DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM MANUFACTURI NG METHCOD AND LAM NATE

MANUFACTURI NG METHOD Techni cal Field [0001] This invention rel ates
to a method of manufacturing a magnetic recordi ng nedium and a net hod of
manuf acturing a | am nate. Background Art [0002] Nowadays, the

i nformation recordi ng technique, particularly the magnetic recording
techni que, requires a radical technol ogical innovation follow ng the

devel opnent of the IT industry. For nagnetic di sks adapted to be nounted
in magnetic di sk apparatuses such as HODs (hard disk drives), there is
requi red a techni que capabl e of achieving an information recording density
of 60Gbit/inch2 to 100Ghit/inch2 BESERIETION t herto, in a nagnetic disk, a
magnetic | ayer adapted to record information is provided on a nonmagnetic
substrate and, on the magnetic layer, there are provided a protective

Tt e s e TR

her et of ore been proposegq sq R ARIfUFfAQf'IFGF@Iﬂ!Cf‘A@T‘?—i@ﬁ“ ve |l ayer by a

pl asma CVD nmet hod for ensuring the wear resistance and sliding properties
of a magnetic disk (see, e.g. Patent Docunent 1). Patent Docunent 1:

I nternational Publication No. 99/014746 Panphl et Di scl osure of the

| nvent i on Fabbloantied be Sol ved by the Invention [0003] 2 For
magneti c di sks, a demand for an increase in recording density has been
becom ng strongd®08Mdar by year. In the demand for the increase in
recordi ng densi in recent years, various approaches have been nade. As

one of them it I¥s insgaiiaroglates kua meathedef maryfapiueng gagaerstie spaci ng)

bet ween t . i hi ess.direction, of a magnetic |ayer of a

magneti c Q%Sﬁ%ﬂﬁ'ﬁ“sdﬁ“ﬁ&g’ﬂ%Fﬁﬁ%B@P&HﬁEF%&@“@&W%&ga magneti c head for

i mprovi ng ghgabhg Qi 0 of a recording signal by inproving the spacing

| oss. For exanple, in order to achieve an information recording density of

600bi t/i nch2 or(gmmq, it is required to reduce the nmagnetic spacing to
041

20nmor less [O
Nowadays, the information recording technigue, particutarly the

magnetic recording technique, requires a radical technologica! 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
60Ghit/inch? to 100Gbitfinch? 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 sfiding 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)



Herein, taking into account the distance fromthe surface of the nmagnetic
disk to the center in the thickness direction of the magnetic |ayer, the
flying height of the nagnetic head is currently set to 10nmor | ess and
thus a further reduction thereof is difficult. Further, when the flying
hei ght of the nmagnetic head is set to 10nmor less, there is a possibility
of occurrence of a problemthat intermttent contact between the nmagnetic
head and the nagnetic disk occurs to nake the flight unstable or even a
serious problemthat contam nation occgrs on a recording/reproducing

el ement portion of the magnetic head t6 di sable recordi ng/reproduction.
Therefore, studies have been perforned to reduce the thicknesses of a
protective |layer and so on provi ded between the nagnetic Iaéer and the

di sk surface. [Odo%|magnetic diskg,aedamand for ap giereass Rlesordingeogrisitt Raess of the

protective |a LS. .simply r d, _th 0 I . for the

protective Ibgéibe%%ﬂ%gp%%geéﬁg%@dy%&oﬁngﬁ(ea@%ﬁ%éﬁqeﬁzﬁﬁ%ﬁgaggés%mMer e use is
made, as t h@edhQhgabhSs it ARt yedlrs, VaRbidMipiehbs it Séeremhay erascont ai ni ng
carbon and nitrogen fof inproving adhesion to a lubricating |ayer is

formed at t haeobthenmiiss reguiréderediicatheydistaceragneicosracingybetiveeim i f t he
t hi ckness of the hydrocarbon protective filmis sinply reduced,
sufficient Weasentesing Bickaessirestioniohg Madssls ‘@V%i‘sofég’ﬁﬂé’!e’ﬂsé’%@eﬁed. O

t he ot her hapd, .i.f, t I.C f li: 0, &0l d
nitrogen at ??Wéd'%{feé)?ﬁ%@“gs%gﬁgﬁte&iasr}‘g rﬁ%H é@%%ﬁﬁ@ﬁ@{o%ﬁ%h%%{ﬁ%ﬂg%ﬂt o the

| ubri catingg r@b’&ﬂinﬁ%ﬁ‘d’nﬁﬁﬁﬁ%prbﬂné FHeSspagimg lossNEeF6r dMainfphs: imolleeto- up probl em
that the magnetic head picks up a lubricant not adhering to the protective
| ayer as t hachiete ac atformatibayerordiog detsitylof BRGDIFDONBIr more, it is«eqd&ri bed
above, if the thickness of the protective layer is sinply reduced, there
ari se vari ol®'9%ue® fefEagnelie $Pacifc QR OL!$8: there arises a probl em such

that fine scratcﬁgﬁ r the Iike occur on the nagnetic disk to degrade a
recordi ng/ reprod ng signal. [0007] Further, in recent years, as a

HDD start/stop neg&am, HKind ihtoigobiehe tigtints #Omithe eomda)of therst ead of the
conventional CSS system the LUL system (ranp |oad systen) capable of

i ncreasi ng mnhegnetpdick tosthelcenten in be-thiplnesedivedivaof hednatnelipfryeatttes, if the
t hi ckness of a protectjve layer is sinmply reduc as_gdescri ped above, the
possibility ﬂy@g@grg&w; ﬂféP%W%e%h?ﬁ%’ﬁé’m}?%%’tseg%ef%népf leggagd BPSBI em t hat
fine scratc r i GOk I i kpact upon

| oadi ng of E&ﬁ-lnaegﬁ%{{l{agowehggeog%#ﬁ'gaﬁa?n@?@ngbgIg?é mérjg%gﬁ%égﬁdi ng a

reproduci ng nsagafd heddi@@8{te 10nm orliess thete &% possibiag oberrenskeofian vi ew of
the probl ens described above and has an object to provide a nmagnetic
recor di ng meubhiem thed iftermitentegniast brsweean thegnagnetic haad agwhthengagnetic he wear

botveen 5 prROTERods e rhe ighCinsalis atiiend Sesglt B Kelml o, even when
the thi Ckne%%@m&aﬁnBea}repwa%gbwreg@dﬁa@ Blerieh® Bortioft obfgNS for Sol ving

the Problem n order to solve The above problens, this

i nventi on hagagnitc fiedd vdisebis tecording/@production.  (TBbreitrbustediés hdveragnet i ¢
recordi ng nmedi um manuf acturing nethod of forming a thin filmover a
substrate, $gedpadeimedte redussrtte Hucknessasa’ raieiegiMedaysignasersd

characteriz ep(ljovti)c\(edct?elmééns{hg%agnetic 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 proteciive layer, of a
structure in which a layer containing carbon and nitrogen for improving
adhesion fo a lubricating layer is formed at the outermost surface of a

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



athinfilmformng step of formng said thin filmusing a

pl asma- converted substance as a materi al, wherein said thin film
formng step forns said thin filmusing material substance concentration
means for gathering said plasma-converted substance around said substrate.
[ 0010] Wth this structure, the formation of the thin filmcan be
efficiently carried out. Further, for exanple, by concentrating the

mat eri al substance, the density of the substance necessary for exhibiting
the function of the thin filmcan be increased in the thin filmto be
formed. Therefore, even if the thicknéss of the thin filmis reduced, the
function of the thin filmcan be properly exhibited. This makes it

possi ble to reduce the thickness of the thin film 01 The thin
filmforni ngmelTEIvess: E'éfﬂae%ttvéf‘ﬁf&?s‘%?‘?ﬁ?-f@"%"ﬂ'@gtﬁﬁ?#&‘?%#"\% 8% applying a
bi as vol tag h N Al t irdl cser convert ed
subst ance bgri‘éﬁ’geéa %‘f@??%’ﬁéﬁr‘?’mﬁ? ﬁ%lﬁkﬁsﬁgfé&gr&%{cﬁtﬁ ?g%t ed around the
substrate. 4 hirb§erf@Re oLieAMOBIsBFaed isSithsly setueed,dhe aditesiin torthereans

gat hers the plasma-converted substance around the substrate by a nethod
di fferent fiubrisating ldendesrensasge In thisrcasgaliprecarisen a ARk PrablegLbat ance

concentratign nmeans gathers the plasnma-converted..s 166 nd the
substrate b eé“?%’cﬁ%ge%q H'@gs T e (s @ggap%nnpg?&hee%%%&g ‘gg%r(r)#c force is,
for 5 exa . . I tifgactive or repulsive force directed in the
tangenti al Fﬁlét(}: |(t:')l’rid %%&E hgthglhe%'tri c line of force. [0012] The

mat eri al substanggogadncentrati on neans gathers the plasma-converted
subst ance around the substrate bé', f or exanpl an el ectromagnetic force.

In this case, forhssesapibes abgyesipieyihisknassigl eﬁigﬁeﬁﬁ‘{j’éal’% i$ BEPSUbst rate to
th | - t.ed bst i i i i [ i bl

T Control . [RCHBRBAR SPRSTARETEr ohh il heh el el g arsgh 3 PPRS! P! ©

pl asma- Convﬁﬁl])féri:n ?\I‘,rtf?fnﬁ-ngfﬁfe scrdHe or the iike odclf MBe, magHetie YRR €, When

formng the y a chem cal reaction of the plasnma-converted

subst ance ouegratibe rechrsingaérodadigy slatadr i al substance concentrati on neans
may use, as a pressurizing gas, a gas wth a property that does not
participate in tHB0@Hem cal reaction over the substrate, thereby gathering

t he pl asma-converted substan r wido bR e, for
exanpl e, the mat é&rqﬂgller’ "h[%?ﬁﬁ’geé%c%ﬁ%&@@%{%%n@%%ga@%@ﬁ} ﬁ%ésbét%(sa

pressuri zi ngec@f?rgd td‘@hw?%y%&bé@bi thB Gohlentibh8\8IWsy@tdre ahé QUL siystepush t he

pl asma- converted substance toward the substrate, thereby gathering the

pl asma- conv éutrgdoadipgtiemceapablewi hdréasirgthe capaady. [lo@ndjul-system (Structure
2) Said material substance concentration, neans

pl asma- conv Btageaticdisk BRPRTaNE, HIRdNISKISES Of BHFFIaE! g@%’%&éﬁh@fﬁ@"&d magnet i c
field ar Oun%s %%isgribﬁﬁtﬁ%&r/é”}ttﬁe pé&%ﬁ} is considered 1o be higher that there arises a

problem that fine scratches or the like occur on a magnetic disk due to impact

upon loading of 2 magnetic head on the magnetic disk, thereby degrading a

reproducing signai.

[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 adhesicn between a protective layer and a iubricating
layer, for example, even when the thickness of the protective layer is 5nm or

less.



Wth this structure, the plasma-converted substance can be properly

gat hered. The material substance concentration neans generates the
magnetic field using, for exanple, a pernmanent magnet or an el ectromagnet.
In the case of using the pernmanent magnet, for exanple, since it is root
necessary to supply the power to the nagnet, the structure of an apparatus
can be sinplified. On the other hand, in the case of using the

el ectromagnet, for exanple, since the degree of freedom of adjustnent of
the strength of the magnetic field incfeases, the plasma-converted
substance can be gathered nore properly. It is preferable that the
arrangenent of the permanent nagnet or the el ectromagnet be, for exanple,
properly optim zed accordi to the structure of a filmform ng apparat us,
or the IikeMeFG?)%]SO‘V‘"Q tg‘erh?ﬂb'?'ﬁe case where the el ectromagnet is used, it
i s considered th%bo¢%e power consunption during the filmformation may

i ncrease. However, r exanple, when the filmformation is carried out

whi | e appl yi ng t he okieaso ¥6Ilé B@eatovs bhbicnd) sitis atvention hdscthe falswingssi bl e to
reduce the bias voltage by the use of the material substance concentration
means. Ther efrggtereseven in the case where the el ectronagnet is used, it is

ossible to reducg the tota ower consumptien. [0017] . ructure
g) Sai d nateri al @HB@P% e ’%B"E‘QE rrﬁ??rawgpr%%‘ﬁ%méi%éjg%#@g gtrﬁeethcr)réaéﬁleti c
field ar ounwgda F‘ﬁﬁ@@@e‘?a%b&%‘é JROREGndIR S diRg Wi M ener gy product

of 1.0 to 5 Wth this structure, it is possible to

gener at e t henamatiding nidteddicivdradiedizee tytovemisingsui t abl e for gathering the
pl asma- converted substance around the substrate. |f the maxi num energy
product is |ess téhtin fimgmmiag stepar formingesaidb i Bim ysigo 2 hat the ef fect of

gathering th | asma- converted substan around the substrate cannot be
sufficientl ygg&ﬁéq&ngﬁ%e%p%sﬁ?@c&aﬁ&r%ﬁgﬁ%j a magnet with a maxi num ener gy
product exceedi ngml%?%/%‘d Hirchikfibethd stbf FRhRGEMEN Mt Uy marags an
increase in cost. [O I19]l 7I (éStrgcture 4) The magnetic recordi ng
medi um manukalsdtamdengnoethatidn fneanb dor gatirgpingseld plasma-corvenad sabstandeay er
formng step of formng a magnetic |ayer over said substrate, and a
protective Braurdrsgicaubglirateep of formng a hydrocarbon protective film over

sai d nagnetic Iay[:f){J wherein said thin filmformng step is a step
of 1 ntroducing ni Haen into a surface of said hydrocarbon protective film

by a plasma CVD nrith@tls BdhdiGreathBitbrR@en of & thintilh el b effitiengya film
containing the nitrogen at an outernost surface of said hydrocarbon
protective fhtried du@0Xirther, for example, by concentrating the material substance, the
density of the substance necessary for exhibiting the function of the thir film can
be increased in the thin film to be formed. Therefore, even if the thickness of
the thin fiim is reduced, the function of the thin film can be properly exhibited.
This makes it possibie io 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-converied substance being a material of the thin film can be attracted
around the substrate. In this case, the maierial substance concentration
means gathers the plasma-converted substance around the substrate by a
method different from the bias voltage. For exampile, 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



The hydrocarbon protective filmother than the outernost surface
introduced with the nitrogen and the filmcontaining the nitrogen and
formed at the outernost surface forma protective |ayer of a nagnetic
recordi ng medium The hydrocarbon protective filmis a high-density,

hi gh- hardness filmand, by form ng the hydrocarbon protective film it is
possible to ensure the wear resistance and sliding properties of the
magneti c recording medium Further, by forming the film containing the
nitrogen at the outernost surface of the hydrocarbon protective film it
is possible to enhance adhesion to a |lubricating |ayer forned on this
film [0021] In terns of inproving the spacing |oss, the protective
| ayer is highly required to be reduced in thickness., K Therefore, in the
protective PyBRe, 31 elpgtic RNRCfvspY @B“'ﬁ‘%é"’%@r?ﬁ}?ﬁﬁég? gacﬂqutt’%t ective film
and the fil mrgé?i%%ifﬂ{-eﬁeétﬂgiiﬁ’g Lf1gQen at the outernost surface exhibit
their functirons wth thickhesses as snmall as possible, respectively.
[00221 In this rqgeqed, wWith Structure 4, it is possible to efficiently
introduce 8 nitrogen into the outernost surface of the hydrocarbon
protective film Theenakedaksubstance gengshiatiosaeansioates i ckness of the film

t ai ni t it i d d, it i i b t fficientl h
adheat on ¢ oPERERIGEVSIEE: suRstarey arotngyhe FRRRRRN I SRREY R ckness. of the.
hydr 0car bon peOLECLAME b f{dnaeab0THahhid, b SBRIEC! BNEblagané or i no

step is reduced, | e to ensure the fequi'red wear resistance and
sli ding progey §uresate[t0@RRE the plasmathbevatsarmbstantdint diieddiroteuitds t he

thi ckness of the protective |layer can be properly reduced. This nmakes it
possi bl e t o presivie ¢o cordrohthgnditactions pidbe plgchpmagnaiis ferge appiesMe thee S/ N rati o

of a recordi signal . Further, by inproving the SINratio, the recording
density can p%gfﬁaffg%%%%ﬁrsﬁéamﬁ The hydrocarbon protective film
formed in the pro[bﬁﬁ]i ve filmformng step nay be a fil mcontai ning carbon

as a nmai n conponen wherein the content of hydrogen is | ow as conpared

with that of car bepthefier éyaiple avizorfomniog tetthindil iblyra gheefieal edsictiortont ai ns
di anond-1i ke carbon as the mai n- conponent car bon.

[0025] The
protective fof themasma-aepverieg stbstamce gyer Hﬁﬁ”@éﬁ@tﬁoweﬁ%?'léﬂhspvéaﬁqel m by, for

exanple, a sputtering nethod or _a pl t L f using
The Sput t or CRESREAIBEmeRNS Ay sereT s PREPAT 5, dR8s aifld alfesBafat. o her
hand, in the,cass Rhidisddh HBRnBMRAMEAEIR SRt RRsubstralestneasbyi bl e to form
t he hydroca?igg% gtréo%{ Ieé(':kt%:} ve fil mhaving high density and hi gh hardness. In
the case of gatierigg theepipdrasan@Rdreebsiatce albangithetibsirate. f Inthisfcassi ng step
preferably forns the hydrocarbon protective filmhaving a_.thickness of 5nm

or less. 9 fenexampn the mamsiabeHRSINGS CORATAR BEARSFP $2itScar bon
protective fp'rﬁl-;s@ugying Bgé)(/\'rl{ﬁ% c%n?b!ﬁr?g i‘(&éi&@ﬂﬁ orirgctfﬁ?'l', ﬂ) mﬁé ate.

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 subsirate by generating a
magnetic field around said subsirate.

[0015]

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

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



[ 0027] Wth this structure, the plasma-converted nitrogen can be
attracted to the substrate by an electric field generated by this bias
vol tage. Further, for exanple, when the material substance concentration
means i s neans for generating a magnetic field, by noving the

pl asma-converted nitrogen in a fixed direction by a force due to the bias
voltage, it is possible to determ ne the noving direction of the

pl asma- converted nitrogen being the charge subjected to an el ectronagnetic
force. In this case, since it becones gossible to properly control the
direction of the electromagnetic force applied to the plasma-converted
nitrogen, the plasna-converted nitrogen can be nore properly gathered
around the substrate. This nakes it possible to nore gé%BerIY faormthe

film cont ai PEFRFSENEC SLRRIY JEPer th iedlrdiehdlg SEURYEoL P& # ocar bon

protective film .[.0028 r o L 1 1 QR Ng step
applies an Sl:ﬁ‘%[&'e&'/i t(hn glepog%rrr(aﬁi ' %8@%%” ‘%%‘?‘Z‘ '93 !?)é gigptdréﬁgé%ﬂsé;tr gt e. If the
AF Dbias eXC%S?thPB, 4Rk e di¢Gedbm e AdjusStnienpeishE Birbingtl cbfheoccur rence of
damage or the |1 ke to the Substrate. On the other hand, with this

structure, imagnstipissircteases the plaemaycoapprte substapresaybe gaerad t he
substrate. 100291 . Further, using the RF b'* S, it is.possible to
generate a PrA8REPPSYY-t Hs pedie@Plq that tbﬁgga(}%q’?%é’ ﬁ\&p‘rﬁf@ar’?'& P S ubst rat e.
Therefore, with thi t Le, : ' t he case

W hec%%z%t%hr?agbb’géeg 16 extr ptlegé?d%h? ?%lﬂﬁ[z&ﬁ ORM&idg Y4 iR S

where the aﬁ’f) ias vo eto e substrate and the supply of

a hi gh-f r equganaurevét 4 e Gorhifig SemeaRib] dighalike. asma are separately carried
out, the structure of the fi?m form ng apparatus can be sinplified. 10

[ 0030) (StibGtélure 7). Said protective filmformng step forns said
hydr ocarbon protective film havi a thickness of. 5nm. I anand

said thin film foipwt?]aa%etwfﬁgfﬂgé}gFW?QWEE{Sé{?ﬁ?ﬁg ﬁicﬁasﬁérgdgﬁ%rt%%en wher ei n
an atomc rat| ik - ; - OUHBWaR&! fopur face is
0.05 to O. 1%’%[%66%‘&"%“ e R e g?”e‘c,w%ﬁe e 0P ke Tilm

cont ai ni ng tdkampiel WRGE thedil fbatied intartiddoatviréie mpplyingithé aizs volagehe
hydrocarbon protective filmcan be reduced while sufficiently i ntai ni ng
t he adhesi oro the substratabit becamesgpasaipler to regics thekias vekagedasinBlee b properly
reduce the thicknes f . the entire.protecti I r, .C ratio

(N C of ni ttP%ﬁtaF?"@gs‘%éfaSBﬁ egpoqniat upgﬁﬁ%sﬁ%gﬁ%lrgcg\’%pﬁtﬂﬁéegﬁedr ocar bon
protective fjlmi LY, 1680t 8010 tORdue thelifial Mbidy t hi s
structure, t Heerg% L@cﬁ%@ﬁgﬁgﬁﬁggpdrlt'i ﬁ where nitrogen ibs%i ntroduced can
be further reeduagstonshil e introducing a sufficient amount of nitrogen.

[ 0032) (Structure 8) The nmagnetic recordi ng nmedi um manuf acturing
met hod further col®fiflses a magnetic layer formng step of formng a

magnetic |ayer va‘srtrugﬁljiréj 3)s ugzsaitdrn%tgﬁai substance concentration means generates
the magnetic field around said substrate using a magnet having a maximum
energy product of 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 substraie cannot be sufficientiy 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.

foo19]



wherein said thin filmformng step is a step of form ng a hydrocarbon
protective filmover said magnetic |ayer by a plasma CVD nethod using a
hydr ocar bon gas. (00331 Wth this structure, for exanple,

pl asma- converted carbon being a material of the hydrocarbon protective
filmcan be concentrated around the substrate. Therefore, it is possible
to formthe hydrocarbon protective filmw th higher density and hi gher
hardness. By this, for exanple, even if the thickness 11 of the

hydr ocarbon protective filmis reduce it is possible to ensure the wear
resi stance and sliding properties of the magnetic recordi ng nedi um
Therefore, this nmakes it possible to properly reduce the thickness of the
entire protective |ayer including the hydrocarbon grotective Iilnl [ 0034]

(Structure 9) A |(SiiGiged) ndRerERINGHT FRFCFETG BEIWM MaPWRRY g MRIMRYt i | m over
ai d | am nate manufacturing nethod characterized by

a substrate
conpri si ng furt?xercorgpr{SﬁFn filmformng step of formng said thin fil musing

a pl asma- conver t gfmgahsit 36 fRmirg 18 6f fohing a magnetiviegeebversaidd thin film
formng step fornms said thin filmusing material substance concentration
means for gsibdstmateigngdai d pl asma-converted substance around said substrate.

Wth this structure, it is possible to _obtain the sane effcﬁct 2s t hat of
Structure 1. Eff &Rrosctiventdm TRaing sisw qf (ejatid 2 hydrocarRaq Brotecive filgh ¢ 1

i nvention, for ex le. it IS possible to have a thin filmsuitably
function evgﬁer\ﬂ?ﬁ%@ﬂﬁy&ness of the thin filmis reduced. Best Mde

for Carrying Qut JHweihRYRIhinGHm [SHRHR] step is a step lde neodisth@mirogerbiath ment s

according to this invention will be described with reference to the
drawi ngs. Faguridcssticaii ydeoaxtzotpprotestiva tim kit a plesmpd-\G3 Metheglgrsed &
recordi ng nmedi um 10 manuf act ur ed a magnetic recordin di um

manuf act ur i REFOEER B8t thrrele Hir‘ﬁﬁ‘gt%fg%'r@“@rﬁ’ﬁﬂ%fm?ow g ﬁﬂguﬁwﬁ'& ion. The

Toad syet enportss U1 HE riBsAbon bR lRRN: | C2NG T O the magnetic
recordi ng ~ {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 fitm and, by
forming the hydrocarbon protective film, it is possible fo ensure the wear
resistance and sliding properiies of the magnetic recording medium. Further,
by forming the film containing the nitrogen at the cutermost surface of the
hydracarbon protective film, it is possible to enhance adhesion 1o a lubricating
fayer formed on this film.

[0021]

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

[0022]

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



12 medium 10 is,. for exanple, 60Ghit/inch2 or nore (e.g. 60 to

1000bi t/inch2). [0037] In this exanple, the magnetic recording
medi um 10 conprises a substrate 12, an underlayer 14, a magnetic |ayer 16,
a protective layer 18, and a lubricating |layer 20. The substrate 12 is a
substrate on which the respective |ayers of the magnetic recordi ng nedi um
10 are lam nated. The substrate 12 is preferably a glass substrate such
as, for exanple, an alum nosilicate anorphous gl ass substrate. The

underl ayer 14 is a layer for controlling the crystal structure of the
magnetic | ayer 16. The magnetic |layer ¥6 is a magnetic recording |ayer
adapted to record information. The substrate 12, the underlayer 14, and

the magnetic |layer 16 may have, for exanple, the same or simlar
structures &#érogaodyo die eutrmens swirsstd! Hedydipradranayatectiviimpagnet i ¢

di | . 0038 . i .. L i nl
Containi ng dAPisiereaREckPRiaseven T BUSkSE b g L Ebualliodnd ok BHES T o
due to cont acleqiidd itds Eg%’&ﬂé Cslif@shty AR RihesibA td teSulscatiRg Ryert he

protective layer 18 co ses a hydrocarbon protective film22 and a

ni t r ogen- coyahisj dv@nfif thetiAdkncth ef thedydwaatbon ppstecivetiitm do be faormedin s a

hi gh-density, high-hardness film mainly containi n%; di anond-1i ke carbon. By
form ng the thgprotastiypBim formingstsn/ie requcas.abis popsible T 8a8yre e UK Ure t he
wear resistance and slidin RrO erties of the magnetic recordi ng nedi um
10. [0039] Wwearrest erﬁ”f’r%ﬂé‘ﬂl’g hing film24 is a filmformed by

i ntroducing nit r%gggﬁli nto the outernost surface of the hydrocarbon
protective film22. The nitrogen-containing film24 contains carbon and
nitrogen in an atTidreforstwith thivsGlctafs, tHeothicknensplf ¢he Pro@Blivelageri@®nand
preferably 0.05 to 0.10 and_has hi gher adhesion to the |ubpricating |ayer
20 than t he beyderarireduresy off Bistmakesiinogsidie to radice g MEGREIC SRACHY i ng t he

it - tgi.ning.fil A adhesj on_.het. j I 18
and the. 1 ubAnadtIg miysk st RS ETndRaBERURGD e B Ry VT T
layer 20 is g, F@yg%%{/@,%éé?ﬁgﬁg@gngif}x@hftgri%meﬁ_r oma flying magnetic head

and, for exanp ane as or simlar to a known | ubricating
| ayer. The lubricioe#lg | ayer 20 is preferably a |ayer containing a

T SR T NSRS T R At ARG
| ubri cating Bt 190 HBAGn 30y e BAKBAG, 2 MSEONMnGH Aibrbifle aibuah o1 1 na

group, it c PeRAY performance to the protective |ayer
18. Parti cul@hldroghmidiBR aStdorpharddiwia! thahbicataonpiThe hadioogbbhe
nitrogen-containing film24 at the outernost surface portion of the
protective |myectiveSimgirdeabiy\iortainmdiaOre-fiké aarbon ag theahainrmomponeit each
other, it is possible to obtain high adhesion therebetween, which is thus
pref erabl e. CRHM] The atomic ratio (NNC) of nitrogen to carbon in
t he ni trogen-cont@j 9_'§ g film24 can be neasured using, for exanple, an
X-ray photoel ectr r? Eectroscopy nmet hod (hereinafter referred to as ESCA).
The atomic rati o ¢he BidieQRENIrh a8 Rafs Be: MRIrbosssbrf protactiveiiimnt ensi ty
of the Nis spectrumand the intensity of G s spectrum neasured by the
ESGA. When MNiyClor sxérepls, & sputt@inganethobora plesmafods msthad: y it hawcashel adhesi on

NG oxcoods ‘GInEHne spuleegReiRab: e SRR ROTTH CRIFGERe: { R the o "
> ¢ Fo e . _
ni trogen corgtﬁ%@aﬁg m'thgh%s“e brusHARb grashgﬁv@mmws Bosbididésiofie

t hi ckness of trocarbon protective m 22 is correspondi ngly
smal | er. | n thBihgdreas®on pheteaiviediim hpdag highldenyityt drad highbatiaesmedsthef t he
protective |ayer 18 as a whol e decreases, which i s thus not preferable.

Accor di ngl y,casg of Bsing the pagna &Vihmethaed: fempretaetivedig éoraindsieB to 0. 15, the

adhesi on betueen ue. ot of Chl ke bV Slrck@ih hdiind #HAGRLL Bibrkpyer 20 and

less.
[0026]

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



14 particularly suitable. It is particularly preferable that NVNC be set in
the range of 0.05 to 0.10. Wth this configuration, the thickness of the
nitrogen-containing film24 can be further reduced while ensuring
necessary adhesi on, [0042] The magnetic recordi ng nedium 10 may be a
per pendi cul ar magnetic recording medium In this case, the magnetic
recordi ng medium 10 further conprises, for exanple, an adhesive |ayer and
a soft magnetic |ayer between the substrate 12 and the underl ayer 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 the protective |ayer 18. [0043] is a flowhart show ng
one exanpl encsrogan abma@utarmomrﬁaaepm%avqrﬁ@rga@ﬁ@reeéw% 8EbPYi ng medi um 10
of this exa e. gnfg ? b%e manuf acturing nethod first prepares
t he substraf@P 11‘59(33?‘ PENSLE SPPEAD) and then perforns formation of

t he underl ayer derI ayer formng step) and formation of the magnetic
| ayer 16 (rragnetl C %Igyer form ng step 5106) by, for exanple, a known
magnet ron sput t erWhi tigsinaaure e pbpret drveriéy nirogent tmdb&\,aﬁr@htewim | be
described in detail hereinbelow the protective |ayer 18 | rrred on the
magnet i ¢ Ia?@s%ffe‘fﬁrh}‘tae‘b@iﬁvec fielg seneigtad byghisiias ‘G’Xté@? ef u‘?‘rt her, by,

f | | 20
o formed olenER PBreLEARIdPatat reisEria i el e neoston”
S110). [ 0042&)%n%ragng nﬁ? gHORaH AW mb\h@q PeQighd- &&Je&&@ hitfogeninmgfigdeep S108

will be des er detal | n this exanple, the protective |ayer
formng st epirBdidd yenordeshis ta thy tias caltdgenit (v pissible toaletérming e ng st ep

5202 and a nitrogen-containing filmformng ste 5%@4. 004 15
The hydr ocamingriwcien pitbe pigsmareanvemiey Birage | gﬁeeﬁﬁ‘ %r mi ng t he
o e bon BrEHBEYRald oA o RSAELIR ol B pbBedete RLSR

hydrocarbon ExXh a spu erin od or a
pl asma CVD H?&the&P&UBH@?%@&Qﬂ&n@’g%ﬁ?ﬁ)rdé%pbhédﬂoftﬁém ng step S202 forms

t he hydrocar bon protective filmhaving a thickness of, for exanple, 5nm or
| ess and pr glamabtonvdned oitrogesshg piagma&;onmermdn‘)!trogﬁme:mrhma@ss of the

hydr ocarbon protective film22 is preferably 1nm_or rTB{ |f | ess than
1nm there iRsoRery gethepbaiournthacBibEialge ?B‘? makes ihagReiPlEo M8r 16 is so

smal|l as to be insuffjcient of the
magneti c | afe? eﬂ%% rﬁ‘u{hﬁﬁifp %ﬁgﬁ@%g%m F{e%cq?lﬁé}kggféﬁggib??gﬁce [ 0046]
VWhen form ng, fbga}%wpp&g&h@mi@r otective f| | m 22 by the plasma CVD net hod,

it is prefer to use only a hydrocarbon gas as a reactive gas to form
di anond- | i ke carb@d28] n the case where another inert gas (e.g. Ar or the

ik hyd b
gas. such an | mpufd %3%%%5 o AR 285 pRRIeR AN U BRI o et vo
film22 to | 0047
pS The reactieer gLAooW o Bl B Syl buptBte ’L@s‘“'*“?sﬁ%%‘:ﬁ%'dﬁ‘Pﬁ‘f??r B,

Especi al ly, ddnlibd trr&rsﬁseé é@é@mﬁw oblB&ourehtd 8 @iageh@ithe hrcmerthérydr ocar bon
such as a straight-chain | ower saturated hydrocarbon or a straight-chain

| ower unsat wugtieate hy@n cbiwoﬂhenham‘s with dhis iredteyet it shrosaibleoiarrorailyur at ed

hydr ocar bon, use can be nad f net hane, ethane, propane, butane, octane,
or the like. aﬂ&:‘é”‘f‘ﬂ@'@t"r"ﬁ?%?’ Bﬁéi‘?ﬁt%%er unsat ur at ed hydrocarbon, use can
be nmade of ethyl e ropyl ene, butylene, acetylene, or the |ike. The

| ower hydrocar bon re?grred to herein represents a hydrocarbon having a

carbon nunber of FhghekOughay thexrifebidb it is oesibleds ganevkie a plasmapydier abl e t o
use the straight-chain | ower hydrocarbon is that as the carbon nunber
i ncreases, iusewddunkiss woltageamplied tg 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.



16 supply a hydrocarbon to a filmform ng apparatus as a vaporized gas
and, further, it becones difficult to achi eve deconposition thereof during
pl asma di scharge. Further, as the carbon nunber increases, high-nolecular
hydr ocar bon conponents tend to be contained in large quantities as
conponents of a forned protective |ayer so that the fineness and hardness
of the hydrocarbon protective film 22 decrease, which is thus not
preferable. Further, in the case of a cyclic hydrocarbon, it is difficult
to achi eve deconposition thereof durinF pl asma di scharge as conpared with
the straight-chain hydrocarbon, which 1% thus not preferable. In view of
the above, it is particularly preferable to use the straight-chain | ower
hydr ocarbon as a hydrocarbon. Especially, if ethylene is used, it is
possible to forml@8080lne hard protective layer, which is thus particularly
preferable. [0048 Eurther, th dr.ocarbqn protective film
formng step S202SHHEWE: Bh )§afc%qr%ecpygefﬁﬁ{}§m8%§{§8?{or[g$so€taé<§ﬁ¥4;gcq{fp?r}n 22 by
applying a ?J&é t}(rglfﬁrﬁ‘ﬂg Eﬂé a'tﬁ?%és%.o? é%\értié%sfﬁffd substrate 12. If less than
fect ppr ng e Dbi

-50V, the e of "a as voltage I1's not sufficient. On the
other hand, if a &ii@mirvAhi BRe8iIngsEReBMYthe4li Yontainigthe atirogan eihegimccur s
due to the application of excessive energy to the substrate to cause
particl es ornatemigratatN/Chef nindgsn thsattegat Hisy oyleretast swfase i§ 00ada
The nitrogen-containing filmformng step S204 is a step of introducing
ni trogen i %' he surface of the hydr ocarbon protective film22 by a
pl asma CVD netho%ogggng a nitrogen gas. By this, the nitrogen-containing
filmform ng step S204 changes the conposition of the outernost surface of
the hydrocarbon ppahees kiectiie] te2Rickidtarot the fiorovhtatnindie nitrogen and
nitrogen-containing film 24 containing nitrogen at the outernost surface
of the hydr domrdsoat te autetndst sufiadenat 2ize hiljocaskort protastivefiimegantee
nitrogen-containing film24, the thickness of th dr ocar hon protective
1 95 dec redicad whur ul6rt R TmpRd FhesRass heUoaaE BIPr pet °17
surface that.f ' = [[¥aY! L i i Fig.
T%a?{ﬁﬁﬁ@ss&ﬂﬁoﬁr&%&ﬁﬁﬁr A g6 He tlﬂb%ﬁé ot Re2shiird S8R Ve g

3 shows one exanp a g nethod in the nitrogen-containing
filmform ngaygdepria’fidmid Mt N/E) eX aibben to deeban dtrtidg enteroodt auriaaegpif i | m
formng step 3204 is one exanple of a thin filmformng step that fornms a
thin film ushabydogarasmprotentive fieis memereiamblyast io 0RP&3 PdP, WHBMRIFNn t he
nitrogen-containing film?24 is fornmed using a material s t,ance
concentratiéﬁ“ﬁ@&hg“ﬁwgﬁﬂﬁﬁg@Eh%HPWQP“%PE%%%?%%H@gFF%H“ﬁf&ﬁH%%n around t he
substrate 1 | S I Vi L posi ti onal
relationshiﬁugg%aggﬁkgﬁgmgSﬁgiﬁg@g%%§h¥%¥ﬁég§9ﬁ¥ﬁmﬁgkﬁg'the hydr ocar bon
protective film2fogpd a material substance concentration neans 30. Fig.
3(b) is a top view showing the main surface of the hydrocarbon protective
filmz22. [0051] (Structurt8) nahe magnetiesomingenedHPRAMARSIYINGYRENAY30 is a
magnet serving to generate a magnetic field (external magnetic field)
around the §Hg§?FQ 1§85 and gat hers pl asma- converted nitrogen around the
substrate 12 by a . 2@9@ i Rnet &drasshine materi al
subst ance concent Egﬁgg\%ﬁén% ns %inggi%ﬁggrggﬁ@ﬁavi ngﬁ%!a?raxi mum ener gy
product (BH)sute#awef 1.0 to 50M0e, preferably 19 to 47MXe, and nore
preferably 37 to 47MXe. As such a magnet, use can be nmade of, for

exanpl e, a ferritwhagimaaid HE0 iy foamine&ieR hacHier QVOBP’BEIE&Vdf%FﬁboﬁaX of, for

le, 1.0.to 4.0 Al nj j - duct
(o) "o of PPBebisdlingver S gfisRl BRRS) - HAEHR D FREIRERZ DY, Pl 20Ty

a mexi mum engiicaiddgst (BH) max of, for exanple, 19 to 28Me, a
neodym um rmagnet having a nmaxi mum energy product (BH) max of, for exanple,
37 to 47MX0e, an @038t romagnet, or the like. In this exanple, the material

bst trati 30 i d hnut - sh d t havi
substance concent(ot! 08 GEaNR, 0, Spbauiinut. shaped, mongtoteving 2
means 30, b%g%riarlo% 1 R{dg@@%?p?ﬁ ”P%éb%% b PBa e ShcbhfalBlafoupdithéice faces

t he hydrocarb protect generates magnetic |1 nes of force
extendi ng i ngyagh@l Théeedre anis pebsiblego saristhe alerodarbon erotédiee fijrnas ar bon
protective film22. Wth this configuration, plasma-converted nitrogen
bei ng a mat ehigagr dehsihanchhipherdendrasst aBnihig e axample, evebié teodhigkerssn t he
hydr ocarbon protective film22 (see Fig. 1) can be properly concentrated
over the hydrocarbon protective film 22.



[ 00521 Further, in this exanple, the nitrogen-containing film
formng step S204 applies an RF bias to the substrate 12. This makes it
possi ble to generate a high-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,
by nmoving the plasnma-convened nitrogen in a fixed direction by a force due
to the bias voltage, it is possible to control the direction of the

el ectromagnetic force which the nitrog1n receives fromthe nmagnetic field
generated by the material substance cohcentration neans 30. Thus, wth
this configuration, the plasma-converted nitrogen can be nore properly

concentrated around the substrate 12@0&?31 . The UEower for the RF
bias is prefétgdivprasarbanpraisaiveditm)ie guced, iis goggidlp fo.gnsue IEISay with a
power exceeding 400 here | L hi )i Qi e g ge or
the like to r?ﬂ%ag%%/r\iq, gkd@glgﬁ?rgﬁgﬁf;tﬁé R{Jghéﬂ’ﬁ_gf:gl n, i%&P ﬁé gg?/\%ﬁ?’s t oo
smal |, ther guik %na[?(bﬂ RsBBRH biddety rdduat iidmicRhédsag e et piowduge f i | m 24
cannot be properly fornmed. However, according to this exanple, the power
required fonhayehénckidirg the hgdmcarbon eduedie film.gener ati ng t he magnetic field

using the material substance concentration neans 30. For exanple, if use
is made of the nalf8B#lal substance concentration neans 30 adapted to

generate a magnetjg. fi b ; j 19 for
the RF bias may b{éé,imF%’(r?é g&(a%‘n:i) e'?%éwé%&&%ﬁsgﬁgb@ﬁgg tﬁgl\rﬁﬁ if useis
made of the jyat &l iRdirate! RalABGMatONEATRE RN MeffRAThaRRiaidepbed to generate
a magnetic field by a neodym um nmagnet, the power for the RF bias may be,

for exanpl e,cobfprisimg200W and preferably 50 to 100W [ 0055] Wth the
above configuration, for exanple, it is O'aii'bl'ﬁ“to i nprove the kinetic
energy of particl 8&ipfinyfosuing demolderaing ArididgaiM PP Agi ng on the surface

of the substrat i a sufficient anount of nitrogen
into the ni tqj%sé'gﬁiéﬁv%ﬁg?tﬁp%%a#ﬁ%lén%r%ﬁ'%%gﬁﬁe formed at the outernost surface
of the hydrocar boghgiett £68 b lofmidg stephiermd sdie i tironshgmatesiat hi s
exanple, it is possible to formthe nitrogen-containing film 24 that

exhi bi ts hi ghibahes canvestration meartsfot datbringssaid plapaafconvertasfybsiancerhi s
makes it possible to reduce the thi ckness .of the ent igtrnt%g{}ém ecgi ve | ayer

18. Ther ef or@Ounteaid aubryale (Wi HagiuEe- i3 PORSIRlRY Rt he

t hi ckness of j yer 18 is set to 5nmor |less, the
durability, ﬁg?ﬁxs?@ﬁ%ﬁgiht\éﬁ.!eré?él iability characteristics, of the
protective | ayer 18 can be nade excellent. [0056] In this exanple,
the filmform ng nethod using the material substance concentration nmeans
30 is used diffeet ohthe lirventien ogen-containing filmform ng step S204.
However, this fiIEnfng' ng nmethod is al so applicable to another step as
long as it is a s@& f formng a thin filmusing a plasma-converted
substance as a materl " : € ; f on
protective film f%‘?%rﬁ’élgg{) gﬁéé%‘i“"i”éf"éeé%:@geb?%@rs %’lib%taﬁ ﬁ?%}}ﬁﬁgg‘g bon
protective fdibig2uityiok BeevhsieheGhiokmeisivod theuwinngmtihiesdoyeli.ocar bon gas and
thus is considered to be carried out by the filmform ng nethod using the
mat eri al substance concentration neans 30. in this case, the materi al

subst ance concentrati o an ., for .exanpl e, generates a 20
est Mode for 8arrrrsﬁng au?gm invention P 9

[00386]

Hereinbelow, embodiments according fo this invention will be described
with reference to the drawings. Fig. 1 shows one exampile 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



magnetic field around the substrate 12 to gather plasma-converted carbon
around the substrate 12 by an el ectronagnetic force. The other conditions
in the hydrocarbon protective filmform ng step S202 may be, for exanple,
as described with reference to Fig. 2. On the other hand, the bias voltage
applied to the substrate 12 may be an RF bias. [0058] Wth this
configuration, the plasnma-converted carbon being a material of the

hydr ocarbon protective film 22 can be concentrated around the substrate
12. Further, by inproving the kinetic ergy of particles of the

pl asma- converted carbon inpinging on tte surface of the substrate 12, the
hydr ocarbon protective film 22 can be fornmed as a finer film This makes

it possible to formthe hydrocarhon tective fi|lm avi hi gher
density and "Fﬁdc%@ﬂoI*ﬁafoJr?égg‘P‘eTﬁggg'Vﬂ‘%?Dﬁ"B?ree(ﬁ%ﬁbé‘? %éQébimf‘?%'he t hi ckness
of the hydrocarbo[g gfotective film22 is reduced, it is possible to ensure
the required wear P s]i stance and sliding properties. This nmakes it

possi bl e to propegrliyiseRaHpR, tHeenidhetik Apediad mebRnend tordpiweatzect i ve | ayer
18. [0059] Her ei nbei ow, this invention wll be described in further
detai | W t h substeate h2crt undexdayes| tds aaragneivianeat, waoreteaiivst laver|1§. @th of the
foll ow ng Exanpl es and Conparative ural i

Ex | e, | | f i
recor di ng medvRIiGRERG [aya? (- c e ‘irﬁt@%gpl’%%ﬁp%'paﬁgn %}%Qﬁ%g%%ggﬁél :

protective | = D nébq? at ¢hd Bubtrate 12

ni trogen-cor\%ﬁgn?ﬁggfﬁ&nmgco'%r%gﬁé S é%ﬁrq[%%'gg]@?ﬁé{aepml eh%;&u raie A magnetic
recordi ng neghirarang agiisaGubetrdts 80FH &s, londxanipih ahahinsidogiiitatére f ol | owi ng
manner. The magnetic recordi ng nedium according to Exanple 1 is a

per pendi cul amamplpustglassrseibsirate ngTedidentayerd 408 apjayes éey cenioliRg et e, an
adhesive layer, a soft netic |ayer, .an_underl ayer netic..recording
| ayer 21 (rﬁﬂ@i‘ﬁéﬁ"ﬁdwﬁfféﬁ ?”’é‘gﬁ%‘légi'%dscoﬁﬁ? BI29Na} ‘??e"g‘r?”‘ggéﬁ%ﬂ?%&é ener gy
control | ay‘?écoré‘mg'iq?}eﬁgééaf&d {P%ELr iﬁ‘fﬁﬂn&acﬂnvb*‘rh&%wﬂné & 8he [0061]

First, a glass substrate 'was prepared In a preparation step. In the

prepar at i on \Figemayet i 4 Sdnd 148 nedefibiRYSr 8 may haed, fdraatempld, dsssanesomol ded
into a di sk shape by direct press, thereby producing a glass disk This

gl ass di sk sisilagstuettiespsl theseeef a knowncivbairaia) quesiay%rnyﬁd?@ﬁ@apti% sequence,
t her eby obt ai ni n snoot h nonmagnetic gl ass substrate in the formof a
chemically s’??‘ﬁﬁ%ﬁ%’ﬁéd gl ass disk. ft was a 2.5-inch magnetic-di sk
substrate with a rate diameter of 65mm an inner dianeter of 20mMm
and a di sk thickness of 0.635mm The surface roughness of the obtained

gl ass substrate Wife pRistive thydy 18’ Aabbl(rabiolyiconfaningcarbon ese egregs and i t
was confirmed to be a snooth surface with Rmax of 1.2nm and Ra of 0.16nm

[ 0062] to pusietdheamagneliniayerd Srraninrsach gy tonsiacAMIs 2 avefigyers from
th dhesi | to th h t.r ol . f di
Sequence. on aRE, G5t tba T8 dNS erae; He PR REiEs SREEPIELE «hown DC |

t I i ; iV & ( f db
magnet ron SH%E%W e;{?&t’e?ﬂ% fﬁﬁdzﬁé}ﬁf‘a Fu%?éﬂ %&ﬁh!ﬂﬁ?{%@l?r TH@RSs fornmed by a

CVD net hod. bricating Tayer was fornmed by a dip coating
met hod. Her eiyabelafbn grileciild filmtayiea Hgrdderesity fright-nardnesaithoalslyof t he

respective layers will be described. [;0063] T
containing diamond-like carbon. By forming the hydrocarbon protective film 22,
it is possible fo ensure the wear resistance and sliding properties of the
magnetic recording medium 10,

[0039]

The nitrogen-containing film 24 is a film formed by infroducing 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 0.106 and has higher
adhesion to the lubricating layer 20 than the hydrocarbon protective film 22.



The adhesive | ayer was forned using a Ti-alloy target so as to be a
Ti-alloy layer of 10nm By form ng the adhesive |ayer, the adhesion

bet ween the substrate and the soft magnetic | ayer can be inproved and,
therefore, it is possible to prevent stripping of the soft nagnetic |ayer.
As a material of the adhesive |ayer, use can be made of, for exanple, a

Ti-containing material, In terns of practical use, the thickness of the
adhesive layer is preferably set to 1 22 to 50nm [0064] The soft
magnetic | ayer was forned using a CoT target so as to be an anorphous
CoTazr | ayer of 50nm The underlayer iS nade of Ru and is formed for

i nproving the crystal orientation of the magnetic recording layer. Using a
hard magnetic target made of CoCrPt and 510Q. n anpl e .of

nonmagnet i ¢ 198IrENBEormginp AR P‘tr\ﬂﬂ?mfcﬁﬂa'ﬂlf‘ﬁq'ﬁi’ gét@? a@ﬁ?ﬁ&’ ﬁ?tgregﬁ M hm was
formed as t net. tal pgLayen Hidrdcag control layer, a
Pd (pall adi &?ﬁtg&%?gryemé%ﬁgrﬂ?réé@.gn#%éﬁé%y&ﬁ??%%eg‘g%troI ' ayer can be forned
by a Pt layer inspeagi of the Pd layer. The thickness of the coupling
control layer is preferably 2nmor less and nore preferably 0.5 to 1.5nm

The exchange ener e lubricatiol lavey 86 isvadayphior resiuging inteferan¢asiremadlyipgl ani nat ed
films of CoB and Pd and s fornmed in.a |ow Ar gas _at. re. The
t hi ckness oﬂ%%@t’%k%@éﬂéﬁ@@r%ﬁaiﬁ%mﬂyr% th?ﬁ%? agsorgmqggfog%ﬁgﬁin to 8nm and
mor e pref er ?ﬂr%aﬁ’%c,f i%y@r.n mi’{né RPiekiing layer 25‘??@%%1‘?6\? b)ayer Bomtaliitiyf Hcar bon

iTm ng ste p e |

protective p1n a‘protectl ayer flormng step, a

hydr ocar bon pakRiofstolyéther chipwasd havingea hidrogy! goupras Lébnimeat grodp.whi | e
applying a bias of -300V in a m xed gas containing 30% hydrogen in Ar at a
pressur e whdtesfiudiepolyetharmagasstedghtchain piuctuie EnArpiois Profen BIOECSe f or med
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ni trogen-containing film [0067 Then, the lubricating, | ayer nade
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accordi ng t e BxpfRbBy efIinblitdieatdsred BARHSCA). 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 Iess than 0.05,
there is a possibifity 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
smalier. 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



(Exampl e 2) Magnetic recording nmedia according to Exanple 2 were
fabricated in the sane nmanner as in Exanple 1 except that a materi al
substance concentration nmeans adapted to generate a magnetic field by an
Al ni co magnet was used in the nitrogen-containing filmformng step.

[ 0069] (Exanple 3) Magnetic recording nmedia according to Exanple 3
were fabricated in the sanme manner as in Exanple 1 except that, in the
hydr ocarbon protective filmform ng step, there were formed hydrocarbon
protective filnms whose thicknesses before form ng nitrogen-containing
films were set to 3.0nm 3.5nrn, 4.0nh?iand 5.0nm respectively, and in
the nitrogen-containing filmformng step, use was made of a materi al

subst ance concentrati on nmeans adapted to generate magnetic field by a
samar i um colparticuigdy peitablgd liis gapisylery P& ef%iﬂe E’)i‘a&i\” Qg’ﬁlﬁegﬂ‘ tE“?) range st rat e

was set to 3 ar .. 400W. _ %ﬁd’m i Magneti c
recordi ng négé%\gégcggy\fy}l'ﬁbtwsom&%%%%&ghev\ﬁb& a ri'i‘:eg?ﬁf g?nnc? t%ms nme manner
as in Exanplsgy 446 8R%uridateducBd Whde Bielirpgaebostaps @deeiohve film forning
step, there were formed hydrocarbon protective filnms whose thicknesses

before form ng nifdbé@ien-containing filns were set to 25nm 3.0nm 3.5nm
4.0nm and 5.0nm _respectively, and |n the nit rogen-c film

| %nt ai ni nFclj
formng step, usel EagpRllc r8eordingaresiye 1 0uaytess PePeBACWAt Maeigic means

adapted to ner. . 1Rg i. el A t he power
For RE bi as Enmpra R JfihE eatd U Bk F Ay ReERET 4 480 300w or
400W [0071] 802 it dxMpleX afRkbReske layer and degNehgeticener dehgenedi a
accordi ng tocogrcgﬁﬂparati \)/(e nganpl el Werg fabricated in the sanme manner as
in Exanpl e Ihezdmtkta tRaand fhe unberiayier # égerurtentiathis eapef thermagnettng step, no

mat eri al substance concentrati on neans was .used anpj t he gqq\f\er fo& RF bi as
appl i ed to deeqidiag mackimdQ peleraply fexler sOFRIISeRD HURDB Fe Y 'a¥66%0¢ [ 0072]

oo oot o oM BE TR RIS chns st g oo, o
anal yzed as fe@lddihe ndAéid layd) 16/mIMhe prbiive(dYsne.

[0043}

Fig. 2 is a flowchart showing one example of a method of manutacturing
the magnstic 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 underiayer 14 (underlayer forming step) and
formation of the magnetic layer 16 {magnetic layer forming step S106) by, for
example, a known magretron sputtering method.  Subsequently, by a method
which will be described in detail hereinbelow, the protective layer 18 is formed
on the magnetic layer 18 (protective layer forming step S108) and, further, by,
for example, a known dipping method or the like, the lubricating fayer 20 is
formed on the protective layer 18 (lubricating layer forming step S110).

[0044]

Hereinbelow, the protective layer forming step S108 wilt be described in
further detail. In this example, the protective layer forming step 5108
comprises a hydrocarbon protective film forming step 5202 and a
nitrogen-containing film forming step S204.

[0045]



During fabrication of the Exanpl es and Conparative Exanple, the atomc
ratio (NNC of nitrogen/carbon in the nitrogen-containing filnms was
measured by the ESCA after formng the protective |ayers. The neasurenent
conditions of the ESCA analysis were as follows. Apparatus : Quantun2000
manuf actured by ULVAC-PHI, Incorporated 25 X-ray Excitation Source :

Al -Ka fine (1486.6eV) X-ray Source :20W Anal ysi s Chanber Vacuum :

<2x10- 7Pa Pass Energy : 1115eV Phot oel ectron Detection Angle : 450
Measurenent Object Peak : Cs, N s Ana{ sis Region : 100p.ng) Nunber of
Times : 10 times [0074) (2) LUL Durability Test An LUL durability
test was perfornmed using a 2.5-inch HDD adapted to rotate at 5400rpm and a

Type) sl dor vas HBeBYASOHe PERRCIS rhETNG TR Soead SaebO TS of enent
was used as a1 ShEadich B EL IR 2o TG RABRIayeh ARiAGERHb U ves

nmounted in t operations~were continuously repeated

using the ahgueARWRSbRcINAfIm 2BNe), lodexstrpiaba spiitiering snathad ored pldshy
measuring the nunber of LUL times endured with no occurrence of failure of
the HOD. TheCVBstethass péeftydrasdrbion paetectivei o ierating siep P02 Sumsie Thi s

OO e n e bbb B0 L Yt IR T 1
{ecor ding MedLUAY SRR NG | ealfE! THB thBeheaRY! KIBAkameRUT Ng HDDS

. ()
for use in appli cation SLSC% as car’ navi gation. Nor mal |y,

in the LUL dybmBiivd fih 288 tprefiiablysinhequinoed  tiieds thhe tnunthere iofa dase ti mes
exceeds 400,000 tines continuously with no failure. It is reported that,
in the nor mavhésthaistvemaser thermagnetic iaver 1%is sprsal asgopedpwificeni & essary

for the nunbgrgveorft rr%igrlété(t)fi'n gF r%ne{a?io%é %F t%g nlxla(\)goﬂegg Paygsi' Y&S Further, there is a
problem in wear resistance.

[C048]

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 o form
diamond-like carbon.  In the case where another inert gas (e.g. Ar or the like}
or a carrier gas such as a hydrogen gas is mixed with a hydrocarbon gas, 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, ethaneg, propane, butane, octane, or the like. As
the straight-chain lower unsaturated hydrocarbon, use can be made of ethylene,
propylene, butylene, acatylens, 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 siraighi-chain lower

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



[00761 26 Tables 1 to 3 show the results of the above evaluation. able 1
Kind of Magnet (BH)max | M3Cel Thickness of Protective Layer fnm RF Bias
NV] Nitrogen/ Carbon Atomic Ratio (N O
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supply a hydrocarbon to a film forming apparaius as a vaporized gas and,
further, it becomes difficult to achieve decomposition thereof during plasma
discharge. Further, as the carbon number increases, high-molecutar
hydrocarbon components tend to be contained in large quaniities as
compenents of a formed protective layer so that the fineness and hardness of
the hydrocarbon protective film 22 decrease, which is thus not preterable.
Further, in the case of a cyclic hydracarbon, it is difficult fo achieve
decomposition thereof during plasma discharge as compared with the
straight-chain hydrocarbon, which is thus not preferable. In view of the above,
it is particularly preferable to use the straight-chain lower hydrocarbon as a
hydrocarbon. Especially, if ethylene is used, it is possible to form a fine hard
protective fayer, which is thus particularly preferable.

[0048]

Further, the hydrocarbon protective film forming step 5202 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 preferable.

[0049]

The nitrogen-containing film forming step 5204 is a step of introducing
nitrogen into the surface of the hydrocarbon protective film 22 by a plasma CVD
method using a nifrogen gas. By this, the nitrogen-containing fitm 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



LUL Endurance Cycles Exanple 1 ferrite 1.0-4.0 5.0 300 0.035 100, 000
cycles or |ess 5.0 400 0.093 1,000,000 cycles or nore
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surface that has become the nitrogen-containing film 24,

[0050]

Fig. 3 shows one exampile of a fiim forming method in the
nitrogen-containing film forming step $204.  In this example, the
nitrogen-containing film forming step S204 is one example of a thin film forming
smpmmmmwammmmummam%m&mmmmw&mﬁmme%ammmm,
wherein the nitrogen-containing film 24 is formed using a material substance
concentration means adapted to gather plasma-converted nitrogen around the
substrate 12.  Fig. 3(a) is a sectional view showing the positional relationship
between the substrate 12 formed with up to the hydrocarbon proteciive film 22
and a material substance 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 47MGQOe, and more preferably 37 to
47MGQOe. 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 Alnico magnet having a4 maximum energy product (BH) max of,
for example, 4.5 to 5.5MGOe, a samarium cobalt magnet having 2 maximum
energy product (BH) max of, for exampie, 19 fo 28MGOe, a neodymium magnet
having a maximum energy product (BH) max of, for example, 37 to 47MGOe,
an electromagnet, or the like. In this example, the material substance
conceniration means 30 is a doughnut-shaped magnet having a circular hole at

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



4.0 400 0.112 550,000 cycles or less Exanple 2 alnico 4.5-5.5 5.0 300
0. 044 400, 000 cycl es 5.0 400
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provided at a position where its main surface faces the hydrocarbon protective
film 22, generates magnetic lines of force extending in radial directions of the
substrate 12 over the hydrocarbon protective fiim 22.  With this configuration,
plasma-converted nitrogen being a material of the nitrogen-containing film 24 to
be formed on the hydrocarbon protective film 22 (see Fig. 1) can be properly
concentrated over the hydrocarbon protective film 22.

f0052]

Further, in this example, the nitrogen-containing film forming step S204
applies an RF bias to ihe substrate 12.  This makes it possible to generate a
high-frequency electric field around the substrate 12 to thersby convert nitrogen
into a plasma.  Further, the plasma-converted nifrogen 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 fieid
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 fo 400W or less.  [f 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 aiso a possibility that the
nitrogen-containing film 24 cannot be properly formed.  However, according 1o
this example, the power required for the RF bias can be reduced by generating
the magnetic field using the material substance conceniraiion means 30. For
exampile, if use is made of the material substance concentration means 30

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



0. 095 1, 000, 000 cycles or nore 4.0 400 0. 114 550,000 cycles or less
Exanpl e 3 samarium cobalt 19-28 5.0 200 0.041 500, 000 cycl es
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for the RF bias may be, for example, 300 to 350W. On the other hand, if use is
made of the material substance concentration means 30 adapted to generate a
magnetic field by a neodymium magnst, the power for the RF bias may be, for
example, 50 to 200W and preferably 50 to 100W.

{0055] 7

With the above configuration, for example, it is possibie to improve the
kinetic energy of particles of plasma-converted nitrogen impinging on the
surface of the substrate 12 and thus to introduce a sufficient amount of nitrogen
into the nitrogen-containing film 24 to be formed at the outermast surface of the
hydracarbon protective film 22.  Therefore, according to this example, it is
possibie to form the nitrogen-containing fitm 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 exampie, even if the thickness of the protective layer 18 is set fo
5nm or less, the durability, particutarly the refiability characteristics, of the
protective layer 18 can be made excelient.

[0056]

In this example, the film forming method using the material substance
concentration means 30 is used only in the nitrogen-containing fiim forming step
5204. However, this film forming method is aiso 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 proteciive 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, generaies a



5.0 300 0.095 1,000,000 cycles or nore 5.0 400 0.113 1,000,000 cycles or
nor e 4.0 400 0. 130
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magnetic fieid around the substrate 12 to gather plasma-converied carbon
around the substrate 12 by an electromagnetic force. The other conditions in
the hydrocarbon protective film forming step S202 may be, for example, as
described with reference o Fig. 2.  On the other hand, the bias voltage applied
to the substrate 12 may be an RF bias.

[0058]

With this configuration, the plasma-converted carbon being a material of
the hydrocarbon protective film 22 can be concentrated around 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 o 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.

10059]

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 fayer 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 & substrate, an

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



1, 000, 000 cycles or nore 3.5 400 0.150 1,000,000 cycles or nore 3.0
400 0.181 550,000 cycles or less 27 able 2

21

{magnetic layer), a coupling control layer, an exchange energy control layer, a
protective tayer, and a lubricating layer.

[0061)

First, a glass substrafe was prepared in a preparation step. inthe
preparation step, first, an amorphous aluminosilicate giass was molded into a
disk shape by direct press, thereby producing a glass disk.  This glass disk
was ground, polished, and chemically strengthened in sequence, thereby
obtaining a smooth nonmagnetic glass substrate in the form of a chemically
strengthened glass disk. It was a 2.5-inch magnetic-disk substrate with a
substraie diameter of 65mm, an inner diameter of 20mm, and a disk thickness
of 0.635mm. The surface roughness of the obtained glass subsirate 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.
Therealter, 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 targetsoastobe a
Ti-alloy layer of 10nm. By forming the adhesive layer, the adhesion beiween
the substrate and the soft magneiic layer can be improved and, therefore, it is
passible 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
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to 50nm.

[0064]

The soft magnetic layer was formed using a CoTaZr target so as to be
an amorphous CoTaZr layer of 50nm. The underlayer is made of Ru and is
formed for improving the crystal orientation of the magnetic recording layer.
Using a hard magnetic target made of CoCrPt and SiO» as an example of a
nonmagnetic substance, a layer with an hep crystal structure of 1inm was
formed as the magnetic recording layer.  As the coupling control layer, a Pd
{paliadium) layer was formed. The coupling control layer can be formed by a
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 controt 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
6nm.

-[0065])

Subsequently, in a hydrocarbon proteciive 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 & 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.

[0068]

Then, a nitrogen-containing fitm forming step was carried out using a
material substance concentration means adapted to generate a magnetic field

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



5.0 50 0.048 1,000,000 cycles or nore 5.0 100 0.064 1,000,000 cycles or
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generating a ptasma while introducing only a nitrogen gas and adjusting the
vacuum to 3Pa, and at this pressure, exposing the hydrocarbon protective film
to a nitrogen atmosphere to perform a surface treatment. The power for RF
bias applied to the substrate was set to 300W or 400W. By this, there was
formed the protective layer having the hydrocarbon protective film and the
nitrogen-contaming film.

{00671

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 !PA cleaning. in the manner described above,
magnetic recording media according to Example 1 were fabricated.

{0068}

(Exampie 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 formed hydracarben protective fiilms 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 subsiance 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]



5.0 300 0.176 400, 000 cycles 5.0 400 0.206 100, 000 cycles 4.0 100
0.077 1,000, 000 cycles or nore
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{(Example 4)

Magnetic recording media according to Example 5 were fabricated in
the same manner as in Example 1 except that, in the hydrocarbon protective
fitm forming step, there were formed hydrocarbon protective films whose
thicknesses before forming nitrogen-containing films were set to 2.5nm, 3.9nm,
3.5nm, 4.0nm, and 5.0nm, respectively, and in the nitrogen-containing fiim
forming step, use was made of a material substance conceniration 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 Gomparative 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 S00W.

[0072]

{Evaluation)

Various performances of the magnetic recording media obtained in the
Examples and Comparative Example were evaluated and analyzed as foliows.

[0073]

{1) Atomic Ratic (N/C)

During fabrication of the Examples and Comparative Example, the
atomnic 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 foliows.

Apparatus : Quantum2000 manufactured by ULVAC-PHI, Incorporatec



3.5 100 0.096 1,000,000 cycles or nore 3.0 100 0.120 1,000,000 cycles or
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X-ray Excitation Source : Al-Ka line (1486.6eV)
X-ray Source : 20W

Analysis Chamber Vacuum : <2x107Pa

Pass Energy : 117.5eV

Photcelectron Detection Angle : 458°
Measurement Object Peak : Cls, Nis

Anaiysis Region : 100umo

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 siider 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/reliabiiity 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]
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Tables 1 to 3 show the results of the above evaluation.

[Table 1]
Kind of [ Thickness of . T
Magnet Protective E?:s Ng&gggf%z:%on LUL Endurance
(BHymax Layer W] (N/C) Cycles
IMGQe] Inm]
100,000 cycles
5.0 300 0.035 or less
Example | ferrite 1,000,000 cycies
1 1.0-4.0 50 400 0.093 OF more
550,000 cycles
4.0 4Q0 0.112 or loss
540 300 0.044 400,000 cycies
Exampie | ainico = 1,000,000 cycles
2 45585 | 5.0 400 0.085 or more
550,000 cycles
4.0 400 0.114 o less
540 200 0.041 500,000 cycles
5.0 300 0.085 1,000,000 cycles
' 1,000,000 cycles
Example iig‘;{ ium 5.0 400 0.113 or more
3 ) 1,000,000 cycles
19-28 4.0 400 0.130 oF more
35 400 0.150 ;,ror?]g;geo cycles
3.0 400 0.181 gfﬁ;gg” cycles




[vvl

Ni t rogen/ Carbon Atomc Ratio (NN C) LUL Endurance Cycles Conpare- tive

Exanple 1 non 5.0 0 0.000 failed imediately after start

27
[Table 2]
Kind of Thickness of N
Magnet Protective B‘Fi{an N'g%g,ﬁ{g %2';?;” LUL Endurance
{BH}max Layer W] (N/C) Cycles
el {m] 1,000,000 cyel
,000, cycles
5.0 50 0.048 of mate
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 0.178 400,000 cycles
Example | neodymium 5.0 400 (0.206 100,000 cycles
4 3747 1,000,000 ¢ycles
4.0 100 0.077 of more
1,000,000 cycles
3.5 100 0.098 of mare
11,000,000 cycles
3.0 100 0.120 oF more
1,000,000 cycles
25 100 0.148 of more
1,006,000 cycles
2.5 50 0.108 of more
[Table 3}
Kind of | Thickness of RF Nitrogen/Carbon LUl
{gﬁ)g;zi Prz;e;;t:ve Bias Atomic Ratio Endurance
IMGOG] [nfnj W] {N/C) Cycies
failed immediately
50 0 0.000 after start
failed immeadiately
5.0 200 0.005 afier start
100,000 cycies
Cor:;lf:ra- 50 300 0.033 or loss
non 1,000,000 cycies
Exa;nple 5.0 400 0.088 or mote
500
50 -->gubsirate
damaged
800,000 cycies of
4.0 400 0.106 jess
16077}

With respect to the Examples and Comparative Example, a comparison

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




5.0 200 0.005 failed imedi ately after start 5.0 300 0.033 100, 000
cycles or |ess 5.0 400 0.088
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thickness of the protective layers and the same RF bias and it is seen that the
atomic ratio (N/C) is greater in each of the Examples where the material
substance concentration means is used, than in the Comparative Example.
Therefore, it is seen that nitrogen was efficiently introduced inio the
nitrogen-containing film at the outermost surface of the protective layer by the
use of the material substance concentration 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. |t is considered that when the RF bias is smaller, the
thickness of the nitrogen-coniaining fitm 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 exampie, 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 o
47MGOe as in Example 4, it is seen that the RF bias is preferably set to 50 to
200W.

10080}

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

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



1, 000,000 cycles or nore 5.0 500 -->substrate damaged ... ... 4.0 400
0. 106 600,000 cycles or less 100771
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[0081]

in the Comparative Example, when the RF bias power was set to 500W,
the substrate was damaged and it was not possible to fabricate a magnetic
recording medium.  Although not described above, this also applies to each of
the Examples when the RF bias power is set to 500W or more.

f0082]

Further, in Comparative Example 1, when the RF bias power was set 10
OW or 200W, the HDD failed immediately after the start of the LUL durabllity test.
This also applies to each of the Examples when the RF bias power is set to OW.

[0083]

Exampie 5)

An amorphous alumingsilicate 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 giass substrate diameter of 85mm,
an inner diameter of 20mm, and a disk thickness of 0.635mm. The surface
roughness of the obtained giass 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
conirol 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 asto be a
CrTilayer of 10nm.

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



Wth respect to the Exanpl es and Conparative Exanple, a conparison was
made between the atomc ratios (NC) of nitrogen to carbon for the sane

28 thickness of the protective |ayers and the sanme RF bias and it is seen
that the atomc ratio (NNC) is greater in each of the Exanpl es where the
mat eri al substance concentration neans is used, than in the Conparative
Exanpl e. Therefore, it is seen that nitrogen was efficiently introduced
into the nitrogen-containing filmat the outernost surface of the
protective |ayer by the use of the nat&hial substance concentrati on neans.
[ 0078] Further, in each of the anpl es, 1,000,000 or nore LUL
tinmes were realized by selecting the thickness of the protective |ayer and
the RF bias condition. Particularly, in Exanples_3 and 4, 1,000, 000 or
Tore LUL. &1 b amerRhote diera e obhan HEsET 6t BY 1AHA6 O ISR t han

that in the Conparative anple. 1t i.s,considered that when the RF bias is
smal ler, the@ %ﬁ'ﬁﬂ@g@ag‘f%n%aﬁ?rti?%%éi%%ont aining filmis reduced.
Accordingly, fromihSep ire dokt AERIRIIE gk 111 e BieClotiled,0n s&tfuehud)r i cat i ng

| ayer is ensured even when the thicknéss of the nitrogen-containing film

is reduced. p0otRhtation contrétiayehet§ off imnemadp bENWhededayers $18aans! of a
magnet havi ng a maxi num enerq%y product (B 8MXe as in

f 19 t
Exanpl e 3, i fi18xeahdinvinga thickBessrofji0ge ard ?gﬁaéfrig%{fﬂfi“&r?“a?%"?oo to 400W

On the other hand, wh e . f [ i mum ener gy
product (BR) pﬁ‘&?(""iﬁd @%H?gﬁﬁ?kiﬁg%&g q%l’sl p%%%}%}ﬂ{,éﬁlf &?%‘aas%%é that the RF
bias is pref %hg&lagelsﬂséfi@ selsrhQlle? BN hE1A08BE Ru iayer asfibe Uhedrayemt Bispnpl es 3
and 4, 1,000,000 o6r nore W. tines were realized even when the thickness of
t he protecti e firay®rseiager tiiud d Drms madaphCebr-GiGatherseconhpaseilayee Exanpl e.

Particularly, in Exanple 4, 1,000,000 or nore LUL tine re realized even
when the t hi dRAE53MMMadecst oSt BEEile thanain (Reeraing fayey %%or less (2.5 to

3nm. 29 [0 ) t rAat | Iﬁ{&@m bi as power
was set to 5%%’“92‘%%@?’%26@% arr%’\é‘g% an |§ ro&%@@%é gé@;i ble to
fabricate a magnetiy §RePILRT ARMAUDE b hbAvaihatelgralntaayees] dyove, this
al so applies to each of thé Exanpl es when the RF bias power is set to 500W
or nore. [008&hing the noRmaghetic, granuigoaypms atiandicpearsil stractutgdihe he RF bi as
power was set to OWor 200W the HOD fajled imrediately.after e start of
the LUL dur abinfigdayer 5§ andrgiowing agragplsf laxer ﬁ)thgmnéefcoﬁ@g Sniftes when

the RF bias Qr?é’?’gén,itﬁeraeré ahﬂwc% o{ é%%g?gting the magnetic granular iayer 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 formad using a CoCrPtB target of 7.6nm {see Fig.
4).

[0084]

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

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

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



(Exanpl e 5) An anor phous alum nosilicate glass is nolded into a disk
shape by direct press thereby producing a glass disk. This glass disk is
ground, polished, and chenmically strengthened in sequence, thereby
obt ai ning a snooth nonmagnetic di sk substrate in the formof a chemcally
strengthened gl ass disk. It is a 2.5-inch magnetic-di sk substrate with a
gl ass substrate dianeter of 65mm an inner dianmeter of 20mm and a di sk

t hi ckness of 0.635mm The surface roughness of the obtained gl ass
substrate is such that when observed b% an AFM (atom c force m croscope),
it is a snooth surface shape with Rmax af 2.18nm and Ra of 0.18nm Rmax
and Ra foll ow Japanese Industrial Standard (JIS). Then, an adhesive

| ayer 112, a soft nagnetic | aye 14, an ientation contral. | ayer 116, an
under | ayer 1fgcordingly,igExgHpis g!lté?/é?é‘f'%? 0@“%8&‘%?%"’%5%8{ WF%%*eOPlT& 2, and a
mai n recordi Bg,-Layer 124 are forned in sequence on the disk substrate 110
by DC magnetion sSputtering (see Fig. 4). First, the adhesive |ayer
112 is fornmed usi nmen, £hitlogeaicontini® s fbmnihesiep @als damjeerowish@am  Then,
soft magnetic |ayers 114a and 114c are each fornmed so as to be 30 an

anor phous Fe ezl subsjancecongsratior meane adaptedip genperte grmagiielic §eldor ned as
a first nonmagneti C sgacer magneti c

| ayer 114, tR ,aeiergFeem. QJ’FGH‘ed!”a‘i}{’{%r%%qlqégwéc@e"qugégﬁ’?%q&g\f’%%ﬁ”@%%%‘¥oI | ayer
116 of | Owm ggﬂ%agég %M%?}%I%%Iﬁy&ﬁégéjoﬁg E@ﬁ;%é@,ﬁ&%&ﬁfm?%@ t hi ckness

of | Ohm and or ma pertorned so that the film
form ng gas pagrsvicesrnEnthetHtiplessies, @poting thenlterdayeon dréRativesflilget
smaller than that for the Ru | ayer as the underl ayer _118b), the first
onset |ayer 1®@ntfogen etmospiete iofpedotn asugace FerMeBE oddedRwer 'or &fer 122 of

3nm nmade of CrPt-CG 20 the main recording. .| f ( -Ti02, a
conti nuous | aPp ,toéﬁ%sabﬁ@a? ifigg 5?@?3’@?@& @ﬁ%r%’%@g thg%qrgg The onset
layers 120 apglmldZnap@QR0ERERBRY 26 nAARIHKEHyaloR@6R prafictivefith Bed tee

nonmagneti c granular layers on an hcp crystal structure of the underl ayer
118 and gr owinRggangomaltmay fillmayer as the main recording |ayer 122 thereon,

there is a function of separating the nagnetic granular |ayer fromthe
initial stage (ri siPa®Ml. The main recording layer (granular |ayer)

124 is formed usi a hard. ngtic target p crystal
structure CoCrPt-Tit:2 rtcggr?g, Faﬁ’ﬁremafg%&ie%ﬁgﬁg%Féa@@g%ﬂgétpg?f ormed using a
CoGrPtB targ R L8 i dkdipfihg meBRRn the protectPdlRsRAUSARG Yedro t he
cont i nuous Ig%ren?&i%% Qﬂcfer meé}i?umi%éo?ecti ve Iaygr 128 is forne% in the

fol | owi ng st epbjected to ultrapureswatei andilPiyairanagr(benFigr 6). e Jhievrickriesaof or mi ng
step in a protective |ayer form ng step, a hydrocarbon protective filmwas
formed by a pravhRbcaivplaver Me8 "Rl e appl ying a bias of -300V in a nixed

gas contai ni ng 30% hydrogen i p - . UM was set
to 1Pa. In Exanpl engE{e Fﬁg'ﬁgr ggﬁcgﬁﬁ%@& é%é%%%%ﬁﬁéﬁ}% g%%ﬁ?@gyfi | ms whose
Lhi cknesses Be(pl Godiflh RIERIhBIEGMerc pBRARUNG {11 M5 vere set o 4.0nm and
5.0nm respectively. 3

[00886]

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 resuits as those
in Example 1 were obtained. Specificaliy, 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/Cj 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



Accordingly, in Exanple 5, the thickness of the protective | ayer was 4.0nm
or 5.0nm Then, a nitrogen-containing filmformng step was carried
out using a material substance concentration neans adapted to generate a
magnetic field by a ferrite magnet. In this step, a nitrogen-containing
filmwas formed by generating a plasma while introducing only a nitrogen
gas and adjusting the vacuumto 3Pa, and at this pressure, exposing the
hydr ocarbon protective filmto a nitrogen atnosphere to performa surface
treatnment. The power for RF bias appli€d to the substrate was set to 300W
or 400W By this, there was fornmed the protective |layer 128 having the
hydr ocarbon protective filmand the nitrogen-containing film 100851

Then, a | ubrweatficignihantrodumdeantofthaniPE@En-¢qeaihing filno gbingetasmpsic onpound was
formed by a dliﬁggi n? nmet hod on the prot ec% e Iaé/er avi ng been subj ected
to ul t r apur eStiEaca O BiedPrpigchvedameniy the ee '%?”W."afﬁ H#Ckness of the

| ubricating | ayer S | . NG&. J ,

per pendi cul a?o%ﬁaﬁﬁ%%ncmggep%r (’j:fj%erh%‘(ﬁk g}rgyéfecgfﬁdl ngoﬁé‘@g%%eﬂﬁﬁ%ﬁr e
fabricated. {0Q884iized by seldd@hd HésthibRidselofBiaGRstefivd iBgermgniag RE biecor di ng
medi a obtained in Exanple 5 were eval uated and anal yzed in the sane manner

as i n Exanpl eortition. As a result, it was confirned that the sane
evaluation results as those in Exanple 1 were obtained. Specifically, with
respect to Exanpl é9%37And the Conparative Exanple, a conparison was nade

o e e ot e AR RN n8L ol ARIRBd Hinf BESficd Rk e, ST

t hi ckness of the ive ers-an e sane las and it was

confirned thahpblifertO Hetebiliddd séd¥eCf thpiBvEitRAlShot limitesaseescopyber e t he
mat eri al substance concentrati on neans was used, than in the Conparative

Exanpl e. Fr othetdsissriptioh oiétse aimveiembedimens. i is obyeus ta@persen ekileddinent | y

i ntroduced into the nitrogen-contai ni ng film a%o t@Bg ‘fg{]@r rrBst surface of
the protecti (e abipar vasipup FBanRSs G5 fMPIRECTBRTE PRA Pe S4B 8 a%8¥ftentrati on
means. Furth L anml. (5@%% alized by
selecting t hgﬁwpﬂéljlg\?%égmdgc'tgﬁreﬁ%'ﬁgf?ee%%gsy F1%$hg%eme . bléggﬁt@ondi tion.

[0087] sucHinaRobdbSinipivRitidrencdiedisdee mcllded in ihededtinidal sebergnce to
t he enbodi nents, the technical scope of the invention is not limted to

t he scope of thisheverd®ori pti on of the above enbodiments. It is obvious to a
person skilled in the art that various changes or inprovenents can be
added to the'ndysVia! ARie8R Nt s. 1t is clear fromthe scope of clainms that
t he nodes added WIE](B]B uch changes or inprovenents can al so be included in
the technical scopé or this invention. Industrial Applicability [00881

Thi's invention is Tl hadhionad Bliisdadppiitable fopfor@xampleca neagmetimet i c
recordi ng medi um manuf acturing nmethod. Brief Description of the Draw ngs
recording medium manutacturing 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 cof this exampie.

Fig. 3 is a diagram showing one exampie of a film forming method in a
nitrogen-containing film forming step S204, wherein Fig. 3{a) is a secticnat view

showing the positional relationship between a substrate 12 formed with upto a

hydrocarbon protective film 22 and a material substance concentration means



[ 0089] Fig. 1 is a diagram show ng one exanple of the structure of
a magnetic recording nedium 10 manufactured by a nmagnetic recordi ng nedi um
manuf act uri ng nmet hod according to one enbodi nent of this invention.

Fig. 2 is a flowhart showi ng one exanple of a nmethod of nmanufacturing the
magneti c recording medi um 10 of this exanple. Fig. 3 is a diagram
showi ng one exanple of a filmformng nethod in a nitrogen-containing film
form ng step S204, wherein Fig. 3(a) is a sectional view show ng the
positional relationship between a substgmate 12 fornmed with up to a
hydrocarbon protective film22 and a material substance concentration
nmeans 33 30 and Fig. 3(b) is a top view show ng the main surface of the

hydrocarbon @OOJrﬁCﬁi%.‘G‘?b}fib b diew showing the enhairfsiriace ol regnaiocalme ng one
exanpl e of the strucCture of a magnetic recordi ng nedi um manuf actured by a
magneti ¢ r ecqrsteqiyerfidi2am manuf act uri ng met hod according to anot her
enbodi ment of this_invention. Description of Sy%ol§ 090% 10 g netic
recordi ng medi um g 4ifa diagras showie aee panaple of Mo stiie Ot PEUEF 18

A1 tr ogen: contSraing fdtih AU reR4F bl LSRORBIRER, 01 e o

ni t r ogen- cont I a t'ance concentrati on neans 34
CLAI M5 manuf Aot REINGd B NG RE afBBbLeMBEIMEALCS! this nyentiznhod  of
forming a thin filmover a substrate, said nagnetic recordi ng nmedi um
manuf act ur i ngDgwetipioh of Bydeiser i zed by conprising a thin filmformng step
of formng said thin filmusing a plasnma-converted substance as a

mat eri al , WEeBI n said thin filmforning step forms said thin film

o asnar conver il NEDa eee G ReELh g CERGT PP q 407 LAGEAer, 561

pl asma- conver rate.
magnetic layer, 18 - proteciive layer, 20 - iubricating layer, 22 -~ hydrocarbon
protectiva film, 24 - nitrogen-coniaining film, 30 - materiat substance

conceniration means



2. A magnetic recordi ng nmedi um manufacturing nethod according to claiml,
characterized in that said material substance concentration neans gathers
sai d pl asma-converted substance around said substrate by generating a
magnetic field around said substrate. 3. A magnetic recording

medi um manuf acturi ng nmethod according to claim1 or 2, characterized in
that said material substance concentration neans generates the nmagnetic
field around said substrate using a nagnet havi ng a nmaxi num ener gy product
of 1.0 to 50MXe. , 4. A magneti c3fecordi ng medi um manuf acturing

met hod according to any of clains 1 to 3, characterized by further

conpri si ng a magnetic layer formng step of form ng a nagnetic

| ayer over said substrate, and CL&Wﬂgotective filmformng step of
form ng a hydrocarbon protective filmover said nagnetic |ayer,

wherein said thin filmformng step is a step of introducing nitrogen into
a surface of sai dnydragHRORAFGhE ok shFabiirify MeRor DYRiNgd Nod usi ng
a nitrogen gas, théreby Tormng a Til mcontaining the nitrogen at an

out er nost  sumirem® dver & alskthys|Isaranbgretipredoeding wedfunt manuldbturing 5 A
magneti c recordi ng medi um manufacturing nmethod according to claim4,

char act er i zeuhethedtchatactesized phicomptising f or mi ng step forms the film

t ai ni the nitrol t th t t f.said hyd b
prot et ve 111 m byt BRI Bast (onresed O i dcR e ate o 6. A
magnetic recgggﬁngg Fediam ggﬁ%@gé I%lrrhagl&id’!?t hod according to claimb5,
PR th d thin film

characterize at sai ormng step applies an RF bias with
a power of 400W ofryHeesis shid tisiaifity Sarhiiy stbeforms said thinTitm Asinggrederiad r ecor di ng
medi um manuf acturi ng nmethod according to any of clains 4 to

any . to @,
char act er i zegulistanch gpncentration BgRas fir Gekering 8aif PlasimegiaRvAteS $ & F 6E ns sai d
hydr ocar bon rotgc%.lipve filmhaving a thickness of 5nmor |ess, and

said thin fifFHPESAPSHPAS forms the film containing the nitrogen wherein
an atomc ratio (I Ch rgégdgtiﬁrré&%lné thelefin? RianafaciuRBg RistiioBebrdny tbace i s

0.05 to O.15. magneti € recordi ng nmedi um manuf act uri ng net hod
accor di ng t oclainy 1 odhaedotérived In that Said cieris sestaed dopcdnivatibre meaospr i si ng

a magnetic layer formng step of forming a magnetic Ia){er over said
substrate, gathers sgistplasmasainveriedisbetancs aroud prjc SURSIrAEPRIRIBIWE f or mi ng

a hydrocarbon protectiye fil.m over .d magnetic |ayer by a plasma CVD
nmet hod usi ngaﬁwaﬁ%@%ﬁ%qynaégd SUosttte. 9. A lam nate manufacturing nethod

of forning a thindilamayRiicResinl hldum fitindiabrh alcndautbaiighol ng
met hod characterized by Conpri sing
' 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 1o
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 fitm 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

surface of said hydrocarbon protective film,



athinfilmformng step of formng said thin filmusing a

pl asma- converted substance as a materi al, wherein said thin film
formng step forns said thin filmusing material substance concentration
means for gathering said plasma-converted substance around said substrate.
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5. A magnetic recording medium manufacturing method according to
claim 4, characterized in that said thin film forming step forms the fiim
containing the nitrogen at the outermost surface of said hydrocarbon protective
film by applying a bias voliage to said substrate.

6. A magnetic recording medium manufacturing method according to
claim 5, characterized in that said thin fitm forming step applies an RF bias with
a power of 400W or less to said subsirafe.

7. A magnetic recording medium manufacturing method according fo
any of claims 4 to 6, characterized in that

said protective film forming step forms said hydrocarbon protective film
having a thickness of 5nm 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 layer forming step of forming a magnetic iayer over said
substrate,

wherein said thin film forming step is a step of forming a hydrocarbon
protective film over said magnetic tayer 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 a2
plasma-converted subsiance as a material,

wherein said thin film forming step forms said thin film using material
substance cancentration means for gathering said piasma—éonverted substance

around said substrate.



