Process 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 rinceaasingr Resordiagtdensity ofsaymsagneticarecording Medium and

madiiSed dndhe magnetic: %@J&ﬁ?%@lyéés greatly enhanced.
Especially, since the development of MR head and PRML technique, the

areal recording density is more and more increasing. Recently GMR head
and TMR head have been developed, ahd<4hé rate of increase in the
arealrrggording density is about 100% per year. There is still increasing a

demand Jor funher enhanci a1 178 IO A Yo b NarE R dng
magnetlc layer having a higher coercive force, and a higher
megiGhalto-RERET NS (@Nﬁ)%nﬂ%ﬁlgﬁr‘?lfe§ofﬂﬁ8ﬁea?écéagerly desired. An
recattenmpt of increasingthedrack-density: tagethenwith ah shcreasecef.a liner
recording density to enhance an areal recording density is also being
made. [0003', In arecent rrlﬁggl]gtlc recarding medium, the track density
has reached about 110 kT Owever. with an increase of the track
density mdgnetic recording information is liable to inferring with each
othemaeﬁv&@m@dga@@r@ fracksnand-magpetization tigpsition: segionsdn as z

magr g.bou uesre%aﬁé S%Sf@%%e@ESBQJgtmpgﬁahs SNRiet s

ese pro Iem esutln owerlng In It error rate and imp ede the

CARIERRE RSN FhE récofdingthetisity- x00BAT Fo éﬁﬁ&ﬁ&@fﬁﬁ@ aréaf
inceearding demsity; itdsreqisred to/ 2> femdersmall thesize ¢f eactediun used

n regerding.bif-and give thesmaximeM a-us is greatly enhanced.
Especially, since the development of MR head and PRML technique,
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 vear. There 1is
still increasing a demand for further enhancing the recording
density, and therefore, a magnetlic layer having a higher coercive
force, and a hicgher signal-to-noise ratic (SNR) and & high
resolution are eagerly desired.

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.

[C003]

n 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 inferringwith
each other between adijacent 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, 1t is regquired to



saturated magnetization and magnetic film thickness to each recording

bit. However, when the bit size is decreased, the minimum magnetization

volume per bit becomes small, and the recorded data are tend to

disappear due magnetization reversal caused by heat fluctuation. [0005]

Further, in view of the reduction in distance between the adjacent tracks,

a high-precision track servo system technology is required for the

magnetic recording apparatus, and an operation is adopted wherein
rerréeordinglis dardediout witlely but theoreprodubtian is.datyried: otit @ ansowhyum
sarp-thatdhg influence of the adjacent racks is;minimized..[his operation is

advantageous in_that the influence of the adjacent tracks can be. .
L EqRhTiniged but E‘%‘%%‘&%ﬁta‘é%%ﬁéifhetﬁéﬁﬁé%8pErSd%?c?Fo%aS&t%uﬁ%eré‘ih%%mm
madowt LTRIs1a8ovieauscordifficulty reenhanAcemieht ofahe SNR 16 acdesifedata
ardhighrlevel. [0006]-Tereduce theheatdluciuation Jaaintain the desired; neat

flu%I%LRa%nd nobtain the desired reproduction output, a proposal has been

made wherein ridges and grooves are formed on a magnetic recording

meditit¥ ’sd that each of patterned tracks on the ridges is partitioned by

the graovés whereby the track-densitylissenbanded dilisdype dfemagretiche
aq-Tecording,media ishereipafigryeferred to.as-a discrete drack-media,and oqy
. _the te_.chniq¥e forgrovidln%%his type Q&ma%netic Yrgﬁg_ording rgedia S y
5 hEAinAfter teferrad 6788 R diScrete Fack TEthed Fulther an Atemptis "
1s peingmadeteraividing he data régiors I s saitte tagk live DpFovidihg
regadterneddnedia cArexample:of the-discretertrackmediunds a:agnetic the

ad{§88£dd'”9£89§‘rﬁsdi%@8§%9%@c?.at gdocument L, which is made . ;¢ 1n

providing a non-magnetic substrate having protrusions and depressions
“ha8rmed o the'8hface théfeof 2and tHE magréeticlayer C6irBspofiding®: Pvt
disanfacetcoriiguration iSi4arméd onsthecnor-magneticosubsirate storgive Low .
ThRhysically discrete magneticiregarding iracks.and serva signal patiems:i red
nidf09LL3,

[0006]

To reduce the heat fluctuation, malintalin the desired SNR and
obtain the desired reproduction output, a proposal has been made
wherein ridges and grooves are formed on a magnetic recording medium
so that sach of patternsd tracks on the ridges is partitioned by
the grooves whereby the track density is enhanced. This type cf
magnetic recording media is hereinafter referred to as a discrete
track media, and the technique for providing this type of magnetic
recording media is hereinafter referred tc as a discrete track
method.

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

An example of the discrete track medium is a magnetic
recording medium disclosed in patent document 1, which is made by
providing & non=-magnetic substrate having protrusicons and
depressions formed on the surface therecof, and the magnetic layer
corresponding surface configuration is formed on the non-magnetic
substrate, to give physically discrete magnetic recording tracks
and servo signal patterns.

F0007]



The magnetic recording medium in patent document 1 has a structure
such that a ferromagnetic layer is formed via a soft magnetic underlayer
on the non-magnetic substrate having protrusions and depressions
formed on the surface thereof, and an overcoat is formed on the
ferromagnetic layer. The magnetic recording pattered regions form
magnetic recording regions on the protrusions physically partitioned from
the surrounding regions. In the above-mentioned magnetic recording

meditie, theyescutrensecideromagnetic demain wall indbersoft 1 has a
stﬂlgggafgcsg@%e@%%r %a%ﬁgx%rﬁxgﬁg%er minimized and therefore the ¢,

uence due to the heat fluctuation is reduced and the interfere between
maqhg HdjateAESigRaRTisTRiniiiz &P Wit e festit HF provisicn bf a9
prahagpeticsegordidgemediimiravingreetarge SNR s[0008}<Theadiscreteanc an
ovdrack method includestweortypeof-methads: a- first type isdrawihiphacic
method wherein tracks are formed after the formation of a multilayer =~
" agneticiiecbrding mediim comprising several laminated fims: and a
P Segohe P ecisidratint o/ At &tHod Gkerein Patteih shaviRg profrasicis-ons -
and depressions-ate-fermechditeatlynnaisubstrate of formed Dma fite

océ%%%re@ééo%i%%%%éﬂsﬁ@@%%E@P%Qﬁ”@?yﬁ{é“@@‘Etiﬁé%%@%g

medium is made using the patterned substrate or the film layer (see, for
unqgbtapier patert HoE0mBhE? and patBhtdoctitent 35 700081 Eutter 11 e
duether discrete trackunéthiods-have beehipropesed inpatehtddecumert 4yeen

thPatent decumantd andipatent decument brin these methedsdovision of

reV|ousICy frormed m%gnrgetltg.la egﬁof anmag.n%%c rechrlgﬁmg medium is, for

exanple, su%fe%]féi&? an |mlp antation of nltrogﬁﬁelon or oxygen ion or

irradi&tety With laser whereby the magnetic characteristics of regions
partitioning imagaetc tracks aretselectivelyumedified [0010] Hateathods: a

£4 document 1 JP,2004-164692 Al Batept document 2.JR 2004-178793 Al s o
Patent document 3 JP. 2004-178794 Al Patent document 4 JP H5-205257

thwf@ﬁregﬁtiagcﬁ?n@ﬁ%%l}ﬁ%@WAF recording madium comprising

gseveral laminated films; and a second type is drawn to a method
wherein patterns having protrusions and depressicns arse formed
directly on a substrate or formed on a £ilm layer for forming tracks
thereon, and then a multilaver magnetic recording medium 1s made
using the patterned substrate or the £ilm layer (see, for example,
patent document Z and patent document 3).

[000%]

Further, other discrete track methods have been proposed in
patent document 4, patent document & and patent document ©. 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.

(0610]

Patent document JP 2004-164692 Al
JP 2004-178793 Al
2004~178794 Rl
JP H5-205257 Al
JP 2006-202952 Al

Patent document
Patent document

Patent document
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Patent document



4 Patent document 6 JP 2006-309841 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, which have
a magnetically partitioned magneticirecording pattern, there is often
adopted a step of exposing a magnetic layer to a reactive plasma or a
reactive ion using oxygen or a halogen. Such step includes, for example,
the following means. (1) Means for forming a magnetically partitioned
patterarem thedsnagaetic fayerby dosAiill#fyusing a reactive plasma or a
reactive ion. (2) Means for removing a resist formed on the magnetic layer
by ion milling using a reactive plasma or a reactive ion. (3) Means for
forming a magneticalty partiioried pattéfn o 'tHe nidgnetic layer by
modifyiplgltesmagnBtic Shavactekigtits of Ldivilediragions of the magnetic
layer/by, using a reactive plasma or a reactive ion. [0012] Researches,
made by e nveniprs, [Orthe productian of 4, MAgnBlic.reedlding . «-ycx
medium inc udﬁ)ﬂg the above-mentioned step revealed that the surface of
redhe magreticrREdrdingaayer i OGUIZRE S Ralbterated by theeactive oned
madplasma eereactivegonaisirgroxygen-er ashaldgen, andthedxidatioror
«xR3logenation of the _magnetic layer leads 1o coprpsion oba magnelic: ve ion
recording medium due to mlgratloqqof magnetic grains sgcf; as cobalt h
uS g EGhtained i O%%fﬂ;het%%ye??ﬁ‘?? aBj&ct gleﬁfe present invention -
foid ¢ pravitlesaitnagnetic recording medium characterized in that corrosion
does not geekls or-acew s ARy t9 adminimized extentdue tetheioxidatiom on

or_halogenation in the surface portion of the magnetic layer %@Hg
thetnhglérﬁgaqﬁéﬁc %Xgr%ir%/ mle(%u%r#é)%lgﬁshd’n e%]hanceé environmental
re3esistandé"Means for Solving the Problems [0013]

(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 regicns of the magnetic layer by using a reactive plasma
or a reactive ion.

(06121

Researches, made 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 a 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.

An cbiject of the present invention is to provide a magnetic
recording medium characterized in that corrosion dogs 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 Sclving the Problems

[0013]




5 To achieve the above-recited objects, the inventors have made

extensive efforts and completed the present invention. In accordance with

the present invention, there are provided the following processes for

making a magnetic recording medium. A process for manufacturing a

magnetic recording medium having a magnetically partitioned magnetic

recording pattern, characterized by comprising the following steps (1) , (2)

and (3), conducted in this order: (1) a step of forming a magnetic layer on

a nor«nagnetic: stlstiate;«2) acstepdobexpasing the: surface ot regionsrafce
ex{BRMagnet¢ Jayer 10,2 @&{%BY%@&%@@Q&VF%E%%W%Q{%M% regions

are to magnetically partition the magnetic layer for forminga _  ded
magrétidalty pariitiched rMaghetc c%?&iﬁ&%%ﬁ%%ﬁﬁand*éf A stéplof V==
thexposing the thuspeagrstically partitioned magheticdayectoran e reasum.
irradiation. 0944} <[2] Aprocessiformanufaciuwing -a magnstic recorgingd: un
~=\medium_having.a magnetically partitioned magnetic recording paftern
4 L0 L e ¥ g & ttern,
= hatactelised by Somprisiig e fallowing teps (1) (2), (3) and. %4%, o
chaspifduRted v this 6RI8T LA Stép of formityianagRetic layer dR‘aand (31,
combm=magnetict stibstrates(2) a step of removing surface layer portions of
regions of ;. the magneticJayer,whichyegions-are; ta.magnetically, Dation ; -
the magnetic layer for forming a magnetically partitioned magnetic
SURELoriTg pattern: (3) a step of exposing the thus-exposed surface of |
regions) of thesimagnetedayers fiam whidh: fiie Shrface: Ry poEionthEFedTLC
Lahavetheen removeddnstepi(2).de areactiveiplasmanor areastivedodns are
to %élg%‘%ﬂ%%ﬁf Xpasipg the.t %S}Eﬂ%%@%ﬁ%”é’a%@“%%df Ilic,
layer to an ine s irradiation. [0015]" [3]. The process for manufacturing
mag fRaghetic fetbrding - HEtiufiras fertiorée 460t i f2] - fHetefthe
surfadé Jayerspertions exposing the thus-magnetically partitioned
magnetic laver to an inert gas irradiation.

[0014]

[2] A process for manufacturing a magnetic recording medium
having a magnetically partiticned magnetic recording pattern,
characterized by comprizing the fcllowing steps (1), (2), (3) and
{4y, conducted in this order:

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

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

(3) a step cof exposing the thus-exposed surface of regiocons
of the magnetic laver, from which the surface layer portion thereof
have been removed in step (2), to a reactive plasma or a reactive
icn; 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 lon miliing in step (2).



of said regions are removed by ion milling in step (2). 6 [4] The process
for manufacturing a magnetic recording medium as mentioned above in
[2] or [3], wherein the surface layer portions in said portions to be
removed in step (2) have a thicknes$ in the range of 0.1 nm to 15 nm. [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 iorte aprextept syeh thattheanagnetie ehatagteristics:efsaiding

ned 801003 Of 1e P&?}%%eggé%e%e%@?%%re[ feteriorated [DO16] 6] The Javer
process for manufacturing a magneétic recording medium as mentione

PObovesin [5f Wheréinthe' FetétiorafiG of fel haghetic<charatteridticssness

in reductiemot the cOeicive forcelandmresidual magnetization. [7] The

process forT'E@rEs‘E%;@Qé'ng% @W&@&%@'H@ Q‘?@i@%@%&n%t&%ﬂng

above in [g% wherei th%»deterq,lo‘raﬂtlorj of the ?‘3946“(3 ch r«,acter_i!lstlcsﬂ.ls h
MG atsed by demaghetization or- anforphization: [8] The process for-— =1 the
sumanRefaefuitg d maghetie reéording mediinn astméntioht dsatiovEEih any 2
re®nei ok 2ltodd, whereinthe reactive plasma ofthesieactive ioncontainstic

cn@faxydension. [91 *E%E@%%%%@Eé“@?“@?f%t‘{iﬁ%(?f%@%%?%%ﬁ%@%s are

~medium as mentioned above in any one of [1 erein the reactive
Celiiadia%rfie reactive ion contains a halogen ion. [0017] [10] The
proceissifbt manufacturing a magnetic recording medium as mentioned
fﬂtt’OV(?éﬂ_ 1%H’<ﬁh _g@i@é@%_ hjt.@é%%}%{fi@c%lu@%'g@e@ _?@&%gﬂ% bbf)aqording
introducing a halide gas into a reactive plasma, sai ide.gas beingat _. _
e e A 50 ShiGOted rord e JEa Lo sty of L S o1 the
mag@REt CCIv ARd KB J1ATThes prssesatfopmadufaetuifg ahagnétiece and
resecording.auediumasimentioned above in any one of [1] to [10], wherein

the inert g%gs§gggggge exposute o the ipert gas yradiation is Atleast,

one inert gas selected from the group consisting of Ar,

medium ag mentioned above in 5], wherein the deterioration of the
magnetic characteristics 1s caused by demagnetization or
amorphization.

[B] The process for manufaciuring a magnetic recording
medium as mentioned above in any one of [Z2] to [7], wherein the
reactive plasma or the reactive ion contains an oxygen ion.

[9] The process for manufacturing a magnetic recording
medium as mentioned akove in any one of [1] to {7], wherein the
reactive plasma or the reactive ion contains a halogen ion.

[GoL7y

[1C] The process for manufacturing a magnetic recording
medium as menticned above in (9], wherein the halogen ion is a
halogen ion formed by introducing a halide gas into a reactive plasma,
said halide gas being at least one halide gas selected from the
group consisting of CF,, 8SF¢, CHE3;, CCls and KBr.

[11] The process for manufacturing a magnetic recording
medium as mentioned above in any one of [1] to [10], wherein the
inert gas used for the exposure to the inert gas irradiaticn is
at least one inert gas selected from the group consisting of Ar,

He and Xe.

[12] The process for manufacturing a magnetic recording



He and He. [12] The process for manufacturing a magnetic recording

medium as mentioned above in any one of [1] to [11], wherein the

exposure to the inert gas irradiation is carried out by a method using at

least one means selected from the group consisting of ion gun, induced

coupled plasma (ICP), and reactive ion plasma (RIE) [00181 [13] A

process for manufacturing a magnetic recording medium having a

magnetically partitioned magnetic recording pattern, characterized by
meddompssing:thel tallowing steps {1 throtigh (8), conducted in thisterdein(lhe
expfSIGRLOL forming;3 Magnetic igyer on,a nan-magnetic, sybstratg; (2) e tnoq

~_step of fprm@g a masking layer on the magnetic layer; %Sg a step of s
28 8 Pnfifg & FESisP THy 8GR theThasking (Ey/eT: (Y S2Stepof foling drfuse or
gurresistdayeraamagheticiresordinglpattermfot pagitivhirg tee magastc (&jer .
into diyistegh regions; (5) a step of removing the masking layer and, if any,
a residual .rﬁs}:';%%%rs i the rﬁ@%%”&%%@%g’gpé’%%'“ﬁet@'té‘%é"a%%%c med i um
layer-partitioning regions in the magnetic recording pattern; %& a St(%) of
haeisbsing e s éxpiised Stittatedst maghetic dayer HomiwhicRtther™
chamaskingilayer anddheresidual reisist fayérin sgidsregionslof magnetic (8),
coraverbave beenremgyed.in step (5), to areactive plasma or a reactive
ion, whereby a ma%%etéc recording pattern is formed whichis "y
‘magrietically ParitiGhed By <&t r%g‘f%%leotfjrﬁa AEtic layers (7)°a step of -+
sugehigving the whole residual masking layer; and (8) a step of exposing
said r@ioﬁ%@fe@@ﬁﬂ@ﬁ&_@:m EOI@J&IS. nett gﬂé‘gyiérﬁdiat}ﬁﬁe [ﬁ@%{ﬁbﬂl&] Paver;
Process f%{ @9@“%%‘“%‘;5‘9&#{“3%”%%% %%Orﬂé” P‘%%'u{ﬂeh%\é@ﬁj% layer;
magnetically paﬁltlor;e magnetic recording pattern, Charactgryze %y ;
complfsing HHheEFoRdWinGSEp< T tHidiigh £9), L eBRdutieePinfthicoraer (3o
patacstep obformingia magneticfayerzonamaondmagnetictsubstratesd 2y« ions;
step okforming g-masking layer pn.the magnelic 1ayeler and, if any, a
residual resist layer, in the regicns corresponding to the magnetic
laver-partitioning regions in the magnetic recording pattern;

(6) a step of exposing the thus-~exposed surfaces of magnetic
layer, from which the masking laver 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, whersby a magnetic reccerding
pattern is formed which 1s magnetically partitioned by said regicons
of magnetic lavyer;

{(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.

[0019]

[147 Aprocess formanufacturing amagnetic recording medium
having a magnetically partitioned magnetic recording pattern,
characterized by comprising the following steps {1) through (9),
conducted in this order:

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

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

(3) & atep of forming a resist layer on the masking laver;

(4) a step of forming on the resist layer amagnetic recording



(3) a step of forming a resist layer on the masking layer; (4) a step of
forming on the resist layer a magnetic recording 8 pattern for partitioning
the magnetic 'layer into divided regions; (5) a step of removing the
masking layer and, if any, a residual resist layer, in the regions
corresponding to the magnetic layer-partitioning regions in the magnetic
recording pattern; (6) a step of removing the surface layer portions in said
regions of the magnetic layer, from which the masking layer and the
patresiduabresisttayer bavedeer removed in step=(S) (7 pacstepcaicexposings ;
the thus-expgsed surface,in the regions,.afthe magnetic Jayer, fromwhich

the surface layer portion thereof have been removed in ste (6), toa .
CeSAive 8%%%a YEFea%:ﬁ\)teh‘?oiﬁ?%r?é‘r%W&?ﬁ&&ﬁ&%?&%%dfﬁ%eﬁ%%?ﬁt*‘"C
Lavisfopned Whiehiis omegmetically partitored by 'shid régionsd vfanaghese

layer; £8) a stepofsemaving the wheledesiduak masking layeri and (9) 8aid
reSiEROTEXROSING said regions of Magnelic |ayerto an. nerkgag radiation. .,

% %ﬁgsl“he process?gr manufact\ﬁrfh’g a magnetic recording méﬁi%m as )
themeRfibHEE above iRtary BRE SFTFIOEH], WHRRRIther EoRiprises-a step

of forffiing aprotectiveravercoatievehtie-exposed! surfagealiterithe regions

of €XRORY QE§@'@59859,%95@@9@%05%%9_@@@fgtﬁ?ﬁs?@_ag@mmreof
[0020%1 n accordance with the present |nventl%q., therle is further prowdted
R YR HBwirt) miagnétic T5E6r i%%’re%?oauﬁ?nagcaﬁggrﬁu%?’ [16]°A magnetic* <
icrreceldingveprodicing apparatisr ¢hadactefized byl cornprsig, Thich 1s
magembination, the-magneticd recorsing mediuoh manufasiiied hy theyer;
process as Mentioned abays, dnafly one.of UL ol adiying padfar; ang

driving the maghnetic recording medium'in the recording direction: a
magfé‘ﬂc heddPRaMprisRiPaTecefding sat 3ht & Tepréaading pansr o an
ineneans forimouming: tthermagnetic head in a relative motion to the magnetic
recording medium; and-a recording-and-reproducing.signaktreatingo rding
Lepeans fpr inpu(t)tfn sigﬂn%éo.t@eﬁga&nqﬁg%eg an :‘f{%?pr%gg%%oggimf
%HBM?%&W&%hn% é%ﬁagnelcﬁeg V'Effect of the Tnventidn

comprises a step of forming a protective overcoat over the exposed
surface after the exposure of said regions of magnetic layer to
an inert gas irradiation.

C[0020]

In accordance with the present invention, there is further
provided 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 [151; 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
mediunm; and a recording-and-reproducing signal treating means for
inputting signal to the magnetic head and for reproduction of
output signal from the magnetic head.
Effect of the Invention
[00Z21]

Acecording to the present inventicn, a magnetic recording

medium can be provided which is characterized in that migration



[00211 According to the present invention, a magnetic recording medium
can be provided which is characterized in that migration 9 of magnetic
grains such as cobalt grains does not occur or occurs only to a minimized
extent in the magnetic layer, and thi¥s, which exhibits an enhanced
environmental resistance. Brief Description of the Drawings [0022] Fig. 1
is a flow-sheet of the first-half steps for producing a magnetic recording
medium according to the present invention. Fig. 2 is flow-sheet of the
of second-halbstepsSfospradasingaahagneticrrecordingnmediumiaceardingurs
on1t e presentinvention. Fg. 3.s.g schematic;illustration of the-magnefie; .

recording-reproducing apparatus of the present invention. Fig. 4 is a graph
X brOSiBR HarGEteristitesle 2 La TefatiohBitiveen Ar irradiation

time and Co corrosion, obtained in the examples and the comparative
examples. Fig. 5is agrapbshowing-eleetromagnetic;cerversion

char% £|§£cs, i.e., a relation between Ar irradiation time and

signal-noise ratio, obtained in the examples and the comparative o

examiplés. Réfererceufietals: 0 {0628] 1 NBnThagheticsiibsiate ooucing
a rMagaetic layerc3 Maskingdayer 4Resist layero5tStanyy 6=Milling iore7tion.

Regign from whieh sprfaceJayer portion.ofthe mageetic. layer-have haen 4
_partially removed d: Deggth of the rnglo _from%/vhlgﬂ surface layer ortlg1 Non
= 15iHe magRAS Ty o Bsh FArtally omobad. L6 , ThickAdss -of (e -7

remaoved-surface kyeriporton of the maagadticlayel. 8Regfoh 6F e
rediagnetic layero havingimogified magnetic: ichafaciedstics nvention.

Fig. 4 is a graph showing corrosion characteristics, i.e.,
a relation between Ar irradiation time and Co corrosion, obtalned
in the examples and the comparative examples.

Fig. 5 is a graph showing electromagnetic conversion
characteristics, i.e., a relation between Ar irradiaticon time and
signal-noise ratio, cobtained in the examples and the comparative
examples.

Reference numeralis:

[0023]

Non-magnetic substrate
Magnetic layer
Masking layer

Resist laver

Stamp

Milling ion

-3 oy n B L N

Region from which surface layer portion of the magnetic
layer have been partially removed
d: Depth of the region from which surface layer portion

of the magnetic layer has been partially removed, i.e., thickness

Q
i

the removed surface layer porticn of the magnetic layer.
8. Region of the magnetic layer, having modified magnetic
characteristics
S Protective overcoat
10 Reactive plasma or reactive ion

11 Inert gas



9 Protective overcoat 10 Reactive plasma or reactive ion 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 Invéhtion [0024) The present invention is
concerned with a process for manufacturing a magnetic recording
medium having a magnetically partitioned magnetic recording pattern,
which is characterized by comprising the following steps (1), (2) and (3),
canducteskincthis: arder:(d) acstepdofforming a magnetic layer on a
nonrmagnetic, supstrate;, (2)-a step of exposing the surface of regions of
thgoma netic layer to a reactive plasma or a reactive ion, which regions
areto nﬁfg@hﬁeﬁfﬁaﬂy}b@aﬁrﬁtion the magnetic layer for forming a magnetically
parfiionéeemagheticirecobrding pattern; and (3) a step of exposing the
thus-magnetically partitioned magneticlayer &g -ardnert gas irradiation.
Preferably, the process according to the present invention comprises the
following steps (1) , (2) , (3) and (4), conducted in this order: (1) a step of
forming a Ni&getiCRFef on Sridn-thaghetc SUbstratec 1) -8 %step of
removirig §urface layer portions of regions of the magnetic layer, which
regiops-are1o; magneticallypartitienthe magaetic layer fopforming a o
rarnagnetically partitioned magnetic recording pattern; (3)  step f .. s 11
Xposing the thus-exposed strface of redions of the maghetic layer, from ~
paxfhichthesidase fayer perioH-tHeiedt have -b&én FerndVetFihstep (270 2V
corfbigactive plasmalaica reactiveien;iand (4) asstep(af expositgdhed in this
or gg?"g%%ngtlg@%pg@t@gﬁgj,%gg%ﬂgg%cTJO @Qﬁr%a%'rﬁ%q{@ﬁ%neuc
100257 he magnetic recording medium made by the process of the £ th
sulsiesantinvention AR Maghehiealy fattitonedmaghetic rechrding °F the
nagattern, andregionsferpiagreticaliypartitomiagtheve ion, which regions
are to magnetically partition the magnetic laver for forming a
magnetically partitioned magnetic 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), (2), (3) and
(4), conducted in this order: (1) a step of forming a magnetic layer
on a non-magnetic substrate; (2) a step of removing surface layer
portions of regions of the magnetic layer, which regions are to
magnetically partition the magnetic layer for forming a
magnetically partitioned magnetic recording pattern; (3] a step
of exposing the thus-exposed surface of regicons of the magnetic
laver, from which the surface layer portion therecf 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,

[C025]

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 recording pattern are formed by

conducting a step of modifying magnetic characteristics of said



magnetic recording pattern. The regions for magnetically partitioning the
magnetic recording pattern are formed by conducting a step of modifying
magnetic characteristics of said 11 regions for magnetically partitioning
the magnetic recording pattern by éxposing said regions to a reactive
plasma or a reactive ion, preferably after surface layer portions of said
regions of the magnetic layer are removed. Thereafter the magnetic layer
is exposed to an inert gas irradiation. [0026] Researches, made by the
redhventors;yondheqroduciion of at magneticyredosdingomedium iecludihigh g

patibg.abgve-mentioned step .revealed.that the surface of the magnetic. o+ 1 ve

, recordin@? Ia%%r is foxidized or halogenated by Hl-e reactive plasma or. ¢
Lo G T6R USIng ToXy gt or & Haloge and fus the Sxpose Surfacé of ©
thetheegragihieticl dayer isractivatedednd Corsagudntly, the emdronmentalyer 1s
exgdesistanee -of a magneticrecording:mesium becomes deteriorated, if said

surfagc&,&% ot irradiated with an inert ass irradiation. More specifically,

the magnetic metal grains such as cobalt grains, activated by the .

oxidatfsiT8F RafsgenEtith 6 the Magheticdayér bythé reaths! prasima 6F 2
nadeattive iemctentrio migiatenandqartly protrude dlomethessurfaceof step
re-R@I0ORN quercoatunder high-temperature.and -highshumidity.conditions ;

_,a(ild oqca&gnglly caugeénéuryl;o a heag. oe];a Egrd d'gﬁd%‘é%éwge on usin
¥ toftttioh process according 16 the reséntind8htion; thé magnetic™ *= "¢
oxygyer whichdesdseenaictivated by-fie oxitadion 6L Ha6genatiorPwWitoiRt 1C
layeactve plasmasi reacliveiodsexposed e aninerb gas:-tadiation sand.ce
of g%ﬁ%{‘y%@t&%@ﬁgg%{é%%%é%gﬁ@l@899‘3};@% etgﬁgrﬁtfoé.'aqfd surface
. _magnetic metal grains does not occur or occurs only to the .
15 RfiirhtRfreRERt uHdet RigHAEmpERturé~ aRd highumidhty coRafibns=a 1Y/
th40027hBy thederm "mragmetic retomingatiernd asiused avthisatec by the
oxw%ﬂ&@t@f‘ igdNEanh admagnetc E@@E@!&'&@@E%m%@ _P@?dts&‘@sﬁeactive
1 which |ch1gdeﬁ ﬁg%rnj&ecgjnmetdlg%{vb%reln n}z;}%neté%r cqrgjﬂr}%pa}rtem%&refmm

p_ Arranged With a certain regufar y‘perr%it? n%e&i‘a Wheréin magnetic
theesording patterfis Areariifged mtracks fashion; aifgrperature and
high~humidity conditions, and coccasicnally cause injury to a head
of a hard disk drive.

In the production procass according to the present invention,
the magnetic layer, which has been activated by the oxidation or
halogenation with the reactive plasma or reactlve lon, is exposed
to an inert gas irradiation, and consequently, the magnetlc 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 a magnetic recording pattern in a broad sense
which include patterned media wherein magnetic reccerding patterns
are arranged with a certain regularity per bit; media wherein
magnetic recording patterns are arranged in tracks fashion; and
servo signal patterns.

The process of the present invention is preferably adopted
for the manufacture of a discrets type magnetic recoding medium

inview of simplicity and ease, wherein themagnetically partitioned



servo signal patterns. The process of the present invention is preferably
adopted for the manufacture of a discrete type magnetic receding
medium in view of simplicity and ease, wherein the magnetically
partitioned 12 magnetic recording gattern involves magnetic receding
tracks and servo signal patterns. [0028] The process for making the
magnetic recording medium according to the present invention will be
specifically described with reference to the accompanying Fig. 1 and Fig.
machebhie magnetid recerding mediv Made thasra: miultidayer Strciuee-8s and
seﬂU‘rﬂSt@t&qaj[‘z Ig%rt%@rlqg[e, step Jin F_ig. 2 which comprises a
non-m%’q%letlc substrate 1, a magnetic layer 2 formed on the substrate
and ingla magnetic recording pattern, and an overcoat 9, which are
form&d4n thiswrder fimctheahagetic srecordimylmediurm produced by the

acdregess afthe-presentdavention, optional 1ayers stherithaBa 1v described

. non-magnetic substrate 1, a magnetic layer 2 and an.overcoat 9 can be
T 2t g 0.1 rei, Thisoh bt magnetic

undeffayeFaran hierreama@CIdyer twhidiare neesofh ih Fig22ymay
stiheformed betweenithet adnimagheticssubstiate |arnethe maghetic layenich

congy/A Ibricating, film (not shownnikig. 2) may. befopmed.on g pvercoat, .
OZQ%Theﬁunoq-mag%etlc substrate 1 used in the Eres,ent invention is no
On Jaitictdry fhiteds and, a8 Spediif dRaRples therdot, ‘tere tafi Be 27 @0
ovenentcnéd allimirumraloyosulssirates predomingntly éomprisedasinetic
red@uainymisuchas fonexample, anAl-Mgalloy. substrates and substatesrn,
opéﬁll%%?affl%r inary 3eda glass, %‘%%ﬂ%?a'(%%ﬁ&%'aéﬁbg@é&%er MC3ragnetic
silicon, titanium, ceramics, and resins. Of these, aluminum alloy

Laxhstrates, ylasy stbsihtes “Sich as glasercerantficy stbsFREEARFCording
to siheonsubstrateware prefétablyarsed. I hadenimagneticisubstratermediate

1= prefergbly has an average surface roughness (Re)of aotlargerthand, the
nm, more preiera not larger N V.o nm, and._especially preierably no
i p*y Ll - ndtq;% 0:3 aver %” A fLUbbl ot

I
no%ﬁ@ﬁﬁ?ﬁgﬁ?li1lﬁfﬁ65301Ei & magnetic i rrcating

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

[0029]

The non-magnetic substrate 1 used in the present invention
is not particularly limited, and, as specific examples therect,
there can be mentioned aluminum alloy substrates predominantly
comprised of aluminum such as, for example, an Al-Mg alloy
substrate; and substrates made of ordinary soda glass,
aluminesilicate glass, glags ceramics, siliceon, Titanium, ceramics,
and resins. Of these, aluminum alloy substrates, glass substrates
such as glass ceramics substrate, and silicon substrate are
preferably used.

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

1003073

The magnetic layver 2 formed on the non-magnetic substrate
1 may be either an in-plane magnetic layer or a perpendicular
magnetic layer. A perpendicular magnetic layer is preferable in
view of more enhanced recording density.

The magnetic layer is preferably fermed from an alloy



The magnetic layer 2 formed on the non-magnetic substrate 1 may be
either an in-plane magnetic layer or a perpendicular magnetic layer. A
perpendicular magnetic layer is preferable in view of more enhanced
recording density. The magnetic layer is preferably formed from an alloy
13 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 CrMo underlayer. [00311 A preferable

oreexamplenefl thecperpendicular magnetic.layer has a laminate structure

which | %MQH@'%@R@?@W%H@“‘inli‘%‘i%%%yql{a%@{@%'§eﬁi & is a

FeCo alloy such as FeCoB, FeCoSiB, FeCoZr, FeCoZrB or FeCoZrBCu;_ ,
ConPERTR'AlIbY Sut 88 FETAN or Fe TAC oF a° C6 Aoy stich as C8TAZF ="
CrMDoZrNB 0F:G6eB; an orientation-controllling layer comprised of Pt, Pd, Ni,

Cr or[NiFeGr; an optional intermediate Ru layer; and a ferromagnetic

layer compiioed ot 00CoISCIISEL alloyor @ [0CO-SCKISPHIOSIOR 1.
aIon}ztﬁe numeral occurrmgimmediately before each gle%went refers to %

2 l5yiotd Bf i BrdERt) [0032 1 Bistiaflythe MdgrdtiClayer 1 formed a8 & ©
undimIfermrbyosputteridg: ThemagaciicLayenusuaiy has adhicknBsswCoZr,
peélt%%fgngfg %%m%%%,ﬂ a&bé)fsfeég@lyé @un%itp (%é %@Tgﬁedéﬂaggﬁgg; or a
.. layer is formed_so that sufficien igh.input and output head powers can.

Co B ToReeR o brOmbr At ML e o b RIEBIEy Sl 0 s
Lasrocwirer Thedraghetidlay drihdsracthitkRess ofaat Edstoanain valiedoate
ru asigsebtainan autputpawes of atleast.cedain- level atreproductiopcr-15rt

al éﬁy %e%$%%ﬁgﬁ%%§i%%%ﬂﬂ%f%£%8 g%%&gaq%%@e&&%%%ggnbccurring
chara: h

, racteristics are generalTi/j eteriorated with an increase of the output
Lropefiet” ThErefdre an” Bptirfiufi thickhBsS of fagnaticlerts prétérabiy*/ -

chosén irg Zdonsideration of the output power and the
recorgatign-repreduction, sharacteristics. 00331 dheprocessdor o rm by
Spg{%%%?gg-the magnetic recording medium

The magnetic layer usually has a thickness in the range of
3nmto 20 nm, preferably Snmto 15 nm. The magnetic layer is formed
so that sufficiently high input and ocutput head powers can be
obtained in consideration of the kind of magnetic alloy and the
laminar structure. The magnetic layer has a thickness of at least
certain value so as to obtain an output power of at least certain
level at reproduction. However, parameters relating to the
recordation-reproduction characteristics are generally
deteriorated with an increase of the output power. Therefore an
optimum thickness of magnetic layer is preferably chosen in
consideration of the output power and the recordation-reproduction
characteristics.

[00633]

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

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

| Step B of forming a masking layer 3 on magnetic layer 2.

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



according to the present invention as specifically exemplified in Fig. 1 and
Fig. 2 comprises the following steps A through J. Step A of forming at
least magnetic layer 2 on a non-magnetic substrate 1. Step B of forming a
masking layer 3 on magnetic layer 24 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
remaving thesfegions:sdkthel maskingy dayers3mwiiet aredepredsionpattern
on:GoMesponding to the negative magpetic tecopding patterns,ofdhes n rig. 1
magnetic reco%%n% gattern., n the case when the resist Iager partially
=R RRaiS i e HPFoCaN TG Sty D: tHEesicUsY résist layer 4
and thestaskiny k/erc8inehe depression dresersavadiin step-Be Stép F-ng
1afpagfially ienmiling L the depression regions-ofi the surfase layeref ve
madP2g0eUE '?X%%n O%E%SPQE}%’éngﬁ%Héerﬁsg}?Q& Q.JQC‘%%{H%%%M%HXGV In
4'is partlaﬁ y removed, and removing the fon-milled regions. Reference
Chén gefal 7SRdicitesahesibn-mifédCredions of the'stface Tayerfofiepression
reqhagretic Byar, and referenciulettere diindidatesthe dhitkriesswf theg layer
3 gurface layerpodions ot magnetic. Jayer which have been removed by
|on-nglllng.E$tep G ogex 0sin the 'wa]'Im'”e% regions 7_of the magnetic ¢
layer, from Which the Sarfade 1'ylelrnpor iofS Of mggngﬁg GFasyc’e]’r Yave Peen ©
theemovedad aveactiveplisrhacor aeactive ion EePhieteby miodifing thens
fronagnetie chasacteristicscof saitkregions a1 of magnetiei Jayer Refesenee the
io rﬁl%éﬁg%ﬁaéc? Indicates the:regiops of Egt%@ggﬂe’%'ciA%)i%fa“&@g?*%%?@vfommi1led

ified magnhetic characteristics. p H of removing resist layer 4 and
LeGnaSRittr 1ayer 31 St /GRS BEIAG T aghatic Tayer 2 ffrom whfch = ter
d iresistatayerdand masking lkayer3havetbeenlrersovedtolanineftgagnetic
1aderadigtion, Step d of-covering.the:surface of the magnetic layer 2 with a
protegiive quercoat 9. The above;mentioned steps.A through  are earred
out i the” aboverecitad ofder. 9 gne
layer, fromwhich the surface laver portions of magnetic layer have

bsen removed, to a reactive plasma or a reactive icon 10, thereby
modifying the magnetic characteristics of said regions 7 of magnetic
layer. Reference numeral 8 indicates the regions of the magnetic
layer which have modified magnetic characteristics.

Step H of removing resist layer 4 and masking layer 3.

tep 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 5.

The above-mentioned steps A through J are carried cut in the
above-reclited order.

Step F, partially ion-milling ¢ the depression regicns of
the surface layer of magnetic layer 2, is not essential, but is
preferably carried out. In the case when the ion-milling step F
is omitted, the surface of magnetic layer which 1s exposed by the
removal of masking layer 3 in step E is exposed t0 a reactive plasma
or a reactive ion in step G.

[0034]



Step F, partially ion-milling 6 the depression regions of the surface layer

of magnetic layer 2, is not essential, but is preferably carried out. In the
case when the ion-milling step F is omitted, the surface of magnetic layer
which is exposed by the removal of‘masking layer 3 in step E is exposed

to a reactive plasma or a reactive ion in step G. [0034] 15 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
inventienpissformedipreterably fromeat {easttonenatateriakbseleeted from the

ste aBVYHTEEQHQQ%éﬂ%@“ﬁQ§ ShoBi02, 12200, Re;Me; LI L cNba Sy @adium
e, As and Ni. By usin these materlals the hle|d§blllt pf tg]%{n% SJ%'”% .
fthe °-

acﬁ%ygﬁﬁgag“ﬁ’ NSt ifting® 01T 6 CAIT be' ehianced i the formab

leamagheticiracording Ssatterreby therimaskifg Igﬁef‘gtc@ﬂﬁlsdﬂb@ém'%éﬁoe&lr
sicThese matedalsicaneasily e, removed at<dryretchiagistep Bsing feactivese
mz:38%and fé}egegﬂdag%géee £1eh HEDOURIL I, 2ocesldual 1pasking Iver s ng

can be minimize staining of the exposed surface of magnetic
lo%éc&ﬁﬂ?n@%d?éﬁ?%@%h% %%’ﬂ?é& ot hiirfithiz&8. T@ﬁéﬁE A%Bﬁ@%ﬁ%mg
patmaskiby Ryerforiming materidls-ased imcthe rriskingedayef-forming step als

caPBe§‘§* Ge enand Gaare p&%&@@@&ﬂ}{@ THedband:Np are-moree gas, and
rable, angz Mo, Taa Ware mosL[frefeEabIe Thg masklré%(\%ﬁg]ria ar
%era%iy Has & thicm ss in the range of 1 rim t6 20 Y

camé@wwmwééo?aﬁrﬂg@aﬂeﬂf @h@r@m?é@%n%@ftﬁ@%érsﬁ myeratic
redormeddnithe step G yrusing astampizias Hustratednin-the. step D, the
stam 5?93 preferably carried out under conditions such that the regions
of the resist layer 4, pressed by the stampi %ﬁ?ave a thickness in the

rang& BT OPLE 10 i BY Ik NG DU e SBMpIAg UritlBr StcH conaffions
laywehver theregionseof the hsasking l1ayeeBdcorespondimf tortielregative T1,
v SRAGNEUG Jecording pattern of ,m@gae\ﬁi@ recordingpatierm.are @@k@g@ggme

emoued B e SR DRSS T B e
of 1 nm to 20 nm.

[0036]

When negative magnetic recording pattern is transferred onto
the resist layer 4, formed in the step C, by using a stamp 3 as
illustrated in the step D, the stamping is preferably carried out
under conditions such that the regions of the resist layer 4, pressed
by the stamping, have a thickness in the range of 0 to 10 mm. By
carrying out the stamping under such conditions, when the regions
of the masking layer 3, corresponding to the negative magnetic
recording pattern of magnetic reccording 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 2 can be avoided and the shieldability
of the masking layer 3 against milling ion © can be enhanced in
step F in Fig. 2, and the formability of the magnetic recording
pattern by the masking layer 3 also 1s enhanced.

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

[0037]

In a preferred embodiment of the process for manufacturing



portions of the masking layer 3 can be avoided and the shieldabi | ity of

the masking layer 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. T#fe resist layer usually has a thickness

in the range of about 10 nm to about 100 nm. [0037] in a preferred

embodiment of the process for manufacturing 16 a magnetic recording

medium according to the present invention, as the material for forming
s heresist "layes 4inthegiep @ in Joigedi agmaterial whieh can:be guked < on,
as aen juadialion wit radiafion jsuused;and, when negatiye magnefie,, ¢ 5,

" recording pattern is_ transferred onto the resist layer 4 by using a starﬁp .
F19n thedstisy- B 16r-aftet the farnster vitegatiVe magetic retording Satteth o
is hassbeenmmdmpleted rtheaesist layeré isiirradiateddwitly radiation Ihsthis
wrdeferred emhediment the:configyration ;9;@8@1%@19%5 Lan hetransferred 9pe;,
, theresistlayer 4 Wthﬂ@ghypreﬂgsmn. g%nseqéjegtg, when thedr.e ions of
" the masl%ng“layer §?corr8§p8ﬁdfﬁegg?ﬂh§ nr%g%”n?/ lrﬁaéﬁgﬁg recordh g“ern

napHBREFNGFIReThagnctictréEsrdiiy. paterh 1aré Yermblabiasyretehing i e on.
In stepEdndigrlundesitables sagging atedgeguorionsrofdthesmaskingcan be
£ rd@YeL3.£29 _%%ayggd%de@@;%tthfa%@'d@%g@fﬁ@am%gggAg grs

against mjlling ion 6 can be enhanced, and the formability of the magnetic
COLEEEIARG PattEhT b the iy byl 3 Canald bvérhanced “frgonding
to radiatioratsed forawingthe curableanatetial refers e wigriromagnsticrding

paWvaves in abread-sense,which inglude heatrays pvisible dight, ultraviolet 1 e
light, X rays .and amma rays The curahble material ig
Sa%g at’edge éﬁ { r

100G riions Of the masging laye qyg?%e avolded and
errﬁosettlng feSins WRICh are curable ’be Reaf Vays, and” ;

theylfaviolegseting resinsithiehsaresulabidhy alalAsiet ight 10e38pnrP can
be td;nenam@ess mﬁ@mﬁn@‘zﬁbemag@eﬁc mc@_n@lmmeio&qﬂ@cmﬂhe_rmmem
by '@,Yl%n%%mﬁt%ﬁ step D eof trapstering,negatiye, magnetic recording

patterns onto the resist layer 4 by using stamp 5, it is preferable that the
stamp'1§ prégeéd b theeSistfay & 4 Raving high frfidity, SHd: White ffe 7=
to resistlayerisinthe pressedin a broad sense which include heat rays,

visible light, ultraviolet light, ¥ ravyvs and gammz ravs. The
curable material includes thermosetting resins which are curable
by heat rays, and ultraviclet-setting resins which are curable by
ultravioiet 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 laver 4 by using stamp
5, it i1s preferable that the stamp is pressed on the resist layer
4 having high fluidity, and, while the resist laver is in the pressed
state, the resist layer 4 is irradiated with radiation to be thereby
cured, and thereafter the stamp 5 is removed from the resist layer
4. By this procedure, the configuration of the stamp can be
transferred to the resist layer 4 with a high precision.

[C039]

For irradiating the resist laver 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 the substrate



state, the resist layer 4 is irradiated with radiation to be thereby cured,
and thereafter the stamp 5 is removed from the resist layer 4. By this
procedure, the configuration of the stamp can be transferred to the resist
layer 4 with a high precision. [0039]1For irradiating the resist layer having
high fluidity with radiation while the resist 'ayer is in the pressed state,
there can be adopted a method of irradiating a laminate structure
comprising the resist layer with radiation by exposing the substrate 17

sicaide {i.e., side @pposite o the stampspressed-resist dayen of ithe laminate of
nStUGIUre 10 radiation, 3 methog of.using.a_radjation-transmitting stamp,

and exposing the stamp-pressed side of the laminated structureto _
T2 LRt A AERO o SXpUsiAg the StariRiressdd feSist iy ig S sed side
of radiafienbyapplyiig radiatientfromeside Dbthve famindtecstrictiepanda the

stangthadebusing radiation, exhibiting ahigh,condustivity to,a-selid,such asom
1 Jleattays, and, exposing Ine stamp:pressed side, ot he Jaminale strudtyre
or the opposﬁe side ?su SUAte S €) freredt, With the i‘ghlfy"“ 9
eXhefmotenduttive radiation: J0039] SR & prefetfed SpeeificSekmiplEdf theand
exprocadure of sittatiating: he:tadiatienscuratde resist:layer svith: radiationAoche
opiSie-the resist layar. ap ulraviolet rayscurable resin such as, ngyplak

__resin, an acrylic acid ester resin or a cycloaliphatic epoxy resin is'used as
SRS EMATIEN-CUabiE Te§i5t f8sin, and a stamp made of a highly ultraviolet
ray-traiispitting glass or resin is used. [0040] By adopting the

abovermenioned.pregedytes; the maagnetic. charagteristiss sughaas, for

. exgmple the coercié(e force and the . residual ma netizatiog in the.regionsh
irrediat Q% Lh$]ra 1av%on~cuﬁaole 6@51SL §§¥ev wilth.radiation to
of partitioriing the magneftic "tracks can be Teduced 1o the minimum

CUNRIGES it EBhsequtitly, the U istiet biee ding A wAting can BE avbideerh 25
noantkthe plane recarding ideasity efthermagnetic recordinganediwm carbexy
3:eseﬂpainé:e\gsg?j%%atﬁﬁee@g@&a[@%@curable resist resin, and a stamp
made of a highly ultravioclet ray-transmitting glass or resin is
used.

[0040]

By adopting the above-mentioned procedures, the magnetic
characteristics such as, for example, The coercive force and the
regsidual magnetization in the regions of partitioning the magnetic
tracks can be reduced to the minimum values, and conseqguently, the
letter bleeding at writing can be avolided and the plane recording
density of the magnetic recording medium can be enhanced to greater
extent.

00413

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

The patterns formed on the stamp include those which are

conventicnally used tracks for recording ordinary data, and further



The stamp used in the pattern-transferring step D is preferably made by

forming minute track patterns on a metal plate, for example, by electron

beam lithography. The material used for forming the stamp is not

particularly limited, provided that thé®purpose of the invention is not

impaired, but, a material having a hardness sufficient for enduring over

the process for producing the magnetic recoding medium, and having

good durability, is preferably used. Such material includes, for example,
indlickel.cEhe patterns farmed anpthe: stamprinclude thoseswhictrare gray code

pa GO Qtig@@llg%tigc%%ge@gg(ding ordinary data, and further 18

inclugegpatters for servo signal, such as burst patterns, gray code
patterﬁ and preamble patterns. ,10042] As illustrated in the step F in Fig.
2, thésutfacesiayer gooriionstin thé elepressionregions ohthesimaigieticlayer
pordyerare preferablyremeved bysdarexample; ien-miling and thereaties
prd Sr”aeﬁ"i'y %’é%%%eeddr%%o%so‘%%%%%i%q 19 areactive b ?Sg‘xff‘ao‘{:ﬁ‘g%%%%'é’&,
ion, whereby the magnétic characteristics of said régions are modified.
therReagratofstordriy fietidithaviRg $Eith regions Having niodifieg ©r 2
reanagneticccharacterstics irasnmagnetic récoraing: patterns exhiitingelganrns
=r£optrast ang hasya high SNR -as compared wdth: thosesefi the conyentional, s
L netic rgcoggln%medlum W‘rE"Ch does  not have reglonsng%h Cr:nodlflgrdim
= nagnBic tharacterStics, Anc Wi fids been prapardd By a method -1
pa Vitare 2hb iStiFfacedlayer potionst s thedéprassion FafichSiof aragaene red
wilayenase naot remaoved andi e exposuse 0f salddegions e aifeaciivech does
notP'F}g%a;%é%_B { CW%H%@@J}%]%C H&%%#&J s would e for;the fallowing .,
reasons. First, by the removal of the’surface layer portions In the regions
haHfHREGNBHERAYES tHE ey eXposEFeyions dre Tédraid activatét - aht™*
in thérefors; exdibib enhantedyealtivibewithia réactive pltasmatanttaoved anc
thdeachvedon: and sgeendly surace defectssuch.as mipuie. ids af@ acrive
. for.rged in therggwé}; expose%re ions into which a reactive . plasma or ion
l?%a]r] bgoe‘“ascfﬁl e rg)tle‘”d.ﬂ[olil% TRe thickness, as expressed%ig"&eln o
Fistdp Poin Fig. 220 the deplession Fégions-oltie BOFaceayer of thagpetiens
of layehiric laver, the newly exposed regions are clear and activated,
and therefore, exhibit enhanced reactivity with a2 reactive plasma
and a reactive ion; and secondly, surface defects such as minute
volds are formed in the newly exposed regions into which a reactive
plasma or lon can be easily penetrated.

[0043]

The thickness, as expressed by “d” in step F in Fig. 2, in
the depression regions of the surface layer of magnetic layer to
be removed by, for example, ion-milling, is preferably in the range
of 0.1l nmto 15 nm, more preferably 1 nmto 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 said regilons are
insufficient. In contrast, when the thickness of the removed
regions 1g larger than 15 nm, the resulting magnetic reccrding
medium has a poor surface smoothness and the magnetic
recording-reproducing apparatus has a poor head-floating property.

in the present invention, the regions of the magnetic layer,
which magnetically partition, for example, the magnetic recording

tracks and servo signal patterns from each other are exposed to



be removed by, for example, ion-milling, is preferably in the range nm to
15 nm, more preferably 1 n_m to 10 nm. When the thickness of 0.1 of the
removed regions is smaller than 0.1 nm, the above-mentioned benefits
brought about by the removal of saitPregions are insufficient. In contrast,
when the thickness of the removed regions is larger than 15 not, the
resulting magnetic recording medium has a poor surface smoothness and
the magnetic recording-reproducing apparatus has a poor head-floating

a JHepettye Inthespresentinventoan, theiregionsotihe magneficrlayer

cnWich nagpetically paitition. for example, the magnetic.recording fracks, .

and servo signal patterns from each other-are exposed to 19 a reactive
dedi3673-or a reactive ion whereby the magnetic characteristics of the
regiohg(afdhagnetic layer are modified or degraded. [0044] By the term

"magnetically partitioned magnetic kecording: pattesnTagkseddnthecrding

- fresent spedification is eant a5 lustiatedin Flg,2, step Gothe.
3 magnetic recording pafttern Which is parﬁtloneg%yjtﬁé mod%ec%’r’ ‘
1 erhaghetized feigions §bPhE . MmAGnBRE 1A er 2 B-&én Wher the rn which
is lamindtetstedcture i$viewed fiem the frent=side:The®bjectiofithes of the

madi{€8EA invention can be.achieyed.inan embodiment wherein, dn the case.
when the magnetjc layer 2 is partitione by the modified or demagnetized

Fr@8giois 8- theredt ifthe T}b’ﬁe‘?%%‘?%‘ceogo n SF%%@ﬁHfagﬁ“e‘fi%qéﬁng?an oe
aclavevethéughitherragheto tayersZ s net partitiohed: Fethé:fowdimosgegnetic
la@r?ftiintBef%Qﬁt:Tf‘@é@@ﬁeﬁyi&ﬁ@mm@m&Eﬁf@!@ﬁﬁ@ﬂ&&%@@%@i@hs 8
. the magnetically partitioned magnetic.recordin ter rej d.

e bt T B0 oL AT By S Sl Rtk 2 e L even
EhOHAGNSHE r8E6HIfIG Pattértin & brdabl Yeri@rwhictmefide! patfernetsrmos®
romedia whereinfmadheticerecoedirig patters! areatrariged fwith @ eértaim the
scipgulaFity perbit media,wherein magnstic yecording; pallerns-are g pattern

arranged in tracks fashion; and servo signal patterns. [0045] The process
23 GFHRE preseiitinvention is preferably adopted

By the term “magnetic recording pattern” as used herein is
meant a magnetic recording pattern in a broad sense which include
patterned media wherein magnetic recording patterns are arranged
with a certain regularity per bit; media wherein magnetic recording
patterns are arranged in tracks fashion; and servoe signal patterns.

[0045]

The process of the present invention is preferably adopted
for the manufacture of a discrete type magnetic recoding medium
inviewcof simplicity and ease, wherein 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 force and resicual
magnetization) of the magnetic layer in specified regions thereof
for the formation of magnetic recording pattern.

[0D4¢]

The above-mentioned regicons of the magnetic laver, which

magnetically partition, for example, the magnetic recording tracks



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 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 force and residual magnetization) of the magnetic
andayer-iispecified regions:thereel-forthe-fosmation efanageetie reeerding
anAlerD, (100l The gbovesmentionard iegigns of I magnetic, @y efe, orive

which magnetically partition, for example, the magnetic recording tracks
PlaFaams serve signal pattdins fomealh BitRéTtahite Brad byt tstics of
thamorphlization phthrespecificyregions neexpodsiietb @ radtivetplagmasor he
crsteactivedon: Thus,the magneticgharacteristics.of the regionsofr; ca11y,
oy JRADStic layer can be modified aleo by, changing the crystalline strudure, .

Y 3t the magnetic 1ayer (more specifica I%// By amorphization of the magnhetic

by rageppinspeifitdiegionsSthersofoby ExposingSaidspecifitd fagfrsea Ve
i orteactivenplasma:or iareactivecier dor-the farmatianof the regiens-fortioning

¢r.dnagnetically partitioning, the.magnetig recording. tracks and servg signal

patterns. The amarphization of the magnetic layer in the present invention

refers 16ttt dtonic Atrangementitiie ragrafic” layer iS ehahGeats
ingnirregulacdtonictarrangeniant withonoclong-distance:order. Merenagnetic
1a§@§CFEa£hMih§ﬁ@r%@ B}@ti%%a@_@wagi@&r@rqﬁﬁgﬁ%ﬂ@éﬁ@@é@ﬁ@fdno

smaller.than 2 nm.are arranged in random..This arrangement in random
Lo R S A T
MigeaksY aftfblisttd #é efystallpRheiof bytheprasehcerof- Aald aldfe 27
arbyr§«dy diffrectionranaliisis: ok electronseay: diffractioni canalysish {004 7]

midPE-reactive-plasma as;used inthe.present ipyention includes, for o5 neaks
£example, inductively coupled plasma (ICP) and reactive ion plasma (RIP).
= ATV 5 56 GSEH T theDEdUt VRIGRS D7 osence ot halt alone

by X-ray diffraction analvsis or electron-ray diffraction
analysis.

[0047]

The reactive plasma as used in the present invention includes,
for example, inductively coupled plasma (ICP) and reactive ion
plasma (RIP). The reactive ion as used in the present invention
includes, for example, reactive ions present in the above-mentioned
inductively coupled plasma and reactive ilon plasma.

(0048

The inductively coupled plasma as used herein refers to a
high-temperature plasma which iz obtained by imposing a high voltage
to a gas to thereby form plasma, and further applying magnetic
variation at a high freguency to generate joule heat due to
over-current inside the plasma. The inductive coupled plasma has
a high electron density, and, can modify the magnetic
characteristics c¢f magnetic laver with & high efficiency in a
broad-area magnetic f£ilm, as compared with the case of making
discrete track media conventicnally 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



includes, for example, reactive ions present in the above-mentioned
inductively coupled plasma and reactive ion plasma. [0048] The
inductively coupled plasma as used herein refers to a high-temperature
plasma which is obtained byimposidg a high voltage to a gas to thereby
form plasma, and further applying magnetic variation at a high frequency
to generate joule heat due to over-current inside the plasma. The
inductive coupled plasma has a high electron density, and, can modify

as the ntagnetigreharacteristivs: of magnetic layer with ehighceffictencyiinea ion

p1apad-atea magnelic film..as compared with the case of making discrete; .,

track media conventionally using an ion beam. The reactive ion plasma as
PTSTEEH heFSiTETéts 1o % highly r8active plIastiia whichs Bhiamed by
cheaddingmlmeactivecjas sachanasio? 18P CHRZ, GFA QhECI4id saciency.

plasmag¥¥hen such reactive ion plasma having a reactive gas added is

used.in the process of the present invention, said plasma can modify the
GRS ek o (6 MAAREI op s HORer Sy
ch46p4YE F-the focésSiet thedpiEsent iAvEntien StRe dgrrétiey sxposing the
magharacteristies of the magnetic layer@re meodifieth:by exposing-titeion 1s

- £ A0AgRgtic layer 19.the reactive plasma,This medification s -gffected s « 1yt ing
preferabﬁlig?% the reaction of magnetic metal constJtutlnge the magneti

E AT Uit Bt &k B B T T e TRtive PR e FaacoR B ™
Thahegnaaghetic pletahwithetiiesatbm Be ien is7 ctompariédiys foriéxample,

scheneiration o atems elhe.reactvenplasmadnte the magneticinetalayigt ive
o108 resulls, O{Héogige%%%%qc%&?a‘iryﬁﬁlﬁkﬂ%ﬁ'é”%%%%f’! the MAYNCUS .1 on

metal, change of composition of the magnetic metal, and oxidation,
oL Fififd &torT nd/OF SilRHICKHON 6f tHe mMagRetic fitetal 10650} A'reagfve: =<
conpasmaicontaihing oxygenstomsristpreferably usedaag the readtivedation
andasmaiin the presentinventionwhershy.the magpetic metal constituting
the netic layer is allowed to react with the oxygen atoms within the
reactive BI% ma to oxidize specified regions of the magnetic layer. By the
oxidatiowof the speeifitipegiorss ining oxygen atoms is preferably used

as the reactive plasme in the present invention whereby the magnetic
metal constituting the magnetic layer 1s allowed to react with the
oxygen atoms within the reactive plasma To oxlidize 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 reactive plasma treatment cof
a short time.

Thus, the modification of tThe regions for partitioning the
magnetic layer, for example, by & reactive plasma as conducted for
forming the magnetic recording pattern in the present invention
includes changing or lowering the magnetic characteristics, more
specifically, lowering the ceoercive force and residual
magnetization of the specific regions of magnetic layer, and
demagnetization or amorphization of the specific regions of
magnetic laver.

[0051]

A reactive plasma containing a halogen ion is also preferably



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 reactive glasma treatment of a short time.
Thus, the codification of the regions for partitioning the magnetic layer, for
example, by a reactive plasma as conducted for forming the magnetic
recording pattern in the present invention includes changing or lowering

usdhe magnetic ehatacieristies, mele: specificallynlowering the xoercivieal ogen
iorfOTee BN epidua) pagnetlzation of he spegiic [egions of magnetic layer,
Ization of t

an emagnetization or amor e specific regions of

P . ,
magnhéfic 1ayeE 005 I A B aetRESHIRs Ha Cotaining a Rafcge A tal i alst™
theprefeérably 222 usesas:the reactive: plasma drt the: preésemtanvehtione Asithesd

abdiRlogencion, & fluorineyign is-especially preferableLhe Hialogen ian may, pe

CFe_g[i)redser.n;rgither alone or as a combination  thereof with.an ox g(% nionin
"O%hE reactive plasma. RS Tentioned: Gbove, the Magretic caracteristcs of"
Lonhemaghelitdsyercard beshiodifiéd witlealahtaihce déffigierey by et 1ng
thaeacioncatineoxygeanion ihthe feactive plasmanwithiheanagnetiermetatar
1 GQASMILULNG. the magnetic layer, and, the efficiency of medification.can pe; .,
. far improved by the combination of the oxygen ion with the halogen ion in
N thBGehthive piashaEV¥eén in the case when the reactive plasma contains

a halogen jionthut dees notscontainias oxygenidn sthie halogampi freattsien

1 orVith= the snagheticonetalinthe magnetic jayerto modificthe magnetie s with
enhBractefistios of the madnetic layer, The reason for whigh is npt. deay, ..
Dltitis presumebcf%ha]tr}herhalog nionin %Iﬁeyreaé;[lve plasma etches~" ~
chaprei§hiatte rdcpositet bt SGrfatBsef thel hagiteficrayer: toimakel s not
cl«learcthe surfaceaf thesdagnetic tayes With=the cesult 0fenbancemept akma
-t dhe feactivity of the magnefic layer. Further. the cleap é‘&@@%%%@@ic layer

. magnetic layer is presumed to react the halogen ion with a hi ‘
O efft '%nE%??ﬂistlB@néﬁfﬁéﬁé‘ﬁe&%t‘éﬁp@&%ﬂ?%ﬁk&#ﬁ%bﬁﬁgd Witerf gouLt

of friorecionasused abgheeactivity of the magnetic layer. Further
the clean surface of the magnetic laver 1s presumed to resact the
halogen ion with a high efficiency. This beneficlial effect 1s
gspecially markedly obtained when a fluorine ion is used as the
halogen ion.

[00527

After the modification of the specific regions of the
magnetic layer is carried out, the resist laver 4 and the masking
laver 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, aprocedure of dry etching, reactive ion etching,
ion milling or wet etching.

After the removal of the resist laver 4 and the masking laver
3, the magnetic layer having been activated in the gteps F, G and
Hin Fig. 2 is exposed to an inert gas irradiation in the step I,
whereby the magnetic layer is stablllized, and cccurrence of the
migration of magnetic grains 1s avelded or minimized even under
high-temparature and high-humidity conditions. The reason for
which such benefits are obtained by the exposure to an inert gas

irradiation lgnot clear. But, it ispresumed that the inert element



halogen ion. 10052-1 After the modification 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 layez3 can be carried out by, for example,

a procedure of dry etching, reactive ion etching, ion milling or wet etching.

After the removal of the resist layer 4 and the masking layer 3, the

magnetic layer having been activated in the steps F, G and in Fig. 2 is
intexprsed t@ aninertgas iradiation-imthe: step b vhaeehy the:magnetier and

I is stabilized, and.qccurrence of igration. of ti
oy minmaod e et Tidh semperaiLrs and haphimry =
andeSrditions. Thrddgorrort Which3iich Behefitd ar bisied bythg et 922
irrexpesurertoian imerpvygas #radiatiermisgicticlear. Butpitgspresumeditiatdoes
nodhgdngit element.23; infrudes intg thesurface layer portion of the

magn%%% %yer and consequently the migration of magnetic grains can be

suppréssed, and further that the surface layer portion activated by inert

gas irfadfatiohnigTensgved and-Besiigiaticingf ffagietRgraing doed Hpeur
CcorQCOHE DEOCLars onlyito anminos extent-{d053]As theddeltrgas, st led@st-he
++ 08 97 selacted from the group ~gonsisting, ot Ar. He and Xe is:preferably . ¢

used. inview of the stability and the enhance effect of suppressing the
M Ghfratiod i -ifagnetic grains. The exposure to the inert gas irradiation is
carritoutxpreferably: by tdimethed using at least orelmieans selectet out

prdfmihe, CEQUR cansising, of jon gun, daduced conpled plasmaddePirandt ne
reactive ian gl.asma RIE). Of these, ICP %pd RIE.ar pprggergglej Ey\lewaqlfd

9r SHhanced in elrﬁgtyoéf ifadigtion. The ICE and the RIES are hareinbefdre
reqfesklibet JODSAF PitetThE lexpbSule °&n inétt ¥ iddiation, areferable
in protectivecovernceat 9ris preferablyf farmed Datthersurfate dfitheanagheti&.IE
s rdaygr.as illystrated in Eig. .2, step J, and then a lubricant (not

[0054]

After the exposure to an lnert gas irradiation, a protective
over coat 9 is preferably formed on the surface of the magnetic
laver as 1llustrated in Fig. 2, step J, and then a lubricant (not
shown in Fig. 2} is preferably coated on the protective overcecat.

The formation of the overcoat 9 can usually be effected by
forming 2 diamond-like-carbon film by, for example, using P-CVD,
but the method for forming the overcoat is not particularly limited.

The protective overccat 9 can be formed from materials
conventionally used for forming a protective overcoat, which
includs, for example, carbonacecus materials such as carbon (C),
hyvdrogenated carbon (HyC), nitrided carbon (CN), amorphous carbon
and silicon carbide (8iC}; and 810, Zr:0z and TiN. Two or more
overcoats may be formed.

[0055]

The thickness of the overccat 9 1s below 10 nm. If the
thickness of the protective layer is larger than 10 nm, the distance
between the head and the magnetic layer becomes undesirably large
and the input and cutput powers are often insufficient.

2 lubricating layer is preferably formed on the overcoat 9.

The lubricating layer is formed from, for example, a fluorine-



shown in Fig. 2) is preferably coated on the protective overcoat. The
formation of the overcoat 9 can usually be effected by forming a
diamond-like-carbon film by, for example, using P-CVD, but the method
for forming the overcoat is not parti€dlarly limited. The protective overcoat
9 can be formed from materials conventionally used for forming a
protective overcoat, which include, for example, carbonaceous materials
such as carbon (C), hydrogenated carbon (HYC), nitrified carbon (CN),

coramomheus.earbesnand sihebrcathide Gﬁﬁﬁ;iaaﬁ&ﬁ?a 21203:and-Titeos.
Thel PR:QMOLE gyvercaats may be formed. J0055] [The thickness otthe. o ¢

overcoat 9 is below 10 nm. If the thicknéss of the protective layer is larger
L %Hah T8'rum, the distance between the head and the magnetic layer
becoés tihdesirably large and the input and output powers are often

insuffigient Adubricating, layerd;s preferably dormed optheeverceatGraing-
ephelubricatnglayer s formed from, for example. a luorine. 24, coptainina
““Hibricant, a ﬁy rocarbon fibricant of a mix ure}%ﬁereo?. The t%léknéss”of
11 kHauBheating 1dyet is tsudifFntheliahge St t6U AT 10056 THe Y
apreonstitution afran example atthenmagnetienecording- reprodudingtion, the
abARRAratys according fo the. presentinventian is, ilusfrated ipfRio; 3,Ihe; on,

magnetic recording-reproducing apparatus of the present invention .=~
2 Comipfide$ih combination® the “atove:méhifhed magreticreddrdiig: ™ -
themeshomd10Q ofithedhvention racdriving parc 0 Iordriving e ragriaticding
pafecarding megdivmin: thg reserdingdiraction: arnagnetiehead:-10203) zor

comprising a recordin rtand a reproducing part: means (head-driving .
o O T gting gt raad TO7 T S reotorio g oL

In a relative motion to t
reFRAGREHC RGordIngHEdRIF TO0: RIS FREoRIMG-APRILRSBFodT SNy SigAAl
+ réreating neeans 104 fardnputting signaliinte the magnetichead 102 raswt 102
=ndokrepraduction of autout signal from the magnetic heatb 102 Theyeq 102,
magnetic recordin -reprogqcln  ap @raty§gqmgr|3|n the (:on:|b|1>[1%at|on@oif;he
the abGTE A DIEd THEANS Can pOVIde 2 High-TEEGrE densis Mofs
comspetifichdly, Ftthemagpretic reeoidinged means can provide a high
recording density. More specifically, in the magnetic recording
medium of the magnetic recording-reproducing apparatus, the
.magnetic recording tracks are magnetically discrete, and therefore,
the recording head width and the reproducing head width can be
approximately the same size as each other with the result of
sufficiently high reproducing output power and SNR. This is in a
striking contrast to the conventional magnetic recording medium
wherein the reproducing head width must be smaller than the
recording head width to minimize the influence of the magnetization
transition regions in the track edges.

[00357]

By constituting the reproducing part of the magnetic hsad
as GMR head cr TMR head, a sufficientlivy high signal intensity can
be obtained even at a high reccrding density, that is, the magnetic
recording apparatus having a high recording density can be provided.

When the head is flcated at a floating height in the range
of 0.005 um te 0.020um, which is lower than the conventiocnally
adopted floating height, the output power is increased and the SNR

bacomes large, and thus the magnetic recording apparatus can have



medium of the magnetic recording-reproducing apparatus, the magnetic
recording tracks are magnetically discrete, and therefore, the recording
head width and the reproducing head width can be approximately the
same size as each other with the result of sufficiently high reproducing
output power and SNR. This is in a striking contrast to the conventional
magnetic recording medium wherein the reproducing head width must be
smaller than the recording head width to minimize the influence of the

a lmageetizationritansitiontegionssnithertrack edges. [0057] By

constifuting the reproducing part of the magnetic head_as GMR head or.; ..«

TMR head, asufficiently high signal intensity can be obtained even at a
21919k relording densitythat iS he Maghetic recording dpparatts havitiy a
rediighiYegorting densityrcarcbeyprbvided: Whenthe headis floatedat@iently
hiéfaﬁm Q@gh&g}lﬁva@&g:,eé ﬁf@@%ﬁ@ﬁﬁ@@@a%%@@%@% is

the conventionally, adopted floatin ight, the output power is increase
R B e o By pate S et o
TMORRAPRAVEDE £ drelsize add @thighrieliabilfty. & sifiat treatinyteifedit Per
inaisingasumegroducieompasitd=algorghat is commbiredtinthemagneticinch .

recording medium, the recording density can be much more enhanced,

and a sufficiently high SNR can be obiained even when

recordation-reproduction is carfiéd'8tit &t a high recording density of at

least F2064G-bit or more per square inch, a track density of 100 k-tracks

or rr?mleep@m@@»&[i@fna]dmf@r f@%@@@%@l?%iﬂb@é]lQQOd@Qﬁ@(Ij‘:SB@ngpgtbh@

inch..Exa 58] The invention will now be specifically described by
fofﬂgwﬁ)ﬂéwrgllr%%%%ngﬁle& Example 1 A glass substrate for HD was placed

in a VEaEHt thadmber and the chamber was vacuumed to a pressure of
not highgrathars bifkx r2@ L& to rémovesthe ared henglass: substrateaused isnd

£ hLOMmprised. oflass ceramies-having.a camposifion, gt Li2SIROs, chan 1.0 x

102 B9 K20, A 2Q3:K20, Mol Po0280d 20203240, 20d has an outer. .
diarietét 6f g P

of glass ceramics having a composition of Li»Si 0, Al04-K0,

21505, -K20, MgO-Py0s and SkpCs~Zu0, and has an cuter diameter of €5

mm and an inner diameter of 20 mm, and an average surface roughness

{Ra) of 2 angstroms.

[005G]

Cn the glass substrate, a soft magnetic underlayer composad
of 65Fe-30C0o-5B, an intermediate laver composed of Ru and a magnetic
layer composad of 70Co=-5Cr~15Pt~1031C; alloy (the numerals indicate
ratio by mole) were formed in this order by DC sputtering. The
thicknesses of respective layers are: FeCoB soft magnstic
underiayer: 500 nm, Ru intermediate layer: 100 nm, and magnetic
layer: 150 nm.

[0059]

A masking laver composed of Ta with a thickness of &0 rm was
formed on the laminated structure by sputtering. Then a resist
layer compozed of ultraviclet ray-curable novolak resin with a
thickness of 100 nmwas formed on the masking layer by spin- ceating.

[0060]

A glass stamp having a negative pattern corresponding to the

desired magnetic recording pattern was pressed to the resist layer



mm and an inner diameter of 20 mm, and an average surface roughness
(Ra) of 2 angstroms. [0059] On the glass substrate, a soft magnetic
underlayer composed of 65Fe-30Co-5B, an intermediate layer composed
of Ru and a magnetic layer compo$éd of 70Co-50r-15Pt-l0SiO2alloy (the
numerals indicate ratio by mole) were formed in this order by DC
sputtering. The thicknesses of respective layers are: FeCoB soft
magnetic underlayer: 600 nm, Ru intermediate layer: 100 nm, and
at magneticitayer 150mm({0059] A tnaskingdayer comaposed:obls with atamp
hadhiskness of 60 nm was, formed,on the laminated structusesby SpUUSING. 1, ;<

Then a resist layer composed of ultraviolet ra%-curable novolak resin with

PT%P $hftkness of 106 nAT WasTOriBdon the mdskind fayer by Spin toating™>
1 r{e06eFAYlassstanip-havingea negativeljatternveoreéspandingtoithe nm for
10 desigdinagneticrecerdingatternwas pressed ta fhe sesishlayer 26 ahas
se r%%%‘éﬁﬁ pIAMPa (about 8.8 159%’%“2)81@%%?38 ofthe stamp.hadan .. ;.
u?tra\(lo et-ray transmission of &t least 95%. In the thius pres‘sédn ate?ﬂw_e“ -
re¢pesddd upper Side of thé fedisbhyer Wakiradiated Wit UltFaviclet Fags
magvith aavavelendimof 250mamrfonalD seconds to:care the resist layer. the
prJﬂlﬁ[%%ﬁ%tﬁ% 3&%@%@%5%@3@4@5@@{‘&9}% ed resist layer thereby 120

transferring magnetic, recording pattern on the resist layer. The . -
"8 trarisfefret” ragnétic récording’pattern had %rcoar%%régu"%éﬁg%i‘%%%h”‘{ﬁ%{* §
wighé piothisions inthe resistiayesareicirtglar withed widieof 120 Am fandind
thdheepressionsinthe rasistiayararedcircidaravil avadi:of 60 rimydhevas

ab%@ig @%?ns OE% E%%%'%SB%%%@Q&%‘ ggg %geamé%@%§sa%§ﬂ% 9C degrees

epressed portions of the resist layer was about 5'nm. The depressed
Lo JorfoisRad 4T angF of aBout 90 degrees to the substrate surface.
[0061]CThéteatfter, the pressed depressed portions of the resist layer and

the corespgnrding porions aidhe Tamasking layerwers, semouedby dey <
ia§%&hgld1¥§%dg%§gggg éégggﬂggigﬁéﬂgh£ %%% Tz masking laver were
removed by dry etching. The dry etching conditicons for etching the
resist layer were as follows. O; gas: 40 scom, pressure: 0.3 Pa,
high-freguency plasma power: 300 W, DCbias: 30 W, and etching time:
10 seconds. The dry etching conditions for etching the Ta masking
layer were: CFygas: 50 sccm, pressure: 0.6 Pa, high-freqguency plasma
power: 500 W, DC bilas: 60 W, and etching time: 30 seconds.

[0062]

Then exposed regicns of the magnetic laver which were not
coverad by the masking laver were removed by ion milling using an
argon ion. The ion=-milling conditions were as follows.
High-frequency plasma power: 800 W, accelerating voltage: 500 V,
pressure: 0.014 Pa, flow rate of Ar: 5 scom, treating time: 40 sec,
and current density: 0.4 mA/ cm?

Then the regions exposed by the ion milling were exposed tTo
a reactive plasma whereby the magnetic characteristics of said
regions of the magnetic layer were modified. This modification
using a reactive plasma was carried out by using an inductively
coupled plasma apparatus "NESS0” available from Ulvac, Inc. The
plasma was generated by 0z gas at a flow rate of %0 cc/minute. The

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



resist layer were as follows. 02 gas: 40 sccm, pressure: 0.3 Pa,

high-frequency plasma power: 300 W, DC bias: 30W, and etching time:

10 seconds. The dry etching conditions for etching the Ta masking layer

were: CF4 gas: 50 sccm, pressure: 4. 6 Pa, high-frequency plasma

power: 500 W, DC bias: 60 W, and etching time: 30 seconds. [0062] Then

exposed regions of the magnetic layer which were not covered by the

masking layer were removed by ion milling using an argon ion. The
+hdoagpiling eenditions.were as-fallews. High-frequencyplasmapewer$0a-i -
1ay\é/r qgggleé@gng_é@&@gg; 500V, pressure: 0.0_14 Pa, flow rate of Ar: 5

sccm, treating time: 40 sec, and current density: 0.4 mA/cm2. Then the

regioh%%?dosed by the ion milling were exposed to a reactive plasma

wheréhyithehagnétie chasacteristics of saitl regionssofithe magaetigere
renl@s&@aw@t_W'f&anEh@s m?'tﬁ%@tmml 'd c?;f%aogwgrﬁla@v@ WS o1l ows.

carried ou sing an inductively coupled plasma aratus
P e iae Rt U e g SR e Cebetatd By 65 R
Plapiewrate bf 90 t/Minate THes ipdcpdwBefor Plasigeneration was

200 Whdhepressurdavithint2 ¢cthe apparatisavas Q.5\Ra and thertreatingith
an efordhe mangetic lavel was 300 serandsa 06T Ihatgafist thedesiys.

ayer and the masking layer were removed by dry etching. The dry _
PlatdRing ¢6iditions Ware asTolIowsT Fidw rawest SEBY4S: 160 5eeht 925° ~
scaressues 2199a, high4réguercycplasima ipowero 4O80W;, artltréatingrrent
derﬂ%ﬂ%iyé’o@ S@Cmﬂ:h@ﬁé?;\ft%@Q§@€@§%@fﬁh&@§%etﬂ§@ layes WAS expased

with 4 nert gas plasma radiation, The gonions for the el 988 ..

plasma irradiation were as follows Flow rate of Arinert gas: 5 sccm,
OVEressirei 07014 Ph, deeeldrafingVoltaget 300 , EiireRE derisitysone
diamAfeim2, and deedting tiMBC b, 1G5 ar25 sde: Therthusstredted=upier:he
ovSHface was covered with,a.carhon: overcoathaving.a thickness of Afime: ;

by a CVD method using diamond-like-carbon (DLC) Further, the uppér
£e %?%t%goﬂﬁ%l}ﬁ@ercoat was coated with a lubricating material to give a

magnetico ¥écording medium.

Comparative Example 1

By substantially the same procedurss and conditicns as
employed in Exemple 1, a magnetic recording medium was manufactured
wherein the irradiation with inert gas plasma of the magnetic laver
was not carried out. ALl other conditions remaining the same.

Examplas 2 to &

By substantially the same procedures and conditicons as
emploved 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 cther conditions remalned the same.

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 electromagneiic
conversion characteristics (SN; dB) cof the magnetic recording
mediums manufactured in Examples 1 to ¢ and Comparative Example
1 were evaluated as follows. The evaluation results are shown in
Takle 1 and Fig. 4 and Fig. 5.

[0065]



[0064] 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 outZll 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 were changed as
showryin dkahlerl, delews Atkother cohditionssremaiaed the same. The
inertgas used and.the irradiaipn lime with the inert gas-plasma in, ng) of

Examples 1-6 and Comparative Example I are shown in Table 1. The
cobEdrrasion F CoBHIEET) and fe SRctomaghetis dBmvarsion ted 10 the
exaghdrasteristics (SN dBpotthe/magratic recording Venedhitimd as follows.
Eadﬂ&%@%@i@dfﬂ@i@m%@sné&%@am&@@lmara@vgtﬁz@mea1t\@ﬁ@ramre

- ated as follows. The evaluation - results are,shown in Table 1 an
o o L 0065 25 Evaliaton of S el fediance "o
of ERFFSTHERtarTedistafce! aS%expresS8dRPES oS oRe(Y) Of CoBak *oFthers
obaaagaédtic necosdimgemetiivms imahifactured-A the rexdnaplesamd thenitric
2 CPmpargtive exanplewas gvaluated-as follows. Each.magnetis recordingi ¢

medium was |eft to stand at a temperature of 80C and a relative humldig/ 3
rec&%ﬁ%gﬁ%ﬁ%rs,@ﬁ&& UPETEE Of cdiFSSion BIrthe Surfacs of the — =~
withagrieticrecaidingemeédigmiwas obser/ddMone speétficallg00the crops
on migrarliten of aguesusr3¥onittie cacid was<reppeddneachyof. temspots oret .

mndNg syrface %féthso@g%eﬁjﬁ rgcording medium,. Then the magnetic . 7

recording medium was covered with a petri dish and left to stand for one
COHGHIFE The the'drops=oh tHe tagREfic fecording et wete tofietted 27
a 1wy asihgra pipetecrhé contertiofcabalt inthee eolfedtedodropsswas 1s shown
in r@g%s-ur@gj. The content (ng) of cobalt was shown as Co corrosion in

Tab el %ng a relation between Ar irradiation time and Cc corrosion is
shown” i 1g. 4.

Evaluation of electromagnetic conversion characteristics

Electromagnetic conversion characteristics (SNR; dB) of the
magnetic recording mediums manufactured in the examples and the
comparative example were evaluated as follows. A spin stand was
used. SNRvalues and 3T-scuash was measured upon recording a signal
at 750 kFCl. A vertical recording head for recording and a TuMR
head for loading were used as a head for the evaluation. SNR and
3T-squash were measured, and SNR is shown in Table 1 and a relation

between Ar irradiation time and SNR i1s shown in Fig. 5.

[eoe7}
Table 1

Inert gas irradiation SNR Go corrosion

Element | Time (sec) {dB) {ng)
Com. Ex. 1 - 0 12.7 0.35
Example 1 Ar 5 13.7 0.1
Example 2 Ar 15 13.8 0.07
Example 3 Ar 25 141 0.05
Example 4 He 15 13.9 G.12
Example 5 - Xe 15 13.8 0.08
Example 6 Kr 15 13.7 0.07




[00661, Evaluation of electromagnetic conversion characteristics
Electromagnetic conversion characteristics (SNR; dB) of the magnetic
recording mediums manufactured in the examples and the comparative
example were evaluated as follows2#A spin stand was used. SNP, values
and 3T-squash was measured upon recording a signal at 750 kFCI. A
vertical recording head for recording and a TUMR head for loading were
used as a head for the evaluation. SNR and 3T-squash were measured,
and SNR is shown in Table 1 and a relation between Ar irradiation time
and SNR is shown inFig, .. [0067]x12kle L ineyt gas irradiation SNR Co
corrosion Element Time (sec) (dB) (ng) Com. Ex.'1-012.7 0.35
Exarhpie’i '/Ar 5 13.7 0.1 Example 2 Ar 15 13.8 0.07 Example 3 Ar 25
14.173:05rExaeple 4-He 153390, I2-Exarmple 5X&d51E3.80.08cording

med‘%&ﬁm{ﬁ%ﬁqlﬁr 4513400429 r@@t@zﬁ&%ﬁA@@ﬁ%ﬂLﬂb{c@m Ascprdingded.
.. the present invention, a maanetic recording_medi ' €
Tme%ﬁvf?o%?nréjltﬁ%ﬁgs%%ﬁféee%%ecpar%vgf egg T %s“,gag%g% %%ngﬁve'w,lc‘ﬁer_e
enVdg BEEEH- sEABlY BVERndEHEBVERe EAVirGHMBAAY conRIBTEY Stith'ds 1
a der examiplet acnemoryduilt in a car navigation system. 30 CLAIMS 1. A
process for manufacturing a magnetic recording medium having a
magnetically partitioned magnetic recording pattern, characterized by
comprising the following steps (1), (2) and (3), conducted in this order: (1)
a step of forming a magnetic layer on a non-magnetic substrate;



(2) a step of exposing the surface of regions of the magnetic layer to a
reactive plasma or a reactive ion, which regions are to magnetically
partition the magnetic layer for forming a magnetically partitioned
magnetic recording pattern; and (3)% step of exposing the
thus-magnetically partitioned magnetic layer to an inert gas irradiation. 2.
A process for manufacturing a magnetic recording medium having a
magnetically partitioned magnetic recording pattern, characterized by
comprising the following steps (1) 12)ME3) and (4), conducted in this
order: (1) a step of forming a magnetic layer on a nhon-magnetic
substrate; (2) a step of removing surface layer portions of regions of the .

magnetic fayer fhich 18GiIBAS &TE T& Magiefidhny Fartifioh® the Hagndhe -
havayer forfepming aamagneticallycpartitidnetmagheticeratording pattés:n.,
chdB) a-stepefexposingthedhus-exposed stiface efeagions) of the and (3,
Conrggggggc i%ye;rh {ror% WJ]ei%h the surface layer portion thereof have been
removed in step (2), foa réactive plasma or a reactive ion; and (4) a step
of exposirfy HEhustmeyretically pRriisred rmaghetictayer to e fiete = 1<

sulgas-Hitadiation. 3. The process for manufacturing a magnetic recording

mediug according 4a.claim:2,whetein the surface layerporions of saidk« i
1 regions qre_remgved b !OQ mHIin_g in steeap 4&2){;4. '.I'Qe pr%A(F)cgsFl _fgr ions are
¥anfactufifig @ magnetic Tatording Rigdium’ Sccdtding to craimS2 675
Lo wheteir ilve SUrfacetayerportions 1 gait portionsd Be fehovadra step
mad@rbavea thigkness: inthe range ©f 0:1 ywadad briyme 34+ 5ril hezprocess
for.m@ff%"tg@%? %@%‘%&e&c"}?go{ﬂ@gc‘g\?gﬂﬂ@g%& ding o any.one Qf, o
claims'1 to 4, wherein the Strface of said regions of the magnetic layer is
mAEPoSRARYA FeattivE phasRTa GF8 réadtire-fonifo’an extent such that the
magrietic characteristi¢s rof:saidfregions of theraageetic layer régionsare. um
na-Hgterioraied, 8« The pr C_%é%&rtma%@%ygiﬁgﬂm%@dﬁfgg@ggtem,
cninedium accqrding to claim 5, wherein the deterioration ofthe ) 3y ang
(41, conducted in this order:

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

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

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

(4) & step of exposing the thus-magnetically partiticned
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 in step (Z2).

4, The process for manufacturing a magnetic recording
medium according to claim 2 or 3, wherein the surface layer portions
in said portions to be removed in step (Z2) have a thickness in the

range of C¢.1 nm to 15 nm.



magnetic characteristics is reduction of the coercive force and residual
magnetization. 7. The process for manufacturing a magnetic recording
medium according to claim 5, wherein the deterioration of the magnetic
characteristics is caused by demagnétization or amorphization. 8. 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 an oxygen ion. 9. The process for manufacturing a magnetic
recording Thedivm aseording toanyrane of claims htaiie wherein-thediing
nedEACHYE RIASMA ardheeagtive jon-containg a halpgen,ion. 40. e o.rrace
. process for manufacturing a magnetic recording medium according to.
°f &R &S WHdtain the' idlegen i i%%’ﬁélé@e%?&ﬁ?&r%‘é&b;?ﬁﬁroﬂgﬁﬁrga ma
or halidergasintoa teactive: ptashiaySaidh halide gasbeingCat least i 1stics
of halide gas selected from the greup-consisting ©f Cird, Sk6, E4H=3;:CE€34=q.

and KBr. 11 The processfor ”ﬁ%“‘%f cu nhnzg_;ﬁgm%gpn%éc#%éec%%dlrne%ording
meditim according to any one of claims 1to 10, Wherein the inert gas

meqiddy foFtHE EXPdstPe To T irert YARLRAATIdtOh KtI6a8E dnetheftigade
magededieddremethesgrosipicansisting of &r; ble arfd Xe= 12:dheiprcessder and

regﬁgggﬁ@%ﬁ@g@@@g@p&tjg recording medium according to any one of
claim7$ 1to 11, wherein th$ exposur%?

to the,inert gas irradiation is cagied

out by'a metfod LSING At 14t GRS hisany s&idcted fiSHT the grotp = =7
megbagistigrotibnogie, Hduced coupletiplasimie(ICP)eaad reaétve fon the
ra@iasmna (RIE}al3-Anrocess fermanufactuinganmagnetic secording-
amé%%(rjliyﬂth%\{jng a magnetically partitioned magnetic recording pattern,

characterized by comprising the following steps (1) through (8), ,

condficted TRENRIGIERF=32 0@ ) WSt G- forhhifigta FifsjHeticlayéF o 9
mediommagnetici rsybisiratey (2).a stepofformihg-a Masking-lEyerdretheactive

pl@%%%n%tic lgy@r'r@);@is;@plq;ﬁoggg{&@@@s@ﬁlaé{}@}s%th%asking layer;
(4) a step of forrryga on th [ﬁe%stplg erama ne'glcIQ%C(g,lr@(};LlEnl%pggg(r}nrflrwl
partit'ohinq{ﬁ% fiag etic Iai?ér into divide Tegions; gt T g
medium accerding to anv one of claims 1 to 7, wherein the reactive

plasma or the reactive ion contains a halocgen ion.

10. The process for manufacturing a magnetic recording
medium according to claim 9, wherein the halogen ion is a halogen
ion formed by introducing a halide gas into a reactive plasma, said
halide gas being at least one halide gas selected from the group
consisting of CFy, SFs, CHF;, CCl; and KEr.

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 exposure to the inert gas irradiation is at least
one inert gas selected from the group consisting of Ar, He and Xe.

12. The process for manufacturing a magnetic recording
medium according to any one of claims 1 to 11, wherein the exposure
to the inert gas irradiation is carried out by a method using at
least one means selected from the group consisting of ion gumn,
induced coupled plasma (ICP), and reactive ion plasma (RIE).

13. Aprocess formanufacturing a magnetic recording medium
having a magnetically partitioned magnetic recording pattern,
characterized by comprising the following steps (1) through (8),

conducted in this order:



(5) a step of removing the masking layer and, if any, a residual resist
layer, in the regions corresponding to the magnetic layer-partitioning
regions in the magnetic recording pattern; (6) a step of exposing the
thus-exposed surfaces of magnetic 3fayer, 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 regionss o magnetictayer () assteptafremomng dhe svhole-resighuad.i c
Sub@ggi&g;layer; and (8) a step of exposing said regions of magnetic layer
to an inert gas irradiation. 14. A process for manufacturing a magnetic _
recordimgmedian? “haig & thaghetitally pattiioned magistE ecordiny S
patteil, charaeterized bycomprsingsthecfollovdng steps€litrrough (Byer;
condugted %}:gﬂsogft@%:r:rﬂ)zlé é&@t@z@é l;%é@i%& qm@ngrma'z;%@j:@@ﬁtoming
.non-magnetic_substrate; (2) a step of forming a masking layer on the _. i
Stz b Sars st g St St S LG R S
(4) a ‘stepdfFoffirforn THE Fesist @%rf&aﬁ#@%tiéa@@&cﬁﬁ@paﬁgrﬁfwr a
regfiattiionirg the mageeticilayerd modlivided cegionsip:(8) acstep disemaviagi c
1208 masking;layer and. [f gy, a. residual resistlayer, ln e regions. ve v,
correagondlng to the magnetic layer- artitioning regions in the mgg}r%etlc i
recordingTattaFh (6§ 4Rt&p oF renffoviny the Sitrace Tayerpoitions i af
1ayegiorfsofithé nagheticriayer] from aylsichathe iasking lajer angthet layer
in rﬁwﬁa}ég&@mﬁ% Hf_a@l\ge;a_é@@r? r@ﬁﬂ@@d@;@taﬁé@- fé}_r@f@ep 9;& expesing ) ,
the thus-exposed surface in the regions _of the magnet; ,.fro
o R T e LML g
patEgEfveEDIESEOME TEACHTE3I RN WHerehiPa madRefe reéotairng regions
of padterptis formed which is magnetically partitioned by said regions of
magngbc layer (8) a step.of remayingithe whole, residugl masking Jayer; ang

and a step of exposing said regions of magnetic layer to an .inert gas
irradiation® sgep ofpexpgsing 5 ;'Lorl.I a9 E}/ ]

inert gas irradiation.

regiorns of magnetic layer To an

14. Aprocess formanufacturing amagnetic recording medium
having a magnetically partitioned magnetic recording pattern,
characterized by comprising the following steps (1) through {9),
conducted in this order:

(1) 2 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 layer;

(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 remcving the masking layer and, 1f any, a
residual resist layer, in the regions corresponding to the magnetic
layer-partitioning regions in the magnetic recording pattern:

(6) a step of removing the surface layer portions in said
regiong of the magnetic layer, from which the masking layer and
the residual resist laver have been removed in step (5).

(7) a step of exposing the thus-exposed surface in the reglons
of the magnetic layer, from which the surface layer portion thereotf

have been remcved in step (&), tco a reactive plasma or a reactive



S. The process for manufacturing a magnetic recording medium
according to any one of claims 1 to 14, which further comprises a step of
forming a protective overcoat over the exposed surface after the
exposure of said regions of magneti&layer to an inert gas irradiation. 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

iordriving partfor driving the: magneticiregcasdinge mediunr inrtheregoraing: s
R e
magniétic #etofdiry m&atiit snd" & réeotdingzandieproatimPsighat =/ <
treating) means:forin petting Lsignah tathemagnetid heaghand folayer to an
i ngg@r%t%gﬁgg@%@gnal from the magnetic head.

15. The preocess for manufacturing a magnetic recording
medium according to any one of claims 1 te 14, which further
comprises a step of ferming a protective overcoat over the exposed
surface after the exposure of said regions of magnetic laver to
an inert gas irradiation.

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’claimsilt@>15;Eidrivinggxmﬁ:fOZ‘driving?ikamagnetic: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 reccrding medium; and
a recording-and-reproducing signal treating means for inputting
gsignal to the magnetic head and for reproduction of output signal

from the magnetic head.



