DESCRIPTION PROTECTIVE FILM, AND MAGNETIC RECORDING MEDIUM HAVING PROTECTIVE
FILM TECHNICAL FIELD [0001]The present invention relates to a protective film and a magnetic
recording medium having the protective film. BACKGROUND ART [0002]A hard coating made of various
materials is used as a coating on a sliding resistangermemher or an antifriction member. A diamond-like
carbon (DLC) filmmade from carbon has beernknown as such a hard coating. The DLC film is suitable as
a surface coatingggueriedtsixcelieni,suriage seRtnness gpddugh hardnessulzonxentignally, DLC films
are formed by a sputtering method, plasma CVD method, and the like. [0003]A magnetic recording
medium generally includes a protective filmpgeimpesed;ef &Pl film on a magnetic recording layer, the
DLC film being formed by a plasma CVD method. The protective film is formed for the purpose of
protecting the magnetic recording layer from corrosion and being damaged by a magnetic head that
comes into contact with or slides on the magnetic recording layer. The magnetic recording medium is,
therefore, provided with durable and corrosigtrgsistant fangtions. [0004]In recent years, the recording
method for a magnetic

[0001] The present invention relates to a protective film

and a magnetic recording medium having the protective film.

BACKGROUND ART

[0002] A hard coating made of various materials is used
as a coating on a sliding resistance member or an antifriction
member. A diamond-like carbon (DLC) film made from carbon has
been known as such a hard coating. The DLC film is suitable
as a surface coating due to its excellent surface smoothness
and high hardness. Conventionally, DLC films are formed by a
sputtering method, plasma CVD method, and the like.

[0003] A magnetic recording medium generally includes a
protective film composed of a DLC film on a magnetic recording
layer, the DLC film being formed by a plasma CVD method. The
protective film is formed for the purpose of protecting the
magnetic recording layer from corrosion and being damaged by
a magnetic head that comes into contact with or slides on the
magnetic recording layer. The magnetic recording medium is,
therefore, provided with durable and corrosion-resistant
functions.

[0004] In recent years, the recordingmethod for a magnetic



recording medium has been changing from the longitudinal recording method to the perpendicular
recording method capable of increasing the recording density. As with the longitudinal recording method,
the perpendicular recording method needs to maintain good electromagnetic conversion characteristics to

further increase the siecording densityysmaking therpratective fim.gf amagneticyecordingmedium as
thin as possible. [0005]Japanese Patent Application Publication No. 2010-55680 proposes a method for

processing a protective fime which isformed by plasma GYD methad ysing hydiocarban gas, with
argon plasma and nitrogen plasma in order to make the protective film thin (Patent Document 1).

[0006]Japanese Patent Appligation PublicationNacH8112974hpropases the use of alaminated
constitution of a DLC film/fluorine-containing DLC film as a protective film of a magnetic recording

medium (Pateatddeeumgni2): 10607 IMereqveplapanese PatepbApplication-RublicationNeoH6-301969
proposes a step of plasma post-processing a protective film made from a carbon-based material, by using

inactive gas suchnasiNg ofdb@rinateskcarhenbased oassush as5oF4 (Ratent Becument 3).d his
processing changes the density or resistance of the protective film in a film thickness direction and

increases therresistanceanddaensithef assustagcerayes e reguse thekfilmsthiekness of thei protective film.
[0008] Patent Document 1: Japanese Patent Application Publication No. 2010-55680 Patent
Document 2: dapanese PatenifgpplicatiereBublicafiond¥ia.ud8-429747n aPaterdacument 3: Japanese
Patent Application Publication No. H6-301969 [0009]Unfortunately,it is difficult for these
[0005] Japanese Patent Application Publication No.
2010-55680 proposes a method for processing a protective film,
which is formed by a plasma CVD method using hydrocarbon gas,
with argon plasma and nitrogen plasma in order to make the
protective film thin (Patent Document 1).
[0006] Japanese Patent Application Publication No.
H8-129747 proposes the use of a laminated constitution of a DLC
film/fluorine-containing DLC film as a protective film of a
magnetic recording medium (Patent Document 2).
[0007] Moreover, Japanese Patent Application Publication
No. H6-301969 proposes a step of plasma post-processing a
protective film made from a carbon-based material, by using
inactive gas such as N, or fluorinated carbon based gas such
as CF, (Patent Document 3). This processing changes the density
or resistance of the protective film in a film thickness
direction and increases the resistance and density of a surface

layer, to reduce the film thickness of the protective film.

[0008] Patent Document 1: Japanese Patent Application



conventional technologies to simultaneously accomplish reduction in the film thickness of a protective
film, improvement of the durability and corrosion resistance of the protective film, and improvement of the
bonding strength of the surface of the protective film to a lubricating film. DISCLOSURE OF THE
INVENTION [Q010]An pbject gf thepregentipygntion is to provide a protective film that is reduced in film
thickness and provided with improved durability and corrosion resistance and improved bonding strength
of the surface of the protegtive film, 19, g duhricating film, apd a-magneticsgeordingmediym; having such a
protective film. Another object of the present invention is to provide a magnetic recording medium that has
the protective-filgn apnd exesellent elegiromagneiic conversion characteristics. [0011]A protective film for a
magnetic recording medium according to a first aspect of the present invention contains fluorine and
nitrogen. It is preferreghthat the fitigdngdedpresent ina regien 8.5 nm degp from- sudace ghthe
protective film. It is also preferred that the nitrogen be present in a region 0.5 nm deep from the surface of
the protectivepfilp. iRreterablynthe film-thickmess of the protective film is equal to or greater than 1.7 nm
but equal to or less than 2.3 nm. The protective film is preferably made from amorphous carbon. It is
preferred that theofiuorine be @dded i aatameynt ofis to 2%sat.% {&tomic percerit) and the=ritrogen in an
amount of 5 to 20 at.%. [0012]A magnetic recording medium according to a second aspect of the present
invention hasca subsitatena metaldimrayeigplaeed an thessuhsiraie, anasd protectiveniibmipiaced on the
metal film layer, wherein the protective film is the protective film described in the first aspect. A lubricating
film may be ptackdcan the ptotective filmiltis préférreddhat theffilnathipkressaaf the luliricating film be
equal to or greater than 0.6 nm but equal to or less than 1.0 nm. [0013]A method for producing a
protective film fgra mageetica€cording umedidimiaccerdihg-tora thedbaspectiof the peesenttiheention has a
step of forming the protective film on a stacked body containing a substrate and a metal film layer formed
on the substrate; aadta stef of. plasmat propessirguing prétedtive filnd img fluorimestontainingegas and a

nitrogen-containing gas.
surface of the protective film to a lubricating film.

DISCLOSURE OF THE INVENTION

[0010] An object of the present invention is to provide
a protective film that is reduced in film thickness and provided
with improved durability and corrosion resistance and improved
bonding strength of the surface of the protective film to a
lubricating film, and a magnetic recording medium having such
a protective film. Another object of the present invention is

to provide a magnetic recording medium that has the protective

film and excellent electromagnetic conversion
characteristics.
[0011] A protective film for a magnetic recording medium

according to a first aspect of the present invention contains

fluorine and nitrogen. It is preferred that the fluorine be



[0014]Thepresentinventioncansimultaneously accomplish reduction in film thickness of the protective
film, improvement of the durability and corrosion resistance of the protective film, and improvement of the
bonding strength of the surface of the protective film to the lubricating film. Furthermore, the magnetic

recording medium with the protective imscan achigve exgellent sleclromagnelic.conversion..

characteristics. Better durability and corrosion resistance can be obtained by adding fluorine to a region

0.5 nm deep frpmythe surface of the pratectivefim.\Wheprhe lubricating film is.prowidediqn the surface of
the protective film, the lubricating film can be prevented from falling off the surface of the protective film,
by adding nitragendn aregiom0 ety deepframdhe surace of the protectivedilm; Settingithe film
thickness of the protective film at a value equal to or greater than 1.7 nm but equal to or less than 2.3 nm
can eliminatepthe spasioy0ssvdth respect te jamagneticheach A% adesult excellent elegteomagnetic
conversion characteristics, durability, and corrosion resistance can be realized. Excellent durability and
corrosion resistapeefasche realized by addingdhedtiosine-and mitregendnan amount of Tte20 at. %.
Placing the lubricating film on the protective film and setting the film thickness of the lubricating film at a
value equal tp 66 geeater thamn 06 A bulaqual 1 ortessethanch O wenelgninate-the. spaeing loss with
respect to the magnetic head and realize excellent electromagnetic conversion characteristics and
durability. [0015]Aceardingdo tha present imvention, the>Buarse inproves theclurability énd-eorrosion
resistance of the surface of the protective film, and the nitrogen improves the bonding strength of the
surface of the pratective fitmitad the tubricatingditd. The inventogs of the presentunventior have discovered
that the fluorine for improving the durability and corrosion resistance of the surface of the protective film
and the nitrogén for iriproving the bonding strength of the surface of the protective film can
simultaneously exert the beneficial effects thereof by existing in the vicinity of the surface of the protective
film. The inven@drsaf the presentiguention have distoyeredithat the darability and eoresiondesistance of
the protective film and peel-resistant characteristics of the protective film to the lubricating film can be
maintained by sstgtboth thieflyorirrescdntaining: yasandatheanitragenwcontainingngas whehlperforming
gas plasma processing on the protective film. The reason why it has conventionally been difficult to use
both fluorine-tentaingasascand rittegenoohtditing gaslireacgastslasmapioctssiof acgrdtective film is
because the use of both fluorine-containing gas and nitrogen-containing gas deteriorates either the
beneficial effééts extsibired By filoriheYstthe BaRaTcial efféets exhibited byanitfogenh. Optirhization of
conditions for the gas plasma process is taken into special consideration when using both
fluorine-cont@RiNGFEs AR hitrdyetRESHtARMYY YRSHIAThE YashlaskrProcess of e proteetive film.
BRIEF DESCRIPTION OF THE DRAWINGS [0016]Fig. 1 is a diagram showing how the durability of a
protective filnt HePets Bf thedtPdickhessiof alablidating fitft-and t 1s preferred that

the film thickness of the lubricating filmbe equal to or greater
than 0.6 nm but equal to or less than 1.0 nm.

[0013] A method for producing a protective film for a
magnetic recording medium according to a third aspect of the
present invention has a step of forming the protective film on
a stacked body containing a substrate and a metal film layer
formed on the substrate, and a step of plasma-processing the
protective film in a fluorine-containing gas and a
nitrogen-containing gas.

[0014] The present invention can simultaneously



Fig. 2 is a diagram showing how the corrosion resistance of the protective film depends on the film
thickness of a DLC film. MODE FOR CARRYING OUT THE INVENTION [0017]In an embodiment for
implementing the present invention, preferably an amorphous carbon film is formed as a protective film by

using a plasma GYD methodising hydrogarpen,gas,as a source material, It is. preferredthat amorphous

carbon be DLC. Examples of the hydrocarbon gas that can be used here include ethylene, acethylene,

methane, and hgnzeng.Jhe protestive film)of the presant inventiondncludes flugrine and pitrogen in
addition to the amorphous carbon contained as a primary component, as a result of a plasma process

described heginafter: In,examples that arg descinedihereipafier.a PLG film.is foymed as the protective

film, and a plasma CVD device is used for forming the DLC film. [0018]A film formation substrate on

which the profegtive-filmds formed isformed bystacking atpetalfim layer opdhe sybstraie, The metal
film layer formed on the substrate includes at least a magnetic recording layer. The metal film layer may

optionally includera senmagneticdindeniaver carsofionagnsticdayarmaseaad layer apdatermediate layer,
and other layers between the magnetic recording layer and the substrate. The examples that are
described hereinafter eise a filanfosmation sstiaie obtained-by forayng andandedayesy kietmediate
layer, and magnetic recording layer on an aluminum substrate having a diameter of 95 mm and a
thickness of Li5mamt 01 The substrate-is preterably nopnagneticrand camn beanade frose any material
that has conventionally been used for producing a magnetic recording medium. The substrate can be
made from, farzexam pie,ta NirPdplaged @uminummatloy nglaiss, €eramic; plastic,ror siieen f[EOR20]The
magnetic recording layer can be formed using a ferromagnetic material such as an alloy containing at
least Co and BiecAnedsycaxis Dftthagpetizationiofeheifermromaigretic hmatéralmeedsitod& diented in a
direction of performing magnetic recording. For instance, when performing perpendicular magnetic
recording, the easyraxisi dEmagnetizdtion Guc-bxisowithfa hexagamab tlosestvygackingrihcp) steucture) of a
material of the magnetic recording layer needs to be oriented in a direction perpendicular to a surface of
the recordinglmediupa i ercafprifiplerplanecofahie substrate)n falling off the surface

of the protective film, by adding nitrogen to a region 0.5 nm
deep from the surface of the protective film. Setting the film
thickness of the protective film at a value equal to or greater
than 1.7 nm but equal to or less than 2.3 nm can eliminate the
spacing loss with respect to a magnetic head. As a result,
excellent electromagnetic conversion characteristics,
durability, and corrosion resistance can be realized.
Excellent durability and corrosion resistance can be realized
by adding the fluorine and nitrogen in an amount of 5 to 20 at.5%.
Placing the lubricating film on the protective film and setting
the film thickness of the lubricating film at a value equal to
or greater than 0.6 nm but equal to or less than 1.0 nm can
eliminate the spacing loss with respect to the magnetic head

and realize excellent electromagnetic conversion



[0021]lt is also preferred that a material with a granular structure be used to form a perpendicular
magnetic recording layer consisting of a single layer or multiple layers. The granular structure has
magnetic crystal grains dispersed in a non-magnetic oxide matrix or a non-magnetic nitride matrix.

Examples of the material ydth;a granylargfrugtyre that is used here include CoPt-Si02, CoCrPtO,
000rPt-Si02, 000rPt-Ti02, CoCrPt-Al202, CoPt-A1N, and 000rPt-Si2N4, but are not limited thereto. In the

present inventigf; the use of the-matenial haying,a granwlar structiLe, 3 prompte Magnetic separation
between the magnetic crystal grains that are adjacent to each other in the perpendicular magnetic

recording layerf\s.a sesuitngisegamhbe (edueed andtheshaasteristigs ofdhe-mediumesich as its SNR
and recording resolution can be improved. [0022] The non-magnetic underlayer that may be provided

optionally can, betfeemeddising Ther a noR; magaetis dnateriabncliding £4+vsuch as achH;allgy. [0023]The
soft magnetic layer that may be provided optionally can be formed using a crystalline material such as

FeTaC or Sepdust{fFeBiAb alloynha migreerystalling matedal sueh as FeFaC,tGameNtor €aliP; or an
amorphous material that includes a Co alloy such as CoZrNd, CoZrNb, or CoTaZr. The soft magnetic
layer functionse:congentiate a perpendisulariaagoetic dield generatedrdyy annagratimheacein a
magnetic recording layer of a perpendicular magnetic recording medium. The optimal value of the film
thickness of thesofttaagaetie tayertchanges diepenting onghe sirugtwrorahasadtetistics atithe magnetic
head used for recording. Generally, it is preferred that the film thickness of the soft magnetic layer be
approximately @guaktocor greatertthand @ im bat eguaktocoplesshibans0@ nmimdefmsnoftha productivity.
[0024]The seed layer that maybe provided optionally can be formed using a permalloy material such as
NiFeAl, NiFeSh&ifrehibo iNireBo NiEeNbBy NilteMuos drdMiBeCy; atmategahobtained uadding Co to a
permalloy material, such as CoNiFe, CoNiFeSi, CoNiFeB, or CoNiFeNDb; Co; or a Co-based alloy such as
CoB, CoSi, CoNi; be Qofee.dtisipreférréd thatthse sedd layepbe thickendudhhto kentdlitheatystalline
structure of the magnetic recording layer and normally have a film thickness of at least 3 nm but no more
than 50 nm. [0026[Tthe internvedfateviayar that meay betgrevidediaptionally damebe forhrettusing Ru or an
alloy that mainly contains Rul. It is preferred that the intermediate layer normally have a film thickness of
at least 0.1 nihbsuto rroré tvan 20 im. TRedilmithiektesssincthis- ke dgersaeproviderthietmagnetic
recording layer with the characteristics required to achieve high density recording, without degrading the
magnetic charatteridtics e eleeftorisrjnetic cotverion eharatietistios 0f e matpetie teeading layer.

[0026]The non-magnetic underlayer, the soft magnetic
of the protective film and peel-resistant characteristics of

the protective film to the lubricating film can be maintained
by using Dboth the fluorine-containing gas and the
nitrogen-containing gas when performing gas plasma processing
on the protective film. The reason why it has conventionally
been difficult to use both fluorine-containing gas and
nitrogen-containing gas in a gas plasma process of a protective
film is because the use of both fluorine-containing gas and
nitrogen-containing gas deteriorates either the beneficial
effects exhibited by fluorine or the beneficial effects
exhibited by nitrogen. Optimization of conditions for the gas

plasma process is taken into special consideration when using



layer, the seed layer, the intermediate layer, and the magnetic recording layer can be formed using any
method known in the technology, such as a sputtering method (a DC magnetron sputtering method, RF
magnetron sputtering method, etc.) or a vacuum evaporation method. [0027]The protective film can be

formed using;2, plasma GUR methad Rawerfar generating nlasma may be sunglied using g capacitive

coupling system or an inductive coupling system. The power to be supplied can’be DC power, HF power
(frequency: sguera) iens o several dwindreds kHz), RE-pewet(fregugney: 13.56MHz, 27.12MHz,
40.68MHz, etc.), a microwave (frequency: 2.45 GHz), or the like. A parallel plate type apparatus, filament
type apparatus, ECR plasma generator, helicon wave plasma generator, or the like can be used as an
apparatus for generating plasma. In the present invention a filament type plasma CVD apparatus is
preferably used. In the examples describes-hareinadter J3y using ithe filament type plasma CVD
apparatus, a predetermined current is supplied to a cathode filament to discharge thermoelectrons, and at
the same time @thydene gas isirfroduced inta the apparaivs 10 generaterathylengiplasma. [DO28]A bias
voltage may be applied to a substrate and a stacked body of metal film layer being used as a film
formation suksiatedeqremeteidepasitien aktbe Bhe film nFonexamples @ voltage of 4dtond 20 V can be
applied to the film formation substrate. In the examples described hereinafter, deposition species are
drawn to the film fgrmati®n substrate by means of a substrate bias, to form the DLC film. In this case, an
anode potential is +60 V and a substrate bias potential is -120 V. [0029] It is preferred that the film
thickness of the protectiye film bezequalde an greatet thah dw7 time bt eqoal tonor less tham 23 nm. The
film thickness of the protective film less than 1.7 nm deteriorates the durability and corrosion resistance of
the protectiveofilnthEhe film ¢hicknesstoflthederptective ditmtéxceeding 218l niniacreasésaspacing loss with
respect to the magnetic head and deteriorates the electromagnetic conversion characteristics.
[0030]Fluorinéilased gas such as tetrafluoromethane gas or hexafluoroethane gas can be used as
fluorine-containing gas for introducing fluorine to the protective film. The fluorine-containing gas may be
pure fluorine-based gas or mixed gas of fluorine-based gas with other gas. In this case, examples of the
other gas include helium, neon, argon, and other inactive gas. [0031]Nitrogen-containing gas for
introducing nitrogen to the prdteefive filih ralyioel piareQifodén: gay'or Wiixedl gas of nitrogen gas with
other gas. In this case, examples of the other gas include helium, neon, argon, and other inactive gas.
[0032] Plasmadjehétating medhs @an peReddtsnintréucingiuctirrrdand Aitréden tBTRe prétective film.

Power supply
invention, preferably an amorphous carbon film is formed as a

protective film by using a plasma CVD method using hydrocarbon
gas as a source material. It is preferred that amorphous carbon
be DLC. Examples of the hydrocarbon gas that can be used here
include ethylene, acethylene, methane, and benzene. The
protective film of the present invention includes fluorine and
nitrogen in addition to the amorphous carbon contained as a
primary component, as a result of a plasma process described
hereinafter. 1In examples that are described hereinafter, a DLC
film is formed as the protective film, and a plasma CVD device
is used for forming the DLC film.

[0018] A film formation substrate on which the protective



system and apparatus for generating plasma, as well as power to be supplied, can be the same as those
used for forming the protective film. For instance, another plasma CVD apparatus of the same type as the
plasma CVD apparatus used for forming the protective film can be used. Alternatively, displacing gas

inside the plasma, C\D apparatus used for formingthe pratectivecfilmcan allow fluoring,and pitrogen to
be introduced to the protective film by using the plasma CVD apparatus used for forming the protective

film. [0033]lt is prefered.that thgdlugring be presentiin |regien. Qe amdeepHromsaisurage of the
protective film. When the fluorine is present in a region that is deeper than the region 0.5 nm deep from
the surface of the protective filay, dhe bonding: between-thessurface,ofthe protectivefim and g lubricating
film worsens and not preferred. The depth of the region where the fluorine is present is controlled based
on a plasma peogessing timetpesioditaken fen aplasmadiiasessing stepdde plasma pracessing time
period is preferably within a range of 0.5 to 2.0 seconds. [0034]It is preferred that the nitrogen be present
in a region 0.54yndeep fremdhe surdaceiof theprotegtive fimmAdieadbelnitregends greseriin a region
that is deeper than the region 0.5 nm deep from the surface of the protective film, the corrosion resistance
of the protective/imsweossersandmwhpreferted: The depthrof theyegiamwhere thepitreger s present is
controlled based on the plasma processing time period taken for the plasma processing step. The plasma
processing timecperiadis preferahl\awithire adange 0@ bdo 220 seeconds. a[GA3D] ki ds-peefersed that the
nitrogen and the fluorine be each added in an amount of 5 to 20 at.% in reference to a total number of
atoms in the pratectivetfilmWhendt e aniount iof nitrogeniadded isrlesisithannbealti %t the bpadjng between
the surface of the protective film and the lubricating film worsens and not preferred. When the amount of
nitrogen addecheéxceens20 at.%s dhe ¢orrgsionyresistance: of thenprotectivebwarsens amshnotpreferred.
When the amount of fluorine added is less than 5 at.%, the durability and corrosion resistance of the
protective filna wbrsere and nof pfsfermad aWhea the apkowrs ©f fldoding added exceeds 20 at. %, the
bonding between the surface of the protective film and the lubricating film worsens and not preferred.
[0036]lIt is preféfréd that the [Thrcatibg filma be placedadre theogmotectivesfiineand thatthefil¢hickness of
the lubricating film be equal to or greater than 0.6 nm but equal to or less than 1.0 nm. The film thickness
of the lubricatinglilm fess thar 018 v delericratesithe durabiitytéfthe protdetive filkg €Thé film thickness
of the lubricating film exceeding 1.0 nm increases spacing loss with respect to the magnetic head and
deteriorates thexlectidiiagnBGOe6VersibATharactariBgesl Y003 7Whehuesafiadrontathane gas is used
as the fluorine-containing gas, the flow rate of the tetrafluoromethane gas is preferably 20 sccm to 100
sccm in ordefFikedp Stable 85 cRERTE Yehert plite Ritkokehrghsis kel ds thelRitfog8hadhtaining gas,

the flow rate of the nitrogen gas is preferably 20 sccm to 100 sccm in order to keep stable discharge.
ceramic, plastic, or silicon.

[0020] The magnetic recording layer can be formed using
a ferromagnetic material such as an alloy containing at least
Co and Pt. An easy axis of magnetization of the ferromagnetic
material needs to be oriented in a direction of performing
magnetic recording. For instance, when performing
perpendicular magnetic recording, the easy axis of
magnetization (a c-axis with a hexagonal closest packing (hcp)
structure) of a material of the magnetic recording layer needs
to be oriented in a direction perpendicular to a surface of the

recording medium (i.e., a principle plane of the substrate).



[0038]lIt is preferred that the protective film be subjected to the plasma processing under the presence of
both the fluorine-containing gas and the nitrogen-containing gas. This is because the durability and
corrosion resistance of the protective film and the bonding between the surface of the protective film and

the lubricating filyp can be improved by the flucrine andithe nitrggen. respegtively, within the short plasma

processing time period. Furthermore, the plasma processing described above can increase the number of

magnetic recording media o bg pradueed penupitdime, dhis:alsq prefeastdhatthergiective film be

subjected to the plasma processing in the fluorine-containing gas and that the protective film be

subsequently;sipjected 1@ the: plagmarprocessing in theyritrogen-gantaining gas. Ehis is because the
durability and corrosion resistance of the protective film and the bonding between the surface of the

protective filng angdithe lukricating fila eans sighificantly be-ippreved hyithe fluosineandithe nidrogen,

respectively. region 0.5 nm deep from the surface of the protective film (preferably the DLC film) contains

fluorine and nittagen ahtheisame time. e fivorine hasiibe-effech et imprevingithe duahility and
corrosion resistance of the protective film. The nitrogen has the effect of ensuring the bonding between

the surface of:therprotective filna and theilabricatingHfilgr-dndhe examples desctbed heseinrafter,
deterioration of the performance of the protective film, which is caused by lacking either the fluorine or the
nitrogen, is ililustrated by reterenceHo-contparativecexaroples dExamples P04} Exammple 19, ,  First of all,
an underlayer, intermediate layer, and magnetic recording layer were sequentially stacked on an
aluminum substeate thavving g diaorete N5 mri ahsla thielkness pof Autbmmk te dorniai filirt éatmation
substrate. The underlayer was made from CoZrNb and had a film thickness of 40 nm. The intermediate
layer was madedremdru and hadea filne ticknesswiiSinm, Thémagnetio fecordingdageriwas made from
000rPt-Si02 and had a film thickness of 15 nm. [0041]The obtained film formation substrate was installed
in a film formimgvchamberasfahe filamerttype plasnia CVIEr appdratus: Etkylene gasavastintroduced to the
film forming chamber at a flow-rate of 40 sccm. DC power of 180 V was applied

between the magnetic crystal grains that are adjacent to each

other in the perpendicular magnetic recording layer. As a

result, noise can be reduced and the characteristics of the

medium such as its SNR and recording resolution can be improved.

[0022] The non-magnetic underlayer that may be provided

optionally can be formed using Ti or a non-magnetic material

including Cr, such as a CrTi alloy.

[0023] The soft magnetic layer that may be provided

optionally can be formed using a crystalline material such as

FeTaC or Sendust (FeSiAl) alloy; a microcrystalline material

such as FeTaC, CoFeNi, or CoNiP; or an amorphous material that

includes a Co alloy such as CoZrNd, CoZrNb, or CoTaZzr. The soft

magnetic layer functions to concentrate a perpendicular

magnetic field generated by a magnetic head, in a magnetic

recording layer of a perpendicular magnetic recording medium.



between the cathode filament and an anode. Thermoelectrons were discharged from the cathode
filament, to generate ethylene plasma. The pressure inside the film forming chamber was 0.53 Pa. A bias
voltage of -120 V (to the ground) was applied to the film formation substrate, to deposit a DLC film

thereon. The anods, notential yvas, £6Q /- fHilm formationtime was adjusted, apd @ PLC filmwith a film

thickness of 2.2 nm was formed, on condition that the flow rate of the ethylene gas was 40 sccm and an

emission current was- 8204 00420n anather plagma CVPrapparatus of, the-same dype-asjhe
abovementioned plasma CVD apparatus, the surface of the DEC film was nitrided and fluorinated on

condition that the flowJate 9tthe piftogen; gas was 50-secm dtheflow raterefthe tetraflugromethane gas
40 sccm, and the processing time period 1.0 s. [0043]The film thickness of the DLC film was measured

using an XRipp&-fay FluorescancelcThe compositionand depthrprofileref thedale film weremeasured
using an XPS (X-ray Photoelectron Spectroscopy). The DLC film consisted mainly of carbon and

hydrogen, angdlugsineandnaitregenavere presestdng egions appraximaielyr0.4.m ggep frara the surface
of the DLC film. The film thickness of the DLC film was still 2.2 nm. The fluorine was added in an amount

of 10 at.%. The niteagentnas added iman ameuntof 40 ati%. [044]Akiquid tuhricant that mainly contains
perfluoropolyether was applied to the protective film obtained in the manner described above by using a
dip method, todoum g lubricatmg filrad@viag afilohthickres s ef Orbuid JA0451 AdrAITIG hadlrwith a
diameter of 2 mm was slid along the sample prepared in the manner described above, with a
predetermingodoad anddaties pregdeieprined linear meloeity,4d measureshow My, timesdtsd AlITiC ball
needed to be slid until the protective film would break. With this sample of the present example, it took a
large count ofi3Z@ime$lid bieakithiespiobecliiet ki This néstik (hdicates that tle saniple oéthe present
example has excellent durability. [0046]Nitric acid aqueous solution of a predetermined concentration was
dropped on the satdjdle ghadbwas preparedlihdhieraanmercdeserittdd absveNaritktheémBxtradied, to measure
the amount of Co elution by means of an ICP-MS (Inductively Coupled Plasma-Mass Spectrometry). The
amount of C& eNitibrin the SapleaditheJoresenteekampleswdsads! low aiscdh(A2 Aghent2 This result

indicates that the sample of the present example has excellent corrosion resistance. [0047](Example 2)
CoNi, or CoFe. It is preferred that the seed layer be thick

enough to control the crystalline structure of the magnetic
recording layer and normally have a film thickness of at least
3 nm but no more than 50 nm.

[0025] The 1intermediate layer that may be provided
optionally can be formed using Ru or an alloy that mainly
contains Ru. It is preferred that the intermediate layer
normally have a film thickness of at least 0.1 nm but no more
than 20 nm. The film thickness in this range can provide the
magnetic recording layer with the characteristics required to
achieve high density recording, without degrading the magnetic
characteristics or electromagnetic conversion characteristics
of the magnetic recording layer.

[0026] The non-magnetic underlayer, the soft magnetic
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In the same manner as Example 1, a protective film with a film thickness of 2.2 nm was formed. The
surface of the DLC film was nitrided and fluorinated in the same manner as Example 1. The drawing
speed of the dip method was adjusted, and a liquid lubricant that mainly contains perfluoropolyether was

applied to the, grotective, film g foym, & Wbrigating, filoy hawng adfilm fickness; ofill.8,y and;a lubricating

film having a film thickness of 0.7 nm. [0048]An AITIC ball with a diameter of 2 mm was slid along each of

these samplespreparedyinthe manngl descrbedabove, with a.predetermined-aad and atige
predetermined linear velocity, to measure how many times the AITIC ball needed to be slid until the

protective film waulth berak, With thesg samples of thepresent example, it topk alarggcouphof 280 times
and 260 times respectively to break the protective film. This result indicates that the samples of the

present example haxve exgelentduability {994AKExampie 8} « r 1 Alping the .samecmethed-ag in Example

1, the film formation time was adjusted, and a DLC film with a film thickness of 2.0 nm and a DLC film with
a film thickness ©hd:8 BraweresformedmEhe syrface of each of these DLC films was nitrided and
fluorinated in the same manner as Example 1. The fluorine was added in an amount of 10 at.%. The

nitrogen was polded jin an amouet pf-1@ at %. {805 Adigtich lubricant thad nainlyccentaingsma
perfluoropolyether was applied to the protective film obtained in the manner described above by using the
dip method, tovformea hubsicatingidm Haing et pathicknessseint: Onam. [ROSLNiTICatid aguegous solution
of a predetermined concentration was dropped on the sample that was prepared in the manner described
above and thencextracted, te measurerthesamaunt ofrfCoarelutiol by ineans apthenlC RS cfthe amount of
Co elution in the sample of the present example was as low as 0.017 ngdcm2 and 0.025 ng4cm2
respectively. This resudtrindicatesthatcthéssample oktheCpreseat examplehas exXcetlgntcaryasion
resistance.

several tens to several hundreds kHz), RF power (frequency:

13.56 MHz, 27.12 MHz, 40.68 MHz, etc.), amicrowave (frequency:

2.45 GHz), or the like. A parallel plate type apparatus,

filament type apparatus, ECR plasma generator, helicon wave

plasma generator, or the like can be used as an apparatus for

generating plasma. In the present invention a filament type

plasma CVD apparatus is preferably used. In the examples

described hereinafter, by using the filament type plasma CVD

apparatus, a predetermined current is supplied to a cathode

filament to discharge thermoelectrons, and at the same time

ethylene gas is introduced into the apparatus to generate

ethylene plasma.

[0028] A bias voltage may be applied to a substrate and

a stacked body of metal film layer being used as a film formation

substrate to promote deposition of the DLC film. For example,

a voltage of =40 to -120 V can be applied to the film formation

11



[0052](Comparative Example 1) Using the same method as in Example 1, a sample was prepared on
condition that the flow rate of the tetrafluoromethane gas was 0 sccm and the flow rate of the nitrogen gas
50 sccm. The film thickness of the DLC film was 2.2 nm. The film thickness of the lubricating film was 0.9

nm. [0053] Thefilm,thickness,ofthe DL fimayas measured; ysing.the ¥RE, The.composition and depth

profile of the DLC film were measured using the XPS. The DLC film consisted mainly of carbon,

hydrogen, andnitregen presentin a regien appraximately 0.4 om degp from the, supfage of the DLC film,
but did not contain fluorine. The nitrogen was added in an amount of 13 at.%. [0054]An AITIC ball with a

diameter of 2mawas shd aleng the sample Rrepared.i the manner descsibedsabove, with @
predetermined load and at a predetermined linear velocity, to measure how many times the AITiC ball

needed to besliddntil the peotectivefilam woxld break. YVith this sapple-akthe) present gomparative
example, it took a small count of 220 times to break the protective film. This result indicates that the

sample of the present comparativesexanye haspoendurabiity. f0085]1HNitrig.aeid aqueous,solution of a
predetermined concentration was dropped on the sample that was prepared in the manner described

above and thepexyacted: ta meastke theamoatmt of Corelatien byrmeans of the K:R-MS:Ehe amount of
Co elution in the sample of the present comparative example was as high as 0.034 ng/cmJ. This result
indicates thatthecsamplesofttherpresenheampanativiel @ xarmplechas:peobcorrasiopresistancee
[0056](Comparative Example 2) The drawing speed of the dip method was adjusted, and a liquid
lubricant thatfmainly eentaihs pearfliatopatyetherovas applied tathelpratectvedithtbhaving adilm thickness
of 2.2 nm to form a lubricating film having a film thickness of 0.8 nm and a lubricating film having a film
thickness of G.& im ttheqerotectiviedilprbeiag foreed in the s@ime mahmet las GomparativetBxample 1.
[0057]An AITiC ball with a diameter of 2 mm was slid along each of these samples prepared in the
manner descrbed abovecwith apredetesrnimed bad amd ab apredetersirediinearaetocitytto measure
how many times the AITIiC ball needed to be slid until the protective film would break. With these samples
of the present esmparativé examiple, it tookreesmall chgrdf 130 timesiaaneriz0-tirhes respeetively to

break the protective film. This result indicates that the samples of the present comparative example have
poor durabilitglectromagnetic conversion characteristics.

[0030] Fluorine-based gas such as tetrafluoromethane gas
or hexafluoroethane gas can be used as fluorine-containing gas
for introducing fluorine to the protective film. The
fluorine-containing gas may be pure fluorine-based gas or mixed
gas of fluorine-based gas with other gas. In this case,
examples of the other gas include helium, neon, argon, and other
inactive gas.

[0031] Nitrogen-containing gas for introducing nitrogen
to the protective film may be pure nitrogen gas or mixed gas
of nitrogen gas with other gas. In this case, examples of the
other gas include helium, neon, argon, and other inactive gas.
[0032] Plasma generating means can be used for introducing

fluorine and nitrogen to the protective film. Power supply

12



[0058](Comparative Example 3) Using the same method as in Comparative Example 1, the film
formation time was adjusted, and a DLC film with a film thickness of 2.0 nm and a DLC film with a film
thickness of 1.8 nm were formed. The nitrogen was added in an amount of 13 at.%. [0059]A liquid

lubricant that maiply contains perflueropolyether.was applied fp) the protective film abtaineip the manner

described above by using the dip method, to form a lubricating film having a film thickness of 0.9 nm.

[0060]Nitric acid B@U‘égﬁz‘?ﬂ'@@i?néﬁ@ predetermingd concentration was ¢roppedan the saople that was
prepared in the manner described above and then extracted, to measure the amount of Co elution by

means of thedCP-MS: The ameunt ofGp elytion iuthe sampleof the presentwomparative gxample was
as high as 0.040 ng/ cm2 and 0.055 ng/cm2 respectively. This result indicates that the sample of the

present comparative example Nas REOIILresian kesistancep Q06 Comparative Examplery A
sample was prepared by repeating the procedure of Comparative Example 1, except that the film

thickness of thedubrisating fikie was setat b2 noged he film thickness of {hepretective filpwas 2.2 nm.
[0062]With this sample of the present comparative example, the AITiC was slid 360 times until the

protective film bsake: this esaliindcates thalthe sampleDffhe present gomparativeaxaiple has
excellent durability. However, due to the increase in spacing loss with respect to the magnetic head, the
electromagneticleonvension charadterstioschachworsenesy {0063 (Cemparativedoxaimple $he A sample
was prepared by repeating the procedure of Comparative Example 1, except that the film thickness of the
DLC film wasesettat 25 nm. Thedfilmthickress aftthe hibricating Yiln aas0-8nms The adtrafien was added
in an amount of 13 at.%.

forming the protective film.

[0033] It is preferred that the fluorine be present in a

region 0.5 nm deep from a surface of the protective film. When

the fluorine is present in a region that is deeper than the region

0.5 nm deep from the surface of the protective film, the bonding

between the surface of the protective film and a lubricating

film worsens and not preferred. The depth of the region where

the fluorine 1is present 1is controlled based on a plasma

processing time period taken for a plasma processing step. The

plasma processing time period is preferably within a range of

0.5 to 2.0 seconds.

[0034] It is preferred that the nitrogen be present in a

region 0.5 nmdeep from the surface of the protective film. When

thenitrogen is present in a region that is deeper than the region

0.5 nm deep from the surface of the protective film, the

corrosion resistance of the protective film worsens and not

preferred. The depth of the region where the nitrogen is

13



[0064]The amount of Co elution in the sample of the present comparative example was 0.028 ng/cm2.
This result indicates that the sample of the present comparative example has excellent corrosion
resistance. However, due to the increase in spacing loss with respect to the magnetic head, the

electromagnetic conyersion sharacteristics, bad warsened: [0065KCompasatiye Example,6),q Using the

same method as in Example 1, a sample in which the surface of its DLC film is fluorinated was prepared

on condition (et Uhe Hay refe.oihedhiogen gas a0 seem. theflanala pline tstialugiogethane gas

40 sccm, and the processing time period 1.0 s. The film thickness of the DLC film was 2.2 nm. The film

thickness of theqlubpeatingifilg was 89-am: Jhei flugrine was,added in an agount k13 aL%. [0066] An
AITiC ball with a diameter of 2 mm was slid along the sample prepared in the manner described above,

with a predeteroined load andrat & predetermined Hnear velagity togugasure iow many-times the ATIC
ball needed to be slid until the protective film would break. With this sample of the present comparative

example, it tagk 2 soallcountof 240 iimescterreak the protective filn.ithis sesultindicates that the
sample of the present comparative example has poor durability. This is considered because the
lubricating filmdals offieasiy due ta thesabsenee af nittegeniindheisurfacerokthecBE Gilbunf®067]
(Reference Example 1) A sample was prepared by repeating the procedure of Example 1, except that
the film thickness:ofthedulbrigatirgifiing wassset ath 2nat The filnethicknessobihewareteative film was 2.2
nm. [0068]With this sample of the present reference example, the AITiC was slid 530 times until the
protective filns brake:d his resaliindicatesi thatthesamplebbtheipresent tefgréndenexanyae has excellent
durability. However, due to the increase in spacing loss with respect to the magnetic head, the
electromagneticcconve rsioafcharacteristics hatdhworsened L [006 9] (RefersnceaBxiam pte:2p e dsA sample
was prepared by repeating the procedure of Example 1, except that the film thickness of the DLC film was
2.5 nm. The fifh ghickness efthe hubricatingsfimswas Oc9 mimt Thecfhudrinetwas addetkinsanamount of 10
at.%. The nitrogen was added in an amount of 10 at.%. [0070]The amount of Co elution of the sample of
the present not preferred. When the amount of fluorine added is less than

5 at.%, the durability and corrosion resistance of the

protective film worsen and not preferred. When the amount of

fluorine added exceeds 20 at.%, the bonding between the surface

of the protective film and the lubricating film worsens and not

preferred.

[0036] It is preferred that the lubricating film be placed

on the protective film and that the film thickness of the

lubricating film be equal to or greater than 0.6 nm but equal

to or less than 1.0 nm. The film thickness of the lubricating

film less than 0.6 nm deteriorates the durability of the

protective film. The film thickness of the lubricating film

exceeding 1.0 nm increases spacing loss with respect to the

magnetic head and deteriorates the electromagnetic conversion

characteristics.
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reference example was 0.008 ng/cm2. This result indicates that the sample of the present reference
example has excellent corrosion resistance. However, due to the increase in spacing loss with respect to
the magnetic head, the electromagnetic conversion characteristics had worsened. [0071]Table 1 shows

the numbers of imes the AlTyg, ball was, slids which were, obtained,in Examples_land 2, Ggpparative

Examples 1, 2, 4 and 6, and Reference Example 1, as well as evaluations thereof. Table 2 shows the
amounts of Ceelytion that were abiaiged injfExamples l.and 3; Comparative.Exarpples 1,3 and 5, and

Reference Example 2, as well as evaluations thereof. [0072][Table 1] Table 1 Thickness of Protective
Film(nm) Thigkness of Lybdgating Fiim{am) Hugrine/Nitcagen Nembergf tiges AdTiC-ball was slid (times)
order to keep stable discharge. When pure nitrogen gas is used
as the nitrogen-containing gas, the flow rate of the nitrogen
gas is preferably 20 sccm to 100 sccm in order to keep stable

discharge.

[0038] It is preferred that the protective film be
subjected to the plasma processing under the presence of both
the fluorine-containing gas and the nitrogen-containing gas.
This is because the durability and corrosion resistance of the
protective film and the bonding between the surface of the
protective film and the lubricating film can be improved by the
fluorine and the nitrogen, respectively, within the short
plasma processing time period. Furthermore, the plasma
processing described above can increase the number of magnetic
recording media to be produced per unit time. It is also
preferred that the protective film be subjected to the plasma
processing 1in the fluorine-containing gas and that the
protective film be subsequently subjected to the plasma
processing in the nitrogen-containing gas. This is because the
durability and corrosion resistance of the protective film and
the bonding between the surface of the protective film and the
lubricating film can significantly be improved by the fluorine

and the nitrogen, respectively.
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Evaluations (Other) Example 12.2 0.9 Present/Present 320 Excellent Example 22.2 0.8 Present/Present
280 Excellent 2.2

[0039] The present invention is characterized in that the
region 0.5 nm deep from the surface of the protective film
(preferably the DLC film) contains fluorine and nitrogen at the
same time. The fluorine has the effect of improving the
durability and corrosion resistance of the protective film.
The nitrogen has the effect of ensuring the bonding between the
surface of the protective film and the lubricating film. In
the examples described hereinafter, deterioration of the
performance of the protective film, which is caused by lacking
either the fluorine or thenitrogen, is illustrated by reference
to comparative examples.

Examples

[0040] (Example 1)

First of all, an underlayer, intermediate layer, and
magnetic recording layer were sequentially stacked on an
aluminum substrate having a diameter of 95 mm and a thickness
of 1.75 mm, to forma film formation substrate. The underlayer
was made from CoZrNb and had a film thickness of 40 nm. The
intermediate layer was made from Ru and had a film thickness
of 15 nm. The magnetic recording layer was made from
CoCrPt-5Si0; and had a film thickness of 15 nm.

[0041] The obtained film formation substrate was
installed in a film forming chamber of the filament type plasma
CVD apparatus. Ethylene gas was introduced to the film forming

chamber at a flow rate of 40 sccm. DC power of 180 V was applied
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0.7 Present/Present 260 Excellent Comparative2.2 0.9 Absent/Present 220 Poor Example 1

between the cathode filament and an anode. Thermoelectrons
were discharged from the cathode filament, to generate ethylene
plasma. The pressure inside the film forming chamber was 0.53
Pa. A bias voltage of -120 V (to the ground) was applied to
the film formation substrate, to deposit a DLC film thereon.
The anode potential was +60 V. Film formation time was adjusted,
and a DLC film with a film thickness of 2.2 nm was formed, on
condition that the flow rate of the ethylene gas was 40 sccm
and an emission current was 0.50 A.

[0042] In another plasma CVD apparatus of the same type
as the abovementioned plasma CVD apparatus, the surface of the
DLC filmwas nitrided and fluorinated on condition that the flow
rate of the nitrogen gas was 50 sccm, the flow rate of the

tetrafluoromethane gas 40 sccm, and the processing time period

1.0 s.
[0043] The film thickness of the DLC film was measured
using an XRF (X-ray Fluorescence). The composition and depth

profile of the DLC film were measured using an XPS (X-ray
Photoelectron Spectroscopy) . The DLC film consisted mainly of
carbon and hydrogen, and fluorine and nitrogen were present in
regions approximately 0.4 nm deep from the surface of the DLC
film. The film thickness of the DILC film was still 2.2 nm. The
fluorine was added in an amount of 10 at.%. The nitrogen was
added in an amount of 10 at.%.

[0044] A liguid lubricant that mainly contains
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Comparative2.2 0.8 Absent/Present 190 Poor Example 2 2.2 0.7 Absent/Present 170

perfluoropolyether was applied to the protective film obtained
in the manner described above by using a dip method, to form
a lubricating film having a film thickness of 0.9 nm.
[0045] An A1TiC ball with a diameter of 2 mm was slid along
the sample prepared in the manner described above, with a
predetermined load and at a predetermined linear velocity, to
measure how many times the AITiC ball needed to be slid until
the protective film would break. With this sample of the
present example, it took a large count of 320 times to break
the protective film. This result indicates that the sample of
the present example has excellent durability.
[0046] Nitric acid aqueous solution of a predetermined
concentration was dropped on the sample that was prepared in
the manner described above and then extracted, to measure the
amount of Co elution by means of an ICP-MS (Inductively Coupled
Plasma-Mass Spectrometry). The amount of Co elution in the
sample of the present example was as low as 0.012 ng/cm?. This
result indicates that the sample of the present example has
excellent corrosion resistance.
[0047] (Example 2)

In the same manner as Example 1, a protective film with
a film thickness of 2.2 nm was formed. The surface of the DLC
film was nitrided and fluorinated in the same manner as Example
1. The drawing speed of the dip method was adjusted, and a

ligquid lubricant that mainly contains perfluoropolyether was
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Poor Comparative2.2 1.2 Absent/Present 360 Poor Example 4 (electromagn etic conversion
characterist ics worsened)

applied to the protective film to forma lubricating film having
a film thickness of 0.8 nm and a lubricating film having a film
thickness of 0.7 nm.
[0048] An A1TiC ball with a diameter of 2 mm was slid along
each of these samples prepared in the manner described above,
with a predetermined load and at a predetermined linear velocity,
to measure how many times the A1TiC ball needed to be slid until
the protective film would break. With these samples of the
present example, it took a large count of 280 times and 260 times
respectively to break the protective film. This result
indicates that the samples of the present example have excellent
durability.
[0049] (Example 3)

Using the same method as in Example 1, the film formation
time was adjusted, and a DLC film with a film thickness of 2.0
nm and a DLC film with a film thickness of 1.8 nm were formed.
The surface of each of these DLC films was nitrided and
fluorinated in the same manner as Example 1. The fluorine was
added in an amount of 10 at.%. The nitrogen was added in an
amount of 10 at.%.
[0050] A liquid lubricant that mainly contains
perfluoropolyether was applied to the protective film obtained
in the manner described above by using the dip method, to form
a lubricating film having a film thickness of 0.9 nm.

[0051] Nitric acid aqueous solution of a predetermined
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Comparative2.2 0.9 Present/Absent 240 Poor Example 6  Reference2.2 1.2

concentration was dropped on the sample that was prepared in
the manner described above and then extracted, to measure the
amount of Co elution by means of the ICP-MS. The amount of Co
elution in the sample of the present example was as low as 0.017
ng/cm? and 0.025 ng/cm® respectively. This result indicates
that the sample of the present example has excellent corrosion
resistance.

[0052] (Comparative Example 1)

Using the same method as in Example 1, a sample was
prepared on condition that the flow rate of the
tetrafluoromethane gas was 0 sccm and the flow rate of the
nitrogen gas 50 sccm. The film thickness of the DLC film was
2.2 nm. The film thickness of the lubricating film was 0.9 nm.
[0053] The film thickness of the DLC film was measured
using the XRF. The composition and depth profile of the DLC
film were measured using the XPS. The DLC film consistedmainly
of carbon, hydrogen, and nitrogen present 1in a region
approximately 0.4 nm deep from the surface of the DLC film, but
did not contain fluorine. The nitrogen was added in an amount
of 13 at.%.

[0054] An A1TiC ball with a diameter of 2 mm was slid along
the sample prepared in the manner described above, with a
predetermined load and at a predetermined linear velocity, to
measure how many times the AITiC ball needed to be slid until

the protective film would break. With this sample of the
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Present/Present 530 Poor Example 1  (electromagn etic conversion characterist

present comparative example, it took a small count of 220 times
to break the protective film. This result indicates that the
sample of the present comparative example has poor durability.
[0055] Nitric acid aqueous solution of a predetermined
concentration was dropped on the sample that was prepared in
the manner described above and then extracted, to measure the
amount of Co elution by means of the ICP-MS. The amount of Co
elution in the sample of the present comparative example was
as high as 0.034 ng/cm®. This result indicates that the sample
of the present comparative example has poor corrosion
resistance.

[0056] (Comparative Example 2)

The drawing speed of the dip method was adjusted, and a
liquid lubricant that mainly contains perfluoropolyether was
applied to the protective film having a film thickness of 2.2
nm to form a lubricating film having a film thickness of 0.8
nm and a lubricating film having a film thickness of 0.7 nm,
the protective film being formed in the same manner as
Comparative Example 1.

[0057] An A1TiC ball with a diameter of 2 mm was slid along
each of these samples prepared in the manner described above,
with a predetermined load and at a predetermined linear velocity,
to measure how many times the A1TiC ball needed to be slid until
the protective film would break. With these samples of the

present comparative example, it took a small count of 190 times
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Ice worsened) [0073][Table 2] Table 2 Thickness of Protective Film (nm) Thickness of Tuhricating Film
(run) Fluorine/Nitrogen Amount of Co Elution (ng/cm2) Evaluations (Other)

and 170 times respectively to break the protective film. This
result indicates that the samples of the present comparative
example have poor durability.

[0058] (Comparative Example 3)

Using the same method as in Comparative Example 1, the
film formation time was adjusted, and a DLC film with a film
thickness of 2.0 nm and a DLC film with a film thickness of 1.8
nm were formed. The nitrogen was added in an amount of 13 at.%.
[0059] A liquid lubricant that mainly contains
perfluoropolyether was applied to the protective film obtained
in the manner described above by using the dip method, to form
a lubricating film having a film thickness of 0.9 nm.

[0060] Nitric acid aqueous solution of a predetermined
concentration was dropped on the sample that was prepared in
the manner described above and then extracted, to measure the
amount of Co elution by means of the ICP-MS. The amount of Co
elution in the sample of the present comparative example was
as high as 0.040 ng/cm? and 0.055 ng/cm’ respectively. This
result indicates that the sample of the present comparative
example has poor corrosion resistance.

[0061] (Comparative Example 4)

A sample was prepared by repeating the procedure of
Comparative Example 1, except that the film thickness of the
lubricating film was set at 1.2 nm. The film thickness of the

protective film was 2.2 nm.
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Example 12.2 0.9 Present/Present 0.012 Excellent Example 32.0 0.9 Present/Present 0.017 Excellent 1.8
0.9

[0062] With this sample of the present comparative example,
the ALITiC was slid 360 times until the protective film broke.
This result indicates that the sample of the present comparative
example has excellent durability. However, due to the increase
in spacing loss with respect to the magnetic head, the
electromagnetic conversion characteristics had worsened.
[0063] (Comparative Example 5)

A sample was prepared by repeating the procedure of
Comparative Example 1, except that the film thickness of the
DILC film was set at 2.5 nm. The film thickness of the
lubricating filmwas 0.9 nm. Thenitrogen was added in an amount
of 13 at.%.

[0064] The amount of Coelution in the sample of the present
comparative example was 0.028 ng/cm®. This result indicates
that the sample of the present comparative example has excellent
corrosion resistance. However, due to the increase in spacing
loss with respect to the magnetic head, the electromagnetic
conversion characteristics had worsened.

[0065] (Comparative Example 6)

Using the same method as in Example 1, a sample in which
the surface of its DLC film is fluorinated was prepared on
condition that the flow rate of the nitrogen gas was 0 sccm,
the flow rate of the tetrafluoromethane gas 40 sccm, and the
processing time period 1.0 s. The film thickness of the DLC

film was 2.2 nm. The film thickness of the lubricating film
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Present/Present 0.025 Excellent Comparative2.2 0.9 Absent/Present 0.034 Poor Example 1

was 0.9 nm. The fluorine was added in an amount of 13 at.%.
[0066] An A1TiC ball with a diameter of 2 mm was slid along
the sample prepared in the manner described above, with a
predetermined load and at a predetermined linear velocity, to
measure how many times the AITiC ball needed to be slid until
the protective film would break. With this sample of the
present comparative example, it took a small count of 240 times
to break the protective film. This result indicates that the
sample of the present comparative example has poor durability.
This is considered because the lubricating film falls off easily
due to the absence of nitrogen in the surface of the DLC film.
[0067] (Reference Example 1)

A sample was prepared by repeating the procedure of

Example 1, except that the film thickness of the lubricating
film was set at 1.2 nm. The film thickness of the protective
film was 2.2 nm.
[0068] With this sample of the present reference example,
the ALITiC was slid 530 times until the protective film broke.
This result indicates that the sample of the present reference
example has excellent durability. However, due to the increase
in spacing loss with respect to the magnetic head, the
electromagnetic conversion characteristics had worsened.
[0069] (Reference Example 2)

A sample was prepared by repeating the procedure of

Example 1, except that the film thickness of the DLC film was
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Comparative2.0 0.9 Absent/Present 0.040 Poor Example 3 1.8 0.9 Absent/Present 0.055 Poor

2.5nm. The film thickness of the lubricating film was 0.9 nm.
The fluorine was added in an amount of 10 at.%. The nitrogen
was added in an amount of 10 at.%.

[0070] The amount of Coelution of the sample of the present
reference example was 0.008 ng/cm?. This result indicates that
the sample of the present reference example has excellent
corrosion resistance. However, due to the increase in spacing
loss with respect to the magnetic head, the electromagnetic
conversion characteristics had worsened.

[0071] Table 1 shows the numbers of times the AITiC ball
was slid, which were obtained in Examples 1 and 2, Comparative
Examples 1, 2, 4 and 6, and Reference Example 1, as well as
evaluations thereof. Table 2 shows the amounts of Co elution
that were obtained in Examples 1 and 3, Comparative Examples
1, 3 and 5, and Reference Example 2, as well as evaluations

thereof.
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Comparative2.5 0.9 Absent/Present 0.028 Poor Example 5 (electromagnetic conversion characteristics
worsened) Reference2.5 0.9

[0072] [Table 1]
Table 1
Thickness Thickness of Fluorine/Nitrogen | Number of Evaluations
of Lubricating times A1TiC | (Other)
Protective | Film (nm) ball was
Film (nm) slid
(times)
Example 1 2.2 0.9 Present/Present 320 Excellent
Example 2 2.2 0.8 Present/Present 280 Excellent
2.2 0.7 Present/Present 260 Excellent
Comparative 2.2 0.9 Absent /Present 220 Poor
Example 1
Comparative 2.2 0.8 Absent/Present 190 Poor
Example 2
2.2 0.7 Absent/Present 170 Poor
Comparative 2.2 1.2 Absent/Present 360 Poor
Example 4 (electromagn
etic
conversion
characterist
ics worsened)
Comparative 2.2 0.9 Present/Absent 240 Poor
Example 6
Reference 2.2 1.2 Present/Present 530 Poor
Example 1 (electromagn
etic
conversion
characterist
ics worsened)
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Present/Present 0.008 Poor Example 2 (electromagnetic conversion characteristics worsened)
CLAIMS 1. A protective film for a magnetic recording medium, which contains fluorine and nitrogen. 2.
The protective film according to claim 1, wherein the fluorine is present in a region 0.5 nm deep from a
surface of the protective film.

[0073] [Table 2]
Table 2
Thickness Thickness of | Fluorine/Nitrogen | Amount Evaluations
of Lubricating of Co (Other)
Protective | Film (nm) Elution
Film (nm) (ng/cm®)
Example 1 2.2 0.9 Present/Present 0.012 Excellent
Example 3 2.0 0.9 Present/Present 0.017 Excellent
1.8 0.9 Present/Present 0.025 Excellent
Comparative 2.2 0.9 Absent/Present 0.034 Poor
Example 1
Comparative 2.0 0.9 Absent/Present 0.040 Poor
Example 3
1.8 0.9 Absent/Present [ 0.055 Poor
Comparative 2.5 0.9 Absent/Present 0.028 Poor
Example 5 (electromagnetic
conversion
characteristics
worsened)
Reference 2.5 0.9 Present/Present 0.008 Poor
Example 2 (electromagnetic
conversion
characteristics
worsened)
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3. The protective film according to claim 1, wherein the nitrogen is present in a region 0.5 nm deep from a
surface of the protective film. 4. The protective film according to claim 1, wherein the protective film has a
film thickness of equal to or greater than 1.7 nm but equal to or less than 2.3 nm. 5. The protective film
according to claim 1, which is made from amorphgysg garbon. 6. The protective film according to claim 1,
wherein the fluorine and nitrogen are each addedin an amount of 5 to 20 at. %. 7. A magnetic recording

medium, comprising a substrate, a,metahfilm layer placgd onthe.suhstrate, and aprotestivefilm placed

on the metal film layer, wherein the protective film is the protective film described in claim 1. 8. The

magnetic recgrding mediym, aceording tQ;clain /o, yherein a lubricating film is placed on the protective film
and has a film thickness of equal to or greater than 0.6 nm but equal to or less than 1.0 nm. 9.A method

for producingza protegtive filantas amagnetic recording amedjume cCompriging;  wha stephofdeeming the
protective film on a stacked body containing a substrate and a metal film layer formed on the substrate;

and  a steplof plasmea-psogessing the preteetiva fkm in a fluerinesgontaining gasanda of
nitrogen-containing gas.
the protective film.
3. The protective film according to claim 1, wherein the
nitrogen is present in a region 0.5 nm deep from a surface of
the protective film.
4. The protective film according to claim 1, wherein the
protective film has a film thickness of equal to or greater than
1.7 nm but equal to or less than 2.3 nm.
5. The protective film according to claim 1, which is made
from amorphous carbon.

6. The protective film according to claim 1, wherein the

fluorine and nitrogen are each added in an amount of 5 to 20

o°

at.
7. A magnetic recording medium, comprising a substrate, a
metal film layer placed on the substrate, and a protective film
placed on the metal film layer, wherein the protective film is
the protective film described in claim 1.

8. The magnetic recording medium according to claim 7,
wherein a lubricating film is placed on the protective film and
has a film thickness of equal to or greater than 0.6 nm but equal

to or less than 1.0 nm.
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9. A method for producing a protective film for a magnetic
recording medium, comprising:

a step of forming the protective film on a stacked body
containing a substrate and a metal film layer formed on the
substrate; and

a step of plasma-processing the protective film in a

fluorine-containing gas and a nitrogen-containing gas.
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