1 DESCRIPTION 5 METHOD OF MANUFACTURI NG MAGNETI C RECORDI NG MEDI UM
MAGNETI C RECORDI NG MEDI UM AND SURFACE TREATMENT APPARATUS CROSS REFERENCE
TO RELATED APPLI CATIONS 10 Priority is clained on Japanese Patent
Application No. 2005-091216, filed March 28, 2005. TECHNI CAL FlI ELD The
present invention relates to a nmagnetic recording nmediumused in a magnetic
15 disk drive or other magnetic recordi ng apparatus, and a nethod of

manuf acturing a magnetic recordi ng medi um BACKGROUND ART Hard di sk
drives, which are magnetic recordi ng apparatuses used as storage 20
apparatuses of information processﬂﬁéﬁéﬂﬁﬁga Puses, are provided with a
magneti c head for playback and recording, and a magnetic recordi ng nedi um
in the formof a magnetic disk having a magnetic |ayer. The magnetic | ayer
in a magnetic disk is forned by depositing a ferronmagnetic netal or alloy

ther eofs on a NYETACODAOF MANDFACAURING MAGNETIORECERPINGIGERIUM,0n OF

el ectrol ess plating and so forth. 1I'n general, a so-called contact start
stop 25 (CSS) nethod is I i i i far recordi ng and
reproducing of data. In g%%ﬁ&&@ﬁ@%@@ Wﬁfﬂ‘ﬁe CSS net hod, the
magnetic head is in contact_ with the mnagnetic disk (to also be sinply
referred to as a disk) at SkREAGE TREATAHANEARSA, when the di sk begins

to rotate, the magnetic head slides over the disk, and as the rotating
speed

D CROSS REFERENCE TO RELATED APPLICATIONS
10 Priority is claimed on Japanese Patent Application No. 2005-091216, filed March 28,

2005.

TECHNICAL FIELD
The present invention relates to a magnetic recording medium used in a magnetic
15  disk drive or other magnetic recording apparatus, and a method of manufacturing a

magnetic recording medium.

BACKGROUND ART
Hard disk drives, which are magnetic recording apparatuses used as storage
20  apparatuses of information processing apparatuses, are provided with a magnetic head for
playback and recording, and a magnetic recording medium in the form of a magnetic disk
having a magnetic layer. The magnetic layer in a magnetic disk is formed by depositing
a ferromagnetic metal or alloy thereof on a non-magnetic substrate by sputtering, vapor
deposition or electroless plating and so forth. In general, a so-called contact start stop

25 (CSS) methed is employed in hard disk drives for recording and reproducing of data. In



of the disk increases, the magnetic head |lifts fromthe di sk and recording
and reproducing 5 are carried out in this state. Wen stopping, the
magneti ¢ head again slides over the disk when the rotating speed of the
magneti c di sk decreases. In magnetic disks, in order to prevent
deterioration of the durability of the ragnetic disk due to abrasive

damage caused by s]iding contac ith the magnetic head, a protective film
| ayer and %"’Iaﬁlb‘ﬁ{id@éﬁ ema&%kﬂg&ﬁ%kégﬂﬁtb% W@%tlﬁgﬁ’r‘i@ﬁ F‘bcqné%%?"m&‘dh? npr ove
10 the wear resistance of the magnetic disk as well as reduce static

friction amdgmbyialnikoto 4lse be sioplyvwederrade asmagred) atcthérstad o npleratagm end whemk e
sliding contact. Filns such as carbon filnms, SIiQ2, ZrQ2 and ot her oxide

films, nitihedRskitebiis tdRAatbOhE GRghétlcFeallaNges OE/&Pt'hSﬂlskaﬂ%@hdJl%@ﬂin Qpeddne
af orenenti oned protective filmlayer. In addition, the aforenentioned
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di sks, the anounts and properties of freely noving nolecules in the

| ubri cant #gyariedoghip tiststrierol When seppingithe magrstichigad agady slides gxer thend t o
the surface of the protective filmlayer have an inportant effect on wear
r esi st ancediskoheekeenmptating speedvd theanmgiretic diskfdeerehses.novi ng nol ecul es in the
| ubricant layer is too great, the static friction 20 coefficient of the

di sk increase td; inbrl Il i ce of
adsor ption phZI}\g{#gl?\aalc(ds@g(-gtgll Ire%l}qg? ?e?te %o%ﬁ%g?&dggjr{ ﬂ%ethﬁnérﬂélé{r)\,g? iﬂg&ﬁg%e%gnd

disk. If the, ,ampunt is too |aqw e dynam ¢ fri.ction coefficient of the
mmgneti ¢ gk AQTRHbast R defagt Bbsel B SRR Riyac it pERERSI ARy "anc

i ncrepsed susceptibility to the occurrence of the head crash. 25 In order
to reduce BioteetivoRlm daver ansha Bibricanlayse areprevdesan e maghetihlayt taHaP@ivek is 3
reduced by giving a certain |evel of roughness referred to as texturing to
t he di Bk sthefwaaeresistance of the magnetic disk as well as reduce static friction and dynamic

friction when the magnetic head and magnetic make sliding contact. Films such as
carbon films, SiO;, ZrO; and other oxide films, nitride films and boride films have
typically been used for the aforementioned protective film layer. In addition, the
aforementioned Jubricant layer is typically formed by coating a lubricant such as a liquid
15  perfluoropolyether compound onto the surface of the disk.
In magnetic disks, the amounts and properties of freely moving molecules in the
) lubricant layer along with molecules in the lubricant layer that bond to the surface of the
protective film layer have an important effect on wear resistance. For example, if the
amount of freely moving molecules in the lubricant layer is too great, the static friction
20 coefficient of the disk increases, resulting in increased susceptibility to the occurrence of
adsorption phenomena (so-called stiction) between the magnetic head and disk. If the
amount is too low, the dynamic friction coefficient of the magnetic disk surface increases,
resulting in decreased lubricity and increased susceptibility to the occurrence of the head
crash.

25 In order to reduce stiction, the contact surface area between the head and disk is



or by inmparting | ow bunps fornmed by irradiating with laser light referred
to as laser texturing. However, the flying height of the magnetic head
over the disk has recently becone extrenely low at 25 rimor |ess in order
to achi eve higher recording densities. Thus, it is necessary to nmake the
di sk surface as snooth as possi ble and reduce the height of the bunps

ari ving | spg bRV HEalRuaR IR R R termiBiaO 5 il S Tnf B B ' ©

wor sens. Since stiction cannot be ade uately reduced %the bunps aI one
whi ch are 9ophisepasing lawdrumpsdormad hgiradiating witd desss higlyt refsrad doasdaserr ol the

anmounts and properties of freely nDV|ng 10 nol ecules in the lubricant |ayer
as wel | astexheingol Eowlees, tha flylreg Neigitiof drtmdgnyee héddadvebtrdiskiasrdvendyr f ace
of the protective filmlayer as previously described. The |ubricant |ayer

is requir ?B’eéoﬁneee'iﬁ@ﬁ%}g bRt QS’HFH SMesslif 6RU3E B a‘MﬂeQe M&epfée&%{g densities.! m | ayer

acconpanyi ng i ncreased recording density. The reasons of the requirenent

and 11 ght wihghit S eEEb ket Ak i 4?%‘5%@%?58%‘@%8@”e%fegﬂé%%s%‘)@%“

el ements and so forth for the purpose of inproving recording den5|tly and
startup opekthe bumps formed by dasar teytupas itoprcsd eentadd petvsge thawjsk s kead pyhile
friction coefficient in order to reduce the initial drive force that also
consti t ut edrivihg id nadngn Hbwevergmiedn thishedshe, stictiondorivdrsely edisess.t I8int at i ¢
friction coefficient, it is effective to reduce the anount of freely

St eng E“Li‘f‘*‘&é’ﬁﬁaﬁ'ﬁéw9%"%%95'“eﬁ“’ehﬁﬁatbﬁl)i‘”%@{“?@%'&?‘%%ﬁi;y‘f%f}"“““?‘%e P oad
The CSs. ( oAraRe Qieeeieey ) 30 Ru b v A RE ey S el Bl o " 1
met hod t hat enpl oys a_nechani sm by V\/m ch a head evacuation area is pr OVI ded
near tHk 2mokagules lrp@P ilyhmicant layerap el jas the raplgculereinribey librisant havier atibend
t hat evacuation area when
to the surface of the protective film layer as previously described.
The lubricant layer is required to enhance the bonding strength with the protective
film layer accompanying increased recording density. The reasons of the requirement are
indicated below. Hard disk drives are becoming increasingly compact and lightweight
15  through the use of magnetic heads, MR elements, GMR elements and so forth for the
purpose of improving recording density, and startup operation is required to be improved
) by lowering the static friction coefficient in order to reduce the initial drive force that
also constitutes the load on the magnetic head. In order to reduce the static friction
coefficient, it is effective to reduce the amount of freely moving molecules in the
20  lubricant layer by increasing the bonding strength between the lubricant and protective
film layer.
The ramp load method has also come to be used practically in recent years in
addition to the CSS (Contact Start Stop) method. The lamp load method refers to a

method that employs a mechanism by which a head evacuation area is provided near the

25  outer periphery of the disk, and the head is then housed in that evacuation area when



4 rotation of the disk is stopped. In this nethod, since the head does not
make contact wth the disk when the disk is stationary, there is said to
be no concern over stiction as wth the CSS nethod. However, it has been
determned that it is necessary to reduce adsorption of the head to the
disk in the ranp | oad nethod as well indorder to reduce 5 behavi oral
changes in the head when the head and di sk inadvertently nake contact.

Thus, evenotgliongftheediskasstapped ntetthismethad, sigce thedeaddeestnot mekgicwtadie static
friction coefficient . In addition, disk rotating speed has been increased

duri ng recwithihegdisinathérethe Aikas Rgtiorafy, dicdels saldl torlemoente s aveli shgtislesi ty. In
the case of increasing rotating speed, a 10 so-call ed spin-off phenonenon

occurs i n ith 6k CUPLIARAAL _HRWREA! HBEECeAURARAT T N dBlessdk PIEBudS 2

result, the probllemoccurs in ich e fl ness o ricant

| ayer decreases. Lt is aln desirable to jncrease the bondi ng strength
with the pieP@EBR gEtheitent & e diskiin i iamp o3 BFOOL At el imotPs ORtiEnhance
durability. Furthernore, the bonded ratio is used as an indicator of the
bondi nd st bebagiotel igbanges m thhbedd whéncthaheahahdpdisk medvertently ke ¢dntdchyer. This
val ue indicates the proportion (% of lubricant that remains when a

nmagneti ¢ dilsls, &nWRinghth@rdmibPlohd afethddan &l i aRe@eduRE MRstatk fiRbhed With a
fluori ne-based sol vent (for exanple, AS225 nmanufactured by Asahi d ass Co.,

Ltd.), and oeﬁ‘{ncﬁé’ﬁtdes a general reference of the bonding strength of the
| ubricant to e protective film layer. 20 Consequently, various types of

e, SoE SR pheB b i o B RAE P
film)layer. For exanple, a nethod is disclosed in Publication Docunment |
i n whi ch hieardertte gnprovatecosdingdensdyl dattheeasa of wreasing udtaiingspeed,.al | oned by
ultraviolet radiation treatnment.
10 so-called spin-off phenomenon occurs in which lubricant is scattered due to centrifugal
force. As aresult, the problem occurs in which the film thickness of the lubricant layer
decreases. It is again desirable to increase the bonding strength with the protective film
layer in order to prevent spin-off and enhance durability. Furthermore, the bonded ratio
is used as an indicator of the bonding strength between the lubricant and protective film
15 layer. This value indicates the proportion (%) of lubricant that remains when a
magnetic disk on which a lubricant layer has been formed is washed with a
) fluorine-based solvent (for example, AS225 manufactured by Asahi Glass Co., Ltd.), and
provides a general reference of the bonding strength of the lubricant to the protective film
layer.
20 Consequently, various types of treatments have been tested on ﬁe lubricant layer for
the purpose of enhancing the bonding strength of the lubricant layer to the protective film
layer. For example, a method 1s disclosed in Publication Document 1 in which heat
treatment is carried out on a coated lubricant followed by ultraviolet radiation treatment.

In addition, a method is disclosed in Patent Document 2 in which after a lubricant layer is

25  formed, the lubricant layer is irradiated with ultraviolet light at a wavelength of 150 to



In addition, a nethod is disclosed in Patent Document 2 in which after a

| ubricant layer is 25 fornmed, the lubricant layer is irradiated with
ultraviolet light at a wavelength of 150 to 5 180 nm In addition, a
method is disclosed in Patent Docunment 3 in which a lubricant |ayer is
coated onto a hydrogenated carbon proteétive filmfollowed by irradiation
with ultrgyjolet light. In addition, a nmethod is disglosed in Patent
Bocumrent - 4t Eaditanmedind 160ksch B 2l DOSUBSH R RSt BBEFGEMt | m
foll owed by subjecting to heat treatnment. 5 In addition, a nethod is

di scl osed layerds peateshente dyydegended ¢arbdm prioteptive i folleateddytirradiatiorawrthed out
on a protective film However, in the nethods for manufacturing nagnetic

recor di ng wiagvialeefighthe [Padd¥ion, anbethdt Whlielbsad {nitérg Dcumentes inaiicpaot ect i ve
filmare formed by these treatnent nethods, it was difficult to produce a

magnetic r [ i i [ ndi G i h. of ri cant
Taver to RGPl o fubCH B8l RRLIRE S E o R o Bal Pgi:
dynam c frjction coefficient. Consequent|ly, there is a need for a magnetic
recor di-ng InAdditgm amethed is disgesesiind Patent Fogas| &8 wvhishelasmabratment 1hhi | e

al so obt-ai ni ng adequate surface lubricity. In consideration of the

af or enent | aneetl @itvoEoeotesfint.he obj ect of the present 15 invention is to
obtain a magnetic recordi ng medi um havi ng superior startup operation and

durability, ap@weséd &f ®ehRibods 6 AaRifAdiingChighetiPadcBfin uwttheéario}apanese
Unexam ned Patent Application, First Publication No. 1- 25452 Pat ent

PR T
Firsy Publ iit (\:N%g iclePlcult to produce a magnetic recording medium in which the bonding strength of
10 the lubricant layer to the protective film layer was enhanced without increasing the
dynamic friction coefficient. Consequently, there is a need for a magnetic recording
medium having superior startup operation and durability while also obtaining adequate
surface lubricity.
In consideration of the aforementioned circumstances, the object of the present
15  invention is to obtain a magnetic recording medium having superior startup operation and
durability, and satisfactory surface lubricity.
.) Patent Document 1: Japanese Unexamined Patent Application, First Publication
No. H11-25452
Patent Document 2: Japanese Unexamined Patent Application, First Publication
20 No. H8-124142
Patent Document 3: Japanese Unexamined Patent Applicétion, First Publication
No. H7-85461
Patent Document 4: Japanese Unexamined Patent Application, First Publication
No. H5-217162

»

25 Patent Document 5:  Japanese Unexamined Patent Application, First Publication



No. H7-85461 Patent Docunent 4: Japanese Unexam ned Patent Application,
First Publication No. H5-217162 25 Patent Docunent 5: Japanese Unexam ned
Pat ent Application, First Publication 6 No. S63-2117 DI SCLOSURE OF

| NVENTI ON As a result of extensive studies to solve the aforenentioned
probl ens, the inventors of the present % nvention found that, in a

manuf acturﬂ]@%ﬁgjl 9d in which a lubricant layer 5 is surface treated using
a treatnment 'gas ‘activated by gl ow di scharge pl asma generated under pressure

in the vicinity of atnospherigc pressur it i 0ssi bl e to enhance the
bondi ng strength of the | ubrim§ﬁ'ﬁmg’lﬂm%ﬂﬁ filmlayer, |ower the
static friction coefficient, inprove startup operation, enhance durability

and obt ai n supenriresultsfiektaosve ftuthies ti sojve thhefoetyerntmadd pepbtemse dephenian of
the present invention. 10 Nanely, the present invention enploys the

fol | owi ng (Famspresent iBntich ARG B4e ik Behanaf-RALIRHhRALE VHILIES lubricddt 14yeret hod
of manufacturing a magnetic recordi ng nmedi um conprising sequentially

| am nati n ; i ' filmlaye
abr i ednt S Purgief 88hed ol A leafmo el e B ek R e kel e
| ubricant | ayer using a gas 15 activated by plasma generated under pressure
in the vi PR Bresspreaif) o ity ©f gaesplieric pregsve, Tie PRsstie i Wﬁmﬁ&ﬁ]ﬂﬁ acturing a
magneti c recordi ng nmedi um as described in the aforenmentioned (1), wherein
t he pl asnebondinglsoength of therlgeriqanterthe ploBctivh ilmesyegdowér thasatiafrictionng a

magneti c recordi ng nmedi um as described in any of the aforenmentioned (1) to

(2), wher ajobffichat, dmpreiRtadtupopefatibanhaRelut by Qhd 9B&irSRpeFdr&drface
) lubricity, thereby leading to completion of the present invention.
10 Namely, the present invention employs the following constitution to achieve the
aforementioned object.
(1) A method of manufacturing a magnetic recording medium comprising
sequentially laminating at least a magnetic layer, a protective film layer and a lubricant
layer on a non-magnetic substrate, and surface treating the lubricant layer using a gas
15  activated by plasma generated under pressure in the vicinity of atmospheric pressure;
(2) The method of manufacturing a magnetic recording medium as described in the
) aforementioned (1), wherein the plasma is glow discharge plasma.
3) The method of manufacturing a magnetic recording medium as described in any
of the aforementioned (1) to (2), wherein the gas contains at least one type of gas selected
20  from the group consisting of nitrogen, oxygen and argon.
4 The method of manufacturing a magnetic recording medium as described in any
of the aforementioned (1) to (3), wherein the plasma generated under a pressure in the
vicinity of atmospheric pressure is plasma generated by applying an electnic field

between opposing electrodes.

25  (5) The method of manufacturing a magnetic recording medium as described in the



20 fromthe group consisting of nitrogen, oxygen and argon. (4) The met hod
of manufacturing a nmagnetic recordi ng nedium as described in any of the

af orenentioned (1) to (3), wherein the plasm generated under a pressure in
the wvicinity of atnospheric pressure is plasma generated by applying an
electric field between opposing el ectrodes. 25 (5) The net hod of

manuf act uri.ng a m ic.recordi ng mediu described.in the

2 o ement FAEHEEERURE0 T HERT HE Bt s tEe 0 Sheueila ol phelf ol dsres,
angle of 1 deqgree to 45 degrees from perpendicular to a treated substrate
in which 446 gagpe& ﬁﬁ@nrmgweglicelar foztegated wibstrte trowhich at fepst the mogmetisnd

| ubricant |ayer are fornmed on the non-magnetic substrate. 5 (6) The nethod
of manuf adiyer,ithgpmtevige firm tayeeant ldbrcantiaye tiare dsrmobdonrthd ach-nmaghdtie

af orenenti oned (4), wherein the opposing el ectrodes are forned

per pendi cy|;giratd @ treated substrate in which at |east the magnetic |ayer,
the protective filmand the lubricant |ayer are fornmed on the non-nmagnetic

b el 7 h h f f ' i di. '
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carried out on the lubricant |layer by arranging a treated substrate, in
whi ch at [aEgementignedbdinstherein e epposingeelpitrndes areerned perpendiculan o 2 ubr i cant
filmlayer are formed on the non-magnetic substrate, between the opposing
el ect r odesreate8 subdtatetmtwinch atfleavathe fneapnetic geatheggoteitive filecoddhambriegitum as
described in any 15 of the aforenentioned (1) to (7), wherein surface

treat ment |usk B hARePSH thedoRMmAAstd SubsghtBUl taneously carried out on both
sid of atreated substrate in which at |east a magnetic |ayer, a
protLctivefil My ayehod O manb AN SN naeBUR! rerBink Widith 3L dbddfibed in the
10 aforementioned (4), wherein surface treatment is carried out on the lubricant layer by
arranging a treated substrate, in which at least the magnetic layer, the protective film and
the lubricant film layer are formed on the non-magnetic substrate, between the opposing
electrodes.
® The method of manufacturing a magnetic recording medium as described in any
15 of the aforementioned (1) to (7), wherein surface treatment using the activated gas is
simultaneously carried out on both sides of a treated substrate in which at least a
.) magnetic layer, a protective film layer and a lubricant layer are formed on the
non-magnetic substrate.
gE)) The method of manufacturing a magnetic recording medium as described in any
20  of the aforementioned (1) to (8), wherein the non-magnetic substrate is one type of
substrate selected from a glass substrate and a silicon substrate.
(10) The method of manufacturing a magnetic recording medium as described in any
of the aforementioned (1) to (8), wherein the non-magnetic substrate has a film

comprised of NiP or NiP alloy formed on the surface of a base comprised of one type of

25  material selected from Al, Al alloy, glass and silicon.



non- magneti c substrate. (9) The nethod of nmanufacturing a magnetic

recordi ng nmedium as described in any 20 of the aforenentioned (1) to (8),

wherein the non-magnetic substrate is one type of substrate selected from
a glass substrate and a silicon substrate. (10) The nethod of nmanufacturing
a magnetic recording nedium as descri bed in any of the aforenentioned (1)

to (8), wherein the - magnet i ¢ substrat e has fil C ised of NiP or
NP ali oy 100 moa diediRic EEPRAESeptn bdlet dfdrfloete B S ne of 25
material selected fromAl, A al]loy, glass and silicon. 8 (I |) A magnetic
recor di ng FeRMasiing amageeticdeenrdinggnadium ge dessiheshingmy obdha Aferementiongda
magneti c recordi ng nmedium as described in any of the aforenentioned (1) to
(10). (12)(IAtoréigheti c recordi ng and reproduci ng device provided with a
magnetic 5 recording nedium and a nagnetic head that records and

reproduces(dat a ﬂ%&%ﬂ%ﬁé Eécoﬂaﬁ%‘@fdiréprbﬂﬁcﬁﬁghé\gc Rl aey v){\(ﬂ%rrﬁéigg)etiéhe nmagnetic
recording mediumis the nagnetic recording nmediumas described in the

af ore tioned.(11), (13) A surface treatnent apparatus that. has,a first
devi ce orrefgﬁ%ﬁégn‘agdé aaggiia\}%%lamgﬁ ad tﬁa;i rﬁceoﬁ(israéﬁi rﬁ%rop}“éeg ﬁgggytoasgﬁ yi ng an
electric field between opposing el ectrodes under 10 pressure in the
vicinity omagaetisdpreading medpu whereinsfhe magpetisiacardipgarediyn iy hemagnetis t he
activated gas onto the surface of a treated substrate in which at | east a
magnet i ¢ | mgenrding mediuprasdescrribec irf the afeaerderdioned(ildant | ayer are fornmed on a
non- magneti c substrate. The invention of the present application is simlar

to Japanesgiynexanufeé tatiRedt apMitRlus Bk havh fiflfu@dvicafok 202110 dkd ghé

whi plasma is used to inprove the surface 15 characteristics of the
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10 pressure in the vicinity of atmospheric pressure, and a second device for radiating the
activated gas onto the surface of a treated substrate in which at least a magnetic layer, the
protective film and a lubricant layer are formed on a non-magnetic substrate.

The invention of the present application is stmilar to Japanese Unexamined Patent
Application, Publication No.S63-2117 in which plasma is used to improve the surface

15  characteristics of the protective film. However, in contrast to the technology described in

Japanese Unexamined Patent Application, First Publication No.S63-2117 carrying out
.) plasma treatment in a vacuum, the invention of the present application is quite different

in that plasma treatment is carried out at a pressure in the vicinity of atmospheric

pressure. If plasma treatment is carried out in a vacuum, since the activated treatment

20  gas contacts the surface of the protective film without losing hardly any of its activity, a
portion of the protective film itself ends up being etched. On the other hand, if
treatment gas is used that has been treated with plasma at a pressure in the vicinity of
atmospheric pressure, its activity decreases due to the frequent occurrence of collisions
between its molecules due to its extremely high molecular density, thereby making it

25  suitable for surface treatment of the fubricant film. In addition, the vacuum device used



Japanese Unexam ned Patent Application, First Publication No.S63-2117
carrying out plasma treatnent in a vacuum the invention of the present
application is quite different in that plasma treatnent is carried out at
a pressure in the vicinity of atnospheric pressure. If plasnma treatnent is
carried out in a vacuum since the activated treatnent 20 gas contacts the

surface of.th rotective filmw.thout, | osing hardly an f its activity, a
or t1on ot} REBp BEEGENYE a yachin s B wisds coPEanhE meShal it fe. of her
hand, if treatnment gas is used that has been treated with plasm at a
pressure iYecwHa charabelj eawt puaiprapd HraBsiost syPEBKigr fansppeingdrqmy pinjosgheriases
due to the frequent occurrence of collisions between its nolecules due to

its extremebyuleitgh vaolesundnalsdends by beihf exinyivenkOnghd dthétthaad) inalind easé or
surface treatnment of the lubricant film In addition, the vacuum devi ce

used 9 T qif LGS Gith pBRMIRNA p}éghsﬁ%lgfﬁ@ L&mri]ﬂj S Bf98sHdfic bR sGRERALSIRAY

conmponent s such as a  vacuum cha , exhaust pu and transport syst em for
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pressure in the vicinity of atnospheric pressure, vacuum 5 equi pment is not
requi red, andikednged eosibssi ble to achieve sinplification of the apparatus

and reduced costs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
cross-sectional view showi ng one enbodi nent of a magnetic recording 10
medi um of the present invention. Fig. 2 is a schematic bl ock draw ng

showi ng one enbodi nent ORREEPHESIRIPIENEOHTIIR MOAWTNGRd to produce a
mag!‘r;Dti c recording nediumof the present invention. Fig. 3 is a schematic
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10  medium of the present invention.
Fig. 2 is a schematic block drawing showing one embodiment of a plasma
generation unit used to produce a magnetic recording medium of the present invention.
Fig. 3 is a schematic block drawing showing another embodiment of a plasma
generation unit used to produce a magnetic 'recording medium of the present invention.
15 Fig. 4 is a schematic block drawing showing another embodiment of a plasma
generation unit used to produce a magnetic recording medium of the present invention.
3 Fig. 5 is a schematic block drawing showing another embodiment of a plasma
generation unit used to produce a magnetic recording medium of the present invention.

Fig. 6 is a schematic block drawing showing another embodiment of a plasma

20  pgeneration unit used to produce a magnetic recording medium of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
The following provides an explanation of embodiments of the present invention

25  with reference to the drawings.



15 Fig. 4 is a schematic bl ock drawi ng showi ng anot her enbodi nent of a

pl asma generation unit used to produce a magnetic recordi ng nedi um of the
present invention. J Fig. 5 is a schematic bl ock drawi ng showi ng anot her
enbodi nent of a plasnma generation unit used to produce a magnetic
recordi ng nmedi um of the present i nventi &f. Fig. 6 is a schematic bl ock
drawi ng show not her enbodi nent of a pl as ratlon unit .used to
b oduce & magide SASESFrABTHRAR ST meRBe STBODRIE AL RREBH FeEdE N
FOR CARRYI NG OQUT THE | NVENTI ON The fol | ow ng prOV|des an expl anati on of
enbodi nent sedfum pEthp pessemitinventiemti on 25 with reference to the drawings. 10
Fig. 1 is a cross-sectional view show ng one enbodi nent of a nagnetic
recording ned mapedtictrb@rdihg sfdiun 6V @B pradat embvdinaiticcois@edbng medi um of
the present enbodi nent is conposed by sequentially | am nating a substrate

|ayer 2, ag.dBh&fiRadhdafn Q‘¥S’Jstr§tel efBoae f‘erlaéerfngﬂ‘% ?tudb)lr ér‘%ﬁt've

filmlayer on a“non- nagnetic sub rafe , provi cant

| ayer 6 on e up es .of rraterl a sed for
on raghet P SRULIETAT B MRS Ghe TBrRrEreliapurTaed BUbAONLE AHPRG A and

al um num al l oy, inorganic materials such as glass, ceramcs, titanium
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hydr ocar bon-cont ai ni ng polyolefin. In addition, one or nore types of filns
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10  terephthalate, polyimide, polyamide, polycarbonate, polysulfone, polyethylene
naphthalate, polyviny! chloride and cyclic hydrocarbon-containing polyolefin. In
addition, one or more types of films selected from NiP, NiP alloy and other alloys can be
vapor deposited by plating or sputtering and so forth onto the surfaces of these substrates.

The matenial of substrate layer 2 can be composed with Cr or Cr alloy composed of

15  Cr and one or more types of metals selected from Ti, Mo, Al, Ta, W, Ni, B, Si, Mn and V.

In the case of substrate layer 2 being a non-magnetic substrate layer having a
) multilayered structure, at least one of the constituent layers that compose the
non-magnetic substrate layer can be composed with the aforementioned Cr alloy or Cr.
The aforementioned non-magnetic substrate layer can also be composed with an

20  NiAl-based alloy, RuAl-based alloy or Cr alloy (alloy composed of Cr and one or more
types selected from Ti, Mo, Al, Ta, W, Ni, B, Si and V).

In the case that the non-magnetic substrate layer has a multilayered structure, at
least one of the constituent layers that compose the non-magnetic substrate layer can be
composed with an NiAl-based alloy, RuAl-based alloy or the aforementioned Cr alloy.

25 The material of intermediate layer 3 is used for the purpose of assisting the epitaxial



15 O and one or nore types of netals selected fromTi, M, A, Ta, W N,
B, Si, Mh and V. 1In the case of substrate |layer 2 being a non-nagnetic
substrate |l ayer having a J nultilayered structure, at |east one of the
constituent |ayers that conpose the non- magnetl c substrate |ayer can be
conposed with the aforenentioned Cr all 61/ Cr. The aforenentioned

non- magneti c_substrat.e | aver ca i
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af orenentioned C alloy. 25 The material of internediate |ayer 3 is used
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magneti c, Iayer 4, and |s preferably a non-rmagnetic materl al having an hcp

structLgre rﬁ%{erd@o internediate layer 3 is a Co alloy having Co as
its main Ypref erabl e exanpl es i ncI ude rrat erials containing
any one type sel ected from Co-Cr-based all oy - based, al I oy
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any one type selected from Co-Cr-Ta-based all oy, Co-Cr-Pt-based all oy,
Co- Or - Pt - Tanhagegpedel@Yed fFin @o-EE-TRBRE oI ¢ r-208a580 a5y, Pt - B- Cu- based

al I 10 A'carbon-based material such as amorphous carban,
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Protecfy Ve T L largonhased materRl such s 2morphoas carbon, hydrogen-containng carbon” =€
and fluorine-containing carbon, or a ceramic-based material such as silica and zirconia
can be used for protective film layer S. In particular, hard and dense CVD carbon is used
preferably in terms of not only its durability, but also its economy and productivity. In
order to improve the durability of the protective film layer and at the same time to
15  decrease the loss during recording and reproducing, the film thickness of protective film
layer 5 is set to 10 to 150 A (1 to 15 nm), and preferably set to 20 to 60 A (2 to 6 nm).

D The uppermost lubricant layer 6 contains a polymer of a polymerizeable unsaturated
group-containing perfluoropolyether compound. An example of polymerizeable
unsaturated group-containing perfluoropolyether compounds is a compound having

20  perfluoropolyether serving as the main chain, at least one end of which is bonded with an
organic group having a polymerizeable unsaturated bond.
Lubricant layer 6 is subjected to surface treatment using a gas (treatment gas)
activated by plasma to be described later.

A magnetic recording and reproducing device of the present embodiment is

25  provided with the aforementioned magnetic recording medium having lubricant layer 6



preferably in terns of not only its durability, but also its econony and
productivity. In order to inprove the durability of the protective film

| ayer and at the same tine to 15 decrease the | oss during recording and
reproducing, the filmthickness of protective film layer 5is set to 10 to
150 A (I .to 15 nm, and preferably setldo 20 to 60 A (2 to 6 nm. The
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| east one end of which is bonded with an organic group having a

pol yreri zegblmmJnsat urat ed bond. Lubricant layer 6 is subjected to surface
treatment using a gas (treatnent gas) activated by plasnma to be descri bed
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enbodi nent is provi orefrentroned nagnetrc recordi ng nedi um
having J ubricant l.ayer 6 12 on which, surface treatnent has been carried
out with t HENAHERGA Mg reeqrdinganadiygn of thepsesent srabpdenert. head t hat
records and reproduces information on said magnetic recording nedium
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manuf acturi ng a magneti c recordi ng nedium of the present enbodi ment. First,

after fornpR@cavdE flyer 5,3V8bricant laPéras Faifliedlon roRMBigndtic SaBHek ICshrdicer 4 and
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10 layer 6. The aforementioned plasma is preferably glow discharge plasma.
A plasma generation unit capable of stable generation of plasma at a pressure in the
vicinity of atmospheric pressure, can be used for the surface treatment apparatus used
here for surface treatment. Examples o.f apparatuses that can be used include a
normal-pressure plasma surface modification apparatus (Sekisui Chemical, Co.) and an
15  atmospheric pressure plasma cleaning head (Matsushita Electric Works).
A pressure in the vicinity of atmospheric pressure refers to pressure of 1.3 x 10* to
) 13 x 10* Pa. In particular, the use of a pressure in the vicinity of atmospheric pressure
of 9.9 x 10* to 10.3 x 10° Pa is preferable since it facilitates pressure regulation and
simplifies the apparatus constitution.
20 The following provides an explanation of a plasma generation unit of the present
embodiment using Fig. 2.
The plasma generation unit of Fig. 2 is primarily composed by a pair of opposing
electrode plates (opposing electrodes) 21a and 21b, a gas inlet port 22 for supplying gas

between electrode plates 21a and 21b, a plasma generation power supply 23 that applies

25  an electric field between the opposing electrodes, and a substrate holder 26 for holding a



A plasma generation unit capable of stable generation of plasnma at a
pressure in the wvicinity of atnospheric pressure, can be used for the
surface treatnent apparatus used here for surface treatnent. Exanples of
apparatuses that can be used include a nornal-pressure plasma surface

nodi fi cati on apparatus (Sekisui Chemical3 Co.) and an 15 atnospheric
pressure pl as | eani ng head (Matsushita Electric Wrks). A pressure in
the vici ni??t%asé?%%%eri c pressure refers to pressure of 1.3 x 104 to 13
X 104 Pa. In particular, the use of a pressure in the vicinity of

at nospheri c pTbsgplasma geherdtion unil 081 Had aJirst de@ie Feor flosmimgefgas Hislt basi nce it
facilitates pressure regulation and sinplifies the apparatus constitution.
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substrate holder 26 for holding a 13 treated substrate 25. This plasma

gener at i orsubstrate 5. Fi g. 2 has a first device for forming a gas that has
been activated by generating plasnma by applying an electric field between

the pair of URARYIsOBstRETS RAMR ke Bogrélic fayend pidtebtivalfilth IRy@2fdRe i n the
vicinity of atnospheric 5 pressure, and a second device for radiating the
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25 s at ayer, a protective ayer a ri cant

| ayer) prior to.surface treatnment, forned on a non-nma tic subpstrate, and in
th)é P case of tie present embo%}ment, has a su strateqayer%, Pntenn%rc]%te l%yer ,magnet?c

10 layer 4 and a lubricant layer prior to surface treatment formed on a non-magnetic
substrate 1.
Iron, copper, aluminum or alloys thereof 1s used for the material of each electrode
plate 21a or 21b.  Although the distance between the opposing electrodes is preferably
" 0.1t050 mm, it is more preferably 0.1 to 5 mm in consideration of the stability of
15  plasma discharge.
A pulse wave, a high-frequency wave or a microwave is used for the electric field
) impressed between electrode plates 21a and 21b. The pulse wave that can adjust the
impression time of electric field, is preferable. It is preferable to use the pulse wave at the
frequency of 1 to 500kHz, especially, 1 to 50kHz, in consideration of stability of the
20  plasma discharge. It is preferable that the impression time of electric field namely
duration of the pulse wave is from 0.5 to 200 psec. When it is under the 0.5 psec, plasma
discharge does not occur. When it exceeds 200 psec, it is become easy to form arc.
Nitrogen, oxygen, argon or a mixture thereof is preferably used for the gas supplied
between electrode plates 21a and 21b.  Since the amount of gas consumed is large due

25  to using at a pressure in the vicinity of atmospheric pressure, inexpensive nitrogen,



case of the present enbodi nent, has a substrate layer 2, internedi ate |ayer
3, magnetic 10 layer 4 and a lubricant layer prior to surface treatnent
formed on a non-magnetic substrate 1. Iron, copper, alum numor alloys
thereof is used for the material of each electrode plate 2l1a or 21b.

Al t hough the di stance between the opposlﬁg el ectrodes is preferably 0.1 to
50 nm it is more preferably 0.1 to 5 nmin consideration of the stability
of 15 pl asHeyesn 8EmaHKRd g%%@#%%ﬁ%“%%ﬂ%@ﬁ%ﬁéﬁ&f Wave or a microwave
is used for the electric field inpressed between electrode plates 21 a and

21 b. The pul $eFigalea pdiabfeimnroddplasﬂ.ts 2lhand Ripisessinged parpendidulelteat ri c
field, is preferable. Is preferable to use the pul se wave at the

frequency Qbridark @a}ép%ﬁao sBEFR@G Atrhoht (theat sABKikite 25)) %ﬂﬁh?@?@shﬁ"‘s of
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When it exceeds 200 sec, i s becone easy to formarc. N trogen, oxygen,
argon or alSisetegnerater af @@mlon%wmréfﬂmémrga $pslgoytdrom h@wga%ﬂwﬂfmrpé@ ‘bet ween
el ectrode plates 21 a and 21b. Since the amobunt of gas consuned is |arge
due 25 t oTlusdisgnad frempne sad bfthe bppdbengveledtrude plavds tathweolaphiemi taypr @eatede,

i nexpensi ve nitrogen, 14 oxygen or a mxed gas of nitrogen and oxygen is

used nore Qﬂb@ﬁrﬁéé i% réf@ragg%l%sﬁnpa'l'fﬂ% dRla8ed 1968 tidnad. € $nrd kBer@Rthd1b i s
arranged perpendicular to | ubricant l[ayer prior to surface t reat ment

(treated sy 5 h pl.as n ted
el ectrodes, &s(ffrnég?efiﬁg%sé%aﬁe ?pﬁeégg f)l%glﬁedm%’s%? gle?gg &lﬁqate%i Lfsa{g me e 5is
al so penerat ed at partions where the plasm spills out from between the
el ecir odesundesigabley Jf thig dishpemsrsaedseriame SInes Begiasas; SREpads BXCPBRY pl ates to
the lubricant |ayer (treated
10 causing effects to decrease considerably, surface treatment effects are not obtained. Gas

supplied between the pair of electrode plates 21a and 21b under pressure in the vicinity
of atmospheric pressure becomes treatment gas as a result of being activated by plasma
generated between these electrodes, and since this treatment gas has an extremely high
molecular density, activity decreases due to the frequent occurrence of collisions between
15 molecules, thereby making it suitable for surface treatment of a lubricant film.
It is preferable to use a transport method that does not contact both surfaces of the
) substrate in order to use both sides of a magnetic recording medium (magnetic disk).
Thus, it is preferable to transport treated substrate 25 by holding onto the inside edge or
outside edge. The transport speed is preferably 10 to 2000 mm/minute. A transport
20  speed of 100 to 1000 mm/minute is more preferable in consideration of high throughput
and surface treatment effects. The transport method may consist of moving treated
substrate 25 or moving the plasma generation unit. An example of a transport method
that moves treated substrate 25 consists of moving treated substrate 25 by using a
substrate holder 26 that has a function that enables it to be raised and lowered to

25  sequentially treat the surface of the protective film layer with treatment gas.



substrate 25) is preferably 0.1 to 5 m |If this distance is less than 0.1
mm there is the risk of treated substrate 25 being crushed by the

el ectrode plates, thus naking this wundesirable. If this distance exceeds 5
mm since the plasma spreads excessively 10 causing effects to decrease
consi derably, surface treatnent effectsldare not obtained. Gas supplied

bet ween the palr of el ectrode plates 21 a and 21 b under pressure in the
vicinity of Afhesphiadis %#@g@m@%e@eﬁb%dqswéatwmh@@soré@gan%w it iof
bei ng activated by plasma generated between these el ectrodes, and since
this treammﬁﬁmbbaeahasg&phﬁmagannﬂwnhmghonhu%e&hhafudﬂa$hﬂyumaaﬁhyity
decreases due to the frequent occurrence of collisions between 15
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film It is preferable fo use a transport nethod that does not contact both

surfaces of the substrate in.ord se. both sides

ecor d ng RSIMGHAlRatRREr & Ge oA FareBsntpfe BRsTuf b Biindiacs of P or
treated substrate 25 by hol di ng onto the inside edge or outside edge. The
transpért supdEtE 35 preferably 10 to 2000 mi minute. A transport 20 speed of
100 to 1000 nmm nute is nore preferable in consideration of high

t hr oughput aindhscust af ganspestingeythoddihg oh. anlihed¢ edgespoutsiderdpodf treyedconsi st
of noving treated substrate 25 or noving the plasma generation unit. An

exanpl e ofg)Bsfafe2I %S BRY thsilBE r dufidde &@é%? trb48@ bR r2idS tehal lgp @ﬁn onsi sts of

nmovi ng treated substrate 25 by usi ng substrate hol der has a
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iniFi)g. 3, in order to use both sides of a nagnetic recording nedium it is
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substrate 25 as previously described, and carry out surface treatnent
usi ng 18 gake epposngtpet otﬁyleptrmmategétmmatblda et armngedemslimes at an ange of titmi ty of
at nospheric pressure on both sides of treated
45 degrees from perpendicular with respect to the protective film layer prior to surface
treatment (treated substrate 25) as shown in Fig. 4. Furthermore, Fig. 4 shows an
example of an apparatus in the case of transporting treated substrate 25 by holding onto
its outside edge.
15 If surface treatment is carried out by arranging the pair of opposing electrode plates
21a and 21b inclined at an angle of | to 45 degrees from perpendicular with respect to
D treated substrate 25, since the plasma is irradiated on an incline with respect to the
protective film, treatment gas activated by plasma also contacts the portion concealed by
the shadow of holder 26. In this case as well, it is preferable to arrange plasma
20 generation units on both sides of treated substrate 25 as shown in Fig. 5.
A protective film layer of treated substrate 25 can also be surface treated by passing
treated substrate 25 between the pair of opposing electrode plates 21a and 21b as shown
in Fig. 6. In this case, more powerful surface &ea@ent can be carried out since the

plasma density is higher.

25 Furthermore, in Figs. 2 to 6, mark 27 is a traveling direction (movement direction)




5 substrate 25. In the case of transporting by holding onto an inside edge
or outside edge of treated substrate 25, the inside edge or outside edge
of treated substrate 25 ends up being conceal ed by the shadow of hol der

26, resulting in the risk of a decrease in surface treatnent effects at
the conceal ed locations. In order to prlévent this, it is preferable that 10
t he opposi pair of el ectrode plates 2la and 21b be arranged inclined at
an angl e c?lr}%le Rrgcesine JURHAEs’ X r om per pendi cul ar with respect to the
protective filmlayer prior to surface treatnent (treated substrate 25) as
shown i n KEgamples)Furt hernore, Fig. 4 shows an exanple of an apparatus in
the case of transporting treated substrate 25 by holding onto its outside

edge. 15 If spfibpaiRqbdtelatwishingiafid 68/ing zﬁﬂal@lki_tmﬂﬂyal@d’yfﬁﬂbgm@hé\h@% feN(p of
opposi ng el ectrode plates 2la and 21b inclined at an angle of 1 to 45
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pl asma 20 generation units on both sides of treated substrate 25 as shown
in Fig. 5hanngadteight of &0 funl mSubsegnendly, the substrdtesudssplacedén 2D(EMagadtam be -
surface treated by passing treated substrate 25 between the pair of

opposi ng @fp@?éxﬁx@@yﬁ@éxﬁ(ﬂ%d&@@ﬂ%ﬂéﬁ)asAﬁ@ﬂ%cuét&gﬁh@aﬁ & arl ditdidbEe case,
u

nore power surface treatnent .can be carried out since the plasm

density | SBABSEs (AR BT 176 Pa) el Al ndhied BokoRY 1 5 3 traveling

di regtion (novéenen i rection € processing substtate 25.

Exadpl es
( ) Following heating, a non-magnetic substrate layer was laminated to a thickness of 5

10 nm using a target composed of Cr. Moreover, a non-magnetic substrate layer was
laminated to a thickness of 5 nm using a target composed of Cr-Mo alloy (Cr: 80 at%,
Mo: 20 at%). Next, a non-magnetic intermediate layer was laminated to a thickness of
2 nm using a target composed of Co-Cr alloy (Co: 65 at%, Cr: 35 at%). Next, a
magnetic layer in the form of a CoCrPtB alloy layer was formed as a mﬁgnetic layer at a
15  film thickness of 20 nm using a target composed of Co-Cr-Pt-B alloy (Co: 60 at%, Cr: 22
at%, Pt: 12 at%, B: 6 at%), and a protective film composed of CVD carbon was
D laminated to a thickness of 5 nm using a plasma CVD system to obtain a treated substrate.
The argon pressure during film deposition was set to 3 mTorr (0.4 Pa).
After deposition of the protective film, the substrate was removed from the vacuum
20 system, a lubricant composed of perfluoropolyether was coated onto the protective film
layer at a pulling rate of 3 mm/sec by a dipping method after adjusting to 0.05% by
weight to obtain a magnetic disk (sample). The fluorine-based solvent AK225 (Asahi
Glass) was used as the solvent at this time.
Subsequently, the lubricant film surface of the substrate was surface treated in the

25  manner shown in Fig. 2 using a normal pressure plasma surface modification unit



After adequately washing and drying an alum num al |l oy substrate having an
NiP plated film(dianeter: 95 nun, inner dianeter: 25 mm thickness: 1.27
nun), it was 5 irradiated with a |laser froma radius of 17 mmto 19 nm ( CSS
zone) to formbunps having a height of 10 nm Subsequently, the substrate
was placed in a DC Magnetron Sputteri d System (Mbdel C3010, Anelva).

After eva ttai nabl e vacu 2 x 10 (2.7 x
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treated subsprotectve filnéayar fpothepakse{gompinisomg This in Creppasativedixampde set to 3
mrorr (0.4 Pa). After deposition of the protective film the substrate was

removed from Thelubaednt flm 2Mclaisdee BT eathl ofithid RatplesqoRRe€ thedf measured
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in Fig. 2 using a normal pressure B_nasma surface m)dlflcatlon unit 17
0  the lubnicant layer to the protective film layer. After washing the surface of the

aforementioned magnetic disk by immersing in fluorine-based solvent AK225 (Asahi
Glass) for 15 minutes, the thicknesses of the lubricant layer before and after washing
were measured using FTIR at a location at a radius of 20 mm, and the thickness of the
lubricant layer after washing versus the lubricant layer thickness before washing was
15 taken to be the bonded ratio (%). The results are shown in Table 1.
Dynamic friction coefficients were also measured. A CSS (Contact Start Stop)
) durability test was carried out under conditions of a temperature of 25° and humidity of
60% RH. In this test, 10000 CSS operations (consisting of rotating at a rotating speed
of 10000 rpm (maintained for 1 second) and stopping (1 second), and repeating at 5
20  second intervals) were carried out in the CSS zone using a CSS tester and a reference
MR head (DLC coating, 30% slider, load: 2.5 g) for the magnetic head. The dynamic
friction coefficients of the magnetic disk surface after 10,000 CSS operations are shown
in Table 1.
Static friction coefficients were also measured. A CSS (Contact Start Stop)

25  durability test was carried out under conditions of a temperature of 40° and humidity of



(Sekisui Chemcal Co.) for the plasma generation unit. The transport speed,
N2 flow rate, Q2 flow rate, and distance fromone end of the opposing

el ectrodes (end nearest the treated substrate) to the lubricant filmon
the treated substrate were changed as shown in Table 1.Furthernore, a
sanpl e was produced in the same nmanner 3% the aforenentioned 5 method with
t he exceptj not. carryi out af orenenti aned surface treatnent on
the prot ec%&géﬂ%‘il thugyrest W@EOPF{ES?&S@P&SF&“&B ap§1§t5}g_of¥magng & 430fAiR8at i ve
Exanple 1. The lubricant filmthicknesses of each of the sanples produced
wer e measuspedd o§1 (POFPMEmaitiaised fozd seeandiped sthpping ( hseTand)eand repentiagdt t i on,
bonded ratio was neasured in the manner described below to serve as an
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of the > | ubtatERAPeiSigas of tieanagnetin Aisk Sy dier ﬁ@oﬁﬁsgg]@aﬁ&ah?%? SRR kness
before washing was 15 taken to be the bonded ratio (% . The results are
shown in Tablablell. Dynanmic friction coefficients were also nmeasured. A CSS
(Contact Start Stop) durability test was carried out under conditions of a

t enper at ur e ofFildbthakeedsupd liiby raaés wée HisBitheakiired [dpsn-bEgést). 1 ABEOndghetic
operations (consisting of rotating at a rotating speed of 10000 rpm

(i nt i ek Qs [ 388 R AL MUBRRL Dhrdn: SERPE U RLERPGELATE HogD 20

secord interval's) were carried ou zone usin ester and a
ref(e)Bence MR head, (DLC cqating, 30% slider, load: 2,5 )2for t he magnetic
head. The ERhan]ke thicknessiobthedy qapbﬁaéﬁt%aé‘?caflﬁéah%@ﬁé{siog QiR Va1 f ace after
10,000 CSS operations are showmn in Table 1. Static friction coefficients
wer e alko measwrddubforA a0$sit¢GhistapetatiSn,zant tBt mdiiction rates of film thickness of the

lubricant layer before and after testing were measured with FTIR. The results are
shown in Table 1.

" Furthermore, although the units of the values shown for lubricant film thickness are
in angstroms, they can be converted to nanometers by multiplying 0.1 by the values

15  shown for lubricant film thickness in the table.



25 durability test was carried out under conditions of a tenperature of 40
10000 times CSS operations
speed of 10000 rpm (mai ntained for |

and humdity of 18 80% RH
rotating at a rotating
second),
in the CSS zone using a CSS

(consistin

second) and stopping (I

carried ou

g of

t

(DLC coating, 30%slider,

and r

In this test,

e

ating at
ester

and a reference

5 second intervals) were
MR head

load: 2.5 ¢ g n the magnetic head. The static 5

friction coefficients of the magnetic |sk surface after 10,000 CSS
oper at i ons —a+e—shown—-n—Jable—1- I:i!.ﬂt.h' kness redpction s - al so
measur ed (5pin-of f |trgstdort jﬁpp;ong;ﬁd“p di[sk wagos ol pPERMOr Hlihgursiin an
environment at 80C|argd..gt |a ftcttl g deed of’ JOIQ%% EFpptionTh&rigtignclless of
the lubricant layerq at_a locatign radi us ¢f miewds 1 CarBasjur ed
before and| after thigmape!alnmn, @!Hﬁh tihemrjedycti on rates of | film t hy,ckness
'Cl)'];]et ?:Su: }(J TTEZAt [AY§30 %! O3F ¢ md Odl LeLz T4 PETE IBgsU egd4 IS Lﬁe
i 2 I T e I RO N SCERN AT YN
val ues shown—fo6+— CaRi—HrrhiekAe e—H-R—aRgStFOHE; Sy e be
convert ed L n6clo rrﬂ: tilpl \Q n ‘(’2 1 Lﬁﬂ't h '7QI utgc’s\g1 [ chn [V alllid rqr
|ubri cant filEtfhi dln®08 in $heltal o] 2 {al6&dn W 1] T0B8spor 0440 |EBoly oz
Fl ow , Z BopdeBX-PBynaniZ®0&t 4t i 40 3| SPeed RatlelRhtle 48 t [ RM3Bo FrO&ij dnlo
Friction R__Ooefsf . [Co6FK . |mdbvin | /O 1/ m b.onpn A4 0.36 0.45 4
Ex. 7 600 40 0 3 16.7 72 0.34 0.51 3
Ex. 8 600 40 0 5 16.5 54 0.36 0.88 9
Ex. 9 600 40 0 10 | 17.5 42 0.31 1.21 19
) Ex. 10 600 1 0 2 17.3 47 0.33 0.81 13
Ex. 11 600 10 0 2 16.4 72 0.35 0.41 2
Ex. 12 600 20 0 2 16.3 74 0.35 0.43 4
Ex. 13 600 100 0 2 16.7 71 0.36 0.48 3
Ex. 14 600 200 0 2 16.8 73 0.38 0.43 4
Ex. 15 600 40 5 2 16.5 72 0.37 0.47 3
Ex. 16 600 40 20 2 16.7 69 0.36 0.48 3
Ex. 17 600 40 40 2 16.9 73 0.35 0.42 4
Comp. Ex. 1 No Plasma Treatment 17.2 40 0.28 1.32 17

*1: D, Distance from Opposing Electrode End to Lubricant Film
*2:t, Thickness of Lubricant Film
*3: R, Ratio of Film Thickness Reduction

As can be seen from the results shown in Table 1, the bonded ratios improved

considerably from 40% (Comparative Example 1) to 72% (Example 1). This means that

the number of freely moving molecules of the lubricant decreased, and as a result, the

static friction coefficients improved considerably from 1.32 (Comparative Example 1) to

0.41 (Example 1), and the film thickness reduction rates as determined from the spin-off

test also improved considerably from 17% (Comparative Example 1) to 2% (Example 1).

Furthermore, in the comparative examples, the effects of surface treatment were not

10

10 mm.

On the basis of the above results, as a result of carrying out plasma surface

observed if the distance from one end of the opposing electrodes to the lubricant layer is

treatment using a normal pressure plasma surface modification unit on a lubricant layer



Ex. 1 100 40 0 2 16.5 72 0.36 0.41 2 Ex.2 300 40 0 2 16.4 73 0.35 0.42 3
Ex.3 600 40 0 2 16.7 70 0.38 0.4 4 Ex. 4 1000 40 0 2 16.6 71 0.38 0.44 5
Ex. 5 2000 40 0 2 17.4 48 0.33 0.81 10 Ex. 6 600 40 0 1 16.6 74 0.36 0.45
4 Ex. 7 600 40 0 3 16.7 72 0.34 0.51 Ex. 8 600 40 0 5 16.5 54 0.36 0. 88
9 Ex.9 600 40 0 10 17.5 42 0.31 1.21 1 Ex. 10 600 1 0 2 17.3 47 0.33

0,35 0 432 PErE oy G dmpephpiid el hePinor el S B,

16.8 73 0.38 0.43 4 Ex. 15 600 40 5 2 16.5 72 0.37 0.47 3 EXx. 1660040
20 2 16. 7®GUNRFONE AnBresultmot only qpdhugatiitistiqrcaptirejens bgmdequeteln conp.  Ex.
1 No Plasnma Treatnent 17.2 40 0.28 1.32 17 1: D, Distance from Qpposing
El ect r ode l&nated,ctartiprapesation kinproved and durabilitkenhsscedfoylpnéventingspifHofin *3: R

Rati o of Film Thi ckness Reduction As can be seen fromthe results shown in

Table 1, ;ph&dh‘i’é?ﬂﬁdsa'h@fabt%y §UFRICE TWficati \HarRfedilios dah Qo %biduenpar at i ve
Exanple 1) to 72% (Exanple 1). This neans that 5 the nunber of freely

aningsnDIecuIes of the lubricant decreased, and as a result, the

INDUSTRIAL APPLICABILITY
According to the method of manufacturing a magnetic recording medium of the
present invention, a magnetic recording medium can be produced that has superior
;D startup operation and durability, and satisfactory surface lubricity characteristics.
10 A magnetic recording medium of the present invention has superior startup

operation and durability, and satisfactory surface lubricity characteristics.



static friction coefficients inproved considerably from 1.32 (Conparative
Exanple 1) to 0.41 (Exanple 1), and the filmthickness reduction rates as
determ ned fromthe spin-off test al sollnproved considerably from 17%
(Conparative Exanple 1) to 2% (Exanple 1). Furthernore, in the conparative
exanples, the effects of surface treatnment were not 10 observed if the

di stance fromone end of the opposing electrodes to the lubricant |ayer is
10 mm On the basis of the above resuUCL4M8s a result of carrying out

pl asma surface treatnent using a normal pressure plasma surface

modi ficatibn U metivdaofimdinfeaiingl aayeine8O recatdifg pledvfid@Enpriviigie vicinity of
at nospheri c pressure, adhesion of |ubricant was observed to Inprove. As a
result, no ' ioCLik 0, L Cis -

| aver od, o e o P 2R S B R SRt g
spin-of f phenonenon, satjsfactory surface |ubricating characteristics can
al so be obk%‘i’%%’ﬂi?%ﬁ%%&ﬁﬁﬁﬁmm LI TY According to the nethod of
manuf acturi ng a magnetic recordi ng nediumof the present invention, a
nmagnet i ¢ r&eadingiarsyriaeciofithe Lbpnicent 1aeo ysiog @ sahaativaed by phasmacgenerted under
operation and durability, and satisfactory surface lubricity

char act er i pressuge inkOvidinitpgfietmosphaixgireisag, nedi um of the present invention
has superior startup operation and durability, and satisfactory surface

| ubri ci ty whb@mas thelidestink §8p, surtake réded M Rirg théhcq?att&%js Qfsinm%taﬁ’sw&éﬁleﬂg a

magnetic recording medi um conprising:
out on both sides of a substraie to be treated in which at least a magnetic layer, a protective film

layer and a lubricant layer are formed on the non-magnetic substrate.

2. The method of manufacturing a magnetic recording medium according to claim 1,

wherein the pressure of the surface treatment is from 1.3 x 10* to 13 x 10* Pa.

3. The method of manufacturing a magnetic recording medium according to claim 1,

wherein the pressure of the surface treatment is from 9.9 x 10*t0 10.3 x 10° Pa.

!

‘-—) 4, The method of manufacturing a magnetic recording medium according to claim 1,

wherein the plasma is glow discharge plasma.
5. The method of manufacturing a magnetic recording medium according to claim 1,
wherein the gas contains at least one type of gas selected from a group consisting of

nitrogen, oxygen and argon.

6. The method of manufacturing a magnetic recording medium according to claim 1,



sequentially lamnating at | east a magnetic |layer, a protective filmlayer
and a lubricant |ayer, on a non-nmagnetic substrate; and treating a surface
of the lubricant layer using a gas acti¥ated by plasma generated under
pressure in a vicinity of atnospheric pressure wherein in the treating
step, surface treatnent using the activated gas is sinmultaneously carried
out on both sides of a substrate to be treated in which at |east a nagnetic
| ayer, a pwhdreiatthyplafinh gendraty@undengradsirdidt & oittityl dyiey atiospHepicpeetsas is he
non- magneti c substrate. 2. The nmethod of manufacturing a magnetic recording
medi um ac ' ' ; el fpi ot t ace treatnent
is from 1.0%51%& @%ﬁéﬁgﬁﬁgbgh@é%nggﬁ Cl??lfﬂlfhfte@?rgftﬁ%%yggp O(r%%l%ue?icg? Eés:( ng a magnetic
recordi ng medi um according to claim1, wherein the pressure of the surface
treatment is from9.9 x 104 to 10.3 x 104 Pa. 4. The nethod of

manuf acturing a magnetic recardi ng nmedium according to claiml1, wherein
the plasme/-i s dhewmedhosafanyn fasteringa magnetigseGording medfumrasrordias inr¢lag &
magneti c recordi ng nmedi um according to claim1, wherein the gas contains
at | east ownleertiypke ofpogmg ebeziredtseme hrranged agamangle ok dedreew 45 degnict ffogen,
oxygen and argon. 6. The nethod of manufacturing a magnetic recording

medi um acGRistnBRuld® t&h Jii¥rate t8 Be tréhRd &l Whichet RhaSMRa GRACIALED piftdaive
pressure in a vicinity of the atnospheric pressure I's a plasmnma generated

by appl yi | egt ric.fi b i | ectr «. /- The nmethod of
manuf act urr?ﬂ Hggégrna&gr?elPllg%CaPei:ag?ﬁ%ég%g%ﬁ%ﬂe;%(%g?l%gﬁegwtsggc aé?'m 6, Wwherein

t he opposing el ectrodes are arranged at an angle of 1 degree to 45 degrees
from perpendicular to a substrate to be treated in which at |east a
maghetic layer, a protective filmlayer and a lubricant |ayer are forned
on~t he norB.magiét metmdodimatudacturing a magnetic recording medium according to claim 6,

wherein the opposing electrodes are formed perpendicular to a substrate to be treated in
which at least a magnetic layer, a protective film layer and a lubricant layer are formed

on the non-magnetic substrate.

9. The method of manufacturing a magnetic recording medium according to claim 6,

wherein surface treatment is carried out on the protective film layer by arranging a

substrate to be treated, in which ;at least a magnetic layer, a protective film layer and a
) lubricant layer are formed on the non-magnetic substrate, between the opposing

electrodes.



—8. .The metnod ol manuiacturing a nagnetic recordi ng medi um according to
claim6, wherein the opposing electrodes are formed perpendicular to a
substrate to be treated in which at leggt a nagnetic |ayer, a protective
filmlayer and a |ubricant |ayer are formed on the non-nagnetic substrate.
9. The nethod of manufacturing a magnetic recordi ng nmedi um according to
claim6, wherein surface treatnent is carried out on the protective film

llayer by ar{@ngi norig maHb$ bt AbSuth&ulfy b HRBHEED rebdtdiBintdiidth ab&Rgihg & Magnetic
| ayer, a protective filmlayer and a " lubricant |ayér are forned on the

non- magnet 'c‘fair?lulb WHeRG S the%%h%grélte{ig SutiRRR3L DSk wﬁé GF Mbgtgftg 's%lgéed {‘rg)rn aglgss
nmet hod of manufdacturing a mag 'eYecordi ng drum-accordrng to arm1,
wherein the Fon-ma net_f,c sugstrate is one type of substrate selected froma
gl ass subsSHpstte QN uesAtSubst rat e. 11. The nethod of nanufacturing a
magneti c recordi ng medi umaccording to claim1, wherein the non-nmagnetic
substrate has a filmconprised of NP or NNP alloy forned on the surface
of a base conprised of one type of material selected fromA, A alloy,

gl ass and sill i con.ThkdnethodBEMGAfRctifED) HiapBet Bl InERAsH @A abdoRdinpYo t he
met hod of manufacturing a magnetic recordi ng nmedi um according to claim 1.

13. A magnefj: e ' C : ' [ I 51 AGp b netic
recordi ng ﬁcqedélﬁulmg'glgéegﬂ} gﬁ%ﬂ%ﬁ%@g?%ﬁh‘éhgﬁ hg‘gg'r?? §B%E§+%ﬁﬁe0§§] Fha records
and reprodyces data ont.o the magnetic¢c recordin di u 14. syrface
t r eat nent gﬁ%da‘ﬂfge é‘b‘%‘tﬁ"iogia%?eg%m'ﬂ?q%‘f‘ Oﬁ%‘% ‘é’Bngg‘a?eB%%teérﬁ %tt"iﬁl ed gas
by generating plasma by applying an electric

alloy, glass and silicon.

12. A magnetic recording medium manufactured by the method of manufacturing

a magnetic recording medium according to claim 1.

13. A magnetic recording and reproducing device comprising:
the magnetic recording medium according to claim (2 ; and

a magnetic head that records and reproduces data onto the magnetic recording medium.

\) 14, A surface treatment apparatus comprising:

a first device for forming an activated gas by generating plasma by applying an electric
field between opposing electrodes under pressure in a vicinity of atmospheric
pressure; and

a second device for radiating the activated gas onto surface of a substrate to be treated in
which at least a magnetic layer, a protective film layer and a lubricant layer are
formed on a non-magnetic substrate

wherein in the surface treatment apparatus, surface treatment using the activated gas is



field between opposing el ectrodes under pressure in a vicinity of

at nospheric pressure; and a second device for radiating the activated gas
onto surface of a substrate to be treateghin which at | east a magnetic

| ayer, a protective filmlayer and a lubricant |ayer are forned on a

non- magneti c substrate, wherein in the surface treatnent apparatus, surface
treatnment using the activated gas is 24 sinmultaneously carried out on both
sides of a substrate to be treated in which at |east a magnetic |ayer, a
prot ect i ve sPiyltarepushasared @uicpn bgtiysidsnpfta spbpirale lodredreplgd mehidiel fepé a pBRNCHagnet i ¢

substrate. |ayer, a protective film layer and a lubricant layer are formed on the non-magnetic substrate.

ZEN





