DESCRIPTION Magnetic Recording Medium, Method for
Producing Magnetic Recording Medium and Magnetic
Recording/Reproducing Apparatus Technical Field [0001] This
invention relates to a magnetic recording medium used for a
magnetic recording/ reproducing apparatus such as a hard disk
drive, and to a method for producing the magnetic recording
medium. It further relates to a magnetic recording/reproducing
apparatus. Background AHF6O0I T Fecent years, magnetic
recording/reproducing apparatuses such as a magnetic disk
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high resolution are eagerly desired. An attempt of increasing the

track density together withzanqingrease-ef a liner recording density

to e@t@@@@ an areal recording density is also being made. [0003]
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recording density 1s more and more increasing. Recently GMR head
and TMR head have been developed, and the rate of increase in the
areal recording density is about 100% per year. There is still
increasing a demand for further enhancing the recording density,
and therefore, a magnetic layer having a higher coercive force, and
a higher signal-tc-noise ratio (SNR) and a high resclution are
eagerly desired.

An atzempt of increasing the track density together with an
increase of a liner recording density tTo enhance an areal recording
density 1s alsc being made.

[0003]

In a recent magnetic recording/reproducing apparatus, the
track density has reached abcout 110 ¥TPI. However, with an increase
of the track density, magnetic recording informaticn is liable to
interfering with each other between adjacent tracks, and
magnetization transition regions in the poundary regions thereof

as a nolse source tend to impalr the SNR. These problems result in



To enhance the areal recording density, it is required to render

small the size of each recording bit and give the maximum

saturated magnetization and magnetic film thickness to each

recording bit. However, with a décrease in the bit size, the

minimum magnetization volume per bit becomes small, and the

recorded data tend to disappear due to magnetization reversal

caused by heat fluctuation. [0005] Further, in view of the
LowepgdchibRif distanee etvdenthes adfacentiakaaot the recording
denshigh-precision track servo system technology is required for the

magnetic) recording/ reproducing apparatus, and an operation is

generally adopted wherein E%%%@Aﬂ%%&%@egyout widely butthe, .,

?endgdproductlon is carried out narrowl so tha influence of the

t
atsht tracks s inimized. This Gperation s Advantageots T
5at%¥%§%ﬁ€i¥ﬁ%c@%¥?ﬁe%d&%?ﬁ%%&§eaﬁ BelRtiRfiftzed, BaER is
recodishdyantagedussivethat thiée repeodaetion outputis rEther tow.minimum
magnEhisalseleads tadifficulty inenhaacesment of the SNRrit-arded data
tend?eélrggsg level,.[0006}, .To redyce. the heat fluctuatign. maintain, -

he desired SNR and obtain the desired reproduction output, a
fiucbuableq
osal’has been made wherein elevations and depressions are

for Awhich extend along the tracks on a surface of a magnetic

recbrdirig:mediuni;.so thatdachcofpaiternéd tlacksorethigtween the
ad’zelevations is partitionedby-the cdepressicas wherebythestrackiogy is
zequq%@§|t¥d§ enhanced. T, '@Sré’&ﬁc@{n@%ﬁ%u%g%d é}%&%@@s‘s and an

%relna fter referre to as discret track medla the techni ye
operF 1001 é ﬂ1 % % _ﬁ ted wherel g out
of provi |n IS typ a netic recor ing |s erelna

widedafebidd F@%s‘fﬁ%%?}é’t‘é]ﬁﬁcks nfétHodPatt rﬁ@rari?l"é]dYaWhEPé‘lﬁ the
inf ldataareastinethieisamatrackalre furtherdivided aréhasoperation 1is
advapropesed torbe prodtiicediAnexaraple oftbediserete-trackcks can be

min:Medigmdisamagnetic. recordingmedium disglasedhindek: ion output
is razgen‘]rpie Jpat%gt %O%mem ]d’ %@Cgll§fmg9ﬁ1yb¥rp \{ng]r&%%n_ of the

non-magnetic substrate having a pattern with 3 elevations and
SR G8pfeS&onsforméd orftite surface thereof, and forming a

mag¥ietici layer having a corresponding surface configuration on
themonemagnetie substratectogivephysicatly discreteanagaetic’r and
obtain the desired reproduction output, a proposal has been made
wherein elevaticns and depressions are formed, which extend along
the tracks on a surface of a magnetic recording medium, sc that each
of patterned tracks on the elevations is partitioned by the
depressions whereby the track density is enhanced. This type of
magnetic recordingmedia ig hereinafter referred to as discrete track
media, and the technique for providing this type of magnetic
recording media is hereinafter referred to as a discrete track
method.
FPatterned media wherein data areas In the same track are
further divided are also proposed to be produced.
An example of the discrete trackmedium is a magnetic recording
medium disclosed in, for example, patent document 1, which is made

by providing a non-magnetic substrate having a pattern with



recording tracks and servo signal patterns (see, for example,
patent document 1). [0007] The above-mentioned magnetic
recording medium has a multilayer structure such that a
ferromagnetic layer is formed via a soft magnetic underlayer on
the non-magnetic substrate having the pattern with elevations and
depressions, which are formed on the surface thereof, and a
protective overcoat is formed on the ferromagnetic layer. The
elevilagnetiorbderdigg patte fed regions fersy iisghetierfedording forming
a maf@GIONS oavibe elevations whicharenphysicallyt partitioned;from the on
che SHIOMNdIDgregions: nthe abovermentioned magneficreeardingnet i ¢
recoDEIT, the oceurrence gt feromagnelic domelin wall g foe sqf o,
magretic. Underlayer can be prevented or minirmized an ’
docufﬁ%?%f&ﬁe the influence due to the heat fluctuation is reduced and
thelintérfére between the adjacent signals is minimized with the
restitizot prowisiem of casnagnetia tecardingdnediumiwith higha
mult@%f@ngﬁ%@§w@)g&i@ﬁti@ga@ @@ﬁ:%@gﬂ@ﬁgiiﬁﬁﬁ H@%rmegi via
= sofieihaddneludes e ype. of metherls; a fist ypeerad wherein. ..

_tracks are formed after the formation of a multilayer m%%netlc
22 Sorting medidm comprising Severaf aminded fitns; anda- o
surfgggohaaypeimethB PWhHETERT batterihaving efevatisits aRdthe
ferrdepressions are fornied on@ suiface ofaisubstrates amd thehoas form
magriagneticdayenis feumeds(see i far @Xém@@@@tﬁﬂi SOCUHPM2ically
paztﬁ@go%%e@Egﬁc%e%?}o[_%%% Angther discrete track method

as been pr%posgd wherein a grevlo,usl formed continuous
maghetitlayer 18, 167 axanile “Slibjected 1o an infpiAntation of ©
CCCUAHRSTEN G6Nn ‘SraRYGeRTon-or fatiated with atadef WheFepyet1c
undenggipns partitiopirgy magneticifacks. Zeaving modifiedomapneticc luence
due REOReHiesate foreskin the diseretedracknmedivm{seerfor between

rhe S%AMRle, Ratent documents 4 ta 6), [0009] Patent document 1.JB, of
2004-164692 Al 4 Pa%ent document 2 JP 20C9i411_{17 793 Al @E‘E%?Emg

A magilintent 3 P 200 T 7877 Al Paedt dociment 4 5p Y ©
a layeeopEbs7 A

The discrete trackmethod includes two type of methods: a first
type method wherein tracks are formed after the formation of a
multilaver magnetic recording medium comprising several laminated
films; and a second type method wherein patterns having elevations
and depressions are formed on a surface of a substrate, and then
a magnetic laver is formed {see, for example, patent document 2 and
patent document 3).

[0008]

Ancther discrete track method has been proposed wherein a
previcusly formed continucus magnetic layer is, for example,
subjected to an implantation of nitrogen ion or oxygen ion or
irradiated with a laser whereby regions partitioning magnetic tracks
having modified magnetic properties are formed in the discrete track
medium (see, for example, patent documents 4 to 6).

[0009]

Patent document 1 JP 2004-164692 Al



Patent document 5 JP 2006-209952 Al Patent document 6 JP
2006-309841 Al Disclosure of the Invention Problems to Be
Solved by the Invention [0010] In the production process for the
manufacture of the above-mentibned discrete track media or
patterned media, which have a partitioned magnetic recording
pattern, a procedure is adopted for providing the partitioned
magnetic recording pattern comprising magnetic recording
regiensrendbouirddryregions pariitiontig #ie magnetic recording
regiansnT hatdsmeegions irp azotagnetc dayen to be formed into the

boundary regions are expesed.teaseactive plasma or reactive

ion, using far example, oxygen.or halogen, or subjected to
ion‘-"imp[antaﬁon using, for example, oxygen or halogen (this

proceidiite nersinafter called a magietiélayer-modifying

procedure” when appropriate. More specifically, in the

manufacturing processgfithe above=nentioned:media, a mask

layerisifarmed on.agnagnetis layer, thedmasklayer is subjected

to P@&tﬁpmg by a photolithography technique, the boundary

regions_in the magnetic recording pattern are exposed to a

reactive BlagHa or £ Te&ERVE I6n: BF subjetidtt t6 ForHmMantafion
abovggREE Hhecthaghetictcharacteristles rrthe BouRaarysetionsare have
a padegtddedciomibedidundaryregiongarecemagnetizeditogive thécpted
for ;&M&m%mmggrﬂﬁﬁ@{@érﬁﬁnmdﬁ@é@@@Eﬁ{@%@l{ﬂsﬁﬂﬁq&%%% ing
magnLDEARQUSIENtIaned magnelic layer-modifying pr °;§|§9&!€§i'§ning the

adyantageous In that the production processis simple and =~
magnghdeshapiac cohtamination otcurring int the produition procsss +#ver
Lo beaaB@avotded Brmitfitiizely ascEomFarttP Wit CorvehtiGial-t ve
plasprocedure for providingaipartifionedmadnetic:reparding patterm, or
subswhesgindboundany) regions-constityling depregsionsatgdarpietaiogen

(eni@ndthenithe depressions-ate filled with 2 non-magnetic materiak. ; .o
béa hysical procedure and t[Qe surface.af th Ellled. egions is
procegur W, Cappropriate, Ore Specilllica o LI .

SMO0 hecflftﬂls %%nv%nilonal 5 proce@ur‘e‘ is calle magneeﬁc .
manyeRarBRYSidal featinent BP@C@HBF@”%H’éﬁOa’”ﬁﬁrgﬁﬁéﬁe). EeRk Laver
is fwherthe regiens:for patitioning the imagneticarecording Jragionsto
pat tirthemagneticHecording paitern ateformed, by theboundary regions

in the magnetic recording pattern are exposed to a reactive plasma

or a reactive ion, or subjected to ilcon—-implantation so that the

magnetic characteristics in the bkoundary regicns are degraded or
the boundary regicns are demagnetized to give the above-mentioned
discrete track media or patterned media.

[0011]

The above-mentioned magnetic layver-modifying procedure is
advantageous in that the production process is simple and undesirable
contamination cccurring in the production process can be avoided
or minimized, as compared with the conventicnal procedure for
providing a partiticned magnetic recording pattern wherein boundazry
reglons—constituting depressions are formed and then the depressions
are filled with a non-magnetic material by a physical procedure and

the surface of the filled regions is smocthed (this conventional



above-mentioned magnetic layer-modifying procedure, the surface

of the magnetic layer is etched only to a slight extent by the

exposure to ion or ion implantation, therefore, there is a slight

height difference the surfaces ofboundary regions and the

surfaces of the magnetic recording regions. It is possible to delete

this slight height difference by filling the boundary regions with

another material and smoothing the filled regions, but this
procgrbegdiireds hot advantaigeods for the game rdasorig for theocedure”
whenabpyesmenttened magnetic layer-modifying procedure. [0012] In

ge@%@lm%é‘x'@ﬁ@%@fﬁdﬂi@%@t&ﬁ%ﬁﬂﬂgr@@c@ﬂymai&aé%_%iE%@éde_ng
reqiBE 1O sogMN. Inthe case when e madnelic fecording,

£ Lal T
pattern comprises elevations consttuting magnetic recor

! . (o] L Ing -
AoV e diBhs ARG UepPEsSions TorSTinG BOUNdary TegiGnst it aSCarsir ©
the ¥higfila fs forfiedcoRtthecagheticore corting Fatterr By theegyposure
to imethod;dheirgsuliing tcarbon thindilm has-anunevenr thicknessieight
di ff@@@p& tﬂ@é@@%@d@@%@%&ﬁ&@y@mﬁw%dm E’ilrtf‘&:e_s of the
magrR2IONS .0t sarbonnin,fim located gnthe denressions are hicke oy
nes T} the bortions of carbiin thin fi lozated on the clevations Il
“ gpFegdr%% that the’ botindaty r%g?ons-constfiftulfﬁ% depréésions

matefage AroUgREned surfate Tormet BSPegpasuietio réadipecdure is
not plasmasgrreactive ion; ordby: iordrrplantation)to which-ageattived
magrkddical dg-easity adhergd. Whem.acarbon thin film is formed

theigggzl?y the CVD method, formation of carbon nucleus occurs

pre erentlalllix in the dePressiops with thet result ofjgrmation of .
thick cArbon Tilm thereon: THIS tendency of forming the carbon” =
requfifif having thitk! pEPRERS onthé BotRtaly FedgioRsedmstithtifgording
pattdepressionssandahivaportionsorethemagaetiegnetic recording
regifegionsicanstivtingelevationsis advaniageous-ealy-fer, prodidingbon

thindfnagneticerecarding mediym having .epbanced sudace, 1y tne cvp

. smo%{mess. 0013] A ]pgoteg_gve carbon overcoat formed .on the
mathod o esultin Za on 1N il Na arn neven T Ckness du@
Stifface of a magnetic recording medium has a function of

O thfevERtiHgtcortosion'e (oxidation) dftheagneft |ajer otediring o2
of celecto Homekamplecmeistoretinetivemisiniadditiorn toprotectigrmofthe
portthenmagnetierrecatdingimediuptfrom contact with-aeheads Thet is
presPfeSERtInVentor,iqund that, when-the protactive,carRon avercoaty  ve
a ro@g@éﬁég tQSrface fermed by exposure to a reactive plasma or
reactive icon, or by ion-implantation, to which a reactive radical
is easily adhered, When a carbon thin film is formed therecon by the
CVD method, formation of carbon nucleus occurs preferentially in
the depressicns with the result of formation of thick carbon film
thereon. This tendency of forming the carbon film having thick
portions on the boundary regions-ceonstituting depressicns and thin
porticns on the magnetic reglons-constituting elevations is
advantagecus only for prodiding e magnetic recording medium having
enhanced surface smocthness,

[0013]

& protective carbon overcoat formed on the surface of a

magnetic recording medium has a function of preventing corrosion



portions on the magnetic recording regions as compared with the

portions on the boundary regions, especially non-magnetic

boundary regions, corrosion occurs at a high rate in the magnetic

recording regions. The researckfof the inventor revealed that this

occurrence of corrosion-:a due to the fact that there is a height

difference between the surface of the portions of protective

carbon overcoat on the magnetic recording regions and the
(oxiggiface) obthe portionse of profectivecatbon oveicodron the example,
moishauadany tegiens, iniaddition i tmthe fact thattthenthicknessrefdie: i ¢
rec&@ﬂ@%&ﬁ@[ﬁpffgeﬂhw% t@?c@rk@é@gi .fe@iQQng%éQ@%@eEm@ﬁtor
sourlf& ROLtIONR thergof on the houndary regions That is, when a, .

protective carbon oﬁercoat as_an uneven thlcaness and the thin
POrLiGhfons thBre8FERE focatet 8h™ t8giors Wiith e 8-y Torfoded!"
por e gotrosiniA Bald e gionse proceeds at o HighTrafe gfpo14] baundary
regiprimarnobjedtof thepresentirivientiontis torprowde:anmagneticording
reg ik@Gordingmediunsvhich-Raseahaneed Fesisiance t0:1C0esioR rence
of <BEEUHING inmagnetic recording regions, in the magneti, Jayer.. o,

et and g)ﬁhlbitSﬁnhancfed environmental [esistance, Meaﬁsbfor .
S EBIinG e ProBieins T00FBI ToLbIve e above-entibnad “eX o3t
on thfoBRFAET Hie redehtiAvERES T st eXienSVe FéSearches g tions
of phasscampletedithe presentinvention. bFlus; im aecoanceéerwittidition
to tikerpresentdrvention: thete arerproyided the followinginagaetiGnetic
recd60/ging mediums (1);thropgh,(8), -the fallowing methods-far, .
. Iprorducm ‘anmagl%%tlg rggor% ng rged!:uorpeggixtfgog%r 12) Vgnd the hae
Domf%%%vi%e ﬁr?a‘gshetic raeco"rd’lng re‘proo%mhg apparatus TS?. f&ﬁf@f
an WA magHeiteFécaring hediam Eomprshd aSagheticlaygiated on
regibavingadnagrietie secordingrpatiern dompeising elevationsid regions
proceeastititing magneticgecording regions and depressions
consfifuting boundary regions for partitioning the magnetic 7
recprding regions, and g continous protective. carban quercoaton,
the n%gn‘gtl .Iayér, cth,arac erlzgé in that portions of %he carbon
ragrgercoattotated divthe matietic récording retfionstonstititing’
corrglsitions of thecmagnetic tayer arethicker tivan pottions-bE thegnetic
laver, and exhibits enhanced environmental resistance.
Means for Scolving the Problems
[0015]

To solve the above-mentioned preobliems, the present inventor

made extensive researches and has completed the present invention.

Thus, in accordance with the present invention, there ars
provided the following magnetic recording mediums (1) through (6},
the following methods for producing a magnetic recording medium (7)
though (12}, and the following magnetic recording/reproducing
apparatus (13).

[0016]

(1) A magnetic recording medium comprising a magnetic laver
having a magnetic recording pattern comprising slevations
constituting magnetic recording regions and depressions

constituting boundary regicns for partitioning the magnetic



carbon overcoat located on the boundary regions-constituting

depressions of the magnetic layer. (2) The magnetic recording

medium as described above in (1), wherein the boundary regions

have modified magnetic charactéristics. (3) The magnetic

recording medium as described above in (1) or (2), wherein

difference in height between the magnetic recording

regions-constituting elevations of the magnetic layer and the
recchodndaryyegionsaconstitytirig depressions ofithe meagreticlayepds on
the Withizthe range-of &hlrusde-9 am. (8011 «(4cthednaghetithe carbon
oveB5Ording medium as described abave inany Qng 911948 cuting

wjgereln dj %Rence in heig t between t e.uE er_surface of the
eleva ons o %ma%netl :T\ger a&e 1C r T anspo¥ ons of the
portions of carbon overcoat located onthe elévations™ of the

CArpR RS Iayer-ahdt e Gppersdifatevhinesgofichs ot tarbon n9
deprgvercoat lotated orthedapressions of the magnetic layer is within
the rangeraf dapreto 4 am-(Bhfhemagneiiasecording sapediunm (1),

whef@%ﬁ@ﬁ%@Q@ﬁéﬁ%%@%E&éﬂ¥r@@@&%&%}y%é%bd%%%ﬁé%ﬁQ@é%%&%!E%ics.
of c on, overcoat located on.the elg\l/%_gonss gf the.macg%%t(i)%q}/gr(l)

have a thf&ir%sqél ?ﬁ: %ﬁerr%%%redlgfglmﬁm 05 nm?fg)rﬁ%% magnetic
or (facofdiig metidnagtiéschbed above My “BR&BFLET t Bj-ordine
regiwhereintié boundasi Yegions Torstititeddy fid cdeprsssions imhe
bourthermagneticdayet areccamprisedefsanoxidel {00B](7IA < layer is

witHnethed forprodycing;a magpetickgcording medium comprising

the § of: forming a magnetic layer having a magnetic

recor ing pattern comprising elevations corlstituting magnetic .
recording tEJiGRSANG HRpTessivhE Eonktifting Bourdary regfons &Y

one fof partitiching theAvagietié Téedrdity regisHs anadermingtae upper

surfeenrtinfious protective crbom-avercoatoen the-anagnetictlaydrvations

of tebaragletzed indhatlthe farmation.ofithe-continlows earban 8¢ carbon

ove EICQaLIS carried guthy, A CVI methad in.a manner sueh. that,; o,
portions of the carbon overcoat located on thé magnetic recording

the rdlishslonstitutig eleVAtions of the magnetic layer are thicker

than“porfiBAS 6PTTE carbRiP6vercoRt1ocated sitthe Butndarys 1n any

one of (1) to {4}, wherein the portions of carbon overcoat located
on the elevations of the magnetic layer have a thickness in the range
of 1 nm to 5 nm.

(0) The magnetic recording medium as described above in any
one of {1} to (5}, wherein the boundary regions constituted by the
depressions in the magnetic layer are comprised of an oxide.

[0G18]

(7} A method for producing a magnetic recording medium
comprising the steps of:

forming a magnetic layer having a magnetic recording pattern
comprising elevatlons constituting magnetic recording regions and
depressions constituting boundary regions for partitioning the
magnetic recording reglons, and

forming a continucus protective carbon overcoat on the
magnetic layer,

characterized in that the formation of the continucus carbon



regions-constituting depressions of the magnetic layer. [0019] (8)

The method for producing a magnetic recording medium as

described above in (7), wherein regions in a continuous magnetic

layer to be formed into the boundary regions are subjected to

ion-milling to form a magnetic recording pattern comprising the

magnetic recording regions-constituting elevations and the

boundary regions-constituting depressions, and then, the
overgeptimsousr preteetvecarboR Byvercoatisformed on tietimdgneticions
of tlayeta(@pthevenethod forqaroducingtasnagaetic: recarding medium
reqidssdesgHbed abaye.in.(8); wherein, ﬁéeﬁé!@%éé% atfarmatian:@f cier

manth?gorrpagpetlcﬁ ayer havgl ama dggeth ﬂecordlgg ODal;tgrn undar
comp rlsmg t%e magnetic recor ing regions- constltutlng elevatlo S

“eIIgRA the ﬁnﬁﬂaﬁ?gréﬂ&%ﬁ?%ﬂ%ﬁt&ﬁw e preaTng by isremilling

the ’¢gi8hs in a continuous magnetic layer, but prior to the step of

formationtof rthetprotective carbonovercgat;ta stepcof-modifyingi un as
desdhe-magnetic characteristiceof the boundary regionsi is.caried out: ; -
:Layel}y £xpgsingthe ion:milled @éﬂ?}%@’yreﬁ%@“&@ Qﬁg%ﬂﬁﬁee@cae%“

?reactlve %On orb conductmﬁg ion-m antatlon in th e . h
Lo iBn-milléd BouRdary FEGIGRs. 10026 L0) ATRE6R for Protiiciig -
ma@"n&Tﬁﬁ&ﬁéﬁé%é@rﬁﬁ@%éd@ﬁ}ﬁMﬁp%%ﬁﬁ@“feﬂ%\ﬁnﬁ@ds’f@ﬁsbwdﬂy
regithreughné} whichrarelearded: out indhis order: (&)formingraious
proteRAtitdosMagnetc ayer on asurface of ennendnagneticayer.

subsir at%h@%&%ﬁ‘Q&@?%EJQXQUQ%%%DQc_a@@89@1'&; medium as
N or%mg attern on the ma netic layer; (c) subjecting the mask
©STayerto pattertin 2; (d) suebje ctihg’ %o ion- mllfng régions o be -

mag“%‘ifﬁi‘eéﬁﬁﬁd‘ BetRdary F@@Bﬁ%%rf&&ﬁﬁﬁiﬁ}ﬁgpﬁﬁg%%@?@%%&&@ the
magriggions i thien magmietics layers Witile: the aiasike tayersrendains bpundary
regithesregions ta.bendormetkktodhe magnetie recording.rFegionsens in a

cont WH%GQYK%@Y@%@J‘SL%&P”%LM'Bgltl%? ‘E@%%“%E%%@”Qoﬂ‘%&!@@én of
and deC@ressmns constltutlng the boundary reg dc__)Lr%s are fc med in

che e magnetic Tayer: (e) removirig the mask layer: and then, f)m‘—’lcmetlc
Cha%mﬁﬁg%yﬁéwlaﬂ?eﬂ%a%wﬁﬁfﬁks pr%t@@ﬁvéeéja%noy bixposing

the ion-milled boundary regions to a reactive plasma or a reactive
ion, or by conducting ion-implantation in the ilon-milled boundary
regions.

[0020]

(10) A method for producing a magnetic recording medium
comprising the following steps {(a) through () which are carried
out in this crder:

(a) forming a continuous magnetic layer on a surface of a
non-magnetic substrate;

(b) forming a mask layer for forming a magnetic recording
pattern on the magnetic layer;

{c) subjecting the mask layer to patterning;

(d) subjecting, to lon~milling, regions to be formed into
boundary regions for partiticning magnetic recording regions in the
magnetic layer, while the mask layer remains on the regions to be

formed into the magnetic recording regions, whereby elevations



overcoat on the magnetic layer, in a manner such that portions of

the carbon overcoat located on the magnetic recording

regions-constituting elevations of magnetic layer are thicker than

portions of the carbon overcoat I1&cated on the boundary

regions-constituting depressions of magnetic layer. "0021] (11)

The method for producing a magnetic recording medium as

described above in (10), which further comprises a step of
consmodifying thecmagmetic chagacteristics of thesbeunddep regions: of
consMagnatic layerpafterdhe ien-millingrstep £d} butpriar tethemasksyer;

layerremaving.step, (e), herein.the ionrmilled boundary regions

are expased 1o a Jeactivg plasma or aleadiive lon, orjon, . ., .,

imp(lahtatlc‘)jh"is%aryied Ut in the [on-mlﬁéajbdluhlaa?y reglonls"fe‘ca o
oVeNeRIB2 PAL Y THEATEthbd féiSroddeint Bemagnétictetording rtions of
the gradiom cas destribeddbovein (10) vrqld) iwhersincthe
regicoBtBuousiprotect e SarbDmevercoairsitch thaypodteonsiofdher than
por=GaFon pvereoal located-ondhe magnetic facordingt ndary

.-regions-c n%tit_utin glevations of n}a%netic Iagei are thicker than
regio TCOI’IS(%J_ ULlﬂlf e%resszaonﬁ O éxgneﬁ% aa/e&. .
portions of the carbon overcoat located on the boundary regions

coriré)t%%ihg depressions of magnetic layer is formed in the
proteétivel&ar s bvereoatPfnding Step 1Hbytadoptingraling medium
as dprocedure setectetHfront theWbllowingprocedures-flde {24 ancb Bt

nodilE) & precedure L forming the protective carban overeaat bye @ ons of
macreVD method while a bias volta %js im@oseg 0.the substrate in
magnstic taver, a +the Ton rm% inhg ste 1 TI0r Lo the mask
the protéﬁctlve carbon overcoat- ormrcrﬁg‘st p ?fi ?ﬁ g procedure oft,“
LayesonduttingFioR=pldhtatidi it the HaghBtic™+ , to ﬁf@l@gﬁaﬁsr&ﬁam
are fgpdemdatysretfionsinthelarbagnetic layerdRErtiemask 1on-
impliayerremoving step{e) dut priorttethedonhation tof theésprotestivens .
carpgmvovercoat in the step (f), and [3] a procedure of conducting

ionziﬁma%@éi%m&e@995@5&5%%@%5%%%_%%%%%gcmdm

- clayer while the mask remaine an the_baundary fegion n -

Maghatic Tayer after the Mask tay&rFemoving 10 stap ey B pRsrve
carbgkETafmatioT 6 thedsrdtectiver cafbol Bvérctat in the Stép (frcated
on tiwherepythe-magretic re cording regions- aretrgugkered! [0023p 1
magnetic layer are thicker thar porticns of the carbon overcoat
located on the boundary regions-constituting depressions of magnetic
layer 1s formed in the protective carbeon overcoat- forming step (f)
by adopting a procedure selected from the following procedures [17],
[2] and {3]:

{1] a procedure of forming the protective carbon overcoat by
a CVD method while a bias voltage is imposed to the substrate in
the protective carbon overcoat-forming step (£},

[Z] a procedure of conducting ioen-implantation in the magnetic
recording regions and the boundary regions in the magnetic layer
after the mask layer-removing step (e) but pricr toe the formation
of the protective carbon overcoat in the step (f), and

[3] a procedure of conducting ion~implantation in the magnetic
recording regions in magnetic layer while the mask remains on the

boundary regicns in magnetic layer after the mask layer-removing



(13) A magnetic recording/reproducing apparatus characterized

by comprising, in combination, the magnetic recording medium as

described above in any one of (1) to (6) , or the magnetic

recording medium produced by ¥#8e method as described above in

any one of (7) to (12) ; 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
stePmeving e magiretice Heaadn @reldtivecrnotiontoltrfe maagpetigercoat
in trecarding medivm: sed atitecording:iand<epraduging signal are
rough€ating means for inputting signal to the magnetic head and for

repfgggging output signal from the magnetic head. Effect of the

Invgntion [0024] The magnetic recording medium according to the

preSent ifvBRTIOR' S CHErACIRHZ &G 88 Hatifig ehRERREY Fesistance
cha gy @56 SIbR0ECTATARG A agnetitretortiny feyicrsisthe recording
redimagreties fayerdand@exhibitiagyenhandced lenvicotdnental the magnetic
recciesistanea Lnder Migh-tempearature anckhigh-iumidite gonditians, any
one 41§ Magnetic, 1 %Caﬂ@ﬂqg‘%9%89%?&9,&%"%&%%‘%{?8@%@ming

. roducti\gtyp thewm\ethcg), of the present invention. Brie L
=<5 hiciibh 16 DFSWINGS T0025] Fig 1 Sedliihal vy 15179 2
recofigstrating alammate stitture vithe Firaghetic rBesrding Matanetic
headatcording ta the present inverittomafFigt 2dsafovwtsheetdfithe and a
recdhitstrhplf stepsdpamethad farpradueing aryagnetic FrREOrdIRA ting
s: griedivm:aceording: 1o fhe present invention. Fig,, 3 s a.flowssheet, .,

of the §eco£1d-half steps in a method for producing a magnetic

the magnetic head. . . ? : .
re {[dTng médium according to the present invention. Fig. 4 is a
£ . ~§- 1

schdrtic Mbst2aionbEthe Magnetic recording-reproducing

appéaratds according to the present invention. 11 Reference

numeratsidO26] i fgdind Gl:Magnetieseaordingregionresent
invelleyvation) -200.Boupdary region(depressioiles resistance to
corrosicn occurring in magnetic recording regions in the magnetic
layer, and exhibiting enhanced envirconmental resistance under
high-temperature and high-humidity conditions. The magnetic
reccrding medium can be produced with high productivity by the method

of the present invention.

Brief Description of the Drawings

[0025]

Fig. 1 is a secticnal view 1llustrating a laminate structure
of the magnhetic recording medium according to the present Invantion,

Fig. 2 is a flow-sheet cof the first-half steps in a method
for producing a magnetic recording medium according to the present
invention.

Fig., 3 is a flow~sheet of the second-half steps in a method
for producing a magnetic reccrding medium according to the present
invention.

Fig. 4 is a schematic illustration of the magnetic

recording-reproducing apparatus according to the present invention.



300 Protective carbon overcoat 400 Difference in height between
elevation and depression 500 Thickness of portions of carbon
overcoat located on magnetic recording regions 600 Thickness of
portions of carbon overcoat located on boundary regions 700
Difference in height between upper surface of portions of carbon
overcoat located on magnetic recording regions and upper
surface of portions of carbon overcoat located on boundary
rediSn&~ it Big "o%d Hg. 3, 1 Non-magnetic substrate 2
Magisticl layer 3 Mask layer 4 Resist layer 5 Stamp 6 Milling ion
7 Regipnsfrom which surface layer portion of magnetic layer has
been patially.removed.d Pepth.in region from-whigh surface layer
por}llé)@ ogomagangtlcr nggr h@g@bgggs%gqally removed, i.e.,
thickness of removed-surtace ?ayer portion of magnetic layer. 8

DepPéssidiT i resi&t IagerForiéd tyPpressing 9 Protective

over¢vati0Reactiveiplasmalor feziotihanion-siEiaen gas IAsFige s ion

30 Magnetic-rercrding meiunn 3L Magnetic head32- located on
magnBecordingsreproducing.signal system 33 Head-driving part 34

Medigm-arivipgartd2 BestMode for carying,QuLihe nvenvion o,
[00 II?T e magnetic re€or Ing medium according to the present
OUnR ST CBRiprises a magnetic layer having a magnetic recording
pattéfh corprisiigelevatiohs Eopstititng aghetic Fecerdingortions
of ctegionsand-depriéssionsi constityitig: boundaryiregions fors and upper
surface of portiong of carbon overcoat located on boundary regions
In ¥ig. 2 and Fig. 3,
Non-magnetic substrate
Magnetic laver

1
2
3 Mask layer
4 Resist layer
5 Stamp
& Milling ion

7 Region from which surface layer portion of magnetic layer
has been partially removed

d Depth inregion fremwhich surface layer portion of magnetic
layer has been partially removed, 1.e., thickness of removed surface
laver portion of magnetic layer.

8 Depression in resist laver, formed by pressing

9 Protective overccat

10 Reactive plasma or reactive ion

11 Inert gas

In Fig. 4,

30 Magnetic reccrding medium

31 Magnetic head

32 Recording-reproducing signal system

33 Head-driving part

34 Medium~cdriving part



partitioning the magnetic recording regions, and a continuous
protective carbon overcoat on the magnetic layer, and
characterized in that portions of the carbon overcoat located on
the magnetic recording regionsi¢onstituting elevations of the
magnetic layer are thicker than portions of the carbon overcoat
located on the boundary regions-constituting depressions of the
magnetic layer. The above-mentioned boundary regions in the
magnetic ¥eyer Mprefefablythave inodified thaghetiercharacteristics.
Moreospecifically, the boundary regions are preferably

nommagnetized. armagnelizationyedyced-ragions; [0028] - Asn -

iny (elrllgftogatgg |an| ) 4 1(a) in the mai% netic record| g mediu {nc recording
ordin mro t]h resen?mvenﬂonyﬁﬁ attler%ed mg ch layer

pat tﬁ&§ é%@@ﬁﬁbﬁénﬁoﬁ CORHHEER gcﬁ%?&ﬁéﬁé %880?@1%5@@ oﬁ%céiﬁﬂmg
regigapressiotsr200 comstituting: bouhdaryaegichs forpakttionfng the
partmagnetic reaerding regions:dhe elevations:and ihe depressionsus
pro*@@c lf%rﬁgng %%QEQQH r@ﬂaf}%i %@M@EQ@ Hgygg_f emgrQMteri zed

in t|]gl)n m|II| or |on |r£%d|at|nl%or ion- |mcplatnt|p t eg,urfa%(?1 agnetic
regio so ﬁ1e contlnuous magnetlc]iayer to ormed into tﬁ

o ecaﬁB&ﬁ%&r“iPﬁé’éﬁ% SO thedase %%Walﬁfﬁeﬁlvg%ﬁ%ﬁ%&%’% are
thic3eo g fermed: om thefniagretiefayer witly tielcleviatibas ahd tendary

regidepressions; fior rexamplesbyca PVD (playsiegheapor deposition)
meﬂ&@aﬂ&%@ﬁ@ﬁ%n‘é@%@@f@%@%@nﬁppﬁéx&ﬂé@??éﬁc layer
pre Iﬁ@!;!i%im 'Cknﬁ%é Oé’erdthn?ag%!&’ﬂg%hrence o &.depressions. as

ustrated in Fig %&Eus the At between the
SDeiper sHHtads of e BrtbrE B A0 o%%%é?%&éaféd‘dﬂaﬁ{@t*md

or TElERticHs P aghetiedayer i -the upper surface of the portions
of darlyan overcoat located on the depressions of magnetic layer

(i.ensthe depth-etthepertions af carber-oveseeat en-the rding medium
accod%%%s%'é?%%08):&%%P@M@E@%th%é%%t@ééﬁsdd W&gﬁ&&&'%y@v

has e;gva:[tlz%twe%% thei;e'ﬁe%’a%{?tns anc de@%?%s'onso¥ -

ernea magnetc layer J[B%Z@]‘?Pa protec Iive caroon V(E!I’CO&F1
deor@@é%%&érﬁ?@d%%ﬁé%aﬂ?ﬁéﬁ@%&%@%ﬁgﬂﬁ@%lé%t%é‘ﬁbofﬁé‘g the
rmagrgepressionstbycthre commntiBnale BVBtmethodithié sebultingsions are
forrearkon ouereeatihas an uneyenthickness.cgjuedo thesbphayiosof
ionJ$Eﬁg%ﬁ@,”5¥h99n115§£§ig%§$§"39r%bgtﬂﬁilanting the surface in
regions of the continuous magnetic layer to be formed into the
boundary regions.

In the case when a protective carbon overcoat 300 is formed
on the magnetic layer with the elevations and the depressions, for
example, by a PVD (physical vapor deposition) method, the resulting
carpeon overcoalt has an approximately uniform thickness over the
elevations and the depressions as illustrated in Fig. 1{a). Thus,
the difference in height between the upper surface of the portions
of carbon overcoat located on the eievations of magnetic layer and
the upper surface cf the portions of carbon overcoat located on the
depressicons of magnetic layer (i.e., the depth of the portions of
carbon overcoat on the depressions 200) 1s approximately the same
as the difference in height between the elevations and depressions



carbon overcoat on the depressions formed by, for example, ion
implantation, are thicker than the portions of the carbon overcoat
on the elevations for which ion-implantation has not been
conducted, as illustrated in Fig.iE(b). It is presumed that the
regions for which ion-implantation has been conducted have a
roughened surface (i.e., minute protrusions and depressions are
formed on the surface thereof), and the roughened surface

of texhibiteenharicethadhesionavea-reactive radical, and carbon
nucleuses are preferentially produced on the roughened surface

in 5@%59&%&%@%%%%Ht%é?@o%%f%@@% Qf%ﬁn@érég%ﬁé/%{&&?éuc
on the ion- |mepllantetd regions are tzdcker than_th rtlons of th

¢ayer eg |0n lQFhI%% ne COHV ﬂ%l@l’lal

car on overcoat on he non- etche avior

CVD ferhhinig atégrbﬁﬁw\‘elreaa?%@ﬁ%ﬁlﬁ%tﬁ%ﬁn@w@&%f%ﬂ@@SS
due for provigimy achagnéetie fECondine rmhediivathaving e smobtisnanef the
cartfat sufaces {0030} nHowever theresearchesosmade byetheypresentn
mpligla/@m%ﬁevg@ée%mgyvmt rePerians.Af RretectivescaoRve rocat:
on u‘?é’%rcé’v%tt‘)%@ &QEtIQbLE%COE%EQ £gions %fﬁe thin ér}%etr‘;‘%%ﬁ!}ucted
ortlons Hprotectlve carbon overcoat on the boun ary regions,

as lé%ﬁéEiéﬁE? H-maghetizEd or%a%g*n@ﬁ?&ﬁﬁﬁdreﬁt?&e&*b%&ﬁ&éﬁ}“s for
whicfegiomsirerBotnEaP) retfiorRSeoRipFisEdof Y ©)ides EorrosibF oftace
(1.«hemagnetic tayerstends 40dodeprcat anrenhancedratedn the surface

t her@Rgneticecording segions sitis presumed; that thisCRUOSIPR=10n to
a reEHIZ fr%%al%edﬁollg%@%gggg%%ﬁ_@é the protectv ‘?1@&599{9 produced

overcoat is thin |n the gOFtIOﬂS on the magnetic record |ng6 10Nns.

On S B e TS T B GfreFerice in hickiess - Batween tHe Fheons
of tme%m@éw&%%‘?@ér?ﬁ\ié}%é@%h%%%n@%?@éoﬁ*ﬂﬁw&‘%ﬂ?@ﬁsthan
the amdthepordiohs thereof ondhechoundany negierisiEhus;ahen.théhis
behzGarbon overepathas anbpeventhiskness-andn isthinein e ckness is

preA20iQRS.Qf carbonQvercqat on.an.easily. GOHORNG; RAGNEUE o smoctn

rplaterlal C}Pe corrosion of the magnetic material proceeds af an

and en %mscLér Fate: 14 00 311 As illustrated in Fig. 1(c) which shows a

crosSCséction vertical to the major surface of the magnetic
recérding:medignicaceording tothe present irveritionytheor revealed
thatinagpetic.dayerhas a sragretic rrecording-paitern-with elevatiens et ic

recor80:£ONSHttNG.the magnetic recording regions and-depressions on

owre;%ggtc%n?tl “t”lgoth%gro#”ge%r ons, especially non-magnetized or

magnetlzation~reduced boundary regions, or boundary regions
comprised of an oxide, corrosicn of the magnetic laver tends to occur
at an enhanced rate in the magnetic recording regions. It is presumed
that this corrosion cccurs for the following reasons. First, the
protective carbon overcoat iz thin in the portions on the magnetic
recording regions. Seceond, there is a difference in thickness
between the portions of the protective carbon overcost on the
magnetic recording regions and the portions thereof on the boundary
regilons. Thus, when the carbon overcoat has an uneven thickness and
is thin in the portions of carbon covercoat on an easily corrosive
magnetic material, the corrosicn of the magnetic material proceeds

at an enhanced rate.



regions. The protective carbon overcoat formed on the magnetic
layer is characterized as having thick portions 500 located on the
magnetic recording regions-constituting elevations 100 of
magnetic layer and thin portion$ %00 located on the boundary
regions-constituting depressions 200 of magnetic layer. The
difference 400 in height between the magnetic recording
regions-constituting elevations 100 of the magnetic layer and the
bounidary regions-constituting depressions 200 of the magnetic
layer is:preferabbuwithimthe range of O3 nMA:9n0.ThE section

verﬂéffre@&et%hﬁg%wggp%%e%@ theupper surface of the  thigk 1 .,

acco@glllons of carbon overcoat Ié)cateq}?n the eIevaHons 100 of netic
ﬁgetlc Ta Vet and the up up er ‘Stirface of the ﬁun o¥t|ons &f carbon

feCOé@éFéb&ﬁl‘b%éd‘”&ﬁ‘?h81cfé’61fé§§i*8n§%6?i?srﬁébﬁ%7tf&;@|a% %ag“em
recopreferabfowitiinahe réegeof dorim 160 GanstThetthick portionsndfry
regicadiontovercoat tacated-onihe elevatons ohaagnetietayert ic layer

is cmgy@g@lm@@sﬂv%gmmﬂ@r@m @Eé M 105 M tﬁ@%&@!{btlc
undar lons constl ituted by.the ns of magr netl

recor% e¥re StL ﬁ%ln levagggre ? and
referably have a thickness in the range ' of Hfo 2 5]
Wéﬁ Jtﬁ%spﬁ%cni?‘éa&fl%d?%%‘?c%wﬁ?ﬁé’ rﬁﬁahé‘fr% Fé&“&ﬂiﬁ&tmg
dep*ﬁmem hagdthe abovesrientiored-feature of thickness, the
corrasiafl rriesistarnce ©f the nagheticaecstdingdegionstin@ recording
regi@?@%%%%@)&%&iﬁ&%ﬁ@%@%@@dlU@ed‘ﬁaﬂ'{@%é%%@nﬂaﬁ}@dm the
hibits im roved nvironme tal resistance,.es aII enh ance
boundar CP ec % 8 %’O% (%eﬁ ¥}1
corrbsion resistance under |gT‘Ptemperature an |§h Gmidit y
s pEghaftHy. Themhagnstic ¥eording meditimhas Ehigh magnetic
recbrdifgdensingcant tsiivatd ' diskdimrsexhibitsipaprovedoce of the
thiclloatability: ofahagnetic headcand theanagneticrecoldirg inedidmlt of
nagr@Xhibits excellent eleciomagnetic-conversion charastersticss 1o rhon
ove €, POTIONS OF carhon, 02!5#398@&9&1@92 S%a%ﬂeﬂggﬁgpig'”%yer is

regions-constituting elevations of ma neti Ig%er havet e same
preffgaﬁ%k‘ﬁje%}él st %t ot'the Fortiond o%‘ Carboh overdoat ort theo s -1ems
of Hebifdaryeregivns-epnsttutify depressisns sFmagetie /e, Laver
refevehlwhenvthe productien conditonsrgkadnhdgneticrécording’he thin
bouniediuraarenvaried-enhlyntesa sliohexient=the thicknesses of the: ayer
pre 52N Qyercoats areofien notuniform and.ihe magnetic 4 .
recording mediums tend to exhibit different environmental

resistarices.
When the protective carbon overcoat in the magnetic recording

ayer

medium has the above-mentioned feature of thickness, the corrosicn
resistance of the magnetic recording regions in a magnetic layer
is enhanced, and the magnetic recording medium exhibits improved
environmental resistance, especizally enhanced corrosion resistance
under high-temperature and high-humidity conditions. The magnetic
recording medium has a high magnetic recerding density, and its hazd
disk drive exhibits lmproved fleoatability of magnetic head, and the
magnetic recording medium exhibits excellent electromagnetic
conversion characteristics.

If the portions of carbon overcoat on the magnetic reccrding

regions-conzstituting elevations of magnetic layer have the same



[0033] In the magnetic recording medium according to the present

invention, the boundary regions constituted by the depressions in

the magnetic layer are preferably comprised of a non-magnetic

material, especially a non-magnetic material comprised of an

oxide. The oxide can be produced, for example, by exposing a

magnetic material to oxidative reactive plasma. When the portions

of carbon overcoat on the magnetic recording regions-constituting
thicglevationstokmagrieticayerare thickertharvihatwsitie porionsndary
regioheathorQvercoad erthehoundary regionsteonsiitulingven when the
srocdepressions of magnetic layer. as. indhe. magnetic srecording; o on1y
to a TEQIUM Ol the prese Qﬁ”&’z&%%%g‘%‘? B%SS'QJ:%J*‘ atthe boundary - ..
; reg_lgns are corfoded. However, When ecbounaar regions are
net CHmsHSed st & ortivaGetic hatétal eSpecialy neRcniayfetid >t
diffgyateriatcorprisedtof ansxidethesboundary regions are not

corrodedjor corroded only to a very slight extent. The

non-magnefic.axide-is-in-capable f being.oxidized any,mere aRdent

invell® §Qrrosion. dags not occur, (00341, The method for producind, s 1
the magnetic record?{g m%dlum accord'ln_g to the prese

the iiRiEitionT cOMipriseEthe Step<bt fofiny & aghetic 8y erHAhG”
nateg FRagietic reebrding patBaYcOMprising: elevations eedstituting=ice.
The maghketienebergingiregionsfand«depesssions espstifuting magnetic
natcROUNdary Jegians for pastiioning themagnetic recording regions;
a”%ﬁ%mﬁ‘g a.gentinuays protective carbon, overcoatonthe . o gy

.magnetic layer havin magnetlc recor reglons-constitutin

din
regl&fé%‘%%i’?&“’%\%t%%nega?r‘izafelé%ﬁsqfo%@?ﬁﬁgca% BEEORST it = =han
thatcharaderzed i tfabthe fofatisn ereie contifitotisEaibon
regiovercoatisitatried oitdyeasCMd méthedira marer such thathe
magrROEioRs Qfihe garbomaverceat locatad,on themagnetic: recerdingn e
that/€QI0RS;CONSNIYNING glevations, of (ne magnetic layer,are 18, pounqary

thicker than nportlong of the carbon overcoat located on the .
regions care [ ) I13e of %1 mon—dna netic matﬁﬁla ,  @spec all'y
botindary reglons-constl uting depressions of the magrnetic Tayer.

nOnToUBE)- 4R fe-above-ABREoRet Methodd Procedtiredsprafarapiions
are adopted whereipregionsdnca cortinwous magneticdayertodse . The
non-fermed : inte:the-boundary segices aressubjecteddozien-millingt@, andg
the Egg}é%ion does niot occur,

[0034]

The method for producing the magnetic recording medium
according to the present invention comprises the steps of forming
a magnetic layer having a magnetic reccrding pattern comprising
alevations constituting magnetic recording regions and depressions
constituting boundary regions for partitioning the magnetic
reccrding regions; and forming a continuous protective carbon
overcoat on the magnetic layer having magnetic recording
reglons-constituting elevations and boundary reglons-forming
depregsions; and is characterized in that the formation of the
continuous carbon overcoat 1s carried out by a CVD method in a manner
such that portions of the carbon overceoat located cn the magnetic

recording regions-constituting elevaticns of the magnetic layer are



magnetic recording pattern comprising the magnetic recording

regions-constituting elevations and the boundary regions-

constituting depressions, and then, the continuous protective

carbon overcoat is formed on tHé magnetic layer. In the

above-mentioned procedure, it is preferable that, after the step of

formation of the magnetic layer having a magnetic recording

pattern comprising the magnetic recording regions-constituting
thicglevationscantithresbolhbaryerdgiorsceonstituting depressisnscbpdary
regiiom:mibing the reqipns i aseantinuetis: inagpeatictlayer abat prior to

the stefpsof formation of the protective carbon overcoat, a step of

modifying the magnetic, cnarpcteristis of the boundary regions Js,

carried"out.%y exposing the |on-mﬂﬁad boﬁﬁaary regionsfoa Y
Aot IE PHAEMADPA TedtiveTon: B by Bofdticting 3ver to e formed
intqorRimpramddion irtheiconanilcdborridarytregionstibo3e] Moreorm a
magrspecificatlyr shemmagneticrecarding imeditm acgoeding tedheiing
regil%%@ﬁ’ﬁiﬁ&%&%ﬂé%ﬁ%@%@%%ﬂ%E!_ﬂf?@&@ymPQ§EQ91éhe
cons 'IPM%'E%S&SB%@£Q£89%%QP{QH?'Fr%%&ﬁ{ﬂﬁgo%‘é%%%%%%réarbon

aj) forming a continuous magnetic layer on a surface of a
VeGSR ImEgHetiC SibStrata® (B fofrhirg aiask 'layer for forming a

magnétie FECORITAg" et BrPiisimiagristicT ayeE ey stbjécting fter
the theemask fayerto pattefning; (d)csubjectingydo ibavmilling,regiensc
recdfibedfopmed ito-houndansregionsfef-patitianipg-magnetic
regGE0rdiNg regions in the, magnetic laver, while the mask layer.

_remains on the regions to be formed into the magnetic recording
con NS WHEREB; VAN “EoRistig fite THSQREC Tetording -
magnRigiens dftl deprédsiBhs- CoARSLHRE the Boahdary tegivhs &resctive
cartformedindhe, magneticdayer ey iemaoviagrtheriask tayegandistics
of cthemo(fhiermingdy-aLVD methed a-continuoys prateetive carbon 1.4
boum&grgv%@;%Q%@%%%%H%%%éﬂaaﬂaQnEé%@%Hﬁm&“ﬁy

of the carbon OVfI‘CQat located n the mag| ?tlc I'ECOI‘%IFI .
conductin 10nNn— arn TL1ON 1N % e 1LOolN— f# ad OLL = ¥ 1OoNs.
reglon%-constllpﬁlng elevations o magnetic layer are thicker than

por{i%[ﬁ%@éf the carbon overcoat located on the boundary

regions-constitbiing depréssiorsog magheticdayer. [BOBYN according
to the present invention can be produced by a method comprising the
following steps (a) through (f) which are carried cut in this order:

{a} forming a continuous magnetic layer on a surface of a
non-magnetic substrate;

(b) forming a mask layer for forming a magnetic recording
pattern on the magnetic lavyer;

(c) subijecting the mask layer to patterning;

{d} subjecting, to ion-milling, regions to be formed into
boundary reglons for partitioning magnetic recording regions in the
magnetic layer, while the mask laver remains on the regions to be
formed into the magnetic recording regions, whereby elevations
constituting the magnetic recording regicns and depressions
censtituting the boundary regions are formed in the magnetic layer;

{e} removing the mask layer; and then,

(f) forming by a CVD method a continuous protective carbon



In a preferred embodiment, the above-mentioned method for

producing the magnetic recording medium further comprises a

step of modifying the magnetic characteristics of the boundary

regions of magnetic layer, afterlthe ion-milling step (d) but prior to

the mask-removing step (e), wherein the ion-milled boundary

regions are exposed to a reactive plasma or a reactive ion, or ion-

implantation is carried out in the ion-milled boundary regions.
over[gE38PTheToRInadUS proteetivecarishsvertaet sidt that t1ons of
the pertians cotthegarbersovdrecoatlocatedrert the maagméticirecording
regifEIONS-cONstitutingeleyations:ob MagneHc layer aresthicker #tan than
porcROHIONS of thec%%?qn Quereoat lacated gnthe houndany., .

regions-constituting ressions of a netlc Iayer can be %;ormed
?egl?f’ﬁé:%%%tﬁ’féﬁﬁoﬁ protective car I overcoat t6rming step

(f) ByPadopting a procedure selected from the following

proceduresik rf2ldand{8} itrtheselproteduressthecforthawdhof for
procthe 6arban eyereeat is-easiiee-ouiby akcR-methodotdlases a step

ot rRUGEANEP IJorming. e pralective carban eveisRatB: @Y Deg: ons
method V\{thle a bias voI e |s |m ( ijed to the 5%3?”@“@ inthe ...

of ma net aﬂ:e ing

ctive Sarbon overco formln

posing abias
maskvé@@@éﬁ%@tﬁé%&traﬂéh%fﬁ%m%edﬁ * 1 5 @gebeaﬁééﬁ%fd’t%%“ are
expcthimagnetieTedions-sonstituting elevationsof magasticilayesntation
is Conseguently theradical-density indhedeleyatiansissenhanced

an Q k protective carbon overcoat is formed on the

e|e¥gtlons £91%§)9L atpr Cevdeuéeqi]: aft%rég]c%m:agk% that portions
Iayer removing s epp ormatlon of the protective

prior to

of t@&r%%%r%%ﬁ?i‘ﬁi@?@ﬁ?ﬁ Wi R 6T-im iSRRI the

regimeagnetic recokding sregionsardthaboitiddary tegioAsmithecker than

portnaghetic tayer; felowes; <y farmation efiacproteetive.caroon

regl%\é%rf&ﬁ{&x@;%\@ mstheds In thisprocedurs {21 dgarimplantationrmed

in eRCNGAIRA N 00I A5 oLihe egneliseoatdingreglons And S )
the

oundary reg |ons |n ma netlc I%}/er therefore, radical i

by 25GHEHER BSOS M- SSRGS SAG At oosdres 111,
[2] @onAseyuently, Wt aoprotedtivescalbon TovercoarisTorried Byrac
overCYD: methed raathifotmiplasndis produted within a chamber,

but, the plastadsneagret tethedmagnetic: segionRs-constitWingcoat by
a C\%]evgtﬁﬂoné m1 Qéo th&g%uggﬂ)ééggk%ﬁmposed to the substrate in
the protective carbon overccat~forming step {£). By lmposing abias
veltage to the substrate, a plasma can easily be concentrated to
the magnetic regions-constituting elevations of magnetic layer.
Consequently the radical density in the elevations is enhanced and
a thick protective carbon overcoat is formed on the elevations.

[0032]

[2] a procedurs of, after the mask layer-removing step (e)
but prior to the formation of the protective carbon overcoat in the
step (f), conducting ion-implantation in the magnetic recording
regions and the boundary reglons in the magnetic layer, followed
by formaticn of a protective carbon overccat by a CVD method.

in this procedure [2], lon-implantation is conducted in both



constituting depressions. Therefore, the rate of formation of
carbon overcoat on the elevations is higher than that on the
depressions. [3] a procedure of conducting ion-implantation in the
magnetic recording regions of magnetic layer while a mask
remains on the boundary regions of magnetic layer, after the
ion-milling step (d) for forming the magnetic regions-constituting
elevations and the boundary regions-constituting depressions,
of thadweisbtteedingdhask dayersemovinee skep(eyr butgerionto thethe
nagriormatien«f thenpretective carbon overegakirethe stepdf), regions at
subs\efmggy@@g@%%@%&%cor@msers@é@%@r%@w&m@mIéarbop

Overgoa%eq%r%L% tge surfagg of theh netlc re cord| (% Jegion ro deced
comes more rouéh thant e surface oL% %he Bo&] ary re |o

W*thTﬁe"flefbbl%ml?ﬁaicQ‘i radhérét 15 e Mgt r%%o?ﬁﬁ&?@gﬁﬁiéj at
regignseniantétuiatey antbine iatesof fermatiorn o fsaibér sverssaren
consthie etavatiolagis dighet tharnthatfondhetdepressiarts. f0640]i dhex £

carpMethed-forprodueing a magpeticrecording snedium ageerding:ie

deprteps?% resent invention will be described in detail and step by step

in the_production process with reference to rig. 2 and F§%1 3, which

|||uét°fét%%ﬁSW%ﬁ%SF&Pfﬁ%“ﬁ@t%aﬁF&téﬂ%%tﬁtﬁSW It BE ghs e
recogeépadRalt tepst rasgeetively dithemethot TEE protlieing the the
ourmagnetigirecordingamedium of the, present imventionmnidl typigattep (d)
for @%ample ehthe.magneticrecording medium:afthe: presetns ang the

bourJBYE] %%'E}ﬂ%ss aégufﬂ@@é@f ﬂ&u&&%ﬁ?egg%%s'%Qldf%g)@m!?!e%d@w mask
non-magnetic. su strat%asotma net tlcgun erl agfn formed on t

Layed hSiate A ntermetiate Ryarformett o tha" Spiotestive

agnehc

carbGRderayeraa magheticiayer! hévmg Ffagistic paffsn. @ recording
regiprotectiver carboredverépat formedboactiveemagneticdayer fand an the
magridppermasi-Hibricapt layer ddeweverdayersotherthantthe surface of

the B&Eh&é@%%b%o%bs”ﬂﬁér&%f‘%a%ﬂi%ﬁﬁé anddheprotective gnetic

_ecor%rbon ovejfgpgt a}tg f_lare n ess ntlaJ but C}Pdgll_ogal in Iche n;agg%t{{gtlon
recordin fum of 'the pr presen invertion. Therefore, the laye

ot Cﬁﬁ%é?ﬁk%‘f?ﬂ?@%oﬂ“nﬁ&n&f@‘éﬁﬁ%?&?e*f ﬂ‘réfh?égﬁ@ﬁﬁ Iéﬁ}@r 291"l the
deprandihesprotective carbon overcoat 9 are not illustrated in Fig. 2
and #igo3. [0041] The non-magnetic substrate 1 used in the

preﬁ?@ﬁg{%im@& producing amagnetic recording medium according
to the present invention will be described in detail and step by
step in the production preocess with reference to Fig. Z and Fig.
3, which illustrate a flow-sheet of the first-half steps and a
flow-sheet of the second-half steps, respectively, in the method
for producing the magnetic recording medium of the present invention.

L typical example of the magnetic recording medium of the

present invention has amultilayer structure comprising, for example,
a non-magnetic substrate, a soft magnetic underlayer formed on the
substrate, an intermediate layer formed on the soft magnetic
underlayer, amagnetic layer having a magnetic pattern, a protective
carbon overcoat formed on the magnetic layer, and an uppermost
lubricant layer. However, lavers other than the non-magnetic

substrate, the magnetic layer and the protective carbon overcoat



is not particularly limited, and, as specific examples thereof, there
can be mentioned aluminum alloy substrates predominantly
comprised of aluminum such as, for example, an Al-Mg alloy
substrate; and substrates madeé f ordinary soda glass,
aluminosilicate glass, glass ceramics, silicon, titanium, ceramics,
and organic resins. Of these, aluminum alloy substrates, glass
substrates such as glass ceramics substrate, and silicon
are BobstFaeare preférablyiased. ThéfoRamaghetic sabsiate medium of
the preferably has-anaverage:suifaee roughaess{Rajref-nobiargers

non-thamd-nm smore preferably notdgraen than,0:5 Ny, and.especially i ve
carb :Ir’lefgrgby QQI‘ éa[‘agr%r tfho Ql%ﬂnralpé)é%_] T@génagn‘%g: Irayge %

ormed on a surface of the above- mentioned “non-magnetic

substrate preferably comprises an oxide in an amount of 0.5

atohiie 9610 GREt6TRIC % THE AidgRetie 38y ef prefe BIBI§EoMpHSEs- 100
is nenpality cpieddminanthedomprised afcolialt AsspecHictexamples:ere
can §f thenalleyedheregandoe meptioned cohalt alloyscombinedwith 1 seq
of a?ﬂmq_ﬂ% &9&@ QSS %@r’eg;%fé %Cﬁpt% CQEFCE Bs&%QErai"e, and

CoCr tB)é re resents an emen such as uan and
substrates m ln%éﬁ ﬁ ate ass glass
represents an efemen € avebeen’

Cefa@éﬁ%lﬁé&%ﬂ@aﬁﬁﬂﬂé%ﬂe&ﬁﬁéﬁ @ﬁ“b?%%@ﬁﬁﬁ cobalt-rese,
zluralioysa slch as-CoCrRt=0,CoSrPHSi02,2 CoCrRtiCr208,ass ceramics
subsCOEHP-F0P -C oG- 2102 o Ri-Nb205: LaCrPtuEaZ05,
CO@EE&?Q&Q@&%@%Q%&Q@ t@%&i@@ﬁ%@%@@é@é@é surface
- 0043 '%?mg%%%tl(ia a? has a thick nesg, tb ran 1%1; or
CUCH R0 20 nﬁn fo” 1%mrﬁofmfhe magneai ayeris “ 7

nm, prefer
Lhanfd}n%ear@soatﬁ%t %i&ﬁ&ﬂé&ith ipaPandeltpiriead ﬁﬁwe?s ta

be gbtdiied in consideration of the kind of magnetic alloy and the
laminan:giruetire - The magneticlayer shaulddtaveathickness ofoned

non-&k/883L cerfain.value sp-as 1g:ohtainAn ouWRUE powerof at leastount
of O %rtaln IeveJ af reprodu uctlom However, parameters relating to the
2

recordi ng/reprooﬁ]cmg characteristics are generally,

detetforated=with aﬁﬁﬁﬁr@é@é%oﬁ?ﬁﬁfﬁfﬁ%rﬁ'ﬁé&%re an
predopiirmuiii thickiiess of Phagnetic layey RPpraferaieeneserinthe alloy,
thereonsideratien of thecoutputl powerandtheined with an oxide, such

as C%Ofd%'@fpﬁep&@lﬂ@ﬂ@n charasterigtics. Jhermagnetic layekisesents
an e'fﬂérulg ¥f8rmr(1:"d QSR%tgm ﬁU@[‘ t.l:ylg Yc"py%)%ri}%%mgt@%délement such as
Cu and Mg), which have been combined with an oxide; and oxygen— or
oxide-containing cobalt alloys, such as CoCrPt-0, CoCrPt-5ils,
CoCrPt—-Cry0y, CoCrPt-Til,, ColrPt-74r0;, CoCrPt-Nb,0s, CoCrPt~Tas0e,
CoCrPt-Al:0y, CoCrPt-B;Cs:, CoCrPt-WC, and CoCrPL-W0s.

[0043]

The magnetic layer usually has a thickness in the range of
3nmto 20 nm, preferably 5 nmto 15 nm. The magnetic layer is formed
so that sufficiently high input and cutput head powers can be chtained
in consideration of the kind of magnetic alloy and the laminar
structure. The magnetic layer should have a thickness of at least
certain value so as to obtaln an output power of at least certain

level at reproduction. However, parameters relating to thes



[0044] The process for producing the magnetic recording medium

according to the present invention will be more specifically

described. As illustrated in Fig. 2, the method for producing the

magnetic recording medium co#iprises the following steps. Step

A of forming at least a magnetic layer 2 on a non-magnetic

substrate 1. Step B of forming a mask layer 3 on the magnetic

layer 2. Step C of forming a resist layer 4 on the mask layer 3.
recotep @ oftransfelringranagative magheticarerording patterreontoated
wittthe resistiayers Aoy pressingastamprb-agdinst thesesistuayerdness
of m &%@9@%\5_@5&%@&%@?@%9@%%@5@E@é%mgéf%%e cutput

owaliern having depressions formed. on the resist Jayer, which

P 5epre55|ons have een?qrm%cﬂn the regions for separating

recordinty TraCKS fofitied on tﬁ%uﬁ]%%gfnéﬁéweﬁ%ﬁeﬁﬁamﬁgﬁ%&éﬁf 2
SPUTPRSRLRE . m2tefers to the direction in which the stamp 5 moves.

Reference numeral 8 represents a depression in the resist layer

4, which.is. Jormed bypressing. Step ELf-selectively rampvingthe,
accoﬁﬁéﬂ% 6?%80{%%”%%“ 1he mask layer 3w§gf' {he residual portions, of

the resist layer 4, which portions form epressions correspondLlné
SesHifE negative pattern of the magnetic recording pattern as

illudfatbd - S DII0045] A iRiBated FPFigh Siuhemetivosferetic
recoprocuycingithenmagpeticesecordingimediom eomprises the

followdna.steps. Step; kof exposing to milling-ipn 6the £xpesedqneric
supsdepressions of the surface layer of magnetic layer 2,

corres ondiogfg 1o the regions_from which the resist Ia%f/e[ 4 and the

maskFayer 3 haVe beenréidved tHereby rémovikig the 'Surtdeg™ -

layeF PortioRs irCHHE ish-inilee-fdgiofss bf magnetic fayer. Laver 3.

Referemceaiumerat & indicate st fdrramilbech 24! segionsdOftheat tern
ontoSuHacedayer ofanagnetislayess andsreferenge letigr thindieateSesi st
1ayethesthickness.of the syrace laver portians of maanetic. Jayer which

have been removed b |on-mlllg%gs. Pc}/rthe ion-millin ,,ele\l{atlons

negatlveﬁﬁPteﬁPnav1nda%%re881 med on the re lFt ayer, which
constituting the magnetic™ recording regions of magnetic [ayer 2

dePrERE GEpressions Constiiithy tHe BGIRaaR TegRiears fofiedording

tracks formed on the magnetic layer. The arrow in step D in ¥Fig.
2 refers tc the directicn in which the stamp 5 moves. Reference
nuneral & represents a cepression in the resist layer 4, which is
formed by pressing.

Step E of selectively removing the residual portions of the
mask layer 3 and the residual portions of the resist layer 4, which
portions form depressions corresponding to the negative pattern of
the magnetic recording pattern as i1llustrated in step D,

[0045]

As 1llustrated in Fig. 3, the method for producing the magnetic
recording medium comprises the following steps.

Step F of exposing to milling ion € the exposed depressions
of the surface layer cf magnetic layer 2, corresponding to the regions
from which the resist layer 4 and the mask layer 2 have been removed,
thereby remeving the surface layer portions in the lon-milled regions

of magnetic layer. Reference numeral 7 indicates the ion-milled



[00461 Step of exposing the ion-milled regions 7 of the magnetic

layer, from which the surface layer portions of magnetic layer

have been removed, to a reactive plasma or a reactive ion, or

ion-implanting the ion-milled regfons 7, thereby modifying the

magnetic characteristics of the regions 7 of magnetic layer or

reducing magnetization in said regions 7 of magnetic layer. This

step of magnetic characteristics-modification or
regipiayRetiZEtBRLiediTctiont Ts AP aHTWA Tn-Fiff 3. THe eFFeoftheetter
d inibn=milledregions s shightly=incregsed duestomtching byt magnetic
LayeGOndugting:thisstep ofsmagnetic; characternistigs-modification or

magnetizatio:ieavetiog. [Q04¢)-The-aboxe-mentianed stepfo0l -1

ion-milling 6 to remove the. surface layer portions of magnetic
reccl‘a?fe?ﬂs % Leentiat OBt is p?é’feera%y caﬁ%@& But. Cf‘%a’%%pSe%/letn“;“n
W?Heﬂﬁﬁeﬁmﬁn@rﬁeﬁ?@% not carried out, the depressions
conistitéiting the boundary regions for partitioning the magnetic
recosding segions.candbeformed Jyrexposing tie-pxpesed:ic laver,

from %fé‘&? of magpeticlayer. rom.which the fesist {ayen 4,anddhe. reen

st Iayer 3 have bee removed to a reactive plasma ora
remove 3 T lon~implanting

readtlve |0n Or |%n -1 n{ﬂn in Salg eXposeé Slfrfgce
the ﬁ%ﬁéﬁ&?ﬁ&/é@%ﬁe‘%fﬁr etﬂ’?g%ﬁ rﬁﬂﬁﬁﬁi@t% bt Iﬂﬁgﬁﬁﬁﬁﬁ] 6 to
charrarhevesthe sutfacekayergportions of magneticdayercanbereducing
magne@mited; clnsieads itisfeassibie thar thedan«milling.step Frof.s step of

magnl%mluﬂgea@@@@@i@eﬁo@ removethe surface layerporions of: 1 on

i n@a%%etlc Iaxeg andgor hedde[g essions | to be formed |nto E@es is
ound%ry regions, and t este of ex osmgt e ion-mi |ons

Sllg*?‘@ﬁnﬁﬁﬁ@ﬁéﬁﬁﬁjﬁ ﬁbofF&S&ﬂ\?eb%I&@ﬂ%%‘fﬁ%%ﬁ/é%ﬁ Oérmag“etlc
charigp-imptantingithel foranilled regiory 7L j0B48PrAfeF HsE - on -
abagvementioned ion-milling step F to remove the surface layer

poﬁmsa%véa&@e@%ager,s@eg/@r the abovermentioned 22 step.of ne
surf%cBOf' fhe regions o m&%%t&c layer 1o alée?i%‘ilvssoégffm%-‘?f&t is

reactiveé ion, or ion-imp antln the regions of mag netic | a?% ste

Dref@“%ﬁé’n‘?@\ﬁﬁgeﬂi]émr‘&ldngatte§r§t EW Ff%ﬁb%e?gsfﬁﬁa isR? step
F isjayer s Eatfied But. THe prodBeHorprocess eomprsSeshe poundary

regipreferabhs anioptionad steprkbof tafterdberstep Geatadiating the o rmed
py <e¥pesed sudace-ebthe Magnetic:r magnetic layer, from which the
resist layer 4 and the mask layer 3 have been removed, to a reactive
plasma or a reactive ion, or ion-implanting in said exposed surface
of magnetic iayer. Therefore, the lon-milling step Fof ion—milling
6 to remove the surface layer portions of magnetic layer can be omitted.

™

Instead, it is possible that the ion-miiling step F of ion-miiling
5 is conducted to remove the surface layer portions of magnetic layer
and form the depressions to be formed into the boundary regicns,
and the step of exposing the ion-milled regions 7 of magnetic layer
to a reactive plasma or a reactive lon, or ion-implanting the
lon-milled regicns 7.

[0048]

After the above-mentioned lon=-milling step F to remove the

surface layer porticns of magnetic layer, and/or the above-mentioned



layer with an inert gas 11. Thereafter, a protective carbon overcoat

is formed on the surface of the magnetic layer. [0049] The mask

layer 3, formed on the magnetic layer 2 in step B in the process

for producing the magnetic rec&alng medium, can be formed

from at least one material selected from Ta, W, Ta nitride, W

nitride, Si, Si02, Ta205, Re, Mo, Ti, V, Nb, Sn, Ga, Ge, As and Ni.

By using these materials, the shieldability of the mask layer 3
steafaiRERTHiitg G6R 6XHET b ehRaAtEE EndnR fGMabifity of theP 1 25ma
or amagneticrecording patterrby thenmask layetSearfalsgiba ic layer,
stepeibancatvThesematenials caneasily begemoevedratdry @tehingrask

layeStep using A reactive gas, and therefore, in step H shown in Fig.

3, r sidual mask layer can be mlnrmrzed a st% mgﬂof the 1
e%r % I% TOCesSs . COM rla prergra #‘ %P %ona step
expos Suftace s magnetlc recording “meditm Tayer ¢

H of agbided-6F Mifmtized ” “16686}%86&%&?8%&%%@%%%a@%?§5n@tlc
layeforihs sraskdayees, Mo TR SALINE T3, v NBC NS <G8, r 8 apith rcoat
is fGGraEe preferablyrised. Mo, -da,\GMNE; I, Vagad Nb are

peciatly preferable. Mo, Ta and W are most preferable. The

m klae refer ly has a thickn ssmthera eof 1 Se
a?h ; ap P dt % H%t?lem(glglts% Zn th

20 nm. era neg atlve attern (o] C recor

BRS SULg Ma  r A
fornpiy f2omnhet depresserragions 8lof rasist fal ér dpiefer@blyhavé &9
w nithickeessiin therangemf Ore, 1@nmrWWhen the depressedxegiansand
ni. 8pof resist Layer %\é%%gth@J@%ﬁﬁetbea%eleﬁ%remv%@ktnayer
3 ag maSK "'E}Xe“ 3 Inf’égp Fﬁ% gn% %e&tﬁgelrkg%ablllty of the

aavantageous manner at is, un esrra

N
raInGhioRE OF thrd hBek 18FBrY tan T kvgEa At %&ﬁ.‘iﬂ%ae&rrmd
Thesgf thésnaskdayer Fagalvsbmilfifgion efca%rbe@‘éﬁlhw&édrﬁ@ s}ﬂébng a
reacdEindrige 8, and thedosmalilityi 23z ofthe magneticrétordig residual
masKOaHeLn Qﬁﬁhﬁdﬁa@%ﬁ@é@'dsa@@%@a@ﬂb@@t@@}(ﬁ@&d%‘face of
magn%ftelfsreg%%m thickness,in the range.of. approximatgly, 10;nmto

0052] “In a preferred embodiment of the production

me{ 88 a materral which can be cured upon irradiation with
radi&iea |§11§Sé1@%xgeﬂ;ésted materials for the mask layer 3,, Mo,
Ta, W, Ni, Ti, V, Nb, As, Ge, 5n and Ga are preferably used. Mo,

Ta, W, Ni, Ti, V and Nb are especially preferable. Mo, Ta and W are
most preferable.

The mask layver 3 preferably has a thickness in the range of
1 nm te 20 nm.

[0051)

After a negative pattern of the magnetic recording pattern
ig transferred onto the resist laver 4 in step D shown in Pig. 2,
the depressed regions 8 of resist layer 4 preferakly have a thickness
in the range of 0 to 10 nm. When the depressed regions 8 of resist
layer have such thickness, the selective removal of the mask layer
3 in step B in Fig. 2 can be effected in an advantageocus manner.
That is, undesirable sagging at edge portions of the mask layer 3
can be avolded and the shieldability of the mask layer 3 against

milling icn 6 can be enhanced in step I in Fig. 3, and the formability



material for forming the resist layer 4 in step C in Fig. 2; and,

when a negative magnetic recording pattern is transferred onto the

resist layer 4 by using a stamp 5 in step D, or after the transfer of

negative magnetic recording pa&érn has been completed, the

resist layer 4 is irradiated with radiation to be cured. In this

preferred embodiment, the configuration of stamp 5 can be

transferred on the resist layer 4 with high precision.
of tigonsegieAthEamhentheaeions o th@asaskalegier 3,150 1s enhanced.
The cerresponding torthie: negatiiespatterhiefithes snagnetic recarding
appARatigEn-are Temaved byetching in step E in Fig. 2, undesirable

sag '51@2 t edge portions of the mask layer 3 can be avoided and

the_shieldability of the mask layer 3 against implanted ion can be

enHA&rtBAS At e TOPRTABI Sth8 niagietic tebdiamy “pattdn=r+at
whidsytHe RfaskiEferB3Carn &ise e epihafided *Fhesddiatioh used for the
mategudfgiite Curableymaterial sefers toeelecttomagpeticiwaves.inZa and,
wherbEOBEseRse whichinclude heat1ays: - visible Hghtaulravielet Bght, the
res 5P AYS,800,08M A& 1ays . AS SpECHiC .examples of the.cyrable e r

- majtte,rlal, theré can be m ,ntlonegther@osgttlng resi StWQ'Ct are . .
of ntiranlé By Hear fays and titraviolet-setting Tasinewhich are ~ “+°
Layegutablel by atravicletiight 2 f005 3P the3teprrof transferfiRg & crred
embadegative niagnetiCirecording: patteraronto the fesistéaydeddsyl on the
residsing gestamps, tispreferable-thatihesstamp:S s pressedOnegions
of e fesistiayer 4having fugh fluidity. -and. while the sesistlayerds .

n.a pressed staic, the resist layer 4 fs,inadiated with adiation(o .,
1E9Se 1 ere% curéqd?andeﬁwérea er the’s amp 5 is rémoved ffom the ¢
2 upsat ASBPHIS frocedirectheesnfigurafiorest-the stampsn be
avoican bedrahsferreditoithe Yesistt fayerdsyithaadhigh precisioniEgrnted
ion Eeadiatingihedesistiayenbavngdrghiflyidity withmeaghation while-cing
pattBgresistlayerisdin apressed. stafe, there can., he.adopted a

me@%%‘ié@@%‘g%% l-layer stryciure comprising. 24, tee..s +o
resfstelayerlwnh ra |a%ion b expos?ng't%e su%strafe Si ESL- -
LGP BB Dppodite 5 the stamp:iteSsetfrédistiaydty ofth
visimiaticlaydr stidcive aoahe radiatibraamiethederusing a As specific
exartadiation-transmitiibgstamprand,expesing:the stamp=pressed
ther8ig6-Ofthe multi-layes struciuge toradiation; a-methed-of exposing
uztrt:‘f%ﬁsfémg'epc@fég%gﬂ% layex,to,radiation, by ApRlyINg radiation; .
[0053]

In the step D of transferring a negative magnetic recording

e.,
eat rays,

pattern onto the resist layer 4 by using a stamp 5, it is preferable
that the stamp 5 is pressed on the resist layer 4 having high fluidity,
and, while the resist layer is in a pressed state, the rasist 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 5 can be transferred to the resist
layer 4 with a high precision.

For irradiating the resist layer having high fluidity with
radiation while the resist layer 1s in a pressed state, there can

be adopted amethed of irradiatingamulti-layer structure comprising



the side of the multi-layer structure; and a method of exposing the

stamp-pressed side of the multi-layer structure or the opposite

side (substrate side) thereof, with radiation exhibiting a high

conductivity to a solid, such as Réat rays. 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 resin
the wredn bReyeliceptaaFesin i (isetras therabrtohsturibie tesidt - e -
the resin, anchaistamp nmiade oirahighlysaliraveletrayastransmiftinge
multglasserresinis-used: J0054]-By adapting dhe-abevesnentioned
radi @%%Ci%%%sﬁs&mg%g@gmgbaga&t%%%%# 1,85, 1or €XampIe,; =1 5e

the cqercive force and the residual magnefization in the'boundary

of LPEdionS for paHitOMiHG He® MAJRENE ety TegiongbiF A os-1d the
s LARIHYITERE FeEdr ditig attert ear? Ber modifiE PP rediitetr- e on from
the miitimuint values: anthgensequently;thenidtierbigeding atwritigs the
stangh ke aveided andthe areal recording rdensity of the-nggnetice side

(suSearding fpedivem.cap be enhanced 1o.a greaian, exient..The
stamp used in the ga éern-tr%n%fserﬂggtste% D is preferably made
I

conductivity to.a soll 3 LEys .
dby%‘ormn%’g minute track péjt erns on'a metdlplate, for example, by

eletfroh Beam RegFaPRy S FReiatetal Used for Yorfig the ™
irrasteanpris roeparidulaty-fimited; providedthat the purposedfthien to
curdnvention issnot dmpaired, but amaterial-Baving-achardaess such as
novoﬁ%ﬁi%‘gggﬁr Qﬂdgém%%&ié FHQ&%%@MQQU%Q@I@EWHC epoxy

.magnetic reced{n medium, and haV|r1% ood durablll.tx, IS
es,

resin used as radlaticn—cura es18st regl and stam
pre eraﬁ%?sed. uch material chuckf S, for examﬁie, fickel: The =

madeRitarndtormets 6t &fanfy incRiE tidse Whigy afg resin is used.

cornvéntionally used tracks for recording ordinary data, and further
inclyde.patterns farsenvovsignal: suchas burstipatternshgraycade o
chadRatiernsand prgamble patterns 21 0059 Asdlustiatedin stepfz <hne
.mFng. 3, the surface Ia])(%r partions_in the degre smn;a&ions of ..
residualPmadnellzaltlon ir \’% %?T‘ll’l ai}% }fegd,% S LTOr Darcliriocning the
the mag%e |c,lzayer are preferably removed by, for example,
mAgnRL ififg, “AnBAneTEAfteT, e haWH ExfosedTeyibRs are o= oo e
modigkpdsed toeduesttive phasmarsratesctivesSiomnvhisreatetly, the
lettmagnetid oharsicteristicspf-saidbdepressed regiorissobreal recording

density of the magnetic recording medium can be enhanced to a greater

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

The patterns formed on the stamp include those which are
conventionally used tracks for recording ordinary data, and further
include patterns for servo signal, such as burst patterns, gray code

patterns and preamble patterns.



magnetic layer are modified. The magnetic recording medium

having such depressed regions having modified magnetic
characteristics has magnetic recording patterns exhibiting clear
contrast and has a high SNR, as*compared with those of the
conventional magnetic recording medium having regions which

have modified magnetic characteristics, but which have been
prepared by a method wherein the surface layer portions in the
depréssion regions of magnetic layer are not removed. This

wogld e fer ihe 4allowitgrensons: drirst, bydheremavakobthertions

in tﬁérfaggﬂ@ygmprﬁi@@@%tf& d@%%§§§e@9§°”§@ﬂ%%%%ﬁly
remo e e 5 osed rgglonsdrpecolme cleare atr}g néorletggtlv% = Eewly

ere re eXhI%It anced reactivity Wit a reactive plasma
ex?o&?@dﬁﬁfeoib% aﬁﬁo‘fé%ﬁﬁ‘aI§Os%rf§8ét&é’f”e&%asﬂ€hoas rifidite-voids "
whe rgfey | RO JIREH Il theTHEWL8xposedrregicits htdewhict efregetiges of
magrionicaregasilyherpendtrated. T0656]oidiel thickness; as expresseaing
sucnbc\(e&eigbé@ﬁé(:;i@fsjgiaaﬁl@lfg ?ﬁ@ﬁ@ﬁ@%&@%@ﬁ@@@%@i@%@gﬁﬁgg has
magn Sret era%%%gcﬁr rsg%%\é%qg)gxg%l O@?@?@é@c%@?&@ éﬁd has & high

Int e ran anry t en it the thickness oid
S\m'trﬁ? r%?ﬁ%véﬁdsuﬁf% Pci/ SorFoﬁsC‘?é“’serﬁE AGIHAT, e crdine
med iFpovREImMEntiohed bahefits ﬁ%ﬁ@’ﬁfjéﬁfﬁﬁ Wﬂ?é %@rﬁﬁ@éﬁﬁf gaigtics,
but surfacelayepertionsraremsufficieathitl contrast; whersthéace layer
portthicknessof the remaved-paLtioRs is fargerthans pdrnm-thest removed.
Tb:Lsr%%yggo@%ggeéﬁer%qrﬂﬁgﬁ?%g%g@s a:pQQr S%@‘Eﬁe removal of

on mgot ness. This Is Orelgaus s%réage%j er, poglg S- rerrégﬁv%di ez,
© Sd“épreé%%l%%%eargofﬁr & etbhed When the rgelsosmns are’exp osed”
the t%e‘”é\lVeﬁéﬁ@éeﬁ}asﬁﬁ?&%fﬁ?@?ﬁrtﬁe@éﬁﬁeﬂnq H@F@sﬁﬁﬁ@mmd
thermagnetiextdt¢ordingreproducingtapparatis-has agpogrive plasma and
a rebeadvfloating prapesbsn{QQ574n theprsentinventionsthenute voids
zre RQUDRTYILGIQNSQf mfwm@ggsygeéangglwﬂgcnm@gzaﬁﬂ@@lIé{ reactive
ion %%gltl%n Jfor xamgle th en agnetlc recording tracks and servo
gtg%;’[%éfrns from eacah ler are 26 preferably formed by the

ex to a reactive plasma or a reactive ion whereby the

magnetid chiracteristicsopsaid teglons of magnetic Tayer Bre- 3, of
the moadified o gegraded.-By the exposure 1o aeactive plasmanarvad by,
for BachyR ionthe, depressions.ofmaanetis layer are futher e;@h@dl m

o ,:Therefﬁ;re when hath of the ion-milling step F. and the fé%Br bortions

Xposing t0a reactlve - s
is sma lar Than 0.1 nm, the above-mentioned benefits breoucht about

ot

by the removal of said surface layer portions are insufficient. In
contrast, when the thickness of the removed portions is larger than
5 nm, the resulting magnetic recording mediuvm has a poor surface
smoothness. This is because the surface layer portions-removed
depressions are further etched when the depressions are exposed to
a reactive plasma, they are further etched. The resulting magnetic
recording-reproducing apparatus has a poor head-floating property.

[0057]

In the present inventicn, the boundary regicons of the magnetic
laver, which magnetically partition, for example, the magnetic

recording tracks and serve signal patterns from each cother are



plasma or a reactive ion are carried out, the depth in the

depressions is the total depth achieved by the two steps. The

total depth is preferably in the range of 0.1 rim to 9 nm. [0058] By

the term "magnetically partitionecPmagnetic recording pattern” as

used in the present specification is meant a magnetic recording

pattern in the magnetic layer in which magnetic recording regions

are partitioned by the magnetic characteristics-modified or
prefgpgnetiZatiopcret ided9soundary re gicivs (de pressichis) as viswad 1 ve
ion Wherithe multidayer stauctteds viewed: frana dhe frontsiden Theynetic
1ayeQbject of thespresent invantion can be achieved even in an

eonQment whg[%l |nathleeca5e wh tghe mag eJ;lc I FJéslon he

artl}/oned% the | magnetic c aracteﬁstlcs modified or ’

de@rﬁ%ﬁﬁ&t&&ﬁoﬁﬁ%‘bﬁ}é&d B8ty r%ﬁ%ﬂ%“th%?%%‘?ﬁin the Gpper:® vhen
bothspffaée porivn bfthe Atagnetedayer severpthetigetie magnetiect Lve
pladayeiris nohpattitioneckirether lowermostipertientthereoficldmrefore ons
is tthisembodiment alsoifalls; withimthe scopepf thermagneticaliyctn is
oreRalilianed magneticleaardng patemasherein used. By the

term_"magnetic recording pattern” as used herein is meant a

ma&%%?lc recording pattern in a broad sense which include

patterridts nicdia Wheskehy traghetiesrecordingpatterrscare recording
pattamrahged wsith arcertainregatarityoper bitcatedia Wwhersintmagretietic
recd@EAIFipg: patterns are asrmnged instracksfashionnanfseweecording
regl%zgé‘aélp@%%@&tﬁ%%%] EP%R@%%%@EN%&%BE@H@HXQ modLZJ.ed

|screte t% magnetlc reco me ium in Kcli w of Slm

icit

of Mages i the method of | pro tctio ﬁ’ witerein t aegsr?el caI Zs viewed
wherp SiftisHe b imetjifatic reeordigy lﬁaﬁé?ﬁefﬁvoﬁ% ?ﬁﬁg?@fttréééﬂmg
ob] eracks dndsene signakpatternsi The amodificationsn thesbouidapment
wherkegions-of thednagnetic layer rasconductegd - for fopning thened by the
macd@%@%%%@@@&@@g%dﬁ%E‘@d%’esﬁ%f{é %%@c!@i‘?c"e%i&@&
bounldeglgt partlal I%/ angln th%m \%netlc 27 charact%rlstlcsf

calty, owering the coerci Force or thé resi
i5‘Y‘:‘ffvagﬁw"’éﬁ”z Uﬁlaﬁs%@ll%aﬁmﬁgﬁé‘ﬁiﬁubﬁ &Pﬁé&j’ﬁ&ﬁéﬂfé‘? in® the
Lowetirecboupriatryredionsahéredffor the foriatiorroeiagnetica Lso falls
witnrecatding -pattem: [R060)nEhe-abovesmentioned-hesmndarysegionsiing
satt@fthe Magnetic layer.

By the term “magnetic reccording pattern” as used herein is

T en@gnetlc

meant & magnetblc 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.

[0059]

The present invention is preferably a discrete type magnetic
recoding medium in view of simplicity and ease in the method of
preduction, wherein the magnetically partitioned magnetic recording
pattern involves magnetic recoding tracks and servo signal patterns.

The modification in the boundary regions of the magnetic layer
as conducted for forming the magnetic recording pattern in the

present invention refers to at least partially changing the magnetic



which magnetically partition, for example, the magnetic recording

tracks 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 on. Furthek the magnetic characteristics of

the boundary regions of magnetic layer can be modified also by

changing the crystalline structure of the magnetic layer. The

amorphization of the magnetic layer in the present invention
charefers 16 thas thecato rie arfangement iVt magretiedayersist orce or
the changed teamitegutaratomiciarrangementignithine lang-distanpe:tic
1ayerder-More,specifically it refersto.that picracrystalline particlesnet i c
recol}%\iirrll aas,ti%grcgf smaller than 2 nm are arranged in random. This

arrané‘%pment in random of the microcrystalline particles can be

confitiied by the absence of peaks attributed to the crystalline

plafiecopbyrerprésened sPHals alorebyderay diffrdetigietic layer,
whicknalysistacelectromeray diffradtion analysis. [0061kdhe teactiverding
trad¥@sing asHged igthe presentinveniionJpgludes: forexamplermed by
o BRLEIVED, COURIED Rlgeia (ICEL AT LeBGtNe JONRIRANA, RIE s ve

e reactive ion as used In the present invention includes, for

PLasERA DI, FEACvETonS bresent in the above-mentioned inductively

coupletistas i difdreactive ior prasiie L {B0B2 FrhieiffctiveRpions
of megupted plagmaas usedberéirereferstoa dnighstermperaturestalline
striplasmawhich-isiabtained by jamposing a high voltage to a gas

therehy IpIMIRg 2,plasmay aﬂ%fwégﬁgép&'xgggem%n%ﬂg yaration

. __.ata high frequency to generate joule heat due to over-current .,
invaRERTE e BrasHiac THe TNIGEHVE COUBTEd PISSa hate Bigh- 1 Laver
is chregifon detisity Al 8ark Mditytherrisgieticdharatiefisics i6r ance
ordemagHetie layerwitlra' hightefficiéacy inca magreticfilor witlk 1d ine
parfiroad-area;, as cemparedanithithe case phmaking disereta trackandon.
Thi 28 Media.conventionally usipg:an iopheam, the reactiveion e can
ve RI3SMA a5 used hetoin refers (o a pighly reactive plasma which.is, ;.
Obtaine nynY:orporaet:‘lr‘\ aTeactve gas such as 02, §E6, é/HT:a& .
plarGrEg BY CCOLBYATG AHIaSMA WRETPSUSh Teagtive ibhTplastiai e vsis
or iaviprincorpotated thefain areartive-gas is used as the reactive
plagnasin the method of the present invention, said

The reactive plasma ag used in the present invention includes,
for example, inductively coupledplasma (ICP) and reactive lenplasma
{RIE}. The reactive ion as used in the present invention includes,
for example, reactive icns present in the above-mentioned
inductively coupled plasma and reactive ion plasma.

[0062]

The inductively coupled plasma as used herein refers to a
high~temperature plasma which is cbhtained by imposing a hich voltage
to a gas thereby forming a plasma, and further applying magnetic
variation at a hicgh freguency to generate Joule heat dues to
over-current inside the plasma. The inductive coupled plasma has
ahighelectrondensity, and, canmodify the magnetic characteristics
of magnetic layer with & high efficiency in a magnetic film with

a broad-area, as compared with the case of making discrete track



plasma can modify the magnetic characteristics of the magnetic

layer with a higher efficiency. [0063] The reactive plasma or the

reactive ion preferably contains a halogen. As the halogen ion,

especially preferable is a halogei® ion produced by introducing at

least one gaseous halide selected from the group consisting of

CF<, SF6, CHF3, CC14 and KBr into the reactive plasma or the

reactive ion. By the presence of a halogen in the reactive plasma
nedigr theviedctives gy the reactivitycof tfeimagnetic layer with a

plasma fer dhevmadificatianaf the depiessediregiens:af the 2 highly
reac‘@@%@i%é%bé%ﬁc@ﬁr‘:ﬁ@”&&@a@ﬂgcﬂ}%/i%%%%iﬁﬁ%ﬁ@gacmve gas
sucAdRetic pecqrding patiem becomes more AT, Ig (€a30000L.
" Wwhich®is not clear,’but it is présumed ?hgt fhe %alqgen ionin the
1on R piasia eties forkigh MatEr Uehositsd bt SutfadtPef 2
the traAtagvetiddayer i maketsleard thé Sidasestthe imagaeten, said
rladayeawith dhéresulirabeahancement: of theireactivitysofdbeetic layer
witrmagneticlayer: Further the cleaned surface of the magnetic layer

is presy ed to react the halogen ion with a high efficiency. [0064]

The modification of the magnetic layer is achieved by exposure to

the TEadtRAE pasnia oF the feathive 18R inthe BreREnt frdentioncntains
a ha¥pgsiodificafisn ispreteraply etfsed by thedadtion of hayheteasn
ion metdl:constituting theumagnetic layerwithcatorascosions. present ected
froninctie Keachveqlassa of the reactiveionuys reaction imvelvesco the
readlVasion of atoms ar jons.into the.magnetic metal and causing, for

example, change of the crystalline structyre of magnetic metal, .

charige 6t tRe“Comiposition of Miaghetit metar” Skidation-of == °F =5
readpbhéfic Metark Hitidingrof the v agReaE Hhetdl Ention @ plasma for
the gifigification of piagneticmetascdAfterithesabbvementiosed: layer is
enha@BeMilling gtep; hdgremave thes29 « suface layar-pestionsofy pattern
necdRIRRNC layer. andior.the abgve-menfioned step-ot.exppsing the,
presrfr%g%‘a"i”é?g%e%%&%%eﬁé%%reﬁ%“’r% lasma or afeactive on, ;o

or lon-implanting the regions of magnetic 1ayer, step G o
Mt e feRRAG thetresidia resist rayer 4- and tHetesidaal ifask Tayér 3-¢an
the isugdrried oltThisster G cakbercaried vut by ok exdmpléargement
of tipracedire;ot dryretehing;teactive jer etchinghionamillyig oted surface
of the magnetic layer is presumed to react the halogen ion with a
high efficiency.

[C064]
Themodification of the magnetic layer is achieved by exposure

to the reactive plasma or the reactive icn in the present invention.
This modification is preferably effected by the reaction of magnetic
metal constituting the magnetic laver with atoms or ions present
in the reactive plasma or the reactive ion. This reaction involves
invasicn of atoms or ilons into the magnetic metal and causing, for
example, change of the crystalline structure of magnetic metal,
change of the composition of magnetic metal, oxidation of magnetic
metal, nitriding of the magnetic metal, and/or silicification of
magnetic metal.

After the above-mentiocned ion-milling step I to remove the



wet etching. [0065] After the removal of the resist layer 4 and the
masking layer 3, the magnetic layer having been activated in the
steps F and G in Fig. 3 is exposed to an inert gas irradiation 11 in
the step H, whereby the magnetit layer is stabilized, and
occurrence of the migration of magnetic grains under
high-temperature and high-humidity conditions can be prevented
or minimized. The reason for which such benefits are obtained by
sur fifee dpesure tolanindriaasirradiation ishet eledre Baptieigientioned
stepprestined thatithe irertoelenentinteudeslinte thessurfaeefayerpiasma

or apedion ot thermagneticlayer a.and-consequently thermigrationof 4 yer,
sbeamagﬁ%%%%%%”r%% suppressed, any S{Ii‘fftbéhw{?‘ﬁih?eélﬁlé&f mask

r portions activated by inert gas irradiation is removed and the
Lo Ao Of et oo e B0 HOPBCETh B GeEL e onty o F= L
a PrRfifgrextent. JO06B]CAS the TFef'Gas 11CatIeast Bhe §a8 Seletcted or
wet fromhthe.group consisting o Ar, He and Xe is preferably used in
view;0kthe stability and the enhanced effect of suppressing the

m'%@é@ﬁ&@%%%‘i 8%6‘&'?1% J0E EXPORIIE L0 he Nt gas: ng 1ayer

rradiation | Is ca rrled ref%rably by a method d using a at Ieast one
3, the ma ne o= t vate 8
mean ecte rom grolip consisting of ion gun, in

in Féaup?edsp%ﬁé@ﬁt@ %néln?éécﬁéé ioRrplastatRIE) * E’:’)fttfff?e%ep B
wherHDP ahd RELase jpreferalylelin siew of enanoed tensiyrof of the
migriffadiation.rEhe proseginesforlGe: anditheR ik are.hereinbpefore
mghdﬁéﬁye @&%M%@% géébgﬂt%\a%mr%ﬁ%@edrw%am

I'EFI pregent |nvent|on as%:jugtratg in_ste g I |n
%ict ena I Sricant fnot Shown'in §) IS preﬁera coa e

gas ﬂ%ﬁ%f’é@tﬂfe Sveflostifs-Eomplete ﬂfFe ﬁa@ﬁ%ﬁ%@%‘édr@%g’”he ln@‘”t
e lemgrediurpc 88 SThet forimationoicthé rotectivel carbonlovercoat- 9c layer
and €atsbeeffectedhydbermethod hereinbefore-mentionedicbtiiparessed,
and diamend-like-carhop film is especially.preferably formed H?irl&@zct gas
ir rag}gf%{ge”}%dﬁhe CA/D ettglod ang: aatCVD %pRaratus are_ W

B n The protective carbon ov&coat Such thalgportlong ?t

not 8&ﬂﬁ5ﬁ?§bé?88§fs only to a minor extent.
[0066]

As the inert gas 11, at least one gas selected from the group

’l LLITL@JCTZ

HS does

consistingof Ar, He and Xe is preferablyused inviewof the stability
and the enhanced effect of suppressing the migration of magnetic
grains.

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

[0067]

A protective carbon overceoat 9 is formed in the method of the
present invention as illustrated in step I in Fig. 3, and then a
Iubricant (not shown in Fig. 3) ispreferably cocated on the protective

overcoat to complete the magnetic recording medium.



located on the magnetic recording regions-constituting elevations

of the magnetic layer are thicker than portions of the carbon

overcoat located on the boundary regions-constituting

depressions of the magnetic layér is preferably carried by the

following procedures using a CVD method. [0068] A CVD

film-forming apparatus constituting the major part of an apparatus

used in one embodiment for the production of a magnetic

recordingredium offthe presentiiventionidprovided with @ can be
effechambegr inavhicthdisksate placeds: eteetradesdlaced, in:
dian%%ffﬁ?ﬂ@ﬂ%;%ﬁh gﬁﬁh Q@@s@@cﬁ%tﬁ?%@@éh%w-l iﬁ(ﬁﬂﬁed using a
~vp Ghamber; a high frequency electric source for supplying a high

reguency current to the elgctrode; a bias electric source

conmEctetPtd e WiskE In The" ChETHBER-ARd A Suply SOUreR of &<
ProtRsdctie Gad as @ Aidterialsiom & proteetivecarbéri bverdmioherceat
locaforthed ahdheadisksi d e ghathberisodonsected: ta art inlet pipedot ons
of tiSHRPYABGIR Teactve gas and ARrexnauist pipe for-drawing QUESE-coat

locafXRaust Qﬁﬁs.-bIQﬁF%E}aEé&P&%i&B{Q&%‘EY\HH‘ ALX0AUSL o of the
by the amount of éxhaust gas Is

gas-cantrolling valve_"where

rashEshtroladEo ab B MATtA ther et presstire withity the SHaimbet: =S
usingt a d&sire@ievet. [0069] As the high frequency electric source,
thosedwhich are capable of supplying power of 50 to 2000W to

thexelegiredes atthe: formption. of she-pratectivercathonoverceal - of
an aff6Rreferably,used, As the bigs electric soyrce, a high frequency . ;

electric squrce grtlﬁéaulse direct current electric source is
(0]

FeCCprefdidbly LSt for concentrating 4 pragia to'the aghetic * “m>e
in wigGlorRE-EohStitbiting: ElIevatichs BrEmagnetic récordingpattersn with
eacheptiamcing the radical wensity insaidélevations;and énbantirguency
eledhe ratesaffitmsformation vonsaid-elgvations:sHhe highftequencyne

e1ecRlegkce %P%Ea?sise%%‘@fﬁé'ys&%Q%b'&%ie@{?@é"%% %H@'?iﬂ%%%he
CharrBower of 10 to BOQW to the disks . 31 Tpievgulsae direct current

CIE Shirch & ioferably capable B Thfoshd dvalabf roet £
2 PTRIRSTagE voREGR) STa0tF to by 16 thedieks At 2 FufSePwidth of

10 To50060hs arid acfregeeiey 6PIGkHI et GHze Allbrivating ing a
reaclayer ispreferably formed orvthe protectiveriearban overeeatukhegas.

The &M&Q@s@”%ﬂ%ﬁi&ﬁ%@ﬁ%ﬁ%t@%%ﬁ%ﬂ@a gfluorine-containing 1 ve
wherlgppj,thc%net’a%ogggog%rggge!gsbgcganst Cl)rsacontrolled so as to maintain
the inner pressure within the chamber at a desired level.

[0069]

As the high frequency electric source, those which are capable
of suppliving power of 50 to 2000W to The electrodes at the formation
of the protective carbon covercoal are preferably used.

As the bias electric source, a high frequency electric source
or a pulse direct current electric source is preferably used for
concentrating a plasma to the magnetic regilons-constituting
elevations of a magnetic reccrding pattern, enhancing the radical
density in said elevations, and enhancing the rate of film-formation
onsaidelevations. Thehigh frequencyelectricsource ispreferably

capable of imposing a high frequency powser of 10 to 300W to the disks .



mixture thereof. The thickness of the lubricating I! eye-- is usually
in the range of 1 to 4 nm. [0070] The constitution of an example of
the magnetic recording- reproducing apparatus according to the
present invention is illustrated iAiFig. 4. The magnetic
recording-reproducing apparatus of the present invention
comprises, in combination, the above-mentioned magnetic
recording medium 30 of the present invention; a driving part 34
The pF@RVIHG BTE Mabirstic rAcoTdihg FRBEIEM! inthefreadrdingarable of
impcditegtiony@ magneticsead b romprisiig ~arecordingpar ant aiisks
at arepreduging payt; acheadsglstying Rad 33dfeL moving.themagnetie sy,
head 34in 2 elaive mafion g (epagnetic. teeording mediifc. ;.

30; and arecor INg- -and- repro ucing sig nal treatln% means 3

cariRn GG Snal Mhto tHE Thaghetic’ T?éfa?d éf ander odﬁfaﬁﬁa&ﬂe'
& IlygipaesirialFion the ragrete rh@aéwcﬂﬁé@ﬁagh‘éﬁ@cam or &
mixtrecotdiegzréprodoeing apparatus  compriging theimoidmation ofually
in tthe abeye-prentiened means can provide a high recording
der[%)golylore specifically, in the magnetlc recording medium of

the maggeélclreuqcolrglljn%gegroducrlnn JEal us the ma netic dinee
recOraing Facks ard magriatically discrete - and tHafe rt%cor N

repr ’”Féi:ﬁrb(iﬁgarﬁé’é‘a S\t aRerthe Fe prodiéi n@lﬁéaafwild’cﬁe@aﬁ%é is
illugppeoxianatelyitbe samétsizengseddch otherwitlythewesdltcohy
appasufficiently-high repesdueing:rautput-pewer and high-shNRAZhisis the
aboxﬂé‘—é‘e?’fﬂ!fﬁ?%&%@a%tm %&9@&%@“%8&{9@%‘9@% r@FQVQ'f!%enL

e elolum Wl&?sﬁex}ﬁ]nt ere ro éyc%ng head . widtl mustggg slr(r:lall ! rdin
i the recordlngqh%ad width 6 mlnlmlzgthe iffience of the ¢

neclinfh e PAAA AR IGGIERH tie TAICAAGeas AOTLTEYP 5109
a reconstitgtingrthere prothrcingupartobte magdretic tebidas IGMR33 for
nmoviheadher FMB:headyassufficiently high-sighal intensity-eanke magnetic
recoogt@@@l%m@taamg@m@#gh d&@'ﬂy@ﬁ@Héum%m%gﬂctreabLng
mean%ec&rd% dg %%% ratus having g % | [E¢ ordln%dernsn){ﬁcan nd for
provide n the Head is floate i%atlng el ht |n ?h
=p s 0008 i o 0:020 b Whichs Toer thart
coﬁ&@n@i@%@@l&d@ﬁ@é%@@ﬂﬁ@?ﬁéi@@@ﬁe@@@m@w@ls ing the
combincreased and:the.ShNR-bhecomes rlasge candthus the:magneticording
dens&%@fdma%@@%‘%ﬁﬁpa\ﬁ afarge;size and a highdeliaility o ff « ne
magngtsﬂgngéé er%tgr}%cwgg T OS E@%g %%Napr%g%q Egrenpﬁ%%l}l%:mc recording
tracks are magnetically discrete, and therefore, the recording head
width and the reproducing head width can be approximately the same
slze as each other with the result of sufficiently high réproducing
output power and high 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 themacgnetization transition regions in the track edges,
[GO71]
By constituting the reprcducing part of the magnetic head as
GMR head or TMR head, a sufficiently high signal intensity can be
obtained even at a high recording density, thus, the magnetic

recording apparatus having a high recording density can be provided,



algorithm is combined in the magnetic recording medium, the

recording density can be much more enhanced, and a sufficiently

high SNR can be obtained even when recordation-reproduction is

carried out at a track density of?£00 k-tracks or more per inch, or

a linear recording density of 1, 000 k-bit or more per inch, or a

high recording density of at least 100 G -bit or more per square

inch. Examples 0072] The invention will now be described more

spdtificaliyhythe fllowiig exathpied Hritheomparative Examplesnoe
of 0 Examples 1. f¢ 7 A glasscsubstate fonHD-Wwas placetitra Macatrpted
floaChamber and the-charpberpyasvacuumeddo-s pressine ofiRtiecones
1argQ'9@%f ithand.0.x Jn%gtngﬁéo semove the.air. The.glass stbstrate , »qe

used was.c se o ass ceramics having a composition of
size BEisost %12% l%(/lltgyo P205 and Sb203-ZUC, and has an

outer dﬁa?ﬁéf@rloFBS%fﬁ%ﬁd%?Pwﬁwé]rsd%”n%té%“@@%ﬁi} - e
algocavehage surfacesdughiessa(Ra) of Z@I@gﬁmm@eqmﬂﬁmﬁ?@mmg
densglass subsirate;rasoft magnetieyndeslayerncompesedyofich SNR can
be oﬁégenéé?%éﬁmeﬂnt%mg@@d@y@ém@@%ow%ﬂ% out at

rpendicularly. orientated . ma netlc Ia er. havm a ranula
tv{:)(-:é{u% ure% mryrl(égg( ? a% % r- 5%8t'8 i0 tﬁgaﬁuﬁg?ggmg
den Sﬂ’h?’ﬁ@éléfé@%éf&‘bttﬁé Efermerits M’bqéatQIbérEéﬁFs ﬁfﬁ?&iéngf‘ilﬁﬁmty
of aglerments)Wereforinad inehis srderbyca DCsPuttering method.
The FeCoB soft magnetic underlayer, the Ru intermediate layer
and the magnetic layer had g, thickeess of 600 angstroms, 100
s and 150 angstroms, respectively. Then a tantalum
?) mask layer having a thickness of 60 nm was formed on the
magtfetit Tayer 6y é(sjguf%@‘f’ MetBECA TEsiSt I8y et~ Was tofimed oh =7°
fO1lmelmnfa‘*fam>h¢§sI@Lﬁaiyépﬁyaaf%blﬁftcfaﬂff@h@éthod The 33 resist
layeraas €omprised of an ultraviolet ray-curable novolak resin,

and had athicknesg:f 100 am .[90 AL Aglass stampbavingder and
tne DEgAtVE \Paa?}t%g‘c%&feél%%”&’ ng &L@% desired mQQQPU%%C?f%'ng“

Pa t{)attern was pressed onto the I’(?%St ayer at a pressure of 1 MP

J5BGT8 B egticng) e GfasS Samp tad an UitravibiGepy o 01e5e
cerafiiavelengity Z5CPERY FERsHissonlef ateadt'oBon O MyO-P:0s and

Sho03~21u0, and has an outer diametey of 65 mm and an inner diameter

of 20 mm, and an average surface roughness (Ra) of 2 angstroms.

[G073]

On the glass substrate, a soft magnetic underlayer composed
of 65F2-30Co-5B, an intermadiate layer composed of Ru and a
perpendicularly crientated magnetic layer having a granular
structure comprised of a Co~10Cr-20Pt-8{(310;) alloy (the numerals
immediately before the elements indicate percents by mole of the
elements) were formed in this order by a DC sputtering method. The
FeCoB soft magnstic underlaver, the Ru intermediate layer and the
magnetic layer had a thickness of 600 angstroms, 100 angstroms and
150 angstroms, respectively.

Then a tantalum {(Ta) mask layer having a thickness of 60 nm
was formed on the magnetic layer by a sputter method. A resist layer

was formed on the tantalummask layer by a spin-ceoating method. The



While the stamp was pressed onto the resist layer, the upper

surface of the stamp was irradiated with ultraviolet ray having a

wavelength of 250 nm for 10 seconds to cure the resist layer.

Thereafter the stamp was sepatdted from the resist layer thereby

transferring a magnetic recording pattern on the resist layer. The

thus transferred magnetic recording pattern had a configuration

such that the elevations in the resist layer are circular with a width
resigtl12ayainvan -t gepressions intheyesistayer areeireurarwithlak
resia wigth of&6C:nnniThedhickmess ©fithe patterned resist layer was

80 nmand the thickness of the depressed portions of the resist

'ayﬁr?’igésa?%?%p € depresse 9@&%5&%%9&%99&%8% the

abouf 90 degrees to the substrate surtace. [0075] The depressed

des! 58ﬁ|8ﬁ%“81t&?efr%%?sﬁa%%ﬁae€ﬂ“e”38%%68%&% Rortias of the > ver
at ataEedanT askidfksr wereYerhobew by dry- etéhimg TRe dfpme had an
ultretchingforahe vesistdagenwas tamied mutsungertheofollawingst 95%.

yhileonelitions 02 gas flowdate: 40 seems pressie: -0.3rRahigh surface

of tﬁ@%%ﬁ%’@@%&%@& FOOW1PE, bias ypltagey, 30, a%rhdvetength

Bc mgftlm 10@3(;:-)corstdtsO The dr%/ %t%:@ gsfgr tatteetant um a egr o
Was cafrie ou? Fthe fo'l owmg conditions. rifg oW rate: ©

Sta@o%%n‘%%?éégﬁ?e G%“P*'ah%|gﬁ5ﬂfeauﬁ%‘§/fpl‘é’ﬁﬁ§bﬁo%t“§éewmg a
magnBClchimsovaliage: 60- W randretching ¢imet 30=seconds:§0076] -

trankhenthexpesed sutface porions-efthemagnetielayer on such that
the 89&%&%@'%t@h@%é%mV?.Q;%%pée%S@dzl%%r{@n%P{ﬁ@ feé@i of 120

a%/e andd the tantalum mas a er ere remove on mi
nm, d '&L'EE'SSJ_? 61 Vg%% c¥1i’"a t,ir[t%hWLdtt“
sing an” Arion hé ion m I|n con fis Were as Tollows.:

of Et)réﬁhen%hf Sttt peRer 866 W%@é@%ﬁﬁﬁt%l%@@%@w nm and
the préssures01deRarargorgasflowrate! Slscems aridlemrentas about
5 nrdensity:4-mAlemaortherthickness ofiifiessuifage-portionsafrees to

« magnetic layer.rgmoved by 34 the ion-milling (depth in the
mag@éatlcjlayer formed by the ion-milling) was 0.1 nm in Example

1, L nmin Example 2, 4 nm in Examples 3-5, 6 nm in Example 6

and 11 AR T EXAIE 7-90077] THerEatte?. the 16h-miled Strface

corngeRiNS of theliagireté [Eiferwereekposel teraseattive prasivee by
dry etahteactiveHenity nmadifyrthéamagnetie charatieristiesoftthe-ied cut
undesUrfacenorions obthe magneticy, gas flow rate: 40 scem, pressure:
0.3 Pa, high freguency plasma power: 300W, DC bias voltage: 30 W,
and etching time: 10 seccnds. The dry etching for the tantalum layer
was carried out under the following cenditions. Crfy gas flow rate:
50 sccm, pressure: (0.6 Pa, high freguency plasma power: H00W, DC
bias voltage: 60 W, and etching time: 30 seconds.

10075]

Then the exposed surface portions of the magnetic laver
corresponding to the removed depressed portions of the resist layer
and the tantalum mask layer were removed by lon milling using an
Ar ion. The ionmilling conditions were as follows. High freguency
output power: 800 W, acceleration voitage: 500 V, pressure: 0.014
Pa, argon gas flow rate: 5 scom, and current density: 0.4 mA/cm®.

The thickness of the surface porticns of magnetic layer removed by



layer. The exposure to the reactive plasma was carried out using
an inductively coupled plasma (1CP) apparatus (‘E550" available
from ULVAC Inc.) . The plasma emission conditions were as
follows. Flow rate of CF4: 90 ccitnin, input power: 200 W,
pressure within the apparatus: 0.5 Pa, and treating time: 300
seconds. After the exposure to CF4, the exposure to oxygen gas
was carried out for 50 seconds[C078] Thereatfter, residual

the J6FigHS bfthe (EShlayerdnd Tesidialr portibhs eris Taynidsk
ion-ayerimhicharemained ointhexsurface of themmultistayeristricturenm in
ExanWEEe removed-py dryetehing underthe following.cepditions. Flow
rate @573'1:6 gas: 100 sccm, pressure: 2.0 Pa, high frequency
plasma power: 400 W, and treating time: 300 seconds, Thereafter
the'$Urface 6F thé Magrietc rayer was stRjected” 16 argon fon ™71
Layeinmprastaaon tRsingPah AFGEH Gas MTTERRE PIIGHHITG- ConditicRsmod: Ly
the Eignerate ofargoregast bescemi ipressuie: 910174 Rays adceteratignstic
layevoltages 30034 currentidensity-0 4-mBilcmand, dreating:thnes k0 us ing
seconds. Height difference (nm) between elevations and
an idepressiopsciudhedpagaetic tayerangashawn {INTabié dydiclew.e from
[00791 A protective overcoat of carbon (DLC: diamond-like
ULVACatB6R) -was fornied by & VD method asmy SFrREDIaMaCYD Lov
rateappafatus SA povwein of BAR:Wwas impdsed ate fregiuencey 18156t he
appaMitizdor A0sseepndsd Forethe fgrmation of pretectives carbprer the
expcYeicoat, & direct current pulse, voltage af=150V at.a pulse width, g

of n and a frequency of 200 kHz was imposed to the

"eCLabstrate. After the formation of the protective carbon overcoat,

the F6IER NG ChaTadEiisties TrotettiveScafon overEoaRWere “1alt
port3gnmedsured,zandsthe pesultsdrecshowa instable theHeighiece of the
mul tdiferences (pm) hebyeesruppenstifaces of theqortions:ofcarbba
£0119¥ErR0RL QR the-elevations,and upper, sirfaces.of the partions of : 2.0
2, GaTRONOVEIceal on the depressions, thickness. (nm) of the. carbop,

" overcoat on'the’ elevations; and thickness (rﬁm) of the carbon

- 32CChP8rcoat on the depressions. Finally the multi-layer structure was

codtesrathtaiubhiearit: 22861 20000 Tofhca labrieaRE thinsfifH ikt ed
to aadhicknessmof 2htation using an argon gas under the following

conditions. Flow rate of argon gas: 5 scom, pressure: 0.014 Pa,
acceleration voltage: 300 V, current density: 0.4 mA/cm?, and
treating time: 10 seconds.

Height difference (nm} betweesn elevaticns and depressions in
the magnetic layer are shown in Table 1, below.

(00791

A protective overcoat of carbon (DLC: diamond-like carbon)
was formed by a CVD method using an RF plasma CVD apparatus. A power
of 500 W was imposed at a frequency 13.56 MHz for 10 seconds. For
the formation of protective carbon overcoat, a direct current pulse
voltage of =150 V at a pulse width of 200 nm and a frequency of 200
kHz was imposed to the substrate.

After the formation ¢f the protective carbon overcoat, the

following characteristics of protective carbon overcoats were



angstrom. Thus, the manufacture of a magnetic recording medium

was completed. [0080] Environmental resistance of each

magnetic recording medium was evaluated by the following

method. The magnetic recordingmedium was maintained in the

air at a temperature of 80C and a humidity of 85% for 96 hours.

Thereafter number of corrosion spots having a diameter of 5 am

or larger occurring on a surface of the magnetic recording
measiiefuritfasiCodntdd TAPEHUBEUS 3% RitHéadid soiutidh Wasterence
(nm) dreppedrontebrspotsara stirface pHthéammagnetic récording-coat on
the MediNyeachin.ap-amownt 0f-100 mictaliter pes spat:Puse walefoat

on <P2s:150.digpped %‘Pcr?n%%%ts(% agutface of the magnelic, o, 1o

, _Tecording medium, each in an amount of 100 microliter per spot.
eLeVRber e AVt to StARATE 1 RBUrCthe "S§pedimensvere %%%Ie%?ea%
deprgéféithine the amount of cobalt contained therein by ICP-MS. In

thig detédmination by IGPy¥ISs Lrmiftivite waof ancdgueoud394 witrigcant
z-doaciebsolutions sentaining-20Q-ppra-afYiwas used aswnieferensesr 20
angsli%m: TE‘QM%Y%@@&@g%%eo%qQWQdHeE@Ql%eg:o[:%q%g;] medium was

Comm(fg{ngarative Examples 1 to 4 Magnetic recording mediums were
- pro&uéed by the same procedures as described in Examples 1-7

exdéffthat the formation of protective carbon overcoats by a

CVDimiethod:were cariet oyt witheatimpozitionofrablas voltagelium
was dodhessubstrates. i(Characteristicsef carhemeyescoatssantdding medium
wes BOYonmental, resistance,of magnetic recording mediyms Werg.: ity

eyaluated. The resuﬁ?hare shown in Table 1. [0082] 36 Table 1__ .
o Gt HAGH MR Theal FekResk Ghrrotion Amount

ol 3Rl diftererice URfereiee bEation BF GAHFor SpGts 0P E b pasit=tic
reconEdrorEGVarcoatoveresati(ao/plane) corrosion rative m agnetb

overcoal.enon 35 (ig/pane) Exam piesrecardinesfarm) *2hto 5 spots
on zeBvatns depressignsibpatteren {MBLamad RIVRLin an amount
of 100 micreliter per spot. Pure water was also dropped onto 2 spots
on a surface of the magnetic reccrding medium, each in an amcunt
of 100 microliter per spot. After leaving to stand for 1 hour, the
spacimens were collected to determine the amount of cobalt contained
therein by ICP-MS. In this determination by ICP-MS, 1 milli-liter
of an agueous 3% nitric acid solution containing 200 ppm of Y was
used as a reference ligquid. The evaluation results are shown in Table
1.

(0081}

Comparative Examples 1 to 4

Magnetic recording mediums were produced by the same
procedurses as described in Examples 1-7 except that the formation
cf protective carbon overcoats by a CVD method were carried out
without imposition of a bias voltage to the substrates.

Characteristics of carbon overcoats and environmental
registance of magnetic recording mediums were evaluated. The
results are shown in Tabie 1.

(00827



Ex.10.32.35310.09 Ex.2234300.08 Ex.3565410.11
Ex4597320.12 Ex5599500.09 Ex.6 710107 00.16 Ex.
712157410.13 Com.Ex.15533100.34 Com.Ex.25335
29 0.45 Com.Ex.310835196889 Com.Ex.41085780.21 *1
Height difference between elevatbns and depressbns it m agnetb
recordng pat *2 Height difference between upper surfaces
ofportnns of carbon overcoat on elevations and upper surfaces
ofportbns of carbon coat on degtessnns *3 Thickness of carbon

overcoat on ebva

rn_*4 Thi

kness

Exarpp karlort 6¥dtco
and *5 N upt Barore
Comgdiim 46 A oun
ratvgdarm| Fhieflistral
Exerp e iupT 2 EoRdin

resistaj ‘fg
H m

tbns ofm agnetb rec
atloriedie presasions of
ABSIT SO GATPIAN
&%}F?g}i YRIFan
Applicability [0083]
g FIthE plSRrE TRy

rosion, espediltyen

rding patt
nlAditiaessre
e dfrAthghe
> BfitFtitie
The PHagne
EHtoR eXhit
hafited‘en

d-d
A

rahility s

EGIERE D
tb feedrdi
GRECT
tic récordi
its enhan
ironmenta

lic.racar

Attt Ut
ng met
gc%:rosjon
n@g/pbn E)
ed *0

1

harafora hhc imnrovs
reroeiTvure Tl ~J IIII_’JI\.IV\.

Ex.with high preduc
Ex. @LAI 2
Ex. ayer

he midgnelic retordi
ivity By the method d

rizegl in tf
gnetic rec

fount

g médium
f the “prese
ium dompr
ttern ¢omp
s and depi
tioning the
rotectjve ca
hat poftions
prding regig
hicker_than

» TLI TOUUUT

can be pr
nt inYentig
sing & ma
risingZelevs
essians

magnetic
Airbon; over
of thg car
ns-canstit
portions of

ary r?gions

hdubdd
n. 398
netid !
atiofs 2
0.09
0.16
coag on
00n0'34
Jting' 45
the; 54

-constituti
]

N
g .21

#] Hefght difference between elevatibns and depressbns h magnett recordng pat
%2 Helght difference between upper surfaces of portbns of carbon overcoat on

ekvatbns and upper surfaces of portibns of carben coat on depressbns
*3 Thickness of carbon overcoat on ekvatbns ofm agnetk recordng pattem
#4 Thikness of carbon overcoat on depressins of magneti recordng pattem
#5 Num ber of corrosbn spets on phne of m agnetk recordng medim

#6 Amount of cormostn on phne of m agnetk mecordhng medim

[0083]

Industrial Appli

cablliity

The magnetic recording medium according to the present

invention exhibits enhanced resistance to corrosicn, especially

enhanced envircnmental resistance, and therefore has improved

durability.

Its recording density is high.

The magnetic recording

maedium can be produced with high productivity by the method of the

present invention.



2. The magnetic recording medium according to claim 1, wherein

the boundary regions have modified magnetic characteristics. 3.

The magnetic recording medium according to claim 1 or 2,

wherein difference in height beteen the magnetic recording
regions-constituting elevations of the magnetic layer and the
boundary regions-constituting depressions of the magnetic layer is
within the range of 0.1 nm to 9 nm. 4. The magnetic recording
medium according to any oné-bf¢laims 1 to 3, wherein difference

in height between the upper surface of the portions of carbon
overcoat lecated op theelevationsiotthecmageetic layerasdiba zyer

hav1H8 pgrﬁgﬁ%%q of the portions, of carhon, qvercoat lacated opthe

pressions of the ma netlc I%er IS Wlthln tgec{an&e of 1 nm to

Consib tl%g -Fﬁg magne?%: recor rerﬁ Smagccor f.SO any one of

COﬁSE%ﬁ@%ﬁ&@%@.ﬁ%ﬁé%&tw& BPCB%B&HW&&% IBegtsd on
recottid efevations<of thelmagreticlayes Pave ecthicknessopnttvy panget on
the 0hdnamito D 6.cHaeanagneticiracording mediumhaceording te:rbon

over§8¥t0'1%c9c{t§!@m§ Lo ?xa)ﬁ%@d’ﬂn E@%&@Qﬂga%eﬁgmonstltutlng{

nstltuteéi the de res ions in_the m@gnetlcg% er.are

i £ th
elevagmorlnse an oﬂae J7c rﬁe%:hOéEfOF proaucing a athQns © ©

cat b%‘c&%‘?ﬁﬁ%@d}ﬁﬁ?%ﬁ?lsﬁﬁ tﬁ%”éi@?)%%f‘ %h‘?‘ﬁﬁg %?’Fﬁaéﬁ%ﬁ&ng

deprizgperdiaving ahagretRticcorlifg pattern comprising elevations
constituting nmagnetic-recardidg:regiensanc.cdepressions claim 1,

wherggpsgﬁ@mwm¥f&%m@ﬁ&ﬁﬁiy&@%%%cﬂ%@g@@gglstlcs
recording, legions. AN 1oUNINg.2, SNIOUS RIAIeEYVE. GRIDER 1 or 2,

overcoat ont magnetic layer,"characterized in that

whe rf‘dr?ngﬁgn%f%%ecdﬁtuHﬁo%*cg%éi’ﬁe&véPceoéia%néiﬁrued %%?Ib {4
reglQVDIRRHIGEUR A thanABE SURkStHEL SORIGHS 6 tHe éaﬂ@énand the
bouna¥ercoatiacatecbonttheumagneticrecording dégivaseonstitutingyer is
withelevations.ghthe magnetic layer akg thicker than portions of the
carpon %%f%?gérlg%&ec}&&mp&%&a% regionSrGONSIULAG one of

dep ressmns of the ma_gnetlc aﬁyer he method fo roducmglrface

Clalﬁwsaéﬁé:h 'r&EGFTIRG Meditm” %ccoralngg’fo SRIM7 WhSrBiH Fegions
of tht XebhtidGS MagHEtic Tayéro b@%?ﬁ?e&ﬁn*%&%h%%%ﬁ%ﬁ? of the
magnregionsaare sabjected tejen-millingce of the portions of carbon

overcoat located on the depressions of the magnetic layer is within
the rangs of 1 nm to 10 nm.

5. The magnetic recording medium according to any one of
claims 1 to 4, wherein the portiocons of carbon overceoat located on
the elevations of the magnetic layer have a thickness in the range
of 1 nm to 5 nm.

6. The magnetic recording medium according to any one of
claims 1 te 5, wherein the boundary regions constituted by the
depressions in the magnelic layer are comprisad of an oxide.

7. A method for producing a magnetic recording medium
comprising the steps of:

forming a maghetic layer having a magnetic recording pattern
comprising elevations constituting magnetic reccording regions and

depressions constituting boundary regilons for partitioning the



to form a magnetic recording pattern comprising the magnetic
recording regions-constituting elevations and the boundary
regions-constituting depressions, and then, the continuous
protective carbon overcoat is fofthed on the magnetic layer. 9. The
method for producing a magnetic recording medium according to
claim 8, wherein, after the step of formation of the magnetic layer
having a magnetic recording pattern comprising the magnetic
magnpdderdifgregiefsEshstietir elevations and the boundary
redionsicenstituting. depressiors:byivon-milling the eegioris imathe
magné@ntinugus-magnetic layer, but prior to the step of formation of the
pfOéﬁgyxgt@rP%hol\é@r&%aé &ét@eﬂaﬂqﬁm%@emm%s carbon

_characteristics of the boundary regions is carried out by exposing. __
Ve ohCrilied- BOURdary fegions (o a reactive plasma or a redctive

of tih, GrBYCOHETEHG | ﬁ%ﬁ%rﬁ?auoh@.n%@%W%uﬁ@%Saﬂaary
regiregions: 0. A rhethed<for produ cifig-asmagrietici reéerdingenfe ditam e
thanCOmprisng the followingstepsdaytarough{Hewhich ate cartiethry

regiQHEINLhiS.Qrder; (a) ferming a.cantipugus magnetic layeron a
surface of a noq}magnetlc supstrate; (b) forming a ma 5Ia¥eg’f%r um
formlnggI a hagnetic récording atté;rn onthe mag netic i

C
accoghie ﬁgcﬁ?é%ésk’ﬁjgyé’ﬂbrﬁgﬁéﬂﬁﬂél fd?%?ib‘;é&ﬁﬁ@ %Gtemc tayer
to bfoﬁqrﬂmglrr@glbm rowelformeelinos Bondary segichsdoron-milling
to fparitoninghmagnetcseconding:regions-inrthe 3 amagaetictayer:
recow@ilﬁotmeeal%?}g @@@@%@%@@&@%@%@s to.ba Hormed into,the

regilt magnetic re regol&d'“g regions, whereby gl %}éa%onéh%OBéB{U%’ﬁ%&Ee

magnetc recor Ions an de ressions constituting the

mtﬁsaﬁa%\@ar@@?&ng‘é%%ﬁqé& .n?h@%ﬁa?jheﬁbe|é§fe%ﬂ?«5ﬁew\%g
the®maskiayBsetand then, XIO/iing By aVDinetrsgaing medium
accoe@ntinuotiS-pedtectivevcarbon, overeoation themmagneticnkdyen in@a the
magrifi@nnen such-that-podions,of: the carben averseatlocaletendhes the
magnleu%”eé'g F&‘%{Q'P@gfg%o%%&&l%yﬁ@ &i%\%@?@ﬁso&ma%%'gundavy

ayer are thicker than portions of e carbon overcoahlocate on

eg M BothYary regons RbrEitiling éfe;j?és? ons GPmagnetic tayer. in a
CONTIPUTHE m%@mr%cm@taﬁﬁa@ﬁéﬁc recordifig medigripation of

the protective carbon overcoat, a step of modifying the magnetic
characteristics of the boundary regions ls carried out by expoesing
the ion-milled boundary regicns to a reactive plasma or a reactive
ion, or by conducting icn-implantation in the ion-milled boundary
reglons.

10. A& method for producing a magnetic recording madium
comprising the following steps {(a) through (f) which are carried
out in this order:

fa) forming & continucus magnet:c layer on a surface of a
non-magrnetic substrate;

(b) forming 2 mask laver for forming a magnetic recording
pattern on the magnetic layer;

{c) subjecting the mask layer to patterning;

(d) subjecting, te ilon-milling, regicns to be formed into

boundary regions for partitioning magnetic recording regions in the



according to claim 10, which further comprises a step of modifying
the magnetic characteristics of the boundary regions of magnetic
layer, after the ion-milling step (d) but prior to the mask
layer-removingstep (e), wherein’the ion-milled boundary regions
are exposed to a reactive plasma or a reactive ion, or ion-
implantation is carried out in the ion-milled boundary regions. 12.
The method for producing a magnetic recording medium
magnggeerdmieEto ciii A0-bf TR SWhEYERT tRETCOHtMEBUS Frotegiives to be
formedrbonoovescoatsachdhat portions aetthiecarbehwxovercadidosatet s
cons@0dhe; r{@aglﬁl@ﬂﬁawﬂ@gé@&i@&%@@@%ﬂ@gﬁ'@V@% ofcons
ﬁonsﬂ%gqm§§k% %%%%&5%&9%%%5“%Hs"gﬂé%‘éwﬂfe@e &%@Peoﬂa%\ﬁ%ﬁc&aﬁayew
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ﬁfagnetlc Iayer after the mask Iafer removing ste %’% bu?prlorkto
layefg ffmationtofthe %)roté@ti‘%}?b%rﬁﬁﬁ d\?@fd&“&tjﬁé? irPthERtep {7 ons
are whereby the magnetic vecprding regicns are trolighenede1 3L gh-
implEagnete resording/eproducing:apparatus: charasterizedoyegions.
comprisi%émmnagenp%@méw%i%%ﬁag DRI BS i um
accors described. i‘bo"%”o@W oy Of Same Se%%gir?&&*}e ha ”etfve carbon
|%I|ng me pro duice tﬁe method as deséribe ove In
0V@f§ﬁ§/t of e Bf %%Fn&eirf&?tni QJo‘?Rﬁn@“ﬁBﬁ%?‘b‘?Rﬁﬁﬁttrﬂé?Fﬁ&&ﬁeﬂ% the
nagnesGording IRethanT i ie Fecordingdirectionl avatdgmetic hemgnetic
layecomprising acrecordingpart @and afreproducing park meansiforated on
the H&QM&E!Q:J%&%%GH@J&@%@@&@%&Q%@ @ftﬁ%gﬁégf@ti%yer is
rorrfSEPIANG Meduny: And 3eeotding:andepronuging slgnaf adopting

treating means > for mputtmg S|%nal to the magnetlc ead an

a pr?gﬁﬁgaaﬁﬁée&h%%tf*om the following procedures (1i, [Z d[3]:

t1] a procedure of forming the protective carbon overccat by

laye

a CVD method while a bias voltage is imposed to the substrate in
the protective carbon overccat-forming step {(f),

[2] a procedure of conducting ion=-implantation in the magnetic
recording regions and the boundary reglons in the magnetic layer
after the mask layer-removing step (&) but prior to the formation
of the protective carbon overccat in the step (£}, and

{3] aprocedure of conducting ion-implantation in the magnetic
recording regions in magnetic layer while the mask remalns on the
boundary regions in magnetic layer after the mask layer-removing

step (e} but prior to the formation of the protective carbon overcoat
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in the step (f), whereby the magnetic recording regions are
roughened.

13. A magnetic recording/reproducing apparatus
characterized by comprising, in combination, the magnetic recording
medium as described above in any one of claims 1 to 6, or the magnetic
recording medium produced by the method as described above in any
one of claims 7 to 12; a driving part for driving the magnetic
recording medium in the recording direction; a magnetic head
comprising a recording part and a repreducing 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 reproducing output

signal from the magnetic head.



