DEC 2d13 MAGNETI C RECORDI NG MEDI UM AND PRCDUCTI ON
"PROCESS IB@WMW", resent invention relates to a magnetic recording
* medi um u xarrpl e, a magnetic disk apparatus, and to2 4 RFC@®8ti on
process for t'H&seredi um BACKGROUND OF THE | NVENTI ON A conventional ly
enpl oyed magnetic recordlng medi um conpri ses a non-nmagneti c substrate
havi ng a NMAGNEFIE! RECORDINGO MEDTUMNAND] RRODUGEION FROCESS cTREREOR
protective fil msuch as carbon film provided thereon; and on the protective
film~o a lubricating filmconprising a |ubricant such as
perfl uoropol yether. In recent years, a magnetic recordi ng nedi um which can

reduce spacing | oss has bee@jggﬂggﬁggﬁﬁgﬁ?ﬁpﬂgﬂﬁh@g recordi ng density of
t he nmedium ~s A carbonaceous protectlve mis typically formed through

ttering. , fi I
S L R
I .th I h bj 20 T f t h h
e o g e g el L e T g i e

protective filmhaving sufficient durability even when the forned filmis
thin. - Broducbiomr proepaeyEPr tReamgddlBri ¢ recordi ng medi um produced

t hrough the above-descri bed conventional technique |ubricant adheres easily
to a magnetic head, and fly- stlctlon characterlstlcs m ght be deteriorat ed.
5 Wién fly-stiction charaleh&E QNy g gd the flying stability
of a magnetic head decreases, and problens such as head crush easily occur,
due to contacd bedmeentibdeaplpt eemployedl mmaghdttike megoetiogheagdium
According to a first aspect of the invention, there is provided a magnetic
recor di ngompri ss prapdunet-msdngr e pragess s Waodie) ng anoagnegnetic
recordi ng medi um whi ch conprises the steps of (i) formng a non-nmagnetic

under coaindét&oa0ds 81 08R8t ACmhbhBt 98 &iNANtABEBBHI;C aSpRoteateveo £iim
produce a disk, (ii) form ng a carbonaceous protectlve film20 thereon

through gi@s %B%E'o?lah;ﬁpﬁ%@f@&&'é%élféorﬂ Ialnk 85%@3:1%@5&%6 £9fint he

car bonaceous protective y use of plasma generated from an etching

gas, durl ng i }.Iif]r ecta%rh{‘ Ofg ;1t1IIne SBBIng%?Ls%gH‘e car 8&’:&4@ prs@‘cglc“ ug film

applying a Q req cy “él'ectri ¢ power s and (iv ormng a
IUbrlCaléé%%IuoP%polyether.

In recent years, amagnetic recording mediumwhich can reduce

spacing loss has been demanded for enhancing recording density
of the medium.

15 A carbonaceous protective film is typically formed through
sputtering. However, when a thin protective film; i.e., a
protective film as thin as 100 A or less, is produced through
sputtering so as to reduce spacing loss, the film might have poor
durability.

20 Therefore,therehasbeenproposeda;ﬂasmaCVDprocesswhiéh
can be used .to form a carbonaceous protective film having

sufficient durability even when the formed film is thin.

T
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wherei n oxygen is present in the surface of the carbonaceous prgt egtgi ve
filmin an amount of about 2.9-12% as neasured using X-ray phot él € 200y
spectronetry, - 2 ~ 4 DEC 2003 a B/ A val ue of the carbonaceous

protective filmis about 1.22 to 1.65 as neasured using Raman spectronetric
anal ysis, a water contact _an

| e of the carhona I Y i i
about 70 or 18S¥eVEhd 3"t i E‘gﬁ@? 16 rfaﬁgrgé?‘ﬁoﬁ%%ggﬁg p%Iroo edﬁf\/téﬂ%ﬂ%?i s
30-100 A. According to a second aspect of the invention, .there i ovi ded
a nagnettberéé@VGF%QSﬁ§éP@ﬁ W3 gt%FB?bEBESlP%Flﬁﬁ&ﬁﬂﬁéhégfs
magnetic recordi ng medi um whi ch conprises the steps of %%%.fonnin,
non- nagne&stlyrdeacwgngt igrhead , &liyc stilichion ahasAc ﬁéFi’-Eségltﬁalﬁ ate
to produce a disk, (ii) formng a carbonaceous protective filmthereon
t hrough pkagessaetchewiatald.vapor deposition, (iii) etching a surface of the
car bonaceous protective filmby use of plasma generated from an etching
gas, guring th{geat dhivagtafcdita sahdpgetef isbicsanbenaters qurattestt ivise fil m
appl ying a high-frequency electric power onto a disk, and (iv) formng a

l'ubri cat icgg; fi b ial hQgRBLES RESSHHcidhddle, sid peeblemsheuch
car bonacgggékgr%%%%\?lf%g&ﬁ?% I ngan anount of about 5.0 16?5% as neasured

[ X- h | ] - .
car bonacBRLRSRS OBl JRSEAITST SSENEH fosoRteqe B et Ehe SRV e

spectronetric analysis, a \Q__/a,t er, contact angle of the carbonaceous
protect i ve18 Admthe JRIREAF d1€3%ss, and a thickness of the carbonaceous

protective filmis 30-100 AL Fig. 1 is a schematic view showi ng an etching
apparatus which is enpl oyed_ in one node fo i out the production
process 10 according to theSBM%égﬁfgﬁﬁggﬁfﬁgﬁg&éﬁ&&g2 is a schematic view
g o P e Selorth S ST SYBC AR e cayrvino
provided a magnetic recording medium produced using a
process for producing a magnetic recording medium which
comprises the steps of (i) forming a non-magnetic undercoat
film and a magnetic film on a non-magnetic substrate to
* produce a disk, (ii) forming a carbonaceous protective film
thereon through plasma chemical vapor deposition, (iii)
etching a surface of the carbonaceous protective film by
use of plasma generated from an etching gas, during the
etching of the surface of the carbonaceous protective film,
” applying a high-frequency electric perr onto a disk, and
(iv) forming a lubricating film,
wherein oxygen is present in the surface of the
carbonaceous protective film in an amount of about 2.9-12%

as measured using X-ray photoelectron spectrometry,
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Fig. 3 is a cross-sectional view of one exanple of the is magnetic
recordi ng nmedi um of the present invention. Fig. 4 is a schemati 2 4VDEGV 2003

“ showi ng an etching apparatus which is enployed in another node for carrying

out the production process according to the present invention. ZO

DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Fig. 1 shows an etching apparatus

2 enployed in one node - 3a ~~ DEC 2003 , j for carrying out the

production progessaacsPndi B8 tAet BErBHASERLULNYEERLERR 1IN ing
apparatus 2 has a?chanber 20 acgonngdating g d#sEEFgeggEe?éﬁggqﬁﬂd a

hi gh-frequenc ower _sour 21 applying high-frequency el ectric power to
the disk 3 %E%oﬂn%ganggrggtﬁﬁ Eﬁgﬁﬁéﬁgzﬁﬁgﬁgféﬁgﬁees NS F Ienot es a
mat chi ng apparatus. A conduit 25 is connected to chanber 20 for feeding
into the @hahpeis20 an etching gas supplied froma supply source (not
shown), and an exhaust pipe 26 is connected to chanber 20 for ~o exhausting

a gas cont ai negd watthecehagber ai@1eThe exbaustbBhnReedf sl %r@ﬁ'éid%ﬁ% with a
di scharge anmount control valve 27 through which exhaust flowis adjusted to

thereby apbihragi Lyofentholol Ne.gas messuipiiiile chapper 20. Fig. 2.is a
schematic representation of a ﬁ?asna D ~s apparatus 1 usSed for carrying
out one node of the present invention. The apparatus conprises a chanber 10
acconmpdatFhgCR2EFSRE0RTRAPERINCpEILBCERvE OFitlOf fs to be forned; el ectrodes
( 11, 11 ) provided on opposing walls in the chanber 10 so as to face each
ot her; hi gh-fraquendyngoner aseacoes @aspctldf) ther iawgpltyiong podwere to t he
20 el ectrodes (11, 11); a bias power source 13 which is connected to the

di sk in the 5PapPEEA1]; nBBHR 1823 SBRA) oS RMKEE Gml |y process
gas serving %s a raM/naFegigllof Fhe p#o ect?ngfﬁfkgaﬁ%?ﬁ%§én@gege f or med

on the disk. The ghanber 10.is connect%d to conduits 5,15 ) for feeding
2s procesR§aE°F ed°F nPECEHE 1 BRafh BROLE S FomerRE GRS §%fﬁwv1ggﬂf%é - 4 ~4
DEC 200 14, and an exhaust pipe 16 for discharging gas fromthe chanber 10.
The exhauSPTprpecE6thgsSERPExRAUSE) cEREMENIV Al RENTAgRSitdls madanreoat

controlled to thereby arbitrarily set the gas pressure in the chanber 10. s

A pul se DEisnuand magaehighffileqouanay neaumaenery cheultsedaas tde bi as power
source 13. The plasma CVD apparatus 1 and the etching apparatus 2 are

connect ed. agh er a 1 ans i qggpggt in the
pl asma CNE?%%gggaﬁugg%hfné%gghgogﬁéhgng ggggkgﬁﬁgkéﬁzé%éﬁgi ~0 |A§%I$ing

exposure to air. e nnge 9f t he %roduc i on process for a magnetic
recordingthereon through plasma chemical vapor deposition, (1ii)

etching a surface of the carbonaceous protective film by
use of plasma generated from an etching gas, during the
etching of the surface of the cafbonaceous protective film,
applying a high-frequency electric power onto a disk, and
(iv) forming a lubricating film,

wherein nitrogen is present in the surface of the
carbonaceous protective f£ilm in an amount of about 5.0-

16.5% as measured using X-ray photoelectron spectrometry,



medi um according to the present invention will next be descrlbed t aki ng
the apparatus shown in Figs. 1 and 2 as exanples. Firstly, by ﬂuﬂE@dﬂBg or
any suitable nmethod, each of the 5 two sides of a non-nagnetic substrate is
coated with a non magnetic undercoat filmand a magnetic film to thereby
obtain a disk D. A substrate typically used for a magnetic recordi ng nmedi um
can be used aspyheya0ieMBgnehiC csubshaateusapdotbcalivid fuiralioy 20
substrate plated with an Ni-P filmand a substrate forned of glass or
silicon gaxtbg ysged 'E[h%zs%f 368 <oh NG 108 Ragaet 's%:e%‘ﬁ%@ctﬁd_s
prefera% VAR jectea 0 a texturizing treatnent such as a nechanica
texturizing treatnent. Particularly, a substrate having a surface average
roughnedBafRE}Sof about 1-20 Ais 2s preferably used. - 5 C 4 DEC 2QQ- ,
Cr or a O alloy may be used for form ng a non-magnetic undercoat film
Exanpl es of auivhablkycoscdctr aaklleysfi fdleude rbolficegusopsot@Itireg | oys, O /V
alloys, and C/Si alloys. A Co alloy nmay be used for form ng a nmagnetic
film E’f%O'JT}% %b%tswoba@fyw%d Caqakl enscicnebyderCoher all oys, Co/ Cr/ Ta
al | oys, Pt all oys, and Co/ Cr/ Pt/ Ta al l oys. These non-nmagnetic
undercoat filnms and ma etlc fil r.ef ré I ve a thickness of about

50- 1000 CATRRG2566UE B GﬁtAveiéggégﬁﬁb qd% I’}A'Subsequently the disk Dis
transferred into the chanmber 10 of the plasna CvD apparatus 1 shown in Fig.
2, and - a raw materi al 4 is introduced into
the chanber 10 throug® - e , '.ust the gas in the
chanber 10 through the exhaust pi p The ro as_fl he
chanber 10, Fbgt Hei8l®ysehppasig ‘é%ﬁ‘f’é Wdfnqgg%lcjﬁ'% ta%‘é’%ézgzwﬁ% iBrocess
gas contai ni ng hydrocarbon, e.g. gas predom nant onpri si m_xture
of hydr hs aetho ped Jhydmﬁgmdeaiolxecé§éérlnﬂo°@§et5? Eﬁ%‘?‘g ngﬂ?Bc% ‘Bﬁﬁgs

sel é8ted from | ower saturated hydrocarbons, |ower unsaturated hydrocarbons,
and | owgeceyakng hwdt@eapmmmen£%1qw&ﬁtﬂqnﬂy used as the hydrocarbon.
Exanpl es of | ower saturated hydrocarbons which may be used incl ude net hane,
ethane, propgag, buiang, sénémaeianeiefxanpliing?a plabvaefVinsprarated

hydr ocar bons mhlch may be used include - 6 ~ 4 DEC 2003 , i isoprene,

et hyl eng,, sRHORY! E\%’l i8N & n bt Bsk epgr rfFxagpbes thel pweducydione

hydr ocarbons be used include benzene, tol uene, xylene, styrene,

[‘ﬁghmﬁ%ggegﬁcyc ﬁ?ﬁgﬁ% @&dtr?élcﬁﬁf’@ﬁéﬁ@' ©AGenthiBnterm "l over" refers to

ons Int ydr ocar bon and neans 1-10 carbon

atorms. Fig. 3 is a cross-sectional view of one example of the

'8 magnetic recording medium of the present invention.
Fig.4:nsaschematicviewshowinganetchingapparatuswhich

is employed in another mode for carrying out the production

process according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

. 20
Fig. 1 shows an etching apparatus 2 employed in one mode

- 33 -



The gas pressure in the chanber 10 is preferably 0.1-10 Pa. Si Ibaneously,
t he hi gh-frequency power sources 12, each preferably being a h 6 ency
power of about 50-2000 W supply power to the electrodes 11, to thereby
generate plasma. A ~o0 carbonaceous protective filmis formed on each side
of the dfsk datidyugloul aheeptdiubyiosepmicede amlomre it tesshggsresent
source. The carbonaceous protective filmhas a thickness of about 30-100
P., prefenaBhyidf.75 AI‘hQUréﬂéhiﬁg_mihbgarﬁfcubhe_zcamtdy'la(anltﬁ}dh&Sﬁlec'ti ve
film the disk Dis preferably subjected to a bias such as hi gh-frequency

bias or PULSEMBSa by i35 Ao Bi@SePOHEs SRHT 6 nkn - Wier iy faqeutency

bias is errp?oye ggﬂ?’he bras, a high-frequency power” source W th a power of

bout 10-300 W f hl 0- 150, ' ;L i t o, b
erve 20°870Re 2 APTY dordther it Reh “SHPELELE okl Eabrd BARCT PN
{1 O BboRECOABETREed: 3nVE b SRR 120 o086 a5 e, B gA 88 JONBFEch ( e

disk D to thereby serve as the bias power source 13. 25 Preferably, the

pul se wi BaRCHinCh8PRIBFEEYSUl se DC bias is ~2 4 DEC 2~ about 10-50000 ns
and the frequency thereof is about 10 kHz 1 GHz. The carbonaceous,
protective fi Ancpnddite@Shyisusonpeaties glasthander aifhafer Beadtmmt Rl a

di anond-1i ke carbon (DLC) s conponent having hi gh hardness and show ng hi gh
mechani cghesthangeh. 20 elddriher grd sappbhed efrom @r sueplliyvsofirben (st a
chem cal activity with respect to the surface which is |ower than that of a

simlar ghet@gti vad anMehdraimd tHids & Praifisc el t@schdmsert2@rfog,
since an active portion of the surface of the protective filmresponsible

for fjl %&%ﬁ%ttiﬁ%l bsgggdéé?ﬁﬁgfﬁgé iR de'BRmuOvode anBUSRRAUSE bk bonds

whi ch are not easi arize During formation of the carbonaceous

protecti tLI he =s rRSUY. o h r.-10 bedhto

el ectrod\gg H,-%‘ﬁ%pﬁ? e"?"g@znagiﬁ'l onsaeradré; aprglfng:r gg?\;?;rg ] Xg'?ggﬁtég t edr>e y
determ ne_t.he B/ A val ue..of t.he carbgnaceou rotective film,W { nert
gas suchWide< e@%‘?&d%&gwar}set YR ed:ggtod kf%rgeb% BTG bE r%??%d
descri bed below, the B/A value is suitable 20 controlled to about

1. 22-1 . 65hepgdsepagspurein e GhAMPeT efQrably 1.29-1.65. Wen a reactive

gas such as N2 is used as an etching gas, )
Fig. 2 is a schematic representation of a plasma CVD

15 apparatus 1 used for carrying out one mode of the present invention.

The alpparatu_s comprises a chamber 10 accommodating a disk on which

a protective film is to be fo_rmed; electrodes (11, 11) provided

on opposing walls in the chamber 10 so as to face each other;

high-frequency power sources (12, 12) for supplying power to the

20 electrodes (11, 11); ai bias power source 13 which is connected

to the disk in the chamber 10; and a gas supply source 14 for

supplying a process gas serving as a rawmaterial of the protective
film which is to be formed on the disk.

Thé chamber 10 is connected to conduits (15, 15) for feeding

25 process gas fed into the chamber 10 from the gas supply source
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the B/A value is suitable controlled to about 1.21-1.52, preferably
1.24-1.52. 2s Wen the B/A value is less than the lower |imt 0§4IB€C§ﬂﬁve
g _ 2-4 DEC 20p3 range, the activity of the surface protective TI

i Nncreases1ho Ah@rab)e-084s8 %5 gvVeoaf i B j '

etching pr ogess descri bed bg&c%)%sqlgpgg?f ?%gi:%lgrg%gﬁg%ﬁgf%ﬁ%rﬁu%g%%ss
than the wermy 4 : ' rang d n-deriv. pal.yner

pr esent i%ef heT}t)ér (r)atizehcatslf% [:’tfllqieemzi e\éggaggsgf%g\l%érée(grglé}rigéguYng% gpﬁéﬂg}%cgge in
chemi cal | inﬁ tiive CEE b@ngé %Bd an_inc eg%e i.n _active bonds such as C=C
and C=C pPe¥ehRt FROETBLESEohBohBRFEPYhEER1EF ol S8th&ie 43S PRASSIFDonds
cause excessjve affipity to a lubricant ~o during an etching process
describedlﬁeFBﬁLchﬁﬁgﬁélﬂQ; a lubricating filmconprises an upper surface
portion which exhibits lubricity for reducing surface friction and a | ower
core portion whiBulBenBS apreeel grie highkfirequegcy &ourmeeataw doef ivsgd
When there is excessive affinity of the ~s surface of the protective film
to a | ubrasabbe bhest bbwkmessumtet 18.1 ower core portion increases and the

t hi ckness of the upper surface portion decreases. Thus, lubricity of the

upper surface phetpDasHigTERHAratdienedyidet puatech Degl 4hsht 20us oplddeLi ent
of the lubricating film zo Therefore, when the B/ Aval Ue i's |l ess than the

lower |ingénRéctbg waRYEaEA M Dert 86 &5 Q%%%ﬁré&@&&‘s%ﬁ%e%%?gdated

characteristic of the produced nmagnetic recor medi um m ght
deterioraigdnd r e, BLA YV IS4 of, the r 2s
Tt of the shyaSRalC apkaea il Srhd Phibechit REESERelant WiRY 2
~~ nEC 20 ' rotective fil.mincrease in nunber. These excessive
cheni gjal IJggYélfa\é%gsegﬁgéﬁgrgaggeaf550r affinity to a lubricant during etching
descri bed bel ow, and bondi ng strength between the lubricating filmand the
protective filPRYINCHR £t BB RIIINCE iR rresess fRE BMRINBLES seCHTERS r om
Raman spectroscopy represents a ratio of a peak value B at the G peak,
which is I%dwglagqor;sg,ﬂg taltthe preseditninvent bon esiddnoextdv desicribed ,a
peak value A, which is a net peak val ue including no fluorescence
conponenttaking thegapparatasuehowdi ¢at Fdgshafl ahd @r atse@xiarg lfédd .m cont ai ns

Firstly, by sputtering or any suitable method, each of the
15 two sides of a non-magnetic substrate is coated with a non-
magnetic undercoat film and a magnetic film, to thereby obtain

a disk D.
A substrate typically used for a magnetic recording medium
can be used as the non-mégnetic substrate, and an aluminum alloy
20 substrate plated with an Ni-P film and a substrate formed of glass
or silicon may be used. The surface of the non-magnetic substrate
is preferably subjected to a texturizing treatment such as a
mechanical texturizing treatment. Particularly, a substrate
having a surface average roughness (Ra) of about 1-20 A& is

25 preferably used.



a-large amount of a hydrocarbon-derived pol yner conponent, whereas a small
B/ A value indicates that the protective filmcontains a small Zgoppp a
hydr ocar bon-deri ved pol yner conmponent but contains a | arge anmount of DLC
conponent or a ~s graphite conponent. After conpletion of formation of a
carbon protec wer fa |Gy akkodumbypbecasedgdon rfarmwingahbeen-4magoatdcChe
deposited on the surface of protective filmas an inpurity. In the node of
the produclerddal aUESS. AaaHedmh s t 6f t Baitabpyessrid iQwestloys thelddek D
coated with carbonaceous protective filns is conveyed to the chanber 20 of

the etclulyeapparAdls & A & I "cFj - aliopsy ghahtpgsef atheyprotective
films is carried out in the follow ng manner. hrstly, an etching gas is

condul t 25 |1 SRSy §Y56 skl P RIS LS T R T
h h 0] h d.-th h.th ' .
car bonaBaonat pRBLEEIT CP FhioT S Bie ERACH AT & CBY SR Re% et chi ng

gas flowing in the chanmber 20. 7 rticular limtation is inposed on the
et chi ng Ced& T /Atd SrhPYfs 3G R %Lr\lz?gz'gﬂ ablP¥fig as a plasma can be
generated with the gas. Exanples of etching gas include inert gases such as
Ar, He, Ne, Ihessdn¥e-maguetdactundereeet $udinsasang, MFENEAC of §aREc ~o
ni trogen conpounds, organic silicon conpounds, organic fluorine conpounds,
and or gairief iy donpeuadshiEkaspkes fofabongarf - 1100 oyennd oapouhds Owhi ch
can be used include acetonitrile, pyridine, and trinethylam ne. Exanpl es of

organi c ggd ijp,orrwmlj,ncl ude tetranethyl silane and 15
t etraet hoxysil ane. Exanpl es of organic fluorine conpounds include

oct apl uor ocyod phud anen ey, och&f hugk osy ek opeahsperrbyanptesthe ehgabes boron
conpounds include Trinethyl borane and triethyl borane. Wen an

oxygen-iq] yI,@i B %ggﬁ\a%'\g[z a%iaa i Y%%E)aﬁﬁiﬁ'}“ieé.cbi, Hhd 8 HAFmalerdalt hat

are eas pol ar =0 and C, are fornmed on the surface of a
protective filnmto thereb nhance tyyity. r fSfbkked
bel ow. Igf?saégfltn%’éﬂrf‘ 4 5 3] F?uﬁﬁﬁér*%j' 68%#83?8% a%lg&gf E'hg protective
filmis remgved by oxidatiogn to ihereby dvaﬁtageﬁuslx gbean thens¥%gace.
zs When h thualydhe (gprdeing 13- usBdtR8rERYFERPRG 948 ERE 1™ ~l ~
~~ ~ , | etching gas hardly bonds to a conponent of a protective film
during ehanbry Hhthreuahigvharhassih@ir Yasi fihed PXRECSSaBRSr £4°WPhus,
use of an inert etching gas prevents variation in the thickness of the
protw®ct iire thid mhambemdil,i tat shedebyr akpaseon surface of the disk D to

the gas.

A process gas containing hydrocarbon, e.g., a gas

predominantly comprising a mixture of hydrocarbon and hydrogen

may be used.

20 One or more hydrocarbons selected from lower saturated
hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic
hydrocarbons are preferably used as the hydrocarbon.

Examples of lower saturated hydrocarbons which may be used

include methane, ethane, propane, butane, and octane. Examples

25 of lower unsaturated hydrocarbons which may be used include

-6 -



s of the filmthickness as conpared to the case of enploynent of an
oxygen-cont ai ni ng etching gas which possibly forns a gas such as gD :

t hrough' reaction of a conponent of the protective filmand the e?'h$ﬂ523@s.
When a reactive gas such as N2 is used as an etching gas, ~o the etching
gas partiabpyebends ethyd enmyponmdpypylende pbotgténwe fidnad Howsabienesi nce a
conpound which is easily gasified is hardly forned, use of such a reactive

etchi ng pRampllee HfVAMdS ATl Ylrdt ddbord wblieds magf bEhesdd otraetuge film
and facilitates determ nation of the filmthickness. ~s The gas pressure in

the Chagﬁ@hzggei SRR aggﬁe\ﬁgpbée%#&?%t %ag&%ﬁ?ﬁlﬂ]nc@"ﬁi B?c!ﬁh@ﬁ%n??{ dxe of

t he di scharge afount contr fou t'hé* exhaust flow s

appropri at ont.r.al | ed dj ust,.the gas _pressure.in_the chapber .20.

Spoci T car Py nBRatsBRsc . the AR aloes 52 pREERG EAL P RESEDBE Ehnsicy,
when an inert gas, K suc S Ar is used as an etchin as, and is about 2.4-8
b of or eFane, 15° 506 Padtanar on SRt MR g b IFRERe SR as an
etching gas. Wen the gas pressure in the chamber 20 is |ess than the | ower
linmt of the ABEvEas MRESYKS i thecfhambes kG 4cepseferably PrbrébiBae film
decreases to thereby reduce bonding strength - 12 ~~ DEC ~ between the
protective fi Bamaddankeeusdlyr,i thei hjghi-Emeqiescy powkoweounnesfi2cteadh
enhancing fly-stiction characteristics of the magnetic recording nedium In
cont r ast prefierablle gEing adnisghi-ef rsquenex pewerad £ hbeuttpe+2 0 0 0riit, Dipphe
above range, the surface s of the protective filmis chemcally unstable to
thereby pe&sirblio | oMEr eddc@biddelsy -1 5 Mubt aneaeyy , g8h8hateeqrenrama . el ectric
power of preferably about 30-500 W nore preferably 30-300 even noreée
pref G5 abk¥r80n2ABoHe BEBEEBLEYEDY i 1RCILI Alindd S UIPRBLIPAURE SOULRE dfbiRL IS
applied to the disk SO as to generate plasma by use of the above etching
gas as apns = r e CLi fi r n_t i sk D
are etchgd y&?ﬂ% R%Ssﬁagg@pggegy%loi%’é %éﬁet ]!.e&’g‘?;é%t |ca%oa/e$§%%f) ied to
the disk Dis_less than the lower |im.t of,the above range, the_agtivity of
the surface ~3°8f CPREOBRGERLE 9§°FFFH8§CF&@[§‘e§a§oatm?"é]g?é?ﬁa%%eacq%t
bondi ng strengthh between the protectd ve filmand the lubricating film

i.e., to3po\%@8 An erederablYed¥a{di fy fly-stiction characteristics of a
magnetic recording nmedium In contrast, when the electric power applied to
t he di sk D i sDufiagcéormatipp oRetppearbonaceons tpeotdobbveahigbn, tihe
surface of the protective filmhas chemically unstable conditions to

t her eby gaski Bl s [pmeefferablgbidubjectad kaughbhaspsutchcas dridh-nftexduency s

i nposed on the frequency of the high-frequency electric power, a RF
frequencpias or pulse DC bias by use of bias power source 13.°

When high-frequency bias is employed as the bias, a
high-frequency power source with a power of about 10-300 W,
preferably 10-150 W, appliés power to the disk D to thereby serve

20 as the bias power source 13. |

When pulse DC bias is employed as the bias, a pulse DC power
source having a voltage (average voltage) ranging from about -400
to -10 V, preferably -300 to -50 V, supplies power to the disk
D .to thereby serve as the bias power source 13.

25 Preferably, the pulse width of the above pulse DC bias is
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zs ‘of from about 100 kHz to about 60 MHz, preferably from about 150 - 13

2 ~ DEC 2003 kHz to about 30 MHz, nore preferably from about 200 kHz to
about 20 MHz is used. For exanple, a frequency of 400 kHz or 13.'%6: DEE 2083
be used. The duration of etching is about 2-6 seconds, preferably s 3-5
seconds. aieert tife SN ingh and | e fregueney | thereofnis apouhelBbbie range,
the activity of the surface of the protective film decreases to thereby
reduce bdnd@Hzg strength between the protective filmand the lubricating
film i.e. , to lower an effect of enhancing fly-stiction characteristics
of a magneti c The reochagedtsi protebtLo8t Fadh, pidaicede Wunad Off i 8nen
excess of the upper limt of the above range, the surface of the protective
filmis ghefngaldvp UHEF_@PE@uEO 1t hedebyi ReSal Blivmbawen 1y abllidy - (%émg

etching, etching conditions such as the. electric 5 power applied'to

di sk D, ' of chi.ng,: and S ' chanher re
prefe?ab?;fng)tgrﬂ%o I%g{lg gbt gielr .yhggga;ﬁgg? esat}[]ag %/@?‘éggﬁoﬁlg‘?& %%g?gnﬁ?a}he
protectiv%fil to about 70 or less, preferably 60 or less . Wen the water
contact &NgIE9S i n excess of 70, affinity 20 of the protective filmto a

| ubri cant decreases to thereby reduce bondi ng strength_between the,
protective filTSBRUERECrHSH ¢aRPORATAPUNRTA ardtivieeiimps @ peembeAd, the
surface of the carbonaceous protective filns etched in the etching

appar at uRats VA tiys veitdnhinespgctact viheligur Hace ewli bt h ol ntowensbhan thay

~~"~ ~~ 2003 A nunber of C-H bonds present in the carbonaceous protective
fil m areod ewdahidyamlmsneechivadf ke hf ogmed hieh r@sgth t anpr&-é9s nsuahnaw bond
such as C=C or C=C. Wen a nitrogen- or oxygen-containing gas is used as an
s et chi ngpgateariridie einbed fir ohetivee godtndrs 6KPAIRI &Qrahte ymdsheuch
as C=N, G--N, C0, and CG0-C are also fornmed. C generated through cl eavage

of a C Hior@dtased f1e0 e speinsi® 18239 74 1R0RIrmd PEoADDY Eh{dPESeRELEQNAS

are considered to-be formed by coupling two dangling bonds or coupling a

dangl i ng 04 3R Y . _ i _ i Wi o) u of
t he protecti veer% \Ig’m&{]:scg}l:()ladé%gg’1l gilung%ée{:?c?%nrbeg%??%ﬁ%/ ol#féé?oérr%égﬁ%ge%%gfqut he
pr ot ectié%lfairliryedoarti cularly at the surface and di pole nonent of a
function group.”'The H C, 0, and N atonms have el ectronegativities of 2.1,

2.5, 3.5, and _3.Q, r ectively._ The difference in
Dué%ng‘%g%matlon.%f the carbonaceous protective £ilm, the

15 gas pressure in the chamber 10, power applied to electrodes 11;
and other conditions are preferably adjusted to thereby determine
the B/A value of the carbonaceous protective film.

When an inert gas such as Ar is used as an etching gas during
an etching operatién described below, the B/A value is suitable

20 controlled to about 1.22-1.65, preferably 1.27-1.65, more
preferably 1.29-1.65. |

When a reactive gas such as N, is used as an etching gas,
the B/A value is suitable controlled to about 1.21-1.52,
preferably 1.24-1.52,.

25 When the B/A value is less than the lower limit of the above

-8 -



el.ectronegativity between two atons of a CGH bond is 0.4, the difference in
el ectronegativity between two atonms of a C=0 bond is 1. 0, and t2w DEC zmqs
difference in electronegativity between two atons 20 of a C=N bond is O
Since the bonds forned through etching such as GO GO C,Z CGN_ GC--N C=C
and C=C tange a thenpativiiey 9| hgesunfacee érrccetqetﬂevecﬂlrldhég&ne\ﬁ%%ﬁ tohe
bonds are easily polarized and have a high ionic property and a |arge

di pol e reHerdby thuse dxtumses boads fand tysfoherwarigarcdurdng angtching- DEC
2003 Bonds such as C=C and C---C have enhanced chemi cal activity due to ~

el ectronsrodeds  ddtPLBéd 28816k ect rons. As described above, an etched
carbonaceous protective filmis considered to be highly chemcally active.

5 Wen an i”'géa‘éeéi'diéaﬁff l‘{}e‘?’ptfw ghevRigbedd huesfindn ahkelowermliatiton of

t he process rired out pl asma CVD apparatus 1, the inmpurity is
renmoved f LO s o gl chi ng,pas
duri nr’g t?té%ﬂ gﬁg p#%lg g2 %#eﬂrpg%rl\g)lo?ly the ?g%g élgecar bonaceous

protective ~o fi| evaluate thefollovvl nper,. Firstly the
et ched é%??%%%thetﬁegﬂrgFEEFa§8 f|Qﬂ sﬁﬁf?ggagg ? gfgkﬁ% ter
referred to as an exposure ste , to thereby coupl e oxygen angl i ng
bonds |nché‘ﬁélgﬁﬂyaé’éa‘é’r'-lt’ﬁecpgopééflﬁvénfil P iDSr8assndiy 2 tﬁé’earhﬂﬂ??s
oxygen bound to the surface of the protective filmduring the exposure step
i s measugedh tdy @sghaXdr 65C e seedtr anDRC ccaspopyn € ESONedsy axsessfivee
foll ow ng equati on: oxygen content (~) - (0Ols peak area)/(total peak area)

x 100. ThhsmYahUeyi ScCORS B ES dahidie ekeldlea el £ ENA 180D Ca QuibHiT axit 20
oxygen . The acti VI ty is evaluated on the basis of oxygen content. \Wen a

reaclj vey tg_@%n&USH ?écﬁ@nhsggﬁ%@sgs dAR RLHIHARR, the reactive gas is

considered to couple wt angling bonds in the surface of the protective
ni trogen.  canchd caﬁlﬁrat‘eéu?%%%lﬁéﬁn@e??mvw@% %%%?P%ﬁrnﬁ%‘te
W thout BAFE§PRGRLER e ERbhe ] S arehey LT AR g UG RY EREANAT o
the surface of the protective film
and a lower core portion which bonds dlrectly to a film (e.g.,
a protective film). When there is excessive affinity of the
15 surface of the protective film to a lubricant, the thickness of
the lower core portion increases and the thickness of the upper
surface port:ion decreases. Thus, lubricity of the upper surface
portion decreases to thereby elevate the friction coefficient
of the lubricating film.
20 Therefore, when the B/A value is less than the lower limit
of the above range, the €SS (Contact-Start-Stop test)
characteristic of the produced magnetic recording medium might
be deteriorated.

In contrast, when the B/A value is in excess of the upper

25 1limit of the above range, chemically inactive C-H bonds present
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s ‘During etching, etching conditions such as the electric power Epl ied to
the disk D, duration of etching, and gas pressure in the chamber & ®EE 2003
preferably controlled such that the oxygen content in the protective film
i s about 2.9-12% as neasured through ESCA, preferably 2.9-9.4% nore
preferally 2hé-pridtectivihei inei fxygese cant enimbey .| esSEhdd@mnekbeskawer
limt of the above range, activity of the surface of the protective film

decr eaS%éneéarﬁfbyna@Qwe Bendsngatisecp@idr hatpmany heo psotapkivanki I m
and the lubricati'ng f .e., to di sadvant ageousl y "det erl orate

fly-stic r ontr ‘%%r}; isin
excess ﬁ“{’%}}‘e&%gﬁgr ;'l%raé%&gf%b?ﬁ o‘?/e%?lgﬁgéndmg%a%ﬁ ty of the gli}tref ace
of the tective f|| i ncreas exces Y further th thlck ess of
Che | owdiRIHQATERY | 61 L Ao Coea i SFEC ERVEK Tea® o LPROvABRBPoelFtdce
portion decreases, to thereby el evate the 20 friction coefficient of the

| ubr iScatdaRF9ad39% - Thus, the magnetic recordi ng medi um obt ai ned has a poor
CSS characteristic. Alternatively, during etching, etching conditions are
preferably cdfhe d/ked asineh obreati ek fixiomr Bgmanc sReekrosAoPerpPELEEntde film
is about 5.0-16.5% as nmeasured through ESCA, zs preferably 5.0-12.4% nore
pref er ald yati® 8f4&peak ralued B atDiir "& Pelak ,\Wbnchhes rnt oogaraldopeakt is

| ess than the lower limt of the above range, the activity of the surface

of the prdlestineeulliing deqieasesdned bempbiieheyaio bgutilngasdueangivhibkat ween
the protective filmand the lubricating film i.e., to. s disadvantageously

deteriorgd & fhye Séé&x&l@é\m@aiﬁeieahﬁy £S- fhﬁo?@ghéﬁéb cWR@Bnich@ ni trogen
content 1s in excess of the upper limt of the above range, the activity of

the surface %wgog%/g& %ihgeléaiéawgEﬁ%%%&gegeah\emf cwrtra%;s the

t hi ckness of core portron Increases e thickness ~0 o
upper surf ortion decrease to thereby el.e
coef fi C|aen a&ggt I‘Pé“cf%{?l 85t|a}1gﬁ¥FFﬁ\caﬁ:ﬁ8§ &F é"ég %&“%ﬁg%ébgc recdrdl ng
medi um h oor har,acteri stic. ubseq nt a |l ub nt syc
FoNbrin "f ? Sk Bm? ewf\uéfra&ﬁtﬂ ytgrates a’éb?fr eﬁh?opfﬂ bf’&#l@&‘ film
t hrough a ~s method such as dipping, to thereby forma Iubr| cating film
Thus, a RRFRIFE rRec6P@ildg ABEPRDEM |%fpr%d@d’é‘c¥°cﬂ¥@°|’1ﬂﬁré-éﬁqﬁgpﬂlﬁ’mefrorned
on the protective filmbonds strongly to the surface of the protective
film Theomponent boatdi contaibasadlangehempontoatfng P&&seanporentheralfove
| ubricant typically conprises a conpound having a hydroxyl group. As
desctsi begic sifiiviiee tdepsnefice of the protective filmhas a high chenical
activity. Therefore, a hydroxyl group present in the lubricant bonds 2s
strongly to efRstdy duhFIdZodh & QFYHIRtIWNoESa Gdbdn @rotedetNve £19m,
residual process gas in the chamber 10 could be deposited on the
surface of protective film as an impurity.
In the mode of the production process according to the
20 present invention, the disk D coated with carbonaceous protective
films is conveyed to the chamber 20 of the etching apparatus 2

as shown in Fig. 1, and etching of the protective films is carried

out in the following manner.
Firstly, an etching gas is fed from a gas supply source,

25 which is not shown in Fig. 1, through the conduit 25 into the
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~2 '~ DEC 2003 and C---N through hydrogen bonding and to ~

el ectron-containing groups such as C=C and C---C through Van dégi Vg §m§
bondi ng.’ Thus, the lubricating filmis bonded strongly to the surface 0
the proteghamBefi2 whide teeagRLeiRft He BHMIHLC 200597l | ltgl,ﬁgyced
t hrough t he above-%r,escri bed pr ggﬁc%liqotnﬁ%r ocessélfgbsﬁgm%%%géq? {
magneti c i i NMPELSES - I trate S on ich a
on magner e T o a1 175 31 pegh of LAY SRARSACe SIS it e
protectiv i , a.l ubticating,~o film34 are sequentially, fornmed.
In the pr%%l%ﬂg%‘lg]o%?pﬁ}%egg%gk h?‘:‘sca‘f‘f)k&%%c@b@eple @d‘t“igvﬁagifﬁ?‘i"én&%rhé'd‘%y
use of pl eng ated froman etching gas prior to formation of the

| ubri cati%ﬁ%%ﬁl Qherefore, the protective filmhas a chemcally active
surface where a lubricant easily ~s bonds to the surface. In addition, any
i npuri%y deposi® KRR IWa s driftidatgfon A prmpoeediae thiel etchingegaemamnst
fromthe surface, and deterioration of applicability of a lubricant to the
prot ect i vany idan icagubecetyyloyed istp Loingy asaam gl gL cant 86 .gelte ddned Wil
bondi ng strength between the protective filmand the lubricating film

i ncr easesth&vgas when a magnetic recording nediumis forced to rotate for a
long time with a head fl oated above the nedium adhesion of fragnents of a

|ubricating ikl eased i ghBeLnBoLlk oL fe I PR chS BT EYeRET and

’

the is friction coefficient betweén the head an ecreases, to’- 19

|~ DEC 005 hes ehyxenhanae, LhyisthCUaaa character hoti gs. Phen the pl asma

CVD apparatus 1 and the etchi ng apparatus are conneé so

as to,.en ce. of the disk D.accommpbdated iin the plas CVvD

appar at ugrwl@?%?ﬁ?éﬁbc%nn% 5 %éfﬁﬁélrlg't ﬁ%i‘éc\?f‘t FTROUGID s LS ’b’-%irﬁ,‘médi?@si on
of an inmpurity otigi na%i ng fromﬁi r onto the protective filmis prevented,
and furth%‘?r‘*lQ)%/‘ér,l § eddeti BhIBR1BoRAFAY SPPERYMSbet ween the protective film

and the lubricating filmcaused by the inpurity is prevented. ~o The
magneti c recorkfHEPHesli @ Preantednikreagh cREPaBOds- whichi bed peodsed on
process may be etched so as to have an oxygen content in the surface of the
car bonacedisl Yo peetiond triille, apyabdine 2 0l P met hphsmind. t IExaghl &S64A  As
a result of the above treatnent, the protective filmhas a highly
chem cal logrgamtive siiiaor weempoandsbr iirerliudasi tytbaneshyDsihansur hage and
bondi ng between the protective filmand the lubricating filmincreases, to
t her efay afdftaj‘v;éi:lfd}yy§il@xté PN Examples of organic fluorine compounds |
include octafluorocyclobutane and octafluorocyclopentene.
Examples of organic boron compounds include trimethylborane and
triethylborane.
When an oxygen-containing gas such as 0, is used as an etching
20 gas, bonds that are easily polarized, such as C=0 and C-0-C, are
formed on the surface of a protective film to thereby enhance
activity of the surface as described below. In addition, any
impurity adhering to the surface of the protective film is removed

by oxidation to thereby advantageously clean the surface.

25 When an inert gas such as Ar is used as an etching gas, the
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characteristics. Alternatively, a simlar effect can be provided when the

_ 20 nitrogen content in the surface of the carbonaceous protectig@g fgd Qiphs
adj usted through etching to about 5.0-16.5% as neasured through ESCA. Tn

t he present..i.nventd n.etchin a 3 in. . Fi 4.ma e

enpl byederkReEYEHt PRRgTd i 2 A BBAPRY B eden dh shalur s 5

differs fromthe apparatus 2 in coils (41, - 20 4 DEC 2003 42) for

Gener at i FGOTHSmmgHE: 1t PR heSahitbePes@askiian ARY SSRE- SRt ded

on the outer sides of the_ chanmber 20. Wen the apparatus is enployed,

pl asma g&hdpat P8 PE han charbsr eXThdfy 1#29 ckLiS¥ENbA VAS idtdlenD gy Bhe

magnetic field s generated by the coils (41 and 42) during etching, to

t her eby &hhahknesest ofii bheepfoteeniye Thimfahd aiacigl Exatred ebe temninationo

illustrate the invention in greater details . They are not to be construed

as |ig tbfigthBefplASENickn¥sst afNcokiphesd @bhehwi &8sé Ndif carheToymddt peft s,

~0 percents, ratios and the |ike.are by weight. An alum num alloy substrate

(di amet ean9%x niébﬁKQﬁﬁinQ-@té‘Mn@gaé#@h‘MchhpB@Ei%g WL gdst Such

mechani cal texiure processing, 15 to thereby adjust the surfacé roughness

(Ra) to Peg. h t = abt ai :

non- magngtsi %Ohﬁggfggg‘tr§#f%?§§ ?%ranggmkpﬂgngéglg}%pgﬁ %g:rt%%ng%ll@ ?Ilnflm 32
f ormed O];;h% g%c%li%{)?y re sequentially formed by use of a DC magnetron
sputtering appara 59 'ype 3010, product of ANELVA 20 CORPORATION), to

t her eby pr odu% a disk D, .,The disk D was conveyed into the chapber 10 of
the plasma CVI Br ZEASTLVEL 48 Sa SUGHUETe Nyt 0gRFd RSt 30 LYRY 3B ne
hydrogen = 1 . 10 (volune ratio)) serving as a raw nmaterial gas was, fed

i nt 0 1 het&RafbeR119. 935 PoiGhilaldiebonds, tai yleampanarc pfcthepretephkye( 800
W 13 .56 - 21 ~2 ~~ DEC ~ MHz ) was applied to the electrode 11 so as
to gener &tidma pHawewerand imcsardoremcpousd pwbiebt iee efbsimhy33ydwid ied ais

t hi ckness of 50 A was formed on each surface of the disk D. The tenperature
of the dhskdDyafidrinelm GsenpHigguactt @ deriotg vieoerahiay ghstdbss pretectsve
filmwas 170C and 400 A/ m n, respectively. Subsequently, the disk D on

V\ﬂi chht r&ga@aalaqmcmlmeptmeﬁhésg of e BLoveteiterfiEth Waa FoEWEYestéest O

t he chanber

determination of the film thickness.

15 The gas pressure in the chamber 20 is preferably controlled
to the following values by use of the discharge amount control
valve 27 through which the exhaust flow is appropriately
controlled to adjust the gas pressure in the chamber 20.

Specifically, the pressure is about 1.6-8 Pa, preferably

20 2.4-4.8 Pa, when an inert gas such as Ar is used as an etcﬁing
gas, and is about 2.4-8 Pa, preferably 2.4-6 Pa, when a reactive
gas such as N, is used as an etching gas.

When the gas pressure in the chamber 20 is less than the
lower limit of the above range, activity of the surface of the

25 protective film decreases to thereby reduce bonding strength
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20 of the etching apparatus 2, and Ar serving as an etching gas was fed
into the chamber 20 at a flow rate of 200 sccm ~o Sinult aneo@4 PEC

hi gh-frequency el ectric power (13.56 MHz) was applied to the disk Dto

t hereby generate a plasma, and _each surface of the carbonaceous protective
films fbehwaednthRePEPSRCbiNgsEélvhand the hibki¢abingntilni ekt®ic FROwer
(W applied to the disk 15 D during etching, application tinme (seconds),
and gaslpwessam efiffeathofodnindecig f{IRa)s et owharacteslistidsepbviherft er
exposure of the etched disk Dto air, the oxygen content in the surface of
t he promaghevecl rero2dings meddau.edIhycdserast anwisCA mpppaaitprsefSage 100,
product of Specs) based on the 20 foll ow ng equation: oxygen content (~) -
(01s peak apeaxiébots fgakipgdaa) Phil0Qr The hBsUL! 8aRbE i fied ALt sb@Wn i n
Tabl e 1 below. The specification of the apparatus and conditions for
measyre J hed.bel o . : ) - ~ A Op3
Spot-ysi ggr%rkg%&ﬁ%%lhodgﬁggl&%’vgpéggégﬁﬁ'?ngﬁ%ﬁgbg#e@zf tﬁlg%‘teFXgporrsét od (C
Gaussiag fitting;, N, .Q: Gaussian + Lorentz fitting). In addition, the
carbOna€886§ 8P%ﬁ&ﬁ%*%¥ﬁiln133 was s anal yzed using Raman spectromerty
(l'ight source:, Ar |aser, wavelength: 514.5 nm power: 100 mW exposure: 10
seconds, and SEAMLFENRAESIS obtH I HF SRR au e EF 1T ti RIVEY us’t of a
Raman spectroanal yzer (product of Jobin-Yvon). The results obtained are

al so showefesapdy abpout-g0rg0Onhly nBpEe PRELpEBPLYadPnd0fPi Wm Suena8°¥®r ned
by i mersion on a surface of the carbonaceous protective film 33 to thereby
pr oduce parefegadtliyc3 0 200 M ,ngenedated Bihshidnidet- fzequendy phyeressiduncoas
measured. The results obtained are shown in Table 1. The measurenent was
car rip ed 2Quti si apbhaeldoltbovhegdierner solasThe abneeatesplabred bpouséicf
recordi ng medi um was di pped in a solvent (AK 225, product of Asahi d ass

Co., Ltdnk EBBvé5eHEH§!BgSg§Qda§%b%cfer.omrhéecéﬂbaﬁﬂéeoﬂ@ Fetéoc{ve of
the thickness of the lubricating film34 after dipping to that before

di ppi ng gwgtﬁsg fﬁé&to%d%hg ks 5&&5 %lfaeéécl}géd ekl P%hgggbﬂgrfait'e@ pPasfla Was

measur e mmin the radius through FT-1R ition, the water

CO oL a0 S, b o BB 8L B obb o e oA 91 ThEsk i
the lower limit of the above range, the activity of the surface

15 of the protective film decreases to thereby reduce the bonding
strength between the protective film and the lubricating film;
i.e., to lower an effect of enhancing fly-stiction
characteristics of a magnetic recording medium. In contrast,
when the electric power applied to the disk D is in excess of

20 the upper limit of the above range, the surface of the protective
film has chemically unstable conditions to thereby possibly lower

durability.

Although no particular limitation is imposed on the

frequency of the high-frequency electric power, a RF frequency

25 of from about 100 kHz to about 60 MHz, preferably from about 150
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10V U|tNﬁe above range, the actlvzl.ty of the surface of d(:he protecql-:[lvyed vy

sr 1f1 1f1 M%e/~?\lh5{d%t18n18f|5€t¥ﬁlﬁbp§slaHoQ)t QQGr%et:onﬂfso Mﬂe‘féﬂhﬁlw 1 31

film decreases to thereby reduce bonding strength between the

protective £ilm and the lubricating film; i.e., to lower an effect

of enhancing fly-stiction characteristics of a magnetic

10 recording medium. In contrast, when the duration is in excess

of the upper limit of the above range, the surface of the

protective f£ilm is chemically unstable to thereby possibly lower
durability.

During etching, etching conditions such as the electric

15 power applied to the disk D, duration of etching, and gas pressure

in the chamber 20 are preferably controlled to thereby regulate

the water contact angle of the protective film to about 70° or
less, preferably 60° or less.

When the water contact angle is in excess of 70°, affinity

20 of the protectlive film to a lubricant decreases to thereby reduce

bonding strength between the protective film and the lubricant
film,

While not desiring to be bound, the surface of the

carbonaceous protective films etched in the etching apparatus

25 2 is chemically active due to the following reasons.
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The procedure st Exa les 1 to 19 was repeated except that NZ was used
as an et@m"r?@"gﬁ%n tHYhARTPrIEE a magnetic recordi ng medi um The
nitrogen content of the surface portion s of the protective film 33 was
measur ed t hr ofdterESCAitrogensaor omygen-asnperndmgedasn irselwdédnas oafiest
Exanples | to 19. In addition, Raman spectronetric anal ysis and neasurenent

of the bewddngagas MeLBecaEched pYditddt Ve £$ afiel srekpekedst P@IifrQr BBAEN
relation to Test Exanples 1 to 19. The results ~o obtained are shown in

Tabl e 2. uch as oy~ ABE A8, N e o- tg’r@%}mf?ffi?iffvr-. 1V-01 ON

cr N 10 Vv~-100 1f1t 1t| -1ri orlori

"1 ri "1 n-1rg ri ri NN M O -101tf1
t0 01 M 1ny0 § 9RPT%/FET—Td|‘H’%‘9<5‘ E#eﬁ"igﬁl%aﬁﬁgbeﬂ% gg%lry petive. .
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particularly at the surface and dipole moment of a functional
group.

15 The H, C, 0, and N atoms have elecﬁronegativities of 2.1,
2.5, 3.5, and 3.0, respectively. The difference in
electronegativity between two atoms of a C-H bond is 0.4, the
difference in electronegativity between two atoms of a C=0 bond
is 1.0, and the difference in electronegativity between two atoms

20- of a C=N bond is 0.5.

Since the bonds formed through etching such as ¢=0, C-0-C,
C=N, C=N, C=C, and C=C have a comparatively large difference in
electronegativity, the bonds are easily polarized and have a high

ionic property and a large dipole moment. Thus, these bonds are

25 chemically active.
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b~ ro UN ~~~ As is cle m the result 1 and
2, the bondedAtsafiFECGflgE% %%Y? e&fcr’t%c@§%6’&?§c?é’&fspﬁ%fag(¥f'iv kfﬁnm 33
is higher for the etched test sarrpl es (Test_ Exanples 2 to 19 and 21 to 37)
than for iBheonsideraseda &8 gpte<ch %?a@&ng&éve 1 and 20). Therefore,
a magnetic recording material has been produced where separation of a

| ubri eant doedhest asasimpyrdtyuis atrpesteed con the protectdivechalBceEEeEL i cs
arise. Particularly, test sanples having an oxygen content in the ~o
surface eonpletiioa ettive pridoasteeanrdddtduolught EEQA agm® CYDl2ppandtas
simlar nitrogen content of 5.0-16.5 showed excellent fly-stiction

char act eni stihes i mpurdase ri detmsrad Nehsy eché erptesevei AYEMt bpnppasmedes a
productlon process for ‘a magnetic recording nedium in which ~s the surface

of a car RRRACLALH ANUFHA Vet dhi éagtéﬁesﬂ_n?ytﬂéeee&hﬁngl F%&eggnerat ed

froman etching gas prior tofor tion of ubricating m Thus, the
surface of th tect i ye SYE é{._iggg
bondi ng of a Fru “%chcn ‘}Jt% #emsttersf%%f%n%ag%ygl%%ﬁ??ﬁ?égaﬁg gd oﬁ

surfa1%e Cf%.rlmbecarne eveedvaluated in the following manner.

Firstly, the etched surface of the protective £ilmis exposed
to air (hereinafter referred to as an exposure step), to thereby
couple oxygen with dangling bonds in the surface of the protective
film.

15 Secondly, the amount of oxygen bound to the surface of the
protective filmduring the exposure step is measured through X-ray
photoelectron microscopy (ESCA) by use of the following equation:
oxygen content (%) = (0ls peak area)/(total peak afea) x 100.
This value is considered to be related to the atomic counts of

20 oxygen.

The activity is evaluated on the basis of oxygen content.

When a reactive gas such as N, is used as an etching gas,
the reactive gas is considered to couple with dangling bonds in
the surface of the protective film. Therefore, the amount of a

25 reactive gas component; e.g., nitrogen, canbe calculated through
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20'fromthe surface. Briefly, the bonding strength between the protective
_filmand the lubricating filmincreases to thereby enhance fly st@g tmg:(ﬂ
characteristics of the nagnetic recording nmedium Wile the inventio é"é’g

been desggdedn @ sgﬁathraagnmat ha§5cH£t‘f RANGR K WA 13 %E@Q@h%ﬂt&
thereof, it will be apparent - ~r DEC 2003 to one skilled in the

art that OqH,%l a e d hout
departl ng\{%{o e Spl ri d{%g%pe ﬁ £§?§ BUQ EHB gﬁﬁggﬁﬁécsg%&OS%&Al VS
1. c recordin um duced a process for rodUC|n
rragnetl c Crcﬁ’b < aﬂ’é‘tﬂqiﬁ% r?%ry ?55 et ﬁé‘r%taé’ﬁso ft{‘F)gFBFﬁFﬁc};

non- magneti.c undercoat filmand a nagnetic filmon a non-nmagnetic substrate
to produc“e’-larl «disk, (ii) form ng a carbonaceous protective filmthereon

t hrough pl asnma chem cal vapor deposition, (iii) etching a surface of the
car boRaceous MuUstiag iekchingn bgtobiéngf Cﬂ?@dptta-svm@ garedy asedtiie oelantetchi ng
gas, during the etching of the surface of the carbonaceous protective film
appl yi ng powsmgappleéqdencyhel @cskil; govetiontef atdhdikg,amid gas pfessupg a

| ubricating film wherein oxygen is present in the surface of the 15

car bonaceoughpreh&ebéye2d idr® preBrabiyntontrakoell fudn 4tas neeasyged
using X-ray photoel ectron spectronetry, a B/ A value of the carbonaceous

protecti wrddd® | $n abRE! F%o%%ctt(iv% %5 B8 ﬂ@aégﬁﬁ‘é YSigg AR ﬁ@ggﬁtfrﬁa‘a? ric

anal ysis, 20 a water contact angle of the carbonaceous protective mis

about 70 1%&15 d fte ar C L ectiye fLlmis

30- 100 At‘?’ércj gne |gprec%ér<%%§ %ed %nﬁl%f @uc%dsgg?ﬁg §&§r%éé g ?% ‘for

produ ing a i.c recordi n medi um rises, t he of é

for mi ﬁg a nog‘iﬁﬁhe 5?‘ °ﬁ¥88f’c t???ﬁts\gﬁﬁ %ﬁg% tﬁ?llr‘?f‘f%rhs"&“ﬁﬁn Ofa h@tl c

substrate toqpr oduce Q ~r DEC 203 disk, (ii) formng a carbonaceous
|

pr ot ect i VY rﬁﬂrh%?eoﬁct:i‘ﬂ’bﬁéjh ofl it SHERRERI OFapidie RERISTEEYE ELim)

etching a surface of the carbonaceous protective filmby use of plasm
gener at eASEEASHF etehi haeFaby dirdiget Rondiog ngtaerngtithebetimeade bhet he
car bonaceous protective film applying a high-frequency electric power onto
a di sk, @mptEcrivieor nfadma |lamd i cathieng Tubmicehéngi n filmpged .ies ,present in
the surface of the carbonaceous protective filmin an anmount of about 5.0
10 16. 5%cdds adasivaecbais g detexyiqruwioct Pgit s 0hcEpont cRatatYeristics.
15 In contrast, when the oxygen content is in excess of the
upper limit of the above range, the activity of the surface of
the protective film increases excessively, and further the
thickness of the lower core portion increases and the thickness
of the upper surface portion decreases, to thereby elevate the
20 frictioncoefficient of the lubricating film. Thus, the magnetic
recording medium obtained has a poor CSS characteristic.
Alternatively, during etching, etching conditions are
preferably controlled such that the nitrogen content in the

protective film is about 5.0-16.5% as measured through ESCA,

25 preferably 5.0-12.4%, more preferably 5.0-9.4%.
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F10%& () - L" 10p0& ﬁlgénetic recording medium comprises a non-magnetic

substrate S on which a non-magnetic undercoat £ilm 31, a magnetic
film 32, a carbonaceous protective film 33, and a lubricating

10 film 34 are sequentially formed.

In the production process, the carbonaceous protective film
is etched by use of plasma generated from an etching gas prior
to formation of the lubricating film. Therefore, the protective
film has a chemically active surface where a lubricant easily

15" bonds to the surface.

In addition, any impurity deposited on the surface of the
protective filmcan be removed fromthe surface, and deterioration
of applicability of a lubricant to the protective film induced
by the impurity can be prevented.

20 Thus, the bonding strength between the protective film and
the lubricating film increases. Even when a magnetic recording
medium is forced to rotate for a long time with a head floated
above the medium, adhesion of fragments of a lubricating film
released from another portion to the head is prevented and the

25 friction coefficient between the head and medium decreases, to
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0B0OMD1_1xY: /ngbypagmgmy&corecpgtﬁ&n@) mgdium produced through the

above-described production process may be etched so as to have
an oxygen content in the surface of the carbonaceous protective
film of about 2.9-12% as measured through ESCA.
As a resu}t of the above treatment, the protective.filnlhas
15 a highly chemically active surface where a lubricant easily bonds
to the surface and bonding between the protective film and the
lubricating film increases, to thereby enhance fly-stiction
characteriétics.
Alternatively, a similar effect can be provided when the
20 nitrogen content in the surface of the carbonaceous protective
film is adjustéd through etching to about 5.0-16.5% as measured
through ESCA.
.In the present invention, an etching apparatus 3 shown in
Fig. 4 may be employed instead of the etching apparatus 2. The

25 etching apparatus 3 differs from the apparatus 2 in coils (41,
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10 percents, ratios and the like are by weight.
EXAMPLES
Test Examples 1 to 19:
An aluminum alloy substrate (diameter 95 mm, thickness 0.8
mm) plated with NiP was subjected to mechanical texture processing,
15 to thereby adjust the surface roughness (Ra) to 6 A. on each
surface of the thus-obtained substrate S, a non-magnetic
undercoat film 31 formed of a Cr alloy and a magnetic film 32
formed of a Co alloy were sequentially formed by use of a DC
magnetron sputtering apparatus (Type 3010, product of ANELVA
20 CORPORATION), to thereby produce a disk D.
The disk D was conveyed into the chamber 10 of the plasma
CVD apparatus 1, and a toluene-hydrogen mixture gas (toluene :
hydrogen = 1 : 10 (volume ratio)) serving as a raw material gas
was fed into the chamber 10.

25 Simultaneously, high-frequency electric power (800W, 13.56
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10b! " 109& ()-109%& ()-"109%& ()-"109& ()-s109& ()-Y10%& ()- TTUUt UUUaBYNC
10b! ) " 1088 ¢F -thel @Ehing apprrede @)- and1dvgseyvangosR’ 1) et g )9as VNVWY
WWMEYNC 10b! 6" 109%&' ()-4"10%& ()-S2"10%& ()-s010%& ()-1I -
109& () -wa4 0864 (1nti Yhek phumbdeyW\2o  @tl @b Y@L AR tE) -EL ) (9cam @Bl 0%k’ () -
10 10 10F;:10%& ()- YBMLOY%&' () - W XPXXX YGYdE~_@ 10bs, f
109%&1q ) - " 10985 {thustanedub)ly , SB1GREE £ paadfed é)edt # D@ dye SYIYIBMHZNE~_ @
10b 109%&' ()-"10%& ()- "10%& () -
was applied to the disk D to thereby generate a plasma, and each
surface of the carbonaceous protective films formed on the disk
D was etched.
The high-frequency electric power (W) applied to the disk
15 D durihng etching, application time (seconds), and gas pressure
in the chamber 20 (Pa) are shown in Table 1 below.
After exposure of the etcheddisk D to air, the oxygen content
in the surface of the protective film 33 was measured by use of
an ESCA apparatus (Sage 100, product of Specs) based on the
20 following equation:
oxygen content (%) = (0ls peak area)/(total peak area) x 100.
The results obtained are shown in Table 1 below.
The specification of the apparatus and conditions for

measurement are described below:

25 Anode: aluminum
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10b3F: 91@%Rmé} hdd AOUB&al hidlaBafbht idRuls1 @ £96L1A8Y% lise of a Raman
spectroanalyzer (product of Jobin-Yvon). The results obtained
are also shown in Table 1.

10 Furthermore, the lubricating film 34 was formed by immersion
on a surface of the carbonaceous protective film 33 to thereby
produce a magnetic recording medium. The bonded ratio of the
medium was measured. Thelresults obtained are shown in Table 1.

The measurement was carried out in the following manner.

15 The above-described magnetic recording medium was dipped
in a solvent (AK 225, product of Asahi Glass Co., Ltd.) for 15
minutes and removed from the solvent. The ratio (%) of the
thickness of the lubricating film 34 after dipping to that before
dipping was calculated. The thickness of the lubricating film

20 34 was measured at 20 mm in the radius through FT-IR.

In addition, the water contact angle (°) of the protective

film 33 was measured. The results obtained are also shown in

Table 1.
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* No discharge occurred in the etching apparatus (Test
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21 to 37) than for the non-etched test samples (Test Examples
5 1 and 20).

Therefore, a magnetic recording material has been produced
where separation of a lubricant does not easily occur and
excellent fly-stiction characteristics arise.

Particularly, test samples having an oxygen content in the

10 surface of the protective film measured through ESCA of 2.9-
12% and a similar nitrogen content of 5.0-16.5% showed excellent
fly-stiction characteristics.

As described hereinabove, the present invention provides
a production process for a magnetic recording medium, in which

15 the surface of a carbonaceous protectiQe film is etched by use
of a plasma generated from an etching gas prior to formation of
a lubricating film. Thus, the surface of the protective film is
highly active so as to achieve strong bonding of a lubricant to
the surface and any impurity adhered on the surface can be removed
20 from the surface.

Briefly, the bonding strength between the protective film
and the lubricating film increases to thereby enhance fly-
stiction characteristics of the magnetic recording mgdium.

While the invention has been described in detail and with

25 reference to specific embodiments thereof, it will be apparent
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20

25

1. A magnetic recording medium produced using a process
for producing a magnetic recording medium which comprises
the steps of (i) forming a non-magnetic undercoat film and
a magnetic film on a non-magnetic substrate to produce a
disk, (ii) forming a carbonaceous protective film thereon
through plasma chemical vapor deposition, (iii) etching a
surface of the carbonaceous protective film by use of
plasma generated from an etching gas, during the etching of
the surface of the carbonaceous protective film, applying a
high-frequency electric power onto a disk, and (iv) forming
a lubricating film,

wherein oxygen is present in the surface of the
carbonaceous protective film in an amount of about 2.92-12%
as measured using X-ray photoelectron spectrometry,

a B/A value of the carbonaceous protective film is
about 1.22 to 1.65 as measured using Raman spectrometric
analysis,

a water contact angle of the carbonaceous protective

film is about 70° or less, and a thickness of the

carbonaceous protective film is 30-100 A.

2. A magnetic recording medium produced using a process
for producing a magnetic recording medium which comprises
the steps of (i) forming a non-magnetic undercoat film and

magnetic f£ilm on a non-magnetic substrate to produce a
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a water contact angle of the carbonaceous protective
15 film is about 70° or less, and a thickness of the

carbonaceous protective film is 30-100 A.
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