1 DESCRIPTION MAGNETIC DISK AND METHOD OF MANUFACTURING THE SAME 5Technical
Field [0001] This invention relates to a magnetic disk adapted to be mounted in a magnetic disk
device such as a hard disk drive (hereinafter abbrgviated as a HDD). 10 Background Art [0002]
Various information recording techniques have been developed following the increase in volume 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%. 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 density 20exceeding TO6BBREARKBN. 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 serving to record information signals, and further, to

reduce the thicknesga@fireriayeisKANEVRIE THOD esaaorNe TURIAKY TRIEBAIGRIIZed magnetic
disks of the in-plane
5 Technical Field
[0001]
This invention relates toa magnetic disk adapted {o be mounted in a
magnetic disk de\!ice such as a hard disk drive (hereinafter abbreviated as a
HDD). '

10

Background Ast

[0002] _

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

15 Pariicularly, the areal recording density of HDDs using th-e magnefic recording

| techhique has been increasing at an annual rate of about 100%. Recenily, the
information recording capacity exceeding 60GB has been reqUired per 2.5-inch
magﬂetic disk adapted for use in a HDD or the like. .In order to satisfy sucha
requirement, it is necessaryrto realize an information recording densi'fy '

20  exceeding 100Gbits/inch®. In order 1o 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 serving to record

, infofma’zion signalls, and further, to reduce the thickness of the layer.. However,
in the case of conventionally commerci'a-iized magnetic disks of the inQplane

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



25magnetic 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 2 degraded due to superparamagnetism so that the recorded signals are lost. This has been
an impeding factor for the increase in recording density of the magnetic disks, [0003] In order to
solve this impeding factor, magnetic recording medra of the perpendicular magnetic recording type
have been proposed in recent years. In the case of the perpendicular magnetic recording type, as is

different from the case of the in-plane magnetic recording type, the easy magnetization axis of a
magnetic recoP@HGI&Ht|8 it 8%8@8%%8%&8&%&&%%?%@%% '%88%?6%%‘ iXtlar to the surface
of a substrate 7% ¢RRBREACWIHI6% 8-Rlene fRanitingdvee ieaetnendisilay sagaetic recording

type can suppress the thermal fluctuation phenomenon and thus is suitable for increasing the
recording densiggmgisditka perpendicular magnetic recording medium, there is known a so-called
two-layer perpendicul@r réléj{?netic recording disk 15 comprising, over a substrate, a soft magnetic
underlayer made of a 8 agnetic substance and a perpendicular magnetic recording layer made of

a hard magnetic subs{aRegsas KolRSHIDRENIEHIFRY RxasmpiRgRHA-RRORIAMGASIREDHN the
meantime, a conventional magnetic disk has a protective layer 20and a lubricating layer on a magnetic

recording |qye@¢mam@p@laéﬁ%a§uaﬁweqrr@lﬁﬂm@mFwdgeb&ﬁarﬁaﬁ%aﬂ@ ERRBHING liability of the
e o A A R AR o e
heat resistanceag@SABIn-plane magnetic recording type, the easy magnetization axis of a
' magnetic recording layer is adjusted so as to be oriented in a direcﬁonr |
10 -perpendicular to the _suh‘ace of a substrate. As compared with the in-plane
recording type, the perpendicular magnetic recording_type can suppress the
thermal fluctuation phenomenon and fhus is suitable for increasing the
recording density. As such a perpendicular magnetic recording mediurﬁ, there
is known a so-called two-fayer perpendicular magnétic récprding disk
15 comprising, over a‘substrate, a soft magnetic underlayer made of a soff
_ magneﬂc substahce and a perpehdicuiar magnetic recording layer made of a
hard magneﬁc substance, as is described in, for example, JP-A-2002-74648.
fo004] 7
in the meantime, a conventional magnetic disk has a protective layer
20 © and a lubricating layer on a magnetic recording layer formed over a subsirate,
for the burpose of ensuring the durability and reliability of the magnetic disk.-
Paﬁicuiaﬁy, the lubricating layer used at the outermost surface is required o
have various properties such as long-term stability, chemical substance
resistance, friction properties, and heat resistance. |
25 [0005]
| In order 1o satisfy such a requiremeht, perf'luaro.poiyether-based
lubricants having hydroxyl groups in molecules have éﬁén been used

convantionally as lubricants for magnetic disks. For example, according to



In order to satisfy such a requirement, perfluoropolyether-based lubricants having hydroxyl groups in
molecules have often been used conventionally as lubricants for magnetic disks. For example,
according to JP-A-Sho-62-66417 (Patent Document 1) or the like, there is well known a magnetic
recording medium or the like coated with a perfluoroalkylpolyether lubricant having a structure of
HOCH2GF20(C2F40)p(CF20)qgCH20H with hydroxyl groups at both ends of a molecule. It is known
that when hydroxyl 5 groups are present in molecule3 of a lubricant, the adhesion properties of the
lubricant to a protective layer can be obtained by the interaction between the protective layer and the
hydroxyl groups. 100061 Patent Document 1: JP-A-S62-66417 10 Disclosure of the Invention Problem
to be Solved byXhe\Srertip6$a0D TP As ddsoriradralowe ttedike dirmegisnveitbrging density of

100Ghits/inch2 150r more has been required in fecent HDDs., One reason for thﬁi related to the fact
that, in addition TRENEHOFRAMENRATRELT & Hf@r@%eecﬁ’@%ﬁge‘g‘%@c% SARYHROMBIBR have been

mounted in mokilg phanRsyiRRTNAMRAlIREYEIRmsCHigie SatE(er, ONd saoA ditihe case of these
new uses, since the housing Space for mounting
hydroxyl groups at both ends of a molecule. 1t is known that when hydroxyl
5  groups are present in molecules of a lubricant, the adhesion properties of the
lubricant to a protective layer can be obtained by the interaction between the
protective layer and the hydroxyl groups.
10006} i ‘
Patent Document 1: JP-A-S62-66417
10
'Diéciosure of the Invention
Problem to be Solved by the Invention
[oco7]
As described abové, the information recording density of 1 00Ghits/inch®
16 or more has been required in recent HDDs. One reason for this is related to
the fact ihét, in addition to the conventional need as storage devices for
computers, the HDDs have been mounted in mobile phones, car navigation
systems, digital cameras, and s0 on. 7
In the case of these new Qses, since the housing space for mounting
| 20  the HDD is extremely smai[ as compared with that of t.he computer, it is
necessary to miniaturize the HDD.  For this, it is necessary to reduce the
diameter of a magnetic disk fo be mounted in the HDD. For examplle, a
3.5-inch or 2.5-inch magnetic disk can be used for the computer use, butin the
case of the above-méntio_ned new uses, use is made 'o_f a small-diameter
25  magnetic disk of, for example, 1.8 inches to 0.8 inches smaller in diameter than
the magnetic disk for the computer use. i is necessary 1o store a certain or
more information volume even when the magrieﬁc disk is- reduced in diameter

as described above, thus resulting in acceleration of improvement in information



20 the HDD is extremely small as compared with that of the computer, it is necessary to miniaturize
the HDD. For 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 25magnetic disk of, for example, 1.8
inches to 0.8 inches smaller in diameter than 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 improvement in information 4 recording density.
100081 Further, in order to effectively use the limited disk area, use has been made of a HDD of
the LUL (Loatethitbagyieysiem instead of the conventional 5 CSS (Contact Start and Stop) system. In
the LUL system, a m@%qg ic head is retreated to an inclined platform called a ramp located outside a
magnetic disk while the ' HDD is stopped, then in a start-up operation, the magnetic head is caused to

slide from the ramp, gfferdhenmpagneticetiakistartsdio tratdteilse ciskaifla oves t agnetic disk to
perform recording/reproduction. In a stop 10operation, the magnetic head is retreated to the ramp

outside the magdest A Rieé Whibirad Mnlsadhsyriee nrlras sidpp&aYdiiad®luence of the

ot neceeary B AL SAT e i T (GG 2 e R e

ovi S region etic head, which is
‘required in theseSfeaystamindined itakbrmssiliie torimapeeatad ecisitieg/repgoeticidigiregion and
therefore the vbrL\J'lllé the HDD is stopped, then in a start-up operation, the magnetic head is

caused to slide from the ramp, after the magnetic disk starts to rotate, so as to
fly over the ‘magneﬁc disk to perform recordiﬂg/reproduction. In a stop

10  operation, the magnetic head is retreated to the ramp outside the magnetic disk,
then the rotation of the magnetic disk is stopped. This sequence of the
operations is called a LUL operation. In the magnetic disk mounted in the HDD
“of the LUL sysiem, it is not necessary te provide a contact sliding region {CSS
region) for the magnetic head, which is required in the CS8 system, thus it is

15 possible fo increase a recordingireproducing regidn and therefore the LUL
system is preferable for increasing the information capacity.

[0009]
In order to improve the information recording density under these

circumstanées, it is necessary io reduce a spaoihg loss as 'ﬂéuch as possible by

20 reducing the flying height of the magnetic head. ln order to achieve the
informat-ion recofding density of 100Gbits/inch? or more, it is necessary to set
the flying height of thé magnetic head to 10nm or less.  In the LUL system, as
is different from the CSS system, sinc_:e it is not necessary fo provide an uneven
shape for CSS on the surface of the magnetic disk, it is possible o significantly

25  smooth the surface of the magnetic disk. Censeqﬁenﬂy, in the case of the
magnetic disk mounted in the HDD of the LUL system, the flying height of the
magneﬁc head can be further reducéd as compared with the C8S system and

therefore there is also an advantage that it is pbssible to increase the S/N ratio -



system is preferable for increasing the information capacity. [0009] In order to improve the information
recording density under these circumstances, it is necessary to reduce a spacing loss as much as
possible by 20reducing the flying height of the magnetic head. In order to achieve the information
recording density of 100Gbits/inch2 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 surfacg of the magnetic disk, it is possible to significantly
25 smooth the surface of the magnetic disk. Consequently, in the case of the magnetic disk mounted
in the HDD of the LUL systemy, the flying height of the magnetic head can be further reduced as
compared withf theeCBdngy signaland thercfo o iidelesiaisb Beraasaimdgeaititg s3psisiple to increase

the SIN ratiolé% fa recor%?]ggﬁigd;al.and thus to contribute to an increase in recording capacity of the
ec

magnetic dis |5Té??88 {$&&0f the further reduction in magnetic head flying height 5following

the recent introductigg@fghe LUL system, it has become necessary that the magnetic disk stably

operate even in the case of the low flying height of I0Onm or less. Especially, as described above, the
magnetic disks have Beedishircderbiipe ailtine ‘mﬁbﬁ%‘ﬁ'@?é@&‘éfﬁ@n@ré@’&mhe perpendicular

e BT A e et 100k and
that the magnetic disk stably operate even in the case of the low flying height of
10nm or less. Especialiy, as described above, the magnetic disks have been
Shiﬁed from the innplane magnetic recording lype o the perpendicu!'ar magnetic
recording type in recent years, so that an increase in capacity of the magnetic

10 disks and a reduction in flying height following it have been strongly demanded.

[0011]
When the flying height of a magnetic head becomes a low flying height
of, for example, 10nm or less, the magnetic head repeatedly exerts adiabatic
- compression and adiabatic expansion on a lubricating layer on the surface of a

15 magheﬁc disk through air molecules while flying, so that the lubricaling layer
{ends to be repeatedly subjected to heating and cooling and therefore &
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 to a protective layer decreases. Then, itis

2¢ cohsideréd that thé lubricant with the increased fluidity is transferred and
deposited on the magnetic head located in the extremely close positional
felationsh:ip to make the flying bosture thereof unstable, thus causing afly
sfiction failure. Particularly, a recently introduced magnetic head with & NPAB
{negative pressure} slider is considered 1o promote the transfer deposition

25  phenomenon because it tends o suck the lubricant due o a strong vacuum
created at the bottom surface of the magnetic heéd. 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



[0011] When the flying height of a magnetic head becomes a low flying height of, for example,
10nm or less, the magnetic head repeatedly exerts adiabatic compression and adiabatic expansion on
a lubricating layer on the surface of a 15magnetic disk through air molecules while flying, so that the
lubricating layer 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 increfises so that its adhesion to a protective layer
decreases. Then, it is 20considered that the lubricant with the increased fluidity is transferred and -
deposited on the magnetic head located in the extremely close positional relationship to make the
flying postur@%hdr@@ﬁﬂ’@ﬁdﬁi@,&W@B&i@ﬁﬁjﬁ%@fﬁfﬂ@yﬁfﬁ%@?@%ﬁ%ﬁ%@f "398%ently introduced
magnetic head with FE;ﬁB (negative pressure) slider is considered to promote the transfer deposition
25 phenomenon because it tends to suck the lubricant due to a strong vacuum created at the bottom

surface of the magngtigheatkcEhiytianstesred iaocdadeptistetidnseanaondyimrotagesto acid such as
hydrofluoric acid to thereby corrode an element portion of the magnetic€e$d?6Particullarly, a magnetic

head mounteislis icmAanetrtanavoeat et aIBRMRIE AIRN S BEERYed F06131P'®: Further,
recently.n ofder g 1graase e eARRASA-RRcRTkelon mAdnRbsliavioR, tprciaganal speed of a

magnetic disk Is increased. For example, 5a small-diameter 1.8-inch magnetic disk device suitable for
a mobile appisatiotss its 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 layerl moves (migrates) due to a centrifugal force caused ?y
the rotation so that the thickness of the lubricating layer becomes nonuniform in
10 the plane of the magnetic disk, resulting in actualization of a fallure due to a
contact between the surface of the magnetic disk and a magnetic-head ai its
low flying height.
[0013]
As described before, receht!y, magnetic disk devices have started to be
15  often used not only as conventional storage devices of personal computers, but
also as storage devices for mobile applications such as mabile phones and car
navigation sysiems énd, therefore, due to diversification of use applications, the
environmental resistance required for magnetic disks has become very. strict.
Th‘eréfore, in view of these circumstances, it is urgently necessary, more than
20  conventional, to further improve the durability of magnetic disks and the heat
resisiance and durability of lubricants forming lubricating layers, and so on.
 [0014] |
Following the rapid im;jrovementr in information recording density of
magnetic disks in recent years, i‘f is required to reduce the magnetic spacing
25 between a magnetic head and a recording layer of a magnetic diék and,
thereforg, it has becorhe necessary to further reduce the thickness of a
lubricating layer present between the magnétic head and the recording tayer of

the magnetib disk. A lubricant used as the lubricating layer at the outermost



enhances its 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 to a
centrifugal force caused by the rotation so that thethickness of the lubricating layer becomes
nonuniform in 10 the plane of the magnetic disk, resulting in actualization of a failure due to a contact

between he sy, o the maohele K a1 MRANelc SaKah S N WB U0 40013

. 2
As described B5& Oré, rece agnetic dis VICES have star n used not only as

conventional steeager daxichriaidersinileqppuitig taaise askiesdgerde wegtifpramebile
applications such as mobile phones and car navigation systems and, therefore, due to diversification

of use applicaf@ibitite ainaerentatirrdbriaaenaiisfied. for magnetic disks has become very strict.
Therefore, in view of circumstances, it is urgently necessary, more than 20conventional, to
further improve the durability of magnetic disks and the heat resistance and durability of lubricants
forming lubricating layessicantbsd abof@) 43 required doviegliteear apigriotiordiekroredlientriformation
recording density of magnetic disks in recent years, it is required to reduce the ma,gnetic spacing 25

between a ma§etieRe SRRty of &cierirgtiag davarArh§ruing digh Jrlia ity dsmeitk R become
necessary 1o 3’% u?{eéﬁ‘%H%éeﬁéﬁcéﬂﬁaﬁgfﬁwm&m%W&rhaf Bf Befpihe mpanetic head

and the recording layer of the’magnetic diSk. A lubricant used as the lubricating layer at the outermost
7 surface of thellmaipgetie diskekasg éty reffectinghdemsiabiiteotth gaaagasdcfditierEdea tbthe thickness
O T o o 0 g6 ‘BepTcatons and 56 on- the” SmioniRental Teseancg © ISk
required for magnetic disks has become very strict. Therefore, it is required,
more than conventional, to further improve the properties such as the durability
of lubricants, forming lubricating layers, that largely affect the durability of
magnetic disks, particularly the LUL durability and the fixed-point flying
properties (CFT properties) of the lubricants.
[0016]
Embodiments of the present invention provide a magnetic disk that is
excellent in durabiiity, particularly in LUL durability and CFT properties, and thus
has high reliability despite the low flying height of a magnetic head following

the rapid increase in recording density in recent years and despite the very

strict environmental resistance following the diversification of applications.

Means for Solving the Problem

[0017]

As a result of intensive studies on the durability of a lubricant that
largely affects the durability of a magnetic disk, the present inventors have found
that the above-mentioned problems can be solved by the following

embodiments of the present invention.



[0015] As described above, it is required to realize a magnetic disk excellent in long-term stability
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 incrgase in recording density in recent years and,

further, due to diversification of use applications and so on, the environmental resistance required for

magnetic disks has b@ggg}ﬁ C%{@%%EB%T?F%%CE?‘%@H%W %ﬁr%?%%ithan conventional, to further

improve the properties suc ura ricants, ricating layers, that largely affect

the durability of magnejiediskstooaricylashethet bk grasdilityrandiche thiesslipgirdvitjeageproperties
(CFT properties) of the lubricants. [0016] Embodiments of the present invention provide a

magnetic dismﬁﬁﬁﬁi‘é@éheh@wﬂau?éﬂﬁﬁ?_@arﬁ@ﬂﬁﬁ&iﬁiﬂq_y_ﬁﬁ &ﬁﬁmiéﬁd%‘?ﬁ : _@rties, and thus
has high relapibedfinpiie D 5I0NRIT9 RALE! BJBRgReihsRc AU R gCrease In
y in recent n

recording densi years and despite the very strict environmental resistance following the
diversificationafenpphtaitio ascdvternmddiviyiapHniubrobismife0tidin chaksimaedultioféntensive
studies on the durability of a lubricant that largely affects the du abiIitP/ of a magnetic disk, the present
inventors havi&SePIthP YOG BRRGHRERLR B%FBB[&HR@B@% @%%ﬁ’lﬁ/{ﬁ?ég% towing embodiments

of the present inventipn o 3 Spesilisel; he IRNEAERRGIERSS BERAisHRRPear thECOrding o a

first aspect of the present invention, there is provided a magnetic disk having at least a magnetic layer,
a protective laysreantianasimasitetapér provided in this order over a substrate, wherein the
lubricating layer cont@n %compound having a perfluoropolyether main chain in a structure thereof
and having a polar g Qa ther than at ends of a molecule thereof. In an embodiment, the

compound may havejg golahgiiRdt ahtScEaRs @ MBPIRC W & JarsROf JRAAS] In an embodiment,
the polar group may be a hydroxyl group. In 'an embodiment, a number-average molecular weight

of the compound contained ientketlitesatiry |ayeheasvBETRa frigeulst 10080y 1000be

compound contained in the lubricating layer may be in a range of 1000 to
10000.
[0019]

in an embodiment, the protective layer may be a carbon-based
protective layer formed by a plasma CVD method.

In an embodiment, the magnetic disk may be adapted to be mounted in
a magnetic disk device of a load unload system.

[0020]



[0019] In an embodiment, the protective layer may be a carbon-based protective layer formed by a
plasma CVD method. In an embodiment, the magnetic disk may be adapted to be mounted in a
magnetic disk device of a load unload system. [0020] 9 According to the second aspect of the
present invention, there is provided a method of manufacturing a magnetic disk having at least a

magneti layer a protseliedatel, ad aliigadnaday ey AN arfighofRL 8 subsrate

wherein the lubricating layer is“forme orming'on the protective layer a of a lubricant

containing a cqmvigitsobtaeidiyneeatingrihgguivaleati: efisk parfivg e ieigetheragoatigound having a
perfluoropolyether main chain in a molecule thereof and having a hydrOX\éI&group only at one end of

the molecule Wit¥el: &qRIPiRERY DIV aIRih A\ CiRRHIm PMER Mg YdsFuR éf’;fﬁﬁbl‘é"ﬁf [Racting with
the perfluoropQlysthes CQIRPUATGHO I@éﬁ&ﬁiﬁ%ﬁé%ﬂ@f&?ﬂed by FoRH HEepitdlg grethod may

comprise exposing the magnetic disk to an osphere at 50C to 150C after forming the lubricating
layer. [0021] lay#ceofiffimgfoahatiiistrtspectatiitioe presemove ntiohjrthe mageatiindisk has at least
the magnetic layer, the ro}ective layer, and the Iubricatin%layer provided in%Fhis order over the

substrate, wheFSHMAE T A RRETHRRP Yy AR SR RERTH RS A RRGHRE PRMRIRO B ther main
chain i s Strygiue AR ARKAIIRRRIPE RS AB 6 p6R s Relssdengherciore

there is obtained the magnetic disk that is more excellent in"properties such as LUL durability and CFT
properties thamedevdrtivital saulitalanhabanglinlditibilimngegpitdavintpa Sigintecighablea magnetic

head following the rapid ingrease in recordi ensity in recent years and further despite the very strict
environmental ?gg?gfg)ﬁ&v‘fﬁh r‘f&#}éofﬂ%p %&%‘?ﬁlﬂ%‘ﬁei aﬁfiﬂ‘s‘f’l M@Tﬁ groyp-
perfluoropolyether-baggchlyrigssHiolian uaethetie RignalymbasdwdsexiipireRaRiragth ends of a

molecule and obtains its adhesion properties to a protective layer by the interaction between the
protective layeflighdotae atmosrheRratpolpdoHENe erfiRhpsmshtisubirtisatite VR durability or the -
CFT properties that ¢ ure sufficient long-term reliability cannot be obtained with the low flying
height of a magnetic head following the rapid increase in recording density in recent years and further

with the very strict envessnandabresisianes jelipvfitebesiveiaiisaien) bbanatisatioask
has at least the magnetic layer, the protective layer, and the lubricating layer
provided in this order over the subsirate, wherein the lubricating layer contains
the compound having the perfiuoropolyether main chain in its structure and
having the polar group other than at the ends of its molecule. Therefore, there
is obtained the magnetic disk that is more excellent in properties such as LUL
durability and CFT properties than conventional and thus has high reliability
despite the low flying height of a magnetic head following the rapid increase in
recording densify in recent years and further despite the very strict
environmental resistance following the diversification of appiications.
[0022]
A perfluoropolyether-based ubricant often used conventionally has
hydroxyl groups at both ends of a molecule and obtains its adhesion properties

to a protective layer by the interaction between the protective layer and the



According to studies of the present inventors, the reason for this is considered that, with the low flying
height of the magnetic head, particularly under a recent requirement for an ultra-low flying height of
about 5nm, and further with the very strict envirorifiental resistance following the diversification of
applications, an impulsive force applied to a lubricating layer from the magnetic head is very large and
_thus, m_the C%S@:%m?l%?@éent'ﬂB&’e@@é'ﬁaﬂéé?é&?%Y@tﬁﬁﬁa@@ng prop=NeT: _%thélayer by the
interaction between’hydroxyl groups at both ends of its molecule and the protective layer, the
interaction beGFgemitbiserticl othatgrapeastine andiciehthédhdpteramt relzbitible camthdh eberotective layer
tends to be cut off by a large impulsive force from the magnetic head to free the ends of the lubricant

molecule andORAEIEH (NS MM IVING HRStREAVERINSIR heanRiewae JAE 57 ends of the
molecule, the,oving PSSP dariheRr b LhuicamtdnripseleRages agy rber the

interaction between the lubricant'and the protective layer is largely reduced, so that, with the ultra-low
flying height afrafyontrembal assikdanrib dullabimgdhi alistesifisfaiion lobappiivatiots.the magnetic head is

lerated and, as, It, the LUL durability or the CF ties that c; fficient
g v e g e D SRR e
invention, thegihrigRRtIcONa IGME HEBHLBr ¢Rlint i Mt PRI AP URRINa rtantat the ends of

its molecule and thus the adhesion to the protective layer is achieved by the interaction between this

polar group areditirerpastdionivas lalireriophByista feight @rahoof heniuanstusther withdbel¥eaite in a free state
from the beginping and thus are prevented from directly receiving.a large impulsive force from a
magnetic hea%& ﬁ%&%’?ﬁ\%ﬁigﬁ%@%&%eg&ﬁ%ﬂ%@%g‘e R ' uri'lplreTr, h%q?}q%ar‘g%ﬂ%’navvith the

protective layghjsigianigine dabiaadiandihestihanagbiRoandecofibgriclrieaatinplegyle. Accordingly,

even if the ends of the molecule are in the free state, the moving space thereof is small and, therefore,
even with an [AfE&16RCHvG hiigheotaws Staplecarifionan WpdransrtbathechieYRaiiSonto the

et ead s AL 1 85U BIGPHL i MBI BT el conenre

sufficient long-term reliability can ccording to ent, the compound

contained in thetiudnigabngdayelidsuadial thdyppseiciabliaiiee, domiptaiacibaiadenthiar group near
the center of its molecule. This is because the operation and effect of this invention can be most

suitably exhiditédojpbgmups ke el & fedHisisarhamiaridansrokn grelasive X Rularly
preferable a2 {00} @Eavfpefae‘a?ygg impliscome0 s Biimgearneing eyl aroup has a
th t tive la rticu car

large interaction wi e protectiv er, pa arly a on-baséd protective layer, and thus can

enhance the atidesidritachvieiecarihenhibcidatianplagesraifdibaniestettnevdydhg @da@ktive According to

an embodiment, the number-average molecular weight of %le ompound contained jn the lubricating
e 0O

layer is partict4Eh/Srepranethat ke e £IEB 't i€ PN SRECEPh%e recoverability
with proper vigeasity {9 sHpRiLBMtaRISIUlGRIRN ReE URARsR G dURRRIIBM Db BKGSERN heat

resistance. [0027] According to an embodiment, the protective layer is
the lubricant and the protective layer is largely reduced, so that, with the

ultra-low flying height of about 5nm as described above, transfer of the lubricant
onto the magnetic head is accelerated and, as a resulf, the LUL durability or the
CFT properties that can ensure sufficient long-term reliability cannot be
obtained.

[0023]

On the other hand, in embodiments of this invention, the lubricant
contained in the lubricating layer has the polar group other than at the ends of its
molecule and thus the adhesion fo the protective layer is achieved by the
interaction between this polar group and the protective layer. Therefore, the

ends of the lubricant



12 particularly preferably the carbon-based protective layer formed by the plasma CVD method. This is
because the carbon-based protective layer with a uniform and dense surface can be formed by the
plasma CVD method, which is suitable for this inuéntion. [0028] According to an embodiment, the
magnetic disk is suitable as a magnetic disk adapted to be mounted in a magnetic disk device of,

particularly, tl;%le?m‘g%%i@ itﬁegr% tSthfFBﬁlf'tHéhSé ﬁ(mﬁi%@tmgg&%ti&gg%éyiﬁgrheight following

the introduction o e magnetic disk is réquired to stably operate even in the case of
the low flyingdieictiyt afciving cax lesge Timprééore , ftheenfagn et cdigivetic dvetidgsn $rabtdiments of this
invention having high reliability even with the low fl ing ge'éght is syitable, [0029 According to the
second aspetNBHFEIFSEHtIRRR TR RHREN gﬁ’é%i@di Hﬁ@%cﬂ?ﬁh"ygha{ﬁﬁi QEEHMRith the low

flying height iis abtRined iy Aumaiho B RBMERAtAFINg Ma\asnetic wiskhaving Ableaska magnetic

layer, a protective layer, and a lubricating layer provided in this order over a substrate, wherein the
lubricating layercsrdorghe celogridh thimgruls thictiproreiaveldagrer ia tie bea ftdlsctn ouniaiming a

compound obtained by reacting 2 equivalents of a perflypropolyether compoun ving a '
perfluoropolyéﬂ?&ew?%ﬁéiﬁ'ﬁ?@?ﬁgIé@ﬁf@*ﬂ%vgﬁgﬂﬁﬁﬁﬁg@ﬁ%j&(}& %'8%%) Ijagt one end of
the molecule with.deoutsaientaf aarRlienatihsNBReaRhRRVIAG malveiieeanaiimealireacting with
the perfluoropolyether compound to form a hydroxyl group. [0030] According to an embodiment,

the magnetic idiskdésrexpsse tesbinzerhbbptierbiibsodhe b0 Cwrertiosiiaane fMBHExting layer in

the magnetic di\s_&k mapufacturing met of Configuration 7. This makes it possible to further improve
the adhesion Bt f%%%@&'ﬁ%?%&?ﬁag% ﬁéq er10 ﬁ?e%% l|cir)1r“:c3) éctive layer. Effect of the invention [0031]
According to embodipgp4s of this invention, it is possible to provide a magnetic disk that is excellent in

durability, particularly in LUL durability and CFT properties, and thus has high reliability despite the low
flying height of a madeaEingie mnemprpimerhine FRRTho¥BREAdr BRIt years and

further despitg, (e MY SH1FL &M EHIBRBR A LeeiHpREAdNaVIs s s SHiER RRLPhipplications.
center of its molecule.  This is because the operation and effect of this
invention can be most suitably exhibited.

[0025]

According to an embodiment, the hydroxyl group is particularly
preferable as the polar group possessed by the compound. This is because
the hydroxyl group has a large interaction with the protective layer, particularly a
carbon-based protective layer, and thus can enhance the adhesion between
the lubricating layer and the protective layer.

[0026]

According to an embodiment, the number-average molecular weight of
the compound contained in the lubricating layer is particularly preferably in the
range of 1000 to 10000. This is because it can have recoverability with proper
viscosity to exhibit suitable lubrication performance and further have excellent
heat resistance.

[0027]

According fo an embodiment, the protective layer is



Best Mode for Carrying Out the invention [0032] 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 layei,2and a lubricating layer provided in this order over a
substrate, wherein the lubricating layer contains a compound having a perfluoropolyether main chain

in a structure heieaf.aycauing e ARIREAIGHRSIGASAL ERES Pl RIS BRie 10033)

The above-mentione mpound’(hereinafter referred to as th rding to this invention)
contained in ti@JDbriedtiod. lay&his thebpragretithdistadidhibaseenportestive daysounithhaving a
perfluoropolyether main chain in its structure and havir}?%aggo er than at ends of its

€ lar group. o ]
molecule.  UREQIRLEABAPRR SHITALS (AN OSOHIES i RoR §%§¥@%‘ﬁ?§m‘@ﬁ’? the lubricating

layer is, for examapie, ACRNPEY R, BAMKNY @ polar group other 14 than at both ends of a chain
molecule having a perfluoropolyether main chain in its structure, but for allowing the function and effect

of this invention to be[@3&fbited most suitably, it is particularly preferably a compound, for example,

having a polar group near the center of a ¢chain molecule having a rfluoropolyether main chain in its
structure. [00341 &ﬁ%ﬂ%l@r Sfblfﬁqﬁqa'i@%'a?se’f n@@@g?%cog% (5?arsﬂ 1t Guses the

occurrence of suitplie.indpiRCHaBRBVES NHBE Mbliiceat anddhenpepiessvaikkyieidendhe lubricant is
formed into a film on the protective layer. For 10 example, there is cited a hydroxyl group (-OH), an

amino group (PRrigYlatlv.dhedxdyLaraient.obBienuse aides thgroapuc®o i megaeioRgegroup (-CO-), a
Sulfonic group Bk RS AR ERr 27 RO LgLauR Heigiary Bislapovle as the
required to stably operate even in the case of the low flying height of 10nm or
less. Therefore, the magnetic disk according to embodiments of this invention
having high reliability even with the low flying height is suitable.
[0029]
According to the second aspect of the present invention, the magnetic
disk having high reliability even with the low flying height is obtained by a method
of manufacturing 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 iayer is formed by forming on the protective layer a film of a lubricant
containing a compound obtained by reacting 2 equivalents of a
perfluoropolyether compound having a perfluoropolyether main chain in a
molecule thereof and having a hydroxyl group only at one end of the molecule
with 1 equivalent of an aliphatic compound having a structure capable of
reacting with the perfluoropolyether compound to form a hydroxyl group.
[0030]
According to an embodiment, the magnetic disk is exposed to an
atmosphere at 50°C to 150°C after forming the lubricating layer in the magnetic
disk manufacturing method of Configuration 7. This makes it possible fo further

improve the adhesion of the formed lubricating layer fo the



has a large interaction with the protective layer, particularly a carbon-based 15protective layer, and
thus can enhance the adhesion between the lubricating layer and the protective layer. [00351
Specifically, as the lubricant according to this invdition, there is preferably cited, for example, a
compound in which perfluoropolyether groups 20 each having a perfluoropolyether main chain in a
structure therpoftegtivBdasd to each other through a divalent or trivalent bonding group having a polar
group such as a hydroxyl group in a structure thereof, wherein the compound has the polar group near
the center of a chain molecule thereof. A group represented by, for example, the following

formula (1) is Z5piaferatyirsitagars the above-mentioned perfluoropolyether group. Formula (1) 100361
[Chemical Formula 1% 15 CF3CF2(0C2F4)MPCF2MOCF2CH20- In the formula, m and n are each an
integer of 1 or more. [0031]

According to embodiments of this invention, it is possible fo provide a
magnetic disk that is excellent in durabiiity, particutarly in LUL durability and CFT
properties, and thus has high reliability despite the low flying height of a
magnetic head following the rapid increase in recording density in recent
years and further despite the very strict environmental resistance following the

diversification of applications.

Best Mode for Carrying Out the invention

[0032]

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
over a substrate, wherein the lubricating layer contains a compound having a
perflucropolyether main chain in a structure thereof and having a polar group
other than at ends of a molecule thereof.

[0033]

The above-mentioned compound (hereinafter referred to as the
lubricant according to this invention) contained in the lubricating layer in the
magnetic disk of this invention is a compound having a perfluoropolyether main
chain in its structure and having a polar group other than at ends of its
molecule.

As described above, the lubricant according to this invention contained

in the lubricating layer is, for example, a compound having a polar group other



[00371 According to the lubricant of this invention described above, it has the 5 polar group other than
at the ends of its molecule and thus the adhesion to the protective layer is achieved by the interaction
‘between this polar group and the protective layer. Therefore, the ends of the lubricant molecule are in
a free state from the beginning and thus are prevented from directly receiving a large impulsive force
from a magnetic head so that the impulsive force can be relaxed. 10 Further, the interaction with the
protective layer is maintained at a portion other thari &t the ends of the lubricant molecule. Accordingly,
even if the ends of the molecule are in the free state, the moving space thereof is small and, therefore,
even with an ultra-low flying height of, for example, about 5nm, transfer of the lubricant onto the
magnetic head iBatiffichlittosndewt Ashairesudlethi hevirthd pedilityoootyaifeF M propkatieit that can

ensure sufficient long-term reliability can be obtained, [003 As described above, by providing the
lubricating laye€SHEAHIFR ﬁ%fﬁfbﬁﬁ%ﬁi‘%g&%mﬁfﬁ'% #ﬂg %t’i’éﬁ@%’é“fﬁﬁ@?‘fb“’c@ﬁsk is excellent in
durabilty, 20 pasieplatly i icuiahliy Ra.AET RieRsHiss EuaRiRdhemagnglis head ultraow
flying height of, for example, about 5nm following the increase in recording density in recent years and

with the very sthelevirpolacgtalpesistahestoionihg dheitivarsiticistiaebabplications. Therefore, this

invention is_suitable for realizing a magpetic. disk having high reliability (capable of 25ensuring stable
operation) éverpﬁﬁmg%@%}\%é”@% IR E! l%o%gjcpuge'As a method of manufacturing the lubricant

according to this inventg@m,;pere is preferably cited, for example, a manufacturing method in which 2
16 '
As the polar group in this case, it needs 1o be a polar group that causes

the oceurrence of sui’tab%e;,imeraction between the lubricant and the protective )
layer when the lubricant is formed into a film on the proteciive layer. For
10 example, there is cited a hydroxyl group (-OH}, an amino group (-NHz), a
carboxyl group (-COOH), an aldehyde group {(-COH), a carbony! group (-CO-), a
sulfonic group (—SOQ—!), or the like. Among them, the hydroxyl group is
particularly preferable as the polar group. This is because the hydroxyl group
has a Eargé interaction with the protective layer, particularly a carbon-based
15  protective layer, and thus can enhance the adhesion beiween the lubricating
fayer and the protective iayer.
[0035] ” |
Specifically, as the lubricant according to this invention, there is
éreferabiy cited, for example, a compound in which perfluoropclyether groups
20 .each having a perfluoropolyether main chain in a structure thereof are bonded
to sach other through a divalent or trivalent’ bor{ding group having a polar group
such as a hydroxy! group in a structure thereof, wherein thé _compbund has-the
polar group near the center of a chain molecule thereof, |
_ A group" represented by, for example, the following formula (1) is
25  preferably cited as the above-mentioned perfluoropolyether group.
Formula (1)
[0036]

[Chemical Formula 1]



equivalents of a perfluoropolyether compound having a perfluoropolyether main chain in a molecule
thereof and having, for example, a hydroxyl group only at one end of the molecule are reacted with 1
equivalent of an aliphatic compound having a structure capable of reacting with the perfluoropolyether
compound to 5form, for example, a hydroxyl group. In order to form, for example, the hydroxyl
group, there is preferably cited, as the above-mentioned aliphatic compound, a diepoxy compound
having epoxide structures at ends of a molecule theigof. Using such a compound, it is possible to
obtain the lubricant of this invention with high purity and high yield. 10 Specific examples of such a
diepoxy compound are given below, but this invention is not limited thereto. [0040] [Chemical

Formulas 2] 17 c7--?QFMGF Q93 SpeoTEaMOORsEHasase condition, perfluoropolyether
compounds 5 each having a hydroxyl group only at one end of its molecule are reacted with bases to
form alkoxides, then thB<BfRERIBS PEHEAREERAGEGHHINeger of T or more.

[0037)
According to the lubticant of this invention described above, it has the
5 polar group other than at the ends of its molecule and thus the adhesion to the
protective layer is achieved by the interaction between this polar group and the
protactive layer. Therefore, the ends of the iubricant molecule are in a_free
state f{om the beginning and thus are prevented from direc:dy receiving a large
impulsive force from a fnagnetic head so that the impulsive force can be relaxed.
10 Further, the inferaction with the protective layer is maintained at a portion other
than at the ends of .the fubricant molecule. Accordingly, even if the ends of the
molecule are in the free state, the moving space thereof is small and, therefore,
even with an ultra-low flying height of, for example, about 5nm, transfer of the
lubricant onto the magnetic head is difficult to occur.  As a result, the LUL
15 durability or the CFT praperties that can ensure sufficient long-term reliability
can be obtained,
[0038]
As described above, by providing the lubricating layer containing the
lubricant according to this invention, the magnetic disk is excellent in durability,
20 particuiarly in LUL durability and GFT properties, even with the magnetic head
utira-tow flying height of, for example, about 5nm following the increase in
recording density in recent years and with the very strict environmental '
resistance following the diversification of appiications. Therefore, this invention
is suitable for realizing a magneﬁc disk having high reliabiﬁty (capable of
25 ensuring stable operation) even under severe uée conditions.
| [0039]
As a method of manufacturing the !dbrican’{ according to this invention,

there is preferably cited, for example, a manufacturing method in which 2



18 ring-opening reaction with an aliphatic compound having epoxide structures at ends thereof,
thereby obtaining a dimer or turner compound in which the perfluoropolyether compounds are bonded
to each other through a bonding group changed from the aliphatic compound. 5[0042] As the
above-mentioned perfluoropolyether compound, there is cited, for example, a perfluorodiol compound
having a hydroxyl group at one end of its molecule, represented by the following formula (II). Formula
(I1) 10[00431 [Chemical Formula 3] CF3CF2(0C2FHm(OCF2)nOCF2CH20FI In the formula, m and n
are each an integer of 1 or more. [0044] 15According to the lubricant manufacturing method of this

invention described abovef the perfluoro&g&yether cortzﬁ)égnds are b%!]ded to e%%otherr} to be
dimerized or tAREYFBOR SRASHILIBRGHL R SRTHS gHEHAHE HASARSNEWE: Belast two.
hydroxy! grouga AL Gedaap sxdralehirh i gomiesiAJBOIeRWRdRE Gal FeRpraMPle, when the
perfluorodiol compound 20 -represented by the above-mentioned formula (I1) is used as the
one end of the molecule are reacted with 1 equivalent of an aliphatic compound
having a structure capable of reacting with the perfluoropolyether compound to
5 form, for example, a hydroxyl group.
in order 10 form, for example, the hydroxyl group, there is preferably
cited, as the above-meniioned aliphatic compound, a diepoxy compound having
epoxide structures at ends of a molecul}e thereof. Using such a compound, it is
pdssib%e io obtain the lubricant of this invention with high purity and high yield.
10 Specific examples of such a diepoxy compound are given below, but this
invention is not limited thereto.
[0040]

[Chemical Formulas 2]



above-mentioned perfluoropolyether compound and the first-cited diepoxy compound (having one
hydroxyl group in its structure) among the examples given above is used as the above-mentioned
aliphatic compound, there is obtained a lubricant compound having three hydroxyl groups as polar
groups 25 approximately at the center of a molecule thereof. An exemplified compound of the
lubricant according to this invention is given below, but this invention is not limited thereto. [0045] 19
[Chemical Formula 4) Exemplified Compound CF3G#2(Rf)0OF2CH20CH2CHCH20-* OH
*--CH2CHCH20CH2CHCH20CH2CF2(Rf)0OCF2CF3 OHOH Rf : -(0C2F4)m(OCF2)n-t(m, n = an
integer of 1 or more) 5[0046] The molecular weight of the lubricant according to this invention is
not particularly limited, but, for example, the number-average molecular weight (Mn) is preferably in

the range of 1000 to 1000Q and more preferaply in the range of 1000 to 6000. This is because it can
have recoverabilitfKwi prop@r’\’i?;':}l?gi'i?;el\G |
O O

OH

{00411 |
Specifically, under a base condition, perf,luoropolyether compounds
5 each having a hydroxyl group only at one end of its molecule are reacted with

bases to form alkoxides, then these alkoxides perform a nucleophilic



10to exhibit suitable lubrication performance and further have excellent heat resistance. Further,
since the lubricant according to this invention comprises the compound in which the above-mentioned
perfluoropolyether compounds are bonded to each other through the above-mentioned bonding group,
there is 15 obtained the high molecular weight lubricant by dimerization or trimerization of the
above-mentioned perfluoropolyether and thus it is possible to suppress a reduction in molecular weight
due to thermal decomposition. Therefore, when a magnetic disk is manufactured by the use of such a
lubricant, it is possible to improve the heat resistance thereof. Because of the further reduction in

20magnetic head flying height (10nm or less) following the increase in recording.density in recent
years, the pos$iBHiEPBRESHRACHAGHIAABAH t&?ﬂ%%?(?ﬁ’%@ H19 &4 e%&ug u(E{%Sa%élthe surface of

a magnetic disk fieqyently aeciuis, WheRitieamrenesianaaddshpeuabtiinasetiagswith the surface of

the magnetic disk, it may happen'that the magnetic head does not immediately go out of 20 contact
with the surfacpeofitheoprdgribsicatisigdordslitiesoaidetiitaiondo ol aHineouairhepsitguse of

recording/reproduction perfor ed1[lbé the hi h-s(g)eed roéation of a magnetic disk in recent years, heat
due to contactgfpﬂﬁzﬁ%%geae{ﬁ% % r|’8ﬂ‘lﬁ’1ginn?:%(r)fi'/nen’tional. Therefore, it is concerned that the
Spossibilit,becomes mgq than conventional that a material of a lubricating layer on the surface of
the magnetic disk is thermally decomposed due to the generation of such heat, so that data read/write

is subjected to failure dgdte alinEsBANtE2EMBYRLACRENE M RRTRSICSN AR SiPdecomposed to
decrease in mglecular weight and increase in fluidjty, Furt ' ideration 1Q.of data
recording/repr %%ﬁ%rﬁ”?ﬁe t%eD ?1@ eongécfecg n*?a"gﬂ(é%}’m’gég EW g%%g%ge IC _d‘lgshk are in contact with
each other in nearduiie acthiedsfiernopint herivagésatiata dUp to the constant contact is further

- concerned. Taking this situation into account, it is desired that heat resistance required for a lubricating
layer be furthefﬁbﬁﬁitd@éﬁl), and thus the Iubricant of this invention is exactly 15suitable.

i0 [0043]
| [Ghemical Formula 3]
CF3CF3(0C2F4m(OCFonOCFCH-OH
In the formula, m and n are each an integer of 1 or more.
[0044]

15 According to the lubricant manufacturing method of this invention
described above, thé perflupropolyether compounds are bonded to each other
to be dimerized or trimerized so that it is possible to obtain a magnetic disk
lubricant with at least two hydroxy! groups introduced approximately at the
center of a molecule thereof. For example, when.the perfluorodiol compound

20 'representéd by the above-mentioned formula (Il) is used as the
above-mentioned peﬁiuoropolye‘éhez’ compound and the first-cited diepoxy |
5ompound {having one hj)droxyl group in its structure) among the examples
given above is used as the above-mentioned a%iphatic compound, there is
cbtained a lubricant compound having three hydroxyl groups as polar groups

25 approximately' at the center of a molecule thereof.

An exemplified compound of the lubricant according to this invérétion is
given below, but this invention is not limited thereto.

[0045]



[0047] By carrying out molecular weight fractionation of the lubricant according to this invention by an
appropriate method, the molecular weight dispersion  (ratio of weight-average molecular weight
(Mw)!Inumber-average molecular 20weight (Mn)) is preferably set to 1.3 or less. In this invention, it
is not necessary to particularly limit a method for molecular weight fractionation, but, for example, use
can be made of molecular weight fractionation by a gel permeation chromatography (GPC) method,
molecular weight fractionation by a supercritical fluitBextraction method, or the 25like. [0048]

When forming the lubricating layer by the use of the lubricant according to this invention, it can be
formed by using a solution in which the lubricant is 21 dispersed and dissolved in an appropriate
solvent and coating th¢Gialuiical Bysrfolaesthmple, a dipping method. As the solvent, use can be

preferably made of, for examip‘e, %ﬂuorine- ased solvent (trade name Vertrel XF manufactured by
DuPont-Mitsui Fluoroch&f fée@: OPRPYDY the like). A film forming method 5 for the lubricating layer
is, of course, not Imned&;t@g@em@mm@ﬂwthod and use may be made of a film

forming method such as a gpln ting method, a spray method, or a paper coating method. In
this invention, in order to further improve the adhes(@H of the formed lubricating layer to the protective
layer, the magnetic disk may be exposed to an 10atmosphere at 50C to 150C after the film formation.

*-,CHQCHCHZOCHQ?HCHzoCHZCFE(RﬂocF20F3 |
| [ _
OH OH

Rf: —(OGQFA;)m(OCFg)n—-Q(m, n = an integer of 1 or more)
5 [oo46]

The molecular weight of the lubricant according to this invention is not
particularly limited, but, for example, the number-average molecular weight (Mn)
is preferably in the range of 1000 to 10000 and more preferably in the range of
1000 to 6000. This is because it can have recovei'abi!ity with proper viscosity

10 1o exhibit éui’tab!e lubrication performance and further have excellent heat
resistance.

Further, since the lubricant according 1o this invention comprises the
compound in which the above-mentioned perﬂuoropoiyether compounds are
bonded to each other through the above~mentioﬁed bohding group, there is

.15 obtained thé high molecular weight lubricant by dimerization or trimerization of
the above-mentioned perflucropolyether and thus it is possible to suppress a
reduction in malecular weight due to thermal decorﬁposition. Therefore, when
a magnetic disk ié manufactured by the use of such a lubricant, it is possible fo
imprm)e the heat resistance thereof. Because of the further reduction in

20 magnetic head flying héigh’m Onm or iess) following the increase in recording
dénsﬁy in recent years, the possibility becomes high that co_n“:act or friction
between a mégnéﬁc head and the surface of a magnetic disk frequently occurs.
When the magnetic head is brought in contact with the surface of the magnetic

digk, it may happen that the magnetic head does not immaediately go‘ out of



[0049] In this invention, the thickness of the lubricating layer is preferably set to 4 to 1BA. If it is
less than 4A, there is a case where the lubrication performance as the lubricating layer is lowered. If it
exceeds 1BA, it is not 15 preferable in terms of a reduction in film thickness, there is a case where the
fly stiction failure occurs, and there is a case where the LUL durability is lowered. [0050] As the
protective layer in this invention, a carbon-based protective layer can be preferably used. Particularly,
an amorphous carbon protective layer is 20prefezable. With the protective layer being particularly the
carbon-based protective layer, the interaction between the polar groups (particularly the hydroxyl
groups) of the lubricant according to this invention and the protective layer is further enhanced so that
the operatiog@necefidint ind thistareaitiba aimghatioatiskibitektiashitih fsehos preséigble mode. The

adhesion between the 25carbon-based protective layer and the lubricating layer can be controlled by
forming the EAHBRT-E58HSSBI&RHOE A é?WPﬁV&P&&&%@%&%%ﬁ%@%F ﬁ"ygéenated carbon and

adjusting the saien ol iR RRYISRIrRYRAINIDIS Gase, Emerntantiefsydogen s preferably
o wnhen

set to 3 to 20al.% measured by hydrogen forward scattering (HFS). The content of nitrogen
is preferablygatamibdariRatitawhenvandasaied DyeXeiae phistoensarapdspetifsscopy (XPS). [0051] 5In
s IO, o 1S BB P R 2 1A RikSral of a ubricating
anerlon the surface of the magnetic disk is thermally decomposed due to the
generation of such heat, 5o that data read/write is subjected to failure due to
adhesion, to a magnetic head, of the lubricant thermally deccmpo§ed 0
‘decreass in molecular weight and increase in fluidity.  Further, in consideration
10 of data recording/reproduction in the state where a magnetic nead and a
magnetic disk are in contact with each other in near future, the influsnce of heat
generation due 1o the constant contact is further concermned.  Taking this
situation into account, it is desired that heat resistance required for a lubricating
layer be further improved, and thus the lubricant of this invention is exactly
15 suitable.
| [0047]
By carrying out molecular weight fractionation of the lubricant according
to this invention by an appropriate method, the molecular weight dispersion
(ra‘tid of wefght—average molecular weight (Mw)/nu'mber?average molecular
20  weight (Mn)) is preferably set fo 1.3 or less. |
| in tﬁislénventions itis hot necessary to particularly limitr a met_hdd for
moiecular weight fractionation, but, for exampie, use can be rﬁade of molecular
weight fractionation by a gel permeation chromatography (GPC)‘ method,
molecutar weight fractionation by a supercritical fiuid ex’fraéﬁon method, or the
25 like. | | |
[0048]
When formi.ng the lubricating layer by the use of the lubricant according

to this invention, it can be formed by using a sofution in which the Iubricant is



contain hydrogen and/or nitrogen uniformly over its entirety and is preferably a composition gradient
layer containing, for example, nitrogen on its lubricating layer side and hydrogen on its magnetic layer
side. [0052] 10When using the carbon-based protective layer in this invention, it can be formed by, for
example, a DC magnetron sputtering method, but it is preferably an amorphous carbon protective
layer particularly formed by a plasma CVD method. Being formed by the plasma CVD method, the
surface of the protective layer becomes uniform angdidense. Therefore, it is preferable 15that the
lubricating layer by this invention be formed on the protective layer with a smaller roughness formed by
the CVD method. In this invention, the thickness of the protective layer is preferably set to 20 to

70A. If it is lessithesr 2P aribelieds vaasevhssefrestivarancel asdhegiraectiviolaiper is lowered. If it
exceeds 70A, it is not preferable in terms of a 20reduction in film thickness. [0053] In the magnetic

disk of this invéptioraties dudnpigis1srenskanhy? A28l 81bstP&E2TRE BIEE XRIpLhade frigid and
excellent in sm ‘R@k’h‘?ﬁéz&‘”&jf[ﬂb‘ﬁ '8-35&%?%9 ﬁtk@&ﬁﬁ@&\@&%ﬁ%&%ﬂﬁ&&ﬁﬁd@? glass

substrate, an 25aluminosilicate glass substrate, for example, is cited and, particularly, & chemically
strengthened afiRingsiicaicrilasscoebstiatele piaterabiel likiblis idvdntiomihg meinosurface of the
S B P TUbricatng ayor 1o, b1 Sourss, not Tnlied 15 (18 2bove. mentoned dipping - o ®
method and use may be made of a film forming method such as a spin coating
method, a spray method, or a paper coating method. |
In this inveniion, in order to further imgrove {he adhesion of the formed
fubricating layer to the proteciive layer, the magnetic disk may be exposed to an
10 atmosphere at 50°C to 150°C after the film formation.
[0049]
In this invention, the thickness of the lubricating layer is preferably seti fo
410 18A. -If it is less than 4A, there is a case where the luorication
performance as the lubricating layer is lowered.  [If it exceeds 18A, it is not
15 preferabie in terms of é reduction in fiim thickness, there is a case where the fly
stiction failure occurs, and there is a case where the LUL durability is lowered.
[0050] .
As the protective layer in this invention, a carbon-based prctective layér
can be preferably used. Particularly, an amorphous carboti protective tayer is
‘20 preferable. With the protective layer being partibuias‘ly the carbon-based
protective fayer, the interaction between the polar groups (particularly the
hydroxyl grbups) of the Eubrican;{ 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
25 carbon»based' protective layer and the lubricating layer can be controlied by
forming the carbon-based protective layer of hydrogenated carbon and/or
nitrogenated carbon and adjustih"g the content of hydrt)gén and/or néirogeh. in

this case, the content of hydrogen is preferably set to 3 to 20ai% when



23 roughness Rmax and Ra herein referred to are based on the JIS BO601 standard. [0054] The
magnetic disk of this invention has at least the magnetic layer, the 5Sprotective layer, and the
lubricating layer provided over the substrate. In this invention, the magnetic layer is not particularly
limited and may be an in-plane recording type magnetic layer or a perpendicular recording type
magnetic layer. However, the perpendicular recording type magnetic layer is preferable for realizing
the rapid increase in recording density in recent ye%as. Particularly, if 10it is a CoPt-based magnetic
layer, high coercive force and high reproduction output can be achieved, which is thus preferable.
[0055] In the magnetic disk of this invention, an uqsfrgiyj_ may be i%ro idted bet\!/geen the
substrate and PRATEAGHMRPRHaLNEL AP RAIRR ik 5 GRSQ0E yer "S55 magnetic layer,
and so on ma)pﬁa‘?e‘?é%}%%‘?t@%‘%ﬁ??@a@?%ﬁ&?ﬂ%u%@ﬁ?@(&@?%ﬁ@eléb%ﬁ 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 likpacichsoplyeXidBesive layer, there is cited, for example, a CrTi, NiAl, or AIRu alloy layer

or the like. Further, as the ioft magnetic layer, 20there is cited, for example, a CoZrTa alloy film or the
like. [0056] [0051

5 In this invention, the carbon-based protective layer does not need to
contain hydrogen and/or nitrogen uniformiy over its entirety and is preferably a
composition gradient layer containing, for example, nitrogen on its lubricating
layer side and hydrogen on its magnetic layer side.

[0052] |

10 When using the carbon-based protective layer in this invention, it can
be formed by, for exandpie, a DC magnetron sputtering method, but it is
preferably an amorphous carbon protective layer pérticuiarly formed by a
ptaéma CVD method. Being formed by the plasma CVD method, the surface

| of the protective layer becomes uniform and dense. Therefore, it is preferable

15  that the lubricating layer by this invention be formed on the protective iayér with
a smaller roughne'ss formed by the CVD method.

| In this invention, the thicknéss of the prdteoﬁve layer is preferably set to
| o010 70A. [fitis less than 20A, there is a case where the performance as the
protective layer is lowsred. I it exceeds?()ﬁ\, it is not preferable in terms of a

20 reduction in film thickness.

| [0053]

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

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

In this invention, the main surface of the subsirate is preferably

ultra-smooth with Rmax of 6nm or less and Ra of O,Gnm orless. The surface



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 25following the introduction of the LUL system, the magnetic disk is required to stably operate
even in the case of a low flying height of IOnm or less. Therefore, the magnetic disk of this invention
having high reliability even with the low flying height is suitable. 24 Example [0057]

Hereinbelow, this invention will be described in furtR&r detail with 5 reference to an Example. (Example
1) Fig. 1 shows a magnetic disk 10 according to one Example of this invention. The magnetic disk 10

matmeto lyer SV CRBo A BRS AHETASRIE 87176 RIS gL EUMLn are formed n this
order on a subgiatg 1 [0058] (Manufacture of Lubricant) '
[0054)
The magnetic disk of this invention has at least the magnetic layet, the
5 protective layer, and the lubricating layer provided over the substrate. In this
invention, the maghetic layer is not particularly limited and may be an in-plane
recording type magnétfc layer o a perpendicular recording type magnetic fayer.
Howevg, the perpendicular recording type magnetic layer is( preferable forr
realizing the rapid increase in recording density in recent years. Particularly, if
10 it is a CoPt-based magnetic layer, high coercive force and high reproduction
output can be achieved, which is thus preferable.
[0055]
In the magnetic disk of this invention, an underiayer may be pfovided
bétweeﬁ the substrate and the magneﬁc tayer if necessary. Further, an
15 adhesive l'ayer,‘ a soft magnetic layer, and so on may be provided between the
underlayer and the substrate. In this case, as the underiayer, 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 iayer, there is cited, for example, a
CrTi, NiAl, or AlRu alloy layer or the fike. Further, as the soft magnetic layer,
20 thers is cited, for example, a CoZrTa alloy film or the like.
[0056] - |
The magnetic disk of this 'inve-n-tion is suitable as a magnetic disk
adapfed 1o be mounted in a magnetic disk device of, particularly, the LUL
system. Because of the further reduction in magnetic head flying height
25  following the introduction of the LUL system, the magnetic disk is required to
stably operate even in the case of a fow flying height of 10nm or less.
Therefore, the magnetic disk of this invention having high reliability even with

the fow flying height is suitable.



The above-exemplified lubricant compound was prepared by reacting 2 equivalents of the perfluorodiol
compound represented by the above-mentioned formula (II) 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 20as reaction
temperature and time were suitably set, respectively. A lubricant comprising the compound thus
obtained was properly subjected to molecular weié‘u fractionation by the supercritical fluid extraction
method. [0059] 25(Manufacture of Magnetic Disk) A 2.5-inch'glass disk (outer diameter 65mm,
inner diameter 20mm, disk thickness 0.635mm) made of a chemically strengthened aluminosilicate
glass was prepared as the disk substrate 1. The main surface of the disk substrate 1 25 was
mirror-polishegt{g x of 2.13nm and Ra of 0,20nm. On the disk substrate 1, the Ti-based
adhesive layer 2, the Fe-based soft magnetic layer 3, the first underlayer 4 of NiW, the second
underlayer 5 of Ru, an@gdd magnetic layer 6 of CoCrPt were formed in this order in an Ar gas 5

atmosphere by the DC.magnetron sputtering.me . Jhi Mg i Wwas.Aperpendicular
magnetic recording ty%g FFH% %%f’ivc ﬁ@?@ﬁ.vengﬁjgﬁsﬁe%%gé%%the E:Zﬁrﬁtolﬁéé- ﬁe carbon protective layer 7

was formegl toasthiginess:ef Brpyethe plasma CVD method. [0060] 10Then, the lubricating layer 8
was formed in the following manner. There was prepared a solution in which a lubricant (Mn
measured by the NMREx@THde Was 4,000 and the molecular weight dispersion was 1.25) comprising

the lubricant (the aboyeexeralied WYIGAR' FAMRPHED GRS BN esam figey(Fgured as described

above and subjected tothe ™
invention.

‘ : '
| The magnetic disk 10 has an adhesive layer 2, a soft magnetic layer 3,

10  afirst underlayer 4, a second underlayer 5, a magnstic layer 6, a carbon-based
protective layer 7, and a lubricating layer 8 which are formed in this order cn a
substrate 1. |

[0058]
(Manufacture of Lubricant)

15 The above-exemplified lubricant compound was prepared by reacting 2
equivalents of the perfluorodiol compound represented by the above-mentioned
formula (1) with 1 equivalent of the above-exempilified diepoxy compound under
a base condition.  Specifically, both of the compounds were agitated in acetone
and thén refluxed, with sodium hydroxide added thereto. The conditiohs such

20  as reaction temperaiure and timle were suitably set, respectively. '

| A lubricant comprising the compound thus obtéined was properly
subjected to molecular weight fractionation by the supefcritical fluid extraciiors
method.
[0059] -

25 (Manufacture of Magnetic Disk} '

A 2.5-inch glass disk (outer diameter 65mm, inner diameter 20mm, disk
thickness 0.635mm) made of a chemically strengthenedl aluminosilicate giass

was prepared as the disk substraie 1. The main surface of the disk substraie 1



15weight fractionation by the supercritical fluid extraction method was dispersed and dissolved in a
fluorine-based solvent, Vertrel XF (trade name) manufactured by DuPont-Mitsui Fluorochemicals Co.,
Ltd., at a concentration of 0.2wr/0. 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 20 therewith by the
dipping method, thereby forming the lubricating layer 8. After the film formation, the magnetic disk
was heat-treated in a vacuum furnace at 130C 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 ' Q@H Then, the magnetic disk of
Example 1 wa&’%%%&%&“éf% ﬁg%ﬂ o%lﬁgoié%f:r?ﬁgﬁ)r%(gs?gai%g%atlon'of Magnetic Disk) 26 (1)
First, a CFT property exainatipsk s dfixesipesitinibiyinpdestsivasageriprihed-e-basthe fixed-point
position was set to the disk inner peripheral side (disk radius 15mm position). The CFT test was

performed in aspBMVaEIRHIGIRYE! 3 5he sk HadREYET 6O dNNVa g R0 M HNERY 8698 or the purpose
of being peronned 1y & se(cf SRADBIERE 4B ATRYS fHFRSFEA BRLLFRAGRgHS ik of

Example 1 was ableto ‘
5 atmosphere by the DC magnetron sputtering method. This magnetic layer was

2 perpendicular magnetic recording type magnetic layer.
- Subsequently, the diamond-like carbon protective layer 7 was formed to
a thickness of 50A by the plasma CVD method. |
[0066] |

10 Then, the lubricating layer 8 was formed in the foibwing manner.

i

There was prepared a solution in which a lubricant (Mn measured by
the NMR method was 4,000 and the molecular weight dispersion was 1.25)
comprising the lubricant (the above-exemplified lubricant compound) of this
invention manufactured as described above and subjected to-the molecuiar
15 weight fractionation by the supercriﬁcél fluid extraction method was dispersed
and dissolved in a fluorine-hased solvent, Verirel XF (trade name)
manufactured by DuPont-Mitsui Fl'uorochemicals Co., Lid., at a concentration of
0.2wi%,. Using this soluiion as a coating solution, a 'r_nagnetic disk formed with
the layers up to the protec'tive layer 7 was immersed therein and coaled
20  therewith by the dipping method, thereby forming the lubricafing layer 8.
Atter ihe film formation, the magnetic disk was heat-treated in a vacuum
| furnace at 130°C for 90 minutes. The thickness of the lubricating layer 8 was
measured by a Fouriéf transform infrared spectrophotometer (FTIR) and it was
12A. In this manner, the magnetic disk 10 of Example 1 was obtained.
25 [0061]
" Then, the magnetic disk of Example 1 was evaluated by the following.
test methods.

(Evaluation of Magnetic Disk)



endure fixed-point continuous flying for continuous four weeks and thus was extremely excellent in
CFT properties even under the severe conditions. The 10 surface of a magnetic head and the surface
of the magnetic disk after the CFT test were examined in detail using an optical microscope and an
electron microscope and no damage or corrosion phenomenon was observed. [0062] (2) Then,
a LUL (Load Unload) durability test was performed, for 15evaluating the LUL durability of the magnetic
disk. A LUL-system HDD (5400rpm rotation type) was prepared and a magnetic head with a flying
height of 5nm and the magnetic disk of the Example were mounted therein. A slider of the magnetic

head was a NPAB (n ive pr re) slider an Iptedwith a magnetoresistive effect element
(GMR 20 element) as?galﬁe*fﬁioéucmgpe r%e%t?%%%%%%gﬁ@n% sémade gf g FeNi-based permalloy
alloy. By causj:;‘@fg?ﬁ,é&bsystem HDD to continuously repeat the LUL operations, the number of LUL
times endured by the magnetic disk up to the occurrence of failure was measured. [0063] 25As a

result, the magnetic (;IEI@&RE&W}SF@QS@MU\“{%Q% mﬁ%@éﬁﬂﬂﬁéwr%ﬁf@bé’ Stvith no failure at
an ultra-low f'y'%geﬁﬁ%ﬁfp%@?ﬂo«lﬁ‘ afﬁ%@%@s@ WNSLABMIBAMEI. AR kAl 20 years is

generally reqdﬁl (o] umber of LUL times to exceed 400,000 times. Since a magnetic disk is 27
currently jgdgeghipdiatreisrabie ihidenehistisn00I0Dyohe8%riandhne, plicarsbeadiithat the magnetic
disk of Example 1 has very high reliability. The surface of the magnetic disk after the LUL durability

test was obse REIEPINaEHNAETNE 8 FOPIRAUMAIEroscope and an electron microscope and 5 was found

to be excellent, i.e. No@LPAIAIY SCL AR AR ARS Pighe AR RBsENAdpRUIInGs dbgesyriace of the

magnetic head afte urability test was observed in detail using an optical microscope and an
electron microsecpediredyasrocoTditades dyow| émobel Mo iomieksaod B4adRage or dirt was
observed and’ggtrrtehn%’lyngxlgetl)lg%?anr} Sgt}eps:jgget E‘E:[Q %Vnég %?T%té? tﬂ%as%%re conditions. The
10 surfaceofa magnetic head and the surface of the magnetic disk after the CFT
| test were examined in detail using an optical microscope and an eleciron
microscope and no damage or corrosion phenomenon was observed.
[0082]
(2) Then, a LUL {Load Unload) durability test was performed for
15  evaluating the LUL durability of the magne_tic disk. |
A LUL-system HDD (5400rpm rotation type) was prepared and a
magnetic ﬁead with a flying height of Snim and the magnetic disk of the Example
were mounied therefﬂ. A slider of the magnetic head was a NFAB (negatéve
pressure) slider and was mounted with a magnetoresistive effect eleme'nt (GMR
20 elemeﬁ‘t) as a reproducing element. A shisld portion was made of é
: FéNi»based permalloy alloy. By causing the LUL-systern HDD to continuoysly
repeat the LUL pperations, the ﬂumbér of LUL times endured by t'he magnstic
disk up to the occurrence of failure was measured.
[0063] .
25 As a result, the magnetic disk of Example 1 endured the LUL operations
of 900,000 times with no failure af an ultra-low flying height of bnm. Ina
normal HDD using environment, use for about 10 years is generally required for

the number of LUL times 1o exceed 400,000 times. Since a magnetic disk is



10no corrosion failure was observed, [0064] For evaluating the thermal properties, the LUL durability
test was performed in atmospheres of -20C to 50C. With the magnetic disk of this  Example, no
particular failure occurred and the good results were obtained. 15[0065] (Comparative Example) As a
lubricant, use was made of a conventional perfluoropolyether-based lubricant, Fomblin Z-DOL (trade
name) manufactured by Solvay Solexis, Inc., havin#rbeen subjected to molecular weight fractionation
20 by the GPC method to have Mw of 3000 and a friolecular weight dispersion of 1.08. Then, a
solution in which this lubricant was dispersed and dissolved in a fluorine-based solvent, Vertrel XF

(trade name) manufactured hy DuPoni-Mitsui FJuorochemj ... Ltd use coating
solution and a FHAGAYLE %ﬂﬁ%ﬂrﬁgﬁfﬁg%iﬁ ﬁB@%@%&%@l%}i Ii%?/éep (N%%ﬁ?ﬁ%é%?e% therein and
coated 25therewithyby {he SinpiagcariherdEihenply foreivgrp diiesitrgiiayer. Herein, the

concentration of the coating solution was properly adjusted so that the lubricating layer was formed to
a thickness in the rangéopadaecs 1t Ahenmngpeiitidisiskinad mbHbfdetabdiyiiefievddme manner as in

ot s el AR TR S e ten: (00,
a failure ogcurigghhsiprethedaresieht, i.e. no abnormality such as damage or dirt was
observed. Eurther, the surface of the magnetic head after the LUL durability
test was observed in detail using an optical microscope and an electron
microscope and was found to be qxceilent, i.e. no abndrmality such as damage
or dirt was observed and, further, no lubricant adhesion 1o the magnetic head or
10 no corrosion failure was observed.

[0064]

For evaluating the thermal properties, the LUL durability test was
performed in atmospheres of -20°C to 50°C.  With the magnetic disk of this
Example, no particular failure occurred and the good results were obtainad.

15 [0065]

(Comparative Example)

As a lubricant, use was made of a conventional
perf!uompolyéther-based lubricant, Fomblin Z-DOL (irade name) manufaciured
by Solvay Solexis, inc., having been _subjected o molecular weight fractionation

20 by the GPC method o have Mw of 3000 and a molecular weight dispersion of
1.08. Then, a solution in which this lubricant was dispersed and dissoived ing
fluorine-based solvent, Vertrel XF (trade name) manufactured by ‘DuPon’t-MEtsui
Fluorochemicals Co., Ltd., was used as a coating soiution and a magnetic disk

- formed with layers up fo a protective layer was immersed therein and coated

25  therewith by the dipping method, thereby forming a tubﬁcaﬁng tayer. Herein,
the concentration of the coating solution was pﬁ_roper[y adjusted so that the
lubricating layer was formed to a thickness in the range of 10 to 12A. A

magnetic disk was manufactured in the same manner as in Example 1 except



5 continuous four weeks. That is, the magnetic disk of this Comparative Example is inferior in CET
properties under the severe conditions. Further, as a result of performing a LUL durability test in

- the same manner as in the Example, the magnetic disk of this Comparative Example failed at 600,000
times with an ultra-low flying height of 5nm. The surface of 10 the magnetic disk after the LUL
durability test was observed in detail using an optical microscope and an electron microscope and, as
a result, damage or the like was slightly observed. Further, the surface of a magnetic head after the
LUL durability test was observed in detail using an optical microscope and an electron microscope
and, as a resul lubricant adheS|o tq the Il_‘Y%netm ead ](gqand cQIro on failure were observed. Brief

Description of t % Wl point an SPEUR%Re mgw Pé% &iShal view of a magnetic

disk 20according to orp@ogg?mple of this invention. Description of Symbols [0068] 1substrate 252
adhesive layer 3soft magnetic layer 4first underlayer 5 second underlayer
Then, as a result of performing a CFT property evaluation test in the

same manner as in the Example, a failure occurred before the iapse of
5 continuous four weeks. That is, the magnetic disk of this Comparative
Exampieis iéferior in CFT properties under the severe conditions.

Further, as a result of performing a LUL durability test in the same
manner as in tpe Example, the magnetic disk of this Comparative [Elxamplle
failed at 800,000 times with an ultra-low flying height of 5om. The surface of

10  the magnetic disk after the LUL durabifity test was observed in detail using an
optiéal microscope and an eleciron microscope and, as a result, damage or the
iike was slightly observed. Further, the surface of a magnstic head after the
LUL durability test was observed in detail using an optical microscope ahd an
electron m%croscope and, as a result, lubricant adhesion 1o the magnetic head

15  and corrosion failure were observed.

 Brief Description of the Drawings
[0067]
Fig. 1 is an exemplary cross-sectional view of a magnetic disk

20  according tc one Example of this invention.

Description of Symbols
[0068]
1 substrate
25 2 adhesive layer
| 3. soft magnetic layer
| 4 first underlayer
5

second underlayer



29 6 magnetic layer 7 carbon-based protective layer 8lubricating layer 10magnetic disk 30 CLAIMS

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 said lubricating layer contains a compound having a
perfluoropolyether main chain in a structure thereof and having a polar group other than at ends of a

molecule thereof. 2. The magenetic disk according to claim 1, wherein said perfluoropolyether
main chain comprises perfluoropolyether groups bdmnded to each other through a divalent or trivalent
bonding group having a polar group in its structure. 3. The magnetic disk according to claims 1 or

2, wherein said compound is a compound having a polar group near the center of a molecule thereof.

4. The magnetic disk a%comm%‘%}ﬁy%rne of claims 1 to 3, wherein said polar group is a hydroxyl

group. 5. The magpetig disk-aceordipa .y @perof claims 1 to 4, wherein a number-average

molecular weight of said compound contained in said lubricating layer is in a range of 1000 to 10000.
8 lubricating layer

10 magneiic disk



6. The magnetic disk according to any one of claims 1 to 5, wherein said protective layer is a
carbon-based protective layer formed by a plasma CVD method. 7. The magnetic disk according
to any one of claims 1 to 6, wherein said magnetic disk is adapted to be mounted in a magnetic disk
device of a load unload system. 8. A method & manufacturing a magnetic disk having at least a
magnetic layer, a protective layer, and a lubricating layer provided in this order over a substrate,
wherein said lubricating layer is formed by formifyga@pygaid protective layer a film of a lubricant
containing a compound obtained by reacting 2 equivalents of a perfluoropolyether compound having a
perfluoropolyether main chain in a molecule thereof and having a hydroxyl group only at one end of

the molecule with 1 equivalent,of @éi@@tigagmr?%Q%g%{@%%ﬁgwgﬁeaﬁgﬁgvgl of reacting

with the perfluoropolyether compound to form a Rydroxyl group: 9.'The according to claim

8, wherein saitf¥ihaastacbhibpeinglavedivesisesr it itaseprdss syRiegrobptied®ing arpélar group in its
Ztr:uacttnlflz)es. Al TJ&EH&%%%?&PB&W%@&@@&@R& %a‘%f?rjgpéiég}ﬂ@%ﬁéi{?&ﬁ@%@iﬁgne“c disk to
phere at 50C to 150C after forming said lubricating layer.
chain in a structure thereof and having a polar group other than at ends of a :
molecule thereof.

2. The magenetic disk according to claim 1, wherein said
perfluoropolyether main chain comprises perfluoropolyether groups bonded
to each other through a divalent or trivalent bonding group having a polar
group in its structure.

3. The magnetic disk according to claims 1 or 2, wherein said
compound is a compound having a polar group near the center of a
molecule thereof.

4. The magnetic disk according to any one of claims 1 to 3, wherein
said polar group is a hydroxyl group.

5. The magnetic disk according to any one of claims 1 to 4, wherein
a number-average molecular weight of said compound contained in said
lubricating layer is in a range of 1000 to 10000.

6. The magnetic disk according to any one of claims 1 to 5, wherein
said protective layer is a carbon-based protective layer formed by a plasma
CVD method.

7. The magnetic disk according to any one of claims 1 to 6, wherein
said magnetic disk is adapted to be mounted in a magnetic disk device of a
load unioad system.

8. A method of manufacturing a magnetic disk having at least a
magnetic layer, a protective layer, and a lubricating layer provided in this
order over a substrate,

wherein said lubricating layer is formed by forming on said protective
layer a film of a lubricant containing a compound obtained by reacting 2
equivalents of a perfluoropolyether compound having a perfluoropolyether
main chain in a molecule thereof and having a hydroxyl group only at one
end of the molecule with 1 equivalent of an aliphatic compound having a

structure capable



3

of reacting with the perfluoropolyether compound to form a hydroxyl group.

9. The method according to claim 8, wherein said aliphatic

compound is a divalent or trivalent bonding group having a polar group in its
structure.

10. The method according to claims 8 or 9, comprising exposing said
magnetic disk to an atmosphere at 50°C to 150°C after forming said
lubricating layer.



