DESCRIPTION MAGNETIC DISK AND MAGNETIC DISK MANUFACTURING METHOD 5Technical
Field [0001] This invention relates to a magnetic disk for use in a magnetic disk apparatus such as
a HDD (hard disk drive) and a method of manufacturing the magnetic disk. 10 Background Art [0002]
Nowadays, the information recording technique, particularly the magnetic recording technique,
requires a significant technological innovation 15following the development of the IT industry. For
magnetic disks adapted to be mounted in magnetic disk apparatuses such as HDDs (hard disk drives),
there is required a technique capable of achieving an information recording density of 100Gbit/inch2 or
more. Hitherto, in a magnetic disk, a magneti%l«__agerpﬁgg to record information is provided on a
substrate and, on the magnetic layer, 20there are provided a protective layer for protecting the
magnetic layer and a lubricating layer for reducing interference from a flying magnetic head. Further, in
recent years, as a HDD start/stop mechanism, it has been required to use, instead of the conventional

CSS (contact starw @%@9 P\i, HGAE@LWQIQEIT@@&%IV%KI&%IWEM b e e I?amp load

system) capable of increasing 25the capacity. [0003] Patent Document 1: International Publication No.
99/014746 Pamphlet 2 Disclosure of the Invention Problem to be Solved by the Invention [0004] In the
demand fér théanbréesd-irldecording density in recent years, 5 various approaches have been
attempted for achieving the_information recording density of 1000bit/inch2 or more. As one of them, it
is required to reduce t g%tance (magnetic spacing) between a magnetic layer of a magnetic disk

and a recording/reprogyging Rigfientafiaiadngig ardieidrTeriles S {95 ARy eérg the spacing
loss to improve the S/N ratio. In terms of achieving 10this magnetic spacing; it is required to reduce
the thickness efadraitecsivehagea HDD (hard disk drive) and a method of manufacturing the

o ~ magnetic disk.

10

Background Art

[0002]

Nowadays, the information recording technique, particularly the
magnetic recording technique, requires a significant technological innovation

15 following the development of the IT industry. For magnetic disks adapted to be
mounted in magnetic disk apparatuses such as HDDs (hard disk drives), there
is required a technique capable of achieving an infor'mation recording density of
100Gbit/inch® or more. Hitherto, in a magnetic disk, a magnetic layer adapted
to record information is provided on a substrate and, on the magnetic layer,

20  there ére provided a protective layer for protecting the magnetic layer and a
lubricating layer for reducing interference from a flying magnetic head. Further,
in recent years, as a HDD start/stop mechanism, it has been required fo use,
instead of the conventional CSS (contact start/stop) system, the LUL system
(load/unload system, also called the ramp load system) capable of increasing

25  the capacity.

[0003]
Patent Document 1: International Publication No. 99/014746 Pamphlet



of the magnetic disk to 3nm or less. [0005] Further, in recent years, as one technique for reducing the
magnetic spacing, there is considered a method of heating a heating element during 150peration of a
recording/reproducing element of a magnetic head. In this method, the magnetic head is thermally
expanded by the heat of the heating element provided in the magnetic head and slightly projects in an
ABS direction (air bearing surface direction). By this2the magnetic spacing between the
recording/reproducing element and a surface of a magnetic disk can be reduced 20only in that event.
Such a magnetic head is called a DFH (dynamic flying height) head. [0006] However, in the case

of using such %BE;BED?@%{ ﬂ@qﬁ\}g i(%ing height of the recording/reproducing element portion
changes, there is a possibility of 25 the occurrence of a problem that when the magnetic head most

- approaches therobtenmosteddacs dfithesrragmeito disk, intermittent contact occurs between the
magnetic head and the magnetic disk so that the flying is not stabilized. Further, as a result thereof,
there is a possibility of9h4 ing dirty the 3 recording/reproducing element portion of the magnetic head

so that there occurs ajsaiausRroRleRy GRUGELARIE iy Ui in walchAroitiBa(raprRduction is

disabled. [0007] For ensuring the wear resistance and sliding properties of a thin film to be formed
on a mag#ieticvdisky thepproaster étofeleckearitpropiesdd cantedvodydhboimong aiprotective layer by a

plasma CVD method (see, e,g. Patent Document 1). However, with the protective layer obtained by
s toohnique! SRETM BRIl TGRSR Rg dRFR (AU ks Rty bannot he

obtained n e 1 RSUAI R PG ISkaES S 8412 AaGhdROREr of T Hdnuseton has

been made in view of the above-mentioned problems. Accordingly, embodiments of the invention seek
to provide a maighetividisie¢padingitadsodysinpericicatdohmagregitstiskeaditald8rior théengear resistance

-and slidi ties, f le,. ith a thick less of tective layer. Further,
embodiments B RTRIGHA PR Eep R L RBHRTE S ADIcABIE (BLYE) SRS = P head.
Means fargSolyig g Rsablesadte0glis reqbfairesidbiotamataniivesitvey, phadraerijventor has

found that the nitrogen content relative to the carbon content (N/C) at an outermost surface of a
protective laye®fithienpeaasticsfighiudng éxdesient durability/reliability even with a small film thickness
of 3nm or less. Then,J%%gﬁmple, since it is considered that the high fly write problem or the like
caused by the flying instability of a magnetic head occurs at the interface between a surface of the

magnetic head and arFoutesmpesiigiage 0t aavagaeticHirlumReiwauthegnresenrignysntor has found
that the high fly write problem or the like can be
' spacing, there is considered a method of heating a healing element during
15  operation of a recording/reproducing element of a magnetic head. In this
method, the magnetic head is thermally expanded by the heat of the heating
element provided in the magnetic head and slightly projects in an ABS direction
(air bearing surface direction). By this, the magnetic spacing between the
recording/reproducing element and a surface of a magnetic disk can be reduced
20 onlyinthat event. Such a magnetic head is called a DFH (dynémic flying
height) head. '
[0006]
However, in the case of using such a DFH head, since the flying height
of the recording/reproducing element portion changes, there is a possibility of
25 the occurrence of a problem that when the magnetic head most approaches the
outermost surface of the magnetic disk, intermittent contact occurs between the

magnetic head and the magnetic disk so that the flying is not stabilized.

Further, as a result thereof, there is a possibility of making dirty the



4 solved by optimizing the nitrogen content at the outermost surface of the protective layer forming the
outermost surface of the magnetic disk medium. [0010] Further, in order to ensure the optimum
nitrogen content at the 5outermost surface as desgfibed above, the present inventor has paid attention
to the degree of vacuum during formation of the protective layer. Then, the present inventor has found
that, for example, by forming a hydrocarbon-based protective film directly on a magnetic layer at a

low-pressure vacuum degree (0.1 Pa or more and 2Pa or less).and farmi an upper layer thereof,
2 10 surtaceEaP DRI A & Lo L P & TRaE s Sarr A eBen at o
high-pressure,¥ageumsdasireteBarardane amgbRR oirsHh WheBudesiinyremodiamicubjected to a
surface treatment with nitrogen can be formed only at an outermost surface of the protective layer.

This inventior§ Wis2biéds been completed based on this knowledge, has the following configurations.
15[0011] (Structure ,-ﬁboo Provided is a magnetic disk for magnetic recording. The magnetic disk is
characterized by co I’IS?II-llg a magnetic layer for magnetic recording, a protective layer formed over

the magnetic layer foffreieaiingthe:megnessisturete 20rhdidittppessintdaysrfanmeiiover the
protective layer. The protective layer is a Ia%‘%r composed substantially of carbon, G%drogen, and

nitrogen and B GReE P maeiele sliskgbiereteedistsiciere RarnararesrimbErRSefdgen atoms to

the number o - ?Rﬁ’% cal I (i i Ci sgied.at a
photoelectrorfogg{fgg% ang?')((el ng%%?%g%%ggggm@@-%%hég?gfe?%%:%’rﬁé@pectroscopy is 0.15
or more and AR5 didesvet heith-thg photectieetiayes pettioscbpy ibisdechainde (ESE /s (Electron

Spectroscopy for Chemical Analysis). "composed suhstantially of carbon, hydrogen, and nitrogen”
means not infRREK, dBAtafHElSAbRIAGSH sttRRITY ef&\é’éqm% i &hh@%ﬂ&?‘n B8 allowable

range, for exayppiRelPH 2kt Hhis GORTIAANINHEURRI RS RXRBRRIg dhickness of the protective

layer is set to 3nm or less, excellent durability/reliability can be Sensured. Thus, the high fly write
problem or the like cd808&]properly solved. By this, it is possible to properly provide a magnetic disk

appicable 0, for xRt R RSBl H AR TS BO TR BRSSPSRy the Xerey
Accordingly, embodiments of the invention seek to provide a magnetic disk
(particularly a perpendicular magnetic disk) suitable for the wear resistance and
sliding properties, for example, even with a thickness of 3nm or less of a
protective layer.  Further, embodiments of the invention seek to provide a

magnetic disk applicable to, for example, a DFH head.

Means for Solving the Problem

[0009]

As a result of an intensive study, the present inventor has found that the
nitrogen content relative to the carbon content (N/C) at an outermost surface of
a protective layer is important for ensuring excellent durability/reliability even
with a small film thickness of 3nm or less. Then, for example, since it is
considered that the high fly write problem or the like caused by the flying
instability of a magnetic head occurs at the interface between a surface of the
magnetic head and an outermost surface of a magnetic disk medium, the

present inventor has found that the high fly write problem or the like can be



10spectroscopy is, for example, an atomic ratio (N/C) of nitrogen and carbon at an outermost surface
of the protective layer. If the atomic ratio (N/C) is less than 0.15, there is a possibility of degradation in
adhesion to the lubricating layer. On the other hand, if the atomic ratio (N/C) exceeds 0.25, there is a
possibility of reduction in hardness of the protective layer. 15[0014] This magnetic disk is, for
example, a perpendicular magnetic disk for magneti(;;1 recording of the perpendicular magnetic
recording type. In this case, the magnetic disk further comprises, for example, a nonmagnetic
substrate, a soft magnetic layer, a nonmagnetic underlayer, and so on. The soft magnetic 20layer, the

underlayer, th mggp tic layer,. tive | ' lybricating layer ar med in this order
on the substra%e,] or e@a%%@%é@?é%%ﬁs%p%e?e%ﬁFg%g%éﬂga{%?g&% Esﬁ%g%q[lrﬁ%g%g%t Reé substrate. Since
the glass subspate care dbjairtemaaihnessanthbighuitidiyoiticamepietisiaily 2frdiduce the magnetic

spacing, especially the[é&/in height of a magnetic head and thus is particularly preferable. As a
material of the glass s tPate, aluminosilicate glass is particularly preferable. The aluminosilicate

glass can obtain high wgﬁé{ramdﬁ%%tgj%ﬁm@ﬁ(@@?bﬁ{%g@ﬁgmCgﬂl%ﬁui{qﬁg 6 roughness of a

surface of the magnetic disk is pre y orle it excee nm, there is a case
where theFedugitenmnshagfate spdesgiisurgeded fenicbgsthus erat preferaditbaffdetisnrface
roughness referred to herein is determined by the Japanese Industrial Standard (JIS) B0601:1982.
5[0016] TH %ﬁﬁ%@@&ﬁ\‘@ﬁ%‘éﬁ%ﬁ%@’B?e%FﬁBl?*’ﬂﬁFBY‘H@Y@T 1f IB88HEI® Inm, there is a

case where the, caufae:aldPe AL pErn YRS dRciRBReBIN G MRLUTIeRL arRrRvering migration of

metal ions of the magnetic layer. Further, the protective layér with & thi ss of less than Inm has a
problem in 10weaterdisistancdirécsymot partigilatily ngeeasaripto presddecarmcypperdagie® the thickness

-of th tective | , butit i bly set to 3 | tical basis in ord ttoi d
he improvement I —igHelE EhAAR GOEF| W8 TG 1 oY HFIEF DY & lfer of & ubricant

containingna 13paEROrARS ISR GRMBCY G RRERE B QX8 OFOARS G IREBINGh 1B en

Perfluoropolyether has a straight-chain structure and exhibits lubricating performance suitable for a
magnetic disk ahd tghhergsgis desxyrgrdegre ¢ astermnangtpsritassh, dxdipirisich adhesion
performance t?atypeer E)? zo%tigt?bjected to a surface treatment with nitrogen can be formed only
at an outermost surface of the protective layer. This invention, which has been
completed based on this knowledge, has the following configurations.
15 [0011]
(Structure 1)
Provided is a magnetic disk for magnetic recording. The magnetic disk
is characterized by comprising a magnetic layer for magnetic recording, a
protective layer formed over the magnetic layer for protecting the magnetic layer,
20  and a lubricating layer formed over the protective layer. The protective layer is
a layer composed substantially of carbon, hydrogen, and nitrogen and an
atomic ratio (N/C) of nitrogen and carbon (the ratio of the number of nitrogen
atoms to the number of carbon atoms) calculated from intensities of N1s and
C1s spectra detected at a photoelectron detection angle of 72 by angularly
25  resolved X-ray 'photoeiectron spectroscopy is 0.15 or more and 0.25 or less.
The X-ray photoeleciron spectroscopy is, for example, ESCA (Electron

Spectroscopy for Chemical Analysis). "composed substantially of carbon,

hydrogen, and nitrogen” means not intentionally containing another substance



layer. Particularly, in this structure in which the protective layer contains 20nitrogen at its outermost
surface, since (N+) and (OH-) have high affinity for each other, it is possible to obtain high lubricating
layer adhesion, which is thus preferable. As the perfluoropolyether compound having hydroxyl groups
as terminal groups, the number of hydroxyl groups in one molecule is preferably 2 to 4. If the number
of hydroxyl groups is less than 2, there is a case whge the 25adhesion of the lubricating layer is
reduced, which is thus not preferable. On the other hand, if the number of hydroxyl groups exceeds 4,
there is a case where the lubricating performance is lowered as a result of excessive improvement in

adhesion. The ég%@jﬁm&@%%ﬁ%qmqAagﬁ%[%s sa%f% r%gé%p%}y QQH }Sd in a range of 0.5nm to

1.5nm. If the thi icating’layer is nm, tRete 18 d case where the lubricating
performance is lowerefionhile if it exceeds 1.5nm, there is a case where the lubricating layer adhesion

is reduced. 5[0018] _The protective layer has, for example, a hydrogenated carbon protective film
composed substantiall¥8f ¢Bibepr&atBlaro G R M BHam BIs terugHarsI8)Eeand a surface layer

portion containipg carbon,and; 0iqgen ARd.foum ,‘ie%&%léHEféﬁFa%‘ﬂgﬁgnﬁbﬁﬂg% With the Jubricating

layer. In the 10formation of the protective layer, t ydrogenate on protective film is formed in
an atmosphereenstiredvadius, deg eghohOvlriRepoobierecandelRa oatelss prubéhnly sutfade layer portion
is formed in an_atmosphere with a vacuum degree of 2Pa or more and 6Pa or less. [0019] 15(Structure
2) Provid&Y 08 rifdg ReGE RBIRRGEF AREry PIoYEE A MBS o &ilskBRRY R RIRLJUf the protective
layer is not sufggmgbépgtgﬁq%etg&re arises a problem that, for example, in a nowadays LUL-system
magnetic disk apparatus, fine scratches or the like are generated on a magnetic disk due to an impact
20 when a magnetic hgsd 8 loaded on the magnetic disk, so that a reproducing signal is degraded.

,Further, if, for example, the flying height of th gnetic head is set to IOnm or less, there is a
" possibilty of the occurFHENONE AGHIGHAN! Mich ARFRFOGHARE ScrH-PBEIREEAER magnetic head
and the maanalieiskseadnal ten dvinadrenah siaieathiand 8 56riate JEAIRMAA atan

e

25recording/reproducing element portion of the magnetic head is made dirty so that
recording/reprodirtionsissdisateeef. foDR0jtRT GG RYSY; byfdbaiatpthis satmiblialiés (R8s flfmitrogen and

e BB BB TRIE S, <o o
the LUL systermd@Q2&ther hand, if the atomic ratio (N/C) exceeds 0.25, there is a possibility
-of reduction in hardness of the protective layer.
15 [0014]
This magnetic disk is, for example, a perpendicular magnetic disk for
magnetic recording of the perpendicular magnetic recording type. In this case,
the magnetic disk further comprises, for example, a nonmagnetic substrate, a
soft magnetic layer, a nonmagnetic underlayer, and so on. The soft magnetic
20 layer, the underlayer, the magnetic layer, the protective layer, and the lubricating
layer are formed in this order on the substrate, for example.
[0015]
It is preferable to use a glass substraie as the substrate. Since the
glass substrate can obtain smoothness and high rigidity, it can more stably
25 reduce the magnetic spacing, especially the flying height of a magnetic head
and thus is particularly preferable. As a material of the glass substrate,
aluminosilicate glass is particularly preferable. The aluminosilicate glass can

obtain high rigidity and strength by chemical strengthening. The surface



5(Structure 3) Provided is a magnetic disk manufacturing method of manufacturing the magnetic
disk according to the structure 1 or 2. The protective layer comprises a hydrogenated carbon
protective film composed substantially of carbon and hydrogen and formed over the magnetic layer,
and a surface layer portion 10containing carbon and nitrogen and formed at a surface portion in
contact with the lubricating layer. The hydrogenated carbon protective film is formed in an atmosphere
with a vacuum degree of 0.1 Pa or more and 2Pa or 1ess by a plasma CVD method. The surface layer
portion is formed in an atmosphere with a vacuum degree of 2Pa or more and 6Pa or less by the

plasma CVD 15 m%trposd. 5?%”&8938& gy%%sétantia giof arbaon ?éqg hgprgg " means %g;}entionally
r I disie ] cielid I%vno 855 | :

Il
- Tou magh
containing another Substance except |mpurr|?|eg or e in an allowable range (or which are

unavoidable), fon exasue.4Hae swface ayesparisn oidhedquetentiverayeeit fosaedytietween the
hydrogenated carbon protective film and the lubricating layer. The surface layer portion may be a

20layer compéwgﬁﬁsﬁéﬂﬂﬁﬁlﬁ BiusarBbRraitiahtfoge nRIHERsE Q#@H@_%’i?r_f&f%r 189éP portion to the
lubricating Iay‘?{é%%rjsi%rté%ﬂwg}?%ﬂﬁg%.gé%ﬁ%%@%@f?ﬁﬁ%gﬁgﬁfgﬁﬁ%@(ﬂ)ﬁ xample. [0022]

Hitherto, as a me orming a protective layer directly on a yer, there are known a
method offorming a hj@liegenated carbon protective film by a CVD method using only a
hydrocarbon-based gas as a reactive %as (material ?gs), a method of forming a hydrogenated carbon

protective film using a T AUEess AhilifPr YRS BRIRUR AT Bifiesalhn)are CArheHehadbl§hs, a
method of fomt’lifégu";}sﬂ"rﬂ%@iﬁ%%’@%&@Wﬂe?é‘?ﬁﬂo%?a@%%‘f‘%‘?é)?ﬂ@%&%%?&H&MQO”'based

gas, and so on. In these methods, the pressure (vacuuni degree) of the reactive gas is set to 2 to 6Pa.
[0023] SHoweverh¢heaguitisemit faventeehasgonigoéprabdleretdhainstodnhe veagrbiic fapeective layer of
-3nm or less is formed by such a method, since the durability/strer%th of the protectE/e layer itself

i

becomes insuffitiEM tHE RFEFLIRAYE AU AICHEER O[S ATE RN (RS H1CBE Y foblem that,
for exampig, Wemééa&ﬁaé%temtme%méw %&B&gal‘-w@Wﬂﬁa@esﬂ%ﬁbgrw%mgenerated

on the magnetic disk due to an impact when a magnetic head is loaded on the magnetic disk, so that a
reproducing siffriekiseggfdtiedrfdode layarurtiear ihpraiagiityere ito Soaserwdasrenia order to improve
the adhesion B R Y G ST BB dR 8 I VS RARA Retic spacing.
[0017]
The lubricating layer is preferably a layer of a lubricant containing a
15 perfluoropolyether compound having hydroxyl groups as terminal groups.
Perfluoropolyether has a straight-chain structure and exhibits lubricating
performance suitable for a magnetic disk and, by having hydroxyl groups (OH)
as terminal groups, it can exhibit high adhesion performance to the protective
fayer. Particula.rly, in this structure in which the protective layer contains
20 nitrogen at its outermost surface, since (N+) and (OH-) have high affinity for
each other, it is possible o obtain high lubricating layer adhesion, which is thus
preferable. As the perfluoropolyether compound havi'ng hydroxyl groups as
terminal groups, the number of hydroxyl groups in one molecule is preferably 2
to 4. If the number of hydroxyl groups is less than 2, there is a case where the
25  adhesion of the lubricating layer is reduced, which is thus not preferable. On
the other hand, if the number of hydroxyt groups exceeds 4, there is a case

where the lubricating performance is lowered as a result of excessive

improvement in adhesion. The thickness of the lubricating layer may be



15introduced into the protective layer to enhance the adhesion. However, in this case, since nitrogen
penetrates deep into the protective layer, this is one of causes of insufficiency of the durability/strength
of the protective layer itself. [0025] In order to avoid this, the present inventor has intensively studied.
20 Then, in order to ensure excellent sliding durability even if the thickness of a protective layer is 3nm
or less, the present inventor has paid attention to the degree of vacuum during formation of the
protective layer and the degree of vacuum during formation of a surface layer portion. As a result, the
present inventor has found that, by adjusting these degrees of vacuum, it is possible to 25increase the
fim strength of {he protedtive layer anddo erhance e adnesionbefeen the prptective layer and a

g layer. FFor examiple, the présentinvéntor hasfound that, by setting the Vvacuum degree

(pressure of a rgawiMmeas)sluEngsiommAtios ahihRgREcie st lavekie thyagdupaiiegree of a low 10
pressure (hereinafter referred to as a low-pressure vacuum degree, 0.1 to 2Pa), it is possible to ensure

excellent slidingediarabmMgEeveAWEss tMbita &5t dfapedsrbtetiivdhayrissaaseorhess tRirther, the
present invent(mbipl%%nfi r}gggaédﬁ S H'Egréﬁ%é/ uum degree during formation of the surface layer
gggr €0 aélgﬁ ea&i

portion to a Svacuum pressure (hHereinafter referred to as a high-pressure vacuum
degree, 2 § 6Pa), it is[possible to form the surface layer portion being a nitrogen surface-treated layer
only at an outermost surface of the protective layer. By this, while preventing penetration of nitrogen

deep into the protectiveNgyRIPtBENSURYehBaRuIAh RSP BHIRGSERIRE pRORSEtIve layer, it is
ible 10 i ] ' icati . [0026
possible 10to %?Q@&%é&ﬁéﬁggWBEe%%%%&HQ&KﬁE&W&A%ﬁ{ @?gggﬁ%ﬁ%@gﬁr [0026]

Therefore, according to nfiguration 3, by combining the form e hydrogenated carbon

protective film tictheaigvesir ésperanvmauniaiegse aportibe twmatiny efthesardcdttogated layer at the
‘high-pressure vacuum 15degree, it is possible to properly form the protective layer having both the

‘durability and hRCHAFBERALE BHERASRAIG BRNBEIHILNINS PRESBIDWPRNvidE dMRagnetic disk
excellent{p wegresisipemandciiding ppReriessuREiaehickperpRithaRolgrlve layer is set to

3nm or less. Therefore, for example, it is possible to properly prevent durability abnormality or the like
such 20as scradtchesiwhahaiomspivhenviie pratective dageeobBArmRa tessdssfantdetPbyothe
conventional manufa(éféjéig% method. Further, it.is Egossi le to obtain a magnetic disk that can prevent

degradation of &1ePPOdiETY RFRAPEP HROMES RIETB S R AGIMEPRREERLE TR BHEBHM in LUL

durability evendfihedhickpass-ohshe Rratepivsy iRyer is set to 3nm or less. 25[0027] Herein, the
reason for forming the hydrogenated carbon protective film at the low-pressure vacuum degree (0.1 to

2Pa) is as follows. At 8 18k-pressure vacuum degree (0.1 to 2Pa), the influence of interfering

molecule% (Structure 2)
Provided is a magnetic disk for an LUL-system HDD. [f the sliding
durability of the protective layer is not sufficientiy obtained, there arises a
problem that, for example, in a nowadays LUL-system magnetic disk apparatus,
fine scraiches or the like are generated on a magnetic disk due to an impact
20 when a magnetic head is loaded on the magnetic disk, so that a reproducing
signal is degraded. Further, if, for example, the flying height of the magnetic
head is set to 10nm or less, there is a possibility of the occurrence of a problem
that intermittent contact occurs between the magnetic head and the magnetic
disk so that the flying is not stabilized, and a serious problem that a
25  recording/reproducing element portion of the magnetic head is made dirly so
that recording/reproduction is disabled.
[0020]

In contrast, by setting the atomic ratio {(N/G} of nitrogen and carbon as



11 or the like that take the kinetic energy from carbon atoms decomposed by a plasma until the carbon
atoms reach a film forming surface, is very small as compared with that at the high-pressure vacuum
degree (2 to 6Pa). That is, the chance of the carbon atoms to collide with the interfering molecules or
the 5like until reaching the substrate is reduced. This means that the carbon atoms can reach the film
forming surface while maintaining high energy. In thig case, since the hydrogenated carbon protective
film is formed by the carbon atoms maintaining this high energy, the dense and durable protective
layer can be formed. In this manner, the dense film can be obtained by forming it at the

0.1 Pa there 165 BLCB G VAT RE ARETe B s e R e e

discharge occuyisaiheifilralitesitipgiraie hegaateshetrermakyrsfoall sadhaktiskctisghbaigsablem on a
practical basis. Thus, 0.1Pa or more and 2Pa or less is preferable. [0029] The reason for forming
the surface layBRPBRiGHiskBRRE-[relsukd i a08tRMdegree (2 to 6Pa) is as follows. This surface
layer portion is require@@é),tg have a function of ensuring the adhesion to the lubricating layer formed
as its upper layer. Therefore, in order to ensure the adhesion to the lubricating layer, the surface layer
portion is ormed by intBydisting Bjtrogen. However, in general, it is known that when the durability of a
hydrocarbon film and the durability of a carbon nitride film are compared with each other, the carbon

25nitride film is.inf(.erioP ﬁ‘i’YiG?&Hﬁ@.T@@@Q}’C diSKTﬁ@F%*&@PQRHdUE ﬂﬁ’eoéﬁ?%?}g%%i”@otﬁﬁ)n of the
carbon nitride flayis-necessancionpgsying teadhesiop s t%@BF&ﬁ@Efi‘%'%ﬁé’r 8‘%9989 Is 12

excessively introduced more than required, there arises a problem of degradation in durability. Then,
in order to prewemidhe enatedecarbah imstgribdeim thergurtecbdaysiapodigrosobjecteand the surface

‘treatment with nitrogen is required to be formed only at the outermost surface of the protective 5layer.
0031]  ThHSIGHC ARG £ & (EE B TAARALS CoffaR) oAtSa TRRFTGHAEPRIE0d of the

hydrogengafed carpaR; REQISASHIS AW B suHiTaRg IaXREAARIoR R REMRRIBAR atmaselipre at the

high-pressure vacuum degree (2 to 6Pa) so as 10to prevent nitrogen from penetrating into the
protective layeihmbreri¢aimgdauired. The hydrogenated carbon protective film is formed in an

atmosphere with a vacuum degree of 0.1Pa or more and 2Pa or less by a
plasma CVD method. The surface layer portion is formed in an atmosphere
with a vacuum degree of 2Pa or more and 6Pa or less by the plasma CVD
15 method. "composed substantially of carbon and hydrogen” means not
intentionally containing another substance except impurities or the like in an
allowable range {(or which are unavoidable), for example. The surface layer
portion of the protective layer is formed between the hydrogenated carbon
protective film and the lubricating layer. The surface layer portion may be a
20 layer composed substantially of carbon and nitrogen. Adhesion of the surface
layer portion to the lubricating layer is greater than that of the hydrogenated
- carbon protective film, for example.
[0022]
Hitherto, as a method of forming a protective layer directly on a
25  magnetic layer, there are known a method of forming a hydrogenated carbon
protective film by a CVD method using only a hydrocarbon-based gas as a
reactive gas (material gas), a method of formmg a hydrogenated carbon

protective film using a mixed gas of an inert gas such as Ar and a



If the surface layer portion is formed at the low-pressure vacuum degree, a large amount of nitrogen is
implanted into the hydrogenated carbon protective film so that nitrogen penetrates deep into the
protective layer to degrade the durability. Therefore, an atmosphere for forming the surface layer
portion is 15preferably set to the range of the high-pressure vacuum degree (2 to 6Pa). [0032]
(Structure 4) The hydrogenated carbon protectiye film is formed by the plasma CVD method using
substantially only a straight-chain saturated hydrocarbon based 20gas as a reactive gas, but not using
a carrier gas. "using substantially only a straight-chain saturated hydrocarbon based gas" means not

intentionally usj ] t] It Eﬁﬂ. e, e? r ich are
unavoidable), (2%@@%%% %gg&%ﬁ%mﬁﬁ%%ﬁﬁ?ﬁ e‘ é&gg&%&ﬂ?g\/ o rggﬁegtﬁﬁgg inclm by the
plasma CVD mgethotlaihigieéerghtedndisepuyoa tiptroeatabgagasas soreactive thasdo form
diamond-like carbon. In the case where another inert gas (e.g. Ar or the like) or a carrier gas such as a
hydrogen gas E#HiRE8With RISRANGCRABH Bhdea s s RAplIREga S SeHbtaribR® the
hydrogenated carbon ?tive film to lower the film density, which is thus not preferable. [0034] As
the reactive gas, it is preferable to use a lower hydrocarbon. 5Especially, it is preferable to use a
straight-cHain lower hydisaearothsyrke ssaisteigint iadwiolod arsaticatetidiwenecabanyor a
straight-chain lower unsaturated hydrocarbon. As the straight-chain lower saturated hydrocarbon, use

can be made SPIREIIOMRIVEIANRE FPrINaRE BEERICTREIHRY BrERAIRE NI HRNSE di%ht-chain lower
unsaturated hygipgarbon diseicaniig pate Aleiyienes t BrapianssRHiene uacavene, or the like.

The lower hydrocarbon referfed to herein represents a hydrocarbon having a carbon number of 1 to 10
per molecule. Thengiaserexitenitly mdfeable bo irkeahsestraghaibadd preréydiadatiyon is that as the

-carbon number increases, it be es difficult to supply @ hydrocarban to a film forming apparatus as a
‘vaporized gas (T WY u%ﬁéﬁfh O @raifﬂ88“?%%4%‘%9&%&@%{%&&%% Eﬂ%so?'aﬂ ng plasma
discharge gFurtiRgra@sdeRrcsarbo s MnBReANEIRAERR dlighunplesaswrEacarhage@ponents tend to
be contained in large quantities as components of a formed protective layer so that the density and

hardness of thegn@isdageagyat thecreasestioriiikiseHheirorepeddraing. Faintids dagfasiedse of
[0024]

Further, hitherto, there is a case where, in order to improve the
adhesion between a protective layer and a lubricating layer, nitrogen is

15  introduced into the protective layer to enhance the adhesion. However, in this
case, since nitrogen penetrates deep into the protective layer, this is one of
causes of insufficiency of the durability/strength of the protective layer itself.

[0025] |
In order to avoid this, the pre.sent inventor has intensively studied.

20  Then, in order to ensure excellent sliding durability even if the thickness of a
protective layer is 3nm or less, the present inventor has paid attention to the
degree of vacuum during formation of the protective layer and the degree of
vacuum during formation of a surface layer portion. As a result, the present
inventor has found that, by adjusting these degrees of vacuum, it is possible to

25 increase the film strength of the protective layer and to enhance the adhesion
between the protective layer and a lubricating layer. For example, the present

~ inventor has found that, by setting the vacuum degree (pressure of a reactive

gas) during formation of the protective layer to a vacuum degree of a low



20a cyclic hydrocarbon, it is difficult to achieve decomposition thereof during plasma discharge as
compared with the straight-chain hydrocarbon, which is thus not preferable. In view of the above, it is
particularly preferable to use the straight-chain lower hydrocarbon as a hydrocarbon. Especially, if
ethylene is used, it is possible to form a dense and hard protective layer, which is thus 25particularly
preferable. [0035] In the plasma CVD method o{(_f}orming the hydrogenated carbon protective film,
plasma ignition may be carried out in advance using, for 14 example, an igniter. This makes it
possible to easily generate and discharge a plasma even at the low-pressure vacuum degree (0.1 to

2Pa). Further, DI kSRdA0SAIAIie Jmdbe dlogsnalerlsarban patertive iy mets stably even

at the low-pressure vacuum degree ydrogehate rbon protective film
is preferably farmegsbissisreateosphesydiere tigifilnutoaning eparaatebecesses ieem temperature
or higher and 2502C or less. As a result of a study of the present inventor, it has been found that when
the substrate t@ﬁﬁ&t&fﬁ'ﬂéﬁgrééﬁﬁf‘ﬂdﬁﬂﬁf@rnpgkﬁ%{]% H?E’l@fﬁﬁﬁ'é’fr'ﬁﬁ%{”i@d% HyesshtdPyossible to

form a dense ang:harg by enated carbon pr e fi [ leviedthak this, | cause when
the film forming teim eratuqrgzglecom S excessgv@m%tgﬁ? %B%r?é@gr%?s %gr%vigg Eﬁhﬁe)kﬁm forming
surface arg in esstatenaidegag e ashigmpradderorfitbeiiaftéomiegesliitoae sboittaptbescagbon atoms

diffuse to a surface layer to grow like graphite. 15That is, the hydrog?enated carbon protective film is

preferably form{@AU oA BmpEPRa@ of IS RessiiRii95e T 1B iBedagtd R HPthRaBW-pressure
vacuum degreg (1402 Eata[QORLh R TheE, iR PRIeieraRie fa Sarty, PHLA HSRL ratEnRat at, for

example, 20150C or'more and 250C or less immediately after forming the magnetic layer and
immediately bédges. foBpitigsthettipdronemdieg marbatiorotéatitrediim dEhp reasor fivetedhis as follows.

'If the heat treatment is carried out immediately before forming the hydrogenated.carbon protective film,
this means thaPUBRID E SFRS oCUTADUCA 50 PIAGHAR SN SR OATHA Y i S SRS wile
25maintajging {HGRIRARIE Yh SHHIR HiS 05 RPSeA RB L PR RIBIRBIRY PRI ghea DB FEU I |Eﬂé@ﬂed into a film
on the magnetic layer, the dense and durable protective layer can be formed. Further, by heating the

magnetic layer at the H§2&¢mperature, the adhesion between the magnetic layer and the protective

layer 15 s also 'mpro‘f‘%%'refore, according to the Configuration 3, by combining the formation

of the hydrogenated carbon protective film at the low-pressure vacuum degree
and the formation of the surface-treated layer at the high-pressure vacuum

15 degree, it is possible to properly form the protective layer having both the
durability and the adhesion to the lubricating layer. By this, it is possible to
provide a magnetic disk excellent in wear resistance and sliding properties even
if the thickness of the protective layer is set to 3nm or less. Therefore, for
example, it is possible to properly prevent durability abnormality or the like such

20  as scratches which occur when the protective layer of 3nm or less is formed by
the conventional manufacturing method. Further, it is possible to obtain a
magnetic disk that can prevent degradation of a reproducing signal or the like
due to a high fly write and has no problem in LUL durability even if the thickness
of the protective layer is set to 3nm or less. |

25 [0027]

Herein, the reason for forming the hydrogenated carbon protective film

at the low-pressure vacuum degree (0.1 to 2Pa) is as follows. At the

low-pressure vacuum degree (0.1 to 2Pa), the influence of interfering molecules



[0038] Further, the hydrogenated carbon protective film is preferably formed by applying a DC
bias of a negative voltage (-50 to -400V) with a magnitude of 50V 5or more and 400V or less to the
substrate. With a negative voltage having a magnitude of less than 50V, the effect of the bias
application is not sufficient. On the other hand, if a negative voltage with a magnitude exceeding 400V
is applied, arcing occurs due to the application of e>8cfssive energy to the substrate to cause particles
or contamination, which is thus not preferable. 10[0039] After forming the protective layer, the
substrate formed with the layers up to the surface layer portion is preferably washed with, for example,

ultrapure wate i ..By. thi C [ h ic disk_can be
improved. 15[&%% &%@%@%ﬁ%ﬁ?%}%ﬁ%&@w rocgde%é?e ﬁ%gﬁ%@%ﬁ"g%ﬁ , the surface
layer portion isplasmedhyi expesing thadwdregenatsiinsdopempretesiie Bvetg snitiiegen atmosphere
to perform a surface treatment of the hydrogenated carbon 20 protective film. By this, the surface

layer portion cﬁﬁ%@aﬁ?gﬁ@ﬁ‘ymﬁ‘h@é@hWﬁ%W%Pé@té@%ﬁﬂﬁ?r@%@%%F@@@ﬁted@éﬁﬁ%n protect_ive
film, itis prefe%@'ﬁ#ﬁ&@%é%@%%@@cﬂf vaﬁﬁoitﬁeﬁ%%rffgﬁngyﬁé\@@%@dﬂﬂ sphere in

which the nitrogen flow rate 1s 100sccm or more and 350sccm or less. By this, It Is possible to properly
form the piotetkiwetaiee auhifmci dhe bitratie imbted(MAD) 250finitreges that tharbamobtoed by the
X-ray photoelectron spectroscopy takes a value in the above-mentioned range. [0041] (Structure 6)

16 The sutfERERMRAID NS AP ITRFRND EAFONHIRSRIGE ARPIhertdifiE¢3Mkie an RF
bias is applyedat-a b JINREMAR BN HIOMNRHET T R HUS Bl ITBASHYR adrperly form the

protective layer in which the atomic ratio (N/C) of nitrogen and carbon obtained by the X-ray
photoelectron Bisjreatrosrtipy bike srevgluthndbesabove dueitiepedteatige |49e1edtSeucture 7)

magnotc laye T HbgrB E RBBTARG, ARt U 6 o e B R Sayer for
protectingighe pagiels layShanehabideaing i gerformed over the protective layer. The protective
layer is formed by a pr[%toezcéi]ve film forming step of forming, by a plasma CVD method, a
At a vacuum degree of a pressure less than 0.1Pa, there is a possibility
that the discharge becomes unstable, for example. Furt.her, even if the
discharge occurs, the film forming rate becomes extremely small so that there is
15  a problem on a practical basis. Thus, 0.1Pa or more and 2Pa or less is
preferable.
[0029]
The reason for forming the surface layer portion at the high-pressure
vacuum degree (2 to 6Pa) is as follows. This surface layer portion is required
20  to have a function of ensuring the adhesion to the lubricating layer formed as its
upper layer. Therefore, in crder to ensure the adhesion to the lubricating layer,
‘_rhe surface layer portion is formed by introducing nitrogen. However, in
general, it is known that when the durability of a hydrocarbon film and the
durability of a carbon nitride film are compared with each other, the carbon
25  nitride film is inferior in durability. |
[0030]
Therefore, although the surface layer portion of the carbon nitride film is

necessary for ensuring the adhesion to the lubricating layer, if nitrogen is



hydrogenated carbon protective film composed substantially of carbon and hydrogen over the
magnetic layer, and a surface layer portion forming step of 15 forming, by the plasma CVD method, a
surface layer portion containing carbon and nitrogen at a surface portion in contact with the lubricating
layer. The surface layer portion forming step is performed in an atmosphere with a vacuum degree
higher than that of the protective film forming step. By, this, for example, it is possible to properly form
the hydrogenated carbon protective film and the 20surface layer portion. Effect of the Invention [0043]
According to this invention, for example, it is possible to provide a 25magnetic disk excellent in wear

resistance and.gidg BRSSPI LRUISKAGRRS" AaiPIRieRysr s o less. Further, for

example, it is possi 0 provide a magnetic disk that can avoid a hi y write tailure. Further, for
example, it is prggidatiorpiodidesityagieks dislo sisiablederdhethbottllirsystent.tBidef Description of
the Drawings [0044] 5Fig. 1 is a sectional view exemplarily showing a layer structure of a magnetic
disk 10 accordigRi§En tgﬁhw&mﬂﬁvmh%tiﬂvmtﬁfb@tmeoﬁa Pef & F8FBRPidMMg the X-ray

photoelectron gp E??Fs%‘ﬁﬁ@d £ HE%d HQ&;S@&%@‘%H&B%%QPE&P&@BHHE HigiEgRiguration of

an apparatus for carrying out the X-ray photo ron spectroscopy. Fig. 2(b) i1s a 10 diagram showing
a state where &lgetrons jump out from two points A and B at different depths in a sample. Fig. 3is a
graph showing the relationship between the atomic ratio (N/C) of nitrogen and carbon and the number
of sliding times in a pir[p isk test in Examples and Comparative Examples. 15 Description of

Symbols [0045] 1substiiieeré 204 SARINTY F BV fay3ot WIHRFRYESnH 90 B #¥SbrAing

method of the hydrogenated carbon protective film, the surface layer portion is
formed in an atmosphere at the high-pressure vacuum degree (2 to 6Pa) so as
10 to prevent nitrogen from penetrating into the protective layer more than required.
If the surface layer portion is formed at the low-pressure vacuum degree, a
large amount of nitrogen is implanted into the hydrogenated carbon protective
film so that nitrogen penetrates deep into the protective layer to degrade the
durability. Therefore, an atmosphere for forming the surface layer portion is
15 preferably set to the range of the high-pressure vacuum degree (2 to 6Pa).
[0032]
{(Structure 4)
The hydrogenated carbon protective film is formed by the plasma GVD
method using substantially only a straight-chain saturated hydrocarbon based
20 gas as a reactive gas, but not using a carrier gas. "using substantially only a
straight-chain saturated hydrocarbon based gas" means not intentionally using
another gas except impurities or the like in an allowable range (or which are
unavoidable), for example.
[0033]
25 When forming the hydfogenated darbon protective film by the plasma
CVD method, it is preferable to use only a hydrocarbon gas as a reactive gas 1o
form diamond-like carbon. In the case where anocther inert gas (e.g. Ar or the

like) or a carrier gas such as a hydrogen gas is mixed with a hydrocarbon gas,



protective layer, 5ahydrogenated carbon protective film, Sbsurface layer 20portion, 6lubricating layer,
10magnetic disk, 21X-ray source, 22 photoelectron detector, 23 sample, 24 X-ray, 25 - excited region
Best Mode for Carrying Out the Invention [0046] 25Hereinbelow, an embodiment according to this
invention will be described with reference to the drawings. Fig. 1 is a sectional view exemplarily
showing a layer structure of a magnetic disk 10 accqrging to the embodiment of this invention. The
magnetic disk 10 is a magnetic recording medium 18 (perpendicular magnetic disk) for magnetic
recording of the perpendicular magnetic recording type and comprises at least a substrate 1, a

tic | ' t b ' nagpetic | 4, and
2 ibrcating 01 b ot Oh B ot o e T LR B an the e 2o ™ "

further comprisesebetwéien thasubsitate k andsthetpagaetistdayer 4, a soft magnetic layer 2 formed
on the substrate 1 and a nonmagnetic underlayer 3 formed on the soft magnetic layer 2. [0047]
Further, in this embodIRf&Ht] the magnetic layer 4 and the protective 10layer 5 are formed in contact

with each other. The PRQLGC iyggl@(\% a@nﬂ @W&Qp&a@r}g I@ggﬁoﬁgrfggg}ﬁ%{%gantact with each

other. The protective layer 5 comprises a hydrogenated carbon protecti ormed on the

magnetic Byer=4stdéaindt dssoprdboaitdy &y peste s Eidgoreted roltlee hylriceding fayectéaside. The
hydrogenated carbon protective film 5a is a layer composed substantially of 15 carbon and hydrogen

and is formed BY PRLFRBAHBYR SHILRISH Y R RPNt 3 EH AN FIRELIRREE Iayer portion 5b is a
layer containing-aitropen pROSA RY aA%“irﬁ@Cﬁrﬁ@%%ﬁﬁ@@fe%@r@é‘i‘ﬁ?%%ﬁ&%ﬁ%prOteCtive film

5a and is formed in contact with the hydrogenated carbon protective film 5a. The surface layer portion
5b may be a laysr camipe seadsutistaritiaty of tharso Qs Nintayen . Jo48] or tha fikemadaetic disk 10
described above will he de?%iib d in further detajl with reference to Examples anc? e(%ﬁsr/n arative

‘Examples. HO\’V%&{E’{QEH BWSE HOPRIiREAANRRsas bASFIESA 1831‘19 © A§netic disk of
Examp|e1l)anqbifb?ag?éﬁé'fwm,n&%@i?@H@!lmwﬁﬁéi.be%gif&éﬂﬁwmr@‘o% shiestERl@L being a

glass substrate an
herein represents a hydrocarbon having a carbon number of 1 to 10 per
melecule. The reason why it is preferable to use the straight-chain lower
hydrocarbon is that as the carbon number increases, it becomes difficult to
supply a hydrocarbon to a film forming apparatus as a vaporized gas and,

15 {urther, it becomes difficult to achieve decomposition thereof during plasma
discharge. Further, as the carbon number increases, high-molecular
hydrocarbon components tend 1o be contained in large quantities as
components of a formed protective layer so that the density and h.ardness of the
protective layer decrease, which is thus not preferable. Further, in the case of

20  a cyclic hydrocarbon, it is difficult to achieve decomposition thereof during
plasma discharge as compared with the straighi-chain hydrocarbon, which is
thus not preferable. In view of the above, it is particularly preferable to use the

~ straight-chain lower hydrocarbon as a hydrocarbon. Especially, if ethylene is
used, it is possible to form a dense and hard protective layer, which is thus

25 pérticularly preferable.

[0035]
in the plasma CVD method of forming the hydrogenated carbon

protective film, plasma ignition may be carried out in advance using, for



19 respective layers and their forming methods will be described in detail. The substrate 1 is an
amorphous glass substrate and its composition is an aluminosilicate. The substrate 1 is a 2.5-inch
magnetic-disk substrate with a diameter of 65mm, an inner diameter of 20mm, and a disk thickness of
5 0.635mm. The surface roughness of the obtained glass substrate was observed by an AFM (atomic
force microscope) and it was confirmed to be a smagth surface with Rmax of 2.18nm and Ra of
0.18nm. [0050] Then, using a 03040 sputtering film forming apparatus manufactured by 10Canon
ANELVA Corporation, a soft magnetic layer 2, an underlayer 3, and a magnetic layer 4 were formed in

sequence on t trate. . QL § ificayly;fi ing a CoTaZr
(Co:92at%, Tagzggwézr%@%ﬂélﬁﬁ@aﬁé%%%%%g%%%ét??h%%oqg%g%ﬂ%%c ayerrszirﬁégﬁg a thickness
of 50nm and npéeeref dherCaiiaZiallayseasounaciondbgrealistriate 284 )by Fuetisputieiang method.

The vacuum degree during the film formation was 0.6Pa. Then, using Pd as a sputtering target, the

underlayer 3 dTPEERAURRS S RIRIRTSEE re AMEHRES TBHRTECAERMRTOMFEHYRJHRD RiG et the

sputtering methosh TheyqsiTdegres tuing dog dldormateajuas 1.0Pa. Then, using a
CoCrPt-Ti02 (Cr:12at%, Pt:10ar/0, Ti02:9ark, the balance Co) alloy as 20a sputtering target, the

magnetic fayer 4 havifigt@ghickness of 15nm and made of the CoCrPt-Ti02 alloy was formed on the
underlayer 3 by the sputtering method. The vacuum degree during the fjlm formation was 3.5Pa.
[0051] The substrate %%EW%Q%%H&%%@PW&%%; ésf’e%%é%ri’ﬁjifn% r@?é?gﬂjﬁgtrate temperature
after forming the{RaGREHCUMRE hRaNAMS ARl fenthif AURS BRLR KeSENSENLIS WRBREoRfigMed using a

radiation thermometer through a window of a chamber immediately after the formation of the magnetic
layer 4. [0052]higber anBd&0 Groethgiendigas waiglinfrodilicdy cittheyesanintyehtociahaser and, while

;applying a bias voltage of -300V under a pressure where the vacuum degree was set to 1.6Pa, a
yogenated RETBT SN i 58 RS BRG] PP HISRRUOREA P ok formed
with the leyerspightar Hie1paaneticdayar 4. pbaeiflanérmaing kiads el fiesraatiensidhedydrogenated

carbon protective film 5a was inm/s. [0053] Further, after forming the hydrogenated carbon

protective film GHPeHepratatitreddgreelivadeligueehed Grdshreaitrodteminediye@itféten gas at

10250sccm inig & plasma. dhien, dnder i Rressiie. 2 uifags eaimans Wamefried out by exposing
the hydrogenated carbon protective film'5a to a nirogen atmosphere and’applying an RF bias at

100W, therebydamniggaisudase |ayespestsmbipgRasiis ntopsplectiveniayien Sonmiigg the
hydrogenated carbon protective film 5a and the surface layer portion 5b is formed. After forming the
surface so that the carbon atoms diffuse o a surface layer to grow like graphite.

15  That is, the hydrogenated carbon protective film is preferably formed at room
temperature or higher and 250°C or less and further at the low-pressure
vacuum degree (0.1 to 2Pa).

[0037]
Further, it is preferable to carry out a heat treatment at, for example,

20  1502C or more and 2502C or less immediately after forming the magnetic layer
and immediately before forming the hydrogenated carbon protective film. The
reason thereof is as follows. If the heat treatment is carried out immediately
beforé forming the hydrogenated carbon protective film, this means that carbon
atoms decomposed by a plésma can reach the film forming surface while

25  maintaining high energy. Since the carbon atoms maintaining this high energy
are formed into a film on the magnetic layer, the dense and durable protective

layer can be formed.  Further, by heating the magnetic layer at the high

temperature, the adhesion between the magnetic layer and the protective layer



15surface layer portion 5b, the actual thickness of the protective layer 5 was measured by sectional
observation using a transmission electron microscope (TEM). The thickness of the protective layer 5
was 3.0nm. [0054] The atomic ratio (N/C) of nitrogen and carbon at an outermost surface 20 of
the protective layer 5 was measured by ESCA. The atomic ratio (N/C) was 0.20. The ESCA
measurement conditions were as follows. [0055] Appxaratus : Quantum2000 manufactured by
ULVAC-PHI, Incorporated X-ray Excitation Source : Al-Ka line (1486.6eV) 25 X-ray Source : 20W
Analysis Chamber Vacuum Degree : <2x10-7Pa Pass Energy : 117.5eV Photoelectron Detection
Angle (Exit Anglgﬁ o éldglgasurement Object Peak : Cis, Nis Analysis Region : 100umg) Number of
Times : 10 times 8856 5Herein, the angularly resolved X-ray photoelectron spectroscopy (angularly
resolved ESCA) will bpegplained. Fig. 2 is diagrams for explaining the X-ray photoelectron
spectroscopy. Fig. 2(a) is diagrams each showing one example of the configuration of an apparatus for

carrying out the X-ray PHI6EIEEBHEPER ARSI DRAGSIP BXa R SuPigisT 2RAG IS E &% show the
10positional r%ﬁ%ﬂ%?@@ SRR YR &4 a%%r%t%%;eq-equ% DAeierian AR dsBgmple 23

when the photoelectron detection angle(exit angle) to a surface of the sample is set to 902. or 7. Fig.
2(b) is a diagramnstvevang 40stdtenider odlsssobsijaiap dlfitfrenmégatipeintdtagancBrar aifferent depths

in the sample 23. 15[0057 The mean free path A of an electron in a solid is getermined by an
energy posseégéa%V%eolllséﬁélﬁ?‘m\{h@e&f@& %"E&%ﬁ?&?&m%@aéﬁaﬁﬁ i %8Miple excited by

an X-ray jumpgauhithesameledensgas.enarigniiihe depifinldspesibiongidmlse its exit
direction. For example, when an 20electron proceeds in a perpendicular direction (0=90g) from a point
Ain aregion applied, arcing occurs due to the application of excessive energy to the
: substrate to cause particles or contamination, which is thus not preferable.
10 (0039]

After forming the protective layer, the substrate formed with the layers
up to the surface layer portion is preferably washed with, for example, ultrapure
water and isopropyl alcohol. By this, the surface quality of the magnetic disk
can be improved.

15 [0040]

(Structure b)

After forming the hydrogenated carbon protective film, the surface layer
portion is formed by exposing the hydrogenated carbon protective film to a
nitrogen atmosphere to perform a surface treatment of the hydrogenated carbon

20 protective film. By this, the surface layer portion can be properly formed. In
this case, after forming the hydrogenated carbon protective film, it is preferable
to expose the hydrogenated carbon protective film to a nitrogen atmosphere in
which the nitrogen flow rate is 100sccm or more and 350scem or less. By this,
it is possible 1o properly form the protective layer in which the atomic ratio (N/C)

25  of nitrogen and carbon obtained by the X-ray photoeiectron spectroscopy takes
a value in the above-mentioned range.

[0041]

(Structure 6)



25 (a region whose depth is smaller than the mean free path A) excited by an X-ray 24, the electron
can jump out of the sample 23. Conversely, when the electron proceeds in an oblique direction (e.g.
8=79) from the point A, the electron cannot jump out. On the other hand, an electron from-a point B
closer 25 to a surface than the point A can jump out of the sample not only in the case where it
proceeds in the perpendicular direction, but also in qhe case where it proceeds in an oblique direction
(e.g. 6=7). In this manner, there is a certain relationship between the exit depth D and the exit direction
0 (D=Asine). Using 22 this, information in depth directions of a sample is obtained by changing the

detection angle of phojaeleclians AAIGHIR 2 ARG ssaliee. dopidiieaton aralysi. n s

invention, photoelectrons are detecte Xing ction angle. Speci y setting the
photoelectron getecticiavigle as BSnadlsds poslibtealeap vt pidtoetentsansiori9Wam the
outermost surface of the protective Iatﬁar 5 are detected to measure the atomic ratio (N/C) of nitrogen

and carbon. [0658] TH¥Athd! BROSAEHSIMRIRPETY FRETR @ TRIRA BaNREHMENEY BRI 10 washed in
pure water a 1936496 409 secog s aag huthecargsfeR il GroncoRy LcpRal 400 seconds

and then drying was carried out as fi drying by the use of IPA vapor. , a lubricating layer 6
made of a5PFREdgperfiuorgpakesthery cenmpiwndoveas- foemiathby eadigping method on the protective
layer 5 having been subjected to the ultrapure water and IPA cleaning. 15Specifically, use was made
of an alcohol-modifiec{%gbdrﬁ lin Z derivative manufactured by Ausimont Co., Ltd. This compound has 1
to 2 hydroxyl groups a(ts?mémé th terminals of the PFPE main chain, i.e. 2 to 4 hydroxyl groups as
terminal groups per molecule. The thickness of the lubricating layer 6 was 1.4nm. In the manner
described above, a m&yodtiediskaldagasiRodisinofacuiaetl [0059¢thod Theraoufack rogghness of the

-Obtained ic disk 10 b d by AF di firmed h.surf ith
R of 3 i AR GFD GO A QP AU e G G GEFLEI 1 1S AHA Por 25stably

setting theyflying /beighhelid repansticaipaddolenmm Qsiasstitdsisie shamedbaijbe alige height of a
magnetic disk be 4.5nm or less. [0060] (Evaluation) 23 Various performances of the obtained
magnetic disk lLDrigeteelaiaafermatiovealegratefitevay§ooeline protective layer is

formed by a protective film forming step of forming, by a plasma CVD method, a
hydrogenated carbon protective film composed substantially of carbon and
hydrogen over the magnetic layer, and a surface layer portion forming step of
15  forming, by the plasma CVD method, a surface layer portion containing carbon

and nitrogen at a surface portion in contact with the lubricating fayer. The
surface layer portion forming step is performed in an atmosphere with a vacuum
degree higher than that of the protective film forming step. By this, for example,
it is possible to properly form the hydrogenated carbon protective film and the

20  surface layer portion.

Effect of the Invention
[0043]
According to this invention, for example, it is possible to provide a
25  magnetic disk excellent in wear resistance and sliding properties even if the
thickness of a protective layer is 3nm or less. ~Further, for example, itis
possible to provide'a magnetic disk that can avoid a high fly write failure.

Further, for example, it is possible to provide a magnetic disk suitable for the:



(1) LUL Durability Test 5An LUL durability test was performed using a 2.5-inch HDD adapted to rotate
at 5400rpm and a magnetic head with a flying height of IOnm. An NPAB (negative pressure type)
slider was used as a slider of the magnetic head and a TMR element was used as a reproducing
element. The magnetic disk 10 was mounted in this HDD and the LUL operations were continuously
repeated using 10the magnetic head. The LUL durability was evaluated by measuring the number of
LUL times endured with no occurrence of failure of the HDD. The test was performed in an
environment of 70gO/80%RH. This condition is more severe than a normal HDD operating
environment. Tﬁigﬁa}%more accurately judging the durability/reliability of the magnetic disk by
performing the test in the 15environment assuming HDDs for use in an application such as car
navigation. [0062] With the magnetic disk 10 of this Example, the number of LUL times exceeded
1,000,000 times with no failure. Normally, in the LUL durability test, it is required that the number of
LUL times excE8&408560Ban &S ESHINGES 20with no failure. It is reported that, in the normal HDD
using environment, us&&& bout 10 years is necessary for the number of LUL times to exceed
400,000 times. In the LUL durability test, it is further preferable that the number of LUL times exceed
1,000,000%imes. [0063]i@5(23 RimeCiiviRibkide sixem phain sonedisy teltywastpetiomedciin the following
manner. Specifically, in order to evaluate the durability and wear resistance of the protective layer 5,

the magnetic diRIDGUFRFOLRAPFHALDS QTG RIBLIMGH & GUsiRYE BPPmm 24 made of AI203-TiC
against the protective {gyep 3.a5iaJadieSAMALRARHIAEOL 1S @@B@F&ﬁ’&% atdsiong.of 15g. By

this, the AI203-TiC ball and the protective layer 5 were rotated ide on each other at a speed of
2m/sec. Then, e B{anisatiafsidmgarnebontideeakaxergfithef tretectiigustamofias to Sthe sliding

‘was measured. [0064] In this pin-on-disk tes, if the number of sliding times until breakage of the

et Iy PR S [ S BT TR e Reeie SREReRBIall SrE T et recording
head is nay broyightd M KORIRG L dththRrmagRets sliskthihirpines shskdoshismardsrability test in
an environment which is more severe than an actual using environment. With the magnetic disk 10 of

Example 1, thaliffgrsinéceptiriing s@esidas 500 times. [0065] [Examples 2 to 6, Comparative

Examples 1to 8] Fig. 3 is a graph showing the relationship between the atomic ratio

(N/C) of nitrogen and carbon and the number of sliding times in a pin-on-disk
test in Examples and Comparative Examples.
i5
Description of Symbols
[0045]
1 - substrate, 2 - soft magnetic layer, 3 - underlayer, 4 --- magnetic layer, 5 -
protective layer, 5a --- hydrogenated carbon protective film, 5b -+ surface layer
20  portion, 6 - lubricating layer, 10 -~ magnetic disk, 21 ~- X-ray source, 22 -

photoelectron detector, 23 -+ sample, 24 - X-ray, 25 -+ excited region

Best Mode for Carrying Qut the invention
[0046]
25 Hereinbelow, an embodiment according to this invention will be
described with reference to the drawings. Fig. 1 is a sectional view exemplarily
showing a layer structure of a magnetic disk 10 according to the embodiment of

this invention. The magnetic disk 10 is a magnetic recording medium



15Magnetic disks according to Examples 2 to 6 and Comparative Examples 1 to 8 were manufactured
by changing various conditions of Example 1 in the manufacture. Table 1 shows conditions in the
manufacture of the magnetic disks according to the respective Examples and Comparative Examples
and evaluation results thereof. 20[0066] 25 LUL Durability Test Number of 1,000,000 I times or
more 1,000,000 I times or more 1,000,000 I times,gr more 1,000,000 I times or more 1,000,000
times or more 1,000,000 times or more  failed at Isé 0,000 times , failed at 200,003 times failed at
300,000 times

(perpendicular magnetic disk) for magnetic recording of the perpendicuiar
magnetic recording type and comprises at least a substrate 1, a magnetic layer
4 formed over the substrate 1, a protective layer 5 formed on the magnetic layer
4, and a lubricating layer 6 formed on the proteo’tivé tayer 5. In this
5 embodiment, the magnetic disk 10 further comprises, between the substrate 1
and the magnetic layer 4, a soft magnetic layer 2 formed on the substrate 1 and
a nonmagnetic underlayer 3 formed on the soft magnetic layer 2.
[0047]
Further, in this embodiment, the magnetic layer 4 and the protective
10 layer 5 are formed in contact with each other. The protective layer 5 and the
lubricating layer 6 are formed in contact with each other. The protective layer 5
comprises a hydrogenated carbon protective film 5a formed on the magnetic
layer 4 side and a surface layer portion 5b formed on the lubricating layer 6 side.
The hydrogenat.ed carbon protective film 5a is a layer composed substantially of
15  carbon and hydrogen and is formed by ptasma CVD in contact with the
magnetic layer 4. The surface layer portion 5b is a layer containing nitrogen
and formed by a surface treatment of the hydrogenated carbon protective film
5a and is formed in contact with the hydrogenated carbon protective film 5a.
The surface layer portion bb may be a layer composed substantially of carbon
20 and nifrogen.

[0048]

The magnetic disk 10 described above will be described in furih.er detail
with reference 1o Examples and Comparative Examples. However, this
invention is not limited thereto.

25 [0049]
[Exampie 1]
A magnetic disk of Example 1 and its manufacturing method will be

described. First, materials of a substrate 1 being a glass substrate and
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respective layers and their forming methods will be described in detail. The
substrate 1 is an amorphous glass substrate and its composition is an
aluminosilicate. The substrate 1 is a 2.5-inch magnetic-disk substrate with a
diameter of 65mm, an inner diameter of 20mm, and a disk thickness of
5 0.635mm. The surface roughness of the obtained glass substrate was
observed by an AFM {atomic force microscope) and it was confirmed to be a
smooth surface with Rmax of 2.18nm and Ra of 0.18nm.
[0050]
Then, using a C3040 sputtering film forming apparatus manufactured by
i0  Canon ANELVA Corporation, a soft magnetic layer 2, an underlayer 3, and a
magnetic layer 4 were formed in sequence on the substrate 1 by a DC
magnetron sputtering method. Specifically, first, using a CoTaZr (Co:92at%,
Ta:3at%, Zr:5at%) alloy as a sputtering target, the soft magnetic layer 2 having
a thickness of 50nm and made of the CoTaZr alloy was formed on the substrate
15 1 by the sputtering method. The vacuum degree during the film formation was
0.6Pa. Then, using Pd as a sputtering target, the underlayer 3 of Pd having a
thickness of 7nm was formed on the soft magnetic layer 2 by the sputtering
method. The vacuum degree during the film formation was 1.0Pa. Then,
using a CoCrPt-TiO; (Cr:12at%, Pt:10at%, TiO.:9at%, the balance Co) alloy as
20  a sputtering target, the magnetic layer 4 having a thickness of 15nm and made
of the CoCrPt-TiO, alloy was formed on the underlayer 3 by the sputtering
method. The vacuum degree during the film formation was 3.5Pa.
[0051]
The substrate 1 was heated using a heater heating system so that the
25  substrate temperature after forming the magnetic layer 4 became 250°C. The
- substrate temperature was confirmed using a radiation thermometer through a
window of a chamber immediately after the formation of the magnetic layer 4.

[0052]
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Then, an ethylene gas was introduced at 250sccm into the chamber
and, while applying a bias voltage of -300V under a pressure where the vacuum
degree was set to 1.6Pa, a hydrogenated carbon protective film 5a was formed
by the plasma CVD method on the disk formed with the layers up to the

5 magnetic layer 4. The film forming rate in the formaticn of the hydrogenated
carbon protective film 5a was 1nmy/s.
[0053]
Further, after forming the hydrogenated carbon protective film 5a, the
vacuum degree was adjusted to 6Pa while introducing only a nitrogen gas at
10 250scem into a plasma.  Then, under this pressure, a surface treatment was
carried out by exposing the hydrogenated carbon protective film 5a to a nitrogen
atmosphere and applying an RF bias at 100W, thereby forming a surface layer
poriion 5b. By this, a protective layer 5 having the hydrogenated carbon
protective film 5a and the surface layer portion 5bis formed. After forming the
15 surface layer portion 5b, the actual thickness of the protective layer 5 was
measured by sectional observation using a transmission electron microscope
(TEM). The thickness of the protective layer 5 was 3.0nm.
[0054]
The atomic ratio (N/C) of nitrogen and carbon at an outermost surface
20 of the protective layer 5 was measured by ESCA. The atomic ratio (N/C) was
0.20. The ESCA measurement conditions were as follows.
[0055]
Apparatus : Quantum2000 manufactured by ULVAC-PHI, Incorporated
X-ray Excitation Source : Al-Ka line (1486.6eV)
25  X-ray Source : 20W
Analysis Chamber Vacuum Degree : <2x10”Pa
Pass Energy : 117.5eV
Photoelectron Detection Angle (Exit Angle) : 7°
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Measurement Object Peak : C1s, N1s
Analysis Region : 100um¢
Number of Times : 10 times

[0056]

Herein, the angularly resclved X-ray photoelectron spectroscopy
(angularly resolved ESCA) will be explained. Fig. 2 is diagrams for explaining
the X-ray photoelectron spectroscopy. Fig. 2(a) is diagrams each showing one
exampte of the configuration of an apparatus for carrying out the X-ray
photoelectron spectroscopy, wherein the left and right diagrams each show the
positicnal relationship among an X-ray source 21, a photoelectron detector 22,
and a sample 23 when the photoelectron detection angle {exit angle) to a
surface of the sample is set to 90° or 7¢.  Fig. 2(b) is a diagram showing a state
where electrons jump out from two points A and B at different depths in the
sample 23.

[0057]

The mean free path A of an electron in a solid is determined by an
energy possessed by the electron. Whether or not an electron (photoelectron)
in a sample excited by an X-ray jumps out of the sample depends on not only
the depth of its position, but also its exit direction. For example, when an
electron proceeds in a perpendicular direction (8=90%) from a point Ain a region
25 (a region whose depth is smaller than the mean free path A) excited by an
X-ray 24, the electron can jump out of the sample 23. Conversely, when the
electron proceeds in an oblique direction (e.g. B=72) from the point A, the
electron cannot jurﬁp out. On the other hand, an electron from a point B closer
to a surface than the point A can jump out of the sample not only in the case
where it proceeds in the perpendicular direction, but alsec in the case where it
proceeds in an obligue direction (e.g. 8=7%). [n this manner, there is a certain

relationship between the exit depth D and the exit direction & (D=Asin®). Using
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this, information in depth directions of a sample is obtained by changing the
detection angle of photoelectrons, which is an anguiarly resolved depth
direction analysis. In this invention, photoelectrons are detected by fixing the
détection angle. Specifically, by setting the photoelectron detection angle as
5 small as possible (e.g. 8=7%), photoelectrons only from the outermost surface of
the protective layer 5 are detected to measure the atomic ratio (N/C) of nitrogen
and carbon.
[0058]
Then, the disk after forming the protective layer 5 was immersed and
10 'washed in pure water at 70°C for 400 seconds and further washed with |PA
(isopropy! alcohol) for 400 seconds and then drying was carried out as finish
drying by the use of IPA vapor. Then, a lubricating layer 6 made of a PFPE
(perfluoropalyether) compound was formed by a dipping method on the
protective layer 5 having been subjected {o the ultrapure water and IPA cleaning.
15  Specifically, use was made of an alcohol-moedified Fomblin Z derivative
manufactured by Ausimont Co., Ltd.  This compound has 1 to 2 hydroxyl
groups at each of both terminals of the PFPE main chain, i.e. 2 to 4 hydroxyl
groups as terminal groups per molecule. The thickness of the lubricating fayer
8 was 1.4nm. Inthe manner described above, a magnetic disk 10 was
20  manufactured.
[0059]
The surface roughness of the obtained maghetic disk 10 was observed
by AFM and it was confirmed to be a smooth surface with Rmax of 3.1nm and
Ra of 0.30nm. Further, the glide height was measured to be 3.6nm. For
25  stably setting the flying height of a magnetic head to 10nm or less, it is desirable
that the glide height of a magnetic disk be 4.5nm or less.
[0060]

(Evaluation)
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Various performances of the obtained magnetic disk 10 were evaluated
and analyzed as foilows.

[0061]

(1) LUL Durability Test

5 An LUL durability test was performed using a 2.5-inch HDD adapted to
rotate at 5400rpm and a magnetic head with a flying height of 10nm.  An NPAB
{negative pressure type) slider was used as a slider of the magnetic head and a
TMR element was used as a reproducing element. The magnetic disk 10 was
mounted in this HDD and the LUL operations were continuously repeated using

10  the magnetic head. The LUL durability was evatuated by measuring the
number of LUL times endured with no occurrence of failure of the HDD. The
test was performed in an environment of 70°C/80%RH. This condition is more
severe than a normal HDD operating environmeni. This is for more accurately
judging the durability/reliability of the magnetic disk by performing the test in the

15 environment assuming HDDs for use in an application such as car navigation.

[0062]

With the magnetic disk 10 of this Example, the number of LUL times
exceeded 1,000,000 times with no failure. Normally, in the LUL durability test,
it is reguired that the number of LUL times exceed 400,000 times continuously

20 with no failure. It is reporied that, in the normal HDD using environment, use
for about 10 years is necessary for the number of LUL times to exceed 400,000
times. Inthe LUL durability test, it is further preferable that the number of LUL
times exceed 1,000,000 times.

[0063]

25 (2) Pin-On-Disk Test

A pin-on-disk test' was performed in the following manner.  Specifically,

in order to evaluate the durability and wear resistance of the protective layer 5,

the magnetic disk 10 was rotated while pressing a ball with a diameter of 2mm
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made of Al,O3-TiC against the protective layer 5 at a radius-22mm position of
the magnetic disk 10 at a load of 15g. By this, the Al,O3-TiC ball and the
protective layer 5 were rotated to slide on each other at a speed of 2m/sec.
Then, the number of sliding times until breakage of the protective layer 5 due to
the sliding was measured.

[0064]

In this pin-on-disk test, if the number of sliding times until breakage of
the protective layer 5 is 300 times or more, it is judged successful. Since,
normally, a magnetic recording head is not brought into contact with the
magnetic disk 10, this pin-on-disk test is a.durabii.ity test in an environment
which is more sévere than an actual using environment.  With the magnetic
disk 10 of Example 1, the number of sliding times was 500 times.

[0065] |

[Examples 2 to 6, Comparative Examples 1 to 8]

Magnetic disks according to Examples 2 to 8 and Comparative
Examples 1 to 8 were manufactured by changing various conditions of Example
1 in the manufacture. Table 1 shows conditions in the manufacture of the
magnetic disks according to the respective Examples and Comparative
Examples and evaluation results thereof.

[0066]
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[0067]

In Examples 2 to 6, the atomic ratio (N/C) of nitrogen and carbon fell in
a range of 0.15 or more and 0.25 or less as in Example 1. As a result, the
result of the pin-on-disk test (Pin-On) was successful and the number of LUL
times exceeded 1,000,000 times in the LUL durability test.

[0068]

On the other hand, in Comparative Examples 1, 3 1o 6, and 8, the
atomic ratio (N_/C) of nitrogen and carben fell outside the range of 0.15 or more
and 0.25 or less. As a result, it was not possible to achieve both passing the
pin-on-disk test (Pin-On) .and exceeding 1,000,000 times of the number of LUL
times in the LUL durability test. |

[0069]

In Comparative Example 2, as a result of seiting the vacuum degree
during formation of a hydrogenated carbon protective film 5a to be as small as
0.05Pa, the film forming rate of the hydrogenated carbon protective film ba
becomes as extremely slow as 0.1nm/s so that it was not possible to properly
form a protective layer 5. In Comparative Example 7, as a result of setting the
magnitude of a éubstrate bias during formation of a hydrogenated carbon
proiective film 5a to be as large as -410V, arcing occurred {o break a subsirate
1.

[0070]

Fig. 3 is a graph showing the relationship between the atomic ratio
(N/C) of nitrogen and carbon and the number of sliding times in the pin-on-disk
test in the respective Examples and Comparative Examples. Numerical
formulas on the right side of the graph show a regression straight line and a
determination coefficient (RQ) for the regression straight line. As seen from the
graph, as the atomic ratio (N/C) decreases, the number of sliding times

increases. However, as seen from the results of, for example, Comparative



Example 6 Comparative Example 7 Comparative Example 8 26 [0067] In Examples 2 to 6, the atomic
ratio (N/C) of nitrogen and carbon fell in a range of 0.15 or more and 0.25 or less as in Example 1. As
a result, the result of the pin-on-disk test (Pin-On) was successful and the number of LUL 5times
exceeded 1,000,000 times in the LUL durability test. [0068] On the other hand, in Comparative
Examples 1, 3 to 6, and 8, the atomic ratio (N/C) ofé*s}i,trogen and carbon fell outside the range of 0.15
or more and 0.25 or less. As a result, it was not possible to achieve both passing the 10pin-on-disk
test (Pin-On) and exceeding 1,000,000 times of the number of LUL times in the LUL durability test.
[0069] In ragv %% - ! i ring formation of a
hydrogenated%gtgr%p n%%éiﬁeﬁ)lé/e iIm ga?(? @g@ Ilsér'%ﬁ%tg %55@5&%%@ imq{ﬁfqrﬁqi_rl:g!ﬁgge of the
hydrogenated isecboe piotediiviertiin e hedomesHkexremdlycsiores:0cnesiss dadnt was not
possible to properly form a protective layer 5. In Comparative Example 7, as a result of setting the
magnitude of & ateBiasaridy FoPhalitReer 2 RYGRSEeR-RRI BISB5l St ivE i 5a to be as
large as -410V,, grcing PsSHgddedreak a substrate 201. [0070] Fig. 3 is a graph showing the
relationship between the atomic ratio (N/C) of nitrogen and carbon and the number of sliding times in
the pin-onsdisk test in fi@7rgspective Examples and Comparative Examples. Numerical 25formulas on
the right side of the graph show a regression straight line and a det(?rmination coefficient (R2) for the

regression straight lind! NS B RGH R BREAI RS IREMI TR FRERSEde RS ases, the number of
sliding times iNGrRR3RSHOWRY BRI RS S8R IR A Bl oh fORSXARIE (S RBRKME/ 8f

the description of the above-mentioned embodiment. it is obvious to a person
skilled in the art that various changes or improvements can be added fo the

10 above-mentioned embodiment. It is ¢clear from the description of claims that
the modes added with such changes or improvements can also be included in

the technical scope of this invention.

industrial Applicability
15 [0072]

This invention is Suitably applicable to, for example, a magnetic disk.



27 Example 4, if the atomic ratio (N/C) is set too small, the number of LUL times becomes insufficient
in the LUL durability test. From these results, it is seen that the atomic ratio (N/C) of nitrogen and
carbon is preferably set to 0.15 or more and 0.25 or less. 5[0071] While this invention has been
described with reference to the embodiment, the technical scope of the invention is not limited to the
scope of the description of the above-mentioned e%odiment. It is obvious to a person skilled in the
art that various changes or improvements can be added to the 10 above-mentioned embodiment. It is
clear from the description of claims that the modes added with such changes or improvements can
also be included in the technical scope of this inv(_eaE'ELﬂ\r/] Industrial Applicability 15[0072] This invention
is suitably applicable to, for example, a magnetic disk. %8 CLAIMS 1. A magnetic disk for '

magnetic recording, said magagtietdishsktaranteyizad bycostngistagi annqanetigiskyer for magnetic
recording, 5a protective layer formed over said magnetic layer for protecting said magnetic layer, and
a lubricating |a§/23 RsiEEE R GRARPHENMECtve layer, wherein said protective layer is a layer composed

substantially of carbo p%%r itr ic ratio (N/C) of nitrogen and 10carbon
calculated from intensr}dties FQ ﬁ?ggagg%%l%gei%g%qé%é@wt a photoelectron detection angle of 72 by
angularly gesolved X-rayphettietetiven fspeeitosoamsaid hagratimeiganst Qrdteotidgsaid 2. A

magnetic disk accordi,ngjﬂt; claim 1, characterized by being a magnetic disk for an LUL-system HDD.
153. A magnefRAGiIRIH BY§aéfifing method of manufacturing the magnetic disk according to claim 1,

said magnetic disk ma&ﬂ&q&rﬁﬂg @%p@&%@rgg@rm ngpq%%g,@i% Rtective layer comprises

a hydrogenated carbon protective film composed substantially of carbon 20 and hydrogen and formed
over said magnetic layergazid said protective iayer is a layer composed substantially of

carbon, hydrogen, and nitrogen and an atomic ratio (N/C} of nitrogen and

10 carbon calculated from intensities of N1s and C1s spectra detected at a
phoioelectron detection angle of 7° by angularly resolved X-ray photoelectron
spectroscopy is 0.15 or more and 0.25 or less.

2. A magnetic disk according to claim 1, characterized by being a
magnetic disk for an LUL-system HDD.

15 3. A magnetic disk manufacturing method of manufacturing the
magnetic disk according to claim 1, said magnetic disk manufacturing method
characterized in that

said protective layer comprises
a hydrogenated carbon protective film composed substantially of carbon
20  and hydrogen and formed over said magnetic layer, and
a surface layer portion containing carbon and nitrogen and formed ata
surface portion in contact with said ubricating layer,
wherein
said hydrogenated carbon protective film is formed in an atmosphere

55 with a vacuum degree of 0.1Pa or more and 2Pa or less by a plasma CVD

method, and
said surface layer portion is formed in an atmosphere with a vacuum

degree of 2Pa or more and 6Pa or less by the plasma CVD method.



a surface layer portion containing carbon and nitrogen and formed at a surface portion in contact with
said lubricating layer, wherein said hydrogenated carbon protective film is formed in an
atmosphere 25 with a vacuum degree of 0,1 Pa or more and 2Pa or less by a plasma CVD method,
and said surface layer portion is formed in an atmosphere with a vacuum degree of 2Pa or more
and 6Pa or less by the plasma CVD method. 29 4. A.magnetic disk manufacturing method according
to claim 3, characterized by forming said hydrogenai&d carbon protective film by the plasma CVD
method using substantially only a straight-chain saturated hydrocarbon based gas as a reactive gas,

but not using a carrier@asA??a@é%%g@§ﬁi%%i§§fe%%# cr%rm%gé%%%ﬁ ﬁ\&(%grgg]%tg claim 3 or 4,

characterized by, after forming rogenated caribon protective }n exposing said hydrogenated

carbon protective fdndozadiiiogen iatmese het dgdgrental maacsi iactdsgadmentgfisaid hydrogenated
carbon protective film, thereby forming said surface layer portion. 106. A maghetic disk manufacturing

method accordiff§RAJAIMR Bethar¢tE1i 8dPsiApERbrRINMG 3R agheaare saHEAISE said hydrogenated
b iRl b | i 00W or less. 7. A
carbon protectmﬁ%%mgﬂeogg%/ ﬁ%ga‘a%{% B r@@%tgﬁ?%‘fgﬁa%%ﬁ%g&%iﬂﬁ J00Wor less

magnetic disk cturing met manutfacturing a e comprising a magnetic layer
for magnegic recordind;.a protegtieddaysk foemedavengakinadnetiodiyertfociprotéating said magnetic
layer, and a lubricating layer formed over said protective Iaﬁeer, said magnetic disk manufacturing

method charaQRRASERATHEYs A1 IBIEUNTS RIJ &R RSRnatPE\F 2 R0 D RIIEVE i Forming step of
forming, by a @958%%&¥Qd‘ﬁ?%@eﬂeﬁ¥grg%%ﬂtﬁgb%meE(ﬁimrglgﬁ%ﬁ%W%@"E)Stantia"y of

carbon and hydrogen over said magnetic layer, an a surface layer portion forming step of
forming, by theetasma GWEa oectifeadina s faeid dnyelr quertiate d eathinmgroEdior dild, nitrogen at a
-surface 25portjon in cgntact witﬁ%said ubricating Iaé(er, and said surface layer portion forming step is

performed in ah SESPHBIEAFRIF S YHRGENR Y BB Afgher than that of said protective film forming

step. ¢ 6. A magnetic disk manufacturing method according to claim 5,
characterized by performing the surface treatment of said hydrogenated carbon
protective film while applying an RF bias at a power of 1W or more and 100W or
less.

7. A magnetic disk manufacturing method of manufacturing a
15 magnetic disk comprising a magnetic layer for magnelic recording, a protective
layer formed over said magnetic layer for protecting said magnetic layer, and a
lubricating layer formed over said protective layer, said magnetic disk
manufacturing method characterized in that,
said protective layer is formed by
20 a protective film forming step of forming, by a plasma CVD method, a
hydrogenated carbon protective film composed substantiaily of carbon and
hydrogen over said magnetic layer, and
a surface layer portion forming step of forming, by the plasma CVD
method, a surface layer portion containing carbon and nitrogen at a surface
25 portion in contact with said lubricating layer, and
said surface layer portion forming step is performed in an atmosphere

with a vacuum degree higher than that of said protective film forming step.



