1 DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM MANUFACTURI NG METHOD AND LAM NATE
MANUFACTURI NG METHOD Technical Field 100011 This invention relates to a
met hod of manufacturing a nmagnetic recordi ng medi um and a net hod of

manuf acturing a | am nate. Background Art [0002] Nowadays, the information
recordi ng techni que, particularly the q‘agneti c recordi ng techni que,
requires a radical technological innovation follow ng the devel opnent of
the IT industry. For nagnetic disks adapted to be nounted in magnetic disk
apparatuses such as HDDs (hard disk drives), there is required a technique
capabl e of achi eving an informati oDESECBIRITION density of 60Ghit/inch2 to
100Ghit/inch2 or nore. Hitherto, in a magnetic disk, a magnetic | ayer
adapted to record information is provided on a nonmagneti c substrate and,
on the magnetic layer, there are rowdedaB&otectlve | ayer for protecting

the nmagneticMAGH TéGCRECQRPIINZCa R UM MANUEAG BB GMEAHGD ce froma

flying nmagnetic head. FurpA\B en proposed a nethod
of formng a protecti ve Y4 @AT@R@@E@%AJ@@W%HB& ensuring the wear
resi stance and sliding properties of a magnetic disk (see, e.g. Patent
Docunent Pat ent Docunent 1: International Publication No. 99/014746

Panmphl et E ﬁ' OSH.I_’. Ggf the I nvention Problemto be Solved by the Invention
[ 0003] 2 &FE ne?l di sks, a demand for an increase in recording density

has [0001]

This invention relates to a method of manufacturing a magnetic
recording medium and a method of manufacturing a laminate.
Background Art

[0002]

Nowadays, the information recording technique, particularly the
magnetic recording technique, requires a radical technologica!l innovation
following the development of the IT industry. For magnetic disks adapted to be
mounted in magnetic disk apparatuses such as HDDs (hard disk drives), there
is required a technique capable of achieving an information recording density of
60Gbit/inch? to 100Gbit/inch? or more. Hitherto, in a magnetic disk, a magnetic
layer adapted to record information is provided on a nonmagnetic substrate and,
on the magnetic layer, there are provided a protective layer for protecting the
magnetic layer and a lubricating layer for reducing interference from a flying
magnetic head. Further, there has heretofore been proposed a method of
forming a protective layer by a plasma CVD method for ensuring the wear
resistance and sliding properties of a magnetic disk (see, e.g. Patent Document
1).

Patent Document 1: International Publication No. 99/014746 Pamphlet
Disclosure of the Invention
Problem to be Solved by the Invention

[0003]



been becom ng stronger year by year. In the demand for the increase in
recording density in recent years, various approaches have been made. As
one of them it is required to reduce the distance (magnetic spacing)
between the center, in a thickness direction, of a magnetic |ayer of a
magnetic disk and a recording/reproducing el enent of a magnetic head for
inproving the SINratio of a recording éignal by i nproving the spacing

| oss. For exanple, in order to achieve @n information recording density of
60CGhitfinch2 or nore, it is required to reduce the nmagnetic spacing to 20nm
or less. [0004] Herein, taking into account the distance fromthe surface
of the magnetic digknagnetihaisienadenandtforan incidaseds regardipgidensity hahe
magnetic |ayer, the flying height of the gnetic head is currently set to
1 Onm or | esRe4iHReUCRISY STORGATYAEF DY 48AG b NG FRIPERR 1QTdn@increasA’D. Furt her

wh he flyi 1ei ght _.of. th i ¢ head | I , th
1373 possi by 1Ry Skfn et SRR Vit o RBS RV Re TR R aet
bet veen the gRgBekL, A8MAUISILY FedRANRb Wistarteinfelc SplangPidiubae 111 oht

unst abl e or even a sérious emthat conta i on occurs on a

recor di ng/ r efheQiéintdrnig £IhRIKRBSs BREdtioRNoP4 ndiPetidRGBLE] £ mpetic isdianall e
recordi ng/ reproduction. Therefore, studies have been perforned to reduce

t he thi cknesseesrdifig/eepodiciag eleendnbgba negphetio head ferimpralény thet Siblenatio loé
magnetic |ayer and the di sk surface. [0005] However, if, for exanple, the
t hi ckness of atregorgingsianal by imprpyingithe spaging lossedfieeexample, Froger toi es

necessary for the protective |ayer canngt sured. For .exanpl.e, in the
case where udgigwe HE?f%*OPH@C%’ﬂWéf%W%Ofgﬁg'ﬁ'wﬁgaf Mg, feRuired whi ch a
| ayer cont ai i 0 nitr n j vin adhesion to a

Iu)l:/)ri cating {ba@g}"g?y%f@?@g%'ca%pﬂcﬁgetguéogbn%g&%urfgce of a hydrocarbon

protective film ip @qu t hi ckness of the hydrocarbon protective filmis 3
si nply reduced, SJ ?lcient wear resistance and sliding properties cannot be
Herein, taking into account the distance from the surface of the

magnetic disk to the center in the thickness direction of the magnetic layer, the
flying height of the magnetic head is currently set to 10nm or less and thus a
further reduction thereof is difficult. Further, when the flying height of the
magnetic head is set to 10nm or less, there is a possibility of occurrence of a
problem that intermittent contact between the magnetic head and the magnetic
disk occurs to make the flight unstable or even a serious problem that
contamination occurs on a recording/reproducing element portion of the
magnetic head to disable recording/reproduction. Therefore, studies have
been performed to reduce the thicknesses of a protective layer and so on
provided between the magnetic layer and the disk surface.

[0005]

However, if, for example, the thickness of the protective layer is simply
reduced, the properties necessary for the protective layer cannot be ensured.
For example, in the case where use is made, as the protective layer, of a
structure in which a layer containing carbon and nitrogen for improving
adhesion to a lubricating layer is formed at the outermost surface of a

hydrocarbon protective film, if the thickness of the hydrocarbon protective film is



ensured. On the other hand, if the thickness of the |ayer containing carbon
and nitrogen at the outernost surface is sinply reduced, the adhesion to the
| ubricating |ayer decreases. In this case, there arises a pick-up problem
that the nmagnetic head picks up a lubricant not adhering to the protective
| ayer as the lubricating layer, or the |like. [0006] As described above, if
the thickness of the protective layer is,sinply reduced, there arise

vari ous problens. Then, in such a case, There arises a probl em such t hat
fine scratches or the |like occur on the magnetic disk to degrade a
recordi ng/ reproduci ng signal. [0007] Further, in recent years, as a HDD
start/stop nEEpbneduced, suffigienbaear resisiancecand giditgpwpertiasstasaat B8 t he

Comr ) 0 S0 he Sk} e SRR TR 1 11
hi ck f I i | )y I ve, th
K0S, oy BRSBTS P
fine ScratChﬁﬁri@étin%;h&y%{iec}aégré&%.r hiy %E,r‘ﬁl’g;hgﬁﬁée%ka BIER-UPorbBlRAT that UPON

| oadi ng of a nmagneti c on the magnetic t her eby "degradi ng a

reproduci ng iegnadnetic ®2@8]pickEhipsa iutyieaht ot abBsrimeRtheatstettiveviager & t he
probl ens descri bed above and has an object to provide a magnetic recording
medi um nmanuf thetlubbricagjing tegtenoxt tbanllkeso on t hat can ensure the wear resistance
and sliding properties and, further, inprove the adhesion between a
protective |ayer d8@0@ |ubricating |ayer, for exanple, even when the

Lhi ckness of i 1® PASEESHEES b8VE" 1 MRS of S Brotder X5 i Shngfp! Vi ng the
reduced, there arise various problems. Then, in such a case, there arises a
problem such that fine scratches or the like occur on the magnetic disk to
degrade a recording/reproducing signal.

[0007]

Further, in recent years, as a HDD start/stop mechanism, it has been
required to employ, instead of the conventional CSS system, the LUL system
{ramp load system) capable of increasing the capacity. In an LUL-system
magnetic disk apparatus, it the thickness of a protective layer is simply reduced
as described above, the possibility is considered to be higher that there arises a
problem that fine scratches or the like occur on a magnetic disk due to impact
upon loading of a magnetic head on the magnetic disk, thereby degrading a
reproducing signal.

[0008]

This invention has been made in view of the problems described above
and has an object to provide a magnetic recording medium manufacturing
method and so on that can ensure the wear resistance and sliding properties
and, further, improve the adhesion between a protective layer and a lubricating
layer, for example, even when the thickness of the protective layer is 5nm or

less.



In order to solve the above problens, this invention has the follow n

structures.

of formng athin filmover a substrate,

g

(Structure 1) A magnetic recordi ng nmedi um manuf acturi ng net hod

sai d magnetic recordi ng nmedi um

manuf acturing nethod characterized by conprising a thin filmformng step of

formng said thin filmusing a plasnma-converted substance as a material,

wherein said thin filmformng step forns said thin filmusing nateri al

substance concentration nmeans for gat her#

around said substrate. [0010] Wth this structure, the formation of
thin filmcan be efficiently carried out. Further, for exanple, by

concentrati

necessary for exhibiting the function of the thin filmcan

the thin fi

nileahe fardiadvingithesBiablemmce, the density of the substance

filmis reduced, t

Thi s makes

1 poserast PR e 2bie b oSGV WEN PRI Iafefiho1 1y

thin filmfoguiAgestep may be a step of formng the thin filmuwhile

applying a

bias voltage to the substrate. Wth this structure, the

pl asma- converted SBheéRRee) bAMagRtieRESI UMy MédilRembAbfaciurihgIrt@Rod ef

attracted

around the substrate. In this case, the nateri al substance

t he

concent r at i oformimgganthigéinhever 4 bsbgilats vaiccmayesticedcordirsd anedrinar ound t he
substrate by a method different fromthe bias voltage. For exanple,
mat eri al subBgaHEsturingtethed ghatreterzed PYROMBISOA he pl asma- convert ed
substance around the. substrate b met hod .ot her. than an el ectric force.

c forcé ﬁ’é“ ﬁ%f%@'n@e%aﬁﬁ?g{fmm %?"géri"f‘lﬂkn H48¥0P&ti ve or repulsive
force direct Sﬂshﬁ-éo%eh@@gﬁgétgﬁée agialrn?&&ié’ln of the electric line of force.

The el ectri

wherein said thin film forming step forms said thin film using material
substance concentration means for gathering said plasma-converted substance
around said substrate.

[0010]

With this structure, the formation of the thin film can be efficiently
carried out.  Further, for example, by concentrating the material substance, the
density of the substance necessary for exhibiting the function of the thin film can
be increased in the thin film to be formed. Therefore, even if the thickness of
the thin film is reduced, the function of the thin film can be properly exhibited.
This makes it possible to reduce the thickness of the thin film.

[0011]

The thin film forming step may be a step of forming the thin film while
applying a bias voltage to the substrate. With this structure, the
plasma-converted substance being a material of the thin film can be attracted
around the substrate. In this case, the material substance concentration
means gathers the plasma-converted substance around the substrate by a
method different from the bias voltage. For example, the material substance
concentration means gathers the plasma-converted substance around the

substrate by a method other than an electric force. The electric force is, for

t he

ng said pl asma-converted substance

be increased in
Imto HBO9Yrmed. Therefore, even if the thickness of the thin

The



[0012] The material substance concentration nmeans gathers the

pl asma- converted substance around the substrate by, for exanple, an

el ectromagnetic force. In this case, for exanple, by applying a bias voltage
to the substrate to nove the plasnma-converted substance in a fixed
direction, it is possible to control the direction of the el ectromagnetic
force applied to the plasna-converted sgbstance. [0013] Further, for
exanple, when formng the thin filmby a’chemi cal reaction of the

pl asma- converted substance over the substrate, the material substance
concentration neans may use, as a pressurizing gas, a gas with a property
that does nexampletaeeleatric dtiractive arhiepilsive forea cireciedan ée tahgestiddst r at e,
thereby gathering the plasma-converted substance around the substrate. In
this case, @'&Ct'é%%frmebebﬁ‘ﬁ'@ iRB©&FA"68- subst ance concentration means supplies
the pressurizing while controlling its blowng direction, to push the
pl asma- converted Jg@@ﬂance toward the substrate, thereby gathering t he

pl asma- converted syhs %&f%é&%cﬁ%ﬁ&rﬁ%@ané g%ﬂ,‘g}s tHeSt ructure 2) Said

mat eri al substance concentr I on means gat hers asnma- convert ed

subst ance ar gidBhas@inde A&l SlithethGodNrodnd B subiterate bﬁﬁ@ﬂ@iarﬁpléléﬁﬂ\d around said
substrate. [0015] Wth this structure, the plasma-converted substance can

be properly elgatrbraagueticihecerate thiatass) et exacele dycapplyiag adnasresltzgedener at es
the magnetic field using, for exanple, a permanent magnet or an
el ect r omagnethe substretedodaeye be mﬁm@ceh@rﬁﬁ@rmmemg ed dirgetia dripl e,

Structure of PAPIIBIRPANC EGASHBIS S PECEBmaaRekHeIc HTEAIAS i n the case
of using the,glLegt (AVBHES SubdiQhce.

[0013]

Further, for example, when farming the thin film by a chemical reaction
of the plasma-converted substance over the substrate, the material substance
concentration means may use, as a pressurizing gas, a gas with a property that
does not participate in the chemical reaction over the substrate, thereby
gathering the plasma-converted substance around the substrate. In this case,
for example, the material substance concentration means supplies the
pressurizing gas, while controlling its blowing direction, to push the
plasma-converted substance toward the substrate, thereby gathering the
plasma-converted substance around the substrate.

[0014]

(Structure 2) Said material substance concentration means gathers
said plasma-converted substance around said substrate by generating a
magnetic field around said substrate.

[0015]

With this structure, the plasma-converted substance can be properly
gathered. The material substance concentration means generates the
magnetic field using, for example, a permanent magnet or an electromagnet.

In the case of using the permanent magnet, for example, since it is not



exanpl e, since the degree of freedom of adjustnent of the strength of the
magnetic field increases, the plasma-converted substance can be gat hered
nore properly. It is preferable that the arrangenment of the permanent magnet
or the el ectromagnet be, for exanple, properly optimzed according to the
structure of a filmform ng apparatus, or the like. [0016] |In the case
where the electromagnet is used, it is considered that the power
consunption during the filmformation nmay i ncrease. However, for exanple,
when the filmformation is carried out while applying the bias voltage to
the substrate, it becones possible to reduce the bias voltage by the use of
t he mat eri al ngegssanriosupplydbepower intheanagnetTiherséuciuse obee apparafufeCaiase
where the el ectromagnet is used, it is ﬁossible to reduyce the total power

consunpt i on. P §HARfied( sPnBe gtver Spndaindhégass physing s YREECTRINGNCF at i on
e ng e o PRATRECH RS S et of e b 4 GokBimed 47 g Shndtiiof fhef' s 0"

structure. | agReRofel tﬁg&%sgﬂ{beﬁl%rﬁalc'&ﬁv% idtarldelh 8 bhmbhey Sirength

suitable for g ering sma-converte stance around the substrate.

| the maxi MHivrepRIEYV.PT RiSlefdrable@Rst th afrahgSNEREGT thE @efmater magRsi bi ity
that the effect of gathering the plasma-converted substance around the

substrat e caonthe dlectsumddnet eet oy eeapelet pchpe@y optimizeharcohdingl fo hemagnet with
a maxi mum ener gy product exceeding 50M3e is difficult to procure and thus
causes an i néiredde of WasformiomEpparatus, (@ithebf@ire 4) The magnetic recording
medi um manuf act uri[ra&gjet hod further conprises

In the case where the electromagnet is used, it is considered that the
power consumption during the film formation may increase. However, for
example, when the film formation is carried out while applying the bias voltage
to the substrate, it becomes possible to reduce the bias voltage by the use of
the material substance concentration means. Therefore, even in the case
where the electromagnet is used, it is possible to reduce the total power
consumption.

[0017]

(Structure 3) Said material substance concentration means generates
the magnetic field around said substrate using a magnet having a maximum
energy product ot 1.0 to 50MGOe.

[0018]

With this structure, it is possible to generate the magnetic field with the
strength suitable for gathering the plasma-converted substance around the
substrate. If the maximum energy product is less than 1.0MGOe, there is a
possibility that the effect of gathering the plasma-converted substance around
the substrate cannot be sufficiently expected. On the other hand, a magnet
with a maximum energy product exceeding 50MGOe is difficult to procure and
thus causes an increase in cost.

[0019]



a magnetic layer formng step of form ng a magnetic |ayer over said
substrate, and a protective filmformng step of form ng a hydrocarbon
protective film over said nagnetic |ayer, wherein said thin filmformng
step is a step of introducing nitrogen into a surface of said hydrocarbon
protective filmby a plasma CVD method using a nitrogen gas, thereby
formng a filmcontaining the nitrogen at an outernost surface of said
hydr ocarbon protective film [0020] The/ hydr ocarbon protective film other
than the outernost surface introduced with the nitrogen and the film
containing the nitrogen and fornmed at the outernost surface forma
protective | ayer dStractregéet The megnetic regondidg ovadiummearnujactodsg bwthqst ot ect i ve
filmis a hlf%h density, high-hardness filmand, by formng the hydrocarbon
protective f rth?fﬁ?QmP%Seﬁosa ble to ensure the wear resistance and sliding
properties of the na neth recor dj nq rre? um Furt he formng the film

cont ai ni ng the ni tar%‘ ghetig laysffogningr fQUPWQ@em@gnf’%g¥ﬂ§/?i\fe(§(§é

protective féd rae aln possi bl e to enhance adhesion to a lubricating |ayer
formed on this ?0021] In terns of irrprovi ng the spacing | oss, the

protective |layer 'a'S r*&'téﬂ?ibé’fllrﬁ%’rml% Q)fh?rn'ﬁ Qrdcﬁrﬁ J‘rir?{&:‘ﬁ\"le fiilkper ef or e,

in the protective layer, it iIs ant to t e hy carbon protective
filmand theofdrisaicagaetiv laged he nitrogen at the out er nost surface exhibit
their functions with thicknesses as snmall as possible, respectively. [0022)
In this regard, wiwherSinraaid thirefin farmirigsstepp s blep af dnteddiicoigemitrbgen mto oduce 8
nitrogen into the outernost surface of the hydrocarbon protective film
Therefore, f@®Budaeaplsaid Bydcaroppsoteptivadiiecly aplasma EVDmethiedaisnad t he

nitr n
Itroge nitrogen gas, thereby forming a film containing the nitrogen at an outermost

surface of said hydrocarbon protective film.

[0020]

The hydrocarbon protective film other than the outermost surface
introduced with the nitrogen and the film containing the nitrogen and formed at
the outermost surface form a protective layer of a magnetic recording medium.
The hydrocarbon protective film is a high-density, high-hardness film and, by
forming the hydrocarbon protective film, it is possible to ensure the wear
resistance and sliding properties of the magnetic recording medium. Further,
by forming the film containing the nitrogen at the outermost surface of the
hydrocarbon protective film, it is possible to enhance adhesion to a lubricating
layer formed on this film.

[0021]

In terms of improving the spacing lass, the protective layer is highly
required to be reduced in thickness. Therefore, in the protective layer, it is
important to have the hydrocarbon protective film and the film containing the
nitrogen at the outermost surface exhibit their functions with thicknesses as
small as possible, respectively.

[0022)

In this regard, with Structure 4, it is possible to efficiently introduce



is reduced, it is possible to sufficiently enhance adhesion to the

| ubricating layer. By this, even if the thickness of the hydrocarbon
protective filmto be forned in the protective filmformng step is
reduced, it is possible to ensure the required wear resistance and sliding
properties. [0023] Therefore, with this structure, the thickness of the
protective |layer can be properly reduced. This nmakes it possible to reduce
t he magnetic spacing and thus to inprov8 the SINratio of a recording
signal. Further, by inmproving the S/Nratio, the recording density can be
i nproved. [0024] The hydrocarbon protective filmforned in the protective

filmform ngnitegep intayhd eu@rhbstueiart af tHelgydracdrbon protéctimi fimconponent ,
wherein the content of hydrogen is |low as conpared with that of carbon. The
hydr ocar bon Tpeisferet iov @xainple, grven étiadthickneas af the filinanemtainingklee odmogen as t he

mai n- conponent carbon. [0025] The protective filmformng step forns the
hydr ocar bon [Sr§66ead.Jids ppesibler suifisiently appaece adngsian *@rthﬁd}’lﬁ@ﬁﬁ'@ﬁjlad?rv a
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met hod, the peafreidtyed Addelidrigpropeticap preferably forms the hydrocarbon
protective filmhaving a thickness of 5nmor I|ess. [0026] (Structure 5)

Said thin filmfor[g0ag] step fornms the filmcontaining the 9 nitrogen at the
out ernost surface of said hydrocarbon protective filmby applying a bias
vol tage to sai d subRaretare, with this structure, the thickness of the protective layer can

be properly reduced. This makes it possible to reduce the magnetic spacing

and thus to improve the S/N ratio of a recording signal. Further, by improving

the S/N ratio, the recording density can be improved.

[0024]

The hydrocarbon protective film formed in the protective film forming
step may be a film containing carbon as a main component, wherein the content
of hydrogen is low as compared with that of carbon. The hydrocarbon
protective film preferably contains diamond-like carbon as the main-component
carbon.

[0025]

The protective film forming step forms the hydrocarbon protective film
by, for example, a sputtering method or a plasma CVD method. In the case of
using the sputtering method, high-speed film formation is enabled. On the
other hand, in the case of using the plasma CVD method, it is possible to form
the hydrocarbon protective film having high density and high hardness. In the
case of using the plasma CVD method, the protective film forming step
preferably forms the hydrocarbon protective film having a thickness of 5nm or
less.

[0026])

(Structure 5)  Said thin film forming step forms the film containing the



[0027] Wth this structure, the plasma-converted nitrogen can be attracted
to the substrate by an electric field generated by this bias voltage.
Further, for exanple, when the material substance concentration nmeans is
means for generating a magnetic field, by noving the plasma-converted
nitrogen in a fixed direction by a force due to the bias voltage, it is
possible to determne the noving direction of the plasnma-converted nitrogen
bei ng the charge subjected to an electrBmagnetic force. In this case, since
it becones possible to properly control the direction of the

el ectromagnetic force applied to the plasma-converted nitrogen, the

pl asma- convenitredeniat theganesadst Barfaty 6f s4id apdrobarbgatgretcetivafioubd t he
substrate. This nakes it possible to nore properly formthe film containing
t he nitrogenapplyinpa kias woltagst tosaid swgestiate.t he  hydr ocar bon protective film
[0028] (Structure 6% Said thin filmformng step applies an RF bias with a
power of 400W or 18847k 0 said substrate. If the RF bias exceedi ng 400Wis

Clhstrae. on tho WIRGRSIsHaI B REE CTRaRed o Y e el S, °
| _ _ |
Phe =F bi s, oo B Bl lecRRTiIdod a8 Sigs VoREY. , JMERRTRY, brac”

vol tage appl pgsinpie, When S fiatéf sudienel & enthfich ikkfs & meahsif@,  for
exanpl e, as conpared with the case where the application of a bias voltage

to the subst generatimglatrsgreatippield, @ neovnginefpglasmaiwopvertdd airegémin géxet ati ng a
plasma are separately carried out, the structure of the filmform ng
apparatus cdiegiiondiypfdres dde td the fiapsoiagesit ivpessikle 1) deaniheghet ective film
formng st eprgo(\)/{nrésdirse%itign 2¥t reopclglls‘tmb:(a)-r(]:onverted nitrogen being the charge subjected

to an electromagnetic force. In this case, since it becomes possible to properly

control the direction of the electromagnetic force applied to the

plasma-converted nitrogen, the plasma-converted nitrogen can be more

properly gathered around the substrate. This makes it possible to more

properly form the film containing the nitrogen at the outermost surface of the

hydrocarbon protective film.

[0028]

(Structure 6) Said thin film forming step appties an RF bias with a
power of 400W or less to said substrate. [If the RF bias exceeding 400W is
applied, there is a possibility of occurrence of damage or the like to the
substrate. On the other hand, with this structure, it is possible to properly
apply the bias voltage to the substrate.

[0029]

Further, using the RF bias, it is possible to generate a plasma by the
use of the bias voltage applied to the substrate. Therefore, with this structure,
for example, as compared with the case where the application of a bias voltage
to the substrate and the supply of a high-frequency voltage for generating a
plasma are separately carried out, the structure of the film forming apparatus

can be simplified.



protective filmhaving a thickness of 5nmor less, and said thin film
formng step forns the filmcontaining the nitrogen wherein an atomc ratio
(NNC) of nitrogen to carbon at the outernost surface is 0.05 to 0.15.
[0031] Wth this structure, the thickness of the filmcontaining the
nitrogen and formed at the outernost surface of the hydrocarbon protective
filmcan be reduced while sufficiently maintaining the adhesion to the

| ubricating layer. This makes it possiblle to properly reduce the thickness
of the entire protective layer. The atomc ratio (NNC) of nitrogen to
carbon at the outernost surface of the hydrocarbon protective filmis nore
preferably set to [@085] to 0.10. Wth this structure, the thickness of the
portion where nitrogen is introduced can be further reduced while

i ntroduci ng a suf f{Stiueture ZjrouPaid protactivedierforfitg38p forBssait bydro&rodme
magneti c recordi ng nedi um manufacturing nethod further conprises a magnetic
| ayer for nmi ngrodedfyedimiavingrthickrasnet damosiess, aér said substrate, wherein
said thin filmfornm.ng.st. is.a step of formn .hydr.ocar bon rotective
F1m over sai d gt I Ry &g SteBfordrsetin rnRING &he: §rgon pRetRar bon
gas. [0033] ' t hi I e - bon bei ng
a mterial 81&{\%%‘%%&@%@%&%@ 8@3‘1(3:? ?R&gﬂﬁtﬁ% é’%l‘%ﬁﬁgstcs%g%ﬁfg.to ggé ar ound

the substrapgs Therefore, it is possible to formthe hydrocarbon protective
filmwi th higher density and higher hardness. By this, for exanple, even if
the thickness 11 [0031he hydrocarbon protective filmis reduced, it is
possible to ensure the wear resistance and sliding properties of the
magneti ¢ recor di ngWitbdhiastruTtuee dhethickness of the film containing the nitrogen and

formed at the outermost surface of the hydrocarbon protective film can be
reduced while sufficiently maintaining the adhesion to the lubricating layer.
This makes it possible to properly reduce the thickness of the entire protective
layer. The atomic ratio (N/C) of nitrogen to carbon at the outermost surface of
the hydrocarbon protective film is more preferably set to 0.05to 0.10. With this
structure, the thickness of the portion where nitrogen is introduced can be
further reduced while introducing a sufficient amount of nitrogen.

[0032]

(Structure 8) The magnetic recording medium manufacturing method
further comprises

a magnetic layer forming step of forming a magnetic layer over said
substrate,

wherein said thin film forming step is a step of forming a hydrocarbon
protective film over said magnetic layer by a plasma CVD method using a
hydrocarbon gas.

[0033]

With this structure, for example, plasma-converted carbon being a
material of the hydrocarbon protective film can be concentrated around the
substrate. Therefore, it is possible to form the hydrocarbon protective film with

higher density and higher hardness. By this, for example, even if the thickness



this makes it possible to properly reduce the thickness of the entire
protective Ilayer including the hydrocarbon protective film [0034]
(Structure 9) A lam nate manufacturing nmethod of formng a thin film over a
substrate, said | am nate manufacturing nethod characterized by conprising a
thin filmformng step of formng said thin filmusing a plasma-converted
substance as a material, wherein said thin filmformng step forns said thin
filmusing material substance concentratlion neans for gathering said

pl asma- converted substance around said substrate. Wth this structure, it
is possible to obtain the sane effect as that of Structure 1. Effect of the
| nvention [ 6DBB]hydAmaobah prptedive Hilrs is daoéd,dins poesibledargrisare ihe wearpossi bl e
to have a thin filmsuitably function even when the thickness of the thin
filmis redutasittangeand slistirg pupediasrafithey magnetit eecording mastiumpoo3bgrefore,

Her ei nbel ow, cenbodi nents according to this invention wll be described wth
reference toli$H@ P@qu@g_%?q:qogqroq rynr@\ggc%ﬁqg @%%Hﬁ?%obweteﬁ'@“’sﬁ”ﬂﬁqt'ﬁ?e of a

magneti c recqrdi j a magnetic recordi ng nedi um
manuf act uri ngéy%b{?‘%%‘@ﬁﬁ%@gh@?‘gg’ﬁﬁ@%ﬁg%ﬁmnt of this invention. The
magneti c recordi ng[T?Fyg,@IT um 10 is a magnetic disk for an LUL system (ranp | oad
systen) HDD. The information recording density of the magnetic recording 12

medi um 10 is, for @Syaenire9)6AGRiindie etehutictifiiEmethod of 66rmiing 4ARIIIM/ | nch2) .
[0037] In this exanple, the magnetic recording medium 10 conprises a

substrat e 12pvema sulidrate\said Bminate meameadtoringpnethdbchaaagieotetby ve | ayer 18,
and comprising
a thin film forming step of forming said thin film using a
plasma-converted substance as a material,
wherein said thin film forming step forms said thin film using material
substance concentration means for gathering said plasma-converted substance
around said substrate. With this structure, it is possible to obtain the same

effect as that of Structure 1.

Effect of the Invention
[0035]
According to this invention, for example, it is possible to have a thin film

suitably function even when the thickness of the thin film is reduced.

Best Mode for Carrying Out the Invention

[0036]

Hereinbelow, embodiments according to this invention will be described
with reference to the drawings. Fig. 1 shows one example of the structure of a
magnetic recording medium 10 manufactured by a magnetic recording medium
manufacturing method according to one embodiment of this invention. The
magnetic recording medium 10 is a magnetic disk for an LUL system {ramp load

system} HDD. The information recording density of the magnetic recording



a lubricating |ayer 20. The substrate 12 is a substrate on which the
respective |ayers of the magnetic recording nedium 10 are | am nated. The
substrate 12 is preferably a glass substrate such as, for exanple, an
alum nosilicate anorphous glass substrate. The underlayer 14 is a |layer for
controlling the crystal structure of the magnetic |ayer 16. The magnetic
| ayer 16 is a magnetic recording |layer adapted to record information. The
substrate 12, the underlayer 14, and the magnetic |ayer 16 may have, for
exanple, the same or simlar structures as those of a known substrate,
under| ayer, and magnetic recording |layer. (0038] The protective |ayer 18
is a layer naiegium dons,donexamplar 80@bisindhser mess (@ 4 ot HOGHitiachfgnet i ¢

| ayer 16 frominpact due to contact with a magnetic head, and so on. In
this exanple, the [0P8Tkctive |layer 18 conprises a hydrocarbon protective

film22 ﬁndhadni trlﬁ%l&ﬁ%ﬁ*gﬁ%%&%ﬂ?% %ﬁ4. iafy\eh drc%g}aqrﬂ%is(%fﬁ%trgcgi ?/ekfi | m
22 is a high-densitly, Hrar . . i g nd-1ike
carbor. Y1 10 SR UASERAEDRA RHERH: Kl 16" Brraghb BB AL 10
medi um 10. [ Q43R catidg fyRl BHOIERe SOBLAIE PGS E'shﬁls%g'ot%hvghif:h kR Fégpaaﬂleby

i ntroducing nitrogen® 1'nto the outernost surface o hydr ocafr bon
protective fidyarser thd htagnetit re@@Roing@Nédiumi T0oarkilhmindded O fisbsratédpn and
nitrogen in an atomc ratio (NC) of, for exanple, 0.05 to 0.15 and

pref erabl y OisOrefevaifly B0glasedsiizssrake gidr as, dotteeimple tan alhminadilicateat i ng | ayer 20
t han the hydrocarbon protective film22. 13 Therefore, by formng the

ni t r ogen- conBRIOMHWSIgIasH substralfe  ddiecgidsrayer \deism leaver fopcontealingbel ayer 18

oD e T T 28 S aelE SRTRC S hOhe A 1bAPE! S | over
recording layer adapted to record information. The substrate 12, the
underiayer 14, and the magnetic layer 16 may have, for example, the same or
similar structures as those of a known substrate, underlayer, and magnetic
recording layer.

[0038]

The protective layer 18 is a layer mainly containing carbon and serves
to protect the magnetic layer 16 from impact due to contact with a magnetic
head, and so on. In this example, the protective layer 18 comprises a
hydrocarbon protective film 22 and a nitrogen-containing film 24. The
hydrocarbon protective film 22 is a high-density, high-hardness film mainly
containing diamond-like carbon. By forming the hydrocarbon protective film 22,
it is possible to ensure the wear resistance and sliding properties of the
magnetic recording medium 10.

[0039]

The nitrogen-containing film 24 is a film formed by introducing nitrogen
into the outermost surface of the hydrocarbon protective film 22. The
nitrogen-containing film 24 contains carbon and nitrogen in an atomic ratio
(N/C) of, for example, 0.05 to 0.15 and preferably 0.05 to 0.10 and has higher

adhesion to the lubricating layer 20 than the hydrocarbon protective film 22.



magneti c head and, for exanple, may be the sane as or simlar to a known

| ubricating |layer. The lubricating layer 20 is preferably a | ayer containing
a perfluoropol yether conmpound having a hydroxyl group as a term nal group.
Perfl uoropol yether has a straight-chain structure and exhibits proper

| ubricating performance and, by having a hydroxyl group (OH) as a term nal
group, it can exhibit high adhesion performance to the protective |ayer 18.
Particularly, in the structure of this 1e?XarrpI e having the
nitrogen-containing film24 at the outernost surface portion of the
protective layer 18, since (N+) and (OH) have high affinity for each
other, it isTphes$irk| by faxmitg tienitidggn-eaitiaisingrfilmiR, dteeadiession belinieeh the t hus
preferable [0041] The atomic ratio (NC) of nitrogen to carbon in the

ni t r ogen- conPEAteGtvg layar 1@ angd bgdulricatipa fayee 40 ¢an Mg, efeinceStanpl e, an X-ray
phot oel ect ron spﬁﬁ) copy nethod (hereinafter referred to as ESCA). The
atomc ratio of i ?@Gen to carbon can be derived fromthe intensity of the

Ni d V\h
N C 15 T ees than o 05 ERCATEL Yer2o £ FIepRERY IATGTERRIF Rt AR Ay | 01"
lubricating h?s)@‘ﬁét@ﬂeﬁ’@ﬁﬁﬂﬁ%r ekéPﬁHIU t‘ﬁ(%tthe@ﬁn{er% @ﬁﬂﬂlah@@knmn N/ C

exceeds 0. 15, is considered that e thickness of the

ni t rogen- conltmrlﬁaihm faybm Zhei lsbiiating dayer 281s pesferablyry layedcortthining die
t hi ckness of the hydrocarbon protective film22 is correspondingly smaller.

In this casepetfliorapaiyetizermesspdingihayingmbydroryligaeunas e tefminalgrovpt ect i ve
| ayer 18 as a whol e decreases, which is thus not preferable. Accordingly, by
setting N C 8”#L¥QIr‘PpQAY9tHPW‘Q%SF&'EBEC'?J?'” @tr@)@“f%arﬁffﬁ@'b‘lts’r@oﬁﬂh@?f'%'ﬂﬂet ween
be 14" parti BRIy A BY da G 4 AT okbIT % &R in SR G e <ot
7% ot sy bt N RGO RACD, PRS0
adhesi on. [ O@2dtructure of this example having the nitrogen-containing film 24 at the

outermost surface portion of the protective layer 18, since (N+) and (OH-) have

high affinity for each other, it is possible to obtain high adhesion therebetween,

which is thus preferable.

[0041]
The atomic ratio (N/C) of nitrogen to carbon in the nitrogen-containing

fitm 24 can be measured using, for example, an X-ray photoelectron

spectroscopy method (hereinafter referred to as ESCA). The atomic ratio of

nitrogen to carbon can be derived from the intensity of the Nis spectrum and the

intensity of Cls spectrum measured by the ESCA. When N/C is less than 0.05,

there is a possibility that the adhesion to the lubricating layer 20 becomes

insufficient.  On the other hand, when N/C exceeds 0.15, it is considered that

the thickness of the nitrogen-containing film 24 is greater than necessary and

thus the thickness of the hydrocarbon protective film 22 is correspondingly

smaller. In this case, there is a possibility that the hardness of the protective

layer 18 as a whole decreases, which is thus not preferable. Accordingly, by

setting N/C to fall within the range of 0.05 to 0.15, the adhesion between the

protective layer 18 and the lubricating layer 20 and the hardness can be



The magnetic recordi ng nmedium 10 may be a perpendi cul ar magnetic recording
medium In this case, the magnetic recordi ng nedium 10 further conpri ses,
for exanple, an adhesive |layer and a soft magnetic |ayer between the
substrate 12 and the underlayer 14. Further, in this case, the magnetic
recordi ng nmedium 10 preferably further conprises a coupling control |ayer
and an exchange energy control |ayer (continuous filmlayer : continuous

| ayer) between the nagnetic |ayer 16 and t he protective |ayer 18. [0043]
Fig. 2 is a flowhart showi ng one exanple of a nethod of manufacturing the
magneti c recordi ng nedium 10 of this exanple. In this exanple, the

manuf act ur i ngamiedlady stitabde. plt egeariculamepretdrabledhat N h@sefpartie rangesifep S102)
and then perforns formation of the underlayer 14 (underlayer formng step)
and formati 853 0t He nifhehis eonfigusations thenthipkaese of thpditregameeniaistngp S106)

by, for exappl a_kn magnetron sputtering nmethod., Subsequently, by a
nmet hod  whi cﬂiﬁ'\'/\??‘ Pa%gegﬁl@&‘?ﬁ fgaﬁm%q?wﬁ@efﬁfﬂﬁ“f'ﬁsW&Cﬁ%%%\%,dh?ﬂen-pr otective |ayer
18 is forned on t[6§4§?agneti c layer 16 (protective |layer formng step 5108)
and, further, by, r' exanpl e, a known di pping nethod or the like, the

| ubricating layer 2@ in%)gnéf?d F@‘c‘:@i’cﬁ iR 9094y NE al RYSEndléar MRGAGRL | Ng

| ayer formng step S110 [ 0044 rei nbel ow,” the protective layer formng

step S108 wi fdcobding ésliirhedin this dasel thermagieticl recomirignediexanplgther he
protective layer formng step 5108 conprises a hydrocarbon protective film
form ng st epc@ppdsemdoraexanmiple cyeadhesivedaydrrandfa soit magnetiglayeepet2en. [ 0045]
15 The hydrocarbon protective filmformng step S202 is a step of formng
t he hydrocar B‘tﬂﬁ%ﬁﬁgﬁbﬁ aad the wnderlagar 1he FrIHREtINENIE £pee. the mathefier ms t he

Yot ocarbon BEGLTES heul B R e SEPBYEes BRI S 2
the an exchange energy control layer (continuous film layer : continuous layer)
between the magnetic layer 16 and the protective layer 18.

[0043]

Fig. 2 is a flowchart showing one example of a method of manutacturing
the magnetic recording medium 10 of this example. in this example, the
manufacturing method first prepares the substrate 12 (preparation step S102)
and then performs formation of the underlayer 14 (underlayer forming step) and
formation of the magnetic layer 16 (magnetic layer forming step S106) by, for
example, a known magnetron sputtering method. Subsequently, by a method
which will be described in detail hereinbelow, the protective layer 18 is formed
on the magnetic layer 16 (protective layer forming step S108) and, further, by,
for example, a known dipping method or the like, the lubricating layer 20 is
formed on the protective layer 18 (lubricating layer forming step S110).

[0044]

Hereinbelow, the protective layer forming step S108 will be described in
further detail. In this example, the protective layer forming step S108
comprises a hydrocarbon protective film forming step $202 and a
nitrogen-containing film forming step $204.

[0045]



hydr ocar bon protective filmhaving a thickness of, for exanple, 5nmor |ess
and preferably 3nmor less (e.g. 1 to 3nm. The thickness of the
hydrocarbon protective film22 is preferably 1 nmor nore. If less than 1
nm there is a case where the coverage for the nagnetic layer 16 is so
small as to be insufficient to prevent mgration of nmetal ions of the
magnetic |ayer 16. Further, there is a roblemin wear resistance. [0046)
When form ng the hydrocarbon protective $Im 22 by the plasma CVD nethod,
it is preferable to use only a hydrocarbon gas as a reactive gas to form
di anond-1i ke carbon. In the case where another inert gas (e.g. Ar or the
like) or a carrieflhghydsgatbansprateciice tigetorang step $i208ds aistép of faydingcar bon
gas, such an inmpurity gas is_introduced into the hydrocarbon protective

film22 to | diehydmear mnﬁﬁm@h\@ it 2300 &he mggﬂﬁttpslan%rﬂ%ae@éqrmﬂtee [00471 As
t he reactive ' to _use a | ower droca speci al |y,
01 o pref or AdREeatpansarolpEys B RE bhrial B Bnler Arpulvi B e BESES
straight - chal at Ig

unsat ur at ed hya[bocar o ﬂ@‘?ﬁ E P%?&@ﬁgpnﬁ ﬁ‘%g %ﬁﬁgg?gdgﬁyﬁgocar bon,
use can be ”Wﬁrd%farﬁ’fﬁiﬂ@ft%tw@hl?ﬁﬁ&wn@%c’(ﬁ@ﬂﬁes%ﬁ ﬂﬁ%xa%lea%m & Ieéé‘@ndi' ke. As
the straight-Cchain | ower unsaturated hydrocar bon, use can be made of

et hyl ene, progigtahe3niuiriésn@,g. actet:}rine)neTherthlt:mesigd{ehe ipdrotanben
hydrocarbon referred to herein represents a hydrocarbon having a carbon

nunber of 1 tRﬁOt@Qtl\fﬁefﬂm B isquatesably lam erayorie. m{leass thag InneftberebE @ a@adeuse t he

straight-chain lo ydr o arbon is that as the carbon nunber _ncreases, it
becones di ffl"@lﬁr? %qua%%f%ﬂf DagPatioRyPHIR S SMal A#iq B?HH%H'HI%MH atus as

Cher eof  duri RgoyRaNerath ol Mlergldén2ER RNk 1" a8 pEATHHREE R eaces, "
hi gh- ol ecul ?rob@%qﬁ‘@\?@arrl?@élstﬁﬁg@.onem s tend to be contained i n | ar ge
quantities a

[0046]

When forming the hydrocarbon protective film 22 by the plasma CVD
method, it is preferable to use only a hydrocarbon gas as a reactive gas to form
diamond-like carbon. In the case where another inert gas (e.g. Ar or the like)
or a carrier gas such as a hydrogen gas is mixed with a hydrocarben gas, such
an impurity gas is introduced into the hydrocarbon protective film 22 to lower the
fitm density, which is thus not preferable.

[0047)

As the reactive gas, it is preferable to use a lower hydrocarbon.
Especially, it is preferable to use a straight-chain lower hydrocarbon such as a
straight-chain lower saturated hydrocarbon or a straight-chain lower
unsaturated hydrocarbon. As the straight-chain lower saturated hydrocarbon,
use can be made of methane, ethane, propane, butane, octane, or the like. As
the straight-chain lower unsaturated hydrocarbon, use can be made of ethylene,
propylene, butylene, acetylene, or the like. The lower hydrocarbon referred to
herein represents a hydrocarbon having a carbon number of 1 to 10 per
molecule. The reason why it is preferable to use the straight-chain lower

hydrocarbon is that as the carbon number increases, it becomes difficult to



conponents of a forned protective |ayer so that the fineness and hardness of
t he hydrocarbon protective film 22 decrease, which is thus not preferable.
Further, in the case of a cyclic hydrocarbon, it is difficult to achieve
deconposition thereof during plasma di scharge as conpared with the

strai ght-chain hydrocarbon, which is thus not preferable. In view of the
above, it is particularly preferable to, use the straight-chain | ower
hydrocarbon as a hydrocarbon. Especiallyy if ethylene is used, it is
possible to forma fine hard protective layer, which is thus particularly
preferable. [0048] Further, the hydrocarbon protective filmformng step
S202 preferatﬁUpplyfainmomarbomwadjharfqrmmg)amaaraus\ﬁ@avamrzzdtgasml,yl ng a bias
voltage of -50V to -400V to the substrate 12. |f |ess than -50V, the effect
of applying twthas;ihkecqraes dificuitdo ﬁSF'eX%F'P?WB‘Pﬁ'“O’U?ef% WREPIASIR, if a

b I d d d h
aLSfiX_Stfi_ﬁe@‘fscéﬁf@éé‘ yithehde ghS BBt i dtee B OB i es o
cont arm nat | Oty ool SrhdlierOtondn6 bedhlned hIaABlquBAREL bt ooen- contal ni ng

filmformng IS a ste n ogen 1nto the surface

of the hydro%@h%ﬁeﬁ{scﬁf%qbrm@d brdt@&t% |§p@r%onh§t&ﬁafaﬁ¥ﬁbssr@idlﬁ@lrdhésmf a
nitrogen gas. By this, the nitrogen-containing filmformng step S204

changes the cmpwmbaMDncp‘romabmmmmeZMettreaw fvetdeh isfthtd eohyreéferalebon
protective film 22, thereby form@rg the nitrogen-containing film 24
containing riurtheyénthe caseefauaysh ﬁtﬂm@@ﬂbﬂaclélscﬂlfﬁphlétmgd”ﬂ@t%r bon protective

film22. By t formation of th tro en-containing fil t he thickness
of the hydroégFB@Hos'BP'&f%??{/@rWI @E'P%r&@é’é%‘? HEH A tH@ to the

HECI R Bte e .

fe;);?plng ”ft hQQs ipArticliirly HréfePid 16 G5 ﬁ‘ie@tn‘é@grftlcha?nflsﬁvﬁ} Agareb&Bora@% I n this
hydrocarbon. Especially, if ethylene is used, it is possible to form a fine hard
protective layer, which is thus particularly preferable.

[0048]

Further, the hydrocarbon protective film forming step S202 preferably
forms the hydrocarbon protective film 22 by applying a bias voltage of -50V to
-400V to the substrate 12. If less than -50V, the effect of applying the bias
voltage is not sufficient. On the other hand, if a bias voltage exceeding -400V
is applied, arcing occurs due to the application of excessive energy to the
substrate to cause particles or contamination, which is thus not preterable.

[0049]

The nitrogen-containing film forming step S204 is a step of introducing
nitrogen into the surface of the hydrocarbon protective film 22 by a plasma CVD
method using a nitrogen gas. By this, the nitrogen-containing film forming step
S204 changes the composition of the outermost surface of the hydrocarbon
protective film 22, thereby forming the nitrogen-containing film 24 containing
nitrogen at the outermost surface of the hydrocarbon protective film 22. By the

formation of the nitrogen-containing film 24, the thickness of the hydrocarbon

protective film 22 decreases corresponding to the thickness of the outermost



nitrogen-containing filmformng step S204 is one exanple of a thin film
formng step that forns a thin filmusing a plasma-converted substance as a
material, wherein the nitrogen-containing film24 is fornmed using a

mat eri al substance concentration neans adapted to gather plasma-converted
nitrogen around the substrate 12. Fig. 3(a) is a sectional view show ng the
positional relationship between the substrate 12 formed with up to the

hydr ocarbon protective film22 and a matérial substance concentration neans
30. Fig. 3(b) is a top view' showing the main surface of the hydrocarbon
protective film22. [0051] The material substance concentration neans 30 is
a magnet sersurfgce that gasbeadmedhernirogen-cohtagting (ilexB4r nal magnetic fiel d)
around the substrate 12 and gathers plasma-converted nitrogen around the
substrate 12 by an[®®8ttromagnetic force. The magnet used as the materi al

substance concentpation neans 30 i§ a net having a,. i mum ener
product (BH) nmax @-%.%‘WémaﬁPhggﬁagqu"ﬂ%”ke%]%' , and m)%

preferably 37, 4 , \ ; of , for exanple,
a ferrite rré'éth enédﬁ%mg%j#%g@g%@%rg@&%@?%ﬂ?lemgeeof1 for exanpl e,
1.0to 4 Gv%geﬁfboﬂtélhfﬁg firéiﬁ%‘l‘?ﬁingétsé ks (74 ISRABLANRIIE 0N tRh FIH i) max

of, for exanple, 4.5 to rium cobalt 'nmagnet having a nmaxi num

ener gy produgted B fomms 20thin filar usiigapiasma-Botvieriedabetanae mgadinatgsial, magnet
havi ng a maxi num energy product (BH) nmax of, for exanmple, 37 to 47M3e, an

el ect r omagnetwhesgintthe niticigen-dontaiming filax s tormed eisingt & madérial sbbstance
concentration neans 30 is a doughnut-shaped nmagnet having a circul ar hole at
its central FOPEWAtion ReIRR adaried nuErRihamRlasmareaKerted NHRIAR afrHmidhepei ng 18

provided al a4 BeslLi Mherhol s AL VLRSS AACER, IS ASRRRI
ot o el USSR D2 NER IR ST GURRAB A SRR b 22
ni trogen- contidH Matdrial Buzdah@® concentration means 30. Fig. 3(b) is a top view

showing the main surface of the hydrocarbon protective film 22.

[0051]

The material substance concentration means 30 is a magnet serving to
generate a magnetic field (external magnetic field) around the substrate 12 and
gathers plasma-converted nitrogen around the substrate 12 by an
electromagnetic force. The magnet used as the material substance
concentration means 30 is a magnet having a maximum energy product (BH)
max of 1.0 to 50MGOe, preferably 19 to 47MGOe, and more preferably 37 to
47MGQe. As such a magnet, use can be made of, for example, a ferrite
magnet having a maximum energy product (BH) max of, for example, 1.0 to
4.0MGOe, an Ainico magnet having a maximum energy product {BH) max of,
for example, 4.5 to 5.5MGOe, a samarium cobalt magnet having a maximum
energy product (BH) max of, for example, 19 to 28MGOQOe, a neodymium magnet
having a maximum energy product (BH) max of, for example, 37 to 47MGOQe,
an electromagnet, or the like. In this example, the material substance
concentration means 30 is a doughnut-shaped magnet having a circular hole at

its central portion. The material substance concentration means 30, being



be fornmed on the hydrocarbon protective film22 (see Fig. 1) can be properly
concentrated over the hydrocarbon protective film22. [0052] Further, in
this exanple, the nitrogen-containing filmformng step S204 applies an RF
bias to the substrate 12. This nakes it possible to generate a

hi gh-frequency electric field around the substrate 12 to thereby convert
nitrogen into a plasma. Further, the pl asma converted nitrogen can be
attracted to the substrate 12. Further, 18y noving the pl asna-converted
nitrogen in a fixed direction by a force due to the bias voltage, it is
possible to control the direction of the electromagnetic force which the
ni t rogen r ecgryndded abapbsiiomadesd its mairesuacgpdaeesthechyoyodaneomptodedtiab
substance concentration neans 30. Thus, with this confiquration, the

pl asnma- converlie@2npeneygias r@agnei@ lings of mr@@@xueyldmﬁdnmdwk@t@ﬁom olihe t he

substrate 12. [0053 The r for the RF rably. set to 400W or
less. |If the St"%tie!'ﬂéz q\geré AQcRiten %Otﬁﬁwfq@é%eghﬁﬁﬁﬂﬁﬁ figyration.i s a

Ferein, 11t %éa%@ﬁéﬁﬁveﬁﬁ%e%ﬁéﬁﬁgﬂﬁ rabatetdl o8 e RS NG Wi 2o
ni ¢ rogen- cont Birig bi\u R 6aaAeh ACBIRDA 25 (6T 1 aHEropBAFOr ding o

this exanple, the power uire r the RF bias can”be reduced

generating td@ﬂc@ﬂﬂﬂa’t@@loOeHh@'fﬂrdblﬁdaﬁQ)rtb@té&b@lﬂlnﬁlEESUbStance concent ration
means 30. For exanple, if use is made of the material substance

concentration rreanﬁJCEiGE] adapt ed to generate a magnetl c field by a samarium
cobalt nagnet, the povver for the RF bias may be, for exanple, 300 to
350W On the ot her FHHRAEY Wm@&am@e mdétrqgenrmtwﬁmsrfllraﬁogmagtsm% 04

concent al1 on GRS, 3k RISRLE SOASTTE" s mBRRT o bl ol ™ U
preferably 5Q,80¢109Ncy electric field around the substrate 12 to thereby convert nltrogen
into a plasma. Further, the plasma-converted nitrogen can be attracted to the
substrate 12.  Further, by moving the plasma-converted nitrogen in a fixed
direction by a force due to the bias voltage, it is possible to control the direction
of the electromagnetic force which the nitrogen receives from the magnetic field
generated by the material substance concentration means 30. Thus, with this
configuration, the plasma-converted nitrogen can be more properly
concentrated around the substrate 12.

[0053]

The power for the RF bias is preferably set to 400W or less. If the RF
bias is applied with a power exceeding 400W, there is a possibility of
occurrence of damage or the like to the substrate 12.

[0054]

Herein, if the power is too small, there is also a possibility that the
nitrogen-containing film 24 cannot be properly formed. However, according to
this example, the power required for the RF bias can be reduced by generating
the magnetic field using the material substance concentration means 30. For
example, if use is made of the material substance concentration means 30

adapted o generate a magnetic field by a samarium cobalt magnet, the power



[0055] W th the above configuration, for exanple, it is possible to inprove
the kinetic energy of particles of plasma-converted nitrogen inpinging on
the surface of the substrate 12 and thus to introduce a sufficient anount
of nitrogen into the nitrogen-containing film?24 to be fornmed at the

out ernost surface of the hydrocarbon protective film22. Therefore,
according to this exanple, it is possible to formthe nitrogen-containing
film 24 that exhibits high adhesion evenl®if the thickness thereof is
reduced. This nmakes it possible to reduce the thickness of the entire
protective |ayer 18. Therefore, according to this exanple, for exanple,
even if the tftntbkFSkiasimayhise, Jootxampie e30pe350V8. | Ondled other hand) ibusd Bss, t he
durability, particularly the reliability characteristics, of the protective
| ayer 18 can Ndenelidbe exatelizlsnbstanoe sepcentriatiohimeanssithadaptedto genaraest m ng

met hod using the materjal substance concentration 30 is used only in
the nit rogen-”&%ﬁﬂeé!Fh'P % # NRPEYPITHEagRely t W@rf%mg,b’%%?ﬂ B11ef f or i ng

nmet hod is al i I t ong as it is a step of
formng a th.se%aﬁ“ﬁ‘%n@gsﬁgog‘?sﬁ%@g@é’ vﬁpgﬁmé’g‘bstance as a mterial.
[ 0057] For exanpl EJOS'SEE hydr ocarbon protective filmformng step S202 is a
step of form ng the hydrocarbon protective film22 by the plasnma CVD net hod

using the hydrocar ipith #iaabané cbhtigurafort; aovSa @il it i8 JetsioRy fol infhreve they t he
film formng method using the material substance concentration neans 30. In

this case, thretinenergyadf patidemoicasnacentverdad vitrogeamspiBgingfarthexanpl e,
generates a 20 magnetic field around the substrate 12 to gather
pl asma- conversuEdce af herpubsgiraient? andthuigre intepdece 2 syfficientaneunt ehaigreen c

L e Ot Sk Setna L A bR e S i Lty T 1,
other hand, t@ﬂr&ia?t?onvﬁﬂoge%%e AR Lbe dTherefore, according to this example, it is

possible to form the nitrogen-containing film 24 that exhibits high adhesion even

if the thickness thereof is reduced. This makes it possible to reduce the

thickness of the entire protective layer 18. Therefore, according to this

example, for example, even if the thickness of the protective layer 18 is set to

5nm or less, the durability, particularly the reliability characteristics, of the

protective layer 18 can be made excellent.

[0056]

In this example, the film forming method using the material substance
concentration means 30 is used only in the nitrogen-containing film forming step
S204. However, this film forming method is also applicable to another step as
long as it is a step of forming a thin film using a plasma-converted substance as
a material.

[0057]

For example, the hydrocarbon protective film forming step S202 is a
step of forming the hydrocarbon protective film 22 by the plasma CVD method
using the hydrocarbon gas and thus is considered to be carried out by the film
forming method using the material substance concentration means 30. In this

case, the material substance concentration means 30, for example, generates a



to the substrate 12 may be an RF bias. [0058] Wth this configuration, the
pl asma- converted carbon being a material of the hydrocarbon protective film
22 can be concentrated around the substrate 12. Further, by inproving the
kinetic energy of particles of the plasma-converted carbon inpinging on the
surface of the substrate 12, the hydrocarbon protective film22 can be
formed as a finer film This nakes it possible to formthe hydrocarbon
protective film 22 having higher density2&nd hi gher hardness. Therefore,
for exanple, even if the thickness of the hydrocarbon protective film 22 is
reduced, it is possible to ensure the required wear resistance and sliding
properties. Taghetiekiekl arbupd s ibstrate 12 tpgathyr plasmaaeankertédhcatooass of the
entire protective layer 18. [0059] Hereinbelow, this invention will be

descr : bed in amundf?e Sdbs?at}el W pyhan gregtr@m?agnef@ fexeapl The eihar Wtim ve

Ex o ] Co i ,

ol 3?% Tty 2; T broretoastrari dPH%'n“Bé?%SP Sate m&ﬂ&i‘é%@ %%’%g?ngat he

it ogen. contRstlRs i HpisREE o B 20" ine gt BB RS VAl ® "

recordi ng megh tHn affpal @mﬁg@nﬁ?ﬁiéﬁims fabricated in the follow ng

manner. The nagneti c recor cording to Exanple 1 is a

per pendi cul ar magngypsg) recor di ng nedi um and conprises a substrate, an
adhesive |l ayer, a soft nmagnetic |ayer, an underlayer, a nagnetic recording
| ayer 21 (magneti @ithathisrdonfiguatiop) ihe glasom -cohvdriegerarb@mbeing ramgieriahafr gy
control layer, a protective |layer, and a lubricating |layer. [00611 First,
a gl ass substtheihrpdr@aaropndaselestiva flmn2dcap he soneentsated arqund the substrate 12.

Further, by improving the kinetic energy of particles of the plasma-converted
carbon impinging on the surface of the substrate 12, the hydrocarbon protective
film 22 can be formed as a finer film. This makes it possible to form the
hydrocarbon protective film 22 having higher density and higher hardness.
Therefore, for example, even if the thickness of the hydrocarbon protective film
22 is reduced, it is possible to ensure the required wear resistance and sliding
properties. This makes it possible to properly reduce the thickness of the
entire protective layer 18.

[0059]

Hereinbelow, this invention will be described in further detail with
reference to Examples and Comparative Example. In each of the following
Examples and Comparative Example, a plurality of magnetic recording media
were fabricated while changing the thickness of a protective layer and an RF
bias applied to a substrate in a nitrogen-containing film forming step.

[0060]

(Example 1)

A magnetic recording medium according to Example 1 was fabricated in
the following manner. The magnetic recording medium according to Example
1 is a perpendicular magnetic recording medium and comprises a substrate, an

adhesive layer, a soft magnetic layer, an underlayer, a magnetic recording layer



preparation step, first, an anorphous al um nosilicate glass was nolded into
a disk shape by direct press, thereby producing a glass disk. This gl ass

di sk was ground, polished, and chem cally strengthened in sequence, thereby
obtai ning a snooth nonmagnetic gl ass substrate in the formof a chemcally
strengthened gl ass disk. It was a 2.5-inch magnetic-di sk substrate with a
substrate dianeter of 65mm an inner dianeter of 20mm and a di sk thickness
of 0.635mm The surface roughness of t he2bbt ai ned gl ass substrate was
observed by an AFM (atomi c force mcroscope) and it was confirmed to be a
smoot h surface with Rrax of 1.2nm and Ra of 0.16nm [0062] Using an

evacuat ed fi l{magoetié lagegppavapling, canrel layge R excbangehenergy icosiroldaysy@r to t he
exchange energy control layer were formed in sequence on the obtained
substrat e i n FEAtealivelayps gAddubgcalingdaX®. DC nagnetron sputtering nethod and
t hen the protectiv&agﬂger was fornmed by a CVD nethod. Thereafter, the

| ubricating | ayer ornmed by a dip coating nethod. Hereinbelow, the

t t d ' v | Ll b
Gesor i bed [0063) 1R “ipeer RV AR RS hrodefed FEABREIAICL YA S, nthe 2 Gt <o
as to be a Tdraghtafyn ls%beﬁrs'i’,fanlar%?hoﬁé’ afﬁﬁiﬁbélﬁbét@?!a?gpﬁa%' MBlded¥$th.a t he

adhesi on between the substrate and the soft nmagne ayer can be inproved
and, ther ef ordisk stiapgesby ginss phdss, trergheyedtciag fal ghsagiskef Thie ghektdiskagnet i c

| ayer. As a material of the adhesive layer, use can be nade of, for

exanpl e, a Tiwagtand; pajished carica¢heminallyt stramgthemeprinsequeenceutherehe t hi ckness
of the adhesive layer is preferably set to | 22 to 50nm [0064] The soft
magnetic | ay&bt%@gf%‘ﬁrﬁﬁ@m&qr\ﬁ@agﬁe&ﬁﬁéﬁ subsiite iR hresforpefgechemicaliyor phous

CoTazr | ayer s?Ien%%réWedE?aessué?gﬂe.r ll? %gg ai fs-%%emgéne%é—é}snlg SliJI:?strate with a
substrate diameter of 65mm, an inner diameter of 20mm, and a disk thickness
of 0.6356mm. The surface roughness of the obtained glass substrate was
observed by an AFM (atomic force microscope) and it was confirmed to be a
smooth surface with Rmax of 1.2nm and Ra of 0.16nm.

[0062]

Using an evacuated film forming apparatus, the layers from the
adhesive layer to the exchange energy control layer were formed in sequence
on the obtained substrate in an Ar atmosphere by a known DC magnetron
sputtering method and then the protective layer was formed by a CVD method.
Thereafter, the lubricating layer was formed by a dip coating method.
Hereinbelow, the structures and manufacturing methods of the respective layers
will be described.

[0063]

The adhesive layer was formed using a Ti-alloy target so as to be a
Ti-alloy layer of 10nm. By forming the adhesive layer, the adhesion between
the substrate and the soft magnetic layer can be improved and, therefore, it is
possible to prevent stripping of the soft magnetic layer. As a material of the
adhesive layer, use can be made of, for example, a Ti-containing material. In

terms of practical use, the thickness of the adhesive layer is preferably set to 1



formed for inproving the crystal orientation of the nmagnetic recording

| ayer. Using a hard nagnetic target made of CoCrPt and Si 02 as an exanpl e
of a nonmagnetic substance, a layer with an hcp crystal structure of 11 nm
was formed as the magnetic recording layer. As the coupling control |ayer,
a Pd (palladium |ayer was formed. The coupling control |ayer can be forned
by a Pt layer instead of the Pd | ayer. The thickness of the coupling
control layer is preferably 2nm or | ess?4nd nore preferably 0.5 to 1.5nm
The exchange energy control layer was in the formof alternately |am nated
films of CoB and Pd and was forned in a | ow Ar gas atnosphere. The

t hi ckness of tW@nmexchange energy control layer is preferably 1 to 8nm and
nore preferably 3 to 6nm [0065] Subsequently, in a hydrocarbon protective
filmformng step i19pe4] protective |ayer formng step, a hydrocarbon

[ fil f d b I CyD, met hod ' | yi bi f
P00V in'a mxed gabeaonarelG RS aeL o Sp0 h2 aBBR bR Bror o he
b ot octive 1 e alRERe G TaARE Loty | e R o T PR g 111 e

vwere set to ofhéd ARtmprdving tlher&matariemitnén oﬁﬂ@@@&ﬁéﬂid’r,[ecbfdi@(%?’ﬁle 1, the
. m

t hi ckness of the protective |ayer was 4. Onm or 0066 en, a
ni t r ogen- contdsing acthard hmaghetictargetsheage vhSoCeRtraredSiQutasusi exanaple whier i al
substance concentration neans adapted to generate a magnetic field by a
ferrite magndionmagnetic substapce, layerwitfean bep caistal sjuciurermivikm wiased by 23

gerer et 19,5 B SaAm i el SO i Pt SRR en R O
LR R R A R e S
was Pt layer instead of the Pd layer. The thickness of the coupling control layer is
preferably 2nm or less and more preferably 0.5 to 1.5nm. The exchange
energy control layer was in the form of alternately laminated films of CoB and
Pd and was formed in a low Ar gas atmosphere. The thickness of the
exchange energy control layer is preferably 1 to 8nm and more preferably 3 to
Bnm.
[0065]
Subsequently, in a hydrocarbon protective film forming step in a
protective layer forming step, a hydrocarbon protective film was formed by a
plasma CVD method while applying a bias of -300V in a mixed gas containing
30% hydrogen in Ar at a pressure where the vacuum was set to 1Pa. In
Example 1, there were formed hydrocarbon protective films whose thicknesses
before forming nitrogen-containing films were set to 4.0nm and 5.0nm,
respectively.  Accordingly, in Example 1, the thickness of the protective layer
was 4.0nm or 5.0nm.
[0066]
Then, a nitrogen-containing film forming step was carried out using a
material substance concentration means adapted to generate a magnetic field

by a ferrite magnet. In this step, a nitrogen-containing film was formed by



formed the protective |ayer having the hydrocarbon protective filmand the
nitrogen-containing film [0067] Then, the lubricating |ayer nmade of a PFPE
(perfluoropol yether) conmpound was forned by a di ppi ng nethod on the
protective | ayer having been subjected to ultrapure water and | PA cl eaning.
In the manner described above, nmagnetic recording nedia according to
Exanple 1 were fabricated. [0068] (Exangle 2) Magnetic recording nedi a
according to Exanple 2 were fabricated i#3 the sane manner as in Exanple 1
except that a material substance concentration neans adapted to generate a
magnetic field by an Al nico magnet was used in the nitrogen-containing film
form ng step.genéffiap a glaxmapileleIntrddigiret ordy medtooghmgasacd adjastingy theng t o
Exanple 3 were fabricated in the same manner as in Exanple 1 except that,
in the hydrodacuen tpBEacand abthis pressires axpaping @ﬁ,hmmeéb%p@tmwégn

hydr ocar bon protective fil whose . thicknesses before _formn

niyt r ogen- conﬁ%iarﬁ'tﬁ%gem @tﬁpsﬁg@ oqeriopma cedreatment. 4 159 O“ée?{do%'.:‘&m
respectively,. Lt i - i N fiLANGROr M. Ng. s se was
mde of o it SpoiRas8 Tud ebBTE RS REMI O ol 4B0hEL ByIiso e walSr "
magnetic fiel b : %rﬁ.{g}g;d r bi as
apgl ied to afgﬁjng%jt ?'gts‘g%g@e Qf’@é\gn W Oéggzdgéﬁgadggv&ﬁ%g%rﬁgge (Exanpl e
4) Magnetic neqjeh-ehtammigdilaccording to Exanple 5 were fabricated in the

same manner as in Exanple 1 except that, in the hydrocarbon protective film
form ng step, ther068F e formed hydrocarbon protective fil nms whose

Then, the lubricating layer made of a PFPE (perfluoropolyether)
compound was formed by a dipping method on the protective layer having been
subjected to ultrapure water and IPA cleaning. In the manner described above,
magnetic recording media according to Example 1 were fabricated.

[0068]

{(Example 2)

Magnetic recording media according to Example 2 were fabricated in
the same manner as in Example 1 except that a material substance
concentration means adapted to generate a magnetic field by an Alnico magnet
was used in the nitrogen-containing film forming step.

[0069]

(Example 3)

Magnetic recording media according to Example 3 were fabricated in
the same manner as in Example 1 except that, in the hydrocarbon protective
film forming step, there were tormed hydrocarbon protective films whose
thicknesses before forming nitrogen-containing films were set to 3.0nm, 3.5nm,
4.0nm, and 5.0nm, respectively, and in the nitrogen-containing film forming step,
use was made of a material substance concentration means adapted to
generate a magnetic field by a samarium cobalt magnet and the power for RF
bias applied to a substrate was set to 200W, 300W, or 400W.

[0070]



t hi cknesses before form ng nitrogen-containing filns were set to 2.5nm
3.00m 3.5nm 4.0nm and 5.O0nm respectively, and in the
nitrogen-containing film formng step, use was nade of a material substance
concentration neans adapted to generate a nagnetic field by a neodym um
magnet and the power for RF bias applied to a substrate was set to 50W
100w 200W 300W or 400W [0071] ngarative Exanpl e 1) Magnetic
recordi ng nmedia according to Cbnparatlv fixanple 1 were fabricated in the
same manner as in Exanple 1 except that, in the nitrogen-containing film
formng step, no material substance concentration neans was used and the
power for RF bias gBpampld 4)0 a substrate was set to OWN 200W 300W 400W
or 500W [0072] (Evaluation) Various performances of the magnetic

recordi ng medi a obtMagnetic wepqrd@gmemwa@sordm todmiaaiie bwertalrsiatedisr e
eval uat ed and, anal yzed as foI 0073 c, Rat| Duri ng
fabrication JPeSRECERANMREAS 'Q %P?%E&WPQ}W(‘?‘F@‘:’% é‘ﬁt‘?,‘zt'l"’ﬁtl o (NO
A R A OE 0 b R O S e
TR | IS S RS R LSSty
ﬁ r7 aﬁe\s;our ce 3.5\ Aned, eeids. Shvd e pedaeUy Bnd ik Mitrddi- ccﬁﬁamur@mmgy :
forming step, use was made of a material substance concentration means
adapted to generate a magnetic field by a neodymium magnet and the power
for RF bias applied to a substrate was set to 50W, 100W, 200W, 300W, or
400W.
[0071]
{Comparative Example 1)
Magnetic recording media according to Comparative Example 1 were
fabricated in the same manner as in Example 1 except that, in the
nitrogen-containing film forming step, no material substance concentration
means was used and the power for RF bias applied to a substrate was set to
OW, 200W, 300W, 400W, or 500W.
[0072]
(Evaluation)
Various performances of the magnetic recording media obtained in the
Examples and Comparative Example were evaluated and analyzed as follows.
[0073)
{1) Atomic Ratio (N/C)
During fabrication of the Examples and Comparative Example, the
atomic ratio (N/C) of nitrogen/carbon in the nitrogen-containing films was
measured by the ESCA after forming the protective layers. The measurement
conditions of the ESCA analysis were as follows.

Apparatus : Quantum2000 manufactured by ULVAC-PHI, Incorporated



Phot oel ectron Detection Angle : 450 Measurenent Object Peak : Os, Ns
Anal ysis Region : 100Rnmcp Nunmber of Tines 10 tines [0074] (2) LUL
Durability Test An LUL durability test was perforned using a 2.5-inch HDD
adapted to rotate at 5400rpm and a magnetic head with a flying height of
10nm An NPAB (negative pressure type) slider was used as a slider of the
magneti c head and a TMR el enent was used _as a reproducing el enent. The
magneti c recording nediumwas nounted i K9t hi s HDD and the LUL oper ati ons
were continuously repeated using the above nagnetic head. The LUL
durability was evaluated by neasuring the nunber of LUL tines endured with
no occurr enceX-ody Eacitatioa Sxfurce hil-iiDline THB6tGeM) was perforned in an

envi ronment of 70C/ 80%RH. This condition is nore severe than a normal HDD
operating envkranferice B8 is for nore accurately judging the

durability/reliabi.li f e magnetic,recording medium by perform ng the
test in the %@%V%ﬁ@%@qﬁég}éﬁ?% 'FT%D;Bf%? use in an application such as car
navi gation. | 5 I, I in the LUL durability test, it is required

t hat the nunb'gggso%?_@?'qﬁ'r‘%g exceeds 400,000 tines continuously with no

failure. It ipnsBBREKSS DeétioniAhgld hesenor mal  HDD using environnent, use for
about 10 years 1s necessary for the nunber of LUL tines to exceed 400, 000

times. (00761M2asuréaldne©bjedct PedksiOyNIe results of the above eval uation.
[ Table 1 ] Kind of Thickness of RF Nitrogen/Carbon Magnet Protective Bias
At oni ¢ Rati o Autlysisdegince 00ume

Number of Times : 10 times

[0074]

{2) LUL Durability Test

An LUL durability test was performed using a 2.5-inch HDD adapted to
rotate at 5400rpm and a magnetic head with a flying height of 10nm. An NPAB
(negative pressure type) slider was used as a slider of the magnetic head and a
TMR element was used as a reproducing element. The magnetic recording
medium was mounted in this HDD and the LUL operations were continuously
repeated using the above magnetic head. The LUL durability was evaluated
by measuring the number of LUL times endured with no occurrence of failure of
the HDD. The test was performed in an environment of 70C/80%RH. This
condition is more severe than a normal HDD operating environment. This is
for more accurately judging the durability/reliability of the magnetic recording
medium by performing the test in the environment assuming HDDs for use in an
application such as car navigation.

[0075]

Normally, in the LUL durability test, it is required that the number of LUL
times exceeds 400,000 times continuously with no failure. It is reported that, in
the normal HDD using environment, use for about 10 years is necessary for the
number of LUL times to exceed 400,000 times.

[0076]



Endur ance

0.112 550, 000 cycl es
5.0 400 0.095 1, 000, 000 cycles
|l ess 5.0 200 0.041 500, 000 cycles
nore samarium 5.0 400 0. 113 1, 000, 000 cycles
19-28 4.0 400 0.130 1, 000, 000 cycles
nore 3.0 400 0.181 550,000 cycles
Thi ckness of RF N trogen/ Carbon Magnet Protective Bias Atomc Ratio LUL

2 4.5-5.5 or

or
or

| ess 27

11.0-4.0 or

(BH)ymax Layer ~) (NC M3Ce nm5,0 300 0.035 100, 000 cycl es
Exanple ferrite 5.0 400 0.093 1, 000, 000 cycles
or less 5.0 300 0.044 400,000 cycles
nore 4.0 400 0. 114 550, 000

5.0 300 0.095 1, 000, 000 cycles
Exanpl e cobalt or
re 3.5 400 0. 150 1, 000,000 cycles
[ Tabl e 2] Kind of

Tables 1 to 3 show the results of the above evaluation.

[Table 1]
Kind of | Thickness of :
Magnet Plrotective BFi{; S N'Kg)grsg%g[?oon LUL Endurance
(BH)max Layer W] (N/C) Cycles
[MGOe] [nm]
100,000 cycles
5.0 300 0.035 !
or less
Example | ferrite 1,000,000 cycles
1 1.0-4.0 5.0 400 0.093 or more
550,000 cycles
4.0 400 0.112 or less
5.0 300 0.044 400,000 cycles
Example | alnico 1,000,000 cycles
2 4555 5.0 400 0.095 or more
550,000 cycles
4.0 400 0.114 or less
5.0 200 0.041 500,000 cycles
1,000,000 cycles
5.0 300 0.095 of more
. 1,000,000 cycles
samarium 5.0 400 0.113 !
Eanm Ple cobalt ?rorggrgoo cycles
19-28 4.0 400 0.130 or mo’re
1,000,000 cycles
3.5 400 0.150 of more
550,000 cycles
3.0 400 0.181 or less

nore 4.0 400
Exanpl e al ni co

more 3




(BHymax Layer [W (N C Cycles M30e nm5.0 50 0.048 1,000,000 cycles or
nore 5.0 100 0.064 1,000,000 cycles or nore 5.0 200 0.115 1, 000, 000 cycl es
or nore 5.0 300 0.176 400,000 cycles Exanple neodym um5.0 400 0. 206

100, 000 cycles 4 37-47 4 0 100 0.077 1,000,000 cycles or nore 3.5 100
0.096 1,000,000 cycles or nore 3.0 100 0.120 1,000,000 cycles or nore 2.5
100 0. 149 1,000,000 cycles or nore 2.5 50 0.109 1,000,000 cycles or nore
[ Tabl e 3] Kind of Thickness of RF Nitrog@f/ Carbon LUL Magnet Protective
Bias Atom c Ratio Endurance (BH)nmax Layer M0Oe nm[W (N C Cycles 5.0 0
0.000 failed i Mmediately after start 5.0 200 0.005 failed i medi ately
after start [Table 2]

Kind of Thickness of :
Magnet Protective BF?;: s NaX&gﬁgf%;%on LUL Endurance
{BH}max Layer W] (N/C) Cycles
_[MGOe] _{nm]
1,000,000 cycles
5.0 50 0.048 of more
1,000,000 cycles
5.0 100 0.064 of more
1,000,000 cycles
5.0 200 0.115 of more
5.0 300 0.176 400,000 cycles
Example | neodymium 5.0 400 0.206 100,000 cycles
4 37-47 1,000,000 cycles
4.0 100 0.077 of more
1,000,000 cycles
3.5 100 0.096 of more
1,000,000 cycles
3.0 100 0.120 or more
1,000,000 cycles
2.5 100 0.149 or more
1,000,000 cycles
25 50 0.109 of more
[Table 3]
a:gnzft Tgﬁggtsis e°f RF Nitrogeprarbon LUL
Bias Atomic Ratio Endurance
{BH)max Layer N/C Cvel
MGOe] |  [nm] W] (N/C) ycles
failed immediately
5.0 0 0.000 after start
failed immediately
5.0 200 0.005 after start
Compara- 5.0 300 0.033 100,000 cycles
tive or less
Example | "7 5.0 400 0.088 1,000,000 cycles
1 or more
500
5.0 -->substrate
damaged
4.0 400 0.106 |600,000 cycles or
ess
[0077]

With respect to the Examples and Comparative Example, a comparison

was made between the atomic ratios (N/C) of nitrogen to carbon for the same



Conpara- 5.0 300 0.033 100,000 cycles or less tive non 1,000,000 cycles
Exanple 5.0 400 0.088 or nore 500 5.0 -->substrate ... ... damaged 4.0 400
0.106 600,000 cycles or less [0077] Wth respect to the Exanples and
Conmpar ati ve Exanple, a conparison was nmade between the atomic ratios (N C
of nitrogen to carbon for the sane 28 thickness of the protective |ayers
and the sane RF bias and it is seen that the atomc ratio (NC) is greater
in each of the Exanples where the materi & substance concentration means is
used, than in the Conparative Exanple. Therefore, it is seen that nitrogen
was efficiently introduced into the nitrogen-containing filmat the

out er nost surthakeess oftthe protetti layerslamyidhe IsamerdF biasearaf it tsheeemehat thel
substance concentration neans. [0078] Further, in each of the Exanples,
1,000, 000 or AEREC @D (NGiis areater inresehiof dhe Byamplesovliarg thamateridikness of t he

DO i el e bt han b G e ey o2, ° o0
?‘Lngl :?Ie:r b;[ ggnl ips%raolr?erl@%teﬁ H@hl'%eengvsvg%gﬂpkﬂﬂ%hﬁr og %‘9(@%9%[ ﬁ?n;h?}[ I vr;]/hleg
e A8 Yoo i e ETER BTl e
ni t r ogen- cont gsebfntpe mdterialsubernee donddradbn means.

[0078]

Further, in each of the Examples, 1,000,000 or more LUL times were
realized by selecting the thickness of the protective layer and the RF bias
condition.  Particularly, in Examples 3 and 4, 1,000,000 or more LUL times
were realized even when the RF bias was set smaller than that in the
Comparative Example. It is considered that when the RF bias is smaller, the
thickness of the nitrogen-containing film is reduced. Accordingly, from this, it is
seen that the lubricity to the lubricating layer is ensured even when the
thickness of the nitrogen-containing film is reduced.

[0079]

Further, for example, when use is made of a magnet having a maximum
energy product (BH) max of 19 to 28MGOe as in Example 3, it is seen that the
RF bias is preferably set to 300 to 400W. On the other hand, when use is
made of a magnet having a maximum energy product (BH) max of 37 to
47MGOQOe as in Exampile 4, it is seen that the RF bias is preferably set to 50 to
200W.

[0080]

Further, in Examples 3 and 4, 1,000,000 or more LUL times were
realized even when the thickness of the protective layer was reduced as
compared with the Comparative Example. Particularly, in Example 4,
1,000,000 or more LUL times were realized even when the thickness of the

protective layer was set to 3nm or less (2.5 to 3nm).



Further, for exanple, when use is nmade of a magnet having a maxi num energy
product (BH) nmax of 19 to 28M30e as in Exanple 3, it is seen that the RF
bias is preferably set to 300 to 400W On the other hand, when use is nade
of a magnet having a maxi num energy product (BH) nmax of 37 to 47M3Ce as in
Exanple 4, it is seen that the RF bias is preferably set to 50 to 200W
[0080] Further, in Exanples 3 and 4, 1,000,000 or nore LUL tinmes were
real i zed even when the thickness of the Bﬁotectlve | ayer was reduced as
conpared with the Conparative Exanple. Particularly, in Exanple 4,

1, 000, 000 or nore LUL times were realized even when the thickness of the
protective | ayer wg80&dt to 3nmor less (2.5 to 3nm. 29 [0081] In the
Conpar ati ve Exanpl e, when the RF bias power was set to 500W the substrate
was damaged and it Indke Rempaeativetibampde fwan et RF blaﬁmruw,as g4 &0 POPWg

medi um AItho h not descri bed abo this |es 0 each the
Exanpl es whent grﬁ!ﬂ beiratgiwas damage §“‘§5tqud1°f>@ﬁﬁ' @tylca{t%ggr}e}gnq%grt her, in

DD 1o | cd i rhacooiF o, Afsh ) BesttiRaciTR f@fft el Ny

al so_appl | es %ngaﬁgblé’gwhgﬁtﬁgﬁgi M@ﬂf%@?to%ﬂvf& nRfger is set to ON

[ 0083) (Examp anor phou n05| icate glass is nolded into a disk
shape by direct prgssz] thereby producing a glass disk. This glass disk is

ground, polished, and chem cally strengthened in sequence, thereby

obt ai ni ng a snoot h Funtheneg GempardivekEsamgle rabenrthe ke bias power waslsehtiocal | y

strengthened glass disk. It is a 2.5-inch nmagnetic-di sk substrate with a
gl ass subst r abW @i 2000V.dhe 6iDB fafted immediately after the start of the LUL durability test.

This also applies to each of the Examples when the RF bias power is set to OW.

[0083]

{Example 5)

An amorphous aluminosilicate glass is molded into a disk shape by
direct press, thereby producing a glass disk. This glass disk is ground,
polished, and chemically strengthened in sequence, thereby obtaining a smooth
nonmagnetic disk substrate in the form of a chemically strengthened glass disk.
It is a 2.5-inch magnetic-disk substrate with a glass substrate diameter of 65mm,
an inner diameter of 20mm, and a disk thickness of 0.635mm. The surface
roughness of the obtained glass substrate is such that when observed by an
AFM (atomic force microscope), it is a smooth surface shape with Rmax of
2.18nm and Ra of 0.18nm. Rmax and Ra follow Japanese Industrial Standard
(JIS).

Then, an adhesive layer 112, a soft magnetic layer 114, an orientation
control layer 116, an underlayer 118, a first onset layer 120, a second onset
layer 122, and a main recording layer 124 are formed in sequence on the disk
substrate 110 by DC magnetron sputtering (see Fig. 4).

First, the adhesive layer 112 is formed using a CrTi target so astobe a
CrTi layer of 10nm.

Then, soft magnetic layers 114a and 114c¢ are each formed so as to be



an inner dianeter of 20mm and a disk thickness of 0.635mm The surface
roughness of the obtained gl ass substrate is such that when observed by an
AFM (atomic force mcroscope), it is a snooth surface shape with Rmax of
2.18nm and Ra of 0.18nm Rmax and Ra fol |l ow Japanese Industrial Standard
(JI'S). Then, an adhesive |ayer 112, a soft magnetic |layer 114, an
orientation control layer 116, an underlayer 118, a first onset |ayer 120,
a second onset layer 122, and a main r ecddr di ng layer 124 are forned in
sequence on the disk substrate 110 by DC magnetron sputtering (see Fig. 4).
First, the adhesive layer 112 is fornmed using a CTi target so as to be a
CrTi layer ofanhamompholisdreColalZr [ayegobtSman! afertiserld £ laper di2ton &rferreed h
formed so as to be 30 an anorphous FeCoTaZr |ayer of 15nm Further, a Ru

| ayer of 2nm asafisstmeamageetc spacser layenidéhet i c spacer |ayer 114b. Then, on
the soft magnetic | ere are n se ence the orientation

control layer 116 ﬁ%ﬁﬂ]tlﬁ%agﬁg}agﬂpwIalyﬁagﬁdé@%qagrg qegh it s§dHegteeach

ot "2a N PR oD SRR AR EI% & oy ko Bt MM Byl 1 RETSAT ToC 92
is set smallej mé'&bmwnélggméms f'1?Mﬁ|rarﬁ)em$aa§opﬁﬁ%mﬁﬁﬁwa%&ﬁ@ the

first onset Iayer 120 of nm nma S 02, the second onset |ayer

122 of 3nm nagerienddodd fhtat Bedd. foirhieg Rk Préswes thrnige Rayigyerladdhef
CoCrPt-Ti 02, a continuous |layer 126, and a nedium protective |ayer 128. The

onset | ayers aederkaydr 1% sroet amaﬂalghhan ittatdorathel Rur ldyay as the Byderiagend 18p)t he
nonnmagneti c granular Yers on an hcp crystal structure of the underl ayer
118 and gr owi ftiskﬂ@ﬁb EH‘%@/@“QQNWédﬁﬁf RofESiHPzithg seegnst onsep layeher eon,

ni 1 al st agel¢f PLORBSGS! (Gae et R B R o Mater A4 Bhyer) 1241 s
formed using éo&ﬁf’th i0g, a continuous layer 126, and a medium protective layer 128.

The onset layers 120 and 122 are nonmagnetic granular layers. By
forming the nonmagnetic granular fayers on an hcp crystal structure of the
underlayer 118 and growing a granular layer as the main recording layer 122
thereon, there is a function of separating the magnetic granular layer from the
initial stage (rising).

The main recording layer (granular layer) 124 is formed using a hard
magnetic target of 8nm made of hep crystal structure CoCrPt-TiO,.  Further,
the continuous layer 126 is formed using a CoCrPtB target of 7.5nm (see Fig.
4).

[0084]

Subsequently to the continuous layer 128, the medium protective layer
128 is formed in the following steps.

First, in a hydrocarbon protective film forming step in a protective layer
forming step, a hydrocarbon protective film was formed by a plasma CVD
method while applying a bias of -300V in a mixed gas containing 30% hydrogen
in Ar at a pressure where the vacuum was set to 1Pa. In Example 5, there
were formed hydrocarbon protective films whose thicknesses before forming

nitrogen-containing films were set to 4.0nm and 5.0nm, respectively.



magnetic target of 8nm made of hcp crystal structure CoCrPt-Ti 02. Further,
the continuous layer 126 is fornmed using a CoCrPtB target of 7.5nm (see Fig.
4). [0084] Subsequently to the continuous |ayer 128, the medi um protective
| ayer 128 is formed in the following steps. First, in a hydrocarbon
protective filmformng step in a protective layer formng step, a

hydr ocarbon protective filmwas fornmed by a plasna CVD nethod while
applying a bias of -300V in a m xed gas &nt ai ni ng 30% hydrogen in Ar at a
pressure where the vacuumwas set to 1 Pa. In Exanple 5, there were forned
hydr ocarbon protective filns whose thicknesses before form ng

ni t r ogen- cont Atedrdigglyi innExameple 5s the thickaeshof thadrateCive layesywas ¢i0ngl 9r 31
Accordingly, in Exanple 5, the thickness of the protective |ayer was 4. Onm
or 5.0nm ThefNMy nj trogen-containing filmformng step was carried out

magnet i T1eld by Te ATl CROMHGHBR NG T PE 80 SIFP Wes oY BYAH CORO ni ng

filmwas for gﬁ%ﬁ%@ ﬁ%ﬁ&&ﬁcaet &%eﬂtrg{&ﬁ?@%ﬁ@%g@h?gé QgH‘gﬂa@aQ‘%gf‘S@C Rbfgh 09en

gas and adju vacuumto ressure, sing the

hydrocar bon pppheérite/ alghbin 1 thidsidipt a%%eatmhmgemﬁ%@,erbfrﬁé@b? surface
treatnent. The power for RF bias applied to the substrate was set to 300W

or 400W By t peéseratilges @lasgasa white mtddubiag phivt £oitrogen lgay @nd Bdfudiiay ity t he
hydrocarbon protective filmand the nitrogen-containi n% film [0085] Then,
a | ubri cati ngvacupst ton3fa ard at tRERFeggbEe faxposiog dhe bydrecarbos gipleative filas f or med
by a di pping nethod on the protective |ayer havi n%] been_ subj ec} e?“:t o]

ul trapure wat 12 AVQIEPABPERNAIA L PeEYTER §Urfage treahant; ckhesewst for e

lubricating | Bpégrap\ﬁﬁesd tlo fR8'substrate was set to 300W or 400W. By this, there was
formed the protective layer 128 having the hydrocarbon protective film and the
nitrogen-containing film.

[0085]

Then, a lubricating layer made of a PFPE (perfluoropolyether)
compound was formed by a dipping method on the protective layer having been
subjected to ultrapure water and IPA cleaning (see Fig. 4). The thickness of
the lubricating layer was 1nm.

In the manner described above, perpendicular magnetic recording
media according to Example 5 were fabricated.

[0086]

Various performances of the magnetic recording media obtained in
Example 5 were evaluated and analyzed in the same manner as in Example 1.

As a result, it was confirmed that the same evaluation results as those
in Example 1 were obtained. Specifically, with respect to Example 5 and the
Comparative Example, a comparison was made between the atomic ratios
(N/C) of nitrogen to carbon for the same thickness of the protective layers and
the same RF bias and it was confirmed that the atomic ratio (N/C) was greater
in Example 5 where the material substance concentration means was used,

than in the Comparative Example. From this, it was confirmed that nitrogen



In the manner described above, perpendi cul ar magnetic recording nedia
according to Exanple 5 were fabricated. [0086] Various performances of the
magneti c recording nmedia obtained in Exanple 5 were eval uated and anal yzed
in the sane manner as in Exanple 1. As a result, it was confirned that the
same evaluation results as those in Exanple 1 were obtained. Specifically,
wth respect to Exanple 5 and the Conparative Exanple, a conparison was
made between the atomic ratios (N C) of3Ritrogen to carbon for the sane

t hi ckness of the protective |ayers and the sane RF bias and it was
confirmed that the atomc ratio (NNC) was greater in Exanple 5 where the
mat eri al subsvameflicieothe mrodatedimtortreritrogen-cerddining fitanatithe bhter@oepar at i ve
Exanple. Fromthis, it was confirmed that nitrogen 32 was efficiently

i ntroduced i rRwfacaef e protpative laveabithryuse eiihatmatpdalspbstansst  surface of

the protective |ayer,.by the u f th mattfzr'aJe 6_@88 ance centration

means. Furt héPNCERrgigiTppans  hu [p&aagPley 0 iofgwre Ml i zed by
| . h : . . CCion

foos7] i 1 YRS b e BaeakE o kChroltive Mk ol pE e | "

enbodi ments, ihgitlofchni cal scope of the invention is not limted to the
scope of the description of the above enbodi nents. It is obvious to a
person skilled in [gdgy)art that various changes or inprovenents can be added
to the above enbodinents. It is clear fromthe scope of clains that the
nmodes added with d\bite bisingerdioorhasnpreovdeseribed with reflesandedoitive| uded i n t he
technical scope of this invention. Industrial Applicability [0088] This

i nvention i s 0PedimeEptsafis ieshnical scepe 0bthedipueriioa is sokhyited icthe scope of

the description of the above embodiments. It is obvious to a person skilled in
the art that various changes or improvements can be added to the above
embodiments. It is clear from the scope of claims that the modes added with
such changes or improvements can also be included in the technical scope of
this invention.

industrial Applicability

[0088]

This invention is suitably applicable to, for example, a magnetic
recording medium manufacturing method.

Brief Description of the Drawings

[0089]

Fig. 1 is a diagram showing one example of the structure of a magnetic
recording medium 10 manufactured by a magnetic recording medium
manufacturing method according to one embodiment of this invention.

Fig. 2 is a flowchart showing one example of a method of manufacturing
the magnetic recording medium 10 of this example.

Fig. 3 is a diagram showing one example of a film forming method in a
nitrogen-containing film forming step S204, wherein Fig. 3(a) is a sectional view
showing the positional relationship between a substrate 12 formed with up to a

hydracarbon protective film 22 and a material substance concentration means



recordi ng nmedi um manuf acturing nmethod. Brief Description of the Draw ngs
[0089] Fig. 1 is a diagram showi ng one exanple of the structure of a
magneti c recording nedium 10 manufactured by a nmagnetic recordi ng nmedi um
manuf act uri ng nmet hod according to one enbodi nent of this invention. Fig. 2
is a flowmhart showi ng one exanple of a nethod of manufacturing the
magneti c recordi ng nmedium 10 of this exa{rg)l e. Fig. 3 is a diagram show ng
one exanple of a filmformng method in a3 nitrogen-containing filmforn ng
step S204, wherein Fig. 3(a) is a sectional view show ng the positional

rel ati onship between a substrate 12 formed with up to a hydrocarbon
protective fil3thad Fgd3(a) ived Bp aéw shbwingrtbe nuainsarigcadi the hydeotartl3h 30 and
Fig. 3(b) is a top view showing the main surface of the hydrocarbon
protective filpetectivedil® 22 is a di agram showi ng one exanple of the structure

of 2 magnetic recoLl 00 Mol LS S0 R TRONELL L SRl 0 g, e um
Descri pti on Ofrecafgfﬁ%ﬁ?c{(i&g%l’mLfégty[é%ggtéﬁe}cgcnreﬁg%éﬂr&%grmgdiﬂm 12 ---

substrate, 14 7 ayer yer, protective |ayer, 20

| ubricating | a,yaﬁ{ufa&%ind‘MEWé&%Fhinchg%ﬁfgh' MémbbdiMent8f this invention.

nitrogen-containing film 30 -- mate stance concentration neans 34
CLAIMS 1. A musefipior €csymohslg medi um manuf acturing nethod of forming a
thin filmover a substrate, said magnetic recordi ng nedi um manufacturi ng
met hod char act eri zefDO89] conpri si ng

10 - magnetic recording medium, 12 -- substrate, 14 «- underlayer, 16 --
magnetic layer, 18 -+ protective layer, 20 - lubricating layer, 22 - hydrocarbon
protective film, 24 --+ nitrogen-containing film, 30 - material substance

concentration means



athinfilmformng step of formng said thin filmusing a plasma-converted
substance as a material, wherein said thin filmformng step forns said thin
filmusing material substance concentration neans for gathering said

pl asma- converted substance around said substrate. 2. A magnetic recording
medi um manuf acturi ng nmethod according to claim1, characterized in that
said material substance concentration neans gathers said plasna-converted
substance around said substrate by generﬁ?ing a magnetic field around said
substrate. 3. A magnetic recordi ng nedi um manufacturing nethod according to
claiml or 2, characterized in that said material substance concentration
means generates the magnetic field arOuUAMMSai d substrate using a magnet
having a maxi mum energy product of 1.0 to 50M3e. 4. A magnetic recording
medi um manuf acturi ng nethod according to any of clains 1 to 3,

h terized by fyrt I Si ti rf ' t [ f '
Rt WA I S T R N S T R A
Lor T2 IYARARORRR, BIOhSrAteY Eaib dinef PhcatBind RIS hank@yRfing the” €1 1
said thin filmformng step is a step of introdtcing nitrogen into a

surface of sahehbydhaeRidFRdMyAoedrisiRy filmby a plasma CVD nethod using a
nitrogen gas, thereby formng 'a filmcontaining the nitrogen at an outernopst

surface of said hydrthindiliadorrpingtstegt offermhingeaicdBBin fim dsingugnet i ¢ recordi ng
medi um manuf act uri ng met hod according to claim4, characterized in that said
thin film formesiga-soeyerias skbstangefas anaéesidl.ai ni ng the nitrogen at the

Vol tage to sai d subhEranea N IRHERBIBS o e aAl PLHOT VSRR TR i ng
et hod accor déu%gtaﬁwge concentration means for gathering said plasma-converted substance
around said substrate.

2. A magnetic recording medium manufacturing method according to
claim 1, characterized in that said material substance concentration means
gathers said plasma-converted substance around said substrate by generating
a magnetic field around said substrate.

3. A magnetic recording medium manufacturing method according to
claim 1 or 2, characterized in that said material substance concentration means
generates the magnetic field around said substrate using a magnet having a
maximum energy product of 1.0 to 50MGOe.

4. A magnetic recording medium manufacturing method according to
any of claims 1 to 3, characterized by further comprising

a magnetic layer forming step of forming a magnetic layer over said
substrate, and

a protective film forming step of forming a hydrocarbon protective film
over said magnetic layer,

wherein said thin film forming step is a step of introducing nitrogen into
a surface of said hydrocarbon protective film by a plasma CVD method using a
nitrogen gas, thereby forming a film containing the nitrogen at an outermost

sutface of said hydrocarbon protective film.



claim5, characterized in that said thin filmformng step applies an RF
bias with a power of 400Wor less to said substrate. 7. A magnetic

recordi ng medi um manuf act uring net hod according to any of clains 4 to 6,
characterized in that said protective filmformng step forns said

hydr ocarbon protective film having a thickness of 5nmor |ess, and said
thin filmformng step forns the filmcontaining the nitrogen wherein an
atomc ratio (NC of nitrogen to carbon38t the outernost surface is 0.05 to
0.15. 8. A magnetic recordi ng nmedi um manufacturing nethod according to any
of claims 1 to 3, characterized by further conprising a nmagnetic |ayer
form ng step of fobn Agnagmatigrecordingayediuovmansiacturingubsthodtaeconingtei n sai d
thin filmformng step is a step of form ng a hydrocarbon protective film

over said nadifi4 qhajagtengeddn ynatsaid M'IFFefPﬁBtﬂlgﬁﬁ?m@f@S thg dildcar bon gas. 9.
Sai d 1 am nat GORAIPAME AIRGETS! KB LRERCR Sutpoa el 19 bIRHRREORPOetY n 111 m
Lo 09 5P ARG A S Sk P 2o coner g substance as
M R i
claim 5, characterized in that said thin film forming step applies an RF bias with
a power of 400W or less to said substrate.
7. A magnetic recording medium manufacturing method according to
any of claims 4 to 6, characterized in that
said protective film forming step forms said hydrocarbon protective film
having a thickness of 5Snm or less, and
said thin film forming step forms the film containing the nitrogen wherein
an atomic ratio (N/C) of nitrogen to carbon at the outermost surface is 0.05 to
0.15.
8. A magnetic recording medium manufacturing method according to
any of claims 1 to 3, characterized by further comprising
a magnetic [ayer forming step of forming a magnetic layer over said
substrate,
wherein said thin film forming step is a step of forming a hydrocarbon
protective film over said magnetic layer by a plasma CVD method using a
hydrocarbon gas.
9. Alaminate manufacturing method of forming a thin film over a
substrate, said laminate manufacturing method characterized by comprising
a thin film forming step of forming said thin film using a
plasma-converted substance as a material,
wherein said thin film forming step forms said thin film using material
substance concentration means for gathering said plasma-converted substance

around said substrate.



