Speci fication : MAGNETI C RECORDI NG MEDI UM AND
MANUFACTURI NG METHOD FOR THE SAME  Technical Field The present

i nvention relates to a magnetic recordi ng nedi um such as a magnhetic di sc
and the like for use in magnetic disc devices, and a manufacturing nethod
for the sane. Rel evant Art In recent years, in the field of

magneti c recording, particularly w tgp{?mﬁgh to magnetic discs, remarkable
i nprovenents in the recording densit ave been achieved. In particular,
recent inprovenents in the recording density have continued at a phenonenal

pace, achieving rates of ' W [ 0. ears. Technol ogi es
supporting the irrproverrerﬁﬂg‘?ﬁét@ | ﬁ%@i@ﬁ\ﬁi&r%el y, however, one
of the key concepts thayANUFAETURINGMETHOD FERITaEIRaMEY of controlling
the sliding characteristics between the magnetic head and magnetic

recordi ng medi um Sliding of the head on the nediumis unavoi dabl e

ever sinc . Lerpduction of the CSS (Contact - Start - Stop) node which
is so-cal %ng%ﬁggter format" as the nmin node for hard di sc drives,

wher ei n t he basThe pressm inv@ntion rglites &sa tlagnéaticrsodingshediungsuchta® aonagneit ,
t he gnhetic head and

head flotat.ion, and.sljding.into contact betwee

magnetic re&8oRM ﬂlfdlmfdf 5 A openetif e deviset avd & wpaylacyring msthesb fasdhe
bet ween hegg,eand nedi um have becone critical technical problems. Thus,
properties such as resistance to abrasion and resistance to sliding over
the surface of the nmagnetic recording nmedi umconprise the keys to a
reliable gﬁqduct[,ﬁrﬁnd efforts continue to devel op and inprove the
protectiv YA bricating film and the like, which coat the magnetic
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nprising various material s have been proposed. However, fromthe

per spect i ViBagireti¢ [iscs.ofegarkable snpravemenis dn thesrecouting, density thavenbsen aehigved.

durabil ity ﬁ%i@&lgr,f bRt %Sroqfehf}ﬁ{.spﬁl lt){e e{m&%}'n%d ‘density have continued at a
phenomenal pace, achieving rates of approximately 100 times in 10 years. Technologies
supporting the improvement of recording density vary widely, however, one of the key
concepts that can be mentioned is the technology of controlling the sliding characteristics
between the magnetic head and magnetic recording medium.

Sliding of the head on the medium is unavoidable ever since the introduction of
the CSS (Contact — Start — Stop) mode which is so-called “Winchester format” as the
main mode for hard disc drives, wherein the basic operation comprises the steps of
sliding into contact, head flotation, and sliding into contact between the magnetic head
and magnetic recording medium. Accordingly, problems relating to tribology between
head and medium have become critical technical problems. Thus, properties such aé
resistance to abrasion and resistance to sliding over the surface of the magnetic recording
medium comprise the keys to a reliable product, and efforts continue to develop and
improve the protective film, lubricating film, and the like, which coat the magnetic film.

As a protective film for magnetic recording medium, films comprising various
materials have been proposed. However, from the perspective of the total performance

such as coating performance and durability, carbon films are principally employed.



2 These carbon filnms are generally formed according to a
spatter-coating nethod, in which the coating conditions are extrenely

i nportant due to their direct inpact on:{esistance to corrosion and CSS
properties. In addition, in order“to inprove the recording density,
it is preferable to reduce the flying height of the head, to increase the

nunber of rot at4 i I.ke. Thus superi or .
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protective fil npldaitiodinYord&Sb qlﬁgl;?gf the reconldﬁi’éed’e%i%?tl %%&%ﬁé{lﬁ%&B&%&éﬁ“ﬁe film

formed according to the conventi Spattering c
somet i mes flying heightadfithe head, twhimareasecth inimbies ofmtisionk iofithefmediemaani the kA or

ot hod o THSch FUEHGY EesisBBe o HRIARE PUURES for g PRETsHE ar a8 festim, On =
conpar ed tfe biieF hRid)dh ordbr By iMBAVE thE rdcoRiis® abishy t0RAbAMC RENGR: sddtiny

plasma CVD nmethod is disclosed in, for exanple, Japanese Patent
Appl i cat i dAss. Set prederallp|tp dpakeothe \psoteriive film thipger, for exanmip |tp @athickmessaofi

Qpen No. 7 454 a i K . r.the current demands
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I'n addi ti Qitamplel0o@nyqedsi onal technol ogy poses the problem of |ow coating
rate, which in turn |leads to production inefficiency. In
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i nvention scri bed follows. . {1 0 provj.de a nagnetjc recording
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out put propertjes. (2) To provide a nethod for manufacturing the

af or enent |SABRlendgpPanese Ragengr Appligation,Sgeand, Prbligetient Nei dtai fr@nes;. First
Publication Laid Open No. 7-73454; and the like.

However, under the current demands for increased recording density, it is diﬁ'lcult,
from the perspective of durability to sliding, to produce a thin protective film to the point
where a sufficiently high recording density is achieved without lowering the output
properties, according to the aforementioned conventional technology. In addition, the
conventional technology poses the problem of low coating rate, which in turn leads to
production inefficiency.

In consideration of the aforementioned, the objectives of the present invention are
described as follows.

(1) To provide a magnetic recording medium and manufacturing method thereof, that is
reliable and capable of providing a sufficiently high recording density, without
lowering the output properties.

(2) To provide a method for manufacturing the aforementioned magnetic recording

medium in an efficient manner.



3 Disclosure of the Invention The met hod for manufacturing a
magneti ¢ recordi ng medi um according to the present invention conprises a
met hod for manufacturing a magnetic recordi ng nmedi um by nmeans of formng a
carbon protective filmonto the disc, thd non-magnetic substrate of which
Is layered with a non-magnetic base filmand magnetic film using a .

react ant %3 foﬁnt alf.&ihen]?l car bon atons as a starting material, according to a
pl asma REPRYG © PR ni xed gas of hydrocarbon and hydrogen, in

whi ch the m xi nghe afetitodoformiskivTsauiag at Magneticogesrdiny mediuie atcurdiagab thet 0 1
~ 1 to 100 by volune, is used as a reactant gas whi |l e agé)lyln a b| as to
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addition, formation of a carbodn grotectlve filmis preferably carried out
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protectlve at the same tinme, it is

pr ef er abl e %étl"&p ‘gﬁearﬂi)lﬂgé §Iastt$g%§§§%’al power supplied to each

el ectrode arr arrgml afdtreinbRtidrRaPREdrovaben (aefetdbly hdngirizes e Nehdnest @Y 5eC of
different from each qther._ The phase difference of electrical power

suppl i ed thydeerarbon selestedidiom ypeng: dawen, satyrateth hydipgarbops.glpwer zwﬁmtpél in
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met hod for rranufacturlng a |c recordi ng medi um according to
present i nvent ilortheragsecd] rqsmgsteluanmolhenie iyl hydrogénaare uniixa@ withragmigingaatio

recordi ng ans of f i a car ot ve filmonto the disc
e non- el ielPe & hyaFRER 2Ry o Bni8 681 2o 62 FE.A0M5vohiBhet i ¢ bace
filmand nmagnetTi Biad £pp11@5lt@meahgcem?f@*ab%a/@hnga&&tequéuo%:@sar bon atonms as a
starting material, accord g to a asna D net haod, wherein pulse D.C
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appl i ed t%%ﬁ‘ﬁe&ﬂe?ﬁy eYX@EfEaf&iEéﬂaPéé (during formation of) the carbon

protective
When forming a carbon protective film on both sides of the disc at the same time,

it is preferable to make the phases of electrical power supplied to each electrode arranged
on the respective sides of the aforementioned disc different from each other. The phase
difference of electrical power supplied to each electrode is preferably in the range of 90 ~
270°, and in particular, more preferably the opposite phase (i.e., 180°).

The method for manufacturing a magnetic recording medium according to the
present invention may comprise a method for manufacturing a magnetic recording
medium by means of forming a carbon protective film onto the disc the non-magnetic
substrate of which is layered with a non-magnetic base film and magnetic film, using a
reactant gas containing carbon atoms as a starting material, according to a plasma CVD
method, wherein pulse D.C. bias having a frequency of 1kHz ~ 100GHz and pulse width
of 1ns ~ 500us is applied to the disc, when forming (during formation of) the carbon

protective film.



4 The frequency of the pulse D.C. bias applied to the disc is
preferably in the range of 10kHz - 1 GHz, and the pulse width is preferably
in the range of 10ns - 50[err] The average voltage of the pulse D.C
bias applied to the disc is preferably i'n the range of -400 - -10V.

The aforenentioned reactant gas is preferably a m xed gas of hydrocarbon

and hydrogen, w L XJ | ' nge
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non- nagnetﬁaﬁcgeg%fgg?(?at 1e(y"%'f which is layered with a non-nagnetic base film
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substrate of which is layered with a non-magnetic base film and magnetic film, using a

reactant gas containing carbon atoms as a starting material, according to a plasma CVD
method, wherein the temperature of the disc is heated to 100 ~ 250°C prior to forming the
aforementioned carbon protective film.

The temperature of the disc is preferébly in the range of 150 ~ 200°C.

The aforementioned reactant gas is preferably a mixed gas of hydrocarbon and
hydrogen,. with a mixing ratio of hydrocarbon to hydrogen in the range of 2to 1 ~ 1 to
100 by volume, wherein the hydrocarbon mixed into the reactant gas preferably
comprises at least one type of hydrocarbon selected from among lower saturated
hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic hydrocarbons.

The pressure of the reactant gas is in the range of 0.1 ~ 10Pa, and preferably 2~
6Pa, when forming the carbon protective film in the method for manufacturing a

magnetic recording medium according to the present invention.



5 The aforenentioned reactant gas is preferably a m xed gas of
hydr ocar bon and hydrogen, with a mxing ratio of hydrocarbon to hydrogen in
the range of 2 to 1 ~ 1 to 100 by volunme, wherein the hydrocarbon m xed
into the reactant gas preferably conprises at | east one type of hydrocarbon
sel ected from anong | ower saturated hydrocarbons, |ower unsaturated
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a non-magnetic substrate, layered with a non-magnetic base film, magnetic film, carbon
protective film, and lubricating film; wherein said carbon protective film comprises a
plasma CVD carbon layer formed according to a plasma CVD method, and a spatter
carbon layer formed according to a spattering coating method, which lies in contact with
the lubricating film.

The thickness of the spatter carbon layer is in the range of 5 ~ 100A, and
preferably 30 ~ 1004, and the thickness of a plasma CVD carbon layer is preferably in
the range of 30 ~ 100A.

In addition, the method for manufacturing a magnetic recording medium may
comprise the steps of forming (1) a plasma CVD carbon layer, using a reactant gas
containing carbon atoms as a starting material, according to a plasma CVD method; (2) a
spatter carbon layer thereon, using a spatter gas, according to a spatter-coating method,

and (3) a lubricating film thereon, which lies in contact with said spatter carbon layer.



6 The reactant gas used for formng a plasma CVD carbon | ayer
according to a plasma CVD nethod is preferably a m xed gas of hydrocarbon
and hydrogen, with a mxing ratio of hydrocarbon to hydrogen in the range
of 2to 1 ~1to 100 by volume, wherein®he hydrocarbon preferably
conprises at |east one type of hydrocarbon sel ected from anong | ower
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with subsequent films formed without bias applying to the disc. '

The bias applied to the disc is preferably a pulse D.C. bias of 400 ~ -10V, or a
high frequency bias of 10 ~ 300W.

The thickness of the carbon layer which is formed without bias applying to the
disc is preferably in the range of 5 ~ 20A.

The aforementioned reactant gas is preferably a mixed gas of hydrocarbon and
hydrogen, with a mixing ratio of hydrocarbon to hydrogen in the range of 2to 1 ~ 1 to
100 by volume, wherein the hydrocarbon preferably comprises at least one type of
hydrocarbon selected from among lower saturated hydrocarbons, lower unsaturated
hydrocarbons, and lower cyclic hydrocarbons.

In addition, the magnetic recording medium according to the present invention
may comprise a carbon protective film and a lubricating film on a disc, the non-magnetic
substrate of which is layered with a non-magnetic base film and magnetic film; wherein

the carbon protective film comprises a first carbon layer, that is formed according to a



7 pl asma CVD nmet hod whil e perform ng bias applying to the disc, and a
second carbon layer, which lies in contact with the lubricating film that
is formed according to a plasma CVD net h,?d wi t hout bias applying to the
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manut act ek v Y Xrise she sent R RSN BN ho5 oRRAR b fim anc

i nvent i on HEghetio Mdhi Gifa aoididgaetid Qubstpey (20l tahtalign AitreL@A diyet the€st, diHich

medi um by neans of formng (1) a .non-nmagnetic base film and_magn.et ic film
(2) a car FOMPriseh? Matarish ﬁ?nta'éll‘}ﬁgmﬁog%if%a%ﬂt% Wi e sixinggatio pheirogenpt as
a starting medoekial. C ' a : e (3)
a lubri ca?ll ng T/I{) Fm ’o%ﬁt%héeyrg%{r]%‘o/%pgir%e?’étﬂﬁ%gcy:??ﬁé%%%@ﬁgttigt@ur aggblof

t he car bormethod,astrigvereactant gas dontazming catiomviatdms;land &4)i olubticatmgsfiloefheresn,

formng t hv?i‘hilcfil Pur;,sI ﬁlaéoln{]a%t z;vllth The carbon layer.

The aforementioned reactant gas is preferably a mixed gas of hydrocarbon and

hydrogen with a mixing ratio of hydrocarbon to hydrogen in the range of 2to 1 ~ 1 to
100 by volume. The hydrocarbon preferably comprises at least one type of hydrocarbon
selected from among lower saturated hydrocarbons, lower unsaturated hydrocarbons, and
lower cyclic hydrocarbons. |

In addition, the method for manufacturing a magnetic recording medium
according to the present invention may comprise a method for manufacturing a magnetic
recording medium by means of forming (1) a non-magnetic base film and magnetic film;
(2) a carbon film thereon, using a reactant gas containing carbon atoms as a starting
material, according to a plasma CVD method; and subsequently (3) a lubricating film on
the carbon protective film; wherein the surface of the carbon protective film is irradiated

with ultraviolet rays before forming the lubricating film.



8 The wavel ength of the ultraviolet rays irradiating the carbon
protective filmis preferably in the range of 100 ~ 400nm and the source
of the ultraviolet rays is preferably an excinmer em ssion |anp.

Addi tionally, the surface of the carbon®rotective filmis preferably
washed, using water, before formng the lubricating filmthereon.

The aforenenti Qqed react gnt s preferably . comprises a mxed gas of .
hydr ocar bon an WPY@@@‘\ﬂfgﬁe &Rfﬁ"iﬂq%mﬂ ilons “&ﬁ&r%gﬁ"rbawtg‘ﬁlvﬁyfﬂf‘bﬁen in
the range méferably inl thel rargelB8P 108 VOiooRR: abldetHey SHiRERIP e RIIRERSRP INys is

conprises at | east one type of hydrocarbon selected from anong | ower
sat ur at ed prgferablysaroenetmer espiesion lasanr. ur at ed hydr ocar bons, and | ower cyclic

Fecordi ng medi (MdgralS Bl orabi BB BRitecile TR bRGS b BP0 ' ©
recor di ng warel, befoky/formmghe fubkieatiigfilng therednnon- magneti ¢ base fil m and

magnetic film _1(2) a carbon filmthereon, usi nq a reactant gas containi ng
carbon atons asihg sferemenidoned: deaciant gat oprefaseply o camprisesd CWsedestvdef and
subsequent H.FO%E. o N WL | ' rein
t he surfacﬂgngécg%bﬁg a%:lgtﬁgon pirl’g‘? lélfl:lta i%m% lfapnsiog%&g%%%@?%‘g&%%%% yr%ﬁ%r e
form ng t lof 2 tobr + dabilfg biyi volnméeTee hydrocarbon pfenablyasimiprises aicleast olne type

protective fil the cl eani wat er used prefergbly c rises water of a
P b pur 1 8 Hyafcatbat seehl e Gt I, B s s o e ARG 1 o
t he presenydided@ahs, Aid I8WerCYBRE hydtocarbeiy; magnetic base film magnetic film

carbon protective film and |ubricating filmon a non-magnetic substrate,
wherei n the cardBaddpion: she meghad fon manutagtudng acwagrstisgrecerdingpingdivm @y

nmet hod, faql | rradiati A . jve

11 mowi ¢ b rPFSE Béudd 8FbilbiAABubing s Uil ABrthg fidfuBELP REARY & BFbiES

medi um ac by di mm-magrekie hasegHm andweaghetin filmy (Zoapdarism il aheredgnesing abase
film magnetic film carbon protective fil.m and, |l ubricating Hl m on .a

non- magnetfactady; gas P%R%‘,“‘“&H@th?“natt’% ag 3 YHNS mAterial; 3rsording1q & plasmadaVDuysi ng
a reactan . tedh dal ; t ' ' ing to
g R A e e G R L

| east one théeurfasg| ofcthepeaah pegbective rfilad ishywashed, fusingowatey Yefoneufoaming) the

t hr ough (z%wpe Ppn‘gher average nol ecul ar wei ghts of which lie in the range
of 500 ~ 6:.3. 1ng Iiim thereon.

When washing the carbon protective film, the cleaning water used preferably
comprises water of a high purity.

In addition, the magnetic recording medium according to the present invention
may comprise a non-magnetic base film, magnetic film, carbon protective film, and
lubricating film on a non-magnetic substrate, wherein the carbon protective film is
formed according to a plasma CVD method, followed by irradiation of the surface of the
carbon protective film with ultraviolet rays.

Additionally, the magnetic recording medium according to the present invention
may comprise a non-magnetic base film, magnetic film, carbon protective film, and
lubricating film on a non-magnetic substrate, wherein the carbon protective film is
formed, using a reactant gas containing carbon atoms as a starting material, according to
a plasma CVD method, and the lubricating film principally comprises at least one
chemical compound represented by the following formula (1) through (5), the number

average molecular weights of which lie in the range of 500 ~ 6000.



9 ' OH OH J[err] [err]
[err] " [err] [ wherein, m n, p, g, r, s, t, u, v, and w each
represents an integer]. Addltlonally, the lubricating film may
principally conprise a mixture, which is9forned by nmeans of adding a
chem cal conpound represented by the followng formula (6), into the

Corr] 1 *HeERER EoC R e Cherthaeatie cHidpR ™ @ iong

t he aforemantlone in particular, a lubricating fllmpd#_gm pal l'y
conprising a conp Hnd represented by the aforenentioned rmula (1) or (5),

the nunber FUSOFICE2CRIOGTFACFIEOQTHRCH-O406H3 [ 1e in the range of -5062y

6000, is preferred. In addition, the aforenentioned magnetic recording
medi um nay Fel@FeCEzCE2 Qg F26EfFHa-OH base film a magnetic film contat@) ng
Co, andacarbon rotective filmfQr ording to a plasma CVD net

on a non- madi¥aCtE &éé&?@t‘ﬁr(%@%&ﬁgﬁﬁléﬁgﬁtraction amount of Co i's'" )
greater tham J o.&5Pefsol. AcFH8).a¢ dé}@% [te...
preferably no(?gf%e%ét%fb %Ilrt?éZﬂ% &?;Fer%?)tuq g)r‘r'orlgﬁ:ﬂ er ably, n(?) greater
than 1.5ng/ cnl effherein, m, nl P, qdétt'lp aﬁ&‘%é&"@ﬁ?@%s@ﬁ&a agturing a
magneti c record| ng nedi am aclor di ng 10 the present 1nvent on may conprise a

net hod for nanuAdditionilhy the tniugmitmg: fitra cuayd iprigcipeldy mmp;asmanemué Wwbichi ing
Snd (2) s RRIGCkY iposRE BF rutifk AhePRa Shimbontd gt GeRel BV ARF Hifduine 1A ©

(6), into the aforementioned chemical compound, at a mixing ratio 0.1 ~ 20% by weight.
p NS
-CgHy-O)x+H-  +—(0-CgHy-CHz)s-
(F-CgHy-O)x N\P4N ( cHa e-x i 6)
[wherein, x represents an integer between 0 and 6].

Among the aforementioned, in particular, a lubricating film principally
comprising a compound represented by the aforementioned formula (1) or (5), the
number average molecular weights of which lie in the range of 500 ~ 6000, is preferred.

In addition, the aforementioned magnetic recording medium may comprise a non-
magnetic base film, a magnetic film containing Co, and a carbon protective film formed
according to a plasma CVD method, on a non-magnetic substrate; wherein the extraction
amount of Co is no greater than 3ng/cm® with respect to the area of the substrate, and
preferably no greater than 2ng/cm? and more preferably, no greater than 1.5ng/cm’.

In addition, the method for manufacturing a magnetic recording medium
according to the present invention may comprise a method for manufacturing a magnetic
recording medium by means of forming (1) a non-magnetic base film and magnetic film
on a non-magnetic substrate; and (2) a carbon protective film thereon, using a reactant
gas containing carbon atoms as a starting material, according to a plasma CVD method;
wherein the surface of the non-magnetic substrate is treated with texture-processing to
form an average roughness (Ra) of the surface of the non-magnetic substrate is 1 ~ 20A.

When texture-processing the surface of the non-magnetic substrate in the
aforementioned manner, the average roughness of the surface is more preferably in the

range of 3 ~ 10A.



gas containing carbon atons as a starting nmaterial, according to a plasna
CVD net hod; wherein the surface of the non-magnetic substrate is treated
Wi th texture-processing to forman average roughness (Ra) of the surface of

the non-nmagnetic substrate is 1 ~ 20A. 1 When texture-processing the
surface of the non-magnetic substrate in the aforementioned nanner, the
average roughness, o i G oS Sracses S pRIS LS P hctabichl Detioad5r Shender |

for text Urﬁo_@és@i&%_sﬁi Rehidts aBfaSive! pidlidled ab® @Rad)| praterlt HQhpI&Y of SlitH Snay
processing, in I ch abrasive particles are used, preferred exanples of
whi ch may inplutie procpssecimsshich the avkragh patiisleadiemetge isght ti®Semdi aneter is 0.1

~0.5[err] The hod for. mechani cal text.ure-progessing is a method
for treating t HETRaT B gresmuicaliixtniseris e pacedbad i tigating the Surkace
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wi th the smagngtie sehstrateewhitAhthersamedime byning an abipsive tapployenhthe sbbsisite in

particles At Sid\ ) -NQN- neg i rate. In this
met hod, ité%ﬁlga\égr e etpgts) 65%%Odf&§%§1ﬁﬁg?a%ﬂ?%£9%r as ved ? Llal%’g)% ﬁ% agltagllvlg SRR

whi ch cr osteewednthe abasieaeatie and adnsmiaghietig sabstacd | larthisahetod rieysefeyabld tdd. 1 ~
5Hz. The rotatiqnal speed g_f t he npon- magnetiﬁ sybstrate when
per f or mi ngPseiRtey Hhe- %ﬁ%&%é@ﬁwy psdiggctica Which stRssendhe aleremsntianed mmaggnr pm

The af or engRd:igN&d s RaedmPlbraas- sizpr ef erably a m xed gas of hydrocarbon
and hydrogen, wherein the hydrocarbon preferably conprises at |east one

type of hydr ocaflisorotateinal spekdf o theanommagoetsy sshetrateawhen pedioonmgbtertyred ower
unsat urated hydrocar bon a | ower | i dr ocar bons. In

addi tion, Rfﬂgééﬁﬁgﬁeqf‘ﬁ%ffbgégﬁg}?ﬁ@%&%ﬁf&@@@%&}-ng to the present invention

nmay conprise a Tk afoR@itibfed fattaht b8 is"Refedtl¢ af ixed 8 bfasHdPsYartInOARICt | ve

film which are formed on the non-nmagnetic_ substrate according to a plasm
CVD net hodydiggenei whareia shee rivgeocathona peefermblyh osprises) atofleash eontortypagefet i ¢

substrate g Hiiesdi@téf fdm ]aéxli%gp‘ﬁ)ew(ﬁr saturated E?d%g&d.trg&{shtl%ep%%qgraie%

manuf act urr'rng a magnetic recor um accor e presen
I nvent i on hydracarbenkaid lowermmyolid hpdrocarbgnsa nagneti ¢ recordi ng nedi um by

nmeans of form carbaon protective filmaon a disc, the non-nmaghetic
Substrate of wHRCHIMOT ShePagnSHc, 1700rdig, AL AFOTIE 4O Hh Aol RNERHAD ¢

film usinfayA comprise a non-magnetic base film, magnetic film, and carbon protective film,
which are formed on the non-magnetic substrate according to a plasma CVD method,
wherein the average surface roughness (Ra) of the non-magnetic substrate is in the range
of 1 ~20A.

In addition, the method for manufacturing a magnetic recording medium
according to the present invention is a method for manufacturing a magnetic recording .
medium by means of forming a carbon protective film on a disc, the non-magnetic
substrate of which is layered with a non-magnetic base film and magnetic film, using a
reactant gas containing carbon atoms as a starting material, according to a plasma CVD
method; wherein bias applying is performed to the disc at the time of forming the carbon
protective film, and the reactant gas is either butadiene -gas or a mixed gas of butadiene
and hydrogen comprising a mixing ratio of butadiene to hydrogen in the range of 100 to 0

~ 1 to 100 by volume.



reactant gas containing carbon atons as a starting material, according to a
pl asma CVD net hod; wherein bias applying is perfornmed to the disc at the
~time of formng the carbon protective film and the reactant gas is either
but adi ene gas or a nmixed gas of butadi edd and hydrogen conprising a mXxing
rati o of butadiene to hydrogen in the range of 100 to O | to 100 by

vol une. . vgth regard to the af orepentioned reactant gas,
the mixing rati &idrregardgit ﬁéf%rgwmns &Fpctant gashe AHKipe; ratie 198 bpRAiseesP 100

to 0 ~1 tOhgfpogdh i¥ BleféiBbly in the rangIgF 1000088 L Y to R5 By VR for manufacturing
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prot ect i vemagneticsubsimte arg layeredfwitha rpnsmagngticnbpse fdlmaswns eweneticofibm, to a

react ant .0 - ' . ) .
wher ein b?%g"tg%‘p%ﬁs%%fti{‘g&ge%‘?{nég"“?soa‘f‘ﬁg %‘l‘@gylgg %%dglll?aﬁ @V@[%g@ Irh'n&ir)locgjdetc’ he
car bon pr odreaniged en botingidéshef the discrto @aherpevlasnsa) apd ifexdn hatbor pbeewvefitn oned
el ectrodes ¢ ri.ses high. frequen | ectrical power; and the reactant gas
conprises ¥ gg@rs‘%ﬁﬁ‘gﬁ‘gﬁj&"g& ngrtﬁ% afﬂfﬁ@amg%eé PAGIRt RS A RTINS WRisHRN,

W th a m Xidagrdify o ;ﬂﬁwwcw Riefholl OwAULIPBIE N applynBSs élme_elto a%?%iéi@ast%el to

100 by vol une. ) en formng the carbon ‘profective film I
pref er abl etime ofafkerming the aeaskomfpreteetiver ifidm) thevwlectdcgppower tsuppliednto the

el ectrode ran n th, sides .of i.h isc differe frome ot her. The
phase. di 1 rapiheRapnel radisheS Bfrdts, iR féaieny leBLG podd a5 dbe ptatfane

el ectrode gas qonfprideabitheri butddiener giR0sr #miRed gad 60 batadieas thnd rhyldeddeng Wit a
nore preferably comprises the, opposite phase (éi .e., 180). The

t hi ckness BPIRGEtE of Butadicps tahydrogerriniths range PELQR ol v 1ith 10AdYvahRe.of 30 ~

Strustural view: Sheoraae (TP RAGRITIm, i js profE o lake Ind GART bF
electrical power supplied to each electrode arranged on both sides of the disc different
from each other. The phase difference in the phase of electrical power supplied to each
electrode is preferably in the range of 90 ~ 270°, and in particular, more preferably
comprises the opposite phase (i.e., 180°). ‘

The thickness of the carbon protective film is preferably in the range of 30 ~

100A.

Brief Description of the Drawings _

Figure 1 is a schematic structural view, showing the plasma CVD apparatus, used
in an embodiment of the method for manufacturing a magnetic recording medium

" according to the present invention.

Figure 2 is a cross-sectional view, showing an embodiment of the magnetic
recording medium according to the present invention.

Figure 3 is a schematic structural view, showing the main portion of the magnetic
recording medium manufacturing apparatus which employs the plasma CVD apparatus

shown in Figure 1.



I n an enbodi nent of the nethod for manufacturing a magnetic recording

medi um according to the present invention. _ Figure 2 is a
cross-sectional view, show ng an enbodi nent of the magnetic recording
medi um according to the present inventi 3. Figure 3 is a schematic

structural view, showing the main portion of the magnetic recordi ng nedi um
- manuf acturi ng apparatus whi ch enpl oys. the_plasna CVD apparatus shown in

Figure 1. igure 4 1s a cross-sectional’ view, showing an embodiment qf>the magnetic
Figure 4 |ReddifdRansRakiaitl of ibreRhiPvafi@]) enbodi ment of the magnetc
recordi ng medi u% according to the present 1nvention. Figure 5is a

schemati ¢ st r ucigumlS wsiacschemiticrstnpturaleviswashosving thel spatert equipmeknit nsethin an
enbodi ment_gf the hod f or, .manuf gct ur.ing _a netic,.recocdi ng nedi um
accor di ng ?@quﬁgeﬁgEi%%?‘eﬁhﬂg&ﬁ '?'GW%Ct“"ng : “ﬁgg%?%reﬁoﬁdé“gamg‘i‘%‘réﬁ?@mg to

st ruct ur alth¥ bRdentSiemionl the ultraviolet ray irradiation equipnent used in
an enbodi nent of the nethod for manufacturing a nmagnetic recording nedium
according to tHagWedséne scherastiq gpuctural view, shgwing thejwtravigleh saairragiation
structural_yi ' i | ] I ment,. of the
met hod fo reqr\{f’g’n ur!f 3??%%%8 eé&(r?r)gg n et iog ﬂ}egrgg@ggtrf]%ls%&g&%%u %g% ang}r?\%%t 1§5QTing
present i miaditin@ccording to theprgsehein¥entfora cr oss-secti onal view, show ng an

enbodi ment of the neti c recordi ng nedi um according to the present
i nvention. ﬁgﬂfg?’g‘aﬁégh@{lﬁ)c tugRl yyevs, showing:the iashiag apparatus used 1808,

showi ng t hgnBoRirhaHt OF tHY MEMSS FAMEHMHAHIEAY a Hﬁ%ﬂetid}e@&dﬁ?’nﬂgﬁﬁﬁ%c&fdir%‘@
accor e

met hod for manufacturing a nmagnetic recording nmedi um Ing to t
present i rthepresentinvention.9(a) shows a front view and Fig. 9(b) shows a side

Vi ew. Best s for. Carrying..out, t.he |nvention . Figyre 1 shows

the pl asma D ARTSr Siitid CiRNH-SrHon, Ug, v o embodiment off er magnetic

nmanuf act urrestgdiap pRgdain acdirdislg itd tiRprevehdiivemivn. of the nethod for

manuf acturing a_magnetic recordi ng nedi um according to the present

i nvention. Thi &iges falcend 9(b) are schematic structural views, showing the texture-
processing equipment used in an embodiment of the method for manufacturing a
magnetic recording medium according to the present invention: Fig. 9(a) shows a front

view and Fig. 9(b) shows a side view.

Best Modes for Carrying out the Invention

Figure 1 shows the plasma CVD apparatus, which serves as the main portion of
the manufacturing apparatus used in an embodiment of the method for manufacturing a
magnetic recording medium according to the present invention. This plasma CVD
apparatus is used to form a carbon protective film, and comprises a chamber 10 for
storing the disc; electrodes 11 and 11 which are arranged in a manner such that they face
the inner surfaces of both walls of chamber 10; high frequency electrical power sources
12 and 12 which supply high frequency electrical power to the aforementioned electrodes
11 and 11; an electrical bias source 13 which can be connected to the disc housed inside
of the chamber 10; and a supply source 14 for the reactant gas which serves as a starting
material of the carbon protective film formed onto the disc.

The chamber 10 is connected to introduction tubes 15 and 15 which direct the

reactant gas supplied from the supply source 14 into the chamber 10, and an exhaust tube



apparatus is used to forma carbon protective film and conprises a chanber
10 for storing the disc; electrodes 11 and 11 which are arranged in a
manner such that they face the inner surfaces of both walls of chanber 10;
hi gh frequency el ectrical power sources 132 and 12 which supply high
frequency electrical, power to the aforenmentioned el ectrodes 11 and 11; an

el ectrical bias source 13 i ch can he connected to the_di sc, housed |nS|de
of the chalpeyhiglpsends gasins rﬂf§h%gliﬁ"§§ fg he'}?esyﬁtga’ctgﬂf exhauSt %EH6§§rves
as a start RFWEeR: ScC.
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the react aregulgtion efithplinred pressure ofithesthppiber Kource 14 into the chamber 10,
and an exhaust
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tube 16 i sapleRérdaH poivel ENSEXNa0SOWVR) tHee elecgodatlil Ngvheal foeming thehtarbon
allows for the appropriate regulation of the inner pressure of the chanber

10. protestivg Ghinf r equency el ectrical power source 12 is preferably one
that can supply l,ac when
formng the car g@\“‘%b@&écﬂl r%re?%%pﬁg of the S\%g{}?:%fr’% }39,&”%33 %rquﬁzl%t?(eaﬁpl es
of the el ehigh lftba?exhyéﬁkemmaﬂl pewéBsonlnge amitdmx?pulae D@heléctacp.lqmwh rﬁbme r Thel
power source or a_pul.se D.C. electrica our.c The hi .
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el ectrical , RoueSr 161~ JRW 1SHRISO Adfishats, tl'é%'lste'm Eabie}étrlchﬁ%v%t'sﬁﬁrc@ chn
electrlcal power source can preferably apply an average voltage of -400 ~
-10Vfto t hereféirahdy apply an av¢mg¢hﬁltafgsquo49%g -1Ghtethpdiserent of the nethod for
manuf act ur i ng ic.recordin c t S

i nvention is de fé&lowrnrg - il SR IrITlgiqtf §ﬂa%e {hgﬁe rr'%ar\n&?ect 1% gn';lat-:-%qnt‘fmﬁ)m::nt

is used asreadrdgAiRddéum according Mot tiRd |pyeseﬂt Mprentivg st descﬁasde fn lwhielncthe
magnetic filmare formed on hoth sides of non- magneti ¢ substrate
accor di ng aferementippeshmanfactyang eqyipmenlis é‘ﬁeé’tqsr?é‘ SBERSY or the like, to

obtain a di S¢ Dinitially. a nofl b&%g,eﬂc BER"HiH BRIl B (GRHRS 4P ot Wdes of
substrate that ghera sed as a su str te for a magnetic recordi
medi um exanm-ﬁmgnétxm&ubshausmpcwrdniguda methat sothn asiaspatiercostigs methtod Qrdhe ed
with a NP.netal, fil d substrates conprising glass, silicone, and the
like. The &f %%téta‘(?farq Fﬁaeﬂnon- magneti c substrate is preferably treated

The non-magnetic substrate may comprise any substrate that is generally used as a

substrate for a magnetic recording medium, examples of which may include an
aluminium alloy substrate coated with a NiP metal film, and substrates comprising glass,
silicone, and the like. The surface of the noh-magnetic substrate is preferably treated
with texture-processing such as mechanical texture-processing. In particular, the average
surface roughness (Ra) is preferably in the range of 1 ~ 20A.

Preferred examples of the material for the non-magnetic base film include Cr,
alloys of Cr and Ti, alloys of Cr and W, alloys of Cr and V, and alloys of Cr and Si.

Preferred examples of the material for the magnetic film iﬂclude Co alloys such as
alloys of Co and Cr; alloys of Co, Cr, and Ta; alloys of Co, Cr, and Pt; alloys of Co, Cr,
Pt, and Ta; and the like. _

The thicknesses of the non-magnetic base film and magnetic film are preferably in
the range of 50 ~ 10004, and 50 ~ 800A, respectively.



wi th texture-processing such as nechanical texture-processi ng'. In
particul ar, the average surface roughness (Ra) is preferably in the range

of, 1 ~ 20A Preferred exanples of the material for the non-nagnetic
base filminclude Cr, alloys of C and ™, alloys of C and W alloys of Cr
and V, and alloys of C and Si. Preferred exanples of the materi al

for the magnetic filminclude Co alloys such as alloys of Co and Cr;_all oys
of Co, Cr, and SeRsequenidydthediseD igtrangport lflthm@y@g@f 1¢6f the plasta GYR Ta;
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whi ch i's cRatimbelydidtufatdibl is@éthefepn @ supply source 14 via an introduction
tube 15 into the aforenenti oned chanber 10, where this gas is renoved via
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the | ower c?@lwﬁﬁ,-g&rmg_r ocarbon may include nethane, ethane, propane,
but ane, ocfane,” and the |like. Furthernore, exanples of the |ower

unsat ur at ed hydixaowldson thejowerc baturatest hydroparbomrmgyy limchede imethanen ethane,

but adi ene, _and t i ke, Additional |y examles of the.l.ower cyclic

v ocar b@ROMS Piiet sttt ks, ErdeAhies Safmalbg SR Blvst iwates
cycl ohexangdroeyond ax@iinclede asikylents prioplene, butylendbatadidhe, ahar gikeliké.oned
hydr ocar bons, .toluene is particularly preferred, and the m xing ratio of

t ol uene  t d\dditignsrnexampleseplotheroyrer gyelicchydipepsbesy may tipclyde benzepe, tolyepe,

voL e e SRS MRt SLENSBI ARt Sl ES 2 VO on
a hydrocarbon puses tengforementignat hydrbvarbosydbluerse & petiadady preferredyrehdt he
ke, the mixing ratio of toluene to hydrogen is preferably in the range of 1 to 15 ~ 1 to 20 by
volume. _

Hereinafter, a “lower hydrocarbon™ signifies a hydrocarbon having 1 ~ 10 carbon
atoms. In addition, a “cyclic hydrocarbon™ represents a hydrocarbon possessing a ring
structure such as a benzene ring, and the like. |

The reason for limiting the mixing ratio of hydrocarbon and hydrogen to the
aforementioned range is twofold: a mixing ratio of hYdrocarbon to hydrogen falling
below the aforementioned range results in a reduced coating rate, which is unsuitable for
practical, industrial production. On the other hand, a mixing ratio exceeding the
aforementioned range, results in a high stress remaining within the carbon protective film,
which in turn lowers the adhesion strength and CSS resistance of the resultant carbon
protective film.

In addition, a lower hydrocarbon is preferably used as the hydrocarbon - if the
number of carbon atoms of the hydrocarbon exceeds the aforementioned range, it is

difficult to supply the hydrocarbon as a gas, and in addition, at the time of discharge,



The reason for limting the mxing ratio of hydrocarbon and hydrogen to the
af orementioned range is twofold: a mixing ratio of hydrocarbon to hydrogen
falling below the aforenentioned range results in a reduced coating rate,
which is unsuitable for practical, i ndudfri al production. On the other
hand, a mxing ratio exceedi ng the af orementi oned range, results in a high
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addi tion, w@igssure of the chamber 10 is preferably set at a
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carbon protective filmis fornmed on both sides of the disc D by neans of
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formed at Iohe 1saim ’Ithermrhm frotebtivd filns cad be iernkidsat the same time dfteoth sidepbfi ng
el ectri cal é)gwe to the electrodes 11 and 11, it is preferable to nake the
phases of B¢E¢ D cal power supplied to each el ectrode 11 different from
each other. By WE&E\§uw1¥1ﬂg@1é&lédn%o%a%&ﬁleoéne&}&ﬁs rlllcﬁah POYEIs SreRpIbISE t O

each electrode differen the coating rate and durability of the protective

fil mI cag bnakemhﬁcp}?sbs dﬁwﬁe@malmaupplmdw@ p?mi%s@e@deGI Hcdifferent fimmmueach ;
suppl ed 16, £0h, GhSGL 4l WCLRLEPLY (AP of 498, 001c300 el Usirble o0

in partic site
different, the coatmg rate and durability of the protective film can be improved. The

difference in the phase of electrical power supplied to éach electrode is preferably in the
range of 90 ~ 270°, and in particular the opposite phase (i.e., 180°) is preferred.

In addition, when forming the carbon protective film, it is preferable to form a
film while performing bias applying, such as high frequency bias or pulse D.C. bias, to
the disc D, using the electrical bias source 13. When using a high frequency electrical
source as the electrical bias source 13, high frequency electrical power of 10 ~ 300W is
preferably applied to the disc D. Additionally, when using a pulse D.C. electrical source
as the electrical bias source 13, a voltage of 400 ~ -10V (at an average) is preferably
applied to the disc D. Furthermore, the width of pulse is preferably in the range of 10 ~
50000ns, and the frequency is preferably in the range of 10kHz ~ 1GHz.

When performing bias applying to the disc D, bias applying may be performed
directly to the disc D, or alternatively bias applying may be performed via a disc carrier

(not shown).



In addition, when formng the carbon protective film it is preferable to
forma fil mvr/m e perform ng bias applying, such as high frequency bias or
pulse D.C. bias, to the disc D, using the electrical bias source 13. Wen
using a high frequency el ectrical sourctéas the electrical bias source 13,
hi gh frequency electrical power of 10 ~ 300Wis preferably applied to the
disc D. Additiqnal Ly, when usi.n ul se D, G electrical source as the
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preferably in the range of 10 - 50000ns, and the frequency is preferably in
t he range pAfoinz ~ 1GHz. When perform ng bias applying to the disc
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16 of dpplﬁﬁgleﬁbﬁ@naeﬁmomﬁ‘@mbm 1pbrécant, Cpérﬂubn@?d@rbﬂﬂeﬂ andl @t Giké on,
the coating r%te of the car n protective filmis preferably at Ieast

200A/ mi n, 2&FRfdingte adinpiag msthpd or thedde: 4004/ ni n. I n addi tion,
Iubrlcatlngfll +O

appl ying | ubri gg?\%algﬁllr%qgé ?%%o | nﬁle?gﬁegg%%&&édgr%Fﬁgélg%’g §%tg§é" ﬁd t he
| i ke, accaoodimg dxempledi ppi ng nmet hod or the |ike. In the foll ow ng,
the effects of the present invention are explained in detail using concrete
exanpl es. (Test Exanples 1 ~ 12) An al um ni um substrate coated

with a N RTeRBExhmbies M~ yg) ch had been treated with texture-processing using
an alumna slurry to forman average surface roughness of 20A, was set into

t Ee rrt(; hanmber of An @Jemmgnesuh;ﬁa@p@qat@rwnb NaR? ustalofilen, t\ﬁblcbé@d\/hemltreatdde
1 T
SubsequentTyt eRAKEbERelsthe il b Ml AGHYTL vG1HF in erfind s peGlentéftor,

magneti c fZIOIAmwa@ sErinti the chambérloﬂa DPE Megrre}ro(lﬁpaﬁ’ér Appaatas|cmdibé pa withiar med
on both sides of the substrate, to obtain a disc - Subsequent |y,
the di sc Bheghembenwapxhagsted to an wltimatepasuumleye! qfr?ex 10° Torr. Subsequently, a

base film comprising Cr with a thickness of 400A, and a magnetic film comprising an
alloy of Co,,CrsTa, (at %) were successively formed on both sides of the substrate, to
obtain a disc D.

Subsequently, the disc D was transported into a chamber 10 of the
aforementioned plasma CVD apparatus, and a mixed gas of hydrocarbon and hydrogen
comprising a mixing ratio shown in Table 1 was supplied into the chamber as a reactant
gas. The inner pressure of the chamber 10 was maintained at 2Pa.

At the same time, high frequency electrical power (of 13.56MHz) of 300W was
supplied to the electrodes 11 to generate plasma while a high frequency bias of 50W,
under the conditions shown in Table 1, was applied to the disc D, to form a carbon
protective film with a thickness of S0A on both sides of the disc D. The temperature of
the disc D during coating was maintained at 130°C (In Test Example 9, the electrical
power supplied to the electrode 11 was 600W, and lthe temperature of the disc during
coating was 136°C. Furthermore, the bias used in Test Example 3 comprised a D.C. bias
of -200V). The distanee between the disc D and electrode 11 was set at 30mm.
Furthermore, in the table, the “RF phase difference” signifies the difference in the phase

of electrical power supplied to the two electrodes 11 and 11.



af orenenti oned plasnma CVD appar'at us,
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while a hiﬂh frequency bias of 50N under the conditions shown in Table 1,
was appl i efalelt he di sC. D, to forma carbon protectlve filmwith a
t hi cknessrof—50Aonmbp S it e Th EMTHEFRLIELE tde) di sc D
during copting was maf nt aﬁ}ﬁed xir?’o err?%(l N Test Exanp egg ‘l\{?
el ectrical power supplied to théa@ ectffmﬂfm wiffer@ge\ly a#tel t he tenperature
of the dipsc during copting was err] ur{ herapre,| tHg is used|in
Test Exanple 3 conprised a DIC ég&{) (&Hé()\/‘ ﬁz di gam{rg het ween| t he
disc D andestEmmpdﬂﬂe L Toluepe se t10at1580nm 40Qr t her t8Pe, |i n38he {able, fhe "RF
phase differepee- Hes—the—ditferen +Arthe pha:c gf-eteectrt+ecal power
suppl i ed -Besfﬁ 3'8!‘1688579113% 2[6 0 202
17 Tabl PTekt Example 3 | Toluene |26 :1¥0€ D.Mmhm 180BIas 188 [RRoov
Coat i ng Not e atio firequency difference
rate Test Example 4 Toluene | 10: 128cn) 400 ( kHz)I80 460erf] )
(Amn) T Eat Is ot u re—310 1150 00 186 3357 Test
Exanpl e 2 eﬁ)l“’ﬁ‘é"ﬁ’ge g°r 15,480 400 180 592 @gt Exanpl el 3
Tol uene mtEﬂa%gale@ v-ToMeﬁé 1od890 4488 1800V [Tepfg1Expnpl e 4
Tol uene 460 Test Fxanple 5 Joluene| 15 :
120 400 TestExalIrm&)7 Toluen©98 TD@StO Bxan0@ 6| TdBOeng 23190: |50 100
180 Test—Exapple— Jerne 3016 400 186
2344 Test B?gﬁ’bﬁ“g’f%s TEie | HB5 TG 40d0,|° 180 180 2% | 324 Tebt
Exanpl e 9 ToEE 9 PMetfide | 600 60 aS no biah 0 161 Test Exanplef10
Et hane 100: 0O 100 180 385 Test Exanple 11 | Acetone
100: 0 Te0Example 101 B(Ethane | 290 fesp E4@hpl ¢ 1280Tol|uedd [10: 150 no
bi as 18 2981 N-xingratizo s tihe trorofsthe gas;showp—n—the " Gas
Type" col txg%mmfe 11 | Aceton€ | 1000 460 180 231

Test Example 12 | Toluene | 10:150 | no bias 180 290

*Mixing ratio: the ratio of the gas shown in the “Gas Type” column to H,

Table 1 shows the coating rates of each carbon film. Comparing Test Examples 4

through 7, it is clear that increasing the mixing ratio of toluene results in an increased

coating rate.

However, in Test Examples 6 and 7, the coating rate did not improve

relative to the mixing ratio of toluene. This result is assumed secondary to the diffusion

of plasma from sparks incurred during discharge.

In addition, when comparing Test

Examples 1 ~ 5 and 12, it is clear that the improvements in the coating rate can be

achieved by means of bias applying, in particular the high frequency bias applying,

and/or making the phases of the electrical power supplied to electrodes which are at front

and reverse sides of the disc different from each other.

Subsequently, a fomblin lubricant was applied to the carbon protective film at

154, to obtain a magnetic recording medium.

The resultant magnetic recording medium was used in the CSS test, as described

in the following. In this test, a CSS operation was performed 20000 times using an MR
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described in the following. I'n this test, a CSS operation was perforned
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anbi ent tenpperature anﬂ norma] hum dity. Furthernore, with regard to

Test ExanpiBgWwienths crashoceurred was tecordedins moni t ored, and anot her CSS t est
was perforned i [ i ired. O il in
P mswgu&ﬁ, fhe raro QPERAL AR YRSk GALE i(FE 191@? aﬁ%?g?a%ﬁh%k ARl
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hum dity dld/Bf)%4ccofimg e Rahtas spectrat lealysis arganbibs lader dvitation)ds alsb shewen fered

during the S test performed under normal, t erature an ressure,. the
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value (1d/1g) accordi ng t 9 Raman spect ral anal ysis (argon ion 1I aser
exci t at i or@ppraximately K38om prod adbanddsmeasured glcapprayimatehe Mcmar Bosmpallérm i s

I d | ' | i t.h Kk
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a d-band idiamemblikechapdctaisfcomm thatabyn fithOcn{err]. A snuller val ue for

Id/1g, or alterpatively, hi gher frequency, for the g-hand peak results in
greater di armnds-q%ﬁ%é‘e rtg‘étsé spagnetip r{e‘fﬂé‘“&afflﬁiiﬂmf fijegn in the CSS test was

used in a corrosion test, as described in the following. This test comprised the steps of
leaving the test medium in an oven at a temperature of 60°C with a humidity of 80% for
96 hours; subsequently soaking the medium in 50cc of pure water for 30 minutes; and
measuring the amount of Co extracted in the pure water. In addition, another test, was
performed in the same manner as described above, with the exception that the
aforementioned magnetic recording medium was allowed to sit at 2 normal temperature
(25°C) and humidity (50%) for 96 hours. The results are shown in Table 2.

Furthermore, in the present specification, the term “crash” signifies the
occurrence of a head crash during the CSS test, while the phrase “no crash” signifies that

such a head crash did not occur.
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19 Tablle 2 pressure CSS Test Co_Corr psi on
Test RanerestBxahpisl s | 8500 - Nor-mal | 400PC, | 800017 Sti ¢54302 | NS6a
60[err] C, |-80% ne ldi-tg tefmp—&
([err]g/d.@fé‘)Exa'(‘lf‘%%r]g/iﬂogc) (tniefr]) 0.08 0.18 pnedde rdked
Exanpl e 11 000 | 04499006 9147 | 1539234560 96
Test Exanple 2 Nocrash | 3 = 0.08 18718 BPEe0 P T
0. 66 Test ’E&taﬁxwhﬂeﬁ Nyocrashajsh 5006000 0.38). 44 0.05 0{ 060.07 013880 | A&®H9. 2
1. 56 Test|-Exanple No-—crash 500 —0—38 -0+-065 00+ 1553 0
083 Toot| TRETIE"S | Nberetiabh 500800p 934 54008 0| 05012 01525 | %834 5
0.39 Test FXFBhEed | 78 : - 010 I8 028 (- 2472 |07
0.78 Test Exarmllg 7 1250 - i D. 22 0. 54 i -
- Test Ex|oTasiExa@iple 7 1( 250 -- - 022 11 054 0,18 - -
- Test Ex 9 009 014 15340
0. 45 Test @aﬁwﬂeﬁo 18 - - | Ol g 01874 5o- ..
- Test BXOftd(ERadigle 10 4000 |- - — - 8055 | 019 7{ ISsdoErams e 12
20 - vl - 8 18 0] 25 '

Test Example 10 10 - .- 0.14 0.22 - -

Test Example 11 10 - - 0.13 0.77 - -

Test Example 12 20 - - 0.18 0.25 - -

From Table 2, it is clear that with the magnetic recording medium manufactured

according to Test Examples 1 through 6, the above described crashes did not occur, even

when the CSS operation was performed greater than 5000 times.

In particular, Test

Examples 3 ~ 5, did not result in crashes even when the CSS operation was performed

20000 times, and also did not result in crashes when the CSS operation was performed

5000 times, under the conditions of a temperature of 40°C and a humidity of 80%, and

thus these examples exhibited a favorable performance with regard to resistance to CSS.

On the other hand, Test Example 7, in which the mixing ratio of toluene and H,

was out of the range defined in the present invention, and Test Example 12, in which bias

applying was not performed, resulted in a modest coating rate, but a magnetic recording

medium of inferior durability.
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crashes did not occur, even when the CSS operation was performed greater
than 5000 tines. In particular, Test Ex@fples 3 - 5, did not result in
crashes even when the CSS operation was performed 20000 tines, and al so did

not result in c es.when the S operation wa erformed 5000 tines,
under the condié‘?‘ﬁﬁ%ﬂa&% RS '855‘?”5&85 '%{;]‘gprﬁ%ee’é‘?ﬁ{jacﬁo _%Fﬁtﬁ’@fn Y
and thus tdesp, g aiiatle sethdne Dethakk, brf R¥na bl @ﬁ,sﬁégém@cmwéa AP A Sort O
resi stance to CSS. On the other hand, Test anple 7, in which the
m xi ng ratdusabdlityt ol uene and H err] was out of the range defined in the
present inventi qmﬁ e . ] ' ' | vi.ng,.was_not
perfornmed, res ulﬁgl ggﬁi{&ﬁ t}%%%sd@gt coea‘f‘(lgrﬁ%mdrrgtteémqg@{'g g@?rtnggﬁgﬁ %/’%ragté%%?’&'f’ﬁ
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according to t R Areabed 18 fhe Arsmentioned speredig| 1 ths HGAL BYRIPTS Brih o
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possi ble to make the carbon protective filmthinner wh '

I ntal nin
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whi ch can Sgg%gecr)l?fm{gggﬁuf’ft%l%ﬂe%hﬁdygﬁgSlheS é“é‘ogéﬁ%ﬁg density w thout reduction

in its output [Mhopetis psssible to efficiently provide a reliable, magnetic recording medium,
which can support a sufficiently high recording density without reduction in its output

properties.

In the following, another embodiment of the method for manufacturing a

magnetic recording medium according to the present invention is described, using an
- example in which the plasma CVD apparatus shown in Figure 1 is employed.

Initially, a non-magnetic base film and magnetic film are formed on both sides of
the non-magnetic substrate according-to a method such as a spatter-coating method or the
like, to obtain a disc D.

_ The non-magnetic substrate can comprise any substrate that is generally used as a
substrate for a magnetic recording medium, as described in the aforementioned. The
material and thickness of the non-magnetic base film and magnetic film are also as

described aforementioned.



In the follow ng, another enbodi ment of the nmethod for hanufacturing a
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af orenenti oned plasma CVD apparatus, and ilhe surface of the disc D1iIs

exposed t ohausted xianfxbauss tubgliodn creulatsithe gaviherein suppl i ed from a supply
source 14 via afd Is ' S is
exhausted via a?hée%gﬁgétjg%dﬁgr 1%{9?8 ja?lnirx?g%éa% g&{lﬁgggggwr%g?rg%%&hw}gg&ghe
react ant geghiasmprieg eatidlof hgdmicarbdn gashydomogeniisithe rangdrafcitddn~ dngd h§Qlbpgen,

wth a mxi rati Q of. hydrqcarbon ta hydrggen in the range,.of 2 to 1 ~1 to
100 by vor tlmeqas fetbrb it Diresianbhe AT Snipcarbie R BLr Rt
pref er abl yleggrgne 't?ﬁoﬁﬁydr@é&%o@%&éﬂoﬁoxﬁfmﬂ@ 106RF bRARrabS lﬁiafr@&:ﬁdr@ MosfEPNg

| ower saturated g%drocar bons, | ower unsaturated hydrocarbons, and 1 ower

cycli ¢ hydwrseturges Bydrocarbons, yedlowes cyglichydsegarhanss operation, the flow rate

of the reactant LS. ~ I 1] |y [ AN
pressure of the“gﬁgr%%y IB%S)L?{SIﬁ%!?%?%?Oa Flgeotgchf 9%%‘ oﬁﬂ%rrtg%éé@grgr# hse‘;d' Q@égfb@é,% such
. as 0.1 ~ 10 asccm. Additidnatlethsainpert pressurel st mige theentier glo fsr pregfeestdy set at a

el ectri cal 1_pgwer .socrgﬁe 12, a Qi gh, frequency el ectrical power of preferably
50 ~ 2000vPecetermiped wue.suethas @l ecld Blles 11 to generate plasma, and a
carbon_pr ot ect i x¢ oid Lifhd Enlcoutfegl e it heghdiy doridie ddvaf sk 170aNgR"
the plasnma chem cal gas phase growth, using the aforenentioned reactaht gas
as a st ar tfreqpeney electaical pwertdfi preferably 66 ~t 2HO0¥ ibaupphedte the alectfodesnl i 0

pref er abl yge'n@ra eh Slagr%aga?nd a carbon protective film is formed on both sides of the disc D by

means of the plasma chemical gas phase growth, using the aforementioned reactant gas as
a starting material. The thickness of the carbon protective film is preferably in the range
of 30 ~ 100A.

When supplying electrical power to the electrodes 11 and 11, it is preferable to
make the phases of electrical power supplied to each electrode 11 different. By means of
making the phases of electrical power supplied to each electrode different, the coating
rate and durability of the protective film can be improved. The difference in the phase of
electrical power supplied to each electrode is preferably in the range of 90 ~ 270°, with a
particular preference for the opposite phase (i.e., 180°).

According to this embodiment of the method for manufacturing a magnetic
recording medium, when forming a carbon protective film, it is preferable to form the
film while applying pulse D.C. bias having a frequency of 1kHz ~ 100GHz (with a cycle
of 10ns ~ 1ms) and pulse width of 1ns ~ 500us, to the disc D, using an electrical bias

source 13.



of 30~ 100A When supplying electrical power to the el ectrodes 11
and 11, it is preferable to make the phases of electrical power supplied to
each electrode 11 different. By neans of naking the phases of electrical
power supplied to each el ectrode differ@at, the coating rate and durability
of the protective filmcan be inproved. The difference in the phase of

el ectrical power supplied tq each electrpde is prefergbly in the range of
90 ~ 270, with éPBEFE?-Gug'&F %ﬁﬂ\é"f‘@b’é}f essit llﬂgz Bbw?‘fi@gﬁﬂgégzﬁe?‘é‘ﬁ na
180[ err]) .carbon proteti¢Ofitth '¢F ihferiol | durfWRGd HEPArtiBllal, NoneiBil Aredu@hcy is less
manuf acturing a magnetic recordi ng nedi Um en formng a carqbon protective
film it itharpi &Hey thelcoating fate tentdsito bé lowenhleading pphty infgvorablegeddionbin de

havi ng a fre&;lyc%mé f 1kHz - 100GHz (with a cycle of 10Ons - 1ns) and pul se
wi dt h of 1H8eUCHsy ffgcr“?]cg to the disc D, using an electrical bias source
13. The frequency and pulse width of the aforementioded pulse D.C. Aifduisse
D.C. bias frequency of |ess than 1kHz or exceeding 100GHz, results in a

car bon pr direferablsel kHan d6Hznand 1Qns ~d¥fusbraspedfivelyn particul ar, when the

frequency is less,than 1 _kHz, the at i rate t Lo be.|l.ower, l.eading
to an unfavor adi-EHEHERME; flbena‘feﬁa%eh%&galgtg c Fcﬁﬁﬁsgfﬁirtgi ﬁ%?‘.’ﬁwd to {heﬂh@c 1
frequency Iﬁaérabg}s&)ow, ditoy of the aforenentioned pulse D.C. bias is
preferably 10kHz ~GHz, and 1Ons- 50[err]s, respectively..

Furthernore, thWheR gheageerags) Yoltage of losh &has, 400 Vp sparks jagg; likelp tp & gegeratad di sc
Is prefer - Fool : i | : n
300V, apariite e Cpdng; 1alfne to o high MBIl UeARTs SBHHART vl bl
hi gh | i kelanhthe durfacegefithe ahrbon prbteotiveafilyr dWheén ther dverage voltagd exceeds at@V of

t he carbon, protective fil Wien t he average vol tage.exceeds -10V,, the

car bon pr SHEEEPYLPIFHVE GTadeRE lotathe 8 JmbenGHBER POV BV HGR Fifer s
whi ch ar e jhfefief inQftrengehSt rength. - In addition, a lubricating film may
be provided on the protective filmby neans of applying the aforenmentioned

| ubricant . In addiignyn Wbriesting-felmmgy beipeovideshenitheprotetivenfilmabiumesnofed
accordi ng a H?%h%#*gﬁ‘ggd&%?%rﬁwf acturing nmethod may include a magnetic

recordi ng ure shown in Figure 2.
Examples of the magnetic recording medium manufactured according to the

aforementioned manufacturing method may include a magnetic recording medium with
the structure shown in Figure 2.

In the magnetic recording medium according to this embodiment, a non-magnetic
substrate S, a non-magnetic base film 31, a magnetic film 32, a carbon protective film 33,
and a lubricating film 34 are provided.

According to the aforementioned manufacturing method, at the time of forming
the carbon protective film, it is possible to efficiently form a carbon protective film
displaying a superior durability, since pulse D.C. bias with a frequency of 1kHz ~
100GHz and pulse width of 1ns ~ 500us is applied to the disc. Accordingly, it is possible
to make the carbon protective film thinner while also maintaining durability, and thus
provide a magnetic recording medium that is capable of reducing spacing loss. In
addition, it is possible to increase the coating rate, and production efficiency therein.

Therefore, it is possible to efficiently provide a reliable, magnetic recording
medium, which can support a sufficiently high recording density without lowering the

output properties thereof.



In the magnetic recording nediumaccording to this enbodi nent, a

non- magnetic substrate S, a non-magnetic base film 31, a nmagnetic film 32,
a carbon protective film33, and a lubricating film 34 are provided.
According to the aforenentioned nmanufactdring nethod, at the tine of
formng the carbon protective film it is possible to efficiently forma

carbon protective film displayi a,.superior . durability, since,pulse D. C
bi s wi th a fr o iRESHaYIng ibe eiodis GEEDS Bivtem) iEalinR AtaFPEFiTHo IS BRErFie s | o
appl i ed toe,gagﬁléy sc. Accordingly, it is possible to make the carbon

protective filmthinner while also maintaining durability, and thus provide
a magnetic recording nediumthat is capable of reducing spacing loss. In

addition, jt | ossipl g to increase the coating rate, and production
ef fici encfﬁeﬁteg’ﬁg‘ﬂﬁes & 36) Therefore, it is possible to efficiently provide

a reliable, magAfEt s dleedrignngloyatbstrate sbated withr NiFo@etal fibm (withi cdiemetey
hi gh recordi n%ndensi ty without |owering the output properties thereof
23 of 9¥mmpands Higkagpsngl Ordmam) was dreatesk Withampchaaical texiireroesssing do

specified,g, iaﬂgiv&%gg E&?&e%ﬁ%@g@s\iﬁ %OA,Tfﬁén-@égg?iCﬁF%nﬁ?\&ﬁ%vgh 2 tgickné%fsto‘fr an

al um niumalloy subStrate co a NP ne | anet er of
95mm and té00dYnesmpriding. Br@x) allay tndat eahgnetit fikec lvaniprisingt exCor allgyr overesi ng

to forman average surface roughness of. 20 a_non-.magneti c base. fi with
a thi cknessé‘CB‘?SS‘B’g'dA?m ap?‘i’ o sé‘f ogltb%ﬁﬁb%{%e’auﬂ%n%’ﬁt@'fg %ﬁ?"&‘én@ﬁél ng
a Co all oymgﬁ{fgctﬁ&gq,gsﬂé(@‘{)xot,g(anpgld@mjgoth sides of the substrate, using
spattering device (3010 manufactured by Anelva) to obtain a disc D

Subsequent |y, t$ubsequestly vibe disgndhomesdirenspertgd cidaber chamber t Kk of the

af orenent i qned pl. D r a A X ' f t he
Suppl v SoUnREmEiBRTEpikahe SRATBbHsC R 8 P Ra00%s MR IRHARYY e oy
A nmi xed gamufde Mdhteahe chaitbdr\td aclgeve a flowirar ofi180stgny ati o of tol uene to

hydrogen of 1 to 12 by volune, was used as the reactant gas. Additionally,
the inner. pressfmaxed sphet tohighe and hydipgen, Tuitthe K 8fo gipluene to hydrogen

of 1 to 12 by volume, was used as the reactant gas. Additionally, the inner pressure of
the chamber 10 was maintained at 6Pa.

At the same time, pulse D.C. bias was applied to the disc under the conditions
shown in Table 3, using an electrical bias source 13, and high frequency electrical power
of 300W, or alternatively S00W, was supplied to the electrodes 11 to generate plasma and
form a carbon protective film with a thickness of 50A on both sides of the disc D.

The temperature of the disc D during coating was maintained at 130°C. The
difference in the phase of high frequency electrical power supplied to each electrode 11
was set at 180°. In addition, the distance between the disc D and electrode 11 was set at
30mm.

Subsequently, a magnetic recording medium was obtained by means of applying a
fomblin lubricant (Fomblin Zdol 2000) to the carbon protective film, according to a
dipping method, to form a lubricating film thereon with a thickness of 20A.

The CSS test described in the following was performed on the resultant magnetic
recording media. In the test, using a MR head, a CSS operation was performed on the
magnetic recording medium 10,000 times, at a rotational speed of 7200rpm, and a

temperature of 40°C with a humidity of 80%. After allowing the magnetic recording



At the same tinme, pulse D.C. bias was applied to the disc under the
conditions shown in Table 3, using an electrical bias source 13, and high
frequency el ectrical power .of 300W or alternatively 500W was supplied to
the el ectrodes 11 to generate plasna and4form a carbon protective filmwth
a thickness of 50A on both sides of the disc D The tenperature of
the disc D durin 0 intain d .at 130[err]C. . The differepce in

t he phase ‘B?‘Hﬂ'i“g'% Trg‘ﬁugﬂ éherergy?"‘lrﬁlﬁl SHSHQR ValigpweY Bpnitare actlt'eef"éEE? 8tfe 11
was set ahmé&@lnﬂﬁb@@dltlon t he di stance between the disc D and el ectrode
11 was set at 30mm Subsequent | a magnetic recordi ng nedi um was
obt ai ned by nealnéhﬁtabbpme}ﬁm“daawlq{eth POwRE repreadnts the Zlrstribpoyer o

t he carbo forma

| br i cat i nyPPRIIOid Becstodh | REAE rRitolatbur b3 BitoSTFbRL M B T2,
described in the follow ng was performed on the resul tant magnetic
recording nedia. In the test, using a MR head, a CSS operation was
performed on the magnetic recording nediun110,000 times, at a rotational
speed of 7200rpm and a tenperature of 40[err]C with a humdity of 80%
After allow ng the nmagnetic recording

24 mediumto sit for 1 hour, the dynamc stiction value was nonitored.
The results are shown in Table 3. In the table, the term"plasma RF
el ectrical power" represents the electrical power supplied to the

el ectrodes 11 during the formation of the carbon protective film

25 Table 3




Bi as Pul se Bi as Plasma RF  Coating Stiction

frequency wi dt h vol t age el ectrical rate (-)

(V) power (W (A/mn) Test Exanple 13 1 kHz 500 ns -120

500 - 405 0.81 Test Exanple 1425200 kHz 500 ns -120 500
753 0.40 Test Exanple 15 2MHz 250 ns -120 300 712
0. 55 Test @g le 16 10 MHz 50 ns -120 500 844

0. 46 Test % e 17 200 kHz 1 ns -120 500 477

0.88 Test[ Exanpl € 18 [ ZUBiakFz| PL¥E0 NS Bias - 2lQasmaRF~U@oat1ng Sti¢tion

0. 44 Test| Exanple 19 1 kHz 500010 ns - 120 %00 624

0.67 Test| Exanpl e 20 | fiomuepsy | width,g| voltagenq electricalsy rate | 556) 0. 66
Test Exanpl e21 101 G I n‘; - 113 Crash
Test Exg-p le 22 0.5 kHz 00_ns _1%@ powgag\ﬁp (A/m’llngR Crhsh
Test Teét‘é?s&mm@ k H2 kH2500 P L 40120 L) 40304p 038lcr hsh
Test Exa —10D 240 Crash
Test Exa P k%()ﬁgo 5]60“5 i 25 5314 %49 hen
Test Exarﬂp’r@t%mple 15| 2MHz -250 ns -120 3000 712 B3855 |Crash
Fromthe results of the CSS tést shown in Takle 3 it lis clear that 1he
nmagneti c rB’ébE’éﬁ"Wbe WedileMHtZa né@"éccordl% fo t39 netho844 or aBﬂ6y| ng

pul se D. ¢ S TCY HRAZ 5t 00 CGHzZz sHTd ot Wi it f—ns ~
500[err]s Téé{tﬁ f 22?%?1% tllrn:ijg of folreran thsewcar bona?yr ot nctﬁlg\% Film
wer e supefr Test Examptii8api200k¥Hzand 008 ks bli t eIR0a hi gh800 coaqt i Ag7 r af €0.44 As
descri bedM’Www it is
possi bl e [t FeseEyamplec?t | v 1kdlzm 509P% 51y pr fi veddd | m{wi 6% a- suf&’i of

durabilit

! {wwzog AT e cTarb proteEave film
t hi nner whl na Sr?toalGirhlllznq ggzléfflmgdnbt clura% ity, g??d the?'e y [ educe

spaci ng |

OBest Example 21Th@0EGHz2| i1 ns s [posHitbl @ t o5Q@r ovilde4d3 hi ghCsaskie| i abl e,

magneti c L@G@J-m-ngv—gge Fum—which cansupport ta sufficirently high recprding
density wj Tesbfrfamp B KHg pusQLmes pr optd i gs. 500 388 | “Crash
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Test Example 23 | 200 kHz | 500 ns -400 500 1042 Crash
Test Example 24 200 kHz 0.5ns -100 500 340 Crash
Test Example 25 1 kHz 0.8 ms -100 500 314 Crash
Test Example 26 - - - 300 | 335 Crash

From the results of the CSS test shown in Table 3, it is clear that the magnetic
recording media obtained according to the method for applying pulse D.C. bias with a
frequency of 1kHz ~ 100GHz and pulse width of 1ns ~ 500us to the disc, at the time of
forming the carbon protective film, were superior in durability and exhibited a higher
coating rate. |

As described in the gifprementioned, according ‘to the present invention, it is
possible to efficiently form a carbon protective film with a superior durability.
Accordingly, it is possible to make the carbon protective film thinner while also
maintaining a sufficient durability, and thereby reduce spacing loss.

Therefore, it is possible to provide a highly reliable, magnetic recording medium,
which can support a sufficiently high recording density without lowering the output

properties.



Figure 3 shows the manufacturing equi pment used in another enbodi nent of
the nmethod for manufacturing a magnetic recordi ng nedi um according to the
present invention. The manufacturing equi pnent shown herei'n is provided
with a spattering device 1, tenperature2éegul ating device 2, and plasma CVD
apparatus 3. The spattering device 1 is used to forma non-magnetic

- base film magnetic film and the |ike, on a non-magnetic substrate, and
may conprise any apparatus generally used for nmanufacturing a magnetic
recordi ng nedi Lm%,, r | ' >

tenperature of t ered3i %hg ws?-eliﬁtg n%a?ﬁ?ﬁ%@g\ oerﬂqg{ nt ikg%\éed;ﬁpﬁggiﬁg%né\gﬁ&lg‘%%gﬁgﬁfs 3
to a predenethed rfor manyfastyringnd owgpetics eecoading ambdinm4 acacindiop ®t tee prasimt

disc, and.a_ s I ource.for. supplyvyin he t.enper.ature  adjustin as 5,
Shich po BudBR VTR HefrakRiring BRIt P R ¥ iR Wit s cHafiaie
The af or engeiice AN fthpehaiiegegating devitee; had plabma CVID hpsudates Bon tube 7, which

directs the tegferature adj usting gas supplied fromthe supply source 5

into the chambethespatieringdevisenhissused iy form a pan-mpgastirebase film, gignetissfilla t he
chanmber 4 Quth0fikh vsi.e : ' 4 [ises
an airtight str ulctE’ufgré,s‘l gdnngﬁ?%ne&c o%ﬁbggﬁgwaﬁ(ﬁhggfé}gﬁr@%g?&t&g% raﬁgeg%%%%ni ch
t ranspor t sused fhirseanpfesyiring a hagnegio rédoediag atedarm.ng device 1 into the chanber
4, and a transpQrt exit 4b orts, the disc out of the chanber 4

, _Which trans
towards the af orSriEMPFaREE regulating E?ea%ﬁ?ﬁ dhg,temperature of thedisc sent to the
af or emn?a%l@ﬂxeﬂﬂi&i’eﬁ%l% EVIRRphatatud ITRY 2GR BRtraEndd fegtBBanat 6%&5? fas hown

in Fig. 1. Inthe foll ow hg, another enmbodi nent of the netho or
manuf act urchagber fayhichi tonee dbe disegand @i wpplicsanwrel fay supphiing preetemperature

i nvention ' ‘. i nl e | Lch t af.orenent i, ongd
manuf act uraldﬁJ Sglg%gégp%e%mlygs %rgf% ?%yagdé?s%g e &rﬁ'&%@ﬁzrg Iqr%?,le fise an& cbﬁ‘gﬁ?re‘*'i ng
devi ce 1, TEheruforemegticicdchamber 4 iid comectedng ar intfoduclioh fube 7 evhidddiesttdeeh
sides of the non-magnetic substrate, to obtain a disc

non- magnet!PEPLRNE: fUPLINgRAS SBRRItgdsEom e sunply petree ?H&P[%hé chambera, ?;;g @ed as
2 or ement 1 T B B R S el "Pase i1 m
and magneti c f iThe derementiphedr ¢hamber desampriresl anrnittight siasterer atd énpobvided
27 with a transport entrance 4a, which trarisports a disc passing through the spattering device
1 into the chamber 4, and a transport exit 4b, which transports the disc out of the chamber
4 towards the aforementioned plasma CVD apparatus 3.

The aforementioned plasma CVD apparatus 3 may comprise the same structure
shown in Fig. 1. |

In the following, another embodiment of the method for manufacturing a
magnetic recording medium according to the present invention is described-, using an
example in which the aforementioned manufacturing equipment is employed.

Initially, using a spattering device 1, a non-magnetic base film and magnetic film
are formed on both sides of the non-magnetic substrate, to obtain a disc D..

The non-magnetic substrate may comprise any substrate that is generally used as a
substrate for a magnetic recording medium, as described in the aforementioned. The
material and thickness of the non-magnetic base film and magnetic film are similarly as

described in the aforementioned.



I n general, when form ng the non-magnetic base filmand nagnetic film the
tenperature of the non-nagnetic substrate is approximately 250 ~ 350[err]C.
Subsequently, the disc D, |layered with the non-nmagnetic base film and
magnetic filmon the non-magnetic substdte according to the aforenentioned
operations, is transported into the chanber 4 of the tenperature regul ating
t entrance 4a, and the.disc,D in the, chapber 4

device 2 throu the transpo

e exposed t o TeETEfmbe Mheh tormiRey G, - GAISHin b HIE 306 JPaaBete AUy HE
supply S_O%Fh%eﬁtd{rb%fiH%ﬁlohf}hiéﬂéHGEﬁ&&aﬁé&@ﬁp%rokﬂﬁﬂeﬁr@%oﬁr@ﬂ@@ 4, from which
the gas is exhausted via the exhaust tube 8 to cifculate the gas wthin.

The t enper at ur eSudpquentlpgthgaksci 19, layereg awithi thel nontpagretictbesk fitkm and mopgwstic t

does not verse affect the djisc, D | es .of t.he aforementi oned gas
may 1 ol udhihyh dibe Rob Riderbe A0 ET aefo A, 19 A CPenRhBORE Ppicaices, 98
The t enpertdnsperted irtdetht edhagibet Wr of alg Uehpergn@é Seqilatdipd devicé & €hrbugh the
determ ned according to the desired tenperature of the disc D, and ot her

condi ti onstranspemh eatraneer 4a\and dhe digc Prie the shamberf ds supesst itadhe demperatureie
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250[err] C en carr eration, ow ra
t enper at urthe abjmisdridn ffogawhich the gdsas akliapsted via the@@basiubbddiotdircoiatd the gake
i nner pressur.e of the chanber 4 is preferably set at a predeterm ned val ue,

e.g., 1 ~ %P by neans of appropriately adjusting the flow rate of the
exhaust gas froppd Rehpefdiieeddjbting gas is n&Y parfigdarlP linfitdd0 2l Mehd HeitHor§ nbt L O
the tenperature adjusting gaS, heat exchange is perfornmed between the disc
D and t enpsiverselyeafteds thetdisqyDyexampips of thecaferementipredcgast may) vludet hyldrogen,
tenmperature, of the.disc Dis in e fange of 100 ~ 250[err]C, preferably
150 ~ 250 BFPEE: et oo aﬁé‘é‘#éﬁ‘é@feym&%o ~ 200[err]C If the
tenperature of Tietethpgegatliel 6f kias feniptratukORdjastingCgad Beapiaopiidtylyodetbidginédr bon
protective filmformed gnto the disc D, according to the operation

descri bed 3CROTdHE toghe ggfired, temperature of thexdise |, \pad weher\gepditions fuch apa flow

i nferior R ofs rﬁfﬁi fj;
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addi tion, preferably 50 ~ 1500sccm. Additionally, the inner pressure of théSchamber 4 is
preferably set at a predetermined value, e.g., 1 ~ 30Pa by means of appropriately
adjusting the flow rate of the exhaust gas from the chamber 4.

By means of exposing the disc D to the temperature adjusting gas, heat exchange
is- performed between the disc D and temperature adjusting gas. This operation is
continued until the temperature of the disc D is in the range of 100 ~ 250°C, preferably
150 ~ 250°C, and more preferably 150 ~ 200°C. _

If the temperature of the disc D is less than 100°C, the density of the carbon
protective film formed onto the disc D, according to the operation described in the
following, results in a low value, which leads to an inferior durability.

If the temperature exceeds 250°C, the kinetic energy of the molecules of the
reactant gas becomes too high during the formation of the carbon protective film
according to the operation described in the following, which in turn results in difficulty in

adhering the molecules to the disc D, thereby leading to a low coating rate. In addition,



the resultant carbon protective filmcontains a greater nunber of high

pol ymer conponents that are inferior in strength, which then lead to an
inferior durability. . Subsequently, the disc Dis transported out of
the tenperature regul ating device 2 via28he transport exit 4b, and

I nmedi ately into chanber 10 of the aforenentioned plasma CVD apparatus 3,
where the urfa(ie of the disc D, gﬂg terrgigrature of which has heen_ adjusted
to the af $heFEsHaBh&A™RPR RECERHVEe EPnteing 3 cSFSUELImbeEF cofuhigh molvrasri ce
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the flow Fﬁﬁaélsb?‘leﬁgt‘éﬁ‘ﬂ%@?"&a&“ﬁ‘ﬂ?ﬁ‘?%@“@ﬁgﬁber 10, using the exhaust
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el ectrical power source 12, gh frequency el ectrical power "o referably
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preferably in the range of 30 - 100A. . - When supplying el ectrical
power to 2t‘/‘ﬂﬁ“t‘érla@gthff’g’a’é’érbﬂ?!]!S’e'i'ﬁe lower cyeli¢ hydspeathonsh e t o nake the phases of

el ectrical po Mp,é,g’ Jof - i ng

t he phases of Wz”(lact ri ar%d%lg\c}gfegugﬁ?ggé?g@égﬂghgfgﬁigastggggdﬁ?Bgif%%%lggﬁt, It
i s possi bithe rangengfr 5% e~ tSesccomat iIngadditiom, ahel inmerapwessute/ offthe lvhambat d0tisve
film The difference in the phase of el ectrical r suppliged to eagh

el ect r ode Pf%Y] Elé(f %e?a%laypf%eiqulqegnv(fl“eofe'@o 0.1 776%%}'? ‘?fﬁaﬁ?é?lfr?aé Yar,
rzrgr e pref adjabling aeowsate tofehe Rbsist ©abRGa the - hambdBSADE kY- the exhaust

regulating valve 17.

At the same time, using the high frequency electrical power source 12, high
frequency electrical power of preferably 50 ~ 2000W is supplied to the electrodes 11 to
generate plasma and form the carbon protective film on both sides of the disc D by means
of plasma chemical gas phase growth, using the aforementioned reactant gas as a starting
material. The thickness of the carbon protective film is preferably in the range of 30 ~
100A.

When supplying electrical power to the electrodes 11 and 11, it is preferable to
make the phases of electrical power supplied to each electrode different. By means of
making the phases of electrical power supplied to each electrode 11 different, it is
possible to improve the coating rate and durability of the protective film. The difference
in the phase of electrical power supplied to each electrode is preferably in the range of 90

~270°, and in particular, more preferably comprises the opposite phase (i.e., 180°).



Herein, it is preferable to formthe filmwhile perform ng bias applying
such as high frequency bias and pulse D.C. bias to the disc, using the
el.ectrical bias source 13. The caonditions of bias, such as voltage
and the like, are preferably as descri b in the aforenentioned. - In
addition, a lubricating filmmay be provided on the protective film by

means of appl yi a l.ubricant .suc asfgﬁnﬁlbin.lubr'cant,. .
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medi um  WhisGhiigRiRg SasRIRSS &r tRe i ciently high recording density w thout

| owering the output properties thereof In addition, it is possible

to accel erate alfhthsjafrementioned meanufactiringomethiod, e discoempeiatugefis sanat

derived fr t Leactant gas, to the disc and thereby increase the
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mat eri al s capatilbof eclnbi@B spicihgItiss ¥iethé tili® aftreddiding iaf@ réflay. or M ng t he carbon
protective filmis |ow, which results in_an insufficient_ tightness and
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| n addi t i qwepérfies therepfnper at ure exceeds the af orenentioned range, high
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30 protective film, derived from the reactant gas, to the disc D, and thereby increase the
coating rate and production efficiency.

The reason for the improvement in durability of the carbon protective film by
means of setting the temperature of the disc D in the aforementioned range at the time of
forming the aforetﬁentioned carbon protective film is unclear; however, the following is
hypothesized. _

Namely, if the temperature is less than the aforementioned range, the kinetic
energy of the molecules of the materials of the carbon protective film at the time of
forming the carbon protective film is low, which results in an insufficient tightness and
irregular configuration of the carbon protective film molecules. Accordingly, the
resultant carbon protective film comprises a lower density, leading to an inferior
durability of the carbon protective film.

In addition, if the temperature exceeds the aforementioned range, high polymer

reactions such as polymerization, condensation, and the like are more likely to occur, and



t he carbon conpounds, derived fromthe supplied reactant gas, wll tend to
form high polyners on the surface of the disc D. As a result, the nunber of
hi.gh pol yner conponents in the carbon protective film which exhibit an
inferior strength, increases, thereby 188ding to an inferior durability in
t he carbon protective film In the follow ng the effects of the
present inyention are specifi.ed usiﬂ? congrete exanpl es. (Test Exanples 27
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spattering device (3010 manufactured by Anelva), to obtain a disc D. At the
time of fd*AMBlESt he af orenmentioned non-magnetic base filmand magnetic

film the gmg{ &70f3ot he substrate was set at 250[err]C.
Subsequently, tag{p |ssc Ig s transported into the chanber 4 of the

t enper at ur e r egvhguetingrecardingemgdiunh evas thynlifacteredgass dédctibed @k dHlloveEngf
whi ch was adj uﬁt ed.in Igds&gnce 0D 20[err]C) for use in adjusting the
t enper at urBTgrt1¢ AERTE g’“é’ﬂlhﬂ”i"?dl%ﬁ X flowrate shown in Table 4. In

this manner, theadremRAiBinilid aflby sttt coatdd \Rith aNIPTh&AS fith [Wieh ¥ AidiEeshown
in Table 4 by nmeans of expomgg the disc D to the hydrogen gas for a period
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chanmber 1Mmonemagnetic basesfthn and magnetic film, the temperature of the substrate was set at

31 250°C. _

Subsequently, the disc D was transported into the chamber 4 of the temperature
regulating device 2, where hydrogen gas (the temperature of \_vhich was adjusted in
advance to 20°C) for use in adjusting the temperature of the disc was supplied at a flow
rate shown in Table 4. In this manner, the temperature of the disc D was adjusted to the
values shown in Table 4 by means of exposing the disc D to the hydrogen gas for a
period of time shown in Table 4. Furthermore, the temperature of the disc D was
measured by means of a radiation thermometer provided in chamber 4. The inner
pressure of the chamber 4 was set at 10 Pa.

Subsequently, the disc D was immediately transported into the chamber 10 of the
plasma CVD apparatus 3, and a reactant gas was supplied from the supply source 14 into
the chamber 10 at a flow rate of 130sccm. A mixed gas of toluene and hydrogen, with a
mixing ratio of toluene to hydrogen of 1 to 10 by volume, was used as the reactant gas.

In addition, the inner pressure of the chamber 10 was set at 6Pa.



At the sane time, high frequency electrical power of 500Wwas supplied to
the electrodes 11 to generate plasma and forma carbon protective filmwth
a.thickness of 50A on both sides of the disc D. The tenperature of the disc
D was set as shown in Table 4, by means3bf the aforenentioned tenperature
regul ating device 2. In addition, high frequency el ectrical power of 50W
was applied to the disc D, ysi.ng the electrical bia rce 13. In
addition, the d{“f ?‘Ersg'i‘?ﬁé“ﬁi%li’t‘%g'ﬁmy ecﬁfcﬁﬁp?wgrqﬂgﬂ@@*}e‘f’%scﬂp%%ﬂ o threr
suppl i ed tefecgddbs €l &5 bémete blabmbtandSPimad cakBOH BFdtdotive film witPUPHEIHERLY
fonmblin |ubricant was apglleq to the carbon protective film to forma

| ubri cat i 94 pr both sifesaof thecdisreDs The termperatureof) thel dismB wasrsesrast shown in
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medi um t o §ihRlidQb eQNFelERMYde 1TRGssES4t 1880 are shown in Table 4. (Test
Exanpl es 33 36 The magnetic recordi ng nmedi um was manufactured in
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that the t eratur.e of..the.disc t the. ti.ne of form ng the carbon
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disc D at the (THeeCSH tebt desciilsdtinithé SollodEng GAPPEToiicd SO radulas HeMiER 2,
and/or the flowratg or tenperature of the tenperature adjusting (i;as in the

t enper at ureCORAPE IRedyy JpthatGIh testhspsing MR headpa GRS operatign wasi payfatmedce 2.

The test KoL I i o .
32" Tabl e 000! me &t &' ARG Soced IR0 Ty and g temperature pf, 40°C, with a

Coating hBmidity @fB80%.) The dynamic stiction value wasimahitorgd aftenlloveidj s inagnetishen
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0.72 Test (ExaERhAplkS33 ~B3) 80 220 660

0. 66 Test Exanple 29 20 ) _ 80 174 765

0.67 Test Exanﬁ]hé megnetic gecording mediunpggs manufactured othe same manpgnas in the
8' ?g Test a@f@tgpﬁtf'ong& test %Qamp]es, with thezggeption that the tjegl?)erature of tlflse3 gisc D, at

the time of forming the carbon protective film, was adjusted by means of changing the
temperature of the disc D at the time of transport into the temperature regulating device 2,
and/or the flow rate or temperature of the temperature adjusting gas in the temperature
adjusting operation, using the temperature regulating device 2. The test results are also

shown in Table 4.
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substrat e,
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according to a nethod such as a spatter-coating nethod, and the

to obtain a disc D.

From the results shown in Table 4, it is clear that the magnetic recording media
manufactured according to a method in which the temperature of the disc D was set in the
range of 100 ~ 250°C, at the time of forming the carbon protective film, exhibited a lower
stiction value after performing the CSS test and a superior durability, in addition to a
higher coating rate, when compared to the magnetic recording media manufactured
according to a method in which the temperature of the disc D was set outside of the
aforementioned range.

As described in the aforementioned, in the method for manufacturing a magnetic
recording medium according to the present invention, it is possible to provide a carbon
protective film comprising a high density and superior durability. Accordingly, it is
possible to manufacture a thinner carbon protective film while also maintaining a
sufficient durability, and thus to provide a magnetic recording medium that is capable of
reducing spacing loss at the time of recording and replay.

Therefore, it is possible to provide a highly reliable magnetic recording medium,
which can support a sufficiently high recording density without lowering the output

properties thereof. Additionally, it is possible to also increase the production efficiency.



The non-nmagnetic substrate may conprise any substrate that is generally
used as a substrate for a magnetic recording nmedium as described in the
af.orenenti oned. The material and thickness of the non-nagnetic base film
and magnetic filmare also as described33n the aforementioned.
Subsequently, the disc Dis transported into the chanber 10 of the

af orenenti oned plasnma CVD apparatus, and the surface of the disc Dis
exposed to the reactant gas, which is supplied fromthe supply source 14
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pref erabl wui kd ke 4i8f pp0 ~ 500sccm According to the nethod of
this enbomlrrent’, ?E%H%ec}w rate of the exhaust gas fromthe chanber 10 is

appropriatel y adjeumnedagnetic sgbstiate masheamprisecnysabstrate thai is @edefalpy esedded i n
t he exhaust tubef16, such.thatg}.he ressur e  of .Eh .reactant gas in the
chanber 16UPSHAS [Tt gagReliG rcquding mpdium, as) degs! e‘gﬂ‘éf@ s@rvnezltwn@fl- paheand

nore pref eaablial #hdSthickdefPof the non-mhBRetic BARNiMP and Shiddatic If1f RFEIRY'R I N
the aforenentioned range is that the coating rate decreases 1f the pressure

i s | ess t Higeriped irpthe afgrementioneddur abi l ity of the carbon protective film

deteriorates if C : )

'y at S BA T GRS RilBabriel o the chamber 19 of s aforgmenioned api y
50 ~ 2000\©MdsmasOVD agshratos,tdnd theanifacsof thel dist D g efpdied o fthe BeiRNRGY gas,

el ectri cal l‘gower squrce 12, to grenerate pl a_lsma, and thereby forma carbon
prot ect i ve¥hieh msppplipddrom t ply; squecedrt iy thedpisedystigy tyheglddinigrthe ghambess na
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starting ma_terl al. The ckness of t carbon protective
pr ef er abl within.t he range of 30 ~ 100A. When suppl ying el ectri cal
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mixing ratio of hydrocarbon to hydrogen in the range of 2 to 1 ~ 1 to 100 by volume.
The hydrocarbon preferably comprises at least one type of hydrocarbon selected from
among lower saturate;d hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic
hydrocarbons.

When carrying out this operation, the flow rate of the reactant gas is preferably in
the range of 50 ~ 500sccm.

According to the method of this embodiment, the flow rate of the exhaust gas
from the chamber 10 is appropriately adjusted, using the exhaust regulating valve 17
provided in the exhaust tube 16, such that the pressure of the reactant gas in the chamber
10 falls into the range of 0.1 ~ 10Pa, preferably 2 ~ 6 Pa, and more preferably 4.5 ~ 6 Pa.

The reason for setting the pressure in the aforementioned range is that the coating
rate decreases if the pressure is less than 0.1Pa, while the durability of the carbon

protective film deteriorates if the pressure exceeds 10Pa.



shifting the phase of electrical power supplied to each el ectrode, the
coating rate and durability of the protective filmcan be inproved. The
di-fference in the phase of electrical pomer supplied to each electrode is
preferably in the range of 90 270[err],34and in particular the opposite
phase (i.e., 180[err]) is preferred. In addition, when formng the

carbon protective fil ferabl to. formthe fi r.m ng
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bi as, e.g., voltagg and the like are as described in the aforenentioned.
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In addition, a lubricating film may be provided on the protective film by means of
applying the aforementioned lubricant.

In the aforementioned manufacturing method, since the pressure of the reactant
gas is maintained at 0.1 ~ 10Pa, at the time of forming the carbon protective film, the
resultant carbon protective film exhibits a superior durability. Accordingly, it is possible
to make the carbon protective film thinner while also maintaining a sufficient durability,
and thus provide a magnetic recording medium that is capable of reducing spacing loss at
the time of recording and replay.

Thus, it is possible to provide a highly reliable magnetic recording medium,
which can support a sufficiently high recording density without lowering the output
properties thereof.

In addition, it is possible to increase the coating rate and production efficiency.

The reason that a carbon protective film with superior durability can be efficiently

formed by means of setting the pressure of the reactant gas in the aforementioned range



In addition, a sufficient reactant gas is thus supplied to the chanber 10,

| eading to a high coating rate. On the other hand, if the pressure
of. the reactant gas is |less than the aforenenti oned range, the nunber of
hydr ocar bon nol ecul es in the reactant g3% which exist in the chanber 10
beconmes insufficient, leading to an inadequate coating rate. In
addition, if the pressure exceeds the aforenentioned_range, the nunber of
hydr ocar bdth tholime §f dermipe tth%q%é%{ﬁ?’ﬁ‘r%‘e‘g%rbBP PEAREUNG Bl i rpothssized dn thecones
too high, fafibwingi N turn leads to difficulty in deconposing the hydrocarbons
even in the presence of the plasma. As a result, a portion of the

hydr ocar bons i rBetting the prassure forthe reactdnh gaslinsthe dfarementonedd sang results dnithe

under goi n 0s4 L l.on,. and the overall content of. Cin.the resultant
carbon pr %E‘glgat%%\%aﬂ %‘#%"888? é)gsaeg?mloga?ﬁ%ﬁ lf"%%“@%ﬂ”ﬁo‘ﬁ%? dfg:é'i‘qtv@sﬁm Hhewi ¢ h
an i nferi glasiial engftér. decompositidh loiethé Opdtivni BY, thé Ngydeddabsdns, Phist Histioh esrent
I nvention are specified, using concrete exanples. (Test Exanples 37 ~ 43)

After an dwdracasbons arq BLragEd, onte dissaPele formpe diamgomdriieatarben (nefentedttoa
di ameter QfrImiRg %Qd‘leTQ'gﬁ Kiies $igl hiafseD) ttl’iee?ésﬁﬂarw émr\?onngﬁrﬁ?eréﬁgg Iﬁlm

texture-processing to m an erage surfacé roughness o
non- magnetekbibiiasupefiot sréngth. h a t hi ckness of 600A) conprising a Cr alloy,

and a magnetic film.conprisi.ng a Co alloy were successiyely formed on both
si des of the s&Bé@&EP%@%Eﬁﬂﬁ%afegﬁsﬁttgéﬁ '&“ﬂé‘mpilég & (Y\flﬁﬁ & Hydepding toy
Anel va), taqlig{)&@'ﬁﬂ%@atgj sc D Subsequently, the disc D was

transported into the chanmber 10 of the aforenentioned plasma CVD apparatus,
and a mixed gamdhe setpen ihend.f iforthe msessureplof the reactant gas is less than the

36 sour ' t C er.to achieve a flow rate of 130sccm I xed
gas of t o%ﬁoééée}gn%dgﬁ;fg&r%ggﬂe ”QWP%{ %fahrﬁ%?cr?gb OrUaFlloge(’B#es D It%‘eFF@cﬁaBt ﬁ’&lﬁdwﬁﬁg]n of
| 'to 10 byxispinthe chatatser 16 ddcafies insufficieat, daldingas an inadequatd h@atin?'?@tre. pressure

of the chanber 10 gt . this tinme was maintajned as shown in Tabl'e 5, by neans
of adjusting tH#& agdfisho it thegRiieature, §x¢egdy dhe aforementioneg; rangg; therumbereof hi gh

frequency h?ﬁr%@ﬁrbbﬁ Mol RVAN&R in Yhe RALMG ar%‘g&% Wiitlid 81351“)%{ ﬁlf)%%\%ér@%se%o]l&gﬁ, 0

generate plasnma, and thereby forma n protective
which in turn leads to difficulty in decomposing the hydrocarbons even in the presence of
the plasma. As a result, a portion of the hydrocarbons in the reactant gas remain adhered
to the disc D without undergoing decomposition, and the overall content of DLC in the
resultant carbon protective film decreases, leading to a carbon protective film with an
inferior strength.

In the following, the effects of the present invention are specified, using concrete
examples.

(Test Examples 37 ~ 43)

After an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95mm and thickness of 0.8mm) was treated with mechanical texture-processing to -
form an average surface roughness of 234, a non-magnetic base film (with a thickness of
600A) comprising a Cr alloy, and a magnetic film comprising a Co alloy were
successively formed on both sides of the substrate, using a spattering device (3010
manufactured by Anelva), to obtain a disc D.

Subsequently, the disc D was transported into the chamber 10 of the

aforementioned plasma CVD apparatus, and a mixed gas was supplied from the supply



t hi ckness of 50A on both sides of the disc D. In addition, high frequency
el ectrical power of 50Wwas applied to the disc D, using the electrical
bi.as source 13. In addition, the difference in the phase of high frequency
el ectrical power supplied to each electrdde 11 was set at 180[err]. :
Subsequently, fonblin [ubricant was applied to the carbon protective film

to forma lubricating filmw th g .thickness of (15A therehy vielding a
magneti c r%?edf‘ﬁglt ¢hamber to ag}“WFea ¥ fate of L30scemy oy “F‘ﬁe‘%lﬂiﬁ ?%WO?%Png

was per f of gthRfobdie wilh @iy fa UrdbilendBrlivaroddh dFf1 o GOy Rsthme, ke \hettn MR

head, a CSS operation was perforned 20,000 tines at a rotational speed of
7200 rpm atHe seactapgasat ure of 40[err]C with a humdity of 80% The dynanic

stiction val ue s. monitored er,allow he .magneti c.recordi ng nedi um
Co it Tor one AGITArRLEE, dtbE cpBnbAtS Y 1 RENE! Wk ER3A s GorBn T
Raman specTitié 5aamesissofladfugting tierexhasst regitatingataiv@)7. was per formed on the
af orenenti oned nag{let I c recordi ng nedia, using a Ranan spectral analysis

appar at us ( manufihéteusame tigre kigh fregquenqgynelectrigalcpawer caf JOOW avas supplisdstotha i n
apbl € electTodeL lgﬁ{]g?@éatsmﬁ%ég %’i\nﬁ{ E@?ev‘t\%' %og}g{(g c?gl?cloyér%gecﬁgg .CHlfH V\ﬁ&?té]hg a €

Raman spectral analysi arned in
g-band i s thixksessed S84 apiotbsidemofthy dissI0c i addifiornhighafretbacdelectrindgoweed at

o or {1 AW PO ) i FUE b lsimeetg ales il Biashonfie [ B Ackifigg the
charact er i giffefenicé i tHeSpHade BORighi ftefuerchedlbetEsANIIWRE sdfpliatodeath electrode A1

magnetic recordi ngame i um was manufactured in the sane manner as the
af or ement | Gkttt Be0°exanpl e, with the exception that the pressure of the

eactant, e s ey KRR 5L B4 PP R B o

37 a Wititating il with Bahieknespet 15 A) tharebl yidldinpamaeetio retotiinn meiRee

magnetic recor d’iI'IrllegCgE?és?aesEplgeJ iei‘lst L%gllo%igg v?aissp%lrfglyrggd cIn? th-le-aan?ellg%e?ié recording
media. In the CSS test, using an MR head, a CSS operation was performed 20,000 times
at a rotational speed of 7200 rpm, and a temperature of 40°C with a humidity of 80%.
The dynamic stiction value was monitored after allowing the magnetic recording medium
to sit for one hour. The results are shown in Table 5.

Additionally, Raman spectral analysis (argon ion laser excitation) was performed
on the aforementioned magnetic recording media, using 2 Raman spectral analysis
apparatus (manufactured by JEOL Co., Inc). These results are also shown in Table 5.

In general, when a carbon film is analyzed according to the Raman spectral
analysis, a profile with- two peaks is obtained in which a g-band is measured at
approximately 1530cm™ and a d-band is measured at approximately 1400cm™. A smaller
value for Id/Ig, or alternatively, a higher frequency for the g-band peak results in greater
diamond-like characteristics in the carbon film.

(Test Examples 44 and 45)

A magnetic recording medium was manufactured in the same manner as the
aforementioned test example, with the exception that the pressure of the reactant gas in
the chamber 10 was modified by means of adjusting the exhaust regulating valve 17. The

test results are shown in Table 5.



38 Table 5 : Pressure of Stiction (-) Results of

Raman spectral anal ysis reactant gas (Pa) Gline
(enferr]) Id/lg (-) Test Exanple 37 2. 30 0.71

1540. 9 0.62 Test Exanple 38 37 3.60 0.50 1539.9
0.56 Test Exanple 39 4.70 0. 43 1553.0 0. 63
-IE_izaﬁrp :E)éazrgl e 4 éd%lgonall?f(, Raman 6p%ra? ana?ysm was per Sr?nSed 20n these magngtic r(?eégfdirl-geSt
Exanpl e 42media. Q‘hépesults also dlspﬁygd?;ln Table 5. 1535.6 0.51 Test

Exanpl e 43 _ 1558. 9 ' 0.76 Test
Exanpl e 44 13.1 1.24 1565. 5 3.77 Test
Exanpl e 45 16. 4 Crash 1566. 0 3.89 -

Fromthe results shown in Table 5, it is clear that the magnetic recording
medi a, manufactured according to a nethod in which the pressure of the
reactant gas at the tine of formng the carbon protective filmis

mai ntained at 0.1 ~1.0Pa, are superior in durability when conpared to
magneti c recordi ng nmedi a manuf actured according to a nethod wherein the
pressure is set outside of the aforenentioned range. Mor eover, anong
the aforenentioned, it is clear that magnetic recordi ng nedi a manuf actured
according to a nmethod in which the pressure of the reactant gas is
maintained at 2 ~ 6 Pa, in particular, exhibit a superior durability.

In addition, the carbon protective filnms of magnetic recordi ng nedia,

manuf actured according to a nethod wherein the pressure of the reactant gas
is maintained in the aforenmentioned range, display g-band peak val ues at

hi gher frequency when conpared to those manufactured according to a nethod
wherein the pressure is set outside of the aforenentioned range, which in
turn lead to a low Id/1g and greater DLC content. As described in the
af orenenti oned, in the nethod for nmanufacturing .a magnetic recordi ng nmedi um
according to the present invention, a carbon protective filmexhibiting a
superior durability is produced by neans of maintaining the pressure of the
reactant gas at 0. 1 I OPa at the tinme of formng the carbon film
Accordingly, it is possible to make



39 the carbon pr'otective filmthinner while also maintaining a sufficient
durability, and thus to provide a nagnetic recording nediumthat is capable
of. reducing spacing loss at the tine of recording and repl ay. :

Therefore, it is possible to provide a B8ghly reliable magnetic recording
medi um whi ch can support a sufficiently high recording density w thout

| owering t out put properties thereof In addition, it is also
possi bl e t ﬁ?lﬁgrease the coating rate, and production efficiency.
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From the results shown in Table 5, it is clear that the magnetic recording media,

manufactured according to a method in which the pressure of the reactant gas at the time

of forming the carbon protective film is maintained at 0.1 ~ 1.0Pa, are superior in

durability when compared to magnetic recording media manufactured according to a

method wherein the pressure is set outside of the aforementioned range.

Moreover, among the aforementioned, it is clear that magnetic recording media

manufactured according to a method in which the pressure of the reactant gas is

maintained at 2 ~ 6 Pa, in ﬁarticular, exhibit a superior durability.

In addition, the carbon protective films of magnetic recording media,

manufactured according to a method wherein the pressure of the reactant gas is

maintained in the aforementioned range, display g-band peak values at higher frequency

when compared to those manufactured according to a method wherein the pressure is set

outside of the aforementioned range, which in turn lead to a low 1d/Ig and greater DLC

content.

As described in the aforementioned, in the method for manufacturing a magnetic

recording medium according to the present invention, a carbon protective film exhibiting

a superior durability is produced by means of maintaining the pressure of the reactant gas

at 0.1 ~ 10Pa at the time of forming the carbon film. Accordingly, it is possible to make



40 . The hydrocarbon preferably conprises at | east one type of
hydr ocarbon sel ected from anong | ower saturated hydrocarbons, |ower

unsat urat ed hydrocarbons, and | ower cyclic hydrocarbons. The
ni trogen gas is added into the aforenenB?oned mi xed gas at a addi ng vol une
of 0.1 ~ 100% of the m xed gas. A adding volume of the nitrogen gas to the

m xed dg | ess than, 0. 1% by volupge, or alternatively exceeding 100% by
vol une r edie 63bpm grategtiys ddm tbf““?h%’hﬂ%lﬂﬁe rmantatndng ¢ geflicienhurahilien and thusr n

l'eads to aB grHAHs birdghlli h felif
the m xi ng rﬂartti o of tgﬁle %?égog&lrre ﬁeghuén thrﬁtgsegé%ggedo hydr n%tsg&b%?o%gqhh%r ogen
i s pref er abhgof mcondmgmindreptent i oned range si nce a mxing ratio of the

hydr ocarbon to int m xed S.0 t han t he afor.enentj oned
r gnge | eads to 'Q}éfeefo%cgds 88%?5\5?1@0 PE&"é&\A%P 1 'ﬁ%@?gé‘ﬁpé recoFding medivwm,| |
i ndust ri alwiieR@df tsupport 9 Siffidiehtly hgHredording Qiehﬁtyemsgﬂ Rewerid@ the output

af orenenti oned range results in an increase in the stress re |n|ng th|n
t he car bomrﬁpml@dbﬁf@@ffl I m | eadi ng to | nferior adhesion and an inferior

resi stance to S ive.fil

addition, a | ov\q/gr 41&0‘5 OC%.I‘I oa#(? ?QESI&? erabl cgéagésgcgé S rﬁVdFBSa?‘BSH&m“. f

t he nunberefﬁ)élemyr bon atonms of the hydrocarbon exceeds the aforenentioned
range, it is difficult to supply the hydrocarbon as a gas, and in addition,
at the time of discharge, difficulty with the deconposition of hydrocarbons
| S_encount er ed g WieC lloibdl" Bndtfg mbBaitdif 810 theP WU 184 rhdruBchHAN! NG
hi gh polyners that are inférror In strengt en carryirng o
operation magmetlcﬁ Iresordiag ancﬁlumh@cpahng dottheg psesest mvedtemahising an tekemplanige of
50 ~ 500sc dd tion i N ressurge of .the chanber 10 is

pr ef er abl ))Vclg‘élf hﬁt ?rﬁ‘é‘e'bqoéﬁ’gtp Pﬁa %\Fﬁpﬂé sé Wi iy} 'f“reiflﬁaFmployed At the
same time, hi glnitiaRpUeh6HnR ﬁéﬂdbé‘s@'ﬁhﬂ%rm neﬂ&qﬁlﬂr@éliewoéﬁewo%%\/me%
supplied to the el ectrodes 11, using the frequency el ectrical power
source 129 tadlqge'ﬁégllﬁlé SB\’%% acgmdmgﬁeraemythpérsmlaa%aﬁwtﬁrwpm@mpﬂ@dfqn m on
bot h si de§h fikd lg@o‘?‘ means of plasma chem cal gas phase grow h,

using the a orérre I one react ant gas as a starting material. The thi ckness
of the car bon [hetneoimagnefic kubstratepnzfyf empisg any stiiseratexhgids @énesilly UsedAs a

When suppl ectrical. ovver to e electrodes, 11 and, 11, it is
pr ef er abl éng%’%ﬂ"ahﬁ 3 fespeti &0061% R e é?iﬁm?d s ?fQEP“E%‘t‘@B% The

el ectrode nia%ermlfafnarmmme&yomﬁ@nﬁoxpﬁmgﬁedct b&3 FIRE aRPasEnRlic HIRC S £8) AOVer
supplied to each el ectrode, is poSsible to inprove
described in the aforementloned

Subsequently, the disc D is transported into the chamber 10 of the aforementioned
plasma CVD apparatus, and the surface of the disc D is exposed to the reactant gas,
which is supplied from the supply source 14 through the introduction tube 15 into the
chamber 10. The gas is then exhausted from chamber 10 via the exhaust tube 16 to
circulate the gas therein.

According to the manufacturing method of this embodiment, the reactant gas is
that comprises a mixed gas of hydrocarbon and hydrogen, with a mixing ratio of
hydrocarbon to hydrogen in the range of 2 to 1 ~ 1 to 100 by volume, into which nitrogen
gas is added at a adding volume of 0.1 ~ 100% of the mixed gas, and preferably 50 ~
100vol%. |



41 both the coating rate and durability of the protective film The
difference in the phase of electrical power supplied to each electrode is
preferably in the range of 90 ~ 270, and in particular the opposite phase
(i.e., 180[err]) is preferred. | *0addi ti on, when form ng the carbon
protective film it is preferable to formthe filmwhile perform ng bias

appl yi ng, such I gh frequenc las or pulse D.C. bia o the disc D,
usi ng the el ect ?ﬁ%g}’&ﬁf‘%{ °’§8U%E‘éb 3‘?°mp“seg at ﬁeﬁét VKPS Pgh!fér&f’ar paseleglef s
vol t age angoifnbn fovir SaktirREE hgliotadens 66kt BRGnirtel Ny dAf @A NddORREe

In addition, a lubricating filmmay be provided on the protective film by
means of agisligihydracadons.or enenti oned | ubri cant. In the

f [ d ' A f
ol erent | ened GAOMLASLYEAIR LI, 50ubMan SR Bindie 4 RS me
and pr ef er af0.y ~5100% dOtheontixed ghs) eaddiny volume ofitheehitrogen ganpthemixed gas of

hydr ocar bon and hgdgo en, wiwth a mxing ratio of h dgocarbon to hydrogen in
the range s $hang01% Dyiyoluye. By altematively gxceeding | 108% by £ lwing gedires e bon
protectiv ' | ;i o ' ability.
Accor di nglel;lla{rmllétgk Pgﬁ%ocggogﬁgo?g@ﬁae@ed’ ;"ﬁ]é&%:glﬁggﬁl@%#yo%ggﬁ? s\?/lgﬂ @Fx?t%u{ﬂd{il?\%?r

whi | e mai nt ai ni Ingaddlitsorf, fthe feasen that disi inixiyg ratiedofi the afgrementiened mixgd edas ©f
recordi ng jedi um t hat. i s capabl e. of. reduci spaci nq loss .at the tine.of
Fecor di ng DGO hydtoSHE Pree@bly & thF aRite Rt R st Mg THigh y
reliabl e ngfumethyardcadondb Fh?df@dh inthe Ml €RLIIENRRAAL thR HbfdmentiBAdd YanBk gh
recording density w thout [owering the output properties thereof. )

The reasorletdsato 2 redused gaating wte which is upsuisile foppractical industriplpredutiansi ng

a superi org; HENAY ' gqﬁ ' Ich ni tgogen
gas has beselﬂ}i{aaggé% hg%/mg)f%gg?{r%e@%% B&?réeﬁ%e : lé&éhllggg/g B%Smtt%lw\fe}' ar(iﬁ R e%gsgeafél tgg t he
react ant gsasessirerhdisingiwithinfthé ecarbonproteetivd fitmnieading ne dnfesivb adhgziodt &t ane
film is unglear, but is pot.hesi zed as, fol | ows. It is hypothesized
that by rre‘&f%‘o(")fes&%aﬂ‘?ﬁt gggd’émearieﬂﬁﬁﬁt WP?‘&)B‘@‘\“@‘X% ﬁé@-_ the reactant gas, the
nitrogen atons RoRiddh, 'a0RNEt i8rddaea is YdfelabRXiistliSas! te tHYBrdcafRAN. if the
protective film thereby increasing the chemcal stability and mechani cal
strengt h ofunbies afagaslon promseof theehydrogarbon exceeds the aforementioned range, it is

difficult to supply the hydrocarbon as a gas, and in addition, at the time of discharge,

difficulty with the decomposition of hydrocarbons is encountered, which in turn leads to
a carbon protective film containing high polymers that are inferior in strength.

When carrying out the operation, the flow rate of the reactant gas is preferably in
the range of 50 ~ 500sccm. In addition, the inner pressure of the chamber 10 is
preferably set at the predetermined value, e.g., 0.1 ~ 10Pa.

At the same time, high frequency electrical power of preferably 50 ~ 2000W is
supplied to the electrodes 11, using the high frequency electrical power source 12, to
generate plasma, and thereby form a cérbon protective film on both sides of the disc D by
means of plasma chemical gas phase growth, using the aforementioned reactant gas as a
starting material. The thickness of the carbon protective film is preferably in the range of
30 ~ 100A.

When supplying electrical power to the electrodes 11 and 11, it is preferable to
make the phases of electrical power supplied to each electrode 11 different. By means of

shifting the phase of electrical power supplied to each electrode, it is possible to improve



42 A Additionally, in particular, when providing a lubricating film
on the carbon protective film by nmeans of using a reactant gas containing
ni-t rogen gas, the wetting properties on the surface of the carbon
protective filmare inproved due to the*! ntroduction of the ni trogen pol ar
groups. Accordingly, the affinity of the carbon protective filmto the

| ubricati fi.l m.ioproyes eadi. I mr gved..dur.abi L.i; of .the magnetic
recor di ng%@%‘lﬁ rﬁoatrlr'Pg rate a%‘iurgbelé{s}g# @8 P rr@g% Vie%.bl o hghea%'gite eélc?/%ﬂ @ﬁé’hﬁ% °ft
ni trogen Ghgtrical pbﬁemupﬁﬂecgﬁﬁea’cn elddrodé iy preferublyplicthe raip@efiem + Daoe, add inhe

adding volune is less than the aforenenti oned range, the aforenentioned

ef fects bdapiflar the ernositephase (if.| B0 ¥s prderiei ng vol une exceeds the

af orement i oned t el C b i Il m
a7 1 f th btib O Bl 24

becones t oo hi gﬁ%aﬁtgiga’l ngeto&ra cree%gt;e | rc)tt%tel stre’ﬁ%tﬁar()e?ér?ﬂgq%g%b%ﬂe

pr ot ect i vdilfmi while performifig biasrapglyirg)ishch gs high frequehey biae of philsed.6gbiashe

effects of the present, invention are specified, using concrete exanples.

(Test Exartpg #sc ﬁ’s“ﬁﬂ%t@f?ecmcal%las,&?'tlré??qgn al um nium al l oy substrate coated

with a N P et athefldonliitions bibas dheH B $31tagk 288 thanied sretReRlabRS Ss Msclib& M

was treated wi th nmechani cal texture-processing to forman average surface
r oughness thg afpgemensionesh- magnetic base film (with a thickness of 600A)

e o . : iy 1 ey T
cuceessi val y 1 ap RuREn, ERPrERIIR, by R olGRTY] e Habry® A & miflys
devi ce ( 3Qpplyinpthé afirementiongd Aibgicemt), to obtain a disc D.

Subsequently, the disc D was transported into the chanmber 10 of the
af or ement i oned Ip/the ﬁ%rmtmérra@w&ctlzmg methode s the Frastaphgass hypeay of om

the suppl %daﬂg %?gtfcgéeﬁxgélg,ﬁaé tahkh?gfri%aw}mﬁﬁsm E)? %E}Cyh LG58 ogtlfel i¥ed %?se, tagé Bfle%}aﬁl‘gc m

A m xed gas o gen, a mxing ratio ene t
hydr.ogen &0 ~11005% b9 viojume|intoshe mixesl gasi compmisingdyenoaesomms lyddegdnawith a

addi ng vol une shown.in.Table s used,as_the reactant .. _Fur.t her nore,
the. | aner THREEIANS b by irhEtofn i bRSe AetnR Reel o L oo B0 by votbme gt} b
same timethdikigle bf QSHHAME Yhe® tABbA IpiatectPREIm Othe SERMINPFotsstivR! filefl ekifibitd@

el ectrodes 11 to generate plasma, and thereby formthe carbon protective

filmwithsaperier drrability.oAcserdingly, ioispossibledo stake e eirken protestive film thinpes,
high freq Wﬁymﬁhﬁﬁﬁﬁé Q%fficient durability, and thus provide a magnetic recording medium
that is capable of reducing spacing loss at the time of recording and replay.

Therefore, it is possible to provide a highly reliable magnetic recording medium,
which can support a sufficiently high recording density without lowering the output
propérties thereof.

The reason that it is possible to form a carbon protective film possessiﬁg a
superior durability by means of using a mixed gas, in which the nitrogen gas has been
added at a adding volume of 0.1 ~ 100% of the mixed gas as the reactant gas at the time
of forming the aforementioned carbon protective film, is unclear, but is hypothesized as
follows. '

It is hypothesized that by means of using gas containing nitrogen gas as the
reactant gas, the nitrogen atoms bond to “dangling bonds” which exists in the carbon
protective film, thereby increasing the chemical stabiiity and mechanical strength of the

carbon protective film.



43 power of 50Wwas applied to the disc D, using the electrical bias
source 13. In addition, the difference in the phase of high frequency
el-ectrical power supplied to each electrode 11 was set at 180[err].
Subsequently, fonblin lubricant was appl42ed to the carbon protective film
to forma lubricating filmwth a thickness of 15A, thereby yielding the

magneti c recordi me%m . The CSS test and Corrosi_on test the
fol'l owi ng ver e AEMHGRALY BrPetigulanHBen ProvigBeat IHPHENNE, fim on the faibae css
test, usingrofRtiMRANBAEY ednSDIARAIRS ir@oLtNAzal ohRiiBES ndfbdafl Gak] Eﬂé:lwﬁ[{tjin dity

rotational” speed of 7200 rpm and a tenpera ure of [err]Cwt
of 80% Therogemiasian she cuiface whl the eabomprpteotied fiint ere amproved gduend¢o the

magneti c r. ' | U 0. Si or _Q hqur.. .. | Nt he cor,rosi on
oot aft diguedsd B fhe' Btk dola® ax iR 1 Weoroinete e’ S0 57 H¢ 50N g
hum dity (f0béctivé fitmneagthetliridatiog rfilmninpredes) Radage &0 aigdved dafhbiity Uf the
ultrapure water,  at 25[err]C, and the extraction anount of Co (per substrate

area) fronfPRERSGITeGosHae dediier was neasured. In addition, the extraction
t of Co ' i : | . netic
PO O AITAR Y g SR AR o e b 0908 RS

recording nmediumto sit t norma ature and
nor mal hurdfdiementio@sd) rangéd esstbatt i she adsing vslueneds d¢seian the Bfdremefitioredaatge,

Exanpl es 48 apd 49).. neti c_regcardi ng.nmedi um was nuf act ur ed
Garng o gdbe SfifediEftionedsffeptidionme Snuitlth, Nhilat e adhe Hrnie Gasedathy
addi ng vol ifgRnfehfivhed fhn%@gbih@ fitrogén EdiRertSiACtha MHartbhSprofdd8vEFint bR 900
corrosion test were perforned on the nagnetlc recordi ng nedi a. These test

resul ts arlighleeding o decrqasp|ia the strength of the carbon protective film, and inferior

44 durability.

In the following, the effects of the present invention are specified, using concrete
examples.

(Test Examples 46 and 47)

After an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95 mm and thickness of 0.8 mm) was treated with mechanical texture-processing to
form an average surface roughness of 204, a non-magnetic base film (with a thickness of
600A) comprising a Cr alloy, and a magnetic film comprising a Co alloy were
successively formed on both sides of the substrate, using a spattering device (3010
manufactured by Anelva), to obtain a disc D.

Subsequently, the disc D was transported into the chamber 10 of the
aforementioned plasma CVD apparatus, and a reactant gas was supplied from the supply
source 14 into the chamber to achieve a flow rate of 130 sccm.

A mixed gas of toluene and hydrogen, with a mixing ratio of toluene to hydrogen
of 1 to 10 by volume, into which nitrogen gas was added at a adding volume shown in
Table 6, was used as the reactant gas. Furthermore, the inner pressure of the chamber 10
was maintained at 6 Pa.

At the same time, high frequency electrical power of SO00W was supplied to the
electrodes 11 to generate plasma, and thereby form the carbon protective film with a

thickness of 50A on both sides of the disc D. At this time, high frequency electrical



Tabl e. 6 Addi ng vol. Stiction (-) Coating

Corrosion test of nitrogen r-ate Nor mal
tenp. Hi gh tenmp. & gas_(vol. % (A/m n) &
hum dity hum dity 43

(ng/cnferr]) (ng/cnferr]) Test Exanple 46 50 0. 88 664
8 (2); Test ogvr?g Pé g‘%\&e\%&s a%fagre@ koethlydisc ]I,fl'l%(})ng the ele%r%a? zias sour&ei%.z In addition,g: %i

Test Exanphedifférenc@@the phase of highStequency élédrical power Gupplied to each eledraife
From Table 6, it is clear that the magnetic recording nedia manufactured
accordi ng 1l vag sgedtdS8°- whi ch used a ni xed gas, into which nitrogen gas was
added at a addigy MEE fShbin : 9 . ] . r nt
gas, exhibited 1 g\s/ve%sg? c‘ﬁ’%n %gr‘ﬁ%g,“ﬁ%&.“%‘ﬁ%éEggﬁﬁéf‘ft%‘?*%ﬁ?g'b?ﬂafﬁ.
Addi t i onalal ppricating filve witls @l thickmbsst bf 164; rthereloy yielding the magretie aecdrtig

t hese magnetic recording nedia contained only an extrenely small anount of
corrosi on,meéiHH“'exhi bited a I evel of resistance to corrosion which poses no
probl em for pragiCsd tés68nd corrosion At ?H@fcﬁloﬂﬁ% Wikrd BerfainidCoE e AAgthtic! N

t he method for, manufacturing a magnetic recording nmedi umaccording to the
present i meordingmediaa is possible to forma carbon protective film
conprising a s i il r di~@d it is possibl ke the
car bon prot ect :il\?g{éf ??%g"i*ﬁﬁﬁiﬁ‘ ratry\/\%ﬂl ;!eie%gi g%‘%!pr?{ %‘}oﬁi“r’l BT OIEW&&E)@R 1mes

dur abi | i t yt aaotibe) cpeddecfliTZ00Spag i and 4 temsperature of 40P0UWith iat hunSidRYSFigoke to
provide a_highly reliable magnetic, recordi ng nedi um which can support a
suf fi ci entrl{]hﬁ%ﬂf‘%wcrs@%?‘wﬂbe wan gonjtorgdiatist allowing the magreticyaeqsdingpnesdiemt i es
thereof {5 it for ont RoN€ fol l owi ng, an enbodi nent of the nmagnetic recording
medi um according to.the present invention is described. Figure 4 shows an
enbodi ment of iinéhenemyrostancteste efeisittingnfiodi99rhascs atr alhigh tempetaturpr(68°€)tand

or ot ect  viiet iRy e R B 2SR ifulihy R GRG oo, B PR o

non- magnetwatersay258C,adnd the extraction amount of Co (per substrate area) from the ultrapure

water was measured. In addition, the extraction amount of Co was measured in the same
manner after allowihg the magnetic recording medium to sit for 96 hours at normal
temperature (25°C) and normal humidity (50%). These test results are shown in Table 6.
(Test Examples 48 and 49)

Magnetic recording medium was manufactured, using a gas, in which nitrogen
gas had been added into a mixed gas at a adding volume shown in Table 6, as the reactant
gas. The CSS test and corrosion test were performed on the magnetic recording media.

‘These test results are also shown in Table 6.



45 . The non-nmagnetic substrate S may conprise any substrate that is
generally used as a substrate for a magnetic recordi ng nedium exanples of
whi ch may i nclude an al um nium al | oy sub“strate coated with a Ni P netal

film and substrates conprising gl ass i cone, and the |ike. In
addition, the surface of the non-magnetic substrate Sis preferably treated
wth text wfa%ggocesm ng, e.g., nmechanical texture-processing. In

parti cul ar € average surface roughness (Ra) is preferably in the range

of 1 ~ 20A . Pr ef Addimgvobx dntictisn ¢ |t [Coatiept eri al s C@fosioheesnon nmagnet i-c
base fiIrr41 and magn=t| film42 are as |descri bedin—ihe—arererentipded.
The thickpess of the Pnr%% f8tilc base fill m&T ar H\I?fﬂ‘tj'h e | £ e'RE ‘?Z

preferablly in the rangegas;{voli(%% 1000A, and (&nin) EO(BAhumldBpe t | ity
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exceedi ng| TOBxampdaAX 5 | N200 nagnet Ctashecqr dileg nedi ud4d th a gr easer
spaci ng |less—at—the-tlnme of recording ang—pepl—ay-_mm_»;h_Lea.is_t_a_a_hJ_d her

| i kel i hood of | owering output properties when increasing recording density.
The spatter carpom MBYR 623P i OMlaf! @fe WadrREic S

protective film43, and i f ]Lﬁ %ess [ Sel na% ecrllg%se %&d@%ﬁ@:ﬂﬂ'gd

pr ef er abl wcsadmngmethod wthh ubéd & muzed ghs, I1msswh1hhm1tﬁdgmegaulv(zas ddded at a

weakeni ng of..the .bond h atte carbon | ayer 43b a b |cat| ng
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recor di ng stedlbnl Valuek) leldin®tb el sipRfibr dardbilitgknaasitiexaBedide tﬂ@@éult@%f' th§ in
a decrease in the output properties at the tinme of increasing recordi

density. corrosionpessfibsiciefr thed thsise snagnetigiecaisdting madia contained anlihan @SttﬂmeYf il m

44 may incgwﬁﬂ&{r& o‘f%%%}{e%ﬂleéxhh iPef&bA 1&4 HP;ADfsmge t@ggiaﬁgn W& pddl§

t hi ckness 0 ubricating I's prefera
46 no problem for practical use.

As explained in the aforementioned, in the method for manufacturing a magnetic
recording medium according to the present invention, it is possible to form a carbon
protective film comprising a superior durability. Accordingly, it is possible to make the
carbon protective film thinner while also maintaining a sufficient durability, and hence
reduce spacing loss.

Thus, it is possible to provide a highly reliable magnetic recording medium,
which can support a sufficiently high recording density without lowering the output

properties thereof.

In the following; an embodiment of the magnetic recording medium according to
the present invention is described. Figure 4 shows an embodiment of the magnetic
recording medium according to the present invention, wherein a non-magnetic base film
41, magnetic film 42, carbon protective film 43, and lubricating film 44 are successively

formed on a non-magnetic substrate S.



In the foll ow ng, another enbodi nent of the nmethod for manufacturing a
magneti c recordi ng nmedium according to the present invention is described,
usi ng an exanple in which an aforenenti gned magnetic recording nmediumis
manuf act ur ed. Figure 5 shows the4§patter equi pnent used for

manuf acturi ng the aforenenti oned nmagnetic recordi ng nmedi um which conprises

S o of the chaiuiaatvert bt 8 e thilplin’ ' dielcedtasFacterti bfed .

pover to tdsea sabisyatesfdrld niaghetpkecosding @eediiinf exarsplad bEwIGES nkyi @bludu Rl | es
spatter gas into the chamber 50. . .. The chanber 50 is connected to a

i nt r oduct i BHmingHR aBay Snstirtefoated veith p NiR metaldilmy gad substrates gompeising igdass.uppl v
source 53 difdoRe tdM8 thdAEDEr 50, and an exhaust tube 55 which expels gas

i nside of the chanber 7 out of the system The target 51 may

princi pal |y corfpraddisionathesnrface of the nGirenagnetit substratesDisrprefebdlyrayated mith se a
D.C. electrical source, or _a high,freqguency electrical ,soyrce. I n

o der “t o HERTRERPRPEDE; .8 sr BARH HESTE TRORFARRE cin RO o AlaresR SRy he
af or ement i@ﬂgﬁ,em%gp@gmmme%emmsnm&vD apparatus shown in Figure

1, a non- magnetic base film 4l conprising a Cr alloy, and magnetic film 42
conprising a Cdreferre exemplascek sky matsrialy fore theo Ropaagnsticl deseofilmn4 bl andi ni um
al l oy sub 4 LD ' L. according to a nmethod such

as a spat %@%@%lﬁ}lﬁgyﬁe@ﬁ\éﬁfg&f%d%@ aelnégﬁ %Imcﬂ}l géﬁ% Subsequently, the

di sc D is transier thicknest @ftthe némmbagnetitObade filva 4f cardnenghetiedilpl agnik CVD

apparatus, and.the surface t I SC i posed .tq the reactant gas,
whi ch is %irsﬁaPLdeftﬁ%mﬁ8f§‘§1565§°§nﬂ}dc5 lgoﬁéem‘?_@m’ Yroduction tube 15
into the chanbgh tHOmafhedi® rébiraihgdAdihM REGrAHRH BAnY b?es&t}qns‘em% p,S{hetcu&%nlfi to
circulate the gas_w thin. ] -The reactant” gas is preferably a m xed gas
of hydr oc @r@jeetivgninh gy epsrprisei a twaalaye stmecturgt comptising dr plesmd 6V @atbpdr ogen
in the ran ' =1 1. 0 , d, t.he hydrocarbon,prefgrably
conpri ses I%fér 9%%5% ﬁlgeﬁéaﬁcéﬁ&ég%%g%y‘g%éﬁéaa?b% R OedCtagg ki }{%e%%r 8“I1%(ﬁ§r4%

sat ur at ed foybdaherebw BccordingVes a spasRi-usAingdndilied. ocar bons, and | ower cyclic
hydr ocar bons.

The thickness of a plasma CVD carbon layer 43a is preferably in the raf4n;e of 30
~ 1004,

A thickness of less than 30A results in an insufficient strength for the entire
protective film; while a thickness exceeding 100A results in a magnetic recording
medium with a greater spacing loss at the time of recording and replay, whicil leadsto a
higher likelihood of lowering output properties when increasing recording density.

The spatter carbon layer 43b is provided on the surface of the carbon protective
film 43, and its thickness is in the range of 5 ~ 1004, and preferably 30 ~ 100A.

A thickness of less than 5A results in weakening of the bonds between the spatter
carbon layer 43b and lubricating film 44, leading to an inferior resistance to sliding of the
magnetic recording medium. On the other hé.nd, a thickness exceeding 100A results in-a
decrease in the output properties at the time of increasing recording density.

Preferred examples of the materials of the lubricating film 44 may include
perfluoropolyether, fomblin lubricant, and the like. The thickness of the lubricating film
44 is preferably 5 ~ 40A.



When carrying out this operation, the flowrate of the reactant gas is
preferably 50 ~ 500 sccm Additionally, the inner pressure of the chanber
10 is preferably set at a predeterm ned value, such as 0.1 10 Pa.

At the sane time, using the high frequeﬂéy el ectrical power source 12, high
frequency electrical power of preferably 50 ~ 2000Wis supplied to the

el ectrodes 11 t ener.ate pl as an . pl as D carbon | ayer. 43a, the
t hi ckness of V\/r#lcﬂ"el 201 SFefer 55{’@'3‘? ﬁrtﬁg@lrﬁ%{ﬁggp&%ﬁaﬁog ,mggufF%tPHE% ¥n
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usi ng the aforenentioned reactant gas as.a starting _material. When
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In addition, it is preferable to formthe filmwhile perform ng %l as

appl yi ng, suppliesspattergias inte theethemnbei 3¢ or pulse D.C. bias, to the disc D

usi ng the el ectgical bi ) S| hi f r.equenc |l ectrical
source as the eTHeec?%ralmc?’gﬁggﬁ%gg@%ﬁéowﬂﬁ?‘éﬁwr%g%gﬁé@'/hlglf §g§ tp eisf’p?g\%r -of
10 ~ 300Wgas sppgifedr frbmythappppl§csoutcet 56 into sthe [Ghabieli 50,040 by exhdven tubei 51

pulse D.C. electrical .sqource as the el ectrical bias source 13, a voltage of
- 400 ~10VW@dﬂ)f:’éﬁeésr%ﬁﬂ‘W“g“p‘ﬁ‘le‘ihéﬁh%rﬁbqrﬂ@‘ﬂiogéhelj.YStFH‘r-therm)re, the width of

pul se is pref erﬁ;eélt)r(rg'epﬁ Yﬁ’gﬂﬁﬁ‘;‘ﬂfi&’g ﬁs.e5‘919&91. ns, and the frequency is

preferably in t nge o The resultant plasma CVD
carbon | ayer 43khecelettmicals saurhé gi?emayonomptiseofa Bi.Gneledtridak soumebon { Diglh of
an increased hardne§s and is superior in strength, when conpared to the
carbon fi IHEUPEYHEFI@ALSPECFg to the conventional |y known, spatter- coating

net hod. IP0bER 4o elablifctur thedifSre mentiSredt g rtit reopdifg m¥divin uﬁng s M
CVD carbon | ayer 43a has been formed according to the aforenentione

oper at i on aferementigned $paiRT eqnipaenhand plaswa CHD apparais sbpwntin Figigeilpawen; and
e sur kol B PASIEC PePh  EbgedOFo SBrpi  Coioy
48 ~ are successively formed on both sides of an aluminium alloy substrate S coated with a

NiP metal film, according to a method such as a spatter-coating method, to obtain a disc

D. |

Subsequently, the disc D is transported into the chamber 10 of the aforementioned
plasma CVD apparatus, and the surface of the disc D is exposed to the reactant gas,
which is supplied from the supply source 14 via the introduction tube 15 into the chamber
10, from which gas is exhausted via the exhaust tube 16 to circulate the gas within.

The reactant gas is preferably a mixed gas of hydrocarbon and hydrogen, with a
mixing ratio of hydrocarbon to hydrogen in the range of 2 to 1 ~ 1 to 100 by volume, and
the hydrocarbon preferably comprises at least one type of hydrocarbon selected from
among lower saturated hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic

hydrocarbons.



suppljed into chanber 50 fromthe supply source 53 via the introduction

. tube 54. Gas is then exhausted via the exhaust tube 55 to circul ate the gas
Wit hi n. The spatter gas may conprise argon, which is generally used
in the spatter- coating nethod. In part4tular, a mixed gas conprising
argon, into which at | east one gas selected from anong nitrogen, hydrogen,

and net hane is ded at a addi ng volu o the on of 0.1.~ 1Q0%.b
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carbon | ayer 43a and spatter carbon [ayer 43b, an ricating’l ayer 44 are
successi velagmamhemitabgas bhase grewthatuging, the afqrementitedd reactant gak ras tahstarting
af orenent i oned, magneti c recordi ng nedium since the carbon protective |ayer
43 is pr'omaéeé 'wWith a plasma CVD carbon | ayer 43a formed according to a

pl asma CVD et iisbn supglyediatleetiictiepdindt toake eled@bddsOr IMBel 2£Cip i hREerhble 30
spatter-coating nethod, the adhesion of the |ubricati ng film44 to the

car bon pr 8take thephases of eeptrical pawerempplied (theach elestigde 1 bdiffesense Byoneans of
durabilit . ' : | 3 r.bo r. 43b

f or med beIrerl\le(gﬁsthgf p}gatps)%% ?’ g H%g&%g?@%gr e(k;]flﬁeerdt %ﬁ%@?te%? {rp(g%r% gl &#Sp%'gnﬁ s1§ when
conpar ed possithe tcmigrove fhel cvafing rapel amdt darablilityg of the tphetegtivastiien. CVhe diffeheande

Ther ef ore, bondi ng ich {nvolves the "da i ng, bond" creates a strgnger
adnesi on 506 U ARtcah SOV Wpabe Ak RIS B e an el BBt Pt o0
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carbon | ayer 4Buadditionpessiprefesbiectogfolm the filns whilegiehfoeming biakapplyiag csmebon
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as "spin- o8 f ‘Whéh skt QRAY BRbduRAcy electrical source as the electrical bias source 13, high
frequency electrical power of 10 ~ 300W is preferably applied to the disc D.
Additionally, when using pulse D.C. electrical source as the electrical bias source 13, a
voltage of —400 ~ -10V is preferably applied to the disc D. Furthermore, the width of
pulse is preferably in the range of 10 ~ 50000 ns, and the frequency is preferably in the
range of 10 kHz ~ 1 GHz.

The resultant plasma CVD carbon layer 43a contains a higher content of
diamond-like carbon (DLC) of an increased hardness, and is superior in strength, when
compared to the carbon films formed according to the conventionally known, spatter-
coating method.

Subsequently, the disc D, on the surface of which a plasma CVD carbon layer 43a
has been formed according to the aforementioned operation, is transported into the
chamber 50 of the spatter equipment, and the surface of the plasma CVD carbon layer

43a, formed on the aforementioned disc D, is exposed to the spatter gas, which is



49 . Accordingly, it is possible to provide effects of reliability
and a sufficiently high recording density, w thout |owering the output
properties thereof Furthernore, in the aforenenti oned enbodi nent,
the carbon protective layer 43 is provid&d with a two-1ayer structure
conprising the plasma CVD carbon | ayer 43a and spatter carbon | ayer 43b.

However, the netic recqrdi ng edi um accordjn o.th tesent _i.nyent.i on

is not Ii rﬁ“PBE‘?‘g%‘? El?@‘beéﬁgwt%ﬂ %P&W‘f%@ 3351%’? HE‘E‘@P&“%@‘BEQ& rﬁ%stlﬁr ee
or nore | 348k 8xhausted via thd ekitdis Bbé 93t dEircuildie tigf gRGlithivf the present

I nvention are specified, using concrete exanples. (Test Examples 50 ~ 52)
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‘achi eve a thtacmmarte of 130sccm A m xed gas of toluene and hydrogen,

with a mxing ratio of toluene to hydrogen of 1 to 10 by vol une, was used
as the react antInghis operatipn.i the pwraterafdhe spatter gasds praferably 20me3Qthsgeper 10 was

mai nt ai ned at . the ' ' ri
power of 500w cSbReqsnty. . HichiEs BRI delfiforoRhihnte SAMBAF Yotk BhE b The
t hereby f dike & apph&d® thy/Epater barboh biyer 43153 acedrtiingao b ldippime msthotl of G likee. bot h
sides of the disc.D. At this ting, se DC bias of -120V (with a
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disc D at the tinme of coating was naintained at 150[err]he difference in

t he phase aafbani lgyerf43acandrapgtter carbon layer 43b, and lubricating layer 44 are successively
formed on the substrate S, is provided.

In the aforementioned magnetic recording medium, since the carbon protective
layer 43 is provided with a plasma CVD carbon layer 43a formed according to a plasma
CVD method, and spatter carbon layer 43b formed according to a spatter-coating method,
the adhesion of the lubricating film 44 to the carbon protective film 43 is increased,
which leads to a superior durability. '

It is hypothesized that the spatter carbon layer 43b formed by means of spattering
has a greater number of “dangling bonds” when compared to the carbon film formed
according to the plasma CVD method. Therefore, bonding which involves the “dangling
bond” creates a stronger adhesion to the lubricating film 44, and thus leads to the superior
durability of the aforementioned magnetic recording medium.

In addition, since the carbon protective layer 43 possesses a plasma CVD carbon
layer 43a of superior strength, it is possible to make the carbon protective film 43 thinner
while also maintaining the durability, and thus reduce spacing loss. In addition, it is

possible to prevent problems such as “spin-off” in CSS operation.



50 electrical power supplied to each el ectrode 11 was set at

180[ err].addition, the distance between the disc D and el ectrode 11 was set
at 30 mm Subsequently, the disc D, on the surface of which the

pl asma CVD carbon | ayer 43a was forned ﬁ%cording to the aforenenti oned
operation, was transported into the chanber 50 of the spatter equi pnent,

and the spatter, gas,.sypplied fr t he sup squrge.53 s dikected.jnto
fhe chamber 50 ARCRREFIY et eonbly to oy Biphes ot fefibily AAch SighiGerdhmeln . ng
t he respegédordingd ewithoowsringitht Dt propeftidd sededter ei n. At the

sane tinme, electrica ’po_vver was supplied to the target 51, using the
el ectrical soudegthermorg,ip thg,efosgmeantioped empbediment, dhescarbon pretestive di¥ both

si des of Gl se D) i pat.ter.t , nbl i n
ubr  oant PLEAe il o U BESirtnuR ekl itine plpgma COIPEERNE Thyek w3t o

43b, accomspattey darbon ldygpdity Heivever, thednagnétid récoading gnddivm aédordirightoathe

t hi ckness of 20A was f.ormeg, 1 rbgrebeyé yi el di n% a magnetic recordi ng nedi um
The " bond@&esF; inyentjongis not Jimited theretp,.and may plseceomiprise 3 sUPGtIISPOSSEsSINGe

f ol I owi ng tyyes Br RRFS BYér8d on resul tant magnetic recording media. (1) Bonded
Ratio Test The af orenentioned nmagnetic recordi ng nmedi um was soaked
in a sol vent (Axtrsfoltaying theefiestsgf the present inwentiohare specifieduusisg candetehen
renoved. The rlatio of the thickness of the lubricating filma44 prior to
this opergﬁ%%e?ind after this operation was then cal culated in percentage.
The t hi ckifeess Eximplee soubg)cating fil m 44 was neasured at the position where

the radius was 20 mm _using _ESCA. _ (2) Spin-off Test The
af or ement i oned AvE#SBEtIC recaEding) mediuse Jyasnmppufactyred: asgfollows, pepaithe plasmepeed

f 10000 . _ & 5 otatioglEmpes
? hi ckn ess@g{ﬁ ?ﬁﬁe&“ u Eﬁmgfaﬁwédﬁqfﬁrhe@{%ﬂ&% i Fi:ggfes]i_ Shdpur s e ratio o e

ricating prior this operation and after this
operation was tAften ag aluminaine dlldynsybstreterdoatpd . withe NiP inekal didm (@fitht ddiameter

| ubricatin ilm4 nea d t he positions,. where the radius of the
magnet i c Pg e g Hﬂl?lr?d‘ﬁrfﬁl?ﬁiﬂ?ﬁsv@sg 'gén‘ﬁinw(# E‘F‘?g’reﬁc‘i"’lﬂb FCBRUeRl dpXUERPTRSRNE Bt er
ci rcunt er gsiefan avépadeGufficd Rughsbss 6550 A 8$ hon-magnetic base film 41 (with a thickness

of 600A) comprising a Cr alloy, and a magnetic film 42 comprising a Co alloy

(Cox,CrsTa,) were successively formed on both sides of the substrate S, using a
spattering device (3010 manufactured by Anelva), to obtain a disc D.

Subsequently, the disc D was transported into the chamber 10 of the plasma CVD
apparatus, and a reactant gas was supplied from the supply source 14 into the chamber to
achieve a flow rate of 130sccm.

A mixed gas of toluene and hydrogen, with a mixing ratio of toluene to hydrogen
of 1 to 10 by volume, was used as the reactant gas. Additionally, the inner pressure of
the chamber 10 was maintained at 6 Pa. |

At the same time, high frequency electrical power of S00W was supplied to the
electrodes 11 to generate plasma, and thereby form a plasma CVD carbon layer 43a with
a thickness of 40A on both sides of the disc D. At this time, pulse D.C. bias of —120V
(with a frequency of 200 kHz and pulse width of 500 ns) was applied to the disc, using
the electrical bias source 13. Furthermore, the temperature of the disc D at the time of

coating was maintained at 150°C. The difference in the phase of high frequency



51 . Usi ng an MR head, a CSS operation was perforned on the

af orenenti oned magnetic recordi ng nmedi um 80000 tinmes, at a rotational speed
of 7200 rpm and a tenperature of 40[err!)C at a humdity of 80%

These test results are shown in Table 730(Test Exanples 53 and 54) A
carbon protective filmwas formed according to only a plasma CVD net hod,

based on the nethods in Test les 50 ~ 52, to_provide a.naghetijc
recor di ng SHSHGAPEWRD PYPPLiRE t%ei"i‘rn%%r%eoltleﬁ’ﬁ"r ¥ ol E?n cB‘rﬁ‘ﬂq‘%‘?‘h lr11e'ad‘s"ance

si ngl e-1 a%%iw%tnr thﬂéﬁénﬁedééct@ﬁ@gﬁlvﬁs%@ at 30 m In addition, a carbon

protective mwas forned accor to a convent i onal |y knovvn
spatt er - coat i ndSubséduedtly,tthe |dlsvaanm ﬂlermgfaed: Dﬁwhadmhdlpln;mmﬂmmarbmpiaiyst ng a

car bon pro ective filmco | Si a.sin yer structure.

2a) g s Fosmeti e e 1 (e arersmaicned i eraioha Mad EpAT TR thhcae
magneti c rpgRbE swomélsﬁattem ﬁ@n{eﬁﬁ tana e dpaftePEAR sHPANY fr@mm@h@p source

In the tables, the plasha carb | ayer is represented as " D | ayer"

and the sgdtwasdirsstedgntol thyehamlserrSmeeﬁ@nme@kimon @&&ti"er | ayer"
52 Table 7

uct,ur e Thi Thi r ed
Spl n-o f f S pl n- S&a};ter g&gontammg (] respectlve cf%mponents esgngwgfm 'ﬁﬁ)ﬁée tggwa? usecg

ratio |hafedsh. Qut er protective pCVD spat ter

(9 circum circum | ] film % (A) ager (A)

ference f er erfMothe same time, electrical power was supplied” to the target 51, using the

(508/() geﬁrlc-g?% rce 52 andeHQ sgi’ﬁ’é?rcarbon 149ers 43b werd formed onl B8 K0sfifes of B

crash Testdisc D, by mé'm-dfay&ttenng 40 10 98% Ar 46 65
0,

Zfash No Exargﬁbgeq%%ntly, a fomblin lubricant (Fomblin Zdol 200Q) v%gdap%é)ed onto the

spatter carbon layer 43b, according to a dipping method, and a lubricating film 44 with a
thickness of 20A was formed, thereby yielding a magnetic recording medium.

The “bonded ratio” test, “spin-off” test, and CSS test described in the following
were performed on resultant magnetic recording media.
(1) Bonded Ratio Test

The aforementioned magnetic recording medium was soaked in a solvent (AK225
manufactured by Asahi Glass) for 15 minutes, and then removed. The ratio of the
thickness of the lubricating film 44 prior to this operation and after this operation was
then calculated in percentage. The thickness of the lubricating film 44 was measured at
the position where the radius was 20 mm, using ESCA.
(2) Spin-off Test

The aforementioned magnetic recording medium was rotated at a rotational speed
of 10000 rpm and a temperature of 100°C for 168 hours. The ratio of the thickness of the
lubricating film 44 prior to this operation and after this operation was then calculated in
percentage. The thickness of the lubricating film 44 was measured at the positions,
where the radius of the magnetic recording medium was 20 mm (inner circumference)
and 42mm (outer circumference), using FT-IR.
(3) CSS Test



Test | Two- | ayer 40 10 90% Ar 16 48

55 No Exanple 52 and 10%

crash CH err] Table 8
Structure Coating Thi ck- Spatter 51 Bonded Spi n-of f  Spin-of f CSS
of ~met hod ness of gas ratio i nner out er

]E) :’ ﬂneCt ! vef i F];n Er%ogr}nl\eﬁaheag a CSS operation &Ja/g perf?répeélrc]eg the fagqrgﬂlggtloned

(% n(a{?wt_ﬁ,e?écordmf?1 medn&hngﬂ(}% timefCMDa rotationalS$heed of 7200' rpm, and a20

37 | e 53 'ayer Test Si ngl e-

Spatter- tempeyature ofmﬁ@oam humldmr of 80%. 77 84 Crash Exanple 54

| ayer _coat ']‘Ciﬁg%et[cstrﬁswltsag amnqgfagisu}ts of the CSS test shown in Tables

7 and 8, it is e magnetic % &cor di ng nmedia in which the carbon

prot ect i vgTést [Bxuthples S8Tand S8y a two Iayer structure conprising the plasm
CVD carbon | ayer 43a and spat carbon | ayer_43b exhibjted suffl C ent

durability agai‘h§eoeBRreEeivat thﬁélf?lﬁmcﬁ%‘?g toey a plagma C\ipdpethed,t he
magnet i c ReGordl g n{E‘B{Hd? i e el giég%ocﬁs@qa pamee&magﬁetfa &Eﬁrﬁﬂlgﬂﬁécﬁ@ﬂ a

singl e-layer structure torne |ngtoo y a plasnma

spat t er - ceampriging reetdrbah ptatective filmecomprisisg'a. single-layer Atiu¢tureo(ksist lj,;campbm t he
results of &he bonded ratio test and spin-off test, it is clear that the
magneti c rétor di ng nmedi um wherein the carbon protective film43 conprised a

53 two-layer gjradakidhCa ol frotéchved AR wdscrabd @BcdrdingQodd cémRniibnalligness
of the | Utl)(zllm(;/gt Isprla.gt;’ter-coatmg method, to provide a magnetic recording medium comprising a
carbon protective film comprising a single-layer structure. (Test Example 54)
The aforementioned three types of tests were performed on these magnetic
recording media. These test results are shown in Table 8.
In the tables, the plasma CVD carbon layer is represented as “pCVD layer”, and

the spatter carbon layer is represented as “spatter layer”.



film, conpared to the magnetic recordi ng nedi um wherein the carbon
protective filmwas forned only according to the plasnma CVD net hod.

Aecordi ngly,

the magnetic recording nmedia in which the carbon protective

film 43 conprised a two-layer structure>@xhibited a superior durability
when conpared to the magnetic recording nmediumin which the carbon

as

protecti ve,g:hﬁé/z\r/ conprised a single- layer structure formed according to
only a pla D net hod, or spatter-coating nethod. As expl ained in
the af or efent T onefl, seae&®r |01 THackE Of T MackPT ¢S Spikter 1\BAded §NSpirl-6ff 1] SSHRRSE 1[DLES Tlo
forma carbon pro ecti.ve |Ile£rs10¥\n .hnegso§u erltgé)sr cu_rr%gl I{i  ¥ier AS aorte(;stlt, it
is also possible o make {the carpon profective |film thinner Wm'ﬂe dl so
mai nt ai nijng a suf { iprotegtive dURGEA | | t spattesing t her ey PFRdycercapagi sitgunogs.
Therefore, it is posginpl € fagerPXOViH& (&) Ni ghly riel i abl)efpmgnet kgenteeqor di ng
medi um which is capable jof suff|ciently incredsing rec /r)di ng EL nsijty
wi t hout Ilowering the output propgrties fhereof ”n_tlhe*fol ljow ng|,
anot her ¢gritestdi ment Teb-layérel me4thod| of 1ranyfla@%driling3’® hg nednet|i c 6Aecqr dNong
nedi um acicgLglig t 0 the present | nventi¢n, using an gxanple|in whigh.ige
pl asma CMD_apparatus shoy i igure 1 is %\rml gyed Initiallly a
non- magnet 1% base| AFPIAYENd ndgneti c19i | in BeAt dspetijvels fdormdd on BBt h
si des of [tExamplest fragnetic| substrphte accoraidng tjo a mdt hod such as g crash
spatter-coating nethod, and the [ike, to oRfain a digc D The
non-magnetic subsirate y conpr|se any|subdtrate that is generally use
a substrgt®stt or npdWedde recth di hg Medi §Inf%%sAtdsctd bad 4B the 55 No
af or ement|ipamgle s2rne mat erji al  and| t hi ckn¢sgd a% tthe norn- magneti ¢ basq drishm
and magngtic filmare as |describpd in the @%ore-mnti gned. In the
met hod fdr_nmanufafturing [the maghetic récordi ng nedium acconding ta the
present enbodi nent, the process of coating the carbon protective film
conpri ses éubsequent processes as described in the foll ow ng.
the first ss, the follow ng operation is perforned.
54 Structure | Coating | Thick- | Spatter | Bonded | Spin-off | Spin-off | CSS
of method ness of gas ratio inner outer
protective | of carbon | carbon (%) circum- circum-
film film film (A) ference | ference
(%) (%)
Test Single- pCVD 50 - 20 37 43 Crash
Example 53 layer
Test Single- Spatter- 100 100% Ar 42 77 84 Crash
Example 54 layer coating

From the results of the CSS test shown in Tables 7 and 8, it is clear that the

magnetic recording media in which the carbon protective film 43 comprised a two-layer

structure comprising the plasma CVD carbon layer 43a and spatter carbon layer 43b

exhibited sufficient durability against CSS operation performed over 80000 times,

whereas the magnetic recording media in which the carbon protective film comprised a

single-layer structure formed according to only a plasma CVD method, or spatter-coating -

method, led to “head crash”.

Additionally, from the results of the bonded ratio test and spin-off test, it is clear

that the magnetic recording medium wherein the carbon protective film 43 comprised a



The disc D, wherein the non-magnetic base filmand nmagnetic filmare forned
on the aforenentioned non-magnetic substrate, is transported into the
chanber 10 of the plasma CVD apparatus, and the surface of the disc Dis
exposed to the reactant gas, which is s¥plied fromthe supply source 14

t hrough the introduction tube 15 into the chanber 10. The gas is then

exhausted frqoqm chanber 1Q.vi a the exhaust tuhe 16 tqQ.cgircul ate the gas
Cherer . twosayer pBCHEEEThiiodsh e ToauctipndBRo ISEans Fhiciess, P e ubRsde,
preferabl @ '&bfrflzﬁﬁireﬂ% thé BEE PR Ading M divA W8N the lArbdnProtedfive &lh0 Of

hydrocarbon to hydrogen in the range of 2 to 1 ~1 to 100 by volune. The
hydr ocar bovasfertesrendy gccordipg tasths plasmada¥pb method.ype of hydrocarbon sel ect ed

f | . , d_hydr. bgps,
and | over cyel Ao IR BE s R BbaRNE midH B wHRAH RS R E A"
t he react @bipgisd h Iwprleyedrstitakiare BxlibRed an@peddr itabilif0Whses eainpaetdi foi teal |y,

the i nner pressure of the ¢hanber 10 {15 preferably set at a predeterm ned
val ue sucaggetic Tecording medium in whigh the, garbop.protepiive Jayemh copRGssd v pingle-

el ect ri cal, RPWecRife REGR AYdIRD 1o SAPD WdstaSeRD) nffhdd &' GhtteLESRint L
using a hiah freaueency el ectrlyclag gourge ?‘2,8 tao generate’p agﬂr;rla, g%gm%he
first carmothddayer having a thickness of preferably 30 ~ 45 Ais formed on
bot h sides of the diisc D.by, neans of .pl gsma chem cal, gas phase grow h,

Usi ng the af or HoRFIBAEY 17 b Ainemeaioned. 2cearding; (qtheprgsqns invention, 1t s
this firstphopisle s formPd cdrbbd {)Qj@édﬁbe fifth a%it15 4 Shperidr BhABilkY. €AY ANEsIDIAS aRb
pulse D.C' bias is applied to the disc D, to formthe Tilmby neans of a

bi as el ectrebsitie te suakecthg Tarbon protectiyeefilny shingerhvhite plse quainfeining asufficietie

af orenent i - bi.as,...h f ectrical power of 10 ~ 300Wis

pr ef er abl ;(/iﬁg%gft?’e%%ttg@?ﬁ’gmgl{]§%%b%g§%r%§gsa hi gh frequency el ectrical source as
t he bi.as el ect rihesdforapitlic poskible to provide EhhighlysreHalsle naghbuic fezoidingdlediuin, bi as
applied to the dis¢c D durjng coating,is less than 10 W the first carbon

| ayer wil |w1e§hwﬁmcbée ngtg’écgﬂ@n Heregping; r@fprﬁmg Pt WHBOHRVE ng e iRttt e
inferior PopattidldBor @and thus reduce the durability. On the other hand, if
t he bias gxc%gds 300W sparks are likely to occur during coating, which

|l ead to a greater |ikelihood of creating abnornmal growth sections on the
surface of the._first,carbon |ayer. . Addi tionally, en using pul se
5'C b as as bAadhE iBfE HRRF smbadiment oF sht BFhad ofeERuEEb e el
source 13 magn¥tid F@GEdifE meliltn accdfling ts thy pfedédbinyerdtionl usithgt 4n langle 6.
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which the plasma CVD apparatus shown in Figure 1 is employed.

Initially, a non-magnetic base film and magnetic film are respectively formed on
both sides of the non-magnetic substrate according to a method such as a spatter-coating
method, and the like, to obtain a disc D.

The non-magnetic substrate may comprise any substrate that is generally used as a
substrate for magnetic recording medium as described in the aforementioned. The
material and thickness of the non-magnetic base film and magnetic film are as described
in the aforementioned.

In the method for manufacturing the magnetic recording medium according to the
present embodiment, the process of coating the carbon protective film comprises two
subsequent processes as described in the following.

As the first process, the following operation is performed.



This is due to the fact that if bias applied to the disc D during coating
Is less than -400 V, sparks are likely to occur at the tine of coating,
which lead to a greater |ikelihood of crgati ng abnormal growth sections on
the surface of the first carbon | ayer. P# the bi as exceeds -10 V, the first
carbon | ayer contains a higher content of high polynmer conponents, which
are inferior i T t . . e | dt h
is in the ranggr %ef Jlg%ﬁk%ﬁﬁgbtr}fg ,HOQWéE P f‘geq%@{ngélde{ng%%mté{gl aruglr%ég% OkHz
~ 1GHz. the afordmenticaed| iomrmagnetistsubstrdignis| tearsportdtk imdd the @hirabers1G of ahge
anount of dianond-1ike- carbops (DLCQ) I ch exhibit an increased hardness.
L Fregroriee it th

The r easorPlasgha GV SPRHPYS s & dasesDgs qxﬂeseﬂi tosthe et Sady er
in the rangg.pihs aﬂ)gneé%m %héiktﬁww sbiltee 13%Ghrduhth@ ikt duléhes bkl 14 ﬁﬁéft%nf‘?nn

30A results 1n a réduction in the strength of 'the carbon protective

| eadi ng t chamberd®. diThalgas iis theofexhhestede froim elrambres giffeviaghe eshaust tupentalitaim
and a thickne xceeﬁ_liﬁn 45A results in a nagnetic recordi ng nmedi umt hat
exhi bits gcrlrgg{%gert & 54t Ef%?'oss at the time of recording and replay, which

tends to | over THH ebdtaitlABE, i B8scAbed EthkiafdteMentidtetepierdably Q%fx%&%’a@'bﬂg_
density. Subse%t;ently, t he second process described in the follow ng
I

i s per f or fydrocarbon and|hydragenswith aamipingcrasio of hiydeocarhonytp dydragen fie thei ago,

using the hi 1 rq e ol I C b er
o pret or A% Be =TTy RHhES ThE bylideiBoh3HersABY SRt KA G R
manner as ofrhyidhecagionr sihezndd fromdamong lowerosatmated vilyidrodaltsone X sy i uaRatubméd bi as
appl ying i;s .not perfo The reason for setting the thickness of

r.ed. )
t he sepon&yémn?’é‘?éﬁrg‘f’ﬂ‘iyﬁ]écP)é‘?f@_%arb?‘_‘% ~ 20A is due to the fact that if
the thickness i thigdpelatiof thé\floatd 6F the '?Qaciééed; glaﬁgsfbrl@ﬁ}mm {HRGaRECHND

carbon layer and lubficating fil mweakens, to a l'ower resistance to
sl i di ng of~ 50@ sermyn etdditionallyy therignereplicssure wh itheechambrend Ot ii prifeeably estcateals

20A, the res(%l t ant maﬂ%etiﬁ r§ or g Bg medi um exhi bits greater spacing |oss
at the time® fer}né%eéirv gsug & epl ?/ whi ch tends to | ower output properties

at the tinme of Adheeask iind, hegH fequeity ¢ledaial pywer of Ii)referéb]ytSbev 2000 W is
af orenentioned first and second processes, when  supplying electrical power
to the el supplisdde elestrades lil; using @ higihequency glecticalioureeal Z, g gpneratg plasmad t o

each el ecliBife Ay 3hiboR18/ce hAbhY SMidkhedt %iﬂ;j;\&{gfref@zfggﬁk 45 P AAALASh bofly

means of making the phases o led to eac ectrode
11 differanles off thes dsgsH thlyenteans of plasma chemical gas phase growth, using the
o6 aforementioned reactant gas as a starting material.
In this first process, at this point, bias such as high frequency bias or pulse D.C.
bias is applied to the disc D, to form the film by means of a bias electrical source 13.
When using high frequency bias as the aforementioned bias, high frequency
electrical power of 10 ~ 300W is preferably applied to the disc, using a high frequency
electrical source as the bias electrical source 13.
This is due to the fact that if bias applied to the disc D during coating is less than
10 W, the first carbon layer will contain a large amount of high polymer components,
which are inferior in strength, and thus reduce the durability. On the other hand, if the
bias exceeds 300W, sparks are likely to occur during coating, which lead to a greater
likelihood of creating abnormal growth sections on the surface of the first carbon layer. |
Additionally, when using pulse D.C. bias as bias and pulse D.C. electrical source

as the bias electrical source 13, a voltage of —400 ~ -10 V is preferably applied to the disc.



| nprove both the coating rate and durability of the protective film The
difference of the phase of electrical power supplied to each electrode is
preferably in the range of 90 ~ 270[err£ and in particular, the opposite
phase (i.e., 180[err]) is preferred. 5 Through t he af orenenti oned
first and second processes, the carbon protective filmconprising the first

and second car ng | aye Q nto t bse

| ubri cant such #Itﬁéﬁe}o{{/ﬁggh as afpgir;g‘? ﬁ’l% dt?rc"rDmétirltlfmg &Rt “tghl ‘Tsffyé%
appl i ed ont00tvie spa&k@raeb tikelgoto begrﬁratameouinﬁertg‘ toatiag dmbighn thadetoh® Grrédtert he
like, to forma |ubricati ng filmwth a thickness qf preferably 5 ~ 40A.

In this mdikgbhoodsolergating abnornel, srowdh sestionsPn shesurkaca of the Hest @arr’eoa lasesh-
magneti c t on
I ager andqgggoﬂrlrc# car o%ﬁgea\{i(eilr]§ E}S%%}%f)ﬁgirvg catdr;eérlgg gm\ég(r:gedtésdg]ggiég e’ﬁﬂé ©

f or med. componénts, mphiels arefinfiehier imesgreegthc r ecor di ng nedi um manuf act ured

according to the aforenentioned many facturin t hod i e a netic
recordi ng medi [}ﬁta\%fit“r?n ?rg@t'u'rhg ﬁi?h ﬂttﬁgfarﬁ% "%b@‘ﬁ? 'Zfimh%
The mgnetﬂ&luéﬁ@qgmMrﬁ@érdfqnpj{zm(;}{gxarrpl e conprises a non-nagnetic
substrate S, non-nmagnetic base film4l, magnetic film 42, carbon protective

filma3 (first Fherisshtantfiest cardan layed theseynepnizinbe large pmeunianf) diameny-like-

| ubri cati heIEN oned net hod for nmanufacturing
a magneti c%glrbémL E%ﬂébwmcc}l’ exmbltpahelggréte?‘“rogrt1 pr o%gect ive film43 is fornmed, by
nmeans of form rtheareassnofed prafebubly sewiag tﬂehmclamg)mltlw firq dafisonplagemntn RéD

met hod wi t hout performn bras pplying.to the disc top, of a fjrst
carbon | ayérgeﬁ@ 0 whne ks dus tp @e%t%mlﬁgswf l%lssrstaaé%f TSRt ASHUSHON e
per form ngy measireﬂgﬂ n%f'éﬂ@cérgoﬁ Pf'otgdtﬁrﬁ fith, le‘ﬂdfn% 18 ar@@&e&uraﬁlh?y SR RRhnt

magneti c recordin Il um exhi'bits a hi gher Bonding strength wth respec
to the | ubmagnati¢ mgedrding) médiuimyi angl anthickmessc excdedingt 48A sresultsdirc ar tmgnetta;yer

43b of the car.bon tive.film 3 and enc eads t0 a superi,or
durability e"°rd"‘g me?ﬁ%fiﬁ ﬁt‘r’“ﬁ&’e P&Eﬂf}ﬁﬁ?’t?r &tﬁ"r ﬁﬁterqf‘%wa? "gr?é‘d replay,

af or ement ivaHieteRBORAbVEr 61&9@trﬁbﬁaﬁ8££tltliémin% of $nck€isin@Whe re-EBﬂﬂn% densitie second
carbon | ayer 43b which is forned wi thout_ performing bias applying to the

disc D, contai riybgeqyently, dhe mq%progpssdigp@heﬁgn thefallowingip perderned. t he first
carbon | ayer 4 I 0, di sc
D, and bondi ng %%%%%P?ﬁ/ o\c/:%és”?ﬁe\ggﬂlgﬁlﬁgﬁ |ﬂfrltég;a'g%§g uBh%Z}rea@%legQ%tc %losr?gg}rae
adhesi on 118, ishhal’dedband:atseomgdfqatbnn layer of preferably 5 ~ ZOA is formed onto the first
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carbon layer in a similar manner as in the aforementioned first process, with the
exception that bias applying is not performed.

- The reason for setting the thickness of the second carbon layer in the range of 5 ~
20A is due to the fact that if the thickness is less than 5A, the joining strength between
the second carbon layer and lubricating film weakens, leading to a lower resistance to
sliding of the magnetic recording medium; while if the thickness exceeds 20A, the
resultant magnetic recording medium exhibits greater spacing loss at the time of
recording and replay, which tends to lower output properties at the time of increasing the
recording density.

In the aforementioned first and second processes, when supplying electrical
power to the electrodes 11 and 11, the phase of the electrical power supplied to each
electrode 11 are preferably shifted with respect to each other. By means of making the

phases of electrical power supplied to each electrode 11 different, it is possible to



In addition, the first carbon |layer 43a, which is fornmed while performng
bi as applying to the disc D contains a higher content of

diranond- | i ke-carbon (DLC), leading to a_superior strength. As a
result, the carbon protective film 43 exfibits a hi gher strength, and
nmoreover is firmy joined to the lubricating film44. Accordingly, it is

possi bl e t.o nmake t car.bon_nr tive. fi 4 My hle.al so

mai nt ai ni Hénpéo‘éeie}fth??ee i i:1d ﬁﬁ?‘f]ﬁ?? V%a\églr%{ﬁ °¥ Elﬂeerérgﬁlemr“éét;ﬁlgzné'@gg?f négre'ilcgs%f.the

Addi t i onal phase pf elcital sowér applied fo ehdh electrdde SSFefepubiyin cie tagd of Joceur .
Accor di ng;i/ It is possible to provide a hi ghol y reliable magnetic recording
medi um t hat70° sand-p gerticulsr, the epposite Phaser&e s 486D s prgfeaedsi ty sufficiently

wi t hout | oweri t ritd F . &1L the
af or enent i onednghn'%[(%%l1 %ﬁ?&gﬁé{?@gegggﬁtsaﬁ?%?{é%ﬁQ/r‘e)c?sls?shfhceoéréfpgr({}' es gﬁYev\g- ayer
struct ure cpifising the fiest fand sécond ichdon layee is fbaedontoskediscdDcar bon | ayer 43b.
However, the magnetic recordi ng medium according to the Frﬁsent i nvgnhi on
i's not limited PYRSPRIESHY.oh paricpnicBIchrasRerueropelyethes fombiim Iubriqapt, e dhe
layers. ke js déx'i}liE&‘Smfthé QUoRE carbBf lfyfe‘} &dordifk 16 Q%@@&@Ihoh%\f%ﬁ@? 1 €
speci fied, using concrete exanples. (Test Exanples ~ 59) Magneti c
recor di ng foudialubricrsingditmfveith athickness ofpreferabdyl Si-d@Ake fol | owi ng, using the

pl asma CVD appayat,us shown in Fiqure 1. .. After an. al.umi.ni um al | gy
Substrate coat o U MR, P2 TRERILF: Tespicing rmeginafieoBRingH, Sl qom?

t hi ckness Rigridti8 baIY filne mdgheaé Al VY Ediberepiobetiiva filth ¥Ritsd carbbh RERE shdgchbad f or m
an average surface roughness of 20A, a non-nmagnetic base film41l (with a

t hi ckness aafbapdaysr), codhitirisating flnparesucegssivelydfosmedhgnetic fil m 42 conpri sing
a Co alloy ([er Lyel ' o] ate
S, “Using & sparvimtsl §EIHE SRR cbolrllot helfink Bhihy iR Yoobiafed Hhe

di sc D. aforemeftimdomenifacturind methiodandy inshideraamagretit eebarding nmddéum hettber 10
of the plasma CVD apparatus, and_a m xed gas was supplied fromthe supply
sour ce 14 SHEYre sau ﬁ‘é’n‘gétrs W‘dEﬁi‘%Vﬁﬁa flow rate of 130sccm

58 The magnetic recording medium of this example comprises a non-magnetic

substrate S, non-magnetic base film 41, magnetic film 42, carbon protective film 43 (first
carbon layer 43a, and second carbon layer 43b), and lubricating film 44.

In the aforementioned method for manufacturing a magnetic recording medium,
the carbon protective film 43 is formed, by means of forming a second carbon layer 43b,
according to the plasma CVD method without performing bias applying to the disc D, on
top of a first carbon layer 43a, which is formed according to a plasma CVD method while
performing bias applying to the disc D. In this manner, the resultant magnetic recording
medium exhibits a higher bonding strength with respect to the lubricating film 44, lying
in contact with the second carbon layer 43b of the carbon protective film 43, and hence
leads to a superior durability. '

The reason for the superior durability of the aforementioned magnetic recording
medium is as follows. That is, the second carbon layer 43b, which is formed without
performing bias applying to the disc D, contains a greater number of dangling bonds,
compared to the first carbon layer 43a which is formed while performing bias applying to
the disc D, and bonding which involves these dangling bond generates a stronger

adhesion to the lubricating film.



A m xed gas of toluene and hydrogen, with a mxing ratio of toluene to
hydrogen of 1 to 12 by vol une, was used as the reactant gas. Additionally,
the inner pressure of the chanber 10 was numintai ned at 6Pa. At the
same time, high frequency electrical poder of 450Wwas supplied to the

el ectrodes 11 to generate plasma, while applying pulse D.C. bias of -120V
(wvith a frequency .qf. 200k and.a pul se,w dt.h of 500nsg) t.0 the di.sc D,

usi ng the bias qﬁlaéla’[tlroflc gTel_g% caon ?y?rp“%lgo PRieH & ?‘ifff’&? ‘z‘étf%s?f??fgg}% bmas,
The t enpelaghiiy @fthé dBcdd e6nthind Achigkitdoftent 8f BiaflonHNkeldafBOnADIXAD2 IdalfhgV T €
set at 130[err]C, and 450A/m n, respectively. The difference in’'the phase
of high frtegseprsersirength.i cal power supplied to each electrode 11 was set at

1800. In additi i . t he di . I rode 11 was set
2t 90 mm o A e S BOF B REINE i S S HBRY frefiihl S pdbeVS. S
shown i n TafitmlyJoined té thertabricating filinetddi Accdrdingl¥t & ivbossiblatd maké theasathon

on the surface thereof gs described in the

| ayer 43a had beep forned ]
af or ement iPB‘PfEﬁ}"ea‘g'é‘b Ad i”‘g'ﬂ‘"ﬁb while alsqimaintaining, gsufeient, dusahility. nands theggby

(E)f"‘r bon | a¥€ducé§ﬁach‘{§[ floss t gﬁ?igﬁg?% bRIbldHatuhl Egﬁ%?flf ﬁp%ggﬁgzgg%sﬁ& dd'fordi SC

Subsequen | ubri cant was applied
onto the eewnd carbon | ayer 43b, according to a di pping nethod, and a
lubricating film44.w.th.a.thickness of 20A was,for t hereb i el.ding a
magnet i ¢ recor ASSGrWNREIY-ulh s posslque TRe PIRYHF Wﬁlﬂliyo r%e@g)ge, ”%ﬂﬁ"ﬁ"-‘%f‘%"‘qr@g‘g, and
CSS test e e id Gagable dfGhéreidi th@%@o‘nﬂhgudmi Sufflefénfl{ vwitlduf Rvikringnt
magnetic recording nmedia. (1) Bonded Ratio Test The af orenenti oned
magnet i ¢ tREOHPItIEORPREERSUIRETRBE soaked in a sol vent (AK225 nanufactured by

Asahi d ass) f I Qu ; . t] he thickness
of the lubri ca?'?1 F\téérpﬁrgh E&eﬁ%er i%g%e{“g&?%rl{egng%ggcgfn Fgﬁ gl%d‘%%??éer& r?ﬁftgveo%@lat ion
was then camptibat £ tvo-iaype strent@g@mgrisitghe firstr @rbdrhiayéhi 3k asd secohd tcatbon
| ubricati filmd44 was asured. at a position where the radius was 20 mm
usi ng ESCHY| 495 sHoneges | gnetic Tecording MediNEASHOTINELP the GFRSEMANYREBAGI ng
medi um wass ARUMIRA thére®, bt AhY eOMbrisP s Sudtire LPAHEe bPMoANdy&st enper at ure of
1001 C for 168 hours. The ratio of the thickness of the | !J%I’I cating film44
prior to this d&pthedollowing,thedffests ofithe prasentdnventioncse spesifiedansing sorateten
per cent ag%).\;\%;e@gsthi ckness of the lubricating film44 was neasured at the
positions ) 59

(Test Examples 55 ~ 59)

Magnetic recording medium was manufactured as described in the following,
using the plasma CVD apparatus shown in Figure 1.

After an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95 mm and thickness of 0.8 mm) was treated with mechanical texture-processing to
form an average surface roughness of 20A, a non-magnetic base film 41 (with a thickness
of 600A) comprising a Cr alloy, and a magnetic film 42 comprising a Co alloy
(Co,,CrsTa,) were successively formed on both .sides of the substrate S, using a
spattering device (3010 manufactured by Anelva), to obtain a disc D.

Subsequently, the disc D was transported into the chamber 10 of the plasma CVD
apparatus, and a mixed gas was supplied from the supply source 14 into the chamber to

achieve a flow rate of 130sccm.



the radius of the magnetic recording nediumwas 20 nm (i nner circunference)
and 42mm (outer circunference), respectively, using FT-IR (3) CSS Test

Usi ng an MR head, a CSS operation was peé'%formad on the aforenentioned
magneti c recordi ng medi um 40000 tinmes at'®a rotational speed of 7200 rpm

and a terrperature of 40[err]Cwith a humdity of 80% The test
results are sho b di ng
medi um was manu é% J)teto? Ielé-sgg(?ﬁ %E%rﬁgfg)mlxmﬁ r?tn @%re}'%% 1:h%égﬁtest

exanpl e, wfthtd mebemﬁﬁﬁe Grastusad ag tlsenmaornt gasd oAddisipailly) 3ke immer prksureofied.
The result ant magnetlc recor di gg n'ﬁdl um underwent with the aforenentioned
three typédle ghambes1 wasqpaiptained a2t 0h2t s are shown in Table 9. (Test Exanple
61) | GrdeSifé 3ipe ABSriER P (o BBW Wa t

car bon prot ect|ve{%%lgl%mewasé lg f{ﬁac rdi ng to a conventlong\éﬁ?}gi}d Bhe
spat t er - c caedtrogesrd htodgenerate plasime, afltlec applyingnpulse B).€e biaspefs—H20V e(smth aer e

per f Or Ted b ueney S 20U ind THASE wiath $5300nd) G0 The'alil D, UFg! RS bids Seliricay 2" ©

Table 9  source 13 to forfal th§1ﬁr§%ﬁhféﬂ lhydy aBa. ﬁfecaﬂ@efawre@m@&eé D ar@0d¥dting
Spi n- of f Spi n- CSS (t Thi ck- Coat i ng
Thi ck- rTate; ab the tlme ef epating were @ttq;r130°c rareH9S P 1n respectlvely Thendiffigesmce

?2)5 S "8h I?l%jphase o{ }?gsns frequegm@ )electnc]af: ?E&Mupphec? v 8&1&? electrode! lqEﬁa?set at

( /() 18099 In additidif; Chey dlﬁtdhce'ﬂmtveen the disc HDGMDelectrode KiOwas set ap¥i/idm.

19 56 No crash Exanple 55 (w_ bias)
(W/ o bias) Te StSubsequently,mond carbog Jayer 43be@VDa thickness ggown in Tablg 9 was
9 foftited onto thbOHiS! ﬁsh)n%( IRLa Hhst Eatbod 'la%/%) 43a had been (@¥frfRed’ bﬂs&le

surface thereof as described in the aforementioned, according to the similar method for
forming the first carbon layer 43a, with the exception that bias was not applied to the disc
D.

Subsequently, a fomblin lubricant (Fomblin Zdol 2000) was applied onto the
second carbon layer 43b, according to a dipping method, and a lubricating film 44 with a
thickness of 20A was formed, thereby yielding a magnetic recording medium.

The bonded ratio test, spin-off test, and CSS test described in the following were
then performed on the resultant magnetic recording media.
(1) Bonded Ratio Test

The aforementioned magnetic recording medium was soaked in a solvent (AK225
manufactured by Asahi Glass) for 15 minutes, and then removed. The ratio of the
thickness of the lubricating film 44 prior to this operation and after this operation was
then calculated in percentage. Furthermore, the thickness of the lubricating film 44 was
measured at a position where the radius was 20 mm, using ESCA.
(2) Spin-off Test

The aforementioned magnetic recording medium was rotated at a rotational speed
of 10000 rpm and a temperature of 100°C for 168 hours. The ratio of the thickness of the
lubricating film 44 prior to this operation and after this operation was then calculated in

percentage. The thickness of the lubricating film 44 was measured at the positions where



Test . pCVD 25 pCVD 25 25 64

70 Crash Exanple 57 (w bias) (W o bias)

(37000) Test pCVD 12 pOVD 38 26 68
75 Crash Exanple 58 (w bias) (w o bias)

(25000) Test pCVD 47 pCVD 3 11 40
?20000) Tég% rgcﬂusE)é?rIﬁ)ep %netlc recogang )medlum was 2& mm 8nner circumfgrence) and 3g
44 £naf folrdadiiRtum&once) V&fesﬂﬂcﬂﬁély, using FT-IR.

(15000) Test Spatter- 33 76
.82 @ &Sh TEﬁ‘arrpI e 61 i ng From t he resul ts of the CSS test

shown in Tabl e Sysid ah MR il B8 GerdRANGRL GelBHRLA RINIEHAMBLEL ! he

carbon protective conbrls second carbon ayers 43a
and 43b exhagnetie decurgiagi medinms #60GN Cienes Oats |rdtangnalv\£pead fNTR00e ebrh,0 aid @

magnetic recordin um wherein t rbon protective filmconprised only
erlnaiféﬁl-lf fo,?p;:j'{ld)}lléhaﬁumldj ity qq%O%g - _ (

a single- rticular, the magnetic recording

nmedi a wherein tQ tbfiredoieae Bbwhhige Tagle@Nd carbon layer was 5 ~ 20A
exhibited sufficient durability against the CSS operation.

Addi ti onal(ﬂySthomiet@ results of the bonded ratio test and spin-off test,

it is clear ttherra |crcordn me he car bon

br ot ect i ve. £ | e PEEBSHpRSEiPEmegt Maf et Rt i Be Sfimilet mepter o e
reduction alf@teh@n@cinetihesttenmmewhqﬁe bXceptio that atsedishd dakbon MPEUIOWRARGI tO
magnetic recording media wherein the carbon protective film conprised a

si ngl e- | ayf@rmegk r yct ure. _ _ 61
The resultant magnetic recording medium underwent with the aforementioned

three types of tests. The test results are shown in Table 9.
(Test Example 61)

A magnetic recording medium was manufactured, in which the carbon protective
film was formed according to a conventionally known, spatter-coating method.

The aforementioned three types of tests were performed on the resultant magnetic

recording medium. The test results are shown in Table 9.
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From the results of the CSS test shown in Table 9, it is clear that the magnetic

recording media wherein the carbon protective film 43 comprised a first and second

carbon layers 43a and 43b exhibited superior resistance to sliding, when compared to the

magnetic recording medium wherein the carbon protective film comprised only a single-

layer structure.

In particular, the magnetic recording media wherein the thickness of the second

carbon layer was 5 ~ 20A exhibited sufficient durability against the CSS operation.

Additionally, from the results of the bonded ratio test and spin-off test, it is clear

that the magnetic recording media in which the carbon protective film 43 comprised a

two-layer structure exhibited a lower reduction ratio of the thickness of the lubricating

film, when compared to magnetic recording media wherein the carbon protective film

comprised a single-layer structure.



62 strength of the protective film43, simlarly leading to a | ower

durability of the resultant magnetic recordi ng nedi um The tantal um
and nitrogen in the tantalumnitrogen | ayer 43a exist in the formof TaN,
Ta2N, Ta3N5, sinple substance, or m xt u®E t her eof The thi ckness of

the tantalumnitrogen layer 43a is preferably in the range of 1 - 95A

A thickness of Jess,.than,l1A results in a prptectiv i | m,conprisi.n n

i nadequat e str cé:f’ ﬁd,mgl}%i ﬁhg rgaglﬁﬁﬁ Izﬁceosr%m%x[@%e' i"hg‘;" hé%‘AIhF ecsaﬁlﬁns rioﬁech"%g?fﬂet iC
recor di ng coRrised 4 had-lag¥nithichie exiabited a BupReibngurabitity. at the tine of
recording and replay, leading to a |ikelihood of |owering the output
properties at tAfeexplapgediinthe aforsmentioncd, reesdiaenly thenpresspt invention, ithis
carbon | a . ' I orL.di - SR .. The
t hi ckness)bg s"?légo l(gar %ﬁ%ggz’?& 3 clr}gmro?gyelfsél {ey [ nr@@%ﬁg}g&%&g li"’ﬂfBOA.
| f the thipoksiblsdtoimaklecthe chtban frdtectiveefibortbinbet whie alshemaiatabong hayéfiicididb and

| ubricati film 44 ens, leading to a | ower resistance to sliding of
t he nagneﬁ%f:abl‘létéfo?‘@it ﬁgﬁ%fﬁdﬂﬁ? s@ﬁ‘"ﬁﬁgssot her hand, a thickness exceedi ng

100A resul ts i gy AR6K SRRDIsiiblelts ppdvidddhiph® reliableRnaneé kéé%rdfiﬁé Hefitm,
The lubricating film44 preferably conprises a |ubricant such as

per f | uor opdigheisheapableopfbsufficiently increasingathg neperdingkdensith avithout kowesringothet he

| ubri cati ng fil miﬁ. E{S}gfeqrﬁ;\bly in the range of 5 ~ 40A In the

fol | ow ng, L PREPTHER 5% Hent " of the method for manufacturi ng magnetic
recordi ng medi um according to the present invention is described, using an

exanpl e in which the aforenentioned maa.net ic recording nmediumis .
manuf act ured. In the following anothers embofipenteph dhe dnegnictr nipepling, angdiwgent

enbodi ment.. 348 %Eﬂﬂr@&nﬂﬁ%{ftﬁmiﬁd@ﬂ'bgded wth a simlar structure to
that shown 1n Frgure’s, wth the exception that a material conprising
principal | y tarfihel magnetic recondiigumedioin ofirthizl embadicienti tay gemprse us stnides t he
target 51. . C., electr.ical,squrce or..high f.requency electrical.
Source. o BEUIReRHCoRE B BE 4 ot hE GEpeREHS SSbORE B BRSHTESS s ne
D. C. el eclefibodiméi® ebmpPrifi ndrChbisiftioREbsthdd S| SorCARSMNR babe PRI YhBshetid

el ectrical_ power of 50 ~ 6000 Wto the target 51.
film 42, carbon protective film 43 (first carbon Jayer 43a, and second carbon layer 43b),

~
Pt

and lubricating film 44.

Examples of the non-magnetic substrate S may include an aluminium alloy
substrate coated with a NiP metal film, and substrates comprising glass, silicone, and the
like. The surface of the substrate S is preferably treated with texture-processing such as
mechanical texture-processing. In particular, the average surface roughness (Ra) is
prefefably in the range of 1 ~ 20A. The material and thickness of the non-magnetic base
film 41 and magnetic film 42 are as described in the aforementioned.

In the magnetic recording medium of the present embodiment, the protective film
43 comprises a two-layer structure comprising a tantalum nitrogen layer 43a and carbon
layer 43b formed thereon. | - '

The tantalum nitrogen layer 43a comprises titanium and nitrogen, incorporating a
material comprising a nitrogen content of 1 ~ 30 at % as its main componeﬁt.

A nitrogen content of less than 1 at % results in a loss of strength of the protective
film 43, leading to a lower durability of the resultant magnetic recording medium.

Additionally, a nitrogen content exceeding 30 at % also results in a decrease in the



63 . In order to manufacture the aforenenti oned magnetic recording
medi um using the aforenenti oned spattering device, and the plasma CVD
apparatus shown in Figure 1, a non-magnetic base film41 conprising a C
alloy or the like, and a magnetic film®@2 conprising a Co alloy or the like
are successively formed on both sides of the alumniumalloy substrate S
coated with a N P net al tilghpaccqrdin to_a nethod such as a spatter-

coating netiRegh of ghe;protgctive fip 43, similarly leading, fo; a dorser: durabilityeofifihe sespltpnt

transportqﬁiﬂé . - I 50 of the aforenentioned spattering apparatus,

and the sur g(@:%@g‘cafdﬁ%&g?? D is exposed to the spatter gas, which is

suppl i ed from tThe tsutplpiy amsboitrogerb B thiertantglont hierogen tayetidld existtinhike fotm off 0

t he chanb ahﬁq" r vvhicr] thbe gas i s exhausted, via the exhaust tube 55 to
RiSHepPle su st c%rmllxgge gl:reref

circulate e spatter gas may include
any gas descri bp@ thRkAWs of the tantaWfie Ritttpled Jayeer Y34 GCpreRIrABIG i flel MngOFPI 151 NY
tantalum as the target 51, a gas fornmed fromAr or the I1ke, which is
generally9t§§ed in the spatter-coating nethod, into which a nitrogen gas has
been added at adding volune of 0.1 ~ 100 vol %of said gas, may be used.
Furt hernore, when using a target principally conprising tantalum and
nitrogen as the ticlgrss Sillessthgnd Astegliltstin Aprotentive ifitinl RimpdiRing! 4h Mhddghan
appropriate anpunt_of nitrogen has been added, may be used.. . At the
same ti e Strengthi Whilep thigkpess iexcasding 91y resylts po aimpagystic sacordiag medipm that

el ectri calayf; ' : r P lied
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flow rate of tﬁré‘e%rg’t"f’g?yeég@’ isfopmed aserrdipe f%thf’lﬁ’?sfn&rj‘g‘téﬁd?et%&zoo sccm
Subsequent |y, t’I'h@tﬁbl‘éﬁ‘espoﬂfh%ﬁfb‘bhfl@e@439@&%&9&&1%M&9%h§e%r~ SRR I s
transported into the chanber 10 of tgeﬁgaasma apparatus, and the

surface of t he Ifiths thicknessejsplese ghang 5 beadtbefreen thisi eanbors layep gBbeandf r om
‘the suppl - t intro i Nt ot chanber 10.
The gas i ls{ub?%g]ﬁﬁéﬁui{% g?ér}]osmtl]e%ﬁg%bé) r g'iig&\e/fgesish‘f'%%g)]}ﬁasllj@[ngt ﬂ%ghelgla%%e%c

ci rcul at e rédoedigg snedivmi.eiOn the other hafd)en thivkaesandxcegaiing $00X eésattal ¥ decrehseed

gas of hydrqcarbon, a hydrogen,. with a mxing ratio of hydrocarbon to
hydr ogen F‘hﬁleﬁge?%HQgﬂ!?ﬂ%?t Velﬁlnl“io 100 by vol ume, and

The lubricating film 44 preferably comprises a lubricant such as

perfluoropolyether, fomblin lubricant, and the like. The thickness of the lubricating film
is preferably in the range of 5 ~ 40A.

In the following, another embodiment of the method for manufacturing magnetic
recording medium according to the present invention is described, using an example in
which the aforementioned magnetic recording medium is manufactured.

In the mahufacturing method according to the present embodiment, a spattering
device is employed with a similar structure to that shown in Figure 5, with the exception
that a material comprising principally tantalum, or a mixture of tantalum and nitrogen is
used as the target 51.

D.C. electrical source or high frequency electrical source may be used as the
electrical source 52. Preferred examples of the D.C. electrical source may include one

that is capable of supplying an electrical power of 50 ~ 6000 W to the target 51.



64 the hydrocarbon preferably conprises at |east one type of hydrocarbon
sel ected from anong | ower saturated hydrocarbons, |ower unsaturated

hydr ocar bons, and | ower cyclic hydrocarbons. In this operation, the
flowrate of the reactant gas is pref erﬁ?bly in the range of 50 ~ 500sccm
Additionally, the inner pressure of the chanber 10 is preferably set at a
predeterm ned val ue such as. 0.1 =l ORa. . At the sane.tine,. high.
frequency el ec;ipi g?r tﬁo ?us%?tu'ber Weﬁwngﬁne-d E’Ggﬁgﬁci rsgcé%fﬂ% Tngﬁluf‘bq{sﬂlé

el ect r odeshd dforéihentidnéd Spabietifig Hevitel amd thepReins ICVD apparame shdwn UPFigaRer at e
pl asma, and thereby forma carbon |layer 43b with a thickness of preferably

5 ~ 100A @nnasompgestigease filmid epmprising py\Crnallaysorghe Jikgsand @ meagnetig fila42phase

Vw h, . E . N - . . .
Then supprrRg g 860 RASPSLIRRE ol Bk ARl orB By oA SAQHAIR, Bblrfhium
pr ef er abl eliby subdtatd 8 eoated sdth o NIl netdlrfiloglac@rdmg te appéthed stch ssax bpatter-

electrode 11.different. B ans. of maki ng the phases of electrical power
suppl i ed t°8até‘<’ﬁ:'ﬂe§‘f’§’ctf’r°86%“i S&iﬁ?'ferent, it is possible to inprove the

coating rate argbedtudiily, ithy/disé Dl BeraR§pirRAtASEhd Eaber BE oftHel F6RARALIGARAL NE
phase of electrical power supplied to each electrode is preferably in the

range of Spattermgipparatus, amkithesurfage ¢fcthe disc Dy exposest torthp ispattep gasiwhiclpisase

i.e., 18Q TIh | | 3 ins_a high
Concent SRegpidinom e aorel uhE DA Ienifk DR HE 025 SRRV OBuRESNeL
| eadi ng t droin sdhistythe gasis efhgistedwWithe eahnat Abetss ta ckailenhd gdswitignmed '

according to the conventionally known, spatter-copating nethod. I n
thi s operati onE%amples ofths spatip] gasimopy; elyde ary £33 desehadd el f or ni ng bi as

applying e.g., v hedens¥ BhASpA HbSSinE: Smtald ta.t ic§C ,D,.USi Ng
the bias electrica uélog?%e&%. B P le'I(;Eebcoﬁgi tg’.‘é‘ﬁ‘lé‘??ﬁct eeatglegteﬂg§\/gl aasge of
t he bi as domeur 6émrAbbythedikeqsvhidsisrgepenlly usehén tifecspetteracaating doethod, into

Sub tl L ubr i h fl | yet her,, faonblip, | gbricant,
ano. the I ch s g ech el st tinte ob 8 iz B8l s pb % @b ng

met hod, anmghytteysed ke, to forma lubricating film44. In this nanner, a
-magnetic recordi ng mediumis provided wherein a non-nmagnetic base film 41
and magnetic fiﬂum%ﬂlznqp,ewmrr@ng otarset psincipally comprising tantalum and nitrogen as

the target 51, a gas such as Ar, or similar gas to which an appropriate amount of nitrogen
has been added, may be used.

At the same time, electrical power is supplied to the target 51, using the electrical
source 52, and the material of the target 51 further is supplied onto the disc D by means
of spattering, to form a tantalum nitrogen layer 43a, which comprises a material
comprising tantalum and nitrogen as its main component, on both side of the disc D.

In this operation, the flow rate of the spatter gas is preferably in the range of 10 ~
200 scem.

Subsequently, the disc D comprising a tantalum nitrogen layer 43a is transported
into the chamber 10 of the plasma CVD apparatus, and the surface of the disc D is
exposed to a reactant gas, which is supplied from the supply source 14 through the
introduction tube 15 into the chamber 10. The gas is then exhausted from chamber 10
via the exhaust tube 16 to circulate the gas therein.

The reactant gas is preferably a mixed gas of hydrocarbon and hydrogen, with a

mixing ratio of hydrocarbon to hydrogen in the range of 2to 1 ~ 1 to 100 by volume, and



65 substrate S, followed by successive formation of a protective film 43,
conprising a tantalumnitrogen | ayer 43a and a carbon |ayer 43b, and a

| ubricating film 44 thereon. In the af orementi oned magnetic
recording nmedium the protective film 48% s provided with the carbon | ayer
43b, which is forned on a tantalumnitrogen | ayer 43a, consisting

principall f .a terial nprising taptalic and ndirogen, accor.di 0 a
pl asnma C\/[%Frg’tyﬂfﬂf?r é’Hder‘r?ﬁag’?%fﬂmltsgs g e&gte?t?eofypg u&a@’{ﬁgﬁypon setedied [I%)e"g
reason t hagmddpelonfed s@iRiAéd RYEROCATBGRES IdwWernaBauttted hydrdtatbomsy Ahdidwerecyclic
superior durability can be attributed to the formation of a protective film
43 conpri sidgoerkansbon | ayer 43b, which exhibits sufficient strength and
relatively hig ' r | I Hatd ' :

tant &l um o £ oS aparecihy Bty Mk Be iren bR £ PRIT I the AREOORSO
Accor di ngly 500§cchs Paditidnkiby,t the ke prissupe of ¢t Chemlier | 19 B3preferablesetwiti he
al so mai nt ai ni ng _agguffi ci ent durzigtl ity, and thereby reduce spacing | oss.
Ther ef or e, Predetpunipedivalye suchas 9. 1,5ilBa. 5 tmgnetic recording nedium that is
reliable and cagahlesanfe SMES high Frigu¥ndy SE@AsAINSbWdROf fRERFbINS0 AEDSIIW is

w t hout |owering the output” properties thereof. ~ Furthernore, in the
af or ement i wpplieetrbtheielestriodes hb yring bethigh fieqrency Tlgctrigal sourge d 2wia gengrate

t wo- | truct i i, t d
| ayer 430, PR ThEREPfoc A Parfor BRGE e et e HhetbiB 7T oPLECT
i nvent i on Bgth Rdes | dfMiht adisd Detgt meadndf phigmal chemicalas gthase gtowth] usiagthei ng

three or nore | ayers. In the follow ng, the effects of the present
i nvent i on afpremsgiengd reactanfgag gs a sRING Batskalpl es. (Test Exanples 62 64)

A magnetic r ec%@ﬂgu@g{?gm@ﬁcmw% Y& HlectrSdedd 1t i ﬁf,QF] ??ﬂgf‘éirm_@‘iio

pl asma CVD apparat us, spattering device, according tot oW ng
process. Anskeathephaseg of elecuealpawersuppliagcto €ath eleatpodes] hdiffesant.aByrmeaas ofised.

After an alumniymall oy supstrate coated wiith a Ni P nmetal -fil.n ith.a
di anet er df’kiﬁ%ﬁﬂﬁrl’g‘af% %ﬁiﬁ@g@“’gﬁ PEWET)PRIcd {]or Sﬁqleﬁleﬁﬁr?(ﬁe rlric‘hggﬁﬁ(e\égl it 1s
textur e- pracedhl 1ddmpfovethdcaftim\ated @ dutiliBfeof 1Ay phitesiveHim? Ofhe difference
non- magnetic base film4l (with a thickness of 600A) conprising a Cr _all oy,

and a nagrietthephasg of qlgct(gi@glrpqvgqrﬁgpg{iegdogaplbylectrode is preferably in the range of 90
~270°, and in particular, more preferably opposite phase (i.e., 180°).

The resultant carbon layer 43b contains a higher content of diamond-like-carbons
(DLC), which exhibit an increased hardness, leading to a superior strength when
compared to a carbon film formed according to the conventionally known, spatter-coating
method.

In this operation, it is preferable to form the film while performing bias applying
e.g., high frequency bias and pulse D.C. bias to the disc D, using the bias electrical source
13.

The conditions such as the voltage of the bias are preferably set as described in
the aforementioned.

Subsequently, a lubricant such as perfluoropolyether, fomblin lubricant, and the
like, is applied onto the carbon layer 43b, according to a dipping method, and the like, to
form a lubricating film 44. In this manner, a magnetic recording medium is provided

wherein a non-magnetic base film 41 and magnetic film 42 are first formed onto a



66 ([err]) were successively formed on both sides of the substrate S
using a spattering device (3010 manufactured by Anelva), to obtain a disc

D: Subsequently, the disc D was transported into chanber 50 of the
spattering device, and a spatter gas we®S supplied fromthe supply source 53
to the chanber 50 via the introduction tube 54. A m xed gas of

nitrogen and argqgn,. conprjsing a.mxjng ratio shown.in _Table 10, was used
as the spdt %‘?ateggs .fOI&i’gqut hﬁrﬁ’i fegsive ﬁjgrq%ﬁ er © Pe%fetﬁCEV%ﬁTmh@cﬁ%%%@ was
mai nt ai NeqaRbufh niffdgen layer 43a4hd hlRErbdAMyet |4!§E,1an@;a@ubr§‘éaﬁﬁ% 154 tReesh. Of 600W
was supplied to the target 51, and a tantal um nitrogen layer 43a conpri Sing

tantal um and niln rthgexforgmentienedetiagnetisorasording: snegiumh thed pegedtive yfilme #3sisof

spattering. . . e ntly, s s tr ort into th
chanber 1 r%‘fld?dh‘glﬂﬁ?Q%%gﬁgyg%é%%&% }ﬁ%h lgrfl‘é)"%@r %%33 glﬁglu{élagﬂ\?égn gﬂﬁbﬁ?%d
from the supgitingspriioigallydof Birpatelidl eimprisiig idhtalic and nitrdgehX esbegffingto a

tol uene and hydrogen, conprising a mxing ratio, shown in Table 10, was used
as the re®kasaRiCYRdmethodand ths expibits g supelior dupbdi¥yr e of the chamber 10 was

mai ntai ned at 6[h€areasor1 that fle LfdPeridiionbd THagdekid Nrel bR Meohiith SSHibiER s
power of 300Wwas supplied to the electrodes , to gererate plasma, while
appl yi ng supgrior decphdity garebe ettribured tquhedornHtion®fa(padtebtive filne 43 eomprisihg a

13.56MHz) to the di . using.the bias electrical source 13, .to forma
car bon | agEpon e 3 opet EyRbin ARERsaG Eutesh nd Reladia figh bopdiog siEngh
t enper at UkgttothetliBrightiag fimad4, tdito i tiitaRim hiRFogen Jajich @36 VKON ekMBRE aZtbathas
set at 130[err]C. The difference in the phase of high frequency el ectri cal

power suppeidagsst o each el ectrode 11 was 180[err]. Additionally, the

di stance betwe | SE . t . . .
Subsequent |y, Z‘Q‘F é@%& 'qugrpfbgggteh%Fglﬁggithg%g%t%&b‘%gﬁﬁ%sﬁ%%pﬁq}%l%%%58 t he
car bon | ayesintdiding aadhicidhtrdpratility, shdthershy redueedpading foss.m a | ubricating film
44 with a thickpness of, 20A, ereby yielding a magnetic r.ecordi ng medi um
The CSS t est dﬁn_éleﬁe?%sd{t pabls b Pids w&ggeﬁ&rﬁ o it s S reahie
magnetic Lag Qﬁﬂb@oﬁﬁgﬂﬁenﬂ icR@siagth S&dordiHg 'dEﬁhi@r\vmdi%‘Qeril%gfg utput

operation was perforned 20000 tinmes at a rotational speed of rp and
a t enper apropertes thi@eafr r]C with a humdity

Furthermore, in the aforementioned embodiment, the protective film 43 is

provided with a two-layer structure comprising a tantalum nitrogen layer 43a and a
carbon layer 43b. However, the magnetic recording medium according to the present
invention is not limited thereto, and may also comprise a structure having three or more
layers.

In the following, the effects of the present invention are specified, using concrete
examples.

(Test Examples 62 ~ 64)

A magnetic recording medium was manufactured, uéing the aforementioned
plasma CVD apparatus, and spattering device, according to the following process. A
spattering device with a target 51 comprising tantalum was used.

After an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95mm and thickness of 0.8mm) was treated with mechanical texture-processing to
form an average surface roughness of 20A, a non-magnetic base film 41 (with a thickness

of 600A) comprising a Cr alloy, and a magnetic film 42 comprising a Co alloy



67 of 80% The dynam c stiction value was nonitored after allow ng the
magnetic recording nmediumto sit for one hour. The results are shown in
Tabl e 10. (Test Exanple 65) A maggetic recordi ng medi um wherein the
protective filmconprised a single- |ay structure conprising only a
carbon | ayer, was manufactured without formng a tantalumnitrogen |ayer.

(T SRRk e S SFR) Hmfe 35400, BB WP Sl 52 g

t ant al um iphft@PRdvitegB010manifacufaictiyuAfelvay, tdobtainfadisd Dg a carbon | ayer.
(Test Exanple 67) A magnetic recordi nrg mﬁ*di um \M},e ein the )
protective fil nfubseqientpdhe disqd) wag aanspertad 1nip shaphss 09 ﬁ@e spaftgring feyice,
nitrogen | 0, m%ﬁﬂl}t r &k ; od
i n which a@%#ﬁ%&%&gq@én@gkﬁﬁg Onl trogen, gtsﬁﬂa&%ix?ﬁgﬁrg%aﬁg)eg%g\%ﬁﬁkp
Tabl e 10, imasductied tutie 34e tinme of formng the tantalumnitrogen | ayer.

The af orenenti oped S test. was rforned on these. nagnetic record]
i o Cangthe A euxed g gl i SRAECT GorRRE AymnG o shaw iR B0

content i Ryidhgseliadyt fhe Wphitért pR0EAdHMGAAIRT the NAndrapeRute of ROERHNEr NSdivde i N
each of the aforenenti oned Test Exanples 62, 63, 65, and 66 were 5 at %

and the nimzioginedad@i/®dt in the tantal um nitrogen |ayer of the magnetic

recording medi um 4h@ slﬁ%ttirgégggu%ge%aim%oﬁglh ?g F%W was (s)lglgpé)rlliefi écg)/ etlrle target 51,

68 Table 10 ure Ic ni
Car bon | ayd a tantalum nitrog®h il#ier dBa comprising tantalum amdf nitrogerNivas figmied oarbotint
Thick- Flow rate of reactant gas  Thick- (-)
sides of the disc D by means of spattering.
Subsequently, the disc D was transported into the chamber 10 of the plasma CVD
apparatus, and a reactant gas was supplied from the supply source 14 into the chamber 10.
A mixed gas of toluene and hydrogen, comprising a mixing ratio shown in Table
10, was used as the reactant gas. Additionally, the inner pressure of the chamber 10 was
maintained at 6 Pa.
At the same time, high frequency electrical power of 300W was supplied to the
electrodes 11, to generate plasma, while applying high frequency electrical power of 50W
(with a frequency of 13.56MHz) to the disc D, using the bias electrical source 13, to form
a carbon layer 43b on both sides of the disc D.
Furthermore, the temperature of the disc D at the time of forming the carbon layer
43b was set at 130°C. The difference in the phase of high frequency electrical power
supplied to each electrode 11 was 180°. Additionally, the distance between the disc D
and the electrode 11 was set at 30mm.
Subsequently, a fomblin lubricant (Fomblin Zdol 2000) was appﬁed onto the
carbon layer 43b, according to a dipping method, to form a lubricating film 44 with a
thickness of 204, thereby yielding a magnetic recording medium.
The CSS test described in the following was performed on the resultant magnetic
recording media. In the CSS test, using an MR head, a CSS operation was performed

20000 times at a rotational speed of 7200 rpm, and a temperature of 40°C with a humidity



protective 1in spatter gas ness Tol uene Hydrogen ness

film (vol. 9% (A (sccm (sccm (A) Test

Two- | ayer 5 45 éLO 120 5 0. 67
Exanpl e 62 Test Two- | ayer 75 10 10

120 40 0. 44 Exanpl e 63 Test Two- | ayer 5

giSngI o- oJf%8° o. The dynam?c stiction value %vas fbonit%regdlafl':e%%@%ﬁlgtiﬁe %%35%15 recordinf_ 27
Exanpl e 69mediuthay €it foresat hour. The resdlisii@é shown in Table 0. 50

Crash Exanpl e 66 | ayer Test Two- | ayer 50 30

10 (Test Fixample 65)° 20 Crash Exanpl e 67 From the resul t's

of fhe CSS testy sliNBd Fecbffthe mifliuch \whéreft! 8prbidBlivd Hfin TRHRALLE o001 NG

medi a conprising a protective conprising a tantalumnitroge ayer
43a, Wit h layenistnuoigpen comptising anly 3 earlith dyef) was thanafabumed awithout! Slrnfing e d
thereon, exhibited sufficient durability against a CSS operation perforned
20000 ti nd&taldm fiHeseR AT nand, the nagnetic recordi ng media conprising
only a singkgExample ¢ bon protective film or alternatively conprising a
protective filmin which the nitrogen content of the tantal um nitrogen

| ayer was out ok magaetig scording imedaun,rwherein thrirplectée film icamprisest a single-

or coont 1 st BoREyRe dify " hOARf SR kR s, BERRBALER, gt

superi or dommsibg hicasbonTiyerefore, it is al so possible to make the carbon
protective filmthynner while also maintaining a sufficient durability, and
t hereby r dGEEEXAPRIEGT | oss. Thus, it is possible to provide a

hi ghl y reliabl ey BRERGIA ecdRRRI HedGmRAEMR theltr§iorlve MAPARhS sl aSWollgdent |y
i ncreasing the rec:rccﬂclngcd‘gn ity g\nmt hout o&glrrftncg t he out pﬁt1 praopeort é{s

t her eof  structure comprising a tantalum nitrogen layer and a carbon layer, 68as manufactured

according to a method in which a spatter gas containing nitrogen, at a mixing ratio shown
in Table 10, was used at the time of forming the tantalum nitrogen layer.

The aforementioned CSS test was performed on these magnetic recording media,
and the test results are shown in Table 10.

The nitrogen content in the tantalum nitrogen layer of the magnetic recording
medium in each of the aforementioned Test Examples 62, 63, 65, and 66 were 5 at %,
and the nitrogen content in the tantalum nitrogen layer of the magnetic recording medium

in Test Example 67 was 40 at %.



Figures 6 and 7 show the critical parts of the manufacturing equi pnent used
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and the surface of the disc Dis
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rce 14
e magnetic

43a, with a nitrogen content of 1 ~ 30 at %, and carbon layer 43b formed thereon,

exhibited sufficient durability against a CSS operation performed 20000 times. On the

other hand, the magnetic recording media comprising only a single-layer carbon

protective film, or alternatively comprising a protective film in which the nitrogen

content of the tantalum nitrogen layer was out of the aforementioned range, exhibited an

inferior durability.

As explained in the aforementioned, according to the present invention, it is

possible to form a carbon protective film with a superior durability. Therefore, it is also

possible to make the carbon protective film thinner while also maintaining a sufficient

durability, and thereby reduce spacing loss.

Thus, it is possible to provide a highly reliable magnetic recording medium,

which is capable of sufficiently increasing the recording density without lowering the

output properties thereof.



10. The gas is then exhausted from chanmber 10 via the exhaust tube 16 to
circulate the gas therein. : The reactant gas is preferably a m xed
gas of hydrocarbon and hydrogen, with a m xing ratio of hydrocarbon to
hydrogen in the range of 2 to 1 ~1 to 1 by. vol unme, and the hydrocarbon
preferably conprises at | east one type of hydrocarbon sel ected from anong

| ower sat ur at eg. . r
cyclic hydr oca%%%%gg.’g%& qoﬁ%{el%\l\%gnr#gﬁ %yéﬁt&?ﬂ%&%%gﬁﬁg ?@ﬁpmt% ﬁgu%ﬁ\é@v rate
of the reansthert embadinsenpraff theahiethodOfor5 GlanufanturiAg dinhgmetial tegordidpe nedhan
pressure of the chahnber 10.is pref rablg Eet at ga?(r det erm ned val ye, such
as 0.1 ~ fegsxding to the pregent invention Figyge O 58PS ap par F‘gﬁt Toy dfRHIAUON dedesr i cal
power sou | for trical power of preferably 50 ~ 2000W
I's suppli gg@%%&ietjeghgp/esgﬁ%ge% %E%Itagﬁgener ate plasma, and a carbon
protective fil hewitrdviclet tay dkadistsorpdesfier ahised tmirtadiate thegorfade Gthe ca®oA, i s

formed on both. sides of the.disc D by.nean f .pl asma .chem cal gas phase
or owe n, _uBIEEVR ST H sty 2R ERPVRed vl £ SRR P (6o ey a ise
When suppkyinpfsifg ectarbsm/pratemiie fikn;l &Rl altesidladey sbhrcan®s s irtddidtihg the
preferable to make the phases of electrical power supplied to each

el ect r ode surfacg; off theedisc spyedytherein ayithuitravipletheayph aEes ulsravisles cray | sourcepswer
suppl i ed . ' d bl ' ' 0 e
coati ng.r Bfeseably Gierft Bigpatls O hitiille whbviohy PRANED S SRIBECUEILE, |
phase of dbéehrical power supplied to each electrode is preferably in the
range of 90 ~ 270, and in particular, .the opposite_ phase, ({.e., 180[err])
is preferred. Contrefs Erarapife %&@Fdﬁﬁr ‘H‘?E’F &y éobﬁcsf%félmyel bidegimexpigner i | m
whi |l e pergmmdﬁgag%a appl yi ng, such as high frequency bias or pulse D. C
bias, to the disc D, using the electrical bias source 13. The

condi tions of @hasvashiog apparstus cleges thadunfics dfithecarben protéctive film ofitheddiser i bed

in the afogre tioned. The farmed car.bhon protective fil Qnt,ains a
i gher oI Py A reah e MEai el By RO ECa  prokeof S Ao
har dness. chamber 84 o §tbR thetdisy] & QupplipBoiiras Bar fof ¢leah@pekater ke eRaflithe disedi um
according to the present enbodi nent, subsequentl K?é the disc D fornmed with

the af or effd Brtkel caanbss $oprest @ dprale 8F ifprinjesting sleapiwerveaten swppliec Eorribber
74 of thegy 83irod €F at'tBY afor&AdlitRhbPBisEeVi Ce.

In the following, another embodiment of the method for manufacturing magnetic

recording medium according to the present invention is described, using an example in
which the plasma CVD apparatus shown in Figure 1 in addition to the aforementioned
ultraviolet ray irradiation device and washing apparatus are employed.

Initially, a non-magnetic base film and magnetic film are formed on both sides of
non-magnetic substrate, according to the spatter-coating method and the like, to obtain a
disc D.

The non-magnetic substrate may comprise any substrate that is generally used as a
substrate for magnetic recording medium, as described in the aforementioned. The
material and thickness of the non-magnetic base film and magnetic film are as described
in the aforementioned.

Subsequently, the disc D is transported into the chamber 10 of the aforementioned
plasma CVD apparatus, and the surface of the disc D is exposed to a reactant gas, which

is supplied from the supply source 14 through the introduction tube 15 into the chamber



71 .and the surface of the carbon protective filmof the aforenentioned
disc Dis irradiated with ultraviolet rays conprising a wavel ength of
preferably 100 ~ 400nm wusing the uItra&i ol et ray source 75. If the
wavel ength of the ultraviolet rays is | 95 than 100 nm energy | oss becones
great, while if the wavel ength exceeds 400nm the effects of inproving the

et 1 er 10" ThBa RURAN B BUER HoH? ohdohifr2d A Thd BAULE! GHETE 1o AINETRE

undesi rabl €. eferred co lon a of ‘rrradirating with
ul travi ol egasitiergini S an illum nance of 5 ~ 50mMNcnferr], and radiation

duration of 2 ~ 600 seconds. Suhseguent |y, the disc i ch has
passed t hrough Threreariantgasos ereferbly & mixer g2 eflnf{saié%aelé?n pud gf‘gg‘%%ﬁ’f‘ 2into
the washi ng;aRpakialdfhyd@eaboh 16 Ry didgtilithe $apRl dredof Ir-omed ho By RBlunes @ ce
87 is injected at the aforenentioned disc D, using a nozzle 838, to Clean

the surf acthe diydrdeartoar preferghip coviprises a1 least pue tiipe of kdidergbaraselected debm

herein, a ultrapure ter h opl smal | _unpurified content.is preferred
due to' i s srefid MasedBons, RufineatiRHL A Prabam, £hY fer Bl
protecti venyldrédirbons. Subsequently, a |ubricant such as

perfl uoropol yether, fonblin [ubricant, and the Iike, is applied,_ according
to a di ppi ng nehea cerryingeut thiscopergiony, thedlgw sate gf thedeatans gas isireferablieS0
surface of |.sc - Whi hy , o1 0
Form a1 b PSSRy TFip), BB InRE etk bE Wi chatfbe AV I RRRRy Skt o
wher ei n a predeteragnet valudaaeh 45 0.in~ ¥o®gnetic film carbon protective filmand

| ubricating fil re successively fo d.on a substrate, is obtained..

Exanpl 65 of 1 heAhdlSEHE L g 1oy B0, PTG FRT<el Pastss BN 1o gk

af or enent | pOREAnEPALERCIIU WG ITPEBRALIRY0 L0V ifsuppEEEtd thel @6iode 91 A&di um
wWth a simlar structure to that shown in Figure 2. In the magnetic

recor di ng gesdiateplasma,tand acseshnn protegtive filmagwite aithickugss preferebls inghe range of
non- magnetj.c £ 1 PG f , r | |l.m 33,
and o 'ubri CadPRs Fitplihelon Rul3HE b disdD Yy mParSHrB R LBEG s sl 10,
for manuf agbwh, Riging thegofimentioedredttagt gasdis atartingi®ateriae surface of the

carbon protective film33 is irradiated vﬂth ul traviol et ra,gls prior, . to
formng the | ubWhensrpRlying) sieotucal pawey fa the fleciroqend 1randn} ks it fsareterable to

i nproved, I{:}gl%i tfhg ‘f—,h@éi? ©F biRBerfebl ﬁc&(}?erlcéﬁﬁ%l% Bl elebiYSdd 11 H’fﬁ%l?enE.olBSrhﬁeans of

| ubri cating m34 1s increased, leading to a superior durability

making the phases of electrical power supplied to each electrode 11 different, it is
possible to improve the coating rate and durability of the protective film. The difference
in the phase of electrical power supplied to each electrode is preferably in the range of 90
~ 270°, and in particular, the opposite phase (i.e., 180°) is preferred.

In this operation, it is preferable to form the film while performing bias applying,
such as high frequency bias or pulse D.C. bias, to the disc D, using the electrical bias
source 13. |

The conditions of bias such as voltage and the like are preferably as described in
the aforementioned.

The formed carbon protective film contains a higher content of diamond-like-
carbons (DLC), which exhibit an increased hardness.

In the method for manufacturing magnetic recording medium according to the
present embodiment, subsequently, the disc D formed with the aforementioned carbon

protective film is transported into the chamber 74 of the ultraviolet ray irradiation device,



72 . The reason for the aforenenti oned magnetic recordi ng nmedi um
exhibiting a superior durability is attributed to the follow ng.
Specifically, by the irradiation with ulLtraviolet rays, the shallow area of -
t he carbon protective film 33, near the’kurface, contains a | arge anount of
dangl i ng bonds, and bondi ng i nvolving this dangling bonds of the carbon

protective fi]Jm33 fir adher e Q the | i i Silm.34. . . ..

Accor di ngl%‘f1 th slfrgacsoog rsq%f%g?% pﬁ%ﬁ 1\4[ehfk1e}mcgfﬁ1:§anaﬁ§1$eo etc‘{".“if’ga l? it Pn%stlﬁﬁaﬂﬁgﬁd, and
t her eby r agdtic altfaRitétn@ys @ofmprikingadldvadvelengthi 6f pref@ablyi 100e~t 400a0E igitig the
probl ens such _as spin-off _during CSS operation. Thus, it is possible
to provi daltzavielghiay spwce 481 e magnetic recordi ng medi um which is capabl e of

increasing the Igﬁﬁﬂgﬁﬁﬁéﬁﬁgg%ﬂ RYESS' tigh ﬁ&@n&”%ﬂ&ﬁ RIsOBECJrh&S

t her eof usi ng an excimer em ssion lanp as
t he ul t r agredt ewhilenif tbowaveleiigh exteeds 400w, the effiects aiftimprovinghihglpropartiest ofusi ng

a short pulse wdth, and_.thereby. efficiently inpraove e quality of the
carbon pr 6%‘%%&%?#9%"%@:‘@ §5 Fé‘}c/’é'_.s“ ECIe_“E anﬁﬁneg%rﬁpgﬁb?eoy. means of washi ng
the surface of fHep@RrRANCHHIMEChE Ve T oB Irridihtng e ultialidié RYSSS e to
renove the inpurities that are attached to the surface of the carbon

prot ect i véllimingna3of Sam §OmWWicatyand|redintiomdurntipnof 2 ~ 600 sequnds, it is possible
to prevent a r ti ' ngi ] ..
protective fil %juggqugl%l* Etrl)ér ?@% .ﬁgkﬂ ???T}’é%g%hﬁe}oﬁé{ &Errp%{i}rr %‘{?‘?lgél%&g?rﬁaéh%le “ween
tﬂe two fidevige, M'ragﬁ)drfbdtidufdlthﬁr\ﬁashhl‘gsa@amtlgs;‘du@tcle!aﬂingﬁﬁiﬁbleswn?d) iftoind yheof

t he magneti c recording nediu In, addition, jn the nuf act uri ng

met hod  ac SBPRIY ABUTEE 8¢ %lwdg]ﬂéhi AlSFRIEENIOR Pﬁeﬁ% ,usglsta_e@m@?%ﬁ iRy clerthear bon
protecti ve,fahdeThs {HaCcapbid Biective Ifih2diAR e cidahthoUlvhleP Used RbrefYSultABtel NEN

washed using water. Howev t he nmethod for manufacturing magnetic
r ecor di ng wateli with anly arsthahlguriporified contestan préfesvechdueto ifssupertior] éffectieehessiar et o,

and the washin rocess rrecede, the process of irradiating with.
Ul tr avi of Sleapdgate siags of B rphiRg el B 0 ot ect i ve il m n
addi tion, -the subleyuentd, o Rbricaitaach B peARioroIYether) ForbIR R®ribent\asd &

using water w thout undergoing irradiation wth ultraviolet rays., _
Fur t her nodike, isiapphied fageardpg torpedippingdnethpd e éhe Wke, fto the eashomprotectixe ifidme d

with ultr %Yxitﬂé SlrrdcB%F £l 5RO ﬁ vﬁﬁéﬂ"ﬂasvﬁégﬁdthrough the washing apparatus, to form a

lubricating film. In this manner, a magnetic recording medium, wherein a non-magnetic

base film, magnetic film, carbon protective film and lubricating film are successively
formed on a substrate, is obtained.

Examples of the magnetic recording medium manufactured according to the

“aforementioned manufacturing method may include a magnetic recording medium with a
similar structure to that shown in Figure 2.

In the magnetic recording medium of this example, a non-magnetic substrate S, a
non-magnetic base film 31, a magnetic film 32, a carbon protective film 33, and a
lubricating film 34 are provided.

In the aforementioned method for manufacturing a magnetic recording medium,
since the surface of the carbon protective film 33 is irradiated with ultraviolet rays prior
to forming the lubricating film 34, the quality of the film surface is improved, and the
adhesion of the carbon protective film 33 to the lubricating film 34 is increased, leading

to a superior durability.



73 . Additionally, in the nethod for manufacturing magnetic

recordi ng medium according to the present invention, after formng the
carbon protective film a tape- vani shi 92] process, wherein mcro-ridges on
the surface of the carbon protective fil'fnare scraped off, nmay al so be

per f or med. In the following, the effects of the present invention
are specified, Jsin e ( ?(Hglﬁ . A.magpeti c
recordi ng medi uﬁl‘%%sﬁlg%# gfé ua?&ér%ﬁi@h@?nﬁ& ;ell-ﬁg{“%{?na g?ﬁ%dr“é ug{(hl@ﬁlﬁg s

ul travi ol efupérior durabitityaisi steritdged ee theafullowings Spedifieglpygriat tie istadistion rwikh gur e |
1, 6, and 7, respectively, according to the foll ow ng, process. After
an al uni niwiirvielen yaysy the shallow grgacel the ﬁargoﬁ\liﬂﬁotﬁﬁ?‘éﬂ %Wﬁﬁa (WRE 1D, sufagset er
of 95mm angd P of BRlg13 boh € A BokiiinB iFFSHARR 168 dangling bonds of

t exture- p%g{e@%fg& or?%ur moan a%/feﬂgaé)e s’ur?age 1r gdghnesg o? %%%:nga onas o

non- magnetthe cirhem pfateative filfndist firmly atherksestbe bfbrgeiuy fibwdpri sing a C al | oy,
and a magnetic film.32 c risi a | 1o err re.successiyel

For med on bot h AteBungy: Frpesiltpidbe o o BT R dha 0
nmanuf act urggudayspabiaVisss. UR adBitdnD itdisdpSseibld to prevent SidH ¥s spineofli s
D was transported into_the chanber 10 of the plasna D apparatus, and a

m xed gas duawg$iSpPpesstion: om t he supply source 14 into the chanber to
achieve a flow e.o0 . c 0} . f . ogen,
M th amxing oo il PORRIED mrovids s Sy FARRPE gt VERFARR naeTT
as the reaghislntis gpablédef incvedingy the hecardingr d@rsitg Switkowtf Idweginghékbeuntphp was
mai nt ai ned at 6Pa, At the sane tine, high frequency electrical power
of 450W wdSORGHEN &80t o the el ectrodes 11 to generate plasma, while

appl ying pul se Qydiioli§s bpfme-a;l@%_vuéiw{;tah éclrh&R8i6%n Ump Q9 theH1ralididh hyp ©
wi dth of 500 ns) to thé disc, using The electrical bias source 13, to form
a car bon pootcects, vteisfrdssib@3tovwhitaing highokatew susutg &6horo pulsetwidth, ded thérebhe
disc D. The.t.emperature.of the disc and_coat i ate. were mai ntai ned at
130] er r ] G SRRy he e ‘é(cﬁt@%?”g[f)@’?“r%’é’te " B 32U he phase of hi gh
frequency el ectihiadaitioROMEmesni T WwaHingthe sdiface| oF ¢lid @Bonlprovéttive Blm 38 with
180[err]. In addition, the distance between the disc D and el ectrode 11 was
set at 30 Water, it is possible to remove the impurities that are attached to the surface of the carbon

protective film 33, and thereby clean the film.

Thus, it is possible to prevent a reduction in the bonding strength between the
carbon protective film 33 and lubricating film 34 due to impurities lying between the two
films, which in turn prevents any reduction in the durability of the magnetic recording
medium.

In addition, in the manufacturing method according to the aforementioned
embodiment, after forming the carbon protective film, the surface is irradiated with
ultraviolet rays, and then washed using water. However, the method for manufacturing
magnetic recording medium according to the present invention is not limited thereto, and
the washing process may precede the process of irradiating with ultraviolet rays, after
forming the carbon protective film.

In addition, the surface of the carbon protective film may also be washed using
water without undergoing irradiation with ultraviolet rays. Furthermore, the surface of

the carbon protective film may be irradiated with ultraviolet rays without being washed.



74 . Subsequently, the disc D wherein the carbon protective filmwas
formed according to the aforenenti oned operation was transported into the
washi ng apparatus, wherein the surface s washed using ultrapure water.
The disc D was then transported into the chanber 74, where the disc D was
irradiated with ultraviolet rays, using the ultraviolet ray source 75.

Herein, an exci " C f ed b 1.0 Denki| whi I 0 |
irradiate ult ra[\%E 0 Oe%%ﬂ?’aéllgatgg rgigttv}\lééefoé né‘?#?%&ai@g mﬁrl]h%l\l/ﬁu{\éhhh%gﬁdé% arﬁéfﬁ%&vm dth
of 14nm, asesrdinged the priesentlihveavion) efterr fyrmimgtiee caibon Prctettive filth,0h ethpé-ay

i rradiati on was perforned for 30 seconds _at gn il]um nance of 10mWcnierr]
under a nivERISHBS PERESSH{WHSESIR &pigro-ridges on the sy @ﬁ?e?fttﬁsf,ca@ﬁﬁ papteetive HlgsaRashed
i n the wasghi ' nd then a fonblin lubricant (Fonblin Zdol
2000) vvas%gl:c‘ﬁlggcl1 g@%g@?@gggﬁg@ﬁg to the carbon protective film according
to a di ppi ng mdh tiifolldwingy thecefféctof the pr&éntunyéntmntdne spacessl, using@dnerete t hen
formed, to obtain a nagnetic recording nedium (Test Exanple 69) A
magnetic reéﬁ'BP@F'ng medi um was manufactured in the sane manner as in Test
Exanpl e GQTenggmbE%ggxception that an excinmer |anp (rmanufactured by Ushio
Denki) capable of ‘irradiating ultraviolet rays with a wavel ength of 222nm
(with a hal f bahthagheticreegrdingmpedigm wasavamsaotered, isinga/plesrae apRATMYS 75,

and the disc,D s, irradi.ated, wth [ I . ngs an

1 i i PR Rl PR A aeVice ] 4 WAVHRE Ehec P sl okiBHER €0 a7 50

éxrmglnet itsgesrpeaﬁ{]ew,?gcdmﬂ' 'glﬂmhmnﬂwmgf;ﬁoéegs_ed in the sane rranger ats'| in Test
anpl e , Wwth the exceptiop that the disc | I rradj.at W t

ul traviol et ray\terfgaiumigsines °3éF‘1?b.s“€fPé§’Pteé>3’éEﬁb¥v§ﬁBI‘}etﬁdélm (ew‘ﬂl wdipmsterc

recordi ng Jyesd R4 [ ; ' ;ge}% e 68,
w th the exceg@oa\rqatsﬂﬁat tfrslgﬁfj(lygigﬁl?) %iﬂﬁg?@@g%@%mﬁgéﬁgsm ng]ég% ar at us.

In this tdetm aubverage swrfate raughsess of 80X5a nerthagnetkebase Blmil| (wiher thicknessed.

(Test Exanpl £..42) ... A nagnetic recording. i was nanuf actur in

the sams. TRriaAcomprisiaa @ B3 M. w8 mautdeniin 1 SMerRos ich oy

ul travi ol gCof,eY, TR weh®sub&siséioélefbrmed on both sides of the substrate S, using a
spattering device (3010 manufactured by Anelva), to obtain a disc D.

Subsequently, the disc D was transported into the chamber 10 of the plasma CVD
apparatus, and a mixed gas was supplied from the supply source 14 into the chamber to
achieve a flow rate of 130sccm.

A mixed gas of toluene and hydrogen, with a mixing ratio of toluene to hydrogen
of 1 to 12 by volume, was used as the reactant gas. Additionally, the inner pressure of

‘the chamber 10 was maintained at 6Pa.

At the same time, high frequency electrical power of 450W was supplied to the
electrodes 11 to generate plasma, while applying pulse D.C. bias of —120V (with a
frequency of 200 kHz and pulse width of 500 ns) to the disc, using the electrical bias
source 13, to form a carbon protective film 33 with a thickness of 50A on both sides of

the disc D. The temperature of the disc D, and coating rate were maintained at 130°C,
and 450A/min, respectively. The difference in the phase of high frequéncy electrical
power supplied to each electrode 11 was set at 180°. In addition, the distance between

the disc D and electrode 11 was set at 30 mm.



75 . The bonded ratio test, spin-of test and CSS test described in
the followi ng were perfornmed on each magnetic recordi ng nedium obtained in
each of the aforenentioned Test Exanple 4 (1) Bonded Ratio Test Each
of the aforenentioned nmagnetic recordi nz medi um was soaked in a sol vent
(AK225 manufactured by Asahi dass) for 15 mnutes, and then renoved. The

rati o of the th f - ubyi Lngafd | QL L Oct i yon
and after thi srgol%gérl&tilﬁﬂ %e?%g%?e? c‘g C%}Pa%ﬁeéd clg}rP% éepgdetﬁ{tgsemr{#hga?%gﬁ%%ss
of the | ulicterdingny the lafordmemaonedeapemtion was transppdsd tintortheversking rappamtlisus

measured 20mm. usi ng _ESCA. (3) SpiLn-qff Test The af orenenti oned
magnet i ¢ r"ié%?‘ﬂitﬁf’gs‘%@ﬁ?w l)‘erddfséﬂ%‘gtré?urﬁ Ya®tat | onal speed of 10000 rpm
and a tenperat ure @fc IWWUs theh tlRSpdid’ mito The chahbd ™ Whéte tthe Giepswal t he

lubricating film34 prior to this operation and after this operation was
t hen cal cutradistédiwithpetrevintes gays, Uving theiudtkaaelst wly spueee|78bri cating fil m 34 was

d at th iti . t i ) I . i
e um measur eS8t Samet iy (PRrkRchirea By SBRTERARD, St H B0 )
respect i valridiatesulitaviblet ks df2 wabdedgthtof 172mm (withi npalfbadRwidthchf BnGHS

operation was performed on_the aforenentioned magneti.c recordi ng di u
5000 ti mesyasatseq ap sheypitigniolet yau squise 7?29&? Bifravinlet | Gariaunp SreatherBrBrd S0
with a | ow,hygridizhys ffan dthinance of lfdrﬁwt/&hsuﬁs iR, ntg‘QQaﬁﬂd%gﬁerQ.f tests
were perforned: 1n one test, t%e af orenent | onea maggr?et I c_ recordi ng medi um
was baked at a Subsgmeatlyrtbe disc IB®faswasied or the washing appamtus agairhand then a

A TR R TR N IS S
A nmagnet i GrsREprIRG 288N tYAipRAE tehdd €Al hittidatifg GRS ANRIN & thidkndss of €St
Exanple 68 with the exception that neither irradiation using ultraviolet
rays nor \2@dhwagthem formeds torohtain amasneticrecopding meylium.
(Test Example 69)
A magnetic recording medium was manufactured in the same manner as in Test
Example 68, with the exception that an excimer lamp (manufactured by Ushio Denki)
capable of irradiating ultraviolet rays with a wavelength of 222nm (with a half band
width of 2nm) was used as the ultraviolet ray source 75, and the disc D was irradiated
with ultraviolet rays for 30 seconds at an illuminance of 7mW/cm’ under a nitrogen gas
atmosphere.
(Test Example 70)
A magnetic recording medium was manufactured in the same manner as in Test
Example 68, with the exception that the disc D was irradiated with ultraviolet rays under
ambient air.
(Test Example 71)
A magnetic recording medium was manufactured in the same manner as in Test
Example 68, with the exception that the disc D was not washed in the washing apparatus.
In this test, ultraviolet ray source 75 used in Test Example 68 was used. |
(Test Example 72) '
A magnetic recording medium was manufactured in the same manner as in Test

Example 68 except that irradiation with ultraviolet rays was not performed.



76 - A magnetic recordi ng nmedi umwas manufactured in the sane manner
as in Test Exanple 68 with the exception that the carbon protective film
with a thickness of 100A was forned acc,%di ng to a conventionally known,
spattering nmethod. (Test Exanple 75) A magnetic recordi ng nedi um was
manufactured in the same manner as in Test Exanple 74 with the exception

t hat washi ng raed, (T etic

recordi ng nedmevr}%éd%gﬁaﬁ% tgFtU rs‘)el((]'ol?ﬁéstt %ﬁ;%gnsgteétgé%sgnbed n ‘ﬁe%ﬂ lI‘:lﬁa‘?ﬁ)rfse 74
W th the eefephéddn tdvht mhgretidiraddrding whédiuri) dbtained lie tadhayfSthaasore@entioned '
perfornmed. (Test Exanple 77) A magnetic recordi ng nmedi um was

manuf acturT(?étE’ﬁm% -same manner as in TeSt Exanple 74 with the exception
that neit [ using ultraviolet rays nor washi ng was perfornmed.
The af or eggll??%(%g aﬁhr'%gttypes of tests were performed on each of the

af or enent i oned Baely néthecafowmntiomgl meghetic ré¢trrdinggnediwn uvdsssoakel mhovoivem

Tabl e 11. | n.t

TOND et (K225 maitchired P At st B2 TS stitigte™: i apn ity i fafig B

irradiati gne thlckness of the lubrlcatmg film 34 er\éllor to this operatlon and aﬁer thls eratién was Tabl e

11 Car bon Bonded Spi n- of pi n- of

CSS then calcuquwcbtrbmrmpéage i Fheathiickness ofjthe lubricafingofilm 34 nmrmeasu@dt@r
W( 0 ;;Ebsmon whebe khe radius Helered 20m1;nI Bapg ESE/AOCESS (9 circum
circum sour ce

ference f(sa)rﬁmneafqusstocess process met hod

goo/() No cr as ﬁ'?le Ng)remagqprﬁgv épﬁgngtl%gecor {pgeiumww%p IQI?FEd at g’ :rgotational sp7e£éd
of 10000 rpm and a temperature of 100°C for 168 hours. The ratio of the thickness of the
lubricating film 34 prior to this operation and after this operation was then calculated in
percentage. The thickness of the lubricating film 34 was measured at the positions,
where the radius of the magnetic recording medium measured 20mm (inner
circumference) and 42mm (outer circumference), respectively, using FT-IR.
(3) CSS Test

Using an MR head, a CSS operation was performed on the aforementioned

magnetic recording medium 5000 times, ét a rotational speed of 7200rpm, .and a low
temperature of 5°C with a low humidity of 15%.

In this CSS test, two types of tests were performed: in one test, the
aforementioned magnetic recording medium was baked at a temperature of 180°C for 3
hours prior to the aforementioned CSS operation, and in the other, no such baking
process was performed. The test results are shown in Table 11.

(Test Example 73)

A magnetic recording medium was manufactured in the same manner as in Test
Example 68 with the exception that neither irradiation using ultraviolet rays nor washing
was performed.

(Test Example 74)



Test - - pCVvD Exci mer wth 51 82 89 No

crash No crash Exanple 69 nmet hod | anp Test pCVvD

Exci nmer W th 39 77 §3 No crash ' No crash Exanpl e
70 met hod, | anp Test pC\/D7 Exci mer without 31

72 79 No crash No crash Example 71 met hod | anp Test
Exc}a/gpl e 72 ne%%%n?ﬁ% E'ehcordmg mejdﬁ.&ﬂras méli‘ﬁlfactured ift %hew satr?l%lﬁ‘aﬁﬁésﬂlifhpesg rash
38 4Bxample BB witlathe excepfioasthatitha epdben Potectived filad wiihsd thickness of 100A
Spattering Exciner MW th 56 84 . 92 Crash Crash
Exanpl e 74vas iggpedaccording fo,gponygationally knowayspagtering,gethody i ner — wi t hout

53 Crash Crash Exanple 75 met hod | anp
Test %%egp)Ez;m"ta{"é’?‘?q@ Wi th 30 75 82

Crash Cr as hA Enaguptie retdrdingrmddoun Pesstmanufacture§pm theesanmgymanner as in Test

w t hout Exanple 77 nmet hod

28 A . 8 .Crash Crash
From t he r@gamp[lg%]wn@ége e¥sRHoT ﬁ“aﬁ'ﬁ’ﬂflgnﬁﬂas pot ﬁ’@&“&‘ir that the magnetic
recordi ng (TeRd:ampl@ng) act ured according to a method in which the carbon
protective filmwas fornmed according to the plasma CVD net hod, and
ul traviol et rayAimagagtiar¢cordiag iedium weasHnayfagtened in theapamemaanesrasyjgslest

per f or med i . i catl - fi 01 b G ility
Daai not - cvale 2F paitIhh 6Riebith afishighfon At ol Gier st RS 1Y
resul ts of(TektEapled)y ati o test and spin-off test, the magnetic recording
medi a, manufactured agcordipg a the nethod in which UV irradiation 1yvas
&hting

performed, exhiBimaggetc resRENNg MFdim Syps manufactured i the same, mapper 3s jg,

film Example 74 with the exception that neither irradiation using ultraviolet rays nor washing
was performed.
The aforementioned three types of tests were performed on each of the
aforementioned magnetic recording media. The test results are shown in Table 11.
In the table, the plasma CVD method is referred to.as “pCVD method”, and

ultraviolet ray irradiation is referred to as “UV irradiation”.
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I rradi ati on was not perforned.
according to the present

suffici enty gfél’qbl lity,
Consequent ? Y,

It

i nvention,
protective filmof a superior durablllt

conpared to those manhufactured according to a nethod in which W

As expl ained in the aforenentioned,

/7

it

and t hereby reduce spacing | oss.

possi ble to forma carbon
As a result,

is al so possible
to make the carbon protective filmthinner while also mai ntai ning a

i S p055|ble to provide a highly reliable nagnetic

recordi ng medi um| whitoh i s GépablWasbf | Hehdedqi Ipatdfly| Spieoasi ng CRR recoy di ng
density Wi thout llowgedogd | thgsRul PULe P ORGLT | [€Sndchel afifier wo 11T Wi e
fol low ng, anothgr enbodinment of the fgagpetijc recofdi ng red| um accordl ng to
t he presént inventlcf'llfnl s| detioBrj p@tpoess | (0) TRIrCRRg nEFUE- | ebakingi pgbadedi im
accordi ng to the |presiagt | esdoeei frent conpri sgsfemnet [ tednoy ¢ grboedsl frpréoesst hat
shown in|Figure 2 setholt "¢ MRgnetic reg¢ordi ng negi um agconding to the
present e¢ohadi e a noh-magnetic sulpstratg S a pon-magnetic base film
31, a magAetic fi I mCeY®  h Exdmeon pitht ¢ct 3e [fi " 3B, 8nd | Alolces | Marwcraply| fi | m
34 are pl @¥ingRbs | method _xaﬁﬁies of the non-nagnet c substrate 5 may
I ncl ude ap—atumARHIRAH-O_Subst+rate¢oatedw NPt at—HHm—i 1
addi ti on| 08 subst|r ReL CJf?ﬁflfngr g "t ags, S5 g%e 83 t ha¥ocfagh | Nocra The
surface ()Exankl@_@LbsueﬂTade Slmp preferably tregated w th t ext ur e- processi hg
suchhas RZHIPGT 7 E?Bhgcvfﬁhﬂgi 'ﬂ)pfrihﬁugogs3[“'b@%ﬁ$ﬂ @h%#&f CF
roughness S pr ra e range o ~ : € mater|a
and thic ﬁéﬂg};’lej{’ tﬁé"ﬁ‘ﬂ% %‘H’ c baseé film|31 and| magnelic film 32 aré as
descri be@iTesn t he |afpiiVPnentExcmed| wiklat § hi 8kngss 7f | hg9nonNuggste iNo clasts €
film31 ag& 16t iembd | M 3gnAr B preferably [in the rangejof 50 - 1000Af and
50 ~ 800A rpqnprfi\/p Vi The carbon grotectjve film33 is forned
accordi ngTe t he [pl CVD “net hodith 15 The4? hi ckrfdss | 8 cfape | dercHgh
pr ot ect i yExdniplemi|s npmed efably i p the yange gf 30 -| 100A

Test pCVD - without 11 38 44 No crash Crash

Example 73 | method _

Test Spattering | Excimer with 56 84 92 Crash _ Crash

Example 74 | method lamp

Test Spattering | Excimer | without 53 82 89 Crash Crash

Example 75 | method lamp

Test Spattering - with 30 75 82 Crash Crash

Example 76 | method

Test Spattering - without 28 76 82 Crash Crash

Example 77 | method

From the results of CSS shown in Table 11, it is clear that the magnetic recording

media, manufactured according to a method in which the carbon protective film was

formed according to the plasma CVD method, and ultraviolet ray irradiation and/or

washing with ultrapure water was performed prior to lubricating the film, exhibited

sufficient durability against CSS operations performed 5000 times.

Additionally, from the results of the bonded ratio test and spin-off test, the

magnetic recording media, manufactured according a the method in which UV irradiation

was performed, exhibited a lower reduction rate in thickness of the lubricating film,



79 . In the magnetic recording nedium according to the present
enbodi nent, the lubricating film34 principally conprises at |east one
conmpound sel ected from anong t he conpoungds represent ed by the follow ng
formula (1) through (5), nunber average | ecul ar wei ght of which fall in
the range of 500 ~ 6000. The thickness of the lubricating film34 is
pr ef er abl Yeorfhatdifio B mEfutBetiired Woording to 4 MeflBl fn VRS OVCialififion WAS rofr M
princi pal‘iy conprise” signifies that e particular conponent is contained
i n an anowerfogmedit er than 70 wt % [err] [err] [ wherein, m n,
p, g, r, s, t, v,. and w represent .an {ntegey, respectively]. .. . I.f the
ol acul ar el gk GRDIRE B BT RepPReb B E 15 ahe PErERe bR ¥ df nul o
(1) througdpstible toSfolf BScarbie plofltive Filinbfof Supeyvor 86fbilityn Asheregalast ihassl, i f
t he nol ecul ar_ wei ght of the conpounds exceeds 6000, the [ubricating ability
of the surmossibleoto mpjee thesearbemprotestive il thinner gyhils dleqimaintaaing 3 swilicient
undesi r abl | | r Ok property. Anong t he
aforerrenti&éﬁ%bzﬁ%c%%gﬁeggréée%rgesé%é&%@g‘%y the formula (1) or (5), with a
nunber aver age Q®dsequendy, i i pbssitle 300provid208, highly sdiablei mapyetier edcerdingl. as
t he principal conpaonent of the Jubgjcating film 34, since thgse conpound
i nprove t HBSUPMn -WiER 15 capable; %é s'éﬁlﬂ“e@fslg &?Eﬁaé'é‘ge CsfgeeLding density” without
Addi ti onal b6 |dﬁt9[§11t Aldensesfihdr@dB84 may principally conprise a mxture,
wherein alé?)(’ﬁ%o%ng re rg)seﬂnteé yrthe following formula (6) is mxed into
at | east one conpound sel ected from anmong the aforenentioned fornula (1)
through (5). Do 0% ToBiming: AP ISnPRREH U YR’ Hnl S0 R
according to the present invention is described.

The magnetic recording medium according to the present embodiment comprises
a structure similar to that shown in Figure 2. In the magnetic recording medium
according to the present embodiment, a non-magnetic substrate S, a non-magnetic base
film 31, a magnetic film 32, a carbon protective film 33, and a lubricating film 34 are
provided. |

Examples of the non-magnetic substrate S may include an aluminium alloy
substrate coated with a NiP metal film, in addition to substrates comprising glass, silicone,
and the like.

The surface of the substrate S is preferably treated with texture-processing such as
mechanical texture-processing. In particular, the average surface roughness (Ra) is
preferably in the range of 1 ~ 20A.

The material and thickness of the non-magnetic base film 31 and magnetic film
32 are as described in the aforementioned. The thickness of the non-magnetic base film
31 and magnetic film 32 are preferably in the range of 50 ~ 1000A, and 50 ~ 8004,
respectively.

The carbon protective film 33 is formed according to the plasma CVD method.

The thickness of the carbon protective film is preferably in the range of 30 ~
100A.



[err]- 80 .
[wherein, x represents an integer between 0 ~ 6]. The formula (6)
represents a conpound, wherein six units,of the structure represented by
(F-Cerr]-O and/or (O-Cerr]) are bonded to at | east one selected from
anong a nitrogen and/ or phosphorus which have six-nmenber-ring structure.

When using the Iﬁqmwg{igg&ﬁgggﬁﬂgﬁxgi g@cvstfraxgg%am@%séni bR dRhGROHe onal

content of this conp ] ) 9 the l'ubricating ability of
t he surf adebrifating fitm 3dquincipatly camposésat leasbort campruid seledied dromamors the

| eading to an inferior roperdy. . When the ortd | content of the
af or enent iCBHIQBU%JFCE?G?e%& y 85?" ?ﬂﬁ%‘?@gdg‘vw\'}gﬁd (P)F %%W%lhic@ﬁcﬁ Ogednﬁvef@?d to
stick to thilehifadweipht ©f whick TR Shr bl @nge of 500 ~I6o00he The! thitkhéd, oft R

met hod for manufacturing the aforenenti oned magnetic recording mediumis

descr i bed lubricating film 34 ds preferelly imtherranga st t ABAaf or ement i oned magneti c

recordi ng nedi 4 NLL I ) 2 ' o1 J: M- he film
32 were for nedlig]r%hlggk’#@{;%ég’ g% ggﬁoﬁﬁgaﬁé}gf@@?@qgubgéﬁlé%se@gacglr EI éndégrt 0 a
met hod s uGBmPSneént $Pesnkanedinaini angouie pleattr tian 70het %l ke, to obtain a disc D.
Subsequently, the disc Dis transported into the chanber 10 of the

af orenenti o , h sc Dis
exposed to §8r @’E{iﬁgggﬁﬁﬁ%ﬁ%%@“g@%g??‘ﬁgﬁ'ﬁg %ﬁtﬁﬁlg- %%%f’)sﬂsour, ce 4
through the intr ction tube 15 into the chambéer 10, ggom which thé gas
I s exhausted via the exhaust tube 16 to circulate the gas wthin.

The react anF-(QExCHE€Fa0)p-CExCRge00CHpG - 0G6tbon and hydrogen, with-a @)xi ng
ratio of hydrocarbon to hydrogen in the range of 2 to 1 ~ 1 to 100 b

vol une. The -(ﬁﬁlﬁﬁi@h@wﬁlﬁﬁ@ﬂgg‘a@@ conprises at |east one type of "*(

hsat vt at oa RS AU SR AR PR SGAATE  hyar ocar bore, | T @hi s

g ger ation, HOSCH0H,G)}-EHBCF OLCF REBHONUCKHT,CF2O0HS(OCRBLH,)poHNe - F agg)e of

[wherein, m, n, p, q, 1, s, t, u, v, and w represent an integer, respectively].

If the molecular weight of the compounds represented by the aforementioned
formula (1) through (5) is less than 500, “spin-off” worsens. On the other hand, if the
molecular weight of the compounds exceeds 6000, the lubricating ability of the surface of
the resultant magnetic recording medium deteriorates, undesirably leading to an inferior
CSS property.

Among the aforementioned, compounds represented by the formula (1) or (5),
with a number average molecular weight of 500 ~ 6000, are especially preferred as the
principal component of the lubricating film 34, since these compound improve the spin-
off properties and CSS characteristics.

Additionally, the lubricating film 34 may principally comprise a mixture, wherein
a compound represented by the following formula (6) is mixed into at least one
compound selected from among the aforementioned formula (1) through (5), having a

number average molecular weight is 500 ~ 6000, at a mixing ratio of 0.1 ~ 20 wt %.

P/ N\T ooooo (6)
(F-Csm-o)x‘l*\}*‘ -&_(0'C6H4'CH3)6-X

7,

\P/



~ 500 sccm Additionally, the inner pressure of the chanber 10 is
preferably maintained at a predeterm ned val ue, such as 0.1 ~ OPa.

At the sanme time, using the high freque%y el ectrical power source 12, high
frequency electrical power of preferably 50 ~ 2000Wis supplied to the

el ectrodes 11 to generate plasma, and a carbon protective film33 with a

thickness of prigffaP|Yrepfesédi€an integer between 0 ~ 6]. .
81 range of 30 ~ 1100A, "is formed on both sides of the disc D by neans of

pl asma cheni cal Thyaforphvda 46}y repvesenty @i aempounds fwharpiinsixoweits ofdbe ftuchEe as

a starting material . i i r

el ect rodegeﬁrfs%%iﬁﬁg?'pf}lfg) \é\?e é?é&%@:{%ﬁ&%ﬁr{%&p gtg%é\ﬁo ngﬂtgc %f'iif{:oa

power suppindig dﬂtr@?@{hrﬁl/@qiho@plﬁ)rdslwﬁichﬂﬂveﬁkfmanbmm’ stfcturaki ng t he
p

phases of electrical power supplied to each electrode 11 di f{ler ent, it _is -
possi bl e to i npWher usmg thefomppupd reprasrnted PYne iformule (Phdf shepeorariena i | m
The differ ' : fia&l 1icak o f L etk ode
o pref or Aot oF AR EROANR Blef! B O -Gt p ME Lfiaing SOILS of ATw PhE LF

opposi t e phessultanteagnédfecording mediiar deteriorates, leadingita &n infesjpe GRS properity. i s

pr ef er abl o formthe film whil erform bias appl.xi.n such as .hi gh
frequency WHER s prﬁﬂ?‘i’é’nﬂ ?ﬂn%]ﬂlit é’?,ﬂ?‘i ?tholr ?{ge'ﬁgélgd Bxcq@? r?é Wﬁ%’ SPEy .eEIXngi as
sour ce 13.from this cohPSureAd td Aiek 16 thetiedd, which idsndesiritige and the like are
preferably as described in the aforenentioned. The resul tant carbon

protective fil nn3teclotlowing the methed fenmaspfacsiring theoafgremensioned tpagnstic

(DLO), Wnir%@orﬁ' irgé&iurﬁr?sh&%fiﬁgcfed har dness. Subsequently, the
| ubri cant conprPsing the conpounds represented by the aforenentioned :

chemi cal f or nulla orderap mhanathcture thiecaforenizntiopedmagneaticareéortimg3fediamg mitikillyg t o

a di pping nethod or. the | ke, to forma lubricati film34 with
i Chread aorymagatistiige BIm Homd PAETHEIh i Srere Btmed ik both Sided ofa mgn-

medi um i s pRRIDeGhstiaft, Wdtlink e aABhBRSHE e a Bpsiferidohtihgd hetHHAYBLIHe K, | M
32, carbon protective film 33, and lubricating Tilm34 were successively
f ormed on taobtapsa disc ®. S, According to the aforementioned magnetic

recor ng e B ALk 0 RS RRLA T MRS LY RARRREF
(1) throughasnf) CVDr applatatiis)ahd vied surface of theadiby/Dcio krposed 3o a reackdrit igas, obhithe
the. pr oporit FETHES dER Bt 5P, HETCH M BEAREIF LGSR ReuE By NoiFo FAMETR8) | o
0.1 10, from which the gas is exhausted via the exhaust tube 16 to circulate the gas within.
The reactant gas is a mixed gas of hydrocarbon and hydrogen, with a mixing ratio
of hydrocarbon to hydrogen in the range of 2 to 1 ~ 1 to 100 by volume. The
hydrocarbon preferably comprises at least one type of hydrocarbon selected from among -
lower saturated hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic
hydrocarbons.
In this operation, the flow rate of the reactant gas is preferably in the range of 50
~ 500 sccm. Additionally, the inner pressure of the chamber 10 is preferably maintained
at a predetermined value, such as 0.1 ~ 10Pa.
At the same time, using the high frequency electrical power source 12, high
frequency electrical power of preferably 50 ~ 2000W is supplied to the electro&es 11 to

generate plasma, and a carbon protective film 33 with a thickness of preferably in the



20 wt- % the aforenentioned lubricating film 34 exhibits a greater adhesion
to the carbon protective film 33, and hence provides for a superior
durability. The reason for the afgQrenmenti oned nagnetic recording
medi um exhi biting a superior durability 1s attributed to the fact that the
| ubricating filmconprising the '

82 af or enpRké 880 ~CAUDAQ B¢ Rirfrell DnfboiiTkMef 8 @etlisc D byhRediRdTPlashia0dREdital €
film33 forned according to the plasma CVD net hod. ~ As aresult, it
i s possi bl gastphapmgevithasingrthe afoprresnsioned ecactanhgasasaritatieg magariab al so

mai ntaining a s |.CJ - du L.l L;t edu k

addi t onal Ty Aien PR HESHHAL pow I ehe BlebiadsPH- 6 FEIEH Brertfile 1o
Consequent myke thie phasgsafeldatrival powerauppledtosaghlelectrede hibUiferagnBlyi heans of

recording nmediu ich i apabl e of sufficiently increasing.the recording
density wi mﬁlslag%x@wwgf slechsisehpowss Spepligdeto ety sfs‘#m_e 11 dl?‘fgf%elt is
foll ow ng, g(éﬁﬁalléa{of i%ﬁ{frév@ﬁletctﬁiﬂg ﬁ?@%}m aagﬁﬁmy Sthe pPoteRffe! Al ITHS iifrence

concrete exanples. (Test Exanples 78 ~ 84) The magnetic recording
medi um si ninlthe phasetofigtectrivalpower sEppligdetozavkn sleotsodsf ia preferablyain theotdngesf 90

After an alymniumalloy suhstrate cqated wth.a NL.P netal film(with a

di anet er oTligé ’ﬁﬁﬁimlﬁfl?:rk QPPgpiLtep S?Tﬁwe-’v&?@ )[l?rg%fr(?g?vm th nechani cal

texture- processnnmstl efz%foﬂ] ﬁ_fi? 316 16 WrhPAR MIRLGHIE pErfetmisd Bias@pplyin
Wi

non- magneti c base film 31 ( a thickness of 600A) conprisin a%’l oy,

a
and a magrechastighisauesyitsenaulse BCabissyto(therdisc Duesing She ekswiosbias
formed on &o} 135 des of the substrate S, using a spattering device (3010
manuf act ur'ed y “Anel va), to obtain a disc D Subsequently, the disc

D was transportEhe toriditididefbiasueh ad Qohige 4 the dikeard piefanllqnrasidescribztddn a
m xed gas was_supplied fromthe supply source 14 into the chanber 10 to
achi eve a teapremertioned130scem A ni xed gas of toluene and hydrogen,

With a mXxing rehd RsPfant ChBER Brdtltivé HRIFS chitaids 4 Righer At bF HBmopRIiKes ed
Brebtrve £

as the reactant gas. Additionally, e i nner pressure of the chanmber 10 was
mai nt ai nedcasitorBKRLC), which exhibitlas increased hamdnessi gh frequency el ectrical power

Of 450W vas SUDQkesl il e Rk (eppthide S RlGintl FefRscdtld' 6y the
aforementioned chemical formula is applied to the carbon protective film 33, according
to a dipping method or the like, to form a lubricating film 34 with a thickness of
preferably 5 ~ 40A. In this manner, a magnetic recording medium is obtained, in which
the non-magnetic base film 31, magnetic film 32, carbon protective film 33, and
lubricating film 34 were successively formed on a substrate S.

According to the aforementioned magnetic recording medium, wherein the
lubricating film 34 principally comprises at least one compound selected from among the
compounds represented by formula (1) through (5), or alternatively principally comprises
a mixture of the aforementioned compound and a compound represented by formula (6),
in which the proportional content of the compound represented by the formula (6) is 0.1 ~
20 wt %, the aforementioned lubricating film 34 exhibits a greater adhesion to the carbon
protective film 33, and hence provides for a superior durability.

The reason for the aforementioned magnetic recording medium exhibiting a

superior durability is attributed to the fact that the lubricating film comprising the



frequency of 200 kHz and pul se width of 500 ns) to the disc, using the

el ectrical bias source 13, to forma carbon protective film33 wth a

t hi ckness of 50A on both sides of the d'ﬁc D. The tenperature of the disc
D, and coating rate were naintai ned at O[err]C, and 450 A/ mn,
respectively. The difference in the phase of high frequency el ectrical

83 power I: t l. e o P ddi tj on,
the di ot artie ppliEid Aeitiiend el Gprded 85 gilerlhn by Fo Foimdd
Subsequentdcyordimg] tolthie plasma@VID methdd. Wi t h a t hi ckness of 20A, conprising the

materials shown in Taple 12, was fornmed on the carbon, protective film 33,
according to a 2ff HFisHE, hisprssdlety 7 carbRp prIestve il mo3 3ythipneradiilg @lso

In the ta i ' h he

af or ement iqgﬁgtg h?@gr %ﬁgﬁiéﬁﬁ g? rﬁggftﬁ%d?e%?}?r% Iqédlﬁlsf% Ebl II]% %E%E%ﬁamggég&fgf)

used i n Tese nepeoblines spgh apspiniofeis GYeopasatpund represented by the

af orenenti oned £ormul a. (1).. .. Addi ti.gnal | in 1 magnet.i ¢ _recgordi ng
medi um i n Test “éﬁ%‘ﬁegtl’%s?t isrRossibls {80 Arovide 14 highly YE%@? Betic TeSQrimE  of
Fonbl i n ZHdifbl wARE i{ Ihpatle dfopifficientddl ahcrd@difle (tHe revdrtihga dsisity N@ithaiti 0 Of
| to 1 by vol UWE‘?- Additionally, in the magnetic recording nmediumin
Test ExanpPwermng the qutnugpropesies thereafl m 34 conprises the material in which

X1P (6) was adgggpd g)ellgg{i’?gg’{{he:gi;f%ﬁ of"{he}rg\gen%nven ion arengcHH?ﬂ gg?%rgg{u%rgtet est,

and CSS test descri OW Ng were pertorne ant
magnet i ¢ reggopldsng nedi a. (1) Bonded Ratio Test The af orenmenti oned

magnetic rec I n i was soaked in a solvent (AK225 manufactured by
Asahi 4 aégj’&%mﬁlfgﬁgﬁ%s and then renoved. The ratio of the thickness
of the |ubri catfhednfaghéfic34edtriiiaf hRdiu SsiREer abi it adwal Ge! FigdeS 20RGfat i on

was then cal culated n percentage. The thickness of the lubricCating film 34
was measufapufacturpdapfoliowson where the radi us nmeasured 20nm usi ng ESCA.

I ot on, A ARSI bSO e L5l PR
120[ err] Cof 96 mmhandr thickaédsesf OWBinuh) e thwatedewith aidchardief ttexfe-potéseigad i n
the same o an éve-rr;]g% stu(ra aE:e rro%Sg rllésg o 58&53 g\omn-miagn;ﬂ:bllage :fL'llzm 31 (with a thickness
of 600A) comprising a Cr alloy, and a magnetic film 32 comprising a Co alloy
(Co4,Cry5Ta;) were successively formed on both sides of the substrate S, using a
spattering device (3010 manufactured by Anelva), to obtain a disc D.

Subsequently, the disc D was transported into the chamber 10 of the plasma CVD
apparatus, and a mixed gas was supplied from the supply source 14 into the chamber 10
to achieve a flow rate of 130sccm.

A mixed gas of toluene and hydrogen, with a mixing ratio of toluene to hydrogen
of 1 to 12 by volume, was used as the reactant gas. Additionally, the inner pressure of
the chamber 10 was maintained at 6Pa.

At the same time, high frequency electrical power of 450W was supplied to the
electrodes 11 to generate plasma, while applying pulse D.C. bias of —120V (with a
frequency of 200 kHz and pulse width of 500 ns) to the disc, using the electrical bias
source 13, to form a carbon protective film 33 with a thickness of 50A on both sides of

the disc D. The temperature of the disc D, and coating rate were maintained at 130°C,

and 450 A/min, respectively. The difference in the phase of high frequency electrical



In Table 12, the test results after thermal treatnent at 120[err]C are
shown in the colum of '"with baking', and the test results before thernal
treatment are shown in the colum of 'wthout baking' . (2) CSS Test

84 After the aforenentioned magr?étic recordi ng nmedi um was baked at
a tenperature of 120[err]C for 3 hours, a CSS operation was perforned,

using an MR head, on the aforenentioned ma dc.recordin di u 10000.
Limes ar aPYtrAPBIEH tooFsB FesTroa8 00 Mo St TR0 off SEIh A FBiappe Bpigiert c
with a | ownalcd hild Bbctdedo 1 TWIEs 08 30 mrent of dynamic friction on the
surface of the magnetic recording nedi umwas subsequently neasured.

Furt her nore, af Selrsequentlyf or kuhrieatingnfitin rédgmedthi & thiskoessi 020 dicamprisisg ahe owed
to sit for_6, _hour t he efficiept of, static,friction S asured. (Test
B! o gEatergishowh T THRE 1 R Bollt of i bsihih pliha<ite B A Sbiing od 4
wher ei n t hdippiaghesthdd, @ B6tainEmhghdiicwecorlimg islliaacor ding to the spattering

nmet hod, and the lubricating filmconprised the materials shown in Table 12.
The af or enent i ofedhe ¥gple.y fies numberssing pagentheis eorreppand fot hes sumbern of ithe

recor di ng mfﬁngx}gliﬂn@t SRl CqHL S, Hr?xgﬁs?ﬁ){&s &&bﬁﬂ’ﬁ%’%ﬁzﬁOL 2000 (1) 488 in

table, plasm I'S expresse

85  Tabl eTés2Example 78 comprises the Camipound representbll bg theadfofemientioned fodmathad).

ratio Coef flkgéi%g}lally?oi%f ];ﬁec in?a%tnetic recording medium in Test Example 83, the
lubricating film 34 comprises a mixture of Fomblin ZTETRAOL 2000 (1) and Fomblin
Zdol 2000 (4) (with a mixing ratio of 1 to 1 by volume).

Additionally, in the magnetic recording medium in Test Examplé 84, the
lubricating film 34 comprises the material in which X1P (6) was added to Demnum SP
(2) at 3 wt %.

The bonded ratio test, and CSS test described in the following were performed on
the resultant magnetic recording media.

(1) Bonded Ratio Test

The aforementioned magnetic recording medium was soaked in a solvent (AK225
manufactured by Asahi Glass) for 15 minutes, and then removed. The ratio of the
thickness of the lubricating film 34 prior to this operation and after this operation was
then calculated in percentage. The thickness of the lubricating film 34 was measured at
the position where the radius measured 20mm, using ESCA.

In addition, after the aforementioned bonded ratio test, the magnetic recording
medium was left under the environment of a temperature of 120°C for 3 hours, after
which the bonded ratio test was performed in the same manner. The test results are
shown in Table 12.

In Table 12, the test results after thermal treatment at 120°C are shown in the
column of ‘with baking’, and the test results before thermal treatment are shown in the

column of ‘without baking’.
(2) CSS Test



protective film lubricating film w thout wth of dynam c of

static coati ng net hod baki ng baki ng
friction (-) friction _

(% (% (grarr) $ast PCVD net hod

Fonbl in 38 73 0. 85 2.3 Example 78 -
ZTETRAOL PCVD net hod

. 00 (1) Test
Denmum SP ( 2) After the a%ementloned n?§net1c recm%?ngAng&me was %akgdé(gm% ratyrer o
PCVD met hast 12€nforrs $bufs3)a CSS operatich was perfofiied, using anllvﬁ{? head on tl¥e 3

Exanpl e 80 Test PCVD net hod Fonbl i n Zdol

0.90 a orgngmm%ﬁqlp magpetic recording medium 10000 tymey) at 43 rq:gxglpnal speed oibch
met hod ( °

Exanpl ¢ 82 28 tlﬁ' ahtf a(13v tegggraturé%f 3 C with ?ﬁ)w lr%rfudlty &k 189, Th§ foefﬁtl,legt of. -
0.79 dynarhic fiictmmpodre tl&3$urface of the magnetlc recdﬂﬂﬁ“g'mahum was subsequently
2000 (1) + Fonbl.i n

2000 (4) Tagsred.  Furthermoue, aferothe aEEAEH{AGS! (Bynche recording medium vegs
0.59 allodeed t&K @ﬂi}'fﬂl&&s the coefficient of static friction® Mez«{sﬁ)ed-res'[

Spattering 55 93 ash Crash
Exanpl e 85Test ExaM%cﬁé 88) ZTETRAOL 2000

(1 -1)73Test 6. 3A &%r:igfi‘ée }%gl'cﬁgg me&%ﬂ%@é&u@'ﬂur&, wher%%ptgf tchfl)IoHé)Srotective

Fonbl i n Zdilln was formdad according t8%he spatteringfdhod, and thhudgibatingafilth QoMprised

nmet hod 290% (4), Test Spattering Demmum SP (2

23 the materials shoyngy Table 12. 4 1 Exanpl e 88 met hod + XIP
(6) Frif bifehEftidnkd Qo HisGP tw é}é}f a&k

clear that the magnet?c %chor |0ngﬁ§lr$g |atE§?€1 drglega ggé%rg{tgg%t?cve

filmwas frecordingaeasia. dI'llfegest(IesuhEap&dmnunnCMblenb’& hod, and the l|ubricating
filmprincipal |I¥1 the’ tngfel Slggmg E\}]f‘aseiho% 1S exprgpsehI as “pCVD” method.



86 selected fromanong the formula ('1) t hrough (5), or t he af orenenti oned

conpound,
at 0.1 2

into which a conpound represented by the formula (6)
icient of dynamc friction,
Accordi ngly,

oOwm %

mai nt ai ned a snal |

coef

exhibited a desirable resistance to sli
af orenenti oned magnetic recordi ng nedi um exhi bited a superior durability.
Addi ti onal ﬂble he magnetic recording medium wherein the carbon protective

5ng.

is mxed in

and
t he

filmwas fornmed according to the spattering nethod, induced a head crash or
exhi bi ted| an increase@adoef f i|ci Materidforst at i cBéndedxatioon, |f C@fficlvak | Ageffiapt ess
at a hi ghl tenper atUpRtectb &inf dS bRGtABHRAC | T Hithoal OF U Wil 'B&'d%{é}mé"'he&%taﬂct e
carbon prjptective [fil mwas fdrnmed accord ng to tlhe pl agnma, CVD net hod, anpd
the lubrifcating fill fRMEHERHI Iy conprisedP¥8 af SrMent FEREI)c pnfitstioti( $) |
mai ntai ned a smal l| coefficient of dynam ¢ f¢ectijon(®yen after tyedgramdnt | at
a high tey At U e pevD metod S| © X Rbmied T e gt orgrent ch—peegrainy to
the present 1nventjion, it 1s|possible to|forma [carbon protectiye filmwth
a superi orEguPEBE 1lity. As a rlestiRT i 5 al so possibldg to nake| the carpon
protectivie filmthinner whilg al smogpi ntaining g suffidient durgbility, |and
t hereby reduee—sp cpéngma;&s pe— "1;35 2 G:/bﬁ', Ht= i..ﬂ p SSEHF £ pr%v@ de a
hi ghly rel1abl e ngghétic e cr]al ng nse ‘um i ch i s cagabl e of suf Pioci ently
i ncr easi ngésample7¢qor di ng dengity without|lowering the dqutput prpperties
t her eof Test _ RI"BEVB niéthdd' VBeniMSARE) FNOQE! MENT QT TNe TRgnefiT33
recordi ng rrr?g d'l”ﬁﬁ gccording tq the present inventlion. Irf the maghetic
recor di ng PR shown herein, a non- magnetic Hase fillm 61, magnetic f{lm
62, and cdPfeston pr dt BCYD wethdd ||mFo@blar ok urcedsi vgl y Ior med (9 a hon2magneti c
substrat & Bampe 81 Exanpl es |of 44ag 4jon- magneti g substriate S may includg an
alumniumalloy suybstrate cogted wih a NP netdl film| and substrates
conpri si ngtefl ass, [sPFYRBKEOD g pmbleTKRe| 33 | F%addi ti®¥, the d48rfage
of the sUmkmples2 $ is prefergably treatediwith tgxture- |processijng such as
mechani cattexture—prosessintg—Ha—partcptat;—tHe—avergge ""rfaee—ﬁgughness
. T S 32 YAl A .
(Ra) is qgr ee%ter abl y F%v?glgﬁ%rge o@?‘? 2DA. s 079 !
Example 83 ZTETRAOL
2000 (1) +
Fomblin Zdol
2000 (4)
Test pCVD method | Demnum SP (2) 10 32 0.59 25
Example 84 +X1P (6) '
Test Spatteﬁng Fomblin 55 93 Crash Crash
Example 85 method ZTETRAOL
2000(1) -
Test Spattering | Demnum SP (2) 25 45 1.73 6.3
Example 86 method
Test Spattering Fomblin Zdol 32 91 - Crash Crash
Example 87 method 2000 (4)
Test Spattering Demnum SP (2) 23 42 0.87 4.1
Example 88 method + X1P (6)

From the results of the CSS test shown in Table 12, it is clear that the magnetic

recording media, in which the carbon protective film was formed according to the plasma

CVD method, and the lubricating film principally comprised at least one compound



87 . The material of the non-magnetic base film 61 and magnetic film
62 are as described in the aforenentioned. The thickness of the

non- magneti ¢ base film 61 and magnetic film62 are preferably in the range
of 50 ~ 1000A, and 50 ~ 800A, respectiv@ﬁy. The carbon protective
film63 is formed according to the plasma CVD nethod, and Co extraction

o s, PP aRisfg e fpnke 13168 (2, 8f e aRSremBhiciaRompetnd iE 0"

ext ract i onwhigh U comppuirs fepireschted Wforﬁ%ﬂépﬁ heiréd tn fatcnn\/»»?tzlerwt 3, t he
time when the nmagnetic, recordi ng nmedium. wherein a protective filmis
formed on mwetw%ﬁeﬁmaél ¢q IETErﬂ%éPD’H?IHﬁ 108, ang eéblboﬁ@@ﬁ dgyigablesesistages o ¢
for 96 housrlﬁi@\t,vaa tenperature of 60[err]C and a humdity of 80% and then
soaked in the“water at 20[err]C for 30 m nutes. If this Co

extracti on anopuf¢coedioglydthe afayemaditéone}l magneticiracatling mgdiom ¢xhibited greperdor
recordi ng (SECHH& tends to weaken, which is undesirable. The

t hi ckness Y- car bon protective film63 is preferably in the range of 30
~ 100A. _AdditibgallyDiekigsietit Sedopdifig imtains Ofherbii@hé tar8B8 biot8dtive TAm
carbon protective film63 is 1nadequate, and if the thickness exceeds 100A,
t he resul twet formgd accerdingctor the sgattesingumethied idpeedya dgad crashari exbiliited samat
the tine o r di -and AaYe - l.eadi | J I.hgo f. loweri t he
out put  pr apeieFCCPAkRR"of RBBYmicHER ot bRe' piiBels 08 flgh Rfeiaite

Addi t i onal Whereas thelmagnatic regofdingrmediun, aviiehdin kiecasbaf protectid® Alm GAIFOHIngdd0

per fl uoropol yet her, fopbli ubricant, ,or the |jke, may bhe provided on the
carbon pr eebiingtofths aﬁg@@% methqd, apg,ghe lspvmnﬁgﬁlnt PranciRallys@mnsised the
manuf act ur g meRfoddOHIFHQN SRl MBHERE & GniaBCQIeHidibnt a?mzm e bhafl
When manufact uri n% t he aforeﬁg’ntioned rragngticerécordinaﬂ rred;éum t ép%dasm
CVD appar afies treitment atra Higlytempetatmmy be used. In order to manufacture
t he af orenenti oped net.ic,recordin di u usi pg .t his equi nt, . .
nitially, a noht FERABET In e ATPremsiHaned, APEMEton the biksel inbstions 1 isce,
and a magngissibleftb foind2 caB6R prstedivedilfOvith h QYp@nd dubbility K A s RssitGERSIoV el Y

formed on both sides of a non-magnetic_ substrate S. conprising alun nium
al | oy coathogsibletty makg the carbon protective film thinner while also maintaining a sufficient

durability, and thereby reduce spacing loss.
Therefore, it is possible to provide a highly reliable magnetic recording medium,
which is capable of sufficiently increasing the recording density without lowering the

output properties thereof.

Figure 8 shows another embodiment of the magnetic recording medium according
to the present invention. In the magnetic recording medium shown herein, a hon-
magnetic base film 61, magnetic film 62, and carbon protective film 63 are successively
formed on a non-magnetic substrate S.

Examples of the non-magnetic substrate S may include an aluminium alloy
substrate coated with a NiP metal film, and substrates comprising glass, silicone, and the
like.

In addition, the surface of the substrate S is preferably treated with texture-
processing such as mechanical texture-processing. In particular, the average surface

roughness (Ra) is preferably in the range of 1 ~ 20A.



88 .netal film according to a nethod such as the spatter-coating nethod,
and the like, to obtain a disc D. Subsequently, the disc Dis
transported into the chanmber 10 of the ggorenentioned pl asma CVD appar at us,
and the surface of the disc Dis exposed‘to a reactant gas, which is
supplied fromthe supply source 14 through the introduction tube 15 into

t he chanber fro C he ex be 16 to
circulate the g—gg r%%r\ﬁll %fttﬂe ngg%h reaggge ??gas | én?ﬁ'ygﬁ%gglsg%fare as
hydr ocar bodes&t’ldsdhix‘xdﬂhegtmemehﬂicthea NThe thcknabs of eHe iit)fdm@ ﬂéthotﬁhsé qilhyer aggn in

the range of 2 to 1 ~ 1 to 100 by volune. The ocar ref erably
conpri ses laegne@aﬁlmcﬁ?earﬁ prsderablyi thesangeef L x|l QéQ‘é(Pridf esRsRtively.

saturated hydropgs E’é}ﬂén phgwfveqnﬁ%yq@%& ehya@w%ﬁ{ e a!ew nfefifdd,

hydr ocar bons. IS operation e flow rate of e reactant gas
is prefer andyCo anMonangmnbto 8 subSH0s eremis Buigicmf onﬁsk,yprefel’ably Ang/cm’ or
pressure af the Chanbﬁer@ig g})refe abI y mai ntai ned at a predeterm ned
val ue, sucfi*Sa8F BOfe PIeier Sthe same time, using the high

frequency el ectHieal, tRO®Y extfii6R abdunh r&ftedchBIHR Mo S Cb Ce%tra&eavq%mﬂf
preferably 50 ~ 2000Wis supplied to the electrodes 11 to generate plasnma,

and a car bteprasttbe timeewhen thes agnetic eecording megdinmf wbﬁr@freaampg«ecﬁlw film isange
f 30 ~ 1 t the..d
e ot " Bfined 8n b AEMDD A BodlififE (¥ ar 000 3F LD 188306 RUES BPa

I’ eact an as as

starting neinperagire of 60°C anthmmahlmdﬂaO&g anidehén saaked protierwiter itml)°e|f6t330 odes
11 and 11, jt is preferable to make the phases of electrical power supplied
to each el®EWfSde 11 different. By nmeans of meking the phases of electrical

pover supp! i ed jrqnRa6h EiEdO okl Brdeb8! Shbont! tHeS1RABTHPIoE che alREAY

the coating rate and durability of the protettiVve ein
t he phase refordinganediemlitensiowe wegkgnp whech Isanmlabkel ectrode is preferably in
reic nor e ite

phase (1 e, 150 tieknes'dehE Pappo ghpeae i 52 T sRablurre SrgOREN T ne

fil mwhilelqogrform ng bi as applying, such as hi gh frequency bias or pul se
D.C. bias, to the disc D, using the K ectrical bias source 13.

The
condi ti ons of dfa&he gﬁ!ﬁkﬁ“‘és“d%ﬁ’*t"h@@ herstrepgtheofthe carben ereteetiveafilmy63ds i bed
in the af CIﬁﬁﬁEﬂétE,oé}ﬁdif the thickness exceeds 1004, the resultant magnetic recording medium

exhibits greater spacing loss at the time of recording and replay, leading to a likelihood of
lowering the output properties at the time of increasing the recording density.

Additionally, a lubricating film with a thickness of 5 ~ 40A, comprising
perfluoropolyether, fomblin lubricant, or the like, may be provided on the carbon
protective film 63. _ |

In the following, the method for manufacturing the aforementioned magnetic
recording medium is described.

When manufacturing the aforementioned magnetic recording medium, the plasma
CVD apparatus shown in Figure 1 may be used.

In order to manufacture the aforementioned magnetic recording medium, using
this equipment, initially, a non-magnetic base film 61 comprising a Cr alloy or the like,
and a magnetic film 62 comprising a Co alloy and the like are successively formed on

both sides of a non-magnetic substrate S, comprising aluminium alloy coated with a NiP



89 . The formed carbon protective film 63 contains a higher ‘content -
of dianond-1ike- carbon (DLC), which exhibit an increased hardness, higher
density and greater strength, wherein the Co extraction anmount with respect
to the substrate area is 3ng/cnferr] or88ess. Subsequently, a

| ubricating filmis preferably formed on the carbon protective film 63

according t | ppi ng,. net hod r.,the like, by neaps of .applyi

by | cant Rehai REPRIo0R aroritd, o o {181 se¥eriaing, frettlh i e Pgto

The af or ergbidih @'dgd pragneti ¢ recordi ng nmedi um wherein a carbon protective
film63 is formed according to_the plasma CVD nethod, and the Co extraction

amount to substubseusnidy thedise By is trapsnorted intp dheschamber b9 of therpferementioned
har dness i [t | Lt ] t ' ' S ' t th
and ros; st CUPLabEfibls knd R At bPMe keld SPLRYAGL REERR o MARAL", 1o
car bon pr as seuplieé ffonk theGBpplyi sonere - Mhihraughl the inteidottiomiubg 14 iatefthe chanber

durability, and thereby reduge spacing |Qgss. Therefore, it |s
posel bl e 19 BPBVMAER o gt SHutBa b dle BOMBE tE0S LG by SREH DO PHAR ch | s
capabl e of suf fFyeisttdnt ghffs'LRReAGal Blﬁhic%@ir%rﬂﬂn@ﬁﬂﬁbééﬁ WithROMixidPMRb! N9

the output properties thereof nthe follow'ng, the effects of the
present i rof egarbometas hydiogeedn thsinange ofic deel exdnidl 480 tyTwelumexarfees 89

92) he netd.c,recordin di.um sho i.n_Figure ' nuf act ur ed
25" 1 of 1 owdarEaltRA Biorplaph e nay s Rl TR B dancaetiele R 4
metal fil Mowe tshtudated aiyRitedartinsdJower andatibitek Nedfocafbods,8 abd) lowas tydtiat ed

w th mechani cal texture-processing to forman average surface roughness of
20A, a nodYAESARONE base film 61 (with a thickness of 600A) conprising a Cr

alloy, and a ' i | Sd - .
successi vely ;ngir;J %(%I bg?\lidg%rt{pﬁﬁépggrsmg‘éqtﬁg r%ﬁ s% g%gt lg)bééféﬂaélwn%l tgggag‘&f’ tog r5 |0ng
devi ce (3061800seemuf Ackditiondlli\théimier pyessure of theachamibedil@ads Preferably maintained

Subsequently, the dis was }ranspo d into the chanber 10 of the plasma
CVD apparéf%?,ed&}?ﬁm‘é’eﬁé{g&‘f’aﬁlﬂt&_&&@ﬁmﬁi&@uppl ied froma supply source 14 into
the chamber. A A¥ #@0sa8RStim@MREIng i the High WRQBeyJelBMAES dRsousL d2 afighhe

reactant gas. The flow rate of each was as shown in Table 13. Additionally,

t he i nner Hsquensyrelecrical pewen afrpreferally $8s~ RAPIW s suppligd te theyelectrodes 11 to
generate plasma, and -a carbon protective film 63 with a thickness of preferably in the

range of 30 ~ 1004, is formed on both sides of the disc D by means of plasma chemical
gas phase growth, using the aforementioned reactant gas as a starting material. -

When supplying electrical power to the electrodes 11 and 11, it is preferable to
make the phases of electrical power supplied to each electrode 11 different. By means of
making the phases of electrical power supplied to each electrode 11 different, it is
possible to improve the coating rate and durability of the protective film. The difference
in the phase of electrical power supplied to each electrode is preferably in the range of 90
~ 270°, and in particular, more preferably opposite phase (i.e., 180°).

In this operation, it is preferable to form the film while performing bias applying,
such as high frequency bias or pulse D.C. bias, to the disc D, using the electrical bias
source 13.

The conditions of bias such as voltage and the like are preferably as described in

the aforementioned.



90 - At the sane time, high frequency electrical was supplied to the
el ectrodes 11, power under the conditions shown in Table 13, to generate
pt asma, and a carbon protective film63 with a thickness of 50A was forned
on both sides of the disc D, to yield a%mgnetic recordi ng nmedi um

At this tinme, pulse D.C. bias (DC) or high frequency bias (RF) was applied

to the disc D t ' b as i
el ectrical sourgggiéweg}gﬁ%?@r{ P{]&e ﬁirgl?%?ecr?gtear atgufﬁgﬁ%fc%%ﬁén?gf%cmb mieﬁe
tinme of coeetrbasug(mh@) fwhich ewltibis ah m¢rea1s36 hardness, hilghet densitytand gledtéestrungth, of

t he phase o th equenc el ectri.cal power supplied to ea | e trode 11
was set atW g@@lt wnowavlﬁa £10 the iksuAteaien la%ge)g ;

el ectrodes 11 wsu&e&l%m@t 2 30briBrin rmhh?s bfergblyPloARER offfthe| b l%lteda@wer

represents the high freguency e trical power supplied to t ectrodes
11. filfin 63 @ccording acaldmpuagrmﬁtodoér thadikepipnecans ofapplyingg lu’wntantmuoht 0
whi ch the af oe{ﬁrrentllo%@ ﬁ @ CtIV% F"kl m 63 is fornmed, was neasured
accordi ng BPERLTEBPY B 1° cf P he fol I owi ng. The test
conprised the sTepafstmahtichel N, ﬂéﬁc&fe&ﬁrﬁmgnhk@i&ﬂﬂ Wﬁﬁaﬂtaccaﬂﬁﬁoﬁﬂélﬁve
mediumto sit for 96 hours_ at a erature ( err]C) and high
hunmidity ( @@W/& is{opaed acserdips %ﬂl@l nBPe‘H @ Coigeonameunt y@it er

for 30 mn rLag! re
water. AddiPrEHEAFe ﬁ'ﬁ%/%?fﬁféés?%ﬁiﬁgﬂﬁﬁﬁ%%ﬁ’ r%aﬁ%%% At Behoty, B
with the eaduétidn tordispheyting h@eﬂbosteengﬂtandnesismmtdonoslenor di ng medi um was

I nstead allowed,to sit. at a nor, eratur (25 err

a
humi dity (500 Agrorésehsdf s POpR etf@s{n St fasbop areess %IH‘ Q%ltsﬁenamwhﬂe

The resul tgsPafRediRing IABEdiAIt dﬁfh%klﬁ?'éxd(tﬁér%ﬁrécﬂee E;?a%ﬁf 183Ci tation),
perfornmed on the aforerrentloned maghetic record ? medi'um using a Raman

spectral anal ysTkerefopantispossiblgrtafpaevide adighly Jﬂ@b ¢ magnetig| rscprdhlgvmedmmIabl e

the af or ertE i saPihie N6 MBS AR RRREs e A< FrcGRLRE Qe iRy g gt e

pi co- mderﬁ_rp (pfrg(wﬁ@qh%@ﬂ by Hysitron). These results are al so shown in
Table 14 est A magnetic¢c recording nmedium in which a

carbon prot ect i lnghe iﬁl’l}ﬁW}B&ﬁthP sftagts @ﬁl"l'!ﬁ)?fem& lff"Gflﬂ%‘Ha‘&cS@S‘FlﬁP‘i’}g}lsl% ¢qnerete
conventlor@galr?élégnom spatter-coating nethod, using a target conprising
car bon nuf act ur ed. '

(Test Examples 89 ~ 92)

The magnetic recording medium shown in Figure 8 is manufactured as follows.

After an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95 mm and thickness of 0.8 mm) was treated with mechanical texture-processing to
form an average surface roughness of 20A, a non-magnetic base film 61 (with a thickness
of 600A) comprising a Cr alloy, and a magnetic film 62 comprising a Co alloy
(Cog,CrysTa;) were successively formed on both sides of the substrate S, using a
spattering device (3010 manufactured by Anelva), to obtain a disc D.

Subsequently, the disc D was transported into the chamber 10 of the plasma CVD
apparatus, and a reactant gas was supplied from a supply source 14 into the chamber. A
mixed gas comprising toluené and hydrogen was used as the reactant gas. The flow rate
of each was as shown in Table 13. Additionally, the inner pressure of the chamber 10

was maintained at 6 Pa.



91 - At this tinme, argon (Ar) was used as the spatter gas, and its

flowrate was set at 90 sccm (Test Exanple 94) A carbon protective
filmwas forned according to the conven%&)onal | y known, spatter-coating

met hod, using a target conprising carbon? At this time, a m xed gas of Ar

and nitrogen was used as the spatter gas, and their flow rates were set at

100 sccm and 5 r et iV, C ' tective f.i]
conprised nit ro‘gten% %‘%@'?‘goﬁ‘%h i(;ACP(“THQT%;% ove- des@’ﬁll et @grelrletggrf)gﬁs n’st
and Raman popes tunder almalcysﬁdlaomusbo\pmnﬁo’rahw 18n teagdnerang r;%sma, randga chartibn
di I ddi t the h of C netic recordi ng pedi um was
Teasur ed. PIAECH SR 65 0 §HBARR OF SOkemas fomed on boih sides of the dise D, o

92  Tabl 3 t dindhRiiSRf i ve  Reactant gas Pl asma RF
Bi as conds'tl%lor?magne o recor méD l?ﬁf'm Tol uene Hydr o- el ectrical Type

Frequency  PulAtghis\the, pytse D.C. bias (DC) or highcfpequiency biag RIEMWyvas appgjedn to thepower

E\S/%CTT) disc D, u(n@e_'rZ )che cox\llﬁlt%nhs sh%wnminr "I%%le S usm% &\Bias -Ieégc{gﬁcal source IZ?JQ/D
10 248 dditionally 3£He temperatd?@ of the discZ00at the tinRDBf coatmkot‘i'{e Eﬂﬂﬂi}h@ s&at
met hod Test 400

120
- 50 MPHxcann @dcg@on t,l?gt(hg'greqr@% tof the phase gf\pigh frequency 1qjectr1ca1 nower
500 sgﬁ)lied to eadP8ectrode 11394 set at” WAE&WL]%I e disthEld O ween the disc

D and electrodes 11 were set at 30 mm. In the table, plasma RF electrical power
represents the high frequency electrical power supplied to the electrodes 11.

The Co extraction amount of the magnetic recording medium onto which the
aforementioned carbon protective film 63 is formed, was measured according to the
corrosion test described in the following.

The test comprised the steps of allowing the aforementioned magnetic recording
medium to sit for 96 hours at a high temperature (60°C) and high humidity (80%);
subsequently soaking the medium in 50cc of ultrapure water for 30 minutes; and then
measuring the amount of Co extracted in the pure water. Additionally, another test was
also performed in the same manner with the exception that the aforementioned magnetic
recording medium was instead allowed to sit at a normal temperature (25°C) and normal
humidity (50%) for 96 hours. The test results are shown in Table 14.

The results of Raman spectral analysis (argon ion laser excitation), performed on
the aforementioned magnetic recording medium, using a Raman spectral analysis
apparatus (manufactured by JEOL), are also shown in Table 14.

Additionally, the hardness of the carbon protective film 63 of the aforementioned
magnetic recording medium was measured using a pico-indentor (manufactured by
Hysntron) These results are also shown in Table 14. |
(Test Example 93)

A magnetic recording medium, in which a carbon protective film comprising
carbon was formed according to the conventionally known, spatter-coating method, using

a target comprising carbon, was manufactured.



Test - pCVD 10 120 500 RF 400

- 30W Exanple 92 et hod Test Spattering -
- - - Exanpl e 93 net hod Test Spattering -
Exanpl e 94 met hod Table 14 o1 Co Co

Raman spectral anal ysis Har dness Coati ng extraction
:ﬁ;{]ﬁf tion ugnétﬁfs tgr(x:lg,[a%r;or 2Ar) wals%/selxpas the (s;g%{?e)r gas, and its rﬂ%%werate was ieNah?%
(60[err]Csce@? (25[err]C, 50% (ng/cnferr])

(ng/cnfer r(ll) Test 0.76 0. 38 1543.8 0.55
26. 6 egidxamplePtle 89 Test 0. 53 0.38

1556. 2 : 24, o T . 1.21
0. 49 B hon protectief fim was forfil) sbeiiiletothe ] entionally JPoPT: ¢

1. 47 spattér-&lating method, usih@a téget comprising cafbon. At this tirfe,& mixed ga¥ 8OAr

E)éagp e 92an en_sl'}rmseusgté aq—é@fsgatter gas, and tl}qp ﬁqw rates werelsSeg %t'lg)o sccm, and4§(%gl_ 8
2. 95 sccrhlre3pdeti9BR! ARBrdingly, the protective film comprised nitrogen and carbon. _

93 From Tables 13 and 14, the magnetic recording media, in which
a carbon prot ecThQ/@OfVﬁdﬁ!Smdfc@rrmnée%@ﬁdi%irﬁgﬂdmsnehﬁalpﬂ%w wve pesforoed  and

Rl n tho% %gch magnetic recording medium. In addition, the hardness of each magnetic

recording medium was measured. The results are shown in Table 14.



extraction anount to substrate area (at 60[err] C and 80% hum dity) was

3ng/cnf er
a snmaller

r] or
1d/1g,

| ess,

DLC, conpared to the other
t he af orenentioned, according to the present
forma car-pmeﬁotective filmwth a superior durability. As a result, it
is possible to make the carbon protective filmthinner while al so

di ng nedi a.
i nvention,

showed a G band peak at a hi gher frequency,
and di spl ayed an incregied har dness due to the effects of
magnetic rec

As

it isp

exhi bi t ed

expl ained in
ossible to

mai nt ai nijng a suf | Poteethve |duRedsiahtighy , [aPlesntalREr pby r edudiassgeitionsgy | 0SS.
Therefore, it is posgbl ¢kl PHIEE (2 LLAG Y i PRltmenmd sl ng
medi um ich is gapable|o ° Sufficient! y I ncrea |eng tﬂe d?eco_rcfi ty
wit hout Ilowering th&H8t quiscEP opedti dsPReMBof (kHz) Fj|gwidgh t he
t ext ur e- pfr ocessi ng meghodpent uspdedm) |anot her enbod) ment of| the béwae 1or
nmanuf act urgg—TreaRetEGn T acotgi R Rttt fpeor B o 3ge a3 i-fd”\'?n ion
The texture-procegsing equi pmentf shown herein|is pyovided V\A't% a substrate
support ple S| Methedh [supports thd non- magnetic| substrdte S for
t ext ur e- pre&esSsi N pOVE anner [Supip (natsgol CRIRE Of atfhp alr asi Ve GERE
supply rrerg)_er ego's an%‘wéS, whi ch| supplly abrasiyve tape A to |mechanically
scrape the RORE Tapn® qubstrate S; {contact rollers 26 and 26, |which press
t he abras/iTest t ape| Ap@¢ai rjst 1®ne| al28a |of e sjurBGce 0200t hg sabsiravevS] and
abr asi ve %&#lgble SM&Rdy |nozzles 27 gnd 27 which supply aljrasive parti¢les
to the arlea—of—contact between the aljrasive tlape and suldstrate S '
The abradi V& t ape| sBOPPy [medber| 28% 4 pr¥i deld B th a*Bel ijvery 1ol3PWosa,
whi ch sendxabpled2zaprashode [t ape A out, |and a receivijng roll {25b, which _
recei ves e abrastyR gt A e _afgrenentioned—suppty menber—25—eonp{ i ses
a structdyre in wh cl?? ‘tm%'g abrasijve tape A, woﬂ[;d arjound delfi veryjroll 2ba,
.may be rgderpRle®Dy rekadi ing rol | 25h, at any| speed in the dire¢tion
y Yy g Y| Sp
per pendi dufestr T 0 [ Brauérmgi{al -di rlect-iof of fhe [Substate S, |[Where[the
94 abrasiye t Ais.n contact wth the substrate S. An abrasive tape
supply %‘%Pplg%e smeoﬂ?sogvi ded on[ eachiside of |the ZILbstr'at e S.
Additionally, the abrasive tape supply nenber 25 is preferably designed
such t hat Table 14
Co Co Raman spectral analysis Hardness Coating
extraction extraction | vG-line (cm™) Id/1g (Gpa) rate
amount amount (A/min)
(60°C, 80%) | (25°C, 50%)
(ng/em?’) (ng/cm’)
Test 0.76 0.38 1543.8 0.55 26.6 458
Example 89
Test 0.53 0.38 1556.2 0.90 24.7 409
Example 90
Test 1.21 0.49 1541.9 0.66 20.5 753
Example 91
Test 1.47 0.55 1532.2 0.50 19.8 789
Example 92
Test 3.39 1.04 15723 4.14 10.3 -
Example 93
Test 4.47 1.19 1561.8 2.95 11.8 -
Example 94




the abrasive tape Ais able to oscillate in a direction approxinmtely
perpendi cular to the running direction of the tape. In addition, it

i 5 possible to design the aforemantionet%substrate support nenber 24 such
that it is able to oscillate in a directi"on approxi mately perpendicular to
the running direction of the tape, in order so that the substrate Sis able
to oscillate against the abrasive tape A The contact rollers 26 may
conprise a synthetic resin, rubber, netal, and the |like, and are provided
on each si de of Ftone Tabhkest i hitand S14,sthehntagastid mecording emedi6, in eghichn a cabant

with the substrate S. viag the abrasive ta A, Ln.a direction_ approxiatel
ber pendi coPRFECtige BB Waniormgd aprasgingdn thy Plasmia GUD method, andbetsin the €0 © 7

di anet er ofxitaRBort Affodft td QlbsRiteZRed fatB0RE AP0 HundiBRyY WRO8nEm20or 1e300MM
and the length in the axial direction is preferably set at a Tength which

reaches t hshomsdta-Gthand peak afamhighemzequeneymexhibited tsmabiee Id/Ig, modidisplayad @non
the surface of the substrate,S n abr asi t the tine,.of .

toxt ur e- pr BeRed pratss ShEtGus dRAMITBLC, BIATLPH, e dbg i reonrsing |
t he directmediaof the substrate S such that the aforenentioned abrasive tape
I s pushed against the substrate S with a, predeferm ned pressure such as 0.3
- 4kg/ cn2. As eplaifdeln the %fﬁéew'agﬁ%aqcaﬁﬁng\t € |Riggenk gnvention, it 1s

conventio : e pol.L.sRi : @‘H.gb- L pi i |
parti cul aP[,%S'ELﬂg}oelejg) W t Qghlt%ﬁ#lg&%{gg@%ogkg%t“% sﬁ'%%ﬁ}oran V\Inm t'hi}%fé g%ﬁlj ggrsrm
ar e pr ef erpassible to make THeecabom protective finy thimer |vehiR7alse nmimeindeda atifftchent

upper portion.of the contact roller 26 such that abrasive particle slurry
in the abr%’g%gtypﬁ?f'fh@feé’ysrf’ fpfcé?&?o(sﬁot shown) can be introduced to the

area of contactTIREVRE R isHRdsableadiprévillé R highlRReliabldfilabAdtR récording mediifh, t he
foll ow ng, another enbodi nent of the aforenmentioned nethod for

nmanuf act urwhigh i gepable of selficiingly inergnpting dbe secerding Wentitye withewteloweringethe i on
i s descri b&ﬂ%utgﬁ%&%éy}h%éﬁp' e in which the aforenentioned
Ssi ng eq

t ext ur e- proc urpnent and plasma CVD apparatus shown in Figure 1 are
enpl oyed. 9

5
o i1 BRI RRSH RoSuiok b Sk S SRRt 5% R 2unubsirate, aupeor
substrate tHEYm&H6P 'thS Enadii¥achiipt habfetid #cokding GRETiGh! YoddPdiflg @8 fhe present
invention.

The texture-processing equipment shown herein is provided with a substrate
support member 24, which supports the non-magnetic substrate S for texture-processing
in a manner such that it can rotate; abrasive tape supply members 25 and 25, which
supply abrasive tape A to mechanically scrape the non-magnetic substrate S; contact
rollers 26 and 26, which press the abrasive tape A against one area of the surface of the
substrate S; and abrasive particle supply nozzles 27 and 27 which supply abrasive
particles to the area of contact between the abrasive tape A and substrate S.

The abrasive tape supply member 25 is provided with a delivery roll 25a, which
sends the abrasive tape A out, and a receiving roll 25b, which receives the abrasive tape
A. The aforementioned supply member 25 comprises a structure in which the abrasive
tape A, wound around delivery roll 25a, may be received by receiving roll 25b, at any

speed in the direction perpendi_culér to the radial direction of the substrate S, where the



substrate for magnetic recording nmedium exanples of which may include an
alum niumall oy substrate coated with a NNP netal film and substrates
conprising glass, silicone, and the Ii k§ The substrate S is rotated
in the direction shown by the arrow in %e figure at a predeterm ned speed.
The rotational speed of the substrate S is preferably in the range of 300
2000r pm fal | - ML | [ t fL the
o 1 cf ency S EaRER is SPERact3ath bty ST AR bl SR HERhE S
2000r pm t girdeidedon eshlside of the substraterS. f orm processed surface for the

bstrate. .The abrasjve.tape A sget int abr asi e I
Tonber 8 is r AMGORy RS Abra P LBPRbHL B preloBly deaRed Sl dat
whi ch t he {ponBRALVE tiRPA ifable tb ¥SAIIME dn B Bfettion h%prb&i%fatél? pefiRniRIGE tOthel- 1 ~

2cm sec. ~ The_ abrasive tape A runs over the substrate S while in
cont act wirupnipgdiredtioneof thftappe substrate S, at the tine of passing between

t he contact rol a . ' asi ve
particle slurr ylhga{dgﬁlg)g’ Fﬁs ? ﬁ%%g%?&ag?s% %‘Sra ?rgvféﬁtéé%rﬁrség{{gaﬁ% E'{I%Bftqgﬁ%%r) S
i it r oduce4amsthathapwend dhde noroscitiate inhe ditection \appioapmatély perperidicilarbtoastieve

particle supply .nozzle 27. . The af qQrengentioped abrasiye particle
slurry co rﬁ:}gﬁ%gé Q“Slc%qntﬂ’frz“@e taRe. iR EdsT 5p Fhat ﬁ\?éﬁﬁatﬁt? g I‘%@?%F%°¥U£affe4ﬁi‘§l§t the

wat er . abrasivEli§peRr asi ve particle may conprise any particle that is
conventionally used in texture-processing, exanples of which may include

di anond abr asi vEhegmntactfadlers 26 may nampihiseas synthgsmrresin) mibberc aetabnarsli the tike,.
abrasi ve particles..and the like Anong the af or nt i.oned,. di.anond

b asi ve [P o PELARHST 6ot il By 4PRFEe oot el ooiolgE et i pamteet

di anet er iwitptiRfsababity Si Vialthe abrasige tafe A, ih a Bir&tiofrdppfoximately perpéndidifiar
average particle diameter is less than 0.1 [err] m the resultant abrasion
tends to Hetherf&awﬁalifé‘}“%ﬁﬂtbeHhﬁe-average di anet er exceeding 0.[err]m tends
toresult in theSosbAfiimler!dions Hoftakr ke O ftesek by i ¥R rand'dt £ -1 €
As the abrlé)@hnm-qndrthé tdngthsinuthe \axial derecticor isrpreferablye skt abndength widcH teatkes ar e
preferably, added to water.to conprise approximately 5 ~ 30% |n addjtion,
the 11 ow iBf @iostoyife, CEpmEET<Res JE 19 BOS nFy SrQUmIFises 9B te ishrtpkeot tiege of

10 ~ 100mg{pitrate S to undergo abrasion at the time of texture-processing.

The contact roller 26 is preferably attached in the direction of the substrate S such
that the aforementioned abrasive tape is pushed against the substrate S with a
predetermined pressure such as 0.3 ~ 4kg/cm®.

Examples of the abrasive tape A may include conventionally used, polishing tape,
texture tape, and wiping tape; in particular, tapes with a thickness of 0.1 ~ 1.0mm and
width of 20 ~ 60mm are preferred.

The abrasive supply nozzle 27 is provided at the upper portion of the contact
roller 26 such that abrasive particle slurry in the abrasive particle slurry tank (not shown)
can be introduced to the area of contact between the abrasive tape A and substrate S.

In the following, another embodiment of the aforementioned method for
manufacturing magnetic recording medium according to the present invention is
described, using an example in which the aforementioned texture-processing equipment

~ and plasma CVD apparatus shown in Figure 1 are employed.



The abrasive particle slurry introduced fromthe abrasive particle supply
nozzl e 27 reaches the area of contact between the abrasive tape A and
substrate S. Here, the abrasive particl in the abrasive particle slurry
are rubbed onto the substrate S, by nean$ of running the abrasive tape Ain
the direction perpendicular to the radial direction of the substrate S, to
scrape the surfgge, ﬁgﬂe’i dnities Of
the rotating suastrg{’ B?tgg?s\?gtés%rgﬁpgrstwb%gg@eys%ﬁgl%?o%%oves are
fornmed on 241eftharté)ame-pmbcds$mgsqmpmemte in the running direction of the

gorastve «ane. hunt i bhBl Sk by P e S EbEIEH Blpehilf BT A7

accordi ng &bsirite foF Megivkic @88 din iuthhéxanipléLobwhichMes) dBRId8ah Qlurhium
continued until the average surface roughness of the substrate S (Ra)

beconmes 1 alloyombstratetonated eittaa dNiB metak Blmowach pbstraies comprisingsglasst silisoara)
Is | ess thfrﬁlft?\ kbhe resultant magnetic recording medi um becomes
excessively Teading to an inferior CSS property. If it exceeds 20A,

t he surface of The sutsseatet R rategd &t ihe dieetionishgwmiyi thenabresoinethe tigure at a
irregul ar, adlng deterioration'in the glide aval anche property.

In additi one EfLFHeSiim ng texture-processing, it is preferable to
oscillate the a’pn@%ﬁéﬁoﬁa&%eéﬁ igf tha%ugstfaets Q8 p?@féﬁ%lyjhx?%@rraﬂgé bhgopuoni ng
direction of the tape by means of the aforenentioned oscillation mechani sm
to treat twommceésmtﬂg)nghsneedéesgﬂhm@%nmgwdtsens rgdudtionrinyhe efficiancy afi al
direction of t tr AT f b I n
therange Broberouesile. Sife a'rofichSnRRF txeall oollich Sthas o PG Ta Thok L0
A at the tudiforaf pﬂﬂ:@ésbdi&hﬂfmfbﬁthprsaﬁmraedol y in the range of 0.1 ~ 30mm
Furthernore, the direction of 0sgil n of the abrasive tape A is pot
limted to a di FakP@HVHARSefdiet b 541 %raflﬁe tARE SHRRYY anenher i2onisdrecsingd Pype,

so | ong asrf,em &t 1h8GktGNin 1B, tipfe hEMAl Awhich GRL 'anth/fe tabE A Afeceived
Subsequent usi ng conventional spatter equi pnment or e, a

non- rragnetprcfemtdyellés intheregewAdt+ 2erfiiséan are f or ned on a substrate S, which
has been treat Wit h. o . . 97
t ext ur e- proces g‘flhegabr?%v%batpgixéh NS fvét ﬂB Su?ﬁtéatﬁét ‘gP'il%fn “edt Pﬁlgklﬁ%@ sﬂ%ﬁs olf he
non- magnetthe sitbatd $,lafitRindBHpIsihg bbiwedh dlicccaadl esiler RBQEd istbsttate S.

af orenent i oned. . The formation of the aforenentioned non-nmagnetic

base filmand nAbterspmertimenanabrasive pasti¢le slurey Spredia the ahpsiveg pamigle ayy al so
be carri ed, i indiNsiR%ny i aRrSIuekd And 3RUWREY to run onto the abrasive tape A, via the

abrasive particle supply nozzle 27.

The aforementioned abrasive particle slurry comprises a slurry in which abrasive
particles are suspended in water.

The abrasive particle may comprise any particle that is conventionally used in
texture-processing, examples of which may include diamond abrasive particles, alumina
abrasive particles, carbon silicon . abrasive particles, and the like. Among the
aforementioned, diamond abrasive particles are particularly preferred. The average
particle diameter is preferably in the range of 0.1 ~ 0.5um. _

If the average particle diameter is less than 0.1pum, the resultant abrasion tends to
be inadequate, while an average diameter exceeding 0.5um tends to result in the surface

of the substrate becoming too rough, both of which are undesirable.



evaporation, ion plating, netal plating, and the |ike. Subsequent |y,
the disc Dis transported into the chanber 10 of the plasma CVD appar at us
shown in Figure 1, and the surface of the disc Dis exposed to a reactant
gas, which is supplied fromthe supply Burce 14 t hrough the introduction
tube 15 into the chanber 10, from which the gas is exhausted via the

react ant. gas i

exhaust tube 16,to,circul.ate t gas_w thin, . _The S
reforably a m &bt aLrHioe it R eareationd] ARV PRSI o
hydr ocar bostefetably sddedad wabertth @omprigLapprodniatelyl 5~ 30%0 I @8diyn R¢ AB®- ratthe
hydr ocar bon_ preferably conprises at | east one tyge of hydrocarbon sel ected

f r om anongPfitbéghrasiye particle sluspds preferablydn thexpage ohEht dPamEmity dr ocar bons,
d I i e - con. 1. ¢
The reomctant gathd HESECRRRNER sturry iptrodted oty BRCIRLATRtER sypll KSR, D)

t he i nner 2% eachesahohrebhef contach betwkon itse ataasive itapedA aind ssupstexde Ser Heregcheval ue
such as O tinme, el ectrical

.1 ~.1C0Pa,. ) t the s hj f requen
pover of DGR Grleia the BEYS PO ITLECrED ot e biiee S1by Beans
gener at e RifgGAMing AhbPashR RS Alh th& Siréct®n PetpBniizulaPidBR rQ&lap&lPé&tiﬁh dftheOf

the disc D by neans of plasma chenical gas phase growth, using the
af or ement i suh#tate Sator serapedhes sufacg of the subsigatad By aleansTofescrapingihe surfade ofthe

' Il d . ef ' f =~ .
when: suppi e Kol lesfee's Ri PR pBget it 3h8atl s a1° et on e

pref er abl euifacedliche bltstraleds et ahniag eirecticrpdf the whiasise pipei £ d.of, @ppdgimately,
el ectrode ag(i)ff rent. By ans, of maki ng the phases of electrical power
supplied t ‘lgégﬁpéll‘lé}m% e pybsiatd 2rent, it is possible to inprove both the

coating rate a I A tng;%h ' -dqi f | Rt he
phase of el ect ?lqctgF rg%t\#edr tfés%u%%?ll;fgﬁu{iggea beé‘feé%:dto%dc}l&%%ngir]e cg{rirg wE h't he
range of Q@esent@obatiment, thechforempationesiudperationhie coptpremi watiptheswerage surfacks0)

is preferred. lt, IS rable to f filmwhil.e perform

bi a5 appl yPHETE9f the SHheifers BSERRySEr o' 21, e priad Birie PR atRER A o
usi ng the the asbsehRCS (REPIs 168UH&E 1A3 the resultant magnetic recording medium becomes

98 The conditions of bias such as voltage and the |ike are

pr ef er abl yexeessivelydiatileening ta einfsrinr drishproperty. If it exceeds 04, thessurfageiof ther bon
protectiveediihm rﬁgé}{eﬁl: ri‘éco?diné At BRESALs Kb iﬂé@ffﬂ{] ?éahinﬁe{o a deterioration in

the glide avalanche property.

In addition, when performing texture-processing, it is preferable to oscillate the
abrasive tape A in the direction perpendicular to the running direction of the tape by
means of the aforementioned oscillation mechanism, to treat the processing surface of the
substrate S uniformly in the radial direction of the substrate. The frequency of oscillation
is preferably in the range of 0.1 ~ 5Hz.

In addition, the width of the abrasive tape A at the time of oscillation is preferably
in the range of 0.1 ~ 30mm.

Furthermore, the direction of oscillation of the abrasive tape A is not limited to a
direction perpendicular to the running direction of the tape, so long as the direction
crosses the running direction of the tape.

Subsequently, using conventional Spatter equipment or the like, a non-magnetic

base film and magnetic film are formed on a substrate S, which has been treated with



carbon (DLC), which exhibit an increased hardness. Additionally, it
IS possible to provide a lubricating filmby neans of applying the

af orenenti oned | ubricant on the protective film Exanpl es of the
magneti c recordi ng nedi um manuf act ur ed cor di ng to the aforenmenti oned
manuf acturing nethod may include a magnetic recordi ng nedi um conprising a

structure shown in Figure . . | n..t he magneti ¢.recor di nedi um ..
Secording FRRFRPIo st i aRtin & dits Py FrERel Fid RidheR’ St A iR thaderie
base fil m ggke fidmmang Medgnetid filnaidlas describedan thy sfoeaientiendd. | m 33, and a

| ubricating film 34 are provided. According to the aforenentioned

manuf act uri ng nEbefymation of the sferementioned moprmagnetic paseflm and megnetic fifmgs

pl asma CV a.non- [ ' ' A R-1s

f or med on%@il{gﬁ%ds %fgéag{erseoe\{/}v%c Eﬁﬁglg&bag%oﬁg? ?gféitegga l@\nr}fti] ﬁ%ﬁﬁﬁe g‘y{ﬂlf)r ocC esngi ng.
| n this naevaporatibhdon plating, petat plating;@ntlithevilcont ai ns a hi gh content of DLC,

| eading to a superior duragbility.. Accordingly,.,it is possiple to ma he
carbon protecti g\gb*ﬂ?ﬁwthﬁ’ﬁrfb% éfﬂlﬁ It@nw%ﬁqﬁﬂ?’%ﬁt‘ﬁi“‘mﬂbgraf@ BPfllecl?lé‘ﬂ’?a %%
durabi | i t Yapparatus shoWdReRip@Rt 1 Yand the suirfick AFh O Hist 18 is SPUbddPiot a FERBRARE 545,
recording mediumreflects the surface of the substrate S, wherein the

aver age suwhigbds supplieddsem the supply ispuich el 4 thepghothe lintrodugtion withe &5 antgdhe

mai nt ai ni ng _a ' fici I epce. | | e

Accor di ngl ‘%‘amlb;é p?é’o%%%gvpgf}gﬂ{ec#a%rl%%hﬁggtgg E’Fag ye XirlgelTngjobgg%nggcﬁrg’tﬂiaEe trh & &7 di ng
medi um exhwlthini ng superior CSS and glide aval anche properties, which is

capabl e of suffjciently i nc_reastj ng the recordipg density w thout |owering
the output propEhe feastaphgasdspreferably a mixed, gas,oh Bydrocashor dragene Friton
prot ecti venf: | ﬂﬁ?nﬁ a@&ﬁp ' ' spat '

met hod orettnkéélllﬁ%@,&t e ?%l C n{edsjlslﬂg?é‘%hhgl @g?ﬁ% %f%i%eclt [ \a}etbﬁqofnwnggftaﬂﬁé

i ncreased The hydrecarbom pesferably, cdmprises lat lgzst spe ¢ypevef bydroterbore séletted dion o
sliding. Therefore, even | he jrreqularities on the surface,of the ..
Subst 1ot e ATCeL O iAo hudrifarbts e Hnspeitae vt Sothbrsh e Bowes 5t
magneti c rig@essdktihsmedi um tend to become non-uniform Moreover, when the

aver age surface roughness of the substrate S (Ra) _is .

%9 dkept :ow, f Brthis,eaepmtion; thedflas faéﬁgﬁtmfreaéctantwﬂ\;s prﬁfqgﬁhi_mm the nan% g:é%% the
glide avala opeit: e [ r i he.

operation tgﬁ)ggcc 0 o‘%!:&dérfon Ellg ttici??‘ﬁ%} ;fg?{gﬁa Pg%gﬁﬁgﬁ?rfg:épg?éﬁﬁg rraénaet I C
recor di ng predétenminédvedue amtias@.t o 10Rd.eri or CSS

At the same time, high frequency electrical power of preferably 500 ~ 2000W is

supplied to the electrodes 11 to generate plasma, and a carbon protective film is formed
on both sides of the disc D by means of plasma chemical gas phase growth, using the
aforementioned reactant gas as a starting material. The thickness of the carbon protective
film is preferably in the range of 30 ~ 100A.

When supplying electrical power to the electrodes 11 and 11, it is preferable to
make the phases of electrical power supplied to each electrode different. By means of
making the phases of electrical power supplied to each electrode 11 different, it is
possible to improve both the coating rate and durability of the protective film. The
difference in the phase of electrical power supplied to each electrode is preferably in the
range of 90 ~ 270°, and in particular, the opposite phase (i.e., 180°) is preferred.

It is preferable to form the film while performing bias applying such as high

frequency bias or pulse D.C. bias to the disc D, using the bias electrical source 13.



properties. In the following, the effects of the present invention
are specified, using concrete exanples. (Test Exanple 95) A magnetic
recordi ng nedi um was nanufactured using_the plasnma CVD apparatus and

t ext ure- processi ng equi pnent shown in FPfures 1 and 3, respectively. The

t ext ure- processi ng equi pnent (manufactured by Hitachi) is provided with a

controller 26 | S r r..\W l. i r 42 . and
Congth i axt a0 guathn KBRS et MR shE e ikE T TSRy & 08l

Chi yoda ( whé hfoRerhdtitioked®ss of 0.2mm and wi dth of 38m) was used as the
abrasive tape A An _al um ni ym Jﬁ%oy substr,ahe S coated with_a N P
metal film (wi tFheregaliang casbogpr eﬁ Coptats e igher contentpt digmordiker t ed
by neans r o iGERR t he texture-processing

equi pnent fgagbn%gs(rﬁ&?tggﬁgtwgmggﬁs}t ant Eslé%ﬁdélg%f 380rpm while the abrasive
tape A was pushadiitgmallysit ispossibtdertooprevidereelubribaingilen By wieahs of appbdsgitle of
2kg/ cn2. At the Sar@‘ﬁg | e abrasive l?rgrti cle slurry was introduced from

t .. th
the abr asi&&repgpie u@ﬁﬁﬁ‘ﬂf@“ﬁﬁﬁ?@%"ﬁﬁ suppl y abrasive particles
bet ween the abr st 3Pehe” nipfeic! R8dorainE Medium manufRfiré® GeEMHAG &PERA Of
the abrasive tape A was set at 0.2cmisec. Furthernore, a 20% ni xed sol ution
of di anponcfersmgstionedpmenyfarsing methedpmeay; icludgi anmegnetist repopling r ppdinmas
used as ”!:%n@?{sﬁ%ia"s‘% Bﬁ‘frél%vﬁm i?llﬂ"f X Addi tional ly, when performng
t ext ur e- processi frg, TRe abrast ve ape A was oscillated at a frequency of
2Hz and osci | | dnithemagnktic reéordigmediomtaeeodingetotthis kembediirdid] £ bmmagetidhe

running directiop of the tape, by nmeans of an gscjlll ation nmechani not
shown). S Stfatergea mmg%engﬁwaébn ?&t@mg@%ﬁ& {”%fa FRONRIBECtIVR émsg%ys a
resul t of &Hia%uﬁn%é&iiﬂgﬁlm%ﬁ%@éﬁiv’[&dpper ation is shown in Table 15. A
non-nmagnetic base firmconprising a & alloy (with a thickness of 600A),

and ia magnet i ¢ Adcording tpthesiforgment@med| hayfasturngsmethedsa vabyn pooteative diimt he
tant . t ) 00 S
e meaae df IBRMERS meags o€ Alasmia§ VR Fethod S 4 ARBTIAERENS bats, FHA AT

to form adhggltic film are f3Hhe@ObIERRd ¥ubstfate @ Sehith WaS$ HebRREdaGSdt Qathi feikfuréhe
chanber 10 of the Ellpas_ma CVD apparatus, and a _reactant gas was supplied

fromthe SUPESSIngodn tus manper, ghe easbem pratestive dilm contains a high content of DLC,
leading to a superior durability. Accordingly, it is possible to make the carbon protective

film thinner while also maintaining a sufficient durability.

Consequently, the surface of the resultant magnetic recording medium reflects the
surface of the substrate S, wherein the average surface roughness (Ra) is in the range of 1
~ 20A, while also maintaining a uniform and sufficient difference in height.

Accordingly, it is possible to provide a highly reliable magnetic recording
medium exhibiting superior CSS and glide avalanche properties, which is capable of
sufficiently increasing the recording density without lowering the output properties
thereof.

On the other hand, when the carbon protective film is formed according to a
conventional spatter-coating method or the like, the thickness of the carbon protective
film must be increased to a certain extent, from the perspective of the resistance to sliding.
Therefore, even if the irregularities on the surface of the substrate S are uniform, the
micro-irregularities on the surface of the magnetic recording medium tend to become

non-uniform. Moreover, when the average surface roughness of the substrate S (Ra) is



achieve a flow rate of 130 sccm A mixed gas of toluene and hydrogen, with
a mxing ratio of toluene to hydrogen of 1 to 10 by volune, was used as the
reactant gas. In addition, the inner pre%‘s?ure of the chanber 10 was

mai nt ai ned at 6Pa. At the sane tife, high frequency el ectrical power
of 500W was suppl led to the electrodes 11 to generate plasma, and a carbon

protectiveptjs SQV‘A‘TJrréx g{é’ inkie ?ﬁrg%foflspé‘ éﬁé g%%’EQQOQHch%Qhé gﬂ?ﬁ g%daﬁéﬁg

disc D. Hg requency ectrical” power was app I'sc D,
using the MOpsrty;Ithe:magmlc head adkerdiRe dﬁdixi'gtth@ﬁSSloppratibn tetids te oeont eue o thee

hase of hi gh ue e trical power |ed t e el ect rode 1 was
g et at 180{’%‘?‘]‘3' it s §X°e§£gﬁqﬁégﬂqt'§ reaordu-ké)&e P? H’w& fp ipf ?"I‘chéﬁﬁss

of 15A was ,fo%lrﬁ%g by neans of ‘applying a fonblin Iubr| cant onto the carbon
protective film thereby yielding a nagnetic recordi ng medi um The

gl i de aval ancheln detfollewingObg effssts of ébe present inventine afosecifiedgusing eoncrete

per f or med %@e magneti c recordi ng nmedi um In the glide aval anche
test, the %T %aval anche of the magneti ¢ recordi ng medi um was neasur ed
using a gr(Tet Eeaisie 96S4200 manuf actured by Sony Techtronics). In
addition, in the CSS test, using an MR head, a CSS operation was perforned
20000 times at & mgaﬁﬁlq)rrawréwsemeéwnrzwe? pianyfactuked; asiger theupdasare ARrr] C

WD 8 letab oS LB IRt ShO0n YRR (PSS AL B

allowing t magnetic rec rumto sit one hour. esu

are shown fertuferptogessing r(qﬁqxher[f(mzpdlfastu%i by BiXpchi) is provided méth < comrodletlR6g
medi a were manutact | ch.the.avera e surfa hnes Ra) of. the
Subst 1 at o SRBBTRBPPFCHithn ek SrEnGTRTe ol 47 At PLh o SRAREeion Of

per f or m ngadmem! UK&difiémES 25002 manufacturéd %y@nlgl@daamtm Qﬁ]@kﬂe@§ bf 82¢hrfardt est
were perfornmed on these magnetic recording nmedia. The results are shown in

Tabl e 15. \(vrﬂéls of $8mm) vas usiasthe atrgsiye tape A.
101
average surf ace r %Ldéﬁlﬁ{eugrgg{l@a%s\ﬁ%he su t r a&gﬁgph\/\%fsa?g%mr&'%nabg me%’ﬁs?fof

nodi fyi ng 9Smempaid ihidkaess ofn28min) afastshpperioedlsy ieamast a ailﬁ&amssaﬁpd)m member

t ext ur e- proc I ng. .The glide avgtl anche test and CSS fest were,
per f or med %{hotf tﬁ\g é@:qqﬁd}g@gqsglng equlpment rotated at a constant speed of 380rpm, while

the abrasive tape A was pushed against and ran over the substrate S with a pressure of
2kg/cm®. At the same time, the abrasive particle slurry was introduced from the abrasive
particle supply nozzle 27, to supply abrasive particles between the abrasive tape A and
substrate S.

The receiving speed of the abrasive tape A was set at 0.2cm/sec. Furthermore, a
20% mixed solution of diamond abrasive particles with a particle diameter of 0.3pum was
used as the abrasive particle slurry. Additionally, when performing texture-processing,
the abrasive tape A was oscillated at a frequency of 2Hz and oscillation width of 20mm,
in the direction perpendicular to the running direction of the tape, by means of an
oscillation mechanism (not shown).

The average surface roughness (Ra) of the substrate S as a result of this texture-
processing operation is shown in Table 15.

A non-magnetic base film comprising a Cr alloy (with a thickness of 6004), and a

magnetic film comprising a Co alloy were successively formed on the resultant substrate



recor-di ng nmedia. The results are shown in Table 15. (Test Exanple 102) ,
A magnetic recordi ng nmedi um was nmanufactured in the same manner as in Test
Exanpl e 96, with the exception that the (barbon protective filmwas forned
according to the spatter-coating mnet hod! The glide aval anche test and
CSS test were perforned on this magnetic recording nedium The results are

shown in T§m'?ne]¢1§s'ofDC Magnegron.Spattering device (3010 manyfactured by An 1 02rm
Tabl e 15 &m PaE o Rwber Py 5%
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2000 addﬂlo'ﬁ the inner préh?ure of the chaﬂlb31910 was mldint&indEstdpganpl e 100 3
450 1. 51 0.36 Test Exanple 101 3
600 OAt the same tg@e high frequq;tcg @lectrical power 8 300W wapsupplied to the3
450 ults
T SUITUREC A S
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to the present invention, if possi ble to provide hi ghly re
magnet i ¢ recor dSubsequenilym 1Ehlh¢ﬂ§1|nglfﬂgl witha thicknesssf éﬁ& Vg!8|fden¢11\/w Emmlmeof

properti esa’ppmgcpfdrﬁblﬁxalﬁﬁgkﬁlt 8I1to| th&" gl%gh Bgot&g%erfﬁﬁlo Ehere y1e 1ng a}/ magnetic

recording medium.

The glide avalanche test, and CSS test described in the following were performed
on the magnetic recording medium.

In the glide avalanche test, the glide avalanche of the magnetic recording medium
was measured using a grind tester (DS4200 manufactured by Sony Techtronics).

In addition, in the CSS test, using an MR head, a CSS operation was performed
20000 times at a rotational speed of 7200rpm, and a temperature of 40°C with a humidity
of 80%. The dynamic stiction value was monitored after allowing the magnetic recording
medium to sit for one hour. These results are shown in Table 15.

(Test Examples 96 ~ 99)

Magnetic recording media were manufactured, in which the average surface
roughness (Ra) of the substrate S was modified by means of adjusting the duration time
for performing texture-processing.

The glide avalanche test and CSS test were performed on these magnetic
recording media. The results are shown in Table 15.

(Test Examples 100 and 101)



suffi-ciently without |owering the output properties thereof In the
foll ow ng, anot her enbodi nent of the nethod for nmanufacturing nagnetic
recordi ng medi um according to the preseEéli nvention i.s described, using an
exanple in which the plasnma CVD appar at shown in Figure 1 is enployed.
Initially, a non-nmagnetic base filmand magnetic filmare fornmed on both

si des of a non- j r or.di t ter- n hod,
to obtain a di sgﬁ%a&id (Pec%@ﬁ% rﬁ%ﬁ{l n‘g\gﬁe I cﬁlgﬁ%getdrg eﬁﬁi%b @Sn%%l?%% %’n‘?ﬁ
substr at e tdughness (Be)efaheé substeate &s was schasgedabe rheansnefymetlifgingether plirtigle
medi um as ,descri gﬁ%faén t he at rsﬁgﬁgti oned. .

103 diamei o SISt HSRE ML XBIPPTEBENG at e | s preferably
treated w th teyrhdrdidePAvitARAE "GstSHAd @SS B&NARIE FerfbRNdd! - HIRE CRRgEic | N
particul ar, the average surface roughness (Ra) is preferably in the range
of 1 ~ 20Arecprdinghmedia. dhe eesults agshowhén dabladShei ght property of the

resul tant £ rding mediumis undesirably reduced. The materials
and thi ckn@gﬂg’farﬁ%lé?@@n- magneti c base filmand magnetic filmare as
described in tha riglefiveedordingdnedium was SulsRCiudt ih)the kivie Mfmeas i Dastded
wi th the non-magnetic¢ base filmand magnetic filman the non-nagnetic
subst r at e B¥IERIE98gWitS the, exceptien frah thesatbom prttetive Ailm; was fosmes a¢qasding e o

t he chanbelrhegga -chishdhasgg CVD apparatus, and the surface of the disc D
is exposed to a reactant gas, which is supplied fromthe supply source 14
t hrough t he i nt Thaglide avalanohetesGand €8S tése wehapdréornitd.onGhs magrekib aecoirdidg vi a
t he exhaust (ﬁ}.ube 6 f?r,rgm chanber. h:o ii rcul ate the gas wthin. I n
t he manuf a@f Pf"néljl}?éf § 2 ‘Héloap }he present enbodi ment, the reactant
gas is preferably a butadiene gas or a m xed gas of butadi ene and hydrogen
which m xing ratio of butadiene to hydrogen is preferably in the range of
100 to O ~1 to 100 by volune, and nore preferably 100 to 0 ~ 1 to 25.

If the mixing ratio of butadiene in the aforenmentioned gas by volune is

| ess than the aforenmentioned range, the coating rate becones too | ow,

unsui table for practical industrial production. Addi tional ly, when
using the aforenenti oned m xed gas of butadi ene and



hydrogen as the reactant gas,

the mxing ratio of butadiene to hydrogen in

the reactant gas is preferably in the range of 100 to 60 ~ 1 to 100, and
When form ng the carbon
protective film the inner pressure of 1% chanber 10 is preferably set at
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As explained in the aforementioned, according to the present invention, it is

possible to provide a highly reliable magnetic recording medium exhibiting superior CSS

and glide avalanche properties, which is capable of increasing the recording density

sufficiently without lowering the output properties thereof.

In the following, another embodiment of the method for manufacturing magnetic

recording medium according to the present invention is described, using an example in

which the plasma CVD apparatus shown in Figure 1 is employed.

Initially, a non-magnetic base film and magnetic film are formed on both sides of

a non-magnetic substrate, according to the spatter-coating method, to obtain a disc D.

The non-magnetic substrate may comprise any substrate that is generally used as a

substrate for magnetic recording medium, as described in the aforementioned.



protective film When using pulse D.C. bias as the bias, a pul se
D.C. electrical source is used as the bias electrical source 13, and a

vol tage of -400 ~10V, preferably -300 ~ -50V is applied to the disc D.

If the voltage is less than the af or emenf? oned range, resistance to sliding
of the obtained, carbon protective filmis reduced. If it exceeds the

af orenent i oned r.aal . di .qe . i e nber 10
during coati ng, g%@rfﬁg@&(g&g&r}o&gﬁw@gp%#’%?%%slg %gféﬁaﬁ’ﬁ r rtr%f“egrgs\tﬁﬁte&?r?he
carbon pr oprekessigz fudhnas mechanicabdekturedpi@icbssingt hén [pattionlanj eiehawdragensurface

af orenmenti oned pulse D.C. bias.is preferably in the range of 10, ~ 500000ns,
and the fréﬂ*&gﬂ?ﬁ? (Ra) rizeferably {p the Tepes ?ﬁhgemﬁ TotbegRa Srcepgs 20A, the grind
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bot h an i nontakscandthiglkeess of tht mupwagnetichasefilpe hnd magnetic filadaietdsalesdribed a
| ubricati nﬂmetfhi I ggpq&g tbe ﬁrovi ded on the protective film by neans of

appl yi ng t HESAETFERER{9SHed | ubri cant . In the aforenentioned

manuf act uri ng nehbgRduedly, flRaSc Df presided Attt A6hNRNeAS bas'filh dfdabgse Of
but adi ene and hydrogen, which m xing ratig of butadiene to hydrogenis in
the range §im 10D the mpn-magneticospbsiraigopesprdingstot the afgemertiongd sopesatiqmheist i ne
of form ng r ' ' Wl ¢ i.bl.e f

ot ot ect | vepiPofial R uRl bl Y6 of e Hlashls ¢ TRRARRIMS ahPrieduffect SRR
make t he cBris@mpgsediteatreactaritigasnehiciis suppiiad fitom thengipplyesotitteabl thrdygh thed t o

provide a pagnetic recordin diymthat is capable of reducing spacjng
Coss. . introayction sl 15 yato fhe shembst 40 Cas it Splipwed iasthe esaipt fibei LgoFe
magnet i ¢ r gpekudl 10 Bkl tiERvitiin capabl e of sufficiently increasing the
recording density wthout |owering the output properties thereof

Addi tional |y, bin theamanufactping srethodgaagording ppthei prgsend emibedigiiant, the atactans

time of form. r .pr o R h | bo rotective fil.m
cont ai ns aéﬁ lggée&g} B&%elﬁﬁy%&ﬁ%& Iaetlgiélgaflég% %EQ}E%({C}%%?“ rtg’éif?%eﬂé’i’}ﬁsh g
addi tion, fatioiof batadiznp €6 hvdrbger i@ préferablicinttheradgebf DED to36 €1 tb48dibyFohfnen
ef ficient production. The reason that the carbon protective film
with a suphd Bereqeigmbly 190 toh~Hdo 25.

If the mixing ratio of butadiene in the aforementioned gas by volume is less than

the aforementioned range, the coating rate becomes too low, unsuitable for practical
industrial production.

Additionally, when using the aforementioned mixed gas of butadiene and
hydrogen as the reactant gas, the mixing ratio of butadiene to hydrogen in the reactant gas
is preferably in the range of 100 to 60 ~ 1 to 100, and more preferably 100 to 60 ~ 1to0 25.

When forming the carbon protective film, the inner pressure of the chamber 10 is
preferably set at a predetermined value, such as 0.1 ~ 10 Pa.

At the same time, high frequency electrical power of preferably 50 ~ 2000 W is
supplied to the electrodes 11, using the high frequency electrical source 12, to génerate
plasma, and a carbon protective film is formed on both sides of the disc D by means of
plasma chemical gas phase growth, using the aforementioned reactant gas as a starting
material. Herein, the aforementioned butadiene gas serves as the carbon source for the

carbon protective film.



provi-ded by neans of using a butadi ene gas, or a m xed gas of butadi ene and
hydr ogen, which mxing ratio of butadiene to hydrogen is in the range. of
100 to 0 ~1 to 100 by volune, as the reflctant gas when form ng the

af orenenti oned carbon protective film W@ uncl ear. However, this may be
attributable to the fact that the resultant carbon protective filmcontains

a hi gher conte of DLC which exhibit an_excellent .har Ss, ..and. t hus

di spl ays an ngé‘lél'ep § ?ﬁ%‘r"goeﬁecﬂ'?aér?ﬁﬁgf ?%§,hen§lgﬁ§od(;e? 135 nﬁgﬁt ﬁfelsaﬁrsf;e'éafl?g%fq oned
gas as themaleathe phased @S electrical powerSupslibdga avihelectradeor Indiffe@as EBy stahs 88

ni trogen, argon, oxygen, fluorjne, and the |like, are added intg the

af or ement | BAEBS $he AAwseolyslectril powen supplieds topgachaslesteodendl diiderenferit 4 a
X NG 1 8t ible dbUnpfNUTRE Codting HAR 4Rl orfe BlotELyfE Hima THoNBirE 2GS 21!
addi t | on, ia the plede gfielevtnicalpawenishppliedde esch elbétodderinpreferably imtheaange &f90
source, such_as f hane, ethane, ethyl eng, propylene, butyl ene, butane,
benzene, t“é?ﬂ@mén,r?'é‘rﬂ?"ﬂ%’éﬂﬂ OPPgfe %@'ei’ﬁf;ggﬂﬁ?? e gas at a mixing
ratio of, for e}gTiGmebs otigg é’aﬁ’i)or?/‘brdlfﬁéﬁvggillﬁfﬁﬁdin' hetraagk 6f 3611004, and

af orenenti oned but adi ene gas. ] ;addition, in the aforenentioned
nmanuf act urprefgrably 136d~agshr difghet thicknesprie desst thenttbeli aferementionssdr bange, the

protective f.ilmis forned a rding.only .to a pl CVD net hod. ver,
the. met hod PSP R CRRPRIPR 1 Thsoiesvirant <arban Prleciie: TR 4t C5Pansey « o fhe

present i nuRRhés8excéediGhe |aifd?eﬁ1@dtidﬂ%ﬁr1ﬁhgh, taéldes@nltﬁﬁtoﬁlﬁgﬁdu\éeref:éﬂdmgmdiahﬁ0
conprise a multi- layer structure conprising a plasma carbon | ayer forned

accor di ng teedytrdundesisshly)ombitiegreaier spagingdossay dhe time pbtecarding andgpley. anot her
e tor o ng o £AP UG AEE oL kn St Al ) iy AUl "o

according to the spa I od. n OW ng, s of
t he preserbias andepulisedd. Cabmssisappliadad thaidisa D, asing thet electni@aipiassourfcdd3t Exanpl e
103 ~ 117) After .an al um ni ym al | substrate coated with a Ni P
metal 111 m (i tWheh gsinadeh Tomunsy hirs s the hiat Nk FEguency elfrticth SOuPR it ed

wi th nmechagegas tHeelifésUélé‘ctﬂééll%Sﬁx%b ng, 4Mi ﬁign RegllerRy ARUTcab BoivECSEF [PUGDO]ES of
|

20A, a non-magnetic base film (vmth a thickness of 600A) conprising a Cr

al | oy, andpreferablintd i-d 5PiWnis epplprd toithgydiac Bo al | oy were successively forned
on both sides 0Iff tfleh %le%ynbc?if E»S%r ?s IS tHA% t%g a%%?neeh{igt{]edspa%éé,etrhe resistance to

sliding of the resultant carbon protective film is reduced. If the electrical power exceeds
the aforementioned range, abnormal discharge tends to occur in the chamber 10 at the
time of coating, leading undesirably to portions of abnormal growth on the carbon
protective film. '

When using pulse D.C. bias as the bias, a pulse D.C. electrical source is used as
the bias electrical source 13, and a voltage of —400 ~ -10V, preferably —300 ~ -50V is
applied to the disc D.

If the voltage is less than the aforementioned range, resistance to sliding of the
obtained, carbon protecti\}e film is reduced. If it exceeds the aforementioned range,
abnormal discharge tends to occur in the chamber 10 during coating, leading undesirably
to portions of abnormal growth on the carbon protective film. '

Additionally, the.pulse width of the aforementioned pulse D.C. bias is preferably
in the range of 10 ~ 50000ns, and the frequency is preferably in the range of 10kHz ~
1GHz. '



Equi prent (3010 manuf.actured by Anelva), to obtain a disc D

Subsequently, the disc D was transported into the chanber 10 of the plasm
CVD apparatus, and the reactant gas was yppl ied fromthe supply source 14
i nside of the chanber. At the sane’time, high frequency electrical
power of 700W (with a frequency of 13.56MHz) was supplied to the el ectrodes

11, to generat eppl , ti ' 1t 0. | C f
50A wns Torned B Rer O SISl WA REVRE, e clbb biehut Allh KORRIS 2, o
di sc D whehigher erintent ofi dianzomidelikepecarbac (PLE), fwhich welsibis dbttaan insfdased h4tdndsse

di st ance between.t he el ?\(I:\;rodes 11 and disc D was set at 30mm The i nner
pressure offq HRRNMSEE M as nai nt ai ned at 2Pa. The type and flow

rate of the reaalamonsIds a hyietRBdiIRONEY b_@%r&biid’e‘ii Pk ippstebi el fleh, By Shedds PY
means of the bias electrical source 13, difference in the phase of high

107 fr equeiappling therafergmeptiored lubrigsint.ed to the el ectrodes 11, thickness of

the fornmed carb s | i .coat i re- shown, in.Table 16.
Subsequent |y, aﬂﬁﬁlg ra?%rgﬁ%%tg&}epl%ﬂv?ﬂf%ﬁﬂg% %?L’%lgg’egs@ﬁ%?%%& s P%t?ﬂlgae &%t he
carbon pr obeg iixe gdsl of BayadieRnmddiydeggehy whizhanixiigiatio dfbatddictto hybifigeRY
yi el ding a rragget I c recording medi um The CSS test, corrosion test,
and Raman $gBdbe Zrngendf 190 to QexdriopkdP by vohune. As| theirerptan raaspitr the rtirael ofn

the resul t ot Bhiton', %Emé‘ﬂlnﬂﬁp%gwooggblte_ to foldl at&?boﬁo{e%ﬁ{l? ﬁHﬁi\ﬂ% %][] MR

head, a CSS operation s perforne I mes at a rotational spee

7200r pm  aswpedor durphilitt uA®a ofsultDit és pdsSiblé tohmakentheicdibiop pobteSdds thikiner dfidani c |
stiction value.was nhonitor.ed atfter allow ng t.he magneti . recordin di.um
Lo sit formainge e durabilif afd o prodide dfarkhet Eecbraing mediush firh SRPERIE AL L o
sit for 96relgeihs spcing 165sgh tenperature (60[err]C) and a high humdity
(80%, the magnetic recording nedi umwas soaked in 50cc of ultrapure water

at 25[err] C, arfdonssguenklyy dcis ersdbie et Prowidso 2 (Riehlys trbigbleamagaetica yeopeding
reacut e BB s LlcPat AR T i TR PR ™
Co was nedswesng the dutgut paopertiesthereof. I'n the Raman spectral analysis,
CUESHE TN TN ETEINES A O R T S L
forming the carbon protective film, the carbon protective film contains a higher content
of DLC, leading to a superior strength. In addition, it is also possible to improve the
coating rate, leading to an efficient production.

The reason that the carbon protective film with a superior durability can be
provided by means of using a butadiene gas, or 2 mixed gas of butadiene and hydrogen,
which mixing ratio of butadiene to hydrogen is in the range of 100 to 0 ~ 1 to 100 by
volume, as the reactant gas when forming the aforementioned carbon protective film, is
unclear. However, this may be attributable to the fact that the resultant carbon protective
film contains a higher content of DLC which exhibit an excellent hardness, and thus
displays an overall superior strength, by means of using the aforementioned gas as the
reactant gas. _

A mixed gas wherein other gases such as nitrogen, argon, oxygen, fluorine, and
the like, are added into the aforementioned butadiene gas, or mixed gas of butadiene and
hydrogen at a mixing ratio of for example 1 ~ 100 vol %, may be also used as the reactant

gas.



JEQL)-. The results are shown in Table 17. In the table, "RF" :
represents high frequency. Furthernore, "RF phase difference" represents
the difference in the phase of electri clad power supplied to two el ectrodes
11 and 11. 6 108 Table
16 React ant gas Rati o of Bi as Bi as RF
Pr ot ec- Coat - . I . ro- t adi_en

power phase Itn.a\‘}gltPﬁ a1 mlxeld r‘%% v&h%pelﬁ Bttlef %ases,h'xﬁlicfé may SQHIeaa ga é:ﬁrel}oln SQuree,
react ant such as methane, ethanedéthflene; propylene; butyldha,t utane, benzene tolueﬂ'e; p.ﬁd the Fl ow

rate .nce re] nes

rate ( slélgqﬂre mlxeq into b%adlene gas at a mixing r 1 of, t)or example, 1 ~ 108 vol ‘%) may
(scem) Tesfe fsXd iitbad Bt aforenntioned bytadithe gas. 4.8 Pul se -200V
180 50 218 di ene

D.C. Test Ex 104 adBios; in the 3fprementiongd @anufacturing3n@hod accorlihg & theZ0&sent

180 0, 285 ; .dl.ene .
D.C Test eg?bofﬁgent% {:%{pon proé'?ftlve film 1i%med accordlfg oaly toa pl'ﬁﬂlasgVD %@gd

180 HéWever, theddéthod for manufacturﬂ%&ﬁ@netlc recording medium according to the
D.C. Test Ex 106 Buta- 30 20. 0 RF 30w

180 guyesent invexggon is not limited thergtpond apeatedtive fip magy elgo comprse a multi- g0
29.4

0 ooy 1B RlmsAZ] o cafe e 555 vt e HBGYP
180 métod, and HldPer formed according do enether method, such as a spatter-carbon layer

?8 (C) - Test agg/o%?agntalglit@tnde layer ?ormed acaqrgﬁ)g to the spa’:thgr?ng methodpUI se  -200v

D. C. TestEx 110 tﬁé’fcﬁl'owmg, theffects of %(bresent inverftich are specifidt, 38ing-cdREréte

180 o0 di ene
D.C. Test €@amples. But a- 30 . 120 20.0 None _
180 5(Q‘est Exam%§e6103 ~117) di ene

After an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95 mm and thickness of 0.8 mm) was treated with mechanical texture-processing to
form an average surface roughness of 20A, a non-magnetic base film (with a thickness of
600A) comprising a Cr alloy, and a magnetic film comprising a Co alloy were
successively formed on both sides of the substrate S, using DC Magnetron Spatter
Equipment (3010 manufactured by Anelva), to obtain a disc D.

Subsequently, the disc D was transported into the chamber 10 of the plasma CVD
apparatus, and the reactant gas was supplied from the supply source 14 inside of the
chamber.

At the same time, high frequency electrical power of 700W (with a frequency of
13.56MHz) was supplied to the electrodes 11, to generate plasma, and a carbon protective
film with a thickness of 50A was formed on both sides of the disc D. '

The temperature of the disc D when forming the carbon protective film was set at
160°C. The distance between the electrodes 11 and disc D was set at 30mm. The inner
pressure of the chamber was maintained at 2Pa. '

The type and flow rate of the reactant gas, type and power of bias applied to the

disc D by means of the bias electrical source 13, difference in the phase of high



Test ‘Ex 112 Buta- 30 120 20.0 Pul se - 200V 0

50 185 di ene D.C. Test
Ex 113 Buta- 30 120 20.187 Pul se -200V 180

20 533 di ene D.C. Test
Ex 114 Methane 60 60 - Pul se -200V 180

50 S2ftequency elegtrical lied to the electrodes L., thick formBd Farbba® !
Ex 115 %ue cy fbsﬁt a powe)r supplied to the electrodes 1’ lC nessi%’&f ormfg(c}ar On

50 385rotect1ve film, and coating rate are shown in Table 16. D.C. Test
Ex 11 Et hyl Pul \Y 180

50 6 3%)8y engubseql?ently, a lugncatmg film with a 1:h1cknléss's %f 20 Ogvas formed on thegt Ex

%%I Acet oggbon pp&tective filn® by means of applying a foHIbER lubﬁ%\t/ there]a?oyxeldlng a 20

109  Tabl magfetic recording medium. Stiction (-) Cor r osi on test
Raman spectr al al ysd . Nor mal .t emn.

H gh temp. & ?‘g (}/%i Sthﬁ,e cf"{!'ﬂ'fl‘é? ﬁt’ and | %?Ip@n (sp)actral analysis Hgscni)emn t%e
nor mal hUﬁfcﬂilan Wbﬂipehﬁbﬂhéd bit the resultant magnetic recording media.

err]g/disc gdi sc) Test Exanple 103 0. 64 0.0
<()[ 11 9 ) (éSS test, usmsé&cMB head 2 £ ESanpesatiogawas perforgied 20000 times

0. 07 0
0 43 ata rotaélogﬁl]sﬁeed of 7200rpm, %n%% temperature of g@%tﬁiﬁﬁxnﬁ&?ﬂé@m} he,
Exanpl e 10déynamic Gti@ibn value was mopitOred after allowing the.rmfgnetic recording Gnellum to

1536. 4 Test arrghe 107 0. 96 0. 08 0. 20

0.36 PBRAY- Test Exanpl e 108 0. 77 0.08

0.24 I 2 @5 corrosion test, hfds b&ng%ﬁbw@lmﬂt ?orlé@hours aPa hikh temperature
0. 08 18 533. 8 Test Exanpl e 110

0. 88 (60°C) ag‘ldcwhlgh humidity (80‘%0 tllg magnetic recor(hpgqmedlum was soakgdi in 30cTadt

Exanpl e 111!|1tr|a%ur%§§tgr at & % and Whé %xtraca:xoéll amount 3 b (pta‘ wStrat%OaI%e)awaa 75

- Test Exa
1539.5 Tesmeﬁnﬁemp I adldifion, afiér. iting allowed to sit.f38 96 hours at a norrﬂal&@mperature

est anple 11 0.45
1_ 02 (25°C)1g518n@mp§§q1np %%ﬁ %o)l the extr@t@grpmount of Co V(;ls imeasured in the
0.58 same mihmep 1559. 6

In the Raman spectral analysis, Raman spectral analysis (argon ion laser
excitation) was performed, using a Raman spectral analysis apparatus (manufactured by
JEOL). The results are shown in Table 17.

In the table, “RF” represents high frequency. Furthermore, “RF phase difference”
represents the difference in the phase of electrical power supplied to two electrodes 11
and 11.



Test -Exanple 116 2.12 0.16 0. 36 -
- Test Exanple 117 Crash 0. 23 0.74 -4
Fromthe results shown in Tables 16 and 17, it is clear that the magnetlc
recordi ng nmedi a manuf actured accordi ng 10§ the met hod wherein bias was
applied to the disc D at the time of coating, and butadi ene gas or a m xed
gas of bUt'gaq)ileP{ and hydrogen, with a mxing ratio of butadi ene to hydrogen
of 100 to to 100 by volume, exhibited | ower stiction values, |eading
to a superior res|stancreadtsntpie CSS|oRaticdfl QN Biadddll Biaonjal Ry, |l Protes [ClGoar
t hat the |coating [ atfbonRkg@id@Ve¢dHydro- | butadieneaddi t i on,poweromphdse |nwsfilni S g tlhe
corrosion test, thpe afgasenent igenfiel Megreadtant |r ecor (i ng mediffae di gidkayedragn
extrenely| smal | apoiyp¢ [ofFlogor r omicon,| argds exh)i bited a reshstArnoessid) | (A/min
corrosion to a depree whirath poéewng (HobMers from practical {use. )
Additionally, fromthe rssmtls of tlhe Raman|spectial anal ysi t he
af or enent [i tesidat 10 atar ¢ r écorldi F§ nipdi A8 exhi Bilsee ¢l -200%- balt@ peaRd of | a218
rel ativelly_hi gher fdllqﬂﬁl ency la low ld/lg_addPL hj gh DIIC contlent
110 Test Bxd0h@utar gn, 3¢ he n¥¥net i c FRcor df"Hg retfO¥m mfuflactr ed 285

accor di ng_Lo_.t_he_méESﬂbd_\m:aLeJ_n_L_ha-dJ-LLeLe; “nlthe phase gf high

frequency.@Ft@f‘,‘tlﬁ "aquta owe?? suppled|t o2 fhe E‘Héer had0V1l 185 (1880 defyr Bds,

ot | h—t ha r\ngfl nao 4+ e t hncn Al h ng

resul t ed [-p—an—ipprdfle, } bat Fat €HHp h
di f f er enger et .!i’ese T (=pr2g1§nec it th 5@? 0 _"ﬁgnt i ongd,| 306
%,.

e
accor di ng—=-e--he-Eino freRgfaetur-pg—rRgget-¢ g tredi-u
accor di ng Tegt RAL pr%?':;ent ?’nvent ﬁ%n |t29§ pCS%‘Ihgﬁt %dw rtha |carbon| 2
prot ecti vie £ o ot “'un:.un Yy g 1e TS sstbige—to
make the gléeﬁtl%r%bg f%‘;ﬁagtl vg’cfi I m2 hi nner6b9\h| I g?)“aléés D Zr?r)BYn a}SRI ng gb)surff?ggi Qnt
dur abi l'i tyFest‘ElLilOé TH.ED tute—Spacimy Hyss| Pulse 200%C El HWomgt Yso Tt 7810
possi bl e [to provi dg;de i g l'y|reliable magnet|i g ¢ e¢ordi ng medijum which i's

D

capabl e ofreqEMIC] FMELY | ACT ¢€asi{7ag | Ne J£cordpiig UespiTly Wol [[OUG I OMETd5Ng
t he out put propertigase tlhereof,. Addi{ionally, bic.i$ possjble tlo i ncrease tlhe
coati ng rlafeqt.Exl1ER0IBAG- [[0 &N €T T1201 ent po.odudt Nede. - 180 50 386
diene
Test Ex 112 | Buta- 30 120 200 | Pulse | -200V 0 50 185
diene D.C.
Test Ex 113 | Buta- 30 120 20.0 Pulse | -200V 180 20 533
diene D.C.
Test Ex 114 | Methane 60 60 - Pulse | 200V 180 50 324
D.C.
Test Ex 115 | Ethane | 100 0 - Pulse | -200V 180 50 385
D.C.
Test Ex 116 | Ethylene 60 60 - Pulse | 200V 180 50 308
D.C.
Test Ex 117 | Acetone | 100 0 - Pulse | 200V | 180 50 221
' D.C.




| ndustri al

Applicability The magnetic recordi ng nmedi um and net hod

for manufacturing the same according to the present invention nay be
applied to a magnetic recordi ng nedi um igé‘ld manuf acturi ng nmet hod for the

sane), such as magnetic disc or the |ike;

which is used in magnetic disc

equi pnent . VWhat is clained is: 1. A nmethod for manufacturing a
magneti c r@gﬁﬁ ng medi um conprising the steps of formng a carbon
protective monto a disc, the non-magnetic substrate of which is

| ayered Wy th a non- rragrﬁﬁbﬁon(base fil rrCam&iommgﬂet 1c 1l mRauﬁnfpgctﬁlanalysns
reactant pgas containi ng car bon—toibeas & TSaiht wu.km +=0 a
pl asma CVD net hod, whergin a ﬁﬁ?(e gh degh ocaﬂ%ﬂng d hy rtgg en,
in which the n xi ng rat | 8°rEal gty aP‘B’b’i‘imt‘@tyh/drogen is|in the rapge
of 2 to 1~ 1 to 100 py Volupnise) | S [USqE/@is) @ feactant ggds, while |
appl yi ng t HAs 1o el g6 2- A—H ; QWJE_ i C
recordi ng xﬂ’ﬁ?&@éordi 8% o lo ai A%, WHer ei h tofdéne ijs USEP as
sai d hydr ptarBxample 1043;  -0.3A nef hod ¥@r nanuf ackUr | ng|a mag&et K r asza. i ny
medi um ac Rt T30 8145 o gaer el a gy xed—pas totgenesant
hydr ogen, |-Ln which the mxi ng rratia of t ol uene an %le‘ gen 1s in
the range| GFtEramRle 108 L 1068 20 by Wfune, |is s¥d as 040 sajld rlé3ct an
gas. 4. [ Test Bxaiiié Tood| T on.9g@NUf act wiosng a|{magrefol C rEcor gheg nedi Uslsg |
accor di ng e 1Gf08 0770 A5 3008 3 ’""“e'edzri h-gh frgggzenm b!15339
used as sl Brage ‘ : ' : :

Test Example 109 0.71 0.08 0.18 0.34 1533.8

Test Example 110 0.88 0.07 0.13 0.48 15412

Test Example 111 Crash 0.36 0.99 no peak -

Test Example 112 0.56 0.21 0.77 0.75 15395

Test Example 113 1.23 0.78 2.57 - -

Test Example 114 2.25 0.11 0.45 1.02 1558.0

Test Example 115 Crash 0.14 0.58 0.35 1559.6

Test Example 116 2.12 0.16 " 0.36 - -

Test Example 117 Crash 0.23 0.74 - -

From the results shown in Tables 16 and 17, it is clear that the magnetic recording
media manufactured according to the method wherein bias was applied to the disc D at
the time of coating, and butadiene gas or a mixed gas of butadiene and hydrogen, with a
mixing ratio of butadiene to hydrogen of 100 to 0 ~ 1 to 100 by volume, exhibited lower
stiction values, leading to a superior resistance to the CSS operation. Additionally, it is
clear that the coating rate improved.

In addition, from the results of the corrosion test, the aforementioned magnetic
recording media displayed an extremely small amount of corrosion, and exhibited a
resistance to corrosion to a degree which poses no problems from practical use.

Additionally, from the results of the Raman spectral analysis, the aforementioned
magnetic recording medium exhibited a G-band peak of a relatively higher frequency, a
low Id/Ig, and a high DLC content. |



5. - A nmethod for manufacturing a magneti c recording medi um accor di ng to

one of Clains 1 ~ 3, wherein said carbon protective filmis forned
according to a plasm CVD et hodT[ under high frequency el ectrical

di schar ge. 6. A method for manuf actidri ng a magnetic recordi ng nmedi um
according to Caim4, wherein said carbon protective filmis forrred
according to a I hj ctr

di schar ge. IB @ogﬁ% gl?&lr‘r:aﬁelf rdl #ﬁén%gﬁm hn‘%g?fg{;tlﬁgéafgg%rr (glh

accordi ng meth&i whmeﬁ; the differemdedn ehmpltabe oﬁlmghé’ﬁequénogle(h&tmaad: pbwaowpphed to
supplied t | ectrode r ed on t . respectlve sides of said
disc, are tg? fq?"é’FQ gs ﬁo‘?ﬁseégéﬁ ‘@8’%@? 'Eff"ulfq%e“’c AREMBFOvesIeHt (g the coating rate,

112 compa?édcloqn@dsb%m&aﬁeﬁén&@ui‘ﬂhk%&deﬂultaneously, on both sides of
said disc, under frequency el ectrical discharge. 8. A

met hod for rran%%t@ﬂgamﬁb lmthMﬂmwtlpmmmrgmgédlthmwr@r mganufac@iriigm 6,
wherei n t qﬁaﬁgﬁg ?‘gco?cﬁmg | S a%l:?rﬁ% Itg t(l}g Lsépgsent mv'd'ﬁfofle 'ﬁtpof?%l&qggf?ﬁrr‘ %taﬂgfd

on the e Si
at the ti raarmfn ﬁrefemmgﬁlm with a Sﬁpdﬂloﬁ atdmblhtpr o!tsectesul@ it id passibletd ARROHR! Y,

on both si des of said disc, under,_hig equency el ectri cal

di schar ge. carbog protectiy thinges rwh%ﬂhodﬁ‘tamt#lﬂ’g‘ga@ %&@ﬁé‘@ﬁ durability; anchghergbdi um
conpri si ng, of form ng a carbon protective filmonto the
di sc, the ﬁ{])ltr%%ngaé los ‘'substrate of which is layered with a

non- magneti c ba@n@ofdmgfy,ariidisrrmgs&iblbctof provideisi highly reliable maetianecgding

t ai ni b t, ! ding tq a.pl
VD et hodnedligy Bhitho By il Srpnicily i6trkiie e Tesorier el S8BOR, and
pul se Wi diibwering the cutgel Blcdeftles théredP A ddiGorally SRiidipsisible tofhcreh the BBat

formng the
rate, leading to an efficient production.

Industrial Applicability

The magnetic recording medium and method for manufacturing the same
according to the present invention may be applied to a magnetic recording medium (and
manufacturing method for the same), such as magnetic disc or the like, which is used in

magnetic disc equipment.



carbon protective film 10. A nmethod for manufacturing a magnetic

recordi ng nedi um according to Caim9, wherein said pulse D.C. bias
applied to said disc conprises a frequen of 10kHz ' ~ 1GHz and pul se
wi dth of 10ns ~ 50[err]s. 11. A et Hgﬁ for manufacturing a magnetic
recordi ng nmedi um according to Claim?9, wherein said pulse D.C. bhias
applied to k%éﬂiﬁl%d(i?”pri ses an average vol tage of -400 ~ -10v.

12. A nmethod for manufacturing a magnetic recordi ng nedium according to

Claim 10, 1. A mbthodifor sanafapmtiag abDnégndtic ascagingimelitm apdisitigsthe steps
conprises an avefage .vol tage of . -400 ~ -1 : 13. A nethod for
manuf act uri ng a°£rg‘§mé'ﬂ$ é ‘?ag‘EB‘rH‘ioﬁegf“ﬁ’ééilﬂn?%fec%pﬁﬁ%et‘wnbﬂégwwlS%Strate Ofai ns
9 - 12, wherei nyaidh %eHyRa Rith Y AoRGRINEAC sk M1 S MaghBidMHIAD Jsh 2

113 m xing ratio of hydrocarbon to hydrogen is i'n the range o
to 1 ~1 to 100 teactant gas contsining carbon atomes 2ssa Staitidg meaterialnaccgedingitor 4 plgsma

formation of a on.aver.. . 14 . A nethod for manuf.acturing a etic
recordi ng medi uﬁ]%gbeﬂm né" quelbaam%eg:%as otfmygmcaﬁ?gpeqn }éygjf'%?eﬂyg]r 8@%%%@%
conprises at | eastingi&tid ¥PRydrbcdibsh achydiogersBli@ah€dange of 2 tdf I 6M &DO@bY oner

saturated hydrocarbons, |ower unsaturated hydrocarbons, and | ower
cyclic hydrocar BeJHae, is used as a reactant gas, while applying a bias to said disc.

2. A method for manufacturing a magnetic recording medium according to Claim 1,

wherein toluene is used as said hydrocarbon.

3. A method for manufacturing a magnetic recording medium according to Claim 2,
wherein a mixed gas of toluene and hydrogen, in which the mixing ratio of
toluene and hydrogen is in the range of 1 to 15 ~ 1 to 20 by volume, is used as

said reactant gas.

4. A method for manufacturing a magnetic recording medium according to one of

Claims 1 ~ 3, wherein high frequency bias is used as said bias.

5. A method for manufacturing a magnetic recording medium according to one of
Claims 1 ~ 3, wherein said carbon protective film is formed according to a plasma

CVD method, under high frequency electrical discharge.

6. A method for manufacturing a magnetic recording medium according to Claim 4,
wherein said carbon protective film is formed according to a plasma CVD method,

under high frequency electrical discharge.

7. A method for manufacturing a magnetic recording medium according to Claim 5,
wherein the phases of electrical power, supplied to each electrode arranged on the

respective sides of said disc, are different from each other at the time of forming



15. - A magnetic.recordi ng nmedium conprising a carbon protective film

formed onto a di sc, the non-magnetic substrate of which is |ayered
with a non-nagnetic base fil mancl magnetic film wherein said carbon
protective filmis formed according 12 t5 a pl asma CVD net hod, while

appl ying pul se D.C. bias, having a frequency of 1kHz ~ 100GHz and
pul se wi dth of | ~ 50 e . Sal Yol iAo ] -

manuf act uri ng a a{rfﬁ%aﬁbe% ’g&?egj' gléer §|h¥r11§m?r@t#ﬁgn&s?:% r%l rll)olt? rslléie? ﬁgg%{l ?gsg lErPJer hl%hf
form ng a car bdrequesdyeslédtrieal dischargat o a di sc, the non-nmagnetic substrate of
which is layered with a non-magnetic base filmand magnetic film using a
reactant gas containing carbon atons as a starting material, according to a

plasma g 'C\/pﬁ{egmmr m%sfa%{dﬁng%sgrm%rr@é&aﬁé%eﬁ%qc&iraﬁlgits cﬁﬁin gt a

tenperature in't range of 100 = 250[ err ' e tine

_ r I n advance, "at t
of formi ng sai dvheseibhdhe phasesef ¢leatrical powef,isupplied tozach electnederastanged on the

manuf acturing a magneti.c recordi.ng nedi4m or di 0 i m 16 .
wherein a m xed“PEETG: Slﬁ?ﬂ&%@ﬁf‘bﬁ% aé%g‘%{/%ﬁg’g"é‘h ’eaq.rﬁgo 'r%nt%fa’ﬁféneh?%oﬁa‘qgat i 0
of ~hydr ocaido@rbashofit VO B sintulidhebilisdy, ' Rh 8fdes of Shid disé, Grie AfEHDY
vol une, is used as sai d reactant gas. 18. A et hod for

manuf act uri ng dredrerfe slectrieat disghargenedi um according to Caim 17,

wherein said hydrocarbon conprises at |east one type of hydrocarbon

sel ected from anong | ower saturated hydrocarbons, |ower unsaturated
hydr ocar b@ns, aXenethod for Inmumfactyrirlg £ niagdetiocrecbriivge medium comprising the steps

114 19. A net hod for manufact.uri a netic.recordi ng.medi um
conprising the tf@‘ﬁ%‘_ng a carbor,profesiiye ﬁﬁ’%aorlfgr?%) ‘Sf)_r%F QOPzE '?“!’ ﬁ\‘%ﬁ'ﬁ? of
di sc, the non- npgpetii Gayerl Widf & mn-m_a%netic YA CHnt Snb2¥8gRSic Wil &sing a
non- magneti c base film'and magnetic fiTm wusing a
reactant gas containing carbon atoms as a starting material, according to a plasma
CVD method, wherein pulse D.C. bias having a frequency of 1kHz ~ 100GHz and
pulse width of 1ns ~ 500us is applied to said disc, at the time of forming the

carbon protective film.

10. A method for manufacturing a magnetic recording medium according to Claim 9,
wherein said pulse D.C. bias applied to said disc comprises a frequency of 10kHz
~ 1GHz and pulse width of 10ns ~ 50us.

11. A method for manufacturing a magnetic recording medium according to Claim 9,
wherein said pulse D.C. bias applied to said disc comprises an average voltage of
—400 ~ -10V.

12. A method for manufacturing a magnetic recording medium according to Claim 10,
wherein said pulse D.C. bias applied to said disc comprises an average voltage of
—400 ~-10V. '

13. A method for manufacturing a magnetic recording medium according to one of

Claims 9 ~ 12, wherein a mixed gas of hydrocarbon and hydrogen, in which the

_—

g



react-ant gas containing carbon atons as a starting material, according to a

pl asnma CVD net hod, wherein the pressure of said reactant gas is set
ih the range of 0.1 ~ 10Pa. A nmet hod for manufacturing a
magneti ¢ recordi ng medi um accor di ng to Hal m 19, wherein the
pressure of sal d reactant gas is set in the range of 2 ~ 6Pa. 21. A

nmet hod for 5;@3&% ¥hed 0] f
Clainms 19 and ;%l%l\tfl%édrdg?%p% m xeddlgggﬁ%?& yrﬂgolgg?%on a%%@d?ogieﬁb @%b? whi ch
the m xing rat |mlomemds@bmsbmeamnugaerdggegf¢rmatlnnpﬁe cachogdaysf. 2 to 1 ~ 1
to 100 by volune, is used as said reactant gas. 22. A nmet hod for

manuf acturing a magnetic recordi ng nmedi um according to Caim 21,

wherei n sajgl hyArmeaBsdft neaiificha ity Ainagwaitirecuitingypalivth abystangas IBim 13,
selected from anong | ower saturated hydrocarbons, |ower_ unsatur at ed

hydr ocar bons, afyherein said hwéwsrlrb@wqqr@rwyﬁ hdeashgpe type ofshydrogarhen selectedr
manufacturing aﬂHﬁ?J}n{?&dgllo\R@P ?étlﬁlra{ié’d H?&bl:'%b&r?s”ﬁ’&héi iafulRed h‘fcﬂ%carb ns, an@'

form ng a carbon prote I''monto a t he non-nagnetic su sfrate of
whi ch i s | ayer eldwer tyclz hydrocatbgnet i ¢ base fil mand magnetic film using a

reactant gas containing carbon atons as a starting material, according to a

pl asma CVD net hod, wherein said reactant gas conprises nitrogen and
a mixed gags inp magnetlc ‘ﬂé?:bﬁhné BRI b&ﬂpﬁﬁhg Q c@fbohﬂb@ewebm\ Y GnRogn i s
in the range of 2 to 1 ~ 0,. into which nitrogen gas is added

at a addi ng voI dise the r@nﬂnagmt;%subst@m of which is laysred wjisls a non-magnetic base
;ggor dlzﬁg to C 611;[ hgrg%];n%zgn%nﬂffc%ﬂér@iﬂgsa?d@B‘ggr? E)}o(iecftﬁ/%cﬁlgl ﬂgfo%gd %Eordmg

to a plasma CVD method, while applying pulse D.C. bias, having a frequency of
1kHz ~ 100GHz and pulse width of 1ns ~ 500us to said disc.

16. A method for manufacturing a magnetic recording medium comprising the steps
of forming a carbon protective film onto a disc, the non-magnetic substrate of
which is layered with a non-magnetic base film and magnetic film, using a
reactant gas containing carbon atoms as a starting material, according to a plasma
CVD method, wherein the temperature of said disc is set at a temperature in the
range of 100 ~ 250°C in advance, at the time of forming said carbon protective
film.

17. A method for manufacturing a magnetic recording medium according to Claim 16,
wherein a mixed gas of hydrocarbon and hydrogen, in which the mixing ratio of
hydrocarbon and hydrogen is in the range of 2 to 1 ~ 1 to 100 by volume, is used

as said reactant gas.

18. A method for manufacturing a magnetic recording medium according to Claim 17,
wherein said hydrocarbon comprises at least one type of hydrocarbon selected
from among lower saturated hydrocarbons, lower unsaturated hydrocarbons, and

lower cyclic hydrocarbons.
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wher ei n said hydrocarbon conprises at |east one type of hydrocarbon

sel ected fromanong | ower saturated hydrocarbons, | ower unsaturated
hydr ocar bons, and | ower cyclic h drocar bons. 25. A magnetic
recordi ng nmedi um conpri sing a non-magn base film nagnetic film

carbon protective film and lubricating f| | m whi ch are forned onto a non-
magneti c substrate, wherein said carbon protective filmconprises a plasna
CvD ~ - carbon layer fornmed according to a plasnma. CVD net hod, and a
spatter cardon A method foryRinuffsoturits ﬁ(ma(ghdilcm}:cbfdlﬂg fedivine CompAsing ghe“rnbismd
which is prOV|ded|n cont act fhthel bricating film

magnetic record? fgTREgi %WQBE&‘WFF@"Q@ g optQraxdise, \the nanpnagrgti H‘l‘l?,skrﬁ@sgf of

sai d spatter caghep ik a¥fired Swith atﬁkﬁ} ﬁ%@ﬂ&lcof)asi Fﬂ'ﬁ)%d m\%%l?etlc ﬁﬁh ”ﬁﬂﬂgtd c

recordi ng nmedi um according to one o alns 25 and 26, erein
t hi ckness of saiedctitagaseontuibingcaozm atagne @s iastarting mterahgecmﬁmgaoa plaira

Steps | orc¥h maRon Wnefi'lge B B i REAR N a o W GBR B |

di sc, the non- rrﬁgxa_etlc substrate of which is layered with a
non- magnetic base filmand magnetic film according to a plasma CVD
met hod, using a reactant. gas containi ng carbon atons as a starting

: !
{T‘gt gr Isga 1420 A tmert]léod for bk a@%ﬁfﬁg %Qﬁ‘&%n%ﬁc Pécro g, lr‘n%églgn 5‘%‘%&9@ to 8f&fR"9! "9

form ng a | ubriwhéreinghd pressundrofdaid reastamngasomeamthadraﬂ:g@c&i%@atter car bon
| ayer. 29. A nethod for manufacturing a nagnetic recordi ng nedi um
according to Cl aim 28, wherein a m xed gas of hydrocarbon and

hydrogen, 3N Whi GRethb® f8F rhhiFadtafihg a Ghagnetic recording medium according to one of

Claims 19 and 20, wherein a mixed gas of hydrocarbon and hydrogen, in which

¢ a—

the mixing ratio of hydrocarbon and hydrogen is in the range of 2 to 1 ~ 1 to 100

by volume, is used as said reactant gas.

22. A method for manufacturing a magnetic recording medium according to Claim 21,
wherein said hydrocarbon comprises at least one type of hydrocarbon selected
from among lower saturated hydrocarbons, lower unsaturated hydrocarbons, and

lower cyclic hydrocarbons.

23. A method for manufacturing a magnetic recording medium comprising the steps
of forming a carbon protective film onto a disc, the non-magnetic substrate of
which is layered with a non-magnetic base film and magnetic film, using a
reactant gas containing carbon atoms as a starting material, according to a plasma
CVD method, wherein said reactant gas comprises nitrogen and a mixed gas, in
which the mixing ratio of hydrocarbon to hydrogen is in the range of 2to 1 ~ 1 to
100,. into which nitrogen gas is added at a adding volume of 0.1 ~ 100% of said

mixed gas.
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116 - hydr ocarbon to hydrogen is in the range of 2 to 1 ~1 to 100 by

vol unme, is used as said reactant gas for formng said plasma CVD
carbon | ayer according to a pl asn?é CvD et hod. 30. A et hod for
manuf acturi ng a magneti c recordi ng nedi 4h? accor di ng to Cl aim 29,

wherein said hydrocarbon conprises at |east one type of hydrocarbon

hycl ocar bR, aftdhebA B b Bl Al HhEMEHE [BUARTRRAY pcldiifls IR 25,

manuf act uri ng awhegiesdid hydrozartiongcongttisesnan teast dhe gypeood hpdrotarbon selecteai ns
28 ~ 30, wherein a m xed gas conprj si argon _and at | east one S
sel ect ed from afBRARORE E’g@ﬁ,sa‘h‘%?‘i)g@‘?[%“ghgnsf’ré‘?‘ﬁ%}'n'é‘,‘sa?“ﬁa ihZWOP%goﬂ%’ »a0d g

ratio t O1RFe fclichydPodafforsange of 0.1 ~ 100 vol % is used as said
spatter gas for form ng sai d spatter carbon | ayer according to a
Spatter-coating nethod. 32. A nmethod for manufacturing a magnetic

recordi ng di um conpri si ng .t he st.eps .. _Of: . formng a
car bon protect | GempeIdcd st dinGmBAERY ramprsing e maensis, bysg, Bl finbrtc
which is |ayerefiny ddfbch profechivg Tidin and asitidatihgnfdmcwhiel ngé fernied! shto acssr-di ng .
to a pl asma CVD net hod, using a reactant ,gas containing carbaon

at ons; and magnetic substate, Whegein spidiarbon pretpctive Hlm corprisescs plasma QAP g

corbon pr ot Miob e ey cHISERL, RRAECHS A€ S b

formed by applyrng a bras an or mat |
continued wi t holayerafobined accosding to A spettérexbafing nreghud adticlr isrpyovidedgnedritact

recordi ng medi um accoy di.ng, t o..Cl ai m 32, wherein said bias applied to
said disc conprwggéheaugﬂ wedlE b as of -400 ~10V, or high
frequency bias of 10 ~ 300W 34. A met hod for manufacturing a nmagnetic
recordi ng medi um according to C ai m 32, wherein the thickness of

sai d car bo?6.l ayArmagnetic decurdingumedipml adcardieg &a Glaims23,gwherein the thickness of
said spatter carbon layer is in the range of 5 ~ 100A.

27. A magnetic recording medium according to one of Claims 25 and 26, wherein the

thickness of said plasma CVD carbon layer is in the range of 30 ~ 100A.

28. A method for manufacturing a magnetic recording medium comprising the steps

of:

forming a plasma CVD carbon layer onto a disc, .the non-magnetic
substrate of which .is layered with a non-magnetic base film and magnetic film,
according to a plasma CVD method, using a reactant gas containing carbon atoms
as a starting material,

forming a spatter carbon layer thereon, according to a spatter-coating
method using a spatter gas; and

forming a lubricating film which lies in contact with said spatter carbon

layer.

29. A method for manufacturing a magnetic recording medium according to Claim 28,

wherein a mixed gas of hydrocarbon and hydrogen, in which the mixing ratio of

e —m
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disc+is in the range of 5 ~ 20A

117 35. A nethod for manufacturing a nagnetic recordi ng nedi um
according to C aim 33, wherein tq% t hi ckness of said carbon | ayer
formed wi thout applying bias to said 1 disc is in the range of 5 ~

20A. 36. A nmethod for manufacturing a magnetic recordi ng nedi um

according to o ' . = I | ) Q

hydr ocar bon an 31 %'ﬁlgéfraf)bé) e r¥° hyﬁo%%ﬁﬁ t% llgleeraﬁge oWZ‘ ?é’r?x Pln% liﬁg;% S%'og@ﬁ%yl % P%egaqsbo n
to hydrogen i ? s'anif tdaetannigge forf f&niti)mg Jsa'rdlpla@ma(mVDf J ISarbon layer Lsceokdas f]cagdf
reactant gas for forging said carbon protective film 37. A net ho or
manuf act uri ng aplm‘éYPantgegrdi ng medi um according to C ai m 36,

wher ei n sai d hydrocarbon conprises at |east one type of hydrocarbon

sel ected from anong | ower saturated hydrocarbons, |ower unsaturated
hydr ocar bd®s, akdethod for maoufactucing hintagngte recardmgmediunG®cording toeCiaim 22,

rrecordi ng nmedi um conprj si a, carbon .protective film .an
| ubricating 1 HSORTEN BYArGcab SEmprfes FidReshealne¥Pe °f @Bgﬁ%&ﬁbgno‘fe‘.wch s
layered with a fanaiR@Rabver Stsdicdi HydrvacbomBJoRlet Gndatibriied MyBf RafboRs] 4hd
car bon protective filmconprises a first carbon layer, which is
f ormed accor di Agweieyglic hydrocarhpessra CVD net hod whi | e appl ying bias.to said
di sc, and a second carbon | ayer, which is formed in contact with
said lubricating film according to a plasma CVD met hod, w t hout
appl yi ng @las tA nsahstl firgnanufacdéring a Anapmgtie técording atedivny adEtding tachersil ng
to Caim38, wherein_the_thi %kness of saj d second (ciar bon layer is in
the range of 5 aimsn28 ~ 30, wherein a mixed gas comprising argon and at least one gas
selected from among nitrogen, hydrogen, and methane, in which the mixing ratio
to argon is in the range of 0.1 ~ 100 vol %, is used as said spatter gas for forming

said spatter carbon layer according to a spatter-coating method.

32. A method for manufacturing a magnetic recording medium comprising the steps
of:
forming a carbon protective film onto a disc, the non-magnetic substrate of
which is layered with a non-magnetic base film and magnetic film, according to a
plasma CVD method, using a reactant gas containing carbon atoms; and
forming a lubricating film in contact with said carbon protective film;
wherein said carbon protective film is formed by applying a bias and subsequently

this formation is continued without a bias

33. A method for manufacturing a magnetic recording medium according to Claim 32,
wherein said bias applied to said disc comprises a pulse D.C. bias of -400 ~ -10V,
or high frequency bias of 10 ~ 300W.

34. A method for manufacturing a magnetic recording medium according to Claim 32,
wherein the thickness of said carbon layer formed without applying bias to said

disc is in the range of 5 ~ 20A.
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40. - A magnetic recording nmedi um conprising a non-nmagnetic base film

magneti c film protective film and lubricating filmwhich are formed
onto a non-magnetic ¢ substrat e, {fln said protective filmconprises
a tantal um nitrogen | ayer principatly conprising a materi al
conprising tantalumand nitrogen with a nitrogen content in the range
of 1 ~ 30 at % and a carbon layer principally

118 conprising carbon, which is forned in contact mnth sai d

| ubricati ng5.fi | Kymethod for ma]mdi[oﬂlrng | mam@icaecmdﬁgl'memmhmdcordmglo Claif 33,
magnetic recordi ng rre%iﬁugj ccordin to d 0 wher ei n tg‘a{ ckness ’of
sai d carbon | aywhere fhs thickness ol saigk casbam ﬂ" rmgg withoyt ing; bias Q. 891di ng

medi um accor di ngist & ithRd AngOoPs ~4bA Wherei n the thickness of said
tantalumnitrogen layer is”in the range of 1 ~ 95A 43. A et hod for
manuf acturi ng a magneti c recordi ng nedi um conprising the steps of :

formng a n- net i asef mandmantcflmonoanon netic
subst r ot o; 36" "ROREoA foF ipufertiiRR s, ARG Sros AL s RBNARAY Bht B
conpri sing a mMaCRimaB2i~N35, wherein Whi&kbd ighé bPBRIToLAbGR mﬁhwrbged anivhldhnhat a
mxing ratio of 1 ~ 30 at_ 9% thereon; orm ng a carbon Iayer

t hereon, accor dmigng éatio of ydracatken teehyrsagen isiipghe range of2 toehet b 18@sis
contai ning car bon 3t Qi et %%ﬁogg%wﬂ?ﬁﬁﬁ e&fbon grpcgectwe film, formng a

lubricating filmthereon, 1n sal on layer.

37. A method for manufacturing a magnetic recording medium according to Claim 36,
wherein said hydrodarbon comprises at least one type of hydrocarbon selected
from among lower saturated hydrocarbons, lower unsaturated hydrocarbons, and

lower cyclic hydrocarbons.

38. A magnetic recording medium comprising a carbon protective film and
lubricating film formed onto a disc, the non-magnetic substrate of -whic-:h is
layered with a non-magnetic base film and magnetic film, wherein said carbon
protective film comprises a first carbon layer, which is formed according to a
plasma CVD method while applying bias to said disc, and a second carbon layer,
which is formed in contact with said lubricating film, according to a plasma CVD

method, without applying bias to said disc.

39. A magnetic recording medium according to Claim 38, wherein the thickness of

said second carbon layer is in the range of 5 ~ 20A.

40. A magnetic recording medium comprising a non-magnetic'base film, magnetic
film, protective film, and lubricating film which are formed onto a-non-magnetic
substrate, wherein said protective film comprises a tantalum nitrogen layer
principally comprising a material comprising tantalum and nitrogen with a

nitrogen content in the range of 1 ~ 30 at %; and a carbon layer principally

AN 0 R



44. -« A nmethod for manufacturing a magnetic recordi ng nedium according to
Cl ai m 43, wherein a m xed gas of hydrocarbon and hydrogen, in which
the mxing ratio of hydr ocar bon IIOS hydrogen is in the range of 2 to
1 ~1to 100 by volune, is used as said reactant gas for form ng

sai d carbon Iayer 45 A met hod for manufacturing a magnetic recordi ng

medi um accordin m}ﬁ'ls ine cathon %ﬁ which is @s‘?&%&"lﬂ §$ﬁt9cth%°8£{ibﬁﬁr18ﬁ . at

| east one type O m anon ower ura

hydr ocar bons, Imfdlmgﬁﬁaadplaaﬁaadvmldabﬂmdr bons, and | ower cyclic _
hydr ocar bons. 119  46. A
nmet hod for manufacturing a nagnetic recordi ng medi um conprising the steps

of : 41, A mag{em Qgccﬁdlﬂg%éﬁi&ﬂeicb&dlﬂfgsﬁ) Eldig 4’%1‘4» Rehd thidide® gnt o a

non- magneti c substrat formng 'a carbon protective
filmthereon, asaubcaibmrglayerlanptmsme@fb~10015x met hod, using a reactant gas
contai ning carbon atons as a starting material; and formng a
| ubricating filmthereon; wherein prior to formation of said

| ubricatingp fil mimdgnetie lckfcf)ﬁﬁ@g frlediapi @bcordmg to CRIRA0 d?140}! WhéreMerhé HitRrieSs
irradiated with ultraviol et rays. 47. Arrethodfxr manufacturlnga

magnet i ¢ recor defigidtentalym aitrogen javgr isdn theiengeef 1 ~ 95 wherei n said
ultraviolet rays irradiating the surface of said carbon protective film
conprise a wavel ength of 100 ~ 400nm 48. A nmet hod for manufacturing a
magnet i ¢ r4%or dAngethed farmmandactaring a tntagiletic necbdbding medium \cbmpriking alte seps ner
em ssion | anp igf_ used as a source of said ultraviolet rays.
forming a non-magnetic base film and magnetic film onto a non-magnetic
substrate;
forming a tantalum nitrogen layer, principally comprising a material in
which nitrogen is mixed with tantalum at a mixing ratio of 1 ~ 30 at %, thereon;
forming a carbon layer thereon, according to a plasma CVD method, using
a reactant gas containing carbon atoms as a starting material; and

forming a lubricating film thereon, in contact with said carbon layer.

44. A method for manufacturing a magnetic recording medium according to Claim 43,
wherein a mixed gas of hydrocarbon and hydrogen, in which the mixing ratio of
hydrocarbbn to hydrogen is in the range of 2 to 1 ~ 1 to 100 by volume, is used as

said reactant gas for forming said carbon layer.

45. A method for manufacturing a magnetic recording medium according to Claim 44,
wherein said hydrocarbon comprises at least one type of hydrocarbon selected
from among lower saturated hydrocarbons, lower unsaturated hydrocarbons, and

lower cyclic hydrocarbons.

AR



49. . A nethod for manufacturing a magnetic recordi ng medi um according to

d ai m 47, wherein an excinmer emssion lanp is used as a source of
said ultraviolet rays. 50. A et hod Ior manuf acturi ng a magnetic

recordi ng nmedi um according to Caim 46,1 ° wherein prior to formation

of saiﬂ L]ubri (r:]ati ng film the surface of said carbon protective film
I s washe  t ter. 51 - : i t.)

recordi ng diu 158%18? g‘i’ rnréla'i‘uofa%’g?éngj%én%{m mﬁj@bﬁgﬁdﬁ‘ﬂg rc?g{rﬂiitg %gftg‘?rsrtae ?oh

of said lubricagfing film the surface of said carbon protective film

Is washed with water,  52. A net hod foy nmanufacturi a magnetic .
recordi ng medi um accrEnga pen-magneticipase film and Rpsiele ﬁﬂ‘gr‘?%‘? aneNIIAZRSHE on

of said |ubri Caédb?ﬂatgj I m the surface of said carbon protective film
is washed with water.’ 120
53. A nmethod for nfonming turarbap protectivetfilo thesenndiaggordingi ione sdesorad VP t o

Surt ace of sai dmeioauring £reablapt G Rung Pocon SRk v i il R 5,°

A met hod for manuf acfdsmin}da RbRBSIRRYL filen eI Ng medi um accor di ng to one of
Clains 46 ~ 53, wherein a m xed gas of hydrocarbon and,_hydrogen, in_which
t he mi xi ng r awheresr P to dermasiont @f saidi heyiating flm, the syrigrgeohsaid o

1 ~1 to 100 by %b?l’ll Prr%Ye%ltiUgﬂlmiissirﬁﬁf‘ageﬁitﬁﬁit%vﬁﬁ@t%%t gas for forming said

carbon protecti

47. A method for manufacturing a magnetic recording medium according to Claim 46,
wherein said ultraviolet rays irradiating the surface of said carbon protective film

comprise a wavelength of 100 ~ 400nm.

48. A method for manufacturing a magnetic recording medium according to Claim 46,

wherein an excimer emission lamp is used as a source of said ultraviolet rays.

49. A method for manufacturing a magnetic recording medium according to Claim 47,

wherein an excimer emission lamp is used as a source of said ultraviolet rays.

50. A method for manufacturing a magnetic recording medium according to Claim 46,
wherein prior to formation of said lubricating film, the surface of said carbon

protective film is washed with water.

51. A method for manufacturing a magnetic recording medium according to Claim 47,
wherein prior to formation of said lubricating film, the surface of said carbon

protective film is washed with water.

52. A method for manufacturing a magnetic recording medium according to Claim 48,
wherein prior to formation of said lubricating film, the surface of said carbon

protective film is washed with water.
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55. - A nethod for manufacturing a magnetic recordi ng nedi um according to

C ai m 54, wherei n said hydrocarbon conprises at | east one type of
hydr ocar bon sel ect ed from anong | gwer saturated hydrocarbons, | ower
unsat ur at ed hydrocarbons, and I r cyclic hydrocarbons. 56. A
met hod for manufacturing a magnetic recordi ng nedi um conprising the steps
of : formng a non-nagnetic base filmand magnetic filmonto a
non- nagneti c substrat e; form ng a carbon protective

fil mtheresn ackaidthotfot hadufabmsiig a@ignetic recorditg hﬂd;unusacbg:hﬁg toeetatmmp gas
containing carbon atons as a starting naterial; formng a
| ubri cating fi|whereigrRring; to formation of said Igh iwheicating %"F dthe isyripes phsaidrcaghonsai d

| ubricating fi I e%@w{s%hwwﬁgv%or carbon protective filmis

washed wi th wat'er manuf acturing a magnetic recor di ng
medi um according to one of Claim50 ~ 53, wherein uItrapure water is

121" “se. 5h.a rhinated B amireaing pitparctin grretfd Aeiil R A g of |

accor dI ng t o onElafs 46 ~ 53, Qhéx*eiﬂ 5ﬁuxamgdsedﬂhyukddaadwrﬁdw%ﬁfgenSmuﬁlﬁdhase t he
cl eaning water for washi ngiwsal carbon protective film

magnet i ¢ recor dhixingragiooh dmﬂarb;ﬂnrtg hydregenritdhthe rengmeb2 ftp | Iny 1ntﬁglr99thc
fil b t fil
non ragner ¢ vonig i e gs iRt Bot B Mo s hBOHBIBAN flen . o, o

according to a plasm CVD met hod, after V\:hl ch the surface thereof is

i rradi ated with ultraviol et %:
55, A method for manufa

nng a magnetic recording medium according to Claim 54,
wherein said hydrocarbon comprises at least one type of hydrocarbon selected
from among lower saturated hydrocarbons, lower unsaturated hydrocarbons, and

lower cyclic hydrocarbons.

56. A method for manufacturing a magnetic recording medium comprising the steps

of:

forming a non-magnetic base film and magnetic film onto a non-magnetic
substrate;

forming a carbon protective film thereon according to a plasma CVD
method, using a reactant gas containing carbon atoms as a starting material; and

forming a lubricating film thereon;

wherein prior to formation of said lubricating film, the surface of said

carbon protective film is washed with water.

57. A method for manufactﬁring a magnetic recording medium according to one of
Claim 50 ~ 53, wherein ultrapure water is used as the cleaning water for washing

said carbon protective film.

'\

LT /U]



60. A magnetic recordi ng nmedi um conprising a non-nagnetic base film

magneti c film carbon protective film and lubricating filmforned
onto a non-magnetic substrat e, Wh(rfréfl n said carbon protective filmis
formed according to a plasm CvD hod, using a reactant gas

contai ni ng carbon atons, and said |ubricating filmprincipally

conpri ses | egs C 0, :

repr esent_e%'by &%eﬁgﬁlé%%B%M#g %"%‘9“&3{"( §§ , t Egen{r?grﬁ;lg‘e? °°§\5%‘§§rg{§%g%
mol ecul ar wei ghChimf56\whetein ubrapore water &ngped @ thd Cleanifg OGiter[for washing paid
[wherein, m n, p, q, r, S, L‘B u, v, and w represent an integer,
respectivel y]. carpan Prm?ﬁ“?‘fﬁg tic recording nmedi um conprising a

non- magneti ¢ base film nagnetic film carbon protective film and
| ubricating filmformed onto a non-magnetic substrate, wherein said
carbon prof%ct i Aemhgiatici recérdingethedivobcamprsing a npi-magaetic base Tvp magnebg,

usi ng a reactang, gas_gcontai.ni.n bo . apd sai ' N .
filmprincipall . o%ﬁ?ré 850‘5"‘}?4%xﬁ@§’e?‘{2‘| ﬁ}b\%g? t’(l:rf‘g p Ig"e‘ %g%%%&ﬁ{ %%Jrn Qgé%‘%eé‘a by
t he f ol | omibRGafeOwWhetein 64l dasboni protective Hilal isl fomned aberdimgnoun glasma

sel ected from anon . L . %}ié
t he compounds r@b@g@éﬁl@éda&ﬁf whigh ths|spdagsgeresf Huirradieted with wlfraviolgt rafsnper

60.. A magnetic recording medium comprising a non-magnetic base film, magnetic
film, carbon protective film, and lubricating film formed onto a non-magnetic
substrate, wherein said carbon protective film is formed according to a plasma
CVD method, using a reactant gas containing carbon atoms, and said lubricating
film principally comprises at least one compound selected from among the
compounds represented by the following formula (1) ~ (5), the number average

molecular weights of which lie in the range of 500 ~ 6000.

HO-CH2(|IH—CH20CH2CF20-(C2F4O)m-(CF20)n-CF2-CH20CH2-(I3HCH2-OH

..... (1)
OH OH

F~(CF2CF2CF20)p-CF2CF2-COOCH2CH2-0-C6Hs S S 2)
F-(CF2CF2CF20)q-CFzCF2CH2-OH ----- 3)
HOCH2-CF20-(C2F40)-(CF20)s-CFp-CH OH =eees @)
HO-(CH2CH2-0)-CH2CF20-(CF2CF20)y~«(CF20)y-CF2CH2-(OCH2CH2)w-OH =< -~ 5)

[wherein, m, n, p, q, I, 8,1, U, V, and w represent an integer, respectively].
61. A magnetic recording medium comprising a non-magnetic base film, magnetic

film, carbon protective film, and lubricating film formed onto a non-magnetic
substrate, wherein said carbon protective film is formed according to a plasma
CVD method, using a reactant gas containing carbon atoms, and said lubricating
film principally comprises a mixture, in which the compound represented by the

following formula (6) is mixed with at least one compound selected from among

-
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aver age nol ecul ar weight of which lie in the range of 500 ~ 6000, at a

m Xi ng - ratio of 0.1 ~ 20 wt % [ err ]
[ wherein, m n, p, g, r, s, t, u, v, and_w represent an integer,
respectively; and x represents an inted@? between 1 and 6]. 62. A

magneti c recordi ng medi um conprising a non-nmagnetic base film magnetic
film carbon prptective f{il and .l.ubricating filmfaormed onto,a

non- magnet i the copipRupgs, fepresgpied i, tgea?%ﬁoé’gp oflﬁmp"fugt tTv@S’f e PYREST o fred
according to a ReAgstnolecular WABh1BE Whith lisinthedangnof 500 ~05000¢ eNk @hivingd
carbon atons, and said | ubricating filmprincipally conprises a
conpound r epr egawe @ﬂo-lby 2Gwt Yol | owi ng formula (1), t he nunber average

mol ecul ar W%ﬁf?% 'chzbQCEﬁ@)&WO%Cg?.@HiO%Q?H%%g-O&{ err ]

[ wher ei n, an integer, respectively]. A.megpgti
recordi ng medi umggpnpri sing a non-nmagnetic base film rggnetic I 1m
carbon protective film and lubricating filmfornmed onto a non-nagnetic

substrate, WHEFTREaP-eBaPFarCOPeteez PeCetli mis formed accordi ig téa
pl asma g#%@:%%%—d"zsdﬁ}%}ﬁz-dﬁad ant gas containing carbon @I.O.LT&,) and

said lubric
HOCH2-CF20-(C2F40)(CF20)s-CF-CHOH =--e- @)
HO-(CH2CH?2-0)t-CH2CF20-(CF2CF20);~(CF20)y-CF2CH2-(OCH2CH2)y-OH  + ==+~ )
N
P eeees (6)
(F'Csfh'o)x‘f\r" +—(0-CgHy-CHz)s-x

s

~P
[wherein, m, n, p, q, 1, S, t, u, v, and w represent an integer, respectively; and x

represents an integer between 1 and 6].

62. A fnagnetic recording medium comprising a non-magnetic base film, magnetic
film, carbon protective film, and lubricating film formed onto a non-magnetic
substrate, wherein said carbon protective film is formed according to a plasma
CVD method, using a reactant gas containing carbon atoms, and said lubricating
film principally éomprises a compound represented by the following formula (1),

the number average molecular weight of which is in the range of 500 ~ 6000.

HO-CHz(IlH-CHzOCHzCF20-(C2F4O)m-(CF2O)n-CFz-CH20CH2-(IZHCH2-OH

..... (1)
OH OH
[wherein, m and n represent an integer, respectively].
63. A magnetic recording medium comprising a non-magnetic base film, magnetic

film, carbon protective film, and lubricating film formed onto a non-magnetic
substrate, wherein said carbon protective film is formed according to a plasma

CVD method, using a reactant gas containing carbon atoms, and said lubricating
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123 . | filmprincipally conprises a conpound represented by

the following fornula (5), t he nunber average nol ecul ar
wei ght of which is in the range of 500 ~ 6000. [err]
[wherein, t, u, v, and w represent an |H3eger respectivel y]. 64.

A magnet i c recordi ng nedi um conprising a non- magnet I ¢ base fi | m magnetic

filmcontainin arbon tective,fil 1RQ0- tic
Subet rate. whor Gk prRa BALaRiR: 3icBpoyi pnrRen@ut e o RninR 30riHE 1S,
pl asma the numbeNViverapichinsleculimowéipbt sBowlkish isaﬁtth@mgeraﬂmo L@Ot)d)le
substrate area is 3ng/cnierr] or | ess.

retiod or QRO AL bk B BRIk ErIE 0 EHISAIRL Y, 381? 2‘25@? "

non magneti c substrate to forman surface average roughness

(Ra) of 1 ~ 20Awherein, t, u, v, and w representfafliffefér, fesp@itiveRgnet i ¢ base film and
magnetic filmonto said non- magneti c substrate; and

a carbon protective filmthereon according to a plasm CVD net hod,

US' ng e gazﬁt ank GameHo '}E@cirﬁfnggxa%{u&oé‘o@r?srﬁg 2ndh- %tﬁgﬁédc sg%ﬁ{ A netic

od Tor Aufa ecord um aceéor
CI aim 65 film containkiige Gy, nargiacatbsn r;frateemaa/ﬁrlmgﬁ)rmedlgdsmesa anax)angus ai d
non- magnetic substrate is 3 ? d texture-processing
is carried out stgaig.gw qp%gaéd carbon protective film is orme according to a plasma
CVD method; and the Co extraction amount to the substrate area is 3ng/cm® or

less.

65. A method for manufacturing a magnetic recording medium comprising the steps
of:
performing texture-processing on the surface of a non-magnetic substrate
to form an surface average roughness (Ra) of 1 ~ 204;
forming a non-magnetic base film and magnetic film onto said non-
magnetic substrate; and |
a carbon protective film thereon according to a plasma CVD method,

using a reactant gas containing carbon atoms as a starting material.

66. A method for manufacturing a magnetic recording medium according to Claim 65,
wherein said surface average roughness (Ra) of said non-magnetic substrate is 3 ~

10A when said texture-processing is carried out on said surface.

67. A method for manufacturing a magnetic recording medium according to Claim 65,
wherein a mechanical texture-processing method using abrasive particles is
employed as said texture-processing method, and the average particle diameter of

said abrasive particles is in the range of 0.1 ~ 0.5um.
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67. - A nethod for manufacturing a magnetic recordi ng nmedi um according to

Cl ai m 65, wherei n a nmechani cal texture-processing nethod using
abrasive particles is enpl o ed as sai d texture-processing
met hod, and the average particle dianet sai d abrasive

particles is in t he range of 0.1~0.5 [err]m

124 68. tho fact urin cordi n nmedi

according ‘?% d B%If%rman“ ac%’é‘ﬁ&‘ﬂgweﬁé OF pg fu ccord E%E%&E\ﬂ“ﬁét hod
using abrasive \QﬁérEi'nC Ihhical texturefiﬁ&l:ééylﬁg Aetiddt Gzesﬁxgr %bﬁ'é%e§§t'ti'&9:s”?sl hod,
and the average particle dianeter of sai d abrasive particles is in
t he range of O.é&mploys] ay a]tmture-mcessmg methpddaridothe raviersiza qrattidle diametergot i c
recordi ng medi u cor.di erein a nethod, in which
the surface of sféqa rﬁsd%‘??ﬁﬂﬂgﬂséngﬁfzorgflge?f()l'v ?h es

texture-processing by neans of rotating said non-magnetic substrate while
runni ng an abraswe tape on said substrate, in contact with the surface of
sai d non- 69. @%&T@l@uﬁﬁqﬂ@gé magngtis w@rc;mgmgledmmooedlpatq Climé7,

bet ween sai d ab | ed .
as said nec ham%g lQ('ex@tﬁt‘%'!ri)lgd’plrn ov(%}ggg ﬁ%dsupﬁge QP&“&H)]%&% %andg %’tg?ﬁa %ngggeesyt ape

is oscillated itexfubepcesigi bp memss Iolﬁgrd’.tdi‘tﬁlgr waidi ngn-magnetic dubgritd ovhif t he
tape, at a frequency o et hod for nanu ct rlng a

magnetic recor dvﬁ@m&éa.aamsaeéwmﬁuf Wb&fé‘ierﬂ%fé’“mt with the,guz aalﬁirewrod
in which the supisfesicdhbsaid dﬁ@”s ?B?ﬂ'@ h&aﬁb@%ﬁftﬂe@ Bémé:erngé%.ﬁf abraswe tape

t ext ur e- processi ng by neans of I Ng sald non-magnetic substrate while
runni ng an abr amidveon-mpgnatiq w&stdats,uilssqmwloseqd an sa;cbnnmhanmlt hxmlnepwpssa@ of

sai d non- netlc bst.rat e, .and aS|ve articles

ot ween sai d atPEDPRepid dbraave b i RiciBR i R SRS RaREI g o
as said rTEChanl(ﬁﬁchbﬁibfthEQaﬂH @tCaﬁ‘ﬁréqu%ﬁcy of 0.1 ~ 518t hod and sai d abrasive tape
is oscillated in the direction crossing the running direction of the

tape, at a frequency of 0.1~ 5Hz.
70. A method for manufacturing a magnetic recording medlum according to Claim 68,

wherein a method, in which the surface of said non-magnetic substrate undergoes
texture-processing by means of rotating said non-magnetic substrate while
running an abrasive tape on said substrate, in contact with the surface of said non-
magnetic substrate, and supplying abrasive particles between said abrasive tape
and non-magnetic substrate, is employed as said mechanical texture-processing
method; and said abrasive tape is oscillated in the direction crossing the running

direction of the tape, at a frequency of 0.1 ~ SHz.

71. A method“ for manufacturing a magnetic recording medium according to Claim 69,
wherein the rotational speed of said non-magnetic substrate is in the range of 300

~ 2000rpm, during texture-processing.

72. A method for manufacturing a magnetic recording medium according to Claim 70,
wherein the rotational speed of said non-magnetic substrate is in the range of 300

~ 2000rpm, during texture-processing.

_——
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71. - A nethod for manufacturing a magnetic recordi ng nmedi um according to

d ai m 69, wherein the rotational speed of said non-nmagnetic
substrate is in the range of 300 ~ 2000rpm during

t ext ur e- processi ng. 72. A met hod f oF23manuf act ur i ng a magnetic recording.
medi um according to G aim70, wherein the rotational speed of said

non- rragnet.}sc SURSI'B&%(? fé)rsmllﬁxfaaﬁriﬁgg%aﬁetigqgcording mecfiul%oa(.)cggt%rﬂg gou&'iezn gf

t ext ur e- processi ng-.

73. A net hod Claimess i f7acivhieneinon mixegas of bydrecarbdh and hidtogen Busad &8 sagd t o
one of Clainms 65 ~ 72, erein a m xed gas of hydrocaégon and
hydrogen is usd@agantsggsgand said hydrocaybon; cqyaprises 3t least gne jvheopihysspcarbon

conprises at |es"é&tcbéanefr6r}ﬁpemﬁ;n yn@mparsagfated hydrﬁéﬁb&fss ehvhdrONRARRRed OVer

saturated hydrocarbons, |ower unsaturate ydrocar bons, and | ower
cycli ¢ hydr ocarlysnscarbongand loweneyghiehydrocetbonsli ng nedi um provided with a
non- magneti ¢ base film nagnetic film and carbon protective filmon
t he non-nagnetic substrate, wherein the surface average roughness

(Ra) of sajgd noAIBHBEE teofdihs ihediutn providediwieh & ABHEnd@hetic base film, maghétic and
said carbon protective filmis forned according to a plasma CVD |
nmethod.  75. film, nandnherrbew prewgaiiyens imr o ghe, neaynegnetic rsubsirate.nyheietn dhe

conprising the : : ' : r Ve f] t

i 6. he non: rpBs preragssonPiest (1) o?%aif fofaaRhalE SRERIS i Iefhl ot P
non- nagneti ¢ bas@0Ai land aaid carbyore pratedtivi nfilma oscforoied qiectardimg to a plasplaa€W® CVD
nmet hod, using a reactant gas containing carbon atons, wherein

but adi ene gas o‘Pe'goﬁ?ri xed gas of butadi ene and hydrogen, in which the m xing
rati o of butadiene to hydrogen is in the range of 100 to O ~ 1 to 100, is

used as said reactant gas, while applying bias to said disc.
75. A method for manufacturing a magnetic recording medium comprising the steps

of: forming a carbon protective film onto a disc, the non-magnetic substrate of
which is layered with a non-magnetic base film and magnetic film, according to a
plasma CVD method, using a reactant gas containing carbon atoms, wherein
butadiene gas or a mixed gas of butadiene and hydrogen, in which the mixing
ratio of butadiene to hydrogen is in the range of 100 to 0 ~ 1 to 100, is used as

said reactant gas, while applying bias to said disc.

76. A method for manufar;:turing a magnetic recording medium according to Claim 75,
wherein a mixed gas of butadiene and hydrogen, in which the mixing ratio of
butadiene to hydrogen is in the range of 100 to 0 ~ 1 to 25, is used as said reactant

gas.

77. A method for manufacturing a magnetic recording medium comprising the steps
of’

exposing a disc, in which both surfaces of the non-magnetic substrate are

layered with a non-magnetic base film and magnetic film, to a reactant gas

containing carbon atoms,

A



76. “ A nethod for manufacturing a magnetic recordi ng nmedi um according to

Cl.aim 75, wherein a m xed gas of butadi ene and hydrogen, in which the
m xing ratio of but adi ene to hydrogen is in the range of 100 to 0 ~ 1
to 25, is used as said reactant glgg 77. A nethod for

manuf acturing a magneti c recordi ng nedi urﬁ conprising the steps
exposi ng a di sc, ch b t.h SIur s of th netic s te are
| ayered with a non V@ e?"ipg 33%%8 { ggl\aerné) %Eaf?,def a?rﬁ?geldoo‘égPé‘aﬁg%fn‘? gas
cont ai ni ng car kaid diécenerate plasma; and
126 _ whi | e supplying electrical power to electrodes arranged
on both sides of forming 3 garhpn pretectipentlimion Pothsides ofnsaid disc, using said
L 09 2 goar b FacirPphd o Badink it o fieD Lol EvH Homod™) 19, 521
reactant gas as a starting nat rla 'accor asnma rret hod,
wherein bias is applwlwdemdn&mdapﬂxsd tatsaidhélst Iaﬂ&h@imfe%fhfdﬂ@ur@kﬁd Gartan
Bon " BeplBHEG BlrEe kPRl N SRRUSE I S e g eomPHISECbiEdas of
ig edigfas o
but adi ene and frequency@lét!tﬁ%%ov&e? MH E&a&'&ﬁe Ehé( 'oPQ rﬁ@%& Ballor bt da?lgéngnﬁdt 0
hydrogen is in_the range of I's used as sard
reactant gas. hydmgen, in wikichshe mmmatm af:bunadnge ao hpdmgen & ingberatigegf
medi um accor di 09 rel t he phases of electrical
power, suppli egg?(%&_eac n%OB susgiea sa}a'\’l% o%athe _ respective sides
of said disc, are different from each other at the time of formng

sai d carb prot ec&,@ § film A net hod for manufacturing a nagnetic
recor di ng d| ahmsthed ‘H@“"chCtBH%g @ fmagnetic recerdifgypedigm apgordigigtoilaim #a

thickness of  sgjidrénR iR PhaBsVrctiidl powa?, lsipdifdd 18 ach electrode arranged on the

respective sides of said disc, are different from each other, at the time of forming

said carbon protective film.

79. A method for manufacturing a magnetic recording medium according to one of
Claims 75 ~ 78, wherein the thickness of said carbon protective film is in the
range of 30 ~ 100A.

I



range of 30 ~ 100A.
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Abstract of the Disclosure
MAGNETIC RECORDING MEDIUM,; AND
MANUFACTURING METHOD FOR THE SAME

The present invention provides a method for manufacturing a magnetic recording
medium comprising the steps of forming a carbon protective film onto a disc, the non-
magnetic substrate of which is layered with a non-magnetic base film and magnetic film,
using a reactant gas containing carbon atoms as a starting material, according to a plasma
CVD method, wherein a mixed gas of hydrocarbon and hydrogen, in which the mixing
ratio of hydrocarbon to hydrogen is in the range of 2 to 1 ~ 1 to 100 by volume, is used as
a reactant gas, during bias applying to said disc. In addition, the present invention
provides a magnetic recording medium comprising a carbon protective film formed onto
a disc, the non-magnetic substrate of which is layered with a non-magnetic base film and
magnetic film, wherein said carbon protective film is formed according to a plasma CVD

method, while applying bias.



