1 DESCRI PTI ON MAGNETI C DI SK AND METHOD OF MANUFACTURI NG THE SAME 5
Technical Field (00011 This invention relates to a magnetic di sk
adapted to be mounted in a magneticldisk device such as a hard disk
drive (hereinafter abbreviated as a HDD). 10 Background Art [0002]
Various information recording techni ques have been devel oped foll ow 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 i apacity exceedi ng 60GB has
been required per 2.5-inch nagné??%ﬁﬁﬁgﬂeﬁﬁapted for use in a HDD or
the like. In order to satisfy such a requirenent, it is necessary to
realize an information recording density 20 exceedi ng 100Ghits/inch2. In
order to achi RMGRBEIG DK ARCOIETHD DS MANUPAGTURNIGETHE Sk for use
ina HDD or the like, it is necessary to reduce the size of nagnetic
crystal grains formng a nagnetic recording |ayer serving to record
information signals, and further, to reduce the thickness of the |ayer.
Howeveb, Teahnip@l fdelde of conventionally commercialized magnetic disks of
-the in-plane 25 naqnetic recording type (also called the I ongitudinal
nagnétic-recordﬁﬁ@ iype or the horizontal magnetic recording type), as
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Background Art

[0002]
Various information recording techniques have been devéloped
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%. Recenily, 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 |

20  exceeding 100Gbits/inch2. 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 crysial grains forming a magnetic recording layer servihg to record
information signals, and further, o 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 Iohgitudinal magnetic recording type or
the horizontal magnetié recording type), as a result of the advance in size
reduction of maglnetic crystal grains, there has been the occurrence of a thermal

fluctuation phenomenon where the thermal stability of recorded signals is



Thi s has been an inpeding factor for the increase in recording density
of the nmagnetic disks. [0003] 5 In order to solve this inpeding
factor, nmagnetic recording nmedia of the perpendicul ar magnetic
recordi ng type have been proposed in recent years. In the case of the
per pendi cul ar magnetic recording type, as is different fromthe case of
the in-plane nmagnetic recording type, 2the easy magnetization axis of a
magnetic recording layer is adjusted so as to be oriented in a direction
10 perpendicular to the surface of a substrate. As conpared with the

i n-pl ane degededidug tb ypgerphfemapiatendsciiabtharegoricdcigredonadd logt.t ype can
suppress the thermal fluctuati on phenonenon and thus is suitable for

i ncr easi nghishas reenoardinmppditentaictoy fordbe snerease ipeepeniocde reity whireet i ¢
recording nedium there is known a so-called two-Iayer perpendicular
magneti ¢ MBEOEHS Aigkeli sk 15 conprising, over a substrate, a soft magnetic
under | ayer made ﬁf a soft nmagnetic substance and a perpendi cul ar
magnetic r ecor di¢ 83] ayer nmade of a hard nagnetic substance, as is
described in, for exanpl P-.A- 2002-.74648, 41 L.n the .ne inme, a
conven%i onal rra@noé‘g?rgtodﬁoi‘{? tﬁé‘f’slmfe m&fggtg ,\;gagrﬁggreéggmgrmeglalqﬁﬁq cating

| ayer on ' di ayer ,@'Pe Y ard OFjnt he
pur pose o © nggfracplr?g nﬁﬁ;%@grr%r#'ﬁg@pa%@ére Iéj&ﬁop%@d&&rﬁeﬁgﬁﬁ@&ﬁ%tilg di sk.
Parti cul afeyeadhst the!Beigeatichmr |n?ég¢1retib'$@c§br@ihgtt*1%,%U@Hﬂ@%nﬁﬂé’iﬁ fHee 1S
required to have various properties such as long-termstability,

chem cal sadsdfahedn-ptei rmhgmatie, retording tgpe thepasy negnetirationesds of a
resistance. 25 [0005] In order to satisfy such a requirenent,
per f | uor opwignetid eacoldisg thyer ishadjesiad soasp g diigateskinla diregiips i n nol ecul es
have often been used conventignally as lubricants for nmagnetic disks.
For ek&npperpeggicyladin e Birface pbaguSRbale?- 6Lompased with the FURBAE 1) or
the like, there i_[s Wﬁjll knovvna1 . .
recording type, the perpendicular magnetic recording type can suppress the
thermal fluctuation phenomenon and thus is suitable for increasing the
recording density.  As such a perpendicular magnetic recording medium, there
is known a so-called two-layer perpendicular magnetic recording disk
15 comprising, over a substraie, a soft magnetic underlayer made of a soft
| magnetic substance and a perpendicular magnetic recording Iayer‘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 substraie,
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 siability, chemical substance
resistance, fri_ction properiies, and heat resistance.
25 {0005] ,
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 tov



magneti c recording nmediumor the |ike coated with a

per fl uoroal kyl pol yet her | ubricant having a structure of

HOCH2CF2Q( C2F40) p( CF20) gCH20H wi t h  hydr oxyl 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
protective |ayer can be obtai ned by tBe interaction between the
protective |ayer and the hydroxyl groups. [0006] Patent Docunent 1:
JP- A- S62-66417 10 Disclosure of the Invention Problemto be Sol ved by
t he | nventPohShpB20644 14 Fddsd il doedchemih dy e thehikel thieos isavelbkmovecar di ng
density of 100Gobits/inch2 15 or nore has been reCfui red in recent HDDs.
One r easomagoetic raoordisg maditraor the Illter@atectwrthraamerf Weroaliyipolysthero t he

conventi onal need as storage devices ns)u ers, the HDDs have been
nount ed | Wﬁ@nwvmméguct@@rofdé@%b%& 0259/@ olpE20) d@b‘ﬁ@h‘lW‘Hhrrer as, and
S0 on.

rounti ng TEOEIGTRIG FBE BPERET § TR AcT URAPRUBLICRT RAOXE! ¢ he
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necessary edu a nmagnet | be nDun?ed in.

the HDD. [@ficaasR ﬁrote%tw@laﬁef E&ﬁ‘b@bb%t@ed B)ﬁﬁ'nen‘ﬁfé’r‘ﬁéﬂdh btRkes Mk e used

for the conputer use case of e above-nenti oned new uses,

use is rragfbt@ét.va 1§ymldnddh@m@@|@5<y|?om@gnetl c disk of, for exanple, 1.8
inches to 0.8 inches smaller in aneter than the magnetlc di sk for .the

conput er use. |[00D8] necessary to store a certain. or nore information
vol une even when the nagnetic disk is reduced in dianeter as described
above, thus restatenhgoeumeric|JErAtSEe6&A1 74 nprovement in information 4
r ecorflcij ng density.
Disclosure of the Invention
Problem to be Solved by the Invention
[0007]
As described above, the information recording density of 100(3bi’;s,/inch2
15  or more has been required in recent HDDs. One reason for this is related to
the fact that, 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 uses, since the housing space for mounting'
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
25  magnetic disk of, for example, 1.8 inches to 0.8 inches smaller in diameter than
the magnetic disk for the computer use. Itis 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



[0008] Further, in order to effectively use the 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
magnetic head is retreated to an inclined platformcalled a ranp

| ocat ed outside a magnetic disk mhilg the HDD is stopped, then in a
start-up operation, the magnetic head™i s caused to slide fromthe ranp,
after the nmagnetic disk starts to rotate, so as to fly over the
magneti c disk to performrecording/reproduction. In a stop 10 operation,
t he magnetdcordiepdenstyretreated to the ranp outside the magnetic di sk,
then the rotation of the magnetic disk is stopped. This sequence of the
operations is d8PP&d a LUL operation. In the magnetic disk mounted in
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i nformation recordi ng density uhder these cir ances,
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the flying height of the magnetic head. I'n order to achieve the
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in recordi'ng capacity
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/reproducing region and therefore the LUL
system is preferable for increasing the information capabi’[y.
[0009]
In order to improve the information recording density under these
circumstances, it is necessary to reduce a spacing loss as much as possibie by
20  reducing the flying height of the magnetic head. In order to achieve the
information recording density of 100Gbits/ihch2 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 mounted 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 advantage that it is possible to increase the S/N ratio



of the magnetic disk device. [0010] Because of the further reduction in
magnetic head flying height 5 follow ng the recent introduction of the
LUL system it has becone necessary that the nagnetic disk stably
operate even in the case of the low flying height of 1 Onmor |ess.
Especial ly, as described above, the nggneti c di sks have been shifted
fromthe in-plane magnetic recording Yype to the perpendicul ar nmagnetic
recording type in recent years, so that an increase in capacity of the
magnetic 10 di sks and a reduction in flying height following it have
been st r oofiH secoedimy digdal arjdbhilgio Benlabei tofartinerehiee irhescordiniy capamityi n
magnetic head flying height (10nm or less) following the increase in

r ecor di ngofdea gragpetia ok Céyears, the possibility becones high that
contact or fri C[bl bet ween a magnetic head and 15 the surface of a
magneti c disk f %ﬁ(ﬂently occurs. Wien the magnetic head is brought in
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per fl uoropol yet her-based | ubricant tends to be deconposed by a Lew s
aci d suchi@smak lsssnaEspédalpf as eestribed apove| thernaghatietdisks lagdskdnubr i cant
used at the surface of the nmagnetic disk may be deconposed at the CF20
porti on ofhiitedfromi the ddralanebyagdaiivirecording type toihegetrpendiculfiemipRretioni t h
t he magnetic head so that a reduction in nolecular weight of the 25
| ubr i cantrecefdthyPa N (ARENE ¥eq1HgSe HipbaNfRGIEase ik Q?@aﬁﬂbﬁ&h@d"meélct han

conventional . Thus, ,there s concern about. the possipility that data
a1 + 88k ard fpaialon T biaS ARRG FuBaid it btk BEST SRongt el Hadner ¢
head, of the IxQMﬁant deconposed to decrease in nol ecul ar wei ght.
Further, in co deration of data 6 recording/reproduction in the state

where a magnet igsd3gas ofiftd MArtABORELE orfinSKagnetic head flying height (10nm

or less) following the increase in recording density in recent years, the
'possibility becomes high that contact or friction between a magnetic head and

15  the surface of a magnetic disk frequently occurs. When the magnetic head is
brought in contact with the surface of the magnetic disk, it may happen that fhe
magnetic head does not immediately go out of contact with the surface of the
magnefic disk, but slides with friction for a while. A slider of a currently used
magnetic head contains alumina (Al-Os). It is known that the CF.O portion of

20 the main chain of the above-mentioned perfluoropolyether-based lubricant
tends to be decomposed by a Lewis acid such as alumina. Therefore, the
perfluoropolyether-based lubricant used at the surface of the magnetic disk may
be decomposed at the CF20 portion of its main chain by alumina due to contact
or the like with the magnetic head so that a reduction in molecular weight of the

25 lubricant forming a Iubricating layer tends to be promoted more than
conventional. Thus, there is concern about the possibility that data read/write
is subjected to a failure due to adhesion, to the magnet'ic head, of the lubricant

decomposed to decrease in molecular weight.  Further, in consideration of data



are in contact with each other in near future, the influence due to the
constant contact is further concerned. If the nolecul ar weight of the
| ubricant formng the lubricating |ayer is reduced, its fluidity
increases so that its adhesion to a 5 protective | ayer decreases. Then,
it is considered that the lubricant wth the increased fluidity is
transferred and deposited on the magnegtic head |ocated in the extrenely
cl ose positional relationship to make the flying posture thereof :
unstable, thus causing a fly stiction failure. Particularly, a recently
i nt r oduceckcordingregpreditiad imiltehstateNPAB e(amggnéeticehgadasd aepagristidelisk s
considered to pronote 10 the transfer deposition phenonenon because it
tends to 8igdR coRtact wibicaghothfiién nedr fuluserhadnfugoge fuete ieeongianthe

bottom surface of the ma netic head. The transferred and depaqsited
ubr i cant 95 bibse o St DT tmaleyler BITGIB,0f e b AT aSTHEY ey

magnet | o MedtORRUne i efonddRaBIBEMBroEEt pRit dbtindhie 8n33 to be
15 corg odtlic R TFler oBSredess I Hach, RSE B RoigERETA e IUERRARE W

devi ces Sstart’ed to be n use onl'y ‘as conventi ona St orage

devi ces Ofncﬁé%rsééfﬁlﬁldtt‘}%mﬂﬁﬁéﬁed BHY depbSifedBsn ledhaGfatbNEea8cdted ifobi | e
applications such as” nobil e phones and car 20 navigati on systens and,

t her ef or ethedtsgrehielylciose positicadlirelatiofshis to mpké itteaflyiog posturethereof
environmental resistance required for magnetic di sks has becone very
strict. Ohgakkothes cansing evlyodictioe tluet.r Rarticady 9 recentiysinrodiesad y
necessary, nore than conventi onal, to further inprove the durability of
magnet i ¢ dagratic head wiin adiFAR )(,nqgatlve @b?ﬁsé'é@?tsé'dﬁb'ﬁrﬁoﬁéldﬁ[ﬁﬂ‘i%‘li?'i“ﬁ@e
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necessar yirh Qb ed BRA deBOMIRR! ILBScdnt hidy188uds afacid such as hydrofluoric
acid to thereby corrode an element portion of the maghetic head. Particularly,
a magnetic head mounted with a magnetoresistive effect element tends to be
15  corroded.
[0012]
As described before, recently, magnetic disk devices have started to be
often used ndt only as conventional storage devices of personal computers, but
also as storage devices for mobile applications such as mobile phones and car
20  navigation systems and, therefore, due to diversification of use applications, the
environmental resistance required for magnetic disks has become very strict.
Therefore, in view of these circumstances, it is urgently necessary, more than
conventional, to further improve the durability of magnetic disks, fhe durability of
lubricants forming Iubricating layers, and so on.
25 [0013]
- Following the rapid improvement in information recording density of

magnetic disks in recent years, it is required to reduce the magnetic spacing

between a magnetic head and a recording layer of a magnetic disk and,



| ubricating |ayer present between the magnetic head and the recording

| ayer of the magnetic disk. A lubricant used as the lubricating |ayer
at the outernost surface of the magnetic disk largely affects the
durability of the magnetic disk. 5 Even if the thickness of the

| ubricating |ayer is reduced, the stabjlity and reliability are
essential for the magnetic disk. [0014] As described above, it is
required to realize a nmagnetic disk excellent in long-termstability of
a lubricating |ayer and having high reliability despite the 10 reduction
i n magnet itkersfusie) ingasbecarne necassalyiofgrthei ghitice theathikgass dta head
follow ng the increase in recording density in recent years and,
further, diicading EyeepeIsenthgivgandie Magnaiipheadandiie weardieo myer ehe

or! FonTenLal eSlEhACe e f ymgnetic ALk, oo hecers very
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Thi s i nvepsiipnithafe SeeAtgBethemiyetcfisk. hese conventional 20
ci rcunst ances and has an object to provide a nagnetic disk that is

excellent in dioodkility, particularly in LUL durability and al um na
resi stance, and thus has high reliability despite the |ow flying hei ght
of a magnetic héadiesolibagbayet lés racued 1o reslisasenagnetiecistdexaglidehivi ty in
recent years and despite the very strict environnmental resistance
f ol I owi ng laTEteATARENY (0 adTieaSNd 4abier AES UG, NETSTaVRANY JesPIei®i ng t he
Pr 90! S, "o ¥ pEc R b 0 FoN AT HNED: O Ha R Y, T 2,
present | ?(Ylfé%ﬁ)d ﬁme}\ﬁ&%ase 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 become very sirict. Therefore, it is required,
more than conventional, to further improve the properties such as the durability
15 of lubricants, forming lubricating layers, that largely affect the durability of
| magnetic disks, particularly the LUL durability and the alumina resistance
(suppression of decomposition of the lubricants due to alumina).
[0015]
This invention has been made in view of these conventional
20 circumstances and has an object to provide a magnetic disk that is excellent in
durability, particularly in LUL durability and alumina resisténce, 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.
25
Means for Solving the Probiem
[0016]

As a result of intensive studies on the durability of a lubricant that



found that the above-nentioned problens can be solved by the foll ow ng

i nvention, and have conpleted this invention. Specifically, this
invention has the followi ng configurations. 5 (Configuration 1) A
magneti c di sk having at |east a magnetic |ayer, a protective |layer, and
a lubricating |ayer provided in this %rder over a substrate, wherein the
| ubricating |layer contains a conpound having a perfluoropol yether main
chain in a structure thereof and having an aronmatic group at an end of
a nolecule 10 thereof. (Configuration 2) A magnetic disk according to

the confi fiselyiadacts thameradilily ohe magsepe dish. ine RICEMIBAETIOHAARY an
[0017] (T et e eRe rotiRbR sfriSie senmecatrey 76 ol Bt gur ati on
2 et ! ok e SRy 2ovp: (Coniguration 4) 20 A
the 1 Ubri cati naPTageny g e hRaHeR o R g d SRR ooge) o "
(Configuration fgordigufatiRgneti c di sk according to any one of the
configurations 1 to 4, wherein the protective layer is a carbon-based
protective | ayeA rmayrmetid dink feaving atdeast@bagedtividye( Epnbtegiivealavenatdl 9 A
magnetic di sk according to any one of the configurations 1 to 5, -
a lubricating layer provided in this order over a substrate, wherein the
lubricating layer contains a compound havipg a perfluoropolyether main chain in
a structure thereof and having an aromatic.group at an end of a molecule
10  thereof.
(Gonfiguration 2)
A magnetic disk according to the configuration 1, wherein the
compound is a compound having an aromatic group and a potar group at an
end of a molecule thereof.
15 | [0017]
(Configuration 3)
A magnetic disk according to the configuration 2, wherein the polar
groupis a hydrokyl group.
{Configuration 4) _
20 A magnetic disk according to any one of the configurations 1 to 3,
wherein a number-average mqlecular weight of the compound contained in the
_IubﬂcaﬁngIayerSinarangeof1000to10000.
[0018]
(Configuration 5)
25 A magnetic disk according to any one of the configurations 1 to 4,
wherein the protective layer is a carbon-based protective layer formed by a

plasma CVD method.
(Configuration 6)



wherein the magnetic disk is adapted to be nmounted in a magnetic disk
device of a load unload system [0019] 5 (Configuration 7) A nmethod of
manuf acturi ng a magneti c di sk having at |east a nagnetic |ayer, a
protective layer, and a lubricating |ayer provided in this order over a
substrate, wherein the lubricating layer is formed by formng on the
protective layer a filmof a lubricant containing a conpound obt ai ned
by reacting 2 10 equival ents of a perfl uoropol yether conmpound having a
perfl uoropol yether main chain in a nolecule thereof and having an
aromati ¢ group AmRGNElgEisaacotiog i ary oag okl ewnfigwatiads édebe with 1
equi val ent of an aliphatic conpound having a structure capabl e of
reacting Whereipiee B@fgf‘P%éﬁbb? ied t%%mdsw&ﬂ‘@gﬁﬁvca@'ﬁgﬁegyeﬁ A
met hod of Fa q%ﬁcturingta magneti c di sk according to the configuration
7, conpri® ﬁ&J W2 §YHRE: magneti ¢ disk to an atrosphere at 50C to
150C after fornL d9 he | ubricating |ayer. [0020] According to the
invention of Configuration 1, the magnetic disk has at 20 |east the
magnet 5c | ayer, (dditigRfafoRchi ve | ayer, and the lubricating layer provided
in this order over the substrate, wherein the lubricating |ayer contains
the conpound hAwheétBod bempeufdcuningroiaghbis diskinaviehait fedsih airhggradticuct ur e

and having the aromatic group at the end of its nolecule. Therefore,
there is ddyeaimpotadize lawgreetd o lurisitindlayei promded ieiie brdenovena
properties such as alum na resistance 25 and LUL durability than
convent i oskbsteaia, whergimte luprifating layepis forpied by ipiaing ga thewroteetpieng
densi "1 HRVEEERT o ednitiant CoRpLHEF = GoEpPRad Dhlanieer by Gecfleq 80 ' M
envi T OBTe R Alvaleh bk ABolobly B YohhBurl YU R SatlGRBARRAR! | on-

chain in a molecule thereof and having an aromatic group and a hydroxyl group

at an end of the molecule with 1 equivalent of an aliphatic compound having a

structure capable of reacting with the perfluoropolyether compound.

(Gonfiguration 8)

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

[0020] |
According to the invention of Configuration 1, the magr_letic disk has at

20 least the magnetic layer, the protective l_ayer, 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 aromatic group at the end of its molecule. Therefore, there is obtained the
magnetic disk that is more excellent in properties such as alumina resistance

25  and LUL durability 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 environmental

resistance following the diversification of applications.



In this invention, since the lubricant contained in the |ubricating

| ayer has the aromatic group at the end of its nolecule and a Lew s
acid such as alumna is preferentially absorbed to the aromatic group
at the nol ecul ar end, 5 deconposition at the main chain portion of the
per fl uoropol yet her-based | ubricant dﬁﬁ to alumna is difficult to occur
and, as a result, the alumna resistance and the LUL durability that
can ensure sufficient long-termreliability can be obtained. Al though a
met hod is considered that inproves the alum na resistance 10 by adding
an appropriate @88itive to a conventional lubricant, there is a problem
that a lubricant wth uniformaquality is difficult to obtain in the nass
producti on. meetg{;ép\{ergqoﬂcgn@@,gwq 'Hb%‘%}i cpa@nad 1gihe R‘W'Fﬁ‘i‘ﬁ'q R¥ekness is

ired, | d o f | ubyr i ' I i t.h high
hat can oar IRLAEMAD aoer PreheliiPandlon i e Pl 0
that can S A . .
rosi ot anca By N RePle e B S e R AR AP BRIl ko e e RRHC g

to thesi nYeRdhPssifin SOMbingh hbRpottion bf the Mlddrﬁ%l?éthér-@é@é&r able for

this invention that the conpound contained in the |ubricating |ayer be

the conpiridahiaiions diivainario et 1Broedor and dsheraealtahedanipaat the end
of its 20 nolecule. By the occurrence of suitable interaction between

t he pol ar regisiapce éred the Hylddowapilitgthatipan ansurbeudictendforighiermubliakilint

nol ecul e and the protective |ayer, the novenent of the aromatic group

at the en@alqbeﬂb&allﬂ@bri cant nolecule is restricted so that the alumna
absorbing acti i s, possible to form

the lubricat i_ngRit#H%S}J@?‘nqh%n e%c‘%%gﬁghg{?wfﬁr@gﬁfsr%e%@éfw@@ 'gaekaPel y
nave B! oh BB o 8 R BA B VAPl B oo
O b LB ey AR SRR EohRI BB IR b0 elon o0
Moreover, since the further reduction in film thickness is required, in order to
forma Iubficating layer (with high coverage) that can sufficiently cover the
surface of a r"nagnetic disk with a thinner thickness, it is more advantageous to
15  improve the alumina resistance by the structure of a lubricant molecule.
[0022] | |
According to the invention of Configuration 2, it is particularly preferable
for this invention that the compound contained in the lubricating layer be the
compound having the aromatic group and the polar group at the end of its
20 molecule. By the occurrence of suitable interaction between the polar group
{(e.g. hydroxyl group) at the end of the lubricant molecule and the protective
layer, the movement of the aromatic group at the end of the lubricant molecule
is restricted so that the alumina absorbing action is enhanced and, further, since
it is possible to form the lubricating layer in which the lubricant molecules
25 adequately have a folding structure on the protective layer, evén if the thickness
of the Iubricafing layer is reduced, it is possible to sufficiently cover the surface

of the protective layer and thus to uniformly form the lubricating layer at the

surface of the magnetic disk.



According to the invention of Configuration 3, the hydroxyl group is
particularly preferable as the polar group possessed by the conpound.
This is because the hydroxyl group has a large interaction with the
protective layer, 5 particularly a carbon-based protective |ayer, and

t hus can enhance the adhesion betmeeg1the | ubricating |ayer and the
protective layer. [0024] According to' the invention of Configuration 4,
t he nunber-average nolecul ar weight of the conpound contained in the

| ubricating layer is 10 particularly preferably in the range of 1000 to
10000. This is B¥¥@Blse it can have recoverability with proper viscosity
to exhibit suitable lubricationﬁﬁgerforn&nce and further have excell ent

heat resi st ance ACERIGH 10 the Mpiedfigiy Of GOPKRUIAIRIE At e MYEFOXZhAOUG IS at i on 5,

the protective layer is 15 partjcul arl referably the carpon-based
prot et voA A EPiraP s R e PhlE Gl Ratasthar Tl L Mo dne ! he
car bon- ba | f I : f can be
carbon- basRalLe LAl i AXEl I §joq HRLEELE FF EBRS=QEIARE, oan, be
- [0026] 5 2Q\ el DBatoBnitiRel BYSBERRNapE:, SRATHBLA dante thdie Magnetic
disk of this invention is suitable as”a magnetic disk adapted to be
nmount ed | mdheBRANRIWSen tHeslibileiing Saydfr anpané bt‘dﬁlé@tt\ﬁe}da)(érhe LUL system

Because of the further reduction in mnmagnetic head flying height
follow ng the ifA02fucti on of the LUL system the nmgnetic disk is
required to stably operate even in the case of the l[ow flying 25 height
of 1 Onmor | eséccamiéigeipdhe inveRiomabreniiguraiigk4 dhetimpar®yerdeon havi ng
Acaor di ng TRCEHEr WHGBHD B O ResRR CHITARTLR e NS RAET & i sk of  thi s
121 pent o RN SRr) f e ARub b YoRY B80! TR Bkl Rafe Ont TS
have recoverability with proper viscosity to exhibit suitable lubrication
performance and further have excellent heat resistance. |
[0025]
According to the invention of Configuration 5, the protective layer is
15  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 invention.
[0026]
20 According to the invention of Configuration 6, 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 systém. Because of the further reduction in
magnetic head flying height following the introduction of the LUL system, the
magnetic disk is required to stably operate even in the case of the low flying
25 height of 10nm or less. Therefore, the magnetic disk of this invention having
high reliability even with the low flying height is suitable.
- [0027]

According to the invention of Configuration 7, the magnetic disk of this



met hod of manufacturing a magnetic di sk having at |east a magnetic

| ayer, a protective layer, and a lubricating |layer provided in this
order over a substrate, wherein the lubricating |ayer is formed by
formng on the protective layer a film5 of a lubricant containing a
conpound obtai ned by reacting 2 equiVﬁgents of a perfluoropolyether
conpound havi ng a perfl uoropol yet her in chain in a nolecule thereof
and having an aromatic group and a hydroxyl group at an end of the
nol ecule with 1 equival ent of an aliphatic conmpound haV|n? a structure
capabl e ofinyRsdon heying high rel@bpisy W%WB*@BT%/@MM”Q:B%EUﬁ@b aioeq bpas)

According to the.invention of Conf tion 8 magnetic disk is
exposed ?d“ﬁw 5 Quipg g FrEgNG! g %V{r&étfl%@ﬁlaﬁagg@@q lape: E‘atl ng

iy o makesPEoTRERE R Bt CpR R aTa s Bt LA Mos BRSO HE re
|ubr i cat i nghd m%&%ﬁd&&ﬂ%&%%éa% PG ond BRfoQhelfarlnRt | on

[ 0029] Accor Ing to t ention RS p SSI to pro

nmagnet ixc défsd(lubh@ént%@ntahﬁgﬁ%bhﬁj%nd RdbtIRePby rdacting2rdduidi@its wf hn LUL

durability and alumi na resistance, and thus has hrgh reliability
despi te t hserflewopblyeihgr bempbtndhavngagreetiicropeigethef oldirouhaig it he rapi d
increase in recording density in recent years and further despite the
very stri anoleguiertbaieehaad haesg snatewatiogra ang a hgdiixylegreup atanieod of
applications, 25 Best Mdde for Carrying Qut the |Invention 0030]

Her ei nbel o;the Aalequl, withilRAuNalent o %@gehﬁ%@mﬁolﬂ& RAVINGASEHCHE an 13

ermbod et L NE1.o0 el e pHidoBbiy beP chigg i on 15 @ magnetic di sk

10 [0028] |
According to the invention of Configuration 8, the magnetic disk is
exposed to an atmosphere ét 50°C to 150°C after forming the lubricating layer
in the magnetic disk manufacturing method of Configuration 7. This makes it
possible to further improve the adhesion of the formed lubricating layer to the

15  protective layer.

Effect of the Invention
[0029]
According to this invention, it is possible to provide a magnetic d.isk tha’t
20 is excellent in durability, particularly in LUL durability and alumina resistance,
and thus hasrhigh 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.
25
Best Mode for Carrying Out the Invention
[0030]

Hereinbelow, this invention will be described in detail based on an



magnetic | ayer, a protective |layer, and a lubricating |layer provided in
this order over a substrate, wherein the lubricating |ayer contains a
conpound having a 5 perfluoropolyether main chain in a structure thereof
and having an aromatic group at an end of a nolecule thereof. 100311
The above-nenti oned conpound (hereinafter referred to as the |ubricant
according to this invention) containd@ in the lubricating layer in the
10 magnetic disk of this invention is a conpound having a

perfl uoropolyether main chain in its structure and having an aromatic
group at @nbedichedt theksofnol ecule. As the aromatic group in this case,
there is cited, for exanple, a phenyl group as a typical exanple, but
al ternativel y, Amageeticsdiek bethisainwapiftnhy laemegetougisk havibg pheagt @ne gr oup,
a phthalimdyl group, an aniline group, or the like. The 15 aromatic
group mwagwlcgay%rp@mecfa@éamaw auliehitcating layes erqvidad iapbiserdene

| ubricant according to,this invention contained in the lubrjcating
ayer o 02 Spsiee MhETRIE MO BHCHE AEP 0 A COETGRBR5AVEGeh s, for

o por B iRt wEeh e oA BB R AR eI TR g The

IZ? functiq}gu&%??ﬁfe&a%tf a%olbglijlﬁ thdysgntion to be exhibited nost suitably,

is prefera compoun aving a polar group in its structure in
addition to thepggnmatic group. For exanple, it is particularly
preferably a conmpound having both an aromatic group and a pol ar group
at each of bot Therd®vefmanitinedcompoaad!(eereiraiten gefarrpe td hsitheopol yet her
main chain in its structure. 25 [0032] As thé polar group in this case,
it needs lubricst acputing tgitivaprvemndion)ceansaised imbedelinatiog dayesin thel t abl e
interaction between the |ubrjcant and the protective IaYer when t he
| ubr i1@antMagn§its of thisd Mentioniis aeoMmpoupH Stavtg; & ertigrpolyediermain
exanple, there. s .cited a hydroxyl gro péﬁ-%géLﬁan ino group (-NH2), a
carboxyl GRILE 1o ey G vt srereni ' ead LIS aRFCR-oup
) )+ 8ag the aromatic group in this case, there is cited, for example, a phenyl group
as a typical example, but alternatively, there is cited a naphthylene group, a
biphenylene group, a phthalimidyl group, an aniline group, or the like. The
15 aromatic group may have an approptiate substitueni.
As described above, the lubricant according to this invention contained
in the lubricating layer is, for example, a compound having an aromaiic group
such as, for example, a phenyl group at each of both ends of a chain molecule
having a perfluoropolyether main chain in its struciure, but for allowing the
20 function and effect of this invention to be exhibited most suitably, it is preferably
a compound having a polar group in its structure in addition o the aromatic
group. For example, it is particularly preferably a compound having both an
aromatic group and a polar group at each of both ends of a chain molecule
having a perfluoropolyether main chain in its structure.
o5 [0032] |
As the polar group in this case, it needs to be a polar group that causes -
the occurrence of suitable interaction between the lubricant and the protective

~ layer when the lubricant is formed into a film on the protective layer. For



sulfonic group (-SG8H), or the like. Anmong them the hydroxyl group is
particularly preferable as the polar group. This is because the hydroxyl
group 5 has a large interaction with the protective |ayer, particularly
a carbon-based protective |ayer, and thus can enhance the adhesion

bet ween the lubricating |ayer and tq%_protective | ayer. [0033] f N
According to the |ubricant according to this invention described above,
10 since the lubricant contained in the lubricating | ayer has the
aromatic group at the end of its nolecule and a Lewis acid such as

al uni na i exgmpltethent isatiieg a hskor @O UadObY brtaninagriong (Agsedi ¢ group at

t he nol ecul ar end, econposition at the g%ign chain portion of the

d
per f | uor ofRPPEY IEPUDEEEWH), gpraleiyde figur iRt R YA e-% 8 occur
d, lt, t I um i_st dthe LUL durability that
can ensur sUERHG SronbtSPutlgbl BedReer ATEIB Eom: B/ BEoSBOH NG even’w t
an ULt 2 bOWCTH) BELOBkANLs Bl o8 oSBT fic 1EBOL SR 1 b oy

descri bed”above, * by provi di n( f'upbricating Tayer contain _
| ubri cant hé@ﬁq‘ér@bWe?&%’[ibﬁ'\nﬁth'tﬁé{%l‘ﬁté&ﬂfe A&, pRYBEEHE atladorl-Bagoerel I ent -in
durability, 207particularly in LUL durabiiity and alum na resistance,

even wi t hpidiective dmesr] andipad cah ehhah@hiel adhegiondicaeewthe lLbricakgnp! e,
about 5nmfollowing the increase in recording density in recent years

and w t h layer el thesprotectivefayer.onnent al  resi stance foll owi ng the
di versification of applications. Therefore, this invention 1is suitable
for realizing d0f@&3netic disk having high reliability (capable of 25

Bxenpl | 11 ad corORHlen 51 Haabirs! ACSHEReHD DR AR08 Ry LRHARNE on ar o
g1 ven; bel Qe I 1 bl BYEMHALR the 1BRbabhd Tl EFnALUENESREE BRI 25

[ 0036
the end of its molecule and a Lewis acid such as alumina is preferentially

absorbed (adsorbed?) to the aromatic group at the molecular end,
decomposition at the main chain portion of the perfluoropolyether-based
lubricant due to alumina is difficult to occur and, as a result, the alumina
15  resistance and the LUL durability that can ensure sufficient long-term reliability
can be obtained even with an ultra-low flying height of, for example, about 5nm.
[0034] |
As described 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 alumina resistance, even with the magnetic
head ultra-low flying height of, for example, about 5nm foilowing the increase in
recording density in recent years and with the 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 stable operation) even under severe use conditions.
[0035]
: Exemplified compounds of the lubricants according to this invention are

given below, but this invention is not limited to these compounds.
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As a method of manufacturing the lubricant according to this invention,

there is preferably cited, for example, a manufacturing method of reacting 2



OOUOOO EOEOO NLL LL LL ELL UOLLUaO 00UOUMmMLL LL
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NON UULLSS 0OOUOUU I I Er NMd .~vvv [00371 5 As a
met hod of manufacturing the Iubrlcan‘t according to this invention,

equivalents of, for example, a compound having an epoxy group and an
aromatic group (e.g. phenyl glycidy! ether) with a perfluoropolyether compound
having a perfluoropolyether main chain in a molecule thereof.

[0038]

5 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 irecoverability with proper viscosity
to exhibit suitable lubrication performance and further have excellent heat

10  resistance. |

Further, according to, for example, the above-mentioned manufacturing

method, the lubricant according to this invention can be obtained as a lubricant
with a high molecular weight and thus it is possible to suppress a reduction in
molecular weight due to thermal decomposition. Therefore, when a magnetic

15  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 magnetic head
flying height (10nm or less) following the increase in recording density in recent
years, the possibility becomes high that contact or friction between a magnetic
head and the surface of a magnetic disk frequently occurs. When the

20  magnetic head is brought in contact with the surface of the magnetic disk, it
may happen that the magnetic head does not immediately go out of contact with
the surface of the magnetic disk, but slides with frtctlon for a while. Further,
because of recording/reproduction performed by the high-speed rotation of a
magnetic disk in recent years, heat due to contact or friction is generated more

25  than conventional. Therefore, it is concerned that the possibility becomes
higher 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 due to adhesion, to a magnetic



there is preferably cited, for exanple, a manufacturing nethod of
reacting 2 16 equivalents of, for exanple, a conpound having an epoxy
group and.an aromatic group (e.g. phenyl glycidyl ether) with a

per fl uoropol yet her conmpound having a perfluoropol yether main chain in a
nol ecul e thereof. [0038] 5 The nole ylar wei ght of the | ubricant
according to this invention is not Earticularly limted, but, for
exanpl e, the nunber-average nol ecul ar weight (M) is preferably in the
range of 1000 to 10000 and nore preferably in the_ran?e of 1000 to
6000. Thihsagsofidbe dibsisant theanallydecomposedtabecicage i nelgpusareightscosi ty

0L s BB B RRES, P e hah s actist | o
b - ment | d facturi h t he | i t di.ng to thi
ooy T LSRR S DR LR AP SRR,
dth N J on. | I ight d
o0, 1 bR 95l 10 AUPRLERR0 S AN B0 T FRLRE bt o e

manuf §ct WhRgcPY fhiRSetRcBinedlUC Tarkng Whs skd@ton ihlo ActoRRE Rii®kBsit&y | NProve
the heat resistance thereof. Because of the further reduction in

magnet i ¢ thetamat fdsystaeenelggingd ok adabriettingdspar Heduhtaed ingprdve, iangr ease in
recording density in recent vyears, the possibility beconmes high that
cont act dhud thedubrmanbet isenventiorgs etitable.head and the surface of a
magnetic di sk frequently occurs. Wen the 20 magnetic head is brought in
contact with tH&38lrface of the magnetic disk, it may happen that the

more < heso, ioes 184 ITRLSLE b R P GRRuRT LSl Pue b

b - J | f all tati

of o 10l T ERGHPY, R BBt R B P olsty la? Sl siion | 1 100
t i ; g i d that th
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| ubri cat ivrggrtaymen) iQEréfb%waéét?!@ﬁ.fpér lethle magnetic disk is thernally

deconposed due to the generation of such heat,
fn this invention, it is not necessary to particularly limit a method for
molecular weight fractionation, but, for example, use can be made of molecular
15  weight fractionation by a gel permeation chromatography (GPC) method,
molecular weight fractionation by a supercritical fluid extraction method, or the
like.
[0040]
When forming the lubricating layer by the use of the lubricant according
20 to this invention, it can be formed by using a solution in which the lubricént is
dispersed and dissolved in an ap'propriate solvent and coating the solution by,
for example, a dipping method. As the solvent, use can be preferably made of,
for example, a fluorine-based solvent {trade name Vertrel XF manufactured by
DuPont-Mitsui Fluorochemicals Go., Ltd., or the like). A film forming method
25 for the lubricating layer is, of course, not limited to the above-mentioned dipping
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 invention, in order fo further improve the adhesion of the formed



so that data read/wite is subjected to failure due to adhesion, to a
magnetic 17 head, of the lubricant thermally deconposed to decrease in
nol ecul ar weight and increase in fluidity. Further, in consideration of
data recording/reproduction in the state where a magnetic head and a
magnetic disk are in contact wwth e other in near future, the

i nfl uence of heat generation due to the constant 5 contact is further
concerned. Taking this situation into account, it is desired that heat
resistance required for a lubricating |ayer be further inproved, and

thus the lumﬁamltay@rr torthe protaciiie laver, the Bagrelis disk meude expeged &0 AYi ng
out nol ecu] ar wei Jactjonpation of .the |ubpricant according 10 to
this i nveRIMOIPSYE gh 5‘;;% o@ Qt@eﬁm%m TOfRAUSRI ecul ar wei ght di spersi on
(ratio of wei gh[b- ?ﬁr age nol ecul ar wei ght (Mw)/ nunber-average nol ecul ar
wei ght: (M1)) is 8 erably set to 1.3 or less. In this invention, it is

not necessary o RTbYGHR 1t thoR e ReAchf 178l Rk aramrbetlo |

fractionati on, for exanple, use can nol ecu

fractl@nawt@nshy & igelleRahaRail, eré iy 2ERéOahare(@iigatigRt hod, ol ecul ar
wei ght fractionation by a supercrltlcal fluid extraction rrethod or the

l'i ke. [00g6ffornviiree dsothgilutgicating layer iscletviereg). | diyieexdaedsh@Aydds abt t he

| ubricant according 20 to this invention, it can be formed by using a
sol ution prefetsblenintteeng oba rechustion & iﬂnstbé}kee@s émredss emseeﬂwarenﬂm‘ly
appropriate solvent and coating the solution by exanpl e, a di ppi ng
met hod. A§’“Q‘W@ faihsro @geursyaed H‘bﬁﬁe ffed pRes Whar Ver{ﬂﬂed'éfﬁb”ltw '§r|0"é9<r§ﬁ‘pl e, a
fluorine- basedFﬁBﬁ ¥]gnt (trade nane Vertrel XF manuf act ur ed by

DuPont - M t sui 8fbchenical's Co., Ltd., or the like). Afilmformng

ot hogh 25, for R iBEIGAL ML MY fe hienitl, SOUFATRRL Biolidl dert e

above-nenti one d| ppi nade rm ng

gg;[‘?ﬁgsﬁg?n Be pfi‘ef‘épdli‘y 6o | %rtlé[ﬁéﬂp‘én é‘n@rﬂﬁ@&’s E&bBRBrotektiv BFNSS

preferable. 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 ihvention and the protective

15 layer is further enhanced so that the function and effect of this invention are
further exhibited, which is thus a preferable mode. The adhesion between the
carbon-based protective layer and the lubricating iayer can be controlled by
forming the carbon-based protective layer of hydrogenated carbon and/or
nitrogenated carbon and adjusting the content of hydrogen and/or nitrogen. In

20 this case, the content of hydrogen is prefe'rably set to 3 to 20at% when
measu.red by hydrogen forward scattering (HFS). The content of nitrogen is
preferably set to 4 to 12at% when measured by X-ray photoelectron
spectroscopy (XPS).

[0043]

25 In this invention, the carbon-based pretective layer does not need fo
contain hydrogen and/or nitrogen uniformiy over its entirety and is preferably a
composition gradient layer containing, particularly, nitrogen on its lubricating

layer side and hydrogen on its magnetic layer side.



In this invention, in order to further inprove the adhesion of the
formed 18 |lubricating |ayer to the protective |ayer, the magnetic disk
may be exposed to an atnosphere at 50C to 150C after the film
formation. [0041] |In this invention, the thickness of the |ubricating
| ayer is preferably set to 5 4 to 18 If it is less than 4A, there is
a case where the lubrication performance as the lubricating |ayer is

| owered. If it exceeds 18A, it is not preferable in terns of a
reduction in filmthickness, there is a case where the fly stiction
failure occurs, [#M4d]lthere is a case where the LUL durability is |owered.

[0042] 10 As th rotectlve | a this inyentio a carbon based
protective | ayeﬁ‘l LPInR! @r%@%%ﬁ%%@@éﬁd@%y VI Q&'S’r veRpra ii@Bhous

par 1 cut aPey oS BitERedsTeth B hRB oL hlaG FRBofbuite: "on bet veen
the pol ar p%am KR abHd G Ao B U B pBRRAER (Bfmd By LT | cant

according't |nven i on and € protect yer urther

enhancgd gmdmRbVINRefHbRICt Bethgpfofed by ehe plaskial GVDMEMRbY OﬂHeasruefacé urt her
exhi bited, which is thus a preferabl e node. The adhesion between the

car bon- bas;edwaopmtemmemelr byesman dnifdren andbdensd. i Mherelpay, idaprdferable

controlled by formng the carbon-based protective |ayer of hydrogenated
car bon anditairthe hibtricatimiay e tnisiomeaiioh kel fansiedr thaerelentienliayerf witlydr ogen
and/or nitrogen. In 20 this case, the content of hydrogen is preferably

set to 3 WQ@W%WSSMMrMhﬁﬁY@@H@@@% forward scattering (HFS).
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hydr ogen hi trogen un| y over s en s preferably a
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reduction in film thickness.
[0045]
In the magnetic disk of this invention, the substrate is preferably a glass
15 substrate. The glass substrate is rigid and excellent in smoothness and thus is
suitable for an increase in recording density.  As the glass substrate, an
aluminosilicate glass substrate, for example, is cited and, particularly, a
chemically strengthened aluminosilicate glass substrate is preferable.
In this invention, the main surface of the substrate is preferably
20  ultra-smooth with Rmax of 8nm or less and Ra of 0.6nm or less. The surface
roughness Rmax and Ra herein.referred to are based on the JIS B0601
standard.
[0046]
The magnetic disk of this invention has at least the magnetic layer, the
25 protective 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



| ayer side and hydrogen on its nmagnetic |ayer side. 19 [00441 Wen
usi ng the carbon-based protective layer in this invention, it can be
formed by, for exanple, a DC magnetron sputtering nethod, but it is
preferably an anorphous carbon protective |ayer particularly fornmed by a
5 plasma CVD net hod. Being forned by @f pl asma CVD net hod, the surface
of the protective |ayer- becones unifo and dense. Therefore, it is
preferable that the lubricating layer by this invention be formed on
the protective layer with a snmaller roughness forned by the CVD net hod.
f I 1 In téaligingihemapidincrease inieckickigsdestsity fiergoeot wearsy ePadigelarly.sif
preferably set to 10 20 to 70A. If it is_less than 20A there is a case
wher e t he igeAflcrfTidinsed eagnedic Ipmestgh corrcivayfarcsiand g reprodugtion: exceeds

70A, it is po referable.in ter of reduction in filmthickness.
[ 0045] |HuﬂﬁﬁcﬁagﬁéF%@V8?§wm85"?ﬁ%@F¥%@Eﬂﬁ%on, the substrate is
preferably a gL@ﬁ&7 15 substrate. The gl ass substrate is rigid and
excell ent in snoothhess and thus is suitable for an increase in

recordsng densi fyineAfadiicBidks 1iYTNIERBA, afindél HRgitd GRlfiegl ass

substrate, for exanple, Is cite particularly, a "chemcally

st r engt hepetvadriifeebblriealrel the assgretib sdyerifddcsstirgl eF@e®; ad n this
invention, the main surface of the substrate is preferably 20

ul t r a- snoatihesivé layBnexsalf mégnetar layesandsd oRamay be péovident bétessn tibe
surface roughness Rmax and Ra herein referred to are based on the JIS
BO601 st anderayerpoddeg sulmigterngiidhiscagesks tie undesiayern d1ere incitegs fast

. j Loy .
Socr b oaratR s B Tkl s TSk e, BER o SRl <
Is nOtl Opa?ﬁlci)f félygrr, |o¥ tr%e! lﬂzet aendd, %Q%ggﬁhgs‘?véa Fc'xyierr,] 'tt?érgrils? cited, for example, a
CrTi, NiAl, or AIRu alloy layer or the like. | Further, as the soft magnetic layer,
there is cited, for example, a GoZrTa alloy film or the like.
[0048]
The magnetic disk of this invention is suitable as a magnetic disk
15 adapted to be mounted in a magnetic disk device of, particularly, the LUL
system. Because of the further reduction in maghetic head flying height
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

20  the low flying height is suitable.

Exampie
[0049]
Hereinbelow, this invention will be described in further detai]‘with
25 reference to an Example. |
| (Example 1)
Fig. 1 shows a magnetic disk 10 according to one Example of this

invention.



recording type magnetic |ayer or a perpendicul ar recording type nmagnetic
| ayer. However, the perpendicular recording type nmagnetic |layer is
preferable for 20 realizing-the rapid increase in recording density in
recent years. Particularly, if it is a CoPt-based nmagnetic |ayer, high
coercive force and hi gh reproduction ﬁutput can be achi eved, which is
thus preferable. [0047] 5 In the nag% tic disk of this invention, an
under | ayer may be provided between the substrate and the nagnetic | ayer
if necessary. Further, an adhesive |layer, a soft magnetic |ayer, and so
on may be provi dbe magngdediskhid hamaeadihesive layer &rmsgfgmagﬂa‘tuélayehiix his

case, as the underlayer, there is cited, for exanple, a O layer, a Ta
[ayer, a RUTELYIEIENaUeICE idseceptindetiyest, 2 BRORSHE 4% A GA0PapERed or ¢ he
li ke and, a ere ds,cited, for e a CTi,

t he adhesive | ayer, .t npl

N A - or APRIeEi eI ey andct REFEAODEY ST B RbrerE stk R A R erter

| ayer, t@ﬁﬁ&rété 1ci ted, for exanple, a CoZrTa alloy filmor the liKke.
[0048] The nmagretic disk of this invention is suitable as a magnetic
di sk &5 adapt eﬁ)ogg be nmounted in a magnetic di sk device of,
particularly, the LUL system Because of the further reduction in
magneti ¢ head f([\yamgadjtairgghfc[_ub‘rmhhpvm ng the introduction of the LUL
system the nmagnetic disk is required to stably operate even in the
case of a | ow fThéaboreegemplifediuidicant compsend (heaeimanafactired mtheet i c
di sk of this invention having high reliability even with 20 the |ow
flying heffglewingmaineabl e. Exanple [0049] Hereinbel ow, this invention
wi Il be descri bﬁd in furthe

(Exarpte 1) Fi of wsdrtiegShed b factth eiberfiubBovaitcebiatl BRI o of
this 10  a perfluoropolyether main chain in @ molecule thereof with 2 equivalents of a :
base and then with 2 equivalents of glycidyl phenyl ether.
A lubricant comprising the compound thus obtained was properly
subjected to molecular weight fractionation by the supercritical fluid extraction
method.
15 [0051]
{(Manufacture of Magnetic Disk)
A 2.5-inch glass disk (outer diameter 65mm, inner diameter 20mm, disk
thickness 0.635mm) made of a chemically strengthen.ed aluminosilicate glass
was prepared as the disk substrate 1. The main surface of the disk substrate 1
20  was mirror-polished to Rmax of 2.13nm and Ra of 0.20nm.
On the disk substrate 1, the Ti-based adhesive layer 2, the Fe-based
soft magnetic Iayer 3, the first underlayer 4 of NiW, the second underlayer 5 of
Ru, and the magnetic layer 6 of CoCrPt were formed in this order in an Ar gas
atmosphere by the DC magnetron sputtering method.  This magnetic layer was
25  a 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.

[0052]



invention. 21 The magnetic disk 10 has an adhesive |layer 2, a soft
magnetic layer 3, a first underlayer 4, a second underlayer 5, a
magnetic | ayer 6, a carbon-based protective layer 7, and a |ubricating
| ayer 8 which are formed in this order on a substrate 1. 5 [0050]
(Manuf acture of Lubricant) The above-gxenplified |ubricant conpound (2)
was manufactured in the follow ng manner. It .was manufactured by
reacting a perfluoropol yet her conmpound having 10 a perfl uoropol yet her
main chain in a_nolecule thereof with 2 equivalents of a base and then
wi th 2 equi val ehbten.ghe §ibjientig lagred wasdomesd inghp dollavdagmadeepri si ng t he

dth bt ai ned Y, bj ected t I | ght
fracti onation byneRavaupepard s sakien i wheher dersast (Magteaumred BV 00511
G+ nndiS WRAR ARt P00 bt s, oS RSP bl 11 S5 e cal 1y
5mm_ i n Y : ;
e e EheeHEAC RopRR (s VT IRRERBYRIUAS (21)r Hhis vBHfo (%) ©
RTBX 0F 2.l @sclbd®BBbvend BioiBieh 16 WRShbRicRisk waidit Ti - based

adhesive layer 2, the Fe-based soft magnetic |layer 3, the Tirst

under | ay efraéticiatih\bly thBeupeesitich! flnidesitayton madfiod Ras divpdrddoearmagnet i ¢

| ayer 6 of CoCrPt were fornmed in this order in an Ar gas atnosphere by
t he DC nagitsbhved ispdiupané-bgsedsdivent, Yhaitee! idkgitrate alve) enarmdactuzsl y

per pendi cul ar magnetic recording type magnetic |ayer. Subsequently, the

i anond- | DG asihHEH BHORSEEMIEEIS Bye ik, AkAComaRloD of & 20hTec k S of 50A
by the pl ?}%g%olﬁl@n ggtahc%%'ting solution, a magnetic disk formed with the layers up to
10 the protective layer 7 was immersed therein and coated therewith by the dipping
method, thereby forming the lubricating layer 8.
| After the film formation, the magnetic disk was heat-treated in a vacuum
furmace at 130°C for 90 minutes. The thickness of the lubricating layer 8 was
measured by a Fourier tfransform infrared spectrophotometer (FTIR) and it was
15 12A. In this manner, the magnetic disk 10 of Example 1 was obtained.
[0053]
Then, the lubricant and the magnetic disk of Example 1 were evaluated
bymemMngwﬁmMNM&
(1) First, an alumina resistance evaluation test was performed for the
20  lubricant used in Example 1.
| The lubricant was added with 20% alumina (Al;Oz) and maintained in a
nitrogen gas (N2) atmosphere at a consiant temperature of 200°C for 500
minutes, thereby performing a thermogravimetric analysis.
As a result, it was seen that the lubricant abcording to this invention |
25 - usedin Example 1 exhibited a damping factor of 15% or Iesé when alumina was
added, and thus was excellent in alumina resistance, i.e. decomposition due to
alumina was hard to occur.

[0054]



[0052] 22 Then, the lubricating |ayer 8 was formed in the foll ow ng
manner. There was prepared a solution in which a lubricant (M neasured
by the NMR net hod was 2000 and t he nol ecul ar wei ght di spersion was 1.25)
conprising the lubricant (the above-exenplified conpound (2)) of this
invention 5 manufactured as describSQ%above and subjected to the

nol ecul ar wei ght fractionation by th upercritical fluid extraction

nmet hod was di spersed and dissolved in a fluorine-based solvent, Vertrel
XF (trade nane) nmanufacture DuPont - M t sui  Fl uor ocheni cal s Co.,

d
Ltd., at a conc@htlhani @kUbf( L@a%mmﬁdwuw@ility ieiss wes pgtfotneddora coating
I t d th the | to 10 th tecti
ayer ‘7’”m@gama%ﬁ&@cuﬂhévr@I»ﬁtrch%ahé“aawSﬁ é&rfh”ﬁy the dipping
met hod, thereb th catin After the | m
formati on, th_ey y ﬁys i@ﬁ@%@g;m%ngg W?Saorsa%fﬁﬁ*rﬁ“d%r nace at
130C for ﬁé’h&éd wTﬁ%aﬁﬁ%iﬁ%glﬁts?f%rﬁ gﬁdhﬁ{?ﬁ Qnsk%Yﬁ{e %ﬁ@?lea dit

measur ed y a Fouril er nrrarea spec OI’T'E er

vas 155124erd moulte MBRAES , AE%rWWMa@néﬂléﬁeé@w% afNPAR! ﬁedat%s
obtai ned. [0053] Then, the lubricant and the nagnetic di sk of Exanple 1

wer e eval paisedre) l@ydémcfwhés muiunted wish ameddredsresiciiye Eifécteleraan@GMRNa
resi stance eval uation test was perfornmed for the 20 |ubricant used in
Exanpl e 1ebﬁhﬁﬂ]mbawqandumage&mm@ﬂ wAtshietd podionnvasamada 208) and
maintained in a nitro as (N2) atnosphere at a constant tenperature
of 200C f 5eNsbasedpeim §y aflper hyCasinoing LAy steariegta eprtbtyqusly

anal ysi s. | ubri can cording.to this

i nvention %aﬁg@dﬁﬂﬂﬂ%@é’&?ﬁf\l‘\gﬁﬁggﬁﬁ‘btﬁ?ghhug?ﬁﬁﬁrﬁwgrqil&a BRIIEH or | ess
el B P D L AR
[0055]
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 about 10 years is generaily required for
15  the number of LUL times to exceed 400,000 times. Since a magnetic disk is
currently judged to be preferable if it endures 600,000 times or more, it can be
said that the magnetic disk of Example 1 has very high reliability.
The surface of the magnetic disk after the LUL durability test was
observed in detail using an optical microscope and an electron microscope and
20 was found to be e}(cellent, i.e. no abnormality such as damage or dirt was
observed. Further, the surface of the magnetic head after the LUL durability
test was observed in detail using an optical microscope and an electron
microscbpe and was found to be excellent, i.e. no abnormality such as damage
or dirt was observed and, further, no lubricant adhesion to the magnetic head or
25 no corrosion failure was observed.
- [0056]
_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



[0054] 23 (2) Then, a LUL (Load Unload) durability test was perforned
for 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 magnetic di sk of the Exanple 5 were nounted
therein. A slider of the magnetic head was a NPAB (negative pressure)
slider and was nounted with a magnet ofbsistive effect el ement (GWR

el enent) as a reproducing elenment. A shield portion was nade of a

FeNi - based permall oy alloy. By causing the LUL-system HDD to

cont i nuougixgmpie pegtartididad fellurepecatredaad titdgood rdeeits eferd bhidinetes endur ed
by the magnetic 10 disk up to the occurrence of failure was neasured.
[0055] As a resl067] t he magnetic disk of Exanple 1 endured the LUL
operations of 900,000 tipnes with no failure at an ultra-low flying

hei ght of 5nm {GPraParABYe&KaMeIS) usi ng environnent, use for about 10

years is generagl rgqbui red for 15 th(te nunber,. of LUIrl ti mes &ﬁ) exceed
400, 000 ti nes. Fryi‘éH IeaRk e Was @PdR Of @ Conyer il DeTyampetEy§se

f bl @ LE 41 b i i Ld that th
pr €11 801 Sabla | brEARUESRIRZ.080 (HhEiafe) ERGlackirel® Maghihar (he
magnetic %é,khﬁlﬁﬁgebeérh& iddiod ¥ ﬁrl%'lédu}iéf v&&%ﬁt RSon2bithy B cacdet ai

usi ng an optical m croscope and an el ectron m croscope and 20 was found

to be exceldiRsd to have Macofawooraml d fivlsbutdl vasigittaiggesion oflil 108. Wahen,
observed. Further, the surface of the magnetic head after the LUL

dur abi | i t y soldimh inadidbiher lvbdcam wahstdspersexd agd dissopeddab m cr oscope and
an €lectron microscope and was found to be excellent, i.e. no
abnor mal i flyodna-hases spiveeVerdiel YF tradrsames srapstrcingd by Puffent:Mitii
obser 8. FLSBBRIMRR (e Batiing Frds hevaine e aIdbs mameti gk © "
durabi lit ¥or¥'nee%!twi¥\@|sayers up to a protective layer was immersed therein and coated
therewith by the dipping method, thereby forming a lubricating 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
15 magnetic disk was manufactured in the same manner as in Example 1 except
the above-mentioned point and was used as a Comparative Example.
[0058] |
Then, an alumina resistance evaluation test was performed for the
lubricant of Comparative Example in the same manner as in Example 1 and, as
20 a result, the damping factor was as large as 80%. That is, with respect to the
conventional lubricant described above, decomlposition due to alumina tends to
occur and thus the possibility of a reduction in molecular weight is high.
Further, a LUL durability test was performed in the same manner as in
the Example and, as a result, the magnetic disk of this Comparative Example
25  failed at 400,000 times with an ultra-low flying height of 5nm. - The surface of
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



performed in atnospheres of -20C to 50C. Wth the magnetic disk of this
24 Exanple, no particular failure occurred and the good results were
obtai ned. [0057] (Conparative Exanple) As a |ubricant, use was made of
a conventional perfluoropolyether 5 based |ubricant, Fonblin Z-DOL
(trade nane) manufactured by Sol vay | exis, Inc., having been

subj ected to nol ecul ar weight fracti©nhation by the GPC nethod to have
Mv of 2000 and a nol ecul ar wei ght dispersion of 1.08. Then, a solution
in which this lubricant was dispersed and dissolved in a fluorine-based
sol vent , Lbrdurabilitytegitvvasdebasssras) inrietaif uring ae ophgal Diipmscons asdian10

Fl uorochem cals Co., Ltd., was used as a coating solution and a nagnetic
di sk f oPIRSHORIMIRIOSEORE ANy RS Bresur '&EE%WT\?@ ?ﬁ‘?gﬂo W MARRelsBRad her ei n
and coat ed theremﬁ%ﬂvbm!the dieging nmet hod, thereby formng a

| ubri cat PAY SPEPEPT TRMrRiNere OPRVedncent rati on of the coating sol ution
was properly adjusted so that the |lubricating |layer was forned to a

t hickness in the range of 10 to 12A. A 15 magnetic di sk was manuf act ured
in the s@mer NREMtoADS it BigdRye 1 except the above-nentioned point and
was used as a %gﬁgarative Exanpl e. [0058] Then, an alum na resistance
eval uation tesfposep performed for the [lubricant of Conparative Exanple
in the sane manner as in Exanple 1 and, as 20 a result, the danping
factor was as Figr §jés as e80¥%plafhatossseciivnal viemsplex magoetihidiskconvent i onal

| ubri cant descri bed above, deconposition due to alumna tends to occur
and t hus acersdisgdeiope| Beynpie obthiseyetliash in nol ecul ar wei ght is high.
Further, a LUL durability test was performed in the same nanner as in
the Exanple and, as a result, the magnetic disk of this Conparative

Exanpj e .al e ,000 times with an ultra-low flying height of
5nnrﬂ#hetég?%§k@(gﬁg®ﬁgﬁgagnetic disk after the LUL durability test was
observed in dqb@bb]using an optical mcroscope and an el ectron

m croscope and, as a result, danage or the

1 substrate

adhesive layer
soft magnetic layer
15 first underlayer
second underlayer
magnetic layer

carbon-based protective layer

o ~N o O & W N

lubricating layer

20 10 magnetic disk



i ke was slightly observed. Further, the surface of a magnetic head
after the 25 LUL durability test was observed in detail using an
optical m croscope and an electron mcroscope and, as a result,

| ubri cant adhesion to the magnetic head and corrosion failure were
observed. 5 Brief Description of the%é?amﬁngs [0059] Fig. 1is an
exenpl ary cross-sectional view of a gnetic disk according to one
Exanpl e of this invention. 10 Description of Synbols [0060] 1
substrate 2 adhesive |ayer 3 soft nagnetic layer 15 4 first underl ayer
5 second underlayer 6 magnetic | a§bAIMScarbon-based protective |ayer 8
| ubricating |ayer 20 10 nagnetic disk 26 CLAIMS 1. A nmagnetic disk
having at |east a magnetic |layer, a protective layer, and a lubricating
| ayer provided,in,this order oover substrate, .5 wherein said

| ubr 1 catno. | ajer Atngt Rk e A RE R Mg e Ut PRsPSEYS ¥R mai n
chain in reof. Vi | group at an end of
a nol eculagd%@pg%#{n%éé%i pﬁg\ﬂﬂgﬁﬁc{ﬁgﬁ %@grag\ze({?%?dr%t[ﬂtage’cl aim1l, wherein

Z?i gnsgggog;‘da%ﬁngfeé%g?igﬂ%ﬁt%ﬁéﬁﬁg cBRtafsdTBéhBoPHAViAGE @ pol ar group
perflucropolyether main chain in a structure thereof and having an aromatic
group at an end of a molecule thereof.

‘ 2. A magnetic disk according to claim 1, wherein*said compound is a
compound having an aromatic group and a polar group at an end of 2 molecule
10  thereof.

3. A magnetic disk according to claim 2, whereih said polar group is a
hydroxyl 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

15  lubricating layer is in a range of 1000 to 10000.

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

20  magnetic disk is adapted o be mounted in a magnetic disk device of a load
unfoad system. |

7. Amethod of manufacturing a magnétic disk having at least a
magnetic layer, a protective layer, and a lubricating layer provided in this order
over a substra‘fe, |

25 wherein said lubricating layer is formed by forming on said protective
fayer a film of a lubricant containing a compouhd obtained by reacting 2
equivalents of a perfluoropolyether compound having a perfluoropolyether main

chain in a molecule thereof and having an aromatic group and a hydroxyl group



10 thereof. 3. A magnetic disk according to claim2, wherein said polar
group is a hydroxyl group. 4. A magnetic disk according to any one of
claims 1 to 3, wherein a nunber-average nol ecul ar wei ght of said
conmpound contained in said 15 lubricating layer is in a range of 1000 to
10000. 5. A magnetic disk according tggany one of clainms | to 4, wherein
said protective layer is a carbon-based protective |layer fornmed by a
plasma CVD nethod. 6. A magnetic disk according to any one of clains 1
to 5, wherein said 20 nmagnetic disk is adapted to be nounted in a
magnet i ¢ diisi el dicibeanolaculeadth ueduwerlesisitamaliphatincomphoad baving a

manuf acturing a magnetic disk having at |east a magnetic |ayer, a -
pr ot ect i veStiygjide, capablef reasiting G IRsyiorpRQJyeIHBHCOMPOWIG or der over a
substrate, 25 wherejn gsaid_|ubricating |ayer .is.fornmed. by formuagg on

said protective %l f‘y@?a?d?(?flrﬂﬁ”&fa Uf'rﬂ@?i etie Sk Grorgn t%ﬁ‘ﬁ%gnd

obtained b 21 ] : j : f I b ound
naving a RErPTO S GrinRY KRR Rk 18 R o PR B 40 TG N ng
an aromat i f i Aery roup 27 at an end of the nol ecule

W th 1ngJ?Egﬁgﬂﬁnggggﬁugﬁgﬁﬁgyégﬁconpound having a structure capable
of reacting with the perfl uoropol yether conpound. 8. A nethod of

manuf acturing a magnetic di sk according to claim 7, conprising exposing
said magnetic disk to an atnosphere at 50C to 150C 5 after formng said
| ubricating |ayer.
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