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DESCRIPTION MAGNETIC DISK AND MAGNETIC DISK
MANUFACTURING METHOD 5 Technical 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 15 following the development of the IT
industry. For magnetic disks adaB%%Q@HDeTQ&mted in magnetic disk
apparatuses such as HDDs (hard disk drives), there is required a
technique capable of achieving an information recording density of

100RANEGRETA O DTEKEAN ThRTAG NET TTADMS KOS LF AT URIIBYAE THOD
adapted to record information is provided on a substrate and, on the

magnetic layer, 20 there are provided a protective layer for protecting the

:lna netiﬁ Iy?r and a lubricating layer for reducing interference from a
I?ﬁ?&‘ ne % head. Further, in recent years, as a HDD start/stop

mechan'ggbi/q has been required to use, instead of the conventional CSS
(contact start/stop) system, the LUL system (load/unload system, also
called thEhianmydodio systate} ca@airiagiaticréasingr @Satie zapagitgtic disk
[0003] Patent Document 1: International Publication No. 99/014746

fRPAFRIES SUBIsBRSUMDE tharthistigH vsiopcha B sk e Ry iasturing the
mggﬂgﬂg JR904] In the demand for the increase in recording density in

recent years,

Background Art

[0002]

Nowadays, the information recording technique, particularly the
magnetic recording technique, requires a significant technological innovation
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 information 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,
there 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 start/stop) system, the LUL system
(load/unload system, also called the ramp load system) capable of increasing
the capacity.

[0003]

Patent Document 1: International Publication No. 99/014746 Pamphlet
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5 various approaches have been attempted for achieving the information
recording density of 100Gbit/inch2 or more. As one of them, it is required
to reduce the distance (magnetic spacing) between a magnetic layer of a
magnetic disk and a recording/reproducing element of a magnetic head to
20nm or less for improving the spacingqoss to improve the S/N ratio. In
terms of achieving 10 this magnetic spacing, it is required to reduce the

thickness of a protective layer of the magnetic disk to 3nm or less. [0005]
Pisersuig RIdBRLNEREIAR one technique for reducing the magnetic

EE@BEQQ, {B‘i{g%&%&&gﬁ%ﬂ% hnsihgy of heating a heating element during

operation of a recording/reproducing element of a magnetic head. In
this metbod4the magnetic head is thermally expanded by the heat of the
heating element provided in the magnetic head and slightly projects in an
ABS dirézibe deinaed fiegtearfaeease didaropdinkisansitniyrrarnt years,

FR e LA b B a2 GH Ak EcBinv cacha RIagheer
RS dmerdeAsPEH (daBimicRg rhsiaht) Rsashd MRk RGN R fted to

the case of using such a DFH head, since the flying height of the

redocdingé ejistzheengnelgnedict gpatiog chatwesn thenagh atjposyerl ity af@agnetic
the occurrence of a problem that when the magnetic head most

lslBae R ek CiRediPRERE UGItA BBTER! iR MRRNGLR TRRd AR or less
S B AR e e S B e A b adiving

plisnaldgodicty paeisgrecier ebogirenr eslusig elgrvenickasisnoddirotective layer
magnetic head so that there occurs a serious problem called a high fly
ofrtleimaaingtiecdishiiagdreprotl@dfon is disabled. [0007] 5 For ensuring

the weaforgégitance and sliding properties of a thin film to

Further, in recent years, as one technique for reducing the magnetic
spacing, there is considered a method of heating a heating element during
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
only in that event. Such a magnetic head is called a DFH (dynamic 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
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
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be formed on a magnetic disk, there has heretofore been proposed a
method of forming a protective layer by a plasma CVD method (see, e.g.
Patent Document 1). However, with the protective layer obtained by this
technique, there is a possibility that sufficient sliding durability
(durability/reliability) cannot be 10 obtaifed in a thin film region in which
the thickness is less than 3nm. [0008] This invention has been made in
view of the above-mentioned problems. It is an object of this invention to

[eQTENG/ FRREPIUfIEIGRIGFRRILAAFHPA YehfeRtAnRIGRRAkES Highthere
lahle,f j <liding, & fies, f | .
O e Rl S SR IR e SR Brogucton

ehieshmeprovide, by this, a magnetic disk applicable to, for example, a
DFH head. Means for Solving the Problem 20 [0009] As a result of an
intensivéO&dl, the present inventor has found that the nitrogen content
relative to the carbon content (N/C% at an outermast surface of a

i b el

f i
protectiVelayRP YT IBRAVTHE ERSIHNG QUL RUAIELPABRIYH T Mifte Wy im0
Withor-aspl il higkage IR RS IRSShERaBIdRs B%RMpIBEYEsE 4 Héhod of

considered that the high fly write problem or the like caused by the flying
fostaibijty pfatentige ddipen dpdeopiass atGheimetfaod (sebyexg. Patefddeafument
the magnetic head and an outermost surface of a magnetic disk medium,

the SrRSEGYERSHITNRAY RARALY MBI AREHRARE T ABRIA G InéhAce 1S 2
g8e éf%ﬁﬁ&f%ﬁ%%%%]‘iﬂ(ﬁ% }Hﬁﬁﬁgﬂg@&%ﬁﬁr{y/ﬁél @%nyﬁgﬁ?@ be

urrac the protective laye outermost sur

omgineitcidiskmmedinnredBhLA] Whithehdntioislerdesassose thapHimum
nitrogen content at the 5 outermost surface as described above, the
present [B088lor has paid attention to the degree of vacuum during

A T ISR SR oo,
It is an object of this invention 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, it is an object to provide, by this, 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
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protective film directly on a magnetic layer at a low-pressure vacuum
degree (0.1 Pa or more and 2Pa or less) and forming, at an upper layer
thereof, a 10 surface layer portion being a surface-treated layer made of
carbon and nitrogen at a high-pressure vacuum degree (2Pa or more and
6Pa or less), the surface layer portion sﬁlbjected 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

RAVRERY ORRIFNOEIB NIHG LM FMHEHE RS 1S petarogrutare of the

e i i Qi ) ding. T o
oL I e e e et
protectiyedaper formed over the magnetic layer for protecting the
magnetic layer, 20 and a lubricating layer formed over the protective layer.

The profestitendperride atmpasuarribeseptistwstaitiafe oceatesh at the
hydrogen, and nitrogen and an, atomic ratio (N/C) of nitragen and carbon .
e R A P HRFBLARE Vol 8 DUV G DGR g ion
AR ES Box RNSHEA ML S AR DSPRCBAMRIBHEAMR Then, the
photoelectron detection angle of 72 by angularly 25 resolved X-ray
pretestectrentspbeas dsoopytial).fs exanopéeabg thakiogladsydidearboaybased
photoelectron spectroscopy is, for example, ESCA (Electron

RpdeEHRHBY firasH¥ Mt 3l RALRRIY) [A¥BRBGE YRR SHIRIKREY LaHSSI e

Rt G SHB Rl RN 4 A LR ifeot. o
SxaaYYaa)[O03a1bf b coBigatiaeatye Naifclomexanapleatben and nitrogen

thickness of the protective layer is set to 3nm or less, excellent
aLPaigtyPEsiaBills \ReUbETIeaseed@ Penos Makchadgiel P aael psshidhe surface

R By B R T S S R b e oy
at an outermost surface of the protective layer. This invention, which has been
completed based on this knowledge, has the following configurations.

[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,
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 7° by angularly
resolved X-ray photoelectron spectroscopy is 0.15 or more and 0.25 or less.
The X-ray photoelectron spectroscopy is, for example, ESCA (Electron
Spectroscopy for Chemical Analysis). "composed substantially of carbon,

hydrogen, and nitrogen" means not intentionally containing another substance
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Herein, the atomic ratio (N/C) obtained by the X-ray photoelectron 10
spectroscopy 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 tRe 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
BYICRS IRAIHER RS R IBran @R Wakia rMgen1Rh S8 RiSording type.
In this ¢ J he magnetic disk further comprises, for example, a
nonmag@teﬁt?c ubstrate, a soft magnetic layer, a nonmagnetic underlayer,

and so aNithheisebrfigarsicr @layer, foe exsieiaycihdhhiorawretiss ryer,
the protective layer, and the lubricating layer are formed in this order on
pieteahve sy efos it Moo BisH, iexseierdisierapilisy e ighdd s gastlRee

as the subsfrate. Since the glass subsirate cap optain smoothness and
ity Lo 1RGVELT260 38 PLBCIRTAL TSq NELE-Lb B Ao REfecalpo
tieiing ReNHie BaBpln)RRoviBac RisidtR iRAAboREaRaRC S
a'material of the glass substrate, aluminosilicate glass is particularly
exafepblea DidHahemadhosilicate glass can obtain high rigidity and strength

by chemical strengthening. The surface 6 roughness of a surface of the
magneti@@igﬂ is preferably 4nm or less in Rmax. If it exceeds 4nm, there

R 00 USR0S o
setetraisesbhyshrodarantsie, ladugbinlSiane i ()16 H@6QEA 93 Garbon at an

[0016] The thickness of the protective layer is preferably 1 nm or more. If

myermest suaceefdhe aiestivadayane dbtheajersiatiatiordhtciivie lagerthan
RN ek e R
ORMERPHRPIEMithe atomic ratio (N/C) exceeds 0.25, there is a possibility
of reduction in hardness of the protective layer.

[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
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 substrate as the substrate. Since the
glass substrate can obtain smoothness and high rigidity, it can more stably
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
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10 wear resistance. It is not particularly necessary to provide an upper
limit to the thickness of the protective layer, but it is preferably set to 3nm
or less on a practical basis in order not to impede the improvement in
magnetic 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

KEHERRIhG RYHRSE A IEGIE rORBlIadidisRAPIREIRIK APERATRRDIN Rmax.

IRVASEEN T FRTES S ORHE SN B
BHpéged s NG At {8 drehered leigh BhEndirfatceasiypHSs Hdferred to

possible to obtain high lubricating layer adhesion, which is thus
ResenaBlderestagskuthie Japanesednsipsitinl SavidardydioxBepedpEI82.
as tern;f I g[oups, the number of hydroxyl groups in one molecule is
prefera @82 4. If the number of hydroxyl groups is less than 2, there is

a case W@%‘i@ﬁr%’%@%’f‘%éoﬁrefébﬁ\)é'%fg?té\‘i%qo'@féfa{BlSﬁ@Hﬁﬁgr WIRIRS! ISf less

thus not preferable. On the other hand, if the number of hydroxyl groups
hared dey Hhleeec ssaccaasevhdrer éhih e dvbragding e forotectbeci salpevetedreases
as a result of excessive improvement in adhesion, The thickness of the

TG@R:HIrﬂﬂfiﬁS%}t ﬁ%;PEﬁé’?ﬂ 'ng@g)’gmrgggdnﬁtalmé){)f@gnﬁ,g{betic layer.

g o S SRS S R ST s LB Gom in
WéiMedistemisea CRIS Materartitrildulyricetassiayeroasssdends (gsperdin® to the

[0018] The protective layer has, for example, a hydrogenated carbon

mw%qﬂﬁh@mggéuesm%mmiyiﬁmfafababahaeﬁy@r%mdgss ona
E PR TR/ BGE A o 0 L L PO h SRR -
lubricati r. In the 10 formation of the protective layer, the

hydrogenated carbon protective film is
The lubricating layer is preferably a layer of a lubricant containing a

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
layer. Particularly, in this structure in which the protective layer contains
nitrogen 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 where the
adhesion 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 thickness of the lubricating layer may be
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formed in an atmosphere with a vacuum degree of 0.1 Pa or more and
2Pa or less and the surface layer portion is formed in an atmosphere with
a vacuum degree of 2Pa or more and 6Pa or less. [0019] 15 (Structure
2) Provided is a magnetic disk for an LUL-system HDD. If the sliding
durability of the protective layer is not sJﬁ‘icientIy obtained, there 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

BIRPRSTLPeHiMSIRE 20 AR08 RIyREM RehdMNoadbtnBihickiRgs RidRe
BB T R R A e e R R

PeFSINHiEy 68 iBacvestEceNas efibipsxblssasthBrimetruie i aarisstwiserEshe
between the magnetic head and the magnetic disk so that the flying is not

kranaRiat ByeaadriiepivbRsiMaat a 25 recording/reproducing element
portion (@éﬂ agnetic head is made dirty so that recording/reproduction
is disabled. %E]ZO] In contrast, by setting the atomic ratio (N/C) of nitrogen

and carhg 33 eBRvETIRGE H2RVedP RS REMECEIMGdRYGEnth IS PESRIYR tO

properly enhance the durability/reliability of the magnetic disk. Therefore,
pristecihaghlitniocpropinksed subgtaetiam tystf eathble dmdthgdrogesyatearformed on
0021] 5 (Structure 3) Provided is a magnetic disk manufacturing method

AaRsliGIMEIRGRGHERCRISY BERORIRR S THINRAGarRoN Gngl riegen
BRYSHAE Fafa %%Qﬁg%}gﬁ%{%%ﬁ?%ﬂ/ﬁﬁrﬁ%‘l%ﬁ@é’ﬁ&l@ g%rtheln the

compose stantia ogen ana rforme

forgattn Gy protecivdaapdn)benyimyshaeatamibgcprortas film is
nitrogen and formed at a surface portion in contact with the lubricating

fay@ed ineai giomsriee duthoh metedivdeiinafdinBa ipranore and 2Pa or

less and the surface layer portion is formed in an atmosphere with a vacuum
degree of 2Pa or more and 6Pa or less.

[0019]

(Structure 2)

Provided is a magnetic disk for an LUL-system HDD. If the sliding
durability of the protective layer is not sufficiently obtained, there 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
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
recording/reproducing element portion of the magnetic head is made dirty so
that recording/reproduction is disabled.

[0020]

In contrast, by setting the atomic ratio (N/C) of nitrogen and carbon as



10

15

20

25

atmosphere with a vacuum degree of 0.1 Pa 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 conl%ining 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

fesrRadRPAYVAIHJER-RERIeaHNE Ha)PotEdaROBRIPIM P tRECRBIC &g nce the
. ~o | i 1ay;. . jall
e T T T

HAgaatiod| sy euitawieatst than thagpiithn. hydrogenated carbon
protective film, for example. [0022] Hitherto, as a method of forming a

protectil@08yér directly on a 25 magnetic layer, there are known a method
of forming.a hg/drorg nated carbon protective film by a CvVD method using
only a h?}%trrbjg Phorbased gas as a reactive gas (material gas), a method

of forming &, [l RY ANAEGHERL A KIAREHNEIHAY FIBERANOFFAIRFRitaAng the

inert gas such as Ar and a 9 hydrocarbon-based gas, a method of
foagiredia gisktectbordag taitiegsirucixed gasaf alhalpgches @ydracomprises
hydrocarbon-based gas, and so on. In these methods, the pressure

/ArHiRARNARES R PEaRRIY BALTSQUTRS24E 8519002/ 8fitarRamANd
fgfyaeﬁgfggg%awqm%mép t@ggﬁ%&wgarognanaasx%évcénaw%ﬁw

nm or Iess IS Torme a method, since't

coneditiystamah ahtheitpoeies il fyiendgelt benaraes ivstffaiantdhact with
film strength is extremely reduced. In this case, there arises a problem

thatdulricaliam peewithl e hydregeratemagrai Riskesk vieciixeistigsmed in an
sgratch s o the 10 Iike_ are eneratele 0 I:;he magnetic di _ dueto a
RSP B AT R IE maHLd b 10 TAG AL A Ll
FRRSRMEND SRS deprrAssfd89%4)er portion is formed in an atmosphere
with a vacuum degree of 2Pa or more and 6Pa or less by the plasma CVD
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
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
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 forming a hydrogenated carbon

protective film using a mixed gas of an inert gas such as Ar and a
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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 du?ability/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

BudiogarRofiieRARICaR 2RI O1ARPIRGARBI9EE¥CIRY Breisdng @ mixed
{jr?’se& HC?Eng%’rfrcﬁgeé‘ Hd %?Hgﬁr B%%%é@ecg@%d%{ﬂags{é)enm'%‘ fese

e protective e degree of vacuum during formation of a

mstRcadales prRstisnrAs a0RIMItdHp duEeeicinasive hptksirusst thap, toy6Pa.

adjusting these degrees of vacuum, it is possible to 25 increase the film
strengthl @23 protective layer and to enhance the adhesion between the

protective layer and a lubricating layer. For example, the present inventor
o oulIPNEF By QG R VAL LT B0, LR e S P CH B g
fHARIJRIERIEARYIr BPIHRIRA LR daX b M BY B UMIBHIS FFRAHRIA &t bhe
pressure (hereinafter referred to as a low-pressure vacuum degree, 0.1 to
adeahilityspesgitiofdrenputceiivellagesiidielf mecabikty iegeaifididm, the film
thickness of the protective égger is 3nm or less. Further, the present

siRNath i%a%’%ﬁﬂt?hﬁé%%&? ttir‘u@ tiis Gaéﬁum%f@g’ilgé%ﬁ rﬂtﬁ%l‘ﬁﬁ%ﬁ'&ﬁto@r
face. i high.
%;lxére I@C\ﬁllﬁyﬁ Eg%ﬂé?g?ﬁ?gﬂhgg%ﬁ& gﬁe@{%‘? ﬁ'feall eghfl%egét%%lggi or.the

nafter referre ressure vacuum egree, itis

passiklantsarcthersttitaselgeti@aisiv beittgaa mipeeewheHacentgataid
layer only at an outermost surface of the protective layer. By this, while

headkisiinggre endtieniignedgatisiesp il theoproduding rgeakisdegnaded.
the duri}e{iﬂgﬁtrength of the entire protective layer, it is possible 10 to
enhanc dhesion between the protective layer and the lubricating

v ARG e, i ot s o proo v
hesiessheweennpaegotiee layer and a lubricating layer, nitrogen is
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 present inventor has intensively studied.
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
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
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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 thickr@ss 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

pressiie dhecainpiichraiaredl I0s3S2HHHBHaSy Uise esHvEn fisigee, 0.1 to 2Pa),

SRS SR e IS ROl B R M HIE ey the
pigtebyivritgant msmermeslenFiritdl, thsgrdiseayvrivérie Hiskoessl Bfat, by

the protective layer is set to 3nm or less. 25 [0027] Herein, the reason for

selinadgieevagutsy dlegeRECiNo0 froraive dfthestitarsiayesparéon to a
vacuum degree (0.1 to 2Pa) is as follows. At the Jow-pressure yacuum

VRS D155 Ph3 R BeR U dP AHAalI A 34 ooh flbassure
Vol iakedber ks ropLy IR GaIE A IREUIRgEEdA R pBIiER being
until the carbon atoms reach a film forming surface, is very small as
aogripayed sutfattexdtraaies haylepoessatenamubenmebed) seaféeod Rag. grobddctive
is, the chance of the carbon atoms to collide with the interferin

lRrEcuY H}iﬂné"éii&@r@r\fﬁlnr%g:%@%@t%rbgf_rﬁ%qg%diﬁféa!’%ﬁi&hﬁ@é‘ﬁ?‘?tive
Fg\%ﬁﬁ? éﬁéﬁ?é‘ e 'Hﬁréﬂﬁﬁﬁp&@ﬁ f(BImHE r%ﬁ'g%%ﬁ@cﬁiw l?/e r',blg ins possible

maintaining high energy. In’this case, since ogenated ca

W eertiveditme s tseshitycieearbanmistasiveadyaining this lighcating layer.
energy, the dense and durable protective layer can be formed. In this
manner[@&&lense film can be obtained by forming it at the 10

o preca TR o OIS ORI o B AR Tormatior
BEARTRIHISERBIR ] S PIBHRIBane YR HE Yoy Hirediige el Hiyree

film forming rate becomes extremely small so that there is
and the formation of the surface-treated layer at the high-pressure vacuum
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
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.

[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
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15 a problem on a practical basis. Thus, 0.1 Pa 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 Ia%r. Therefore, in order to ensure
the adhesion to the lubricating layer, the surface layer portion is formed
by introducing{ nitrogen. However, in general, it is known that when the

Al HasiliKP S At B PHFPAREN & ORI GHRBN AP BBRAMARESHRY 2

. i | itride film is inferior i
AR e R TR S R G TV et s
camparatindienlinaisan efe seghyaisensy vag loenaghgeien2adhePigpricatiagis,
layer, if nitrogen is 12 excessively introduced more than required, there
Hifsekanpeodidhe sradns ademsnimapliideindih Thenniarteteg i plesidas thethe
ccurrence of this problem, the.surfagce lgyer_portion subjected to th
T et Vi kel R RAERGS o BER Bk i) Moon atoms
CHEFSARF FETARE B R PQIAsIWABXRG RGO BFPIEGECARIAR case,
to a way of thinking contrary to the film forming method of the
siyde e ettt agebateprotebivepiibte cheestiirfa e fayee ¢ ontitrei s aftroneat @ms
an atmosphere at the high-pressure vacuum degree (2 to 6Pa) so as 10 to

BreRArIodgi ehepereY iR RS aRNp SEaie Rigiscerdarancan be
fsEgd- i E*H%%H%Iﬁﬁ%#,%"er &’86%%'}1%‘:8%%% %?%‘?n'%ﬁ{ﬁﬁﬁfﬁg it at the

vacuum degree, a large amount of nitrogen Is implante

lyeineesated/eathom gegessive. ffitsm Pdhat nitrogen penetrates deep into

the protective layer to degrade the durability. Therefore, an atmosphere
for formlA§28¢ surface layer portion is 15 preferably set to the range of the

hlgh-prRF 4 vacuum edger reegf(a2 })?e%ga)ré less than 0.1Pa, there is a possibility

that the discharge becomes unstable, for example. Further, even if the
discharge occurs, the film forming rate becomes extremely small so that there is
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
to 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 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
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
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[0032] (Structure 4) The hydrogenated carbon protective film is formed by
the plasma CVD 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 intd tionally using another gas
except impurities or the like in an allowable range (or which are

unavoidable), for example. [0033] 25 \When forming the hydrogenated
BXPESAI POtdeHPLuERchiPRHE HIaehraaeitad.iReR Arees ForoRIsR &f use

ﬁwgy:?dmﬂ??fﬁ‘ﬁlﬂgtﬁhﬁe@.as 'é%ﬁ"“iﬂ"c?r&%fté?Qﬁ%@i@jﬁgoﬁﬂh%ﬁ@éb&}h\%

case where ano inert gas (e.g. r a carrier gas suc

proBIBIErogeBLBRECES 1A se Huvtio i S| atadoRNt Ba S U GRUTB A MR With
gas is captured into the hydrogenated carbon protective film to lower the

fitrrgensByremHitedisaiesfaonpersiié teosule maoslesttatm @e pretective
I|oreferable to use a lower hydrocarbon. 5 Especially, it is preferable to use
g%?traight-chain lower hydrocarbon such as a straight-chain lower

saturat qu];ocarbon or a straight-chain lower unsaturated hydrocarbon.

As the straight-chain lower saturated hydrocarbon, use can be made of
methand hetredoes ,aoparti) §p dbea eyapctria] radnigeciikdrakg tthiine film forming
straight-chain lower unsaturated hydrocarbon, use can be made of

BiIeAL IO RYSRIRNBS IBROL BEPISREVE e Re Stiassulayer portion is

ARG AR S e R B R AR YA R a9 8 803 S0 as
theasaighhirhsagetoish pydeeaingnritotiieé aschrpastaparunderthan required.

increases, it becomes difficult to supply a hydrocarbon to a film forming
Hibarsiiiaes lRyappatiandadumed stiththiowithessire yamigadegree, a

e B e gt i Plae RS S8 e ctve
film so that nitrogen penetrates deep into the protective layer to degrade the
durability. Therefore, an atmosphere for forming the surface layer portion is
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 CVD
method using substantially only a straight-chain saturated hydrocarbon based
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]

When forming the hydrogenated carbon protective film by the plasma
CVD method, it is preferable to use only a hydrocarbon gas as a reactive gas to
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 is mixed with a hydrocarbon gas,
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hydrocarbon components tend to be contained in large quantities as
components of a formed protective layer so that the density and hardness
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 i%charge 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

ﬁ%'ﬁo%’éﬂﬁ&fw&%gﬁ?d?o%%%ﬁoﬁ%émIWﬁr@@ﬁﬂl@rﬁ@q&U@@@, Aredective film to
' - ' . which is thus 25
e e B O oo fomrmig the

hydrogejoateg] carbon protective film, plasma ignition may be carried out in
advance using, for 14 example, an igniter. This makes it possible to easily

generatéatioedisaetivgeaasplii ssri efesakie tecusovaplewsh feydaecaiiaon.

.1.to 2Pa). Further, thi kes i ibl f h
A ST IG oo A AT IR0 a0 e honsushes a
RSN GRIFER (R L darRR HARBE LI ds0siegiac Fathap Rsptective

film I1s preferably formed in an atmosphere where the film forming

teTepenaiad o ovo m Asntipe sttarghdrchaghdowed s2i024Teor hgssodarbon,

a result of a study of the present inventor, it has been found that when the

BB SRR EMBRPR G ER oG EENG P PRRAR R WARE HiGHEI RS Bibke.  As

b ' f r drge
O R R SR AR e e, R FdRTy ettt
[ROgsAl B IRgRITECaENYRSS &)Y thig ikearbDRaloms diytiogaabdrertfdrred to
forming surface are in a state of being easily movable on the film forming

Barkiod Ry aseniscadarderarbats kaviRe acarsamaaemdgiab e iker
R S R S L R AR
HYRIIBRARASBRSE M AfBRHHE H8E58R irhiR2RBleases, it becomes difficult to
supply a hydrocarbon to a film forming apparatus as a vaporized gas and,
further, it becomes difficult to achieve decomposition thereof during plasma
discharge. Further, as the carbon number increases, high-molecular
hydrocarbon components tend to be contained in large quantities as
components of a formed protective layer so that the density and hardness of the
protective layer decrease, which is thus not preferable. Further, in the case of
a 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
particularly preferable.

[0035]

In the plasma CVD method of forming the hydrogenated carbon

protective film, plasma ignition may be carried out in advance using, for
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[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 bdfore forming the hydrogenated
carbon protective film, this means that carbon atoms decomposed by a
plasma can reach the film forming surface while 25 maintaining hi

h
srRTpResHOMeEarddisARHE HhRRSFIG tRis3wHK W@tea@@%oqi,iﬁgaarge a

j il nefi [ S cti (g
RSB MR G DS AN e i T
iraKeeY atptRsibradiese thHechyeriyBitaraaRebo tayritepw/ M6l T oterb\Vstably
layer 15 is also improved. [0038] Further, the hydrogenated carbon

pyeteeivbgilawppesrirebiamiruedegrep iyintp2B@ bias of a negative
voltage ﬁ%%% |§E -400V) with a magnitude of 50V 5 or more and 400V or
lesstot strate. With a negative voltage having a magnitude of less

than S0 L& Riegiepias RiabaRplicrliens M RIfieRtapYIdhaiNRATan

hand, if a negative voltage with a magnitude exceeding 400V is applied,
anciogph@rersvdaectthth &l apfuicaitigntempearatsiedoeneggdadben serpaddure or
to cause particles or contamination, which is thus not preferable, 10

alae AR 2RI IRESprofte M EPRbRT RS U aLtaaasRRNk iRy akor it has
@&‘qsfqﬂﬂacmg?\ﬁHgﬁcEﬁéaéll%SQ%%){bl‘ﬁ&%%w??lé ‘é’%ﬁbeﬁok‘ﬁ’m?fﬂ erature or
yl'alcohol. By this, t ac

example, ultrapure water and isoprop e sur

RiglBy Sfdhesoeg oelissdisk ispodstmnmoiseeh AaBOhr($tbedngdbgenated

After forming the hydrogenated carbon protective film, the surface layer

pMON Ry GiraiRE expbdmpetievegitogiiidda bagsus mbssitkeriintdoaming
temperature becomes excessively high, carbon atoms arriving at the film
forming surface are in a state of being easily movable on the film forming
surface so that the carbon atoms diffuse to a surface layer to grow like graphite.
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,
150°C or more and 250°C 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
before forming the hydrogenated carbon protective film, this means that carbon
atoms decomposed by a plasma can reach the film forming surface while
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
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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 nit? gen flow rate is 100sccm or more
and 350sccm or less. By this, itis possible to properly form the protective
layer in which the atomic ratio (N/C) 25 of nitrogen and carbon obtained
ISy2i88 WORIP WRdtoelectron spectroscopy takes a value in the
above-rrljagélggied range. [0041] (Structure 6) 16 The surface treatment of
the hydrogenated carbon protective film is performed while an RF bias is

applyedrirgheevre ¢lydndgenhaietecartolpitettilessim Ysthissférigbly formed by
possible to properly form the protective layer in which the atomic ratio

antying @itkfgdriesref canegaibirainbadsy (the jordPpMowileairvagnitude of 50V
spectroscopy s a,value in the above-mentjoned range. [00 .

T B R R s Bl B TR NEtHBy e having a
MAGHIRRIEBI9R s TRENSHY iRk cROB SIMRAURRMISHIIANS! formeantlifnt.
recording, a protective 10 layer formed over the magnetic layer for
O tbetioth dreéh arady i nkeyatiy ana balge vidti mgnhegei fiode ed apexdittge4 00V is
protective layer. The protective layer is formed by a protective film

ARRR) SHSTerasAHTAGIUS a fiesrpisatiomeliRiar shurRRaY iuthe
SOHRYARY BeEAE rﬁ8@8§$%ﬁ@@§ﬂ8ﬂy%ﬁﬂ?&fhﬁ%&y@@%féble.

over the magnetic layer, and a sur yer portion forming ste
forming [bg3bE plasma CVD method, a surface layer portion containing

carbon and nitrogen at a surface portion in contact with the lubricating
layer. THétefigERERYRE Poelieetianaygrstep sipstratenaamedrvith the layers

T B A o A BT
WEREP SRRASLFEHYPRIBPISCIVB it B rface quality of the magnetic disk
can be improved.

[0040]

(Structure 5)

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
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 350sccm or less. By this,
it is possible to properly form the protective layer in which the atomic ratio (N/C)
of nitrogen and carbon obtained by the X-ray photoelectron spectroscopy takes
a value in the above-mentioned range.

[0041]

(Structure 6)
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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, it is possible to
provide a magnetic disk that can avoid 1é\fshigh fly write failure. Further, for
example, it is possible to provide a magnetic disk suitable for the 17 LUL
system. Brief Description of the Drawings [0044] 5 Fig. 1 is a sectional

view exa_rhﬁlﬁHWaé’ﬁot\F\ﬁ.ﬁg%?@y%frgﬁd&@f@%%ﬁ%&ﬁé@&%@@ﬁ?ﬁve film is
é%ggﬁ%‘é ﬁ@&%@ﬁ@ggﬁgéﬁﬁé@ %%OQO\E@(' ééﬁ@'%?ﬁ%\%f%d 100W or

-ray photoelec pectroscopy. (@) 1s diagrams

Raeh sBywhig, ane pyasipie ©f theguifitiratiae pratecapeasgtsiiaihich the
carrying out the X-ray photoelectron spectroscopy. Fig. 2(b) is a 10

alagranmasicol((g) DEtiteoagre andcatieriz iainest v hewo pyipkotoatastron
B at different depths in a sample. Fi%. 3 is a graph showing the
TBRTARFAPKARER A Wl UB MBS AP (RS BHONFEL@N4R carbon and

the nun‘f@@q@ sliding times in a pin-on-disk test in Examples and
Comparative Examples. 15 Description of Symbols [0045] 1 substrate, 2

soft mad@Beticiase)3 underlayer, 4 magnetic layer, 5 protective layer,
5a hydrogenated carbon protective film, 5b surface layer 20 portion, 6

lubricatifgA4¢&d 19 aMRARaHC ARk ﬂawﬁ%\%}‘éﬁr‘tﬁd@, %%%M%Wing a
%eémbgf?n%% rlﬁ%{#ﬁb‘?i g % A% gRRIEXGER AL RESE MRAe NG SR B tive
layer formed over the magnetic layer for protecting the magnetic layer, and a
lubricating layer formed over the protective layer. The 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
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

surface layer portion.

Effect of the Invention

[0043]

According to this invention, for example, it is possible to provide a
magnetic disk excellent in wear resistance and sliding properties even if the
thickness of a protective layer is 3nm or less. Further, for example, it is
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
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[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 18 (perpendicular n?a?gnetic disk) for magnetic
recording of the perpendicular magnetic recording type and comprises at
least a substrate 1, a magnetic layer 4 formed over the substrate 1, a
blYtestR8Mayer 5 formed on the magnetic layer 4, and a lubricating layer
6 formed on the protective layer 5. In this 5 embodiment, the magnetic
disk 10 further comprises, between the substrate 1 and the magnetic

Ryer Bescsitioncangiec ayairgormed on the substrate 1 and a
nonmagnetic underlayer 3 formed on the soft magnetic layer 2. [0047]

Further,[#084$ embodiment, the magnetic layer 4 and the protective 10
layer 5

e formed in ¢ontact with each other. H{})e rotective la er?and
the lubriEiny et s IRBTOHRMHAKRBRALN SIS BRE-sicture of a
RISIRRINEJRYET & 2eRB1RHISS S ErRgsaRteR Carang Riasebye film 5a

formed on the magnetic layer 4 side and a surface layer portion 5b

formed éingth2 ik dragptangs| dye e gosailein g treehydeygehatedl eaifomnspectroscopy.
E_rotective film 5a is a layer composed substantially of 15 carbon and

(HreGersAdanmeantyshasne evpsxaBriad Wik eestigighieficof an

R DR R AR A A AT ) e
Sragriisiuwiag o seféwheitdheiydsjaenaas caipomvprpsatya il B at

5a. The surface layer portion 5b may be a layer composed substantially
oifiedend slepdhena Aisague[0048] The magnetic disk 10 described above
will be descriped in further detail with reference t amples and . .
Compat b e AR, POEUE T PUSTRDR R UERRIGS flereis i
(N/C) of nitrogen and carbon and the number of sliding times in a pin-on-disk

test in Examples and Comparative Examples.

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
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 Out the Invention

[0046]

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
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25 [0049] [Example 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 19 respective layers and their forming
methods will be described in detail. The substrate 1 is an amorphous
glass substrate and its composition is aP 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

(eegfcticWrtHBARSlAIgfAderNRaPSc WRCOBIRE Qb8 PaPARNICUIar

e T e A R At aver
sutHaBamien fesningstpraratasorarectastiiper B/ dithearpntkeNibYRetic layer

Corporation, a soft magnetic layer 2, an underlayer 3, and a magnetic
faygndialekyiaiingdal &g demeedantibsoreiestve layerdc Mdbitetron
sputtering method. Specifically, firs ing a CoTaZr (Co:92at%

S i a0 s A R RSP gRE b apupsirate
BRYiRe %5?‘?’@%@%%5@?&‘5@%‘&@%1@8 1Bfer 2 afhedWnIRS KIREARM and
the substrate 15 1 by the sputtering method. The vacuum degree during
thediimdgnmatitamdertaye6Bdofrhed,arsihg Bdfamagmeiitciaygrtarget, the

underlayer 3 of Pd having a thickness of 7nm was formed on the soft
magneti %@r 2 by the sputtering method. The vacuum degree during

he fil 1O Wia: . S _Tio2 (Cr 0 ,
Pr10ash HITon ey e LB e deibrpctive

ApanBtigdayemehaviogrdbicknessoh binen arthanadeteetitielayer 5 and the
CoCrPt-Ti02 alloy was formed on the underlayer 3 by the sputtering

lwletisatingHayRicuare feigned duaagtan with Rastasbiewasfepsotecby layer 5
e R SR S PR L
I-E%r 4 side and a surface layer portion 5b formed on the lubricating layer 6 side.
The hydrogenated carbon protective film 5a is a layer composed substantially of
carbon and hydrogen and is formed by plasma 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 5b may be a layer composed substantially of carbon
and nitrogen.

[0048]

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

[0049]

[Example 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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substrate temperature was confirmed using a radiation thermometer
through a window of a chamber immediately after the formation of the
magnetic layer 4. [0052] 20 Then, an ethylene gas was introduced at
250sccm into the chamber and, while a(f lying a bias voltage of -300V
under a pressure where the vacuum d é)ree 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.

RNPRIVRIANRE AR gl RsmiBgdRShads nyl Besleserbedipgiptal.  The
gl g |
R e oS S ot AR s e

uphacehitistrodueingipsibagenitiogen. §asct HagheseasintuBsHarMeith a
Then, under this pressure, a surface treatment was carried out by

digioelag oh&iyiine genaner ciaptrigirofetdivertiiangdatdiskiticleass of

t here and applying an RF bias at 100W,.thereby forming a surface
B BB ion B SSyate TS DRSS e R AR e TSRy S e
685 R IyeL M RIMAsRd dRsciteR dape) BAIRMWRI iEdRIIRSL AftBE a
forming the 15 surface layer portion 5b, the actual thickness of the
pnodedhisw iges &R nmasasiuPetBoynsantdralallixé Bration using a

transmission electron microscope (TEM). The thickness of the protective
layer 5 WA8lonm. [0054] The atomic ratio (N/C) of nitrogen and carbon

atano 0 fac i r

EScA T A G R TR B RS e Mlactured by
Conditi NI EVarA 8% fodais 09Tkt ARnpisticsayeva@)bimz@rlayer 3, and a
manufactured by ULVAC-PHI, Incorporated X-ray Excitation Source :

megBaStifElayesd. sy Jorxedyreseacencoan AfiseRstatanibey ¥ddaum

rl:r)lg he rbﬁzsxplLR:[grﬁl% 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
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-TiO2 (Cr:12at%, Pt:10at%, TiO»:9at%, the balance Co) alloy as
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
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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Pass Energy : 117.5eV Photoelectron Detection Angle (Exit Angle) : 72 21
Measurement Object Peak : Cis, Nis Analysis Region : 100mo Number of
Times : 10 times [0056] 5 Herein, the angularly resolved X-ray
photoelectron spectroscopy (angularly resolved ESCA) will be explained.
Fig. 2 is diagrams for explaining the X4ay photoelectron spectroscopy.
Fig. 2(a) is diagrams each showing one example of the configuration of
an apparatus for carrying out the X-éagy photoelectron spectroscopy,

wherein thele RASEMFNIRRTAYAS SHEPCUGSH B2 205565bHg the chamber
B R Lo PR AR A

gugfree whtheesagplePs setHPdvegedatdd ickrod(® pid Rediiver film SOWHEdrmed
state where electrons jump out from two points A and B at different

By phesplagmea Savid imethotsoo bse disiefaimadidthghm lapeegnugidetiba in

lid is determined b d by the. el . Wheth
PRV fonl B D TN Gl e b PP S e
€4 1h8SBrORiB HRPHNGS 2RvASI QY sthe depth of its position, but also its

exit direction. For example, when an 20 electron proceeds in a
perpendi@0&8]direction (6=902) from a point A in a region 25 (a region
whose depth is smaller than the mean free path \) excited by an X-ray 24

the electrdiRem Jieh et nabesandrosaates cRmRen PipteatiyR film Sa, the

e A e S Sl B8
2EGsicHh ine swiagadhatwhpaiids fas praysors,of tipfasmpieandicanivas
in the case where it proceeds in the perpendicular direction, but also in

gesrntbeulinrexpesheeheshidinaniaies grdead(etgcte Simdanie a nitrogen
Q%%%%rhgr]ee raenig gp%?{/tl%ign an RF bias at 100W, thereby forming a surface layer
portion 5b. By this, a protective layer 5 having the hydrogenated carbon
protective film 5a and the surface layer portion 5b is formed. After forming the
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
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)

X-ray Source : 20W

Analysis Chamber Vacuum Degree : <2x1 0”’Pa

Pass Energy : 117.5eV
Photoelectron Detection Angle (Exit Angle) : 7°
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relationship between the exit depth D and the exit direction 0 (D=Asin6).
Using 22 this, information in depth directions of a sample is obtained by
changing the detection angle of photoelectrons, which is an angularly
resolved depth direction analysis. In this invention, photoelectrons are
detected by fixing the detection angle.2§pecifically, by setting the
photoelectron detection angle as 5 small as possible (e.g. 6=72),

hotoelectrons_only from the outermost surface of the protective layer 5
Ewmtm%ﬁr%aﬂhé G haitio (N/C) of nitrogen and carbon.

T - the. di r forming the protective layer 5 was immersed
R S OO, o 7020 1o 4

in pu ater at 702C for 400 seconds and further

Washss withihs (1Saptiemys alcohol) for 400 seconds and then drying was
carried out as finish drying by the use of IPA vapor. Then, a lubricating

layer 6 i®bf a PFPE (perfluoropolyether) compound was formed by a

dipping method on the protective layer 5 having been subjected to the

rapurE TSy DRiAPACIAEA a0 LS ATy QLB TR APt SP Py

g&ﬁ%ﬁ%ﬂp%%@&&ﬁ@@lxjﬁﬁ 'HEEYD T fagtyes i@yﬁéamgtfgpex'ﬁ%ining
his compound has 1 to 2 hydroxyl groups at each of both terminals o

the REB¥Ephatnalkatnn ap2 ttrdsbpproxyFigr@lasiasiagnms gamnposhoeving one
molecule. The thickness of the lubricating layer 6 was 1.4nm. In the

REATIRIERIERERNARI A RAGRARRAENYD s D/ N A IGr&d aY

u . taine -
B o S T BT 8 A PR RS B show the
pbSitonal psldtiResaida3R0nYy Ivnhely beugtdehenphore wershéstéetor 22,
be 3.6nm. For 25 stably setting the flying height of a magnetic head to

a06A sarmeRls A3dirigephnieeiRcniedesashions angiadeticagiebto a
é'USr%rgeoétj?ﬁg' gr%%? [ Eé/gtltfgt%por 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 (6=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. 8=7°) from the point A, the
electron cannot jump 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 also in the 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 8 (D=AsinB). Using



10

15

20

25

23 Various performances of the obtained magnetic disk 10 were
evaluated and analyzed as follows. [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 210nm. An NPAB
(negative pressure type) slider was uséfas 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

HipniiRTestiRp EesP I HEREiaRe fhagPrmeisdsLbiaRed Pyahanatpa the
T e b

ginstnomana§&ig020/B0Re Rive hhisnc phditsrdetroacare vete sy fixing the

normal HDD operating environment. This is for more accurately judging
dedentiemiingleliampsciicalynipsetivgitictgneteriaairentdetesiian argle as
15 environment assumi DDs for pse in an application such as car
AP OB S S e nLORGELCISR Ty L G S o
fd-pHo iRz RaR&GEsIar1f0049 times ¥ ihepdaiymidlRal/d) Bigitrogen
LUL durability test, it is required that the number of LUL times exceed

400 ,68dtmes continuously 20 with no failure. It is reported that, in the

normal HDD using environment, use for about 10 years is necessary for
the numli94P81 LUL times to exceed 400,000 times. In the LUL durability

e oAt BrBleknte, BEl R MBRFE REE AVBPS Gt flmerced and
wekhened puibevaiivungoranoendpssitierlly and audeetorestsateithel PA

durability and wear resistance of the protective layer 5, the magnetic disk

fisopeepidtateehahiferpteSssegendaianithkesidiéierwasparrizd out as finish
drying by the use of IPA vapor. Then, a lubricating layer 6 made of a PFPE

(perfluoropolyether) compound was formed by a dipping method on the
protective layer 5 having been subjected to the ultrapure water and IPA cleaning.
Specifically, use was made of an alcohol-modified 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 layer
6 was 1.4nm. In the manner described above, a magnetic disk 10 was
manufactured.

[0059]

The surface roughness of the obtained magnetic 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
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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made of A1203-TiC against the protective layer 5 at a radius-22mm
position of the magnetic disk 10 at a load of 15g. By this, the A1203-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 5 the sliding \fds 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/ 3R RO TEeAIeRsLhERI RN SFINGEN RIS BisitdQ WRFets¥aluated
&R&W&d&%@ﬁo\%s pin-on-disk test is a durability test in an
environme i

nt which Is more severe than an actual using environment.
With thg@oagnetic disk 10 of Example 1, the number of sliding times was
500 times. [0065] [Examples 2 to 6, Comparative Examples 1 to 8] 15
Magneticl dlisld- ddexslility t@stxamples 2 to 6 and Comparative Examples

1 to 8 were manyfactured by .changing various conditi .of Ex le 1i

the mor LR TR (0 B SRS D e s iO6 e AP Bcapted to
m%qeeéi%qwﬁpﬂ?%a_iam&ﬁ&r@ﬁ@%@mmﬁéargm]g%@ CHMBAMRLveAn NPAB
Examples and evaluation results thereof. 20 [0066] 25 T a) a) a) U) a) a)
(egatieNmdstue @2 e W0 Gsedds b€ of) iy magreticbdal and a

ECaEOE EcEmmmmmMOHY CT"0CT'0o Q 00 NO'dO20
SMhatemen wasoised §s aisRaRe-slomettE ErReMageicdisk 10 was

the 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 70°C/80%RH. This condition is more
severe than a normal HDD operating environment. This is for more accurately
judging the durability/reliability of the magnetic disk by performing the test in the
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 required that the number of LUL times exceed 400,000 times continuously
with no failure. It is reported 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]

(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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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 durability test in an environment
which is more severe 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 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.

[0066]
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[0068] On the other hand, in Comparative Examples 1, 3 to 6, and 8, the
atomic ratio (N/C) of nitrogen 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 10 pin-on-disk test (Pin-On) and exceeding 1,000,000 times of
the number of LUL times in the LUL ddrability test. [0069] In Comparative
Example 2, as a result of setting the vacuum degree during formation of a
hydrogia%tgacarbon protective film 5a to be as small as 15 0.05Pa, the
film forming rate of the hydrogenated carbon protective film 5a becomes

as eXtrem%%%%gg%g% B”Wesé}é'?@%iFé{Y%SéRl%:g%?ﬂHFSQ%%%@E%| in

a protective omparative Exampl sares |

Magiybide @A 8 subatriahine. dBrsddesaatipnExaayerrgepgtadeaiome
protective film 5a to be as large as -410V, arcing occurred to break a

pdtratéhe@n-(odok kgt RnLyrhprsisoneegshd esdibashimbemneiddL
he atomic ratio itrogen and carpon and.the number of sliding
fieR frtne dnn o SR T e R R Comparatue
Exampl?goégjmerical 25 formulas on the right side of the graph show a
regression straight line and a determination coefficient (R2) for the
regressiom shaigtitdimeard;s &€ mparthiegeapim@ieshie 8ttortc aatio3(NKE)

decreases, the number of sliding times increases. However, as seen from

RIS LGNSy SRS eR R satRrn e ewdsidnd e ange.plifit dargnore

RO o e 2 e e S T AR e g e

O GhadiskrrgenRINdCIArand isxeerianagly,000t0 00 s mioriesamnshtlodd of LUL
less. 5 [0071] While this invention has been described with reference to
timaes in the LUL durability test.

[0069]

In Comparative Example 2, as a result of setting 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 5a
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 substrate bias during formation of a hydrogenated carbon
protective film 5a to be as large as -410V, arcing occurred to break a substrate
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 (R2) 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



10

15

embodiment, the technical scope of the invention is not limited to the
scope of 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 to the 10 above-mentioned embodiment. It is
clear from the description of claims thaf 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 suitabl

EXRTRA o 0 BIGIB B IP TN rEi SRS IO S MBIl AR TE MO Rirhdde Tmes

Sg&m%@ﬁ%ﬂ%@éﬁw{?@@m%m%m A i(l;e%ifk 5 ﬁﬁ%@éﬁ% Its, it is seen

comprising a magnetic layer for magnetic recording, 5 a protective layer
feaned ienseictitr0NSICoRNRIJgE Rtectat 6aItk pratsattyaeetoamd Ror

lubricating layer formed over said protective layer, wherein said protective
moee rnal 18y3r ebipdsed substantially of carbon, hydrogen, and nitrogen
and an i@?ﬁlratio (N/C) of nitrogen and 10 carbon calculated from
intensiti f'N1s and Cis spectra detected at a photoelectron detection

angle of\\RifyARIMEMIGSPE B9GP RIAN FBRATERSKPME!S

0.15 or more and 0.25 or less. 2. A magnetic disk according to claim 1,
ehdvadiererddtbyg bethgieahsagpetiof dik iforeani driis-spdtemiteldD . the 3cdpe of
magnetic disk manufacturing method of manufacturing the magnetic disk

K& HRARORECE HhiNe sheverapRiRNAemRRGReMing hig@iByous to a person
- ] ' id proteci i e
R e s Y i o e
aneviermendtioveidsaitbvagnetc laies ¢8dr 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
[0072]

This invention is suitably applicable to, for example, a magnetic disk.
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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?@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 hy&éﬁéwﬁed carbon protective film by

the plasma YR mehodie 8AL3ReoNNG YNIMEHAN: sk

saturated hydrocarbon based gas as a reactive ¢ sing a

cnHigt @Az cd byomgnsitig disk manufacturing method according to claim
3 or 4, characterized by, after forming said hydrogenated carbon

protectiefiRgGNeHie ARG foaimagaRigeitaeditwrbon protective film to a
nitrogen atmosphere to _perform a surface, treatment of said hydrogenated .
carbon B HERREE Y ShAPa oA Sl AL e SO R o B A
magnstie digkrmayfacturing method according to claim 5, characterized

by performing the surface treatment of said hydrogenated carbon

protectivaelfibnicaliie dgoayifayrapdRévbiasaid prodectiveflayémr more and
100W or less. 7. A magnetic disk manufacturing method of manufacturing

a 15 mayEiRIBERIE RIS AR IRci QXS F P RRSGHEHORBBHANY O
85%%%'@&?8&%@%%%@&?‘9@%91” SRy Fétf8r(s;@f8¥"ﬁ%r%§egg and

magneticlayer, and a  lubricating layer formed over protecti yer,

satdonagieticiakromimigesitingonRttwd eh @ astepgerdruthatisdid: a
protective layer is formed by 20 a protective film forming step of forming,

phaigsiestiaTiaesiananglersidfosyrrnedladibmspiadotivayiphotoelectron
SPORBEDSY S BIRGY Q78R8 85 or less.

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

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
and hydrogen and formed over said magnetic layer, and

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
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.
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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 valdum degree higher than that of
said protective film forming step.

4. A magnetic disk manufacturing method according to claim 3,
characterized by forming said hydrogenated 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 gas.

5. A magnetic disk manufacturing method according to claim 3 or 4,
characterized by, after forming said hydrogenated carbon protective film,
exposing said hydrogenated carbon protective film to a nitrogen atmosphere to
perform a surface treatment of said hydrogenated carbon protective film,
thereby forming said surface layer portion.

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
magnetic disk comprising a magnetic layer for magnetic 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

a protective film forming step of forming, by a plasma CVD method, a
hydrogenated carbon protective film composed substantially 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
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.





