DESCRI PTI ON CARBON FI LM FORM NG METHOD, MAGNETI G- RECORDI NG- MEDI UM
MANUFACTURI NG METHOD, AND CARBON FI LM FORM NG APPARATUS TECHNI CAL FI ELD

[ 0001] The present invention relates to a carbon filmfornmi ng nethod, a
magnet.i c-r ecor di ng- medi um nanuf acturing method, and a carbon filmformng

appar at us. Priority is clained on Japanese Patent Applic mw
0 Taie, o11ed o) 22 2008w cqnn o v 1< WIURNNAID

in recording density have been remarkable in the fleld of nagnetrc—-—«-
‘recording media that enploy hard disk drives (HDD) and the like. Said

recordi ng GEARBON PAM FORNING MEPHOD: MAGNETNCOREGORIINGRMEDIUM! €asi ng
approximately 100-fold in the last 10 years. The technol ogi es that

support saVANURACYERENGMETHCGID XNDRUARBON FIE MIFORMINGAPHARATOS may cite
a control technol ogy characterized by sliding between a nagnetic head and a
magneti c recordi ng nmedi um as one key technol ogy. [0003] As one control

technol ogy with said sliding property, there is a technology called the
VWnteste?ynDde. The W ntester ﬂﬁ%&ﬂﬂﬁéﬁLﬁﬁﬁLDSS (Contact Start Stop) method
wherein thg)ggﬁic operations frOmM start-up to stoppage of the nagnetic
head are cd9Phkt sliding - flotation - contact sliding relative to the
magnetic r ordln nedlu as beco amin hard .di sk

t
drives. WENt Rrgey cleY81r‘T96°d§/ %Stﬁf a}c}f’ sFi a“aﬂ%m h[]s '55GinE | ooty 3n ¢ he
magnet i %Jgﬁ&?&f&&%ﬂ?fﬂe&% ﬁam%gﬁlqg‘meﬁrod, and a carbon film forming apparatus.

Priority is claimed on Japanese Patent Application No. 2009-124515, filed May 22,

2009, the content of which is incorporated herein by reference.

BACKGROUND ART

[0002]

In recent years, improverﬁents in recording density have been remarkable in the field
of magnetic recording media that employ hard disk drives (HDD) and the like. Said
recording density has continued to rise at a prodigious rate, increasing approximately
100-fold in the last 10 years.

The technologies that support said improvements in recording density are varied, but
one may cite a control technology characterized by sliding between a magnetic head and a
magnetic recording medium as one key technology. -

'[0003]

As one control technology with said sliding property, there is a technology called the
Wintester mode. The Wintester mode uses the CSS (Contact Start Stop) method wherein
the basic operations from' start-up to stoppage of the malgnetic head are contact sliding —
flotation — contact sliding relative to the magnetic recording medium,. and it has become
mainstream in hard disk drives. With this technology, contact sliding of the magnetic
head on the magnetic recording medium is unavoidable. |

- [0004] | ' - —
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[0004] 1 Consequently, with thi s technol ogy, probl ens of tribology (an

* academ ¢ dommi n which studi es nechani sns and the like of friction, wear,

and lubrication) between the magnetic head and the magnetic recording
medi um have until now renmained a fateful technical chall enge. Efforts to
i nprove the protective filmwhich is |lamnated onto the magnetic fil m of

the magnetjic recordin diymare ongoing. The wear resistance gnd slide
resi st ance-%‘fseﬂ‘ffé‘ﬂé’ur”g nﬁ“f ﬁ?‘i&‘f‘gﬁ‘ﬂyvgr%l%ﬂ? é{ﬁlrtflgg@yo@nt?ﬁa CTHE PO ERr e
maj or themrms. i A t of . the reliahjli of netd ¢ recqrding
ront um ap et MAREATES andlng ke e i, bardlnd MbrTBGRG by e

hei ght aingt 4 J 2 L 1SRfK ordi ng
densi tygi)angl {&Ece%g%{edt ?lghﬁggbéﬁ‘ﬁi‘rﬁg‘qﬁg%?ﬁﬁ]&“g{ i@{;ehﬁ[glelgr ee r%?ﬁ??fggfaﬁ?abi lity
and excedchfidhl ghap&adel ty are required so as to enable protection of the
magneti c recording layer of the magnetic recordi ng nedi um even when said
magnet i ¢ reffentdiorimpamai thierprnettivh dlmagriet isdahacdromkethiemedgheni¢ film obtieact .
Moreover, in order to mtigate the spacing | oss of the nagnetic recording
medi um amgnétierenergimgt medihmeade ongoing nBoewsamysistandetrind stile rdsistapkaef theof sai d
protective filmas nuch as possible, for exanple, to a filmthickness of 30
A ort - | edacetpipsectixe tHim waf3ee)ofithis daedium ase agqrtherney i enhgreegieny of thet here a
strict ré%gilrenght for sm)ot%@less, but also for thinness, fineness, and

t oughne&S4OHEYE {]emagﬂgtl‘fﬁ’éo EPFYPMot said protective film a variety of

materi al s dagg] been proposed, but film conposed of carbon (hereinafter
"carbon fi §e has mai nly been adopted fromthe overall standpoint of film

format | on WiMNRLHLLR sl pRREIVEYiInA Whehfe Iy nEERRG! tht G3agilbric Rbsh £ar bon

filmsuch as hardness, density, and dynamc frictfon coefficient are

cl early réRbéehit @der 10 sebleentansedicoM@iig ®RsitY of Bk mPfpneilc FRSIdhRmediul, aperties
of the magnetic recordi ng nedium [0007] Said carbon filmmy be forned

by the &jpht Hegreer@fnatidaodhraiilily ard haxdelldno mplimaing eva pejuadetd oso aettboshabler t he
| i ke. However, with respect to carbon filmthat is fornmed by the
sput t er prgeateninddhe mhgnadic recerdimgrlayd obfthe meghéticoieeordingunediitmi ¢vgniwhepases
where, faor exanple, a filmthickness of 100.A or less is produced. Wth -
respect SHf BREWAK FEOMIRg ReduRy apd cthevmagegtiso heads grakgc incadepid herssast-t her eof
"is low ,Therefare, en . filmthickness is thin, there i.s the.risk, that the
cover ag PRI BPTAS FUPFUR LGRS RE \NaGH S AL FRHPH DU ARG e
decreasg, A0t hORAL iCR IR0 &F il the MIRARELCof S5O LI PGivIEALITE FRROKCYUr -
possible, for example, to a film thickness of 30 A or-less. Thus, with respect to said
- protective film, not only is there a strict requirement for smoothness, but also for thinness,
fineness, and toughness.
[0006]
As the material of said protective film, a variety of materials have been proposed, but
film composed of carbon (hereinafter "carbon film") has mainly been adopted from the
overall standpoint of film formation properties, durability, -and the like. Properties of
said carbon film such as hardness, density, and dynamic friction coefficient are clearly
reflected in the - CSS properties or corrosion resistance properties of the magnetic
recording medium.
[0007]
Said carbon film may be formed by the sputtering method, CVD method, ion-beam

evaporation method, or the like. However, with respect to carbon film that is formed by



[ 0008] On the other hand, conpared to carbon filmformed by the
sputtering nmethod or the CVD nethod, carbon filmthat is fornmed by the

. i on-beam evaporation nmethod is capable of producing filmthat has higher
har dness and greater snoothness, and that is finer. Patent Docunment 1

di scl oses one exanple of a carbon filmform ng nmethod by the ion-beam

[ t.hod. [000 . Patent D ent 1 t t CVD t
bl L4ttt e T A SRR - bl S AR e i
ion-b i Of.. i gh 1 fi | CvD
on- e EARC hhOIERICH: (820 o 38R L LABL \ATHEOE, BB TR

| on- beag seAny Al @VD%}%:JBQQ; sdr%%{: %gloﬁt Eés”?h%%Bf*?st 1o CHANIGL, Wﬂgﬁlrﬁlﬁ‘; vacuum

at nosphere, raw material gas o ydrocarbon systementers a plasma

state byhighfRed I hiflith&BaE @R R WRE heddbvanRd Fa@d df ehef LUrRERT S maghdiRde t hat
is thermally energized. The carbon ions and carbon radicals which are

gener at egbobding xxidiah invay d¢vdeadecanipthat tomwssi@f of diedmagvetivaterrdiml Medum
accelerate and inpact the filmformation surface of a substrate that is

di sposethaycawr-t o face said cathode and that has m nus potential, with the
result that carbon filmis stably forned with a high degree of hardness.

[ 0010] [RQO&, substrate, a disk-like substrate having a circular

t at. th i di il d. Ho in th wh
U S T RN I A
t hod i in.,P t t, 1,  th hick f th i f
et 100 SRASTARRLL LBERRRL LR o5 D KGRSOy MERGELLIRRC' .

of ot hgf P&uci@NBim Aﬁat%&%?ﬁe@ﬁarﬁﬁ@é An@NPEREY smbbthhssst BRY It 1t Fm{eﬁ.pl asna

containing carbon ions is irradiated to cluUster 1n the portion at the edge

of sai dPapéf DécBmedNl dibQ6RBYoreab:inifle GIT H RArboA NfilkO ToMMhE ahét@bd WBNEheal SO
that tenperature in the portion at the edge of said aperture is greater

-t han t hain-beanoévaporapion madinsl. | ncreasi ng the grow h speed of carbon film
[ 0011] In order to prevent occurrence of thickness irregularities,

Pat ent Docl@@8?t 1 describes a configuration wherein a filmthickness
correction_plate is disposed for the purpose of correcting filmthickness
on the fillatenriiegumsat dyralates tasjade VY apnasatasy 98d raamagnatisaereriingrmedium

coi n-shaped_shi el d i|mfqrmation correction plate)..i rranged on the
F1m f oM Ca ke S RGP PR et R b hed e BT

nmeans, i ion concentration in the vicinity of the
apertur@%ﬁ%ﬁgggﬁktg%ﬁméséﬁ%gauced, and the growth speed of ca)r/bon film
in the porii@cAbed ﬂ@ﬁ&g%&hmteﬂﬁ,aﬁ%{ iégﬁ&t@éh tﬂehsn.%eé}ﬁtep@ﬁ&at%ogloﬂi%ﬂ@a,ed1

pronoting planarization and snoot hening of the carbon fil'm

However insidea dlinZ ffrin@fiord GRarBHe Oiden iaNehc@imt oS sHR) Tal mbleAkegaNsLIfHel Ci ent
~even with disposition of the filmformation correction plate %escri bed in
Pat ent DBgdrenahon tystdhamtdrs a pldsenacstatodry ¢lectsic \dichirge detwdeh uineariode fand rmt | on
of carbon filminclude not only flying conponents which arrive at the film
f or mat i Samentousceatiidetthat isutbemallyeerergreda dibeeerbanionk sandi earhoar tadisals to t he
filmformation surface of the substrate, but also flying conponents which
“arrive aigharegepsipted rsicsaigurtddecopposiian of said rawengigrial gas wgedlersin ot her

G rect | SuP SIS YT RPN SR ol € Lopall 2
{11 m on ot RRRE Rl RS ABRT AU i P BRSSPl BB v T
edge of iy @Rt dHardness.
| [0010]
As said substrate, a disk-like substrate having a circular aperture. at the center is
ordinarily used. However, in the case where carbon film is formed on said substrate
using the .ion-beam evaporation method described in Patent Document 1, the thickness of

the portion of carbon film at the edge of said aperture tends to become greater than that of

3



[0013] When thickness of the carbon filmat the edge portion of the
aperture becones greater than that of other portions, the planarity and
snmoot hness of the carbon filmis lost. As a result, the problemarises that
it becones difficult to reduce the distance between the _ nmagnetic
recordi.ng nmedi um and the magnetic head, and that the recording density of

h [ ' di be.i .. [,0014 . Wi th
G arret o UGF PERIORE o AdaHRCY B B i AR o i oreainiSESoeien
: : . . : ! _ (i
ot o s SadAeR R AB0m ARG I ERATAIARAS PR 1RETL) O
har dnes gaiben fih BHcentafidP MNardl 4150 Hat |tgﬂ‘l‘ﬂa<lﬁﬁﬁ'@%§$hé PoMidAR @ht @dgaibEisgigent 'y

exhibit the functions of a protectiv m of the nagneti-c recording

medi um apérehre & grosteotha®that fieoth@poetions, indeasing eeufrewil Paed bfcagblgefilanr t i on of
the aperture, reducing the reliability of the magnetic recordi ng medi um
BACKGROUNOOARI] LI TERATURE PATENT DOCUMENTS [ 0015] Pat ent Docunent 1:
Japanese Unexam ned Patent Application, First Publication No. 2000-226659
SUMVARY  OFn| q®/ENT POV ePRERRER e THAT clmpess jrragEiritien HagmrDoganyr | deyadhes

a configuration wherein a film thickness correction plate is disposed for the purpose of
correcting film thickness on the film formation surface side of the substrate. Specifically,
a coin-shaped shield (film formation correction plafe) is arranged on the film formation
surface side. of the aperture of the substrate. By this means, plasma density and carbon
jon concentration in the vicinity of the aperture _of the substrate are reduced, and the
growth speed of carbon film in the portion at the edge of the aperture of the substrate is
lowered, promoting planarization and smoothening of the carbon film.

[0012]

However, planarization aﬂd smoothening of the carbon film are insufficient even with
disposition of the film formation correction plate described in Patent Document 1. That
1s, the carbon ions which contribute to formation of carbon film include not only flying
componen.ts which arrive at the film formation surface of the substrate from a direction
that is vertical to the film formation surface of the substrate, but also flying components_
which arrive at the film formation surface of the substrate by flying from other directions.
Consequently, even when said coin-shaped shield is set up, a portion of the flying
components, which are the carbon ions and are desired to be intercepted, goes around said
coin-shaped shield, and forms carbon film on the substrate, thickening film thickness of
the carbon film at the edge of the aperture. |

[0013]

When thickness of the carbon film at the edge portion of the aperture becomes greater

than tHat of other portions, the planarity and smoothness of the carbon film is lost. As a
result, the problerﬁ arises. that it becomes difficult to reduce the distance between the -

magnetic recording medium and the magnetic head, and that the recording density of the



The present invention was made in light of the foregoing circunstances,. and’
+ its‘object is to offer a carbon filmform ng method capable of formng fine
carbon fil mthat has a high degree of planarity and snpot hness, and that
has hi gh hardness, a carbon filmform ng apparatus, and a nethod of

manuf acture of. a magnetic recordi ng nediumthat has high recording density.
MEANS FOR SOLVI NG .THE P LEMS [0017} In order to achi eve said purposes,
t he preggﬁTéf%VprPgﬁng gﬁf§n?ﬁ§wﬁgp(3ﬁfhg configurations. That is, (1)
a carbon f%bglforning met hod including a step in which, inside a film
formati on chanber provided with a filanentous cat hode el ectrode, an anode
el ectrode dihgpomeddiameihdoft BEdPEihRRIRE SHicliNg eabhRdeinebRit r@dprevand a
substrate hol der disposed at a position that is separated fromthe cathode
el ect r od@ap-aroting fofIcatten Sois deddtivatel Aarbdoasradicsls Médchl th@ peitioH 2e theSedbiesgfosed i n
the substrate hol der so that one surface of the substrate is opposite the
cat hode tled spettomdet, tha mebstratey Whereararbrenfiler of lvet hdrdsesa idfommed.er Cagoalfiliho or
greater than a dianeter of the central aperture and that has a height equal
to or goédevwehardigss isabliedasulicianglydixbibiisthd funations b amaetediverfdm ohthecat hode
el ectrode and the substrate so that its central axis is coaxial wth a

cent r al MAEEIGTECPRENG Msdiumyt ad orosion o he dpagaglic laver parR dromy dsseqere

cat hode el ectr.ade nd its other cir.cul surface is parallel to the

af or eme ROTISASE %éeoegtﬂfef’ éeéizlc@\gqﬁ%rgﬁgtﬂﬁ@t %&P%fﬂaﬁﬂ lcafe%otrglﬁginhe%?'c h car bon
filmis fornmed on the af 'qﬂﬁ%ﬁ G t he substrate by
causi ng eni ssi on of carbg%gggggi ronf%ﬁglgggﬁgggﬂgﬁectrode side toward the
substrat e pAgEeNfDErUMENTSt erior of the filmformation chanber has been
evacuated. [0018] (2) The carbon filmform ng nmethod described in (1),
wherei n th@ocgntral aperture of the substrate is circular, and a di aneter
of the columar nmenber is 1-fold or nore and |l ess than 1.5-fold of a

di anet er oPateriddaremientl : JapmesaeexainindteP aerd Spphtaion, Fir§tPublibmiond¥don fil m
form ng nethod described in (1) or (2), wherein a height of the col umar
nmenber 2808226138 or nore and 6-fold or |ess of a dianeter of the col umar
menber . (4) The carbon filmform ng method described in any one of
(1)-(3), wherein a clearance between the col umar nenber and the substrate

Is 5 mmor nmore and 40 MM Org L &G85: pv OF INVENTION

PROBLEMS THAT THE INVENTION IS TO SOLVE

[0016] |

The present invention was made in light of the foregoing circumstances, and its object
is to offer a carbon film forming method capable of forming fine carbon film that has a
high degree of planarity and smoothness, and that has high hardness, a carbon film
forming apparatus, and a method of manufacture of a magnetic recording medium that has
high recording dénsity. |

MEANSFORSOLVD«3THEPROBLEMS

[0017]

In order to achieve said purposes, the present invention adopts the following
configurations. That is, |

(1) a carbon film forming method including a step in which, inside a film formation
chamber provided with a filamentous cathode electrode, an aﬁode electrode dis;;osed

around the perimeter of the cathode electrode, and a substrate holder disposed at a position



[ 0019] (5) The carbon filmform ng nethod described in any one of

+ (1)+(4), wherein the columar nenber is disposed with ungrounded potenti al
(6) The carbon filmform ng nmethod described in.any one of (1)-(5), wherein
raw nmaterial gas containing carbon that is introduced into the film

formati on chanmber is heated by the cathode el ectrode,.and the carbon ions
are for by electric discharge hetween t. t ho | ect rode. an he :
anode elﬁ'ga t'f osﬁgz?rated %‘ﬂl %ﬁeca@hor%ﬁo%e tﬁ%ﬁ’l f o(tir}(rsenk-'ﬁge r%ﬁﬁf)age S}éaé c}}agbaegeﬁrrlélany one

of (1)- ggém@’migéﬂdéea ﬂ?we%ﬁﬁﬁ&% K& ségga@&,%%hﬁf?@é §6nE @m&&qs%?mee

el ectro side t rd the substrate si by applying voltage between the
subst r ati afthdeRECcEBEE AHE aRoRFk TP deenter Eﬁh@hﬁl@ﬂﬁlﬁte@‘é?ﬁﬂd@ or greafeBihafhe

carbon filmform ng nmethod described in any one of (1)-(7), wherein a

per maneat digmeRetofi the tehpalSapdriare asd timt Has raoteight bguahnode gleset tlomethe[ 0020]
(9) A magnetic recording nedi um manufacturing nmethod, including a step in
whi ch adimgtetis dispesed wittscléarameedram thet catleds eleotredsandf the substratg sedhatitagneti c
substrate, and a step in which carbon filmis formed on the magnetic | ayer
usi ng t leentrrdakisns eoaxial Mathng entiabaxis af thesubstiaes one obily cisedargiurfages.fagps
(10) A carbon filmfaqrm ng apparatus, including: fi.l mformati on chanber
capabl e thf CaélP‘éies‘ﬂ?“émfl HoPDeRCFU A FEHESU'S p(?gatur‘?ghoethglaé‘éﬁe%@éoﬁgs%s ed

i nsi de th& fi Ifn%fo matti on chanber; an-anode el ectrode di sposed around the
per i met SPIE FHY TR ESFe el ectrode: a substrate hol der disposed at a

posi tion tmtalst%pslﬁ%{iﬁtgﬂbgﬁ mpﬁgp o&&hf@dgﬁ%&@&%medaong%msf fignber

di sposed between the substrate er an e cathode el ectrode; a first

pover sQukt@teby 64LsiRadmtistibe of hBesl fork 6 1tREl Bathyd el Bdtide &ideOdivadd gRCONd
power source which produces electric discharge between the cathode

el ect r ogdgbsatk didcafen dsteinedrioe bf thd dilmabn #icntvhatbadwe beapewaceatedi ch i nparts a
potential difference between the substrate holder and the cathode el ectrode
or the anod®18] ectrode. (11) The carbon filmform ng apparatus described
in (10), wherein the central aperture of the substrate is circular, a

di anet er of2) {The cedtonniiay forminsemethed descsibgd ¢ (hpraemhythecsstralippsrtarentt ol d of
the dianeter of the central erture_of the substrate, hei ght aof the

col umarisEpeEste i‘ss‘“?:c-"‘fa&l ‘H‘%c?r‘?‘%ﬁfgt@rﬁ e solugingT gyem 8§§eléf°?‘i ﬂ’émgfeaar?atlgﬁs of the
col umar, I, . ear.an bet ween t.he menber and the substrate
is 5 mnﬂbarqleﬂg'?%ldéﬁ&%ﬁn%%ﬁh? & EI%F%Pr?gu f%(gfq%%%ﬂt}%%%t? "nenber is di'sposed with

ungr ound ed('ﬁ A HaktRn- ﬁlﬁFEcﬁﬁ‘H}% (Fethbafaes MM Tih %5 bP PZ%,llvherein a height of the

columnar member is 3-fold or more and 6-fold or less of a diameter of the columnar _
member. |

'(4) The carbon film forming method described in any one .of (1)-(3), wherein a
clearance between the columnar member and the substrate is 5 mm or more and 40 mm or
less. .

[0019] _

(5) The carbén film forming method described in:'.ein;‘y one of -('l)-(4), wherein the
columnar member is disposed with ungrounded potential

(6) The_ carbon film forming method describ'ed in any one of (1)-(5), wherein raw
material gas containing carbon that ié introduced inté the film formation chamber is heated |
by the cathode electrode, and the carbon ions are formed by electric dilscharge between the
cathode electrode and the aﬁode eléctrode.

(7) The carbon film forming method described in any one of (1)-(6), wherein the



According to the foregoing configurations, it is possible to offer a carbon
filmformng nethod capable of formng fine carbon filmthat has a high -
degree. of planarity and snoot hness, and that has high hardness, a carbon
filmform ng apparatus, and a nethod of manufacture of a nmagnetic
recordi ng medi.um that has high recording density. [0022] Wth respect to
the carhb filmform thod of the,present inventi a,configuration is
2dopt od amardrhy SSPRICAE RN (B SHBRALURRRR e Bt E s DS SR

apertur edpg%ﬁr%fggtrag?ﬁgﬁlé&ﬁ ﬁ&%uﬂfl&?éaﬂ%l LRGSR SLEDHE S fe 2ol URAd ﬁ-gber

having at _ I's equal to or greater than the. dianeter o

af or ement i @)ethe arbbA | filAP ErinihE ndiBo® dBSIBBE ihNady bfe SAYR]-(71)0 whlerddt gat er
than the aforenmentioned di'aneter is disposed with separation so that its
central pehanensmageet isdispdsedisd dxtosarbiiml thaxhedeadleditvde af or ement i oned
substrate, one circular surface of the columar nenber is oriented toward
t he af or enB¥20bned cat hode el ectrode, and the other circular surface

- thereof is parallel with the aforenentioned one surface of the substrate.
Consequent (95 A magpeficysserdinganedumdpanufactyring mehopcagdmga sterinpvhisha |
itself, raise plasmg density and the concentration of carbon ions that fly
to the dEnalic R farmain 147t PRCRE ObF PERTIASRCt PRI I & ST, he
“surface,_j.nhibit wrap-around of carbon.ions,. and form £ine carbon filmthat
as. o nigHOG egbln MR el Pp She, RRERIR AR Bl U b Pl S P epidinese.
Nbreovequgﬁwﬁgpg '5déyg(gL&§;ering of ion beans and plasne at the central
aperture of the substrate, and.by preventing tenperature increases in the
portion at(rohe &8s fim f&&i&%@ﬂa@dtu@;mﬁdiﬁ% 2OfiInt RRmMAHES EXaARr chableSof
possible to reduce the growth speed of carbon filmin the porti'on at the
edge of présureeartualonapdilhmertons chthedes dlestrodd dispesed ihsidentigafibn rfofmationt hat
has a high degree of planarity and snoot hness, and that has hi gh hardness.
[ 0023] chawper an empde electodehdispasgd erdundr the predineter mé dheivatiades Blrctrerdd; rag

met hod of the present invention, a configuration is adopted which includes
a step iSHOMFRE Roldar BisRoser| ahd Bosiaethint d% Sepaeigh dtame theagathodss elegiredes acar bon
filmformng nmethqd described above. .Cons ent | fine carbon filmthat
has a hi%j§ P}fén%&f QBP%%Q%@WCB%‘? %‘H’SE?‘HE‘BE@T é?ﬁvjthWéf ofia.sleRirefds: adieness
can be for a.prot ective fil and, a magnetic recor di medi um of hi gh
Fecor i R REsetPs MRATIGE' i atoud bR oY B Aort BRI FoFCIoBeS of
the af organbi al&d dRAIECHsENAPd B FEen BB LathBY CleBithdeid hOLAd hght of

t he magnet | cf)f?ead. [OCOZ4?‘_ e Wt ﬁenr espgcft to ?_ﬁoe ca%oﬁgﬁqe%c@?%&ng
appar at usd @fthird o Péradanle WHIMEMPRR a pdtG@af diffdfaté Bltwesn ARQARbRFAIRIIGH has a
col umar nenber di sposed between a substrate holder and a cat hode

el ect r ocad tieonatteqa electryde ortthe snqulesddchibée.t 0 rectify i on beans and pl asma
itself, raise plasma density-and the concentration of carbon ions that fly
to one surfadél)ofhe arboubfdnr furmifg epparites diesaibed an (6), pelmateio uharcetipalt he
surface, inhibit wap-around of carbon iagns, and formfine carbon filmthat

has a hidgftHegf &t bstite iagiraular o diagyetss ok Mrsseolurapy membertiad-falder metedness.
Mor- , i nhi it trati f ion b d pl t. th
e SR R by e BRI BB el e
inth { ] t of the. t £t bstrate, it is.
bossi b1 A L9188 mbHRe ST or e SRTI" Bla ANEL e QfamtelE R HRICIbfaro, o °

the centyghbRPLEtathsceerh s tﬁypo%maﬁnerﬁﬂana%m@g' ateﬂslrég)ﬁ%hg}r @H}ém has a

hi gh degree of planarity and snoot hness, and that has ness. BRI EF
DESCRI PHOGhin@r 1ekkin@tte/ It irGRehber is disp&bed WithSundréumldedBétestiall ew whi ch-
shows one exanple of the carbon filmform ng apparatus of the present

i nvention. Fig. 2A is aBRrEETSOE THEINVBNTIONhows one exanple of a
magnetic field applied by a pernmanent magnet and the direction of its
magnetic fi08RH] lines in the carbon filmforn ng apparatus of the present

i nvention. '

According to the foi‘egoing configurations, it is possible to offer a carbon film forming
method capable of forming fine carbon film that has a high degree of planarity and

smoothness, and that has high hardness, a carbon film forming apparatus, and a method of
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Fig. 2B is a schematic view which shows .one. exanple of a magnetic field :
applied by a permanent nagnet and the direction of its magnetic field lines -
in the carbon filmform ng apparatus of the present invention. Fig. 2C
is a schematic view which shows one exanple of magnetic fields applied by
per manent magnets and the direction of their magnetic field lines in the

carbon fil m.form: appar at us ,of t resent. invention., . Fig. 3is a
sect ona?aﬁaéwr%f]%ﬂlagﬁ%wge%@%%%rrg t}ba? %215 }Hﬁg AP e densii ng medi um -

" manuf act-u,rﬁ)gz%tci ng the magnetic-recordi ng- medi um manuf acturi ng met hod of
the present imvention. Fig. 4 is a sectional view-which shows another

- exanpl e of wa ARl f REE Ltbdhg filfe o tThFBRLhaEt oF €k Yiblbt lilention, a

nmagnet i c-recordi ng- medi um nmanufacturing “nmethod of the present inventi on.
Fig. 5 ichnfgur@edn Nadoptéd®Whahdis haftodispaife exaslike @hibsiratRgngt b Ccehi@glor di ng
and reproduci ng apparatus provided with a magnetic recordi ng nmedi um

manuf actaperade di thgt bhe saHageefaces b ecatiadiendesdeu m cobumifiachembeaghasthad of
the present invention. Fig. 6 is an enlarged view of a carrier of an

i n-1 i ne diamgerf thami§ eqndlnty apgeaater uban the Migmetgr p§ the pfarementiogedidentials hows
one exanple of an in-line type filmformng apparatus used for the .
magnet | @PFIEEEraing heteht that Harfgralciours ﬁEFaFF‘é%h%‘H the aéoﬁ‘*én‘ﬁ'rt@é‘éﬁlltdl"}”iﬁ‘?}%rntsi on.
Fig. 8 is a sjde, view which sha one, exanpl e aof. carrjers of an ip-line
type i IPPORIVH SPBEPSR 5 BALAl Fval RUS dagntElc RBABY GPMER B ahite

e e S R T

sectional Vi ew ¢ nutfacture of the

magnet i (q'xé SRREHETDNEE dhinBusS RRMBoAd) JhiliGhe dther cifchBr stadeSthdrddf 9€ padillel
sectional view which shows an exanple of the nethod of manufacture of the

magnet i Gyifte e &kofieh WEIEh&HTLES Gi¥FadeNofHihg. substrate. FC@hseduently, & RIREBR to
sectional view which shows an exanple of the nethod of nmanufacture of the
nmagnet i eedtig tiediongenamd iandntiehplasma fisdH, gaiselplasma density and the concentration of
_carbon ions that fly to the surface of the substrate from the direction perpendicular to the
surface, inhibit wrap-around of carbon ions, and form fine carbon film that has a high
degree of planarity and smootﬁness, and that has high hardness. Moreover, by inhibiting =
~ clustering of ion beams and plasma at the central aperture of the substrate, and by
preventing temperature increases in the ﬁortion at the edge of the central aperture of the |
substrate, it is possible to reduce the growth speed of cafbon film in the portion at the edge
of the central aperture of the substrate, and form carbon film that has a high degree of
planarity and smoothness, and that ilas high hardness. ' |
[0023] -
‘With respect to the magnetic-recording-medium manufacturiﬁg method of the present
iﬁvention, a configuration is adopted which includes a step in which carbon film is formed
on a magnetic layer using the carbon film forming method described above.
Consequently, fine carbon film that has a high degree of planarity and smoothness and that
".has high hardness can be formed as a prdtective ﬁlm, and a magnetic recording medium of
| high recording density  can be manufactured by thinning the film thickness of the

aforementioned protective layer, and reducing the flotation height of the magnetic head.

[0024]



Fig. 12'is a process sectional view which shows an exanpl e of the nethod of

manef acture of the magnetic recordi.ng nmedium shown in Fig. 4. ‘Fig. 13 is
a process sectional view which shows an exanple of the nethod of B
manuf acture of the magnetic recording mediumshown in Fig. 4. Fig. 14 is

a process sectional view which shows an exanpl e of the method of

f act of ti di medi um sho .n Fig. 4. .Fig. 15 is
2 process Sl rS DR eeR BhS LMaECHRIT OF R biedencip o & 6

f ac : LG desqr di i o) 4. - . I's:
T br ocosdhfaid s BRGRET WBIdeREY 8 BRmIRS o5 WndsP Bellyeca sybsilaft 1€

manuf actidld@r @hd taheathRNQEdtfode e CObRlcdBedtBY UM STRGBI fonrel(::ﬁﬁf gfh- l?éihﬂ;- an/ 1S @
process sectional view which shows an exanple of the nethod o manuf act ur e
of the mphgnatitelf] edar pianga @ealitymamhtherconbertiabon 4 BFESA VDGR GARRY! NG
OUT THE | NVENTI ON [ 0026] <<Carbon film form ng apparat us>> Descri ptions
~are gi vewfiaas ofy thet Bubsgrsise dtont othpr direstioad pemperdicilar tb miee merfaden ginhibvét
present invention. The present invention is not |limted to these exanples
al one. MHAP-RIQEE jof garbon defist ashrmaing esrbasiilonthatbss dhighwlgereniof planestyect t o

i al , iti ., .S] o t hs, Bri | | S, . dth
ke w B TGOREEMe 20 d1et 486 igtohe dassar t NRFSIVED (Y THEGAE BrmopRgitignetont
[ tion W t he d i int el ow descri pt.i ons,
thore afdr SbE SRCPESDA R UG e PRI EBRSSRE S bl o &0 ey
P har oot caftier RARMAGCEREE 1 (BHAR at i S P S UBBE DI it iis 0 11 v

consti t wesible!teTedice HE Lrowth HREESTaBon HifeNk ikakdidpbitidh' oot Uhtyal ues.
Fig. 1 is a schematic view which shows a carbon fil'mform ng apparatus

whi ch i sapature obtdisabsttatgfand fi@npfies esibon filte Midt @8s a high degree of planarity and
smoothness, and that has high hardness. -
’ BRIEF DESCRIPTION OF THE DRAWINGS
[0025] |
Fig. 1 is a schematic view which shows one example of the carbbn film forming
- apparatus of the present invention.

Fig. ZA is a’schematic view which sh__ows one example ofa magnetic field applied by a
permanent magnet and the direction of ifs r:nagnetic field lines in the carbon film forming
apparatus of the present invention.

Fig. 2Bisa schemﬁtic view which shows one example of a magnetic field applied by a
permjé.nent magnet and the direction of its magnetic ﬁeid lines in the carbon film forining
apparatus of the present inveﬁtibn. | |

Fig. 2C is a schematic view which shows one example of magnetic ﬁ¢lds applied by
permanent magnets and the direction of their magnetic field linés in the carbon film
forming apparatus of the present invention.

'Fig. 3 is a sectional view which shows one example of a magnetic recording medium
manufactured using the magnetic-recording-medium manufacturing method of the presént

invention.

Fig. 4 is a sectional view which shows another example of a magnetic recording
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. As shown in Fig. 1, a carbon filmform ng apparatus (filmform ng

« apparatus) 121 which is an enbodi nent of the present invention is a film
form ng apparatus which uses the ion-beam evaporation nethod, and is
provided with: a filmformation .chanber 101 capabl e of reduced pressure; a

- ~filanentous cathode el ectrode 104, an anode el ectrode 105 di sposed around’

the perineter of the cathode. el ectrode 104, and.a substrate hol der 2

i Sposed i TRuERS e o6 S Rare Pe T SO e BE e 04

whi ch age, pr ¥igggnﬁ&§ide the filmformation chanber 101; a first inlet

- tube. (hereinafter "raw material gas inlet tube"™) 103 which is connected to

ca lateral gyrkage edetibh FibWWhih b Hne @Rl 401 magftiae&riRYSingt ube
110. In the present invention, the anode el ectrode di sposed around the

peri net egproduditieagiakdtod providat widkle mhgittit iresording eh&him adendfhi@tretd usthgs posed

wi th separation around a cathode el ectrode that is positioned at the:

cent er, tlandageyiceenkrdiggmaddion maufcaeingandtbodof the pegsas imventibni ¢ di schar ge

i s produced between the cathode el ectrode and the anode el ectrode.

Condi t i onsFigue Is ansentargdseyiew oif agarriey péan jroking fype fitm domting kppesatnay be

sel ected gﬁ,d%sjred. For exngLe,-preferable cathode,electrg e conditions

lgy ’IC 1

woul d be /i W PR ViERaPEIChs PaYSe Ouh SHEMRIE| Hgatp di-ps dYPe il eformpgl ygon,
the f f hem ith holl d t interior. wh t ti
0o DBl Be ISP PR bl RSB b et BEIG A MEne R eBoee oot

interior,%Qﬁgg the bottomportion is oriented toward the substrate side, or
e f

the |ike. i | ament ous cat hode el ectrode of the present invention may

use an el egil gdg 4 Hat vicw SARGT Shdws bOWRanSRe B dahdd® 3E aﬁliﬁqfrfquﬁe faRd one
may cite, for exanple, a coil form linear form planar serpenfine torm
and t he fbinkifg apparMié Osddefop @t mbghetib@edordis b haddeurh dh AR fFachRihg Methodof ikt e D is
supported so that one surface (filmformation surface) 131la of the

subst r apecsEntfincamsionhe cat hode el ectrode 104. Furthernore, a columar shield
(hereinafter "columar menber") 133 is disposed with separation so that one
circul ar skigf &cés a3pmcess sactiepal edewowhich shravs an hosdmpde edtthedacthod, ofwhi | e
the other circulayp surface 133h.is parallel to_the one surface 131a of the
subst r'aP@anacf‘@?)?{?']he@ﬁgPﬁﬁ“f @Fw&mgdﬁe@warﬁbewnmfg- 4 The filmformation

hanber 101 h irtight i L. e t hanb 11,101
Vor cover . Ve 1Py i POVSISE o AaoY O 12080 e BB ot W6 WERARST t ube

L0, andy hbihchl 6F hndsAefORBMR A RLANAULA A B! on and evacuaton

t hrough a vacuum punp e drawi ngs) connected to the

exhaust tupg 330 &g%@&-lss sEdtontl bRw Ritith RAYKRS SO0ULREEIE of thEUheihdg dhe film

formati on chanber 1 are disposed a first power source 106 which heats the
cat hode nenafictupélof the mapyettnRe@idarl hedlumahsREenEigoawer source 107 which
produces el ectric discharge between the cathode el ectrode 104 and t he anode
el ect rode Hi@5,12ada rodess degmnel 'viesouwrlieh B8wwianc bxanmpardfstha mpethedtefal

di fference by applying voltage between the substrate D and the cathode -

el ect r odfeanefgtuse O%%s@eag@pt&meﬁ@fdmgmgdmmbgwp inFigilAe first power source 106
is an AC power, _source connected to the cathode el ectrode 104, and_enabl es

pover suppi® tld IShd REGERd dectinnak istevhien saews g PmRle i Ynthsf meRPS R il m

'I[;ge fir %_l{ang%vc\:ﬁlrre ofthe (r:r(laag%gt?c rle%:ortag)ntg rlnzeépurtnes O\t)vg i BlgAg power source,- use of a

Fig. 14 is a process sectional \}iew which shows an example of the method of
manufacmre of the magnetic recording medium shown in Fig. 4.
Fig. 15 is a process sectional view which shows an example of the method of
- manufacture of the magnetic recording medium shown in Fig. 4.
Fig. 16 is a process -sectional view which shows an example of the meth_oa of
manufacture of the magnetic recofding medium shown in Fig. 4,

Fig. 17 is a process sectional view which shows an example of the method of
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power source is also acceptable. The second power source 107 is a DC
power source wherein the - (negative) electrode side is connected to the
cat hode el ectrode 104, and the + (positive). electrode side is connected to
t he anode el ectrode 105, enabling production of electric discharge between
t he cat hode el ectrode 104 and the anode el ectrode 105 during formation of
car bon filn} Tﬁ@ thiqufomer.sour e 108 is E.D% power source wherein the
+ el ect PERERSIER O} Lo MeRels SO RETURSISVEIRELE Sde 105, while the -

el ectrode side is t ' 2 { es a potentia
difference to be i%gg??ggﬁgéfggéggﬁﬁgmgggaéqeIg%?$gg€ﬁ?g§jand the substrate
D hel d in fohgeihol der 102 during formation of carbon film The third power
source 108 mmy al so be configured to have the + el ectrode side connected to
t he cat hode<@drbei fibaorhlidg apfdead>> (Qtherwi se, there are no particular
limtations on the voltage that is applied by operation of the first power
sour ce 106Desaptiont povgvensbelpwewitl) 7espactciot prefedrep ondes Soumplethottingathe it i s
preferable to appropriately select it according to the size of the

subst r apeesgnt invemiaon. ex Bhg | neesenh invrationsis npie fimited etos thsse rexampiyshalong

di sk-1ik ructure, and has a size of 3.5 .inches in external dianeter, it
is pref HoficatonsctisEroa s RAY pe mdde 3y SR R OB 0 2
range of 1

' . dth i b of , |
] an0e  mposon siggy gt nuh el o Bes, 408 B i AR o ok HRL&Ss Bt depeft o ©

second %ﬁff’hegfgﬁﬁfﬁfﬁ%reskﬁt iin§% lofi! ekl Fesé&ﬂo %ﬁ%:c&r%gﬁgg‘é%eglgg tfﬁipéo{;vange of

50 to 3 urrent be set to a range o

Fur t her ge§@iptivhd, NhéreSRe CasdsOwhbR EHrdcterREvIonSRUERS at®8howh dnfargéetsr abl e
that voltage be set to a range of 30 to 500 V, and that current be set to a

range Ofpudddséso o2 Adnmthierlc@Ol brder Rowfavilitetei andegd@nling oA @asac(dnsticy, naldt er
"raw material gas") G containing carbon is introduced into the film

f or mat i dimetsambk praitidnsoand hee dde ofather rabedivs ¢amsetuentublemtdB. are nks t he
raw material gas G one may cite gas that contains hydrocarbon. The raw
mat er i alneepasarty ideptiend te theiriagmab¥alpesom hydr ocar bon al one. As necessary, the

hydr ocar bo y be hydrocarbon.that includes_other elements sych as _
ni trogen, Fieubis pachebnatienaew ihich showsucapen i 9%H%&pwa%e‘§wﬂbﬁ,anit i s
prefera .dr ocar bon of any one or two or nore types anong

ble to use gomer Qy ¢
| ower s§W§Pngﬁ H@&F@%ﬁ?%dﬂY“ﬁ%ﬂer unsat urat ed hydrocarbon, or |lower cyclic
hyd b -erm " I b
ydrocar bogg sfhgy tn‘?rFﬁTg.l drbof IS ﬁnﬁfgrﬁpgaﬁkﬁggﬂl&of%gf}gcgﬁﬁtr%s)amar on

1,
nunmber of 1 to 10. n the case eret carbon nu

af or emeRdHi @NR hnhEBREAERAIT BX gﬁe@,_@l& iAfentidAtis @HIN foPmBPPpiraAS Wikeh Wedser i al
gas fromthe gas inlet tube 103 inhibited, but also deconposition. of the

hydr ocattixotfoncamaeviparation trhéthé & viindeik eirdvdled asthGa dilin figmaties chambeti Idhar ge
is retarded, and the carbon filmformed on the substrate is a filmthat
cont ai nsapablatinedecederessureo h ilen e ouspatiarde sledrodd 104 anrdnedé dectredestdSengt h.
disposed around the perimeter of the cathode electrode 104, and a substrate holder 102
dispoéed at a position that is separated from the cathode electrode 104 which are provided
inside the film formation chamber 101; a first inlet tube (hereinafter "raw materi_al. gas
irﬂet tube") 103 which is connected to a lateral surface of the film formation chamber 101;
and .an>exhal.15t tube 110. In the present ihvention, the anodé eleéfrode dispose.d. around
the perimeter of the cathode electrode signifies an electrode that is disposed with
' separation éroﬁnd a cathode electrode that is positioned ~at the .center, and any
configuration is acceptable so long as electric discharge is produced between the cathode

electrode and the anode electrode. Conditions such as number, size, type, position and

the like may be selected as desired. For example; preferable cathode electrode conditions
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[0032]  As |lower saturated hydrocarbon, nethane, ethane, propane, butane,
* octane, and the like can be cited. As | ower unsaturated hydrocarbon,
i soprene, ethylene, propylene, butylene, butadiene, and the |ike can be
cited. Furthernore, as |ow cyclic hydrocarbon, benzene, toluene, xylene,
styrene, naphthal ene, cycl ohexane, cycl ohexadi ene, and the |ike can be

ited. [00 -urth it - ef bl.e .t hat 1 Xt th
L%, BB AT ARl 5l S AR, BB DA B3 L1
hyd ' | i i e I i i ta th
S oSEeRRBE I8 LIARED ol e B35 o Y WA PR Bl 1

it s pgefahaiife WatorVS LeHPM holldedd odtafitchsr Wher® theBERorh oMk b tO
1: 100 (volune ratio); a range of 1.5:1 to 1:75 (volunme ratio) is nore

pr ef er abligite@Rslvard tiang®s@hte bide, botht HKQ. ( ThE fildEnméuisQattiode $ldctrbdeof tie
preferable. By this neans, it 1 s-possible to induce generation-.of plasma

wi t hi n pheseriti ihvertionmiy ose ahakbeodel thbt isagwhefablyrknosmbasna fildmerit kidictrhdes hi gh
hardness and hi gh durability. [0034] <Pernmanent magnet> It is preferable
that a eyd onemniayaditepéarreaampte, gegilciormObingse fomo \nlenad sepentingeformearsd the
formati on chanber 101 so as to surround the anode el ectrode 105. It is
preferaHF% that the permanent magnet 109 be di sposed so as to surround at

oot 2 PRl eSS L s A RS e R

e A e L] and’ ! o g
Can b S fomhfRn SR TRe, 1330 MRStk BY eholh SulEaRRde BBENE A0a. | B
105 or suRsdhRkE Peoldiflat BfieldomerieRiHet Y cOlmnar RRMYePNS 39k Wispassevahat e

toward and irradiate the surface 131a of the substrate D can be increased.
Condi t i ggmarftivasoaBat diR diedle burfsdeZIB3a ingR&ited tovwaird the datlolle ebdteto®$04,i on of

t he permanent nagnet(s) may be selected as desired. Fromthe standpoi nt of
achi evi mdnila thinother iredlas suifdnet 138 isoparslied tortgwet BarfidedBdla pbfithelsebstrate D.
acceleration region, it is preferable to di spose nunerous permanent nagnets
with rotatf08Aal symretry relative to an axis connecting the anode el ectrode
and the substrate. [0035]. <Substrate> - As the substrate D, a disk-1ike
subst r at e TEIMd@gafpn chab 191%i rcul ar aperture 131c at the center

(hereinafter “central. aperture’).., As sh in Fiqg..1, .the dianeter f the
Contral - apdid (S FrgioR ShmBOclly ny on b sy oioh e LB

magnet i Gof aﬁc%gfeBGel{rﬁ%' #1H f&nﬁﬁ§£ %hﬁrﬁgersllbqsi%rc@ﬁ&c&ﬁr{ l?%e g@aﬁ&ttﬁﬁe ffg,one s
discretion, and one’may enunerate here a substrate of 0. -1'nchext érnal

di anmet eqnd @XREAS istapIBILE OF pPdssird-rBauBioA REld €9 Rduafbn ARBHIHE Salllhaiphep Of 6
mm), a substrate of 1.9-inch external diameter (external dianmeter of 48 mm
and cenfialillaparddun ehelrawiige) codhedtied tthe eghafusfxabe at® of 2. 5-inch
external ' di aneter (external diameter of 65 mm and central aperture dianeter
of 20 mm),[0828jubstrate of 3.5-inch external dianeter (external dianeter of.

- 95 mm and central aperture dianeter of 25 nm, and so on
<First to third power sources> : .

Outside the film formation chamber 101 are disposed a>ﬁrst power source 106 which
heats - the cathode electrode.-104 by energization, a second poWer source 107 which
produces electric discharge between the cathode electrode 104 and fhe anode electrode_'
105, _and'a' tﬁird-' powér’sburc'e 108 which '.ir_nparts a-'p(;tential'd.iffe'rence by appiying }
.voltage betwéén the substrate D and the cathode electrode .1 04 o_f anode electro&é 105. B

[0029] |

The first power source 106 is an AC power source connected to the cathode electrode
104, and enables power supply to the cathode electrode 104 during formation of carbon

ﬁlfn. The first power source 106 is not limited to an AC power source; use of a DC
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[ 0036] <Col utmar menber > The col umar nenber 133is a col um-shaped
menber whose dianeter di -is larger than the dianmeter d2 of the central
aperture 131c of the substrate D, and the height 1 of the col umar nenber
133 is greater than the dianeter di of the columar nenber 133. The

col umar nenber 133 is disposed between the substrate D and the cat hode
el ectrode 104 so that its circular surface 133a is oriented toward the:-
cat hodepgrvgﬁf'(’ru&élselsfgﬂ.ac [tagv er, the other circular surface 133b of the

ol : : .
substrat e B suepRe By SR TPT3s PRI ARr btk VR RET bl bickitts

Fur t her RRfeeis @npeAtd 3 R csthlde eREwbNE 164! AL MRPBGve} 3FediDddisiRORed so
as to be coaxial with a central axis G of the substrate D. [0037]. It is

pr ef er akbendchat totthe afbdNEb&@foddi 109f eddbiing Qrétildasn OF Bletric IBsthh@eftereh- f ol d
or nore to less than 1.5-fold of the diameter d2 of the central aperture
131c of thdeatisadesdecavde D04 and tBy asedet dlengrotit ¢ 08 et formaliiorodf datncfilthirmar - ,
menber 133 from 1-fold or nore to less than 1.5-fold of the diameter d2 of
t he centralh@afdrd ppwer] SuEcer 0§ frea LG Powgr sowce ivherain Bl i Yeatrade sidesisose t he
col umar nmenber 133 so that only a_portion 131d which exists at the edge of
the centParectsddpthf anofs elecpds HE, sibpletherr slepirode sify is|cameectediia thehpldsr ¢ he

0 cknosol e sacben LAk LDe BYan. 400 ol s il Lscem 1 L
cese, S ey % i B i SERTRRE BRGE o e P 01
shi el di ngwef §8&te 208 khE AQ BIVSKAIREPR hakd3ht S d18&Hode 'sTHUGINREEN & Meanarity
and snoot hness of the Carbon filmforned in the porti-on 131d at the edge of
. the centcathbdagiectktadeci 0431c of the substrate D.
[0030] | | |
Otherwise, | fhere are no particular limitations on the Volfage that is applied by
~ operation of the first power source 106, second nower source 107, and third power source
108, and it is preferable to appropriately select .it accnrding to the size of the substrate D.
For example, in tﬁ_e case where the substrate D has a disk;like structure, and has.a size
of 3.5 inches in external diameter, it is preferable thnt the voltage of the first power source -
106 be set to a range of 10 to 100 V, and that itn current be set to a range of 5 to 50 A in
terms of direct current or alternating current. With reépect to the second power source
107, it is preferable that voltage be set to a range of 50 to 300 V, and that cufrent be set to
a range of 10 to 5000 mA. Furthermore,'with respect to the third power source 108, it is
preferable that voltage be set to a range of 30 to 500 V, and that current be setto a range

of 10 to 200 mA.
[0031]

'<Ra\3} nlatérinl gas>

A gas (hereinéftcr "raw material -gas’") G containing carbon is intro‘duc.ed_into the ﬁln1
formation chamber 101 from the raw material gas inlet tube 103.

As the raw material gas G, one may cite gas that contains hydrocarbon. The raw

material gas G may be configured from hydrocarbon alone. As necessary, the
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Conversely, in the case where the dianeter di of the columar nenber 133
‘.exceeds 1.5-fold of the dianeter d2 of the central aperture 131c of the
substrate D, the shielding effect of the columar nmenber 133 is overly

| arge, . and carbon filmis either not deposited in the portion 131d at the
edge of the central aperture 131c of the substrate D, or an excessively

br ef er aBVEREHEPR TS § ﬁ@a@gﬁboalf e BarLhgs SRaRts dhs BEORFbAMtPEl d or
frore an T t'h{eohlge or Ase%?e %rtegl%fl@&%qeﬁag&rogérbgﬁ Eth?s Cp?%t‘é%%{ to Hs%erl 1§ 3, -and

from 3. d''or nore and SS 1S nore prefrera (§§ setting

the hei giflirotaBbn ofang Bhe!ER Ao BB nddSahond e 3adphéh far ~fold
{er SREY

or less of the diane dl of the colummar henber 133, t ich

rectifi %sar@;etdaqwaso@ﬂdmp o $dWer C/ali & @y DL &b OO NTIE ferth Y wbérala@qﬁed here
Consequently, it is possible to better prevent clustering of ion beanms and

pl asma atfetsite tieguse af a agpbon nureb&3td tofl0t he substrate. D, further rai-se .
pl asma density and the concentration of carbon ions t hat fly to the surface
131a of t hin thalssse wherethd eashon hembén adcthe eforgeﬂptmdd bydracarbon th@eé:uw,ace
and formfine carbon film of hl?her planarity and snoot hness, and hig

har dnesgot PB4 SUPPLY #5 tae maais! wheffom the Ao Bt tEb‘bfl 03 Hahiptied, rhvaralsmenber

thor e 1| SEMPRERELSE S EERER SHEBThEr e PRTRY 260 pHErk Seckhat 11y
to the syiface il ol Sulsh tﬂ@%&éaf%eps?swa{e LI REBRRoH @ o

t he sur ace ness o he car M1 Nncreases at

per i pheraxumanw@fﬁﬁﬁhé@éomeﬁtymdﬁ&eﬁeﬁoﬁﬁen&»ﬁ%ﬁt rate D due to

wr ap- around of carbon ions. Conversely, 1n the case where the height 1
of the col w2y nenber 133 exceeds 6-fold of the dianeter (11 of the

col umar nenber 133, rectification of ion beans and plasm i s excessive. As
a result, Akdowen &haatéddmdasmhon pletisane, cthas, myo;amel, bmmd;e)atme,vmi_&thef | ow at
t he perlphery of the columar nenber 133, there is a reduction in the

exci t at ilka dapr e ciyed. ca‘?ssaéw«rromatumatmhélyémambam tappacethRenpi plopylene,he

pl asma space, and there is a decrease in _the hardness of the carbon film
whi ch i Supxdence Butadicpneand the Uke Fapbe giteds Srurthpanareipst Py qyelic hydrogarpon, |t s

f e that | d3 b t he, col mber 133 |
Clibst r ateotsraoh et SR srend PRy o coB e TR e, AhOE 1550  rm or

less is ARLe Q&Fferable By setting the clearance d3 between the

col urmar merber 133 and the substrate Dto 5 nmor nore and 40 mm or | ess,

t he thlckn$@§3 pf carbon filmin the portion 131d which is the edge portion
of the cen aperture 131c of the substrate D can be nade nore planar and

snoot her, Puitherhmbe, fas pRferhblt Mk ghi Skt ANBSEkEBMuRE WiRENBRIuded RRA2]

gas'such as Ar, He, H,, N,, and O, or hydrogen gas or the like in the raw material gas G.
With respect to the mixing ratio of hydrocarbon and inert gas or the like in this gas
mixture, it is preferable that hydrocafbon : inert gas be in a raﬂge from 2:1 to 1:100
(volume ratio); a range of 1.5:1 to 1:75 (Volume ratio) is more preferable; and a range of |
1:1 to 1:50 (volume ratio) is still more preferable. By this. meahs, it is possible to induee
generation of plasma within the ﬁlm formation ehamber 101, and form carbon film that
has high hardness and h1gh durab111ty

[0034]

<Permanent magnet> _

It is preferable that a cylindrical permanent magnet 109 be provided outside the film

formation chamber 101 so as to surround the anode electrode 105. It is preferable that
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In the case where the cl earance d3 between the columar nmenber 133 and the
 substrate Dis less than 5 mm carbon radicals which reach the portion 131d
which is the edge portion of the central aperture 131c of the substrate D

~are deactivated, |owering the hardness of the carbon filmthat is deposited"
in the portion 131d which is the edge portion of the central aperture 131c

f th bstrate D. ly,.in the i th | . d3
bet woen HEnRErEBNEHTATETSh FBPC SRPORHE b ARG B 150G 2CRuit 76 Ao e
hi el di ffect, of. ; N : o i h
ol anar | (SRt Bt ihial e RO E eREDThs e EGAGAETs if THELED e
whi ch i ﬁf&%}ﬁerﬁgﬁ@d R ifiécg ?g@{}ﬁ}é}ﬁatﬁg M dneheafRe fsWRellrddd. OBy A& Mhs! hate D.

[ 0043] I's prefera at t col umar” nmenber 133 bé di sposed with

ungr oungagnaed faticah befabpidd Bawbal @Btdattolle eRB¥trédes PRSANHOthE hRodotlverate menber
133 with ungrounded potential (floating potential), it is possible to have

a conf i.gof ajri wbstedrere, whik td iqghdemity adr dobon (s whichodcctlbmok adyard reahdt o
vertically irradiate the one surface 131a of the substrate D with carbon

i ons. [ G@aljte the virfavet I3d a odrthe sulfstrate P ogani hegingrspsadat Gonditionsm sieh & the 1, a
configuration i s obtained wherein carbon filmis forned only c;n t he one
sur f ace NUMbET, ze; FRAZBEHS {9re-cfopm. padyppaition;qf the nermanent RAgEETe™EY Y51 epar e

t f the t Whi d for form.,ng.on fil
on t he SHFFELES ERRCLY D Uit SPREENCY! RUETOE Hayu L SRILPR: Solf onner el n
the t - at di . | Si i Nt trat

D i ¢ bt REERALY (1R T He DR bar 2 hd Bxfprklirq MR Rt | R

bot h t V‘%eﬁﬁ'aﬁfeﬁ@ ﬁﬁgﬁéﬁ%%iﬁf‘ ehedoral QYmbiaey SidhieilE 36 @nDixif @0ARLting 1 ahdiR

present i nventl on e columar nenber 133 is not limted to the columar
menber s$hewbdd shdde siydsaaent enbodi nent in which nmultiple facets have the
sane circular formas one surface, and other columar nenbers may al so be

i ncluded. [oOB5kexanple, it is also acceptable to use a circular truncated
cone, a polygonal columm such as a tetragonal colum or pentagonal col um,
‘and so on.<Subsiratebhe case where a pol ygonal columm or a circular truncated
cone is used, the dianeter dl and hei ght 1 exhi %it t heir. maxi nu

di mensi onsAs theagubptgate il a ¢igk-like gubstratg 1 é‘?‘fda@g#?hl ag g\ ifshlar PPFé'“‘Ir%E%%%atof a -
diagonal, line of the.bqttomsurface ig di. In the case. of a ci.rcul ar -
t runcat &ff %%Ffé?h‘?rﬁlga%‘?raﬁﬁq_ aB?r[""L’?lg' sé‘?fsl&%‘&n\‘/ﬂ]ftlﬁ' l’htge ﬁlﬂnﬁé‘? Oglﬂbencgf@?l is di.
In either . s used in which the height 1 is larger than di,
and dl %geﬁgggg}g{sﬁﬁgﬁﬁgdgﬁ'aneter d2 of the central aperture 131c of the

substrate ¢ sTMBYEFor MERRLeNEIEeording GhedIRA! - d(GpkAErdah 3
menber) Ii%} t{l%gt descr(irbed a%%‘t\?e is_corrmgg prefer aab e asf3 t he col urmare menber

133. [ OQél@l_:ted at one’s discretion, and one may enumerate here a substrate of 0.85-inch external
~diameter (external diameter of 21-.'6 mm and central aperture diameter of 6 mm), a
" substrate of 1.9-inch external diameter (external diameter of 48 mm and central aperture
diameter of 12 mm), a substrate of 2.5-inch extemal"diar_neter (external diameter of 65 mm
and central aperture diameter of 20 mm), a substrate of 3.5-inch external diameter
(external diameter of 95 mm and centfal aperture diameter of 25 mm), and so-on.
[0036] | |
<Columnar member>
The columnar member 133 is a column-shaped member whose diameter d; is larger
._than the diameter d; of the central aperture 131c of the substrate D, and the height 1 of the-
columnar membef 133 is greater than the diameter dll of the columnar member 133.

The columnar member 133 is disposed between the substrate D and the cathode
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<<Carbon filmform ng nethod>> Next, a description is given of a carbon
filmform.ng nmethod which is an enbodi nent of the present invention. A

carbon filmform ng method which is an enbodi nent of the present invention
is inplemented using a carbon filmform ng apparatus which is an enbodi nent
of the present i nvention, and has a col urmar menber disposition step and a

' . . d I h h
the car AP HF s D Bl SPRESIAPER TENHEunbnr REn SRt ReegPRsent |
i nventi qyoRp 2fl chiB61aP Afale t%berar%éymlerflﬁtmw? 568 dposed
ol PeEs

descrlptlon unnar ‘menber disposition ste , .Inside the

filmforpaplleP tﬁ@@ﬁﬂlﬁ:@ 1304 o PR \sLBRA D! With Qfeafa‘nk@ﬁ%ﬂrt t‘BH%ur‘f?éehl@qﬁ o? hgctrode ,

104, the anode el ectrode 105 di sposed around the perinmeter e cat hode

el ect r odebstds Dantuithemoud) it deatral 4138 debf 2ol RASRemBér 1B3p9didpbesd dohat i s
separated fromthe aforenenti oned cat hode el ectrode 104, the disk-like
subst r atae tdb¢ ¢rakiahasthtaentrelxisC; efitbe subseattILc i s di sposed in the substrate
hol der 102 so that the one surface 131a faces the cathode el ectrode 104.
[ 0048] Next003¥he col urmar menber 133 is di sposed between the substrate D
and t he cajhode $ % Ls time, the circular surface 133a of

the col um rls Hﬁf‘ffé dé‘ﬂ’@ﬁ‘t @UE’F&W&‘W% pePhgde debefompddoldoer, the
et T WS A PGB A b S
131a of[the substrate D. Mreover, the central axis C2 of the col umar
By setting the diameter d; of the columnar member 133 from 1-fold or more to less
than 1.5-fold of the diameter d, of the central aperture 131c of the substrate D it is
pos51b1e to dlSpOSC the columnar member 133 so that only a portion 131d which exists at
the edge of the central aperture 131c of the substrate D is shielded, and render the
: _thlckness of the carbon film of the portlon 13 ld at the edge of the central aperture 131c of
the substrate D more planar and smooth.
[0038]
In the case Where the diatmeter d; of the columnar member 133 is less than 1-fold of
* “the diameter d, ot’ the central aperture 131c of the substrate D, the shielding effect of the
columnar member 133 is lost, reducing the planarity and smoothness of the carbon film
formed in the portien 131d at the edge of the central aperture 131c of the substrate D.
Conversely, in the case where the diameter d, of the columnar member 133 exceeds
- 1.5-fold of the diameter d, of the central aperture 131c of the substrate D, the shielding
effect of the columnar member 133 is overly large, and carbon film is either not deposited
.in the portion 131d at the edge of the _central aperture 131c of the substrate D, or an
~-excessively thin carbon film portion is formed in the edge portion.
[0039] | a
It is preferable that the height 1 of the columnar member 133 be.from 3-fold or .more
and 6-fold er'less of the diameter d; of the columnar member 133, and from 3.5-fold or

more and 5-fold or less is more preferable.
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, menber 133 is disposed so that it is coaxial wth the central axis Cl of
* the'substrate D. [0049] <Carbon filmformation step> First, the vacuum
punp connected to the exhaust tube 110 is operated, and pressure is reduced
inside the filmformation chanber 101. The extent’ of pressure reduction nmay
be sel ected as necessary fromthe standpoint of productivity, but a higher

i oducedT REEE i TR PRI ety 3010 FRB THE F DTRARLPTal gas
et L bt O 0T orh S ANBPRLChib Aol kit 687 A LIAA, GARIDREAQion

Next, power is suppli omt i rSt power Saurce ament ous

‘cat hode pehiR€ bh@ PastAdcdnShd BRYE PrddineMtB) Thtailell ONCoMAguddi! TBls RsaB®Bo S
~generated. In addition, plasma is geneérated by causing el ectric discharge

bet weenbefie pratéindtustdriR! 60dm Bédnsant blemarnadie eksedlr HAeudk0ds RyopaRr ati ng
t he second power source 107: By this neans, the raw material gas Gis

exci t ed sebstrattellpfipthee diisd plasma dersitlylzmd the nencetration aff érlbdis ns alse fywdoer e t he
af orenenti oned carbon ions contain carbon radicals. The heating tenperature

of the ¢tha sithee dBdeof deresubsated o thegdissetion megicndicilan torthe petacet ands

desired,. but a hjgh tenperature is preferable for purposes of increasfng
the excil®®t 16%C%f’6%§£%ﬁ§£@ﬁ%ﬂ&@@&@p ?W‘Eﬂﬁh‘%ﬁssataﬁé%ﬂ%h/@ %tial gas Gin the

cat hode el@@%@@de--[00501 - . Next, voltage is applied between the
substrate t he cat hode el ectrode 104 or the anode el ectrode 105 by

the third I ’ o ' 2l 28l fe rating.
e 011 BOVEICASQURGE cORigh P L 1R o 91 AR AEBENRT 2L 10
a m nus A& d, 31 tha ReluHaf HeaiteP 938 NReRNR AURERER Jhtbdf iochb ey psir ate D.
The af orenentioned carbon ions inpact the surface 13la of the substrate D,

f or m ng figétgdoesmpdretits, Asat tE t@ iRy surtiki B b e bRBstR0D dFHokn ithe dife&ithi t ed,

hi gh-energy state, fine carbon filmis formed with a high degree of :

- pl anari tpyrpandicelan d¢ Hhe swrfasmdaridli e Hacldwess ©f theQaion film Tinereasdsuamére menber
133 is disposed at the side of the one surface 131a of the substrate D so
as to shEaphery oé thepentzal apgyture Jpéc 081ke subptirathild dye 4o svraparoupt adrarbions el
and the_ ion beans that flow around the col umar nenber 133 are rectified,

pr event 191y : '

Conversely, in the case where the height 1 of the columnar member 133 exceeds 6-fold
of the diameter d; of the columnar member 133, rectification of ion beams and plasma is
excessive. As aresult, there is a decrease in plasma density and ion beafns which flow at
the periphery of the columnar member 133, there is a reduction in the excitation force of

- carbon ions in the excitation space R which is the plasma space, and there is a decrease in
the hardness of the carbon film which is formed on the one surface 131a of the substrate
D.

[0041]

It is preferable that a clearance d; between the columnar mefnber 133 and the substrate
D be 5 mm or more, and 40 mm or less. Within this range, 20 mm or less is more
preferable.

E By se’.tti_ng~ the clearance d3.b¢twe_en th¢'columnar méﬁiber 133 and the suﬁsﬁate Dto5
| ~mm or more and 40 mm or ltcss, .the thickness of carbon film in thé portibn 1'-31d which is |
the edge portion of the central aperture 131c of the substrate D can be made more plan.ar

and smoothier, and fine carbon film of high hardness can be formed.
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clustering of plasma and ion beans at the central aperture 131c of the
substrate D. By preventing clustering of plasma and ion beans at the

. central aperture 131c of the substrate D, the plasm density and the carbon
ion density at the periphery of the central aperture 131c of the substrate
D are reduced, and carbon filmgrowh speed at the periphery of the central
aperture é%égzof the substrate D decreases. [0052] By preventing
clusterin |on beans and plasnma -at the central aperture 131c of the

substrate 4@9%{]}1%}%% gie’&%‘é@%et?et{g@e& e cGQQ%aPHeHb%P 1333 dtﬂé xﬁ]ﬂ}?raﬁee ntral

aperture 1 10 e substrate ortio revente

speed ofp ¢A[ROMah! § MhNcdrB6n Pézﬁ&dlmhﬁlféam tl{@?éi‘fq%ﬁ' 1@t1dtmc1edgqleoédgehe
central aperture 131c of the substrate D, and fine carbon filmis forned

~with a pbgfondegiRecditraplapaturet 31anst theoabbi@s D @edichithatddancnadsy. the
Furthermore, by rectifying the ion beanms and the plasma itself, plasm
density handdesshﬂth@curqu fibu ittoad isodepositddan thopetivhd81d whidhds tﬂaeedga pbea 131a
of the substrate D fromthe direction perpendicular to the surface are

i ncr eas efithefegntmaltaperiurgfl 3¢apHhiba sebstietalt h- | ow har dness due to wrap-around of

b hibited, apd f b fil f d wit d
o Bl anar | ComEmIs oAb Shers e MR FRBLET (o pauprer MATREGHOL {1 ol d
lied t 09 h t.at which
5 the M edaitops SERRASAS, BREn e Mg, BB, BBl rEBIRE 35 T s
b
Tona: e RS SR Sk R Sl P UP o415 RLGLETT R AR o2 on
subst r at|g] Pwhhds {1l eAé p@ﬁloﬁ@fmemrbm thale 1338 oftHRisUbRFatsPYr ee of

pl anarity and snoot hness, and that has h| gher hardness. [0054] ' A carbon
filmthickiwess) of 5 nmor less is preferable, and 3 nmor less is nore
It is preferable that the columnar member 133 be disposed with ungrounded potential
(floating potential). By disposing the columnar member 133 with ungrounded potential
(ﬂ.oating- potential), it is possible to have a cbnﬁguration where the flight of carbon ions is
not blocked, and rto vveftically ir_radiate the one surface .131a of the substrate D with carbon
ions.
[0044]
With the carbon film forming apparatus shown in Fig. 1, a configuration is obtained
wherein carbon film is formed only on the one surface 131a of the substrate D. However,
it is also acceptable to prepare two of the same apparafuses, which can Ibe used for forming
one carbon film on the sur_fqée 131a of the substrate D, and to have a configuration
wherein the two apparatuses are disposed on both sideé of the _i_nter_posc_ad substrate D
-within the film formation chamber 101, and carbon film is. formed on the both two
surfaces 131a and 131b of the substrate D.
[0045]
In the present i_m?ention, the columnar member 133 is not limited to the co'lumnar_
member shown in the présent embodimcnt in which multiple facets have the same circular
form as one surface, and other columnar members may also.be included... Fér example, it

is also acceptable to use a circular truncated cone, a polygonal column such as a tetragonal
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‘preferable. By thinly fornmng the thickness of the carbon filmto 5 nmor
| ess, the distance between the magnetic head and the magnetic | ayer is
shortened, and the recording density of the magnetic recording medi um can
be enhanced It is preferable to set the lower Iimt of carbon film
thickness at the lower Iimt where protective capability with respect to

the magnetic reco di n% n}edl umis satisfied. [0055] <The magnetic field
appl i ed Cﬂb‘mfrh%r%eél 3%8h r?f’%ﬁggf%? and its magnetic field |lines> Fig.

2A-Fig. 2 51%@ c§s%'191%%h gne tcyw?éﬁagegf %:cﬁéd géqeq@g&%t i dideblids

applied b e per manen ovi or mng appar at us
shown iy, Fhg heilghtmséhﬂ)hqhak %ﬁm% @fnchdiShd. RN W (el &l of hNEFagonal F' g
2A shows an exanpl e wherein the pernmanent magnets 109 are 8| sposeg(?

peri met ebluain, tieles farggardizgnhl Hid1er tBé béthsn birfabeliod Tatlh e @a@@-ﬁpﬁﬁlr&ﬁar so
that the S pole is on the substrate D side, and the N pole is on the

cat hode tmineattd ode, ftd4limheter offthg surBBestitvihe dargendiaméter iskder e]nrexthhﬁcq@e,rarranent
rragnets 109 -are di sposed at the perinmeter of the chamber wall .10la of -the.
film formenbesis esedribahichohe beighhkis laraer thamdi, end 1 isanghethem thetiemettedt r ode

"~ 104 side, and:-the N pole is_on the substrate D side. Furthernore, Fig. 2C
shows arffdheepiral ngl‘@lﬁlﬁﬁff}]eﬂ‘@“ﬁé‘?ﬁanent magnets 109 are di sposed at t he

f the chanb 101 f the fj
Phat "the. ofP¥iVeh PTG esher e parasmemaeylindieed menine i Bredegioea °

al ter nat t I gferential side and outer

ci rcunf erglé% ﬁfﬁﬁd}gﬁ%&a{%ﬁggﬁe Claﬁlrwb?%{eg?}ﬂf;g ‘the configurations shown in
Fig. 2A tod5|4 2C, in the vicinity of the center of the filmformation
chanber E magnetl c lines Mof force produced by the permanent magnet (s)
109 appr OXK@mbyﬁmrfaﬂrﬂlﬁg nidi@daccel eration direction of carbon ions
(hereinafter. "ion beans") B which perforns accelerated irradiation. The ion
beans B caNekigadestipfioed sivent bd carheyy fitm Iforoving heetldidr wlkich @énamémbdiEmentgnet i ¢
| ines M produced by the permanent nagnet(s) 109, that is, so that the

verti calof&iermesenbmvmélm| ve to the surface 13la of the substrate Dis the

primry di rectlon d Wr ap-a 0. the rear side_of the columar  nenber
133 can ber @RRbfm lormipg tad Mwﬁi‘@ s enboimenopl thsrpreseat ysnhinits B

h t t, th t f t t t hi
e exic FEAIFRECRUEE W PR LTEnL e&%a?mtﬁf Y%ﬁé”haﬁai?n%ﬁméﬂ fhdte

magnet i 0 ( 1 ra| si ng
of the %o%%ﬁﬂeﬁgﬁ%%ltl&gf gta;?lgo%ylc@%gm?ﬁ | on [&%n EQGP hg}% 11)3?
car bon ffbﬂnmnoargf@[s | 0om MO dERiLA ”tootfheféd?@po%@ﬁt@%ot’vhl ) met Par?orh'fﬂllﬁer
degree of planarity and snoot hness, and hi gher hardness.
' <<|Vagnetfb@mhgﬁppdﬂatﬁgwml1Htﬁd’@rﬁhﬂdﬁﬁéml’df eRpBRention dré a§signea tiétesaale ption

is given with respect to a nmagnetic recording nedi um and a nmagnetic
recor di mefeeemde syepbasl toripngpoagpalrdeseriptionMagnet i ¢ recor di ng nedi une

[0047]

<Columnar member disposition step>

First, inside the film formation chamber 101 provided with the ﬁlalnéntc;us cathode
electrode 104, the anode eléctfode 105 disposed around the-perimeter of the cathode
electrode 104, .and the substrate hoider 102 disposed at a position that is separafed from
the aforementioned cathode electrode 104, the disk-like substrate D that has the central
aperture 131c is disposed in the substrate holder 102 so that the one surface 131a faces the -
.cathode electrode 104. |

 [0048]

Next, the columnar member 133 is disposed between the substrate D and the cathode
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~Fig. 3 is a sectional view which shows one exanple of a magnetic recording
medr um manuf act ured usi ng a nmagneti c-recordi ng- medi um manuf act uri ng net hod
which is an enbodi nent of the present invention. As shown in Fig. 3, a
magneti c recording medium 122 is configured by sequential |lam nation of a
magnetic | ayer 810, a protective |ayer 84, and a lubricating film85 on

oamot: electpds Yok, KR nRse B SRRl e 273 & s g [P rignet i ¢
| ayer 8%he§t@d tg&fglrdﬂ%lglc%{ %dJ:: %ge%{rogez’mfr}ggg)]ﬂ{egc?%ﬁfap u%n%%'b alrﬁ)/e?{rhh%?’ from

t he non-magnetic s |velaer

pr ot ect 'sMﬁadeaM% o8 s%bEt?a[tE@j aRd tﬂe*'k%lﬁﬁﬂd?%érﬁbér%%s %ﬁ seEf RathPe Sdritde! Ve

| ayer 84 is carbon filmwhich is conpact and has dness, and is

formed yentheBueRED O3 of of the EEbstFaredD rreMwébv\ahltﬁétcérﬁraa@xle @wtﬁmu@ﬁaﬂ he
present invention. Consequently, even when the t hi ckness of the prot ect|~ve

‘I'ayer 84ndnsber hBh isadlsposed f§othatit nqolagial Q/lthmheOclfentreBaqu €1 of the pasghfell2 t 0
preserve the effects of protectlve film [0059] -+ 'In-the case where the -
magneti c r@d49Mi ng nmedi um 122 |s | oaded onto a hard disk drive apparatus
(HDD appar.atus) aor the |jke is possible to narromy set the distance
bet ween tﬁ‘éarﬁﬁ@ﬁgtll%mtaé'@&stﬁpﬁg medi um 122 and the nagnetic head by

Fecor di ng. HERSEyoGRR ﬂﬁr_fnafsge P Pahe e Pl ol %Lﬁr%%at‘%ﬁseéhe
Mor eovere a8 HARERRORRR R AXREmBA. 107, CHRBGkCPRRKIATA e

' hardness I'S POSSI O ral se e corrosion re ance O

recor di RgepRahdmRcLedAry FOQGAL scahipivi R gﬁ;dugtlﬁﬂbﬁﬁtr a{"ﬁlgﬁer degfee orfbgcuum is

non- magnet i c substrate 80, any substrate can ‘be used optionally i.n so far

as the gpuwifstabrt € i s a non-nmagnetic substrate. Exanples thereof include an

-Al alloy substrate whose primary conponent is Al such as, for exanple, an

A -M al | ojextatie rewhssterblegas € pogedudet intodhafityy femataiogl chsmber 101 from

alum nosilicate glass, crystallized glass, silicon, titanium ceramc, and
var i ous thegesmaterialegsis mnlet[tgb@ 193 that is connected to the film formation chamber 101.

Next, power is supplied from the first power source 106, the filamentous cathode
Ielectrode 104 is heated by energizzlition,' and thermal plasma is generated. In atlditiort,
plasma is generated by causing electric discharge between the cathode electrode 104 and
the anode electrode 105 by operating the second power source 107. By this means, the
raw material gas G is excited and decomposed, forming carbon ions. There are also
cases where the aforementioned carbon ions contain carbon radieals. The heating
temperature of the cathode electrode due tt) heating by energization may be set as .desired,
but a higher temperature is preferable for purposes of increasing the excitation force and |
the decomposition of the raw material gas G in the cathode electrode.

[0050] -

Next, voltage is apptied between the substrate D and the catht)de electrede--104 or the

“anode electrode 105 by the third power source 108, imparting a potential .difference,
accelerating the aforementioned carbon ions toward the substrate D that has been set to a
minus potentiat and 1rrad1at1ng the one surface 131a of the -substrate D.- The
aforementioned carbon ions 1mpact the surface 131a of the substrate D, formmg carbon

film. As the aforementioned carbon ions are in an excited, high-energy state, fine carbon
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Anmong these, it is preferable to use an Al alloy substrate, or a glass
substrate of crystallized glass or the like, or a silicon substrate. The
aver age surface roughness (Ra) of these substrates is preferably 1 nm or

| ess, nore preferably 0.5 nmor less, and still nore preferably 0.1 nm or
| ess. [0062] <Nhgnetic | ayer >. Wth respect to the nmagnetic |ayer 810,
ei t her 0 i etic lLayer for use with a l.ongjtydi nal nmagnetic
recor di ﬁ‘lé}nng%&r%%qﬁ ﬁl g%e%rgle 85 %nannﬁél et a° esg’rar?dot}lggg%rgwsts'h a
perpendlcuk@glpagnetlc recordlng mediumi s acceptable but a perpendi-cul ar
magnetic layer” is preferable for purposes of achieving higher recording
density. Thd/RsREMAF mdniber SI3DT 8T BERBEE at thef QHEE B BRIRGIRG I A4ehHF O -
mainly froman all oy whose primary conponent is Co. For exanple, as a
nmagnet i cubstper D8 @s tooshield pley qrandi apettare IBdgneBiychis anand itigplagel i4self 4ide  may
use a layer in which is lamnated a soft magnetic | ayer 81 conposed of, for
~ exanpl e tha igobeamaghast ﬂcwF@“@@t@lthmyol(uﬁm@o&lelﬂw:oaﬁar&&@uﬁed preCeifing,
‘FeCozZrBCu, and the like), FeTa alloy (FeTaN, FeTaC, and the. like), or Co
al | oy (ebrﬁrmng Oéd)z%sm andon heams tah 81 gariy] armﬁturml%lwn@foﬁlats@bsuageela 8By
conposed recordin etic 3 conposed of -

0% pr&epying <igeppt of Plam?n%nésm &l LR Bptrre | S S awltrslesr;a;e n
composeddié plSmAFRARERTPE Raloh doh AIRAF! %%?r@@%?f S0 3ar e i o
layer 8%sandf fhla%ubﬁ;a?er Ig?q ?t%d%cécﬁ%ﬁ& cB%on ﬁlm%i1 E:cbgtr thgﬁgzq;gm of‘t}{pgnet I C

Iayer 810 for a longit magneti c recor |un1 0 use a | ayer

i N whi clehtgal lapétturatll 8tk &f the BubtBaRed ecrédsdd base layer and a ferromagnetl c

CoCr Pt Ta magnetic |ayer. [0063] It is preferable that the overal

~ thi ckness @mSZhe magnetic | ayer 810 be from3 nmor nore to 20 nmor |ess;

from5 nmor nore to 15 nmor-less is nore preferable. The nagnetic | ayer

810 may beBr@zpyrcadng custeang afrionabeagisrandtplasmaaatdhe hentmippapee 18 ycpeﬁthef
magnetic alloy, and forned so as to obtain sufficient head input/out

Wth respetate IB teRpCIaire kitsaseon thnedgeaprden b3 ldgfdhe gantral aparaighbi ficcof] ayer

t hi ck | | b bt t t of

fi 'xéd”ieiﬁfeﬁufbaﬁratﬁ%%gég aﬁ%ﬁbwﬁ@%ﬁ%a%ﬁah?&ﬁég FePEFEo R %a"t §BOFtiOR, g
monl di d

co n )133@% redrded ap e e&g%er | or g %ﬁérﬁa@gtﬁ{c FtﬁQ frﬁtel A ggipgd; l??lgut

reproduci ng properties conj unction

is nece$§ﬁnyﬁﬁﬁwa%@ﬂﬁﬁmg b@%ﬂ??ﬁh&ﬁﬁ?%ﬁdPh@ﬁﬁéksi&Mﬁﬁ%Pﬁ%ﬂﬂ%sf"”P As

the lubricant used f i‘cating , one nmay use a fluoro-liquid
| ubri cant BweerasePBY tdcHUOHRE 6N bEIIRFInd e $Risingd 1ﬂsblll@r;51£s%m d&ﬁﬁ\}] afbtfeat ty -
acid, and so on. .The lubricating film85 is ordinarily formed to a
-th|cknesen@muﬁnmnoﬂcmMDnAsmaﬂwaﬁbdKﬁ&klﬂmﬁmeuhoﬂofahe&mﬁuhubDlﬁamtﬂwone may
~usé conventional, known nethods such as dipping and spin coating.

d1rect10n perpendlcular to the surface are increased, formation of carbon film with low

it

hardness due to wrap-around of carbon ions is inhibited, and fine carbon film is formed
with a high degree of planarity and smoothness, and high hardness.

[0053] _

A magnetic field is applied by the permanent magnet(s) 109 in the excitation space R
which is the region where the aforementioned carbon ions are accelerated. By this means,
it is possible to raise Fhe ion dénsity of the aforementioned carbon ions> Which accelerate
toward and irradiate the surface 131a of the substrate D, and form fine carbon film that has

‘a higher degree of planarity and smoothness, and that has higher hardness. |

[0054]

‘A carbon film thickness of 5 nm or less is preferab_le, and -3_ nm or less is .more
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[ 0065] ‘Fig. 4 is a sectional view which shows another exanple of a
maghetic recordi ng nedi um manuf act ured usi ng a nmagneti c-recordi ng- nedi um
manuf act uri ng met hod which is an enbodi nrent of the present invention. As
shown in Fig. 4, a magnetic recording nmedium 123 is configured by
sequential |am nation of the magnetic Iayer 810 the protective | ayer 84,

e L Ne prlb? Ey%h %xr?ogéw%?%%ﬁfl%hﬁ#‘%i B aton I &F 55k SiAPEoler “the
magnet i ¢ A¥eheQkdn s AARL hEiehd e 7! H& 159&1 L4 9Ra e LhSqgRl t
t ge-atd, o 48,

magnetl c lLayer 1 and/ or e Interned a ayer e recor

magnet i ‘Hehﬁb&%f B rﬁi@@hé h&o FRANSA icén 55@%5&%@ 8@ i$ pAferabldth Ref fRr €, in

the recordi ng magnetic layer 83, a magnetic recording pattern 83a is forned
by sepanavémigmithe daghorr fildy thickieSR gndiei lswe e UndNeh&3 hroteteat ¢apgbititys Githal | ed
di screte type of magnetic recording nedium [0066] The af orenenti oned

di scr et eespygtao tfe magredt recordicpmeiimg weatisimdnay be so-called patterned nedia
wherein the magnetic. recording pattern 83a is arranged with fixed

regul arityl098?] bit, media wherein the nmagnetic recor ding pattern 83a is.

arranged |ntrackfo 0 medi a wherein magneti ¢ recqrding
pattern 83a %Wﬁamg eld 4 h§s5 Eﬁ&}e r&alileréqnﬁgﬂa&wté liéénaqne%ﬁfldqmewt h

coordi ng HRuT AR Cald B oSl Vb MR PR bR R ﬁaldé'%ﬁ@%ts?of
the recqrd 00 MRARR hG e?(xf roSitted $h HESH Mrmif € af Al atGOUR W inWiot N8ind
R s et ey fie

af orement’i on €. expose asma treat nt or

i rradi atﬂllé)d]récﬁgﬁlbm@{rn(pjgn'@;{'l@ﬁé]ukﬁes wher eby portions of the recording
magnetic layer 83 are nodified frommagnetic material to non-nagnetic

mat eri al, PRigd2BhshoRarnmnexgngilé ovhein tieSpddanaitanigeted9 e0h&lossdvagtrt i C
recordi ng and reproduci ng appar at us> Fig. 5 1is a sectional view which
shows omperimetenpf ¢heothambragaktlDta pEtherfdiniyraation gpnddudd hgo &mpdr%& pslei n
which is | oaded a magnetic recording nmedi.um manufactured using

Tagnet | ds P dis WoRgAtiFide dIToe Acpalf isen mq@&iwdmﬂ@md@ LodhsidsbobiendRt of
the pres i nvention. The aforenentioned rec rdi.ng and

repr oduég?l‘ﬁs 3p 5apigsvharely the PEMANER! PagISe 'T;‘&g 15RO38 eh@werrfﬁgf%r of Hpp

PP 3t e b oA O §F6R b forllod SRERBHCIISPRRRLA ¢ 9ok2f dould Vi ded
cathode electrode 104 side, and the N pole is on the substrate D side. Furthermore, Fig.
2C shows an example wherein multiple permanent magnets 109 are disposed at the
perimeter of the chamber wall 10la of the film .format_ion chamber. 101 so that the
orientation of the N poles and S poles of the magnets is alternately changed between the
inner circumferential side and outer circumferential side. |

[0056]

_With any of the configurations shown in Fig. 2A to Fig. 2C, in the vicinity of the
center of the film formation chamber 101, .magnetic lines ,M of force produced by the
permanent magnet(s) 109 approximately parallel the acceleration direction of carbon ions
(hereinafter "ion beams") B which performs accelerated irradiation. The ion beams B
can be rectified so that they follow the direction of the Ihagnetic lines M produced by thé
pérmanent magnet(s) 109, that 1s, so that the vertical diréction relative to the surface 131a

of the substrate D is the primary direction, and wrap-around to the rear side of the

columnar member 7133 caﬁ b_e reduced. K
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recordi ng nmedi um-(hereinafter "magnetic di sk") 96 manufactured using a
magneti c-recor di ng- medi um manuf act uri ng nmet hod which is an enbodi nent of
the present invention, a mediumdrive 97 which rotationally drives the
magneti c di sk 96, a nagnetic head 98 which records and reproduces -
information on the magnetic disk 96, a head drive 99 which drives the

er oduci SRy Ral S P CALBP e L (B lbBea & R SR gRarede FEdaFN NYand

{EBrCUELA B 41, BSAERSY TR, SALERATH o4 BULKEE L 0, il pegaec

recor are sent e nagnetic

r epr odughRthtish SRahBerSON ldut kO Met LRI BRLA(H PI6@Eted By MEpRMARES HIned)d data
is outputted. [0069] <Magneti c-recording-nmedium manufacturing nmet hod> :

Next, a1deséabiid @isingofiheaon @énsity GBI Goriscinahé idnobeardi Bl thateenttidateur i ng
met hod which is an enbodi nent of the present invention. A

magnet i ¢o rcexbon dilng foredhtionm aeth fidraction i afgfime térban iiinc ivithsa dghentdegicaert of
the present invention includes a step-in which a nagnetic layer is forned.
on at | ekserpraadsmopthnessondhigher-hardnessi ¢ substrate (magnetic layer forning
step), and a _step in which carbon filmis forned on the aforenenti oned
Magneti c I@Qéﬂ using the previously described carbon filmform ng nethod
(carbon filmformn se (@; present enbodi nent, the

step). .. Qtherwise, int
descri pti on- Bﬁbeéhﬁﬁgcﬁlgg&%dé“%%QSV{W&&%‘%}P% recording nediumthat is
-l oaded int n, HRD aAr At BSeid SuiffRpUbagt i 844589 r8%rdids ! hBGubY film
formng ap%zas?’a?us %ﬁg?)ei n ?j'l Fm%?orma ?%n t'rea%%gntsr are Ber?(glrlrregﬁdvﬁi le -
sequent indloh¥iCRRAY A NBdTHRB NG ESppahitls. ar e the subjects of filmformation
anong nultiple filmTformati on chanbers. First, a description of the in-line
type fil m &omaphdhig raqpéingimedining> gi ven. [0070] <In-line type filmformng
-appar at us> - Fig. 7 is a plan schematic view which shows one exanple of an
in-1ine tykig. 3id aséaionlngew pyactashesys( oregrxemipls ofex ovagneiy-needding medium
manuf act uri ng apparatus) using a magneti c-recordi ng- medi um manuf act uri ng
met hod wkAngfaciused psiagti aiagaetic-tsiconding-mgdinge manpfpgiipmg opnethod which is an
embodiment of the present invention.
As shown in Fig. 3, a magnetic récording medium 122 is configured .by seqﬁenﬁal _
lamination of a magnetic layer 810, a protective 1ayer 84, and a lubricating film 85 on
each of the two sides of a non-magnetic substrate 80. Moreover, the magnetic layer 810
1s cdmposed by sequehtial lamination of a soft magnétic layer 81, an intermediate layer 82,
and a recording magnetic layer 83 from the non-magnetic subsf_rate 80 side.
[0058]
<Protective layer>
The protective layer 84 is formed on the magnetic layer 810. The protective layer 84
is carbon film which is compact and has high hardness, and is formed using a carbon film
forming method which is an embodiment of the present invention. Consequently, even
- when the thickness of the protective layer 84 is thinned to, for example, 2 nm or less, it is
possible to preserve the effects of protective film.
[0059]

In the case where the magnetic recording mediﬁm 122 is loaded onto a hard disk drive

“apparatus (HDD apparatus) or the like, it is possible to narrowly set the distance between
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As shown in Fig. 7, anin-line type filmform ng apparatus 125 is

* schematically configured froma robot platform 1, a substrate cassette
transfer robot 3 that is nmounted on the robot platform11l, a substrate
supply robot chanber 2 which is adjacent to the robot platforml1, a
substrate supply robot 34 which is disposed inside the substrate supply
robot chanber 2, a substrate nt i chanmber, 52 whi.ch .i s .adjacent to the
subst r at %‘ﬁ%‘lﬁ%ﬁ rF%‘E@‘f‘géﬂ r ,anéigtﬂﬁé'?aggﬁté%%q%sb}ﬁ%hlwmaEleaﬁa&f?svﬂf? ch
rotate rrl tyea aiahe . =21 _whi ch
are di_s%ge éﬁ%@‘fﬁ@%"ﬁ 8{4he eg%esgljtal ve’?:}gerlﬁ%?rglc ?ﬁ%g% ?e P}‘ggqlﬂgar%%)rﬁlg a
subst r aleafeYelcat BRTRGEased Wiordbves o tRPPRACIENARERY i CofPaetlcaftRhment
chanber 20, an ashing chanber 3A which is di sposed ‘between the substrate
mount i ngilahehigh Kdd@Rs it e poisisit rtat@ist al® \tatrosiba b stalxe, of tieUbagidice
removal robot chanber 22 which is disposed adjacent to the substrate
renoval rebatibgmeB®dm 82X ubstrate renoval robot 49 which is installed inside
t he substratie renoval robot chanber 22,- and nultiple carriers 25 which are-
conveyed af90@l t hese respective chanbers. In addition, code nunber 31
signifies an airlock chanmber for purposes of introducing or ejecting
subst r at esTNPR-B1A8REUGTYRSUANE substrate supply robot chanber 2 and the
substrate fepoval robot. chanber, 22. de nunber 54 . signifies a.gatg valve
ot neen ¢ oS DRCr R e SHOAALCHA A FTTAe Fot e 45otb BRI s 3

The cha 2. - ) 3A [ ivel an

adj acen{gagsva@}e f5'aa_r5§ g?_%fééetbca?%b@ggﬁe'veggégmﬁﬁge?géﬂpl\rﬁgly?{%gg ?ﬁﬁlﬁcﬁﬁs@%ﬁ%ﬁéﬁt i ng
por ti ongyiRfe bhfatLeRRpbAHE i& PATREK S5, 2for Rkampte2 hn ABVENEI03A andREBstiRQ gate .
val ves 55-71 are in a closed state, the interior of each chanber is a

1 espect icy@bysedvdoRBRAS RbdSglalse ol usivasstlicaldyleny ey staliaed plas ) vikesn, (Hiatium,
illustrated in the drawing) are respectively connected to each chanber 2,
52, 4- 20¢rabidc,and valgusdppkesafsesat.e of reduced pressure is established inside
each chanber by vacuum punp operati on. The respective corner. chanbers 4,
7, 14 and [1)96la])r/e chanbers whi ch change the direction of novenent of the
carriers 25, and their interiors are provi %df“\rﬁ\n]:éth nmechani sms._whi ch cause

rotation ofMORS theier fleisProfsTabigép Mg afreik 2 traiex OT 3 Blavsr ShERte off
chanber. [0072]. Each..chanmber..5, 6, 8-13,..15 .16 and. 18-20,is

Cr oat e TSt ass £F 25 T g autieDf Py bl stk RPtTade gt B e

dr awi ng ' | e e vahwves for
cont r o Db S e B ey Bl = et
gas supplote brp&ably 0.1 Y or@8duct i ng openi ng and cl osi ng operation of the

af or ement i oned vaPIves and the punp gate valves 55-72, it is possible to
control th@os2ipply of gas fromthe treatnment gas supply tubes, as well as
pressure and gas evacuation in each treatnment chanber. [0073] Anong the -
af or enent | eMeghdticdagearent chanbers, each chanber 5, 6, 8-13,15 and 16 is a

treatment chanber that serves to formthe rra(%geii c layer. In these -
‘treat ment Whdinisapest torthenmagnetis layes 83Podithrad laneicwding rpagnstic deygn der esel ayer

conprising the soft magnetic |layer 81, intermediate |ayer,. and recording
magnet i &lﬁb@&“gmﬂ‘slﬁﬂt’ﬂa@eﬁ%‘f%f%% @%mﬁu RBg RemrRdicHipL RgReLic 19¥s fRgitet i

| ayer for.pation %ltéie‘%) i S _car rti ed ﬁ%at. in tdhesei treaf ment bchar‘rbéar Sidicul rArmng
the af oréreft PSR lurlaéa%?wcﬁeg S MEAER RnETBE 18- 30 % BRI U et
chanber . r k ) ; L reéatnment -
chanber sn& %@%“‘Z‘%Béﬁgf’ ﬁ@“%@%@‘?%‘%&%ﬁ%ﬁéﬁ%‘ﬂ?ﬁ% rggdgrglhggﬁﬁlgar ation as the
filmform ugraReanEk peeftlBR-t0 T HeaRfs L OYerBPRAAINS FrosNAlldywhose 1.

The carbon filmformation step is carried out in these treatnent chanbers.

[0074] prinfa}ebiipsent A CoTaFodles ompldd a8 Iﬂ@%ﬁ:ﬁsaﬁ%r%_mrﬁﬂtaﬂpﬂperﬂ’ﬂ@ﬂmr for
patterning of the mask | ayer, a treatnent chanber for carrying out reactive
pl asma mragattierdconiing ordiun, achie atayonset & égemenwhich is d@atnaedta sifamagneticor
renovi n? the mask | ayer, and so on. By these chanbers, it is possible to

manuf actaee & rempesel cofy deno eyamplengdsadinmaenetie Far e celloye(hopeB, JHe6wdiB.n Fig.
4. 3 : . _
FeCoZr, FeCoZrB, FeCoZrBCu, and the like), FeTa alloy (FeTaN, FeTaC, and the like),

or Co alloy (CoTaZr, CtoNB, CoB, and the like), an intermediate layer 82 composed of
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[ 0075] The substrate cassette transfer robot 3 supplies a non-nmagnetic
*-substrate froma cassette which stores non-nagnetic substrates 80 prior to
filmformation to the substrate supply robot chanber 2, and withdraws the
non- magneti c substrate after filmformation (magnetic recordi ng nedi um

whi ch has been renoved by the substrate renoval robot chanber 22. On a side

Il of £h | bat ch 2 |
robot _cRupape 350 & sRRRR Rl SR SR TR AN s PERY erber «
51 and 3p70\Wy €5 @neps ppd lﬁls%zeglg@.s 1RRAR3E, #iEalld Q%éseﬁﬁgl-e t[ag:%fﬁlate an | NSi de

t he substrate nmounting chanber a non-maghetic su rate prior to film

f or mat i QRch@HSPUOLERS MRt Bort el FFIHLEP 2RiCS NiBedher SDAE! BtResHiR! 6 ObOt
34. On the other hand, inside the substrate renpval chanmber 53, the

non- magmeigneticlapet §1adnd thé internietiace Tgerd2t i on (magnetic recordi ng medi um
nmounted on the carrier 25 is renoved using the substrate renoval robot 49.
The ashi ngOgHthertvérer Handpass eymagretc dayeri €0 5 a4 nghedigabsngrttie. rwoendinigng

- chanmber 52 after-.ashing the carrier 25 that was conveyed fromthe substrate .
renoval msdanbegnesay ysg@Azyer in whidh is gampigatgd ginga-magagtioki™Ma bapplazerond aexanpl e
of the carrier: Qf\%agflgt'&-l [ ne't(?/ e-filmform ng apparatus. Fig. 6 is an .

enl ar ged“EFBRENGHE fvO REAZHPYT @Y shown in Fig. 8. As shown in Fig. 6
and Fig. 8,O H;ﬁ carrier 25 has a support platform 26, and substrate

- mount i ng pL)P fons 27 which are provided on the top face of the support

platform 26 refgaﬂ%rtm&ﬁe 0(/%11 IAKARY %?Eﬂecmﬁgpeﬁcrl%ﬁsﬁl@% 68 Phim fiese
substrate mouht | ng portions are respectivery sho I'n the present
enbodi MgRdre 36 20 irh lotledst idnt 9ok GRors UE SIS fth €orA3ssaRdndreSefensbld.i | The
formation substrate 24, since the substrate nounting portions 27 has a
doubl e- Infgletig layen Bl Quiadt beoadaplddOi68the lamibae sudisder aidetheruployed tppest ofon 27
is configured to include a plate body 28 having a thickness that is 1-fold
t o sevemagnttid allay, abd dormwidckrreds obfairt hidfifiensheadinpwotpwd f Wit espestitol on
substrates 23 and 24, a -circular through-hole 29 which is a sli %ht ly |arger
than t héhothidmess oicthrmesenstie layer Bh® & mpgnqtisr lauer hirkaem f daecsgimvalner 24,
and mul tjpl e support nbers 30 .ch are provided.at the perineter of the
¢ hr ough-*hBYis Z8TRd 'RPED 15%}1%%%] %é?ﬂalFHgt%élléiWﬁan’%g FErUfClRR pet thehent
thr Oth_o%?e'_r %arzlc?,'as it is commonly the case that the various parameters expressing recording
and reproducing properties deteriorate in conjunction with increased output, it is necessary
to set an optimum thickness.
[0064]
<Lubricating film>
As the lubricant used for the lubricating film 85, one may use a fluoro-liquid lubricant
such aé perfluoroether (PFPE), a solid lubricant such as fatty acid, and so on. The
lubricating film 85 is ordinarily formed to a thickness of 1 to 4 nm. As an application
method for the lubricant, one may use conventional, known methods such as dipping and
spin coating.
[0065]
Fig. 4 is a sectional view which shows another example of a magnetic recording
", medium manufactured using a magnetic-recording-medium manufacturing method which

is an embodiment of the present invention.

As shown in Fig. 4, a magnetic recording medium 123 is configured by sequential
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The first and second filmformation substrates 23 and 24 are fitted into
t he’ t hrough-hol es 29, and engage with the support nenbers 30 at the edge,
and the filmformation substrates 23 and 24 are retained in a verti cal
position (in a state where the main surfaces of the substrates 23 and 24
are parallel to the direction of gravity). By this structure, the main

are mooireaaiiohibe el PEEPRTY, e PR LT HRERE 18 EReE Ap Pace o
the suppifouPliald el ﬁg’np‘?agnég: &BstPfe 8P PHL gl%ttf%lti¥e HyePeP %nl%l-rp&foﬁ top
plattorm ely t

face of the support 6, and so as t© be on approxina e sane

pl ane. [OQA8c 1 19N OWb1 [ , I hanhsrs S,
6, 9, and 19 %raeyef;\?go?i d\levcijbr\%\n&{eﬁ ?lv?oglgagﬁbég%r %ﬁgfg??égen%)hgtgafv?hl C Sgandwfﬂch t he

carri er labinhfiord b€ thenveety aiagetil 18t i8ANand¥bt Mgy dltediddidt€ dayer 08D, Firgl. the, t he
treatment chanbers 8, 10-13, 15, 16, 18, and 20 al so have the sane

conf i guretording magnttie layeads fpm e somgmaghar wbviage B gpdarp Runthernseeyvias t o
evacuate the treatnent chanber, 38 and 46 signify carrier stop positions
for tredhausaerdarg mpgnetiobayer 83.c2 wagnatic reesfrding paerni¥de iy Hrmved by sepasatinghe
carrier, and 39 and 47 signify carrier stop positions for treatnment of the
subst r at® bie Bé ‘}qnglﬁi‘gfheflgéeglﬁai B4, Fsinten Breallpb Gy aype of mBERGticy

treat ment (i.irst .1n a state where, for exanple, the carrier 25 is stopped
at a firSP YPREFHBM position shown by the solid lines in Fig. 8 film
formation @bggﬁrrent or the like is conducted with respect to the first film
formation su rate 23 on the left side of this carrier 25. Next, the
carrier. 25TROYR%erh&ntRns® @RRebtd HRRAL FEMaghAR febSrAIEhRMiLRY nidyeodsQkaRdl i nes
in Fig. 7, and filmformation. treatnent or the like is conducted with
respect phterhf® nseli® Whekéih nthé o Ag@ictio nreSordsier phteerd 483aNist Mi@arided Nivith i fibgedof t he
carrier 25 in a state where the carrier 25 Is stopped at thi's second

t r eat mem¢gubaity tpeobit, hedigOfherein Ithe tagnemsecodmgepattour 83a sammeped mpppaokat uses,
whi ch respectively face the first and-second filmformation substrates 23
and 24, fep grobergaedis vhaieingbe magneées recneding aadsih A atdeatainsy sarer §igd8, t here
is no need for su E a novenent of the carriers 25. Filmformation treatnent
or the PRRENYIH Sil §i mul t aneously conducted with respect to the first and
second fiﬂo-r&Iﬂ?r mati on substrates 23 and 24 that are held on the carriers
25. [0081] After filmformation, the first and second filmfornmation

substrat eowadh ‘%ﬂ%ﬁg‘?’i ;ﬁ%@hﬂtﬁfﬁ%&%ﬁe% R L neR s ke %8@%&’9%“3 Vel dlQinGar ri er

25 on which car as accunulated 1's conveye i ng chanber
3A.  OpY@@in PARS MBmbsk fahe&hARRh Fr&Hdéd ok U hlfacB IO rLhRIREMaghetiési NG
oxygen gas that is introduced froma given place in the ashing chanber 3A
The af oigreBB| sitadthax ygenotptasra bpnhiaafBerhbtionad heaskflal¢n drbadxpbasl to
accunul ated on the surface of the carrier 25, and the carbon film
deconposestive pasiEDteatnEOR oy &), iradtitips tneatmenedr the like, whereby portions of the

recording niagnetic layer 83 are modified from magnetic material to non-magnetic
material, and the non-mﬁgnetic regions 83b are formed.

[0068]

<Magnetic recording and reproducing apparatus>

Flg S5is a sectidnal view which shows one example of a magnetic recording and
reproducing apparatus in which is loaded a magnetic recording medium manufactured
using a magnetic-recording-medium manufacturing method which is an embodiment of
the ﬁresent invention. The aforementioned magnetic recording 'and__,_‘._?re.pr.oducing
apparatus is a hard disk (drive) apparatus (hefeinafter "HDD apparatus").

A magnetic recording and reproducing apparatus 124 is provided with a magnetic
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[ 0082] Next, a description is given of the step in which the

" af of ementi oned magnetic recording nmedi umof the discrete type shown in Fig:

4 is manufactured using the aforementioned in-line type filmforming
- apparatus 125 (magnetic-recordi ng- medi um manuf acturing apparatus) shown in
‘Fig. 7. [0083] First, using the aforenentioned in-line type filmformng

appar at -non- 1eld sqp‘g? e m S t arrier
25, aft ge?coﬁﬁ%h%%é&gnagﬁg i egyer %) cog%%s}edgg?%p%@ﬁgﬁﬁean&%% i & | ayer
81, i nt gl AR @lRoldMeh cSidmA Mhnu@LArHig thiRAN §Hidh iaVar e@Bodidfslt (dFethe.
protective |ayer 84 are sequentially lamnated onto both sides of this
non- Nmagpadseret igvdiiohak endldunihirive 97 whithbetatignaBOaEsi tak nyagdetiv aiskdearong t he
mul tiple treatnment chanbers. After formation of the recording magnetic
| ayer 8’agnetachéadedpivarheretords nd nproduceo imfomiambnain the rhagnatierdisk 96s a
conducted with respect to this recording nmagnetic |ayer 83, whereby the
magnet i beast dpeg PP edhidf dpvest thomagnktie ll'ﬂ@aciJ 88 ¢o @i degirechgositions andyremagsetigr e

nodi fied, preferably being nodified frommagnetic material to non-nagnetic
mat er i aFSCORHBE AR FRPRAUCHE %‘@&h@chésﬁl%%fsmﬂhg‘)(batlpéhﬁ “Es‘éetlfofﬁ%g% 6;5

L e BB ] oo R G B O R i
Do U MPORELL STLENY e mognc UL LUPATINE 1ot Dondd o bired |

85 is fg{agggicqgkag@g PUHREERSd, aﬁgag@qgoﬁu&g@ treatnment substrate Wafter
filmformation using an application apparatus which is not illustrated in

the draw n@eeolt her eby enabling obtai nment of the aforenmentioned magnetic
recordi ng medium shown in Fig. 9. [0084] Specifically, the

af or enent | dveghatiegreairimgreabodimagufetiring roéthodre di screte type shown in Fig.
4 can be manufactured by carrying out the steps shown in Fig. 9-Fig. 17.
W th respelextt a depasipsionps gigienc oprangiictgeordmgrisediemr masiaitigngeethoth shown
in Fig. 4, it is %ct,ually referabl e that treatnent be conducted

si mul t aN@whsis pn smbeaimens pHBS pegseRtBVEISSInagnet i ¢ substrate 80. However,

Fig. 9-Fi 17 i].1 | ! i de. of 7 ' b 80

i ch 1 r oot AEpel Gar b i oty B08uR-Ahn gL RBRRTE OF BrSomathEfiee. /o "
reat A L | ic

and t ne DrseRy RUGHRp PEIEL S8 WHRE, s RdeBic OB BRI IBERCY Bat T dos of

t he non- etd b it ft6f ' j : ' yer 83
sTEgRedf &n§%§£gﬁ@ﬁce51ﬁﬁtratﬁ (Rlen¥Y et hﬁmh%cg_ewg gg? gg%%fid hick

is formed by the sputtering nmethod, as shown in Next, as

shown i Rabbg. filhy,is afofskK draYiRd afofeinsnticNetBfhagietichRiyeeaingi g pRYMREIyC | ayer
83. In this mask l-ayer 87, it is preferable to use material including any
one or teseribed owben fiipdemseg ectled (Farbom &l foupngstep). sting of Ta, W Ta
nitride, Wnitride, Si, Si02, Ta205, Re, Mo, Ti, V, Nb, Sn, Ga, Ge, As, and
N . Anpng ©HeswiseuBstheneissent jembodimpends ieadi¢seripiéony sencgrys Bisecase Whese @r nore

s s i Bk, b S BRGS0
even mor e iREELSLAPkEY YR BitelSuRkeid B horllBhSh LRSS E IO M
o - while sequentially conveying substrates that are the subjects of film formation among
multiple film ‘formation chambers.
First, a description of the in-line type film forming apparatus is given.
[0070]
<In-line type film forming abparatus>
Fig. 7 is a plan schematic view which shows one example of an in;l'ine type film
forming apparatus (magnetic-recording-medium manufacturing apparatus) using a-

magnetic-recording-medium manufacturing method which is an embodiment of the
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By using such material, it is possible to enhance shielding wth respect to
mlling ions by the mask | ayer 87, and enhance the formative properties of’
the magnetic recording pattern 83a. Furthernore, as these substances
facilitate dry etching using reactive gas, it is possible to reduce
resi due, and reduce contam nation i-n the surface of the magnetic recording
nediun1duriqg renoval of the nmask |ayer 87. [0088] | nci dental |y, when
f or mi ng PIRENAFEPEMnt i oned mask |ayer 87, it is necessary to pattern the
mask | ayer 1:N0g: . f ar anpl.e ' | Nk tRod, & :
photol it ho%? %;K)%‘b,ﬁ r%gt lg’d?’ grﬁxlg L@el Eyggm%g%rﬂﬁéé 4 %%mg'aﬁtzlg el(rgnslc%lgm%l tt%ceauxask
layer 8¢obymAed BRI dTbbNSILASHTEl NQbstrite PARLE! tiRRITSRIY (MRS RunRE ohhe
llike, it 1sdifficult to carry out these methods with the in-line type film
f or m ng tapRBLEPMSAR T, abRbauaE sifiRy eobvtehambes? Whedteisaadjdcghti @ thesblsdt i s
used. [0089] Consequently, in the present enbodi nent, the non-nmagnetic
subst r apat®omdn awhbstiatd suppht iobot Iawhichéndispesdd disedt thp stlstrhtesupplyaoihitng
magnetic |ayer 83 is rempved once fromthe in-line type filmformng"
appar at ghambg 2,45 swtstahe mouriting, chembenS2 hwhiels peadiacent thehensnbsiveigriepply -
substrate 80 that has been renoved fron1thisW%n-line tg e f&ln1forning '
appar at §@bot xhamber 2cparpen ghambens4i 4, {4 &ad g WBKh JRtalh SUREER2 Y ™YY Usi ng

' f d hod j I it. ' bl e.

el er | aFHERATS c i Biiosl el oty 2] PP are chspeseh Bty B g o el
exanpl e’chz%ﬁer@yﬂ?f atd §4 8V El%'s{-’r&tg‘}%épil %h%@@ﬁ§%ﬁl&&g§ dfpb&la ga[c)éht%es. and
cyclic €poxys, 'hovol ac résin, and so on. 0 xt,as shown in Fig.

12, the megaisn¥i daiber 70,h ARt PRAHEE IA WAREI ¢ u&go&atﬁeﬁmn&ﬁ@ sititrate
transferred to the resist |ayer 88 using a stanp 389. The arrow mark in Fig.

12 i ndi gfu@fing RBaBMESEALd tHe dubStr@t @60 .chifibé$s aS§udBiRat8 Fembial irsbot
preferable to use glass or resin that is highly perneable to ultrayviol et

rays. Mshanbarl2 which is dispestd ddjacehtetosthaspbsd@te iemoval gasdicbb?, 4 substrpleoy a
stanp in which a negative pattern is formed corresponding to m nute

recor di megmevaaRrbotat? whiehtialinglledangifle thepsubsixatpperaovalirobnt chpmber k3 andi ng a
nmet hod such as electron_bean1Iithography. There are no parti

| ar. .
i mi t at POHEPIGFaMTHES AR PN hatre sPnYqed SMORE tBYe THIPGHH HedhamRaES: | uﬁ‘i‘i‘“ﬂ‘érdness
or ocess coiq aubf T i 8 S diar haltpeL o6 Bt O eBugHE i, feee
t r ansf : i Sho i St 88
s 1 rr adr e ol Bice oW s St bk (b8 o7 RSl Blno 8L

~ har deni RgLdthGahBsi Bt @ nuBBer %ih SighAds atg%&mﬁu@fteei@%qﬁe b§¥sGraleteineddies

el ectromagnetic waves in the wde Sense of the termsuch as heat rays,

Vi si bl e chagbér and¥Sreatthért @ambet rays, X-rays, and gamma rays. It nay be

sel ected as desired according to the material that is enployed. Wth
respect to[0f@ikrial which exhibits hardenability due to radiati on exposure,
there is, for exanple, thernocurable resin for heat rags, and ul travi ol et
curabl e reShaclanrbers 2%y #cdle3 eag 3A qroaepctively connected by two adjacent wall

parts, and gate valves 55-72 are provided in the connecting portions of the respective
chambers 2, 52, 4-21, 53 and 3A. When the gate valves 55-71 are in a closed state, the'
interior of each chamber is a respectively independent sealed space. Moreover, vacuum
pumps (not illustrated in the drawing) are respectively connected to each chamber 2, 52,
. 4-20, 53 and 3A, and ‘a state of reduced pressure is established inside each chamber by
vacuum pump operation.
The respective corner chambers 4, 7, 14 and 17 are chambers which change the
direction of movement of the carriers 25, and their interiors_are provided with mechanisms

which cause rotation of the carriers 25, and movement to the next film formation chamber.
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In particular, with respect to the step in which a pattern is transferred

to the resist layer 88 using the stanp 89, it is preferable to inpress the

stanp 89 on this resist layer 838 in a state where the fluidity of the

resist layer 88 is high, and irradiate the resist layer 88 in this

i npressed state. By this nethod, it is possible to accurately transfer the

- form of thf0 2% np 89 to the resist layer 88 by wthdrawing the stanp 89
fromthis 8 t layer 88 after hardening of the resist |ayer 88. [0093]

The et hodg by, Wakfblr fshgswl@swtléeyoeﬁs B8 ke d aﬁﬁgltacth‘f?rqaawﬂhé@%ieﬁtté%n ina

state where e sta i'S’ i Mpressed upon e resis ayer

sel ect eqy dﬁﬁyd(ﬁ@ésr @ﬂt ilRfraRYARNhE . drmﬁ%)e afesc&mgaremsl tﬁ@?és?eét%' @ddfntl S
projected fromthe opposite side of the stanp 89, i.e rom-t

non- magrkimbersubatr ahleB0osi elmitrod dtdpedingher® ¢laghat a&npﬁﬁzﬁdﬁﬂabh etheat eri al
is selected as the configurative material of the stanp 89, and radiation is
pr oj ect atbrememidnied srestireempgBSupplyenbea. met hod where radi ation is projected
fromthe side faces of the stanp 89; a method where radiation is emtted by
t her.mal coRHeniuntingiopening andaglpsim operations of dre afarpmeantionesivalvesaend 86 usi ng
radi ati on of hig cond ct|V|ty é\ith respect to aofsolld mat eri-al’ such as hot

wire: amdmPgaValyeioruy2, it ismpssibiedy cg%tﬂ th%ﬁ‘l‘ﬂi’ébé g3s ﬁr%m;s%%grpﬁm@nt s

accur at el tr nsf er t1 e formof .the s (glr ?:?H ﬁt | ayer 88, and
in the St S Y lt*}?é’r?ﬁé%ﬁ? aingygésre‘é"?“‘f ndate? bt e%ta? @ﬁ“ §in the edge
portion of 4, §] mask | ayer 87 can be elim nated, the shielding capability of
t he mask Igiyer 87 relative to injected ions can be enhanced, and the _
formative RhRRBNHd AorcdientibRed BERALAIChIAEGEKARE cRALBE 68823014014 he mask _
| ayer 87 can bé inproved. [0095] It is preferable’that thickness of the
r esi duala tRafhémoh&Seerahatisbees Rsfoih theyesndtid 1afet.er IntthaRfarmatl chéigb@gt t ern
to the resist layer 88 using the stanp 89 be within a range of 0-10 nm By
thi s st meshemiens iare proeided| wiichiden ithrethagueticelapemepnsiresnguthieng ftt megmask | ayer
87, it is possible to elimnate sagging in the edge portion of the mask

| ayer 87ayer nl, ovscrgredistadilayerc apdbieconding enagnetie layernph| both sidess dfythehe mask
| ayer 87, and accurately form recessed portions 83c in the recording
magnet i @OP%“%‘B suRiifatiov ethe magnstyy haver Verptingesiep ds Qﬂ“?%@“ﬁﬁ'@ﬁh@ﬁec
recordin at ;elb 83a due to the mask |ayer 87 can be inproved. [0096]

By usingf PPNt i oned stanp 89, in addition to track patterns that
Lecord or dhiRhk e bfbrahbyt tohe@RAnAAS ShithBert edefl dgﬂhmtag{@éaqp'a BRLYO

~signal patterns suc burst patterns, gray terns, a preanbl e

pat t er Nghah &9ttt serv@?%& fohﬁeth@%}of@wtléfcr SUHIS EHe@J: Gredfindrt e@‘faﬁl@efss aagain

introduced into the aforementioned in-line type filmform ng apparatus 125.

After mappdratng i§ peovided Whighetids ths shat rehfg@ttiante tﬁdwﬁhﬁafbﬁmg dpparéhiis| € t he
non-magneti ¢ substrate 80 nounted on this carrier 4 is being sequentially

t r ans po(ieeheamhey apaskioh appara®y) slovaubj Big dd {The pattoar filinn dornfation esxapnisl €, i n
a treatment chanber of the aforenentioned in-line type filmformng

appar at G8mEdDUL thesertreatment chambagier 88 ont o V\/m ch a pattern was
transferre[% 72]5 shown in Fig. 13.

~ Otherwise, one may also add as necessary a treatment chamber for patterning of the
mask layer, a treatment chamber for carrying out reactive plasma treatment or ion
irradiation treatment, a treatment chambef for removing the mask layer, and so on. By
these chambers, it is possible to manufacture a magnetic recording medium of the discrete
type shown in Fig. 4.
[0075]
The substrate cassette transfer robot 3 supplies a non-magnetic substrate from a

cassette which stores non-magnetic substrates 80 prior to film formation to the substrate
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[ 0098] Next, as shown in Fig. 14, recessed portions 83c are forned by

* partially subjecting the surface of the nagnetic recording |ayer 83 exposed
by the patterning of the mask |ayer 87 toion mlling treatment in a

treat nent chanmber of the aforenentioned in-line type filmform ng apparatus
125. It is preferable that a depth d of the recessed portions 83c provided
“in this i rdin e | [ f - nm and
' ange ‘SR pft AR BHEeals BE bR o gifel PR Shef S bRudie e

than 0. j(nﬁgiéetﬁzf {R6a% PHRYIuAH Ay Bikh tHAS HRED L SHERI Wﬁﬁa mg@%@'reﬁtwélf}%bgﬁgnet ic

recordi ng yer 83 cannot be obtained. Wien renoval depth is greater than.

15 nm tdaember 2AC DS AAED Df The blRrARINBHIyCrobSCEHHIHRE 2 NEBdi tHEsubstrate
deteriorates, and the flotation properties of the magnetic head worsen at
t he ti mrembvataohdtabimbe 23 ah bpermimgtocthe eespedtve dirigkashdmbep andl theinbgrs 51
apparatus. [0099 Next, as shown in Fig. 15, the nagnetic material

conf i gurand@>t whicheper anchelosmibsetpesingayeprogilefls nodi fied to non- nagnetic
~material in three treatnent chanbers of the aforenentioned in-line type
filmforni HY78bparatus 125 by conducting reactive plasma treatnent or

tive ion.jrradiation treatment with.r t to.those places in.the
et e s i R BLAT ST apber 32 EobErhatRy® (RESHL REPL eI gy
t hi t it i bl t i i ng-pat t 83a and
e nop 0fftiontis'BoRRSP bgInt Salrdf B! (N d BN (ol SHNG DL B oS5 21

In the GR%E MAERsiidde TBNIGH CmRY RGeS 5P fihd M-&%%g%gisﬂgsmm&ifﬁpl ayer

83 are nodified by exposing the surface of this rec ing magnetic |ayer 83
to reactfoieatidha@iigneic feeading/Bediany rihingdd G eiel Gt 2 istrb@orédnangd oned
recessed portions 83c as in the present enbodi ment, the contrast of the

pat t er nsubdtratheemaghevbat A2coflk ashipgtchemher83A enleyhehmoariea@detd ther egi ons
83b is sharper than in the case where the surface of the recording magnetic
| ayer 83ubsirai pwyating ehanebert52valigs| asbimg the camise 25vthat was conveiedifropr $he si on
of the aforenentioned recessed portions 83c, enabling inprovenent of the
SIN of tSHBStFRkgiFEIOVEl eBBFPhg nedium As to the reason for this, it is

t hought th@#wgieanup and activation of the surface are pronoted by renoval
of the out t surface portion.of the recording magnetic |ayer 83,

rai sing the. iykty. of {. Y r reactive. ions, and al so

t hat def ecFlsf’{ gla}gtﬁ S\édse %18 evgﬁlgggﬁﬁ?‘g%%%%gyé%oﬁ ? %?ct)l%t ﬁaég %u%tle?nrrgls']?nesw ace
portion fafmihb@ppe&as.di g, @E%%la?gé@é(@évig%of@&dca}ﬁéts%%@ﬂ% Fyegi ons tend to
enter ‘the recordi ng maghetic | ayer 83 through the defects. 101] The
reactive phashdwi haFig & REHLYE6hd CarkiBe2 R4 £ buppbitPlatf?m8) aAB GMsSate
material may be selected as desired, and one may cite inductively coupl ed
pl asma (th@mting pesons 2@ which gt asrvidedRinEhe topnfded dfthé slpportAdatformc2d. ve i ons,
one may cite the reactive ions existing within the aforementioned

i nduct i vel Pthesdiisedaroploasnegnstic sebstraicy mauptedsingbeng supgraghountingspartiensct i vel y
coupledéglasna, one qu ci.te high-tenperature plaspa which is obtained such
that pl 2Jrf§ FERESHYRLYiSEOWR IR Bierhresent cbrslipeniasis st Ui fagetion sypsiate23d t hen

Jon' le heat i ted b d ts wi.thin the pl b
i gh- 1 1l arep R e SETEe 7 e B O B PO B 2 S s i gh
e'eCtro%oﬁﬁ%ﬁh&ﬂgg@ﬁﬁ%ﬁﬂ%Bh?S highly efficient nodification of nmagnetic

W

properties over area of the recording nagnetic |ayer 83 conpared to
t he case oﬁmqg ufacture of a magnetic recordi ng medi um of the discrete type
usi ng conventional ion beans. :

The substrate mounting portion 27 is configured to include a plate body 28 having a

thickness that is 1-fold to several fold of the thickness of the first and second film
formation substrates 23  and 24, a circular through-hole 29 which is a slightly larger than
| the outer circumference of the film formation substrates 23 and 24, and multiple support
members 30 which are provided at the perimeter of the through-hole 29 and which project

toward the inner side of the pertinent through-hole 29.
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- [0103] = Reactive ion plasma is highly reactive plasma i'n which reactive

* gas’'such as 02, SF6, CHF3, CF4, CCl4 or the like has been added to the

pl asma. By using such plasma, it is possible to achieve nodification of the
magneti c properties of the recording nmagnetic |ayer 83 with a higher degree
of efficiency. [0104] @ In the.present invention, the recordi ng magnetic

| ayer 83 i s nodified by expgsi the regordi ng,magnetic |ayer, 83 that has
‘been for nedh¢ dFteaR iﬁ?@orﬁfafﬁ%?gﬂat‘iog ﬁf’%éfrétf:%lgpe aﬁﬁa%_taﬁf’sg i“FtchF’i on be
achi eveq by .a. reaction, of the etjic netal nfA quri ng.the r rgin

magnet i ghlloé %P°l§§%gh8m% ﬁgg%eo%{smgﬁe PO #%P}%%%r ge%%r iﬂ%/ee'gd eag%qﬁgfﬁ%] ) In

this caggm£%atmbesidn3tng 2&%??{5&29&& G \"égt?cag: ﬁ&&ﬁé@{iﬁ aGRHSRHerd ¥ H%in

infiltration of atons or the e In the reactive plasma into the nagnetic
netal, sughcedSf thhQubdidsdsal3 ahd Batdis Paniilel RE tHPGIRGkLE JTedrality)s BYamged; the
conposition of the magnetic netal is changed; oxidation of the magnetic

nmet al i strpeofeptiteeainnsurfacel ofjthef firshendreggoad ifidmnfetrahtiorssybetrites AR cind 24
silicification of the magnetic nmetal is perforned; and so on. [0106] In
parti cultbat aré moistedh o ther uitier 25care riraiged in hbgmmaernd odithg topegereef the bepport 83
.-such-that oxygen atons .are included in the reactive plasm, and_reaction of

the oxy@ioRmoifs sp @s thbe preximately rbpgenahty thedomndashefithe sHPPATt PEERIMguri ng

the recqrdi ng magnetic |layer 83 is caused. By partially oxidizing the
recor di %&’ ?Higsr?eqsiq%%PSS}éPp%ﬁ{mqt‘f yithe Sﬁﬁ?s‘ﬁmee to efficiently reduce renmanent
rragnetizatt)o%t) s well as magnetic coercive force and the like in the

oxi di zed -portion. It is also possible to shorten the tine for formation of
the magnet g g @Wiﬁl!ﬁgg $Hahd RiPediie tRtrhR h&eRGLs s 69'99%%-19[a9%g?dvided It is
al so preferable to intlude halogen atons in the reactive plasma. As hal ogen
atoms, it Swdsippbi Pladforiis R6 SFHEERGINAwIdh tHE BarfieAL 9 IS the Cafvdlah&odifeclibRNs May
be used by adding themto the reactive plasnma together with oxygen atons,
or they Aldhoupk oaddetifrom Fige7y thactdatteerplchsmbersid, 103, UuSel@f180xyd)@A addoons. As
stat ed above, by addi ng oxygen atons and the |ike to reactive plasma, it is
possi bl dave thegdimeyconfiguratigmet Indhp dupang,idéssigiifieshe vaawor pimp thedgeraes ©. | ayer
83 by reacting the oxygen atons and the |ike wth the magnetic netal

conf i gurevagatehibe e fhahegndt red Fapimiigramsy stopporyionalipyerarehe
Furt hos ot g 575 o BRI RbobRp bBamck ol Yo Sl e

oxygen %E()&}%idsﬁ{o%s ?oorttre%glgeen? of etsﬁgstfa?egcl?r;;] %1% %&BL ﬁ??ﬁfaf ist%étﬁégp(ansghg Ic ef modi Ty

t he magne properties of the recor gne ay y reacting

hal ogen at Bqﬁn%'hrﬁeghﬁenﬁ ﬁ'ir&,%e}# ¢ Riglﬁef"é, Ifcrrlaegaf'rngleE’?rfetéaﬁ‘i’ér%'iygthéﬁédea&%tﬁrEt to use

fluorine in su a reaction. eta asons for thi e uncl ear, but

it is thedent pbation Boviabe@RNsolidaifRs iMFih8, fikAGéMm4RioR tRaiRentbE hel In&
inmpurities that are forned on the surface of the recording magnetic | ayer

83, wheriebynduerdswith asspeafto tthee firse dimdfongaticrgnubisirate| 28yar tHe3eft sidd efathésd, and
the reactivity of the recording magnetic layer 83 is enhanced. It is also
t hought cafreer 26he surface of the cleaned recording magnetic |ayer 83 and the

hal ogen atons react .in _a highly efficient nmanner. . )
Next, the carrier 25 moves to a second treatment position shown by the broken lines in

Fig. 7, and film formation. treatment or the like is conducted with respect to the second
film forrﬁation substrate 24 on the right side of the carrier 25 in a state where the carrier
25 is stopped at this second treatment position.

[0080]

In the case where four treatment apparatuses, which respectively face the first and
.second film formation substrates 23 and 24, are provided on the bqth sides that sandwich
the carriers 25, there is no need for such a movement of the cqrriers 25. Film formation

treatment or the like can be simultaneously conducted with respect to the first and second

31



[ 0109] Next, as shown in Fig. 16, after renoval -of the resist |ayer 88
“in tw of the treatnent chanbers of the aforenentioned in-line type film
form ng apparatus 125, the mask layer 87 .is renoved in tw of the
treatment chanbers of the aforenentioned in-line type filmformng
apparatus 125. The nethod of renoval of the mask |ayer 87 and resist |ayer

88 may sel ected as desired, d one use, .for_exanple, dry etching,
react i vg?m(fﬂn’&t’eﬁisHBS,“afeé§3rﬁnaI2ﬁﬁ it el‘g‘f%%menﬁfneéﬁés'so on. [0110] Next ,
as shown :]1:6 gi]g; 17, the protective layer 84 is fornmed on the surface of
the recor 8 magnetic layer 83 in two of the treatnent chanbers of the

af or ement iﬂﬁgrgﬁhﬂ-fbhﬁh%% ngfys't gh& %Eﬂgﬂgﬁﬁpﬁéﬁc{ti‘éﬁ sh%?traté-s?Q% ﬁaaevzar gigscri bed

carbon filmformng net e-used in the formation o IS protective
layer 8femdhat flbfh tie RaRILCE3,VEnd iolngsl GRIRAERE 2§ dnakREh fchibdh Ml bigasf or med
by di sposing the columar nenber 133 with clearance fromthe surface of the
non- magaeduntul sted &tdoat el Qo tievahingtchagbérdtBA.i nterior of the filmfornmation
chanber, and emtting carbon ions. [0111] After using the aforenentioned
i n-1ine typPeydenlphasiorivitiny gapprted insidd 28, ashing dhainbecdd jusiggfoxly geregasithatf or med
~on the outernost surface of the non-nagnetic substrate 80 using an
 appl i cats Birodyssd fomy3 giveaplacs imthe ashipgshambeddA-n the drawi ngs. As the
| ubricati agent faor use in this lubri ing. film8 one may cite

~fluorol ub%%ggém%%%ﬁ%mﬂ HBY ?98%?&%?110%11’8? gnmotﬁéﬁ}f?ésa@?uréﬂa{egé’non. The
| ubricat, n il 5 i.s.ordi narily. f.or 0 t hi.ckpe f~A-4. N .. By
carryi néheo apﬁg} g&‘eocl’?1 enen ?8?1(({3{ esﬁaébﬁ)él%?} a?cg Sggéssilgﬂeé?o&n%(% B udr%aS t he
aforemag%[{lgvr@d magneti c recordi ng nedi um of the discrete type shown in Fig.
4. [011 The carbon filmform ng nethod which is a preferred enbodi nent
of the pregggp) i nvention has a configuration which includes: a step in
which - inside a filmformation chanber 101 provided with a fil amentous

cat hode el Nektt addestBftiomris ggivae o€l the tstepdén babiclditbp cdedmantened tlagngier i net er
of the cathode el ectrode 104, and a substrate hol der 102 di sposed at a

posi t i omedonding i medimpaphitte discoete ttiipe chownda Bigecd nodeanufastured usingk the ke
substrate D that has a central aperture 131c is disposed in the substrate
hol der. @éremgrtionsd wdimeab@e 10l TPENigE RPPRtalis; hed dMEBBSHEErIHEE BEHHBde

el ectrode 104, and a col ugﬂar ) Eenger that has a dianeter dl1 equal to or

gr eat er Y clprg ARBRams yroRn iHEE-oF or ement i oned central aperture 131c and
t hat has a@ggfht 1 equal to or greater than the aforenentioned dianeter di
is disposed With clearance fromthe aforenenti oned cat hode el ectrode and

the af orenppgi %g& ﬁlﬂgs}fséhﬁnﬁenédh%-nh& Stg?@”ﬁfn?' foRhhry GPphrinS0axs akhat th a

central axis Cl substrate D, one its circular surfaces 133a is

- ori ent egiohGM@netid Bebsalchsodie hedd 616 tHddarrianeh, ialfter Ghlt@rthe niagtttad lager face
133b is parallel to the aforenentioned surface of the substrate D, and a
step i n 8whicomposedhadnhd sdfimnbgnekionaged 8 bninnecdiateflayse 88fand hexosdibg tragheticD by
causing em ssion of carbonions fromthe cathode el ectrode 104 side toward
t he subdayeat8d, End ithbepmtactive lansr 84t are isoqueptialiyh dantinated fontarhethondesheintbes 101
has been evacuat ed. Consequently, by rectifying the igon beans and the.

pl asma inogenggnetie spbstigies 89 prhale; i is Frwg ssaueivallpanayeypd AmenghleBREBI r ati on
of carbon jons lltlmtl?t fly to the surface 131la of the substrate D fromthe
directi éﬁaﬁ%%é ¥-ar to the surface 131a, prevent w ap-around of carbon
ions, and fiarm.conmpact ~carh il o)z ity and
oot hness TEhi TRRe REERTRSHchis Hhbilt 1137 o3, Mab CBRLAE cunfih OFLds

concent riﬁa%eﬂ?%rgf el t?rfbn'?‘%Q%né&Qe@'vﬁﬁ{ni‘es?Ecttfb?tlﬁ?%&ﬁ‘hin@pﬁ%%xgéti% h3dc gaf the

substrate y preventing tenperature increases Int porfion 131d

whi ch iavﬁqhw&)}eqﬁemagﬁédco&ogénremfc ib@ PR retoRdiAd Ifagiktit Neys B Lrat e D,
it is possible to reduce the growmh speed of carbon filmin-the portion

131d at rhédifiet|grefefablhbeingnhodifiedfamt wiazn2@d maxdrid he mubsignatie nijterdald f or m
conpact carbon filmthat has a high degree of planarity and snoot hness, and
t hat hasntifgimingtiithmsegnetic recording pattern 83a composed of residual magnetic material. -

- Or portidns of the recording magnetic layer 83 are removed by*é'tching to form the

magnetic recording pattern 83a formed by residual magnetic material.
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- [0113] The carbon filmform ng nethod which is a preferred enbodi nent of
‘ the' present invention has a configuration wherein-the central aperture of
the aforenmentioned substrate is circular, and the dianmeter dl of the
columar menber 133 is from1-fold or nore to less than 1.5-fold of the

di anmeter d2 of the central aperture 131c of the substrate D. Accordingly,

it ible to di e t | . 3 that onl d

port on 1300 UTDe “BBh T MOSIRPHPEL IsHEe rPe, HE JOBLe AEaB e tieior t i on)
i hi el . i of i " h i 131d at
the edgia s s RERSRd Ah BCRETeSbn AL BBpmbi Rubfled BF R GHRRC 20g
smoot h. [k W after HIR ©AOAX ddind™d B5pHcAGoBdaeAudihiA ik ﬁolaillﬂgt?eftﬁrg fxﬁd

enbodi ment of the present invention has a configuration wherein t ei ght.

1 of thehedtawingd, theeberenddhg SbthindivnB-ofahe MBorefRhGoried Mabmitid Rcb@idh of the
di aneter di of the columar nenber 133. Accordingly, it is possible to nore
pr om nemiddyurnish@avmirt Fig. @f f ect of rectifying the ion beans and pl asng,
better prevent clustering of ion beans and plasma at the central aperture
131c of th¥08tbstrate D, further raise plasma density and the concentration
of- carbon jons_that fly to the surface 131a of the substrate Dfromthe
directi on PREHERHYc theapforgnentioned, magngtic saeprdige fpedinm eh b discratentyifat has

ons 8 SR B e B b eSS A A Wi Pl R et o
0 & Ll b § HetHbaaAl CHEi L 0P od ment
col ummar” e RSB PR e el M SPud REOAD, ol SEMANGT 51, or

| ess. Aggaedhinghbyeferablel thatPR8feh€bé QARRUL sithi@abdbuskN&s Dol sifdd B i1 min
the portion 131d which exists at the edge of the central aperture 131c of

t he subsibfiahanBictbstptaBar - Mot eseEiL, Oaig 1 Driudtake o8B BAd sfdel 6T @e hi gh
har dness. [0116] The carbon filmformng nmethod which is a preferred
enbodi manh-nodgnetesybseste 80 onrwlach treatmleatsis pedfomiddgur at i on wherei n t he

col umar nenber 133 is disposed with ungrounded potential. Accordingly, it
i s.possi bl @082] arrange matters so that the flight of carbon ions is not
prevent ed, __and forrtnfi ne carbon filmthat has a high degree of planarity
and snoot hY&§8 Mg iachiing il Waghetisdeeridwg mydipmy %‘%ﬁtqlﬁ‘@etﬁ HaEpes lﬂg?taé@ 131a

o 1 SRR Rt RTR AR R S GEM R R RE b L5
e ks G 0 SoPrS3ANLe LIMER, 1 82 S0l AU SRR SLLRY o | ons

the cat hgdlRdalyant iR heaf, BYsteeGhHig oi scharge between the cathode

el ectrode 104 "and anode el ectrode 105 are accel erated fromthe cathode
el ectrode [D086}si de toward the substrate D side to formthe aforenentioned
ion beans by the application of voltage between the substrate D and the
cat hode el Netty adshov@ddindiig.alodenaskdeayar 8das feimedAmcthe décogdiyg magnétic jagasi bl e
to form conpact carbon filmthat has a high degree of planarity and
- snoot hné3s, imthds mask 1qy§g 8MAi HHs neaferablesto use material including any one or two or
' more types selected from a group consisting of Ta, W, Ta nitride, W nitride, Si, SiO,, |
TayOs, Re, Mo, Ti, V, Nb, Sn, Ga, Ge, As, and Ni. Arhong these s'ubstances, it is
preferable to use any one or two or more types selected from As, Ge, Sn, and Ga. It is
still more preferable to use any one or two or more types selected from Ni, Ti, V, and Nb,
and it is even more preferable to use any one or two or more types selected from Mo, Ta,
and W.

[0087]

By using such material, it is possible to enhance shielding with respect to milling ions

by the mask layer 87, and enhance the formative properties of the magnetic recording
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[0118] .- The carbon filmformng nethod which is a preferred enbodi nent

‘ of the present invention has a configuration wherein the aforenentioned
carbon ions are forned by heating raw material gas containing carbon that
has been introduced into the filmformation chanber 101 by the cat hode

el ectrode 104, and by causing electric discharge between the cathode

el ectrode, 104,.and-anode el ect.r ode ,105. cor di ngl At is possible to form
conpact %gtetlerrgi)kr? 4 F%tnl?wreng%rt esw%?agggsf%gﬁ{#e Bﬂ'a%/{zél?lflg ﬁSIQﬁ&e@ﬁﬁf)g?ﬁ’létss, and
t hat has hj rodi han film.form thod which is
2 pr of or B IIp 36 PHRES eyibie thd reduck nCBERAR I M QHALTR T 00 nerei n
the af orgddedihg AH¥Afine 3aR reifNE] GtRe AfaSiEla§EL2¢ed from the cathode el ectrode
104 side toward the substrate D side due’to the application of voltage

bet ween t h@osgipstrate D and the cat hode el ectrode 104 or anode el ectrode
105. Accordingly, it is possible to formconpact carbon filmthat has a

hi gh degr elacuientallpnashien yfoemihgstime odfhreesntionsid ntaklatlayers8 hi ighis hecesassto [ 0120]
The carbon filmformng nmethod which is a preferred enbodi ment of the

pr esent Paigranttheonmagks giyeronﬂ gusing,i dar wekamley @ peneEmittingagneth¢d) 2109 is

di sposed. so,.as to. surround the anode el ectrode 105. Accordingly, it is
" possi bl Qh?t(?hfe}'t?lgfﬁpéﬁr%%]&?‘{j@é tE%HE i Idﬁ?a'tt st HRsPattcHiRg the matk: Bxeo87 BY dnari ty

and snoot hness....and t.hat has hi.gher, hardness. 211, . ...Jh '

mmanet | LRAERRaREMARR, ARG REERRY et Ro it 5 Gk 1 peeme
embodi mgpd.. then I nwent d - [ ti,QN i ¢ch.incl ud a step
in which tf’ue nadgﬁgfﬁgh]ela@\g?{%% ﬁi}ﬂ fsf gﬁnn%grgghgéépgl 1eZ§SP g\%hgehtshﬁef zgc%ecg%;rs t he

~ non- magRaiekea IQEATELINES we@strate 80, and a step in which carbon filmis
formed on the magnetic |ayer 810 using the previously described carbon film
form ng nef0b8?]. Accordingly, it is possible to manufacture a magnetic
recording mediumw th high recording density by formng fine carbon film
that has aConsgmetdlyr e thsf prebenn @mibodinaemd, Swosinhmegstiantbitad 8ham vhiph
hardness as the protective film84, since such a protective film 84 can
have t hifermagipe Rarkesngaaducied wroibe recheding wagraticdayan 88 ghremsfved hacanfigmet i ¢
head. L‘(ghlﬁZZ]_ The carpon fil mforn‘i?rjtg algparatu_s which is_a preferred
embodi 1“61Fnet7¥866ﬁ’é‘s MEnIRMEAEh [ s 25 S JuFi ildn Withi Tesperhtd thdes a
filmfornation cha r, 1 capabl.e of pressure reduct.ion, a.filanentous

cat hode "8F B Sfe S p{gﬁ i g% 5%@3’# ASed e‘?‘ﬂﬁe‘f ?‘Pm figs r‘r%f{hf‘?) Réh gﬁfﬁ efgnﬁ’é‘%, an
anode e 0 I J. cat . , strate
hol der %@%ﬁ{l}?gggé’e% r%}tl& g&%gggsﬁsgg&f ﬁ%@l%ﬁs&s@%gﬁgﬁéeggﬁ %ﬁflég%c%rt%ﬁ%%g _

el ectr ogftildd, ForCelcurRad 1apEDLES, 18% giréf@ﬁsrédt@alswegr}nat%alsHﬁ%_téxﬁib‘ftshol der
102 and the cathode el ectrode 104, a first power source 106 which heats the
cat hode hadderdbilitgtedub(d fagiatdoe egpasatd. OlFor @xSapRNInd MG uss AiMr&801E0 furdblieCh
produces el ectric discharge between the cathode el ectrode 104 and t he anode
el ect r othsin1 9%h as psferacrylatesl apboystic sporysend@Baombsioandspant s a pot ent i al

di fference between the aforenmentioned substrate hol der 102 and the cat hode

el ectrode [#8%0]or the anode el ectrode 105. Consequently, by rectifying the

i on beans ,and thﬁ gl aslqa iésgl f, the col umggtr? menber 133 is able to raise
pl asma denSPy2SSRAWE A Figo h At PegatiyR Paftere of Bisimagnstc recqrding patiesn 83issur f ace

.131a of . th upstrate.D.fromthe directigQn rpendi cul.ar t.0 e surface,

i nhi bi t“\%?sg%‘?%‘fr)%’ut%‘g r%sfsl’-‘)éaa"reﬁ R USEies SR o #ﬁ&g‘f?%“ ‘83’%“6&#&‘51 H:intdfﬁifeshas a

hi gh de i S i

Vbe Boverietfo R BPR dains, SEALIIGRPSo. HE phBhalAS Wb BRSO AR

aper t ur g Bi385 Sdrmlchle SHRREAADRE BiysaNNIRERNE NWyith §ERREAIUME d& %ésbﬁsi_sit n the
o S

edge portion 131d of the central "aperture 131c of "the substrate

possi bl podsibl¢ edumeloy atagipint Whishaedgaiveqatbons fbdiedabortiRnedaeo Rankton 131d
of -the central aperture 131c of the substrate D, and form dense carbon film

t hat hasecardigtracksgmez notal gllaia afi foy ezamiplsNobh theslike sty 4 hatthddasachiagh
har dness. EXAMPLES '
electron beam lithography. There are no ‘particular limitations on the material of the
sfamp 89, provided that it has hardness and durability which are capable of withstanding

the aforementioned process.
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[0123] The present invention is descri-bed belowin detail based on

U enbodi rents. However, the present invention is not limted to these

enbodi nents alone. (Exanple 1) First, an alum num substrate was prepared
‘by performing NP plating on a disk-1ike substrate which served as the
non- magneti c substrate (hereinafter "substrate") and which had an external
di anet er if g 5 inches and an aperture at the center (external dianeter: 95
nm centr 00 I;Jerture dianeter: 25 mM). - Next, in a treatnment chanber

provi ded iﬂuér%e?riyéﬁelritﬁ'eg %t%% RE %@h@%%&@r@%%&@&&%&% tﬁg'? tg{}'e}: 39 'llSiZl whi ch

can be option sel'e ayer was forme sequen?i ally

| am nat g 85! EBOARNAfer |sBYE i &RATBP I AliaFECAR: W ddkecftdlds dBH fEness of

60 nm an Int iate | ayer conposed of Ru wth a filmthickness of 10 nm

and a r geRbsisNef MaERRINC tHeayRlst AoyR0sEd Dhe AR CreféRRtedl B&icORdalale@y Wit h
a filmthickness of 15 nmonto both sides of a substrate nounted on a

carri er ekaemagnebmr eaiuthenuide 8tiise\of the teaxduch i beat wbhyst vaibde tphtwlaygh t he
magnetic |ayer was formed was conveyed to a treatnment. chanber which is
di sposedltwividiétrays)X-rays, andeganypardyis| nitfroaynbaselentgshasadesised ievardingitohg. 7 and
whi ch has the apparatus conf i,%_ur ation simlar_to the filmfaqrm 2‘9 appar at us
shown i Magsrigl that s epplopedj (Withgespegitosypteriplayhich [eshibits hardepabikityeduertaat nent
chanber which has the, appar.atus configurati.on sim.lar to the,filmfaorm ng
ppar at BRB PR HEBICR 6 el iedogi R Sl s Bhatrdys. 454 loaioish
chanber VANE i - was used wherein the material of the chanber
PSR RS AG

wal | was d an external dianeter of 180 mmand a |length
of 250 mmppgg2iA coil -shaped cat hode el ectrode conposed of tungsten with a
| engt h of approximately 30 mm and a cylindrical anode el ectrode surrounding

t he peri memeart@uldr Witk adspedieo elcatdp iadehites Patiirh V4 Ha@fancd o hebssttiagat ment
chanmber. As the anode el ectrode, an el ectrode was used whose materi al was

SUS304, 8andingtthe btamadB9ait ieptaferable tdiimprsse theaftanig 89 wmthiamesist 1dyen§8in of 40
mm [0125] In addition, a cylindrical permanent nagnet was arranged so as
t 0 sur r statedwhdre the fluidity of the resist layer 88 is high, and irradiate the resist layer 88 in this
- impressed - state. By this method, it is possible to accurately transfer the form of the
stamp 89 to the resist layer 88 by:withdrawing the stamp 89 from this resist léyer 88 aﬁef
hardening of the resist layer 88. |
[0093]
The method by which this resist layer 88 is-irradiated with radiation in a state where
th’e stamp 89 is impressed upon .the resist layer 88 may be selected as desired. For
' example, there is a method where radiation is projected from the opposite side of the
stamp 89, ie., from the non-magnetic substrate 80 side;. a method where
rédiation-pe’rmeable material is selected as the configurative material of the stamp 89, and
radiation is projecfed from this stamp 89 side; a method where radiation is projebted from
the side faces of the stamp 89; a method where radiation is emitted by thermal conduction
via the stamp 89 or the non-magnetic substrate 80 using radiation of high conductivity
with respect.to a solid material such as hot wire; and so on.
[0094]
By using such methods, it is possible to accurately transfer the form of the stamp 89

onto the resist layer 88, and in the step in which the mask layer 87 is patterned, sagging in
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“perineter of the chanber wall. The pernanent nmagnet had an internal

di aneter of 185 mmand a length of 40 nmm and the anode el ectrode was

di sposed at its center, and S pole of the magnet was provided on the
substrate side, while its N pole of the nagnet was provided on the cathode
el ectrode side. The tot al magnetic force of thi S per manent magnet was 50 G

s sei o Epaien O BCRaR FRATS Taab 8F FRRERET Bo el bl Sriber of
26, . nm Mka}%le?%gtljalam'e Jc(QQn %d"ﬁﬁs cgﬁ%e%ﬁz ?dan\ﬁ! tIhQ f@nﬂtﬁ/@ﬁgtfe 1&f%f10 m

fromthe cat ode el ectrode so Its cent axi s was coa

central tﬁéhﬁgﬁ&w&%r&ﬁ?%ﬁﬁé’ﬁ%i%a andltosfe sk la‘?@ﬁS'Péz{nodéllﬁf rédf ace was
oriented toward the cathode el ectrode, whilé the other circul ar surface was

paral | el t@oese surface of the substrate. The col umar nenber was hel d by
three rods made of SUS304 with a dianeter of 3 mmthat were attached to the
t r eat nent Bhampbeferablzl that {hixkazds of thilardiduab pottent §8acof thy aesistclapgrodie dfterf
carbon filmwere respectively fornmed as follows on the magnetic |ayers
formed d&anger pf dedagemstorthe resish dayenBé using thestamp 89rbawithine taage ghe-18hi ch

. s gasifie Luene was. i ptyoduced fr as inlet tybe into the film
format 1519# crEh e S, Be bRuT qsarhbeﬁfpa&e%are R iripaihs BEskiagerdde
Carb f n . of - 3 vvas the 1Qr e netic

I a)r/e(r)nof1 es\%ol%lg os(ﬂlrlﬁillg%eé g hip ﬂfeh 2 ; q%ﬁ??’s?f r@t ém%rove

res ect f reea of 0.3
e B TR S S SRR,
cat hodereiees“earp&ﬁo@m@3& he taeqé&)rellngcm@%c 1@&@033! CMekov Bt theffodlafR e\, and

ion accel eration voltage of 200 V, and Subsequéntly, the :

magnet i ropeetiysdof gharadigh e Recohding pattbm Gazi bme foi tha wask floferesy chxaepl e 1)
was renoved. [0128] <Filmthickness neasurenment> First, using a
convent iimpedvedi | m t hi ckness neasur ement appar atus, average film

[0096]

By using th'e. aforementioned stamp 89, in _addition to track patterﬂs that record
ordinary data, it fs aleo possible to form, for example, servo signal patterns such.as burst
patterns, gray code patterns, and preamble patterns.

[0097]

Next, the non-magnetic substrate 80 treated is agein introduced into the
aforementioned in-line type film forming apparatus. 1,25'. After mounting the
non-m‘éi'g'heti'c' substrate 80 onto the carrier 4, while the non-magnetic substrate 80
mounted on this carrier 4 is being sequentially transported, the mask layer 87 is subjected
to patterning, for exaﬁple, in a treatment che.mber of the afofementioned in-line type film
forming apparatus 125 using the resist layer 88 onto which a pattern was transferred, as

~ shown in Fig. 13.

0098] |

Next, as shown in Fig. 14, recessed portions 83c are formed by partially subjecting the
surface of the magnetic recording layer 83 exposed by the patterning of the mask layer 87
to ion milling treaﬁnent in a treatment chamber of the aforementioned in-line type film

formihg apparatus 125. It is preferablé that a depth d of the recessed portions 83c
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t hi ckness of the carbon filmformed on the two sides of the magneti c
recordi ng medium on which carbon filmwas formed (Exanple 1), was
measur ed. Next, average filmthickness of the carbon filmof the edge
portion of the central aperture of the substrate (at positions on the outer
circunferential side at nmfromthe central aperture of the substrate)
was neasure Aver age f|| n - of ed rti on, f the, central
~apertur ErQYf‘geldHE tE’GHET‘?%P‘é AL 15% ary8§<§r§‘r§1e %@angﬁ?)(gigpfn{nhtgn fﬂ‘@ lfage
filmthickne f.th n [ romthe.
T B |16 n%laﬁsaﬁlg]% prfefer%gé O\;V%gll rérgé‘?ﬁl ngl %ﬁé@ ® s?r&ler tha! :ﬁ‘Qﬁf tnnI

condi t i € shown ic recor carbon
filmwa ({e@@mq as
Exanpl eégéasgﬁ)@equent I %/%r%%%ﬁ%iﬁedgﬂ%tggh{eégg%?deﬂgcérﬁﬁltgﬁ?%agﬁaﬁlgﬁner as
Exanpl ebd oblaihled0] Wiednieaioahll depttEisagrpater thin 15 riahé shrfaue sustitfesdof the

coi n-shaped shield with a height of 3 nmand a dianeter of 26 and with a

¢l ear anemgoéticli@condirfg oadi tinadetarionaeks and detficaén mopeatieedf the magoetd pdmedi um
on which carbon filmwas formed (Conparative Exanpl e 1) was manufactured in
t he samevomemraéthedimEsEmpiufadureSiiwenagnetic yecofdingandiepiadusingpparafuiénent was
conducted in the same manner as Exanple 1. Average filmthickness of the _
edge portil@R98F the central aperture of the substvr ate vvas appr oxi mat el y 12%

~ thicker t th th k f. r.b r
(Compar at | SEUERSHG ByFie: | e PR Balir GENBY Aiiea e rpa@leeal urmar

mb 5
gger'? lrjrttla%ﬁ 48l3he ‘{\ded(f e AO%SIrﬁm%aﬂF |%Qt§g%10rmlggne Fﬁ%%ltggh%\]h%c%%t{ on film

su rate car
was for grfed COIARE ahlike tﬁ)@m}h ForlingBppamii| BSt by 8shdulti feat AU plEafiaC! as
Exanpl e 1. Subsequently, I mthickness was neasured in the sarre manner as

Exanpl e trkatment or reactive ion 1rrad1at10n treatment with respect to those places in the magnetic -
| recording layer 83 that are not covered by the mask layer 87. By this method, it is
possible to form the magnetic recording pattern 83a and the non-magnetic regions 83b in
the recording magnetic layer 83. |
[0100] |
In the case where the magnetic properties of the recording magnetic layer 83 are
modified by exposing the surface of this recording magnetic layer 83 to reactive plasma or
reactive ions after provision of the aforementioned recessed portions 83c as in the present
embodiment, the contrast of the patterns of the magnetic recording pattern 83a and the
non-magnetic regions 83b is sharper than in the case where the surface of the recording -
- magnetic layer 83 is exposed to reactive plasma or reactive ions without provision of'the
aforefnentioned recessed portions 83c, enabling.improvement of the S/N of the magnetic
recofding medium. 'As to the reason for this, it is thought that cleanup and activation of
“the surface are promoted by removal of the outermost surface portion of the recording
magnetic layer 83, raising the reactivity of the reactive plasma or reactive ions, and also
that defects such as holes are introduced into the outermost surface portion of the
recording magnetic layer 83, and that reactive ions tend to enter the recording magﬁetic
layer 83 through the defects.
[0101]

~
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The obtained results are summarized in Table 1. [0132] Table 1 Substrate
Col urmar nenber Di stance between col ummar nenberand substrate (nmm
Aver agefil mthi cknessof edge

The reactive plasina that is employed in the modification to non-magnetic material
may be selected as desired, and one may cite inductively coupled plasma (ICP), reactive
ion plasma (RIE), and .the like. As reactive ions, one may cite the reactive ions existing
within the aforementioned inductively coupled plasma or reactive ion plasma.

[0102]

- As 'inductiv.ely. coupled plasma, one moy cite high-temperature plasma which is
obtalned such that plasmafication is performed by applying high voltage to gas, and then.
Joule heat is generated by eddy currents w1th1n the plasma by a ‘high- frequency variable

| magnetic field. Inductively coupled plasma has high electron density, and enables highly
efficient modification of magnetic properties over a wide area of the recording magnetic
layer 83 compared to the case of manufacture of a magnetic recording medium of the
discrete type using conventional ion beams.

[0103] |

Reactive ion plasma is highly reactive plasma in which reactive gés such as O,, SFg,
CHF;, CF4, CCly or the like has been edded to the plasma. By nsing such plasma, it is
possible to achieve modification of the magnetic properties of the recording magnetic
layer 83 with a higher degree of efﬁciency.

[0104] |

In the present invention, the recording magnetic layer 83 is modified by exposing the
recording magnetic layer 83 that has been formed to reactive plasma. It is preferable that
this modiﬁcation be achieved by a reaction of the magnetic metal configuring the
recording magnetic layer 83 and the atomo or ions in the reactive plasma

[0105]

In this case, examples of the reaction ‘include reactions caused due to infiltration of
atoms or the like in the reactive plasma- into the magnetic metal, such as; the crystal
structure of the magnetic metal is changed; the composition of the metgnetic metal is
changed; oxidation of the magnetic metal is per_formed; nitriding of the magnetic metal is
performed; oiliciﬁcation of the magnetic rrietal_ is performed; and so on.

[0106]
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portion/average fil nm hicknessof carbon film External diameter (nmm Central
apetture dianeter (nm) Dianeter (m) Height (M) Exanple 1 95 25. '

In particular, it is preferable to oxidize the recording magnetic layer 83. such that
oxygen atoms are included in the reactive plasma and reactlon of the oxygen atoms in the
reactive plasma and the magnetic metal conﬁgurmg the recordlng magnetlc layer 83 is |
caused. By partially oxidizing the recording magnetic layer 83, it is possible to
efficiently reduce remanent magnetization as well as magnetic coercive force and the like
in the oxidized portion. It is also possible to shorten the time for formation of the
magnetic recordlng pattem 83a by the. reactive plasma.

[0107] |

It is also preferable to include halogen atoms in the reactive plasma. As halogen
atoms, it is particularly preferable to use F atoms. The halogen atoms may be used by
adding them to the reactive plasma together with oxygen atoms, or they_may be added to
the reactive plasma without use of oxygen atoms. As stated above, by adding oxygen
atoms and the like to reactive plasrna, it is possible to modify the magnetic properties of
the recording magnetic layer 83 by reacting the oxygen atoms and the like with the
magnetlc metal configuring the recordmg magnetic layer 83. By having halogen atotns
1nc1uded in the reactive plasma at that time, such a reaction can be further promoted.

[0108]

On the other hand, even in the case where oxygen atoms are not added to the reactive
plasma, it ié possihle to modify the magnetic properties of the recording magnetic layer 83
by reacting halogen atoms with.the magnetic metal. It is particularly preferable.to use
'.ﬂu'orine in such a reaction. The detailed reaeons for this nre unclear, but it is thought that
the halogen atoms in the reactive plasma etch the impurities that are formed on the surface
of the recording magnetic layer 83, whereby the surface of the recording magnetic layer
83 is cleanied, and the reactivity o‘f the recording magnetic layer 83 is enhanced. It is also
thought that the surface of the cleaned recording magnetic layer 83 and the halogen atoms
react in a highly efficient manner.

[0109]

Next, as shown in Fig. 16, after removal of the resist layer 88 in two of the treatment

chambers of the aforementioned in-line type film forming apparatus 125, the mask layer
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87 is removed in two of the treatment charhbers of the aforeméntioned in-line type film
forming apparatus 125. The method of removal of the mask 1ayer 87 and re.s'is't l'ayer 88
fnéy'be seiecfed as “desired, and one may usé, for example, dry etching, reactive ion
etching, ion milling, wet etching, .and SO on.

[0110] |

Next, as shown in Fig. 17, the protective layer 84 is formed on the surface of the
recording magnetic layer 83 in two of the treatment chambers of the aforementioned
in-line type. film forming apparatus 125. The abovp-described carbon film forming
method may be used in the formation of this protective layer 84. That is, a protective
film composed of carbon film may be formed by disposing the columnar member 133 .
with clearance from the surface of the non-magnetic substrate 80, evacuating the interior
of the film formation chamber, and emitting carbon ions.

[0111] |

After ﬁsing- the aforementioned in-line type film forming apparatus 125, the
lubricating film 85 is formed on the outermost surface of the non-magnetic substrate 80
using an application apparatus that is not illustrated in the drawings. As the lubricating
agent for use in this lubricating film 85, one may cite fluorolubricants, hydrocarbon
lubricants, mixtures of these, and so on. = The lubricating film 85 is ordinarily formed to a
thickness of 1-4 nm. |

By carrying out the . aforementioned steps, it is possible to manufacture the
aforeménti;med magnetic recording medium of the discrete type shown in Fig. 4,

[0112] |

The carbon film forming method which is a preferred embodiment of the present
invention has a configuration which includes: a step in which — inside a film formation
chamber 101 provided with a filamentous cathode electrode 104, an anode electrode 105
disposed around the perimeter of the cathode electrode 104, and a substrate holder 102
disposed at a position that is separated from the cathode electrode 104 — a disk-like
substrate D that has a central aperture 131c is disposed in the substrate holder so that one

surface 131a is opposite the aforementioned cathode electrode 104, and a columnar
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member that has a diameter d; equal to or greater than a diameter d, of the aforementioned
central aperture 131c and that has a height 1 equ'a_l' to or- greater than the aforementioned _'
diameter d; is diéposed with clearance from fhe aforementioned cathode electrode and the
aforementioned substrate so thaf its cgntral axis C, is coaxial with a central axis C, of the
substrate D, one of its circular surfaces 133a is oriented toward the cathode; eléctrode_ 104,
and its other circular surfacé 133b is parallel to the aforementioned surface of the substrate
D; and a step in which carbon film is formed on one surface of the substrate D by causing
: emissioﬁ of carbon ions from the éathod_e electrode 104 side toWard the substrate D side
after the interior of the film formation chamber 101 has beeﬁ evacuated. Consequently,
by rectifying the ion beams and the plasma itself,_it is possible to raise plasma density and
the concentration of carbon ions that fly to the surface 131a of the substrate D from the
direction perpendicular to the surface 131a, prevent wrap-around of carbon ions, and form
compact carbon film that ha-s a high degree of planarity and smoothness, and that has high
. hardness. Moreover, by preventing concentration of ion beams and plasma at the cent_ral

aperture 131c of the substrate D, and by preventing temperature increases in the portion

131d which is the edge portion of the central aperture 131c of the substrate D, it is

possible to reduce the growth speed of carbon film in the portion 131d at the edge of the

central aperture 131c of the substrate D, and form compact carbon film that has a high

degree of planarity aﬁd smoothness, and that has high hardness.

[0113]

The carbon film forming method which is a preferréd Iembodiment of the present
invention has a configuration wherein the central apertﬁre of the aforementioned substrate
is circular, and the diameter d; of the columnar member 133 is from 1-fold or more to less
~than 1.5-fold of the diameter d, of the central aperture 131c of the substrate D.
Accordingly, it is possible to dispose the columnar member 133 so that only the end
portion 131d of the central aperture 131c of the substrate D (edge portion) is shielded, and -
render the thickness of carbon film in the portion 131d at the edge of the central aperture
131c of the substrate D moré planar and smooth.

[0114]
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The carbon film forming method which ‘is a preferi'ed- embodiment of the present
inQention has a configuration wherein the-height 1 of the columnar membef 133 is from
3-fold or more to within 6-fold of the .diameter d; of the columnar member 133.
Accordingly, it is ﬁossible to m.ore prorﬁinently obtain the effect of rectifying the ion
beams and plasma, better prevent clustering of ion beams and plasma at the central
aperture 131c of the substrate D, further raise plasma density and the concentration of
carbon ions that fly to the surface 131a of the substrate D from the direction perpendicular
to the surface, and form fine carbon film that has a higher degree of planarity and
smoothness, aﬁd that has high harcineSs. | B

[0115] |

The carbon film forming method which is ;1 preferred embodiment of the present
invention has a configuration wherein the clearance d; of the columnar member 133 and
the substrate D is from 5 mm or more to 40 mm or less. Accordingly, it is possible to
render the thickness of carbon ﬁlm in the portion 131d which exists at the edge of the
central aperture 131c of the substrate D more planar and smooth, and form fine carbon
film of high hardness. |

[0116]

The carbon film forming method which is a preferred embodiment ef the present
invention has a configuration wherein the columnar member 133 is disposed with -

- ungrounded potential. Accordingly, it is possible to aﬁahge matters so that the flight of
carbon ions is not prevented, and form fine carbon film that has a high degree of planarity
and smoothness and that has high hardness by irradiating the surface 131a of fhe substrate
D with carbon ions from the direction perpendicular to the surface.

[0117]

The carbon film forming method which is a preferred embodiment of the present
invention has a configuration wherein carbon ions that are generated from raw material
gas containing carbon by heating of the cathode electrode 104 and by electric discharge
‘between the cathode electrode 104 and anode electrode 105 are accelerated from the

cathode electrode 104 side toward the substrate D side to form the aforementioned ion
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~ beams by the application of voltage between the substrate D and the cathode electrode 104

or anode electrode 105. Acc_brdingly, it is possible to form compact cﬁrbon film that has
a h_igh degrée of planarity-and smoothness, and thaf has 'high hardness.

[0118] . | | -

The carbon film forming method -which is‘ a preferred embodiment of the present
inventioﬁ has a configuration wherein the aforementioned carbon ions are formed by

heating raw material gas containing carbon that has been introduced into the film

formation chamber 101 by the cathode electrode 104, and by causing electric discharge

betwéen the cathode elec_itrode_ 104 and anode electrode 105. :-.Acé_ordingly, it is possible

to form compact carbon ﬁlm that has a high degree of plénarity and smodthness, and that

" has high hardness.

[0119]
The carbon film forming method which is a preferred embodiment of the present
invention has a configuration wherein the aforementioned carbon ions are accelerated

from the cathode electrode 104 side toward the substrate D side due to the application of

‘voltage between the substrate D and the cathode electrode 104 or anode electrode 105.

Accordingly, it is possible to form compact carbon film that has a high degree of planaﬁty |
and smoothness, and that has high hardness.

[0120]

The carbon film forming method which is a preferred embodiment of the present
invention has a configuration wherein a permanent magnet(s) 109 is disposed so as to
surround the anode electrode 105. Accordingly, it is possible to form compact carbon
film that has a higﬁer degree of planarity and smbo’thness, and that has higher hardness.

[0121]

The magnetic-recording-medium manufacturing method -whi.c.h. 1s a preferred
embodiment the present invention has a configuration which includes a step in which the
magneti-c layer 810 is formed on at lea.st one surface of the non-magnetic recording
substrate 80,- and a step in which carbon film is formed on the magnetic layer 810 using

the previously described carbon film forming method. Accordingly, it is possible to
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| '"‘rhanufacture a magnetic recording medium with high récording density by forming fine

carbon film that has a high degree of planarity and smoothness and that has high hardness

as the protective film- 84, since such a protective film 84 can have thin thickness and can

reduce the floatation height of the magnetic head.

0122] |

The carbon film forming apparatus which is a preferred embodiment of the present
invention has a configuration which includes a film formation chamber 101 capable of

pressure reduction, a filamentous cathode electrode 104 disposed inside the film formation

-chamber 101, an .andde electrode 105 disposed a_ro_und the cathode electrode 104, a -

substrate holder 102 disposed at a position that is separated from the cathode electrode

104, a columnar member 133 diéposed between the substrate holder 102 and the cathode

‘electrode 104, a first power source 106 which heats the cathode electrode 104 by

energization, a secondv power source 107 which produées electric discharge between the
cathode electrode 104 and the anode ele(;,trode 105, and a third power source 108 wh_iéh
imparts a potential difference.b'etween the afbrementioned substrate holder 102 and the
cathode electrode 104 or the anode electrode 105. Consequently, by reétifying the ion
beams and the plasma itself, the columnar member 133 is able to raise plasma density and
the concentration of carbon ions: that fly to the surface 131a of the substrate D from the

direction perpendicular to the surface, inhibit wrap-around of carbon ions, and form dense

| carbon film that has a high degree of planarity and smoothness, and that has high hardness.

Moreover, by inhibiting clustering of ion beams and plasma at the central aperture 131c of

the substrate D, and prevent temperature increases in the edge portion 131d of the central

aperture 131c of the substrate D, it is p_oSsible to reduce the growth speed of carbon film at
the edge portion 131d of the central aperture 131c of the. substrate D, and form dense
carbon film that has a high degree of planarity and smoothness, and thgt has high
hardness.
EXAMPLES

[0123]

The present invention is described below in detail based on embodiments. However,
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the present invention is not limited to fhese embodiments alone.

‘(Example 1) |

First, an aluminum substrate was prepared by performing NiP. plating on a disk-like
substrate which served as the non-magnetic substrate (hereinafter "substrate") and which
had an external diameter of 3.5 incheé and an aperture at the center (external diameter: 95
mm, central aperture diameter: 25 mm).

Next, in a treatment chamber provided in the in-line type film forming apparatus
shown in Fig. 7, which can be optionally selected, the magnetic layer was formed by -
sequentially laminating a‘soft_r_nagn'etic layer composed of FeCoB With a film thickness of
60 nm, an intermediate layef_'éomposed of Ru with a ﬁlm fhicknéss of 10 nm, and a
recording magnétic layer coniposed of 70Co-5Cr-15Pt—lOSiOz alloy with a ﬁfm thickness
of 15 nm onto both sides.of a sﬁbstrate mounted on a carrier made of A5052 aluminum
alloy.

Next, the substrate: on which tﬁe magnetic layer was formed was -conveyed to a
treaﬁnent chamber which is disposed within the in-line type film forming apparatus shown
in Fig. 7 and which has the apparatus configuration similar to the film forming apbaratus
shown in Fig. 1 on both sides of the substrate.

[0124] |

As the treatment chamber Which has the apparatus conﬁgurétibn similar to the film
forming apparatus shown in Fig. 1 on both sides of the substrate, a treatment chamber of
cylindrical _shape was used wherein the material of the chamber wall was SUS304, and
which had an external diameter of 180 mm and a length of 250 mm.

A coil-shaped cathode electrode composed of tungsten with a length of approximately
30 mm and a cylindrical anode electrode surrounding the perimeter of the-cathode
electrode were provided within the treatment chamber. As thé anode electrode, an
electrode was used whose material was SUS304, and which had an external diameter of
140 nim, and a length of 40 mm. | |
o125 |

In addition, a cylindrical permanent magnet was arranged so as to surround the
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perimeter of the chamber wall. The permanent magnet had an internal diameter of 185
mm and a length of 40 mm, and the anode electrode was disposed at its.center, and S pole
of the magnet was provided on the substrate side, while its N pole of the magnet was
provided on the cathode electrode side. The total magnetic force of this permanent
magnet was 50 G (5 mT).

[0126]

The distance between the cathode electrode and the substrate was set to 160 mm.

A columnar member made of coppéf with a diameter of 2_6,,-_mm and a length of 100
mm was then disposed With a clearance of 10 mm from the cathode electrode so that its
central axis waé coaxial with. the central axis §f the substrate, and 50 thaf one circular
surface was oﬁ.ented tdwarq the cathode electrode, while the other circular surface was
parallel to one surface of the substrate. The columnar member was held by three rods
made of SUS30_4 with é diameter of 3 mm that were attached to the treatment chamber
wall. | |

[0127]

Next, protective layers composed of carbon film were respectively formed as follows
on the magnetic layers formed on both sides of the substrate. |

First, raw material gas wﬁich was gasified toluene Was introduced from a gas inlet tube
into the film formation chambe; under the condition of a gas flow rate of 2.9 SCCM.
Carbon film with a thickness of 3.5 nm was then formed on the magnetic layer of the oné
surface and the other surface of the substrate, respectively, under film formation

| conditions of a reaction pressure of 0.3 Pa, cathode power of 225 W (AC 22.5V,10 A),
voltage of 75 V between the cathode electrode and the anode electrode, electric current of
1650 mA, and ion acceleration voltage bf 200 V, and 60 mA.

Subsequently, the magnetic recording medium on which-the carbon film was formed
(Example 1) was removed.

[0128]

<Film thickness measurement$

First,' using a conventional film thickness measurement apparatus, average film
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robot ploﬁrv;}f?él{@arbon film was formed (Example 1), was measured.

Next, average film thickness. of the carbon film of the edge p_ortioﬁ of the central
ai)erturé of the substrate (ét positions on thé 6ﬁter circumferential si.de.'at' 3 mm f‘rom"the:
central aperture of the substrate) was measured.

Average film thickness of the edge portion of the central aperture of the substrate was
approximately 4% thicker than the average film thickness of the carbon film.

[0129] |

(Examples 2-12)

- Apart from the conditions shown in Table 1; magnetlc recording mediums on which
‘carbon film was formed (Examples 2-12) were manufactured in thé same manner as
Example 1. Subsequently, film thicknesé was measured in the same manner as Example
1.

[0130]

(Comparative Example 1)

Apart from use of a coin-shaped shield with a height of 3 mm and a diameter of 26 and

- with a cl_earaﬁce of 10 mm from the cathode electrode, a magnetic recording medium on
which carbon film was formed (Comparative Example 1) was manufactured in the same
manner as Example 1. Subsequently, film thickness measurement was conducted in the
same manner as Example 1. Average film thickness of the edge portion of the central
aperture of the substrate was approximately 12% thicker than the average film thickness of
the carbon film. | -

[0131]

(Comparative Example 2)

Apart from _setting the diameter of the columﬁér member to 24 mm which was léss
than the 25 mm diameter of the central aperture of the substrate, a magnetic recording
medium on which carbon film was formed (Comparat_ive Example 2) Wés manufactured in
the same manner as Example 1. Subsequently, film thickness was measured in the same |

manner as Example 1.
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2: substrate supply robot chanber 3: substrate cassette transfer robot 3A:"
* ashing chanber 4, 7, 14, 17: corner chanber 5, 6, 8-13, 15, 16, 18-20:
treat nent chanber 22: substrate renpval robot chanber 23: first film
formati on substrate 24: second filmformation substrate 25: carrier 26: _
support platform 27: substrate nounting portion 28: plate body 29:. circular

through- hoi"l?e obtained results are summarized in Table 1.

[0132]
Table 1
' “Substrate | Columnar Distance - Average film
| merpber between thickness of :edge
External Central aperture | Diameter | Height | columnar portion / average
diameter (mm) | diameter (mm) (mm) (mm) member and | film thickness of
substrate (mm) carbon film
Example | 95 - 25 26 100 . 10 1.04
Example 2 95 25 25 100 .10 ' 1.07
Example 3 95 25 . - 375 - 400 -] 10 ' 0.97
Example 4 95 25 39 100 10 - 0.96
Example 5 95 25 26 70 10 1.05
Example 6 95 25 26 8 l 10 1.06
Example 7 ' 95 25 26 156 - 10 0.97
Example 8 95 25 26 170 10 097
Example 9 95 25 26 100 3 0.95
Example 10 95 25 26 100 - _ 5 0.99
Example 11 95 25 26 100 40 1.07
Example 12 95 25, 26 | 100 45 1.08
Comparative 95 25 26 3 | 10 1.12
Example 1 |
Comparative 95 25 24 100 10 1.1
Example 2
INDUSTRIAL APPLICABILITY
[0133]

"The carbon ﬁim forming method, carbon film forming apparatus, and
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30: support nenber 34: substrate supply robot - 49: substrate renoval robot

* 52: " substrate nmounting chanber 53:
val ve 80:

| ayer

non- nagneti ¢ substrate 81:

substrate renova

chanber
soft magnetic |ayer 82:

55-72: gate
i nt er medi at e

83: recording magnetic |ayer 83a: magnetic recording pattern 83b:
non- nagneti c region _ : .

magnetic-recording-medium manufacturing method of the present invention are able to

form fine carbon film that has a high degree of planarity and smoothness, and that has

high hardness, and can be applied in industries which rﬁanu_faéture and utilize magnetic

recording mediums with enhanced magnetic recording density.

DESCRIPTION OF THE REFERENCE NUMERALS

[0134]

1: substrate cassette transfer robot platform

2: substrate supply robot chamber
3: substrate cassette transfer.robot
3A: ashing chamber

4,7, 14, 17: corner chamber

5,6, 8-13, 15, 16, 18-20: treatment chamber

22: substrate removal robot chamber

"~ 23: first film formation substrate

24: second film formation substrate
25: carrier

26: support platform

27: substrate mounting portion -
28: plate body

29: circular thrbugh-hoie

30: support ﬁember

34: substrate supply robot

49: substrate removal robot

52: substrate mounting chamber
53: substrate removal chamber
55-72: gate valve

80: Iion-ma_gnetic substrate

81: soft magnetic layer

82: intermediate layer
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83c: recessed portion 84: protective layer 85: lubricating film87: mask

| ayer 88: resist layer 88a: residual portion 89: stanp -96: magnetic
recordi ng medi um (magnetic disk) 97: nediumdriver 98: nagnetic head 99:
head drive 100: magnetic recording and reproduci ng signal processing system
101: film formati on chanber ' : -

83: recording magnetic layer

83a: magnétic récording battern

83b: non-magnetic region

83c: recessed portion

84: protective layer-

85: lubricating film

87: mask layer

88: resist layer -

88a: residual portion

89: .'stamp '

96: ma\gne_tic recording medium (magnetic disk)
97: medium driver |

98: magnetic head

99: head drive

100: magnetic recording and reproducing signal processing system
101: film formation chamber

101a: chamber wall

102: substrate holder

103: raw material gaé inlet tube

104: cathode electrode

105: anode electrode

106: first power source

107: second power source

108: third power source

109: permanent magnet

110: exhaust tube

121: film fofming apparatus

122, 123: magnetic recording medium

124: magnetic recording and reproducing apparatus (HDD apparatus)
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101a: chanber wall 102: substrate holder 103: raw material gas inlet tube
104: cat hode el ectrode 105: anode el ectrode 106: first power source 107:
second power source 108: third power source 109: pernmanent magnet 110:
exhaust tube 121: filmform ng apparatus 122, 123: magnetic recordi ng
medi um 124:- magnetic recording and reproduci ng apparatus (HDD appar at us)

'125: in-line film forming apparatus
~ 131a: one gurfa_ce |

13 1b: other sﬁrface

131c: central aperture :
~ 131d: portion at edge (edge po_rtibn‘)

133: columnar member

133a: one circular surface

133b: other circular surface

810: magnetic layer

B: ion beam (gas containing carbdn)

D: substrate

G: raw material gas

M: magnetic line

R: excitation space
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~125: in-line filmformng apparatus 131la: one surface 13 1 b: ot her surface
131c: central aperture 131d: portion at edge (edge portion) 133: col umar
menber 133a: one circul ar surface 133b: other circular surface 810:
magnetic | ayer B: ion beam (gas containing carbon) D: substrate G raw
material gas M magnetic line R excitation space CLAIMS 1. A carbon
filmform ng nethod, conprising: CLAIMS

1. A carbon film forming-method; c_:orﬂprising:

a step in whi'ch; insid'c a film fonnrz__lt_i_onrchar:nb_er provided with a ﬁlarhentoﬁs cathode

: _eléctrbdc;, an anode é_:lectrode disposed around' the perimeter of the cathode electrode, -and

a éubs.trate holder dispose& at a position that is separated from the cathode electrode, a
disk-like substrate that has a centr_al aperture is disposed in the substrate holder so that one
surface of the substrate is opposite the cathode electrode,

and a columnar member that has a diameter equal to or greater than a diameter of the
central aperture and that ilas a height equal to or greater than the diameter is disposed with
clearance from the cathode electrode and the substrate, so that central axis of the columnar
member is coéxial with a central axis of the substrate, one of circ_ular surfaces of the
columnar member faces the cathode electrode, and the other circular surface of the
columnar member is parallel to said one surface of the substrate;

and a step in which carbon film is formed on said one surface of the substrate by
causing emission of carbon ions from the cathode electrode side toward the substrate side

after the interior of the film formation chamber has been evacuated.

2. The carbon film forming method according to claim 1, wherein the central aperture of
the substrate is circular, and a diameter of the columnar member is 1-fold or more and less

than 1.5-fold of a diameter of the central aperture of the substrate.

3. The carbon film forming method according to claim 1, wherein a height of the
columnar member is 3-fold or morel and 6-fold or less of a diameter of the columnar

member.

4. The carbon film forming method according to claim 1, wherein a clearance between

the columnar member and the substrate is 5 mm ot more and 40 mm or less.

5. The carbon film forming method according to claim 1, wherein the columnar member is
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‘a step in which, inside a filmformation chanber provided with a

_filanment ous cat hode el ectrode, an anode el ectrode di sposed around the
perimeter of the cathode el ectrode, and a substrate hol der disposed at a
position that is separated fromthe cathode el ectrode, a disk-Iike :
substrate that has a central aperture is disposed in the substrate hol der
so that .one surface of d%ge %ugsltrate i s-opposite the cathode el ectrode,
and a cOFRREE VI HREPuIded pofeREal,” i aneter equal to or greater than a

di aneter of the central aperture and that has a height equal to or greater
“than the dianeter is disposed with clearance fromthe cat hode el ectrode and
the subgt rege carben Il fGBig Aetiod scBfdihdFo MMM ALHBRIP 84w iRatE@AXgRl W th
a central axis of the substrate, one of circular surfaces of the col umar
menber feagemiddearbad fipdds ehtesduced énto ahe fillefodhb@sn chdntbdras hediell agetef the
columar nenber is parallel to said one surface of the substrate; ~and a
st ep i ncathbdheleetrdatenafid the dasbdnoionedreoforrmed Hy eawsisgieleetcie didcharge betir at e by
causi ng em ssion of carbon ions fromthe cathode el ectrode side toward the
subst r atle sithpdeglactrodq nsl theeeedeglecifode.ne fil m formati on chanber has been
evacuated. 2. The carbon filmform ng nethod according to claim1, wherein
the central aperture of the substrate is circular, and a dianeter of the
col ummar nber.is.1-fold or re and.less than 1.5-fold of  a dianeter of
he cont’ arPogipy, i JPrebing el saReang3s iR iR e frubdp dpiy et hod
accordi ' riei L: e [ | -fold or
ror e and g Rapy o fre HIGRE R Role BN ol W BRMTRe U EBRind Jorige?
carbon fhlwBeh HdWuBsrABhNPHREGOAELIBETIAR ot kiRl dRode cBRERI N a cl earance

bet ween the col umar nenber and the substrate is 5 nmor nore and 40 nm or
|l ess. 5. The carbon filmform ng nmethod according to claim1, wherein the
col umar nenber is disposed with ungrounded potential 6. The carbon film
f or mi ng SnetTlochramchind forgpitgomethat medordmp és elaim 1awhemirea pamagas magneaisni ng
carbon that is introduced into the filmformation chanber is heated by the
cat hode dispesadrsedié to stpunfl ghecanodeplecigeds- are f or med by causing el ectric

di scharge between the cathode el ectrode and the anode el ectrode. 7. The
carbon filmform ng method according to claim1, wherein the carbon ions
are acCgI erated from tghe cat.hode e rodegﬁfi8 e toward the substrate side

l.ect .
by appl yi ng VERFLGEREIEILR IPWJHM%@PH}%ID tREPEE¥ode el ectrode or the
anode el ec T fiL rim : i aim1l,
aherein a pevirdh utith o Bgfalc Ak it AR AT OB buBRET R I hBafid
el ect r odghstral, af MagNeti c recordi ng medi um manuf act uring net hod,
conpri si ng: _ _
a step in which carbon film is formed on the magnetic layer using the.carbon film

forming method according to claim 1.

10. A'carbon film fomﬁng apparatus, comprising:
a film formation chamber capable of pressure reduction;
a filamentous cathode electrode disposed inside the film formation chamber;
an anode. electrode disposed around the perimeter of the cathode electrode;
a substrate holder disposed at a position that is separated from the cathode electfode;
a éolumnar Ihember disposed between the substrate holder and the cathode electrode;
a first power sourcé which heats the cathode electrode by energization;
a second power source which produces electric discharge between the cathode

electrode and the anode electrode;
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a step in which a magnetic layer is formed on-at | east one surface of a -

‘ non:magneti c substrate, and a step in which carbon filmis forned on the
magnetic | ayer using the carbon filmform ng nmethod according to claim1.
10. A carbon filmform ng apparatus, conprising: a filmformation chanber
capabl e of pressure reduction; a filanmentous cat hode el ectrode di sposed
inside the film.formation ch .. _an anode,.el r ode. di sposed around the
bor | met or B 1 ARG Gehe et rbaaral: £aRtrnd, SRkRGe pEURER IEE s ARG
positio i fir el ectrode; a col umar nenber
disposegoﬁgféggﬁe?ﬁg&%ﬁﬁggggfgpﬁgpﬁgggggggﬁﬁé cat hode el ectrode; a first
power source which heats the cathode el ectrode by energization; a second
power source which produces electric discharge between the cathode

el ectrode. Bikarthe MR LR LAIPAR/E; accordiriitd okaiinhi 0, hheeeie theSebitrslexpéhineh
inparts a potential difference between the substrate hol der and the cat hode
el ect r odé thersubbteata isodeuldr e dinoder of the cohensartembdriis i bl orimgreapddesat us
according to claim 10, wherein the central aperture of the substrate is

ci r cul athanal §ifaldeo theodiamigter | tharrentratestsaturg of the substrate, gohaighinef thess t han
1.5-fold of the dianeter  of the central aperture of the supstrate, a height
of the CONTHRMARIDE SIAdaor Boe K fapld Fasseoh WEdiaReirogh s AR anet or

O e Y EREh - LA LT e SOLILE FRTR o
di spos eqo\%l{l Qr AR ngee&llggﬁﬁ%érﬁ%er is disposed With ungrounded potential.




