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Technical Field

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

for the medium.

Background Art

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

and a magnetic recording medium which are suitable for



fromC or a O alloy such as &GWor C M through sputtering anong other
methods. A thin filmof Co alloy, serving as a nagnetic |ayer, is forned
on the novonHgned i c undercoat layer. |In addition, a protect/irm/obigom f or med
of an el enment such as carbon is provided on the magnetic |ayer, and if
necessary, a lubricant such as perfluoropolyether is applied onto the
protective film In recent years, refuirenent for high recording density

of a magnetic recordi ng nmedi um has been increasing, and there has been
demand for a magnetic recordi ng nedi um whi ch enabl es reduction in spacing
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recording density is used while the flying height of a magnetic head is
mai nt ai RbA} Sther methods. A thin film of Co alloy, serving as a

magnetic layer, is formed on the non-magnetic undercoat layer.
In addition, a protective f£ilm formed'of an element such as
carbon is provided on the magnetic layer, and if necessary, a
lubricant such as perfluoropolyether is applied onto the
protective f£ilm.

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
recordihg head and a magnetic layer). In order to reduce
spacing loss, studies have been performed on thinning of a
carbon protective f£ilm and reduction in the flying height of
a magnetic recording head. In order to form a carbon
protective film, sputtering or plasma CVD has been carried
out.

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

“"fly stiction characteristic” refers to a characteristic



|l ow | evel, and thus such a nediumis demanded to exhibit excellent fly
stiction characteristic. However, a magnetic recordi ng nmedi um produced

t hrough woe2/afier enment i oned conventional art nmay exhi bit PpoODIPH0gs80sti ction
characteristic. One of the reasons is thought to be as follows: when
deposits are deposited onto the surface of such a magnetic recording

medi umin a magnetic recording and Peproduci ng apparatus, and when the
mediumis enployed for a prolonged period of tine, the deposits are
deposited onto a magnetic head, and thus fly stiction characteristic of
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recording and reproducing apparatus. In ordef to maintain cleanliness of
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apparatus IS segregated fromthe outside. Therefore, such a gas conponent

gener at ege L bt dEn t HRoBPERAS AbHeh F £8BhESd EPERERT BttPiButsat 8bNcdwEattand a
portion‘of the conponent is thought to beconme a deposit. When a magnetic

head haspdfifcedleROSH6LO8tIVE BilhagRa Whethagnetidahda@nto a magnetic

recordi ng medium or reading of the data therefrom may be
Particularly, a medium of high recording density is used
while the flying height of a magnetic head is maintained at a
low level, and thus such a medium is demanded to exhibit
excellent fly stiction characteristic.

However, a magnetic recording medium produced through
the aforementioned conventional art may exhibit poor fly
stiction characteristic. One of the reasons is 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



unsatisfactory in practical use. Therefore, there has been demand for a
magneti c recording nmedi um on which deposits are not easily deposited, the
medi um bavag2/enpd oyed in a nmagnetic recording and reprodBCT/oRpiapfsar at us of
hi gh recording density. However, at the present tine, there is no
avai l abl e nethod for inspecting the degree of difficulty in deposition of
deposits onto a magnetic recording fredium Disclosure of Invention In view
of the foregoing, an object of the present invention is to provide a

met hod for inspecting the degree of WO 02/11130 PCT/JP01/ 06580 5
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the magnetic recording and reproducing apparatus, the inside
of the apparatus is segregated from the outside. Therefore,
such a gas component generated inside the apparatus remains
therein in a certain form, and a portion of the component is
thought to become a deposit. When a magnetic head has 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 demand for a magnetic
recording medium on which deposits are not easily deposited,
the medium being employed in a magnetic recording and
reproducing apparatus of high recording density. However, at
the present time, there is no available method for inspecting
the degree of difficulty in deposition of deposits onto a

magnetic recording medium.

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

invention is to provide a method for inspecting the degree of



characterized in that the nethod conprises determning that the extraction
anount of an inspection gas conponent and/or a conpound conponent formned
SO0 as towonyailteo t he i nspection gas conponent is equal tpRCDIPEresver than
a predeterm ned threshold, the gas conponent 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 WD 02/11130

PCT/ JP01/ 06580 6 inspection gas conponent. 2) A second invention for
solving the aforenmentioned problens is drawn to a specific enbodi nent of

the | npaGkely ¥5 1Adaageoiding Lo ALpolhieLebiehhe hasResibon gas

conponen i's a a “magneti c recording repr oduci ng
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nmel am ne ri L LC , orized higher fatty acid, a
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vapori ze Ic ac est vapori zed dioctyl phthalate. 4) A

fourth inventipgg beesgakv&ﬂgehQ%r%fa%%@eB@&@B@ﬁeapegébﬁ@&v%ss@ﬁawest0 a
speci fi ¢ enbodi ment of the inspection method according any one of 1)

through 3ha WheEekBuhhechhPaReekh9R188S 080RPEAENGehErataas 1§0aPONeNt
generated froma nenber enployed inside the magnetic recording and
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problens 1s drawn to a specific enbodi nent of the inspection nethod
of a deposit on a carbon protective film of a magnetic
recording medium, and characteristics of the carbon
protective f£ilm. The present invention has been accomplished
on the basis of this finding.
1) A first invention for solving the aforementioned problems
providés a method for inspecting deposition characteristics
of a deposit on the surface of a protective film
predominantly containing carbon of a magnetic recording
medium, which medium comprises a disk and the protective £ilm
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



according any one of 1) through 4), wherein the inspection solvent is one
or nore selected fromanong net hanol, ethanol, isopropyl alcohol, and

wat er. WwvOaZ/1m3B0 PCT/ JPOL/ 06580 7 6) A sixth inventi onP€DIPE®EI8BONG t he
af orenenti oned problens is drawn to a specific enbodi nent of the

i nspection nmethod according any one_of 1) through 5), wherein the
threshold is 0.06 [Rg/ 100 cn®] when®t he extracted conponent is nel am ne.
7) A seventh invention for solving the aforenenti oned problens provides a
magneti c recordi ng medi um conprising a non-nmagnetic substrate; a
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af orenenti on Is dra 0 a specific enbodi nent of the nmagnetic
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cn2] when the extracted corponent™is nelamne. 9) A ninth invention for

sol vi ng fiduhefiQ e ifIe UMY BP ddte B e dnsPAmh fdg enbodi nent  of
the magnetic recording nediumaccording to 7) or 8), wherein a peak of the

i nfrar edrepifilding dhd Rt ofot he protective filmpredom nantly
contai ning carbon, the peak corresponding to a carbon- hydrogen bond, has

an intemsyty thedoﬁﬁv@htheas £o¥0s0a1h43@nBChEIPSenEIBDed problems

is drawn to a specific embodiment of the inspection method
according to 1) or 2), 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.

4) A fourth invention for solving the 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.



8 10) A tenth invention for solving the aforenentioned problens is drawn
to a specific enbodi nent of the nagnetic recording nmediumaccording to any
one of 7Wweohrough 9), wherein the ratio of nitrogen to cR€DaPP10as80he
protective filmpredom nantly containing carbon is 5-40 at% 11) A

el eventh invention for solving the aforenentioned problens is drawmn to a
speci fi c enbodi nent of the magnetic ‘recordi ng nedium according to any one
of 7) through 10), wherein Id/1g of the surface of the protective film
predoninantly containing carbon is 3.5 or less. 12) Atwelfth invention for

sol ving he a dﬁﬁg@&kp o' PHL e Py % | ges éE&EéE?Ef 1 608a

rragnet| Cc recor nedi um whi c process conpri ses m ng ? pr ot ect| ve
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substrate, a non-magnettc under coat ayer, netic |layer, the

layers belag:hohgeEngnohBeorSH)Sthabi hcaara@hsféaﬁdthe thabshfgapigt ective

filmis orne at t e extract|on anpunt an |nspect|on gas
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i nspection ga onponent to or greater a pre eternlned
threshol ¢, tﬁ%%&pwlwdﬁ@f é&@u@mr@f&ﬁm@mﬁn&fl ng extracted

with an |nspect|on solvent after the magnetic recording nediumis all owed
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medi um according to 12), WD 02/11130 PCT/JP01/ 06580 9 wherein a formation

process magnéhecprayest i vhef Lhfferpr BdeAyNasthgdcent @hai Bgbearaes; canpri ses
a sputtéring process in which the protective filmis formed while bias is
a 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 éxtracted 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 [ung/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.



applied to the disk. 14) A fourteenth invention for solving the
af orenenti oned problens is drawn to a specific enbodi nent of the
productiomooptnﬁess for a nmagnetic recordi ng medi um accor BCTHgPa1®6388) ,
,Wherein a formation process for the protective film predom nantly
contalnlng carbon conprises a plasnmg, CVD process in which a reaction gas
cont ai ni ng hydrocarbon is enpl oyed 8s a raw material . 15) Afifteenth
invention for solving the aforenentioned problens is drawn to a specific
enbodi ment of the production process for a magnetic recordi ng nedi um

accor di gt 0 124 e WIRLEHY 1Bn PEEALEAYAEORRSS EBLchBRLRLALACTIve il m

predom nantly contai ning carbon conprise ormation step including a

pl asma PALREESS Idkai Cﬂ?) 3 5%% fﬂ;&m%t?r?:é)rﬁgr{&ergd {Hrf;‘&rgay HRERAHRN 1S

enpl oyed as a raw materi al ng a sputtering

processxle%o\eﬂg)ﬁ% AR R %I&%tfaﬁgf Idgmd 5@ I dTRek W |16 Rivih g9 ,applied to

t he di sk si xteenth 1 nvention f sol vi ng the aforenentloned

pr obl engharYihdes e HHRGRPYC ﬂl%g@nn&oa%f&w QL AHY prRARASEAMNS
conprising a magnetic recording nediumand a - nagnetlc head for recording

dat a onteq 1§ FedniiRAA g RNRAYEINP dediptias tnefefdi@m characterized in

that the magnetic recording nediumis a nagnetic recordi ng nmedi um as

recitediii) anYeP8PeAth/invBheYEH #d) s¥D/ORG11Hh30aPeTEABREL88880 10 As

used herein, the term"atomc % may be abbreviated as "at%" As used

herei n, prbol@hs’ efseldrdwh "t Aspiifaic lBapddiptdran off te rlAgnetigs Fig. 1
is a cross-sectional view of one enbodi nent of the nagnetic recording

medi um elecoR@iplge sR¥ELiun \EIHord@indg it® ahys aws dihe arngdudgd 1dg9posits on the

surface of a nmagnetic recording medi umversus-the total anount of
wherein Id/Ig of the surface of the protective £ilm
predominantly containing carbon is 3.5 or less.
12) A twelfth invention for solving the aforementioned
problems provides a process for producing a magnetic
recording medium, which process comprises forming a
protective f£ilm 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 f£ilm 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),



diffusion gas. Fig. 3 is a schematic representati on show ng a nmagnetic
recordi ng and reproduci ng apparatus including the magnetic recording

medi um shoo2/in3ig. 1. Fig. 4 is a schematic represent at POWVJBRIO¥S%Ng a

pl asma CVD apparatus enpl oyed for carrying out one enbodi nent of the
production process for a magnetic recording medi umof the present
invention. Fig. 5is a schematic representation showng a protective film
nodi fication apparatus enployed for carrying out one enbodi ment of the
production process for a magnetic recording nediumof the present

| nvent | OfhefLn 8 kSrflaBiBRMBLLECLEPEERCRRA! HRBLEBRILA0 R1nSPULL ering -

8
appar at us enpl oyed carryrng out one enbodi nment t he production

prOcesSa§géa§ﬂﬂﬁgﬂﬁi&ccpﬁeaiﬂkﬂg gﬁ%am 8bmpthgeRr gSephtta¥eRyi on. Fig. 7

illustr e nmean  voltage an e positive voltage peak val ue of pul se

direct - Cififééél&s bh ASynYCh02h4 1539t ECT1 B0 0R589 £dimBESnMREEs 180T 16ar rying
Qut the Tnvention One enbodi nent of the inspection nmethod of the present

i nventi oo kLabgodefer g, The inspection method of the present invention
IS roughPy descri bed bel ow. The inspection nethod of the present invention

includes;sf S el ddhEh EnPEONESA CF &2 CH6 T 10y Bl R v Afec@  sanpl e
is allowed to stand in an at nosphere of an inspection gas conponent, to

thereby gxgpsemthessuehasetsf at BpeRdidnenBodilentnspeehéopreasceBrONENt ,
the nmediumincluding a protective film predom nantly containing carbon; a

step in pyubE€sst Perr asuhhaBstigngeebraingcnediag gedovding temeeyed in  an

i nspection solvent, to thereby subject the nediumto
-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 fifteenth invention for solving the aforementioned
problems is drawn to a specific embodiment of the production
process for a magnetic recording medium according to 12),
wherein a formation process for the protective £ilm
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).



extraction; a step in which the extraction anmount of the inspection gas
conponent and/or a conpound fornmed so as to contain the gas conponent in

t he i nspev®own1s®wl vent is mneasured after conpletion of iPOEIRII®AIS0ANd a
step for determning that the extraction anount is equal to or greater
than a predeterm ned threshol d. Cbnvgationally, a magnetic recordi ng nmedi um
including a protective film having deposits on its surface is inmmersed in
a solvent, and then the extraction anount of the deposits in the solvent

is neasured. \Wen the extraction amount is small or when-the amount is
equal to or |gyeisdédaReefl! t8hE tEFRSMRLOMiENe" "RAPEHE CabBeay dhpgamedi um
is considered to have a small anount of deposits; 1.e., the nediumis

consi dergd 10 h0t e RIS Hedelife dapewit irdEedfs deposic &.on WO 02/11130
PCT/ JP01/ 06580 12 its surface. In contrast, according to the present

invention, after the magnetic recording nmediumis exposed to an
i nspection gas conponent, the extraction anount of the inspection gas

conpone s Ayl 58 s G GO sl cm@miﬁgg med so as to contain the gas
conponent in an inspection solvent, which conponents nay be deposits, is

large; for expipl el iHea EXE0CELODLIGNRAUNYLIES EfUShet EmBbAgREAtesEt han a
certain threshold. In the present invention, the anount of deposits on the

surf ace e and@mgeid Cré @ Th d gnd@ilin P £ athdeptied @it Nievedyion he extraction
anount of the deposits. The nmechanismof the determnation is assuned to
be as fol |l owsFidri 2 ghewewvshé hamoadouot @époepdsi vs bthet sersacéace af a
protective filmof a nagnetic recordi ng nmedi um when the anount of
di ffusi omagyestio redoiodindeneddinnesses pdsedtotal esmodmt eRanpl e, due to
vari ation of the exposure tine. As shown in Fig. 2, in region e
correspahidifigsian ngageti ¢ recording nediumE or in
Fig. 3 is a schematic representation showing a magnetic
recording and reproducing apparatus including the magnetic
recording medium shown in Fig. 1.
Fig. 4 is a schematic representation showing a plasma
CVD apparatus employed for carrying out one embodiment of the
production process for a magnetic recording medium of the
present invention.
Fig. 5 is a schematic 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.



region f corresponding to magnetic recording nediumF, even when the
anmount of diffusion gas increases, deposits are not deposited onto any
medi um AgOp¥1Epparent fromFig. 2, the mediumF is not PEDORIII06580he
deposition of deposits on its surface with respect to the amount of

di ffusion gas, as conpared with the]mpdiun1E. 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 anount of

di ffusi ogeg@smpuegedsrt bar¥Pi Ay bhi3enBCTLYBAABG580 13 amount of the gas

whi ch can be adsorbed in the protective film the protective film has

deposits on igeSdnbd@@menth®re it inkspeTRuNne®hod bieUHeN pgaseadsor bed
in the protective filmof the mediumF is greater than that of diffusion

gas adsokRednitRohhgikiobechk¥%erfibka of the medium E, and thus the
protective filmof the nmediumF is not prone to have deposits on its

surface. The exkraakpeetathliletdod YEPede! pragenasuientaesolidi ng to the
present invention can be regarded as the anount of the deposits adsorbed

in the pbagReyi ¥estrhipeaTbelsrgnetic recordi ng nedi um of the present
i nvention in ich the extraction anmount of deposits 1is equal to or

greater than gnheeihapecthibasheltthods ok Fhgngiregenttednientd oitdneiudtisch i s
not prone to have deposits on its surface, since the anpunt of the

deposi t saagdsepbefl whithea mmdghnemiics reabirafiagt nedliyml segeingoasesanpl e, when
the extraction anount of deposits on nagnetic recordi ng nedium A
(def ecti wampasplie) allbivell aoDBRENAS ineasuatdoapherdi off ha tihepeptéesnt
invention, is regarded as a threshold, the extraction anount correspondi ng
to the nggeetbmporentdi hg thdirebyobxpbee phesenrfaceenfi ahei mediesmt €o t han
the threshold. Briefly, the anmbunt of deposits adsorbed in the nmedi um of
t he the inspection gas component, the medium including a

protective film predominantly containing carbon; a step in

which the resultant magnetic recording medium is immersed in

an inspection solvent, to thereby subject the medium to

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 immersion; and a step for

determining that the extraction amount is equal to or greater

than a predetermined threshold.

Conventionally, a magnetic recording medium including a

protective film having deposits on its surface is immersed in

a solvent, and then the extraction amount 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



invention is greater than that of deposits adsorbed in the nediumA
Therefore, the magnetic recording nmediumof the present invention is not
prone tow@vzideposits on its surface. A specific inspeceCDoPgroeisedur e

wi |l next be described. Fig. 1 shows an exenplary magnetic recording

medi um WO 02/ 11130 PCT/JPOLl/ 06580 14 _enpl oyed as a sanple for inspection.
The magnetic recording medi um i ncl udgs a non- magnetic substrate S, a

non- magneti ¢ undercoat |ayer 1, a nagnetic |ayer 2, a carbon protective
film3, and a lubrication layer 4, the layers and film being "successively

formed ond g?%lsf%é T atg, Sorftldaiit )”aé&f‘r%iquo'& i&é'é}:‘?&@&mé 05 S ), an

at nosphere an 1 nspection gas, to thereby expose tthe surface of the

sanpl e toeddie Gas m O@{e@ﬁ@%@oramg RADEL Cis F&EQ6sbAdegegdh um i s al | oved

to stand in a seal ed container capable of introduction and di scharge of an

i nspect i Bk GaS 1 o2 Hhd NSdhd Siferd NS PELS | SRt SaStich | dheced 4mg o the

contai ner. = When a nagnetic recording and reproduci ng apparatus is

enpl oyed; B SACHbiR Rl EShfd R NBla/ dh & MBS hnta F E6RpSh &g #Bididin can be

pl aced on a spindle in the apparatus, which i's preferable. Mreover, when

the spi gl ead std Uid e FEONESmSoBRAIid Gard NEn&BSEt Pon PESGHdER] use of
the apparatus, the nagnetic recording nmediumis exposed to the inspection

gas in aHEdNdonidHdits ity Se CSSo it P) atd | CatkgalseE®F drampreditig whi ch
is preferable. The rotation speed may be any value within a range of

4, 200- 15066 d {01 -amdith € O il | € &f dheatdrs pacdn o gastamy be, for
exanple, 3.8 [g/the volune of the inner space of the magnetic recarding
and reprigitsigldppar at us] (as reduced to sil oxane ol igoner).
Alternatively, the concentration of the inspection gas nmay be, for
exanpl e, 15 [Dy/¢nB]pXeseriedimesntion, the amount of deposits on the
surface of a magnetic recording medium can be determined by
the extraction amount of the deposits. The mechanism of the
determination is assumed to be as follows. Fig. 2 shows the
amount of»deposits on the surface of a protective film of a
magnetic recording medium when the amount of diffusion gas to
which the medium is exposed varies; for example, due to /
variation of the exposure time. As shown in Fig. 2, in
region e corresponding to magnetic recording medium E or in
region £ corresponding to magnetic recording medium F, even
when the amount of diffusion gas increaées, 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 inventorsyhave
considered that, in the region e or £, diffusion gas is not
deposited onto the surface of the protective'film, but is

adsorbed in the protective f£ilm. The present inventors have

considered that, when the amount of diffusion gas exceeds the



to sil ox

The tine
may be,
sufficie
sufficie
al | oned
be, for
t enper at
medi um i

order togagmel ghat prbe@ctevh: £illh RRESAPEsiesPbal ekabkurithas. \Wen the

concentr

recordin

may be a

ane oligonmer). In order to accelerate the test, the concentration
of the inspection gas is preferably high. WO 02/11130 PCT/JPOLl/ 06580 15
vdan2/ng3mhi ch the magnetic recording nediumis aPCDWeN/0bE80st and

for exanple, 24 hours. In order to adsorb the inspection gas

ntly into the magnetic recorging medium the tinme is preferably

ntly long. The tenperature il

n the nmagnetic recording nmediumis

to stand in the magnetic recording and reproduci ng apparatus may

exanpl e, anbient tenperature. In order to accelerate the test,

umsghﬁ BeetAaRaBhy ghaeh &hg BEEE&HBEbéﬁeEntQﬁeﬂ?ﬂ@%éﬁﬁiﬁécording

S owed to Stand may be, for exanple, anbie pressure. In

t he

ation of the inspection gas is Iow, the tine during the magnetic

recor di ngnERdieyPLl, Stak! anedntoorShaRduiohhgakeABRbRbUEE inheRet he magnetic
g nedium is allowed to stand may be appropriately regulated (e.qg.,

tine: 72pbgebgril8Npeial WreithdOfmbaitif Fheselyreadser Bnhhe thh@sgect i on gas
sufficiently into the magnetic recording nedium The inspection gas may be
a gas gepekah8dohNghbeadsBaneti enr €Rer grogeatdveephiofueitN@hapR8a atMSE , O

conponent form ng a conpound which constitutes a deposit on

t he

surface ghat RRuBBERB! peoteetidengimmdbenth¥haadsumhFaisgastoprenapesent is
, the case in which the nagnetic recording nediumis practically

enpl oyed
used in

hhecapppbatits oanditkesufEdcem | Thexgosedct boh ham@ast aah be

reproduced, which is preferable. The inspection gas is preferably one or
nore seblepbedthr am measgradsakcesaiengonbathengreaentainaenylion #¥€n02/ 11130
PCT/ JPOL/ 06580 16

be regarded as the amount of the deposits adsorbed in the
protective film. The magnetic recording medium of the
present invention in which the extraction amount of deposits
is equal to or greater than a certain threshold is a magnetic
recording medium which is not prone to have deposits on its
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 measured 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



aci d-containing gas, a stearic-acid-containing gas, vaporized nelan ne, a
vapori zed lubricant, a vaporized higher fatty acid (e.g., a fatty acid of
C10 or nmwe)21ra3wapori zed phthalic acid ester, and vaporPerdrPdioeisoy|
pht hal ate. In the case in which such gas conponents are enployed in
conbi nati.on, when the conbination ifysimlar to the conbination of gas
conponents in the apparatus when practically used, the inspectionis
carried out under the conditions simlar to those under which the nmedi um
is practically used, which is preferable. Instead of introduction of such
a gas, ampaohed ashic ka8 HAs @apectich .as Thehaagviettiapeecoeding or
film may be allowed to stand together with the magnetic recording
medi um me@iuvex ddledeshen ndis n@Emgratic sty SNt nepnedneitrigs appar at us
is enployed as a container, and a practically used nmenber is allowed to
stand t hederaoadgdiay@r 1w tah ndyheatdgndlayer exoradiceyrbmdipratshitdlve s pl aced
on the spindle, the inspection is carried out under the conditions
sim | ar fidm 39S @andnderludnictatiiion fegiermd4,s gireactayatd yand et 1m \weioly i S
preferable. Wien the spindle is rotated, the inspection is carried out
under t kaccesdiivedlys foomedsion [tre stubstthmade Bhder which the nediumi s
practically used, which is preferable. In the case in which such a nenber
i s enployed &aSmsidas dererssnmle sicuraddowdtenta hetaohciamtamt i on of the gas
i s unknown, the tine during the magnetic recording nediumis allowed to
st and omtmosphemee ot @are ispeatieonm@aset ite thepehi regnesd dhei s al l owed to
stand may be appropriately regulated (e.g., tinme: 72 hours, tenperature:
400), tsunbag?/ DE13RePGHMIAEG tT633@® 9EE .t hEpshpxaupdeh the magpeéiron gas
sufficiently into the nmagnetic recording nmedium After_ conpletion of
exposur &ecopdings meddim denmldawed itenstaad iip 4 sesipcbigatadderent as
descri bed below, to

capable of introduction and discharge of an inspection gas,

and then the inspection gas is introduced into the container.
When a magnetic recording and reproducing apparatus is
eﬁployed as such a.sealed container, the magnetic recording
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,
thé 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/cm®] (as reduced
to siloxane oligomer). In order to accelerate the test, the

concentration of the inspection gas is preferably high.



t hereby subject the sanple to extraction. In this case, a target
extraction conponent is the inspection gas conponent and/or a conpound
conponentw®02/mad0 so as to contain the gas conponent. ThePCHIREOLFSON

sol vent may be any solvent, so long as the target extraction conponent is
di ssolved in the solvent. For exanph%, the solvent is preferably one or
nore selected from anong nethanol, éthanol, isopropyl alcohol, and water.
. The anount of the solvent may be, for exanple, 30 [m/magnetic recording
mediun]. In order to enhance extraction efficiency, the amount is

preferably |apge. ¢ihg auiiag! WARch FReMM¥gRBLitOre@¥2ARhE: mBACUMONE. Wen
extraction ability of the solvent is low, the sanple is preferably all owed

to standaiNolB8 €6l ¥eBhaf Ahyabe OkePJ8HamPeEl, 0d40hohiBE. T ddPeEEat Ure
during extraction may be appropriately determned in accordance with the

type of hB8okBSPRE! iABpe&@ivfnGasaBdrinyibAtd9t ehtbneHeahaghetigexanpl e,
80C. In order to enhance extraction efficiency, the tenperature is

pref er abkychraingSHbagagnenthy, tihe Larpgebrexhbagt kAreempRaeHt 1bAgl he
i nspection solvent is quantitatively nmeasured, for exanple, through a

customary quathet &emperatiuiedwhnmeaasmaneCi¥bre¥Ord2hglhdditinTidP01/ 06580
18 The threshold is determ ned, for exanple, as described below The

t hreshol dinmeyebetdeseantingtl enethaghasis oécbha@ingxandactépnoaueing as
measured t hrough the aforenentioned nethod in the case in which, as a
sanpl e, appaeatasemploped Sormagaepie,r ambidnngtemgenatexéi bili rgrder
durability which is required in practical use in a magnetic recordi ng and
repr oductagaappaeattie. thet tentt i teéytemperahneshbbdpragebeblyehghi ned on
the basis of the extraction anount as neasured
The pressure when the magnetic recording medium is
allowed to stand may be, for example, ambient pressure. 1In
order to accelerate the test, the pressure is preferably high.
When the concentration of the inspection gas is low,
the time during the magnetic recording medium is allowed to
stand or the temperature when the magnetic recording medium
is allowed to stand may be appropriately regulated (e.g.,
time: 72 hours, temperature: 40°C), to 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



t hrough the aforenentioned nethod in the case in which a nmagnetic
recordi ng nmedi um exhi biting poor durability is enployed as a sanple. For
exanpl e, wae2tnseshol d may be determ ned on the basis of PCHaPEXb38aCt i on
anount as neasured through the aforenentioned nethod in the case in which
a nmagnetic recording nediun1exhibit'§g poor fly stiction characteristic
is enployed as a sanple or in the ca in which a magnetic recording
medi um havi ng deposits on its surface is enployed as a sanple, the
deposits being observed after exposure to an inspection gas. The threshol d

may be M@Jmmi%tgﬁ Yid G d i 1RasH Eb i d ACid PryATPWHp W Aeq Saf ety

factor. For exanple, en the extraction anount corresponding to a

def ecti v MBRONEL | G RARSwiAgh RAIMBAS: Xa Jdfotiuéasolghdmyc e fet er mi ned
to be X Alternatively, by wusing a as a safety factor, the threshold may

be det ergdiied e I, b& (Phetacilhof TBRLWF o) 2 dB@RIdLzdecor di ng nedi um
serving as a sanple is carried out by conparing the extraction anount of

the sanyif1as it E S IHEOUGhd Reapd 0 A0 i sredh gt AR 024 h113@
PCT/ JP01/ 06580 19 with the threshold as determ ned through the

af or enerddsaneth wBldhudGdy SRiFSHent $0htd admp Ny @K I8 CEdBlL.IePLEH , | S
equal to or greater than the threshold. According to a conventiona

i nspect ivedBiHO Gomdiatatiivh BXtdaetion BootHd dembaipei i oheafad he anount
is equal to or greater than the threshold, the magnetic recordi ng nedi um

is det ejdiiptbiits hith dgfecdppeara tiiie e pracigiiEly adetoriielg medi um
havi ng a | arge anmobunt of deposits not on its surface but inside thereof
may be daisirgvtliesh tics hmamefeat toute . urlder cithd residi @iomoy & imgl Yar tie
i nspection nmethod of the present invention, a magnetic recordi ng nmedi um
havi ng eHeegaimmdaxtihicd tdepoesidigm niss derddietedily arsdik, ayppiaprisatel y
det er m ned,
preferable. Instead of introduction of such a gas, a member
which generates gas, such as adhesive tape, resin, or film,
may be allowed to stand together with the magnetic recording
medium. For example, when the magnetic recording and
reproducing apparatus is employed as a container, and a
practically used member is allowed to stand therein together
with the magnetic recording medium which is placed on the
spindle, the inspection is carried out 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
preferabie. In the case in which such a member is employed
as a gas generation source, when the concentration of the gas
is unknown, the time during the magnetic recording medium is
allowed to stand or the temperature when the magnetic

recording medium is allowed to stand may be appropriately

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



since the extraction anmount is equal to or greater than the threshold
after exposure of the nediumto an inspection gas. Consequently, the
degree ofwabpi/fidulty in deposition of deposits onto the PElRKL06580ecor di ng
medi um can be appropriately determ ned. One enbodi nent of the magnetic
recordi ng nmedium of the present invgp}ion wi |l be described. Fig. 1 shows
an exanpl e of the magnetic recording ~'nedium of the present invention. The
magneti c recording nediumincludes a non-nagnetic substrate S, a
non- magneti ¢ undercoat |ayer 1, a nagnetic |layer 2, a protective film3
predom n%ma'rébgoahég%nehgamepectt%nl guer %@@%&Bﬁﬁgl PhtpeiAg formed on

, and a lu 4 f d onth

t he substrate rication film or ne e film3. The

non-nagn&%gﬁe%qgsEg@59d§ngamegguﬁn al um num al oy WO 02/ 11130
PCT/ JPOL/ 06580 20 substrate on which an NPP plating filmis forned

(hereinafter pAdie,SubabhaksoRBbPexpRRireed the 2esulitBnk! aap18l is
substrate"), which is generally enployed as a substrate for nagnetic

recordi ngpedisda 9h anS¥hspedteoal sehasnt aer aBkerinel bkasih! €oresin,
whi ch substrate may be coated with Ni P or another alloy through plating or

sputteri Rperths %ﬁﬁgeéﬁrEﬁ@eséﬁﬂanQ%Sek@@hc@ﬁohhe IONEHBgNeasE, substrate
Sis preferably 1-20 A, nore preferably 1-15 A.  The non-nmagneti ¢ under coat

layer 1 waygee ax¢ea¢enbhoBamb¥nkh®WAsNe@hemagBpbteivndgasoabmpayent For
exanple, the layer 1 may be a single elenent filmformed from any el ement

sel ect ed ah@gerCa, coinpoihd Sbmpdaentn@o¥hedAkbeasatobvebytatihethaygasl may be
a filmformed froman alloy containing any of the above elenents as a
primary component. and other el enments, so |long as such "other el enents" do
not inpede the crystallinity of the layer 1. The non-nagnetic

The inspection solvent may be any solvent, so long as
the target extraction component is dissolved in the solvent.
For example, the solvent is breferably one or more selected
from among methanol, ethanol, isopropyl alcohol, and water.

_ The amount of the solvent may be, for example, 30
[ml/magnetic recording medium]. In order to enhance
extraction efficiency, the amount is preferably large.

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

The temperature during extraction may be appropriately
determined in accordance with the type of the inspection
solvent, and may be determined at, for example, 80°C. In
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.



undercoat layer 1 is provided for controlling the crystal orientation of
the magnetic layer 2 formed froma Co alloy. The layer 1 is particularly
pref erabiwoboired froma material of Cr single el enent oPCEHJPHIOEFS0A!
containing Cr and one or nore selected fromanong Mo, W V, Ti, Nb, and
Si. Wien the aforenentioned material is enployed, the conposition is
preferably CrzY (wherein Y is one or fbre selected fromanong M, W V,
Ti, No, and Si). The Y content (z) is preferably 20 at%or |less, nore
preferably 10 at% or |less. Wen the Y content is 20 at% or |ess, the
orientation of the nagnetlc | ayer 2 formed froma gp all oy, the_ |layer 2

bei ng provideahﬁntVE? bpid1ig ﬁefﬁfﬁéBF§65§8r oXafR noﬁsngﬁﬁQFFPeGndercoat
| ayer ved, erefaore the i C rgeor m exhi bits
excel | enbeleBor Ao paRhott oY S derertaed g s AsEs (R Hhf um | <

f

suitable f¢ allzatlon of hi h recgrg dengh herein, the
term -'erﬁﬁrecﬁb%omwn S aTeaFPES #153&9?0 ¢ afeasglerl 1GRESh t he
content of % & onent is.in gxc SS i g sta ?rala si ze of
t he non- Wﬁb 8 |tnu r ¢B8F lPaV 1 ng§ afF%%P Ehet ?§§t F GrBrRYEFz2 of
th t Th t al i f
he ﬁﬁ”ﬁa'gﬂ%m Yt etradhd RapiR, SxieoitinY adba LR IRICR RSl arent

h T t |l of th Cr
syeh, 25 Buafbredlad ShfotiEa ek, 8h 8 pblfablcLoobighot; O, °

part'culéagxohwlﬁgd%?ggrgeﬂg A IEADABIEPS (Al e JABLA oy g0 90 2

to attain COercive force ness IS pre

100-1, Ooﬁef%rHPﬁgdp6§f€ﬁ€b£¥si 05 f7QReAépr§i9%9Hegh8u£@Cdihggsﬂ? ﬁllng

I ncl udi ng e non- nagneti c undercoat | ayer aving a thickness

W thin  tHEcA8RVEnd 30B6rExBhPEbAcANNBRAGE £RCLALVEALRT §6 AR¥chRr Oved

magnetic recording medium exhibiting poor durability is
eméloyed as a sample. For example, the threshold may be
determined on the basis of the extraction amount as measured
through the aforementioned method in the case in which a '
magnetic recording medium exhibiting poor fly stiction
characteristic is employed as a sample or in the case in
which a magnetic recording medium having deposits on its
surface is employed as a sample, 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
correspoﬁding to a defective magnetic récording 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-



SNR, i.e., the nediumis suitable for realization of high recording
density. The non-nmagnetic undercoat |ayer 1 may be of a single- |ayer
structureayoeriudoa multi-layer structure. Wien the | ayer PQT/HRE/08580

mul ti-layer structure, the layer 1 nay be forned of a plurality of |ayers
formed fromthe sanme conposition or different conpositions from anong the
WO 02/ 11130 PCT/JPOL/ 06580 22 aforerkhti oned conpositions. For exanple,
the layer 1 may be a multi-layer structure in which a CM alloy |layer (M
content: 10 at%or less) is lamnated on a C |ayer. The nmagnetic | ayer 2

anong Colet ORGP RSN & 1R P s B o e oS o ci v
or o1 or abl 000 e P2t S R R, Lty aP AR5 ot (B Redd) or more.

ar ange o BB 88 Pl SRR S, SABTEA% T convent onal |y used Brd
{hi ckneos of TR 2 M i ol anee At R Sl bl are
or 1 ont ot (0 Re” Qe et o, el B Binckihs Y Rl G0 o

ndor cont™ ey ARG AP Mo A5 aGhetTs Aot o gl ©

layer (G eQ%r}.fnﬁ'ﬂteii 0 Yol d ASSe .ha’ﬂéxgigef‘?fgi,anﬁﬁﬁngfcig5ré‘coffiihsss may

be forme he carbon protective film s formed froma materia
pr edom N4 iYint BRVANY 29 1GHROEmolIR B RRPORAMLHdtY & Iilt8 shrehdkor med

such that the extraction anmount of an inspéection
but inside thereof may be determined to be defective. 1In
contrast, according to the inspection method of the present
invention, a magnetic recording medium having a large amount
of deposits inside thereof can be appropriately determined,
since the extraction amount is equal to or greater than the
threshold after exposure of the medium to an inspection gas.
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 f£ilm
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



gas conponent and/or a conpound conponent forned so as to contain the

i nspection gas conponent is equal to or greater than a certain threshold,
t he gas owopwnamt and/ or the WO 02/11130 PCT/ JPOL/ 06580 PGT/gRNMpoisad
conponent being extracted with an inspection solvent after the magnetic
recording nediumis allowed to stand in an atnosphere of the inspection
gas conponent. The extracted conponéRt is preferably nelam ne. Wen the
extracted conponent is nelamne, the threshold is 0.06 [tg/ 100 cn?],
preferably 0.12 [pg/ 100 cnR], nore preferably 0.24 [g/100 cnR]. Since
mel am ne_|

LPY . ) ¢ L ch. q iti .
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contact with the magnetic layer.” This 1Is because, when the anount of

nitrogen fallp,OWShdfa¥ft02614430rE6dE IPS}EL6DP8Ray be a

conventionally known non-magnetic undercoat layer. For
example, the layer 1 may be a single element film formed from
any element selected from Cr, Ti, Ni, Si, Ta, and W.
Alternatively, the layer 1 may be a film formed from an alloy
containing any of the above elements as a primary component
and other elements, so long as such "other elements” do not
impede the crystallinity of the layer 1. The non-magnetic
undercoat layer 1 is provided for controlling the crystal
orientation of the magnetic layer 2 formed from a Co alloy.
The layer 1 is particularly preferably formed from a material
of Cr single element or a material containing Cr and one or
more selected f£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



24 the above range, magnetostatic characteristics of-the nmagnetic |ayer
deteriorate and coercive force is lowered, and thus the magnetic recording
medi um i vOor/1980 t abl e for realization of |ow flying hei Bét/JPoIessamount of
nitrogen in the magnetic |ayer can be obtai ned by neans of, for exanple,
SIMS analysis. As used herein, the term"the vicinity" may refer to a
position on the boundary betmeen the2dagnetic |ayer and the protective
film at which the-Co content is 5% of that of the nagnetic |ayer. A dense
and hard protective filmis preferable since the filn1can suppress

giﬂiﬁiilhﬁﬁ o oroki PagBRbefopnterESatoteter of  FnBWpEPREEN] @érfﬁﬁf’ihtsrg?grs
N
to a pheponeson.i oy uhighab; gop gagggn%gneﬁuw eﬁhghg&ngxgg%fénen t he

substr at Ce™B Ic recor I'um t hr ough

d'foSIOQ 01vg %5%8 fhkpcgr gélgﬂa Sct ¥§LH%§§ gr e%ﬁgp$§deM %Sthe

nmeasuri ng ?ﬁe anoun rac Ion O on the surface o

medi um ¥\@f€a§g§ ES‘:EbQQaEE%%% vsffmf@m rééo a@agygsﬁsaefﬂﬁ uddf

intensity O peak corresp on a car rogen” bond 1's
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force to

ricant on the fi bonding force is strong, the
surface gf thegpsotective filmis consistently coated wth the lubricant,
and t hus dep05|t|on of deposits can be WO 02/11130 PCT/JPOL1/ 06580 25

suppressed. MpREUESYBRE10GrERE bﬁ!&énaftfhefnbhemagﬁ&tierﬁﬁaeeadaﬂg to a
car bon- hydrogen bond by neans of FTIR is carried out,

layer 1 may affect the crystal grain size of the magnetic

layer 2 formed from a Co alloy. The crystal grain size of

the non-magnetic undercoat layer 1 may be reduced by adding

an element such as B, Zr, or Ta to the material of the layer

1; i.e., Cr or a Cr alloy.

The 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., fhe medium is suitable for realization of high
recording density.

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

composition or different compositions from among the



for exanple, through the follow ng procedure. There is prepared an FTIR
apparatus exhibiting a sensitivity such that, when a
per fl uor opobyetiber - cont ai ning lubricant is applied onto BCOURMK/OsE0as to
have a thickness of 2 nm the nmeasured intensity of the peak (e.g., the
peak which arises within a region of 1,120-1,350 cm 1) corresponding to a
C-F bond (carbon-fluorine bond) of ?He lnfrared spectrumof the disk is
0.008. Firstly, the infrared spectrumof the protective filmpredom nantly
contai ning carbon (hereinafter the spectrummay be referred to as "the
carbon protective. fllcrin infrared s ecH?m IS .obt lneafromthe asured
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obt ai ned as nmeasur ed Raman pectrum IS separated Into two

panpe; h 1 and
ands: itife prealh ARy DRHIAY 1HGREReADT S, 4461 (8o Blad) SO0 e and

D band inthe vicinity of- 1,400 cm1; and ratio of Id

(the intgo @éraf@isﬁeg,ogod, N s&sdtdaPf dPendkband) to Ig (the integral value
of intensity of the G band) is

The thickness of the magnetic layer 2 formed from a Co
alloy falls within a range of 30-100 [Gum], which is a
parameter of conventionally used Brd (the product of residual
magnetization and film thickness [Gpum]), and the thickness of
the layer 2 may be a thickness so as to attain an appropriate
recording and reproducing signal output.

In order to improve the orientation of the Co alloy and
to obtain high 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 f£ilm 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 dgreater

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



obt ai ned. The water contact angle of the surface of the protective filmis
preferably 800 or less, nore preferably 75 or less. This is because, when
t he wat ew@ortast angle is 80 or less, the protective fiPaT/iIRI1/06580
satisfactorily bonded to the lubricant, and thus the |ubricant is not
easily deposited onto a magnetic head. The thickness of the carbon
protective film3 may be 90 A or |e3 The thickness is preferably 75 A or
| ess, nore preferably 50 A or less. This is because, when the thickness
falls within the above range, spacing | oss can be further = reduced, and
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deposite onto a magnetic head, which is preféerable. The extraction amunt
of an i ngRAEki0APRLi¢ABRORENE mBBHERA A reeBRaAYRYg aaAPeRBRbaleiARd SO as to

contain 'the
apparatus, the extraction component is determined to be
melamine. The reason why the extraction amount of melamine
is determined to the above range is described below. When
the extraction amount falls within the above range, the
amount of impurity gas adsorbed in the carbon protective £ilm
3 increases, and thus deposits are not easily deposited onto
the carbon protective f£ilm 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



i nspection gas conponent is equal to or greater than a certain threshold,
t he gas conponent and/or the conpound conponent being extracted with an

i nspecti ovosvimMent after the magnetic recordi ng nedi um oPCT/HRI1[6ESOEeNt
invention is allowed to stand in an atnosphere of the inspection gas
conponent. Therefore, the protective filmpredom nantly containing carbon
of the magnetic recording mediumis A4t prone to have deposits on its
surface. Wien the extracted conponent is nelamne, the threshold is
preferably 0.06 [g/100 cnR], nore preferably 0.12 [g/100 cnR], nuch nore
preferab ns ent efic recordlng
e um oFAeABRTESERRSP UBAIRS °F§gﬁ%8dcx%??§e¥h§€+?§/ FEHhE ghe of a
magneti c educ e not easi deposited onto the head.
Therer oregggg%ﬁ SREHE e nhihetre b o?a?ﬁal%%d*% FELIRE TR
flying h t peLi a uced, _th n WO 02/11130
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durability and lubricity, and suppresses generation of wear powder
i nduci ngofleprsttbPNeRé ﬂg@g@{ié gagergeneratlon of Ni corrosion.

A dense and hard protective film is preferable, since
the film can suppress generation of wear powder, which would
induce deposition of deposits and generation of Ni corrosion.
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 f£ilm 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 f£ilm
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



By reducing the flying height of a nagnetic head and thinning the
protective filmpredom nantly containing carbon, the distance between the
head and whe2/magneti c | ayer serving as a nagnetic recor dPETyJPEY0EF80i S
reduced. Therefore, in the nmagnetic recording nediumof the present

i nvention, spacing |oss can be reduced. Consequently, since reproduction
signal output can be increased and SNR (signal to noise ratio) is

i nproved, the magnetic recording nmedium of the present invention is nore
applicable to high recording density, as conpared with a conventi onal
magnetic recording nedium In addition, the coercive force is 3,000

[ oer st ed$TUP&H*E® , preferably 3,500 [oersteds] or nore, and the nmean WD
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Fig. 3 sfo exenpl ar etic recor and ~ Teproduci'ng appara

| nel udi ngrdle AEALSTRALIAIAY STARE I dh 15N 1A TR ST TRAREL | C

recordi ng and Tt epr crn pparatus inc a magnetic re i'ng medi um
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rotating the magnetic recordi ng nedi 30; a magnetic head 32 for

recordi ng (alA QYL et 3%3%@4 (@ JRCORHN GBI iNE0 AGed SRRRDUCINY t he

data therefrom a head driving portion 33 for noving the magnetic head 32
rel ativelpediQd RE ARABYLIIC 35roe“di}{‘f|}hrkgof‘i§‘é’é¢%épﬁg apsl & ¢eeopsiegl/ reproduced

signal - processing system 34. In e system 34, a recorded externa
{carbon-fluorine bond) of the infrared spectrum of the disk
is 0.008. Firstly, the infrared spectrum of the protective
film predominantly containing carbon (hereinafter fhe
spectrum may be referred to as "the carbon protective f£ilm
infrared spectrum”) 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 the magnetic recording
medium after formation of the protective film. Subsequently,
the area of the peak within a range of 2,800-3,100 cm™t of
the infrared spectrum is calculated, and the calculated area
is regarded as the intensity 6f the peak corresponding to a
carbon-hydrogen bond. As used herein, the peak intensity
refers to the absorption amount.

When the protective f£ilm 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



signal is processed and sent to the magnetic head 32, or a reproduction
signal fromthe head 32 is processed and sent to the outside. A nmagnetic
head i nclwaozigiisepr oducti on el ements such as an MR (magnkRCDIBMIOSSSaNce)

el ement utilizing anisotropic magnetoresi stance (AMR) effect and a GWR
element wutilizing giant nmagnetoresi stance (GVR) effect, which head is

more suitable for realization of higRérecording density, may be enpl oyed
as the magnetic head 32 of the magnetic recording WO 02/11130

PCT/ JPOL/ 06580 30 and reproduci ng apparatus of the present invention. The
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recordi ng and repr cl’ng appar at us Its ~ excellent y stiction
char act efy814:fag.The production process for the magnetic recording nedium
of the present invention will next be described. (Apparatus enployed for
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protective f£ilm is preferably 80° or less, more preferably
75° or less. This is because, when the water contact angle
is 80° or less, the protective film is satisfactorily bonded
to the lubricant, and thus the lubricant is not easily
deposited onto a magnetic head.

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

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

In order to obtain the aforementioned effect, a

Fomblin-type lubricant is preferably employed. This is



apparatus enployed in the present invention wll be described. Fig. 4
shows a schematic representation of a plasma CVD apparatus serving as a
mai n por Won2/ofi3@ he production apparatus enpl oyed for caP€VIPIY/06i80 an
enbodi mrent of the WO 02/11130 PCT/JPOL1/ 06580 31 production process for the
magneti c recordi ng nedium of the present invention. The plasma CVD
apparatus includes a CVD apparatus chamber 10 for acconmpdating a di sk D
on which a protective film predom nantly containing carbon is formned;

el ectrodes 11, 11 provided on opposing walls in the CVD apparatus chanber
10 so as.to _face _each other: .high-fr nc power squr.c 12, 12 .for
supplyin&eﬁﬁaﬁgfFgageﬁb?%&gﬁénﬁigpetﬁ%%éﬁ Fo%gg ffaafi%%gc%ng lbmer
source 1 ich n t i i.n t a t Us
chanber %%%naq?ﬁgt%%rg glrc;t i%\(’;c'te%Tq;lsl %altl%% gra%elfﬁgr% ’he%&%g%ggg’% Spr ocess

gas suppl .GEeS , for .suppl.ying e rying as a raw
mat eri al %f%r %?’%éi r(‘—ﬁlt%%ctrijové1 ?llnlt%] %%r#'(":’% ?‘::t%%i Z&f %%%e%%gn oql‘t he disk D. The
CvD apparg%g;c%g@gb%&l%p3is connected to feeding pipes 15, 15 for feeding

process gas from the suppl’y sources 14, 14 into the CVD apparatus chanber

he “CVD appar SCus RATSET T (a0t RS A e e T e " pR T v Mo2a¥hg pi pot

the CVD apparatu to the outsi edi ng pi pes

15, 15 haye f_l,@wicon VES 4 S i 95 1 e),
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16 has a diScharge anbunt control valve 17, which control's “the discharge
anmount t qubReeahy ,abhid klld Mibi8lcahite iR 83tk cels® ik yCHapaRRRE! US

chanber '10. Preferred exanples of the high-frequency power sources 12, 12
i ncl ude @nkevar magHete cMhiedl ,C¥hiTHPAY pRavRiradilel0
The extraction amount of an inspection gas cﬁmponent

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 of the present invention is
allowed to stand in an atmosphere of the inspection gas
component. Therefore, the protective f£ilm predominantly
containing carbon of the magnetic recording medium is not
prone to have deposits on its surface. When the extracted
component is melamine, the threshold is preferably 0.06
[ug/100 cm’], more preferably 0.12 [pg/100 cm?], much more
preferably 0.24 [pg/100 cmz]. Consequently, when the
magnetic recording medium of the present invention is used
while the f£lying 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



WO 02/11130 PCT/JPOL/ 06580 32 1,000 Wduring formation of the protective
filmpredom nantly containing carbon and during di scharge of oxygen

pl asma. Weo2zineguency of the high-frequency power sourceBCI/2P0108580s not
particularly specified fromthe viewpoint of the effect of the present

i nvention. For exanple, the frequency may be 13.56 MHz. A pul se
direct-current power source or a hi gh8frequency power source nay be

enpl oyed as the bias power source 13. Fig. 5 shows a schematic
representation of a protective filmnodification apparatus enpl oyed for
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is not particularly specified fromthe viewpoint of the effect of the
present gsca 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 f£ilm 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.
By reducing the flying height of a magnetic head and
thinning the protective film predominantly 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 [oersteds] or more, and the mean



i nvention. The frequency may be an Rf frequency, of, for exanple, 13.56
MHz. The protective filmnodification apparatus and the plasm CVD
appar at uv@arzinsennected to each other such that the di skp€Iehiseioasna CVD
apparatus can be conveyed into the protective film nodification apparatus
wi t hout the disk being exposed to air. By using the protective film
modi fi cation apparatus and the plas®? CVD apparatus, which are connected
to each other such that the disk Din the plasma CVD apparatus can be
conveyed into the protective film nodification apparatus w thout the disk
dto_air dep Qn of
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protective filmformed through CVD is subjécted .

Fig. 3 shows an exemplary magnetic recordlng and
reproducing apparatus including the aforementioned magnetic
recording medium. The magnetic recording and reproducing
apparatus includes a magnetic recording medium 30 having the
structure shown in Fig. 1; a medium driving portion 31 for
rotating the magnetic recording medium 30; a magnetic head 32
for recording data onto the magnetic recording medium 30 and
reproducing the data therefrom; a head driving portion 33 for
meving the magnetic head 32 relatively to the magnetic
recording medium 30; and a recorded/reproduced signal-
processing system 34. In the system 34, a recorded external
signal is processed and sent to the magnetic head 32, or a
reproduction signal from the head 32 is processed and sent to
the outside. A magnetic head including reproduction elements
such as an MR (magnetoresistance) element utilizing
anisotropic magnetoresistance (AMR) effect and a GMR element
utilizing giant magnetoresistance (GMR) effect, which head is
more suitable for realization of high recording density, may

be employed as the magnetic head 32 of the magnetic recording



nodi fication will be described. (Enbodiment 1 of production process) A

non- magneti c undercoat layer 1 and a magnetic |layer 2 are successively
formed ow®eor/misurfaces of a non-magnetic substrate S throngPriacssechni que
such as sputtering, vacuum deposition, or ion plating, to thereby obtain a
di sk D. An enbodi nent of the production process for the disk D wll be
specifically described. The non-magngfic substrate S may be an al umi num
all oy substrate on which an NIP plating filmis formed (hereinafter the
substrate may be referred to as "N P-plated Al substrate”), which is
general | |.oye a' substrate . magnetic recording nedia;, or a

subst rat%ldg&p epg‘%loaés{ls?fnc%raaprﬁ%fat&s fqge%llbel eesselnn, lﬁ&]lec%ls%b‘st rate may be
coated with r . thr i ng. { ng. The nean
surface roug%lge)%gﬁa{%g%%fe ?%Aﬁ%%ﬁ&ﬁ%g%&%%%’g%@%t%é@%%%% eferably 1-20
A. Wen t S j ec tf?}pr' or 8 ﬁ' 14 ar techni que,
a desi réé%ﬁeua%eugﬁr#%c"gaﬁéu%h%;%s& Itigaql) ig‘he e atc{é;g:r%%. ée‘:“rﬂa orenenti oned
respecti, £ preTyecte er I t ing conditions
descri beléﬁfbéerﬁ%l)lvér?A(a'{%aér%er |ér?rb\?\)niaé[h°4rﬁtre a?e}}r)sﬁa{srﬁe&%oifo?ryec#ﬁ evacuated to
10-4 WO P Q%Q&Q ?Hk R tyrate .S spl aced
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i ntroduce ilnt t he _chadnber a chcﬁ schlargqﬁls carri eg’:} oua%, to thereby carry
out sputdestidith frddddid OHTRI IR ML (BId Ut | th A dnigFhrRit . pover  of
0.2-2.0 [KW is supplied. Thedischarge time and the supply power may be
regul at emgdhedth By At dbtedesi tiethd 118 ddu e S 1vER: Rggrmgnet i c

undercoat layer 1 is a conventionally known non-magnetic undercoat |ayer.
For exampet mddietiayfedording medium is allowed to stand in an

atmosphere of the inspection gas component). Since deposits
are not easily deposited onto the surface of the magnetic
recording medium, the magnetic head is not prone to having
deposifs on its surface even when the flying height of the
head is reduced. Therefore, the flying height of the
magnetic head of the apparatus can be further reduced, and
thus the magnetic recording and reproducing apparatus of the
present invention is applicable to higher recording density.
The magnetic recording and reproducing apparatus exhibits
excellent fly stiction characteristic.

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

The CVD apparatus and the protecfive 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



is asingle element filmformed fromany el enent selected fromCr, Ti, N,
Si, Ta, and W Alternatively, the layer 1 is a filmfornmed froman all oy
cont ai ni Woany11ed t he above elenents as a primary conponk@t/Jemdeisoher

el enents, so long as such "other elenents” do not inpede the crystallinity
of the layer 1. The non-nmagnetic undercoat layer 1 is provided for
controlling the crystal orientation oflthe magnetic layer 2 forned froma
Co alloy. The layer 1 is preferably formed froma sputtering target
containing a material of solely C or.a material containing & and one or
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and i nproved
the protective film is formed on the disk D; and process gas
supply sources 14, 14 for supplying process gas serving as a
raw material for the protective film, which f£ilm is formed on
the disk D.

The CVD apparatus chamber 10 is connected to feeding

pipes 15, 15 for feeding. process gas from the supply sources
14, 14 into the CVD apparatus chamber 10, and is 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-



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 singlewoayensstructure, or of a nmulti-layer structure. P@Wapnitohsso | ayer 1
has a multi-layer structure, the layer 1 may be formed of a plurality of

| ayers formed fromthe same conposition or different conpositions from
among the aforenmentioned conpositiod?. For exanple, the layer 1 may be a
mul ti-layer structure in which a CtM alloy |ayer (Mo content: 10 at % or

|l ess) is lam nated on a Cr Iayer The magnetic layer 2 forned froma Co
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non-nagn?% ugﬁgrcoat | ayer 1 and the magnetic layer 2. In order to

| mprove e orlenfatlon of the Co alloy and to obtain high coercive force,
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undercoat | aye e magnetic Tayer 2. exanpl e,
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Fig. 5 shows a schematic representation of a protective
film modification apparatus employed for carrying out an
embodiment of the production process for the magnetic
recording medium of the present invention. The apparatus
includes a chamber 20 for accommodatingAa disk D having a
protective f£ilm predominantly containing carbon, which f£ilm
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



The formation process for a protective filmw Il next be described. The
disk D including the substrate S, the undercoat |ayer 1, and the nmagnetic
| ayer 2 ivOoownMeyed to a predeterm ned position in the CROI/ARPASIBOUS
chanber 10 by neans of an unillustrated conveyi ng apparatus. Meanwhile, a
reaction gas supplied fromthe supply source is fed through the feeding

pi pes 15, 15 into the CVD apparatus chanber 10, and the existing gas in
the CVD chanber 10 is discharged WD 02/11130 PCT/JPOLl/ 06580 38 through the
di scharge pi pe 16. Thus, the reaction gas is passed throughout the CVD
apparatus ¢ ' to thereb k Dto the

nber, 10 h f f .t.he.di
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As used in, e te "a gas containing a gas mxture as a primary
conponenfgg&§}§fsﬁgdsﬁhéﬂggs m xture being contained in the gas in an

t of 90 |t . NI t ted
hydr ocar o e R e e e R A
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napht hal @ggosenclehesane, pandseng eRExpEbeBEtive £ilm modification
apparatus and the plasma CVD apparatus, which are connected
to each other such that the disk D in the plasma CVD
apparatus can be conveyed into the protective f£ilm
modification apparatus without the disk being exposed to air,
deposition of impurities derived from the air onto the
protective f£ilm can be prevented, and lowering of the bonding
force between the protective f£ilm and the lubrication f£ilm,
which lowering is caused by such impurities, 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 f£ilm 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 f£ilm. Therefore,
efficiency in modification of the protective f£ilm can be

enhanced.



As used herein, the term"|ower hydrocarbon" refers to a hydrocarbon of
Cl-C10. A |l ower hydrocarbon is preferably enployed as the hydrocarbon, for
t he reasov@oredsri bed bel ow. When the nunber of carbons PéT/gPra/0k§sdr ocar bon
is in excess of the WD 02/11130 PCT/JPOL1/ 06580 39 upper limt of the

af orenenti oned range, the hydrocar bon beconmes difficult to feed in the
formof gas, and the hydrocarbon is3fot easily deconposed duri ng
discharge. As a result, the protective film predoni nantly contai ni ng
carbon contains a Iarge anount of pol yner conmponents havi ng poor

ot ef orabiy ad] usﬁfﬁbﬁorc?ﬁfﬁ%'%%@f B o RS R4 B o8 Sporopri atel v
the. i s géﬁimu A RE of BB Al AT SR, Bt Ul
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maki ng use of af ore tione t| on gas serving as raw mat eri al .

The thi ghness pf d:tto t ievee%il\f@ Eéixln{éd S BfP Ap ﬁ%@dﬁéﬁé@%ﬁ A. Wen

power is suppll el ectro 11, 11, the phases of power supplied

to the gl&GleQAAS ohl willh B Gady&f@jpl y di fferent fromeach other. This is
because the rate of filmformation and durability of the protective film

can be iExMbdEGemten tde prnas e giiddeyont. The difference between the
phases of power supplied to the

A non-magnetic undercoat layer 1 and a magnetic layer 2

are successively formed on both surfaces of a non-magnetic
substrate S through a technique such as sputtering, vacuum
deposition, or ion plating; to thereby obtain a disk D.

An embodiment of the production process for the disk D
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 siﬁilar 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



el ectrodes 11, 11 is preferably 90-270, nore preferably 180 WO 02/ 11130
PCT/ JPOL1/ 06580 40 (opposite phase). Alternatively, the protective film
pr edom nav® by1118bnt ai ni ng car bon may be fornmed through useariRoi®agsooyed
CvD. Wien the protective filmis formed by use of the plasma CVD
apparatus, the filmcontains a | arge anount of a dianond- |ike carbon
(hereinafter referred to as "DLC') colfponent having hi gh hardness,

and' thus the protective filmexhibits excellent strength. Active portions
on the surface of the thus-formed carbon protective filmare hydrogenated,

h I f
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stand in an atnoSphere of the I nspéction gas component, to t
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undergone nodification. When the extractéd™ conponént is el amne, the

threshol@hé%aQQGB%%aahyadabgaﬁbaeélmQ Q%&%&%%QSPCT/JPCH/06580 41 to be
0.06 [ g/ 100 cn2 ] , nore 'preferably 0.12 [11g/100 cn2 ] ,

The non-magnetic undercoat layer 1 is a conventionally
known non-magnetic undercoat layer. For example, the layer 1
is a single element film formed from any element selected
from Cr, Ti, Ni, Si, Ta, and W. Alternatively, the layer 1
is a film formed from an alloy containing any of the above
elements as a primary component and other elements, so long
as such "other elements” do not impede the crystallinity of
the layer 1. The non-magnetic undercoat layer 1 is provided
for controlling the crystal orientation of the magnetic layer
2 formed from a Co alloy. The layer 1 ie 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.



much nore preferably 0.24 [dug/ 100 cnR] . As used herein, the term
"protective filmnodification" refers to the protective film being

subj ect eav® 02/et18hi ng under conditions such that the extrBCTARM/0asB0UNt Of
an inspection 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 3fhe conpound conponent being extracted
with an inspection solvent after the carbon protective filmis allowed to
stand in an atnosphere of the inspection gas conponent. The protective
filmnodification gas y contain one_.o nore sel ected from anopg Ar gas,
oxygen gas, a n‘i’%%‘d% RN 7R r AF nPE PP RERE Rt T cu?‘g%%?%‘? g nmedi um
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These bqggﬁque considered to have WO 02/ 11130 PCT/JP01/ 06580 42 high
chem cal activity. The inspection gas is considered to be adsorbed onto

such a hi ghl yTﬁ‘?HE]:chﬂé@s &@afﬂ@iﬂ@n-$$€l§%tig%§&@f@&£ttfa§&? ingide of

the protective filmexposed to the nodi ation gas, mcropores are

thought {& beaforsRthPiy 141 €ld 6o ofodeadogid i GRidigedRssadice the

m Ccr opor es
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, which is preferable.

The non-magnetic undercoat layer 1 may be of a single-
layer structure, or of a multi-layer structure. When the
layer 1 has a multi-layer structure, the layer 1 may be
formed of a plurality of layers formed f£rom 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 contailning any Co alloy composition

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



cause an increase in the effective surface area of the protective filmin
relation to adsorption, the protective filmexhibits characteristic so as
to i ncreaseor/had@dsorpti on anount of the inspection gas.PTérwfoosse, the
anount of the inspection gas adsorbed in the carbon protective filmwhich
has undergone nodification increases 7In addition, the anmpbunt of the

i nspection gas adsorbed in the carbon’ protective fil mwhich has undergone
nodi fication satisfactorily is thought be equal to or greater than the
threshold. While the protective filmnodification gas supplied froma
non-illugtpatgd §Q¥ece is introduced into the chanber through the feeding
pi pe, the existing gas in the chanber is discharged through the discharge

pi pe, and t he giRdighiiealed Fa%Hes mamad d hrgughoute dhe Lhahes dP

t hereby expose to the protective fil'mnodification gas the surface of the

car bon poghget ik 1bi LAhanad :aRgRaGE 3B TeHACCRnILn! e i sk. During

protective I cation, pressure in e chanber 1I's preferably

adj ust edph@afltbrWolticBn¥ehtnB8afly 4stdSBRA (FREe pROULRAREY résddbalia) . by
appropriately controlling the discharge anmount of the gas fromthe chanber
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val ve. When the pressure in the chanber is below the above range,

nodi f i catheniaketrthe meakf aee r@?uﬂ.ﬁ%eﬂr @oealk o hith@ins anuappiropiraetery, and
t hus the anpbunt of deposits adsorbed in the filmdoes not increase, and

deposi t sraceraasigl ¥ndepepirbadcingt eighaiseiftaae .of the film In contrast,
when the pressured in the chanber is in excess of the above range, the

surface of thanpoadeet itve cairtty betoFEI e Formadlilon wiHidileatlyamd hus
durability of the filmmay be | owered.
consistently, if necessary, a bias of -200 to -400 [V] is
preferably applied to the non-magnetic substrate S during
formation of the non-magnetic undercoat layer 1 and the
magnetic layer 2.

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 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



During protective filmnodification, high-frequency power of preferably
30-500 W (nore preferably 30-300 W nuch nore preferably 30-200 W is
suppl i ed wo o0r/la3el ectrodes by wuse of the high-frequency powaroidaisol y, to

t hereby generate plasma of the aforenentioned nitrogen gas serving as a
raw material. The surface of the carbon protective filmof the disk is
subjected to nodification by use of e resultant plasna. Wen the power
supplied to the disk is below the above range, nodification of the surface
of the protective filmis unsatisfactory, and thus the anpbunt of deposits
adsorbed,_jn the filmdoes not increase,,.and osits .are easjl.y. deposited
onto thetlé]ﬂ??%%etlié# ﬁﬁse&?%f%? Pjﬁp%og 'raérth,usvmgﬁpet r#eeap?ot\?iveoﬁli éilns excess of
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conditions such that the "intensity of the peak corresponding to a

car bon- hydi ogenoongn Sfadherdbnbbeaed snestasr shathereuahpesief the film
is preferably 0.055 or less, nore preferably 0.05 or |ess, nuch

protective f£ilm predominantly containing carbon. As used

herein, the term "a gas containing a gas mixture as a primary
component” refers to the gas mixture being contained in the
gas in an amount of 90 vol% or more.

One or more selected from among lower saturated
hydrocarbons, lower unsaturated hydrocarbons, and lower
cyclic hydrocarbons are preferably employed as the
aforementioned hydrocarbon. Examples of lower saturated
hydrocarbons which may be employed 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 cyclohexadiéne.
As used herein, the tefm "lower hydrocarbon” refers to a
hydrocarbon of C1-Cl0.

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



nore preferably 0.04 or less. This is because, when a |ubricant is applied
onto such a nodified protective film predom nantly containing carbon
bondi ng beowwenst he filmand the lubricant can be strenge@®meud/oczsad
deposition of the |lubricant onto a nagnetic head can be suppressed. Wen
the protective filmis subjected to nodification, the power supplied to
the disk, the nodification tine, or the pressure in the chanber is

regul ated, to thereby control the water contact angle of the surface of
the protective film The water contact angle of the surface of the
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surface o r ot asnma generate romt protective

film nodifl o] ur,| r ateect, [ khicat, ef ore,
depositsggﬁggagk gaggﬁggdgg%gpgegkogkéyﬁﬁglEgb%?&%%?%ehfgpﬁg éﬁgﬁ nitrogen
gas is egg%gxgqhqs the protective film nodification gas, plasma is

generate romthe nitrogen gas by power supplied to the el ectrodes, and

bonds in the garheR dRkaSn $riddeBar end pavad v tihe wiRswbant plasm,

to thereby forma carbon nitride conpound, which is preferable. The
reason Wayahbki046Ni4apresc2aPp19Y ad jastbae tbr 2haat wiehihl lamraBdef beat i on

gas is that the carbon protective filmis easily designed; i.e., variance

in the tbi,gknespaof byhappropriately controlling the discharge rate of
the gas from the chamber 10 by use of the discharge amount
control valve 17. In addition, the flow rate of the reaction
gas 1s preferably 50-500 sccm.

Simultaneously, high-frequency power, preferably 50-

2,000 W, is supplied to the electrodes 11, 11 by use of the
high-frequency power sources 12, 12, to thereby generate
plasma in the chamber. A protective film predominantly
containing carbon is formed on each surface of the disk D
through plasma chemical vapor deposition making use of the
aforementioned reaétion 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, li
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 fil mcan be suppressed, since a conpound which is easily
gasified is not easily forned when nitrogen gas is bonded to the conponent
of the pvooewiise film Wen the protective filmis subjBCT/@RD1106580

nodi fication, the nodification conditions are determ ned such that the
ratio of nitrogen to carbon in the Erotective film as nmeasured by neans
of ESCA, is preferably 5-40% nore pt@ferably 5-25% rmuch nore preferably
13-25% Wien the ratio of nitrogen to carbon is bel ow the above range,
nodi fication of the surface of the protective filmis unsatisfactory, and
t hus the(%gp@ytéggﬁgQQQISO PCT/ JPOL/ 06580 46 of deposits adsorbed in the
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|l ess in the cinity of a surface of the film™ the surface being brought

into confald MAdbd NG dEmUNGifter D errdl Sd s PAFRYUSE coisdhdde amount of

nitrogen falls outside the above range, magnetostatic characteristics of

the magngldingd 3igh Hitid ¥ At gL alHd }tﬁré’&r&@i{}é F OMBrS8ehiid thus the
or

magnetic recording nmediumis not suitable realization of |low flying

hei ght . ALY diardfripr OIA%GEEi.Rr\ée/pBHtE{bﬂ%eGﬁmth%msh‘tfa@:@nbii Rheg carbon
formed in the CVD apparatus, the 1d/1g value as nmeasured through Raman

spect r osgaly-fidrmdd Hrddis protective film are hydrogenated, and thus

the £ilm contains a large amount of C-H bonds that are not
easily polarized; i.e., the chemical activity of the surface
of the film is low.

In the production process of the embodiment, the disk D
on which the carbon protective £ilm is formed is conveyed
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 oxr
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
£ilm has undergone modification. When the extracted

component is melamine, the threshold is preferably determined



Therefore, the protective filmis subjected to nodification under
conditions such that the Id/lg value is preferably 3.5 or less, nore

pr ef er abiw082/0118¢ | ess, much nore preferably 2.5 or | essPCBIRE®GIsONt]Y, a
| ubri cant such as perfluoropolyether is applied onto the protective film
t hrough, for exanple, WO 02/11130 PCT/JPOL/ 06580 47 dipping, to thereby
forma lubrication film and produce él-nagnetic recordi ng medium The

| ubrication filmfornmed on the protective filmis strongly bonded to the
surface of the protective film The lubrication filmis formed on the

Formea. byoapsl IR SRBlmPLee Tortare e fRhrely, dafe, FLIaRY, ' ™'

conventi&ﬂg&l%nggggg%%&g&Fgug.aucRH92§08ingﬂg or spin coating. The

| ubri can y erialr" contai g any | ubricant selected from anong a

Fombl in-type plubils a%kré&nQa?%%%g%Eﬁ “?Q%k%?&kweﬁf@ﬁﬁﬁ%ﬁkﬁ&ﬁ%a&?@ mcant,

and a Krytox-type |ubricant. I men producti on process not her

enmbodi ne t d i c f .t he i5C +[e ks medi um
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protecti yggbll BbABYLibRA! is¥eh tha®Okneabkit@dc@ybn HRSuRtSkeDahncl uding the
substrate S, the undercoat I|ayer 1, and the magnetic layer 2 is conveyed

to a predepeEwiBRdgRes h@enkntt RaaFYR épﬁéh%bﬁﬁdﬁ@%mB%heﬁQ B¥rmBRans of
an unillustrated conveyi ng apparatus. Meanwhile, a reaction gas supplied

from t hessuppl ¥oSedheains thed ihBpae@hont Basf eedipdachitPas tgualdtbnbe the
CVD apparatus chanber 10, and the existing gas in the chanber 10 is

di schar gggehie@Ughant he cdirgahar §arpsp6146. thBugast kempoaehitoAn@asxi S passed
t hroughdut the CVD apparatus chanber 10, to thereby expose

the compound component being extracted with an inspection

solvent after the carbon protective f£ilm is allowed to stand

in an atmosphere of the inspection gas component.

The protective f£ilm modification gas may contain one or
more selected from among Ar gas, oxyden gaé, and nitrogen gas.

According to the magnetic recording medium including
the carbon protective film which has been modified through
protective f£ilm 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 f£ilm modification gas through protective f£ilm
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 nitrogeﬁ. 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



the surfaces of the disk Dto the reaction gas. Wen a protective film
predom nantly contai ning carbon WO 02/11130 PCT/JPOL/ 06580 48 is formed in
a manner w0 n/lEBo t o t hat descri bed above, the film may beCT/arar®dssehi |l e
pul se direct-current bias is applied to the disk D, in order to increase
t he ambunt of deposits adsorbed in the film i.e., in order to cause the
extraction . anount of the deposits t82at least a certain threshold. Wen
the protective filmis fornmed while pulse direct-current bias is applied
to the disk D, the extraction anmount of an inspection gas conponent and/or
a conpound .conponent. for ned. . so t tai.n t j i onent
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plasma inpinges directly on the surface of the disk, the carbon-hydrogen
bond is ;f@&&éati@é sgPthaiRUreiation 15 £@5EPPLIVA] oted Pedeedsiwdficiently
di ssoci ated, and thus the anount of deposits adsorbed in the protective
fil m cangphni &K L95€8 cHEEREE st L: 350 CRHVED! i AR a6 CEAST add OFp#Edhod i n
which grid voltage is WD 02/11130 PCT/JPOLl/ 06580 49

amount of the inspection gas.

Therefore, the amount of the inspection gas adsorbed in
the carbon protective film which has undergone modification
increases. In addition, the amount of the inspection gas
adsorbed in the carbon protective £ilm which has undergone
modificdation satisfactorily is thought be equal to or greater
than the threshold.

While the protective f£ilm 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 f£ilm modification gas the surface of the
carbon protective f£ilm 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



applied in therm onic em ssion plasnma generation, a carbon- hydrogen bond
is not dissociated when plasna inpinges directly on the surface of the

di sk D, awaormusot he anmount of deposits adsorbed in the peDURO0L8E fil m
cannot be increased. Wen bias is applied to the disk D, the bias nay be
applied directly to the disk D, or By be applied to the disk Dvia 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 nean voltage of -450 to -60 V, preferably -400 to -150 V, nore

preferabby us80ok0tnd0fi¥eniBga shSufitaBoMekbadfalsebeliid hend over |imt
of the above range, plasnma inpinges on the surface of the disk D very

strongl yptesthieeehy BhBdenhampbivatedespfCtAs aboiBerangag¢ti on gas excited
by plasma fromdepositing on the disk D. As a result, the protective film

predom napi¥ieQBishnbgtheashopatends tRehpretedsutbti eitmtigdensity and
poor sliding durability. In contrast, when the nean voltage is in excess

of the wppetikErttoel,thadabrue tABYJEmoRh&SHE HEPLBIES 8AsbhBedsunface of
the disk D very weakly, and nodification of the protective filmis

unsati sf eséoryimaadekhistt hacasassl ahd deposits adsoeheidllyndépesitéa does
not increase; i.e., the deposits are easily deposited onto the surface of
the fil nonYebhéheupFatecbfvehéi Fiipt ediw damnttyscomtledmitige carbon i s
formed, the tenperature of the substrate is determned at 130C or hi gher,
pr ef er abbyeds@fedr ihi gher chi¥bO2/ 14130 E£ELIPCLLE06H680abdle noargpl etbeabl vy
170C or higher. Wen the tenperature of the substrate is below the | ower
limt ofsthfaabou€ thagprotaetiveafifmanecopesfchhmisabiyranstaslepull, and
t hus dissociation of a carbon-hydrogen bond by the heat (i.e.,

and thus durability of the film may be lowered.

During protective £ilm modification, high-frequency
power of preferably 30-500 W (more preferably 30-300 W, much
more preferably 30-200 W) is supplied to the electrodes by
use of the high—ffequency power supply, to thereby generate
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 f£ilm does not increase, and deposits are easily deposited
onto the surface of the £ilm. In contrast, when the power is
in excess of the above range, the surface of the protective
f£film becomes chemically unstable, and thus durability of the
£ilm may be lowered.

The time for protective film modification is 2-6

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



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

nodi fication of the protective filmis unsatisfactory, and thus the anount
of deposiw@ozterbed in the filmdoes not increase; i.e.PCT/hROIMefpOSitS are
easily deposited onto the surface of the film As described above, when

t he nmean vol tage of the pul se direc%-current bias falls within the above
range, plasma inpinges on the surfa & of the disk D appropriately. In

addi tion, when the tenperature of the substrate falls within the above
range, dissociation of a carbon-hydrogen bond (i.e., heat elimnation of

hydr ogen), Sasid # @SSt ndi B cd el tis BROLS | GRL I MLAL Adiggdr ot ective film

;
is satisfactory, and thus the anount of deposits adsorbed 1n the film

i ncr easggsad £ foatidl QARSI A& NPE 8251 B0 ePos)d e gt the surface of
the film Mreover, the bias I1s applied to the disk D under conditions

such thajpdde dfdsnshf Y ffa ituPadte CANSEFPUE dihod A P LA DMWY 0gen

bond of the infrared spectrumof the surface of the protective filmis

pref erallpe O e Red §Ft idB¥ Y ST M@ DI DB Urd G5ifs 1 T (e pBE fred
preferably 0.04 or less. This is because, when a lubricant is applied onto

such a gH@s egid VeudiddB RIedaE iy a9Nintirag tcakhen dHhending between
the filmand the |ubricant can be strengthened, and WO 02/ 11130

PCT/ JPOM6D8(ka thilortleioad tisPrimfestdisd WK | e tabiied waripgnetne head can be
suppressed. Wen the protective film predom nantly containing carbon is

forned, sueghe fdf Qe gt 1O W TEn Bycdifes &ifEmledl Bs dletdbBs, power
source 13, and instead of pulse direct-current bias, high-frequency bias

may be ap i@thd autdie ditsk.of ntHdi R mIgay the 1ovgdrdd equency power applied
to the disk is 10-300 W preferably 10-150 W The frequency may

The protective film predominantly containing carbon is
subjected to modification under conditions such that the
intensity of the peak corresponding to a carbon-hydrogen bond
of the infrared spectrum of the surface of the film is
preferably 0.055 or less, more preferably 0.05 or less, much
more preferablf 0.04 or less. This is because, when a
lubricant is applied onto such a modified protective £ilm
predominantly containing carbon, bonding between the f£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 £ilm.
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 f£ilm is satisfactorily bonded to the lubricant,

and thus the lubricant is not easily deposited onto a



be an Rf frequency, of, for exanple, 13.56 MHz. The aforenenti oned pul se
direct-current bias has a positive voltage peak value; i.e., a peak val ue
in a posiw@vyilisegi on of a pul se portion, of 10-100 V, pre€eiRii0gssB0- 75 V.
When the peak value is belowthe lower Iimt of the above range, a
positive bias voltage cannot sufficiently cancel negative charges

accunul ated on the surface of the disk, and deposition of the activated
species on the disk is hindered. As a result, the protective film

predom nantly containing carbon tends to have insufficient density and
poor slighpfetduralhlity. The positive voltage peak value of the pulse
direct- current bias, the pulse width, and the frequency are regulated

such that theWh@h'§$Eﬁ£E§iEQ EAb3! 19Aue WRBosREObACHEYRebbLatRr 8deal nant |y
cont ai ni ng" car bon, ich value is obtained through Raman spectroscopy, is

preferabkye3sarehce! §8Sth80pLoREBLEVBPEY 1R Are’ abB88i+tEHCBn¥Br 8nAr ef erably
2.5 or less. Wien the positive voltage peak value is in excess of WO

02/ 111306/ dPERE06RE0:1 PR LHErUPRBE bhMtheOhitkReinabeME p2ASRa CVD
reverse-sputtering tends to occur on the disk D and the protective film

predoni nagph¥atGsnNt 8h8i DEpGaL beEst aRds refiobadespmutht chavtadensit ¥nand
poor sliding durability. Thus, when the positive voltage peak value of the

pul se dpreebctiveeniihi Bf pabbhaWgbheRatBa abeMethangeotacposet Evem bi as
vol tage can cancel negative charges accunul ated on the surface of the

di sk, anfloaagipaefoheghbeddepngi pirofiebtitvbefiant hydiedcapeones on the di sk.
As a result, the protective filmpredomnantly containing carbon becones
dense antherspooegesdepositdi agednbabehkiyy dbpopitsd dhtectheurrent bias
has a frequency of 1 kHz

protective film.

When nitrogen gas is employed as the protective £ilm

modification gas, plasma is generated from the nitrogen gas

by power supplied to the electrodes, and bonds in the carbon

protective f£ilm are cleaved by the resultant plasma, to

thereby form a carbon nitride compound, which is preferable.

The reason why nitrogen gas is employed as the protective

film modification gas is that the carbon protective film is

easily designed; i.e., variance in the thickness of the

protective film can be suppressed, since a compound which is

easily gasified is not easily formed when nitrogen gas is

bonded to the component of the protective f£ilm. When the

protective f£ilm is subjected to modification, the

modification conditions are determined such that the ratio of

nitrogen to carbon in the prétective 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



- 100 GHz, preferably 10 kHz - 1 GHz. When the frequency is below the
lower Iimt of the above range, a positive bias voltage cannot

suffici edy2/capcel negative charges accunul ated on the BOTARI®6%80 t he
disk D, and deposition of the activated species on the disk D is hindered.
As a result, the protective filn1pr§goninantly contai ning carbon tends to
have i nsufficient density and poor sliding durability. In contrast, when
the frequency is in excess of the upper limt of the above range,
reverse-sputtering tends to occur on the surface of the disk D and the

protectiye dépsrieNdiadSrbiayeini Peef£itheddesoNst t¥n@REaPOOr add i di ng
durability. e pulse direct-current bias has a pulse width of 1 ns - 500

s, prefedghbyiid die eadily ddhesitde Sutseried dlrfsce beF ovné heilmwer |imt

of the above range, a positive bias voltage cannot sufficiently cancel

negat i vers haddesi M0 G IdSPi VOIY IGOLERS S8er £ &k as€ Ubhk ap Lot & ihe surface

of the disk D, and deposition of the activated species on the disk Pis

hi nderedeifs Bs rastdded, thending e6étweer | tHa pFEUOAN@NEhY TE@htBEaMNg car bon
tends to have insufficient density and poor sliding durability. In

cont r astis Wiedkdded pulise Wikt hcast | Ds exg£€EBy depdei tppesntbiait of the
above range, reverse-sputtering. tends to occur on the surface of the disk

D and t heagiotacthassl f idd tienas £y $edetids dHaraendr densetys and poor
sliding durability. As used herein, the term"positive voltage peak val ue
of pul seimpaicdd cwhissi i3 asot refefsramlef or exanple, a peak value X in a
positive region in a pulse portion of a voltage waveform of a pul se
di rect - cur r erifhdm ashes hwawrbom prgtedtive filmsisasebjecpedstowi dth refers to
awdth Y in the pulse portion. Wien the protective filmis fornmed through
appl i catmedifigfathicos by omi teHnzivfoggpl gasl, biles faklmchatpoéfexhbly are

subjected to modification under conditions such that the

protective f£film contains nitrogen in an amount of 2 at% or

less in the vicinity of a surface of the f£ilm, 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 f£ilm 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,



ot her conditions such as the treatnent tine and the pressure in the
chanber, to thereby control the water contact angle of the surface of the
prot ecti weOob/irB0 The wat er contact angle of the surface BETAPIE/0pFOL ecti ve
filmis preferably 800 or less, nore preferably 75 or less. This is
because, when the water contact angle is 80 or less, the protective film
is satisfactorily bonded to the | ubrdTant, and thus the lubricant is not
easily deposited onto a magnetic head. In a manner simlar to that

descri bed above, a lubrication filmis formed on the protective film

dom I 0 i I . i 02/ 11130
o o "onb(A205% B Bty WIGRiLSLOLREG.00 L (ke I0,02/ 1130
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descri bed by taking, n exanpl e, e case In ich sputtering is

carried Quf geotge@%&é% Widt B3Rl bbRReal tY dhe Alb2hckhEedigk D is

obtained 1 n manner simlar to that described above, a protective filmis

f or med ai)ro%afe&we@iaﬁ.l.ogwhénlﬁbﬁieaeﬂ&ﬁt;b_%ﬂnpig%éfmea bherggbodi nent, a

disk D2-which is obtained by formng a carbon protective film on the disk

D t hr ough GYRckRva %&ﬂﬂﬁbfﬂd@ﬂﬂﬂhn&Q?tEéhtaﬁnaﬂﬁ RlrpoRe apgs ement i oned
enbodi nents-is conveyed into a sputfering chanber including a sputtering

target campiBhRbod FIAMPAR FYHRIANYY aPBlL§End a2nbhavang BBRRBS thar
introducing into the chanber, as a sputtering gas, Ar gas or a gas

m xture fracRife Ah16ATnadhgh ol @@aRe8ds ondd yPikaoim @echRequeasuth
generated through di scharge, to thereby form another protective film

pr edonm nart dy ppeRbabRi BHiGAIdIRR 10K .t Nehe SWEbBLEant e Bésk mRtdhiLuUgh

sputtering. During sputtering, bias is applied to the disk under

condi ti or®nsathihbabnyh@ubricant 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 f£ilm 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



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 greatayovhiam3@ certain threshold, the gas conponent ardl/@aroitokisoconpound
conponent being extracted with an inspection solvent after the carbon
protective filmis allowed to stand jn an atnosphere of the inspection gas
conponent, to thereby formthe proté%iive film WO 02/11130 PCT/ JPOL/ 06580
55 When the extracted conponent is nelamne, the threshold is preferably
determ ned to be 0.06 [g/ 100 cn2], nore preferably 0.12 [g/ 100 cn2], nuch

nore prgfer-ablvg0i22 4 Lrg(n%%% %lﬁ%ﬁ%@ta?tde‘%ﬂﬂéa rgw)‘}ée' figfred by use

of the apparatus shown 1n reference nunerals 41 and 42

repr eser; ' . 1 . bi
b %1@5}%{9Fo'e“&o&?de%%&ul%“gn{l%fg%g%%t&w nt bidLRLIPI R DI as

power supp r applying bras t I'S . en the protective film

predom Rantky aagﬁébr)i NG AHRONd SnlpedBd HHLOWMLERUIEdpbWd € bias is

applied to the disk, the protective filmis fornmed while the surface of

Filmis JomRi-peed W thePl @SR iR addil iQRer! RQ RIRIRE N esftildBiiommed on
the disk through CVD is nodified. As a result, the thus-fornmed film has a

l'arge anmidh t0beMtheORYRTitls &o atl NRakit! @ R tRlAMIE-RIHAM. VAnahea in
relation to adsorption, ™ and thus the filmcan adsorb a sufficient anmount

of deposiples prbt@ictife AN GiNEJrehdd GHTAGNYIIGd GGl G uadntpaEeduced
as descrleg above, the extraction anount of an inspection gas conponent

and/ or 3sCAPRAHRA &VTRIREM HOMTEENEO exE ra@ taQH Anburdthed rgpection gas
conponent is equal to or greater than a certain.threshold, the gas

conponeriinspaditaont lge sC ¥psientc GRaYReNa kompduid IatimRthaett Eodmedispect i on
solvent after the nediumis allowed to stand in an atnosphere of the

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 £ilm 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 [ng/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



i nspection gas conponent. The high-frequency power applied to the disk is
100-400 W preferably 100-200 W The frequency nay be an Rf WD 02/11130
PCT/ JPOLMBBB011366 frequency, of, for exanple, 13.56 Miz.P@Weppitokisohi gh
frequency power falls within the above range, the protective filmhas a
sufficient anount of mcropores, and thus the film can adsorb a sufficient
anount of deposits therein. A pulse di% ect-current bias simlar 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 nean voltage of - 450 to -60 V, nore

prEferab%§B%§%9 ?ﬂetﬁég YongﬂcQmﬁB%Eonphg%ghﬁbb%g%%%%ibﬁ,'%09ﬁ¥bo§he” the

mean vol pulse direct-curre I as s wthin the above

range, RLASBBehMBLRYES O he ; af whie diskyR apRsaRLLately, and
thus the ?gsgpﬁaHpb%?b?gcgf&egﬁgggﬁﬁégea Iargege?%gbt?v _gé%face area in
el ati ongh8eRYS9r Bhl Yhe Ahr2akESUE! tnbNA1sRTBUNGAA tABBOtHESaRERALDEE [ N
the filmincreaSes, ang t he eposits are not easily deposited onto the
surface gbpbBetsl Lu@brble LaMRAEALYEEeBL1VRBe£39RSLLAWSt BePifbeEaRkY . 130C
or higher, nore preferably 150C or higher. \Wen the tenperature of the
substrat gnbal bgaW il Bpbliecabeve than@esk bhe thesvlibanhaR’ 8keghpysehii | m has
a large effective surface area in relation to adsorption. As a result, the
anount OfirdeRay &d aBBOBRAH DN bRembi! Bel BpHIALES todlet REsHEPOFHRSaar €
not easily deposited onto the surface of the film The aforenentioned pul se
direct-cdbhent18s@zatas aisROshirr¥erveltage paakpypalrdeisi £6r, carpgakgval ue
in a positive region of a pulse portion, of 10-100 V, preferably 20-75 V.
The pul sandi eefitregtingethebidaskhag.a frequency of 1 kHz - 100 WO 02/11130
PCT/ JPOL/ 06580

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 f£ilm prédominantly 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 f£ilm 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,



57 GHz, preferably 10 kHz - 1 GHz. The pulse direct-current bias has a
pulse wwdth of 1 ns - 500 s, preferably 10 ns - 50 us. Wen the positive
vol t age pe@k2/vaBue, the frequency, and the pul se wi dth fRCT/IRG106$%G t he
above ranges, plasma inpinges on the surface of the disk D appropriately,
and thus the resultant protective L#In1has a large effective surface area
inrelation to adsorption. As a res ?, t he anobunt of deposits adsorbed in
the filmincreases, and the deposits are not easily deposited onto the
surface of the film Wen a gas m xture containing Ar gas and nitrogen gas

pr of of oy S AR L AR Erar PhEBeEr e Vn MhomIBAEI 10 ke i nea

prefera deter mned-~“such ratio rog

N the BRBLIC fd I AS cnEPatesd 1S e Hfohe irtnfell @iab! Y 5 40%
nore preferably 5-25% nuch nore preferably 13-25% Wen the ratio of

N trOgeRCkE CRIBALHY diehal HHDARNS 1N Ghal DM GahdsPn Of the surface

of the protective fI'lmis wunsatisfactory, and thus the anmount of deposits

adsor bed jigd o dilf ifdid BT Von-BY R fen VYhHERO TS nf& §asid.y, deposited
onto the surface of the film In &addition, the activity of the surface of

the proheel A ihlilnBtidd YEhYlrdlendi el /as itile dddup .anflst he _
| ubricant is weakened, the lubricant is easily deposited onto a magnetic

head, ardst4s flodifSidattiioRn oEhahaC ipidtHdtavies fiNMARiilse thinseHiGE act J38t,
preferable. Wien a gas m xture containing Ar gas and nitrogen gas is

enpl oyednds thusd HHeL ldnd@indads [Reploriaty adddided Gt aiheV €ilh ddes not
predom nantly contai ning carbon has a carbon nitride WO 02/11130

PCT/ JPOihQe%3(&e ;58 cnnpaied deposifis’ Hres WalsaQsy tdepadfted mtourthece bei ng
opposite the magnetic |layer, and the protective filmcontains nitrogen in
an anousur@hce aPotde IfFE3m.in the vicinity of a
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 £ilm 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



second surface thereof, the surface being brought into contact with the
magnetic |ayer. This is because, when the anount of nitrogen falls outside
t he aboveveariga3o coercive force, which is one of nagnet oBCEHIPWN/06580
characteristics, is |lowered, and thus the magnetic recording nediumis not
suitable for realization of Iom1f|y|n hei ght. Wen the protective filmis
formed through sputtering, other cordi tions for sputtering are determ ned,
for exanple, as described bel ow. The chanber in which the filmis forned
is evacuated to'10-4 to 10-7 [Pa]. The substrate which has been heated in

the pr eVisgis s 34Bal 820k AECTubRs LORLCHATECL: mallibke cAhedascaRdLaI L 0gen gas

are intro Into the cha So as to att pressure of 0.5-1.0
[ Pa], plgﬁggréésegenerated t hrough discharge, and a target containing a
carbon containing material is enployed as a raw material, to thereby form

a f"n1througﬂh§BUEh%rb@%tee%&vegf§mmtb%euaﬁanaaewgrcehtglalago [kW is

supplied. The protective f havi ng a desired thickness nay be fornmed by

regul ati pgrHBg idi sekAkES E'HﬁgﬁﬂéréaﬁeﬁeyeboWQkCBoh%céuﬂa&'SQ Wen t he
protective f|In1|s formed throlgh splttering, the power which is supplied

is 0.2- ZeH y\ka R5et8kaBl ¥sOpdwdr8sblite YBENankihenpouBE b8 H&ESet han 0.2
[KW, a sa actory thickness is not attai ned, whereas when the power is

in excesaleéc% Bulk¥hi bEBQ,th%ﬁCEté ubhbp bengedayhbeugppspslt €61 Ng may
have | ow WD 02/ 11130 PCT/ JPOLl/ 06580 9 density. In addition, when the

power isth8 @xeRsS Dh 2afs ¢4, En&aben- A SiecE FRAN el €dir ough
sputtering diffuses in the protective filmin a direction toward the

magnet i cthayahiskand tbe3pootvechireeetabiyymay-eo0t @i.n Thé rxgRfueridy amaynount
of nmore'than 2 at%in the vicinity of a surface thereof, the surface being
brought bat ancrfit aebguehbyt hef, Tegpeekambager 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 f£ilm 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



The carbon protective filmformed through CVD, the film being included in
the disk D2, preferably has a thickness of 10-60 A This is because, when
the thi ciw@ex1i130 | ess than 10 A, satisfactory strength i BCHaro1®bssai ned,
and a carbon nitride conpound formed through sputtering diffuses in the
protective filmin a direction tomarg t he magnetic layer, and the
protective filmmay contain nitrogen ?n an anount of more than 2 at%in
the vicinity of a surface thereof, the surface being brought into contact
with the magnetic |layer. The protective filmpredom nantly contai ning

carbon igpef @%g@? 1D PHO0: SEM L5408 HRAGE , CPEGELEONSpELESr1 NGt tEREs

intensity of peak corresponding to a carbon-hydrogen bond of the

i nfrar ede§psctarNdRf tihdegbas f@%en@f tﬁ@%fé@é@ﬁﬂfé’eflidl | rdgoRi €ALERP! Y
0.055 or less, nore preferably 0.05 or "l ess, nuch nore preferably 0.04 or

| ess. Tfkbéntémbfﬁ?”é&rboﬁ\b@éh@s | 45T 538t 1hSuBPDbi &8t oa@@sﬁef haa pgs@é@ct ive
film predom nantly containing carbon, bonding between th ilmand the

| ubri cand1f@m@eastanpifened, and deposition of the lubricant onto a
magnetic head can be suppressed. Wien the protective filmis formed through

sputtering WOrRdé 1 1w4eén PEHé J]g’ 6§81 06680voPPaybi peaki ds146 8ppthedphvséhe

di sk, conditions of applied bias, sputtering conditions, and other

condi t i QEre¢ECRBrén €M 18t £a1 1By BEE BT €66 UsBovE i:d&eg@haawbpésﬁt:eve
regul ated, to thereby control the water contact.angle of the surface of

the pradeasiveltagen cdiecaidel wOFhBLve atifhLged dbeutuldted o thde
protective filmis preferably 80 or less, nore preferably 75 or less. This
i S becauserfadenof hehawwdirsk, canl acdn apobeote Ble odepesttidmeopriirecti ve
filmis satisfactorily bonded to the lubricant, and thus the lubricant is
not easiagtifepbsedtspeoids en ndgmedisk hedds d resulsnnahesipndtacttiod hat
descri bed above, a

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 f£ilm predominantly containing carbon tends to

have insufficient density and poor sliding durability. In

contrast, when the frequency is in excess of the upper limit

of the above range, reverse-sputtering tends to occur on the

surface of the disk D and the protective f£ilm 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



| ubrication filmis forned on the protective film predom nantly containi ng
carbon, which is forned on the disk. (Another enbodi nent of the production
process) Waorha3af orementi oned enbodi ment 3 of the producPCDoPO1psEsOess, a
protective filmmay be formed through a conventional sputtering process,
instead of through the CVD process. ;gnce a filmsimlar to that formed in
the enbodinment 3 is fornmed on the surface of the protective film the

af orenenti oned effect may be obtained. Alternatively, in the aforenentioned
enbodi nent 3 of the production process, instead of a protective film being

formed t hreusli1&¥Bd 8nPtAbeshir¥acki bl gAY Beskoppedntihaepebitsent beri ng
while bias is applied. Since a filmsimlar to that formed in the

enbodi mehe3activateadspacibe our frhee dakk Dhasphdindeived fAkMa tBsult,
af orenenti oned effect may be WO 02/11130 PCT/JP01/ 06580 61 obtai ned. When

a gas m xhdr preésbaifengifn pasdamdnahtliggesontganing eapboyetendsato
sputtering gas, preferably, the protective filmpredom nantly contai ni ng
carbon hpava caslefichehti deneompound pbooa blidingudbhaabilheyeofInt he
surface being opposite to the magnetic layer, and the protective film
cont ai nscontragen wheanthsopnllsef w2dah%ier iheegcenst b€ thuecuppéy of a
second surface thereof, the surface being brought into contact with the
magnet i cllimyer ofThhe abovberange, whesrthespmbiiaring behdegén éatlis out si de
t he above range, coercive force, which is one of nagnetostatic
char act epnsthessurfakcewefetlheaddskhDsanfiethegpebitecitaver dihy temdsubvi s not
suitable for realization of low flying height. |In order to avoid such a
probl em hhge eéranffécieht geosétyi eed pPpbm shjdbadf Ansabglidyred by use of
a gas containing no nitrogen gas, and then forned by use of a gas
cont ai ni ng As used herein, the term "positive voltage peak value

of pulse direct-current bias” refers to, for example, a peak

value X in a positive region in a pulse portion of a voltage

waveform of a pulse direct-current bias shown in Fig. 7. 1In

this case, a pulse width refers to a width Y in the pulse

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 f£ilm is preferably 80° or
less, more preferably 75° or less. This is bedause, 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 £ilm is formed on the protective film

predominantly containing carbon, which is formed on the disk.



nitrogen gas. According to the magnetic recordi ng nedi um produced through
t he production process of the aforenentioned enbodinent, the extraction
anount ofwa@mn2/inspecti on gas conponent and/or a conpound BOTERM®A$80f or med
so as to contain the inspection gas conponent is equal to or greater than
a certain. threshold, the gas conpogﬁnt and/ or the conpound conponent
being extracted with an inspection solf'vent after the carbon protective
filmis allowed to stand in an atnosphere of the inspection gas conponent.
Therefore, the protective film predom nantly containing carbon of the

magnet | ¢ (Ba i Tedlign difodibe R4 Gediaye deposits on WO 02/ 11130
PCT/ JPOL/ 06580 62 1ts surface. When the extracted conponent is nelam ne,

the threshol gnbendF edRbe@ineNt 065 9hd0Prea8Lt i ShNERoHERASELS tREE NOt
deposited onto a magnetic head even when the flying height of the head is

reduced, pfhYe 61 Gtd B &RG aRd &LhMt 1£1 0f nekPep8BGNEEF LHEGCHY It aingdi UM i S
not inpaired even in the case in which the flying height of the head is

reduced. s ygR o4difp Lal bee PEQSECEA VRhiEh bt E&Pi RG1 B8l EQrFIdR oliPein
intensity of the peak corresponding to a carbon-hydrogen bond is

pr ef er abdymi 501 e wfﬁﬁ.aﬂ$mi@$@i@n bhepsagsface of the protective filmis
consistently coated with a lubricant, and thus deposition of deposits can

be suppressedariée €Re b@sk ppoiecbbyaihblinid gonkahas Bimidgentoand the
ratio of nitrogen to carbon as neasured by neans of ESCA is preferably

5-40% Towael@sscrihed fabdvé s depsetastivarfilfr £ efabhyd aghe magnetic
recordi ng nedium of the present invention includes the protective film
pr edom naesdtyivedtmaowg carbon, which filmis hard and thin, exhibits
excellent sliding durability and lubricity, and suppresses generation of
wear powder, Inntheipgodiepbioni pnooésdepbsthe ambdogimenat i andbsk Ni
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 £ilm 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 f£ilm is allowed to stand in an atmosphere of the

inspection gas component, to thereby form the protective £ilm.



corrosion. According to the present invention, there can be produced a
magneti ¢ recordi ng nmedi um whi ch enabl es reduction in spacing |oss, which
medi um i vapplildabl e to realization of high recordi ng der€T/HR01/08380conpar ed
with a conventional magnetic recording nedium Wen the magnetic recording
medi um produced through the processé%gcording to the present invention is
enpl oyed, the WO 02/11130 PCT/JPQOL/ 0 0 63 flying height of a nmagnetic
head can be reduced, and thus the coercive force (Hc) of the nmediumis
preferably enhanced so as to be commensurate with the flying height. In

order toynkaalhgeeRtBlck8aOLE Pﬂn@ﬁrﬁshEYme&Qﬁuﬁger‘Eh)éetf&égﬁoﬁﬁ fge nedium

is 3,000 oersteds or nore, preferably 3,500 oersteds or nore. A desired

coer ci ve ganfggag%geastagﬁ%eadtgyb " 8946 g9 bbCoRePaRAd on of the

af or ement r coat ayer an magnet ayer ' mthickness, film

structur re%aséab& m&grgpgv%ocemdjt'rﬁl@ bt -4 A A1 F egreAd | oned

ranges. nagnetl recor g medi um wh i's not” prone to have deposits on

its Surfgggl /%80 Bf? £asiing @’Md@"%l&h%\a | YO aPRdWEed ouch t hat

the extr on anount in elation to the nediumis equal "to or greater

than a cehkabppatht@shghdwhhah Fag.been mieteigl ned idforgica miniests for
exanpl e, when the nediumis produced such that the extraction anmount in

rel ation4hoahlesbedepiesentdeputiterohgytagyetst hand rb€eeshtachiumsramount
inrelation to a magnetic recording medi um which has deposits on its

surface duriregraséhys at bahsopowest suppeydegreepplydngf baabkt yoi thdeposition
of deposits can be determ ned through the inspection nmethod of the
present idigknbeon, and thus the degree can be used as an index for
control l'ing production of a magnetic recording nediumwhich is not prone
to have deposWhenonhet preteicaddoe f£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 producéd as
descried above, the extraction amount of an inspection gas
component and/or a compound component formed so as to contain
the iﬁspection 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'loo-zoo W. The frequency may be an Rf



When the index is used, the production process is appropriately
controlled, and thus such a magnetic recording nediumcan be easily
producedw@eozorigi ng to the inspection nmethod of the preseRr€CTA¥MINRISL1130
PCT/ JPOL/ 06580 64 invention, the degree of difficulty in deposition of
deposits onto the protective film Cﬁg be acceleratedly inspected with in
a short period of tine. Therefore, t i nspection results can be reflected
in the production process for a magnetic recording nmediumw thin a short
period of time, without inspection for generation of deposits on a

magnet i G 1eearding o<Medidim whigh as been irAct igakl ¥nusgdghor a prol onged

period of tine” Thus, a nmagnetic recordi ng nmedium can be produced to have

consi st gifte SRARL PRIt |51 1 TN BIH Gne JRAREIHJECHHL JRA 4parhi ch

exhibits excell'ent fly stiction characteristic, €nables reduction in

flying h&ighthaaRd dorSidia Grldint & id@lddPods Nidla fReONHOE 1 1m

density-can be easily produced. The present invention will next be
descri bedh RAS® e #i eV YanfurfX W dspo It £ ersdiuilfl, not be construed
as |limting the invention thereto. Exanple ™1 (A protective filmis

subj ect ed to Amfiffd< atieBYcuriSeh ©fbidd rPaeim Hastaftdit tdreodd [imis formed
through CVvD) A surface of an NiP-plated Al substrate (dianeter: 95 nmm

t hi cknegsig.0.78 Wa) peAappibiaLtes e eIl | MaeSPuaset @irdictaciraefRan
surface roughness (Ra) of 6 A and then the substrate was placed in a

chanber wifasa dppgi1ndortmttign @pamtprefdaaly QG mEanduadleigeANE VA) .
After the chanber was evacuated to 2.0 X 10-6 Pa, a non-nmagnetic
under coats5d ayer-6(0t WV ,Cass piaaferibmas- 4owr ried -asd he, nmaidisteatee from G, On
t he undercoat |ayer, a magnetic film (thickness: 250 A) was fornmed froma
Col 6Cr 6Rix2Eedadigr 3&0 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 f£ilm has a large effective

surface area in relation to adsorption. As a result, the

amount of deposits adsorbed in the f£ilm increases, and the

deposits are not easily deposited onto the surface of the

£ilm.

(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 f£ilm increases, and the deposits are

not easily deposited onto the surface of the £ilm.

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



WO 02/ 11130 PCT/JPOL/ 06580 65 content: 16 at% Pt content: 6 at% Ta
content: 3 at% Co: balance). Before formation of the non-nagnetic

under coatwObzyds) t he substrate was heated by use of a heR€EIPEW6HBOt hat

the tenperature of the substrate was 150C during formation of a protective
fil mpredom nantly containing carbon.gsThe tenperature of the substrate was
nmeasured by use of a radiation thernoneter, and was verified through a

wi ndow of the chanber inmediately before formation of the protective

film Subsequently, a disk D produced as descri bed above was conveyed into
a CVD appHEat peefbrlpdiogenatied-car Baa.fiThe phbsekabssct SGubPentervi ng as
the protective film predom nantly containing carbon, was fornmed on the

magnet i cpibkl AasVaeputilee RhiakacbiEve hil M va9 181, Npdetbirgbifr equascy power
(frequency: 13.56 MHz) was applied to electrodes, to thereby generate
plasma. Bor usg fwnemt tiwe dsibbvdred PEdde epedlk | valwepl tisat foaqedney] se
direct-current bias was carried out. The conditions for application of
pul se di aedt ther paise midthafaldhewthin Takl ebbveSwbaggsenpllasmehe di sk D
on which the carbon protective filmwas fornmed was conveyed into a chanber
20 of a ippdhgesi va ftthemsmrdatieceafi theagpakabusppapgriptedyenagds thser vi ng
as a protective filmnodification gas was supplied to the chanber 20.

Si mul t ané&beskgsulitghif pegkestivpofiedm hakr eqlengy: ef8eE6ivez sundeceppl i ed
to the disk D, to thereby generate plasma, and then the carbon protective
filmforawda dn sadhtionf Foeadborp&idhnsk &5 wasresih] ectdae tametwik fe€ati on
WO 02/11130 PCT/JPOL/ 06580 66 The conditions for nodification are shown in
Tabl e 1. depabi&guedspbybed Esnishenfiypelpgbepsght @rdotheodeposits are

not easily deposited onto the surface of the f£ilm.

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 f£ilm 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 f£ilm 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 nitrogden gas
is employed as a sputtering gas, preferably, the protective

film predominantly containing carbon has a carbon nitride



product of Ausinont) was applied onto the protective film through dipping
so as to attain a thickness of about 15 A to thereby forma |ubrication

| ayer onw@e2/prist ective film predom nantly containi ng capODOPO1EIIPle 2 (A
protective filmis subjected to nodification by use of oxygen gas after
the filmis fornmed through CvD) The gocedure of Exanple 1 was repeated,
except that the conditions in relatfon to the protective film

nodi fication gas were changed as shown in Table 1, to thereby produce a
magnetic recording medium Exanple 3 (A protective filmwas subjected to

modi 11 caldilbdiya diPa Of i At GAS-AHLE thdiedt | MU d@F#ERL tHEpYgh CVD) . The

procedure of Exanple 1 was repeated, except that the conditions in

rel ati onpdhd e MY GRddi¥Seid | TRy Pdi dAg AN O HRce VB Fe cﬁﬁm%@%ﬁr@m in
Table 1, to thereby produce a magnetic recording nedium Exanples

t hr ough Jlﬁz%d{@ﬂ o APtaSuve & 10 48 foF MBdk s LK opgd @@Lnfﬂ?té’ﬁra

protective filmis formed through sputtering by use of nitrogen gas and Ar

gas) A diedkordd WasrfHQluaes-ddE 2 MRENQIrSAde | did® Bhadgheesetd bed in
Exanmpl e 1. Subsequently, the disk D was conveyed into a CvD apparatus, and

a hydr ogedyet £k G tONcHd |madidi Lk nesper 40 Thlis iSebEdGs?S, WhRnPhleeCt i ve

filmpredom nantly containing carbon, was fornmed on the magnetic film

When t heanpgttecds el tAd ¢ 18005 RGT IR/ 0658806 fdlde \asod e ps,
hi gh-frequency power (frequency: 13.56 MHz, power: 750 W was applied to

el ect r od&sincd 0 wiiediebys gaterét enadgh&so@t atls | digafadirationies, the protective
film application of pulse direct-current bias was carried out. On the
pr ot ect iMBrdrtddy andrihectihe nadmecontvéconding madihon étiétle conpound
was formed through sputtering. In
suitable for realization of low flying height.
When the protective £ilm 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 [Pal, 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 £f£ilm
having a desired thickness may be formed by regulating the
discharge time and the power which is supplied. When the
protective f£ilm is formed through sputtering, the.boﬁer which
is supplied is 0.2-2.0 [kW], preferably 0.7-1.8 [kW]l. 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 [KkKW],

the protective film formed through sputtering may have low



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
filmwaswoenedsmhi |l e pul se direct- current bias was appl Pediew/ob$se di sk.
The thickness of the protective filmfornmed through sputtering was 10 A
The thickness of the protective filmfornmed through C/D was 40 A. The
conditions for formation of the proté%*lve filmthrough sputtering are
shown in Table 1. Exanples 8 through 13 (A protective filmis forned
through CVD with application of pulse direct-current bias) A disk D was

br oduced qLa3 JANNEL SR L ! OuhRAT cndepGpbeds | 1h Fepamle de Supsequently,

t he di sk was conveye Into a appa at us, a hydrogenated carbon

film(thirglgress calpbh ni %&&bﬂ@oaiohha EBQ&@ﬁttﬁ%ohbh”bﬁh%qgghﬂant'y

contalnlng c¢arbon,. was fornmed on the nmagnetic fil When the protective
filmwas g ¢l ﬁhgﬂhér596%€%¥19%“@&1&fEﬁqﬁeagfec%§oﬁ6twﬁékd was applied
to electrodes, to thereby generate plasma. In Exanples 8 through 11, the

protectiyg Bbkqbwaa Eer”aﬁaWhhbeprB%b%%ldbr@@&mcmayeabnabﬁa wa%ragehled to
t he di sk. P Fes 12 and 13, the protective filmwas formed while WO

02/111301BC36J8E%69§569 m@8ehic@Bnf hedygney Bhasvibiaqueney: al3udalbz) was
applied to the disk. The conditions for formation of the protective film

are showknkReb2h! €nd. savpseausatihy. paoughti eatboboheuer wath taened in a
manner simiar to that described in Exanple 1. Exanples 14 through 16,

Conparatmggngxa@pugyér(A protective filmis formed through only
sputtering) A disk D was produced in a manner simlar to that described in
Exanpl e 1. OnThie cdirdlonDprotecatieoe! ifdanf ifbimpde dhitonght ICVD ,C @hlaifiilmg
carbon was forned through sputtering under the
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 f£ilm is formed through sputtering



conditions shown in Table 1. In Exanples 14 through 16, the protective
filmwas formed while high-frequency bias (frequency: 13.56 MHz, power:

200 W wasoapplided to the disk.

filmwas formed w thout application of bias. The thickness of the

protective
| ubrication

filmpredom nantly containing carbon was 50 A Subsequently,
| ayer was fornmed in a mafifler similar to that described in

Exanpl e 1. Conparative Exanple 2 (A protective filmis formed through
CvD) The procedure of Exanple 1 was repeated, except that the

agnet | FEor %%S*n%ﬁ%*%‘ﬁ%ﬁ%ﬁ%%“&%‘%%ﬁ%p b erise -

conventi onal

I n Conparative Exanpl e 1pCT/hRipsisoecti ve

a

lubri cantpyt dd1e; g 1?{01{4"6' F@Eﬁé? rESAI A 1h éiﬁ*‘é(@stfé‘éﬂnf‘ecﬁ@d to

infrared spect r osco

ai ned. Subsequerntly,

| Nt ensi a8 rd Nt 1S ala £F T SHPAEE Mhd Lo Fof CRHD WuWLEO9SH Hand was

obt ai ned. The infrared spectrum was

radi us

ore and after tformation of the protective film

predom nafid yar?c?%?ééﬁxme cHf bale auhide W Q?égfﬁl 130 £CTEJ AQIRGRB0 69

infrared spectrumof the protective filmwas ob

t he

measured at a point 20 nm al ong the
Prdfo@ivk £ Mg, Fx%ulwbsce%r @ontawt Ia&agl'@blo@ kneA duntaslel ol On test

was carried out in the followng manner. Firstly, a magnetic head (an MR
head ey gfrdfbdti v AEiikals @ﬂ@ﬁéfa@bif%%wl%@@ r ¢Rreduci ng appar at us)

was pl aced on a position 19.5 mm al ong

recordi
rpm at

he radi us of the magnetic

O%am bhe 1erdi.unrMas 5ot gtedusd, awhehathenwatake of 7,200
0oC and 8 hum dity. Subsequently, the position of the head was

moved t Gehiinst AL A4 M8 kg 1elsie rad protkcitheemediimimisand t he medi um
was allowed to stand

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 £ilm

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 f£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 £ilm, 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 f£ilm, the aforementioned effect may be



for 18 hours while being rotated. Subsequently, the position of the head
was returned to the position 19.5 mmalong the radius, rotation of the
medi um waxgo 82/opped, and then the nmediumwas allowed to sPENAPKLO65881 X
hours. Thereafter, the magnetic recording nmediumwas subjected to one
cycle of CSS (contact-start-stop) ogfgation including (a cycle of rising
to 7,200 rpmfor five seconds, operation at 7,200 rpmfor one second,,
falling for five seconds, and parking for one second). After conpletion of
the fly stiction test, deposition of the |lubricant onto the head was

eval uat e 33, ;1Qld, OWgned g g%?dmi§'ﬂﬁ£éceoxfl@£%ﬂﬂn§hgrdhﬁg ¥R§ ﬁ?ﬁf&g‘éﬂ under

an optical mcroscope (m fication: X 240), and the head havi ng

deposi t S ga 1S efiRh3ed WRS L Aed a5y’ §BRE! Pl rAH1Y0 Q#el1130
PCT/ JPOL 065§0 e? g%ositsé‘ he resuﬁfg%ére%ghomn inwggblgé 1, 2, and 3.

The extr aclirRtaRRUE 18f prelamingntas Watdiad nig" ddt®or MldsOW BgrBBRNer .
The magnéti c recordi ng nedi um of each of the Exanples and the Conparative

Exanpl es jwasiRledeSthpdtind otPiaN#i§ sith sArate ihledldlaf ,a\thid ahirgatRgnetic
recording and reproducing apparatus. Separately, a polyurethane paste (2

g) was NMipedeghiohpodRtamle tht Mgah¥ticandyehe hadultNtrotesiiie Waim
applied onto a piece of alumnumfoil (70 mMm X 25 mm) and dried. The

t hus- pr epRnAiRsCEd troYey G A% AhounPBE LY a@aS oFeNeysat i1@N theur ce, was
pl aced in the apparatus together with the nmedium and allowed to stand at

80C and 2@ tk06£3@ RedonhaMilre alche tietiedh, Wahe Ghaifetealbeing00 rpm
Thereafter, the nmediumwas renoved fromthe apparatus, and was inmersed

for one hevwught e@htanebntdetrivitheahedmagn8@Gc 1Eyerext Thiteds el am ne was
guantitatively nmeasured by neans of a GC-MS apparatus (Autonmass, product
of Ni ppobebansiei,) whehhehiee aicntaioE alidmogen Fahlles oiitsd deantie3abdkre anount
of nitrogen in the surface of the protective

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 extraction amount of an inspection gas
component and/or a compound component formed so as to contain
‘tﬁe 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



filmwas neasured by neans of an ESCA apparatus (Sagel OO, product of
Specs), and the ratio of nitrogen to carbon was calcul ated on the basis of
the fol | owdnyifieer nul a. The results are shown in Tabl es 1PCPJPHIESEB. Rati o
of nitrogen to carbon (%9 = (Nis peak area)/(C's - peak area) X 100 The
apparatus and neasurenent conditions are as follows: anode: alum num WO
02/ 11130 PCT/JPOL/ 06580 71 spot si 88: 2-3 nm and area: obtained t hr ough
a fitting nethod (C. Gaussian fitting, N and 0: Gaussian + Lorentz
fitting). The carbon protective filmwas anal yzed t hrough Raman

spect rOSE_ngS]éll_%ggé S%Hecne:t 'Saér é}&%:earct \Qf\;ﬁ%rﬂngg)q}%ﬁ]t %.%4'n%éa%ineoutt$1:ét : 100

MV exposur e tT'ne’” 10 'secon area: o rough Gaussidn tting) by
o o s B TR L SRR B £ AP ED) ' slBBhTatBR e OS2
L %o o Y So e 168 ea el ool ey g B vy @ 2

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, tﬁe surface of the

protective £ilm is consistently coated with a lubricant, and

thus deposition of deposits can be suppressed. Thé carbon

protective £ilm 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



1-40 mQr. x GG OO0 U'Cl 04100V 4Jz Odde zO0 m-Pa z co 14 a w

0

0O, Mmmwoo¥112404J O OMOV Moer MM OOHGQ

N
4-
0
0

(0]

1
0
0

m ++

N -4
0 Ef
T O
m w

©) 0OO0Owo$4ri ON4., Urd4 00 NOaNOaOOp Omm

(0]
Ol NHb1I N 14 awo4J 0 -P 4-) 0 4-) 4-

v Q
N Nm

m a oP@T/QPM/08580 O O N
1

V()~10 z TI TI P4V
) O N NO 4cc , gmNO up OEdO-HOST-1 iOmb5v 4.3 Q
0O0')y m~, i u WO ,'-1 a(a.-i r--f o0l xmm' 0000
sa

flying height of a magnetic head can be reduced, and thus the
coercive force (Hc) of the medium is preferably enhanced so
as to be commensurate with the flying height. In 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, f£ilm 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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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 nitroggn 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 f£ilm formation
apparatus (model: 3010, product of ANELVA). After the
chamber was evacuated to 2.0 X 107° Pa, a hon—magnetic
undercoat layer (thickness: 350 A) was formed on the
substrate from Cr. On the undercoat layer, a magnetic £ilm

(thickness: 250 A) was formed from a Col6Cr6Pt3Ta layer (Cr
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content: 16 at%, Pt content: 6 at%, Ta content: 3 at%, Co:
balance). 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
vthe chamber immediately before formation of the protective
£ilm.

Subsequently, a disk D produced as described above was
conveyed into a CVD apparatus. A hydrogenated carbon f£ilm
(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 épplied 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 f£ilm modification apparatus, and nitrogen gas
serving as a protective f£ilm 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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b b) nro Fi*ﬂe g%ﬁéf%igns(%é%rﬁgéﬁé£gaé§%n are shown in Table 1.

Subsequently, a Fomblin-type lubricant (Zdol12000,
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 £ilm
predominantly containing carbon.

Example 2 (A protective film is subjected to modification by
use of oxygen gas after the f£ilm is formed through CVD)

The procedure of Example 1 was repeated, except that
the conditions in relation to the protective £ilm
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 f£ilm 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 recordihg 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 A),
serving as the protective film predominantly containing

carbon, was formed on the magnetic film. When the protective
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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 protedtive film, application
of pulse direct-current bias was carried out.

On the protective film, a protective f£ilm 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 f£ilm formed through sputtering was 10 A. The
thickness of the protective f£film formed through CVD was 40 A,
The conditions for formation of the protective f£ilm through
sputtering are shown in Table 1.

Examples 8 through 13 (A protective f£ilm 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 Ay,
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 f£ilm was formed while
pulse direct-current bias was apﬁlied to the disk. 1In

Examples 12 and 13, the protective film was formed while
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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 f£ilm 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 f£ilm 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 f£ilm 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 f£ilm 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 andASO% 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 étand
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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a 44 a 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;
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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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i nvention, the aforenentioned magnetic recording nediumcan be easily
produced, since the aforenentioned inspection nethod is carried out.
Accor di ngv@ 02/11180 nagneti ¢ recordi ng and reproduci ng appaPar/arRV1®bs80he
present invention including the aforenentioned magnetic recordi ng nedi um
hi gh recording density can be realized, since fly stiction characteristic
is inproved and the distance betweef®the medi um and a magnetic head can
be reduced. WO 02/11130 PCT/JP01/06580 82 1. A method for inspecting
deposition characteristics of a deposit on the surface of a protective

filmpr 1 nant .y . _cant ai.nij carbon of a magnetic recording nmedi um which
S, At G T

medi um ¢ s a protective filmfornmed on the disk, the

di sk conpri si - ngt i c. te, non- et nder coat | ayer,
and a magnet ip{g&fo%%ﬁ?g Pﬁg %%/elr Sé*&%%i{:ﬁ%n f%&n%%go%%e s%]g%‘étjef%i e,

char act eri Jdn that conprises er m ni.ng. e extraction
anount gfmée%dcﬁon%wggjﬁ%%ﬁ%%gﬁhhe% oaff]%/ oé}%%eié(;gnrgéo‘ﬁﬁld{ %?rﬁas?fent f or med
so as t ..t i i C t i t.0. aol..:greater than
a pr ede%eeﬁl%rltnaged&t%:bgfsho cf%}[ SSe)rbglg’goscao(r?rr[pg(%’(r%[egn calﬁ%fcg%rhe&%oér?ps&g‘ d conponent
bei ng exit t i Agﬁﬂi [ t | ecordi ng
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i nspection gas conponent is a gas dgenerated in a magnetic recording and
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magneti c head for recording data onto the nmedium and reproduci ng

ther ef I WBmpdneit || W%&Q%dﬁ?ﬁ&%@%ﬁﬂﬂ‘&ﬁ@ Sompdira JhgIdRidnt he

i nspection gas compone is one or nore selected fromanong a
being extracted with an inspection solvent after a magnetic

recording medium is allowed to stand in an atmosphere of the
inspection gas cbmponent. 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
atmosphére 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



si | oxane-cont ai ni ng gas, an acrylic-acid-containing gas, vaporized
nmel am ne, a vaporized lubricant, a vaporized higher fatty acid, a

vapori zedv@h2/hiEBi ¢ aci d ester, and vaporized dioctyl phtphal/arm/06580

02/ 11130 PCT/JPOLl/ 06580 83 4. An inspection nethod according to clains 1,
wherein the inspection gas conponent is a gas conponent generated froma
menmber enpl oyed inside the magnetic Bdcordi ng and reproduci ng appar at us.
5. An inspection nethod according to clains 1, wherein the inspection
solvent is one or nore selected fromanong nethanol, ethanol, isopropyl
alcohol,rgnd ﬁgger 6...An inspection nmethod according to clains 1, wherein
the thresRara e 6?6%1?3/100 cn2] when the extracted conponent 1is
mel am ne. 7. etic,.recordj i risi non- netic
substrate; a égggg ﬁﬁgth ﬁﬁﬁebgg%gggg§g}nggeggnggng FcBr Sy% , the layers
bei ng f of {5, PRoh e RUbSELALfon A0k 8a RLAREEEEYECELLAL G SHORLARNELY
cont ai ning carbon, € TII'm bérng Tornmed on the maghetrc Tayer,

charact egd zeds 1 ot Bab shBEs eé{tﬁéé?“aﬂé' 3@89?&@8{:1?93&nfﬁ?ﬁé&?ﬂogas conponent
and/or a conpou%d conponeht Torned so as to contain the rnspecti on gas

conponeqﬁe{ﬁoﬁqygl ggrgédggggger than a predeterm ned threshold, the gas
conponent and/ or t Re conpound conponent being extracted with an inspection

sol vent af t e AbRE-ARARCLLC tnk ohiBLALRIC BELURNLAGALhAREpLoastaRg 1N an

at mosphere of the nspection gas conmponent. magneti c recordi ng medi um
accor di ’%_pﬁé’r&kéé MF th¥NSFEsEnt hentOh €858 dntsu8iR§ L 100 cn2] when the
extracte conponent is nelamne. 9. A magnetic recording medi um accordi ng
to clai BforedbRt £bhled MEGHePic IRECHPEIRG e 8RER T HIGR rébErEtigace of the
density can be realized, since fly stiction characteristic is

improved and the distance between the medium and a magnetic

head can be reduced.



WO 02/ 11130 PCT/JPOL/ 06580 84 protective film predom nantly containi ng
carbon, the peak corresponding to a carbon-hydrogen bond, has an intensity
of 0.05%w0p2/iwss. 10. A nagnetic recordi ng medi um accor dP@TyJeW@/06588i s 7,
wherein the ratio of nitrogen to carbon in the protective film

predom nantly containing carbon is 5-40 at% 11. A nagnetic recording

medi um according to claims 7, whereBR 1d/1g of the surface of the
protective film predom nantly containing carbon is 3.5 or less. 12. A
process for producing a magnetic recording nedium which process conprises
form ng-acppepestive film | predom nantly containing carbon on a disk

conpri singa -non-—magnetic' substrate, a non-magnetic undercoat |ayer, and a
magnetic, | ayey, the layers. bein . S . erized in
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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 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 reproduqing 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 aciq, a vaporized phthalic acid ester, and vaporized

dioctyl phthalate.



protective filmpredom nantly containing carbon conprises a plasm CVD
process in which a reaction gas containing hydrocarbon is enployed as a raw
mat er i al WQ82/11A3pr oducti on process for a magnetic recor di hGT/mRd06F80
according to claim 12, wherein a formation process for the protective film
predom nantly containing carbon conprises a formation step including a

pl asma CVD process in which a reacti®%h gas containing hydrocarbon is
enployed as a raw material, and a formation step including a sputtering
process in which the protective filmis fornmed while bias is applied to

e et S0 T B Rl AR AP A SRR ",
e S gB Ao bR, Ao B kR RE PRl B o,
one of %EQBQE émbﬁgggghiﬁéide the magnetic recording and reproducing
apparatus.
5. An inspection method according to claims 1, wherein the
inspection solvent is one or moré selected from among
methanol, ethanol, isopropyl alcohol, and water.
6. An inspection method according to claims 1, wherein the
threshold is 0.06 [ug/100 cm®] when the extracted component
is melamine.
7. A magnetic recording medium comprising a non-magnetic
substrate; a non-magnetic undercoat layer and a magnetic
layer, the layers being formed on the substrate; and a
protective £ilm 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 cm®] 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
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protective f£ilm predominantly containing carbon, the peak
corresponding to a carbon-hydrogen bond, has an intensity of
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 f£ilm 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 f£ilm 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.



