; ABCDEFGHI JKLe3ex\ uf f gn*o 6 T\ . _1i~rr~~~"~ MA~~~r ~~0~M-~o@%~mm
~~199~Al~ MANUFACTURP~1G METHOD FOR THE SAME Technical Field The pr
invention relates to a magnetic recordi ng nedium such as a magnhetic disc

and the like for use in magnetic disc devices, and a manufacturi

for the sane Relevant Art In recent years, ~n the field of rragnemmmm"”mm””””m
recording, particularly with respect to magnetic discs, renmarkable

i mprovenents in the recording densi Bpedifasatiopeen achi eved I n parti cul Apree

recent inprovenents in the recording density have continued at a

pace, achieving rates of approximately 100 tines in 10 years Tecrm, mmmﬂﬁ””m
supporting the inprovenmreMAGNETC RECORDISGMEDIUM YAMDdel vy, howeveriqoﬁc))o{gze

of the key concepts that can b j i t echnal agy of contro ng
the sliding characteri MWQFﬁ&w¢ﬁE§ﬂ’é{8§eE5§ ﬂé%g magneti c

recordi ng nmedium Sliding of the head on the mediumis unavoi dabl e ever
since the introduction of the CSS (Contact - Stan - Stop) nobde which is

so- cal | ed Tevlimchéstiér format" as the nmain node for hard disc dnves, wherein
t he basic operation conprises the ps. of slidi into contact, head
[l'otatton. _and 18F PEFRD THTOEHARe 0 Botaedin 19 il b e REb G rmiee
r ecor di ng drsedind ThAOROFeH gl iy, mayneht e deelcet | 4ig 4 eahtibniragymébsdvesnthbead
and medi um have becone critical technical problenms Thus, properties such as
resi stancédm® attrasion and resistance to sliding over the surface of the
magneti c recordi ng nmedi um conprise the keys to a reliable product, and
efforts continue to develop and inprove the protective film lubricating
film andRelsabtike, which coat the magnetic filmAs a protective filmfor

magneti c recorgriing medi um f'bl ?gﬁo?rpri sin var%ous mat (?ri al s have been
proposed Howeve? FEERONTA he"JaF Sisec Ot MEEBFHT FECT VP& paﬁ‘é‘?‘fﬂ’h’&’rﬁ@e’%%ﬁ Qs
coating PeLALIBMSE, féfariliainbidvemeaRriaRe Fédofdingdenddy MGk RREA ¥cRBROY ed
0 8 MR 2002 These carbon fil ms are generally formed according to a

spat t er - c batnafgcudast Heent | IMpRPYeEENthan chgt resgrdiet dlenpioh haxe ecaninpedrdt ya
PO o o L5l PRTS L BV 6, SR PSS,
pr ef er abl gupportirdthe dmiph®/ement of recording density vary widely, however, one of the key
concepts that can be mentioned is the technology of controlling the sliding characternistics
between the magnetic head and magnetic recording medium
Sliding of the head on the medium is unavoidable ever since the introduction of
the CSS (Contact — Start — Stop) mode which is so-called “Winchester format™ as the
main mode for hard disc drives, wherein the basic operation comprises the steps of
shding into contact, head flotation. and sliding into contact between the magnetic head
and magnetic recording medium Accordingly, problems relating to tribology between
head and medium have become critical technical problems Thus, properties such as
resistance to abrasion and resistance to sliding over the surface of the magnetic recording
medium comprise the keys to a reliable product, and efforts continue to develop and
improve the protective film, lubricating film, and the like, which coat the magnetic film
As a protective film for magnetic recording medium, films comprising various
materials have been proposed However, from the perspective of the total performance

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



flying height of the head, to increase the nunber of rotations of fhe

medi um) and the |ike Thus, a superior resistance to sliding is re B r MAR 1 2002
t he magnetic recording nmedium On the other hand, in order to inprove the
recording density by neans of reducing >spacing loss, it's preferable to
make the protective filmthinner, for exanple to a thickness of 100. or

| ess Hence, a thin, snooth and durable protective filmis highly desired
However, a car blogse girbpe &y arefdengnafly formedaceediigrg atspattérecogimg mathodnial
spattering,c Ln ..can_so i . upabi, | i nthe filmis
made t hi ng’h?cgrat%eex‘%rargﬁ{b%g%“é& F’Zesgﬁ%'geﬁiflo%gha% % aééréh%(/ﬂmrrgtt H%paa%lt S
current| yrebgiafge ®tdaetosidn afid @S8Birdsegtidsor provi ding a carbon protective film
with greater streng{th, conpared to that produced by neans of the

spat t er - coat i n 388G MRS thNERTAY e ERATCRYOMSAene ty il PEder@blerto redyee eanpl e.
Japanese : i | : Py | alol (R~ 5 LK

Publ i cati @ﬂhgg{ﬂgﬁ%ﬁa{hg%&g@ 7%‘?%%%83“?1‘ ﬁgp?ﬁﬂl?gd%ﬁbhggt@%,ﬂeuﬁg’rﬁgdﬁgé 5:15% rent
demands f Ohusi acumawedesrseanoe th sigline ssequiredi for the magretic nédordifig arediume On

perspectiye of durabili to _slidi to.praoduce a thin otective filmto
Phe. poi nt s M dp erdaf ahrpran® ghe resoBpl BEE S pott STahERL s out

| oweri ng lobe 108ppdférableapahiiieCthe [@6@0IEH fiiin tthinh& faf S RO kd AN@itkness of
conventional, technal ogy I n addition, the conventiognal technology poses the

pr obl em ot00%0F lesattienge rathin, spaptbrand durableprotegtive filn prhyally desiredi nef fi ci ency
I n considerati fort he e Lope t ] i f [

i nvention are @ggg\ﬁrbgd cg;sb% opﬁg%/%lg? qhsl gmg?ois/‘él\cétad{? r%ggrtllgiecheg%g{r}%}i ng
medi um angpatrermyf cating imethode tdnosb mdtieres ddck dunattiliiys wheh thebfilen amladeapimbfee of
providing a sufficiently high recording density) w thout |owering the

out put prB‘ﬁB}pr‘i bioa(%r]le o provide a nethod for manufacturing the

af or enent i onedTHREAL i pla®BL ' DIMBBEH UM dubretly ®kfngCitBMitd "B $ethod?fdd MAR
2d02 Di scl osure of the ane_ntl on The met hod for manufacturing a magnetic
recor di ngpreEdingn? gaber @raiective filmewphaseaier siieagth- sampaneptp sbas produseddy f or

oot cot i veeih & BRAERLCREL LA "0 oty CP D mBlel Uk IR 1Y

| ayer ed wexampie nlzpammgriedtéer Appkcatioh mSaoshdr®gbledationf NomHeis72¢8 %8, r Biasit ant
eas containing carb at 5 a starti material, according to a plasm
VD et hobEPIFRuGT I Dpep 7§§§?6fanﬁym®%ear bon and hydrogen, in which the
M-xng rati o of HBYeNe? CiHdBPIhe CArrB HeR@RAs fo? ihdPedsB® rdcBRES &nshy lilisHiffichit 0 100
by volune. is used as a reactant gas, while applying a bias to said disc
The af or efienithopesspeltidy olcdurdv htypoeslidingbioypredugerd dinspratectivafim emthetppps of
hydr ocar bo el ect-ed_ fram.anong,.l r.saturat. h ocar bons. | ower.

unsat urat‘gﬁergyadrg%%glre {% s,'g}gﬁ?f cgﬁg\r,&é‘f/@?ilsc a%%‘%&cé’?‘%@rﬂt&o“{fﬁl grrttt)’Fec"nput

pr ef er abl gpropenipy, iasewrdingl toethe afsrembrtiared econientinaltechhalegye, 1h alddieior, thed
hydrogen are nmxed, with a mxing r }io 8f tol uene to hydrogen qreferably
in the rasiy¥emiond feghnalogy poses, t%%’@ R PhRY FRRNINS %e’a‘ﬁ%ﬂi tyrgleads i sc i s
pr ef er abl yrogudtiodhndtfig@gncy bias In addition, formation of a carbon
protective filmis preféerably carried out under high frequency el ectrical

di schar ge Wheninfaongidergtion efihp @forpmentinseilvthe Pbjeativas df shenpresade enventierharedi sc
at the sa(t%%crtiti,erarea)sfi oS Pr eferabl e to nake the phases of electrical power
supplied 10 each el ectrode arranged on the respective sides of the

af or ement {19redprdivide adhddnetie iécofdingnnesdiuin ahd @tankfaenpingseettdd fHREAChaols

el ectrical power supplied tog each. electrqQde is preferably in the range of
90 270, and hrbigapd capale qfopreviding @r &Bﬁyleﬁ%é hegh segording rdeasity, j without1 )
The net hod fl@\;,ﬂ;;%l}ﬂggg%g{'@geﬁegragneti c recording nedium according to the
present invention nay on%rl se a nethod for manufacturing a magnetic

recor di ng(2redi provide aemetbodffof ananufagturinga theo afopero¢reoned endgnetic gatardinge di sc
t he non-magnetj c substrate of which is |ayered with a non-nmagnetic base
filmand nadlh%it“i"e"f?'f cipat 1ﬁ]amélerreact ant gas containing carbon atons as a
starting material, according to a plasnma C VD nethod, wherein pulse DC

bi as having a frequency of 1 kHz - I OOGH and pulse width of 1 ns - SOO-s
is applied to the disc, when formng (during formation of) the carbon
protective film ~ 8 MAR 200 a The frequency of the pulse D C bias applied

to the disc is preferably ~n the range of | OkHz - 1 GHz, and the pul se
width is preferably in the range of | Ons - 50s The average voltage of the
pulse D C bias applied to the disc is preferably in the range of -400 -- -
| O



The aforenentioned reactant gas is preferably a m xed gas of hydrocarbon
and hydrogen. with a mxing ratio of hydrocarbon to hydrogen Inﬂi&éﬁ%m
of 2to 1 - 1to 100 by volunme The hydrocarbon preferably conpri

| east one type of hydrocarbon selected 8rom anong | ower saturated

hydr ocar bons, | ower unsaturated hydrocarbons, and | ower cyclic hydrocarbons
The magneti c recordi ng nedi um according to the present invention ~s

provi ded Whichosarecefithonvenuerecti ve filmonto the disc, the non-nmagnetic

substrate of ich i er Lt h non- netic, base . fil m and netic
P et Ccan ThE TdsPod BrehEfubllag "EIBANG LGN BRALA TLARERIANGE o
pul se D Cﬁbsis&& 1heentiog canipteesie mtethaf forkhiinuiing antagnels eecordlhg nddidms -

500s to the disc The nethod for manufacturi nrg a. magneti c recording nedi um
accor di ngbY §1eaReokiosEEEa ¢aRATRIPS KRl GA9r e disg, e NALEAIEUGHIPSTAE©hr i ng
a magneti candi [ ) - rm arshan oro ' LIm
onto the ST R cRoL HRE LA o BRAR a0) LAl Medhe BRI uBhE § SERCR ot
non- magnetomainagecdrbébmaamess angneantiog fmategialuacenydmgrea tpdasmag@¥ e aretladni ng

carbon atons as a startin terial. accaording to a plas CVD net hod,
Wher ol -t Gt do PRy 84 Bl e tHdien 85, dyBbtiep o GuReR SBD Enpme pecty of
form ng t Redrataperenti@ogeh Gambee rbigt éCtityg Lill 19 Theby SoRAiatidLSedods & he
disc is preferably in the range of 150 -- 200C The aforenenti oned reactant
gas is predeciaabgas. while senlygag owas thyadiddésr bon and hydrogen, with a mixing
rati o of hydro b 0 i e o) ~adetQ 1 b

vol une, wher ei ?1%% hﬁgﬁgn?frn géé'g{dbgﬁ&%c%géni %r{ege?%]‘?\é érogipcr%sg%ga ! glgéStpér?% gg%eb?%
conpri seshadrotabsd sefeetet yfhemohmbyglriowar Batnraed dodestafionsn &wenguisatiested
saturated hydrocarbons, |ower. ynsaturated ydrocarfbo , and, | ower cyclic
hydr ocar bBYE0g4{BORs aulgvier gyclic df%aaoaﬁtangagorﬁgr? ﬁragf){ecomaés uegel _ |
CPa, and pref efafilelcade HRBngMIRIENE MO ahd) By FrBEOP e RRIREG G Y § rrtlkin@rhlri'othe
met hod for manufacturing a magnetic recording nedium according to"the
present i nf@hteneno hydrogen\efepadl inShe nangafodrl dod At~ biee) byeeddumat gas ~s
preferably a mxed. gas .of, hydrocarhbon. a hyd en, Wi.th a mxing ratio of
hydr ocarbon to f/g}agﬁgwlqdnt# ee‘?’Fcaﬁé) &S’fa%g'?%lgﬁ%%q}lé?%’ bi%?o by vol une,
wher ei n t he hydh addtién Tormatofl dMt earbhie pkétivafiimgia prefeabBr élphyd 6@Ndeses at
| east one type of hydrocarbon selected fromanong | ower saturated

hydr ocar bBig8, reqaeRsy” elfrsngal AgeRdehy dr ocar bons, and | ower cyclic hydrocar bons
The method 7 or wiRnubAfhyTaldifbod fFBROAJ finf 67 BbH fdesBrdhBAGEAE dhdll ribfe, L e
present invention may conprise a nethod for nanufacturing a nagnetic

r ecor di ngitnepiefomatily tormaks thefphsasmif etgctricohpdwer supplieictoi eaeh £lebmpdendrmnghd

di sc, the ngn-magnetic. substrate of which.is.l.ayered with a non-nmagnetic
base fil moﬁgl?f rﬁﬁ%ﬁgf’ t &idps Pﬁ%helfi?rﬁg'egu?réegcql?fn?‘f%geé“ gr&xﬁ 1K ?{Bercgpﬁ’ 3% ons
as a st ar Hiffegen¥Blof eledtricalqsovar dipidiet Qo @adH AedTRICY p¥RdrktIg in Weaamidbitdue-
react ant Eas is a mxed gas of hydrocarbon and hydrogen, with a m xi ng
ratio of RYRfr aechinrentiqudarhigreoryeferably thecoppasitrerhase G et.d82°)>~ 1 to 100 by

vol une, into i | e i d . i g f .0 -..100%
of the mxed oAt trhdd BHCHaRRRin {Re eI mE U BecBiaidl Jo tney

| east onepieg@r @hberiotlr oar onprise! £ohetlod rfom aamitacthdvera aaghetit edtording

hydr ocar bons, | ower. unsaturated hydrocarbons,_ . and | oper  cyclic hydrocarbons
The nmagnefi® ‘“F‘bgbr“ﬁﬁar‘?@ offBEIRE dcTishen REP'E0VE HEMpP e ShE B P JERstic

conpri se g,HiRRreBFARGER G ﬁg&%& hatiPa nbAMSIgREiNbAR M@kt FRER&ID finbasmgld | M
magnetic film carbon protective film and lubricating frim wherein said
car bon pr oeent gas dantaming eaibos dtomas Py asingvbaearb @acardiperto faoplasser €&¥Edr di ng
to a plasnma,CVWD nmet hod.  a -spatter rbon | fo accordi ng. to a
spatteri nf;n eéh%t ?VngreHlE&H%edﬁ ctvﬁ)l’%%vfn&a ﬁﬁq%‘%ﬁ 8?%{%5’“% hlro'[eiﬁ'(eil{ﬁ %’&R“@%&tﬁgﬁ film
The thi ckpaesas of sdope is Bppliedr toCthe kigt, vhedr fotfingN(dufifg FameRiodf ofp the dd10én and
preferably 30 - 100A, and the thickness of a plasnma CVD carbon |ayer is

pr ef er abl pratgctivp@limange of 30'- 100 In addition, the method for

manuf acturi ng a magnetic recordi ng nedium nmay conpri se the steps of formng
( 1) a plasma CVD carbon | ayer, using a reactant gas contai ning carbon
atons as a starting material, according to a plasma CVD nethod, (2) a
spatter carbon |l ayer thereon, using a spatter gas, according to a
spatter-coating nethod, and (3) a lubricating filmthereon, which lies in
contact with said spatter carbon |ayer 0 8 MAR 2002 6 The reactant gas
used for formng a plasma CVD carbon | ayer according to a plasnma CVD net hod
is preferably a m xed gas of hydrocarbon and hydrogen, with a mxing ratio
of hydrocarbon to hydrogen in the range of 2 to 1 - 1 to 100 by vol une,
wherein the hydrocarbon preferably conprises at | east one type of

hydr ocar bon sel ected from anong | ower saturated hydrocarbons, | ower

T Y T Y I T T T 1 o o —— o T o



In addi tion, the nethod for manufacturing a nmagnetic recording rreglgum
according to the present invention may conprise a nethod for manu 2@2
a magnetic recordi ng nedium by nmeans of form ng a carbon protective filmon
a disc) the nonmagnetic substrate of which is |layered with a non-magnetic
base filmand magnetic film using a reactant gas containing carbon atons
as a starting material, according to a plasma CVD nethod, and | ubricating
filmthereon, Whe ﬁmqeh%Oﬂmewh?FglC biias hpmlrﬁé toahddisc prasefsoabily @ the range

wherein sa I r per ias a ing.to the disc,
with subs%{qﬂ)e%{z PF(I}ﬁé (%h’aeﬂ‘ﬂéﬁ ‘fvhddﬁfs de{ﬁ glvalqw et 8%%% %‘ts The bi as
applied to theTgd serdge WIBESHAINe pubse I CS BiaPappitidas tAE drsd @Opreferdflyin e @

hi gh frequency bias of 10 - 300W The thi ckness of the carbon |ayer which is
formed wi i@nguef ¥P8s -4P¥l ying to the disc is preferably in the range of 5 ~
20~ The afore I

hydr ocar bon agﬁﬁééﬁ?ﬁgeedr’t\f,%ﬂgé ?%Egﬂﬁ%ag i Weﬁe&zﬁ%ﬁ‘gf Hc%grg)ég)?br%aﬁotcg'fbh rogen in
t he rangehyfrogent ovith a-mixih® ral{bOofblwdvmﬁacm tovitydraien ih hiee fapde oﬁartban~ 1to

preferably conprises_at |east one ty of hydrocarbon sel ect ed from anong
| oner sat ﬁ?oa’%d" IHar d@’ﬁr’ﬁgﬁa’qoﬁ\ﬁé? e‘%ﬁ@a‘i‘lﬁ‘? fséﬂaﬁ%ﬁ’&?ﬁﬁﬁ’&r%f hydrReartofer
cyclic hydioearPonamong 36\Wer daRated RGdrBBADSHS! %W&%E;ﬁhﬁ&dm} J%Q%G' ng to

the present Invention fmay conprise a carbon protective fil'man
| ubri catlhcvg/efwcmcchddmcmbgns t he non- magnetl c substrate of which is |ayered

W th a non-magpetic sefl m _an one I carbon
protective fil cgﬁﬁ?l 'scersec%rdfngr??dlgglr rzli%/w me ?en? mvfe(r)‘ ﬁ%ds 8886‘19& ng to
a 0 8 Mih200zbbh serectiéDpilie tdnesl thﬂ’lﬂise Eer ﬁ@f-maggetbl ambsamel off Adichoist he

di sc, and a second carbon |layer, which lies in contact with the lubricating
film thaleyered mrrhnasaoraa@sm%@w &y and aagnetdsy/Blmethabernibe Fsmed Brepsdiagpl yi ng
to the disc 0 n the
range of @ _{ﬁggm&l n a ﬁfbldg‘%hlw magﬁg%sle? ?egg%%¥ﬁgg asfr%%r]?ccor%ﬂng to
the pr esemOGHIwmdtpm wigyh cfolhpr- 3®pa tnde-disegneti ¢ base film magnetic film

protective film and lubricating filmon the non-nmag netl C substrate,
wheretn the prB@eeaeﬂ\Pé ﬁonmﬁ nged r%@gea%afffor%\%rme Bim AeFQsdingyto the
conprisin £ i infetiRGE orl AMANR 91 r and
ni t rogen I\S/eretgéi‘l ggﬁn)t(llenglﬁ?%ﬁaﬁ%énnﬂ rogen or - ac{a tdm%z{v%%teﬁéggl dwﬁgr bon

| ayer bei mgdifior bretheans of ﬂqrmgag ) carbphcmmctwmlneph@dhea:lm thei mg-mnagnedint act
with the | ubricat.i t hi ckness of the rbon | ayer. i.s_preferably
" Che r aMGShF OF Aty AYatr e PR ReRic s FTRARE snbeliva T PERER  ayer
is prefermbtiintlgas BbrainliiecdBémadnisQls R aing GhidiéridlJackordgIR 4 plakRe @D NG

medi um according to the present invention may conprise the steps of formng

{ 1) a noatrdgreareia thrieaperatyre ghEherfassie hraied 19 H0on 2P aiarag frsming the
substrate,o e%)enﬁoﬁead%oqlggrg{e% n, | ayer thereon, which conprises a

mat eri al contal nirng ni en an tantal um with a mxing ratio of nitrogen
of 1 - 30% at nrhe(ta)nparaa&ébﬁmelmes pielfiraielgin thatrangde dfsiSberzo@dCaccording to a

pl asma CVD net hod, _usi g a reactant gas cgnt ai ning carbon atons, and (4) a

| ubricating fifhs efeesrassiiongehreastani s%s SrPretsrble 2 miXe aaﬁ@f@aﬁ%ﬁrbpwéﬁ The
af or enent " t Y rb and
hydr ogen t\}\nﬁt?ﬁ&a %ﬁ’tﬁlﬁﬂﬁm §ados?fgh%;§%?grn btgralnytm dg&gd‘??geeﬁh %X? ggﬁanggoof

to 1 ~ 1 t@® b@OVQiymﬁoIwhweelfrhélehym'rowbdzmnmpctéfletoabﬂlq/ reashant | gass peeferbldmst one

neat or at G dRaFRonee SRS PhUMAegenc ARGeE BaD sftent ik, pREARE, o™

et hod f okydecutd e ldiveNGnsatuiBeM BYdrocdrBER! dtml@w@edydmmh@ammbﬂg to the
present invention may conprise a nmethod for manufacturing a nmagnetic

recordi ng nedi Uh§ lbfyssh‘\‘é@aﬁ%tthfe‘?Wﬂg‘S('" 1he range, 6hO ey A@P4. @nﬁas«tfelﬁblm and
magneti c r t t ﬁm}{%a ni ng
carbon at %’?ésmé’%é’?%’?"é‘??.tﬁg%ﬁéﬂdé’% ;‘J?%E‘gg(@%?’lhgg‘% %n%tﬁ at?ﬂam%%% met o and
subsequentbhgneti8 rearding medaim acgpofdihgriaothe presertanyeEnnopr ot ective film wher ei n
the surface of the carbon protective filmis irradiated with ultraviolet
rays before formng the lubricating film a 8 MAR 2002 s The wavel engt h of
the ultraviolet rays irradiating the carbon protective filmis preferably
in the range of 100 -- 400nm and the source of the ultraviolet rays is
preferably an exciner em ssion |anp Additionally, the surface of the carbon
protective filmis preferably washed, usne water, before form ng the

| ubricating filmthereon The aforenenti oned reactant gas preferably
conpasses a m xed gas of hydrocarbon and hydrogen, with a mxing ratio of
hydr ocarbon to hydrogen mthe range of ? to 1 - 1 to 100 by vol une The

hydr ocarbon preferably conprises at |east one type of hydrocarbon sel ected
from anmong Iower saturat ed hydrocar bons Iower unsaturat ed hydrocar bons

_____ - Y o



conprise a nethod for manufacturing a magnetic recordi ng nmedi um byf gepmg ?U‘
formng ( 1) a non-nagnetic base filmand magnetic film (2) a carbon Ti IQ‘?
t hereon, using a reactant gas containing carbon atons as a starting
material, according to a plasma CVD nethod, and subsequently (3) a

| ubricating filmon the carbon protective film wherein the surface of the
carbon protective filmis washed, using water, before formng the

| ubricating fi [TimetafierementioNed reaaathi gag 15 ipeefemblyom npred gas pf bydriokarpon haed

cl eani ng er used preferabl rises water of a high purl [ n

ada 11 o, WoiGerh gt Rtk Eedaty £ PRUGFTL AL BHIPRE foiteradh 2sait | hidht i on
nmay conprijgg By RN IRAbletn RS hyltddatborBeneid entbi tH® r&adiaROaBr pleRGitlve
film and lubricating filmon a non-nmagnetic substrate, wherein the carbon
prot ect i veomprisasj &t fegpimeae dypdradi hydreearhorpsalesigd Aypmnemesg | lopsr | seisaiedy
irradiatiqn,of r j ' | ul travi ol et
rays Addi f[R ?’%r?]’g ’F’g,& ?%Jr%%gaﬁ‘g{a}etgm gg‘%% ?ﬂa&ﬁggﬁ% célglé%)‘r]%épﬁé\gr{f’gnst he present

i nvention nmay Jaepnétbed fornmannfacnahg @ magmetici fenprdimegmetiiuen Bedomiing ao xae
protective film and lubricating filmon ﬁ non-uga‘gneti c substrate, erein
the car boR§IFYt HVERHAD May£orapris, AeRethad; 19y manytadtunng ajmagpes Z699rHpe
carbon at gy A b?_rﬁéa%l’stdfflgmﬂﬁ& Qr dafbon probtidl Mimt Shtd 1 ASEBhEYiBnRidiede and
the lubricating filmprincipally conprises at |east one chemi cal conpound
r epr esent eabsbytet dfewlioh iolayengd fuithvaingn{magnptie hassufiim asd maghetinfilibeysingver age

nmol ecul ar _wejahts of which Lie in I f 500 - 600 0 VA 02 9
"o oo (B ot Bind Gtk dtah i BB Bar dnediBgio g plt OV

F- ( CF2CF? gletidp Whe i PheCfeabiimCEiR- i©-aCniked gas dfYydrocarbon and hydrogen, with a

F- ( CF~CF?CF~0) - CF?CF?CH?-OH - - . (3) ,

HOCHZ- CF? anging i) of hydresegboncte hydaagegyn the ran_ge_qf)Z to I ~ 1 to 100 by volume, into

HO- ( CH? CHg (O mfrbleddea@id Qsé”e@t'i? %&mégg%m@ﬁ?gﬂao%%@'m%}-@:t eger ] ()

[wherein, m n, p; d, r, s, t, u, V. w each represents a

Addi tional |y, flhe dfotementioneug hffddocanvay preferahily addmprisesyat i lsast aomd xyper ef
which is fornmed, b an f addi ng .a chem cal , conpound represented by, the
f ol I owi ng YUPRAIPar (slectes - Fgm; ARORE JPWRl seiuGAeh TEREIPIRNS. c SIS yatusied

M Xi ng r aki@olarbors, dePoMer wRil@ydfsdarbonP (F-C~, 1 -Lt-O--H ~+ (O C-H ~-CH
)C,-X ..... (6) P [wherein, X represents an integer between 0 and 6J Anong
t he af or enent i dhedagnetiqygeending mediug aceerdingdeithyypreseniiprentien pry jcpmprise
conprisin ¢ e : _ I lea . ( or
(5" the BuRpERRRHE SR RORR R o o RIGATEA RS hadtelll e cdody g
- 6000, i preaiverfiled ahd laldhiliating rfjlmt, lveheadiorseite cirbam @dotewtgrefiline compasadi ag

medi um may, conpLi,se nop magnetic base film a magpetic fi]l mcgontamng Co,
and 5 car BRTBIOVCETvE PP RO a0 1 ARG C AL VBT FAFET on
non- magnethbos Wet FitnRd abdtRaiak o tahga@ﬂn?%bﬁ@n@mmvh% Ife ih Somactavigmt er
than 3ng/cm w th respect to the area of the substrate, and preferably no
great er t Fherlubrigftisgefilmand nore preferably, no greater than 1 Sng/cmin

addi tion, the fRLhdhQL JRAUT GGHET CA8oR | ﬁ?tihcth%e&ﬁ%éj'o?gs TEGHAN and
according to the present 1nvention nmay conprise a nethod for nanu alturi ng
a magnet i prefeablydiong 10@4)j andmhbythicksess offa flasme @YD carbyn dayeo is- preferattly ¢n base
filmand g\agrneti Cffi_| £ a non- magneti c substrate, and (2) a carbon
protectiv efi*‘f‘%ﬁ?l‘?@r?a *using a reactant gas containing carbon atons as a
starting mater ifladdiaesOftidi MBthbe for MhanafREAMR iMeidpackic WiRkdhg réurt Unhpce of
t he non-magnetic substrate is treated with texture-processing to form an
aver age r 6oghnesthe(seps of farmeng (b acdassra CYD sarbordayrst using ubseacknt gps 1 ~
20~ When ur e- essl r o] = i e in
the af or cSaNP e BFARCATNES, | MRrh MLl hoohfnd O BRIAR VR RN B

pr ef er abl ypdtrer chrdon dayge tiakedh, usih@-a spatter gas, according to a spatter-coating method,

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



0 8 MAR 2002 to The nethod for texture-processing is preferably a

mechani cal method for textureprocess~ng, mwhich abrasive particl §sj MAR 2002
used, preferred exanples of which may include processes in which the
average particle diameter is 0 1 - 0 Sg. m The nethod for nechani cal
texture-processing is a nethod for treating the surface of the non-nagnetic
substrate with texture-processing, by neans of rotating the nonmagnet ~c
substrate whi lTheAeadthvt galBed ifoR fdrhind BClanATNIS icki®oh aP@r A¢eérdingero a
substrate in contact with the surface of the non-nmagnetic substrate) and
suppl yi nglaspraas Ve method; i | reeferbina dRixed @ag 19f wdiesatbop candnby dregennagifiet i ¢
subst at Gyl Al ofRyBRMarbbh tb hyBoEE IRMCahge 4P61b! ALY LNPPRE A8k, t ape
in a diréctien ich’crosses the aforenent| oned Funni ng direction, at a

f r equencywlefei te hydsptartidmepreterattly oombrisgsext deast oneheype ofi hpdrpuabor seledisd r at e
when performng texture processing.is preferably mthe range of 300 ~
2000r prm THRE" 2TEPE IAWE SHAH NI ARTORs NS yPAAEH) RS oAREy aydloper

hydr ocar oaangdirboassdagen, wherein the hydrocarbon preferably conprises at

| east one type of hydrocarbon sel ected fromanong | ower saturated

hydr ocar bons. Thewepttairssausedafos FOHYEE GcPRBBMATbR BYElosasprdigg 10 theppatiescar bons
In additi I l,n gn%ﬂi- r di t res

i nventi or?B%énft Elgwgrgiqgg&ggﬁ%ﬁ?%gh’eﬁtc é%}{ena?ﬁ%% 9’%8?% Eilécé?‘f?dl ﬁ]ﬁl g‘ﬂéngcar bon
pr ot ect i \narddehnhydabgenh amd meflanaed added iea metingreagivetol the atdemtofalt B ~al0oes di ng
to a plasm P/D nmet hod, wherein the average surface roughness (Ra) of the
non- magné?i¥®'%¥bstrate is in the range of 1 -- 20~ In addition, the nethod
for manuf act urmh nghdaidFRYME! ifetiodC 36:diRaufREAIHY ACaidbMI teorbE RleREN
invention is a nethod for manufacturing a nmagnetic recordi ng medi um by
means of atearfingdo shecRiessdhinyEB@CMAY €0mprisa »meghodi fot mankfactuong rengeoeic

SUDStr At GOl RIS S ENERRCaH i, ROBBOBRILE IS Sl Landpgnet | ©
film using a feactant ‘gas contai ni carbon’at ons. as a starti ng ferial,
accor di ngndenerc fibasae oCVRidEs ln@dredriizh @inonimameap phaei filgh il megriecit fidd, t 0 t he
disc at the tinme of form ng the carbon protective f I m and the reactant
gas i s eUSHErR TBRALAY28HECTHIBING (CaEDOR; kIR 3 Stating Jpaiefial nrecamiingipch pguna
conmposi n e i bt adi n,J 08,0 to O
110 T 00 P hag Bt iibrlahl 001 SRR HEh ARG ) TohiS, WAL Lt
react ant pgetsstivefdmpivhenem saad fibmodre fonmedi wiike pesfonypeheoyjenanpdyipg of thealiscy i n
the range .qf 100 - to 25 by.vol . Additionally, the nmethod for
manuf act lﬂlﬁ]nsﬁ%aeqﬁé%nfgﬁsg&rrmee@o‘?” |°r%b’r"f’1§:5lf’; ﬁiﬁ%n ggg}eo‘?l f’lcg to the present

i nvention may The s pplied feetheatisd ie préeferablyas pulsé MOC abiavgne4dec~ I e@0) sHa-

medi um by neans of exposing_a disc, in which both surfaces of the
nonmagne%’i@ zenayspyaias of 0 730%Wed with a non-magnetic base film and
magnetic fil mrptQnRkdRaet #Y cA85n 9Bt Aniihng BARRORIRbA Bias YhHIViRe SHRIL Yi NY
el ectrical power to el ectrodes arranged on both sides of the diSc to

gener at e discaspreferainy irf e mangecdsbo20Ar ot ective fil mon both sides of the

disc, using t af-orenent i gned r eact ant s.@s. a.startin ter, al
according to raﬁﬁlaefl%rﬁﬁle%eﬁrerfe ﬁ%%f‘? Sher glr%gr Pé’sa %ﬁ?@gﬁgc’?gﬁgﬂr?ﬁ%ﬁd to the
di sc at mbler_otggxﬁraviﬂf ?]fnﬁik?iigﬁgtié bﬁhymgﬂb?@k@hﬁd}bgwim‘ﬂhb_ﬁ‘hngehﬁ_ﬁihoe?Hi £l
power supplied to the afogrenmentioned el ecfrodes conprises hig requency

el ectri chOM?lP"’&nd"}FFFé“ e dydracarpss ES%?&H%&Q"@F‘?%F‘ astalnenwegas or a
m xed 9a%_yerfocmsﬁcbefeefedaﬁemhx%ﬁgqewewsmrﬁedﬂrfsramafb%m,Ono% byfsagdifae t o
hydrogen in the range of 100 to ~ 1 to 100 by volume When formng the
car bon phydrecerbors, £hd lpwer cy¢ls hydedaartminbe t o nake t he phases of el ectri cal
power suppli eﬂ?tg each el ectrpde ar r.an ed,.on b(c)t .sitde of the.di s¢
different fromé %’ or&,tw&maﬁpg lf‘)ﬁﬁ%é ‘48 1 %¢%rﬂca§ PEENe @ﬁ%&se&‘ TEFREY i cal
power supidyi @ehpride 8@efbotlpedbsiddeilinSandr £iudtiadiing film é& disaNBe neh-nMgnetic2 70,
and in particular, nore preferably conprises the opposite phase (i a , |80)
The t hi crpestatendt whigh ésalapergd it 2 app-megneticbass filmegnd magnptic filmpwhergige of
30 100: ~Brj I-pLi i i oy '

atruct ur ¢ B BRRENDL (9, QmrtEe DR ar o0 nat i TorfheGENB S0 2 e o
the nethod for manufacturing a magnetic recordi ng nedi um according to the
present invention Figure 2 is a cross-sectional view, show ng an enbodi nent
of the magnetic recordi ng medi um according to the present invention Figure
3 is a schematic structural view, show ng the main portion of the magnetic
recordi ng nmedi um nmanuf acturi ng apparatus whi ch enpl oys the plasma CVD
apparatus shown in Figure 1 0 8 MAR 2002




12 Figure 4 is a cross-sectional view, show ng an enbodi nent of the

magneti ¢ recordi ng nmedium according to the present invention Fi guﬂeﬁ MARs 2802
schematic structural view, showi ng the spatter equi pnent used m an

enbodi ment of the nmethod for manufacturing a nmagnetic recordi ng nmedi um
according to the present invention Figure 6 is a schematic structural view,
showing the ultraviolet ray irradiation equi pment used in an enbodi nent of
t he net hoplasroer GV uhetbediwhilg perigammethias prRlpinditagherdiscuandae cesatidneprivan t he
present inventi Fi.gure 7 i j ruct ur [ shqw_ng, t he
washi ng alﬁﬁ%trr gthﬁcg lhess gﬁc‘?"r%a%ﬁa teh?ﬁ})% |§re[£%{'h%ﬁ ﬁ'{"htggtﬁgtf%glcf\éfaggér%ﬁlﬁuf) AU ang a
magnet i ¢ C¥TOMEIhBE withdutbiaagspdyidg ngthe@idche present invention Figure 8 is a
cross-sectional view, show ng an enbodj nent of the magnetic recording

medi um accor di ke Hrknges Ptkeserend cArkeR fayer IEPERisratlydp e raAge of by 29

schematic st rugf s fion | 1f¥nacRBRM 28rdifle nieiin! BRI AMESS! (A pRORhPIRBLndtSed in
an enbodi nent of the nethod for nmanufacturing a nmagnetic recordi ng nedi um
accor di ngmay comerigy & senimagneehbiaserfilf, gnagnaic Sitrowgrotective fil my aedrvivbndatiigy 9( b)

shows a side view Best des fo0 rryi out the.lnvention Fiqure 1 shows
the ol asnlTCob RS Begi T npsihic, SApth IR fectit B EFRpuR® grcafifa Taver,

manuf act UgdiigbaAR Peongirlssngus&Bomn, Noraa entdlei ARrdgenflafdiecompriigl taitalum and

manuf acturi ng a magneti c recordi ng nedium according to _the present

i nvent i onNifRgE PIASEDERD el Bitegen &f |sed0toalm witinsaid caden daxsr detngy e
film an i t ord : i : and 11
uhi oh ar e LR PEb cBRind EDRENEE YD Htincil Phd e ARoftaf i RaLbAGARg Fm 0L
both wal |l s of Theminkness®f the cainbdir leyeram preferhiblytin iticatangoos ~JdO00Acesild heand 12

whi ch supply hi frequency. el ectri cal to _the aforenentioned
el ectrode@“%ﬂleség’gtlﬁ‘f‘%éﬁ‘“éx’g@ﬁ?? XFT 'Bipéégr'\éﬁ&rlcé‘)%g whi ch can be connect ed
to the disc hopgethettidai ¢ minuthieurnipaiRignblic rédiildife SHRRLY &OMRR dtifeor the

reactant gas which serves as a starting material of the carbon protective
film forneésephtyenthen daycompsise kbgmireps ebfarming inec permagnétist basel fidmi and t ubes

15 and 15 ichgirec reac S J I urce 14
into the ¢ ér 10, and an-exhaust tu chsends
; h m\é\gne 1C fHT on ! néttn]?hag?i é%tstr?t%bg%%gght'g%&%%éw@gts%@Pﬁ%i \S’vﬁuch q
gas i nsi de&n@risedie nabaiabesntdidinguiitrogen 4nd tamalueinwith  mixihgusio sfigoddn ofS
provi ded with an exhaust volune regul ating valve 17, which al|lows for the
appropri at & +Oé)/g&f’&tf’gr? roAmiayemihe oBr é’b?gr‘éa%%‘fquh@cem?ﬁ)@a PesTR ¥Pgh

f Ir quencyrlnalhs&tdsar@?el %eget\a&rz a%%\%n;iﬁli%%cdré?xpﬁﬁfnﬁé a,bdlmfcm%ﬁm?gm tﬁwteﬁﬁ,y an
el ectrical power O ~ o the el ectrode : en formng the

car bon prwehebiieym qantast Adtithe eanlon yerpr ef erred exanpl es of the el ectri cal
bi as source 13.may.includ hi.gh. frequen | ectrical p r._source and/ or
a pulse DC el31<-at(1:et %lflotr:ea englg\ﬁ%cfr%agglp E:é“rﬁe&ﬁg%atﬁf 3qrﬂéxr?§ 81%c ylsj foé:ﬁ’lL{’OBo r
fouiﬁe gaﬂydmgﬁg_afi&bhywtn@ x%aﬁa dfihlgbrdc%&xgue?mygﬁi_geﬁ}im tieatangeweL tofl 1Q o 300W
o the disc iitcon : e pul se el ectrical power source can

pref er abl YOapYQumA T higrocowon ageegbiy. samprises 1@'\?a§d{nﬁ Repechidtydrosathop

fol | ow ngsele%fbd%?@?ﬁ‘lhﬁﬁgﬁov@ér afiParB® bR cArBbn T RWE ALk AN a0 1/ dPRARRINS Cand
recor di ng medi um 30;&2@;&9 to the present invention is described, in which
t he af or dawnat eyshedy QB% uri ng equi pnent is used as an exanple Initially,
a non-magneti ¢, _base..film an netic fi e fornped.on 1 sides of a
non- magneti c gISbg?(r?’g & g%:eco'gggﬁ% t‘t%li‘) %a?r%f% ?Sﬁﬁ%u%hm%neggsbegg {ng-crg%ﬁwﬂg

met hod oraccbelidg foahe preseitimigntian Giayccomptize amethod irahdnbfaaliiig Aindgmetiy
conprise any substrate that is generally used as. a suﬁ%t]rate for a_magnetic
r ecor di ngreRRIdIngrediya Ry Beanstof PFmIRg AhA Ronsmageetisrbasg fIiR Andimagnetin film,
subst r at go§ Qattoiild therbbl MAL bhdift BRLAHRRRE RafDnCATRE 1281 NG BIn@SS,
sili cone?( gnd_ tﬂoewrli_ke The ’surfga(;lcer of th%@non- nag%etﬁ’(?:msu st rae}tae Fsin@

pr ef er abl materigdaaedrding ko 2 plasme &P ouesBed. rigd suktequentiye@ haubriiating film on
texture-processing. | n. ticular, the average surface roughness (Ra) is

pr ef er abl el f’ﬂ@g‘%‘sﬁ‘dg%é?‘* ivlf’sr%!-heﬁ}'é?% Pg eézf}ai’r%lpégte v %ﬂ@ ﬁe{fré‘?’iaéﬁd for

t he non- @@ elita®10da38ysfiekare iftredibigl heQubricking¥igmof Cr and Ti, alloys of C
and W alloys of O and V, and alloys of G and Si Preferred exanpl es of
the material for the magnetic filminclude Co alloys such as alloys of Co
and G, alloys of Co, Cr, and Ta, alloys of Co, Cr, and Pt, alloys of Co,
Cr, Pt, and Ta, and the like The thicknesses of the non-magnetic base film
and magnetic filmare preferably in the range of 50 ~ 1000k and 50 ~ 800k
respectively 0 8 MAR 2002



14 Subsequently, the disc Dis transported into a chanber 10 of t@g w sna
CVD apparatus, and the surface of the disc Dis exposed to a reactdn AgaZBUZ
whi ch is continuously supplied froma supply source 14 via an introduction
tube 1 ~ into the aforenmenti oned chanbgr 10, where this gas is renmpoved via
an exhaust tube 16 to continuously circulate the gas therein The reactant
gas is a m xed gas of hydrocarbon and hydrogen, with a mxing ratio of

hydr ocar bon t ortieydaedergth of tthe ultevgtetofay® ifradidting thet @rtidiOptoyectiot diim ikhe
hydr ocarbon_preferaply conprises at |east .one type of hydrocarbon sel ected
from amorijefeEARdY 18 40&,rar8sqohy 8P ot £1008Ms , andother sAREa Ol tht ddranRiForaYE bisns,

and | overyexclniCahdiREdReasy xgpl es of the |ower saturated hydrocarbon
may i ncl upde nmet’hane, ethane, propane, butane, octane, and the |ike

Furt hernore, eXddiponadlyothetshefadeonfshe carben prosgctisre iy rio peefdsabls washed, peingde

et hyl ene, propyl en butyl ene, but adi gn and the |ike Additionally)

exanpl es %geﬁ“ ﬁéflo eo@&f““(%}ﬁ? ﬁ’(?”ﬁ?/tmgo@g}ﬁ‘gﬁdogay i ncl ude benzene, tol uene,

Xyl ene, styrerghe ndplingali@ne. reactdndhexansefeeatly oberpaiesna, néiréd t§a Idrke
Anong the af orenenti oned hydrocarbons, toluene is particularly preferred,
and the rAYRrergracatang hydragsii witls a reix g fatig oh hydroparaer o aydjogen inHae Fangge of 1
to 15 - 20_hy, i o I oSl gl fes a
hyclr ocar o a7 naCT 0 g s IR hidrocdtpon Bt oRGRLRON 1Sl BRL b

hydr ocar bdiydrepriosesticsted figur ovangd weposseatsd mydmcaibngs. dowerc iosaeurstedh as a

benzene ri nd the |like The reason for limting the mxing ratio of
hydr ocar Hgﬁgdiﬁg’om/&f’gé%‘ﬁertcgc %Qy‘ﬁ?‘éf’trg?fbgnti oned range is twofold a nixing
ratio of hydrgaaddagiont ehdwdi@erorf mhhifdduied @vmbdiRtialREQEREt medes mapge

results in a reduced coating rate, which is unsuitable for practical,
i ndust ri adompyiselaatatnd fon mapefagiurag afpagRetigresprdingmedimobseansdif forming

af or enent,one T I [Wol; e ini i1 hi ar bon
o ot cott i i or PRBRicRRY dith bk a6, B3RS £ AR Al St I §
resi st anaeaddint tgae cosiningacirbanaatbme apract&thg wetdrial nackordaddiota plasma dvner

hydrocarbon is preferably used as .the hydrocarbon - if the nunber of carbon
at oms of rﬂﬁaocrswfdcfeamawtbyx@éeﬂd@flﬁ’émgf%'maﬁﬁﬁ@q gaiken Pé‘ﬁ@%‘,"eifﬁ% MIETEIR| cul t

to suppl ynd Qﬁﬁﬁﬁédép%r@ﬁﬁbxﬁgr&e&%,ﬁlﬁﬁ% Was Sjquiingr\vat@rt, ﬁemgtfbfmipgfme

di schar ge, 0 8 MAR 2Q02 15 difficulty with the deconposition o

hydr ocar Habrscatigg éilin ¢hesear ed, which mturn | eads to a carbon protective film
cont ai ni ng hi re. -~ ~ i s e ,ng the
af orenent i one%%ﬁ'gb‘égﬁ égy&?ﬂctgrbgpowopefacﬁ (e'eg M Ehee ygg@g g% tga{slsel%s{’%?ééggelgabl y
50 - SOOswafprises watei of olngh phetyi nner pressure of the chanmber 10 is

preferably set at apgredeterm’.ned vgl ue such as 0.1 -- | OPa. by neans of
appropriately 13 Adderonn ghe; RagrGWer e e HE aseAsding tﬁé‘_&e PrEST tREERANber
10, usi ngniheompARLStndnembigftic basy aIME rﬂ:?gnn%c iR, 28RNt hridkecrivs i, he hi gh
frequency el ectrical power source 12. high frequency electrical power of

pr ef er abllybs@ting fHg0OW 4 Nosupadnedel substraie whesetnr Yuesarban tpsotgetingr Bire ipl asne,
and a_cargan PLabafitd 1% hldhh K a1, @by SkAsSas] of 6 Jllisg & gy means
of plasma chém Ca S ‘phase gro , using the’aforenen | oned T eact ant gas
as a st ardarbog predeativiedlimiRith Uhtavlol@ssysof the carbon protective filmis
preferably mt‘{:‘gd.r,an e of 30 - 100 The carbon roé_ective filmcan he forned
at the sane tiNiiepafyt hesaRstioreqoRding My Withidog 3pIths REFSet dRYSPPER
pover to hi\e cemphld Q%-éa%ne@i@%a%é’ﬁlht thanRhi€ fiRMARh Ao OprdRicavd Femphages of
el ectrical ‘power supplied to each electrode 1 1 different from each other
By means labrigating rfgmt loe pmesgragnktie|substrate awvheseine thes caspon ggoteetivgafilm is

el ectrode. di fferent, e _cqating rat d rabiljty of the protectiyve film
can be | iBBvLa T g iR s inll GrBRCa M B sl il PR BB ¥ T e 1 0
each el ecd pemai GVDr afeetiodblaydi the tinbricatingefiloi pYiicipall ddmpries an lgaar oneul ar

t he opposite phase (i a , 180) is preferred I n addition, when form ng the
carbon prde@idal gempoyrd rqpfesrrgewéftg? mf%wﬂ& o 41} thrensghng ) eths SRIRERI ng

bi as appl .y} i - i I C bias, to the disc
D, “isi g S Eage P e of LBl R R et 0 S0 T equency

el ectrical source as the electrical bias source 13, high frequency

el ectrical power of 10 ~- 300Wis preferably applied to the disc D
Additionally, when using a pulse D C electrical source as the electrical

bi as source 13, a voltage of Q00 -- -10V (at an average) is preferably
applied to the disc D Furthernore, the width of pulse is preferably in the
range of 10 -SOO0OOns, and the frequency is preferably in the range of |
kHz - 1 GHz When performng bias applying to the disc D, bias applying may
be perforned directly to the disc D, or alternatively bias applying may be
performed via a disc carrier (not shown) 0 8 MAR 2002 16



In order to accommodate for practical, industrial production, the coating
rate of the carbon protective filmis preferably at |east 200~/ ﬂﬂﬁ mée
preferably at |east 400~/ mn In addition, a lubricating film magﬂrﬁ

provi ded onto the protective film by ngans of applying |ubricant such as a
fonmbl ~n | ubricant, perfluoropolyether, and the lIike, according to a dipping
nmethod or the like In the following, the effects of the present invention
are expl ai r#e-Qr2@ek-aHp OO Op G (rpFy Ohe-(EXEMpIEF -CHEXCHECHOp2QHL - 12) An

al um ni um substrate coated with a NiP netal film which had been trdated
with texture-pro@Hssing using an alunmina slurry to forfHan average surface

roughness q%%ggﬁeé@ggﬁggp%ephe n@%r Hof a DC Magnetron Spa_t,t.e.r( 2)

Appar at us, er fWas exhausted to an ultimafe

vacuum | equ (qu,cg,éﬁ:;;g @FIQF{C}Subgequent |y, a base film conprisi.ng. g) W th
a thickness of ~400k ‘and a magnetic filmconprising an alloy of CoF=Cr, ; Ta;

(at % vverﬁ@ﬁ]dpéﬁsd)*(@tﬂqd)ﬁ(@ﬁad))@ﬁFbﬁlhOﬁ des of the substrate to-atain a

di sc D Subsequently, the disc D nber. 10 of _the

af or ement i S kg)f&@%fﬁﬂa@mﬁg’é)aﬁgigé; &&ﬂg? ﬁ&d‘r%rbon (Ghd

hydr ogen conpr ng.a mxing ratio sho Table 1 was supplied into the
Sbed A F

chanber as a r Ht TydsPThe ¥ hrier- Bt TEBFeSEME 2R HURSEt 10 was

nai nt ai ned at  2ARaiubhally)8hs MIWRichRE filhi BdYy bﬁﬁ@lyﬂrycyorﬁbﬁfetﬁInﬁﬁIur@quh(Ipf 13
56MHz) of 300Wwas supplied to the el ectrodes 11 to %gnerate plasma while a

hi gh freqfeemed bbura@n@fof 8dding arcemiqah sompaund represeripd B the fOII@b\Il% formpdas
applied tg.the tof 0 CIvef th ness of
50~ on botH '8 chgl (%TCTT‘I““O& scﬁnﬂ"’fﬁlgcr }%ﬁgé‘a#gr@ 0 rﬁé@di sC fiab(yur"lrl%}lﬁ
coating was naintain QII\ BOC (I n Test Exanple 9) the electrical power
suppl i ed t Qpthgy, ed)g(m @Yy ,and the tenperature of the disc
during coating was 6C,Nurtherm)re the bias used in Test Examr & %6)
conprised a The distance en the disc D and

i be
el ectrode 11D\A§‘§'R§r&“ tre%%%,%{\@@ lpﬁéFrrT%eﬁweeno (]L%Ft abl e, the "RF phase

di fference" si gRichgeshd hofbnfenfbratc el Npdriculdhase lWnicaliget mnsalonﬁapﬂn
supplied to the two electrodes 11 and 11 0 o MaR 200z 17 Tab 1 Gas

ri pe ! M SQgPrisigy gscompgund G@éﬁﬁﬁ@emd-b the pforementioned foemely di f9retondke ;

te ; I 0Ol
so0160 - WEGEETrabE Htfecuish yejehi ol ERY SRS RIRL S0l - IRIRRFMGET o
Tol uenell 120~Irﬂcﬁltmnastib8ﬁonen&880ne206&neﬂ‘e$¢coEiqamrpIedIu4ﬂ' maye:nem@saa(hom 400 i
180 | 460 I t T I 15 1204 180 11098 I T le 6
O ) veooTbeiE aGHIRE: Fuine HSLEIRRRRIRS ol ol AR TR SRR
2344 ~ |Tﬁ§brd§ﬁ<g’if63i jadni Wi aendd, on hHdnOmAdHRtiE %8&@&4%&&& tHeXeximt®on

9Met hane60 60 ~ no bias ~ 0 ; 161 i
amount of Co is no greater than 3ng/cm” with respect to the area of the substrate, and

preferably no greater than 2ng/cm-, and more preferably, no greater than 1 5ng/cm’

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

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

range of 3 ~ 10A



Il Test Exanple 10 i Ethanel00 0400 1180 | 385 ~ j i 'Test Exanple 11 i
Acet onel00 0400 180 221 ' | i | iTest Exanple 1? ~ Toluene ~ 10 J N&EZUUZ
bias i 180 i 290 *'.VI~xing ratio the ratio ofthe gas shown in the "

Type" colum to H, Table 1 shows the cpating rates of each carbon film
Conparing Test Exanples 4 through 7, it is clear that increasing the m xing
ratio of toluene results in an >, ncreased coating rate However, in Test
Exanpl es 6 andThé méthed Gwaeiog-pratasidg ds preferabip aanechasikcaltmetdod forttbeurd-xi ng
ratio of toluene This result is assunmed second o the dii~usjon of

pl asma f rSRFESHASKY Wity P@&Slzﬂmaﬁﬁeﬁ ALY Hr%%a%ieﬁp@n{esmewﬁwgnﬁayi ng
Test Exanpligge froces3esivhich the lavériigEbatie diberts ol PHGYGMENt S in the
coating rate can be achieved by neans of bias applying, In particular the
hi gh frequencyTizi rasthapfirymerhanical dé>xauremprkiesging hiea pledwddonfredting thd aaface cal
power supplied to el ectrodes whi.ﬁh are at front and revetrse si des of the

di sc di f fErBARMONIBIANEUC FUBNRE W EXYIRRIOCHSING. PYBFIN Ui gnthe Ras-

appl i ed taddefc Gayshamn WHiRl £CThe\48mE itintd Afnikg'dn, abtRivethpd Bvéd tHBERIAS in
recordi ng nmedi um The resultant magnetic recordi ng nmediumwas used in the
CSS t est ,coamcdedbthdheurfach of ke nesi-meansity Jubstraip.sandesipplyingCsigasye particles was
perforne i i - 2 2 . ead. i nce
cycle coﬂ"se?‘g’?eggh%?‘;%%ﬁE%pﬁg“%"@/'??agr“ ?t\'/cgs@es@g%ﬁdg?%%g’ﬁ%@@’éd%ﬁ#ﬁ?ﬁs ®for
one secongcillateaibei sigasivemapeoin &idieciecondsh caomep stk afogerhantionad rapgiand, at
a rotatiopal speed_of 7200rpm under the conditions of anbient tenperature
and nornﬂ”eﬁﬁ?ﬁﬁf?ge@tﬁnﬁéiﬁéf%th regard to Test Exanples 3 -- S, a
suction val ue S j AL &FTm; ich a
CSS operation %srdgg%ggg%g% %8%8 ti n@génﬁﬁn%gﬁﬂgvgge&%éc@c e %stgﬁc}}eﬁ\?cri bed
above, atpracessnpermaefarablyom tHOBnge bH3G hAAPUPMY of 80% The results are shown

Table 2 Wh h dd th t est f I
empor ot ur e and oot BETHPUOLHESTENLE 1 PrCaSRy ¢ FRaeE et REMTH R RAL A he

crash ocaidfe@n Washer&f OtHée chylifbcdmbh e preferable fcafipfis&f at hRag- RaBdnpealerval ue
(vG line) and d-band peak value (1d/lg) according to Raman spectr al

anal ysi s hyarasamon oselqciage froay @mosg lger | satusated hyidargartions. favyes, wfairatpd
general , r i1 o according to the Raman spectral
anal ysi s,H@%&?gﬁ?éngmﬂ?ﬁé’f&%%ﬁ@%@gbt ained in which a g-band is
measur ed at agdpradditivat gleymig®fic mecording mediuinaavdordingransher présemt invention
approxi mately 1400cm’ ue for Idl r alternativel

| A smal.lg)r sz f‘lx%’ 0 N Y2
hi gher f rBHUERBYIOP RMTEEEHA PR ANy SRR Mg 2B oo BinbeHYs ifile:
char act enjsth Gfe fomb@dnCAE RGA-rhd dnBliSUitsBdtL Adcbdind RS a SANEATBYTE hriebhod,
recording mediumused in the CSS test was , o
wherein the average surface roughness (Ra) of the non-magnetic substrate is in the range
of 1 ~ 20A
In addition, the method for manufacturing a magnetic recording medium
according to the present invention is a method for manufacturing a magnetic recording
medium by means of forming a carbon protective film on a disc, the non-magnetic
substrate of which is layered with a non-magnetic base film and magnetic film, using a
reactant gas containing carbon atoms as a starting material, according to a plasma CVD
method, wherein bias applying 1s performed to the disc at the time of forming the carbon
protective film, and the reactant gas is either butadiene gas or a mixed gas of butadiene
and hydrogen comprising a mixing ratio of butadiene to hydrogen in the range of 100 to 0

~ 1 to 100 by volume



used in a corrosion test. as described in the followng This test conprised
the steps of leav rng the test nediumin an oven at a tenperature ﬂ)Bnﬁél@ 2002
with a humdity of 80%for 96 hours, subsequently soaking the mediumin
SCcc of pure water for 30 minutes, andjgeasuring the anmount of Co extracted
in the pure water In addition, another test, was perforned in the sane
manner as descri bed above, with the exception that the aforenentioned

magneti ¢ recor Withgreg®di tu ithe\aforahémivned reacsint gad, tike iR Iraticcspeutadivhietd 250)
and hum di)té?/ (50% for 96 hours The results are shown ~n Table 2
Fur t her nofiroges 1s Reeferally amthedpngs 9t 1091p 87 1 {5 bevaumer ash” signifies the

occurrence of ARRAMHIGT AR AULATRTNeralRChERG: o WlabferldNEePREAS el ash”

signifies that such a“head crash did not occu 2002 19 2
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L Carr i yrepordfly meShAE by meinsoroSauing o disc, iy wsién BpbRrElEbr e BT
Exanpl € 3magrief@Qubsttate aredlaQéred Qvilld a;nohSafgnttic Hisd Gillm TaEt mExae! fnsS b dNo
crash i 5000 i 0 44 ~ 0 060 14 i1559 21 561 Tcst Evanple.t ' No crash5000

~0 380 Ogeactamy gaF quwAnine @ripm ptpas; WhtlgnPIpelng. ejgstrigah PRBGD 10 eiwrodex)s? 12
~l 524 50 T | ' -- 0 4 7
o - —erpphghd Gpgl IR S abe alsp (O Rhcrare sty o glris Larply pRAER G ©

Exanpl e aoniBO@ gides of th® dix@, pfind 9he AfoBeméntion®d 4&aCesit ghx anl sarfifig Imaténal, - - ~0
14 ~0 22- i-1,Test a | 1.i,10, ' - i - 1.i.0 13 1.0 77 1--Test anpl e
12 { 2p. -accomdptga 3 PSTHECYD methog Whereiagfies applyife fpeciogiabd e it one
magnet i ¢ #86 0fdikdiehinge thé! NBarBUMU hAGE TR fifh C Ml bt TEswer k&@Stol tihr ough
6, the above described crashes did not occur, even when the C S S operation
was per f orfrechegrieradeelectirales SomPrisgsniigh frequenayi eledtreal prowar, Exdathsl resctant 5,

did not resu| in . cr e 0 -on f or med, 20000
i mea ! ar R olng o€ ERRD BN S 4 MO RPD Rk WRE 1088 iy 3
per f or medmSOROratib € Butadiedeto hiyieogenridithe range of 160 dodpenat 00 by 0dludeC and a

hum dity of 80% and thus these exanpl es. exhibited a favorabl e perfornmnce
\M!Jt h Ir eé ard t O\?\?Ihggi QMYpg the gpr@g;sprote@we film, it is preferable to make the ;Phases of

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

The thickness of the carbon protective film is preferably in the range of 30 ~
100A

Brief Description of the Drawings

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

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

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

shown in Figure |



On the other hand, Test Exanple 7, in which the mxing ratio of t(al uene Znéjz
H was out of the range defined in the present invention, and Test zﬂﬁﬂ 0
12, in which bias applying was not performed, resulted in a nodest coating
rate, but a magnetic recording nmedium e inferior durability 0 8 MAR 2002
~0 Additionally, the magnetic recordi ng nmedi um obt ai ned accordi ng Test
Exanples 8 - 1 |, mwhich nethane, ethane, or acetone was enployed, all

e~ hib~ted an figher 4 a§ Ldrabistdtiofall viedhbwing, at lenbo@mtkri Sofothet MggredEr 0Si on
test confirmed that the extracnon anmount of Co of all magnetic recording
medi a wasTeEYIHEANSHEEB|aGCording 30 heJUeSERBMVERHON eani ng no probl ems with

respect to praﬁ%{é,fead istasggpmtwﬁmzmra,visweshggggoﬁ%ispsynéﬁau@éni £ lﬁaﬁwed

clearly that n possi bl e to 1 nprove the of 't resultan
magnet i ¢ erstomlidemgf misdmetinod Bgr memifsctarfingrakiaggetichrecpidagesedimekcewtmgaal
power S“ptl?,l led to the electrodes on each side of the disc different In
addi ti on, MECESFUIME B  t he results of Test Exanples 1 -- 6, ~t is possible

to forma carbpguRr®tLatdcH@ndrid Bhakural ¢RAM isR@wingt Me Silirivablee rdyofradngeat ri al
production, and to provide a nmagnetic recording nedia exhibiting superior

per f or maneiReT upessip aptembediment of fhegnethadh £ manugastirgee magresic aprasding
corrosi onm@aug%g&jdpﬁqgit% ér@?enﬁn%ﬁt%m I oned, according to the present
It eto e

i nventi on, IS posSi Iciently forma carbon protective film
possessi ng a skiperei’is acdahahatid styncrcad onav,rshbwing the m@sipog apratus osedakant he
carbon protective filmthinner while nmaintaining a sufficjent durability,
Uher oby " r SERRAET AN BEEPR JoT BURIAGHENE § mastetidetoBing TesiuPReEaTEiReIt
provi de apt gldsahlivenfiB@neti c recordi ng medi um which can support a

sufficiently high recording density w thout reduction in its output
properties Figure 8 is a cross-sectional view, showing an embodiment of the magnetic

recording medium according to the present invention

Figures 9(a) and 9(b) are schematic structural views, showing the texture-
processing equipment used in an embodiment of the method for manufacturing a
magnetic recording medium according to the present invention Fig 9(a) shows a front

view and Fig 9(b) shows a side view

Best Modes for Carrying out the Invention

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

The chamber 10 1s connected to introduction tubes 15 and 15 which direct the

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



In the foll ow ng, another enbodi nent of the nethod for manufacturing a
magneti c recordi ng nmedium according to the present invention is d(jérhgﬁdz
usi ng an exanple in which the plasma CVD apparatus shown in Figur 002
enpl oyed Initially; a non-magnetic base+filmand magnetic filmare forned

on both sides of the non-nmagnetic substrate according to a nethod such as a
spatter-coating nethod or the like. to obtain a disc D The non-nmagnetic

subst r at e 16aWh&BERhdSEasdiiids Bme lcaimbérnidl outSofgRNG/saIn Y THis@Ehasst tubsulSEr at e
for a magnetic recording nmedium as descri bed in the aforenenti oned The

mat eri al  RARVided Withas exBpust wel%reﬁﬁaﬁes valvedde whighyaliaye feaghe apriopriattn ar e
also as d 2002 21 Subsequently, the disc
D, layer egé%c/{vllrlétt%ﬂgfﬁ%%l%ﬁ@éisﬁgqgég%a}ﬁ%g%d magnetic filmon the

non- magnet i ¢ sUthsthight EFeqenoy dleagicabpower m‘tmee@rstprefnaeacbly)pec shat @as supdy

ho surf adh SRR B © pQ e /B000A ¢ 4 RECHBRE dn i Bo o e garoon)

cont i nuougktesiielliied froma supply source 14 via an i ntroduction tube 15
into the chanmber 10. where the eas ~s exhausted via an exhaust tube 16 to
circulate the delditiarele prefered rexamplastofghs elestrinabpias auipe al Sninge dnghede 2

conprism 4 1 to
hydr ogen m@ﬁﬁ@@gﬁggaggnga%wf&)g&i}c? gﬁ%gb 9?5%(/91 gnég&ggalglfescrl %&}gé‘ I?Rghe
af or enent |hm’meﬁleq'ﬂeecmyldcmalr mnverpsbefoercablgefembm apqﬂs adtlg}h deqhemen eldcyiiel of
hydr ocar bon sel ecte n rat ed car bons, | ower
u%saturat @HWHS/ ]@cag%é)\é{sto tgenn@ ‘?oﬁgﬁeg}%ﬁ” ?‘erﬂ}‘gq%‘g BISRL IOPhRATV & SPHEFE 1587 out
this Oper?Féf%blvtalﬂSl yfdnOWefaak SoRigel dre40®@aCIANto GRJidcS Preferably 50 SOOsccm

Addi tionally, the Inner préssure of the chanber 10 is preferably set at a
predet er mi ned Valthee followang,can embodimegt PA th mﬁ@ds@nﬂnanuﬁ@tum agnagretii gh

frequency eIe trlca ovwer source |2, equen ectric r of
pr ef er abl y B 645 i accsolﬁpp i % t}t’eo ptr%ent £l8r(]je ﬁ{scfl{)e%e}{‘ergr?gpg}qg

and a car lawaexﬁmtoaedi nmautfatdumhgszqmlpmmdns@@emum exaf@fe Of the disc D by means
of the plasma chem cal gas phase growth, using the aforenmentioned reactant
gas as a startJwgaﬁa@é}qnapaerwecpmec@lﬁégad wg@qﬁ'@ fay 418 dommes: @tbeth sides ph i s
pref er abl t ke (a1 4 ?,%OI ARSdRRLY L r t he
el ectrodeé n% rgfgé] ?}@9@05 }egé%ﬁ(r)re a\lﬁﬂe Ehg) %ke'ﬂ%1 Eétﬁegscgétq@f mgﬁ\\eggtc}rlttg%l
power suppkeedobmneadllsca ectrode 1 | different By neans of nuking the
phases of el ecttical ied to each el ectrod dlffere t he
coating rate ahﬁ ©4ep ggquflf‘ils %?tp?tﬁgla}grcgp@&s?w ?%W% tied gq“ﬁﬁ‘rl 5\)’@ e

di f f er enceutistraich€orplasghdtict r&dkding anedaHer exaiipids ©€ WhRicRafy einekideogle i s
preferably in the range of 90 - 270, with a Partlcul ar preference for the
opposi t e plygysiup allpy, SUPSO@)‘e seaed Withg N8 Mtk fwiasdi srBsiTates campsisma $1ew. f or
manuf act u r ctive
i i heshe aBARPUE | e Thrtepg of P Mo R e 1€ pfataff fedes

havi ng a wmqmenmyprotesimgmcbaslmmanit:@memlrapweismgoﬂp part{oniar - the amerhgand
pul se w dt 1 t.he disc u g an electrical bias

sour ce 135urf3(9e€§°‘l\ﬁr&§e§d8§) }&p&fpl’saglydnéh%[agge]oféq?g?ty of less than 1 kHz or
exceedi ng 1 OOBréferrédeextntsies Bf eheCvattdial BSrothe GlonvifadrietiBtake Filthahtigde Cr,
durability In particular, when the frequency is _|less than 1 kHz, the

coating r aleysiadkdand Jipdoysaker af}de‘é’d?“‘@*t‘lf rand M. 208 pHovseofiE&amdiSion tn t he
production ef f iprideRay, ?\% FTT ro?‘ﬂl'r@di(lﬁééné‘ln@r 1&%9?%9&&&%%@@%%% honed

pulse D Cbias Is pre ~-1z -
respecti vellgys of Co and Cr, alloys of Co, Cr, and Ta, alloys of Co, Cr, and Pt, alloys of Co, Cr,
Pt, and Ta, and the like
The thicknesses of the non-magnetic base film and magnetic film are preferably in

the range of 50 ~ 10004, and 50 ~ 800A, respectively



Furthernore, the average voltage of the pulse D C bias applied to the disc
~s preferably -400 -- -10V When the average voltage is | ess than 06,085 2002
sparks are likely to be generated during the coating, leading to a h R

l'i kel i hood of generating abnormal growh portions on the surface of the
carbon protective fil mWen the average voltage exceeds -10t.', the carbon
protective filmtends to contain a greater nunber of high polynmers, which
are inferior iguiskgealhtlendidgde Isl @ihspériéd it GadHaRBef 11D BFYRY ph8mAr©VDded on
the protective film by neans of applying the aforenmentioned [ubricant

Exanpl es afparates. nengnéhel sutfaceopithgy dissdiluns rexposedctourde feagi@sords.nyhich tshe

af or ement i oned nuf act uring et i nel ud ¢ recordi ng medi um
W th the SORTEPHTC Yl bR SRR itee BEHEgn driTBARERY b £ Els the

accor di ngafoeerhdiitdn&TehsthbeEnt 0, whaenthivgaetis cermongit VAt &n SxhausnambeTagnet i C
base film 31, a magnetic film 32, a carbon protective film33. and a

| ubri cat i ARPUMPPRAI3AIreylate Hiegas i8S Accor di ng to the af or ementi oned

manuf act uring fgt hﬁ&an@%ast.b@ rlikdBeRfofhOicABoh AR 64BN, R AL fﬁuia@rardol m it

-

is possible to effctentTy forma carbon protective fil'mdisplaying a
superi or dimaipedartop, to diydogemin the rangeobzas wi t 10 OO neplemey of | kHz -1 OOGHz

and pulse width, o ns, -- S s is applied to the disc Accardi ngl it is
poss bl o to mind PrAoESpaLRERBY L PRERR e B it PrSRE R i ng

dur abi | i t fromagioridlésveprsanvraed aydragarbbnst |6weroimihingato® B drorirbads, iafd ¢apabl e of
reduci ng spacing loss In addition, tt is possible to Increase the coating
rate, andcysli6dyeIaceRORY ficiency therein Therefore, it is possible to

efficiently breyiffed orahtaBle) SHRAAE! igafdRsBol! Al TRALMmatineh chafle

support a sufficl y high recordi ng nsity wt owering the out put
propert i eprophe. dafane, octéeMairR! 2@0ke2 3Fumharmerd, ekiroplen@f thenlvef fuasdtgrackd t he

present invention are specified using concrete exanple Test anpl es
13-26) Af F@O%b%sumahi (octogr 8‘3??&%3?&% Ao QBT (iR L HE° FRE m
(With a dihgagbesiiyolexQRpIRs dRehd HvwekNgsisc BYdrBcABB) ma@Sintin8abeskent.t Bluene,
mechani cal texture-processing to forman average surface roughness of 20-~,

a non- nagkdene stysene. maphthafane: ¢y cloheranek ecdehespdiemoené tedikesing a O al |l oy.
and a magnet | ¢ ahldnd 0 TRI:bAbAford %?Acm\sazggﬁaglgﬁggsgﬁgﬁm% Jougits O@Sbot h

si des of the subst usi ng spattering manu ured
Anel va) t theolkaignrano df sdudie $othgdmpgemisl yreferdbdy di the rihgeast It woalfspond &€d bynt o a
chanber 10 of the aforenentioned plasnma CVD apparatus, and a m xed gas was

suppl i ed YoIBmEL he supply source 14 into the chanber to achieve a flow rate

of 130sccm A nM¥Reha@ids aOfiow&! HiRIRGaA” R RA G hydibdafbod HivitighD~ N8t dafodaf
tol uene to hydrogen of 1 to 12 by volunme, was used as the reactant gas

Addi t i onagtelps tIRadptiegr a peedisuivdresarhane reprasasey 2 DdiggarbamipassEbsigla Aing6Pa At

t he same %&Eﬁgegwhsa?a%egzgeqﬁ‘g‘g?‘ﬂ &Qﬁ}llk. ed to the disc under the conditions

shown in using an e cal Dbias source 13, and high frequency
el ectrical powEhe odasGO@Y liovitigd ther miting ehiyo DO Midrovabos ugmadl hyellogen tohthe

? L?girnggggf‘@%erééﬁgg%ie ga?prg%tigitgrlé)gcﬁg? a?rﬁlg(ir{ﬁogz?ﬁo%o? %;Rr%rc}a [)r? ttgcﬁ}lld\r/c?ge];ll flamnvg\'1 th a
below the aforementioned range results in a reduced coating rate, which is unsuitable for
practical, industrial production On the other hand, a mixing ratio exceeding the
aforementioned range, results 1n a high stress remaining within the carbon protective film,
which in turn lowers the adhesion strength and CSS resistance of the resultant carbon
protective film

In addition, a lower hydrocarbon is preferably used as the hydrocarbon - if the

number of carbon atoms of the hydrocarbon exceeds the aforementioned range, it is

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



The tenperature of the disc D during coating was nmai ntained at 13Q0C The

di fference in the phase of high frequency eiectrical power suppli8d tMARZ082
el ectrode 11 was set at 180 In addition, the distance between the disc D
and el ectrode 11 was set at 30mm Subseggently, a magnetic recordi ng nmedi um
was obt ai ned by neans of applying a fonblin lubricant (Fonblin Zdol 2000)
to the carbon protective film according to a di pping nethod, to forma

| ubri cat i digriduity wittheeeRBompbditien dhinktocsisonsfis 2RbufiteeedCSHidtesittuttekads foed i n
the foll ow ng was perfqrmed on the resultant magnetic recording nmedia In
the test,? ¢APHTHPIRIIGRVH BHE copjaintng high palymers hakatp dRtEPBEUERE he magnet i ¢

recordi ng medi \Wid Qed8nihk @Féafo?émé}nim&ﬁya&%n, TRERGW Ahire AU pem:taﬂpgasa
tenperature of 40C'with a humdity of 80% After allow ng the nagnetfc

recor di ngs prefeBiblaR02003003dcme dinupddivon,i thef mner] preseure efhthedghreanbiec 1€t iscuon

val ue was ni.tored The results,are shown Table 3. 1n the table, the term
Yol e RO P Brsipiinge Shbe AN B 8 17 otk it 3BuBanidf | o
t he el ectidpdeing lthe bwgadehst fHer sialeing®f frohe tikat Refibapr 1. agsirgV ehef bxiiust O 8

MAR 2002 2 TaBIe 3 Bias i frequency J | I I IPulse
regulating valve 17

At the same time, using the high frequency electrical power source 12. high
frequency electrical power of preferably 50 ~ 2000W is supplied to the electrodes 11 to
generate plasma, and a carbon protective film is formed on both sides of the disc D by
means of plasma chemical gas phase growth, using the aforementioned reactant gas as a
starting material The thickness of the carbon protective film 1s preferably in the range of
30 ~ 100A  The carbon protective film can be formed at the same time on both sides of
the disc D

When supplying electrical power to the electrodes 11 and 11, it is preferable to
make the phases of electrical power supplied to each electrode 11 different from each
other By means of making the phases of electrical power supplied to each electrode
different, the coating rate and durability of the protective film can be improved The
difference in the phase of electrical power supplied to each electrode is preferably in the
range of 90 ~ 270°, and 1n particular the opposite phase (i e , 180°) is preferred

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

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

(not shown)



width ' |l Bias voltage (V)Plasma RF electrical power (WCoating ~ rate
~I (A/mm) , Suction (-) iTest Exanple 131 kHz500 ns-120500 | 405 i@BSH T?Q:U[Z
Exanmple |.t i 200 kHz i500 ns i-120500 ,753 10 40 | Test Exanple iS5%2 reﬁz

i 1250 ns 1-120300 ,712 10 55 Test Example 16 ~10 MHz i 50 ns ~-120500 ~,
844 10 46Test Exanple 17 ;200 kHz ~1 ns-120500 ~4770 88Test Exanple 18200
kHz1000 ns-120S00777 ~.0 44Test Exanple 19 11 kHz i ~~ot) OO ns-120500 ! 1624
|0 67 Test Exdfflréer2b) accotfimGiiine forlSpramscall, intikdrial [760udi, theGdating rateodnpl e

s - 100 Sb0CuDIBAFRLR AT S BREAIOD B30e GOMD BT SADOTROR IRl
Test Examph&/Rfh |
In addition, a lubricating film may be provided onto the protective film, by means
of applving lubricant such as a fomblin lubricant, perfluoropolyether, and the like,
according to a dipping method or the like
In the following, the effects of the present invention are explained 1n detail using

concrete examples

(Test Examples 1 ~ 12)

An aluminium substrate coated with a NiP metal film, which had been treated
with texture-processing using an alumina slurry to form an average surface roughness of
20A. was set into the chamber of a DC Magnetron Spatter Apparatus, and the gas within
the chamber was exhausted to an ultimate vacuum level of 2 x 10 Torr Subsequently, a
base film comprising Cr with a thickness of 400A, and a magnetic film comprising an
alloy of Co;-.Cr,;Ta; (at %) were successively formed on both sides of the substrate, to
obtain a disc D

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

At the same time, high frequency electrical power (of 13 56MHz) of 300W was
supplied to the electrodes 11 to generate plasma while a high frequency bias of 50W,
under the conditions shown in Table 1, was applied to the disc D, to form a carbon
protective film with a thickness of S0A on both sides of the disc D The temperature of
the disc D during coating was maintained at 130°C (In Test Example 9, the electrical
power supplied to the electrode 11 was 600W, and the temperature of the disc during
coating was 136°C Furthermore, the bias used in Test Example 3 comprised a D C bias
of -200V) The distance between the disc D and electrode 11 was set at 30mm
Furthermore, in the table, the “RF phase difference” signifies the difference in the phase

of electrical power supplied to the two electrodes 11 and 11
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the results of the CSS test shown in Table 3, it ~s clear that th

recordi ng nmedi a obtained according to tﬁe met hod for applying pulse DC
bias with a frequency of 1 kHz - 1 OOGH# and pulse width of 1 ns - 500~ts
to the disc, at the tinme of formng the carbon protective film were

superi or mﬂgwam lity and exhibited a higher coating rate As described in

t he afor ible to
efficiently for m a cEﬁb@?ﬂDQr otMitrigve fiBiag wi E}h KFsupérGanngur abpkei tiy

Accordingly, it is ppssible|to gpke tggqugﬁcr\ HﬂQFeQE ctiyg filmthinner
whi l e al so mai ntaining a suf|ficient dur abi I i y, and thereby reduce 'spaci ng

loss Therefore, it is possiblést@priovild®)a highly relgbine,. magnetic

recor di ngTOEREL h PRES (@ Sagicren ghpJEcordimg density
w t hout [ ower |%1Hc§het her g&%“%ﬁ? ?rijgpgrti es Q8 ?—‘QEZOD 26:(? gure 3 shows the
manuf act p’ﬁﬂgEmtpﬂqmenf[‘oumed |m0 ainza her 40tbodj ment of 't he0et hod for

rmnuf act na ;ernnnfuh r nadium ac mrhnn fn hn nrncnnt

i nventi on Teﬁhﬁ\wmﬁ act Gl’-ieﬁi]yeé]% bﬂ%ritﬁg&m her &% i s pPst?\n ded-%\t H a
spatteri ﬂﬂcsgﬁ{/a'n{b?cd ][EI%[HEG-E atyg €13&9uT adgond ev;g@T ag@pllasma CTVD
apparatus_3 The spattering device 11]is used k orma non- magnet i ¢ base
film rra,gﬁstEcanfpidTn Fobhendhre 15 k&0 dn a40r®on |magh811| cisub98rate, and may

conpri se—ga Aeral--y—Hs AR ac R a—rRghet6

recordin fﬁﬁé’é‘r“ﬂﬁﬁﬁ' F@ﬁ‘ﬁ@‘?c t 10 $|(£g %’ ng devi®® 3 sdi8!t He t enper at ur e
of the difg l§\9a'i]{pletp tﬁslu@{@ engpt porjed deoaS B C8) appangpys 3710 a|
predeterimi ned degree, and conprises la chanber 4, which stores the disc, and

a supply E@UE‘@elpfecﬁr thphaynﬂ ng IOﬁeOtérrpe"f(&)t urje atBsti n32fas !5, which is
used for St+16 } ef—the—-dt S€ +-a—the Chl"nbe!r 4—The
aforenentfcékg‘tfnw anmb eﬁA ch%ﬁ g@t dd PFP%h §i nt rdducti o't ube 7, wHi ch
directs m'%t Earper At UTEhafdl 1ST009009S S4ioP! :ﬁd gom [NesgUppTy source 5
into the_chamber 4, and an exhaust tlube 8 ich expels the igas inside the

chanber 4TQ§UE\amplet1He é-ystpem TH@Oaﬂorerre4ﬂ0i oned b&fhnber ZIZlconprl ses lan

airtightt=s ; mT1 Hr-ansport-—e afege—4a;—whi ch
transportgeséall:;rb Lﬁ" F??Wﬁn?mgugﬁﬁfh "o é?‘c‘t erin 8b‘cjevu ce f i ito t he |chamber
4, and a Waméoﬁamb %Irstlcﬂ@mw@a@hownamwr@@s TyR” dbletn0dtH.0f the chamber 4
tovvards t he aforenentioned plasma CVD apparatus 3 The aforenenti oned plasm

CVD apparatus 3 nay conprise the same structure shown in Fig 1
Table 1 shows the coating rates of each carbon film Comparing Test Examples 4

(D

through 7, it 1s clear that increasing the mixing ratio of toluene results in an increased
coating rate However, in Test Examples 6 and 7, the coating rate did not improve
relative to the mixing ratio of toluene This result i1s assumed secondary to the diffusion
of plasma from sparks incurred during discharge In addition, when comparing Test
Examples 1 ~ 5 and 12, it is clear that the improvements in the coating rate can be
achieved by means of bias applying, in particular the high frequency bias applying,
and/or making the phases of the electrical power supplied to electrodes which are at front
and reverse sides of the disc different from each other

Subsequently, a fomblin lubricant was applied to the carbon protective film at
15A, to obtain a magnetic recording medium

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

in the following In this test, a CSS operation was performed 20000 times using an MR



In the foll ow ng, another enbodi nent of the nethod for manufacturing a
magneti c recordi ng nmedium according to the present invention is de@gr}mﬂdgﬂgz
usi ng an exanple in which the aforenenti oned manuf acturing equi pnent 1S
enpl oyed Initially, using a spattering,glevice 1, a non-nagnetic base film
and magnetic filmare forned on both sides of the non-nmagnetic substrate,
to obtain a disc D The non-magnetic substrate may conpri se any substrate
that is geRerehérvinusRE cgdleaonsted abeildiag up ORGREkENES N speedTdBA  as
described in the aforenentioned The material and thickness of the

non- magnefor enggesand. jtrathng e vwalgn Sve seqonisnaad paking fos ong segendieas @ rpigeondi n t he
af or enentj r~ : y)gjgﬂ ] gnetic
base fil n%pgél}:ggfnggg@?’cun? |5I ﬁ]gg%hdelﬂ?rg%gb%{ie&rt e of r{t %@Hggp %@n@ﬁ} %ﬂgubst rate
i s appr oxi mat efurthgSfore- wiBb dcgaBlites Eepi@rtnples 8heS.di sctubn vhiay evasdnmiitobed, he
non- magneti.c base fid mand magnetic fi on e non-magneti c substrate
accor di nganpoaqoﬂgrg%ér e c?ﬁ&gm&%jgp‘a?’:hi}hs‘f Cilsg ??eéﬁéoﬂo%?%ﬁa'? 'ﬁ?d’uf ﬁggéhanber
4 of the 48EPE5AL tHeSsahRIYL RS B@sHidel @Bov2, kg fePardiii@ JfeTs RAthta IRAREANCE 44,
and the disc D ~n the chanber 4 is exposed to the tenperature ad~ust=~nv
gas, whi cof 8080 suppresalts preowonandgplsl s Yhancecnash pecurnigd durng dpueS$ destt ube 7
into the f i { t I ust.. tube 8
to ci rcul%?@p?%{eug%esr ?{NIRM t%ﬂ%ér gﬁ%g‘?dak) llSJeF gﬁggﬁﬂgs@ﬁ%} gg?!‘l%s 'ng at'the

parti cul atrhy whemilieetsshascuresigwasretdrdetbes not adversely affect the dtsc D,

exanpl es of the aforenmentioned gas, may include hydrogen, nitrogen, helium
neon, argon, alﬁdT%bﬂ’FezﬁrﬁRéa%égf%'@?%{BFﬁ wlug [ ‘ﬂ‘éﬁ)pé?‘%fiﬁ’@ﬁd REku¥dlpag has
IS appropsk et i g d i : fethe

i s b, - ALY EkLrARERE RGN ARG plalldid ArdenTof BRL LRI AL il o

adj ust i ngefpasmcandn tgheerhli kéwen osaeer filnt s snal e ecedrding tbshg Rafran abeatrain t he
range of Q0 --- 250C.\When .carrying aut this operation, the flowrate of the
{ omper at (PEVAE] GoPOAL gat’ FROYpERs Rintimnts TP TUBER L beR: 5 BRARSH 4 he

i nner pr egpprxemaklyt IF806MARRER ddoand iPMRARFaDAApERKiMdteld 1ADOESRT eNdmad, val ue,
ag. 1~ 30Pa ?g/ means of,aﬁz)proprlately adjusting thé flow rate of the
exhaust gaduerfopia/iger elerrtsely agyehes frequericy dephsi sbandrealjiressltpin greatee

t enper at %ﬁP&‘PJ-Hﬁéﬂl%?&%mé’a%%%%ﬁ&?ﬂﬂﬁ is perfornmed between the disc D
and tenperature adjusting gas I's operation is continued until the

t enper at ur e ofSubbeudnthc the issme Magnene aagediog rhéfdum R G thy €SSr bl wad50 ~

250C, and re preferably 150 - 200C |f_the. tenperature of the disc i's
| ess t hart's¥ HC?CPHES‘%F%XW dgeribRe 1 e Obﬂ'lﬁrer? 5yt FP'i“H{‘?e(S‘r‘ﬁ‘éd‘eBﬁP t he

disc D aenfdindded: thddlifn APEA @@é;crpﬂ_adt‘éﬁxﬁériaﬂgglof@O@f@/itﬁﬁlHMEQOf%@%%FS ina

| ow val ue. which leads to an inferior durability If the tenperature exceeds

250C, t hebtkhmes.isubsequengly sfakingehewhedoumh es 56€c vfhpureesstafir Waminmesoaed t 0o
hi gh during the formation_.of the carbon protective filmaccording to the

oper at | orruEng e ATy RE Lo SHgGieR T airh vater P I FROUST T8t PRSI Ly
i n adher ipgfothed Mol geubsse tiRardnee 43 deschbed dbedY withatien@xéeption | dat ap@t i ng

rate I n addition, ~0 B.MAR 200 2s the resultant carbon protective film
cont ai ns HOKREREIEd TIRANEHC HICORdinh Msgiurmeas aHayeh &n ik at A APTTRH dempARTYr | n
strength, i A od r4 L Ly ently, the disc
Dis tr an(szgc?r)fagathgﬁ]?d l{c?ﬁ%tg ﬁ«gq?l?r?pl{’aégguiggrreggﬁ%g% |Lﬂr?é]%dl§tt?l ?gqu via the
transport exi tFudthermaord, iinedi aresent Ispedfichapeahe lermf “thash afsigmfig@ntthened

pl asma CVD appar atus 3 ere th rface of the dis¢ D, the tenperature of
whi ch hasowggnca@ff abeRtierash S LSAT BHLY TS AnASS £yo haaRcsighilien tat

t enper at uf,en h Bedd GhdnnBd d8vé&ar ~) |'s exposed to a reactant gas, which is
supplied fromthe supply source 14 via the introduction tube 15 Into the

chanber 10 Gas is continuously exhausted through the exhaust tube 16 to
circulate the gas within chanber 10



The reactant gas is preferably a m xed gas of hydrocarbon and hydrogen wth
a mxing ratio of hydrocarbon to hydrogen in the range of 2 to 1 ﬂBlM%R %ﬂ&
by vol une as described in the aforenenti oned, and the hydrocarbon
preferably conprises at |east one typejof hydrocarbon selected from anong

| ower saturated hydrocarbons, |ower unsaturated hydrocarbons, and | ower
cyclic hydrocarbons \Wen carrying out the operation, the flowrate of the
react ant gaﬂets preferably in the range of 50 ~ SOCsccm I n addltlon t he

i nner 3

val ue, t OPa by m - "?%W?“%HFﬁ%tl

of the e%haust gas fT g ar cuoH S| NGridN € gochadesT r@gyhﬁﬂlmgmvalve
17 At the sane tine, u5|%_ the h|gh’frequenc eIectrlcaI power. source 12,
hi gh frequency el ect r¥PRI€ power of referah*%/ B L (et ‘%ﬁbplled to the

el ectrodes 11 to gehema$®eplasna angd formthe carjpon prot=ct|ve fl|n10ﬂ
both sid e UTSG3 Oy Treans of  pias g@enlcau)gﬁs XT O/,
using the %ka?enentlogeg reactant gas as al startiing mater a?ﬁﬁhe thlckmess
of the cafdsdhappiol ect i3000fi | m |-s prpf erabl y Dm)8t he r@nhge pf1530 2 100-66\When

supp|y|n el ectrical—power Y A and 11 it H;bfgrahle to

make the PHASEEPIGF ¢P§b¥?$bb|588%er|59“%|fééo$% eezh E?ectrb g'dlfﬂéﬁemt By
means of ek \REpiE 16 @Qﬁ§%%‘0739b60tf'6%% POWBTosSUPPTG 6H TP PRGNy ol g&hf ode
1 different, it is possiblle to inprove th coating rate and durability of
t he prot ‘et;dsuﬁmn;ilﬁ m; Noecratihf f erSéﬁ@e nOt3de phA$H8 of el &xtr Lclaﬂ24|cﬁowteﬂ 39

suppl i ed—to—each el-eetrode—is—p preferably—m-the_range 99 %7“ ard— N
particul T“‘ %etrefé@9§|ﬂ conprises the p ngite d%%%e 13472 , 8§ﬂ§ .0 'S
MAR Z002 2 BRRGLT, [1 Uosps preferabnl e tQ Tof NpGAe 11 TgiEyni [ e pertornLng bi as

app! yi ng__such _as hi gh frequency bias _and pul se DC bias tp the dilsc. using
the eIectT$U%mmM¢&slsoche 13 The cpndktlonsodﬂ b|a§21&uch as vohtage and

the |ike—are nfefe abl-y—-as—deseribed—i-A—the Herentioned atei-ti-en, a
Iubrlcaufhﬁf$ﬁﬁﬂt nmay ngﬁrdV|ded on' thé prp g@ QF?n h%éh% 0P 40
appl ytn; —&grfgﬁygﬁht Stggh as T ofbli ‘1ubr|paoq4 pernjuﬂropoly‘ther,_and t he
i ke, accordin_; to'a dloolha net h or the like hn the aforenentli oned
nanufactbhﬁﬁbmmethod ddnce the-dlsp tenpekaﬂdpe hs %%ﬁ al 100 ~|256C i/n
advance g 6 tret=ah U% the—carbon pT et he—carbon
protect|;E #?me{gléble to support % higher 92?5|hy, ch | eads [to"a
superior durabiTity Accordingly, it is possible to nake the carbon
protective filmthinner, while also maintaining a sufficient durability,
and thus provi temaTahigRettiie cleat tetmith the fagnetichgeoidingcapdibmemanufaeirgi ng

spaci ng 'dao%émﬂ&gg{?hﬁes isf??m;gtfe'i‘?ﬁr%%g B%n@RdoveR dASQrXbeE L&fe%%n dilockdt BOsS! bl e

to provi tic recording ne rum i ch can support
a suffici ehéd yhehCSE apecaviodi wgs ﬂﬁlﬁsnteyl gredtho thian| $008r timgs t He paniquidr, Test
propertie regf é gdditiog, h OSSIb|e t cel erate adhesio

Pher ot or BT Hd o8 FPSpH of SEASNSSe SR I HRen o1 G/ OPSTaNINT as e gas

to the disgob. mﬁ&d ahd 816 RiYd hBCFB@S e EAASh&zORhdnNGhe r@S@o?&dﬂcﬂ{ Ay pbifeied
efficiency The reason for the inprovement in durabili of the carbon

pr ot ect i vE000; thmcsbyand@raths copdiyjenst q>fngtqmr@r4terfep@fr%&°§r andog hemuditgi af 80%%,i andt he
aforenent oned ran for the orenentiopned ¢

ot ot ect 1 VST fien PRI xR g TRedieie PR ot SR g LRy s BBs B3 Ramer v,
if the tenperapDhiike bthet Ba, mamimlaﬁormnhltmeﬂxmgm@m of tofuenie nat iH,

energy of the nolecules of the materials of the carbon protective film at
the time WS oW ohithigrangredeined s thsmsesent inyentian, and ‘Sest Sxample; 2q 1t whighibiasi n an
i nsuffici r C 0 ective
film nol e ylhé Xﬂ %: rgfjﬁ nrﬁ?}gleh {?g&wgéhlatIgg{iésggé‘g“ﬁqgtreo%lelé?ﬁ? ﬁ‘%d%oﬂr%]c@fg%“ ses
a | ower dma&unyﬂﬁh&adtmgabmqan inferior durability of the carbon protective
filmln addition, if the tenperature exceeds the aforenentioned range, high
pol ymer reactions such as pol ynerization, condensation, and the |ike are
nore likely to occur) and 0 8 MAR 2002 30 the carbon conpounds, derived
fromthe supplied reactant gas, will tend to form high polyners on the
surface of the disc D As a result, the nunber of high polynmer conponents in
the carbon protective film which exhibit an inferior strength. increases,
thereby | eadne to an inferior durability mthe carbon protective filmin
the followng the effects of the present invention are specified, using
concrete exanpl es



(Test Exanples 27 --32) Magnetic recordi ng nedi um was manufactured as
described ~n the follow ng, using the equi pnent shown in Figures lﬂanﬂéﬂ 2002
After an alum niumalloy substrate coated with a NP netal film (wth

di aneter of 95nm and thickness of 0O 8mpp was treated wi th nechani cal
texture-processing to forman average surface roughness of 20A, a

non- magnetic base film(with a thickness of 600A) conprising a C all oy,

and a magnet i c Additionaliyyphe siaggetar €ooringomediemeots gsioed ssiovdihy Testr Feathpdes bot h

sides of the substrate sing .a spattering devic 0 ranuf act ured by
Anel va), fo dEt AR é?%dpgtgarl‘ﬁ’ hang 0t AGRKOTSF W?%Fwﬁ’ggihépa%&é?@m ASRrARf

non- nagnehhﬁbtp%se filmand magnetic film the tenperature of the substrate
was set at 2a0C Subsequently, the disc D was transported into the chanber 4
of the tenperaltupddivieryubatasulés efcthe cerrosiomprst eorifmed g thgsxtiacken aeepetlr at ur e
of which JUS L t . in_adj ' he. .

Femper at ub b LS agekC BB RE Trdel SR bopr By 1e- FRL WSS bidlyby Feavps |

t hi s manneas prdbiend enpesspéaine poktitdhasdi sc D was adj usted to the val ues shown
in Table 4 by ans of exposing the dj D to the hydrogen gas faor a penod
of time shown H”H%B‘Ioéa4tﬁng%“llI‘gr91€D‘$€,é§§iéesﬁ %(F‘gtctlﬁ\égyo‘?‘a‘t He'S ROs¥PI® Ras
neasured QypdBane Rfratlifyasti e rQ0idM HIZRERE RlcoRfifY ind8™ind. By AN &F nfhikiiie

i nner pressure of the chanber 4 was set at 10 Pa Subsequéntly, the di'sc D
was i mredthetpiiasestof glesisisak pogver supplich éo Hteaigsstodeomeach sulemif sendisGiiffergppar at us
3, and a react uppl ,ed fnamet ource 14 i.nt he
chanber 10 at gm%q%\?vosnrg cgor%;ﬂ E?% secrgzr‘hllt%\ onf’i"é%’gtdé ’5*’3‘5‘1‘%% Ff ol Ui go%?hbge ﬁ%%gen,
with a m ¥ica@of ptdtectiob filalay@reating rayeckuirgisie fef indusital Podiety| and®o plasdeused
as the reactant gas In addition) the inner pressure of the chanber 10 was
set at 6Pa magnefic MgROslimgy metianeXhifging s papepipheperiRrgancer vitiererect doethel cal
power of i trodes 1 1 to generate plasm and
forma carbon nﬁ"ﬁq{sgg%'ggd #elgﬁtr#]\?\% %Jﬁ&)ﬁtsﬁﬁckness of 50~ on both sides of the
di sc D The tenperdescntedoin theeafdiemenDonpets aseordaw &holvwn praserfaiphentibp, ltyisneans
of the aforenentioned tenperature requl ating. device .2 I n additi.on,.high

f requencyPRYSELS 19 8&%‘%\)@2&’"& 2 58 ORI gH“ tRPSPesEIngias psrioy, dprabilithe

el ectri calschbramgBOuris Bosksiblé fb ekl fhee @arboh fp%zééa‘vfeﬂlmﬁﬁmkﬁwhi*n@m@h@asﬁingfa hi gh
frequency el ectrical_ power supplied to each electrode 1 1 was set at 180
Subsequentyfficiepoduspbiity therebydpducipgstha spacingdoso t he carbon protective film
to forma | ubri Eng Fkd: | i X - ~ i I . agneti c
recordi ng medi Eﬁrﬁ'ﬁt&g@g?l%\g{)te?'e@%é?b@éoﬁg%tﬁgaq}glT(a)%%ﬂg;){%\(%gﬂggrg?eg}dn@d on

t he resul warch cmagueport ar siffidiehthyghigb deeording tdeesi@SEithewt fedugiongnNR thiepat, a
CSS operation was performed ?0.000 tinmes at a rotational speed of 7200 rpm
and a tenP®P§MSte of 40C with a hunidity of 80rb The dynamic stiction val ue
was nonitored after allowi ng the magnetic recordm- nediumto sit for one

hour The results are shown m Table 4 (Test Exanples 33 - 36) The nmagnetic
recordi ng nedi Imtbdoheminga@nather ampodiaeny apk theyrinethodidor manydacturing” a

af orenent | t : i i O - e re of
the diso [ebgge, RErMEARER o¥lokding 15 (X FRBLACIGEAT, § R AIRCLENE S, U e
by neans efangfiemgwhigh tleepléempENVEY apperands shhendn Fguik ais dnpdoyedme of transport
into the tenperatyre requl ati ng, devi.ce 2, andi.or..the flow rate or.

{ ormper atur o of TR B AGGIOALIFRS btk (U HE TRehf T BDER B GPH SRR AT g
oper at i ONtheUdhiifagdnbic HiRy¥Releatdrding 4 | ndthdtDsudh Uk ggpraatem_saﬁ@srhethsé Bt the are

al so shown in Table 4 ~ 8 MAR 2002 32 Table 4 i Tenp i regularing tine

(sec)j FI bhg rapltagra dis¢ Dt enp ad~usung ~ gas (sccn)Dtsc tenp !
The non-magnetic substrate can comprise any substrate that is generally used as a
substrate for a magnetic recording medium, as described in the aforementioned The
material and thickness of the non-magnetic base film and magnetic film are also as

described aforementioned



when formng ~ film("C) Coaung rate (A/nm; Sttcuon (-) I. , Test En%rméa
880238 i 617i 0 72i Test Exanple 2~ 1 13~ 80 ' 1220 j6600 66 !' Test E 02

29 ; 20~ 80 1 1174 ,76s0 67 ~ Test Exanple 3U8 ;200191720 i 0 63Test Exanple
31 11 3 1200150 ~830 ~0 73 ; Test Exanpl®g 32 i 6802505060 68 ' Test Exanple 33
"0 ~0 j 327 1339 ~2 59Test Exanple 3.~ '2 ~80 a3043811 48 ; Test Exanple 3 ~
~132000 ~ 150 11850 jCrash] Test Exanple 36 ~0 '0 ~400225Crash Fromthe

resul ts shown isnabsegbémlyd thé Hist D.Clagared twidt atroa-magRat ibvasd G0l ngadiett a
manuf act ur ed accgrdi ng to a method in whjch the tenperature of the disc D
was set i MIMnh@n (tha-RpnoPagnshc. SUbsiSye, acsprqing @ jthe HPremsaHPRR] CReradenshdh

prot ect i V@rag%ﬁolpged exfyl l?ﬂ,ﬁﬁ%r a1J QP&he %gcgb'ﬂ,@m%ﬁxleﬁ'epl@;rﬁfr(?\ﬁ?g?gﬁmdlg amethgas]en

test and a superior dur ity, in addition to a higher ting rate,
conpar ed tarfidesfningdist Dcisrexposeditnghemeditantngamuivhch us echtawoos!disupplied feommret hod

in which the t ture of the disc D t outside of th
af or omont FONENY INGE. 1 VHERL ITRAHER (906 o BReABn TSHEG, Ot i Reite el dt 1 o

manuf act ek s@d FRoaed-dhaudt @e I oG idBidietie geCdeding to the present
invention) it is possible to provide a carbon protective film COF&)I‘I sing a

hi gh density arddeseaseant gas 18 grefenabiyiamped &8 rompysing hydrocarbaw anyd vdregen.
manuf act u,e LapeL. i i i oal ihnt ai ni ,
suffici entmtgﬁar gﬂ%“ﬁl’ﬁr;t,lgg’ﬁ?%?&ér%%gq%rh&gf ghghwn@églrr@t’?c&?zegggrldi ﬁgﬂama I g\m t hat
i s capabl eolniner asldescniped pachengforemstiahed hd@he ihydroohrboe poefdiably eordpriseplaay

Therefore, it is possjible to provide.a highly reliable magnetic recording
rod o wReEtoRePS B ool s PR gHOWEE SRt BERSAGpT MGt

| overing {h&naeRWydRCABBAS. RS 1IdNRoalc Mbdaial |y, it is possible to also
i ncrease the production efficiency 0 s MAR 2002 ,~ JJ In the foll ow ng,

anot her enbodi Mélen aafryingeourthih operfaen, mmilo s cata oh theareamiamaens i prefemblli 5y
medi um accofgi_ng to, the esant. i nv | kS d i bed, . usi n_ex |l e
whi ch enpfoé@sf%é a‘?%{r&é%ﬁ?i oned n%l g@%?‘?ﬁt)%}gpg@aﬁé eﬂgl%sﬁ V\rﬁ%ﬁqab%i éﬁr%ng
I nitiallyprederanmeagnat] ichase 1f+ 1orPand nagnetic fil mwere formed on both
si des of non- rraAgSeti C supstrate, accorgieglgqntggﬁ? met hod such as a

f

spat t er - coaung AveDhisHMe AMee. (Usmg) thg igh eftfiad POMeTRRUTSS A2 nadheh i ¢

subst r at e fRYere O FRHRE %Wer;é’tbpﬂefe?éb% shat 26(@\’@??[@%&’ tdjﬁﬁqel@e‘froﬁe%'l"gﬁéer ate

for a magnetic recording nmedium as described af orenmenti one

generate plasma, and a carbon protective film is formed on both sides of the disc D by
means of the plasma chemical gas phase growth, using the aforementioned reactant gas as
a starting material The thickness of the carbon protective film 1s preferably in the range
of 30 ~ 100A

When supplying electrical power to the electrodes 11 and 11, it is preferable to
make the phases of electrical power supplied to each electrode 11 different By means of
making the phases of electrical power supplied to each electrode different, the coating
rate and durability of the protective film can be improved The difference in the phase of
electrical power supplied to each electrode is preferably in the range of 90 ~ 270°, with a
particular preference for the opposite phase (1 e, 180°)

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

source 13



materi al and thickness of the non-magnetic base filmand nagnetic filmare
al so as described in the aforenenti oned Subsequently, the disc Dis
transported into the chamber 10 of the aforenentioned plasma CVD(preAR 2862
and the surface of the disc Dis exposefl to the reactant gas, which is
supplied fromthe supply source 14 via the introduction tube 1 Sinto the
chanber 10, from which the gas ~s exhausted through the exhaust tube 16 to
circul ate the 4aslseil Ai hiaFlfrequemytadiess gban bdipei esesedngril R&GHz areswfs 1n a

hydr ocar bon and hydrogen, wth. a m ~.ing rati f hydrocarbon to hydrogen
et amdestoproe R of olehed sigp Sl frEbarfia iy, YIS aRp dHraRrS o ey
conpri sesthah 1I1&&.Sthe%atiﬁ%lﬁh<ee hd b RNpABadifd RCAEanthvErabia FBditib® Yethe

sat urated hydrocarbons, 1ower unsaturated hydrocarbons, and | ower cyclic
hydr ocar birrguawafiéaencyi ng out this operation, the flow rate of the
reactant gas i I ly. | el ans 50~ m onGE N o. the
nmet hod of thi sﬁge%%h?&nggt Xndt FPé}l% BJ\;V&rﬂa? gqg E’?ﬂ%e egﬁgﬁegt p§§§ Pﬁt:)mg{a e’
chanber 1ftefesabiyp pOidid + AGeizy aedlj Aist-efususdspegtivele exhaust regul ating val ve 17
provided in the exhaust tube 16, such that the lgress,ure of the reactant gas
in the chamberfurthermpies thenaverageeveliaggeofothe puise-DIC dpgs apnledpahe i s 6 Pa,
and nore &@ﬁg{. l}ab‘lldb 4 Hyv- 6 Pa The reason for setting the pressure in the
af orenenti oned range is that the coating rate decreases if the pressure is
| ess than 0 1 Waenwhd heerageevaltagahs ldss yhanf —400¥, sparksareplilotl e ¢ ibe ezeherared
deteriorates if the. pressure exce Pa . 0 a . MR 200 34 At the.sane
e, i e e FRRIRE . MEB IO SeBP RIS ARG Tab GO ROl | ed
to the el&etHe0dfflcd oflthelartibn Frofiiclve fillBAUWRR&GY iRl fetagk GaltaRO¥Rke&OLIRE 13,
to generate plasma, and thereby forma carbon protectwe fi 1 mforned on
bot h si dethe sarbpneraipgive Hilmytendsanscoptain harqares shmbehehhighpolyaerpveneh greowt h,
usi ng thein f&?ﬁ{‘}%{&kﬁﬁ“ reactant gas as a starting material The thickness
of the carbon protective filmis preferably mthe range of 30 -- 100 Wen
suppl yi ng el eclnraddadonpoirbeichting filen slag bk posieéded orlthampdotddiveiflimi tsy peafseyfabl e

to make the phases _of el ectrical power supplied to each electrode 1 1
di fferentawl%aﬁs“ﬁiﬁmﬁﬁqnﬂiﬁl&rt% ' phase of electrical power supplied to

each el ectrodegyfuli@e QRO GdeAbGe 30&rEHE AREdihY mahufah@irdd Q&EdihY Gof ikM can
be inmproved The difference in the phase of electrical power supplied to

each el ecafpredentigngdr merufadsuing methind may dgrchate Dmagnetk7Ecording madipar witbul ar
t he oppostiht gtrﬁgase ‘i()‘%vnzian I_.mlS is preferred In addition, when formng the
ec

car bon prof Ve TP TS preferable to formthe filmwhile performng

bi as appl yi ng, Ingh€ hagfietlti rgboriingati€tion adtadingrtophik embbdimdat, asSnontMagdedicdi s
D, using an electrical bias source 13 Theﬁé),rﬁjerﬂr?ed conditions of bias, a g
. vol t agesRFEPE Re? PPKE2gRRHICRAsE BLR Sl hb MAERFUCHEMat D REAEION REATESH Ve IBRA- i on,

a fubncatjpg lt,i),li(ggtiggmge_,gfp‘{rp}gd@mdon the protectwe film by means of
appl ying the aforenentioned l[ubricant In the aforenenti oned nmanufacturing

met hod, si nce A¢mrging¢s thecafofemantionedhoraantacturing method, at the time of forming

the carbon protective film, it is possible to efficiently form a carbon protective film
displaying a superior durability, since pulse D C bias with a frequency of 1kHz ~
100GHz and pulse width of 1ns ~ 500us is applied to the disc Accordingly, it is possible
to make the carbon protective film thinner while also maintaining durability, and thus
provide a magnetic recording medium that is capable of reducing spacing loss In
addition, 1t is possible to increase the coating rate, and production efficiency therein
Therefore, it is possible to efficiently provide a reliable, magnetic recording
medium, which can support a sufficiently high recording density without lowering the

output properties thereof



gas is maintained at 0 1 - I0Pa, at the tinme of formng the carbon
protective film the resultant carbon protective filmexhibits a sﬁ;ﬁerMARrZUﬂZ
durability Accordingly, it is possible to make the carbon protective film
thinner while also maintaining a sufficisent durability, and thus provide a
magneti c recording mediumthat is capable of reducing spacing |loss at the
time of recording and replay Thus, it is possible to provide a highly
reliabl e magnetd thelfBROW kN theBERCIIBE tHh1pRBerk ailentipp afe spacified fisaigtdrcyet@i gh
recording density without |owering the output properties thereof In

addi ti on, examplés possi bl e to increase the coating rate and production
efficiency The reason that a carbon protective filmwth superior
durability can be efficiently formed by neans of setting the pressure of

t he react éFdst Baamplas t he€6af or enent i oned range 0 O MAR 2002 35 at the tine
of form ng the aforenentioned, carbon protectiye {i]mi ot.hesized mthe
Pol | owi g set t PG PRENAHROB IS HESTHE PRELithce SItsMels” Al S ActiEiebned
range resgf bSmhh akdiehieiekd af ioBmmNGvadCirdavedd Wl Méchanpar tdxQite Prodebiing to
hydr ocarbons mthe reactant gas by the plasma After deconposition of the
poti on of farmearnhangrage suHasesroughiess phIQA ohnasr-magertiscasd Bl (witk atkisknase ofir ed
onto disc 0 a_d] =1 car : r Q. _hererna r

"DLC) wi RO Shitpech o afay. R F ARt TR [ BihkiSgE ST iR

exhi bi ts sugpessivety $onesdgbh both addést bHnhe asubsifdte, cusng speaarirpntdegas (381G hus
supplied to the (g:f_gﬁ}nber 10, Igadi ng,t%a hi gh coating rate On the other
hand, if MABuigFuEed veARsvaHe oPlt 8ist Dyas is 1ess than the af orementi oned
range, the nunkggsegheniydr fgardien iolee ub@ssdoRel henib €ac hfthb&as owhdfChpexi st
in the chanber 10 becofres insufficient, |eading to an i nadequate coating
rate | n asfdr¢rmemioned plabma €0 apperatysc erdis miked ghowesrevprlieddtbom amgysuppihe
nunber of hydrpcarbgn | ecul es .in t he reactan as present wthin chanber
10 becorre§°"¥ﬁeopﬁ'i"g%§’e\fﬁ$@ﬁeril{ﬂ agtUF\r/]ezreg sra&eooﬂl"??cfgghl ty in deconposing the
hydrocar bons euedixed ghti6f e ane holroehs Witlas Wixing ratid 861dldene 3o Rpdrogan of
t he hydrocarbons in the reactant g%as remai n adhered to the disc D wthout

under goi n8f 44e dASTAlEBe, Wassed [ TBY E525120T 8ant 2AditgRally the mnemprepssg Pt ant
carbon pr i fd a@,?e%] eading to a carbon protective filmwth
an inf erigﬁe%g%llrnle‘%gltdh‘k’{@nﬂﬁl{e oﬁig\l/)\nhng, the effects of the present invention
are specified, AushenspeonimeepelseXhfpbas wabeappligd aopheedis@ finderdtBy cahdieonan

al um ni um.al | o sijrate cogted with a N P_net iJm(with a.dianeter of

S5 and PRMINCDTR ir R cloertct bk Byt onn b ety eslei & BPStess ng
to form apf 30w a@tletHatiogl¢ SOOI WS $8pHifed 28 the dediWdesRORLEdneradasi@srha b (W th
a thickness of 6000 conprising a a magnetic filmconprising a

) Cr all oy, and | |
Co al | oy {REMe cafeneretesys, film b Bickpessior SPAem borh sides afitbedisale, using a
spattering devi c i i
Shbsequentl y. TR I ATBERCLIL 1 g RaiRY e pAREHl § £10°Carne
af or ement dificeshcp lim sheeph@sdot pighrfequencyagiectacati poecr gappliced so saghptleetdoder bim t he

| 0 B MAR 3 4 i t he chanber t hi fl t
of 130 coRERSR JB0 gols MRS (16 Aoah tRpAaER il AOCIRr R e 308

tol uene tgohydrogen of 1 to 10 by volune, was used as the reactant gas The
inner pressure of the chanber 10 at this tinme was mant a~ned as shown ~n
Tabl e 5, by ne8vbsegdentlslj amagngyictraeording auediumepsl optdingg hyaineans0f applyinge sane
time. hig nLeq e | PRINB f ' ~ed to.th

el ect rodegonﬁbfmt }S‘%ﬁg%“ér@?@tbébz‘i%, angté)ﬁg?ggr\y%f] r meglt?\(lrzlegrr[')l n&hg%crog?’}é%tq?vae film
with a thigkmgasethdd, 530 forana hubtibatiigdism thereohevith sthidRnkss @ikt | on) hi gh

frequency el ectrical power of 50 s applied {o the disc D, using the
electrical bi az[lj%@gﬁdest\ﬁgsqrwe%a?ﬂei tofiowimeenes rortormgg &t tqselash F9gNEHC hi gh
frequency ehRfdd edla PAWRE 1t RRINCAMIC hHBAE M €58 Tpetlen wal peRSrM&d oflthd 80

Subsequently, fonblin lubricant was applied to the carbon protective film
to form amagmaticcescordeng imedium t19.200t hingkness rofativbal, speedrefby2Gdrpindiang aa

magneti ¢ yecording l.um The CSS.te scribed, tn the follogw n )

o o e BT REeriGREE T dcuimaiy s TAR ekt et oty
head, a CSS operation was perfornmed 20,000 tinmes at a rotational speed of
7200 rpm and a tenperature of 40C with a humdity of 80% The dynam c
stiction value was nonitored after allow ng the magnetic recordi ng nedi um
to sit for one hour The results are shown in Table 5 Additionally, Raman
spectral analysis (argon ion |aser excitation) was perforned on the

af orenenti oned magnetic recordi ng nedia, using a Raman spectral anal ysis
apparatus (manufactured by JEOL Co , Inc) These results are also shown in
Table 5



In general, when a carbon filmis analyzed according to the Raman 86%03{%
analysis, a profile with two peaks is obtained in which a g-band is AR 2002
nmeasured at approxi mately 1530cm' and a d-band is neasured at

approxi mately 1400cm-' A smaller valuesfor Id/lg, or alternatively, a

hi gher frequency for the g-band peak résults in greater dianond-Iike
characteristics in the carbon film (Test Exanples 44 and 45) A magnetic

r ecor di ng nfEflinum WA oM riduaciheradaiit (el audwadeontdrddheTaE QLERERtd Oned
test exanple, with the exception that the pressure of the reactant gas in
the chamb&fovidnwedlerhdi fied by means of adjusting the exhaust regul ating
val ve 17 The t I I e i ” Z0 Addi tional |y,
Ranman spectral%gﬁgféﬁgéhig@&pgﬁgﬁgﬁguagﬁﬁ?#gggmﬁaé%g?ggﬁpgf%%tfﬁgpﬂgﬁia The
resul ts abgwphdd splhaygkedirpdesTdbiueing the BriviiOERBe 3@bIabttedmvPfiBESUr €

of Suction (-); Results of Raman spectral anal ysisreactant gas (Pa)i Gline
(cm ) ;1d/1g (-)Test Exanple 37 : 12 30 i0 711 1 S40 9 '0 6' _'Test Exanple
383 600 50j 1S39 9 ' 10 56 , Nest Exanple 39 ~4 70 ,0 431553 0 ~0 63 r Test
Exanple 40 ! 5 30 0 49i 1, 1 s45 2 ~ 0 53 ' Test Exanple 41i 5 80 ~ O
461547 5 i 0 66i Test Exanple 42 ; 6 40 i0 831535 6 jO 51 i Test Exanple 430
880 771558 90 76 '! Test Exanple 4413 11 24 ~ 1565 ~3 77 ; Test Exanple 4~
'16 4 'Crash ~ 1566 0 ~3 89 ! Fromthe results shown in Table 5, it is
clear that the magnetic recording nedia, manufactured according to a nethod
in which the pressure of the reactant gas at the tine of form ng the carbon
protective filmis maintained at 0 1 - 1 OPa, are superior in durability
when conpared to nagnetic recordi ng nmedi a manuf actured according to a

nmet hod wherein the pressure is set outside of the aforenentioned range

Mor eover, anong the aforenentioned) it is clear that magnetic recording
medi a manufactured according to a nethod in which the pressure of the
reactant gas is naintained at 2 -- 6 Pa, in particular, exhibit a superior
durability In addition, the carbon protective filnms of magnetic recording
medi a, manufactured according to a nethod wherein the pressure of the
reactant gas is maintained in the aforenenti oned range, display g-band peak
val ues at higher frequency when conpared to those nmanufactured according to
a nmethod wherein the pressure is set outside of the aforenentioned range,
which in turn lead to a low Id/1g and greater DLC content As described in
the aforenentioned. in the nethod for manufacturing a magnetic recording
medi um according to the present invention, a carbon protective film
exhibiting a superior durability is produced by neans of nmaintaining the
pressure of the reactant gas at 0 1 ~ IOPa at the tinme of formng the
carbon film Accordingly, it is possible to nake



0 8 MAR 2002 39 the carbon protective filmthinner while also maintaining a
sufficient durability, and thus to provide a magnetic recording nqp Rquz
i s capabl e of reducing spacing loss at the time of recording and replay
Therefore, it is possible to provide askighly reliable magnetic recording
medi um whi ch can support a sufficiently high recording density w thout

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

i ncrease fhgegoating rate. and production effic~encv In the follomnng,

anot her enhodinent of the hg
medi um agcording to {heBpt es;tntpuilsﬁvent iEA, s“?ﬁgmﬁ EXEW,% p%“"gﬁtllwqegpgcl h the

af orenment i oned pl asnp feifen@ppanalisis |sRauskel N Eueguﬁae 1 |sa[@npl oyed |
Initially, a non-naghetic baefllmand\}m gnetic ‘*% reforrred on both
di ng th

si des of ; a non-magnetic substrate, accdrdi ng RPY°H "Wich as a

spatter-Ccoat E@eﬁn;ﬂ@lfah:)d 1WA he kokgs [t o-pdut aijn %mc D diwe nong gagnet ic
substrate_pay conprisSe any substrate that i. npnprallv used_as a substrate

|2@Q kﬁrﬁdq uﬁQO Bs desb?rq bed |5r{)0t he . af &enqntpdﬁedl The
T8y filmare

for a nagﬁ@!ﬁeampétcblr
mat eri al (Do 3 ] B | 5
also as d ‘és& | equently, t he” di'sc |
transpor [ ggk E(ﬁnﬁ)l&l’fﬁ qfampﬁr hlc;%(ﬁfs tlhe.pfcor emensgeoned pgasne, Cwéappar at us,

and the surface of the disc is e

suppl i ed T?Sbﬁ*ratnwé: ls7up@09 kéi?-uqcel n% t|hrolRth fhe 5% roducﬁ?gn ﬁu%e‘}SlS i nt 0

t he cha The h haustersfromchanber i dT eXhaUSt
tube 16 Eesét Lﬂle{ ?ﬁbﬁ%}és?ﬁﬁggggn Aé(t:bodrdl US)I t hé E’f}’éf act u‘rzil ng mnet hod
of this Em&oguﬁmﬁw [ he m@aeﬁ AM0GBS i s1achat cosqn)rl sés ee4n xedo@as !of

hydrocar aon_and hydr ngen h_a I’YI\(_I_I’IH “ai4—0—0L—h¥dLO©ar;bonj—LO—JJ¥drogen m
the rangeTet EE"‘!R!F 20 . -70GHa 10(50535 viol a9 i nt o Qhi ch nPi¥ ogenoéés i s added

at a addj ot tHTES 0oYgpfthegg X and - pyEfer 50 -1
QOvol % 3&QEW %Dlozlgbaﬁfe hld%]%car bolndb‘pref e?ftg)l y on%fn sescEeir?M] gast one

type of hyek eaigdom sed egHed| f seothanpnsidower sHiour an ed3gg/drocaastons, | ower

unsat ura r—cyclic hydrocarbons The nitrogen gas ~s

added mt dest ﬁéﬂnﬁﬂ‘b?ﬂerr&ﬁ)ﬁ)lkéﬁe(g A%ed gast® a adtfithg V/oll@f’rﬁ of @ash <4 100% of

t he mxecr 1 e Jrerm gen X[E of | ess
TSEx \P‘KI“ 19208%3&' ‘—x’tx _to® J5tp 40T XEE AT

than 0 1, ~6 or_alternatively exceeding 106% y vol une reduces
t he har dnG?SsSEQfm[ﬂchB carnlid pf 00 8ahs v|e £10om) | whi %00 m tur hid eadLrash
insuffic
the af or ehShEFBHEL M xed- gas'of hydrocar bonito Wdrogen’i% pr atthll y mt he
af or enentiomedTange SIMce @ M X Mg ratio of The hydrocarbon To hydr ogen in
the mxed gas of less than the aforenmentioned range leads to a reduced
coating rate whianh thesreswisuof tibl G5 tast phowent irc@bble idndustaiéaal|thygrtbe waagineme
Simlarly, a mxing rati.o excee Qr.esTe nti.oned ran resul t |n an
Cher ease o b B BREARRRGnE T Mt R T BRRS R AR B R i 4047 ng
to inferi geqadResr QRHARN RGHARY pilée WRith BF AREe JoopCRStHY difte af Uik bt

car bon protectlege filmln addi fflbgl}?] a | owner hyt%(rgg%alrborhdl s&&f@erg&l@y used
as the hytrodeg thencarbarf protestive fibey Wete epabion 12 gy angee canigbar
exceeds tg(g%%w%terrentl oned range, it is difficult to supply the hydrocarbon
as a gas, “addition, at the time of di scharge, difficulty with the
decgrrpOSI tion af defsdrﬁtmdarnbﬂnsaﬂosenmmh ohied, ezfoedrding'l'tdr:]hhé Iprctsamtn:crivemdm tio i|

car bon protectlve m cont ai ni ng hi that are inferior

strength VPRSPl %éprykwgth e aoﬁe&bag. te%{lﬁe Rim Vit & iPetidle PEbilitng gas
of [he ohashas T e B T o e BRSO ©
-- | OPa Atanttmmgmftiqnm)dumbgﬁy,fanéqb@rnbyyreéu@q:mamalloq@ovxer of prefer:ably 50
~ 2000Wis sup theeetrod 1 S|n t h f n

el ectrical po Lerg Uf d%‘slpf’smblg ﬁé)ﬁeﬁcz e%i rellgbl %aglﬁ&ﬁ rﬁ&’qﬁ %‘énﬁg éa(tdl%rgr bon
protecti veuhidhl £an0Buppetiha SuffRsentlly kigk rdt(ﬁdm@ &ansimammmfc lohzarsx@tmempcal gas
phase growt h, using the aforenentioned reactant gas as a starting nmateri al
The t hi ck REPEEH the carbon protective film-~s preferably in the range of
30 ]-: 108| V\hten suEpI %llhng ﬁl ectri ](c:al I pO\tNe_r tlo t he el ectrloplez éLl andhll, it is
preferable to nake the phases of electrical power supplied to eac

electrode I 1 different By neans of shifting the phase of electrical power
supplied to each electrode, it is possible to inprove




0 8 r~a~ 2002 41 both the coating rate and durability of the protective
filmThe difference in the phase of electrical power supplied to e&8hMAR 2002
el ectrode is preferably in the range of 90 - 270, and ~n particular the
opposite phase (i a , 180) ~s preferredgln addition, when formng the
carbon protective film ~t is preferable to formthe filmwhile performng
bi as appl yi ng, such as high frequency bias or pulse D C bias. to the disc

D, using the electrical bias source 13 The conditions of bias such as
voltage and the like are preferably as described in the aforenmentioned In
addi tion, a | ubwebeeat pinyvs the mangfachingresyinmedt ged nangrhst eabpdiment pfithgy
means of | i . nt | |_ubr . n.th or e i
nanufactu?@ﬁﬁgnggh%gﬁﬁgégéﬁg%rgg%ﬁ%ﬁirgggégggkﬁ%gWsa§¥ﬁég%i%ﬁn% ﬁﬁ%gggen
gas, at ainaetiong Thé umanubdctbink equipBéto dibwinhierein xie proaded avith prspiresrimpl y 50
- 100% by vol une, into the m xe as, co i Si ydrocar hon and hydr ogen,
with a m WG ]|'~é?WEFer‘r°rﬂ?&‘1‘16‘(§%ﬁ&ygcet7() aﬂ%[“é@‘émaf’%atf‘éﬁge of 2to 1 ~1
to 100 by vol ufige spatiefifledéhiE®] O ude@NtH oMo h RBn SRR PAsRIRAL mABndiid film t he
carbon protective fil mexhibits a superior durability Accordingly, it is
possi bl e gl Hekliket Ioe x apborgpetst aubsirgie. ARd may hsamparse il | aPPAREYst genafally a
suf {1 i ent dYEARLAIA fori@N o DUS, REOWBAE RediNet i € recording medium that is
capabl e of "reduci ng spaci hg Foss a hig Tihe of recordi ng and repl ay
Therefore, it The pagetdohre regulptiny déldcea? Beghhy tentderabitecofnthg rigdci @nt eCthedi Ng
medi um which can support a sufficiently high recording density w thout

| over i ng tRERRHIBIRI Blegpe & YiR<2PPABHISOT ‘éﬁePfF%%{gfgﬁn%Q?ng% and oEapNlses @ t o
forma ca rLot,8C i1 [ [ e i kil ns of
USi g o my e v KB RS R el SREL K s e Jemr RN
vol ume of adjusting-gad 60%hich i heedrfoxadjusjing the taniperaterecifahe digas the chimmbéeri 4re of

formng t orenenti pned .carbon protective fi . is.unclear, .but |s
hypot hesi T BA e FOTPLULOTAMIE 4 SRTraiet JdhaHa Rk i’ sTueiL RS
cont ai Ni N@nipeta @ QBUSRS 38 JuppliéEaoARE sG@sly sblie Bi ihicOWe RhahBérss handnt 0
"dangl i ng bonds" which exists in the carbon Brot ective film thereby

i ncreasi ngxhene tebechivdugh expslsithe gas inside Hiechamperat owtof isgtystesBr t he car bon

protective fil It [ V2 {,qul

providing a | umﬁ é%tr %ﬂwpﬁggﬁlrﬁﬁéﬂgg&%%@p#&lggﬂ |I \ggﬁét}]{\emaﬁtgés gl'nmse dof

usi ng a rweabtanrnsmpasent@nt¢eadaniwhgchransperena dias passing thmugh thg spatbgegtdezgeon t he
surface of .the carbon protective fil.m.are.inprove ue.to the.introduction
of the ni { I BRPRFT £120 S4ranttost SHEH WystebaRp et Sisk Sph ek Phaber
protecti vedvidril the afdteméntionks plasmg VI appdimuoves, | eading to inproved
durabi|l ~tv of the magnetic recordi ng nmedium The reason for setting the
addi ng vol ume bke ﬁfmrwélﬁn@chﬁlaﬁ@at%\%Drﬁpﬁé@u{ja% Mgy tI9EPEe thsriamg sieEuTeange
i s that i&mknﬁn%ﬁ?hng volune ~s | ess than the aforenentioned range, the

af orenenti oned effects becone insufficient, while if the adding vol une
exceeds the afbr einefolioned. raotfer embedméent ogfe thec omdtisort fom mdnafacaringn a

tecti filmb t hi gh, ..l eadi t d e jn the st. th of
the car boRP BT SELTOREPEGMROIHIPEI? GP° BIFSHB: YOS Creeritsly BMBGT « he

ef fects ofxantife P WEERthe YR HehGbhed BarkiPRBhringt@uipasdnd & 6yt € exanpl es
(Test Exanples 46 and 47) After an alum nium all oy substrate coated with a
Ni P metal fil miniuglynusingp sptesingslevige lpangpdnagheted pass dilmrand rpagngyic $idra
treated w ' - ) [ f age surface

r oughness o Fi BNELabEd it RoRRRERAE e GbRAY BUEDRI® BUC000

conpri sing a Clrhahdmmageend sabsteaggmby comptisa angrspbststahaais @onabliyoysedeas @
successi vely foryred on both sides of .the sybstrate, usi a spattering

devi e (SBPETHE ACTTRTEHS B5SORER VRSt To 25 HESF R s A r e seBRtRen Iy ¢ he
di sc D Wagater@NSROMhickeedsifahd hen-hagi&ey bake fith dnbanainefie fbmtaro sigdiaplyasma C
VD apparatus, and a reactant gas was supplied fromthe supply source 14
into the @¢saribrerinithe aforimepsoned | ow rate of 130 sccm A nmi xed gas of tol uene
and hydrogen, with a mxing ratio of toluene to hydrogen of 1 to 10 by

vol une, into which nitrogen gas was added at a addi ng volume shown in Table
6, was used as the reactant gas Furthernore, the inner pressure of the
chanber 10 was maintained at 6 Pa At the sanme tinme, high frequency

el ectrical power of 500Wwas supplied to the electrodes 11 to generate

pl asma, and thereby formthe carbon protective filmwth a thickness of 50~
on both sides of the disc DAt this tinme, high frequency el ectrical 08
May zooz



43 power of 50Wwas applied to the disc D, using the electrical bi ?58 z@W?EUZ
13 In addition. the difference in the phase of high frequency el ectri

power supplied to each electrode 11 was set at 180 Subsequently, fonblin

| ubricant was applied to the carbon protective film to forma lubricating
filmw th a thickness of 15~, thereby yielding the magnetic recordnms nmedi um
The CSS test and corrosion test the followng were perfornmed on the

magneti c recorldi geperabdivaen Mornfieg GBS nbeshagnast ngse filivRirdeadgnaicCHin.oper at i on
was performed 20,0 times at a rotational speed of 7200 rpm and a

t enper at JF'@PEP‘“&%)@O‘%Ft“ﬁ”'é“%ﬂﬁ‘i“d?‘ibﬁ"ﬁ 1POHORE tegy%%% ggtq ction val ue was

moni tored af t ef,p3dldu@Kiiydnd BRc TRABRIES WiBGRE db ) | dnd hour
In the corrosie%r)une%dgswmaftercrsi?t ?férl;g f(l)tr 96 hg‘%}agﬁgdtl ashicrblﬁll %ngn%é%%?ﬁre

(60C) andilli gh thenheli-magi8GoFubstrae Aerynding clor teoafdrengenmededirapaesiospaked i n

50 cc of ultrapure er at, 25C, dthe extraction ampunt of Co (per
substrat éraélls%(gﬁje'éf V]E)?\AT?E‘% & hﬁﬂ’erragu?fgn’\ﬁfaie&pe\fxﬁgren{e%g E‘Pé‘ nq%ﬁ 'Qaai tthfodﬁ,{’ ﬁﬁe
extract i QrangpdrtiBhiratice A2, WAG tiEeaSLIMEGh it thentseameisnenposdd &f tier replpeitirdg t he
magnetic recording nediumto sit for 96 hours at normal tenperature (25C)

and nor meAdJUsUAE 87% YWHB0BFEURM e TQre she supRIY 08T B Via RBRUAIIOAUTTEM! tbG 7 (mest
Exanpl es tﬂ@ﬁ@a’ﬁ%eﬁ%) fr%%h’r\]gagr%g N Q!hggstg@gfa‘{m %&uﬁ%ﬁb‘é 864 U &ffate g}g&l %hg a

gas, mwhich nitrogen gas een added into a mxed gas at a a
vol une shewinn~n Table 6, as the reactant gas The CSS test and corrosion

R R R RN S TR

(-) Coati rhgivetggga@t%i:@ﬂﬂetd@s%tDJ edagfplédi dfrt@g@rorementionel g% mayiintlhdé Bl @oged~nm) |
I hi ormal tenp hum dity (ng/cm)i Hgh tenp 8 ': humdor ' (ngicm)i Test
Exanpl e 46trog0. hehuggmean.jape®@y pndthgdikest Exanpl e 47 i 100 i 0 67 14320 1 10 ?>

5 S0 i From Tab) Eperlye @ e Emopiatfe AERmE AT SpREEPRET Whephia 0 4
manuf act wcestdmgoorthié Besiied tempahined ofiheatiscub e andotiieX eshditishs, suthasuhfleh
nitrogen rgtaesofmste%%ggguréagdj%sting gas and the like, however. this temperature is preferably
in the range of 0 ~ 250°C
When carrying out this operation, the flow rate of the temperature adjusting gas is
preferably 50 ~ 1500sccm  Additionally, the inner pressure of the chamber 4 is
preferably set at a predetermined value, eg. 1 ~ 30Pa by means of appropriately
adjusting the flow rate of the exhaust gas from the chamber 4
By means of exposing the disc D to the temperature adjusting gas. heat exchange
is performed between the disc D and temperature adjusting gas This operation is
continued until the temperature of the disc D is in the range of 100 ~ 250°C, preferably
150 ~ 250°C, and more preferably 150 ~200°C
If the témperature of the disc D is less than 100°C, the density of the carbon
protective film formed onto the disc D, according to the operation described in the
following, results in a low value. which leads to an inferior durability
If the temperature exceeds 250°C, the kinetic energy of the molecules of the
reactant gas becomes too high during the formation of the carbon protective film
according to the operation described in the following, which in turn results in difficulty in

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



adding volunme of 0 1 - 100 i of the m xed gas. as the reactant gaﬁ;

exhi bited | ower suction values, |leading to a superior durability 6 MAR 2002
Additionally, fromthe results of the corrosion test, it is clear that

t hese nmagnetic recording nmedia containgd only an extrenely small|l anount of
corrosion, and exhibited a | evel of resistance to corrosion which poses no
probl em for practical use As explained in the aforenentioned, in the nethod
for manufihetresiliagr aargnetdtectivecfiinli contamegdiaipreneomndinber tof higk polgsrnt

i nvention, it is possible.to formg‘(&@rgon rotectlv filmconprising a

super i or SQUPARSNL (et ate arferiprigisirengt i FAdt028 1RESREr dyabiityr bon
protective fi '%Eéa;b@ﬁ}%r ik e DAk $@ndPiel %hnbme@efﬁwrzmpe r%Q&laﬁ’hE aévléel 3y, and

hence reduce spacing I'oss Thus, it is possible to provid highly reliable
magnet i ¢ viztendinsgprnexdi dmandimoiediesely Jupbambes IQﬁfﬂh@a@mmthn@plmnor di ng

d f.ol | ,
eI YRRt 08 QYA RRORC S ka0 Ry kgt o o0

enbodi nen i ¢ recor

i nvent i ondjustedas ¢lid dfeténtengurie vﬂahsehmem @thhe@hnmituafretz\hienr@m&tel TS
recordi ng nmedi um according to the present gvent ion, wherein non- magneti ¢
base fil fxBased ni9gAetepetart Bas. 4‘2’h‘céa'rsb8fPPb‘F‘6t i (he sinphy zﬁsurcanbﬁ IMibrtheat i ng

filmad ape, fLA6ETHeVH Wnib ngn%alonoaamaﬁmnﬁomb%&ﬁ%%édﬁhmug ﬁhé\/ﬁs

2002 45 The non-nagnetic substrate S may conprise any substrate
general | wxbasdtuibs latsubsdatatie gaasrw@mmtgmémrdor ecor di ng medi um exanpl es of

whi ch may inclyde an al um.ni u | oy substra oat t al
film and subs—llt.}‘reaf%céarg(ﬁqﬁﬁ Bre% Vﬁs@’xeglﬂaﬁ gﬁ’é‘gmﬁﬁ Op t‘?@é Q’VE@QF% I8k t i on,
the surf agimfratiber n%}oaaﬁ&etd Bydrb@st ihah€ rangk S Rrefier ahby obnwalghshdval h

t ext ure-processing) a , mechani cal texture-processing In particular, the

aver age slgsdribee 1p dwgzrfﬁ@@sen( magd. jand hechydragarbon prefanebly samerieds at leaspont’

type of hydrocarbon selected from among lower saturated hydrocarbons, lower
unsaturated hydrocarbons, and lower cyclic hydrocarbons

When carrying out the operation, the flow rate of the reactant gas 1s preferably in
the range of 50 ~ 500sccm In addition, the inner pressure of the chamber 10 is
preferably set at a predetermined value, eg, 01 ~ 10Pa by means of appropriately
adjusting the flow rate of the exhaust gas from the chamber 10, using the exhaust
regulating valve 17

At the same time, using the high frequency electrical power source 12, high
frequency electrical power of preferably 50 ~ 2000W 1s supplied to the electrodes 11 to
generate plasma and form the carbon protective film on both sides of the disc D by means
of plasma chemical gas phase growth, using the aforementioned reactant gas as a starting
material The thickness of the carbon protective film is preferably in the range of 30 ~
100A

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

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



Preferred exanples of the materials for the non-nmagnetic base film 41l and
magnetic film42 are as described in the aforenenti oned The thi c&geﬂ? OﬁUUZ
t he non-nmagnetic base film41l and nmagnetic film42 is preferably I'n ﬁe
range of 50 -- 1000k and 50 ~ 800k respectively In the nagnetic recording
medi um according to the present invention, the carbon protective film my
conprise a two-layer structure, conprising a plasma CVD carbon | ayer 43a

f or med accor di tereinoitas ptedieratple Gy Fome throfilm ayidlespesfoamingr bieanpwningaspeh ad3b

formed thereon accordin 0.4 t er-coat.i ng_.net ho he .t hi ckness.,of a
pl asma C\/‘I?Sl [ ATEY UIfesBBf%faért%ﬁleﬁ'fcngflﬂ% tt?eaeﬂﬁée[r'%afl tof?@ STW@FﬁA

t hi ckness of | gus chbidifoOdf Bi8S whdhSasi voliage ambthefllike] A8 tpratiaBRUshict@bel i@
entire protective film while a thickness exceeding 100, results in a

magnet i ¢ thecHdpwmegtigtsdi um with a greater spacing loss at the tine of
recording and rlr?E’Jicﬁ%on,"mhgﬁcaltiﬁgggmtxﬂa)ﬁbé‘ r%t}ﬁirec}lo‘nliﬁé gntb?é%ﬂvé’fﬁlxjgg‘g‘?fxéa’ﬂg oput put

properties when I ncredsing rec I'ng 'denSity The spatter car ayer 43b

i S provi dapplemgtahebseant acd asffombien berioam, peritepolyettks. lamd 4%, likendcdotding
thickness is in.the F}ange of. 5 - 100k and preferably 30 -- 100g A thickness
of |ess tHahIBRPINEIBENPLOr theiSkeni ng of the bonds between the spatter

carbon layer 43 angotertintiomdd mendfhétitidd metiRAdERNGe tHe B leRfpefdngde 1§ &giast ance
to sliding of the magnetic recordi ng nedium On the ot her hand, a thickness

exceedi ng 12009 2f@¥ulin sdyance, detnge fermanan tdicthe raphen protesuve ifidm. ghe carbon i e

of increasing recqordi ng,density Preferred exanpl f the materijals,.of the
Pubr i cat | REPHSIYEN AT eflq FRotpRart A b eI deRshy- WD seads S8 RIS TEEHY. and
the Iike HigofdtgPKNRSS Sdssible té UndkeC el BEbEA | podéuie fdmetiRnmb] While-aldd~ O
6 May 2aoz 46 In the follow ng, another enbodi ment of the nmethod for

manuf act umangamingagndticent daniiynandiys arevadecd FAERYICtI§CeTH nggRediemtthat 1s

i nvention | esCr i i gf; LA rementi oned nagnetic
recor di ngC%S%u%Fg&%?%g@gg?égt Eiég{ﬁ)ée s%!/\%r}%nﬁge@%gtter equi pnrent used
f or manuf act ur iMhgretdre, isopamsible toqnedderadingtly celiablzo ndigheiomedording midiatn,
conprises a.chanber 50, targ?c?%gl\?éi}shMi [ .argTr{)sr ovided on the inner walls

on both si 63" SPRPOCHA MY eEdme: density (W hew JOWRTIRG, the, SHIRNE S

el ectri cabrd&mt}g@egfhe targets 51. a supply source 53 for spatter gas

whi ch supplies spatter gas into the chanber 50
In addition, it is possible to accelerate adhesion of the materials of the carbon

protective film. derived from the reactant gas, to the disc D, and thereby increase the
coating rate and production efficiency

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

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

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

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



The chanber 50 is connected to a introduction tube 54 which directs the
spatter gas supplied fromthe supply source ~3 into the chanber 5@, 3@&2@
exhaust tube 55 which expels gas inside of the chanber 7 out of t e8 2
The target ~ 1 may principally conprisgycarbon The el ectrical source 52 may
conprise a D C electrical source, or a %i gh frequency electrical source In
order to manufacture the aforenentioned nagnetic recordi ng nediumusing the
af or ement jhenabos PimMpRun@y] Wefiv® Fronthepdupphied f2dBtaapay. abillSesd @Viorn highgur e

1, a nonrraqnetic base film41l conprising a C alloy, and magnetic film 42
conpri si nePIsmers o [thRy surfacesolc thes disg Py A Hdesudn thotHMPry &S Tugh AQIYAREENi num

al | oy subsiratnenrs iff @ﬂbémng{bﬁ%éik/é'iﬂlﬁ Wk e)fl'jitﬁfnan Qb Ak Photi0 nf?crgfstE%Od

such as a spatter-coating n to obtain a disc D Subsequent e disc
D i s trangpby &ddingtto an rderdradvipahilityOn dlie ¢ahleorggroreemenfiinoned pl asma CVD

apparatus, and the rf.ace ofthe disc D is exposed to t react ant gas,
ahPeh T 5 suppi e AP X s o Predtn PR T e hikel i, bERE KoM 15
into the ghaaper 10, fromwhich gas is exhausted via the exhaust tube 16 to
circulate the gas within The reactant gas is preferably a m xed gas of

hydr ocar bd§sStEH@MNr’dger?) with a nixing rati o of hydrocarbon to hydrogen in
the range of 2y onelic-redordfh 191?diﬂ¥1 Vo uffdigeli N} ANEHOLRIOOR ﬁll%(\ﬁﬂfbl y
conpri ses at |eaSt one typg 0 ydrocarbon sel ected trom anong | ower

sat ur at edusmgthe equipmast, shbewen Figusest luaret d hydr ocar bons, and | ower cyclic

hyd b 8 MAR 2002 47 out _t.hi tign, the fl
Pt or the r AREAMAGRENTE by Pl sl NiB sheealin puft dmetene
i nner  pr esSolemOdndt thkGBRNEE0 8lh)~WaPErehied alitly mkeharidal deRLRUGHE:HhE]E

value, such as O I ~ 10 Pa At the sane tine, using the high frequency
el ect ri caorpénaverags susface roughnessief204q aaaeynagnets base ilmdowdra tickpessiodr abl y

50 ~- 200 ] ied t e, al ec 4 - te. plasma, and a
pl asma O%)\é?:%r%%%&@@era géa&%eant%hlgct]%ggegl%ob lﬁh{sogﬁﬁfsgﬁ%?ae eré ?‘3’/ Y4t he
range of $0cessivdlOformed fonr bat sidesboft thes subssaef uting dissateRinpydevizans 00

pl asma chem cal phase growth, usi the aforepentioned reactant gas as
a starting?t s Rd by W Jsawm@%&ﬁggt A 8% VBB rw&ﬁs aécrrslef-'weﬂa’sg 11
and 11, ifonlSadteBt Pagohifin taAd R eti® 6D AR mpbraflre Ge'th€ b sPaWelaS iR i ed to
each el ectrode 11 different By nmeans of making the phases of electirical
power suppiof€éd to each electrode 11 different, it is possible to inprove
the coating r and durability of the praqtective fi|m The difference in
the phase of  orsfrieed Bosise H offsrate s dR el b Sal Of i empEaley m
the rangere@iiladfl devide @, vwHege Wpa el ©hE(EHR! dmperiire SESwhits WRPagused Rhase (i
a, 180) In addition, it is preferable to formthe filmwhile perform ng

bi as appl advarge 19 ZORC KT hisgy M RGiuHingriby tasnpesatare ¢fithe disp v@stiupphiedia at flew di sc
D, using e ical, b as. s i i - requen el ectrical
sour ce s {tSLRa TEBE Upifis RMEE st iRl P U0 LROKBINRA BB s ot
10 -- 300Mlues showhen aldble 4yl meshst of éxposinigsihe [disddDi thi tha dlykdyogempan forsh ng

pul se D C el ectri.cal source % t he elngctri cal_ bias source 13, .a voltage of
- Q00 - - IRFYOPO DB SHABPRyIRalae dd EArBAENF o tepempFrHEE i ©F dise DM h of
pul se is RERLRAAEY Ynddhi b8 4 PRERIAT thkBnomerRPIPEVils ifRAahb& 4T CRHEHMEr i S
preferably in the ranse of 10 kHz ~ 1 GHz The resultant plasma CVD carbon

| ayer 43aprewshteaifiibe ehamibghéwasgertaed Pof di anond-1i ke carbon (DLC) of an

i ncreased har i ri i n,.strength e gnpared to e
carbon filns %@?r%ﬁ'eg@géb%fjﬁé%tega%)hréﬁlg%gt\?[evn{‘]%gﬁ%rlt%lnEOntg’\ﬁn?BargE%{t ltoe?ff:tg%ti ng
met hod Supissea€WD 3ppatane 3iadd a Peactant Lhewasisifpptied Gbmwihe clipply pbuasdrid (VD

car bon I%er 43a has begen forgrrpd according to thFt af orenenti oned operati on,

i s transpbf chambentlg af gdlovhmipel 1 3scar  Phmixed et oF tobéane 3Ad My drogae Witea
surface ofixiderabb T BubneMd IHRAIQRA JraYe 10/ BRAvolliffeREs Qlkdt Nehat | oned
di sc D, is]xe _pgsed tout rfe s}%gt%eér gas, V\/nli%?ﬁoi se’ Osg I\/AJI}Z }Z]goézycg?g?g%éppl i ed
i nt o chanipexdd&ionf the mnehpresupp biths gharsleerd9 wasaset #iéPant r oduct i on t ube 54 Gas
is then exhausted via the exhaust tube 5~ to circulate the gas within The
spatter gas nmay conprise argon, which is generally used in the spatter



coating nethod In particular, a m xed gas conprising argon, into which at

| east one eas sel ected from anong nitrogen, hydrogen) and net hane 0ids MiRi2602
at a adding volune to the argon of 0 1 ~ 100% by volune, is preferred At
the same tine, electrical power ~s supplied to target 51, using the

el ectrical source 52, and the material of target 51 is then supplied onto
the plasnma CVD carbon | ayer43a by neans of spattering, to formthe spatter
car bon | ayers AG3thesambainie, higtefeqfentheledirsel power ¢fht®VoOpeasatppled tohdae f | ow

rate of the spatter gas is preferab 20 -, 300 sccm Subseauently a

by 1 cantSISEReR. e BRE ST dPIm AoHR IO Ve A Vdhd thRkngs €5, i s
applied tgA Be boRALHES oCBlebf DaYEhe fedhberAGRO6TihB A dcODAVEY RRIBGHHRENRD OF
the like In this nmanner, a magnetic recordi ng nedium which conpnsng a

non- magneldble pabiemepnnoiathy afergmentianetjtpmperaure smgplating dgvisets v adgjieqn, 43
whi ch conpri se | .as V. . 43D,
and | ubr 105t JESuqep ARy PYEpERENEL a0t aileBle 0B B SRR ARy
provi ded this doaecedf30Me aidtibnnkedifiegmet ircthe phasedifridginkeljuenty slectaealtgaevegcar bon
protective | ayer 43 i.s provided wt pl asma CVD carbon | ayer 43a forned
accor di ngtPgiied tBIeééh’ﬁe"(‘,%lﬂeﬁét"f‘?édFt aénﬁghspat ter carbon |ayer 43b formed

according to ape@fukfilly, 9RbiiMNAbABAM Qfhs dpPReP@RRS EABoPprotdttive BRI abihg il m
44 to the carbon protective filma43 is increased, which | eads to a superior

dur abi | i tajlubticiteg Hypovites thickhesseft 1 St and pigldies a owenesic teegrdingagddiior med by

means of spattgrl as.a great " i.n nds’ en conpar ed
to the carbon ﬁel%gersfr%%fcg%eﬁp gﬁ%goq{g%ﬁﬁ%gfaﬁpgrg&n%le&\;% tlﬁgtrﬁsgga'\’,lwﬁa? g?e,

bondi ng watsrtinknvediy esint fhe CSnesti 0gnd VIR "head eAIESS dpéiationNRds weidemedn to
the lubricating film44, and thus | eads to the superior durability of the

af or ement30h¥alimay e tatoak apecd Hed?Uhmm. abdiia; feawpraiiacel fAE ¥attban
protectivg |,a¥ebs é@/apq?aé%%ﬁﬁicasﬁedti PV HRhRGRd laﬁxpﬁl}oﬁﬁ%%rﬁ nfa&or

strength, 1t 1I's possible to nake e carbon protective ner
whi | e al secordingtraddnimep sihfor dne hbar iThe resultd atemheownen feklegipaci ng |1 oss I n
addition, it is ssi,bl e .to prevent problenms such as "spin-off' in CSS
oper at i or{TleSt\)éjaﬂ% B3 208D 49

The magnetic recording medium was manufactured in the same manner as in the

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

shown in Table 4



Accordingly, it is possible to provide effects of reliability and a
suff~cientlv high recording density, wthout |owering the output (pb§ OMAR t 2083
t hereof Furthernore, in the aforenentioned enbodi nment, the carbon
protective |ayer 43 ~s provided with aszpwo-layer structure conprising the
pl asma CVD carbon | ayer 43a and spatter carbon | ayer 43b However, the
magneti c recordnlJ nedi um according to the present invention is not limted
t hereto, amgdemay al so conprise a structure possessin; three or nore |ayers
In the f i . : i i peeifi-ed— usi ng
concret e exanpl es (Test [ERBnpl edBorae o) APFALTR i ¢ O8I ng % Um was
manuf act ured as foll OV\ﬁgulMﬁmignitéd‘il@ apla GV fappag at usramand !spatter .

equi pnent shown in F| gures nd 5 After jan gl ugd ni um all oy |substrate
coated with a Ni P net al™¢ fSF# (wi 8 (ﬁccﬂ?a te‘f}mg#&% m‘rg)érﬁﬁyt-‘hi ckness of 0 8
) was treakeshpd 17h nmechani cal texgoure- p‘r ocessg ng tio fa’m an average

surface roughness of' 201 __a non- . s of
6000 conpdest Rypmpld® all oy? and a ﬁ%neti c fil R%2 canpri®ing a €%l | oy
(Co~, O, Far Fowerssuccessi vely forgred—om bot b5 s des—of5 the subgtyate S,
using a 51;;%15% F\earnllprlﬁzgzlévi 028(3010 rrar?gf act ur ed ll)Z/A?AneI’va) ,6I3to IEobt gi6r? a disc D
SubsequepwsyExaInhﬂenj sc Dswas transported i ntolohe chanba0 10 of otd3e pl asma
CVD apparatus,—and- ai react-ant ;gas WasS—StHp-+ed HHhe—Supphy—seuree.

into thel CHREPIR Y hchi dve alfl owt?Gte of 1308%cm A ni%dd gas 8f/tol uene
and hydr pgerE W= M Xigig Tati o g rol WW

vol ume, Was used as {he reactant gas Additionally, tlhe inner| pressure;of

t he chanp®est Eunwks33ai nt @ ned |at 6 ®a At the 32Te ti]me,33l‘?i ghi frécﬁ@ency

el ectri C@—E&%MWW%WW
pl asma, aheft EXEREH form-a plasma CVD carbon FPayer 43a Hilt h a t i*Ckness of

40~ on bo¥{y; E%g‘,gﬁe o ThedisSC D Algohl S T ne, pul'se D ¢gh as OfCradg OV (wth
a frequehcy o 00 kHz and pul.se width of| 500 ns) Was applied to the disc,
usi ng theTek Exdniplc3 - bi a® source 130 Furt her noA@) the t &¥ber dt ur@rasti t he
disc D a i i - i - i +n t he
phase of high frequency 0 8 ~aR 20a2 sO electrical power supplied to each
el ectrode 11 Wagn$ale Rbuldk8Roli iadtibld HNit i AGarthhat aq@qsgg@@ﬁw&jardih% ntidsc D
and el ectrode 11 was set at 30 nm Subsequently, the disc D, on the surface
of whi ch mhsufsttasdecavbingde lsanethed sy whigh theatemperapisg ohthestisdi P gvas settinghe

af orenent i oned r atj L tr i : r : t

spatter eﬁaﬁgﬁ%ﬁ@ﬁ 2%%0%? ﬁtetwgglgiet@%@ébgﬂep%ﬂ’%dﬁ%%gﬁp? e ‘sel}ﬁl%ngﬁg olggce:re 53
was di r ectighoh ntatuet dfeer gleafishreingSie O SE tdse anditar upendor durabilibye ib4dSpanttera gas
cont acni ng, he respective coggl?]nen S sglgvm tn Table 7 was ,used herein, At
the same DighE, RAtBg: FiCaf Mo wemPHEd QUi Magnetls reRgrding qisdiagmanufaciured | pe
el ectri cahRUAE S0 22metbd it RenaPald Rimperiilierofl d¥ &lisc B3Waywéeodtaaded tan bot h
sides of the disc D, by neans of spattering Subsequently, a fonblin

| ubri cant aforandsitionedZigge 2000) was applied onto the spatter carbon |ayer
43b, according (el : d i i j i :

t hi ckness of Zé‘g%me/gcsr%F grl%neng ﬁ?{?g{r% gb‘?ﬁé&éf@%qg&hgg#eﬂg%mrde{%é@ %Mé‘]i a’r%g%rlﬁn The
"bonded r adchaling artiwn agording to tHeeresena ivveSEh, tie &t pasibier iobpdvida at ¢azbon

foll owi ng were peyfornmed.on resultant. magpeti c. recor.ding dig. (,1.).Bonded
Rati o TesProf‘?Fé‘V%tffJéF‘eﬁ‘HHQri'%'Pﬁa& %%ri@f‘?‘[:y Fgfgé}‘?ﬁrﬁ’é ‘ﬁ’é?h‘{‘% v&g%@a&&a ‘% " a
sol vent (ﬁ&%?o‘ie Y8 "WhREhMGRa YirieARarbehagRlectiof fllln Rinilét 8So mMAidiidifg a

e

renoved The ratio of the thickness of the lubricating film44 prior to this
oper at i onsuffidieaf durability, and gy ae ipeavideas magaeticcrgrending Bedipm that is capableofrhe

t hi ckness_of th ubrd i Sl ed at the position where the
radi us wa& ﬁmﬁ'r%r{)zlcﬁns% fﬁgééégtl%ﬁ)o%#ﬁw?&%@%The af orenenti oned magnetic
recordi ng medi TrereRse, ripisaicssibittogprovidatiigiay relpdidmagnetidGocbrding medium,
tenperature of 100C for 168 hours ,The ratjo (g%ei he 1t hi cﬁness of the

| ubri cati MiGh £aR 3uPPEF Bsuftisiantly shigh Jeeqrig ity fWighout Hpwerdhge the PERYhas

t hen cal c [ r s L t i bR diddey 44 was
rmasur od T R B e e L e

medi um was 20 mm (i nner circunference) and 42nmm (outer circunference),
using FT-1R (3) CSS Test

nliad flronnfhn cundl v _catren 14




D 0 MAR 2002 sl Using an MR head, a CSS operation was perforned orﬂBhHAR 20(92
af orenenti oned magneti c recordi ng nedi um 80000 tines, at a rotational spee
of 7200 rpm and a tenperature of 40C at a hum dity of 80% These test
results are showmn m Table 7 (Test Exampi es 53 and 54) A carbon protective
filmwas fornmed according to only a plasma C~' D net hod. based on the

nmet hods m Test Exanples 50 - 52, to provide a magnetic record~ne nedi um
conpri s~n~ a carbon protective filmconprising a single-layer structure
(Test Exanple SB%n %ddition, a carbon protective filmwas forned
according to aNcHvAIOMRRI PIOtRHoGRbOSRN . ESameripdnddhsRnutaglugngye de a

magnet i c ,{lgé‘,fg{igirg&r&ggimim%%ﬂiﬂégtcﬂﬂ)féaq_r%%t RARINEGH LY %eicinb?%fx%ﬁ‘%rg a

singl e-layer structure (Test Exanple s4 e af orenenti oned ypes of
t ests werexampte whigkdmploys hesaforemgnuones plasowr QWD appdiatusFhewe it Bgurer esul t s
are shown in TIal%l 8 In the ttabtlhaes rtnhae pl asip. D“(/:ar on ldac}’etE | S.
represented asHalbPLRERCCRATE fila and madnetic fifg Werp 1ormed;¢n oébtsl%%nt ed
as "spat t@rnohayginetic stbstraldARcofing 3¢ a hadth&d Fuchtasucipdfter-coating method. and

" Thi ck- Thi ck- Spat t er BondedSpi n-of f ; Sptn-of f~ CSS , of ness of ness

of gasr at i e likaAe Pblam A ©p¢ Br ot ecti ve ~pCVDI spatter!l (~h)~ circuiu-

teircum; i Pl Mohl @Y&fent Sdbstra@URly ddMprisk any bubfsGafe4hif is eddeISNEEd as a

substrate for a magnetic recording medum, as described 1n the aforementioned The
material and thickness of the non-magnetic base film and magnetic film are also as
described 1n the aforementioned

Subsequently, the disc D is transported into the chamber 10 of the aforementioned
plasma CVD apparatus, and the surface of the disc D is exposed to the reactant gas,
which is supplied from the supply source 14 via the introduction tube 15 into the chamber
10, from which the gas 1s exhausted through the exhaust tube 16 to circulate the gas
within

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

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

According to the method of this embodiment, the flow rate of the exhaust gas
from the chamber 10 is appropriately adjusted, using the exhaust regulating valve 17
provided in the exhaust tube 16, such that the pressure of the reactant gas in the chamber
10 falls into the range of 0 1 ~ 10Pa, preferably 2 ~ 6 Pa, and more preferably 4 5 ~ 6 Pa

The reason for setting the pressure in the aforementioned range is that the coating
rate decreases if the pressure is less than O 1Pa, while the durability of the carbon

protective film deteriorates if the pressure exceeds 10Pa



ili; ~~1(/~)(" %)~ Test ~Two-layer | ..10i 210 I100rb Ar i;R 8 IC, .| Nol

Exanple sOl~ i | crashl Test |ITwo-lav_ er ,.~01098"% Ar ~-1h .G 7-1;
NoEwnple s 1 !~"and 2/. I~li crash | ~ II N.i ~ iTest iTwo- Ia~~er0|8 MAR 2002
.~01090% Ar ~1Gi.t8 1>~ No I Exanple 33 ',and 10/, "'.I~ crash | -1,

CHal ~ 1;, Table 8 ISt ntcturel Coati ngThi ck- SpatterBonded | Spt n- offSpmoffI
CSSi, ofi methodness ofgas vratioinrer | | outer~protectn~eof

car boncar bon~( A%thé simeg time: higbi frependyi tlettricall powerf of] mf(:#h)ﬂ)f 6¢ en2@0W es encel

"illlTest iSin 2037-i s S : erIITes i ngl e-1
Spat t er - 16PRYS A)tﬂrtlhe e?v og%éH “%?=a§hh‘gﬁ %saﬁﬁnﬁeelwfcﬂ ROV, SQutfs ﬁs’ ' om
the resul Te@ne@itetpMmQSﬁld BiekebS oMM al darblodbpretectiv@fifin Gormdd &S b@tbm%@destdﬂﬁe the
magnetic recording media in which the carbon protective film 43 conprised a

t wo- | ayer dise i dyuneans gHpthe Silasnar ehempral Se8 Rbots eevBbnusiag dhe afpseragisosesht t er
carbon | aygr. taﬁ?%agég {)isﬁr?gtgfﬂfaiér& b enfpduiaRidd tof PRSI e ARE Akl 90

performed over
preferably in the range of 30 ~ 100A

When supplying electrical power to the electrodes 11 and 11, it is preferable to
make the phases of electrical power supplied to each electrode 11 different By means of
shifting the phase of electrical power supplied to each electrode, the coating rate and
durability of the protective film can be improved The difference in the phase of
electrical power supplied to each electrode is preferably in the range of 90 ~ 270°, and in
particular the opposite phase (i e . 180°)1s preferred

In addition, when forming the carbon protective film, it is preferable to form the
film while performing bias applying, such as high frequency bias or pulse D C bias, to
the disc D, using an electrical bias source 13

The preferred conditions of bias, e g, voltage and the like are as described in the
aforementioned

In addition, a lubricating film may be provided on the protective film by means of
applying the aforementioned lubricant

In the aforementioned manufacturing method, since the pressure of the reactant
gas is maintained at O 1 ~ 10Pa, at the time of forming the carbon protective film, the
resuitant carbon protective film exhibits a superior durability Accordingly, it is possible
to make the carbon protective film thinner while also maintaining a sufficient durability,
and thus provide a magnetic recording medium that is capable of reducing spacing loss at
the time of recording and replay

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

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

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

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



whereas the magnetic recording nedia in which the carbon protective film
conprised a single-layer structure formed according to only a plagm 2002
nmet hod, or spatter-coating nmethod, led to "head crash” Additionally, from
the results of the bonded ratio test agg spin-off test, it is clear that

t he magnetic recordi ng medi um wherein the carbon protective film43
conprised a 0 8 MAR 200Z s~ two-l ayer structure exhibited a | ower

reduct i onatr @k tieneOdf fohRinkthé kReememioned @atbah peatktmyef filnms IBQERRERE] (OtHehe
magneti ¢ recordi ng medi um wherein the carbon protectwe filmwas fornmed only

accor di ngfalleWifge pl asma CVD et hod Accordingly) the magnetic recording
media in whi Chsér{]ﬁ%{ﬁr@r %anélrfm BfeNégeeddt 'l ﬁ?thgggﬂgérﬁrﬁﬁm@d FRerBNRE i feuct ure

exhi bited a superi ura Ity en cohpare e ma_net c recording
medi um m evitatiort hed @anvoien prfod eottioneofl theehydrosaprarsad the Seanydre daayber the

structure forned,according to only.a plasm.C VI t had, or, spatter-coating
et hod. ASPBRBE ai ABG® JrPRECSRT ol BB 08 cld bR A inen dhiS kg of
i nvent i ONpydrécarforR QS8 ir&t@ciuged 6Aitd dscC BN ROForir Hldesidndaile tdib (lfefreguper i or

dur abi I'i tg@As aresult, it is also possible to make the carbon protective
£l m t hi nersenaien] & 2Pk6 nwithtghihargngsss uf his ithh resylizm rarhany progastive idmeby
reduce spasgi ore, it is possible to provide a highly reliable
magneti c %@é%g$ﬁ§%$§?%B whi ch is capable of sufficiently increasing
recor di ng densintaddiidnhesifficenerdacignt ges 10thiup shppdied pe tiei chambbrelr e ddading tohe
foll ow ng,hig{got her enbodi nent of the nethod of manufacturing the magnetic

recor di ng? i“QM"2f@6r di ng to the present invention, usnQ an exanple in

which the plaspgr GYDoaRPaKAHUSE SR Wrekstrd| FUER }edcanf "PAsOWE desk Nikah alHey) a
non- magneti ¢ base filmand magnetic filmare respectively fornmed on both

si des of afheemeptionsdgrangs.che mbabenpk hydroearbom molesules nptthe teasiadh gasswhich

spatter-coallNehe chamber 10 becomes insufficient, leading to an inadequate coating rate

In addition, if the pressure exceeds the aforementioned range, the number of
hydrocarbon molecules in the reactant gas present within chamber 10 becomes too high,
which in turn leads to difficulty in decomposing the hydrocarbons even 1n the presence of
the plasma As a result, a portion of the hydrocarbons in the reactant gas remain adhered
to the disc D without undergoing decomposition, and the overall content of DLC in the
resultant carbon protective film decreases, leading to a carbon protective film with an
inferior strength

In the following, the effects of the present invention are specified, using concrete
examples
(Test Examples 37 ~ 43)

After an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95mm and thickness of 0 8mm) was treated with mechanical texture-processing to
form an average surface roughness of 23A. a non-magnetic base film (with a thickness of
600A) comprising a Cr alloy, and a magnetic film comprising a Co alloy were
successively formed on both sides of the substrate, using a spattering device (3010
manufactured by Anelva), to obtain a disc D

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

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



met hod, and the like, to obtain a disc D The non-magnetic substra m/
conprise any substrate that is generally used as a substrate for hgb R 2002
recordi ng medi um as described in the aforenenti oned The material and

t hi ckness of the non-nagnetic base fil isand magnetic filmare as described
in the aforenentioned In the nethod for manufacturing the magnetic

recordi ng medium according to the present enbodi nent, the process of
coating t bsureanhomo RROERGIeY €0 hEiNLCOMBH mESof YEDsSHS o0l Rl PAsETASRBRe AS
described in the following As the first process, the follow ng operation is
per f or medand y@ogamrwithGzmExdnerrasiodif seluene saHwiAEqEsn Ohd 1A dADveighens. svasaised fi | m
and nagne formed on the aforenentioned non-magnetic substrate,
is transp%grtt%eéé%cﬁn%?she chanber 10 of the plasma CVD apparatus, and the
surface of there merireSSmmfsthd chambérel ¢ endiiarimegass maimtahed as shipph ired

fromthe source l1l4. thro %he i nt oduct{ H tube 15 into the chanber
10 The ga Wéﬁ’e (PEUSHNE HEfx ﬁ%%ﬁu B8 ¥aVeHd exhaust tube 16 to

circulate the Af%hd fh‘?rﬂeehﬂe-rﬁ'@hrf?e%ﬁ&ﬁd}teleéﬁcdl ov? ote90W Rad sighifeBqo the

af orenenti oned, preferably a m xed gas of hydrocarbon and hydrogen, wth a
mxing r atleorases hiyldtco@amam mlesmwoﬁr@géqubm éh‘@ 2 amdx@nowrozecmﬁ fllm withce 100
by vol une,The a I

hydr ocar bgln‘n(s e%g % §I¥r3§6r’r{1h g{dmg)%gf l‘I%(Q)v(\j/)ésrc qﬁs)a urd%ﬁod] hﬁgﬁ%ﬁqﬁdg% el‘13c\(r‘?&l\/vggWer

unsat ur at e@lsdwdwa)s:apsmmasro tHe’ldxsl: awarsinytiei efechychi Gardone 150 Inhaddingenkd i on,
the flowrate of the reactgg as IS refe‘r:ébly in the range of 50 - 500
sccm Addi HifisFRace yn thenrhaseA 125 EOYERY YFCRR ROEHSERPIEG tp £agh eleeivesl | set
at a predg,tafegépap@gboval ue such as 0 1 -- 10 Pa At the same tine, high
frequency electrical power of preferably ~0 ~ 2000 Wis supplied to

el ectrodes 11, Sutmeq\gsndyhfogiblmrlabmmcyvaehmitedltcahe @whangokRtive flnganéorat e

pl asma, an the f| | a VI n a th .ckness of preferably 30 - 45
P50 or RO ufif SRy e 47 RIS  SFesprts s St edib My as
phase growth, ugé agsttmdaicﬁb@drﬁmwaﬂﬂmhgmk@eifogﬁ& @bthe rﬁdgaéﬂid fgordiger i al
In this first process, at this point, bias such as high frequency bias or
pul se D Omsfias In shexpdS fes Utswgtaﬁéﬁ& head. 2 CB§ opegiatipn H@SPF'If% limges g

bi as el ecfr gl Si S 0

at or ement Fon kbR of 0 AphE IR 4 IBBelabFHUEAE: Bid®s fimldif of s00e

pr ef er abl Yhapplaned stuajnomhealwh was, masiargd aftéri ajlowimgete enagperd sacbrdmgaineémur ce as

the bias electric soyrce 13 This is.d tQq the fact that if bias applied
to the di & '[5%88?%%}” g@?iﬁﬁsﬁﬁf’ aes gg‘gnf’hgeblig W the first carbon layer will
contain a | ar ggdaitieHily, Wantinip edted] WHEYsiS QATRER &3 RiserMRLEtioR) Svak PefbirRéd ~N
strength, and thus re uce the durability On the other hand, if the bias

exceeds 300\ihe gfereRentioned) mpg:peylct Eecording ToRsid. nsing At Raman ineetal| enalysio a
l f f
areat of | LiaHuo0h:BhcRlERb] FOBRIOTHE] BN RuRERL AR 1P 200 O

ayer en usi ng Ias as bias and
pul se D C el eclrr gem:lrals@ﬂreoea asrbbheﬁllm asaaaugmdr amkdmg)uoabe Kaman wpHctralge of
-400 - -10 L S ref rabl?{téwp dtoE3 i SC %8 MAR 2002 SS This is
due to t h&¥%ty H’é‘? FrWE o ;5’5? Selp PBANEE i ¥hidh QuRibgnd daimesures less
than Q00 Mpréffalely #5F0chikaldys d-BaCiGUlieadlirell AL appiroEinfatelf 020009, MRirahed ead
to a greater |ikelihood of creatllré?] abnormal growth sections on the surface

of the firvave falgds gratematively ng highgs meﬂ@r the) gxpand peaks results iBeAer | ayer
cont a| ns FialoHi S e CRLERLtRE i8R ARHIRS conponents, which are inferior m

stren
(Test Examples 44 and 45)
A magnetic recording medium was manufactured in the same manner as the
aforementioned test example, with the exception that the pressure of the reactant gas in
the chamber 10 was modified by means of adjusting the exhaust regulating valve 17 The

test results are shown in Table 5



In addition, preferably, the pulse width is in the range of 10 - $S000Ons,
and the frequency is in the range of | OkHz - 1 GHz The resultant f&MRZUDZ
carbon | ayer thereby contains a | arge anount of dianond-I|ike carbons (DLC)
whi ch exhibit an increased hardness Thgyreason for preferably setting the

t hi ckness of the first carbon |ayer in the range of 30 ~ 45~ is due to the
fact that a thickness of less than 30~ results in a reduction in the
strength of thaddaiohaly. Raaiag@Gpectl andiysis Weapirignied o thaweiagdeticdRbbiding Of

t he resul tant netic recording nedium and a thickness exceedi ng 45A
results iﬁwgmnggﬁé?$@sﬁ§%éﬁahﬁ HetAbls t hat exhibits greater spacing | oss
at the tinme of recording and replay, which tends to | ower output properties
at the time of increasing the recording density Subsequently, the second
process described in the following is perforned In the second process, bias
applying to the disc D, using the bias electrical source 13, is halted, and
a second carbon | ayer of preferably 5 - 20~ is forned onto the first carbon
layer in a simlar manner as in the aforenmentioned first process, with the
exception that bias applying is not performed The reason for setting the

t hi ckness of the second carbon layer in the range of 5 20~1 is due to the
fact that if the thickness is less than 5~, the joining strength between

t he second carbon layer and lubricating filmweakens, |eading to a | ower
resistance to sliding of the nagnetic recording nmedium while if the

t hi ckness exceeds 20~, the resultant magnetic recordi ng nmedi um exhibits
greater spacing loss at the tine of recording and replay, which tends to

| ower output properties at the tine of increasing the recording density In
the aforenmentioned first and second processes, when supplying electrical
power to the electrodes 11 and 11, the phase of the electrical power
supplied to each electrode 11 are preferably shifted with respect to each
ot her By means of naking the phases of electrical power supplied to each

el ectrode 11 different, it is possible to 0 8 MAR 2002 56 inprove both
the coating rate and durability of the protective film The difference of
the phase of electrical power supplied to each electrode ~s preferably in
the range of 90 -270, and mparticular, the opposite phase (~ a , 180) is
preferred Through the aforenentioned first and second processes, the carbon
protectwe filmconprising the first and second carbon layer is formed onto
the disc D Subsequently, a lubricant such as perfluoropol yether, fonblm

| ubricant, and the like, is applied onto the second carbon | ayer according
to a dipping nethod or the like, to forma lubricating filmwth a

t hi ckness of preferably ~ - 40~ In this manner, a magnetic recordi ng nmedi um
i s obtai ned, wherein a nonmagnetic base film nagnetic film a carbon
protective film (first carbon |ayer and second carbon |ayer), and

| ubricating filmare successively fornmed Exanpl es of the nagnetic recording
medi um manuf actured according to the aforenenti oned manufacturing nethod
may i nclude a magnetic recording nediumwi th a structure simlar to that
shown in Figure 4 The magnetic recordi ng mediumof this exanple conprises a
non- magneti c substrate S. non-magnetic base film41, magnetic film42,
carbon protective film43 (first carbon | ayer 43a, and second carbon | ayer
43b), and lubricating film44 In the aforenenti oned nethod for

manuf acturing a magnetic recordi ng nedium the carbon protective film43 ~s
formed, by neans of form ng a second carbon |ayer 43b) according to the

pl asma CVD nmet hod without perform ng bias applying to the disc D, on top of
a first carbon layer 43a, which is forned according to a plasma CVD net hod
whil e performng bias applying to the disc DIn this manner) the resultant
magneti ¢ recordi ng nmedi um exhi bits a hi gher bonding strength with respect
to the lubricating film44, lying in contact wwth the second carbon | ayer
43b of the carbon protective film43, and hence | eads to a superior
durability The reason for the superior durability of the aforenmentioned
magnetic recording mediumis as follows That is, the second carbon | ayer
43b, which is forned w thout performng bias applying to the disc D,
contains a greater nunber of dangling bonds, conpared to the first carbon

| ayer 43a which is forned while perform ng bias applying to the disc D, and
bondi ng which invol ves these dangling bond generates a stronger adhesion to
the lubricating film ~ ~ MAR 57 In addition) the first carbon | ayer 43a.
which is fornmed while performng bias applying to the disc D contains a

hi gher content of dianond-Iike-carbon (DLC), leading to a superior strength
As a result, the carbon protective film43 exhibits a higher strength, and
noreover is firmy joined to the lubricating film 44 Accordingly, it is

______ [T b D s - [ T L - A~ Ll



Accordingly, ~t is possible to provide a highly reliable magnetic recording
mednm that is capable of increasing the recording density suffic~quIMAR 2002
wi t hout | owering the output properties thereof Furthernore. in the

af orenenti oned enbodi nent, the carbon pygotectwe filmconprises a two-I|ayer
structure conprising a first carbon | ayer 43a and second carbon | ayer 43b
However, the magnetic recording mediumaccording to the present invention

i s not Ilﬂhbe¢ thereto and may conprlse a structure of three or nore

| ayers | .

speci fi ed # ?%?P(Exa ' |

recor dm-| medi um was Wamdf;@qtggg@d) as descri b%-hr& (ERe TolTow Iagg( y5| ng the
p|asn‘a D_appa nown N ir e A an u. 1m. 3 0 at e

coat ed vvh[tThﬂé\NFHdcﬁ%t al fliﬁﬁ)(wth a Qll7érret br b540g% mm and tH??(ness of 08
mm was mechangcat—textu pWLEb 3 tofornrar erage
surface Joughnes}y g% 20~, abg]on nmagne ?’c bake FS 6%1941 (with a bﬁln ckness of
6000 cor’rﬁrrbﬁlEngmae@ al | oy4 7@and a magoesic fil s copprising e Co all oy

(Co = Mﬁ%cses&#el—y—mpmd—en—beu%—eu—h%ub%%
using a spatETRIg*Uevi ce 13010 manuf &éPur eld bir"‘ﬁin-el va), to dbthin a disc D
SubsequemLyEIRf: §1 SC D Wagotransporggag T Nfo (3§ ghafber 10 Pfg the ptasna
CVD apparatus, and a \mi xed gas was supplied| fromthe supply source 14 into
t he charrbﬁem‘:’@mmﬂhﬂleve a féevrate ofOBBOSccm 153 @ May zooz &3l A mi xed gas

Of tol uenpRe- and rnnnn \I\l th 29 m vinn~ Lﬂtl tal a.tn h_urlr nrjnn nL 1 to

SOy,

12 by vol LTFI%E\Wéfgeﬁ’sed as Y Re reactanqﬁaas [&jd $8chal Y, the 4 ffher presisure

of the crqg;g@r\am A ned at 6Pg4AT They&ame T Tme, NI gfi7§ T equency
electrical power of 450Wwas suppllied to the electrodes 1 1 to generate

pl asma, Wikdt&xapmpt ¥hd pul ses D C bilas @hsh 120V 1366rth al fr equericd of 200kHz
and a pul i e , HR— b i
source | 3, to formthe first carbon |layer 43a The tenperature of the disc
D and coating Falf il rebll® $HoWR QfTa%Qag'l’ﬂgs %&ﬁh%e%aq%@@&ee@mncﬁﬁgﬁla/ m n,
respectwely The difference ~n the phase of high frequency electrical power
suppl i ed renefctures mprdmmtola methad is athicht the esbure ad dhe: feaerant gpe atithsttame e

bet ween th di sc sequent |

second car ofor ayer Eg%) rﬁ{e%gﬁjﬁl n%@%as?%r\}\%t ﬁ1§$a]ble 9v\kalg'%fo ey‘af ht o
the di sc Burabhity wienCdongparéd sd ncaghaﬁmréoaycﬁng 4alih ashnbeeturédnoagddiag tohe
surface thereof as described in the Ot,{tg Ptl oned, gccordi ng to the
similar mBEH Whsrein She,prisssurenis set quiside ok the AtareMentiongdyanget h the excepti on
that bias was wmre@\&plar%gt metan@req{eaﬁo&dswbﬁ%?%Atyma@hetlerf@édrmng Uhidig ant
(Fonbl i n Zdol 2000) was applied onto the second carbon | ayer 43b; accordi ng
to a di ppmagufsetu accamdlna toubrinethotinig whiom te presture aththek rrasienoa®0s- was
fornmed, thereb recor di mThe bonded ratio test,
spi n- off {88 Gt'a%eé’ gte's?tp desflgarri X 1995;1#1 %opE%\lt/’\nqn}é were then perforned
on the resul tam amgmtl ¢he ecapah rygotaedvea filnds ) ofBansifdtiRatécordiast meba,

af orenenti oned magnetic recording rredl E‘m was, soaked in_a sol vent (AK225

manuf act ufeguisgtureds reqeding sto faomeﬂ@ Gt the RIessHEsh of dhpvigactaMe 82ats o of
the thi ckppsfainkd tme a?&@h%ﬁt‘idd&g rsﬁderru&f}laprg Bdnd feak Waﬁae?ﬁ?h%hbroﬁeﬁﬁ‘flg}af ter
this operation was then cal culated T n percentage Further nor the thickness
of the | ulwhuecaomnged itd those manefapisesigcsdrdng @ qamsthodovhenﬂertlee prisssurediset was

20 mMm usin |no tT a 0 n G el

rech um wa SO St due BoraR Bt SR g BT Y Bk TR BB RIS <oy
100C for &&&e,hours The ratio of the thickness of the lubricating film 44
prior to this operation and after this operation was then calculated in
per cent age The Asties®ihed dn dhe afgeemeantipnedadn ty Methad for Harufaetuang adnagnetiqe
positions, ggm% 0

medi um vvas %ﬁ%nmflgﬁﬁ]e%&glﬁr %%&?%ﬁ%{gﬁ‘ i 42rr§n %@E? gp(gm r cun@?‘gwg{é@
respect i velsyperios idngpbHify issproduced by means of mamtammg the pressure of the reactant gas

at 0 1 ~ 10Pa at the time of forming the carbon film Accordingly, it is possible to make



(3) CSS Test Using an MR head, a CSS operation was performed on the

af orenenti oned magneti c recordi ng nedi um 40000 tines at a rot ati ofidl M(Reaﬂﬂz
of 7200 rpm and a tenperature of 40C with a hum dity of 80% The test
results are shown m Table 9 (Test Exangbe 60) A magnetic recording nedi um
was manufactured in the simlar manner as ~n the aforenentioned test
exanple, with the exception that a second carbon | ayer 43b was not forned

The resul {lrRnfarbsagekttiver fiaOtheineg wiikid ialso maistamivens suificient derasifior, ang fisoned
three types of tests The test, results are sho in Tahle 9 (Test Exanple 61
) A magnetd ROVEE & BRHSUREERUANGaRedHHR (R3 ds GRRAZ!E ol TedMsIRE SPacing: Ishahthe

protecti vgmgiokpgcw?gﬁ{dr@glagccordi ng to a conventionally known,
spatter-coating nethod Th forenentioned three types of tests were

perfornmed on t heerefosaiht ampossielgne pravideez brahinrplinkldinaanthe recosting esdius ar e

hown in Table 9  ~ ~ M-4R 2002 .60 Tabl e 9 t carbop | ayer | Second
car bon | Y BRBCRISHEPGR 2 SSBRIBH Mt TRy pfpei o e Lie

j Coat i ngThiopkmeaitefopner | Quterl nunber ofi nmethod i ness nethod ness ~

(/™) crrcum crrcunt- ) . _ _
In addition, it 1s also possible to increase the coating rate. and production

efficiency

In the following, another embodiment of the method for manufacturing a
magnetic recording medium according to the present invention, using an example in
which the aforementioned plasma CVD apparatus shown in Figure 1 is employed

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

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

Subsequently, the disc D 1s transported tnto the chamber 10 of the aforementioned
plasma CVD apparatus, and the surface of the disc D is exposed to the reactant gas,
which is supplied from the supply source 14 through the introduction tube 15 into the
chamber 10 The gas 1s then exhausted from chamber 10 via the exhaust tube 16 to
circulate the gas therein

According to the manufacturing method of this embodiment, the reactant gas is
that comprises a mixed gas of hydrocarbon and hydrogen, with a mixing ratio of
hydrocarbon to hydrogen in the range of 2 to 1 ~ 1 to 100 by volume, 1nto which nitrogen
gas 1s added at a adding volume of 0 1 ~ 100% of the mixed gas, and preferably 50 ~
100vol%



limes a ,! ' ' (A , ' ~(A ~ '~ ference ~ferencecrash 'i | ~, ~ ('%)
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Fromthe results of the CSS test shown in Table 9, it is clear that the
nmagneti ¢ recor dPagltiAgan gasniaadded nte ghecafpisaengpegdemixed &af jal madding ypmsed a
first and an : 3 d@&d‘ elp S Lyr i ceto
sl i ding, \(/)\ﬁg(r%\ c@%@?g®@t@Q¥fg§snégﬁdet (e é%?g?gp{ﬁg{ l{r?g ?nﬁ%g\%ggerpﬁgfﬁ r%} ggr bon
prot ecti viess itham 0dfrpbiysedumnl yr alteinaglady axeeedsty U0O%r By volume reduces the

hardness of the carbon protective film, which in turn leads to an insufficient durability

In addition. the reason that the mixing ratio of the aforementioned mixed gas of
hydrocarbon to hyvdrogen 1s preferably in the aforementioned range since a mixing ratio
of the hydrocarbon to hydrogen in the mixed gas of less than the aforementioned range
leads to a reduced coating rate which 1s unsuitable for practical, industrial production
Similarly. a mixing ratio exceeding the aforementioned range results in an increase in the
stress remaining within the carbon protective film, leading to inferior adhesion and an
inferior resistance to CSS 1n the resultant carbon protective film

In addition. a lower hydrocarbon is preferably used as the hydrocarbon - if the
number of carbon atoms of the hydrocarbon exceeds the aforementioned range, it is
difficult to supplv the hydrocarbon as a gas, and in addition, at the time of discharge,
difficulty with the decomposition of hydrocarbons is encountered, which in turn leads to
a carbon protective film containing high polymers that are inferior in strength

When carrying out the operation, the flow rate of the reactant gas is preferably in
the range of 50 ~ 500sccm In addition, the inner pressure of the chamber 10 is
preferably set at the predetermined value, e g, 0 1 ~ 10Pa

At the same time, high frequency electrical power of preferably 50 ~ 2000W is
supplied to the electrodes 11, using the high frequency electrical power source 12, to
generate plasma, and thereby form a carbon protective film on both sides of the disc D by
means of plasma chemical gas phase growth, using the aforementioned reactant gas as a
starting material The thickness of the carbon protective film 1s preferably in the range of
30 ~ 100A

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

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



In particular, the magnetic recording nedia wherein the thickness of the
second carbon | ayer was 5 ~ 20A exhibited sufficient durability Qd}alMﬁR 200
CSS operation Additionally, fromthe results of the bonded ratio test and
spin-off test, it is clear that the nagnetic recording nedia in which the
carbon protective film43 conprised a two-layer structure exhibited a | ower
reduction ratio of the thickness of the lubricating film when conpared to
magnet i ¢ bogcthe dbaingmadt andwheatslity dfiibe pomdntive fitrot dtheidifferendenmcionpliassed a

i ngl e-1 t 2002 61 dingly, th i
Fecor di n PP HE BRIt FSROs DPEEE oL TiiThAsBrS P ec 0 6% ayer
st ruct ur gafxdaidpitheshpRsisdipiké Qre AB0BRE picktreds expl ained in the

af orenentioned) according to the present invention, it is possible to form
a carbon pr ot detfdigion whenfarming e sarbonrpretgetnsi filn. yt mHelefablecto formitke gl so
possi bl e - - ctijve, fi. B' r I I Nt ai ni ng
a suffi cﬁgﬁt‘ggjllﬁereg%r?ﬁrﬁ@é B%ﬁéﬂ{»lﬁén%é%géﬁr%s dt%gnﬁtse g%?ﬁgbl%{g(;&éljs&@ gctr e@%ﬁ %@ it is
possi bl e thodipe Dyusdnag ehetulagiioal bk s@bteldragneti ¢ recordi ng medium which is
capabl e of sufficiently ipcreasing the recordi density w thout | owering

t he out put pr %Wﬂg’gogﬁgﬁ]@é? syqh %h"é’hf‘%‘?f‘ hﬁd‘?‘%a?ﬁ%f’ffé‘?ra‘élﬁﬁédjie?%‘r?ﬁgé‘f t he
magnet i C (hesBfdhdpdon®di um according to the present invention is described
The magnetic recording nmediumof this enbodi ment may conprise a sinlar
structure to tlhaddispaviniubricaringfrim mayrbepreyifiedtanghe ptective & imbslimeganaetor di ng
to this enbodi| i non-magneti c substrate S, non-nmagnetic base
film41, aﬁﬁggnétwlgga@?%ﬁ?&f?g%gr%%%ﬁprot ective film43 (first carbon | ayer
43a, and seconfl thaahpeméioned 4dnmfacanihgl mbhoat angef rehdtantdedbxBypieass of t he
non-magneti c substrate S may include ap alum nium alloy substrate coated
with a Ni2BdREEaNTegan Has 4 d adng voamesolG hpr i00vngf e guxed gas) andonieferabll ¢ he
like The spur{g@peg b9fvoiJiﬁe, $hB%hE ﬁﬁ)@e.d%ak LoRbALRL AL hHEALAE h#lr*oﬂen, with a
texture-processi ng such as nmechani cal texture-processing Ih particular, the
aver age suixinggetio ofighdresabéRe) hydsoganahdhatdnge iofi2tthd + Angd 0o by Yolunk0-at The

material .and thickness af the non-magnetic base .film41l.and magnetic film
42 are as‘fﬁ%g‘g}?r ?ﬁgo M1 %ecaég%‘? Eﬁ%ﬁﬁtﬁ@n@&”ltﬁe CREPORRIRECT%E %&oﬁg‘&ﬁ’dﬁ %edi um
of the prsgs@idr darbBafy MAkEerdinds). A i9pBSHbLY & ke TafRAPrbie&ived iRidnay er
structure conprising a tantalum njtrogen | ayer 43a and carbon | ayer 43b
formed t eHEJR2aimaIng Asaffigank durabidisy andybys proyide ariprgnses recording medm
nitrogen,,l.r i | &l dSi i ontent of 1 ~ 30
2t 9 as T B R P AR e ey L ARPRREET 21 opresul ts
in a |loss of dthesfigrehitdf podsiblgroopreride\achighly melddle magoktivgretadmg| roedium,

durabilit %{ the resulta magnﬁt ihc recor di n‘% medi um gddi tional l g a

ni trogen PR SERROEL & WEUEN Ry DighaTesQraimes gLy Withow) Jewerng, the, oftpet 6o
8 MAR 20QxosetiednBdrBofOf the protective film43, simlarly leading to a | ower
durability of the resultant maUnetic recordtn~ nedium The tantal um and
nitrogen in tHdetmaton that A s Bewible 49 dPrm Fy carbpa tProtect e fifra  pRssAssITg |4 |

Ta=\, Ta:N..rS4 . t , - I, Hhe thi

t ant al umsn (:Errﬁ%ggeaha%lﬂgggﬁl %ggrgi %fo%}rg étrrg%fdykﬁ lf%fehlérl;’aﬁlgeﬁ(ﬁég%eg%&tgg bk&?

t hi cknessddéd dtesaldingavoldme of 8slut tl §0%ornfahe motescgais \ae thie teactemtngas iat theginan

| nadequat e .strength.. whil e a thickness exceeding 95~ results i.n a netic
Fecor di g AT Gh Ao Ry RSk R SRt (U Umaiear. 26 iy b irae] 20
recordi ngogwk replay. leadin; to a |likelihood of

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

carbon protective film



| owenn~J the output properties at the tine of increasing the recordin,?
density' The carbon layer 43b is fornmed according to the plasm g\gDpE@;x Q?@
The thickness of the carbon |ayer 43b is preferably in the range of -

|f the thickness is less than SA, the Bend between the carbon |ayer 43b and
| ubricattnv film 44 weakens, leading to a | ower resistance to sliding of
the magnetic recordi ng nedium On the ot her hand. a thickness exceedi ng 100
results in a dgadigianslly, Nntpetialiaerwidn pfovidigg R Qitebinye fiinl 6h 4Be Tdaebon

| ubricating film.44 preferably conprises a |ubricant such as _

per f | uor opSIesEYhEIM. Py msans of Wengc FRactagh g2 RRNMPINKE MiHEZEhRek 1B &e§ing he

| ubricati bik S bl, Aot 3Rdde Flm ~nidtolde 4f,0! lOWMeNa.
anot her eﬁr‘r}bgg%lhgenn({n g&rs ﬁéﬁetﬁgégf%r rrr,a%uf a%?&rilr% Efrlrbw(ezlglneljt?locé?lr gEgr%i m]e
medi um acieopduaignt of thee nprogse molarngeups onAcrdeglyr ithedffimsi v§ the @xampl e in

whi ch the_ af or.enenti oned netic recording nmediumis nmanufactured.l.n the
nmanuf act u‘?rloffét“ﬁeemﬁﬁl}doégﬁ 5‘:"%%‘3“{’%%9’%'"&’ %‘éeén{egg%ot i'ﬂ’é’ﬁ?‘,’egaélgﬁlﬁﬁpe?f HY

devi ce i smegiekioYebravhg thedush m | ar structure to that shown mFigure 5. with
the exception that a material conprising principally tantalum or a nixture
of tantal um anBhthieasagien sp%ms:élafdg%sn& Kelumgraf quirogenigay tethe wetedigagn gur ce

or high f : I i . rea: i rce ~2
Prof er'r ect SR BN BARE L fi F Y £RMENBGe 5 RS BanREafSHERMEICEAY e
capabl e ofhe sttppingntidded reffetws diecoroalinspffvaent owhBeO if- the AdOInY\Watlame leeceeds get 5 |

0 ~ MAR 2002 63 .I1n order to manufacture .the af Qrenenti one netic
ecor di neAREAATHPSIAES. 18 M OseT oS b e SeDPR RS h, 1o Db 102

pl asnma foPgl%Dl@@diﬁ% 4§ SHQEAe 1R the Siteftll of 2hO RBrbGRGNBIeL GV ARR, fdd Mrdidor
conpris~nQ a Cr alloy or the like. and a magnetic film4' ' conprising a Co

al | oy or dusebiliiyke are successively fornmed on both sides of the al urmtum

all oy SUbSLr alf 5 ARG Whi Db P alen! 1BhigioBEicNd 9 g ToRRE SuCh

as a spattercoatin to obtaln‘*adisc ubséq iIsCc Dis
t ranspor tédmpidso t he chanber 50 of the aforenentioned spattering apparatus,
and the surface of the disc Dis exposed to the spatter gas, which is

suppl i ed e RARISASAN 4dur ce 53 through the ntroduct~on tube 54 into the

chamber 50, frgmwhi ABmidiemIASy Isibtrabittit&Owith @ NiP Sn@XhRUS twit P QianrerdrO
circulate the gas wthin Exanples of the scgatter@gas may i nclude any gas

descri bedof?fl owm e thickriesgy of 0 Bamuna twasr treptedowith ymeshapicalstiexigra-procedsing tas t he
;S;?? E:r _ng’(gérﬁ iaﬁg%ﬁ%gé(s@: ac:ce kglgqgh'%‘gssoorf ZtOI}S alrjo%?magvr\{(éiig taasiesﬂlglep“%haall IfcithR@dem the
600A) comprising a Cr alloy, and a magnetic film compnsing a Co alloy were
successively formed on both sides of the substrate, using a spattering device (3010
manufactured by Anelva), to obtain a disc D
Subsequently, the disc D was transported into the chamber 10 of the
aforementioned plasma CVD apparatus, and a reactant gas was supplied from the supply
source 14 into the chamber to achieve a flow rate of 130 sccm
A mixed gas of toluene and hydrogen, with a mixing ratio of toluene to hydrogen
of 1 to 10 by volume, into which nitrogen gas was added at a adding volume shown in
Table 6, was used as the reactant gas Furthermore, the inner pressure of the chamber 10
was maintained at 6 Pa
At the same time, high frequency electrical power of S00W was supplied to the

electrodes 11 to generate plasma, and thereby form the carbon protective film with a

thickness of S0A on both sides of the disc D At this time, high frequency electrical



whi ch a nitrogen gas has been added at adding volunme of 0 1 - 100 ﬁ%' M??Bf
said eas, may be used Furthernore, when using a target principally AR 2002
conprising tantalum and nitrogen as the target 51, a gas such as Ar, or
simlar gas to which an appropriate amgunt of nitrogen has been added, may
be used At the sane tinme, electrical power ~s supplied to the target 51,
using the electrical source 52, and the material of the target 51 further

~s suppl ippaveoof DOWheascﬁpebed)td)t}heIdBarB Ltsfngsqhateteetricagbiat souray M alrt :fdd'itainum

ni trogen 43a, h s materi a r|s tan al um
ni t rogen «L\ ese"ﬁﬁl"’n\?@dﬁ‘ﬁ qB‘EﬁCH ‘?Ccﬁrécah)f’o‘t"ﬁ bE"gtﬁ’ ?ar‘f ellﬁcsm
operati onlht,g},ese{étq\gor ate of the spatter gas is preferably in the range of

10 200 sccm Subsequently, the disc D conprising a tantalum nitrogen |ayer
43a i s transpdubssqueniyo forheliclvhrbent was appliedie the eashen m&cap@ﬁhattgsomand t he

f f,1he di f
the cuppld PG BuP ki SoRPTEs & FOATREAY yiffing 20 ihehBuChRRHLEL 11O

The gas irﬁednhen exhausted from charrber 10 via the exhaust tube 16 to
circulate the gas therein The reacta g3s =S refer bly a m xed gas of
hydr ocar bon andeHy} &bAnd GPEAsign Fﬁskﬂﬁg QiR Fr%%%E‘&Pwn‘hFd“%r‘Bgen in
the rangg.Qfradghfedl - 1 to 100 by volunme, and ~ 8 MAR 2002 64 the

hydr ocar bon preferabl y conprises at |east one type of %drocar bon sel ected
from anong | overthes@8$itest aingyeatr MBalrdadna CSSoweratign Seaspe ededtwﬁ@(tambens

oact ant acokOpSPRRER PO AR R st R AT RLBT 5 e

i nner pr eRfWyRafic stibgorC Ralo® afas ﬂr{bnltﬁreﬁraﬁéealahi/rylgsmma&neacFﬂédbdcﬁh@hmdﬂﬂd val ue
such as 0 1 ~ 10OPa At the sane tinme. high frequency el ectrical power of
pr ef er abltg s&derone BB | s

In the corrosion test, after sitting for 96 hours at a high temperature (60°C) and
high humidity (80%), the magnetic recording medium was soaked in 50 cc of ultrapure
water at 25°C, and the extraction amount of Co (per substrate area) from the ultrapure
water was measured In addition, the extraction amount of Co was measured in the same
manner after allowing the magnetic recording medium to sit for 96 hours at normal
temperature (25°C) and normal humidity (50%) These test results are shown in Table 6
(Test Examples 48 and 49)

Magnetic recording medium was manufactured, using a gas, mn which nitrogen
gas had been added into a mixed gas at a adding volume shown 1n Table 6, as the reactant
gas The CSS test and corrosion test were performed on the magnetic recording media

These test results are also shown in Table 6



supplied to the electrodes 1 1. using the high frequency electrical source
12, to generate plasma, and thereby forma carbon |ayer 43b with a

t hi ckness of preferably 5 - 100 on both sides of the disc D, by neé%é @AR 2002
pl asma chem cal gas phase growt h, using4 he af orenenti oned reactant gas as

a starting material Wien supplying electrical power to the electrodes 1 1

and 1 1, it is preferable to nake the phases of electrical power supplied

to each elleblertode 11 different By neans of nakinU the phases of electrical

power  sug Add: | Stictio é— ting : 0s10g) Test éoye
the coating rate and dirabriTty 3f“Phe’ prot@tth ve fil mThE 8Tt erence in
t he phasi of el ectricalof mogogmn supplied tjo earh 'IM@hmbﬁmpi?Hmme&epabe in
the range of 90 - 270, i) particul ar, ref er opposi te phase (
a , 180) The resulta%tg%ggﬁoﬁ)uayer 43b cé%&gﬁh gtﬁféﬁgg conl%H%“of
dianDnd-Hike-carbonsi(ELC), whi,ch exhi bilt an | ngr ews#anhar dne®g/smheadi ng to
a superi ot—strength—when Apared—tg.a carbhonfHmforgred—according—to the
conventi$ﬁg$F9m@ﬁ%a%, spa er-qoat§§6 net ho 4Inithiso%jperation{)’flt IS

pref er abll et @ximplenit he fijoo whijl e perfor;m ngabi as app]yi ngra go 25hi gh
frequency_bias and pulse D C bilas to the di SC D. using the.bias electrical
source 13T¥h&xemmefd i ons Such ds thé7volit agé3of |the bldas are pPéferably set
as descr irgEd eI AiEg @ or mtgned-Sppsequentty;—a tHipricant—s G as
perfluoropdﬁggtwér, fonb?gglubrich?% and ﬁﬁg Iﬂke.(ygigppliedvﬁhto ﬂhe
carbon | ayer 43b, according to a dipping nethod, and the like, to forma

| ubricating filLm44 In this manner, a magnetic recordi ng nediumis provided
wherei n a non- FEJRel3tle paskt i ¢lparathas fhe nRRENSHF creppdpes ediae ManuEctyed ed
onto a 9&)@{%\8_ 1¢2erfiod FURRIIsA § mined Ral ANRAWRYD SHEGRASAY Svas QQHRS hop of 2
protectivecf{ m 43, conpris?ﬁgsa tan?g§ﬁnfnitrogen aj%rﬁ%Bafgng a carbon

| ayer 43baddingl valumgbef 6dt + N§O0f%l ofi thd miked @an dsntht teacdrorganeerhimreddomegnet i ¢

recordi ng _medi u the protective fil 3. is,provided with the carhop |ayer
43be i cATEn Gydsa Eafing o eutecer dersbien ARpRPRAI5E ih fus SFufgor the
princi pal byrréfiortresited £184r tBATRESe ThdtBeli @écaldify MediatohiaR@e bnly2&htNfintty t 0 a
pl asma CVD net hod, and thus exhibits a superior_durability,%he reason t hat
t he af or efiBAK 2BWEAL plagmeasion. ped exhibig adetiel af essirtasce so gosopet Mhrchdrasabi 1 ity
can be attri f.ormation of a protective film43 conprising a

car bon Ia@é?p%%ﬁ€ﬁ§ﬁ¥%ﬁﬁg¥ﬁ%bits sufficient strength and relatively high
bondi ng st rengils explaimet he theudforenzentinged, iih theddethodtfor manadtatingre magnegen

| ayer 43a mhhﬁh exhibits a %reat har dness Accordinglgé.&t i%,possib eto
make the ProtBY MFEYR PRASTEHCAREPIRITIT &1VEPUQ 1t 1" possible to fofm 2 carbon

protective film comprising a superior durability Accordingly, it is possible to make the

carbon protective film thinner while also maintaining a sufficient durability. and hence
reduce spacing loss

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

properties thereof

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

formed on a non-magnetic substrate S



mai ntai ning a sufficient durability, and thereby reduce spacing | oss
Therefore, it is possible to provide a magnetic recording medi umi § AR 12802
reliable and capabl e of sufficiently increasing the recording density

wi t hout | owering the output properties4i hereof Furthernore, mthe

af orenenti oned enbodi nent, the protective film43 is provided wwth a

two-l ayer structure conprising a tantalumnitrogen |ayer 43a and a carbon

| ayer 43b Howelter non-maegmetig rsebstrate 8 ouaydéorgpmssdany reubsscae tiangs genetahle yseesent

invention is not lipited thereto nd al so conprise a structure having
three or ot & Sitr%er g}rlahWaﬁﬁetfcomc?)(ﬂ?%f"%?ﬁ’é“‘e%agﬁf%s 8¢ Wﬁ?@ BrLdedlids Abent i on
are speciflifthiutailog seidtaletdotte@ Xatd BSP mBES fillX adidsu®Strfds cofighlsify pRaget i
recordi ng medi um was manuf actured, using the aforenentioned plasna CVD

appar at ussilieong. agabe bks ng device, according to the follow ng process A
spattering devinGRdiohhind shaQeds c}ﬁ%\ﬁn;&ﬁ%&héwﬂxb@?ﬁ:?g ‘Fﬂﬁ'%?ﬁslg&&ﬁ%f‘wﬁ an

al um nium all oy substrate coate a "N P net I anet er of
9~mm and tektuckpressssing, g Smephanas! taxeme-@doosssiny nipqhaitutaal the @xdragesupfaoeessi ng

to forman average surface roughness , & non-magnetic base film41l
(wWith a trﬁFg}Wéss‘g(%fs %5%53%&6}%‘8? 5agg Ogﬁ Cr?:'% | oy, and a magnetic film 42
conprising a Ggeftre@YexanPld MAthe2@dterffs €€20MeChon-tRAZNetWe beseSHRE HS K@l ¥

formed on both sides of the substrate S, using a spattering device (3010
manuf act upregnepy fiA&R\Agg as descrifisdan theaferegentpdpsequent |y, the disc D was

transported i 0..af -t h fterd.n ey .S t .gas was
supplied f romn{- e@@%ﬁ{/ ogotﬁlrgc%&rgglaglge%%hgggghglrﬁez}lll %@dvﬁgg?%g Pﬂ.{]r%{jdgti on

t ube 54 Aprofiexabil inatke cingaof §@gd00@AdandrPon80Ganpspettingglya M xi ng rati o shown
in Table 10, vYas used as the spatter gaas Additi}(])nal Ié/, .the i nnﬁr Eressure
of the chanber nibe RENGLS; fﬁf%{fiwgd“ Uy fﬁ%{dmg to the presént invention, the carbon

protective film may comprise a two-layer structure, comprising a plasma CVD carbon
laver 43a formed according to a plasma CVD method. and a spatter carbon layer 43b
formed thereon according to a spatter-coating method

The thickness of a plasma CVD carbon layer 43a is preferably in the range of 30
~ 100A

A thickness of less than 30A results in an insufficient strength for the entire
protective film. while a thickness exceeding I100A results in a magnetic recording
medium with a greater spacing loss at the time of recording and replay, which leads to a
higher likelihood of lowering output properties when increasing recording density

The spatter carbon layer 43b is provided on the surface of the carbon protective
film 43, and its thickness 1s n the range of 5 ~ 100A, and preferably 30 ~ 100A

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

Preferred examples of the materials of the lubricating film 44 may include
perfluoropolyether, fomblin lubricant, and the like The thickness of the lubricating film

44 15 preferably 5 ~ 40A



At the sane time, D C electrical power of 600V1" was supplied to the target

~ 1) and a tantalumnitrogen | ayer 43a conprising tantal um and nitw n m
fornmed on both sides of the disc D by neans of spattering Subsequent %A 02

disc D was transported into the chanbed610 of the plasma CVD apparatus, and
a reactant gas was supplied fromthe supply source 14 into the chanber 10 A
m xed gas of tol uene and hydroge conprising a mxing ratio shown m Tabl e

10, was used ab tthe folé@wmgntang er Rm:hoﬁifcml piy the heethﬂgeﬂor pnaszfm*ering & he

hanb
ol ot ocal MBRIRF ToFo4DBIRREM, Bt < 4% RECERC P Frgll € e I

pl asma, Weianglamphyichgn bfcg&némmu@mgnalceewruo@lmanmns AfanbQWuEed th a
frequency of 13 56MHz) to the disc D, umﬁr;g the bias electrical source 13,
to forma car bbwuleas ghowssthe satkssEAUiEMERSUSA fohmapiagtupng the afaremsniongde

t ermper at uggoalict heod nl'edﬁt{mt&ﬁlcw el emg?érh@o CArRRN shayghicit 3k was

set at 13 ence 1nt ase of hi requency el ectrical power
suppl i ed pr@veiad mneﬂheonn@d\salilslom/@sthl&de%dﬂmq dmnuey 50t lae dtcsmm(seumeti/ﬂeen
the disc D a ect rode was se t Subse nt | afo

| br i ant WPRDHEPTIFS SE630R0y e ia RrafRlsct]- SAPEPY REVES DO PHIE Eas e

accor di ngs,_Lp?h@s Qaagmlm&m@an%@r forma lubricating filma44 with a

t hi ckness of 20,i, thereby yielding a nmagnetic recordi nglumadl um The CSS

test descri bedThechamber 50| 1o wpRrgcipdsofeintrodna@noHbe A whieh Hiress theaspatien ¢
recordi ng, ggesgfggn%d‘frtoh\eth‘éss%ppfgf&om&ss %@Qhé’%@ﬁ@%o%@ fmaoarPB a%Er' e VRS

performed’ Imes at a at1 ona speed 0 rpm an a tenperature
of 40C wi tvhich eRpets dad iyside Of e MBENRET2018 Df thie $8%MThe dynam ¢ suction val ue
was nonitored after al LOWI g t he magnetlc recordine nediumto sit for one

hour The resul 8¢ BF%t g ypeipally gorppyise carbon

The electrical source 52 may comprise a D C electrical source, or a high
frequency electrical source

In order to manufacture the aforementioned magnetic recording medium using the
aforementioned spatter equipment and plasma CVD apparatus shown in Figure 1, a non-
magnetic base film 41 comprising a Cr alloy, and magnetic film 42 comprising a Co alloy
are successively formed on both sides of an aluminium alloy substrate S coated with a
NiP metal film, according to a method such as a spatter-coating method, to obtain a disc
D

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

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

hydrocarbons



(Test Exanple 65) A magnetic recording nmedium wherein the protective film
conprised a single layer structure conprising only a carbon |ayef,§ WwaR 2002

manuf actured without formng a tantalum nitrogen |ayer (Test Exanple 66)

magneti c recordi ng medi um wherein thegprotective filmconprised a single
| ayer structure conprising only a tantalumnitrogen |ayer) was manufactured
W t hout form-n~; a carbon |ayer (Test Exanple 67) .A ma, netic recording
medi um wher ei Wheiearpying ect thiseyperation cthefioivsratk of theueattaiytegas $¢ prefrabie 50

conpri si

ng

t ant al .nitrogen | ayer and a.carhon | ayer, s manuf act ur ed
accor di ng” 1550 3Bt ng‘g}"i’?f‘a\ﬁz% E}Y*? ‘Hnép%ﬁefséfe a%@ecgﬁf"é?%?{%s RictsraRlEset 3t 2 o

m xing r

abre@erSIARMEY Vel 3MHeas 0y ~WoPpaused at the time of forming the

tantal umnitrogen |ayer The aforenentioned CSS test was perforned on these
magneti c recordi the AR ameanyinghthetligh freguenayselgetaca hraweri sputeebl 2 High The

FERER ekl G RE T R ALY 22 00N sBipiie] o TGRS FTR 07

ni trogen
medi um i

5 at % agwletabe phisinaoged < @idsanat CViD harboeantagkurBa) theogeckdeay @f whick he

magneti c

Tabl e 10 Bf

tent Tl uc
gas ! nes

re&or ing. mediumin Te 8 MAR 2

t. Ex |l e 67 was. 40
Y, Fethe angefi30 hil 5%@@25?

mEdeRnRRth Sides a?@w@i%lgibm?w 9

2 68

651adnid %nﬂi@&l%g@fphﬁgea%%ﬁ, &ﬁ?ﬁg{thléltdfg/réémfﬁ?%e'dﬁw&ﬁﬁtgk%s I“af@:&ﬂﬂgt er

sTol uene ~H~~drogen! “nessfil mvo
matenal

(sccr

When supplying electrical power to the electrodes 11 and 11, 1t 1s preferable to
make the phases of electrical power supplied to each electrode 11 different By means of
making the phases of electrical power supplied to each electrode 11 different, it is
possible to improve the coating rate and durability of the protective film The difference
in the phase of electrical power supplied to each electrode is preferably in the range of 90
~270°, and more preferably comprises the opposite phase (i e, 180°)

In addition, it is preferable to form the film while performing bias applying, such
as high frequency bias or pulse D C bias, to the disc D, using the electrical bias source

~

13 When using high frequency electrical source as the electrical bias source 13, high
frequency electrical power of 10 ~ 300W is preferably applied to the disc D
Additionally, when using pulse D C electrical source as the electrical bias source 13, a
voltage of —400 ~ -10V is preferably applied to the disc D Furthermore, the width of
pulse is preferably in the range of 10 ~ 50000 ns, and the frequency is preferably in the
range of 10 kHz ~ 1 GHz

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

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

chamber 50 of the spatter equipment, and the surface of the plasma CVD carbon layer

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

A



(sccm ! (A Test t Two-lav_ er '~ i ~Is10 |12(Is It 6" Exanple h2 I~ .~ "]

1 Tcst Two-layer ~s ~ 10 11U ~ 12()j -10 ~ O-1.i | Exarrple63.ﬂ AR’Q’%BﬂZ
; Two-layer ; s ~ -4s ; 10c)0 ; ~ 0 9l I '~I Exarrplel>-ti i est ;
Smgle- ; - ~ - ~lUL201 51) 1 271 Exanplgg 6~ layer ~ ~ iii'Test Si ngl e- ~ ~
~0- - ~- ~Cashil " , | Exanple 6Glayer I | |Test Two-layer i ~(t , ,U
10 1202U Crash 'Exanmple ~~' " | ' ' Fromthe results of the CSS test shown

in Tabl e KQpplidd it cHader 5O @bond the sTRPPLUGrcE 88 AhidlihgGniiRilictlok QIFRIS4S | G 18
protective ?I | m 43 conprising a tantalum nitrogen |ayer 43a, with a
ni trogen dben exheused wa thexgxhaestgybeardo HLBIBIF thagatWlsB f or med t her eon,

exhi bited suffi gh%nglu AP Yo Agade %ecoﬁﬁhogﬁ%ﬁg}aﬂﬁl PRhfiar meds g{} C

times On the other "hand; t he magnet | c I ng I'a conprising
si ngl e- | ayeatrgambihind plopaatilee afmixed gas cahpresimaigoe| mtacwhiphiasieag ame gas

protective film.in which the nitrogen cqgntent of t ant Ium itr n

| ayer was Sﬁlﬁfteg}frc’f’h%’“%@?‘gﬁgm iy AROE e ARg dnet Wl‘ﬁ?‘%‘geg Agd ald &m Eﬁi lity
As expl ai neghd &f & he 180 I RIMMONSPref@feeor ding to the present invention, it
is possible to forma carbon protective filmwith a superior durability

Therefore, it Al &Esameoyss. Hlectical PARET thaunplied 4o tyeel ebtysing the|algathgahner

whi e al sQqmLnbalal e fadHf belEh <IUSARL Lighiedld B8T M EPEaBRRC! N0

| oss Thus, i"S" possi 0 provrde a hi I'c recording
medi um V\mﬁhﬂasbxcm]wtsl e ghtteridd, itcifemnt the Splanerembcnglalyhe 43 cov ehthgiddesi ty
wi t hout | owering the output properties thereof 69 p B MCR 2002 Figures 6
and 7 sho%f“?ﬁécgrlti cal parts of the manufacturing equipnment used in

anot her embodi ;s Qéerﬁth?n AR AR r 1O bf IRRPARS lghs lsfiﬂefHPaGBﬁ‘Id € 36@6Qnfi ng
medi um according to the present invention Figure 6 shows an ultraviolet ray

i rradi ati on de\hubssquamtly fai lybrieany su¢toes perflwaxipolygthep pfambiin dubitcanulandabeé ol et

rav irradi i.0n eV|c sedt0|rr datethe Sur aceo

bt kel S ApSIRE S Trd sbalfFSAlcR 1agd 3h ReRoldiy S4B Re Ml ddor{AL BT

for storin~~ aiditse n@Ap lasmrgeﬁc ectobdifg ﬁfedhﬁCtWMEh tomphisiAgd nehimaent et

rav source 7~ _for irradiating the surface of the_ disc stored therein with

ul travi ol dese Bips4irHeagneti Smp 61%9%%&13%?5&%% lavsr A3 tishgamprisaeplasme GV
capabl e of amom%te@t E'QR&" % t?eY'CQxIb%E 153 S8 Ay mbM@aqu m40afre 10Qe450m

Concrete exarrp es O travi ol et ray source I ncl ude an exci ner
enm ssi on |fampeddnatheadising Sppeoaded cl eans t he sur f ace of the carbon
protective fil T (%ltxe %Q?enqcien%%hed magnetic recording medium, since the carbon protective
layer 43 is provided with a plasma CVD carbon layer 43a formed according to a plasma
CVD method, and spatter carbon layer 43b formed according to a spatter-coating method,
the adhesion of the lubricating film 44 to the carbon protective film 43 is increased,
which leads to a supenor durability

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

In addition, since the carbon protective layer 43 possesses a plasma CVD carbon
layer 43a of superior strength, it is possible to make the carbon protective film 43 thinner

while also maintaining the durability, and thus reduce spacing loss In addition, it is

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



whi ch has passed through the ultraviolet ray irradiation device, and is
provided with a chanber 86 to store the disc, a supply source 87 fhgrﬁ MA’%&UUZ
cleaning water to clean the disc stored in the chanber 86, and a nozzle
for injecting cleaning water supplied ggomthe supply source 87 at the

af orenenti oned disc In the follow ng, another enbodi nent of the nmethod for
manuf acturi ng magneti c recordi ng nedi um according to the present invention
i's described, A&iondingly, @Xappisiblé ko phoivitle dffeerspdfashizbilGV@Andppathdieshewn in
Figure 1 in addition to the aforenentioned ultraviolet ray irradiation
devi ce an@CHENEdsgsitppAthaueWEHRE HGAURIL #ransrssaharset o non- magneti ¢ base
filmand magnejirthethbi® A tRe hréRehtRRed mBodiféas uad cAIB8l fBRREYd Gy&UBSKr at e,
according to the spatter-coating nethod and the like, to obtain a disc D
The non=nprgnded evidubswedayer suyclongnmprsingnthesplasma §V® carbonilavegdderaall| y

used as a_substrate, for ghetic recordi ng. ium as described in the

af or enentﬁpgﬁférdcafﬁ%n }%?reﬁ %I qgonwacvfﬁi@gr{gdsggg%ﬁ%%%rﬁer‘%b%eatclc%rgwgsté’ t1th’r’l m and
magnet i c predent afvenacn tenarhhirel therdibearal magnut temmthe U BPEAWRNGdsYessihhe di sc
Dis transported into the chanber 10 of the aforenentioned plasma

appar at usthregifd MaTe layesst ace of the disc Dis exposed to a reactant gas,

whi ch is suppli : ¢ 3 - At i t ube
15 into the chanbere N RRHTESYe O i Ger it QaHe Sl famkEbRe
chanber Il€xampéest he exhaust tube 16 to circulate the gas therein The

react ant S ds eferaply a m xed gas of hydrocarbon and hydrogen. wnh a
m xi ng ra SSIﬁxaH{;’g‘?’sé@arg}(}n to hydrogen in the range of 2 to 1 - 1 to |00 by

vol ume. and t hg hyghee 2edopding mddimblys manhierd &l (0I8ds! uanRe the/ PRsMb

hydr ocarbon sel ected from anong | ower saturated hydrocarbons, | ower

unsat ur at €HDHApaA@RERBE SeAttes AgHIPHRsheya|in Eigwrsrlotdrbons Wien carrvin; out
this operation | Qw: r ~ r Y4 -
SO0sccm Addi t i%frtlé{ﬁ%y%lul?ﬁ‘é&ﬁtr?ﬁgfg%gr%gtseu%g&gﬁa %W}g@“@‘ﬁa tagrfﬁ'&\g% %crhg Srabl y
set at a ¢frEdeiream riecknesd ofe0 8sumh vees tfeafied- with @GRah#Aicdl hexte@rgrotdssmiag toiSi Ng
the high frequency electrical power _source 12, high frequency el ectrical
pover of ffBF'B BAABPY Hotace m@vé%s??ga ? PRRrMAgNEfePast Sl AL BN pEnERn B ner at ¢
pl asma, affde@0 LALERBnARPIL U Yoyl 1 ddd aWnhbnedict hln?kcﬁz_e%%m%lﬁ&fngr@t@d’ anByt he
range of 30 - 100. is formed on both sides of the disc by nmeans of " pl asma
chemi cal @2sCphbase wareviuceessivelyntpringd erf dhodhesittes ovfe ther sulstratet Sgasingsa a
starting i ted 4 - el ectrodes | 1 and
I, it ﬁgﬁ%p{é’fadeerv}aégl?go@gggr%%gg%%g%gﬁgdgg‘@ﬁp%\éﬁ&%?}S%:Eae power supplied to
each el ect r odeSubieqtiefifl e rtrntisB) wesamanspbriehinionthetchempéraiest thé phkas OV al

power supplied to each electrode 11 different, jt is possible to inprove
the coat i REARHSeand A AFRRFAS WA SBPglteﬂefI’?jP&ee%‘tPP SOPTE* AL BF FPamRsice i n

t he phasecqfeveh ®l fatddr 1IBOYRM supplied to each electrode is preferably in
the range of 90 270. and in particular, the opposite phase (i a , 180) is
preferred | n thinyxehgasafitolnend and kydsegenewith|aemixeng wrimof heluériel tmhyiicgen
perform ng bja i i ency:.bi pul se D C bi.as, to
t he disc (%,1 {l?sfongp?hbeﬁh[ekg’gca?E‘%gda?ssgllgarg&st%{}%gg ME@%@ ﬁh‘f’ t16h reg?ur%iogs such
as vol t agte almintien @0 Iwas enaititeinpd ef €Pabl y as described in the aforenentioned

The formed carbon protective filmcontains hi gher _cont ent of
di amond- 1 | kecahbUREPBIIETE. il HRASERT BICTiEal PRYFElsI v ruBBliedorthe

met hod f qlledimaky ﬂptddgénelgn@ﬁgﬂﬁé Ia6d tRGEdyHoP@ AREHATIES Sdrfbi ByEiO4FaNRinpr esent
enbodi nment , subsecguent l'y, the disc Dforned with the aforenmenti oned carbon

pr ot ect i veethidkinessi 40Aaprs potht sidesi aftthe dise Rt hAwiskip time, ppise ReCubias @820 r ay
I rradiat '(%thdaef/rlaguee)ncy of 200 kHz and pulse width of 500 ns) was applied to the disc, using
the electrical bias source 13 Furthermore, the temperature of the disc D at the time of

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



0 8 MAR 2002 71 and the surface of the carbon protective filmof the

af orenentioned disc Dis irradiated wwth ultraviolet rays conpri st]thv’m%uz
wavel ength of preferably 100 - 400nm wusing the ultraviolet ray source

If the wavel ength of the ultraviolet rggs is |l ess than 100 rim energ~~

| oss becones great, while if the wavel ength exceeds 400nm the effects of

i nproving the properties of the carbon protective film23 are insufficient)
and henceelegteiesdipoadzr auppied po ehelr electradendi aoretat 180re Inl akigdn. kiter dishiandd ng
with ultraviolet rays is an il]Jumnance of 5 - SOWf/cm, and radiation

dur at i on egtween thgaliscd avthelsctmssidguiasiel 3 34 M@ di sc D which has passed
through the ul Shah@ligl fi¥fsd b 8R! LAY Witon the pidANSCOD! &b hdel Ne
washi ng apparatus, "and cl eani ng  water supplied fromthe supply source 87 is
i nj ected 4ia wae fafnedeamotdinged the aforEnenisined apermown| eva88ransporcdearn tlve
surface of the rhgn protectjve fil t he cl eanin ter used herein, a
o't 1 apur SRR St FreoRyerouingrant D of TR £ o Bl o ke BPOHE o
its superspwaehfr&cid WaN@eThamb&! AR e ih6duekibh anR 3af the carbon protective
film Subsequently, a lubricant such as perfluoropol yether, fonblin

| ubricant, andSpéiter |gaksoniagingHe exgpecire soAnegents shown ppi Taplerdt Wad uead t he
like, to ﬂg}gmcarbon protective filmon the surface of the disc D, which has
passed t hrough the washing apparatus, to forma lubricating filmliIn this
manner, a magnAt itbe semertthegelagdcalinpowdrewas supplredntomdgneirge baswsidg thg
magnetic film carbon protective filmand | icating filmare. sucgessively
formed onclsetatmeoraeazt et s srie et By ers A9p et ansteRn o Gidks of H

medi um rm@lslg BChYhRAnAEICPLALAHg to the aforenmentioned manufacturing method
may include a magnetic recording mediumwith a similar structure to that
shown in Fi gur BulBequentlfie a nfagibbn i lubmeand (Hpomylinre/diol rR00P) mias sapphedvphnts, the

non- magneti ¢ substrate a_non- netic bas ilm 31, .a magnetj e film 32,
2 car bon JPOFERTULEY 4o Al RO A PR gt it S Sy BB Gl e
af or enent ihfukaessroF2bAdvisoformed) ulicretiyuyitldghgra ngREicirecaréagmetidngn nedi um  si nce
the surface of __the carbon protective_film 33 ég irr dia%gg_mﬁth | traviol et
rays prior to FBF nFoRge? Raq usti cSin-AE AesAandACS$ fest aa%r' g4 ithe foBowingm
surface i geloMRIHBUA oRREukME nBIRER QBorRing! H&u£ar bon protective film33 to
the lubricating film34 1s Increased, leading to a superior durability 0
8 hl AR 2002 Brinded Basoieftor t he af orenenti oned magnetic recordi ng nmednmm
exh~btt~ng a syperior durabjlity is attributed to the follow n

Speci 1 cally,  EUF HRETTTaBRLmasnsric R Q0o syikedina SEhAT: (W ¥ea of
t he car bopagufediagdi e AlsahinGR3s) fears infifutesir 4rRiC thenCRodeMS Phd adid afmenent of

dangl i ng bonds, and bonding involving this dangling bonds of the carbon
prot ect | VIRIGknesh af3he lubrjcpring filmedd pracr Wethis,prsratian #ny aftsrihizonsEORdVEyl v,

it is p05§1'e1plc@lc?l‘iteﬁﬁk%efcgﬁtaﬁér R0 (HREIHSE bE U 1hibridkihPinMess wame%ﬁ%oeay
reduce spacing loss In addition, it 1s possible to prevent problens such as
spi n- of f dhaposigoCsBerzpbe erdiwsrwadsm, using BES6€s%si bl e to provide a highly
reliabl e &Sgneti .l{ﬁitsacordi ng nmedium which is capable of increasing the
recordi ng Hé’]'?@ Y hout I oweri ng the output properties thereof

Additional ly, ye ffopisen®ibneétsnagneia redcdtifg mediim Sva3folatsdiat aoiafiendl Ispgednol et
ray source 7S, it is possible to obtain a high output using a short pulse

wedt h.  an®f 1498 6py a8 i temarraiuge PRERGG ot he® bridr i The 1atio ehihecthickenss of Hieect i ve
film 33 Sraﬁi mﬁ%ﬁlvn\f‘?ﬁbﬁbp{b thYopiRaRD b 485 Mifeptiforswhf 88 Qlculdig Har bon

pr ot ect we ‘ o N
percentage The thickness of the lubricating film 44 was measured at the positions,
where the radius of the magnetic recording medium was 20 mm (inner circumference)
and 42mm (outer circumference), using FT-IR

(3) CSS Test



water, it is possible to renove the inpurities that are attached to the
surface of the carbon protective film 33, and thereby clean the fiﬂl&nﬂ_ﬁm?ﬂw
~t is possible to prevent a reduction in the bonding strength between the
carbon protective film33 and lubricatsng film 34 due to inpurities |lying
between the two filnms, which in turn prevents any reduction in the
durability of the magnetic recording nediumiIn addition, in the

manuf act uri ng regiodnadBohelidng €8St dperaifonr wae peifomest embibeliaf@amentadredr

form ng the carbon protect.ive,fl . the surface i.s irradi d wth

't v ol Bierady gscorfia, REdT s HriehguuaroPpatioterd A HEfemi et

manuf act Wenperatig BEAO°C dt @ GAREdiRdoDYL UM according to the present invention
is not limted thereto, and the washi ng process may precede the process of
i rradiating wi Theseifestgilesiase shownsin Tableef forming the carbon protective film
In additi rdy the carbon protectwe filmmy al so be washed
usi ng mt@?“ﬁ{}ﬁ‘é’ﬁ# *dﬁaglgrsg ing irradiation with ultraviolet rays

Furt hernore, tAeaswnfpactecofe filne waarfbomedpgasbrinig weoily lanplaEya 08/D miakbdat ed
with ultraviplet ra i t hout_ bei n shed 0.8 M~R 2D02 Additionally, m
the. ot ho PO HEERERAEUR (Y FragRUei o T SedP B b IPEM RIS APR T he
present naRRPrisRiY a &bER prAEAVR I Bopn AR apd"lﬁ%l@«%{y‘é@ sfridiiRe @eb@PRan¥@RI Shi ng
process, wherein mcro-ridges on the surface of the carbon protectwe film
are scrap®d off may al so be perforned In the follomg, the effects of the
present inventjo pegi fi i C xanpl es (Test ampl e 68)
A mmanet ¢ r edrmoRs T Anrtian BS sstRt M Rl BT e o B b R B o L
an ul tr angodin, spattercoathgameod devproeide anthagnetizSletsrdingpiadianuSo oy M
Figure 1, 6, and i ,\ée&espectivel Y, ,acccir ding to thf faoll ow ng process After
an al um rfARANATPEHNE S SURRIISSEE ERSGH¥FT ATREEenéT &Y Bremple Wt h a di amet er
of 95mm and t MK ARz GtioRed THlee GPed bEALRE Wik NpdfRFARA! Gflthese magnetic
texture-processing to forman average surface roughness of 20A, a non-nma,;
net ~c basmecdridingirdddigd Wl hdse gest teswlkorre shavn BOD®lcdnprising a O all oy, and a
magnetic fil m13

regnett ¢ 111 M A2EORRL! gk By b R ST S S 55281

the spatter carbon layer is represented as “spatter layer”



spattering device (3010 manufactured by Anelva), to obtain a disg D
Subsequently, the disc D was transported into the chanber 10 of IBeMAIRagﬂﬂQ
CVD apparatus, and a m xed gas was supplied fromthe supply source 14 into
t he chanber to achieve a flow rate of $30sccm A m xed gas of toluene and
hydrogen, with a mxing ratio of toluene to hydrogen of 1 to 12 by vol une,
was used as the reactant gas Additionally, the inner pressure of the
chanber 1IDab/la§ mai nt a| ned at 6Pa At the same t| me, hi gh frequency

el ectrica
Spaliey

pl asma, F E DO kHz
and pul se width of ‘:‘5@0 ns)nessof t nevegiofc, ugdsng |t Il?eoel edwnei cal Quieas | sour ce
13, to forma cart?,qnecp\reote \nj/e fgtnrg,S with a t(mckrkers‘snof SEf-on both

si des of

the dis he t a [the disc D, coat i rate were
mai nt ai ned at 130C, ﬂl EgP?%H m“' pectlvely The dlgféren PgWﬁ t he phase
of high frequency el ectr| cal pot/ver supplied to each el @dtrode®®@1 was set at
180 In a Wﬁg&nd‘mm—rr‘wgs“set
at 30 mm NAR 2002 74 Subsbquentlr, t he dISC D.wherein the carbon,
protectrb@“@PFﬁﬁmas formed accofding to the aforenmentioned, operatr&ﬁ“%a
transportes i nt o tihe-lagashi ng appar &t us! tesrein he, surface was washed .

using u g water The disc was th bd a sport intojthe cha 74,
l%ﬁgnyr | he di &g bian qfd he chanpey
I'S

where th ¢ D was |rrad|ated with u travrohet usi hg the !
ultraviol et rav Source 75 Hereih, an exci Rer Ianp ( nufacrured by Ushlo
Denki ), sCh 1 S| aabayérol 1 r¥adi pt elul t am%nﬁtit nﬁys ohs a mavetengthooﬂ
172mm ( Iti\dma1 hat f band Wi dth of |4nm ed asithe ultraviol et_ray
source 7 ahd ultraviolet ray jrradiation me perforned for 30 seconds at

an |Iluninance of | OMWcme under a ni trdgén gas at ospheré Subsequently,
the di sc™D was washed in the washing apparat us_agai n, and them a fomblin
| ubricant (Fonblin Zdol 2000) was applied 33 after washing to the carbon
protectrv@ﬂﬂ¢8n1 accordlng to a dlpplng nethod A Iubrlcatrng f|In134 with a
tthkﬂES- ok pomsimy = oToRbAl: ) c ; €

(Test Exarrpl e 69) rragnetl (ol g was

manner as in Test Bx4npl je "etod vy tmRssehe exeepti o‘ﬁ“‘tzE { MEFT e CPURES | anp
(nanufactured by | \dsdtdcdve Destichrporc peabbre (of i rradi @by n cu&hramehetJrays Mt h

|
a mavelength of 222pm (wit h nd wi dth of 2nm used as the
ul traviol et ray SOurce 75, rﬁgﬁdn;tlm(%‘?sc D was| i rradi ér}{‘g? §el1 "0 tir avi ol et

rays for' 30 secopds at an illunjnance of 7mNicm under” nit%yen gas
at ITDSphel”Eesr . Single- ri pCVD | 30 - 20 [ 37 |43 l Crash
! Example 53 ¢ laver l ’ l [ |
Test . Single- | Spatter- 100 100% Ar Kp) 77 83 ( Crash
Example 54 | laver L coating ~ l

From the results of the CSS test shown in Tables 7 and 8, it is clear that the
magnetic recording media in which the carbon protective film 43 comprised a two-layer
structure comprising the plasma CVD carbon layer 43a and spatter carbon layer 43b
exhibited sufficient durability against CSS operation performed over 80000 times,
whereas the magnetic recording media in which the carbon protective film comprised a
single-layer structure formed according to only a plasma CVD method, or spatter-coating
method, led to “head crash”

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

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



(Test Exanple 70) A magnetic recordi ng nmedi um was manuf act ured i%hﬁAﬁaﬂ}aZ
manner as in Test Exanple 68, with the exception that the disc DWwas
irradiated with ultraviolet rays under anbient air (Test Exanple' 71 ) A
magneti c recordi ng medi um was manuf actsgred in the sanme manner as in Test
Exanple 68, with the exception that the disc D was not washed in the

washi ng apparatus In this test, ultraviolet ray source 75 used in Test
Exanpl e G@ovasr ygecufeTosibiied anpwer 7ejuchomagiedi thertkeRias f tiee tibukatyiks

manuf actyred in the sa manner as jn Test EX | e 68 except that

1 adi at TOF: GPEREIES (7 07 BRERSeGREOUME MERIUTLPRBIGHthe c0eD RISENBAIMS The
bonded r &}dsFolnRitonlyP RicBrd?tg loafit pR&EHa €I hRBloqdescribed tn the fol | owi ng
were perfornmed on €ach maghetic recording nedium obtained tn each of the

af or ement i oned\cTershingly ahpmagnetic reqordion arediaRatwivciTds catbgp prasecttvadilm 43
af orenment i oned magnetic recording. i S _S tn.a solven AK225
manuf act &P‘é‘&”%“g}i %g\gﬁ;lay& 3 ns’%“%o? @Fe%' &'T%:ﬁé%{or aaﬁgalg?l ﬁ he gonépaa?ﬁc{]éé F}éeti o of

as m nu n renov

t he thi clasgastiotecbidind wledive@tn mehidH the Sdb@nprotédive Naer apaipaisedn sgle-af t er

this operation was then cal cul ated in percentage The thickness of the

| ubri cat 1HHGT SFRARLres fopaed nasseising tonbhe PaETe VP uReihed: B SPafr e Agas ur ed
20m)  usighSCA (3 ) Spin-off Test The af orenentioned nagnetic recording
mediumwas rotated at a rotational speed of 10000 rpm and a tenperature of
100C for 168 Houewldihed mmathe afofeméngionpd, chkatesbngfio tthe prasbmti maentivg. fi ksm 34

[ hi. [ d aft. hi y h I d
per cont a4 e aReStofrofieh ™ ol bneh RS e liua d a8 L o

poSi ti oNgossiblene nidke th@dirdsn Potbdve Mg Sihrer MAGIR! Aid ghalfedhing ABFGHesd 20mm
(inner circunference) and 42mm (outer circunference), respectively, using

FT- 1 R (3¥urssityepd thegehygredvcenrasiaadpssa CSS operati on was performed on the

af orenenti one tid ¢ ar di Rdi, yls i : i speed
of 7200r pm aﬁgg%gcf}g‘v%%t}se%%gegﬁo rgU@? ag@}?\?? ﬁlayﬁag%eﬁ]tﬁirgﬁo[@hg?ﬁe%% Tn this
CSS t est whainistogpabde of suffststiymceagpeg fremondog denstpevithest Jowtdnag akoowpent | oned
magneti c recordin di um was baked at a tenperature of 180C for 3 hours
prior topf‘PPé’”éFfséli‘%ﬁ‘gﬁti oned CSS operation, and in the other, no such baking
process was perforned The test results are shown in Table 1 1 (Test Exanple
73) A magnetic recording nediumwas manufactured in the same manner as in
Test Exanpl e 68 ¢ tiRllowmge anether embodinenseof Hier methoddphtmanwfagiuring the

ul'travi olel (LAY FecBPind\ @A R9 APBSHARE' fOIHEEStebeh ShveltiBiPlfng 4% example in

which the plasma CVD apparatus shown in Figure | is employed

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

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

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

As the first process, the following operation is performed



0 8 MAR 2002 76 . A magnetic recording nmedi umwas manufactured mthe sane
manner as tn Test Exanple 68 with the exception that the carbon pr[pq e@AR‘%OZ
filmw th a thickness of 100A was forned according to a conventiona

known, spattering nethod (Test Exanple54S) A ma~nenc recordne nedi um was
manuf actured mthe same manner as m Test Exanple 74 with the exception that
washi ng was not perforned (Test Exanple 76 j A ma;netic recordi ng nedi um
was manuf act ur @he pisc thevhesgie threnpiemagnstic hageim e megretizAfily ars foreed on

except | o0yl nxernagae%t bR m m.cumbg@xt OlChradsB¥ed IR0 NRE RERLQ" B (St

Exanpl e 7 I'C reco actured e sane manner
as m Test pExramI‘éDhpraws tahe tm(smﬁacleoof ﬂhbai:scnbl iis e&poserdr @duhatnemarusdaag

ultraviolet.rays no shin ornmed Th fore ntioned three types
of tests Wi S eSHPR %M@O'Brfhgéel?f’%bfsot”ﬁ& lé‘ffgmérf?‘ “ﬁﬁ%‘hé‘teh {] EEO R ng
medi a The f&gder NOSUl TR &8s smw&mgie@mn%éhdrﬁbérhm {3the exbdife RlRRSTELLVD

method is referred to as "pCvD nethod", and ultraviolet ray irradiation is
referred cmté@e'thﬂgﬂslthﬁadl ation'' 0 8 MAR 2002 ~7 Table 11 ICarbon | WV

~Wsh- Bonded~ ?ET Qb fani uaSsp ) s%f CC%?hE}K a?grzm%rﬁ;bé&erg?s I gfiﬁ“b‘”%r aéceg lbad DpEr 1|

OJter ,woV~tt h m ~uon< circu

" baki ne! C Badrbtdiboers g E‘ﬁircténe Kx&ﬂhQﬁmﬁlﬁg e F-HYHARARRANe ¢eafFeh o thei rafigeS. . )
| (" Test | pCVD ~Evctner. Iwith ;337.1 180No crashNo crashi Eaatnpl e G8met hod
lanp .. o2& I~ hevH b velnme methmrqqarhoez"efs@biwremra%ﬁa} Mastangdrpe |

Exarrpl € 6@&“@)?@4 Q&g séllﬁ:ctleﬁrﬁg)m am-gﬁé thDsdt@ﬁ@d”@rdréé%C@ B%Wer | BisatulaRy

cr ashNol ~amp™i~, 1]~ Exci mer 1w thout
| 31, 72 ~Hwdrbgarbdds, andalsiver-cidiic diydsicatieanpl e 71 ' net hod ~ N amp i, |~
I, Test | In this operation, the flow rate of the reactant gas is preferably in the range of 50
~ 500 sccm  Additionally, the inner pressure of the chamber 10 is preferably set at a
predetermined value suchas 0 1 ~ 10 Pa

At the same time, high frequency electrical power of preferably 50 ~ 2000 W is
supplied to electrodes 11, using a high frequency electrical source 12, to generate plasma,
and the first carbon layer having a thickness of preferably 30 ~ 45 A is formed on both
sides of the disc D by means of plasma chemical gas phase growth, using the
aforementioned reactant gas as a starting material

In this first process, at this point, bias such as high frequency bias or pulse D C
bias is applied to the disc D, to form the film by means of a bias electrical source 13

When using high frequency bias as the aforementioned bias, high frequency
electrical power of 10 ~ 300W is preferably applied to the disc, using a high frequency
electrical source as the bias electrical source 13

This is due to the fact that if bias applied to the disc D during coating is less than
10 W, the first carbon layer will contain a large amount of high polymer components,
which are inferior 1n strength, and thus reduce the durability On the other hand, if the
bias exceeds 300W, sparks are likely to occur during coating, which lead to a greater
likelihood of creating abnormal growth sections on the surface of the first carbon layer

Additionally, when using pulse D C bias as bias and pulse D C electrical source

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



IpCVD ~ I- j Iwith ! Il;~-12 ~ 1 )No crash ~ ~No crash - E~antpl

met hod TestpCvD |- ~without | 11 38 j -t~ ~ No crash Cras(t i Ex r@prbﬁR?ﬁUﬁQ
method ~i i i ~1 ~ . | ; ij Test 'Spattering ;Evctmer ~ with ! ~ci i 8.1
i 92 Crash | Crash i '"Exanple 7~ .1 neshod ;lanp ; | ! Il Test !Spattering
Excinmer | tvithout ' >3 ~ 8 ' ' 89 Crash i Crash ~ | Evatnple 7; ;,
method il | , i ~lamp ~i , Test ~Spattering ~ - with ~ 30 17i 82 ~Crash
j Crash iExainh;‘s?sGlumtetth@ﬂact thaTddnasj apphied mihngiiseDdWm_s_hgmt@g ni lk@s thag?2

~CrashCr t he result . S.'S i n Tabl e
i t ear 2?‘f‘n«rﬁF:'l'nget F%urraetctg‘Fdﬁlmg dfe alns nﬁ’ﬁlﬁ%sle% 8oa §5ecab‘?d| ng

to a rret hmebnhao&vef eﬂeaﬁrEanml r’@ﬁ@ﬁ @é‘dnbﬁﬁoﬁ ml.dwme bokHEefrsaeaBoslidygr t 0 the

pl asma CVD net hod, and ul traviole irradi ati on andl or washing wth

ul tr apur elfiks &ps Gsseser 00V ribe fip F@Jﬁbot‘ YeusRItaag ¢ Rghemeontent of high pobimesd

suf fi cen I rations perforned 5000 tines
urtici cir&!rH ?R' Whi¥h %&%Fkﬁ%r @eﬂﬁ@ P

Addi ti ona romthe resu bonded ratio test and spin-off test,
the ma netic riecaiddiong prefetably, fhemuiiscwutie s maberaigagfd 0t -hS0p@Ink oghd the whi ch

W irradi ati on was , hi ed a lower reduction rate in thickness
of the I UBF|ERSY K e|rﬁ5xge”‘?q0kﬁ’é oS

The resultant first carbon layer thereby contains a large amount of diamond-like-
carbons (DLC) which exhibit an increased hardness

The reason for preferably setting the thickness of the first carbon layer in the
range of 30 ~ 45A is due to the fact that a thickness of less than 30A results in a reduction
in the strength of the carbon protective film, leading to a lower durability of the resultant
magnetic recording medium, and a thickness exceeding 45A results in a magnetic
recording medium that exhibits greater spacing loss at the time of recording and replay,
which tends to lower output properties at the time of increasing the recording density

Subsequently, the second process described in the following is performed

In the second process, bias applying to the disc D. using the bias electrical source
13, 15 halted, and a second carbon layer of preferably 5 ~ 20A 1s formed onto the first
carbon layer in a similar manner as in the aforementioned first process, with the
exception that bias applying is not performed

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

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

phases of electrical power supplied to each electrode 11 different, 1t is possible to



0 8 MAR 20D2 ~8 conpared to those manufactured according to a nmethod in
which LTA irradiation was not perfornmed As explained mthe aforeﬂ*@nMAﬂn?&bz
according to the present invention, it is possible to forma carbon
protective filmof a superior durabilitss.4s a result, a is also possible
to make the carbon protective filmthinner while also nmaintaining a
sufficient durability, and thereby reduce spacing | oss Consequently, it is
possi bl e timpmvewiothetha chatgig rater axldi duisatalityaafitbe protecase fidinn g heelifferancendfitbh i s
capabl e of suf~igientiy increasi the recording density wthout | ring
the out putphﬁﬁgoﬁjeéfiﬁtﬂgaltq‘i’évreéé?pﬁﬁg%ﬂeeaf%leﬁa‘ \%loﬁfb,'s %rr?getribé} ”é\r%)eoﬁﬁnﬁﬁr?tf Q%ﬁt he
nmagneti ¢ n&ovLdd nYpdrREiIM RGOS Ehat®(1lha 8pr)as priferrdivent i on i s descri bed
The magnetic recordi ng medi um according to the present enbodi nent conprises
a structure si ribreughtthe afiosamenitioned first Padysacendplogesshs thraganearn rrorestes fiinmg

nmedi um accordin o the presen nhodi n a,non- netyc substrate S, a
non- rragnetc%’pﬁgg%hfel flt'rr% %f% segonmcaﬁ%qnﬂgy%ﬁf {rpﬁr?f? 0zripocta g‘c?ﬁtdpr otective film 33,

and a | ubri cat iSagsdqubntly34 labgcaat @iéhdedpérfiasipei/etter tombhANuRGALtand the
substrate S may include an alum nium alloy substrate coated with a Ni P
metal fil hkei s aBRitd grim thegeeqnsiserbanday & ghprineng aglpmae method s ike ikgdo t he

like The syd 2@ rihidd@InPHRELIALRSs bE pREGEAYaLl yoAreated with
t ext ure- processi ng such as mechani cal Pexture-proce55|ng In particular, the

aver age surfacén ribisghmanss. (aRajaghetiqiredortiap| medinmt ke obtumgd. ofhetern 20nThe
material and thickness of the non-nagnetic hase. fil.m 31 and magnetic film
35 are as HEBEH GAa T Prep TR TReaR kR T e 2R b e tnet |
base fil MegboanenBgtelubhicdrink Nimaraseocpispfedy Adgdi N the range of 50 --
1000k and 50 -- 800k respectively The carbon protective film33 is forned

according to tFeapplesmef thepmagtaisdrerRrling madiim smeufaciared spdserding & dbei ve
filmis p%?Jr?&aéle&ﬁea %a’i'nnﬁc{uwﬂgqné?ﬂodgglay H%ude a magnetic recording medium with a

structure similar to that shown in Figure 4

The magnetic recording medium of this example comprises a non-magnetic
substrate S. non-magnetic base film 41, magnetic film 42, carbon protective film 43 (first
carbon layer 43a, and second carbon layer 43b), and lubricating film 44

In the aforementioned method for manufacturing a magnetic recording medium,
the carbon protective film 43 1s formed, by means of forming a second carbon layer 43b,
according to the plasma CVD method without performing bias applying to the disc D, on
top of a first carbon layer 43a, which is formed according to a plasma CVD method while
performing bias applying to the disc D In this manner, the resultant magnetic recording
medium exhibits a higher bonding strength with respect to the lubricating film 44, lying
in contact with the second carbon layer 43b of the carbon protective film 43, and hence
leads to a superior durability

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

adhesion to the lubricating film



0 8 MAR 2002 79 In the magnetic recording medi umaccording to the present
enbodi ment. the lubricating film34 principally conprises at |easf GoMRAR 2@@2
conmpound sel ected from anong the conpounds represented by the foll ow ng

formula ( 1) through (5), nunber averspe nol ecul ar wei ght of which fall in
the range of 500 - 6000 The thickness of the lubncatina film34 is
preferably in the range of 5 -- 40~ In this specification, the term

“"principally dongdites tisd §rit foasbent lagdr 43ae wiactt iscidrmed odnizopeefarming bt ai ned

m an anmount greater th 70 Wt ~0 .

HO. CHo Ch 2BRE K 26*-‘5(38@&85“&#“(5 GRS CCRRNEPhAAMondikersatyan (DLC), leadigie oy oy
F- ( CF?CR26R b &rideRaGiutn COOCH?CH2- O- CBH,; (2)

F- (CF~CF?CF?0) q- CF?CF2CH2- OH HOCH~- CF?0- ( C2F40) r ( CF?0) S- CFZ- CH20H . .

..... (4) HO ( GMpTre:lothermbr? pratamvenbm)ad- g p-higher et if. QR PEHS) ver - OH
(5) [wherein, .m. - \ n 1

respecti vltsalﬁ{/ ]}IJP 1q@Hé8%eﬁgBﬂ?ag?1gmfg{ngﬁ %?Co'? ﬂggl\gb[trggh%gg’leﬁté%gaeksegh?g%%% t he
af or ementproresived Grmmd3athinrker Jwhiler elsgm4iblammisg lacasTitibandim@bi) ity sqaid nthefeby

wor sens On the other hand,.if the | ecul ar wei g of t conpounds exceeds
6000, t heefif5rsPaapy [&js aégﬁvwalbr Prahleras ficias Salf‘-thﬁé’ W@grtﬁ%t%?ﬁm‘r?ﬁ&ﬁ’e'ﬂtc
recordi ng,Jagdi um deteri orates, undesirably leading to an inferior CSS

property Anmong the aforenentioned, conpounds r eEresent ed by the formula ( 1
) or (5), withAecondinggr tavempassbleptoe pravide wehighty ofliab0 magne0@ecoadiag

especi al | referred as the principal conponent. of the lubricating film 34,
o hee ¢ nebeliEs Gl O eBiehRe R rsrPrapROGI Y ol b B b bt <1 7 s
Addi t i onadhb Butptihgrobéried thafeofg fil m 34 may principally conprise a mxture,

wherein ' a conpound represented by the following formula (6) is mxed into

at |east one doHisUneresét ebe cdormshiieNAIn §MPAEMENtr BfefArPIhSIOtES MU ( 1 )
100, (Sl T BP9 4100 con§0n
+- (O CoH-a@4pb- ¥HdwgyeN the MagndvitRe2@Cihgsediwmercedndjngxtortbp pesemtisveanon nt eger
bet ween Ois _not6 llmlted thereto, and may comprise a structure of three or more layers
In the following. the effects of the present invention are specified, using concrete
examples
(Test Examples 55 ~ 59)
Magnetic recording medium was manufactured as described in the following,
using the plasma CVD apparatus shown in Figure 1
After an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95 mm and thickness of 0 8 mm) was treated with mechanical texture-processing to
form an average surface roughness of 20A, a non-magnetic base film 41 (with a thickness
of 600A) comprising a Cr alloy, and a magnetic film 42 comprising a Co alloy
(CoyCr;Ta,) were successively formed on both sides of the substrate S, using a
spattering device (3010 manufactured by Aneiva), to obtain a disc D
Subsequently, the disc D was transported into the chamber 10 of the plasma CVD
apparatus, and a mixed gas was supplied from the supply source 14 into the chamber to

achieve a flow rate of 130sccm



The fornmula (6) represents a conpound, wherein six units of the structure
represented by (F-C,.H O andior (O ChH -CF3) are bonded to at er&aSMAR)'ZBUZ
sel ected fromanong a nitrogen and%r phosphorus which have six-nmenber-ring
structure Wen using the conpound repressented by the fornula (6), if the
proportional content of this conpound ~s less than 0 1 wt ro, the

| ubricating ability of the surface of the resultant magnetic recording

medi um det er i oamesd dasafltalgerteand rhyidnfeeni with €88xmeapeae of tolfidneno thivdrogen

proportional cqntent of the afarenenti gned exc s 20 . wt, ~0, snears derwed
Pr o t hi S SEbifaart Tee: Bes Bredie B HE L a8 BRFEnnaL” v def BRRRT R ne
fol | ow ngihe dhambet T ad saintBned #@Pdri ng t he af or enennoned magneti c
recording mediumis described In order to nmanufacture the aforenentioned
magnet i ¢ recor ditribe paseg time. hightfreguegcy elesisigalpayvrstaf 4 SOXE avasispppizd tarfle
magnetic fj re f d 1 Si f net ~€ st e
accor di nge{e(%mz)i(?er%re h(t)(g ggﬁ%r a%lggngg‘tg? ’tléra- @glén% Hgsﬁeﬁg%?ﬁo?ﬁt E%ml i(&zt?] %o

obtai n a ¢thegwendy Stisekftiieatd ¥ putshevidihsaf ID0ns) tortaa oM. edinignthe btdveleharaber 10
of the aforenentioned plasma CVD appay.atu and the surface of the disc D
i s exposed®t6® é’*r‘%g‘&rﬂ’hﬁl‘sa}gé‘s‘fa%ﬂ léﬁgrl asu‘gbff FeértPequ‘érr‘f'n#ﬁlée ‘ﬁb& ‘_V‘dscd’ﬁ%% 14
through t bfe hithk Gchecdfl RRiddRerekseSad 1H0eC iR AN, rdPectiveBM THY &ifretddge 0as

i s exhausted via the exhaust tube 16 to circulate the gas within The

react ant gatheiphase of kel fipayensly digaamest REEN sunpdied yol cadheriectigden! lawas seit ny

ratio of h carbon t I e I f.2 ~ 1 Q by vol unme
The hydr o&g(?{a (C))IH aﬂ&@f’ g’rtgf) p%}gagggrgé}iws@ Srté n‘aetc{l%enlgglp gglrﬁaétr{’@epiél of® ?1%{/ gtr ocAfbon

sel ected from gnBdREuémMNeh seindl At layél Dbk RRAShickANYE sheWf 3 TaBlk&0was

hydr ocar bons, and | ower cyclic hydrocarbons In this operation, the flow
rate of tfmedgutarie dus D.sorpe evlaekgl §rsi garbRe lavgnfeadradgen fggueds er rthe

Addi ti onal t Lane . r g | ef. iqf ai ned
at o proastbics A A HesPHEREN' e prbREnTlRT Rofilud o BRI kbulSE 8 1

hi gh freqgfensyg thedtritrdackain (pgen@Ba switlt te ek2eptivnghatfhiaquenay appledttoitiadispower
of preferably 50 - 2000Wis supplied to the electrodes 11 to generate

pl asnmy, aRd a carbon protectwe film33 with a thickness of preferably in
the sl ~ 8 MiRbs20tyanoRnMflin3RibricAROFonibdinf 24dTEIH0ON PAL fpphikdesit®find he

di sc D by neans of plasma chem cal gas phase growth, using the _

af or enent sesed carbat layet 43ascepsdmgdo araipmog methad, and yhbnicsuggfilm Ag with a

el ectrica ower t I r - d it~ eferable to nake the
phases of hlel ec Sr?fi:%l'& %gsv@rrggérﬁp%?%}%})&g%%%‘]agpéetgzctrre g?fg["flm%oﬁlf"%‘erent By neans
of maki ng the phasesdedfiragd est rspiradff pavweandCRPtdsedest obeiamhhe fsliwingl evetel
different, it is possible tﬁ i nprove the oatig% rate and durability of the
prot ect i vENCRPEHPIRR off FIF SPWHaR MRgNRHC MrastingMedect ri cal power supplied to
each el ectnafigdegRBGETREGADI Y in the range of 90 -- 270, and mparticul ar,

t he opposite phase (i a , 180) preferred In this operation, it is

preferabl e to fbe aforémertionad waghetiqreedrdingi medibinasassopksd ing) sodveoh(AK22 gh
frequency hias or | s i e disc using the.electrical bras
source 13”‘fﬂ‘éfsa8%lﬁ%ﬂ0? 7 o’ﬁssa%of% l%lsgzorsfljghr%lggte\g’o rtl%g?%enaﬁe&n c?"ﬁg IiT eer"étf‘oe(’%qhe

pr ef er abl yhickheske L theld@bridafing fiimad O pRoeed tiinederdtien afd dlfterathis operition was

protective film 33 contains a higher content of di d-1ike rbons (DLO),
whi ch exhitshrcaighlatedoingpescsgtags B:Hg‘ggmﬁﬁ’s‘gﬁgl@ﬁlﬂeﬁs, Ofﬂ_gq}’?fb?ai“&&%’?mcﬁn’ﬁﬁ sing
the conpoupdsuréER SsRRloadyvidYe iRGadhoLaIBOMmMNAhecEshcal formula is applied
to the carbon protective film 33, according to a d~ppng nethod or the |iKke,

to form a()fmi-offiTlesy film 34 with a thickness of preferably 5 -~ 40~ In

this manner, a etic.recordi ng. Lumis obtained, in which the
honsmaonect - pa0E dRFeEnlRER bt AdtidTeck e Bedlh Al et al ool peets g
| ubri cat i Bg16000rRpRdander @mpeetas oif 180 foprlGR oo ThstinstofalicthitkAeswfdhe1g t o

t he aforenenti onez;i magne,ti c recording nedium _ wherein the )
lubricating tilm 4% prior to this operation and after this operation was then calculated in

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



| ubricating film34 principally conprises at |east one conpound sel ected
from anong the conpounds represented by formula ( 1 ) through (5)U(§orMAR
alternatively principally conprises a mxture of the aforenentione 2002
conpound and a conpound represented bys§ornula (6), ~n which the
proportional content of the conpound represented by the fornmula (6) is 0 1
20 Wt % the aforenentioned lubricating film34 exhibits a greater adhesion
to the catHeondpsaifedt i gerktit Fe@3dingnflediemcwaPLOVin@e@nied! cirtuiifP@h¢edrand
durability The reason for the aforenentioned nagnetic recordi ng nmedi um

exhi bi t i ng2BMSQPEF FErumfsreans) respecuyelyt yyrgpbtdR to the fact that the

| ubricati mdﬁ fasgonprising the 82 ~ ~ MIR 2002 aforenenti oned
conponents ‘is firmy adhered to the carbon protective film 33 forned
accordi ng to thd@sipgasnMRCUErdret K6S Aperatianewab tperfotméds opabs i didreniconorede t he
carbon protectwe film 33 thin ile also ~nt.ai n~ fficien

Gur abi 1 o s teridie eRRtaspd i o8 oRBare! et iy Aot o
probl ems  suGiRradsre 2P UOPCOR fth b hufRHryoprEsoat | on Consequently, it is possible to
provide a highly reliable ma;netic recordnk, nedium which is capabl e of
suffciently inEpeiessiseplisres shorgraiTagledensi ty without |owering the output

pr openes e followng, the effects of the present invention are
speci fi edgﬁ{%g%déﬁgéﬂte exanpl es (Test Exanples 78 ~ 84) The magnetic
recordi ng nmedi Amasgneiit accordng et iusih owas nmankfagured i thasimiaruhaiet aeth de
follows Affer an aIdJm' ni um fFIdI o%l%ubstrate coat ed %éhba NiP netal film
(with a drfRFRsReoped & GRAMRIT VI Bk FECEPUGR hptd sergn P laxgre gshnot
mechani caf,rt@xt ure-processing to forman average surface roughness of
20t1., a non-magnetic base film31 (wth a thickness of 600A) conprising a
Cr alloy, and &heragpubitntcmpgnetic Ipcerdingr meding undeswent| with (te af@@ememagiedwer e

successi vgl , t ] f - ate S, using a spattering
devi ce (Sg\i%e t&éﬁlﬂ%sgﬂrﬂ% tgiﬁisﬂg%%spg{\’g "g,g?%l&% a disc D Subsequently, the
di sc D wagTdsr Bxwsyde 68d i nto the chanber 10 of the plasnma CVD apparatus, and

a m xed gas was supplied fromthe supply source 14 into the chanber 10 to
achi eve a f| ow rBRECHE recopiRs MeAuH égﬂéﬁggﬁ‘f““fdol"hé’ﬁ@%éhﬁ CRPAR BERUFCUVRI th a

m xing rafjnP wab férRled8B&riiAg kY §cO9RRtionally known, spatter-coating method
The aforementioned three types of tests were performed on the resultant magnetic

recording medium The test results are shown in Table 9



of 1 to 12 by volune, was used as the
pressure of the chanber 10-was nainta
frequency el ectrical power of 450Wwa
generate plasma, while applying pul se
of 200 kHz and pul se width of 500 ns)
bi as source 13, to forma carbon prot
on both snd,gseq)f the disc D The tenpe
were nai

phase of |high freqd éﬂ&aﬁb"éllaéﬁrtﬂisecé?f‘dcarbanla_vqr

reactant gas Additionally, the inner
ined at 6Pa At the sane tinmd} §hMaR 2002
s supplied to the electrodes 11 to

RC bias of -120V (with a frequency
to the disc, using the electrical
ective film33 with a thickness of 50~
rature of the disc D, and coating rate

, ~~‘?""ZoioLZ’:"P@I?f O\A%H‘“'%fﬁpplqséd‘hf 0.

each el ectrode 1 ,1Cemsgset 11até|186huhgt
di sc Dadelectro I et, 3
34 with t hi cknesg"%glkd ' V}@é corrﬁ@?dy
was for rred on the car bon p(lAé)t ective fj
to obtai r|| a magnetic recordi ng medi urmr

par ent heﬁWW
for exanplée, Fon‘qlln TETRAQOL : 2 (

t he conpolitnRiePrieseéhted by t hévatefe

adslel- 1 lomrauct hie  danet anceohet weemnttchd

0 o SPub(s/equ](ea - a Lk, cat } p,gs f| I m
ng th§ material s shown ~n

i 133, accor dFf¥et o &"HF“ppl ng‘:”ﬁ’ét hod

11 n the tablle, (t/he nunbﬁers t Rccurred)

0 crash

1 ) usted in Test Exarrpl e 78 conpri ses
mentidned formula (/1) Additionally,

in the magaeii C I’eq)@l\/@l ng sediupcvD Tests EXampi e 83, s¢ he T ulsi cat INdGerdsh I M
34 corrprl % zi\e) (“l) &) of Fonil Ug Za'I;ETRAC]_ 12000 (i 1 ) and Fonblin zdol 2000
(4) (wi {8fd of 1 f[% | volure) Addjtionally. in the magneti c

recordi ng rredl um in Test Exarrpl e 84

mat eri al
CFS(ur/

test descr

B‘&%r’dl ng rréﬁ

rati o teét

an
resul t ant Eﬁﬂb‘tlFet’

t he Iubrlcatlng f|Im34 corrprlses t he

r’r]ed
! 17000) I

the foIIovvl
1) Banded

ng mere|perfor
tio Test The

af or enent/itened nagmEvDC rem)rdl pgVEedi uns was goaked b a!solnent| (AKRRS |
1 Example 58 ; (w/ bias) ' (w/o bias) I : } (25000)
Test | pCVD , 37 | pCVD 3 11 10 43 Crash
| Example 59 . ! (w/ bias) . | (w/o bias) (20000)
iVTest pCVD ‘ 50 - 10 38 + Crash
| Example 60 | (w/bras) : (15000)
T Test Spatter- . 30 | - - 33 76 82 Crash |
; Example 61 mg I I !

From the results of the CSS test

recording media wherein the carbon pr

shown in Table 9, it 1s clear that the magnetic

otective film 43 comprised a first and second

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

magnetic recording medium wherein the

layer structure

carbon protective film comprised only a single-

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

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

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

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

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

film, when compared to magnetic recor

comprised a single-layer structure

ding media wherein the carbon protective film



manuf actured by Asahi dass) for 15 mnutes, and then renoved The ratio of
the thickness of the lubricating film34 prior to this operati onp%nmtzﬁdz
this operation was then cal culated in percentage The thickness o

| ubricating film 34 was neasured at thgjposition where the radi us neasured
20mm using ESCA In addition, after the aforenentioned bonded ratio test,
the magnetic recordi ng nediumwas | eft under the environnent of a

t enperature of Ad;@ﬁdingkyr ti® magneic raferdmawhnedih it ivdhittoridechrvat protdcast filvas

performed in sa manner The iﬁ)esﬁs resul t ﬁ shown ~n Table 12 In
Table 12, C‘?rﬂ%”ﬁegﬁtwgg@(ﬁlsguﬁ'f"te@ ﬁ'&'l‘petrﬂoéafl%é ¥ at 120C are shown in the
col um of witRs Resklafted, naike zIfo%rﬂe%ﬁbnédesdéE&r&rbefoOﬂﬁ pﬂ&e&mhvémléﬁt m?,@t are
shown in the colum of 'w thout baking (2) CSS Test 84 0 ~ | ~AR

After t hepessidleieelorm arracbomeriaieetve flse Bt nypauen dirahitly bEesefors itas also
tenperatu ?e]sf% 120G He c’%rtg& ngx%tecﬁvg%ﬁn% 324 Whlle %{5@85@9 sufifhdg an MR

head, on orenent | one gnetic recordi ng nmedium inmes at a

rot at i onaturaipéied and thé@dPrpdnce apatireg lossv t enperature of 5C with a | ow

hum dity of 1§ Tﬁ’fg coeffi.@ ent of. %rha e frb&tlon on the surface of the
magneti ¢ recor 8f AGETEdIt (TPRIL Sio Y e Al hEehiednagasHE FePHBRe Meder ¢ he
af or ement {,apeds WML bF sh@cRhel NHcraRMdl MeWaS ol doM& va?ﬂo"ut ﬁ&berﬁlghm@r S,

the coefficient of static friction was neasured (Test Exanpl es 8~7- 88) A
magnet i ¢ owparpiPpajtiesettiéraph was manuf act ured, wherein the carbon protective
filmwas fornmed according to the spattering nethod, and the lubricating
filmconprised the materials shown in Table 12 The aforenentioned two types
of tests were perhorfoRsven. taneser naghelimentr o€ ahéli mggrvadi fecdititng esddiwsul ts
are shown in Table 12 In the table, plasma CVD nethod is expressed as
"pCVD' mefdseEing (@ the RIGRED tRySnien Wé’SF‘ﬁlbfé CarbonMaterial for ~ Bonded ratio
i Coefficient rh@q&%mts‘e Fbrdihg mefamﬁtmﬁlsf mga)wm @ta blanEWr“a?OUt
with ~ of dynamc of statici coatlng met hod I ng a frrlctlon

f ncnon. | stfuctdre to (HabShown in-Feyreaf) ThEentgnetiP@uMrdmpg rmmdlum accordmg to this

embodiment comprises a non-magnetic substrate S, non-magnetic base film 41, magnetic

film 42, carbon protective film 43 (first carbon layer 43a, and second carbon layer 43b),
and lubricating film 44

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

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

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

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

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



Us, , Fombim. 381 7 ~' IEvatnple 78 'I ZTETRACL ~ i ~ili 200U ( 1) ~

~, ,Test i PCVD net hodDemrmnum SP (2)i 10i " i 1 ~ 13 8 ':Eeanple 79 ' ~~I
| Test | PCVD net hod ~Demmum SA (3)~ 11-t2 i | | 2' iExanple 80 IOU I ;&séﬂgz
PCVD nethod | Forbl tn Zdol : 1Sl i8I U 99 i 2 2Exanple 81 ~ 12000 §. AR 2802,

i pCVD nethod tFonblin TX (~) j 33 ~ 69 U 88~ 1 8E~atnple 82 ~ITest ' pCVD
met hodFonbhn ~ 32 6 7 j 0 79 1 8Exanple 8 3 ZTETRAOL ~2000 ( 1 )i i Fonblin

Zdol ; j' grdng@084 the plotéctive It 43, TRSiTArvPIcMh &red Q%érf&fl’mm\'% thtesubdhti - ; 20

-

[I
; 92Exanpl e Rf~ ~+ X1P (G ~jTest |Spattering | Fonbltn5~ j 9, iCrash
Cr ashExanphenegsmeqondag SEFTETRACL; ' 2000 ( 1 )i Test Spatteri ngDenmum SP (2) 2a
l.i5 ~1 736 3 | e, 8Gret hodTest . .SpatteringFonbhn, Zdol 132 ~.91
| & ashr ashExahl BRGHT H4 AOGRED0 (e T e rEheReT PR i S Reoa o0
87~ 1Exanpire BENeTHod simple sGbsrarfce 0on rhixeure gisanédfs of the CSS test shown in
Table 12, it is clear that the magnetic recording nedia, in which the
carbon prot ect TRethokness\pidhe Bt AREQEERIlANGT fd2 threlrapdyn thomargst ¥fold> and
the lubrigating filmprincipally conprised at |east one conpound 0 ~ MAR
2002 86 selected fromanong the formula ( 1 ) through (5)) or the
af orenenti oned conpound, into which a conpound represented by the fornula
(6) is mxed i t. 01 - 20 w 9 ~nta~ned a smmll coefficient, of dynamc
(1 ction and SRk’ E5uuh 2SRt PitecdvE B oo fRg RcRaReeRrS” "t he
af or ement gipnedh. RGO &t thick hexs GkdéddghdTesiA wesues i Ri thathetic $eHdedin® medralkhdti ty
Add~t ~onal | y, the magnetic recordi ng medi um wherein the carbon protective
filmwas PHHBEEYIPAINGlosHathe ugalresordige aed rptey- leading da adikpleppdafash or

exhi bi tedlo%@nh&‘ﬁ{eed%?ﬁﬂ\%ﬁoga%f—tfeis%t ﬁl@ttin?ef oﬁb@r*e&s?né fe GEdPdlng g{é&%baki ng Process

at a high tenperature reas € magneti c recording nedium wherein the
car bon pr ot ect Theecarbdmbaveast3b os foettedacmotrding ¢p the pldsmapl B meethdd net hod, and

the lubricati filmprincipally conprjsed the aforenentigned canpound(s),
mai ntained a s thcéB%FP?&eéﬂb%‘flaWﬁa "%prf’iei'%rlfi’ Hh‘hﬁmeé’?{;é”r?q(ﬁbat ment at
a high tenperafrune thisk€xpliiidednid sBhehatbenre MR éAN@E, catsdiOldbnd3h anlihe

present invention, it is possible to forma carbon protective filmwith a
superi or lgbriedsingifilpn A4 veeakemylieading 1q § lawso resessanicpite sligingarfethehmagnetibon
protective filmthinner il I jatal nl urelent durabilit and
Fror by raasicbRTRE oLl 418 AR RUAL Rl BALTE £ et Rleari T
reliabl e magneatdengtivy efabe piongtinedimap which is capable of sufficiently

i ncreasing the_recording density withqut |owering the output properties
t her eof Fi gurel% sﬁ'@é\ﬁatéﬂﬁot HE‘P e‘}?boﬂfeﬁ‘“éﬁtflyof“tnl‘%‘sﬁﬁgﬁet jubTiERE or ¥Fhg 3edi um

accor di ngodrudBEoIRERSE R mbITYRBHERR. dd thbGkERANELiCkde8COf (e MebrRARY Bz hown
herein, a nonmagnétic base film 61, magnetic film 62, and carbon Pprotective

film 63 aserefereblyssithediaped ofi med0dn a non- magnetic substrate S Exanpl es of

h - ' S inel ud | upi nj | | b
coat od w th a K 5e KRR b BtF of e R bt R A b e

and the |iekérding medluini adordidietosthe fprenoinvefteonsiy ikbdritle@. $51hS aplefimpiaihy
treated with textureprocessing such as nechanical texture-processing In
parti cul avhch g aoremegronsdrmagetic RegriRs edipg 1simanyfastitednl y in the range

of 1 ~ 20~ ;e I\%u?aggging method according to the present embodiment, a spattering
device 1s emplc;yed with a similar structure to that shown in Figure 5. with the exception
that a material comprising principally tantalum, or a mixture of tantalum and mitrogen is
used as the target 51
D C electrical source or high frequency electrical source may be used as the
electrical source 52 Preferred examples of the D C electrical source may include one

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



s~ The material of the non-nmagnetic base film 61 and nmagnetic filbno6ﬁ@;2mz
as described in the aforenentioned The thi ckness of the non-nagneti“c
film®6l and magnetic filme62 are preferably in the range of 50 - 1000a, and
50 - 800k respectively The carbon prote@gtive film®63 is formed according to
the plasma CVD nethod, and Co extraction anmount to the substrate area is
3ng/cm or less, preferably 2ng/cm or less, or mare preferably 1 ~ng/cm
or | ess Her ei n]n ptier @ nextfaanre o afooementioeqt evgnéty tekerdarpoetiuof, Usmg

extracted framwater. at the tjme when the ma ic recordin di u
wherein a'5r ?rgg’tﬂp\llcé"efiispﬁé?rg‘gf%?' {F& g DE ﬁ@smgﬁg‘?iaBP?rﬁ%sg%‘ﬁgéri”E’igHEf’nEo at
50 at % Op ngh&mdektic basel bt 4 @EmBAsIAG W Gr alloyaol BENReabM & nfunBACraRdina

hum dity of 80% and then soaked in the water at 20C for 30 mnutes If this
Co ext r acEQmBpristha o ey Se e lsgre syccesshel yiprasd oo posr sidaseof fegypismnium
recor di ng,mredi d | ' i.rab I C of the
car bon pr%ltI cg‘iul%\g/?éétg i%I ér:%at%eg %@E?‘Q? edrll\éz; IIC@ln?’rslact eﬁ?athgdeljngtfh I@SU&P%S Ai&%?é{ he

t hi cknesscosing @sshddyanotBin,a disteDstrengt h of the carbon protective film 63

i s inadequate, _.and ~f the thickness exceeds 1000 the _resul tant magnetic
recordi ng medi OMTSERHNEY ¢ e disg I ranseQit d“‘iodé%C“aat'“lielﬁé toi?ﬁ\‘? %‘Pref"ée Png and
replay, | gneeAfls hghatarhd, kRl toQefaed of Meana\b i Bedaed Rithe RpARLhi &od ist he
time of increasing the recording densi t}/1 Addi tionally, a lubricating film
with a thisupu@he%ﬁomfthgsuppmsqur%gr-brhr@lilg’igt patfadyeiaspoby &¢ imsp thef ehatybens0.

| ubri cant roit i ke, J lve filme63 In
the foll O\%O%QVY}E‘? ﬁgler%? hsoéﬁ¥%$gdn§%§¥éa%§qgﬁ?gug&t éggpgggtﬁgh?r&'%ﬁ%%h'ﬁngneti C
recordi ng nedi Brampsledefthe s Yéemayrmeivda ahy gandestdiedetfetgve rent i oned

magneti c recorg% ng medi um the _p|.aSlfTQ CVD apparatus shown in Fi gure 1 may
be used I n or d¥fheR 3isign af 13eset PEnE IRl COMPRISINE] GRBHMRS e i 1812k Sdr i #7§

medi um - UgjrRgd thin® AS G ItRTRRE  wihiBh §d 8dreYallyBusR@Nn MROGRIECIRAE nfdihdd. o
conprising a C alloy or the Iike, and a"magnetic film 62 conprising a Co
al | oy andwhieh d nikegen gasshasdwss jadeéddyatfagidingdvadumpof B Ist- d€8 vof Yaofhemd magnet i c
substrate_ S, .conprising alumniumalloy coated with a NP 0 8 MAR 2002 gs
net al filﬂﬂaygsgg‘%di ng to a method such as the spatter-coating nethod, and
the like, to obiigetmaredintien DsiblRgageeptidcypallyRenprisiag ParitSuly MASRO6dathsi Nt 0

t he chanber 10 of the aforenentioned plasnma CVD apparatus, and the surface
of the di 9% #5285 le 2838 84Fhtas Af- Pe8BYIahB2syRVIGhAR APATPIEAIR AMPRY of MgFRgeRe
supply Soms%e&éd&éar&u%eg% introduction tube 15 into the chanber 10, from
whi ch the gas i s exhausted via the exhaust tube 16 to circulate the gas

wi t hi n The readt thetsagaginies electricabpbwrigs edpphpd toterningat andsing dhogeciricali th a
m xing ratio of, hydrocarbon to. hydrogen. mthe ra of t -1 to 100 by
Vol ume. e R At 5 PRRERP P YRS EhES SRS i fre Dy meshs
hydr ocar beh spatesigg eto floam anmmgluhowarogeat lavat asla hwdichc ashprises 4 QWErial
unsat ur at ed hydrocarbons, and |ower cyclic hydrocarbons In this operation,
the flow FHUPRIISHE ERBIYMARY BIFFCSELE FSMYREPRIPABIN: qmbath side ghte ditc B0 -
SQGscem Addi ti gn@lsl dperdtidf, thBTRG REESSHE Spddfer EiEis GRATRBH if Phd éngé &f fg ably

mai nt ai ned at a predeterm ned val ue, such as™0 1 -- IC]Xa At the sane tine,
usi ng t he2®) ggamf r equency el ectrical power source 12, high frequency

el ectrical power, of .preferabl v. 50 - 2000Wi.s, supplied to e electrodes 11
to generate pl %bnsﬁ?uegllrzll ‘%e%ésr%%ﬁmﬁp 0 ’E%tait\a}lgalf’ﬂ %Prggewa?'ﬁr éiﬂt lﬁ?rc?ﬁ?‘f’é’%gof

pr ef er abl ytd fhe biganind® of thdOplasmd @VD sapparatisd as thO bl faee dfsthofdischb @i sc D
by neans of plasnma chem cal gas phase growth, using the aforenentioned
react ant §OSek o) asieagtantngpsnather i SUpRERC SIshithe APPEY Sewree J4I thaigdr theo t he
el ect rOdeﬁltr%d&ctﬁ)'ﬂdtuﬂéL?]S hdto The BaAiuel 30! €ThO APKEnENEHANGES Fro clﬁllnﬁ)%[:lrlbcal
power supplied to each electrode 11 dlffergnt By nmeans of making the phases
of el ect riieabe pdwest tshepifl toet culoteshe pasghereinr ode 11 different, it is possible
to inprove the, gcoating rate and durability of. the protective film.The

6Tt erence | n THorBRATEESrS oPderbllcamoiss s 2 HypocRsh SRt Rroska Yl e 1 s
pref er abl yiifg tie JfaRERCcAboR % hydrédéh inaRélranpe BAL td Cul 1Bdo, 1 0UyEddkRé emabl y
opposite phase (i a , 180) In this operation, it is preferable to formthe
filmwhile perform ng bias applying) such as high frequency bias or pulse D
C bias, to the disc D, using the electrical bias source 13 The conditions
of bias such as voltage and the like are preferably as described in the

af orenenti oned



0 8 MAR 2002 89 The formed carbon protective film 63 contains a higher
content of dianond-Ilike carbon (DLC), which exhibit an mcreasedurg hﬂﬂv\fﬂs
hi gher density and greater strength, wherein the Co extraction R
respect to the substrate area is 3ng/c6é¢ or | ess Subsequently, a

| ubricating filmis preferably formed on the carbon protective film 63
according to a dipping nethod, or the |like, by neans of apply~ne a

| ubri cantttsumrmrh{wrmﬂe&m%p@by@ﬂh@r at feasthorientyipa mfi hyalnecartamdsei¢seed frem The

f t d t b t ect fil
53" T or raialovar armireh PR AP et Pt B e,
anount tOh}Sjﬁbéhﬁ-Hj(jﬁse area is 3ng/cnR or |less, exhibits an increased hardness

and higher density, in addition to displaying superior strength and
resi stance to W?sdﬁqe&ﬁloﬁ\c@ﬁr@%&t?(’f the rF%Ct €35 15| Rrefernbhy Kethe fangetvn

protect i ve dobldth3 Adli¥agy. it iffndt i UPe”Bta{He”&aﬁxbéPflf)LF plbraB Rl 1L Y.

and thereby reduce spacing | oss ore I'S possi to provi
hi ghl'y r epriedébeninedvet¢ suches Oridi ngParedi um  which is capable of sufficiently

increasing the,recordi ng densi wi thout lowering the outpuf prg ties
thercof In t et 819 BRI HEP drealitned Seeintl FoMaE Sl PrairoRht 1on Spg is
speci f i edsupghédfh e ldctioBeLXBNRIMRSthe hosH fr @RecliiRal solded 17 he Q!EHQ'BQ'[ ic
recordi ng rredl um shown in Figure 8 is manufactured as fol I ows Af'beg

er of

al um ni unplasmapyang @‘Bﬁ@twafoémcao“a&f@w lavemd3b Wit arthickness jof areferrbly a-d
95 mm and én's%%ge& h9f Or D, g’?mm of slqgrﬁ? c%ﬁlﬂapgﬁbgm&a#ro%%. \fsmag the

t exture- proceSS|ng to average surface rou SS 0
non- magneitofentasiondd deaetfilt gawat b startingimdcadsls of 6000 conprising a G all oy,

and a magnetic_film6 r n a Co all t=Cr, STa;) were
successi 8e| yI f%;rhlﬁ’éduB‘ﬁy'BSt ec!é’?‘l'fé oyer fchg’ s‘ﬂ%‘éé‘ﬁgf al §"§u‘§i ?‘fg‘sé’r%fﬁrépicee‘roi ng
device (3Q3Q MRMUARSLYEREkHRYI p%%@r\ééﬁﬁheﬁ%‘é@étﬁélébtﬂ)d@'lﬁ%xi@er@H{bS@\QHﬁQﬂéch the

disc D was transported into the chanber 10 of the plasma CVD apparatus, and
a react anmakag thasohgscpmf ldctrnc@lnp@wsrugmp}leédgrwh1edecitmd9 thdiftdnentbetr 1sA

T e 92, SRR S IR P iy B 0,
of the charhephake o‘f\laﬁcﬂﬂﬁhlrﬁowelﬁedp;ﬂted o Bach electrode is preferably in the range of 90
~ 270°, and in particular, more preferably opposite phase (i1 e , 180°)
The resultant carbon layer 43b contains a higher content of diamond-like-carbons
(DLC), which exhibit an 1increased hardness, leading to a superior strength when
compared to a carbon film formed according to the conventionally known, spatter-coating
method
In this operation, it is preferable to form the film while performing bias applying
e g ., high frequency bias and pulse D C bias to the disc D, using the bias electrical source
13
The conditions such as the voltage of the bias are preferably set as described in
the aforementioned
Subsequently, a lubricant such as perfluoropolyether, fomblin lubricant, and the
like. 1s applied onto the carbon layer 43b, according to a dipping method, and the like, to
form a lubricating film 44 In this manner, a magnetic recording medium is provided

wherein a non-magnetic base film 4] and magnetic film 42 are first formed onto a



0 8 MAR 2002 90 At the sane tinme, high frequency electrical was SLtE€| ied to
the el ectrodes 11, power under the conditions shown in Table 13, t MAR 2002
generate plasma. and a carbon protective film63 with a thickness of 50~
was formed on both sides of the disc Oysto yield a magnetic recording
medium At this time, pulse D C bias (DC) or high frequency bias (RF) was
applied to the disc D, under the conditions shown in Table 13, using a bias
el ect ri cajubsterte e falBowield bt | snnadskiyg fohmatiornp s girareetivd filthed i @engddisadg & he

tinme of coatijng the filmwas set at 130C In additjion, t di fference of the
phase of tﬁ?‘@h"??‘g&%@h‘@k}ereﬁ’é@f’é?&é&’oﬁﬂméf 4?&6}98?4@%‘3“@%?@“éf‘é‘&‘??%e 11 was
set at 180 Addpt {henabletnentibifeddinafAdicerd28ERE Mddfifin diRCpidide glifcht qdes 11

were set at 30 nmIn the table) gl asma RF el ectrical power represents the
hi gh frecuevidgd slitache icarhbpn paxge438uppichdsl fersnedhen eltangalpmdmtyogen laVéred 3o

extraction n e | In i um whi ch t.he

af or enent%ogﬁgg grrlﬁ%%glgr gfgg?is%ﬁf é(f%né} E;sgﬂgi gan?agl{rzn%néi , gﬁlflé)ge?fezfgﬁ?rgﬁ]ga@c%r di ng
to the coflimsd OWDtrasthodl@sd thusesthibits & Repdrivr ldoydbilgy The test conprised the
steps of allow_ng the aforerrenfti oned magnetic recording nediumto sit for

96 hours at a ?ﬂegﬁeaf%‘hﬁg‘?‘afh.?réo(mm&ﬁ rﬁ?%’ﬁ“ﬁdﬁi:‘éﬁdtw_ fEdum s qtient |y
soaki ng téagerra@%wmp cRPBE aldfibiibd fAIRE TErmRIOR of b Prord@ival A1HE @ﬁgoraﬁlﬁlw&n
measuring the anount of Co extracted in the pure water Additionally,

anot her taaghondagera#i3bowpishfeshibiss suffictene sisength amchredativelyt ligh bendrg epengdim t hat

t he af orenent.i oned nagneti ¢, recordi medi um was | nstead allowed to sit at
a nornal Y }éerlz‘ig U‘Eaé‘“?;g?}) g‘;'inodﬁ% rﬁ%gluﬁluﬁ%trgﬁgf?/ a(ygb9 afwg\’c%%x}}lu% LERE test
results afagdrigbown in Table 14 The results of Raman spectral anal ysis (argon
ion laser excitatiogn), perfornmed on the aforenentioned nagnetic recording
medi um usi ng ACCREHBHY s trossiblento iske the PEotactys flnAddr dunngr exhilsyalseEql) |
are al so - it of the carbon
protecti V@Bﬁ%ﬁﬁl%ﬁlﬁbﬁﬂe e{ftg?{gn%ﬁ?%}n%é r%r%gﬁgﬁcg{éﬁg%or di ng nmedi um was
measur ed usi ngltergioreoitiingdesstbde tq prmidesc magmatichycddfinp tmaiymTthesis reeshié t s ar e

al so shown in bl (Test Exanmple 93) A netic. recordin dium in
Sht on’ - clr 5aRRs 6F stfr SR incReRtRET SrRe LA AR LD R EE CHIRY | o
t he convepbp&iiad tharelnown, spatter-coating method, using a target conprising
carbon, was manuf actured 91 0 8 M4~ 20~~ At this time, arson (Ar) was
used as the sparthermeyas in ghe Jfprementionedsembadunegipt they povedivenfiimedt iExanpl e
94) A carlon o %ﬁ:cé't\b%-lfa'éﬁng MRl %Fﬁgﬁsiﬁgcﬂﬂhﬂgmt {?nr.togé‘n ‘Fe%ﬁ%@%' paal I —~
known. spatter-coating et oé, using a target conpri sifg carbon Athis
tinme, a maxed lges 4% AHowederniler maenetvascordig meditineacspalingeto gaspresend t hei r
flowrates were.set at. 10(% sccm ,and ~0 sccm, resgécti ELé Ak(’:cordi ngly, the
prot ect | VBY§OR S BARITERIRTEY S8 nay#lse SRS Pha e s 2288 dhreh 86 M r osi on
test and |Raygn spectral analysis were performed on each magnetic recording
medi um I n addi ti on, the hardness of each magnetic recordi ng nmedi um was
measured The rlaghg fodlowing. shrosifectsofthe Peesqns nventign preRspRodied ossinggnsrelg |
Pr ot ect n~e§<a1{n Reactant gasPl asrna RFBtas condtnonsfilm ~ Tol uene
~Hydr o- el ec Rcal Type ~Frequency ~ Pulse . Voltage;i

(Test Examples 62 ~ 64)

A magnetic recording medium was manufactured, using the aforementioned
plasma CVD apparatus, and spattering device, according to the following process A
spattering device with a target 51 comprising tantalum was used

After an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95mm and thickness of O 8mm) was treated with mechanical texture-processing to
form an average surface roughness of 20A, a non-magnetic base film 41 (with a thickness

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



coattn sccm) | gl (en g l~er W Po (kH ~~td , ( z) I th electncal "i

nmethod r~ ~ (sccm ~ ~1i 1 (ns) power 'Test pCvDI 101 2.10 ~ 3 WE
50(1 ~ -100VExanple 89 ! nethod ! I i ; I I I~"i Test ~ pCVD I, 9(80 %UZ
', 5001 RF1 .100 1 - 50 MI'" i Exanplg 90 ~met hod~I Test pCVD i
10120500DC200 ~500 ~ -100V~ Exanple 91 ~nethod ~~ ~i! iTest |IpCVvD ; 10 ;
120500RF t00- | 30V I Exanple 92 '.nethod |I ' i [|Tcst |Spattenng ; - i- i--

Co _ 1 (ColCl Bagnpleee Qudiﬂé‘sdilﬂﬂylfoi'med Idn 15631 Smat tcffnﬂg kubstratel S, lusmg a
-Exarrple9| j.met hod i nsectral

anal yst sHéPZH‘r‘Fé@% dﬂv‘@%g’tq]ﬂd’éﬂwgéﬂﬁgd by é‘;?Flr"ébt‘? 8‘%‘6 HeD( em )1 d/ 1 g(Gpa)i

ratei amount | &gBR&liently, the disc D was transported into chamber 50 of the spattering device.

and a spatter gas was supplied from the supply source 53 to the chamber 50 via the
introduction tube 54

A mixed gas of nitrogen and argon, comprising a mixing ratio shown in Table 10.
was used as the spatter gas Additionally, the inner pressure of the chamber 50 was
maintained at 0 7Pa

At the same time, D C electrical power of 600W was supplied to the target 51,
and a tantalum nitrogen layer 43a comprising tantalum and nitrogen was formed on both
sides of the disc D by means of spattering

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

A mixed gas of toluene and hydrogen, comprising a mixing ratio shown 1n Table
10, was used as the reactant gas Additionally, the inner pressure of the chamber 10 was
maintained at 6 Pa

At the same time, high frequency electrical power of 300W was supplied to the
electrodes 11, to generate plasma, while applying high frequency electrical power of 50W
(with a frequency of 13 56MHz) to the disc D, using the bias electrical source 13, to form
a carbon layer 43b on both sides of the disc D

Furthermore, the temperature of the disc D at the time of forming the carbon layer
43b was set at 130°C The difference in the phase of high frequency electrical power
supplied to each electrode 11 was 180° Additionally. the distance between the disc D
and the electrode 11 was set at 30mm

Subsequently, a fomblin lubricant (Fomblin Zdol 2000) was applied onto the
carbon layer 43b, according to a dipping method, to form a lubricating film 44 with a
thickness of 204, thereby yielding a magnetic recording medium

The CSS test described in the following was performed on the resultant magnetic
recording media In the CSS test, using an MR head, a CSS operation was performed

20000 times at a rotational speed of 7200 rpm, and a temperature of 40°C with a humidity



(A/mm (60C. 80% | (25C. ~0%I1' (ng/cm) (ng/cm-)TestO0 76 ~0 38153 80 5526
6 | ~ljgExanpl e 89Test0 53 0 381556 20 902-1 7.109E~atnple 90 t~T§$ MAR 2002
210 -t915-11 9 ~0 GX0 5753Exanpl e 91Test1 ~7 | 0 551532.2 ~0 5019 8
~789Example 92 iTest 13 39 i 1 U 1157263-t 1.11U 3Exanple )3~ ITest ~ -1
-17 ~ 1 191561 82 95 11 8 '-Exanple 9.1 i1 | 1 1 ~ 8 MAR 2002 93 From
Tabl es 13 and 14, the magnetic recording nedia, in which a carbon

pr ot ect i vef 0% nifhadyrfanriostictmnoehuai way mhonitdned gfteisiew@gDheretapoatic racmtdinger ei n

the Co extraction unt. to bstrate area 0C and 80i hum dity) was
3ng/ cn? oF‘eS‘é‘g‘st,o Sé‘?fga%‘& houg, Egﬁﬁesﬁl&q{e shown &'la%af?ger Fq requency, exhibited a
snmal | er | dfdsgpxamle g55pl ayed an increased hardness due to the effects of
DLC, conmpared to the other magnetic recording nmedia As explained in the

af or ement i onedA megnstidireepréiog trardiynewbeein thedifpiestve film jcomppsed pisegde f or m
a carbon | ' it 1 qr.,durabil i - jt. 1S
possi bl e {%gg’lngtﬁ%a&%ﬁe&yg?%}g‘lﬁ %’r)gtazg%}?é}éqé)ieﬁm&?ﬁﬁﬁﬁg%c@zﬁag 1@?{;’1]0?0{%{'1% &i ni ng
a suf f ci eqntatlim abidget Yaveand t hereby reduce spacing | oss Therefore, it is
possi bl e %19 @%ovi qe & highly reliable magnetic recording nedium which is
capabl e of TSSUF¥a™RI&A?) y i ncreasing the recording density without |owering
the output propehhdfRactrBRIr8ak Midishewle@Pwe froRch@Xfilh QoRIpPSES 8 isile-

equi pnent used i n anot her enbodi nent of the nethod for manufacturing
magnet i ¢ flaggostdionge rmegipmmingceny di Hgtalwn tHEogane ser Wasyv @Ay fagiuredewthout

t ext ure- processi [ hment shown herein is provided with a substrate
support e %%bﬁlgg‘% supports the non-nmagnetic substrate S for

t ext ur e- p{GEeB&niide 6T a nmanner such that it can rotate, abrasive tape
supply menbers 25 and 25, which supply abrasive tape A to nechanically
scrape the nonirBgnets recoring madwms Whegsnp thetProtgry v imeomprised g tWRHAYSR press
t he abr asj -adal 0 r S S, and
abr asi ve %}é%%qrgﬁgn@ﬂ%g?yﬁ%&ﬁﬁﬂgsﬁggﬁgn%yéﬁ;%ﬁ?c‘%%s\oﬁlp%k/rt’ a rsaﬂg?l\ﬁlgﬁcggﬁi icles
t o t he araazoofingonr methobat wheh at dpettertgaasomainingputrégand: smpgong atie sBowhe

abrasive t supply nmepber 25 i rovided wth a delivery roll 25a, which
sends t he’”glga%éesﬂgé’v%éfﬁﬁté%?rf’egﬁgﬁg"’?%t 5?§ﬂtﬂ§mf’6tf?ge?§ﬁeTMi ch receives the
abrasi ve tape PhdhRrahdntioRRNCEONEH vaid PRHYrmENBethe2bma SREvIC re@s didg Shedugt ur e
in which the abrasive tape A, wound around delivery roll 25a, nay be

recei ved #8 thegest (asultp argphovanty Table Hhy speed in the direction perpendicul ar
to the radial 4 | t 2 94

abr asi ve tape i}% gﬁ{dﬁggg%gg?%w?#ﬁ&%%g}fu g?”ér@g? é&é %thgbﬁgée\%ﬁf %%gl%guppl y
menber 25miediupr mvéadbdfome efacdmanitideed T estHexamphest 62at66. 85 Aatdli 66 ered § i %, he

abrasive tape supply nenber 25 ~s preferab designed such that th

Sbrasi ve g Rtfe sPRERGh gl R Fed [ peRt b MagpR i erord e et

per pendi ciyl Bdst EQarhpie 67 wi3i40g o rection of the tape In addition, it is

possi ble to design the aforenentioned substrate support nenber 24 such that
it is able to oscillate in a direction approxi mately perpendicular to the
running direction of the tape, ~n order so that the substrate Sis able to
oscill ate against the



abraswe tape A The contact rollers 26 nmay conprise a synthetic resin,
rubber, metal, and the |like, and are provided on each side of theUsﬁJtpﬁ]R%@
S, such that the roller 26 lies in contact with the substrate S, via the
abrasive tape A in a direction approxiggately perpendicular to the running
direction of the tape The outer dianeter of the contact roller 26 is
preferably in the range of 20 - 100mm and the length in the axial

di recti on Tablepllef erably set at a | ength which reaches the nobst-outer

ci r cunf erence—f+omzthe st=thAner—Gi-eun

substrate S to undeskdécgm% ¢ A OB e L OF t et u:E FaSt ocessi ng” 1He"
contact roller 26 is %r ef ehageycogergched- | nFlohatelmaeent 6 of Thedhe substrate
S Euch tAat theha!f @fo&ﬂgvﬂt;i QR §duedsasi vigsst apﬁ,hﬁae pus ﬁ_ed}og%gﬁl !?Sl'&sst he I f
substrate S wit pr.edet.erm ned. pressyre such as 0 - 4kg/ c Exanpl es o
the abragive tapeFA fﬁ%ﬁ‘y i‘ncl ﬁ&le%():onv’er#lgohal‘ﬁ}“’usi’ed, F6Vi shi n@ t ape,
texture tdee, and Wiplang tape,sin pqu-‘cu ar,lOtapies w2h a thifcknegs” of 0 1
~ 1 Om ard,\hdhi of 20 -- 60mm are ;iprefe'red The‘i abrasi ve jsupply nozzle 27

is provioc
abrasi ve |g&fticl e SMY

2 in the abrasilVe part'fclel sl ut¥y tank*( not®&hown)

can be i ntExodilced to t he jarea of cont act between the abrasijve tape A and
substr at . TLoLtowW g, T E TRt Tegent ;
met hod for manufacturi ng .magnetic recordi hg medi um according fo the pr esent

i nvent i on 5¥"fdscri bed, using an exdnple |n whi chi the aforenmenti pned

text ure- prregessi ng &ggi-prrent and pl dsma CT\/D appar‘at usizehown i3 Fi gumejl are
enpl oyed E\é)mp%()l\/AR 4902 9~ Initiall Y, thejnon-magnetic substrate S ~s |

by 'a s r : |

supporte _ -pgrocessing
equi pment Test l Single- | 3 i 50 - | C- I Crash |
| Example 66 - laver ' ' | | 1 |
Test . Two-laver | 30 f 30 10 , 120 20 f Crash |
Exampie 67 ! | i ! i 1 | [

From the results of the CSS test shown in Table 10, it is clear that the magnetic
recording media comprising a protective film 43 comprising a tantalum nitrogen layer
43a, with a nitrogen content of 1 ~ 30 at %, and carbon layer 43b formed thereon,
exhibited sufficient durability against a CSS operation performed 20000 times On the
other hand, the magnetic recording media comprising only a single-layer carbon
protective film, or alternatively comprising a protective film in which the nitrogen
content of the tantalum nitrogen layer was out of the aforementioned range, exhibited an
inferior durability

As explained in the aforementioned, according to the present invention, it is
possible to form a carbon protective film with a superior durability Therefore, it is also
possible to make the carbon protective film thinner while also maintaining a sufficient
durability, and thereby reduce spacing loss

Thus, 1t 1s possible to provide a highly reliable magnetic recording medium,
which is capable of sufficiently increasing the recording density without lowering the

output properttes thereof



The non-nmagnetic substrate nmay conprise any substrate that is generally
used as a substrate for magnetic recordi ng nedi um exanples of which may
include an al uminium alloy substrate coated with a NiP netal fi(f MARd 2002
substrates conprising glass, silicone, 6and the |ike The substrate S ~s
rotated ~n the direction shown by the arrow mthe figure at a predeterm ned
speed The rotational speed of the substrate Sis preferably in the range of
300 2000r pm A Figueesitoand 7 shewdhe entcal tparts 300k mapeacturiag ieguiameadusedion i n
the efficje f. 1 r ' ] rotational d exc i ng
20001 prm + SR S 1 R0P HERRN For Mlouecleln, b BOR; r8BRER: RiggEH

subst r at eactbgiimbtoaheprésameinferieh iMigirb® somaainvgtrivagier fyppthYialigiraenice5 s
recei ved by means of the receiving roll 25b The speed at which the abrasive
tape A i saidelBire éghpvet BiRaing 2RR288YS n the range of 0 | - 2cnfsec The

abrasve tape ATRUNRaOBRE chFra3lBSh Blige 3 Wl k& kRO AT U bPBAULBRT des
of the substrate S, at the tine of passing between the contact roller 26
and subst patesti® Alm whid Waanaolel rays. and 1abrayidedevipas charhtzer JBUor slostwa ddei n t he
abrasive particle slyrry tan t sh LS introduced.and allowed to run
ont ot he SRPEETRSe Rape e Bl ¢ REh. BrStedey Pl SR ToR B S

af or ement ipfed oflhadis¢estPad ttheeid ShtbiruliravdioRPrayBesTRe ltthvioleti RAyWILER is
abrasive particles are suspended in water The abrasive particle ma

conpri se Bigferghly ope that gheapable of grrediatng HiTAVipleigayy Wih aexavplengpy ol Bt ng,
exanmpl es gfo whi ch may include di anond abrasive particles, alumna abrasive
particles, carbon silicon abrasive particles, and the |Iike Anong the

af or enent i onedContiretrorxdmphesasi e phmavioddt emy asomrqear$ imayl ardiydepaefeacimed The
average particle diameter is preferably cn the range of 0 1 ~ 0 S~mIf the
average pHPYHEPE™A aneter is less than 0 1 p.m the resultant abrasion

tends to be i nppleqhdif: appliai® Ahnd VIR ASRcAbAIRBLAboR FFREMVEGIA oPtHE isds to
result in the surface of the substrate becom ng too rough, both of which

are undesWVhigh|has paggd ghrgugh AR wigawolet ray irradiation device, and 1s provided with a

chamber 86 to store the disc, a supply source 87 for cleaning water to clean the disc
stored 1n the chamber 86, and a nozzle 88 for injecting cleaning water supplied from the
supplv source 87 at the aforementioned disc

In the following, another embodiment of the method for manufacturing magnetic
recording medium according to the present invention is described, using an example 1n
which the plasma CVD apparatus shown in Figure 1 in addition to the aforementioned
ultraviolet ray irradiation device and washing apparatus are employed

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

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

Subsequently, the disc D 1s transported into the chamber 10 of the aforementioned
plasma CVD apparatus, and the surface of the disc D 1s exposed to a reactant gas, which

is supplied from the supply source 14 through the introduction tube 15 into the chamber



As the abrasive particle slurry, the aforenentioned abrasive particles are
preferably added to water to conprise approximately 5 - 30~0 In aﬂc&ti Qn,
the flow rate of the abrasive particle slurry is preferably in th Mﬁ@e?ﬁﬂz
10 - | OOmM/mn The abrasive particle sturry introduced fromthe abraswe
parncl e suppl e nozzle 27 reaches the area of contact between the abrasive
tape A and substrate S Here, the abrasive particles in the abrasive

particl e dPurlhe gasag élembb@ét@rfwntch@mwbg?mttbe Sxhagst wbans tokireulagithy t he
abrasive tape A.mthe direction perpendicular to the radial direction of

t he substlgﬁgglegmto scrape the surface of the substrate S By neans of

scrapi ng the sumktaegiah cahia preferdblng minbs eaabe hiretdrbora biidibydt8gdmamiithca es,
the resultant grooves are formed on the surface ,,of the substrate in the
runni ng dimEEET8P of hydrecagbpndgihydrqgspan We range of Zyignk o)l itAd PRPY Volumsngnd he
peri phery r 1 i

recordi ngtlgrge %Jﬁﬁf"‘zg@ﬁ%‘?\%@b? o&mng? ggttlaénb? Qgﬁ%é}mﬁf&%ﬁ%bg}?ﬁgﬂe&ﬁﬁo@ned
oper at i on aim®ng dowemsaadaned thiviirochoay dowereunsanfaied hydrogdthesss and love cyobist rat e
S (Ra) begorres -- 20~ If the average surface roughness of the substrate S
(Ra) is | B¥UOFHRAPS A the resultant magnetic recording nedi um becones
excessively fl aVhen @adindgod: thigbperafie, ity f165Tatplof pRrrexctadt dal 1s@reRRBEy 20,

the surface of the resultant magnetic recordjng nedi um becones too

i rregul ar ~ §Qsemg Adddonsdlye fheoinaen Bgssuke ©h dhgyChambeayld) Brrreeraty, selr ftya | n
addi tion, 1.N re cessing) it is preferable to oscillate
t he abrasipgg%{%é@g{ek%ﬂﬂet%gkggpgct ?%}Elaoperpendi cular to the running direction
of the tape by Arethassaoie tile, afiog ehemighofreduarsyidi¢catidad rpowec sanicsni2, thogh r eat
the processing surface, of the.supstra S upi.formy in the radigl djrection
of the SuBeOrars SHeB R By SeRrald oPad B e Sipuedc i AfSrdie | ibge. o
0 1 - SHz gbferdd@idshANand D EarBbsl pfot&dtive femalitd sl MRkheB Préterdblytii@nhd }aﬂ?e of
oscillation is preferably in the range of 0 1 ~ 30mm Furthérnore, the

di rect i on36f B¥d. 1y fermesh obbothniadesint 4k disc Papempansof piasma;ghemesl gas phase

di rection rpendi cul i I I.ect] f tape, so long as
the di recﬁ?c%ﬂb?sgﬁs%@se%E%éﬁﬁrhnm%eég&g%arﬂg %%ﬁd S(E)%rgﬁ%g]a{eg%g Subsequent |y, using
conventi onal spdiidnesupphyuigeieaticalrpdvee tbithe eleatrodes- Ifagret i. dt Basrefetdtiencand
magnetic filmare for on substrate, S, i ch has treated wt 0
TERAR 2003 ety el BN PRI Gh L SeGrO b FAEsHar B el

t hi ckness pofkidd e pRlrsBRGN &Y dckridan TR wWet |sﬂPﬁli‘&|i pReRat klectrbde™ &r fffaendasgs i bed
in the aforeménti oned The formation of e af orementi oned non-magneti c base

filmand wpasgpee e improwe the qeeting rat¢ ardidyrabibipaet e pesastivediimpulhendiffergnes be
carried out in,acc . Lt h ey Lon. | | at i

pl ati ng, zl{ilnnt etpﬁgsel ﬁeg&gﬁ%é\é\%\&gns\t{l%g%eeag?g%%bfesls f #%%3@3’?? & iaﬁg%&[aé]oe
chanber 16 270° tdnd ippasiorlaCvihe ayppsitaphsse sioOWBO0R) isipgefergedl, and the surface of
the disc Dis expgosed to a_reactant gas, which is supplied fromthe supply
source 14 t hr ol@yHhis pReratan: dds eisfeabledpdortsthedftly whide periorpung bios applyiewhi ch
the gas i ' ubgl I pu S ;LD N
The react SAT Ba e gy B e R B r bE A fepPsitd)
with a m xourgeddti o of hydrocarbon to hydrogen in the range of 2 to 1 - 1

to 100 by volu The..hydr ocar bon, pref er abl onpri ses at l.east, on e of
hydr ocar bon el BECRRIPE S b aop doaeieds e, PE e Brelirmiifas egfiBed 1P
unsat ur at ik dfyebheadoians, and | ower cyclic hydrocarbons In this operation,
the flowrate of the reactant gas. is_preferably in the range of 50 -
SCOsccm Addi t i digIfPymed Rbem mEvtegivestln copminsife highgheententooh dispgpddikened at
a predet e"cﬁpbeﬁg(maéj:'%/h%ﬁcé}hﬁﬁt & ihereade@®rdness

In the method for manufacturing magnetic recording medium according to the

present embodiment, subsequently, the disc D formed with the aforementioned carbon

protective film is transported into the chamber 74 of the ultraviolet ray irradiation device,



At the sane tinme, high frequency electrical power of preferably 500 - ?000W
is supplied to the electrodes 1 1 to generate plasm, and a car bor[]? 2002
protective filmis fornmed on both sides of the disc D by neans of p ag'ﬁr%
chem cal gas phase grow h, using the affprenenti oned reactant gas as a
starting material The thickness of the carbon protective filmis preferably
in the range of 30 - 1001 When supplying electrical power to the el ectrodes
11 and 11and theissriprecbfethalsheboh protekievet filen ph dweaforsimentienddr dis@aD powediasdppl i ed

to each el ectrode different By neans of king  the phases, of electrical
power supB'ftﬁé’ﬁ"?vd‘)l&béwse‘fo@&rp al“iavﬁrel"\gg“raghf’?ef?r?ﬁ?s ossTPE- (5 e ov e
both the g@atioRerdydodrand durability of the protective film The difference
in the phase of electrical power supplied to each electrode is greferably
in the range off thiowavelguth aﬁthei%tfw‘ﬂ @yp Hrless than PHBR ererghliose bedomes,  180)
is prefer 1l f r eqf.l iel: f f O I as

appl yi ng %ﬁ%h%gbﬁﬁ‘gﬁ%fa?é%ﬁ%’ﬁcé‘gﬁdgé‘ m(%l&m’ptu esé%&@fﬁﬁgéb%% {h?}!]@?%?e?é&ﬁf usi ng
t he bi as thkeerbon paltesivarfitm 2B3are iMSuBicMAR d2002n@Runbksrabbndi ti ons of bias such

a ol tage and..the like, are,.preferable as.described in the aforenentioned
The resaltant LB BESICTRLCRMITYS o 1o 0 08 TTETRURE gAY k@IS ragr 1 an

di anond- | i) lgfneeBf § DLSOmWIMM ChderaBialibh davaribM6f eased sBaindgess Additional ly,
tt is possible to provide a lubricating filmby neans of applying the

af or ement i onedSubspauestintthe dise ik whichthas pagsed ithrongx thepilteayielft rafie rradiation ¢
recordi ng [ dj t for ' nuf act uri ng
ot hod oSt RerGARRora b B PLORIE LA hE Rl AL SUBI RO chone
i n Fi gur esupplynsoufve 87eigigedied arhe aftirargenticied disa @k asihigriondzalet 88 o gshipdhenent ,
a non-magnefic gubstrgte S, a. nofnl-ma nethiﬁc base film 31, a nmagnetic film
32, a car BERCHRbERCEIDEN Prowstiys filghy A8 EFISASH Water jussd Bareiy @ prapiT@ed
Accor di ngywh@r bite ofydd GARDLARPERd PBREhAS (idtRed B8RS A suersd PRBRINRLERT W
filmis formed by neans of a plasma CVD nethod, after a non-nmagnetic base
filmand ¢leamrg the saifaoe cdthe dagbaneprotesivhBlmsubstrate S, whi ch has been
treated with tgxtureproce n_ thi er. .the carhon otective film
contains a hi gﬁlﬁégﬁeg{r’% ' %?u%ét ﬁugg ?rﬁ’gﬁ?‘% rcépos%ept)réerri gormbogl?r @glnf% ’ya"d the

Accor di ngiile, i§ ipplied passidieetd 9 dippkg hbhod af bienliky, @b eied tareor prlotectité ANEr
while also maintaining a sufficient durability Consequently, the surface of
the resul eHe suEar?f e discd?.dviigh haupasssd droushitie pashigg appdatupftotipn a
substrat : reein ; LS A Dt nge of
1'20m, ury A e I THELR0S RreRe Feco BRIt Werki o Ml B deBODC, O
Accor di nghase film, insagpetss fibbh e carbop postectveafilm ghd yubredaiing Ifémnarg etiessivegor di ng
medi um exhi bi#i ngs%_?r% [ ary Seqand gl i de aval anche properties, which is
capable o MOgT 238 e I&‘f ncb LU ng the recording density w thout |owering

t he out put propeniples of k¢ endgnBlic tricbrin emediamd mantiRbrutdie accrding tprdect we
filmis formed accordi n% to. a conventi o,na\;J spatter-coati ng nmethod or the
like, thefpramapHered menutpriurLng psthod maYdatiide 2 magaetiq eroring nedivmsuigh o a

certain exhant snfchRd st &gmgg@'q%uygzof the resistance to sliding
Therefore, even if the irregulariti

| . Ies on the surface of the substrate S are
uni form t he nincthe magnetipuegendingemedinmtdfghis gxémple. »hon-magnetgmaibsicate Scer di ng
medi um tend to becone n- yni f orm Moreqver, when the average surfac
Foughnes<haY "ERETE e fre 5 ¢ papernett 18657, & GheoBel Rftimon. g 2
exanpl e i bfib@ingdN@es4odre providdd~, in order to increase the elide aval anche
property, the ma%neti ¢ head adherence during the CSS operation tends to
occur due to tHWeMpafarementoned drethor fof cBAMadtvantd FRENFYC Fesershing MGIBYI um
thus | eadiing &g shﬁi&Wth@@ﬁ%)Bﬁ gﬂﬁééti!vg%hlnrmtHexrrfa&%ldeﬁ‘%i ult 0'%le@fr;E\§?r§>r0f t he
present invention are specified, using concrete exanples (Test npl e 95)
A magnet i © fosumgdhe dubrediingriiim 3 4msireuduedit i € theuBlinn gurifave iplimprove\Vind the

adhesion of the carbon protective film 33 to the lubricating film 34 is increased, leading

to a superior durability



apparatus and texture-processing equi pnent shown in Figures 1 and 3,
respectively The texture-processing equi pment (manufactured by Htachi) is
provided with a controller 26 conprising rubber with an outer C|qp@qﬁEqugg
of 42 mmand length in axial direction 7f 42mm Additionally, 2501-2

manuf actured by Chiyoda (with a thickness of 0 2nm and wi dth of 38mm was
used as the abrasive tape A An alum nium alloy substrate S coated with a

Ni P et al fil mTtweitehsom Girathet aforapien@dned mmdettimircdqnexsg mﬁdIOmSﬁNblbmmg a
supported b S [

t ext ur e- pF‘é%eé'@éld:efbab@H 'Mﬁﬁfmte@ tﬁ%?‘glﬁoe“émﬁt ap eg lr‘fgltlhn?\ S}? wrpdgon gy, oy
whi | e t heughiasgévayt ape dhales 66 Edhagaibdst pratdui@flavEY, Adae thalkataat e S
with a pressure of 2kg/cn} At the sanme time, the abrasive particle slurry
was i nt r ogowiads rrlyge @m@uavmfa@@ml@qo%mdnscqr@ kangeynyRlyyedhis panglmesinsgs ¢f

abr asi ve PardielERoREhVEa, S8 ARI ARbKE  BRGuhANM, BYRSLr ate S The
receiving spee raS|ve ape was set cm sec Furthernore, a
20% m xed sol utAcoordﬂfol‘dmausmnslsnblbmamaket}pmarbmﬂ mstemxvdﬁﬁm praner cdnd tderabtfet er

of 0 3 ~m suseda the abrasive particle slurr itionall e

per for m N LEK SHRRND IS0k REeh ! BoPRSTTE 16 AFEY R REDISRE PHi LS PO
frequencydgﬁnat@s@?@aggﬁlIIatlon width of 20mm in the direction
perpendicular to the running direction of the tape, by neans of an

osci |l ation medhni&ns (RsHLISHOWAPVIHEe2 dyghlngelizhle fraggaetio Tegnidios pelymof t he
Substrate S. t O t (o] n r sho in
Table 15 X ﬁ% i m(a:5 nazj'tljé of lfnCIIeQ% n%ﬁéo%%%dg{gnggz %’g”'ltﬁp& ?c}dz&ﬁg[ ﬁ]e ean‘<nness
of 6000, arsbeniednigsnedfi c f|In1conpr|S|ng a Co aIon wer e succe35|vely f ormed

on the resultant substr te 100. a.s | ~aR.2~0~ S by neans of N? netron
Spat tering devi'ddme3aly HramEts HsEE ﬂyem@mf}“ss‘?e l8gp 5 Ahqgplraviplet ray
Subsequenthyce 78, Gi $EssBINGS obfafis MAIH @lﬂphtnlt,l dé Q%h@ﬂ%rwﬁ% Qhd (th&ep\ asma
CVD apparatus, and a reactant gas was supplie ron1t e supply source 14
into the efftcrdngly impravehhequality 6f ocakon pmtedt@e fdwci sirfateced gas of tol uene
and hydrogen, xing ratio.of

Sor e o9en: o bdtutlodtd Ackat 8t bghe fri A o KIbSRRRs 2 618 3% | e

chanber 1Qvavasit EpditiBienedebvediia ispuritis thare bitathed B (B shife@uagy carbon
el ectrical power of 500W was suPpI ied.to the electrodes 11 to generate

pl asma, aREPIEEUVE B Sprast berebysleen tha il h a t hi ckness of 50~ was formed on
bot h sides of tfigs dt 3CpRsfidh EF&QMep?é’du%h@rﬂr{ k%orﬁ%’&%tr&fgﬁgé@/ee%ﬁ
applied to the disc D, using biras electrical source 13 Additiona ﬁy,

t he di f f ecehorpigtedtive ﬁﬂxln eandflutbmaghnﬁ fidsy B teIlmpmmtnwdylngmeesup@twced to

each el ectrode 11 was set at_ 180 Subsequ. ubrd cati ng film

Ch ckeas TS 4Eh B Grmdas o He ot P yrahy s RB IR et el ont o
the carbomegdiugi ective film thereby yielding a nmagnetic recordi nU nmedi um
The glide aval anche test, and CSS test described in the follow ng were
performed on t ke a%EH08t iip g cBABTREFURRRI TIF P 397erdg de ‘éi\‘?anQFFé‘I‘FémPE%C{ the

gl i de avalapehtenl 1V CRARG! e GASSH SRELTR KN MBSUTRBSW Seacifbdchiy 911 Nd

tester (DS4200 manuf act ured~by Sony Techtronics) |In addition,

test, usi ngraamlwa}'ﬁeadqi tlaancssho@@smglmeM/aHoweva‘roﬁmetm@m mamﬁsctamug

r ot ati onal eed o erature of 4 m dit

5056 The agianee repraiegnedlnaotabe G IR bR TrRhyon s Sy i i e

r ecor di ngthee@hdhingd Progeds rh@y pegtedd ehier probéss eofrinadiating afith slrawold: raysalafer 15
(Test Exarrpl es 96 - 99)

forming the carbon protective film
In addition, the surface of the carbon protective film may also be washed using
water without undergoing irradiation with ultraviolet rays Furthermore, the surface of

the carbon protective film may be irradiated with ultraviolet rays without being washed



Magnetic recordi ng nedi a were manufactured, in which the average surface
roughness (Ra) of the substrate S was nodified by nmeans of adj USOiB"Q@AR"?UUZ
duration time for perform ng texture-processing The glide aval anche S
and CSS test were perfornmed on these mggnetic recording nedia The results
are shown in Table 15 (Test Exanples 100 and 101 ) lol 0 8 MAR 2002
Magneti c recordi ng nedia were nmanufactured, ~n which the average surface
roughness ( Ra) Adflitiohalls uins theatmeeti®didsr chrmmpediring meangicofrearoding ymeditiine

particle di arrcﬁt er OB t he abrasive \%Z‘Fet ifcrl es utﬁgd in texture-processing The
glide avaPefiftHBe (RJre AT ESSVERL™ ¥R "BV For FAOR" QLS Y D Actape-
recordi ngvﬁmmxgg PRRedsefMbref RIRo-21AQ¥N0M Fhelsubae bf e(chffh groRbBMlcerilkOdde A
magnetic recordi ng medi umwas manufactured in the same nmanner as in Test

Exanpl e 9ecrapadioft ieavessodinnestormetit the carbon protective filmwas forned
according to tﬂ?th%ﬁ@l%»@x@%f@@teﬁs&s @?Eﬂ%eé@ﬂ?m@aht@'& ?r\é%#%ﬁﬁ&ﬁ utsﬁ?tcoﬂ&gtecss

test were perforne magnet1 ¢ recordi ng nediu e resufts are shown
in Tabl e &xample) 8 MAK 2002 | 02 Tabl e 15 Osc~I | at ~onNunber Abr asi ve
~~Aver agel_d =de ' cuon !.frequencyof rotationparticle !surfacei
aval anche(Tsst Ffﬂ‘@llij%g* di amet er jroughness(p Inch)substrate(gym) iRa (A~ !,

11 (rpm) Test AEX#MRHLE r@BrdindhedBkh Wb MahPebidfed! udthdd plasha (88D 2fammie 96 -~
31 4003 ~17--- 1 U0 I 4 Test Exanple 97 i OEJ ~0 31 18 U 32i U 40
i Test Exapphkrag@let raGigadiagon device) aB@ alwBhMgsppErmyshevem BigurelJoUand3T.20 29

0 TeE IR ks il ke 20Test Exarmle 101130001 0

After an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95mm and thickness of 0 8mm) was treated with mechanical texture-processing to
form an average surface roughness of 20A. a non-magnetic base film 31 (with a thickness
of 600A) comprising a Cr alloy, and a magnetic film 32 comprising a Co alloy
(CouCr,Ta,) were successively formed on both sides of the substrate S, using a
spattering device (3010 manufactured by Anelva), to obtain a disc D

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

A mixed gas of toluene and hydrogen, with a mixing ratio of toluene to hydrogen
of 1 to 12 by volume, was used as the reactant gas Additionally, the inner pressure of
the chamber 10 was maintained at 6Pa

At the same ume, high frequency electrical power of 450W was supplied to the
electrodes 11 to generate plasma, while applying pulse D C bias of ~120V (with a
frequency of 200 kHz and pulse width of 500 ns) to the disc, using the electrical bias
source 13, to form a carbon protective film 33 with a thickness of 50A on both sides of
the disc D The temperature of the disc D, and coating rate were maintained at 130°C,
and 450A/min, respectively The difference in the phase of high frequency electrical
power supplied to each electrode 11 was set at 180° In addition, the distance between

the disc D and electrode 11 was set at 30 mm



Fromthe results shown in Table 15, it is clear that the magnetic recordin
medi a manufactured according to the plasma CVD net hod, wherein theaavmaawgz
surface roughness (Ra) was 1 - 20~., exhibited sufficiently |ow glide

aval anche val ues and suction val ues, |Bading to superior CSS and glide

aval anche properties As explained in the aforenentioned, according to the
present invention, it is possible to provide a highly reljable net,i c
recor di ng mediSubsezxbithi.t thegdisapBr wheraisIhaneargen qrrolhtYes fdie ng’gptefjes,

which is capabl e of ipcreasing,the recqrdi i f /b dhh@Nhdparatad. hout
| oweri ng aLCFFé%B'ﬁt‘BLI}‘e ﬁfodﬁg??tfoé’ dtot‘?grraégﬁ%a(r% tfﬂ‘éi ?oi I %’ ﬁg ‘i]gncl)t'heédé{enbodi nent

of the mgfhod, iy surmbehas Wdsiedisimaanespuse macor di ng nedi um according to the

present invention is described, using .an exanple in which e CvD
appar at us showrhei gisEilyras then §rag egta ﬁ\et %@F}%&?f n’é“ ﬁ”c;ﬁ-errg%n%l % ?g’gasse film

and magnetic fi.l mare f. RO uitAfsletdhy Soutea7sagnet i ¢ substrate,
accor di nd"tq‘g‘aieﬁémshp‘élfr?\g?[egg%tsﬁ%é rethod, to obt ain a disc D The

non- magnet i ¢ sH&sin; aineetmyer dampp | (s@nafagtusedh Sy r Hskiot Rarkij. sWhkhelbatl§ sed as
a substrate for magnetic recordi i G iRethdd widig of 14nm).

af or enent Fi@fate “‘”Qg‘QFelVl&ﬂ'sz?fg M *Qgﬁ%q@d"éﬂg?g‘?z“g?ﬁt healpﬁon- magnet i ¢ substrat e
~s pref erghl ysehirRahe ditkividiett /@y lsbiirepI76 ¢ e uhgvinlie rapsrradhatiemves performed
texture-processing In particular, the average surface rot%h ess (Ra) is

pr ef er abl fpr BA sedvads atragellemingnce olpLOMW/gryingsr & DREOSAY SBTAMOSRIETE i " hej ght
property of the resulfa IS WRR i hg WHRRIng Mpbaratiideain’ akd yheneduced
The material s g‘ﬁb&e?%ﬁn@%&éggﬁggﬁt ag non- magneti c bgsgbfi | mand magnetic film
are as degGidieribtiBar N@oniblin eduit 20908 dvaSuemigdetit after washiag e 1he BFRRF ded

wi th the non-nagnetic base filmand netic fil h 5 i
subst r at eprtesorelfilip acotdng 18 ‘M%ﬁ% %g'ébrré‘ftall%%ﬁh%lsgtv?lgrgg%g\trhg%g f&fnt 0

the chambegs 1) ofen!Bfind BERaiMOhARRAE abdssdingibdine sur face of the disc D
is exposed'to a reactant gas, which is supplied fromthe supply source 14
t hr ough t (st Bkamygde68) on tube 15 into the chanmber 10 Gas is exhausted via
t he exhaust tube 16 from chanmher.,. j 8 ih hge Se Wahidriaslin Tele
nmanuf act uri ng %e?ﬁ%?f”ﬁd'ﬁ%orrgfi"ﬁgﬁ?%&?r}%ﬁp@gégﬁte%nﬁodi nent, the reactant gas
i's preferablyoR dpitvae aieeexgamion that an eecimgasamp (avufdéored bndshpdPerfeh

which m xing ratio of butadiene to hydrogen is ef i, th of
100 to O ca@bteooﬁUlﬁdwmgdﬂﬂﬁ‘é,"leéﬁﬁp'sn%f‘é %Wé?@?%ﬁf‘y"f%%%%(‘w@ talﬁatlggg'g“elf
the mixi ng. §fde af Pi adiieRand itdpidlay somat Tsnaad gasdiby Dvobuiredised ess
than the aforemnmentioned range) the coating rate beconmes too | ow, unsuitable

for pract iwgal uliradolet rdyalfopd@serondoa mAdBIRATEE (Of 7MWNER (EPRGE PliEPsen gas

af orenenti oned m xed gas of butadi ene and hydrogen as the reactant gas, the
mi xi ng r a@fEeBRBut adi ene to hydrogen in the reactant gas is preferably in
t he range(wpgsttqgmb@ﬁ)@ - 1 to 100, and nore preferably 100 to 60 -- 1 to 25

When forming the carbon protectiye film the inner pre I nber
10 is prefer abINn@éﬂetH‘tfeﬁC’fSF@d@F‘éPWi W%ﬁ"\?&'l’%&t,ur 18htR%§§r§%' a-n?'IirOHI;l:’?t‘ g\%%lt he

same ti ne’Exgi[r%Pe é%’ %P\eﬂ?& Soh tha Fhe SO¥VEY wad irRidRit@r whh yiltbnotet2@@Ounter s
supplied to e el'ectrodes fﬁ, usi ng the high frequency el ectrical source
12, to gengitadre apl asma, and a carbon protective filmis fornmed on both
sides of the g:jsc @ﬁ)ﬁ means of plasma chem cal gas phase growth, using the
af or ement | QR¥EPERIE Hit gas as a starting material Herein, the )

af orenent i oned QuiadiNRcortnSMetiam aas aufanbahinsthesewefroannehas FaleHn

protective film 0 8 MAR 2002 104 Wien suppl ying.el.ect.ri : t he

el ect r odesExaniplep®l with the gxeeptigp g?"éf*&tﬁf‘% Its’d” %éwgﬂ?d ;5?1?31}15? e\gi?%’f&%l\gg%taﬁgc al

power suppl| ﬁ‘g 1&sP u?t?aqj?ol% ﬁgé&&ggﬁ-@:séﬂﬂ ih frREEaniPle BB @RS usdd maki ng the phases
pli

of electri€ POVEr  sup to each electrode 11 different, it is possible
to i nproveTiekheExaanld 7@) rate and durability of the protective film The

difference in the phase of el ectri [ tQnRafinft 85ty ve8 IS
preferably in tHhdn4&0RYe "Pr m_edﬁg.kvagnﬁ |rf1a%t)u§r94t1 :mgﬁ)leaéra, the opposite phase

(i a, 180p Jngpl@tsgfeﬁ&ebemam@dtambawﬁmrwioteheaysmbmm pertreedi ve filmis m
t he range of 30 - 100k and preferably 30 - 75~ If the thickness is |ess
than the aforenmenti oned range, the resistance to corrosion of the resultant
carbon protective filmis decreased If the thickness exceeds the

af orenenti oned range, the resultant nagnetic recording mediumtends to
(undesirably) exhibit greater spacing loss at the tinme of recording and
replay At the tine of form ng the carbon protective film bias such as high
frequency bias and pulse D C bias, is applied to the disc D, using the

el ectrical bias source 13 When using high frequency bias as the bias, high
frequency electrical source is used as the bias electrical source 13, and
hi gh frequency electrical power of 10 - 300 W preferably 10 -- 150 W is

b o o o "



When using pulse D C bias as the bias, a pulse D C electrical source is
used as the bias electrical source 13, and a voltage of -400 -- {J®OWAR 2002
preferably -300 - -50V is applied to the disc DIf the voltage is | ess than
the af orenentioned range, resistance tgssliding of the obtained, carbon
protective filmis reduced If it exceeds the aforenentioned range, abnornal
di scharge tends to occur in the chanber 10 during coating) |eading

undesi rably t oThobondedsand texbrspmaef tesfr gt GSDHmest descobed ontherfoll@etnigweerki | m
Addi ti onal | tﬁe pul se width of the aforenentigned pul D.C bias i

pr ef er abl 96'%%?{"16 QnreaRly Fragpeticyr eCordisE Ry f‘maggtaf'}‘?g 'p F%‘E{h‘éﬁ%‘{? aif%re'BF'étf‘E‘leabl y in
t he rangeTred Bxples-1 Gz 0 a MaR Zooz 105 By neans of perform ng bias
appl ying, the carbon protective filmcontains a higher content of

di anond- | { RBopdebHBAIQ BEL) , whi ch exhibit both an increased hardness and
superior stren Lt} tcatl fl i t he
protectwe fil mgg“}b&y&ﬁg%%g&%?&g%af@ﬁﬁgp%tlfe'%gﬁ?@?lgn%%\%m%i@ agérqlol\éaaggquegEt he

af or enent (AK2IS mamfbaotedriiyngsaie Giasd) fdyyl Srpanasesoindighien geraotrdt abheernaao ;cdls. or
a m xed gas of but aéji ene and héfjr Qgen, whi ch m xi n% rati o of butadiene to
hydrogen ¢ thipknessot e dbrispting i g3 grior 1P this opsErtigy 2pd plisrethisapefaan M@act ant
gas, at tfenthigBlaRl if QeffeRded NEHE HiDORsPEOME Gltirkanhd kil 3utwisSmPRGRIMLe to
forma carbon protective fiTmwith a superior durability As a result, it is
possi bl e the pesikien whereghe rotuspnessered i20mm. hismgdiSCGxki | e mai nt ai ni ng t he

dur abi | i t? Saglnqotl;f@regtr ovide a magnetic recording mediumthat is capable of
reduci ng Ba i'ng I'0Ss Consequently, it ~s possible to provide a highly
reliabl e magneTheafosmmentdong meghetinrestindind mesdiunapablreaart asurdtatdrantpegd
increasing the recording density w t°$out | owering the output, properties

ther eof ARIQO0BABINIaRd aggmAgratge BF L ek o MRPust ddedpin 9f th thigknepeoidihsc D at
the time ghtAHT A6 §b§rlea{o%ﬁ c%;e%%ﬁtaha%ﬁ@ {HR oﬁé?aicﬁ,%aome%mﬁ%%ﬁvlﬁ film

contains a highér content of DL | eading to a superior strengt

addi t i on, pértentageal $be plusisiess of tthe lubpicavrg filre omas moeasared, at | thaghopigiotn an
efficient Broducti on. The.r eason thtat t he carbon.protectivg ébl mw.th a
supenor dUPEBi 5 yadiss BE ﬁ’i";oﬂa&é‘a Gyrererdng Jreqii, Jisasyst adPBRe YHET or a
m xed gascipfuniielenct) @RE 42meh (dyith @GeUmfevdiice)) ré¥padinglyl adih®@FOIIRbUt adi ene to
hydrogen is in the range of 100 to 0 - 1 to 100 by volune, as the reactant
gas when @%rcr’ﬁSnBCSt he af orenenti oned carbon protective film is unclear
However, this r i ot t f he on
protective fil mnm({lg ?g% 2 ) gﬁgfgscgﬁr%ﬁ)tn gg Bkgg\m%dcﬁn etgﬁi%ﬁrtg&g?lt@%gel | ent
har dness, magmbticmesording phedismaf0(vemeas. | at supeaticor! sgeed gt 1200tpyn. navelns l@f  usi ng
t he af orenenti oned the . reactant..gas A m xed gas wherei n other gases
such as ni*fP5¢ g‘f{? 058‘3%}*{3?‘8%%&%%5’“ 'fyu%r}trlisr{g, and the like, are added into the
af or enment i onedinbuhiadT8Be t€as twor typexest géss olerbupatiraize andohy deqgeheat a
mxing ratio of for exanple 1 ~ 100 vol % nmay be al so used as the reactant
gas ~ -aiqmgmeptionedimagneycdaenrding inediumiwaspaliad aivh sransratytendly 18935 der 3 whi ch
may serve car. : e : h opyl ene,
DUt y1 one, "Bt Ang! Pans SRACRENGE 0SS SHElANaR) apE W HE oukl M0 B0 oBLREY: cne
gas at a prox¢sagvas peifornadfd, Thertest xesnis$ are shown ir00abloll1 % may be used i nstead
of the af&ret ntipgn%i) but adi ene gas In addition, in the aforenentioned
manuf act u 'eﬁgﬁf?@f 4 ’accor di ng to the present enbodi nent, a carbon
protective fil mmsgreait heDrdife aediung waslnyarutacturpd astme seve maingpds ovaver
the nethod for manufacturing magnetjc recordi ng nedi um according to the
present i RYERRIEGA With theexespiipn dept mghesrigadighion using wirawioley &ays nomwashing| so
conpri se @aﬁb’érﬁcjrln@?{er structure conprising a plasma carbon |ayer forned
according to t pl asma CVD net hod, and a | ayer fornmed according to another
met hod, s{iekt Bxangplspdlk t er - carbon | ayer and/or tantalic nitride |layer forned
according to the spattering nethod In the following, the effects of the
present invention are specified, using concrete exanples



(Test Exanple 103 -- 117) After an alum niumalloy substrate coated with a
NiP netal film(with a dianmeter of 95 mm and thi ckness of 0 8 rmbm
treated with nmechanical texture-processing to forman average surf R 2002
roughness of 20~, a non-magnetic base fisl m (with a thickness of 6000
conprising a O alloy, and a magnetic filmconprising a Co alloy were
successively fornmed on both sides of the substrate S, using DC Magnetron
Spatter Equi pHﬁnmagrﬁiﬂlaﬂemdﬁm&anedimedwbym&nﬂ"hmm)ed 1 (bheohimaei maaneti san Test
Subsequen;l_%/l,E th sg}D was transport dinto the ]cha '%{}Of tthe %Icasrra
CVD appar &i¢faple dwi"i’l G EEER U Gta €\fRO8 ERIEFtaE Fimpm H’ethé Fisoisliiirce 14
i nsi de’ of whb frfiRA AR 14 ReomafBolal WBnolingthatieofitimRMSdel ectrical power of
700W (with a frequency of 13 56MHz) was supplied to the electrodes 11, to
gener at e pleasshwampladSh carbon protective filmw th a thickness of SO~ was
formed on both,s f i

formng the caﬁb@%g%glgtr%(%:otb?\?g @%lﬁnvr\g% lJis.'e talfgdﬁ t%hsath% xsntq gﬁegeagﬁmen t he
el ect r odeExdripland vdiisihe Bxyepaios eiar atasiifgmad her perfoemedr essure of the chanber
was nai ntajined at 2Pa The type and flow rate of the reactant gas, type and
power of biess é?ﬁ‘b‘??gﬁ)to the disc D by nmeans of the bias electrical source
I3, differenceal faddi6ic REREnS imdHidh was%%d%r%@%tﬂé);an{er AR Q¥ ﬁlﬁgtt rical
power supplied to Yhe electrodes 11, thickness of the formed carbon

protect i vExdmﬂalmMamm thogk¢epgon dae irsadeatsowth wleraTiakst eaysGvaSuios peffantedy, a

| ubricati #_:I m 22 a thickness of 20A was fornmed on the carbon

protectiv "b@” ans of applying a fonblin [ubricant, thereby nelding a
magneti ¢ recor di fgedetidireddrding nedfurh eeds, mERITi@Sed in tiRSdameidnaR 8 in TRECt T al
anal ysi s descrlbed in the foll owing were perforned on the resultant

magnet i ¢ E&opig] ﬁQ"‘h‘%ﬂ’iea?xF‘?P“toﬁéh‘t‘:SS“bee's‘frad‘GEP‘F\BS'&%] ulprr ViRl ay an@IBSHEEr at i on
was perfogvggag(],c ;‘(%91%9 times at a rotational speed of 7200rpm and a

t enperature with a humdity of 80% The
The aforementioned three types of tests were performed on each of the

aforementioned magnetic recording media The test results are shown in Table 11
In the table. the plasma CVD method is referred to as “pCVD method”, and

ultraviolet ray irradiation 1s referred to as “UV irradiation”



dynami c stiction value was nonitored after allow ng the magnetic recording
mediumto sit for one hour In the corrosion test, after being all qy\gd}gAR 2002
sit for 96 hours at a high tenperature (60C) and a high humdity ( t he
magneti ¢ recordi ng medi um was soaked in7 SCcc of ultrapure water at 25C, and
the extraction amount of Co (per substrate area) was neasured |In addition,
after being allowed to sit for 96 hours at a normal tenperature (25C) and
nor mal huTnbdhtB/ (50% t he extractl on armount of Co was rreasured in the sane
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From the results of CSS shown in Table 11, 1t is clear that the magnetic recording
media, manufactured according to a method in which the carbon protective film was
formed according to the plasma CVD method, and ultraviolet ray irradiation and/or
washing with ultrapure water was performed prior to lubricating the film, exhibited
sufficient durability against CSS operations performed 5000 times

Additionally, from the results of the bonded ratio test and spin-off test, the
magnetic recording media, manufactured according a the method in which UV irradiation

was performed, exhibited a lower reduction rate in thickness of the lubricating film,
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9Test Exanple 10~) 'O 71 10 08 10 180 3~1533 8Test Exanple 110 ~0 88 ~0 070
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. -Test ExANHPEM_4 12 25 10 L 10 .~51 021558 OTest Exanple | is ' Crashl O
.t 10 580 351309 elfiatibd X an®la®orémbfiored, 12édrdid B3Ghe TReienEXAERtEN, 11 7is
:Crasho 2 3, i i0 7.i- , i- Fromthe results shown in Tables 16 and 17, it
i s clear theapbleHe formyaceibonmseeientinhelip supsimifdacabilited Ace 6sdling 1% 8lse he
met hod whey ej | | L : [ - t] f | and
but adi ene Fgados > FiekHe 2itoh ok ilerfich ifing? Bhiig B rhilfafing O 2hirin 220,
of but adi eineabilayhyrdribgeby ofdudOfpatmgloss- 1 to 100 by vol ume, exhi bited | ower
suction values, |eading to a superior resistance to the CSS operation
Addi 11 onal |y, [GOPEHERRsr 1t HABOPRE SAFPHES rabEr AP FAESHirE5O5HRS £ r om
the resul tgedfmt RGPS Rapadle tarsiuffitiBRafifEe R iR eeorRaReddnSuy 8F@Hdlk NY
medi a di spl ayed an extrenely small anount of corrosion, and exhibited a

r esi st anceéowenmthe ogfpphproperiesithgrasé whi ch poses no probl ems from practi cal
use Additionally, fromthe results of the Raman spectral analysis, the

af orenenti oned magneti c recordi ng nmedi um exhi bited a G band peak of a
relatively highgr ther &sléeviag,, afothe@iwehbolignenanof ahdirgdenbhi€ @osrdeRt méddm 0 22
| O0.,7 1538 22 0 8 MAR 2002 110 In %gdition, t he magnetic recording

medi um maRGEUEng e theRIESPHINNENOS 1§ HeSCHREhod wherein the difference in the
phase of high HiRqHeneNc fdfdind %Hitﬂ@‘é)@éor&H%%ikﬁdprE&nF BRb&difiehl OfRSrides| VRS
180 degrees, resulted man 1 nprovenent ~n the coating rate, conpared to
those with soudirefemdac ¢o ithatt flewrhas &igee ekpl lai tiedmiagnedticereabahimerediumed,

according to the rreéhod for r’[ﬁ)lguf a(%t ur i ngn magtget ibc rec§r di nrg medi u
accor di ng £PHRE 15B% BIFFC RAROLITBFL § fOP-InGeBENT BIBSTRE 3ot Y RMARIH G rPase
protecti veilii 3 MavnhEneticUREE2.0f catbbmbidrbdtive Amas 3 efildl 4 lubkicativi; RS Skklre to

make the carbon protectwe filmthinner while also maintaining a sufficient
dur abi | i t prowded t her eby reduce spacing | oss Accordingly, it is possible to

provide a hi ghlé&afn?'le!sagfl e”ﬂgﬁ'-%d;ggetqcegl%s‘#xja&g S%}Wﬁb%f% afinki A laﬁ(&)?f

sufficiently increasing the recordi ng density wthout [Towering the out put
propert i esubtureafateliddit a dimairleta] film, in;addoswitblsebstrates sgompaseg ghss. coabnng
rate, leading tq an efficient production Industrial Applicability The
magneti c raéggfeolﬂﬁg medi um and net hod for manufacturing the sane accordi ng

to the present The\gifhdedT th@duibagata Bk ipRderablyardab@neith Gxtueeprdtesithgdadh wgn (and
manuf acturi ng nmet hod for the sane), such as nagnetic disc or the like,
whi ch is URSSHANEHBGREIG-Brogessiige qdn pegtiqular, the average surface roughness (Ra) is

preferably in the range of 1 ~ 20A

The material and thickness of the non-magnetic base film 31 and magnetic film
32 are as described in the aforementioned The thickness of the non-magnetic base film
31 and magnetic film 32 are preferably in the range of 50 ~ 1000A, and 50 ~ 800A,
respectively

The carbon protective film 33 is formed according to the plasma CVD method

The thickness of the carbon protective film is preferably in the range of 30 ~
100A



0 8 MAR 2002 111 CLAIMS 1. A nethod for manufacturing a magnetic recording
medi um conpri sing the steps of formng a carbon protective filmaqnto the

di sc, the non-nagnetic substrate of which is |ayered with a non- AR €002
base filmand magnetic film using a ré&&ctant gas containing carbon atons
as a starting material, according to a plasma CVD net hod, wherein pul se
D.C. bias having a frequency of 1 kHz ~ 100GHz and pulse width of 1 ns
SOOps is appl i &t theomsanalicdieserding medim jaggordingf or Hienpresene emehodumnens dteectl ve
film 2 o} r i accar di ng
to ol ai m DOTEHURRCs BARMLAR AhfRegu TBRE St EolBGRloe e THe Bt i "D
fr eq]lcjencycmf:pdrﬂdk-lzrebr@kﬁnmdv puhhsﬂollmad:jﬁ fmﬁndlmszjwh@@zﬁ (5|$ némbat Q\hhmag‘eor
manuf act ur i a magneti re i ng nmedi um rding to claim1, erein

sai d pul s@o%%@ar BY“g aPph "’g uLthe Hnge ‘gofpé)rr 58203 Thyethubaessoplt Hige of
-400 -~ '1Qr‘$rrcé‘rmo'°ﬁlHPiJ“@%réf@fablﬁH@ﬁ@&hé‘é bhg-~aomagnetic recording nedi um
according to claim2, wherein’said pul'se D.C. bias applied to said disc
conpri ses an aheﬁ@ﬁg@evtﬂcmge thd termQprincipally/ co®prige nugmitics fhat theppamfiadarur i ng
a magneti ¢ recardin um.acc clar ms 1-4, wherein a m xed
gas of hyd? oTar tolrsrcgrrlrt 0 r%n aenr‘rgunq rqk?f‘“?@e M %ing rati o of hydrocarbon
to hydrogen is in the range of 2tol ~1to 100 by volune, is used as said
react ant gad0-@hChigCHz0 G Cla®-ET2FaOratGad)-6§ 21CHOCH3-GHCHR®OH or

manuf acturi ng a rhagnetr c recording medi um according to:claimb5, "wheflin

sai d hydrocarbon Horrprr ses at |east one type of hydroc@dbon sel ected from

?gowg? Ics\évlelrc&%t,gpgé hﬂ;@.ﬁg@g@ﬁ&ﬁ@ E(#nsaturat ed hydrocarbaqns,, .gnd

F- (CFZCF?_CFzO)q'CFQ_CFZCHZ-OH ..... (3)
HOCH?-CF20-(C2F40)-(CF20)s-CF2-CHO)OH eeens (4)
HO-(CH2CH?-O}1-CH2CF20-(CF2CF20)y~-(CF20)-CF2CH2-(OCH2CHO),\-OH - ---- (3)

[wherein, m, n. p, q, 1, s, t. u, v, and w represent an integer, respectively]

If the molecular weight of the compounds represented by the aforementioned
formula (1) through (5) is less than 500, “spin-off” worsens On the other hand, if the
molecular weight of the compounds exceeds 6000, the fubricating ability of the surface of
the resultant magnetic recording medium deteriorates, undesirably leading to an inferior
CSS property

Among the aforementioned, compounds represented by the formula (1) or (5),
with a number average molecular weight of 500 ~ 6000, are especially preferred as the
principal component of the lubricating film 34, since these compound improve the spin-
off properties and CSS characteristics

Additiorlally, the lubricating film 34 may principally comprise a mixture, wherein
a compound represented by the following formula (6) is mixed into at least one
compound selected from among the aforementioned formula (1) through (5), having a

number average molecular weight is 500 ~ 6000, at a mixing ratio of 0 1 ~ 20 wt %

P/N‘\P ..... (6)
(F-cﬁm-oh—&r— ]‘G—(O-Csﬁq'CH_%)ﬁ-x

-

\p,



7. A magnetic recording medi um conprising a carbon protective filmformed
onto a disc, the non-magnetic substrate of which is layered with al8 MAR 2002
non- magneti ¢ base filmand magnetic film wherein said carbon protective
filmis formed according to a plasma C®0 net hod, while applying pul se D.C.

bi as, having a frequency of IlcHz ~ 100GH# and pulse width of I ns ~ SOO-s

to said disc. 8. A nethod for manuf a%turl n% a_magnetic recordi ng nedi um
accordi ng to clHRews, X ESPRESENS 2R dtegrs PEM58 Ut ©F or mi ng a carbon protecti ve

filmonto a digge t’b%lﬁl%m”gékérﬁs %ute%ﬁ@m Ol hepinC Bx1 SnidsA¥ENRE Wubfird

non- magneti c base filmand netic fil using a reactant gas containing
car bon at mapseseed by t( BiC. Hm@)mﬂ/@rr |(@I-C Hadélbb dienepnded &0 pil lssstwnCyvElested fro
wherein the terrﬁgratured o; sai m wﬁélhsi_@etma a lenperat ure in the range
of 100 ~ BB f ATLETHALKC %}fosf’]ﬁo t TOrMHE LAl ® Larboh protective
film 9. A metha@nf@ingraRuUé@siduht Ngp@seragn et ithe rf@mandl(ag iffel propeaamadi ng
to claim5, conmprising the steps of formng a carbon protecfive filmonto a

di sc, t heCBeite il cempauad fSaIF@ hen (i ¥h “b-She pEIcaUnGARINNAOhES-SHEdeRe ol ¢
base fil m@n&umnﬁéan&lé HCmdua@n@glu% a&a%rafzg 19%&9{%%%&9 C‘S@rﬁ?gﬁrﬁl ons
as a startlng mat erial accor ng to a p asnma , wher ei'n e
pressure Bfhes ahel prapactaaat canaentiaf tb@afqrﬂn@m@npdmg@edi 20 . vt %, bi@Pars déOvedA

nmet hod fo uf act uri etic re um,according to claimb5,
wher ei n tﬁ8mr}Bgs°§)mp8u%‘?g§§' %Btg’ga{%genl?eaéa‘ggﬁcgg%‘é? %% e range of 2 ~ 6Pa.
11. A nethod fpf tiploagid!r the OmethBRIBL mhahuFRaR NS fig AFBEHMENIBRED thighghd O
claim1, conprising the steps of forming a carbon protective filmonto a
di sc, thequ@Wt*ﬁggfﬁ g isdessriped e of which is layered with a non-nagnetic
base filmand HP&%QEt'oc‘mirlu'fa[&uﬂg%hé‘ﬁo?erﬁe%ﬁﬁﬁ@d’&ag@%c%&h%&' uﬁﬁ”mﬁn@t ons
as a starting material, according to a plasma erein said
react ant gasn-mmpetncs%e Hiltor bigamd mlagna)crﬁlnew opass fqrmedﬁundiot}u hlde.m)f(a ngn+ ati o

of hydrocarbont rogen,s inth e of 2to 0 which
it vgen. GRS A GRedHing o eOoN GHE B # sPecRng WrOSd: & HE MG gas.
12. A et pshidiRh diRmf acturing a nagnetic recordi ng nmedi um according to
claim1l, corrpr|S| ng the steps of formng a carbon protective filmonto a

disc, the non Sutpeguepiir thedmc D5 tmgm@dn@ubsphm@rdp qﬁmq:@foresneqnay@qded
with a “0 %Q%Sp ?aﬁs ahh%eaﬂﬂfa%@%'ﬁ%'&s{)b'lﬁﬂex;?&s%"i%?&c a%t k@?
uta I ene gas

nmet hod, | ng a rea as contal ning car at’ons ereln

or am xed sgp;shadffrdimtthumqmdy muﬂcmyfﬁtlUgegh thie nntndduchion hﬂ)ermixunrtgtheaihambaf
but adi ene hydrogen is .in the ran of, 100 to ~1to is. used as
sai d react %&’Eo"‘}gl&’ ‘C%\KIH‘? B 13 5PRg v g‘g‘& ef“&“@%ﬁ”&] dgé c'rﬁ%"‘te en%’ts%ﬁmf or
nmanuf act uri ng phdRABht gasiEL alikddghsBE R ibcA®6R i RGdrbgert vatHa hpxinpaIei N
the thickness of said carbon protective filmis in the range of 30 100A

14. A net poliydrerarkem e dbdirgenginatheatange i e £ ool di ng trd@Puby aeburdi nB’et o any
one of clai yg?ﬁ)r r ype of
hydr ocar bcm seﬁé%‘gpera éﬁkgﬂéﬁégegggﬁgétgﬁgi t?? ?ﬁg%@’%ﬁi"r ?%%Attﬁofg{)mdd?ﬁ on

hydr ocar bloner janwetreduhgdrboarbomesd loydr oomatuoaied bylodaoerrs, candl l@wver cyclic

hydr ocar b&&s. AN A A(ye. AAL?.A3LA A2 AU AY.AAA _AL.A@A

CAly. Al @ AT ‘Pﬂfg?“s.A@/ A3 A A AHY4A. A@A. AF_.Ah. A S.AS. A .As{ .A AAA A

. A. 8. A. AA2 . Anin is’bperation, the flow rate of the reactant gas is preferably in the range of 50
~ 500 sccm Additionally, the inner pressure of the chamber 10 is preferably maintained
at a predetermined value, suchas 0 1 ~ 10Pa

At the same time, using the high frequency electrical power source 12, high
frequency electrical power of preferably 50 ~ 2000W is supplied to the electrodes 11 to

generate plasma, and a carbon protective film 33 with a thickness of preferably in the
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range of 30 ~ 100A, is formed on both sides of the disc D by means of plasma chemical
gas phase growth, using the aforementioned reactant gas as a starting material

When supplying electrical power to the electrodes 11 and 11, it 1s preferable to
make the phases of electrical power supplied to each electrode 11 different By means of
making the phases of electrical power supplied to each electrode 11 different, 1t is
possible to improve the coating rate and durability of the protective film The difference
in the phase of electrical power supplied to each electrode is preferably in the range of 90
~ 270°, and 1n particular, the opposite phase (i e , 180°) preferred

In this operation, it is preferable to form the film while performing bias applying,
such as high frequency bias or pulse D C bias, to the disc D, using the electrical bias
source 13

The conditions of bias such as voltage and the like are preferably as described in
the aforementioned

The resultant carbon protective film 33 contains a higher content of diamond-like-
carbons (DLC), which exhibit an increased hardness

Subsequently, the lubricant comprising the compounds represented by the
aforementioned chemical formula is applied to the carbon protective film 33, according
to a dipping method or the like, to form a lubricating film 34 with a thickness of
preferably 5 ~ 40A In this manner, a magnetic recording medium is obtained, in which
the non-magnetic base film 31, magnetic film 32, carbon protective film 33, and
lubricating film 34 were successively formed on a substrate S

According to the aforementioned magnetic recording medium, wherein the
lubricating film 34 principally comprises at least one compound selected from among the
compounds represented by formula (1) through (5), or alternatively principally comprises
a mixture of the aforementioned compound and a compound represented by formula (6),
in which the proportional content of the compound represented by the formula (6) is0 1 ~
20 wt %, the aforementioned lubricating film 34 exhibits a greater adhesion to the carbon
protective film 33, and hence provides for a superior durability

The reason for the aforementioned magnetic recording medium exhibiting a

superior durability 1s attributed to the fact that the lubricating film comprising the
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aforementioned magnetic recording medium 10000 times at a rotational speed of
7200rpm, and a low temperature of 5°C with a low humidity of 15% The coefficient of
dynamic friction on the surface of the magnetic recording medium was subsequently
measured  Furthermore, after the aforementioned magnetic recording medium was
allowed to sit for 6 hours, the coefficient of static friction was measured
(Test Examples 85 ~ 88)

A magnetic recording medium was manufactured, wherein the carbon protective
film was formed according to the spattering method, and the lubricating film comprised
the materials shown in Table 12

The aforementioned two types of tests were performed on these magnetic
recording media The test results are shown in Table 12

In the table, plasma CVD method is expressed as “pCVD” method
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Example 78 : | ZTETRAOL | . !
| 2000(1) | ; {' .
Test | PCVD method | Demnum SP (2) 1o 3.0 14l 38
Example 79 ’ j f ' .,
Test | PCVD method | Demnum SA (3) 11 42 127 33
Example 80 |
Test | PCVD method Fomblin Zdol 13 i 58 090 (T 22
Example 81 | 2000 (4) j
Test | pCVD method | Fombhn TX (3) | 33 69 088 ‘ EI
Example 82 |
Test ! pCVD method | Fomblin 32 67 1 079 ( 18
Example 83 | ZTETRAOL i
| 2000 (D+ | |
,r Fomblin Zdol |
| 2000(4) | | | I
Test | pCVD method | Demnum SP (2) | 10 , 32 0359 [ 23
Example 84 | + X1P (6) . ]
Test Spattering Fomblin 33 93 r Crash . Crash
Example 85 method ZTETRAOL :
2000 (1)
Test Spattening Demnum SP (2) 25 45 173 63
Example 86 method
Test - Spattering Fombhin Zdol 32 91 Crash Crash
Example 87 method 2000 (4)
Test Spattering Demnum SP (2) 23 42 087 41
Example 88 method + XI1P (6)

From the results of the CSS test shown in Table 12, it is clear that the magnetic
recording media, in which the carbon protective film was formed according to the plasma

CVD method, and the lubricating film principally comprised at least one compound
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Accordingly. the aforementioned magnetic recording medium exhibited a superior
durability

Additionally. the magnetic recording medium, wherein the carbon protective film
was formed according to the spattering method, induced a head crash or exhibited an
increased coefficient of static friction. from baking process at a high temperature
Whereas the magnetic recording medium, wherein the carbon protective film was formed
according to the plasma CVD method, and the lubricating film principally comprised the
aforementioned compound(s), maintained a small coefficient of dynamic friction even
after treatment at a high temperature

As explained in the aforementioned, according to the present invention, it is
possible to form a carbon protective film with a superior durability As a result, it is also
possible to make the carbon protective film thinner while also maintaining a sufficient
durability, and thereby reduce spacing loss

Therefore, 1t 1s possible to provide a highly relhiable magnetic recording medium,
which is capable of sufficiently increasing the recording density without lowering the

output properties thereof

Figure 8 shows another embodiment of the magnetic recording medium according
to the present invention In the magnetic recording medium shown herein, a non-
magnetic base film 61, magnetic film 62, and carbon protective film 63 are successively
formed on a nonh-magnetic substrate S

Examples of the non-magnetic substrate S may include an aluminium alloy
substrate coated with a NiP metal film, and substrates comprising glass. silicone, and the
like

In addition, the surface of the substrate S is preferably treated with texture-
processing such as mechanical texture-processing In particular, the average surface

roughness (Ra) is preferably in the range of 1 ~ 20A
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and Co extraction amount to the substrate area is 3ng/cm-” or less, preferablv 2ng/cm” or
less, or more preferably 1 5ng/cm” or less

Herein, the Co extraction amount represents the amount of Co extracted from
water. at the time when the magnetic recording medium, wherein a protective film 1s
formed on the magnetic film containing Co at 50 at % or greater, 1s left for 96 hours at a
temperature of 60°C and a humidity of 80%, and then soaked in the water at 20°C for 30
minutes

If this Co extraction amount exceeds 3ng/cm-, the durability of the magnetic
recording medium tends to weaken, which is undesirable

The thickness of the carbon protective film 63 is preferably in the range of 30 ~
100A

If the thickness is less than 30A, the strength of the carbon protective film 63 is
madequate, and if the thickness exceeds 100A. the resultant magnetic recording medium
exhibits greater spacing loss at the time of recording and replay, leading to a likelihood of
lowering the output properties at the time of increasing the recording density

Additionally, a lubricating film with a thickness of S ~ 40A, comprising
perfluoropolyether, fomblin lubricant, or the like, may be provided on the carbon
protective film 63

In the following, the method for manufacturing the aforementioned magnetic
recording medium is described

When manufacturing the aforementioned magnetic recording medium, the plasma
CVD apparatus shown in Figure 1 may be used

In order to manufacture the aforementioned magnetic recording medium, using
this equipment, initially, a non-magnetic base film 61 comprising a Cr alloy or the like,
and a magnetic film 62 comprising a Co alloy and the like are successively formed on

both sides of a non-magnetic substrate S, comprising aluminium alloy coated with a NiP
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The reactant gas is a mixed gas of hydrocarbon and hydrogen, with a mixing ratio
of hydrocarbon to hydrogen in the range of 2 to 1 ~ 1 to 100 by volume The
hydrocarbon preferably comprises at least one type of hydrocarbon selected from among
lower saturated hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic
hydrocarbons

In this operation, the flow rate of the reactant gas 1s preferably in the range of 50
~ 500sccm  Additionally, the inner pressure of the chamber 10 1s preferably maintained
at a predetermined value, suchas 0 1 ~ 10Pa

At the same time, using the high frequency electrical power source 12, high
frequency electrical power of preferably 50 ~ 2000W is supplied to the electrodes 11 to
generate plasma, and a carbon protective film 63 with a thickness of preferably in the
range of 30 ~ 100A, is formed on both sides of the disc D by means of plasma chemical
gas phase growth, using the aforementioned reactant gas as a starting material

When supplying electrical power to the electrodes 11 and 11, it 1s preferable to
make the phases of electrical power supplied to each electrode 11 different By means of
making the phases of electrical power supplied to each electrode 11 different, it is
possible to improve the coating rate and durability of the protective film The difference
in the phase of electrical power supplied to each electrode is preferably in the range of 90
~ 270°, and in particular, more preferably opposite phase (i e, 180°)

In this operation, it is preferable to form the film while performing bias applying,
such as high frequency bias or pulse D C bias, to the disc D, using the electrical bias
source 13

The conditions of bias such as voltage and the like are preferably as described in

the aforementioned
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Therefore, it 1s possible to provide a highly reliable magnetic recording medium,
which is capable of sufficiently increasing the recording density without lowering the
output properties thereof
In the following, the effects of the present invention are specified, using concrete
examples
(Test Examples 89 ~ 92)
The magnetic recording medium shown in Figure 8 1s manufactured as follows
After an aluminium alloy substrate coated with a NiP metal film (with a diameter
of 95 mm and thickness of 0 8 mm) was treated with mechanical texture-processing to
form an average surface roughness of 20A. a non-magnetic base film 61 (with a thickness
of 600A) comprising a Cr alloy, and a magnetic film 62 comprising a Co alloy
(Co,,CrTa;) were successively formed on both sides of the substrate S, using a
spattering device (3010 manufactured by Anelva), to obtain a disc D
Subsequently, the disc D was transported into the chamber 10 of the plasma CVD
apparatus, and a reactant gas was supplied from a supply source 14 into the chamber A
mixed gas comprising toluene and hydrogen was used as the reactant gas The flow rate
of each was as shown in Table 13 Additionally, the inner pressure of the chamber 10

was maintained at 6 Pa
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At the same time, high frequency electrical was supplied to the electrodes 11,
power under the conditions shown in Table 13, to generate plasma. and a carbon
protective film 63 with a thickness of SOA was formed on both sides of the disc D, to
yield a magnetic recording medium

At this time, pulse D C bias (DC) or high frequency bias (RF) was appiied to the
disc D, under the conditions shown in Table 13, using a bias electrical source 13
Additionally, the temperature of the disc D at the time of coating the film was set at
130°C In addition, the difference of the phase of high frequency electrical power
supplied to each electrode 11 was set at 180° Additionally, the distance between the disc
D and electrodes 11 were set at 30 mm In the table, plasma RF electrical power
represents the high frequency electrical power supplied to the electrodes 11

The Co extraction amount of the magnetic recording medium onto which the
aforementioned carbon protective film 63 is formed, was measured according to the
corrosion test described in the following

The test comprised the steps of allowing the aforementioned magnetic recording
medium to sit for 96 hours at a high temperature (60°C) and high humidity (80%),
subsequently soaking the medium in 50cc of ultrapure water for 30 minutes, and then
measuring the amount of Co extracted in the pure water Additionally, another test was
also performed 1n the same manner with the exception that the aforementioned magnetic
recording medium was instead allowed to sit at a normal temperature (25°C) and normal
humidity (50%) for 96 hours The test results are shown in Table 14

The results of Raman spectral analysis (argon ion laser excitation), performed on
the aforementioned magnetic recording medium, using a Raman spectral analysis
apparatus (manufactured by JEQL), are also shown 1n Table 14

Additionally, the hardness of the carbon protective film 63 of the aforementioned
magnetic recording medium was measured using a pico-indentor (manufactured by
Hysitron) These results are also shown in Table 14
(Test Example 93)

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

a target comprising carbon, was manufactured
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At this time, argon (Ar) was used as the spatter gas, and its flow rate was set at 90

sccm
(Test Example 94)

A carbon protective film was formed according to the conventionaliv known.
spatter-coating method, using a target comprising carbon At this time, a mixed gas of Ar
and nitrogen was used as the spatter gas, and their flow rates were set at 100 sccm, and 50
sccm, respectively  Accordingly, the protective film comprised nitrogen and carbon

The above-described corrosion test and Raman spectral analysis were performed
on each magnetic recording medium In addition, the hardness of each magnetic

recording medium was measured The results are shown in Table 14
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Table 13
| Protective |  Reactant gas Plasma RF Bias conditions
{ J film I‘ Toluene Hydr: electrnical Type | Frequency Pulse | Voltage/
: | coating ) (sccm) gen power (W) | (kHz) I width ' electrical
1 ! method ‘ (sccm) i i (ns) power
| Test . pCVD | 10 240 300 [ DC I 200 500 5 -100V
‘ Example 89 . method . L || J } '
ﬁ Test - pCVD | 10 120 500 | RF : 00 | - 50 W
| Example 90 | method ( | |
i Test . pCVD | 10 120 500 DC 2000 300 100V
i Example 91 ! method | i [ |
| Test . pCVD 10 | 120 500 RF 400 - 1 30w
! Example 92 method , | .
' Test | Spattering - - - - - - R |
| Example 93 | method | 4
| Test . Spatering | - - - - - |- - .
J Example 94 | method J :‘ ; | . | j
Table 14
T Co i Co Raman spectral analysis Hardness l Coaung
extraction ! extraction vG-line (cm™) Id/Ig (Gpa) | rate |
i amount |  amount (A/min) :
(60°C. 80%) I| (25°C. 50%)
(ng/cm’) ‘ (ng/cm?) |
Test 076 038 1543 8 0355 26 6 458
Example 89
Test 033 038 1556 2 090 247 409
Example 90
Test 121 049 ; 1541 9 066 205 7353
Example 91 |
Test ‘ 147 i 055 1532.2 0 50 198 789
Example 92 |
Test 1339 104 15723 414 103 -
Example 93 ’
Test i 147 119 1561 8 295 118 -
Example 94 | { 1
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From Tables 13 and 14, the magnetic recording media, 1n which a carbon
protective film was formed according to the plasma CVD method, and wherein the Co
extraction amount to substrate area (at 60°C and 80% humidity) was 3ng/cm2 or less,
showed a G-band peak at a higher frequency, exhibited a smaller Id/Ig. and displayed an
increased hardness due to the effects of DLC, compared to the other magnetic recording
media

As explamed in the aforementioned, according to the present invention, 1t ts
possible to form a carbon protective film with a superior durability As a result, it is
possible to make the carbon protective film thinner while also maintaining a sufficient
durability, and thereby reduce spacing loss

Therefore, it is possible to provide a highly reliable magnetic recording medium,
which 1s capable of sufficiently increasing the recording density without lowering the

output properties thereof

Figure 9 shows the texture-processing equipment used in another embodiment of
the method for manufacturing magnetic recording medium according to the present
invention

The texture-processing equipment shown herein is provided with a substrate
support member 24, which supports the non-magnetic substrate S for texture-processing
in a manner such that it can rotate, abrasive tape supply members 25 and 25, which
supply abrasive tape A to mechanically scrape the non-magnetic substrate S, contact
rollers 26 and 26, which press the abrasive tape A against one area of the surface of the
substrate S, and abrasive particle supply nozzles 27 and 27 which supply abrasive
particles to the area of contact between the abrasive tape A and substrate S

The abrasive tape supply member 25 is provided with a delivery roll 25a, which
sends the abrasive tape A out, and a receiving roll 25b, which receives the abrasive tape
A The aforementioned supply member 25 comprises a structure in which the abrasive
tape A, wound around delivery roll 25a, may be received by receiving roll 25b, at any

speed in the direction perpendicular to the radial direction of the substrate S, where the
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n3" 10%i$u& () - ¥hdlcontact rollers 26 may comprise a synthetic resin, rubber, metal, and the like,
and are provided on each side of the substrate S, such that the roller 26 lies in contact
with the substrate S, via the abrasive tape A, in a direction approximately perpendicular
to the running direction of the tape

The outer diameter of the contact roller 26 is preferably in the range of 20 ~
100mm, and the length in the axial direction is preferably set at a length which reaches
the most-outer circumference from the most-inner circumference on the surface of the
substrate S to undergo abrasion at the time of texture-processing

The contact roller 26 is preferably attached in the direction of the substrate S such
that the aforementioned abrasive tape 1s pushed against the substrate S with a
predetermined pressure such as 0 3 ~ 4kg/cm’

Examples of the abrasive tape A may include conventionally used, polishing tape,
texture tape, and wiping tape, in particular, tapes with a thickness of 0 1 ~ 1 Omm and
width of 20 ~ 60mm are preferred

The abrasive supply nozzle 27 is provided at the upper portion of the contact
roller 26 such that abrasive particle slurry in the abrasive particle slurry tank (not shown)
can be introduced to the area of contact between the abrasive tape A and substrate S

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

and plasma CVD apparatus shown in Figure 1 are employed
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substrate S uniformly in the radial direction of the substrate The frequency of oscillation
is preferably in the range of 0 1 ~ 5Hz
In addition, the width of the abrasive tape A at the time of oscillation is preferably
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Furthermore, the direction of oscillation of the abrasive tape A is not limited to a
direction perpendicular to the running direction of the tape, so long as the direction
crosses the running direction of the tape

Subsequently, using conventional spatter equipment or the like, a non-magnetic

base film and magnetic film are formed on a substrate S, which has been treated with
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aforementioned reactant gas as a startmg material The thickness of the carbon protective

film is preferably in the range of 30 ~ 100A

When supplying electrical power to the electrodes 11 and 11, 1t is preferable to
make the phases of electrical power supplied to each electrode different By means of
making the phases of electrical power supplied to each electrode 11 different, it is
possible to improve both the coating rate and durability of the protective film The
difference in the phase of electrical power supplied to each electrode is preferably in the
range of 90 ~ 270°, and in particular, the opposite phase (i e , 180°) is preferred

It 1s preferable to form the film while performing bias applying such as high

frequency bias or pulse D C bias to the disc D, using the bias electrical source 13
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aforementioned lubricant on the protective film

Examples of the magnetic recording medium manufactured according to the
aforementioned manufacturing method may include a magnetic recording medium
comprising a structure shown in Figure 2

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

According to the aforementioned manufacturing method, a carbon protective film
is formed by means of a plasma CVD method, after a non-magnetic base film and
magnetic film are formed on the substrate S, which has been treated with texture-
processing In this manner, the carbon protective film contains a high content of DLC,
leading to a superior durability Accordingly, it is possible to make the carbon protective
film thinner while also maintaining a sufficient durability

Consequently, the surface of the resultant magnetic recording medium reflects the
surface of the substrate S, wherein the average surface roughness (Ra) is in the range of 1
~ 20A, while also maintaining a uniform and sufficient difference in height

Accordingly, it is possible to provide a highly reliable magnetic recording
medium exhibiting superior CSS and glide avalanche properties, which is capable of
sufficiently increasing the recording density without lowering the output properties
thereof

On the other hand, when the carbon protective film is formed according to a
conventional spatter-coating method or the like, the thickness of the carbon protective
film must be increased to a certain extent, from the perspective of the resistance to sliding
Therefore, even if the irregularities on the surface of the substrate S are uniform, the
micro-irregularities on the surface of the magnetic recording medium tend to become

non-uniform  Moreover, when the average surface roughness of the substrate S (Ra) is
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particie supply nozzle 27, to supply abrdsive parti¢les between the abrasive tape A and

substrate S

The receiving speed of the abrasive tape A was set at O 2cm/sec  Furthermore, a
20% mixed solution of diamond abrasive particles with a particle diameter of 0 3um was
used as the abrasive particle slurry  Additionally, when performing texture-processing,
the abrasive tape A was oscillated at a frequency of 2Hz and oscillation width of 20mm,
in the direction perpendicular to the running direction of the tape, by means of an
oscillation mechanism (not shown)

The average surface roughness (Ra) of the substrate S as a result of this texture-
processing operation is shown in Table 15

A non-magnetic base film comprising a Cr alloy (with a thickness of 600A), and a

magnetic film comprising a Co alloy were successively formed on the resultant substrate
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reducing spacing loss

Consequently, it 1s possible to provide a highly reliable magnetic recording
medium. which is capable of sufficiently increasing the recording density without
lowering the output properties thereof

Additionally, by means of performing bias applying to the disc D at the time of
forming the carbon protective film, the carbon protective film contains a higher content
of DLC, leading to a superior strength In addition, it is also possible to improve the
coating rate, leading to an efficient production

The reason that the carbon protective film with a supenior durability can be
provided by means of using a butadiene gas, or a mixed gas of butadiene and hydrogen,
which mixing ratio of butadiene to hydrogen is in the range of 100 to 0 ~ 1 to 100 by
volume, as the reactant gas when forming the aforementioned carbon protective film, is
unclear However, this may be attributable to the fact that the resultant carbon protective
film contains 4 higher content of DLC which exhibit an excellent hardness, and thus
displays an overall superior strength, by means of using the aforementioned gas as the
reactant gas

A mixed gas wherein other gases such as nitrogen, argon, oxygen. fluorine, and
the like, are added into the aforementioned butadiene gas, or mixed gas of butadiene and
hydrogen at a mixing ratio of for example 1 ~ 100 vol %, may be also used as the reactant

gas
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the time of coating, and butadiene gas or a mixed gas of butadiene and hydrogen, with a

mixing ratio of butadiene to hydrogen of 100 to 0 ~ 1 to 100 by volume, exhibited lower
stiction values, leading to a superior resistance to the CSS operation Additionally, it is
clear that the coating rate improved

In addiiion, from the results of the corrosion test, the aforementioned magnetic
recording media displayed an extremely small amount of corrosion, and exhibited a
resistance to corrosion to a degree which poses no problems from practical use

Additionally, from the results of the Raman spectral analysis, the aforementioned
magnetic recording medium exhibited a G-band peak of a relatively higher frequency, a

low Id/Ig, and a high DLC content
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