1 DESCRI PTI ON MAGNETI C DI SK AND METHOD OF MANUFACTURI NG THE SAME 5
Technical Field [0001] This invention relates to a nmagnetic di sk adapted
to be mounted in a magnetic disk device such as a hard disk drive
(hereinafter abbreviated as a HDD) and to a nethod of nmanufacturing the
sane. 10 Background Art [0002] Various information recording techniques
have been devel oped following the increase in volune of information
processing in recent years. 15 Particularly, the areal recording density
of HDDs using the magnetic recording technique has been increasing at an
annual rate of about 100% RECengg@H“hﬁcn@nfornation recordi ng capacity
exceedi ng 60GB has been required per 2.5-inch nagnetic di sk adapted for
use in a HOD or the like. In order to satisfy such a requirenent, it is
necessary to realize an information recording density 20 exceedi ng

100CGhi t s/ i ncWAGNETHE DeBK tAdICaviE e Dtdie MANUFAGTORINGITHE SANE i n a
magnetic disk for use in a HDD or the like, it is necessary to reduce the
size of magnetic crystal grains form ng a magnetic recording | ayer
serving to record information signals, and further, to reduce the

t hi ckRessleghnicpleFipldyer . However, in the case of conventionally
connercializedﬂgﬁﬂietic di sks of the in-plane 25 nagnetic recording type
(also called t ngi tudi nal nmagnetic recording type or the horizontal
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HDD) and to a method of manufacturing the same.

10

Background Art

[0002]

Various information recording techniques have been developed
following the increase in volume of information processing in recent years.

15 Particuvlarly, the areal recording density of HDDs using the maghetic recording
technique has been increasing at an annual raie of about 100%. Recently, the
information recording capacity exceeding 60GB has been required per 2.5-inch
magnetic disk adapted for use in a HDD or the like. In order to satisfy such a
requirement, it is necessary to realize an information recording denéity

20 exceeding 100Gbits/inch®. In order to achieve the high recording density in a
magnetic disk for use in a HDD or the like, it is necessary to reduce the size of
magnetic crystal grains forming a magnetic recording layer sérving to record
information signals, and further, {0 reduce the thickness of the layer.  However,
in the case of conventionally commercialized magnetic disks of the in-plane

25 . magnetic recording type (also called the longitudinal magnetic recording type or
the horizontal magnetic recording type), as a result of the advance in size
reduction of magnetic crystal grains, there has been the occurrence of a thermal

fluctuation phenomenon where the thermal stability of recorded signals is



degraded due to superparanmagneti smso that the recorded signals are |ost.
This has been an inpeding factor for the increase in recording density of
the magnetic disks. [0003] 5 In order to solve this inpeding factor,
magneti c recording nmedia of the perpendicular magnetic recording type
have been proposed in recent years. In the case of the perpendicul ar
magnetic recording type, as is differéht fromthe case of the in-plane
magneti c recording type, the easy magnetization axis of a nagnetic
recording layer is adjusted so as to be oriented in a direction 10

per pendi ciy Fa&eg{ &J@to%ﬂfg%?ﬁaﬁnﬁgﬁet%ﬂ@%& "tl*l?éﬁhe Péco?@é@ﬁ?ﬁé’ls‘ﬂré et he

in-plane ré&cording typ e pérpendi cul ar magnetic recordi ng type can

suppress tihes hadesemhn irmpsdingfacier foherRaRERaBe antbcbitisy Usnsity dfakée for
increasing the recording density. As such a perpendicul ar magnetic

recor di ng maghatimdidkdsere i s known a so-called two-|ayer perpendicul ar
magneti c recordi ng di sk 15 conprising, over a substrate, a soft nagnetic
under | ayer made[®¥34 soft nagnetic substance and a perpendicul ar
magnetic recording | ayer made of a_  hard ma%neti,c substance, as is
descriBed in, f8tOERRMHEQIVe Y16 KIRRSHNY ALERIEMAINSOELOINg Redidaiitere, a
conventional nma tic disk has rotecti er 0. and | ubri¢cating

|
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Par b oul o Bay b elcbnditfiaian hbdn ARk @b 6 ladientThe ©, &' o
required tQse MR M4 haBhOREFdcbRSin %Q,%é&.@%é@f&ﬁ?ﬁﬁﬁ&?btha

chem cal substance Tresistance, fri ct?on properfi es; heat resi stance.
25 [0005] mhayrestidescdraingdayerfiy aduetedaso £ seeometited in a direction

per fl uoropol yet her-based |ubricants having hydroxyl groups in nolecul es
have dDt epepandiadardo the avdatd afreasubysirate.] Us caraparedivdth iihegmgldne di sks.
For exanplrgéorgﬁg%gé,r;ﬁe 1;:Jgr}:)endicular magnetic recording type can suppress the
thermal fluctuation phenomenon and thus is suitable for increasing the
recording density. As such a perpendicular magnetic recording medium, there
is known a so-called two-layer perpendicular magnetic recording disk
15 comprising, over a subsirate, a soft magnetic underlayer made of a soft
magnetic substance and a perpendicular magnetic recording layer made of a
hard magnetic substance, as is described in, for example, JP-A-2002-74648.
[0004]
In the meantime, a conventional magnetic disk has a protective layer
20 and a lubricating layer on a magnetic recording layer formed over a substrate,
for the purpose of ensuring the durability and reliability of the magnetic disk.
Particularly, the lubricating layer used at the outermost surface ié required to
have various properties such as long-term stability, chemical substance
~ resistance, friction properties, and heat resistance.
25 [0005]
In order to satisfy such a requirement, perfluoropolyether-based

lubricants having hydroxyl groups in molecules have often been used

cohventionally as [ubricants for magnetic disks. For example, according to



3 JP-A-S62-66417 (Patent Docunent 1) or the like, there is known a
magnetic recording nmediumor the |like coated with a .

per fl uoroal kyl pol yether |ubricant having a structure of

HOCH2CF2Q( C2F40) p(CF20) gCH2CH. It is known that when hydroxyl groups are
present in nolecules of a lubricant, the adhesion 5 properties of the

| ubricant to a protective |layer can bé& obtained by the interaction
between the protective |ayer and the hydroxyl groups. [0006] Patent
Docunent 1: JP-A-S62-66417 Y 10 Disclosure of the Invention Problemto

be Sol ved jpyaidip- MWﬁ’n(fPa@éht Od@faEnt A5 ofgeaikbbeg re R Rwn A thdghthE mat i on
recordi ng density of OOGhits/inch2 or nore has been required in recent

HDDs. One reg@diog rﬁeailumMrSheiake ebatbd dvithoa pdBlubhmlifygetlydthet lublicarddi tion to
t he conventional need as storage devices for conmputers, the HDDs have
been mounthedingra stolgtlie qfHDEE CEA(CabyD g f6H,CldyStent is Migin tatcamer as,
and so on. In the case of these new uses, since the housing space for
nounti ng Yhes hmg\_myé QELPS @ PeSSiAIN Malecllsaeh adubrigant the adhesion he

conput i ssary, to mnlat rize t HDD. For this, it is
necess ryptr%oef'ﬁ fetﬂleﬁ ”C@i'”‘!WBQQFOt%‘?“VS %@%l?t@‘@efjg’yﬁ ®nhounted in the

the conput SPRLAG" BNy b REeBfugrags %th%%ﬁ?@@ﬁeﬁaﬂe&euﬁii? se
is made of a snrﬁ Fil aneter magnetic disk of, for exanple, 1.8 inches to
0.8 inches snal n diameter than 25 the magnetic disk for the conputer

use. |t is necepgidny HoRuskdt € HP-AeStabR497 nore information vol unme even
when the magnetic disk is reduced in dianmeter as described above, thus
resulting in acceleration of inprovenment in information

10 Disclosure of the Inventiion
Problem to be Solved by the Invention

[0007]
As described above, the information recording density of 100Gbits/inch?
or more has been required in recent HDDs.  One reason for this is related to

15  the fact that, in addition to the conventional need as storage devices for
compdters, the HDDs have been mounted in mobile phones, car navigation -
systems, digital cameras, and so on.

In ihe case of these new uses, since the housing space for mounting
the HDD is extremely small as compared with that of the computer, itis -

20  necessary to miniaturize the HDD. Fdr this, it is necessary to reduce the
diameter of a magnetic disk to be mounted in the HDD. For example, a
3.5-inch or 2.5-inch magnetic disk can be used for the computer use, but in the
case of the above-mentioned new uses, use is made of a small-diameter
magnetic disk of, for example, 1.8 inches to 0.8 inches smaller in diameter than

25 the magnetic disk for the computer use. It is necessary to store a certain or
more information volume even when the magnetic disk is reduced in diameter
as described above, thus resulting in acceleration of imprbvement in information

recording density.



recording density. 4 [0008] Further, in order to effectively use the
limted disk area, use has been nade of a HDD of the LUL (Load Unl oad)
system i nstead of the conventional CSS (Contact Start and Stop) system
In the LUL system a nmagnetic head is 5 retreated to an inclined platform
called a ranp | ocated outside a nmagnetic disk while the HDD is stopped,
then in a start-up operation, the nagretic head is caused to slide from
the ranp, after the magnetic disk starts to rotate, so as to fly over
the magnetic disk to performrecording/reproduction. In a stop

operation, the qﬁmﬁﬁtic head is retreated to the ranp outside the :
magnetic disk, 10 then the rotation of the magnetic disk is stopped. This

sequence of theFuaher &t broiestd Sifcdlivelgdisa thelimape titkipsa, Uge lidyehgmonet i ¢
di sk nounted in the HDD of the LUL system it is not necessary to

provi de a readd afcd HEID di thg LA giload (BB d) rsggiconnsfead dftilee navgrestionalhead,
which is required in the CSS system thus it is possible to increase a
r ecor di ng/Gep(oanisthyaregdsriopeysianer elnidhe Lihesysism 1 magsebehead is
preferable for increasing the information capacity, . [0009] In order to
i npr ove tHi%”?ﬁli?@ﬁ?rﬁf‘i‘r&Fﬂng‘é@W‘c@F’Hé’aﬂ&E&rﬁvpdﬂ‘geé?dPH@%‘? a Madoghe tifces, it
I S necessary to r ce.a s i ng. | oss .as much..as possi bl r educi ng
the f1yi ngietgs RS S oiBoREE uffie £85ah PPERUER 8 Fatels Béen 5720

i nformati j | f i i i1 .l cessary
to ser 1 RAUFRS RHAIRHATIR e ek oM BN RETS: Sartib forpla, sh @1 °F e

LUL_syst ety gy tiamelbfdies @k 1d SaBrhfRobRMPKBFGIClBhnCH 4 bighs ot

necessary to provide an uneven shape f« on the sur of the
nmagneti ¢ @pgkationt thesmpgssictieidtio rétrgned ke tatraynp cutsiabhhd heigaeti¢ gk, of the

magneti c di sk. Consequently, in the case of the 25 magnetic di sk nounted
i n t haOHDEhe thetretaiioh of yist magnetiedibk ya sigpbed. ghthistequencertddimet i ¢ head can
be further reduced as conpared with the CSS system and

operations is called a LUL operation. In the magnetic disk mounted in the HDD

of the LUL system, it is not necessary to provide a contact sliding region (CSS

region) for the magnetic head, which is required in the CSS system, thus it is

possible to increase a recording/reproducing region and therefore the LUL

15  system is preferable for increasing the information capacity.

[0009]

In order to improve the information recording density under these
circumstances, it is necessary 1o reduce a spacing loss as much as possible by
reducing the flying height of the magnetic head. In order to achieve the

20 information recording density of 100Ghbits/inch® or more, it is necessary to set
the flying height of the magnetic head to 10nm or less. In the LUL system, as
is different from the CSS system, since it is not necessary to provide an uneven
shape for CSS on the surface of thé magnetic disk, it is possible to significantly
smooth the surface of the magn'etic.disk. Consequently, in the case of the

25 magnetic disk mounted in the HDD of the LUL system, the flying height of the
magnetic head can be further reduced as compared with fhe CSS system and

therefore there is also an advantage that it is possible 1o increase the S/N ratio

of a recording signal and thus to contribute to an increase in recording capacity



therefore there is also an advantage that it is possible to increase the
S/Nratio of a recording signal and thus to contribute to an increase in
recordi ng capacity 5 of the magnetic disk device. [0010] Because of the
further reduction in nmagnetic head flying height follow ng the recent

i ntroduction of the LUL system it has becone necessary 5 that the
magnetic disk stably operate even in the case of the low flying hei ght of
1 Ohmor |ess. Especially, as described above, the nagnetic disks have
been shifted fromthe in-plane magnetic recording type to the

per pendi cy; e ARGAEHC Sisk degieEdi ng type in recent years, so that an
increase in capacCity of the magnetic disks and a reduction in flying

hei ght foll ow n{pdip]have been strongly demanded. 10 [0011] When the
flying height of a magnetic head beconmes a |ow flying height of, for
exanpl e, 1 Onm Bechessof thadurteymedudiohéadagmptiahedd flyiegdweightadi abati c
conpression and adi abatic expansion on a lubricating |ayer on the surface
of a magnetavdngihskrecrpionladugtiongditha bUbsysiam. & fasjiasgmestecasseryt he

| ubricating | ayer 15 tends ta be repeatedly subjected tq heati.n nd

conl i ng RS Facsiolc Sk SHIE BPaiRTe SUSoIUbE ARL GEIMGHEWIHG TeiGh: Gant
formng t | ubri cati | ayer_tends. e ompted,. If th | ecul ar

wet ght Jof EREY PLBEE fibecF can EiiTiobd abpfi AP AT Rre ploks A8 EBoBiar 1 ¢
adhesi on t@; iV, b batl inq%[féﬁthat
the | ubri gﬁﬁ%dwﬁﬂﬁ@@%ﬁ@e@r ggﬁﬂé}:%ﬁ?tﬁ% t)l;Hsée[t'8 rtgélé? fé’r%rnggﬁ;ézd 8posi ted
on the magpeitmghgsslin Reahtfbard) sohBala merelsy if LagAiRATithée A2dhetic

rel ationship to nmake the fl'ying posture' thereof unstable, thus causing a
fly stictdigks drald todactittalt fiying heibli folowiagentdve bowr sichingBdderagnedd.c head
with a NPAB (negative pressure) slider is considered to pronote the

transflér deposi {G0di] phenonenon because it tends to suck the |ubricant

due to a strong vacuum 25 created at the bottom surface of the magnetic
head. The tr anslP¥éardgeslying height of a magnetic head becomes a low flying heigh

of, for example, 10nm or less, the magnetic head repeatedly exeris adiabatic
compression and adiabatic expansion on a lubricating layer on the surface of a
magnetic disk through air molecules while flying, so that the lubricating layer

15 tends to be repeatedly subjected to heating and cooling and therefore a
reduction in molecular weight of a lubricant forming the lubricating layer tends to
be promoted. If the molecular weight of the lubricant is reduced, its fluidity
increases so that its adhesion o a protective layer decreases. Then, itis
considered that the lubricant with the increased fluidity is transferred and

20 deposited on the magnetic head located in the extremely close positional
relationship to make the flying posture thereof unstable, thus causing a fly
stiction failure. Particularly, a recently iniroduced magnetic head with a NPAB
(negative pressure) slider is considered to promote the transfer deposition
phenomenon because it tends to suck the Iubricani due to a strong vacuum

25 created at the bottom surface of the magnetic head. The transferred and
deposited lubricant may produce an acid such as hydrofluoric acid to thereby
corrode an element portion of the magnetic head. Particularly, a magnetic

head mounted with a magnetoresistive effect element tends to be corroded.



deposited | ubricant may produce an acid such as hydrofluoric acid to
thereby corrode an elenent portion of the magnetic head. Particularly, a
magneti ¢ head nounted with a magneto resistive effect elenent tends to
be corroded. 6 [0012] On the other hand, if the fluidity of the

| ubricant is low, the lubricant |oses its recoverability and thus cannot
exhi bit suitable lubrication performarfice. Therefore, it is an inportant
subj ect for the lubricant to have proper 5 recoverability particularly
with the low flying height. If the surface energy of the forned

| ubri cating Iaygy1bg hi gh, water, organic contam nants, or the like
tends to be ads }%e on the surface of the |lubricating |ayer. Therefore,

particularly w b thBetherManbly if e MAHBNGF the MeoricRABEIIBW/ theYubrk:aht gh t hat
the water, the organic contam nants, ‘or the |ike adsorbed 10 on the

sur f ace ofjoddasitsl rabsvarabilitygridayies casndtrexhidiiesuitedieduisrizatibe paEgmeandse. head.
[0013] Further, recently, in order to increase the response speed of a

magnet i ¢ Tdiesdfodsitiis an impertadtsabjechiur ilsekddcaifi ta hasigpeeper di sk is

i ncreased. For exanple, a snall-dianeter 1.8-inch magnetic di sk device
sui t abbe freeovgramiy partipyfarty veth e 'aw flgiedieiehs. i ts response

characteristics by rotating a netic disk at a high, ,speed of 5400rpm
or more. \en tﬁéx‘?rﬁﬁ'ﬁ%qq Qﬂ-ﬁég? fPHF%‘g r'ﬁ?“%'@ﬁe'g'sm'gj‘ﬁ Walefeed, a
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and a magneksipilitieidthiH thiat the Waer, fhey bRfantetcamirPsl 4} the ket iefhded
before, recently, magnetic disk devices have started to be often used
not onDy am thesudate oniak lishrimatiog ey isceansiérreosiortbé neagmetit éead. but
[0013] | |
Further, recently, in order to increase the response speed of a magnetic
disk device, the rotational speed of a magnetic disk is increased. For example,
a small-diameter 1.8-inch magnetic disk device suitable for a mobile application
15 enhances iis response characteristics by rotating a magnetic disk at a high
speed of 5400rpm or more. When the magnetic disk is rotated at such a high
speed, a lubricating layer moves (migrates) due {o a centrifugal force caused by
the rotation so that the thickness of the lubricating layer becomes nonuniform in
the plane of the magnetic disk, resulting in actualization of a failure due to a
20 contact between the surface of the magnetic disk and a magnetic head at its
low flying height.
[0014]
As described before, recently, magnetic disk devices have started to be
often used not only as conventional storage devices of personal computers, but
25 also as storage devices for mobile applications such as mobile phones and car
navigation systems and, therefore, due to diversification of use applications, the

environmental resistance required for magnetic disks has become very strict.

Therefore, in view of these circumstances, it is urgently necessary, more than



25 al so as storage devices for nobile applications such as nobil e phones
and car navigation systens and, therefore, due to diversification of use
applications, the environnmental resistance required for magnetic disks
has become very strict. Therefore, in view of these circunstances, it is
urgently necessary, nore than 7 conventional, to further inprove the
durability of the surfaces of magnetiZt disks and the properties, such
as, for exanple, fluidity, surface energy, and fixed-point flying
properties (CFT properties), of lubricants formng |ubricating |ayers.

[0015] gfo'r:]%ﬁt%’l“?a'i‘gotfgﬁerr% thviTRE QYRR of t%e'é&r@f:@%f ﬁ’l@lgﬁ@t‘fcoﬂu@ké‘g

density nagnetlc n recent years i's requir to reduce the

nmagnet i ¢ #HRARE Mo OPé@ﬁéy\@,@ah@sn@g@ﬁémglehﬂ@dltm@rfacé@ﬁ@fg(f}l A8d hm&gomf a
magneti c di sk an therefore, it has becone necessary to furt reduce

t he t hi ckiyagspropenies|(GBTipcapartigs)| allaebrigarts Gmmimelbdestirigheyaragnet i ¢ head
and the recording |ayer of 10 the nmagnetic disk. A lubricant used as the
| ubricating | a5t the outernost surface of the magnetic disk largely
affects the durabl lity of the magnetic, disk. Even if the thickness of
the | 8bricati ngollayag th% r%@@lﬂﬂ@@"emﬁéf @t'af@rmatl@n mrerdipgdeasi oty are

| h di sk. .[ 0016 b b :
Foqul red %54%'1&@ o ] P 4R BiIPALRERLH Bellor S Fiasgole FRRSRGbi 11ty of
magnet i o LabE g FEaerR Lo R e Rt o BB R e ol owi ng
the i ncr qgsgsdd, |"tﬁﬁé’bgbrﬂﬁe‘E'\%Eéééa¥¥ltd‘fu"rtﬁ@?FEdu%@%ﬁftrﬁél&esé gsher, due to

di versification of use app i cat s and so on e envi ronment al

resi st andgordfating (el erbdet bem@retthe nttighetic hasd badane racerding tdyiee bf |
Therefore, it is required, nore than conventional, to further inprove

the doralihg imagnefic tifsé. s Arlfilzrioest oéed aagmelubncajmgldayaraﬂ théneuierrapsrti es of
' ubr Cantsirffagé rc?f ’Ph% A]ggtrlétl(é:a(;llsl? %rgl;é’jlly girfgcts the duraLlllty of the magnetic disk.
Even if the thickness of the lubricating layer is reduced, the stability and
reliability are essential for the magnetic disk.
[0016] '

15 As described above, it is required to realize a magnetic disk excellent in
long-term st‘ability of a lubricating layer and having high reliability despite the
reduction in magnetic spacing and the low flying height of a magnetic head
following the increase in recording density in recent years and, further, due to
diversification of use applications and so on, the envirenmental resistance

20  required for magnetic disks has become very strict. Therefore, it is required,
more than conventional, to further imprové the durability of the surfaces of
magnetic disks and the properties of lubricants forming lubricating fayers.

[0017]
This invention has been made in view of these conventional

25 circumstances and has an object to provide a magnetid disk that is excellent in
properties such as, particularly, fiuidity, surface energy, and CFT properties, of a

lubricant forming a lubricating layer and thus has high reliability despite the low

flying height of a magnetic head following the rapid increase in recording



This invention has been made in view of these conventional 25

ci rcunst ances and has an object to provide a magnetic disk that is
excellent in properties such as, particularly, fluidity, surface energy,
and CFT properties, of a lubricant formng a lubricating |ayer and thus
has high reliability despite the low flying height of a nagnetic head
followng the rapid increase in recordi8ng 8 density in recent years and
despite the very strict environmental resistance follow ng the

di versification of applications, and to provide a nmethod of

nanuf act Ur A BNEheAdBBIR! A Lo Ao VRS UnvROhbRG) s tab! em

[0018] As ar ntensi ve studies ‘on a rican or a magnetic

di sk, the PRSERY tHeURILPEatRASof Rineatidhal abd® SRR -IRRM®RNGd probl ens

can be solved by the follow ng inventions, and has conpleted this

i nventi on. nidhuBneeing @b & maghetic diskenti on has the fol | owi ng
configurations. (Configuration 1) A magnetic disk having at |east a
magnetic | ayer, a protective layer, and a lubricating |ayer provided in
this order over a substrate, wherein the lubricating layer is formed by a
fil mofSa Maansdanbolvingshe Hreklemi ng a | ubricant a containing at |east one
conpound sel ect e@f ma conpound represented by a chem cal formula

[ Chemi cal For mul 01{3 HO CH2- CH CH2- 0- CH2- CF2(- O C2F4) p- (O CF2)g-0 i OH

2 T2, 02 L ey 5o b el aBe v
present inventor has found that thekabove-mentioned problems can be solved
by the following inventions, and has completed this invention.

10 Specifically, this invention has the foliowing configurations.
(Configuration 1)
A magnetic disk having at least a magnetic layer, a protective layer, and
a lubricating layer provided in this order over a substrate,
wherein the lubricating layer is formed by a film of a lubricant ¢
15 containing a lubricant a containing at least one compound selected from a
compound represented by a chemical formula
[Chemical Formula 1]
HO-CH»-CH-CH2-0-CH3z-CF2(-0-CoF 4)p-(0O-CF2)q-0-*
OH *.CF3-CHp-0-CHp-CH-CH,-OH
OH
[in the formula, p and g are natural numbers])
20 and a compound represented by a chemical formula
[Chemical Formula 2] |
HO-CH,-CF5(-0-CoF 4)m-~(0-CF2)n-OCF»-CH»~OH
[in the formula, m and n are natural numbersj
and a lubricant b containing a compound in whfch perfluoropolyether groups
25  each having a perfluoropolyether main chain in a structure thereof and each

having a hydroxyi'group at an end thereof are bonded to each other through a



[ Chem cal Fornmula 2] HO CH2-CF2(-O-C2 FA)m (O CF2) n- OCF2-CHZ-OH [in the
formula, mand n are natural nunbers] and a lubricant b containing a
conmpound i n which perfluoropol yether groups 25 each having a

perfl uoropol yether main chain in a structure thereof and each having a
hydroxyl group at an end thereof are bonded to each other through a 9

di val ent 1inking group having at |eastgtwo hydroxyl groups in a structure
thereof. [0021] (Configuration 2) In the magnetic disk according to
Configuration 1, a nunber-average 5 nolecular weight (M) of the

| ubri cant r f. OI%RR r the
magneti c dﬁ' EL gé’@%@&lﬁ%(@%&% ?%&trsg W‘gms'%ﬁgmt"ﬁp%ﬁ%@g

| ubricant at t(r)@d1 bricant b in the Iubrlcant cis 8:2to 2:8. [0022]
10 (Configurati 4) In the magnetic di sk according to any one of

Confi gurations ICésfighratidhe2) protective layer is a carbon-based protective
| ayer fornmed by a plasma CVD nethod. (Configuration 5) 15 The nagnetic
di sk accordi ng tmthemjagmegicafiskCastiording & Configuration 4, a sumbdapietgeo be
nounted in a nmagnetic disk device of a | oad unload system [0023]

( Conf i ur andleeuls) weightMipidofdhe inigaaide isrinmgangenahedl to 00, t he net hod
formng at 20 |least a nmagnetic |ayer, a protective |layer, and a

| ubri cating Iayé@onf}guﬂ"ﬂl%‘ Hrder over a substrate, wherein the nethod

compri ses In the magnetic disk according to Configuration 1 or 2, a weight ratio of

the lubricant a /'the lubricant b in the lubricant ¢ is 8:2 to 2:8.

[0022]

10 (Configuration 4)

In the magnetic disk according to any one of Configurations 1 to 3, the
protective layer is a carbon-based protective layer formed by a plasma CVD
method.
| (Configuration 5)

15 The magnetic disk according to any one of Configurations 1 to 4 is
adapted to be mounted in a magnetic disk device of a load unload system.

[0023] |

{Configuration 6)

A method of manufacturing a magnetic disk, the method forming at
20 least a magnetic layer, a protective layer, and a lubricating layer in this order
over a substrate, wherein the method comprises

preparing a lubricant a having a weight-average molecular weight (Mw}
of 3000 to 7000 and a molecular weight dispersion of 1.2 or less by performing
molecular weight fractionation of a lubricant a containing at least one compound

25 selected from a compound represented by a chemical formula

[0024]

[Chemical Formula 3]



preparing a lubricant a having a wei ght-average nol ecul ar wei ght (My)  of
3000 to 7000 and a nol ecul ar wei ght dispersion of 1.2 or |ess by

perform ng nolecular weight fractionation of a lubricant a containing at
| east one conpound 25 selected froma conpound represented by a cheni cal
formula [0024] [Chem cal Fornmula 3] 10

HO- CH2- CH- CH2- 0- CH2- CF2(- O C2F4) p- (O-OFR)g-O " i OH
*-CF2-CH2-0-CH2-CH- CH2-OH OH [in the forrmula, p and q are natural
nunbers] and a conmpound represented by a chemical fornula [0025] 5

[ Chem cal Fornul g4k HO\C H2- GF -_@ch__ ) SF -OCEF2-CH2-OH [in the
fornula, m and nﬁgfgﬁﬁrdglz ﬁﬁ%‘g%rsf, %%?éé@ﬁ%ﬁﬁq %:Eri cant b
conprising a conpound iGHwhi ch perf I"tOF p0bly@10H-ChirOHpOHach havi ng a
perfl uoropol yether main chain in a 10 structure 6Eer eof and each havi ng
a hydroxyl group at an end thereof are bonded to~“each other through a

di val ent linking group having at |east two hydroxyl groups in a
structure theregfn, therfersew|pnig aad ause ingdinel rumbershe form of a mi xture of

the lubricant a and tge | ubricant b, and 15 formng a filmof the
| ubri cant 8"eA CHP trﬁl&rteﬁ%tefjiv&thrﬂ‘éﬁlﬁfﬁwv@r mng the lubricating

| ayer. [0026] ([Sﬁgg]i guration 7)

5 [Chemical Formula 4]
HO-CHg-CFz(-O-CzF4)m-(0-CF2)n-OCF%-CH2-0H
[in the formula, m and n are natural numbers],
preparing a lubricant b comprising a compound in which
perfluoropolyether groups each having a perfluoropolyether main chain in a
10 structure thereof and each having a hydroxyl group at an end thereof are
bonded to each other through a divalent linking group having at least two
hydroxyl groups in a siructure thereof,
preparing a lubricant c in the form of a mixtur.e of the lubricant a and the
lubricant b, and |
15 forming a film of the lubricant ¢ on the protective layer, thereby forming
the Iubricating layer.
[0026]
(Configuration 7)
[n the method of manufacturing a magnetic disk according to
20  Configuration 6, the molecular Weight fractionation is perforfnéd by a
supercritical fluid extréction method.
(Configuration 8)
The method of manufacturing a'magnetic disk according to Configuration
6 or 7 comprises exposing the magnetic disk to an atmosphere at 50°C to
25  150°C after forming the lubricating layer.
| [0027]



In the nmethod of manufacturing a magnetic disk according to 20
Configuration 6, the nolecular weight fractionation is perforned by a
supercritical fluid extraction method. (Configuration 8) The nethod of
manuf acturing a magneti c di sk according to Configuration 6 or 7
conprises exposing the magnetic disk to an atnosphere at 50C to 25 150C
after formng the lubricating layer. 110027] 11 According to the
invention of Configuration 1, the magnetic disk has at | east the magnetic
| ayer, the protective |ayer, and the lubricating |layer provided in this

order over the s ‘ el At J 4N } S by the
filmof the | ubr@m'ﬁ%%c%]\r%’lg\(ﬁtﬁg dt?ﬁzgnﬁ?%aﬁiraé 1(’)?@'{ ﬁé%%@?‘%?@%%%r?cam

conpounds, jefst the mddietit Ydyer aRB brateai@ Ihirsr, hn@tie@blicdtingThapdrgirevigedt her e
is obtained the nmagnetic disk that is excellent in properties such as,

par ti cul arinythisfdrdérdiviey thes subistiage, whegeig)the atdlic@ig [ayepmrivinesd bpthd he

| ubricant formng the lubricating layer and thus has high reliability
despi t e t hiBm eiihe Iytiriegnheceaingty heraiyive ot theespgcificdulprisanhgompeundspi d
increase in recording density in recent years and further 10 despite the

very st i cke-dieludbaeia and eshustieate- 1 JNPtsipiey thare Ivekiaingdiheat i on of

Pber - avoPagac GFbUA B YL Gk PIASTES Fid 15 BEricafRr oG DS ARes ar 'y
f bly.in t : Thhs (|.8. it

AR NI Y

ave. excel | ant e R e R S A S o PR RRE o of
Conf i gur at foiowidg thé eapie irghéageahirecartiinghiensity in recent years and further
10  despite the very strict environmental resistance following the diversification of
applications.
[0028]
According to the invention of Configuration 2, the number-average
molecular weight (Mn) of the lubricant b is particularly preferably in the range of
15 1000 to 10000. This is because when it is used as a mixture with the lubricant
a, it can have recoverability with proper viscosity to exhibit suitable lubrication
performance and further have excellent heat resistance.
[0029]
According 10 the invention of Configuration 3, the weight ratio of the
20 lubricant a / the lubricant b in the lubricant ¢ is particularly preferably 8:2 to 2:8
because the operation and effect of this invention can be suitably ex'hibited..
According to the invention of Configuration 4, the protective layer is
particularly preferably the carbon-based protective layer formed by the plasma
CVD method. This is because the carbon-based protective layer with a
25 uniform and dense surface can be formed by the plasma CVD method, which is
suitabie for this invention.
[0030]

Accbrding to the invention of Configuration 5, the magnétic disk of this



20 lubricant a / the lubricant b in the lubricant c is particularly
preferably 8:2 to 2:8 because the operation and effect of this invention
can be suitably exhibited.. According to the invention of Configuration
4, the protective layer is particularly preferably the carbon-based
protective layer forned by the plasma CVD nethod. This is because the
carbon-based protective layer with a 2% uni form and dense surface can be
formed by the plasma CVD nethod, which is suitable for this invention.

[ 0030] According to the invention of Configuration 5, the nmagnetic disk

of thi S 12in bijAtsisOftabie o34 meh@n@eﬂ?@aa@&aettaﬁe%@ﬁqtgﬁﬁp&%g@n@e

nmounted in a nmagnetic i sk device o particul ar e LUL "system

Because of diskeetide ongiarliceatsi tmwma{mneﬁe@aw@k thbYirtigeriredgdtion in
foll owi ng the i ntroduction of the L system the nmagnetic disk is

requi red twmaghetd yeaxpiyiay beighbinllowinghee drselucfion bethedwIf systerg, ehei ght  of
1 Onmor less. Therefore, the nmagnetic disk of this invention having

hi gh rel i amiaghetc diskeis woited tﬁestlaglw deyatagvRBeiiHe ¢asesiitialsvellying031]
According to the inventjon of Conpfi g[Hr ation 6, the nmethod of .

manuf act ur NeIgt ¢l OniyRelese: ol are1Ras: thg MaINela siskd dhisdyestie hpwipar , t he
10 protectjve |layer, and t | ybricating,|ayer, provided in this order
over the é'gﬁg?lf%ﬁgy BY%HFESW F?év '!IIW?JQ h‘é@ﬂ{ ‘S§ugﬂ@et he lubricant b, further
prepares the I%pé%ﬂant c inthe formof the mxture of them and forns
the filmof the'fubricant c¢ on the protective |ayer, thereby formng the

lubricating | ayefecoldlfg & MeQnvdriiRhr Gohfight 'bﬁ%‘,jtﬁeg@e { gtic disk that

is excellent in proper§| es suc% as, particularly, urdity, surface
ener gy, angaGbfhciregans negnett diskeavingratdeadt tionmrignetid kger, thwri cating

| ayer and thus has high reliability despite the Iow flying height of a
magneti® heatedtiob layesr,rand the lvkxjziating fayee pewidad indlsisodiergpwdetis ty i n recent
YoR! owi g sutBirats proparas the Iubricant A and the fubricant b, Ather prepares e -
lubricant ¢ in the form of the mixture of them, and forms the film of the lubricant
¢ on the protective layer, thereby forming the lubricating layer. Therefore, there
is obtained the magnetic disk that is excellent in properties such as, particularly,
15 fluidity, surface energy, and CFT propetties, of the lubricant forming the
lubricating layer and thus has high reliability despite the low flying height of a
magnetic head foliowing the rapid increase in recording density in recent yeérs
and further despite the very sirict environmental resistance following the
diversification of applications.
20 [0032] |
According 1o the invention of Configuration 7, the molecular weight
fractionation is preferably performed by the supercritical fluid extraction method.
According to the invention of Configuration 8, the magnetic disk is
exposed to an atmosphere at 50°C to 150°C after forming the lubricating layer
25 sothatit is possible to further improve the adhesion of the formed lubricating

layer to the protective layer.

Effect of the Invention



diversification of applications. 20 [0032] According to the invention of
Configuration 7, the nolecular weight fractionation is preferably
performed by the supercritical fluid extraction nmethod. According to the
i nvention of Configuration 8, the magnetic disk is exposed to an

at nosphere at 50C to 150C after formng the lubricating |ayer 25 so that
it is possible to further inprove the t@&lhesion of the fornmed |ubricating
| ayer to the protective layer. Effect of the Invention 13 [0033]
According to this invention, it is possible to provide a magnetic disk
that is excellqaé3én properties such as, particularly, fluidity, surface
energy, and CFT pererties, of a lubricant formng a lubricating |ayer

and thus has hi gledofdihg® tHid Mventtes Riis BosdiSlet@Wrdvidd AIndipicabdisk that
magneti c head followng the rapid increase in recording density in

recent yeaisexaohbrtin ploperidespicheist partivelayy, Stuldity! surée grange anal CFT

resi stance following the diversification of applications. Best Mde for
Carryi ng Quiopetiesi ove hibrioant feonihg @3dbridddingi lapeslaod, thush has highentialoliiywi | | be
described in detail based on an enbodinent thereof. A nagnetic disk of

t hi s i fvendewiteitae owlynaheohdpkk magrety haad falguingiheragiddbereasayer, a
protective Ia&ﬁr, and a lubricatin Iaé r (ﬁ)rovi ed in this order 15 over
b subst r at BOOU EFRSIVIIR PR VEAS g AJEr SDlp dheVyE (i1 m of a

sel ect od 1 ONOR R Sart R A ER Mo PertAPLPH R danblBRlord Corrcant
?ggpnaijgd[(()géfjiaccordi ng to this inventi 0:1) represented by a chem cal

Best Mode for Carrying Out the Invention
10 [0034]
Hereinbelow, this invention will be described in detail based on an
embodiment thereof.
A magnetic disk of this invention is a magnetic disk having at least a
magnetic layer, a protective layer, and a lubricating layer provided in this order
15 over a substrate, wherein the lubricating layer is formed by a film of a lubricant ¢
| containing a lubricant a containing at least one compound selected from a
compound (hereinafter referred to as the lubricant compound (1) according to
this invention) represented by a chemical formula
[0035]
20 [Chemidal Formula 5]
HO-CHy-CH-CHy-0-CHy-CF(-0-CyF 4)p-(0O-CF2)q-0-*
&)H *-CF2-CHy-O-CH,-CH-CH,-OH
OH
[in the formula, p and g are natural numbers]
and a compound (hereinafter referrad to as the lubricant compound (1)
aécording to this invention) represented by a chemical formula
25 [0036]

[Chemical Formula 6]



20 [Chem cal Fornula 5] HO CH2-C H CH2- 0- CH2-CF2(-O C2F4) p- (O CF2)g-O-*

I OH *-CF2-CH2-O CHZ-CH-CH2-OH |1 OH [in the formula, p and q are

nat ural nunbers] and a conpound (hereinafter referred to as the | ubricant
conmpound (I1) according to this invention) represented by a chem cal
formula 25 [0036] [Chemical Formula 6] 14 H O CH2-CF2(-O C2F4)

m (O CF2)n-OCF2-CH2-OH [in the formuld4 mand n are natural nunbers] and
a lubricant b containing a conpound (hereinafter referred to as the

| ubricant conpound (111) according to this invention) in which

per fl uoropol yet hgh_8[0L . 18N L f horAapol yet her mai n chain
in a structure tﬁ(ta)rgg‘?lt?ﬁ&%eggﬁhnﬂ@i%)@c@fﬁg%ldgronp at an end .
thereof are bond@gtﬁeofoﬁﬁﬁlﬁ, R % n bR REQRaFunfliergl ent i nking group having

at |east two hydroxyl groups in a structure thereof. [0037] The

| ubri cant eaARAURSEANE b BRI @g:dnggddmuqhbwmr@éfeﬁ@m@hg% uBritye 10

| ubricating layer in the magnetic disk of this inventionis a

per f | uor opabsebbed {IHpaecbrdiogpo thisl invawtiow ia whéaif perduoppblyetize gromsn chai n

in a structure thereof and having four hydroxyl groups at ends thereof.

The | ubri eanh hawingaupaifiarppolieiter diatycivain ima struoiuehtheseofiandzapach

per fl uoropol yet her-based conpound having a perfl uoropol Ket her main chain

in a strucha¥ido@cEdn! arurd ansndigeram oy BPaNsH ogRasiiine theed a her eof .

A e Rl FRORS LS i 5 ab B 8RS ofts 78 HolAs ferbor. 'O
[0037]

t

The lubricant cofnpound (1) according to this invention contained in the

10 lubricating layer in the magnetic disk of this invention is a |
perfluoropolyether-based compound having a perfluoropolyether main chain in
a structure thereof and having four hydroxy! groups at ends thereof. The
lubricant compound {ll) according to this invention is a perfluoropolyether-based
compound having a perfluoropolyethér main chain in a strucfufe thereof and

15 having two hydroxyl groups at ends thereof. As these
perfluoropolyether-based lubricants, use can be made of, for example, as
commercial products, Fomblin Z-Tetraol (trade name) and Fomblin Z-DOL
(trade name) manufactured by Solvay Solexis, Inc.

[0038]

20 The lubricant (1ll) according to this invention is a compound in which
perfluoropolyether groups each having a perfluoropolyether main chain in a
structure thereof and each having a hydroxyl group at an end theredf are
bonded tn each other through a divalent linking group having at least two
hydroxyl groups in a étructure thereof.

25 The above-mentioned divalent linking group is satisfactory if it has at
least two hydroxyl groups in a structure thereof, émd is, for example, a group
having a group represented by -(CR:Ry)- where R and R» are each a hydrogen

atom or a hydroxyl group.



commerci al products, Fonblin Z-Tetraol (trade nane) and Fonblin Z-DOL
(trade nanme) manufactured by Sol vay Solexis, Inc. [0038] 20 The

| ubricant (I11) according to this invention is a conpound in which

per fl uoropol yet her groups each having a perfluoropol yether main chain in
a structure thereof and each having a,hydroxyl group at an end thereof
are bonded to each other through a divalent |inking group having at

| east two hydroxyl groups in a structure thereof. 25 The above-nenti oned
divalent linking group is satisfactory if it has at |east two hydroxyl
groups in a strul®0deke thereof and is, for exanple, a group having a
group represented by -(CRL - where R and R2 are each a hydrogen atom
or a hydr oxyI gr g abawe- ”[905(3@(10' W@UQWB’BH@&@%H&%% ﬁlslfe'PMB%l yet her

epr esen: efidigdt Age bickimeier Fari sze”'“e‘é&é’é’ﬁ' KT PRPR: are each ar
o oup 1 epr 405 ﬁe @C?B‘)"' @ﬂsan%ﬁ T By e f%ﬁggr@#%‘ﬁ%%‘”

nem cal * PR 13y 16 S Biers e BRI YT oS BB, [oE kbR e L e
m and n ar g|eaah MAmuRAL( ‘139@!3ré?érabl;pélte'ﬁi!ﬁsesuch[é)ﬁéﬁ@lor‘b‘boﬁ/eﬂ’ﬁatr@%’u ol _
manuf acturing the lubricant (I11) according to this invention, there is

pr ef er abl y Ferrheld,(I)f or exanpl e, a nmanufacturing method in 15 whi ch 2

equi val ents of a[og%]fl uor opol yet her conpound havi ng a

[Chemical Formuia 7]
10 HOCH,CF,(OC2F;)m(OCF2)nOCF,CH,0—
In the formula, m and n are each an integer of 1 or more.
[0041}]
As a method of manufacturing the lubricant (Ill) according to this
invention, there is preferably cited, for example, a manufacturing method in

15  which 2 equivalents of a perfluoropolyether compound having a
perfluoropolysther main chain in a molecule and having a hydroxyl group at an
end thereof are reacted with 1 equivalent of an aliphatic compound having
structures each capable of reacting with the perflucropolyether compound to
produce a hydroxyl group.

20 As the above-mentioned aliphatic compound, there is preferably cited,
for example, a diepoxy compound having epoxide structures at ends thereof.
Using such a compound, it is possibie to obtain the lubricant (lil} according to
this invention with high purity and high vield. Specific examples of such a
diepoxy compound are given below, but this invention is not limited thereto.

25 ~ [0042]

[Ghemical Formulas 8]



perfl uoropol yether main chain in a nol ecul e and having a hydroxyl group
at an end thereof are reacted with 1 equivalent of an aliphatic conpound
having structures each capable of reacting with the perfl uoropol yet her
conpound to produce a hydroxyl group. 20 As the above-nentioned

al i phatic conpound, there is preferably cited, for exanple, a diepoxy
conpound havi ng epoxi de structures at é%ds thereof. Using such a
conpound, it is possible to obtain the lubricant (I11) according to this
invention with high purity and high yield. Specific exanples of such a

di epoxy compound are given below, but this invention is not limted
thereto. 25 [0042] emgcal E I 8 16 0O OHOO OO/ /7 00 00O
[0043] As the afjov&- merf? uor et her conpound, there is
cited, for exanpl®y, a perflu conp d havi ng hydroxyl groups at

nmol ecul ar 5 ends thereof, esented by the following formula (I1).
Formula (I'l) 17 [0044] [Chem cal Formula 9]
HOCH2CF2( OC2F4) m( OCF2) nOCF2CH2OH I n the fornula, mand n are each an
integer of 1 or nore. 5 [0045]

o Py

Q

[0043]
As the above-mentioned perfluoropolyether compound, there is cited,
for examplé, a perfluorodiol compound having hydroxyl groups at-molecular
5 ends thereof, represented by the following formula (Il).

Formula (1)



Specifically, under a base condition, perfluoropol yether conmpounds each
havi ng hydroxyl groups at ends thereof are reacted with a base to obtain
an al koxi de, then this al koxide perforns a nucl eophilic ring-opening
reaction wth an aliphatic conpound havi ng epoxi de structures at ends

t hereof, thereby 10 obtaining a dimer conpound in which the

per fl uor opol yet her conpounds are bondbd to each ot her t hrough a Ii nking
group changed fromthe aliphatic conpound. An exenplified conpound of
the lubricant (I11) according to this invention is given below, but this
invention is not[04d4] ted thereto. 15 [0046] [Chem cal Fornula 10]
Exenplifi ed Conpound HOC H2CF2( Rf ) OCF2CH2OCH2CHCH2O-* | OH

* - CH2 CHCH2 OCH2 CHCHote@ drer(wfs) €ICF2CH20H | | OH OH Rf @ - (OC2F4) m( OCF2) n-
(m n =an integer of 1 or nmore) 20 [0047] In this.invention, as the

| ubri cant for ni nfOGGRRMPCeldM@OFANGPCF2soOH  nade of the Iubricant c
containing the lubricant a containin t least o conpound sel ected
fromthe Iubri caﬁ‘ttkegﬁ’fﬁﬁl‘%’dﬁ@n}j 'h%'@(f?qﬂ ! 'f‘%qeﬁi‘)g?ioﬁmrgi on and the
| ubri cagt COWOUI@@“&LI) according to this invention and the lubricant b
18 containing t} bri cant conpound (I111) according to this invention.

e F s R
(1'1'1) accogdtinaatifg hhtoxiyryeips ahendd thereof are reacted with a base to obtain
' an alkoxide, theq this alkoxide performs a nucleophilic ring-opening re;action
with an aliphatic compound having epoxide structures at ends thereof, thereby
10  obtaining a dimer compound in which the perfluoropolyether compounds are
bonded to each other through a linking group changed from the aliphatic
compbund.
An exemplified compound of the lubricant {lll) according to this
invention is given below, but this invention is not limited thereto.
15 [00486]

[Chemical Formula 10]

Exemplified Compound

HOCH,CF»(Rf)OCF2CH,OCHyCHCH,O-*
oH
*—CHchCHZOCHQCHCHQOCHZCFQ(Rf)OCFZCHZOH
(l)H . (I)H

Rf : -(OC2F,)m(OCF2)n- (m, n = an integer of 1 or more)
20 [0047]
In this invention, as the lubricant forming the lubricating layer, use is
made of the lubricant ¢ containing the lubricant a co‘ntéining at least one
compound selected from the lubricant compound (1) according to this invention

and the lubricant compo‘und {Il) according to this invention and the lubricant b



the | ubricant compound (I1) according to this invention and the |ubricant
5 conmpound (111) according to this invention, and of the |ubricant
conmpound (I) according to this invention, the |ubricant conmpound (I1)
according to this invention, and the |ubricant conmpound (111) according
to this invention. [0048] The nol ecul wei ght of each of the lubricants
(1) and (11) according to 10 this invehtion is not particularly limted,
but in the case of using a conmercial product, the weight-average

nol ecul ar weight (Md) is, for exanple, preferably in the range of about
3000 to 7066ntamihgrinedulpiceingcampyuinad(ltihecaoatipe iothigtbeéntian. 6l0@&befove,
carrying out nolecul ar weight fractionation by an approprlate nmet hod.
Further, t H8e ifonadechanneng ri cenbipaienoef theéimr@aatcwp@md dvagapsding

E?L?Z?Lﬁ[yléw“s%e@oiﬂ“%ﬁthp t?r@ﬁée%%gw%ﬁ ﬁﬁf&%&@%ﬁcﬁﬂw%% St

T i [ 11
aéiﬁﬁ%jf’ﬂgt HE Wttt o mmi Bt TSRt REI Ry et i S1801RRns blu% for
Cange o 160mBPIRESHER AR RC I BRIGE i e (el REBAERR' Y ' 2 00
This i s begaysgingheit invehitiaHe AbrRafl edmscun A actdigingubihisant a, ‘it

can have recoverability with proper viscosity to exhibit suitable

| ubri cat i omveatiémramanhe lubnidahcdrngsuritio¥e xorling@t thitdavertiesi st ance.
Further, by carrying out nol ecular weight fractionation of the | ubricant
(rer) accordl ng 0648hi s 25 invention by an approprl ate nethod, the

mol ecul at wei ght_di spersion (ratio of ght - aver age nol ecul ar wei ght

(M) / nunber aver Bimelacaianwaigiiaf gaeh @M@e)lubn@qﬁ e} @Mﬂl)ﬁ@@tdlmg)tq 2 or
ot hod B or (S MARETEL 5 ! Paicye AmIEE: Bt i Coasor U4 2 ERTRTER Use can
be mRde. Of oRARE P el P ok AT ARAVLRR [Mhwfis KRB, el ¢
in the range of about 3000 to 7000 and more preferably in the range of 4000 to
6000 by carrying out molecular weight fractionation by an appropriate method.-
Further, the molecular weight dispersion (ratioc of weight-average molecular
15  weight (Mw)/number-average molecular weight (Mn)) is preferably set to 1.2 or
less by carrying out the molecular weight fractionation.
[0049]
The molecular weight of the lubricant (Ill) according to this invention is
also not partiéuiarly limited, but, for example, the number-average molecular
20" weight (Mn} is preferably in the range of 1000 to 10000 and more preferably in
the range of 1000 to 6000. This is because when it is used as a mixture with
the lubricant a, it can have recoverability with proper viscosity to exhibit suitable
lubrication performance and further have excellent heat resistancé. Further, by
carrying out molecular weight fractionation of the lubricant () according to this
25 invention by an appropriate method, ihe molecular weight dispersion (ratio of
weight-average molecular weight (Mw)/number-average molecular weight (Mn})
is preferably set to 1.2 or less.

In this inventicn, it is not necessary to part'icularly limit a method for



fractionation by a gel perneation chromatography (GPC) nethod, or the
like. [0050] 5 1In this invention, use is nade of the lubricant ¢ in the
formof the m xture of the lubricant a containing at |east one conpound
selected fromthe lubricant compound (I) according to this invention and
the lubricant compound (I1) according,to this invention and the |ubricant
b containing the lubricant conpound'{111) according to this invention,
wherein the weight ratio of the 10 lubricant a / the lubricant b in the

| ubricant ¢ is particularly preferably 8:2 to 2:8 because the operation
and ef f emoledulamieighiivaniiohaiiors dut, ber @Lam@lb,l yseesdti e madle of melecyakf er abl y,
the weight ratio of the lubricant a / the lubricant b is 4.6 to 6:4.

[00511 Wi diaglionptioRdy apReratiticayfiyid\pxirapion methasle medequir weight cant
d h t be_f b th
e camiest PGy 3 Dol DSPELRL EE MRet 6 a

of 3000 to 700 §Qﬁ a nol ecular weight dispersion of 1.2 or |ess by
carrying out | | ar weight fractionation of a lubricant a containing

at |legst one c Y e f 428 1 ccording
to th?s i nvent ?‘gﬁ%aﬁ\gerﬁﬁg Féfglrﬁéa%bzgh@c%%%gﬂ?{lf%g@?ﬁ% 'ﬁn‘g‘)t%% this

i nvent i oBf {Ha IgBeEdr @ doReiniHg &t ARt ol BYMPOPREE¥cte8Afony tHRAuBHEarrol ecul ar
wei ght fractionation of the | ubricant conmpound (111) according to this

~ i nventi osompoepd(l) agcdrbiinglioliis daention and thelubdcantaontgoandi(fy ure of  the

| ubricant a and the lubricant b, and then coating a solution in which the

| ubri canaccordmgdoémjenrs@d\tlamnandlﬂse;blbmemtlbwcmﬁalam@rtbpdutmcentol vent, by, for

exanple, 25 a dip PI ng net hod. ‘As the solvent, use. can 0v@p%eferabl y made
of , for éQ@ﬁEP%d (ha Q%@'Pgrﬁ‘éﬂb%%féng‘?ﬂ \Y‘é’fﬂre'(‘tfh%&@'g’fﬁﬁ%“ Meel XF

i1 @ or IHERGaRA A6 Tocah B ingoh PEGETAGE PaRIGRIar prefelahlp 8o 2B 11 m i ed
to the ang@éﬁu PRESo B AP A 5 T PR O 2 111 m

form ng ne incoatl
More preferably, the weight ratic of the [ubrlcant a/the lubricant b is 4:6 to 6:4.

[0051]
When forming the lubricating layer by the use of the lubricant according
15  to this invention, it can be formed by preparing the [ubricant a having, for
example, a weight-average molecular weight (Mw) of 3000 to 7000 and a
molecular weight dispersion of 1.2 or less by carrying out molecular weight
fractionation of a lubricant a containing at least one compound selected from
the lubricant compound (1) according 1o this invention and the lubricant
20  compound (I} according to this invention, preparing the lubricant b by properly'
carrying out molecular weight fractionation of the lubricant compound (l11)
according to this invention, preparing the lubricant ¢ in the form of the mixture of
the lubricant a and the lubricant b, and then coating a solution in which the
lubricant ¢ is dispersed and dissolved in an appropriate solvent, by, for example,
25 adipping method. As the solvent, use can be preferably made of, for example,
a fluorine-based solvent (frade name Vertrel XF manufactured by DQPont-Mitsui
Fluorochemicals Co., Lid., or the like). A film forming method for the

lubricating layer is, of course, not limited to the above-mentioned dipping



met hod, a spray nethod, or a paper coating nmethod. In this invention, in
order to further inprove the adhesion of the fornmed |lubricating |ayer to
the protective |ayer, the magnetic disk may be exposed to an 5

at nosphere at 50C to 150C after the filmformation. [0052] 1In this

i nvention, the thickness of the Iub;ééati ng layer is preferably set to 4
to 18A. If it is less than 4A, ther S a case where the l|ubrication
performance as the lubricating layer is lowered. If it exceeds 18A it is
not 10 preferable in ternms of a reduction in filmthickness, there is a
case whemesthdbahd yse stdydte madealf adilre forwiog snethodi st¢teag aispiracazing wher e
the LUL durability is | owered. [0053& As the protective layer in this

i nvent i ometaod & $aY paseer. B ¢t RApET ¢ea l‘ﬁ/@ﬁthoéian be preferably used.
Particularly, an am)r rotective |ayer i referable.

h b
?Nth the prote %”Y%VE’HSWE‘?%@P%JBW%UWPW m‘i’@qf‘&:sg’@rpflﬁﬁglgﬁnﬁﬁot ective
t t t t t
ot Vi RS BB R R B RS PSRt 88 ¢ e
pr ot egtl o éalcg tfdj otﬂﬁf Ceﬂ.[éﬁﬂtgeg@@ﬁrﬁg the operation and effect of
i

this |nven are her which i's thus a preferable node.
The adhesi on b@tow n the 20 carbon-based protective | ayer and the
| ubricating | ayer can be controlled by formng the carbon-based

protective | ayhrthifintdiongtreahizdnesy diche antiicating faybr isgeofiaisly esf foon and
adjusting the content of hydrogen and/or nitrogen. In this case, the
cont ent dftolpde odfdhisilessithah diaihere sea case dhete médubﬂmﬂ’men measur ed by
hydr ogen forward scatterl ng (HFS). The content of nitragen is 25

pr ef er abP§rieRance a the lubrgatingiryier icclawerat Bt sxeapdspif: d)té$ 86t r on
;ng ? f‘%@%ﬁ Q&gpsn)&ggéso 8 %1 1‘%@8 Lo %T‘ trhlc?(ntelsso r}herter}g acc%rsgc\)fv ere ?he fly
stiction failure occurs, and there is a case where the LUL durability is lowered.
[0053]
As the protective layer in this invention, a carbon-based protective layer
can be preferably used. Particularly, an amorphous carbon protective layer is
15 preferable. With the protective layer being particularly the carbon-based
protective layer, the interaction between the polar groups (patticularly the
hydroxyt groups) of the lubricant according to this invention and the protective
layer is further enhanced so that the operation and effect of this invention are
further exhibited, which is thus a preferable mode. The adhesion between the
20 carbon-hased protective layer and the lubricating layer can be controlled by
forming the carbon-based protective layer of hydrogenated carbon and/or
nitrogenated carbon and adjusting the content of hydrogen and/or nitrogen. In
this case, the content of hydrogen is preferably set to 3 to 20at% when |
measured by hydrogen forward scattering (HFS). The content of nitrogen is
25  preferably set to 4 to 12at% when measured by X-ray photoelectron
spectroscopy (XPS).
[0054]

In this invention, the carbon-based pretective layer does not need to



contai n hydrogen and/or nitrogen uniformy over its entirety and is
preferably a conposition gradient |ayer containing, for exanple,
nitrogen on its lubricating |ayer side and hydrogen on its magnetic

| ayer side. [0055] 5 When using the carbon-based protective layer in
this invention, it can be forned by, {or exanpl e, a DC magnetron
sputtering nethod, but it is preferé%ly an anor phous carbon protective
| ayer particularly forned by a plasma CVD nethod. Being forned by the
pl asma CVD net hod, the surface of the protective |ayer becones uniform
and densecomairasegen and/penigeaer HakREIY overtistentinely ABls erafer§iy ayer by
this invention he forped on the tot?ctive | ayer with _a snaller

r oughness CPHPRTHOMHGTadRNT H)ST fap ”%Iﬂr?¥WEP¢nWEHQ?%HP“FH@”FﬁpﬁQness of

the protective layer, is preferably set, to .20 to 70A. If it is |less than
20A, ther%\ypgSlge%géﬂy\%%&g QRS %@ﬁpgy%lgxgres@g. the protective layer is
| onered. If it %8 ds 70A, it is not preferable in terns of a 15
reduction in fiTmthickness. [0056] In the nmagnetic disk of this

i nventson, the whaatUstoRthbTaRicH IS4 profecl@fyer FURRhddionT1@al! ass
substrate is rigid and excellent in snmoothness and thus is suitable for

an i ncr eape formgceipg el exanieas DE. mAgndthun shuaiesing usthodtiu itde 20
alum nosilicate glass substrate, for exanple, is cited and, particularly,
a chem cpldfgrabtyramgmhgpieds ghdmnsidctivatayeypadisulsulp $enmceby 8 pr ef er abl e.
In this inventign, the main surface of the substrate is preferably
ul t,r a- sroBEEM eHDmAetaods BRROderedly HiepiremafC\J) Gigihed. thesyrfagme
surface rog&hness F{rm%and Ra herejn referred t orhar? based o? t B‘e‘? JI'S
B0601 2596¥ERIGEGIVE BYSTPECofRs WHIKEL AN dRNse- of! NEMRTYS: ARRE'YACKas at
| east . & he et | t : Ve r : Il | Ng
ot PR e SRR AR AL o 1A Bty

a smaller roughness formed by the CVD method.

In this invéntion, the thickness of the protective layer is preferably set to
20 to 70A. Ifitis less than 20A, there is a case where the performance as the
protective layer is lowered. If it exceeds 70A, it is not preferable in terms of a

15  reduction in film thickness.

[0056]

In the magnetic disk of this invention, the substrate is preferably a glass
substrate. The glass substrate is rigid and excellent in smoothness and thus is
suitable for an increase in recording density. As the glass substrate, an

20 aluminosilicate glass substrate, for example, is cited and, particularly, a
chemically strengthened aluminosilicate glass substrate is preferable.

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

25 standard.
[0057]
The magnetic disk of this invention has at least the magnetic layer, the

protective layer, and the lubricating layer provided over the substrate. In this



22 invention, the magnetic layer is not particularly limted and nmay be
an in-plane recording type nmagnetic |ayer or a perpendicul ar recording
type magnetic |ayer. However, the perpendicular recording type magnetic
| ayer is preferable for realizing the rapid increase in recording
density in recent years. Particularly,,if 5it is a CoPt-based magnetic

| ayer, high coercive force and high raaroduction out put can be achi eved,
which is thus preferable. [0058] 1In the magnetic disk of this invention,
an underl ayer may be provided i e between the substrate and the magnetic
|l ayer if riexasdionrine rragneiigdayedis not padliedanelimisgdand maydia amigplenec | ayer,
and so on nmay be provi ded between the wunderlayer, and the substrate. In

this case,"ee@diNgdYpm AEANg]e aver Aer eIReNSiqUE re¢dinddypmpiagnelic Byer.ayer, a
Ta | , Ru | , CoW,. Cr CcrvVv CrTi I I , th
e ana, Hdes WenegRndid By spCoting tbe SHanelf a5kis neblardie o™ o 57 1
Ni Al , . 4 i . f1. i

N AL oAb b PRl Wby BN sc iy, PRIRIRE  ©,
[0059] gTh(?t igvago@ﬂsé-@as@dﬁhagﬁetrchwed RYRRbbRIVd ré&dhidhigh rdsroduBRgnet i ¢ di sk

adapted to be nounted in a magnetic disk device of, particularly, the LUL
system Begapigeadfvel duhidved! telchrigthigtpreferaienagnet i ¢ head flying hei ght

20 followi ng the introduction of the LUL system the magnetic disk is
required to stfl5B]operate even in the case of a low flying height of 1
Onmor less. Therefore, the magnetic disk of this invention having high
reliability evel liethagnels digwofthis iRgeHioNgAR underayer iavebe prayigeides 25
LOOPO1 e 2l nash he subitiate Ahd the magnetic layer if necessary Further anc 2t
10  adhesive layer, a soft magnetic layer, and so on may be provided between the
underlayer and the subsirate. In this case, as the underlayer, there is cited, for
example, a Cr layer, a Ta layer, a Ru layer, a CrMo, CoW, CrW, CrV, or CrTi
alloy layer, or the like and, as the adhesive layer, there is cited, for example, a
CrTi, NiAl, or AlRu alloy layer or the like. Further, as the soft magnetic layer,
15  there is cited, for example, a CoZrTa alloy film or the fike.
[0059]
The magnetic disk of this invention is suitable as a magnetic disk
adapted to be mounted in a magnetic disk device of, particularly, the LUL
system. Because of the further reduction in magnetic head flying height
20 foll'owing the introduction of the LUL system, the mégnetic disk is required to
stably operate even in the case of a low flying height of 10nm or less.
Therefore, the magnetic disk of this invention having high reliability even with
the low flying height is suitable.
Examples
25 [0060] |
Hereinbelow, this invention will be described in further detail with

reference to Examples.

(Example 1)



reference to Exanples. (Exanple 1) 23 Fig. 1 shows a magnetic disk 10
according to one Exanple of this 1invention. The magnetic disk 10 has an
adhesive layer 2, a soft nagnetic layer 3, a first underlayer 4, a
second underl ayer 5, a nagnetic |ayer 6, a carbon-based 5 protective

| ayer 7, and a lubricating |layer 8 whigh are fornmed in this order on a
substrate 1. [0061] (Manufacture of [ubricant) Mol ecul ar wei ght
fractionation of Fonblin Z-Tetraol (trade nane), 10 manufactured by

Sol vay Sol exis, Inc., containing the |ubricant conpoundp&:) according to
this invention V&g tshowsa magneby diskel Sagnording to eag Expompee efthisact i on

met hod, thereby preparing a |ubricant a having Mv of 3000 and a nol ecul ar
wei ght di sp¥?dio¥n of 1.08. Further, the above-exenplified |ubricant

ot o e BARE b ORI R A
repr esent ey, hAgnAROYCs TERLAPRAGLRF BUA fdchblic Wy bRe T EaoRaleAL of the
above- exerrprl ?lue I“‘epoky “c¢onpoun uxger’ a base condrtion. épem ically,

bot h ofstgggfé&w %7%&%%@%&%@%&05@@ﬂﬁeah}ﬁmigsﬁdle%ﬁ% W th

sodi um hy xi de added thereto. The nditions such as reaction

t enper at urgLzRdid {e were suitably set, respectively. A lubricant 20
conprising the conpound thus obtai ned was properly subjected to nol ecul ar
wei ght fracti ond®0®t by the supercritical fluid extraction nethod,

t hereby prepari p}g@a | ubricant b having Mh of 4000 neasured by the NWR
met hod and a , miMesufagiuraefl Hbrieidper si on of 1.25. Then, the lubricant a

o ng o1 oo NelgsagwEisBt fiegisarion OF FSMbin 21ehad! (réde nams), °

10 manufactured by Solvay Solexis, Inc., containing the lubricant compound (1)
according to this invention was carried out by the supercritical fluid extraction
method, thereby preparing a lubricant a having Mw of 3000 and a molecular
weight dispersion of 1.08. Further, the above-exemplified lubricant compound
{lubricant compound (111} according to this invention) was prepared by reacting 2

15 equivalents of the pérﬂuorodiol compound represented by the above-mentioned
formula (Il) with 1 equivalent of the above-exemplified diepoxy compound under
a base condition. Specifically, both of the compounds were agitated in acetone
and then refluxed, with sodium hydroxide added thereto. The conditions such
as reaction temperature and time were suitably set, respectively. A lubricant

20 comprising the compound thus obtained was properly subjected to molecular
weight fractionation by the supercritical fluid extraction method, thereby
preparing a lubricant b having Mn of 4000 measured by the NMR method and a
molecu]alf weight dispersion of 1.25. Then, the lubricant a and the lubricant b
were mixed at a weight ratio of 1:1, thereby preparing a lubricant c.

25 [0082] o

(Manufacture of Magnetic Disk)
A 2.5-inch glass disk {outer diameter 65mm, inner diameter 20mm, disk

thickness 0.635mm) made of a chemically strengthened aluminosilicate glass



(Manuf acture of Magnetic Disk) A 2.5-inch glass disk (outer dianeter
65mm inner dianmeter 20mm disk thickness 0.635m) nade of a chemcally
strengthened al um nosilicate glass 24 was prepared as the disk substrate
1. The main surface of the disk substrate 1 was mrror-polished to Rmx
of 2.13nm and Ra of 0.20nm On the di% substrate 1, the Ti-based
adhesi ve layer 2, the Fe-based soft gnetic layer 3, the first

underl ayer 4 of NiW the second underlayer 5 of 5 Ru, and the magnetic

| ayer 6 of CoCrPt were formed in this order in an Ar gas atnosphere by

the DC rragﬁ@t%@ﬁ@é@tsttbe disl swbstiale. 1. THine Maigristiace IOéi}‘“é?r digl subsirate 1

per pendi cul ar ma | c recordin etic |ayer. Subsequently, the
di anond- | 1Ye8 ¢EP BH W@ﬁ%m@@cﬁg%Qéﬁ Qﬂgéapépr%gﬂ}ﬁ a thi ckness of 50A

Formoa | n the roBRCRg Hader e Te e P Esup I HEr BAEAun on
L | ubr | G indo BRRYARE S5y 6 ARaRE! POINRRINE gPES A 3RET B 37

di ssol ved ri'ne- based soq ven tra

manuf agt ured sy t@ﬁ@@heﬁé Fa?é'n' 6 bt BBCPRNeE0BEed: thislérdbE fh an Af gas

concentration of 0.2Wwt% USing this solution as a coating solu |on

magneti ¢ diraksghereray td DO ihgnétayregsutiepnt endthed.pr Dhis eidgretit yer w‘éswas
imrersed therein and coated therewith by the di ppi ng nmethod, thereby

form ng t Beperperaficulart inagnétmyreco@ingMype magnetit idyer.f or mat i on, t he magneti c
di sk was heat-treated in a vacuum 20 furnace at 130C for 90 m nutes. The
thi ckness of t heulpsgsienty.ithg diagiand-lkevpesbompepiestve lawerd ‘M%qu@ledt’f@ansf orm

e ed SReRk SR Qe A T A ones; | e mar P
10 [0063] |
| Then, the lubricating layer 8 was formed in the following manner.
There was prepared a solution in which the lubricant ¢ manufactured as
described above was dispersed and dissolved in a fluorine-based solvent,
Vertrel XF (trade name} manufactured by DuPont-Mitsui Fluorochemicals Co.,
15 Ltd., at a concentration of 0.2wi%. Using this solution as a coating solution, a
magnetic disk formed with the layers up to the protective layer 7 was immersed
therein and coated therewith by the dipping method, thereby forming the
lubricating layer 8.
After the film formation, the magnetic disk was heat-treated in a vacuum
20 furnace at 130°C for 90 minutes. The thickness of the lubricating layer 8 was
measured by a Fourier transform infrared spectrophotometer (FTIR) and it was
12A.  In this manner, the magnetic disk 10 of Example 1 was obtaihed_.
[0064]
(Example 2)
25 Molecuiar weight fractionation of a mixture, at a weight ratio of 1:1, of
Fomblin Z-Tetraol (trade name), manufactured by Solvay Solexis, Inc.,
containing the lubricant compound (1) according td this invention and Fomblin

Z-Diol (trade name), manufactured by Solvay Solexis, Inc., containing the



25 Mol ecul ar weight fractionation of a mxture, at a weight ratio of 1:1,
of Fonblin Z-Tetraol (trade nanme), manufactured by Solvay Sol exis, Inc.,
containing the lubricant conpound (lI) according to this invention and
Fonblin Z-Diol (trade nane), manufactured by Sol vay Sol exis, Inc.,
containing the 25 |ubricant corrpoundZEf(I ) according to this invention
was carried out by the supercritical tluid extraction nethod, thereby
preparing a lubricant a having Mv of 3000 and a nol ecul ar wei ght

di spersion of 1.08. Then, the lubricant a and a |ubricant b prepared in
the sane WRAf! C@@ﬁ%”éﬁﬁhﬂ@@“ﬁé@ Biginventie was sawistyt bydi¢ o of 1:1,

oo, PP Bl TRl g TR g 1
b e Bl S AT LT OSSP RS
nane), W%{Bm:&?ttﬂ%r%gg@ﬂ iRthy/ %m@%%é%'iﬁﬁxan{b@ﬁ Aehd ﬂﬂxé&‘%t 4 ubricant

conmpound according to this invention was carried out by the

super cs | tW@?ht fdtiel ¢f 1eKtthasby PhepditighPRibritaarce bW pagRaid dek af | ubri cant a
havi ng Mv of 3000 and a nol ecul ar "wei ght dispersion of 1.08. Then, the

| ubri cant Eaamphk 2awike btdedattutedon dpasadeimmarizr ikdén Eaampleanpecepishatn
Exanmple 1 were nmixed at a weight ratio of 4:6, thereby preparing a

| ubr i cant adubrigatiag lyer wadifernast byehersiecof higdigbricanti¢.actured in  the same
manner as in Exanple 1 except that a lubricating |layer was fornmed by the
use of this Iut{pgg%]nt ,c. [0066] 20 Then, the lubricants and the magnetic

di sks used in les,1 to 3 were evaluated by the foll ow ng test
nmet hods. (1) Fﬁﬁgﬁﬂ%%%e fluidity was eval uated by setting the magnetic

di sk {@ a HDD WibRcRiar weight fractionation of Fomblin Z-Diol (trade name),
manufactured by Solvay Solexis, Inc., containing the lubricant compound (11)
according to this invention was carried out by the supercritical fluid extraction
method, thereby preparing a lubricant a having Mw of 3000 and a moiecular
weight dispersion of 1.08. Then, the lubricant a and a lubricant b prepared in

15 the same manner as in EXample 1 were mixed at a weight ratio of 4.6, thereby
preparing a lubricant c. A magnetic disk of Example 3 was manufactured in
the same manner as in Example 1 except that a lubricating layer was formed by
the use of this lubricant c.

[0066] |

20 Then, the lubricants and the magnetic disks used in Examples 1 to 3

were evaluated by the following test methods.

(1) Fluidity

The fluidity was evaluated by setting the magnetic disk in a HDD with a
rotational speed of 5400rpm in a high-temperaiure environment, taking the

25 magnetic disk out of the HDD after continuous operation for 500 hours, and
measuring the thickness of the lubricating iayer to confirm a thickness change
before and after the test. The evaluation was performed by giving "O" when a

thickness change hardly occurred, and "X" when a thickness change occurred.



rotational speed of 5400rpmin a high-tenperature environment, taking the
25 magnetic disk out of the HDD after continuous operation for 500 hours,
and neasuring the thickness of the lubricating layer to confirma

t hi ckness change before and after the test. The eval uati on was perforned
by giving "0" when a thickness chan hardly occurred, and "X' when a

t hi ckness change occurred. 26 (2) Surtace Energy Two or nore kinds of

l'i qui ds whose surface tensions were known were dropped on the surface of
the magnetic di sk and contact angles thereof were neasured. Then, the
surface free enl@ yriaee Ederdwed by sol ving the Fowkes 5 equation using

thée nmeasured data of contact l.es. (3 A | nspection ing an opti cal
surface anal yzetW¢ 86R0re E‘W@‘S\Hzﬁ‘%'@? Wlhgé SHHBEHISEIoNS %@%B‘é’ MR8 by

utilizing,a phase shift _upon reflection ,on the surface of the pmagnetic
i sk whendGRPARERdlS ot S arhaves R e SR R ParRe B 10 ave

uas 11T adhaAleleon SHensHEIREo8l oboMRANAL ey sHpk sV thE Flke e,

eval uati on was pérforned by grvin her'e probl'em "A

when 4 heg¥@alonAlsind'tetRbRted dbia dasmnidd dRglky. observed, and "X when the
degree of 'the wear was greater. (4) CFT Property Test (Fixed-Position

Flying Test) 153TSA inspdetai nt position was set to the disk inner
peripheral side (disk radius 15mm position). The CFT test was perforned
i n an envi r onmedsing@napticepeioae enalyser ((EAR the weaedidhe varbomfilon ty of 80%
for the purpose of bei n@ _perfornmed in a severe environpent. As a result,
the eval u¥epORseRSdpuritilring @ phagednift wep efleglithor Hie sritasetaf dheli sk
endured fi xed-ﬁcgi nk onti n(#ﬁus flying for 20 .gonti n%ous four eks and
thus was BROPEHefy é‘écll%‘l 3R @Wﬁ\é@’ﬁpé INiQ, 8% S WaRANd Ad sever e
condi i on nA m@%% d ' ] or e of
conti ﬁ%oui"a%’%u%rasﬁg@%&g%d ﬁﬁ%%lf ﬁﬁe&]%géﬁgi@g&'di%f(gpgsl"llggéeoef ore the
evaluation was performed by giving "O" when there was no problem, "A" when
the wear of the carbon film was slightly observed, and "X" when the degrée of
the wear was greater.
 (4) CFT Property Test (Fixed-Position Flying Test)
15 The fixed-point position was set to the disk inner peripheral side (disk
radius 15mm position). The CFT test was performed in an environment at a
temperature of 70°C and a relative humidity of 80% for the purpose of being
performed in a severe environment.  As a result, the evaluation was performed
by giving "O" when the magnetic disk endured fixed-point continuous flying for
20 ° coniinuous four weeks and thus was extremely excellent in CFT properties even
under the severe conditions, "A" when the magnetic disk failed before the lapse
of continuous four weeks, and "X" when the magnetic disk failed before the
lapse of continuous two weeks.
The results of the above are collectively shown in Table 1 given later.
25 [0067]
(Comparative Example 1)
Molecular weight fractionation of a mixture, at a weight ratio of 1:1, of

Fomblin Z-Tetraol (trade name), manufactured by Solvay Solexis, Inc.,



| apse of continuous two weeks. The results of the above are collectively
shown in Table 1 given later. 25 [0067] (Conparative Exanple 1)

Mol ecul ar weight fractionation of a mxture, at a weight ratio of 1:1, of
Fonblin Z-Tetraol (trade nane), manufactured by Sol vay Sol exis, Inc., 27
containing the lubricant conpound (1) ﬁccording to this invention and
Fomblin Z-Diol (trade nane), nanufac? red by Sol vay Solexis, Inc.,
containing the [lubricant conpound (I11) according to this invention was
carried out by the supercritical fluid extraction nmethod, thereby

pr epar i ng cantaiming denliubrieant egmuauoe (B agoodingria thisrprasdion andvsingdiin

di spersi on of magneti c di sk of Conpparative Exan

1.08. A le 1

manuf act uredial (radeend B MAWRGIUISE qyrﬁ@%%)hﬁp@XiszL'r@xdé’ﬁfar'r‘fﬂﬂgtth%ms

| ubri cating | forred by t f this |ubricant. [0068

(Compar at 1Byl B0 4 e oo i Borof asiad POl ¢ 2 was
fact L1k ; ' ; 4l

ubr i cat | SIPP L i PR RS hiebd B ARt R o e

i n thessampoBMHaS, mdkeculr 1'oﬁ°sp1efsiaﬁgfh.@@ri se\a«ﬂé§ne§mchiém@f magneti ¢ di sks

used in Conparative Exanples and 2 were evaluated by the sane test

net hods agdraparbbiee EX@tﬁ?lee’Swaé' earlBadigdl ih Shars£ms heawher as TaBkemplegi ven
bel ow. [0069] [Table 1] Table 1 Fluidity Surface OSA CFT Total Ener

Obser vat i dneXeepptivat w IEvimiatiag layer wEs donphad By hel¥seld tbisOuiricaBkanpl e 2 0
17-18 0 0 O
[0068]

¥ A

(Comparative' Example 2)
10 A magnetic disk of Comparative Example 2 was manufactured in the
same manner as in Example 1 except that a lubricating layer was formed by the
use of a lubricant b alone prepared in the same manner as in Example 1.
The lubricants and the magnetic disks used in Comparative Examples 1
and 2 were evaluated by the same test methods as for the Examples. The

15 results are shown in Table 1 given below.

[0069]
[Table 1]
i Surface OSA CFT - Total
Table 1 Flu_[dlty Energy | Observation | Property | Evaluation
Example 1 O 17-18 0 0] 0O
| Example 2 -0 17-18 O 0]
Example 3 O 17-18 O - 0 O
Comparative
Example 1 O 22 X X X
Comparative
Example 2 O 17-18 A A A
[0070]

From the results of Table 1 given above, excellent results were obtained
20 in Examples 1 to 3 in which use was made of the lubricant ¢ in the form of the
mixture of the lubricant a containing at least one compound selected from the

lubricant compound (1) according to this invention and the lubricant compound



Exanple 3 0 17-18 0 0 O Conparative 0 22 X X X Exanmple 1 Conparative O
17-18 A A4 Exanple 2 [0070] Fromthe results of Table 1 given above,
excellent results were obtained 20 in Exanples 1 to 3 in which use was
made of the lubricant ¢ in the formof the m xture of the lubricant a
containing at | east one conpound sel e%ged fromthe |ubricant conpound
(1) according to this invention and t | ubricant conpound 28 (I1)
according to this invention and the |ubricant b containing the |ubricant
conpound (111) according to this invention. On the other hand, in

Conpar at i vi¢l) aEseraipigdoe this inveiien aneéhe ubricantrh centaivimodhailuyicant | east one
conpound sel ect ed romthe | ubricant, conpound (l) according to this

i nventi on GHEPQURE (|“I}tﬂrqce@[fng ) ‘gtﬁfﬂwﬂ@“( Fﬁn thecdinei Fgch B LAMBaraiyent i on

cont ai i nE TAPE o it PRONBlalf o cof G el P EgmbAfad FRGERR on vas
used:al oneyo il FRSE MU ALALNE LXBIHA! (s ESHlohSarthe 1afkagp. ¢ hat

good eval uati on was not obtaln as t eval uati on.

cross. Sect oAl b b o I Ragner ol Sk escesdats Y e RS o i
i nvent i on. Exdmlescinivititto thedlibane 8l conidifiBg 2he lubricant compound (111)
according to this invention was used alone, at least some of the evaluation
results were bad so that good evaluation was not obtained as th? total
evaluation.
10
Brief Description of the Drawings
 [0071]
[Fig. 1] is an exemplary cross-sectional view of a magnetic disk
according to one Example of this invention.
15 |
Description of Symbols
[0072]
1 substrate
adhesive layer
20 - soft magn'etic layer

first underlayer

2

3

4

5 second Underlayer
6 magnetic layer

7  carbon-based protective layer
8

25 lubricating layer

10 magnetic disk



1 substrate 2 adhesive layer 20 3 soft magnetic |ayer
5 second underl ayer 6 nmagnetic |ayer 7 carbon-based protective |ayer
10 magnetic disk 29 CLAIM5S 1. A nagnetic di sk having
| east a magnetic |ayer, a protective layer, and a lubricating |ayer

8 lubricating | ayer

at

4 first underl ayer

25

provided in this order over a substra&g, 5 wherein the lubricating |ayer
on

Is formed by a filmof a lubricant c
| east one conpound sel ected froma

at

formul a [ Chem cal

p-(O CF2) g-O* i OH *-CF2-CH2- CCEAIM8H- CHZ-OH OH 10 [in the

formula, p and q are natural
chemi cal

n- OCF2-CH2-O H

in the forpyla, .m and | nunb ,
| ubricant b cont Est: %rh%ge%et@r rﬁ%"dlnr% %ﬂﬁ;ﬁ%ﬁﬁgﬁ?ﬁ@?sb%ﬁgﬁﬁﬂe é"r?@ggs :
% RBREAMRY 8PS MEHBES iTHid 0 /RRbPed Dsheifdigict ure thereof and

each havi
eac

h

5

10

15

20

25

wherein the [ubricating layer is formed by a film of a lubricant ¢
containing a lubricant a containing at least one compound selected froma
compound represented by a chemical formula

[Chemical Formula 1]

HO-CH,-CH-CH2-0-CHy-CFo(-0-CoF 4)p-(0-CF2)q-0O-*
(l)H *-CF9-CHy-0-CH,-CH-CH,-OH
OH

fin the formula, p and q are natural numbers]
and a compound representied by a chemical formula

[Chemical Formula 2]

HO-CH,-CF3(-0-CoF 4)m-(0-CF2)n-OCF2-CH»-OH

[in the formula, m and n are natural numbers] '
and a fubricant b containing a compound in which perfluoropolyether groups
each having a perfluoropolyether main chain in a structure thereof and each
having a hydrpxy! group at an end ;[hereof are bonded to each other through a
divalent linking group having at least two hydroxyl groups in a structure thereof.

2. A magnetic disk according to claim 1, wherein a number-average
molecular weight (Mn) of the lubricant b is in a range of 1000 to 10000.

3. A magnetic disk according to claim 1 or 2, Wherein a weight ratio of
the lubricant a / the lubricant b in the lubricant ¢ is 8:2 to 2:8.

4. A magnetic disk according to any one of claims 1 to 3, wherein the
protective layer is a carbon-based protective layer formed by a pla_sma CvD
method.

‘5. Amagnetic disk according to any one of claims 1 to 4, wherein the

nunbers] and a conpound represented by a
formula [Chemical Formula 2] HO C H2-CF2(-O C2 F4) m (O CF2)

taining a lubricant a containing
conmpound represented by a chem cal
Formula 1] HOCHZ-C HCHZ-OCH2-CF2 (-OC2 F 4)



havi ng a hydroxyl group at an end thereof are bonded to each other
through a divalent |inking group having at |east two hydroxyl groups in
a structure thereof. 2. A magnetic disk according to claim1, wherein a
nunber - average 20 nol ecul ar weight (Wnh) of the lubricant b is in a range
of 1000 to 10000. 3. A mmgnetic disk ﬁfcording toclaim1 or 2, wherein a
weight ratio of the lubricant a / the lubricant b in the lubricant c is
8:2 to 2:8. 4. A magnetic disk according to any one of claims 1 to 3,
wherein the protective |ayer is a carbon-based protective |ayer forned
by a pl asmagoelic diss isadapigd tebe moried i @ MAdsRIG8iss08vieg af & 1A one of
clainms 1 to 4, wherein the 30 magnetic disk is adapted to be nounted in
a magnet i &N9R8IY88 M ce of a load unload system 6. A nethod of

manuf act uri ng magnet.i i sk he et hod for m.n .magneti c
| ayer, a prot e?f;‘i rqe&b@q ,8{ @ﬁﬂu‘fécﬁﬂ'ﬁﬁiac@%%?ﬂg"ﬁn@?g#ﬁ%W‘%‘ﬁ?@*%&d& g% over a
substrate r.el : t el 1 il havi ng a
PP i e R e e TN
vei ght5di gper £ sohstiite, witerein the $ethyd B6MpAEEE ng  nol ecul ar wei ght
fractionation of a lubricant a containing at |east one conpound selected
from a conpoundpreppries antlaitabya dacingra waighf-average mMdle¢uTentighl (M) nul a 3]
HO- CH2- CH- CH2- 0- CH2- CF2(- O- C2F4) p- (O-CF2)g-O0 * i OH _
* - CF2- CH2 003 rtoCHp0-anacH madeculdi weighicdisperaionant 1p2 anlesg byperfoaningal
nunbers] and a compound represented by a chemical fornula [Chem ca
For nul a 4nolecular weight fractionation of a lubricant a containing at least one compoupd
selected from a compound represented by a chemical formula
10 [Chemical Formula 3]
HO~CH2—C])H—CHg-O-CHg-CIFg'(-O-CzF4)p—(O—CFz)q-O-*
OH *-CF2-CH3-0O-CH»-CH-CH,-CH
}
OH
[in the formula, p and g are naturai numbers]
and a compound represented by a chemical formula
[Chemical Formula 4]
15 HO-CH2-CF4(-0-CyF 4)m-(O-CF5)n-OCF»-CH>-OH
lin the formula, m and n are natural numbers],
preparing a lubricant b comprising a compound in which
perfluoropoiyether groups each having a perfluoropolyether main chain in a
structure thereof and each having a hydroxyl group at an end thereof are
20 bonded to each other through a divalent linking group having at least two
hydroxyl groups in a structure thereof,
preparing a lubricant ¢ in the form of a mixture of the lubricant a and the
lubricant b, and |
. forming a film of the lubricant ¢ on the protective layer, thereby forming

25  the lubricating layer.

7. A method of manufacturing a magnetic disk according to claim 6,



15 HO- CH2-CF2(-O- C2F4) m (OG- CF2) n- OCF2-CH2-OH [in the formula, mand n
are natural nunbers], preparing a lubricant b conprising a conpound in
whi ch perfl uoropol yet her groups each having a perfl uoropol yether main
chain in a structure thereof and each having a hydroxyl group at an end
thereof are 20 bonded to each ot her tsﬁr ough a dival ent |inking group
having at |east two hydroxyl groups i*n a structure thereof, preparing a
lubricant ¢ in the formof a mxture of the lubricant a and the '

| ubricant b, and . formng a filmof the lubricant c on the protective

| ayer, thewldrgirfibermolgculacweight fragiidnesion isgperiyaed by, a supsrctilbar! §aid

manuf acturing a magnetic di sk according to claim6, 31 wherein the

nol ecul ar SiagHeN f1e4led.onation is performed by a supercritical fluid
extraction nethqd. 8. met.hod of manufacturi.ng.a magneti i sk _according
toclaimé6 or P @b’f?ﬁﬁ]c’glq{dﬂ PRy ?ﬁ'éa%fé'ﬁgﬁ%ca%%é‘ﬁ”@&&ﬁ'”&@r%spher e
at 50C to 4306 Bl SlposMyThE Inddhetib Wk 163N fARosBXE% at 50°C to 150°C

b  after forming the lubricating layer.



