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 recordingr%gili@vé%%i@ck d nsé%(sh%% reached agou 110 kTPI._.However, with an increase

of the track density, magnetic recorﬁ\'nr?in?ormatlon s fianle 1o in e?ﬁnaﬁ%hfgggﬁ%ﬁgr Between
adjacent tr%@?%n%@éﬂgnq%ﬁéfﬂbﬁﬁ%&ioﬁ%ﬁnathé‘%ﬁi&%‘bﬂa‘ﬁy 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 render small the size of each recording bit and give the maximum saturated magnetization and
magnetic film thickness to each recording% gtﬂ—ﬁ)]f%) ,%%n the bit size is decreased, the minimum
magnetization volub®@ el bit becomes small, and the recorded data are tend to disappear due to
magnetization reversakeissed byheat fluetpation: 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



[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 disadvantageous in that the reproduction output is rather
low. This also leads to difficulty in enhancement of the SNR to a desired high level. [0006] To
reduce-the heat fluctuation, maintain the desired SNR and obtain the desired reproduction output, a
proposal has been maqiyvh%;ein%ridgesfaﬂ[ldﬂgrgoayesvgge formed on a magr;%tic recording medium so
that each of patterhed fracks 6h thé Fides & paftitioned By thetgfdoves Whereby the Tack density is
enhanced. THiS typ& ot magnetic rebording Metia s hbteinbfter reférired:d a9 adiskrete track media,
and the techniquedarnprovtdingithistype of.magnetic tecording mediadsdereinaftemrederred to as a
discrete track.methqd.. . : o Fydhgr-apaattemptisheing made fordividing the data segioy in the same
track, i.e., providin Qa;telgmed media. . _ %nm%xarggg > of the discrete track mediym s a magnetic
recording médium |qugse%is’|ﬁp|53aeteht ochemgi,” Tncﬁ%‘s‘“r%éﬁ‘é_eﬁy“ ﬁ"rLO\C/:i%jlllr?g a n‘éh-magnetie
substrate havi§ pidirusSions and depressions formed on the surface thereof, and the magnetic layer
corresponding surfatet¢arifiguration is formed on the non-magnetic substrate, to give physically
discrete magnetic regording tragks.and serversignabpattems.[Q08v1 + =» - he-magnetigLecording
medium in pa&e%tcg%%ur@egt}gqhag %§tru9£%reecs:%%% }J‘QL a Cf%rrso‘mrz%(t::kn%ti% é%ﬁe%igcf%gheéjﬂvia a soft
magnetic unae?lay‘ér"\on e n6h-mag”hgel}ic substrate having prd’trusmn% an“depressmn%yformed on the
surface therédf Fand affoveréoat fstoAmat  onihe fetrorn agidticidyer. ke Magrstes -8
.recordingpatteredregions forersgnagneticrécoming regionsondtiie protrisiohstphysically partitioned
from the surraundingdegionss cadnithe abevesmentigned rmagpeticrecarding medmmdhe
occurrence of jerromaaneticdomain yallin e sqffmagnelic underlayer gan begargyented or

minimized aﬁ1 ‘erejforet € influence due to the heat fluctuation is reduced and the interfere between
the adjacent SiGhalsii® mirfimizBaSVA thETe thaS5STovidiBh'st £htagRelic feldrtify Medium having a
large SNR. [6068vanTieediseréte tragk rhethodintliddestwo typerotnicthoashadfirsptype is drawn to
a method whereindracks arefaimed afterthe fordationofaandtitayermagneticaererding medium
comprising seyeraklaminated films; and a second type is drawn to a method wherein patterns having
protrusions and depressiaons are formed directly on a substrate OT formed on a film layer for forming
tracks thereon, and thoequlmultilayer magnetic recording medium is made
usingthepatternedsubsstig@stthefifnidydr (366t edampié Lpatit dbeunsent 2atibatent document
3). [0009] obtain the desired reproduction output, a proposal has been mads
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 pattrerned media.
An example of the discrete track medium 1s 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.
F0007]



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 implantation of nitrogen ion or oxygen ion or irradiated with
laser whereby the magnetic characteristics of regions partitioning magnetic tracks are selectively
modified. [0010] Patent document 1 JP 2004-164692 Al Patent document 2 JP 2004-178793 Al Patent
document 3 JP 2004-178794 Al Patent document 4 JP 1.15-205257 Al Patent document 5 JR
2006-209952 Al Patent document 6 JP 2006-309241 Al Disclosure of the Invention Problems to Be
Solved by the Invention [0011] For the production of the above-mentioned discrete truck media
and patterned media WHER e a TREGRELREI FatHToR8d PRa§hEtiETEEBRdiRg patér? there is often
adopted a steprofcéxpesing:-a magnheticlayertegrreactivesplasmas of @rreattiviezion asifig oxygen or a
halogen. Sueh step inchudes; fayexamplenthe followinemeans;pe . r{da Meaas dor forming a
:‘;ggtri‘sg?gﬂy&%ﬁ!'%kﬁ?é‘f&gaé%%{ n,90 the magnelic laver by 1o railling using a reactivg plagma or a
overcoat is formed on the ferromagnetic 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
occurrence of ferromagnetic domain wall in the soit 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.
[0008] '
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.
[0008]
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.
[0G10]
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(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] Researches,dmade by the inventors, for the production of a
magnetic recording medium including the above-mentioned step revealed that the surface of the
magnetic recording layer is oxidized or halogenated by the reactive plasma or reactive ion using
oxygen or halogen, and the oxidation or halogenation of the magnetic layer leads to corrosion of a
magnetic recording medium due to migration of magnetic grains such as cobalt grains contained in the
magnetic layer: ARt OFTRE préseft inV&ktion 16 fo pfdvide a magnetic recording medium
characterized in that corrosion does not occur or occurs only to a minimized extent due to the
oxidation or halogenation in the surface portienof theanagneticilayer, and thus, the magnetic
recording medium Pé%@ ghggcggle\%\ér eptal-resistance. Means for Solving the Problems
[0013] 5 To achieve't = ; ' ave made extensive efforts and
completed the prese[ﬁtoﬁﬁléntion. According to one aspect, there is provided a process for
manufacturing a maietic:recordivg ediupt halvingarrRigrraticalysshriishediRagiictie recording
pattern, charagterzed-by coraprising.taa follewing.steps; eondueted: itethis qrdet:ia step®f forming a
magnetic layer on a:non:magrefic substiate; a-siep-of expesing the-sudace ofregions of the magnetic
layer to a reactive plasma or a reactive ion, which re ions are.to magenveticaﬁl(li:y Eg"rtitiﬁoq the magnetic
layer; and a §t&{y 61‘%‘5(;530&?@%5%u]s‘ff*ﬁ%r?&i@alﬁfﬁqé};tTt‘l’ﬁ}é}& Fiagnatictayér to aninert gas
irradiation. LsASGoRYHED anothERASPESt; thevelis PravidetrA ot esE o fiaRbitdctutity a magnetic
~recording mediun:havingemagnetically partitioned magnetic recording pattern, characterized by
‘comprising the following:steps, egndugted,in thisorder: a.step offorming-a.magneticlayer on a
non-magnetic substrate; a s#eép of r%mo.ving sggfgpgclaé{ngporgorgs ao(;trge\giaonslgfsxtnhe g}:agnetic layer,
which regiong%remﬁ)gfheafglﬁe i&al yrpaﬁitf"oonntﬁré' magnetic JraS}ger; a setep of exﬁosmgathe thus-exposed
surface of re§iovs 67 thé $hagnetic layer, from which the surface layer portion thereof have been
removed, to a reactive ptasima dica reactiveriory andiastép oiekposiigthedhesimagnetically

partitioned magnefic layerito.aninert gas-isradiatiens: »sHerein disclased aze the following processes

for making a magnetic recording medium. 1] A process for manufacturing a magnetic recording
medium having a mazg’l%eﬁ%%ﬂys/ rj‘gftitfc?r%ff J[rlr(?alanrgeafl nfée%clocraelj?ﬁp%?tre?ﬁ, %%%éjéﬁc er%ed by %omprising the

following steSFLY2E2Faid ()Y esnaucksd it thiddhries magnetic characteristics’o

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




(1) a step of foaing 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 forming a magnetically partitioned magnetic recording
pattern; and (3) a step of exposing the thus-n¥agnetically partitioned magnetic layer to an inert
gas irradiation. [0014] [2] A process for manufacturing a magnetic recording medium having a
magnetically partitidiredichagietid reabriing fretctacchial actbszathbyi oumprising thedalloieing steps
(1), (2) , (3raned)veondacieckinthis egileted {Ena gepfformingawmmagnetic layer on a

non-magnetic subsyrage; -4 (29631 8| f removing,surface layer portions of regions of the magnetic
layer, which regions are ?{o %ﬁlggnetica%%) r%sr%ﬁog iheg 1rlnezfgenlel"f'q: Ié%)r %o%ef%{]rﬁ%ir%r ?ﬁggnéft%élly :

partitioned FRHEGHARTECORNGING PRt ic reqyidng srRedssing e thas expossd culiace of
regions of therhaghetiedayendoomtdhich thesuitace layerportian theneathayedhermrengved in step

(2) , to a reagfiys-plasta ona reactivgigy; an f, ing the thus-magnetically
partitioned gka\é%etic,la er to an inert gﬁ:girradgigﬁén.c[%%%]g@@do @‘?&%é%é??&gforﬁggﬁ%cturing a
|

magnetic récording medign &S Mentionet 5ho T8 iR SRS BYayEr pBridirfPof said

regions aretenfoRIEBROERFlIsyHTerp () .regidad ThE proeessforananuferparinga rmagnetic

recording medivalas pRateacG-abeyedR {2EoIdA], Wherein-the sHEace: [ayarpAriens. in $gid portions

to be remoyed in steR (2} have ANEkNgSS e range gf Ol NG 15 0M, 1 sing  the
thus-magnetically partitioned magnetic layer to an inert gas
irradiation.

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
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.



[5] The process for manufacturing a magnetic recording medium as mentioned above in any one of [1]
to [4], wherein the surface of said regions of the magnetic layer is exposed to a reactive plasma or a
_reactive ion to an extent such that the magnetic characteristics of said regions of the magnetic layer
- regions are deteriorated. [0016] [6] The process for manufacturing a magnetic recording medium
as mentioned above in [5], wherein the deterioration of the magnetic characteristics is reduction of the
coercive force and residudl pragreszagsrmanuf 7T prosewpiot thanuéacudhgamedgnetic
recording(;]I EMM@S @@d{ﬁ@ﬁ@ﬂi@h&\z@rirp%twhefﬁiedh]@mﬂhgfﬁimati%@émﬁg%&ﬂe%raﬂerisms
is cause izat r jzatio The process for. manyfacturi magnetic
recording m¥e |um%gsg %e?%’t%%gdcgﬁﬁ/@%\%ﬁy %%ee glp 14 X V\S/r%eepeslno&%é’re cﬁv%né]aqs%a or the
reactive ion“CBHERSE Bxy§BAT0RT Y :[9] The process for manufacturing a magnetic recording
medium as mention&d) abowe #pany oherafifidta [ flavthetdio theyreactve plassha asdhereactive ion
contains a @ggga{gg.’_ [0017] [10] The process for manufacturing a magnetic recording medium
as mentioned abovgé? [9], wherejn the halogen ion is a halogen ion formed by introducing a halide

gas into a reactive Plsfia Shd Hafite Gk Be ity ot HadThe haine Gas Sfiedisdemahecgroup
consisting cfOR4, SF62CHREI OO, RhesKBror a [12iThavysrotess fehinutagtiving amagnetic
recording mesliufags<nentioned aheve i any ene offddie[10], wherein thednefgas Hged;for the
exposure t inert irradiation is at least one inert gas selected from the group consisting of Ar,
He and Xe%@&%% %%%%%%e%sl E&r r%%é]eu 3&%‘?’%&% ﬁ"lgfg%re%ﬁ:nr%c%?&%égan? "mg‘aﬁjm as mentioned
above in any one of B t§ [FLEHHeFeMRERSDSHURE (6N e Basifadialicpas hFfieasslt by a
method using@tdeast dreymearns seletted-frogsthel greui aaasisting of ion gun, induced coupled
cplasma (ICP), and reggiiye ion plasma (RIE). [0018] According to one aspect, there is provided a
process for manufai%jrino%a ma%r%etic recording medium characterized by comprising the following
s

steps, conducted in dRF R ST E D ST SN E FrHgTti 1 BRET G Lonb oy Hed C'Stb&fate: a step
of forming & aiskihgelayecoe thezdgnatietbyeiensttprefdorning aessistiayer pathemasking layer;
a step of fornineaen dhe resishiayemariagnetieecerdingpatierador partitioning the magpgtic layer
into divided (rggionCS'I_?d%tg e(g remo i:erg tg§£%$king layer and, if any, a residual resist layer, in the
regions corresponding to the magnetic layer-paititioning regions in the magnetic recording pattern; a
step of exposing the 1us-eXpB8Be@SUFRTBE MagReneaier lryfrwht AtheanasREsaler and the
residual resistayeniresaid regions of magnetic layer have been removed, to a reactive plasma or a

reactive ion, wherelyy A gnagnafic recaifing Rattarp s Jaegyhictis magnslicaly parlitigped by said

regions of magnetic layer; a_step of rempvm%the whole residual'masking layer; and a step of exposing
the magnetﬁgl%y@?%lgﬁliﬁe&aé’p%i‘rrﬂéﬁ@n. egions 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).



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 Iayér 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 remdved: &esteFP6RERpSSrRE R-BXpoSed SIRfAEE M tHeFegidRa%f the magnetic
layer, from which thessurfacel layet portion theredf bavesheenrermavet; t0sa: rta teactiveplasma or a
reactive ion, whereby.a magnetic recording patiern s fosmedawhich is magpefically pastitioned by said

regions of magnetic layer; a step of remaving the whole residual masking layer; and a step of exposing
the magnetic %f%?%orgr? ?Jr?eﬁ%nglas' i?ra?gia?ﬁ%ngg mT“[13] Herein disclosed is a process for manufacturing

a magnetic recording-heditfn Faviiif & rhagretically Parifiomed MagnetieTeEbraig-pattern,
characterizedd) congprisiagthefellowingstépsdy throught (8)1,) candudted whthis aordetie Q) a
step of formigg:& aagneticdayer-aq anon-magneticsphstiatel . ver (2) astepof fainting a masking

layer on the magnetc 'gysgm or 432 step of fanning a resist layer.on,the .@&Sﬁ%@% : (4) a

step of forming on the fesist layer a magnetic recording pattern for parfitioning the magnétic layer into

divided regidié 2 L85 St8p°t FEmOViRG the Tnasking [BFerahicif &Ny aesidia rsist layer, in
the regions cerrespondingsto the magnetic layer-partitioning regions in the magnetic recording pattern;
. (6) a step of exposingythesthus-exposed surfaces of magnetic layer, from which the masking layer and

“the residual resist laygr inﬁ%dggg&[&ogmﬁ%ﬁ%%é%ﬁ%v been remoyed in sfep (3) , to a reactive

plasma or a reactive ion, whereby a magnetic recording pattérn is totaled which is magnetically
partitioned by S eioR O AThERCTE er =1+ () St DiFeRosint e WhdIefedifual masking
layer; and Tag(Bfra Stepaofairosiagisaid e gliosiof hvag ietic-fey erderad ke gaseireadiation. [0019]
[14] Herein disclogedis=a:preeass:faramanufacturing a magnetic recording medium having a
magnetically partitiomqg:i magn %Eee%%rdm pﬂg%%ag@@@qgriéeg%%g%pr§égg J;Qg@llowing steps
(1)thr0ugh(%£EESQQ£§§%%QE%$% rée£§e in {5}, wherein the deterioration of the
magnetic characteristics is caused by demagnetization or
amorphization.
[8] The process for manufacturing & magnstic 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.
100173
[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



(1) a step of taming a magnetic layer 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 fo rming on the resist layer a magnetic recording S pattern for partitioning the magnetic
layer into divided regions; (5) a step of removihg 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; MgE}HS@H SRRRIGTIAG ReSRfdde RyerPutiohs A lsdie rdgibhs sheiesiragetic layer,
from whichdhpdpaskinglayes angethe residuatrasisidayer havedeensemaveginstepdhda (7) a

step of expgsi é()%tﬁgaﬁg%%eqlwscﬁeemetﬁg@%a qhfhe %%eé&'sys&i whigh the surface

layer portion thereof have been removed in ste , 1o a reactive plasma or a reactive ion, whereby a
magnetic r&CBtdiRg PHtRANSSIBARERYAERs aghe Ry TatHd N8I 53 SBId 8o iRt magnetic

layer; (8) a stepusfirgmoving the whole residual masking layer; and (9) a step of exposing said
regions of magnetig Jayardopn inerbgas Leadiation:ner415kThe-process forumaputactyripg a

magnetic r%cla%rggwa%%edlum as mentioned above in gny one o 5;114 to [14], which furth§;i<§)mprlse3 a

S the ESREaH S RS AHE, (T8 J;Z%SEEF@%? Yegions of

n
step of forming a prote%%il\llg overcoarover the exposeJd
magnetic |S@MRE 1 rerEhas ivadritiond [602Ms .  echidiaiito-antdspecenfere i pedted a
magnetic regorgingnieprodusithapparaiugahasacterized-k samprisinguiscambinatiogs dhe magnetic
recording %@%ﬂ@ﬁg%ﬁé‘gﬁﬁx@ 1@?8%98&%&9 .%%%%@ﬁf&%é‘}%&%”& Qi 8_90%’&%%%‘?6“5? a
driving part for driving the magnetic recording mediunt in the recdrding direction; a magnetic head
comprising® ¥eSorintPyaR Shd B FePretidify faR M EaR s FBr PhovTT I rREgHetC REad tn a relative
motion to theysagaetiegeedriing evedidinand etrecording-padiepiaticiggtsignakiyeating means for

inputting sigagkip the-magnetishrad anddor repsediction otautpulsignal from:the,magpstic head.

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



8a Also disclosed is 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 recoféing 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 récoRging ® cahFrnanda fedGiAiig-ed direprodbengaigRameaatihg thegeststinputting
signal to the.atagnetic heaswmnail for erpiedustion of estnyt pignal frosdiespagnetieheash £ffect of the
Invention [Q cordi  the ent. ol netic recording medjum.can be provided
which is chﬁ%ﬂgﬁ?ﬁf tk?%%r%io%%; O%trfln%%%%%% %lrr?s% %u%ﬁga%sgcggé tgglrlg%smgosé{sl ot occur or
occurs onlyBY¥EminfRZed @I tRERREGREHE My S°IRE thGs 1Riffch BRhibkslaf EntEated
environmentaiasistance.. Brief Description of the Drawings [0022] Fig. 1 is a flow-sheet of the

first-half steps for praaycing-a mageglic fecrrding medium-according o, the-prasent igvention. Fig.
2 is flow-sheet of ;Ch.e second-galf steps for producing a ma&érl]etic re‘ﬁrdin(g(ﬁmedium according to the
present inveRtoN, ¢ f?g?%lslg%crﬁ matic Mastragon ofT ?ﬁé&ﬁ‘ < Eﬁﬁ?@ﬁ%ducing

apparatus claHaPréSeHefpVEAton, pattern, characterized by comprising the
following steps (1) through {(8), conducted in this order:

(1) a step of forming a magnetic layer 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 laver;

(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 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



Fig. 4 is a graph showing corrosion characteristics, i.e., a relation between Ar irradiation time and Co
corrosion, obtained in the examples and the comparative examples. Fig. 5 is a graph showing
electromagnetic conversion characteristics, i.e., a relation between Ar irradiation time and signal-noise
ratio, obtained in the examples and the comparativé examples. Reference numerals: [0023] 7

Non-magnetic substrate 2 Magnetic layer 3 Masking layer 4 Resist layer 5'Stamp 6 Milling ion 7
Region fror@aitich suifac@daysriponiond tive et alay savenbeedipdrtiatly regioves d:
Depth of the region feomavkiebswiacedayer norier ohihe magneticlavenfas heenpartially removed,
i.e., thickness of the remaqved surface layer.portion.of the magnetic layer. . Region of the
e Rt ot  Hbhet SharCEr e b ProTBRItR Geioir 10 RESRhYE plasma or

. 1hu es:as
magnetic layer, having modifiec i ‘ '
reactive iori/ayer—partltlonlng 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 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.

[6020C]

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.



11 Inert gas 10 100 Magnetic recording medium 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 magnetigarecording 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-maghetie slisstraec®)is stépofetjosingghesyntacecofregionsiofthe magnetic layer
to a reactive flasmacong raagtivesions which regions are to magnetically partition the magnetic layer for
folming a magneti ¥ pirt%ionegtr{]agggggg (l:%rdiQ%é)attgm;.and %%a step of exposing the
thus-magnetically par itjoneda %gne?ic layér to an ine Ié%suicr:r%l%at PRt bly, the process
according t6HREFFESERLRN ROATBIHPRIES thd ollowWiRgépst), (2 (BRandfay conducted in this
order: (1) astepof farmingi magneticlayeneadnen-magnetisceuhsteaient)a stepiobigmeving
surface Iayg&pgfgpgigfcgggﬁr]s of tiﬁ §|F§g£%i£i@¥ﬁé] ggg,@ E‘%QJO@:‘? are t %g)nr%)ié:gg)é jx_)cartition the
a

magnetic layer fof forming a magnetically partitione gnetic recording pattérn stéep of

exposing tHe AT e IEHEHRal JFrEgioH e OhemAgHERE Iger, FroframidH thé'sarace layer
portion thereofihale biepa removddng sep(2ndaamactidedqlagma ot ameacivédomanthd) a step of
exposing therbusseaanetically partitignedimagpetigdayerfoandnertgasitagiaton. J0e2pL  The
magnetic recoudigg megdjum,made by the process of fhe present invention has 2 magneficall
partitioned magnetic recording pat erng,}an reglgns or maanséjﬁ%zalﬁé palfﬁﬁ%ﬁiﬂ% fie gfr‘i)éstic
recording paftert.CrRE reticisforifaghetiFaBrpairiormagtivethagieticsrcofdingisatterf are formed
by conductingtpstes ofreadifiias magneticebaracterdstics of said regions for magnetically partitioning

-the magnetic recorgingpattern hy, expasing,.said regions to a reactive plasma or a reactive ion,
“preferably after sur ' ' ions of the magnetic layer are removed. Thereafter

the magnetic layer i 8%0dsed to an inert gas irradiation.
According to the present invention, a magnetic recording

medium can be provided which is characterized in that migration



[0026] Researches, made by the inventors, on the production of a magnetic recording medium
including the above-mentioned step revealed that the surface of the magnetic recording layer is
oxidizedorhalogenatedbythereactiveplasma or reactive ion using oxygen or a halogen, and thus, the
exposed surface of the magnetic layer is activated, and consequently, the environmental resistance of
a magnetic recording medium becomes deteriora?ed, if said surface is not irradiated with an inert gas
irradiation. More specifically; the magnetic metal grains such as cobalt grains, activated by the
oxidation or halogenation of the magnetic layer by the reactive plasma or reactive ion, tend to migrate
and partly protrude from the surface of carbon overcoat under high-temperature and high-humidity

~ conditions, &AdTSEEESAalY TRBSHN fo WP HRad 8F A RETdFaRR 8fve®CCrIrthaprodtiction process
according tocthierpresentinventien, the-ardagnetichayergwhichchbsyiseenzactivates byitheoxidation or
halogenatiog with the reactive plasna-okfeactive an, isxposad-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.
[0027] By the term "magné&fi¢ fécOrding patterh s astided it thi§ Eecification is meant a magnetic
recording pattern in idbroad sense which include patterned media wherein magnetic recording patterns
are arranged with ageytain regulantywper.bit; medinavherein-meagnetierecording gaiterng are arranged
in tracks fashiqp, and serva signal.patierns., ..Jhesprocess etthe present invention is preferably

adopted for the manufacture of a diScrete type magnetic recoding medium in view of simplicity and
ease, wherein the magnefically paritisned £2 magratic rscording patier mvelvesinaghetic recoding
tracks and serv¥gsigrialpatass 0028 1T e Breéess foe nidlinghesffagistit fécdding medium
-according to the presemt invention wihde=specificallydescrinedbwithrreferenes ta the accompanying
‘Fig. 1and Fi;gegordmgnﬁe@mi&nﬁ%gm%diyfn made has.a multizlayersiructure as illustrated

in, for example, step J'in F“:]g 2 whic %omrpris_,es a non-magnet'ﬁqsubgrate %igsmag%etic layer 2
formed on the substiafe’ ah ksmai'i'}ir‘crrgrgpmasgnoe“ﬁ%j ?eggrrdiﬁé ?ba?té:rn?%ar}ccj“gﬁlosvercoatlg, which are
formed in this eriért iRthehspmetiirédoriing Thatitiieradecea Ky 16 protesdtéftHecpresent
invention, optionaldayetsoiher that aneon=magnetic sebskrate 1ea. magnetic layer 2 and an overcoat 9
can be appropriatelwgartg%a%%@@g te-{bg:need) Lhus A.50fk magnelic upderfayer and an "
intermediate Igggr é\ﬁ/@;ghsgge not.s €”;pwnainvgil . tZ)Om@éa }3&% Jgrrr}gd P%j[\év en Ti%% r%or}aénaggetic substrate
1 and the macghétal‘c' ayer 2. ,&ﬁubﬁ'catihg fi‘T@(ﬁ Shown in Fi .5) imay be Tormed on the overcoat.
[0029]  TheTRBRTRagtRIESHstrate-21d mtﬁeep@%@ﬁ@%ﬁﬁeﬁ ni85hGEPRATNarTS limited, and,
as specific exaanglésthereof, there can be mentioned aluminum alloy substrates predominantly
comprised of alumintigs sueh-as,forexample, an Al-Mg alloy substrate; and substrates made of
ordinary soda glass,i H%j?osilicate glass, glass ceramics, silicon, titanium, ceramics, and resins. Of
these, aluminum alloy substrates, %Iass substrq{:ﬁes such as glass ceramics substrate, and silicon
substrate are preferably f&gfeenetic substrate

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



The non-magnetic substratepreferably has an average surface roughness (Ra) of not larger than 1 nm,
more preferably not larger than 0.5 nm, and especially preferably not larger than 0.1 run. [0030]
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 perpen@icular 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-magnetic Crlvio underlayer. [0031] A preferable example
of the perpendicular magnetic layer has a laminate structure which is a combination of a soft magnetic
underlayer comprisfd SFa &0 AR SachaSRECER, FeCoSiE, FeCozr, FeCoZME or Fe.CoZrECu:
a FeTa alloy such &s P&TENorEETAly arsa Co alloy such as CoTaZr, CoZrNE or CoE; an
orientation-contralling tayessomprised of Pt, Pd, Ni, Cr or NiFeCr; an optional intermediate Ru layer;
and a ferromagnetic IaMgg&og}gq,s_%% %&@OCO-15CY-15PI alloy or a 70Co-5Cr-15Pt-10Si02 alloy (the
numeral occurring ifﬁnmediatel before each element refers to % by mole of the element) . [0032]
Usually the magrreqlc Ig\?&pis fhed 85 A fifmforid })?i‘éﬁut?é/rﬁ?&fn The magnetic layer usually has a
thickness in the range of 3 nm to 20 nm, preferably 5 nm to 15 nm.. The magnetic layer is fa-ad so that
sufficiently high input and ex#putibead faowess cahriye @btaitied inreensideration of the kind of magnetic
alloy and the Iamina{@gqqture. The magnetic layer has a thickness of at least certain value so as to
obtain an output power of at lea tcertairlblevel at re roducticc)p. However garame;ers relating to the
. [~ !:esen? :.ntven 1001 18 C(ﬁncc?zine WiTH 2 p:l: Cess Lo
recordatlon-reproduc?ﬂbn?charac eristics are generally deteriorated with™an increase of the output
power. Thergfste as optiianitHERAESS f ifagheticlaVeris Breferably éhdsemfit eohsideration of the
-output powepani thesrecordatian-fepreductioncharactenisties 1 [0033] charadie pieeessifor producing
the magnetic.rpeording medium aceprding tathe present invgntion as-specically;exemplified in Fig. 1
and Fig. 2 comprises %e following steps AthroughJ.. . . .
crdert | a2 stepvor Lorming amagnetic 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 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 i fgrming'axnagn@tic layer
on a non-magnetic substrate; (2} a step of removing surface laver
portions of regions of the magnetic layer, which regions are to
magnetically 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. '
[0025]
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



Step A of foiming at least magnetic layer 2 on a non-magnetic substrate 1. 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 magnetic 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. L k tep E of partially
ion-milling 6 TR (B eSoRFEGIONSBE the Liffaceiayel df MiSyREGE -y Z566FeshBnding to the
regions frompwhichrmagkingdayen 3 isipartigihcremoved; sk reraguingrthecior-milked tegions.
R?ferencel nymﬁraéggmg@t@s H’ﬁ%&;ﬁ-éﬁﬂﬂ@gﬁ@gi%%efﬁ&@;uﬁza&edﬁygfé% f@%@l_ﬂglﬁg |@\f€‘;;_ arrl\Cri]
reference letter d. indicates-the thickne Sur; ayer_portions of magnetic layer which have
been remové’gl%(;l}hﬁ%%erﬁi ;%ng]jg yet éﬁ%p %%%%(%bsi%%%%ciﬁ-e%i%ﬁ r%a%‘hes%%“b?%”%aj"énetic layer,

from which tRERUTRSCE faftr pBRToNS BF Magreté taEt-have been removed, to a reactive plasma or a
reactive ion 10, therébyanbdifying the magnetic characteristics of said regions 7 of magnetic layer.

Reference nutheral 84pdicatesdhertegions ofribeimagnediedayer wiieh have.moditied magnetic
characteristigs, atep H oL remaving resistlayer-4.and,maskinglayer 3. .- ; Siep Latexposing the

magnetic layer 2, frqﬁm which resist layer 4 and masking layer 3 have been removed, to an inert gas
irradiation. * e“"'§t‘fe]p‘5l drEoverifig THe siirfact of the W‘?gﬁ}ﬁertilccla%Tofﬁﬂfﬁga prétective overcoat 9.
The above-ni&itisred steps AIBFSUIGH Pare Gakfidd outarrtisapove reeitedvsrder usingtep F,

- partially ion-millingr6 dhendepression segians:of thesurtace kayenof magneticHayes4ds 1ot essential,
but is preferably.carried-out, Indhe case-when the ion,miling step.Fis,slifted. the.surface of magnetic

layer which is exposed by the remgval of masking layer 3.in step E is expased.to a reactive plasma or
y L oga%m Q?E = oré%ngmeggr = o{eségterggrateg,@%salgsuf%%ce P
a reactive ion n steﬁ )

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.

[0027]

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



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 FaEkATd fayERTGiting REteRAR G388 T IRRERRING 147 fEARZING 25 BIAs, Ge, Sn and
Ga are preferabte. Mi,dFizV amdtNbrare more preferable, and Mo, Ta and W are most preferable.

The masking layer prefetably has a thickness in the range of | rim to 20 nm. [0036] When negative
magnetic recording aéte}%l Oig etg%ngoeﬁ%ga%%ﬂ{% éegg[f?&aé@rﬂ,r@éme& Wgﬂ?%zé'ﬁ@nc’ by using a

stamp 5 as illustrated in the stép D, the stamping, IS preferably carried out:under conditions such that

the regions GFFRFragiSt ToYEP FrestRY B IRE Stam Byt iV REfickidsstih #6E TAnGE%of 0 to 10 rim.
By carrying satther stamping urddrsuchconditionsavien the regiors.of the masking layer 3,
corresponding to thenegative magnetic reording patiernofsnags edicrtecoidingypattern, are

selectively remayecl by elching e slep & the-etching.oan be-affegiedinag advapiageous manner.
That is, Undesirable sagrgirg% at edge pprtieﬁrﬁﬁof the masking laver 3 can be avaoided and the
g

shieldatility SFTRR Ekifg 1Ry 3 hgainst MifingHon 6 can"bé Ehtanded M stey FiRER" 2, and the
foztaability obthéhagjneticrrecoring Patier By 186 PRASKInGRYEt B dlsp s éihanggd. a7 The resist
~layer u_sualIydee&@d&:ﬂclmes&imﬁhemngem@bdm k&irenctecahqut 1601311@ m&%]thrca preferred
embodiment,of the process for,manufacturing 16 a magaeticaecording medium,aceording to the

present invention, as.the material for forming the resist Ia)éer 4 in the steg ? in Fi%. 1, a material which

can be cured ]a?b%%ni?rladi%%rnswﬁ}ﬁrh%;di%%%?\ IS ﬁé’*e“*a‘?“%%%ﬁw?eﬁ 1%T“'esg%ﬁie\t/"e mdgﬁe"fic@%%b:raing pattern is
transferred ort8aHeZrésiSt 18y eF 2P usiTy TSt pREInIRE 'step 0, 6F aftBR HiveAraiTsTet st negative
magnetic recording pattern ITasbeen sofmpletedethe resisitayert isdtashiated witherfidiation. In this

preferred emhodiment, the configuration of-stamp-5.can pedransiereed-anthe.resistlayer 4 with high
precision. Conseg\uent%)é,_.wheriﬁrle r%%ions of.the masking layer, 3, corresponding. tg the negative

. . non-hagnetic spbstra 1and € g.ma %%;e iaver 2, LT %%ga 15 .
magnetic recoralng pattern 6 e magnetic recording paftérn, are removed by etching'inthe step E in
Fig. 1, undesifaite SEgifiaCaPedgepditions dtakethaskimffayst FeanPEavoided and the
shieldability of the maskiig layer 3 against milling ion 6 can be enhanced, and the
formabilityofthemagnetic tecordigg-patte s by thednasking dayer Srean.alsebe enhancesh The

radiation used for curi ﬁh ,&gg%e aterialrefers to eleg ggkaﬂqetég{%fégn;_%gggg sense which
include heat rays, \ﬁs%gé ight, ultr ‘vig}et% %t,ix rays and g;%mmg rays. The curable mgftérial includes
thermosetting F&&m<Hhich d?@‘b"u’r%ﬁéjb?%@%Ir%s,a%ﬂyulﬁé?ﬁde%%ﬁir?& FESRSWhich are curable by

LﬂUavkﬂetngnpmprised 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.

(00307

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



[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 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]iayer 4. By this procedure, the configuration of the
stamp can be transferred 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 layer with radiation by
exposing th&sapskate 17 SidePe  SitdeGppo&ite-to the stamp-pressed resist layer) of the laminate
structure to radiatior; @méthad bt usiagplradidtioh4ransmiting stapyand expesingthe
stamp-pressed side.qfithe laminated strusture todadiation: a methed of expesingsthe-stamp-pressed
resist layer t8 rggi%tL(%_}[?l;Jt:)yaspep,lying radiation from side of the laminate structure; and a method of using
radiation exhlgiflng a hi Fi onductivity to a solid, such as heat rays, and exposing the stamp-pressed
side of the laminate Stictére or the opposite side (substrate side) thereof., with the highly
thermoconductive radiaton: {80393 xamplearprefarpespecificedanple o the protediaes of irradiating
the radiationzcurable sesistfayer-with radiation fo curerberresistlayer an sfttavieletaayscurable resin

such as novolak tesln anastiieagd esteriesinorg cxcpalbbatl enaxyresin isused.as the

radiation-curable resist resin, and a stamp_ made of a highly ultraviolet ray-transmittin g[ass or resin is
used. [0040]FecoWa%pﬁﬁ&%ﬁ%év@-rﬁgﬁﬁoﬁéﬂQﬁ/ro%éﬁ rés, %%Tﬁvagﬁeﬁ*@ Eﬁéf'aé?%rl‘étics such as,
for example,thexddercivectoree aptihe résElidl madiatizationtihaheseqions ot patitienmg the
magnetic tragks sar-fe-teducedtetheminimun valueseand eonseouently i theslettetibleeding at

writing can bﬁhﬁmg&d; and the plane, recording depsity ofthe;magnetic reserding-mediism can be
enhanced to greater extent, [0041 5mh§15t§”}9 used in fp&gagprn-transfchlnT% slge D is preferably
made by forMilg ifate track pattérs dh a metal plate “for example: by elactfon beam lithography.
The material ‘usesifor formiprjitie stafpas et Parfdifay-intited Torovite d #iat HidPirpose of the
invention is not impairegt but, a material having a hardness sufficient for enduring over the process for

producing the magneig.tgaqding.mediumy, and baving goed:ciyability is-preferably used. Such
material includes, for example, nickel. The patterns formed on the stamp include those which are

. T 104G, . .
conventlonall§1cfll§e°5e trdtks for recording ordinary data, and further o
The maghetic layer usually has a thickness in the range of

3 nmto 20 nm, preferably 5 nmto 15 nm. The magnetic laver is formed
so that sufficiently high input and output head powers can be
obtained in consideration of the kind of magnetic alldy 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.



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 depression regions of
the magnetic layer are preferably removed by, for example, ion-milling, and thereafter, the newly
exposed regions are exposed to a reactive plasma or a reactive ion, whereby the magnetic
characteristics of said regions are modified. The magnetic recording medium having such regions
having modified magnetic characteristics has magnetic recording patterns exhibiting clear contrast and
has a high SNR, as compared with those of the conventional magnetic recordingmediumwhich does
not have regions with modified magnetic characteristics, and which has been prepared by a method
wherein the surface a§erhortiohd in the dBBras&iah regfors 8f MagneiioEyer &R ot Fémoved and
the exposurewfsditFegisisto batgactive plasiadota Feabtive iontienétearidd: otit IThis would be for
the following-eeasens. &ieste by:the-rersovah of the sutfacedayer portionsdn the regions of magnetic
layer, the newly expgsgd tegions Arg-clearand gelivaled A heyeipee il satanced reactivit

with a reactive plasma‘and a reactive ion; and secondly, surface defects such as minute voids are
formed in the FEly expOsed régrone e WHIGH aTRactive Plasht of ioncaibé asily penetrated.
[0043] T THickresscasexr #ss66 Bie ot instepaPnin Fig. 22w thAedeprdssitn redions of the
surface layet ot magaeticlayersto be: removed-hys fariexam plentan-milting; 4s preferablyin the range of

0.1 nmto 15 nm; mare preferably 1-amtolQnm. When the thickness of the remoyved regions is smaller
than 0.1 nm,_the ab ve%%gn ioned benefits brou%ht‘abogt by the removal of said regions are

insufficient. I ¢OnfraSt, When ?ﬁé%i&rneesrse_%??ﬁe‘ [e:”rrﬁo%/“efl*rer“gions is larger than 15 rim, the resulting
magnetic recording ffetiumIrasa podt SUFaEcBochhds S BRCEHRE fidgRetiE ¥eesrdir reproducing
-apparatus has.a poof head-dfleating propertyc layhrthe prasentpovention; chenegemissabthe magnetic

layer, which magngtically partition, fa @%WP@p%%&%@?t%WQJnQﬂQQQ%%%GE% signall .
patterns from each, gther are exposed ta. 19 a reactive %QTLa 2 gg a reactive ion whereby the magnetic
characteristics Of the T6gions of magnetic Iayer are mo ifled GF ggraded [0044] T BY the tezil
'magneticallfﬁaﬁﬁﬂ)‘h@gg Mh&gheticerscordifyg paffefreds tsety it thebréSERt SpEEIfGALIGH is meant, as
illustrated in Figr2listep=6,ithe nhdghetic sechitingpatieneviaichrispattitiorediyabeahodified or
demagnetizetbregions 8-af the-magneticdayer2 as,seen-when the laminated structure is viewed from

the front side. The object of e prssentinyeqtion.can beaeieved o an.embadimentwherein, in the

case when the magnetic layer 2 is partitioned by the modifi lemagnetized regions 8 thereof in the
upper surfaceP&tiort BPTE Ay TeficTayer P evar tnough e raghdictiayer 2 ¥§ hotyyartitioned in
the lowermosteportirthesreof “Therefarecthis embeatiment alsw falisiwithinrthelscope ofitve
magnetically-pattiioned magnelicsrecordingpatern:-ashetdinusedagiorByrthe ferganagnetic

recording patigrny’ as used. hefeln ismsant 8 magnelicsecarding patiem,in afrgad sepse which
include patternéd media wherein maﬁ%;

etic recording patterns ar€ arranged with a Certain regularity per
bit; media wheraih MEGRRETEEGHE e 2 -

Ffj%ﬂé?ﬁ‘@%? @g&% tracks' Shion; and servo signal

patterns. 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, ls not essential, but is
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]



[0045] 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 magnetic recording pattern involves magnetic recoding tracks and servo signal patterns.
The modification of the magnetic layer as condu 'E,_Jed for foiming the magnetic recording pattern in the
present invention refers to at least partially changing the magnetic characteristics (more specifically,
lowering the coercive force and residual magnetization) of the magnetic layer in specified regions
thereof for the formation of magnetic recording pattern. [0046] The above-mentioned regions of
the magnetic layer, which netically partitjon, for example, the magnetic recarding.tracks 20 and
servo signal pattern?ﬁo?ﬁ%a%hgoéﬁievr, zc-:aglrf béeofg?ren%d) Bngqr%orﬁﬁﬁﬁ%‘ffg%n of fﬁeers%ejéﬁié't‘ﬁggions by
exposure tos& eEaBtive pREMacses Febive SIS, Hhe RRGEtHCCharasEeHticaeoR iR regions of
Magnetic layer-catl-be;medified alsosbyichangingithe, clystalinesstructufe:cfithe thagnetic layer (more
Speci;icglly, %@W@@%ﬁ@gei%f%t%.@%g@@tiﬁﬂa@ﬁef)@i,n ﬁpe@i%qgggwsw?eﬁ%@&%;eé@psing said
specified regions tg a reactive plasma gr a reagtive.ion for the formation of the regions_ _
formagnetic%ﬁg%ar%%#ﬁhg ?heyf%hzlﬁétig’regéragfﬁ'ge?r%bkjsc an%saé?\%ﬁéi' ngypléﬁjé?r%sf%s“me
amorphizati&a vt tha hagrtiellager the presehtmsRtion fetérSio 1RERRB St Imic alingement in
the magnetic¢ dayérdsrchangedchtoan kregtitar ftomid alriangemenewittnetdong-distadcedrder. More
specifically it refers to.that migrocrystalline-padicles Baving-arsize of smalles thant 2,cmare arranged in
random. This arrangement.n.[ander of the miciaerysraling patticles.capihe copfirmed by the
absence of peaks a fribu ed t5the crystalling plane of_byt e pre*s“e,%ce of halo aloné by X-ray
diffraction af&iysRE6F Blecifohiay HitRatidRARakRis (0047] TS SHIETeabivs Pidsniyas used in the
‘ present inventinroimctudes i fordexample sindustively Coupsted prasnmuiCcand reagtivéion plasma
(RIP). The r@@g@@gg{@M%iqg}@prggﬁnbm\@mmmdﬁd@@ﬁgﬁ@@@ple, reactive ions present in
the above-mentionegoi §Iu?tively coupled plasma and reactive ion plasma: [0043] The inductively
coupled plasma as use Herein refers ta a high-temperature plasma which is obtained by imposing a
high voltage to & gaSTEHAGRBTTeT FRasHE: HEFTUHIRF PPy THGHet’ VARAAo H high
frequency tolgeneraiejoilehebtnu® té-overourfantirside the plasmis Five tndutive Toupled plasma
has a high electrendensitytang cam smadify thenmagnetie characteristies:of ppageetic layer with a high

efficiency in a broad-areq magnefic film. as,compared with the gase.of making discretedrack media

conventionally using an ion beam. The reactive ion plasma as used herein refers to a highly
reactive plasiia whith'ig dbtaiid by adding a reactive gas such
[0C36]

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



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 process of the present invention, said plasma can modify the magnetic
characteristics of the magnetic layer with a higher efficiency. [0049] In the process or the present
invention, the magnetic characteristics of the magnetic layer are modified by exposing the magnetic
layer to the reactive plasma. This modification is é¥fected preferably by the reaction of magnetic metal
constituting the magnetic layer with an atom or an ion within the reactive plasma. The reaction of the
magnetic metal with the atom or ion is accompanied by, for example, penetration of atoms of the
reactive plasma into the magnetic metal with the results of modification of the crystalline structure of
the magnetié MétalEhanbRC6r e Sofposiion S1tHE aghetis iietalcaABoxiTaEBAL Aitridation and/or
silicification etthemagneticahetalr[(RE6Lng Duteaetive plasma:containing«oxygen atams is
preferably used as the.reactive plasmadn the presentinvention whereby fhemagnetic metal

constituting the ma%neticéay%%ig ‘allowe\g‘.to react with the oxygen atomsﬁyvitpin the reactive plasma to
oxidize specified Tegions of the maghetic fayer. By the oxidation of the specific regions of magnetic
layer, the resitfiat iaghetZation afd e éoeréiVetidrcey chthe redUcsd withmore énfEnced
efficiency. That is; thétmmagrieticcrecordng niedieps havinguragneticalyeparditraned magnetic recording
pattern can be made byareadive plasma treatment of asshorblime: .o «Thus:dhe-modification of the

regions for pﬁrgtlgggl'pgggg ma net'%'@é!%e% r eé%@%!ghﬂ/ a reactive Bkasér@a asacocgdu,cted for forming

the magnetic recording pa?t%%n Clinetﬁe present inventlon_lnc%%% changing oarr?gwerlnéltxﬁeé magnetic
characteristic$ 2Rrdrer Speciticatly I0wenig thedertive- FotcBidhd Fé&ituat agnetization of the
specific regids sfqaghktic W tard-defragnetizatoreeiampiphizativn of thesspecificgegions of
~magnetic :ay@cs-&@5&5&&3@9&_&@@@@@m@&ﬁ@%aﬂwQgeﬁ:c@ﬁé_saalﬁoe@_aef@&md%ays?d as the
e halogen ey 1y be orogat SHNEr Slone of 40 & ComBARGH Thaskof ik abcosiien fon in the
reactive plasfid AR hnfiGAEFIBOVE The MGt afactarElics 6Fihe fnagntitdavat can be
modified withtan entarted. efficienéythy the TeattiorrpEthe Gaajersiomin thageagtivie plasma with the
magnetic mefal senstitatingsthe magpeticdayes Bnd; theLticiensy: of raedificatipn sanke La./
improved bygpe&%&g@g& o{g%gxygggniogll with.the halogen.ion in the reactive plasma.
The radiatiocn used for curing the curable material refers
to electromagnetic waves in a broad sense which inglude heat ravs,
visible light, ultraviolet light, ¥ rays and gammas rays. The
curable.ma*:erial includes Thermosstiing resins which are curable
by heat rays, and ultraviolet-setting resins which are curable by
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



Even in the case when the reactive plasma contains a halogen ion but does not contain an oxygen ion,
the halogen ion reacts with the magnetic metal in the magnetic layer to modify the magnetic
characteristics of the magnetic layer. The reason for which is not cleat, but it is presumed that the
halogen ion in the reactive plasma etches foreign matter deposited on the surface of the magnetic
layer to make clean the surface of the magnetic Iéfker with the result of enhancement of the reactivity
of the magnetic layer. Further the clean surface of the magnetic layer is presumed, to react the
halogen ion with a high efficiency. This beneficial effect is especially markedly obtained when a
fluorine ion is used as the halogen ion. [00521 - After the modification of the specific regions of the
magnetic layeri® carrfed oBt dRe TRt 15Fer 4 4HE tREFHESKIFESREr S8r Feri®d a8illustrated in
the step H intky.12nThetrensdvalaafithe resistdayet doandaheenaskingtlayer:3ican be carried out by,
for example a precegure of ciy etching seagtiveiensisbing, jonmiling.or wet aichingee  After the
removal of the resistlayer 4 and.the masking laver 3, the magnetic layer haying been ggtivated in the
steps F, G and H in Fig. 2 is exposed to an inert gas ;r,radrlatlon in tﬂe step T whereby the magnetic
layer is stabiliz&F ancFBE&Hriéice bf tREThigRGBh Gy ratie Grams' B SRoided OF miRiized even
under high-teaperaturéandarighzhiemidity.conditions.dTherreabod fof visichsucitbehefits are obtained
by the exposireite: andnest gagiirrashation is-noy cleas. But.iilis presumeddhat the-inedrelement 23

intrudes into the surface;|ayer partion of the magnetic layerand conseguently the migraion of

maynetic grains can be suppressed, and further that the surface layer portion_activated by inert gas
irradiation is YeRTGVEd a?fdip%e( FGFatS of Magneti@ grafis’ d8es hot Bedur BHdceurs only to a minor
extent. [0053]he IS TTE ey asz At d¢astone gas selected from the group consisting of Ar, He and
. Xe is preferably useddnzagw of the stability and the enhanced effect of suppressing the migration of

magnetic grains. . 1, The exposure tq the pert gas iradiatien is.carried aut preferably by a method

using at least one means selected from thggrozg consisting of ion’gun,_blgd?uc_eﬂ,d coupled plasma (IC?),
and reactive i6h Pradma’ C@RTE? Of thése TC> are EQ?E"_a‘rSe*pSréf'é?gﬁl‘e i Vi W%?‘eanﬁw‘é)ncéé) intensity of
irradiation. THeECE#hd #é RID aieRerdifbefore Hesctibet2 JOOB4E e ATtSr.these%posére to an inert
gas irradiationyaprateetive pwer coay Diis preterahly:folmed: an the gtitace: pf.the magnetic layer as
illustrated in Fig.; 2, step. Dr; and then a-lubricant (pat shown inFig. 2).isipreferably coated On the

protective overcoat, . 11;E_1e1j19rmgiigga%f".tgfegvgrgogt 9 can. stuiary be effSectgdrt‘)Ey forming a
diamond-like-carbon fifm By, Tof example. Usmg P-EVD: but the method for forming the overcoat is not
particularly lififéd. The protective overcoat 9 can be fobmed from materials conventionally used
for forming a protectiv@® é¥ercoat, which include, for example, carbonaceous materials such as carbon

(C), hydrogenated caghardbx{gniHdedicarbons(QNinamqiphess sarbon-aadrsilicar carbide (SiC);
and Si02, Zr202 and TiN. Two, oL mere, evegcoals may be formed, 100551 ¢, co 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



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 becomes undesirably large and the input
and output powers are often insufficient. A lubricating layer is preferably formed on the overcoat 9.
The lubricating layer is formed from, for example, ?fluorine- 24 containing lubricant, a hydrocarbon ‘
lub cant or a mixture thereof. The thickness of the Tubricating layer usually in the range of 1 to 4 nm.
[0056) The constitution of an example of the magnetic recorai reproducing apparatus according to
the present invention is illustrated in Fig. 3. The magnetic recording-reproducing apparatus of the
present invention comprises, in combination, the above-mentioned magnetic recording medium 100 of
the invention; A UG &t T01 Pordiving e taghatic fecotding Ricdiam i tHeF&5tding direction: a
magnetic hea@dltFe2 o MpAskiG: atecdrélifig-parisand a reproducing part; means (head-driving part 103)
for moving the magnetid head 102 in a relative motion to the magnetic recording medium 100; and a
recording-and-reproglycing signal tgating-means. 104 for, inputting sigpal iyt Ahemagnetic head 102
and for reproduction of output sicgnaj from the magélrgatic ead 102. _The magnetic
recording-reB?dfdl}azﬁﬁ éﬁ‘paraetuseé‘\&r‘?]sp%?ﬁlg Ve conibination of the above-méntionied means can
provide a high FEEEIRIRY deRsTE MSte SHECTHIEATY ity tREFTdgRe e fecoiinEHERRGTESH the magnetic
recording-reptedueingapparates, the inagnetie regprding ttacks asamageretically-discrete, and T
therefore, thedecording headwidth and the-teproducinghead width: cante approximately the same

size as each_qther \/éitl}ltgg result of suffi(%ientlj\_(erljgQé{f%og%g@&oy%utnpowe;ﬁn%SNR. Thisisin a
- e | i 13 i " i

striking CONtFAST (0 1 e%onvenfi%%a?%?%néﬁc recording"medium wherairthe. ‘“r’epr%t%uléiﬁa head width

must be smalef thantherelst diig i athwidih @ irinintize the iRfUERER O the Ry etization transition
“regions in theadrack edges 00673y cleBy constititing:thi hepreduting &t afstheomzagnretic head as
GMR head of kMR ead. a suffisienththigihsignakintensity can-berpbtainedrevgnat adaigh recording
density, thatgl%g%e magge;igpre%qugn%agigg%}%qujﬁ%a Qgh Eetceogggqgg%nségdcgﬁi e provided.

! Atir : ' of 0.005 pm 6 0.0 hich

When the head is floated-at a‘?loatmg eight in therange of 0.0 Opm, w is lower than

the conventioA&Iy StfofEafdating héght ottt power fs FidredsRd-aHa the SR BRcomes large,
and thus theimagnetidaecetdirppappatatus canrhayee 25 alatye sizecandta highrrelinlitity. If a
signal treating-gireuipsing a-SURLPIOdUGHcOMPOsite algosthrsisoembined in the magaetic recording
medium, the rgcording density.can he mueh.mare enhanced, and a sufficiently high.sNR can be

obtgined everp,when recgrdatlon-re rod;ugt,l_on is carried out at a high recq_rdin dgns[ty of at Ieas_t 100
0-bit or more‘ﬁéﬁgqﬁyeﬂ}f‘l%tfeéf‘?r‘é{)k déensity SFiéﬁ%t}fék%roWﬁgr‘éJBErlﬁc Jor'&fingar recording
density of 1000 ekt o HcreyBer ihth.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, in
the depression regions of the surface layer of magnetic laver to
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



Examples [0058] The invention will now be specifically described by the following examples.
Example 1 A glass substrate for HD was placed in a vacuum chamber and the chamber was
vacuumed to a pressure of not higher than 1.0 x 10-5 Pa to remove the air. The glass substrate used
is comprised of glass ceramics having a composition of Li23i205, A.1.203-1(20, Al203,-K20,
MgO-P205 and Sh203-Zu0, and has an outer diahieter of 65 mm and an inner diameter of 20 MTL,
and an average surface roughness (Ra) of 2 angstroms. [0059] 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 thig GreRs By D E Shiltferitiy STRERTCkRSSER df tespettiveTaérE &ie: FeCoB soft magnetic
underlayer: 60Q rim;:Rui mtermediatédayer 18nnt, ardmagnelie fayerrEbGom L0059 A
masking layeLgemposed of Ta with a thickness of 60 rim was formed on the laminated structure by
sputtering. Then a re@iﬁ%@yer 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 corféspofidirgTo tHE HeiretPmagietic rectraitly PafBRT wad pressed o the resist

layer 26  pattern” as used in the present speciflication is meant, as

illustrated in Fig.2, step G, the magnetic recording pattern which
is partitioned by the modified or demagnetized regicns 8 of the
magnetic layer 2 as seen when the laminated structure is viewed
from the front side. The cobiect of the present invention can be
achieved in an embodiment wherein, in the case when the magnetic
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 lowermest
portion therscf. Therefores this embodiment also falls within the
scope of the magnetically partitioned magnetic recording pattern
as herein used.

By the term “magnetic recording pattern” as used herein is
meant a magnetic recording pattern in a broad sense which incliude
patterned media whereiln 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.

[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.

[CO4e]

The above-mentioned regions of the magnetic layer, which

magnetically partition, for example, the magnetic recording tracks



at a pressure of 1 MPa (about 8.8 kgf/cM2). The glass of the stamp had an ultraviolet-ray transmission
of at least 95%. In the-thus pressed state, the pressed upper side of the resist layer was irradiated with
ultraviolet rays with a wavelength of 250 nm for 10 seconds to cure the resist layer. Thereafter the
stamp was separated from the cured resist layer thereby transferring magnetic recording pattern on
the resist layer. The thus-transferred magnetic reé%rdlng 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
layer 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 5nm. The depressed portions had an
angle of abRtOFaEGFeds Wherstitiae Sifac&PpeITer  Thetehftef tHESSTessed depressed
portions of tharesist fayerandiheheospsponding poitioss of tkedeasmaskingdayenweresremoved by

dry etching. Jhesdry etching-genditions for etghiag thee f@é&%{é@yerwereaeééeﬁe,%cg%gas 40 scorn,

pressure: 0. 3 Pa h h- fre%%encgrplasmeigowera%og\alv CI)D llgla tﬁfj %nd %%ngltmﬁ 10 sedonds.

The dry etchlng co difions for etching the amasklng ayer Were 4g s750 Scom pressure: 0.6

Pa,high-fredtefityplasma 66\%?‘5%8 WE DEDIBEIBOE bl &fchifigHimePse secsnds, [0062]
Then exposed regionsigfathecomagrieticiayeewWiickewere hotscoveredebytel naskimgrkyer were

removed byigremilling-using angseoniien rkhe dep-miling-cenditions yate as follows.;High-frequency
plasma power, 800 W, aceglerating voliage. %%Qw\érﬂf&%%‘%ﬁg& a‘i‘iﬂoﬁ%ﬁ%@? '3‘{&1% scem,

treating time: 40 sec, and current density: 0.4 mA hen the regions exposed by the ion

milling were 6%@6%%% éc‘rea%ﬁvedﬁagn?a‘ me@?qh%eﬁ]‘éﬁnﬁ@lﬁha%‘i fistiSs of said regions of the
magnetic layer werefodifiedPiFhis Mcdifieatibheusingre Fdactivey prasmativas waeredout by using an
~inductively coupied plasmasapparaiusiiNESRe" aveilable:fromndivaesing The plagmawas generated

by 02 gas atya flow rateo0Q se/minute. The inputpquer {or plasima generalioniag 200 W, the

pressure within 27 the garatu was 0 5 Pa'and.the tr tlng time for the magnetic layer was 300

seconds. 10063~ %~ STRarSafter the reSiet Tayar-and the é’lsklhg‘%y%‘?%EPe Féthbved by dry etching.
The dry etchiiG EOREIGHS- Wre B3 ToREWES FIGW Fte*0F SPB 9asSIU0-SEL AU 220 Pa,
high-frequency:plassi powern 4. WTand teatingdimer 300 sec.dom dhereafter the surface of the

magnetic layer was exposed wish, an-inert-gas-plasma irradiation. The conditians fo 154 2 the inert gas

plasma irradiation were as fql OWS, FI LaIe of Ar inert gas: 5 scem, pressur 0 a acceleratlng
voltage: 3005\7 cuﬁen?%ensfty d:4'm JZVl an(ﬁrea?ng time éjﬁ%é%k 2%5%‘0

thus-treated Rippersufface @\%éé%r@@ WW&T&BO#@@%@T%l%%W@%&S of 4 nm by a CVD
method usingrdiadpword-like-carbon (DLC). Further, the upper surface of the overcoat was coated with
a lubricating materia} 49 give a magnetic recording medium. 100641 Comparative Example 1

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.

(06481

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
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-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



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 out. All other conditions remaining the same. Examples 2 to 6 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 kre changed as shown in Table 1, below. All other
conditions remained the sane. The inert .gas used and the irradiation time with the inert gas
plasma in Examples 1-6 and Comparative Example 1 are shown in Table 1. The corrosion of
cobalt (ng) and the electromagnetic-conversion characteristics (SN; dB) of the magnetic recording
mediums masufictute i ExamplesCk t66-and Corfipafative EXd@nplediwite EviiGatctias follows.
The evaluatioheresultssatengshowr i Taldedk anskBiyd 4.anddeg. 5 [0065) 28 £asaluationeof

environmental fegistancg .« : ERVironmental Jasistanceas expressed by.cqrrosion Nig) of cobalt, of
the magnetic recording mediums ;ngrqgf%%tu?{gg%ig the @g’aryrpféis gng .th_rga %orgpgrggig% example was
evaluated as ?(ﬂro%:s“.@%é%ﬁlr%%g%%ti“é' reéér%ing“?ne ium was left fo Stand at a”’t“é'an‘“éra%r'e of 80C and
a relative humidity of 80%%)for 48 hours, and occurrence of corrosion on the surface of the magnetic
recording medium wias bbsepmedaore Specificalys 200 mitrerliteérof agueouwsy8% hitric acid was
dropped in egeh-qf-ten-spets-anthe isiifaceof they mpgnetic resgrding-medium. dhen the magnetic

recording mediuin was covered it a petlidishand leflio stand.for one-hour. Iendhe drops on the
e g

magnetic recording medium were collected by using a pipet. The content of co alt in the collected
drops was nfeatire THE TOMRENY (RY) OFcobaftwag ShodRrFag s d6irasich s Tabic 14hd a relation
between Ar itradlistioretifne ld@yt Colddyisivrris shewn im Mgt 4 {0066 Bl batian-efeectromagnetic
-conversion chigsagtedisiitsn of Biretromagnetic.conyersionrcharaciensties (SMR;1dB) of the magnetic
recording mediugs manufagiured indhe. examales and fhe comparalive sampleiera, paluated as

follows. A spin stand was used. SNR values and 3T-squash was measured upon recording a signal at
750 KFC1. AREGHIGal récstding Rt for-freitifity Ynta TolRTead ToP fodting wéfé used as a head
for the evaluafioh?SNR/aRa 3Tt s wereenidaddre daat SNRIEsHowr i Babiel | Bkl a relation
between Ar igratliatian fire ahd SN R4dgshown tefdg., 5200063 datller] nitridation
and/or silicification of the magnetic metal.
ro0s0]
B reactive plasma containing cxygen atoms is preferably used
as the reactive plasma 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
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used as the reactive plasma in the present invention. Asthe halogen
ion, a fluorine ion is especially preferabls.

The halogen lonmay be present either alone or as a combination
thereof with an oxygen ion in the reactivse plasma. 2As mentioned
above, the magnetic characteristics of the magnetic layer can be
modified with an enhanced efficiency by the reaction of the oxygan
ion in the reactive plasma with the magnetic metal constituting
the magnetic layer, and, the efficiency of modification can be far
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
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 Hpvxng'been activated in the steps ¥, G and
"H in Fig. 2 is exposed to an inert gas irradiation in the step I,
whereby the magnetic laysr is stabilized, and occurrance 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
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intrudes into the surface laver portion of the magnetic layer and
consequently the migraticn of magnetic grains can be suppressed,
and further that the surface laver portion activated by inert gas
irradiation 1s removed and the migration of macgnetic grains does
‘not occur ¢r ogours only to a mincr extent.

[0053]

Ag the inert gas, at least one gas selected from the group
consigting of Ar, He and Xe is preferably ussed in view of ths
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



027 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 magne% 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 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-magneé#igaRy prititionedsmbgiietiedayabio afvinert gas irradiation. 2. A process for
manufacturing a maghetic recardingemethnthaving axsing a sum-product compesite

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 magnetic
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



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, from which the surface layer portfoh thereof have been removed, to a reactive plasma
or a reactive 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 marfukittdfigathagHeic fdidig médiufraccording f-éfint2 613, WREkIn the
surface layeh pdraonslinsaitipetions ta renremeoeveédhave attiicknessin thelrange-of Qi run to 15
nm. 5. The-Rracess: far-manfachuing @ magnetic;recording.mediynsacearding jg any one of
claims 1 to 4, wherein the, surfage.qf said;regions of the. maanetic-layer js exposed to a eactive

plasma or a réactive ion to an extent such th_a'“t; the magnetic cﬁaracte%é"ﬁps of Said regions of the
magnetic laye? régiois aré eteroratsd F314 5T 16 YFRe protessdor thantfadtAlg & ffagnetic
recording mediparacedriing td:elaims=s! ydmreinlthgdetédgartion oiithéanagneticghardcteristics is
reduction of the-ceereiyeforee andisesiduat sragnetization. The7cThe-progesssforananufacturing a
magnetic reqarding medium Acorcing la daime. whexein he deteroraion ethe miagnetic
characteristics Is caused by demagnhetization or amorghlza ion. L ,

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



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 according 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 9,4wherein 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 according to any one of claims 1 to 10, wherein the inert gas used for
the exposuré 6 tREMER s itadiatiort & afféastonermrtigas Selecteerfrontthie ghelp Tonsisting of
Ar, He and Xexyer wk2. The presesssfor manufacturing 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 one means Iectggggomtl‘]pe %%l{psgoggiséigg (I)_ifdiopk un, iqgucedlcougledaglasma (TCP), and
reactive ion plasma; TEY*""137K process for manutacturing a magnetic recording medium
characterized 3P EBMPBrisiRY T ToNEwing Steps E5Rduted i thistordel 86tés SPforftiig a magnetic
layer on a nchi-tmagnetic sulistrate;sa stép offomming esmasking ldy&sonithetmageaegtieriayer; 32 a step
of forming a fesistlayer.en the gnagking . lRyerz =+ i asstepaf. forming-on the resist layer a magnetic
recording pattern for pariiioning ihe mgnelic laver.nia.divided fegons;.. . o ASIER ofigmoving the

masking layer and, if any, a residual resist layer, in the regions corresponding to the magnetic

layer-partitiofthg 1Egio RS nftheSHfagrefctéiarding patter At 108 5 BF Sifodhtrthe #us-exposed
surfaces of rpageeticilayed ifsdirwhiehahesniasking fayef and thecresitluat resistiayer in said regions
-of magnetic layer have-beensenoved, te:a reastive plasma exadeastivedony whereby-a magnetic
recording pafiem is.farmed whichs magnetically:partitighed By said regions of: magnetic layer;
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. ALl cther 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]



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 following steps, conducted in this order a step of forming a magnetic
layer on a hon-magnetic substrate; a step of forming a masking layer on the magnetic layer; a step of
forming a resist layer on the masking layer; %\8step 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 regF%Yﬁ%l@ﬁﬁﬁ@ﬁl&gﬁwéﬁé’m??ﬁ%‘?ﬁﬁ/fﬁ%ﬁ%ﬁ%%ﬁ%king layer and the residual resist
layer have been remavedynmera step=cfiexpasing the ¢hpswexpased surface inthérrggiofis of the

magnetic layey, fram which the surfacelayer postion thersof-have heenremovedyto areactive plasma
or a reactive ion, vyggretg_}/,a,magnetic VECQ{QL[‘%Bgttg'Qg i%fosrrré%d V\{lhigg&sggaggggjgagy partitioned by
said regions‘z‘a’c}){fa %’“g‘ﬁ:‘etlac flay%?;e aste ao"farernOV|ng fiewhore resi%ﬁa? maskKing layer; and a step of
exposing thé&draghatietayer 16 S mErE gaRFirrat @Bt ¢t T 15 SFRRDoCcESS FBPRTETUTEEturing a
magnetic reedrdidity mediany ateoidiag tovamytonefof SRaifrs 14t Ady sehicmfurtber comprises a step of

forming a protective gversoatovet the expasect sudace:afier the exposure ofibeimagnatic layer to an
InertgaSINqblggggéé%S More swmegifically 100 micro—liter of agueocus 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




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 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 agr%cording-and-reproducing signal treating means for

inputting signal to the magnetic head and for reproduction of output signal from the magnetic head.
1/4 DRAWINGS 2 Step A Step B

Industrial Applicability

[0068)

According to the present invention, a magnetic recording
medivm having snhanced environmental reasistance 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.
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CLAIMS

1. A process for manufacturing a magnetic recording medium having a
magnetically partitioned magnetic reco'rding 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 fayer to a reactive
plasma or & reactive ion, which regions are to magnetically partition the magnetic layer;
and

a step of exposing the thus-magnetically partitioned magnetic 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 ion; 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 o 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.
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8. The process for manufacturing a magnetic recording medium according
to claim 5, wherein the deterioration of the magnetic characteristics is reduction of the

coercive force and residual magnstization.

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.



