1 1 ,159159* Magnetic Recording Medium and Method for Producing and
Inspectlng the Same This application clainms benefit of ear].i n
+based on Patent Application No. 2000-231114 filed i m\“\mﬁw\lﬂm@ d: JuI y
31, 2000), and Provisional U S. Patent™ Application (Fil ed:
Novenber 8, 2000). Technical Field The present invention*sehftes to a
magnetic recording mnedium a production process for the nedi um..and an

i nspection nmethod for the medium and nore particularly to a nagnetic
recordi ng nmedi um exhi biting excellent durability, a produﬁ“ﬂﬂﬂWWMﬁmﬁmﬁ for
the nedium and an inspection nethod for the nedium Back har d
di sk apparatus, which is a type of nmagnetic recording and repr@gidsi Nng
apparatus, includes a mayyidtci c rreses s ivgy mesdium, aed a magnetic head for
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by 60% per year, and this trend is expected to continue in the future.
Therefore, a magnetic recording head and a magnetic recording nmedi um which
are suitable FbﬁSZapééﬂpzéﬂp@nCéﬁlmﬁgbem@ééﬁdp g c@sAdery apRIE Cgddons

devel oped A magnetic recordi ng medi um enp ed in a magnetic recording
and reprBaaéﬁngnaﬁﬁéﬁatuépﬁﬂlFﬁélPﬂkEOba§p88r§911ﬂﬂc¢aéég fiReJ8PRECt Ure as
descri bed below. On a substrate containing an Al allo¥ coated with Ni-P

t hrough pFatedy drlyn3la2@Pilss §UHSP¢8Né51§“ﬁénUn§gn8ﬁ gninder coat | ayer
for determning crystal orientation of a | oy |layer is formed fromCr
or a Cr %Ppéycégéﬁna§06r@@6?4éﬁﬁé tREd&GH §BUFP€PFn§ &RBAY -ot her et hods.
Athin filmof Co alloy, serving as a nagnetic layer, is forned on the
non-magnetic undercoat layer. In addition, a protective filmfornmed of an
el ement such as _carbon is provided on the magnetic |layer, and if
necessaryecaanﬁBrF&§n9 such as perfluoropolyether is applied onto the

t ect f I t t h di d t
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dermand ford?uﬂ?ggeékgdﬂgggég'B%og2g5“¥br %%g %Q%QL%§ 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, a magnetic recording head

and a magnetic recording medium which are suitable for



reduction in spacing loss (i.e., distance between a magnetic recording
head and a magnetic layer) . In order to reduce spacing | oss, studies have
«been perforned on thinning of a carbon protective filmand reduction in
the flying height of a nagnetic rec&rding head. In order to forma carbon
protective film sputtering or plasma CVD has been carried out. A
criterion for evaluating durability of a magnetic recording nmediumis fly

stiction ghas agtebhsbiCniIRe LRLMN nk! HeRLLEL AOVENBERR BELSALEedT CT ers 1O
a charactefrsfrc™3 represénted by a stictiron‘value or ‘a magnetfc recording
medi um whi ch,v LS 0 i - i i3S s i .10 CSS
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flight o tiLgqh RNt al of,-a+pre rpd hge. W
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the T11gAL1a4all LhbYs0buReiRANGL Boltadpbd bRIRLed, oMl ChufBY afesUlt In
probl ens” such as head crush attributed to contact between a protective
filmand ti ad: ar.t,i ag,k pdi hi kegondi

densi £y £oEa R i A e e R R e 85 R 5 ned
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fly stiction characteristic. However, a magnetic recpralng medi um pr oduced
t hrough d&b@rﬁiﬂ%ﬁ?%?&?ﬁgq 62RYRRGLLOBA! o7 b @Byaq)ilalyg'sltaP/@QOESf |fl5rm§(ni' ction

characteristic. e reasons is thought to be ol l ows: wh

deposi tsrarg depgsi hed 08t 9ohgusHr hacer@f orseehioa tiRangh ¢ple¢erdingg
mediumin a nmagnetic recordi hg and reproduci ng apparatus, and when't he
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deposited onfo a magnetic head, and thus fly stiction characteristic of

the nedwdghksikbonayed, ©OaereimsucBndepesibs-insghkeughtunde raoatompgietd
contai ning a gas conponent generated in the nmagnetic recording and

repr oducingaa@paiahyiSaoprateempoundinhi €bringd bar aed elllriengh stieackison
bet ween the gas conponent and an ionic substance contained in the

appar at usarsdgshigspaoffetiad. onFeheenagpkeicalugeiret ynef ifemeelesseamyl,oyed in
the magnetic 4 recording and reproduci ng apparatus are produced from
pl astic laBteechatssaubhaaspeesinoebppheetheur iisg apgdiirel oAtopltastici zer
such as a phthalate or a conpound such as a photoreaction initiator is
gener at edraseanivaptiliiy gas
In recent years, requirement for high recording density
of a magnetic recording medium has been increasing, and there
has been demand for a magnetic recording 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. 1In 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



conmponent from such a material. Mreover, a lubricant enployed in a pin of
a connector part is present as an inpurity gas conponent in the nmagnetic
‘recordi ng and reproducing apparatus. In order to nmaintain cleanliness of

t he magnetic recordi ng and reproduciﬁg apparatus, the inside of the
apparatus is segregated fromthe outside. Therefore, such a gas conponent
generated inside the apparatus remains therein in a certain form and a
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head has the posit  on its surface, witing of data onto a magnetic

recor di %dﬁgd,u%ﬁc epdi g of S fad@ dihes ef ko aayuhe: suggstkstagtory in

practi cal erefore, there has been demand for a magnetic™ recording

medi um ¥ WYL h AePROsiL-Ss L £ DOt o SRSEAYr SeP9ST 4 £ler thE P@éseﬂbﬁ%gg

enpl oyed in a nagnetic recording and - reproduci ng apparatus of hig
recor di ng, Aensifyn dHNeMed . £ Bfght Ner RS apsitet | BBncdleh el RaNRLAYARKADI €

met hod for inspecting the degree of difficulty in deposition of deposits

onto a #AMYNEtd G dacon ik nedhdim wWhesCltorura fsdintendd on In view of the
foregoi ng, an object of the present invention is to provide a nmethod for

i nspect idyh Adre degiter: s % dhddhstd & Yrédo eepRsi hé@uef i depegktedpntpea
magnetic recording nmedium a nagnetic recordi ng nmediumon which deposits

are not magHy feposi e o PrReesst{OThPi@dUei Dgwe b, TRHILUAT mapd a
magneti c recordi ng and reproduci ng apparatus conprising the medium The

present ddwart ans dretsl & f Oidmda X eS| yeu st ugt esibuasd baveoheudad
characteristics of a gas generated in a nagnetic recording and reproduci ng

appar at Uset vl act@fdisdd€sve of 1 Bn def@stiie Glagnéti bonepsot ective filmof a
magnetic recording nedium and characteristics of the carbon protective

film Thefriesanrliyyentnedi itaso beeigaceasptd shgddensitheibaassdof this
finding. 1) Afirst invention for solving the aforenenti oned probl ens
provi deswha Iretthad flofindidpecdhingo flepasadgnoni chaeadt £si mbinsaintédaatdeposi t
on the surface of a protective film predom nantly containing carbon of a
magnet i claveclerwkiing amkedihung  svneic ha ekl inm cosrpdéensasdaddiskeahdbtihe
protective film fornmed on the disk, the disk conprising a non-nagnetic
subst r atexced Irort= nAlgnet i icctuinclercloatatgeistbhd a magnetic | ayer, the
| ayers being formed on the substrate,
However, a magnetic recording medium produced through
the aforementioned conventional art may exhibit poor fly
stiction characteristic. One of the reasons is thought to be
as follows: when deposits are deposited 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 compound which is
formed through reaction between the gas component and an

ionic substance contained in the apparatus, such as a metal.

For example, a variety of members employed in the magnetic



characterized in that the nethod conprises determning that the extraction
anount of an inspection gas conponent and/or a conpound conponent formned
+S0 as to contain the inspection gas conponent is equal to or greater than
a predeterm ned threshold, the gas éonponent and/ or the conpound conponent
bei ng extracted with an inspection solvent after the nmagnetic recording
mediumis allowed to stand in an atnosphere of the 6 inspection gas
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is drawn e 1 nspection nethod according to

1), mern?ﬁ{b%i@lé rgsl_pdpaﬁlténsgnreggfn ctppw_c&ﬁ gasSsgeperated in a magnetic

recordi ng and repro apparatus conprising a nmagnetic recordi ng nmedi um

and a | & hep cor o g t $$béﬁﬁ@u d; o reproduci ng
t he dat erie(fcji om d%l§&53\ ét%lér)oﬁlﬁ nveﬁﬁ%n&?o? éo VI ng t%%&gf%sr’ eﬁenti oned
proble m%éofi%aam% P PDEELd CL STRORLIRLA Of s Lhie 1 MSRELt y 0ga St hO
according to 1) or ,” Wherein the nspection gas conponent “is one or nore
sel ect e AAUMANDNG: Gy SLAQK AN S EONE AL I NUMBDvedN AUl el d- contai ni ng

gas, vaporized ne vaporized lubricant, ‘a vaporized higher fatty

aci d, Eieﬂﬁ?ﬁ?é&eﬂqpytﬁf%i&fa&!goﬁﬁé@{oraﬁQrEaPQrﬁfggeg{0§§Y£n pht hal at e.

4) A fourth i1'nvention for solving the aforenentioned problens is drawn to

a speci fi6,eradi peat - fpdhent NsPecké ORagh®t Nedrasspa dhydaray one of 1)

through 3), wherein the inspection gas conponent is a gas conponent

gener at et d ¥ QUL @i n JTRANSA r £ERS OY &th idi&iede ddend BNt Creeorididis a
reproduci ng apparatus. 5) Afifth invention for solving the aforenentioned

probl ems hd SnAle & OrScSPELh | n&@ i:dsf@@&i@% ippatacpesttne eshad
according any one of 1) through 4), erein the 1 nspection solvent is one

or nore seletd ethpd Pan @s0Ng hagotedethamnothe boopiapy! Blaahtire and
water. 7 6) A sixth invention for solving the aforenentioned problens is

drawn t o5 @cispecdd s Coaiboshiengeméribedi Nspeeéi ohe NBppotatascoedagsany one
of 1) through 5), wherein the threshold is 0.06 [[1g/100 CWM2] when the

extract ech&osponent a | Se Fed & Herm, 73nd sepent hoh nvEnthencéboposehvi hg t he
af orenenti oned problens provides a magnetic recordi ng nmedi um conprising a
non- magngidwglstibisd risé @ma aodepagiet i dherder coagnd tayerheatl kas the
deposit on its surface, writing of data onto a magnetic
recording medium or reading of the data therefrom may be
unsatisfactory in practical use.
Therefore, there has been demana 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



magnetic | ayer, the layers being fornmed on the substrate; and a protective
filmpredom nantly containing carbon, the film being fornmed on the
-magnhetic layer, characterized in that the extraction anmount of an

i nspection gas conponent and/or a conpound conponent formed so as to
contain the inspection gas conponent is equal to or greater than a
predeterm ned threshold, the gas conponent and/or the conpound conponent

bei ng_extf AeL eth W Lih age ggépﬁ%hogfseg%ﬁgit@f;ﬁ'{ﬂtQem gaagetc recording

medi um i s I'n"an at nosphere o peciion gas

corrponen;ecggdfhg r&%lﬁ{‘urh “Vg%}ﬁgﬂe{@é §8E¥k89n&hxﬁeéi%eeﬁ%h%ﬁd pr obl ems

is drawn to a ¢ embodi nént of the nagnetlc recordi ng nmedi um

accor di n@e;BQsZ%s yherghf é§§119r8ég8£9t Bﬁokésél@gr%bdwfe% the

extracted conponent is nelam née nlnt I nvention for sol V|ng t he

af or ement j, ongdy PERP! SHE a'ﬁa?ﬁéﬁ@ct9e@o§8§ﬁbfhﬁdEHEBQbHEEEnaf the magnetic
recordi ng nedlun1accord|ng 8), wherein a peak of the infrared

spectrun& af5@h§L@5ﬁ5fa§qnéhgh@rﬁggggmve fil mpredom nantly containing

car bon, e peak corresponding to a carbon- hydrogen bond, has an intensity
of 0. 055 or |legs. p§e4991tAlﬁeaheokQvaabb%e&%rﬁebveageh@@v@f %&%@%@tsl oned
problens is drawn to a specific enbodi nrent of the magnetic record |ng

nedi um agsQ@rKAPY OuRDYcIoRNLa Ot el sthEsugh §) gasw@@ﬁ@katéaelhatal o of
nitrogen to carbon in the protective film predonm nantly containing carbon

is 5-40 mddnetdid Fe&dLYENG hahcﬂVEQ]kadiuf:QflgSQ%JpShﬁgthB? aharaoeBianeds
problens is drawn to a specific enbodi nrent of the magnetic recording

nedi um ag£ 08 diédigod Dt 2B HN€aPbor) ptBEtOUENVA0Fi1mwbeEr gi Rabdekdcof the
surface of the protective film predom nantly containing carbon is 3.5 or

| ess. 12pedotaenhd thediueNtand ERarsetyrngtibe afotrsennirbBad probl ens
provi des a process for producing a magnetic recording nedium which

process wodpEdisese fHIIM NG The prdsait vienfar i g adiosni et | yc comp Bl shag
carbon on a di sk conprising a non-nagnetic substrate, a non-nagnetic
under coatn tlayasasianc tmgweficdiayer, the layers being forned on the
substrate, characterized in that the protective filmis formed such that
t he ext rhct ifPorf iarstudinveh taron nSpe cdlon rigast he anfponamen anoied probheonsnd
conponent formed so as to contain the inspection gas conponent is equal to
or greatmrovihdes a2 merBved efor nedspaceshgl depohitjas cbapertetriandesr t he
conpound conponent being extracted with an inspection sol vent

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



after the magnetic recording nmediumis allowed to stand in an atnosphere
of the inspection gas conponent. 13) A thirteenth invention for solving the
.aforenentioned problens is drawn to a specific enbodi mrent of the
production process for a magnetic ré%ording medi um according to 12), 9
wherein a formation process for the protective film predom nantly
contai ni ng carbon conprises a sputtering process in which the protective

filmis Ig%ggggggb:ﬁagiﬁémgéneggplied to the disk. 14) A fourteenth

i nvention orenentioned problens is drawn to a specific

embodi ment A ord Oﬂ'&’\%ﬂ@fht} g@fe§§l$9ﬂ%atﬁ@%ft dRcy i pg medi um

according to 12), Wwherein a mat 1 on process e protective film

predoningp&%yeﬁgnigiggggﬂsggbgns 88@%kée§ﬁgfehﬁgﬁﬁ S@TEhQYQHgéégk'oWhiCh a

reaction gas contail ning rocarpon I s oyed as a raw naterial. 15) A

fi7teent ot BNANLEAB-GRRgSOLVL DY LhE BEA eNBNILapedy i BhOBLEMBokB kAN Lo a

specific i men he pr ctron process for a magnetic recording

medi um ageoL g hOnd2hred IR &1 RalnbeiBRLLAB BEAGERAA! PEPLBELRIALCC | Ve
film predom nantfy contalning carbon conprises a formation step “including

a plasme, VD BrQcessmbpi Wohghaanb§ACEE BN r@RS ra¢ ARt ALALBA AMEr gcarbon is
enpl oyed as a raw material, "and a” formation step including a sputtering

process pagMbieb hbeq BHet eetbyQihhl Aks bakeednwhinkaibinasnbs applied to
the disk. “16) A sixteenth invention for solving the aforenmentioned

problen$r9§95598§n?_ﬁaenaaks_Eﬁ@@é@&@ﬁ.and reproduci ng apparatus _
conprising a magnefic recording nediumand a magnetic head for recording

data ont g)the drediaim apcht 16PT ASHICHDvING €Ré aa fbesrRdn OIBnsdhap aebeemaed in
that the nagnetic recording nediumis a nmagnetic recording nmedi um as

recited 18 @p¥wAN€o0h £pebhEQUIBmbiNimdAtASfUSRE haEpkBtibhRembehad’ at omi c
% may be abbreviated as "at% " As used herein, "1 nni refers to "10 A"

Bri ef Degeebpling €b theobr aw ngaekrkd@n thiesiaspeessoneghkorahpvinewtof one
enbodi nent of the magnetic recording nediumof the present invention. Fig.

2 shows §Beongpunt motedepdscteadoirbhe aspvhbaeae saficaansrgnatiadniegorgdisng
medi um versus the total anmpbunt of diffusion gas. Fig. 3 is a schematic
repr esenant aonyihoewangdacoagaehiag gas, vaporized melamine, a
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.



recordi ng and reproduci ng apparatus including the magnetic recording
medi um shown in Fig. 1. Fig. 4 is a schematic representati on show ng a
-plasma  CVD apparatus enployed for carrying out one enbodi ment of the
production process for a magnetic regording medi um of the present
invention. Fig. 5is a schematic representation showing a protective film
nodi fi cati on apparatus enpl oyed for carrying out one enbodi nent of the
producti ocess for_a magnetic _recordi i r

product | o B G55 [0l GyURANSALS o SEOLL 00 EEL MO 1D 380 o
appar at us. efpLoX efloT 9f sALL ¥t DURHL 4 PNEnETBROLARNG o sBLkIBNPLHRAHE,' On
process TOr a nagnetic ecorﬁlng nmedi um of "t he present invention. Fig. 7
illustra % a d Sktiv lit.a p f. pul se
i oot cterorREplaaty 1ghBodF Eashepulesy ) PretRin IR SEPES s
enbodi mept . of the. inspectign t.hod of the pr n L nvent | | be
descri be :Oghé**?g%%c’%f@n ‘ﬂiﬁ.rho eofe)f%%a%tf%@en%ﬁ?%%%%?! Jg% Illné)?aﬁr{\%béhl y
descri beg bol oy, e, ISPAELIAN. AR NOGh £Ind NEndY 286PLEAYEGRLEN 1 nCl udes 2
step in i ch @ magnheti'c Tecording nediumserving as a sanple is allowed
to stand,j t f ' ecLi : 42S CATRANER o i @ ihRerneby
expose PRl PSP o R A = the

medi um i ﬁ&ﬁ%&gﬂeé‘}c%%@%%@; fil Hbﬂt@?ggbr@rggt hz.sd_%Q%%itnilaggg%mn;a a step

in which the resultant naegnetic recor iumis imerséd in an

i nspectinn,50LYEN aybP, thREEDYSUB) BEL nhhe oRRALUBN! @ he%lbaGk@R); anstep in
whi ch the extraction anmount of "the inspection gas conponent and/or a

conmpound; f QF BB PvaSEL Pm £2BHBMINENR192EcRORRANREL catblohg ithEPEGliON
solvent 1s neasured after conpletion of imersion; and a step for

det er mi nbggnghabrhbg 6xt £AEL hQGnaBRENL alye requak rhe tef igeentier thhtarhz
predeterm ned threshold. Conventionally, a magnetic recordi ng nedi um

i ncl udi ngxra PEPLRCHAYENE T b BAVi AIpEEReSht Fa@N dolposienfrac@d/s i ATer sed in
a solvent, and then the extraction anount of the deposits in the solvent

i s measugsdpoh8NcbRBoRXhE AEbRBJABBURE S &Rkl inOkhehamsile tamurtad S
equal to or lower than a certain threshold, the magnetic recordi ng nmedi um
i's consi dempenéht haveqaasnabl oangushtet depasit preideeernimedredi umis
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.
8) A eighth invention for solving the aforementioned
problems is drawn to a specific embodiment of the magnetic
recording medium according to 7), wherein the threshold is
0.06 [ug/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.



considered to not be prone to the deposition of deposits on 12 its surface.
In contrast, according to the present invention, after the nmagnetic
-recording nediumis exposed to an inspection gas conponent, the extraction
anount of the inspection gas conpon&nt and/or a conpound conponent forned
so as to contain the gas conponent in an inspection solvent, which
conponents may be deposits, is large; for exanple, the extraction anount

is equal_to qr greater thgn a certai thr hogﬁf In the present invention,
t he armuln(ﬁ) of® &éﬁﬂfgl 16 R teﬁﬁfsé’gevﬂ‘g gcsr}% e%eénerrgcloo?n |Gflg medi um can
be determ ned by .the extraction anmpunt of the deposits. Th hani sm of
t he (kﬂQﬁ## %W%ohsigrﬁgguﬁ%datﬁp%%lg.Cf%??% me ?99%2§% dﬂgggﬁglgannunt of

d it th f f tecti fi i di

o0t um wFRTO AP AnBAT B 6P FOS) B gean TP En | nERRGMPn? [& exposed
ies; f | e, due t I af ] f | h [
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1 ..
anount O? | uSli on gas |1 ncreases, S are not eposited onto any

medi um .f‘f) i ?\ ?g‘peavre h firnc{;% Sﬂ-i%snuﬁort %l\{ﬁﬁ'ﬂ# U&HJ ai?oﬂa%%rpd’ﬂﬂ?eci o the

deposition o posits on | ace w espect to the anount of

e eS8 Pem8 S COHR °Co th T Do LD MECLHALG  mdRE BECERO nbBNERLErS Nave

consi der regron € or sion gas i s not eposited onto

the surface,pl e, BEoLRCLLYG: I AR cBULnYSonadser hedihRoblie RboL ecti ve

film The present 1 nventors have ~consi t, when the anount of

difoSioﬂhQ§§%§ﬁ$§?ﬁi bRer 3 QHPH§§?0éftBﬁe9a§oﬁﬁbﬁhveaﬂi@s adsorbed in the

protective protective m has deposits on its surface.

Theref or reagﬁiﬁgpemg 8bnght fi¥5508a g8SnagsoBbedokn kg, protective film of
the mediumF 1s greater than that of diffusion gas adsorbed in the

protecti vg) fid raf1 e BAMDE £ANCSTWEnG NendT St Sedrae fnam of the

medium F is not prone to have deposits on 1ts surface. The extraction

amount 35ro@§@@§iﬁ§o@§d€§a§Uﬁﬁgcé§§9fgknﬁrb@ubmﬂgpéeﬁaghetm&entiOn can be
regarded as the anount of the deposits adsorbed in the protective film

The magneitsrdesgrdeagurpdiviivef ptbeepsesomnpriBeentbening which the
extraction anount of deposits is equal to or greater than a certain
t hreshol grbse8t MRgNetiif preaondhagt ipdcuntubhihgi sambbnpoane taskave
deposits on its
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 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 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.
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),



surface, since the anmount of the deposits adsorbed in the nmediumis
satisfactorily large. For exanple, when the extraction anmount of deposits
~on nmagnetic recording nmediumA (defective sanple), which anmount is
measured according to the present invention, is regarded as a threshold,
the extraction anount corresponding to the magnetic recordi ng nedi um of
the present invention is greater than the threshold. Briefly, the anount
of deposi.ts_ adsorb i j o] h i LB LS rgrpater than that
of deposw?ér%}sd%b§%r¢%t%£§ H%%é?%%]EPET %?e?%?g%bgﬂgbnagnetic recordi ng
medi um o ; t ] L | - hgve $is on its
surface.g?ééﬁ&%ﬁ%?%f?n%%@%%?%%ggr%%5%§be8§ﬁﬁfl%g§t bepggggr?Bgd. Fig. 1

shous an, eXeIBL aly JROOR!Lfe! BECLALRGVHREL UM 18 BPh@HCHNAToansaPLe for

i nspecti e magnetic recording mediuminc es a non-nmagnetic

substr at ; - ngikg. undercoat layer 1, a magnetic layer 2, a
carbon pr e%??cgg ???n1%, and a lubrication layer 4, the layers and film

being  Seressinl i IO ARed ieo? URSE T £y thq RLES A HorbifieneaoRLe 1S

allowed to stand 1'n an atnosphere of an 1nspection gas, to thereby expose

the Surﬁfﬁﬁ}émstfs SRRher L0, BEe828 i cFanLBXaMRhE. ofhenergRebuetibacor di ng
mediumis allTowed to stand I n a seal ed container capable of introduction

and di schasges 9f r@P i NaRgRLEDPR 9aSorddNd hBeRuhhectBsReeli @B 929 ,is
introduced 1nto the container. Wen a magnetic recording and reproducing

appar at Ushd se i €nP! pyeaBsofUphoaes8aked €RBt grBeEcttike wagpetic recording
medi um can be placed on a spindle in the apparatus, which is preferable.

Mor eoverp r S&R: A 4er 5Pi BehEaifihgt BheBohNcampr@Baer asblbkak oDt he case of
practical use of the apparatus, the magnetic recording nmediumis exposed

to the i9spesss ofn @ASchNaar8BBBEbnSHAL! abntaihhagcayerekapbaet iigal use of
the nmedium which is preferable. The rotation speed nay be any val ue

W thin aefpng@e®fad, 200ad5mQ08rfapn] . The concentration of the inspection
gas may be, for exanple, 3.8 [[tg/the volunme of the inner space of the
magnet i c15pcqy i i ettt H epieshici dvg Bppasal wislg (aser eflocedehvioseoxane

oligoner). Alternatively, the concentration of the 1inspection gas may be,
for exanptehldbs|hg/ &€a8wh tasar egdecedict embbHawane olfi ghreproductdotger to
accelerate the test, the concentration of the inspection gas is preferably
hi gh. 15process for a magnetic recording medium according to 12),

wherein a formation process for the protective film

predominantly containing carbon comprises a formation step

including a plasma CVD process in which a reaction gas

containing hydrocarbon is 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).



The, time during which the magnetic recording mediumis allowed to stand
may be, for exanple, 24 hours. In order to adsorb the inspection gas
-sufficiently into the magnetic recording nedium the tine is preferably
sufficiently long. The tenperature wWien the magneti c recording nmediumis
allowed to stand in the magnetic recording and reproduci ng apparatus may
be, for exanple, anbient tenperature. In order to accelerate the test, the
tenperature is preferably.hig T re when e LGl rdi ng
med am s al FOWBs RoRSrRRA" ni)pBerRor SeaNEsI o TR Eoc CppEediREed |

order to_acgelgrate the test, the pressure. | ragl ya i gh. When t he
concent rati of" &f tﬁ%s iunssepcgts:rﬁ%enlré{as fsrﬁﬁo%ééﬁxﬁ%q{(?nea%u%i ng the magnetic
recording mediumis allowed to stand or the tenperature when the nagnetic
recording nmedium is allowed to stand nay be appropriately regulated (e.g.,
time: 72 S re; ) . reby adsorb the inspection gas
sufficie%??%Ei%?%SPEQE%%gngfiggggggégfﬁgg medi um The inspection gas may be
a gas gener at gg t“gtﬁg aUEQB@EL%eE%EBQQHngiéQdoEeBhgd%ﬁb@&iﬁ%ﬁ%r%%US’ or
may be a conpoﬁen orm ng a conmpound which constitutes a deposit on the

surface Qﬁ?hﬁggggg§§t£§ﬁ§gﬁ9§ﬁiHgdﬂﬁﬂiH@1tM@egr Uehtaingastebnconponent is

enpl oyed, n e magnetic recording nmediumis practically

used in the 3E?§raEU§heug the Fg@ﬁhﬂﬁbksd@ggeigg ba the gasredld e a

r epr oduced, h i's” preferab The inspection gas is preferably one or

or e SeksgﬁégiérPgbagaﬂggaméhhemaoszgeateheieetsﬁsamaunepbrlic 16
aci d-containing gas, a stearic-acid-containing gas, vaporized nelamne, a

vapori zed; kghEi 6aNLasa vapori zed higher fatty acid (e.g., a fatty acid of
C10 or nore), a vaporized phthalic acid ester, and vaporized dioctyl

phthal ate. | nF\tiAEe 3Cageai BcWBER isUeBp@as ca0ERABAN S OALA ge B hdyed tiik
conbi nati on, en the conbination is simlar to the conbination of gas

conponentscbPdiR§ aRRarapusdubenghapphiraalibyinseddihbethenspgekicor is
carried out under the conditions simlar to those under which the nmedi um

i's practieabliingedledMinCBhbein phefregabhe. Instead of introduction of such
a gas, a nenber which generates gas, such as adhesive tape, resin, or

film may berabl owedst @ stapfatogetrbpresehlbathenmasgoeting ke @dnadinag
medi um For exanple, when the magnetic recording and reproduci ng appar at us
i s enpl oged apparstataempiloyaddfar paacyingl butused embbedimestablfowbe t o
stand therein together
production process for a magnetic recording medium of the
present invention.
Fig. 5 is a schematic representation 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 a 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.



wi th the magnetic recording nediumwhich is placed on the spindle, the

i nspection is carried out under the conditions simlar to those under
which the nediumis practically used, . which is preferable. Wen the
spindle is rotated, the inspection ild carried out under the conditions
more simlar to those under which the mediumis practically used, which is
preferable. In the case in which such a nenber is enployed as a gas

generatiﬁg ﬁ§g§§$?c ?gg%%g§¥%8§; QEr@BEO?nQ%nEQ gas is unknown, the tine

during t ramis “fo stand or the

t t th I t b
Lormer et e, WBSD HiBaTBRBRL e CRBCIALBI-RRU M BoRl Laver ! B aLan, Ty be
th by ad th ti ffi tl toth t di
Do ob ARBF By ISy L PEE 80 RageaL f ciently, into the magnetic recording
an | nspecti onpsgl YRObe8s 1 AASRELRE] BY AW bAcsbREr ShyeaUBLACY S Ne sampl e fo

extraction. et extraction conponent is the inspection

gas conpfgggﬁl a@QéQE1@e8°ﬂB?HQd conponent formed so as to contain the gas
conmponen e’ i nspectron solvent may be any solvent, so long as the

tar get extraC& aﬁgggeegah hétﬁbésgkv%ﬂe'5r%@%n§oﬁﬁ%@5t1oﬁoﬁxﬁ?ﬁﬁagse the

solvent is pre one or nore selected” from anong net hanol, ethanol,

i sopr opy} %&§?n$#’wﬁfghm@tﬁégngg§ca99382d95gtﬂ@d%ghVQQEVQBﬁ he, afor

exanpl e, magnetic recording nediun].” I'n order to enhance
eXtraCt'%@hﬁié'féeQEYowégeténgHQEd'§npéﬁf§EﬁBE¥hE§696f Lhejgxbeaglioan tine
exanpl e, one hour. When extraction ability of the solvent is
|0w1 the §§n@$ﬁpb§en9reisraﬁéyesyleﬁﬁesgotﬁéaadrfacéh@fs@h&eﬁedﬁgh &o
prolonged period of ti he tenperature during extraction nmay be

appr0pr|@$§|YnsS@&@iBhHQQslBoﬁﬁéﬁéﬂancﬁhéﬂhadﬁbﬁ iypeuafingha i nspection
sol vent, and nay be determ ned at, for exanple, 80C. In order to enhance

eXtraCt|ﬁﬁoﬁéét§V§n§Ylmtﬁ@eﬁ@ﬂmﬁéﬁtmzecbﬁta@hehgrabkbohbgb-sSébSQ%Uent|y,
the target extraction conponent int i nspection solvent is

quant i t afhveh Yyt R@assseUt ahOr meyaaphe, retbraigh AcdusnoOdBr Y meeakiid dni ve

nmet hod by nmeans of GC-MS. 18 The threshold is determ ned, for exanple, as

descri begin bebpwctTbe sbreshel dcoryhbeedet subijped ahet hedhasi $oof the
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 is
measured after completion of immersién; 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 of the deposits in
the solvent is measured. When the extraction amount is small
or when the amount is equal to or lower than a certain
threshold, the magnetic recording medium is considered to

have a small amount of deposits; i.e., the medium is

considered to not be prone to the deposition of deposits on




extraction anount as neasured through the aforenentioned nethod in the
case in which, as a sanple, there is enployed a nagnetic recordi ng nedi um
-exhibiting durability which is required in practical use in a magnetic
recording and reproduci ng apparatus.l2Al ternatively, the threshold may be
determ ned on the basis of the extraction anmpbunt as neasured through the
af orenenti oned nethod in the case in which a nmagnetic recordi ng nedi um
exhibitin

durabiity i | oyed . F mle.  th
Chr eshol HCRng BE=Hat of b HEBCBAS heoUACFA BY TR B PAETPOR ARBERE 40

measur ed éhro h the aforenentiagned nethod in th ggaetin whi ch a
nagpetigaﬁ SBrEHﬁgTﬁga? hFefﬁF8F3%H8 BSS?UPI§SS?F§P|on Chafacteristic is
| S . L . " G
ﬁgeiﬁéegé§§8?F§§§ﬁ s celipPigaty s Sk rubenthiBa BaREhE o FhERGCh0gi t boi g
._aft . { i ti . Th h
obtai nod BEPREFLFR! SR oCenoREab. FBE7 BEr PaloiBR AorATERY SBERES ¢ actor

magnet | oPeRBr BnGO NG e %92 RRLERPaEnaa hay BECRSEe m RATorS b

magneti c Pe%g rng mediumis resh etermné 0'be X

Al ternat Lely cBioolShPY Aa9:8 ARELYcLactars the, t besholammy hee

r;
determ ne € Irnspecti on of netic rec i'ng medi um

serving l e | ar L t . hy _co i ext i anount  of
A T L S S S A e
t hreshol dyasfAgygrm ned through the aforenmentioned nethod, and by

determ ning that the extraction anount is equal to or greater than the

threshol d. AC§9r@h@gp}esanQOE%a%hkq% | iRgParbLAR g%t@ggoswﬁ%nomh%he

extraction anount 1s [arge or en the anmount is equal to or greater than

the threghekdeet B8 HBRARGHEE 1 EC¢BELLBInERALETLNS caHeber AbReenk Aeke by
defective. Therefore, a“magnetic recording nediumhaving a |large anount of

deposi t St REt ¢RBrhES i SH" BAGENtLPHE kH%iQ%EBBEEﬁQf TRY MEcKHSh eshi Hedehe be
defective. In contrast, according to the inspection nethod of the present

i nventi ofetarABHACE bR £8CRLILAGdTREI BA BaViEBU18wkar gei @NDRINthoRE E€RROSItS
i nsi de thereof can be appropriately determ ned, since the extraction

amount i gmedHal oF0depogieat 8h thansuk€ackhbgshopdoabter vexgagw o fof t he
mediumto an inspection gas. Consequently, the degree of difficulty in

deposi ti pagAktidepesbaingt actihammapeat cber anoudicng fnediffmsdan bas to

appropriately determ ned.
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 f, diffusion gas is 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 diffusion gas exceeds the



One, enbodi nent of the magnetic recording nmedium of the present invention
w Il be described. Fig. 1 shows an exanple of the magnetic recording
-medi um of the present invention. The magnetic recording mediumincludes a
non- magneti c substrate S, a non-magnétdi ¢ undercoat |ayer 1, a magnetic

| ayer 2, a protective film3 predom nantly containing carbon, the | ayers
and the film being forned on the substrate S, and a lubrication filmi4

58;23355$%%€§52'€H¥3ﬁ RN BRR ot PR F FASPEORS: ha T RePEPRAFLETS the )
. f P- rei ch

gencral 151 ﬁﬁp|§§%555§gsc agst?5%3“¥%F?dﬁa§ﬁéffcOﬁﬁgﬁ%éﬁhg hedia: or a

Substrate, oL gLAss: cher allbn, BE A BKLELRN BSLne i gloyhsLral e mmy be

coat ed er “al roug ing orf spuftering. The nean

surface r9 Qggﬁﬁy(gﬁ%go§Ft@ﬁﬁnﬁgdgggngt&%I8§ ggrakﬁag %ﬁagr?%erably 1- 20

A, nore % era e non- magnée ercoat |ayer

Convent'8f§£u¥1590§$en98§8?9§8t;ﬁ UREepeaRECkaver £ 1A orCXAIPHES: p%ed ayer

1 may be @ sin or ne rom any el enment se ec rom'Cr,

! ' t t b f d
e N 5}?0y a@ﬁeyéro€£E@£0@ EYBhy ort Bfie! géauk By sDRoR bkl Qe

conta of the above elenents as a pri ry conponent

and ot hef, 9% ?6?#%§00h0993a§$ﬁfﬁée other &kerept Sondomdhe LEPede the

crystaII|n| | ayer e non-nmagnetic undercoat layer 1 is

pggx;gegdég§sfg§t5g'heggu#ga g&xékahngOEbeeh@tb%@s%%tthﬁv@aa@%hleahayer 2

ayer s particularly preferably formed from

a materigh r0f fﬁeé'Q'l@h@lQHSHBtOBfatHEt%%b%%1%%“%@%B&Bgdcﬁna@@eone or
nore sel ected ?ron1annng Mo, W Ti, Nb, and Si. Wien the aforenentioned

mat eri al o+t &80k p¥edi 1hhe @K@Wﬁéﬁﬁéé&b'§ec@£§iﬁ@aﬁé&1£%28f(wﬂére'n Y is one
or nore selected fromamong M, W V, Ti, No, and Si). The Y content (2z)

is prefepabbynt 20nakfe 96n! eaSwhitBhetREekaitabloy 160 ah¥uat bEssepBearst he Y
content 1s 20 at%or less, the orientation of the magnetic I|ayer 2 forned

froma Cosabeyl tbeokageéazebetngnpéomededlant&ke@halmOﬁsnagmabm@tlc
undercoat layer 1, is inproved, and therefore the magnetic recording

nmedi um ex8kbrésngxmell ant wheerr ekvaotopgenandontiase cepoadter ost iies; i.e.,
the nmediumis suitable for realization of high recording denS|ty As used
surface, since the amount of the deposits 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, is 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 of the
invention is greater than that of deposits adsorbed 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



herein, the term"primary conponent” in an alloy refers to the case in
whi ch the content of the conponent is in excess of 50 at o . The crystal
-grain size of the non-magnetic undercoat |ayer 1 may affect the crystal
grain size of the magnetic layer 2 #8rmed froma Co alloy. The crystal
grain size of the non-nmagnetic undercoat |ayer 1 may be reduced by adding
an el enent such as B, Zr, or Ta to the material of the layer 1; i.e., Cr

Cr all ) h i - i 1]

ot ou D Doyedfacd’ SERPEE Phe! [oBOR: IRANCUIE MMGIEOR 1EYUSEaind S 00
parti cular : _ _ _ fin |
19071 oot SRPIARILELE SOREATHEAROEEE, sudlerbbLoXReaSnbA-RABREESR Y
i | udi h - i havi t hi [ 1
wihin  PRACEEEEE TAREE e nn RREhEnRt LANEE 2, c2VERPE0n BELBERTVED | "
e thPifEd§“”ghé §Ui&8$£$a£95nrf§géza£1Ophgflgkeps 5ﬁ80%@um9bg§ﬂ ity.

e non-nagnetf c undéercoa ayer 1 y be" of a single- layer structdre, or

of a nul§&§¢§%§£%§i§uggy&§d0¥ﬁgg%%hgu?ggygﬁ?thas a multi-layer structure,

the | ayer forme urality o ayers forned fromthe sane

composi tion 0&-9g£&§teerecggﬁg§gtaenglﬁewaaaeengtgha 22 ahorenent i oned
conposi tions. For e anple, the layer 1 may be a nulti-layer structure in

which a y NbRNGas 108t ¥hakeb9S8kpbsel @Rknated on a O
| ayer. T%%&§%§%%?¥cb?a§%ri%@?%gﬁeg f%%ﬁ1a Co allgy?naypcoﬁtain any Co

al | oy CO%@P?&&EOBf5€LQP£§Hpié08baHHQQg£§(C*Fofléﬁgﬁﬂib, €0 Ghddhetic

Co/Cr/ Pt/ Ta, and the like. The coercive force of the magnetic recording

medi um of o hgi REEREAL uh NYENLL 08wka Phekenall Yn3a088allear sbadslingt nore,
preferably 3,500°[oersteds] or nore. The thickness of the magnetic |ayer 2

fornmed fgQRy81800rakheyofight$oW bAENdRsERAYEe0b£38n108speCitionWlibeh is a
paraneter of conventionally used Brd (the product of residua

nmagnet i zaggophandthel thspeekneasgheiy inarddtbedt hntkness ebntbhi@elrayer 2
may be a thickness so as to attain an appropriate recording and

r epr oducingn Sk onabnevt putecbhdohgeantioreppbaveihbeappaentati ds of the Co
alloy and to obtain high coercive force, a non-magnetic internedi ate
| ayer neympeopeavhdedubrt wessalba oontamgeet i thendegeeatic lragerdingnd t he
magnetic | ayer 2. For exanple, a CoCr all oy
medium can be placed on a spindle in the apparatus, which is
preferable. Moreover, when the spindle is rotated in a
manner similar to the case of practical use of the apparatus,
the magnetic recording medium is exposed 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 apparatus] (as reduced to
siloxane oligomer). Alternatively, the concentration of the
inspection gas may be, for example, 15 [ng/cm3] (as reduced

to siloxane oligomer). In order to accelerate the test, the

concentration of the inspection gas is preferably high.



| ayer (Cr content: 50 at% or |ess) having a thickness of 25 A or |ess may
be formed. The carbon protective film3 is forned froma materi al

- predom nantly contai ni ng carbon. The carbon protective film 3 is forned
such that the extraction amount of am® nspection gas conponent and/or a
conpound conponent formed so as to contain the inspection gas conponent is
equal to or greater than a certain threshol d, the gas conponent and/or the

23 conpound Cf@$ geﬁédlgkn g ragtggFg% ? 1cn§8%%Eh ﬁgsﬁ ek gfter t he

magnetic reco um i |10V\B spnere O t he

Wion ¢ he® BKOTELt B8 S EBRRoRaNt °Ee. R 2%93259?‘%29?2%8‘5 Sf’éeff?r%b%%r 5300

cne], §§£§£@béye01&3PL9£}89 ggEISuf@9&§eR£§ e&ﬁ@btheZﬁaégé%g cnﬂl

Si nce as conponent “which cau eposition in

a ”Hgnet'gcégﬁfﬁg'ﬁgdﬁﬂﬁar98509$ﬁgn95 g?B?WEEBiﬁe%ﬂ?f?é&éﬁ%&yoﬂoﬁﬁﬂpopent

is determ ne extraction anou

melamne 1 feLerhBedata LhenaRovs rﬁ@%ﬁehicd%%%r&%ﬁﬁgbﬁEQWFmMﬁ%“ the

extracti on anbunt ove range unt of I npurity gas

adsor bed, { , f he ggrQQQnBrQBe Bbvﬁa%héglc rbBBE@@%??anﬂngeFQBauggﬂas'ts are

not ea5|?y deposited onto e carbon protective the magnetic

recor di ngo gy ﬂggebQXtEagtbQQmﬁﬂQunEmBQQn@et%Qb@&@%QrEhrOPSho£Q§r

af orenmentioned net he protective film3 may contain nitrogen serving

as anot a&@@P@P@Bé th8 £Bk§,came, tERﬁeEﬁEthoﬁsnbEEQE%Bng hg@hbon as
measur ed by neans ESCA i's preferably 5-40% nore preferably 5-25% nuch

nore preferabfﬁevﬁrggg@rzhwﬁehsth@eﬁﬁé%%tﬁﬁergbbﬁﬁﬁﬁﬁtﬂh@h%& ﬁbtrOQGn is
dense and hard en the carbon protective film3 contains nitrogen, the

filmpreferalbd €9ntahA8 AhYr BEENfLR BRaAPRENt afbidndt Yreekulress IR the
vicinity of a surface of the film3, the surface bei ng brought into

contact Mi4drthe Q@S@@ékgtéaiﬁé tedbi Sthe beecawsee Wheprbie ramyntich.
nitrogen falls outside 24 the above range, magnetostatic characteristics of

the magneticyhayethdetehicenhtiratadd o@erpieVa nispledt iioh lgaweried,loand thus
the magnetic recording nediumis not suitable for realization of |ow

flyi ng henghtimdh@uaihynthef magheegenreorthagnmagaediine ilsapal owed he

obt ai ned by neans of, for exanple, SIM analysis. As used herein, the term

“"the vicépang"ofmyhe temperature when the magnetic recording medium
is allowed to stand may be appropriately regulated (e.g.,
time: 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, or may be a
component forming a compound which constitutes a deposit on
the surface of the magnetic recording medium. When such a
gas or component is 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 one or more

selected from among a siloxane-containing gas, an acrylic



refer to a position on the boundary between the magnetic |ayer and the
protective film at which the Co content is 5% of that of the magnetic
“layer. A dense and hard protective filmis preferable, since the filmcan
suppress generation of wear powder, W& ch woul d induce deposition of
deposits and generation of Ni corrosion. As used herein, the term"N
corrosion” refers to a phenonenon in which Ni contained in the N -P
pl ati ng IaY r on__the substrate Erises on, surface of the naggetig

lze

recor di ng°*redPUh? t Rt BRgh a1  Ful Sﬂrb?"?ﬁééPgﬂg.akflegrgggfoﬁap _

T YR R
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! Fgaéé?p?ﬁlg gs%Xr .Qnd y?ﬁ§§%gg%ﬂﬁ?o&@?}th@H§i£¥e. iﬁ Eﬂ%

the abovi e protective f m nan contarning carbon has a

strong bagding, ! ohfen! u?ﬁeggngSQggngﬁthsrLiggg%gpse thecBARdLAg bRrce 1

strong, € surtracé o otectrve rilmrs stently coa w'th

the 'ubr&ﬁgHthgngo&Eg§a99§§S%%iggQQEageegskaé E8RabRa22.RBRI GaEd.

Measur enen he I nt ensi eak correspon g to a carbon-hydrogen

ggggegﬁrgsﬁggngﬁtETiﬁ tReCapbh ede AU unehOp-gxRmBLELy! NEAUGN HBE followi ng

ere Is prepar apparatus exhibiting a sensitivity

such 1 hainspabenon Psrégﬁgiggogx€tpﬁgéggghgiegﬂaikyéﬁgcgﬂhihgramglied onto

a disk so as to have a thickness o he neasure Intensity of the

peak (e'ngséhﬁnﬁgfkw%@%ﬁhtﬂéiﬁéa%ﬂﬁt'5np?acE?@EngOBséd;thlc§5QsC”‘1)

corresponding to a GF bond (carbon-fluorine bon of the infrared
spect rum,pf eLPgLdbSK 1S L P HitSddyor ide sHfS@ERM SPLE! T mhohbt he

protective filmpredomnantly containing carbon (hereinafter the spectrum

may be rgherhedehOratest §8s¢athen RE0hERELYQef LhPL | REEARGd osPEGRYMT) s
obtained fromihe nmeasured Infrared spectrum of the surface of the

nmagnet i cpg@CEdhNPowBdl U8 sbehar eohetABti RRthf thhempyakest vecbirddingnd t he
nmeasured 1 nfrared spectrum of the surface of the magnetic recording

medi um agb8LuhOr i Wk DipIdie el echié utadnéth c Stbseaieny | ynd the area of
the peak within a range of 2,800-3,100 cm1 of the infrared spectrumis

cal cul at edprandcihg &ppbevhatiedisr eaplbyetiegar dedoasatherinedsiaty of the

peak corresponding to 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 conditions
similar to those under which the medium is practically 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 recoraing 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




car bon- hydrogen bond. As used herein, the peak intensity refers to the
absorption anmount. Wien the protective film3 is subjected to Raman
- spectroscopy, the Id/1g value is preferably 3.5 or less, nore preferably
3.0 or less, much nore preferably 2.37%r less. This is because, when the
Id/Ig value falls wthin the above 26 range, the protective film
predom nantly containing carbon is dense and hard. The Id/lg value is
obtalned as_ follo Raman _spectrum e t into two
bands; | CRSTERY @95358 ﬁ59| BSPﬁggb88kgaﬁ g g%§F%FH?%§ EEE% gg& cm1l and a
D band haV|n .t he Re 5 n V|C|n|ty of 1,400 cm1; and the ratio of Id
(the |nt@§?%? val be-8F fﬂ?en5|%y of the D band) to lg (the integral value
of intensity f the Gb obtalne T a | g of the
g 5F0F88P?$g£9||ﬁF SFEeapiy oa0con FaRL Spnld 15

surface of th preferably

I . Th b h
{ Ee"lér gfifim?i-;ra'e% i, P8 ElBBerkatl, bF ?V%’ﬁkﬁé Cg@g@?%bgﬁg%rg.legit Pand thus
t j { ' d d hi ck
of “the cebeoRh: sbBeeFoatrY, ﬁ?@B%' i R R S I

prefefabtgﬁgékn%QtrtgtﬁPnnetﬁﬁontﬁtet@btxe59nssgett8ﬁsgaghb% mpSrliccause,

when t he I'n the above ran spaci ng can

further e S AdHe! iFBRmEHIRB! aQUEBULCRRA {RE thRCheased. The
Iubrlcatllgﬁy| FI%tﬁgﬂg %ggneéﬁpﬁrough apg |cat|8n of O uérlcantg%The

| ubri cang ggtaln any lubricant selected frontanDng a Fonblin-type
Iubrlcant uct of Ausinmont), a CGalden-type lubricant (product of

Ausimont ), TE@ eb¥R8nl %Qﬁ %@tm Q@U%%yogo@@eﬁtn lsRd Y, gL%ﬁa Ltd.),

and a Krytox-type u ricant (product o Du Pont). In order to tain the

afPrehﬁﬂthenegrgéte&&tréctﬁeﬁbkbnpbﬁg%tlqgruqagblwgdp&afQh@b@blagnkoyed
This is 27 becalise such l'in-type | ubricant has polar functional

gr oups atoPO&Qaﬁ?@é of hit SoTPLREULAr pThFeRabaRd ohBe off AURE sNeceaw | Y
adsorbed onto active sites of the carbon protective film 3. The thickness

i kb SEFATARTE ELTRICES SLASS, MGoptsppuchacolly o Aot L
appropriate frdbrbfiblyir afid thlee sloukfeintamiayi $enOtf cax eamsiplal,y Jteposi t ed
[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
determinéd in accordance with the type of the inspection
solvent, 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 quantitative method by means of GC-MS.



onto a magnetic head, which is preferable. The extraction anount of an

i nspection gas conponent and/or a conpound conponent formed so as to
contain the inspection gas conponent is equal to or greater than a
certain threshold, the gas conponentlgnd/or t he conpound conponent being
extracted with an inspection solvent after the magnetic recordi ng nmedi um
of the present inventionis allowed to stand in an atnosphere of the

i nspection g c onent . Therefore e prot j fi n.nantly
cont ai ni ng cgfg%nggge?ﬁgiﬁabﬁe ?EeF@%gégfHEO%E§?5h¥?§'n%?]8%§§%§5?§ have
deposi t its [f . t : r§HE .S el am t he
thres hofbdg?%wbr él]ﬁ]e%r ﬁ%%s&\ég? “E%ffg% C{:%e%ﬁ&n%{cg%e er ahﬁsyi%qf; 'f*g‘? 100
ce], Mgl PRLE; oR HGLAD! Yo Oneds L OLIO0nESBEN EROSEEYEORLY.sBiEn the
magneti c recordi ng fedi Um of T he present 1nvention Is used while the
flying heightyo goetd c; headi Lig redugedanofeposhteeate BRb18geL!
depositggégﬁ % {%Ztﬁgaﬁsé%hége o%%ﬁ’ ggeﬁ g Eﬁ tEe nag%etic r%co?diné

medi um i . whj flyi hei ; i ¢rheafi kg Keduced, the
Ty sti cladiebhtchafoldtng Yalth "GAlbiblng HRORB FCDo0ELoR e the

car bon hve fi . Lsysubjiecte L R- theoiRigysihy of the peak
correspoﬁ%?%gfé% gnc%#%%n% %ﬁrgg%ngﬁo%d&?ggprg%erab?y 05055 or |ess.

Thereforfepf@&ué#éét S 0fathe, Proteetime $dim d15e cmsés%mwayg@éed Wi th

the lubricant, a us deposition of deposits can be suppressed.

Pref er abhyye bRen 8GOS LCEh¥ Eohib ) 81 3£ CORL Ak RErBELE 8H€AMouARdabhRehali-@g0f
nitrogen to carbon as neasured by neans of ESCA is preferably 5-40%

Ther ef or gn r bhigh fEhd & Bo HEREEE BHFea NAE Enolr ehetnbl ¥asthennrenehi g recording
medi um of the present invention includes the protective film predom nantly

cont ai Ni Rgq K PONreMB+&ING | haHi SmhakHiBREihfi pooexBubhbslieycekl ent sliding
durability and lubricity, and suppresses generation of wear powder

i nduci ngeﬂ;ﬁp@?éa!é)@ Of sL8PDS| t FANhx Q5 At o tHrdhEDd sy Ove By
reduci ng the tlying height of a magnetic head and thinning the protective

film pregdertpanhéd 6QNtRE NbAGisapbobhe éRerdcsiancembanhveas mbeshead and
the magnetic | ayer serving as a magnetic recording |layer is reduced.

Ther ef or ehrbligh hehe NRgELEMEN t E60EdI Mgt hedi im ohet hespr éserhichvanti on,
spacing |oss can be reduced. Consequently, since reproduction signal
out put casghetiacreasediagdnSiRIiseéghabitdngopserr &l yoytistibnproved, the
magneti c recordi ng nmedium of the present
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, the deposits 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



invention is nore applicable to high recording density, as conpared with a
conventional nmagnetic recording nedium In addition, the coercive force is
*3,000 [oersteds] or nore, preferablé 3,500 [oersteds] or nore, and the
mean 29 surface roughness (Ra) is pr @erably 20 A or less, nore preferably
10 A or less. This is because, when the coercive force is 3,000 [oersteds]
or nore, reproduction signal output can be further increased at high

o o WLEnehE Yen2 thnastggtgfﬁﬁnéwEﬁgsuaﬁge 82§80t ERbnt 2oREGM €T bl y

20 A or fess y|n heér g magnetic can urther reduced.

CD”SGQUEF%%%%?ghg%gﬁgge&éﬁefﬁ Rigb”QhQthH81QLtEQStEBESSHBunt”YQ”t'0” s

nmore ap recording densrty. F ows an exenpl ary

magneti c, Lecpr ding, ﬁEeaEgpr gﬁlggeagggéggg§dlncludlng the af orenentioned

nagnetlc recordi ng di um e magnetic recordi ng and reproduci ng

appar at us 'nCA§98§d§n 9865 Eoﬁ@%ﬂ%9bHQ1”EﬂbB@b%QohaMbEﬁloewhéhrEﬁbure

shown in Fi riving portion 3 rotating the magnetic

record'n&x@PQbyﬂ&ﬁoam@uH@Qﬂgtigreéagr3%he50£héesﬁ59heglQaEngmteotB§
magneti c recordi ng nedium 30 and™ reproducing the data therefrom a head

driving &%%AtQP B8ah Ofhe "PNLAONEDE, n@ﬂgeﬁhgneﬁ§g §gc6§B§BbVﬁéﬁlhﬁ the
magneti ¢ recordi ng nmedi um 30; and’ a recor ed/ reproduced Signal - processing

system 3atdPniAEISYSI 68 34relt iGE0T IRtk RxtSFOAla RIS 1d SrESEESsgd and
sent to the nagnetic head 32, or a reproductlon signal fromthe head 32 is

processefedNGm SN ihg at DErgut shdent AclRgBgbsEtBeadti Bal dknguk-gpraduct i on
el ements such as an” MR (nagnet oresi stance) elenent utilizing anisotropic

nmagnet orgst si R9cqe (R 8Ef B8y BAJJat EMRi AEENMEBt beUliblFEEt NGei and
magnet or esi stance (GVR) effect, which head is nore suitable for

realIzai¢@wt@£sbjgﬁcégﬁgiﬂgngodenéliuspaaylobem@ﬁﬁbayeﬂ aBet peeBB@REt i C
head 32 of the nagnetic recording 30 and reproduci ng apparatus of the

present imvention, aTheghegnet reécoeaondi ngdansd hepiaduai Ngrappamatits
i ncludes the magnetic recording nedium of the present invention (the

extract i of @aepositofinpidaspretéon gas beospprepriandlgr dateonmpasdd
conponent fornmed so as to contain the inspection gas conponent is equal to
or greateint¢davha exersathobhamstotdist bgqugastoonpogenttandtbant heeconpound
conponent being extracted with an inspection solvent after the magnetic
recor di nghnesthohdi sfeét osgdosorst ahdtha madiamnbepher énepethéonngpect i on
gas conponent). Since deposits
Consequently, the degree of difficulty in deposition 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-magnetic substrate S, a non-magnetic
undercoat layer 1, a 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



are. not easily deposited onto the surface of the magnetic recording
medi um the nagnetic head is not prone to having deposits on its surface
*even when the flying height of the head is reduced. Therefore, the flying
hei ght of the magnetic head of the §Bparatus can be further reduced, and
thus the magnetic recording and reproduci ng apparatus of the present
invention is applicable to higher recording density. The magnetic
recor di ng, and, LEpr odUGH 10y apRag 8 Us) EXLBT P nexeekbentyl iy pLialien,
c. The pro ess r ing

characteristi actron pr e magnetic recor medi um

of the pt!t“r‘%%‘&bé@i@@éixﬁ&f_‘r’]‘{éé'&%}?éhg& g'gsgéibﬁ?ﬁépi'a“%ér tus enpl oyed for

t he producti on process appar atus and protective film
difi . { Us. ! . ti . b
doscri et Dot 2PRY O R EAPLEYECnLPa 1 G BRESEDLY, BYCT: biBetbateEor

appar at i i Lon..o h ClLicO a ; | oyed
P ar A gEi Ll 00820 Au TRy ImBAI S} OO 03 GBS BEREUCBECR L 130D EREUR BT ©Y
magneti c i i of i N0 - -

ooar at & ERpEGe TEELAT, OhnlOf o BOEEELe RYETbLOBoATHE BLERMRITBL ok b
on whic t Lyve f] r ] nan L.0j carbon is forned;
eIectLogzgoaﬁ%Piﬁf%é%vFggéggﬁ gg%g%? gétgf§gg%%k?hggCVD app;ratus chanber

10 so as to fage RagLH QEP?ééehkgﬁgM@QEe@ﬁXg BQV‘@BeSH%Cﬁ%g%%_ti%Z for
suppl yi ng hi gh-frequency power to” the electrodes 11, 11; bi as power

source 13, cdr &8y De peoRBegbed 1026 MR, dhske DolBrbhenLEYD1appapat us
chanber 10 when the protective Tilmis forned on the disk D; and process

gas supply spuécesSnlfa Aétie_ruﬁ@@?&&ﬂgla?eeeismg?sbéeévi ng as a raw
material for the protec?lve film which filmis formed on the disk D. The

CVD appadeit wisn €1 SHDET v 10n bwn CRONERA Qe t Oc f €84ERFoa Pl mgg/ei:i i for feeding
process gas fromthe supply sources 14, 14 into the D appar at us chanber

10, and dxambBO, €RONELYEH 1 Omay dbSChas ORgPEPELdReher fliaChaEAEAIrgam from
the CVD apparatus chanber 10 to the outside. The respective feeding pipes

15, 15 have §racess gebedtow £oohror, vel yesi, (89 shpwandinwt he figure),
whi ch control the flowrate of the gas fed to the CVD apparatus chanber 10
to therghmemidiivaly) yeiset lafer f1l anay abe of fibe gasmedherdmsahaageopi pe
16 has a discharge anount control valve 17, which controls the discharge
anount taoorteetrebyy aaly tofirthy sedve helgnmesssires anpthma€yDcappanahts
chanber 10.

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 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) is preferably

20 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 Co alloy, the layer 2 being provided on



-

Preferred exanples of the high-frequency power sources 12, 12 include a
power source which can supply power of 50 32 1,000 Wduring formation of
the protective film predom nantly containing carbon and during di scharge
of oxygen plasma. The frequency of tdle hi gh-frequency power sources 12, 12
is not particularly specified fromthe viewpoint of the effect of the
present invention. For exanple, the frequency nay be 13.56 MHz. A pul se
direct-cgérent power source .or h-frequency. Quer source may be

a_hi
enpl oyed"8§ P'RB BPER®E 6ﬁePn386F88tlg?yeﬁig! 3 SshBRE Y eSenERst i ¢
represengation of rotective film nodifi 1.on I, I d for
caPrying£§ﬁfegﬁreeﬁggdpﬁgHFt6F f%goﬁggghcl|§%h%r§%§§gl?%$% %ga%%é%etic
recordin Lum of the_present, i [ : rat us . ,i.ncl
chanmber gagFg?ggchﬁ%SdSBFnégéggigé%%gﬁggfﬁéQgcggfgfgéfi&gefﬁfﬁg%% 1s
pFEdO”‘“QHE%XbE8”%@E”E@919QBg?% P68 ohi L0 okSiih Q%ngﬁ@ fiefds godga
hi gh- f requency power source Por sugplylng hi gh-frequency power to the
di sk D i ch e O ren lrs r,ept. t t ¢hin
appar at Ul HED” CHHD Se 80 pELTERT, CPrRUAEhE, 38 BRFLIEY SetaRe €05 ng
i trogen, gascLLom; g NARCh! LUS! E8LednRURgl ¥rSOULRBoRto KNG (ChamAR 20, and
is al so connécted to a disc arge pipe 26 tor di cﬁarglng gas fromthe
chanber 20 tg %g%' out si de. The di scharge pi pe 26 has a di scharge anount
control valve , Which controls the discharge amobunt to thereby
arbitrarily sehol Re REESSULE i dife CIARRY Bl ehRamlAs of the

hi gh-frequency power source 21 include a power source which can supply

power Oflége%,QOQayVéégébﬁgtﬂ@dbE@%%%hoare&nt@qz@r@&eQEEVﬁaadé@iaThe
frequency 33 of thée high-frequency power source 21 is not particularly

speci fiedafeempt herbaWERbht a0t ot Be 18kf.ecthef cthgrpregeain knyenbkon. The
frequency may be an Rf frequency, of, for exanple, 13.56 MHz. The

protectivgef hbA+-mBghELEat LABepRAAUTeadNd WA§ bRl asRCMDLIPRAGENYS are
connected to each other such that the disk in the plasma CVD apparatus can

be conveygdeil Bhenthguchr akest, i ve,f brmrapdicf iteat imam cappar alfushe tlkeidr t he
di sk being exposed to air. By using the protective filmnodification
appar at ug; andet hecpl agnma €¥Daappsr.at us, which are connected to each other
such that the disk Din the plasma C/D apparatus can be conveyed into the
protective fillkle thickness of the non-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 100-1,000 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 nbn—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



nodi fication apparatus w thout the di sk being exposed to air, deposition
of inpurities derived fromthe air onto the protective filmcan be
“prevented, and | owering of the bondin force between the protective film
and the lubrication film which Iom@glng is caused by such inpurities, can
be prevented. In the present invention, there may be enployed a protective
filmnpodification apparatus including coiIs for generating a magnetic
field in g chanmber 20, which cgtls ar%ﬁ?ﬁDOVId on_outer sid malls of the
| be

chanber 2 rW%‘Pmt%%%‘ﬁd a“PrBPaLt 1 0BSt | SHf AR 1 o QphaYat us 1Y

I d th h 20 th di,sk D by th
2??eg¥eo? gﬁgéﬁgb%g?ch?fgg géné?a%ﬁagﬁy S g ar gydE?Vﬁé kgalflc;tloﬁ of
t he protect Ve f'Lﬁ] Theref ef fi C|en%% i,n nDdl i cati on of the
prot ect i 78" ?? c 8hh ﬁﬁﬁb 134 A0 B3b8di RBnf &F LAESProducti on

process for t@g ng _nedi,um of th ent |nvent|on\MII

ecor di pres
next be descrl%e aE|% Y€4s“a oé%ﬁﬁpggomtﬁe ?g Py BRYcRopheLn
af orerent f oneg S‘PP&‘;G""W%&EEBL%S ocLhS ;Lx%gmsagrg JEL ORopEeTess

i ncl udi ng rotectrve

subj ect g%?@r/ﬁpdlééy@{/99/¥gll Fg gﬁéci%Q (Enmbodi nent 1 of production
0

process) non- nagnet i'c’ undert | ayer and a magnetic |layer 2 are

successi vel y m%nsge%l@gt BoslL ager o nggaRs ERgBELEG: nSURSAke F L hrough

a techni que such as sputfering, vacuum osi tion

t her eby %%%%e&eﬁ'{ Sf?Penf‘Fox‘?”PQdéP%P%ré’%g@ 9680'38&5:8%8% LeBEs f?-r§ the

disk D w e spec 1calTy desc non- magneti c substrate

be an al ter gﬂgi 0%s§@@SE6é£§t Hs?h§fhméPeN'P platlng filmis fornmed

(herei na trate nay be referred to as "N P-plated A

substrate”), %ﬁécbhiék859§r6k|Mh@”ﬂé@%@glés1a9e§U§5%B§h%df@&o%agn%kiC
recordi ng nedia; or a substrate of ass cefamc, or flexible resin,

uhi ch SUbSLER!Ea 1BY bech£0%) erlatl hoJ%J' 9108ne&ART, 2hount Boyah plating or

sputtering he nmean surface ro ness non- magnetic substrate

S is preberahdted-30 é@nw@aléh§11§UQ§éaa1§§dS<tﬁesgbbagbedo@rteg&wrallng or
a simlar technique, a desired nean surface roughness (Ra) can be

att ai nednadier 81 Of £5Rh@Ned) h esRESkhYSs | gd ar EnfOtABAtHRERhessf B
exanpl e, the sputtering conditions described e ow. A chanber in which the
| ayers atlge fDiyeel 2 smpyaselas ehiokldsd so as to attain an appropriate

may

recording and reproducing signal output.

In order to improve the orientation of the Co alloy and
to obtain high coercive force, a non;magnetic intermediate
layer may be provided between the non-magnetic undercoat
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 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



35 to 10-7 [Pa]. The substrate is placed in the chanber, and then the
substrate is heated to, for exanple 200-250C, so as to attain a desired
"coercive force. Subsequently, Ar gas is introduced into the chanber and
di scharge is carried out, to thereb :%arry out sputtering for film
formati on. When sputtering is carried out, power of 0.2-2.0 [kW is
supplied. The discharge tine and the supply power nmay be regulated, to
t her eby éé&gbﬂné g%&#&%gnﬁ'LQ&BQ;%&@EééteEhQiQR“‘H39H§§58E9896E89@Fnkayer 1
is a conventronal Iy nown non-rmagneti ¢ Gndér coaf | ayer. For exanple, the
| ayer 1 _i o) n Lbm f.qr f.rom.a t rom
o i) R Ee EhohagRLE TR ke Loy Iha R b I AN SVEHERL SERfi B b
from an aj. i at ne apqye S i onponent
and ot he aPERE g b e e o e R T he
crystall Lnl i he 15T 1= nag I er 1is
provided&8¢%¥nggﬁtaglP%%gg%ﬂélgrﬁg%gﬂggg?eﬂﬁg??gﬁﬂgﬁgt e %%%%etic | ayer 2
formed f al Lo ay 1] r apl r om a, sputtering
oS ths " e AR Enb oY sy chg=BhBLS, 28 ¥ 08 TER /1 B00Eh

target containrng eria contdainlhg O and

one or e o] g j gﬁé ' ﬁhf e
aforen32§¥%ﬁ§ggsﬁgtgfﬁglTpg?gﬁglggg%ﬁw¥?£§ r%%%a.}%ﬁ?g%géﬁi n g%é@he
magnet i Copd @y els 1 dOmB e i H@Mid Qon?aéilrpﬁ,mﬁd}qtéﬂws ZhRQIIHEAY Qiidgd on
t he non-nmagnetic undercoat layer 1, is inproved, 'and therefore the

nmagnet i Cc58685dhBPo B UM exhhbhhgnexsel kerbracagr shuerbpreaudndgnoi se
characteristics; 1.e., the nediumis suitable for realization o? hi gh

recordi ngpggpsthy, 8ReTBRteL¥8iah 8bApBnehieisf dbhern@AeAREBELEC UNder coat
| ayer 1 may affect the crystal grain size of the magnetic I|ayer 2 fornmed

froma Gaedhhoje. ThEhS Iysd Sdn Ohey Nc15é Zex Ofact ien N URRY NSt | e LavER € 0at
| ayer 1 may be reduced by enploying a sputtering target containing an

el enent SgcleBSrBinedr toOthdaabbtet Rangat esi absetibba bayew.l;whee., O or
a O alloy. The thickness of the non-nagnetic undercoat layer 1 is not

parti cul anéyektphtedonsamolinngraslkheithiakeassabakksrawgehi aha range so as
to attain a appropriate coercive force. The thickness is preferably
100- 1, 008mduntooe prnphetabl yaibSldsdbBeA. imhehsagaebon peoaedihgenEdilnm
i ncl udi ng the non- magnetic undercoat |ayer 1 having a thickness falling
wi thin B3henabessesangedexhubi tiepenthapcedecoetceneilyr depandtenpooted
the carbon protective film 3 of the magnetic recording medium.
The extraction amount can be obtained through 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



SNR, i.e., the nediumis suitable for realization of high recording
density, which is preferable. The non-magnetic undercoat |ayer 1 may be of
a single- layer structure, or of a multi-layer structure. Wen the I|ayer 1
has a multi-layer structure, the Iayeﬂ 1 may be fornmed of a plurality of

| ayers formed fromthe same conposition or different conpositions from
anong the aforenentioned conpositions. For exanple, the layer 1 may be a

MUee) | R A " AL 8 LM Al QYo LAVRLL DS SPLADT. 10 attbor

| ess) |s am na ayer magne a er ornmed froma Co

Sel et e AT Hrony %‘E@%%‘ee%aén%a?%%wgcﬁ%%?#%ﬁgamﬁbﬁ' o
| Tke. Thg,idi &@ﬁ&a;%@%@ {gggpeﬂg h& Igum 2; L og gpd.f calloy falls

within a range o a par ane er o conventlonally

used Br oduc fd i S ,
and thedﬁ% nag{sls&gféf e Iﬁa%/)g% may be reg at eﬁ'mjco aéertlo‘ﬁlat nfrzliLGﬂ)
appropri r tmrl d t
o ob e niASer L cqmedishon gre) auARYtes] O eBhaLeRr T o

consi stently, necessary, - 200

to -400 dMlsisnaRreferably appl igd-di6 L hg s imonald G sulstd at gq3, duri ng

formati on of the hon-magnetic undercoat layer 1 and the nmagnetic 1ayer 2.

I'n Orderrépef%%/epémﬂme&ﬁaém@%&&nagey@ee&éeﬂ end mignebtai n high

coercive force, a non-magnetic internediate |ayer nmay be provi ded between

the non-ymgnetd o ude gmﬁec&ﬁy@rfllmndaﬁ hgn pEEnehé Cobayshtént F5 g%anpl e,
a CoCr aIon l ayer ntent: 50 at%or |ess) having a thickness of 25 A

or Iess<gpytgg%f6¥rggg mdend©f oai i oo process for a protective filmwll
next be described. The disk D including the substrate S, the undercoat

| ayer 1, and Af@emr&ﬁd%éﬁa%r&éétweveyeﬂ 18 prepeedpler Nkngeeposition
in the CVD apparatus chamber 10 by neans of an unillustrated conveying

appar at ushe MeIWEdre, s\8pop F £5€ L d Sle BRS1 SHPHE | Rdaf r powEEE, SWRPEN weuUlEe s
fed through the feeding pipes 15, 15 into the CVD apparatus chanber 10,

and the #disdd @S ot hef Qbpehprdeind Ogesedastbar gedN38cbhrosgbnt he
di scharge pipe 16. Thus, the reaction gas is
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 corrosion 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
a 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



passed t hroughout the CVD apparatus chanber 10, to thereby expose the
surfaces of the disk Dto the reaction gas. The reaction gas nmay be a
"hydrocar bon-contai ning gas; for exanple, a gas containing, as a primary
conponent, a gas m xture of hydrocarvbn 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 film
predoningﬂbé¥eggg5aining carbon. As used herein, the term"a gas

cont ai ni ng gas mixture as a primary conponent” refers to the gas mxture
bei ng contain i g iLhn_an nt. _of 90.vol % or nore. One.or nore
sel ected fronﬁgﬁggég %ﬁér%gakﬁfaﬁgggg%ﬁé o€§r%8&5P6F§m5Prﬁﬁ§§P&PéP@d

hydr ocar pgng, 0 | | ydr o ns -a r ef er.abl | oyed as the
aforenen??o%e83298b0§§§58§¥8E§§ﬁglgg %Egﬁgmé; ggggr%?eﬁgrﬁéagggggbons whi ch
may be e o] LRl u a P ut ape nd_oct ane.
Exanplesgg %g%gbﬂéhsgﬁﬁ?ﬁ%gdggﬁyg%ggggﬁgﬁsﬁ%ﬁggﬁuﬁéy 3@5%%%|%§ed i ncl ude

i sopreney,, g n p t e u i.ene, .Exanpl.es of . | ower
ST - N R R g

xyl ene, giyfeneppaplibhabencet AYEL 161n8"dupyeLanexadi epes 1 AS used
herein, the terﬁ?"lomer hyd gcargoggﬁﬁgggﬁgatgu§¥9h§g§oggrgg léFé21-01o. A
| over hyghesagbgnsissBreberabhyyenp! exediasskhes bydrocapbo he
reasons describedsbeFOML When tﬁe nunEer OF car bons fnetEeHﬁségéggrbon is
in excessnefnkDey39rUPRE! pbh Rl {0f t henaf peewenhioned f ange, ;

hydr ocar bon bec%nes difchuItR?o&feed inBthe forn1o?rgas? gﬁéhgﬁea

hydrocarpegibs 86t 1e85pLy, 96608RO5eEIWIRD YN ALY AF dorpsult, the
protective filmpredom nantly containing carbon”™ contains a | arge anount of

pol yner coAPeBEDE SubAYh8UnERA) o8t ERBULArrhPelingpbor PBLI 8B PHACHSSK the
pressure in the CVD chanber 10 is preferably adjusted to fall wthin a

range ofisOoled®. Pagi it Bpprapy i ateldrsdnigobd bng dheckl schavge {@t e of
the gas fromthe chanber 10 by use of the discharge anount control valve

17. In afitimipneddhendhowraset@inihg egapbhonhegasnhftpretgeabl y 50-500
sccm  Sinul taneously, high-frequency power, preferably 50- 2,000 W is

suppl i edspect hemehegtbodesfdiredltbyasisethé thebohi ghoteeqguescyipawer

sources 12, 12, to thereby generate plasma in the chanber. A protective

film pretofirased | ypectrum”) is obtained from 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 £he magnetic recording
medium after formation of the protective film. Subsequently,
the area of the peak within a range of 2,800-3,100 cm™! of
the infrared spectrum is calculated, and the calculated area
is regarded as the intensity of the peak corresponding to a
carbon-hydrogen bond. As used herein, the peak intensity
refers to the absorption amount.

When the protective film 3 is subjected to Raman

spectroscopy, the Id/Ig value is preferably 3.5 or 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



containing carbon is fornmed on each surface of the disk D through plasna
chem cal vapor deposition making use of the aforenentioned reaction gas
‘serving as a raw material. The thickness of the protective filmis 30-100
A, preferably 30-75 A \Wien power i $&upplied to the el ectrodes 11, 11,
t he phases of power supplied to the electrodes 11, 11 are preferably
different fromeach other. This is because t he rate of filn1fornation and
durabilit t protective i he phases are
Gi'fferentindre CRePPEPERELBe, heall PRa-BRAbER EY " Soir oudl RATEED B

el ect rod L1 S1ERE0LY, 8O- 210y DL e B el Srably 180,40, (opposi i e

phase) . ernaﬁlve t he ive |In1 redom nan contai nfng carbon

may be fr%gggrg{a ggggnuggakk@gﬂﬁgoxsg?%e hen the gt ve 1 s

formed by use o apparatus | mcontaing a Iafge anount

of a d'ﬁ@gﬁgﬂ EglﬁarPﬂg FEQ&E ather o5 8hian E?do%ola%ooD%Ef?eﬁ%ﬁﬂfqﬁnt

havi ng ness e protectlve méxhi bits ‘excellent

Strengt Moo gt huei AT EhENBeaR HecRY (380n0ky! BE 11N (PG RRThOD

protecti ve m ar enated, an I'm CO ains a

amount oiaglés' gends R'eate Bhecnos) @a%leyoﬁollﬂrtteasqty o2 trkN® ehemcal

activity of the surface I'mis I'n the production process of

the embodyregt (cheidiskrOr 9 Q%’@L??t%%eﬁ% n oY ege%l ¥&okh! M s formed

is conveyed ~“into e prote ive |cat|on
apparatugbsggmgd[n Fig. 5 and the carbon protective f|In1|s subj ected to
etching by use of a protective filmnodification gas under conditions such

that the extregki QRL@R0UBht8EtaAnglBSBECHHRN sIAFCATRANGMe and/ or a _
conpound conponent formed so as fo contain the inspection gas conponent is

equal topphte gt £RLEE11RANsApceEERLB1LNBESNOL ) oL hE ﬂ§§e089998f951 nd/ or

t he conpound conponent belng extracted with an |nspect|on sol vent after

the carbpse R,0tiReEd Ve thislemilss Rld-0Rd tiett Ak Wdtan &qmsphengof the

i nspection gas conponent, to thereby produce a nmagnetic recording medi um

in whichi§heoprat ecddye tid | grdascineer gong 19dsit €3t h0Por NENLLARed
extracted conponent is nelamne, the threshold is preferably determ ned 41

to be 0.06 {igél0Qben@hnt, "Bh& pheketBbl YubBrizahe/ 180 noPleasimych nore
preferably 0.24 [g/100 ch]. As used herein, the term"protective film
nodi fi cadiépmiited 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 beeause, 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 1is



refers to the protective filmbeing subjected to etching under conditions
such that the extraction anobunt of an inspection gas conponent and/or a

* conpound conponent formed so as to %ﬁntain t he i nspection gas conponent is
equal to or greater than a certain reshol d, the gas conponent and/or

t he conpound conponent being extracted with an inspection solvent after
the carbon protective filmis allowed to stand in an atnosphere of the

| nspecti gg.gage COIPRNE hord e PEOLEC hite: ELLE HRdi bheaLi eingas ARy contain
one or Tnore selected fromanong  Ar gas, oxygen gaS, and nitrogen gas.
Accordin h t) ecor dj Ly, bngl dding ke gar hpgypLot ecti ve
C0) m whi TFOTES ﬁégﬁgﬁgd%ﬁ?édg?h?%ggﬂg?%?gtect?ve ?f|ﬁ1nndﬁ?i§athn, t he

extracti ope aORUNt y i 3480HALy AL’ a0f £9LCE1 EDANoENERLNEESPghd, and thus the

amount of the "1nsSpection gas adsorbed in e protective filmis large. The

reason f?fo%?&§i%é %bﬁﬂggt to be as follows. Wien the protective filmis
exposed to plasma of the protective filmnodification gas through

protective fibm pRALLLhERLI 87 el 1081 RYARCE 9h fall Bandssprgsenhqi n the
carbon protective filmare cleaved by the plasma, and the resultant C

at ons ar gg bﬁPQ?Qr&}Ql%i 16098N4 | NGt arlanas Whids 4 hea 1 yda, ofn fher el oyed
nodi fi cation gas, a GO bond, a CO bond, a C=C bond, a C=-C bond, a C=N

bond, a £sybONdhe Ghagnetifl kakobaNbyi nebiotmedxnTBess bppdspaigreonsi dered
to have 42 high chem cal activity. T%e i nspection gas is considered to be

adsor bed; @pf pc st h @naighéylasgi&snﬁi13-n®@aameébgivén?nuepbgiﬁéaface to
the inside of the protective filmexposed to the nodification gas,

M croporgstare hignahictrebe, fohited by prBecebbest of the nodification gas.
Since the mcropores cause an increase in the effective surface area of

the protectivgefékovrhBrishakmeantoocadsar phkpecttibe paet esmpvaenti | m
exhi bits characteristic so as to increase the adsorption anount of the

i nspect i HMd PEs . a Thehebane, cobhpoasRtntodhetiheoi Aspect tontgas aHsorbed in
t he carbon protective filmwhich has undergone nodification increases. In
addi t i onin$pecatonngaof compohaspetsi equghstoadsogbedten thencar bon
protective fil mwhich has undergone nodification satisfactorily is thought
be equalcé¢otaingtiea¢teholdhabheéheashceshohednt VAhdéotrhehpr obepbime fil m
nodi fication gas supplied froma non-illustrated source is introduced into
t he chanbempondémoupgbindeekerdchgdpwpeh aheirgpscingngaslivanthafthanber is

the magnetic recording medium of the present invention is

allowed to stand in an atmosphere of the inspection gas

component. Therefore, the protective 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

[pg/100 cm?], more preferably 0.12 [pug/100 cm®], much more
preferably 0.24 [pg/100 cm?]. Consequently, 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



di scharged through the di scharge pipe, and the nodification gas is passed
t hroughout the chanber, to thereby expose to the protective film

*nodi fication gas the surface of the carbon protective filmformed on each
of the surfaces of the disk. During?8rotective filmnodification, the
pressure in the chanber is preferably adjusted to fall within a range of
2.4-8 Pa (nore preferably 2.4-6 Pa), by appropriately controlling the

di sch f f h hanb f the d h
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gener at e asnma or enen |0ned nitrogen gas serV|ng as a raw

mterial . The, pRUELRgE O n&@s §26bONCRLAt 944V Ebh%gkst e eolish, | s

subj ected to nodificat se of the resultant asma the power

suppl i edy 19 fie Pé@f?'éf bﬁi@%&@ﬁ abo¥grpbANYS. mgyguibeabwﬂe%st Bgesurface

of the protective filmis wunsatisfactory, and thus the afount of posits

adsor bedgddp fé‘epféf&é@?? 0804 NCIGaSKs r U, AGROSEL fn A & §&%6L VaflgPOSi ted
onto the surface of the film In contrast, when the power is in excess of

the abovig, f@angerdeee N, a%é)fméci}ﬁeﬂ?ﬂ‘@tl%dfl&ln& ihdB PGk OFESLigbem cal |y
unst abl e, and thus durablllty of | mmay be |owered. The tinme for

protectiye.dddm fmelii £84 1 PRcl Sads brneepsppdect Prel ek ahl Er{%aémiﬁg%% When
the time for 44 protective filmnodification is bel ow the above range,

nodi fi catdioin ofiddecstsdrcewichhei phot echh¥e AhiMmhsn, uBgatbstactory, and
thus the anmount of deposits adsorbed in the fil m does not i ncrease, and

\?\,ﬁpOSi LSe}&EélBéYS& | ¥1 fepegi dedab Oni oyt Aedsuabacei of, t hadf sbppresseent r ast,
on ! Eigeneration 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
invention is more applicable to high recording density, as
compared with a conventional magnetic recording medium.

In addition, the coercive force is 3,000 [oersteds] or

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



nodification time is in excess of the above range, the surface of the
protective fil mbeconmes chemcally unstable, and thus durability of the
"filmmay be | owered. The protective film predom nantly containing carbon is
subj ected to nodification under condi“fions such that the intensity of the
peak corresponding to a carbon-hydrogen bond of the infrared spectrum of
the surface of the filmis preferably 0.055 or less, nore preferably 0.05
or |ess, nugh norqaprefergglﬁ 0.04 o¥ | ess. %Qi i S pecause, when a

ubr | cantoT EGHpt RS CXeh °nBEFETEEORY of SckiVE TTPR1 B EGom nant Iy
cont ai ni n ar bon, in et ween,the filmand the |ubricant can be

st rengt h%%%%?rag%gy dg(gg]gi ??o}ﬁe%?' t hnrehlﬁ ubt ibceé:n ort o éanngcghneetcloceﬁ'ucelavae can be
suppress e r i i i ubj . dj f ion he
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chanmber jis.r t n r t I t he
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t he prot i i i s_pref r. ref efably or |ess.
s i st hedieat, SUheSs FESUERARRY Ralt L B Pt SRR P PR Y 3]

protecti f} i i or i d t | ybr } s the
Iubrican?ﬁ?sf#é%ﬁiézgéyﬁéggﬁs%t%%ggﬁgggahégdngg%e#?cfﬁgg ?rvﬁgﬁu%%%Urities
that induge i{i 0 j e, pf tive film
are depOS|t%éﬁ%éﬁ%;¥h2tﬁ§iﬂﬁggéﬁéé_?ﬁ%8¥?%ﬁ§i@gé%gﬁe%go%ﬂgﬁgpégéﬁgin t he

pl asma GV, o QPP aié’%nofé‘eaﬂ;ﬁP&'éé}Bl@Sté”ﬁi%}?”P&@&'ré:[r?&‘ &bgssuyface of the

protective filmby plasm generated fromthe protective film ™ nodification

gas during pFP£§9t§V§h$&é”&HDQkEh?§EE9nmagH@€£8fPééoréﬁﬁgshﬁé are not
easily deposited onto the protective film Wen nitrogen gas is enployed
as the proteSdudend idpparPeisi £AL108i88Seh®! A88Pehén ILHREQL REghE LML he
nitrogen gas by power supplied to the el ectrodes, and bonds in the carbon

protectiyecdidM@rtedl @RYedHY rdthdtei daddr PR Ehd trephdielyg form a

carbon nitride conpound, which is preferable. e reason why nitrogen gas
i's enpl aysshastidel EDI@SS | ¥ emadhé 1 ODEED £@L h@MmE@Buh S30 hﬁéviﬁg €aebon
protective filmis easily designed; i.e., variance in the thickness of the

prot ectigerddt € aghden slppregsel; $imeeiamcanpeimg pbirehohs3ieasi!ly

gasified is not easily fornmed when nitrogen gas is bonded to the conponent

of the pret®cingyecHé InagMienct heécording 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 mediﬁm 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 32 of the magnetic recording



protective filmis subjected to nodification, the nodification conditions
are determ ned such that the ratio of nitrogen to carbon in the protective
‘film as measured by neans of ESCA, is preferably 5-40% nore preferably
5-25% nmuch nore preferably 13- 25@63@hen the ratio of nitrogen to carbon
is below the above range, nodification of the surface of the protective
filmis unsatisfactory, and thus the anmpunt 46 of deposits adsorbed in the
filmdoes pot increase, and _deposi % re eaS|I Sg onto the surface
of the f3%IeRTOUYHY ARPIFRT AR LT F@ ?r?ﬁ% %?a% the protective

filmis Iomerfd bondi n the fi,l mand . the Iug i s weakened,

bet we
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gn ayer ecause, e anount of
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t he mag coercrve force i ower e and thus the
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hei ght. Accor e protective m predom nant contai ni ng carbon

formed in, pg;&ll aék‘@rac’:‘ﬁlﬁelr‘gy:ﬂ aMaEHQBéEt%ﬁS%NeBWQEEErRa”a”

spectrosco | ess ore rotective filmis subjected

o, modi ficatiog, eyféef COBgL G Sfsapn Lhat1bgal €] gexpluen] sobr of erably

ess re pre era | ess, much nore preferably 2.5 or
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the pro ough, exanpl e, dlpplng to thereby forma

| ubrication fiinanth prodyss: fed "™BePSt Lher §GQ’EQbQQOHE€hH”ha§h%t|1%br i cation
filmfornmed on the protective filmis strongly bonded to the surface of

the protecdiyendimeuidhe tndrigghéencl hkaui ssf abBePronet be hakvahective
filmpredom nantTy contalnlng carbon. The lubrication filmis formed by

appl yi ngaépd st & cant i ot Suthgce pevEARCIhYR EheNELhiaygheaghenventihenal |y
known t echni que such
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



as di pping or spin coating. The lubricant may be a material containing any
| ubricant selected fromanong a Fonblin-type Ilubricant, a Gaudi-type
“lubricant, a Denmmumtype lubricant, and a Krytox-type | ubri cant .
(Enbodlnent 2 of production process) 3Anot her enbodi nent of the production
process for the magnetic recording nediumw ||l next be described by
taking, as an exanple, the case in which protective filnlnndification IS
not carried ou The di sk D._i substrate S e.und r%%S | ayer
ni

cl udi
1 and tﬁéoﬁa§%ﬁ9ggpra§8ﬁs R O R reﬁ?é&éP@rWF Tymoss n ihe
CVD t d )
Nﬁangﬁfié%e§s ?eZBFFBElaa TIE P Ladhe oY rapntiRaf 88 SRRy foafprar ot b
t 5 t he CVD h
st ooabHaRuRER LRanpl 100 -L0° Yo, ARRAERYD CQ%%QePhe Lwndpg Bne

exi sting ga8"i °Fs arged thfou ar ge pipe

16. Thus @cﬁ%wwm@wa%%%&ﬁmgm%gﬁ§ﬁgwa%%cmmﬂ

to tREPE y EXPOSE g surfaces e reac Ion’'gas. Wen

a.protecgaggﬁlPdg;p&%ygggngggbxdggngalgppgfgggbgglﬁé 15 CRETRY N A manner

simlar SCf ove Sr ired WA e pul se

di rect - CULLEDL HLABNLAERPl 1odo L8 the cdlseDenl BLLder v h'@grgﬂzghgh

anount o €posi Soib i'n order o cau

extract' g eéngpﬂ}cgé 128 denesL! bglg&nbeﬁﬁ nasgeLtahe,! Bhesgold Wen

t he prot ve mis se-dir current is applied

to the dtgé QieE@%o@é%rQEt'Qﬂ ; A00YAL 50 @o@er eeﬁe%%tu@nwaa%hcag§0%%nt and/ or

a conpound component offéd” "So as to contain the | nspection S conponent

beconmes eghakctkl 06 gﬁ@aeegktBaanata@rt@bnabgé%anldchgﬁgegaqoc@ﬁ%%nent
and/ or the conpound conmponent being extracted with an inspection solvent

after theneapbgReREOLECEIYR fikl Fbirmedabhowhd Heskt aRdahd aRoakrRsRRer e of
the i nspection gas conponent. The protective filmis formed while pul se

direct- gUppept sBhaeessiapphivedotostipe1diisl Bro%@s@sgb% aklr@lifgaast Areshol d
(in the case in which the extracted conponent is nelamne) of preferably

0.06 [9/ +8Q mBEREriaMDEErpEBEeh@BYctvd2 fliam}0QneRR] fi1MUGR FoR@cRr @fer ably
0.24 [g/100 cn2] . Wien bias I1s applied to the disk, plasma sufficiently

i npi ngestaB Hhaksyrface of the disk, and thus the tenperature of the disk
is elevated and a carbon-hydrogen bond is dissociated. In addition, when
pl asma i npi ngeaedcvectbpa@Btus 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 also

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 flow 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 disk, the carbon-hydrogen bond is easily dissociated;
i.e., the carbon-hydrogen bond is efficiently dissociated, and thus the
*anount of deposits adsorbed in the protective filmcan be increased.
According to a conventional accel erad on nethod in which grid voltage is
49 applied in thermonic em ssion plasma generation, a carbon- hydrogen
bond is not dissociated when plasnma inpinges directly on the surface of
the disk D, and thus the amount of 05|t gsorb?d in thgeﬁnotegéive
fil m canho?0®e¥i AeFiage Ormvﬁéﬂanés Bﬁﬁleg 8 tRENIPERIBMPRE WiYas may
be applied directly to the gla h E% ied to the disk V|a a
non-i | | USPREREALRPs aEQPPl R (PUEL! gaﬂlﬁﬁéﬁFgﬁu f 8FYESPr §i ﬁamaand
conveyl t he dISk g gg ge di rect-current bias a?gllig to th% disk D
has aﬁqvev?&ge Fhe4 69tc- T 8EUT Yr BPEPaLPY 460 0V, "rror e

preferabl

350 200 | b |
of the %BBéc?a%géY BPﬁgﬁElﬁﬁgF%agsggan Vi ta aeéfo the gggkogﬁgvelg1t

t ly.to th by hi t t ed t ited
by’ pl astEMF bR GeBbst EYRGoR T Léﬁﬁsﬁ%ﬁ%sa9$ees§‘f?qu%f'f‘8§'rﬁ% SRive film
predon1ng$ %g @Entalnlng carbon tends to have insuff|0|ent density and

poor sli ability In contrast, when the nean voltage is in excess

h
of the Uppery §g§Eﬁal&gggaeﬁgeﬁaengEWeelg%m%ée”Ehn%e%l%% g gdyace of

the disk D vef icatron o protective

Unsat'sfactorysOégge RUS ROCABRUDLAOL: dRROBiLS BdsaLbeduiel RS fi1m does
not i ncr®3%er ep os are easily &epo i'ted onto the surface of

the film V\hee hespfs%@gtlv ckgh\gktare%rpfae 08 QM NN r SRR, d

fornmed, the tenperature of the s rate’is eterm ned at "130C or hlgher

pref erabﬂmg@&gmae 8h: a ggageeesp@ﬁ.[o%@%y f%}OGaqrrtyhhgh%-t Wken the

t enperat ure stra I's below thé | ower t he above range,
the heal,gyaphihy 8k Ehe ¢BahERL Bni provlsls, rard thRugagdiesgeci ation of a
car bon- hy%ﬂogen bond by thg heat (|Fe§f heat ellnlnatlgﬁ of hydrogen) does

not easi}y-9F4¥hg ﬁédeumre§Ukhe peditheatiine@nefichhe prhotgsphverhsl mis
unsatisfactory, “and thus the anbunt of deposits adsorbed in the film does

{‘ﬁte f: Pciﬁéﬁﬁdeb 8- chhhBedeposicbs akeotddiday iepesidiett onhavtikg asurface of
protective film predominantly containing carbon, which film
is to be modified; and a high-frequency power source 21 for
supplying high-frequency power to the disk D in the chamber
20. Reference numeral 24 represents‘a matching apparatus.

The chamber 20 is connected to a feeding pipe 25 for
feeding nitrogen gas from a non-illustrated supply source
into the chamber 20, and is also connected 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



As descri bed above, when the nean voltage of the pulse direct-current bias
falls within the above range, plasma inpinges on the surface of the disk D
“appropriately. In addition, when the tenperature of the substrate falls
within the above range, dissociatior3of a carbon-hydrogen bond (i.e.,

heat elim nation of hydrogen) easily occurs. As a result, nodification of
the protective filmis satisfactory, and thus the anount of deposits

dsor bed i he, fi ' . 0. e. h i il
deposi teATORPS PREPSGFPARETDY PRECE] PPHT RO osbr MOFnE BEAE FaTdi i ed 1o

he di sk_D ur dit] . h. i [ f.th K
corr espofiPHy PG 5265 bBA. NyAFBYEH bR BF FRESTHf Phr SHCSBEBEPU of the
f f_the. tegti filmi f bl . P55 |
or ef or abty78RB5Br 1S FrRetiehol dF drerabl 5 o b esels TRE 1 s
because, mhenla I gr'ga L is applied onto such a protective film
predoningﬁ?wg EOnE T% 8 &ar bon, bondi ng between the filmand the

onet 0t canThE BELRAYLICRSd: 1A HGRL (IBAATLH ABeRl oS LA BANt oo 8

magneti ¢ head can suppresse protective filmpredom nantly

taini ; , hi _
ool oyedbaasiR.CHB, eBpaaa PRy, e LONRLLEQUCREY REMTD AR SBCHMNEE ent

bi , hi _f : . b H i i th

i g {1 eargnd s SKouty k0P L ag¥e JCvPRBbRAERLAS FRR B KonyBykl IpFESEHe100 w
The freqP?QE¥gE§ﬁFSggéﬁnmgﬁikﬁggﬁggﬁy?gggﬁaEQE @&%HBhf’t%é'?stH%eiEEe

af orenent i one Irect-current b as a positive voltage pea

val ue; i peak | ueg : it d i (o} 0 { op, of
To- 100 v RBeeRar R s B0 Ty M R HEr e O e PR PR Py 1 i

of the aQB%QraEQQQQndatHQSbR5¥ﬁabb@ﬁ ¥pbhageusanpat caubieCicenhbyceancel
negati ve charges accunul ated on the surface of the disk, and deposition of

the actiygtgdcapsehes 90chhendtsknksdfkRAer ed. thAspaakasulclp the protective
filmpredom nantly containing carbon tends to have insufficient density

and pooraghhdhbds dHhaBk! bbiveyBa PASHt LME ¥ebtaageipealkival ue of the pul se
direct- current bias, the pulse width, and the frequency are regulated

such thahosiheitdtignvapparkusekatheatt enkhaispr pkeayi eapbiska poedam, nant |y
cont ai ni ng carbon, which value is obtained through Raman spectroscopy, is
pref er abliyp3sbt 06n of impurities derived from the air onto the
protective film can be prevented, and lowering of the bonding
force between the protective film and the lubrication 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 a 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 around 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.



| ess, nore preferably 3.0 or less, nuch nore preferably 2.5 or |ess. \Wen
the positive voltage peak value is in excess of 52 the upper Iimt of the
above range, reverse-sputtering tends to occur on the disk D and the
protective film predom nantly contaﬁﬂing carbon tends to have insufficient
density and poor sliding durability. Thus, when the positive voltage peak
val ue of the pulse direct-current bias falls within the above range, a

iti bi | t | ti h d h
ot ace of 1 i draRSd St o F o PEOTR Y e B BB o e eac P Vat e
[ t he. di sk. . L 1 ' 1l dgm
cont ar ni P bont eetmkda oBRdabn oE L RETREERENE SETESELIEEN TESY mhe
I di - ' 1 2ad0 ; bl
10 ki 58 HeELELIEN Phate PRt o) M ORknBle S P a1 e Rt above

range, a po ééév igigé aNgLt canngh, g§é59iently cancel negative charges
1 fa% 0 Re )

accunul at'ed on e sur dis and deposition of the activated

speci es on thg, gi fygzkgeggggaﬁegioﬁzp?oEs HlﬁnclhﬁgperﬁtggEgvgnfi|m

predom nantly conta on ten 0 ave insufficient density and

poor sl im%md%”ﬁg%{%%’é’iv%nfifﬁn%?ﬁéd phedubhectbeqduenay kst eycess of

t he upper € above range, reverse-sputtering ténds to occur on

the surfaserp a{fgnd&§fltbgnge%ggigéggective filmtends to have

insufficient density and poor sliding durability. The pul se direct-current

bi as has @i St 9 hof nlo88ctiano8Pc8eshyeferably 10 ns - 50 s. Wen the
pul se mﬁg?ﬂ ?% %%?om/?heplgme? f?ﬁi? 8fe?h£ above range, a positive bias

vol tage cannof sufifhghgethy GaReekoRedakiy¥e ¢hanaes Rdgaeeuduhaied on the
surface of the disk D] and deposition of  the actlvateg species on the disk

D is hingeseslichSs i v88Y! FormbReoRr BbER bMerhEbm predoAbAambe€@Bt ai Ni ng
carbon tends to have insufficient density and poor sliding durability. In

cont r astgywdiera tdes pehssuyhdh ht E8hhDg@¥CEe68h0h st Bpulppetingl, | fatuah t he
above range, reverse-sputtering tends to occur on the surface of the disk
D and t hgepoi€Ldh yeoti Lont gndeihg, bavenepsuif bbienh dedskskyband poor
sliding durability. As used herein, the term"positive voltage peak val ue
of pul se diregh-edbbe@dinehtast edkepsotiaction exarplse, farpehk diaku® X in a

positive region in a pulse portion of a voltage

will be specifically described. The non-magnetic substrate S
may be an aluminum alloy 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 under,

for example, the sputtering conditions described below. A

chamber in which the layers are formed is evacuated to 107*



waveform of a pulse direct-current bias shown in Fig. 7. In this case, a
pulse wwdth refers to a wdth Y in the pulse portion. Wen the protective
“filmis formed through application %f bi as, conditions of applied bias are
controlled, as are other conditions3such as the treatnent time and the
pressure in the chanber, to thereby control the water contact angle of

the surface of the protective film The water contact angle of the surface
of the protegti fil myy y.: 80 ess, r fera 75 or
Tess. Thig T3 beSadse, ThReR PRGr Shay b6 Bonpad: oD EnBRBeE; ABhd ™5 10
protectiye filmi tisfactoril opded he |l ubrigan d fhus_the

| ubri can ﬁ?% %%? %%2%? aggpﬁ i@%%¥8§tgga ﬁ%gné¥$%PE§a%56|%5gq§hn% r®%i ni | ar

to that described aboves aq LUBLLELI e LLL Md s OnIBg ) the grotective

film predomnantly contalning carbon, rch i sk. 54

(E”bOdi”?Hﬁréﬁﬁée8r99H8F£RQ BEQ@S§§)a P&EgéhﬁfBQdigﬁgérgﬁeBhS pr ogyction
process for the nmagnetic recording nediumw next be described by

t aki ng, e e h b Leh t bRgi LS C ied out in
e R S e SRR ST AN

manner sipligEriQg ihatadeseni bed, aboysr 8rPpobestbVewh | Msi supphned.as
descri bed below. Tn the production process of the enbodinent, a disk D2

whi ch i sTRbt @i eaBye f 1AL NGna €REDOALPIOL BEREYEmEY! B eBghngtdusk B
through CVD in a manner simlar to that of any of the aforenmenti oned

enbodi mephSriisy COAVEYRa i BE9i BedSPUiheEhDgkRrBagDer including a sputtering
target containing a carbon-containing material and havi ng neans for

introduci ng tTREOnbACMERABEEE, uABe@cERYt 18KERT108E, aAEoHFENn®h cRaday
m xture containing Ar gas and nitrogen gas, and plasma of the gas’'is

gener at egn &k OMER-Hh §EEBL §eunli€r bt EDYyE Ol M EdOtdIedmp 1 Otegd | Veyéi| M
predom nantly contai ning carbon on the surface of the disk D2 through

sputtering.aDuihdle spléhent ngilmbfasmeéda apphi eyt oléhendi sklunded
conditions such that the extraction anmount of an inspection gas conponent
and/ or afren@ounTi coppnen; Tay neddsw. ashlteeoattaral ¢ hechaspegétr oh gas
conponent is equal to or greater than a certain threshold, the gas
conponents amdf 0Imt hermedpduomd sonpdhent cbetajnieyt angt e whthaanvenspecti on
solvent after the carbon protective filmis allowed to stand in an
at nospheekervéntheas 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 of solely Cr

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 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 noise characteristics; i.e., the medium is

suitable for realization of high recording density.



i nspection gas conponent, to thereby formthe protective film 55 Wen the
extracted conponent is nelamne, the threshold is preferably determned to
"be 0.06 [g/ 100 cnR], nore preferably 0.12 [g/ 100 cn2], nmuch nore
preferably 0.24 [g/100 cnR]. The préﬁ%ctlve filmmay be formed by use of

t he apparatus shown in Fig. 6. In Fig. 6, reference nunerals 41 and 42
represent sputtering targets, and reference nuneral 21 represents a bias

pover. Suppl Y RgE BRDLYLIOGHLAR LO LN diak DR nifien e prateative {11 m

predom nantly con carbon’i’s sputtering ile bias is

app! | ed Egﬁekh?d%5§tﬁf%gstDERges&ggg afi Lo 5§hg95gegfm@h erbliE YL ace of

I nge asnma e protectlve nlforned on

the di sky LDEoUGhe VDSl Ui 80 o309, oFl Loy 1118 Lhuiss foLIEg (11 m has a

| ar ge andu m cropores, 1.¢€ as a IVE area I n

relation, %8 §§§°$Q§h89 c i eEQB?O ?ﬁg%k'ﬁ‘&ngBQSQEB éeé“%&'c'e”t amount

of deposi ere ccording magne recor |ng di um produced

as , descehed §6%0%§§%g§§£g§§Egggaqveaatginﬁn | 98PEEERAN 935 pCgEPEnent

and/or a c SO0 as to contarn nspecti on gas

conponeng i s, fqﬁé' e Pﬁegﬁsgéﬁﬁaihé@ BheCehlaknithieshol d, bhe,gas

conponent and/ or t e conpoun onent berng exfractéd with an |nspect|on
solvent afigy. the nedlun1|s allomed to stand in an atnosphere of the
i nspection gas conponent. The high-frequency power applied to the disk is

100-400 W DTEEGEHP&XnéQQ %@OtWé EB% %%%QH%EQYuﬁ@ErQ%a%nle 26 1f ;gquency,
of , for exanple, . MHz. When the high- frequency power falls within the

above ' aHge, p&P@1@UP&§£§'Y§m1EbH”‘B@Slén§UBE'Eh@nEhQERHBESOEaﬁh%rOporeS
and thus the film can adsorb a sufficient anount of deposits therein. A

pul se diyeehtUAT BRHgOI 8§ ggntbaéttglhhataﬁaew@rhatergerElvayfg%cépplIed
to the disk. The pulSe direct-current bias applied to the disk

pr ef er abtye hegi akneay vol pageeohbiy4200t0, 060 ¥, neke p&@&@&abhy 1400 to
-150 V, nuch nore preferably -350 to -200 V. When the nean vol tage of the

pul se di 7egtAcurmantmdyras: @l tscytdindg hdei @hovecT@dieg tipéass®-i mpi nges on
the surface of the disk D appropriately, and thus the resultant protective
fil mhasmaghetge ehdlectobse layekatehareagi B thliakhesst daadsagpwiahinAs a
result, EQE 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 from among the
aforementioned compositions. For example, the layer 1 may be
a multi-layer structure in which a CrMo alloy 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,



anount of deposits adsorbed in the filmincreases, and the deposits are
not easily deposited onto the surface of the film The tenperature of the
"substrate is preferably 130C or higher, nore preferably 150C or higher.
Wien the tenperature of the substr © falls within the above range, the
resultant protective filmhas a large effective surface area in relation
to adsorption. As a result, the anpbunt of deposits adsorbed in the film
increasesd ﬁgd hh% deposits are not easily deposited onto the surface of
the fil AT or‘€rrent i oned pul se direct-current bias has a positive

I k | |
Egrt?gs pea %%Wkn&se eraqi%l% gr% 5@11\}’2; '” IOU% é‘l{recf curreno?ub;s:s
{1 kb - 100 57 f . 1 GHz. The pul

direct 5335@2%1& a8 58 3B Gét‘zﬁoprfoloerﬁbw%soaha P bl y 10 he <
50 s. g?‘Fa}“g% ROt i,V ve‘?l'ttl%%%l Sﬁl&s\é%ﬂ Y8.q thed é)erqbt&elryty,of and s he, pul se

MAdth f Rin the “Above range sma |np|n es on the surface of t he

sk I I f I
ot fect: DaBRERsRe ol Y FOE t.l'o%fnt S G oA e iRy B B85
of depgﬁ'et ia?@%o pbed J Bt R firlaPd NG PALLo ¢ aartckatlhe aQPFa%rtcﬁ)ﬂraQ:e not

easi |y deposi onto-"the surface of the fil a gas m xture

contalnkggoﬁalg%saa@df@ EQQQEH.%a%ldn% ey as a sputtering gas, the

condi tions sputtéring are preferably determned such that the ratio of

nitrogen to Gaf %%eqo@@'&%dry e PLPtReti M il |48 £ ASi efEBS URY Dy neans
of ESCA, is preferably 5-40% nore preferably 5-25% much nore preferably

13-25% %%Qstt? ﬁ.gat 1F QfeJUdd09LN & & iGRY Ran i pelpwddre @hovss range,

nodi fication o surface of the protective filmis wunsatisfactory, and

t hus theré"fe&}afol@zf QSd & ALY et inagridia J idupdees @ dueipse, and
deposits are easil y eposited onto the surface of the film In addition,

the actir¥iri¥tebn Fe ¢ Ree nfgridia Pretratdos: fidyar si lawereth bondi ng
between the filmand the Iubrlcant is weakened, the lubricant is easily

deposi t gegaBtaca 1BR@retd.c head, and thus fly stiction characteristic is
i npai red, which is not preferable When a gas m xture containing Ar gas and

ni trogen gas In 9y ayedngsares did eyt ihigasiopref etleblgo dhopratective
filmpredom nantly containing carbon has a carbon nitride 58
to obtain high coercive force, a non-magnetic intermediate
layer may be provided between the non-magnetic undercoat
layer 1 and the magnetic layer 2. For example, a CeCr 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 S, 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



conpound on a first surface thereof, the surface being opposite the
magnetic | ayer, and the protective filmcontains nitrogen in an anount of
"2 at%or less in the vicinity of a second surface thereof, the surface
bei ng brought into contact with the3fagnetic layer. This is because, when
the anount of nitrogen falls outside the above range, coercive force,
which is one of magnetostatic characteristics, is |owered, and thus the

magneti c_recordi diumis not suitahle for .realizatiagn of l.ow flying
et SRRt TRERT £Se Rhpe Stk L Ak medtee e s X Lo

condi tions_for utterin re erm ned. for, ex I escri bed bel ow.
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The subsypate. Wy ch,has, cbeenchepled; L § e, preyi pus stgp s placed n the

chanber . [ gas d%n gas are’introduced int he chanber so
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During sputter protective film
havi ng a,desi I f.or r |8t d [,sch time
and theq%omerfﬁﬁ?%hmﬁ;&gca%%%dgﬁwrg%&?ﬁ%gﬁbrg?gctﬁévgb%fslt Fﬁ}?tgl%g’rﬁge
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excess of 2.0 W, t%e protective filmfornmed through sputtering may have

| ow 59 densidyridd £Odhth Ao tﬂ?ﬁw PONELihBnd NcgX668S s 2iddg [KW, a

carbon nitride conpound Torne ough sputtering diffuses in the

protectiyerdid mine aLih o€l | 9Rs t O¥RE £hi & ey Qa@§§tﬁfx£@¥§rasanpfbﬂarg _
protective filmmay contain nitrogen in an anmount of nore than 2 at%in

the vicigbhpyordner sSkEfSEE td heke0fas texSWFd a5€1i BGI B8N PL ONEAT 1 H NERe CONt act
with the nagnetic |ayer. The carbon protective filmfornmed through CVD,

the fil igadeimoan nghasled on shevdiskoDmops ef erably has a thickness of
10-60 A. This is because, when the thickness is less than 10 A,

sati sfactory ch¢engtiotrs soleobédi Peen among Tewbonsattiradedconpound forned
t hrough sputtering diffuses in the protective filmin a direction toward
t he magrietdrodatesns antbwdheups ot ecd t v Hydrooaybewes) aandnidwegen in an
anount of nore than 2 at%in the vicinity of a surface thereof, the
surface cyclic hydrocarbons are preferably employed as the
aforementioned hydrocarbon. Examples of lower saturated
hydrocarbons which may be employed include 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



being brought into contact with the magnetic |ayer. The protective film
predom nantly containing carbon is formed through sputtering under
"conditions such that the intensity gf t he peak corresponding to a

car bon- hydrogen bond of the infrare 9spectrun10f the surface of the
protective filmis preferably 0.055 or |ess, nore preferably 0.05 or

| ess, nmuch nore preferably 0.04 or less. This is because, when a |ubricant

| mueh mor [0-04 or 1 i whe bri ¢
bond: ng “Eottedn e 4 1T St oAt s e R ALY Sne” "
deposi iy glod e e i can A & MBS G, NEAGEAN ey suppr essed. When

the protective mis formed through sputtering 60 s is applied

o the di Lo i : oo Y 1ionsa.and ot h
0 the ‘i‘ﬂ@%guc%h%r{'l@%&é é‘a%oltl:ﬁgié;incg@pc%seid;‘ﬁ&ﬁdg‘ﬁ%e%clﬂdaf ONsSpARd ot her

conditio as treat nent ure | er are

regul ated,.,.f1q t i : t : ce of
O o bR L REEN A, S0 Rt Al Sludpelp:

the protective contact angle o ace o

pr ot ect ic\b%tfaiblnr@ IS l@ﬂ@rﬁ@%@%ﬁrpdlﬁgﬁ?eer s orfgrf’{serl'?aw:}’ d P! ess. This

i s because, en the water contact a O or less, the protective
filmisgssatjghactorily bonded to the lubricant, and thus the lubricant is
not easily deposited onto a magnetic head. In a manner simlar to that

described aboMg.cre #4MHdCAld Prddddr | sc{OrpR Qnrd he, priod egybve film
predom nantly containing carbon, which is forned on the disk. (Another

enbodi Mianifert N® RrOHIEAOBHINPERFRIstY the Bf10r enedtioned- giddisrent 3 of

the production process, a protective filmmay be forned through a

convent igQnal1 ospa,t &y Y ARGESe INdRad- Of 1 Yy augh dicHMye ProESssSE Si nce
afilmsimlar to that forned in the enbodinent 3 is fornmed on the surface

of the pheteels \ferdn Ithe tdamfonaait e d effiectd inrsh ey b wed.
Alternatively, in the aforenentioned enbodi nent 3 of the production

pr ocess conftslcgadradfved 10r.0t eat bdaitibm, beéheg f1bar radet brrowgle @éactdon
protective filmnmay be formed through sputtering while bias is applied.
Si nce adfisl MssSiphdfardid y tdeatsdforgran.i n t he enbodinent 3 is forned on the
surface of the protective film the aforenentioned effect may be 61

obt ai ned. Whedina lgamanudly e oo -aff redquge ity gaswend pird faganl y gaG-i S

enpl oyed as a sputtering gas, preferably, the
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°



protective filmpredom nantly containing carbon has a carbon nitride
conpound on a first surface thereof, the surface being opposite to the
"magnetic layer, and the protective film contains nitrogen in an anount of
2 at%or less in the vicinity of a $8cond surface t hereof, the surface
being brought into contact wwth the magnetic layer. This is because, when
the anobunt of nitrogen falls outside the above range, coercive force,

which is tatic characteristics, is |lowered, and thus the
nagnetic(géégg%Fgggﬂgég Umis not suitable for realization of |ow flying

height. In OAQQ% £8F§¥8i ,SYgl rB?QQkEUE E?imepégBhﬁinBR%l rotective
filmmy be fiTs Fy orned’by usé of a gas contafning no nitrogen gas, and
t hen for ot akni i n 114C ' t he
mgnet | coPASaraT R ReR o B e ot P Beag AT ERPEPISd BV e
af or ement i onegh, .gbAdi pRAL cE@@eefﬁﬁﬁC'%O@ogﬂanByOBs@noEn%R%CbU%%nQaS
conponent and/or a co ound conponent forned so a5 to contain "the

i nspect | @p93Sp S PAPQRENE hi S eMaLohPaPhs IR CRALEt BRABUAL 68T haliRakBhashol d,
t he gas conponent and/or the conpound conponent being extracted wth an

inspecti99ké0&35§&naiﬁ§£eihgft@9rQQ@epkeaeEBixg ﬁbtav?scehbewgqtto stand in

an atnosphere the 1 nspection gas conponent. Therefore, the protective

fi'n1preﬁQGiHﬁnﬁighCHQ£aﬁ@g§9 sﬁabeﬂugftpaepraggee&be FeeRr dikRgpredi um i s

not prone to have deposits on 62 its surface. Wien the extracted conponent

is mel ankpee1ib88t s0reafohd iAcpied a5ab Yok & Hd WdPPaceds Shace

deposits are not deposited onto a nagnetic head even when the flying

hei ght ofnhBerbeaddi SarBOHCEHotELYiGE €l iANacBanatBHEabiedOf anbhehi@gnetic
recording mediumis not inpaired even in the <case in which the flying

hei ght ofnéheihgadohsaiggdusedaryBeamotine 6arpon poatecthue hirkmMics
subjected to FTIR, the intensity of the peak corresponding to a

car bon- hygds ougnpboagizéq; pieéer abhy Bhekbcal hessviTheoel ehe, stli€aser f ace
of the protective filmis consistently coated with a lubricant, and thus

deposition phedeposiis taw.be suppressed. The carbon protective film3
contains nitrogen, and the ratio of nitrogen to carbon as neasured by
means of ESCAIhstheepeodhbyioh- p@eceshenél the, embedfimemti, s tthensid sknd har d.
Preferably, the magnetic recording nmediumof the present invention
i ncl udesot hehpebt et i werbohnppoedonimanthiymcoat &bnined dar bonyveyeli ch film
is hard and thin, exhibits excellent sliding
into the chamber 20 of the protective film modification
apparatus shown in Fig. 5, and the carbon protective film is
subjected to etching by use of a protective film modification
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 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 the inspection gas component, to thereby
produce a magnetic recording medium in which the protective

film has undergone modification. When the extracted

component is melamine, the threshold is preferably determined



durability and lubricity, and suppresses generation of wear powder,

i nduci ng deposition of deposits and generation of Ni corrosion. According
to the present invention, there can %g produced a nagnetic recording
medi um whi ch enabl es reduction in spacing |oss, which nediumis applicable
to realization of high recording density, as conpared with a conventiona
magnetic recording medium Wen the magnetic recordi ng nmedi um produced

L ough  Ehee BBCTReaeeRr dhag, | RotepPLeseaby nyensi o) osTBkoyed.  the 63

flying hei ght o netic d can reduce coercive

force ( o] e r fer n ed so as to be commensurate
wth thgﬁ%Py&hggh F%%FQEF o@dgﬁ t%gbﬁgglpgg?hlgh recordi ng density, the

coercive foreg Qfsdd1®erBH UPHeS 135300 DRI QDS OTF MY GrodAraiGiaRin 3, 500
oersteds or nore. A desired coercive force can be attained by regulating

the COWE@%letrlsoraoofthteh%x%ft%rc%mt ifaned ENGRY oAl edtr¥e AREJFAGREL I C | ayer,
filmthickness, filmsStructure, and filmTormation conditions,” within the

af or eNeQhHAREE ohAIFE S sA TRANEHAE FBR0TH G JFUHIBMrEh Jes ROt prone to
have deposits on its surface can be easily produced when the nediumis

producednspeblttiBat ghke RpoRehitOR ndRNta idbm éfo@rﬁ‘i IR cnfte fReHddM i s
equal to or greater than a certain threshold that has been determ ned

throughsa pketestont@lin @raMmhepeditadn g sTRGmpOneh tpriedeeed 1Sueh drhat t he
extraction anount in relation to the nmediumis equal to or greater than

the ext gaehicer amBWNGL icRritaliatl itdtelshod dyadhe! iga s eeapdinkéit @di/AgA whi ch has
deposits on its surface during a fly stiction test. The degree of

di fficukhg comgepssi tiotpodientd@pdsig & xtandredetiehianed nisheaitdlon he
i nspection nmethod of the present invention, and thus the degree can be

used assalivenmfidaxtkeer thenicaeilonn @ ripteditdtveorf idin d sTagdnewied tec &tdini
medi um which is not prone to have deposits on its surface. Wen the index

i s usedint he pradyphiear pPIFot®ss inspeapdioopigadt elompeoeital | ed, and thus such
a magnetic recording mediumcan be easily produced. According to the

i nspecti on nmEhleog roft edtd vigr esidmt 4l ii vt iicon g ashenade groeet adfin dirfef iccul ty in
deposition of deposits onto the protective filmcan be acceleratedly

i nspect mdrwi sklectea Shom apemnigod rofyatsi, nexyheer €fasr, e anche litmget igars .
results can be reflected in the production process for a magnetic

According to the magnetic recording medium including
the carbon protective film which has been modified through
protective film modification, the extraction amount is equal
to or greater than the threshold, and thus the amount of the
inspection gas adsorbed in the protective film is large. The
reason for this is thought 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 modification gas, a C-O bond, a C=0
bond, a C=C bond, a C=C bond, a C=N bond, a C=N bond, or a

similar bond is formed. These bonds are considered to have



recording nediumw thin a short period of tinme, without inspection for
generation of deposits on a magnetic recording nedium which has been
“practically used for a prol onged perlod of time. Thus, a magnetic
recordi ng nmedi um can be produced to dgave consi stent characterlstlcs
Therefore, a magnetic recordi ng nmedi um which exhibits excellent fly
stiction characteristic, enables reduction in flying height, and is

ui tabl e, {of Leakizati o0, ol bl 0N rlecqralng. depsiiy-fan be. eastly produced

The present | Avéniion mn be descr way - of

exanp'es?e LSh,B0RUbE 0L, b Soﬁfﬁﬁfgtegé%vé'E%E%ICgﬁlon VEQt'PP her eto.

Ex ectlvefl mis Su Uuse ©

ni Lrogen gas gl ket the E%m&&&w&ﬁ%yggl QY Acsynf 3 nﬁiagtedarl]_o

Ni P-pl ate strate i anet er ness: was subjected

to text t f A
0 tex Ufhé‘gggé&ﬁcéﬁ’loﬁ 25 ndlﬁlgFé"BOEélg a¢e Fﬂgggﬁfz‘%ﬁ?(ﬁ@ £8kmbg bXaat Us

then the strate was plFaced 1 n a chanber ormat 1 on app

(model §9&0efPé89U8% Phe ANELVA) ca gﬁr?g?fhi§{5€gM¥hg€§?§3%§éF% dto 2.0 X

10-6 Pa, a non-nagnetic undercoat aye ormed on

the sub e fr h n a t m
(thicknegi Q%S%BAfﬁbgéa %?h%de?goﬁgggggFVE ¥ng%§en§gg§ %E E%é content: 16

at% Pt cphtestive é‘iﬁf/ﬁl iR Péﬂéff‘ﬂén §oa£18{%o§gtloﬁa| BREC)roBEERL Gf Or mati on
of the non-nmagneti c under coat ayer, the substrafe was heated by use of a

heater spehntbahipibg &ﬁngé@éHI§t9é kbeasubst [aLeeYBE %ﬁQCéQHBEBQlon
formation of a protective film predom nantly containing carbon. The

t enper at gihuRf 5het§gb§ﬁ§?é§tﬂ@§ geasured by use of a radiation
t hermoneter, and was verified through a wi ndow of the chanber inmrediately

before for mat reerefothe Bt sabiMe ofi tAe Subpeeauenhl YasaadisskpRdprigduced
as descri bed above was conveyed into a CVD apparatus. A hydrogenated

carbon fth& cdtbbekpessecbvd) £iBRrI¥hd@haBakhgngeohesti MedikkBhtion
predom nantly contai ning carbon, was forned on the nagnetic film Wen the

protectivecteédsesas froramilt ivrgh-tthee@enme ppwee (fngspEencyn Jd8s 56 MHz)
was applied to electrodes, to thereby generate plasma. During fornmation of
t he protedsdyeedfihmhappdiisat i probécpulrsefiimeehienr hant uhdasgwas carri ed
out. The conditions for application of pulse direct-current bias are shown
in Tabl enddification satisfactorily is thought be equal to or greater
than the threshold.
While the protective film modification gas supplied
from a non-illustrated source is introduced 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



Subsequently, the disk D on which the carbon protective filmwas forned
was conveyed into a chanber 20 of a protective filmnodification
“apparatus, and nitrogen gas serving3as a protective filmnodification gas
was supplied to the chanber 20. Sinultaneously, high-frequency power
(frequency: 13.56 MHz) was applied to the disk D, to thereby generate

pl asma, and then the carbon protective filmformed on each surface of the
di sk D Mmsusebpécted dbsebargecarpent eenthel cvadver o gdriddi fi cation
are shown in Table 1. Subsequently, a Fonblin-type |ubricant (Zdol 2000,

pr oductpmsmgermm}thwaghamlperea%%@éowéh@r@b@&@ivengerm t hr ough di ppi ng
so as to attain a thickness of about 15 A to thereby forma lubrication
| ayer oncdhbipabieetplethe| purpredonf nbhe| prebachinengliedr bdn. Exanple 2 (A
protective filmis subjected to nodification by use of oxygen gas after
the filwnsatisEABECEYr 080H BV} the pReeBHUPE BFPERARPI 8dEOWASAr éPeat ed,
except that the conditions in relation to the protective film |

modi i cBe® ofl §Asdaerenehaheaca8eshdlA FAPTabFE 3ret 828hiYeB§PORLERHce a
magneti c recordi ng nmedi um Exanmple 3 (A protective filmwas subjected to
nodi fi cBRFOntRG SHEEase Af E;E\%ngi‘%’@r tHe RIS £ IFHEY &1 ough CvD) The
procedure of Exanple 1 was repeated, except that  the conditions
reIatioﬁr?%s?ﬁ%dpFBtEE?iQEa?PFﬁ1lﬁDHPf?Eﬁ??Bnogaghﬁe?EOXﬁaﬁaﬁaeastEﬁomm in
Table 1, to therebg produce a ma nitic recordiﬁg ned&ggl EXﬁthes 4

t hr oughSYE ¥ 2F € ePL atBROPEREPGRITRI M 18 PBFARES FRFBUGALEYDINSHBPhES
protective filmis formed through _sputterin use ,of nitrogen gas and Ar
c) A Sk Red prOULLEY Ph B iahnoh Gk Par TPESERGr  described i

Exanpl e 1. Subsequent | he diisk D was_conyeyed {nto a CYD _apparatus, and
a hydr ogenat Hr&§9b850¥FFﬁ%XFhF&Eﬂegg.lﬁbCi }xnse &Pﬁg%ﬁngﬁQC rotective

o PLESILNE Ly SOULEL ! 30 <6 HODyc VEoGLORIES,g0 L BORethgofi I
13,20 M BEUPLIAR20 IBCIBE AFPLLCH, b0 SLACHEOPRR. L actbggeBygeorate
R AL A T S L
In plasma of the aforementioned 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 deposited
onto the surface of the film. In contrast, when the power is
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



Exanples 4 and 5, the filmwas fornmed while high-frequency bias
(frequency: 13.56 MHz) was applied to the disk. In Exanples 6 and 7, the
"filmwas fornmed while pulse direct- rrent bias was applied to the disk
The thickness of the protective filmfornmed through sputtering was 10 A
The thickness of the protective filmfornmed through C/D was 40 A. The

conditi%Q%g%ﬁ%i%grggghg gggggg%tgggtg%gg%iduIﬂﬂély5§¥gnﬁéﬁ&gtering are

shown i through protectiv I's formed
t hr ough i .appl. i.on, . of I prect - 8 Bijas) ;A di sk D was
producegg¥?fgb%§%%§rogfﬁﬁﬁaguggagﬁaﬁ% gggc?%ﬁggﬁgn é&aﬁ%1e31. Subsequent |y,

the di Sﬁn@@‘ﬁ@% f%%gé‘}%?d anflf 42 sYhe %ﬁ%"nact ¥ Q‘%@)g)s?,l %’o‘%gﬁ“t%toe%f?ar bon

film (thickness: serving as the protecti m predom nantly

cont ai N £9360aRe D! QRGN | BACTRURGHIG J ) Jhany heRioteal | ve

filmwa i gh-Trequency pdwer guency: 13. was applied

to elecbﬁ%@e%Pet%uE eby %ﬁ%r%HQHﬁlafﬂacohEra§%§ngh%ﬁ gnkhrough 11, the

protective filmwas forne |l e pulse direct-current bias was applied to

the di skoghificBXaoR! 89mk2 1804 nl3xceRg RIOLEE iatRfd |MBnRsS, frafgred while 68
hi gh-frequency bias (frequency: 13.56 MHz) was applied to the disk. The

condi ti qngfhek ber PR ok ctheePFRC be¥Rnlds Bhedli®aNgmuiridt akakl e 2.
Subsequently, a lubrication layer was forned in a nmannér simlar to that

descri bedd RhEsarRIrani1iEXaME ehels it alagh pbb.1dWmar.ative Exanple 1 (A
protective filmis formed through only sputtering) A disk D was produced in

a manner siMimnal g thati vel e50m addd iBsaEle dontQ@u Aey diskhdd s

protective filmpredom nantly containing carbon was fornmed through

sputt erisngjdeded tbemosardickitads shewr icontaklienk durHExagy emel4 through
16, the protective filmwas fornmed while high-frequency bias (frequency:

13. 56 Miatepewek: o20@nhd peak appiregponainke tdi $K.cadbvrGaiRRRidy dnanpl e
1, the protective filmwas formed wthout application of bias. The
t hi cknes$ ahet hefpaakacisipeet rium Bfpradosurdridey ocfordrad fiiign dar bon was 50 A
Subsequently, a lubrication |ayer was forned in a manner simlar to that
descri bedeiferEkagyploe 055 Gamiesat,i we rex prelfe ra(A @r.di%ectnd Ve fd,| much f or ned
t hrough conventional CVD) The procedure of Exanple 1 was repeated, except
t hat more preferably 0.04 or less. This is because, when a

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, or 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 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



the protective filmwas not subjected to nodification, to thereby produce
a magnetic recording nmedium In eac@ Exanpl e, before application of the
“lubricant, the surface of the nagne?ic recordi ng medi um was subjected to
infrared spectroscopy before and after formation of the protective film
predom nantly containing carbon, and the 69 infrared spectrum of the

prot ectj s di{myasy obt ai ned.  Subsequently, the intensity of the peak

corresponding to a carbon-hydrogen bond was obtai ned. The infrared

spect r um wasyn dRasHsedi Slef P04 N i 2OuseN @ Pogi t ften refli dspeditdeodisk. The
results are shown in Table 1. Afly stiction test was carried out in the
fol lowigies dB¥fREe &F NsHid Yordt dmEnad i £i heatkd afepds hvadl @ oyiesl in a
practical magnetic recording and reproduci ng apparatus) was placed on a
posi ti om 149. bran adingr i he Tadissned dhecH@onesk Cin reeorsi agmaretvbm  and
the nediumwas rotated at a rotation rate of 7,200 rpmat 40C and 80%

huni di tappabsesuerid Vimphei Poss taon eéméhed hewsn wetse rovefate af posétion 44
nm al ong the radius of the nmedium and the nediumwas allowed to stand

for 18 hswscadid ef bih ney retaémsl. gSubseeenfton the mostedcoive ofithe head
was returned to the position 19.5 mmalong the radius, rotation of the

medi uUMyes: 51 oPpesh @ael dieindg heroted Lve weslml hodieft ¢aot sémand for si X
hours. Thereafter, the nagnetic recording nmediumwas subjected to one

cycl e ofnSFofepni@sss Stardrstop) epethyi deponittediomgtg atiegcl e of rising
to 7,200 rpmfor five seconds, operation at 7,200 rpmfor one second,
fallinpfetedt vee sectmds, and parking for one second). After conpletion of
the fly stiction test, deposition of the |lubricant onto the head was -
eval uat ed aswhiehl nisrodée deadissenphcpeflassnghe hprdiektive &bserved under
an optical mcroscope (magnification: X 240), and the head havi ng

deposi trsodif i ¢ st Som f gz, wabasoant dgeser geedrfromntivd 7OCHRPSRI §3S " The
results are shown in Tables 1, 2, and 3. The extraction amount of nelam ne
was nedsyrpovén steplbéd owb nghemdhert rqHes magn@thendechr dipg F2EPAM of each
of the Exanples and the Conparative Exanples was placed on a spindle in a
comer predtgchiaé | fblre apsgneteavedchy dihg basuliapk dBb2$AY apPar at us.
Separately, a polyurethane paste (2 g) was mxed with nelam ne il mass% ,
and t heth@seidy aferm na xcareonaRl BppAe edOBRE WA, pVateh ot S PERTREAPESI I (70 nm

X 25 .
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 nitrogen gas is
bonded 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 nitrogen to
carbon is below the above range, modification of the surface

of the protective film is unsatisfactory, and thus the amount



mm- and dried. The thus-prepared piece, serving as an inpurity gas
generation source, was placed in the, apparatus together with the nmedi um
“and allowed to stand at 80' C and 204j H for 30 hours while the nedi um was
rotated at 3,000 rpm Thereafter, the nmediumwas renoved fromthe
apparatus, and was imersed for one hour in ethanol (30 nml) heated at

80' C. Tt RHJIAHLH I HINEG Maheduanhi trids/ elot NRasyak barmeans  of a
GC- M5 apparatus (Autonass, product of N ppon Denshi). The results are

shown i !Hegﬁ)@i%% bre2easind Jepbi I WHt PftHY tqgRitd oft theufiace of the
protectiv fil mwas neasured by neans of an ESCA apparatus (Sagel OO

product 10f 3RAGSon, 2R Retiali], Qff RiHd Qi dde ¥ hote Wroteedt Dud at ed on
the basis of the following formila. The results are shown in Tables 1, 2,

and 3. Ratipp iof 1YISRIEN U LHP e thiber N Fipeatnd area) I Kd scapeak ar ea)
X 100 The apparatus and measurenent conditions are as follows: anode:

al um nunis {leafleSi 29e AubrBarANd Arelai 1 Bptdpwd tdd asgio aa fitting net hod
(C Gaussian fitting, N and 0: Gaussian + Lorentz fitting). The carbon

pr ot ect ingyrddd i Was BN alnw athdnriaughs Rareiion spectacsenpyt {d i ght  source: Ar
| aser, wavel ength: 514.5 nm output: 100 mW exposure tine: 10 seconds,
area: ohn@dietkd,t Whaugh iGaussi Prdfididbig). by use of a Raman spectroscopic
apparatus (product of Jobin-Yvon) The results are shown in Tables 1, 2,
and 3. 72 44 yndrd thd dhrbord protlectDver £Xlm Bs rd@geot€ VWaV <d N W 04r 1HH

044M1OMb NV) GC
modification by use of nitrogen gas, the film is preferably
subjected to modification under conditions such that the
protective film contains nitrogen in an amount of 2 at% or
less in the vicinity of a surface of the film, the surface
being brought into contact with the magnetic layer. This is
because, when the amount of nitrogen falls outside 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.

According 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 modification
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,
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dipping, to thereby form a lubrication film and produce a
magnetic recording medium. The lubrication film formed on
the protective film is strongly bonded to the surface of the
protective film. The lubrication film is formed on the
protective film predominantly containing carbon. The
lubrication film is formed by applying a lubricant onto the
protective film through a conventionally known technique such
as dipping or spin coating. The lubricant may be a material
containing any lubricant selected from among a Fomblin-type
lubricant, a Gaudi-type lubricant, a Demnum-type lubricant,
and a Krytox-type lubricant.

(Embodiment 2 of production process)

Another embodiment of the production process for the
magnetic recording medium will next be described by taking,
as an example, the case in which protective film modification
is not carried out.

The disk D including the substrate S, 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 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
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is formed in a manner similar to that described above, the
film may be formed while pulse direct-current bias is applied
to the disk D, in order to increase the amount of deposits
adsorbed in the film; i.e., in order to cause the extraction
amount of the deposits to at least a certain threshold. When
the protective film is formed while pulse direct-current bias
is applied to the disk D, the extraction amount of an
inspection gas component and/or a compound component formed
so as to contain the inspection gas component becomes 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. The protective film is formed while pulse direct-
current bias 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 [ug/100-cm®’], more preferably
0.12 [pg/100 cm?}, much more preferably 0.24 [ug/100 cm?] .

When bias is applied to the disk, plasma sufficiently
impinges on 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 deposits adsorbed in the
protective film can be increased. According to a

conventional acceleration method in which grid voltage is

WO
0 4Jj N
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applied in thermionic emission plasma generation, a carbon-
hydrogen bond is not dissociated when plasma impinges
directly on the surface of the disk D, and thus the amount of
deposits adsorbed in the protective film cannot be increased.
When bias is applied to the disk D, the bias may be applied
directly to the disk D, or may be applied to the disk D via a
non-illustrated disk carrier (i.e., an apparatus for carrying
and conveying the disk D).

The pulse direct-current bias applied to the disk D has
a mean voltage of -450 to -60 V, preferably -400 to -150 V,
more preferably -350 to -200 V.

When the mean voltage is below the lower limit of the
above range, plasma impinges on the surface of the disk D
very strongly to thereby hinder activated species of the
reaction gas excited by plasma from depositing on the disk D.
As 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 above 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,
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substrate is below the lower limit of the above range, the
heat quantity of the substrate is small, and thus

dissociation of a carbon-hydrogen bond by the heat (i.e.,

heat elimination of hydrogen) does not easily occur. As a
result, 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.

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 D 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,
modification 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 magnetic head can be
suppressed.

When the protective film predominantly containing
carbon is formed, a high-frequency power source may be
employed as the bias power source 13, and instead 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, preferably 10-150 W. The frequency 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 voltage 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 frequency are
regulated such that the Id/Ig value in relation to the
protective film predominantly containing carbon, which value
is obtained 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 of 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 promote the deposition of the
activated species on the disk. As 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 of the above range, a positive bias
voltage cannot sufficiently cancel negative charges
accumulated on the surface of the disk D, and deposition of
the activated species on the disk D is hindered. As a result,
the protective film predominantly containing carbon tends to
have insufficient density and poor sliding durability. 1In
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, preferably 10 ns - 50 pus. When the pulse width is
below the lower limit of the above range, a positive bias

voltage cannot sufficiently cancel negative charges
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accumulated on the surface of the disk D, and deposition of
the activated species on the disk D is hindered. As a result,
the protective film predominantly containing carbon tends to
have insufficient density and poor sliding durability. In
contrast, when the pulse width is in excess of the upper

limit of the above range, reverse-sputtering tends to occur
on the surface of the disk D and the protective film tends to
have insufficient density 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. In
this case, a pulse width refers to a width Y in the pulse
portion.

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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Another embodiment of the production process for the
magnetic recording medium will next be described by taking,
as an example, the case in which sputtering is carried out in
combination with application of bias.

After the disk D is obtained in a manner similar to
that described above, a 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 to that of any

of the aforementioned 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 the

inspection gas component, to thereby form the protective film.
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When the extracted component is melamine, the threshold is
preferably determined to be 0.06 [ug/100 cm®], more
preferably 0.12 [pg/100 cm?], much more preferably 0.24
[pg/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 amount 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.

According to the magnetic recording medium produced as
descried above, 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 medium is allowed to stand in an atmosphere of the
inspection gas component.

The high-frequency 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, 13.56 MHz. When the high-
frequency power falls within the above range, the protective
film has a sufficient amount of micropores, 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 to the disk. The pulse direct-current
bias applied to the disk D preferably has a mean voltage of -
450 to -60 V, more preferably -400 to -150 V, 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 of the substrate is preferably 130°C or

higher, more preferably 150°C or higher. When the

temperature of the substrate falls within the above range,
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 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.

The pulse direct-current bias has a frequency of 1 kHz - 100

rH |
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bias has a pulse width of 1 ns — 500 us, preferably 10 ns -
50 pus. 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 conditions 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 is
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. In addition, 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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compound on a first surféce thereof, 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 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 chéracteristics, is
lowered, and thus the magnetic recording medium is not
suitable for realization of low flying 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 10™* 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 is 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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[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
thereof, 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 obtained, 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 of 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 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 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 to the disk, conditions 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
predominantly 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
aforementioned 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 formed through
sputtering while bias is applied. Since a film similar to
that formed in the embodiment 3 is formed on the surface of

the protective film, the aforementioned effect may be
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obtained. When a gas mixture containing Ar gas and nitrogen
gas 1s employed as a sputtering gas, preferably, the
protective film predominantly containing carbon has 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 of 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 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 the inspection gas component. Therefore, the
protective film predominantly containing carbon of the

magnetic recording medium is not prone to have deposits on
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its surface. When the extracted component is melamine, the
threshold is preferably 0.06 [pg/100 cm?]. Since deposits

are not deposited onto 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 ratio 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 to the present invention, there can be
produced a magnetic recording medium which enables reduction
in spacing loss, which medium is applicable to realization of
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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coercive force (Hc) of the medium is preferably enhanced so
as 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 oersteds
or 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 amount 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 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 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 process 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 a short period of time. Therefore, the inspection results
can be reflected in the production process for a magnetic
recording medium within a short period 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 be 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)

A surface of an NiP-plated Al substrate (diameter: 95
mm, thickness: 0.8 mm) was subjected to texturing so as to
attain a mean surface roughness (Ra) of 6 A, and then the
substrate was placed in a chamber of a film formation
apparatus (model: 3010, product of ANELVA). After 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 Col6Cré6Pt3Ta layer (Cr
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content: 16 at%, Pt content: 6 at%, Ta content: 3 at%, Co:
balance). Before formation of the non-magnetic undercoat
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 carbon. The
temperature of the substrate was measured by use of a
radiation thermometer, and was verified through a window of
the chamber immediately before formation of 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-frequency
power (frequency: 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 a
protective film modification apparatus, and nitrogen gas
serving as a protective film modification gas was supplied to
the chamber 20. Simultaneously, high-frequency power
(frequency: 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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The conditions for modification are shown in Table 1.

Subsequently, a Fomblin-type lubricant (Zdol2000,
product of Ausimont) was applied onto the protective film
through dipping so as to attain a thickness of about 15 A, to
thereby form a lubrication layer on the protective film
predominantly 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 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.
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 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: 40 Ay,
serving as the protective film predominantly containing.

carbon, was formed on the magnetic film. When the protective

O
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film was formed, high-frequency power (frequency: 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.

On the protective film, a protective film containing a
carbon nitride compound was formed through sputtering. In
Examples 4 and 5, the film was formed while high-frequency
bias (frequency: 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 A),
serving as the protective film predominantly containing
carbon, was formed on the magnetic film. When the protective
film was formed, high-frequency power (frequency: 13.56 MHz)
was applied to electrodes, to thereby generate plasma. In
Examples 8 through 11, the protective film was formed while
pulse direct-current bias was applied to the disk. 1In

Examples 12 and 13, the protective film was formed while
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high-frequency bias (frequency: 13.56 MHz) was applied to the
disk. The conditions for formation of the protective film
are shown in Table 2. Subsequently, 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 sputtering)

A disk D was produced in a manner similar to 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 a manner 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 medium.

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 carbon, and the
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infrared spectrum of the protective film was obtained.
Subsequently, the intensity of the peak corresponding to a
carbon-hydrogen bond was obtained. The infrared 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 a rotation
rate of 7,200 rpm at 40°C and 80% humidity. Subsequently,
the position of the head was moved to a position 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 along 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 of 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 on its surface was counted as “generation 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 Comparative Examples was placed on a
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 80°C.
The extracted melamine was quantitatively measured by means
of a GC-MS apparatus (Automass, product of Nippon Denshi).
The results are shown in Tables 1, 2, and 3.

The amount of nitrogen in the surface of the protective
film was measured by means of an ESCA apparatus (Sagel0O0,
product of Specs), and the ratio of nitrogen to carbon was
calculated on the basis of the following 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;

EN,HOrodCOif) Mif) HHOO 44 O1 -0 -PON\HMNrouApo 00 G 0Q
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spot size: 2-3 mm; and

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

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

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

Tables 1, 2, and 3.
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According to the inspection method of the present
invention, without performance of a time-consuming test,
generation of deposits onto a magnetic head can be easily
inspected by comparing a predetermined threshold with the
extraction amount of an inspection 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 of 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 the magnetic recording 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
component 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
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Ascording to the inspection nethod of the present invention, w thout
performance of a tine-consum ng test, generation of deposits onto a
magnetic head can be easily inspecBéd by conparing a predeternined
threshold with the extraction anobunt of an inspection gas conponent and/ or
a conpound conponent forned so as to contain the inspection gas

conponent, t equﬁacaqspnent and/ or the conpound conponent being extracted
with arf§ ent after a nmagnetic recording nediumis allowed to

stand in an at nnsp,ihne(i ﬁ%‘?ftfi%?}’%‘i%g‘zéelc‘%p rgggsglg{;r?ogﬁgt?%%%ﬁgdi ng to the

i nspection st e ermned Co i ons e production

f , ti, di di_um h ' f [ t
gnet e REH Qi S VT 9T SAH T e he ot SE PRI &dr & can e
fl dinth ti f 1 ' [ ' A di t
e Pl b e SRR o1, Blod e TRANELLL L ECOLE, NAgEAL U focord no o

the ma dium present 1nvention, the extraction
anount of_.an, i,nspecti.on, gas, conponent and/or a conpound conponent forned
So as TEREH dif Care Thapks

ection gas conponent is equal to or greater than

a_certain threshold, ihegas,compenenteagshok! b cospeuad. sgponent

bei ng extracted w an i nspectron solvent after the nmagnetic recording

medi um 5. alloned, 4 o130 A0ck 10, 8N o ALADSARCE £ Plat ke EAspect ion gas

conmpone erefore, since e magnetic recordi ng nedi um exhibits

| mpr Oveadﬁjgﬂ%‘%%ﬂféﬂeod’] macr??étgfé eféé(%f&in& hGeHBdhUM €4 BEcysgdnyhi | e the

flying ei I's malntalned at a low | evel, and used at high 81 recording

densi t yy. AcGAr ding 4o fhey proguct i 908e PEpgessiof ibhecrsgseptrikayentison, the

af orenent i oned magneti c recordi ng nedium can be easily produced, since the

af or erreirfﬁéh?r}géﬁi’ | 15P8Gd O sPBL L0 d Suéah T ERE RBEiuficeRadhNgagAethe magnetic

recordin eproduci ng apparatus of the present invention including the
af ore | k cordi ng nedium high recording density can be
realiggg%hg?%g%q??gﬁéé§%%§bn characteristic is inproved and the distance
bet ween the nmedium and a magnetic head can be reduced. 82 Wat is d ai ned
is: 1. A nethod for inspecting deposition characteristics of a deposit on
the surface of a protective film predom nantly containing carbon of a
magneti ¢ recordi ng medi um which



medi um conpri ses a disk and the protective filmforned on the disk, the

di sk conprising a non-nmagnetic substrate, a non- magnetic undercoat | ayer
and a magnetic layer, the layers beihg formed on the substrate,
characterized in that the nethod conprises determ ning that the extraction
anount of an inspection gas conponent and/or a conpound conponent fornmed
so as to contain_the inspection gas conponent is equal to or greater than
a predeWde® iéd ClRi&SHolL§: the gas component and/or the conmpound conponent
bei ng extracted with an inspection solvent after the n%gnetj cre o{gdi ng

medi um ils  al® GRENOh TOTaid SRE i ng ASRARE B TRE AH SR 1 oF° g%g

OO s D R PP SO0 NG 9 Sl Doy e
eptoducl1g seaataus o o100 B RIS Lo G edimend 2
et el o S MlSect ORI 100 9550 dLng L 9l et
N
a0 AL SR oS, NG YR A O P 00 0
comoneR. | 3P U AR e e £l ayethd el o the

d' a1 o oc . . N
according,to £ c%'mrmrls%r%gegtg&lg}qﬁl%g{}?aof(%H@%%a\éﬁl%d Sar\en Ol o FIOAE

sel ecte rom among soprop ohol, and water. 6. An

i nspect '1%%@%‘?} L ARG Ao 2 W Jhd Rom SH&SN 0k S 0. 06

[g/100 ¢ e extr conponent 1s nelamne.” 7. A magnetic

recor di ng, e UM GO SING 3 NQLIBEIL L SRS 1 A s TBgyebt C

under coat layer angla magnet i c ayer, the layers being fornmed on the

UDS r e AL dndil of $EIILE il SO DANIA Y RN gl inganben, the (11

being f on the magnetic layer, characterized in that the extraction
anount  qf, AR, 4 NSRRI HRE CHPANGIY BOH Presa r &ATBROUALL I ogmmonent f or med

so as to contain the Inspection gas conponent is equal to or greater than
a predetig{didiad o WSR2 dthe: s GRIpONEE Paeldadiddencdimaunsg conponent
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.



bei ng extracted with an inspection solvent after the nagnetic recording
mediumis allowed to stand in an atnosphere of the inspection gas
conponent. 8. A magnetic recordi ng fedi um according to claim7, wherein
the threshold is 0.06 [g/ 100 cn2] when the extracted conponent is
mel am ne. 9. A magnetic recording nmedium according to claim7, wherein a
peak of the infrared spectrum of the ﬁgrface of _.the 84 protectivghfilm

pr edonidrant 130 chMRERE haR cAF BRAY 2FEOHILRI EOr FEpBRdl nghorgin the

car bon- hydrogen bond, has an intensity of 0.055 or |ess. %g. A magnetic

r ecor di P RRH AR AXDreRPMRCI IS i 2S5 GRARRP RN neeParR e ffﬁ?Tr%gen to
carbon in the protective filmpredom nantly con ainingdcarbon is.5-40 at%

11. A MSIRRT ETREYE np Sl Ui AcRBIE T t BeCP AP HRYI 72T WP EP AU HliP g of

the surface of the protective film predom nantly containing carbon is 3.5
or | es@PPBXat A%y ocess for producing a magnetic recording medium which

process conprises formng a otective fil predom nant|y contaiping
carbonfbnaa%ﬁskn%Bﬁﬁnggnﬂegﬂﬂ%ngcﬁﬁﬁﬂé?ggkguﬁg?%ﬁfe?’awﬁgﬁ?ﬁﬁgkg?ic
undercoat |ayer, and a Iéﬂa?netic | ayer, the ers beingmfgrned on the

|
subst r atEPeThHA TR TS A thatCt Hgo“fﬁo?%{:??g%dfiffﬂq‘i S"?%9P med such that
th t ti t i i d/ d
gs%ﬁﬁfﬁ%ﬁ?ﬁf‘?‘?{Oagfﬁ%"g%‘gﬁfﬁ L%f?%léa%]eg? .fﬁ%”g%ée? Somponent 15 33tﬂﬁ| to
. et er i r , c .andlar the
; e AMLEPIRL, (Lt comanent ndlg

conpoun¥ conponehtPe n Irnspection’solvent after the

mopectitre L omcnat . a7 8 pPbauatin Grocte e S R ecor di ng

medi um, according to claim12, wherein a formation process for the
protect*%é“%i?$ﬁ%#édoninantly cont ai ni ng carbon conprises a sputtering

processy i n i £hof B A1 pLEGELY Rl hLI LA LBAEPY s:Hl LenBhanabneapel ied to

a
t he di sk’ production process magneti ¢ recording nmedi um

accor di g 30 £ &1 1 TonhGLALE1 8 hRGORLLER PEOEESANACE hBgnepietective film

predoninantTy containing c on conprises a plasma CVD process in which a
reac“%ogéf, C&E'éaig%élgs BYIRQCAEPROG | Sn CPRLOXBHsRSaBel aunaBEEr i al . 15. A
pr ocess ra

product magnéeti c recordi ng nmedi um
protective film predominantly containing carbon, the film
being formed on the magnetic layer, characterized in 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
inspection gas component.
8. A magnetic recording medium according to claim 7,
wherein the threshold is 0.06 [pg/100 cmz] when the extracted
component is melamine.

9. A magnetic recording medium according to claim 7,

wherein a peak of the infrared spectrum of the surface of the



aecording to claim 12, wherein a formation procéss for the protective film
predon nantly containing carbon conprises a formation step including a
plasma CVD process in which a reactdson gas containing hydrocarbon is
enpl oyed as a raw material, and a formation step including a sputtering
process in which the protective filmis fornmed while bias is applied to
the disk. 16. A magnetic recording and reproducing apparatus conprising a
nagnet|prDEeothﬂgfqémlQWﬁdnmlaanﬁéHepp@tﬁé@dngfGﬁrpééorﬁmﬁgﬂﬁéﬁa onto the
medi um and reproducing the data therefrom characterized in that the
nagnet i coreespdnAgngnidi encasbanmayAsioenr 8e5Adi Mg Snedi tnteSsiddi fd i n any
one of clainms 7 through 11

0.055 or less.

10. A magnetic recording medium according to claims 7,

wherein the ratio of nitrogen to carbon in the protective

film predominantly containing carbon is 5-40 at%.

11. A magnetic recording medium according to claims 7,

wherein Id/Ig of the surface of the protective film

predominantly containing carbon is 3.5 or less.

12. A process for producing a magnetic recording 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 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 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

inspection gas component.

13. A production process for a magnetic recording medium

according to claim 12, wherein a formation process for the

protective film predominantly containing carbon comprises a

sputtering process in which the protective film is formed

while bias is applied to the disk.
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14. A production process for a magnetic recording medium
according to claim 12, wherein a formation process for the
protective film predominantly containing carbon comprises a
plasma CVD process in which a reaction gas containing
hydrocarbon is employed as a raw material.

15. A production process for a magnetic recording medium
according to claim 12, wherein a formation process for the
protective film predominantly containing carbon comprises a
formation step including a plasma CVD process in which a
reaction gas containing hydrocarbon is 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 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 claims 7 through 11.



