon of maynetic grains can be suppressed, er that the
surface layer BoriGit AdREREd BY e JuEradidtBrasrembved e the Migralih offagnetic grains
does not occun orecelasERyiona mMiorexteht Mogs3iic lAgdhesinertgas ratieast oirelgas selected
from the group.consisting of A, Ha angeyedspreferably ssedin yewsekhthe-stability-anddhe enhanced
effect of SUpPL'E%?SJ'Qgr}g@ gggﬁté%noqunagﬂq_tgc \%@iﬂ?'be for the following reasons.
First, by the removal of the surface laver portions in the regions
of magnetic layer, the newly exposed regions are clear and activated,
and therefore, exhiblt enhanced reactivity with a reactive plasma
and a reactive ion; and secondly, surface defects such as minute
voids are formed in the newly exposed regions into which a reactive
plasma cor lon can be sasily penetrated.
[0043]
The thickness, as expressed by “d” in step F in Fig. 2, 1
the depression regions of the surface layer of magnetic laver to

w3

be removed by, for example, ion-milling, is preferably in the range
cf 0.1nmtc iS5 nm, more preferably 1 mmto 10 nm. When the thickness
of the removed regions is smaller than 0.1 nm, the above~mentioned
benefits brought about by the removal of saild reglons are
insufficient. In contrast, when the thickness of the removed
regions is larger than 15 nm, the resulting magnetic recording
medium has a poor surfacse smoothness and the magnetic
recording-reproducing apparatus has a poor head~floating properiy.
In the present invention, the regions of the magnetic layer,
which magneticaily partition, for example, the magnetic recording

tracks and serxvc signal patierns from each other are exposed to



The exposure to the inert gas irradiation is carried out preferably by a method using at least one
means selected from the group consisting of ion gun, induced coupled plasma (IC?), and reactive ion
plasma (RIE). Of these, IC? and RIE are preferable in view of enhanced intensity of irradiation. The
ICE and the RID are hereinbefore described. [0054] After the exposure to an inert gas irradiation,
a protective over coat 9 is preferably folmed on thé surface of the magnetic layer as illustrated in Fig.
2, step Dr, and then a lubricant (not shown in Fig. 2) is preferably coated On the protective overcoat.
The formation of the overcoat 9 can usually be effected by forming a diamond-like-carbon film by, for
example, using P-CVD, but the method for forming the overcoat is not particularly limited. The
protective overE8aE v ¢En e fomed froRt Araterials-eBnteRtsRIy iR eddr $oring a protective
overcoat, whitk tacluele] ot examptéscarbonaceous matedalisslichsas sarbordC)hydrogenated
carbon (HxCG).pitrided carbon (ON), amorphous carbon and silicon carbide (SiC); and Si02, Zr202 and
TiN. Two or more ov. %ts may be formed. [0055] The thickness of the overcoat 9 is below 10
rim. If the thickness of the protective layer is larger than 10 ran, the distance between the head and the
magnetic layer becoiestindésFabRAarge %1%1%}% Ut 2ntPOGth RETOWErS afé Sften-itfufficient. '
A lubricatingdayerisfireferabbdformetorptiesovercieat @. v tubricdting4ayer isfermed from, for
example, a fluorine-r 24.condainipgzlubricant a hydrecarben dubcantong mixurethereeh The

thickness of e lufyicating Jayey,ustally [y be fange oL 1.4, 0056 o oThe gonsfiiution of an

example of the argnetlc recorai reproducin apparatus accoLdLlng to the present invention is illustrated
in Fig. 3. Th&Atagnetic ]r@éfSFdi%g@tsepﬁ%%"&uc‘ﬁ%&%pﬂ&‘?att?é%%’“eeﬁr@S’éffﬂE%ﬁtif)ﬁ domprises, in
combination fthemabbveimmiticricd magireticreeording edinhs 180tof e Tnviesitiorra eiviving part 101

for driving the sragneticirecordingsnedi inrtbesecording Hirection; wrmagnetiehgas:1@2 comprising
a recording part apd,areproducing part; means (head-dying part,103) for. meving themagnetic head

102 in a relativé motion to the magnetic [,ecordin(%rmedium 100; anﬁdﬁa recolrgin?g;aznd;regroducing
signal treating reans 10461 TRy Sighat ihtd the’ %186%?@%‘5‘(1%‘5 ard for féproduction of
output signaltfrencthe hifagaetie hikad 3p2r 2 IFhéthaghsteé Feebriingrepisdueiiyapparatus
compr.ising t@ﬁ;ﬁ@ﬂ@bﬁnﬂimefthezabewé@enﬁmnedsimwimean p&)ad(_]léaa hx’aghjre:c_ordm density. More
specifically, in theamagnetic fecording. medium of the magnetic tecordingrepraducing apparatus, the

magnetic recordggvtrggks; are magnetically discrete, and therefore, the recording head width and the
reproducing R&ad Wit can be approximately the same size as each other with the result of

sufficiently high reprédutlify Btiput PRVETARd SRETHIS I8 testiking cortrseitHe tdnventional
magnetic recasging medigim wherenrcthe reprotiucing head widthangst:be sinadlerithahtire recording
head width to,guinimizethe influgneeafithe-magnetization-transition regigassinthe trackedges.
with a certain regularity per bit; media wherein magnetic recording
patterns are arranged in tracks fashion; and servo signal patterns.
[0045]
The preocess of the present invention ls preferably adopted
for the manufacture of a discrete type magneiic recoding medium
inviewof simplicity and ease, wharein themagnetically partitioned
magnetic recording pattern involves magnetic recoding tracks and
servo signal patterns.
The modification of the magnetic layer as conducted for
forming the magnetic recording pattern in the present invention
refers To at least partially changing the magnetic characteristics
(more specifically, lowering the coercive Zorce and residual
magnetization} of the magnetic layer in specified regions therecf
for the formation of magnetic recording pattern.
[004e]
The above-mentioned regions of the magnetic layer, which

magnetically partition, for example, the magnetic recording tracks



[00573 By constituting the reproducing part of the magnetic head as GMR head or TMR head, a
sufficiently high signal intensity can be obtained even at a high recording density, that is, the magnetic
recording apparatus having a high recording density can be provided. When the head is floated at
a floating height in the range of 0.005 pm to 0.020pm, which is lower than the conventionally adopted
floating height, the output power is increased and‘the SNR becomes large, and thus the magnetic
recording apparatus can have 25 a large size and a high reliability. If a signal treating circuit using
a sum-product composite algorithm is combined in the magnetic recording medium, the recording
density can be much more enhanced, and a sufficiently high SNR can be obtained even when
recordation-Perothictiors i<ttt bhE a5 ﬁ@“‘r&?ﬁﬁirﬁbﬁgﬂéﬁsiﬁ%’f at3easStTO0 Gbit or more per
square inch patrackidensity of 1 00 k-traeks Or enorsgpeninch;, aradineas recoadingedensity of 1000 k-bit
or more per ingh.ExamplesdPO68le 1odhe inventienwilnow be-spaeifically;descrined py the

following examples, Example 1 . A glass substrate for HD. was placed in.a vacuum.chamber and
the chamber was vgquume toa pressureyoef not ﬁigﬁwer%han 156 X165 Bato re%%ﬁe“t}ﬁ% air. The
glass substrafe’ Gisédlis tormprised GrylRss E& driits Hraving & EomBEEifioRRSILi® 87205 YA. 1.203-1(20,
Al203,-K20, MgO<R205 zait Sh203-Zu0z andthas ayeuterndiametdiiefi6S:pimranthandnier diameter of
20 MTL, andsar: aveEage suiface reugheass(Rarof2 angstkamse[005%a or = reactive
icn for the formation of the regions for magnetically partitioning
the magnetic recerding tracks and servo signal patterns.
The amcrphization of the magnetic lavyer in the present
invention refers to that the stomic érrangement in the magnetic
layer is changed to an irregular atomic arrangement with no
long~distance order. More specifically it refers to that
microcrystalline particles having a size of smaller than 2 nm are
arranged in random. This arrangement in random of the
microcrystailine particles can be confirmed by the absence of peaks
attributed to the crystalline plane or by the presence of halo alone
by X-ray diffraction analvsis cr electron-ray diffraction
analysis.
(004771
The reactive plasma as used in the present invention includes,
for example, inductively coupled plasma {ICP} and reactive ion
plasma (RIP}. The reactive lon as used in the present invention
includes, for exampls, reactive ions present in the above-mentioned
inductively coupled plasma and reactive ilon plasma.
(00481
The inductively coupled plasma s used herein refers to s
hicgh-temperature plasma which is obtainedby imposing a high voltage
to & gas to thersby form plasma, and further applying magnetic
variation at a high frecuency £o generate doule heat due to

Q

ver-current inside the plasma. The inductive coupled plasma has

high electron density, and, can modify the magnetic

ot

s

characteristics of magnetic layer with a high efficiency in a
broad-area magnetic f£ilm, as compared with the case of making
discrete track media ceonventionally using an ion beam,

The reactive ion plasma as used herein refers to a highly
reactive plasma which is obtained by adding a reactive gas such



On the glass substrate, a soft magnetic underlayer composed of 65Fe-3000-58, an intermediate layer
composed of RU and a magnetic layer composed of 7000-5Cr-15Pt-10S102 alloy (the numerals
indicate ratio by mole) were formed in this order by DC sputtering. The thicknesses of respective
layers are: FeCoB soft magnetic underlayer: 600 rim, Ru intermediate layer: 100 nm, and magnetic
layer: 150 nm. [0059] A masking layer comp&éed of Ta with a thickness of 60 rim was formed on
the laminated structure by sputtering. Then a resist layer composed of ultraviolet ray-curable novolak
resin with a thickness of 100 nm was formed on the masking layer by spin- coating. [0060] A glass
stamp having a negative pattern corresponding to the desired magnetic recording pattern was pressed
to the resist f&yét 26 5 aPréssure«oba MPa (absutrs B R cMBeThe Glaseafthe §tarmp had an
ultraviolet-rayltransmissiomyok at teasti®sVyaln thisthlis. pressell stateh¢hppressedadpperside of the
resist layer wag iradiatedwith dltrayiolet ravs with-awavelength of 250,am for 10 seconds to cure the
resist layer. Thereafter the jgéasmgawgr?ese%%;lqetggcfr%% the cured resist layer thereby transferring
magnetic recording baﬁferh on the réélstﬁ}ayér.The Us-transferred m%gnetlc“F“e”‘”co"‘“raan pattern had a
configuration such that e protrusions in the resist layer are circular with a width of 120 nm, and the
depressions in the résistiayeraresircafarvithrare width 0h66mmoeT hetiickiagss bf the resist layer was
80 nm and the thicknessaf:the depressed portiens:0fdthe resistlayer-was,abguionm. thhe depressed

portions hac, i, a0gle of Apaut 90 degreesdo.the susiate suiface (061 ; Thereafter, the

pressed depr(?msed portions of the resist layer and the gcorresponding portions ofihe:l’,a-masking layer
were removéd by erengE Ther dry &tthmPEonafichsTerefhing e L resist fayerwite as follows.
02 gas: 40 stomrpressie 103 Paihyhfretprensyeplasma power L3002 DObRas180W: -and etching
-time: 10 sedends-d herdrnetehingsonditiens donetehing the Tmaasiingodayen weare:CF4gas: 50
Scorn, pressut 'o%aﬁﬁéll%,refié&e%%é?@?@]a%"%‘%%éﬁoo}{vo?%@éﬂgi £0 Y..and eiching time: 30

seconds. [0062 Then exposed regions of the rr_]agnetic layer WDiCh were nat,covered by the
masking lay&rweré refrisved by ioR thillifg isiAg d-afgdrfor “Fhe 1onFhifing cohditions were as
follows. Highefretiuieieyy prasmarpower2g0nnw deddleratingvoltage 500 Ehprssre: 11014 Pa, flow
rate of Ar: 5 segmireating me:r40 seen anthcurrent density o8 AmAMft2: 1 - i Thenthe regions
exposed by the ion milling Were. exposegd-to.gteactive plasmawhereby the magnetic characteristics of

said regions of the magne ic layer were modified. This modification using a reactive plasma was
carried out by using an“inductively coupled plasma apparatus "NE550" available from Ulvac, Inc. The
plasma was generated byU72 Has at AoV Faelsf-00 cemapntet e 1ipbt powefor Blafna generation
was 200 W, thepressurendithinlasma in the present invention whereby the magnetic

metal constituting the magnetic laver is allowed to react with the
oxygen atoms within the reactive plasme to oxldize specified regions
of the magnetic layer. By the oxidation of the specific regions
of magnetic layer, the residual magnetization and the coercive force
- can be reduced with more enhanced efficiency. That is, the magnetic
recording medium having magnetically partitioned magnetic
recording pattern can be made by a resctive plasma trestment of
a short time.

Thus, the modification of the regions for partitioning the
macnetic layer, for example, by a reactive plasma as conducted for
forming the magnetic recording pattern in the present Invention
includes changing or lowering the magnetic charscteristics, mors
specifically, lowering the coercive forcs and residual
magnetization of the specific regions of magnetic layer, and
demagnetization or amorphization cf the specific regions of
magnatic layer.

[CCH1T

A reactive plasma containing a halogen ion is alsc preferably



27 the apparatus was 0.5 Pa and the treating time for the magnetic layer was 300 seconds. 10063]
Thereafter the resist layer and the masking layer were removed by dry etching. The dry etching
conditions were as follows. Flow rate of SF6 gas: 100 sclLia, pressure: 2.0 Pa, high-frequency plasma
power: 400 W, and treating time: 300 sec. Thereafter the surface of the magnetic layer was
exposed with an inert gas plasma irradiation. The*€onditions for the inert gas plasma irradiation were
as follows. Flow rate of Ar inert gas: 5 sccm, pressure: 0.014 Pa, accelerating voltage: 300 V, current
density: 0.4 mk/om2, and treating time: 5, 10, 15 or 25 sec. The thus-treated upper surface was
covered with a carbon overcoat having a thickness of 4 nm by a CVD method using
diamond-like:gathah (Dt )2 Fukfrep thenappetsufaes vt thenvveicdoat-wadsdoutéd: Withea lubricating
material to givena magneticirecotding medipari1k0064 L £2araparatve Example 1 By substantially

the same procedures.and.eonditions as.employved.in Example.1,amagnetic-reearding medium was
manufacture Whergmm ehlrgadlatlon with inert gas é)zlasma.of the agnetlc layer was not carried out.

All other conditions "i“emalnlngnthcé Safe E?(a%ﬁlples‘ WBEE ant?ﬁllflﬁﬁﬂé: %831_%‘ procedures
and conditioAS @&eniplbyBaIhExanTHIB E TrrihEtic e cordirt: eghits wery ifadéwhérein the inert
gas used anddhefieating:fimewetezcharngetf as showniin Takle-d2 belaw.Allwibes:consitions

remained the sane, «neThednett gas used and the irradiationtimewith theinert gas plasma in
Examples 1-t=aenrgiang@%rq_tLveegxaarQ le #]qgrg own irCI: Tat;lc?m %ﬂ*‘ s E_D@ Oc!gl)rftgrsli%% ojﬁcrobalt (ng) and
the electromagnetic2conversion characteris ics | SN dBYof the Mmagnetic recording mediims
manufacturettHEXSMPIE 1306 8N EotiparativeERAHYRE 1 Weld BValiiated S=ImHowE. The
evaluation resultshare-showiwin Fabkend .and Fig. 4 and Fig. 5.

Even in the case when the reactive plasma contains a halogen
ion but does not centaln an oxygen ion, the halogen ilon reacts with
the magnetic metal in the magnetic layer tc modify the magnetic
characteristics of the magnetic layer. The reason for which is not
clear, but it is presumed that the halogen ion in the reactive plasma
etches foreignmatter deposited on the surface of the magnetic layer
to make clean the surface of the magnetic layer with the result
of enhancement ¢f the reactivity of the magnetic laver. Further
the clean surface of the magnetic laver is presumed te react ths
halogen ion with a high efficiency. This bensficial effect is
especially markedly chtained when a fluorine ion is used as the
halcgen ion.

(00523

- After the medification of the specific regions of the
magnetic layer is carried out, the resist layer 4 and the masking
layer 3 are removed as illustrated in the step H in Fig. 2. The
removal of the resist layer 4 and the masking layer 3 can be carried
out by, for example, & procedure of dry etching, reactive ion etching,
ilon milling or wet etching. _ _

After the removal of the resist layer 4 and the masking layer
3, the magnetic layer having been activated in the steps ¥, G and
"H in Fig. 2 is exposed,to'am inert gas irradiation in the step I,
whereby the magnetic layer is stabilized, and occurrence of the
migration of magnetic grains is avoided or minimized =sven under
high-temperature and high-humidity conditions. The reason for
which such benefits are cobtained by the exposure to an inert gas

irradiation isnet clear. But, 1t ispresumed that the inert element



[0065] 28 Evaluation of environmental resistance Environmental resistance, as expressed by
corrosion Nig) of cobalt, of the magnetic recording mediums manufactured in the examples and the
comparative example was evaluated as follows. Each magnetic recording medium was left to stand at
a temperature of 80C and a relative humidity of 80% for 48 hours, and occurrence of corrosion on the
surface of the magnetic recording medium was oB$erved. More specifically 100 micro-liter of aqueous
3% nitric acid was dropped in each of ten spots on the surface of the magnetic recording medium.
Then the magnetic recording medium was covered with a petri dish and left to stand for one hour.
Then the drops on the magnetic recording medium were collected by using a pipet. The content of
cobalt in thecolleeted divps Wes mieaswred.ZTRE Eortehtthg) ofcoBalt s sShowitasEC® corrosion in
Table | and aseladiprbetweensArisadiatian imeaneCocafrasion isshpwrkibFigs4240066]

Evaluation of gleciromagnetic canyersion charactensiics.. ;  Electiomagnelic epoyersion
characteristi¢cs (SNR; dB qf the magnetic reggrdln rgeglums manufac'gu.red In tﬁhe eéamsples and the
comparativeb;frﬂr b?é%\?é & evaltiatet a¥ Follows "ALHh Sthnd WAL Hided: SRR VATUES Bhd 3T-squash
was measuregupsiFEEcerding asryridl-at 750 KFCTCA effiéalrecording head for recording and a
TuMR head for loading W&re used as a head for the evaluation. SNR and 3T-squash were measured,

and SNR is shown inJable | god.a celation between A iadiation-timesand aNR.is shown in Fig. 5.
100673 Tablgo%silsr!?{} aSOiIm%QJatng %ilr\llclﬁQ gjeB;Ls preferably used in view of the

. .c r, 8
stability and the enhanced effect of suppressing the migration of
magnetic grains.

The exposure to the inert gas irradiaticen is carried out
preferably by a method using at least one means selected from the
group consisting of lon gun, induced coupled plasma (ICP), and
reactive ion plasma (RIE). Of these, ICP and RIE are preferable
in view of enhanced intensity of irradiation. The ICE and the RIE
are hereinbefore described.

(0054}

After the exposure to an inert gas irradiation, a protective
over coat 9 is preferably formed on the surface of the magnetic
layer as illustrated in Fig. 2, step J, and then a lubricant (not
shown in Fig. 2 is preferably coated on the protective overcoat.

The formation of the overcoat 8 can usually be effected by
forming a diamond-like-~carbon film by, for example, using P-CVD,
but the method for forming the overceat 1s not particularly Limited.

The protective overcoat ¢ can be formed from materials
conventionally used for forming a protective overcoat, which
include, for example, carbonaceous materials such as carbon (C),
hydrogenated carbon {(MyC), nitrided carbon (LN}, amorphous carbon
ard silicon carbide (5iC); and S51i0:, Zr:0: and TiN, Two or mors
cvercoats may be formed.

[0055]

The thickness of the overcoat 2 is below 10 rnm. If the
thickness of the protective layer is larger than 10 nm, the distance
between the head and the magnetic layer becomes undesirably largs
and the input and cutput powsrs are often insufficient.

L lubricating layer is preferably Icormed on The overcoat 9.

™

The lubricating layer is formed from, for example, a fluorine-
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containing lubricant, a hydrocarbon lubricant or amixture therect.
The thickness of the lubricating layer is usually in the range of
1 to 4 mm.
100363
The constitution of an example of the magnetic recording-
reproducing apparatus according to the present invention is
illustrated in Fig. 3. The magnetic recording-reproeducing
apparatus of the present invention comprises, in combinaticon, the
above~mentionad magnetic recording medium 100 cf the invention;
a driving part 101 for driving the magnetic recording medium in
the xecording'direction; a magnetic head 102 comprising a recordin
part and a reproducing part; means {(head-driving part 103 for
moving the magnetic head 10Z in a relative motion to the magnetic
recording medium 100; and a recording-and-reproducing signal
treating means 104 for inputting signal into the magnetic head 102
and for reproduction of cutput signal from the magnetic head 102.
The magnetic recording-reproducing apparatus comprising the
- ceombination of the above-menticned means can provide a high
recording density. More specifically, in the magnetic recording
medium of the magnetic recording-reproducing spparatus, the
. magnetic recording tracks are magnetically discrete, and therefore,
the recording head widih and the reproducing head width can be
approximately the same size as esach other with the result of
sufficiently high reproducing output power and SNKR. This is in a
striking contrast to the conventional magnetic recording medium
whereln the reproducing head width must be smaller than the
recording head width tominimize the influence of the magnetization
transition regions in the track edges.
[0057]
By constituting the reproducing part of the magnetic head
25 GMR head or TMR head, z sufficientlvy high signal intensity can
be obtained even at a high recording density, that is, the magnetic
recording apparatus having a high recording density can be provided.
When the head is floated at a floating height in the range
of 0,003 um to 0.020um, which is lower than the conventionally
adopted flcating height, the cutput power is increased and the SNR

becomes large, and thus the magnetic recording apparatus can have
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a large sire and & high relisbhility.

If a signal treating circult using a sum~product composite
algorithm is combined in the magnetic recording medium, the
recording density can be much more enhianced, and a sufficiently
high SNR can be obtained even when recordation-reproduction is
carried cut at a high recording density of at least 100 G-bit or
more per sguare inch, a track density of 100 k-tracks or more per

inch, or a linsar recording density of 1000 k-bit or more per inch.

Examples

(00583

The invention will now bes specifically described by the
following examples.

| Example 1

A glass substrate for HD was placed in a vacuum chamber and
the chamber wazs vacuumed to a pressure of not higher than 1.0 x
107 Pa to remove the air. The glass substrate used is comprised
of glass ceramics having a compesition of LisSiGs, A1:0:~K0,
21,05, -Ez0, MgO-F:0s and Sb;0:-Zul, and has an cuter diameter of &5
mm and an inner diameter of 20 mm, and an average surface roughness
{Raj of Z angstroms.

[0059)

On the glass substrate, a scft magnetic underlayer composad
of 65Fe~30Co~5B, an intermediate layer composed of Bu and a magnetic
layer compesed of 70Co-5Cr~15Pt-105810; alloy {the numerals indicate
ratio by mole) were formed in this order by DC sputtering. The
thicknesses of respective layers ars: TeCoB sofi magnetic
underiaver: 600 nm, Ru intermediate laysr: 100 nm, and magneti
laver: 150 nm.

[0059]

A masking layer composed of Ta with a thickness of €0 nm was
formed on the laminated structure by sputtering. Then a resist
layer compesed of ultraviolet ray-curable novolak resin with a
thickness of 100 nmwas formed on the masking layer by spin- coating.

[0660)

b glass stamp having & negative pattern corresponding to the
desired magnetic recording pattern was pressed to the resist laver
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at a pressure of 1 MPa {about 8.8 kgf/cm®). The glass of the stamp
had an ultraviclet-ray transmission of at least 95%. In the-thus
pressad state, the pressed upper side of the resist laver was
irradiated with uvitraviclet rays with a2 wavelength of 250 rnm for
10 seconds o cure the resist laver. Thersafter the stamp was
separated from the cured resist layer thereby transferring magnetic
recording pattern on the resist layer. The thus-transferred
magnetic recording pattern had a configuration such that the
protrusions in the resist layer are circular with a width of 120
nm, and the depressions in the resist laver are circular with a
width of 60 nm. The thickness of the resist layer was 80 nm and
the thickness of the depressed portions of the resist layer was
about 5 nm. The depressed portions had an angle of about 906 degrees
to the.substrate_surface; " '

[CGs1]

Thereafter, the pressed depressed portions of the resist
layer and the corresponding portions of the Ta masking layer were
removed by dry etching. The dry etching conditions for etching the
resist layer were as follows. O, gas: 40 scom, pressure: 0.3 Pa,
high~frequency plasma power: 300 W, DCbiasg: 30 W, and etching time:
10 seconds. The dry etching conditions for etching the Ta masking
layer were: CF;gas: 50 sccm, pressure: 0.6 Pz, high-frequencyplasma
power: 500 W, DC bias: €0 W, and etching time: 30 seconds.

10062

Then expesed regions of the magnetic laver which were not
covered by the masking layer were removed by ion milling using an
argon ion. The lon-milling conditions were as follows.
High-freguency plasma power: £00 W, accelerating voltage: 500 V,
praessure: 0.014 Pa, flow rate of Ar: 5 scom, treating time: 40 seg,
and current density: 0.4 mA/cw®.

Then the regions exposed by the ion milling were exposed to
a rzactive plasmz whereby the magnetic characteristics of sald
regions of the magnetic layer were modified. This modification
using a reactive plasma was carried out by using an incductively
coupled plasme epparatus "NES30” available from Ulwvac, Inc. The
plasma was generated by O gas at a flow rete of 80 cc/minute. The

input power for plasma generation was 200 W, the pressure within



29 Industrial Applicability [0068] According to the present invention., a magnetic recording medium
having enhanced environmental resistance can be provided. Thus, a hard disk drive which can be
used stably even under severe environmental conditions, such as, for example, a memory built in a car
navigation system. 30 CLAIMS 1. A process for manufacturing a magnetic recording medium
having a magnetically partitioned magnetic recor&ﬁg pattern, characterized by comprising the
following steps, conducted in this order: a step of forming a magnetic layer on a non-magnetic
substrate; a step of exposing the surface of regions of the magnetic layer to a reactive plasma or a
reactive ion, which regions are to magnetically partition the magnetic layer; and a step of exposing
the thus-ma@hétiéaRE paritforéd riagnBiiclasel-trantineftigas radiafion. the mampréeess for
manufacturing semagneticifecardimgisnedium having a
100631
Thereafter the resist layer and the masking layer were
removed by dry etching. The dryetching conditions were as follows.
Flow rate of 38Fy gas: 100 sccm, pressure: 2.0 Pa, high-freguency
plasma powsr: 400 W, and treating tims: 300 sec.
Thersafter the surface of the magnetic layver was exposed with
. an inert gas plasma irradiation. The conditions for the inert gas
plasma irradiation were as follows. Flow rate of Ar inert gas: 5
sccm, pressure: (0.014 Pa, accelerating woltage: 300 V, current
density: 0.4 mA/cm?, and treating time: 5, 10, 15 or 25 sec.
The thus-treated upper surface was coversed with a carbon
overcoat having a thickness of 4 nm by a CVD method using
diamond-like-carbon (DLC}. Further, the upper surface of the
overcoat was coated with a lubricating material to give a magnetic
recording medium.
10064]

Comparative Example 1

By substantially the same procedures and conditions as
employed in Example 1, a magnetic recording medium was manufactured
wherein the irradiation with inert gas plasma of the magnetic layer
was not carried cut. 11 other conditions remaining the same.

Examples 2 to &

By substantially the same procedures and conditions as
employed in Example 1, magnetic recording mediums were made wherein
the inert gas used and the treating time were changed as shown in
Table 1, below. All other conditions remained the same.

The inert gas used and the irradiation time with the inert
gas plasma in Examples 1-¢ and Comparative Example 1 are shown in
Table 1.

The corrosion of cobalt (ng) and the slectromagnetic
conversion characteristics (SN; dB) of the magrietic recording
mediums manufactured in Examples 1 toc © and Comparative Example
1 were evaluated as follows. The svaluation results ars shown in
Table 1 and Fig. 4 and Fig. 5.

[0065]



magnetically partitioned magnetic recording pattern, characterized by comprising the following steps,
conducted in this order a step of forming a magnetic layer on a non-magnetic substrate; a step of
removing surface layer portions of regions of the magnetic layer, which regions are to magnetically
partition the magnetic layer; a step of exposi% the thus-exposed surface of regions of the
magnetic layer, from which the surface layer portfon thereof have been removed, to a reactive plasma
or areactive ion; and - a step of exposing thethus-magnetically partitioned magnetic layer to an
inert gas irradiation. 3. The process for manufacturing a magnetic recording medium according to
claim 2 wherein the surface layer portions of said regions are removed by ion milling. 4. The
process for manufaBifinig BimaghetR TEcoTtRRy. hfediah® AEE6Fdifig to claim 2 or 3, wherein the
surface layer portioagi saithgortians-=eibe aemoved kaye asthickhesscinrthei rangeof @4 run to 15

nm. 5. The process formanufacturing a-magnelicLecarding. mediym a@ecording-to-any one of

claims 1 to 4, wherein the surface of said reglons of the ma%netlc JLa er |§ e>épqsqd to a reactive
exampLss and tng @) arat =] 2D e wa eVa (=R =3 IOi30Ws.,

plasma or a FeACHive Ton 10 an extentsuch that the ntagnetic characteristics of said regions of the

magnetic layerredibAeeirecdesiated. "3+ g STheirdce oI Gf 2 &TRRTEA A&gnetic
recording medi@itaccatdingstbeclaira 5pmwhireindfiesdéténardtiohmfithe araygnetic cletracteristics is
reduction of tke.cosreive-force and residual-magnetizaliofetic recording medium was
observed. More specifically 100 micro-liter of aguecus 3% nitric
acid was dropped in sach of ten spots on the surface of the magnetic
recording medium. Then the magnetic recording medium was covered
with a petri dish and left to stand for one heour. Then the drops
on the magnetic recording medium were collected by using a pipet.
The content cf cobalt in the collected drops was measured, The
content (ng} of cohalt was shown as Co corrosion in Table 1 and
a relaticn betwsen Ar irradiation time and Co corrcsion i1s shown
in Flg. 4.
10066]
Evaluation of elactromagnetic conversion characteristics -
Electromagnetic conversion characteristics (SHR; dB) of the
magnetic recording mediums manufactured in the sexamples and the
comparative example were evaluated as follows. R spln stand was
usad. SNRvealuses and 3T-sguash was measured upon recording & signal
at 750 kFCl. A vertical recording head for recording and & TuMR
head for leoading were used as a head for the evaluation. SNR and
3T-squash were measured, and SNR 1s shown in Table 1 and a relation
berween Ar irradiation time and SNR is shown in Fig. 5.

i00e7]
Table 1
Inert gas irradiation SNR - Co corrosion

. Element | Time {sec) {cB} (ng)
Com. Ex. 1 - 0 127 0.35
Example i Ar S 13.7 0.1
Exampie 2 Ar 15 13.8 6.07
Example 3 Ar 25 14.1 0.05
Example 4 He 15 13.6 012
Example & - Xe 15 13.8 0.08
Example & Kr i5 13.7 0.07




7. The process for manufacturing a magnetic recording medium according to claim 5, wherein the
deterioration of the magnetic characteristics is caused by demagnetization or amorphization. 8.
The process for manufacturing a magnetic recording medium according to any one of claims Ito 7,
wherein the reactive plasma or the reactive ion contains an oxygen ion. 9. The process for
manufacturing a magnetic recording medium acc'%?rding to any one of claims 1 to 7, wherein the
reactive plasma or the reactive ion contains a halogen ion. 10The process for manufacturing a
magnetic recording medium according to claim 9, wherein the halogen ion is a halogen ion formed by
introducing a halide gas into a reactive plasma, said halide gas being at least one halide gas selected
from the group consisting of CF4, SF6, CHF3, CC14 and KBr. 11. The process for manufacturing
a magnetic recording medium accorthng do:anry anecof elaims -to 10, wherein the inert gas used for
the exposure to the jpgg:gas irradiation is at least one inert gas selected from the group consisting of
Ar, He and Xe. 12. The process for manufacturing a magnetic recording medium according to any
one of claims 1 to 13- WHSHEIT thé eXposiirato the'nert gas irradialion e carrad out by @ method using
at least one €ais sElEefst FomReY P consRtirRy of PhL§UAT FRIGESd to el siasma (TCP), and
reactive ion plfasmaa(Rie) disiirAyrocess:formaruiactdring:d Inagneticarezordinganedium
characterized Ry comprising the fallowing, steps, sandested inthisorderasiep of.forming a magnetic
layer on a ngn-magnetic sgbs(;[lr}atg' atsetrgp of forming a masking layer on the magnetic layer; 32 a step
of forming aTeSist Igiérlgﬁ'the magls(mg [ayer; a step of forming on the resist layer a magnetic
recording pattern for partitioning the magnetic layer into divided regions;



a step of removing the masking layer and, if any, a residual resist layer, in the regions corresponding
to the magnetic layer-partitioning regions in the magnetic recording pattern; a step of exposing the
thus-exposed surfaces of magnetic layer, from wiich the masking layer and the residual resist layer in
said regions of magnetic layer have been remetigmg a reactive plasma or a reactive ion, whereby a
magnetic recording pattern is formed which is magnetically partitioned by said regions of magnetic
layer; a step of removing the whole residual masking layer; and a step of exposing the magnetic layer

to an inert gas inadiatiog. oo ceddtdh RQREERANPANHAGHERND R LBAGRE UGaEAIdIAgEd UM,

characterized by comprising the following steps, conducted in this order a step of forming a magnetic
layer on aeeraisgheradtiprehiBagnsith Wﬁﬁ%@%ﬂ?{ﬁsl&ﬁ@%@ﬁ‘%ﬁﬁ’ e FRERERIINR - a step of
forming a reetihayes) dbadunaskingtlyerder:  a step of forming on the resist layer a magnetic
recording pattern fO{ %ar itioning the ma%;tr?ekilcég er intono_l!.I\leedﬁa{.(E:;gsiggng'at . astep of removing the
masking layer antif ﬁy,oe{rpé FUAITES stcla)yer, n %goregioﬁg C(i)rrespgn(ﬁhg to the magnetic
layer-partitioningaedgpnd inxgresimadime ticrfeceraingpanenf the magnetotmenbviagaaeiverface layer
portions insaif regions oftheagheHGaKsHs TRvhichthednpskingdayss aAnddbryidual resist

layer have been removed; a step of exposing the thus-exposed surface in the regions of the
magnetic I%[%r, from which the surface layer portion thereof have been removed, to a reactive plasma
or a reactive ion, aMiegesysagosiggatie teeconrdinghpidtann jarfutioned waigheisngegneiieallingartitioned by

said reglon%gfwnél&g .gzr'glc layer; a step of removing the whole residual masking layer; and a step of

exposing A3 rlnagneilc'layer to an inert gas irradiation.

2. A process for nianufacturing a magnetic recording medium having a
magnetically partitioned magnetic recording patiern, characterized by comprising the
foilowing. steps, conducted in this order:

a step of forming a magnetic layer on a non-magnetic substrate,

a step of removing surface layer portions of regions of the magnetic layer,
which regions are o magnetically partition the magnetic layer;

a step of exposing the thus-exposed surface of regions of the magnetic layer,
from which the surface layer portion thereof have been removed, to a reactive plasma
or a reactive ton; and _ _

a step of exposing the thus-magnetically pariifioned magnetic layer {0 an inert

ges irradiation.

3. The process for manufacturing a magnetic recording medium according
to claim 2, wherein the surface layer portions of said regions are removed by ion

milling.

4. The process for manufaciuring a magnetic recording medium according
to claim 2 or 3, wherein the surface layer portions in said portions to be removed have

' a thickness in the range of 0.1 run fo 15 nm.

. The process for manufacturing a magnetic recording medium according
to any one of claims 1 to 4, wherein the surface of said regions of the magnetic layer is
exposed {o a reactive plasma or a reaciive ion io an extent such that the magnetic

characteristics of said regions of the magnetic layer regions are deferiorated.



15. The process for manufacturing a magnetic recording medium according to any one of claims 1 to
14, which further comprises a step of forming a protective overcoat over the exposed surface after the
exposure of the magnetic layer to an inert gas irrdbiation. 33 16.A magnetic recording reproducing
apparatus characterized by comprising, in combination, the magnetic recording medium manufactured
by the process as claimed in any one of claims 1 to 15; a driving part for driving the magnetic
recording mediufh in théhedsedras dncrroriasiingatvamaicoanpiinggeAidBrang e and a

reproducing parh BeaRIdRr OMEhietHAgNels harddbAdelalie-rmption ladheimagngiic recording
medium; and a recording-and-reproduci%%%al treating means for inputting signal to the magnetic

head and BRI SarE A SPRIHRITEGR the magnetic head. 1/4 DRAWINGS 2

7. The process for manufacturing a magnetic:recording medium according
‘fo claim 5, wherein the deterioration of the magnetic characteristics is caused by
‘demagnetization or amorphization. '

8. The process for manufacturing a magnetic recording medium according
to any one of claims 1 1o 7, wherein the reactive piasma or the reactive ion contains an -

oxygen.ion.

9. The process for manufacturing a magnetic recording medium according
to any one of claims 1 to 7, wherein the reactive plasma or the reactive ion contains a

halogen ion.

10 The procesé for manufacturing a magnetic recording medium according
fo claim 8, wherein the halogen ion is a halogen ion formed by introducing a halide gas
?nto a reactive plasma, said halide gas being at least one halide gas selected from the
group consisting of CF4, SFs, CHF3, CC1,4 and KBr.

1. The process for manufac’curing' a magnetic recording medium according
‘{o any one of claims 1 to 10, wherein the inert gas used for the exposure fo the inert
gas irradiation is at least one inert gas selected from the group consisting of Ar, He and
Xe. |

12.  The process for manufaciuring a magnetic recording medium according
to any one of claims 1 to 11, wherein the exposure to the inert gas irradiation is carried
out by a method using at least ocne means selected from the group consisting of ion

gun, induced coupled plasma (TCP), and reaciive ion plasma (RIE).

13. A process for manufactuﬁng a magnetic recording medium
characterized by comprising the following steps, conducted in this order:
a step of forming a magnelic layer on a non-magnetic subsirate;

a step of forming a masking layer on the magnetic layer;
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a step of forming a resist layer on the masking layer;

a step of forming on the resist layer a magnetic recording pattern for partitioning
the magnetic layer into divided regions; _

a step of rémoving the masking layer and, if any, a residual resist layer, in the
regions corresponding fo the magnetic layer-partitioning regions in the magnetic
recording pattern; |

a step of exposing the thus-exposed surfaces of magne‘tié ~layer, from which the
masking layer and the residual resist layer in said regions of magnetic layer have been
removed, to a reactive plasma or a reactive ion, whereby a magnetic recording pattern
is formed which is magnetically partitioned by said regions of mégnetic layer;

a step of removing the whole residual masking layer; and

a step of exposing the magnetic layer to an inert gas irradiation.

14. A process for manufacturing a magnetic recording medium,
characterized by comprising the foliowing steps, conducted in this order:

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

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

a step of forming a resist layer on the masking layer;

a step of forming on the resist layer a magnetic recording pattern for partitioning
the magnetic layer into. divided regions; '

a step of removing the masking layer and, if any, a residual resist layer, in the
regions corresponding fo the magneiic Iayernpartitioning regions in the magnetic
recording pattern; '

a step of removing the surface layer portions in said regions of the mégneﬁc
layer, from which the masking layer and the residual resist layer have been removed;

a step of aexposing the thus-exposed surface in the regions of the magnetic
layer, from which the surface anér portion thereof have been removed, fo a reactive
plasma or a reactive ion, whereby a magnetic recording pattern is formed which is
magnetically partitioned by said regions of magnetic layer;

a step of removing the whole residual masking layer; and

a step of exposing the magnetic iayer to an inert gas irradiation.

15.  The process for manufacturing a magnetic recording medium according
o any one of claims 1 to 14, which further comprises a step of forming a protective
overcoat over the exposed surface after the exposure of the magnetic layer to an inert
gas irradiation.
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16. A magnetic recording reproducing apparatus characterized by
comprising, in. combination, the magnetic recording medium manufaciured by the
process as claimed in any ong of claims 1 to 15; a driving part for driving the magnetic
recording medium in the recording direction; a magnetic head comprising a recording
part and a reproducing part; means for moving the magnetic head in a relative motion
to the magnetic recording fnedium; and a recording-and-reproducing signal treating
means for inputting signal fo the magnetic head and for reproduction of output signal

from the magnetic head.
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