0 7 JAN 2005 Magnetic Recording Medium and Method for Producing and

| nspecting the Same This application clainms benefit of earlier 07 JAN 7005
applications based on Patent Application No. 2000-231114 filed in Japan
(Filed: July 31,2000), and Provisional U S. Patent Application No.

60/ 246595 (Fil ed: Novenmber 8, 2000). Technical Field The present
invention relates to a magnetic recording nedium a production process
for the nmedium and an inspection nethod for the nedium and nore
particularly to a magnetic recordi ng nedi um exhi biting excellent
durability, a production process for the medium and an inspection
nmethod for the nmedium Background Art A hard di sk apparatus, which is a

type of magnetic recorghdige et Repsoshiueg Ngedppay adns, i ncl udes a

magnetic recordj i ﬁgﬂ: : I ggﬁg ihg data onto

t he medi um and ?é%%o%g#én%nq e d%tr{aaa?%gé e@?%‘?n e@%nqﬁ?é%é;cor di ng
density of the hard di sk apparatus has been increased by 60% per year,
and this trend is expected to continue in the future. Therefore, a
magneti c recohdisngphtddatdnd aledgeebietetfdcorcd rg rieeirumppiliicta taroen s
suitable for D7 JAN 2005 2 realization of high recording density have
been dewgtopedn PAtERENALDEikatavdi Hg.nedicorZenpldyédien dnndgpetn C
recordi ng and reproduci ng apparatus or the like basically includes the
struct ureiasddeganiybed, bebow, @ndarsuvbsikrhianel CostaPakegtan Al all oy
coated with Ni-P through plating or on a glass substrate, a non-magnetic
under coabpl ayee ibar Nodeterausiong gryskal: owivenbati én abca)Co all oy |ayer
is formed fromCr or a C alloy such as CWor CrM through sputtering
anong other nmethods. Athin filmof Co alloy, serving as a nagnetic

| ayer, is formed on the non-magnetic undercoat layer. |In addition, a
prot ectt¥enfiikbanf ernged of an el enent such as carbon is provided on the
magnetic |layer, and if necessary, a |ubricant such as perfl uoropol yet her
is applied omhe bheseprotestinteoh lrmlaktresr ecert mpeaes icr eguicreneri for
hi gh recording density of a magnetic recordi ng medi um has been

i ncr easmagiuandat pebduction process for the medium, and an

inspection method for the medium; and more particularly to a
magnetic recording medium exhibiting excellent durability, a
production process for the medium, and an inspection method

for the medium.

Background Art

A hard disk apparatus, which is a type of magnetic
recording and reproducing apparatus, includes a magnetic
recording medium, and a magnetic head for recording data onto
the medium and reproducing the data therefrom. Recently,
recording density of the hard disk apparatus has been
increased by 60% per year, and this trend is expected to
continue in the future. Therefore, & magnetic recording head

and a magnetic recording medium which are suitable for



has been demand for a magnetic recordi ng medi um whi ch enabl es reﬁﬁfZQf@
in spacing loss (i.e., distance between a magnetic recordi ng head ‘a 03
magnetic layer). In order to reduce2§pacing | oss, studi es have been
performed on thinning of a carbon protective filmand reduction in the
flying height of a magnetic recording head. In order to forma carbon
protective film sputtering or plasma CVD has been carried out. A
criterion for eval uati ucabi Lty ol a.megngti.c LEeRORdLBI-pELI UM IS
fly stiE??%hzﬁﬁépgcpgrBgﬁgc?%gﬁ%bgégnﬁeﬁfgggst%ction charactg??stic"
refers to a ¢haracteristic D7 JAN 2 Leph t Y 1@a5kkGti on val ue
of a magnetit PEEGEdITy L SHEACRT %ﬁpg%%vgﬁﬁé%?ggogga?ngﬁgmhen t he medi um
is subjected to CSS (contact-start-sto oper ati.on.aft - rotation of
t he ned¥%ﬁ?éﬁa“9hénﬁl&GHFOgPCé”ﬁa&ﬁ@??éeﬁgag%a?éen%ﬁ%%a?%é%ES#%? a
predetermned tine. Wien the fly stiction haracterj sti gnetic
recor di haChedraEntPs BOREFEY It Re d@FFéﬁgegtgﬁﬁpﬁfy %? % %%%%%??gghead is
| owered, which may result in problens such.as head crush _attribut to
cont act COpEEMBEATa aPr Atledtlil Py FPPﬁF&nHlFﬁeQﬁé%néﬁ?@”ﬂ@ag}a%ﬁgﬁt?gu grly,
a nmedi um of high recording density is used while tge fIying hei ght of a
magnet i 2 AkadSi SubstAPAEned APTATACHRLLEY HNICIRGAHNIEYEIChCA nedi um i s
demanded to exhibit excellent fly stiction chariﬁteristic..HO\@ever,d a
magnet | deterDROiLNG WEAISEALprsdeEEad tiRfoGdh 2 £Re afGFed@lEifondd 1 °r™e
conventional art may exhibit poor fly stiction chgract ristig. One of
the reafoes C& ohoaghr £349¢ SHEDF GISI GWE: Wh&FMPe pELiNG P YEEFF 1 Ped
onto the surface of such a magnetic recordin% nﬁgiun1Ln a. magnetic

r ecor di agongd othepr @HEoss -aphaFt UsT1ARdOhhER EheCHedF i +89eRpl dyed for
a prolonged period of tine, the deposits are deposited onto a n%%netic
head, amdanhtscf Ly yew ctisor ‘CHECa e NSt NCTHFAHE t e FNARLICE AonErEd - ne
of such deposits is thought be a caonmpaound containing a gas conpanent
gener at &d BAdiné omagRetitet acddFedifid add &S @cﬁi@i”n&qfﬁﬁg&atsﬁéshofsa
conpound which is forned through reaction betmeené%pgggas co ac%_nent and
an i onferbabstigneavdntes wad the REPESH& ARYET s @ B 5 s i =t

exanpl e, a variety of nenbers enployed in the magnet.ic, B 7 JAN 2005 4
w lubricant %uch as perfldg%oﬁ%lyether %s a ﬁiled onto the

protective film.

In recent years, requirement for high recording density
of a magnetic recording medium has been increasing, and there
has been demand for a magnetic recoraing medium which enables
reduction in spacing loss (i.e., distance between a magnetic
recording head and a magnetic layer). In order to reduce
spacing loss, studies have been performed on thinning of a
carbon protective film and reduction in the flying height of
a magnetic recording head. In order to form a carbon
protective film, sputtering or plasma CVD has been carried
out.

A criterion for evaluating durability of a magnetic
recording medium is fly stiction characteristic. The term

“fly stiction characteristic” refers to a characteristic



recordi ng and reproduci ng, apparatus are produced fromplastic materials
such as resin or photo-curing resins. A plasticizer such as a phtthal&N &5
or a conpound such as a photoreaction initiator is generated as an
impurity gas conponent from such a“nmaterial. Mreover, a |ubricant
enployed in a pin of a connector part is present as an inpurity gas
conponent in the magnetic recording and reproducing apparatus. |In order
to maintain cleanliness of. the na i c.recording;and repr ing
appar at: P IHE T8 g aO?EiLﬁélgrﬁp\égg%sglfsas@égégg%gdqfefgﬁdﬁﬂgcoutsi de.
Therefore,. such a gas conponent generated ipsid he appar. i ns

t her ei g% W ceft 5§ Y%fﬂ'? éﬁdoatng?ijoHF‘SP Pﬁg gg%gﬁe%{% isg]tb%ﬁlcg%gt to
beconme a deposit. Wien a magnetic, head has the_ depgsit on ..t.s surface,
writi ngtcbfcgeat bc%’fﬁc*a‘%@ﬁgf%o??e88?8?ﬁéoﬁeafﬁﬁlro$%reear :%r?é“(?fn téﬁe dat a
therefrom may be wunsatisfactory in practi Cﬁ:i use. dTheref ore, fthere has
been dershdid@uta #Rgnebeciliiel rEIiLng KearGim 6n"hAlc i *Fef5sit€ A€ not
easily deposited, the_ nedi um being enpl oyeg in a nmpgnetic recordi ng and
repr odutihg? apprdat esmoresi éhm?ecd%b‘?’hgt}b%n 1¥yStHoWeGBr, at the present
time, there is no available nmethod for inspecting. the degree o

di ffi cuthardererposici oh éfmé@ﬂ@EFFsrSHPédéngnﬁﬁ%étuF‘c IS dOPE RS medi®um
Di scl osure of Invention L, 1In view of the foregoing, an aobject of the

presentfligivenstapiistyoopr svnaenatiet h6adf 6f LREFEEG NG e d¥Gree of 07
JAN 2005 5 difficulty in deposition of deposits onto a mgnetic

r ecor di rep wikdi im prohhgnet secheasr BEAg FEASHNASA TMRLASS dehsSt e Hre not
easily deposited; a process for producing the nedium_ and a magnetic

r ecor dilvet eern reppoduerhgveapamarns EbRPFRSNRGIChESRAdi um The present
inventors have performed extensive studies, and have found

char actesist¢esaniva gavedénsr afebiph AccREGREO EePeddniiimy Wi
reproduci ng apparatus, characteristics of a deposit on a carbo

prot ectwlvel4 i the of Luinaghediobt eécer BrAgerddi BM2dand Wlé}‘?cgtqtcsa of
the carbon protective film The present invention has beer}],abc,corrpl i shed
on t he basibe@¢lthﬂsdfthd§n§PCh a medium is demanded to exhlbit

excellent fly stiction characteristic.

However, a magnetic recording medium produced through
the aforementioned conventional art may exhibit poor fly
stiction characteristic. One of the reasons is thcught to be
as follows: when deposits are deposifed onto the surface of
such a magnetic recording medium in a magnetic recording and
reproducing apparatus, and when the medium is employed for a
prolonged period of time, the deposits are deposited onto a
magnetic head, and thus fly stiction characteristic of the
medium is lowered. One of such deposits is thought be a
compound containing a gas component generated in the magnetic
recording and reproducing apparatus or a compoundc which is
formed through reaction between the gas component and an
jonic substance contained in the apparatus, such as a metal.

For example, a variety of members employed in the magnetic



1) Afirst invention for solving the aforenentioned problens pro iﬁzf ﬂ
nmet hod for inspecting deposition characteristics of a deposit onYk N 2005
surface of a protective film predoninantly containing carbon of a
magneti c recording nedium which di um conpri ses a disk and the
protective film fornmed on the disk, the disk conprising a non-magnetic
substrate, a non-nmagnetic undercoat |ayer, and a nagnetic |ayer, the

| ayers being formed,on the. substr s characterized-da +hat phesvthod
conpri SECHSH % Hi gt FRRTIU T Had'ex §a% |%% %ﬁnﬁ%t of an inspe%tion gas

conponent and/or a conpound. conponent for sp.aspto gontain the
i nspectTiaTe el S covpdng tr?Elﬁq%glB?%%%rgﬁggg?eget an’ a predet er m ned

threshol d, the gas conponent d/or the conp RERt s bgi ng
ext r actrekk %% 1 & &L | AYpRCcET ofd gﬁfé@h?t%f?Eratﬁgﬂﬁ%gﬁgF?%SHr%%ording medi um

is allowed to stand in an_atnosphere of the D 7 : Laspection gas
conponammotqgeacté@ﬁnﬁnFH%@HPFOESf8?”@6?%?ﬁga§h%%2¥%§gg€%?igﬁgd probl ems

is drawn to a specific enbodi nent of the inspectio ccording to
1), wheca@hponémt | AsprcERER @a@aE%ﬁb%ﬁenﬁmli'escp"éergaggled;l%%?%a@i n a
magneti c recordi ng and reproducing apgaratus.conﬁrisi 9,8 ghetic

r ecor di agphegédniand Rinnga§nét FENRBEHCFoPaFEcordPng 88t a“onfo the nedi um
and reproducing the data therefrom 3) A third invention Eor solving the
af or ementponety pgebl easponsndr Awn tH8 QagﬁééFFiEegﬁﬁgépﬁeﬁP of the

i nspection nmethod according to 1) or 2), wherein,the insgectggnogas
conponentprbduonsgorppere tysleciRdoFEo PR & 31T oxhnet bRt AT nihg gas,
an acrylic-acid-containing gas, vaporized nel am ne, g Va%ﬁ%iﬁ%%ide

| ubri canhe mayapoiiczedchirgher Pact yeRECFUCANIEPBATZed “pht &l ic ~aci d
ester, and vaporized dioctyl phthalate. 4) A fourth inveniion.f
sol vi ngot hehaf eppaentiuenéd Sﬁ@éﬁ@éﬁ§di§I&Fh%ﬁet8uéséﬁgcif?%egﬁ%Sg%hent of
the inspection method according any one of 1) .through , i.n the

i nspect sonhgas gesnEeMERt ENg @e@§§aé§ﬁpéﬁéﬁﬁegéﬁ§rng%rﬁgéﬁlgQgﬁgﬁ%br

enpl oyed inside the magnetic recording and reprodycin a ratys.. 5) A
fifth i nmentiionihoe senfiaig tieemaf G tHO&ﬁé&’“pP%EFé‘%s R ltsg a

speci fic enbodi ment of the inspection nethod .
P thought to become a deg%sit. When & magnetic head has the

deposit on its surface, writing of data onto a magnetic

recording medium or reading cf the data therefrom may be

unsatisfactoery in practical use.
Therefcre, there has been demand for a magnetic

recording medium on which deposits are not easily deposited,

the medium being employed in a magnetic recording and
reproducing apparatus of high recording density. However, at

the present time, there is no available method for inspecting

the degree of difficulty in deposition of deposits onto a

magnetic recording medium.

Disclosure of Invention
In view of the foregoing, an object of the present

invention is to provide a method for inspecting the degree of



according any one of 1) through 4), wherein the inspection solvegf iEN
one or nore selected from anong net hanol, ethanol, isopropyl alc Hbﬂ, 2005
and water. 0 7 JAN 2005 7 6) A sixth invention for solving the

af orenentioned problens is drawn t0 a specific enbodi ment of the

i nspection nmethod according any one of 1) through 5), wherein the
threshold is 0.06 [g/100 cm{ when the extracted conponent is nelam ne.

7) A seyenth invention : [ Lepgpti angdqnpi@kl ens provi des
a magn %%E%%%QFHi%% %%%?%ﬁ?g%ﬁpggs?% Ogienon-magnetignsubstrate; a
non- magnet i c underc

t | EC.| N § bei
t or med {ﬁF??@}%@b@?ggE@fa ﬁ%asggt§c 9888?55§?|ﬁ¥gﬁum he L/@ayens being

a protective m predom nantly contai ni ng

carbon, the film being forped gqn the. nagnet| r haraeteringed in
that tHECR&EBEt70R A uﬁ?snfyaﬁepﬁgﬁgg?foﬁ ng£%§ﬁpgﬁgn?r§ndlépéa

conpound conponent formed so as.to_contain t i I S conponent
i s equathe oneflgPeatBf £nhERIEC ngéFEPHSﬁgg Qﬁﬁrggﬁgﬁ P%?ﬁgagas conponent

and/ or the conpound component beiEgPextracted wi th an inspection sol vent
after tarRpadghesi eompPetatdfny FelFGM™s allowed to stand in an atnosphere

of the inspection gas conponent. 8) A eighth inventi f | t he
af or ement i on8He PEBBEBHAS 1Y BT g@“& §6ggPFF§de§ﬁ§5?%Eﬁggd$gq %EE%
magnetic recording nediun1acconding to_7), wherein t %x$ﬁgf%ﬁo'd is

0.06 [gt100hene HABAGL RBAERELEELES 1ESmPENENE s SREIEAA TS, A ni nt h
invention for solving the aforenentioned proble is drawn.to .a.specific
enbodinmagnetiﬁhéeﬁﬁgﬁéﬂgcaP@céF&FﬁGUCﬁQHiGﬁP&éggPﬁﬂ1(ﬁ%§%ﬁt%%f%5%é§
wherein a peak of the infrared spectrum of tge Sg:fa%%aQIthQ? protective
film pre@osi AapPEyt eBnBaFArRGCEFBSFCIENE feak &or PedFHti Ny to a carbon

hydr ogen bond, has an intensity of 0.055 ar Ie%§. 137 JAN 2005 8 10) A

tenth | neenrfongf Beddomyi A§ K& EPGTET Gired ShIEHESS drawn to a

speci fic enbodi ment of the magnetic recordin di um_accor di .t y
one of Pyothetiyk @}}m-mhﬁ?%iﬁr?ﬁﬁnFaEPBeBFlﬂﬁtggﬁe 0 %%F%gﬁgfﬁQF%Q
protective filmpredom nantly containing carbon is 5-40 at% 11) A

el event hni hrenbiren st 6F §81% fgdHHé %f or enenti oned problens is drawn to a

speci fic enbodi mrent of the magnetic .
P 1} A first invention %or solving the aforementioned problems

provides a method for inspecting deposition characteristics
of a deposit on the surface of a protective film
predominantly containing carbon of a magnetic recording
medium, which medium comprises a disk and the protective film
formed on the disk, the disk comprising a non-magnetic
substrate, a non-magnetic undercoat layer, and a magnetic
layer, the layers being formed on the substrate,
characterized in that the method comprises determining that
the extraction amount of an inspection gas component and/or a
compound component formed so as to contain the inspection gas
component is equal to or greater than a predetermined
threshold, the gas component and/or the compound component
being extracted with an inspection solvent after the magnetic

recording medium is allowed to stand in an atmosphere of the



recordi ng nmedi um according to any one of 7) through 10), wherein Iﬂw
of the surface of the protective film predom nantly contai ning c&r 1085
3.5 or less. 12) Atwelfth invention for solving the aforenentioned

probl ens provides a process for producing a nmagnetic recording nedi um
whi ch process conprises formng a protective film predom nantly
contai ni ng carbon on a di sk conprising a non-magnetic substrate, a

non- magneti ¢ _under coat I%§ﬁr and a magnetic |layer, the |ayers being

fornmed oRSPRETIE0LSEPafTPERSH ¢

aracterized in that the protective filmis

formed such that the extractiop a t- [ L.0N; gasSq4 conponent
and/ or &) chpdtreR Lorpofeht °F o %ggégvég&tgﬂ%oﬂfgfﬁét he i nspection gas

conponent is equal to or greater than a r e he Ql-d.idnhe gas
conponeR¥ CLARBEOR St ﬁléa@ogﬁoﬁn&pg&%ﬁﬁer?{ngggﬁﬁ%%rec%r@agpgd l\?l\n'%?h “an

i nspection solvent after the nagneti.c recor.di Lum.i.s to
stand i nedhodatreSpRENE &P tlﬁe i""g@ﬁ&}ﬂ &E‘egélgw@%ﬁpqg%gn?a lslg)%lm}g%}f{%?]rtt eent h

invention for solving the aforenenti gned prabl.ens i r : pecific
enbodi neAt 208 3EhESPEEAGEC 6 ApFEEaEs ork &% FFEghét F’I(I:)%r ggg\ré%idtrlll%l%gfii um

according to 12), 07 JAN2005 9 wherein a for ﬁti on r.ogne%%df Qr t he
prot ect eppafilktms gosd@sHSAAG 13y TeGREdi N 7§ CH PG E6ipri'sés "a “sput tering
process in which the protective filmis formed while .bias %§ applied to
the di skaghd)iA heact dam AV DR F G FHYING 158 0P8fent i oned
problens is drawn to a specific enbodi nent of the production process for
a magnetreproeoerdiondg heediaim ddededinito 12), wherein a formation
process for the protective film predom nantly _containin arb
conpri s8s aApthémd CuRenpiecesd§Ti AOMILEN égFeSéPFSWeBgéoggﬁt gir(reflgr%gems
hydrocarbon is enployed as a raw material._1 A fifteenth inuention for
sol vi ng itsherafor dreerst i sved £ it cﬁﬁ‘-}%ﬂ’i‘%“tdr%?eo B EEC e me‘%\bhocgc]zlg ment of
the production process for a nagnetjc recordiQ%imediumgﬂ%é%cgél go 12),
wher ei n aachardiatg dre priocas £ o gt It dtlee t VP TR piddom nant 1y
contai ning carbon conprises a formation step includin I
process iisn ows cir anaeacts AT igRs f%ﬁ‘]tad??ﬁ%gghifdlrod&aé}eno n?tsaolerfrlp y‘@d@as a
raw material, and a fornmation step includiqg.atfpupferhﬂg pJ ocess in
whi ch tle acrylic-acid-containing gas, vaporizedme amines,

vaporized lubricant, a vaporized higher fatty acid, a

vaporized phthalic acid ester, and vaporized dioctyl
phthalate.

4} A fourth invention for solving tﬁe aforementioned
problems is drawn to a specific embodiment of the inspection
method according any one of 1) through 3). wherein the
inspection gas component is a gas component generated from a
member employed inside the magnetic recording and reproducing
apparatus.

5) A fifth invention for solving the aforementioned problems
is drawn to a specific embodiment of the inspection method
according any one of 1) through 4), wherein the inspection

solvent is one or more selected from among methanol, ethanol,

isopropyl alcohol, and water.



protective filmis formed while bias is applied to the disk. 16) 2

si xteenth invention for solving the aforenenti oned problens provp o ANO03
magneti ¢ recordi ng and reproduci ng _apparatus conprising a nagnetic
recordi ng nmediumand a magnetic hedd for recording data onto the medi um
and reproducing the data therefrom characterized in that the magnetic
recording mediumis a magnetic recording nediumas recited in any one of
7) through 11). Q7 JAN 2005 10 As ed herein . } be
abbr evi @t ed Sdét'}'atl%v'e%sl%ergoﬁesroﬁvnfngit}hérﬂ'a]che %Pésﬁitgg&m%o%}ﬁbg%@éf
Description of the Drawings Fig. 1 1S a _crossssecti yi.e ne
enbodi mentSHRWNt hi@ ﬁa@ﬂ%??glf;eg’a?a?h@e%df’gm%}& ?hé"g%?&ééht Wie%é)%ti on.
Fig. 2 shows the anobunt of deposjts o e surface a thi.C .

r ecor di agcoedi Den ¥BY s@Bet A %gtébraHﬁgn%?ofw 8??985%&% égggggﬁég 3% s a
schematic representati on showi ng a magnetic recordi ng. and re r oduci ng
appar at Us06nChgdl By che mitgretite exebrehi oY FEBPERTIhowd TH §$b?e1. Fig.
4 is a schematic representation showi ng a plasma, CVD apparatus enpl oyed
for cartyi iy senemre onbout hent L oF %%%Vl%goﬁﬁ%t?gﬂrBWBEEggn?gr a magnetic
recordi ng nediumof the present invention. Fig. 5 is a schematic

r epr eseptabl emsshoavhgea apmeusetive IRCPALHBE fieCdtiorpgadrat(®s %enpl oyed
for carrying out one enbodi nent of the production process for acyagnetic
recor di ngnArdonatof shbspresent ai NEBNTRGRE LFic UNEEES o ts dfeipdt 80 C @
representation showing a sputtering apparatus enpl oyed for carrying, out
one enmbmedymentc abythe phedlevesn Pededsd orseda Wadhet iSRS dng Tedi um
of the present invention. Fig. 7 illustrates the nean voltage and the
positive prottageévpedk lwabuedomipangd vdiceadEledmden2 thcdy. @7 1AW 2005
11 Best Modes for Carrying Qut the Invention One enbodi nent of the

i nspect benngethededf onhéhgr eeanet iicnéntiton Shiana P& desS i ed hafhd-he

i nspection nethod of the present invention is
extraction amount of an inspection gas component and/or a

compound component formed soc as to contain the inspection gas
component is equal to or greater than a predetermined
threshold, the gas component and/or the compound component
being extracted with an inspection solvent after the magnetic
recording medium is allowed to stand in an atmosphere of the
inspection gas component.

8y A eighth invention for solving the aforementiocned
problems is drawn to a specific embodiment of the magnetic
recording medium according to 7}, wherein the threshold is
0.06 [pg/100 cm?] when the extracted component is melamine.

9) A ninth invention for solving the aforementioned problems
is drawn to a specific embodiment of the magnetic recording
medium according to 7) or 8}, wherein a peak of the infrared
spectrum of the surface of the protective film predominantly
containing carbon, the peak corresponding to a carbon-

hydrogen bond, has an intensity of 0.055 or less.



roughly described bel ow. The inspection nethod of the present invgq}ion
includes a step in which a nagnetic recordi ng nmedi um servi ng as JAN 2005
sanple is allowed to stand in an atgosphere of an inspection gas
conponent, to thereby expose the sufface of the nediumto the inspection
gas conponent, the nmediumincluding a protective film predom nantly
containing carbon; a step in which the resultant nagnetic recording
mediumjs imrersed in an jinspection solv Wi j ect the

medi umt%  éxtrHEL] o]rf?veéln@t%”p iR v%cfrhc\th%gme%(tgr]g% él}g%lﬁ%r%ﬁe;b? of the

i nspection gas conpaonent and/or a conmpound f.0r t in the
gas codﬁﬁﬂ%ﬂ?m?nlﬁh@rﬁﬂgpéﬁt?oﬁPESFggﬁteF Odﬁ%%ﬁﬁrég gﬁ?eﬁaggﬁgﬁgtion of

i mersion; and a step for determ ning that thefe %r tion_agount is equal
to or gfeceedingnaRdavpr adePefii'HedCt AFésRDBFd® Cg vgﬁFF%%%|?$: a magnetic
recordi ng nediumincluding a .grotective fiLn1havin deposits.on its
surfacewher¢imetsedrphicatsolveRPIEANHCt R Pﬂelaxﬁgﬁchgﬁegﬁbﬂﬁt of the
deposits in the solvent is measured. When the extract|on amunt is snall
or whenfile predaminsnsduaropbasrinewefrPRANIE cefPafh®t hreshol d, the
magnetic recording mediumis considered to have a_snall anmount of

deposi t51) i .Ze.elemeniedinveision ol dep EHL D ot HECFHHE 1T The

deposi tion of deposits on 07JAN2005 12 its surface. In contrast,

accor dipgebbenbeipr dsemn kavensben;fisf eBPoghBeRagREL FECr BRBIEFAG medi um
is exposed to an inspection gas conponent, the extraction anpunt of the
i nspect rencgdsngompdaent agndlding EenpBYn@n€oRporientPEEFABdI%80 as to
contain the gas conponent in an inspection solvent, which conponents may
be deposhé¢seinsIHdfgeptf bheeganpbee hiethexPrREECEAVEMbGLAR i s equal to or
greater than a certain threshold. In the present invention, the anount
of depostédomanthélysgehseanshgachralret i€ SeCofdi A§SFedi um can be

determ ned by the extraction anbunt of the deposits. The nmechani sm of
the det2)nihatveohfts aseemetorofde 8_l¥bPGohke EfgremeRhb¥R®the anount
of deposits on the surface of a protective filmof a magnetic recording
nmedi um phenlehe amowidesf adipkPasisen L§as PEEIVERIASH & FEIREEGm i s exposed

varies; for exanple, due to variation of the expaosure tinme. As shown in
Fig. 2,repording medium, which process comprises forming a

protective film predominantly containing carbon on a disk
comprising a non-magnetic substrate, a non-magnetic undercoat
layer, and a magnetic layer, the layers being fcrmed on the
substrate, characterized in that the.protective film is
formed such that the extraction amount of an inspection gas
component and/or a compound component formed so as to contain
the inspection gas compcnent is equal to or greater than a
predetermined threshold, the gas component -and/or the
compound component being extracted with an inspection solvent
after the magnetic recording medium is allowed to stand in an
atmosphere of the inspection gas component.

13) A thirteenth invention for solving the aforementioned
problems is drawn to a specific embodiment of the production

process for a magnetic recording medium according to 12},



region e corresponding to magnetic recording nediumE or in regi%& f
correspondi ng to magnetic recording nediumF, even when the anou SAN 2085
di ffusion gas increases, deposits are not deposited onto any nmedium As
is apparent fromFig. 2, the medi um F i s not prone to the deposition of
deposits on its surface with respect to the anount of diffusion gas, as
conpared with the nediumE. The present inventors have considered that,
in the region e or f, diffusion gas i S ngt deEosLt%% %qtgﬁthe surface of
the protheeréie i FAFTBLECPSPIREE5PhEE I  ENBIBFSEEct Ve 11l m The present
inventors have considered that, when the amount of di%&u ng gas exceeds
the 07 J7N2005NABt AHoCAT CAENERE §aSORAi CATEAN 68 §dS&MHed '’ he
protective film the protective filmhas_deposits on its .surface..

Ther ef qpeocedie ampuht cbf thef PUSLERTGAE adddr Bad LHod e ¥Idrst &ctive il m
of the mediumE is greater than that of diffusion gas adsorbed in the
prot ectayel fednof thhedmedi.um E, and thus the protective filmof the
medium F is not prone to have deposits on its surface. The extraction
amount 0f) dephsitseast heasvertianchedi aglyonghkher aSRREMPAVEAPEGN can

be regarded as the anobunt of the deposits adsorbed in the protective
film Theopagnstie seeanditng amegiermidic embodireséntct mMghtR AU A ch
the extraction anount of deposits is equal to or greater than a certain
t hr eshobgobssa megnat inagnieedar dieng nusdioumeshivth Ao HSHLTS dife 19 have
deposits on its surface, since the anount of the deposits adsorbed in
the meghpeis satbsfraction lprdarspe.f orthexansitectdieh fheé" extraction
anount of deposits on magnetic recording mediumA (defective sanple),

whi ch appeAbmii 8 aRRAFU et tadeard ng ot empriesenta iTVETd d’Dis regar ded
as a threshold, the extraction anount corresponding to the nmagnetic

r ecor di pgoAediURNOkhtike zprresartidmwers iasm tiss igmeatlerd 1A kde thr eshol d
Briefly, the anount of deposits adsorbed in the nediumof the invention
i s greatpplbhad bkat ofawlepasitimladsorbed in the nedium A Therefore,

t he magnetic recording mediumof the present invention is not prone to
have depesits enfttanthuthaeet iAnsfeci Biod viingpadei Gf PFreHEETHESH |1 next

be described. Fig. 1 shows an exenplary magnetic recording nediumD 7
JAN 200§roblems is drawn to a specific embodiment of the production

process for a magnetic recording medium according to 12),
wherein a formation process for the protective fiim
predominantly containing carbon comprises a formation step
including a plasma CVD process in which a reaction gas
containing hydrocarbon 1is employed as a raw material, and a
formation step including a sputtering process in which the
protective film is formed while bias is applied to the disk.
16) A sixteenth invention for solving the aforementioned
problems provides a magnetic recording and reproducing
apparatus comprising a magnetic recording medium and a
magnetic head for recording data onto the medium and
reproducing the data therefrom, characterized in that the
magnetic recording medium is a magnetic recording medium as

recited in any one of 7) through 11).



14 enpl oyed as a sanple for inspection. The nagnetic recording g}jgp
i ncl udes a non-magnetic substrate S, a non-nagnetic undercoat Ig$ r ﬂm&

magnetic | ayer 2, a carbon protectiv film3, and a lubrication | ayer 4,
the layers and filmbeing successively forned on the substrate S.
Firstly, the sanple is allowed to stand in an atnosphere of an

i nspection gas, to thereby expose the surface of the sanple to the gas.

For ‘exanpl e, »the qmanetis  r agor didig, medidkmd s alioped tostadidy a

seal ed contai fier ~ Capabl € of introduction and di scharge of an inspection

gas. and gy Lhe, |nspect 0 gas 3 Lpiv pdveed plo1ohg coniainer  Vhen

a nagne? rding and reprodu€i ng apparatus is enployed as such a
seal ed container, the magnetic recording mediumcan be placed on a
spindle in the apparatus, which is preferable, Mreover, when the
spindle_is in.a |.ar__to the case of practical use of

rotated.in. r sim
t he appgféﬁésbesfﬁépﬁﬁéﬁbgﬁgqﬁ@%i$%ﬁﬂﬁ§gﬁediun1is exposed to the
inspection gas in a manner simlar. to.the case. of pragtic. e of the
medi um whi cf 1% éﬁbﬁﬁﬁ?%95%7&§$%ﬁ%ﬂ%%n¥ et éﬁvpﬁgﬁ%ﬁéiﬂﬁua Jgpmjthin
a range of 4,200-15,000 [rpm). The concentration of t.he iQ§pection gas
may be,tFSrma§%§ﬁﬁFeFQ§9§%¥RQIW$QHHWuﬁ§ & F G584 35 t he
magneti ¢ recordi ng and reproduci ng appar atus]. (as_reduced t 014
si | oxane oliéaﬂbr%.%QQWﬁWﬁQQ\Rﬁ%HWQHgg %23 THE 2 Shspect i on
gas may be, for exanple, 15 [ng/c (as reduced to silagxane oligoner).
I'n or deMagpehdCeltECara e MegHm ¢ Sqﬁnﬁaﬁuﬁgﬁq%n?qﬁuﬁﬁKP'nspection gas
is preferably high. 07 JAN 2005 15 The tine during which the magnetic
recor di AgIAEEL@M 98¢5 al | owed to stand may be, for exanple, 24 hours. In
order to adsorb the inspection gas sufficiently into the magnetic.
recordi ng medii®m %rk§tqrﬁ?h%@%ﬁ%ﬁeﬁ%ﬂﬁ%ﬁ%ﬂﬁ%q%éhﬁﬁ ¥hd ﬁ%ﬁPEtlc
t enmper ature when the magnetic recordi ng'El medium.is, ., allowed to stand in
the magHEEPESied0RAIthd SHHP REHBH FRRTF & i ar st e ey B 1 Exanyl e,
anbi ent tenperature. In order to accelerate the test, the tenperature is
pr ef er aBEFORRGRY TREWeShFE viferf t9ve Tragneti ¢ recording medi umis

all owed to stand nmay be, far exaqple, anbi ent, pressure. In .
Fig. 4 "is a schematic representatlon showing a p.asma

CVD apparatus employed for carrying out one embodiment of the
production process for a magnetic recording medium of the
present invention.

Fig. 5 is a schematic representétion showing a
protective film modification apparatus employed for carrying
out one embodiment of the production process for a magnetic
recording medium of the present invention.

Fig. 6 is & schematic representation showing a
sputtering apparatus employed for carrying out one embodiment
of the production process for a magnetic recording medium of
the present invention.

Fig. 7 illustrates the mean voltage and the positive

voltage peak value of pulse direct-current bias.



order to accelerate the test, the pressure is preferably high. Whﬁ&.ﬁﬂf
concentration of the inspection gas is low, the tinme during the g 106
recording mediumis allowed to stand or the tenperature when the
magnetic recording nedium is allo to stand nmay be appropriately

regul ated (e.g., tinme: 72 hours, tenperature: 40C), to thereby adsorb
the inspection gas sufficiently into the magnetic recording nedium The
i nspection gas nmay be a gas, generated inp_t . pagneti ¢ recordi ng and
reproddﬁkﬁgPay%%@ai®%,c%ﬁrh%€95§”5 t%%ng%%gﬁElggrning a conpound whi ch

constitutes a deposit on the surface of the I el r di di um
When such a Oyascobodbrpbheft FgeehBFB§85}oPhggg§§§ ?ﬁ 5 ?cgkgﬁg%ﬁagnetic
recording mediumis practically used in the apparatus and the nmediumis
exposedifeettheogasi thnbdede 8pF dBE€ed, which is preferable. The

i nspection gas is preferably one or nore selec%ed frogm%gnqg a

si | oxane- contaeningpgasioannathgri 8IptheIRREEEH5 18 V&L G Contai ni ng gas,
a stearic-acid-contai ning gas, vaporized nelamne, a vaporized

| ubri capduglal yapestzededi ghéevwtatty acid (e.g., a fatty acid of Cl10 or
nore), a vaporized phthalic acid ester, and vapor.i zed diocg%%igﬁ%gglate.
In the caseTha whipbcstioch gasheosmednéhes PAES SEiplloyEd itk 155 %n,
when the conbination is simlar to the conbination of gas conponents in
the apparates wWhenhpehchi mabhytisedeceleingngseetiof s 108G A%d cut under
the conditions simlar to those under which the nmediumis practically
used, WohGP1ESispeefienatbl ec busneadnoBni ALFGEROE Gn off Luch SR as Cth
menber which generates gas, such as adhesive tape, resin, or 4ﬂ#lﬂ may
be al | oyRd tenpbaAtt 0get har reityh coipo seadher i Find IS ERUH™ For
exanpl e; when the magnetic recordi ng and reBroducing'aeFaratus IS
enployeghgsigs@@@tabme@asam©m@oqﬂmﬂnihﬂﬂIQP % %l lowed to
stand therein together wth the magnetic recording neQiun1w?ich.is
pl aced ggotgetiaﬁi&du@,p&h@dmﬁﬂaﬂﬂth$QQ$Q%ﬂ#ﬂ%xf%ﬁﬁOQnuﬁns 10
conditions simlar to those under which the nediun1is,$ractica1%y.Hsed,
whi ch i grpeef ehablresuthemtt e ssridt @ aePrding tEITHR 19 mdPeetToh 1%
carried out under the conditions nore simlar to those undertmhich t he
medi um g pregldaaldy sesednwhitch tiergrersiaife T P td8e " n which
such a nmenber is enpl oyed

extraction; a step in which the extraction amount of the

inspection gas component and/or a compound formed so as to
contain the gas component in the inspection solvent 1s
measured after completion of immersion; and a step for

determining that the extraction amount is equal to or greater

than a predetermined threshold.

Conventionally, a magnetic recording medium including a

protective film having deposits on its surface is immersed in

a solvent, and then the extraction amount cf the deposits 1n
the solvent is measured. When the extraction amount is small

or when the amount is egual to or lower than a certain

threshecld, the magnetic recording medium 1is considered to

nave a small amount of deposits; i.e., the medium 15

considered to not be prone to the deposition of deposits on



as a gas generation source, when the concentration of the gas is
unknown, the tinme during the magnetic recording nediumis all owed & AN 2005
stand or the tenperature when the etic recording nmediumis all owed
to stand may be appropriately regulated (e.g., tine: 72 hours,
tenperature: 40'C), to D 7 JAN 2005 thereby adsorb the inspection gas
sufficiently into the nmagnetic recording nmedium After conpletion of
exposure, the resultant sanple is _inmersed in i ns i,0 I as
descri bedShEPERECEo  +ReFBBY YEGb) eEF“PREL] Pe%ES 8§Eggbgigﬁ§%P§%?hrs
case, a target extraction conponent is .the.inspectian gas conponent

and/ or éfE6ﬁpéﬁﬁdmééﬁﬁéﬁénFeFﬁFﬁé@gsHe§§upo1§oﬁggpﬁegh5 g&& conponent.
The inspection solvent may be any solvent, sQ Ion% as_ the target

ext r act LBAPE6HPORCAR S| §CBPSEEINFed tiNE EHé rEGdERt AMOBGE Grafpi®e, the
solvent is preferably one or nore selected from anong nethanol, ethanol

i sopr opyhsakctheh, cand cRALENENTh@nseune GPMPRETSCYBRONGEY BE I MEST
exanple, 30 [m/magnetic recording nediun]. In order to enhance

ext r act onaef tiocicontyint hbcagagntcomPopesfiteddbRy LESHECTERE SPrv&dH on
time may be, for exanple, one hour. Wien extraction. ability of the

sol vent whschowempheesaspheyi be pleglosials,y igl Lewsg /'t & ot &7dTPE hé '$ol vent
for a prolonged period of time. The tenperature during extraction nay be
appr opr eatebyt idet emouned iisn egeedr dancy Wikl tete thape 2ofCaié imspect i on
solvent, and may be determined at, for exanple, 80'C. In order to
enhancetaxesaetlidon efficiency, the tenperature is preferably high.
Subsequently, the target extraction conponent in the inspection solvent

i s quantitat ilvelthenpasiseed, frorerexiarml & he tdmough of sy on the
quantitative nmethod by nmeans of GCG-MS. D 7 JAN 20B5 i8 The threshold is
det er M Bed fater céx anplagneas cdesmdnskichg elddwm e Hier SsHE animgd by
determ ned on the basis of the extraction anbunt as neasured through the
af or enenhieorad ranetilod simeuntte cdagdd megtisdh,s -asThesarphenichepd &€

enpl oyed a nmagnetic recording nmediumexhibiting durability which is
requi r edeite rpriactiioal isse siswredegndtd @y dedrldivtg ahdg- < shows the

amount of deposits on the surface of a protective film of &
magnetic recording medium when the emount of diffusicn gas to
which the medium is exposed varies; for example, due to
variation of the exposure time. As shown in Fig. 2, in
region e corresponding to magnetic récording medium E or in
region f corresponding to magnetic recording medium F, even
when the amount of diffusion gas increases, deposits are not
deposited onto any medium. As is apparent from Fig. 2, the
medium F is not prone to the deposition of deposits on its
surface with respect to the amount of diffusion gas, as
compared with the medium E. The present inventors have
considered that, in the region e or £, diffusion gas 1is not
deposited onto the surface of the protective film, but is
adsorbed in the protective film. The present inventors have

considered that, when the amount of diffusicn gas exceeds the



reproduci ng apparatus. Alternatively, the threshold may be deter%ined on
the basis of the extraction anbunt as neasured through the 7 JAN 7005
af orenenti oned nmethod in the case in_which a magnetic recordi ng nedi um
exhi biting poor durability is enpléﬁed as a sanple. For exanple, the
threshold may be determned on the basis of the extraction anount as
nmeasured through the aforenentioned nethod in the case in which a
magneti c recordi ng nmedi um exhi biting poqgr fly stiction racteristic is
enpl oyeznaisnia shnphe @#si vhifk E%@eg?nacﬁﬁFEEdalﬁa hstFégggggg ?ng medi um
havi ng deposits on its surface is enpl oyed as a sgnple thg deposits
bei ng obsbnyetheaptreteexpvsuf e Tolah PREBELES0RTgAS® ThE ERFeshol d may be
obtai ned by nultiplying the neasured extraction anmount, b safety
factor.TE@reéma&plehethQUFheoéx@#éé?ﬁéﬁ“aﬁﬁ&n@dSSSgF@sﬁéngPﬁg to a
defective magnetic recording nediumis X, the threshold may 2e

det er ni pedt ot bee Xf i Aint efnabpveegiubyF 45 AFeatas &N8Rf &0¢ f &Ctor, the
threshold may be determined to be (X x a) . The inspection of a nmagnetic
recor di ags pedi um sesviedgoabed sanphe psotgctiedd ddtlmpics ameﬁi@ugnhg,
extraction anmount of the sanple as neasured through the aforenentioned
nmet hod 97JANRQO5t49 pirbhethévehfedmobd &ded&esiiédd 1ShPSkgk TORE to

af orementioned nmethod, and by determ ning that the extraction anmount is
equal tpa0& geeatet st banitbestlfeskol dThe Astopdtbhgnt 8mauebn@énti onal

i nspection nethod, when the extraction anount is |arge or when the
anount jspeguak he MEasgreat eccolidnnghé of Hihesipsledenthe NYggiedrc G%cor di ng
mediumis determned to be defective. Therefore, a magnetic recording
medi um havi-Bgaadkar g ameuaimoahtdefosies degtosrt 9 s scdn Bde i nsi de
thereof may be determ ned to be defective. In contrast, according to the
i nspect eRcBBthee @f 1ithe Preseatnethwenerondiagmaghétincofetbfdi ng medi um
having a | arge anmount of deposits inside thereof can be %gproprLately
det erm F@Qsen%i ReEehhe cextinachioh &meuetxtixs dgud aPwrt GledtictHah t he
threshold after exposure of the mediumto an inspection gas. ,
Consequgat kyuatihe odegr ee eaft edi friagulat yeint adaposgitgBiP st 1depdTE orft o

t he magnetic recordi ng medium can be appropriately determ ned. One
enbodi MeBtceh ihige mergnet it irecdredineg pedingm o hae deposits on 1ts

surface, since the amount cof the depcsits adsorbed in the
medium is satisfactorily large. For example, when the
extraction amount of deposits on magnetic recording medium A
(defective sample), which amount is ﬁeasured according to the
present invention, 1is regarded as a threshold, the extraction
amount corresponding to the magnetic recording medium of the
present invention is greater than the threshold. Briefly,
the amount of deposits adsorbed in the medium cf the
invention is greater than that of deposits adscrbed in the
medium A. Therefore, the magnetic recording medium of the
present invention is not prone to have deposits on its
surface.

A specific inspection procedure will next be described.

Fig. 1 shows an exemplary magnetic recording medium



present invention will be described. Fig. 1 shows an exanpl e of t%e
magnetic recording nediumof the present invention. The nmagnetic 7 JAN 2005
recording nediumincludes a non-na%netic substrate S, a non-magnetic
undercoat layer 1, a magnetic layer '3, a protective film3 predoninantly
contai ning carbon, the layers and the film being forned on the substrate
S, and a lubrication film4 fornmed on the film3. The non-nmagnetic
substrate S nay be an aluminumalloy 0 7 JAN 2005 20ngu$gt£g£gvgnq§hich
an Ni P phal bpngdf BEnei §2MBLRedCfhéPerRaltal- tHe® Slbdtrate may be reéferred
to as "N P-plated Al substrate”), which is generally enpl o %%t%% a
substratediom inagndescar BedraEAgeRedi 8UPsE T 8ubst Fal'@ of"“grsss.

ceramc, or flexible resin, which substrate may be coated with N P or
anot heruabkoyothr daghrpllat Engagrespat La&¥eRg2 . The CRERT s BFPAESE ‘P dlighness
(Ra) of the non-magnetic substrate Sis preferably 1-20 A, .nore.

pref er abl ym1315aAd aThebmopatagnetlipyednder 58t 1RAFES f“ﬁa@l&@ &e1ng
conventional |l y known non-nagneti c undercoat |ayer. For exanple, the

| ayer lsg@B¥ebeiaesiyngbemebemantt e Ismostrmse Srom any el enent sel ected
fromCr, Ti, Ni, Si, Ta, and W Alternatively, the layer 1 may be a film
formed from an raltdlgy teentsainpiley isny ldfovste tab@ g efer®™s as a primary
conponent and other elenents, so |long as such "other elenents"” do not

i mpede LbhRoepyetral lbifmishy iofspieha ilcay grsl. tThé heowbvagddse Wifder coat

| ayer 1 is provided for controlling the crystal orientation of the
magnet i guhauele 2ff @hEedapae acCatal loeys. The kapeple.i $hgaFPPEGrar y
preferably forned froma material of C single elenent or a nmateria
cont ai NiBg P4 iy rRRE veY i STBINd el dtee s tarsiniamen g v, edNC EE[TEND,  and
Si. Wen the aforenentioned naterial is enployed, the conposition is

pr ef er ablya8n2Y Jfwheridtué tioronmdrd inmte sy ech &b fFviRedoyy W3 WV,
Ti, No, and Si). The Y content (z) is preferably 20 at%or |ess, nore
preferabhy 103 %Hy iegsctWen ddwe ¥ igumashiced DO atPRHrePrsdl g he
orientation of the magnetic Ilayer 2 formed froma Cc alloy, the layer 2
bei ng piavirded iy (A o) Aldc 2005 @ latcher ayorpdremined | PRATIEF TatS | ayer 1, is
i nproved, and

" employed as such a sealed container, the magnetic recording

medium can be placed on a spindle in the apparatus, which 1is
preferazble. Mcreover, when the spindle is rotated in a
menner similar to the case of practical use of the apparatus,
the magnetic recording medium is expésed to the inspection
gas in a manner similar to the case of practical use of the
medium, which is preferable. The rotation speed may be any
value within a range of 4,200-15,000 [rpm].

The concentration of the inspection gas may be, for
example, 3.8 [pg/the volume of the inner space of the
magnetic recording and reproducing apparatusl} (as reduced to
siloxane oligomer). Alternatively, the concentration of the
inspection gas may be, for example, 15 [ng/cma] {as reduced
to siloxane oligomer). 1In order to accelerate the test, the

concentration of the inspection gas is preferakly high.



therefore the magnetic recordi ng nmedi um exhi bits excellent coerciyve
force and noi se characteristics: i.e., the mediumis suitable fo 7 JAN 2003
realization of high recording density. As used herein, the term"primry
conponent™ in an alloy refers to tHe case in which the content of the
conponent is in excess of 50 at s . The crystal grain size of the
non- magneti c undercoat |ayer 1 may affect the crystal grain size of the
magnetic layer 2 formed froma Co alloy. The cr sta%.%ra%%dﬁh%g;qf t he
non- magnet i cThAdéiB6adurayér “Iihy thé FEdiced by ~adding® an el"ement such
as B, Zr, or Tato the material of the Iager ;ol.e., Cﬁ or § C)tglloy.
The t hi zkhessdof ot REanenMAagREL i éCUn8EFEBAE | &ée?’ofriss Bt paFti Ul arly
limted, so long as the thickness falls wthin a range _so a%.to attain a
appr opradsericoehei vespectéon BRE SHEERFEESTILY 6PéPe?§%l?aE@§-fFOOO A,
more preferably 150- 700 A. The magnetic recording nmediumincluding the
non- nmageetidingdeeddat,| ayer tirkaviengrs IEARERYeSS IEAIAERG W T t he
above range exhi bits enhanced coercive force and inproved SNR i.e., the
medi um i s surhabherfer ateald zdtenomn hef naicge t ice FCRLTH WeMGAWPT Fe
non- magneti c undercoat |layer 1 may be of a single- |layer structure, or of
a nul tizlayeedstpuetane. ivhemet e gnledyer rechasiaomand Nepy&dusingct ur e,
the layer 1 may be fornmed of a plurality of layers formed fromthe sane
conposi spgar gt udi fiber ert, denpesiaripdrs krGHEATDIETHEE 29 UZ €3ANI2005983
af orenenti oned conpositions. For exanple, the layer 1 may be a
nul ti - | ayercstnuehitee tive Whisth ah@r Memglelrey urgydrs e fedehtlenthisto at % or
less) is lamnated on a C layer. The magnetic layer 2 fornmed froma Co
al l oy nay comhai freaiynr@o wildroy eompasietion reatet ot fMeshadhony Co/ Or
Co/Cr/Ta, Co/Cr/Pt, Co/Cr/Pt/Ta, and the Iike. The coercive force of the
magnet i g11 8¢elditRg siedidumaof bet,hef cpr esemtp lienv @& iamt L Erebl y13, 000
[oersteds] or nore, preferably 3,500 [oersteds] or nore. The thickness
of the pmgaetice lLayenexdter mitk ftremm,a tCe raldsfrfalls RESIFRR Y dhdE of
30-100 [Guni, which is a paraneter of conventionally used Brd (the
product of resicdualhe negnEntzediom arfd tthe mnspekhees Jaidy,1and t he
t hi ckness of

the time during the magnetic recording medium is allowed to

stand or the temperature when the magnetic recording medium
is allowed to stand may be appropriately regulated (e.g.,
rime: 72 hours, temperature: 40°C), to thereby adsorb the
inspection gas sufficiently into the‘magnetic recording
medium.

The inspection gas may be a gas generated in the
magnetic recording and reproducing apparatus, Cr may be a
component forming a compound which constitutes 2 deposit on
the surface of the magnetic recording medium. When such a
gas or component 1is employed, the case in which the magnetic
recording medium is practically used in the apparatus and the
medium is exposed to the gas can be reproduced, which is
preferable. The inspection gas is preferably cne or more

selected from ameng a siloxane-containing gas, an acrylic



the layer 2 may be a thickness so as to attain an appropriate recordin
and reproducing signal output. In order to inprove the orientatioﬁl%ﬂAN
Co alloy and to obtain high coercive force, a non-nagnetic internediate
| ayer may be provided between the norf magnetic undercoat |ayer 1 and the
magnetic | ayer 2. For exanple, a CoCr alloy layer (Cr content: 50 at % or
| ess) having a thickness of 25 A or less nmay be forned. The carbon
protective film3 is formed froma material predom nantly containin

car bon. aThé-canbennpngt géti-vé Fitlemr 13-gs idorsad ashcf St WatS .t FéRS&YZEt i on
amount of an inspection gas conponent and/or a conpound conponent fornmed
so as tmelenntai nat Wepiomspect lobrgasntenponeme rilgesqiidiohed dra 'drieat er
than a certain threshold, the gas conponent and/or the D 7 JAN 2005 23
conpoundcédnpenent, keifngtexeract ed Wlh canriorspects oRpselivaadt  after the
magnetic recording nmediumis allowed to stand in an atnosphere of the

i nspect baAh@As cCerpanest e rihe neX tvagetrad e dc aiiponterit prg hgrlefterablly the
mel am ne. When the extracted conponent is nelamne, the threshold is
0.06 [gL30Q gl whiRhefseicablgssOchhiplegeh®® eamre amprle yedefigr aldryb haion,
[jJig/100 cm2]. Since nelamine is a main inpurity gas conponent which
causes ¢gpasihieorR dmbid sfFA@MEtisC siedQEdi e ane reepiddidiing: @ppeaat us, the
extraction conponent is determned to be nelamne. The reason why the
extract -gRpaMRwRls ah WRleaEphe rath sdethentipred tiadley atxed range is

descri bed ge|OML When the extraction anount falls within the above
range, thepeamat i@f dafRuldd Wugasinksorded dahdite crar aimirat ecd i ve film
3 increases, and thus deposits are not easily deposited onto the carbon
prot ect ke skl hMdd OhwHike MRENeldG uneaey girng MkRdiling uske, exiiaction
amount can be obtained through the aforenentioned nethod. The protective
film3 peyreeataien Nihcegen servhBgodactanat bér scehpaeneats, lan rehikercase,
the ratio of nitrogen to carbon as neasured by neans of ESCA is

pref er abhy o5- 4Q%eriee gl enal Y H-adfifds inuch amy e yrrefrer abt yf 183 25%
This is because the filmcontaining nitrogen is dense and hard. \Wen the
carbon pEot eet iava Fiddntd Gantrai e JutiHeaganth tite fidgnersd erabd ydoont ai ns
nitrogen in an amount of 2 at% or less in the vicinity of a surface of
the fil RediikN® For example, when the magnetic recording and

reproducing apparatus is employed as a container, and a
practically used member is allowed to stand therein together
with the magnetic recording medium which is placed on the
spindle, the inspection is carried oﬁt under the conditicns
similar to those under which the medium is practicaliy used,
which is preferable. When the spindle is rotated, the
inspection is carried out under the conditions more similar
to those under which the medium is practically used, which is
preferable. In the case in which such a member is employed
as a gas generation source, when the concentration of the gas
is unknown, the time during the magnetic recording medium is
allowed to stand or the temperature when the magnetic
recording medium is allowed to stand may be appropriately

regulated (e.g., time: 72 hours, temperature: 40°C), to



surface being brought into contact wwth the magnetic layer. This

because, when the anount of nitrogen falls outside D 7 JAN 2003 zjlf#&ﬂZME
above range, magnetostatic characteristics of the magnetic |ayer
deteriorate and coercive force is |owered, and thus the nmagnetic
recording nmediumis not suitable for realization of |ow flying height.
The anpunt of nitrogen in the magnetic | ayer can be obtai ned by neans

of, f?;%:ﬁé?%lye’adsg!rMSt%%ali%%iﬁ%cg%nu%%% @%rf%iir&’ieEQQyt en. e vicinity”

may er to"a position ont oundary between the magnetic |ayer and

t he prp%ggkg¥§cfi% Or%gﬁgﬂh%%gﬁﬂﬁ Co content is 5% of that of the

magneti ¢ Fayer. ense protective filmis preferable, since

the filmcan pRr ess._generati Qf p er i I i nduce
deposition oqufgé:"g“osﬁotm aenncdl Og%er?grnaeﬁpo&r@%][e’N&w%orﬁeg\glg%gt%"gjsleédqher ei n,

he N - PBFACEAg Faylr (TP a SLCRTT S SBe G the Bt Pacd of the

e “Surt'dce of the
magneti c. recording . dium t hrough diffusion.or the Iike. N _corrosion is
oval vat ERCTEEY SEBISEE. i RIGHE 1S (IS TARGaar of TR FAEE P 2SExt Pact | on
of Ni on the surface _of the nmedium .When the car&on protective film3 is
subj ect BATEELFFFRY ACEHE™ MCEWENT) tof St A& SpdARPEGHTESpERGT (F§TIRETENT

car bon- hydrogen bond is preferably 0.055 or |ess, nore preferably 0.05
or | es&NdhfiEh anEPEPENE e CRIIRPTETGA TGrMEES S WReld & RO At ENSITS 9%l | s
wi thin the above range, the protective film predom nantly contai ning
carbon R8%FP8"§Ptong bonding force to a lubricant on the film Wien the
bonding force is strong,, the surface of the protective filmis

consi st ent | y TEGat-EFPERLIPY FOIRSG &%t Py e Ve fositd P8 afeposits
can be 07 JAN ?005 25 suppressed. Measurengnt ?f the‘inRFnsity of the
peak coFP8spararhgerdrECtdBorRParEgen 15oRd S5 HEdn e "of- "eTISR ¥ ar r i ed

out, for exanple, through _the fqllow procedure. There is_ prepared an
FTI R app8F aE#&mBxRi bitt’en G Od VE&siiti \Ff’lrt#%sr@%ﬁryt KRE, OTwhEr easele‘:tepda

per fl uoropol yet her-containing lubricant is applied  onto a disk so as to
have a ?ﬁP@kﬁ@@é‘gof“eﬁhﬁ‘ﬁﬁoqt'hgtﬁ@é’é’&re&mpﬁl@é’ iF@C&f" he 3pEaRE Ey. , the

eak which arises within a
P The amount of the solvent may be, for example, 30

(ml/magnetic recording medium]. In order to enhance
extraction efficiency, the amount is preferably large.

The extraction time may be, for example, one hour. When
extraction ability of the solvent is.low, the sample is
preferably allowed to stand in the solvent for a prolonged
period of time.

The temperature during extraction may be appropriately
determined in accordance with the type of the inspection
soclvent, and may be determined at, for example, 80°C. 1In
order to enhance extraction efficiency, the temperature is
preferably high.

Subsequently, the target extraction component in the
inspection solvent is quantitatively measured, for example,

through a customary guantitative method by means of GC-MS.



region of 1,120-1,350 cm 1) corresponding to a CF bond (carbon-fl uor ng
bond) of the infrared spectrumof the disk is 0.008. Firstly, th& 7 JANZ0BS
infrared spectrum of the protective_ film predom nantly contai ning carbon
(hereinafter the spectrum nay be réferred to as the carbon protective
film infrared spectruni) is obtained fromthe neasured infrared
spectrum of the surface of the nmagnetic recordi ng nedium before
formati on of the protective filmand the neasured ,infrar um of
the surface Bhet heradlgpeti e5r 88bFETAGS ned?ﬁn?ﬁ??%%efo?%a??gﬁggggphe
protective film Subsequently, the area of the peak wthin r e of

2, 800- 3 DO+ cmTheoft htas NG A I%Epéé:&ifr?ﬁﬁ‘%%e‘%a‘f‘ﬁuﬁar&? \é% 'S Hh h@@
calculated area is regarded as the intensity of tge geak+cor%%sponding
to a ocaxboaehydnogenubbnds MeagyEadheREPRINt AR pBARIFHERASPIY® refers to
the absorption anount. Wen the protective film3 is subgecteq t 0 .Raman
spect r oseolpyg ihethe/ tgsealnewhschr epr abF§MBLE: oF "FEESISNGFE OﬁFgfgrably
3.0 or less, nuch nore preferably 2.5 or less. This is Rec use, when the
| d/ 1 g vahyeet ftl sewbtdingt hedabovexb¥bIANNg0g5r2B1 L ahye"NtRE Priot ecti ve
filmpredom nantly containing carbon is dense and hard. The Id/1g val ue
i s obt aipgdiasdf ohl pwsctihel peasdned RagBftdFeELFARFPLESsEP&rated into
two bands; i.e., a G band having the peak in the vicini%i of 1,500 cm1
and a Drepapdubaningppheapeak imitéenattialyy ohe 1tapesked d; makd Ehe
ratio of 1d (the integral value of intensity of the D band) to Ig (the

i ntegr ajevakmenet bnt ensi bysob bﬁet@eb&ﬁdyat§ioﬁbﬁapﬁéa.th@ﬂﬁ%ﬂ%Ed
contact angle of the surface of the protective filmis preferably 80 or

| ess, npReopgAf enabbyorébeat ibess. mEhhed §nbébguse sewhsn "HE Wt er
contact angle is 80 or less, the protective filmis satisfactorily
bonded mhgnthec! weebedihg ardithusxbhibitibc eaer CYIGEE1édsi 1% deposited
onto a magnetic head. The thickness of the carbon protective film3 may
be 90 AmpnokessasThe sthipdknesBor sepempieablhe7shpespoldsdaynsie
preferably 50 A or less. This is because, when the thickness falls

Wi thin gbecahaved angehespaciisg dfosec & e dtharhémo undd e d e 3t $hus
reproduction signal output can be increased. The lubrication film4 is

f or med th&@ugh amplbda&bmmnmﬁoned method in the case in which a

magnetic recording medium exhibiting peoor fly stiction
characteristic is employed as a sample or in the case in
which a magnetic recording medium having deposits on its
surface is employed as a sample, theldeposits being observed
after exposure to an inspection gas. The threshold may be
obtained by multiplying the measured extraction amount by a
safety factor. For example, when the extraction amount
corresponding to a defective magnetic recording medium is X,
the threshold may be determined to be X. Alternatively, by
using o as a safety factor, the threshold may be determined
to be (X x a).

The inspection of a magnetic recording medium serving
as a sample is carried out by comparing the extraction amount

of the sample as measured through the aforementioned method



a lubricant. The lubricant may contain any |ubricant selected fr@rﬂ imﬂlﬂﬁ
a Fonblin-type lubricant (product of Ausinont), a Galden-type | ubr
(product of Ausinont), a Dennun}tyg_ | ubri cant (product of Daikin

I ndustries, Ltd.), and a Krytox-typ€ lubricant (product of Du Pont). In
order to obtain the aforenentioned effect, a Fonblin-type lubricant is
preferably enployed. This is D 7 JAl 2005 27 because such a Fonblin-type

| ubricant,  has. pol ar_functignal , a e i : ar
chai n. nE T HECgF BUBSCare Batri o AMes bsd oneD Sari Je srTsecer the
carbon protective . film,3, The thic s.of L.can I .qay be 5-30
A and fﬁ?@%&ef éPQbhj %-t%mi\?“lﬂﬁegﬂgﬁetﬁﬁi %Eﬁéégpégﬂ ER\\C/)\AL%]H%Q?N S
range, the netic recordi medi um_exhi_bi appropriate lubricity, and
t he Iub??%%ﬂ?gPsoﬁoﬁr8958§s£88PyLh@pBEFFédOEénto a magnetic head, which
is preferable. The extraction anount of an inspection, gas, co nent

and/ or a conﬁSGﬁHdéﬁﬁpGHeﬁtCPBPﬁleQBa&SlpépggﬁﬁgpnnFﬁgOanggggt?@ﬁ gas
conponent is equal to or greater than ﬁ ceﬁtain t hreshol d hh gas
conponeR t BAGE 5PNt REOEBADGSnd2LE6nBENERE & g 2BRPPact8dSWPE gﬁ or

i nspection solvent after the magnetic recording nmedi um of tge resent

i nvent i oheater afhane8heotBE8RACLA ahl St RBSPRELE SFCLRE NASPEEL PN Gas
conmponent. Therefore, the protective film predom nantly. containin

car bon @¢tenwinagneri ber eedrErayemedt Ued § 5OFBt aﬁm%%%egbchﬁ%%oﬁgb%gits on
its surface. Wien the extracted conponent is nelamne, the threshold is
pr ef er ahégiomoBavigyg1e0ianpe RBPENEr 8feFEBPY 1§510CFgPB06 CENFUTREER more
preferably 0.24 [g/100 cnj. Consequently, when the na%netic recordi ng
medi um ot t hespdesshereafeReioRe; geagéalm\ﬁﬁi te PRedFrFrhgVRei ght of a
magnetic head is reduced, deposits are not easily deposited onto the
head. Therefest, 26¢eRdWRENtEhéhrRgREPEEAEROPERENEdi (Rt BTGSEA T whi | e
the flying height of a magnetic head is reduced, .the fly stiction 07 JAN
2005 28igharhieeri st MeIortERe IREQTAATESs TREL IMoRerads Mhef “ERe 2EQFEEN
protective film3 is subjected to FTIR, the intensity of the .%egk
correspohdfRROEatE AFBER- RPEEE§EN CBANRE SPPrEParabryy determined,

since the extraction amount is egual to or greater than the
threshold after exposure of the medium to an inspection gas.
Consequently, the degree of difficulty in depositicn of
deposits onto the magnetic recording medium can be
appropriately determined.

One embodiment of the magnetic recording medium of the
present invention will be described.

Fig. 1 shows an example of the magnetic recording
medium of the present invention. The magnetic recording
medium includes a non-maghetic substrate S, a non-magnetic
undercoat layer 1, & magnetic layer 2, a protective film 3
predominantly containing carbon, the layers and the film
being formed on the substrate S, and a lubrication film 4

formed on the film 3.

The non-magnetic substrate S may be an aluminum alloy



0.055 or less. Therefore, the surface of the protective film is
consistently coated with the lubricant, and thus deposition of déb%é%”ng
can be suppressed. Preferably, the Bgotective film 3 contains nitrogen,
and the ratio of nitrogen to carbon™ds neasured by nmeans of ESCA is
preferably 5-40% Therefore, the filmis dense and hard. Preferably, the
magneti c recordi ng nmedium of the present invention includes the
protective film predom nantly,..contalnjng bop, i ' i sabhaed and

t hi n, eﬁHﬁ%ﬁ?%Fee&%evméﬁﬁ §Pi%%ngp%%¢gﬁgl§§$&aﬁg F§E$§§ig§%ggnd

suppr esses eneration of wear .powder i nduci d L of deposits and
gener atlilfth SIPNFL 28 rBeY oRE Bﬁfgéﬁﬁgiﬁa %e Qggiﬁggﬁéggﬁ? of a magnetic

head and thinning the protective film predom nantl 0L pg r bon,
the di sﬁm@f%“e@%enWPhéhhéédgﬁﬂﬂr‘?;\Ly 6%3??’8& g%e¥ %2?%%3%582

magnetic recording |ayer is reduced. Therefor i ma e
recorde@gm%@i®n¥©¢0¥ﬂénBr@§€h?;iﬂ%eﬁtPBh?Lgﬁgéiﬁg 5ﬁ§§§’cg%?%ggFéduced.

Consequent |y, since reproduction sjgnal outgﬁchan ggginc%gaﬁ§g_ggd SNR

(si gnalot of hek Seleares)ni swhilaPr sVeat*Ehe NE i 6°P&Eor ditng medi um of

the present invention is nore_ applicable to high recording density, as
conpar ezhotiédr aatbayehhironah RraghehPcOFeEBPEFAGIREdi um In addition, the
coercive force is 3,000 [oersteds] or nore, pre&Frany 3,50%. oer st eds]
or more, andThhemgean sOF f3ARRTO59P0eSEr f(§¢e PouGRFed ST RAPTISS 15T ef er abl y
20 A or less, nore preferablé 10 A or.less. This._s gcayse, 2¢en t he
coer ci veubforeeei § 3s000efespsladd] 28r moreI er BERSGECELEN sitgndl’ out put
can be further increased at high recording density, and when the nmean
surface roughhessofRagdns thcet@ogBIopaz JAYSE 11e&EY B%hé flying hei ght of
a magnetic head can be further reduced., Cbnsegggntly, t he Fagnetic

r ecor di agnnedt inmefl Lyh&ngmas asn - TaaReitiCo N NI§ IrgPe S¥cabf 8"t o hi gh
recording density. Fig. 3 shows an exenpl ary nagnetic.rec%rdin d

r epr oduek agpappataeus aived Jdmay Pie 2aPerdhenGiEHER g8t iT€ XS c%&éﬁhg
medi um The magnetic recording and reproduci ng ., apparatus jncludes a
nmagnet i enyeebedieng wedienhe’d0 oM gt A Seru r&gﬁh i Fig. 1; a
medi um driving portion 31 for rotating the netic recordin i 30;
a magnekitehsatli321yfotheeddditng d&tYa 8n@ofgﬁ%‘ﬁﬁﬁﬁ&?fé%F@E5gbgﬁgl) di um

30 and containing any of the above elements as a primary component
and other elements, so long as such “other elements” do not
impede the crystallinity of the layer 1. The ncn-magnetic
undercoat layer 1 is provided for coﬁtrolling the crystal
orientation of the magnetic layer 2 formed from a Co alloy.
The layer 1 is particularly preferably formed from a material
of Cr single element or a material containing Cr and one or
more selected from among Mo, W, V, Ti, Nb, and Si. When the
aforementioned material is employed, the composition is
preferably CrzY (wherein Y is one or more selected from among
Mo, W, V, Ti, Nb, and Si). The Y content (z) 1is preferably
50 at% or less, more preferably 10 at% or less. When the Y
content is 20 at% or less, the orientation of the magnetic

layer 2 formed from a Cc alioy, the layer 2 being provided on



reproducing the data therefrom a head driving portion 33 for rm\ﬁi ngqthe
magnetic head 32 relatively to the magnetic recordi ng nmedi um 30; ain AN2005
recorded/ reproduced signal - processing system34. In the system 34, a
recorded external signal is proces and sent to the nmagnetic head 32,
or a reproduction signal fromthe head 32 is processed and sent to the
outside. A magnetic head including reproduction elenents such as an MR
(magnet oresi stance) el.ement utilizin ani sot.r qpi netaresi stance

( AMR) e’??%c?oaﬁﬂaﬁ%é@ﬁcelué’%ntcc"&t illai%firng'gilasn?%#%éﬂv%tglér eglicstance (GWR)
effect, which head. is nore suitable .for realization.of hi I- rdi ng
densi t ytNERGIOBE ERFI BYEHCAS Gt KETAGHEE EeheAl §fh&P1?ﬁegﬁ%%%égﬁg
recording 07 JAN 2005 30 and_reproduqin% apparatus of th pre%pnt .

i nvent i 8PEICTHE AREREL RO BCGEG 1GARGT éﬁF&&&éi'nd'&ppan‘teuénei ncTudés t he
magnetic recordi ng medi um of the present invention %hg extracti on
anount ©8ikabiAspest Ker lgast ieamsdnEAtak§rer o4 "Eo 58S YeonPBnBRTf or med
so as to contain the inspection gas conponent is equal to _or greater
than a heeeiai nthBr &shol d PIiRG fyas OREEARENt and ol Ry E6H5TEnd°
conponent being extracted with an inspection solvent after, the magnetic
r ecor di bige medsamiins whlilchnddiet costtand ioF dRe SBONTS e 16f Hh&XSrSFect i on
gas conponent). Since deposits are not easily deposited onto the surface
of the ohAghétet%.recordi ng medium the magnetic head is not prone to
having deposits on its surface even when the flying height of the head
is reduced. Ther efrorsgalt kg &y isigeehed fglitheom qrhena WL P B the
apparatus can be further reduced, and thus the magnetic recordi ng and
repr odutapgrappaeat as fefctt hde mresdstl orvdm iS6rfS STafPls EINE WS hi gher
recording density. The magnetic recordi ng and reproduci ng apparatus
exhibitkayexcélEemmeﬁlﬁnnm(ﬂiQﬂ]&ﬂkmﬁct@g?sFF§$t¢ﬁegEﬁéBuéﬂ?SnOSrocess
for the nmagnetic recording nediumof the present invention w ]| next be
descri bede npAppagakls cempldsyapatorl avee pr FRC i PREESS HY AEIED
apparatus and the protective filmnodification apparatus eerI olyed in the
present anneéemieon wuldh s dosdt bed, THFILY s Tiks HE &lcidndtlic faver
representation of a plasna CVD apparatus serving as a main portion of the
product Loni .appafat & enpllopdd For carryi ng out an enbodi ment of the

The thickness of the ncn-magnetic undercoat layer 1 is
not particularly limited, so long as the thickness falls
within a range so as to attain a appropriate coercive force.
The thickness is preferably 100-1,006 A, more preferably 150-
700 A. The magnetic recording medium including the non-
magnetic undercoat layer 1 having a thickness falling within
the above range exhibits enhanced coercive force and improved
SNR; i.e., the medium is suitable for realization of high
recording density.

The non-magnetic undercoat layer 1 may be of a single-
layer structure, or of a multi-layer structure. When the
layer 1 has a multi-layer structure, the layer 1 may be
formed of a plurality of layers formed from the same

composition or different compositions from among the



0 7 JAN 2005 31 production process for the magnetic recording nedi%f1of
the present invention. The plasnma CVD apparatus includes a CVD 07 JAN 7005
apparatus chanber 10 for accommobdating a disk D on which a protective
filmpredom nantly containing carborf4 s formed; electrodes 11, 11

provi ded on opposing walls in the CV/D apparatus chanber 10 so as to face
each other; high-frequency power sources 12, 12 for supplying

hi gh-freqguency power to the electrodes 11, 11: a Dbjas r-s ce.l13
whi ch na§obemépbhABEHedoMBOfAE GrSk DFTh ?%ﬁﬁ?ﬁﬁiaﬁ%gr% 8§§c aﬁ%grﬁio

when the protective filmis fornmed on the djsk D, an rac gas
suppl y %o@?%@é‘l@YeI4SF6PC§855IﬁpnﬁthgcésgrggsaggPViﬂ&ggg Z%%raw
material for the protective film. which filmis forned on_ the disk D.
The CvD-apbarht udOchafber 165Sd d6nnéBLBa Es Pledi g “FiYpés 15, 15 for
feedi ng process gas fromthe supply sources 14, 14 .into the CVQ .

appar at us chahBemagngtignd aye ral’s & OrE6khd P8 & &% disehdPde Bipe s for
di scharging gas fromthe CVD apparatus chanber 10 tq the outsjde, The
respecténg Cbeedilny popeosisions skagetghodasy §5§n9I8W/g6ht%&/<%ﬂRﬁm
(not shown in the figure), which control the flowrate of the gas fed to
t he CVDCappar atusColamd&t /Ta .t archéhéby 1k&rbitrarily set the flow rate of
the gas. The discharge pipe 16 has a di scharge anmount control valve 17,
whi ch controlfse te raiisehdiogecardurith e cagRertelsy R/ LG9 IME T ¢
pressure in the CVD apparatus chanber 10. Preferred exanples of the

hi gh- f r eneepcgspaten nyemtden 122 oref eredlyde & Goviae ViHi @1 can
supply power of 50 07 JAN 2005 32 1,000 Wduring formation of the

pr ot ect preféirkhl pr 8dS@iondwteing t esont &iriMeg €car bon and during di scharge of
oxygen plasma. The frequency of the high-frequency‘gomer ources_12, 12
is not partItbel amliyclemes fdfed He GMITRE M i Mt of TN FFERt2 of° the
present invention. For exanple, the frequency may be 13.56 MHz. A pul se

di rect - gulB@nttapdwenwisoirce oraraehiath-¥oddfen@unlpowtt: dodrt € nay be
enpl oyed as the bias power source 13. Fig. 5 shows a schenatic

r epr esepbatinenest cf COtVERtE AR AL s B¢kt i 61F dpp i uL erist V&P T or

carrying out an '
magnetization and film thickness {Gum]), &nd the thickness of

the layer 2 may be a thickness so as to attain an appropriate
recording and reproducing signal output.

In order to improve the orientation of the Co alloy and
to obtain high cocercive force, a non;magnetic intermediate
layer may be provided between the non-magnetic underccat
layer 1 and the magnetic layer 2. For example, a CoCr alloy
layer (Cr content: 50 at% or less) having a thickness of 25 A
or less may be formed.

The carbon protective film 3 is formed from a material
predominantly containing carbon. The carbon protective film
3 is formed such that the extraction amount of an inspecticn
gas component and/or a compound component formed so as to
contain the inspection gas component is equal to or greater

than a certain threshold, the gas component and/cr the



enbodi nent of the production process for the magnetic recording di u

of the present invention. The apparatus includes a chanber 20 fo JAN 2005
accomodating a disk D having a prg%fctive filmpredom nantly containing
carbon, which film is to be nodified, and a hi gh-frequency power source
21 for supplying high-frequency power to the disk D in the chanber 20.
Ref erence nuneral 24 represents a matching apparatus. The chanber 20 is

connected to a feedin ipe 25 for,  feeding.nitrogen .rom.a.,.

o | | SOTParEd CUBBPG=BbLREanT: BG T Ere Conaiber 0  NaRatt 48 S8 E5RRect ed
to a discharge pipe 26 for discharging.gas.fromthe chanber 20.to_the
outside?g?ﬁé thcﬁggﬁﬁtprEGQBI é§ga“ﬁ%§gﬁaﬁﬁeagh8hﬁ9 tgoﬁfPS% val §e 27,
whi ch controls the discharge amount to thereby arbi rarilg set the
pressur@tPaspherenghbble26nspeet dPrededx SAPFEEEF -t nE hi GhtFFebt@ncy
power source 21 include a gomer sour.ce which can sup Ig ower of

50- 1, 008CRPHER Tt ngSnBaREEES ﬂ&nmﬁﬂaﬂﬁéeproW@%@i9@5f¢¥ﬁ¥ qﬁ%dfrequency D7
JAN 2005 33 of the high-frequency power source 21 is not particularly
speci f | ednponent hésvinehpoine, ot hehs hekisdetl dofi st Re 0pr é868AE 00i geht i on. The
frequency may be an Rf frequency, of, for exanple, 13.56 MHz. The

prot ectpyef é1 b godi L Rcapgsh08ppaf ht usonadot diger b by nf LVDl upphP @t us are
connected to each other such that the disk in the plasma CVD apparat us
can be cwhveyéd riast metlisening dtsect ineel 1f | TR uDIdi f 198 i SIREPRIrat sl GAl t hout
t he di sk being exposed to air. By using the protective filmunodification
appar atasusad dhpopliasmm CuDaappanatds, rasiogkliage aseniepreducideach
other such that the disk Din the plasma CVD apparatus can be conveyed

i nto t heppaoteosi vehei brtraodibhc sompengpparist GSTRrTRGEE tRe& sk bei ng
exposed to air, deposition of inpurities derived fromthe air onto the
pr ot ectigkahihen caPhder oz eveniley, thadekbieet hgn ofmewet bephdiagaribece

bet ween the protective filmand the lubrication film which |owering is
caused by <ethrimapedi tbeshecahobe progentsddepsrikedpbedemt | Woention,
there nmay be enployed a protective filmnodification apparatus including
coil s fone geheratiing ampughetfid 1fi elighiim &hehakbse ZEN9&hi &hecoils are
provi ded on outer side walls of the chanmber 20. Wien such a protective
fil m nognéicat pbnimppatsyusaissadsorbed in the carbon protective film

3 increases, and thus deposits are not easily deposited onto
the carbon protective film 3 of the magnetic recording medium.
The extraction amount can be obtained thrcugh the
aforementioned method. |

The protective film 3 may contain nitrogen serving as
another component. In this case, the ratio of nitrogen to
carbon as measured by means of ESCA is preferably 5-40%, more
preferably 5-25%, much more preferably 13-25%. This is
because the film containing nitrogen is dense and hard.

When the carbon protective film 3 contains nitrogen,
the film preferably contains nitrogen in an amount of 2 at#%
or less in the vicinity of a surface of the film 3, the
surface being brought into contact with the magnetic layer.

This is because, when the amount of nitrogen falls outside



enpl oyed, plasma in the chanber 20 is gathered around the disk D 3y %@ﬁ
effect of the magnetic field generated by the <coils during nndifﬂ at ANJA0S
of the protective film Therefore, 2sfficiency in nodification of the
protective filmcan be enhanced. 0 JAN 2005 34 An enbodi nent of the
production process for the nmagnetic recording nedium of the present
invention will next be described by taking, as an exanple, the case in

whi ch the C$%§£§”PQE%%Q§H$§HQQE§EE§1ESCEQPL9¥§9isEE&§tby,thee product i on

process ih Ihg a a protective filmfornmed through CvD

| s subj ect eg; ggegggggf%@éir%ra' LI e deseribedsofEubodi mBnt:Laof ang

productT?ﬁP n-nagneétic undercoat l[ayer 1 d a magnetic | ayer
S throughts T BerFeRe Locheaerapue: BFnERFachah BESAETRTERT or on ¢
Dr oceo sk 0ot £RE-GTARE DLot F1YbBIsPBEPPTcal 15 CRLerT Bed Tha fon: mgnet i c
B oy 28 ek LU oLl oY, Sy oke A ot cBogn M Bl g

"Ni P-plated Al substrate"), which is generally enployed as.. a.substrate
for nmaghBE$ capetnsHs ng Hedised d?e%ejsrb'bs{}?%?%e%? n@]’%s\él,c%réjf%-\fzri cr,nggr
flexible resin, which substrate may be coa&ed with_Ni P _or_anaqther alloy
t hr ought@f @t i hg 8rPoshhiPBr PRgEPThBOHBIAT¥u F&E&ePoﬁgﬁnBEQ”FEéf of the
non- magnetic substrate S is preferably 1-20 ﬁ. gheg t he Su stratg Sis
subj ectealyed eest thenproFeatsvai Fatm eEhn’qael t4%de8i F&l n'Surface
roughness (Ra) can be attained. The aforenentioned respective |ayers are
f ormed @hderat pbrteRaWpeBetifeldytftering conditions described bel ow. A
chanber in which the |layers are forned is evacuated o_£9-4 D.7 JAN 2005
35 to 10-' [PRapen¥heandbBersdt Brrdestadsd fitn™ e EREHTEFL *&nd S Wen the
substrate is heated to, for exanple 200-250C so as , Lo a tain a desired
coerci veh¢of tém SaBsBEUBREFY, IRPCGES1PE OintFEduEed“Fhr o "I'& cianber and

di scharge is carried out, to thereby cgrry ouy+sputt%rkng for fi.lm
f or mat i opduedeposition of deposits’ and generacion © iYcoYrosion.

As used herein, the term “Ni corrosion” refers to a
phenomenon in which Ni contained in the Ni-P plating layer on
the substrate arises on the surface of the magnetic recording
medium through diffusion or the like. Ni corresion is
evaluated, for example, by measuring‘the amount of Ni after
extraction of Ni on the surface of the medium.

When the carbon protective film 3 is subjected to FTIR,
the intensity of the peak corresponding to a carbon-hydrogen
bond is preferably 0.055 or less, more preferably 0.05 or
less, much more preferably 0.04 or less. When the intensity
falls within the above range, the protective film
predominantly containing carbon has a strong bonding force to
a2 lubricant on the film. When the bonding force is strong,
the surface of the protective film is consistently coated

with the lubricant, and thus deposition of deposits can be



sputtering is carried out, power of 0.2-2.0 [KW is supplied. Thﬁ

di scharge tine and the supply power may be regul ated, to thereby dt 4 2805
a desired filmthickness. The non-nagnetic undercoat layer 1 is a
conventional ly known non-magnetic undercoat |ayer. For exanple, the
layer 1 is a single element filmforned fromany el enent selected from
C, Ti, Ni, Si, Ta, and W Alternatively, the layer 1 is a filmforned

from ans%b?%és%%ﬁ:t.a' ning any of the above el enFnts as a primary
conmponent “an er elenments, so long as such "other elenents” do not

i npede the crystallinity t he, l.ayer. T, - i éﬁgﬁgi t
layer 1 is pr%é\ialsdjeraemefnotr O(C:)f]:)n hreol‘Irlu%n{]h%Y c?@&%%%g%%feo 0 tcrﬁgz
magnetic¢ layer .2 forned froma alloy. T ver. 1 i.s preferably

f or med %for S'mcéfr@ﬁﬂ’?‘gﬁ:ﬁggef’arbé’er}dc%d'ntma%%ﬁSngOI}Z Elng@r%%ldadfﬁseﬁe@’a or a
mat eri al_ cont ai ni_ng and .o or re selected from n , WV, Ti,
Nb, andng.aﬂ%ﬂ?%ﬁu;%ﬁQﬁﬁﬂb%%%nﬁ? QﬁﬂQﬂiQﬂOQ%g%ﬁ%1ogg§F%tﬁ cryst al
orientation of the magnetic |layer 2 fqormed froma Co alhg , the I%%gr 2
bei ng pPEFPAEEDRN e MGFRREGHEt & O 3 Ayt Y rpto i n
therefore the magnetic recording nmedium exhihits excellent coergive
force al@eRoifs® SEHAMNAHFAGEELTCAntayhd RG0S 348 e $%r
realization of high recordinq}density.,O? JAN2005 The crystal grainp size
of the RE/OMEGESISK Sthder d@ath@VSayfert M Grlif S 1&ct? tHY ¢ t”éﬁasg)r si ze
of the nagneth | ayer 2 formed froma Co alloy., The crystal, grain size
of thelrésNFadgetdlc Wfddreédat (9 -drer W STREYe w&r#%ﬁﬁt&ﬁrﬁf a
sputtering target containing an _element such as B, Zr, or Ta and the

mat eri aFeSonh@f dydr20r 1,350 cngy) of ORI FPORALIRY. tehd tRf cRARSs of the
non- magneti ¢ undercoat layer 1 is not,particularI%%Ii'nited, so.lqu as
the thi deaePerdluerifiq Hond rdhdd s d b 3¢ htsRE T B g Ipts £
coercive force. The thickness is preferably 100-1,00% A, nore preferably
150- 700SA0 - PRS -nagh&sievr eEBRILAG IREGAURPERCEYET A tHE RERTSREgREL ¢
undercoat | ayer 1 having a thickness falling wthin %he ahove range

exhi bi t $ &R BFCSPHIENG We FBE HAW i SRrTed PSR "1 TiHe nediumi s
suitable for realization of high recording density, which is preferable
The nonSREGHETITE MAderee Fat arhfét T ey bté‘eofcaarrl%‘?%d?reqtq%%ﬂe‘?e it ure,

or of a multi-layer structure. \\en th .
infrared)gpectrum"} is obtalneéifrom the measured infrared

spectrum of the surface of the magnetic recording medium
before formation of the protective film and the measured
infrared spectrum of the surface of ﬁhe magnetic recording
medium after formaticn of the protective film. Subseguently,
the area of the peak within a range of 2,800-3,100 cm! of
the infrared spectrum is calculated, end the calculated area
is regarded as the intensity of the peak corresponding to a
carbon~hydrogen bend. As used herein, the peak intensity
refers to the absorption amount.

When the protective film 3 is subjected to Raman
spectroscopy, the 1d/1g value is preferably 3.5 cr less, more
preferably 3.0 or less, much more preferably 2.5 or less.

This is because, when the Id/Ig value falls within the above



| ayer 1 has a nulti-layer structure, the layer 1 may be forned ob a
plurality of layers formed fromthe sanme conposition or differen 7" JAN 7003
conpositions from anong the aforenﬁﬂgioned conpositions. For exanple,
the layer 1 may be a multi-layer structure in which a CM alloy |ayer
(M content: 10 at%or less) is lamnated on a O |ayer. The magnetic

| ayer 2 formed froma Co alloy may be forned froma material containing

any Co alloy c osition, .sel d_fr / o/ Cr/ Ta, Pt,
Col o/ PEFHES ogﬂgARFEbﬁgtﬁgaggﬁﬁhégﬁg@eﬁ@ﬂg1 e adRify B b%n%%{ i
| ayer 2 formed froma Co,, al Lfalls wthi e_of | ,
whi ch igeﬁsepﬁPgngﬁéa'ofT%%ntgzt?o%%f?% h%egbg?éﬁgghggpggg%%ggbfgﬁ%sidual
magneti zation and filmthickness | nd t.he thick of . the layer 2
may be W%@ﬁPéFadR§8°55598C§FP§iﬁsa%gkég?gﬁgiépeo Fggoﬁﬁﬁﬁé’aﬁde" 8
reproduci ng signal output. In ord to.carry out. fil.m formation
ef fici ehtPgndn aVéBHsFE?eHFP%,le%h8c8§§éP§¥ya°5i&s5 £ Boo ¥&-add (v
is preferably applied to the non-magneti.c substr S durin f.ormati on
of the ReRdnBgHandctiRdErEGat T &Y&r Y Céﬁ'&ttyhé)t% ﬁag:@t CE 1'ay®ie 299 n or der
to inprove the orientation of the Co allay.and to ob%ain hggh cogrcive
force, Bahof- ahgAet i(ENEnietREdRAt 82 1Py e ARV EHS IHYovifdddendt et he
non- magneti ¢ undercoat |ayer 1 and the nmagnetic | ayer %ngﬁr,exanple, a
i-ck

CoCr al teylal 4ybe {otessatelelusocht dsETEesy) TraviiFy Ca ness of 25 A

or less may be fornmed. The formation process for a protective filmwll
next bebteseebed. The disk D including the substrate S, the undercoat

| ayer 1, and the magnetic layer 2 is conveyed to a predeternined
position in The @Wbespgardess ergiseci1dsy surdare &t avuni |l ustrat ed
conveyi ng apparatus. Meanwhile, a reaction ?as supplied fromthe supply
source psofedtiMeodighm tisepkedeiraglyi §8S 25, 1¢55i nherhETEYDTappAr at us
chanber 10, and the existing gas in the CVD chanber 10 is discharged 1 7
JAN 20035381 hreugh tHe oiist Raepugs peie sttt FEEelTonrtyaseis

is B0° or less, the protective film is satisfactorily bonded
to the lubricant, and thus the lubricant is not easily

deposited onto a magnetic head.

The thickness of the carbon protective film 3 may be 90
A or less. The thickness is preferably 75 A or less, more
preferably 50 A or less. This is beéause, when the thickness
falls within the above range, spacing loss can be further
reduced, and thus reproduction signal output can be increased.

The lubrication film 4 is formed through application of
a lubricant. The lubricant may contain any lubricant
selected from among a Fomblin-type lubricant ({product of
Ausimont), a Galden-type lubricant (product of Ausimont), a
Demnum-type lubricant ({product of Daikin Industries, Ltd.),
and a Krytox-type lubricant (product of Du Pont}.

In order to obtain the aforementioned effect, a

Fomblin-type lubricant is preferably employed. This is



passed t hroughout the CVD apparatus chanber 10; to thereby expose _the

surfaces of the disk D to the reaction gas. The reaction gas may Hd N 2085

hydr ocar bon-cont ai ni ng gas; for exanple, a gas containing, as a prinmary

conponent, a gas m xture of hydrocarbon and hydrogen. In the gas

m xture, the volune ratio of hydrocarbon to hydrogen is preferably set

at 2:1-1:100, in order to obtain a harder and nore durable protective

filmpredom nantly,containi.ng carho d erei rm.“a gas

cont a1 TE G R a8 "HiPur TR0 e hat y L a SN EAE PEaFEr £ oS ERe%gas

m xture _being contained in the. gas in _an_amunt. of % or. . mpre. One

or nnreg§8PBgt@g %P& §H§ﬁgOEo%é QQFSFEESd < §5P0c53%0§§? %ﬁégg

unsat urat ed hydrocarbons, and | ower .  cyclic hydrocarbons are preferably
FBRe B BlanReg2or

enpl oye@ 8sCERelYafdre i Ghéd RYGrEEa Fe§%6F Power saturat ed

hydr ocar bons whi ch may he enpl oyed i ncl ude nmet hane, ethane, propane,
but ane, PEABCEEL HRe I1ERarpl es of | ower unsaturated hydrocarbons which may

be enpl oyed include isoprene, ethylene, propyl ene, butylene, and

but adi ene. EXafpltédcspesswad &f@ ﬁ@brﬂw%caﬂﬁ%g‘%i c?h%ﬁé@ be &5 oyed

i ncl ude benzene, toluene, xylene, styrene, naphthal ene, cyclohexane, and
cycl ohekadprsaéeraind yud€d 28efei nihemet Rer b2 ¢ 6087 S hj@t bea¥ b inr%ﬁé?s to a
hydr ocar bon of Cl1-C10. A |ower hydrocarbon is preferably enployed as the
hydr ocardbae, f 6het Fegnesd6ns ege3Ei nBeficHa L Bwe XWien Leh8PPRGRBEA S car bons
in the hydrocarbon is in excess of the D7 JAN 2005 39 upper limt of the
af or enehtbohedtyangdd the Rydrdcarbohs PeEoRBSEGSEVELY CePESAdEd in t he
formof gas, and the hydrocarbon is not easily deconposed during

di schargetoAs magnesdlct heele phdclctsvereifPEPpr&don nantly contai ni ng
carbon contains a |arge anmount of polyner conponents havi ng poor
strength. | nThige etdramatiion preveds oft B8 PNEPSEHTE A IiFe CCMDCEdnber 10
is preferably adjusted to fall within a range of 0.1-10 Pa, by

appr opr 8a6ébY @osEMPPLNAg CORPCAIESEhAPgBeHate 6F tChEOF§4S1fr Gt he chanber
10 by use of the discharge anmount control valve 17. In addition, the

f1 ow r aiesSBECEhenr 8ast CONPOGESTI 4 SprERakakPy 509566 t&&cmMa8i ful t aneousl vy,

hi gh-frequency power, preferably 50-
certain threshold, the gas component and/or the compound

compcnent being extracted with an inspection solvent after
the magnetic recording medium of the present invention is
allowed to stand in an atmosphere of the inspection gas
component. Therefore, the protectivé film predominantly
containing carbon of the magnetic recording medium is not
prone to have deposits on its surface. When the extracted
component is melamine, the threshold is preferably 0.06
(ug/100 cm?}, more preferably 0.12 [pg/100 cm®], much more
preferably 0.24 [pg/100 cm?]. Conseqguently, when the
magnetic recording medium of the present invention is used
while the flying height of a magnetic head is reduced,
deposits are not easily deposited onto the head. Therefore,
even when the magnetic recording medium is used while the

flying height of a magnetic head is reduced, the fly stiction



2,000 W is supplied to the electrodes 11, 11 by use of the

hi gh- frequency power sources 12, 12, to thereby generate pIaswai&Vﬂ*ﬁﬂW5
chanber. A protective filn1predonin§ tly containing carbon is formed on
each surface of the disk D through glasna chem cal vapor deposition
maki ng use of the aforenentioned reaction gas serving as a raw nmateri al .
The thickness of the protective filmis 30-100 A, preferably 30-75 A

Wen po I5éfhéyggtiggg%ggﬁgiTgégg%r99e§0t1%0w%?edthe@ﬁ@ﬁs@ﬁ?oéaPQMﬁr

supplied'1 1" are preferably different from each

br of CotTVR e F T 1 I capiBe’i fior bUBARREH the’ bhases ar o arrornt: Ths
s, pr efeh bl 5o S0t 76T RbF ot br 81 67BFG 180T 07 IAN 008 KO (apsReTe |
e on b Do o wet s AR S 17 et Y Eh O AR SETLELELIN, e

filmis formed by use of the plasma CVD a Faratus, tEe Liln1contains a

| ar ge ahdup@roishedt voRas tefkel EAr BBA %HE &FARFt ef"PeféPfed to as "DLC')
conmponent havi ng hi gh hardness, and thus the protective filmexhibits
excel | etgpesiehgbhof Adepoalpor EABnEe0AYPRECSERFace of the thus-forned
carbon protective filmare hydrogenated, and _thus the filmcontains a

| ar ge anmount PoeferebpgndshenBEokretade Taadi Py CRBILALNFed HEA8E Nt he

chemi cal activity of the surface of the filmis low |n the production
processad the eabodi abnpitrheedi R DErBANWASCRERRELESr Bdn 5ot &t ve
filmis forned is conveyed into the chanber 20 of_the,grotective film
modi f i cB8GhNnis appafarablyhdnAlfn Frerstornd the EhtBohSpreRett PUE film
is subjected to etching by use of a protective filmmnodification gas
under domdilti dire Becdbbhatthhanasneate i DRCaRBLPE BFIART PhspBEti on gas
conponent and/or a conpound conponent fornmed so as_to contain th%

i nspectpomsegat toNPOhEAD LBCEBHBF tBeoPIOfrREAtdr tRAM RIESTHFELY

t hreshol d, the gas conponent and/or the_ conpound conponent. hei ng
extracteentiwihiag FﬁgbéétiBhlc§o¢9éﬁt1§fPéthﬁ8dc§ﬁ58n Grodedtive filmis
allowed to stand in an atnnsghere of the inspection gfs conponent, to

t her ebyexpe blieee alidgnet ferpeédidyngnrediPim Frtuhi RSt REEFGSEES ve

generation of wear powder inducing deposition of deposits and
generation of Ni corrosion.

By reducing the flying height of a magnetic head and
thinning the protective film predomiﬁantly containing carbon,
the distance between the head and the magnetic layer serving
as a magnetic recording layer is reduced. Therefore, in the
magnetic recording medium of the present invention, spacing
loss can be reduced. Consequently, since reproduction signal
output can be increased and SNR (signal to noise ratio) is
improved, the magnetic recording medium of the present
inventicn is more applicable to high recording density, as
compared with a conventional magnetic recording medium.

In addition, the ccercive force is 3,000 [opersteds] or

more, preferably 3,500 [ocersteds] or more, and the mean



fil mhas undergone nodification. Wen the extracted conponent is

nel am ne, the threshold is preferably determned O 7 JAN 2905 41 tﬂJé@NIUﬂﬁ
0.06 [g/100 cn] , nore preferably 0,32 [g/100 cni, nuch nore preferably
0.24 [g/100 cm . As used herein, thé term"protective filmnodification"
refers to the protective film being subjected to etching under

condi tions such that the extraction anount of an inspection gas

conponent _and/ or_a un (o] 150]0) dsns i-p th
iﬂspeﬁtfgrn%%% EomiREne T LOTE P s I a0 & Tk et
t hresho t as. cojpone nd/.Qr. _ t. 0 d anent j
e?fracg%ﬁégf{%bgﬁ }gsgggfigésgSofﬁgﬁiJ%?J%?ﬂﬁﬁgﬂcgﬁggﬁ profg%%#€£§?ilrnis
allowed_to stan in.an atnpsphere_of the in ' as. -+ Th

Pr ot 6GUTVESF 1 § m OUI? | LAETBRCHas ithy"Rbnt af A BReor -ofor 33aPeREERF rom
anong Ar gas, oxygen gas, and nitrogen gas. _According.Lo the .magneti
regp;digﬁgﬂ%ﬁigﬁgg%%¥uﬂ?ﬁﬁe?ﬁggcﬁﬁbgthr5?%%f?§%gf$?%$ﬁkythaﬁgsw ggnlc
nmodi fi ed throug protective filmnpdificatiop, the extracti t i
equal ?%eome@?e%?é?a?%aﬁoPﬂgn?ﬁFeZEﬁid}saﬂﬂeFﬁﬁ%bf%eﬁgngﬁﬁ%ogﬁggﬁgn e
i nspection gas adsorbed in _the protective filmis large. The r f
{hi'S T SCRoBhins Ohpesis 681 FOREINORER PRECFoE ekti YBLF PR 89U Pased o
pl asma of the protective filmnodification gas, through tecti fi

nodi f i ca@nepguant &y get pinbagretie- Wﬁ%ﬁﬁén%r'g%éh‘emi ?#’ tg EEQ r 85?%8h¥e o
protective filmare cleaved by the plasma, and the. resultant C atons are
bonded tovepRtioaehs TAraceBPYaREBIG tA Phe"t ypecbr Phe“EBRpI bYed

modi fication gas, _a G0 bond, a CzO bond, a C=C bond, a C=C bond, a C=N
bond, a C=N Bbfid, 30Fhav”sSsPri FEFMBOAHYI B2PBFheE. TTHEEE BEndSYar e
considered to have D 7 JAN 2005 4 2 high chem cal activity. The .

i nspect F @R @A3C B3I cAPRT HRF B ipclpeindsbhBedt oREBERLEA"ENGAPY AL i ve
site. Meanwhile, from the surface to the inside of the pr tective film
exposedr €80T §Hea MBETE PRat | DI JRRINGH IG <L At AHOUGTR 29 DEf or ned by
the effect of the nodification gas. Since the m cropor cause an

i ncr easePPArEHES el REEYEGE auPPERETAFeLeEPTERRI BROL %tgsehﬁyﬁﬁﬁiﬁ €

relation to adsorption, th : : Co LI
as to iﬁ%gggggr@hghéggoéﬁtgagtoa?cgl%gditklg}géghglégrggggagﬁe%bﬁtlC SO

rotating the magnetic recording medium 30; a magnetic head 32
for recording data onto the magnetic recording medium 30 and
reproducing the data therefrom; a head driving portion 33 for
moving the magnetic head 32 relativeiy to the magnetic
recording medium 30; and a recorded/reproduced signal-
processing system 34. In the system 34, a recorded external
signal is processed and sent to the magnetic head 32, or a
reproduction signal from the head 32 is processed and sent to
the outside. A magnetic head including reproduction elements
such as an MR (magnetoresistance) element utilizing
anisotropic magnetoresistance (AMR) effect and a GMR element
utilizing giant magnetoresistance (GMR) effect, which head is
more suitable for realization of high recording density, may

be employed as the magnetic head 3Z of the magnetic recording



amount of the inspection gas. Therefore, the anount of the inspec&tfn @ﬂﬁ
adsorbed in the carbon protective filmwhich has undergone nodifi Adh 5
increases. In addition, the anount of; the inspection gas adsorbed in the
carbon protective fil mwhich has undergone nodification satisfactorily
is thought be equal to or greater than the threshold. Wile the _
protective filmnodification gas supplied froma non-illustrated source

is introduced | t Qeo <Leedi j _the existing
gas 1 n ThE ErRkaareHeE EBERErae B N FheThi LR e ho and t he

mdi i cat i on,, gas_|s_passed Lhroughayl; 1B5.chARDEE, b0.thereby expose to

the protecti i on gas the rrace car bon

tective film formed h_of th f Lsk, Duri
o1 ot et Ve AF T HBI THEATT O, - ERBBr GSat e R fhE ChaRbee ‘T pr ef ar abl y

adjusted to fall within a rapge of 2.4-8_Pa_(mor r y 2.4-6 Pa

by appriopfiat =Py (EB%t?%Ff?ﬁgg?ﬁeaﬂ?BEHaPéeagngﬁﬁﬁegﬁ§%he8§gs fron1the)
chanber D 7 JAN 2005 43 by use of the discharge_anmgunt cgnt.rol .
When t HPMpeReBhir a# AT h Eﬂ@ﬁBBPdi§°BBP8§P?hgoﬁﬂg§eS§aﬁge?O ﬁ8§?%¥§ation
of the surface of the protective filmis u sgtisfactor a@g t hus the
amount gte depeREEE1alsH? DeBOTRONERE Fﬁlﬁﬂﬂﬁgs ﬁo?riﬂﬁ?aggé, A8 8eposits
are easily deposited onto the surface of the film én contras%, when t he
pr essur@RE FalkhehERaRGLR. | 8DEn98RcESEPEPePheaB49E FARGEC™PRE Sur f ace of

the protective filmbecones chemcally unstable, . and ihus du&@bility of
the filGPTRYNBBE| BAeP@dexDEAFR§IpNSLBCEDVANFPRAT hBRi FPEERPGn2TTEr

hi gh-f requency ower of preferably 30-500 W re preferably 30-300 W
nuch ot prane aﬁ|ye99réeongEP§U§ubﬁ|Pgaovgg?ﬁ gFéﬁsréaeénby use of
t he hi gh-frequency gomer supply, to therebé enerate 'Plas of the

af or emeHET@RRAE et PHgRAC gABSBEFVARG 98SaCPERPCRRALSr i of 1P The ShPPACE of

t he carbon protective filmof the dish i's s¥bject$d %o nodi fi cation by
use of 3R ResURRAALY PRERFACCHNBRtLhENFoRBF “€GBpPTel Eo™EHESHSK i s
bel ow t he above range, nodification o& tae.surf ce_of t@e Erotective
filmisreepsatnefasesry), wha PREESERE RBUNLSoPCdeBd8PEs 8dE6r5Ed in

deposits on its surface even when the flying height of the
head is reduced. Therefore, the flying height of the
magnetic head of the apparatus can be further reduced, and
thus the magnetic recording and reproducing apparatus of the
present invention is applicable to higher recording density.
The magnetic recording and reproducing apparatus exhibits
excellent fly stiction characteristic.

The production process for the magnetic recording
medium of the present invention will next be described.
(Apparatus employed for the production process)

The CVD apparatus and the protective film modification
apparatus employed in the present invention will be described.

Fig. 4 shows a schematic representation of a plasma CVD
apparatus serving as a main portion of the production

apparatus employed for carrying out an embodiment of the



the filmdoes not increase, and deposits are easily deposited ontq the
surface of the film In contrast, when the power is 1in excess of AN 200
above range, the surface of the propgptive filmbeconmes chemcally
unstable, and thus durability of the filmmy be |lowered. The tinme for
protective filmnodification is 2-6 seconds, preferably 3-5 seconds.
When the tine for A 4 D7 JAN 2005 protective filmnodification is bel ow
t he above r.ange ifi ' 0 surf. f: t.h I Qt ectd filmis
unsatiSP5898F3}b3n§rEE%§St%g&gggﬁn%agggéégo§?%§r§ ggrgggl?ﬁ %gkg%Film
does not _increase, and deposiits_ar Ry L Led. h face of
the fil HFEFA" oﬁpyggF}oﬁhenfb%epﬁﬁg%gﬁéggt?gﬁgfg%%gi%nggﬁgiéegség t he
above range, the urface.of the protecti film o] C ically

unst abl BPPE3AGEhGS Sl Féb#ﬁiFfro?cfﬁgmpﬁﬁﬁg§§yabgq%%mgfgg.Q%Eg%pﬁotective
filmpredom nantly cﬁntainin .carhon is_, subj.ected to nndi%icatiqn under
condi t i BRETEGER VENAL IPhE L SORTEASITY YoF OPHE B8R E5FPEEdRdiTTgMES  a
carbon-hidrogen bond of the infrared sgectrun1pf t he sgrfa% of the film
is prePeRSBEPIES085 ol 1 BISViNGFe OFr SPEPSENY (238 Sort ™ &858 “Hich nore
preferably 0.04 or less. This is beca%se, mheﬁ a_lubricant is applied
ont o suBRPATAGYET FEATBESt d&t iSPe 26 It LFCEdSATHaRT X oMt & nitG RE 5ah,
bondi ng between the filmand the lubricant can be strengthened, and
deposi t PBHESf SPHECEBUBEI cant TRt G URPHIGRSt e IRedd SCRF 5 SapFredSed. When
the protective filmis subjected to nodification, _the power supplied to
the di skhet RderbairPesatilon iiimé Ld@ st REWEEr §98GCE iln thd SEnaRe S s

regul ated, to thereby control the water contact angl %& t he surface of
the pro€eeppgEeti tm Thel Ml Sth® Wl &hec SNPagPPaRGITe SoC PR urfad@sd¥ t he
protective _L is preferably 80' or less, nore preferably '15 or |ess.
This i5hBePaGseCctwNEn fiRE Wt T8GR 88t thRgIFd Siks Doangt PEESES S /S
protective filmis satisfactorily bonded to the lubricant, .and thus the
| ubr i caRBPP3 YnECVEEER| ¢ ddepdsifoad SHRPY Y& "5 PEPFANPO G5 SmaGrietin@ Rad  When

impurities that i nduce deposition of de its ont
P raw material for t%e protective %? m, w%lc

film is fermed on
the disk D.

The CVD apparatus chamber 10 is connected to feeding
pipes 15, 15 for feeding process gas from the supply sources
14, 14 into the CVD apparatus chamber 10, and is alsc
connected to a discharge pipe 16 for'discharging gas from the
CVD apparatus chamber 10 to the outside. The respective
feeding pipes 15, 15 have process gas flow control valves
(not shown in the figure), which control the flow rate of the
gas fed to the CVD apparatus chamber 10 to thereby
arbitrarily set the fleow rate of the gas. The discharge pipe
16 has a discharge amount control valve 17, which controls
the discharge amount to thereby arbitrarily set the pressure
in the CVD apparatus chamber 10.

Preferred examples of the high-frequency power sources

12, 12 include a power source which can supply power of 50-



the surface of the protective filmare deposited onto the filmafter the
filmis formed on the disk in the plasma CVD apparatus, the i npufi’ JANZ2005
are renmoved fromthe surface of the,%ﬁrotective filmby plasma generated
fromthe protective film nodification gas during protective film

nodi fication. Therefore, deposits are not easily deposited onto the
protective film Wen nitrogen gas is enployed as the protective film

nodi fication gas, plas i s generated from.the.nitr n . r
suppl i etr $6Yt edBFéBBrggé?thHB BndsSi RHERE &Y 0599§r8?§§9P§é°5?| are
cleaved by the resultant plasma, to thereby forma carbon gitrid? e
conpour ki BhnEs CREEPSr 2Be AUTHRE FéSSHR WAy Oi PFSGER §a& " enpi Syed
as the protective filmnodification gas is that the ﬁ rb? prote%tive
filmistreasengydesdi hediighsfre@apnanc &M Tt K ChECKk Zss gf £h&e
protective filmcan be suppressed, since a conpoun% mgich .S eazily
gasi f i e i sinel agdyi sperddied KEOR AhEr 9g&YPGAS L 81 KORJIEETEG R
conponent of the protective film Wen the rotective filmis subjected
to nodifheapieaenthénvepdiitincat Fon evaaPtEonshar B 8EFePRY BaY sBEh t hat
the ratio of nitrogen to carbon in the protective film as nmeasured by
means oI3 ESCAMHEs preferably 5-40% nore preferably 5-25% nuch nore
preferably 13-25% When the ratio of nitrogen to carbon is below the
above range, Anpdilfsiec atiirew tofcurte nduioass  Sfutdfe O 6t ddgihved THIURNY
unsatisfactory, and thus the amount 46 D 7 JAN 2005 of deposits adsorbed
in the pover deesrret miaycbeaseplayed dspdsier $iase PONSE FO4&SSsilted ont o
the surface of the film In addition, the activity of the surface of the
protective Fibm iSs shower ed,s demditig Femwesertid 9N wfard e 9dBri%ant

i s weakened, the lubricant is easily deposited onto a  nagnetic head, and
t hus fl§ismimodofdickiiact eppsiac vss empmsaiece d 0 WkicdE Yl In&H tpradf er abl e.
When the carbon protective filmis subjected to nodification by use of
ni t r ogeemigadimehe bifl mhies grosfusitdlony pragisisectied tdenddionieda on” under
conditions such that the protective filmcontains nitrogen in an anount
of 2 atf#eoordlisgsmeditire ofi ¢ihgi Pyesend suyvfeddd Bf- t heef fPRFIERBSsur f ace
bei ng brought into contact with the nmagnetic |layer. This is  Dbecause,
when t henabodat ef chismbeger f flors ae@CsPeatid Galfowd sk D having a

protective film predominantly containing carbon, which film
is to be modified:; and a high-frequency power scurce 21 for
supplying high-freqguency power to the disk D in the chamber
20. Reference numeral 24 represents‘a matching apparatus.
The chamber 20 is connected to & feeding pipe 25 for
feeding nitrogen gas from a non-illustrated supply socource
into the chamber 20, and is also ccnnected to a discharge
pipe 26 for discharging gas from the chamber 20 to the
outside. The discharge pipe 26 has a discharge amount
control valve 27, which controls the discharge amount to
thereby arbitrarily set the pressure in the chamber 20.
Preferred examples of the high-frequency power source
21 include a power source which can supply power of 50-1,000

W during modification of the protective film. The frequency



range, magnetostatic characteristics of the magnetic |ayer deterigrate
and coercive force is lowered, and thus the magnetic recording mbch JAN 1085
not suitable for realization of I0@3flying hei ght. According to the
protective filmpredom nantly containing carbon fornmed in the CVD
apparatus, the Id/1g value as neasured through Raman spectroscopy is 3.5
or less. Therefore, the protective filmis subjected to nodification

d diti h LI hS. : ar I ,
mor e ot of b1 hEaRE e uIEbY Bokfh | SoUPLUC D BT BEE BRY  EpBaraly | 008
Sub tly..a.lubri t h £l h i i to th
o ot oot FRst T EiBr hPBIORTer Sr R RTaP el E, OB RRES 0L e, BRECkRS Pl ehy”
f | ubricati il d d i i di Th
| obri et HERnE EPhef Pt ERsuPheY dher e 1BE"EH | S PESEE N TP LEREL 4TS (e
surface of the %oggctive film The lubrication filmis forned on the

e

pr ot ect $¥&Pi Em m°A&nt |y contai ning carbon. The lubrication filmis
formed by applying a luhricant onto.the  protective filmthrough a
conventionalﬁpekﬁéﬂﬁeFééWﬁig&émsWBHIEéga&PBBiﬁ@pﬁfagﬁﬁnaggaﬁﬁﬁg. The

| ubricant may be a materi al containing Sn Iubr'can% sele%Leg onn1anDng
a FonblP+a $9peCVPuBPPa&AL USa 2E5uBPPESHECPUbPi EAM, O4 BEnitiHt Y HE

| ubricant, and a Krétox-type | ubri cant. (Enbodigpnt 2 of Broductiﬁn
process{h@andifér 1Bnbo8i REAEMGF CVRe2BPBAAEHPORPr 6EeS8TVEK €Pne " taghét i ¢
recording mediumw || next be described by takin as Sn %xaan%h t he
case i rPWhieht pret EddmyBCRLEACABAPPI BRPREA T UPs YRS O8ar F8d 4G PFHE %di sk
D including the substrate S, the undercoat la%er, , ang%bgg nagnetic

| ayer 22¥ROEBfAVEYedifo aBYprédHed ekhf mECPBsFiYontt it AR abp&tat us
chanber 10 by neans of an _unillustrated conveyingcﬁppqratus. N%%%while,
a reactPPArghYSsappl B8 PAESTEhEVBUBBPY T&sUsee WIS Ciled T ENFORGHR C “Efte
feeding pipes 15, 15 into the CVD apparatus ch%nber 10, g@ﬁ t he existing
gas in tPeceRBnBEReI0sPshditEehat§8dot AKollgh™ thE &IESHAr G pi pe 16. Thus,
the reaction gas is passed thraoughout Ehe CvD apparatui chanber 10, to

t her eby2RRPBIEUSt ReNshEf §68Y <yt RBLRI SReDPEStERE W EadtitBn gas.

modification apparatus without the disk being exposed to air,
depositicn of iﬁpurities derived from the air ontc the
protective film can be prevented, and lowering of the bonding
force between the protective film and the lubricaticon film,
which lowering is caused by such impﬁrities, can be prevented.

In the present invention, there may be employed a
protective film modification apparatus including coils for
generating a magnetic field in a2 chamber 20, which coils are
provided on outer side walls of the chamber 20.

When such a protective film modification apparatus is
employed, plasma in the chamber 20 is gathered arcund the
disk D by the effect of the magnetic field generated by the
coils during modification of the protective film. Therefore,
efficiency in modification of the protective film can be

enhanced.



When a protective filmpredom nantly containing carbon 48 0 7 JAN 39?5 iﬁ
formed in a manner simlar to that described above, the filmrray0 i JAN 2005
formed while pulse direct-current bigs is applied to the disk D, in
order to increase the anount of deposits adsorbed in the film i.e., in
order to cause the extraction anount of the deposits to at |east a
certain threshold. Wien the protective filmis formed while pul se

direct-curregh bha3aihenapeld edel 8:bbg di:sh Drolhasexbraghicon amunt of
an inspection gas conponent angl r a conmpound component formed so as to

cont ai e, { nsPect|,n. gas OTBANER!  RECORRS RqUal,ychos0f Gheal k. than a

certain reshol d, € gas conponent n t he conpound conponent bei ng

extracted with_an .inspectign saolvent k_th ar.b ot.ectiVv ilmis
aIIomeJ”?dﬁé?%ﬁgb?ﬂ §Hp§?ﬁ%§8he§é gﬁ FﬁéﬁﬁﬁgbegF%oﬁdggsQ%cgﬁggﬁeﬁpg The
protective filmis_ faqrned ul se é@ggg- current bias is applied to

whil e

the di sk R H5CPH a?PBPﬁagustﬁPegﬁg I'n the case in which the
extracted copponent i mel anmi ne). of preferably,0. [Q/ C , hore
preferably .i%tF§/1§Becﬁf°?Uﬁ§&ﬁ“nBF8°6PéféPﬁ%quggz% %g%fogkCn]. When
bias is applied to the disk, plasm sufficient I.npi_nges on ithe surface
of "the LR Srbr OHGS i HE tohBeratlFe tOFSPRE. GOk Fo UPevstad afd a
car bon- hydrogen bond is dissociatgd. I n addi tion, when plasnma inpinges
di rect ISR 1¢ReIClr VaLd BF FREEIERT -t he carbon- hydrogen bond is easily
di ssociated; i.e., the carbaon-hydrogen bond is efficiently dissociated,
and t husEed HAght 1 oPf dBFEEPES 1 3AsBFBEASER the protective filmcan be
i ncreased. According to a conventional acc Ier%tion net had En whigh arid
vol tage i s 1R9NBN7MIANCIA65 VRAFEICEG T v Rér ¢ e MPSSiOn pI-&sia
generation, a carbon- hydro%en bong ig not _di ssociated when Elgsna
i mpi ngere dFYEEEF§LBAIYhECSTFFaRE BPPhEVEEEREB, Cdnd RIS TERE S dGunt of
deposits adsorbed in the rotectgve filn1c§nnot betincgeased. Wien bi as
i s appli¥P 2 EReSdEEKOBINt Re CHFEEIARY BECAppSi SEUtGFeltry VEG M e di sk
D, or may be applied to the_disk D vyia non-illustrated disk carrier
(!.e.,QﬁP%ibﬁfgfusOFoFOEaP}9Fﬁ59'a%ﬁ E§ﬁ58§Wn8£FﬁéndFsElﬁg.%The pul se
dlrect-curreﬂg g%ggdﬁﬁgk%e%ft%h%h%r%b%%t?o%a%rocess for the disk D

will be specifically described. The non-magnetic substrate S5

may be an aluminum zlloy substrate on which an NiP plating

film is formed (hereinafter the substrate may be referred to

as “NiP-plated Al substrate”), which is generally employed as

a substrate for magnetic recording media; or a substrate of

glass, ceramic, or flexible resin, which substrate may be

coated with NiP or another alloy through plating or

sputtering. The mean surface roughness (Ra) of the non-

magnetic substrate S is preferably 1-20 A. When the

substrate S is subjected to texturing or a similar technique,

a desired mean surface roughness (Ra) can be attained.

The aforementioned respective layers are formed uncer,

for example, the sputtering conditions described below. A

chamber in which the layers are formed is evacuated to 107



a nmean voltage of -450 to -60 V, preferably -400 to -150 V, nore
preferably -350 to -200 V. Wien the mean voltage i s bel ow the | owdr? JANIDE
of the above range, plasna inpingegﬁpn the surface of the disk D very
strongly to thereby hinder activated species of the reaction gas excited
by plasma fromdepositing on the disk D. As a result, the protective film
predom nantly containing carbon tends to have insufficient density and

poor sliding-7 quweahi| khy slRscoateast, headt g FRNCHELERGe ked N excess
of the upper |'im't of the above range, plasma inpinges on the surface

nsat | STAEEor U GHESERGEL: hG SAOGAE SF GepoSreS SasorBed i ne 111 m
docs nolLoi0PLERSe, Ll cliRocdenasl Lo ace eanilyqdaport ted; oglo 1pe

surface”of e protectrve filmpredom na nt al ni ng

carbon is, fornmed, the t erature _of the. strate_i 2t ermi ned,.at 130C
or highé??rﬁ?8?3¢abpgolgg% & aﬁFﬁﬁe?Pd5gl%%Bd%ﬂ% ;Boéaﬁg?égpgggér§§ly
170" C or higher. Wen the tenperature of .the .substrate igs below the
lower | FAFECRY CAETNDBVE PRHOGCILAE TRoal dlahPrig P t ne"atbst rate is
smal |, and thus dissociation of a carbon-hydroge ? ﬂi by the eat,

(i e.. SHELECEIR hat POREOFINgUFogBAY 2H08E Hof -eadi 1§ dcdtr SURE g
result, nodification of the protective filmis unsatisfactory, . and thus
the anolint Bt S8BPEEFt §1HBsBPHed PnSPRBIY] PRG0el2Kole Fﬁ@Pgéigﬁ’iFQ., t he
deposits are easily deposited onto_the ,s%rface of the film As described
above, WheRePHe2REAANVE| P5§AT6F £A&MpGPdEX R Fect - current bias falls

wi thin the above range, plasna inpin%e on the surface of the di.sk D
Appropri at el §1¢| AONAHAREFORS WRERICREt ARSEFaturie B CORE SRHSTYHLY fal | s
within the above range, dissociation of a cgrbon-h dLogeQ bond %i. -
heat eIkﬂ?%%tPBH'%?gHgHFSQBH?eEQQPFylSEEErs. Ns %ﬁ?%g Ft, hﬁp@?? Eafion
of the protective f%$n1is sat i sf ctoré, and thus .the amunt of deposits
adsor betfi ® FhEILF| i FREREacedr FOsTeY fRETGEREPIENEPE RGN SSaST y

deposited onto the surface of the ias.is apPIied to

t he diSEI?TuﬂaerTlcoHHrt?6nsT§ucﬁnFLgLnl%gggﬁﬁ%ﬁéYﬁﬁpgfP?%elﬁégﬁ

Correspfgdéngilm formed from an alley containing any of the above
elements as a primary component and other elements, so long
as such “other elements” do not impede the crystallinity of
the layer 1. The non-magnetic undercoat layer 1 is provided
for controlling the crystal orientation of the magnetic layer
2 formed from a Co alloy. The layer 1 is preferably formed
from a sputtering target containing a material c¢f solely Cr
or a material containing Cr and one or more seiected from
among Mo, W, V, Ti, Nb, and Si. When the aforementioned
material is employed, the crystal orientation of the magnetic
layer 2 formed from a Co alloy, the layer 2 being provided on
the non-magnetic undercoat layer 1, is improved, and
therefore the magnetic recording medium exhibits excellent
coercive force and ncise characteristics; i.e., the medium is

suitable for realization of high recording density.



to a carbon-hydrogen bond of the infrared spectrumof the surface of t
protective filmis preferably 0.055 or less, nore preferably 0.0%74MN2 085
| ess, much nore preferably 0.04 or Jgess. This is because, when a

| ubricant is applied onto such a protective film predoninantly

cont ai ni ng carbon, bonding between the filmand the |ubricant can be
strengt hened, and 51 07 JAN 2005 deposition of the lubricant onto a

ragneti ¢ hea, can.be, ;supprassed.. dhen e 0k ackis J idiagedon nant |y

containing carbon‘is a high- frequency power source may be

enployegaggfﬁgqmg'agfgg@ert%%u 56,130 qnd instend caf . salnect - ourent

bi as ue ras may bé fhe disk. In this case, the

hi gh- f d £ bLy 10-150
W The §P4atekcs ChayS BECH aRFfrael'%E’ ntif‘héfsc}?o?ggxﬁ*‘;?“e 75236 e, The

af orenenti oned pul se_direct-curr nt bi as ,has . a it t age peak
val ue; FPE NCR- BRETAFUETERE 50633|t| 5 1r§bﬁogegg%dh %ISEQtOFIIOH

10-100 V, preferably 20-75.V. eak .val |_Qw I

linit of™Ph&YaB8va 5PHﬁ§EI*§gp5§F€eJeCﬁn§§l§dﬂt é@ ggﬁ%%¥R5u¥£:cF§m?ﬁy
cancel negative char es accunul on tg_ surface of th %hsk Carnd
deposit £6n 8F tTRe2BEt | U§t56t§ﬁé€ aiedk li's Hicrnderdd °F As 4
result, the protective f|In1predon1nantIy cont ai ning carbon tends to
have i ndbtP¥ei ent density and poor sliding durablllty The positive
vol t age peak val ue of the pul se direct- currentrgias uls wi dt h,

and t he freqﬂ“@ﬁc?h&%“eﬁéglﬂfatté’& JIRH A e Y ‘alrdj%q ﬁle |enr rel astl on to
the protective filmpredom nantly c ntalnlngﬁ§gQ3 |CQ. gsue
obtalnedOFhPéﬁéﬁCRéﬁﬁﬁYsﬁéEFF6§boﬁf &% A6 s nDre
preferabl¥83 O or less, nmuch nore preferably 2.5  or ess

posi t | vEiUBiPage (EER & G IS it tédideds “6t LOPIR aF €y K605 G %gortfﬁper.

D and ¢ RBSpFOREGIPPE FrI RESTEdoMmBY 1 Bt 4T Ao Hds 04 have

InSUffI%b%n%.degget%agggtEgogecordlhggmggggglEh%%udlng the non-
magnetic undercoat layer 1 having a thickness falling within
the above range exhibits enhanced coercive force and improved
SNR; i.e., the medium is suitable for realization of high
recording density, which is preferable.

The non-magnetic undercoat layef 1 may be of a single-
layer structure, or of a multi-layer structure. When the
layer 1 has a multi-layer structure, the layer 1 may be
formed of a plurality of layers formed from the same
composition or different compositions froem among the
aforementioned compositions. For example, the layer 1 may be
2 multi-layer structure in which a CrMo allocy layer (Mo
content: 10 at% or less) is laminated on a Cr layer.

The magnetic layer 2 formed from a Co alloy may be
formed from a material containing any Co alloy composition

selected from among Co/Cr, Co/Cr/Ta, Co/Cr/Pt, Co/Cr/Pt/Ta,



Thus, when the positive voltage peak val ue of the pulse di rect-c%{m
bias falls within the above range, a positive bias voltage can c&nc 2005
negative charges accumul ated on they;surface of the disk, and can pronote
t he deposition of the activated species on the disk. As a result, the
protective film predom nantly containing carbon becones dense and
inproves in sliding durability. The pulse direct-current bias has a
frequeg%g gfnel ll&lﬂ% - 100 GHz, preferably 10 kHz - I GHz. Wen the
frequency S~ bélowthe lower Iimt of the above range, a positive bias

vol t age cannQt ffi.ciently: canc ;Efegcegl t ee}geharzg% sccumlated-on the
surface of {r}ee cs#]sllglﬂesasn fdeposﬁ% n odvlt e activart ed species on the
disk Dis hindered. As a result, t pr.otective film predom nantly

cont ai ALAGYcArHGR ternds™ & AR icrggéfof_i%[)en[td“aﬁnsiwthyl Cgln?f%porgor sliding
durability. In_caontrast, when . the freguency is in excess of t per
limt PéFgf“ﬁéeéb&fe S e Jroé-\?éléle-ussﬁl?? 'té (aj:rdlcn(éC eerﬁ%so oce%cocjﬁrreogr}%t e
surface of the disk D and the protective fil g] terll'&i tho ve . insufficient
densi t fagng tpaat isn @ndg ddmaginiakpesthd Bide F¥ed% "95%ad thas a
pul se width of I ns - 500 s, preferabl 0 ns .-_.50 s. \Wen the pul se
Width 5 Balew Do 1SGHE G (e Hoove TR o f8 1INe Bias

vol tage cannot sufficiently cancel negative charges 3 07 JAN 2005
accunuFgeed Sdna RASs FEPFQE W th e ‘@ 5V EHt deposi tion of  the
activated species on the disk Dis_hindered. As a result the protective

film predomlmarftide e dit didhy Hr bontt el o Ot 1Tt %I EN densi ty

and poor sliding durability. In contrast, the pu idth is in
excess CoNsiFé ey 45 AECETS e FHRES é?%gszrbroevte‘? s'ed-@(gum]erji%g t ends
to occur on the surface of the disk D and the rotect'ig%‘iélmtends to
have i REGERTERdm apisiad) téhd o dtersmadn s Furdbig i1~ © ed'her ei n,
the term"positive voltage peak value of pulse direct-current bias"

r ef er s feamatgrereefmiine ReTpaAeN &l UENES H P o XV e raé'ﬁigo 9n a pul se
portion of a voltage waveformof a pulse direct-current bias shown in
Fig. 7MepRetili day®fe,2-a pulse width refers to a width Y in the pul se

portion. Wen the protective filmis fornmed through application _of bias,
condi ti ons &miﬁﬁﬂqupqﬂ%ﬂp%ﬁ%gc ?r%ﬁ%%&ﬁa%&P%f%P thg Co afioy ané

to obtain high coercive force, a non-magnetic intermediate
layer may be provided between the ncn-magnetic underceat
layer 1 and the magnetic layer 2. For example, a CoCr alloy
layer (Cr content: 50 at% or less) having a thickness of 25 A
or less may be formed.

The formation process for a protective film will next
be described.

The disk D including the substrate $, the undercoat
layer 1, and the magnetic layer 2 is conveyed to a
predetermined position in the CVD apparatus chamber 10 by
means of an unillustrated conveying apparatus. Meanwhile, a
reaction gas supplied from the supply source is fed through
the feeding pipes 15, 15 into the CVD apparatus chamber 10,

and the existing gas in the CVD chamber 10 is discharged



ot her conditions such as the treatnent tinme and the pressure in bgg
chanber, to thereby control the water contact angle of the surfa SN 2005
the protective film The water cont angle of the surface of the
protective filmis preferably 80 or ess, nore preferably 75 or |ess.
This is because, when the water contact angle is 80 or less, the
protective filmis satisfactorily bonded to the |ubricant, and thus the

Iubricagﬁrgﬁﬁgggagagﬁgggggggsbg%g QRt 0 B hBINet i Crhgad; ok Ngas maaner

simlar to escrib bove; a lubrication filmis fofrned on the

protect fye tL! o, ﬁgggﬂ?gtngggg}e%h;t%ogbg%@'g@gqcem%erwoeh tioS therEeg on the

di sk. 547 production process) Anot her

enbodi ment of e pr.oducti_on proce o] e i.G recardi ng medi um
oo d TERbagt (hE, Bhege S0 & ke ehok té?a%lgg?%?tﬁéqé}é“sggisﬁ whi ch

sputtering ig carried.out in _conbhination wth ol cat . f hias. After
Che di sk D i SPGbEEPREd Oh 92 el S P M ar CE6 L SR Hoder 1 hdd "%bdve, a
protective filmis formed as  described bel gw. I n theppro u ti%n pr.ocess
of the ERPOBFABREE adPER “BFSRATERY s SbfaPheledy 6Fh® ng’car o
protective film _on the diiF D t%;gugh CVDin_a nner siniﬁar to Ehat of
any of " KhEUAROPENBNEEGREd PORD GHCMENEL OB PcontBy &l%i RED B+ *5BGEt ef 'Ry
chanber includin%,a sputtering target ﬁo taining a c%rbon-cont%ining

mat er i aV¥CARBEhAFAG ﬁéaﬁ§d?8FaFHPW038c'ngoﬂﬁpoqﬁhgrf STGELY 8§ta T

sputterin as, Ar gas or a gas. mxture containi Ar S d nitrogen
gas, ana=gr é%ﬁooflPhérdééstFSO&éﬁépaﬁeaafﬁ?&u@ﬁdggggﬁhggg?%ﬁﬁ t her eby

form anot her protective film predom nantly contai ning carbon on the
sur f acePBPLERELYPSK IBD PH@&G@H”§&&@ﬂeFPﬁ§?lB&PFn&%ﬁﬂﬁher#ﬁg?segias is
applied to the disk under conditions such that the  extraction anount of
an i nspBeEEaR+gaSeCRPBNert S&Fd Ot 1NEHApBuHE ScaHpderRt ¥orfmed 186 s to
contain the inspection gas conponent is equal to or greater .than a

cert ai NCPHPEBRBIL, FefRESgaS GQﬁpﬁﬁénPléﬁHFgr%Fﬁémkéﬁﬁgﬁﬂﬂ“%%ﬁﬁbﬁ@ﬁt bei ng
extracted with an inspection solvent after the carbon protective filmis

al | owed988 3PaRd ERORRtalfostPhéeicd *oftt REX S nspection gas conponent, to

thereby formthe protective fil 55
y One o@ more selectég from among lower saturated

hydrocarbons, lower unsaturated hydrocarbons, and lower
cyclic hydrocarbons are preferably employed as the
aforementioned hydrocarbon. Examples of lower saturated
hydrocarbons which may be employed iﬁclude methane, ethane,
propane, butane, and octane. Examples of lower unsaturated
hydrocarbons which may be employed include isoprene, ethylene,
propylene, butylene, and butadiene. Examples of lower cyclic
hydrocarbons which may be employed include benzene, toluene,
xylene, styrene, naphthalene, cyclohexane, and cyclohexadiene.
As used herein, the term “lower hydrocarbon” refers to a
hydrocarbon of C1-C10.

A lower hydrocarbon is preferably employed as the
hydrocarbon, for the reasons described below. When the

number of carbons in the hydrocarbon is in excess of the



07 JAN2005 When the extracted conponent is nelamne, the thr eshol% i
preferably determned to be 0.06 [g/100 cnmj, nore preferably 0.1 7[396“1@&5
cm, nmuch nore preferably 0.24 [g/4€0 cnj. The protective filmmay be
formed by use of the apparatus shown in Fig. 6. In Fig. 6, reference
nunerals 41 and 42 represent sputtering targets, and reference nuneral
21 represents a bias power supply for applying bias to the disk D2. Wen

the pr%%ﬁ%?ﬁﬁlngi%@ﬁrﬁ@fﬂm@ﬂ%ﬁ%&i r}_ié}g%g,caﬂt%orh}jércfﬁmt hr ough

sputter ias Is applied to the dis the protective filmis

formed, whil e t I e jd mj s i i plasime.pd n addi tion,
t he prgfaé:gfnl%vse%fflsq{né@gtrntg{j foé;]édt hnﬂeﬂ |Hs tdr}%glcjbgﬁ#éé\/‘% is nodified. As a

resul t t he .t hus-f.0 filde munt, pfqdciopares;ad €.,
the fi PHORES 4 Ak gleSr eﬁ%qecdt%g\?éqgfde%énﬁj%%tl on rigg da‘?sﬁ otion, and thus

the filmcan adsorh a sufficient, a of i her el rdin
to therﬁég‘;ﬁ&’i ¢ e orroaq%cgtlﬁ;eed?fgln%mp%{ﬁ:oéndl nfgl%ﬁés(%:oﬁtedﬂg]bﬁ/& a‘ﬁﬁ%p °
extraction anount of an inspection gas co t . und
compon&R tRdred s 1B CEHt & p%@%%sﬁm%%nnggﬁlnﬁ%%ﬁpi s equal

to or greater than a certain threshold, the gas conponent and/or the

conpouRd L eEGHponent being extracted with an inspection sol vent after the
mediumis allowed to stand in an atnosphere of the .| ns}pgc(t:\ii@n gas
i's

conponent . T HiYht PRk yP vt S appl § & §o° the Hi sk 0-400 W
P eque sey NEST, ort TR 25 S B SUeh THE: HGH: - rBqUBeS Bouer
(ol s WU, e aboue Langer (e Potect e I o el ligtente
i o, 7 Oy 36 ST et (AT 0 DG HUI Se 15 GO U S BT AS appl | ed
br ef or S5 <A00 310'% 150 v, PR L RaPE B arabl o A8 1 & gtV Chiien ¢ he
mean vol tage of the ul s irect-current bias falls within the above
range, 933 dssrré”ier%rr?g@sy oﬁ]%{@ strfhce of the disk D appropriately,
Simultaneously, high-frequency power, preferably 50-

2,000 W, is supplied to the electrodes 11, 11 by use of the

high-frequency power sources 12, 12, to thereby generate

plasma in the chamber. A protective film predominantly

containing carbon is formed on each surface of the disk D

through plasma chemical vapor deposition making use of the

aforementioned reaction gas serving as a raw material.

The thickness of the protective film is 30-100 A,

preferably 30-75 A. When power is supplied to the electrodes

11, 11, the phases of power supplied to the electrodes 11, 11

are preferably different from each other. This is because

the rate of film formation and durability of the protective

film can be improved when the phases are different. The

difference between the phases of power supplied to the

electrodes 11, 11 is preferably 90-270°, more preferably 180°



and thus the resultant protective filmhas a |arge effective surfﬁff
area in relation to adsorption. As a result, the anount of deposﬂtsANz%S
adsorbed in the filmincreases, and e deposits are not easily
deposited onto the surface of the film The tenperature of the substrate
is preferably 130' C or higher, nore preferably 1500C or hi gher. When the
tenperature of the substrate falls within the above range, the resultant
protectiygpobih ehgsaacharge effective surface area in relation to
adsorption. As a result, the anount of deposits adsorbed in the film

I ncreases, aﬂth%a%%igt,s +Re o rBQk ekl ¥1dpPesitiedionte ihe surface of
the film The aforenenti oned pulse direct-current bias has a positive

vol t age : el , peak i si,ti r egi f Il se
port | oncoar e 1 H0egro8n, pRYRER, TANYE {rBuRRtLELEE BRRR R TUB B2

has a_frequegey otnl BbrecliGeotiPh ‘léNf%g%éd% yRkekerablyy cho el - 1

GHz. The pul se scurrent biras has a puls 1 ns- 500 .is,

preferably 30csena0 18s W0SR, OREBOIHL B S-Hgk aiEyBecval erkte.

frequency pul’'se Wi ove ranges, asnma

i mpi nges. on the. sur f f the di h
osul tant e GO EEPP dREFPRPAES S B¢ G0 R 0t Foe. Suet AeBorERERnT Y

resulta e fectrve surf reain relation

o adsopLion 5 uu ekt SATRNL OL pdepeRLlseadsorbed,im e 11 m

i ncreas SI Ssited on hé "surface of
epl oycB¥SEL0°puPE EF PR PgachCREE CORGT T IhesY of Te Ut FBrEng are

Cont ai nEHARRL ERBSR BEEEPPVE PR 48 Cholsar o by ROSNE oF Eadk. CPes
When t HEPYr SETB GPPRPEPoGEn 66 earBaR e el ot PRECEDGIE T ARG ot
and UG FhoYaRBBAE L GF ‘doposits HAsbPBBACA CEhd "M mPdoRbonor s e Pebe.

and depogi%ﬁ are easiIX deposited onto the surface of the film In
additiofif tRE A¢ti'vify 8F  the surface of the protective filmis |owered,

bondie PeLYgeD Lhe, LU AN LIBJUN L0t SrlRRGINE, IR Ll o
on which the carbon protective film is formed is conveyed
into the chamber 20 of the protective film modificaticn
apparatus shown in Fig. 5, and the carbon protective film is
subjected to etching by use of a profective film modificaticn
gas under conditions such that the extraction amount of an
inspection gas component and/or a compound component formed
so as to contain the inspection gas component 1is equal to or
greater than a certain threshold, the gas component and/or
the compound component being extracted with an inspection
solvent after the carbon protective film is allowed to stand
in an atmosphere of the inspection gas component, to thereby
produce a magnetic reccrding medium in which the protective

film has undergone modification. When the extracted

component is melamine, the threshold is preferably determined



stiction characteristic is inpaired, which is not preferable. Wen a gas
m xture containing Ar gas and nitrogen gas is enployed as a sput Be']ri“i\%m%
gas, preferably, the protective filkm predom nantly containing carbon has
a carbon nitride c- 8 0 7 JAN 2005 conpound on a first surface thereof,
the surface being opposite the nmagnetic |ayer, and the protective film
contains nitrogen in an anount of 2 at%or less in the vicinity of a

second ysunface dhenepfiod hengur fiaee beiere Araught 1intag/cont agf)wi th the
magnetic layer. Thi's"is because, when the anbunt of nitrogen falls

out si de, the H%Oé/%?g@f‘lfg%blc}pqy_cjyem PIE®, cich is one of magnetostatic

characteristics, ‘1's wer'ed, and thus the nmagnetic recording nediumis

not suitablgs foregeddigal] ool d aw Fybngcheiahti1Wiedat hec pf psect i ve
filmis formed through sputtering, other conditions for sputtering are

det er m Orrn%go x%teﬂ:}xﬂ&sﬁirp%ﬂ% %bjl%l%&iﬂweét&ﬂrﬁi ch the

filmis i s evacuat to 10-4 to 10-' | The substrate which

hasbeenealedin dhe RIAYIGHS. Step Lt lacesh indlia erher.  Wiile A

gas and nitrogen gas are | nto the chanber so as to attain a

pressuig O Q510 Pal.. Ol A8, | 910 JeNeLaled A ayait Alachas g and

tar get contal ni ng car bon- cont al ni ng mat er’i IS € oyed as a raw
e ol 6 o BTy YR AL ol seudering; Dl sauder no.
[ cknegs . b Tored b Lol aling ahe i sehag dia, S ybe pover
SPULL oLt Che BRI S % SUDRL B 15,0 20 O Kiloparefar ot
Dokness i ok Al Laln e herens phen dhe fover [ i ercess oy O

B e s ORI

onpound formne roug tering diffuses in the

protective T n %&9&{&&%% LRVBL £ LD ofRgNeth oy LayRLa 1 AhE Moy

protective fi contain nitrogen 1n an unt of nore than 2 at%in

E:gﬁt \éichnio\?{:;e: Ksetqaeecacesé”ﬂ%r? Iy 80f . gdde sydace; el ngh droughigd Nt @as

According to the magnetic reccrding medium including
the carbon protective film which has been modified through
protective film meodification, the extraction amount is equal
to or greater than the threshcld, and thus the amount of the
inspection gas adsorbed in the protective film is large. The
reason for this is theought to be as follows.

When the protective film is exposed to plasma of the
protective film modification gas through protective film
modification, a large number of C-H bonds present in the
carbon protective film are cleaved by the plasma, and the
resultant C atoms are bonded to nitrogen. In accordance with
the type of the employed medification gas, a C-0O bond, a C=0
bond, a C=C bond, a C=C bond, a C=N bond, & C=N bond, or a

similar bend is formed. These bonds are considered to have



magnetic | ayer. The carbon protective filmfornmed through CVD, thﬁ fidd?
being included in the disk D2, preferably has a Thi ckness of d 005
This is because, when the thlcknessqhs |l ess than 10 A, satisfactory
strength is not obtained, and a carbon nitride conpound forned through
sputtering diffuses in the protective filmin a direction toward the
magnetic |ayer, and the protective filmmay contain nitrogen in an

amount HI%HP&ﬁerBRBQP 2c81 041, the i Gl did o obn agsdirfacei begeptq the

surface ei ng brought into tontact with the nmagnetic |ayer. The

protectﬁgeaggégbgaeg %ng@&hyaqﬁﬂ%ﬁ QStE@EbQBtes »ﬁ@émﬁhwrwg@m

sputtering under con I'tions suc intensity of the peak

CorreSpQQg gﬁr%gcé £ar bpp- D 89e8fbgﬂgePgEtE981bgfE?Eﬁde§ESQEBU€bOf the

surface 0 e protectrve n1|s pre 5 or nor e

pr ef er Phgmﬂ8g5glFaB£§§;%?gyghapp§509ésfg&sbkxﬁecﬁé o hsseorgaesbys

because protective

d I b d b fi
ibr | Cehee cah T BaC st T ohGTHORRh! . GPH. HopBSPL: i B1E 1HE" "THbFPRdRt Sont o a
t h d b t fil f d
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condi tions of appli bi as, uttering.conditions,,and_o her .condi tions
such aspf?E%Fheﬁg ffgﬁel%nﬁeb?gégﬂreo'%d?ﬁepthgﬂbthsrgrP GFaféd, to

thereby_ control the water contact an o% the surfac

prot ect f¥Ef FRREPTHE GARERCEBAtALECan I@S th8c§ﬁF?3cgh8fadFﬁeptlon

protective f|In1|s referably 80 or less, nore preferably 75 or |ess.

Thi s i s@BekRhset Rﬂg lPﬁBeﬁB¥8P 98Bntact angle is 80 or less, the
rotective f| satisfactoril | ubri cant and hus t he
Fubrlcant isT 8F628§Fryt58p8§PF88yBE 6g§ ﬁﬁéﬁgF%&oﬁegﬁs PHSS Thrgithe

simlar to that described. a F catio mis Eo%ned Qn the

prot ect Fhe ??FH?“pPEBBﬁ?héh?Ig %%nva?ﬁ baéaPﬁgﬁrgﬁﬂlcﬁo % #6F8& on t he

di sk. (Anot her e"bdﬂ?ﬁgﬂ{ of the roductlon ocess
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modification satisfactorily is thought be equal to or greater
than the threshold.

While the protective film modification gas supplied
from a non-illustrated source is intfoduced into the chamber
through the feeding pipe, the existing gas in the chamber is
discharged through the discharge pipe, and the modification
gas is passed throughout the chamber, to thereby expose to
the protective film modification gas the surface of the
carbon protective film formed on each of the surfaces of the
disk.

During protective film modification, the pressure in
the chamber is preferably adjusted to fall within a range of
2.4-8 Pa (more preferably 2.4-6 Pa), by appropriately

controlling the discharge amount of the gas from the chamber



Since a filmsimlar to that forned in the enbodinment 3 is fornedq .on t?ﬁ
surface of the protective film the aforenentioned effect may be 1 JAN 7085
obtained. Alternatively, in the afdrenentioned enbodi ment 3 of the
production process, instead of a protective filmbeing fornmed through
CVD, a protective filmmy be formed through sputtering while bias is
applied. Since a filmsimlar to that formed in the enbodinent 3 is

f or medPBnuEReCSuihgac8isrhegRE FrEUEEt FEBTERE mYaLNE - af BPeHehtFfoned ef f ect
may be 61 D7JAN2005 obtai ned. \Wen a gas m xture containing Ar gas and
ni t r ogehesgasei sNefplLoybd™®s ra I§pheLeri hega®over &£8F&l y, the
protective filmpredom nantly containing carbon has a carbon nitride
conpounddbfhigatipst ofuthacewtieceorf the saptacéivBefagMopfosite to the
magnetic layer, and the protective film contains nitrogen in an anount
of 2 atfsetikésstiomyt hendvitdiusi teokmausécodddsprbate Bhleradrd tile
surface being brought into contact wwth the magnetic layer. This is
becausehewfiehmt Heeanoont iokreiatseegendf debssdutsside eheldyoveprosangd,
coercive force, which is one of magnetostatic characteristics, is

| ower edntandhthesrttheemagnetiec fridoor dimgcomeds sim | shaot tkeai t abl e for
realization of low flying height. 1In order to avoid such a problem for
exanpl pretbarprot actinee chiimbmrmay Be Bkreetky oforimedzbyveseaoizea ¢és
containing no nitrogen gas, and then forned by use of a gas containing
ni trogenrgase A¢cahed pgctecdtieerddnet becreear dhegitedilymopsadided

t hrough the production process of the aforenentioned enbodinent, the
ext racthentameudtirabian tiyngyfeatieot ijasmagopoiene rand/ or a conmpound
conponent formed so as to contain the inspection gas conponent is equal
to or greatenrtihgn paoteerttiaien filkesivalid,i cshe ogas hdghpdreiueartd/ or t he
conpound conponent being extracted with an inspection solvent after the
car bonppweteeti yeeffielrabily @0-Gwedwt amstrang riefeanb lat BOSENEr &, ofnuche

i nspection gas conmponent. Therefore, the protective film predom nantly
cont ai mbng paebemadfl vt BO-20@gmet iic seppldieng tredihemeilschatodesohey t 0 have
deposits on 62 0 7 JAN 2005 its surface. Wen the extracted conponent is
mel am gee bbiethe high-frequency power supply, to thereby generate

plasma of the aforementicned nitrogen gas serving as a raw
material. The surface of the carbon protective film of the
disk is subjected to modification by use of the resultant
plasma.

When the power supplied to the disk is below the above
range, modification of the surface of the protective film is
unsatisfactory, and thus the amount of deposits adsorbed in
the film does not increase, and deposits are easily depcsited
onto the surface of the film. In contrast, when the power 1is
in excess of the above range, the surface of the protective
film becomes chemically unstable, and thus durability of the
film may be lowered.

The time for protective film modification is 2-6

seconds, preferably 3-5 seconds. When the time for



ghr eshold is preferably 0.06 [g/100 cnj. Since deposits are not
deposited onto a magnetic head evengphen the flying height of t hé k2005
is reduced, fly stiction characteristic of the magnetic recording medium
is not inpaired even in the case in which the flying height of the head
!stred_u;:ed.fV\hen th(;Tl carbon protective filmis subjected to FTIR, the
i ntensity of the neak, GOILESRONGIdN L0 1 1GA otk Ty egeanahand s
prefera%loy (fttldg% oraj]efsss. %erefore,:L t he surface of \t he protective film
i's consi Sf{. M GQat 'é & i afpcgt hus, deposy tipn of deposits
;:ﬁn bet"_éO fecssté“cﬁ The t\(,:}dlar Bson ﬂag%{:)togi(iltrtlthvee fil n%S co‘ﬂt ai ns nitrogen, Ioand
e ratio qf. nitrogen to.c 0 neasur a2 F5GA 4 Si
{)Lef eré‘m?%léf}@%od_ eraeq%rtg{lpst Rcehaefsﬁ mis ?ejfn?ée andﬂ?lSa?%q Pr efdeflanbl Y,
e magnetic recording medi umof the present..nv. i 4N éJESi@SS'
PL'Ot ect *\ﬁjﬁ%%%ﬁ%ﬁa%ﬁ%eac%% aalnnc}onages%aaglbdogn,mvm(?{:%ﬂfhf ICém i's lh%% and
in, exhibits excellent sliding . durabilit | uRri.ci.ty, and
erjlgprgs%ﬁ?éi _d%'}?erid‘ﬁN_ %fos\e%}?e %ojﬂl‘er?ni ﬁgﬂj%ir%%%deg@?:nt it(?)né of deposits
generation of Ni  corrosjon. Accordi to.the pr t jynyvention,
thgr et caf e cgridiuced" & %r%tglrfét‘?’ﬁc’?se%oorfdi i nae%oiﬁ?n ﬁ%ﬁ' e{na | es
reduction in spacing |oss, which diumis applicabl 0 ization of
?legh Eiefd{ﬁ%caﬁg ‘%fen'f\s/l'i'v]% )Er‘:{se%%%r %k:f%ccﬁ“%%n@%%%%%g# %Ig%?lée ?%’
cordi ng nmedi um en the magnetic, recordi.n di um. produced t hrough the
pr oces L dGTER P X3P He present® | t'oh ki"g g??’f)‘?%‘f/%d, the 63 0 7 gAN
2005 flying height of a magnetic head can€ reduced, . and th}gg the
gngnr*rgl ve f?r%}@ 'ﬂ%@i@???ﬁ% FRHT URT FSOPHETR g%&%ﬁﬂéﬂ&%% $8°748 10 be
Ensurate w the flying height. In order.to realize high recordin
S(ragfsl tysbulhl%,ﬁcﬁj%worfc‘i’ \l@OQ‘d @A bEOR HEF % Jrgl@?’f)oﬁu%}érértlae sg]-cl)(? nor e, )
erably 3, oersteds or nore. A desired coercive force
ia;t ai ne’d;‘lﬁﬂs%feﬁg_lﬁ%}’i% PERK cCONPESTRIUM Y the® a?%?%?r%ﬁ??’%ﬁ% gﬁﬂ%@ﬁ%oat
yer and magnetic layer, filmthickness ilmstructure, _a fil
f or mat i®h E¥hdif oaeed W RS hT PRe” hf %n%ﬁ%%%%dogaﬁg%sfl%\mrrggnet: cm

b oasiFRE A GHbEEM vien The =Rt TR T S HY HauRes) Sheh t Rat T he Xt ract | on
amunt 10 S ALNTP §NG, MBI ILLS A L0 SR apndhan a certain
lubricant is applied onto such a modified protective film
predominantly containing carbon, bonding between the film and

the lubricant can be strengthened, and deposition of the
lubricant onto a magnetic head can be suppressed.

When the protective film is subjected to modification,
the power supplied to the disk, the modification time, cor the
pressure in the chamber is regulated, to thereby control the
water contact angle of the surface of the protective film.
The water contact angle of the surface of the protective f£ilm
is preferably 80° or less, more preferably 75° or less. This
is because, when the water contact angle is 80° or less, the

protective film is satisfactorily bonded to the lubricant,

and thus the lubricant is not easily deposited onto a



threshol d that has been determ ned through a pretest; for exanpli, mhe%
the mediumis produced such that the extraction anount in relati r daN 2005
the nmediumis equal to or greater than the extraction anmount in relation
to a magnetic recording medium which has deposits on its surface during
a fly stiction test. The degree of difficulty in deposition of deposits
can bengdeier nd nedadhrough the inspection nethod of the present

i nvention, and thus the degree can be used as an index for controlling
producti on pheA TRENLLLEeEeEREE Ngdubedieporbi cbni sfnoeppedhe bothave
deposits on its surface. Wen the index is used, the production process
I'S aptﬂ‘lé’pén'[nﬁé’éé( sontrol hedieandve hsl sughe adepgaetée oecordhag medi um
can be easily produced. According to the inspection nethod of the present
6 4 117 JAN.2005 Lpyestifn: st Berdesr 66 Ofie dilékcuk tynénplepasi Cipn of
deposits onto the protective filmcan be acceleratedly inspected with

' n a.srﬁgér gLk 0d. pf Rh?@rigygée£9é9re%8€eﬁn§P§ﬁFt@@ 5@suhkks o€aphbe
reflect f A F e production process for a magnetic recordi ng nmedi um
wWithin a short pegi ! i hn t§ geperat Fenmof
deposiQEO%%C%}%%Q%£?ﬁ08§e%%?gT%Sbéﬁég%ﬁﬁ§mﬁ?§ﬁ %gg ggﬁ practically used
for a prolonged. peri.o 1 . L& ! medi um can be
produé@ﬂglfbgﬁg§§nc%%gig?%ﬁﬁbgﬁg?ggggﬁygt?%g@e#%gigfgfggbggnagnetic
recordi.n di um whi ch. exhibit e L} en . St hCLi racteristic,
enablgthgﬁgg%f?bnd?ﬁos% ?i%gghﬁPSh%?gg%g ?%ééﬁ%?%%léh?grgﬁgalization of

hi gh recgrd{ng dfngity-nan be easily produced. The present invention
will 5t petu88cribed in nore detail by way of exanples, which shoul d

t b d Limtli -t he | i | e A
Dot ectsve BPER retzghRl, bRa”ss SnkTpyay; 38, EREr BEOceBXatR B lnl A s
after the. i

ilmis f d : f b Be Al
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texturing so as_to _-attain a, r h (Ra) Bafphoand then
the subst?ate ﬁﬁgpﬁﬁgéegoiﬁngeggggggéags'agggl%??%?ngﬁigﬁgapgafgtus
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thereby‘form a carbon nitride compound, which is preferable.
The reason why nitrogen gas is employed as the protective
film modification gas is that the carbon protective film is
easily designed; i.e., variance in the thickness of the
protective film can be suppressed, since a compound which is
easily gasified is not easily formed when nitrcgen gas is
ponded to the component of the protective film. When the
protective film is subjected to modification, the
modification conditions are determined such that the ratio of
nitrogen to carbon in the protective film, as measured by
means of ESCA, is preferably 5-40%, more preferably 5-25%,
much more preferably 13-25%. When the ratio of nitrcgen to

carbon is below the above range, modification of the surface

of the protective film is unsatisfactory, and thus the amount



undercoat |ayer (thickness: 350 A) was forned on the substrate frg

On the undercoat |ayer, a magnetic ikl m (thickness: 250 A) was f(ﬂ'ﬂ]éw 2085
froma Col 6Cr6Pt3Ta |ayer (Cr 65 07 JAN2005 content: 16 at% Pt content:

6 at% Ta content: 3 at% Cc: balance). Before formation of the

non- magneti ¢ undercoat |ayer, the substrate was heated by use of a

heat er sucheddatt s thesd.ammer at ufles of i Ihedsabstsat enaesadd0Guddr i ng
formation of a protective film predom nantly contai ning carbon. The

tenmper i s of s the sabsi Tt @ yes; feassied bie usertfca of aghat £ obm.
t her nonet'er, and was verlfle t hrough a wi ndow of the chanber

| mredi afr?'éédcple{d%r? foraration, of, the protectives &ilime Subsequentey, a
oduce

di sk D pr as descri bed above was conveyed into a CVD apparatus. A

hydrogeﬂlﬁdﬁdlscafafé}éd' Modd i eeé%ﬁé fisFlﬁVér'I@ @ge then PLosset i ve

film predomnantly contalnlng car formed on the magnetic film

when e, retesidye £l m ves: Loy dfeis é‘éQDI lGequencys poera (frequency:

) Was applie y generate plasma. During

o1 et o o e et egtva 14T o tf@ﬁ'amapéc@&fggﬂerfu cur r ont

Bt . e con ons or application pul se
di rect-.current blas ar e, shomn | f 1. Subsequently, the disk D on
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because, when the amount of nitrogen falls ocutside the above

range, magnetostatic characteristics of the magnetic layer

deteriorate and coercive force is lowered, and thus the

magnetic recording medium is not suitable for realization of

low flying height.

Bccording to the protective film predominantly

containing carbon formed in the CVD apparatus, the Id/Ig

value as measured through Raman spectroscopy is 3.5 or less.

Therefore, the protective film is subjected to modificaticn

under conditions such that the Id/Ig value is preferably 3.5

or less, more preferably 3.0 or less, much more preferably

2.5 or less.

Subsequently, a lubricant such as perfluoropolyether is

applied onto the protective film through, for example,



use of oxygen gas after the filmis formed through CvD) The proceg]u,{ﬁ o{
Exanpl e 1 was repeated, except that,; the conditions in relation t AN 2005
protective film nodification gas were changed as shown in Table 1, to
t hereby produce a nagnetic recording nmedium Exanple 3 (A protective
filmwas subjected to nodification by use of Ar gas after the filmis

fOf”Eddg?'tb%%h D nEe R eeedure 10k rExannle |f_i}&’%3 shepeabadceexcept that

t he con ions inrelation to the protective film nodification gas were

Changeﬁa@ae%%weﬁﬁ%{?eﬁ%;i o thepeby,, pt oducen ar mpanet i fed egor di ng

medi um I'es hr oug After a protective filmis fornmed through
CVvD, angther pr i i l.mis farned r tt.erni by, u of

nit rogé 'egggogr?%ttzﬁ;eg\g)ﬁAlg: SSEIB%\%/;IE’ [t):'troglgggjg Oi Sr{;'plg tﬁgﬁrﬁgrges?égi I‘ctg]rFe to
that described in.Exa 1 t th i S nveyed into
N D SEREERed  HEATPLE, Ly SUDSEAVERT LY ni e Bhoked MRS oY

ogenat ed carbon fi hi ckness: 40 A),
i th ecti fill dom t.| t ai ni bon,
For medB5A HEe R oLt HFECAT RS She B GTEeriy & a7 TARE2005 111 m was
formed, high-freque ower (frequency:. 13.56 s S AS)
app! i e@lupg%ézlaéétog‘gcfnéé%‘ taém&ﬁég“gﬁiy geﬁé%&tyéngplaam.r lﬁ%ﬁ%ﬁé DS %ﬁ’}é{ o\rllva?)f

the protective film. application of pulse gire t-curren&)mbi as was
n

carri eBTOMECTAY S et 1Bt JPECLNe & FOMY SR T3PoEAY \%@Ofwinl REEERESES F§ R

carbon nitride conmpound was farned ro sputtering, In anples 4 and
S P hezh RIS GRrd o iPe SarGh f FBGuOHEy L EBPher ey RE RS CIB2ES Nho)
was applied tao the disllé{ In Exanples 6 and 7, the filﬁm S f_gfrmed whi | e
pul se GPPEELN1AG Bdht Wibtd GRad éggleicéc?dt 'Ol 3Gi°08. ATAE™PHERTESS of the
protective filmforned through sputtering was 10 A, The, thi.ckness of the
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formation of the protective filmthrough sputtering are shown in Table
1. ExaRpPes &rhSudyPE3 R pCG Ective filmis formed through CVD with
application of pul Sﬁ direct-current bias) A disk D was produced in a
manner $ERPPEAMESt Kaft BESEPFHAAM RXEKERSle |. Subsequently, the disk D

was Conveye%ﬂdgﬁééiéag%diment of the production process for the

magnetic recording medium will next be described by taking,
as an example, the case in which protective film medification
is not carried out.

The disk D including the substrate S, the uncdercoat
layer 1, and the magnetic layer 2 is conveyed to a
predetermined position in the CVD apparatus chamber 10 by
means of an unillustrated conveying apparatus. Meanwhile, a
reaction gas supplied from the supply source is fed through
the feeding pipes 15, 15 into the CVD apparatus chamber 10,
and the existing gas in the chamber 10 is discharged through
the discharge pipe 16. Thus, the reaction gas is passed
throughout the CVD apparatus chamber 10, to thereby expose
the surfaces of the disk D to the reaction gas.

When a protective film predominantly containing carbon



apparatus, and a hydrogenated carbon film (thickness: 50 A), serﬁrfgﬂﬁf
the protective filmpredom nantly cgataining carbon, was forned 005
magnetic film When the protective filmwas formed, high-frequency power
(frequency: 13.56 MHz) was applied to el ectrodes, to thereby generate
plasma. In Exanples 8 through 11, the protective filmwas fornmed while

pul se dig eclscuprent, %frﬁqa@%ﬁpﬁd;%@%ééﬁogéé&im %@ﬂ@} espd2 and

13, the protective filmwas fornme JAN2005 requency
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| ubricatiqn | ayer s . fornmed in a mn siyu | t hat i pbed in
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filmis formed through only sputtering) A disk D was produced in.a manner
i | PR L Tudath | e i St o AT Eeh The Mk S b T 66t e 11 m
predom nant | ont ai ni ng carbon was. formed t hrough utterjng der the
condi ti%@%&&ﬁ t’rr}HE TS |50 Banprast 14 ‘f%%‘—ﬂ%ﬁ Y ,e?kﬁ%idpr q’b i ve
filmwas fornmed whjle high-frequenc i frequency: 13.56 . power :
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filmwas formed w thout application of bias. The thickness of the

pr ot ectliSv@PHiisf preddif it \P cdnt@i Bt e Car Yo PN 50° . @Bubsequent | y,
a lubrication |ayer was forned in a manner sim Iq?r to that escribed in
Exanpl é "EPSComst 3 ¥ & EBRATHE Zar(ck(?)?oi‘e‘“c‘?ri‘%“@ | FRTROPS? e r‘F‘ﬁ‘?ough
conventional CVvD) The procedure of Exanple 1 was repeated, except._that
the pr&CedtS Vi@ fGIHAES Tt SUHXCE e t 97 Hod?'IR CaE FonP et e £ hed ddy
produce a magnetic recording nedium In each Exanple, before application
of the Houlsiti Gatates H&urd &£ G111 heh TegietF ¢ et d?#F ngP e &t was
subjected to infrared spectroscopy before and after formation of the
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infrared spectrum of_the protective filmwas obt ai ,ned.f_,fubsequent ly, the
i Nt ensitPESCRIRY peaky o riddpondiify taren protective film is

allowed to stand in an atmosphere of the inspection gas
component. The protective film is formed while pulse direct-
current pias is applied to the disk D, so as to attain a
threshold (in the case in which the extracted component is
melamine) of preferably 0.06 [pg/100 cm’], more preferzbly
0.12 [pg/100 em?], much more preferably 0.24 [pg/100 em?].

When bias is applied to the disk, plasma sufficiently
impinges c¢n the surface of the disk, and thus the temperature
of the disk is elevated and a carbon-hydrogen bond is
dissociated. In addition, when plasma impinges directly on
the surface of the disk, the carbon-hydrogen bond is easily
dissociated; i.e., the carbon-hydrogen bond is efficiently
dissociated, and thus the amount of depcsits adsorbed in the
protective film can be increased. According to a

conventional acceleration method in which grid vcltage 1is



car bon- hydrogen bond was obtai ned. The infrared spectrum was mﬁ%rﬁ ﬁ
a point 20 nm al ong the radius of the disk. The results are sho N0
Table 1. Afly stiction test was carried out in the followi ng nanner.
Firstly, a magnetic head (an MR head enployed in a practical magnetic
recordi ng and reproduci ng apparatus) was placed on a position 19.5 mm

al ong 184! thecmagnehiics hacpnding gedevariand theamedhum was
rotateéggt ggrgﬁagﬁgn ?ate ofl7 200 ?pn1at g@c and 80% hum dity.

SubseqH?ﬁEB¥ Egﬁdp9§'hb?ngggsbgﬁ -Read, wes povedat on 1H@§Et'0n 44 mm

al ong ius of the nmedium and the nediumwas allowed to stand for

}gtgggégr?gkgﬁees'@g "oLated, Sybs gueagkyn theaposii enc ghobfie bead was

pOSI lus, rotation of the

nedlunlmas 3 pgg bfﬁgg %ggﬁetr ro@%gngE“@§1 lkgﬂﬁgttgesﬁﬁege QEdS'X

hour s. “FH8Fehft recordi ng nedi imwas subjected to one
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eval uated as_foll ows. The head surface facin g was observed
under Hﬁ”ob%}EaFraﬁ?er9%§5p5a(ﬁé§ﬁlfﬁcﬁtloﬁn gpﬁﬁéﬁ ugnéofhgaﬁeaénﬁaV|ng
dep05|ts on its surface was counted as "generation of 10 07 JAN 2005
deposi #83" C?Héeyégalfgeapé5§h§xn in Tables 1, 2, and 3. The extraction
anount of nel am ne was neasured in the fol

) h o
recordi ng WEHPUHPéFeeQéHeGF“CPﬁéeE}a Fésagﬁﬁhgﬁeq%gn grgﬁl$e%E§§%p:gS

was placed on a_ spindle in a co |aII avai | abl net recordi ng
and répWSéHcVﬁétéﬁﬁapétuégoséﬁaf 8F§bh¥tﬁ§8§aggsfgg829 ’g) was
m xed wth nel am ne %g% he resultant m xture was applied
onto amBFecérﬁfeaPBﬁVnuﬁ§ te X 25 and dried. The

t hus-prepared piece, serving as an url ﬁ? enﬁratlon sg%rce was
placed in tHBeEppALafGEn G é@ﬁ@r%ﬁ Pﬁe and™all Sed "o st and

at 80C and 20%H for 30 hours while th m.vas -r ot at d t 3 000 rpm
Ther eafP8Ve fRBIRedPUATTAs HFETDYE] PpoﬁthEUI¥dce %% g %as i mrer sed

apparatus
For O”%e??“@tkgngﬁgagglt eregk)h %%da%Elggged species of the

reaction gas excited by plasma from depcsiting on the disk D.
Bs a result, the protective film predominantly containing
carbon tends to have insufficient density and poor sliding
durability.

In contrast, when the mean voltage is in excess of the
upper limit of the zbove range, plasma impinges on the
surface of the disk D very weakly, and modification of the
protective film is unsatisfactory, and thus the amount of
deposits adsorbed in the film does not increase; i.e., the
deposits are easily deposited onto the surface of the film.

When the protective film predominantly containing

carbon is formed, the temperature of the substrate is

determined at 130°C or higher, preferably 150°C or higher,



The extracted nel am ne was quantitatively neasured by neans of a,GC
apparatus (Automass, product of N ppon Denshi). The results are Qﬁeﬁm%ME
Tables 1, 2,. and 3. The anobunt of nitrogen in the surface of the
protective filmwas neasured by nmeans of an ESCA apparatus (SagelOO0,
product of Specs), and the ratio of nitrogen to carbon was cal culated on

the baﬁ\%%eRértEQ%r %'Lyowmcf ar-myk BeIhe w:‘i&sut%é %ﬁﬁ%erénoEabhes 1,

trogen to ca | s peak area)/(Cls peak

ar ea) rggpesrur t I NSy arey f ows
anode: éb%ggfggﬁlq %% JAN 2 05 sp&?ﬁgﬁiégoqgggnnl éﬁd é?%% g%%alned

th
rough %ltﬁB%%Qthﬁ J104 HCg gﬁg?g%tlve 449, Nand, & Gaussian +

Lorent z |n?) € “car bon mwas anal yzed through Raman
W exBRSaPEIEIRn 10 Sodd ab’%rn AR oot B B e Blgh ks &0 i1t ng)
T T M e i S IR R BT~ va o
© _~'Oreéult modlflcatlon g( e pré% Qtlve film is unsatisfactery,
and thus the amount of deposits adsorbed in the film does not
increase; i.e., the deposits are easily deposited onto the
surface of the film.

As described above, when the mean voltage of the pulse
direct-current bias falls within the above range, plasma
impinges on the surface of the disk [ appropriately. In
addition, when the temperature of the substrate falls within
the above range, dissociation of a carbon-hydrogen bond (i.e.,
heat elimination of hydrogen) easily occurs. As a result,
modificaticn of the protective film is satisfactory, and thus
the amount of deposits adsorbed in the film increases; i.e.,
the deposits are not easily deposited onto the surface of the
film.

Moreover, the bias is applied to the disk D under
conditions such that the intensity of the peak corresponding
to a carbon-hydrogen bond of the infrared spectrum of the
surface of the protective film is preferably 0.055 or less,
more preferably 0.05 or less, much more preferably 0.04 or
less. This is because, when a lubricant is applied onto such

a protective film predominantly containing carbon, bonding

between the film and the lubricant can be strengthened, and
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deposition of the lubricant onto a megnetic head can be
suppressed.

When the protective film predominantly ceontaining
carbon is formed, a high-freguency power source may be
employed as the bias power source 13, and insteac of pulse
direct-current bias, high-frequency bias may be applied to
the disk. In this case, the high-frequency power applied to
the disk is 10-300 W, preferzbly 10-150 W. The fregquency may
be an Rf frequency, of, for example, 13.56 MHz.

The aforementioned pulse direct-current bias has a
positive voltage peak value; i.e., a peak value in a positive
region of a pulse portion, of 10-100 V, preferably 20-75 V.
When the peak value is below the lower limit of the above
range, a positive bias vcltage cannot sufficiently cancel
negative charges accumulated on the surface of the disk, and
deposition of the activated species on the disk is hindered.
As a result, the protective film predominantly containing
carbon tends to have insufficient density and poor sliding
durability.

The positive voltage peak value of the pulse direct-
current bias, the pulse width, and the freguency are
regulated such that the Id/Ig value in relation to the
protective film predominantly containing carkon, which value
is cbtained through Raman spectroscopy, is preferably 3.5 or
less, more preferably 3.0 or less, much more preferably 2.5
or less.

When the positive voltage peak value is in excess of
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the upper limit of the above range, reverse-sputtering tends
to occur on the disk D and the protective film predominantly
containing carbon tends to have insufficient density and poor
sliding durability.

Thus, when the positive voltage peak value cof the pulse
direct-current bias falls within the above range, a positive
bias voltage can cancel negative charges accumulated on the
surface of the disk, and can promcte the deposition of the
activated species on the disk. BAs a result, the protective
film predominantly containing carbon becomes dense and
improves in sliding durability.

The pulse direct-current bias has a frequency of 1 kHz
- 100 GHz, preferably 10 kHz - 1 GHz. When the frequency is
below the lower limit cf the above range, a positive bias
voltage cannot sufficiently cancel negative charges
accumulated on the surface of the disk D, and deposition cof
the activated species on the disk D is hindered. &As a result,
the protective film predominantly containing carbon tends to
have insufficient density and poor sliding durability. In
contrast, when the frequency 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 and poor sliding durability.

The pulse direct-current bias has a pulse width of 1 ns
- 500 us, preferzbly 10 ns - 50 ps. When the pulse width is
below the lower limit of the above range, a positive bilas

voltage cannot sufficiently cancel negative charges
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accumulated on the surface of the disk D, and deposition cof
the activated species on the disk D is hindered. As a result,
the protective film predominantly containing carbon tends to
have insufficient density and poor cliding cdurability. 1In
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 and poor sliding durability.

As used herein, the term “positive voltage peak value
of pulse direct-current bias” refers to, for example, a peak
value X in a positive region in a pulse portion of a voltage
waveform of a pulse direct-current bias shown in Fig. 7. 1In
this case, a pulse width refers to a width Y in the pulse
portiocn.

When the protective film is formed through application
of bias, conditions of applied bias are controlled, as are
other conditions such as the treatment time and the pressure
in the chamber, to thereby control the water contact angle of
the surface of the protective film. The water contact angle
of the surface of the protective film is preferably 80° or
less, more preferably 75° or less. This is because, when the
water contact angle is 80° or less, the protective film is
satisfactorily bonded to the lubricant, and thus the
lubricant is not easily deposited onto a magnetic head.

In a manner similar to that described above, a
lubrication film is formed on the protective film

predominantly containing carbon, which is formed on the disk.
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as an example, the case in which sputtering is carried out in
combination with application of bias.
Bfter the disk D is obtained in a manner similar to
that described above, & protective film is formed as
described below.
In the production process of the embodiment, a disk

D2 which is obtained by forming a carbon protective film

on the disk D through CVD in a manner similar tc that of any

of the aforementiconed embodiments is conveyed into a
sputtering chamber including a sputtering target containing a
carbon-containing material and having means for introducing
into the chamber, as a sputtering gas, Ar gas or a gas
mixture containing Ar gas and nitrogen gas, and plasma of the
gas is generated through discharge, to thereby form another
protective film predominantly containing carbon on the
surface of the disk D2 through sputtering. During sputtering,
bias is applied to the disk under conditions such that the
extraction amount of an inspection gas component and/or a
compound component formed so as to contain the inspection gas
component is equal to or greater than a certain threshold,
the gas component and/or the compound component being
extracted with an inspection solvent after the carbon

protective film is allowed to stand in an atmosphere of tnhe

inspection gas component, to thereby form the pretective film.

4 1f) Uu 4it d mor6 (L) rCr-10 | -4
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When the extracted component is melamine, the threshcld is

preferably determined to be 0.06 [pg/100 cm?], more
preferably 0.12 [pg/100 cm?], much more preferably 0.24
[ug/100 cm®}. The protective film may be formed by use of
the apparatus shown in Fig. 6. In Fig. 6, reference numerals
41 and 42 represent sputtering targets, and reference numeral
21 represents a bias power supply for applying bias to the
disk D2.

When the protective film predominantly containing
carbon is formed through sputtering while bias is applied to
the disk, the protective film is formed while the surface of
film is impinged with plasma. In addition, the protective
film formed on the disk through CVD is modified. As a result,
the thus-formed film has a large amocunt of micropores; i.e.,
the film has a large effective area in relation to adsorption,
and thus the film can adsorb a sufficient amount of deposits
therein.

Acccrding to the magnetic recording medium produced as
descried above, the extraction amount of an inspection gas
component and/or a ccmpound component formed so as to contain
the inspection gas component is equal to or greater than a
certain threshold, the gas component and/or the compound
component being extracted with an inspection solvent after
the medium is allowed to stand in an atmosphere of the
inspecticn gas component.

The high-freguency power applied to the disk is 100-400

W, preferably 100-200 W. The frequency may be an Rf
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frequency, of, for example, 12.56 MHz. When the high-
frequency power falls within the above range, the protective
film has a sufficient amcunt of micrcpores, and thus the film
can adsorb a sufficient amount of deposits therein.

A pulse direct-current bias similar to that shown in
Fig. 7 may be applied tc the disk. The pulse direct-current
bias applied to the disk D preferably has a mean voltage of -
450 to -60 V, more preferably -40C to -150 Vv, much more
preferably =350 to -200 V. When the mean voltage of the
pulse direct-current bias falls within the above range,
plasma impinges on the surface of the disk D appropriately,
and thus the resultant protective film has a large effective
surface area in relation to adsorption. As a result, the
amount of deposits adsorbed in the film increases, and the
deposits are not easily deposited onto the surface of the
film.

The temperature cf the substrate 1is preferably 130°C or
higher, more preferably 150°C or higher. When the
temperature of the substrate fails within the above range,
the resultant protective film has a large effective surface
area in relation to adsorption. 2As a result, the amount of
deposits adsorbed in the film increases, and the deposits are
not easily deposited onto the surface of the film.

The aforementioned pulse direct-current bias has a
positive voltage peak value; i.e., a peak value in a positive
region of a pulse portion, of 10-100 V, preferably Z0-75 V.

The pulse direct-current bias has a frequency of 1 kHz - 100
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bias has a pulse width of 1 ns - 500 us, preferably 10 ns -
50 us. When the positive voltage peak value, the frequency,
and the pulse width fall within the above ranges, plasma
impinges on the surface of the disk D appropriately, and thus
the resultant protective film has a large effective surface
area in relation to adsorption. As a result, the amount of
deposits adsorbed in the film increases, and the deposits are
not easily deposited onto the surface of the film.

When a gas mixture containing Ar gas and nitrogen gas
is employed as a sputtering gas, the conditicns for
sputtering are preferably determined such that the ratio of
nitrogen to carbon contained in the protective film, as
measured by means of ESCA, is preferably 5-40%, more
preferably 5-25%, much more preferably 13-25%. When the
ratio of nitrogen to carbon is below the above range,
modification of the surface of the protective film 1is
unsatisfactory, and thus the amount of deposits adsorbed in
the film does not increase, and deposits are easily deposited
onto the surface of the film. 1In additicn, the activity of
the surface of the protective film is lowered, bonding
between the film and the lubricant is weakened, the lubricant
is easily deposited onto a magnetic head, and thus fly
stiction characteristic is impaired, which is not preferable.

When a gas mixture containing Ar gas and nitrogen gas
is employed as a sputtering gas, preferably, the protective

film predominantly containing carbon has a carbon nitride
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1 On g&ﬂéﬁﬁn o first surface therecf, the surface being
opposite the magnetic layer, and the protective film contains
nitrogen in an amount of 2 at% or less in the vicinity of a
second surface therecf, the surface being brought into
contact with the magnetic layer. This is because, when the
amount of nitrogen falls outside the above range, coercive
force, which is one of magnetostatic chéracteristics, is
lowered, and thus the magnetic recording medium is not
suitable for realization of low fiying height.

When the protective film is formed through sputtering,
other conditions for sputtering are determined, for example,
as described below. The chamber in which the film is formed
is evacuated to 107 to 1077 [Pa]. The substrate which has
been heated in the previous step is placed in the chamber.
While Ar gas and nitrogen gas are introduced into the chamber
so as to attain a pressure of 0.5-1.0 ([Pa], plasma is
generated through discharge, and a target containing a
carbon-containing material is employed as a raw material, to
thereby form a film through sputtering. During sputtering,
power of 0.2-2.0 [kW] is supplied. The protective film
having a desired thickness may be formed by regulating the
discharge time and the power which i1s supplied. When the
protective film is formed through sputtering, the power which
is supplied is 0.2-2.0 [kW], preferably 0.7-1.8 [kW]. When
the power is less than 0.2 [kW], a satisfactory thickness is
not attained, whereas when the power is in excess of 2.0 [kW],

the protective film formed through sputtering may have low
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density. In addition, when the power is in excess of 2.0
[kW], a carbon nitride compound formed through sputtering
diffuses in the protective film in a direction toward the
magnetic layer, and the protective film may contain nitrogen
in an amount of more than 2 at% in the vicinity of a surface
thereocf, the surface being brought into contact with the
magnetic layer.

The carbon protective film formed through CVD, the film
being included in the disk D2, preferably has a thickness of
10-60 A. This is because, when the thickness is less than 10
A, satisfactory strength is not cbtained, and a carbon
nitride compound formed through sputtering diffuses in the
protective film in a direction toward the magnetic layer, and
the protective film may contain nitrogen in an amount c¢f more
than 2 at% in the vicinity of a surface thereof, the surface
being brought into contact with the magnetic layer.

The protective film predominantly containing carbon is
formed through sputtering under conditions such that the
intensity cf the peak corresponding to a carbon-hydrogen bond
of the infrared spectrum of the surface cf the protective
film is preferably 0.055 or less, more preferably 0.05 or
less, much more preferably 0.04 or less. This is because,
when a lubricant is applied onto such a protective film
predominantly containing carbon, bonding between the film and
the lubricant can be strengthened, and deposition of the

lubricant onto a magnetic head can be suppressed.

When the protective film is formed through sputtering
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while bias is applied toc the disk, conditlons of applied bias,
sputtering conditions, and other conditions such as treatment
time and pressure in the chamber are regulated, to thereby
control the water contact angle of the surface of the

protective film. The water contact angle of the surface of

the protective film is preferably 80° or less, more
preferably 75° or less. This is because, when the water
contact angle is 80° or less, the protective film is
satisfactorily bonded to the lubricant, and thus the
lubricant is not easily deposited onto a magnetic head.

In a manner similar to that described above, a
lubrication film is formed on the protective film
predcminantly containing carbon, which is formed on the disk.

(Another embodiment of the production process)

In the aforementioned embodiment 3 of the production
process, a protective film may be formed through a
conventional sputtering process, instead of through the CVD
process.

Since a film similar to that formed in the embodiment 3
is formed on the surface of the protective film, the
aforementicned effect may be obtained.

Alternatively, in the aforementioned embodiment 3 of
the production process, instead of a protective film being
formed through CVD, a protective film may be fermed through
sputtering while bias is applied. Since a film similar to
that formed in the embodiment 3 is fermed con the surface of

the protective film, the aforementioned effect may be
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obtained. When a gas mixture ceontaining Ar gas and nitrocgen
gas is employed as a sputtering gas, preferably, the
protective film predominantly containing carbon Las a carbon
nitride compound on a first surface thereof, the surface
being opposite to the magnetic layer, and the protective film
contains nitrogen in an amount of 2 at% or less in the
vicinity of a second surface thereof, the surface being
brought into contact with the magnetic layer. This is
because, when the amount of nitrogen falls outside the above
range, coercive force, which is one of magnetostatic
characteristics, is lowered, and thus the magnetic recording
medium is not suitable for realization of low flying height.
In order to avoid such a problem, for example, the protective
film may be firstly formed by use of a gas containing no
nitrogen gas, and then formed by use cof a gas containing
nitrogen gas.

According to the magnetic recording medium produced
through the production process of the aforementioned
embodiment, the extractibn amount of an inspection cas
component and/or a compound compenent formed so as to contain
the inspection gas component is egual to or greater than a
certain threshold, the gas component and/or the compound
component being extracted with an inspection solvent after
the carbon protective film is allowed to stand in an
atmosphere of the inspection gas component. Therefore, the
protective film predeminantly containing carbon of the

magnetic recording medium is not prone to have deposits on
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threshold is preferably 0.06 [pg/100 cm?). Since deposits

are not deposited ontc a magnetic head even when the flying
height of the head is reduced, fly stiction characteristic of
the magnetic recording medium is not impaired even in the
case in which the flying height of the head is reduced. When
the carbon protective film is subjected to FTIR, the
intensity of the peak corresponding to a carbon-hydrogen bond
is preferably 0.055 or less. Therefore, the surface of the
protective film is consistently coated with a lubricant, and
thus deposition of deposits can be suppressed. The carbon
protective film 3 contains nitrogen, and the ratic of
nitrogen to carbon as measured by means of ESCA is preferably
5-40%. Therefore, the film is dense and hard. Preferably,
the magnetic recording medium of the present invention
includes the protective film predominantly containing carbon,
which film is hard and thin, exhibits excellent sliding
durability and lubricity, and suppresses generation of wear
powder, inducing deposition of deposits and generation of Ni
corrosion.

According tc the present invention, there can be
produced a magnetic recording medium which enables reduction
in spacing loss, which medium is applicable to realization cf
high recording density, as compared with a conventional
magnetic recording medium.

When the magnetic recording medium produced through the

process according to the present invention is employed, the
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flying height of a magnetic head can be reduced, and thus the
coercive force (Hc) of the medium is preferably enhanced so
a5 to be commensurate with the flying height. 1In order to
realize high recording density, the coercive force of the
medium is 3,000 oersteds or more, preferably 3,500 cersteds
cr more. A desired coercive force can be attained by
regulating the composition of the aforementioned undercoat
layer and magnetic layer, film thickness, film structure, and
film formation conditions, within the aforementioned ranges.

A magnetic recording medium which is not prone to have
deposits on its surface can be easily produced when the
medium is produced such that the extraction amcunt in
relation to the medium is equal to or greater than a certain
threshold that has been determined through a pretest; for
example, when the medium is produced such that the extraction
amount in relation to the medium is equal to or greater than
the extraction amount in relation tc a magnetic reccrding
medium which has deposits on its surface during a fly
stiction test. The degree of difficulty in deposition of
deposits can be determined through the inspection method of
the present invention, and thus the degree can be used as an
index for controlling production of a magnetic recording
medium which is not prone to have deposits on its surface.
When the index is used, the production prccess is
appropriately controlled, and thus such a magnetic recording
medium can be easily produced.

According to the inspection method of the present
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invention, the degree of difficulty in deposition of deposits
onto the protective film can be acceleratedly inspected with
in 2 short perioed of time. Therefcre, the inspection results
can be reflected in the production process feor a magnetic
recording medium within a short pericd of time, without
inspection for generation of deposits on a magnetic recording
medium which has been practically used for a prolonged period
of time. Thus, a magnetic recording medium can pe produced
to have consistent characteristics.

Therefore, a magnetic recording medium——which exhibits
excellent fly stiction characteristic, enables reduction in
flying height, and is suitable for realization of high
recording density——can be easily produced.

The present invention will next be described in more
detail by way of examples, which should not be construed as
limiting the invention thereto.

Example 1 (A protective film is subjected to modification by
use of nitrogen gas after the film is formed through CVD)

2 surface of an NiP-plated Al substrate (diameter: 95
mm, thickness: 0.8 mm) was subjected to texturing sc as Lo
attain a mean surface roughness (Ra) ¢f 6 A, and then the
substrate was placed in a chamber of a film formation
apparatus (model: 301C, product of ANELVA). BAfter the
chamber was evacuated to 2.0 X 10°¢ Pa, a non-magnetic
undercoat layer (thickness: 350 A) was formed on the
substrate from Cr. ©On the undercoat layer, a magnetic film

(thickness: 250 A) was formed from a Col6Cr6Pt3Ta layer {(Cr
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content: 16 at%, Pt content: 6 at%, Ta content: 3 at%, Co:
balance). Befcre formation of the non-magnetic underceoat
layer, the substrate was heated by use of a heater such that
the temperature of the substrate was 150°C during formation
of a protective film predominantly containing carbkon. The
temperature of the substrate was measured by use cof a
radiation thermometer, and was verified through a window of
the chamber immediately before formation cf the protective
film.

Subsequently, a disk D produced as described above was
conveyed into a CVD apparatus. A hydrogenated carbon film
(thickness: 50 A), serving as the protective film
predominantly containing carbon, was formed on the magnetic
film. When the protective film was formed, high-fregquency
power (freguency: 13.56 MHz) was applied to electrodes, to
thereby generate plasma. During formation of the protective
film, application of pulse direct-current bias was carried
out. The conditions for application of pulse direct-current
bias are shown in Table 1.

Subsequently, the disk D on which the carbon protective
film was formed was conveyed into a chamber 20 of &
protective film modification apparatus, and nitrocgen gas
serving as a protective film medification gas was supplied to
the chamber 20. Simultaneously, high-fregquency power
(freguency: 13.56 MHz) was applied to the disk D, to thereby
generate plasma, and then the carbon protective film formed

on each surface of the disk D was subjected to modification.
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through dipping so as to attain a thickness of about 15 A, to
thereby form a lubricaticn layer on the protective film
predeominantly containing carbon.
Example 2 (A protective film is subjected to modification by
use of oxygen gas after the film is formed through CVD)

The procedure of Example 1 was repeated, except that
the conditions in relation to the protective film
modification gas were changed as shown in Table 1, to thereby
produce a magnetic recording medium.
Example 3 (A protective film was subjected to modification by
use of Ar gas after the film is formed through CVD)

The procedure cf Example 1 was repeated, except that
the conditions in relation to the protective film
modification gas were changed as shown in Table 1, to thereby
produce a magnetic recording medium.
Examples 4 through 7 (After a protective film is formed
through CVD, another protective film is formed through
sputtering by use of nitrogen gas and Ar gas)

A disk D was prcduced in a manner similar to that
described in Example 1.

Subseqguently, the disk D was conveyed into a CvVD
apparatus, and a hydrogenated carbon film (thickness: 40 iy,
serving as the protective film predominantly centaining

carbon, was formed on the magnetic film. When the protective
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film was formed, high-freguency power (freguency: 13.56 MHz,

power: 750 W) was applied to electrodes, to thereby generate

plasma. During formation of the protective film, application
of pulse direct~current bias was carried out.

Or the protective film, a protective film containing a
carbon nitride compound was formed thrcocugh sputtering. In
Examples 4 and 5, the film was formed while high-freguency
bias (freguency: 13.56 MHz) was applied to the disk. In
Examples 6 and 7, the film was formed while pulse direct-
current bias was applied to the disk. The thickness of the
protective film formed through sputtering was 10 A. The
thickness of the protective film formed through CVD was 40 A.
The conditions for formation of the protective film through
sputtering are shown in Table 1.

Examples 8 through 13 (A protective film is formed
through CVD with application of pulse direct-current bias)

A disk D was produced in a manner similar to that
described in Example 1.

Subsequently, the disk D was conveyed into a CVD
apparatus, and a hydrogenated carbon film {(thickness: 50 &),
serving as the protective film predominantly containing
carbon, was formed on the magnetic film. When the protective
film was formed, high-freguency power (frequency: 13.56 MHz)
was applied to electrodes, to thereby generate plasma. 1In
Examples 8 through 11, the protective film was formed while
pulse direct-current bias was applied to the disk. In

Examples 12 and 13, the protective film was formed while
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high-frequency bias (frequency: 12.56 MHz) was applied to the
disk. The conditions for formation of the protective film
are shown in Table 2. Subseguently, a lubrication layer was
formed in a manner similar to that described in Example 1.

Examples 14 through 16, Comparative Example 1 (A
protective film is formed through only sputterirg)

A disk D was produced in a manner similar te that
described in Example 1.

On the disk D, a protective film predominantly
containing carbon was formed through sputtering under the
conditions shown in Table 1. In Examples 14 through 16, the
protective film was formed while high-frequency bias
(frequency: 13.56 MHz, power: 200 W) was applied to the disk.
in Comparative Example 1, the protective film was formed
without application of bias. The thickness of the protective
film predominantly containing carbon was 50 A. Subsequently,
a lubrication layer was formed in & menner similar to that
described in Example 1.

Comparative Example 2 (A protective film is formed
through conventional CVD)

The procedure of Example 1 was repeated, except that
the protective film was not subjected to modification, to
thereby produce a magnetic recording mediumn.

In each Example, before application of the lubricant,
the surface of the magnetic recording medium was subjected to
infrared spectroscopy before and after formation of the

protective film predominantly containing carbeon, and the
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infrared spectrum of the protective film was cbtazined.
Subsequently, the intensity of the peak corresponding to &
carbon-hydrogen bend was obtained. The infrered spectrum was
measured at a point 20 mm along the radius of the disk. The
results are shown in Table 1.

A fly stiction test was carried out in the following
manner.

Firstly, a magnetic head (an MR head employed in a
practical magnetic recording and reproducing apparatus) was
placed on a position 19.5 mm along the radius of the magnetic
recording medium, and the medium was rotated at & rotation
rate of 7,200 rpm at 40°C and 80% humidity. Subsequently,
the position of the head was moved to a pesition 44 mm along
the radius of the medium, and the medium was allowed to stand
for 18 hours while being rotated. Subsequently, the position
of the head was returned to the position 19.5 mm zlong the
radius, rotation of the medium was stopped, and then the
medium was allowed to stand for six hours. Thereafter, the
magnetic recording medium was subjected to one cycle of CSS
(contact-start-stop) operation including (a cycle c¢f rising
to 7,200 rpm for five seconds, operation at 7,200 rpm for one
second, falling for five seconds, and parking for one second).
After completion of the fly stiction test, deposition of the
lubricant onto the head was evaluated as follows. The head
surface facing the disk was observed under an optical
microscope {(magnification: X 240), and the head having

deposits cn its surface was counted as “generaticn of
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deposits.” The results are shown in Tables 1, 2, and 3.

The extraction amount of melamine was measured in the
following manner. The magnetic recording medium of each of
the Examples &and the Ccmparative Examples'was placed on &
spindle in a commercially available magnetic recording and
reproducing apparatus. Separately, a polyurethane paste {2
g) was mixed with melamine (1 mass$}, and the resultant
mixture was applied onto a piece of aluminum foil {70 mm X 25
mm) and dried. The thus-prepared piece, serving as an
impurity gas generation source, was placed in the apparatus
together with the medium, and allowed to stand at 80°C and
20%RH for 30 hours while the medium was rotated at 3,000 rpm.
Thereafter, the medium was removed from the apparatus, and
was immersed for one hour in ethanol (30 ml} heated at goeC.
The extracted melamine was guantitatively measured by means
of a GC-MS apparatus (Rutomass, procuct of Nippcn Denshi).
The results are shown in Tables 1, 2, and 3.

The amount of nitrogen in the surface of the prctective
film was measured by means of an ESCA apparatus (SagellCO,
product of Specs), and the ratio of nitrogen to carbon was
calculated on the basis of the follewing formula. The
results are shown in Tables 1, 2, and 3.

Ratio of nitrogen to carbon (%) = (Nls peak area)/ (Cls
peak area) X 100 |

The apparatus and measurement conditions are as
follows:

anode: aluminum;
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spot size: 2-3 mm; and

area: obtained through 2 fitting method (C: Gaussian
fitting, N and O: Gaussian + Lorentz fitting).

The carbon protective film was analyzed through Raman
spectroscopy (light scurce: Ar laser, wavelength: 514.5 nm,
output: 100 mW, exposure time: 10 seconds, area: obtalned
through Gaussian fitting) by use of a Raman spectroscopic

apparatus (product of Jobin-Yvon). The results zre shown in

Tables 1, 2, and 3.

X J ) N 00 -H 4-1 0 ! CGC -
Y 2 rrime) GG 00 44 dpe
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According to the inspection method of the present
inventiecn, without performance of a time-consuming test,
generation of deposits onto a magnetic nhead can be easily
inspected by comparing a predetermined threshold with the
extraction amount of an inspecticn gas component and/or a
compound component formed so as to contain the inspection gas
component, the gas component and/or the compound component
being extracted with an inspection solvent after a magnetic
recording medium is allowed to stand in an atmosphere cf the
inspection gas component. According to the inspection method,
there can be determined conditions for the production of a
magnetic recording medium, such that generation of deposits
onto a magnetic head can be prevented. In addition, the
inspection results can be reflected in the production of the
magnetic recording medium.

According to tne magnetic reccrding medium of the
present invention, the extraction amount of an inspection gas
component and/or a compound component formed so as to contain
the inspection gas component is equal to or greater than a
certain threshold, the gas component and/or the compound
compecnent being extracted with an inspection solvent after
the magnetic recording medium is allowed to stand in an
atmosphere of the inspection gas component. Therefore, since
the magnetic recording medium exhibits improved fly stiction
characteristic, the medium can be used while the flying

height is maintained at a low level, and used at high



I ndustrial Applicability According to the inspection nethod of th%
present invention, w thout perfornance of a tine-consumng test, 7 JAN 2005
generation of deposits onto a nagnétiic head can be easily inspected by
conparing a predeterm ned threshold with the extraction anount of an

i nspection gas conponent and/or a conpound conponent formed so as to
contain the jnspectiopn gas conponent, the gas conponent and/or the
conpoUﬁﬂ:%5$b%%eﬁ?nsbgVng extracted with an inspection solvent after a
magnetic recording nediumis allowed to stand in an a here of the

i nspecti on %%goégﬁgﬁnéﬁtngce6papﬁ6198 Pﬁ?CFﬁgpgétggﬁ #g%%%&? there can
be determ ned conditions for the production of a nm neti%.recording
nediun%n%%%%l@%attb%nérafﬁﬁﬁnéﬁoaéﬂog?ﬂge°6ﬁtOeﬁoﬁgdﬂgtWS hedd “6&n be
prevented. In addition, the inspection results can be reflected in the
pr odude$ ofe 9t 1Y hBrodughet | £1PEEoFAFng IREANGME 1AREET ARG SCEPRe nagneti ¢
recordi ng nediumof the present invention, the extraction anmunt of an

i nspecté¢rogass €orpodAEnPUAnd/ or a conpound conponent forned so as to
contain the inspection gas conponent is equal to or greater than a
certai n t hrkshokdingh&ogisecBaEoREAC IREPGE 1K 2EGFEET@US3mFonent bei ng
extracted wth an inspection solvent after the nagnetic recording nmedi um
i s al lawearsoust ahdtha pnesantodpliensieh dReiuAdpSctngn gas conponent.
Therefore, since the nmagnetic recording nedium exhibits inproved fly
stictiaforehanatbeeidsnegnethe medcumicanmbéiy8ed il €eCRESENE ng  hei ght
is maintained at a low | evel, and used at high 81 0 7 JAN 2005 recordi ng
densi tgeng#ttpr dangbeorehdéipeddustines process Cof obhehgresERt L sitdvents on,

t he af orenmentioned magnetic recordi ng medium can be easily produced,

si nce thprafedeaedt tbredistepeet betvesst hbg Meddary fdd Sufe@IA&derdi ng to
the magnetic recordi ng and reproduci ng apparatus of the present

i nventheadi nghudengetiheedaf or enenti oned magnetic recordi ng medi um high
recording density can be realized, since fly stiction characteristic is
i nproved and the di stance between the nmedium and a nagnetic head can be
reduced. B 2



What is Clainmed is: 0 7 JAN 2005 |I. A nethod for inspecting deposit.ion
characteristics of a deposit on the surface of a protective filmd7 JAN2005
predom nantly containing carbon of a nagnetic recordi ng medi um which
medi um conprises a disk and the protective filmforned an the disk, the
di sk conprising a non-magnetic substrate, a non- magnetic under coat

| ayer, L l.ayer, the layers being fornmed on the substrate,
charac#gggzgan?%gﬁhgg %%é met hod conprises deternmining that the
extraction gmount aof .an .ins .i nept, -apdLor -3 ;¢QmMaund
conponent f W§5%0§0f3§ ﬁgsg%ﬁﬁéﬁ F%g%F%ggE@t?onrgasecéﬁp&nent i s equal
to or reater th a _predeterm ned threshold..the n and/ or
t he coﬁg8858%08ﬁpgﬁgnﬁﬂﬁgﬁﬁ5 851Fagfgae&?%ﬁeaﬁliﬁngggggﬁgﬁgggﬁ ent after

t he magneti ¢ tecordigg ne%iun1is .stand jin_an atnosphere of
H’p8 WIill

.l owed t
the i nSPBEELBATGaSeT eﬁtmaﬁ?eiﬁciﬁgﬁgégFBH HEPRER ad®6ding to claim
1, wherein the inspection, ,gas conponent i s a.gas nerated in _a_nagnhetic
recordmﬁ&l&HdCP@BFéaﬁéiﬁgdégﬁa@89u§%€oﬁﬁPF§Fﬁé El ﬁggWeFPEmePeESr&i g
medi um and a nagnetic head for recording dat a Ontﬁg thg medi um and
reproddéskg the dask CREPELEIRG §. NAR TAIPECLFoR REFRBE S acColdi™mg to
claim1, wherein the inspection gas conponent is one o re selected
fron1aW@ﬁ@eélePpéﬁéﬁ@aéoﬁ?dﬁﬁhn@“&a§,méﬁ“&&ﬁﬁl'éyﬁfrd;58gﬁéﬁﬁﬁﬁb gas,
vaporized nel am ne, a vaporized |ubricant, a vaporized Rig?er fatty
aci d, BevdapofpzagdpRihihEc SaBSdréster CPaRATEpOFFIed” §r8ct ySpht hal at e.
83 07 JAN 2005 4. An inspection nethod according to.clainms 1, ﬁggrein t he
i nspecfeshogasorerpeREnEet e IALHAEIcSRPENERE GEnERELEETT PBNET MEntidY
enpl oyed inside the nagnetic recording and regroducin% apparatus, 5. An
i nspecthépertLROdJaEC6PEPRGENE EPEY/ P8 & CRABPENA CRBPORFSHed 8IS0l vent
is one or nore selected from anong  nethanol, ethanol, isopropyl alcohol,
and waBer 256 LtOAGCNASpacENEN LREPREE 188 §Adi RETPENERLI As BIURHer & £ he
threshold is 0.06 [g/ 100 cn] when the extracted conponent is nelam ne.
7. A pEseasert 6hapr 8dnEeAg te ragret L8 re886rdr n§ Redrgmromponent

and/or the compound component being extracted with an
inspection solvent after the magnetic recording medium is
allowed to stand in an atmosphere of the inspection gas
component .

2. An inspection method according to claim 1, wherein the
inspection gas component is a gas generated in a magnetic
recording and reproducing apparatus comprising a magnetic
recording medium and a magnetic head for recording data onto
the medium and reproducing the data therefrom.

3. An inspection method according to claim 1, wherein the
inspection gas component is one or more selected from among a
siloxane~-containing gas, an acrylic-acid-containing gas,
vaporized melamine, a vaporized lubricant, a vaporized higher
fatty acid, a vaporized phthalic acid ester, and vaporized

dioctyl phthalate.



whi ch process conprises formng a protective film predom nantly
contai ni ng carbon on a di sk conprisinggs@a non- magnetic substrate,&ﬂJAN?%ﬁ
non- magneti ¢ undercoat |ayer, and a nmgnetic |ayer, the |ayers being
formed on the substrate, characterized in that the protective filmis
formed such Lhat, Jhe ExId aelean difq A1 | 19PGRRL T ON RS Lammanent

and/ or a  conpound conponent formed so as to contain the | nspection gas
conmponent_ i s ual to or_greater than a pre j.ne o] t he gas
corrponer%tnséjﬁ&;% 7t S conpount ngconrlpso?laerﬁasobceolcllﬁ%g&{eeiﬁQa%ne%gvf ‘%ﬂ %ﬁom d

i nspection solvent. after, the etic recording mediumis_allowed to
stand | AHeRt FOBPIRME T TS Pt O QA e S o < B Sutitd i on

process for a magnetic recording nmedium according to claim7, wherein a
for mat i GRPFLELESs for the protective film predom nantly contai ning
carbon conprises a 84 07 JAN 2005 sputtering process in which the

prot ectisve fAMMINSHGTTED BN FHELTE AT ¢t didht ne diegkeegn We
producti on process for a magnetic recording nmedium according to claim?7,
wher ei n iasPecrEciTor Provesst § oing He T @i 99 | i g lsmadant |y

cont ai ni ng carbon conprises a plasma CVD process in which a reaction gas
cont ai nimeg hamydr,ocartizorel s empoymd asleoh@w rterdatier 10. A production
process for a magnetic recording nmedium according to claim7, wherein a
formati &én pr @dcessiSfercttien nerdiettd o fdilmy preedoim ment] y wwontaimi tige
carbon conprises a formation step including a plasma CVD process in

whi ch a threatidlan igas) .coht gigd T hyth] osdebomn hies eenplaeyed aorgarant
material, and a formation step including a sputtering process in which

t he protiectievenfidanis forned while bias is applied to the disk. 11. A
process for producing a magnetic recordi ng nmedium containing a

non- magnet i ¢ xS sided £, f ér NLdRANG} | £ IOt red @I n@nfe @i BRINeti ¢
| ayer, the process conprising formng a protective film predom nantly

cont ai niyig SRR LI alodSasdes NSrPing he Dan-dmaned i € ypder coat | ayer
and the magnetic layer forned on the substrate, allow ng the nagnetic

e one iR, S ) USRS i LD S

Conponeﬂkéﬂglfgﬂ§HE§EE§8§quW%ﬁlﬁgﬁﬁg¥§cVﬂﬁ&%f@bat layer, and a
magnetic layer, the layers being formed on the substrate,
characterized in that the protective film is formed such that
the extraction amount of an inspection gas component and/or a
compound ccmponent formed so as tc contain the inspection gas
component is equal to or greater than a predetermined
threshold, the gas compcnent and/cr the compound component
being extracted with an inspection solvent after the magnetic
recording medium is allcwed to stand in an atmosphere of the
inspection gas component.
B. A preduction process for a magnetic recording medium
according to claim 7, wherein a formaticn process for the

protective film predominantly containing carbon comprises a



i nspection solvent after the magnetic recording nediumis allowed to
stand in said atnosphere, wherein an exiract of at 85 D7 JAN2005 dadhN 2005
one of nel am ne conponent and nel am ne conpound conponent is at | east
0.06 g/ 100 cm 12. A process for producing a magnetic recordi ng medi um

cont ai nispg +2 ARy d&s SUDSITALE, 1% NONSIIRANSSd Cf tnder coag mlayer and

a magnetic |l ayer,” the process conprising formng a protective film

predonm pantly LGant gis?ihaggaﬁaer&)% Q{hé"‘tdj! st one of the non-magnetic

under coat Tayer an magneti c 1l ayer ‘orned on the substrate, allow ng
t he magnetic.,recordi diumto stand in an atnpsphere of an.inspection
gas co%ﬁoneﬁt P réjfjgl rcagﬁnggjraonc?snsspfzoc ion'% nsen[clocrrpr()encge)cr)1 “Hh /%?d%aumcorrpound
conponent forned so as t.o ntai n the inspection gas conponent, in an
amount  EGGRF L6 %0k it T St dtiek PR T thr QRO O t PN

i nspection solvent after the nmagnetic recording nediumis allowed to
stand i Rr&ACE L iEmdspie Ry e TH LY Rl B HIiE | $F TR R CLPREL P8P df t he
surface of the protective film predom nantly containing _carbon,

cor r esp8R@icRg V' Da &SRS iyt B e bonEaHaCTarg 2§ it@si1y2d¥ not nore
than 0.055. 13. A process for producing a magnetic recording nedi um

cont ai nihryglracﬁé'rhqﬂ?agmetqf@lﬂm{)raﬁ@ zEWhorerighet i ¢ undercoat | ayer and
a magnetic |layer, the process conprising formng a protective film
predom Adnt |  cowtdhiatiing qardsorsonfat 4 easineone ofcthelmonredgwet i c
undercoat |ayer and the magnetic layer fornmed on the substrate, allow ng
t he magreicice diecortdi gl a imedi umiersstrard f orreat atmosphes es of oanthaspecti on
gas conponent, extracting an inspection gas conponent and/or a conpound
conponemlr ctectad es & idsn tpr eeiitiaiant he ddspentinn gasb86 OonfpdANe2085
conponent in an anmount equal to or greater than a predeterm ned

t hr esholfd rwiat:h can dtRgpeatd o sof el Adriercihersegnet i wecending medi um
is allowed to stand in said atnosphere, wherein the ratio of nitrogen to

carbon iralche orPlfLCldrites frid g pRAUENSHH Vi £0th@l &g £arHopzks 5 to 40
at% 14. A process for producing a magnetic recordi ng nedium containing
a non- magReti:¢ 1SURSLS af &0 BN ATBINGS | 5 dNASI L9 sputtering process
in which the protective film is fcrmed while bias is applied
to the disk.
11. A process for producing a magnetic recording medium
containing a non-magnetic substrate, a non-magnetic undercoat
layer and a magnetic layexr, the process comprising forming a
protective film predominantly containing carbon on at least
one of the non-magnetic undercoat layer and the magnetic layer
formed on the substrate, allowing the magnetic recording
medium to stand in an atmosphere of an inspection gas
component including melamine, and extracting at least one of a
melamine component and melamine compound component with an

inspection solvent after the magnetic reccrding medium is

allowed to stand in said atmosphere, wherein an extract of at



| ayer and a nmagnetic | ayer, the process conprising formng a pro CM%
filmpredom nantly containing carbon ogsat | east one of the non- g 1085
undercoat |ayer and the magnetic layer formed on the substrate, allow ng
the magnetic recording nmediumto stand in an atnosphere of an inspection

gas COMRRReNton e 8610 AN dNFRGEA O HAHCURIE ol 08 @  conpound
conponent formed so as to contain the inspection gas conponent in an

anount equal to or, greater th r erm ned threshold with an

i nspect CONPOSATnt: Bt 43RF ad:ra@%f‘%fﬂf&ec%‘% ding mediumis allowed to
stand in said atnosphere, wherein Id/l1g of the surface of the protective
film prédon AamMogasontid higPdech 4 gnamte niot & adrrd B1% . medium

containing a non-magnetic substrate, a ncn-magnetic undercoat
layer and a magnetic layer, the prccess comprising forming a
protective film predominantly containing carbon on at least
one of the non-magnetic undercoat layer and the magnetic layer
formed on the substrate, allowing the magnetic recording
medium to stand in an atmeosphere of an inspection gas
component, extracting an inspection gas component and/or a
compound component formed so as to contain the inspection gas
component in an amount equal to or greater than a
predetermined threshold with an inspection sclvent after the
magnetic recording medium is allowed to stand in said
atmosphere, wherein a peak of an infrared spectrum of the
surface of the protective film predominantly containing
carbon, cocrresponding to a carben-hydrogen bend, has an
intensity of not mere than 0.0525.

13. A process for producing a magnetic recording medium
containing a nen-magnetic substrate, a2 non-magnetic undercoat
layer and a magnetic layer, the process comprising forming a
protective film predeominantly containing carbon on at least
one of the non-magnetic undercoat layer and the magnetic layer
formed on the substrate, allowing the magnetic recording
mecdium to stand in an atmosphere cof an inspecticn gas
component, extracting an inspection gas component and/or a

compound component formed so as to contain the inspection g&s



86 07 JAN 2005

component in an amount equal to or greater than a
predetermined threshold with an inspecticn solvent after the
magnetic recording medium is allcwed to stand in said
atmosphere, wherein the ratic of nitrogen to carben in the
protective film predominantly containing carben is 5 to 40
at%.

14. A process for producing a magnetic recording medium
containing a non-magnetic substrate, a non-magnetic undercocat
layer and a magnetic layer, the process comprising forming a
protective film predominantly containing carbon on at least
one cf the non-magnetic undercoat layer and the magnetic layer
formed on the substrate, allowing the magnetic reccrding
medium tc stand in an atmosphere of an inspection gas
component, extracting an inspection gas component and/or a
compound component formed sco as to contain the inspection gas
component in an amount equal to or greater than a
predetermined threshold with an inspection sclvent zfter the
magnetic recording medium is allowed to stand in said
atmosphere, wherein Id/Ig of the surface of the protective

film predominantly containing carbon is not mcre than 3.5.



