;e3eYY\4\6T1 Title of the Invention Magnetic recording disk and process for
manuf acture t hereof Technical background [000l] Field of the Invention The
present invention relates to a nagnetic recording disk and a process for

t he manufacture thereof. More specifigally, the present invention relates
to a magnetic recording disk which has a hi gh-adhesion lubricant |ayer so
that a fly stiction trouble or a corrosion trouble can be prevented even at
an extrenely low | evel of flying height, for exanple, of 12 nmor |ess and
t hat m gratieno€amhke Iprevenbad even at a hi gh-speed rotation, for exanple,
of 5,400 rpmor nore and which j|s to be nmounpted on a netic recording

di sk unit such adlegnedhif dsGeTHiR%e C{}rﬁqi q EOCET P é%?ocess for

manuf acture t her efnud0Q2le Stirdyent of Related Art Conventionally, a
magneti c recording disk unit enploys a CSS (Contact Start and Stop) nethod
in which a magnetic head is kept in contact with a contact start and stop

regi ont Eﬁégh{"%i qn),fermedign an inner-circunferential region at a stop

tinme, |l owed to cone up slightly at a starting tine
while it is dlOodMgd to contact-slide in the CSS region and then, witing

and reading are pEe.rfo med in the sucr.face of a wite-read disk region forned
out si de the CSS r—dﬁmp £ +HE Sherdtion is ended, the magnetic head is
brought back to the GS%d&g omfdaamdherardtes nead disjngteg on and then
allowed to land while it is allowed to contact-slide in the CSS_ 2 region,
and the FEGRECLEGhEEGK Snsk Gpp&dcers £RE éB‘SvE‘aégéaﬁéPﬁﬁdF%Fﬁgogt'arti ng
operatio d I rAat i ] kN the ¢antaek-sbiding wll be
call ed apjgg% Sg’%%al??gﬁqq[ygoﬁ% neglér?gg%gib’i\égtrlgcordi ng disk for use in the
above CSBageeldd, riecoirslingquiiséd wihd chohmsbet highegdhesdionn lakd 1§/t t e- r ead
region on_the disk surface. FEQr. preyenti he att  GStLet of the
magnet i cqﬁggg gﬁdlﬁp}‘% ﬁa%ﬁé’t isglrcgé?rﬁd?%8%%iltsek%vﬂ]tgn%?2e¥§ggpg :tﬁ%téllg%{@act,
further, cah b2 Pegwvehedd e@vieor mta anoegitered 1iyolowhdeved afpfégdngr m ned
surface routgghness cal l ed texture on the %neti cﬁ&%%ordi ng di sk surface.

ma
For al | e?afitg deFaGe ad By 1h& T Oht aEC>s PG f "R&35dGRet i ¢ head
and the gagNel ¢ rlcReRtddn@véins ktdur hAaght-kee€aSrepatabingn fotrthere are known,
for exanple, a magnetic recordi ng nmedi um ?e.g. JP- A-6266417) having a
coating B¥eREdeof OF PerdfO0UGDBRIRY FSGIy 8PRe ALY R £Re PSt FRENEES For mul a,

HOCH2- CF20+ g%'é%ﬁl)cp-r(e%%%}gﬂd%gﬁ and +a s ihgant heeat aliRikngra viehosphazene
conpound as mai N conponent” and being to be applied to a hard nagnetic

r ecor di ngnditsk HO®) ,g andl B- prbtezz44l03) mahode4s uRec shelrgoft-he above CSS

met hod is bei C{%ﬁpl aced with a magnetic recording disk according to a | oad
unl oad net hoofb?l met hod). In the LUL nethod, a magnetic head is kept on a
sl opi ng seat cal |ethteenanp @Oskdélonsdl zout si de a nmagnetic recordi ng di sk at

a stop time, and at a starting tinme, the magnetic, head .is}allowed to slide

fromthe above rdrff it ot V! hagretTIHect erf‘gorcﬁlé}g & ‘{rh]et magnet i ¢
recor di ngngi ok sStalisss tdiohitdt fseldrenasdbytwhi)t md@nhaad iheadiikd. aThe above
series of operations will be called "LUL operation”". The LUL nethod is

pr ef er r edhafgnet ic3 hieasr dgsikeptt HE icondepdt Waihr éc sPatAgte §5acitt sl nce a

W de wri ti .r eadi r.egi;an o neti G JhesardiRg¢e-skn¢an jbe
secured taslst%%o%% e \C/j(\ndt%% tr%%ll%g% %&ﬁ%&m%ugkhceip %si r?cé: i%n 'S rrllot required
to form tregivextdur @ fstopC3Smen tthe magmetiic heedr disngldioglkeds twof gome t he
magneti ¢ recqrding di sk surface can.be spmmot hened tq reat. _extent, and
the flyiHg ﬁgfilgll?ttq f ""t%hg1 ﬁﬁ&ﬁ%tlin@ ek é"él&(iﬁe lfturltshgrﬁgg'gﬁaetgs?ed, so that a
hi gher SicNntaldte safi deeder diheg CHSgalgd otarnkie taehai wedtifkye abhdl net hod i s

therefore suitable. [0005] As the flying height of the magneti ¢ head is
further dC8ERG RFSUNSF TPEEIEEadin G PGS UES 2CRe Ofner HddERT Rk H5E above LUL

net hod, irdeqii$n el Ju@ AldaaitheS ol ¢<nemat | RReRf thBeopagaeibs head even
at an extrenely low level of a flying heilght of 12 nmor |ess. However,
when t he isagneiside Héed Magnstligndigado sl pravehd Ragkghet itder £&68r di ng di sk

surface 3L aueh dofeihd Mt NN el Helfe 5 aanie g probl em

that fly stiction an corrosion troubl’es frequently take ace. [0006]

The fly diainct iwbri lter dublis rdflemed ¢ ca domdualgite stiiate dnmidreettSS head is caused
to have a fluctuation in flying position and a flying height Ievel during
its flying. The trouble involves irregular fluctuations in reproduction
output, and in sonme cases, a maghetic head cones into contact with a
magneti c recording disk to cause a head clash, and the nagnetic recording
di sk may be destroyed. [0007]




The corrosion trouble refers to a trouble that the el enent portion of a
magnetic head is corroded to cause difficulties in reproducing witten
data, and in sonme cases, the reproduction may be no | onger possible, or the
4 corroded el ement nmay expand to cause danage on the magnetic recording

di sk surface during the flying of the nagnetic head. [0008) Further, it is
recent practice to increase the turning rate of a magnetic recordi ng di sk
for enhancing the response of a nagnetic recording disk drive unit.
convent | arefion, tded SR Indgriot 1€ MIBANES £ 5601 01 19, Ak ot i t
suitable for npbile devices has a turning rate of approxinmately 4,200 rpm
whi | e it T&Ehbentierelkd Felnq ereFat omerdtend g oyat raf idits kwiatcla hi gh
rate of 5,40 i ' t ponse ability. Wen a
magneti c recor dfnm%i%t%séﬁsrinﬁfﬁ%% Bf;lleehélag ¥ atae,(fsgéjlo%erﬁ%%]n?n1 ayer
moves (mgratE8§03lLie to a centrifugal force caused by the turning, and

there cones to clearly t _a_phengnenon, i ich the lubricant |ayer
comes to have a ngﬁ-%n?gggggfﬁiﬁ ﬁ%ggl?% $ﬁ§2nﬁgﬁe??% FRcBRE #YOuP sk
surface. Offemetieod hiicknies sraafuihe lwbricantodayer dIwneases Ahd he
outer-circu eren%ial side of the disk, a fly sticking trouble or a head

cl ash tr i€ %49 SE D YKk HIHEE AURHRES i nECsf PEBVEnMhag the

thi ckness tafadiedbrdiCiant dray s defd e Q% thed ¢ i al
si de of theéaisk, thg ﬂhbﬂigﬁty perfopnancéggég?%gggggfgﬁhgggﬁggggg%ash
troubl e IEE99TELINY 1B a3l ey [BB0IN Comiartt,orfairthebr,i dantis descri bed
in JP-A- 62 i P- A- e.t hase that have been devel oped
with nai %%ﬁg"%bng%gtfq}rﬁ])rao%%}%ﬁ];%é%§@énpehra§’ﬁn§n 2 WEY S ESUbri cant i s
used i n @urdgeet irougdoesd g ldiesk aadeEortdireg dno tihhke raldhewichod, the above

troubl es t | ace,.hi.ghl requently nd.it.is difficult to satisfy the
reli abil irte;%%terr?gtngnadglﬁé&g isé%rgéa&?r'di Eard?%%"éﬁ 1P8cgﬁ¥‘ﬁge cgupgduPred to
have. |t the tdeeitelcrr 6 lirdedid ittld mag@ettitahR b gher thaPatighetl @
magnetic recording disk, a higher S Nratio and faster response in a
nagneticrF@@SPdFﬁg?&F§kd&éé@@dﬁ@@ 65t Reerat ivay hs8erpoers] kosder t he

Cl rcunst #a¢eexalmp1leS tah%fa%%'%%_ca'}eggrﬁﬁhgokﬁbq%mpr asgnt |J@!§QF6|2Q” to
provi de a nasnetlc.recordlng_dlsk havi ng “a hi gh-adhéesi'én TubriCant | ayer
that can®gfddvenhafipgsei evaginand ocoredosifon pestblerabliylevtyetbey | ow
level of hfaleh?;.gtﬁ%' %tﬁtrucft%rraﬁx%% %’laOf 12 nmor less, and which can
prevent mgration at a turning rate, for exanple, of 5,400 rpmor nore, and
a_proceséiﬁﬁﬁfiheiﬁ&ﬁyﬁacuﬁigFQKéDggf(CﬂagtjpyfaIPMﬂD&he present invention
aims at pr V|d?ngra n%%netlg Eecordlnghdlsg sgltable Eordthe LUL nethod and
a procesS fof the m&AlifacCi-81EPebf PPPEBLRECBENRBIYOBRIt RE Bnir8ARI on For
achi evi ngoinpenahevanabpeschg thebpr appnt edn¥enkoharhaygghadedi I igent
studi es on the above probl ens that recentlﬁ appear in magnetic recording
di sks, aR8°PEIRRY Hé&k f(Sudd t HRrArAd—Br4BIL&Ns are results of the
occurrence ofiglolaa ;f ol  owi ng mechani sm [0012] When the flying height of a
magneti c hea& cones to be an extrenely small flying height of 12 nm or

| ess, the magnet iRedeadd Yox dmtes addivab&SSc redordessi e ianyd reghilaloaid c
expansi op; kgpea l.ubri.cant..l ayer on.the surface qf a.magnetic
recordingl ﬁsg %ﬁghéégga??cﬁg é§§Ié%sgu?FﬁarPfggf?Qiﬁg?oaaduPﬁ8agubricant

| ayer i smeepedt ¢80y heahed)andixoched.ily mdeh@bove mdgiewic agdd@nis From

this poigt f view__the Bresent |8¥entors have made further studies and
found t h&tPthe aBoveOPRBPnEPaLcEROhCHr BnbRBER PRE1ByPREGsPYEtsidech a

|ubripanmagﬁeﬁibtﬂéhagdih? HuBki 6ank Layertshef ahat be éugﬁéféﬂf s
reduci ble to lower nol ecules. Wen the lubricant is reduced to Bw

nol ecul e A%ie tBetRBIPGESFyRRad ifeailovadi tot ylodet hronubhécahovencr eases
due to i}smhOoMRE.TPHLECH a [ t ricant ‘
| ayer and %#prptgctive %§§2F§?s£§§%¥g §3_9§§§a9?52§|?ﬁgFﬂ%$ﬁgg%€ havi ng an
i ncr easefeEPpiany| figki starnasternedgt ofohhodwe@pogi veilt bmg andagneti ¢ head

posi tion i 1 hin e smal | . di stance from.the magnetic recording
di sk, soie‘?%égy’?he yign“@gg‘ﬁ%?% THH ot t‘FPeerr?&g]n"é}% S ildads EHiod b | | zed,

whi ch caUkés epétytsontti drhd raubinestH{d04Y Parfdddrids it has been found
that a magnetic head having a recently introduced NPAB (negative pressure
air bearing surface) slider sucks a deconposition product of a |ubricant
fromthe surface of magnetic recording disk due to a high negative pressure
that occurs on the |l ower surface of the magnetic head, which pronotes the
transfer and deposition phenonenon. [0014] It has been al so found that the
| ubricant, when thernmally deconposed, forms hydrofluoric acid in sone
cases, and that the hydrofluoric acid is liable to corrode the el enent
portion of a magnetic head as a result of transfer and deposition thereof




It has been further found that a magnetoresistance effect reproducing
elemrent (MR, GVR, TMR, etc.) used in a magnetic head as being suitable for
hi gherdensity recording is easily corroded, and that a shielding materi al
that gives a high Bs (magnetic flux density) such as FeN -contai ni ng
permal | oy, which is used in the shielding portion of a magnetic head havi ng
a magneto 7 resistance effect reproducing elenent, is also |iable to be
corroded. [0015] Particularly, it has been found that the | ubricant

descri bedindrddei e ovige Jih fo HiRa Bbdh réeSrd ovg heatadir @biiddy o teigls to be
thermal |y deconposed and is therefore Iiable to cause troubles due to these
phenonend’ Tt 1AM erf 31 hefe I RMPR helte RISk D ffRATEL e i 4 Hener at ed

by the pys yisd ss@bufed US| CaRta+&NAS: 19 &?@S@s@ilﬁ&ﬁ@cﬁ PrReseRkd n the

at nosphere of a magnetic recording disk device to chemcally ¢ arhige to form
silicon cdmize and tharot heequnirsed oraretbm | floortextiwes | &1 iGHS eont oo
transferr nlﬁgpe ic head 1o cause a fly sticti.on trouble. [ 00l 6] The
pr esent inﬁa\(fger%%qzof% av(De}#lur}(fhcglrS]fosu%r That ttl'héel R et I Byt it es t he
above tr alidlessut fuddecdriibarednmst henethognetd gghead daemiotarsd itde on the

surface of, a magneti.c recordi ng di sk, ile being in contact thereto, unlike
t he CSS methdtd eolqlhtato’g‘ifé% ‘?‘H%ﬂ"“iﬁ%o‘iﬁﬁg‘%ﬁ BAGHS cant that is once

transferrestianddte, nBINERA€ dadthise NY/N adelo tdansd @ ¥ithg i drgfmyed back,
to the magnetic recording disk side. In the CSS nethod, the S region of a

magnet i ¢ Gt Hg ik worllks L¥lcmeihogndy dhesedepesistisabgeoduct
adhering to a ﬂ@@ggti ¢ head during the CSS operation, and it is hence

t hought t hat [ e above troubles therefore do not appear clearly. [0017] The
present inventorsAbavkenftigihgrhbeghst afi €Be omaghet bashsadfishe above

results d.as a result found that the above, prqbl can be, syppressed by
enpl oyi nghréc s I({fbsr‘?oéhqﬁmfoa@/se]ry ocg’]ecar??asg]ﬁéq i%‘Per € Oo%&f%g”g-irscigucgcpll%ri cant
8 layer comtidididigve aubimaiicad, oft tv® specidddald atddiuctddgd onpounds
havi ng perfl uoropol yet her main chains in which end noieties of each
conpound R Ao | ¥d, thfhdadne pre mfd 15713 o R h £ E8e kit i ngl y

conpl et ed.e OIS aThatyirgy Hdwgukjecty mat tar s afs t hgopegeent whayention are
as follows. (1) A magnetic recording disk conprising a substrate, a

magnet i ¢ Uy @radnatiiedl hard Hes suldstwest &0 & Int gtestd vee Magp&rt ifcor med on t he
roanet . AEABAAIE B UL | S SO K S aver the
level, there is caused a problem that fly stiction and head
corrosion troubles frequently take place.
[0006]
The fly stiction trouble refers to a trouble that
a magnetic head is caused to have a fluctuation in flying
position and a flying height level during its flying. The
trouble involves irregular fluctuations in reproduction
output, and in some cases, a magnetic head comes into
contact with a magnetic recording disk to cause a head
clash, and the magnetic recording disk may be destroyed.
[0007]
The corrosion trouble refers to a trouble that the
element portion of a magnetic head is corroded to cause

difficulties in reproducing written data, and in some

cases, the reproduction may be no longer possible, or the




HOCH2CH2 ~ ~CH2CH20H N- CH2CF2( OCF2CF2) p( OCF2) qOCF2CH2-N ~ ~ ~ (1 )
HOCH2CH2 ~ ~CH2CH20H wherein each of p and q is an integer of 1 or nore,
and a conpound (B) having a perfluoropol yether nmain chain having two end
noi eti es each of which contains a carlkpn atomor an oxygen atomto which a
hydr oxyl cont ai ni ng hydrocarbon group that optionally contains ether bonds)
is bonded. [0019] (2) A magnetic recording disk conprising a substrate, a
magnetic | ayer forned on the substrate, a protective |ayer forned on the
magnet i c dcarymd@dndebexhelbufimaylte*@alxﬂd forcaOMdeyPron ecid veadyeic the

| ubri cant ei ng forne m xture of a conpound (A) of the general
formul a (ﬁcg 5@%&}%‘@%&&@4 DY N RSICRO(SerloR ) § (X oF2CHR- N -

~ ~ (| )pddH2CH2 ~ ~CH2CH20H wherein each of p and g is an integer of 1
or nore, and a congound (B) having a perfluoropolyether main chain having
two end noi et [@@08bnt ai ning a carbon atom or an oxygen atomto which a

hydr oxyl - contalnlpgggxggocggbgg gégggttgggcggé% |£MC98Q%QIQ§ et her bonds)

“i's bonded. [0020] e magnetic recording as recl I'n the above
(1) or (2yrmirey e:ta*tehefm)nmmmlt:(@)receqmcﬁsr@tdsak ferastn e ioonpdund

| ected f ds_of th | I 111 I d
(VI 1), HOGRRT0 Y oty o (g0y BAGTaF (119 iz, Gra0- ( CR2CR20) a

(CF20) b-ddrar2dhd11y,) ﬂ@ﬂﬁiﬂ'ﬁ%&&%& A&mo@ﬁr@%@sk
b- CF2- CH20CH2CHCH20H OH CH (1'V) CHPOR-0 ) mOD-CF2- (o2 F4 ) a (
7 ) BUO G S R B0 FRAHQ VI Ces 'has a turning rate

of approximately 4,200 rpm, while it is recent practice to
turn a magnetic recording disk at a high rate of 5,400 rpm
or more for increasing the response capability. When a
magnetic recording disk is turned at such a high rate, a
lubricant layer moves (migrates) due to a centrifugal force
caused by the turning, and there comes to clearly appear a
phenomenon in which the lubricant layer comes to have a
non-uniform thickness in the magnetic recording disk
surface. When the thickness of the lubricant layer
increases on the outer-circumferential side of the disk, a
fly sticking trouble or a head clash trouble is liable to
take place at the time of LUL. When the thickness of the
lubricant layer decreases on the inner-circumferential side
of the disk, the lubricity performance decreases, and a
head clash trouble is liable to take place.

[0009]

Conventional lubricants described in JP-A-62-66417
and in JP-A-11-224419 are those that have been developed
with mainly aiming at improving the CSS operation. When
such a lubricant is used in a magnetic recording disk
according to the LUL method, the above troubles take place
highly frequently, and it is difficult to satisfy the

reliability that magnetic recording disks are recently




wherein each of a, b, mand nis an integer of 1 or nore. [0021] (4) The
magneti c recording disk as recited in the above (1), (2) or (3), wherein
the lubricant |ayer contains the conpound (A) and the conpound (B) in a
conpound (A):conmpound (B) weight ratio of 2:8 to 8:2. (5) The nagnetic
recording disk as recited in any one of the above (1) to (4), wherein the
conpound (A) has a wei ght average nol ecul ar weight (Mv) of 2,000 to 7,000
and 10 has a pol ydi spersity, represented by wei ght average nol ecul ar

wei ght  ( Miduirdert aviedage Ml acultde reFiod naMe) didfritul toh d @%%ailn0022]
(6) The magnetic recording disk as recited in any one of the above (1) to
(5), wherBtHheeRAHBENPCT B TrENet ik mproiragt fipl ex tighali M (My) of
2,000 to fHase i rsity, . wei ght, aver age

nol ecul arga\l/\%?gh%&?MN)/ n%m%§%€ﬁ9§ r%l%%ﬁ%%ﬁ%{g%%,&%k 1.2 or |ess.
(7) The rgpgmtding ccorthagll sketdwodecited in any one of the above (1) to
(6), which is (56){Og hard disk drive unit in a |load unload nethod. [0023]
(8) The magne{lc recording disk as recited in any one of the above (1) to
(7), wherein sai dupdetetheveilayestascasgaibonscontaenbng Phobegetyve | ayer
formed by | asma CVD net hod., (9). The nagnetic recording disk as recited
in any orﬂfo‘%‘? R SHdVe {YeRGEB)E0 IR P IR i T ARCIEREY coat s t he
surface ofiaikhwid eCti Menlaness a5l hasr acLpverags ratdeo dah of 0.85 to 1.
[0024] (10) A process for the manufacture of a magnetic recording disk
conpri si MF W HUbsthats et aymnd corgasidrortmnie tdfe Julssttrzansly
protecti Wi f Qe o -r@gcnet' I d |Lupr. | I r formed
on the p\rd(;e.@tdegﬁeel Iqéyer,ﬁpltr}héet}gerloces’s fc%rnpér%%/ampnlgéq’m% nlt;bb arl ng(;adr.rgpolueﬁ%se’( A) of

t he generald fwirimi adn )pré @@ GHY ratiCHP GH2GH turning rate, for

N CH2CF2( QCE2CFE2 2 @OCFZCHZ-N ~ ~ ~ I HOCHZ ~ ~CH2CH20H 11
wher ei n (éaaxc pcc)if%’)ppo%?’:’qz? s EA i é@e?e’ofan(ij cﬁ)%cfcee,s‘%f thceorrpound (B)

havi ng a mpardfasnapolyedhesf naiparéhaun aftayi, nghewp resenfoiakeas ieant ai ni ng a
carbon atom or an oxygen atomto which a hydroxyl-containi ng hydrocarbon

group t h&pt3toRi T4 T & AP BHeC FHRNIIY Bbrided W diitP forfRTg the said
| ubri canttHeayesr, fifedRddaddus @i et dd XHYE ead3%®ure thereof.

[0011]

Summary of the Invention

For achieving the above object, the present
inventors have made diligent studies on the above problems
that recently appear in magnetic recording disks, and it
has been found that the problems are results of the
occurrence of the following mechanism.

[0012]

When the flying height of a magnetic head comes to
be an extremely small flying height of 12 nm or less, the
magnetic head exerts adiabatic compression and adiabatic
expansion repeatedly on a lubricant layer on the surface of
a magnetic recording disk through air molecules during its
flying, and the lubricant layer is repeatedly heated and
cooled by the above thermal action. From this point of
view, the present inventors have made further studies and

found that the above thermal action promotes the pyrolysis



Further, the above process for the manufacture of a magnetic recording disk
i ncludes the follow ng preferred enbodi nents. (11) A process for the

manuf acture of a magnetic recording disk as recited in the above (10),
wherein the conpound (B) represents atg | east one conpound sel ected from
conpounds of the general formulae (1), (I1l), (I1V) and (M 1), HOCHZ- CF20-
(CFZCF20) a (CF20) b-CH20H (11) HOCH2- CF20- (CF2CF20) a (CF20) b-CF2-CHzZOH
( 11 ) HOCH2CH CHzZOCHzZ- CF20- (CFzCF20) a (CF20) b-CF2- CHZOCHZCHCHZOH OH OH

(1V) HO df Q*Zﬂﬂgrﬂcénﬁn@'ﬂ?s@ﬂtir(%oﬁ?eFﬂlﬁrfca(ntm:al:}Zeﬁ 45 GHat4Kda- (
OCH2CH2 ) n-OH (VII) wherein each of a, b, mand n is an integer of 1 or

nore. (12U ifFattesks frdY G antd akwre wFlecwrmet Whene&dedi ng di sk as

reci ted IR ahoue: (Miuia (9 souhprel dtdie Qmaihd Ay And.ds
conpound (B) are rrixedg(?%lua corrpouond A :é(}%)lr%gun (B rEvj{}eel( r §|l(ln)!se’of 2: 8
to 8:2, drte shiavdhbrittamt |Eyerlulsrfaamedifcmmadre ddrnissobits nedver 12

m xt ure. .H(O

13 rocess, for the nufacture of a et.i c. recording disk as
recited in ]t e a deeSC( 1rd3‘?t (1_1}153 a({)grah?sfﬁr} Li?/éﬁte"feeef% tramqq[}]b%rc]a?ﬁntco]rﬁ% ing the
conpound drA) ahawidtge @t e gidyeaw ersagie qid dsdl]l answai gatsulMy) 10br2 208 to
7,000 and having a pol ydispersity, represented by wei ght average nol ecul ar
wei ght (&@WW H%g%%gﬁoﬁs%%lw@fgﬁ t(q\?d)s?/feo‘fr@ £%r 3%Es is used as
the | ubrifits GH ald NY ddigh SOMPUHEYH (s 1 QR fikDiA 3 ocess for the

manuf acture of a magnetic recording disk as recited in any one of the above
(10) to (CEBremHer eitprlal |dibrtangr um dihe mpanet i gy dHaekng a

wei ght ay, . Weli o (4 A aving a

pol ydi speﬁ?@%@eﬁi&%% Fg{/\gtl\/\‘/gell g tﬁav%}egg%%telc%%%ﬁmgi%ht (Mw) / nunber
aver age ridssraiiari amed ghthid¥h)cawdfedl . fory |ssisctiiorugaduwsi€.he | ubri cant

cont ai ni ng thf%‘?ﬁ ound (B). (15) A process for the manufacture of a
magnetic reco gjodi sk as recited in any one of the above (10) to (14),

wherein the nmagnepaetiecDadlfg diSkassbéen BSend ntidat oadmadiheadc met hod.
[0027] Brief Description of Drawings Fig. 1 is a schematic cross-sectional

view of HEBXEDINY Gt FIREHelghet ' BTN R 18 B¥t 1itRe RiressBtre
: R\(;Iegta![ gs%ziaIi Sfbuétljﬁsliiﬁg% ggu%ﬂ’a?éne(}ilgsaliigisglgagétgcg(dsalwmﬁgn%ﬁ?ar??g%ﬁjﬁae%coat
| ayer, 4did cJa{@siCeﬁr’rmg‘rmm cheyrrfaq i G%thé’?tdlqomﬁcémdm |Giysd¢ and 6
I ndi cat e lt'%pré- C}?ir&_;th lr?é’geartive pressure that occurs on the lower
surface of the magnetic head, which promotes the transfer
and deposition phenomenon.
[0014]
It has been also found that the lubricant, when
thermally decomposed, forms hydrofluoric acid in some
cases, and that the hydrofluoric acid is liable to corrode
the element portion of a magnetic head as a result of
transfer and deposition thereof to/on the magnetic head.
It has been further found that a magneto-
resistance effect reproducing element (MR, GMR, TMR, etc.)
used in a magnetic head as being suitable for higher-
density recording is easily corroded, and that a shielding

material that gives a high Bs (magnetic flux density) such

as FeNi-containing permalloy, which is used in the

shielding portion of a magnetic head having a magneto-




[ 0028] 13 Effect of the Invention According to the present invention,
there can be obtained a magnetic recording di sk having excell ent

| ubri cation, adhesion, heat-resistance and coating perfornances, so that
the troubles of fly-stiction, corrosion, head clash, mgration and the like
can be prevented, and the magnetic recording disk of the present invention
is suitable for increasing the information recording capacity. [0029]
Preferred Enbodi ments of the Invention The magnetic recording disk of the
present irveaHtOcdast feONSdd ddthidihg e MGt ati d easto a paneti s geayer a
protective |layer and a lubricant |ayer are consecutlvely formed on

subst r at €°XHRFe conbi nati on of the foll ow ng conpounds (A) and (B) are
incorporated ja§psfhe above lubricant [ayer. [0030] The compound (A) is a
conmpound that has the structure of the general formula (1), HOCH2CH2 ~
~CH2CH20H N—CHZCFEQEIIQ@IQJFYKII@)miirﬁékﬁ ﬁband'thititbekiﬁbﬁikﬁnt
~CH2CH20 eac and of re, and in which
di et hanol avn%%%%et%yﬁn group A% Yol e‘%nt é]l(f@ggﬁ‘? the two end

noi et i es dofradifeirtyl, uareopiy ytet hey ymiraahal l’ded&ﬂ@ao@e@ mll@ﬁ nomet hyl group
bonded tq.the carbaon atom of one end npoiety, one dlethanolanlnonethyl gr oup

bonded t FEFE ORI ARIEMIS QQR§qnqﬁQUQ%ﬁfrﬁﬁﬁﬂﬁP qﬁﬂﬂﬁ. hemeMEHGe

conpound (A) swtractblwaa%eé#bfwasépnfou&& 084 oF ﬁ&’% fi.its main
chain and has high heat resistance and high capabl |ty of adhesion to a

protectl@@lﬁaﬁémQ§ﬂ§ﬁ9(hYthhﬁ-RMEQQ%@@H Kﬁh@tﬂ@ﬁahﬁgwdumgndﬁ gach of the
two end mild &3 1%y énLé glgééén‘?:h hlémget\/rk%rs\’? Hele fyngt 'm% %'S tJ'oups have

hi gh capabi |ty of a to t e protec a er, aSesult, the
| ubri cat irecopetingr wersde desmwda@eehheﬁl@radhys drﬂaeugef dzroe f@rm @slillamaotnhat t he

conpound IS I to c cl ash t.rqubl e, i,s difficult to use
t he conpo&ﬁg (ﬂf %ﬁ% dﬁ? %t eﬁr&dﬂéﬁpphgﬁ elﬁr&§§ & fPent or s
have sou@btt&an@w@&Q@nEtx{Qpa%bn@mlkhaeaaheb Rande bhe1gorRawRdHB) has a
structure in mhlch its perfluoropolyether main chain has two end noieties

each of WAP¥R1i€ontains a carbon atomor a hydrogen atomto which a
hydr oxyl - cont@@iigyg hydrocarbon group that optionally contains an ether
bond is bonded The conpound (B) suitably has flexible |ubrication
per f or mance based'lvh R¥RS Y fingopot y didwe fmdtheshdiqurahdtedpatiid ity of

adhesi on1i9 HheHLOLEGYE 1.2y 6r,azeY o Lug ber m pal funggional or oups

havi ng hydroxyl groups. ou has a emin | ow heat
reS|stanmethEdnthemaghbelcohﬁadndoée)nbs buahbeohothauseraaﬁbgb&tbon
trouble and has a difficul ty in s%&hab e.control in use,. is therefore

di fficul "EBEGLE Fﬁ&OES&BSU qdskyhdlsnbeirgedn SP@tBFBbFQﬁ§eFHat t he

present uAvERkOtHehawe HR¥BRY,t 8cO¥ELEORE dekbBRB3L 1 HOWRY B-odWBeNtthg present
i nventors have prepared a nagnetlc recordi ng di sk having a | ubricant |ayer

cont ai ni AYPTRESBLt WBatokSoaREs Anansésreqdi £o thenmagpegicuhergedsed! y
found thah §BREW Labher EQBgriﬁgfrghngQSBaEﬁP E8MPRUNAS GREE:

synerglstlcally exhibite
recording disk side. 1In the CSS method, the CSS region of
a magnetic recording disk works to clean away a
decomposition product adhering to a magnetic head during
the CSS operation, and it is hence thought that the above
troubles therefore do not appear clearly.
[0017]

The present inventors have made further studies on
the basis of the above results and as a result found that
the above problems can be suppressed by employing, as a

lubricant layer on a magnetic recording disk, a lubricant




15 defects of these conmpounds can be controlled. The present invention has
been accordingly conpleted. [0034] In the above conmpound (B) for use in the
present invention, the perfluoropolyether nain chain has two end noieties
each of which contains a carbon atom g@r an oxygen atomto which a

hydr oxyl - cont ai ni ng hydrocarbon group that optionally contains ether bonds)
i s bonded, and preferably, the nunber of the hydroxyl of the hydroxyl
cont ai ni ng hydrocarbon group is 1 or 2. Wen the nunber of the above
hydroxyl 1exeaedsordaidlthd Wbrdad it R for raRc gy deefease in some case.
Exanpl es of the conpound (B) include conpounds of the foll'owi ng general

f or mul ae §H9U9tHLLd \Bampou G -PY olygttr0 M roItEH s |1 )

HOCHZ- CF2Q; {( - I - CF20-
(Cracra0) s (G20 b B CrB0O o B0 G B 9° AR W o or-

( OCFZCF) t@eOpHeCR2)t <rirer(tCGREF2()s e G20 diV)g INOCHZMCRAERR- O
(CFZCF2CF20) ﬂggﬁiFFz-CHZOH (M) HO ( CHzZCHz-0 ) mCHZ-C F2- ( 0C F9 ) a
( OC FZ) b-0 ~CH2- ( OCH2CH2 ) "-OH (V1) wherein Ris F or CF3, each
of a and b is an Thaeges, ofhd eibfdEE, mEttSranof ntiegepro&fet to 10, and each

of m and i%\fiesntainori na}reegears C)ffollloowrs rore. [0033]
(1) A magnetic recording disk comprising a
substrate, a magnetic layer formed on the substrate, a
protective layer formed on the magnetic layer and a
lubricant layer formed on the protective layer, the
lubricant layer containing a compound (A) of the general

formula (I),

N—CH,CF5(OCF,CF2),(OCF)OCF2CHa—N e (1)
HOCH,CH,”/ \CH,CH,OH

wherein each of p and g is an integer of 1 or
more, and

a compound (B) having a perfluoropolyether main
chain having two end moieties each of which contains a
carbon atom or an oxygen atom to which a hydroxyl-
containing hydrocarbon group that optionally contains
ether bond(s) is bonded.

[0019]

(2) A magnetic recording disk comprising a
substrate, a magnetic layer formed on the substrate, a
protective layer formed on the magnetic layer and a
lubricant layer formed on the protective layer, the
lubricant layer being formed of a mixture of a compound (A)

of the general formula (I),




16 These conpounds may be used al one or in conbination. O these conpounds,
t he conpound of the above general formula (11) is preferred in view of
performances. Further, as the conpound (B) for use in the lubricant |ayer,
t he conpounds of the general fornmulaegIl11), (IV) and (VII) are preferred,
and each of these conmpounds is particularly preferred when the |ubricant

| ayer containing each of these conpounds is conbined with a protective

| ayer forned by a plasna CVD nethod. [0036] In the present invention, the

| ubri cantHQGHEH2xr ef er abl y contai ns the above /€bPda@itl (A) and the above
conpound (B) in NWeHgtA(QCHLEB)HPCR)FPCCH:2-N When t he weighti)ratio of the
conpound HG@JHALCH26mal | er than t he above range, \CheChia@iresi on of the entire

| ubricant layer to the protective layer is low, and as a result, the fly
stiction and correéBesainreaphesfnayabd gausedni integercafes, oand, further,

t he mgrqﬁg% troubl e may be caused in some case. \Wen the weight ratio of
he conpoun ’(Aé I's higher than the above range, the adhesion of the entire
| ubricant | ayer tes theppnotie¢B) vbatayerai peefihancedolpathas matesult, the

| ubricatign performance may be decreased in sone case, .and the head cl ash
may be c e BARE Vg H %/’h‘?i%‘”o‘?tﬁr“e TIHFBIHY A P The T&hgdund (B) i s
parti cul & Yospfpireradiny dd wHecH angeydf o 6-dsh 6 ih i lPB3d r ddb #Bvh pr esent

i nvention, preferably, the above conpound (A) has a wei ght average

nol ecul ard VBIRHRFMAPFORR B0 ¢ TD P hdend ol vidi dpirdad y,

repr esent ed byo(y\@@)ﬁmht aver age nol ecul ar wei ght (Mw)/ nunber average

nol ecul ar wei ght (Wwnh), of 1.1 or |ess. Wen the conmpound (A) has the above
mol ecul ar wei ght dBst Fheunagnetinerecadzdingpduskl ¢8) réastednanntiedai n

| ength (I h of | n,£hai Ml | ubr i cati on perforan suitable for a
magneti c a?%&)er dﬁn)gr% si?) ’\/\b‘\“g’}ne’?%erll a oevecor}l |°g'“Lr}d)a§/ r arge rgegﬁeg%usl & wei ght

(Mny) is llessstt hare Z;diifhunddesigaidd/, £ o wonp@mdy e Samet igeserdnt ai ned in
a large unt. \Wen it ceeds, 7,000, . undesirably, such a conpound has a
hi gh vi sco¥iytaghd Soret %Is) rcalis®s #1Y S5 0ti on. " Further, when the

pol ydi spersity exceeds 1.1, the nol ecul ar weight distribution is too broad,
and undesirably, a | owml ecul ar-wei ght conponent and a

hi gh- nol éHerEkeP ght Fdrepdnért2VomrtHe@Hbe contai ned. 1d X he conpound (A)
of the ahpyg gerepalciAmeha ck)o) cae)-6f gy and q is angimteger of 1 or
nore. The I ntegefls o(f: b and®q can be properly deterni ne& such that the
wei ght average mol ecul ar wei ght of the conpound gA) IS Iin the range of
2,000 o 1P g.‘*‘ﬂi@%%‘]irﬁféoag&?écE&?ﬁd&ﬁagf)rB)CFﬁa HROGECSH:Q0er age

nol ecul ar wei ght (Ma) of 2,000 to 7,000 and has a pol ydi spersity,
represented BHwei ght average nol ecul ar wei ght (Mv)/ nufller aver age

nol ecul ar weight (Wn), of 1.2 or |ess. Wen the conmpoundV()B) has the above
nol ecul ar, \ej di stributian, o] d_(B)k-has;a oy 0 yet her
mai n chaiHr?NIe(led;l%E:ﬁz hgzl‘l‘ n(ggl Egﬁ é%?%&ﬁaggg?%rbngnégz g?fil?t a(llgﬁ:regzkg? réf%r?_r{rﬂgneti c
recordi ng disk. [0039] The conpound of the general fornwIa)(ll) is liable
to contain | ower-nol ecul ar-weight inpurities. Wien the conpound of the
general formula (I1) has the nol ecul ar weight distribution as defined in
the present inventh&feihhgadRO¥e &MY ihi £5d CAN HeaexLhtslgsl @ndithe effect
of the present invention can be suitably exhibited. The conpound 18 of

t he genercl MB¥drula (I1) particularly preferably has a wei ght average

nol ecul ar wei >Pf 3,000 to 5,000 and a pol ydispersity of 1.1 or |ess.
When t he above wel'ght average nol ecul ar weight is |less than 2,000,
undesirably, input4tliBeanaggoniti necsordinaidbskias areaiyed abbupte Wien it
exceeds 7,000 desjyiably,,suc C d ;has.. .9 j scaosity .and

sonet i rreéabcog’ue’se@qf’l y(lj;)t ioc%/i (033.’ E’uh?et%ecei??q;menlut%r%el%ﬁ&tygiayﬁé:r sclqtnr;/tael%c%eeds
1.2, the thel eculppruneei it aidstthdutdngroursd t(@) himoad,ccapebuadesi rably, a

| ownol ecul ar -wei ght conponent and a .hi gh- npl ecul gr - wei ght conponent cone to
be cont ai (éd.cqnﬁ%t‘ﬂ\éjcc diﬁ?c?%f & Oa%&/go’f%r Iasaz('ll), each of a and b is
an integer of 1 o(5/0rge MAGnéHi€ULESoBding aditlsp £anrdei PE@PES | anget er mi ned
such that the wei ght average nol ecul ar wei ght of the conpound of the
general f¥¥mata {he phaye n(Mheq afge gthexrgoo the zoamppunhodo] Mafke a

above- di Qﬁﬁd rang 1 f.gh f I I i ght
(Mw) and%ﬁlie polasl;(ﬁeé{dée{ grlgjtly regar%egjeenltcje}g: \é@dv‘?htgf\?m\ésé)ﬁtgﬁg\%rgged%n\gul ar

wei ght (Mn) / nunber average nol ecul ar weight (W) in the conpound of the
general formula (l11) can be applied to the conpounds of the general
formulae (11l1), (IV) and (VI1) w thout any nodification. Further, in the
conpounds of the general formulae (I111), (1V) and (VIl1), each of a and b is
an integer of 1 or nore, and the integers of a and b can be properly
determ ned such that the weight average nol ecul ar wei ght of each conpound




19 pol ynet hyl nethacryl ates having different nol ecul ar weights as reference
subst ances. [0041] In the present invention, the nethod of adjusting the
nol ecul ar wei ght distribution (weight average nol ecul ar wei ght and

pol ydi spersity) of each of the conmpoung (A) and the conpound (B) is not
specially limted so long as it is a purification nethod capabl e of

nol ecul ar weight fractionation, while it is preferred to use conpounds
purified by a supercritical extraction nethod. Wen the nol ecul ar wei ght
fracti onatdom ioLpdidmsh Oy PYrep Seaiedd th € abe 3 abtd ydet hod, there
can be obtaj ned conpounds suitably having the above nol ecul ar wei ght

di st ri butfVRCUFB0 431 IRE ¢ H@”p/raréé‘@?ﬁr i IR Mo ke lamrickaht | @fer may
contain dder { wyrigadd known as a lubricant for a conventional magnetic
recordi ng di sk and various additives known as additives for a |ubricant

| ayer, such akO0@24kterioration-preventing agent for a perfluoropol yet her

| ubricant, as requipre o_long.as the ohject .of the present invention is
not inpaired. Exa kfegh%fm?ﬂrelggf‘ﬁe]r:e %E%H?ug%?}éaﬁ? g%%%/gei%n%ﬂjuﬁ%ya
conpound drre i ctheonsb@rs (D) ety F) a wesiditoropolyeigindreiB) ated
contai ns a hydroxyl contai nj ng hydrocarbon grou a fluarine-cantaining
azi de cor’ft?dxﬁhf AR S 19 BEH-EHai ndf%a%/ior%) #t° 1 edt0 A azi de

group, amhs £GPHOHNE P S Eh laépﬂee@e%{tém%ye%i@iteta»«ré}fadg% _
perfluoropol yet her nmain chain has a phosphazene ring. [0043] According to

t he presd@iftl At it 9 tur o/ NUkaTe 4% RIS iRfE @ Mgt edBY)di ng di sk
conprising a » 20.syhstrate, a nmagnetic layer forned on the substrate, a
protective layer forned on the nagnetic |ayer and a lubricant |ayer forned
on the protective(7Thy€he magnétbei candrdayerdbekngs f veobtedfim amxture of

t he above co d (A)..and the abgve cqonmpqund ( and ther.e s, also

provi ded oélepigéfgel{glse f‘-’logrcr\%le e( 1&3%&? a&/)L!r ewcho ccf“a lr?agtlr?czﬁ iacq}a cor 'sr#g dd?ls"ke

conpri si nghigt sibst riadee] unlmgheidtthddyer formed on the substrate, a
protective Iae/e@%& ormed on the magnetic |ayer and a |ubricant |ayer formed
on the prot ect 1ayer, t he process conprising mxing the conmpound (A) and
the conpound (B) apd tREMAgnéhecapoverhiRgi gaok sayescitom theany _

t hus- obtai ned m xture. The above |ubricant m xture is prepared and applied

ont o t he giotadcttinge akgia tlo ftor A /1 nthdarsim dadyeraftesitdsie theeyatagnetic
recordin i 16 ent_ | i j 1 tai 0044] In
Lhe preoadt 3 Sndd L Eand WA AR RS Rl PP O o

speci al | YVl mettdchd.and it can be selected fromvarious |ayer-formng

met hods such as a,gjp.coatin thod, a,spin,coating nethod,.a spray nethod
and a vapor coati 855 n%?%olﬁéglg%gfﬁer%?%g%ﬁggi%f%lﬁt?%n’fe?b‘?? et’! %ﬁ%n t he

| ubri cantordeaysr dhe faiyomd (frorea @)speirsd rirofsdie lubiiiceant Sayidr a

sol vent, any solvent can be selected so long as it can properly disperse

t he | ubriCCaHSs HBartdacs I8 24 RRatestdom diavisty 286 Vet & s preferred,

since it &ﬁ,@rg%oerrg%dji@wsﬁ@nqodiﬁsol ve the |ubricant containing the

per fl uor opol %ﬂ?t er as a main chain. Wen Vertrel XF supplied by DU

PONT- M TSUI QWIRACHEM CALS COMPANY, LTD., or HFE7100 supplied by 3M Co.,

Ltd. is used as a i ne- ED]J i cul ar rably,
(Id ok ;gg?%?é‘é aFdt n?_gl?é%é/r?l%actpﬂé 5f’h£‘ rh%grpétgjlg

there can be obtained a Ion or Spersion in whicht conpound
(A) and treeccohpaurd (kB)canpe ipriogerd sulissswlteed.a 3@t ion lidyempr esent
inventio t he t hi ckness of the lubricant layer is preferaply in the range
of 05+ FOFTE it (A 1TSS A} Gor 6 A TS HESEGE TR OP (0SS
When t he raeia itdilckrassrns d asmphitamt0.12 A foidesi lablthe the |ubrication

performance of the lubricant layer is inpaired. Wen it exceeds 1.8 nm
undesi r aBIBPt o4&t WSher2 edyet BFoMESE S QP 1L % I NGy & SPEPBE L aused to
have | ow @adhes qhd dhe-Pr dtBghdiwe (gyer in some cases. [0046] In the
present invention, the ratio of coverage of the lubricant |ayer on the
protective |ayer surface (coverage ratio (3) is preferably 0.85 or nore.
The resulHotHtHExanpl es 6 to 20 of the presenycHyoroH on and Conparative
Exanpl es 3 to 8 {N-bR,0HS@UFI oot QH,tNat when the.coyeyjage ratio (3
is |less HooM,BHSS, ?ﬁze LUL gﬁ?ﬁ"& I iz?{?c?? dégrétdﬂgtHzmhen t he magnetic
recording disk is according to the LUL nethod, therefore, the coverage
ratio (3 is preferably 0.85 or nore. Further, it is not necessary to inpose
the special limtation on the upper Iimt of the coverage ratio (3, and the
coverage ratio (3 can be in the range of 0.85 to 1. In Exanples to be
described later, suitable LUL durability can be obtained even when the
coverage ratio (3 is 0.99. The ratio of coverage of the |ubricant |ayer on
the protective |ayer (coverage ratio (3) in the present invention refers to
a coverage ratio (3 obtained by cal cul ati on based on neasurenent by X-ray




22 Patent 3,449,637 or U S. Patent 6,099,98/. The magnetic recording disk
of the present invention conprises a substrate, a nmagnetic |ayer forned on
the substrate, a protective |ayer forned on the nagnetic |ayer and a

| ubricant |ayer formed on the protective | ayer. Wien the protective |ayer
is dotted wwth the lubricant |ayers containing the conpound (A) and/or the
conpound (B), the lubricant |ayer preferably has a coverage ratio

cal cul ated on the basis of neasurenent by the X-ray photoel ectron
spectroscopy, of Qn8Be®h BRER- oF0P4Zhd! § EQeaﬁrﬁﬁﬁéﬁek”8§”1'891 preferably,
the magnetic recording disk is heat-treated after the |ubricant layer is
fornmed. TR bdli hentcemreunfbntBl hatidiera abyhludrogstlesditer madt i on,
since th ! é’rea\r,c i d&ﬁﬁ{ J I i cant | ayer
and the Scrﬂolaflg%t}?a\(le ayero an cnggr?{é)e/rr%%ve t ée)lnnal e?%é@enﬁd o@t he

| ubri cantar aygrgemhatdneato twheiathrenth ydr qrelf-eraii ad rdarg irgdimta diora
tenperature of 1.00 to 180C.. Wen the heat .treatne tenperature i s | ower
han 1008730 HifesTR TR HHY SR T B it T B b e, and
undesi r alfommirdye dhbrdLadtl umyi dent esyeat | frshecipasats-doddiesd the heat
treatnment is preferably carried out for 30 to 120 mi nutes. [0048] In the
pr esent I ON, the protective layer is preferably a carbon-containing
protective | a?@@j%]'l'he carbon-containing protective layer is suitable since
it has high affinity with the end functional groups of the conpound (A) and
the conpound (B),Fanthean tkevebevei ppposest her atheshanubictiree| abri cant

| ayer to ectiyv yer . ;.. q?n i Nl r | er is

pr ef er ab@%‘%%%%e%% Oe]%j&%rg# b%lnggr%féelc I V%Q{Haeseéglong@tr%e?gé%%gpe%t ective

| ayer sucmlasglianenitts.ogenated carbon protective |ayer or a

hydrogenated-nitr ated carbon_protective Layer. Th rotectjve |ayer
breforably has a {RECKReBESGFSS FBF ot MRRFAT HEEab0Leh (T ERTELS i 5 | ess
than 3 nmeddiipfPteicdit s | et dtpeish ndte faldve fUmot,i aheaseisticthe and a head
clash trouble may be caused. Wen it exceeds 8 nm the distance between the

magnet i ¢ SBRAUEhd(B) BRI E TRedt i<Lato G GEMRMh S anfessifzaf e for
at tai ni NG ¥y S/ JY¥ radd qudékatlhef&fnﬁﬁled@ (nvention) thewubgidate is
preferably a glass substrate. A glass substrate is excellent in surface
snoot hnes&Tand suitable for highdensity recording. As a glass substrate, a
chem cal ly strengthened al um nosilicate glass substrate is preferred.
[0049] In the present invention, the carbon-containing protective |ayer is
parti cul &ldGH pCEber abFyC B oy dCBgBenatadoni t r ogenat ed car(lidn protective

| ayer. cerning th d forning car bon-cont gi_ni ng protective

| ayer, %%é%ﬁ%@%@@%e&ﬁ%ﬁ)wr%zb?%a%g‘kti ve | ayer (ﬁ&&ﬁed by a
sputtering nethod and a carbon-containing protective |ayer forned by a

pl asma CVDGIeCHo6 He@PH b€ Q&b YF1iad CEFRAY -G aHEQCH 2QH

car bon- cont ai i ng protective layer formed by a plasma D nethod is

conbi ned withoH he present invention, a synergistic effeet can be
particularly preferably produced. In the present inventimgy, when the
protective layer is a carbaon-containin rotective | ayer such as a

hydr ogendiced FRFBeR0 brritisctEos Py » (&0 b BGERAT S HGBBR T baidibn
nidride) protective |ayer or a hydrogenated nitrogenat g§1garbon protective
| ayer, the content of hydrogen in the entire protective |ayer, neasured by
a 24 hydrogen forward scattering spectronetry nethod (HFS nmethod), is
preferably 3 at% 0. 25; At %8 CongeL ni kg xﬁhgn&%ﬂtfé‘ta fig{%%&gegf 1 he content
of nitrogen based on carbon, neasufed by an X-ray phot oel &ctron
spect r osecapyndrXRS net hod), is preferably 3 at%to 16 at% [0050] In the
present invention e, substrat e_preferabl as_a surface roughness, Rnmax,
of 6 nmor |ess aH}IH; éu‘??%%%s?oﬁ‘gﬁn‘é}%%,mﬁi?%l%?t%% (?lEma(‘)rm‘T1 35 Wen the
substr at edtsdiigy aliee ssoaddingss,id e laiovg heiightorof(la )agneti ¢ head
can be set to be 12 nmor less, while there is a prohlemthat the |ubricant
| ayer i s "WHeHRi@ ttPsnsRmRARY ol Ahend e € SR Khedy. ane fH& S5 ddent

i nvention, EWRMSY e JEMRITBIY t N3 drayers Gan e praperly
suppressed. The al?ov(temRrrax and Ramazr g%glsd%tgfrza‘r?lcgd in JI'S BO601. [005l] In

t he presemid vdmicomt thayemgretiarnes) d&rams thet tdpecioiaingdrited, and it
may be a nagnetic |ayer according to an in-plane recording nethod or may be
a magnetic |layer according to a perpendicular recording nethod. A
Copt - based magnetic layer is preferred since a high coercive force and a

hi gh reproducti on output can be obtained. In the magnetic recording disk of
the present invention, an undercoat |ayer may be provi ded between the
substrate and the magnetic |ayer as required, and a seed | ayer may be

provi ded between the undercoat |ayer and the substrate. The above under coat




While the present invention is suitably applied to a magnetic recording

di sk according to the LUL nethod, the present invention can be al so applied
to a magnetic recording disk according to the CSS net hod and a nagnetic
recordi ng disk according to a contactt2zecordi ng nmethod. [0052] Exanples The
present invention will be explained further in detail with reference to
Exanpl es hereinafter, while the present invention shall not be |imted by

t hese Exanpl es. Magnetic recording disks were tested for perfornances

accor di ngnitsaddee foll owi ng net hods. (1) Lubricant |ayer adhesion
performance test A |ubricant |ayer was tested for evaluating a performance
of adhesion to a ptot eRtPYeCEEFefOr FrhRtManuiRGHEr? cOF @ JPIRYLHE K i s
measur ed fouo @iliiPrd icanta d axers ddd ckess b RElOR (Fauni &)y transform

i nfrared spectroscopy) nethod. Then, the magnetic recording disk is

i mrer sed whereifn worlivkeigantaignnig iguineithe vanpaaindXFA) daving rut e. Wien

t he magneti.c..r.ec i I [.S [.S i he e a | C | ayer
portion Ejéavll%hgt Iag}’v?qlé{:l eglllooslrﬁeds‘ﬁréegr?gf%lgg%ne@%)o Qbfzcad;b?&tertsoej ’(L)bFU ddiagg)l ved in
t he sol véravinyuta gqlordi sgre deaii yng depgte ssdites] Gy sdaigyigt lavearageenai n on t he
protective |ayer. Then, th netic recordin i sk .is drawn up, fromthe
Do vent R She A MG o P (AR den e St s By AT R

met hod. Y 1r.at igxr adfedde 4 Rigddess fe e d it tcadntdaem @ity the
imrersion in the solvent to the thickness of the lubricant |ayer before the
i mrer si offIMPAHE s@vent will be called a lubricant |ayer adhesion ratio
(bonded rati o@ooié] can be said that the higher the bonded ratio is, the

hi gher the perfornance of adhesion of the |ubricant |ayer to the protective
| ayer 26 is. Thélbbntledroatsd for ptlet enaphfactuteast FOnagnéten t he
bonded ratio is |ess than 70 ~, such a lubrica l,.ayer. has r .performance
of adhesiré:’ncozi:r(fiS nrﬁgaydsc”':’akusaes é:efqutesotjilc ion’ tornoeutﬂr% tglrélc?(?rorvgesi@gﬂt rtgoubl ein
sone cases.3)[, 005 rdid) d Uubdtircadnt idontiadsti nthe Hdllcdmegtundse®)a 2. 5-1 nch
(65-m) nmagnetic recording disk drive unit that turns at rate of 5,400
Fpm ant Tatgien CHIGHE HATA%e GRISAE A B | YPHg He g otz hm A
negati ve 7oe%s Wikl dvilRArd b IS if e St yderr VAR ntd @) weS gihed as a
slider of the magnetic head, and a GVR nmagneto-resistance effect elenent is
used as @ viegmasdmdlarudlagmeiaioht sWvel/m 4 GYSradeomed@dlagn Ni Fe al | oy.
A magnet g 1gordidg dsk s il aced i theAby ¢ pRanehicdiecor ding di sk
drive unit, "and the 'LUL operation Is continuously carried out with the
above nmagwettiad rhiggd,theo aegswrad t (B .nunber of tines of the LUL operation
durability. After e LUL durability test, the magnetic_recording disk
surface and the nﬁga)etéqcpﬁ%%%lsiu%?%c%h%r%arb%gaeﬁ/%%e v?éu%lwﬁlg%%%l hrough an
optical megastoRe dik fa InyEx slich ah s o dfeshandbseid i(Ng.) b the LUL
durability test, a magnetic recording disk is required to be durable

agai nst dtl 4)eadth SH50r000S MR SHL G He QU 18 tHiS oS WioThaFe afy & roubl e,
and a magnreld Qe dd1gh gl sk durabl e agai nst at | east 600,000 times of the
LUL operations is suitable. In a use environnent of a general hard disk
drive (HDD), [Q03dl said that nore than 600,000 tinmes of the LUL operations

are conduygt. N - roximtely 10 years. (3) Fly stiction
test 100 S R o e glide-tested wwth a glide head with a
flying height of Bigqm1ltbsszesoirtdieic c2¥sorsewmtiend]l ywidw cbf comghenonenon
is caused. Wen a fly stictiqgn phenonenon takes e, the flying position
of L he. GIEAIEBad D Ay S 0 e i o GE1E FEFESES ¢ hat "¢ he
occur r engevehntike ,f lin siHick ngineaabe cdeteiiced 8y anadignetiing a signal from
a piezoelectric elenent attached to the glide head. It is said that the
rati o of H&COEstHarcdisdved M AHE ST et i Svhe AAFISETES 6n S8t i s
pref erablyy Jf8quiy 64\ di0 R Atar] RARMe D% 1WARN,I 14 11%dikSs dshan 90 % the
production’yield is low, the production cost increases, and HDD troubles
are |i abmegnethe davsed. Y 4n @ Padtectige deiverofangower age of a

| ubri cant, | ayer Prohestd 4 (coverage ratio a) was cal cul ated on
mqﬁ%né:éa%rerrent%bya\éﬁ-ra rfh'ot oel ectron spectroscopy (XPS). As a

the basis o
specific cal cliE#8on net hod, there was enpl oyed the cal cul ati on nmet hod
descri bed in Japanese Patent 3,449,637 (or U S. Patent 6,099,981). [0056]
Exanple 1 Fig. 1 is cross-sectional view of a nagnetic recording disk 10
for schematically showi ng the | ayer structure of one enbodi nent of the
magneti c recording disk of the present first invention. In the magnetic
recording disk 10, a seed layer 2, an undercoat |ayer 3, a magnetic |ayer
4, a protective layer 5 and a |ubricant |ayer 6 are consecutively formed on

a substrate 1.



[ 0057] The substrate 1 is a chemcally strengthened alum nosilicate gl ass
substrate, and the main surface thereof is mrror-polished and hence has an
Rmax of 4.8 nmand an Ra of 0.43 nm Further, the glass substrate 1 has a
di ameter of 65 nmm and a thickness of 18 635 nmand is used 28 for a
2.5-inch magnetic recording disk. The seed layer 2 is formed of an N Al

all oy containing 50 nol % of NI and 50 nol % of Al and has a thickness of 30
nm The undercoat layer 3 is fornmed of a CrM alloy containing 80 nol % of
Cr and 2@xfmdd off Mhanthwas it hi ckness of 8 nm The magnetic layer 4 is
formed of a Copt alToy containing 62 nol % of Co, 20 nol % of Cr, 12 nol % of
Pt and 6 nol % of BCepBihag ROt Rhekpe’gent iBventiqhe HRO¥ecEiNePFayer 5 is
formed of,dydrpgenated farhon-and fag; aiitdd daiassyy xR Nmnlhe |ubricant

| ayer 6 contains the conpound (A) of the fornmula (1) and the conpound (B)
of the fdmhdixation, redhemight hefttiweasfistanenanshsattiiackness of 1 nm

[ 0058] The acess for factyri t td G, recor.di disk 10 of this
Exanpl e \%ﬁrl@'obrgl aznxcpﬁsdi nsregg%e&}aco# E‘!Flncttl:s L{,}%Ierr%%sr}‘eaefdﬁll asygrd’tcziﬁoqf,’he under coat

| ayer 3 and-ddwE ompgneddd dlayedr, 4oniwass toensenid itred Vi ifker nech dre t he substrate
1 in an Ar gas atposphere by a magnetron spufteri thod. Then, the
protecti W9 %ecgo\/%gftgﬁr&?%ﬁ%%ﬁ%eﬁqwgrﬁpé&%ﬁ?%tpﬁ% Ar

gas/ hydr gggfergasodn X & attashersy (i dis i PWHOGRIT GamtGei ent of 30 % by
volune) simlarly according to a DC magnetron sputtering nmethod. [0059]
Then, a IWHA%HMNI GRS Hivhg t he compound (A) of the fornula (1) having a
wei ght averaggfd"@éfcul ar wei ght of 3,000 and a pol ydi spersity of 1.08,
prepared by nol ecul ar wei ght purification, and a | ubricant containing the
conpound A®f egfrechéEnfardnment(d 19f Hhe Adqpwentgiaght average 29 nol ecul ar

wei ght of 3,000 a | vdi sp LLV. , pr r | ecul ar wei ght
purification, purl |eelagﬁrf/ggléu%é?é%%%?%a%ﬂi%}gt?gc@%ngﬁ%g%%g? were mxed in
a conpounchveNt icompEmnd (dnaneitghti aratiiro wifich At tlegartepamagndtily | cant

m xture. The | ubricant m xture was di spersed and dissolved in Vertrel XF
that was 1AYSHT o ST 1Ry 18IS ernch (I e G b ST HETSU

FL UOROCHEM oAl tGMEANE o detell sorf & RN BRATI1& t% S Qlrid 10 dAdiinad idr WE | cant

m xture concentration of 0.02 % by wei ght. The above magnetic recording
di sk havitiy I1f@idroy ingr iapRpnds t@vi‘e) st )i B dysiompogasedl gFg® in the
above solwyt] f By jcant |layer 6. Then, the magnetic recording
di sk 10 V\t/gitsé %g)zﬁ‘%t rlggdt?el I nﬂ ;ibg\})aeccﬁﬁ'um cal cining furnace at 130C for 90
m nutes, to gi®&E@& 2.5-inch magnetic recording disk 10 of this Exanple. The
above magnetic regording dis was eval uat ed.for rformances. Table 1
shows the resul tsfh‘foﬁ%'g?o'& n%]fo‘é ]Zs-aSC%Iﬁ%O%%g?%fiet\l/aes E&rﬁg?rpl e 1 and 2
Magnet i ¢ staa@tdidyg off ks WIre rlodieediliah (1he same manner as in Exanple 1
except that the lubricant m xture was replaced with a lubricant m xture
cont ai ning the conmpound (A) of the fornmula (1) and the conmpound (B) of the
formul a HAGH.CH,@ conpound (A):conmpound (B) weCHitHO8t i 0o of 4:6 (Exanple
2), 2:8 (Exanpl e NyCHEFAHQOEXGFEY(@CR)QLF 8H2—NExanpl e 5) or- t(hat the
| ubri cantHa@HsCHE€ was repl aced with a | ubri can€HgdhOH ni ng t he conpound of
the formula (I11) alone (Conparative Exanple 1) or a |ubricant containing
the conpound of tweefeimuéacl|t ap omed (TCohparmtiveedExanpf el r [0061] The
above magnetic recardi I sks re |_yat or forman . ble 1
shows thgn%rreegulatnsé: JInodvg‘%]c% A&et%anolea\fnain%?neq:%}jl gr%%rps R %%%de-lc_la

to carbon atoms of the two end moieties of a

perfluoropolyether main chain, one diethanolaminomethyl
group bonded to the carbon atom of one end moiety, one

diethanolaminomethyl group bonded to the carbon atom of the

other end moiety.
[0031]

The above compound (A) suitably has lubrication




30 Table 1 Conpound (A): Conpound (B) (weight ratio)Bonded ratio

(9% Exanpl ell: 185%xanpl e24: 684% xanpl e32: 879%xanpl e46: 485%xanpl e58: 290%CE
X. 10: 155CEx. 21:097 CEx. - Conparative Exanple 31 Table 1 (continued)
LUL Durability testFly stiction testNggber of Di skHeadAccept anceti nes

of surfacesurfacerati odurabl eoperati onsEx. 1800, 000Excel | ent Excel | ent 100 ~No
fl yoperatedsticti onEx. 2800, 000; Excel | ent Excel | ent 100 ~No

fl yoperatedstictionEx. 3600, 000; Excel | ent Excel | ent 100 $No

f 1 yoper atgdsftd idd ridd=Xo a 0 G D 0% o4l edideceld e Mald G i%o heat
fl yoperatedsticti onEx. 5600, 000; Excel | ent Excel | ent 100 $No ,
f | yoper at'&fstS @M Sh@sd  hE, GU0S0; i et il SHI9F 9 eddiraraative

andsti ctijonshy el Al Dgoge uwf e dRar, 9SG OF & i | 083 09¢ Head
ol ash, Head ol ach 50" 56 ookt al T eqoar at EARCHoR | GEooEY. of 300R QfExarrpI e,

CEx. - Cdpartatd \andoemis el sRalstfe thes i tdhaifrol | dawegerAlthef the nagnetic

recordin i Sk Vi rd t. 1 aye .car.di t. gt e | nventi on
( Exanpl egf‘%qsé(}qir{ga]h ad%%nc?g\gé]rhaltﬁ %%%a?%ﬁo(})t& r}%orag%h%éﬁiﬁ?q_ﬁhédur ability
test, furddwrectaibie dfagtdre, reaghetd a rmecorldi nghd ks micedridimg to t he present
i nvention h durability agai nst at | east 600,000 tines of the LUL

oper at i of§;* FUIG ures” i‘s @ﬁraet ched g9 i%é?’\ﬁgpee“hgih#bserved on
any di sk ¥ fasAindnyahead sidace Afdarsd he dwabidddubitesstandurt her,
none of the above magnetic recording di sks caused the fly stiction

phenonendi® Hfdf iR 49 2 T RERPinthc@ el ors0 9whicBA g 0G83] In
contr ast o116 JRQIEIY S IR, dRle AN Ad Ubrigantcd xRl al ni ng

t he conpou the general formula (11) al one (Conparative Exanple 1)
had a | ow bonb&2hti o and was defective when tested in the LUL durability

test. Further, itogl gﬁ)ec?g%gg ﬁa%&y Eﬁécé&ﬁ’ o@@gnggfnggs él'he magneti c

recordi ng di sk having a FTcant {ayer containin he” conmpound (A) of the
forml a (doredtanee (iGonparat imes peanflle ypdiakthedr gtaivorded mr dtao, but it
P ?S :f Ir g'{q_cfg“pﬁs ¥ Er?ﬂ?i‘C:q.}%?/f::sheeaadchcloafS Qﬂl’{incl} hceonIT:%Llndsuraabclalrlk}gn taetsotm %nrd acaused a

hydrogen atom to which a hydroxyl-containing hydrocarbon

group that optionally contains an ether bond is bonded.

The compound (B) suitably has flexible lubrication

performance based on the perfluoropolyether main chain and

capability of adhesion to the protective layer based on two

terminal functional groups having hydroxyl groups.

However, the compound (B) has a problem in low heat

resistance. Further, the compound (B) is liable to cause a

migration trouble and has a difficulty in suitable control

in use. It is therefore difficult to use the compound (B)

alone. These are problems that the present inventors have

sought to overcome.

[0033]
However, when the present inventors have prepared
a magnetic recording disk having a lubricant layer

containing these two compounds and tested it, it has been

unexpectedly found that the suitable properties of these

two compounds are synergistically exhibited and that the




[ 0064] Exanples 6 - 10 and Conparative Exanples 3 and 4 In Exanples 6 to 10
and Conparative Exanples 3 and 4, a hydrogenated nitrogenated carbon
protective | ayer was enpl oyed as the protective layer 5 and the protective
| ayer had a hydrogen content of 13 at15 based on the entire hydrogenated
nitrogenated carbon (H CHN ratio) and a nitrogen content of 8 ate based on
the carbon (NNC ratio). The hydrogen content was neasured by a hydrogen
forward scattering spectronetry nethod (HFS nmethod), and the nitrogen

cont ent \RsSE RS W0 Hys X-daip A D&l BE O TREDIIRSEOPY heXB8edRhiR0d) .

[0065] In each Exanple and Conparative Exanple, the protective layer 5 was
fornmed by WesitHa TAD BRAThGFEGIF Bingtley sTometssiut t eri ng net hod i n Exanpl e
1. According E@OM‘ pl asma CVD net hod, a dense protective |ayer suitable
for a magnetic recordl ng di sk according to the LUL nethod can be forned as
conpared with theInasbeoabémencwgpaunar bbh ﬁ@ntlawunrg Photeresert| ayer by a
sputteri n rret hod. It er redto a |l.ower drocar bon as, a feed
gas, d“—tlho&’etlg( rﬁﬁp reo(Poalcye% eernénagle{]sc pro 5t &t \?ém} ayer 5 had
a thi cknmaﬁlé I’Hﬁct{ Qﬂﬁ@]hﬂsl‘l Wyriteaints layeirdoivas drorgedd pakgersane
manner as .in Exar;r'g{ except that the |ubri %ant mxture cont ai ni ng the
conpound M He lrﬁﬂzf‘(m) LKL %rﬁ?&ﬂ%tﬁ’f

formul a (Jdvidtia £ amauihd Brtwas b%ﬂh@%@dl\yl anéeBUbéh@ant i xture

cont ai ning the conpound of the fornula (1) as a corrpound (A) and the
conpound e faralfletmithe (umbermef B8) ofwthe hetprraktlo t he
conpound & t I a ribution
(wei ght av@c(‘e%)rage mﬂoq{cyl({f Caatqu{}hrgeg&gpnblgépqav%f%rg %Féog gfhgeglbsgt gt'afnd

pol ydi spetrrm tapowee ey driex Wlarx@sedshdse tihre ExmtrﬂceathonTm:eanf@rqmnué (B) was

purified t he sane nethod as that iLn and it ha i ght
aver age r%%/ 5{% HE3RS gt "%, GO an XSmBjsmgd Epgpgl F?mBPuTg 6%B\{EV:

| ubri cantirddygle &dgbunddickngss fllbwing [q&?e&]aMmmgmetammecordi ng
di sks of Exarg)l es 6 to 10 and Conparative Exanples 3 and 4 were produced,
t he conmpdith ( ) rconmpound (B) weight ratio was variously changed as shown
in Table 2, and the thus-obtained nagnetic recordi ng di sks were eval uated
for perfornmances in the sane manner as in Exanple 1. Table 2 shows the
resul ts. HWth@EeOEk@ﬁgﬂFe@@(@BzQDm &HeOonpar at i ve Exarfglleés 3 and 4, the

flying h 6 ﬁg E@ggﬁébgf@gg&ln ckhe llrlcgﬂ durablllty( 168 was set at 10

nm and t i"de |nthefly stlctlontest was set
at 5.5 nm 0068 34 Table 2 Corrpound (A? npound Eé) (HV\BI ght
Fat ] 0) BoMASHEH LH- @) CEsPaGEF2CF0) o (CF20] 5-CiaE CH;0CH,CHCH,OH

rat i oExanpl e61: 1879%. 86Exanpl e74: 687%0). 86Exanpl e82: 8834’@. 87Exanpl e96: 487%).
86Exanpl e108:@89%0. 85CEx. 30: 165%0. 81CEx. 41: 099%). 79 OEx. - Conparative
Exanpl e Table 2 (continued) (IV)

R R R R

| | | I

HOCH,~-CF=- (OCF,CF) 4—0- (CF3) c—0O- (CFCF20) ,-CF-CH,0H

(V)
HOCH,;-CF,CF,—0- (CF,CF,CF,0) ,~CF,CF,-CH,0H (VI)
HO- (CH,CH,~0) n=CH,-CFy— (OC2Fy) 4 (OCF3) p—0-CF,~CHy~ (OCH2CHz) ,—~OH
(VII)

wherein R is F or CF;, each of a and b is an
integer of 1 or more, c¢ is an integer of 2 to 10, and each
of m and n is an integer of 1 or more.

[0035]



LUL Durability testFly stiction testNunber of Di skHeadAcceptanceti nes

of surfacesurfacerati odurabl eoperati onsEx. 6900, 000Excel | ent Excel | ent 200 %No
fl yoperatedsticti onEx. 7900, 000Excel | ent Excel | ent 100 %No

fl yoperatedsticti onEx. 8800, 000Excel | gt Excel | ent 100 %No

fl yoperatedsticti onEx. 9900, 000; Excel | ent Excel | ent 100 %No

fl yoperatedsticti onEx. 10800, 000Excel | ent Excel | ent 100 %No

fl yoperatedsticti onCeEx. 3300, 000; Soi | edHead20 %l yf ai | edel enent

andsti cti onshi el drhngescosnpdpnat i 9agops odedd S@lbed. £Exin 4300, 000; Head

cl ash, Head cl ash,50 oC ashf ail edscrat chedscr at chedoccurred 35 Ex. -

Exanpl e, q&BPinatdgipar £fi F8eERapMEOPDGSI] tERaFpIBORRA. Cf5thRd2BSWSar at i ve

Exanpl es L6 ddvdxaples Ul by b andh GUTRATAL iore Jamhtm&and 6, as

a protective layer 5, a hydrogenated nitrogenated carbon protective |ayer
was formed by a pFashheovDraethedcomrewedsak fannese atniwhExanples 6 to 10

and Conparati.v e t t-e drogen based
filtl‘}%rﬂel {ay glg%lnegf’eﬁ:r%]?crogngpegr%}% C%:é;r hoen %}s%%la%oe%%%y ®12 ate and
( )ent(

on the e r
t hat the @@it)gnt(f) rdrid oger based pore idrereshr ord wesclhclefngdtesten 7 at % The

protective | ayer 5 had a thickness of nm A lubricant |ayer 6 was forned

in the sfr?é“ﬂ%ﬁﬁjegr a5 R%%@ﬁpﬂ@yl %&fgep&ret%a{he[rhé:q%&qbcr a0 xt ur e

cont ai ni ne ytde catmouichPfeddie JOMMREsE (dompsurdi< AP UdbirAd andH he

conpound of the fornmula (11) as a conpound (B) was replaced with a

| ubr i cantPHABEI Y ¢ ot ¥ i iy atk RbrfdumP™st G medhAd-a (1) as a conpound

(A) and the CW{M of the formula (1V) as a conpound (B). Wth regard to
A,

t he conpound he purification nmethod and the nol ecul ar wei ght
di stribution (wei ihttheepugeendl eoutatriori ghite hupberanyekayger nol ecul ar

wei ght and | ydi-spersi.t.y. e the sa ) SE a(gl The
conpound p( e\/\r/ég)l urcﬁr}ée%grbs\;\e{rhee agbéjrr‘ée got ood“tngg @Ha{énl@ri aﬁap AR , and it
had a weigpcauet agd nnl ecweirghtei gitti ofo 5,000 tand :@ .polWdnspeesity of |.1.

Each lubricant layer 6 had a thickness aof 1 nm [0070] Wen magnetic

recor di nd'di¥¥s ’i%tlﬁé#;ltg? LERRP a@g Aot &Fe J@ﬂhﬁq\% agjoé’r‘?d 6 were
produced,rdm ,C MO WHhd Mot WP )i eigir it B ald el y changed
as shown in Table 3, and the thus-obtained magnetic 36 recording disks

wer e evalRRAt@FTise Jaden ended i Rrith@Ssand afdtiter the i yoadnfieon Table 3
shows th%ﬁof%ﬁﬁr%%ﬂ&t l@@'ﬁ@f%e“c%% | ﬂn%omds%tg,vea@aﬁpl es 5

and 6, the tlying helght of a magrietic n the LUL durability test was
set at 1Gumhheand tthwe rfilgriaty dreitghiulofe anayt itde deawced rint eenfd yeastd.cti on

?gts ;[ O\)Ngg getd'l ?ct eISSVSe(iT%rp&O\[/rga%;ilgée oTta bclhee BCOCI:H%%%% d(A()A)i:s rg.%%ue'}d t(h@n (wei ght
the above range, the adhesion of the entire lubricant layer
to the protective layer is enhanced, and as a result, the
lubrication performance may be decreased in some case, and
the head clash may be caused. The weight ratio of the
compound (A) and the compound (B) is particularly
preferably in the range of 4:6 to 6:4.

[0037]
In the present invention, preferably, the above
compound (A) has a weight average molecular weight (Mw) of
2,000 to 7,000 and has a polydispersity, represented by

weight average molecular weight (Mw)/number average

molecular weight (Mn), of 1.1 or less. When the compound

(A) has the above molecular weight distribution, the




ratio

- ~i Exanpl e111: 1909%0. 99Exanpl e124: 690%). 96Exanpl e132: 889%0. 93Exanpl e146: 490%0
. 95Exanpl e158: 293%). 90CEx. 50: 186%®. 83CEx. 61: 099%. 79 CEx. - Conparative
Exanple 37 Table 3 (continued) LUL Pgrability testFly stiction testNunber
of D skHeadAccept anceti nes of surfacesurfaceratiodurabl eoperati onskx.

11900, 000; Excel | ent Excel  ent]1 00 $No fl yoperatedsticti onEx. 12900, 000;

Excel | ent Excel | ent 100 ~No fl yoperat edsti cti onEx.

13800, 00QxgRidrRnt Eceld £ 100 N & il OR&IAlre deitd i mak ;

Excel | ent Excel | ent(iﬁ(;),o ~No flyoperat edsti ct?le%nE()s(l. PR makE EhL00)

15800, 00ramdde |larEaadt i am torotE eRR fg sy gpertatkdds tiast isoemre 5300, 000; Head

cl ash, He ; $Gl as i cL edse c r 1 26300, 000;
ead ol ac oo i Al BB e PR ee R R PR a R Bt

Exanpl e, weBght Coparatiess Btemple UO72ndesimsdy 16 mp 20 tires Gorgpar at i ve
Exanples 7 and 8 In Excarrple 16 tQLZO and Conpar hive.gxa les 7 and 8, as
a prot ectiVE léVé‘:‘r KN aaWGCfﬁ%naat & I tarmood‘]éha't e@ C8r Bon°p égti ve | ayer
was for meq dno ,a st DI mestnd 4 edriwahthamenerigas disdognmpt es 6 to 10

and Conparative Exanples 3 and 4 except, that the content of hydrogen based
on the ei% &Mt SfehABtEsH thlogetatdd WTar bEHIMAELehYRGBITRE 10 ate and

that the ﬂ%@p&zfsﬂ!&} ragenased onHhenLadhon Mag iganged to 6 ato. The
protective l"ayer 5 had a thickness of 5 nm A lubricant |ayer 6 was forned

in the saistrimiyrias in Pai@d, atkpindsitratie /| gorliawat mi xture

cont ai ni t ' f 25 - A SYRAUNA e 5 A) and the
conpoundqrg)fle[}ﬁ"el%f orrrellhrl%t((jlcig 1asgeg{t£:r:)gnr€dofja!néu?%3 an\?als rep agg&%&}ltﬁh a

| ubri cantcampdnere: comiaito g tdmteonpelind of the fornmula (1) as a conpound

A dth d of the f | VLI d (B). Wth dt
e oo e O ot ehL S Ofp et o Bt hotr el e etatat choptnid, Fo9ard 1o

di stribution (asitghdr gveiragey il eqllatt sRirghlf, Inwretorav.er @age nol ecul ar
wei ght and pol ydi spersity) were the sane as those in Exanple 1. The
conpound {)edREs (Sifr if i B 33T RRr dRaHod ded et SEEiHh@Y |, and it

had a wei Vi I i ; i Sistyy of

1. 05. Eactﬁml l}%rlﬁz%%ﬁ%yﬁﬁjﬁlaéﬁé%iﬁl@stg% %gﬁn%&rﬁ%f%ﬁ )enlér/ragneti c
recor di ngrditdles mfndexafpleP B to 2P HNd Conparative Exanples 7 and 8 were
produced, the (gﬁ’g)]ound (A) :conmpound (B) weight ratio was variously changed
as shown in T%l e 4, and the thus-obtained magnetic recordi ng di sks were
eval uated for perfioenaibces compbendan®) neannez esignt Exeepige 1. Table 4

and 5, MSTAOHIAF MG of] ool Had /00 RS UESIdt abi 111y Lest vas
set at 1QJdipdiapbddia | wdprdnirghdd ofy arddlidrie heatdd idieddnarstiction
test was wseeg'.tc_;hatt (5Mw5) /nnrp,lmber average molecular weight (Mn), of 1.2 or

less. When the compound (B) has the above molecular weight

distribution, the compound (B) has a perfluoropolyether

main chain length having lubrication performance suitable

for a magnetic recording disk.

[0039]
The compound of the general formula (II) is liable

to contain lower-molecular-weight impurities. When the

compound of the general formula (II) has the molecular

weight distribution as defined in the present invention,

the above impurities can be excluded, and the effect of the

present invention can be suitably exhibited. The compound




39 [0074] Table 4 Compound (A): Conmpound (B) (weight ratio)Bonded ratio

(~) Coverage ratio

(3Exanpl e161: 188%®. 92Exanpl el74: 688%). 92Exanpl e182: 886%0. 92Exanpl e196: 489%)
. 91Exanpl e208: 291%®. 90CEx. 70:1819%0. 8¢%Ex . 81: 0~--9 9~~ ~ . 7 9~ CEx. -
Conparative Exanple Table 4 (continued) LUL Durability testFly stiction

t est Nunber of Di skHeadAccept anceti nes

of surfacesurfacerati odurabl eoperati onsex. 16900, 000; Excel | ent Excel | ent 100

YNo f 1 yoper atredsddrid i 0N o rr/ 120 0 000 bened 1 @mtaaxice ld ertelib xNhas a
fl yoperatedsticti onEx. 18800, 000Excel | ent Excel | ent 100 %No
f 1 yoper atwsisthitctashtage ol Wi meidghterrBddq& i do @b and a

fl yoper at {1 d ONEX , '@gﬁegle C e 9
fl yoper at%%gc%%é onCEX. 2(57)%8%%8% Soi e'ngggéo%%l 3Féglge§?g%nt

andst i ct isorestagd diigonelar edpiorttt o ore s edhasoid 6 ICEunB300; 000He ad
cl ash, I—|eaicIJn culra.schieSSO $r%l asor}{eaéil edscr at ch.eds&:r.%t cheldoccurreod % : hExarrpl e,
CEx. - Com?ara ive I?xarrpsf e 4{‘535[ (ﬁ?fg:]al,&'se Showt i b1 o H “the
magnet i C irecoiakany di SKE) acoodial ingakdloy t g es esdmpourehtiaen ahadi gxcel | ent
properties, (performan esfsc%qwi,th regard to_the bonded ratjo, the coverage

i

ratio ~, WEQUUEHGE S 4RRS e HY PG 9on FELEhern FRE hagnet i ¢
recor di ngpll sho10fqidpse Ry Bsedxddnenti on, f W @rlay Wwigghd he | ubricant

| ayer according to the present invention and a carbon-containing protective
| ayer foﬂiﬁjﬁ@gmbtlpﬂfaslrﬁa D hirqathd ardk wls el ther e ¥n be produced
function ffects. ﬁggaqﬂpél - durabi i y]_aqg-t i ke.

Furt her, %viﬂe%g: alcereghz)e\slle aggbdrq‘iﬁl o ~ ifmaﬁl%%g H?o?éod.‘g‘sa or r%od}gc and

i ncr eased:suportdre: |adme cantbd aymrt &laredwr énr éhieabbypexhidbioff ithe functi ons,

so that the nagnetic recardin isk.is inproved in .LUL durahility, [0076]

| ndustri aﬂ%cﬁei I Cflﬂ}m'ﬁa i ﬁlglr)t’hee(;larﬁq'{;ho-kfao‘a}'ue‘-”sﬂr%r%D Ijlfbra\ncaﬁﬂl%ﬁgaeyrero hlatcyli s capabl e
of prevemidry t el lintslyetlsi of tr audl ® aad bbepeopeesiyodeteemihedat an
extrenely low | evel of flying height and which is capable of preventing the

mi grati oP %N FIAGHRRHESREFTt ATFRIT A IRGHAT ¢ Aind i sk of the
present idpiHdRD 46 11 et Al Yesidab! @ 1f)ors 4156 WHD darigrgreat i C
recording disk drive unit” according to the LUL net hod.
2,000 to 7,000.
[0040]

The above-discussed preferred ranges of the weight
average molecular weight (Mw) and the polydispersity
represented by the weight average molecular weight
(Mw) /number average molecular weight (Mn) in the compound
of the general formula (II) can be applied to the compounds
of the general formulae (III), (IV) and (VII) without any
modification. Further, in the compounds of the general
formulae (III), (IV) and (VII), each of a and b is an
integer of 1 or more, and the integers of a and b can be
properly determined such that the weight average molecular
weight of each compound is in the range of 2,000 to 7,000.

In the present invention, the above weight average

molecular weights (Mw) and the number average molecular

weights (Mn) are values obtained by measurements according

to a gel permeation chromatography (GPC) method using




41 CLAIMS 1. A magnetic recording disk conprising a substrate, a nagnetic

| ayer fornmed on the substrate, a protective |layer fornmed on the nagnetic

| ayer and a lubricant |ayer forned on the protective |ayer, the |ubricant

| ayer containing a compound (A) of thedgeneral formula (1), HOCH2CH2 ~
~CH2CH20H N- CHZCF2( OCFZCF2) p( OCF2) qOCF2CH2-N ~ ~ ~ ( | ) HOCH2CH2 ~
~CH2CH20H wherein each of p and q is an integer of 1 or nore, and a
conmpound (B) having a perfluoropol yether main chain having two end noieties

each of whdlohneang B%@tl’@a@%ﬁ@ﬁ’b@tmﬁ{ g ol PFYEaT HABEOL Wik ghts
hydr oxyl cont ai ni ng hydroca on group that optionally contains an ether

bonds) i ShHRIRESICS SURIYFAIFRS r ecordi ng di sk conprising a substrate, a
magnetic |ayefph@fyred on the substrate, a protective layer formed on the
magneti c Iayer and a lubricant |ayer forned on the protective |ayer, the
| ubricant | ayer bénngheéopnedent anwexrtiew, oftha mehbgdndf($¢j0$tihg gener al

fornula %ﬁj%?agﬁagg§tﬁé~ 0 R2.CE2( 2) p( OCF2 2CH2-N ~ ~ ~

Hfh %%%ﬁgéﬁ%%ﬁcﬁ &géﬁl$§%igﬁ%ﬁﬁ %rlor
rmr e andveal giompmt b Byd hepve gty pesf | erstoped yetdeyommiundh@n dayvi ng t wo
end noi etjies contain g%a carbon atom or an oxyge atomto which a

hydr oxyl -dBnt IR Dy i loct BEFF seeFially limited so long as it is

a purification method capable of molecular weight
fractionation, while it is preferred to use compounds
purified by a supercritical extraction method. When the
molecular weight fractionation is carried out by a
supercritical extraction method, there can be obtained
compounds suitably having the above molecular weight
distributions.
[0042]

In the present invention, the lubricant layer may
contain other lubricant known as a lubricant for a
conventional magnetic recording disk and various additives
known as additives for a lubricant layer, such as a
deterioration-preventing agent for a perfluoropolyether
lubricant, as required so long as the object of the present
invention is not impaired. Examples of the other known
lubricant above include a compound in which one end moiety
of a perfluoropolyether main chain contains a hydroxyl-
containing hydrocarbon group, a fluorine-containing azide
compound having a fluorocarbon chain and having at least
one azide group, and a compound in which at least one end
moiety of a perfluoropolyether main chain has a phosphazene
ring.

[0043]

According to the present invention, further, there

is provided a magnetic recording disk comprising a




group that optionally contains ether bonds) is bonded. 3. The magnetic
recording disk of claiml1l or 2, wherein the conpound (B) represents at

| east one conpound sel ected from conpounds of the general fornmulae (I1),
(rery, (rv)y and (vil), HOCHzZ- CF20- (ChgCF20) a (CF20) b-CHzZOH ( I
HOCHz- CFzO- (CFZCF20) a (CF20) b-CF2-CHZOH( 11 ) HOCH2CH CH20CH2- CF20-
(CF2CF20) a (CF20) b-CF2- CHZOCHZCHCHZOH OH CH (1V) HO ( CHzCH2-0O)

m CHzZ-CF2- ( 0C2 Fq ) a ( OCFZ ) b-0-CFz-CH2- ( OCHZCH2 ) n-OH (V1)

wher ei n eagdkstfatte, ba MR i Ba @l | A BERE H thOTs B E-ak, THe magnetic
recordi ng di sk of claiml, 2 or wherein the Tubricant” 1ayer contains the

conpound RF9t el el v ofeeng®)on rthe ved aptat katiayef B0 8:2. 5 The
magneti c yg60f o) the conpound
(A) has a weig tﬁgviejér%%%ofrr% C%H%? év)\r{/e? 3%1@%%%%0 ]%36% to_ , 000 and has a
pol ydi spdrlﬁ)ﬁ:;(l;antepkags??t%hrtg/ fmmgdfd caﬁ/ealf a@e(tﬂ]]}ee_(ﬁ.:f arhe/\mk?hte (Mw) / gunber
average nol ecul a [ .1 or less netjc recor i ng
di sk of amyone’ f”@l A %m% abfv%ceornél?%”i “%:)dnﬁd‘liﬁcﬂ?% © Ha% &L SRi ght
aver age prédiodecilgifoyed ghtof Mhe alard: Qi ©HOQD rathdtaic a

pol ydi spers repr esent ed by wei ght average nol ecul ar wei ght (Mw)/ nunber
aver age n‘iﬂcéb‘%,ﬁ YhtCIRHIs I 1B Byhst r B TRESEghetd¥er ecor di ng

di sk of aﬂ’aasnmﬁ&{ &l@lmoétfapc@ é’“‘;&f&éétfv% 1%@%%%@ Y ugdinit in a

| oad unl oad nethod. 8. The magnetlc recording di sk of any one of clains 1
to 7, whéradnew d et end & Julymicant glav@bhdemust amithe

protective layer, the process comprising mixing the
compound (A) and the compound (B) and forming the above
lubricant layer from the thus-obtained mixture.

The above lubricant mixture is prepared and
applied onto the protective layer to form a lubricant
layer, whereby the magnetic recording disk of the present
invention can be suitably obtained.

[0044]

In the present invention, the method of forming
the lubricant layer is not specially limited, and it can be
selected from various layer-forming methods such as a dip
coating method, a spin coating method, a spray method and a
vapor coating method. 1In the present invention, further,
when the lubricant layer is formed from a dispersion of the
lubricant(s) in a solvent, any solvent can be selected so
long as it can properly disperse the lubricants.
Particularly, a fluorine-containing solvent is preferred,
since it can properly disperse and dissolve the lubricant
containing the perfluoropolyether as a main chain. When
Vertrel XF supplied by DU PONT-MITSUI FLUOROCHEMICALS
COMPANY, LTD., or HFE7100 supplied by 3M Co., Ltd. is used
as a fluorine-containing solvent, particularly preferably,

there can be obtained a solution or dispersion in which the



protective layer fornmed by a plasma CVD nethod. 9. The nagnetic recording
di sk of any one of clains 1 to 8, said lubricant |ayer coats the surface of
said protective layer and has a coverage ratio (3 of 0.85 to 1. 10. A
process for the manufacture of a magngtic recording disk conprising a
substrate, a magnetic |layer formed on the substrate, a protective |ayer
formed on the nagnetic |ayer and a |ubricant |ayer formed on the protective
| ayer, the process conprising mxing a conmpound (A) of the general fornula

1), HOCHZ&HEo Qb1 PhEHE 2 oS l
I(-lo)CI-|ZCI-|2 ~ ~C:I-|czmc:?:|(2:§)%gv\_%er ein ea%ﬁggg% g?%%ﬁ%\ mt%&ggs%%ﬁie%r nmor e?

with a conpouhBO¢B] having a perfluoropol yether main chain having two end

moi eties containi hg @hgaggggegttoqh%n@gﬁaxygﬁ@ @BQE}E%@’%%F‘

hydr oxyl - cont ai ni ng hydrocarbon group thaf optional Ty contains ®et her bonds)
i s bondedlulanicémt niaget hes spref¢vdvl gaim thyerafgonnf he. § hus-bbg ai ned 44
m xt ure.
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& ()- MddymmRe d ) - Fhenl @¥ke K&'ghetdic recordlng disk
I#*uV4II 'lO%}Uél (% Fl% ]T(Q%{) %}2 11 ]}%ggu%%}é% 0zz 10zz oy
1027! @! TOWZE VIV 19 094 P41 HRHS 9 1SBVIRRR: () - 31Y10%&
"()- 10-uwdtio B is preferably 0.85 or more.
Further, it is not necessary to impose the special
limitation on the upper limit of the coverage ratio B, and
the coverage ratio B can be in the range of 0.85 to 1. 1In
Examples to be described later, suitable LUL durability can
be obtained even when the coverage ratio B is 0.99.
The ratio of coverage of the lubricant layer on
the protective layer (coverage ratio PB) in the present
invention refers to a coverage ratio P obtained by
calculation based on measurement by X-ray photoelectron
spectroscopy (XPS method). For specific calculation of the
coverage ratio P on the basis of measurement by XPS, there

can be employed a calculation method described in Japanese
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substrate, a magnetlc layer formed on the substrate, a
protective layer formed on the magnetic layer and a
lubricant layer formed on the protective layer. When the
protective layer is dotted with the lubricant layers
containing the compound (A) and/or the compound (B), the
lubricant layer preferably has a coverage ratio B,
calculated on the basis of measurement by the X-ray
photoelectron spectroscopy, of 0.85 or more.
[0047]

In the present invention, preferably, the magnetic
recording disk is heat-treated after the lubricant layer is
formed. The above heat treatment is preferred in the
present invention, since the heat treatment can improve
adhesion between the lubricant layer and the protective
layer and can improve the adhesion strength of the
lubricant layer. The heat treatment is preferably carried
out at a temperature of 100 to 180°C. When the heat
treatment temperature is lower than 100°C, the adhesion is
not sufficient. When it exceeds 180°C, undesirably, the
lubricant may be thermally decomposed. Further, the heat
treatment is preferably carried out for 30 to 120 minutes.

[0048]

In the present invention, the protective layer is
preferably a carbon-containing protective layer. The
carbon-containing protective layer is suitable since it has
high affinity with the end functional groups of the
compound (A) and the compound (B), and can serve to improve
the adhesion of the lubricant layer to the protective

layer. The carbon-containing protective layer is

preferably a hydrogenated carbon protective layer or other
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the distance between the magnetic layer and a magnetic head
is too large, which is undesirable for attaining a high S/N
ratio.

In the present invention, the substrate is
preferably a glass substrate. A glass substrate is
excellent in surface smoothness and suitable for high-
density recording. As a glass substrate, a chemically
strengthened aluminosilicate glass substrate is preferred.

[0049]

In the present invention, the carbon-containing
protective layer is particularly preferably a hydrogenated
nitrogenated carbon protective layer. Concerning the
method of forming the carbon-containing protective layer,
any one of a carbon-containing protective layer formed by a
sputtering method and a carbon-containing protective layer
formed by a plasma CVD method can be suitably used.
Particularly, when a carbon-containing protective layer
formed by a plasma CVD method is combined with the present
invention, a synergistic effect can be particularly
preferably produced.

In the present invention, when the protective
layer is a carbon-containing protective layer such as a
hydrogenated carbon protective layer, a nitrogenated carbon
(carbon nidride) protective layer or a hydrogenated
nitrogenated carbon protective layer, the content of

hydrogen in the entire protective layer, measured by a
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[0050]

In the present invention, the substrate preferably
has a surface roughness, Rmax, of 6 nm or less and a
surface roughness, Ra, of 0.6 nm or less. When the
substrate has the above smoothness, the flying height of a
magnetic head can be set to be 12 nm or less, while there
is a problem that the lubricant layer is liable to move due
to the surface smoothness. 1In the present invention,
however, the movement of the lubricant layer can be
properly suppressed. The above Rmax and Ra are as defined
in JIS BO60O1l.

[0051]

In the present invention, the magnetic layer is
not specially limited, and it may be a magnetic layer
according to an in-plane recording method or may be a
magnetic layer according to a perpendicular recording
method. A CoPt-based magnetic layer is preferred since a
high coercive force and a high reproduction output can be
obtained.

In the magnetic recording disk of the present
invention, an undercoat layer may be provided between the
substrate and the magnetic layer as required, and a seed
layer may be provided between the undercoat layer and the
substrate. The above undercoat layer is selected from a Cr
layer or an alloy layer such as a CrMo, CrW, CrV or CrTi

alloy layer. The seed layer is selected from an NiAl or

AlRu alloy layer.
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recording disk according to the CSS method and a magnetic
recording disk according to a contact-recording method.
[0052]

Examples

The present invention will be explained further in
detail with reference to Examples hereinafter, while the
present invention shall not be limited by these Examples.

Magnetic recording disks were tested for
performances according to the following methods.
(1) Lubricant layer adhesion performance test

A lubricant layer was tested for evaluating a
performance of adhesion to a protective layer. First, a
magnetic recording disk is measured for a lubricant layer
thickness by an FTIR (Fourier transform infrared
spectroscopy) method. Then, the magnetic recording disk is
immersed in a fluorine-containing solvent, Vertrel XF, for
1 minute. When the magnetic recording disk is immersed in
the solvent, a lubricant layer portion having low adhesion
strength comes to be dispersed or dissolved in the solvent,
but a portion having high adhesion strength can remain on
the protective layer. Then, the magnetic recording disk is
drawn up from the solvent and again measured for a
lubricant layer thickness by the FTIR method. The ratio of
the thickness of the lubricant layer after the immersion in
the solvent to the thickness of the lubricant layer before
the immersion in the solvent will be called a lubricant
layer adhesion ratio (bonded ratio). It can be said that
the higher the bonded ratio is, the higher the performance

of adhesion of the lubricant layer to the protective layer
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is. The bonded ratio is preferably at least 70 %. When
the bonded ratio is less than 70 %, such a lubricant layer
has poor performance of adhesion and may cause a fly
stiction trouble or corrosion trouble in some cases.
[0053]

(3) LUL durability test

The LUL test uses a 2.5~inch (65-mm) magnetic
recording disk drive unit that turns at a rate of 5,400 rpm
and a magnetic head that is operated with a flying height
of 12 nm. A negative pressure air bearing surface slider
(NPAB slider) is used as a slider of the magnetic head, and
a GMR magneto-resistance effect element is used as a
reproducing element. A shield portion is formed of an NiFe
alloy. A magnetic recording disk is placed in the above
magnetic recording disk drive unit, and the LUL operation
is continuously carried out with the above magnetic head,
to measure the number of times of the LUL operation
durability. After the LUL durability test, the magnetic
recording disk surface and the magnetic head surface are
observed visually and through an optical microscope for
failures such as scratches and soiling. In the LUL
durability test, a magnetic recording disk is required to
be durable against at least 400,000 times of the LUL
operations without any trouble, and a magnetic recording
disk durable against at least 600,000 times of the LUL
operations is suitable. In a use environment of a general
hard disk drive (HDD), it is said that more than 600,000
times of the LUL operations are conducted when HDD is used
for approximately 10 years.

(3) Fly stiction test

100 Magnetic recording disks are glide-tested with

a glide head with a flying height of 6 nm, to see whether
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stiction phenomenon takes place, the flying position of the
glide head abruptly changes to an unusual position, so that
the occurrence of the fly sticking can be detected by
monitoring a signal from a piezoelectric element attached
to the glide head. It is said that the ratio of acceptance
based on the inspection by the fly stiction test is
preferably required to be at least 90 %. When it is less
than 90 %, the production yield is low, the production cost
increases, and HDD troubles are liable to be caused.

(4) Coverage ratio B

The ratio of coverage of a lubricant layer on
protective layer (coverage ratio B) was calculated on the
basis of measurement by X-ray photoelectron spectroscopy
(XPS). As a specific calculation method, there was
employed the calculation method described in Japanese
Patent 3,449,637 (or U.S. Patent 6,099,981).

[0056]
Example 1

Fig. 1 is cross-sectional view of a magnetic
recording disk 10 for schematically showing the layer
structure of one embodiment of the magnetic recording disk
of the present first invention. In the magnetic recording
disk 10, a seed layer 2, an undercoat layer 3, a magnetic
layer 4, a protective layer 5 and a lubricant layer 6 are
consecutively formed on a substrate 1.

[0057]

The substrate 1 is a chemically strengthened
aluminosilicate glass substrate, and the main surface
thereof is mirror-polished and hence has an Rmax of 4.8 nm
and an Ra of 0.43 nm. Further, the glass substrate 1 has a

diameter of 65 mm and a thickness of 0.635 mm and is used
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for a 2.5-inch magnetic recording disk.

The seed layer 2 is formed of an NiAl alloy
containing 50 mol% of Ni and 50 mol% of Al and has a
thickness of 30 nm.

The undercoat layer 3 is formed of a CrMo alloy
containing 80 mol% of Cr and 20 mol% of Mo and has a
thickness of 8 nm.

The magnetic layer 4 is formed of a CoPt alloy
containing 62 mol% of Co, 20 mol% of Cr, 12 mol% of Pt and
6 mol% of B and has a thickness of 15 nm.

The protective layer 5 is formed of hydrogenated
carbon and has a thickness of 5 nm.

The lubricant layer 6 contains the compound (A) of
the formula (I) and the compound (B) of the formula (II) in
a weight ratio of 1:1 and has a thickness of 1 nm.

[0058]

The process for manufacturing the magnetic
recording disk 10 of this Example will be explained below.

First, the seed layer 2, the undercoat layer 3 and
the magnetic layer 4 was consecutively formed on the
substrate 1 in an Ar gas atmosphere by a DC magnetron
sputtering method. Then, the protective layer 5 was formed
by sputtering a carbon target in an Ar gas/hydrogen gas
mixed atmosphere (having a hydrogen gas content of 30 % by
volume) similarly according to a DC magnetron sputtering
method.

[0059]

Then, a lubricant containing the compound (A) of
the formula (I) having a weight average molecular weight of
3,000 and a polydispersity of 1.08, prepared by molecular
weight purification, and a lubricant containing the

compound (B) of the formula (II) having a weight average
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molecular weight of 3,000 and a polydispersity of 1.06,
prepared by molecular weight purification, purified by a
supercritical extraction method, were mixed in a compound
(A) :compound (B) weight ratio of 1:1, to prepare a
lubricant mixture. The lubricant mixture was dispersed and
dissolved in Vertrel XF that was fluorine-containing
solvent supplied by DU PONT-MITSUI FLUOROCHEMICALS COMPANY,
Ltd., to prepare a solution having a lubricant mixture
concentration of 0.02 % by weight. The above magnetic
recording disk having layers formed up to the protective
layer 5 was dipped in the above solution to form the
lubricant layer 6. Then, the magnetic recording disk 10
was heat-treated in a vacuum calcining furnace at 130°C for
90 minutes, to give a 2.5-inch magnetic recording disk 10
of this Example. The above magnetic recording disk 10 was
evaluated for performances. Table 1 shows the results.

[0060]
Example 2 - 5 and Comparative Example 1 and 2
Magnetic recording disks were produced in the same
manner as in Example 1 except that the lubricant mixture
was replaced with a lubricant mixture containing the
compound (A) of the formula (I) and the compound (B) of the
formula (II) in a compound (A):compound (B) weight ratio of
4:6 (Example 2), 2:8 (Example 3), 6:4 (Example 4) or 8:2
(Example 5) or that the lubricant mixture was replaced with
a lubricant containing the compound of the formula (II)
alone (Comparative Example 1) or a lubricant containing the
compound of the formula (I) alone (Comparative Example 2).
[0061]
The above magnetic recording disks were evaluated

for performances. Table 1 shows the results.

[0062]




"10%8 & ()-fnn "10W & ()-fnn "109B & ()-f/K<"xX8uT3! nn "10% & ()-fnn
"10%8 & ()-fnn "10W & ()-fnn "10B & ()-f/K<"nn "10% & ()-fwWuT3! nn
"10% & ()-ffnn "10B & ()-fnn "10WB & ()-f/K<"nn "10%8 & ()-fnn
"10%8 & ()-f| @T3! nn "10%B & ()-fnn "W & ()-f/K<"nn "10%W & ()-fnn
"10% & ()-fnn "1096&f()-f‘@@T3! nn "10%8 & ()-f/K<"nn "10% & ()-fnn
"10%8 & ()-fnn
Table 1
Compound (A) :Compound (B) Bonded ratio
(weight ratio) (%)
Example 1 1:1 85 %
Example 2 4:6 84 %
Example 3 2:8 79 %
Example 4 6:4 85 %
Example 5 8:2 90 %
CEx. 1 0:1 55 %
CEx. 2 1:0 97 %
CEx. = Comparative Example
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Table 1 (continued)
LUL Durability test Fly stiction test
Number of |Disk Head Acceptance
times of surface surface ratio
durable
operations
Ex. 1 800, 000; Excellent Excellent 100 % No fly
operated stiction
Ex. 2 800, 000; Excellent Excellent 100 % No fly
operated stiction
Ex. 3 600, 000; Excellent Excellent 100 % No fly
operated stiction
Ex. 4 800, 000; Excellent Excellent 100 % No fly
operated stiction
Ex. 5 600, 000; Excellent Excellent 100 % No fly
operated stiction
CEx. 200, 000; Soiled Head 20 % Fly
failed element and stiction
shielding occurred
portion
corroded,
soiled.
CEx. 300, 000; Head clash, | Head clash, 50 & Clash
failed scratched scratched occurred
Ex. = Example, CEx. = Comparative Example

Table 1 shows the following.

All of the magnetic

recording disks having lubricant layers according to the

present invention

75

%

Oor more.

(Examples

1 to 5)

further,

had a bonded ratio of
In the LUL durability test,

all of

the magnetic recording disks according to the present

invention had durability against at least 600,000 times of

the LUL operations,

and failures such as scratches and

soiling were not observed on any disk surface or any head

surface after the durability test.

Further,

none of the

above magnetic recording disks caused the fly stiction

phenomenon,

and the ratio of the acceptance was 100 %.
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[0063]

In contrast, the magnetic recording disk having a
lubricant layer containing the compound (B) of the general
formula (II) alone (Comparative Example 1) had a low bonded
ratio and was defective when tested in the LUL durability
test. Further, it also caused a fly stiction phenomenon.
The magnetic recording disk having a lubricant layer
containing the compound (A) of the formula (I) alone
(Comparative Example 2) had a high bonded ratio, but it had
scratches caused by head clash in the LUL durability test
and caused a fly stiction phenomenon.

[0064]
Examples 6 - 10 and Comparative Examples 3 and 4

In Examples 6 to 10 and Comparative Examples 3 and
4, a hydrogenated nitrogenated carbon protective layer was
employed as the protective layer 5, and the protective
layer had a hydrogen content of 13 at % based on the entire
hydrogenated nitrogenated carbon (H/CHN ratio) and a
nitrogen content of 8 at% based on the carbon (N/C ratio).
The hydrogen content was measured by a hydrogen forward
scattering spectrometry method (HFS method), and the
nitrogen content was measured by X-ray photoelectron
spectroscopy (XPS method).

[0065]

In each Example and Comparative Example, the
protective layer 5 was formed by a plasma CVD method in
place of the sputtering method in Example 1. According to
the plasma CVD method, a dense protective layer suitable
for a magnetic recording disk according to the LUL method
can be formed as compared with the case of forming a
carbon-containing protective layer by a sputtering method.

It is preferred to use a lower hydrocarbon as a feed gas,
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and these Examples used acetylene gas. The protective
layer 5 had a thickness of 5 nm.
[0066]

A lubricant layer 6 was formed in the same manner
as in Example 1 except that the lubricant mixture
containing the compound of the formula (I) as a compound
(A) and the compound of the formula (II) as a compound (B)
was replaced with a lubricant mixture containing the
compound of the formula (I) as a compound (A) and the
compound of the formula (III) as a compound (B).

With regard to the compound (A), the purification
method and the molecular weight distribution (weight
average molecular weight, number average molecular weight
and polydispersity) were the same as those in Example 1.
The compound (B) was purified by the same method as that in
Example 1, and it had a weight average molecular weight of
4,000 and a polydispersity of 1.1. Each lubricant layer 6
had a thickness of 1 nm.

[0067]

When magnetic recording disks of Examples 6 to 10
and Comparative Examples 3 and 4 were produced, the
compound (A):compound (B) weight ratio was variously
changed as shown in Table 2, and the thus-obtained magnetic
recording disks were evaluated for performances in the same
manner as in Example 1. Table 2 shows the results. 1In
these Examples 6 to 10 and Comparative Examples 3 and 4,
the flying height of a magnetic head in the LUL durability
test was set at 10 nm, and the flying height of a glide

head in the fly stiction test was set at 5.5 nm.

[0068]
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Table 2
Compound (A) :Compound (B) Bonded ratio Coverage
(weight ratio) (%) ratio P
Example 6 1:1 87 % 0.86
Example 7 4:6 87 % 0.86
Example 8 2:8 83 % 0.87
Example 9 6:4 87 % 0.86
Example 10 8:2 89 % 0.85
CEx. 3 0:1 65 % 0.81
CEx. 4 1:0 99 % 0.79
CEx. = Comparative Example
Table 2 (continued)

LUL Durability test

Fly stiction test

Number of | Disk Head Acceptance
times of surface surface ratio
durable
operations
900, 000; Excellent Excellent 100 % No fly
operated stiction
900, 000; Excellent Excellent 100 % No fly
operated stiction
800, 000; Excellent Excellent 100 % No fly
operated stiction
900, 000; Excellent Excellent 100 % No fly
operated stiction
800, 000; Excellent Excellent 100 % No fly
operated stiction
300, 000; Soiled Head 20 % Fly
failed element and stiction
shielding occurred
portion
corroded,
soiled.
300, 000; Head clash, | Head clash, 50 % Clash
failed scratched scratched occurred
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[0069]
Example 11 - 15 and Comparative Examples 5 and 6

In Examples 11 to 15 and Comparative Examples 5
and 6, as a protective layer 5, a hydrogenated nitrogenated
carbon protective layer was formed by a plasma CVD method
in the same manner as in Examples 6 to 10 and Comparative
Examples 3 and 4 except that the content of hydrogen based
on the entire hydrogenated nitrogenated carbon was changed
to 12 at% and that the content of nitrogen based on the
carbon was changed to 7 at%. The protective layer 5 had a
thickness of 5 nm.

A lubricant layer 6 was formed in the same manner
as in Example 1 except that the lubricant mixture
containing the compound of the formula (I) as a compound
(A) and the compound of the formula (II) as a compound (B)
was replaced with a lubricant mixture containing the
compound of the formula (I) as a compound (A) and the
compound of the formula (IV) as a compound (B).

With regard to the compound (A), the purification
method and the molecular weight distribution (weight
average molecular weight, number average molecular weight
and polydispersity) were the same as those in Example 1.
The compound (B) was purified by the same method as that in
Example 1, and it had a weight average molecular weight of
5,000 and a polydispersity of 1.1. Each lubricant layer 6
had a thickness of 1 nm.

[0070]

When magnetic recording disks of Examples 11 to 15
and Comparative Examples 5 and 6 were produced, the
compound (A) :compound (B) weight ratio was variously

changed as shown in Table 3, and the thus-obtained magnetic
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manner as in Example 1. Table 3 shows the results. 1In
these Examples 11 to 15 and Comparative Examples 5 and 6,
the flying height of a magnetic head in the LUL durability
test was set at 10 nm, and the flying height of a glide

head in the fly stiction test was set at 5.5 nm.

[0071]
Table 3

Compound (A) :Compound (B) Bonded ratio Coverage

(weight ratio) (%) ratio B
Example 11 1:1 90 % 0.99
Example 12 4:6 90 % 0.96
Example 13 2:8 89 % 0.93
Example 14 6:4 90 % 0.95
Example 15 8:2 93 % 0.90
CEx. 5 0:1 86 3% 0.83
CEx. 6 1:0 99 % 0.79

CEx.

Comparative Example

1
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Table 3 (continued)
LUL Durability test Fly stiction test
Number of | Disk Head Acceptance
times of surface surface ratio
durable
operations
Ex. 11 | 900,000; Excellent Excellent 100 % No fly
operated stiction
Ex. 12 | 900,000; Excellent Excellent 100 % No fly
operated stiction
Ex. 13 | 800,000; Excellent Excellent 100 % No fly
operated stiction
Ex. 14 | 900,000; Excellent Excellent 100 % No fly
operated stiction
Ex. 15 |(800,000; Excellent Excellent 100 % No fly
operated stiction
CEx. 5 | 300,000; Head clash, | Head clash, 60 % Clash
failed scratched scratched occurred
CEx. 6 |300,000; Head clash, | Head clash, 50 % Clash
failed scratched scratched occurred
Ex. = Example, CEx. = Comparative Example
[0072]

Examples 16 - 20 and Comparative Examples 7 and 8

In Examples 16 to 20 and Comparative Examples 7
and 8, as a protective layer 5, a hydrogenated nitrogenated
carbon protective layer was formed by a plasma CVD method
in the same manner as in Examples 6 to 10 and Comparative
Examples 3 and 4 except that the content of hydrogen based
on the entire hydrogenated nitrogenated carbon was changed
to 10 at$% and that the content of nitrogen based on the
carbon was changed to 6 at%. The protective layer 5 had a
thickness of 5 nm.
A lubricant layer 6 was formed in the same manner

as in Example 1 except that the lubricant mixture

containing the compound of the formula (I) as a compound




/K", 12: <@sS3L>0/ 1x "109% & ()-]1x "109% & ()-]1x "109% & ()-]1x "10% & ()-]/K
" x "10% & ()-] CEJKSUYsS3L>0/ 1x "10% & ()-]x "10% & ()-]x "10% & ()-]/K "x
"10% & ()-]x "10% & ()-] Y\ ~cdl 00S3L>0/ 1x "10% & ()-]x "10% & ()-]1/K "x

38

(A) and the compound of the formula (II) as a compound (B)
was replaced with a lubricant mixture containing the
compound of the formula (I) as a compound (A) and the
compound of the formula (VII) as a compound (B).

With regard to the compound (A), the purification
method and the molecular weight distribution (weight
average molecular weight, number average molecular weight
and polydispersity) were the same as those in Example 1.
The compound (B) was purified by the same method as that in
Example 1, and it had a weight average molecular weight of
3,000 and a polydispersity of 1.05. Each lubricant layer 6
had a thickness of 1 nm.

[0073]

When magnetic recording disks of Examples 16 to 20
and Comparative Examples 7 and 8 were produced, the
compound (A) :compound (B) weight ratio was variously
changed as shown in Table 4, and the thus-obtained magnetic
recording disks were evaluated for performances in the same
manner as in Example 1. Table 4 shows the results. 1In
these Examples 16 to 20 and Comparative Examples 7 and 8,
the flying height of a magnetic head in the LUL durability
test was set at 10 nm, and the flying height of a glide

head in the fly stiction test was set at 5.5 nm.
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Table 4
Compound (A} :Compound (B) Bonded ratio Coverage
(weight ratio) (%) ratio B
Example 16 1:1 88 % 0.92
Example 17 4:6 88 % 0.92
Example 18 2:8 86 % 0.92
Example 19 6:4 89 % 0.91
Example 20 8:2 91 3 0.90
CEx. 7 0:1 81 % 0.82
CEx. 8 1:0 99 % 0.79
CEx. = Comparative Example
Table 4 (continued)
LUL Durability test Fly stiction test
Number of | Disk Head Acceptance
times of surface surface ratio
durable
operations
Ex. 16 | 900, 000; Excellent Excellent 100 & No fly
operated stiction
Ex. 17 | 800,000; Excellent Excellent 100 % No fly
operated stiction
Ex. 18 } 800,000; Excellent Excellent 100 % No fly
operated stiction
Ex. 19 | 900,000; Excellent Excellent 100 & No fly
operated stiction
Ex. 20 | 800,000; Excellent Excellent 100 % No fly
operated stiction
CEx. 7 |300,000; Soiled Head 30 % Fly
failed element and stiction
shielding occurred
portion
corroded,
soiled.
CEx. 8 | 300,000; Head clash, | Head clash, 50 % Clash
failed scratched scratched occurred
Ex. = Example, CEx. = Comparative Example
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layer formed on the magnetic layer and a lubricant layer
formed on the protective layer, the lubricant layer being
formed of a mixture of a compound (A) of the general

formula (I),

N—CH,CF 5(OCF,CF),(OCF,)qOCF2CH,—N c (1)
HOCH,CH,”/ \CH,CH,OH

wherein each of p and g is an integer of 1 or
more, and

a compound (B) having a perfluoropolyether main
chain having two end moieties containing a carbon atom or

an oxygen atom to which a hydroxyl-containing hydrocarbon
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group that optionally contains ether bond(s) is bonded.

3. The magnetic recording disk of claim 1 or 2,
wherein the compound (B) represents at least one compound
selected from compounds of the general formulae (II),
(III), (IV) and (VII),

HOCH,-CF,0- (CF,CF,0) 5 (CF,0) ,—-CH,0H (IT)
HOCH,-CF;0- (CF,CF,0) 5 (CF,0) ,—CF,~CH,0H (ITI)
HOCH,CH-CH,0CH,-CF20- (CF,CF,0) 4 (CF,0) ,—-CF,-CH,0CH,CHCH,0H

| |

OH OH
(IV)
HO- (CH2CH2-0) n—CH-CF2~- (OC;Fy4) 2 (OCF,) p—0-CF3~CHy- (OCH,CH,) ,—OH
(VII)

wherein each of a, b, m and n is an integer of 1

Or more.

4. The magnetic recording disk of claim 1, 2 or 3,
wherein the lubricant layer contains the compound (A) and

the compound (B) in a weight ratio of 2:8 to 8:2.

5. The magnetic recording disk of any one of claims 1
to 4, wherein the compound (A) has a weight average
molecular weight (Mw) of 2,000 to 7,000 and has a
polydispersity, represented by weight average molecular
weight (Mw)/number average molecular weight (Mn), of 1.1 or

less.

6. The magnetic recording disk of any one of claims 1

to 5, wherein the compound (B) has a weight average
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group that optionally contains ether bond(s) is bonded, and

forming the said lubricant layer from the thus-obtained
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