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
increasing. Recording density of amagneticrecordingmediumused in the magnetic recording apparatus
is greatly enhanced. Especially, since the development of MR head and PRML technique, the areal

recording density is more and more mcgnea,sm . Refc\:ﬁengggl\ﬂ%head and TMR.head hjave been

developed, and the rate Bt increase i the areal fedording density is about %%%%Hbér year. There is still

increasing &'demand fBefintrérenRaneRl tHé veC6ithR§ density, and therefore, a magnetic layer
having a higher coercive force, and a higher signal-to-noise ratio (SNR) and a high resolution are
eagerly desired. An attempt of increasipg,the.track density together with an increase of a liner
recording density torggg?pce an areal regording density is also being made. [0003] . Ina .recent
magnetic recording ‘media the track density has reached about 110 kTPI. However, with an increase of
the track density, msgetie FEeardmy MfbfrEticr isAidHIeTs fifering RitH B4CH btier Between adjacent
tracks, and magnretizatierctransitionrsegionsisethefboundargregions thereof as a noise source tend to
impair the SNR- These nrablemssesyitindoweringin bit erresrate-and impedethe enhancement of the
recording density. [0004] To enhance the areal recording density, it is required to 2
Background Art
100023
In recent vears, magnetic recording apparatuses such as a
magnetic disk apparatus, a flexible disk apparatus and a magnetic
tape apparatus are widely used with their importance belng
increasing. Recording density of a magnetic recording medium used
in the magnetic recording apparatus is greatly enhanced.
Especially, since the development of MR head and PRML technigue,
the areal recording density is more and more increasing, Recently
GMR head and TMR nead have been developed, and the rate of increase
in *he areal rescording density is about 100% per year. Thers is
still increasing a demand for further enhancing the recording
density, and therefore, a magnetic laver having a higher coercive
force, and a higher signal-to-nolse ratic (SNR) and a 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.
[0003]
Tn & 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 adjacent tracks, and magnetization transition
regions in the boundary regions thereof as a noise source tend to
impair the SNR. Thess problems result in lowering inbit error rate
and impede the enhancement of the recording density.
(00047

To enhance the areal recording density, it is reguired to



render small the size of each recording bit and give the maximum saturated magnetization and
magnetic film thickness to each recording hit. However, when the bit size is decreased, the minimum
magnetization volume per bit becomes small, and the recorded data are tend to disappear due to
magnetization reversal caused by heat fluctuation. [0005] Further, in view of the reduction in
distance between the adjacent tracks, a high-preé’lsion track servo system technology is required for
the magnetic recording apparatus, and an operation is adopted wherein recording is carried out widely
but the reproduction is carried out narrowly so that the influence of the adjacent tracks is minimized.
This operation is advantggeous in that the influence of the adjgcent‘trac_ks can be mjnimized, but
disadvantagedii&in BFarthe fsprotititivh atput RERHET fow - Thid'3Ist Téads to Bt in
enhancemesnt oithe SIHHcRab x desiredehiy Irreyet L0006} 1 tTdFEdeee the Réatfluctuation,
maintain the-desirednSNR .andshtain therdesiredyepraductieniedtprl - afrepesal iasbeen made

wherein ridges, and.rooves ara fanmed,on.a magnelic recording. medium. so.thajeagh of patterned
tracks on the ridges is partitioned by the grooves Wherebé the track densn%/ is enhanced. This type of
|

magnetic re€bfdirg h&did i ABFSRafterTefefed1s ad 3 diStréte frack media “and*

. iSCréte track media, and thne ?echnique for
providing thisltypesf-Arignetic recording media is hereinafter referred to as a discrete track method.
Further, an attempt isleingnade for dividing thedata region in the same track, i.e., providing patterned

meat  An exampie. of the discrets track-medium is, a:-magneticresording madiuandisglosed in patent
document 1, which is made Dy providing a non-magnetic substrate having protrusions and depressions
formed on th& $tHfAce theteo ,’ar?d li’ﬁ mggneﬁcllayef corresponding Surface corfﬁgurﬁ'ron is formed
on the non-ragitelic §8Bstite 16 GivesHiySicaiy diserate AR reéofdily TRAE and servo signal
patterns. [000¥ |a8opted hénmagneticereeoiding mediumirpatent dodamentd halsea structure such
that a ferromagnetic layerisformed viasa-seftmagnetic ynderlayeron the nansragnetissubstrate

e e O A e, A R e o e
ferromagnetic fayer. Thé magnetic récording pattered regions form magnetic recording regions on the

protrusions pR§Sichlly patitaReddréth thessartotintiing Tegions. <& 1 the HBbvEmentibned magnetic
recording medisamytrecagenmente dffferrorhagneticcdomiaivwallitithie soft Taagasticahderlayer can
be preventedior miniknized and therefore dhejinfiuence-due.te thesheat fluctuatiandissrecuced and the
interfere betwg&g t{@vggj_acent signals is minimized with the result of provision of a magnetic recording
medium having a Iar%eogelg\%R" :
To reduce the heat fluctuation, maintain the desired SNR and
obtain the desired reproduction output, a2 proposal has been mads
wherein ridges and grooves are formed on a magnetic recording medium
so that each of patterned tracks on the ridges is partitioned by
the grooves whereby the track density is enhanced. This type of
magnetic recording media is hereinafter referred to as a discrete
track media, and the technigue for providing this type of magnetic
recording media is hereilnafter referred tc as a discrete track
~method.
Further, an attempt is beingmade for dividing the data region
in the same track, i.e., providing patterned msdia.
An example of the discrete track medium is a magnetic
recerding medium disclosed in patent document 1, which is made by
providing & non-magnetic substrate having protrusions and
depressions formed on the surface thereof, and the magnetic layer
corresponding surface configuration is formed on the non-magnstic
substrate, to give physically discrete magnetic recording tracks
and servo signal patterns.
ro007;



[0008] The discrete track method includes two type of methods: a first type is drawn to a method
wherein tracks are formed after the formation of a multilayer magnetic recording medium comprising
several laminated films; and a second type is drawn to a method wherein patterns having protrusions
and depressions are formed directly on a substrate or formed on a film layer for forming tracks
thereon, and then a multilayer magnetic recording medium is made using the patterned substrate or
the film layer (see, for example, patent document 2 and patent document 3) . [0009] Further,
other discrete track methods have been proposed in patent document 4, patent document 5 and
patent document 6. In these methods, a previously formed magnetic layer of a magnetic recording
medium is, for exariple, subjested teranimiplantEBNB Bitr6gérrion P oxygeh or'éFirfadiated with
laser wherehy thernagneticicharacteristiosrofregionsc-pauitioning nfagnetic tracks arefselectively

modified. [001Q] Patent.dagcu A1 P %qg4r;lo@4@gg]@ﬁategl&gg)@ygn%nygvl%gom 178793 Al Patent
document 3 JP 2004-178794 A Patent document 4 JP H5- 20925/ Al Patent dacument 5 JP
2006-200953A1" 5P 418t HORLITBRES I 5006 300BAT Af = 30 -3ce Chetect o o

overcoat is formed on the ferromagnetic layer. The magnetic
recording patterad regions form magnetic recording regions on the
protrusions Dhy51ually partitioned from the surrounding regions.

In the above-mentioned magnetic recording medium, the
occurrence of ferromagnetic domain wall in the soft magnetic
underlayer can be prevented or minimized and therefore the influence
due to the heat fluctuation is reduced and the interfere between
the adjacent signals is minimized with the result of provision of
a magnetic recording medium having a large SKR.

[0e08]

The discrete track method includes two type of metheds: a
first type is drawn to a method wherein tracks are formed after
the formation of a multilayer magnetic recording medium comprising
several laminated films; and a second type is drawn to a method
wherein patterns having protrusions and depressions are formed
directly on a substrate or formed on a £ilm layer for forming tracks
thereon, and then a multilayer magnetic recording medium is made
using the patterned substrate or the fiim layer (see, for example,
patent document 2 and patent document 3).

[00039]

Further, other discrete track methods have been proposed in
patent document 4, patent document 5 and patent document 6. Inthese
methods, a previously formed magnetic layer of a magnetic recording
medium iz, 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,

[G010]

Patent document JB 2004-164692 AL
JP 2004-~178763 Al
2004-178794 Rl
JP H5-205257 Al
JP 2006-209852 Al
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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
magnetic recording pattern, there is often adopted a step of exposing a magnetic layer to a reactive
plasma or a reactive ion using oxygen or a halogen. Such step includes, for example, the following
means. (1) Means for forming a magneticaﬁy partitioned pattern on the magnetic layer by ion
milling using a reactive plasma or a reactive ion. (2) Means for removing a resist formed on the
magnetic layer by ion milling using a reactive plasma or a reactive ion. (3) Means for forming a
magnetically partitioned pattern on the magnetic layer by modifying the magnetic characteristics of

divided regiOns of the-aTsgREEETRITEr 1y using B atRAE plaéa or a reactive ion. [0012]
Researches, made by the inventors, for the production of a magnetic recording medium including the
above-mentioned step revealed thatthe-surface ofthe magasticgecording layer is oxidized or
halogenatgd by theggc?&igesplggn%a oL rﬁace:gv%ior%}yginglg&g%nqr a halogen, anq the oxidation or
halogenation of theﬁangjerﬁt-Fayef—?e-aé@%fO'ton%awo%fH—mangETlc recording medium due to
migration of magneti€grains such as cobalt grains contained in the magnetic layer. An object of

the present inventiofois td:provideéacmagnetic récoring sedium ehedaciefizedt i thatdorrosion does
not occur orQeersQRIV-Io-adninimized extent due taxthe oxidatien Drdlalggenationiiartae surface
portion of the Jagnefic layer..and thus, the,magnstic tecoreing mediym exhitits grignhanced
environmental Tesistance. ﬁ/lean, f rSoIvmg the Problems 10013 : :

exposing a2 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 partiticned pattern on
the magnetic layer by ion milling using a reactive plasma or a
reactive ion.

(2) Means for removing a resist formed on the magnetic layer
by ion milling using & reactive plasma or & reactive ion,

| (3) Means for forming a magnetically partitioned pattern on

the magnetic layer by modifying the magnetic characteristics of

divided regions of the magnetic layer by using a reactive plasma
v a reactive ion.

(00127

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

Means for 3clving the Problems

[6013]




To achieve the above-recited objects, the inventors have made extensive efforts and completed the
present invention. According to one aspect, there is provided a process for manufacturing a
magnetic recording medium having a magnetically partitioned magnetic recording pattern,
characterized by comprising the following steps, canducted in this order: a step of forming a magnetic
layer on a non-magnetic substrate; a step of exposing the surface of regions of the magnetic layer to a
reactive plasma or dreatthevpnwhibbvegioasiaredohijagneaticalhy: fartiinndbe magnatiadayer; and a

step of expesingHbebussragnstisally eaﬁ{(?'w@é’dm@%egﬁ?é@&%rtwﬁ%}m&ﬁ? irradiation.

According to anothgcr:gggggt th%roe is provided a prqcess for manufacturing a magnetic recording

medium having a magnetlca{‘l'@ patifioied Fsgnetic tacbrding fatRin EHar iR & By tomprising the

following stBPRUEBAGHEEREINNIRERISGLE Stesor ddmainteal vy hetitl kyer onegmenirmbhetic

substrate; aste of temavingyitacedayerpationsof regions o the magnetiedayesvhigh regions are

to magneticalicpartion thecmagnetc laver. Aslep ol.exosingi g tusexaosed surfage,of regions of
ace the

the magnetic I?/er, from which the surf ayer portion thereof have beén remov:eda,1 t5 & feactive

plasma or &FedOE-h: ARG LRE Of LR¥EEIng IR R maghehésly BRRTGHeR maghiete layer to an
inert gas irctliskprs ingHélein sisdfased afe thegfbtowing prdeessegfercmakingyamagnetic recording

medium. Sgeact ik A REQRESSHY ﬂé%!&iﬂ@%i%ﬁ%R%%@&g’f&ﬂédm@8%%{%%%‘989131)@39”Etica"y
partitioned m%%r]l%tlc rec%rding attern,.characterized bﬁ/ comprising the following steps (1), (2) and (3)
art1tio ne rﬁ) §%

, conductein this order: . T?gesfigﬁ of fofming aMAgrdticiagRr otta ERRHgRt¢ Sbstrate;
(2) a step FHEXpUSHT BHe SaHate BRIEHISASBEtheInaRRBIE la)eYey ateadtive plesrma oRa reactive
ion, which fegiagd are ¢& magnetically partition the magnetic layer for foiming a magnetically

partitoned magnelicIseaidba BB AN <o dd) 2 stsnof iRosiaithe Nusmagnetically
partitioned magnetic layer t6 an inert gas irradfation. [0014] fX proces?}%r manu aé:turlng a
magnetic r& il RalmRRs sy Fa NG B iRERed M AGHEET réc SrammEpataLY
characterizegthyi comprisinggriotiowingrstepsding (2) pd8yand (4) ctendudtedinddis dsger: (2)
a step of foranRe BTAGNEHS 128N B ARORFRRANCUGAHDSHAIS i this order: a step

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

of removing surface layer portions of regions of the magnetic layer,

which regions are to magnetically partition the magnetic layer;

a step of exposing the thus-exposed surface of regions of the

magnetic layer, from which the surface layer portion thereof have

been removed, to a reactive plasma or a reactive ion; and a step

of exposing the thus-magnetically partitioned magnetic layer to

an inert gas irradiation.

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



(2) a step of removing surface layer portions of regions of the magnetic layer, which regions are to
magnetically partition the magnetic layer for fotming a magnetically partitioned magnetic recording
_pattern; (3) a step of exposing the thus-exposed surface of regions of the magnetic layer, from

which the surface layer portion thereof have been semoved 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[J0018]procg8kTherprecessforunangfachadmg b imagreticdecorditi medium as
mentioned alovadn 2] nidesein-the suriace-layernedionspfsaid regiopsaradenaved.ty ion milling
in step (2) . Jga Ct[ﬂlgee locess forr rgalguf%,ttlériggﬂgw%gjneti%éecsorijé g nl%gium as entioned
above in [Zfor fbﬁ WHETEIN heYsuﬂma%ejlayelgpor lons in SAid PoRIoNS to bé renidved ‘s% P (2) have a
thickness iF B GEofB. FRAPtETIFM. [5] The process for manufacturing a magnetic
recording medium &3 mentiones alfovimany oaeneididto (4] 1whereiorthe susteoesefraaid Fegions of
the magnetéql@é/@fé%g%(posed to a reactive plasma or a reactive ion to an extent such that the
magnetic characteristics of said regions of the magnetic layer regions are deteriorated. [9016] 6]

The process for maththadtififi§ & mEgRREC I orGimy hiethEm S REifoh & R BT ST Wherein the
deterioratioheofethetrnagnetie chivactetistive ivreductiorctfithe doercivéforbe vegiresidwate
magnetization. magrldt Ibg1prPCessHor tnanufagiuring:a-raagaeticyeeording:medivmas;mentioned
above in [5;ﬂ wherein,t deteriogaéion oféhe ma netic.chara%eristics %:s caused b}é demagnetization or
. ar?netl ?LH partl 1?ne ma?n%tlc TeCoL 11%% r‘%a t(?rn H azd; \ .
amorphizatior. T e“process for manufacturing a magrie cording ‘medium as'mentioned
above in any one of 2] t8 [P $th&réirfifeofededivE ifadiiaompeiebenad 1oh eantalirs ansskygen ion.

[9] The prosessfarimabsafactuting axmagaeticqesotdingdiation.

[0C14]

{2] A process for manufacturing a magnetic recording medium
having a magnetically partitioned magnetic recording pattern,
characterized by comprising the following steps (X)), (2}, (3) and
(4), conducted in this order:

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

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

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

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

foois]

{3] The process for manufacturing a magnetic recording
medium as mentioned above in [2], wherein the surface layer portions
of said regions are removed by ion milling in step (2).



medium as mentioned above in any one of [1] to [7], wherein the reactive plasma or the reactive ion
contains a halogen ion. [0017] [10] The process for manufacturing a magnetic recording medium
as mentioned 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 CF4, SF6, 01ff3, 0014 and KBr. 911] 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 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 7 medium as mentioned
above in any one of [$] toTi¢] RFRersh therexposrco e hert gagifatiatieeiséanded out by a
method usingeatileas: one meansselested fronpthe grovp, cansisting ofiiosgus dadusest-coupled
plasma (ICR) and reactive ion plasma(B1E).{9018] .. ;Accarding, 19 one-aspect thete is provided a
process for manufactuﬂrlpgq a rrf]agngtlc regorcjlgn medium characterized by comprising the following
steps, condudled'ifi thidSrer a s't‘epn%f f“oorming a magnetic layer on a non-magnetic substrate; a step
of forming a masking Jayef o He FfaGn&tic |&aT Besteprof fdirminy avelsist |agersRith@ masking layer;
a step of forming an the resist layet amagnetic secordirg PALETN for patiitioningrthenmagnetic layer
into divided rggiens.a step of remevingthermasking layersand Jif.any; a wsidualsesistjayer, in the
regions corrg—:-:sE%%nqu 19 c_E_rslcram_ﬁmcalgnertéiec L%xe\;;pa&jltigging re ié)rr;lf érﬂl (t:t)}Q_ agngteicpgecf%ginfg pattern; a
step of exposing ﬁ1e t 8_5-‘(=,->_(posegéla surfaces ‘(_)fl magrleﬁlb?aye , from Wﬁlc% the miés?dnd’ Jrayer and the
residual resiSPRYRT T Shid tE§idits T Hatfeticityer iafe TREI removal Tot& 7éaBtive{flasma or a
reactive ion,a#herebyramdgnetic recording pattern is formed which is magnetically partitioned by said
regions of magnetic layer; a step of removing the whole residual masking layer; and a step of exposing
the magnetic layer t an ingrt ogé%%laygg. mamﬁg%%[zdz@% o] aar}%ghg(re aspect, é@%&‘i I_Il% provided a
process for manufacturing a magnetic recording medium, ¢ racter?zed _E'iy comprising-the following
steps, condJREEd T this Braer-4 Sep o oming a mAgheatic1ay st Of Ehdnimagred sulfstrate: a step
of farming amaaskingdayer oathermsignatic yerdastéprof F6L Ming @ eesisy ayerore thedasking
layer; a stepefforming aadhecresistlayer a magnetic recording pattetu for partitioning the magnetic

layer into divided reg{i%ﬁ‘siﬂa%t%Qst;é%@Of’éQg A& maskinglayer apd, if.any, a residyal resist layer, in
the regions correspon in%to the r%a netic layEr_-zarti,tionir:%re%ions«in the magnetic recording pattern;
a%> oot

TS0 Y 55 men T Lo ke ey % LAt or Eothe .
a step of rerhovin e’ strfacetayerportions in said fegidng o ﬁedﬁ%%%lay%?, frof\Which the
masking lay&E&ne the resritrt Fesist layér havebesilrémovetzarstepraf-égposing the thus-exposed
surface in thermegenszef:-the:magnetic layer, from which the surface layer portion thereof have been
removed, to a 7a reagtiverplasma ora reactive. ionsvhereby-amagnetic recodingpattern is formed
which is ma n(gi.callyapartitioged bx1 said regions of margenetig layer; a step of removing.the whole
: e 1Pm. s-m%P-L?ne anOVvES 1N ﬁny g Bl o i, wherainvthe
residual masking layer; and a step of exposing the'-magnetic layer to an inert gas irradiation.
reactive plasma or the resctive ion contains an oxygen lon.
[2] The process for manufacturing a magnetic recording
medium as mentioned above in any one of [17 to [7]), wherein the
reactive plasma or the reactive ion contains a halogen lon.
(G017 _
[10] The process for manufacturing a magnetlic recording
medium as mentioned above in {9}, wherein the halogen ion is a
halogen ion formed by introducing a halide gas into a reactive plasma,
sard halide gas being at least cone halide gas selected from the
group consisting of CFy, 3F, CHF;, CC1; 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 sxposure to the inert gas irradiation is
at least one inert gas selected from the group consisting of Ar,
He and Xe.

112] The process for manufacturing a magnetic recording



[13] Herein disclosed is a process for manufacturing a magnetic recording medium having a
magnetically partitioned magnetic recording pattetn, characterized by comprising the following steps

(1) through (8) , conducted in this order: (1) a step of forming a magnetic layer on a
non-magnetic substrate; (2) a step of forming’ a masking layer on the magnetic layer; 3) a
step of forming a resist layer on the masking layer; (4) a step of forming on the resist layer a

magnetic reesiding patteen forpaditnimg the magnetie |ayer ibio tividéd regidmstein B a step of
removing FE%WQQd%YQ&énQn@@@yﬁésreﬁ@é@lir%&%ai%r B e £80Ians eRr r%ﬁ@'ﬂfﬂlﬁ@ to the .
magnetic layer-partitioning regions in the magnetic, recordi attern; 6) a ste .exposing the
he-oxpos L L o e B, e cone R e yer
said region@8tmugfietedayerRase ReaFiemoved)in Sip BRI foaclive pidsifa &'& teactive ion,

whereby a magnetitoererding pattern is formed which is magnetically partitioned by said regions of

magnetic layer; 47} 8 sigp b remgving thewhole residualmasking dayer; Ande o £(8) a step of

exposing said regions of magnetic layer to an inert gas irradiation. [0019] [14] Herein disclosed is

a process fBPAEAGTRRIITIG amdlFERt rECordifgHhediti HSAnY nHbHacERY HarttioR¥d magnetic
recording pettasni shagdtbazEéd by oomgrisitrphe fotlodimeg etepsy(BDithrougli€®):, eomdiggted in this
Ord_eri ofl_%fﬁﬁﬁl@f @rﬁﬁ@g@emm@ﬂa&grQn@ﬂoma@ﬁse@écwb@;t@a@e ; a BBepstep Of_
Tg;‘g;g a masking 1aygron e Mmagnquc laver e (25338 QLIming a.resisidaysr.on ihe masking

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

layer a magnetic recording pattern for partitioning the magnetic

layer into divided regions; a step of removing the masking layer

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

to the magnetic layer-partitioning regions in the magnetic

recording pattern; a step of exposing the thus-exposed surfaces

of magnetic layer, from which the masking layer and the residual

resist layer in said regions of magnetic layer have been removed,

to a reactive plasma or a reactive ion, whereby a magnetic recording

pattern is formed which is magnetically partitioned by said regions

of magnetic layer; a step of removing the whole residual masking

layer; and a step of exposing the magnetic layer to an inert gas

irradiation.

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



(4) a step of facating on the resist layer a magnetic recording S 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 I&ger portions in said regions of the magnetic layer,
from which the masking layer and the residual resist layer have been removed in step (5) . (7) a
step of exposang-theetrisaexposed surfagetinithe regiongefrtiieymagnetoddayer, firmrowdiiok the surface
layer quti%ﬁ@@é%ﬂf I@\f%ﬁ_%@& m&%&%iﬁﬁ%ﬁ%a@i E@éﬁ@ﬁ%%@@%?fs%ﬁ%?%@% wher.eby a
magnetic re I‘dl%% ggtterti is faulted V\{:hICh [ rr%adg\neti%a Iytlplart%ggfd %yegilzf{iur%glggs}?{ 1,rlnagnetlc
layer; © )m§1 ep %‘“Frer%g\e/ﬁg thé Wil resic u%YmgsklnS Iayer;%n ? )a s%ep ot exposing
said regions®fanagheficlaféed af iRsRYESFradiatBaInet i SR pFetéss forshandRcturing a
magnetic recarghiiggiedium as mentioned above in any one of [1] to [14] , which further comprises a

step of foi.Laing a q@?ctiﬁgpé/ﬂc%%%\ﬁ%%}%?@%s%8lér ace gggr}g%{%gg%ﬂﬁﬂgsgid regions of

magnetic layer to an inert gas irradiatior , cording to an aspect, there isprovided a
magnetic r8G&FfiTY Feprotetg dpParie &%Yé@%rﬁeﬁwegﬂwﬁ%% BRTOHNGSGN, the magnetic
recording medinat itamsfactdeddwiie:protesshinractottdaned With axyof tss apovbeaspects; a .
driving partgor triying the magnetic recasding mediumdndhe regording glirectigpea magnetic head

comprising a recording part and a£e[%roducin gart' means folr moving the magnetic head in a relative
i = O OTT1T AT C (%\ q?[

motion to the magn rec%?gff%g medium; and a réélc%%%lnlg-anayrgﬁro u&nxg}%ldrﬁﬁaﬁg{zr]éea ancg means for

inputting si§kBFfe-BEemagnetic head and for reproduction of output signal from the magnetic head. 8a
(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 removing the masking layer and, if any, a
regidual 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
layer, from which the masking layer and the residual resist layer
in said regions of magnetic layer have been removed in step (5),
to a reactive plasma or a reactive ion, whereby a magnetic recording
pattern ig formed which is magnetically partitioned by said regions
of magnetic laver; _

(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]

[14] Herein disclosed is a process for manufacturing a
maghetic 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 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



Also disclosed is the following magnetic recording reproducing apparatus. [16] A magnetic
recording reproducing apparatus characterized by comprising, in combination, the magnetic recording
medium manufactured by the process as mentioned above in any one of [1] to [15]; a driving part for
driving the magnetic recording medium in the recogding 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 reedrding:miediurayand eoreicoydirigs amslrerrdd uting signdl dredtinglab aes farinputting

signal to the magnetig hgad:and for repreauction-elowtput signal fram the magpetic.head. Effect of the
Invention [0021%d Acco.rgjcn to the pre%%nt Invention, a ma%netlc ?{ecordinﬁ medium can be

provided which |su(':5hjarraec?é“rlze ﬁﬁetﬁéltlrﬁllgrzaﬁfhic]frﬁe g@%??ngaﬁgﬁ %?gi SEIER gl%?)aa?tn&r%ﬁs does not
occur or ocERrEBnBAMFA M@ dreaenth e Mmyneaetayes areteidivghishexaibits an enhanced

environmental resistance. Brieh Rescrigtioniefdhedarawingsd022),er fgridsa flowsheet of the

first-half st | ' ing ju ording to the. present invention. Fig.
2Iriss y ng %%{?gc! OQHC%?M S%‘E‘i% r%%?r}gg pediumacsoraing &329418% &l 8‘?

el 4all
fthe sec teps for producing a magnetic recording m diim accor ing to the

present invERBoRSS134aY. 358 3 chetatic IIRISH dioRTbAABINEGndiic F&&8difg-reproducing
apparatus of the pre3ent shvamtidnexposhigyg £ sea braptesbowsd) corisieni chenactenistoss i.e., a
relation, betyeenAriuadiation time and-Co.coHpsiprnebiaipeddn the examples ang the-cgmparative
examples. have been removed in step (6), to a reactive plasma or a reactive
ion, whereby a magnetic recording pattern is formed which is
magnetically partitioned by said regions of magnetic layer;

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

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

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

foo20]

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



Fig. 5 is a graph showing electromagnetic conversion characteristics, i.e., a relation between Ar
irradiation time and signal-noise ratio, obtained in the examples and the comparative examples.
Reference numerals: [00231 Non-magnetic substrate 2 Magnetic layer 3 Masking layer 4 Resist layer
5 Stamp 6 Milling ion 7 Region from which suidace layer portion of the magnetic layer have been
partially removed ~ d: Depth of the region from which surface layer portion of the magnetic laver
has been partially rehsavetf, el otheck nes stdieth£athooned; sutfgoe tayerpartiod nidhe magnetic layer.
8. Region qfdhe snagRelic layer,-Baviag modified magnetic characteristics 9 Protective overcoat 10

Reacnve[ﬂasnui?Eg?acgy%gghetic recording reproducing apparatus

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

Effect of the Invention

[0021]

According to the present invention, a magnetic recording

medium can be provided which is characterized in that migration



11 Inert gas 10 100 Magnetic recording medium 101 Medium-driving part 102 Magnetic head 103
Head driving part 104 Recording-reproducing signal system Best Mode for Carrying Out the Invention
[0024] The present invention is concerned with a process for manufacturing a magnetic recording
medium having a magnetically partitioned magnetic recording pattern, which is characterized by
comprising the following steps (1), (2) and (3), corducted 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) a step of exposing the
thus-magnetiéaflypatifie ety Fee | afe FRPaRGETE gas ifeRRfatioh. Preferably°#& Hrocess
accordincftothieypresentimietitien camprise Srithenfollowingrste psa(Br (23 1(3) @mnd (4)yhdomducted in this
order: (1) a step: of farminga.magneticlayer ona-eN-nmagnetig 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 foiming a magnetically partitioned rpaggetic recording pattern; (3) a step of exposing
the thus-exposed surface of retjiofis of tiemagheticlayer FrofPihith the surface layer portion thereof
have been removed[i)step (2), to a reactive plasma or a reactive ion; and (4) a step of exposing the
thus-magnetically pattitioned-magnstic dayerte anipert gas iradintior[9G25] prodlihergagnetic

recording medjum made by the process of the present invention,bas,a magnetically. pagtitioned
redi

magnetic regofréﬁﬁge attern, an ons for magnetically partitioning the magnetic recording pattern.
The regions for magn i‘cgllﬁjdfr:ﬁﬁ?iﬁﬁ%beme%a&%ﬁ?%@gfaﬁbfpﬁ BHT arg fahted by ‘@onducting a
step of modifyinganagheticsclsaditeristics efsaighording to the present invention.

Fig. 3 is a schematic illustration of the magnetic
recording-reproducing apparatus of the present invention.

Fig. 4 is a graph showing corrosion characteristics, i.e.,

a relation petween Ar irradiation time and Co corrosion, obtalned
in the exaﬁples and the comparative examples.

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

Reference numerais:

0023]
Non-magnetic substrate
Magnetic layer

I

1

2

3 Masking layer
4 Resist laver
-

(7

Stamp

¢ Milling ion

7 Regilon from which surface layer pertion of the magnetic
laver have been partially removed

¢d: Depth of the region from which surface laysr portion

of the magnetic layer has been partially removed, i.e., thickness
of the removed surface layver portion of the magnetic layesr.

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

9 Protective overcoat

10 Reactive plasma or reactive ion

11 Inert gas



11 regions for magnetically partitioning the magnetic recording pattern by exposing 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 inventors, on the production of a magnetic recording medium including the
above-mentioned step revealed that the surface &f the magnetic recording layer is oxidized or
halogenated by the reactive plasma or reactive ion using oxygen or a halogen, and thus, the exposed
surface of the magnetic layer is activated, and consequently, the environmental resistance of a
magnetic recording medium becomes deteriorated, if said surface is not irradiated with an inert gas
irradiation. More $pecifiéaiEthe rageticmetargiins such as cobalt grains, activated by the
oxidation or halog€native-aitheimagnetic:tayer by the reactive plasma or reactive ion, tend to migrate
and partly protrude from.the.surfage.of carbon overcoat under high-temperature and high-humidity
conditions, and ogggsimélcl.{y gause injurg_;(g a head of a hard disk drive. In the production process
according to the present mvenlil’bnﬂ epm'agnetic layer, which has been activated by the oxidation or
halogenation with-tHe réaetive pIashfr bri8active JoR RrexGséd o an inert gas irradiation, and
consequently, the magnetic layer is stabilized and the migration of magnetic metal grains does not

occur or occurs only to thesg¥ninyAz extentidnden hightempesature-and bigh-humidity conditions.
[0027] By the tefyp,magnetic recording pattern” as used in this specification is meant a magnetic
recording pattern in a broad sense which include patterned medja wherein magnetic recording

patterns are arranged-with 8°€8ttain Fegthafty per %ﬂ?ﬁ%&ﬁ%ﬁ‘é@n%ﬁﬁ%ﬁﬁ ecdfding patterns are
arranged in travks$ fashiomartd Bete sighalasateiis medfhe proéass of THepreseat Mvention is
preferably agepted:foirthe manufacture of midisgrese typa magnetici recoding-mediurrimyiew of

simplicity and gase, wherein. the magnetically partitioned, 12 magneticsegording patteradnvolves
magnetic recodjng tracks and servo_signal patterns. [0028] The process for making the magnetic
recording méﬁéﬁ% accordihg S thé Erégerﬁ#fﬁleanﬁ%a Wilr b& slpaé]celﬁc%i/ feSCribed With reference to the
accompanyifigFigrad@rnid Hg. 2. SLerTRé rigghstieTeebrdifgrheefumimeriEings Lmuttidayer
structureillustradeddncfoe example rsteptjimehig.s2mehicha reactive ion, which regions

are to magnetically partition the magnetic layer for forming a

magnetically partitioned magnetic recording pattern; and (3} a step

of exposing the thus-magnetically partitioned magnetic layer to

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

present invention comprises the foilowing steps (1}, (2), (3) and

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

on & non-magnetic substrate; (2) & stap 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; (2} a step

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

laver, from which the surface layer portion thereof have been

removed in step {(2), to a rszactive plasma or a reactive ilon; and

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

laver to an inert gas irradiation.

(00251
The magnstic recording medium made by the process of the

present invention has a magnetically partitioned magnetic

recording pattern, and regilons 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



comprises a non-magnetic substrate 1, a magnetic layer 2 formed on the substrate and having a
magnetic recording pattern, and an overcoat 9, which are formed in this order. In the magnetic
recording medium produced by the process of the present invention, optional layers other than a
non-magnetic substrate 1, a magnetic layer 2 and an overcoat 9 can be appropriately arranged
according to the need. Thus, a soft magnetic und@rlayer and an intermediate layer (which are not
shown in Fig. 2) may be formed between the non-magnetic substrate 1 and the magnetic layer 2. A
lubricating 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 thereof,
there can b& RIEREENEGAIBATABRAT By SubRTrates Preteniinantly Eethpfiséd ot aitRfinum such as, for

example, ancAt-Mgalloy subsitate; sand substrates madesefcardimary soda glassyatgminesilicateglass,
glass ceramics, silici titaniym, geramigssand resips: Qhthese, alumindrnaliey substrates, glass

substrates such %g%'a%%:&%ffsm%&:sasgbl%g%é%e%nd silicon substrate are. aefsﬁ%b&va@%dis The
non-magnetic Subetrate pre e?}aebly Ras an average surface roughness (Ra) of not farger than 1 rim,

more prefer&BRAisar§er thar o5 A antéspédaly preferably not larger than 0.1 nm. [0030]
The magnetic layer 20fsrfled on the non-magnetic substrate 1 may be either an in-plane magnetic

layer or a perpendiciularmragRetic tayer. A\ perrendicsa-magnetic-layer is preferahlesin xiew of more
enhanced recording depglty. e magnetic layet inprefaraljorned fipm anally .13 predominantly
cobalt.

comprised o A preferable example of the in-plane magnetig layer is a combination of a

ferromagnetiEEOEBt TR Ryer Wit Aéfmagnetic GRS Tnderfayer ’[jtjﬁgl]*“ye,& préferable example
of the perpendicidaethagnetic tayertiasca lapinaecstistireawhichis aaombPmansnef a%oft magnetic
underlayer comprsed:of aEeGealloyrsuchas, FeGoByFeGaSR, FeCoZrt FeGazigher FEeCoZrECu; a

FeTa alloy such.asfeTaN orEeTac or a,Coalloysych-as Caladt GoZrNB orCeB; an:
orientation-coptrollin Ig er com _rlsed of Pt, g Ni, Crar @'F%%E'é_{?n optlj_pnal.lnte[mgdla'te Ru layer;
and a ferron?dgﬁé[ﬁ@%é%fe‘rcc%eﬁﬁﬁ Sel%Fs o-?[%céﬂr-féﬁ alfoy”or 5570 Co-5611 5Pt T0Si02 alloy (the
numeral occlifrimefifpiedicaeRrbesresdat Al fant reféR D 96 by mbhs DR elemént) Y
the magnetic metal grains such as cobalt grains, activated by the
oxidation or halogenation of the magnetic layer by the reactive
plasma or reactive ion, tend to migrate and partly protrude from
the surface of carbon overcoat under high-temperature and
nigh~humidity conditions, and occasionally cause injury to a head
of a hard disk drive.
inthe production process according to the present invention,
the magnetic layer, which has been activated by the oxidation or
halogenation with the reactive plasma or reactive ion, is exposed
to an insrt gas irradiation, and conseguently, the magnetic layer
is stabilized and the migration of magnetic metal grains doss not
ooour or occurs only to the minimum extent under high-temperature
and high-humidity conditions.
(00271
By the term “magnetic recording pattern” as used in this
specification is meant a magnetic recording pattern in a broad sense
which include patterned medla wherein magnetic recording patterns
are arranged with a certain regularity per bit; media wherein
magnetic recording patterns are arranged in tracks fashion; and
servo signal patterns.
The process of the present invention is preferably adopted
for the manufacture of a discrete type maghetic recoding medium

inviewof simplicity and ease, wherein themagnetically partitioned



[0032] Usually the magnetic -layer is formed as a film form by sputtering. The .magnetic layer
usually has a thickness in the range of 3 nm to 20 nm, preferably 5 nm. to 15 nm. The magnetic layer
is formed so that sufficiently high input and output 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 dértainlevel 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. [0033] The
process for PrOGEEHG TS AAGHELEFECErdIng e diin BEEoItiG tothedireseritamtention as
specifically exemplifiegrialFigadtandskig. 2 comprises the following steps A through J. Step A of
forming at least magpetig fayer 2 on a non-magnetic substrate 1. Step B or o ing a masking layer 3 on
magnetic layer 2. Step C of forming_.a resist layer 4 on masking layer 3. 14 ;Step D of transferring
a negative magnetiée:r%cgr?d?ﬁéspsat ern ?nsébl%h% r%ﬁs%%%%? 4i5yrlj%¥r? ‘] a@tﬂ %S%’.gluhqarrow in Fig. 1
refers to the?GirSEom i WnidHtRE SE5RTp SMBRVESS" Y SlefTE BISeIeL iy Témdvmg fite regions of
the masking-layer 8z furichcaretde pressionsreorrasponding tothenseddtive Pagnetic recording patterns
of the magnetic recarngdingRaitern: Indhe.case;whenithe resist layer partially remadns in the depression
regions instep [, the residual resist layex 4 anddhe masking layer.3 ip the depressign.are removed in

step E. Step F of partially ion-milling 6 the depressijon regions of the surface layer of magnetic
layer 2, correSPBRURTS 16 tHE TeJRAEHOM WHIEH Mhasking 1Ryer R partialy Tenfoved: &hd removing
the ion-milledrregionsvRefepascerimeral e indeates the ichenildtre gishs ofthe2s\itase layer of
magnetic layers apskreferencea fetter-d. nsheates:therthickress:ef the:surfacedayesgiartions of magnetic

layer which have heen removed by jonsmiling. ne SteR G of expesing the jonzmilied regions 7 of the

magnetic layer, from _Whjgch the surface {la%(ter portions of magnetic layer_hayve been removed, to a

n
. Lional er they T a noh-madr tf% subgrtrare &, a.magnerlc. .
reactive plasgrﬁa of & reactivé on 10, thére y modifyin the magneﬁlc Eharactetistics of said regions 7

of magnetic layei: Refstérite Atfieri B ndrates Merreqions ot tHe rRagietie ket ¥Whieh have
modified magnetic:chasaicteristics. StepH# ofsgmravingresist ayer 4:andmaskimgriayeri3: Step | of
exposing the magnetig layer.framwhichfesist rig. 21 may be formed between the

4 3

non-magnatic substrate 1 and the magnetic layer 2. B lubricating
film (not shown in Fig. 2} may be formed on the overcoat.

[0023] _ .

The non-magnetic substrate 1 used in the present invention
ig not particularly limited, and, as specific examples thereof,
there can be mentioned zluminum =2ilovy substrates predominantly
comprised of sluminum such as, for example, an Al-Mg alloy
substrate; and substrates made of ordinary soda glass,
aluminosilicate glass, glass ceramics, silicon, 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 averags surface
roughness {Ra) of not larger than 1 nm, more preferably not larger
than 0.5 nm, and especizily preferably not larger than 0.1 mm.

[0430]

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 1s preferable in
view of more enhanced recording density.

The magnetic layer is preferably formed from an alloy



layer 4 and masking layer 3 have been removed, to an inert gas irradiation. Step J of covering the
surface of the magnetic layer 2 with a protective overcoat 9. The above-mentioned steps A
through J are carried out in the above-recited order. 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 sktface of magnetic layer which is exposed by the
removal of masking layer 3 instep 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 invention, is foLmed preferably from at least
one materiaPseREteaFromIT&WR  TaTHtrite, WRditide, Si, Si02, Ta205, Re, No, Ti, V, Nb, Sn, Ga,
Ge, As and Ni. By using #iesematerialspthe shietdability-pf thre nmaskingilayeéer @sagainst milling ion 6
can be enhanges and.the formability of the-magnetic reeqrding natigrn.by the. masking Jayer 3 can also

be enhanced. These materials can easily be removed at dry etching step using reactive gas, and
therefore, inctﬁ%ost“é%glglxs%aéjﬁﬁin Fig. 2, residual masking layer can be minimized and staining of the
exposed surface of h¥&gnetic recording medium layer can be avoided or minimized. [0035]

Among the maskingilayertforatihg materisdsaisetdrpermrasking dayerfoziving steprBiaks, Ge, Sn and
Ga are preferable,:Nkd, YrandNbargrmere pseterable;ang Nen Ta anceW aresnest-preferable.

The masking layer,preferably. has A bickness,n s fange, of L o 2009038k When

negative ma netic re%ordTng pattern is transferred onto the resist layer 4, formed in the step C, by
using a stanfiF54E Riustratedin the sted D the %tdﬁ%iﬁ@l@p?&e?ggﬁ}\rcgﬁigde o0t Under tonditions
such that th€ regidny ofithi resistTayer 4-prebSedrbiRe stamphiy thaveatmekieds ihthe range of 0
to 10 rim. By: egeryine-gifithesstampingdnder such-aoritions;whern: theategiors-né thermasking layer

3, correspondling tg the negative. magnetic recording pattern. ot magneticgecording patiemn, are
selectively removed by etc:hinaigt in tﬁheﬁ%tgp % tshe etcb'&n(%i(cz%r% }_E)e effecteqin an advantageous manner.
That is, undésitable Sadoing 4t edge portio Lo he sk At bé avoi

ing Iqeyé]fdgﬁ%an be avolaéagand the
shield.ability‘sf thsimaskingddyer Fagainsentllihg %6 65cah b&efRafcet @R pESA Fig. 2, and the
formability of the magmetigirecording pattern by the masking layer 3 also is enhanced.

Usually the magnetic layer is formed as a film form by
sputtering.

The magnetic laver usually has a thickness in the range of
Immto 20 nm, preferably Smmto 15 nm. The magnetic laver is formed
so that sufficiently high imput and output 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 cbtaln an output power of at least certain
level at reproduction. However, parameters relating to the
recordation-reproduction characteristics are gensrally
deteriorated with an increase of the ocutput power. Therefore an
optimum thickness of magnetic layer 1s preferably chosen in
consideration of the output power and the recordation-reproduction
characteristics.

[0033]

The process for producing the magnetic recording medium
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 & non-magnetic

Step B of forming a masking layer 3 on magnetlc layer 2.

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



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 16 a magnetic recording medium according to
the present invention, as the material for forming the resist layer 4 in the step C in Fig. 1, a material
which can be cured upon irradiation with radiation is used; and, when negative magnetic recording
pattern is transferred onto the resist layer 4 by uéi‘i”‘ug a stamp 5 in the step D, or after the transfer of
negative magnetic recording pattern has been completed, the resist layer 4 is irradiated with radiation.
In this preferred embodiment, the configuration of stamp 5 can be transferred on the resist layer 4 with
high precision. Consequently, when the regions of the masking layer 3, corresponding to the negative
magnetic recordingPattern et IHe MFAGASHE TS BfdiAG TR IBAT AT re Ve by BRI i the step E in
Fig. 1, undesitablelsagging st edge:pottionswofithe masking |dyer 3ream becavoidedigndthe
shieldability of the.masking layer3-against-millingHon:& can hg.enhaneed, and the formability of the
magnetic recording Epcaxetterl_? %%ﬂ'sl%_{g% %@&?yreém?bg% |§Reb%2§§?§£‘§egf theng%r}g_dfleg’tion used for
alre

curing the curable materi ers to electrornagnetic waves in a broad sense whic incltide heat rays,

visible light, 1taViotet HGHEK fifs SRTGETIAET a8 THECHIADIE ni&teridt iRERTES thermosetting
resins whichnametifable byéator aps,-and uliaviotespitiiy: resinsowhicl aretéerable By ultraviolet
light. [0038]+re 4adbepracessforpieduting theanagaetic reeerding Mmedivniof the present invention,

in the step B of iransferring.pegative magnelia recaiding paleras.pte beesistlayet 4by using
stamp 5, it is pfeferable that'the stamp |sePresse on the resist layer 4 having high fluidity, and, while

the resist layer'is iﬁqﬁedﬁ%%%%ﬁlﬁaté,rﬁ‘l rESiEPfayet 4 Fs?ﬁ;rgdiated with radiation to be thereby cured,
and thereafter the st&rmp 5 isTarnovéd fiom theredist gy ér LB ytRisproteduied ihe Tofiguration of
the stamp cambedransferied-ta the rasistiayel 4ywithta high-preeisionm0039hkardrradiating the

resisthaving figh fluidity with radiationwhile the resistlayer.is-in {hg pressedstate, hete.can be
adopted a m_ethod,qfﬂlrr diatin Iamlngt% structure comprising tQ? resist I.a_\l/er_,wnh rafhataon by
. 3 THL L es regling.,  Relerence numeral ndicates The ion~-milis
exposing the EibStrate17
regions of the surface layer of magnetic layer, and reference letter

d indicates the thickness of the surface layer portions of magnetic
layer which have been removed by lon-milling.

Step G of exposing the ion-millied regions 7 of the magnetic
layer, fromwhich the surface layer portions of magnetic layer have
been removed, to a reactive plasma or a reactive ion 10, thereby
modifying the magnetic characteristics of said regions 7 of magnetic
layer. Reference numeral 8 indicates the regions of the magnetic
laver which have modified magnetic characteristics.

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

Step I of exposing the magnetic layer Z, from which resist
layer 4 and masking layer 3 have been removed, to an ilnert gas
irradization.

tep J of covering the surface of the magnetic laver 2 with
a protective overccat 9.

The apove-mentioned steps A through J are carried out in the
above-racited order.

Step F, partially ion-milling 6 the depression regions of
the surface laver of magnetic layer 2, is not essential, but is
preferably carried cut. In the case when the jlon-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 & reactive plasma
or a reactive ion in step G.

[0034)



side (i.e., side opposite to the stamp-pressed resist layer) of the laminate structure to radiation; a
method of using a radiation-transmitting stamp, and exposing the stamp-pressed side of the laminated
structure to radiation; a method of exposing the stamp-pressed resist layer to radiation by applying
radiation from side of the laminate structure; and a method of using radiation exhibiting a high
conductivity to a solid, such as heat rays, and exb‘bsing the stamp-pressed side of the laminate
structure Or the opposite side (substrate side) thereof, with the highly thermoconductive radiation.
[0039] In a preferred specific example of the procedure of irradiating the radiation-curable resist
layer with radiation to cure the resist layer, an ultraviolet ray-curable resin such as novolak resin, an
acrylic acid ester reSiff o152 By RO alib it epSRF FESICS (960 B e ratiafidRtcdrable t&Sist resin, and
a stamp maste=gf @ highliyeaultravicles raytransmittimpgtass oreasinis used oo edi By adopting the
above-mentigned progedurescthe magnetie-gharastgrisics suehas, for examples the coercive force
and the residual magnstization n the tegions etpartitioning dhe: magnetie iacksgan lae reduced to the

minimum values, and consequently, the letter bleeding at writing can be %volded and the plane
recording dénsity oFfe nidgnetic ;Yétfo}]dir%’ mEUIuRT caft b EnRanced to gréaterextétit. [0041]
The stamp useckini the patteraltigisieringstey O hepreferaby ynbas byoriing Fihtt@#ack patterns
on a metal plate sferexsmple by efectron bedmdithiograpkys Themateriaitused<or foliming the stamp
is not particarly limited, provided that.the purpose af the inventionis net ipaized, but,a material
having a hardness sufficient for endgriqg over the process for producing the magnetic recoding
medium, andHaving g o%“’dﬁ%b?ﬁt?/, iS preterably tset .‘%ﬁghl‘m‘é?‘griaﬁncruaf_es_,“fbr:exémple, nickel.
The patternd f6iRéaicn the st rfdluliesthide whik Are corshtidially GSédtfacike for recording
ordinary datagancefurthamilBinclude patiersfpree noesigrab ssuch asTaurst patterpss gray code

patterns and.preamble patterns. [Q042] -an As ilustrated in-the: step:FdR Fig. 2, the surface layer
portions in the depre’%?ign regions of the magnetic layer are preferably removed by, for example,
t

. - ] . . .
ion-milling, and therea er,] the newly exposed regions are exposed to a reactive plasma or a reactive

ion, whereby the mAGREGCCRAFASETSicS 67 SalP TRYTThE A& MBdRiEd S Fhe MagRahc¢ t8€ording
medium having sueboegions siasing madifiétk m&gnetic characteristicsshas hsagnigtic fécording
patterns exhipiting elear coptrastandhasaigh SNR, as:comparedanvitbthase:of the conventional

magnetic recording E@}eed Eg%g %%?:t (%()3?% @}%vlea[ﬁg}jog§gvi£h {Hggi]g@gs@agpe}}gecgg@geristics, and

which has be%n Prepared" wherein the surface layer portions in the depression regions of
magnetic layer arenﬁbFFér%glvﬁﬁ'and the exposure of said regions to a reactive plasma or a reactive
ion is not carried out. CFFSwould be for the following reasons. First, by the removal of the surface layer
portions in the regions£f magnetie:layendhexnewdy.expased tegions are eleaffsangactitated, and

therefore, exhjhit enhanced, reactivitywith.a; reactive plasipacand,a reagtivesion; and segandly, surface
defects such as minute voids are formedﬂ'n thg newly exposed re%i ns igio which.a reacgve plasma or

H . T rat 3 » e Tihge = (eNE) 18 pr era carried Ou
ion can be edsity'penetrated. [0043] = FEIPLNG 1S prERetEnty
under conditions such that the regions of the resist layer 4, pressed

by the stamping, have a thickness in the range ¢f 0 to L0 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 magnetlic recording pattern, are selectively
removed by etching in the step E, the etching can be effected in
arn advantageous manner. That 1s, undesirable sagging at edge
porticns of the masking layer 3 can be avoided and the shieldabllity
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 alsc is enhanced.

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

[G037]

In a preferred embodiment of the process for manufacturing



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 0.1 nm to 15
um, more preferably lam to 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 regions are insufficient. In
contrast, when the thickness of the removed regidfs is larger than 15 nm, the resulting magnetic
recording 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 &eegpeséd t6°T9a radcHiAs plasrRasra Feaclive 6 viNEreby thefRigHete
characteristigs afrthenagions ofsnagnetic:layer aee maedidiediardegraded tj0044]ep CBiyrthe term

"magnetically;partitiongd.magnetic regording patiera” as used-inthe. present specification is meant, as
illustrated in Fig.2, step G, the. magnetic recording pattern which.is %aggjﬁoned by the modified or

s jansi=led =18 when - negative NetlC IrecOolcl =X 3 . .
demagnetlzeg regioris 8 c()jf’the magnec%l"fztléyerI&a S 'Seen when t%enl miRated stricture is viewed from

the front sidé*FRe GEjERt Gfthe preseftinventirféah BE adHieded irafembédiment Vitterein, in the
case when the magnetierlayer 2 isspaifitioned bydhe medifreghort e magnetized regions:-8 thereof in the
upper surface:pastion ofthenagnetic:layer 2-evan though:thesmagnelic |ayer Zis-retpartitioned in
the lowermost potign hereot Therefors dois.embodiment also falls witin ihe, scons, ofype
magnetically partltlpngé magnetic recort |nd“péttern as heréin uséd.  ~ By'thé term "magnetic
recording pattetn® HEused Herblifis ettt a Aagnéti¢ téordh?y patErnin dbroad sense which
include pattérpetkmedia Wheredn rolagretid recordihgpattelisare sradged witsawetrtala regularity per
bit ; media whetein xaagnetic reepIging paliems arearrangad ndracksdashion: apsk-servp signal
patterns. [0043], . .., The progess.of fhe resent inventiop.is pretergaly adopted fat the manufacture of

a discrete type magnetic recoding medium In view of simplicity and ease, wherein the magnetically
partitioned nMiAGHeHiE rRtoTdiy PatternnveiveS EgREta éc%?ﬁg%rﬁé?sbﬁﬂ%%lr%dé@ﬁ%l patterns.
The modificationh Sithedmaghetic fEydrastontducietbior fofniingithetmsgddtigréesrdingpattern in the
present inveptictniefersdo arleasicpadially-changing theemagneiic charactetistig-dnesespecifically,

lowering the,coercive farce and residual magngtizatign).of the-magnetic layer in specified regions
thereof for the formation of magnetic recording pattern. [9946L he abovg.—mer]jio?ed regions of

the magnetic layer, which tagnefically’ %artTt?()‘n,Cf“érrier1 mple fhuer?ﬁoag@ne e Erée"é"ordlﬁéB racks
to electromagnetic waves in a broad sense which include heat rays,
visible light, uiltraviolet light, ¥ rays and gamma rays. The
curable material includes thermosetting resins which are curable
by heat rays, and ultraviclet-setting resins which are curable by
ultraviclet light.

(00387

In the process for producing the magnetic recording medium
of the present invention, in the step D of transferring negative
magnetic recording patterns onto the resist layer 4 by using stamp
5, it is preferable that the stamp is pressed on the resist laver
4 having high fiuidity, and, while the resist layer 1s 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
transfsrred to the resist laver 4 with a high precision.

- [0039]

For irradiating the resist laver having high fluidicy with
radiation while the resist laver 1s in the pressed state, there
can be adopted a methoed of irradiating & laminate structure
comprising the resist layer with radiation by exposing the substrate



20 and servo signal patterns from each other, can be formed by amorphization of the specific regions
by exposure to a reactive plasma or a reactive ion. Thus, the magnetic characteristics of the regions of
thag.netic layer can be modified also by changing the crystalline structure of the magnetic layer (more
specifically, by amorphization of the magnetic layer) in specified regions thereof birth:posing Said
specified regions to a reactive plasma or a reactivé ion for the folmation of the regions for magnetically
partitioning the magnetic recording tracks and servo signal patterns. The amorpnization of the
magnetic layer in the present invention refers to that the atomic arrangement in the magnetic layer is
changed to an irregular atomic arrangement with no long-distance order. More specifically it refers to
that microcrys&@fine particlesItadiRges size 6P sy AR 2 AR e ditanged 1A Yandoft This
arrangement iz rangons ot the mictroceystallinedparicies can-kercantinfiedhydhe absence of peaks
attributed toﬁQ@iC&’%@{u@?ﬂ@ﬁ?ﬂi@%@%ﬂ?ﬁ% ofhala alope:by X-ray.diffraction analysis or

electron-ray d;ff{%ctiqn analysis. [004 The reac |verplasma as Lézse(% in theqpreseJ};[ invention
. OF & mam:l,ﬂaﬁed Truc uae To ora f_é QI & method © @Xﬁ%).,“-ﬁﬁj ﬁ_ .
includes, for éxamplé? indictively coupled plasma 5and reactive ion plasma (RIP) . The reactive

ion as used ff & PréSEREMVESTHST inBlRIes fdeexample, Feattnelibhg preSéitinithe on
above-mentiohge mfludtivelycoupted ptasmarard readtiverien plasma. (048] radiFhecimductively
coupled plasma:as used hereiprefersiie a:Righstergperaturesplasma whick is. obigined: by imposing a
high voltage (9., 0as 1o thereby.form plasma. and furtherapolying magnetic yariatian a2 hih
frequency to“generfatg joule heat due o over-current inside t elpias”ma. The inductive coupled plasma
has a high efS&R5T BRNSit)e ant A Mmodify the mayidtichdrddteificd bEiagnetic layer with a high
efficiency in alsnoart-arearnagnetie filmt ascompared with the case of making discrete track media
conventionally using;anion beam. The reactive ion plasma as used herein refers to a highly

reactive plasma whigh ig QQQ%G&QM %@EQ&?%‘Q&%Q@S&“%@ 02,49E6, GHF3, CF4 or 0014 in
z i i .

a plasma. When such reactive ion lasma having a reactive gas added is used.in the process of the
present invehfioA Said-PRsHa CAR TG THE THAdRefic characteiistiés bf the magneticayer with a
higher efficieneye[0048]x s Upitthezfirdoe sy ot iher prdserttinVertisny #ie- tagnetic Bharaéteristics of the
magnetic layes-are-modified, by-expoging theimagneticiayes torthe-reacthe plasma. sthis;modification
is effected preferably by, the reaction of,magnetic metal canstituting the magnetic layerwith an atom or

an ion within th reagtiyehglq? a. Ihgﬁrg_acilgp of athg_#ma netic _rﬂ(l-:-tal \_/nggstheratoerg grionis
accompanleawl By, for e§‘<arﬁ|5‘|‘e, betrl}ejfr“a‘tloLnoof: atoms of the rea‘thlvegpI%sma into the Mmagrietic metal
with the resuf&esf-modification of the crystalline structure of the magnetic metal, change of the
composition of the njd@grdétic metal, and oxidation, nitri dation and/or silicification of the magnetic metal.
100501 By adopting the above-~mentioned procedures, the magnetic
characteristics such as, for sxample, tThe coercive force and the
residual magnetization in the regions of partitioning the magnetic
tracks can be reduced to the minimun values, and consequently, the
letter bleeding at writing can be avoilded and the plane recording
density of the magnetic recerding medium can be enhanced to greater
extent.
(0041
The stamp used in the patiern-transgferring step D is
preferably made by forming minute track patterns on a metal plate,
for example, by electron beam lithography. The material used for
forming the stamp is not particularly limited, provided that the
purpose of the invention is not impalred, but, a material having
& hardness sufficient for enduring over the process for producing
the magnetic recoding medium, and having good durahility, is
preferably used. Such material includes, for example, nickel.
The patterns formed on the stamp include those which are

conventicnally used tracks for recording ordinary data, and further



A reactive plasma containing oxygen atoms is preferably used as the reactive plasma in the present
invention whereby the magnetic metal constituting the magnetic layer is allowed to react with the
oxygen atoms within the reactive plasma to oxidize 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 of a
short time. Thus, the modification 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 chartjikgbt kiwéfing fiie maghetic eharackifsties Mo sheeffaly; 18waringRe coercive
force and resiluad magnetizatieargfltherspeeificsegions of magnetic layer, and demagnetization or
amorphization of the gpegific regions of magnetic layer. [00511 A reactive plasma containing a
halogen ion is also B{Sefgialbl¥t§§t%%edr§s,ct{t1§ reactive plasma ]ni;bet;tg?rgsselglt:ﬁ\é%r_m%n.eAs the halogen
ion, a fluorine ion is espeugl y pmférafi‘le:. 'Fﬁg halogen ioh may be present sither alone or as a
combinationtRBre6F Withar oxy et et the @R ﬁ%smz?. R&Fnentioned¥ode the magnetic
characteristipsof the Thagreticiayerican be aradifidd witharmeahancedzefficiereyebythe reaction of
the oxygen iendn:the reastivesplasma with:the-magnetie metal gonstititing:the magnetic fayer, and, the
efficiency of modification, can, he far improyed by.the combination.of.the oxygensioa with the halogen

ion in the reactive plasma. Even in the case when the reactive lasma contains a halogen ion but
does not cortafh ARCoygEn ioh” thaHEIGGER iﬁﬁﬁ%ﬁ%@%ﬁheﬁ%é%&é)ﬁéﬁg ristal i THe Wagnetic layer
to modify theé:avdgetieehalacterrticstoftheaarpicticl iy eEsThe Teasoncfor WhigRGS Hetclear, but it is
presumed thes the hedogen: isn-in-he reactiverplasea etches foreignimaiter deposited:enithe surface
of the magnetic layer to make, cleaphesurface of the magaetic Jayer with the,resulf gf enhancement

of the reactivity, of the magpnetic layer. Further Ct]he clean.surface of the magnetic Iaqte%[s presumed to
react the haldgen fon witit a-high efficiehcy: Tivis Beneficial Bifectis especially rmarkedy obtained when
a fluorine o' RSUSEG AL IHEREISYEH iBMI0052] “herafferthe FiTification GTthepedhé regions of
the magnetici laygt4s dgpried0ut, the gésist layerd @anethe ingsking tlayer8 areremdvedds illustrated
in the step H.inFig.2. Jhe remaval of the resistdayer 4and-the masking layek 3,.can-bearried out by,
for example,“.aO Rrgcedgge co:fxdﬂ efching, reactive ion e cgi%go&@illygglor wet efching.  After the

removal of tHe resiet IIjayer A and ?hgdrﬁésklng Tayer 3, the magnetic layer %ﬁﬁg%eeaen acfivated in the

steps F, G afidH'in Fiy. 2'fs BXposet 6 di'méit gt ifradiafibrirthe Sfep T, wieret e’ magnetic
layer is stabitiZeth @retoccurrencetbithevmigeatiors of meghetie grains & avoidettol mibimized even
under high-temperatrerand highhhpymidity-eonditionss diheseasen far whishesueh henefits are obtained
by the exposyre to an Inert gas irradiationis notclear, BukiLis presumed that the jpgrt.element
voids are formed in the newly exposed regions into which a reactive
plasma or lom 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 0.1 nmtoldmm, more preferably 1 rmto 10 nm. When the thickness
of the removed regilons is smaller than 0.1 nm, the above-mentioned
banefits brought about by the removal of sald regions are
insufficient. In contrast, when the thickness of the removed
regions 1s larger than 15 nm, the resulting magnetic recording
medium has & poor surface smocthness 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 serve signal patterns from each other are exposed to



23 intrudes into the surface layer portion of the magnetic layer and consequently the migration of
magnetic grains can be suppressed, and further that the surface layer portion activated by inert gas
irradiation is removed and the migration of magnetic grains does not occur or occurs only to a minor

extent. [00531 As the inert gas, at least one gas selected from the group consisting of Ar, He and
Xe is preferably used in view of the stability and thé enhanced effect of suppressing the migration of
magnetic grains. The exposure to the inert gas irradiation is carried out preferably by a method

using at least one means selected from the group consisting of ion gun, induced coupled plasma
(ICE), and reactive ion plasma (RIE). Of these, ICE and RIE are preferable in view of enhanced
intensity of ifradiation vEhal&marnertHe RIEGrevfefeiibefredasdrifedde0%41C  After the exposure
to an inert gas4drradiationa psotective over cnat 1S prefesably formed arcthesufaee of-the magnetic
layer as illu%@;tggcjg&:_ig. 2, step J, and then a lubricant (not shown in Fig. 2) is preferably coated on
the protective overcrf%.ﬂ The formation of the overcoat 9 can usually be effected by forming a
diamond-like-carbor fi r‘ﬁqkly, for example, usin w2-CVO, but the method for forming the overcoat is not
- . . - A grn P 3 e y - 4 2 . ~ 4 .
particularly limited. BY e pPétectiaiarercsat 9/ caf e forisd fiotAmatetidie Corvettionally used
for forming aptatectiVezcverseat iwhicle inctaderforsexample;adarbonatevts matedals such as carbon
(C), hydrogenated:carben (HG) qitrided sarbor O ameiphess-carbon ane silisopcabide (SiC);
and $i02, 2r20%.and LN 1o 0f mete overeoate Mav.efauped, [005e) o The dhickpess of the
overcoat 9 is befow 10 hm. 1f the thickness of the protective layer is arger than 10 rim, the distance
o~ e = . + 177 . F=Y
between the"FERE Sl tHe Fitagnétic 1878 BEESMEEunGBSTahlargé Hrid iife impdta@dutput powers
are often instifficiente froxtulsricatinglayeriis praferabiyforpied Ut thevveicadt gaThesubricating
layer is formgg:fremedor example;fluefinema4ein, in the case when ths magnetic
layer 2 is partitioned by the modified or demagnetized regions 8
rhereof in the upper surface portion of the magnetic layer 2, even
though the magnetic layer 2 is not partitioned in the lowermost
portion thereof. Therefore this embodiment also falls within the
scope of the magnetically partitioned magnetic recording pattern
ag herein used.
By the term “magnetic recording pattern” as used herein is
meant & 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 servo signal patterns,
(00457
The process of the present invention is preferably adopted
for the manufacture of a discrete type magnetic recoding medium
inviewof simplicity and ease, wherein themagnetically partitioned
magnetic recording pattern involves magnetic receding tracks and
gervo 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, lowsring the coercive force and resicual
magnetization) of the magnetic layer in specified regions thereof
for the formation of magnstic recording pattern.
[0046]
The zbove-menticned regions of the magnetic laver, which

magnetically partition, for example, the magnetic recording tracks



containing lubricant, a hydrocarbon lubricant or a mixture thereof. The thickness of the lubricating layer
is usually in the range of 1 to 4 nm. [0056] The constitution of an example of the magnetic
recording-reproducing apparatus according to the present invention is illustrated in Fig. 3. The
magnetic recording-reproducing apparatus of the present invention comprises, in combination, the
above-mentioned magnetic recording medium 108 of the invention; a driving part 101 for driving the
magnetic recording medium in the recording direction; a magnetic head 102 comprising a recording
part and a reproducing part; means (head-driving part 103) for moving the magnetic head 102 in a
relative motion to the magnetic recording medium 100; and a recording-and-reproducing signal
treating mea&ms! 194570 iAptting Sighat v tHeofhERTetic head 102 aneefor TepPedistion of output
signal from the-magneiitc beadfl@2= speHie magaeticrecordingrrepreducing: appatatiisscomprising
the combination.gf the abovesmentioned means-canravide a-highJiecording depsity. More
specifically, in the mggnetlcfrecordlgg dium of thg m%%rﬁegl.c ;gacqrdlnggrec%roducmg paratus, the .
magnetic re&:’oredi?}eggt‘falcpzilf’s.oaré‘ﬁ %anet?caﬁyﬁsgﬁeﬁe,ear? Vereiors, the T cor&%fglﬁga“ width and the
reproducingesd id e 6af e apprexintately thé ExmeSizé B e d 8 BthEPRithitHedtesilt of
sufficiently higherepnaducing autpiit pewer@ed SNERysFWis.is spacstfikéngregntrast tostheaconventional
hmagdnet_ig Lefég’ré_i.ﬁ%gl@ﬁj%&&?%@%f@i&ﬁﬁ%ﬁ%@@ﬁ&%%@@@%@iﬁ%%%%‘Q%Uﬁé&hﬁ&%la% recor[gicr;g?]
ead width to_minimize the influence of the magnetization transition regjons in.the.t edges.
By ConStUILG IS fobrSeh e Bost ot e g et head MR Ao TRIR s 4 suificiently
high signal ihtéhSRFEan He SBEIREHEVEr &t Shiyirrettrding deRéity PiHatis “fhe magnetic recording
apparatus having a high #scordingdensity-ahiize provigieds 12Wthen:théhearkisfidated at a floating
height in the:range: 0£.9.005 am te H.020smnwhichuis: lower-thanthereonventienallyadeopted floating

height, the %%%EW‘Q’%H%&%@%&?%%”QJ?S 2NR becomes large, and.tus the,magnetic recording

apparatus can'have, 25 a large size and a high reliability. _If a signal treating circuit using a
sum-produc%&%’p@sﬁ%@@%rﬁﬁﬁ?@‘co%i%e%ﬁ%%l Fgneticrecorainy heditint, the recording
density can Begnach:yhbee brtramcad. iand a safficientdyshigh SNREah-be dbtdined@verswhen
recordation-eepragetionis:carded . outiat a higherepording densiyafmtdeasha00 O-bit or more per
square inch,.a track density, of 100 k-tyacks ecmareper-nch. org lingarsecarding-density of 1000 k-bit
or more per gr%%hfi%ﬁat@glgg [:(%935? ystalline plane or by the presence of haloc alons
by ¥-ray diffraction analysis cr electron-ray diffraction
anélysis.
(00473
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.
Q048]
The inductively coupled plasma as used herein refers to a
high-temperature plasma which is obtained by imposing a high veltage
e a gas to thereby form plasma, and further applying magnetic
variation at a high fregquency to generate -Jjoule heat due to
over—-current inside the plasma. The inductive coupled plasma has
a high electron density, and, can modify the magnetic
characteristics of magnetic layer with a high efficiency in a
broad-area magnetic film, as compared with the case of making
discrete track media conventiocnally using an ion beam.
The reactive ion plasma as used herein refers to a2 highly

reactive plasma which i1s obtalned by adding a reactive gas such



The invention will now be specifically described by the following examples. Example 1 A glass
substrate for HD was placed in a vacuum chamber and the chamber was vacuumed to a pressure of
not higher than 1.0 x 10-5 Pa to remove the air. The glass substrate used is comprised of glass
ceramics having a composition of Li25i205, Al203-1(20, Al203,-K20, Mg0-9205 and Sb203-Zu0, and
has an outer diameter of 65 =and an inner diametér of 20 mm, and an average surface roughness
(Ra) of 2 angstroms. [0059] On the glass substrate, a soft magnetic underlayer composed of
65Fe-3000-513, an intermediate layer composed of RU and a magnetic layercomposedof
7000-5Cr-15Pt-105i02 alloy (the numerals indicate ratio by mole) were formed in this order by DC
sputtering. Fife thickifessesiof résSpeetivelayers dred FeCeB sbfthagneticifidériayer: 800 nm, Ru
intermediateslayer: 100-A8y and saaghnetcdayeradtba nm. [0059]in tWemaskingdayér composed of Ta
with a thickness.qf, 60.nmwas dormed: an,the Jamipated,stiuetpreby sputiering. Then a resist layer
composed o,tklljltrngergr -curable novolak resin with a Jhic}gqﬂess Q{f.lGO_‘rrmryvﬁqs g%rr%ed on the
masking layér %I)‘}“scf)’lﬁlf“c%aﬁr:lsg. Téoéﬁf magﬁegﬁégs ls‘iﬁ‘?;(r%‘p F’fa*\ﬁﬁgaa ‘nle%paeiﬁle@f)éﬁgr*ﬁ co?fr'esponding to
the desired magnetit“f€cdrding pattern was pressed to the resist layer 26 at a pressure of 1 MPa
(about 8.8 kgf/c. Theiglassobthecstampt the present invention, the magnetic

characteristics of the megnetic layer are modified by exposing the
magnetic layer Lo the reactive plasma. This modification is
effected preferably by the reaction of magnetic metal constituting
the magnetic layer with an atom or an ion within the reactive plasma.
The reaction of the magnetic metal with the atom or lon is
accompanied by, for example, penetration of atoms of the reactive
plasma into the magnetic meral with the results of modification
of the crystalline structure of the magnstic metal, change of the
composition of the magnetic metal, and oxidation, nitridaticn
and/or silicification of the magnetic metal.

[G050]

A reactive plasma containing oxygen atoms is prefsrably ussd
as the reactive plasma in the present inventlon whereby the magnetic
metal constituting the magnetic laver 1s allowed to react with the
oxygen atoms within the reactive plasma to oxidize specified regicons
of the magnetic layer. By the oxidation of the specific regions
of magnetic layer, the residual magnetization and the coercive force
can be reduced withmore enhanced efficiency. That is, themagnetic
recording medium having magnetically partitioned magnetic
recording pattern can be made by a reactive plasma treatment of
a short time.

Thus, the modification of the regions for partitioning the
magnetic layer, for example, by & reactive plasma as conducted for
forming the magﬁetic recording patiern in the present inventicon
includes changing or lowering the magnetic characteristics, more
specifically, lowering the coercive force and residual
magnetization of the specific regions of magnetic layer, and
demagnetization or amorphization cf the specific regicns of
magnetic laver.

(0051

B reactive plasma containing a halogen lon is alsc preferably



had an ultraviolet-ray transmission of at least 95%. In the-thus pressed state, the pressed upper side
of the resist layer was irradiated with ultraviolet rays with a wavelength of 250 nm for 10 seconds to
cure the resist layer. Thereafter the stamp was separated from the cured resist layer thereby
transferring magnetic recording pattern on the resist layer. The thus-transferred magnetic recording
pattern had a configuration such that the protrusiéfs in the resist layer are circular with a width of 120
nm, and the depressions in the resist layer are circular with a width of 60 mm, The thickness of the
resist layer was 80 nm and the thickness of the depressed portions of the resist layer was about 5Snm.
The depressed portions had an angle of about 90 degrees to the substrate surface. [0061]

Thereafter, HREPreS5EE deprESSEI PGS b IFerESISITRYEIVART thE coRespohdiig Bdktions of the Ta
masking layeewere Emoveddy dry etchingedhel dry eteltisgaohsitions for etching the resist layer
were as follows. 02-gas}, 405600 pregsute 2 &:Bay highsfrequency plasma pawer-390W, DC bias:
30-W, and et Qigg time. 10 seconds. The dry etglﬁin%ggrégitigns for etching the Ta masking
layerwere:C {”g‘asc:"Sd"%‘c’cma,bré)éi ﬁ’ee:lofgrba,rhig Sfrequer‘ié‘ Sla%n?a power: 588%% ias: 60 W,
and etching #&e30$Ec RIS T0OB 2] 2 2 THER-8%p 68t Tegion 8 BT HRE ThaghetE 135 r¥hich were not
covered by thedimaskingilayerrwend zemaled byciommylling-tbhsingantargor fonh & hezgremilling
conditions wege as, follaws cHigh-frequencys plasimadewes SR04 W, aseeleratingvoltage;p00 V,
pressure: 0.014 Pa, flow rate, of Ar: 5 scor, treating. time;, 49 sec, and.quurent density=0.4 mAk2n2.
Then the regions egp“oséa y the ‘ion milling' were exposgd to a reactive plasma whereby the magnetic
characteristit€57E5d Ragions 6Pk RedgRaticialer Ware Rodfed Fhichfodificalidn dSing a reactive
plasma was artibd culy Using amsingductively coupled plasma apparatus "NE550" available from
Ulvac, Inc. The plasmawas geaerated by-02-gas@fafloneratesef90-ee/minties Hhe it power for
plasma gen%ra@%%{vaagsoggﬁ!,éest%rgﬁ%@(go%&% 27.the apparatus was,0.5.2a.and the treating time

for the magnetic layer was 300 seconds. [006 _. Thereafter the resist layer and the masking layer
were removed by Ry EicHing S The dry et&hifg Conditions Were 45 foliows. Fiéw Fa 5FSE6 gas: 100
scan, pressurea 2:0 P ihighciretfusheyplasaia poweer400TWe A5 Hreafing HMES300 S6¢.

Thereafter the surface of the Mmagnetic:lhyee wasexposedwithran-iner’ gasplasmaimadiation. The

conditions for the inert gas plasma.irradiation were, as. follows, Elowerate of-Arinert gas.s seem,
pressure: 0.014 Pa, a(;‘qeleratin%volj[age: 300 Vﬂgurreﬁnt density: 0.4 m@“[‘%p%}@dﬁégqu?g me: 5, 10,
15 or 25 sec™” " Thethiétrea eauurpggresﬁﬁaéée\/véng Toveréd with a darbon oveicoat having a
thickness of @infi by eV imethba isifg darhiond-fike BB LETFuRt T, thé tppsi'surface of the
overcoat was icoatedawithe fidaricating matertal 40 igivézy magretic secoreinganeddamn. the

halogen ion with a high efficiency. This beneficial effect is

especially markedly obtained when a fluorine ilon is used as the

halogen ion.

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 layer 3 can be carried
out by, for example, aprocedure of dry etching, reactive ion etching,
ion mililing or wet etching.

After the removal of the resist layer 4 and the masking layer
3, the magnstic laver having been activated in the steps F, G and
H in Fig. 2 is exposed to an inert gas irradiation in the step I,
whereby the magnetic layer is stabilized, and cccurrence of the
migration of magnetic grains is avoided or minimized even under
nigh-temperature and high-humidity conditions. The reason for
which such benefits are obtairned by the exposure to an inert gas

irradiationisnot clear. But, 1t ispresumed that the inert elsment



[0064] Comparative Example 1 By substantially the same procedures and conditions as
employed in Example I, a magnetic recording medium was manufactured wherein the irradiation with
inert gas plasma of the magnetic layer was not carried out. All other conditions remaining the same.
Examples 2 to 6 By substantially the same procedures and conditions as employed in Example 1,
magnetic recording mediums were made whereirtthe inert gas used and the treating time were
changed as shown in Table 1, below. All other conditions remained the same. The inert gas used
and the irradiation time with the inert gas plasma in Examples 1-6 and Comparative Example 1 are
shown in Table 1. The corrosion of cobalt (ng) and the electromagnetic conversion characteristics
(S11; dB) ofthervrrf &t PeEbRIiPF AR URTY fiaRGIECOFed in BXaaifiies 11t 624%d @Bmparative
Example weresyaluated asfollovsztheevaiuationarestlisrarenshown im=Table d=andFig. 4 and Fig.

5. [0065] 28 Evalyation.of environmentatresistance oo -Enyvirgameniakresistanee agaxpressed by
corrosion (ng}g&gobalté of the magnetic re ergljln@medwms m%nnulfactured in the ex%rglgles and the

comparative examlp?(i-:-: Whs svaluated as forlows, Eadhmagnetic re%%rrlg"l%jgcn%cﬁﬁ?hswas feft to stand at

a temperatuf€ of BB arfeFatefative Rtiridity of SO for48-RBars, and occurrence of corrosion on the
surface of the magngticiiEcording medium was observed. More specifically 100 micro-liter of ueous

3% nitric acid was digpped imeachpfdenspots-en the-sufaceofthednagnstictiecerding medium.
Then the magnetic tecording mmediym was govere J}%‘%@lﬁa%?‘{) (&igl;baa'l%_"%m% stgnd far one hour.
by

Then the drops on the r%agnetlc recording medium were collecte using a pipet. The content of
cobalt in the Ealiected HBPS Was MEASHEd 2Fhé Tomeri tRGT of thbaltwas shofn88 €5 corrosion in
Table | and azetatiorcbetween-Ar irradiation time and Co corrosion is shown in Fig. 4, [0066]

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

[0054]

After the exposure to an inert gas irradiation, a protective
over coat 8 is preferably formed on the surface of the magnetic
layer as iilustrated in Fig. 2, step J, and then a lubricant (not
shown in Fig., 2) is preferably coated on the protective overcoat.

The formation of the overccat 9 can usually be sffected by
forming a diamond-like-carbon film by, for example, using P-CVD,
but the method for forming the overcoat isnot particularly limited,

The protective overcoat 9 can be formed from materials
conventicnally used for forming a protective overcoat, which
include, for example, carbonaceocus materials such as carbon (2},
hydrogaenated carbon (HyCl, nitrided carbon (CN), amorphous carbon
and silicon carkbide (8iC); and S10., Zr:0s; and TiN., Two or more
overcoats may be formed.

[0055]

The thickness of the overcoat 2 is 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 ocutpul powers ars often insufficient.

2 iuvbricating layer is preferably formed on the overcoat S.

-

The lubricating laver is formed from, for exampls, a fiuorine-



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. SNR values and
3T-squashwasmeasured upon recording a signal at 750 kFC1. A vertical recording head for recording
and a TUMR head for loading were used as a he&d 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
in Fig. 5. [0067] Table 1 Inertgastrediafion SNR (dB) Co corrosion Gle Element Time (see)

containing lubricant, & hydrocarbon lubricant or a mizture thereot.
The thickness of the lubricating layer is usually in the range of
1 to 4 nm.

{G056]

The constitution of an example of the magnetic recording-
reproducing apparatus accerding to the present invention is
illustrated in Fig. 3. The magnetic recording-reproducing
apparatus of the present invention comprises, in combination, the
above-mentionad magnetic recording medium 100 of the invention;
a driving part 101 for driving the magnetic recording medium in
the recording direction; amagnetic head 102 comprising a recording
part and a reproducing part; means (head-driving part 103) for
moving the magnetic head 102 in a relative motion to the magnetic
recording medium 10C; and a recording-and-reproducing signal
treating means 104 for inputting signal into the magnetic head 1062
and for reproduction of output signal from the magnetic head 102Z.

The magnetic recording-reproducing apparatus comprising the
cobination of the above-mentioned means can provide a high
recording density. More specifically, in the magnetic reccrding
medium of the magnetic recording-reproducing apparatus, the

- magnetic recording tracks are magnetically discrete, and therefcore,
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.

[0057)

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

Wnen the head iz floated at a floating height in the range
of 0.005 pm to 0.020um, which is lower than the conventionally
adoptad floating height, the output power is increased and the SNR
becomes large, and thus the magnetic recording apparatus can have
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a large size and a high reliability.

If & signal treating circuit using a sum-product composit
glgorithm is combined in the magnetic recording medium, the
recording density can be much more enhanced, and a sufficiently
high SNR can be obtained even when recordation-reproduction is
carried out at a high recording densitvy of at least 1060 G-bit or
more per sguare inch, a track density of 100 k-tracks or more per

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

Examples

[0058)

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

| Example 1

A glass substrate for HD was placed in a vacuum chamber and
the chamber was vacuumed to a pressure of not higher than 1.0 x
107 Pa to remove the air. The glass substrate used is comprised
of glass ceramics having a composition of LizS5i;0s, Al 0:-Kz0,
Alz05, ~K20, MgC-P2:0s and Sb;03;—-Zul, and has an outer diameter of &5

~

mm and an inner diameter of 20 mm, and an average surface roughness
{Ra) of 2 angstroms.

[C029]

On the glass substrate, a soft magnetic underiayer composed
of 65Fe~-30Cc~5B, an intermediate layer composed of Ru and a magnetic
laver composed of 70Co-5Cr~15Pt-~105810; alloy {the numerals indicate
ratio by mole) were fLormed in this order by PC sputiering. The
thicknesses of respective layers are: FfeCoB soff magnetic
underiaver: 600 nm, Bu intermediate layer: 100 nm, and magnetic
layer: 150 nm.

[00B8]

A masking layver composed of Ta with a thickness of 60 nm was
formed on the laminated structure by sputtering. Then a resist
ilayer composed of ultraviolet ray-curable novolak resin with a.
thickness of 100 nmmwas formed on the masking laver by spin- coating.

[C060]

A glass stamp having a negative pattern corresponding to the

desired magnetic recording pattern was pressed 1o the resist layer
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at a pressure of 1 MPa (about 8.8 kgf/cn@}. The glass of the stamp
had an ultraviolet-ray transmission of at lsast 95%. In the-thus
pressed state, the pressed upper side of the resist laver was
irradiated with ultravioliet rays with a wavelength of 250 nm for
10 seconds o cure the resist layer. Theresafter the stamp was
separated from the cured resist layer thereby transferring magnetic
recording pattern on the resist layer. The thus-transferred
magnetic recording pattern had a configuration such that the
protrusions in the resist layer are circular with a width of 120
nm, &nd the depressions in the resist layer are circular with a
width of 80 nm. The thickness of the resist laver was 80 nm and
the thickness of the depressed portions of the resist laver was
about 5 mm. The depressed portions had an angle of about 20 degrees
to the substrate surface. ‘ '

[00B1]

Thereafter, the pressed depressed portions of the resist
layer and the corresponding portions of the Ta masking layer were
removed by dry etching. The dry etching conditions for etching the
regist layer wers as follows. O gas: 40 scom, pressure: 0.3 Pa,
high-frequency plasma power: 300 %W, DCbias: 30W, and etching time:
10 seconds. The dry etching conditions for etching the Ta masking
laver were: CFy gas: 50 scam, pressure: 0.6 Pa, high~frsquency plasma
power: 500 W, DC bias: 60 W, and stching time: 30 seconds.

(60621

Then exposed regicne of the magretic layer which were not
covered by the masking layer were removed by lon milling using an
argon lon, The ilon-milling conditions were as follows.
High-frequency plasma power: 800 W, accelerating voltage: 500V,
pressure: 0.014 Pa, flow rate of Ar: 5 scom, treating time: 40 sec,
and current density: 0.4 mb/cn’,

Then the reglons exposed by the ion milling were exposad to
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 NE5530” available from Ulvac, Inc. The
plasma was generated by C; gas at a flow rats of 50 co/minute. The

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



Xe 15 118 028 Example 6 Kr 15 13.7 027 29 Industrial Applicability [0068] According to the
present invention, a magnetic recording medium having enhanced environmental resistance can be
provided. Thus, a hard disk drive which can be used stably even under severe environmental
conditions, such as, for example, a memory built én7 a car navigation system.

the apparatus was 0.5 Pa and the treating time for the magnetic
layer was 300 seconds.

[0063]

Thnerzafter the resist layver and the masking layer were
removed by dry etching. The dry efching conditions were as follows.
Flow rate of 5F¢ gas: 100 sccm, pressure: 2.0 Pa, high-frequency
plasma power: 400 W, and treating time: 300 sec.

Thereafter the surface of the magnetic layer was exposed with
an inert gas plasma irradiation. The conditions for the inert gas
plasma irradiation were as follows. Flow rate of Ar inert gas: 5
scom, pressure: 0.014 Pa, accelerating veltage: 300 V, current
density: 0.4 mA/cx’, and treating time: 5, 10, 15 or 25 sec.

The thus-treated upper surface was covered with a carbon
overcoat having a thickness of 4 nm by a CVD method using
diamond=-1ike-carbon (DLC). Further, the upper surface cof the
overcoalt was coated with a lubricating material to give a magnetic
recording medium.

[00o4]

Comparative Example 1

By substantially the same procedures and conditions as
emploved 1n Example 1, amagnetic recording medium was manufactured
wherein the irradiation with inert gas plasma of the magnetic layer
was not carried out. All other conditions remaining the same.

Examples 2 to £

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

The inert gas used and the irradiation time with the inert
gas piasma in Examples 1-6 and Comparative Example 1 are shown in
Table 1.

The corrosion of cobalt (ng) and the electromagnetic
conversion characteristics (SN; dB) of the magnetic recording
mediums manufactured in Examples 1 to ¢ and Comparative Example
1 were evaluated as follows. The evaluation results are shown in
Table 1 and Fig. 4 and Fig. 5.

[0065]



30 CLAIMS 1. A process for manufacturing a magnetic recording medium having a magnetically
partitioned magnetic recording pattern, characterized by comprising the following steps, conducted in
this order: a step of forming a magnetic layer on a non-magnetic substrate; a step of exposing the
surface of regions of the magnetic layer to a reactive plasma or a reactive ion, which regions are to
magnetically partition the magnetic layer; and %8, 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, conducted in this order: a step of forming a magnetic layer on a non-magnetic
substrate; a Stef dF tBRIGING SUFEE P PErtiofReAfTediohs of the magnetic layer, which
regions are to magaeticallypartitidn theimagnetic ayerpresasidpyofexposing: theahus-exposed
surface of regions.of the magnetig.layes, frarwhich thessurface layer-perienithereofbave been

removed, to g feactive plasta.of 8 feactve o 8Nl . astea ol exnosing tho dysmagnetically
partitioned magrPe ic layer to an inert gas irradiation. 3. The process for manufacturing a magnetic

recording medfiinT a8 HiRg RFCRITE, WifEreth YRS stifdce fayrPoriiond SFEREEYishs are removed
by ion millingf 80°AzTHexpredess fior mandfdciuping &sniaghdficreediding teditimagtstding to claim
2 or 3, whergin the ssiface layerrpodions:iresaitl postiong te be-remevedihaveaithickress in the range
OfOLLruntqagééggéd. More specifically 100 micro—liter of agueous 3% nitric
acid was dropped in each of ten spots on the surface of the magnetic
racording medium. Then the magnetic recording medium was covered
with a petri dish and left to stand for one hour. Then the drops
on the magnetic recording medium were collected by using a pipet.
The content of cobalt in the collected drops was measured. The
content (ng) of cobalt was shown as Co corrosion in Table 1 and
a relation between Ar irradiation time and Co corrosion is shown
in Fig. 4.
[00e6]
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. & spin stand was
used. SNRvalues and 37-squash was neasured upon recerding a signal
at 750 kFCl. A vertical recording head for recording and a TuMR
head for loazding were used as a head for the evaluation. SNR and
3T-squash were measured, and SNR is shown in Table 1 and a relatiocn

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

(060873
Table 1

Inart gas irradiation SNR Co corrosion

Element | Time (sec) {dB} {ng)
Com. Ex. 1 - 0 12.7 0.35
Example 1 Ar ] 13.7 0.
Example 2 Ar 15 13.8 0.07
Example 3 Ar 25 14.1 .05
Example 4 He 15 13.9 0.12
Example B - Xe 12 13.8 (.08
Example 6 Kr 15 13.7 6.07




5. The process for manufacturing a magnetic recording medium according to any one of claims 1 to 4,
wherein the surface of said regions of the magnetic layer is exposed to a reactive plasma or a reactive
ion to an extent such that the magnetic characteristics of said regions of the magnetic layer regions
are deteriorated. 31 6. The process for manufacturing a magnetic recording medium according to
claim 5, wherein the deterioration of the magneti@%haracteristics 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
demagnetization 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 fordmanuiactuking. acmiagihitie recording medium according to any
one of claims 1 to 7; y¥herein the reactive plasma or the reactive ion contains a halogen ion. 10The
process for manufagturing a magnetic recording medium according_to _claim 9, wherein the halogen ion
is a halogen ion for%zecffyb%/ﬁﬁﬁoaﬁcf’nnea%ée]ﬁfe‘gazérﬁ\ﬁt%l %lr%%bti%e%ﬁgg%gé said ha %élféiéas being at
least one halitie gas"sSlebed HotRIRE Groli Consisting SFEFA S, BHFSCCERIdIRFKBr.  11.
The procesgforsmanbfactutingadmagnetici ridcordingemedidng agcoydingeto wrmesnecokelaims 1 to 10,
wherein the inert gasusedfasdhe expesuresto-the dnerbgas;itadiation isatdeasbene:inert gas selected
from the grogpcggnggyg%&fiéh I;lg,%g(e. _ 12. The process for manufacturing a r_nagnetlc
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 gun, induced coupled plasma (TCP), and reactive ion plasma (RIE). 13. A process for
manufacturing a magnetic recording medium characterized by comprising the following steps,
conducted in this order a step of forming a magnetic layer on a non-magnetic substrate; a step of
forming a masking layer on the magnetic layer;



32 a step of forming a resist layer on the masking layer; a step of forming on the resist layer a
magnetic recording pattern for partitioning the magnetic layer into divided regions; a step of
removing the masking layer and, if any, a residud®resist layer, in the regions corresponding to the
magnetic layer-partitioning regions in the mag(r‘afﬂf“ﬁjgcording pattern; a step of exposing the
thus-exposed surfaces of magnetic layer, from which the masking layer and the residual resist layer in
said regions of magnetic layer have been removed, to a reactive plasma or a reactive ion, whereby a

‘magnetic recording patiers isdotmed whehisRAgNetinaln AR ieBRIHaY Reisl FRoiRIm gl magnetic

layer; a step of removing the whole residual masking layer; and a step of exposing the magnetic layer

to an inerfRpERRiSRIKRAIioNed: PHag NG ERCOFgingh AR B PRRT 2C IR ERE 6 ARBPERIEe R iium,
characterizggigvirgcsayisigithetoitowisgE@ps, conducted in this order a step of forming a magnetic

layer on a non-magnetic substrate; a st f farmin i i e magnetic layer; a step of
forming a resist I%ygtteerp 0?3 fﬂfe“’r‘ﬁ‘gs%ﬁa%%g??ay% Oa}f s%ﬁﬁ%%?o#ﬂ%ﬁ% %b%%étrée’sist layer a magnetic
recording patterrifotepatfigsnisinthé magiate ryecians aliledregisets laver fostefpathémoving the
masking layer-ang, if RaxiBRdVRIeRSIdAY afeibihR §RBIRENE PHESBRREYGdgrER naganetic
Iayer-partltiocriling regions in the magnetic recording pattern;
an
a step of exposing the thus-magnetically partitioned magnetic iayer fo 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, conducted in this order:

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

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

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

a step of exposing the thus-magnétically pariitioned magnetic layer {o an inert

gas irradiation.

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

milling.

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

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

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

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



a step of removing the surface layer portions in said regions of the magnetic layer, from which the
masking layer and the residual resist layer have been removed; a step of exposing the
thus-exposed surface in the regions of the magn%‘fic layer, from which the surface layer portion thereof
have been removed, to a reactive plasma or a reactive ion, whereby a magnetic recording pattern is
formed which is magnetically partitioned by said regions of magnetic layer; a step of removing the
whole residual nfaskingTkeeroasss sostelgffasiis  egnslinsrordiing redhinatgsdingadiation.

15. The procesis far MansiasterngeA snagnedictrecersine v ediarreserdinortelanive e pkclaims 1 to
14, which further comprises a step of forming.a protective overcoat over the exposed surface after the

exposure SR FReArddEIP e RARRFHGEC Pradiation. 33 16.A magnetic recording reproducing

apparatus characterized by comprising, in combination, the magnetic recording medium manufactured

oy the process a claimeg B 30sQ1ier thalflidif Dra diuRgRarLins disdnmine tic

recording medigrri in the recording direction; a mag etic head comprising a recording part and a
reproducify Paim reamereinnioyidgtatiorinh &l e 83anehe AeeaiBliRirto h&ansRfh&lC recording
medium; @@%ggﬁ%}gré{isgwﬁ@@m@@ﬁg signal treating means for inputting signal to the magnetic
head and for reproduction of output signal from the magnetic head. : '
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 medium according
to any one of claims 1 o 7, wherein the reactive plasma or the reactive ion contains a

halogen ion.

10 The process for manufacturing a magnetic recording medium according
to claim 8, 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
éroup consisting of CF,, SFs, CHF3, CC14 and KBr.

11. The process for manufacturing' a magnetic recording medium according
to any one of claims 1 to 10, wherein the inert gas used for the 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 fo 11, wherein the exposure to the inert gas irradiation is carried
out by a method using at ieast one means selected from the group consisting of ion

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

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

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

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

a step of removing the masking layer and, if any, a residual resist layer, in the
regions corresponding to the magnetic layer-partitioning regions in the magnetic
recording pattern; .

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

a step of removing the whole residual masking layer; and

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

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

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

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

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

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

a step of removing the masking layer and, if any, a residual resist layer, in the
regions corresponding to the magnetic layer-partitioning regions in the magnetic
recording pattern; '

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

a step of exposing the thus-exposed surface in the regions of the magnetic
layer, from which the surface layer portion thereof have been removed, {0 a reactive
piaSmé or a reactive ion, whereby a magnetic recording pattern is formed which is
magnetically partitioned by said regions of magnetic layer,

a step of removing the whole residual masking layer; and

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

15. The process for manufacturing a magnetic recording medium according
fo any one of claims 1 to 14, which further comprises a step of forming a protective
overcoat over the exposed surface after the exposure of the magnetic layer to an inert
gas irradiation.
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18. A magnetic recording reproducing apparatus characterized by
comprising, in combination, the magnetic recording medium manufactured by the
process as claimed in any one of claims 1 to 15; a driving part for driving the magnetic
recording medium in the recording direction; a magnetic head comprising a recording
part and a reproducing part; means for moving the magnetic head in a reiative motion
to the magnetic recording hwedium; 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.



