| DESCRIPTION Method for Producing Magnetic Recording Medium and Magnetic
Recording/Reproducing Apparatus Technical Field [0001] This invention relates to a process for
producing a magnetic recording medium used for a magnetic recording/reproducing apparatus such
as a hard disk apparatus. It further relates to a magnetic recording/reproducing apparatus.
Background Art [0002] In recent years, magnetic recording apparatuses such as a magnetic disk
apparatus, a flexible disk apparatus and a magnetic tape apparatus are widely used with their
importance being increasing. Recording density of a magnetic recording medium used in the
magnetic recording apparatus is greatly enh&nA %P%ﬁéciaﬂy, since the development of MR head
and PRML technique, the areal recording density is more and more increasing. Recently GMR head

and TMR head havg.beep developed, and theJate of increase; in thearealregording.depsity is about

100% per ¥{ear. There is_still increasing a demand for further enhancing the recording density, and
therefore, & Tragreticayer Havig Bhigher oertive force, and a higher signal-to-noise ratio (SNR)

and a high resolution are eagerly desired. An attempt of increasing the track density together with an

increase of a liner recording density to enhange apareakecording density is also being made. [0003]
In a recent magneti{c %%cggding apparatus, the track density has reached about 110 kTPI. However,
with an increase of ?he ck density, magnetic recording information is liable to interferring with each
other between adjabeht tracks Erdmagaetizatior: RAASRDR FegioHS i the Bot RdafyYetfons thereof
as a noise seurgcei2ntene-to impais dhe SNRa These=problemssesulidn tewedagdn:hit

apparatug such as a hard disk apparatus. It further relates to

a magnetic recording/reproducing apparatus.

Background Art

[0002]

in recent years, magnetic recording apparatuses such as a
magnetic disk apparatus, a flexible disk apparatus and a magnetic
tape apparatus are widely used with their importance being
increasing. Recording density of a magnetic recording medium used
in the magnetic recording apparatus is greatly enhanced.
Especially, since the development of MR head and PRML technique,
the areal reccording 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 & higher signal-to-ncise ratio (SNR) and a high
resolution are eagerly desired.

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

[0003]

In a recent magnetic recording apparatus, the track density
has reached apout 110 KTPI. However, with an increase of the track
density, magnetic recording information is liable to interferring
with each other between adjacent tracks, and magnetization

transition regions in the boundary regions therecof as a ncise source



error rate and impede the enhancement of the recording density. 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 eacrb recording bit. However, with a decrease in the bit
size, the minimum magnetization volume per bit becomes small, and the recorded data are tend to
disappear due to magnetization reversal caused by heat fluctuation. [0004] Further, in view of the
reduction in distance between the adjacent tracks, a :high-precision track servo system technology is
required for the magnetic recording apparatus, and an operation is generally adopted wherein
recording i$ Bafriéd catwicely ButStie repredGchéR s eafried ot hatfowRrss that the Mfluence of the
adjacent tracks:is mininized. This:dperatiorisadvantageads imthattberinfluencerafibe adjacent

tracks can be minimized, it 1t is disagvantageous.in.fhaf ihe; teprodpction oudput js rather low. This

also leads to difficulty in enhancement of the SNR to a desired high level. To réduce the heat

3 Eal

Hh . g9 { ]
fluctuation, Maitfain e dekited“SRR and®Bitaittfe desiret tepfotiuGidit obtputia pfoposal has
been madesathereirelevationsiard depressionsare formed; which ekterst along:athe tracks on a

surface of a magnetic recarding medium, $0 that, each-efpalterned fracks og the eleyations is
partitioned by the depressions vymhereb%/ the track density is enhanced. Ej[t;is %/ng %fkamagnetic
recording rhetid & héraiitterterertad 16-a8°8 distrete tradk Madia AAd the Techniyt

ue for providing
this type of inaghefid recording media s hereiafteryafefrdibteas s tiscrdtectratkv aigthod. [0005] A

known example ©f the discreter traskunedium is a magnetic recording medium disclosed in, for
example, patent dofb‘ﬁ%%qt 1, which is made by providing a non-magnetic substrate having elevations
med

and depressions fo ‘on the surface thereof, and the magnetic layer corresponding surface
Conﬁguraﬂonisfonﬁéﬁqﬁgg, in view of the reduction in distance betweesn the

adjacent tracks, a high-precision track servo system technology
is required for the magnetic recording apparatus, and an operation
1s generally adopted wherein recording is carried out widely but
the reproduction is carried cut narrowly so that the influence of
the adjacent tracks is minimized. This operation is advantageous
in that the influence of the adjacent tracks can be minimized, but
it 1s disadvantageous in that the reproduction cutput is rather
low. This also leads to difficulty in enhancement of the SNR to
a desired high level.

To reducse the heat fluctuation, maintain the desired SNR and
obtain the desired reproduction output, a propcsal has been made
wherein elevations and depressions are formed, which extend along
the tracks on a suriface of a magnetic recording medium, so that
each of patterned tracks on the elevaticons 1s partiticned by the
depressions whereby The track density is enhanced. This type of
magnetic recording media is hereinafter referred to as a discrete
track media, and the technigue for providing this type of magnetic
recording media 1s hereinafter referred to as a discrete tTrack
method.

[0O05]

A known example of the discrete track medium 1s a magnetic
recording medium disclosed in, for example, patent document 1,
which i1s made by providing a non-magnetic substrate having
elevations and depressions formed on The surface thereof, and the

magnetic layer corresponding surface configuration is formed on



the non-magnetic substrate, to give physically discrete magnetic recording tracks and servo signal
patterns. The above-mentioned magnetic recording medium has an structure such that a
ferromagnetic layer is formed via a soft magnetic ynderlayer on the non-magnetic substrate having
elevations and depressions formed on the surfacethereof, and an overcoat is formed on the
ferromagnetic layer. The magnetic recording pattered regions form magnetic recording regions on the
elevations physically partitioned from the surrounding regions. [0006] In the above-mentioned
magnetic recording medium, the occurrence of ferromagnetic domain wall in the soft magnetic

underlayericsh Be'preventéd eriiiimiZed and tivereford e fhfluente duesiertie fRgt fifictuation is
reduced ane:the-iniedete hetweenithe-adiacenhsignalsts axnimized with the result of provision of a

magnetic recording:medium haying.a large SNR, The. discrete track methad includes two type of

methods: a first type is drawn to a method wherein tracks are formed after the formation of a
multilayer maghetic 18cBrdingmetivm CompREMYE severdt YaminatedHmRE ahtPadetohd type is
drawn to amaethod whergir patternshaviryg elevationssand depressions areformed directly on a

substrate o farped on afilm Jayarfor forming tracks .thergens and-then-amultilayer,magnetic
recording medium is formed using the patterned substrate or theegﬂatterned film layer (see, for

example, pat&rt-docurnent 27815 patert Gocuhert 32 The first§pe method ie%ter alled a magnetic
layers -treat'Bigrtype meathdts zat the secorid typamethotdsreitar dalledres anrembossiag type
method. [0@Q ¢} - Anether discrete rackdnethed basbeennrepesed in-patentn docyment4. In the
proposed method, O?f&%’i?usw formed magnetic layer is, for example, subjected to an implantation of
nitrogen ion or oxy%en Ion or irradiated with laser whereby regions partitioning magnetic tracks in a
discrete track meditin &Fé féRRER" Fﬂ@ﬁﬁéﬂ%%é’ﬁ%ﬂﬁroﬁ%ﬁ@éﬁﬁa@ﬁ@ﬁé%cégﬁng medium has
been propased.whicheaomprises ansiep«ofsubjeeting amagneticthe soft magnetic

underlayer can be prevented or minimized and therefiore the
influence due to the heat fluctuation is reduced and the interfere
between the adjacent signals 1s minimized with the result of
provision of a magnetic recording medium having & large 3NR.

The discrete track method includes two type of methods: a
first type is drawn to a method whereln tracks are formed after
the formation of amultilayer magnetic recording medium comprising
several laminated films; and a second type 1s drawn to a method
whereln patterns having elevations and depressions are formed
directly on a substrate or formed on a £film layer for forming tracks
therecr, and then a multilayer magnetic recording medium is formed
tsing the patterned substrate or the patterned film layer (see,

for example, patent document 2 and patent document 3}. The first

tyvpe method is often called a magnetic layers—treating type method,
and the second type method is often called as an embessing type
method.

[0CG07]

Another discrete track method has been proposed in patent
document 4. In the proposed method, a2 previcusly formed magnetic
laver is, for example, subjected To an implantation of nitrogen
ion or oxygen lion or irradiated with laser whereby regilons
partitioning magnetic tracks in a discrete track medium are formed.

Further, a method of producing a magnetic recording medium

has been proposed, which comprises a step of subjecting a magnetic
Prox e ]



4 layer to an ion milling using a carbon mask (see patent document 5). Further, another method for
forming a magnetic pattern has been proposed in patent document 6, which comprises a step of
forming a ferromagnetic layer comprising at least pne element selected from Fe, Co and Ni, a step of
selectively masking the surface of the ferromagnetic 'layer, a step of exposing the regions of the
surface of ferromagnetic layer, which have been exposed by the selective masking, to a
halogen-containing reactive gas whereby the ferromagnetic layer and an under layer are chemically
reacted with an active ingredient in the reactive gas in said exposed regions of ferromagnetic layer to
be thereby réH@er&d rioh-fefidagrdtic ‘tegichs: mﬁ%ﬁpﬁfeﬁﬁ doiiment P3P 2664764692 Al

Patent doctiment 2 JP 2004-178793 Al Patent document 3 JP 2004-178794 Al Patent document 4 JP

H5-205257 Al Patentdacyument» JB2006131849 Alr Patent.dacumenti6 JR,2002:359138 Al
Disclosure of the Invention , Problems é? Be Solv%d %tgg Invention [0009 Att%n; t.iﬁm,have been

heretofore Hradeto form 4 ﬁ%ﬁ%ﬁr&gl Oﬁgﬁ(ﬁ%n d rﬁagne%%mroe%%ng 5’51 &M, bu rpr%)% ms arose in
these attemptsr Forastzrhple Linvihe caseivsenvagiorssfamagnétitchyere apelinddiamd with a laser
or implantedswith-an gxygen ignar-gther ignsder medifying the mragnetic propedies-of-gaid regions of
magnetic layer, the modified regions tend to be damaged and the surfac reof is. sometimes
roughened.’”EllJjr:t?ff%‘{?,gt%ee”ffFadfiﬁt ion’ v%tﬁrlca@ faser gﬁ%ﬁ%ﬁ%prl}é%tg%ga%qgogfghé%ﬁ%loﬁjéf §t?1eer ions have
a low treatifi§ SFEISHEPRRE this REHS tofedtietioVih PRETUETRIY 5T a Tiagrétie Feéerdii§ medium. In
the case whesitegipnsofa megheaticlayet ate halogenated-for qaadifyingdhe magnetic properties of
said reg'onfe%&@gaﬁéﬁiéyféyé?ﬂﬂa an under layer are chemically reacted with

an active ingredient in the reactive gas 1n sald exposed regicns

of ferromagnetic layer to be thereby rendered non-ferrcmagnetic

reglons.
[0008]
Patent document 1 JFP 2004-164€92 Al
Patent document 2 JP 2004-178723 Al
Patent document 3 JP 2004-178724 Al
4 JP Hh-205257 Al

Patent document
Patent document 5 2006-31849 Al
FPatent deocument ¢ JP 2002-358138 Al

”
,
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Disclosurs of the Invention
Problems to Re Solved by the Invention
[C009]

-,

Attemprs have been heretofore made to form a magnetically

partiticnedmagnetic recording pattern, but probhlems arcse in these
attempts. For example, in the case when regions of amagnetic layer
are irradiated with a laser or implanted with an oxygen icon or other
ions for modifying the magnetic propertises of said regions of
magnetic layer, the modified regions tend to be damaged and the
surface thereof is zometimes roughened. Further, the irradiation
with a laser and the implantation ¢f oxygen ion or other ions have
a low treating efficiency and this leads to reduction in
productivity of a magnetic recording medium. In the case when
regions of & magnetic layer are halcgenated for modifying the

magnetic properties of sald reglons of magnetic layer, 1t tends



5 to give a damage to adjacent layers. Therefore, the halogenation is difficult to adopt p:c: "e. In view
of the heretofore proposed magnetic recording mediums which are still faced with a technical problem
for further increasing a recording density, a primag}/ object of the present invention is to provide a
method of producing an improved magnetic recording medium, which exhibits a greatly enhanced
recording density while recording /reproducing characteristics equal to or better than those of the
heretofore proposed magnetic recording mediums are ensured, and which method enables the
production of such improved magnetic recording medium with an enhanced efficiency. Means for.
Solving thetProbléms [BOEOEREseHitRES ndde Bythe veRtSRL for AERidvingIRE2aBBVe-mentioned
object revealedithat the abave-mentioned improvied: magnetic recording medium can be produced by
the following methoq%-VIQHSOP%H@%%@Q@%%_@%” p)%ee@_c%]ﬁ{gt@gc In @gg%q%@ce with the

present invention, there are provided  the folloyvl,n*_g@me&f ods for producing a magnetic recording
medium. (PFABI2SET6P Groduting a niagiietic reécdrdiig mediunt hidvntg a Madheticdtly partitioned
magnetic reécardézg patternorcatitast oresurfacesobanonmagheticsubstrate; characterized by

comprising; a.atep of reactingportions of adnagnetic jayer formed,on the non-magnetic substrate,
agnetic ager for forming the

with ozone to modify magnetic properties of said portions of the m
magneticallP PR ed WaGRane acordie bRt TOPET ) ATBRGHTof BFOACIHE & magnetc

recording miedisiit asvdeseribedindirabover eAaracterized tRreemprisiig tiaifellowingseven steps
(A) through+G)-carrigchaut i this orderd A)a-stepret-forming & magnetic:layer es-atlgasyone surface

of a non magnetic subsirate, (8) 2 step af forming. 2 mask |ayeron the magnefc lave, () a step of
forming a resist layer on the mask layer,
such improved magnetic recording medium with an enhanced

efficiency.
Means for Solving the Problems
(0010]

Researches, made by The inventors, for achleving the

above-mentioned object revealed that the above-mentioned improved
magnetic recording medium can be produced by the following methods.
Thus, the present invention has been completed.

In accordance with the present invention, there are provided
the following methods for producing a magnetic recording medium.

(1) Amethod for producing a magnetic recording medium having
a magnetically partitioned magnetic recording pattern on at least
one surface of a nonmagnetic substrate, characterized by comprising
a step of reacting porticns of a magnetic layer, formed on the
non-magnetic substrate, with ozone to modify magnetic properties
of said portions of the magnetic layer for forming the magnetically
partiticned magnetic recording pattern.

[0011]

(2} A method for producing a magnetic recording medium as
described in (1) above, characterized by comprising the following
seven steps (A} through (G} carried out in this order:

(A) a step of forming amagnetic layer on at least one surface

of a non-magnetic substrate,

(B) a step of forming a mask layer on the magnetic laver,
{(C) a step of forming a resist layer on the mask layver,
(D) a step of forming a negative pattern of the magnetic



(D) a step of forming a negative pattern of the magnetic 6 recording pattern on the resist layer, (E) a
step of removing portions of the mask layer in regions corresponding to the negative pattern of the
magnetic recording pattern, (F) a step of contacting regions of the magnetic layer, which have been
exposed by the removal of the portions of the masK layer in step (E), with ozone whereby said regions
of the magnet -I c layer are reacted with ozone to modify the magnetic properties in said regions of
the magnetic layer, and (G) a step of removing the residual mask layer, or the residual mask layer and
resist layer. [0012] (3) A method for producing a magnetic recording medium as described in (2)
above, whereftjsHaraoreonacing saidhexposedtrégivns of the magnetic layer with ozone in step (F)

to modify the magnetic prepsrties insaid regions:ofdhe magneticlayen swfage layerdqortions in said
exposed regions of the. ma. r)Eeticthaé/er are ]r%rgovggtg_;)nAOnIae%hod far C;{%roduciri%g}orp gﬁletic recording
[ )] 0

. T ad T ne. T .
medium as 8eggrslggglr%lz ) above, wrhee(‘?%m, pnc?r to contacting said e p%sé regions The magnetic

laver with dzoheSA step (F) to modify the magnetic properties in said regions of the magnetic layer,
the. following procecﬂr.@(@mpmﬁoeﬂutgs(ﬂh@re@@mad O&t..lt@)earp@mtchmeleﬁzequsﬁﬂgﬂsaid exposed
regions of the, magagtic.layero,a flupingsgontaining gas, (i) procedures ptremoying surface layer

portions in said exposed regions of the magnetic 'Layer, and then, exposing said exposed regions of
the magneﬁ@l%o(g)ﬂu8’&58—8&%%%@%&&%3%%%@% prodlicin a maghetitfecording
medium asadescrbed@above in anyrene of (Lt (3): hwhereinsthecmagretictlager ito be gbntacted with
ozone in stgg(gggggscggf@@u@gétl@g@el&gggmri%ggjof magnetic particles surrounded by oxide.
[0013](6)Arneﬂuwkgﬂéﬂggggklﬁaggggggg%r%%gdyg%ﬂggggn%ggk laver, or the

residual mask layer and resist layer.

(0012}

(3) A method for producing a magnetic recording medium as
described in (2) above, wherein, prior to contacting sald exposed
regions of the magnetic layer with ozone in step {F) to modify the
magnetic properties in said regiocns of the magnetic laver, surface
laver porticons in sald exposed regions of the magnetic layer are
removead.

(4) A method for producing a magnetic recording medium as
described in (2) above, whereln, prior to contacting said exposed
regions of the magnetic laver with czene in step {F) to modify the
magnetic properties in said regions of the magnetic layer, the
following procedure (i) or procedures {iil) are carried out.

(1)} & procedure of exposing said exposed regions of the
magnetic layer to a fluorine-containing gas,

(ii} procedures of removing surface layer portions in said
exposed regions of the magnetic layer, and then, exposing said
exposed regicns of the magnetic layer to a fluorine-containing gas.

(5) A method for producing a magnetic recording medium as
described above in any one of (1) to (3), wherein the magnetic layer
to be contacted with ozone in step {(F) has a granular structure
comprised of magnetic particles surrounded by an oxide.

100131

(6) A method for producing a magnetic recording medium as
described in (5) above, characterized by comprising the folliowing

nine steps (Al) through (Gl) carried cut in this order:



described in (5) above, characterized by comprising the following nine steps (Al) through (Gl) carried
out in this order: 7 (Al) a step of forming, on at least one surface of a non-magnetic substrate, a
magnetic layer having a granular structure comprised of magnetic particles surrounded by an oxide,
(A2) a step of forming a magnetic layer having a non-granular structure on the magnetic layer having a
granular structure, (Bl) a step of forming a mask layer on the magnetic layer having a non-granular
structure, (Cl) a step of forming a resist layer on the mask layer, (CI) a step of forming a negative
pattern of the magnetic recording pattern on the resist layer, (El) a step of removing portions of the
mask layer in regiof&’ tofre&pBRditg {6 i hegafie Patte?r OF tREIaYRERE Felording pattern, (E2) a
step of removing poriions of the magnetic layenhaving 1a& nen-granitar structane imregions
conresponding.{p fhe Degalive, paitem ol e maopetc (eeording patler. (), step,of pontacting

regions of the magnetic layer having the granular structure, which have been exposed by the removal
of portions of the Magnetic k&P haing 2 Adh i aRlarstradture ' St (B2, With 26re whereby
the magnetit: layerhaving thégrangtart structuye s headted withrozonesto miodifytheanagnetic
properties in said regions, of the magretic layerhaving the.granylanstrugtine - and (Gha-step of
removing the residual mask layer, or the residual mask layer and resist layer. [0017] (7) A method for
producing & Maghetic Féogb?a%%mﬁ%ea&iuﬁwtggcctiéléfceribed in (6) above, wherein, prior to contacting said
exposed regions of the niagiietic lHyef having tie granglar sSeveturewithSo#6hAe in- 315 (FI) to modify
the magnetic propertigs i said-fegions- ahthe magaetic layerpsutfaea layer pertions.ir-said exposed
regions of t@gcr&ggrllggcgl)%)é ref%%vi&g t@gegrgggi%rtstilé?&g are removed.

(E1) a step of removing portions of the mask layer in regions
corresponding to the negative pattern cf the magnetic recording
pattern,

(E2) a step of removing portions of the magnetic layer having
a non—-granular structure in regions corresponding to the negative
pattern of the magnetic recording pattern,

{F1) a stepof contacting regions of themagnetic layer having
the granular structure, which have been exposed by the removal of
porticns of the magnetic layer having a non~granular structure in
step (E2), with ozone whereby the magnetic layer having the granular
structure is reacted with ozone to modify the magnetic properties
in said regions of themagnetic layer having the granular structure,
and

{G1) a step of removing the residual mask layer, or the
residual mask layer and resist layer.

00173

(7) A method for producing a magnetic recording medium as
described in (&) above, wherein, prior te contacting sald exposed
regions of the magnetic layer having the granular structure with
ozone in step (F1) tomodify the magnetic properties in said reglons
of the magnetic layer, surface layer portions in sald exposed
regicns of the magnetic layer having the granular structure are
removed.

(8) A method for producing a magnetic recording medium as
described in (6) above, wherein, prior to contacting saild exposed

regiocns of the magnetic layer having the granular structure with



(8) A method for producing a magnetic recording medium as described in (6) above, wherein, prior to
contacting said exposed regions of the magnetic layer having the granular structure with 8 ozone in
step (FI) to modify the magnetic properties in said éegions of the magnetic layer having the granular
structure, the following procedure (i) or procedures (ii) are carried out. (i) a procedure of exposing said
exposed regions of the magnetic layer having the granular structure to a fluorine- containing gas, (ii)
procedures of removing surface layer portions in said exposed regions of the magnetic layer having
the granularstructure, and then, exposing said exposed regions of the magnetic layer having the
granular stftitiife t6 8 TRiorife-contaitfing \Gas (0GB IO A KEtREE ¥6F prodidiAg aaghetic
recording mediim asgdescrbed abonesinrany iene of {3 2@ )st()@and-68), subeteinlthel syrface layer
portion of tB‘%é‘&%@{ﬂ%@ I@Merotg _Qjer 5%@(9\!];_395%&9) thickness. in;the range of 0.1 nm to 15 nm. (10) A

method for'producing a magnetic recording medium as described above in any one of (1) to (9),
wherein the reactioh'df SaitF REGionEofthe HBGRCHE I&Fervitio2oRe iEEHettéd By Contacting said
exposed regiansbf.thel magneticiayer with ozene lgas oradiquideontaming ezone<gas. (11) A method
for produci@g&@ﬁgﬂ%icdggprding medium as described above in any one of (2) to (10), wherein the
mask layer is form?d_ rom carb(glﬁngéompl 12) A method for pr%oducin%g a magnetic recording medium

as described in (11) aBoVE WWHErEI tHE CAFPON MhasK Tayet formet hak® A thickness i the range of 5
nun to 40 eFrES)AREisod fof produeintes abhetic Frecordingmeattianas rdelseribed@bove in any
one of (2) ta{d D ¥hersipdberdgramationof the negative patter: aefthesnagnetic receuding pattern on
the resist layer in step, (D) Q. (R13,carmed outby transfer printing ; uing.a stamp.
[0015]
(9) A method for preoducing a magnetic recording medium as
described above in any one of (3), (4), {(7) and (8}, wherein the
surface layver portion of the magnetic laver to be removed has a
thickness in the range of 0.1 mm To 15 nm.
{10) A method for producing a magnetic recording medium as
described above in anv one of (1) To (9}, wherein the reaction of
said regions of the magnetic layer with ozone is effected by
contacting said exposed regions of the magnetic layer with ozone
gas or a liguid containing ozone gas.
(11) A method for producing a magnetic recording medium as
described above in any one of (2) to (10), whersin the mask layer
is formed from carbon.
[0016]
{12) A method for producing a magnetic recording medium as
described in (11) above, whereln tThe carbon mask laver formsd has
a thickness in the range of 5> nm to 40 nm.
(13) & method for producing a magnetic recording medium as
degscribed above in any cne of (2) Lo (12), wherein the formation
of the negative pattern of the magnetic recording pattern on the
resist layer in step (D} or (D1) is carried out by transfer printing
using a stamp.
{14) A method for producing a magnetic recording medium as
described above in any cne of (2) To {13}, which further comprises:
(H) astepof, after step (G) or (Gl) for removing the residual

resist layer, or the residual resist laver and mask layer, etching



(14) A method for producing a magnetic recording medium as described above in any one of (2) to
(13), which further_ comprises: (H) a step of, after step (G) or (Gl) for removing the residual resist
‘Layer, or the residual resist layer and mask layer, etching 9 surface layer portion of the magnetic
layer by using an inert gas. [0017] In accordance with the present invention, there is further provided
the following magnetic recording/reproducing apparatus. 15) A magnetic recording/reproducing
apparatus characterized by comprising, in combination, the magnetic recording medium produced by
the method as mentioned above in any one of (1) to (14) ; a driving part for driving the magnetic
recording MeHiEE theé YeEoRMAG difectibn: iemersHetic edd €8 mphisiHg :Fetbrdifg part and a
reproducingfart; means for moving the magnetic head in a relative motion to the magnetic recording
medium; and are ghngJ-and-reproducing signal treating means for inputting signal to the magnetic
head and for reproducing output signal from the magnetic head. Effect of the Invention [0018].
According to the presetits TiF dfanwn 10'8 IERTSE for- proBGEMTY amaghetie fedordig medium
wherein a magnetiedayee is cformethonmea moskmagnetic substrateranditiien @ agagneticrecording

pattern is formed on-the magpetic ayer, a-magneticrecording.medium -can be provided with a high
production efficiency which is characterized in that a good head-floatability is ensured, and. the

magnetic réCording patterh is partitisnedbytfe regions exhiBithg ex Eéﬁe?i‘ Baftitionability and. the
signal interferesistoigringc betweepcthecadjacéritepagitionddregionsinithe magreticrédording pattern
are suppressed; and that a high teeerding densityreandie <achieved ([0019] i i thedsrathod of the
present invention, the mask layer i, femaved in regions corresnanding 19 the negative patter of the
recording part and a reproducing part; means for moving the magnetic
head in & 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.
Effect of the Invention
[oois;

According to the present invention drawn to a method for

producing a magnetic recording medium wherein a magnetic layer is
formed on a non-magnetic substrate and then a magnetic recording
pattern is formed on the magnetic layer, amagnetic recording medium
can be provided with a high production efficiency which is
characterized in that a good head-flcatabllity is ensured, and the
magnetic recording pattern is partitioned by the regions exhiblting
excellent partiticnability and the signal interferes occcurring
between the adjacent partitioned regions in the magnetic recording
pattern are suppressed, and that a high recording density can be
achieved.

[0019]

In the method of the present invention, the mask layer is
removed 1n reglons correspending to the negative pattern of the
magnetic recording pattern, and then the thus-exposed regions oI
the magnetic layer are contacted with ozcne whereby said regilons
of magnetic layer are reacted with czone to modify the magnetic
properties in said regions of magnetic layer. Therefore the

magnetic recording patitern of the magnetic layer becomes sharp and



magnetic recording pattern, and then the thus-exposed regions of the magnetic layer are contacted
with ozone whereby said regions of magnetic layer are reacted with ozone to modify the magnetic
properties in said regions of magnetic layer. Theri re the magnetic recording pattern of the magnetic
layer becomes sharp and 10 the resulting magnetic recording medium exhibits excellent fringe
characteristics. That is, when writing is made in a track and the read output (i.e., initial read output) is
measured, and further, writing is made repeatedly, for example, 1,000 times in the adjacent tracks,
and the read output of the first track is measured, the latter read output is lower than the initial read
output only & Ve FiRBredBRt JO020TOWher tReFegiors bt tie mEGRBtic Tayer fo-BE%xposed to
ozone arednanedtay-using-a resistdayes ancharmask-layer comprisedrod caryon zandtineconducting
patterning of the resist,ayer and the; mask Jayer by g.dry etching.technigue ysing A-:3102 a.in g

material and 02 gas, especially a reactive ion etching or a reactive  ion millinﬁ%the}hus-formed regions
of the magH&HiE fael A W fified Wil high e SEBIPLY precipitous Walls bf He¥nask FaVer. Further
according torthekpresent inventicrs,a mvagnetic Tetordibgireproducingiappaeatus ean Bé@provided,
which is equipped withthe above-mentigaednagnetic recording medium,ang:thus; vexhibits good
head-floataﬂbilit%, and the magneti recording pattern is partitioned with excellent partitionability and
the signal fhtérfered'occurring Between the adjacent partitioned regions are suppressed, and thus,
which apparatus hds'figghl recording density characteristics. Brief Description of the Drawings [0021]
Fig. 1 llustrates a crpssrsection9f one exampleofasiructue compising-a substrate-and a magnetic
aver in_ the magnetie ieegraing mediyrmanuladiured accoring. (o tig.presety yuention. Fig. 2
illustrates & cross-section of another example o , _ .

carbon, and by conducting patterning of the resist layer and the

mask layver by a dry etching technigue using a S1i0;—containing
material and O, gas, especially a reactive ion etching or a reactive
ien milling, the thus-formed regions of the magnetic layer are
defined with high precision by precipitous walls of the mask layer.
Farther according to the present invention, a magnetic
recording/reproducing apparatus can be provided, which is equipped
with the above-mentioned magnetic recording medium, and thus,
exhibits good head-floatability, and the magnetic recording
pattern is partitioned with excellent partitionability and the
signal interferes occurring between the adjacent partitioned
regions are suppressed, and thus, which apparatus has high

recording density characteristics.

Brief Description of the Drawings

illustrates a cross-section of one exampie of a

inate structure comprising a substrate and a magnetic layer in
the magnetic recording medivmmanufactured according to the present
invention.

Fig. 2 illustrates a cross~section of another example of a

laminate structure comprising a substrate and a magnetic layer in
the magnetic recording mediuvmmanufactured according to the present
invention.

Fig. 3 is a flow-sheet of the first~half steps for producing

a magnetic recerding medium according te the present invention.



e structure comprising a substrate and a magnetic layer in the magnetic recording
mediummanufactured according to the present invention. Fig. 3 is a flow-sheet of the first-half steps
for producing a magnetic recording medium accoWing to the present invention. 11 Fig. 4 is a
flow-sheet of the second-half steps for producing a magnetic recording medium according to the
present invention. Fla. 5 illustrates a cross-section of still another example of a ami e structure
comprised of a substrate and a magnetic layer in the magnetic recording medium manufactured
according to the present invention. Fig. 6 illustrates a cross-section of a further example of a note
structure compriseli’éf a’stiBstrate dnd RERTaghetAI AR HE Maghehe recording trediam
manufacturechageetding tedthedpresertdnventionckigi #ista schematicsiustratioarafithe . magnetic

recording-reproducing apparatus.according to the present, invention. Reference numerals: [0022] In
Figs. 1, 2, 5 and 6, W Width of magnetic region.in a ma{gnetic recording pattern L Width of

non-n,agnetic fegioh ifi a magretic recordme patErn®t NorHagreticsubstratd P Maghetic layer 21
Regions having modified: magnetic propertiesi oy @4 Magnetic fayérbaving-agrdnatar:structure 2-2
Magnetic layer havinganon-granular structure 22, 23 Depressions In .ge. 3 and 4, 3 Carbon mask

layer 4 Resist | Milling ion . - .
aye esist ayeﬁir)gst%mlaj@us%}:a M2 cross-section of a further exampie of

a laminate structure comprised of a substrate and a magneiic layer

.
Y

in the magnetic recording medium manufactured according to the
present invention.

Fig. 7 is a schematic illustration of the magnetic
recording-reproducing apparatus according to the present
invention.

Reference numerals:

(00223

In Figs. 1, 2, b and ¢,

W Width of magnetic region in a magnetic recording pattern

L Width of non-magnetic region in a magnetic recording
pattern

1 MNon-magnetic substrate

2 Magnetic laver

21 Regicns having modifised magnetic properties, oz

2-1 Magnetic laver having a granular structure
2~2 Magnetic laver having a non-granular structure
22, 23 Depressions

In Figs., 3 and 4,

3 Carbon mask layer

4 Resist laver

5> Stamp

6 Milling ion

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

8 Depression in resist laver, formed by pressing

9 Protective overcoat

d Depth of the region from which surface layer portion of



7 Region from which surface layer portion of the magnetic layer have been partially removed 8
Depression in resist layer, formed by pressing 9 Protective overcoat d Depth of the region from which
surface layer portion of 12 the magnetic layer ha f)een partially removed, i.e., thickness of the
removed surface layer portion of the magnetic layer. In Fla. 7, 11 Medium.-driving part 27 Magnetic
head 28 Head driving part 29 Recording-reproducing signal system 30 Magnetic recording medium
Best Mode for Carrying Out the Invention [0023] The present invention is concerned with a method for
producing a magnetic recording medium having a magnetically partitioned magnetic recording pattern,
characteriZgeFifasBEhEC magR&titBaRttiBniAG IS Lifetted BYtHerediofis of thETHAGRRHE layer, which
have magnetic propertias madiied Byaseactionivier withtorone: Mete. speeifieally, portions of the
magnetic layer arereagted vvjt,h ozone, whereby magnetic properties of said portions of the magnetic
layer are modified (for example, magnetization of said portions is reduced), to form a magnetic
recording pattern whicH & hagnetically Baritioned by said regions of the magnetic layer. [0029] The
method for producihg aiaagaetic reeertling medium according to the present invention will be
described specifically by refening 10, diserete type magnetic recording medium. A typical example of
a magnetic recordiQ% mfgdiurl[l dhamve_ g@m%lti_@yﬂ strsjuict%geLcoSmgjigﬁd of a non-magnetic substrate, a
soft magnetic undér aye?,cgn |rjftecr1meo§)§%eglayer,ga méggﬁletic I%yér comprised of magnetic regions
having a magnetic pattélagiel foreraghatic FaRIBiS! and a protective overcoat, which are formed

Best Mcde for Carrying Out the Invention

[0023]

The present invention is concerned with a method for
producing a magnetic recording medium having a magnetically
partitioned magnetic recording pattern, characterized in that the
magnetic partitioning is effected by the regicns of the magnetic
layer, which have magnetic properties modified by a reaction of

el with ozone. More specifically, porticns of the

magnetic layer are reacted with ozone, whereby magnetic properties
of said portions of the magnetic layer are modified (for example,
magnetization of said portions is reduced), to form a magnetic
recording pattern which ismagnetically partiticnedby said regions
of the magnetic laver.

[0C24]

The method for producing a magnetic recording medium
according to the present invention will be described specifically
by referring to a discrete type magnetic recording medium.

A typical example of a magnetic reccrding medium have a
multilaver structure comprised of a non-magnetic substrate, a soft
magnetic underlayer, an intermediate layer, a magnetic layer
comprised of magnetic regicns having a magnetic pattern, and
non-magnetic regions, and & protective overcoat, which are formed
on the non-magnetic substrate in this order. On the outermost
surface of the multilayer structure, a lubricant film is generally
formed. The magnetic regions, i.e., regions forming recording
tracks, of the magnetic layer are partitioned by the non-magnetic

regions.



on the non-magnetic substrate in this order. On the outermost surface of the multilayer structure, a
lubricant film is generally formed. The magnetic regions, i.e., regions forming recording tracks, of the
magnetic layer are partitioned by the non-magneti{:3 regions. 13 0025] In an embodiment of the.
method according to the present invention, a magnetic recording medium having a vn ,_a structure
comprising a nc* ~~na aye and a magnetic layer as a-se . F_ is manufactures e. to a.n In Fig. I,
reference numeral 1 is a non-magnetic substrate and reference numeral 2 is a magnetic layer formed
on the non-magnetic substrate 1. The magnetic layer 2 has depressions 22 having a depth of "d",
which have been forffed by removing specific surface layer portions of the magnetic layer 2. The
bottom portion of each:tlepressionisformied ekategion-2bhaving modified cmagnetic properties

for examele, pock fBASNeHc aranerics alanedivdeynagnatzaton). The magnell fegording ayer

2 is partitione ne depressions 22 and the fegions 21 having a modified magnetic properties.
[0026] A nvétRBA SHBIdduciingG A magRetic récording meditim havifg 8- struttirgasflustrated in Fig. 1
according toithespresent inveFition willixe described ireeference to Fig..&and kig. 4:The method for
producing a magnetic.recording-medium, as -illustrated-in Fig. .3 and.Fig,-4, comprises:the following
seven steps (A) through (G) carried out in this order. As illustrated in Fig. 3, in step (A), a magnetic
layer 2 is formed on at least one surface of a non-magnetic substrate 1. In step (B) , a mask layer 3
comprised of, for exaniple; carbor 4 fomned oietie magReticllayer2sirestep (OR - Fesist layer 4 is
formed on theimaskJaygre3.itstepi(D). anegativepattern ef a:magnetie regording pattern is formed
on the res'%égxggéhgﬁyitgestl%@trnaeageatl.ly,e The magnetic layer 2 has depressions
22 having a depth of “d”, which have been formed by removing specirfic
surface layer portions of the magnetic layer 2. The bottomportion
of each depression 22 is formed of a region 21 having modified
magnetic properties (for example, poor magnetic properties
obtained by demagnetization). The magnetic recording layer 2 is
partitioned by the depressions 22 and the regions Z1 having a
modified magnetic propertias.
[0026]
A methed of producing a magnetic recording medium having a

o

structure as iliustrated in Fig. 1 according to the present
invention will be described in reference to Fig. 3 and Fig. 4.

The method for producing a magnetic recording medium, as
illustrated in Fig. 3 and Fig. 4, comprises the following seven
steps (A) through (G) carried out in this order.

Az illustrated in Fig. 3, in step (A), a magnetic layer Z
is formed on at least one surface of a non-magnetlc substrate 1.

In step (B), amask layer 3 comprised of, for example, carbon,
is formed cn the magnetic layer 2.

In step (C), & resist layer 4 is formed on the mask layer

In step (D), a negative pattern of a magnetic rscording
pattern is formed on the resist layver 4. By the term “negative
pattern” as herein used, we mean a pattern having depressions 8
in the resist laver 4 which form regions partitioning recording
tracks in the magnetic recording pattern of a resulting magnetic

recording medium. The negative pattern is formed by, for example,



pattern" as herein used, we mean a pattern having depressions 8 in the resist layer 4 which form
regions partitioning recording tracks in the magnetic recording pattern of a resulting magnetic
recording medium. The negative pattern is formed, by, for example, 14 transfer printing using a stamp
5. The arrow in step (D) in Fig. 3 indicates a direction in which the stamp 5 is moved for transfer
printing. In step (E), portions of the mask layer 3 in regions corresponding to the negative pattern of
the magnetic recording pattern are removed. [0027] As illustrated in Fig. 4, in step (F), regions 7 of
the magnetic layer 2, which have been exposed by the removal of the portions of the mask layer 3 in
step (E) , afé& TontactetWithiG£bne 1 'Gistprafarable-thadt PridF ¥ tortadlifg sdid expdsét regions 7 of
the magneticiayer-2 with-0znnre it step (k) watileasthsusfacedayerpoartions ifosaid-expased regions 7
of the magnpetic ,layer 2 are removed. The removal of the surface layer portions in said exposed
regions 7 of the magnetic layer 2 can be effected géexposing said regions 7 tq a fluorine-containing

gas. In step (G) , the'redila  iaskPPayer?S of th&tasital masié aver FaRG & Esidual resist layer

4 are removedrf028]dAfter step(6)fop semoving:the residbal tesistlayet, ior thevesidual resist layer
andmask layer; it is preferable.to.conduct a step (H) of etching the surface portion of the magnetic
layer by using, for fé(@ pﬁl(_e_, an inert gas thereby femoving slightly a surfa(_:e layer portion of the _
magnetic layer. Mo ecifically the surface portion of the magnetic layer is preferably etched by ion
etching using an in&et gas sachassargon 6RN2 to refiové arsurface dagéppértiorrthéredf with a
thickness im.the sange of deto 2 Ny (0020} Acpratective overcoat:? ispreferalty formegen the surface
of the magnetic layer 2 s flustrated In sten () in.Fig; 40N e outermost sifage of the multiayer
structure, a lubricant film
It 1s preferable that, prior to contacting said exposad
regions 7 of the magnetic layer 2 with ozone In step (F), at least
surface laver portions in said exposed regions 7 of the magnetic
layer 2 are removed. The removal of the surface layer portions
in said exposed regions 7 of the magnetic laver Z can be effected
by, exposing said regions 7 to a fluorine-containing gas.
In step (G}, the residual mask layer 3, or the residual mask
layer 3 and the residual resist layver 4 are rsmoved.
[0028]
After step (G) for removing the residual resist layer, or
the residual resist layer andmask laver, it ispreferable to conduct
a step (H) of etching the surface portion of the magnetic layer
by using, for example, an inert gas thereby removing slightly a
surface layer portion of the magnetic layer. More specifically
the surface pertion of the magnetic layer is preferably etched by
ion etching using an inert gas such as argon or Ny to remove a surface
layer portion thereof with a thickness in the range of 1 to Z nm.
10029]
A protective cvercoat 9 is preferably formed on the surface
of the magnetic layer 2 as illustrated In step {I) in Fig. 4. Cn
the outermost surface of themultilayer structure, a lubricant fiim
(not shown in Fig. 4) is formed, if desired.
In another embodiment of the method according to the present
invention, the exposed regions 7 of the magnetic layer 2 are
contacted with ozone in the above-mentioned step (F) wilithout

pre-treatment of remcving surfdce layer portions in the exposed



(not shown in Fig. 4) is formed, if desired. In another embodiment of the method according to the
present invention, the exposed regions 7 of the magnetic layer 2 are contacted with ozone in the
above-mentioned seep (F) without pre-treatment % removing surface layer portions in the exposed 15
regions 7. When the exposed regions 7 of the magnetic layer 2 are contacted with ozone, regions 21
having modified magnetic properties are formed in the surface layer of the magnetic layer 2 as
illustrated in Fig. 2. [0030] The steps in the production method of the present invention will be
described specifically and more in detail. The non-magnetic substrate 1 used in the present invention

is not partiéGiargtinited, Wi d3'8pRERSEKanTles HielfeBE ?ﬁ’@r@“@gﬁ%ﬁ}éﬁﬁf(ﬁ%g aftfninum alloy
substrates predeminantiy tcoraprised of atumirumisuchr asforekample, ramyAkMg-alloy substrate; and

Substratesgi%d{é;%ﬂ_%@i%f_x soda,glass, eﬁgm%%'g@éeﬂgg% glassiceramics. silicpn, Ltanium,

ceramics, an organic resins. Of these, aluminum alloy substrates, glass substrates such as glass
ceramics stib&fate; G St sibdtridle are preferably used. The non-magnetic substrate preferably
has an average surf&é&0roughness (Ra) of not larger than i no, more preferably not larger than 0.5

nm, and especially-preferably not larges than 0.1 /My 10032 ] Jhe ypagnetis.layen.farmed on a
surface of the fbove-mentlone non-ma n%’lc_Lsubsgartne 1, may %egitlhfr an in-plane magnetic laver

or a perpenidicular maghatic Tayer> A-pérpendicular’ magnetic 1ayer s preferable in view of more

enhanced recordinghdensityrFaednagnatedayeris preferabiyforired Trsfdn a8y picdominantly
comprised of cabaltoA-preferable example=ef, the-in; planesmagnetic layemis ascombiration of a
ferromagnetic GCrBtTa layer with a nonsmagngtic .CrMo Wnderayer. s oredoninant1y

comprised of aluminum such as, for example, an Ai-Mg alloy

substrate; and substrates made of ordinary soda glass,

aluminosilicate glass, glass ceramics, siliceon, titanium, ceramics,

and organic resins. Of these, aluminum alloy substrates, glass

substrates such as glass ceramics substrate, and silicon substrate

are preferably used.

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

[0031]

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

The magnetic layer is preferably formed from an alloy
predominantly comprised of ccbalt.

& preferable example of the in-plane magnetic layer is a
combination of a ferromagnetic CoCrPtTa layer with a non-magnetic
CrMo underlaver.

[0032]

A preferable example of the perpendicular magnetic layer
comprises an alloy predominantly comprised of ccbalt, which
includes, for example, a 70Co-15Cr-15Pt alloy and a
70Co-5Cr-15Pt-10351C; alloy (the numeral occurring immediately

o]

before each element refers to % by mole of the slement).



[0032] A preferable example of the perpendicular magnetic layer comprises an alloy predominantly
comprised of cobalt, which includes, for example, a 70Co0-15Cr-15Pt alloy and a
70Co0-5Cr-15Pt-10SiO2 alloy (the numeral occurring immediately before each element refers to % by
mole of the element). 16 A preferable multilayer structure for the magnetic recording medium
comprises a combination of a soft magnetic underlayer comprised of a FeCo alloy such as FeCoB,
FeCoSiB, FeCoZr, FeCoZrB or FeCoZrBCu; a FeTa alloy such as FeTaN or FeTaC; or a Cc alloy
such as CoTaZr, CoZrNB or CoB; an orientation-control layer comprised of It, Pd, NiCr or NiFeCr; and
optionally an interrie@iztée Fathenilim Tdyery ah & formiedrtheérdo RN thexBEvVe. mERGEREA Berpendicular
ferromagneticilayer comprised of a-eabalh atoy.n [@F33] lndhe preduction methad ef/the present

invention, & fagnelic, I3yer hawing.a granular stiuctire s preferabiy forfaed a5 the.anagpetic layer

because a magnetic layer having a granular structure exhibits a high reactivity with ozone. The term
"magnetic faye eﬁé\?iﬁgcélgrénﬁ%ﬂast?&ét@(e'sé@%s%ﬂ RErEi referstb®y magnéticClaykr Having a
structure cemprised afahagneticqrantielesrwhich; aren surrgumnded by -arvoxide] Assspecific examples of

the oxide, there, Gan be mentioned,§i2 (asexemplified;aove as one ingredient.af aferromagnetic
cobalt alloy) ,leTi oxjdes, W oxides, Cr oxides, Co. oxides, Tq}gxides and Ru oxides. [0034] The
“t0

magnetic Idyer tistialy has' & thickiess intHe tahge st° 3 nm't5 0°RIT., Preferably's nm to 13 nm. The
magnetic layerisrformetbso thatsufficierithchighriaputend:outpdt héad powers-can oe obtained in
consideration of the kinekof magnetic alloy and the laminar structure. The magnetic layer has a
thickness of at least_certain value so as to obtain.an output power of at least certain level at

reproduction. HoweVer! pairar%elfé:rt;sl%fa%?gnt%otﬁe recar %ﬁon-relp%%ﬁcﬁgﬁ ‘cRaracteristics are
generally detgfisratetiivith arbirerease of thel olipat pewer Thidrefore aprmed as the

magnetic layer because amagnetic layer having a granular structure
exhibits @ high reactivity with ozone. The term “magnetic layer
having a granular structure” as used herein refers to a magnetic
laver having a structure comprised of magnetic particies which are
surrounded oy an oxide. As specific examples of the oxide, there
can be menticned Si0; (as exemplified above as one ingredient of
a ferromagnetic ccebalt alloy), Ti oxides, W oxides, Cr oxides, Co
oxides, Ta oxides and Ru oxides.

[0034]

The magnetic layer usually has a thickness in the range of
3 nm to 20 nm, preferably 5 nm to 12 nm. The magnetic layer 1s
formed so that sufficiently high input and output head powers can
be obtained in consideration of the kind of magnetic alloy and the
laminar structure. The magnetic layer has a thickness of at least
certain value so as to obtain an ocutput power of at least certain
level at reproduction. However, parameters relating to the
recordation-reproduction characteristics are generally
deteriorated with an increase of the cutput power., Therefore an
optimum thickness of magnetic layer is preferably chosen in
consideration of the cutput power and the recordation-reproduction

cheracteristics.

In the producing method of the present invention, amask layer
iz usually formed on the surface of the magnetic layer. The mask

laver is preferably comprised of carbon. When the mask layer is



optimum thickness of magnetic layer is preferably chosen in consideration of the output power and the
recordation-reproduction characteristics. 05 In the producing method of the present invention, a mask
layer is usually formed on the surface of the magnetic layer. The mask layer is preferably comprised
of carbon. When the mask layer is 17 comprised of. carbon, dry etching of the mask layer using an
oxygen gas, such as reactive ion etching or reactive ion milling, using an oxygen gas can be
conducted with a high efficiency, and hence, the amount of the residual mask layer in the
above-mentioned step (G) is reduced and staining of a resulting magnetic recording medium is
minimized. CREETORTALIEA GRARCEarion 1861 ¢aR & SHsetBahy foréxampie, A 'spattefing or CVD
method. A €4) method is preferably adoptedibecause asdensereathonfiimlisformediihe carbon.

layer prefergbly.nas.a t%%%%%? in.the range of 2inm to A0 Hm, mare: preferably 10 am40 30 nm. With

a thickness of thinner than 5 nm, undesirable sa ging at the edge portion of the carbon layer tends to

occur and theef B of Hmdgretd e dBrding pattén s teteroratsa Furh@r Sions-ténd to
penetrate ttirpughrtheuresistlayerandithe carbore maski layerinte the ragredicntayed thereby
deteriorating.thg; magnetic characteristics of the magnetic layer. In contrast, with a thickness of.
thicker than 40 nm Ytlhe Lime rgqui;edjo&gtchin%he ciarbog maskﬂgye;pgcgg&;o Ionggnd thus the
productivity becomgs%d&r.rf‘—au“rf‘r?é'r, When the *Carbon mask 1a5er s etched, a residie undesirably
remains oncthepd&gnétic ayiere J0037PIndHe prodieihg method BEtHE BréseRtinvehfibnya resist
layer is formedran-the.earhon maskelayer ane-thenra negativepattern of the magnetic recording
pattern is formed on the resist layer. The formation of a negative pattern of the magnetic recording
pattern on the resist layer'can be carried out by the conventional photolithographic technique.
However, it is prefe?g-ﬁlt,f'ﬁ’@ﬁ?%ﬁ-ayer preferably has a thickness in The range of

5 nm to 40 nm, more preferably 10 nm to 30 nm. With a thickness
of thinner than 5 nm, undesirable sagging at the edge portiocn of
the carbon laver tends to occur and the formability of a magnetic
recording pattern is deteriorated. Further, ions tend topenetrate
throughtﬂm&resistlayerawmithechbonwnasklayerjjﬁx)thenagnetic
layer, thereby detericrating the magnetic characteristics of the
magnetic layer. In contrast, with a thickness of thicker than 40
nm, the time required for etching the carbon mask layer becomes
long and thus the productivity becomes poor. Further, when the
carbon mask laver is etched, a residue undesirably remains on the
magnetlic lavyer.

[0G37]

In the producing method of the present invention, a resist
layer is formed on the carbon mask layer and then a negative pattern
of the magnetic recording pattern is formed on the resist layer.
The formation of a negative pattern of the magnetic recording
pattern on the resist layer can be carried out by the conventlional
photolitheographic technigue. However, it 1s preferable from an
operation efficiency to adopt a method of pressing a stamp against
the resist layer whereby a negative pattern of a magnetic recording
pattern is transferred to the resist layer.

[0638]

In the production method of the present invention, atter a
negative pattern of the magnetic recording pattern is formed on

the resist layer 4 in step (D) shown in Fig. 3, the depressed regions



operation efficiency to adopt a method of pressing a stamp against the resist layer whereby a
negative pattern of a magnetic recording pattern is transferred to the resist layer. [0038] In the
production method of the present invention, after %negative pattern of the magnetic recording pattern
is formed on the resist layer 4 in step (D) shown in'Fig. 3, the depressed regions 18 8 of resist layer 4
preferably have a thickness in the range of 0 to 20 am. When the depressed regions 8 of resist layer
have such thickness, the selective removal of the resist layer and the carbon layer in step (E) in Fig.
3 and step (F) in Fig. 4 can be effected in an advantageous manner. That is, undesirable sagging at
edge portibngbfiREcHrbbA AR IAFEE SN He M6Tdéd Bhdties &Ricidabifty 5FIHE c3fbon mask
layer 3 againstrailling: ionvd:ean: e eshanceddncstepc(ls) ih Bigr4sand theyformabititys ofthe magnetic
recording paftern, bythe carbon mask jayer3,also is enpanced s {00391 In-a preferred gmbodiment of

the method for producing a magnetic recording medium_according to the present.invention, a material
which can b8 et LIS irfadiation With radiation Fuséd 48 theSmaterial for forhing the resist layer
4 in step (QyireEigadSpandowben adetstive Hiagnetic recoteing pattersds transférreddonto the resist
layer 4 by using a.stamp 5.in.step4D), arafter 1 the-transfes of negative-magaeticresording pattern has
been complegeqs, tt%e,r sist Ia}(e;r 4is irr%diateg Vi%it aragliratrgog. In gglﬁ ﬁg%;ga_r%ed embodiment, the
configuration of StAMp 5 can-be transterrad on the fesist layer 4 with high precision. Consequently,
when the r&gicnsef.tvsicarsormask jayeE B, torespdrdiry o the néyative idyHetiereeording
pattern of the-magneticoecosdingRatter, areyemavead:by etehing instep(E) énkige3; undesirable
sagging at edge po%%% of the carbon layer 3 can be avoided and the shieldability of the carbon
mask layer 3 against milling ion 6 can be enhanced, and the formability of the magnetic recording
pattern by the carbéf riagk thyer s eaf e Beentidndeys method Tor producing a

magnetic recording medium according to the present invention, a
material which can be cured upon irradiation with radiation is used
as the material for forming the resist layer 4 in step (C) in Fig.
3; 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 pattern has been
completed, the resist layer 4 is irradiated with radiaticn. In
this preferred embodiment, the configuration of stamp 5 can be
transferred on the resist layer 4 with high precisicn.
Consequently, when the regions of the carbon mask layer 3,
corresponding to the negative magnetic recording pattern of the
magnetic recording pattern, are removed by etching in step (E) in
Fig. 3, undesirable sagging at edge portions of the carbon layer
3 can be avolded and the shieldability of the carbon mask layer
3 against milling ion 6 can be enhanced, and the formability of
the magnetic recording pattern by the carbon mask layer 3 ¢an alsoc
be enhanced.

COT AT
[ SV

The radiation used for curing the curable material refers
To electromagnetic waves in a broad sense whlch include heat rays,
visible light, ultraviolet light, X rays and gamma rays. As
specific examples of the curable material, there can be mentionea
thermosetting resins which are curable by heat rays, and
ultraviolet-setting resing which are curapble by ultraviolet light.
100411



The radiation used for curing the curable material refers to electromagnetic waves in a broad sense
which include heat rays, visible light, ultraviolet light, X rays and gamma rays. As specific examples
of the curable material, there can be mentioned ttggrmosetting resins which are curable by heat rays,
and ultraviolet-setting resins which are curable by Ultraviolet light. [00411 19 In the method for
producing a magnetic recording medium according to the present invention, in the step (D) of
transferring a negative magnetic recording 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 stite, #ve fesist lay et idHifrtiate dRith Sadiaficr ¢ B theréby élired, and
thereafter thesstamp.§ isremoyed sikam thesesistigyen 4 1By shiscprocedare; the tonfiguration of the

stamp oan be \anslefed to,he [esistayer.4 ih,a high precision. (0041 For radiatng th resist

. d heda
layer having f?lg% uidity with radiation e resist layer Is in a pressed staté, there can be
adopted a AEtRBdPSiFalfating Hlahfinate Siiidfe E6fTprising StHE Fesist-fayer Witlf fadfation by
exposing thé:sulsttate side=(i. £z side oppositeutddhestaamp-pressed resistdayer) of therlaminate
structure ta the, radjafion-a method of using a radiations yransmitting: stamp .and exposing the
stamp-pressed side of Lhe laminated structure to C{a%ation;_,@ method of exppgiggghe %gmp-pressed
resist layer 9 tadiatioh By Eppyiig TAdTRIGH oM S otihe Taminata Sticture: and a method of
exposing tHe cstamg-pressed Sidewof the |dminatesstructireiorahetopposite sitk s(substrate side)
thereof, withrradiation exbibiting a-high-condyctivity te-a,s0lids such ps-heatrays. dnia:preferred
specific ex%rygéela So£ 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 or a
cycloaliphatic epoxy?©41]
For irradiating the resist layer having high fiuidity with
radiation while the resist laver is in a pressed state, there can
pe adopted a method of irradiating a laminate structure comprising
the resist layer with radiation by exposing the substrate side (i.e.,
side opposite to the stamp-pressed resist layer) of the laminate
structure to the radiation; a method of using a radiation-
transmitting stamp, and exposing the stamp-~pressed side of the
laminated structure to radiation; a method of exposing the
stamp-pressed resist laver to radiation by applying radiation from
side of the laminate structure; and a method of exposing the
stamp-pressed side of the laminate structure or the opposite side
isubstrate side} theresof, with radiation exhibiting a high
conductivity to a solid, such as heat rays.
In a preferred specific example of the procedure of
irradiating the radiation-curable resist layer with radlation to
cure the resist layer, an ultraviclet ray-curable resin such as
novolak resin, an acrylic acidester resin or a cycloaliphatic epoxy
resin is used as the radiation-curable resist resin, and a stamp
made of a highly ultraviolet ray-transmitting glass or resin is
used.
[0042]
Preferably a 310, material cor SiO;-containing material Is
used for the resist layer. A 5i0; material or SiOy~containing
material exhibits a high resistance to dry-etching using an oxygen

gas, and therefore, when a negative pattern of a magnetic recording



resin is used as the radiation-curable resist resin, and a stamp made of a highly ultraviolet
ray-transmitting glass or resin is used. [00421 Preferably a SiO2 material or SiO,-containing material
is used for the resist layer. A SiO2 material or Si%};containing material exhibits a high resistance to
dry-etching using an oxygen gas, and therefore, When a negative pattern of a magnetic recording 20
pattern is formed on the carbon mask layer by ion milling, undesirable blurring of a negative pattern
image can be avoided. In other words, the carbon mask layer can be subjected to dry etching using
an oxygen gas without difficulty and with high efficiency. Since the Si02 material or Si02-containing
material exhibitsarhigh fesisemcertotdy-Sehing! usiig-anoxygengds whén blidgative pattern of a
magnetic reeeisling patterpiis fermegdaan shecarbone: mask layer by-dey etchipg, ashargdmage of the

negative pafielp,with, shaer e walls n i gdges of e peaafive.patam image. of thg parbon mask
layer can be Qrmeé. us a sharp magnetic recording pattern is‘given to t%eﬂ agnetic layer, and a
magnetic rEEardiry nediBRThaving %B%@%ﬁﬁé@%ﬁ@a@%@iﬂ%gf&éﬁ% ‘obtainetf0043] After the
negative patierr=of theanagnetie reedrding patteron i givenctanthe: resistdayerd i stepl () shown in

Fig. 3, in the, case.when.the sdepressed fegions.§ of resist layer 4.remains, the,depressed regions of

resist layer are removed and further the corresponding regions of the carbon mask layer are removed
in step (E)°FheSEmoVarof the Gepressed reyions iof reSist layer anc Oébri’é?p&?d%ﬁ%gions of
carbon mask: fayereisaefféstedrby drghetohing stichras reactives iort etchingadrireactivetionmilling.
[0044] In the: prodygtion methog-afthe;presantinventign, regions,of the magnetic layergwhich are not
cov_ered with thte carbc_)r rg]ﬁ?srgaé raarged trg:e Vrie%igt |£’:l er, are q?rr]}itlasctgdsvt\{gkr} onggenvg@%eby said
regions of fhie magnetic iayef are reacted with ozone. More b ey

recording pattern is given to the magnetic layer, and a magnetic

recording medium having improved fringe characteristics can be

obtained,

[C043]

After the negative pattern of the magnetic recording pattern
is given to the resist layer 4 in step (D) shown in Fig. 3, in the
case when the depressed regions 8 of resist lavyer 4 remains, the
depressed regilons of resist layer are removed and further the
corresponding regions of the carbon mask layer are removed in step
{E). The removal of the depressed reglons of resist laver and the
corresponding regions of carpon mask layer is effected by dry
etching such as reactive ion etching or reactive ion milling.

[0044]

In the production method of the present inventicn, regions
of the magnetic layer, which are not covered with the carbon mask
layer and the resist laver, are contacted with ozone whereby said
regions of the magnetic laver are reacted with ozone. More
specifically said regions having been exposed by the removal of
the portions of the mask layer in step (E) are contacted with gasesous
ozone under vacuum, or an ozone-containing solution such as aqueous
solution of gasecus czone whereby said regions of themagnetic layer
are reactad with ozone.

Prior to contacting the exposed regions of the magnetic laver
with ozone in step (F), it is preferable to remove surface layer
portions in saild exposed regions of the magnetic layer to a depth

in the range of 0.1 nm to 15 nm (the depth is indicated by “d” in



specifically said regions having been exposed by the removal of the portions of the mask layer in step
(F) are contacted with gaseous o0zone under vacuum, or an ozone-containing solution such as
aqueous solution of gaseous ozone whereby sai {egions of the magnetic layer are reacted with
ozone. Prior to contacting the exposed regions of‘the magnetic layer with ozone in step (F) , it is
preferable to remove surface layer portions in said exposed regions of the magnetic layer to a depth
in the range of 0.1 nm.to 15 nm (the depth is indicated by "d" in 21 step (F) in Fig. 4) . This is because
surface layer portions in the exposed regions of the magnetic layer have been often modified by the
influence of ti%& mdsking darbendayer Bt dir, ‘dndP e HiGdified Tstiface kyersoitionstend to interfere
the reaction ¢f thepsaagneticlayer with zenenEhe cemovat ofthe sudaceriayerpartionsof the

magnetic iayeris gffectad by Jor. examale. dry-etehing-(opre spedlically, lamiling ot eactive fon
0 ay

etching) the ur ace layer portions of the carbon mask layer, and thereafter, dry-etching the surface
layer portioH& e niagHeticiayer By atioptihg the®apove-menfion8aprocBdtres i sharp image of
the negativespattercwithysheel sideowalls in the edges of the negative pattern image of the carbon

mask layer can be formed, This leads to.the farmation of .2 sharp pattern with sheer side.walls in the

edges of the magnetic layer. [0045] The above-mentioned #rr_ocedure? resultin.a mﬁgnetic recording
medium havig impt&/ed frirge Charstferiits  Phe dBove: 'éﬁt%ﬁ@ﬂ“r%r%%%%féf‘ﬁ]ae Fesidual carbon
layer is preferatlyicamiedooutisy abeeaetiveriontetohing nidthod wising an! ox§yengas.cTise
above-mentiened.remayal oftbe surface layer -pertions-efithesmagnetic layer is preferably carried out
by dry etching, for example, ion milling while an inert gas such as argon gas.or N2\/g:as is introduced.
) =¥ 107 f th WEEC, L T, 7 e abave =
Thus the éwargﬁfjng%lﬁﬁg%%rﬁont a'gf/(g‘rqaa%%ﬁe ’|onar¥1ﬂﬁrlg o%ﬁth%ggﬁrfégg Iézyeer,porﬁons of the
magnetic |k shotid prefere®iybe carrideistt byeait optinidn negative pattern with
shear gide walls in the edges of the negative pattern image of the
carbon mask layer can be formed. Thils leads to the formation of
a sharp pattern with sheer side walls in the edges of the magnetic
laver.
[0045]
The above-mentioned procedures result in a magnetic
recording medium having improved fringe characteristics.

-

The above-mentioned removal of the residual carbon layer is
preferably carried out by a reactive ion etching method using an
oxygen gas. The above-mentioned removal of the surface layer
portions of the magnetic laver is preferably carried out by dry
atching, for example, ion milling while an inexrt gas such as argon
gas or Np gas is introduced. Thus the lon milling of the carbon
iayer and the ilon milling of the surface layer portions of the
magnetic layer should preferably be carried out by an optimum
procedure and under optimum conditions.

In a preferred embodiment of the production method of the
present invention, prior to contacting the exposed regions of the
magnetic layer, which are not covered with the carbon mask layer
and the resist layer, with ozone, the following procedure (i) or
procedures (ii) are preferably carried out: (1) a procedure of
exposing said exposed regions of the magnetic layer to a
fluorine-containing gas, or {(i1i1) procedures of removing surface
layer portions in said exposed regions of the magnetic layer as

mentioned above, and then, exposing sald exposed regions of the



procedure and under optimum conditions. In a preferred embodiment of the production method of the
present invention, prior to contacting the exposed regions of the magnetic layer, which are not
covered with the carbon mask layer and the resisﬂayer, with ozone, the following procedure (i) or
procedures (ii) are preferably carried out: (i) a proceédure of exposing said exposed regions of the
magnetic layer to a fluorine-containing gas, or (ii) procedures of removing surface layer portions in
said exposed regions of the magnetic layer as mentioned above, and then, exposing said exposed
regions of the 22 magnetic layer to a fluorine-containing gas. By this treatment of the surface o the
exposed réti6RS bt the iagnétic fayer tHel reachivity With 62616 of the maghefiE$ay8Fithe exposed
regions can:beenhanced-andithereactiopsetthe:magneticslasies indheexposed;segians:with ozone

can be effected with more ephanced sfficiency, Q04izIn the produgfion.methad otthe present

invention, regions of the magnetic layer, which are not covered with the carbon mask layer and the
resist layerCareCoRtAARERRitH 6Z0He LA - Spetificaiy §assous d76ie or an 62oneE6ftaining
solution wherghynsaid regionsef themntagnéfie taver atgneactet witheozernecAsitheeozgne-containing
solution, a solution of 0zone in pure water is preferably used. By the contact of the magnetic layer with
ozone, the magnetic properties of said treated reg'orgs of the magnetic_layer are modified, and hence,
a magnetic recording pattefi RaVing" Bedh pariticned B te 550me treated régions 48 formed on the
magnetic layert Gzoaees a Highsctivityfok axidation, anddiarice’ L itistbeliered tiafsaitd exposed
regions of theymagaeticdayer-arg axidizeghy gzenesmherebythemagnetiesproperties of the treated

regions of the magnetifllayer are maodified. This mo%ifiggg%% t(:)ii% 1%1%%@%@%[ aBFP‘PE&%% y 0zone can

I 1 ¥ Iy
be effected With & ﬁ@—ﬁ et ?esr?c%/ug’soczgrﬁ%grlég With the conventionarion implantation or “laser

irradiation protediftel This®8 bEECalise e tontaratréafment AhitH d201e e eftécietfover a broad
area of the daminatecstractineqwith high seactivity andihighefficiency and thereferecer is

preferably used. By the contact of the magnetic layer with ozone,
the magnetic properties of said treated regions of the magnetic
layer are modified, and hence, a magnetic recording pattern having
been partitioned by the ozone-treated regions is formed on the
magnetic layer. Ozonehasahighactivity foroxidation, andhence,
it is believed that said exposed regicns of the magnetic layer are
oxidized by ozone whereby the magnetic properties of the treated
regions of the magnetic layer are modified. This modification of
the magnetic properties by ozone can be effected with a high
efficiency as compared with the conventional lon implantatlon or
laser irradiation procedure. This isbecause the contact treatment
with czone can be effected over a broad area of the laminate
structure with high reactivity and high efficiency and therefore
the production time can ke shortened.

[0G47]

The exposure of the magnetic layer to czone 1s preferably
carried cut under a reaction pressure in the range of 0.1 Pa to
5 Pa for a reactilon time in the range of 5 seconds tc 80 seconds.
The substrate and the magnetic layer are maintained preferably at
a temperature in the range of 25°C to 300°C for the reaction.

In the case when orone 18 used as an aguecus solulion in pure
water, the concentration of ozone is preferably in the range of
0.01 to 10 ppm, more preferably 0.1 to 10 ppm. AL an ozone

concentration of less than 0.01 ppm, the desiredeffect isdifficult



the production time can be shortened. 10047] The exposure of the magnetic layer to ozone is
preferably carried out under a reaction pressure in the range of 0.1 Pa to 5 Pa for a reaction time in
the range of 5 seconds to 60 seconds. The substsgte and the magnetic layer are maintained
preferably at a temperature in the range of 25C to 300C for the reaction. In the case when ozone is
used as an agqueous solution in pure water, the concentration of ozone is preferably in the range of
0.01 to 10 ppm, more preferably 0.1 to 10 ppm. At an ozone concentration of less than 0.01 ppm, the
desired effect is difficult 23 to obtain. In contrast, at an ozone concentration exceeding 10 ppm, a

problem such &5 edtfosioR b Piping 6ften Hrises. j6648] SR RTAgHEtc Ry 65 Be €%hosed to gaseous
0zone or appagueous@zone salttioasinquureosater infthe prodyctidn enethodsef: the present invention
preferably has a gr@@@,}@r}structure. By the term "granular structure” as used herein, we mean a
structure comprised of magnetic particles which are surrounded by an oxide. In the magnetic layer
having a granular StAicifE fRagnetic &rystal Fartities afe séparktad By norhaghetié phases, and
hence, magnetclinteractioreamaoniyrthel papticlesys Weak and thecrastiting pragastiedager is
characterizegas exhibiting, a:verydaw neise- When the s magnetic: layerhaving. granulaestructure is
exposed to gasequs ozane or.an agiieous gzone splution in pure water, oxide Jayers, surrounding
magnetic partlcr:ries%t grain boundaries are easily Sélectively étchednby,r%or Aexampﬁe, a reactive ion
etching appar&tusEsinefarfiibHHe-edrdintig §asiate cBhsequerttytHE JoRidatibA edttion of a
magnetic metalisugh @s-cobalty thermagnetic clayer with-ozone:car pewagrelerated and:the

modticatiop. At the, megnetic.pranelias 1ok Iraigns PRrtonng, 2 magels, 'egoring patiern can

be effected with a more enha ficiency. [0049] In another preferred gr_nbodi[nent_ of the method
for producif§ b FRaGRETIcTEEBFdINY Mediuth-HtEording s the préSentiivention, 1agnetic

laver is characterized as exhibiting a very low noise. When the
magnetic layer having a granular structure is exposed Lo gaseocus
ozone or an agueous ozone solution in pure water, oxide layers
surrounding magnetic particles at grain boundaries are easily
selectively etched by, for example, a reactive ilon etching
apparatus using a fluorine-containing gas, and consequently the
oxidation reaction of amagneticmetal such as cobalt inthemagnetic
layer with ozone can be accelerated and the modification of the
magnetic properties in the regions partitioning a magnetic
recording pattern can be effected with a more enhanced efficiency.

[0049]

In another preferred embodiment of the method for producing
a magnetic recording medium according to the present invention,
a magnetic layer with a two-layer structure is formed which
comprises a magnetic layer having a granular structure and a
magnetic layer having a non-granular structure.

The method of the present invention drawn to this preferred
embodiment is characterized by comprising the following nine steps
(81} thnrough (Gi) carried cut in this order.

(Al) a2 step of forming, on at least one surface of a
non-magnetic substrate, a magnetic layer having a granular
structure,

(A2} a step of forming a magnetic layer having a non—granular

© structure on the magnetic layer having a granular structure,

(Bl) a step of forming a mask layer on the magnetic layer



a magnetic layer with a two-layer structure is formed which comprises a magnetic layer having a
granular structure and a magnetic layer having a non-granular structure. The method of the present
invention drawn to this preferred embodiment- isA%;haracterized by comprising the following r_. ne
steps (Al) through (GI) carried out in this order. ( ﬁia step of forming, on at least one surface of a
non-magnetic substrate, a magnetic layer having a granular structure, (A2) a step of forming a
magnet, c layer having a non-granular structure on the magnetic layer having a granular structure,
(Bl) a step of forming a mask layer on the magnetic layer 24 having a non-granular structure, (Cl) a
step of forminglagesistiayeramthé mask layeer ¢bl) a step of forming a negative pattern of the
magnetic recording pattern-orthe resistlayes, (Elrastep of semowving pestions of thearask layer in
regions corresponding, to,the. negative pafiern of the,maghetic recarding. pallerp (2. step of
removing portions of the magnetic layer avn%qg a no%-granul r structure in regions corresponding to
the negativECpatiets of Bié rragnétic FeCordhig PattefytH) a step o° contacting regions of the
magnetic layer havifigl ithe grapuarstructure; whichi have-lieenexpesetklyy therremoiahef portions of

the magnetic, layer having @ pon:granularstiucture in step (E2), with 9zone wherehythe, magnetic

layer having the granular Structure is reacted with ozone to modify the magnetic properties in said
regions of tﬁ%%‘aﬁlﬁetic layer having the granular structure, and (Gl) a step of removing the residual
mask layer, or the (&siduat hrask fayernanthesist lavers[0050)cExamplescot avstiuctirercomprised of a
substrate agd,a.wo-layar-magnefic layer:in thesmagnetic-recording: mediym rmanufactured according
to the above-mentioned Qreferred e bod;:megtmm setern

pattern oI The magnetlc rec g p ;

(F1) a step of contacting regions of themagnetic layer having
the granular structure, which have been exposed by the removal of
portions of the magnetic layver having a non-granular structure in
step (E2), with ozone whereby the magnetic layer having the granular
structure is reacted with ozone to modify the magnetic properties
in said regions of the magnetic layer having the granular structure,
and

(G1) a step of removing the residual mask layer, or the
residual mask layer and resist laver.

[0050]

Examples of a structure comprised of a substrate and a
two-layer magnetic layer in the magnetic recording medium
manufactured according to the above-mentioned preferred embodiment
of the present invention are illustrated in Iig. 5 and Fig. 6.

In Fig. 5, the structure illustrated comprises a
non-magnetic substrate 1, a magnetic layer having a granular
structure 2-1 formed on the substrate 1, and a magnetic layer having
a nen-granular structure 2-2 formed on the magnetic layer 2-1. The
method for producing a magnetic recording medium having the
structure illustrated in Fig. 5 is characterized as comprising,
after step (El) of removing portions of the mask laver in regions
corresponding to the negative pattern of a magnetic recording
pattern, and after step (E2) of removing portions 22 of the magnetic
layer having a non-granular structure in regions corresponding to
the negative pattern of the magnetic reccerding pattern, a step (1)

is carried cut wherein regions of the magnetic layer having the



of the present invention are illustrated in Fig. 5 and Fig. 6. In Fig. 5, the structure illustrated comprises
a non-magnetic substrate 1, a magnetic layer having a granular structure 2-1 formed on the substrate
1, and a magnetic layer having a non-granular st%ture 2-2 formed on the magnetic layer 2-1. The
method for producing a magnetic recording medium having the structure illustrated in Fig. 5 is
characterized as comprising, after step (El) of removing portions of the mask layer in regions
corresponding to the negative pattern of a magnetic recording pattern, and after step (E2) of removing
portions 22 of the magnetic layer having a non-granular structure in regions corresponding to the
negative patiefrrefthesSinaghiaticerecording pafiermbeEstep (EDE §§! cariéddut Whisfain Ridgions of the
magnetic layertiayingihe 256 gianular stiuctyre nwhiely have-begnaxposed:bythewemaval of portions
of the maghellg layerfand apRerenyiansuglies) sier (E2).ae.aantagled vih ggone, 1.

gaseous ozone or an aqueous solution of ozone in pure water. By carrying out the step (Fl) in the
production FHEEHEE the magreticiprepEfties i saf 'fegions corrésponding f&thé neghtivre pattern of
the magneti¢ recordingspatteriintthe-magnetid layéecana dresmodifiedbwathta digh reffigiency. The
magnetic layer:having a granulagstructurereferably. nas %5@@5998%@ the rapge of 5-to 10 nm, and

the magnetic layer  having a non-granular structure preferably has a thickness .in the range of 2 to 7

nm. 0 5', INFig° EmRFhich 55hoditied Stiiatire s flosiate G THE Mddifiddstilictird i anufactured
by carryingsdutistep{E2) of removing portions 22 of the magnetic layer having a non-granular
structure 2-2 in regigns garresponding to-the pegativepattern-of ihemagnetie recarding pattern, an
additional step of removing a surface layer portion of the magnetic layer having a granular structure
2-1, and th%_elralt Ss'.[‘_eipt )Cyép ggﬁté&i%ﬁviﬁ%’% eg’))n(()—:'ythé;.l gr%gﬁ%n%mdf %%gﬁ%ngﬁg?fgej?”hg\%%rthe granular
structure 2713 Whith: Have BEaR exposEd By tHe TemcVal sipoiivhs of the afagssten the

range of 2 to 7 nm.

0051

In Fig. 5 inwhich amodified structure 1s illustrated. The
modified structure is manuiactured by carrying out step (EZ) of
removing portions 22 of the magnetic layer having a non-granular
structure Z2-2 in regions corresponding to the negative pattern of
the magnetic reccording pattern, an additional step of removing a
surface laver portion of the magnetic layer having a granular
structure 2-1, and then step (Fl) of contacting with czone the
regions of the magnetic layer having the granular structure 2-1,
which have been exposed by the removal of portions of the magnetic
layer having a non-granular structure in step (EZ). The
depressions formed by the additicnal step of removing a surface
layer portion of the magnetic layer having a granular structure
2-1 has a depth of “d” which is preferably in the range of 0.1 to

5 nm.

=

The procedures and conditions adopted in the method of
producing a magnetic recording medium having the structure
illustrated in Fig. 5 or Fig. © are substantially the same as those
adopted in the method of producing a magnetic recording medium
having the stiructure illustrated in Fig. 1 or Fig. 2, except for
the specific procedures adopted in the above-mentioned method
comprising the steps (Al) through (G1).

[0052]

The depressions having a depth “d” (reference numeral 22 in
L g s



layer having a non-granular structure in step (E2) . The depressions formed by the additional step of
removing a surface layer portion of the magnetic layer having a granular structure 2-1 has a depth of
"d" which is preferably in the range of 0.1 to 15 on, The procedures and conditions adopted in the
method of producing a magnetic recording medlurrq3 having the structure illustrated in Fig. 5 or Fig. 6
are substantially the same as those adopted in the method of producing a magnetic recording medium
having the structure illustrated in Fig. 1 or Fig. 2, except for the specific procedures adopted in the
above-mentioned method comprising the steps (Al) through (G1). [0052] The depressions having a
depth "d" (&fereAcernunteral 220 26 g L1%and réfeteneetntimefal 23 i Fi§Es@sdFige) in the
magnetic reserding-layes raaybe filed withea Ron-magnetiematerialdoforey aflatdopped surface of
the Mmaanetic jayer. A pielarable sxample. of fhe nobymagnatic maerialis A1) 206 (spin.on- glass) of a

SiO2- formlng materlal view o ease in Ing an simplicity of worklng Alternatively, when the
depressionSin & nﬁ‘&&néﬁ@%@b?dﬁ‘@tl%@éﬁhav% FVeRPsmafitiépth 18- depthr "d of not larger
than 15 nnt the-depressipnsamayinot be filledwith azsenimagaetit materal. Evenithough such
depressions are not filled with a non-magnetic material, a magnetic recording medium exhibiting
good floatability of a magnetlc head (i.e., the head is not crushed upgn recording/reproducing) can be
obtained by the uppehnost stﬁjc%’oﬁlﬁ% a@?\e%%%gﬁdﬁﬁ“mé&u%% I&Sﬁtéotg “directly with a carbon
protective fitmcJiodpronuce amagnetic vecording editmlexhibiting a hightredolding derisity by the

method of tb@ﬂg@se@ﬁwem%,a M%ﬁré@@dﬁ@'ﬁgﬁ magneticspatiern ¢amprised of magnetic
portions Wlth a Wldth "W" an agr%letlc qI(tlons with. a width "L" as |IIustratqd u’iFl 1 2,5 and

ch
6 is formed’ prefer S0 that L are “not larger Jan %nm and i no?Targer tﬁan“l
reSpeCUvdyPth-a non magn@tlc material, a magnetic recording medium

exhibiting good floatability of a magnetic head {i.e., the head
is not crushed upon recording/reproducing) can be obtained by the
uppermest surface of the magnetic recording medium is coated
directly with a carbon protective Iilm.

[oos!

To produce & magnetic reccerding medium exhibiting a high
recording density by the method of the present invention, amagnetic
layer having a magnetic pattern comprised of magnetic portions with
awidth “W” and non-magneticportionswithawidth “L” as 11llustrated
in Figs. 1, 2, 5 and 6 is formed preferably so that W and L are
not larger than 200 nm and net larger than 100 nm, respectively,
and thus, the track pitch (i.e., the sumcf Wplus 1) is preferably
not larger than 300 nm, in view of high recording density. The
smaller the track pitch, the higher the recording density.

The magnetically partiticned magnetic recording pattern in
the magnetic recording medium produced by the method of the present
invention can include a pattern of a type wherein an upper part
of each magnetic porticn is partiticned by the adjacent
nen-magnetic portions, but, a lower part of each magnetic portion

is not partitioned by non-magnetic porticns, i.e., a lower part

1y

of the magnetic portion is contigucus to the adjacent lower parts
of the magnetic portions. This partlally partitioned magnetic
recording pattern should be construed to be included in the
magnetically partitioned magnetic recording pattern in the

magnetic recording medium as produced by the present invention.



and thus, the track pitch (i.e., the sum of W plus L) is preferably not larger than 300 nm, in view of
high recording density. The smaller the track pitch, the higher the recording density. The magnetically
partitioned magnetic recording pattern in the magnetic recording medium produced by the method of
the present invention can include a pattern of a type wherein an upper part of each magnetic portion
is partitioned by the adjacent non-magnetic portions, but, a lower part of each magnetic portion is not
partitioned by non-magnetic portions, i.e., a lower part of the magnetic portion is contiguous to the
adjacent lower parts of the magnetic portions. This partially partitioned magnetic  recording pattern
should be construeth'to-Beé iREkiled #FikE- HragRetcsty Baktitioreth MaghettSfétorbing' pattern in the
magnetic reeerding meditmiaspraduced:byi¢he presentdnventient 2¥n By thé tean “magnaetic

recording patterns:,as used jn this - spacification;is meant amagnefic recording, pafiern.ip.a broad
sense which include patterned media wherein a magnetic recording pattern are arranged with a
certain regﬁt%?itﬁﬁ%?%?@%é’dih%ﬁe?éﬁﬁLﬁfﬁbﬁ%etﬁflrbgcaaﬁﬁgpﬁatt@fn‘s’a%egﬁﬁnﬁ d'ifi tracks fashion;
and servorsignaltpatterase jG054] Fhetmethod of the present, invéntonis preferably adspted for the
manufacture.of;a discrete type magnetic recoding medium in view of simplicity and ease, wherein the
magnetically partitiﬁcgbesd4 agnet"..-_ recording patterns involve magnetic recoding tracks and servo
signal patterns. In the production method of the present invention, after the step (F) of contacting with
ozone the regions tthegiagietic’ldyes, RiRiER ravé beeh exposed by thédemoval GTthRe portions of
the mask layer imstep:(E) athe step(G )y ofifemeying the tesiduabmaskdayet,i o the desidual mask
layer and resist ayer is adapted.Ths removal .of the residyalrgsishlayer.and the residual mask layer
is carried out prefera Ty y dry etching, reactive ion etching or ion mifling. [0,0S% In a preferred
embod"ne@qaﬁ%@@ﬁ@ﬁ%%ﬁﬂqﬁgﬁ%é@ﬁﬂrdlng;@tternsJﬁvolvenmgnetlcrecodlng

tracks and servo signal patterns.

In the production methed of the present invention, after the
step (F) of contacting with ozone the regions of the magnetic laver,
which have been exposed by the removal of the portions of the mask
laver in step (E), the step (G) of removing the residual mask layer,
or the residual mask layer and resist layer is adopted. The removal
of the residual resist layer and the residual mask layer is carried
out preferably by dry etching, reactive ion etching or lonmilling.

[0ChL]

In a preferred embodiment of the method of the present
inventicn, after the step (&), the magnetic layer 1s preferably
exposed to an inert gas such as argon gas in step (H) as illustrated
in Fig. 3 whereby the outermost surface portion of the magnetic
layer, which have been exposed to ozone, are etched so that a surface
layer portion with a thickness of 1 to 2 nm is removed. Thus the
surface of the magnetic layer in the regions exposed to ozone is
rendered smooth.

The uppermost surface of the magnetic layer, from which the
residual resist layer and the residual carbon mask ilayer have been
removed, and the depressed portions of which have been filled or
have not been filledwith a non—-magneticmaterial, is usually coated
with a protective carbon overcoat 9 as illustrated in step I in
rig. 4.

The overcoat 9 can be formed from a material conventlionally

used for the general covercoats, which includes, for example,



invention, after the step (G), the magnetic layer is preferably exposed to an inert gas such as argon
gas in step (H) as illustrated in Fig. 3 whereby the outermost surface portion of the magnetic layer,
which have been exposed to ozone, are etched sgthat a surface layer portion with a thickness of 1 to
2 nm is removed. Thus the surface of the magnetic layer in the regions exposed to ozone is rendered
smooth. The uppermost surface of the magnetic layer, from which the residual resist layer and the
residual carbon mask layer have been removed, and the depressed portions of which have been filled
or have not been filled with a non-magnetic material, is usually coated with a protective carbon

overcoat 9% HERFratst i SRIFEiE Fig SECThaoveteoal'o ah b& 16red oM riatenal
conventionatyC used forithedgeneralovetoatspwhighvineludes,foraexample, 28 carbondeeous

materials such-gs carhon(C), hydrogenated earbon (HXCY) <nitrided carhon,(GN), amerphous carbon

and silicon carblq[e (SiC); and other conventionally used m%terials such as Si02, Zr20 and TIN. Two
or more ovatcbatsmay Be formBa X o056] “The thicknessof theBvercoat 9 is preferably not larger than

10 nm. If the thicknE®s$éfithe protective overcoat is larger than 10 nm, the distance between the head

and the magnetic layer becomes Lpdesimablklarge andi the inputand gulputipowers are:often
insuﬁicientlghnemforrq tiorg of the C’%vercoatfisty}seuaII carried out b I%O%gugtgrﬂﬁ%%oﬁ tt)oFr .2 CVD method.

. 1, the LCokNess .o 9] CLIVE T 4 NG . .
A lubricating layer (not shown in Fig. 43 IS preféera ytT%rr‘hed on the overcoat. The icating layer is

formed from? foR exarfple s GefgsriRelesRtainlify Tebicant & Hydioearbor lHBreat eF A Fhixture
thereof. Therthicknessiof thedybrigatinglayenisuisually inthe:rangerefd tord ramc40057] The
constitutioqgfsg@ﬁ@rgglgle of the magnetic recording- reproducing apparatus according to the

present invention is ‘ , S
The formation of the overcoat is usually carried out by a

sputter method or a CVD method.

Alubricating layer (not shown in Fig. 4) ispreferably formed
on the overceoat. The lubricating laver is formed from, for example,
a fluorine-containing lubricant, a hydrocarbon lubricant cr a
mixture therecf. The thickness of the lubricating layer isusually
in the range of 1 to 4 nm.

[0057]

The constitution of an examplie of the magnetic recording-
reproducing apparatus according to the present invention 1s
illustrated in Fig. 7. The magnetic recording-reproducing
apparatus of the present invention comprises, in combination, the
above-mentionad magnetic recording medium 30 of the present
invention; a driving part 11 for driving the magnetic recording
medium in the recording direction; & magnetic head 27 comprising
a recording part and a reproducing part; head-driving part 28 for
moving the magnetic head 27 in a relative motion te the magnetic
recording medium 30; and a recording-and-reproducing signal
treating means 29 for inputting signal into the magnetic head 27
and for reproduction of output signal from the magnetic head 27.

10058]

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

magnetic recording tracks are magnetically discrete, and therefore,



illustrated in Fig. 7. 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 11 for driving the magnet%,recording medium in the recording direction; a
magnetic head 27 comprising a recording part and a reproducing part; head-driving part 28 for
moving the magnetic head 27 in a relative motion to the magnetic recording medium 30; and a
recording-and-reproducing signal treating means 29 for inputting signal into the magnetic head 27
and for reproduction of output signal from the magnetic head 27. [0058] The magnetic

recording-repfodGERt apiaratas céhrisig the o inAibir o th& 5BovEAmERtiGABdfieans can
provide a high rrecondingldensity.<More speeificallyairhnthetmagneticiretordingsmedium of the magnetic
recording-repraduaing.apparatus, the magneticrecording.tracks are,magneticallyrdiscrete, and

therefore, 29 the recording head width and the re roducip% head width can be aggr.oximately the
same size 48 éach-Gther Wit theTastit of sufficienty Righ Feproditing otitpGEsGier ahd high SNR.
This is in arstrikimgrdonteast toithe epnventivhal imagnetid redovdind smetidrewherein thé reproducing
head width,must-be.smalles than-the -recarcinghead width termininize.thepfluence of dhe
magnetizatii_gﬂrcjj tg%asitiqn r%%i.lonnssin‘tbe trggclg gg&gsééO%SQ] By constituting the reproducing part of the
magnetic head a5 GMR head 6f TfVTRtheadL, a sufﬁmgntlsy'high signal intensity can be obtained even
at a high recording d8hsity, that is, the magnetic recording apparatus having a high recording density
can be provided. Whenr the headtisfloated ata floatingrheight-in the rarge.-ef.005 parto 0.020 pm,
which s lower diandbeconventionady adoptes floatng elgil.dne; uipht paueislpaggsed and the
SNR becomes large, and thus the magnetic recording apparatus can have a large size and a high
reliability. P& Sighal tieatigairtbif using & SERTProduct eomposite’ HigoTithint fsEBMBInEd in the
magnetic reearding. megiymythe:s having a high recording density can be provided.

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

If a signal treating circuit using a sum-product composite
algorithm is combined in the magnetic recording medium, the
recording density can be much more enhanced, and a sufficiently
high SNR can be obtained even when reccrdation-reproduction is
carried out at a track density of 100 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

[0060]

The invention will now be specifically described by the
following experiments for evaluating the change cf magnetization
cccurring due to treatment with ozone, and the following examples
of the invenition.

Experiments 1 to 22, Comparative Experiments 1 to 7

A glass substrate for HD was placed in a vacuum chamber and
the chamber was vacuumed to a pressure of not higher than 1.0 x
107 Pa to remove the air. The glass substrate used was comprised

of glass ceramics having a composition of LiSiz0s, AlC:-K0,



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 100 k-tracks or more per inch, or a
linear recording density of 1,000 k-bit or more perxinch, or a high recording density of at least 100
G-bit or more per square inch. Examples [0060] The invention will now be specifically described by
the following experiments for evaluating the change of magnetization occurring due to treatment with
ozone, and the following examples of the invention. Experiments 1 to 22, Comparative Experiments 1
to 7 A glass substrate for HD was placed in a vacuum chamber and the chamber was yacuumed to a
pressure of Wt higher il T:0%216- Pts Telové e 2 THe ﬁlﬁgg%dﬁﬁ%ﬁfsé’&m@% comprised
of glass ceramsics having.arconypoesition of Li2Si205nARREK202380 ALZERK20Mg@+205 and
Sb203-ZuQzand has,an,quter.diameter of 65 mm and an inner diameter of 20 mm, and an average
surface roughness éRa of 2 angstroms. On the %Ia§§ substr%teta §%ft ma%netico%ndoesré@/er composed
of 60Fe30C010B, R intérfediitelayat conTgosed of R ahd a magnetic layer Raving a granular
structure composed &7 0C-5CriIsrE1eSIO2 calfy<(thedinnefalSimmtedistely Befote the elements
indicate pergeats:by mele.of the elementshweredformed ethisrorderbyDC 1sputtedag ol he

respective Ialxecgs had the jolloJ}/viTg thicknesses. fg%%%% %%J_’F[%%?g% Inagnetic #_([Iiwldgél@é(er: 60 nm, Ru
rm

intermediafé Taver:' Ibenr?ﬁ‘%enda magnnérﬁ%%ﬁer: . hen each multilayer structure was
treated as FSIEVRIL i ExFeriments 118 4id¢120Es) ale Contpatative Expefinteitéa =2 arid 4-6, each
multilayer struetuee was. treated by ICP to remove a surface portion with a thickness of about 3 nm of

the magnetic layer,Jhe |GBIrqatmentvas carried gut undet the fallawing nesses .
60Fe30Col0B soft magneticunderlayer: 60 nm, Ru intermediate layer:
10 nm, and magnetic layer: 15 nm.

[0061]

Then each multilaver structure was treated as follows.

In Experiments 1-8 and 12-19, and Comparative Experiments
1, 2 and 4-6, each multilayer structure was treated by ICP to remove
a surface portion with a thickness of about 3 nm of the magnetic
layer. The ICP treatment was carried out under the following
conditions. Fy gas: 10 sccm, pressure: 0.1 Pa, acceleration
voltage: 300V, input powsr: 200W, blas voltage for substrate: Z0W,
and etching time: 45 seconds.

In Experiments 9-11 and 20-2Z, and Comparative Experiments
3 and 7, the ICP treatment of each multilayer structure was not
carried out. _

in Comparative Experiments 3 and 7, each nmultilayer
structure was expesed To argon gas.

[0062]

Thereafter, eachmultilayer structure was treated with czone
as follows.

fach multilayer structure was exposed Lo ozone gas in
Experiments 1-11, and spin-rinsed with agueocus ozone in Experiments
12-22. The exposure to ozone gas was carried out under a pressure
of 5 x 107 Pa in a vacuum chamber. The spin-rinse with aqueous
ozone was carriedout as follows., Purewater having ozeone dissolved
therein was showerad at & flow rate of 1 liter/min onto the substrate,

and thereafter, the substrate was rotated to remove water giving



conditions. CFL gas: 10 sccm, pressure: 0.1 Pa, acceleration voltage: 300 V, input power: 200W, bias
voltage for substrate: 20W, and etching time: 45 seconds. In Experiments 9-11 and 20-22, and
Comparative Experiments 3 and 7, the ICP treatment of each multilayer structure was not carried out.
In Comparative Experiments 3 and 7, each multilayer structure was exposed to argon gas. [00621
Thereafter, each multilayer structure was treated with ozone as follows. Each multilayer structure was
exposed to ozone gas . Experiments 1-11, and spin-rinsed with aqueous ozone in Experiments

12-22. The exposure to ozone gas was carried out under a pressure of 5 x 10 Pa in a vacuum
chamber. Fhé'&phirindeihithi dEquedds %%W%%@a&%ﬂ%%%@f&ﬂ%ﬁé PUEWARPHATiIng ozone
dissolved thereinwvas:=showerstvat a Bow ratesofnl ditermeinentative sabstratee sxvd tereafter, the
substrate was,rotateddgsemove water giving: 31 a.dried sybstrate.dnExperiments 12-16 and 19-22,

the aqueous ozone was showered while uItrasoni!p wave was imposed to the aqueous ozone at 950
kHz and 500W uding an titradonid 2IeaHiRG Apparatus available from KAIJO Corporation. For
comparison, the oZome Exposiiretreatnemtanas Tiotcatied oitdEXpenrens-4-7r Thedreating
conditions gpd the change inthesamount of magnetization as determined by the measurements
before and after thlebtéegtmegt are sgggn in Tables 1 a,rlled 2., Table 1 Experi- Flow Tate Pressure

z tlon
Heating Irradi- Amount of % of ‘Merit 0 5zéﬁg%emp. of ation magnetization reduction No. gas

substrate tFFERE (e iicm2y ifehaghe (SEchy (PY) [OF@ecTBeitrR 22 Kitst #3Hzafi6R"Exp. 1 50 1
150 30 0.3219:05 84%mExp. 2rt0GAE0 30 Q:3312.041872% Exp. 3 150 1 150 30 0.33 0.04 88%

Tahlse 1
Experi— Flow rate Pressure Heating Irradi— Amount of % of
ment of ozone temp. of ation magnetization reduction
No. gas substrate | time 1 (memu/cm?) in magne—
(sccm) (Pa) °c) (sec) Before *2 | After %3 tization
Exp. 1 50 i 150 30 0.32 0.05 84%
Exp. 2 100 1 150 30 0.31 0.04 87%
Exp. 3 150 1 150 30 0.33 0.04 88%
Exp. 4 50 5] 150 30 0.33 0.61 97%
Exp. 5 50 05 150 30 0.31 0.12 81%
Exp. & 50 i 150 16 0.33 0.13 61%
Exp. 7 50 i 150 60 0.32 0.01 87%
Exp. 8 50 1 25 30 0.32 0.13 59%
Exp. 9 50 1 150 30 0.33 0.14 58%
Exp. 10 150 i 150 30 0.32 0.13 59%
Exp. 11 150 i 150 60 0.32 0.1 69%
Com. Exp. 1 0 1 150 6O(Ar) 0.32 0.26 19%
Com. Exp. 2 0 5 150 30{Ar) 0.31 0.21 32%
Com. Exp. 3 0 1 150 30(Ar) 0.33 0.33 0%

Note

*1 Irradiation time with ozone gas in Experiments 1-11
rradiation time with argon gas in Comparative Experiments 1-3

*2 Amount of magnetization as measured before irradiartion with ozone gas in Experiments 1-11
and with argen gas in Comparative Experiments 1-3

%3 Amount of magnetization as measured after irradiartion with ozone gas in Experiments 1-11

and with argon gas in Comparative Experiments 1~3



Exp. 4 50 5 150 30 0.33 0.01 97% Exp. 550 0.5 150 30 0.31 0.12 61% Exp.6 50 1 150 10 0.33 0.13
61% Exp. 7501 15060 0.320.0197% Exp.8501 25300.320.1359% Exp.9501 150 300.33
0.14 58% Exp. 10 150 1 150 30 0.32 0.13 59% Exp.11 150 1 150 60 0.32 0.1 69% Com. Exp. 101
150 60(Ar) 0.32 0.26 19% Com. Exp. 2 05 150 30(Ar) 0.31 0.21 32% Com. Exp. 30 1 150 30(Ar)
0.330.33 0% Note *1 irradiation time with ozone gas in Experiments 1-11 Irradiation time with argon
gas in Comparative Experiments 1-3 *2 Amount of magnetization as measured before irradiartion with
ozone gas in Experiments 1-11 and with argon gas in Comparative Experiments 1-3 *3 Amount of
magnetization as measured after irradiarfiBaSvith ozone gas in Experiments 1-11 and with argon gas
in Comparative Experiments 1-3 32 Table 2 Experi- Amount of Usshower Spin- Amount of % of ment

ozone in ripse-maghetization+educton—INo—ag-ozene-tme memulu..z -magne (ppm) (sec) Before
“1 After 2|78 ENITTS G A5 VERRY 0350105 $5% EXET30.1 yeb 60634 0. o(g %1&)( Ex)p. 1405
yes 60 0.3|0.0293%] E35° 15 1 yes 60 0,3175%91 97% 'E’s‘ﬁﬁ‘e%"f@ yes BOCHIED01 97% Exp. 17 1 no
60 0.35 0.1 71 EXpP1%I0 o 60 0.32 29 HS 9% Exp. 20 1 yes 60
0.33 0.15 35% _Exp.|21®Fés 60 0.35 0 AfE0'H 31 628908506 Com. Exp. 4 - - -
0.350.24 31%e- 12 0.05 yes 0.0 85%
Exp. 13 0.1 yes 0.03 91%
Exp. 14 0.5 yes 0.0z 93%
Exp. 15 1 VEs 0.01 97%
Exp. 16 10 yes 0.1 97%
Exp. 17 1 no 0.1 71%
Exp. 18 10 no 0.07 78%
Exp. 19 1 ves 0.03 90%
Exp. 20 i ves 0.15 55%
Exp. 21 5 ves 0.14 60%
Exp. 22 10 ves 0.11 65%
Com. Exp. 4 - - 0.24 3th
Com. Exp. 5 - - 0.21 38%
Com. Exp. § - - G.28 10%
Com. Exp. 7 - - 0.32 3%
Note

#1 Amount of magnetization as measured before spin-rinse with aguaous ozone in Experiments 12-2

*2 Amount of magnetization as measured after spin—rinse with agueous ozone in Experiments 12-22

[0065]

Example 1

A glass substrate for HD was placed in a vacuum chamber and
the chamber was vacuumed to a pressure of not higher than 1.0 x
107° Pa to remove the air. The glass substrate used was comprised
of glass ceramics having a compesition of LizS5i:05, Al:03-K0,
Al,05-K2Q, MgO-P,0s and Sbo0;-7Zud, and has an outer diameter of 65
mm and an inner diameter of 20 mm, and an average surface roughness
{Ra) of Z angstroms.

On the glass substrate, a soft magnetic underlayer composed
of 60Fe30Co10B, an intermediate layer composed of Ru and a magnetic
layer having a granular structure composed of 70Co-5Cr-15Pt-1051C;
alloy were formed in this order by DC sputtering. A carbon mask
layer was formed on the magnetic layer by & P-CVD method.

The respective layers had the following thicknesses.



Com. Exp.5---0.340.21 38% Com. Exp. 6 ---0.310.28 10% Com. Exp. 7 - - - 0.33 0.32 3% Note
*1 Amount of magnetization as measured before spin-rinse with agueous ozone in Experiments 12-2
*2 Amount of magnetization as measured after s%—rinse with agueous ozone in Experiments 12-22
[0065] Example 1 A glass substrate for HD was placed in a vacuum chamber and the chamber was
vacuumed to a pressure of not higher than 1.0 x 10-3 Pa to remove the air. The glass substrate used
was comprised of glass ceramics having a composition of Li2Si205, A1203-K20, A1203-K20,
MgO-P205 and Sb203-ZuO, and has an outer diameter of 65 mm and an inner diameter of 20 mm,
and an aveta§e EUradPrdtghmess (R BFongsifomS O thE G IS SEtrate? a 38 magnetic
underlayericomposed cok60Ee30Ca1 0B, aminteanddiatefayerecampbsgdof RY amd.a magnetic layer

having a granular siructure;¢emposed:of 70C0-5CH15PIQRIQAZ salley wereforaed-in.dhis order by
DC sputtering. A carbon mask layer was formed.on the magnetic layer by a P-CVD method. The

respective fAyerdhad e folibuitig thickned€es33 "60Fe385C0I0B soft magnetic underlayer: 60 nm,

Ru intermediate layéi¥ %0 nm, magnetic layer: 15 nm, and carbon mask 'Layer: 30 nm. Then a Si02
resist layer with a thickngss ©f 300 mwas formed; .on thecarbenmaskdayerby spinteoatiag. [00661 A
glass stamp having, a negative pattern corres og%% to the desired:magnetic recording pattern was
pressed on 6 the er%lsfg? afe/é‘rl at gep%%“géﬁlf}e’g orig)ia a (abé&t 838 Sgsfefcm . here%fter tl?e stamp was

separated fraiFthé FeSistraystiHereby triRsfelARgut Malnetit/eBording rakerh Girthid Fesist layer.
The thus- teansferreskmagneticcrecarding pattern diad alcopfigurationisuchr dhattheceleyations in the
resist layer are circylar with. a,yidth of 120, nm, and.the depressions.in the Lesist layer are circular

with a width of 60 nm. The thickness of the patterned resist layer , _
transferred magnetic recording pattern had a configuraticn such

that the elevations in the resist layer are circular with a width
of 120 rm, and the depressions in the resist layer are circular
with a width of 60 nm. The thickness of the patterned resist layer
was 80 nm and the thickness of the depressed portions of the resist
laver was about 5 nm. The depressed portions had an angle of about
90 degrees to the substrate surface.

(00671}

The depressed portions of the resist layer were removed by
etching using CFy; under the following conditions. Pressure: 0.5
Pa, flow rate: 40 scom, plasma power: 200W, bias voltage: 20 W,
and etching time: 10 seconds.

Thereafter, the portions of the carbon mask layer
corresponding to the removed depressed portions of the resist layer
were removed by dry etching. The dryetching conditions for etching
the carbon mask layer were as follows. O; gas: 40 sccm, pressure:
0.3 Pa, high-freguency plasma power: 300 W, DC bias: 30 W, and
etching time: 30 seconds.

[0068]

Then a surface layer portion of each of the corresponding
portions of the magnetic layer was removed by lon etching. The
ien etching conditions for etching the surface layer portion of
magnetic layer were: N; gas: 10 scem, pressure: 0.1 Pa, acceleration
voltage: 300V, andetching time: 5 seconds. The depressed regions,
formed by ion etching, of the magnetic laver had a depth (“d” in
Fig. 1} of about 1 nm.



was 80 nm and the thickness of the depressed portions of the resist layer was about 5 nm. The
depressed portions had an angle of about 90 degrees to the substrate surface. [0067] The depressed
portions of the resist layer were removed by etchipg using CF4 under the following conditions.
Pressure: 0.5 Pa, flow rate: 40 seem, plasma power: 200W, bias voltage: 20 W, and etching time: 10
seconds. Thereafter, the portions of the carbon mask layer corresponding to the removed depressed
portions of the resist layer were removed by dry etching. The dry etching conditions for etching the
carbon mask layer were as follows. 02 gas: 40 sccm, pressure: 0.3 Pa, high-frequency plasma power:
300 W, DC bias: 3G %7 8AA8iching fifie 555 s6RBhaRS (6068 THaA E Suface Balel Burtion of each of
the corresponding: portionrsiofithe magreticilayepwas rémuoved bysorsetehingz The ciparetching
conditions far,etching, the surface layey-portian, of o ic layer were: N2 gass 10,s¢anqpressure: 0.1
Pa, acceleration vo{l_,tage; 300 V, and etchjng time: segongs. The d;gressed re%i ons, formed by ion
etching, of & magnetie tifer sl a dapth {'d* i BgD) 6f-abolt-Lint 34 THereafter the exposed
regions of theorrragmetic kayet (Which:arelnstcovereewithathearethdining porticrs of #etarbon mask
layer) were expgsed to ozone gas. The exposure to ozone gas was carried out by flowing ozone gas

in a chamber at a flqw rate of 40 scem, a pressur, %% Pa f%rsjﬁo feconds rggggga trate

and
temperature of 150 ??h‘é%grle%hllc‘fﬁalppor ions of the resis]f?asyer and }fgsl:ldﬁgﬁportlons of the carbon

layer, whicReEmiRedBn the SEracE GRINRT lailinate SHUSRIEWETE FehitVetrsy diy etehing.
Thereafter theriexpased surfage-0f the-magneticdayer was subjected to ionemdling «to remove a

surface layer. baying g thickiess ofabautlam o abowt g Jhe-ianmiling spngitians yiere as

follows. An gas: 10 sccm, pressure: 0.5 Pa, and time: 5 seconds. Thereafter a protective
to remove a surface layer having a thickness of about 1 nm to about

2nm. The lonmiliing conditions were as follows. Ar gas: 10 scaom,
pressure: 0.5 Pa, and time: 5 seconds. Thereafter a protective
carbon overceat with a thickness of 5 nm was formed by a CVD method,
and finally the laminate structure was coated with a fluorine-
containing lubricant to form a lubricating £ilm with a thickness
of 2 nm. Thus, the manufacture of a magnetic recording medium was
completed.

[0069]

The elsctromagnetic conversion characteristics of the
magnetic recording medium were evaluated by using a spin stand.
A vertical recording head and a TuMR reading head were used for
the evaluation. The electromagnetic conversion characteristics
ware determined by measuring 3T-sguash at recording a signal of
750 kKFCl. The 3T-sguash was 90%, and thus the electromagnetic
conversion characteristics were excellent.

[0070]

Example Z

By the same procedures as described in Example 1, a magnetic
recording medium was produced wherein a magnetic layer having a
granular structure comprised of ColOCrZ20PtE {51i0;) with a thickness
of 10 nm was formed and thereon a magnetic layer having a
non~granular structure comprised of Cold4Crl4Pbt4B with a thickness
of 5 nm was formed. Surface layer portions of the magnetic layer
having & granular structure were removed to a depth of 5.5 nm. All

other conditicns and procedures remained the same as in Example



carbon overcoat with a thickness of 5 nm was formed by a CVD method, and finally the laminate
structure was coated with a fluorine- containing lubricant to form a lubricating film with a thickness of 2
nm. Thus, the manufacture of a magnetic recording medium was completed. [0069] The
electromagnetic conversion characteristics of the magnetic recording medium were evaluated by
using a spin stand. A vertical recording head and a TUMR reading head were used for the evaluation.
The electromagnetic conversion characteristics were determined by measuring 3T-squash at
recording a signal of 750 kFC1. The 3T-squash was 90%, and thus the electromagnetic conversion
characteristics WePeSeREEIET2 T70]CERATBIS 2By the Sfrhe pratedires 58uBseHted in Example 1,
a magnetic-¢ecatding neetlium weas producedauhereinaasaagnetic-layer daving a Sgramnular structure
comprised of C@QC%Q@@@%QZM@%@%hickness of 10 nm was formed and thereon a magnetic layer
having a non-granular structure comprised of Col4Crl4Pt4B with a thickness of 5 nm was formed.
Surface layer portions of the magnetic layer having a granular structure were removed to a depth of
5.5 nm. All other conditions and procedares. gemained: theosarievas in Example 35 1. The
electromagnetic copygrsion characteristics of the magnetic recording medium were evaluated by the
same procedures as i n Example The 3T-squash was 92%. Industrial Applicabilit )71; The
magnetic recordingﬁf‘neea}% n%%duléga%%/dﬁ%gnﬁn&%%%% %%d%$g§2bn¥ i%@gnr{ibﬁhv?/ﬁ)écr}ég?r? ?all”magnetic
layer is formeelsena horciagrietic sulsstrate ARdTfer a maghistié eéordifg pattetn is formed on the
magnetic layer-ischatactedzed i that geed angh stable-head-foatability: iscensuresr-antksthe magnetic
recording pattem,is patfitioned by the regions exhibiting excellent. pattitionahility and the signal
interferes occurring between the ’ ) ,

stable head~floatability is ensured, and the magnetic recording

pattern is partitioned by the regions exhibiting excellent
partitionability and the signal interferes occurring between the
adjacent partitioned regions in the pattern are suppressed, and
that a high recording density can be achieved.

In view of the above-mentioned beneficial characteristics,
the magnetic recording medium produced by the methoed of the present
invention is useful especially as a discrete type magnetic
recording medium having a magnetically partitioned recording
pattern comprising magnetic recording tracks and a servo signal
pattern. The method of producing the magnetic recording medium

13 simple and easy.



adjacent partitioned regions in the pattern are suppressed, and that a high recording density can be
achieved. In view of the above-mentioned beneficial characteristics, the magnetic recording medium
produced by the method of the present inventiongg useful especially as a discrete type magnetic
recording medium having a magnetically partitioned recording pattern comprising magnetic recording
tracks and a servo signal pattern. The method of producing the magnetic recording medium. is simple
and easy. 36 CLAIMS 1. A method for producing a magnetic recording medium having a magnetically
partitioned magnetic recording pattern on at least _one surface of a nonmagnetic substrate,
characterized by comprising a step of reactin&Ip%Wgns of a magnetic layer, formed on the
non-magnetic substrate, with ozone to modify magnetic properties of said portions of the magnetic
layer for forming the magnetically: pagitioned: magneticrecording pattern.riA methed for producing a
magnetic recordin +medjrljlm accgr(titingntodcrlp%imrl,tg%agaecéteriéglq by comprising the following seven
steps (A) tAr8GgH (G) Carriéd 6t in this order: TAY a step o?Formiﬁé a magnetic fayer on at least one
surface ofAcnNTEGTett sulsstERenER) & S5 b Fdiining a TSR Tay&ContheTRagfeti¢ layer, (C) a
step of forming agesist fayer-anthemasklayess (D)a.gtep-atforming A negative pattera of the
magnetic tecording patiern on e JesistJayer ()8 sten, glemoying parions ot he mask laver in
regions corresponding to the negative pattern of the magnetic recording, pa terrl,_(F) a step of
contacting FégisHsIGTRE Magristic MyBRANRIcH HAVEBeSH Xposehy the Feovarst the portions of
the mask layert it step:(E pavith: ozoneavherebyssaiskregions of the magnetic layer are reacted with
ozone to modify the magnetic,praperties in said; regions.of, the magpeticayer.and; (@) a step of
removing the residual mask 'Layer, or the , i L :

according to claim 1, characterized by comprising the following

seven steps (A) through (G} carried out in this order:

() a step of forming a magnetic layer on at least one surface
of a non-magnetic substrate,
(B} a step of forming a mask layer on the magnetic layer,

(C) a step of forming a resist layer on the mask laver,
(D)

recording pattern on the resist layer,

step of forming a negative pattern of the magnetic

ol

(£) a step of removing portions of the mask layer in regions
corresponding to the negative pattern of the magnetic recording
pattern,

(F) a step of contacting regions of the magnetic layer, which
nave been exposed by the removal of the portions of the mask layer
in step (E), with ozone whereby said regions of the magnetic laver
are reacted with ozone to modify the magnetic properties in said
regions of the magnetic layer, and

(G} a step of removing the residual mask layer, or the
residual mask layer and resist layer.

3. A method for producing a magnetic recording medium
according to claim 2, wherein, prior to contacting sald exposed
regions of the magnetic layer with ozone in step (F) to modify the
magnetic properties in said regions of the magnetic layer, surface
layer portions in said exposed regions of the magnetic layer are
removed.

4. A method for producing a magnetic recording medium

according to claim 2, wherein, prior to contacting said exposed



residual mask layer and resist laver. 3. A method for producing a magnetic recording medium
according to claim 2, wherein, prior to contacting said exposed regions of the magnetic layer with
ozone in step (F) to modify the magnetic properti§?$ in said regions of the magnetic layer, surface
layer portions in said exposed regions of the magnetic layer are removed. 4. A method for producing a
magnetic recording medium according to claim 2, wherein, prior to contacting said exposed 37
regions of the magnetic layer with ozone in step (F) to modify the magnetic properties in said regions
of the magnetic layer, the following procedure (i) or procedures (ii) are carried out. (i) a procedure of
exposing shid expeset FeGiormeBthe” aghetitiayer 167 bBre=Bontainiiy gas: 44) procedures of
removing susface-tayer postians 43 said expbseshregiens Of the magnetic layesyand ther, exposing
said exposed regions of themagpetic Jayer to.a flugrinescontaining gas, 5. A.methed for producing a
magnetic recording medium according to any one of claims to 3, wherein the ma etic layer to be
contacted with 0zoh®'instBp B &S %faﬁffé?%ﬂﬁ:tﬁ?el%oﬁi?ﬁssee&i of ﬁ%@fﬁ]e?tico%;ﬁié?es surrounded
by an oxidez@r&method/for prodacing amagnetic resoidiag #aedium according to claim 5,

characterized by cqmpyising the fellowing -Rine stepss(Aly threugh(Gl)cardedrautin this @rder: (Al) a
step of forming, on at least one %ur{%%e of a_non- a(3;1etic sub trate, a maegnetic Ia%%ritgjaving a

granular sttt ?u%%dcofrﬁgﬁgéé ot magrie |‘§%%?§é1%s Surrounde byt/' an 6xide ?}ii}’% step of forming a

magnetic |&yaradnga o grardarstirture bhvthe fagreticlayer Having a'grahgraF structure, (BI)
a step of forming agnask layer.on the:magnaeticlayershaviggsa honrgramianstroettirem(Cl) a step of
forming a resist layer on the, mask layer,. (D)@ step.offorming a pegative_pattern.of the magnetic
recording pattern on the Tesis layer, (El) a step of removing portions of the mask layer in regions
to be contacted with ozone in step (F) Thas a granular strutture
comprised of magnetic particles surrounded by an oxice.
. A method for producing a magnetic recording medium
according te claim 5, characterized by comprising the following
nine steps {A1l} through (Gl} carried cut in this order:
.(Al} a step of forming, on at least one surface of a
non-magnetic substrate, a magnetlc layer having a granular
structure comprised of magnetic particles surrounded by an oxide,

(AZ) a step of forming a magnetic layer having a non-granular
structure on the magnetic layer having a granular structure,

(Bl) a step of forming a mask layer on the magnetic layer
having a non—granular structure,

(C1) a step of forming a resist layer on the mask layer,

{D1) a step of forming a negative pattern of the magnetic
recording pattern on the resist layer,

(E1) a step of removing portions of the mask layer in regions
corresponding to the negative pattern of the magnetic recording
pattern,

(E2) a step of removing portions of the magnetic layer having
a non-granular structure in regions corresponding to the negative
pattern of the magnetic recording pattern,

{F1l) a step of contacting regions of themagnetic layer having
the granular structure, which nave been exposed by the removal of
portions of the magnetic layer having a non-granular structure in
step (E2), with ozone wherseby the magnetic layer having the granular

structure is reacted with ozone to modify the magnetic properties



corresponding to the negative pattern of the magnetic recording pattern, (E2) a step of removing
portions of the magnetic layer having a non-granular structure in regions corresponding to the
negative pattern of the magnetic recording patterglg( FI) a step of contacting regions of the magnetic
layer having the granular structure, which have been, exposed by the removal of portions of the
magnetic layer having a non-granular structure in step (E2), with ozone whereby the magnetic layer
having the granular structure is reacted with ozone to modify the magnetic properties 38 in said
regions of the magnetic layer having the granular structure, and (G1) a step of removing the residual
mask layer: DEthe FESd0aPMRASKIBTEIAITTE HesiStigyers 7L AMeth6d o prodSemg a thagnetic
recording medium according to claim 6, wherein, prior to contacting said exposed regions of the

magnetic layer having the grapular structure with: gzope.n step (kL 40 madify. the magpetic properties
in said regions, of the magnetic layer, surface layer portions in said exposed. regions of the magnetic
layer havingthe grandiartragiite S8 réfiovad. 82 Aethod for producing a magnetic recording

medium according’to claime8hwihefein, priofio contacting saidiexpesed degions of the magnetic layer

having the graniarstructure with 9zopedn.step (5 to-madifythesmagnetisproperties kysaid regions

of the magnetic layer ha\t/ineg the granula; structure the f.oylowin prfceduge (i(}pr Iproc:eoLures (i) are
. r 10oTs o, Th =) SL1o m-mager a"\f"faqﬂ Tne %IT% i alr STri r_u 2 Wil
carried out: ffjga procedure o e><<}posmg said éxposed regions € magnetic layer having the

granular strictiifelto &tfRioriRe) containingygalss (i precedquPES BE FEMBYIRG SarfaceeRi/et portions in
said exposed tegions@fdhemagnetic layerhavingdhegranutarsteucture; aanddhpasexposing said

exposed regions, ot netic Javer having  the granula str t ine-gontaining gas. 9. A
e T T T

8. A method for producing a magnetic recording medium
according to claim 6, wherein, prior to contacting said exposed
regions of the magnetic layer having the granular structure with
ozone in step (Fl) tomodify the magnetic properties in said reglons
of the magnetic layer having the granular structure, the following
procedure (1} or procedures (il) are carried ocut.

(i) a procedure of exposing said exposed regions of the
magnetic layer having the granular structure to a fluorine-
containing gas,

(ii) procedures of removing surface layer portions in said
exposed regions of the magnetic layer having the granular structure,
and then, exposing said exposed regions of the magnetic layer having
the granular structure to a fluorine-containing gas.

9. A method for producing a magnetic recording medium
according to any one of claims 3, 4, 7 and 8, wherein the surface
laver porticn of the magnetic layer to be removed has a thickness
in the range of 0.1 nm to 15 nm.

10. A method for producing a magnetic recording medium
according to any cone of claims I to 9, wherein the reaction of sald
nortiong of the magnetic layer with ozone is effected by contacting
said exposed regions of the magnetic layer with ozone gas or a Ligquid
containing ozone das.

11. A method for producing a magnetic recording medium
according to any one of claims 2 to 10, wherein the mask lavyer is

formed from carbon.



according to any one of claims 3, 4, 7 and 8, wherein the surface layer portion of the magnetic layerto
be removed has a thickness in the range of 0.1. nm to 15 nm. 10. A method for producing a magnetic
recording medium according to any one of claims;§o 9, wherein the reaction of said of the magnetic
layer with ozone is effected by contacting said exposed regions of the magnetic layer with ozone gas
or a liquid containing ozone gas. 11. A method for producing a magnetic recording medium according
to any one of claims 2 to 10, wherein the mask layer is formed from carbon. 39 12. A method for
producing a magnetic recording medium accor(g%g to claim 11, wherein the carbon mask layer formed

has a thickness in'the rahg& 0F&-hrhTb &6 A 39 B for prodacing'a hagHetic recording
medium aecordingtg any one of claims2aoli2; whereiathefonmationafethef negativepattern of the
magnetic rgcerding-paiternon the resist layersinstep{D)or{P)) is carried out by transfer printing
using a stamp. 14.1}% m thggggcr)gr%%%cigg a ma%rgjetic recording medium accordgg%r% any one of

claims 2 to 13, which further comprises: ?%usqtép of, alﬁ%grsl?é:p fo%??é%?gr lFnemovmg the residual

resist layera 8E¢tie residual Fesistnayet and ksl |dyer. etching - saFfatédayerpoftion ob the magnetic
layer by using:ainert wwasa 16« Avmagnetiesecerding-reproducing apparatus charactedzed by
comprising, In, combination, e fagnetic, tecording mediym produced,by the mathad aglaimed in

any one onglﬁlms 1 to 14; a'driving part for driving the magnetic recording medium in the recording
direction; a®m&g#8tic head comprising a recording part and a reproducing part; means for moving the
magnetic head in a ¢elativermotioh tootheomatneticgrecordingernediumandiag medium

recording-and-reproducing signalreating mmeansfor inputting, signal fo.the.magpgticigad and for
reproducing output (SI-II?naalsftrg{ano%hea@gggesﬁl‘_%ge(aq' or {Gl} for removing the residual

resigt laver, or the residual resist laver and mask layer, etching

a surface layer portion of the magnetic layer by using an inert

gas.

15. A magnetic recording reproducing apparatus
characterized by comprising, in combination, the magnetic
recording medium produced by the method as claimed in any one of
claims 1 to 14; a driving part for driving the magnetic recording
medium in the recording direction; a magnetic head comprising a
recording part and a reproducing part; means for moving the magnetic
head in a relative meotion to the magnetic recording medium; and
a recording~and-reproducing signal treating means for lnputting
signal to the magnetic head and for reproducing output signal from

the magnetic head.



