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

a manufacturing nethod thereof. Background Art [0002]
Conventionally, a magnetic disk adapted to be nounted
in a magnetic disk drive such as a hard disk drive
(HDD) is provided with a protective layer on a

magnetic recording |ayer forned on a substrate and is
further provided with a Igﬁ&%ﬁﬂ%+gngayer on the -
protective |ayer for the ' Yensuring the
durability and reliability of the magnetic disk.

[ 0003] In response to such a denmand,

convent MAGNETIC DASK ANIDRIETRSEIORMANIEAC TIIRING THEUSANE
as a material of the protective |ayer and

particul arly di anond-1i ke carbon (hereinafter

abbrevi at ed. "DLC') has often been used because of
itsﬁgﬁﬁgﬁﬁgﬁﬁfdurabiIity. Normal |y, a protective

| ayer naqﬁogﬁ DLC-is formed by a sputtering nmethod or

a CVD net'hod.” The conventional DLC protective |ayer
formed byrssigledicrbRes 16 aneagictiy dBRad@ptbdRs baiRinted in a
structure conprising a highly rigid hydrogenated (CH
-car oagnedi disk dijper sucbrasai lerd gish widveogmthtocd mamufantlying snethod
an upper, | ayer thereon, a nitrogenated DLC | ayer
cont®"¥f'ng nitrogen atoms and so on, which is |ess

rigi : hydrogenat ed DLC, hi consideration of
adhg%Féﬂag%#gﬁlubricating | ayer (see, e.g. Japanese
Unexaninggg tent Application Publication (JP-A) No.
2003- 248917 [ Pat ent B _ -
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 fayer on
a magnetic recording layer formed on a substrate and is further provided with a
lubricating tayer on the protective layer for the purpose of ensuring the durability
and refiability of the magnetic disk. '
[G003]
In response to such a demand, 00nventionally. 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
V,exceftent durability. Normally, a protéctive 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 rig‘id hydrogenéted {CH carben) DLC layer containing hydrogen atoms
and, as an upper Iéyer 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



2 Docunent 1] and Japanese Patent (JP-B) No. 3058066
[ Pat ent Docunent 2]). A lubricating |ayer is provided
on such a protective layer. The lubricating | ayer
used at the outernost surface is required to have
various properties such as long-termstability,
chem cal substance resistance, friction property, and
anti-heat property. [0004] o In the nean tine,
as demands required for a protective layer and a
| ubricating layer of a future magnetic disk, since
t he_nechani_cal aci ng bet ' a nd a
 gRBETEST Y P AR SR (- BEN R0 Rty DblimEn 2).
requi 3 f; r ' f - apzToto B
For el e 4 Bl PR & o BRI, oo ing ayer
dengsddyatahe o@gNRGst GudASKS réduired cedvey\anines pidpert@esisach as
firstly a reduction in thickness of the protective
| ayngdercn stakility theindeal isusitrgeaesisiaaee. &icdiop pesenty, and
that spaci ng. Secondly, the protective layer is
r eq@f¥ ﬁﬂﬁﬂaﬁ%We high rigidity so that it can endure
further ﬁ Juetion in thickness. [0005] Patent '
Docunent *1:Japanese Unexam ned Patent Application
Publ i cat i@ the(dEarflimbloas ddHand348QiredRat £piotdducs! Bt ard a
Japanese Patent (JP-B) No. 3058066 Di sclosure of the
| nviehticaling Fayeb bearfuterelyeagisitio digk bsinasiibe megbanicaspacing
[ 00061

between a magnetic head and a magnetic recording layer of a magnetic disk is

req_uiré_d 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 ihé lubricating layer that are
present in that spacing. 'Secor_ldiy, the protective layer is required to have high
r@ﬂywﬂmﬁcwemMmmenmmmmmm@m%&
[0005]
Patent Document 1: Japanese Unexamined Patent Application
| _ Publication (JP-A) No. 2003-248917
Patent Documeht 2:  Japanese Patent {JP-B) Nd. 3058066
Disclosure of the [nvention
~ Problem to be-So!ved by the lnven‘tion
[0006]
in recent yeai's, magnetic disk drives such as an HDD have been
rapidly increasing the storage capacities thersof. Recently, LUL {Load
Unload)-system magnetic disk drives are being introduced in place of
conventicnal CSS (Contact Start and Siop)-system ones. In the LUL system, a
magnetic head is retréated to an inclined platform called a ramp located outside
anmmmmdmkwmememWesSwmmmﬂmnmﬂwﬂmemSmmmxme

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



~—+fA-repent—years—maghet+ec—eit-sk—dr-i-
have been rapidly increasing the storage capacities
-thereof. Recently, LUL (Load Unl oad)-system nagnetic
di sk- 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 platforn1calle33a ranp | ocat ed outside
a magnetic disk while the drive is stopped, then at
the time of start-up, the magnetic head is caused to
slide fromthe ra after the magnetic disk starts .
o 10ktp oo Ty vabine dradritic ek 1 A i grer o ddgigon
Per R I SGQLA0 BIefERE B GhA Bing B idtblmARIBPALIS because,
preferable’tor Thcreasing the 1 nformation capaclity
becasisemp@ed aaRies €8Swytter, AavidESecyrdihgMpradwditteregion can be
recordi ng/ reproduci ng region can be ensured on the.
sur Eassedon thesufage et the nuigsktic dalk.t Hawrther, ingsmuch agdl is pot
IS not necessar

to provide a conve -@ggcav% shﬁge
f or NRSSSSEH 1§ ROVIStSr GHNSEFORGALC SRERRICT £t @)he Stitqce of the
possi.hl &..t Lanj fi I - :
g maEhic g ol dorifEahlhotin e o @eke 1l tiagneri
‘neggiek. cchredustl, e figHg helgetstars magHetidtaradiahee rhudts
possible to increase the S/Nratio of a recording
si greslucedumdtheresorelitis ppssiile tmibkreasg tedN rBie afla ecofding
t he ,siaqni ficant reduction in magnetic head flying
hei #A0aF WRICHR TAES PR RRIBr oducti on of the LUL system

it has bef requi red that a magnetic disk stably
operates *even in the case of an ultra-low flying

hei ght ofgd:QAMB &ifthd SighificARd e&diickivn ini Radgetle hea®flying height
i ncrease the response speed of a magnetic disk drive,
t hefollowiap tleningpeedion of therdbnaysiem, dihsl besomaceqireddhat a
The rotatigon speed of a snall-di aneter

QBB S TRy RTalRH BN FSIcaRt By LB o BRight o
Was 1 GORWELL O rﬁéée\ﬁtlf}ﬁ?&lldeﬁ%qgérﬁgée Fg@ ' réaﬁao nk& %g%%de%]"%n)}agneﬁc

t he response characteristics ere € én

r ot gikk B8vd, thedfotatioRispBe® Bemhaghet Ak i MchsaseB! €The rotation
Further, magnetic disk drives have recently been used

not spaedyof asmallstiamelge2 Spper eiegretiofdizk driva voitatie fraimobile
B RG0! ST oV, §fenty. T8 rosponse
e e T e
- appbi fidlel OPEridr, MagnaRAiIKUrRBs hhlO@BEntly 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, thefefore, the environment 'resi-stance
required fdr magnetic disks has become very striét 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




In the nean tinme, inasnuch as a protective |ayer and
a lubricating |layer provided at the surface of a
magneti c di sk are present between a magnetic head and
a magnetic recording |ayer of the magnetic disk,
further reduction in thickness of those layers is
required in terns of further reduction in nmechanica

4 spaci ng between the magneti ¢ head and the magnetic
recording | ayer of the magnetic disk. Particularly,
the-protective layer is required to have rigidity and

stability L)t

oL 2Bt ek BT SURRRad % RO PRHBICT -l APH o e
fur h%@ﬁetrc%ﬁ# I G riicRilaN3MBe afoﬁédﬁvé laybp.saechmelw aBte rigidity and
formng the lubricating |ayer. al so descri bed

bef stalelhtyahqﬁman esuppméthledgrgtemd@nabﬁ ityBhveniifghe djmmes:rythereof is

f or med the sputtering nethod or the CVD thod
£ hereepRRL A NE 1B 6 e By o BFGAT g TG IER

a ho era
o PR oG b P B AR R e st pLo s
| ay ghmidI @ fsiRRd bgtné E;ﬁ&&ﬂﬁ@h@%d@'—&tﬁ@&%D méﬁh@d andthe
hydrogenated DLC | ayer haS a feature in that it is
conpowedtiofal DaClvoteetivertayea futmevdycge aatehed generaliy has a
exhi bits high nechanical strength, but it is

af f Wer Iﬁyert&bruatua%wmwrwp%h%?%}ai%@leg V) an%@ﬁtan upper

o Bl Guheret B BRI ALE ey o et DRr e Rl T b s o
conpagRdirPhatifisROmpREEdTEH caeH éﬂ@ﬁ@ aAl AY8rog@R dioms and exhibits

further, nitrogen atons and, although its nmechani cal

str ﬁgghiédwanlbﬁﬁreh@tanbuthtas pmﬁr i Iaﬁmhydra)gaﬂamre;ioimﬁ:er-baséd
| ayer, it has high affinity to
per mbmf@p@mgraum@sedm@wuowm c@ﬁtth%ﬁth\ef Rerg, thengisogenated

{ 88@ gg]:ﬁ%te(re hgso A '_%e%ﬁér\%gp %fatt ﬂgsf (S(}Xrﬁpglssleg gl? ﬁarﬁgé :agagﬁ]se I[}ptjtirﬁg%n atoms,
whegnd MGy, dﬁzg%gmaét&ﬁs B& dw@gfh itsSmbbHabhcal SFdrREh BMks than

then the nitr at ed layer is fornmed thereon

usi thgt dfitee Opdmgettatem@LCGMar retiadsddgh aﬂheltymotth@genat ion
proceeds to the | ower-layer hydrogenated DLC | ayer tao
r ed%ﬂuqrﬁ@m@l‘!ﬁfaf?ﬁs@ﬁI'Utﬁlcﬁ@trﬁj'ﬂﬁh'dﬁteﬂﬁ%’fodﬁé'{“é?ﬁ fpveatlon of an

| ayer therefore, in order to ensure the certain
necﬁﬁﬁﬁ%ﬂﬁtg?? &Ph required for the protective

| ayer, is no alternative but to first increase

t he thi cknes of the hydrogenated DLC | ayer, and thus

it is di fHowewkt thede haslbiean 4 peblem tHahessn tfe Hydeogehaied DLC

‘protective |layer. This has been an i npeding factor
f or layeras first fognad gag tharn the aitorenalad D Griayaris topmed thereon

t her reductlon [ chanj cal
mgliutd wereienitalCYIERTY, W ERaRAIth BPEreRlode
theoweERGE! Kydtbgdhaldd HISE m@epf‘o rbRIeOMb RebchBfical strength of the
i nformation recordi ng densit
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 difficutt 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



- Enbo

[ 0010] In view of this, there has been

requi red a magnetic disk protective |ayer having high
nmechani cal strength and yet hadng high affinity to a
lubricating la in order to _realize further

r ed Rt then Mg pcrtlﬁhs@ s ef ghpredeg ibe| ifeimation recording
[0034dns Enbodi nents of the present invention

provi CPe g magneti c di sk conprising a protective |ayer
havi-ng hi[gd10techani cal strength t hat can endure

further reductign in thi ss, and. hav
LT ity TR (of i citters G foanired &atasBiiodisk protective
man nat [ 1

l{% Hétrﬁ%ftﬁ%?n%ehm dtfe ﬁ'énd h’évrng hrgh affinity to a

ment s I nvéntion provr
nagrebiicatitigsleybnii ogder to galizedurtabr eethc:iloecmr thickness of the
| ayer é%f excellent in long-termreliability and a

net HBE ﬁ*acturrng such a magnetic di sk. Means

for Sol vr[@@nﬂhe Probl em [ 0013] Enbodi ments of the

present invention are described bel ow. [0014]

Speci f i cdmbodiments «if| & peesend doventione proddersntrgagnetic disk

v arighing fep@rectivg, et ba¥ind, hih FRERGHIR! stdfoth that can

manynaiere!rfuftienaebiogicll imafhiilaeise) iahg mavhgnediglc alfisky to a
havi ng_a magnetic Iayer a protective |layer, and a

| ubdullerigating aseegreand A raethed &f qasnaeipring §ur§atarraa9netlc disk.

wher ei n j net hod conprising: formng said magnetic

| ayer an sard protective layer in this order over

sar d subdmbddimeptpasi the pmsénpnnvaﬁhnvprcb\ﬂdcera treagnetic disk
ma. under orrral ressure for a tine

for al‘(ﬁ‘gs,é\ d“g %r s I‘?](‘:Prloéﬁpé'rveorﬁy§él %l”%r%’f%i'?r'bén long-term
I
ay @Elatiitd anAY FiRthdd8r nngﬁufala%{qeﬁ.gt £ etic di dS

lubricating l'ayer by contro erio
expcb&eartswr&dheng)trtﬂ Boihblem | ayer to the pl asma under

nor mal &?153 re.

Embodiments of the present invention are described below.

[0014] _

Specifically, the following aspecis / embodiments are deecribed.

[0015]

In a first aspect of the invention, there is provided a magnetic disk
rnanufacturing method of manufacturing a magnetic disk having a
magnetic layer, a protective layer, and a Iubric'ating 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, exposing said
protéctive layer to a plasma under normal pressure for a time period,
forming said lubricating layer on said protective layer, and controlling the
thickness of the Iubricating layer by controlling the time period of exposure

- of the protective layer to the plasma under normal pressure.

[0016] '



[0016] 6 In an enbodi nent, the plasma may be
generated in at |east one kind of gas selected froma
ni trogen gas, an argon gas, anfoxygen gas, and a

fluorine- ed _hydr n S...[ 001 In an

erbod nerly 21 HEEHRER 108 s il Pheaeperated i &least one
hy dridge ofbed sehsdiad floas acninbgé® gakY anl4¥6# gak08A&xygen gas,
In a second aspect of the invention, théere’is
proVWHb@ﬂHOW%ygéﬁﬁéhM¢§K3H3v1ﬁ@ﬁa magnetic | ayer, a
protecti §0+ﬁyer, and a lubricating layer in this

or der ovgr a substrate, wherein said protective |ayer

I s subj edhegh iembivdiment, kvt pretedtivpoayere ndy Beph afogenated
under norpal pressure before:formng said lubricating

| ayé%arlb‘?ﬂ“ggfﬁﬁfﬁ?%?@&ﬁ la¥el ayer, wherein the thi ckness

of the | Lﬂ(qm'azjati ng layer is controlled by controlling

the tine perrod of exposure of the protective |ayer

to the pllasnseeondeaspeant rodltheimsstion, tHd@ ¥9provided a magnetic

o R e G ke b Srer S5S B el aver i
Fgog%i]ﬁ‘b‘iﬂ&%\}éi H3eRE FRErHE Qﬁfﬁaﬁrbf&tﬁé'léi/é?|i§‘§ﬂ@jected toa
treatment of exposure to a plasma under normal pressure before forming
said lubricating layer on said protective layer, wherein the thickness of the
lubricating layer is controlled by controlling the time period of exposure of
“the protective layer to the plasma under normal pressure.
[0019] |
In an embodiment, a treated layer may be formed at a surface of
the protective layer according to a kirnd of atmospheric gas used for
generating said plasma. '
[0020] _
in an embodiment, the protective layer may be a hydrogenated
carbon-based protective layer.
[0021]
In an embodiment, the protective layer may have a thickness of
0.5 to 3.0nm. |
Eﬁéptofthelnvenﬁon
[0022]
According to the first aspect, there is provided a method of
manufacturing a magnetic disk having a magnetic layer, a protective
layer, and a tubricating layer in this order over a substrate, wherein, by

forming



In an enbodi nent, the protective |ayer may be a
hydr ogenat ed car bon-based protective |ayer. [0021]
In an enbodi ment, the protectiVve |layer may have a

thi gé?%?a?gngﬁc Byer bt %eg;ﬂ@ecﬁaé B fitnis %?dér%‘(:%{‘ﬂieoéhbstrate and

[ 00
pr ovthete dy @xp&uhg)d'ueqﬁromw ket @@[&mmgmtmﬂrmnﬂalswessure it is
havi ng a nagnetic | ayer, E@Ot ectjve | ayer,

| ubrReEaibleny magRyve the, afﬁ'?it% OB drolsGie lavaripdhe A{béicatmg layer so

wher,

pr ottg%ttrklh v gmf rchfr?B %ﬁer ﬁ(l s “or ger %%/'gr? Ct%‘ﬁe suaﬂtg? g{ﬁ:thgr{) Jotectwe
t herlayey mﬂqpmsposgweihq)rwuhng at mltm}gelnameerlt(b Iayep Mtk ritnw mechanlcal
under_ no 0SS rove

DG G coRTRBINbire s e doriien: UM i Rlpessure, i
| aygg &%sfbibatt uﬁhétu el Gt 'tl'ihg th@MfdssWof rlh?oﬁr%tec’uve layer than

adhesi on can orned on the prot ective | ayer
Wi t rmnvermoealtbe(ceU§e prisvptnegpssanito mgﬂv@y emVIILeGhanMQenated

t hel.tar(‘g rre%:%%%% Sﬁ}hﬁe{gﬂg‘%@%ﬁgfonvenl\ trtx.am%ent ogonly the |
Possieh) @utedmbsir thfsice SfURE droRchld %@?Sé‘; éﬁabléd)e a reduction in

protective |ayer than conventional because it is not

nec é@%cz!naylcal@tr@bgﬂhtqu protﬂcb\ﬁ lgwemﬁ emall.t Toerefose.ds plsg possible

1 ot 1R8I BRI AR . A IBARARE i HEPPANEN 3PSl Between a

pr otresjriciehéRYQid & Eed@l‘tﬁtﬁilagler iA réceftysaron i n
mechani cal strength of e protective layer is small.

Ther ef or 83023} i s al so possible to respond to the

demand f fd

bet ween 21“ nagnel?ﬂm% ag‘%a’{r’m%}% re%rﬁﬂlﬁ'%gfﬂ%?%@%?ﬁ%t may be a
r ec plasmeegerteratbd @23t least one kind cﬁrgae rshlediecddm at fitogen gas, an
pl asma used in the plas eat be | as
gen&FENeRs AN QE(VQ%SQS @E‘g %{Lf%i'"% a@%‘é i%rpe%fgeﬁ gﬁi‘%{e‘co're it
ni t rSOPS&le@% f%rﬁl@@ﬂan%stheaﬁoﬂém% Bf Q%SSU@EQ éF the protective

fl uorl ne-based hydrocarbon gas. Therefore, It

pos $yef 8o i id avupravel its a:lﬁarhgmthedubmqie'ngt[ager of the :
surface ﬁo Efe protective |ayer so as to inprove its
affinity 3 he | ubricating | ayer.

In an embodiment, the protective layer may be a hydrogenated carbon-
based prbtective layer. 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.

f0025]



[ 0024] In an enbodi nent, the protective |ayer
may be a hydrogenat ed carbon-based protective |ayer.
That is, wthout reducing the &echanical strength of

t he hydrogenated carbon-based protective |layer that =
has hi gh ‘?@@ﬁgﬂg é%l%]%ﬁﬁ ﬁSB‘gﬁts thers spprovifdes aimagRetic disk
tot i ry ' j ' i ' \ i i
the oA ey S & ikt BRET eSS MDA ISy in this
8 order okecar dubgirate, whersiacted petpeiote, layeerie subjected fo a
provi ded a netic di sk havin magnetic |layer,.a .
D ottiapa! PLgios:Gaio 2 WESTPANdeR GoTAgLPaS Ul p&fore forming
or dgpe 9M§r‘ica@in§UIQ§éf Bhethe"hidhEdiNe! BPeR A6 Bit lid)Rssible to
is subjected to a treatnent of expOsure to a plasma

undémproentile affindy of the ereteetifeotayendo tie lulisatiegdayey so that

| ay th ofective | r..Therefore it s :

posdhs Fbriegind st Btbyod ¥itigsig G0 bRPTRFgbe oy hg protective
| ay eaydrowitReut pokitvalyl Peovidingr ashittdgahaldlie DLC layer with low
| ubricating [ ayer with good adhesion can be provi ded '

on thechanitastreogth %@@@nw&tma}!y-ﬂ&inﬁ ithe p&asmaavaeahm@; under
s CERORRERRrey i (PR Mee e FRER Bl WG or he

nor Iprbteptivs Biyeethant crveptiondl egatise ftus hbenecedagetd pesitively
thi ckness of the protective |ayer than conventional
bec&ivde  thes nHergensie 3k tayepas omueptionally gad hecause,
nit r-r%g?ﬁl% i q@@l,l b ReS RS
i,nas',rruc arggtsllﬁqeh%t &rgéﬁﬁn%@fog%‘g)ﬁ?@éthe vdé]rty ouétier nost of the
sur fpactectife tldngerpisotralties e al sadarction ienalgchdnical strength of the
reduction in mechanical_strength.of the prqtective C
| oy Broteetu ByeT o REall JHETEiRre L sy HRRBI S regbond to the
r eS%ﬁ%@f&h&nH&Wﬂﬁcﬁ&ﬁ in %Héc!?‘%rnida?%ﬁ&ihgrbét\ﬁ}een a magnetic
mechani cal spacing between a nagnetiec head and a ,
1 ec beedd ragpd aagamordingrla@awnin rgeantyeal026] : In an
enbodi msmo ﬁ treated | ayer may be forned at a
surface 216 e protective |ayer according to a kind
of at nosphehi mBasinmkitda ftfateg Mefertrhag berRkasdtea surface of
Therefore, the surface of the protective IaKer_ i's
f avihalsrgtestiven deveri acgardingr {0 & kil f atmaseheripraasedsed for
in atfinj ub,i .00l a . -
1 bkt 8. pRSme IBhe e ¥iace BEGH profective layer is
hy dfpgeately eshamgelion- bapetiqy 66 ent to/®el Mysroved lataffisity to the
wi t hout reduci ng the nmechani cal strength of the
hy d HEAHRG BYEAr bon- based protective [ayer that has
hi gh mcm al strength but is poor in affinity to
the lubricating layer, it is

In an embodiment, the protective layer may be a hydrogenated

carbon-based protective layer. 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



9 possible to inprove the affinity thereof to the
| ubricating |ayer. [0028] I n an enbodi nent,
the t hi ckness of the prot ective | ayer can be set to

I f
Des PdtsioMmrofe thaARY toiBBs EOREIRCR 1Rl &
an exenpl[@@3B]secti onal view of a magnetic disk
accordln to Ex his inv [
e o ilnaRuen brbuars, Drdhishate BhlW B ieatiedayat be set
pl aggey brgas, @ﬁﬁ\t itd, 'Eﬁ:n(w%k”?ﬁéﬁ %bﬁv@ﬁﬁtﬁ?a?sBﬂgf Uegéx):ptﬂﬂij of the

the lubricating Iayer thi ckness wth respect to

magridewingti sk of Fig. 1. Fi g. 3|sad|agram
show ng t@@d el ati onship between the plasma treatnent
tirre(su Ate processing tine) and the |ubricating

| ayer t hin%xn’ﬁ%SaN\ﬂe&Enigﬁ?%@btlérﬁhlanéW%%t ﬂn@gﬁét%di@k according
Ref er ence es for Carryi ng Qut t he

I nvéﬂtEX@ﬁ'lF{!@Gm]’fhiS inventioper ei nbel ow, this invention

W | %‘?5’ ¢4 iidgd I’aBraq‘ﬁ ﬂollwﬂ&tﬁee F&gtlgﬁslﬁg between the p!asma- ,

. errbodl ne
' 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 ré!ationship between the plasma
treatment time (substrate processing time) and the lubricating layer
thickness with respect to a magnetic disk of Reference Example 2.
Best Mode for Carrying Out the Inventlon ‘

[0030]

‘Hereinbelow, this invenition 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 protecfive 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 Iubricating layer on the protective layer, it is possible to improve the

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



[ 0031] A magnetic di sk according to the

enbodi nent of this invention is a nmagnetic disk
having a magnetic |ayer, a protective layer, and a
lubricating layer in this order- on a substrate,
wherein the protective layer is subjected to a
treatnment of exposure to a plasma under nor nal
pressure (hereinafter, this trjgatment may be referred
~to as a "nornal pressure plasma treatnment” or sinply
as a "plasma treatnent”) before formng the

| YD ARb R bRKPEA R LRARREISE! VEnd YR tndoncating laver

apply nor mal~ pressur sma tFeat nen

Pr ol@h lgo¥& abReLfsn Mw;ﬁo\‘n@wbﬁ thel iBiek R lngartvithgul Sosstvely
on the protective layer, it is possible to inprove

t he pedviding & pitrofendied DLGtI@)cﬁrlwvtb lovagechanical Bgength as

| ubri cati ng I ayer (particularly a 10

per CPUSEHGYet her - based | ubri cat | ng |ayer).

Ther ef or :%é(]e | ubricating layer with good adhesion

can be pr 89/ ed on the protective |ayer w thout

posi ti velphathQyretic RtkaieBbileadtodé Rbbklited @Wi%f'm mgttﬁb magnetlc
| ow nmechani cal “strength as conventionally.

- The layagamd ihe pibtektivédayer irothis arbenvan the suh&tmtmehbrbypplylng the
formng the magnetic |ayer and the protective

i n DAl @fﬂfé\dfeo?ia%fﬁ%"%@ﬂ?ﬂ tetge P{%"%B‘d?y ARY ﬂﬁﬁ‘éom’“”g the
nor al sure nt to the protective

I aygﬁmcﬁwgﬁ?‘f?ér?nwﬁ%g %%gag’gﬁbri cating | ayer on the
protecti v[go:},@yer [ 0033] The normal pressure
plasma treatrmment is carried out by generating a

- hi gh- f r edirenaympl pressure pismancatraént jg esssed eutiby generating a

singl e gas such as, for exanple, a nltroqen gas, an
ar g8ighdEesiuengy Féiﬁ%f@% H“‘Eﬁ§°"’8ﬁ'd3f BS9Ur4,9/4 iedlp g auch as, for

* conBrAnRE E AERBan b Bt i, AR R R o R E g based
10 hiMoPABSBadEf |ﬁraemFx@§ gh® éﬂ&bb%el?fcoﬁwﬁﬁ?ndg%héﬂn%ﬁ'ﬂ?g

layer. In this case, only the protective |ayer of the
mag eedasingdths lprdiestivedayieh o fhe glasota hefork dyeforrantisrnef the
surface thereof may be exposed to the plasm o

ent iubECHEgHtarc 18itBik cags, oaét tag BB%%‘V@ @yﬁh%f the g%%Eﬁ'erldlsk

exp B8R0 frs TREBHNIENE Sy IR I T Rl b piasma
tr egf iMentird had r*?etEfos?(' RhyEbd BxiRYE fcﬁi%ﬁblé%h@'ig end B8te where

properties of the surface of the protective |ayer so
as the projectuedaydrss affficianttyyexposeédie thaublasmat i Bg applyieg this

By pr ol onging the plasma treatnent tine, the adhesion
of RlastgtieakRent; s nﬁgs@kﬁéa favpratinehange thepropedies Apthe

{Ma%/%ﬂrge'lqsé fﬂke rggeﬁfrea@ Vre%t 30{3 lpf’ g\(tg 8ffmﬂy ?o’:tﬂg th#:ncgﬂ]g layer.
by " e b?&éﬁalﬁ@thbfﬁad%aﬁémmbhﬁmﬁmm adIRsRm difa lisrERRsRd
in a lubricant solution under the same conditions as

i n woestbs bt the ldiraating fyerds femed aa comverkienally even in a
'Iubricatin,&la yer is formed and t i possi

to PYRIAN W f MY FRNcENiRtiqnE) dhe EUH”%%hoéMﬂhﬁrﬁwe[femnq the

plasma treatment, even if inmersed 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 lubricafing layer in a short fime.

[0034]



11 Furt her, by applying the above-nentioned
plasma treatnent to the protective |layer, a treated

| ayer is formed at the surface (very outernost
surface) of the protective |ayer according to the

ki nd of atnospheric gas used for generating the

- plasma. For exanple, if a carbon-based protective

| ayer is exposed to a high-fregquency nitrogen plasna
generated in a nitrogen gas atnosphere, nitrogen

radi cals react wth the carbon-based protective |ayer
so t hat I : r Y/
Tayer i s TUnbPRnY SREYMHGRolsatEhioRba blErR et (G e
it Eﬂﬂ&ﬂi@é er, Mrdal® 1814188 idiBd at ihk s@rface (very outermost
car bon- based-protective layer is exposed to a

hi gbuface) okthe pragsiyenayslr aseadige trethatkid ofmtrosphesid ggassed

at npsphere of nitrogen and oxygen, 0x ﬂ n radicals. i
r ela&f Qﬁlﬂ%"ﬁ“%@e;%%%- b@éé&a'ﬂg' t'E%Pf*"\Pé %éﬁ%‘?r%eqt'ﬂéiayef IS
et e A ehB o b EnR Gl o ieen' e

f or BRbdsPpRe® nitrtb§én AXRER RactWith thk tAOSADALEE Fkﬂé&ibe Rlyer s0
the oxi di zed | ayer at the surface (very surface

| ay éra} onlly atveey gurtacedayiev ef thayeotectvedayee 1S inpthnddabwith nitrogen
is possible to favorably change the properties _of t

the h
sur Paae tobe piegpnatedc @y the oljRrnand, ihg cRponEed grqtchise layer

affinity to th j in Ly £QL:
exarebsddie 4ol BRbFRY A ak s BHlgiHBiy %ixed gas

Or g@fhdsphased nﬁ%bﬁ@hﬂ%&% D bRRAradBals Reac With afe of

the protective |ayer to ereby renove themas a

car barhountbasedarotpEtvaiage t stuthabdrdpa wewy sufece lagandfrije protective
effect for the surface of the protective | ayer

[ oofypr is implanted Wity Qygenpa s © ha@tidiza ydhadrmation of, for

et Eartineng ALRAEARA TP REME Dok RoNBEE Bt e spitags g
| ay efiridc@- 18yerPotiNE pRESHSE B ePh{déRYiBED abdVaal id Sossible to

al t hough t'he hydr ogenat ed "car bon- based protective

O ay &votaaty dhiaghe trecivapetias obihe endade dulbe peigutioe ldyar so as to

affinity to the lubricating |layer, inasnmuch as the

I
af f ImpreVe RoAfimey todRe [UDHEaNG 1Rue).erFUEtkRT. fRY GXARIPIR die oxygen

TN e e R
ef f alprbRciRRlAR 18 Bire@NEEmdvE @38 as A 2arbon dioxide/§d% Al thus

the case where the protective |ayer has a two-I|ayer
St r aist hae theosigrirg] eftpch idryir sgEcabetheqaoteoiaiaged
protective |ayer (e.g. a hydrogenated DLC | ayer) and,
as an upp@®3Hayer thereon, a nitrogenated

carbon-b d pr Lve | r.(e. q. i.t.rogenat.ed .
oC T ayorss PudtbabBahaY e k&b Rl n8 adalde R IERRN Eygoive
canigr, P%ahlamﬂa BYdragehatbd BabbR-bRSEdBotREIRS BYEEe.g. a

pl asima treatnment to such a protective |ayer before

f or hydrggeriated DLT ilayer)i nghkbyalthasgichepwdagenated catbon-based
case where a lubricating layer is forned w thout
appPiriergve lRyer RasLugh mee %@'ﬁ%ﬁre‘?@h E’HHSBPBE '@ét?'i'w tothe

| ayer. .. : [ d o) f ma
tr opre R mesmychi 3 6 Al RRRIRodBEFRAMYG ah e
t hi ghRess wifhouhrRdoERb @edtinith hadeihichh@reng@nyEAé hpdabenated
because it is not necessary to positively provide a
ni t cogembbssl [PhEctivy/iayerd the efidhids bettertashicved.

| ubricating | ayer as conventionally (or, even if a
nitrogen&WE@}DLC | ayer is provided, it can be nuch

t hi nner than conventional) and because, inasnuch as
the treatnment of only the very outernost surface of
the protective |layer is enabled, a reduction in
‘nmechani cal strength of the protective layer is snall
Therefore, it is also possible to respond to the
demand for further reduction in mechanical spacing

o e o~ o~



In this magnetic di sk, when the protective layer is a
hydr ogenat ed car bon-based protective |ayer (e.g. a
hydrogenated DLC | ayer), the thickness of the
protective |ayer can be set to, for exanple, 0.5 to
3.0nm and preferably 1.0 to 3.0nm i.e. it can be

t hi nner than conventional. [0039] . Wen a

car bon- based | ayer is used as 1tzhe protective | ayer,

it can be formed by, for exanple, a conventionally
known DC nmagnetron sputtering nmethod, plasma CVD .
met hod, or FCA (Filtered thodic Arc) . nmethod., 13
[o040] " Evenn e cas i e T4 niaiehbre it prs edtp dovst Augre
tre ; i : ] '
g el Lo d IRoEA Ry BN ol BoieTpet (i 2 nydipgenated
on TL€ iaydrs inditas, anfuppeetapanihereonsd mtyoddrmted carbon-based
above-nentioned filmformng nethod, there is a great
adv Fategiveilayef (g aniy BC jayBp)i  lericaingtlayfy with better

process..can be carri t.in._onlin Furt he en

Phe SEPSTaEEa e $25ipt By by s hae pEeg R flesm¥ Fbiment o

hydr, ‘ ; LNt _ b wi

o SAREAP AR AT B BN LA YA ad Bk i

~ul t tlancape wikea dicibaivydayards ompamittowsizpplyinpeahie pldma -
where the protective layer is in the formof two

| ay &egimant & thg prgieetiygdavgr.ed car bon- based protective

| ayer an% Q:i i trogenated carbon-based protective

| ayer. [ 8 -ﬂ The normal pressure plasma

treatnent Uéiﬁge fRdnRd, -&Hés@% EaﬁﬁmE‘PrreﬁLnﬁ&t,tif‘ﬁ g??%ﬁl@itﬁgnher

| ayer and t protective er inthis or

subséduat ehauntbknédsant thd pretdctite lageat thag chraveationa bécaused. is not
General |y, a perfluoropolyether-based |ubricant is :
pr eneeesshy o pesitiealy aroxiggmetiireganatad Dliblayerior adigsian to the

o Sy L A e
Whi e idRa, k HEK ‘3@ HUch kiSing ST tﬁﬁﬁeﬁmﬁag :aﬁa %b’&%fe'biﬁaérﬂuch as

appropriate solvent and coating the solution,

exalit tesatingnicof dhiynhe geneiubtmohos st oStk pestbctivie $8yee &0
be preferably nade, for exanple, of a fluorine-based
sol ¢e#ded.taradectivn i mgshanied! skendh ot the pretreive fayer is smail.

manuf act ured by. DuPant -M tsui El yorpochem cal s, Ca L
o et oM g e  ing d M IE AR e oduction in
| ay &lechanicdlsp& &weBRh thadHetiefledPald ® recording layer in recent
above- nent@gﬁe%?ppi ng rretq?ocj ancfpuse r%:)(/}r%eg ngdreI (5?Cen
a fiéarsform ng nmethod such as a spin coating method,
a spray nethod, or a vapor coating method.
[0038] ' o
In this magnetic disk, when the proteclive 'Iayer 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. .



[0042] For further inproving the adhesion of
the formed lubricating |ayer to the protective |ayer
the magnetic di sk may be exposed to an atnosphere at
70C 14 to 200C after the filmformation. [0043]

The thickness of the lubricating |layer is not
particularly limted, but is preferably set in a
range of, for exanple, 5A to 2QA If it is less than
5A, there is a case where the lubricating performance
as the lubricating layer is lowered. If it exceeds
20A, therép#i a case where the fly stiction failure
occurs a ere is a case where the LUL durability

i's | ower gehsn RPAAlthé Aol Eré@%%és‘inéjirééﬁmehh@an be carried out
substrate is preferably a glass substrate. The glass -

s ubsfter ddrenings thiei rgaghetia thyei ared Ihernrotemvsrmcﬁr imﬂsm reeion the
thus is suitable for .an increase in record

densihs}aioaior eramgleassing is<ahose @ensaned (IR 'ABTING mellies, there is

0.8 51 PR L o ca s e

al ugPShitdeC AFarEbraRRes RTbRERE 18y 1€ F& hle, LAAHR
hydrogenated carbon-baéed protective layer, there is an advantage in that it is
possi:ble to-feduce one ultrahigh vacuum chamber as compared with the case
where the protective layer is in the form of two layers, i.e. a hydrogenated
car_bon-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 férmed. 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 exémple, of a ﬂuorine—'basec_i salvent (frade name
_Vertrel XF or the like manufactured by DuPont-Mitsui Fluorochemicals Co., Ltd.}).
Afilm 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 formi'ng
method such as a spin coating methed, a spray method, or a vapor coating
method.

[0042]

For'furthér improving the adhesion' of the formed lubricating !ay_/e'r to. the

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



A texture shape (e.g. a circunferential texture) may
be fornmed on the main surface of the glass substrate,
for exanple, for increasing the magnetiic ani sotropy
of the magnetic layer. For form ng, for exanple, the
circunferential texture, there can be cited a nethod
of pressing a polishing tape of a suitable nateri al
on the main surface of the gl§ s substrate and of
rel atively noving the glass substrate and the tape to
~each other, or the |ike. [0046] The main
surface, of the trate is preferably ultra-snooth
vwtIQQQQd%aBW*Bﬁ%ﬁ%?'?¥¥ﬁ$ and Ra of 0.6nmor |ess.
Rmax and{gg_rereln referred to are based on the JI'S
BO601 st Andatd. [0047] This magnetic di sk

conpri seghathibigrss of e nnmaamig |Gydr 3/ 86t paktite |k Otveel | M8 is
| ayer, and the lubricating |ayer, on the Substrate,

wheprefanadin setab avengeeoit foo rrampragifeto 20A. ayfelt anassman 5A, there
particularly limted and nmay bea gnlﬁ%{ | ayer f&w
an’ 'S%ﬁsﬁwﬁ%@'eﬂwﬁﬁﬂn%l@e@@?@?ﬁ GRWRG layerdy eqwered.
for r re =)

0" 1 RESRRRIAC MR i ERE Hrdth YT SRuo BRI E VLA Ynd there
forge @@éwmegﬂhmMLqmﬂg&lntprm@w&@ut can be achl eved

which is thus preferable. [0048] In this

“magnet i c@l4dk, an underl ayer may be provi ded between
t he substrate and the magnetic |layer if necessar

Fur t her, raWISaraﬁewwlakaV@rsubﬁfrfﬁ%f&prﬁ%ﬁ#&f a@'asa§e¥8trate

an 0_.0n r.ovi d r.

TSR0 AP 8B L BRHE AR B B o
ex aﬁfpinﬁrea% ﬂrekéﬁdﬁf&deﬂsﬂ_@ %Xﬁ‘é glads Sybstra¥ehn afunthddicate

- CoW Yy, , | ayer, or the like is

ci tgidssasmlb,strals tdnexadbbsus\oeedl agcérparﬂk:olar]g%rﬁnucalla

OTi, NA, or ARy alloy layer or the like is cited.

Fur%tf%’ﬁtheﬁgd eheniaelicaipagais SUOSYag & Prefesabiexanpl e, a

CoZr Ta aido%]f' Imor the like is cited. [0049] -

A ,te-xture 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 exémple, 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 ufira-smaoth with Rmax
of 6nm or less and Ra of 0.6nm or less. Rmax and Ra herein referred to are
based on the JIS BO601 standard.

[0047]

This magnetic disk comprises at least the magnetic layer, the pfotecﬁve

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



This magnetic disk is particularly suitable as a
magneti ¢ di sk adapted to be nounted in a
| oad/ unl oad- syst em magnetic di sk drive. [0050]

Her ei nbelow, this invention will be described in
further detail using magnetic di sks according to
Exanpl es. [0051] (Exanple 1) -+ Fg 1
illustrates a magnetic disk aggording to Exanple 1 of
this invention. [0052] The magnetic disk is
fabrl cated by form ng an adhesive | ayer 20, a soft

| der | .
g Neoipe (2bElng Shstdth gbp HEGhBY Tayeltor £pHBEREDTL iaing
and sfstéd"l br PQI%ETI%%% ||fehy|§ ’é dd?’tlbﬁséd“inﬁgﬁ’éﬂé%ye@ Migh coercive force

substrate
and high reproduction output can be achieved, which is thus preferabie.
[0048]

In this magnetic disk, an underlayer may be provided between the
substrate and the magnetic layer if necessary. Further, an adhesive layer, a
soft }nagnetic fayer, 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, c')r‘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
.oited. Fu rther,r 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
magnétic disks according to Examples.

[0051]

(Example 1)

Fig. 1 illustrates a magnetic dlsk according to Example 1 of this
inventian, '

[0052]

The magnetic disk is fabricated by forming an adhesive layer 20, a soft
magnetic layer 30, an under!aye-r 40, a perpendicular magneﬁc recording layer
50; a protective layer 60, and a lubricating layer 70 in this order on a substrate
10. ‘

[0053]



(Manuf acture of Magnetic Di sk) A 2.5-inch

gl ass di sk (outer dianmeter 65rnm inner dianeter
20mm di sk thickness 0.635m) made of a chemcally
strengt hened al um nosilicate gl ass was prepared as
the di sk substrate 10. The mmin surface of the disk
substrate 1 was mrror-polished to Rrax of 4.8nm and
Ra of 0.43nm- [ 0054] Ongt he di sk substrate 10,
the adhesive |ayer 20, the soft magnetic |ayer 30,

t he underl ayer 40, and the perpendi cul ar nmagnetic

recoy,di I r.5D e, fornmed in this order in an Ar
gas?@?ﬂ{l}g?}H%\r/oj%?};%teﬁgblﬁg magnetron sputtering method.

As the adhssiiNg fiaySaisiutér ddnldtedddrn, hhbMiameter 20mm, disk
(Cr:50at% Ti:50at% was forned to a thickness of
200hicr@esbF35mm) madasf thubesidally steeguttdned| dyeinodizataglass

CozZrTa alloy film(Co:88ar/o, Zr5at% Ta;7at% was
f or meg Prepased 25 brMtisksubstrgedR- [ Do BRIn surface offfhe disk substrate

R Ao TR KRS B o) A D8E38m 0 2L
t he per pe[@ggtﬂu! ar magnetic recording |ayer 50, a
CoCrPt "alToy film(Co:62at% Cr:20al% Pt:18at% was
f or med -t cOatteiskndstaialf1 OZO%dhbﬁ%&]yer 20, the soft magnetic layer
30, the underlayer 40, and the perpendicular magnetic"r‘ecording layer 50 were
‘formed in this order in an Ar gas atmosphére 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 thé soft magnetic layer 30, a CoZrTa alloy film {Co:88at%, Zr:5at%,
Ta:7at%}) was formed to a thickness of 500A. '
o [0056]
| The underlayer 40 was formed to a thickness of 300A by laminating Ta
films and Ru films.
[0057]
As the perpendicular magn_etic r_ecording layer 50, a CoCrPt alloy film
(Co:62at%, Cr:20at%, P1:18at%) was formed 1o a thickness of 200A. |
looss] = |
Subseque.ntly, the protective layer 60 of hydrogenated DLC was formed
toa thickness of 2’5!\ by the plasma CVD method.
[0059] '
Subsequently, using a plasma reactor, a magnetic disk formed with up
to the protective aner' 60 was exposed to a high-frequency nitrogen plasma,
génerated in a nitrogen atmosphere under normal pressure, for a

predetermined time.



Subsequently, the protective |ayer 60 of hydrogenated
DLC was fornmed to a thickness of 25A by the plasnma
CVvD net hod. [0059] Subsequently, using a plasnma
reactor, a magnetic disk fornmed with up to the
protective layer 60 was exposed to a hi gh-frequency
nitrogen plasm, generated in a nitrogen atnosphere
under normal pressure, for a predetermned tinme. 17
[0060] Subsequently, the lubricating |ayer 70 was
formed in the follow ng manner. [0061] -

[0060]

Subsequenﬂythelﬁbﬂcaﬂngiayer?O\masfonnedinthefoHomﬁng
manner.

[0061] |
Using a lubricant with Mw of 3000 and a molecular weight dispersion of
| 1.08 obtained by carrying out, using a GPC method, molecular weight

fractionation of FOME}LIN Z-DOL {trade name), being a
peﬁluoropolyether;based Iubricéﬁt, manufactured by Solvay Solexis, Inc., there
was prepared a solution in which the obtained lubricant Was dispersed and
dissolved at a conceniration of 0.02wi% in Vertrel XF (trade name), being a
fluorine-based solvent, manufactured by DuPont-Mitsui FEUordchemicaIs Co., -

" Ltd. Using this solution as a coating solution, the above-mentioned |
plasma-ireated magnetic disk was immersed therei.n' 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 Iubricating"‘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.
Accordihg to the results of Fig. 2, the lubricating layer fhickness depends‘-on the
plasma treatment time. This is because it is considered that nitrogen radicals
generated in th-e normal pressure plasma react with the hydrogenated DLC
protective layer to nitrogenate a very surface fayer of the profectfve {fayer and
ihe 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.

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



Usi ng a--| ubrt+eant—wtth-Mr-of—30606—antt-a-roteettar——— s
wei ght di spersion of 1.08 obtained by carrying out,

using a GPC net hod, nol ecul ar weight fractionation of

FOMBLIN Z-DOL (trade nane), being a

per fl uoropol yet her - based | ubri cant, manufactured by

Sol vay Sol exis, Inc., there was prepared a sol ution

~in which the obtained |ubricagg was dispersed and
-di ssolved at a concentration of 0.02wt % in Vertrel XF

(trade nane), being a fluorine-based sol vent,

manyf actured b Pont - Ui, -FlL.uo 1.cal

[ ofd i b i T aHelel el WA AEAER oG8 p g roament
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i mersed therein and coated therewith by the dipping

nmet hafdie thb éeatoyertt.or Aismgotniibis| itisrseeathal ihd siytace Bhate of the

After the filmformation, the mapnetic di sk was ,
heabrotachiyg e waschaieas By the piEer pesaue elasgia tgptment.  In this

m nutes. The thick f [ ubr | g | ayer 70
was HEAEU génqueﬁc E%E?’f gf"arwgﬁs#%réﬂqﬁh%@ar ed -
spect r opf faet er (FTIR) and it was 15A. [0062]

Fig. 2 shows the rel ationship between the above _
pl asma t Feahaeatmagnetc dick evat ifaleicatieddx fhessingartoartriee as in
nitrogen plasma) and.the |ubricat i_n% layer thickness.
Accbramplg Ttaxcepiahataspiotestivy lapgrgrasdn theylormnah g leminaispet a
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dey he
pl ageral pEsture Masmaeaimenhatl he Magselis disk tryrs abfgined will

protectiye |layer is nmore nitrogenated,as the

t r e R HEA ertt?e[%?qr%ﬁgggeﬁegz ’ceﬁ(a@pfeegul t, the
affinity (?qmﬁ he lubricating layer is nore enhanced.

I nci dent£ y, the contact angle of the surface of the

“prot ect i Verthay emagnietic diek pae fabrit8tetidn thet gvnilavasanner as in

nmeasured i medi ately after -the normal &{ressure pl asnma
t r ebxareple 1axgeptthalasPingHE Breiwasie ol adaginataf

reduced as. c red w h ef.ar e t

w sioeRie RS B L b b BT Rl B Bl g
t heni%g’ér{%@ d BECh&%P b S‘R%rﬁllé@'ﬂ‘i’é?ﬁarpbfy {rR%IRRABYD method and a
pressure plasma treatnent. In this manner, the
magnktidatingisker ahs Rrmeplon the prteaibd Eyseafiter[@@0683hing the normal
Further, a magnetic disk was fabricated in the :

si nplessurenipsale tisatmantigiepihe samecoagiionhas ingExample 1. The

 hyaragestkcin BicobEed Wl Wshthd Rt A 8 e

CVDeeBhhed-and a nitrogenated DLC | ayer of 5A forned
t hereon by the plasma CVD nethod and a | ubricating

| ayer wa$odtst med on the protective |ayer wthout
perform r%the normal pressure plasma treatnent. The

magnet i ¢ Fil- SI8hpwa dhoiialioneiip heiween dheplaamadieajgent time (the

referr as . | , . .
o P o L A0 o ATEAR: e HRAR e s wr
Si Mgkgdet ERMBGHadgHtib QiskooR MRl RercetG@itie 2hakioR that the magnetic
protective layer was in the formof a |aninate of a

hy ddisigeri Redele DbeCEkamples dfand@Awvérefatmatateg sohbaiptha dutaicating

CVD nethod and a nitrogenated DLC | ayer of 5A forned

t helpegihipignasses lesagraprergenaeln pidivd Bal Al wagnslly disk of
| ayer was fornmed on the protective |ayer after -
perform ng the normal pressure plasnma treatnment under
the same conditions as in Exanple 1. The mmgnetic

di sk thus obtained will hereinafter be referred to as
"Ref erence Exanple 2".



[ 0065] Fig. 3 shows the relationship between

the plasma treatnment tinme (the tinme of exposure to

the nitrogen plasnma) and the lubricating | ayer

thi ckness with respect to the nmagnetic di sk of

Ref erence Exanple 2. Note that the magnetic disks of

Reference Exanples 1 and 2 were fabricated so that

the lubricating |ayer thi c_kne§§es t her eof

approxi mately matched that of the magnetic disk of

- 19 Exanple 1 by properly adjusting the |ubricant -

~coating cqonditions apd. th lasma treatnment..tine (jn

¢ hectaBel gy BB edisind i WBHH oosife TohGions B plasma
t he ' b [ aﬁi}ﬁé ted according
to %@@@?Fﬁﬂ%ﬂﬁgﬁ%@ ﬂe@l@gﬁ%‘% ] %)aEvaI uati on of
Magnet i c [OW6H) ' A lubricating | ayer adhesi on

t est vvasﬁpe.rfor med for evaluating the bonding

per f or nadden(hambiinag) magnetip giske werecamalunied ageerding torthe
respect, t? t he @rqotective | ayer. At first, the

t hi ORAEG &5 MatOq. ypri cating I'ayer of the magnetic

di sk of le 1 was neasured by the FTIR nethod and
it was 15A as descri bed above. Subsequently, the
mag[@ialuatidh skMagndicdiist)e 1 was i nmersed in-the

fluorine-based solvent Vertrel XF for 1 mnute. By ,
t he i mrerslibricating iayer sdhasimttestiwasrmedgime)iar gyalpating the
portiops wth poor hesi.on, (fluidi.zed |ubricati

Paybpfohia ShrruBars hhaman o L bR vpb e fbrtto the
but . L ng ; by . . _

(1 QISR BYER At DR B G050 DRy 0P Hagneri

pr otiek bi Barhgly @rwasSubseaeehy ihg, FTiR enstieghend icwes $8A aes
renoved fromthe solvent and the thickness of ‘the
| ubdésesibth gbovey e Subagauestly threctagiglic giskypf Erampip Rvas

met hod. The ratio of the thickness the | ubrigatin

oy BT ea i R SR EREr PN TSk THBUEneEs te

t hi hinCaL i - , »

B3R AT el S A o (e
| aypbrictingsayen) dratdispetdednnddissaledin the solvant, bet Ismicdting

that the higher the bonded ratio, the higher the

bontyergpqstersorittasicang(adiireien Hinpd dbricatingl laar) ean femwin on the

| ayer with respect to the protective layer. Wth t

o OIICV AR b Ubseter L. 1% g R ie e dondte

| na ' &3 thfubfediifg I4HEE i h

| a0 56 ARG bR AR e abrepagan by e

CONFRIF memal. STREARGGMS tr_letthicﬁn@gmweha@ridah@% gengtdr the

di sk of  Exanple 1 is quite excellent in adhesion of

t-heinimdgsiosan thegsdivepieto thg do@@ess of the iubricating 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
Examp_lé 1 is quite excellent in &dhesion of the lubricating layer. |

[0068] .



20 Further, the bonded ratio was al so neasured
Wi th respect to the nmagnetic di sks of Reference
Exanples 1 and 2 in the simlar manner. As a result,
it was found that, while the bonded ratio of the
magneti c di sk of Reference Exanple 1 (Conparative
Exanpl e) was 70% the bonded ratio of Reference
Exanpl e 2 where the structure-gf the protective |ayer
was the sane as in Reference Exanple 1, but the

nor mal pressure plasma treatment was carried out

e LR P i e
exCal gﬁ@ﬁc dh§ks;<’7tﬁl 'F%‘i’ér@ﬁce EQARSs 1 and 2 in fﬂél Smil& manner. Asa

consi dered to be caused by the fact that, by the
nor resilt gt essinued maswimlettheaomﬂram hfethe magnetic diskohe

Pﬁgtﬁgﬁééﬂvq%téaaﬁq oy eRYRE TP KA 1551 4 Gonged atof
Ot b1l 2 WHEAC AU LR AR Bofdolfe [3¥PhaYTR same

act rrcan

Cheﬁs GokéigrdhesgRdmbR 1, ot m&%ﬂﬁ&uw@shm@asmam@aﬁﬁerﬂ was
result, the ratio of the fixed lubricating |ayer was

[ nccwaeédut tﬁe(ﬁ@é@(]:rmmg the Iubrrcagngﬁawwaa‘ @ary 8ighras gh as85%
i n Exanp [ possi bl e to manyfacture a

magAed F'E'S&"%'Hb%ﬁ“ﬁg '%i’ﬁlr yag exsRirayR RGP BLC

- protecti \fﬁo 9j:1yer wi t h _hi gh nechanical strength, it is
possi bl e 't 0" f educe the thickness of the protectlve

| ayer t hahiCigRyeN8EeA3d be @é\@heﬁlﬂyttﬁ@fact ihiat,iby 1RO BSINkYl Bressure
to formon the protective layer a lubricating | ayer

Wi t blaamaer@atnnmﬂ thhisolaese théplotedivelagel Wanchanged in properties
adhesi on. [.0071].. Then, .an LUL (Load Unl oad)

dur BonFRaEsE @Se@fimfwaf@ the JogsaHag 1avsF O@Wﬂr W@rdﬁhf@e@wﬂace of
',dur b|||t of _t he 7
Blorblbn GRS o P o o Rabismant B charels
t ypsand@@&o HERBIREvARJetafRES 8 rbsuhBadaitd sfthd ftf(éd’lhﬁﬁbatmg
hei ght of 10nm and the magnetic di sk were mount ed
t heta@errwasﬂmsﬂeladm of the magnetic head is-an NPAB
slider
{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 th:ckness of the protective layer
_than conventlonal and further it is possible to form on the protective layer a
lubricating fayer with a required thickness that is excellent’in adhesion.
[0071] - |
Then, an LUL (Load Unload) durability test was performéd 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



21 and is nounted with a magnetoresistive effect

el emrent (GWR el enent) as a reproducing elenent. A
shield portion is made of an FeN -based pernal | oy
~alloy. By causing the LUL-system HDD to conti nuously
repeat the LUL operations, the nunmber of LUL tines
endured by the magnetic disk up to the occurrence of
failure was neasured. [0073] i As a result, the
magneti c di sk of Exanple 1 en&ured the LUL operations
of 900,000 tinmes with no failure at an ultra-|ow

flying height of 10nm | nasnuch,_a na jc disk is

§ ugBaTROBEe R BNt oS B BT (ME ) a8 o
600 ' 0 {42 P MO IR

env] i doER, A sRidhafy s ARoRR 2l ehd!Batit nqrmaloy
Exagmye By basgsimxiHean®l-yyshing MDDetbicaRtinuoLyly répedt i e
test, the fly stiction phenonenon diid not occur. The

" sur bperatiarts, theewmetgpnof LUL tinek eatided by theunagreadicoiisktupgo the
magnetic head after the LUL durability test were

obs BFRHIENEHOIHRIYRWASIT®RFUEY opt i cal m croscope and an
el ectron @?ﬁﬁoscope and were found to be excellent,
i.e. no A normal ity such as danage or dirt was

obser ved mndieshitirthd @tagndte distosf BaniplarBegires Rl Wiheperations
magnetic head or no corrosion failure was observed.

-[ 003#300,000 timesFwith he failusratiaplulttalowidiyingtheight of 10mes.

al so performed on the magnetic di sks of R fergnce .
Ex affigsesich agadnaonetic disk isipdgedip éﬁe&ws@b* it gnflyrgg particularly

B B R TBE B GO e

600:H20MetrhaPtic Witklo Exhipie BrtHR&ixtrermely HigtofeliBSifit9r eDGfhg the
Exanpl e 2 endured the LUL operations of 900,000 tines -

wi t teshohd i stistien ph@@Magnop Bichmploeci®) * The surfaca of the magnetic

protective |ayer 60 of hydrogenated DLC was forned to
.t AFERAGYY Brlags A R mAdRRHH Bracaee U dndurel) b egigvere

of gﬂ(saergpe!aem %e@(f an% em @p%i% rﬁ?&n%s_gg:pte%gj’an electron microscope and

were found to be excellent, i.e. no abnormality such as damage or dirt was

L

—
il

observed and, further, no lubricant adhesion to the magnetic head or no
corrosion faifure Wag 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

rﬁagnetic disk of Reference Example 1 '(Comparative Exarﬁple) failed when the
number of LUL times reaéhed 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 DL.C was formed to a thickness of

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



+22- then,  ust-ng—a—prasra reactor —a -fmaghet-te-di-Sk——— - o mm——

formed with up to the protective |ayer 60 was exposed
to a high-frequency oxygen plasma, generated in a

m xed gas atnosphere of nitrogen and oxygen

(ni trogen: oxygenr. 99. 7vol % 0. 3vol % under nor nal
pressure, for a predetermned tinme. [0076] A
magneti ¢ di sk of Exanple 2 wasfabricated in the
simlar manner as in Exanple except the above
‘point. The thickness of a lubricating | ayer 70 was

ured.by a Fourier, fr o.m' red. .
speﬁ}%mf{ BRIECER R PR TIRRTSIY ORR LOrRER Wit fho protoctive
: h in a mix
depede on@&ﬁi&g@%é&ﬁ%@l{dﬁﬁdﬁ%ﬁ%ﬂ Wﬁgﬁﬁﬁﬁ?% ??ﬁgg%gusg ed
it pss slonsphiereadnidogen axy geygendnitrogersoxygaes 3. 8ebl%r0.3vol %)
the normal pressure plasma react with the
hy d Hodss matreal PIeSSUps: dreckriedetermiyed tne. oxi di ze a very
“surface I&?/@E of the protective |ayer and the
oxi dat i or gel y depends on the plasma treatnent

ti-ne so tmg réiasanile 3 R8s PIALSEH b Bel sifdr nhahner as in

nor e oxi di ze as the treatnment tinme increases and, as

a r egample ttdxeepfthe abdbye paint h&hé thisknesd omluba@zﬁmgllaler 70 was

more enhancéd.. Incidentally, the contact angle_of the

sur feseursd by M quriBt EaRsioiE l|nﬁ9r@|d sppetrpphatomaier (F3IRang it was
g&:sured inmmediately after the oxygen. plasnma

tre& nt and it was found that the contact angle was

reduced ?lf 707?rrpared with that before the treatnent.

‘Also fro (t) i-s seen that the surface state of

- the prot ggéd MeExaapts 2was Iubhiaaedayey thitinmesx dgsendsicasha
treatnent. [0078] Then, the obtained pagnetic disk of
Ex apigs@atregtmediieuatl Big.is pecruse it is COnSIW ed fhakexyggn radicals

JEEAREL N S i Rt R
ConRafgs gt R 415 A Teg0ck e SEKSH pyer e
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,- asa
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 éngle was reduced as compared witH that before the treatment.
Aléo 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 result, the bonded ratio was 85% with the

maghnetic disk of Example 2. According to Example 2, it is possible o



23 manufacture a magnetic disk using only a

hydr ogenat ed DLC protective |layer with high

mechani cal strength, it is possible to reduce the

t hi ckness of the protective |ayer than conventional,
and further, it is possible to formon the protective
| ayer a lubricating layer with a required thickness
that is excellent in adhesion2 [ 0080] Furt her,
an LUL durability test was per?orned and, as a
result, the magnetic di sk of Exanple 2 endured the

Rl 3y a0 0ot P Ml DR 50 e

fly, st inchi , i

t o b RECARREARTRAGH, Hidhdahi o Thuce tHE H SRR e

af t grotédiiee ldyer than @bhvdantiyndl estd furhe, iDiBgesyibr to fordedrathe
using an optical mcroscope and an el ectron . ' )
m cpadedive layata iubrieatinglayer mithisereasieas) thiskeessithat is gyeellent in
abnormal ity such as damage or dirt was observed and,

fur iaﬁg?s,loqm | ubri cant adhesion to.the magnetic head

or no cor[{)&?j on failure was observed. Industrial

Appl i cabi i )1 [ 0081] A magnetic disk of this

i nvent i orFrdes ahilaly dirdtsiitptese@as betortesanadaps eskuttpthe
be nounted in a magnetic disk drive of a conputer. _
24 Glaghtie digk ofxampie eoddied khentdueparatinismyg SRRLAB dMes with

"2y 8P TR GRteea T PRS0 10Ty LP PR FiRgestcipe f sfcton
thi 3 O B8RS n&t O%H\S’ét b %urféﬁ’!%ﬁff %@mﬁ?ﬂw&ic'@gm the surface
conprising “formng sald nmagnetic |ayer and :
sai di RhigRshid ead e ihel UL dirsbifity dest weresbsbaied in detail using an

substrate, .
optical microscope and an electron microscope and were found to be excellent,
i.e. no abnormality such as damage or dirt wé‘s 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.



exposing said protective |ayer to a plasma under
normal pressure for a tine period, formng said
| ubricating layer on said protective |ayer, and
controlling the thickness af4 the lubricating |ayer by
controlling the tine period of exposure of the
CLAIMSot ective layer to the plasma under normal pressure.
1, rﬂ\rﬁ‘ag%@e mﬁk%éﬂu%%tdﬁ@%&ﬁ&&‘&hﬂﬁnﬁ&ﬂ% 2670 hélv.crwsls Raving a
erein said plasma is a plasra generate in
magnatic lapersa poriective ayenfangaslubridating kaef indhis ardsr overgegubstrate,

where%@%%g ﬁ{%eﬁo[?gc an?%ﬁﬁgr gga%ggegagas 3ani ?ragnetl c disk

MigrohfrayCd st magnémtldim aad Galbldjr{litgcttv@ l®jenimhis @derZyver said
wherein said protective |layer is a hydrogenated
substi@ig. hon- based protective |ayer. 4. A magnetic di sk

hayhdithgBs ATPErBRctife 1986 a Radth P LREdr infndl Y&fsuredfla dme period,
lubricating layer in this order over a substrate,

wisméigrsarhlubrigatiog éayer g Sﬁ'd)ﬂﬁ‘ﬁe@té’ei@’@f éhded to a
t 'E:&WJW@H%@P‘N&%Q Y tfre ‘LfBrleatPIIQQ%LBr?ibg EgﬁFoi[ﬂfbggglrtlmg #eriod of

pressur ore rm ng said ating

expossisd of the ptobstivey mybaipehe plakmaeindet tmemahpreksiess of t he
| ubricating layer is controlled by controlling the
time period of exposure of the protective |ayer to

2.t Rem@drE8Bisk AtRIUFRATTG mEhes Sttofding fo clAmMBmetdis said Plasma is
according to claim4, wherein a treated |ayer is

a plasrrm?@&raé%d i 2 Ipesheee bind shoes yieptetion e n'técg&ﬁn gas, an argon gas,
an oxgdéﬁ | B & BudRinkl I:fbg, thy%H%QHEéé c gas used for

erating said A magnetic di sk according
to claim4 or 5, wherein sald protective layer is a

%ﬁ%@g é%?@aﬁn@?&%ﬂl& ﬁsfﬁeqh&f Q&C%?CEI E) c!lﬁ e{ Or 2 Z(t)}}epéi% said

o any

protecm@ra@enssatydrqyeamedtdamnl-kﬁﬁeﬁ phﬂect;aeidyleckness of 0.5
to 3.0 nm - 25 ABSTRACT

4. A magnetic disk having a magnetic layer, a protective layer, and a lubricating layer in
this order over a substrate, wherein said protective [ayer is subjected to a treatment of
expesure to a plasma under normal pressure before forming said lubricating layer on said
protective layer, wherein-the thickness of the lubricating layer is controlled by controlling the

time period'of exposure of the protective layer to the plasma under normal pressure.

5. A magnetic disk according to claim 4, wherein a treated layer is formed at a surface
of said profective 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 3.0 nm.



A magnetic disc is provided with a magnetic |ayer, a
protection |layer and a lubrication layer in this
order on a substrate. After successively formng the
magnetic | ayer and the protection |layer on the
substrate, the protection |layer is exposed to plasm
under normal pressure, then, dghe lubrication |ayer is
formed on the protection layer. The plasma is
generated in at |east one kind of gas selected from

l'Lori ne. hydr ocar bon_gas. ~HRaTHRGr ection | ayer is a

hydr ogenal-gde5RHRERs BrRdREiBNa YRBtic layer, a protection layer
and a [ubrication layer in this order on a substrate. After successively forming
the magnetic layer and the protection layer on the substrate, the protection layer
is exposed to plasma under normal pressure, then, the lubrication layer is
formed on the protection layer. The plasma is generated in at least one kind of
gas selected from among nitrogen gas, argon gas, oxygen gas, and fluorine
hydrocarbon gas. The protection layer is a hydrogenated carbon protection

layer.



