N é3é'vFH'6 ~IT'o (19 JUN 2002 S 1 MAGNETI C RECORDI NG MEDI UM AND PRODUCTI ON
PROCESS THEREOF FI ELD OF THE | NVENTI ON The present invention rgiates 28 a

magnetic recording nedlﬂmwmmmwmm"w for exanple, a magnetic disk apparatgi?
and to a production pro medi um 5 BACKGROUND OF THE | NVENTI )Y
conventional |y used magnet j«ssicecor di ng nedi um conprises a non-magnetic
substrate on which a non- nagnetlc undercpat filmand a magnetic filmare

(o PR Y Pl SSRREATS: S |

t hi ckness of tens of A which is forned on the protective filmby the
application of a lubricant such as perfluoropol yether. Recently, a nmagnetic

recordi ng medi um of high recording ~5 density has been denanded, and a
magneti c recordi ng medi um ca[fé@,l&_MMﬂ%@%Mng | oss has al so been
demanded. However, when the thickness of a protective filmand a

| ubrication filTherpresdotednverdridey relabesedoe spuagngtiossecsirdiing
durability may deteriorate. Therefore, at the 20 present tinme, a magnetic
recor di ngnedbilitinubesi g ,hifPr séxsmple dunakidgrietiohei €k nappagadusg danrbsity
can be sufficiently increased, is not attained. ~~ g JUN 2002 SUMVARY OF

THE | NVENId QN by eV O4 éﬁ@céggeggknghetﬁgdghﬁsent invention provides a
magneti ¢ recordi ng medi um havi ng excellent durability and capabl e of

increased recording density, and a production process for the medium
According to the inventiongiRctRSulib! 8F %ﬁﬁeihVEklﬁbﬁ |s pr ovi ded a process
for producing a magnetic r ng a hydrogenat ed
carbon protectiyve f||g1on a K t hrou $ CvD neth u5|§%da
reaction i o gad coftPRVRITG 5’5‘1@' oc3F8 ?/?ﬁgaﬁs & T P Sr i Wikr ei n
during the formng of the carbon, prot tlve film Slée process incl udes
suppl yi nFARE LT r g HRRE Lof S8 sttJaiﬁoo‘WtB’ C8ctF 088 ~MREE5HYi ng
a pulse direct current bias to the disk with the pul se direct-current bias
havi ng a YRGSFSAt afblwf ando@ teagnsbiy fadma 33esifoxnredol fagEoseskiva ue
of 10 to 100 V, wherein the is disk conprises a non-magnetic substrate on
which a rﬁjrﬂ:magoeméd thckencdat sput teahdga omagnee | magnkmiar  flom ned, wsleer ei n
the formed protective filmhas a density of 2.2 g/cnB8 or nore.
10 of a material such as carbon, and a lubrication film having

a thickness of tens of A, which is formed on the protective

film by the application of a lubricant such as

perfluoropolyether.

Recently, a magnetic recording medium of high recording

15 density has been demanded, and a magnetic recording medium
capable of reducing spacing loss has also been demanded.

However, when the thickness of a protective film and a
lubrication film are reduced in order to decrease spacing
loss, sliding durability may deteriorate. Therefore, at the

20 present time, a magnetic recording medium having high

sliding durability, wherein recording density can be

sufficiently increased, is not attained.
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. According to the invention in the second aspect, there is provided a 20
magneti c recordi ng medi um whi ch conprises a non-nagnetic substrate on which
a non-magnetic undercoat filmand a nagnetic filmare formed, and a

hydr ogenat ed carbon protective filmwhich is formed on the maghStdW 2R m

t hrough a plasma CVD net hod using a reaction gas containing a hydrocarbon
serving as a raw nmaterial, { I h4 of the carbon
protective 2s film a hi gh-:‘N%(En\fh\/lr'&ngl6Fn\9H}Ehl \f MOOOWi s supplied to

el ectrodes and a (~ g JUN 2002 2a pulse direct-current bias is applied to
the disk with the pulse direct-current bias having a nean voltage of -700
to -150 V and a positive voltage peak value of 10 to 100 V, wherein the
density of the phoYiewtofitee foregping, thepprgsenbingentipst Brovidiasos magyetie t he
invention in the third aspect, there is provided a process for producing a
magnet i ¢ r emmodding mediummihaving kxcellgnt daebility androgpabfd eofdncmeased car bon
protective filmon a disk through a plasna CVD nethod using a reaction gas
cont ai niNg astordifig et sity,Hd 8@rédumtioH floésss¥or & meldfimal , wherein during
the form ng of the carbon protective film the process includes to
supplying a hi gh-frequency power of 50 to 2000Wto el ectrodes and applying
a pulse direct-current bias to the disk with the pul se direct-current bias

havi ng a nean vo . of , - - 10 Shtli Ve I al ue
of 10t o 100 v, “ArGRETY o8 riebton e B 2R a8 e ds R ABRER PIRSSS

whi ch a non_magneti.c undercoat fil m and magneti ¢ filmare forned, and the
protective Wlﬂ%ﬁ’&éc“ﬂ%@irﬁag%et&efﬁpf NG MELIGMHEMPSGIRG tommgaewﬂm@%dt he
invention in the fourth aspect, there is provided a magnetic recording

medi um whi céarbonmrptastive file enradiskthougbisspleama GYDvinethedausing arragelian ¢
undercoat filmand a magnetic filmare forned, and a Zo fluorinated carbon
protective fas oohtainieg adiydroearbagsetiing bs lanmatwnmataytal awiper@imdu@gtheet hod
using a reaction gas containing an organic fluorinated conmpound serving as

a raw mat er foping\BEIhe! darBoh pRstebti ﬁlﬁf,Wﬁé‘ﬁr@_‘es‘sfﬁﬂ:lﬁ@éé)gurpmwﬂb%?ﬁighe film a
hi gh-frequency power of 50 to 2000Wis supplied to el ectrodes and a pul se

b lrai‘“ ' f"ié@%?*%ﬁ%@%miong %%%%bwgﬁteﬁ%%*@g%f%?@%ﬁ”é%SD@Q‘%EEEE‘;BLL??F ve
Y v 0 1 vV i i RY%

vl 292" peakaligaglo kR 8k A i IR NP B il A oA PO V2,
e U OO 0180\ Sl h St NS0 XM SR PR td P65V Suferein the

15 disk comprises a non-magnetic substrate on which a non-magnetic undercoat

film and a magnetic film are formed, wherein the formed protective film has a

density of 2.2 g/cm?® or more.

According to the invention in the second aspect, there is provided a
20  magnetic recording medium which comprises a non-magnetic substrate on
which a non-magnetic undercoat film and a magnetic film are formed, and a
hydrogenated carbon protective film which is formed on the magnetic film
through a plasma CVD method using a reaction gas containing a hydrocarbon
serving as a raw material, wherein during the forming of the carbon protective

25 film, a high-frequency power of 50 to 2000W is supplied to electrodes and a



. on a disk through a plasma CVD net hod naki ng use of a reaction gas

contai ning a hydrocarbon serving as a raw material, which disk{@opNi 285 a
non- magneti ¢ substrate on which a non-magnetic undercoat film and a
magnetic filmare formed, and the protecfive filmhas a density of 2.2
g/cnB or io nore. Wien the hydrogenated carbon protective filmis forned,

pul se direct current bias.,i.s appli.ed.tq the di. Th I se direct-current
bi as has a%%%d\;%%%reerﬁplqyé@%{pgegi%gwe\@sby\g%gtpgm@se?é q‘fcd"[ 147 and a
positive vqltage peak value of _10 to, 100 V, preferably 20 to 75 V. ~s In
Phe pr ocesdiaviitng erimVtioeselD8 to o130V eariceA Por NS Naliase peakalugof 10
hydrocarbons, |ower unsaturated hydrocarbons, and |ower cyclic

hydr ocar borie . 1065V i wlerein theedensitymf dhe prdeetivedile isr2e? gfeinl or mosel. The

magneti c recordi ng medi um according to the present invention conprises a

non- magneti ¢ substrate on which a non-magnetic undercoat film 20 and a
magnetic filmare forned, and ~19~~ 3 a hydrogenat ed carbon protective

filmuwhisch is foxemRAldiAg tb ite @RRGH T fhd thirl Rispeet tiferbligpravided a Hrbbess

maki ng use of a reacti on gas containing a hydrocarbon serving as a raw

o R e Lo PSS NG Rrpig 5o

nore. The hydrogena r ot ive t he

For " nagndticbhpeoarbAf ABRER firk 35 Gl BTt 4 et YA THGhR s o=

conprises formng a to fluorinated carbon protective filmon a disk through
a pl asnma CAJaREtIAB @agontaningareraanicdiiaringcaarowKkhas adAW M aierdh.gani c
fluorine conpound serving as a raw material, which disk conprises a

non- nagnet ivharesduring:thenfowhingrofdhe carbayprotectiverfiie, theaprocessnnotities
magnetic filmare formed, and ~s the protective filmhas a density of 2.0

to 2.6 @/ crduppWhed atHigh-fiegaene\apewecaf 50 to PDO0Wabialectfdde® arsl appigiad,a pul se
direct-current bias is inparted to the disk. The pul se direct-current bias

has a nmean p(pdd agsctiurret? Bid<tto-th8 Yisk with eie&palkb\iredRBurrént Big9 h)ivingf‘éi a
positive voltage peak zo value of 10 to 100 V, preferably 20 to 75 V. In

the pr 0 odnedh b8bf‘§§<? ﬁf’-téd’oatbeﬁi'ot?r\ﬂér% & ;%Jrsﬂg/%i Jbﬁ’ta@BrB%%R%iu%?i’ P 100

unsat ur at ed or gani uorine conpound th are preferably used as the

organi c flyorine conpound. The.nmagnetic recordin diumaccording to the

ot dsent 25 \nbBRISS IS i cbmesE R Rt et LS AR RAARER™S non
magnetic undercoat film and a magnetic film are formed, and the protective film

15 having a density of 2.0 to 2.6 glcm®.

According to the invention in the fourth aspect, there is provided a
magnetic recording medium which comprises a non-magnetic substrate on
which a non-magnetic undercoat film and a magnetic film are formed, and a

20  fluorinated carbon protective film formed on the magnetic film through a plasma
CVD method using a reaction gas containing an organic fluorinated compound
serving as a raw material, wherein during the forming of the carbon protective
film, a high-frequency power of 50 to 2000W is supplied to electrodes and a

pulse direct-current bias is applied to the disk with the pulse direct-current bias



<19 JU~ ~~ 4 magnetic undercoat filmand a nagnetic filmare forrred and a
fluorinated carbon protective filmwhich is forned on the rragnetl 5&2
through a plasma CVD nethod making use of a reaction gas contai hl ng an
organi c fluorinated conpound s serving as a raw material, wherein the
density of the protective filmis 2.0 to 2.6 g/cml. The fluorinated carbon

Pregf)reﬁ.t o el @mw Bl R T B it e ‘r’@gf% ¢
zgr reg?tnlgco[@p n g?e'ésﬂee ’gﬂ@c‘ﬁit ﬁpﬁ‘?tggg\é%aﬂg?a'rszé brgﬁ??g%eﬁco?;h ng

medi um according to the present invention. Fig. 2 is a graph explaining a
positive voltage peak ~s value of pulse direct-current bias. Fig. 3 is a
partial sectional view of an enbodi nent of a magnetic recordi ng nmedi um
accordi ng to thdhe prodottiompeovess fior DESORICHT IrordihgTTRED PREAEFIREIN to
EMBODI MENTS 20 Fig. 1 is a schematic representation of a plasma CVD

appar at ¥s 3§é praknsnveniibh topiprises fomhing adtiyaitugénated aapsdraprotectedilfror
carrying out one node of the production process for a magnetic recording

medi um aCCandé H%kttﬁrddbgl @E?a%%‘é CVDY R makitgy PSR réadhoRRRA! at us

conpri ses anber 10 accommobdating a di sk on Ich a
protective | e Qv g wal I's in
the chanmber® Ohkm“ba Jsﬂ¥dpag%rcb§ e%&n'ﬂgte‘a%eépa%%&? e!ﬁ'ﬂgc(rﬁcdjglﬁgg&bﬁlsgg? ces 12,
12 for suppl h-frequency power to s th ctro 11, 11; a bias
power sour ¢¥ '@ Qﬂ? ‘I"]S'I‘Rﬁ}%g d’M’E‘@E@é’EPQ‘H‘QQHQ PE eTcr‘?agﬁinéﬁgr?oer 10; and
reaction gas supply sources 14 for sup g a reaction gas servipg as a
raw mat er | anagieticfdmparetfesned.cand Wapr QtIMe iimMasa densityddfch2 ghemapsk. ~o
The chanber 10 is connected to conduits 15, 15 for feeding reaction gas

fromthe sonwrees 14 into the chanber 10, and an exhaust pipe 16 for
di scharging gas fromthe chanber 10. The exhaust pipe 16 has a di scharge

anount control wgh¥e tHe hydvdigeRatslycaibon bedtettie filhsigfaiaed pmswtireet-t her eby
~s arbitrarily set the pressure in the chanber 10. Preferred exanpl es of

the high- fcﬁ%ﬁﬂﬁbésﬂ@‘ﬁ%?hé@%ﬁ'%sdé@ 'Tgég«ﬁ @ré&%?reﬁ%fa%%é@‘é ﬁﬂe@an supply

50 to 2,000 Wof power to the electro uring formation o
hydr ogenat e I r source
or a high ?’g‘@é@éeg’@ﬂg@% qégye@lé#ﬁg%;’%e?’ég% ﬁgpw’ﬁﬁaqééég\gﬁ?w rce 13.
One node of t rod n tic recordi ng nmedi um
accordi ng &2 RH’@%’T%@@] 1%@&0 %f%r%?ll' ?82@)@%{& be described, taking the
above-descri bed apparatus as ~ g JUN 2002 an exanpl e.
15 in the process, a hydrocarbon source is selected from lower saturated
hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic hydrocarbons.
Of these, one or more species are preferably used.
The magnetic recording medium according to the present invention

comprises a non-magnetic substrate on which a non-magnetic undercoat film

20 and a magnetic film are formed, and



6 Firstly, by use of a technique su non-nmagnetic undercoat filmand a
successively fornmed on each surface s substrate, to thereby obtain a disk
D. The non-nagnetic substrate may generally used as a substrate fqf9aJuN X2
medi um and exanpl es thereof include ,ch as sputtering, a magnetic filmare
of a non-magnetic be one that is magneti,c recording an al um num al | oy
substrate having a NNP-plating film and a glass or a ~o silicon substrate.
The surf & dysiraganatnd negeen cPsabsctave ifd s ethdrgdbl is sfprmedeant she
texture processing such as mechanical texture processing, and nore
pr ef er abimagnies isubfiimt ehrasigh neaplasnfaaceVe onghiess rfi&aingf ube cof0aA.
Preferred exanples of the material of the non-nmagnetic ~s undercoat film
include @eadtidd @dsOysont@imndCr /ali hydrodarBonV, sit¥idd Sias Pref eawed
exanples of the material of the nmagnetic filminclude Co alloys such as
Co/ O, Cﬂ(a@fe/rﬁaal,c%gf{im 2nd GehGiitkt /da. tﬁg. &%tte@t%fé%ﬁ Oi%t he2
non- magneti ¢ undercoat filmand the gnetic filmare preferably 50 to
1,000_A a 500t0m§08 A, respectively. Subsequently, the disk Dis conveyed
in the cf4fSer °10™3F St he pl asma CVD appar atus. Meanwhil e, the reaction gas
2s supplied fromthe sources 14 is fed throu%h_the conduits 15 , 19 JUN
2pp~ 7 into t HOSHBPEPIEBatEHd GARP Ui BEPRECEAYS £1HR BRYnRS formed
di scharged through the exhaust pipe 16. Thus, the process gas flows
t hr ougho@® fthe ERdreFaEosty sufRGh oS urhaceagpetiperarakdingr Bedipdsed to
the gas. 5 In the process, a hydrocarbon-containing gas; for exanple, a gas
conprising a fiheedpreduactitydpogerssnd dyda ovaghben ias equridiny wedponent ,
may be used as a reaction gas. In the above m xed gas, the volune ratio of
hydr ocar he@or@ing hydr ogve | priyRiey ablnywendidn ledfPridesusedrinengi na the
term"primary conponent” refers to a conponent that 1s used in an anmount of
90 vaht @nuIHiGatePMRl8% %H%t%kﬂ%ﬁkﬂeﬁﬁﬁhbe%nhYQrOaééﬂonthBBhHﬂe hower
sat urated hydrocarbons, |ower "unsaturated hydrocarbons, ~s and | ower cyclic
hydr ocar O [ or pegi es refe I . Exanpl es
of |omer2§§?HFb§%§bﬁ§§?8%£r %ﬁ%ggngﬁédggne ﬁ%ﬁ;éigﬁm#ég)%éﬁggggfgguggne,
and oct ane. Exanp%fs of | ower unsaturated hydrocarbons i clud%_ .
i sopr opy PEFEN 5, TR, COMBSVPeheS eVt P ed® AnkeHulEtiSil exihpfls of
| ower cycLii hydr ocar bons i ncl ude benzene, toluene, xylene, styrene,
napht hal 84€k cGeMBRaRERe, 2aPR YRR GREkAE| eFRPs rEatRePhe MAilER t Re PERM
"l ower hydrocarbon" refers to a Cl-d o hydrocarbon. 2s A |ower hydrocarbon
i s prefefagngtisedingdercoat §ilmyand2go2nd8ngtiteciibbn arorfQ¥Red eadbds
descri bed bel ow. When the nunber of carbons in the hydrocarbon is in excess
of the upper priotieictdfvet Hfd labdhes destendiedy rafige, 0 tte 2 ofrpolom’ becones
difficult to feed in the formof gas, and the s hydrocarbon hardly
deconposes dumheg dilsehflgerihatklercinbdn opueteat Dydr ggamatiasd £arhned,
protective filmcontaining a | arge anount of polyner conponents and havi ng
poor StrPBQEQ- éﬂréé%—@ﬁ?QFﬁE'08i9§0Qﬁ§5dn&Qﬁﬁﬂﬁﬁsééreth@ Q%ﬁﬂ@ﬂa”b@helo 'S
y

preferab adjusted to fall within a range of 0.1 to so 10 Pa, by

arbi L1 ar blof <CORAd Ra, e 090 44 SEhaT e s JlheRdd & charger < d0 Byguse

of the difscharge anount control valve 17. ow rate of the
reaction,gas is_preferably 50 to cm,_Sinultanepusly hi gh-freguency
power , pYéf (ﬁ%%fl%/)r%bfls—t%oz,%o—g@gi :&’SUSBa &Y ?%sfﬁéVSI é’&%‘rtoao%s R?Sgy use
of the hi h-freguency power _sour ces 1%§ to éhere@gigenerate a plasma in the
chanB®r . VAINEdPEgdNaitd 104 on BReAPAT VL 49101 & tBrned on each surface of
the disk D through plasma chem cal vapor deposition making use of the

above- descri b@® zbheeaprpPeRs§as 8er kPrigrassatnzatadt epragnic fluorine

compound, a lower unsaturated organic fluorine compound, or
both are preferably used as the organic fluorine compound.
The magnetic recording medium according to the present

25 invention comprises a non-magnetic substrate on which a non-



+ The thickness of the hydrogenated carbon protective filmis 30 to 100 A,
preferably 30 to 75 A. \Wen power is supplied to the electrodes 11, 11, the
phases of power supplied to the electrodes 11, 11 are 25 prefeQQPUPNs h ted
fromeach other. This is because the ~~ g JUN 2~ 9 rate of ftI"mTor ion
and durability of the protective filmmy be inproved by the phase shift.
The difference between the phases is4referably 90 to 270, nore preferably
180 (oppmaghetpbasedersofienfilie Andr egenairast icar bompageedduned, | ahd S
formed, pulse direct-current bias is preferably inparted to the disk D by

use of therhuasiRAWRd TUFKSh 19rofBeLPYESE idinf &MU 1 ENT L8Nk RIRY IJIPAEREd O
the disk D has a nean voltage of -700 to -150 V, preferably -350 ~o to -150

V. Wen I\t age;. i | Qw i m .ahov a ,
oi asma i TRdnPERS S OERE Sl A bLEshATEYY NG, WY Ge SR 2
hi nder the_agtivated speci%s.ot t he reaction, aséﬁggited Q¥ pl asma fngm
deposi t i h§26h*PRe P8k BONtEiRIng ré§uIPF3ﬁﬂ§%N LiRatEqd m GRAYRY have
insufficient density and poor sliding durability. In contrast, when the
mean Svol $8EBLNG | ASexR esEawf Mdke r IVRheredr thkeapdersitnigeQf plthem

i npacts agai nst the surface of disk D very weakly, and the protective film
t ends 2oprot@avivensilmi désedt 0densi2t.$ aiemdoor sliding durability. The
pul se direct-current bias has a positive voltage peak value; i.e., a peak

val ue in a posThéveEluegiinatdd acpubss pofdtiadtivd $Q1k0 dP ¥e mefmsably
20 to 75 V. Wien the peak value is below the lower limt of the 25 above

range, aoRoghéi ¥@tBkASs¥Ookhagaceantol haltfaqrie@Nld ¥ecok¥ il i U, cancel
negati ve charges accunul ated on the surface of the disk D,” and deposition

of the activated species on the disk Dis hindered. As a result, the

protective filmtends gRIRAVAEEPRYETIENCF QRS IIRAANEgPoor sliding
€a

durability. s In contrast, en ess of the upper
! 0 RS 5 BURLREE TSI S RSRGR iRk O
CVD apparatus employed for carrying out one mode of the
production process of a magnetic recording medium according
to the present invention.
Fig. 2 1is a graph explaining a positive voltage peak
15 value of pulse direct-current bias.
Fig. 3 is a partial sectional view of an embodiment of

a magnetic recording medium according to the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Fig. 1 is a schematic representation of a plasma CVD
apparatus serving as a main portion of a production
apparatus used for carrying out one mode of the production
process for a magnetic recording medium according to the

present invention. The plasma CVD apparatus comprises a



- insufficient density and poor sliding durability. Thus, when the nmean

vol tage of the pulse direct~o current bias falls within the above range,
the plasma sufficiently inpacts against the surface of disk D. Hﬂﬂadﬂﬁtﬂnﬁn
when the positive voltage peak value falls within the above range, a
positive bias voltage can cancel negati ve charges accunul ated on the
surface i =S, pL O t it ctd:wat ed
speci es %%a%“%grgi fé(t Bccﬁsmg(a%géf}l%t ,étﬁgggr OC%}gC ﬁggﬁfi%'l %ﬁ%%ggv%etﬁégﬁand

i nproves.,in slidi durability. The above-described direct,-curre bi,as has
a frequenéy %rﬁeiazeiﬁcgéﬁd@ﬁz,”m eigr éﬁcﬁ}”i%fil-&nt §PPOEII %2 wheEn 1he
frequency is below the |lower limt of the above range, a positive bias

vol t age &&€nofhamperci bht ISP cafcetonckrEe veadar gEdexdcuhiighrégeagnenpy
surface of the disk D, and deposition of the activated species on the disk
D i s hi ngewed. sourcessiikt,, lhefprotsampleiigl igbrdseguensyhagyawer to
insufficient density. In contrast, when the frequency ,19 JUNmis in
excess othlehe lgperodédi t1of ltihe abbyasr Wigaar reverse $pukiiEidignagnge to
occur on the surface of the disk D and the protective filmtends to have
insufficieRhedeRd (Yo The aPove- dasciidedndinbaet -Lad  8Rl Hascas, aghuyl se s
wdth of 1 ns to 500 ~s, preferably 10 ns to 50 ~s. Wen the pul se dth is
bel ow th (. fogh b LLk i.as V. ngot
outficiont g’\i?;nécdel{génee%a%%vgoghg\r{l‘g’é);@;‘gg%n%l g?élc’i%égt é‘%sus’r*’rQ‘la‘%le L ST
D, and deposi tion .of. t ctivated %Eeci to D if?hinge ed. As

h th I Sk,
a resultfayhgﬁﬁqﬁ%ﬁﬁl%i'? ¢ PTRhASE 8eh§3&%pmﬂﬁ#ﬁt? M fefHstPyme on

n
contrast, when the pulse width is in excess of the upper limt of the above
range, r&WR€r 8dS¥puttering tends to occur on the surface of the disk D and
the protective filmtends to have insufficient density. ~s As used herein,
the term "posi Thee obhambge Jddukisal cennécpatiseali cevdudter ehd, bilds" forfers
to, for exanple, a peak value Ain a positive region in a pulse portion of
a vol t ag€eeadaigomaaft iprpudse firsectheusparices a4k shmwn diye acsamber| L0g in
Fig. 2. In this case, a pulse width refers to a 20 width B in the pul se

portion. aWerxd hexipdwsecpiye flisl Mds d D§ERErgangi glasl re@HeNEle PENERLESUN CE
may be used as the bias power source 13, and instead of pul se

?Ihur §CE;§EF’“5EL ﬁ%ﬁex%ﬂ@tf rSHYENCYs bhas MY & dHEfd edmbRinithecdhskol! N
valve 17, which may control the discharge amount to thereby
15 arbitrarily set the pressure in the chamber 10.
Preferred examples of the high-frequency power sources
12 include a power source which can supply 50 to 2,000 W of
power to the electrodes 11 during formation of the
hydrogenated carbon protective film.
20 A pulse direct-current power source or a high-
frequency power source may be used for the bias power source
13.
One mode of the production process for a magnetic

recording medium according to the present invention will

25 next be described, taking the above-described apparatus as



+ 2s frequency power inparted to the disk Dis 10 to 300 W ,~ 9 JUN 2002

12 preferably 10 to 150 W In the process, bias nmay be inparteqég% QhﬁﬂgiSk
D directly or via an unillustrated disk carrier. The hydrogenat VN
protective filmformed through s the process as above-descri bed has a
density of 2.2 g/cm or nore (a. g. , 2. 2to 2. 8 g/cm ) ,
preferably 2 . 2.to 2 . 6 g/cm, nDre(breferany 2.2 to 2.58 g/cm. The
hydrogenégeﬁxéﬁPBGn protective filmhaving the above-described density has
hi gh nechani cal strength and ~o excellent sliding durability. The density
of the hydrogBhastdyecarionugeotafct fvdgghmique | sught i spetiiesiad ange,
for the reasons descri bed bel ow. Wen the density is belowthe lower limt
of the abomemmgngtict hexrfidemsoktpr ofédm veand| maexmdgnstiow £4ldur abréity,
and the produced magnetic recordi ng nedium has insufficient durability. One
enbodi megticeést heelRynEortnddec @i ngadidi gaxrpaeduced t b ouhiMegnetic
above-descri bed production process is shown in Fig. 3. 20 The nagnetic
recordin i of +t.h c Li:Se : ghetic substrate S, a
non-ﬁggng%?%gt%g%fcggtgng%? ,Bgﬂﬁégnétﬁégg?ﬁﬂ?z, and a hydrogenated carbon
protective film3, which filns are_successively forped on the_substrate.
The magnetic r'g?a%rdinr?éj'ﬁléatﬁrl?%s]tcorrpﬂlgagrﬁgel ub‘?{?%at g%n A% ?ﬁiagnd 1s
conprises the Exdrogen ted carbon protective film 19 JUN 25§%B§$ 3 having
a densi t JSMPERLAYt hESEBoVRSr afigesURFFEAEE s FOF nedl J@INRE it d¥R9m In
the production process for the magnetic recording nmedi um according to the
node, thBe@idmegefBfede¥ampdRss EgGFG@tfi vénglude s aror mdaminwugakley asna
CVD nmet hod. The thus-formed hydrogenated carbon protective filmhas a
density s@bgt2agecnhavingora, NbB-pkatbngs €xém| | eandsladigbassrabrliay and
lubricity. Thus, the magnetic recording nedium enables elimnation ~o of a
| ubriccat §0Diébhm Whikdt dacecont ai metk | nsareageentd fHNat hgBg BRI -Gnd ot Tk Ng
medium In addition, the thickness of the protective filmcan be reduced to
t her eby QﬁBQ{:'EQtéh?ns”%@%%r%H@C%&Bj"&{@&“ £8 eapahlke oISy SRACI NY
| oss. Therefore, the production process produces the magnetic ~s recordi ng
medi um hayi | | ant il i el n r rdi }

2Y1 L axGel 1 o tggkgzgigi t;iB oc%‘ﬁéﬁhégnagrfé’ o9 éféi‘a%?gmt%‘neam os

sufficienily incréeased. on, I c récordr ng e
substrate has a mean surface roughness (Ra) of 1 to 20 A.
Preferred examples of the material of the non-magnetic
15 undercoat film include Cr and Cr alloys such as Cr/Ti, Cr/W,
Cr/v, and Cr/si.

Preferred examples of the material of the magnetic film
include Co alloys such as Co/Cr, Co/Cr/Ta, Co/Cr/Pt, and
Co/Cr/Pt/Ta.

20 The thicknesses of the non-magnetic undercoat film and
the magnetic film are preferably 50 to 1,000 & and 50 to 800
R, respectively.

Subsequently, the disk D is conveyed in the chamber 10

of the plasma CVD apparatus. Meanwhile, the reaction gas

25 supplied from the sources 14 is fed through the conduits 15



elimnation of a lubrication film and therefore the step for formation of
| ubrication filmcan be omtted in the 20 production process. Ak9aluNegapt,
t he production process can be sinplified to thereby inprove production

ef ficiency and reduce production cost. In the production process for a
magneti c recordi ng medi um according tp the present invention, a protective
fiimis Mm% Pehor BRdnBL 199 Ofafl IEAC 81 498 CUURI I NOnES Barpkd ) N
2ppZ 14 primary conponent an ‘organi ¢ Tl udriné ormpbun , Tor exanple, the
foll owi ng organi ¢ fluorine conpounds. In the process, a |ower saturated
organic %%o?ﬂr‘f’é’ notS"%P‘Fn%%\ert sdtihaisy FR%i &1 uor i TS0 d,
or 5 both nmay be used. Exanples of |ower saturated organic fluorine
conpoundPEAFeTt ne§2be fieWsi nshyeughattaf |the onehaaber (CH2), padf the

| uoropropane ( C3F8 ) , trif luoronethane ( CHF, ) , and hexaf | uoroethane
( CZF6 ) surfmdeeaanpf eshefdisked aneaexwpased togahec gilsuori ne conpounds

whi ch may be used include hexaf |uoropropene ( C F6 ) and hexaf

| uor0s2-but yner{ G4ié ) prolekever 0r gapdoddxiosh N€onaPALUNE | §aBlef gbabl y
used as an organic fluorine conpound, for the reasons described ~s bel ow
When theéygﬂgy of gar, Sd ary ¢ 4 [ o] u Sy ool € s of
the upper Iim te'of fhﬁofﬁcﬁ%&r%@d% arﬁ%le}e%gﬂ %Sct gc@%&%ﬁ&%e?@%s
difficult int f or as n organi c,fluorine canpound
hardl y dé@%ﬁ%%%%gxggri%% d?sgﬁgiﬁgfgtoCPﬁgggég%pro%%Xe geZOuPFgorFﬁatgd
carbon protective filmcontaining a | arge anount of polymer conponents and
havi ng pd&PEtYBhfA3 - A protective fil mformed by use of an organic
fluorine conpound serving as . a reaction gas becones a_ fluorinated carbon
protective fil%R cot aRRPHY PEHEAI 9@S 25 eV HikknEdsief of hBYArQERTRI ed
carbon protective ,a S ~uN ~ooz 15 filmis 30 to 100 A, preferably 30 to
75 A10Vhdre thrdragen i iatrie terdohy p2 ol etoi ¥elfDlmis formed, pul se
direct-current bias is preferably inparted to the disk D by use of the bias
power source 13s skt petrsendi ket teum endrimasy | cpapdeent v rbeedsskoD has
a nmean voltage of -400 to -100 V, preferably -350 to -100 V. Wen the nean

vol tage iz depigamdrie dipaerid imdédoint 88 amount of 90 vol% or more.

Examples of the above~described hydrocarbon include

lower saturated hydrocarbons, lower unsaturated hydrocarbons,
15 and lower cyclic hydrocarbons. Of these, one or more
species are preferably used.

Examples of 1lower saturated hydrocarbons include
methane, ethane, propane, butane, and octane. Examples of
lower unsaturated hydrocarbons include isopropylene,

20 ethylene, propylene, butylene, and butadiene. Examples of
lower cyclic hydrocarbons include benzene, toluene, xylene,
styrene, naphthalene, cyclohexane, and cyclohexadiene.

As used herein, the term "lower hydrocarbon® refers to
a C,-C,, hydrocarbon.

25 A lower hydrocarbon is preferably wused as a



. above range, plasma inpacts against the surface of disk D ~o very strongly
to thereby hinder the activated species fromdepositing on the dqiyJQN 92 a
result, the protective filmtends to have insufficient density and poor
sliding durability. In contrast, when the nmean voltage is in excess of the
~s upper limt of the above range, plasga inpacts against the surface of
di sk D very, weakly, and the protective filmtends,t ve i nsyfficient
ensi ty. STETSOATEN a1 AGTHuEEs: | FE950MRe SAPCELHRRereLdN r en: WHS FEE o
positive voltage Peak value of 10 to 100 V, preferably 20 to 75 V. 20 Wen
t he peak PHFREE | QT b&agbante RLowdihe | hydrecanhorabdfe ImngEceqspdxf t the bi as
vol tage cannot sufficiently cancel negative charges accunul ated on the
surface uppere digikitD, cfhd tdeposhivwerdésthibadt i vanee, speheescompbhaddi sk
Dis hindered. As a result, the protective filmtends to 2s have

i nsuf fi crerbom@ensdtiY faat1R00koS| FdeAy Hr abhéi tform ¥ Jds2~2ah@ | Bhe
contrast, when the peak value is in excess of the upper Ilimt of the above

ranges r SR j e r ; f disk t he
B R A e MU

durabi l'i ty. he_ f t S | t baoyve .descy | be
pul se di %8@8& r%né“?’g#‘g’%@n{%y%%e ‘2%’{8&6 ﬁqr%gtgén%vg%egg%Llabecoog}taanjg%l.d%gn t he
protective filmis forned, .a high-freqguenc oyer sopurce nay be used as the
bi as poweAIESuARRURE ol BOLYTes (PRI HLT et PR¥LIE (PPRRI SEFRRTER.

hi gh-frequency bias may be inparted to the disk D. For exanple, a high
frequency bi asI8f the (RFr SO omyPBeCeRPar tEE RFasSfaRg sk D-heqhghamber
fluorinated carbon protective filmformed through the above-descri bed
product i @ procesefensbiaydedsiusyest t20 0fadlt swithdrg/&nrangeefost ably 200 to
2.3 g/cm, nore preferably 2.0 to 2.27 g/cmi. The fluorinated carbon
protaectiue fPam havi agbtifeaatidye- deackbhad ndenshéy dws diglhhmeantgae
strength and excellent sliding durability. zo The density of the

fl uori natedncatoncpagbest ive By | askaldss vhé higd skhe raBovdndidiigecohefol he
reasons described bel ow. Wen the density is below the lower limt of the

et ST I EGESSigLelle, UORET Lol Lol Uie albudspas, Wl e
recording edi 4 03s o' 23110 ! Hn.
Simultaneously, a high-frequency power, preferably 50
15 to 2,000 W, is supplied to the electrodes 11 by use of the
high-frequency power sources 12, to thereby generate a
plasma in the chamber. A hydrogenated carbon protective
film is formed on each surface of the disk D through plasma
chemical vapor deposition making use of the above-described
20 reaction gas serving as a raw material.
The thickness of the hydrogenated carbon protective
film is 30 to 100 A, preferably 30 to 75 A.
When power is supplied to the electrodes 11, 11, the

phases of power supplied to the electrodes 11, 11 are

25 preferably shifted from each other. This is because the



,~ g JUN 2002 mdurability. In addition, the fluorinated carbon protective
filmhas a density of nore than 2.0 g/cm and not nore than 2.6\3/33[]1," 202
preferably nore than 2.0 g/cmi and not nore than 2.3 s g/cm, no
preferably nore than 2.0 g/cmi and not nore than 2.27 g/cmi. Fig. 3 is a
schematic representati on show ng an enbogli rent of the magnetic recording

medi um produced_t prough t he _above-desgri he rodugct | on process.b of an
organic ~roaq'ﬁ u%#iﬁ%f@oﬁﬁ&‘ﬁ&lo?hgrﬁggqiﬁqq%ﬁr]g%rﬂfn%gﬁegi’:& eS?'lt‘%elﬁ%m
enbodi ment conpri ses a non-nagneti ¢ substrate S on which a non-magnetic
under coatMdy Ilh‘FllQHHoHeﬁaMet‘iqtefPhﬁFQ ghd ttor nethe a4t Aerenee; Ret¥@edar bon
protective film3 having a density within the above range serving as the
out er nosttHe | phasesl| nis herefehaitliyon9pr coes2708f) mtoerenagnefecabayoriB 6fy

medi um according to the node, the fluorinated carbon protective has a
density Ofoppdsit pKaddgm . and exhibits excellent sliding durability and
| ubricity, and thus the nagnetic recordi ng nmedium enables elimnation of a
20 lubricatio ' n R h ' egti i_lm can
be reduced t o it otbe phEdfleRAL M A ME e L B BRCEE ¥rirer

reduci ng spacing. |l oss. Therefore, the producti.an process produces g,
raonot | o R G AT urRah Ry e s MrRr Ay PRsattrd: BonEBe Aisd di ng

density can be sufficiently increased. 19 JUN 2002 18 In addition, the
product i dh P 0t LHelhe kv ePPYRHUEPRBRCet Birci ency and reduce producti on
cost. EXAMPLES The followi ng exanples are given to further illustrate s the
present inventiTe palessddestwicswrienti chiad, iapammd stopdaheendiskr & i os
and the like are by weight. Test Exanples 1 to 9: An N P-plated al um num

al | oy subists atee frndaanetveltag® nof thiclness: OB my), wasefehjabdiyed -B60
mechani cal texture ~o processing, so as to obtain a nmean surface roughness
(Ra) @of X A1 npon-magnetic undercoat filmcontaining a & alloy and a
magnetic filmcontaining a Co all oy were successively fornmed on each
surface of th V. bt ai.ne at a i, p ering
appar at us (Nbﬁqe]fé}go%e Engaglr g"d(?ﬁ:?as%% %%E%&%r%g?atllpgﬁg?%qgﬁlttﬁg?gbngbt ain
a disk D._,Subsequently, .a carbon grcgtective filmwas fogmed on the disk D

by use ofabt%vee p 32%3’0%%%r af'e Rov#d 3 HEr g.@"f. e %%%a? tu lsc}f) ri ses
the bias power source 13 serving as.a pulse direct-curgent ppower source. 20
The di ok YS RS CRAMANE QR nEBCFRBYRARGET FOSiaT hey PHeR nEPRVEF S s hBs,
and a reaction gas was supplied into the chanber 10 fromthe sources 14. As
i s shown 4&fCleifine 92s £x¢ikeadgh¥ B asPdr FCADHSILRARE HiRe ogenthBsdigEdPas
the reaction gas. Sinultaneously, a high-frequEncy power of 800 W ,19 JUN
2002 139 @Es equeesylti3the MIOtegisivaippiledteadshd el kave odipsufficienss to
generate plasma, and a hydrogenated carbon protective filmhaving a
t hi cknessleafs iy Anthpdar neldi dingadirsiiiace. of the disk D, to thereby
produce a magnetic recording s nediumas shown in Fig. 3. The nagnetic
recordi ng medi UR CHAYHSHS, thReSUREEN Ae@nSvel tdyechid Nen NeXcaBgNeEi ehe
undercoat film1l and the nagnetic film2 are formed, and the hydrogenated
car bon prlgbtp%cﬁti Ll e3 Vi s ut fs T e
protectiveé-fi mil%n/aistf?rfrre , phpg‘e’édir: ecC éé’urﬁ%%?ﬁ ié?p\r?ggs?n%%ﬁhe%@t 1(§hfahe
disk D by u of the,bias.poner I 13._ T h . t he e t he
reacti on)éé‘lar:f‘,aact eOtkr]e%lpée}((:trl)v‘égf%Vo%%lrégtiSs' , Saélr?dqi%e: ér%%%g%\% \sgggigﬁdéf'ﬁés
positive is voltage k value of the pul.se direct-current _bias inparted to
Phe dbak 19 HAF ceFEeifhb et e £34 Saerr FLiaehe, ShRaPASEL se i dt
of the pulse directcurrent bias were 200 kHz and 500 ns, respectively.
During fornat T oPUlfe RIFREETGRIFeNt RIRS zHafenpePRUtd Y VALtEBSK D
and the rate of filmformation were 170C and 370 A/m nute, respectively.
The di st ek bealwen tihe.gl eet mekk 1vadne tine di goditviee 30egipnamt t Be
pressure of the reaction gas in the chanber 10 was 4 Pa. The carbon
protecti ywildd Bﬁdﬁtieﬁc,h JRaeEtts 1@CovHi pgefdrabliyupvotoTest viExanples 1 to
9 was subjected to measurenent

When the peak value is below the 1lower limit of the

25 above range, a positive bias voltage cannot sufficiently



19 . JUN 2002 20 of density, and the results are shown in Table 1. The
density was cal cul ated by use of the density of particles obtaiqad JUNr20Dh
Rut herford back-scattering analysis and fil mthickness obtai ned through
cross section TEM s The carbon protective filmof the magnetic recording
medi um was al so subjected to hardness ngasurenent, and the results are

shown in meﬂ. 1ne§9 @S JRUM A LY Y tHe sf:%‘é%’ed'éf" %ﬁgment

t ransducer produc HYSIT ) The magneti ¢ recording ne iumin each of

In the coavedt: the RepiELcdtiLEs g’ ﬁé%‘ﬁ@%&t a1 bR80a 80

cycl es of CSS operatlon by _use of an. MR head at a rotatlon rate of 7,200
rpm at 4@ BHdhandergsy-di t §S ?he?%%?%%r *?ﬁ% REAFEATFIRE HY41eteRes stend

for one hour, and a dynamc_stiction value was neasured by use of a CSS
tester. W%me& dAenmivipsardrpeed sbidivgoddragitdty.cycle of
rising for five seconds, high-speed operation for one second (sliding
operasion at tim abowver a ot at whenr atled , p8akf aldliueg for ihi \exceEnol§, taed
par ki ng for one second. The results of the CSS test are shown in Table 1.

| n Tabl e ubpdhel iRi#n o€r asle’ d1ws Srafgkhe redad sthaip e ditiaty ctasds ogeur r ed
during 20,000 cycles of CSS operation in the CSS test. 19 JUN Zpp2 21

Test Exappl dé‘& 10nt @t qildie Br%ﬁd%ﬁ?‘)f bridte AN £ gﬁr iedid esd ?@@p' es
e | dori ne conpoun

was repeat except t hat~ an organic shown in Ta

used as a._r |0n as, to.there y duce recordi ng nmedi um
havi ng a%&(ﬁ¥§ é%rﬁ?%flEXJ%quup&gg %Eld §uﬁ$9%§£igtx Flg 3g The

t hus- produced netic recor%?ng medi um s subj ec

above-descri bed t 80N g P e TMERTY| V8 §F€e§h8%n = eTaBP sf BhreRg-

formation of the protective film the ~o tenperature of the disk D and the
rat e 16f GULRETST miiagn vidlel 81706 Ehin 250hey neheYe, ¥eBgecti tBpy. plasma

sufficiently impacts against the surface of disk D. In
addition, when the positive voltage peak value falls within
the above range, a positive bias voltage can cancel negative
charges accumulated on the surface of the disk D, and can

15 promote the deposition of the activated species on the disk
D. As a result, the protective f£film becomes dense and
improves in sliding durability.

The above-described direct-current bias has a frequency
of 1 kHz to 100 GHz, preferably 10 kHz to 1 GHz.

20 When the frequency is below the lower 1limit of the
above range, a positive bias voltage cannot sufficiently
cancel negative charges accumulated on the surface of the
disk D, and deposition of the activated species on the disk
D is hindered. As a result, the protective film tends to

25 have insufficient density. In contrast, when the frequency



- Test Exanples 15 to 17: The procedure of the above-described test exanples
was repeated, except that a protective filmwas forned through 519 JUN 2002
sputtering, to thereby produce a magnetic recordi ng medium The

t hus- produced magnetic recordi ng nmedi um was subjected to CSS testing. The
results are shown in Table 1. In Test Exanple 15, a protective film

cont ai ni g a1 ¥ 6ALNON, WaEnL OLBEd: hgmi%sto@@{@'aeo&s%e PaagggeBefe@%a' ni ng

20 gas was use sputtering, to thereby forma protective fil

contalnln ni.t rqagen |n mount In :

hydr ogen- %tﬁr ng %g%&&é"#’fmogpﬁif{?e gteqt E%ﬁggbgy dfjtﬁ)?n% and
protective f|In1conta|n| hydrogen in an apount _of 10 at% , Table 1
React i on t§&s BIressFio ﬁdg'ﬁ“ qu g‘ﬂ%&?%‘éf%b%%%ﬁdd?&ﬁ}bﬁen Mean
VbltagePOS|t|ve Vbltage Peak DenS|ty (g/cm) Hardness (Gpa) Stiction

(-) Type Flow (Thee ebove)-deisewit@ide ddomgt-Curngfitue bi@® Tosts Er. puise
rene44143-60751. 8819. 73CrashTest Ex. 2l soprened44143-150752.2427.111. 06Test

Ex. 3ksoprienedtakid- 304, W&QSELJ&T&S&E} 16159 to 50 us.
rene44143-320502. 5629. 660. 83Test 51 soprene44143-500502. 8334. 092. 20Test

7But ad encadlad F50s05 2887 630 SuThet S EySIon the lover limit of the

8But adi 44143-320752.4128. 351. 02Test . .
OBut adi SABAYELSE 858805 S5 RP ST EE T AR T VOIS @9 0SBATSE. SBEESTLEAERY st

Ex. 11CF500-120752.0022. 79Q. 87Test Ex. 12CF500-320752.2724.070. 77Test Ex.
13CF500- SARSEL. 5ReGaBEYeOFRALISS, . AEELFEG6LSs0502 . 40 SuefasRTa: ERe

15----- 1.7116. 83CrashTest Ex. 16----- 1.9318. 02CrashTest EXx. '
17----- 2 3¢l 18~ an@7depastsbba D "the adcbhvatedf spsciesl, @ bthadieak. ) N
Ncz NgN
10 D is hindered. As a result, the protective film tends to
have insufficient density. In contrast, when the pulse

width is in excess of the upper limit of the above range,
reverse-sputtering tends to occur on the surface of the disk
D and the protective film tends to have insufficient density.
15 As used herein, the term "positive voltage peak value
of pulse direct-current bias" refers to, for example, a peak
value A in a positive region in a pulse portion of a voltage
waveform of a pulse direct-current bias shown by a solid
line in Fig. 2. In this case, a pulse width refers to a
20 width B in the pulse portion.

When the protective film is formed, a high-frequency
power source may be used as the bias power source 13, and
instead of pulse direct-current bias, high-frequency bias
may be imparted to the disk. In this case, the high-

25 frequency power imparted to the disk D is 10 to 300 W,



- 19 ~uN 2aa2 23 As is apparent fromthe results of the CSS test in Table 1,
the magnetic recordi ng nedi um conpri si ng the hydrogenated carbon protective
film the filmbeing formed of a m xed gas of hydrocarbon and hydrogen
serving as a s reaction gas and the density of the film being 259/ or
nmore, exhibits excellent sliding durability even though no l[ubrication film
is present. Particularly, the magnetic necordi ng nedi um conprising the
protectivgrékbiabayi N 8odessifwy of 2.2 to 2.6 g/cnt has ~o a | ow stiction
val ue and exhibits excellent sliding durability. In contrast, the magnetic
recordi ng nmedi um c i Si e cti.ve L4l i a,density l ess
than 2.2 g/cm j:;P)l(h;%bl tsﬁ%gg?ggfi %%édh{ra bit%élet yr}jn{i‘%\sé:lt%gj i ts:galq:z{oé agg%}{en
fromthe resul in_Table_ 1, the,magnetic, recqrding nedi um conprising the
fluorinai%ﬁrﬁﬁﬁg%noﬁr8%3C?Pv8nfﬁﬂﬁfgfﬁéeﬁIqﬁ%%ﬂqﬁfh%ﬁ$md of an organic
fluorine conpound serving as a reaction gas and the density of the film
being 2.0 to 2Tkeghydrogenssesd arbont projyesidalg ehiln| farmgdd hmugh y
despite having no lubrication film Particularly, the magnetic recording
medi urh covlpe i pragesheapr @bests~deddr ihedivhag a densiitty aff 2 @2 tg/@m3 a¥ cni
has a | ow stiction value and exhibits excellent sliding 2s durability. 1
9 J U N 2f92e 24el g.cont.Rasdo 1185 nggent) ¢ peededabyynediuraconps i §/8&° 1 he
protective filmhaving a density of |less than 2.0 QYCni or in excess of 2.6

g/cm  exhhbids p@pér§$igi@gzdgbaQLgbtPJCBp[ t he reason descri bed bel ow.
When t he densi?y of the s protective filmis in excess of 2.6 g/cm, high

fluorine contephei M bheoREALLELT VEALLLM MY QMR Jehe AfiNgss, Gfy LA T m
As a result of conpafrison between fhe magneti ¢ recording nmedi um conprising
the fluorj,nated,carbon o protective filmand the magnejic recordin di um
conpri si n%b?‘ﬁ%"‘ﬁflﬁ?ﬁg%?ﬁt e‘ge%%i’%n B33t elEJf‘?l{‘/e “Ff?cr'e}fﬁn 2 fosrtr‘?%‘?mﬂgﬂi %ﬂ s
found to have ,a lower ratio_of stiction value to density of the protective
film"as §%Cehhepntlidbng tBnEaPatitYnwhen the densities of the protective
films in these two types of ~s magnetic recording nediumare the sane, the
magnet i c recor dfhRy @ewsihy cofiptihe dydregdnaked naesbopapboteptavectfipean fil m
exhi bits nore excellent sliding durability. As is described above,

accor di ngfabl ¢ hevigrleisentchienvebbien, ranpgegt e€orvetlie | mdesony ebeselridad
sliding 20 durability and lubricity can be forned, and thus a nagnetic

recor di ngoamesty UM Wiidroutha Iddnd ey A fhéTobws thessibher Ilinaddi f orhe he
t hi ckness of the protective filmcan be reduced to thereby produce a

, magnet | GESESr di-aagedi WRLapahlfeof F%‘E%icQQv%oaCf{‘ﬂﬂ ogzhiBstdhenefore,
the present invention provides a magnefic 1 9 JUN 20Q2 25 recording

medi ;’13‘ haylng, excel | e%gd%?é’i bb s Cxﬁ‘&’?#é@ié?f e e U PR Al %%%'6”9

recordi ng density.?” {n addition; the present [nvéntion provides 1nprove

producticghéﬂgéfgfgﬁg éﬁ?&éfﬂ%&;? production cost.

One embodiment of the magnetic recording medium
produced through the above-described production process is
shown in Fig. 3.

20 The magnetic recording medium of the mode comprises a
non-magnetic substrate S, a non-magnetic undercoat film 1, a
magnetic film 2, and a hydrogenated carbon protective film 3,
which films are successively formed on the substrate.

The magnetic recording medium comprises no lubrication

25 film, and comprises the hydrogenated carbon protective film



. S Wiile the invention has been described in detail and with reference to
speci fic enbodi nents thereof, it wll be apparent to one ski | | e®9i JUN 12802ar t
t hat various changes and nodifications can be made therein wthout
departing fromthe spirit and scope thereof. 26 CLAIMS ~~ ~ JUH CDO~ 1. A
process for producing a magnetic recordi ng nmedi um conprising formng a

hydr ogenat ed carbon protective filmonld disk through a plasma CVD net hod
usi ng a ¥ cahaving gasleruhity nwhghans thedrakeveonasgevi nhigh aisaformest i al ,
wherein during the form ng of the carbon protective film the process

i ncl udesass e Ybugermdsghefrmquency power of 50 to 2000Wto el ectrodes and
applying a pulse direct-current bias to the disk with the pul se

direct-currenty bicag F@f&:@@c@wﬁa@z\@é%efﬁr -¥RE tagnedid/ Fedordieyy tive
vol tage peak value of 10 to 100 V, to wherein the di sk conprises a

magnet | A aracrgrELRE LRbr oAl IR e AT IBenak Rl Do e i

magnet i m are T or ne erein th r'med pro m has &

of 2.2 g/c or, nore,. 2. .A process for produci a etic recordin

e i FECORS ' T of bHE; e 1 FAED: T HRE Ry Br SIRFHEN et PSS one THE mor e
is species selected fromthe group consisting of |ower saturated

hydr ocartibts-fQed uR¥droggrasery di st PdonsPraractéver dicimc has a

hydr ocarbons. 3. A magnetic _recordi ng medi um whi ch conpri ses a non magnetic
subst r atderrithief a.Rog/sadneri mogrderagshteshi thdescedlangnesiliiding m ar e
fornmed, and a hydrogenated carbon protective filmwhich is formed on the
magnet i cddrdbd ity ugld al yibasedt VD net hod using a reaction gas containing a
hydr ocarbon serving as a raw material, wherein during the form ng of the

carbon prot ectiuee, fEhé maghedhcl HRGHRHDhPWNEL ik SRabDed08AMNinatyRpl i ed
to el ectrodes and a pul se"direct-current 2s bias is applied to the disk

‘(’)"’% t h1_9t heoﬁouésgsgirri%% TN TEMn b&lﬂiclﬂavinQCQnEagg d in JéJthgggfgg%n\éQ' tage

-700 to -1 V and a positive voltage peak value of 10 V, wherein
{1 SenSidhdlid PERERUARY VRIS 17 MATRH, TBHS: hiABCLS
the protective film can be reduced to thereby produce the
magnetic recording medium capable of reducing spacing loss.
Therefore, the production process produces the magnetic
15 recording medium having excellent durability, wherein
recording density can be sufficiently increased.

In addition, the magnetic recording medium enables
elimination of a lubrication £film, and therefore the step
for formation of lubrication film can be omitted in the

20 production process. As a result, the production process can
be simplified to thereby improve production efficiency and
reduce production cost.

In the production process for a magnetic recording

medium according to the present invention, a protective film

25 may be formed by use of a reaction gas containing as a



- wherein the hydrogenated carbon protective filmis on the outernost s
surface of the recording nedium 5. A process for producing a magnetjyg 002
recordi ng medi um whi ch conprises formng a fluorinated carbon protectlv%
filmon a disk through a plasma CVD net hod using a reaction gas contai ning
an organic fluorine conpound as a raw ppterial, wherein during the form ng
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organic fluorine conpound is a | ower saturated organic fluorine conpound, a

| ower, ungatynat cgéw&%%@p 20 fluorine conpound, or mxture thereof. 7. A
magneti ¢ recordi ng medi um whi ch conprises a non nagneti c substrate on which

a non-magneti ¢ undercoat. fil m and magnetic filmage forned, and a
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conpound’Beii nga¥s aPPaw HEEdr i afnclude g fetratlyorometfgpg n teFilng the
form ng of the carbon protective film a high-frequency power of 50 to
2000W | Pesifpplereprepranect r §§eds)and stpif beonpretharar r edCHii:ds i s a@shl i ed
to the disk with the pulse direct-current bias having a nean vol tage of

-400 t o hekf Miarmettharosi (C)Fg) vol t age peak value of 10 to s 100 V, wherein
the density of the protective filmis 2.0 to 2.6 g/cnB. 8. A magnetic
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according to m 1 or wherel n the phases of power s led to the

eIectrcxkﬁhzﬂé%ﬁ¥ﬂdé§gL5£g@%§ggh‘egﬂﬁg.ClO. A process for producing a

magneti ¢ recordi ng nedi um actordtn laim1 or 2, wherein the

di rect-current bL§S has _a frequgﬂc of 1 kHz to(}OOGHE. F ljbl/\ r.0cess
for produci ng’h MBYRAEL i 93RSt df hYCRERPyfOMPOUNd " 1S preferably use

as an organic fluorine compound, for the reasons described
15 below. When the number of carbons in the organic fluorine
compound is in excess of the upper limit of the above-
described range (C,,), the compound becomes difficult to feed
in the form of a gas, and the organic fluorine compound
hardly decomposes during discharge, to thereby produce a
20 fluorinated carbon protective film containing a large amount
of polymer components and having poor strength.
A protective film formed by use of an organic fluorine
compound serving as a reaction gas becomes a fluorinated
carbon protective film containing fluorine.

25 The thickness of the fluorinated carbon protective
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5 The frequency and the pulse width of the above-
described pulse direct-current bias may be set to the above-
described range.

When the protective film is formed, a high-frequency
power source may be used as the bias power source 13, and

10 instead of pulse direct-current bias, high-frequency bias
may be imparted to the disk D. For example, a high-
frequency bias of 10 to 300 W may be imparted to the disk D.

The fluorinated carbon protective film formed through
the above-described production process has a density of 2.0

15 to 2.6 g/cm’, preferably 2.0 to 2.3 g/cm’, more preferably
2.0 to 2.27 g/cm’.

The fluorinated carbon protective £film having the
above-described density has high mechanical strength and
excellent sliding durability.

20 The density of the fluorinated carbon protective film
falls within the above range, for the reasons described
below. When the density is below the lower limit of the
above range or in excess of the upper limit of the above

range, the protective film exhibits low durability and the

25 produced magnetic recording medium  has insufficient
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Fig. is a schematic representation showing an

embodiment of the magnetic recording medium produced through
the above-described production process by use of an organic
10 fluorine compound. The magnetic recording medium of the
embodiment comprises a non-magnetic substrate S on which a
non-magnetic undercoat £ilm 1 and a magnetic film 2 are
formed, and a fluorinated carbon protective film 3 having a
density within the above range serving as the outermost film.
15 In the production process for the magnetic recording
medium according to the mode, the fluorinated carbon
protective has a density of 2.0 to 2.6 g/cm’, and exhibits
excellent sliding durability and lubricity, and thus the
magnetic recording medium enables elimination of a
20 lubrication film. In addition, the thickness of the
protective film can be reduced to thereby produce the
magnetic recording medium capable of reducing spacing loss.
Therefore, the production process produces a magnetic
recording medium having excellent durability, wherein

25 recording density can be sufficiently increased.
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parts, percents, ratios and the like are by weight.

Test Examples 1 to 9:

An NiP-plated aluminum alloy substrate (diameter: 95
mm, thickness: 0.8 mm) was subjected to mechanical texture

10 processing, so as to obtain a mean surface roughness (Ra) of
10 2. A non-magnetic undercoat film containing a Cr alloy
and a magnetic film containing a Co alloy were successively
formed on each surface of the above-obtained substrate by
use of a DC magnetron sputtering apparatus (Model 3010,

15 product of ANELVA Corporation), to thereby obtain a disk D.

Subsequently, a carbon protective film was formed on
the disk D by use of the plasma CVD apparatus shown in Fig.
1. The apparatus comprises the bias power source 13 serving
as a pulse direct-current power source.

20 The disk D was conveyed into the chamber 10 of the
plasma CVD apparatus, and a reaction gas was supplied into
the chamber 10 from the sources 14.

As is shown in Table 1, a mixed gas of hydrocarbon and
hydrogen was used as the reaction gas.

25 Simultaneously, a high-frequency power of 800 W
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10! ! 10%Eortpr i 690 &the " 10Ib&t £atES1@DER) - Which the non-magnetic
undercoat film 1 and the magnetic film 2 are formed, and the
hydrogenated carbon protective film 3 serving as the
outermost film.

10 When the protective film was formed, pulse direct-
current bias was imparted to the disk D by use of the bias
power source 13,

Table 1 shows the types of the reaction gas, the
respective flow rates, and the mean voltage and the positive

15 voltage peak value of the pulse direct-current bias imparted
to the disk D from the bias power source 13.

The frequency and the pulse width of the pulse direct-
current bias were 200 kHz and 500 ns, respectively.

During formation of the protective film, the

20 temperature of the disk D and the rate of film formation

were 170°C and 370 A/minute, respectively. The distance

between the electrode 11 and the disk D was 30 mm, and the
pressure of the reaction gas in the chamber 10 was 4 Pa.

The carbon protective film in each magnetic recording

25 medium of Test Examples 1 to 9 was subjected to measurement
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The magnetic recording medium in each of Test Examples

10 1 to 9 was subjected to the CSS test as described below.

In the CSS test, the magnetic recording medium was
subjected to 20,000 cycles of CSS operation by use of an MR
head at a rotation rate of 7,200 rpm at 40°C and 80% humidity.
Thereafter, the medium was allowed to stand for one hour,

15 and a dynamic stiction value was measured by use of a CSS
tester.

The above CSS operation was carried out according to a
cycle of rising for five seconds, high-speed operation for
one second (sliding operation at the above rotation rate),

20 falling for five seconds, and parking for one second.

The results of the CSS test are shown in Table 1. In

Table 1, the term "Crash" refers to the case where a head

crash occurred during 20,000 cycles of CSS operation in the

CSS test.
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were 170°C and 250 A/minute, respectively.

Test Examples 15 to 17:

The procedure of the above-described test examples was

repeated, except that a protective film was formed through

15 sputtering, to thereby produce a magnetic recording medium.

The thus-produced magnetic recording medium was subjected to
CSS testing. The results are shown in Table 1.

In Test Example 15, a protective film containing only

carbon was formed. In Test Example 16, nitrogen-containing

20 gas was used for sputtering, to thereby form a protective

film containing nitrogen in an amount of 5 at#%. In Test

Example 17, hydrogen-containing gas was used for sputtering,

to thereby form a protective film containing hydrogen in an

amount of 10 ats%.
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Table 1, the magnetic recording medium comprising the
hydrogenated carbon protective film, the film being formed
of a mixed gas of hydrocarbon and hydrogen serving as a
reaction gas and the density of the film being 2.2 g/cm’ or
more, exhibits excellent sliding durability even though no
lubrication film is present.

Particularly, the magnetic recording medium comprising
the protective film having a density of 2.2 to 2.6 g/cm’ has
a low stiction wvalue and exhibits excellent sliding
durability.

In contrast, the magnetic recording medium comprising
the protective film having a density of less than 2.2 g/cm’
exhibits poor sliding durability.

As is also apparent from the results in Table 1, the
magnetic recording medium comprising the fluorinated carbon
protective film, the film being formed of an organic
fluorine compound serving as a reaction gas and the density
of the film being 2.0 to 2.6 g/cm’ or more, exhibits
excellent sliding durability despite having no lubrication
film.

Particularly, the magnetic recording medium comprising
the protective film having a density of 2.0 to 2.3 g/cm’ has

a low stiction wvalue and exhibits excellent sliding

durability.
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the protective film having a density of less than 2.0 g/cm’
or in excess of 2.6 g/cm’ exhibits poor sliding durability,
for the reason described below. When the density of the
protective film is in excess of 2.6 g/cm’, high fluorine
content in the protective film may lower the hardness of the
film.

As a result of comparison between the magnetic
recording medium comprising the fluorinated carbon
protective film and the magnetic recording medium comprising
the hydrogenated carbon protective film, the former medium
was found to have a lower ratio of stiction value to density
of the protective film. As is apparent from this fact, when
the densities of the protective films in these two types of
magnetic recording medium are the same, the magnetic
recording medium comprising the fluorinated carbon
protective film exhibits more excellent sliding durability.

As 1is described above, according to the present
invention, a ©protective film having excellent sliding
durability and lubricity can be formed, and thus a magnetic
recording medium without a lubrication film is possible. In
addition, the thickness of the protective film can be
reduced to thereby produce a .magnetic recording medium
capable of reducing spacing loss.

Therefore, the present invention provides a magnetic
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sufficiently increasing recording density.

In addition, the present invention provides improved
production efficiency and reduced production cost.

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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comprising forming a hydrogenated carbon protective film on a disk
through a plasma CVD method using a reaction gas containing a

5 hydrocarbon serving as a raw material, wherein during the forming of the
carbon protective film, the process includes supplying a high-frequency
power of 50 to 2000W to electrodes and applying a pulse direct-current
bias to the disk with the pulse direct-current bias having a mean voltage
of -700 to -150 V and a positive voltage peak value of 10 to 100 V,

10 wherein the disk comprises a non-magnetic substrate on which a non-
magnetic undercoat film and a magnetic film are formed, wherein the
formed protective film has a density of 2.2 g/cm® or more.

2. A process for producing a magnetic recording medium
according to claim 1, wherein the hydrocarbon source is one or more

15 species selected from the group consisting of lower saturated
hydrocarbons, lower unsaturated hydrocarbons, and lower cyclic
hydrocarbons.

3. A magnetic recording medium which comprises a non-
magnetic substrate on which a non-magnetic undercoat film and a

20 magnetic film are formed, and a hydrogenated carbon protective film
which is formed on the magnetic film through a plasma CVD method
using a reaction gas containing a hydrocarbon serving as a raw material,
wherein during the forming of the carbon protective film, a high-frequency
power of 50 to 2000W is supplied to electrodes and a pulse direct-current

25 bias is applied to the disk with the pulse direct-current bias having a
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which comprises forming a fluorinated carbon protective film on a disk
through a plasma CVD method using a reaction gas containing an
organic fluorine compound as a raw material, wherein during the forming

10 of the carbon protective film, the process includes supplying a high-
frequency power of 50 to 2000W to electrodes and applying a pulse
direct-current bias to the disk with the pulse direct-current bias having a
mean voltage of -400 to -100 V and a positive voltage peak value of 10 to
100V, wherein the disk comprises a non-magnetic substrate on which a

15 non-magnetic undercoat film and a magnetic film are formed, and the
protective film having a density of 2.0 to 2.6 g/cm?®.

6. A process for producing a magnetic recording medium
according to claim 5, wherein the organic fluorine compound is a lower
saturated organic fluorine compound, a lower unsaturated organic

20 fluorine compound, or mixture thereof.

7. A magnetic recording medium which comprises a non-
magnetic substrate on which a non-magnetic undercoat film and a
magnetic film are formed, and a fluorinated carbon protective film formed
on the magnetic film through a plasma CVD method using a reaction gas

25 containing an organic fluorinated compound serving as a raw material,
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S 100 V, wherein the density of the protective film is 2.0 to 2.6 g/cm®.

8. A magnetic recording medium according to claim 7,
wherein the fluorinated carbon protective film is formed on the outermost
surface of the magnetic recording medium.

9. A process for producing a magnetic recording medium

10 according to claim 1 or 2, wherein the phases of power supplied to the
electrodes are shifted from each other.

10. A process for producing a magnetic recording medium
according to claim 1 or 2, wherein the direct-current bias has a frequency
of 1 kHz to 100GHz.

15 11. A process for producing a magnetic recording medium

according to claim 1 or 2, wherein the direct-current bias has a pulse

width of 1 ns to 500 ps.

12. A process for producing a magnetic recording medium
according to claim 5 or 6, wherein the phases of power supplied to the
20 electrodes are shifted from each other.
13. A process for producing a magnetic recording medium
according to claim 5 or 6, wherein the direct-current bias has a frequency

of 1 kHz to 100 Hz.



. 79109%999& ()- y510%g9g& ()- L3 109%9g& ()-Ch|[:bU410 & 10% 9-& ()-
MLO% 9- & ()-  10%9-& ()-  ML0% 9-& () - 10% 9- & () -

& 10% 9-& ()-hH [:bU410  10% 9-& ()- !10% 9-& ()- &10% 9-& ()19 JuM 2
10% 9-& ()- Y10%9-& ()- 10%9-& ()-=Q.[:bU410  (10% 9-& ()-

8Z10% 9-& ()- s$! 10% 9- & () Y'g10% 9-& ()- , ML0% 9-& ()-

e L e ]

Y10% 4 & ()- s310% 4 & (V4 & F10-9-10- 9 Nor mal "
"Headi ng 13]c" EIQQQEH H%tégha(f“]so%%dﬁ’%h%)e@'ﬁ% "%&Hfr ét Q'é‘F@'as %’é&?ng 53] c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Par agr aph Font width oE5knsA&8§90TE< di nsx)} kR 981 ; BH: QX_ nweopgr st uvwxyz{| } ~w
S ] ]!#$h&((*->0235789%; j <\W=>8@A\B( DE#G H! | KLMOPt RSTbVV\XYy[\])_]
bCc~gj h/ 1 m pg&st uvwx%wW {{|>|d|yl||]||}1}Mn}}}}} ~ ~JI~n~~~~~~+K } STVek[ uh.
6T| mes New RomanAri al Couri er New'h Root EntryWrdDocunent!

"HIUR' () *+,-./0123456789:
<= >’>@\BéDEFGHI JKLM\IODQ?STUVV\XYZ[ \]~_"abcdef ghij kl mopgr st uvwxyz{| } ~



