1 DESCRI PTI ON MAGNETI C DI SK Techni cal Field [0001]
This invention relates to a nmagnetic di sk adapted to
be nmounted in a magnetic di sk apparatus such as a
hard di sk drive. Background Art [0002]
Magneti c di sk apparatuses such as a hard di sk drive
(HDD) have enpl oyed a CSSI(Contact Start and Stop)
systemin which a magnetic head is held in contact
with a contact sliding Lon regi on) provided
in an inner peripherallﬁégbgﬂpﬁﬁﬁihe surface of a
magneti c di sk while the apparatus is stopped, then at
the tine of start-up, the magnetic head is flown up
while sliding in cont ' isk surface in the
CSS region and then rggggﬁwagyégg$gduction is carried
out on the surface of a recording/reproducing disk
regi on provided outside the CSS region. In a
TebhRicahFrgd oper ati on, the magnetic head is retreated
fromthe recording/reproducing region to the CSS
regi ¢oo@rid then is | anded while sliding in contact
with the disk surface in the CSS region so as to be
st opféus inventioe radsessips avagnetie diskadapied spbe aiowited in a
and the finishing operation where the contact sliding
magralicdislk apparatiad sestsas gehad dissdrive. In such a
S- sys magnetic disk, it is necessary to provide
B QH“%HLE%ES regi on and the recording/reproducing
regiﬁﬂyﬁg the di sk surface. Further, in order to
prev dsor pti on between the nagnetic head and the

mgnﬂé@&ﬂc%ﬁswﬁgégra&woé{)& ésn% GaRd Ak MveHERS have

ot her, I'S necessar rovi de a convex-concave
: n irh afid ISt St N QEScHPA nidghetic head is
T R R /by P rhegnet
hefit idedoriiactsvpp s essigia sHdiegdegionq CO8:ragio Jgerovigleddi @ inner
bet ween the magnetic head and the magnetic disk
pedphérag redien 83hemartace @i, mapeetic disk kvivierthe appgraitis ¢s
recording nediumor the |ike coated with a

stqppet) thsroall tkgitjsee pésiastk-up.dbeireagnetisdvaasyisdlov ue wile sliding
~of HOCH2- CFZOQﬁCZMO) R- CF%%% CH2OH according to

in gefpaRkeyith thie dis svEkRce4R feqert ABA thebl i cat | on
rec%o%&n@%gﬁ%cgj% 6700 Saidd SN thBR HIRA or Y re2brd irtl]g/rclarl)rlé)SUcing

disk region provided outside the GSS region. In a finishing operation, the

magnetic head is retreated from the recording/reproducing region to the CSS
region and then is landed while sliding in contact with the disk surface in the
CSS region so as to be stopped. In the CSS system, the start-up operation
and the finishing operation where the contact sliding occurs are called CSS
operations.

In such a CSS-system magnetic disk, it is necessary to provide both the
GSS region and the recording/reproducing region on the disk surface. Further,
in order to prevent adsorption between the magnetic head and the magnetic
disk while they are in contact with each other, it is necessary to provide a

convex-concave shape having a certain surface roughness on the surface of



Furt her, Japanese Unexam ned Patent Application

Publ i cation (JP-A) No. 2000-311332 (Patent Docunent

2) discloses a magnetic recording nediumcoated with

a lubricant in a conmbination of a cyclic

tri phosphazene-based | ubricapt and a

per fl uoropol yet her-based | ubricant, that can inprove

the lubricating properties and the CSS properties

wi t hout . deconposi ng the |ubricant even when a
thegiagnsticgSkmgnet i ¢ head is used. Further, Japanese

Unex1§§§§g Pat ent Application Publication (JP-A) No.

2004- 0 (Patent Docunent 3) discloses a magnetic

di sk 'Wé’&pe hée&g{réés@gﬁﬁﬁg‘é‘?%e%rthﬁ%bh { SRYiIRG btéﬂ%en the

can s e even ' e case of a very |low

mfab?ﬂeg:?hgﬁd QHB tﬁ@%éc_ﬂﬁél ticGisk SUMRS BRSCEBWRIrhdhs, Usbeds

Icant I'n nation of a perfluoropolyether
KrfTP A WREL e régo /i g asdtiamestahs ilikg caateal with ai nal
group and a perfl uoropol yet her conmpound having a

pdryidoaiHylgriyethephuitaicaet haviad agstauture[@004] Pat ent
Docunent 1:Japanese Unexam ned Pat ent Ajopl i cation
HOMH+ @Ez@dagfw)pﬁ(pﬁs@)q -SshOdbagcorpingeiar apsogre Mnexamined
2: Japanese Unexam ned Patent %I catli n Pubbl cation
Patgpt Applmtlozdﬁdol@ﬂ%@%é\lﬁ BGEhe %af%b qedment 1) o

8@ ned Ptent Application Publication (JP-A) No.
thegisg. PE?@EGWP% Di scl osure of the Invention Problemto

Lo (s f%%a?{ﬁef'e"ﬁ%ﬂ?ﬁﬁé fetish Apnlcation ®flbaton (JP-A)
LA TE 2Bl 8ok FEfnanskamang mour
cddi&d Wit ng%éﬁf i & abhdthaAiochaTh dyehatfshodphaz6fe dased

magneti c sk while the apparatus is stopped. Then at
lubhgaritiaie ®pedlrrbpsipethchdasag ndiricanh ebat ¢an iosproed the

slide fromthe ranp, after the magnetic disk starts
lubdcatvigatrepestizseand the C$Sowepetties wittgne decotipokingathe lubricant

performrecordi ng/ reproduction. This sequence of
eveperhen anlewiflying magnheia head ispeeds i brrtheh Japanesg.

uﬁ&@ﬁ&‘mé‘vﬁréﬁ"Eééﬂfq%@é“nﬁpﬁg&l@%ﬂﬁﬁ%é?&ﬁg a0y itendpatent
f h
DlemFp wse Bkeq Adhasastit sk fRnlCadhun pripgting lver

rther

oSS B T S i oo
st mnsestljn G u%ﬁ tuﬂéé‘dt%%c‘o&ﬂﬁer bf:éﬁbr%oﬁﬂﬁ%/@ther

sur ce of netic nsequent

ccfn'\p(dd“rﬂj !'T'&\h%;ta Mos?h%z@ﬁ@'ﬂiﬁb'é‘s eathisayre6p fahﬂteher

reduced. Theérefor I's possible to 1ncrease the
perliibropblyettadr o@nﬁmﬁ’fcﬁhm@ng laomalroxyMgirelp &S attewrainal group.
preferable. [0006]
[0004]
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Publication (JP-A) No. 2004-152460
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Because of the significant reduction in magnetic head
flying height followi ng the introduction of the LUL
system it has becone required that a magnetic disk
stably operate even in the case of a |low flying

hei ght of 15nm or |ess. Howe¥er, when a nmagnetic head
is flown over the surface of the nmagnetic di sk at
such a IOM/fIylng hei ght, there has arisen a probl em

D%E@gv&%ﬁﬁﬁ LijGdRnf @i lure, head corrosion failure, or

uenth occurs. - The fly stiction

Pr?ﬁiér?‘f@bé%o%é@b*ﬂfeeln'vénﬂb}h ch the flying posture or
e

l'ying hei-ght. of a magnetic head goes out of
ordefmog¢s]l e it is flying, followed by irregular
reproduction output changes. Depending on
ci r c@Rmicatigdd)L 8ot ldn@mmsgst@rrsma@netr@dmkgamaratws@a@re
may be brought into contact with each other
befigy inigdtioed uplace o 2l C&SsYster pngse. In the LU ﬁYé‘tem a

maGRodTet s Zfef'wééf@g'ttﬁ @%&Zhﬂlé‘é%{tjﬁrﬁh&@@%d Aqaist Pealestputside
t I di
a m8gBatk AlsRANIE PerencEses SlobBeparal FEbne o siart-ue. the

L8 5 B, AL P B s
rf( vﬁr&gadsg{é) %ert ¢ mag el cﬂ%&i@?@?éﬁ?ﬁﬁ%ﬂ&&ﬁlgh@b%cﬁﬁilon -

e oc urrence o e foregoing
Thﬁ@éécﬂ]&%a%%@ré‘t@ad&%'c@ﬂé@'&ﬁ li L 6eseibnMegngid cUdisgkiem, as

resulted fromthe occurrence of the foll ow ng
ﬁ‘ﬁ:@lmmﬁ\the CSS syMbet & Waldrirgtargirygiephsdudingiregion can be
magneti c head becones a | ow flying height of 15nm or
enkess), ont tre surtauet ofthhenagnetvedisledilyickieihus rrafeibbiei for
conpressi on and adi abatic expansion on a |ubricating
indragsing dhe irfiernzatidrecapasitya Feghes sicgiisik nahmeggasay o
nol ecules while fly uent he I ricating ..
Pradgeina eoniecassale Y pdnedar é‘i‘&%n b 13 sieReiTRURHE disk,
cool IB% Therﬁfor a re%%ﬁ I | ecul ar ..wei ght of
it ig, post PR e g e g stieer o W JRePeif s o be
r.onot | fot.h
CogRARRED: i G o ¥ et § &g opf de Rt R dcb
bRk ﬁﬁr%%'?éﬁéaﬁ?%’%ﬁ%%qhg R IoR d.(fé’@ﬁé" which s
th Jﬁg gbkﬁd and deposited on the nmagnetic head
ated 1n an extrenely close positional relationship
glts flying posture unstable to thereby cause
the ly stiction failure. Particularly, a recently
i nt r Bduaesk ofpeatignifiteradeductiorain gEet{aeeszd flyiag height
pressure) slider is considered to facilitate the
follpwingstherinttegestian oftheHdAorrsiem. idwesuacanie retided tpat a

suck the lubricant due to a strong vacuum creat ed at
magnphie dish Sably aperale qves indhRease ohadew Tiyig height of 15nm or

leshy AR MSILF 4146 3 haiesby S BPLAE RS SFBRBRE! the

mafBkl Bt ol STanoad beREf: vERLhed %G dinfloeftiha
stlctngnl?&m{re ﬁe&?{%ﬂggﬁn fEFI’th%S]:JL ike frngd{tfe%]rﬁ?r Gcl P{UL

i nvent or s have

SystHi §i L?%h&t drpfRard R8s RARIVE Er?ﬂﬁ%h%etﬂﬁ}ﬁ@epééwlé%%e flying
It has been ound out that, in the casé of the

heighisdiemaamed Pesdddee ddTQ)f@a@@r whild hes G Sﬁbﬁb@ﬁd L‘@
magneti ¢ head does not contact-slide on t e surface

irregtilaa ropgaatiien dugput ghdngefiusDepéndisg dnfdifcmdtahces, a
| ubri cant once transferred and deposited on the
magnetic head to be renoved by transfer to the
magnetic disk side. It is considered that, in the
case of the conventional CSS system a |ubricant
transferred onto a nagnetic head tends to be cl eaned
off by its contact sliding on a CSS region of a



[ 0009] Recently, in order to increase the
response speed of a magnetic di sk apparatus, the
rotation speed of a nmagnetic disk is increased. The
rotation speed of a small-dianmeter 2.5-inch nmagnetic
di sk apparatus suitable for 4mobile applications was
conventional ly about 4200rpm while, recently, the
response characteristics are enhanced by rotating it

m%gtg rg%ioréigg gfﬁgfa:g]ag[weﬁé ﬂgﬁg 'F?Ilq% RW@ugHtfintb heniRINeIH Sach othgr

suc speed, a phenonenon is

d@ﬁgg%@gfc%g?ih%ﬁd.%ré&bfa{ngaé.i ng | ayer noves

0 a centrifugal force caused by the

r ot atiiHcSodibatailhe id Bifgikness woich dreeleuieritgartiorgof a -

| ayer beconmes nonuniformin the plane of the magnetic
méldysdtic heHHLBsubjected tégotrbsion tbeeass e tofulde #1 gni fi cant

reduction in magnetic head flying hei ght (10nm or .
rebesiing/ feprbduvdtiog. t HRepencirgier CIraUMSEBICES g CAERRY/FgPrPAuction

recent years, a possibility becones Eigh t hat, cont cth
may be disstiles obatonseiies elameal MayHRERNGH CRHES Sartagsdo the

of a nagnetic,disg frequently occurs. Wen the
supiagA&f ednRERetG dis r"UU@anry”FQT contact with the surface

of tg§ @%gnetic di sk, there occurs a case where the

magn @ Jhead does not immedi ately go out of contact

with e ; ' j i

i t1 118 ereit fffirghay 2 BoRARk e fhatine JesRbhess the

fofegtﬁﬂ{qdﬂaﬂa!e;se&é&ﬂ% | ONicREPlaR Pae i idiectiti @bks reghe
r a on o

a magnétic disk in recent years as

e SRRS frbednakryarreRgalof dueidioweapiechacient.riction is
generated nore than conventional. Therefore, it is .
conceyned thidfiying hedgistidiiad inagnbte bead bhcghes a lnarlying height
conventional that a material of a lubricating | ayer

of a6nirher lessf theemagnetiehaad repaaiedly skerts adidatigiqopipression
deconposed due to the generation of heat, so égat -

andzaciabaticexpransion en eubpeeaiing leyer an fh surfree ¢lor magnetic disk

adhesi on, to a magnetjc head, of ubr i cant
(hiEHBh e ISl BBUS By B bobsRnen Hol e P arAag fer tends t
and increased in fluidity. - g ' ' -
bedPhaaahy Sarattdp tbiand (HONG TRbRL O HARIAGN 3T
i C. . i ISk ke i it h
o JEEHEL i kG T o BA Ry P o 8
ti ; t ' r iRl
AR e AeBASL ARSI bl My
iNCREENS 6 thdt itsSadIRSIdER 4 Padtcbead layeststranses r elis cavsidered
or a lubricating |layer be further inproved.
th4eeng dricant ithithe kinereased duidityds hreasferresi atcanepositad on the
be inproved by increasing the nolecular weight of a _
magieticihgladuseatedre et extreriielyesiese pésitional aetptienshipdn make its -

the nol ecul ar weight is increased by increasing the
flying napisturefunstabladp thenehy casisedhe fly stiction faiture. articularly, a

per fl uoropol yet her - based c 0 neral |y used -
reqeny iietsedu W@S{‘?Bﬁgﬁﬁ ,nghngFM?'b‘@é%Va P;S?%%V%ﬁ?s“a%r IS
that the fly stiction failure,. th rr.osi an -
copaiipiaeno 6p iale e kaneiandeHPe St an (PR JARPEE it tends o
reli abil.i [ ' .S oy [
suflhsEbrbt 8l @ FREERANRCELT clspiett 2 BOfa G REe'd the
for aL | I I UelPayes her
B 3R, e SRl R RO wOI
hycﬁr‘b%@ﬁé ¥R foAWBFelyOcd BSWE Bn IS8R Bortibh i thatagnetic head.
ydroxyl groups at” term nals are di sposed on the
PafkiUfaRe adfedd@opnascenith cemagyetorasistiveheifedt beradhitends to be |
to the protective |layer is weakened. [0012] Further,
as disclosed in the foregoing Patent Docunent 2 or
Patent Docunent 3, it has al so been proposed to
enhance the heat resistance by using a mxture

obtai ned by adding a material with heat resistance
such as a phosphazene-based compound to a



Recently, a magnetic di sk apparatus is nounted in a
car navigation system However, for exanple, even in
Japan, there are a region where the tenperature drops
to about -20C in the winter season, for exanple, and
a region where the tenperatue rises to about 30 to
45C in the summer season, for exanple. Therefore, a
magnetic disk to be |oaded in such a magnetic disk
CqRﬁgﬁatus for the car navigation systemis required
15 stably operate without failure over the w de
tenp30g@%re range descri bed above. For this purpose
the viscosity of a lubricant is required not to.
| ar getihehang prevem inveritbes hdviegotdopeviatge thatdhgé UL system
- The lubrication technique described in the foregoing
faBliitaged thBosnoverencd, of whesehfailae e dhhaobeemfaumehpytyihat, in the
used, was devel oped nainly aimng at inproving the .
cas8i ope t biLisystem] as ope@se%to heLcasgsafdie %%éy%@m, a magnetic

di sks, the frequency of occurrence of the foregoing . .
haash dapseRoticontAGHSIICF ey BRGUEIACR(O! B eaN P U HiFREln L1US, it is
difficult to satisfy reliahili r ir f
g GRS Voo B o OB K5 Yl B Yoo o
conpound and t.h f t her - aI0r i .
oS LR D MARBRCUR T PR atnk n e

Ral | { ADasHEEn 8niosa Magneti
oo 5 RRTRRoP RIS BB pMBHERT chordrias onia magelc
he2BRERGS RO IddHRd STBR I Iddntact @n@ing!c}mm U8S eegion of a

magneti ¢ disk 1s used. Therefore, high reliability
m&GHEIRLdifIe afb] lehefdra)iResé fulluussabteenot ateualézeper at ur e

range. [0014] Under these circunstances, enbodi nents

of t@®d]nvention seek to provide a magnetic di sk

having a lubricating |ayer with excellent heat o '

resi Stewecty.dnordeigle iaareasedhe pepasganeedort a magnetic disk

preventing the fly stiction failure, the corrasion, ..
appardtusnogPIARg SAEe8 GEAGRONHEIKAS IBPasEd er 1 BIATON

shgd iﬁ’gg: %ﬁéﬁgf@nﬁés%ﬁg?@%ﬁdbgﬁﬁ%ﬁqsﬁég%ﬁbéfatf@? B8 3o mobile
aptgggtg)?]is 558&%@\%&%%%&%“)? gﬁ%@f?ﬁﬁ?@ﬂl cgﬁﬂflef ;r%cnezftl?gﬂﬁg response
ChEFHcE&Jis%figg %(r)t? re?'ﬁéﬂﬁfﬁ b?'ﬁggégihgm s Kigﬁaééﬁtééi%f%éi%rprfn or more.

surtan oad) “'system Means for
it 1R IYAGKE NS IPIoRSBUlAGLeh aThighpesanh phevietemon iBave

I'scovered that the foregoi ng problenms can be sol ved
achilitde@ irf @hlcova ibricaviegtaywrsnevet aigeatesnplieted cehtrfugal

i nvention. Specifically, enbodinents of this
forcecantéd by hiaw eotatioh softhahtinef thidkowsngf Bt lubticatyg layer

(Structure 1) A magnetic di sk having a magnetic
betayes noauvietoin esp@npradtlee magnetiggdsk. and a

I ubri[o%a}toi]ng | ayer over a substrate, wherein:

Further, because of a significant reduction in magnetic head flying

height ('1 Onm or less) following the increase in recofding density in recent years,
a possibility becomes high that contact or friction between a magnetic head and
the surface of a magnetic disk fr_equently occurs. When the magnetic head is
brought in contact with the surface of the magnetic disk, there occurs a case

where the magnetic head does not immediately go out of contact with the



the lubricating |layer contains a magnetic disk

| ubricant conprising a conpound having a phosphazene
ring and two or nore hydroxyl and/or carboxyl groups
(if a group having a hydroxyl group is bonded to ane
of bonds of the phosphazene $ing, the conpound has
three or nore hydroxyl groups) in one nolecule.
(Structure 2) A magnetic disk according to structure

su:}‘Fac rtﬁé?n HERIDE L s éé‘whh”?trdt%rfbr BaghiR. Further,

per uoro et her .mai n c aln represented by -9
becgagsg%ﬂé@rﬁQ&Fe%}ébuc(tlﬁh%&fdﬁm@ﬁ%yetﬂ@m|@mspeéc¢g:ﬁatlm of a
nore) I'n"the nol ecule (Structure 3) A

Qg{ﬁmf& diek Gh rdcers gene agdbscritacuaiaves héabdue2io edrdaeti ot friction
magnetic disk lubricant has a hydroxyl grou

is gedécited n@elibaylcogrenipres. t Enerefie, @r%@@meén@cé?hﬁtﬁal
group bonded, through the perfluoropolyether L
pashmllrﬁy beooses| kigker A conveplinnal diataaaiaiz Bﬁgilél?f&atmg
(Structure 4) magnet i i sk_havi
layRigHlecsuriager ol (0GB IRk & POt feb RS udle the
a lubric tlng I bstr
oommeatet e s Mets cenu e S G RE I g e
adrﬁggft)%sp c%srﬁ@gry%@p RENE"Rla ILBFEM A& ally TR B b sbl, Rbuced in
molecular weight, and increased in fluidity. Further, in consideration of data
récording/reproducfion in the state where a magnetic head and a magnetic disk
are in contact with each other in near future, an influence of heat generation
due to the constant contact is further concerned.

[0011]
Taking this situation into account, it is desired that heat resistance

required for a lubricating layer be further improved. Generally, it is known that
the heat reéistance can be improved by increasring the molecular weight of a
material used therefor. HoWeve'r, for example, when the rholeoular weight is
increased by increasing the length of the main chain of a
perfiuoropolyether-based éompound generally used as a lubricant
conventionally, there has been a problem that the fly stiction failure, the head
corrosioh failure, or the like tends to occur and thus the reliability of a magnetic
disk is low. The reason is considered to be that when a lubricating layer is |
formed on a protective layer, long perflucropolyether main chain portions cover
the surface of the protective layer to reduce a possibélity that hydroxyl groups at
terminals are disposed on the s_grface of the protective layer and thus the
adhesion to the protective layer is weakened.

[0012]

Further, as disclosed in the foregoing Patent Document 2 or Patent



R5/ - NNR4 (in the formula, each of Rl to R6is a
fluorine-containing group, a hydroxyl group, or a
car boxyl group, at least one of RL to R6 is a group
having -(0-C2F4)m (0-CF2)n- (mand n are each an
integer of 1 or nore) in a structure thereof and
havi ng a hydroxyl group and/or a carboxyl group at
term nals/a term nal thereof, and the phosphazene

DGR o 4148 B?Jerfﬁ’r"o%o@é@E@ébfﬂlar@édﬂ‘l@fhémrrbﬁxw;wce by using

groups -1'n one nolecule, while, if one of RLto R6 is

a AidhRUEHAREANY at8@ng2i oD wiRZ)eat résistandersuahaseach
an I nteger of "1 or nore) in a structure thereof and

pHtRphage fe-biskd ¥y mpYUoUo & canveationalglertiheopotyethaidased
phosphazene conpound has three or nore hydroxyl
lulgncanps Hbweeeriacabslingéo estydy by the Dfe(SSﬂ%/W?U%IOéSB’)’hW such

a mngj?ﬁr}g{ Lz\;mg%;g égéé%%{@{%é t%éisigqﬁgér%s[ygiheymﬂgars%dqugricant are
S PaREe0  SOTROUIS L i FEek iR A9,
conpinealn FG LT St e PO g aPE
R o B4t P o RRAEF bl P apes
prgéﬁ?%‘ﬁaﬂ;ug aa'[dﬂié?éﬁ RIS PIHIRE pREBEBS iayer LpBRTormang the

Ing Tayer over a substrate, wherein: the

Iu%ﬁgiléyé}ioﬂ‘tﬂesp@%tﬁtv@day& PRusmbetnesterinl witmhgaetdsistance

pparatus of a |oad unload system having a
hagagmetheinedkrigioigelrirgics offa hagnetis disks$hemheret he

| ubricating. | ayer contains a phosphazene conpound
impepeesettietehy resigianee i noloolagineeq MUcht he phosphazene

gonp([aéjon%]haw ng a phosphazene ring [Formula 11 Rl R2

Recently, a magnetic disk apparatus is mounted in a car navigation

system. However, for example, even in Japah, there are a region where the
temperature drops to about -20°C in the winter season, for example, and a
region where ihe temperaﬁlre rises to about 30 to 45°C in the summer season,
for example. Therefore, a magnetic disk to be loaded in such a magnetic disk
apparatus for the car navigétion syé’tem is required to stably o‘pefate_ withbut ‘
failufe over the wide temperature range deécribed above. For this purpose,
the viscosity of a lubricant is required not to largely change even in the wide
temperamre range.

The lubrication technique described in the foregoing Patent Document 1,
which has been conventionally used, was developed mainly aiming at improﬁing
-the CSS operations. If used for L UL-system magnetic disks, the frequency of
occurrence of the foregoing failures is high. Therefore, it has already been

difficull to satisfy reliability required for recent magnetic disks. Further, if the

phosphazene-based compound and the perfluoropolyether-based lubricant are



NN R6 \ 1/R3 P?z. 7P R5/ NR4 (in th

| east one of R to R5 is a group hgving : formia, at
per fl uoropol yet her main chain represented by
-(0-C2F4m (0-CF2)n- (mand ry are each an integer of 1
or nore) and at |east two hydroxyl groups in
structure, while RL to R6 do not have the

per f | uor opol yet he i haj
minscrandy st sbriesribeRen<BRdoTedNG e mRaETRG! 6 oiRPatent
are res tively fl I he- 1.ni
Danmen e ﬂaﬁéfegi%?tél Ewﬁfyﬁ%éhﬁﬁp vy g, R 1R, o ocour
( . ect of the | ti 0] 2 '
dependingio @i SSoPeRRLS GRrBHR, Whtss o8 rhaoflefifdifds used.

| ayer i.s for . US| i j |
Teg¥re Jial PRI Saffo el PRET e ol e WADIETle orgporature
m%ég_or nmore hydroxyl and/or carboxyl groups in one
nol ecule, it is possible to provide a magnetic

di sk /1ng the lubricating layer with excellen
_ _ t heat
r esi J@Je and hi gh adhesi on and capabl e of

Pr evemderatiebe &iraunastantésnembtimentst ofe thisrinventin seek to

fal!ure, or the like even in the case of a very |ow
prbvidé ROmbghetit disk hEdmg adubrisaging layer with excelient Peat Tesistance
and high adhesion and capable of preventing the fly stiction failure, the
corrosion failure, or the like even in the case of a very low flying height of 10nm
or less, secondly to provide a magnetic disk having a lubricating layer with good
thermal pfoperties and adabted to exhibit stable operation under wide
temperature conditions, and thirdly to provide a magnetic disk pérticularly
suitable for the LUL (Load Unload) system.
Means for Solving the Problem

[0015]

The present inventors have discovered that the foregoing probléms can
be solved by the following inventions and have completed this invention.

Specifically, embodiments of this invention have each of the following
structures.

(Structure 1) A magnetic disk having a magnetic layer, a carbdn-based
protective layer, and a lubricating layer over a substrate, wherein:

the lubricating layer contains a magnetic disk lubricant comprising a
compound having a phosphazene ring and two or more hydroxyl and/or
carboxyl groups (if a group having a hydroxyl group is bonded to one of bonds of
the phosphazene ring, the compound has three or mofe hydroxyl groups) in one
molecule.

(Structure 2) A magnetic disk according to structure 1, wherein the

magnetic disk lubricant has a perfluoropotyether main chain represented by
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(Structure 4) A magnetic disk having a magnetic layer, a carbon-based
protective layer, and a lubricating fayer over a substrate, wherein:

the lubricating layer contains a phosphazene compound represented by

a general formula (1)

[Formula 1]

Ry R
~ 7
NT N
R
NS
Rs/ N7 \g,

2

(in the formula, each of Ry to Re is a fluorine-containing group, a hydroxyl group,
or a carboxy! group, at least one of R; to Rs is a group having
-(O-CoF4)m-(O-CF2)n- (m and n are each an integer of 1 or more) in a structure
thereof and having a hydroxy! group and/or a carboxyi group at terminals/a
terminal thereof, and the phosphazene compound has two or more hydroxyl
and/or carboxyl groups in one molecule, while, if one of Ry to Rs is a group
having -(O-CzF4)m-(O-CF2)n- (m and n are each an integer of 1 or more) in a
structure thereof and having a hydroxyl group at a terminal thereof, the
phosphazene compound has three or more hydroxyl groups at terminals
thereof).

(Structure 5) A magnetic disk according to structure 4, wherein a

number-average molecular weight (Mn) of the phosphazene compound is 300
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Furthef, according to embodiments of this invention, it is possib]e to

provide a magnetic disk particularly suitable for the LUL (Load Unload) system.

Brief Déscri‘ption of the Drawings

[0018]

[Fig. 1] is an exemplary sectional view of an embodiment of a magnetic
disk of this invention. |
Description of _éymbols

[0019]‘

10 magnetic disk
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A magnetic disk of this invention is a magnetic disk having a magnetic
layer, a carbon-based protective layer, and a lubricating layer over a substrate
and characterized in that the lubricating layer contains a magnetic disk lubricant
comprising a compound having a phosphazene ring and two or more hydroxyl
and/or carboxyl groups in one molecule.

[0021]

By the use of such a magnetic disk [ubricant comprising a compound
(hereinafter referred to as a "phosphazene compound of this invention"} having
a phosphazene ring and two or more hydroxyl and/or carboxyl groups in one
molecule, since the phosphazene ring is present for increasing the molecular
weight to thereby contribute to an improvement in heat resistance and, further,
the hydroxyl group is present at a terminal in the same molecule as the
phosphazene ring for increasing the adhesion to the protective layer, it is
possible to form the lubricating layer having both functions of improved heat
resistance and improved adhesion. This invention can solve the problem that
when, as conventionally, a compound having a phosphazene ring and thus
mainly provided with a function of heat resistance and a perfluoropolyether

compound having a hydroxyl group as a terminal group and thus mainly
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provided with a function of adhesion are mixed and used, the perfluoropolyether
compound preferentially adheres to the surface of a protective layer and thus
the material with heat resistance has difficulty in adhering to the surface of a
magnetic disk, and therefore, improvement in heat resistance is not observed
much. If both hydroxy! and carboxyl groups are present in one molecule of the
phosphazene compound of this invention, it is sufficient that the total number of
the hydroxyl and carboxy! groups is two or more.  In terms of improving the
adhesion to the carbon-based protective layer, it is preferable that at least a
hydroxyl group be present.

[0022]

The phosphazene compound of this invention preferably has a structure
having, in addition to the hydroxyl and/or carboxyl groups and the phosphazene
ring, a perfluoropolyether main chain represented by -(O-CzF4)m-(O-CFz)n- (m
and n are each an integer of 1 or more) in the molecule. This is because the
lubricating performance suitable as a magnetic disk lubricant can be obtained
by including the above perfluoropolyether structure.  Further, by adjusting the
length of the perfluoropolyether main chain to an appropriate range, the
molecular weight can be adjusted. For example, by increasing the length of
the perfluoropolyether main chain within an appropriate range, the molecular
weight can be increased to reduce a change in viscosity of the lubricant over a
wide temperature range, thereby improving the thermal properties of the

“lubricant. The length of the perfluoropolyether main chain is not particularly
limited, but if the length of the main chain is too short, there is a case where the
lubricant tends to be evaporated or the good lubricating performance cannot be
obtained, while, if the length of the main chain is too long, there is a case where
although the molecular weight increases to contribute to an improvement in
thermal properties, it is difficult for the hydroxyl group at the molecular terminal

to be disposed on the surface of the protective layer and thus the adhesion is
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reduced. Therefore, it is preferable for this invention that m + n in the
perfluoropolyether main chain be in the range of 2 to 80, preferably about 3 to
60.

[0023]

Further, the phosphazene compound of this invention preferably has a
structure having a hydroxyl group and/or a carboxyl group as terminal groups/a
terminal group bonded, through the perfluoropolyether main chain, to at least
one of bonds of the phosphazene ring. In this manner, with the structure in
which one molecule haé the phosphazene ring at its one terminal and the
hydroxyl group and/or the carboxyl group at its other terminals/terminal through
the perfluoropolyether main chain, the heat resistance, the adhesion, and the
tubricating performance are all well exhibited, which is thus particularly
preferable for this invention.

However, if a group having a hydroxyi group is bonded to one of bonds
of the phosphazene ring in the phosphazene compound of this invention, the
compound has three or more hydroxyl groups.

[0024]

As the phosphazene compound of this invention, it is preferable to cite,

for example, a phosphazene compound represented by a general formula {1).

[0025]
[Formula 2]
R; R
L *
N7 SN
N A
R5/ = N d \R4
[0026]

In the formula, each of Ry to Rs is a fluorine-containing group, a
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hydroxy! group, or a carboxy! group, at least one of Ry to Re is a group having
-{O-CoF4)m-(0O-CF2)n- (m and n are each an integer of 1 or more) in a structure
thereof and having a hydroxyl group and/or a carboxyl group at terminals/a
terminal thereof, and the phosphazene compound has two or more hydroxyl
and/or carboxy! groups in one molecule, while, if one of Ry to Rg is a group
having -(O-C2F4)m-(O-CF2)n- (m and n are each an integer of 1 or more} in a
structure thereof and having a hydroxyl group at a terminal thereof, the
phosphazene compound has three or more hydroxyl groups at terminals
thereof.

As the fluorine-containing group, -OCH.CF; or the like is cited, for
example. In the phosphazene compound represented by the general formula
(1), the number of all hydroxyl and/or carboxyl groups in one molecule is two or
more. However, for improving the adhesion to the protective layer, the number
of hydroxyl and/or carboxy! groups in one molecule is preferably four or more
and further preferably six or more.

Hereinbelow, illustrative compounds of the phosphazene compound
represented by the general formula (I} will be cited, but this invention is not

fimited to those compounds.
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[0027]

[Formula 3]
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[0028]

The molecular weight of the phosphazene compound of this invention is
not particutarly limited, but, for example, a number-average molecular weight
(Mn) thereof measured using a nuclear magnstic resonance absorption (NMR)
method is preferably in the range of 300 to 7000 and further preferably in the
range of 500 to 6000. For example, by adjusting the length of the
perfluoropolyether main chain in a molecule to an appropriate range so as to set
the molecular weight of the phosphazene compound of this invention in the
above range, the lubricating layer can have, in addition to good lubricating
performance, high heat resistance that can prevent thermal decomposition even
if heat is generated due to contact or friction with a magnetic head at a very low
flying height and that can continue stable recording/reproduction without failure,
and good adhesion to the protective layer and further can have good thermal
properties over a wide temperature range.

[0029]

In this invention, it is preferable that the molecular weight fractionation
of the lubricant comprising the phosphazene compound of this invention be
carried out by an appropriate method to thereby set the molecular weight
dispersion (ratio of weight-average molecular weight (Mw)/number-average
molecular weight (Mn)) to 1.3 or less.

In this invention, it is not necessary to particularly limit a method for
molecular weight fractionation, but use can be made, for example, of molecular
weight fractionation by a gel permeation chromatography (GPC) method,
molecular weight fractionation by a supercritical fluid extraction method, or the
like.

[0030]

When forming the lubricating layer using the magnetic disk lubricant

comprising the phosphazene compound of this invention, it can be formed by
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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 dipping method and use may be made of a film
forming method such as a spin coating method, a spray method, or a vapor
coating method.

In this invention, 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 to 200°C after the film formation.  Since the phosphazene
compound of this invention is excellent in heat resistance, there is no possibility
of decomposition due to this heat treatment.

[0031]

In this invention, the thickness of the lubricating layer is preferably set to
5A to 15A. If it is less than 5A, there is a case where the lubricating
performance as the lubricating layer is lowered. [f it exceeds 15A, there is a
case where the fly stiction failure occurs and there is a case where the LUL
durability is lowered.

[0032]

As the protective layer in this invention, a carbon-based protective layer
can be used. Particularly, an amorphous carbon protective layer is preferable.
Such a protective layer has a high affinity to the phosphazene compound of this
invention having a hydroxyl group as a terminal group and thus good adhesion
can be obtained. The adhesion can be controlled by forming the carbon
protective layer of hydrogenated carbon and/or carbon nitride and adjusting the
content of hydrogen and/or nitrogen. The content of hydrogen is preferably set

to 3 to 20at% when measured by hydrogen forward scattering (HFS). The
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content of nitrogen is preferably set to 4 to 12at% when measured by X-ray
photoelectron spectroscopy (XPS).

When using the carbon-based protective layer in this invention, it can
be formed, for example, by a DC magnetron sputtering method. It is also
preferably an amorphous carbon protective layer formed by a plasma CvD
method. Particularly, it is preferably an amorphous hydrogenated carbon
protective layer formed by the plasma CVD method.

[0033]

In this invention, the substrate is preferably a glass substrate. 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.

In this invention, the main surface of the subsirate 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.

[0034]

The magnetic disk of this invention comprises at least the magnetic
layer, the protective layer, and the lubricating layer over the substrate. In this
invention, the magnetic layer is not particularly imited and may be a magnetic
layer for an in-plane recording system or a magnetic layer for a perpendicular
recording system. Particularly, if it is a CoPt-based magnetic layer, high
coercive force and high reproduction output can be achieved, which is thus
preferable.

In the magnetic disk of this invention, an underlayer may be provided
between the substrate and the magnetic layer if necessary. Further, an
adhesive layer may be provided between the underlayer and the substrate. In

this case, as the underlayer, a Cr layer, a CrMo, CrW, CrV, or CrTi alloy layer, or
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the like is cited and, as the adhesive layer, an NiAl or AlRu alloy layer or the like
is cited.
Examples

[0035]

Hereinbelow, this invention will be described in further detail based on
examples.

(Example 1)

Fig. 1 shows a magnetic disk 10 according to the embodiment of this
invention.

The magnetic disk 10 is fabricated by forming a non-magnetic metal
layer 2 composed of an adhesive layer 2a and an underlayer 2b, a magnetic
layer 3, a carbon-based protective layer 4, and a lubricating layer 5 in the order
named on a substrate 1.

[0036]

{(Manufacture of Magnetic Disk)

A 2.5-inch glass disk (outer diameter 65mm, inner diameter 20mm, disk
thickness 0.635mm) made of a chemically strengthened aluminosilicate glass
was prepared as the disk substrate 1. The main surface of the disk substrate 1
was mirror-polished to Rmax of 4.8nm and Ra of 0.43nm.

On the disk substrate 1, the adhesive layer 2a, the underlayer 2b, and
the magnetic layer 3 were formed in this order in an Ar gas atmosphere by the
DC magnetron sputtering method.

As the adhesive layer 2a, an NiAl alloy film (Ni:50at%, Al:50at%) was
formed to a thickness of 300A.

As the underlayer 2b, a CrMo alloy film (Cr:80at%, Mo:20at%) was
formed to a thickness of 80A.

As the magnetic layer 3, a CoCrP1tB alloy film (Co:62at%, Cr:20at%,
Pt:12at%, B:6at%) was formed to a thickness of 150A.
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Subsequently, sputtering was carried out using a carbon target in an
atmosphere of a mixed gas of an Ar gas and a hydrogen gas (hydrogen gas
content 30%) by the DC magnetron sputtering method, thereby forming the
protective layer 4 of hydrogenated carbon to a thickness of 25A.

[0037]

Then, the lubricating layer was formed in the following manner.

There was prepared a solution in which a lubricant (Mn measured by
the NMR method was 4000 and the molecular weight dispersion was 1.25)
comprising a phosphazene compound of this invention (the illustrative
compound (4)) having been subjected to molecular weight fractionation by the
supercritical fluid exiraction method was dispersed and dissolved in a
fluorine-based solvent, Vertrel XF (trade name) manufactured by DuPont-Mitsui
Fluorochemicals Co., Lid., at a concentration of 0.02wt%. Using this solution
as a coating solution, the substrate formed with the layers up to the protective
layer 4 was immersed therein and coated therewith by the dipping method,
thereby forming the lubricating layer 5.

After the film formation, the magnetic disk 10 was heat-treated in a
vacuum furnace at 130°C for 90 minutes, thereby adhering the lubricating layer
5 to the protective layer 4. The thickness of the lubricating layer 5 was
measured by a Fourier transform infrared spectrophotometer (FTIR) and it was
10A. In this manner, the magnetic disk of this Example was obtained.

[0038]

Then, an evaluation of the magnetic disk of this Example was
performed according to the following test method.

(Evaluation of Magnetic Disk)

At first, a lubricating layer adhesion test was performed for evaluating

the bonding performance (adhesion) of the lubricating layer with respecit to the

protective layer. At first, the thickness of the lubricating layer of the magnetic
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disk of this Example was measured by the FTIR method and it was 10A as
described above. Then, the magnetic disk of this Example was immersed in
the fluorine-based solvent Vertrel XF for 1 minute. By the immersion in the
solvent, portions of the lubricating layer with poor adhesion are dispersed and
dissolved in the solvent, but portions with strong adhesion can remain on the
protective layer. Then, 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). 1t can be
said that the hig'her the bonded ratio, the higher the bonding performance of the
lubricating layer with respect to the protective layer. With the magnetic disk of
this Example, the bonded ratio was 92%. Since the bonded ratio is judged to
be preferable if it is 70% or more, it is seen that the magnetic disk of this
Example is excellent in bonding performance of the lubricating layer.

[0039]

Then, a lubricating layer coverage ratio evaluation was performed.

The coverage ratio of the lubricating layer was measured by the X-ray
photoelectron spectroscopy known from United States Patent No. 6099981.
As the lubricating layer coverage ratio is higher, it represents that the surface of
the magnetic disk is coated with the lubricating layer more uniformly, and thus
the head crash failure or the corrosion failure can be suppressed. That s, as
the lubricating layer coverage ratio is higher, the surface of the magnetic disk is
more protected with a smaller exposure degree of the surface of the protective
layer and, therefore, the [ubricating performance of the surface of the magneltic
disk is higher and, further, it is possibie to protect the surface of the magnetic
disk from substances that tend to cause the corrosion failure or the fly stiction

failure, such as acid-based contaminanis present in an atmosphere inside a




N2 COO0OI 18 [0028] The nol ecul ar wei ght
of the phosphazene conpound of this invention is not
particularly limted, but, for exanple, a
nunber - aver age nol ecul ar wei ght (Wnh) thereof neasured
using a nuclear magnetic resgnance absorption (NVR)
method is preferably in the range of 300 to 7000 and
further preferably in the range of 500 to 6000. For

magHNGAEs Bt O FAPHRTERER TR P AaRbT Ry WYY ths magnetic
oo IR M SRR, e v

TR B S o mien st gy .

is 588h ?F@Wﬁ eticAdisi b?#ﬁé‘Exéﬁﬂ%' hugﬁwm@atm@ Ryer
even | eat 1Ts generated due to confact or friction

coVetdyerdiRaiRt bghibeetheapreferableypropertfidsyi ng hei ght and
that” can continue stable recording/reproduction

W t hgop40jai | ure, and good adhesion to the protective
| ayer and further can have good thermal properties
over Them, @e Li&nparas Un@audaadgéabll[tmtb@ss]was performed fafi s
invention, it is preferable that the nnleﬁular MEIght

exeriB oo haibno R of thsr PRtaIRedIBRAGISLS ‘#ﬂa t he

ESOZ%EHﬁ PR Bt s b b@‘@@f fiERioh I dfas
pr%@%ﬁ!t Wé@gﬁ@rﬁ ng%ff hF‘Eﬂef w ?%netic

didk Refd Ho%?ed ther in. 'A‘slfdé'r%f iHB’ﬁ]%bh@ﬂ% hbbd'@ aHCNPAB slider

necessary I cul ar a net

arf?SUi% @ﬁéhrﬁéd"éﬁtlﬁﬁﬁnég?rﬁé%b#é@%% @ffechelenst (GMF{ e as a
for exanple ecul ar wei ght fractionation by a

reg&JdueBigh@atricdn. CArshigit portaphis i&RCHT ae tHedt:based eeninatioy
wei ght fractionation by a supercritical fluid

allext r By chosingehadd]L-systeheHDDke. cqroiggopsly repeat edJL
form ng the lubricating |ayer using the magnetic disk

oplerdiansaifiie semper of hyLitieeppodyiedAunbedBagaelitdisk uptpdne
invention, it can be for ged by

occurrence of failure was measure

As a result, the magnetic disk of this Example endured the LUL
operations of 900,000 times with no failure at a very low flying height of 10nm.
In a normal HDD using environment, use for about 10 years is generally
required for the number of LUL times to exceed 400,000 times. Since a
magnetic disk is judged to be preferable if it endures particularly 600,000 times
or more, it can be said that the magnetic disk of this Example has extremely
high reliability.

The surface of the magnetic disk after the LUL durability test was
observed in detail using an optical microscope and an electron microscope and
was found to be excellent, i.e. no abnormality such as damage or dirt was
observed. Further, the surface of the magnetic head after the L.UL durability

test was examined in detail using an optical microscope and an electron



19 using a solution in which the lubricant is

di spersed and di ssolved in an appropriate sol vent and
coating the solution, for exanple, by a dipping

nmet hod. As the solvent, use can be preferably nade,
for exanple, of a fluorine-kgsed solvent (trade nane
Vertrel XF or the |ike manufactured by DuPont-Mtsu
Fl uorochem cals Co., Ltd.). Afilmform ng nmethod for

the lubricating layer is, o aur se, _,not | i.
eSS he el R AR Al §fEh A€ damage

fi.l.mform o] ' | :
ot R ed PO Ry EReReRR AERR RreThabftichead or

LS~ L ' her inproving the adhesi on of

nc% E&éﬁ?%@r{rzﬂwggﬁ%gt??%gé ayer to the protective |ayer,

t he nBea tic disk may be exposed to an atnosphere at

70C to 200C after the filmformation. Since the

phos phase Recaiionndsofvas besormeent 100 magneticaligksmf this

in heat resistance, there is no possibility of .
Extenplepesict inanuthctured and, by peaformmgaa ghive fegtasdg a glide head

In this invention, the thickness of the lubricatin
withagdlyinigsheiglt efr amny thestest was Retfermsd to spejwheter férsrgot the fly

than 5A, there is a case where the |lubricatin
StistpR GPRIAEIENSS qdeeriedor INLASH Hig 'ﬁ)é%qﬂoi”s‘)h%\faé'?%b?” pgeurs, the

fyiiq BOSGrE poeicen i 0adhr REcANES Behbfual dha, erefore. by
¥ rarire .

iy el Yok iAo € ltifierondsa g B8 G bege the

Odgkoﬂr%glﬁé oy @ [as‘rﬂ%ﬁén 63R HReytasedd. Paktd fdsuftr With tA8 magnetic disks

ous on protective layer is preferable. Such
of@hRIEERRpIEY the MY StictispRerttingéndf didmidt yctar ahe the pass rate of
phosphazene conpound of this invention having a

thbygstonyd 1g0up as a termnal group and thus good
adhesi on can be obtai ned. The adhesi on can be

cont rradriesdluatingahaithgmedlepropetiies, thedtlde duabilityyest as the fy
hydrogenat ed carbon and/or carbon nitride

stigtipi g9t weremerosmeshin aimospeeger 20 d & 59%?-?0\6%1‘.@.1?19

magieis WRGH O BaETRG 1, SR BGGAT ke pacwEad adg g sood

reb et 985 Hthinen noasured by S ray phot oel ect fon
spect h%gg\peﬁ%at{c%?[«%ults of the \glﬁ‘ﬁ:%HHtﬂLém dfiis ExamnPIeiatre

m
car bon-based protéctive lay IS 1nventio

coBBiRey EREWRh ;]I'EBFe £xanpl e, by a DC magnetron

sputtering nmethod. It is also preferably an anorphous
car bq@omFlot ective layer forned by a plasnma CVD
met hod. Particularly, it is preferably an anorphous

(ERzchptg2nBkadpkagpon protective layer formed by the
pl asma CVD net hod. [0033] In this invention,
t he dddgnetistdisks op Exampiehp weaie gharggdastuned inathe. sarpe manner
gl ass substrate is rigid and excellent in snoothpess
asandoamplei lsexaant dpidhe diusinativa coawpsrndd{ 1y 8dBA$Hgo00 and the

mORhS e Yo e i i iR BB 0L 583 Boricamt
articul.arl a chem cal tr t

fobf Iirediipidere SOEEL. Nl SO A e upias were

manufactured in the same manner as in Example 1 except that the illustrative

compound (3) (Mn was 4000 and the molecular weight dispersion was 1.2) of

this invention was used as a lubricant for a lubricating layer.



In this invention, the main surface of the substrate
is preferably ultra-snmooth with Rrax of 6nmor |ess
and Ra of 0.6nmor |less. Rrax and Ra herein referred
to are based on the JI'S B0601 standard. [0034]

The magnetic disk of this imgention conprises at

| east the magnetic |ayer, the protective |layer, and
t he Iubricating | ayer over the substrate. In this

| thr Sl SP RS el Elss JyaP nebPctiih ¥y Yae
SO TEGFATH A SRR S48 L8y by S
aﬁélna%@ﬁbfeb@ﬁ@éjt%ﬁﬁt&%rﬁ@&elr W&@Veﬁ@&i&i Bé%uft@%@@

reproduction out put can be achi eved, which
dl%can?sﬁb%ﬂﬁﬂab%1 In the magnetic disk of
thi's invention, an underlayer nmay be provided between
the substrate and the magnetic | ayer if necessary.
Furt her, an adhesive |ayer may be provi ded between
the underl ayer and the substrate. In this case, as
the underlayer, a O layer, a &M, CGCW CV, or CTi
alloy layer, or 21 the like is cited and, as the
adhesive layer, an NA or AIRu alloy |layer or the

like is cited. Exanples [0035] Her ei nbel ow,
this invention will be described in further detai
based on exanples. (Exanple 1) Fig. 1 shows a
magneti c disk 10 according to the enbodi nent of this
i nventi on. The magnetic disk 10 is fabricated

by form ng a non-nmagnetic netal |ayer 2 conposed of
an adhesive |layer 2a and an underlayer 2b, a magnetic
| ayer 3, a carbon-based protective |ayer 4, and a
lubricating layer 5 in the order named on a substrate
1. [0036] (Manufacture of Magnetic D sk)



A 2.5-inch glass disk (outer dianmeter 65mm i nner
di anmeter 20mm di sk thickness 0.635mm nade of a
chem cal ly strengthened al um nosilicate gl ass was
prepared as the disk substrate 1. The main surface of
the disk substrate 1 was m rgs0or-polished to Rmax of
4.8nm and Ra of 0.43nm On the disk substrate
1, the adhesive | ayer 2a, the underlayer 2b, and the
magnetic |ayer 3 were forned in this order in an Ar
gas dPRfdbhere by the DC magnetron sputtering nethod.
TAEﬁt e adhesive layer 2a, an NA alloy film
[TaRie:- Hoat 9% A1:50at% was formed to a thickness of
300A. As the underlayer 2b, a CM alloy film

(Cr: 80ar k| TVD: a thi|jckness of
80A. .| AS .63 QoCrPtB al | oy
film (Co: &8lar/ %2 B: Bat % was
formed to § th =8

Subsequentiy, ng—w iled—out] using a
carbon taffjetyli nean at npsghere of |a @ xgd gas of an
Ar gas an{f|a@ #lydz oge® gas3(Hyd&pgen s |content 30%
by the DO magnetTon Sputt®erilng nmetlhad, . tlher eby

form ng theg prlotective | ayer| 4 of |gydrogenated carbon
to a thicknegg of 25A. [ 00371 gherz ¢ he_|l ubricating
| ayer was| flognmedgin Ehe| fgl | 8viE NG| fannes|.

There was| fr&par&d|aSol uti of B 3B TR & | ubri cant
(Mh neasufedghy the NVR net hgd @e8g40@0fland t he

mol ecul ar |Fler ght dil spersi on [#¥es 815|25) Scanpri sing a
phosphazefg—Ttgnpound—of Trhir g i nvention (it he

i I1ustrat |3le Bompoung; (4)} havi g bee® subjected to
nol ecul ar |§8ightSfragipngtijon By thggsuper critical
fluid ext r;ct“? on net hod| was |disper|sédl mand di ssol ved
in a fluoRne-|based solvent,| Vertrlel XF (trade nane)
manuf act uf ed E}yg’Dqugﬁt -Mat syi &l ugr ggheni cal s Co.,
Ltd., at B |goflcentraiongof |0.DBw|/ & 8Usi ng this

sol uti on pgSad|cga i| rYZSORUS org &t he S@bstrate formed
with the | age3isSup |ttt hg Priotiedt ijve; iBayer 4 was

i mrer sed t Her®&i § san® Soages it KeEevi thEby| t he di ppi ng
met hod, tperehy formngrthetubrigating |l ayer 5.

After the| §£m formt on, ot He magneticc di sk 10 was
heat -t real &dgijn @ yaguum Eurlnace 4t §30C for 90
m nutes, tHefeaby adhering tHe |ubrlicating layer 5 to

the protectivegtayer—4 The[rhitkness of| t he

| ubricati r@@@yeo\n was| ngagured Ry & Faurier
transf or mz @fglarged| sgect rgptot @retler §FTIR) and it
was 10A. |3

this nner|, thg magndtic dijsk of this
Exanpl e wag ontai nxg. [10038] Then, an
eval uati op&og |t he getig di sk of] tl s |[Exanpl e was

per f or med| &€qr d¥ ng t h8 flol Fowiingd et met hod.
(Eval uati pi_ofl Magmetic| Di sK)
4]
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At first, a lubricating | ayer adhesion test was
perfornmed for eval uating the bondi ng performnce
(adhesi on) of the lubricating |ayer with respect to
the protective layer. At first, the thickness of the
lubricating |layer of the maggetic 23 disk of this
Exanpl e was neasured by the FTIR nethod and it was
10A as descri bed above. Then, the magnetic disk of
this 5? le was i Mmersed in the fluorine-based
solvé ertrel XF for 1 mnute. By the immersion in

CoiRAANEE st & SRR T T Tl
SO' VthCOrﬁ éra%%tE@@ﬂw iherbreRgpRPARSd 8BoRADNTIAWRIEh a

the protective Then, the magneti c di sk was
pérﬁ@@w@iyfemén ddmep&ic/ et m@s&mm@tmmuﬁr wdight
| ubri catiing | ayer was neasured again by the FTIR
dispdrbion. wab e 0 tHaviref phdephalieoémiags asftetrhimal gmupsat i ng
| ayer after the imersion in the solvent to
repraseltesbby &F:- ®6&20\Eb&@@zﬁ40mgOCEy)@rOSEEGI’bOHHB(W and R are
imersion in the solvent is called a |ubric

eaciyphasplariens fing aed (Tbaﬂ@@oafﬁeﬁacs)an Nteqefp ? fg'aPEP and a
petgﬂ&éno}qgﬁfgm her Los clgﬁlq? OY% d&;{ﬁesrq %@@} ﬁﬁogen atom)

Ee§?0b rté] grﬁ.g eé:u ﬁer%@%@é%e yobr\lgég?s(f%g‘@% rgcfrlydroxyl
Qrégﬁ/s QQ'E)%‘?}‘FtJrﬁLhQ] irﬁu%en t%nﬁi?etﬁ?og%ﬁé%taé’bvgldhﬁ rafio b81:1 and

or nore, at t gnetic

di%é;égé?@é%ml%dh?e@mcﬁb' fSFEOqu hesshd1Baped fs@lﬁfﬁﬁﬂV@m@ﬂ XF ata

ubricating | ayer Then, a |ubricating

can@¥Biratiery of e PRwied. CUQM%RM@EDQH!O% peovhimgredution, a

The coverage ratio of the lubricating | ayer was .
subshaty edmiey witte |a¢erayp phatpretestive dtayes desas osoepsed therein

known fromUnited States Patent No. 6099981. As the
aridutodted thergwithyay theadippiagenetiiodothesely fgting pdubricating layer

represents that the surface of the nagnetic _di sk
5.cddaaretia disks Ranuiastured indheisaie Manner aain EﬁﬁmP'e ir%cept
th%gﬁs t he head craap failure_or the.corrosion failure

Oﬁﬁwgﬁﬁﬁﬁ@ggeﬂ OffRraine EXamMPieey upri cating | ayer
i ok Fgsbrhafnble AEER N diAGuidL I ES Sme AriRAas e
E){%hmeﬁlgel ékgé ‘fﬁatoei Jb'?lﬁaﬁﬁq:kﬁ/‘& thAned u@P‘@t% ly the above

ef ore, rlcatl g pertornmance O e sur ace

p&ﬂudrﬂéo%ﬂf@tdo‘hﬁﬁd% h&vifg h8Foxgn Fou drdshsdith tetmihal groups

possi bl é to protect the surface’o e nmagnetic dis
wéreQSesiibs Congesatite@ Extiapie Po cause the corrosion

failure or the fly stiction failure, such as

aci d{d@45d contam nants present in an atnosphere

inside a 24 magnetic di sk apparatus or .

si | oxemevadugien obieamiagaeiic disws mas: pryforaseenitae @iam@ manner

i S5 s S b T AR T e
f bl f 90%
b RS R PSPk ey B Tl e

ARl it S
fai drs%%cHﬂbat%ﬂ) rfﬁ@@ﬁ@g%w?mﬁtnr@e% ﬂ%%b@@a 208 0¥ times.

exam ni ng Ity o he obtai ned nmagneti c
Ftﬂ!h%lﬁ among testéd Hidbs Sthetfenetidbbh (4ure docaifedih 88% HDDs
400rpn1rotat|on type) was prepared and a magnetic
(pzﬁwdatht)%)a fih YOargpéeiigh Exampl@2ntainde bbeumed ndiehdhe
di sk were nounted therein. A slider of the magnetic
head is an NPAB slider and is nounted with a
magnet oresi stive effect elenent (GVR el enent) as a
reproduci ng el enment. A shield portion is made of an
FeNi - based permal | oy alloy. By causing the LUL-system
HDD to continuously repeat the LUL operations, the



The surface of the magnetic disk after the LUL
durability test was observed in detail using an
optical mcroscope and an el ectron m croscope and was
found to be excellent, i.e. no abnormality such as
damage or dirt was observedogFurther, the surface of
the magnetic head after the LUL durability test was
exam ned in detail using an optical mcroscope and an

w8l ¢ (ed. reaghaBADP SRDIFTS RIS aaga e edHRDS,

¥ SRR A 30T BTG S Ao
B3 Sl 94 g LR P e o
| RO A, Brpoahacrnen sl disiovoios aue

wder dovirddtae NeAB Waeksgsoraond ahd WBS lifacds oftthermagnetic
phenonmenon occurred. Wen the fly stiction phenonenon

hezgisurs) adieesién f digt was confirnodd bhéhesudacdreadthsudagmetic
beconmes abnornmal and, therefore, by nonitoring a
diskggnal of a piezoelectric elenent bonded to the glide

2:agTkgggﬁﬁ;ﬁ%bhﬁggﬁgﬁaag#épgéégi%%giﬁ?gp%ﬁ@%ﬁ&%ﬁ%ﬁ%ﬁheﬂy
stishiga tosrg e b BECH HEESHates of 20T RO i falyre
o b SR 9 o P 65 v
E%(ma@%%éﬁd’ ti@g?g l?@(’:eLch J?ﬂﬁgﬁ%‘%‘%& d@FéKéfngfont t'ﬁiestemgeaatu re of

, nop ccurred and the goo
thé @frbsshavar e obt ai ned. The eval uation results
of the magnetic disks of this Exanple are
collectively shown in Table 1. [0042] (Exanple 2,
Exanpl e 3) Magneti c di sks of Exanple 2 were
manuf actured in the same manner as in Exanple 1
except that the illustrative conpound (1) (M was

2500 and the nol ecul ar wei ght dispersion was 1.2) of
this invention was used as a lubricant for a

| ubricating layer. Further, Magnetic disks of Exanple
3 were manufactured in the sane manner as in Exanple
1 except that the illustrative conpound (3) (M was
4000 and the nol ecul ar wei ght di spersion was 1.2) of
this invention was used as a lubricant for a

| ubricating layer. 26 An eval uati on of the
magneti ¢ di sks were perfornmed in the sanme nanner as
in Exanple 1 and excellent results were obtained both
in Exanple 2 and in Exanple 3 |ike those in Exanple
1. The evaluation results are collectively shown in
Table 1.



27 [0043] [Table 1] 28 [0044] (Conparative
Exanpl e 1, Conparative Exanple 2) I n
Conpar ative Exanple 1, thepe was prepared a sol ution
in which a perfluoropol yether conmpound (Mh was 2800
and the nol ecul ar wei ght di spersion was 1.07) having.
phosphazene rings as term nal groups, represented by
R1- OCH2CF2( 0C2F4) m( CCR2n AAB2CH2O-R2 (R and R2 are
each a phosphazene ring and mand n are each an
integer of 1 or nore), and a perfl uoropol yet her
conpound (the above R1 and R2 are each a hydrogen
at pm < _ : 7 aht i
ai e e P TRY £ PRoRRLERCE  SibEh based projective
layer, wodr hbficainglsyenerer aiskbalraisgehREdiNat a wei ght ratio
of 1:1 and di spersed and di ssolved in the foregoing
f | therragndtizsdisk sohdapted Ve berrabuxeddn samaghekndiskanparatus
o . . e ot
of a I {8 et Bl Anp RO hERT TP HAGR D orless.
and protective |layer 4 was i mersed therein and coated
therewith by the di pping nethod, thereby formng a
| ubkeilaaridatingl layer cataiagnehdsphiizere cramuagtgpEpsnted by a
: i t e WRlge
genera orHREF( P Ehofnatre oS, RuGRG R plitkeacyRe R
F E&g tic disks manufactured in the same manner as in
[Form ﬁﬁle 1 except that a lubricating | ayer was forned
usi ng only the above perfl uoropol yet her conpound
havi ng hydroxyl group® aft2both term nal groups were
used for Conparative Exanple 2. [0045] An
eval uation of the magfdeti oNdi sks was performed in the
same manner as ir1ﬁ§&gnple i /R¥he results are shown in
Table 1 given above.PEpe,bBQged rati o and the
| ubricating IayerFkﬁverﬁge r&si o were low both in
Conparative Exanple 1 and in Conparative Exanple 2.
Further, in Conparative Exanple 1, failure occurred

(in thé’\Fﬂﬁit?xﬁﬁé]%tméﬁmenteOéf RUo Ri ies gr@q?ilmdng’,@q:egrﬂﬂortdppbgiher
. Further, anpn e | 0 ;

main 62 FpatpSERRBRON b 2L HIERCr G o e s et foer of

1 or niorelphé a2 jedshtwvahydoogligraupsinetruchise, @bilwunber  of

LUL tines reached 300,000 tines. Further, anong
R, to Redloasbttiadve the %é‘ﬂlhcyrosb}yethemnéiai dhaireand the atigashtvitd %
H ass rate 9. t 3 t t.i
nydrog oAt e Tapmie gl of Rito FRHE b EpLiREl
fluorirexaombesnd geoups? aaddheecon mese hytiexny! ArPHRS A&e PEISAh one
ricant and corrosion failure were confirned at
B pocket portions and ABS surfaces of the magnetic
heads and adhesion of dirt was confirned on the
surfaces of the magnetic disks. For eval uati ng

the thermal properties, the LUL durabi.lit

the. 1 Aynaghetis SRk seoreg 85 GBI o W TR b BShePeboe
mole@flar ®Oight (MRDEF thEhsosphaizkne ecotmundds 306 tal1000he

magneti ¢ di sks of Conparative Exanple 1 and

Conparative Exanple 2 and the degree of failure was
| ar ge depending on the tenperature of the atnosphere.

3. A magnetic disk according to claim 1, wherein one of the two hydroxyl
groups is bonded to a terminal carbon atom through the perfluoropolyether main
chain while the other of the two hydroxyl groups is bonded to a carbon atom
adjacent to the terminal carbon atom. |

mole



30 CLAI M5 1. A magnetic disk having a
magnetic | ayer, a carbon-based protective |ayer, and
a lubricating |ayer over agzgubstrate, wherein:

the magnetic disk is adapted to be nounted in a
magneti c di sk apparatus of a | oad unload system

havj ngy %dda?@ﬂﬁtdlgk E@@c?rd@ tbrtgalpr‘?'l 9Rhefdin WE%@rBDg having the

| ess, cating 1ayer con
PerﬂW@@QW&ﬂﬁféﬂ@tﬁh@@ﬂm@”ﬂéb?é’%@ﬁségﬂ’%‘lﬁydf%hﬁmpsf ormul a
(1), the phosphazene conpound havi ng a phosphazene
ri r&gtkﬁrﬁdwdubwlgroum BandedR® a carbdrkatoRs seEdRid fr¢inra bonding
f RLto R6 is a group _
termﬁ%??é@é%ﬂ*%ﬁhﬁa%%é po )?gtgﬁieg mai n chain represented by
-(0-C2ZF4A) m (0-CF2)n- (m and n are each an integer of
1 or nore) and at Ieast tvvo hydr oxyl groups in
str cture, whil not . have t
Lfg ‘ﬁ%ﬁ a‘ﬁ%ﬂfﬂ‘“&ﬁ&‘#@'ﬁha ‘@"H%’eéﬁ ”1+é‘a'§tth?m§c9 CaFa)m-
(O- Cﬁy)dmr-aiad;slwgmima)sarge ofetcs@be time, the renmmining of Rl
to R6 are respectively fluorine-containing groups,
and three or nore hydroxyl groups are present in one
nol ecul e) . 2. A magnetic disk according to
claim1, wherein a nunber-average nol ecul ar wei ght
(M) of the phosphazene conpound is 300 to 7000.



3. A magnetic disk according to claim1, wherein one
of the two hydroxyl groups is bonded to a term na
carbon atom through the perfluoropol yether main chain
while the other of the two hydroxyl groups is bonded
to a carbon atom adj acent t@a he term nal carbon
atom 31 4. A magnetic disk according to
claim1, wherein in the group haying the

per fl uor opol yet her main j @gg the at | east two
hydr oxyl groups, ﬁ@@#ﬁﬁr hydroxyl group is

bonded : : 2 pavelprel :

Cor m RSP R584dER Haof R HBR At hESH RoRaIARr with excgllen

hdRGBS; {hcgi A6 ﬁigﬁoc{cﬁwle@%h@sg AR Fee\Wigh B Btigken flure or
the -(0-C2F4) m(0-CF2)n- falls wthin a range of 2 to

cétfusioM\BRURAGVen at an exbiestd|p fvd flying aaigtgrudtiiocnmdickower. Also
whi ch has a lubricant |layer with excellent heat

diselsbad &na enagrebtic djsk adiicbshaseadgyicantlayer ivibegdadolivermal
fly-stiction failure or corrosion failure even at an

prepertiasend canekeriangjahle aiiondgiver @ wWigedempgritre |@ngs. The
di scl osed is a magnetic di sk which has a | ubr

MREDEHC ISKIPOGUBIBaer BT ASP § bl PO MRRRC B IIBETh 2a
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