1 LUBRI CANT COVPOUND FOR A MAGNETI C DI SK, MAGNETI C DI SK, AND METHOD OF
MANUFACTURI NG THE SAME 5 This application is based upon and clains the
benefit of priority from Japanese Patent Application No. 2009-080430,
filed on March 27, 2009, and Japanese Patent Application No.
2010-067387, filed on March 24, 2010, the disclosures of which are

I ncorporated herein in their entirety by reference. 10 Technical Field
This invention relates to a nagnetic di sk adapted to be nmounted in a
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i ncrease in volunme of information processing in recent years.
Particularly, the areal recording density of HDDs using the magnetic
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achi eve the high recording density in a, 25 magnetic sk for use in a

HDD or t Aiscldskees of whigh ee ronporated Merdircia théie entirety by referaicet i ¢ crystal
grains formng a magnetic recording | ayer serving to record information
signals, and further, to reduce the thickness of the |ayer. However, in
t he case_of conventionally comercialized magnetic di sks of the in-plane
2 ni@nefleehniealdrielidng type (al so called the longitudinal nagnetic
recording type_or . the, horizontal magneti¢ recording type), as a result

of the reducti oRiSiiRvantiod refatesia,msragnedic disk-adapted tsbe Matindethinsa been t he
ocetrt en?neag%fetig dtnsrf(ecqen\filtl:e gtlxctﬁcééj gthia(r)c? disk drive (hereinafter abbreviated as a
HDD) and to a method of manufacturing the same and further relates to a
lubricant compound for a magnetic disk.
15
Background Art
Various information recording techniques have been developed
following the increase in volume of information processing in recent years.
Particularly, the areal recording density of HDDs using the magnetic recording
20 technique has been increasing at an annual rate of about 100%. Recently, the
information recording capacity exceeding 250GB 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
exceeding 400Gbits/inch®.  In order to achieve the high recording density in a
25 magnetic disk for use in a HDD or the like, it is necessary to reduce the size of
magnetic crystal grains forming a magnetic recording layer serving to record

information signals, and further, to reduce the thickness of the layer. However,

in the case of conventionally commercialized magnetic disks of the in-plane



phenonenon where the thermal stability of recorded signals is degraded
due to 5 superparamagneti sm and where the recorded signals are lost. This
has been an inmpeding factor for the i@crease in recording density of the
magnetic disks. In order to solve this inpeding factor, magnetic
recordi ng nmedi a of the perpendi cul ar magnetic recording type have been
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i n-plane nmagnetic recording type, the perpendicu magneti c recording
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suitable for increasing 15 the recording density. As such a perpendicul ar

magnet §c rseperpliramagnetisrmandtvisere the réctoded sigaalscarkliest. t Whid asbeen

per pendi cul ar magnetic recording disk conprising, over a substrate, a
sof t nmagnein impeditey fagterfontheésnerkase srofecordingdensity sfithe tnaagrestiardisic.

per pendi cul ar magnetic recording |ayer made of a hard magnetic

subst ance, as i $n gedartoiselyeithis impedingapios magneticreoordmpr@diapef the t he
meantinme, a conyentional magnetic disk is provided with a Prot ective
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hydroxyl  gredrdicular®l 16 WupRclar 8 sebkeatebeas rag with thelip pfary s for
magneti c di sks. For exanple, according to JP-A-62-66417 (Patent Docunent

1) or the rhadratictreesingtypel thelperpendicarae nrignetic escarding dypereah um or t he
| i ke coated with a perfluoroal kyl pol yether lubricant having a structure
of HOCH2Clsppfessahl tiierhzDflgCluatibz phenomenomiangd thysliscsujthble for increasing
15 the recording density. As such a perpendicular magnetic recording medium,
there is known a so-called two-layer perpendicular magnetic recording disk
comprising, over a substrate, a soft magnetic underlayer made of a soft
magnetic substance and a perpendicular magnetic recording layer made of a
hard magnetic substance, as is described in, for example, JP-A-2002-74648.
20 In the meantime, a conventional magnetic disk is provided with a
protective layer on a magnetic recording layer formed over a substrate and
further with a lubricating layer on the protective layer in order to ensure 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
25 long-term stability, chemical substance resistance, anti-friction property, and
heat resistance.

In order to satisfy such a requirement, perfluoropolyether-based

lubricants having hydroxy! groups in molecules have often been used as



5 groups at both ends of a nolecule. It is known that when hydroxyl
groups are present in nolecules of a lubricant, the lubricant has
excel |l ent adhesion to a protective |ager due to the interacti on between
the protective |ayer and the hydroxyl groups. 10 Sunmary of the

I nvention As descri bed above, the information recording density exceedi ng
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conventional HDD of the 15 CSS (contact start/stop) system In"the LUL

system a madinat dcthbdike coated with agieefiLdroalrpipblyetrigreshritant havirgeal | ed a
ranp | ocated outside a magnetic disk while the HDD is stopped, then in a

start-up eprcture af HQQH,CREANEFORECHE,0)sCFClds®id containinddytiraxyl t he ranp,
after the magnetic disk starts to rotate, so as to fly over the magnetic
di sk t8 pagroupsratketbremdspfagpoledulet i dris knowin ghatpviaén bydnoayligroups bee
magnetic head is retreated to the ranp outside the magnetic disk, then

t he rot at irsesesTt in Molegtesef @ lubrisant, thelubppant hasexselienfirdhesiosf totane
operations is cal|ed LUL operation. In the magnetic di sk npunted in the
" ot "t IREOBaiv (A en Rpe 1 thelnacial ey The prsuelayer e si i di ng
regi on (Cﬁ\? r)&eygi o% for the nmagnetic disk, which is required in the CSS
system t RYSrPYFPOUPS. nossible to increase a recording/ reproduci ng
region, and therefore, the LUL systemis preferable for increasing the
vol unme of information as conpared wwth the CSS system In order to

| mpr oyg tr@mmfaﬂ{%b RAvdritfenr di ng density under these 4 circunstances,

it Is necessary to reduce a spacing |loss as nuch as possible by reducing

the flying hei gials ddsctibed BBEVSthE infeARatidrre@brlfiig HenGif @ dine
I nformati on recordi ng density exceedi ng 400Ghits/inchZ, it is necessary

to set t@0GHits/acHidiagieenf refbitedrrpreeehtHDERI 1w ofduntoreffectprely Lge t he LUL
system as is 5 different fromthe CSS system since it is not necessary
t o provi déhalimitad disk arebapse has b@Ssmadet dfeaa HDD ofcthedfULt (leadfanlead) ¢ di sk,
s posssiygtle(ran,ta% ae )IEItDrDe g?alr?//stop mechanism, instead of a conventional HDD of the
15 - CSS (contact start/stop) system. In the LUL system, a magnetic head is

retreated to an inclined platform called a ramp located outside a magnetic disk

while the HDD is stdpped. then in a start-up operation, fhe magnetic head is

caused to slide from the ramp, after the magnetic disk starts to rotate, so as to

fly over the magnetic disk to perform recording/reproduction. In a stop
20 operation, the magnetic head is retreated to the ramp outside the magnetic disk,

then the rotation of the magnetic disk is stopped. This sequence of the

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

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

region) for the magnetic disk, which is required in the CSS system, thus it is
25 possible to increase a recording/reproducing region, and therefore, the LUL

system is preferable for increasing the volume of information as compared with

the CSS system,

In order to improve the information recording density under these



flatten the surface of the magnetic di sk. Consequently, in the case of
the nmagnetic disk nmounted in the HDD of the LUL system the flying
hei ght of the magnetic head can be furd her reduced as conpared with the
CSS system and 10 therefore there is al so an advantage that it is
possible to increase the SINratio of a recordi ng signal and thus to
contribute e of
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addition to the re [ he efore,

on 1 n magnetic head flying helght an
it has becgpfhe H®Dessary, nore than conventional, to further reduce the
thickness of a 5 lubricating |ayer present between t he magnetic head and
the recording | Berausk ofthe furthgneedwctidngk magnetib head fiyingsreiglatsd uehto

| ubricating | ayer at the outernost surface of the nmagnetic disk largely
af f ect s t Hthedacenti infrogudiontafdherhibstyistenli itkas become necessary that a
15 magnetic disk stably operate even in the case of an ultra-low flying height of
5nm or less. Especially, as described above, the magnetic disks have been
shifted from the in-plane magnetic recording type to the perpendicular magnetic
‘recording type in recent years, so that an increase in capacity of the magnetic
disks and a resultant reduction of a flying height have been strongly demanded.
20 Recently, magnetic disk devices have started to be 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
systems and, therefore, due to diversification of applications, the environmental
resistance required for magnetic disks has become very strict. Therefore, in
25 view of these circumstances, it is urgently necessary, more than conventional,
to further improve the durability of magnetic disks, the durability of lubricants
forming lubricating layers, and so on,

With the rapid improvement in information recording density of magnetic



Even if the thickness of the lubricating layer is reduced, the stability
and reliability are essential for the magnetic disk. 10 If polar groups
such as hydroxyl groups are present ingnolecules of the |lubricant, the
| ubri cant has excell ent adhesion to a carbon-based protective |ayer due
to the interaction between the protective |layer and the hydroxyl groups
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| ubricant to the head to occur. Accordingly, if the magnetic disk is
used wi t h Bves ithgribickaesteofdhelybricgting layeris eogcediihelsjabiifysadght  of , for
exanple, 5nmor less, fai|lures are caused to occur in the HDD. Further,
because ofeliafity aﬁﬁ%ﬁe’\“éljﬁ’ém%ﬂ‘aﬂﬁe%eﬁ tic head flying height 6
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15 Dboth ends of molecules.

However, a conventional highly polar lubricant having the polar groups
such as a plurality of the hydroxyl groups in the molecules tends to be subjected
to aggregation due to the interaction between the molecules or the interaction
due to attraction between the polar groups. The molecules of the lubricant

20 subjected to the aggregation as described above are bulky and, as a result, it is
difficult to obtain a lubricant layer of a uniform thickness unless the lubricant
layer is thickened. This causes a problem that the reduction in magnetic spacing
cannot be achieved. Further, presence of excessive polar groups to active
sites on the protective layer tends to cause attraction of contaminants and the

25 like and transfer or shift of the lubricant to the head to occur. Accordingly, if the
magnetic disk is used with the magnetic head flying at an ultra-low flying height
of, for example, 5nm or less, failures are caused to occur in the HDD.

Further, because of the further reduction in magnetic head flying height



tends to be deconposed by a Lewis acid such as alum na. Therefore, the 10

per fl uor opol yet her-based | ubricant used at the outernost surface of the

magneti c di sk may be deconposed at thegCF20 portion of its main chain by

al um na due to contact or the like with the magnetic head so that a

reduction in nolecular weight of the lubricant form ng the |ubricating
nventi onal hus here i s
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density in recent years and, further, due to diversification of
appl i cati prsmeted rﬁ@rthantcbnvermuwaQnrfmusakharests sbrecere abeqtiheqsbssibility

magneti ¢ di sks has becone very strict. Therefore, it is required, nore
t han 15 that data read/write is subjected to a failure due to adhesson to the magnetlc
head, of the lubricant decomposed to decrease in molecular weight.  Further,
in consideration 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 due to the constant contact is further concerned. [f the lubricant
20 forming the lubricating layer is decomposed into low molecules, the lubricant
loses a lubricant property. Then, it is considered that the lubricant which loses
the lubricant property is shifted and deposited on the magnetic head located in
the extremely close positional relationship to make the flying posture of the
magnetic head unstable, thus causing a fly stiction failure. Particularly, a
25 recently introduced magnetic head with a NPAB (negati\nl'e pressure air bearing)
slider is considered to promote the transfer deposition phenomenon because ft
tends to suck the lubricant due to a strong vacuum created at the bottomn

surface of the magnetic head. The transferred and deposited lubricant may



10 conventional, to further reduce the thickness of a lubricating |ayer
and, sinultaneously, to further inprove the properties such as the
durability of a Ilubricant, formng the7lubricating |layer, that |largely
affects the durability of a magnetic disk, particularly the LUL
durability and the alum na resistance (suppression of deconposition of
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reduction in magnetic spacing, that’is xce Ity,

parti cul ar magnatdrbbists effedticlemamdentsiid P& cbrsded,ance, and that has high
reliability even with the Iow flying height of a magnetic head 20

foll owi ng the rafsdeseiierbatsove) itlis psjuitieddo dedlizets/ magnese 83k exeefléntamd
with the very strict requirenment for environnmental resistance follow ng
t he di \&r slohigetatrn stability of ppbricatingteyerand Havirigisigh religbility eden ithegaet i ¢
di sk using such a lubricant conmpound and a method of manufacturing such
a magnet i crediuskion smagneticispacing and s loveflying tieight ofia andgrieticdwad t hat

| argely affects the 25 durability of a nmagnetic disk, the present

i nvent ors fedowingothednensase imeecosding density indreentyeans and, futhebduedbved by

the foll ow .ng i.fnv ntians,.and has, conpleted this inven{ion. )
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| ocated at a position except each en a nol ecul e thereo and a pol ar

group at epgHcastMfbrvling the IUBficatingdaydrCmas largelyiawacl) tha YuFdiility Wil cant
conpound according to constitution 1, wherern the
magnetic disk, particularly the LUL durability and the alumina resistance
(suppression of decomposition of the lubricant due to alumina).

15 This invention has been made in view of these conventional
circumstances and has an object to provide a lubricant compound for a
magnetic disk that can realize a further reduction in magnetic spacing, that is
excellent in durability, particularly in LUL durability and alumina resistance, and
that has high reliability even with the low flying height of a magnetic head

20 following the rapid increase in recording density in recent years and with the
very strict requirement for environmental resistance following the diversification
of applications, and further to provide a magnetic disk using such a lubricant
compound and a method of manufacturing such a magnetic disk,

As a result of intensive studies on a lubricant that largely affects the

25 durability of a magnetic disk, the present inventors have found that the
above-mentioned problems can be solved by the following inventions, and has
completed this invention.

Specifically, this invention has the following constitutions.



conmpound further contains a polar group |ocated at a position adjacent to
the aromatic group. (Constitution 3) The |ubricant conpound according to
constitution | or 2, wherein the 15 n@inber of polar groups in the

nol ecul e of the conpound is 7 or less. (Constitution 4) The |ubricant
conpound according to any one of constitutions 1 to 3, wherein the polar

group is a hydr 4 (Constitution 5) 20 The | ubricant conpound
according to angi(%ﬁnsg%@“ggnstitutions 1 to 4, wherein a nunber-average
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| ubricating1layer in this ofder over a substrat’e,

| ubri cat i ngricatity layenformed ik isis lorder svent stdeRaw)d according to any one
of constituions 1 to 5. (Constitution 7) 9 The magnetic disk according

to corfstit uti onwheraivitheclubricdre comyptoanticomprizesra ¢eampourat Whithtiesses!
protective | ayer formed by a plasma CVD nethod. (Constitution 8) The
magnet i ¢ pegkotapalyedhergmain ahairs in a atructurerthenens; an ararhatipgmupdbcated 5

| ayer includes nitrogen at a part contacted with the |ubricant |ayer.

( Const i t uét @ posifiorrigxCerigashi endpfamalacsiaitheseafoanta petar group@theath ut i ons
5 to 8 wherein the magnetic disk is adapted to be nmounted in a magnetic
di sk devi €® OB?heamPl%thunl oad systemas a start/stop nmechanism 10
(Constitution 1 A.{’ﬂ%th si of manufacturing a magnetic di sk having at

| east a magnet i ¢ronstitution

10 The lubricant compound according to constitution 1, wherein the
compound further contains a polar group located at a position adjacent to the
aromatic group.

(Constitution 3)
The lubricant compound according to constitution 1 or 2, wherein the

15  number of polar groups in the molecule of the compound is 7 or less.

(Constitution 4)

The lubricant compound according to any one of constitutions 1 to 3,
wherein the polar group is a hydroxyl group.

(Constitution 5)

20 The lubricant compound according to any one of constitutions 1 to 4,
wherein a number-average molecular weight of the compound contained in the
lubricating layer falls within a range of 1,000 to 10,000.

(Constitution 6)
A magnetic disk having at least a magnetic layer, a protective layer,

25 and a lubricating layer formed in this order over a substrate,

wherein the lubricating layer contains the lubricant compound according
to any one of constituions 1 to 5.

(Constitution 7)



| ayer, a protective |layer, and a lubricating layer fornmed in this order
over a substrate, wherein the lubricating layer is formed by form ng on
the protective 15 layer a filmof a lgibricant conposition containing the
| ubri cant conpound according to any one of constitutions 1 to 5.
(Constitution 11) The nethod according to constitution 10, conprising
carrying out traV|oI ' '
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| ubri cant, wherebuthesmagneticdiak jscadapied tthbe maunted ima magnetioldisk deviceror e
flattened., Ther when applied on the disk 5 surface, the |ubricant
mol ecul esoaﬁl@aﬂ?‘%{i deystia %gﬁtﬂr%ﬁ%fm I-omatic group to the

;Lgérﬁi'sgﬁ ! Eyﬁiqqe“ﬂt@en%fﬁe' | ulﬁffi'atn’{ ol ecul 65 on the pr ot ective.
i i.na. . E

posei bi'e to T orahSd Pt eRutatt o LlaeRehE ik Riting st oot mpbelEr ¢ ne

surface obyll'8 dORICREL JayRy Mecs I 9c£ﬁxbgPyggfdr&ah'.n%.k%¥&ér Lt a high

coverage rati o) even i ness I"ubr i cat’ ayer is
reduced. dyystiags. when applied on the disk surface, the Iubr| cant
mol ecul es are fi'xed to the protective |ayer at the position of each

wherein the lubricating layer is formed by forming on the protective
15 layer a film of a lubricant composition containing the lubricant compound
according to any one of constitutions 1 to 5.

(Constitution 11)

The method according to constitution 10, comprising carrying out
ultraviolet irradiation or carrying out both untraviolet irradiation and heat

20 treatment to the magnetic disk after forming the lubricating layer.

According to constitution 1, a lubricant compound is formed by a
compound which has a perfluoropolyether main chain in a structure thereof, an
aromatic group located at a position except each end of a molecule thereof, and
a polar group at each end of the molecule. If such a lubricant compound is

25 formed into a film on the protective layer of the magnetic disk, it is considered
that the aromatic groups of the lubricant molecules and the protective layer
approach each other due to -1 interaction therebetween and, by this

interaction, the lubricant adheres to the protective layer. That is, by introducing



aromatic group and stably exist on a recording nediumin a nore flattened
state. This suppresses the interaction between the nol ecul es of the

| ubricant or the 15 interaction due tygattracti on between the pol ar
groups of the lubricant. Therefore, the polar groups (e.g. hydroxyl
groups) present at the ends of the [lubricant nolecules are effectively

Ponded QB oA e BB SN SR o R St i ©
B e Y T e T R G
oroups | SRR aleCAMORERESR. el 0Bt o O the

and, as qubRcatimoleAREE ars MoRDTAIRA, t Therdfdfd, WhdrPshRlled biPthan] pg he LU

durability that can ensure sufficient long-termstability. 25 That is,
accor gi ngurfackhihe lubtieMt ndleculéare fited at thepositibA df eath afdrRatic ghidpcat i ng

| ayer in the formof a thin uniformcoating film having high adhesion to
a pr ot ecttdthe peotectivedayen whieh makiesitipossible todfgme theclubpieafingplagen be
realized. Further, a lubricant conpound of this invention is also

excel | entsuppredsediin bulkinessf ithe lubcicanimotesulestdnsthe protestivalayedandnagneti ¢
di sk having high reliability A even with the |l ow flying height (5nm or

| ess) of thusdyfesm thepbiadubridatingilayer: hEurtherpitds pessiiade form thecor di ng
density in recent years and w.th the very strict equi repent for
envi ronnﬂﬁ‘k@a%lneé?ﬁréﬁ%tec%q ¢auer fie sufags ef P%OGFPE Blications.

FurtADr QB b eSeabar i B fon bouerif {f?tiﬂﬁr%{%]_ﬂifctbﬁ?ﬁ?%ﬁ?eﬁégﬁﬁgﬁgfi ¢
o oups (aBicHRoTBIKERERGRl, S UL Sl SRAGH I ORI 10 che

ar omat i C G et rdleddlgs hbfilePiiine bRoteBhRCayBEatiRE podRioRditedghi ve |ayer,
it is possible to further enhance the above-nentioned function, by the

medi um § e S e o e Ba K nece of Tha b, cant o soul cati s
m ni m zed s duppressedthednteractinnemativeen dne mueauldd of therebricant or the
15 interaction due to attraction between the polar groups of the lubricant.
Therefore, the polar groups (e.g. hydroxyl groups) present at the ends of the
lubricant molecules are effectively bonded to active sites on the protective layer
and thus the adhesion of the lubricating layer can be improved.
Since the lubricant compound of this invention has the aromatic groups
20 in the molecules thereof and a Lewis acid such as alumina is preferentially |
attracted to the aromatic groups in the molecules, decomposition at main chain
portions of the perfluoropolyether-based lubricant due to alumina does not
easily occur and, as a result, there are obtained the alumina resistance and the
LUL durability that can ensure sufficient long-term stability.
25 That is, according to this invention, since it is possible to form a
lubricating layer in the form of a thin uniform coating film having high adhesion

to a protective layer, a further reduction in magnetic spacing can be realized.

Further, a lubricant compound of this invention is also excellent in alumina



Further, this also contributes to inproving the adhesion of the

| ubricating layer. 15 As nentioned in constitution 3, it is preferable
that the nunber of polar groups in thgqnolecule of the conpound is 7 or

| ess. This is because if the nunber o? pol ar groups in a single nolecule
Is too large (for exanple, if the polar groups within a single nolecule
exceed 7), sibjlity that the _i aGgtiopn between the

i s sholifae A Bl ekt e tipiib,
becomss. 186 Wit e jar g Petiht VEE ot issd 81 Simabnpt B sde falkiing Heuduce
"ubr | cant &Pﬁé iﬁ*{a%@@&é&ﬁ@@é@;&ﬂ@ Pterd ggﬁﬁ%q@)@?ﬁ{ﬁﬁ st o e
Ponpound reprEmEH feetidhiidR) fedliahss Rl dvedficBiod b 37 207 0, 1 °

wth tge cakbhye | ayer, particularly a carbon-based protective |ayer,
and t hus g%'ﬂ enﬁance t he adhesi on between the lubricating |ayer and the

protective |ayeag mehtioNed irf6brstitlition Z N8 toréferats)e thhat thé chmpBlRd er abl e t hat
a nunber - average nol ecul ar wei ght of the conpound contained in the

| ubri cat i fugthengentairal 4 polar group ata pertion adjacknbttheardfMalioGrolp.t By t he
above-nmentioned range, it is possible to provide recoverability based on
appr opr i athe odcsicresce pf saitahle trddéraction betweseni theg polangropps (e/9. ydioxyfiur t her
excel l ent heat resistance. As recited in constitution 6, a magnetic disk
havi ng a groupeELprcsapt atipepositions adificagt tobelajemiatia grounsip dum tubsieaot di ng
to this invention Cﬁﬁ'! realize ? further | duc11i ﬂn i n magneti c spacing,

i s exi@l | @eleculesRndhie prejectiva faves i igpogsible tq furthgueaangetheand al uni na

| st d h hi gh reliabjlit A ith the | 10, £1yi hei ght
of a magrdov-ienficaei Rting Bhie Arpmae Jesis, of AlPwBE e uhgtantios ty i n
" . _ . ; ; tal
Fesi ot ancae FBioissM b the B Gk AEYEETA: piRng BHRETEN Moned i n
titutp , g | 7 t ' I
Forned. byHaRErtmbREuBSRS Afnintifed BHPthe Rbfcdd MBS Hre mbrd'Ritentd, | 2!
Further, this also contributes to improving the adhesion of the lubricating layer.

15 As mentioned in constitution 3, it is preferable that the number of polar
groups in the molecule of the compound is 7 or less. This is because if the
number of polar groups in a single molecule is too large (for example, if the
polar groups within a single molecule exceed 7), there is a possibility that the
interaction between the molecules of the lubricant or the interaction (interaction

20 in a molecule) due to attraction between the polar groups of the lubricant
becomes too large. In addition, excessive polar groups tend to induce
attraction of the contaminants and the like and transfer or shift of the fubricant to
the head to occur.

As recited in constitution 4, particularly a hydroxyl group is preferable as

25 the polar group of the compound. This is because the hydroxyl group has a
large interaction with the protective layer, particularly a carbon-based protective
layer, and thus can enhance the adhesion between the lubricating layer and the

protective layer.



15 CVD net hod, the carbon-based protective layer with a uniform and dense
surface can be formed, which is suitable for this invention. As recited
in constitution 8, it is preferable tI@?t the protective |ayer includes
nitrogen at a part contacted with the [ubricant |ayer because adhesion

of the protective layer to the lubricant |ayer can be inproved. 20 As

recited in consjitutiaon 9, tﬂe,ma n?tic g;@ of this invention is
ZUi t abl ef as a @Fﬁ’;";t'tieg "EIFQRS: HigenR gd Epreterarlethatn FW"QeFrafgﬁf@gﬁc di sk

i i LUL B . of, T
CSouces e O Sty AR 368 Rl W o e
LUL : . oo : , .
case o aaranqirel TAO R JORORE Mriih B ehie-bandbity fardiik BosiiBe, " '
even i 1 R ETCETEEEleabMy osBl TS roBABIRRSI d ekl BrERINE, ' W
recit ey i@-oggﬁz’té,{d.‘lgﬂl,qﬁbr‘l&qemgﬁt mexinedisangeésk of this invention capable

of realizing the reduction in magnetic spacing and havi ng hi gh

reliability evems fetitediih BohdtRutic6 ragiagnkeic BRRthaMing & widwRaeAY [dyar Obt ai ned
by a nethod of manufacturing a magnetic di sk having at |east & nmagnetic

| ayer, a ¢ombieirtg the lubricaeit compdund kobordirgt torthisl inyentioharamerdalize ahi s or der
over a substrate, wherein the lubricating layer is formed by form ng on
t he pr ot dtrtheerddugtion in magnetid spadingris excrlleht todgrability, partieolarlyiini ng t he

| ubricant conmpound according to this invention. As recited in

const i t utl-\dla dunability angd @alymigadesistancekang has highuicliailityeavesdvithothe low

' ' 0, .th Jc o di | ¢ d to ul i ol
Com i Bnd SEa AR TR I B A B A oo
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parti cul arly | m e gonepifodaiulien 7, hepiectiBiordt s @motblsed | s
hi gh religatdctivi 18 Torthddby BPlasma DD Rthed, 9hhccdirdig to the plasma

15 CVD method, the carbon-based protective layer with a uniform and dense
surface can be formed, which is suitable for this invention.

As recited in constitution 8, it is preferable that the protective layer
includes nitrogen at a part contacted with the lubricant layer because adhesion
of the protective layer to the lubricant layer can be improved.

20 As recited in constitution 9, the magnetic disk of this invention is
suitable as a magnetic disk adapted to be mounted in a magnetic disk device of,
particularly, the LUL system. Because of the further reduction in magnetic
head flying height due to the introduction of the LLUL system, the magnetic disk
is required to stably operate even in the case of an ultra-low flying height of, for

25 example, 5Snmorless. Therefore, the magnetic disk of this invention having
high reliability even with the low magnetic head flying height is suitable therefor.

As recited in constitution 10, the magnetic disk of this invention capable

of realizing the reduction in magnetic spacing and having high reliability even



magneti c head followng the rapid increase in recording density in recent
years and with the very strict requirenment for environnental resistance
following the diversification of appll‘iscations, and further to provide a
magneti ¢ di sk using such a lubricant conpound and a net hod of

manuf acturing such a magnetic disk. 20 Brief Description of the Draw ngs
Fig. 1 is a diagramshow ng the results of alum na resistance eval uation

of “a | ubrwihihe kvemagnatc headifiyibabaight iseblaingddiyea metodphy. 2 is a
di agram show the results of alum na resistance evaluation 25 of a
| ubri cant maeega_:%mfm 3 pragRetc Aiskdavingrat igpdiea magnetis layeng rogtective
on an 14 2% 300 AHB eaHRGUBYSr TiTen 1 i erdes RS subgats, WaGRU Ihe di ok
di e i nvent | : ' . ta b Cained i
e Aol § L orid B8 NEE Bl RIS A B A O "
oad | ; . S I Dt hie ar d
st St ccoidtion, Bfialify tneilicdnt BeipBYRH ascO @i tR Bl W Oh *hae
a_per f1 uor opol y&§ hlitel%h Bofdtiitiorl T, e MaHEd di%i@?ﬁé‘rﬂff?cetaﬁ?qje d°

group located at a position except eac a nol ecu reof, and a

pol ar gr ogfizonbti®@en 10N thedmabhetid@isi endycbe éﬁ%b&%d&é@l’fﬁé\ﬁiaegh@uﬁtibﬁ this
case, use nmay be made of, for exanple, a 10 phenyl group as a nost

pr ef er abl ar texbmtip Litravinkt irbdiatioaand dept trastenentaftee foraireg thef (ubricatipigt hy| ene
group, a biphenyl ene group, a phthalimdyl group, an aniline group, or
the |ike.layére H%/mﬂ:)mprgf/e% hesiagr eftbe \wbricaking [ayentp thenprotactive nay not
be restricted to unity but a plurality of (for exanple, two) aronatic
group® ndy¥ebe included within the single nolecule. The aromatic group

T e o QOB GRS AL SRS Trus: Lhe Lubrcant compound”
aromatic group,&Uthingto thi® Hktio P Pbossible to provide a lubricant
compound for a magnetic disk that can realize a further reduction in magnetic
spacing, that is excellent in durability, particularly in LUL durability and alumina
15 resistance, and that has high reliability even with the low flying height of a
magnetic head following the rapid increase in recording density in recent years
and with the very strict requirement for environmental resistance following the
diversification of applications, and further to provide a magnetic disk using such
a lubricant compound and a method of manufacturing such a magnetic disk.
20
Brief Description of the Drawings
Fig. 1 is a diagram showing the results of alumina resistance evaluation
of a lubricant according to a comparative example; and
Fig. 2 is a diagram showing the results of alumina resistance evaluation

25 of a lubricant according to this invention.

Mode for Carrying Out the Invention

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



| ocated at a position except each end (for exanple, at an approxi mate
center) of a chain nolecule having a perfluoropolyether main chain in a
structure thereof 20 and which has pojgr groups at both ends of the

nol ecule, In order to allow the function and effect of this invention to
be exhibited nore preferably, the conpound preferably has an additi onal

pol ar group, a SItI n adj acent to the aromatic group in the
nol ecul e. rEBP '@%ﬁ%‘ is particularly preferable that the corrpound

present I n the %&%'é?évwﬁtﬁgww@P% Pagigle %%e'h?ﬁ%@%m%n?eﬁfm

ey e SRR A SR B 7
mol ecul eshffing Bflehss hfa@ﬁbtn@! g/ePG‘a %t%dtﬂ&ﬁﬂ}téﬁa’ltr{el Iusﬁéﬁ@h IQYHeH n a

nol ecul e) due to attract’i on between the pol-ar groups ubri cant

and t@ SUBRHhEE M thid 6ﬁi‘etrloverQfsusgﬁétanwne@mmdbhmtldohﬂao%e transfer or
shift of the lubricant to the head. As the polar group in this case, it

needs to dotnprises Acompound Whith fasus perfludrdgtdyeiheimairetaivin & dtrbahre
I nteracti on between the lubricant and the protective |ayer when the

| ubri cantthereof camerbmaticograup ildcaterhat & popition extépteedchyad offomoledapl e,
use may be nmade of a hydroxyl group -C]—I), an amino group (-NH2), a
car boxy! thewes Fndzopmlar greupmaeanfoendgyebihp npoleoste, a car bonyl group
(-CO), asulfonic group (-SG3H), or the |Iike. Arong them the hydroxyl
group is 10 par§ ’(‘E‘GIQ{PW“EB@@‘@@H?@ 58 Hee B'@Yd?e @\aééfy’f foRE¥ampler@cause

Lgit e %Yeynvgéfoei!ﬁtﬁﬁhgﬁwé&b%fgwaei%%ﬁ@éfef Blatermiatyal, DS ossy b st he
iccéfagc’ﬂg& L GiinI8e b, Shihyicr® SrouBld ARfIRTYEF oA ﬁiﬁﬁ%ove,
15 it 'S% é’f%@‘i’i hafrhéhanme%ﬁ.tamn quthﬁmssk@é ul es

and the 'ectlve ayer approach eac ue to |nt era tion

L her ebet Rsbeadiriotditol iy uuvhqnaﬁamw (fdrfe&amﬂé ithay brcﬁ‘ﬁélﬂf §oupg the

protective layer. That is, I ntroduci ng the aromat I c groups | ocated at
t he posi tm@ylbem&lodedamhlnethd sm‘glé hdlecule. The aromatic group may have an

15 appropriate substituent.

Thus, the lubricant compound according to this invention may be
specified by a compound which has an aromatic group, such as a phenyl group,
located at a position except each end (for example, at an approximate center) of
a chain molecule having a perfluoropolyether main chain in a structure thereof

20 and which has polar groups at both ends of the molecule. In order to allow the
function and effect of this invention to be exhibited more preferably, the
compound preferably has an additional polar group at a position adjacent to the
aromatic group in the molecule. For example, it is particularly preferable that
the compound have respective polar groups on both sides of the aromatic group

25 present in the molecule.

In the lubricant compound according to this invention, the number of
polar groups in one molecule is preferably 7 or less in order to adequately

suppress the interaction between the molecules of the lubricant or the



| ubricant nolecules, it is possible to allow the lubricant to be stably
present on 20 the nediumin the state where the bul ki ness of the

| ubricant nolecules is mnimzed and the |ubricant nol ecul es are nore

flattened. Therefore, when applied on the disk surface, the |ubricant

nol ecul es are fixed at the positions of the aromatic groups to the

b esse TR teraRlon in 3 indkkiic)di, ofatkdiin Betweelithe BBl B P
| ayer and of HesS|ubPicARt 4Rd 8% 'réhs'étﬁébﬁ@i%%n‘tﬁ%ﬁ% é:éﬁéﬁf’ef kye dnd S

‘possible to formthe lubricating layer that can su f1cient cover the

surface otrankfes opshIfEsfthE QubrRapt tothBeeadbri cating layer with a high
coverage ratio) even if the thickness of the lubricating |ayer is

reduced. 16 Funshhe polargsup Irethisndaseqitineets ke bueasblahgroupltestdRresl t he
| ubricant or the interaction due to attraction between the polar groups

of theSl ulthe cegurrérce of suitabledrteradtioa bedveen theolupsacdnt.and thggrotegtiver oups)
present at the ends of the lubricant nolecules are effectively bonded to
active si {ayer whenrbefulericant is/fermeg érto asfilmren thewprotectivadiyesi ofonf t he

| ubricating | ayer can be i oved Since the |ubricant, conpound of this

i nvent i oneﬁﬁ@ %é‘sﬁr’ﬂ%i’ﬁ r%qéb hydraxylgroup (-, a8 armiap @seum fribh).Lewi s

e AR O Wk BTV R 6o, o

beeur ug;gs@gfsgaegogsg%wby fifdhsts Bmche i, 3% ARERIPER IR oS Al ¢ ne
LUL dyg lahfc)lllatr PrefAdIBRHE ﬁ%\g gjr&#?ntTNQ@ LS than th)_('l %5{@”10' es

of Iubrlc nt co accor I's |nven ron are @ ven but

this invegas %rlatg% iRfdratfich Wﬁlﬁ’tﬁé’ﬁfo@é&weﬁ@i@' :S‘artlt&laﬂﬁ atd%rl%h Bas&g that the

foll ow ng exenpltary conpounds No. . I ncl ude phenyl

groups 1lpratactiveda panaltnusgcmeﬁhavtw thetalmeemrbdtweyn ganpviosting. 4
i ncl udes a napht hyl ene group as the aromatic group. In addition, the

nunber s ofayehand mlyeipmtgttl\@laws in the exenplary conpounds No. 1 to No. 5
are equal to 4, 6, 4, 2, and 6, respectively. 17
Accordmg to the lubricant compound of this invention described above,
15 it is considered that the aromatic groups of the lubricant molecules and the
protective layer approach each other due to - interaction therebetween and,
by this interaction, the lubricant adheres to the protective layer. That is, by
introducing the aromatic groups located at the position except each end of the
lubricant molecules, it is possible to allow the lubricant to be stably present on
20 the medium in the state where the bulkiness of the lubricant molecules is
minimized and the lubricant molecules are more flattened. Therefore, when
applied on the disk surface, the lubricant molecules are fixed at the positions of
the aromatic groups to the protective layer so that it is possible to form the
lubricating layer suppressed in bulkiness of the lubricant molecules on the
25 protective layer and thus to form the thin lubricating layer. Further, itis
possible to form the lubricating layer that can sufficiently cover the surface of
the protective layer (the lubricating layer with a high coverage ratio) even if the

thickness of the lubricating layer is reduced.
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Further, since the interaction between the molecules of the lubricant or
the interaction due to attraction between the polar groups of the lubricant is
suppressed, the polar groups (e.g. hydroxyl groups) present at the ends of the
lubricant molecules are effectively bonded to active sites on the protective layer
and thus the adhesion of the lubricating layer can be improved.

Since the lubricant compound of this invention has the aromatic groups
in the molecules thereof and a Lewis acid such as alumina is preferentially
attracted to the aromatic groups in the molecules, decomposition at main chain
portions of the perfluoropolyether-based lubricant due to alumina does not
easily occur and, as a result, there are obtained the alumina resistance and the
LUL durability that can ensure sufficient long-term stability.

Examples of lubricant compounds according to this invention are given
below, but this invention is not limited thereto. Herein, it is to be noted that the
following exemplary compounds No.1 to No. 3 and No. 5 include phenyl groups
as the aromatic groups while the exemplary compound No. 4 includes a
naphthylene group as the aromatic group. In addition, the numbers of the
hydroxyl groups in the exemplary compounds No. 1 to No. 5 are equal to 4, 6, 4,

2, and 6, respectively.
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In the chemical formulas expreésing the Iubricant compounds of this
invention exemplified above, m and n each represent an integer of 1 or more,
The lubricant compound of this invention can be obtained by, for

5 example, the following synthetic method.



In the chem cal fornulas expressing the |ubricant conpounds of this

i nvention exenplified above, mand n each represent an integer of 1 or
more. The lubricant conpound of this dgvention can be obtained by, for 5
exanple, the follow ng synthetic nethod. 20 An exanple of a synthetic
schenme of the above-exenplified |ubricant conpound No. 1 is shown bel ow
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compound No. 1 is shown below.
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2U | OO X 2 21 As a nethod of manufacturing the |ubricant conpound
according to this invention, use is ppeferably nmade of a manufacturing
met hod in which, as shown in the above synthetic schene, a

per fl uoropol yet her conpound having a perfluoropolyether nmain chainin a

Compound. havi nghe AReBR4 of man ek eriGiny CampoHRG AEEPITE @b . ¢
rNﬁs‘”z_CLQﬁhz?é@%Efsgﬁ% aféEablyyadE A m@’x?t”%weiﬁ%d«“brbwﬁﬂéﬁ?”‘é?%ﬂe
naving 5 ST in A8 Aol fiferc SERkhb R ReRBRCRININ BEEHHEREI nEFRRA R, o
exanpl e, SdHubrpofetHi rmARRRLRGNPoltule thereof is reacted, under an
5 alkaline condition, with a compound having, for example, epoxy groups and an
aromatic group (e.g. resorcinol diglycidyl ether).
The above-exemplified lubricant compound No. 2 can also be obtained
by, according to the above synthetic scheme, reacting, undér an alkaline
condition, a perfluoropolyether compound having a perfluoropolyether main
10  chain in a molecule thereof with, for example, the following compound having

epoxy groups and an aromatic group.

The above-exemplified lubricant compound No. 3 can be obtained, like
15 the above-exemplified lubricant compound No. 1, by the use of a para-isomer
(for example, hydroquinone diglycidyl ether) used in synthesizing the
above-exemplified lubricant compound No. 1.
In addition, the above-exemplified lubricant compound No. 4 may be
obtained, like the above-exemplified lubricant compound No. 1, by using 2,7-bis
20 (bromomethyl) naphthalene instead of the resorcinol diglycidyl ether used in
synthesizing the above-exemplified lubricant compound No.1. Moreover, the
above-exemplified lubricant compound No.5 may be obtained in a manner

similar to the exemplary lubricant compound No. 1 except that



epoxy groups and an aromatic group. o\A The above-exenplified |ubricant
conpound No. 3 can be obtained, like 15 the above-exenplified |ubricant
conpound No. 1, by the use of a para-igoner (for exanple, hydroquinone
di gl ycidyl ether) used in synthesizing the above-exenplified |ubricant
conmpound No. 1. In addition, the above-exenplified |ubricant conpound No.
4 may be aobtained | ke the above-exemplified |ubricant conpound No. 1,
by usi ng 2@*5%@!30‘&64“65!38%999 ﬁ?‘aﬁﬁﬁﬂf‘?ﬁﬂwﬂﬁ eqyalgptsyrith e r esor ci nol

di gl yci dyl ; i hesi zi he above- lified |ubri
conpound 84S Hol BBRGVISEE "Ch ove Sxenpl {11 0d | ubr | cant conpound- No. 5
be obt ai ned i + S I | t d
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of the lubricant conpoun othis "idventron
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pref er abl yreferdbig i thegangé of 1 @00 to 6,E0MNO00Thid 1y edausbeeoverabify@aar abi ity
can be provided by appropriate viscosity, suitable |ubricating

per f or manhe pravided byeagiprépriate visgosity, Suitableubricating perforrharde casbét ance
can al so be provided. The |ubricant conpound according to this invention
can be obwexhbéadaand, forthen exrslienhheatgapistangewiantalso be grovidedscul ar wei ght
by the use of, for exanple, the above-nentjoned nmanufacturing method and
thus it is possithedubrcast semeeynd acerding todhisiinvaentioaaandie okitied afue to
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occurs.  when a magnetic disk is manufactured using such a lubricant, it is possible to
improve the heat resistance thereof. Because of the further reduction in
15 magnetic head flying height (5nm 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 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
20 contact with the surface of the magnetic disk, but slides with friction 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 than conventional. Therefore, it is concerned that the
poésibility becomes higher than conventional that a material of a lubricating
25 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 a failure due to
adhesion, to a magnetic head, of the lubricant thermally decomposed to

decrease in molecular weight and increase in fluidity. Further, in consideration



When the magnetic head is brought in contact with the surface of the
magnetic disk, it may happen that the nagnetic head does not inmediately
go out of 20 contact with the surface,qQf the nagnetic disk, but slides
with friction for a while. Further, because of recording/reproduction
performed by the high-speed rotation of a magnetic disk in recent years,
heat due tpﬁcontact or friction is- 3enerated nore than conventi onal

Ther ef or e©f datajrecergingiiapeeductian in the stateswherel a magpetiohead angieer t han
ti onal that, terial of a lubricating 25 | on th f f
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resi stance required for a cating 5 layer be further 1npr and

thus the Apdvd-mentionéd bynthelieiidd)the Aumbet-abérage IMolbBGiaf A&RIM{Mn)
obtaining the |ubricant conpound of this invention by the

above- nenisipyefedalsly sehtet the rapgdiofi1,000¢o MO0DE byappragtiaeholeclar wei ght
(M) is preferably set to the range of 1,000 to 10,000 by appropriate
mol ecul arweigbt fractidnationi otrathisoevertnthelmethedafmoletidamweightl of nol ecul ar

wei ght 10 fractionation is not particularly limted, but, for exanple,
use céh bicactiomation is mm%rmﬁm@m. butsfer exampleoHse gan bgamage ofieat i on

chr omat ogr aphy  (GPC t hod, | ecul ar wei ght fractionation by a
supercri t@@&cu*qngQiQM?%@ﬂ?anr\é?% perrgeatignechromatograply (GBEht i on al so
provi des a _pagpeti,c_di sk _haying.at .| east_ a magngti¢ .15 |ayer,

b ot ect 1 vaeligh foigefiatieigh didHagon dyia SoERRAA fuidParaighimned. .
substrate rt“’@%!(g.i n the lubricating |ayer contains the |ubricant conpound

of this ?nven ron. When formng the lubricating |ayer by the use of the

lubricant conpot)d invention also provides a magnetic disk having at least a magnetic
15 layer, a protective layer, and a lubricating layer formed in this order over a
substrate, wherein the lubricating layer contains the lubricant compound of this
invention,
When forming the lubricating layer by the use of the lubricant compound
of this invention, it can be formed by using a solution in which the
20 above-mentioned lubricant compound is dispersed and dissolved in a
fluorine-based solvent or the like and coating the solution by, for example, a
dipping method.
The lubricating layer forming method is, of course, not limited to the
above-mentioned dipping method and use may alternatively be made of a film
25 forming method such as a spin coating method, a spray method, or a paper
coating method.
In this invention, in order to further improve the adhesion of the lubricant,

in the form of the lubricating layer, to the protective layer, the magnetic disk may



of this invention, it can be forned by using a solution in which the 20
above- nentioned | ubricant conpound is dispersed and dissolved in a

fl uorine-based solvent or the |like angqcoating the solution by, for
exanple, a dipping nmethod. The |ubricating |layer form ng nethod is, of
course, not limted to the above-nentioned di ppi ng nethod and use may
alternatiyel nmet hod such as a spin coating
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i ncluded in the lubricant nolecules and their neighbor reover,

it is al sangthef@onatatie groupsincludedtin the labtitanthakledges andaheent and the WV
treatment as post-treatnents. 10 The thickness of a conventi onal

| ubri cat imejghkorapods. ndorenivey; itibalso dreferable to @Arrylmut both thieitraling/ent i on,
the lubricating |layer can be thinner than conventional and can be a thin
filmw tHreatment RAS ke bV treaimeak asppst-treatmants.oA to 13A. If it is less
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insufficient.
15 As the protective layer in this invention, a carbon-based protective layer
can be preferably used. Particularly, an amorphous carbon protective layer is
preferable, With the protective layer being particularly the carbon-based
protective layer, the interaction between the polar groups (e.g. hydroxyl groups)
of the lubricant according to this invention and the protective layer is further
20 enhanced so that the function and effect of this invention are further exhibited,
which is thus preferable.
In this invention, the carbon-based protective layer is preferably a
composition gradient layer containing, for example, nitrogen on its lubricating
layer side and hydrogen on its magnetic layer side. As a method of making the
25 protective layer contain nitrogen in a part adjacent to the lubricating layer, use
may be made of either a method of implanting nitrogen ions by treating a
surface of the protective layer with nitrogen plasma after the protective layer is

deposited or a method of depositing a nitriogenated carbon layer. Since such



20 enhanced so that the function and effect of this invention are further
exhibited, which is thus preferable. In this invention, the carbon-based
protective |ayer is preferably a conpgsition gradient |ayer containing,
for exanple, nitrogen on its lubricating |ayer side and hydrogen on its
magnetic | ayer side, Asa nethod of nmaking the 25 protective |ayer contain
| cating |l a use my be nmade of

_ | . mak ,
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possi bl e obtain a lubricant layer which is thinner in thickness and
which is excellent in coverage ratio. 5 Wen using the carbon-based

protegdive | ayepHeR Gshﬂégsthierﬁé%d-gﬂ?eci Prq{é;é’civeti%ér% EF??E’ imfe?aiioﬁ?‘i?ﬁ% e, by a

DC magnetron sputtering nethod, pr et erably an anorphous carbon

prot ect i vige fetttfid, Poéxafplariya DT mRdnbifod spittéiiPmeiadBlbRgy Bei ng

formed by the plasma CVD net'hod, the surface of the protective |ayer

becones upreferablyaardastenstous taesat protective [ayerparficiiady form@dtyad t he
| ubricating layer by this invention be forned on the protective |ayer

with a sprasimarC¥Drmethedr oBgingforméd byrthie plasmaeCelmetiicdothe surfddai s
invention, the thickness of the protective layer_is preferably set to
20A to 709 the proteciive |aysebespines oniforimand deneg. mafhssetose tihis meérwei ve

| ayer may., be lowered. |If it exceeds.70A it is not preferable in terns
of o Wocibel the PAatng layey by FisiAueRtion b farmerdRyhihe rrotackive dver with

I nvention, the substrate |s preferably, a ss .. substrate. The gl ass
substrateéfg'aﬁ?'g? Wo&gbgﬁ%ﬁmpﬁ%g%&ﬁﬁ%@&etgﬂ% thus is suitable for
an increase in rdi NG densi . t
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be lowered. If it exceeds 70A, it is not preferable in terms of a reduction in film
18 thickness.

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

20 chemically strengthened aluminosilicate glass substrate is preferable.

In this invention, the main surface of the substrate is preferably
ultra-smooth with Rmax of 3nm or less and Ra of 0.3nm or less. Rmax and Ra
herein referred to are based on the JIS B0601 standard.

The magnetic disk obtained by this invention has at least the magnetic

25 layer, the protective layer, and the lubricating layer over the substrate. In this
invention, the magnetic layer is not particularly limited and may be an in-plane

magnetic recording type magnetic layer or a perpendicular magnetic recording

type magnetic layer. However, the perpendicular magnetic recording type



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

ultra-snooth with Rmax of 3nmor less and Ra of 0.3nmor |ess. Rmax and
Ra herein referred to are based on th28JI S B0O601 standard. The nagnetic
di sk obtained by this invention has at |east the magnetic 25 |ayer, the
protective layer, and the lubricating | ayer over the substrate In this
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preferabl e perpendicul ar magnetic recording d magneti'c 5 di sk of

thi s i Bvendisioof thiminventor, anaindenrayéemay bel prodided betwsernasubstratetshpad a
magnetic | ayer if necessary, Further, an adhesive |layer, a soft nagnetic

| ayer, arrdagnetenayenyif becessavy, détiirther. \vareadhesiveulager, basofy magnketidiayer,
substrate. In this case, as the underlayer, use nmay be nade of, for

" exanpl e, ngso apaay be providghbetwegnithe uagerayes apdibe subsiyateay &n thim Cow
alloy layer, a G Walloy |ayer, CrVaIIo 10 layer, aor a CrTi_ alloy
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25 the 'sgfq rer, 7 M By 1 '%ﬁ?p”\ﬂ@ﬂ%%eafa BBy dniires CilaloyTa
nor ad0e ?‘ﬁv%é’s ? ?é@e%f&ﬁg%ir?#ﬂ T Bhb s e (e B RddBL for i ch
an adhesi & C?rsé?lfok lamgé‘RﬁAlfaug?Yéé}qra erﬂg’ﬁl lf’c%ﬂﬁéxe basegﬂ%F' c

| ayer (perpen recor

protect i veg tﬂé%'bft rﬁagnénd IH?ér' 9§é B@mae%fefor e&%gtte% CYZMTadalRyPstrate.

In this case, it is also pre fera to provid uxilrary rec0Ording
| ayer on ti&gsrper pendi cul ar magnetic recordi ng Iayer t hrough 20 an
exchange coupling control layer interposed therebetween. According to
this invention, As aperpendiculgronagristie recordingnlisk lsultable dbn aryinceszse in

15 recording density, it preferably hés a structure in which an adhesive layer, a soft
magnetic layer, an underlayer, a magnetic layer (perpendicular magnetic
recording layer), a carbon-based protective layer, and a lubricating layer are
provided over a substrate. In this case, it is also preferable to provide an
auxiliary recording layer on the perpendicular magnetic recording layer through

20 an exchange coupling control layer interposed therebetween.

According to this invention, since it is possible to form a lubricating layer
in the form of a thin uniform coating film having high adhesion to a protective
layer, a further reduction in magnetic spacing can be realized. Further, it is
possible to obtain a magnetic disk excellent in durability, particularly in LUL

25  durability and alumina resistance, and having high reliability even with the low
flying height (5nm or less) of a magnetic head following the rapid increase in
recording density in recent years and with the very strict requirement for

environmental resistance following the diversification of applications.



in the formof a thin uniformcoating film having high adhesion to a
protective layer, a further reduction in magnetic spaci ng can be
realized. Further, it is possible to2pbtain a magnetic disk excellent in
durability, particularly in LUL 25 durability and alum na resistance, and
having high reliability even with the low flying height (5nmor |ess) of
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adapt ed t gy diemiT0\Hcadsé affherre&ﬁge%gueii&kiﬂﬂxgﬁ&i@ﬁeadoﬂjeig%ﬁg@i' y, the LUL

system Because of the further ction in fagnetic I ng hei ght

f ol I owi nofdlbwirgthedatiedicion it thd BUL dystens tieemdghetioaakas iré?miemoi S
required to 5 stably operate even in the case of an ultra-low flying

hei ght§ of stablyropmratepdwven ifithe case bEars ultrBhlenellyingeheightoirfgredantple Sim of
this invention having high reliability even with the | ow nagnetic head
f1yi ng heonlessi sTherefard| thetrhagrgtiordisk ekthigpineentiorHaaing bighowliabilitys
invention will be described in further detail with 10 reference to
Exanpl es, eyarxwithithe ow magaghehead flyivg heightissyitable thesefosn adhesi ve | ayer,
a soft magnetic _ layer, a first underlayer, a second underl ayer, a
.magnetic | ayer ,[Eaae%%dn- based protective |ayer, and a lubricating |ayer

whi ch are for I n this order quer 15, su at g. nuf.acpure of

Llbr 1 cant) The etsibellBis Fvetbofin se et B g Beifat

manufgct u | t he above synthetic schene in the foll ow ng
mamne‘l(r’il).C ﬁzéheﬁgéﬁéggg?ﬁ%(l)énsgound was manufactured by reacting, under an 20

al kal i ne condit F_g(gn{r;g@ , a perfluoropol yet her conmpound having a
per fl uor opol yetcher | ??:hai n in a nolecule thereof and having hydroxyl

\EIJM_V ?lﬁlp?esgf‘ Cibﬁg :'Aﬁmbﬁ\eitia diskeofEapiple @ Hfesn hiesiad\agel W éditinagneidiene)
layer, a first underlayer, a second underlayer, a magnetic layer, a carbon-based
protective layer, and a lubricating layer which are formed in this order over a

15 substrate.
(Manufacture of Lubricant)
The above-exemplified lubricant compound No. 1 was manufactured
according to the above synthetic scheme in the following manner.
The lubricant compound was manufactured by reacting, under an
20 alkaline condition (NaOH), a perfluoropolyether compound having a
perfluoropolyether main chain in a molecule thereof and having hydroxyl groups
at both ends in the molecule (see the above synthetic scheme) with resorcinol
diglycidyl ether.
A lubricant comprising the compound thus obtained was properly
25 subjected to molecular weight fractionation by the supercritical fluid extraction
method.
(Manufacture of Magnetic Disk)

A 2.5-inch glass disk (outer diameter: 65mm, inner diameter; 20mm,



di gl ycidyl ether. A lubricant conprising the conpound thus obtai ned was
properly 25 subjected to nol ecul ar weight fractionation by the
supercritical fluid extraction nethod8 (Manufacture of Magnetic Disk) A
2.5-inch glass disk (outer dianeter: 65mm inner dianmeter: 20mm 28 disk
t hi ckness: 0.635m) made of a chemi cally strengthened alum nosilicate

gl ass was dueidkp@s3sS0.838Iey rRads bf ﬁkﬁemﬂﬁﬁxﬁ%ﬁgﬁ%héﬁ%ﬁ*rﬂ%p%@a@ sk

substrate was mrror-polished to Rmax of 2. nm- On this

di sk substgigdsewad plepdred @ adiblesubi@irdt@y eThe tndie shAacs ol disie Magnetic
| ayer, a first underlayer of Ru, a second underlayer of Ru, and a

magnet i ¢ Isapetratef wab Grifror-pelishetido Remlax of 2 NBArcanERaidf (20M¥. gas

at nosphere by the DC magnetron sputtering nethod. This nagnetic |ayer is
a per pendi cul ar Omthisdisk substrateda Aibaged adhegies layer, m/Be-baSabseffuent | y, a
di anond- | i ke carbon protective |ayer was formed to a 10 thickness of 50A
by t heSpl smagnetioiayest adiest undedayer of Ru,iacsadond undedayeref Rerangiai n t he

foll owi ng manner. There S prepared a solution in which the | ubricant
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fl I ne- based : : .
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Usi ng1phi ghigknedsl FEEShRtHeORbERE OPHHhétRRd, @ magnetic disk formed with 20
the layers up to the protective |ayer was 1 nmersed therein and coated

therewith by tiThefl] 2RibrizatiRg kyer wakdbahed frothei fobwiRg rhatidrcat i ng | ayer.
After formng the lubricating layer, the nagnetic di sk was heat-treated

in a vacuum f uThereewas pi&fFed ar sdition inuwltsh tighkibtibant(vrsmeabutdacby
ubri cat! rt]r(i:]e NMR method was 2800 and the molecular weight dispersion was 1.10)
comprising the compound (the above-exemplified lubricant compound No. 1) of
15 this invention manufactured as described above and subjected to the molecular
weight fractionation by the supercritical fluid extraction method was dispersed
and dissolved in a fluorine-based solvent, Vertrel XF (trade name)
manufactured by DuPont-Mitsui Fluorochemicals Co., Ltd., at a concentration of
0.2wt%. Using this solution as a coating solution, a magnetic disk formed with
20 the layers up to the protective layer was immersed therein and coated therewith
by the dipping method, thereby forming the lubricating layer.
After forming the lubricating layer, the magnetic disk was heat-treated in
a vacuum furnace at 130°C for 90 minutes. The thickness of the lubricating
layer was measured by a Fourier transform infrared spectrophotometer (FTIR)
25 anditwas 12A. The lubricating layer coverage was 80% or more and thus
was excellent, In this manner, the magnetic disk of Example 1 was obtained.

Then, the lubricant and the magnetic disk of Example 1 were evaluated

by the following test methods.



| ayer was neasured by a Fourier transforminfrared spectrophotoneter
(FTIR) 25 and it was 12A. The lubricating | ayer coverage was 80% or nore
and thus was excellent. In this manngg, the magnetic disk of Exanple 1
was obtained. Then, the lubricant and the magnetic di sk of Exanple I
were evaluated by the follow ng test nethods. 29 (1) First, an alumna

resi stance eval .op test was perfornmed for the |lubricant used in
Exampl o 1. The {IAGi18h a0 oIyl e rsaiSte e SV AU AHoA ek wes PATOTOR for e
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al um na was addgg. D@howbthié rédsdifs Merebf's Wi fedpaiestd theViBbricdrit @f #fen t hat
the lubricant used in Exanple | was excellent in heat resistance. (2)

Then, a Linkegficradéechindzximpleritiné weight ess ratis whenfaliming Wwas addéd
evaluating the LUL durability of the magnetic disk. A LUL-system HDD
(5400r pm {conve given by an) alternaterieng and shod dash hingireFig: 2hwad abiauh 38% | yi ng
hei ght of 5nm and the magnetic di sk of Exanple | were nounted therein. A
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excellent in heat resistance. »
(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 Snm and the magnetic disk of Example 1
were mounted therein. A slider of the magnetic head was a NPAB (negative
pressure air bearing) slider and was mounted with a magnetoresistive effect
20 element (GMR element) as a reproducing element. A shield portion was made
of a FeNi-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.
As a result, the magnetic disk of Example 1 endured the LUL operations
25  of 900,000 times with no failure at an ultra-low flying height of 5nm. In a
normal HDD using environment, use for about 10 years is generally required for
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



25 of 900,000 tines with no failure at an ultra-low flying height of 5nm
In a normal HDD using environnent, use for about 10 years is generally
required for the nunber of LUL tinmesapo exceed 400,000 times. Since a
magnetic disk is currently judged to be preferable if it endures 600, 000
times or nore, it can be 30 said that the magnetic di sk of Exanple 1 has
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Wth the tes¢wasiobservad infdetdikasing anbptical miardscope andfai élecgowccurred and
the good results were obtained. (Conparative Exanple) As a |lubricant,
use was nnﬁtuoecomemdmadomﬂ)twm hxeellent é@. halabnoemality $8ck asdamags | vy
avai l abl e, nanely, Fonblin Z-DOL (trade namais manuf actured by Sol vay

Sol exis, Ph@IN wa&obwgé@ndsmh@mr@duwafmaé asiap todhegmagnetie hpadari on by
the GPC nethod to 2 aye Mwv of Oq(; and a nol ecul ar wei ght di spersion of
1. 08, TheP‘é‘:ﬁHQs'ﬁP ﬁ reqvas %Qﬂ%"\’ n in which the above-nentioned
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| ayer. Herel n, e concentration of the coatTng solution was properly
adj usted so tha(tcdm,gaﬁeubé Eaampw)overage becanme 25 approxi mately the sane

as that of the magnetic disk in Exanple 1. The
As a lubricant, use was made of a perfluoropolyether-based lubricant
15 commercially available, namely, Fomblin Z-DOL (trade name) manufactured by
Solvay Solexis, Inc., having been subjected to molecular weight fractionation by
the GPC method to have Mw of 2,000 and a molecular weight dispersion of
1.08. There was prepared a solution in which the above-mentioned lubricant
was dispersed and dissolved in a fluorine-based solvent, Vertrel XF (trade
20 name) manufactured by DuPont-Mitsui Fluorochemicals Co., Ltd. Using this
solution as a coating solution, a magnetic disk formed with layers 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 lubricant coverage became
25 approximately the same as that of the magnetic disk in Example 1. The
thickness of the lubricating layer was 17A.
In Comparative Example, the magnetic disk was manufactured in the

same manner as in Example 1 except the above-mentioned point.



t hi ckness of the lubricating |layer was 17A. In Conparative Exanple, the
magneti c di sk was nmanufactured in the sanme manner as in Exanple 1 except
t he above-nentioned point. 31 Then, gie conmmercially avail able |ubricant
was added with 20% al um na (Al 20G3) and nmaintained in a nitrogen gas (N2)
at nosphere at a constant tenperature of 200C, |ower than that in Exanple
1, for 500 mn

: t hereby perform th I i ght | ysis. Fig.
shows. t he resul [ErbinS EoPalereREY aValRbks libriranteas addareits A00k almna ot
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conparative exanple, deconposition due To alum na tends occur®and

thus the groakiniha résistahc@ evaidution st for the CesvertiondbluBhEants hah. A LUL
durability test was perforned for the magnetic disk of Conparative

Exanpl e iweightlosamatiowhenalursinarwds<adaed(clirve/given beainl dliterhdte loAggnet i c
di sk of Conparative Exanple failed when the nunber of LUL tines 15
reached 4ara) sitwt dasheinev{Z-BClawith Al©3) iFigl §) was B8Mgat mefe andithdshe surface
of the magnetic disk after the LUL durability test was observed in
detai | usvayvely lawgs (theweight lasssetie whea nmalumiea wes added seasophouind, as a
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prot ect i \opiRitive Exahhle FetHel sdriée nfadier by W Examble$. t Adl reBult, the
magnetic disk of Comparative Example failed when the number of LUL times
15 reached 400,000 times with an ultra-low flying height of Snm. 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
LUL durability test was observed in detail using an optical microscope and an
20 electron microscope and, as a result, lubricant adhesion to the magnetic head
and corrosion failure were observed.
(Example 2)
In the same manner as in Example 1, an adhesive layer, a soft
magnetic layer, a first underlayer, a second underlayer, a magnetic layer, and a
25 carbon-based protective layer were formed and, further, a lubricating layer was
formed on the protective layer by the use of the same lubricant as that in
Example 1. Af{er forming the lubricating layer, a magnetic disk was subjected

to a heat treatment at 130°C for 90 minutes and further subjected to ultraviolet



Exanple 1. After formng the lubricating |ayer, a magnetic di sk was
subjected to a heat treatnent at 130C for 90 m nutes and further
subjected to ultraviolet 32 irradiatigpn. This ultraviolet irradiation
was carried out for an irradiation tine of 20 seconds or |less by the use
of an ultraviolet lanp with wavel ength 185nm: wavel ength 254nm = 2: 8 by
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Exanple 2 1I'n sane manner “as As a resu € magnetic
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failure at an u ow flying height of 5nm 1t can be said that the

magnetg c %bédtrdphotcﬁ?ﬂét@?'(ﬂlﬁama iMRaY 1BAgh ThelldisHiatihg Yayef BBvéragbagss of the
magnetic disk after the LUL durability test was obServed in detail using

an opti caB0¥% ermeroand thud veas exdetient. onn this heemhaEpshe mhgreticidislngf t o be
excellent, i.e. no abnormality such as 15 damage or dirt was observed.
Furt her, Ekample 2 was akftainedngnetic head after the LUL durability test
was observed in detail using an optical mcroscope and an el ectron
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ni croscope and When.flde duEAtHRY ts6é wasarriormed forhedpaanetis disofuch  as
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schene) w_Wh dubsbility test was observed in detail using an optical microscope and an
electron microscope and was found to be excellent, i.e. no abnormality such as
15 damage or dirt was observed. Further, the surface of a magnetic head after
the LUL durability test was observed in detail using an optical microscope and
an electron microscope and was found to be excellent, i.e. no abnomality such
as damage or dirt was observed and, further, no lubricant adhesion to the
magnetic head or no corrosion failure was observed.
20 (Example 3)
| (Manufacture of Lubricant)
The above-exemplified lubricant compound No. 2 was manufactured
according to the above synthetic scheme in the following manner.
The lubricant compound was manufactured by reacting, under an
25  alkaline condition (NaOH), a perfiucropolyether compound having a
perfluoropolyether main chain in a molecule thereof and having hydroxyl groups
at both ends in the molecule (see the above synthetic scheme) with the

above-mentioned compound having epoxy groups and an aromatic group.



above-nmenti oned conpound havi ng epoxy groups and an aromatic group. 33 A
| ubricant conprising the conpound thus obtained was properly subjected to
nol ecul ar wei ght fractionation by theggupercritical fluid extraction

met hod. An adhesive | ayer, a soft magnetic layer, a first underlayer, a
second 5 underlayer, a nmagnetic |ayer, and a carbon-based protective

| ayer were fornmed in the same manner as in Exanple 1. Then, a
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and dissolved in a fluorine-based solvent, Vertrel XF (trade name)
manufactured by DuPont-Mitsui Fluorochemicals Co,, Ltd., at a concentration of
15  0.2wt%. Using this solution as a coating solution, a magnetic disk formed with
the layers up to the protective layer was immersed therein and coated therewith
by the dipping method, thereby forming the lubricating layer.
After forming the lubricating layer, the magnetic disk was subjected to a
heat treatment and ultraviolet irradiation under the same conditions as in
20 Example 2. The thickness of the lubricating layer was measured by a Fourier
transform infrared spectrophotometer (FTIR) and it was 12A. The lubricating
layer coverage was 80% or more and thus was excellent. In this manner, the
magnetic disk of Example 3 was obtained.
Then, an alumina resistance evaluation test was performed for the
25 lubricant used in Example 3.
In the same manner as in Example 1, the lubricant was added with 20%
alumina (Al,O3) and maintained in a nitrogen gas (N») atmosphere at a constant

temperature of 250°C for 500 minutes, thereby performing a thermal weight



34 analysis. As a result, with respect to the lubricant of this

I nvention used in Exanple 3, the weight |oss ratio when al um na was
added was about 30%or less. Thus, igj,was seen that the [ubricant used
in Exanple 3 was excellent in alumna resistance, i,e. deconposition due
to alumna did not easily occur, 5 Further, the weight |loss ratio when no
al um na was added was about 10%or |ess and thus it was al so seen that

t he | ubri@nalysigsefis eiessihmithrespaetdo thg bdiricant of thisipeentiopsisedance. Then,
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Further, [pbeapdthRCiewal a@sd@é&iﬁﬁa@tﬂtﬂ%ﬁn@éﬁtﬂsedtnﬁ‘Exhh%slé’ﬂWé@ lity test

was observed In detail using an optical m croscope an an el ectron

m cr oscopskoaligntin heborotibtagedie excellent, i.e. no abnormality such as
damage or dirt was observed and, further, no |ubricant adhesion to the

magneti ¢ head ofhempaddil dunability test wae performbd éonthd maghetiodispoe 4)

(Manuf acture of Lubricant) The above-exenplified |ubricant conpound No. 5
was nanufExaropled mrthe&emmann@ras inrExanapletiov Asa neswin the mmhﬁm zing
schene in the followi ng manner. 25 The |ubricant conpound
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groups atE)Pa%&e%qﬁe?s b&ytﬂ?&\ Fg?ila%ﬁ't‘u. € T(I"%esehr%%e of the magnetic disk after the
LUL durability test was observed in detail using an optical microscope and an
electron microscope and was found to be excellent, i.e. no abnormality such as
15 damage or dirt was observed. Further, the surface of a magnetic head after
the LUL durability test was observed in detail using an optical microscope and
an electron microscope and was found {o be excellent, i.e. no abnormality such
as damage or dirt was observed and, further, no lubricant adhesion to the
magnetic head or no corrosion failure was observed.
20 (Example 4)
(Manufacture of Lubricant)
The above-exemplified lubricant compound No. 5 was manufactured in
accordance with the above-mentioned synthesizing scheme in the following
manner.
25 The lubricant compound was manufactured by making the resorcinol
diglycidyl ether react, under an alkaline condition (NaOH), with a
perfluoropalyether compound having a perfluoropolyether main chain in a

molecule thereof and having hydroxyl groups at both ends in the molecule (see



t he above synthetic schene). Such reaction was perfornmed by nmaking the
resorcinol diglycidyl ether with the perfluoropol yet her conpound of 3
equi val ents. A lubricant conprising gge conpound thus obtained was
properly 5 subjected to nol ecul ar werght fractionation by the
supercritical fluid extraction nethod. An adhesive |ayer, a soft
magnetic | ayer, a first underlayer, a second wunderlayer, a nagnetic

| ayer, ohe abavaraypthelsseheme): c2ueh teactigr wasqasformgd dyssakisggheé orned in a
manner simlar to EX le 1...10 Thep, a lubricating | ayer was forned in
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DuPont - Mhkfidg, Fl uorochem cals Co., Ltd., at a concentration of 0.2wt %
Using this solution as a coating solution, a magnetic disk forned with

the layers up Amadihesive Riyer td s6ft inagastiovayer, arfksstidriageeiansstafdcoat ed
with the 20 solution by the dipping nethod, thereby form ng the

| ubri catunderlagge . magnetic lapenrand atdaebontbased protgctiveylayer wére magneti c di sk
was subjected to a heat treatnent and ultraviolet irradiation under the
same coritccessivelydoimed menmanpepsintlas ta Exampless. of the |ubricating | ayer
was neasured by a Faourier, transforminfrared spectrophotoneter (FTIR),
As d0resul t, then giliicatioggyermasifornediinthe folowingimantefyer cover age was
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comprising the lubricant compound (the above-exemplified lubricant compound
No. 5) of this invention manufactured as described above and subjected to the
15 molecular weight fractionation by the supercritical fluid extraction method was
dispersed and dissolved in a fluorine-based solvent, Vertrel XF (trade name)
manufactured by DuPont-Mitsui Fluorochemicals Co., Ltd., at a concentration of
0.2wt%. Using this solution as a coating solution, a magnetic disk formed with
the layers up to the protective layer was immersed therein and coated with the
20 solution by the dipping method, thereby forming the lubricating layer.
After forming the lubricating layer, the magnetic disk was subjected to a
heat treatment and ultraviolet irradiation under the same conditions as in
Example 2. The thickness of the lubricating layer was measured by a Fourier
transform infrared spectrophotometer (FTIR), As a result, the thickness was
25 12A. The lubricating layer coverage was 80% or more and thus was excellent.
In this manner, the magnetic disk of Example 4 was obtained.
Then, an alumina resistance evaluation test was performed for the

lubricant used in Example 4.



al um na (A1203) and was nmaintained in a nitrogen gas (N2) atnosphere at a
constant tenperature of 250C for 500 m nutes, thereby performng a
thermal weight analysis, Asa result,sé/vith respect to the |ubricant
(No.5) of this 5 invention used in Exanple 4, the weight |loss ratio when
al um na was added was about 30%or |ess. Thus, it was seen that the

| ubricant (No.5) used in Exanple 4 was excellent in alumna resistance,

i . e. deconposi M &ie sRBeMBANNGr @&iimExample dt thedubrigant wasraddedrwite20%: he

wei ght | oss rati? when no al um s added was_ about 10% or |ess and
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m cr oscope and was to be excellent, 1.e. no abnornelity such as

danmage OExaniple Yafa®breiléatin dhrninitresistatfees e f ds@nostionpdlitetd ¢ head
after the LUL durability test was observed in detail using an opti cal

m cr oscoptumind di@ naheasilyadocan rArthesahpeveigiet lngsratiousskr no Brureinael | ent
I,e, no abnormality such as damage or dirt was observed and, further, no
| ubr i canwasddddsidonas aboulic1 0%y hests andrithaid itowas alsoseeodhatthe dibricant was
observed. 37 WHAT |S CLAIMED IS: 1. A lubricant conpound to be contained
i n alPubi{Ned)iusgdiimizxampie 4 waseepeellent iaihert resistanceat | east a magnetic
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at an ultra-low flying height of 5nm. It can be proved that the magnetic disk of
15 Example 4 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 was found to be excellent, i.e. no abnormality such as
damage or dirt was observed. Further, the surface of a magnetic head after
the LUL durability test was ohserved in detail using an optical microscope and
20 an electron microscope 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 no corrosion failure was observed.



10 2, The lubricant conpound according to claim1l, wherein said conpound
further contains a polar group |ocated at a position adjacent to the
aromatic group. 3. The lubricant co nd according to claim1l or 2,
wherein the nunber of polar groups in the nolecule of said conmpound is 7
or less. 15 4. The | ubricant conmpound according to any one of clains 1 to
3, wherein said polar group is a hydroxyl group. 5. The |ubricant
conpound according to any one of claims 1 to 4, wherein a nunber-average

I I | f ' d i ned i id |ubri ' |
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8. The nagnet| according to clal erein said protective |ayer

i ncl udes ni trogmBreh saidnabﬁceﬁ%bmaoﬁfldgo}wsega'dbmgd&wywhiewgga9- The

magneti c di sk according to any one o alns 5to erein said

magnet i ¢ paifiroolyathat @dirt ehan® ina ¢trugliré thertedBan Arordafic ﬁhd&bb%dof a
| oad/ unl oad system as a start/stop nechanism 10. A method of

manuf act at apositionwExcept eadh erid tica mudecule theresf, and apwiat droup ay @ach a
protective layer, and a lubricating |layer fornmed in this order 5 over a
subst r at endwitheemelecailel | ubricating layer is fornmed by formng on said
protective layer_a filmof a lubricant conposition containing the

| ubri@ant conpdundihediisrat ermpernthgceridingrto slaimis wherginssaid 1. The et hod
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aromatic group.
3. The lubricant compound according to claim 1 or 2, wherein the
number of polar groups in the molecule of said compound is 7 or less.
15 4. The lubricant compound according to any one of claims 1 to 3,
wherein said polar group is a hydroxy! group.
5. The lubricant compound according to any one of claims 1 to 4,
wherein a number-average molecular weight of said compound contained in
said lubricating layer falls within a range of 1,000 to 10,000,
20 6. A magnetic disk having at least a magnetic layer, a protective layer,
and a lubricating layer formed in this order over a substrate,
wherein said lubricating layer contains the lubricant compound
according to any one of claims 1 to 5.
7. The magnetic disk according to claim 6, wherein said protective
25 layer is a carbon-based protective layer formed by a plasma CVD method.
8. The magnetic disk according to claim 7, wherein said protective

layer includes nitrogen at a part contacted with the lubricant layer.

9. The magnetic disk according to any one of claims 5 to 8, wherein



treatnent to said magnetic disk after formng said lubricating | ayer.
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said magnetic disk is adapted to be mounted in a magnetic disk device of a
load/unioad system as a start/stop mechanism.

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

wherein said lubricating layer is formed by forming on said protective
layer a film of a lubricant composition containing the lubricant compound
according to any one of claims 1 to 5.

11.  The method according to claim 10, comprising carrying out
ultraviolet irradiation or carrying out both untraviolet irradiation and heat

treatment to said magnetic disk after forming said lubricating layer.



