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). 10 Background Art [0002] Various

i nformation recordi ng techni ques have been devel oped follow ng 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%
Recently, the information recordigrgmppasity 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 requirenment, it is necessary to realize
an information recording density 20 exceeding 100&oits/inch2. In order to
achi eve t he HVAGNEAGrRISKANBE idkTHODhOE MANYHA T RINGK THE SABKE i n a HDD
or the like, it is necessary to reduce the size of nagnetic crystal
grains formng a magnetic recording | ayer serving to record information
signals, and further, to reduce the thickness of the |ayer. However, in
the case Eﬁdﬁﬁﬁwgﬁﬁionally comrer ci al i zed magnetic di sks of the in-plane
25 magnetic reﬁa&&{ng type (also called the |ongitudinal magnetic
recordi ng type ]the hori zontal nagnetic recording type), as a result

o o acuance e g ek 72 o OB AR AR e
thermal  sgaBhbfid éﬁsQHe{}i@é QLereds B 1@ sk drive (hereinafter abbreviated as a
HDD).
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Background Art

[0002]

Various information recording technigues 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 GOGB 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

20 exceeding 1OOGbits/Enc_h2. 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 furthet, to 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



2 degraded due to superparamagneti smso that the recorded signals are

|l ost. This has been an inpeding factor for the increase in recording
density of the nmgnetic disks. [0003] 5 In order to solve this inpeding
factor, magnetic recording nedia of the perpendicular magnetic recording
type have been proposed in recent years. In the case of the

per pendi cul ar magnetic recording type,2 as is different fromthe case of

the in-plane magnetic recording type, the easy magnetization axis of a
magnetic recording layer is adjusted so as to be oriented in a direction
10 per pendiegadad due tolsepsgatzoagrdtism sutist the ecordedcsionas ak lost.h t he

i n-pl ane recordlng type, the perpendicul ar magnetic recordi ng type can
suppress tThs haskearean mRRainG fackN foHbadMRsAase Wecoring densilyiof i1 e f or

i ncreasing the, r%ﬁordlng density. As such a perpendicul ar magnetic
recordi ng Fere is known a so-called two-1ayer perpendicul ar
magneti c recordhgﬁsglsk 15 conprising, over a substrate, a soft nmagnetic
under| ayer nade soft magnetic substance and a perpendi cul ar

magnetc record S
descri%ed in, fwgégrrp Olw% Hpﬁmggiﬁg&%&gi? g&r’erlecgﬁ?%rre a
convent i Oﬁ@Ppéﬂﬂﬁ:’ﬂﬁr'rﬁa@élE r@@tﬁdiﬁgﬁﬂﬁé R&ld Méen ﬁbb%bse@ﬂx RREneydaior | mat ing
| ayer on a nmagnetic recording |ayer formed over a substrate, for the

pur pose otheetadd dfrite Pbepethdicakirimdghetio decartiinghiype, tas iotliftehentrfrgmétid ¢ di sk.
Particularly, the lubricating | ayer used at the outernost surface is

r equi red tase haihe ln@damagmeimerecomgsmme the elasmgnamrehzattmxls ola

chemi cal' substance resistance, friction propérties, and heat resistance.

25 [ 0005] Magnetieescaraging éaueﬁﬁ/a@uetﬁdéwr@de.heefﬁ@med in'a direction

fl I
per *8 ' OBgr&%%%% ario ?ne surface of a substrate. As compared with the ln-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 mediurh, there
is known a so-called two-layer perpendicular magnetic recording disk
15 comprising, over a substrate, a soft magnetic underlayer made of a soft
magneﬂc 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 is required to
have various properties such as long-term stability, chemical substance
resistance, friction properties, and heat resistance.
25 [0005]
In order fo satisfy such a requirement, perfluoropolyefher—based
lubricants having hydroxy! groups in molecules have often been used

conventionally as lubricants for m'agnetic disks. For example, according to



| ubri cants having hydroxyl groups in nolecul es have often been used
conventionally as lubricants for magnetic disks. For exanple, according
to 3 JP-A-Sho-62-66417 (Patent Document 1) or the like, there is well
known a magnetic recording nediumor the |like coated with a _

per fl uoroal kyl pol yether |ubricant having a structure of
HOCH2CF2Q( C2F40) p( CF20 gCH2OH with  hy@roxyl groups at both ends of a
nol ecule. It is known that when hydroxyl 5 groups are present in

nol ecul es of a lubricant, the adhesion properties of the lubricant to a

protect i VeJFQN—S%OWB@cﬁeTO%rﬂ%cQ%éﬂ?Q) 'bF‘fh”erl%t iR REbUPRILWAS

protective |layer and t oxyl ‘groups. [0006] Patent Docunent

JP- A- S62- 6@thlfetid Cadar@inh afadiem @ tid1kd coead WA Fsebliemalkgipesctiadrved by
the Invention [0007] As described above, the information recording

densi ty of lukBR&hi hasinge bRuctlife o HOOHCFaO (xEeD))(@HOY,EHOR wittent HDDs.
One reason for this is related to the fact that, in addition to the
convent i onaydnesgdraspsaidrcigende of geroleare. clhignasysihat weepbpdraxsive been
nounted_i n nobil e phones, car navigation systens, digital cameras, and
so on. ¥n Qﬁwpéa?s'@%@sef‘h&b@oﬁ’éweﬁ@g@,w@?% thaadhesian REPRsslRSOTBE

Comput or, [1PPaN thetRieeATyE I45ohFHn BPaPIFacd R TRIeT RGO prseen g o -
necessary E%ﬁ%ﬁ@gﬁyér%ﬁg}%ﬂﬂ%ﬁ/'ﬁéyﬁ%mg”eti c disk to be nounted in the

HDD. For e I'RC ch magnetic di sk can be used for
the conputer USQ‘H{)O@H} in the case of the above-nentioned new uses, use
is made of a small-dianeter ; '

Patent Document 1: JP-A-562-66417
10
Disclosure of the Invention
Problem to be Solved by the Invention
[0007] |
As described above, the information recording density of 100Gbits/inch®
15 or more has been required in recent HDDs. One reason for this is related to
the fact fhat, 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 so on.
In the case of these new Qses, since the housing space for mounting
20 the HDD is extremely small as compared with that of fhe 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-mentio_n.ed new uses, use is made of 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. liis 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 improvemént in information



25 magnetic disk of, for exanple, 1.8 inches to 0.8 inches smaller in

di aneter than the nmagnetic disk for the conputer use. It is necessary to
store a certain or nore information volune even when -the nagnetic disk
is reduced in diameter as described above, thus resulting in

accel eration of inprovenent in information 4 recording density. [0008]
Further, in order to effectively use4he limted disk area, use has been
made of a HDD of the LUL (Load Unl oad) systeminstead of the conventional
5 CSS (Contact Start and Stop) system In the LUL system a nagnetic head
is retreat@dingyerity.ncl i ned platformcalled a ranp | ocated outside a
magnetic disk "while the HDD is stopped, then in a start- up oper ati on,

the magnetic hfd8]s caused to slide fromthe ranp, after the magnetic
disk starts to rotate, so as to fly over the magnetic disk to perform
recor di ng/ r epr 6dubei, onordentceeffactipely @ise e hmited disklescapupedhascbderad i s
retreated to the ranp outside the magnetic disk, then the rotation of

t he nagnépade @f%kln%ofsth@m%d(LoarmLml%a@éﬁt@m @ﬁtetaﬁleof thpepaandasali s cal | ed
t he netic. disk i the LUL
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capacity n OI’ 'to IITpI’ ove nformati1 o recordi ng density

under th%ﬁ@se@tdﬁ!d@&?c#ﬁﬂ%sranhﬁ dffer ﬂ@mﬁgﬁéﬂe digk é@ﬁw@r@afeoeéla@%l 0Ss. as
much as possi bl e*by 20 reducing the flying height of the nagnetic head.

I n order fiyovecticemaghdtie diskafooparidrimoreco g/ dipngdubtios) t n HEtop00Ci t s/ i nch2
or nore, it is necessary to set the flying height of the magnetic head
to 108m operaiiog, thennametmwl_ewysw@mata@ 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 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
15  possible to increase a recording/r_eproducing regidn and therefore the LUL
system is preferable for increasing the information capacity.
[0009]
In order to improve the information recording density under these
circumstanc‘es, it is necessary to reduce a spacihg loss as much as possible by
20  reducing the flying height of the magnetic head. [n order to achieve the
information recofding density of 100Gbits/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 the magnetic disk, it is possible to significantly
25  smooth the surface of the magnetic disk. Consequently, in the case of the
magnetic disk mdunted in the HDD of the LUL system, the flying height of the

magnetic head can be further reduced as compared with the CSS system and

therefore there is also an ad\}antage that it is possible to increase the S/N ratio -



is different fromthe CSS system since it is not necessary to provide an
uneven shape for CSS on the surface of the magnetic disk, it is possible
to significantly 25 snooth the surface of the magnetic disk.

Consequently, in the case of the magnetic disk nmounted in the HDD of the
LUL system .the flying height of the magnetic head can be further
reduced as conpared with the CSS syst®mand therefore there is also an
advantage that it is possible to increase the SSNratio 5 of a recording
signal and thus to contribute to an increase in recording capacity of

t he magneifizcredbglingiiyhglieand 804 @] corBeis@use anfindrbgsd i reberdingeshricitpn i n
magnetic head flying height 5 follow ng the recent introduction of the

LUL syst esfithe agastibdiskrievicecessary that the magnetic di sk stably
operate even in the case of the low flying height of 1 Owxmor |ess.
Especi al |y, asl@ddri bed above, the magnetic di sks have been shifted
fromthe in-plane magnetic recording type to the perpendicul ar -magnetic
recordi ng type Begareehiheudhey redectiondb magnetie head dying heigtlicity of the
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r epeat edlghiftdebir@f tieslint Plahe atdgnetie rstording ity @nHe peaieiiigaranagmslidct i on in
nol*ecul ar wei ght of a lubricant form ng the lubricating |ayer tends to

be pr onotredordiry tiybe imeHceniyears veni it amfncrdesd inleapaeityt ofitbe medmedd, its
fluidity increases so that its adhesion to a protective | ayer decreases.
Then,10i t diskspanccarglugiipeén g heigbt follewingdhiavg been steonghcdemsgeded.| ui dity
.i S transferredlésloqq]
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 magnetic 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, iis fluidity
increases so that its adhesion to a protective layer decreases. Then, it is
20 considered that thé lubricant wit'h the increased fluidity is transferred and
deposited on the magnetic head located in the extremely close positional
reiationshlip to make the flying posture thereof unstable, tHus causing a fly
stiction failure.  Particularly, a recently introduced magnetic head with a NPAB
(negative pressure) slider is considered to promote the transfer deposition
25 phenomenon because it tends to 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. Particulatly, a magnetic



deposited on the magnetic head |located in the extrenely cl ose positional
relationship to make the flying posture thereof unstable, thus causing a
fly stiction failure. Particularly, a recently introduced magnetic head
with a NPAB (negative pressure) slider is considered to pronote the
transfer deposition 25 phenonenon because it tends to suck the | ubricant
due to a strong vacuum created at t®Be bottom surface of the nmagnetic
head. The transferred and deposited |ubricant may produce an acid such
as hydrofluoric acid to thereby corrode an el enent portion of the

nmagnet i ¢ hagathouRtdd WiN kahbyneteredRUGE bit6ci®leentteABS Y BE cirbiled
magnet oresi stive effect el ement tends to be corroded. [0012] Further,

recently, in ofgdeR]to increase the response speed of a magnetic di sk
device, the rotational speed of a nmagnetic disk is increased. For

exanpl e, 5 a Bumihér: gicanidt ér ortle8id mcteasedheréspoiss lspded pte magnetivl e for a
nobi | e appl i cati on enhances its response characteristics by rotating a
magnet i c digkglevige, thenottionghaegddgit 382169?%% @pk isohercaspen korexaaypieti c di sk
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flying he recen magnet 1 c~di sk

devi ces Bp¥ed o lAbEQiINgQaRe md@sqmugrratégz) @@en@ta c,@mhmg@ f6RB\RNEEE B

storage devi ces of personal conputers, but also as Storage devites for
nobi | e ap iotattanoststhatithia thiskneds cbfethaplhﬂumeatwg@yeabecmﬁm gaiurdformmyist ens
and, therefore, due to diversification of use applications, the
envi 1@nnie plene o§thet magheticadish, restfing lnrm@mﬁtzahombtaﬁlhé%db%bb&e very
striet. contact between the surface of the magnetic disk and a magnetic head at its
low flying height.
[0013]
As described before, recently, 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 mobile phones and car
navigation sysiems 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
20  conventional, to further improve the durability of magnetic disks and the heat"
resistance and durability of lubricants forming lubricating layers, and so on.
[0014]
Following the rapid improvement in information recording density of
magnetic disks in recent years, it is required to reduce the magnetic spacing
25 betweena ‘magnetic head and a recording layer of a magnetic disk and,
‘therefore, it has become necessary 1o furthe_r reduce the thickness of a
lubricating layer present between the magnétic head and the reco.rding layer of

the magn'etié disk. A lubricant used as the lubricating layer at the outermost



Therefore, in view of these circunstances, it is urgently necessary, nore
than 20 conventional, to further inprove the durability of nagnetic disks
and the heat resistance and durability of lubricants form ng |ubricating
| ayers, and so on. [0014] Follow ng the rapid inprovenent in information
recording density of nmagnetic disks in recent years, it is required to
reduce the magnetic spacing 25 between a nagnetic head and a recording

| ayer of a nmagnetic disk and, therefore, it has beconme necessary to
further reduce the thickness of a |lubricating | ayer present between the

uaed st R A5 MaBFER AR trb SHotts oo REAVEL B MadiRrclint vgnat

surtace

di sk 'argeEVerﬁﬂf%cﬂwﬁ:khB% Qibth@%ﬂéaﬁn@ia hes fgRassd Itﬁegta@h.t yafgyen if the

t hi ckness of the lubricating layer is reduced, the st Ity and

reliabili tmhgﬂj;ﬁty@?é@@@@rﬁial fgprthé h@gﬁ@@@@“@;kc di sk [0015] 5 As described
above, it is required to realize a magnetic disk excellent in long-term

stability of a I[@®t5]cating | ayer and having high reliability despite the
reduction in magnetic spacing and the |low flying height of a magnetic
head fol | owi ng Aséescribedabeve, it lﬁé%@ﬁfﬁdrig rgalivei a agnetiediskexgellens inand,
further, due to diversification of use Mcatlons and so an, the

envi r onnmenPBY-19Ta plapUifycef albbF'%ﬁimgrléﬂerf iehioR reliabildy Aaspissbene very

strict. Therefore an c nv ntlonah to,further

Chor ove 1 Hedar i aeedigendb Bt hERAE Mg DR A nadBic L8 or i ng
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has been nade 1 n view of ese convent i onal
10 required for magnetic disks has become very strict. Therefore, it is required,

more than cohventional, to further improve the properties such as the durability
of lubricants, forming lubricating layers, that largely affect the durability of
magnetic disks, parti_culériy the LUL durability and the fixed-point flying
properties (CFT propetties) of the lubricants.

15 [0016]

This invention has been made in view of these conventional
circumstances and has an object to provide a magnetic disk that is excellent in
durability, particularly in LUL durability and CFT properties, and thus has high
reliability desbite the low flying height of a magnetic head following the rapid

20 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]
25 As a result of intensive studies on the durability of a i_ubricant that
largely affects the durability of a magnetic disk, the present inventors have
found thét the above-mentioned problems can be solved by the following

inventions, and have completed this invention.



ci rcunst ances and has an object to provide a magnetic disk that is
excellent in durability, particularly in LUL durability and CFT
properties, and thus has high reliability despite the | ow flying height
of a magnetic head follow ng the rapid 20 increase in recording density
in recent years and despite the very strict environnental resistance
follow ng the diversification of appligations. Means for Solving the
Probl em [0017] 25 As a result of intensive studies on the durability of
a lubricant that largely affects the durability of a magnetic disk, the

present invent O(@FQ@@B” {h%uiﬂgeﬁt%tgéﬁgﬁggﬁ)\g@hgggh@g?@ robl ens can be

sol ved by the f nventi on e’ Co this invention. 8

Speci fically, tli?énﬂdﬂlh\’ﬁmni a0 has the follow ng configurations.
(Configuration A magnetic di sk having at | east a magnetic |ayer, a

protective | ayep magebticlisiiRdvinghi Besi Axrigneli®kyded protdcive [agedemdover a
substrate, wherein the 5 lubricating |ayer contains a conpound having a

per f | uor oolupetdtiew lagarmprovidecin this ardst owertausubhdtiaés, edferaindhéavi ng a pol ar
group other than at ends of a nolecule thereof. (Configuration 2) The
magnet B¢ dilyicadiog tayer agntamscoedmpeint havingd a perérosopplygibecmaiiotiiain Inlo is a
conpound havi ng a pol ar group near the center of a nolecul e thereof.
[0018] ( Condiusliiratiineigosaichavingghalararaur Rthes dianatrR dsef @ompleguleat i on 1
or 2, mhqué&*&he polar group is a hydroxyl group. 15 (Configuration 4)
{Configuration 2) ‘
The magnetic disk according to configuration 1, wherein the compound
10 isa éompound having a polar group near the center of a moleculé thereof.
[0018]
(Configuration 3)
The magnetic disk according to configuration 1 or 2, wherein the polar
group is a hydroxyl group.
15 (Configuration 4)
The maghetic disk according to any one of configurations 1 to 3,
wherein a number-average molecular weight of the compound contained in the
lubricating layer is in a range of 1000 to 10000..
[0019] .
20 {Configuration 5)
The magnetic disk according to any one of configurations 1 to 4,
wherein the protective layer is a carbon-based protective layer formed by a
plasma CVD method.
(Configuration 6)
25 The magnetic disk according to any one of configurations 1 to 5,
wherein the magnetic disk is adapted to be mounted in a magnetic disk device
of a load unioad system.

[0020]



The magnetic disk according to any one of configurations 1 to 3, wherein
a nunber - average nol ecul ar wei ght of the conpound contained in the

| ubricating layer is in a range of 1000 to 10000. [0019] 20
(Configuration 5) The magnetic di sk according to any one of
configurations 1 to 4, wherein the protective |ayer is a carbon-based
protective |ayer fornmed by a plasma C9D nethod. (Configuration 6) 25 The
magneti c di sk according to any one of configurations 1 to 5  wherein the
magnetic disk is adapted to be nounted in a nagnetic disk device of a

| oad unl oad syst nﬁhggﬁgh7z (Configuration 7) A nethod of manufacturing
a magnetic di sk havifng at | east a magnetic |ayer, a protective |ayer,

and a | ubri cat | ng el opfaiieding 4 Magneiclesk Axahg & Iseebaaiicuher ei n

the lubricating layer is forned by formng on the protective | ayer a

filmof a layerizgerotectodiagieniang lubacatingndyahiravided irbyhig e@let ongr 2
equi val ents ‘of a perfluoropol yet her conpound having a perfl uoropol yet her
mai n - chai sulbsirade,notereinl the futeicabing kaydr Isdoimed by fiyrdrinx ph the pugteciivey at one
end of the nolecule with 1 equivalent of an aliphatic conpound having a
struct b e tepaaIfikn obe lykigent eentaining a pempeyvnd obladssl Byeeaelinddnpound to

forma hydroxyl group. 10 (Configuration 8) The nethgod of manufacturing a
magneti c d?§W¥%|€Et§r ian%erﬁ‘éom%'b@ fFEPEHN Pa‘élﬁﬁﬁrﬁeéﬁ%%&'pﬁ%@ﬁﬁg‘aﬂme

Fﬁgplez;f i g éﬁq‘ﬁgﬁg%‘ol%u@?ﬁe@géﬁ anacf hav5|ngC ath?/d}OSX?(Fgr%L eornlyf ég(ronr?.en&& gféthe
' molecule with 1 eq‘uivalent of an aliphatic compound having a structure ‘capable
of reacting with the perfluoropolyether compound to form a hydroxyl group.

10 {Configuration 8)

The method of manufacturing a magnetic disk according to
configuration 7, comprising exposing the magnetic disk to an atmosphere at
50°C to 150°C after forming the lubricating layer.

~[0021]

15 According to the invention of Configdration 1, the magnetic disk has at
least the magnetic layer, the protective layer, and the lubricating layer provided
in this order over the substrate, wherein the lubricating layer contains the
compound having the perfluoropolyether main chain in its structure and having
the polar group other than at the ends of its molecule. Therefore, there is

20 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 density in recent years and further despite the very strict

v environmental resistance following the divérsification of applications.

25 [0022]

| A perfluoropolyether-based lubricant often used conventionally has
hydroxy! 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-



[00211 15 According to the invention of Configuration 1, the nmagnetic
disk has at |east the magnetic |ayer, the protective |layer, and the

| ubricating layer provided in this order over the substrate, wherein the
| ubricating |layer contains the conpound having the perfluoropol yether
main chain in its structure and having the polar group other than at the
ends of its nolecule. Therefore, theregis 20 obtai ned the magnetic disk
that is nore excellent in properties such as LUL durability and CFT
properties than conventional and thus has high reliability despite the
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properties to a protective layer by the interaction between the
prot ect i vindreysr inaacbrtiimg debsithirieesyl yesroapd furtimmevidrtheivenhaigcteen f ound
that the LUL durability or the CFT properties that can ensure sufficient
| ong- t 8r menelérabéntat npsistansetiohmving hedlineifisation ohapplisatidns/i ng hei ght of a

tic head foll ow th id i [ di density in .
ecent yeACSOring LGS OLINEIDIEHRIHENIe: 1ol CBSQTIPY URIAANEIIared st ance
foll owi ng the diversifjcatian of | i cat.i ons. ccording, to studies of .
the. or esoHiat woeIEIPY hihe B 1FF Brachatc Res is Bruer RBost i ¢ he
r oqui r emofs T et Mt G A B B g B G Sl PR i e i o
the very sl btiidfianeBalabe kWG e Qskiedidtof Aibighisiss khi cat i on
~of applications, an 1(5 i npul'sive force app |edI toal ricating |ayer
from ihe magmeikSolteagplisd el wbribéﬁrﬁgﬂla?@ﬂfrérhl!ﬁe mdynielie heag & @iryt he

S

conventional |ubricant that achi eves i
large and thus, in the case of the conventional lubricant that achieves its

adhesion to a protective layer by th'e interaction between hydroxyl groups at
both ends of ifs molecule and the protective layer, the interaction between the
hydroxyl groups at the ends of the lubricant molecule and the protective layer

15  tends to be cut off by a large impulsive force from the magnetic head to free the
ends of the lubricant molecule and, even if the interaction with the protective .
layer is maintained at one of the ends of the molecule, the moving space of the
freed end of the lubricant molecule is large and further the interaction between

- the lubricant and the protective layer is largely reduced, so that, with the

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

[0023]

25 On the other hand, in this invention, the lubricant contained in the
lubricating layer has the polar group other t‘hah 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 fayer. Therefore, the ends of the lubricant



adhesion to a protective |layer by the interaction between hydroxyl groups
at both ends of its nolecule and the protective |ayer, the interaction
bet ween the hydroxyl groups at the ends of the lubricant nolecul e and
the protective layer 15 tends to be cut off by a large inpul sive force
fromthe magnetic head to free the ends of the |ubricant nol ecul e and,
even if the interaction with the protective layer is nmaintained at one
of the ends of the nolecule, the noving space of the freed end of the

| ubricant nolecule is |arge and further the interaction between the

| ubr | cant yang g P GEL LS. hNEhe 3ol ATAPANG BUUFEBroaidd iRl W LN the

20 ultra- yrng hei g m a escribed above, transfer of

the I ubri gaatyy r%@éi@inphateﬁé@eg@_ldléiv@ﬁﬁ@e P& fRlgPeht fdagad ihAthe. result,

the LUL durabrlity o properties that” can ensure sufficient

| ong- t er mmglisiREitbrick andRNelaxbE anabtuatheedhe [H¥§A3lion whh @ plagedivber hand,
inthis invention, the lubricant contained in the |lubricating |ayer has

t he pol ar lgyeoisomaintened higa pattionloeharitian af thetendsodf dlea lubriaaict moleaslet he
adhesion to the protective layer is achieved by the interaction between
this pdl aAcgeginghasuen Héhe ead ot theenolagele argietherfmeestaichheemasingf t he

| ubricant 11 nolecule a&e in a free state fromthe begi nning and thus

are prevefPaRp emnl igsmal and. theweders Aehwith agailraray dyide heint ef. fetom a

i c head h h ' | S f b I d and,...f h
TR R S e e
ot her thaﬂ% 8% LFr.heA§ﬂqé af tﬁ@EUL%ﬁékﬁlﬁ?brméf*ﬁlﬁ HiEE RS BhAGhYyretVen 1 f
the ends of "tH& mor&cure are rn the ee state, ?%e hoving space thereof

is small apdcichPRhglHee relBBERy ¥ir Bo BBtaifldd a- | ow flying height of, for
exanpl e, about 5nm” transfer "of the lubricant onto the nagnetic head is

difficglt to opops} As a result, the LUL durability or the CFT
properties that can ensure sufficient long-termreliability can be
obt ai ned. According to the invention of Configuration 2, the compound contained

in the lubricating Iéyer is particularly preferably the compound having the polar
group near the center of its moleculev. This is because the operation and effect
of this invention can be most suitably exhibited.

15 [0025]

According to the invention of Configuration 3, 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

20 adhesion between the lubricating layer and the proteciive layer.

[0026] |

According to the invention of Configuration 4, 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
25 | have recoverabiiity_with prb_per viscosity to exhibit suitable [ubrication
performance and further have excellent heat resistance.
[0027]

According to the invention of Configuration 5, the protective layer is



10 [0024] According to the invention of Configuration 2, the conpound
contained in the lubricating layer is particularly preferably the
conpound having the polar group near the center of its nolecule. This is
because the operation and effect of this invention can be nost suitably
exhi bited. 15 [0025] According to the invention of Configuration 3, the
hydroxyl group is particularly prefenable as the polar group possessed
by the conpound. This is because the hydroxyl group has a | arge
interaction with the protective layer, particularly a carbon-based

or cat i e Tty Serol Sy BREBMGReS sjaforly BROTHAE BTGEEREL R e
comound ColPaTABac] ol e P L e o BBl O e abry

in the ranggioph sHAQRNse sLREEO car BESoinfePBE HéSRadrha GVD ARethé Syhich is

recoverability with proper viscosity to exhibit suitable |ubrication

per f or mancgiitabi fhuttidieremre excel l ent heat resistance. [0027] According
to the invention of Configuration 5, the protective |layer is 12

particd arly préd@28bly the carbon-based protective |ayer forned by the
plasma CVD nethod. This is because the carbon-based protective |ayer

with a unifor mAseardirgiehs inveatien ehkopiowraliorR§, iy maengicaistaold®d met hod,
1 GBS 5B e R oS8T ERIELES KoehlFen 1
sul tabl e Fsif bR 8} ip%rt%h?alﬂy,atﬂ%R_tLﬁ_dsy}s?erR? ggé'ﬂ}s%dofitﬁe ﬂjr{ﬁ%gpgétjc%on in
magnetic head flying height following the introduction of the LUL system, the
10  magnetic disk is required to stably operate even in the case of the 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.
[0029]
Accordi'n.g to the invention of Configuration 7, the magnetic disk of this
15  invention 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 lubricafing layer is formed by forming on the protective layer a film
of a lubricant containing a compound obiained by reacting 2 equivalents ofa
20 perfluoropolyether compound having a perfluoropolyether main chain in a
“molecule thereof and having a hydrbxyl group only at one end of the molecule
with 1 equivalent of an aliphatic compound having a struciure capable of
reacting with the perflucropolyether compound o fb-rm a hydroxyl group.
[0030] |
25 According to the invention of Configuration 8, the magnetic disk is
exposed to an atmosphere at 50°C to 150°C after forming the Iubricating layer
in the magnetic disk manufacturing method of Confi'guration 7. This makes it

possible to further improve the adhesion of the formed lubricating Iayer fo the



di sk device of, particularly, the LUL system Because of the further
reduction in magnetic head flying height follow ng the introduction of
the LUL system the 10 nagnetic disk is required to stably operate even
in the case of the low flying height of 1 Onmor |less. Therefore, the
magnetic disk of this invention having high reliability even wth the
|l ow flying height is suitable. [0029] 13According to the invention of
Configuration 7, the magnetic disk of this 15 invention having high
reliability even with the |ow flying height is obtained by a nmethod of
manuf act urin @ nggnetic di sk having at |east a nmagnetic |ayer, a
protectivé”?g§ Yo Hd a | ubricating | ayer provided in this order over a
substrate, wherein the lubricating |ayer is formed by form ng on the
protective layer a film of a lubricant containing a conpound obtai ned by

reacting Zeeybvakanisnteh a 20 perfl uoropol yet her conpound having a
perfl uoropol yether main chain in a nolecule thereof and having a

hydroxyl group ¢@d31]1at one end of the nolecule wth 1 equivalent of an
al i phatic conpound having a structure capable of reacting with the

per f | udr opol yet Aecorcingiouthis ineerfionnit & possiod id prgvioies mapostoiisk that
According to the invention.of Configuration 8 the magnetic disk is
exposed t ds axcelienbisphisakility paticiady m5dd- detesility aneiChd Rraeettigsransht i ng

| ayer in the magneti ¢ di sk manufacturing nethod of Configuration 7. This
makes it BUSERDABRUBIAEHT NEROTRBRIV ThHE AT 6 e A g, e

roos1] 5 e P Feedse N by GepdhEhsstutiRe o Mkl
gﬁ?gg;‘ : |C . S/ﬂe%ﬁgé @Tvéprf gﬁ?&??bt&@?ﬁg&%\rﬁa%&@@ﬂcb%ﬂovﬁﬁé tHepH'il/@fs‘f?éatiSh L
10  applications.

Best Mode for Carrying Out the Invent}ion '
[0032] |
Heretnbelow, this invention will be described in detail based on an
15 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

- 20 oﬂerﬁmnataxmofamobmﬂememot

[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 perflucropolyether main

25 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



thus has high reliability despite the low flying height of a magnetic
head followng the rapid increase in recording density in recent years
and further despite the very strict environnmental resistance foll ow ng
the diversification of 10 applications. Best Mdde for Carrying Qut the

I nvention [0032] Hereinbelow, this invention will be described in detai
based on an 15 enbodi ment thereof. A tagnetic disk of this invention is
a magnetic disk having at least a magnetic |ayer, a protective |ayer,
and a lubricating layer provided in this order over a substrate, wherein

the lubricgidng dopy 86?&8?‘& Bhas nﬁ?@%ﬂﬁgﬁp @érﬂ%%go@@fﬁe‘r‘r’r%rggﬁéi}ﬁ‘?ﬁ her

main chain 1'n a structure there a polar "group ot her than

at ends of j1asfmitaeubat idhelleRing ih@Aation Bhe erBevsriRNb«aief 16 egpound
(hereinafter referred to as the |lubricant according to this invention)

cont ai ned eghibited gt swibiyny id particularly preferalrbom ebipoding Kooéxdnple,
invention is a conpound having a perfl uoropolyether main 25 chain inits
struct ure hadnpaypaiey gopphaar ilecepiastofi@rchialramoigcuniiaving ai t s nol ecul e.
As descri bed above, the lubricant according to this invention contained
in the % ubpedlyprapglyeiiasmaig chagrindg sHprere.a conpound having a pol ar group
other 14 than fltg Q%Lh ends of a chain nolecule having a

per f 1 uor opol yet P in chainin its structure, but for allow ng the

S par 1 cul ar y 51 eSraltyub WA b s RS AP SE BRI A SBRE o oup
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chain in i ructure. |
layer when the lubricant is formed into a film on the protective layer. For
10 example, there is cited a hydroxyl group (-OH), an amino group (-NH.), a
carboxyl group (-COOH), an aldehyde group (-COH), a carbonyl group (-CO-), a
sulfonic group (-SogH), or the like. Among them, the hydroxy! group is
particularly preferable as the polar group. This is because the hydroxyl group
has a large interaction with the protective layer, particularly a carbon-based
15  protective layer, and thus can enhance the adhesion between the lubricating
layer and the protective layer.
[0035] | |
Specifically, as the lubricant according to this invention, there is
preferably cited, for example, a compound in which perfluoropolyether groups
20  each having a petfluoropolyether main chain in a structure thereof are bonded
to each other through a divalent or trivalent bon.ding 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 represenied by, for example, the following-formula (1) is
25 preferably cited as the above-mentioned perfluoropolyether group.
Formula (1)
[0036]

[Chemical Formula 1]



[0034] As the polar group in this case, it needs to be a polar group that
causes the occurrence of suitable interaction between the |ubricant and
the protective Ilayer when the lubricant is formed into a filmon the
protective |ayer. For 10 exanple, there is cited a hydroxyl group (-OH),
an amino group (-NH2), a carboxyl group (-COOH), an al dehyde group
(-COH), a carbonyl group (-CO), a sulgFonic group (-SG8H), or the |ike.
Anmong them the hydroxyl group is particularly preferable as the polar
group. This is because the hydroxyl group has a large interaction with

the protective I@#%F%((ﬁgggﬁgﬁgb@rﬁﬁy%@?%ﬁz@%based 15 protective |ayer,

and thus can enhante SIo e lubricating Ilayer and the

protective layermti]%?»éﬂula,%ﬁ)ﬁﬁawaggle'axh aﬁgmtepsr bbbt GRRE, according to

this invention, there iIs preferably cite or exanple, a conmpound in
whi ch perfl uoroggbygt her groups 20 each having a perfluoropol yether main
chain in a structure thereof are bonded to each other through a dival ent
or trival ent bonkticogdigy twinehalvicent af ihid mrvegicarugescsibed abeva ihlyalr iyl group
in a structure thereof, wherein the conpound has the polar group near

t he cerfi erp@r grovhaithentbaeetihe anvsrat db malegiile apdtieys beathediopyto ther
.exanple, the following formula (1) .is 25 preferably cited as the

above- ment PIGIRCIVH &Yer IRRAHRISFEINER igiesmbion besver RIS P9lal gogeandteeni cal
;O;mjl ﬁ ;]r %r%g%péiﬁe E’ye%nfﬁb%%?,ﬁﬁ% gﬁd%ﬂ%@%h?%ﬁ%@&lg %% ilnna {rgg formul a,
state f{om the beginning and thus are prevented from direc:cly receiving a large
impulsive force from a magneiic head so that the impulsive force cah be relaxed.
10 Further, the interaction with the protective layer is maintained at a portion other
than at 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 is difficult to occur.  As a result, the LUL
15 durability or the CFT properties that can ensure sufficient long-term reliability
can be obtained.
[0038]
As desctibed above, by providing the lubricating layer containing the
| lubricant according to this invention, the magnetic disk is excellent in durability,
20  particularly in LUL durability and CFT properties, even with the magnetic head
ultra-low flying height of, for example, about 5nm following the increase in
recording density in recent years and with ihe very strict environmental
resistance following the diversification of applications. Therefore, this invention
is suitable for realizing a magnetic disk having high reliability (capable of
25  ensuring st_ab’le operation) even under'_severe usé conditions.
[0039]
As a method of manufacturing the Iubricant according to this invention,

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



According to the lubricant of this invention described above, it has the
5 pol ar group other than at the ends of its nolecule and thus the
adhesion to the protective layer is achieved by the interaction between
this polar group and the protective |ayer. Therefore, the ends of the

| ubricant nolecule are in a free staje fromthe beginning and thus are
prevented fromdirectly receiving a latge inpulsive force froma
magneti c head so that the inpulsive force can be relaxed. 10 Further, the
interaction with the protective layer is maintained at a portion other
than at tlequigalésisdf & perfllatopolyatiter compouhe haviogar pirfigbippolyether infaih he ends
of the nolecule are in the free state, the noving space thereof is snal
and, t her éhaindn a raglepulgitbereahand bavng.der e*a,mmlg ﬁéﬂvgmxybgroun) onlveatanpl e,
about 5nm transfer of the lubricant onto t gnhe head is dlfflcult
to occur. A8 ©H roééhLﬁ polgoye @reue@@eamw PRyiya SPT @FF?T“E‘BP SB@PPP@ t hat

descri bed angva St ﬂgﬁ' HPaP G (R EIY G th{eypﬁ@ﬁqoa%cﬁv%‘ﬁ?%q”rﬁ?@ o
I ubri cant f&ﬁﬁgé 1(_9 atn){%k%fﬁ on, the magnetic disk is excellent in

durabiTity, [ cdl ar durability and CFT properties, even
with the magnet !n%rﬂéla@ foHﬁtfb@eké%Wp@ Wy ety Bkof ihdr@'is ﬁﬁé?éfabf’} about
5nmfollowing the increase in recording density In recent years and with
the very shéd,cls thevboesimtitished akshagicanapdual] adepgxy bempouad siatingat i on
of applications. Therefore, this invention is suitable for realizing a
rragnetl c dpskidaatruciyrds ghandsqu abnblecyle(tba]eabl dJjsing 26creasamipogndtibisl e
‘operation) even under severe use conditions. 0039] . As a net hod of

manuf actuppﬁ@b!ﬁﬁe obtadd thealHbricant of vaveat!qrhwh !%Wﬁbﬁnd higheyigld; s
f fact h 2 16
2;& Siﬁenégeggc 3*%P#ﬁﬁg§bﬁﬂ%aﬂ?g§%5ﬁ85%? l)’ieﬁ egp‘%wlﬂgr opol yet her

mal n invention is not limited thereto.
[0040]

[Chemical Formulas 2]



chain in a nol ecul e thereof and having, for exanple, a hydroxyl group
only at one end of the nolecule are reacted with 1 equivalent of an

al i phatic conpound having a structure capable of reacting with the

per fl uoropol yet her conpound to 5 form for exanple, a hydroxyl group. In
order to form for exanple, the hydroxyl group, there is preferably
cited, as the above-nentioned aliphatii conpound, a di epoxy conpound
havi ng epoxide structures at ends of a nolecule thereof. Using such a
conpound, it is possible to obtain the lubricant of this invention with
high purity and high yield. 10 Specific exanples of such a di epoxy
conpound are given below, but this inventionis not limted thereto.

[ 0040] [Cheqtgzb’PpruPaﬁ/ZT\ié/’Tkﬁiﬁﬁ; 0-'-'77 0 0O0~0or O 7 o

[ 00411 Specif | I'y, "under} a baSe condifion, perfluoropol yether conpounds
5 each having @ hydroxyl @tbup only atdone end of its nolecule are
reacted with bases to form al koxi des, then these al koxi des perform a
nucl eophilic 18 ring-opening reaction with an aliphatic conpound havi ng

epoxi de structures at ends thereof, thereby obtaining a dinmer or trinmer
conpound i n which the -

[0041]

Specifically, under a base condition, perfluoropolyether 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 nucieophilic



per fl uoropol yet her conpounds are bonded to each other through a bonding
group changed fromthe aliphatic conpound. 5 [0042] As the
above-nmenti oned perfl uoropol yet her conmpound, there is cited, for
exanpl e, a perfluorodiol conpound having a hydroxyl group at one end of
its nolecule, represented by the follgmﬁng formula (11). Formula (11)

10 [0043] [Chem cal Formula 31 CF3 C’ 2(0C2 F4) m (OCF2)n OCF2CH2CH In
the formula, mand n are each an integer of 1 or nore. [0044] 15
According to the lubricant manufacturing nethod of this invention

descri bed rirlgpypenitd esguéioh hitbravpaippatiteompouanod bavag apexidestrediures glach
other to be dinerized or trinerized so that it is possible to obtain a
magnet i ¢ dinsie theigof iteeneby wbtainiag aldiaet ot ionaneempopndgn v that r oduced
approximately at the center of a nolecule thereof. For exanple, when the
per f | uor oRESIURBRRYEINGT SOMPeIdSERIRANIEY 1@ RacChBERS hreHEh 8RaMdner nul a (11)

is used as_the , above-nentiaoped perfl uorqgpol yet her conpound and the
first-citcfouyp QB%WGE%QJHB%%HEO%%&\HOHBJOHHB' hydroxyl group in its

struct yr e) anon (Mﬁ exanpl es given above is used as the above-nentioned
al i phat’i ¢ conpound, "there is obtained a |ubricant conpound having three

hydroxyl —groups féﬁh@%@ﬁe—ﬂfeﬁ?}fi,@é%@?eﬁ%hﬁﬁiiﬁ@ﬁ@dbn% UnlacHerd <Sditedl @

nol ecul e thereof. An exenplifi onpound ‘of the l'ubricant according to
thi s i nverfbi exarmgle, 8ipegoksdi@vdonpeuntMasingny Bydroeyl drsumat ohd 8hd eflits
t hereto. [0045] 19 ‘

imolecule, represented by the following formula (I1).

Formula (Il) |

10 [0043]

[Chemical Formula 3]
CF3CFo(0CoF4)m(OQCF2)nOCF,CH.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, the perfluoropolyether 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 hydroxyl groups introduced approximately at the
center of a molecule thereof. For example, When"rhe periluorodiol compound

20 ‘represented by the above-mentioned formula (l) fs used as the
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]



[ Chem cal Fornula 4] Exenplified Conpound CF3CF2(Rf)OC F2CH20OCH2CHCH20O *

| OH *- CH2CHCH2 OCH2 CHCH2 OCH2CF2( Rf ) OCF2CF3  OH OH At : - ( OC2F4) m( OCF2) n-
(m n =an integer of 1 or nore) 5 [0046] The nol ecul ar wei ght of the

| ubricant according to this invention is not particularly limted, but,
for exanple, the nunber-average nol ecul ar weight (WVn) is preferably in
the range of 1000 to 10000 and nore preferably in the range of 1000 to
6000. This is because it can have recoverability with proper viscosity 10
to exhibit suitable |ubrication performance and further have excellent
heat resistanc E e t he | ubricant according to this

i nvention corrprl CheH{]%!%r (T:m%o nd in which the above-nentioned

per f | uor opol yet hege gomRAUHpANR bonded to each ot her through the
“above- menti oned bondi ng group, there is 15 obtai ned the high nol ecul ar -

wei ght | ubricant gy, QFQ?{ F?QF@QK3H£GFEmiggﬂN on of the above-nentioned
perfl uoropol yether and thus it is possjble to suppress a reduction in
nol ecul ar wei ght due to thermal deconpggjition. Therefore, when a
magnetic disk is manufactured by the uSe of such a lubricant, it is
possible to inpr t her ecause of the further
reduction in 20 ng f@chgﬁp ihﬁﬁﬁﬂh&ﬁzmgﬁéﬁéss) foll owi ng the
i ncrease in recordlng den5|ty ih recent years, the possibility becones

hi gh that contact or Hction” K&dween a magnetic head and the surface of
a magnetic disk frequently occurs. Wen the magnetic head is brought in

contact w th theRls:u—r(&,cgﬁ)m(OtdF%)r{%eﬁi:%n integer of 1 or more)
5 [0046]

+

The molecular weight of the Iubricant 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 recovefability with proper viscosity

10 to 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-mentiohed k‘)o;nding group, there is

15  obtained thé high molecular weight lubricant by dimerization or trimerization of
the above-mentioned perfluoropalyether and thus it is possible to suppress a
reduction in molecular weight due to thermal decorﬁposition. Therefore, when
a magnetic disk is manufactured by the use of such a Iubricant, it is possible to
improve the heat resistance thereof. Because of the further reduction in |

20 magnetic head flyihg height (10nm or l'ess) following the increase in recording
dehs-ity in recent years, the possibility becomes high that contact or friction
between a magnetic head and the surface of a magnetic disk frequently océu’rs.
When the magnetic head is brought in contact with the surface of the magnetic

disk, it may happen that the maghetic head does not immediately go out of



di sk, it may happen that the magnetic head does not inmedi ately go out of
20 contact with the surface of the magnetic disk, but slides with
friction for a while. Further, because of recordi ng/reproduction
perfornmed by the high-speed rotation of a magnetic disk in recent years,
heat due to contact or friction is generated nore than conventional.
Therefore, it is concerned that the dg possibility becones hi gher than
conventional that a material of a lubricating |ayer on the surface of
the magnetic disk is thermally deconposed due to the generation of such

to s mgrttne filt e SReRY Burielt FRb AR R B iBsb for i cace 1 n
ol ecul af el OBk ARE df AGEHRAR bkl MidH BattorFiit)ahe High-gonsi der ation 10

of data recording/reproductionin the state where a nagnetic head and a

magnet i Crflhifdh Gremiafns@Ndiak In \icERt RAFE Kl Ble td cOR@EL driffittich ist he
i nfl uence of heat ¢eneration due to the constant contact is further

concer negenédratddngotehthan cohvartionah iTikecefars tiigtonddmedticeshe ed t hat heat
resistance required for a lubricating |ayer be further inproved, and

t hus 3 heposdibility decombs higher trarecariventional évaic matetidl siua tudicating [ 0047] By
carrying out nol ecul ar weight fractionation of the lubricant according to
this i nvieier omihgsufacems thpmagnetigdisk ddathefmalindsempasedwbiedhtheli sper si on
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25 1{de. of data recording/reproduction in the state where a magnetic head and a
magnetic disk are in contact with each other in near future, the influence of heat
generation due 1o the constant contact is further concerned. Taking this
situation into account, it is desired that heat resistance required for a IubriCating
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
(ratio of weighi-average moleculiar weight (MW)/number'-average molecular

20 weight (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 rﬁade of molecular
weight fractionation by a gel permeation chromatography (GPC) method,
molecular weight fractionation by a supercritical fiuid extraction method, or the

25  like. |
[0048]
When formi'ng the lubricéting layer by the use of the lubricant according

to this invention, it can be formed by using a solution in which the lubricant is



[00481 When formng the lubricating |ayer by the use of the |ubricant
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 the solution by, for exanple, a dipping nethod. As
the solvent, use can be preferably made of, for exanple, a

fluori ne-based sol vent (trade name Veptrel XF manufactured by
DuPont -M tsui Fluorochem cals Co., Ltd., or the like). Afilmformng
method 5 for the lubricating layer is, of course, not limted to the

et hod suciongoad 8B HRanET A ABPiheliaf SRel e RERNED & S4B "eomt i ng
hod sucRS=ETER (PEBAET L™ e | b coati

the Tor med® PERPPRLR AL methd, 7l 18 shEhl P PRIl JRANIR & G o

may be expgpethhBled fludfindbABSP SR Entqiradd faie Vertsl af hﬁnu?élﬁuﬁeb'ﬂyati ng

formation. [00491 In this invention, the thickness of the |ubri

layer is pogbeitalitsui FRloréchendicsle CBBA.IA], br e like)) eAsiirh hemidfmeifeie is a
case where the lubrication performance as the lubricating |layer is

| ower ed. Ifbr thie lebdesdidg [dy@As,idf cosrsaphotlinitedetbdhabbeve-mandonsd dipping
reduction in filmthickness, there is a case where the fly stiction
failure oodvethed amddisermaay be snadecelfsefihiorsingraeibod sygh &sia $piy cobatingwer ed.
[ 0050] As the protective layer in this invention, a carbon-based

prot ect i veNPpEr a spy Metheresled RBPS GesERY Methed.cul arly, an anor phous

car bon P ot 2ot N ke kSenlich, BB B REPH Bret Vb N DB BB R o,
e RSN 14 il RGN PO ipd
furtheiy enfiaprepheedtizoat 16 RS0 sfictthemimfsiniibact of this invention are
| [0049]
In this invention, the thickness of the lubricating layer is preferably set to
4 to 18)'3. I it is less than 4A, there is a case where the lubrication |
performance as the lubricating layer is lowered. |If it exceeds 18A, it is not
15  preferable in terms of a reduction in film thickness, there is a case where the fly
siiction 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. Pariicularly, an amorphous carbon proteétive layer is
‘20 preferable. With the protective layer being particularly the carbon-based
protective layer, the interaction between the polar groups (particularly the
hydroxy! 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 éxhibited, which is thus a preferable mode. The adhesion between the
25  carbon-based protective layer and the lubricating layer can be confrolled by
forming the carbon-based protective layer of hydrogenated carbon and/or

nitrogenated carbon and adjustin-g the content of hydrogen and/or nitrogeh. in

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



further exhibited, which is thus a preferable node. The adhesi on between
the 25 carbon-based protective |layer and the lubricating |ayer can be
controlled by formng the carbon-based protective |ayer 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 22 neasured by hya?ogen forward scattering (HFS). The
content of nitrogen is preferably set to 4 to 12at % when neasured by
X-ray photoel ectron spectroscopy (XPS). [00511 5 In this invention, the
car bon- basedagured by hiysh@gbayemwatd esattedsingneié®)t oThe cotitennofhyiloggeis and/ or
nitrogen uniformy over its entirety and is preferably a conposition

gr adi ent |Ipagferaldyaeido i togl 2aterwimtampheyredibyrotmnplwioelestroubr i cat i ng

| ayer side and hydrogen on its nagnetic |ayer side. [0052] 10 Wen using
t he carbo@P@ﬁ%@ﬁD@Vé§B§five layer in this invention, it can be formed
by, for exanple magnetron sputtering nethod, but it is preferably
an anor phous cay%gﬂ protective layer particularly formed by a plasnma CVD

Mt A (TR S ook A AT T
15 LRt herler) GBhRR LAY S NB NSS! eBnie TR SR |,
this i nveng itkh@ré@bﬁﬁaﬁé%dhftamigg,A 1F Bk8fbieY Ritlcdla o ifs Iﬁbl‘ﬁfa@iﬁng set

to 20 to 70A. If it is less than there is a case where t
per f or mancgyearsideend Pydrbget b éts Inaypietic faepwieleed. | f it exceeds 70A, it is

not preferable in ternms of a' 20 reduction in filmthickness. [0053]
[0052]

10 When 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 IaYer 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 roughness formed by the CVD method.

In this invention, the thicknéss of the protective layer is preferably set to
20 to 70A. If itis less than 20A, there is a case where the performance as the
protective layer is lowered. If it exceeds 70A, itis 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 subsirate 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 substrate is preferably

ultra-smooth with Rmax of 6nm or less and Ra of 0.6nm or less. The surface



In the magnetic disk of this invention, the substrate is preferably a

gl ass substrate. The gl ass substrate is rigid and excellent in

snoot hness and thus is suitable for an increase in recording density. As
the glass substrate, an 25 alumi nosilicate glass substrate, for exanple,
is cited and, particularly, a chemcally strengthened alum nosilicate

gl ass substrate is preferable. 1In t hi¥$ i nvention, the main surface of
the substrate is preferably wultra-smooth with Rmax of 6nmor |ess and Ra
of 0.6nmor |ess. The surface 23 roughness Rmax and Ra herein referred

t o are bas@dgbinegshiemak AnBRHDMeredt mfetagditc 410G4kd ontthe NBOBOT di sk of
this invention has at | east the nagnetic |ayer, the 5 protective |ayer,
and the | udandadi ng | ayer provided over the substrate. In this invention,
the magnetic layer_is not particularly limted and may be an in-pl ane
recordi ng type ﬁ@@%ﬁtic | ayer or a perpendicul ar recording type magnetic

I . Ho —th i . i ' i i
21T, o 2T R ST SRy AR e U
e oot Wy s el B BB PREBREL A

5 Lhus Prleal o £98ASI, iafd) i N6 BRABGLHP I8k a8 mid) Bo bRYEBEFRN. an

under | ayer nmay be prov etween the substrate an etic |ayer

i f necessaeyordmy fypemadtetis TayadbeaipeepdRii@iar r@céﬂfrtgnwpgngrreﬁbwr., and

so on may be provided between the ‘underlayer and thé substrate.” In this
case, as tHewevstetheqyeependitidarerecsrding wge nMagnetiedaywplisprefer@blelfayer, a Ta
|ayer, a Ru lay'er, a M, COW CW CV, or CTi alloy layer, or the
| i ke and, r&glizing thediapid Werdaggdn reqonding degsity ingacert yeatsk armsiregularly, if
10  itis 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 provided
between the substrate and the magne’sic layer if necessary. Further, an
15  adhesive layer,v a soft magnetic layer, and so on may be provided between the
underlayer and the substrate. 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 iayer, there is cited, for example, a
CrTi, NiAl, or AlRu alloy layer or the like. Further, as the soft magnetic layer,
20 there is cited, for example, a CoZrTa alloy film or the like.
[0056] |
The magnetic disk of this _inveﬁtion is suitable as a magnetic disk
adapfed fo be mounted in a magnetic disk device of, particularly, the LUL.
system. Because of the further reduction in maghetic 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 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.



CrTi, NA, or AIRu alloy layer or the like. Further, as the soft
magnetic |ayer, 20 there is cited, for exanple, a CoZrTa alloy filmor
the like. [0056] The magnetic disk of this invention is suitable as a
magnetic disk adapted to be nounted in a nagnetic di sk device of,
particularly, the LUL system Becauaﬁ of the further reduction in.
magneti c head flying height 25 follo 'ﬁg the introduction of the LUL
system the nmagnetic disk is required to stably operate even in the case
of a low flying height of 10nmor |ess. Therefore, the nagnetic disk of
this invention having high reliability even wth the |low flying hei ght
is suitable. 24 Exanple [0057] Hereinbelow, this invention wll be
descri bed Exaninlet her detail with 5 reference to an Exanple. (Exanple 1)
Fig. 1 shows a nm nitic di sk 10 according to one Exanple of this

i nvention. The Hﬁgﬁ'tic di sk 10 has an adhesive layer 2, a soft magnetic
|l ayer 3, 10 a fjrst, underlayer 4.  a second .under er La.magnetic

| ayer 6, a carb I%QE%JIBW’ @%%g%wfq/newﬁni&?e es‘f,r'Heol%@ Hgﬁ%%?j%@gﬂ' g layer 8
whi ch are r i i der on a substrate 1. [0058] (Manufacture of
Lubricgntfggﬁgﬁggbarieéﬁg %hplified | ubri cant conpound was prepared by
reacting 2 equkg%hﬁ@bq)of t he perfl uorodi ol conpound represénted by the
above-nmentioned formuld (11) with 1 equival ent of the above-exenplified

di epoxy conpoungigindsiows a magnetic disk 10 according to one Example of this
‘ invention. , _

The magnetic disk 10 has an adhesive layer 2, a soft magnetic layer 3,

10  afirst underlayer 4, a second underlayer 5, a magnetic layer 6, a carbon-based
protective layer 7, and a lubricating layer 8 which are formed in this order on 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 (Il) with 1 equivalent of the above-exemplified diepoxy compound under
a base condition. Specifically, both of the compounds were agitated in acetone
and thén refluxed, with sodium hydroxide added thereto. The conditions such

20  as reaction temperature and time were suitably set, respectively.

A lubricant comprising the compound thus obtained was properly
subjected to molecular weight fractionation by the supefcritical 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



a base condition. Specifically, both of the conpounds were agitated in
acetone and then refluxed, with sodi um hydroxi de added thereto. The
conditions such 20 as reaction tenperature and tinme were suitably set,
respectively. A lubricant conprising the conpound thus obtai ned was
properly subjected to nol ecul ar wei gag fractionation by the

supercritical fluid extraction nethoflY [0059] 25 (Manufacture of
Magnetic Disk) A 2.5-inch glass disk (outer dianmeter 65nm inner dianeter
20mm di sk thickness 0.635nm nade of a chemically strengthened

al um nosi IwasamérafiradisheomsmsRpes phLd@nasandtBadif k2@umst rate 1. The nmmin
surface of the disk substrate 1 25 was mrror-polished to Rmax of 2.13nm

and Ra of 0.20nfAn 1A distesubsyriesLidbe Mabased adhasive lapeisb dhadivdased | ayer 2,
e o T et 8 S e 3
fé‘:ﬁﬁ? e Lﬂﬁ%@ﬁﬁé‘? R B hyRe e R ok Bl Vﬁﬁeg{&?égsg'ﬁﬁﬁﬁﬂgﬁ fﬂ?ﬁﬁﬁéﬁg? o
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net hod. ['%O@é}bendi@uI%ﬂﬁl’&gnéﬁ@récémiﬁg?ﬁyxpieﬂﬁad]r?ét%rlaﬁer}’\’as formed in the

fol | owi ng manner. eré was prepared a solution in which a lubricant (M

measur ed by t heShivBedqmintipdhaatiamoniikeatatbbheratetiveubpsr Twkg fdrmabdstper si on
was 1.25) conprising the lubricant (the above-exenplified |ubricant
conpound) aothickhess of 58Aehy thenplaama QD mathiocdhs descri bed above and

subj ected to the nol ecular 15 wei ght fractionation by the supércritical
flui d extracti ofP4%i hod was di spersed

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

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 molecular

15 weight fractionation by the supercritical fluid extraction method was dispersed
and dissolved in a fluorine-based solvent, Verirel XF (trade name)
manufactured by PuPont-Mitsui Fluorochemicals Co., Ltd., at & concentration of
0.2wi%. Using this solution as a coating solution, a magnetic disk formed with
the layers up to the protec'tive 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 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 obtained.

25 [0061]

- Then, the magnetic disk of Example .1 was evaluated by the following

test methods.

(Evaluation of Magnetic Disk)



and dissolved in a fluorine-based solvent, Vertrel XF (trade nane)

manuf actured by DuPont-M tsui Fluorochemcals Co., Ltd., at a
concentration of 0.2wt% Using this solution as a coating solution, a
magnetic disk formed with the layers up to the protective |ayer 7 was

i mrersed therein and coated 20 therew%éh by the di ppi ng nmethod, thereby
formng the lubricating |layer 8. Aftef®the filmformation, the nmagnetic
di sk was heat-treated in a vacuum furnace at 130C for 90 mi nutes. The

t hi ckness of the lubricating |layer 8 was neasured by a Fourier transform
i nfrared spect r ¢iHotsoreeCET pfépari) evahdhtion testfixadposilion flying temwas, t he
magnetic disk 10 of Exanple 1 was obtained. 25 [00611 Then, the nagnetic
di sk of Ex&fpreed. was eval uated by the following test nethods.

Eval i f [ i Sk). .26 1) Fi _ CFT | uat i
(Eusl vt on o M0 5Pl e P banoce R ™|
o 1o YRR ek oo Tt BEN Bl et i 43 o
t t - o |_at.i el o % f
S e R

the magnetjefofthsd irPh sE¥aBRINGirdnivast. abl e to endure fixed-point continuous
flying for continuous four weeks and thus was 1 X extrenely excellent in

CFT properties pyenesnitldr wahecseiat theemaghstiodisk ofErample swa adk tof a
magneti c head and the surface of the magnetic disk after the CFT test
wer e exanienddre fikediepaint camﬂ'hnwafﬂyim)fdrmhtimﬂmxso‘sgbweeleawm(hﬁnuelvm ron
T oSO B o oxealostn Mr T Sroporied vBn Sdarihg sevare cametone” 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
15  evaluating 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 (negative
pressure) slider and was mounted with a magnetoresistive effect eleme-nt.(Gl\/IF{
20 element) as a reproducing element. A shield portion was made of a
: FéNi~based permalloy alloy. By causing the LUL-system 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] ,
25 As a result, the magnetic disk of Example 1 endured the LUL operations
of 900,000 times with no failure at an ultra-low flying height of 5nm. Ina

normal HDD using environment, use for abouf 10 years is generally required for

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



[0062] (2) Then, a LUL (Load Unload) durability test was perforned for
15 evaluating the LUL durability of the magnetic disk. A LUL-system HDD
(5400rpmrotation type) was prepared and a nagnetic head with a flying
hei ght of 5nm and the nagnetic disk of the Exanple were nounted therein.
A slider of the magnetic head was a Ng,(AB (negative pressure) slider and
was nounted with a magneto resistive fect elenment (GVR 20 elenent) as a
reproduci ng el enent. A shield portion was nade of a FeNi -based permall oy
all oy. By causing the LUL-system HDD to continuously repeat the LUL

oper at i onsuriehdy juagbero bé prdierabilervi§ enalticaseeD B0 ﬁmermgmrmrépit caimbk up to
the occurrence of failure was neasured. [0063 . a result, the

magﬂetl cf (ﬁa%k’fh@f tf@dﬁﬂ@'ﬁ?”ﬂ'@?@fﬁ’ﬁ!@'ﬁé PEQELVQ% !%‘t"ebﬁ@ ityof 900, 000I times
W I w [ HDD
usiggngn;/?r oﬁ;rgﬂ- € sy %&? t8 gﬁ%ﬂ”ei% C{}]%%‘?‘fgerqgt Q@Léﬁ’é‘&i’ Wrt%ﬂm’apsgtrjn?or t 2(73
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urability

rellablll e sur ace of ‘the magnetic dis

test was db@éﬁfewedFUﬂthE@éurf&‘éb'tﬂtl«?é‘nﬁ?héﬂ@heéfﬂ Qﬁ@&ﬁ@&@L@lﬂa@Wﬁ' ectron
m croscope and 5 was found to be excellent, i.e. no abnormality such as

damage or tedtviaseisseplskinvdetail dsimd hamptutdﬂemsmsbapeaoﬂ ahletegtmgnet i ¢ head
after the LUL durability test was observed in detail using an optical
m cr oscopeniaragcape eheamsdaundricchosxagientine. hagbhaualitt sudheasesashgent

i.e. no abnormallt% such as damag e or dirt was observed and, further ho
| ubri cant CAGHEYRAS® ﬁeveﬁ@nﬁa@lﬁ@er dordaricant adhesien e Berpagrsiicthaadifte was

obser V8d 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 gbtained.

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., having been subjected to molecular weight fractionation

20 by the GPC method to have Mw of 3000 and a molecular 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 by DuPont-Mitsui
Fluorochemicals Co., Ltd:, was used as a coating solution and a magnetic disk
formed with layers up to a protective layer was immersed therein and coated

25  therewith by the dipping method, thereby forming a Iubficating layer. Herein,
the concentration of the coating solution was properly 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



[0064] For evaluating the thermal properties, the LUL durability test
was performed in atnospheres of -20C to 50C. Wth the magnetic disk of
this Exanple, no particular failure occurred and the good results were
obtained. 15 [0065] (Conparative Exanple) As a lubricant, use was nade
of a conventional perfluoropol yether;pased |ubricant, Fonblin Z-DCL
(trade nanme) manufactured by Sol vay | exis, Inc., having been subjected
to nol ecul ar wei ght fractionation 20 by the GPC nethod to have Mwv of 3000
and a nol ecul ar wei ght dispersion of 1.08. Then, a solution in which

thi s | ubriteaaboveamediisped peid! amdiwas sisetl ved Comaardived@mpldased sol vent,
Vertrel XF (trade nane) manufactured by DuPont-Mtsui Fl uorochem cals
Co., Ltd., was (¥¥8las a coating solution and a nagnetic disk forned

ith | t [ I | I d therei d ted 25
ther ew th by nARER AR AT, BBTTONRBBSRGFT Y PR NGO ABIRGTS ayor
Herein, t 1 ' [ I dj ust ed
o that _tiame CRfTELEhoRP Bl e ARl IboRRed Lo MREEBERFI 1Y Tahge of
10 t 2A. i j ISk i : ' : [
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Conpar at i \ExamAeTR iftferiol ROGBT plbiiitiesnderths dblerefconattibag.ni ng a CFT
property evaluation test in the same nanner as in the Exanple, a failure

occurred bef or eFuttreld, apagesdit &f parfurimmpa s ULauraiiigksst il et same t he
magnetic disk of this Conparative Exanple is inferior in OFT properties
under t he maverasdotiti Example, theunaprsgtic disk of thisstbmpafatipe Exampleng a LUL
durability test in the sane_manner as in the Exanple, the' magnetjc disk
of this Co#HesaitG0PO0BHRPS with an ultra-low flying height of Snm.  The surface of

10  the magnetic disk after the LUL durability test was observed in detail using an
optibal microscope and an electron microscope and, as a result, damage or the
Iike 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 mfcroscope and, as a result, lubricant adhesion to 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 to 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



failed at 600,000 tinmes 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 mcroscope and an el ectron m croscope
and, as a result, damage or the 1like was slightly observed. Further, the
surface of a magnetic head after the IQUL durability test was observed in
detail using an optical m croscope anddan el ectron m croscope and, as a
result, lubricant adhesion to the magnetic head 15 and corrosion failure
were observed. Brief Description of the Drawings [0067] Fig. 1 is an
exenpl ary cross-Gecmagnaiic kyetw of . a magnetic disk 20 according to one
Exanpl e of this invention. Description of Synbols [0068] 1 substrate 25
2 adhesive | ayer/ 3 carbpiDage@Reiedivedg¥d 4 first underl ayer 5 second
under| ayer 29 6 ma]gBeti c layer 7 carbon-based protective |ayer 8

| ubricating | aydt 18PHeRJRGIAEdi sk 30 CLAIMS 1. A magnetic di sk having

at |l east a magnety c rotective layer, and a lubricating |ayer
provided in thi gltdor djgsgrg%}gr(ﬁ%llpsubst rate,



5 wherein said lubricating | ayer contains a conpound having a
perfl uoropol yether main chain in a structure thereof and having a polar
group other than at ends of a nolecule thereof. 2. A magnetic disk
according to claim1, wherein said conmpound is a conpound having a pol ar
. group near the center of a nolecule tgﬁreof. 10 3. A magnetic disk
according to claim1l or 2, wherein saPFd polar group is a hydroxyl group.
4. A magnetic disk according to any one of clains 1 to 3, wherein a
nunber - aver age nol ecul ar wei ght of said conpound contained in said
lubricating layer is in a range of CQABIMSo 10000. 15 5. A mmgnetic disk
according to any one of clains 1 to 4, wherein said protective |ayer is
a carbon-based protective layer fornmed by a plasna CVvD nethod. 6. A

magneti c di sk according to any one of clains 1 to 5, wherein said
magnetic di sk i d- addpagnpticsli h%“&?blﬁaﬁtrﬁ a*%ae%laiy@r@.matqgaw Byebf a

| oad 20 unl o f di sk
navi ng ai IO LRHCA el oPEyA 1l iR Bufi4 Baled Tand & | ubr i cati ng

layer grovi ded Rn@e@h%af&rlﬂﬁﬁcatﬂé?%ye? cﬁtl{%?rﬁsr QESmE}é‘}ﬂﬁcﬁ ﬁb\ﬂn gl d | ubricating

| ayer 1's forned protective fllmof a

[ ubri cant goniabss h@rﬁ]‘awlrf’@%ﬁu&ﬁéﬂﬁléré(ﬁ%‘ﬁH'H&ghn%aﬁélﬁfﬁ@ nts of a

perfl uoro conpound having a perfl uoropol yet mal n~ chain in a
nol ecul e tduesrehin angndawi 4 thokediyihexadf. group only at one end of the

nol ecule with 1 equivalent of an aliphatic conpound having a structure
capabl e 31 of Eeadtmagnatictdisk aecopding taolkaopd| weetesn saidrgoopuintds Bor m a
hydroxyl group. 8. A method of manufacturing a magnetic disk according to
cl ai m 7, compound having a polar group near the center of a molecule thereof.
10 3. A magnetic disk according to claim 1 or 2, wherein said polar group
is a hydroxy! group.
4. A magnetic disk according to any one of claims 1 to 3, wherein a
number-average molecular weight of said compound contained in said
lubricating layer is in a range of 1000 to 10000.
15 5. A magnetic disk according to any one of claims 1 to 4, wherein said
protective layer is a carbon-based protective layer formed by a plasma CVD
method. |
6. A magnetic disk according to any one of claims 1 to 5, wherein said
magnetic disk is adapted to be mounted in a magnetic disk device of a load
20  unload system.
7. 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
25 layerafimofa Iu.bricant 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



conpri sing exposing said magnetic disk to an atnosphere at 50C to 150C
after formng said lubricating | ayer.
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of reacting with the perfluoropolyether compound to form a hydroxyl group.
8. A method of manufacturing a magnetic disk according to claim 7,
comprising exposing said magnetic disk to an atmosphere at 50°C to 150°C

after forming said lubricating layer.



