DESCRI PTI ON MAGNETI C DI SK AND METHOD OF MANUFACTURI NG THE SAME Techni ca
Field [0001] This invention relates to a nagnetic di sk adapted to be
nounted in a magnetic disk drive such as a hard disk drive and to a

manuf acturi ng nmethod thereof. Background Art [0002] Conventionally, a
magneti c di sk adapted to be mounted in a magnetic di sk drive such as a hard
disk drive (HDD) is provided with a protective |layer on a nagnetic
recording |layer formed on a substrate and is further provided with a

| ubricating layer on the protective |ayer for the purpose of ensuring the
durability and reliability of the magnetic disk. [0003] 1In response to
such a demand, conventionally, a carBbhCHBE@N=aterial has been used as a
material of the protective layer and particularly dianond-1ike carbon
(hereinafter abbreviated as "DLC') has often been used because of its
excel | ent durabi i Y, teactl I 1 Sfornmed by
a sputtering net%%"\‘ﬁé%k%@M%PH%?%M@%MWB@{J%&?@F. ve | ayer
formed by such a nethod generally has a two-layer structure conprising a
highly rigid hydrogenated (CH carbon) DLC | ayer containing hydrogen atons
and, as an uppghnlcdyereld hereon, a nitrogenated DLC | ayer containing nitrogen
atons and so on, which is less rigid than the hydrogenated DLC, in

consi deration of adpesijon to a lubricating layer (see, e.g. Japanese

Unexam ned Patent Application Publication (JP-A) No. 2003-248917 [Patent 2
Docunent 1] and Japdieswerdarerglated B 8ynagnetic dB8Gdapfdehtiodre mDooieaenta 2] ). A

| ubricating layer is provided on such a Ero_t ective layer. The lubricating
| ayer magnetic disk drive such as a hard disk drive and to a manufacturing method
thereof.
Background Art
[0002]

Conventionally, a magnetic disk adapted to be mounted in a magnetic
disk drive such as a hard disk drive (HDD) is provided with a protective layer on
a magnetic recording layer formed on a substrate and is further provided with a
lubricating layer on the protective layer for the purpose of ensuring the durability
and reliability of the magnetic disk.

[0003]

In response to such a demand, conventionally, a carbon-based material
has been used as a material of the protective layer and particularly diamond-like
carbon (hereinafter abbreviated as "DLC") has often been used because of its
excellent durability. Normally, a protective layer made of DLC is formed by a
sputtering method or a CVD method. The conventional DLC protective layer
formed by such a method generally has a two-layer structure comprising a
highly rigid hydrogenated (CH carbon) DLC layer containing hydrogen atoms
and, as an upper layer thereon, a nitrogenated DLC layer containing nitrogen
atoms and so on, which is less rigid than the hydrogenated DLC, in
consideration of adhesion to a lubricating layer (see, e.g. Japanese

Unexamined Patent Application Publication {(JP-A) No. 2003-248917 [Patent



used at the outernost surface is required to have various properties such as
|l ong-termstability, chem cal substance resistance, friction property, and
anti-heat property. [0004] 1In the nmean tinme, as demands required for a
protective layer and a lubricating |ayer of a future magnetic disk, since

t he nechani cal spacing between a nmagnetic head and a nagnetic recording

| ayer of a magnetic disk is required to pe further reduced in terns of a
demand for rapid inprovenent in infornmation recording density of magnetic
di sks in recent years, there is firstly a reduction in thickness of the
protective layer and the lubricating | ayer that are gresent in that

spaci ng. Secdefiunentidapd Jeparesee”ateeldPrB) Nei158066 Bateal Bogigant 2li-gi di t y
that it d furth educt i i t hi ck . 0 . Pat ent
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Di scl osure of e I'nvention 0 ved nventron ~[0006] In

recent years,oRRengi étﬁbiﬂigll?oghQﬁﬂc&%b%%e@ési%nb@@ribﬁd’rﬁpr%%@ﬂy, drpi dly

i ncreasi ng the Storage capacities thereof. Recently, LUL (Load

Unl oad) - syst efntimpepietoperdi sk drives are being introduced in place of
conventional CSS (Contact Start and Stop)-systemones. In the LUL system a
magnetic head is r¢@00#ted to an inclined platformcalled a ranp | ocated
outside a magnetic disk while the drive is stopped, then at the tine of
start-up, the maghethecmpaadnes agagswndsdeguifegdor aprotepdver lawer and @er t he

magnetic disk starts to 3, rotate, so.as. to fly over the magnetic disk to
per f orm recoﬁHW@f“F‘EﬂﬁV&ﬂ@é?ifﬁwre magaef! 'Séﬂ?%hﬁﬁﬁ?*@mﬁ &C1fSr i ncreasing

the informat i@&w&&?%%é&ne@ﬁ%‘ﬁ%nd a magnetic recording layer of a magnetic disk is

required to be further reduced in terms of a demand for rapid improvement in
information recording density of magnetic disks in recent years, there is firstly a
reduction in thickness of the protective layer and the lubricating layer that are
present in that spacing. Secondly, the protective layer is required to have high
rigidity so that it can endure further reduction in thickness.

{0005]

Patent Document 1:  Japanese Unexamined Patent Application
Publication (JP-A) No. 2003-248917

Patent Document 2:  Japanese Patent (JP-B) No. 3058066

Disclosure of the Invention

Problem to be Solved by the Invention

[0006]

In recent years, magnetic disk drives such as an HDD have been
rapidly increasing the storage capacities thereof. Recently, LUL (Load
Unload)-system magnetic disk drives are being introduced in place of
conventional CSS (Contact Start and Stop)-system ones. In the LUL system, a
magnetic head is retreated to an inclined platform called a ramp located outside
a magnetic disk while the drive is stopped, then at the time of start-up, the

magnetic head is caused to slide from the ramp, after the magnetic disk starts to



as conpared with the CSS system a w der recording/reproducing region can be
ensured on the surface of the magnetic disk. Further, inasnmuch as it is not
necessary to provide a convex-concave shape for CSS on the surface of the
magnetic disk, it is possible to significantly snmooth the surface of the
magneti c disk. Consequently, the flying height of the nagnetic head can be
much reduced and therefore it is possible to increase the SINratio of a
recording signal, which is thus preferable. [0007] Because of the
significant reduction in nmagnetic head flying height follow ng the

i ntroduction of the LUL system it has becone required that a magnetic disk
st abl y oper atretsite\sorag o fyneves Shraemagnalic disk fapedaunt regordingieeypgudionl Onm or

| ess. Recently, in order to increase. the response speed of a netic disk
drive, the rdtiakdnSusiemds Breiaranie Rk i ceaniak hedhionB AHOR 6aPACH DSPBNSR T on

bl i cati one DO ARNTn i RS SruR AT bt e Fodeiegn Bl R onse

characteri stigs ur?ﬁgaﬁfr%o%’ﬁ?%ﬁ%gﬁéﬁi(& @gfat i Aendr iRbsAubh gg it§oR6d of

5400rpm or nore. magneti c rives have recent been used not

only as a StrﬂlfcéQ@ar?@@PFcﬂrﬁdéSa%n@exCMOéisﬁ@ﬁé fRTSDBAINE SPabeest theut al so
as that of, for exanple, a car navigation systemand, therefore, the

envi ronnent rresgredtiardisk, iriegussibie td gignifmanty smodinstke sudacbet theemagneticst ri ct
due to diversification of applications of use and so on. [0008] In the
nmean tine, i rdighudionsequephothrectyingheighief theiagnetivhesdcengelmyer provi ded
at the surface of a nmagnetic disk are present between a magneti¢c head and a
magnet i ¢ r ecdBausRy g Kierefpra his pRagiES ringieske 1 Pt £3tIq IFLQCPBANG n

t hi ckness of those |. er%s rfeﬁ?g)ilred internms of further reduction in
mechani cal 4 ¥ ’C\ivrlllla el \Re &HE'F ?‘mgneti ¢ head and the magnetic recording

| ayer of the nagnﬁéddd:ﬂdi sk. Particularly, the protective layer is required
to have rigidity a

Because of the significant reduction in magnetic head flying height
following the introduction of the LUL system, it has become required that a
magnetic disk stably operates even in the case of an ultra-low flying height of
10nm or less. Recently, in order to increase the response speed of a magnetic
disk drive, the rotation speed of a magnetic disk is increased. The rotation
speed of a small-diameter 2.5-inch magnetic disk drive suitable for mobile
applications was conventionally about 4200rpm, while, recently, the response
characteristics thereof are enhanced by rotating it at a high speed of 5400rpm
or more. Further, magnetic disk drives have recently been used not only as a
storage apparatus of a conventional personal computer, but also as that of, for
example, a car navigation system and, therefore, the environment resistance
required for magnetic disks has become very strict due to diversification of
applications of use and so on.

[0008]

In the mean time, inasmuch as a protective layer and a lubricating layer
provided at the surface of a magnetic disk are present between a magnetic
head and a magnetic recording layer of the magnetic disk, further reduction in

thickness of those layers is required in terms of further reduction in mechanical



stability that can support the long-termreliability even if the thickness
thereof is reduced, and is further required to have affinity to a lubricant
forming the lubricating |ayer. As al so described before, a protective |ayer
made of DLCis normally formed by the sputtering nethod or the CVD net hod
and the conventional DLC protective layer fornmed by such a nethod generally
has a two-layer structure conprising a derogenated DLC | ayer and, as an
upper |ayer thereon, a nitrogenated DLC 1ayer. The hydrogenated DLC | ayer
has a feature in that it is conposed of carbon atons and hydrogen atons and
exhibits high nmechanical strength, but it '
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hydr ogenat ed rbr@allyfpemed dyrtbe gpettenty methiodrirdae CHD evethad @id tee prot ecti ve
| ayer and, therefore, in order to ensure the certain nechanical strength

required for SOR¥EHISRERLLRIOIES] I lavehirBed Dy pych i apihRdiaraerly Ne§ & i r st

i t he .t hick f the hvd t ed th it

BT oat o MPUARSTERE e hPDRASEE NP BLE Bl RGeS Ml i s has
Purthor ronudttaner@OhoA altBibehSRd e Cthyer Toatl fiode el PRC 136 R )
Tagnet i ¢ 1 eCQ5l g RS sorRoseR ARSIl HyBrd g Ros drBEREIRG 1 he

i nformation recordi ng density.
high mechanical strength, but it is poor in affinity to a perfluoropolyether-based
lubricant generally used conventicnally. On the other hand, the nitrogenated
DLC layer has a feature in that it is composed of carbon atoms, hydrogen atoms,
and, further, nitrogen atoms and, although its mechanical strength is less than
that of the hydrogenated DLC layer, it has high affinity to the
perfluoropolyether-based lubricant and thus tends to facilitate formation of an
excellent lubricant film.

[0009]

However, there has been a problem that when the hydrogenated DLC
layer is first formed and then the nitrogenated DLC layer is formed thereon
using the conventional CVD method, the nitrogenation proceeds to the
lower-layer hydrogenated DLC layer to reduce the mechanical strength of the
protective layer and, therefore, in order to ensure the certain mechanical
strength required for the protective layer, there is no alternative but to first
increase the thickness of the hydrogenated DLC layer, and thus it is difficult to
reduce the thickness of the whole protective layer. This has been an impeding

factor for realizing a magnetic disk that can achieve further reduction in

mechanical spacing between a magnetic head and a magnetic recording layer



In view of this, there has been required a magnetic disk protective |ayer
havi ng hi gh nechani cal strength and yet having high affinity to a

| ubricating layer in order to realize further reduction in thickness of the
protective layer. [00111 It is therefore an object of this invention to
provide a magnetic disk conprising a protective |ayer having high
mechani cal strength that can endure further reduction in thickness, and
having high affinity to a lubricating Iaigr, and a method of manufacturing
such a magnetic disk. [0012] It is another object of this invention to
provide a magnetic disk having a highly durable protective |ayer and

excel | ent i n of $igmagnetic ¢k dbterms wf knrrodingriee idernaftiondroeEitadensdysuch a
magneti c di sk. Meaps for Solving the Problem [0013] The present inventors
have found that th Q&nge objects can be achieved by the foll ow ng

e o hae S ara EHTR s eld s bR = B8 FRESIhAiTh ey B ©
gﬁg.netlc dlsmat%@ﬁ@fewchaﬁic R §n(nget @@ﬁ‘é‘ifﬁi\gté‘amttirg di sk
avi ng a nagneti yer, a protective yer, an a lubricating yer In

this order ovgferan sitlestd dcfize Tithareeédadion aMTdkPRSs of epratbctine ldyagnet i ¢
| ayer and the protective layer in this order over the substrate, then

exposing the protefdmng |ayer to a plasma under normal pressure, and
thereafter formng the lubricating |ayer on the protective |ayer. [0016] 6
(Structure 2) A nagnetheselgrern9Riest akthisrinvetivstth paovide srmaagnpticslist ruct ure 1,

wherein the plasma is a plasm generat in at | east one kind of
Ioc:omprising a proFt)ective la;?er hav%gﬁﬁgh mechanica streng?h that can endure

further reduction in thickness, and having high affinity to a lubricating layer, and
a method of manufacturing such a magnetic disk.

[0012]

It is another object of this invention to provide a magnetic disk having a
highly durable protective layer and excellent in long-term reliability and a
method of manufacturing such a magnetic disk.

Means for Solving the Problem

[0013]

The present inventors have found that the above objects can be
achieved by the following inventions, and have completed this invention.

[0014]

Specifically, this invention has each of the following structures.

[0015]

(Structure 1) A magnetic disk manufacturing method is of
manufacturing a magnetic disk having a magnetic layer, a protective layer, and
a lubricating layer in this order over a substrate. The method comprises
forming the magnetic layer and the protective layer in this order over the
substrate, then exposing the protective layer to a plasma under normal pressure,
and thereafter forming the lubricating layer on the protective layer.

[0016]



gas selected froma nitrogen gas, an argon gas, an oxygen gas, and a

fluori ne-based hydrocarbon gas. [0017] (Structure 3) A nmagnetic disk

manuf acturi ng met hod according to Structure 1 or 2, wherein the protective
| ayer is a hydrogenated carbon-based protective layer. [0018] (Structure
4) A magnetic di sk having a nmagnetic |ayer, a protective layer, and a

| ubricating layer in this order over a s(L)bbstrate, wherein the protective

| ayer is subjected to a treatnent of exposure to a plasnma under nornal
pressure before formng the lubricating | ayer on the protective |ayer.
[0019] (Structure 5) A magnetic disk according to Strucute 4, wherein a
treated |ayer is foOptiedug2)a AMagaetc gpkimanubadudrg MeE9dgeaordiBgd? ding to a
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protective | aygfinddsséd hDiekasss s 0.5 to 3.Onm Effect of the Invention
[ 0022] Accor |n|8 tosfé%epdljnventi on having Structure 1, there is provided a

met hod of manuf act ygg1ry a nmagnetic di sk having a magnetic |ayer, a
protective layer, and a lubricating layer in this order over a substrate,
wher ei n, by for m ngSffucttteed)maf metgnetit disamamdadctheng mettemt aceerdiagés in this
order over the substrate and then by exposing the protective |ayer to a
pl asma under JiBICHHE 1p@red sihraseinjthe jpgotective layer is a hydrogenated carbon-based
protective layer.
[0018]
(Structure 4) A magnetic disk having a magnetic layer, a protective
layer, and a lubricating layer in this order over a substrate, wherein the
protective layer is subjected to a treatment of exposure to a plasma under
normal pressure before forming the lubricating fayer on the protective layer.
[0019]
(Structure 5) A magnetic disk according to Strucute 4, wherein a
treated layer is formed at a surface of the protective layer according to a kind of
atmospheric gas used for generating said plasma.
[0020]
(Structure 6) A magnetic disk according to Structure 4 or 5, wherein
the protective layer is a hydrogenated carbon-based protective layer.
[0021]
(Structure 7) A magnetic disk according to any one of Structures 4 to 6,
wherein the protective layer has a thickness of 0.5 to 3.0nm.
Effect of the Invention
[0022]
According to the invention having Structure 1, there is provided a

method of manufacturing a magnetic disk having a magnetic layer, a protective

layer, and a lubricating layer in this order over a substrate, wherein, by forming



possible to inprove the affinity of the protective layer to the lubricating
| ayer so that the lubricating |ayer with good adhesion can be forned on the
protective |ayer without positively providing a nitrogenated DLC | ayer with
| ow mechani cal strength as conventionally. Using the plasma treatnent under
normal pressure, it is possible to further reduce the thickness of the
protective |layer than conventional because it is not necessary to
positively provide the nitrogenated DLC'layer as conventionally and
because, inasmuch as the treatnent of only the very outernost surface of
the protective layer is enabled, a reduction in nmechanical strength of the
protective | dyemagnetiertayer anggeepoiactive ayes inthisoordpoevernihe substralegodd to the
demand for further reduction in mechanical spacing, between a nagnetic head
and a recor ditAgn PugEROSIRG Hecigleciig fayer o pasmariider &ormakrigesi Rgiti% t he

i nvention having, Structure in.the. lnvention, hayi Structure 1, the

pl asma used ipr?sg‘ﬁg lﬁl'g@ﬁ%vet[%'gﬁﬁnﬂ% t(“g?i"%e Bro&%tg%ayeéiq]g%apéagqctwgd?yqresgst one
ki nd of gas i : n.gas, and
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i nventi on hawtieagfB 43icénueatiSnaliyhesingethp piisant irggtmeny endel soranahpegssgenat ed
car bon- based protective layer, the effect by the invention having Structure
1 or 2 is betitiepoasihlegoddrthatratutasihedhickoess ofdbe protgetiiedayergbamni cal
strength of the hydrogenated carbon-based protective |ayer that has high
nmechani cal stqoamMghtipnelibecayssdop Nohnagessart ip RASIvVRY Rrawdedbe nbgoeaged, it is

i bl i h ffini h f . the l[ubri i I .. [002 8
poss b & Lo LK R BB BlAN LYy LAFRECh kol G e Ay 002,
magnetic di sk, AQuHNGt8rBAEHA e bAYE proRcPhFS! 5 EhabRYCh re@itioft if ubr i cating

mechanical strength of the protective layer is small. Therefore, it is also

possible to respond to the demand for further reduction in mechanical spacing
between a magnetic head and a recording layer in recent years.

[0023]

Further, according to the invention having Structure 2, in the invention
having Structure 1, the plasma used in the plasma treatment is a plasma
generated in at least one kind of gas selected from a nitrogen gas, an argon gas,
an oxygen gas, and a fluorine-based hydrocarbon gas. Therefore, it is
possible to favorably change the properties of the surface of the protective layer
so as to improve its affinity to the lubricating layer.

[0024]

Further, as in the invention having Structure 3, when the protective layer
is a hydrogenated carbon-based protective layer, the effect by the invention
having Structure 1 or 2 is better achieved. That is, without reducing the
mechanical strength of the hydrogenated carbon-based protective layer that has
high mechanical strength but is poor in affinity to the lubricating layer, it is
possible to improve the affinity thereof to the lubricating layer.

[0025]



| ayer in this order over a substrate, wherein the protective layer is
subjected to a treatnent of exposure to a plasma under normal pressure
before formng the lubricating layer on the protective layer. Therefore, it
is possible to inprove the affinity of the protective |ayer to the

| ubricating layer so that the lubricating |ayer wth good adhesi on can be
provi ded on the protective | ayer w thout £oosi tively providing a
nitrogenated DLC | ayer with | ow mechanic strength as conventionally.
Using the plasma treatnment under normal pressure, it is possible to further
reduce the thickness of the protective |layer than conventional because it
is not necessary t 6UpbeL BPEEHINgIP ARG teentitn Maving SEHeltER4 Dhere igyrspvided
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[ 0026] Further, acco ng to the i1 nvention Structure 5, I n the

i nvention hautbrrt@uﬁglay@mhahélpr@eétrveaém Iw@rtefdré |t RrpRdind tintibdathe of the
protective |layer according to a kind of at m)spherl c gas used for generating

the plasma. affiretyedf dneeprotémive dayeade thef lubhieatingdapertsiotbal ipdubricatifglayeabl y
changed in propertles So as to be inproved in affinity to the |ubricating
| ayer. [0027]withrgaadhaghesian ¢an b%équﬂﬂé’rﬁﬂ he piatechye syplwitoed nesitiplyn t he

o fect. 'Eﬁ e Pridien HOUHRIRG LS, et tite o Geosameaisienalh %'%ﬁ.yzgedt hat
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because it is not necessary to positively provide the nitrogenated DLC layer as
conventionalty and because, inasmuch as the treatment of only the very
outermost surface of the protective layer is enabled, a reduction in mechanical
strength of the protective layer is small. Therefore, it is also possible to
respond to the demand for further reduction in mechanical spacing between a
magnetic head and a recording layer in recent years.

[0026)

Further, according to the invention having Structure 5, in the invention
having Structure 4, a treated layer is formed at a surface of the protective layer
according to a kind of atmospheric gas used for generating the plasma.
Therefore, the surface of the protective layer is favorably changed in properties
so as to be improved in affinity to the lubricating layer.

[0027]

Further, as in the invention having Structure 6, when the protective layer
is a hydrogenated carbon-based protective layer, the effect by the invention
having Structure 4 or 5 is better achieved. That is, without reducing the

mechanical strength of the hydrogenated carbon-based protective layer that has

high mechanical strength but is poor in affinity to the lubricating layer, it is



Further, as in the invention having Structure 7, the thickness of the
protective |layer can be set to 0.5 to 3.0nm i.e. thinner than conventional.
Brief Description of the Drawings [0029] Fig. 1 is an exenplary sectional
view of a magnetic disk according to Exanple 1 of this invention. Fig. 2 is
a diagram show ng the relationship between the plasma treatnent tine
(substrate processing tinme) and the lubrigating | ayer thickness wth
respect to the nmagnetic disk of Fig. 1. Fig. 3 is a diagram show ng the

rel ati onship between the plasnma treatnent tine (substrate processing tine)
and the lubricating layer thickness wth respect to a magnetic di sk of
Ref er ence Ex&@gpibledto impeavevbhaafinily tearepliothe tylricgkied jay@ént i on [ 0030]

Her ei nbel ow, this tdb}é%,mal on will be described in detail in ternms of an
enbodi ment. [00311 gnetic disk according to the enbodi nent of this

nvention s a MAGNRRLE dis K \AVLAG hRA G dule Bhe flalicaL BF ave | aver,

and a lubricating layer on~a substradte; erern

protective | aygleciive Ryl &1 B8 sE00® 5 td SBhAENE. MinrRX BRALEShVeRtiGnd) asma under
normal pressure (hereinafter, this treatnment nay be referred to as a

“normal presBifet Delsaspior dfebé Meakinger sinply as a "plasma treatnment”)
before formng the lubricating | ayer on the protective |layer. By applying
the normal pressur @@QM%sma treatnment to the protective |ayer before formng
the lubricating |layer on the protective layer, it is possible to inprove
the affinity of th&igrlds@ataxeaplaysectienal Mew efta magnetigdiskpesordp@rti cul arly

a 10 erfl uqropol t her-based |ubricating |ayer). Therefore, the
e g T el i 054 a Spe oo

| ubricating | Presi on can be provided on the protective

layer wi thout posigHyeli¥ ;4 diagram showing the relationship between the plasma

treatment time (substrate processing time) and the lubricating layer thickness
with respect to the magnetic disk of Fig. 1.

Fig. 3 is a diagram showing the relationship between the plasma
treatment time (substrate processing time) and the lubricating {ayer thickness
with respect 1o a magnetic disk of Reference Example 2.

Best Mode for Carrying Out the Invention

[0030]

Hereinbelow, this invention will be described in detail in terms of an
embodiment.

[0031]

A magnetic disk according to the embodiment of this invention is a
magnetic disk having a magnetic layer, a protective layer, and a lubricating layer
in this order on a substrate, wherein the protective layer is subjected to a
treatment of exposure to a plasma under normal pressure (hereinafter, this
treatment may be referred to as a "normal pressure plasma treatment" or simply
as a "plasma treatment") before forming the lubricating layer on the protective
layer. By applying the normal pressure plasma treatment to the protective
layer before forming the lubricating layer on the protective layer, it is possible to

improve the affinity of the protective layer to the lubricating layer (particularly a



providing a nitrogenated DLC | ayer with | ow mechanical strength as
conventionally. [0032] The magnetic di sk descri bed above is obtai ned by
formng the magnetic layer and the protective layer in this order on the
substrate, then applying the normal pressure plasma treatnent to the
protective |layer, and then formng the lubricating |ayer on the protective
| ayer. [0033] The normal pressure plas treatnent is carried out by
generating a high-frequency plasma unde Onor mal pressure in a single gas
such as, for exanple, a nitrogen gas, an argon gas, an oxygen gas, and a
quorlne based hydrocarbon gas or in a m xed gas appropriately conbining

t hem and by L@ﬁb@pm@yeth@r paaﬁcbwbrlwlngalgw) t oThemefom dbedupientinglayge
formati on of the brlcatln this case, on e protective |ayer
of the magnet%it QFP adhigsiom H’r"(‘)qeé@?riW@F?rQS‘PéFF‘VeaiaVFK‘é"tg'&‘ﬂtfp&@g"’?her eof may

ol asn in i LZD@?@WB aﬁ@?ae%tﬁé%@@& LR QAN ER R 1) exposed to-

t he pl asna. ng this plasna treatnent, it is possible to favorably
change the propertles f the surface of the protective layer so as to
inprove its affinifydop the lubricating layer. By prolonging the plasm
treatnent tinme, the adhesion of a lubricant is inproved so that the

| ubricating | ayer iThefroagredicatisicdenceibed abald ig abtained by dorngng tHe magmétih a | ow
concentration of the lubricant. Further, by performng the plasm

treat nent, evayeriemdi thﬁr@r@eatmenlaaen inhis esgRr oswdhatsubatratﬁdmentap@lm@e
conditions as in the case of no plasma treatnent, a hiﬂ'tshﬁéal ubricati ng

layer is forq%@ahﬂ@sﬁﬁr@sc"%m?éreBHE%mBP &g Brofesivg fauer, {foRyne fike a
Creat ment i o CREBPBTRE SR BB BRI S 'ayer Ts formed at FLZSSErface
(very out ernost [0033]
The normal pressure plasma treatment is carried out by generating a

high-frequency plasma under normal pressure in a single gas such as, for

example, a nitrogen gas, an argon gas, an oxygen gas, and a fluorine-based

hydrocarbon gas or in a mixed gas appropriately combining them and by

exposing the protective layer to the plasma before the formation of the

lubricating layer. In this case, only the protective layer of the magnetic disk

having the protective layer at the surface thereof may be exposed to the plasma

or the entire magnetic disk may be exposed to the plasma in the state where

the protective layer is sufficiently exposed to the plasma. By applying this

plasma treatment, it is possible to favorably change the properties of the

surface of the protective layer so as to improve its affinity to the lubricating layer.

By prolonging the plasma treatment time, the adhesion of a lubricant is

improved so that the iubricating layer is formed as conventionally even in a

solution with a low concentration of the lubricant. Further, by performing the

plasma treatment, even if immersed in a lubricant solution under the same

conditions as in the case of no plasma treatment, a thicker lubricating layer is

formed and thus it is possible to form the lubricating layer in a short time.

[0034]



surface) of the protective |ayer according to the kind of atnospheric gas
used for generating the plasma. For exanple, if a carbon-based protective
| ayer is exposed to a high-frequency nitrogen plasna generated in a
nitrogen gas atnosphere, nitrogen radicals react wth the carbon-based
protective layer so that only a very surface |layer of the protective |ayer
is inplanted with nitrogen so as to be Sitrogenated. On the other hand, if
a carbon-based protective layer is exposed to a high-frequency oxygen

pl asma generated in a m xed gas atnosphere of nitrogen and oxygen, oxygen
radicals react wth the carbon-based protective |ayer so that only a very
surface |ayer of thertpeebeampléng thayabovednentionadpiasma raaimgéntheo as to be

oxi dized. By the formation of, . for . exanple, the nitrogenated | ayer or the
ol i oed | my ol Byt Arimed [y is TEIRPLELINE SdARe boTy AOIaimoshet | v | ayer
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oxi di ze organic contam nants present on t surfa protective

| ayer to thergipsed oy dighhiess o niteddedrplakingx heeerassd andnitlogsn gakso has the
cleaning effect for the surface of the protective |ayer. [0035 It is

pr ef er abl e t hdnospleengr oitregen vaditaly eeadd avith tbachdonbzesed potettie layer sd ayer,
particularly a hydrogenated carbon-based protective |layer (e.g. a
hydr ogenat ed the®nixngee)y sarfage lager Alithepiriectivadaysy ds planiedvviteriiegemased
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carbon-based protective layer so that only a very surface layer of the protective

layer is implanted with oxygen so as to be oxidized. By the formation of, for

example, the nitrogenated layer or the oxidized layer at the surface (very

surface layer) of the protective layer as described above, it is possible to

favorably change the properties of the surface of the protective layer so as to

improve its affinity to the lubricating layer. Further, for example, the oxygen

plasma serves to oxidize organic-based contaminants present on the surface of

the protective layer to thereby remove them as a carbon dioxide gas and thus

also has the cleaning effect for the surface of the protective layer.

[0035]
it is preferable that the protective layer be a carbon-based protective

layer, particularly a hydrogenated carbon-based protective layer (e.g. a

hydrogenated DLC layer). That is, although the hydrogenated carbon-based

protective layer has high mechanical strength but is poor in affinity to the

lubricating layer, inasmuch as the affinity to the lubricating layer can be

improved without reducing that high mechanical strength of the hydrogenated

carbon-based protective layer, the effect is better achieved.

[0036]



DLC | ayer) and, as an upper |ayer thereon, a nitrogenated carbon-based
protective layer (e.g. a nitrogenated DLC |l ayer), a lubricating layer with
better adhesion can be obtained by applying the normal pressure plasm
treatment to such a protective |ayer before form ng the |ubricating |ayer
as conpared with the case where a lubricating layer is formed w thout
applying this plasma treatnent to the prgtective | ayer. [0037] Using the
normal pressure plasna treatnment, it is ssible to further reduce the

t hi ckness of the protective |ayer than conventional because it is not
necessary to positively provide a nitrogenated DLC | ayer for adhesion to the
| ubricating | ayer &yeodnitencassnanerg theprotestve layeranasia ey leyat stouaire | ayer is
provided, it can be much thinner, than conventional¥ and becguse, i nasnmuch as

theblt rgat nentcocﬁ‘i‘pr&ﬂﬂ%/?PM@’%ﬁF‘?’fe&i}%@%Q@S@L}P@?&@? AYehEE-Brd é@rltog%atﬁ_gyer i's
e S I 00 LB 1 v
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layer is a hysiHegprhadathe Gi6taea-Bogsifg Heosdringd pteyere flaslia tReamightagenat ed
DLC | ayer), the thickness of the protective |ayer can be set to, for

exanpl e, 0.5 duzh3 Proreding |aeebefabforming@thet lobBcabnmlayeras dompzaed bétht hi nner
than conventional. [0039] When a carbon-based |ayer is used as the
protective | ajpercase whesmatebricagngiayebis forraed withapl apphang dhs plasmenal | y known
DC nagnetron sputterin nmet hod, plasma CVD net hod, or FCA (Filtered

Cat hodi ¢ Ar c) rg/AMgaHt0 t%@ Prolgelvs layasnuch as the normal pressure plasma
treatment can be C%(ﬁéﬁd out

Using the normal pressure plasma treatment, it is possible to further
reduce the thickness of the protective layer than conventional because it is not
necessary to positively provide a nitrogenated DLC layer for adhesion to the
lubricating layer as conventionally (or, even if a nitrogenated DLC layer is
provided, it can be much thinner than conventional) and because, inasmuch as
the treatment of only the very outermost surface of the protective layer is
enabled, a reduction in mechanical strength of the protective layer is small.
Therefore, it is alsc possible to respond to the demand for further reduction in
mechanical spacing between a magnetic head and a recording layer in recent
years.

[0038]

In this magnetic disk, when the protective layer is a hydrogenated
carbon-based protective layer (e.g. a hydrogenated DLC layer), the thickness of
the protective layer can be set to, for example, 0.5 to 3.0nm and preferably 1.0
to 3.0nm, i.e. it can be thinner than conventional.

[(0039]

When a carbon-based layer is used as the protective layer, it can be
formed by, for example, a conventionally known DC magnetron sputtering

method, plasma CVD method, or FCA (Filtered Cathodic Arc) method.



after formng the magnetic layer and the protective layer in this order on
the substrate, for exanple, using the above-nentioned filmform ng nethod,
there is a great advantage in that a subsequent |ubricant coating process
can be carried out in online. Further, when the protective layer is, for
exanple, a single hydrogenated carbon-based protective |ayer, there is an
advantage in that it is possible to red e one ul t rahi gh vacuum chanber as
conpared with the case where the protective layer is in the formof two

| ayers, i.e. a hydrogenated carbon-based protective |ayer and a

ni trogenated carbon-based protective |layer. [0041] The normal pressure

pl asma treat nent i 0049 ried out after formng the magnetic |ayer and the
protective layer in this, order e substrate the.I&Sg{cating

Payer i s formea. csiaryAs e R ph{eSHaRridiits PRauin pe diped Pl °
pref er abl y usel, s TIYSL ot 8t 6 Btccenl SR ThBrddic | cati ng

| ayer using t magn cant, it can by using a

sol ution in gJRkehtet h:ﬁ?e'x‘eihfpiléi_@@mgitﬁe@b@?@ﬁ@ﬁioﬁé@fiﬂﬁ sSAliEmetibdthere is

appropriate solvent and coating the solution, for exanple, by a dipping

met hod. As t hegreat sévintagsie thaba sbissgauehelublitant wedtng pacesx aapbe canfeda
fluorine-based sol vent (trade nane Vertrel XF or the |ike manufactured by
DuPont - M t suioufiruonlnehe mructhes wben, the paatectivedayerlisn fooexamplenasingte f or t he

| ubricating layer is, of course, not limted to the above-nentioned dipping

method and udwdrRgpntechearBoRbaged poiestyerayry e ed adketage 18 tgitiScoat i ng
rehod, @SB SalE RSSO R R B
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carbon-based protective layer and a nitrogenated carbon-based protective
layer.
[0041]
The normal pressure plasma treatment is carried out after forming the
magnetic layer and the protective layer in this order on the substrate and, then,
the lubricating layer is formed. Generally, a perfluoropolyether-based lubricant
is preferably used as a magnetic disk lubricant. When forming the lubricating
layer using the magnetic disk lubricant, it can be formed by using a solution in
which the lubricant is dispersed and dissolved in an appropriate solvent and
coating the solution, for example, by a dipping method. As the solvent, use
can be preferably made, for example, of a fluorine-based solvent (trade name
Vertrel XF or the like manufactured by DuPont-Mitsui Fluorochemicals Co., Lid.).
A film forming method for the lubricating layer is, of course, not limited to the
above-mentioned dipping method and use may be made of a film forming
method such as a spin coating method, a spray method, or a vapor ¢oating
method.
[0042]
For further improving the adhesion of the formed lubricating layer to the

protective layer, the magnetic disk may be exposed to an atmosphere at 70°C



The thickness of the lubricating layer is not particularly limted, but is
preferably set in a range of, for exanple, 5A to 20A. If it is less than 5A
there is a case where the lubricating perfornmance as the lubricating |ayer
is lowered. |If it exceeds 20A, there is a case where the fly stiction
failure occurs and there is a case where the LUL durability is |owered.
[0044] In this magnetic disk, the subst&ﬁte is preferably a gl ass
substrate. The gl ass substrate is rigid d excellent in snoothness and thus
is suitable for an increase in recording density. As the glass substrate,
an alumnosilicate glass substrate, for exanple, is cited and,

parti cul arl yjo a0@teafterahe jilm $armatignhened al um nosilicate gl ass substrate is
preferable. [0045] A texture shape (e.g. a circunferential texture) may be
formed on the mailW048lface of the glass substrate, for example, for

i ncreasing the magpetic , anis

of . t tic.l . F formng, f
exanpl e, the circuhf@fickness O?&%?%F@%“”SH@%? Bﬁt ﬁt'ﬁﬁgﬁg['@'t%t Ejsmopg o
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preferably ultra-snoot of 6nmor less and Ra of 0.6nmor |ess.

Rmax and Ra hgt gkdecde ol etkre & acase Wasesthenlytstietion RilBatOdcuss andérede [ 0047]
This magnetic di sk conprises at |east the magnetic |ayer, the protective

| ayer, and t healcabe whate thg LWBly durabilityt lsdowerest r at e, wherein the
above-nentioned nagnetic layer is not particularly limted and may be a
magnetic | ayer for[ﬁl‘rdf]LS i n-pl ane recording systemor a magnetic |ayer for
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The glass substrate is rigid and excellent in smoothness and thus is suitable for
an increase in recording density. As the glass substrate, an aluminosilicate
glass substrate, for example, is cited and, particularly, a chemically
strengthened aluminosilicate glass substrate is preferable.

[0045]

A texture shape (e.g. a circumferential texture) may be formed on the
main surface of the glass substrate, for example, for increasing the magnetic
anisotropy of the magnetic layer. For forming, for example, the circumferential
texture, there can be cited a method of pressing a polishing tape of a suitable
material on the main surface of the glass substrate and of relatively moving the
glass substrate and the tape to each other, or the like.

[0046]

The main surface of the substrate is preferably ultra-smooth with Rmax
of 6nm or less and Ra of 0.6nm or less. Rmax and Ra herein referred to are
based on the JIS B0601 standard.

[0047]

This magnetic disk comprises at least the magnetic layer, the protective
layer, and the lubricating layer on the substrate, wherein the above-mentioned

magnetic layer is not particularly limited and may be a magnetic layer for an



and hi gh reproduction output can be achieved, which is thus preferable.
[0048] In this nmagnetic disk, an underlayer may be provi ded between the
substrate and the magnetic |ayer if necessary. Further, an adhesive |layer, a
soft magnetic |ayer, and so on may be provi ded between the underl ayer and
the substrate. In this case, as the underlayer, for exanple, a O layer, a
Ta layer, a Ru layer, a M, CoW CW grv, or OTi alloy layer, or the
like is cited and, as the adhesive Iayeﬂ, for exanple, a CTi, NNA, or
AlRu alloy layer or the like is cited. Further, as the soft magnetic |ayer,
for exanple, a CoZrTa alloy filmor the like is cited. [0049] This

magnet i ¢ di skniptansaiecoelingsysje®dir edphgneils layerdghe pemendiklaidegirditdt o be

ted i | oad/ unl oad- syst e tic djsk drive [0050] Hereginbel ow,
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ding to Examples. [0051 | Fi O pddiL Lyst ti
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fabricated by formmeﬁn adhesive layer 20, a soft nmgnetic |ayer 30, an
under| ayer 40, a pér pendi cul ar magnetic recording |layer 50, a protective

llayer 60, and a | uly ifighidi@eti@¥rRk, W uhderidyep rr@gct;@r prelided pebessrate  10.
[0053] 16 (Manufacture of Magnetic Disk) A 2.5-inch glass disk (outer
di anet er 65nmgubistraerard] tweehagnadidriayerdi idcessary.  Further, an adhesive layer, a
soft magnetic layer, and so on may be provided between the underlayer and the
substrate. In this case, as the underlayer, for example, a Cr layer, a Ta layer, a
Ru layer, a CrMo, CoW, CrW, CrV, or CrTi alloy layer, or the like is cited and, as
the adhesive layer, for example, a CrTi, NiAl, or AIRu alloy layer or the like is
cited. Further, as the soft magnetic layer, for example, a CoZrTa alloy film or
the like is cited.
(0049]
This magnetic disk is particularly suitable as a magnetic disk adapted to
be mounted in a load/unload-system magnetic disk drive.
[0050]
Hereinbelow, this invention will be described in further detail using
magnetic disks according to Examples.
[0051]
{(Example 1)
Fig. 1 illustrates a magnetic disk according to Example 1 of this
invention.
[0052]
The magnetic disk is fabricated by forming an adhesive layer 20, a soft
magnetic layer 30, an underlayer 40, a perpendicular magnetic recording layer
50, a protective layer 60, and a lubricating layer 70 in this order on a substrate
10.
[0053]



t hi ckness 0. 635mm nade of a chemically strengthened alum nosilicate gl ass
was prepared as the disk substrate 10. The main surface of the disk
substrate 1 was mrror-polished to Rmax of 4.8nm and Ra of 0.43nm [0054]
On the disk substrate 10, the adhesive |ayer 20, the soft nmagnetic |ayer
30, the underlayer 40, and the perpendicul ar magnetic recording |ayer 50
were forned in this order in an Ar gas %m)sphere by the DC nagnetron
sputtering nethod. As the adhesive layer~20, a OTi alloy film (Cr:50at%
Ti:50at%9 was fornmed to a thickness of 200A. [0055] As the soft magnetic
| ayer 30, a CoZrTa alloy film(Co:88at% Zr:Sat% Ta:7at% was forned to a
t hi ckness of (SrowfagtoesdMagnesic iigler | ayer 40 was formed to a thickness of
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nmagnetic di _ e protective [ayer 60 was exposed to a
hi gh- f r equency wak triigg e poldhasne. Rmaeses . 8hgthrid Ra onD4BaEEN at nosphere under

normal pressure, for a predetermned tine. 17 [0060] Subsequently, the
| ubricating |ayer T005s formed in the follow ng

On the disk substrate 10, the adhesive layer 20, the soft magnetic layer
30, the underlayer 40, and the perpendicular magnetic recording layer 50 were
formed in this order in an Ar gas atmosphere by the DC magnetron sputtering
method. As the adhesive layer 20, a CrTi alloy film (Cr:50at%, Ti:50at%) was
formed to a thickness of 200A.

[0055]

As the soft magnetic layer 30, a CoZrTa alloy film (Co:88at%, Zr:5at%,
Ta:7at%) was formed to a thickness of S00A.

[0056]

The underlayer 40 was formed to a thickness of 300A by laminating Ta
films and Ru films.

[0057]

As the perpendicular magnetic recording layer 50, a CoCrPt alloy film
(Co:62at%, Cr:20at%, Pt:18at%) was formed to a thickness of 200A.

[0058]

Subsequently, the protective layer 60 of hydrogenated DLC was formed
to a thickness of 25A by the plasma CVD method.

[0059]

Subsequently, using a plasma reactor, a magnetic disk formed with up
to the protective layer 60 was exposed to a high-frequency nitrogen plasma,
generated in a nitrogen atmosphere under normal pressure, for a

predetermined time.



manner. [0061] Using a lubricant wth Mv of 3000 and a nol ecul ar wei ght

di spersion of 1.08 obtained by carrying out, using a GPC nethod, nol ecul ar
wei ght fractionation of FOVMBLIN Z-DCOL (trade nane), being a

per fl uoropol yet her-based | ubricant, nmanufactured by Sol vay Solexis, Inc.,
there was prepared a solution in which the obtained |ubricant was di spersed
and dissolved at a concentration of 0.0 %in Vertrel XF (trade nane),
being a fluorine-based solvent, nmanufactured by DuPont-M tsui

Fl uorochem cals Co., Ltd. Using this solution as a coating solution, the
above-nentioned plasma-treated magnetic di sk was i mmersed therein and
coated therewith b900 e di pping nethod, thereby formng the |ubricating

| ayer 70. After th ilm formation, .the magpeti c disk. at.-freated in a
vacuum f urnace at éeg%qntl?/g@erwtmﬁaggg ?afﬁégpmaéaﬂ@gg&%ﬁgﬁqvﬂ@i cating
llayer 70 was hpasyred by a Fourier transforminfrared spectrophotoneter
(FTIR) and it was 15A. [0062] Fig. 2 shows the relationship between the
above plasna treat {jtime (the tinme of exposure to the nitrogen pl asma)
and the lubricating | ayer thickness. According to the results of Fig. 2,
the lubricating | ayming diuksicestwitte Mandis3@0D arba npdlecutar weight dispersionmd. Thi s
is because it is considered that nitrogen radicals enerated in the normal
pressure pl ash@8 obtanedby barieg byt usijeraElE metbodpmelessiarweighlyer to
nitrogenate a very surface Ia)(er lsf theggr otective |layer and the

ni t r ogenat i orl"34PGRIGN NG IN €-PRE (brdR RAMENORAMLAL tinme so that the
surface of the protectiyve lLayer is re niftrogenat as e treatpent tine
i ncr eases and?er@gorgp@gg%p{—bagﬂilugflpgrﬁi an'{?cﬁﬂ%d gﬁ%w@gﬁﬂﬁx'fg’a@gﬂf ®hore
enhanced. |Ingi ; rotective
| ayer with rgg%sg@éb%é cy'? SB@IQ?@?P&E@%@%%E@E@%I%&?QH&@@ ﬁé{rsﬁ&?ﬁ% nor mal
pressure pl asd@sdlﬁe%aétrﬁaeénceﬂpﬁtibrﬁ oh@d2ivernsl VeRall XFh@raeemantd), Boleg @ was

reduced as conpared with tha
fluorine-based solvent, manufactured by DuPont-Mitsui Fluorochemicals Co.,

Lid. Using this solution as a coating solution, the above-mentioned
plasma-treated magnetic disk was immersed therein and coated therewith by
the dipping method, thereby forming the lubricating layer 70.  After the film
formation, the magnetic disk was heat-treated in a vacuum furnace at 130°C for
90 minutes. The thickness of the lubricating layer 70 was measured by a
Fourier transform infrared spectrophotometer (FTIR) and it was 15A.

[0062]

Fig. 2 shows the relationship between the above plasma treatment time
(the time of exposure to the nitrogen plasma) and the lubricating layer thickness.
According to the results of Fig. 2, the lubricating layer thickness depends on the
plasma treatment time. This is because it is considered that nitrogen radicals
generated in the normal pressure plasma react with the hydrogenated DLC
protective layer to nitrogenate a very surface layer of the protective layer and
the nitrogenation largely depends on the plasma treatment time so that the
surface of the protective layer is more nitrogenated as the treatment time
increases and, as a result, the affinity to the lubricating layer is more enhanced.

Incidentally, the contact angle of the surface of the protective layer with respect



before the treatnent. Also fromthis, it is seen that the surface state of
the protective |ayer was changed by the nornmal pressure plasnma treatnent.
In this manner, the magnetic di sk of Exanple 1 was obtai ned. [0063]

Further, a magnetic disk was fabricated in the simlar manner as in Exanple
1 except that a protective layer was in the formof a |amnate of a

hydr ogenat ed DLC | ayer of 30A forned by gge pl asma CVD net hod and a
nitrogenated DLC | ayer of 5A formed thereon by the plasna CVD nethod and a

| ubricating |layer was formed on the protective |layer wthout performng the
normal pressure plasma treatnent. The magnetic di sk thus obtained wll

her ei naft er B8 wairerasmeasures immegdiaiglycaliorthaperanal pressuop Blesmaripatment a

tic disk fabr i in the sinil 1 t
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treatment under the sane conditions as in Exanple 1. The nmagnetic disk thus
obt ai ned wi | Imbheiei afrhagndiie disk efr Exxtnle 1asas Hsthitieeince Exanple 2". [0065]
Fig. 3 shows the relationship between the plasma treatnent tinme (the tine
of exposure to the[00&3 ogen plasma) and the lubricating |ayer thickness with
respect to the magnetic disk of Reference Exanple 2. Note that the nagnetic
di sks of Ref er ence FEXAApEeBagnelicadisk V\’/@ﬁéﬂtﬂﬁl@ﬁq@aﬂ%s@@mﬁ RRNNeRasifubri cati ng
| ayer thicknesses thereof &Ip r oxXi
&

t el t ched, t hat he. tic disk of
18 Exanpl ¢ AR AECEyt B Ao WG NAIEYFRS BIhe 1GL! AITEBAR Glons. and t he

plasma  treatRplod 0% OLE 1L 3D BimBEES 168 AP fndthod and a
nitrogenated DLC layer of 5A formed thereon by the plasma CVD method and a
lubricating layer was formed on the protective layer without performing the
normal pressure plasma treatment. The magnetic disk thus obtained will
hereinafter be referred to as "Reference Example 1".

[0064]

Further, a magnetic disk was fabricated in the similar manner as in
Example 1 except that a protective layer was in the form of a laminate of a
hydrogenated DLC layer of 30A formed by the plasma CVD method and a
nitrogenated DLC layer of 5A formed thereon by the plasma CVD method and a
lubricating layer was formed on the protective layer after performing the normal
pressure plasma treatment under the same conditions as in Example 1. The
magnetic disk thus obtained will hereinafter be referred to as "Reference
Example 2".

[0065]

Fig. 3 shows the relationship between the plasma treatment time (the
time of exposure to the nitrogen plasma) and the lubricating layer thickness with
respect to the magnetic disk of Reference Example 2. Note that the magnetic
disks of Reference Examples 1 and 2 were fabricated so that the lubricating

layer thicknesses thereof approximately matched that of the magnetic disk of



[ 0066] Then, the obtained magnetic di sks were eval uated according to the
follow ng test nmethod. [0067] (Evaluation of Magnetic Disk) A lubricating
| ayer adhesion test was performed for evaluating the bonding perfornmance
(adhesi on) of the lubricating layer with respect to the protective |ayer.
At first, the thickness of the lubricating | ayer of the magnetic disk of
Exanple 1 was neasured by the FTIR nethoqgand it was 15A as described
above. Subsequently, the nagnetic disk of "Exanple 1 was inmersed in the
fluorine-based solvent Vertrel XF for 1 mnute. By the immersion in the

solvent, lubricati ng | ayer portions with poor adhesion (fluidized
| ubricating |ENpEDIe drky RICRBYY adiystnmthe: lulirant goating ¢pnditionsand the plasma

| ubricating [|ayer portions wth rong adbesion (fixed lubricating | ayer)
can renain oﬁf%aﬁ'@eng‘mFé'é‘gﬁ@@aﬁ%?i%‘?%éﬁh% @F ) the magnetic di sk was
removed fromthe ?@jé@?nt and the thickness of the lubricating |ayer was
measur ed agai n by e 'FTIR nethod. The ratio of the thickness of the

l'ubricating layer ghbfl tHeltbraih88®iRInelc kS hers ela8aledidtcbifing tb lkness of
the lubricating |ayer before the immersion in the solvent is called a

| ubricating liay@evingdéstsmethoiati o (bonded ratio). It can be said that the
hi gher the bonded ratio, the higher the bonding performnce (adhesion) of
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protective layer. At first, the thickness of the lubricating layer of the magnetic
disk of Example 1 was measured by the FTIR method and it was 15A as
described above. Subsequently, the magnetic disk of Example 1 was
immersed in the fluorine-based solvent Vertrel XF for 1 minute. By the
immersion in the solvent, lubricating layer portions with poor adhesion (fluidized
lubricating layer) are dispersed and dissolved in the solvent, but lubricating
layer portions with strong adhesion (fixed (ubricating layer) can remain on the
protective layer. Subsequently, the magnetic disk was removed from the
solvent and the thickness of the lubricating layer was measured again by the
FTIR method. The ratio of the thickness of the lubricating layer after the
immersion in the solvent to the thickness of the lubricating layer before the
immersion in the solvent is called a lubricating layer adhesion ratio (bonded
ratio). It can be said that the higher the bonded ratio, the higher the bonding
performance (adhesion) of the lubricating layer with respect to the protective
layer. With the magnetic disk of Example 1, the bonded ratio was 85%.
Inasmuch as the bonded ratio is judged to be preferable if it is 70% or more
according to the conventional standard, it is seen that the magnetic disk of
Example 1 is quite excellent in adhesion of the lubricating layer.

[0068]



result, it was found that, while the bonded ratio of the magnetic di sk of

Ref erence Exanple 1 (Conparative Exanple) was 70% the bonded ratio of

Ref erence Exanple 2 where the structure of the protective |ayer was the sane
as in Reference Exanple 1, but the normal pressure plasnma treatnent was
carried out before formng the lubricating | ayer was very high as high as
85% and thus the lubricating |ayer was Eécellent i n adhesion. [0069] This
is considered to be caused by the fact that, by the normal pressure plasna
treatment, the surface of the protective | ayer was changed in properties to
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This is considered to be caused by the fact that, by the normal pressure
plasma treatment, the surface of the protective layer was changed in properties
to increase its affinity to the lubricating layer or, in other words, the surface of
the protective layer was activated so that the lubricant tends to be chemically
bonded to the protective layer, and as a result, the ratio of the fixed lubricating
layer was increased.
[0070]
In summary, for example, as in Example 1, it is possible to manufacture
a magnetic disk using only a hydrogenated DLC protective layer with high
mechanical strength, it is possible to reduce the thickness of the protective layer
than conventional, and further, it is possible to form on the protective layer a
lubricating layer with a required thickness that is excellent in adhesion.
[0071]
Then, an LUL (Load Unload) durability test was performed for
examining the LUL durability of the obtained magnetic disk.
[0072]
An LUL-system HDD (Hard Disk Drive) (5400rpm rotation type) was
prepared and a magnetic head with a flying height of 10nm and the magnetic

disk were mounted therein. A slider of the magnetic head is an NPAB slider



alloy. By causing the LUL-system HDD to conti nuously repeat the LUL
operations, the nunber of LUL tines endured by the magnetic disk up to the
occurrence of failure was nmeasured. [0073] As a result, the magnetic disk
of Exanple 1 endured the LUL operations of 900,000 tinmes with no failure at
an ultra-low flying height of 1 Onm Inasnuch as a magnetic disk is judged
to be preferable if it endures particulaéiy 600,000 LUL tinmes or nore in a
normal HDD using environnent, it can be id that the magnetic disk of
Exanple 1 has extremely high reliability. During the test, the fly stiction
phenomenon did not occur. The surface of the magnetic disk and the surface
of the magnetdd inaunded with eeagngtowsistive effest alevenii§3MR alggertiag a n det ai |
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Inasmuch as a magnetic disk is judged to be preferabie if it endures particularly
600,000 LUL times or more in a normal HDD using environment, it can be said
that the magnetic disk of Example 1 has extremely high reliability. During the
test, the fly stiction phenomenon did not occur.  The surface of the magnetic
disk and the surface of the magnetic head after the LUL durability test were
observed in detail using an optical microscope and an electron microscope and
were found to be excellent, i.e. no abnormality such as damage or dirt was
observed and, further, no lubricant adhesion to the magnetic head or no
corrosion failure was observed.

[0074]

Further, an LUL durability test was also performed on the magnetic
disks of Reference Examples 1 and 2 in the similar manner. As a result, the
magnetic disk of Reference Example 1 (Comparative Example) failed when the
number of LUL times reached 600,000 times, while, the magnetic disk of
Reference Example 2 endured the LUL operations of 900,000 times with no
failure.

[0075]

(Example 2)
A protective layer 60 of hydrogenated DLC was formed to a thickness of

25A on a magnetic recording layer 50 of Example 1 by the plasma CVD method,



gas atnosphere of nitrogen and oxygen (nitrogen: oxygen=99. 7vol % 0. 3vol %
under normal pressure, for a predetermned tinme. [0076] A magnetic disk of
Exanple 2 was fabricated in the simlar manner as in Exanple 1 except the
above point. The thickness of a lubricating |layer 70 was neasured by a
Fourier transforminfrared spectrophotonmeter (FTIR) and it was 15A. [0077]
Al'so in Exanple 2, the lubricating | ayer,thi ckness depends on the plasna
treatment tinme. This is because it is cofiSidered that oxygen radicals
generated in the normal pressure plasma react with the hydrogenated DLC
protective Ia%er to oxidize a very surface Ia¥er of the protective |ayer and
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conpared with that re the treatment so fromthis, it is seen that
the surface state q@do7ghe protective layer was changed by the oxygen plasna
treatnent. [0078] Then, the obtained nagnetic di sk of Exanple 2 was
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[0077]

Also in Example 2, the lubricating layer thickness depends on the
plasma treatment time. This is because it is considered that oxygen radicals
generated in the normal pressure plasma react with the hydrogenated DLC
protective layer to oxidize a very surface layer of the protective layer and the
oxidation largely depends on the plasma treatment time so that the surface of
the protective layer is more oxidized as the treatment time increases and, as a
result, the affinity to the lubricating layer is more enhanced. Incidentally, the
contact angle of the surface of the protective layer with respect to water was
measured immediately after the oxygen plasma treatment and it was found that
the contact angle was reduced as compared with that before the treatment.
Also from this, it is seen that the surface state of the protective layer was
changed by the oxygen plasma treatment.

[0078]

Then, the obtained magnetic disk of Example 2 was evaluated.

[0079]

At first, a lubricating layer adhesion test was performed in the simitar
manner as in Example 1 and, as a resuit, the bonded ratio was 85% with the

magnetic disk of Example 2. According to Example 2, it is possible to



protective |ayer than conventional, and further, it is possible to formon
the protective layer a lubricating layer with a required thickness that is
excellent in adhesion. [0080] Further, an LUL durability test was
performed and, as a result, the mnagnetic disk of Exanple 2 endured the LUL
operations of 900,000 tinmes with no failure at an ultra-low flying hei ght
of 1 Ohm During the test, the fly stictign phenonenon did not occur. The
surface of the magnetic disk and the sur?gce of a magnetic head after the
LUL durability test were observed in detail using an optical m croscope and

an el ectron mcroscope and were found to be excellent, i.e. no abnormality
such as danagBaoufagiure awpegnsiic shiskedsinghanly Aurydnegenates DLGITDtestive BoBesi on to
t he magnetic head or nqQ corrosion fajlure was observed. Industrial
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form ng said gdmgpetic | ayer and said protective layer in this order over
said substrate, then exposing said protective |ayer to a plasnma under
normal pressure, afgb8Qhereafter formng said lubricating |ayer on said
protective layer. 2. A magnetic di sk manufacturing nmethod according to claim
1, wherein said plRrustmeria ldptarabiityiestwas parfomedt andgasta wseltkined of gas
selected froma nitrogen_gas, an argon gas, an oxygen

f I uori ne- bas BRI HaPHEFATRIS.2 &Ndukedimley - epraiadkNeah a‘i@@&ﬂ%@g Witk hod
according to r% faaiilmelatoarn L%Itra—low flying height of 10nm. During the test, the fly stiction
phenomenon did not occur. The surface of the magnetic disk and the surface
of a magnetic head after the LUL durability test were observed in detail using an
optical microscope and an electron microscope and were found to be excellent,
i.e. no abnormality such as damage or dirt was observed and, further, no
lubricant adhesion to the magnetic head or no corrosion failure was observed.
Industrial Applicability
[0081]
A magnetic disk of this invention is suitable as a magnetic disk adapted

to be mounted in a magnetic disk drive of a computer.



wherein said protective |ayer is a hydrogenated carbon-based protective
| ayer. 4. A magnetic disk having a nagnetic |ayer, a protective |ayer, and
a lubricating layer in this order over a substrate, wherein said protective
| ayer is subjected to a treatnment of exposure to a plasma under norna
pressure before formng said lubricating |ayer on said protective |ayer. 5.
A magnetic disk according to claim 4, mhgrein a treated layer is forned at

a surface of said protective |ayer accor |4ng to a kind of atnospheric gas

used for generating said plasna. 6. A nagnetic disk according to claim4 or
5, wherein said protective |layer is a_hydrogenated carbon-based protective
| ayer. 7. A magnetic di sk according tocéﬁyM§ne of clains 4 to 6, wherein
said protective layer has a thickness of 0.5 to 3. Onm

1. A magnetic disk manufacturing method of manufacturing a
magnetic disk having a magnetic layer, a protective layer, and a lubricating layer
in this order over a substrate, wherein said method comprising forming said
magnetic layer and said protective layer in this order over said substrate, then
exposing said protective layer to a plasma under normal pressure, and
thereafter forming said lubricating layer on said protective layer.

2. A magnetic disk manufacturing method according to claim 1,
wherein said plasma is a ptasma generated in at least one kind of gas selected
from a nitrogen gas, an argon gas, an oxygen gas, and a fluorine-based
hydrocarbon gas.

3. A magnetic disk manufacturing method according to claim 1 or 2,
wherein said protective layer is a hydrogenated carbon-based protective layer.

4, A magnetic disk having a magnetic layer, a protective layer, and a
lubricating layer in this order over a substrate, wherein said protective layer is
subjected to a treatment of exposure to a plasma under normal pressure before
forming said lubricating layer on said protective layer.

5. A magnetic disk according to claim 4, wherein a treated layer is
formed at a surface of said protective layer according to a kind of atmospheric
gas used for generating said plasma.

6. A magnetic disk according to claim 4 or 5, wherein said protective
layer is a hydrogenated carbon-based protective layer.

7. A magnetic disk according to any one of claims 4 to 6, wherein said

protective layer has a thickness of 0.5 to 3.0nm.



