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TITLE OF THE INVENTION 5 Method of Forming a Protective Film and a
Magnetic Recording Medium Having a Protective Film Formed by the
Method CROSS-REFERENCE TO RELATED APPLICATION 10 This
application is based on, and claims priority to, Japanese Patent
Application No. 2005-232364, filed on August 10, 2005, the contents of
which are incorporated herein by reference. BACKGROUND OF THE
INVENTION 15 1. Field of the Invention The present invention relates to a
method of forming a protective film of a slide-resistant member or a
wear-resistant member, and to a slide 20 resistant member having a

Tlﬁraéf@ww&wmod. In particular, the present invention

relates to a' method of forming a protective film of a magnetic recording
medium, and to a magnetic recording medium having a protective film
formed by the method. 25 A protective film of mainly carbon is used as a

havd i filFouReth $04 PaRstdetine & HuragripaNeaghéic Recording

slide-resistant member or a wear 1 resistant member. In a field of

MedagrettaenogdnBriteetive dilsliFonesddycehe Methedistance is
necessary because of contact between a magnetic recording medium
and a magnetic head. For a protective film of a magnetic recording
medium or a magnetic head, a film mainly comgiosed of

CROSS-REFE CE TO RELATED APPLICATION

This application is based on, and claims priority to, Japanese Patent
Application No. 2005-232364, filed on August 10, 2005, the contents of

which are incorporated herein by reference.
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a method of forming a protective film
of a slide-resistant member or a Wear-resistant member, and to a slide-
resistant member having a protective film formed by the method. In
particular, the present invention relates to a method of forming a protective
film of a magnetic recording medium, and to a magnetic recording medium

having a protective film formed by the method.

A protective film of mainly carbon is used as a hard coating film used

for constituting a surface portion of a slide-resistant member or a wear-
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5 carbon (hereinafter referred to as "a carbon film") is used. A carbon
protective film is composed of diamond-like carbon (DLC), tetrahedral
amorphous carbon (ta-C), amorphous carbon (a-C) or the like. Among
them, a DLC film is suited for a surface coating film owing to 10
smoothness and high hardness of its surface. Known methods of forming

s R R R SRR SRR R B e
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om hydrocarbon radicals, tends to have a rigid three-dime

maBiEhe Ferlorl Ry eived faraUsh dh hyaage hetich PingseRmiytk®mposed of

Superiority. For this reason, a protective film in a magnetic recording

carbmli(ietoteyftecoofonsat tofaes P& ¥axbardil i) is naaitular, a DLC
film. Although a p-CVD carbon film is beneficial in durability and corrosion
25 resistance, for restraining gas adsorption on the surface of the
protective film, the p-CVD carbon film has been unfavorable, because
hydregshaxipiniestivaidBuincovippsgdofdiampndihkesasban (DLO),

adsorption site for gas such as SO2, To restrain gas adsorption on a )
tetreg}%ir@gf}aa&&hwmﬁ%rmaaé@w _azrb@ﬁﬁl&meqaemaméaa@)é%@e like.
Arrgésfflgoﬁ?grﬁ], %af?ﬂ?f%ﬁﬁt?smsgﬂgéapo'rngdsurface coating film owing to

smoothness and high hardness of its surface.

Known methods of forming a carbon film include a sputtering method,

a plasma CVD method, and so on.

A carbon film formed by a plasma CVD method (hereinafter referred to
as “p-CVD carbon film”), as compared with a carbon film formed by a
sputtering method, is denser and harder, and so, superior in durability and
corrosion resistance. The p-CVD carbon film, being formed from
hydrocarbon radicals, tends to have a rigid three-dimensional tetrahedral
structure through the hydrogen, which brings about the superiority. For this
reason, a protective film in a magnetic recording medium today is composed

of a p-CVD carbon film, in particular, a DLC film.

Although a p-CVD carbon film is beneficial in durability and corrosion
resistance, for restraining gas adsorption on the surface of the protective film,

the p-CVD carbon film has been unfavorable, because hydrogen existing on
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Publication No. Hei9-128732, in which a carbon film deposited by
sputtering is laminated on a p-CVD carbon film, and a method disclosed in
Japanese Patent Unexamined Publication No. 2004-288327, in which the
surface of a p-CVD carbon film is subjected to plasma treatment under an
10 atmosphere of mixed gas of rare gas and oxygen. However, the

e S RS CUBTRRSHALAHR BA B RSP B s

as g@j)tective film. This is undesirable because, in a magnetic 15 recording
medium, for example, the thick protective film increases a magnetic
spacing that is a spacing between a magnetic recording layer of the
magnetic recording medium and a read/write element of a magnetic head,

aTtbdegiades wadaddtsrpeidervangsutfaanothpratekiare Rlragytiedes have

additional manufacturing step of the plasma treatment after deposition of a
beeAtjo inchudon glamsitihvodARycisddmn | Ragznese P atdgbildhtreamined

above-described problems, an object of the present 25 invention is to
Pubiceidera moaideishaty 4 bromsrhicin eathesblne descsitessn

while preserving durability and corrosion resistance of a p 3 CVD carbon .
SPUHiRTIARMIHBBRCS 81 MDhibRisashrs filih sRgrtfacibeiHgclosed in

medium,that has a protective film formed by such t revent
Tap RS L RS R MG ERPLB D a AR Ate I WHICh the
sur a%refocr)?gnﬁ:?(iVD carbon film is subjected to plasma treatment under an

atmosphere of mixed gas of rare gas and oxygen.

However, the method in which a carbon film deposited by sputtering is
laminated on a p-CVD carbon film involves a problem of increased
thickness of the protective film. This is undesirable because, in a magnetic
recording medium, for example, the thick protective film increases a
magnetic spacing that is a spacing between a magnetic recording layer of the
magnetic recording medium and a read/write element of a magnetic head,
and degrades read/write performance. It is another problem to require an
additional manufacturing step of the plasma treatment after deposition of a

p-CVD carbon film.
SUMMARY OF THE INVENTION
In light of the above-described problems, an object of the present

invention is to provide a method of forming a protective film that restrains

gas adsorption while preserving durability and corrosion resistance of a p-
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5 To achieve these objects, a method of the invention deposits a
protective film of a slide-resistant member by means of a plasma CVD
method using a raw material of hydrocarbon gas, wherein a bias voltage
higher than -500 V is applied to the slide-resistant member in an initial
stage 10 of depositing the protective film, and a bias voltage of -500 V or

wer s - apglied i;a final iti [ ' -

OV o B R YR BT S RO ) ST pagneric
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invention comprises a magnetic recording layer and a protective film that
preleivried ke dfeiwsieinsgaeboyad dknibriaaRtaveMoread / write

forms a protective film to restrain gas adsorption while preserving
perfomatilitgeand corrosion resistance of a p-CVD carbon film, and thus

providing a good slide-resistant member or a good wear-resistant

member. 25 Further, the invention provides a magnetic recording medium

that exhibits the durability, corrosion resistance, and reduction of gas

adeorpEbicyeithassRBIgHswarBnathedaddlhe Anvestr dsnasysm

preferred embadiment of the present invention will be described with
ProfeRRR LBt & Biﬁp%@?}ﬁ%@"réﬁ%?@&l RS Siighasmad— VD

method using a raw material of hydrocarbon gas, wherein a bias voltage

higher than -500 V is applied to the slide-resistant member in an initial stage
of depositing the protective film, and a bias voltage of -500 V or lower is

applied in a final stage of deposition.

A proportion of time duration of the final stage is preferably at most

25 % of the total time for depositing the protective film.

A magnetic recording medium of the invention comprises a magnetic
recording layer and a protective film that is formed by the method defined

above.

The method of invention forms a protective film to restrain gas
adsorption while preserving durability and corrosion resistance of a p-CVD
carbon film, and thus providing a good slide-resistant member or a good

wear-resistant member.

Further, the invention provides a magnetic recording medium that

exhibits the durability, corrosion resistance, and reduction of gas adsorption

4
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5 made about an example of magnetic recording medium, a method of
forming a protective film of the invention shall not be limited to a magnetic
recording medium, but also is applied to forming a p-CVD carbon film for a
slide-resistant or wear-resistant member in general. 10 BRIEF
DESCRIPTION OF THE DRAWINGS Fig. | is a schematic chart

st R R A o 15 i, 2

is a schematic sectional view illustrating an example of a structure of a
magnetic recording medium according to the invention. DETAILED

DES @RI ed &hbidtEdevE NT IAY glekin td vietitien anbenmsdfibed with

structure of a magnetic recording medium according to the invention, and
refasensetenthticaasiond nigin @ idra vexegs plddflrdughitdesatiptagnewdll be
recording medium. The magnetic recording medium comprises a
madgtahow anaexaneply ok magnetiaeosrbimng iadibasubsnathod of
including an underlayer 2, an intermediate layer 3, a ma?,netjc recording )
formairg 4 Bretecive&ive ahilae @hVﬁiét&&égﬂlé nRt Be limitsckta@apagnetic

6 is.formed. A material qf mainly carbgn is favorably use the
reCQRBETRHE R NS REAEH or MR A ekl ey film for a
. tetrahe(f*lral . .
slide-resistant or wear-resistant member in general.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic chart illustrating a relation between bias voltage
applied to a substrate and elapse of time during a process of forming a

protective film; and

Fig. 2 is a schematic sectional view illustrating an example of a

structure of @ magnetic recording medium according to the invention.
DETAILED DESCRIPTION OF THE INVENTION

Fig. 2 illustrates an example of structure of a magnetic recording
medium according to the invention, and is a schematic sectional view of an
example of a longitudinal magnetic recording medium. The magnetic
recording medium comprises a substrate 1, and the layers sequentially
formed on the substrate 1 including an underlayer 2, an intermediate layer 3,

a magnetic recording layer 4, and a protective film 5. On the protective film
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5 amorphous carbon (ta-C), amorphous carbon (a-C) and the like. The
DLC is preferable because it is dense, hard, and suited for mass
production. Nitrogen or hydrogen can be added for the purpose of
adjusting the bonding characteristic to the lubricant layer and hardness of
the DLC film. 10 A protective film 5 is formed by a so-called plasma CVD

5, a@ﬁmgggtrg%;.eys&%i #P&g position process is a mixture of a discharge

gas an material'gas. The raw material gas is preferably a
hydrocarbon gas such as acetylene, ethylene, or methane. When
nitrogen or hydrogen is to be added, a gas containing the element is

fusheideetigledf hgidisceaitvaas fhloRibieraBbdferesaprotdtave film 5,

argon, krypton, or xenon. The gas in the deposition process is preferably
andatarptesseteated. frémtd idherfdbinkib earieon¢ibo S atetita ¢ dral

discharge and deposition speed. The flow rate of the gas is approximately

amarpieonas ga o $aef oaroosehowsepariivm(@nChandithelde. The DLC

deposition chamber and the capability of evacuation system. 20 The

is ppedskiable becaksedtids Senspldadasng e foromass Eirdction
. V) to a hollow, cathode, and a semi-fabricated article having, layers up. to.a .
NitFAFEH A LAFORETIAAR DB AR IR HD S BATEDRS bt ik bonding
film 5. In.the stage of.forming the outermost layer of 2 otective film,
cha R R TS AT o e Wi Rage
is 500 V or higher) is applied to the substrate 1. This process 6 restrains
gas adsorption on the protective film.

A protective film 5 is formed by a so-called plasma CVD method. A
gas used in the deposition process is a mixture of a discharge gas and a raw
material gas. The raw material gas is preferably a hydrocarbon gas such as
acetylene, ethylene, or methane. When nitrogen or hydrogen is to be added,
a gas containing the element is further included. The discharge gas is
preferably a rare gas such as argon, krypton, or xenon. The gas in the
deposition process is preferably at a pressure of 0.1 Pa to 10 Pa from the
viewpoint of stability of discharge and deposition speed. The flow rate of
the gas is approximately in the range of 10 sccm to 100 sccm depending on

the volume of deposition chamber and the capability of evacuation system.

The plasma is generated for example, by applying a high voltage (about
1,000 V) to a hollow cathode, and a semi-fabricated article having layers up
to a magnetic recording layer 4 is placed in the plasma to deposit a
protective film 5. In the stage of forming the outermost layer of the
protective film, a negative bias voltage at -500 V or lower (absolute value of

the voltage is 500 V or higher) is applied to the substrate 1. This process
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Fig. 1 is a schematic chart illustrating a relation between bias voltage
applied to a substrate and elapse of time during a process of forming a 5
protective film, in which the dotted line shows a state at a floating potential
and the solid line shows a state at a negative bias voltage applied to the
substrate 1. In this example, the total time of deposition of the protective

e J %ﬁ%] liq].mta(?% deposition, the potential of
restt Hgds% sét)‘?ds‘te(\cafls o%i%z%tgfgcnéa, and In iﬁie uration from 1.75 sec after

10 the start of deposition to the end of deposition of the protective film, a
bias voltage of -750 V is applied to the substrate. In the earlier stage of

denigsition, & schathadcbohditmikidanesigthatcddation beteptarobithevoltage
substrate of higher than -500 V. At this potential, a 15 proper quantity of
apphetiacaebsubsittgsain dtlapseedfitioibe priivha grboestiof Asrening a
result, the film tends to have a rigid three-dimensional tetrahedral ‘
progeattuadiliigughwindlydheydotmd lengshowdim dsfaate deatmgmpotential
hard exhjhiting excellent durability and corrosign resistance. This__effect is
andn{be spdidiiae: Shaan e Hais pharageatvgiagaplegeanpliedie the

state of the substrate at a floafing potential, a self-bias, potential is applied .
Sub3H i don DG PP W DERIEHPoR ARG P BBl Protective

conditions, and,thesu te potential can pe at an, appropriate potential ..
it R O S et O P AL DB R Rrfp e BOtential of

f, G il t - iy i
elBYBARC 3 NSRS, WAL SR APIRN 9 s e
the @5 PEEAEAISIfion to the end of deposition of the protective film, a bias
voltage of -750 V is applied to the substrate.

In the earlier stage of deposition, a p-CVD carbon film is deposited at a
bias potential on the substrate of higher than -500 V. At this potential, a
proper quantity of hydrocarbon radicals is introduced into the p-CVD
carbon film. As a result, the film tends to have a rigid three-dimensional
tetrahedral structure through the hydrogen. Therefore, the film is formed
dense and hard exhibiting excellent durability and corrosion resistance. This
effect is more significant when the bias potential is higher than -100 V. In
the state of the substrate at a floating potential, a self-bias potential is applied
and autonomic bias control works corresponding to the deposition
conditions, and the substrate potential can be at an appropriate potential

higher than -100 V. Therefore, the floating potential is particularly favorable.

When the outermost layer of the p-CVD carbon film is deposited in the

final stage of deposition of a protective film, the substrate bias potential is
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made -500 V or lower. This process reduces quantity of hydrogen in the
outermost layer and leads to reduced quantity of gas adsorption. A bias
voltage higher than -500 V weakens the effect of decreasing the
hydrogen. Time duration to apply the bias voltage of -500 V or lower is
preferably at 5 most 25 % of the total time of protective film deposition. If

ma LA S RS R YRR T G Een Jp e
outBPAYGSHTAGER U AR 0 RARIERPRIBHIFNB FUBSRIOIDAGHNCA bias

case of an’insulator substrate, the bias Voltage can be applied to a semi

voltabeoaigt értitiarm300ah ¢/erkeaivehtmffede 6F dedredsinghticchseidgen.

bias electrode is touched to the magnetic recording layer to apply a bias
Tinvelthgeatodhetoagpdtictterbids g ddyegclof THOR Hsoel candra genefaradly at

by a commonly used method, including an RF method (13.56 MHz) and a
mofitadfeliv wEthaitataltiene af preitestine fiblodepabitemetfibanger than

thickness of the protective film 5 is preferably in the range of 1 nmto 205
¥ iclsnapsohaghatiser asidiag Bl eargnsrse skegiading durability
m cannot achieve sufficieng reliability of dutability and corrosion
an §§§f9f§é@%§@9§%‘ﬂ%& &EQ%W#EII ice. On the other hand, a

thickness more than 5 nm results in too remote distance between the
outermost surface of the magnetic recording layer 4 and a read/write

SIE Rt Yribee AEIGPEBR2A BiGRANEE LW AR i substrate. In

the case of an insulator substrate, the bias voltage can be applied to a semi-
fabricated article on which a protective film is to be formed. In that case, a
bias electrode is touched to the magnetic recording layer to apply a bias

voltage to the magnetic recording layer.

The plasma can be generated by a commonly used method, including
an RF method (13.56 MHz) and a filament method (tungsten) as well as the

hollow cathode method.

A thickness of the protective film 5 is preferably in the range of 1 nm to
5 nm when used in a magnetic recording medium. A thickness less than 1
nm cannot achieve sufficient reliability of durability and corrosion resistance
needed by a magnetic recording device. On the other hand, a thickness
more than 5 nm results in too remote distance between the outermost
surface of the magnetic recording layer 4 and a read/write element of a

magnetic head to enhance recording density.
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A lubricant layer 6 can be formed after forming the protective film 5. In
addition, a post-treatment such as a tape cleaning treatment, can be
conducted. 5 The lubricant layer 6 can be formed of a known material, for
example, a liquid lubricant of perfluoropolyether. Thickness and other
conditions of the lubricant layer 6 can be the same as the conditions

employed in normal magnetic recording media. 10 The tape cleaning
b B B B8, IR o R, N AP ARG Glon 5. In

recordin mef'a. For example, a tape with abrasive particles is pushed
addy i RS A R Sl Rg SR B M UE AR s e
co %l% urface of the medium. Treatment conditions can be adjusted
considering performance of the magnetic recording medium. 15 The

substrate 1 can be composed of a NiP-plated aluminum alloy, chemically
strengthened glass, or crystallized glass, which are used in normal

magRelishcaiding yeediac 2R Bedortedayenaentvbr seaeeRad Rivexample,

chromium alloy. Several layers can be laminated varying compositions for

a lithd pliuinsead rufypettuaiopobyetheninBaidmessyad|atlaér soeditions of
lattice matching. The intermediate layer 3 can be composed of a CoCr

the dubyrioantlayes fhuea tohmpic\eaime maitbesinyd 8 its eayplerieed in normal

recording layer 4 can be formed of a CoCrPt alloy.
magnetic recording media.

The tape cleaning treatment can be carried out by a method employed
in normal magnetic recording media. For example, a tape with abrasive
particles is pushed against a rotating magnetic recording medium to move
around on the whole surface of the medium. Treatment conditions can be

adjusted considering performance of the magnetic recording medium.

The substrate 1 can be composed of a NiP-plated aluminum alloy,
chemically strengthened glass, or crystallized glass, which are used in

normal magnetic recording media.

The underlayer 2 can be composed of a chromium alloy. Several layers
can be laminated varying compositions for the purpose of magnetic

alignment, minimization of crystal grain size, and lattice matching,.

The intermediate layer 3 can be composed of a CoCr alloy or

ruthenium to improve thermal stability.
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Several layers can be laminated varying compositions to improve
read/write performance. 5 Some specific examples according to the
invention will be described in detail in the following. Example 1 A
magnetic recording medium was produced in the structure illustrated 10
in Fig. 2 except that the lubricant layer 6 was not formed. Substrate 1 was

a disk of a NiP-plated alyminum alloy havi diametey, of 95 angd a

i RRRAGRED? Tt RHBELBNRE T BLHOTERE S Al AloX.

sputtering apparatus and a Criio underlayer 15 2 was deposited using a .
ey LA T i A e TS R o e R P G/ write
perfg? I cent of the element following the numeral, i.e., 20 at% of

molybdenum and the balance of chromium. The notation is valid in the

descriptions below.) Subsequently, a ruthenium intermediate layer 3 was
deposited using a ruthenium target. The sum of the thicknesses 20 of the

urgisiiRyspecafid theaniplecd@iordyapsIvascl inen GobsedUadiécribed in

CoCrPtB magnetic recording layer 4 was deposited to a thickness of 18
detaihinsing foldogeimg Co25Cr12Pt3B. After that, a DLC protective film 5
having a thickness of 4.0 nm was 25 formed using a hollow cathode

plasma CVD apparatus. Discharge gas was argon at a flow rate of 40
sccm, and raw material gas was acetylene at a flow 10 rate of 40 sccm;
Exampifeksure was 0.5 Pa. Discharge current was adjusted so

A magnetic recording medium was produced in the structure illustrated

in Fig. 2 except that the lubricant layer 6 was not formed.

Substrate 1 was a disk of a NiP-plated aluminum alloy having a
diameter of 95 mm and a thickness of 1.27 mm. After cleaning, the
substrate was introduced into a sputtering apparatus and a CrMo underlayer
2 was deposited using a target of Cr20Mo (in which the numeral omitting a
unit symbol represents atomic percent of the element following the numeral,
i.e., 20 at% of molybdenum and the balance of chromium. The notation is
valid in the descriptions below.) Subsequently, a ruthenium intermediate
layer 3 was deposited using a ruthenium target. The sum of the thicknesses
of the underlayer 2 and the intermediate layer 3 was 12 nm. Subsequently, a
CoCrPtB magnetic recording layer 4 was deposited to a thickness of 18 nm

using a target of Co25Cr12Pt3B.

After that, a DLC protective film 5 having a thickness of 4.0 nm was
formed using a hollow cathode plasma CVD apparatus. Discharge gas was

argon at a flow rate of 40 sccm, and raw material gas was acetylene at a flow

10
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that the film thickness became 4.0 nm after deposition for 2.0 sec. Bias
voltage applied to the substrate had the scheme as in Fig. 1. The 5
substrate bias voltage was at a floating potential during 1.75 sec from the
start of deposition. The substrate potential was about -10 V in this period.
In the period from the time 1.75 sec to 2.0 sec, a substrate bias voltage of

ratc 5 AL SHEREIAS BADL ol e R G130 D S AR ARl ted so
R if . i
B A R O ZRe 15

The amount of gas adsorption was measured for 3 min by detecting SOS3-
ions using a time-of-flight secondary ion mass spectroscopy instrument

(EsSIVva gétapieHeda dhehensanstateaesdint eeliemid #9in Fig. 1. The

atmosphere at a temperature of 23C, relative humidity of 50 %, and SO2
subgaatedneseliageiat ppa ftodfidy. pdentessdiermegtlrésuled itom the

about 20 1,050 counts, which was a low and favorable value. The amount
stardfodfpdefiosiéanwakhaeadhstaispotamadlovassihizutcd ONaterithist period.

ball was AITiC having a diameter of 2 mm. The load was 5 mN and

In theapeyeddsamdbedoms . TRsambuA: Biskeanstuhstmic bnprsritags of -
film was measured gfter 3 min of sliding, using an optical surface . . )
75O as A PE a0 AN ALY PlTRL S B o, AeprSstigRcin which

the stﬁggflr%tte bias voltage was applied was 0.25 sec.

Amount of gas adsorption and amount of specific wear were measured
on the magnetic recording media having the protective film formed as

described above.

The amount of gas adsorption was measured for 3 min by detecting
SO;s- ions using a time-of-flight secondary ion mass spectroscopy instrument
(TOF-SIMS) after leaving the magnetic recording medium in an atmosphere
at a temperature of 23°C, relative humidity of 50 %, and SO, gas
concentration of 0.1 ppm for 10 hr. The measurement resulted in about

1,050 counts, which was a low and favorable value.

The amount of specific wear was measured using a ball-on-disk device.
Material of the ball was AlTiC having a diameter of 2 mm. The load was 5
mN and rotating speed was 100 rpm. The amount of wear of the DLC
protective film was measured after 3 min of sliding, using an optical surface

inspection apparatus. The measurement resulted in a value of specific wear

11
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of 0.6 x 1 D-' mm3/(N-m), which was a small and favorable value.
Experimental Example 1 Magnetic recording media were produced in the
same manner as in 5 Example | except that the substrate bias voltage and
application time of the bias voltage in the final stage of deposition were
varied within certain ranges while the total time of forming a DLC

of GRSt MU JIRGARR st ST RSl R AR S e

stage of deposition using these media. 10 The resulted amounts of gas
adsorption on the magnetic recording media are given in Table 1, and the

Exﬁéﬂﬁw@ﬂ)@gﬁﬁéﬁ@ fire given in Table 2. The substrate bias voltage

application time in the Tables represents a time duration from the start of

afvligaieri ofrecoRbirptaiietyoliege padtritbEid the siaseshahner as in

depositing a protective film as illustrated in Fig. 1. Referring to Table 1,
Examglandievepdtleatrtvasishftgate drissrptidta gesandaaphiieatiomtsme of the
have been obtained by applying substrate bias voltages of -500 V and
biapweltagaingbe finalystags ohdepeslanfiwero varied iwithposestain ranges
process when a negative substrate bias voltage is aaé)plied in the final

whilg dbe tatdlddmsnOh fanmangracii &npiateatixealiBamarwasdizedrto 2.0 sec.
-500 or lowey. Referri toP’ ble 2, small and favorable values of specific .

Stuglizs waeedans o s et AEsHRTAa AR BEs hd ABRHcation

timtagotg i}é‘;@% {g‘fz ?rlf%géee SePRTEs AT vlede YE5 kTS QPR h e dia,

The resulted amounts of gas adsorption on the magnetic recording
media are given in Table 1, and the values of specific wear are given in
Table 2. The substrate bias voltage application time in the Tables represents
a time duration from the start of application of a substrate bias voltage to the

end of a process of depositing a protective film as illustrated in Fig. 1.

Referring to Table 1, small and favorable amounts of gas adsorption
less than 2,000 counts have been obtained by applying substrate bias
voltages of -500 V and lower. Hydrogen hardly enters into the DLC film
during its deposition process when a negative substrate bias voltage is
applied in the final stage of deposition, and this effect is enhanced by a

substrate bias of -500 or lower.

Referring to Table 2, small and favorable values of specific wear of less
than 1.0 x 10-" mm®/(N-m) have been obtained when the application time of

the substrate bias voltage was 0.5 sec or shorter out of total deposition time

12



12 of 2.0 sec. Application of a substrate bias voltage of -500 V or lower
gives excessively high energy to the ions falling onto the substrate, which
rather unfavorably deteriorates denseness of the film. Accordingly, in the
stage of forming a main portion of the protective film, the substrate bias
voltage is 5 preferably higher than -500 V, more preferably at a floating

of SR B LRl LT o R LT IaRTBs eives
ex A D ] AP B e

sorpt strate bias substra cation timebiag potentia

unFM%i%@eYe%%é@@éﬁé&%é’dﬂﬁé‘ﬁmﬁﬂ’3AQ<%¥9inflgly in the stage of
sec-3,1001,8901,3501,130 0.25 sec4,3002,9001,4801,050970 .50
foraet g, 80RTh A QRACRIH df0heasratd&iDP2 o0, kiv® sebstRie-bias voltage is
preferably higher than -500 V, more preferably at a floating potential or -100
V or higher. Time duration of applying a substrate bias voltage of -500 V or
lower in the final stage of deposition is preferably 25 % or shorter of the total

time of film deposition.

13



stibrératd ldasation for substrate biasibgpdication of 0.25 sec. The bias
appbitagerofithe uration of 0.25 sec wabiappliegstiahe time from 1.25 sec
to 1.5 sec or from fib@timmec o 1.250d all thesé@iré be|ng 50 the start1,000 V
of deposition. Qthpotential
none 4 300
0.10 sec - 3,100 1,890 1,350 1,130
0.25 sec 4,300 2,900 1,480 1,050 970
0.50 sec - 2,800 1,300 990 910
1.00 sec - - 1,100 920 860
1.50 sec - - - 920 -
5 Table2 Amount of specific wear [mm®/(N-m)]
substrate bias substrate
application time bias potential
floating 250V 500V -750V -1,000 V
potential
none 0.5 x 10-7

0.10 sec - 0.5 x 10-’ 0.5x 10- 0.5 x 10- 0.5 x 10-
0.25 sec 0.5 x 10-/ 0.5 x 10- 0.6 x 10-/ 0.6 x 10- 0.7 x 10
0.50 sec - 0.6 x 10- 0.7x10-7 | 0.8x10- 0.9 x 10-
1.00 sec - - 1.1x10- 1.3 x 10 1.6 x 10
1.50 sec - - - 1.7 x 107 -

10

5 Table 2 Amount of specific wear [mm3/(N-m)] substrate bias substrate
application timebias potential floating -250 V-500 V-750 V-1,000 V

potential none0.5 x 10' 0.10 sec-0.5x10-'0.5x10-'0.5x10-'0.5x10-' 0.25
sec0.5x10'0.5x10-'0.6x10'0.6x10-'0.7x10" 0.50
sec-0.6x10-'0.7x10-'0.8x10'0.9x10-" 1.00 sec--1.1x10-'1.3x10-'1.6x10' 1.50
sec---1.7 x 10'- Comparative Example 1 Substrate bias voltage was

applied in a midway of the process of 10 forming a protective film, and

TaBfesIot

ﬁﬁtrbtf‘

protectlve 1m. Prote tIV

of total deposi

}é(\?e re

%‘ﬁ e termost layer of the
p03|te with the fixed parameters

jon time of 2 0 sec, substrate bias voltage of -750 V., and

Comparative Example 1

Substrate bias voltage was applied in a midway of the process of

forming a protective film, and was not applied in the stage of forming the

outermost layer of the protective film.

Protective films were deposited with the fixed parameters of total

deposition time of 2.0 sec, substrate bias voltage of -750 V, and time

14




10

conditions are the same as in Example 1. 5 Amount of gas adsorption on
the thus produced magnetic recording media was measured in the same
method as in Example 1, resulting in large values higher than 2,000
counts. Because the gas adsorption depends on the properties of the
outermost surface of the DLC film, an effect to restrain gas 10 adsorption

oo A S PR o S o
a1 S EREB ATl Y 25198508 Mo o
0.75gertd of AP NEHEN 2 RETVHEILHIBEHEFOsiBhY ©ther

applied to the slide-resistant member in an initial stage of depositing the

coneleiegiyvaidrtherdmbias irpExaempteOp V or lower is applied in a final
stage of deposition. 10 2 The method of forming a protective film

according to claim 1, wherein a proportion of time duration of the final
stage of forming th;ﬁgotec_tive film is at most 25 % of a total time of the
prbeesyiotiofngag astsqrptipaveritihc thus produced magnetic recording

media was measured in the same method as in Example 1, resulting in large
values higher than 2,000 counts. Because the gas adsorption depends on the
properties of the outermost surface of the DLC film, an effect to restrain gas
adsorption cannot be obtained if a negative substrate bias voltage is not
applied at the time of depositing the outermost surface region of the DLC

film.
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3 A magnetic recording medium comprising a substrate, a magnetic
recording layer on the substrate, and a protective film formed by means of
plasma CVD process using a raw material of hydrocarbon gas on the
magnetic recording layer, wherein 20 a bias voltage higher than -500 V is
applied to the substrate in an initial stage of depositing the protective film,
CL ias voltage of -500 V or lower is applied in a final stage of
osition. 4 A magnetic recording medium according to claim 3, wherein
25 a proportion of time duration of the final stage of forming the protective
film is at most 25 % of a total time of the process of forming the protective

WHiEisl8laimed is:

1 A method of forming a protective film of a slide-resistant member
by means of plasma CVD process using a raw material of hydrocarbon gas,
wherein a bias voltage higher than -500 V is applied to the slide-resistant
member in an initial stage of depositing the protective film, and a bias

voltage of -500 V or lower is applied in a final stage of deposition.

2 The method of forming a protective film according to claim 1,
wherein a proportion of time duration of the final stage of forming the
protective film is at most 25 % of a total time of the process of forming the

protective film.

3 A magnetic recording medium comprising a substrate, a magnetic
recording layer on the substrate, and a protective film formed by means of
plasma CVD process using a raw material of hydrocarbon gas on the
magnetic recording layer, wherein

a bias voltage higher than -500 V is applied to the substrate in an initial
stage of depositing the protective film, and a bias voltage of -500 V or lower

is applied in a final stage of deposition.

4 A magnetic recording medium according to claim 3, wherein
a proportion of time duration of the final Stage of forming the protective film

is at most 25 % of a total time of the process of forming the protective film.
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