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;e3e| ydRN6: TUb s - 7 NOV 2003 PRODUCTI ON PROCESS FOR MAGNETI C RECORDI NG
MEDI UM EI ELD OF THE | NVENTI ON The present invention relates to a production
process for a ma ” mmﬂmmmﬂing medi um used in, for exanple, a hard disk
apparatus. 5 BA E INVENTION In recent years, retd0di #83density
has been consi der abl yeiiggcr eased in the field of nmagnetic recording,
particularly in the case of recording in a hard di sk apparatus . A variety
of techniques are required for enhancing recording density. One exanple is

head and a magnet TROPUEEPaN ERagksE FOny NACRESE RikbRRdNRCRER PUCor i ng
nedia, a protective filmformed on a magnetic film a lubricant, etc. have

been continuously devel oped and inproved. 15 In order to increase recording
density, spacing |loss nust be reduced. To this end, the flying height of a
magnetic head is reduced, and . fore wear. L L.sf.ance, sliding
characteristics, and corrosio ce of a magnetic
recordi ng medi f for Luating the reliability of the 2o
Fecording medi (ne FEeSBhy 3RV ol rB1RCUR k0% Podee I3 ideia 5 e
filmis deglgnallies Ha¥bPG:iAq! Mt Sudd - £dP0 es » diflig"e
is strong dé&an& for a pr%t%c?kve ?f|n1W%i§H9i§ft iﬁégﬁ l%khﬁ%iggyﬁighg

t oughness, r@yisnot hi ng of snoot hness. -1- - 7 NOV 2003 A variety of
mat eri al s have been proposed for a protective filmof a magnetic recording
medium O these, a protective film predom nantly conprising carbon has

been empl oyed i n consi der at BACKGROUWS @F TeHFAMAGIENTI®N CS, I ncluding 5
filmformability, wear resistance, and sliding characteristics. The .
protective fiIﬁmpmahnﬁtmwmaysponpcbsﬂnggcm@nyiﬁysﬁamibeéhycbﬁéﬁadrhbﬂ?ugh
sputtering. However, when a thin protective film i.e., a protective film
as thin agncgeasedrihethe fiielst ofunednehicugbcarding entamnidulpeily em bhe
process, the film m ght have 10 poor wear resistance and poor sliding

char act er F&PPRE TPFOgdiay ip asbpyd dislk appeadms -a Aovasiat Yl techodquasch

can . . . .
are required for enhancing recording density. One example is a

10 technique for controlling sliding characteristics between a
magnetic head and a magnetic recording medium. With respect to
magnetic recording media, a protective film formed on a magnetic
film, a lubricant, etc. have been continuously developed and
improved.

15 In order to increase recording density, spacing loss must be
reduced. To this end, the flying height of a magnetic head is
reduced, and therefore, wear resistance, sliding characteristics,
and corrosion resistance of a surface of a magnetic recording
medium are key factors for evaluating the reliability of the

20 recording medium. In order to reduce such spacing loss, a thin
protective film is desirable, having a thickness of, e.g., 100 &
or less. Thus, there is strong demand for a protective £ilm which

is thin and exhibits high toughness, to say nothing of smoothness.
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+ provide a protective film predonminantly conprising carbon and having hi gher
mechani cal strength has been enployed. Specific plasma CVD techniques are
di scl osed i n Japanese Lai d-Qpen Patent 15 Application (Kokai-)7 Ngy ooy 3454
and Japanese Patent Publication (Kokoku) No. 7-21858. \Wen a protective
filmformed of carbon is produced on a substrate through a conventi onal

pl asma CVD net had i b | Is I e it ednterior walls of
a chanber . V\hen@cg?%é%%?oegi %Eigglé%goﬁlgggegggh, %?8 %éé%gnﬁpg, gdBEOFSCtlve

stress, carhom 8Si My HRDrdif ushl 0sJ : on
film the surface srlrﬁoa:)gt hness of trréé'n(%?‘%g%% Il mblfséhdéei%%r %o%gtggggtﬁg%u??ﬁﬁg

in deteriopaedoniatn@lgyl i deomPaiachg’ i Sthsbomhi Chads Ml ld ty;
i ndi ces of a magnetic recordi Eg mat gri al ; vvhereasaif 25 car b%ﬂl%&g’gt%dl s

“deposi ted oonaidebatisne, apfundes¢eshlli! m gharaBREReLtechl! M i$noiyding
exfoliated, to thereby result in a deterioration - 2 57 Nov 200 OP an

error charétlmrformabiMitgh weaznoebestanee)f ahBesusalhyychashéesrigtias,
magneti c recording material. Carbon dust induces anomal ous di scharge during

pl asna genheatpootectei eei Hi b iprepddre reart ti 1y @ongsd i i) @aabbar Eﬁttﬁpﬂéa1h§
formed protective film to s thereby deteriorate the quality of the '
produced nfgreedctheewgliispnttetiing. | Howddeti, owhehhethidepeotieve ipeodutig
must be repoved by inspection, and therefore, in mass production, the
overal | prdd8cti BnPyPELStdde daidas astukhher adr 8 00adomal diessp! assrepodeded ge
caused by € rbon 10 dust hanpers constant operation of a filmformng

appar at us. “VERRHRi R eCORVEBRFOREL0ARMEELEdNY BHNYIRRHot e il iregnight have
interrypti f ration_and opening of the, chanper of a filmformng
appar airbgs ﬁﬁogr $§t5e§+§5ﬁn?ﬁegﬂﬁaﬂ88¥ f FSFBHDS’ RG2E5PEbRAtdEBosi ts. This
results in disa S I operatian 15 efficien in that not only
is interrupti onﬂzﬂcﬂeg‘egép%%%f%gwg%ﬁrrog hueé B ﬁ??‘?&ﬁ‘é? mFitI}?'Qgi whichRap
after cl eanidg; i Qi i 1SPREeCd cking the.quality of

f or med ca?%%(?}gjf#?rr% \%ﬁ% g%@r’tﬁlg]’%t lelngﬁiéér‘{?%%'géaeﬁpgﬁeCf)%p&ﬁbggr é:a#:%éand
vacuum appedwd i E:Pgl@éf;mgeh%%BYsgfeI?Ehl NYENDEN e \i'o?‘gdo.f dicific
foregoing, the present invention provide$S a production process for a
magnet i ¢ rElasml @yDTRéchni gL Rrer 86883088HVER THSaROON &P LLYSIE pakltht

present inventors have conducted extensive studies, and 2s have found that
t he ab®tve Apmwbiaaisiaran KmksD) Wl tHr784BY -ard Japanese Patent Publication
(Kokoku) No. 7-21858.

When a protective film formed of carbon is produced on a
substrate through a conventional plasma CVD method, a carbon film
is also deposited on the interior walls of a chamber. When carbon

20 film is exfoliated by, for example, due to stress, carbon dust is
generated. If carbon dust is deposited on the carbon film, the
surface smoothness- of the carbon film is deteriorated, resulting
in deterioration of a glide characteristic, which is one of the
quality indices of a magnetic recording material; whereas if

25 carbon dust is deposited on a substrate, an undercoat film or a

magnetic film is exfoliated, to thereby result in a deterioration



+ 7 NOV 2003 application of oxygen plasma to transform carbon deposits on the
inner walls of a chanber. The present invention has been acconplished on
the basjizs of this finding. Accordingly, a first enbodi ment of the present
invention is s directed to a production process for a magnet il NBY o208 ng
medi um havi ng a non-nmagneti c substrate, a non-nmagnetic undercoat film a
magnetic fj i jdl inant !y .comri si arbon.. .t he
oot ect | v ket SRR T Pl GRS o Syt gL e
car bon-co ;U0 43S r ' S C?ﬁBri e pl.ying an
oxygen pl gtsn?rié'@terc%gcar bgﬁﬁlggﬁ%gﬁqtcg%gﬁ%%q}%gneage%%ﬁs‘ o] abcﬂir’arsﬁ%%rl% &)rﬁdtugzes

carbon prgg@alidhd 8 TR du@nd I’E}é.'égn{r}:\g g%g%‘i%rt%joqp ?g&:‘\e"i‘.ri%%"ti% ggl%nd

enbodi ment of the present i'nventio to a pr ction proce

accor di ng ain® it riridsSilort HHH 8En i WY & the R E TRt Ve 1aRaTRey

during oxygen plasma di scharge is at |east about 3 Pa“and | ess than about
150 Pas Atheirethyedéodt iephteft Hd1quRle TSNS £ itheepkbalckd i dét B8l re@o®ding
production process according to enbodinents 1 or 2, wherein the anmount of
resi dual meddem.i nTn £34) tiompathdse dederrSt’d b2odud®sPhast e réimailiby?. 5
x 10-' Pa or less during the tinme between conpletion of oxygen plasma -

di schar ge iasgecdriont,i oandf thetdforey otiact maesf i prodédctbon| h rdodiveral 10f
the present invention is directed to a production process according to
enbodi nenpredugitdoa yiedid sleczeas@spl eti on of oxygen pl asma di schar ge,
residual oxygen in the chanber is substituted by a process gas. - 4 -
NOV ~LY~3 A fi Fugtéssseirgentangnaleugpr pdapnai disehiasgs calisedtey corhon
production process according to the fourth enbodinment, wherein substitution
of thé°prg88§s GIRESr CPESEARY BRFFEF I dthe Hefdforming AHRAFaFWS f or  at

| east one secopd _and.l.ess than five seconds. .s A sixth enbo igent of ,the
present invent&&ﬁnw l&ﬁﬂecgedcpgventlona plasma CVD metho requires

interruption of operation and opening of the chamber of a

7

film-forming apparatus in order to clean the chamber for removing
carbon deposits. This results in disadvantageously low operation
15 efficiency, in that not only is interruption of the apparatus
required, but additional time is needed after cleaning is
finished; specifically, for checking the quality of formed carbon
film, which might be deteriorated due to exposure of the vacuum

apparatus to air.

20 SUMMARY OF THE INVENTION
In view of the foregoing, the present invention provides a
production process for a magnetic recording medium, which process
solves the above problems.
The present inventors have conducted extensive studies, and

25 have found that the above problems can be solved through



a production process according to any one of embodinents 1 to 5, wherein
feed of..oxygen gas is stopped before conpl etion of oxygen plasnma di scharge,
and the-pl asma di scharge is nmaintained by pressure of residuaL_gﬁ%ken in
the chanber. 10 A seventh enbodi nent of the present invention i r 8183 ed
to a production process according to the sixth enbodi nent, wherein feed of
oxygen gas,| t SeCo fore ekl 0 n

pl asma di s%%%%ﬁ%qtcﬂ%%g{ygeﬁg p&%ss(%haa;%%eglgénlr%gf)% af:%ggghya%ﬁg%gg? e&(%%%e
resi dual opygen Aigke anpe he appli cal.l fs Qﬁg a t

car bon degic%l ts g%ltl%e |8ﬁnerg_r) \E/\:gﬁfngegf thg‘agha@b%%%? tlgwéar C?[I’IH prﬁggenk?eefnn
the charbefoddtipl{Hed UABEONpUELL SFXinbe £eagihged Oxygen plasma formed
fromfed oxygen gas conprises oxygen ions and oxygén radicals produced
through excit atdddordiRe¥eena Mol adlletbodAitedt b2 FREI fRe8énd ArdiOisstiye
filmpredom nantly conprising carbon, carbon is deposited on an exposed
surface sutirestead &) eCbiredRicdidint pitosResedo@Nat MeghEPeE Meddid Mg tidium
chanber or a shield in the chanber. Flaking of the deposited carbon

gener at es leaariron aurin-nagrpei ¢ Bubsirabe/gen natimed e ttid indremiddt G@rnkon
deposits and carbon dust, 25 to thereby form gases such as carbon nonoxi de
and car bora diagtiedd,c vihilah, gasbs greteccive el 1nT prsdarsirzart Ide pasiprs sdmdg he
inner - 5 7 NOV 2003 wal I's of the chamber or carbon present in the
chanber araarhamwethe Threteethuri Smlmadeind cboimed ethroughnd phlaspeaoBys
i's advantageous|y operated such that residual oxygen is present where the
oxygen pl &2&thosl seMALgEIPY npRrEPEA-GANERINABINGAS cHEl & 8OUHEe, which
above-described=¥roblens can be solved by neans of the cleaning effect,
with tfe MIQASSS FMPE LS8 8PPLYABI0RTi Y FRAIRIASHR FPgRakRaN | 4§Pskt Hon
pr oduced hi.gh yield.and_a filmformng apparatus can pbe, ruyn at an

i mpr oved %@ré‘%ﬁ? ?”atd"(]}.s’ BRI EFIERS PH %Q grifﬁﬁ PRAGER Ild:r}]f? Ghapbes 5
schemati c dj agr. QWi ) ratus enpl oyed for carrying out
one node O Iﬁﬁgaﬁéihﬁﬂégﬁi%ﬁgéké:?éﬁggéygﬁiﬁmnic recordi ng nmedi um
according to the Nt b QN Fj i g _ ?9@&- :

rel ati onship b(l’é%t ﬁ%&%ﬁ&%mﬁ&\éﬁ.ﬁe‘n& Ogajf/geoﬁr%%%?%t{ﬁ‘g%é I njiyéitrlnq‘%ﬁé:ed to
appar at Us aapaoiRduein Yrofedldl abeRididid ed age g hnagmemRodinent i af
the production process for a magnetic recordi ng apparat us accordlng to the
present i Rh@npressure canphei shambei hdtibhengasey gén Wi £dna DiFvRdeniadl at
production process is enployed. Fig. 3 is a block diagramshow ng a contr ol
syst em enmleaystd adouitn 3oPa emabdiewntthafn aahawets b C\l#a appar atus for form ng

a protective film wherein a controller is connected to controlling val ves
via a power soéd ¢dird embodiment of the present invention is directed to

a production process according to embodiments 1 or 2, wherein the

amount of residual oxygen in a CVD chamber is decreased to a

20 pressure of about 2.5 x 107 Pa or less during the time between

completion of oxygen plasma discharge and formation of another
protective film.

A fourth embodiment of the present invention is directed to

a production process according to embodiment 1, wherein, after

25 completion of oxygen plasma discharge, residual oxygen in the

chamber is substituted by a process gas.



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An enbodi ment for carrying out the
present. invention is 2s described below. Fig. 1 is a schematic
representation of a plasma - 6 - 7 NOv 2p03 CVD appar at us ugehdV qel3 .
carrying out a node of the production process for a magnetic recording

medi um according to the present invention. The apparatus conprises a

chanber 1 acCOMDEEtH Geufodll el W WHE T LedUil ety {dd P EMAUB NN Y

conprising carbon 5 is forne ectrodes 2 provided on opposing walTs in

the chanbef plkodicsidiP praee s2AekcerBang langt.lnérfaa'feﬁyemv%ﬁf ﬁgie%eifrpf

supplying power to the electrodes 2; a bias power source 4

connect ed gubdtiet ki £dn iof the EFeddes gL BokNee H1QLETIdMRd Ll PhedaEnmayt | y
conprising carbon is fornmed on the disk; 10 process gas supply sources 5
for supplyis\gaxrriedceas fioB Beleasd 6feasésondaim] lalssothbher Ppréiseionds.
filmpredom nantly conprising carbon, which filmis fornmed on the disk; and
oxygensgas sup@ \sisthhr ebdri fments wpplbhenpreeaydan igasentsiash fiy dbgesied s m
di scharge. Wth respect to the above-described effect of oxygen plasma, the
purity of apupsinaidon proce ssarcicoridimgy toi ahyednebof émieogimentysik to 5,
preferably 99.99 or nore in order to avoid contam nation in the chanber.
The chanbéthergin feedeofecoxyen gamdi Ssoppedr befedengoppbetion 2uf garygamnd
oxygen gas fromthe sources, and an exhaust pipe 11 for discharging gas
fromthe cH&RRA . dEBeRaEgAduiantobBei dasmygrotachagge fisowmabntabnedndpy

val ve 7 and an oxyge as, flowcontrol]ing valve 9, and the val ves may be
control | ec?liet?st%gg)nf:) I%ﬁdﬁ{‘-}azlfiqvq%{ erhri e Rambe%yw i nto the chanber

The exhaust pipe i ses.2s_an aust valve,10 nd the val ve 10 may
be coﬁpr ol | ed %os%&gﬁgggééﬁgﬁf‘?ﬁp?l#?&e PhESS bPX?Q%FBni 1S tqfé‘%fjgéf’
7 - 7 .The | ] . S.,are nne f. control l.er,
whi ch reglﬁ t'@%ﬁé@aﬁ’?@%&%%ég@éﬁ \é-'a It?l,e tsﬁ'%tglo%%'rggﬁlglre%}:égU?‘St%g%nth
timng of e/ LAY e nhng/ ¢l.osj n c e
ol at i Cot CReot A g T Tt P ST Ba o o Conprert oreSpnd BekBi-t
pl asma di geRpIeeidn Bf Sxy§eR Pl i UM AWINEhe"51 L3RRS Harldee i s
control system Preferred exanples of the high-frequency power source 3

i ncl ude ampAweained &8 WiedHurd oFURY 9L ARAU:ERydr0 iH0AhNHampawer during
the formation of the protective film predom nantly 10 conpri sing carbon and
t he ditschar ge @heorpgdi catiom ofToxylgreaqpdacmacfol barhonctdepoyite 3ni §heot
particularly specified in connection with the present invention, but, for
exanpl e, anpeaqguehtsy @f the Sbankeri or prefc@riisire praspowein sthe chagbep fong
power to the el ectrode during the formation of the protective film 15

pr edoni naifPRSEQRPRtdPRgWE AL bRRXBRE SesCrdbasoncPxEger delasiw fprmgdpbren t o
the el ectrode during oxygen plasnma di scharge may be di sposed i_ndependently.
An embodi FEA: OBY IBRIFF &4 WP HPFYISL FBgsaa%%g?ﬁqu‘ réddrailfgPrediaad
accordi ng pr.es Jinvention wl Imgi_ﬁtguge 20 descri bed, taking

Ftbove-des%blgﬁtgggaﬁﬁ{&;‘ A SRS IR e P8k D v tai W%"%g‘?\%?gc
comvessr Prosetiven PLEHT SERIRIGRELY Rk dgnd | S o 1 BapBrfeatsn
the di sk, dEE@s&@éch;@Btn Sk Sksbd §l§d@éﬁsﬁﬁﬁﬁigﬁ &f@é@f&dé]plit%h:e%g%%%ﬁosed

conveyor. z5 Then, carbon gener at I ng ormafron o ective

fi I7mNg/ géﬁoﬂ‘zhbe(in(ﬂ%ﬂ Real1y &5 f Wehé ScREmBErobhers |Gl W ShidiSer. 9 _

Flaking of the deposited carbon generates carbon dust. Oxygen ions

e

or oxygen radicals collide with carbon deposits and carbon dust,
25 to thereby form gases such as carbon monoxide and carbon dioxide,

which gases are evacuated. Thus, carbon deposits on the inner



chanber. The carbon deposits may |lead to the above-described drawbacks.
After the disk Dis renoved fromthe chanber 1, oxygen gas is fed into the
chanber"2¥ via the conduits fromthe oxygen gas s sources 8. AL efioP en
gas is fed, high-frequency energy is applied fromthe high-frequency power
sources 3 to the electrodes, to thereby generate oxygen plasna. As a result

of the aboyg; g t?xb cﬁSﬁbE? o% %ﬁ%ferg%&'e%% Sﬁ.ﬁstﬁﬁgir%h%bt a?@afaﬁéxfé@y

be renoved, to thereby ex i ng effect pressure

oxygen sasthed |EnARESRNATNS! NG I AR AR ednko LHE chEBLegdes:.

from the high-frequency power source are termned so that sufficrent

cl eani ng eaaeaﬁts?gobslgatwéfaepea)guaﬁneﬁéﬁ b HBANCRY §aHB: 5 g;h}%s%h%%

ef fect was eval uatfed according to the follow ng proceddre. rst, a srra

pi ece of Sthe#edrygenspabényecdishargdePkt tofp2btadnBaeeli enkeaakdi BgcmBdi UM
on which a carbon filmof 350 A had been fornmed in advance, and the nedi um
was nount ed on Bheasbode-dasteibalii phoblemgetan! beBolveE By dfe 3RS of the
performed for five 20 seconds. After conpletion of discharge, the nmedium
was renovecléaning ref tetthode thattet hesplecehat Smagyakedcvwaecpedind médiumhe
portion covered with the piece had not been cl eaned, |eaving a step between
the cover e@df gokgh crnahicty fearc beapeeduoed ot high nee@dt and 4 hiel e-efonming
measured by use of an atom c force mcroscope, and 25 the etching rate of
the car borPPPaFaEE%i @¥Bdbe hrengattae approved opeshtbepgeatplasm is

cal cul ated, to thereby evaluate - 9 - 7 NOV 2003 the cleaning effect.
The results are shown in Table 1 bel ow. Table 1 RF W Pressure in
Chanber (Pa) 2 Fl ow (scc s HireR ey il DEAWINGSH2100n0t

di scha gedTestG% 05100 8Tes Ex 330010 0025Test : 43 1030025Test
Ex 53001080026 Tebt T2 ® BsTRHRHRbHE 4TSN D apparatus

215001 4050TE I 8 %ﬁ%ﬁ%@&&%{%fﬂgii%irggé‘é@éﬁi@@%%%&mf
%éoéigggéﬁ%ﬁgﬁaﬁa 1890 14%%%1%% %ﬁl ‘3}6%80 UOnée}F%f s’?r%artglé’é’ ‘As

~is apparent frqm%he 138&1Igtr%phnsﬁabhﬁglthéﬁirél%&l%&ﬁ;b Bekl/aanBe Kb Sidfede:
pressure in the anber i s preferably at | east about Pa and | ess than

about 150 dhdayeref ppitally aaf i 1wasbrmiag apparJtdeaoﬁﬁo@@cPﬁo@@d.él@SS
than 150 Pa, in order to stabilize discharge conditions and obtain hi gh
et chi ng r &tetaikeed scabsdiagpao ente Embodtimentesfildlse ppodabiéoh, pp@dﬁs ffioam
the high-frequency power source, which power is applied to the s

el ectr ode®® mpgngtarereddyding |apRtr adtusu 2CB00dingnh abeupr @OenVigwendson
nore preferably at | east 500 Wand 900 Wor less, in order to stabilize

di schar ge ‘CorRARRHS A I HHR aF e aCaP@hiBt WALAY PacenveRsionad @Eeskictden

carbon is suffici entley ransf or ned,
process is employed.

Fig. 3 is a block diagram showing a control system employed
20 in one embodiment of a plasma CVD apparatus for forming a
protective film, wherein a controller is connected to controlling

valves via a power source.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
An embodiment for carrying out the present invention is

25 described below. Fig. 1 is a schematic representation of a plasma



oxygen pl asma discharge is stopped, and the next disc D on which 10 the
protective filmis to be formed is placed in the chamber 1. When a door
(not shown in Fig. 1) between the chanber 1 and a waiting area7(pgy ZfHown
in Fig. 1) containing the next disk is opened and the disk is placed at a
predeterm ned position, if oxygen gas remains in the chanber and the gas

condui ts Gyp hgppardelBelised WS QhripPend atTY REEXBES el R aN L0
ﬁ AR STO BT e ng

t hereby deteriorate the magnetic charatteristics. erefore,

of the chagtwdess hepreld %bn@tirc?§596%hi]ﬂ§yﬂﬁaiﬁﬂfai:@oﬁrglﬁﬂﬁ]h@mggﬂﬁe bl

the conduits 6 on the characteristics of "a magnetic ne

i nvest i gatiatrenfiiton £SUWHS @5ia SOV o Es 22 hel Siber 11'C%ccorﬁmo7dé¥g{1§0a03
Tabl e 2 Process Gas for Oxygen Substi-t Substi-t ution ercive orte
Raman ChardicdleD ohiwisidhipirotfecties ddam pAEROHINahe G IMIRLs {n§ Farbon

5§ is formed; electrodes 2 provided on opposing walls in the chamber
1 so as to face each other; high-frequency power sources 3 for
supplying power to the electrodes 2; a bias power source 4 which
may be connected to the disk in the chamber when the protective
film predominantly comprising carbon is formed on the disk;

10 process gas supply sour.ces 5 for supplying a process gas serving
as a raw material of the protective film predominantly comprising
carbon, which film is formed on the disk; and oxygen gas supply
sources 8 for supplying oxygen gas used for oxygen plasma
discharge.

5 With respect to the above-described effect of oxygen plasma,
the purity of oxygen gas is not particularly limited, but the
purity is preferably 99.99% or more in order to avoid contamination
in the chamber.

The chamber 1 is connected with conduits 6 for feeding process

20 gas and oxygen gas from the sources, and an exhaust pipe 11 for
discharging gas from the chamber. Each conduit comprises a process
gas flow controlling valve 7 and an oxygen gas flow-controlling
valve 9, and the valves may be controlled to thereby arbitrarily
determine gas flow into the chamber. The exhaust pipe 11 comprises

26 an exhaust valve 10, and the valve 10 may be controlled to thereby

arbitrarily set the gas pressure in the chamber.




Ce ) GLine (cm1l) Id/I gOx en Yg ( Pa )Test Ex.
2044/ 143030081539. 20. 6650Test Ex. 2144/ 1430.533821540. 90. 652. 40 x 10'' Test
Ex. 2244/'143134391541.60.611.55 x 10'' Test Ex. 2344/ 14323432151471_. %9 530831 35
X 10" ' Test Ex. 2444/ 143334431542.70.661.40 x 10'' Test EX. N
2544/ 143434401541. 90. 651. 40 x 10'' Test Ex. 2620/0029721539. 80. 6248. 5Test

Ex. 2720/ 013442 7 : ' 2 . .50,
0 Teat B 2osnins St fhifs bt v rEarilatelf 867 benlrdlakt - it
3020/ 043434 0" : 0 21604

3201 193130550055 088 e Yarvel) MERY ebicifiia ity i Lobr o] t5heRgostates
10" ' Test Exhe3¢dnidg3sf indPe i Othde i -
350/ 143434015 so nifgiet 0gtindloebing ndDthd ?éé%%ﬁa?fo%%’élnn%ﬁcﬁsémg
characterisfi eachf valnegnit i eelBdiom Was el daedgaeorid g 410 dheand/or
following s procedure. A N P-plated Al substrate was subjected to a

t ext urimg comgletion| ofOk RSB plrasmes dikse hagecbyr bft ai r‘isaasbﬂ.f)aﬁediagram
roughness ( Ra ) of 6 A and the thus-processed substrate was placed In a
filmformshowpparanasexabpbeé 8010hepcodticoloEyAkEnVA Cor poration). The
apparatus was evacuated to 2.0 x 10'6 Pa, and a C alloy filmand a Co
alloy films wePeefgrredsiexampliesr nefl thet Ha ghiftequencgepovey asouace 3
undercoat filmand a magnetic film respectively, to thereby obtain a disk.
Subsequent}5<1lyde & pOWeLi $ANHAQ WL Gh Clhincknppsy iibaot A0nwke TR frdtlofipawer

protective fi|mon the ymagnetic filmthrough plasma CVD, enpl oying a
hydr ocar b RS odeie m%&r%}aé;% &&r vERg aEraEFE*WlYG nft bR fredeminaptly

f_ormat'oon_ of the carban gPiIm the&%%npﬁiriatgre of t%ﬁe di sk and the :
filmfOrm AP NEr £31PFTC ARG | PERCHREIBe @Y vEBKYIePn RIS R gse, T

tic | - d i sk, d.t i dual . N i
the chanbertedudhen B T BRI HERES, Tt e o B ERonter Pl a1 il "
of a quadrgnl&IBSS SRS T tﬁ)reer@%}pvﬁicggqem&engi fégéentéo@ Qicéxggfé,gea

neter attached to a process cha I's disposed bné Step prior'to

the pl asnee QEuEtEyes -1 Htg ibﬁ{i@%?f&f%?&i erd Ydwer @o&xg% ‘ugstx?i:g}ﬁﬁgf‘g

neasured at 20 points of 21.5 nmand 45 mm al ong the radi us

static magnekd:r tohBhad Bidistdde MRSy BHedfPRhat 16n Ydak FRIYOO: i PE FdUGH
of Hitachi Denshi Engineering) utilizing the Kerr effect. As is apparent

from tfie mesmddrsinantiabl ecénprliisimg acarbenbetndenagemhbleet | powelr 0XHaRte
pl asma di scharge and formation of 2s another protective film when the
anount of suRnldualg eeMsash tion thee edlesntiimydd sluninex cogyenf Pasma Hi'schBxrge
static magnetic - 13 - ' ' 7 NOV 2003 characteristics deteriorate, and
t her ef or e MaYe RehslifiPasied ddidrpandsaftgen is 2.5 x 10'3 Pa or |ess,
preferably 1.65 x 10-' Pa or |ess. An exanple neans for reducing residual
oxygen in the ¢HangBPodiment i0f | thei HFchiRIenPEYCPEscEST gas Mamnetic
conpl etion,_of .5, .0xygen .pl asma di,scharge,, For exanpl g, sinmultaneous with the
Compl ot | of SSPTHEERER LU AFGeT GARG 60y bBR RESSPR by RERRT LOF igb S 94 o
cl ose a tt}q roc . flowcontrolling valve 7 is. opened to thereby
suppl %Oprggesss é:%sdo,i %%2{1.{9%2 t&ea%’eorv. Jdesdibed apparatus 'as an exampele.
The disk D containing a magnetic layer is placed at a

predetermined position in the chamber 1 using a conveyor (not shown
in Fig. 1). After the protective film is formed on the disk, the
resultant disk is removed from the chamber 1 using the conveyor.
25 Then, carbon generated during the formation of the protective film

is deposited on the inner walls or at other locations within the



In this case, in order to shorten the gas substitution tinme, 10 residual
oxygen in the chanmber may be forcedly exhausted sinultaneous wth the

conpl eti.on of oxygen di scharge. For exanple, the plasma CVD apgarrgwls
preferably has a function for controlling the degree of opening o H
exhaust controlling valve 10 automatically within one second, from 15% (the
degree of b8g . 15 [ [ r t 0g,. | der.to

pr event oxielggljtmi)gﬁ of Iﬁ% %%??%%gég?ggwgp hgggidg%)qbytq}%sgbd%‘é?-%éiﬁléh?e?he
change in gpgwBh¥Rsiorce was investigated in the case where residual oxygen
gas in the chanber is substituted by process gas after conpletion of oxygen

di scharge. 20 Thetée£sthéSdasR 5hoyN-dRovel! rédm £fel ShARMPAS et c}%f&éﬁ h‘?%sual

results in Table 2, the tine for substitution of a process gaS res

oxygen in idefedaihed thepeababakl ¥ WU HNGSRAANS FrdP NGRS @:ﬂ% Fa&r
t han about five seconds. When the tine is about one secrond or lo geer%?1 éé;

resi dual 2Soumgeensmay AftesUppiRfaedgd® 8spPEedSt Sifhned iRy UndRfS is
whereas when the tinme is about five seconds or |onger, the process tine -
14 - 7 Nl ) frerokbe hibgiyef requesndy ipuyven spatepr Dadctheid MacAsddieS
exanpl e of means for reducing residual oxygen in the chanber 1 is stopping
oxygen gast@upph§relyorgesenptet i onygenoxpdasmal.asds disschasydt arof  the
mai ntai ning the di scharge by use of residual 5 pressure of oxygen in
chanber 1.39R¥ezdesRy Eoed petden f tharcarhondepoegitsl ims bdé +hel chanbeaf ey
conpl etion of oxygen plasma di scharge. The change in coercive force was

i nvesti gat q??“%/‘gfépca%% thRrebh s Hast e ppl ganirg se bbeet. bef or e

conpl e{oi on of ng?eqen 10 disc ar}gg in order to Erevent oxi dation of the
nmagnet i'c | ayer PRESHUTIE BY PREIR 2D EpGehntoHhe hamberapadstReupawer

Tabl e 3 bel ow.: Table 3 Tie..Luring Vi , Supply Is S q
Bgf o(rae Coeal e lleocﬁtegf t%e séclrr?;crtgreord(eneéfoéggp%%oq%%ue(“g{)?\éyFilﬁé‘?ﬁ &e are

4002933T mi alE¥i 1 inE 115 15 i t
From the o Tahe PRreTs coryseheh it LAaRy S s FEF T oI R D Y 1o

2 seconds Jegfedat P BRWIdrPH1fsmxygen pl asma di scharge, and the discharge
is mai ntained by use of the pressure of residual oxygen in the chanber.

Wien the tinme diid 8jewhioly OXy¥E6P a5 eViIRlatdd aSbBRASHY! So HMHY ¥BA16RARLO: 5
seconds, - 15 - 7 NOv 2003
15  procedure.

First, a small piece of Si wafer was affixed onto a portion
of a magnetic recording medium on which a carbon film of 350 & had
been formed in advance, and the medium was mounted on a cathode,
after which, oxygen plasma discharge was performed for five

20 seconds. After completion of discharge, the medium was removed
from the cathode, and the piece of Si wafer was peeled off. The
portion covered with the piece had not been cleaned, leaving a step
between the covered portion and the cleaned portion. The height
of the step was measured by use of an atomic force microscope, and

25 the etching rate of the carbon film achieved through the

application of oxygen plasma is calculated, to thereby evaluate




t he amount of residual oxygen in the chanber is greater than a
predeterm ned val ue; whereas when the tine is longer than two seconds, the
pressure=in the chamber beconmes very |ow and the discharge is fot perforned
in a stable manner, which is s unsatisfactory. The above- desCrii Y 8%
for substituting re5|dual oxygen in the chanmber by process gas after
conpl eti on e QxyEER: MY ASFBe &t SChﬁl‘iQ%?@dk@? 878! 8K8fn! EnCoEDYRAL ! B

t he means for stopping oxygen gas supply ore conp etion o arge
and 10 maintai ning the discharge by usergfid hg pressure of residual oxygen
in the chanber. As is described above, 'TﬁE_ETéaning nethod utilizing

car bon-trarnstormation by g CP YR rmed
arbitrarily in accor dange Wepcﬁﬁ%]e dliégn?rgé aﬁp o{seccgn\ 1%9%;13? pﬁér”tg)%)uced
i n COI’lSi del Oltl UTI Uf t:IU Cdal UUII UU} US TO—Tt € et "k I S of T hawh I‘,

t he amount |@esdaB¥on ldust, 308 the overall prodlctilon ylemoh dischaﬁ@e@g is
performed ¢ma basTsofa drsk=cofveyrng—carrter—sServihg—as—ote—thits

process conTest ey Be faci BPPated. EXAMPLES Exanpﬂ@Oprcductlonl&ethods of

t he present—_invention T next bg descriped 5p4cuuugd||y, whith—sthoutcnot
be constru¢degs Fﬁnl@ln; t hd0 anex tion tWereto.| UnkB8s gt herwi s&5 i ndi cat|ed,
all parts, eqt s, I 0S dthe Trk are by me Nt. [ZS AN N P-prated Al
substrate wg' g fécted agﬁexturlng % 5&@N 2003 prdE%ss, to

t her eby at{ apsurf.ace ro nes$ (Ra) f 6 A, pl aced a
filn}forni1gbggog%étas Nbdg?8301 D, proddct of ANEggﬁécxrporatﬁ%ﬂ). The
appar at us M@gsgvgguaged to goyacuym of 240 x 10r6 Pgo and a O l oy fillm
and Co all ey filmwere successively s formed as| an-undeficoat film and a
magnetic f bgbtrggpeqtlvely505urt1ernnrq0 a carpongfg! mhaving g5 thi ckngss
of 50 A was—fornmed as—al ' i filmon the jnagneticlfilmthrough plasnma

CVvD enpl oy mgsa Exdrecarbonsmodro en m gipure gas asp@ carbon sowgce . The

t enper at ur p—ef—the—stbstrate— sk——ard—rate—ef—1l-m10formationwere

170C and 4pUestnERut &, resp@@®|ve y. Th50ugh a dlpmmmg met hod, 11 Be carb¥n

protective T was—coated—wth—FEvVBEHN \1‘[ ade rafre; Hpro++ lIaLCd Habt+€ nt)

to a thickpE§8toFx151A | In 30@ fol | owi nPGranner| tH0quality ol30he
resul t ant orouucts Was confiTmed pm the basis of —stictiom characteristi¢s.

Ul
15 First, press Fxstlihas cat?9ed put byl4le of jan MO hepd at aldbtation
rate of 72D und t he drtjons of 40C and 80% hum di Ty, Lbb Was
carri ed ouf 83588% ﬁés, {(ﬁ&each repeti%ion df corﬁ‘rqtsﬂi-@ aqp&%e | of
i ncrease fofe§t5§§0n9$b h|gﬂu§peed operzélon fdr j%i ohd, dec% ase for|5

seconds, apd-parki ng r 1 second} 20 Thereaftgqr di sk was "all owed to
remain StatTQQ@rﬁx.aﬂﬂ a dyqygri ¢ ptictigp val ug njtored gl a simlar
i ncrease tj}e—The statlic magnet| characteri stlics Of T e sanple were
eval uat ed jarepoimks 24./5 mmanui45 mm apgng thg ragljgis py use @fg an
appar at us Model—RO-14-00——productof Hitachit DenshiEngineering ) o
t her eby 2s| TestiEx t hé qualsa(y of t he spopl e. The soorbef of rerzq di ng df sks
produced was—8086+day—- H—NOV—Z20083—C-ganrthg—byrdse—ef—exygen
pl asma was| T8t iExl. ol aftéﬂﬂbvery 100 500 145
Test Ex. 18 900 140 500 147
Test Ex. 19 900 160 500 not discharged

As is apparent from the results in Table 1, during oxygen
5 plasma discharge, pressure in the chamber is preferably at least

about 3 Pa and less than about 150 Pa, more preferably at least

- 10 -



- two repetitions of protective filmformation. The internal pressure of the
chanber.:-duri ng oxygen pl asnma di scharge was 20 Pa. The exhaust controlling
val ve wias adjusted so that the valve s could be automatically o]p @ﬁd rom
an openi ng degree ( 15%) during oxygen plasma discharge to an og i
degree of 100 within one second. C eaning by use of oxygen plasm was
carried ouyyunder e t ol i t C 151 ons. i,tjon :
Resi dual o?&gg% v?a@sﬁ%%?l {%Eltafgd fbéymapgfo\c&{e?‘ssg%gé%aggf grt%%rlg‘elcz(?n sjg%‘%l?%lfge

compl et | oncshagxysss phassBcdiichangen EpBAihiORate? ) ¢ Feed of oxygen gas

was stopped 1 second before conpletion oxyden plasma discharge, and
oxygen plasma dAs CH&r £1fs §Vasp JER SR £1%6 WL QR ARESSYU RaBllel 51 rof&ytgﬁn'
The production process according to the present 1 nvention was 15 carrie
out under €l@dhigRRsrédhendyd pdweraBaukke,r halchoRpRidy Bl R e Hinhes
of days for operating a filmform ng apparatus and production yield is
shown isn FeDecProdes ¢ ol didefEral Iy athe e@aascabBuh3gh W HRNWeBLILODAD W or
production process, which does not involve a cleaning process using oxygen
pl asma, wakessplmymss. prEfdrathye aoiemdt G Wwrandodoot Weoe hbabe) vborapened
so as to renove carbon deposits fromthe inner walls of the chanber or °
car bon dusto eddtbdildieze idi scharngeagbadistionseandiobtain eshigh elagsinghmtd he
production yield was observed to decrease. Since the production yield
recovered afterWgrRafihgy depopiétedr marben 28 spredbfiiadentinctorarsformed,
decreasing yield (yield after a glide characteristic inspection x yield
after an e9¥¥FeR RIS sHsqharge ds stopped,Nepdtbe BEKS dbsed tan phich
carbon depgsits or carbon_dust, In contrast, in the production process.

8 oip Banet

accor dl’ng T BRPYRESER | Uehers RIAGRA ghdh Ghemkess i ng
out cl eani ng, d decrgase ,in. producti.on_yi el S, not ofserved .under

Condi tions (1) q"?ahnecf’ ()% ‘I‘ﬁ’é)rtefg‘f’g,n f‘ﬁeFé%cg%\ggﬁfé‘%?ﬂiﬁget(bh?%mbrleé?é‘r‘fl(

i nvention 1B j igh .prooducti gn _yi el d_ w € i ban
doposi t o f ViRt S (¥, sHBESh: BRoY £) el aehla R B 30020
carbon depgsdred UngaERENGILR! 14AHIQRRE] vad &N Hag £oaRREy! pofsE%-‘aﬁS,e i
the conventional production process, whereas tﬁe 8 status of car 6on
deposits @xybafadupémaingheni Rkl ahasirge Hd PEgdlughs ofoh8UBEEEE, the
unchanged in the case of the process according to the present invention,
under ondidgnetilc 1gyemnbEinges DSl haPnbé dxposedStbSoklygah tbomhEreby?2,
the process according to the present invention requires no additional

cl eani ng stegedfigrate dahe' Madgmetnic nedhes aapermts s and Theraferal | after
efficiency increases. The process according to the present invention is not
limted t ¢lepaisgey efathaoeeanber dedhe idffiedteodi nesddeall oxndentgam inothe

Ni P-pl ated Al substrate which is t,épi cal Ig used as a non-nmagnetic )
subst r at e Cheber L ARG LatiRe condnizs 6 of e charaqtarivrics of |3 megnesic

substrate be used. A substrate having _a surface snopthness as high as
20 A or | ggga%wgfssbnggsaéga_ efly ¢ ;ﬁféé'r’r'ts iaﬁ\?eﬁﬁPUﬁ,ln Table 3 beldw.

- 11 -



a conventionally known CoCrTa all oy, CoCrPt

CoCoNi Cr al | oy,

al | oy,

or such an alloy containing an additive el enent,

CoCr Pt Ta all oy, or

may be

used as“a magnetic film 25 The production process according to the present
i nvention can renove carbon deposited on the inner walls of a-Z;nmwbeagg

HOv 2003 formation of a carbon protective film or
deterioration of
char acterTSTTC‘sT and anti -corr05| on

during - 19

carbon dust originating from peel ed-of L deRosits.

glide characteristics, error

Thus,

char act er [T TS, W guat T tTesTof —a maget it recorthrng o et um—is
prevented| The overa E g % ,tion y|°Id i ncregses d a decrease in the
nunber of| defective 08 ?E SMbsti-gust be, r eIy ea[q, E Jf_i dj!ctsl ORmoliRE of
producti oh process a g tatide Eﬁfv?r PERCEEN T educre sl ous
pl asma di gchar ge ind ,amhﬂﬂ 10 arfd—constapt—eperat i ®yygehh a
filmforn ng apparatp nsu(eek) Furt hnre Gepenat on efflici egnay of fthe
filmformng apparath‘ g,zn,reased, in that th L%ps 5P/§ﬁopp|ng
oper ati onlof_the r‘h:—\ﬁ"‘gr nppni ng t he chani er 1nh ‘order to |remove carbon
deposi ts O_feglﬁIEQQ_l’lszSlL;/qgQ be e i m pat gblog Wijl ggthey i l’lV@r’thI an has50been. _
descr i bedHrR—detart—prd—withr Hfic enb ntls thereof it
will be appantemik.t»lpra/iksl | edois the asg2t hat 19a9ioup chandes, and 10-3
nodi f i cat Feons—can—berrade—thpretn—wHi-hout—departi-rg—rpmthe-{spirit—and
scope 20 [Teatedk. 22P@4/143 7 NQV 2003 g | $ CoMl MED 165:611. JA_%r«szzdum‘t3 on
process flor—=a Magmnetr| c 1recor Illg MET T Conpt st Y at east ot Ilﬂ.uIICLI C
subst r at e| Test5Efon2 hpd¥éttd unde? coat f3438 a|nmdGaki2 c| f4.6%) |ahd5ax 107
protectivie T11T mpredpm nantt conpr|5|ng carpom, the UCESS [CONMprisin
forming teestr Bectd vé47 Lk | hr cligh 4 CvbShRihod G.66a | OB Oc Hah®ér
enpl oyi ng arbon bnt gl nLNg gas as a source] and applyimg an 10 oxXyge
pl asna di s%‘? cgﬂgéﬁ:’d posits fval'l?‘éln‘f ocﬁgn‘rér 48 xt gg:
car bon pr n er, for 'ndu | 0N of cafbon mnth
resi dual et & 5&1 %%b 00t he C,\/%Hc?am ﬁé qd’ér?g fo tHE-3
conpl eti g Rk ERE PXyOS I sna di sghar wher rg¢ssure in.the
chanber d ¥ 2 na:/agrm di thar ge 1s 2;a'r pg%{b 87{’]) ut ge Sla'lrﬂga ei;os han
about 150 1Rat Bx.~A roduy:ol n proceds agey di No164p .G di .54 Wesgi 0 {de
Test Ex. 29 20/0 3 3435 1541.2 0.63 1.40 x 1077
Test Ex. 30 20/0 4 3431 1542.0 0.67 1.45 x 107
Test Ex. 31| 0/143 0 2989 1540.0 0.60 49
Test Ex., 32| 0/143 1 3433 1541.5 0.62 1.45 x 107
Test Ex. 33| 0/143 2 3430 1541.9 | 0.59 1.35 x 107
Test Ex. 34| 0/143 3 3446 1541.7 | 0.64 | 1.25 x 107
Test Ex. 35| 0/143 4 3441 1541.3 0.61 1.25 x 1073

The effect of residual oxygen on the characteristics of a

magnetic medium was

5 procedure.

evaluated

according to the

following

A NiP-plated Al substrate was subjected to a texturing

- 12 -



anount of residual oxygen in the CVD chanber is decreased 20 to a pressure
of about -2.5 X 10-3 Pa or less during the tinme between conpletion of the
oxygen ‘pl'asma di scharge and formation of another protective filkm yg¢ 4%?
Nov 2003 3. A production process according to claim1 or 2, wherein, tire
process conprises after conpletion of oxygen plasnma discharge, substituting

rocor 0 ng TEOSPSS Y tax sy REATECE SRt bodgle TRad0oR A Fpn the
residual oxyge facéége&heaﬁshhéecaéé ' ﬁgagé'& inaafiiﬁéférﬂPﬂgi%é’g,ﬁ%@@%”d

and | ess than about five seconds. 10 roducti on process a

claim 1 or(Modebhe3®io: theoMROEESE KNFIVASESrSbLRPLER) t herfige JGhagas
bef ore con%letion of ox%ﬁ%n pl asma discharg%? and na?ntg?nlrékéééggqasﬁ%

di schar ge éyaguessdrio . 0r esidvapa) mmxuger anidbher charhfd a 6o é\lPé?df-bﬁiﬁlon
process according to claimb5, wherein the process conprises stopping the
feed ofs oxwees syasesmiivel§y Sotrmedbontt he sabeﬁﬁatbefééﬁvﬁ@%msehh%dgr&@’gen
pl asma 20 di scharge and mai ntaining the plasnma di scharge by pressure of

resi dual ofd/erand at hegokambefilR? respectively, to thereby obtain a disk.
CAY AL A A A A A A A A Ay. A5 A9. AL As. A Af.A AL A ALY. AL s6=8z@ V} | ~

zupkf a\ W ca] ca] deleequenthy cod cedriven chi bm] kay g ca] tied cldesd caf @] dawesd ca
I'ca]c”al Ca]!gran]tgg]é:sa]e?/\par%tceac]:gf\]rgsz!frr?!on the magnetic film through plasma
CVD employing a hydrocarbon-hydrogen mixture gas serving as a raw
10 material. During fo;mation of the carbon film, the temperature
of the disk and the film-forming rate were 170 °C and 400 A/min,
respectively.
In this case, a magnetic layer of the above-produced disk was
exposed to residual oxygen in the chamber, and the amount of the
15  residual oxygen was measured by use of a quadrupole mass
spectrometer connected to a differential discharge meter attached
to a process chamber, which is disposed one step prior to the plasma
CVD chamber.
Static magnetic characteristics of the disk were measured at
20 points of 21.5 mm and 45 mm along the radius by use of a static
magnetic characteristic measuring apparatus (Model RO1700:
product of Hitachi Denshi Engineering) utilizing the Kerr effect.
As is apparent from the results in Table 2, during a time
between completion of oxygen plasma discharge and formation of

25 another protective film, when the amount of residual oxygen in the

chamber is in excess of 2.5 x 10° Pa, static magnetic

- 13 -



- 2p C

LSFI)S()/ i gl wrmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]lca]ca]ca]caJcalc
a] ca] cafea] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca!' 0; ~7 NOv

| _Y[?+m =y"+-/9}xsni d*Y]] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] carca]zgg?] cajc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 9t; xce ECHE S

e D
prammorss(vnbohtablaalepboaleal sl spl coldd Uhpadlglephe el relileal gL

cal ca]ca]ca]calc ;1 c1 aJch] cal cal cal %] | cal G
&e&n&{ &z" {¢ fd.,2.5 % N aj c
a]ecg] f:a] cg?ig?égi %:i] 21ca5] cxa]lé);] %% ég}l\%a gé]\%%%gg%gﬁiéfcg] %la]ggal ca%ca?ga??%%izm

4666\W8YBB888&9. 9Af);example means for reducing residual o n in the chambe
; <A<h<u<<<=We==>U>>>| vﬁ mhc”Y] ] ] ca] ca] ca] ca]gcaTca ca]'ca’j%%ﬁ cell]ncarcaTcaT%afca

A ] 222Gl 6
collrlgtasn et o v pcleron oty i i

U ca] cal)] cakpaeh c pllashlac aj isdiededea] c#ore] eadmsl 6] sahgalaakeds with th
G/H( H71 : 1 IJKKLLLMVITNVNNOOOPPPQQ RaRKRWRRK S| SSS- T} xsnid_Z]]] ca] ca] ca] ca] cal ca

] ca] ca] ca] copi¢tiduadLadxpjen] didchirae fatha] 62y §&d cad € af Tl Codwed SE] Lrdg ca
]ca] cal - TmroTTTTTUW
WABXYYt YA[ V2] ¢€ 19 \14 |¢Tosed pand) e pidoé s afaa] Ehdwadant vl Thg ajabte al ca

] ca] ca] ca] ca] ca] ca] c*a] ca] cg%{ga] cal ca]ca]calcaljca]ca]ctalcalcaljcalcalQ

L* * " LaNaabb®ep | &Rl c2UpRivf PyPreabdg@s] Lobdchheatbahbalkca] cal ca]I
cal

o e ki bveksabiop holer ki calealsal selepl el cal

o ca 98] e S pblgaily o] Ches] hbaRbe: Lrakux be, (1arms i\ FBRAHA S
~ : 6 A cal] calcalcalcalc

);]G)égi( z)z;] )éa c%lf%’taﬁ/rg%q%%tﬁcgi‘ cho%cﬁelaﬁ Jc%ﬂ éJg]C 8%]’8%1]‘541]]563]%%3] EQF e aara]

cal yyzz8zraze 363kl bvh UPBERURAN pREE X ARANPHYE VY BTk bheal s sal cahsgleal

cajc

ajcajcalc C a] Heakkc ] ] Lcal ¢ cglcal
o@ 1 S Ovbe (o DR T ObE e (5o SaTUTRe ) CPRERPATAAR] PR %o
f MLOYSS5 S5 &utorde i (withshi bn¥d YLeURE , ( Fryp®#19968 ke -degree of opening
SH10%6&' () - T#10%&' () - 10%& () - Sdgéloé/é%cé)m{)

3f 10908 ( )duB-H8rdbBx 6% 9 -
Zn?/&O%&'(()-*z#longSﬁ?%ﬁ/ds&' () - 9!%/#%0%5&' () - S@FGH V_@1 %4.0%y °

10968 ()- ! 0" 10% Sysien toZlptEdesit oxidkEd Dl dhe Y tic 1ayet0%¥Esthe- ;
}|  aB @19%098 Y 1096& ()-SfS 109%6& ()- | g#10%& ()- 3%0%& ()-!
39409658& @Ls@ #epomregdduabp ogymgenyl vabes qloadse ()in YeaerBavé) -force was
MA0Y%& ().- 3f #109B& () - FS#lO%S&'wS’l) - 3F9f #1098 ()- C _

LdE_@Y1 %4 BYSPELGaEed Fn3th8omRe] Whers: ressgual oxygencgas)in thesghember() -
%f‘gﬁ%gy‘?)‘i‘_s,(%Qﬁ{ﬁ%}%@%éﬁ%&%éﬁé‘s (akftzer completion of oxygen discharge.

20 The results are shown in Table 2.

As is apparent from the results in Table 2, the time for
substitution of a process gas for residual oxygen in the chamber
is preferably about one second or longer and shorter than about
five seconds. When the time is about one second or longer, residual

25 oxygden may be suppressed to a predetermined amount or less; whereas

when the time is about five seconds or longer, the process time
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105 105 105, @ |
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& ()-1KSY 39409888 () - Z NOY 4.

- g} A<~ =YI 1 Of #10%F& () - Of #10%r& () - ! F+940%X& () - F+94.0%0& () - $y ()-!
| 9409 x&! ()-' - /07| ~ @0 | FS#10%] & () st#10%4|& ()-'f $10% | "] & ()- @ 10m
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discharge in order to prevent oxidation of the magnetic layer of

the disk by residual oxygen. The results are shown in Table 3

below.
Table 3
Time During Which Oxygen Gas Coercive Force
Supply Is Stopped Before
Completion of Discharge (sec) (Ge)
Test Ex. 40 0 : 2933
Test Ex. 41 0.5 3102
Test Ex. 42 1 3118
Test Ex. 43 2 3115
15 As is apparent from the results in Table 3, oxygen gas supply

is preferably stopped 0.5 to 2 seconds before completion of oxygen
plasma discharge, and the discharge is maintained by use of the
pressure of residual oxygen in the chamber. When the time during

which oxygen gas supply is stopped is shorter than 0.5 seconds,

- 15 -



10 10 10@109%& ()-!, F(YA0%& ()--! 1F(%A0%& ()--! 1F(%40%& ()--! | %0% () -
., -..J.0zX6MB7! @940% h* h&' ()-! @ %40%th4h& ()-! @ Y40%®h0h& ()-! (<@ %4.0%-hHh
& ()-! (@%W0%hHh& ()-"$, 10% h& ()-00_1172222wU6+7 10 h@; 10%7 noy 2003
h& ()-!-%0%hoh& ()-y! #- WOUChChE ()-y! &9A0%h& ()-!8%40% h
h& () -1, &A0ANLh& () -2222@8345dB7 10 h@! " - &10%& ()- &0! - &10%& ()-&0!h ‘07
5109098 il houd 0 FeldadRPI0NFEel) in 1R cHONBRRTIESSRRRNARTON 4
109Z&' () - "y hQE £ 8 () - " : &N ( 1\, - &109& ()-&0!p - &10%&' ().- &088
89, 5 otb-SrEdEFhshed 1‘%%1&%%@3/?%}’1‘%8’%%6( )]t’ﬂf‘% l‘io%’ﬁi?ﬁg an’ two
10% & () - ‘deckihs’ < #109&: L) 3
100 ) G e oAU AL R0 A o g ene
"10% & () 91s@VB40 hpdP£Brme@% &n() a%gtehgffe & fdnndy, 10%:i%H() 14
"10% & ()-% "10% & ()-% ?h) 79999999~ @mB70 h 10zZh -

5 unsatisfactory.

The above-described means for substituting residual oxygen
in the chamber by process gas after completion of oxygen plasma
discharge may be employed in combination with the means for
stopping oxygen gas supply before completion of the discharge and

10  maintaining the discharge by use of the pressure of residual oxygén
in the chamber.

As 1is described above, the cleaning method utilizing
carbon-transformation by the application of oxygen plasma may be
performéd arbitrarily in accordance with the numbers of protective

15 films produced, in consideration of the carbon deposits to the
inner walls of the chamber, the amount of carbon dust, and the
overall production yield. If cleaning is performed on a basis of
a disk-conveying carrier serving as one unit, process control may

be facilitated.

20 EXAMPLES
Example production methods of the present invention will next
be described specifically, which should not be construed as
limiting the invention thereto. Unless otherwise indicated, all
parts, percents, ratios and the like are by weight.

25 An NiP-plated Al substrate was subjected to a texturing
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was placed in a film-forming apparatus (Model 3010, product of

ANELVA Corporation). The apparatus was evacuated to a vacuum of

2.0x 10"°Pa, and a Cr alloy film and Co alloy filmwere successively

5 formed as an undercoat film and a magnetic film, respectively.

Furthermore, a carbon film having a thickness of 50 & was

formed as a protective film on the magnetic film through plasma

CVD employing a hydrocarbon-hydrogen mixture gas as a carbon

source. The temperature of the substrate (disk) and rate of film

10 formation were 170°C and 400 A/minute, respectively. Through a

dipping method, the carbon protective film was coated with FOMBLIN
(trade name, fluorinated lubricant) to a thickness of 15 A.

In the following manner, the quality of the resultant

products was confirmed on the basis of stiction characteristics.

15 First, a CSS test was carried out by use of an MR he_ad at a rotation

rate of 7200 rpm under the conditions of 40°C and 80% humidity.

CSS was carried out 20000 times, with each repetition of CSS

comprising a cycle of increase for 5 seconds, high-speed operation

for 1 second, decrease for 5 seconds, and parking for 1 second.

20 Thereafter, the disk was allowed to remain stationary, and a

dynamic stiction value was monitored at a similar increase time.

The static magnetic characteristics of the sample were evaluated

at points 21.5 mm and 45 mm along the radius by use of an apparatus

(Model RO 1700, product of Hitachi Denshi Engineering), to thereby

25  confirm the quality of the sample. The number of recording disks

produced was 8000/day.
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two repetitions of protective film formation. The internal
pressure of the chamber during oxygen plasma discharge was 20 Pa.
The exhaust controlling valve was adjusted so that the valve
§ could be automatically opened from an opening degree (15%) during
oxygen plasma discharge to an opening degree of 100% within one
second. Cleaning by use of oxygen plasma was carried out under
one of the following two conditions.
Condition (1): Residual oxygen was substituted by a process
10 gas for 4 seconds after completion of oxygen plasma dischargé.
Condition (2): Feed of oxygen gas was stopped 1 second before
completion of oxygen plasma discharge, and oxygen plasma discharge
was maintained through pressure of residual oxygen.
The production process according to the present invention was
15 éarried out under Conditions (1) and (2), and the relationship
between the number of days for operating a film-forming apparatus
and production yield is shown in Fig. 2, in comparison with the
case in which a conventional production process, which does not
involve a cleaning process using oxygen plasma, was employed.
20 In the conventional method, the chamber was opened so as to
remove carbon deposits from the inner walls of the chamber or
carbon dust contained in the chamber at the third and sixth days,
when the production yield was observed to decrease. Since the
production yield recovered after cleaning was performed, a
25 predominant factor for decreasing yield (yield after a glide

characteristic inspection x yield after an error inspection) is
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the production process according to the present invention, the
chamber was not opened for carrying out cleaning, and decrease in
production yield was not observed under Conditions (1) and (2).
Therefore, the process according to the present invention can
maintain a high production yield without generating carbon
deposits or carbon dust. After operation was terminated after 10
days, carbon deposits or carbon dust was observed in the chamber
in the case of the conventional production process, whereas the
status of carbon deposits or carbon dust at the initial stage of
production remained unchanged in the case of the process according
to the present invention, under Condition (1) and under Condition
(2). As is clear from Fig. 2, the process according to the present
invention requires no additional cleaning step for 10 days'
continuous operation, and the operation efficiency increases.

The process according to the present invention is not limited
to the several modes as described hereinabove. In addition to an
NiP-plated Al substrate which is typically used as a non-magnetic
substrate, other substrates, such as a glass substrate or a silicon
substrate, may be used. A substrate having a surface smoothness
as high as 20 & or less may also be used. In the present invention,
a conventionally known CoCrTa alloy, CoCrPt alloy, CoCrPtTa alloy,
or CoCoNiCr alloy, or such an alloy containing an additive element,
may be used as a magnetic film.

The production process according to the present invention can

remove carbon deposited on the inner walls of a chamber during
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characterlstlcs, error characteristics, and anti-corrosion

characteristics, which are qualities of a magnetic recording
medium, is prevented.

The overall production yield increases due to a decrease in
the number of defective products which must be removed.

In addition, the production process according to the present
invention can reduce anomalous plasma discharge induced by carbon
dust, and constant operation of a film-forming apparatus'is
ensured.

Furthermore, operation efficiency of the film-forming
apparatus is increased, in that the steps of stopping operation
of the chamber and opening the chamber in order to remove carbon
deposits or carbon dust can be eliminated.

While the invention has been described in detail and with
reference to specific embodiments thereof, it will be apparent to
one skilled in the art that various changes and modifications can
be made therein without departing from the spirit and scope

thereof.
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6. A production process according to claim 5, wherein the
process comprises stopping the feed of oxygen gas about 0.5
to about 2 seconds before completion of oxygen plasma

20 discharge and maintaining the plasma discharge by pressure

of residual oxygen in the chamber.
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