* .. LUBRI CANT COVPOUND FOR A MAGNETI C DI SK, MAGNETI C DI SK, AND METHOD OF

MANUFACTURI NG THE SAME 5This application is based upon and cl ains 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 incorporated herein
intheir entirety by reference. 10Technical Field Thi s invention
relates to a nagnetic disk adapted to be nmounted in a magnetic di sk device
such as a hard disk drive (hereinafter abbreviated as a HDD) and to a
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10  Technical Field
This invention relates to a magnetic disk adapted to be mounted in a
magnetic disk device such as a hard 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 400Gbitsfinch?. 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 io 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



megnetic recording type (also called the |ongitudinal magnetic recording
type or the horizontal nagnetic recording type), as a result of the
reduction in size of magnetic crystal grains, there has been the
occurrence of a thermal fluctuation phenonenon where the thermal stability
of recorded signals is degraded due t 025 super par amagnet i sm and where the
recorded signals are lost. This has been an inpeding factor for the
increase in recording density of the magnetic disks. In order to
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direction perpendicular to the surface of a substrate. As conpared with

t he i n- pl phenomener wWhere the thetnal glebility pEresergrehsigoalsds d@sgaited due bror di ng
type can suppress the thermal fluctuation phenonenon and thus is suitable
for irfr ewerga@n@wtmaﬂdwwgeraéh@mpr %SQJ"@IHS arepleﬁberm%bﬁarbeﬁagneu c

recordi ng medi um th cal | .ed r edclar
et | 6 AR TOPHIRG TPk e RAge Mhieoraing sietei oL e MEORERSHRKE! ¢

ecor di ng | ayer MR Ogt'Vﬁgﬁ'g%twb%ﬂ@k%bf%%@ﬁE@?ﬁﬁ%&a@?‘ﬁﬁa %‘i@?%ﬁ o o
exanpl e, ﬁ%bénﬁ%@n%rﬁgéﬁet@%cﬂ dif w’?@ﬁév@ﬁeeﬁ{)&g{br 6etih Q0alntJRARET 1) di sk

IS provi RV r on a nmagnet| ecordil ng Iayer for med

over a s Ut'i%%téa%,%eof%ﬁé peHsé itREugt Hag%ehe' bé¢c9ramgr1?pé ayels diffeldn fBRPiRCt i Ve

layer in order to ensure the durability and refitability of the magnetic

di sk.1gPar¢dsaubfthk)in-pldre: hidg'rieﬁatréétgdl pe Upedaly rhhgnatiatibnesds 6k f ace i s
required to have various properties such as 25long-termstability,
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resi st ance. In order to satisfy such a requirenent,

per f | uor-apepgedicatariiasheel sufbes ohatssibhtigieng Aw@nmwnedgwnﬂmﬁp inplapeecul es
have often been used as 3 |lubricants for magnetic disks. For exanple,
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the hydr eompaEiRYPSver 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 hydroxyl groups in molecules have often been used as



10" Summary of the Invention As described above, the information
recordi ng density exceedi ng 400CGhits/inch2 has been required in recent
HDDs. In order to effectively use the limted disk area, use has been nade
of a HDD of the LUL (load/unload) system as a HDD start/stop mechani sm
i nstead of a conventional HDD of the 13 CSS (contact start/stop) system
In the LUL system a nmagnetic head is retreated to an inclined platform
called a ranp | ocated outside a magnetic disk while the HDD is stopped,
then in as8fcntdoraRsdmiticiskd. N drRa@aipls, fieadrting t6 IPsRG2taB4sizi de from
the ranp, after the ndgnetic disk starts to rotate, so as to fly over the
magneti c @pglent DdRaRTed M) b @i e Bharens adlidioam a hmagnetitopcctfimger at i on,
the magnetic head is retreated to the ranp outside the magnetic disk, then
t he rot at ingaedioi érithenikgnekiad dithla pefisomppetpolyBinsr kibgoamdsvotg a he
operations is called a LUL operation. In the magnetic disk nmounted in the
HDD of thstruulureyn&H@ﬁ;Hﬁ(r:Fi@(%uomeﬁs@hﬂfzeblz@?—bwrﬁalrmg:bydra&yl sliding
region (CSS region) for the magnetic disk, which is required in the CSS
systeng t goeups at koth snds Gifis molagulen c ribigdaown tbabwieAdIMIERHb BIRUPS A egi on,
and therefore, the LUL system.is preferable Ior, incrfe%?i Hﬁ t.he vol une of
i nf or mat i BFeseNt dbMPlR@ieHPE A ldbiicansdhe Julricant has sxerllent gdfiesiPa iR e he
information recordi ng density. under these 4 circunstances, (it is
necessarypr;eFTé‘tﬁJgé!egd'é‘ﬁé‘Em%‘rﬁ%?Q{‘%Bﬁ%ﬁ?na@e&’dggq%f’%?wr BHJ%‘? ng the
flying heinght -o{ t he magnetic head. In order to achieve the information
recor di ng g—:rr?%(y %roé')?éeedi ng 400Goi ts/inch2, ills necessary to set the
flying height of the magnetic head to 5nmor less. In the LUL system as
is 5 different fromthe CSS system since it is not necessary to provide
an U”@/e”sﬁhﬁﬁﬁ SHthEPSveatidhe surface of the magnetic disk, it is
possible to extrenely flatten -the surface of the nagnetic disk.
Consequent |y, i Astdi@cfBse adoveNgelBionehtion decitdimguadradtyiexceéddingiDD of the
LUL system the flying height of the magnetic head can be further reduced
as conpar 200@bitiridé HaSbexystegmiraddn t€caritétRbar elntdrdeeta sffedtivelyarse
advantage that it is possible to increase the S/INratio of a recording
si gnal anthe limied diskareai bse bas bean made eha &l of the LYiLdlpadipdead)y of the
- HDD. Because of the further reduction in magnetic head flyjng height due
to the regysiem, asrbil s@st/sopupechanisy bsigad ofa ﬁ‘é%"%ﬁ‘é’ﬁ%@*ﬁ@c@gstgﬁry t hat

15  CSS (contact start/stop) system. [nthe LUL system, a magnetic head is
‘retreated to an inclined platform called a ramp I.ocated outside a magnetic disk
while the HDD is stopped, 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 recordinglreprodugtion. In a stop

20 operation, the magnetic head is refreated to the ramp outside the magnetic disk,
thén the rotation of the magnetic disk is stopped. This sequence of the
6perations is called a LUL operation. In the magnetic disk mounted in the HDD
of thé LUL system, it is ndt necessary ta 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 recor;:ling/rebroducing region, and therefore, the LUL
system is preferablé 4for increasing the volume of information as compared with
the CSS system.

In order to improve the information recording density under these



15hagnetic disk stably operate even in the case of an ultra-low flying

hei ght of 5nmor |ess. Especially, as described above, the magnetic disks
have been shifted fromthe in-plane magnetic recording type to the ’
per pendi cul ar magnetic recording type in recent years, so that an increase
in capacity of the magnetic disks and & resultant reduction of a flying
hei ght have been strongly demanded. 20Recently, nagnetic disk devices have -
started to be often used not only as conventional storage devices of

per sonal g@g@ggﬁ@es,ers %c%%sﬁﬁ' 1BLrBHABE aPHcRSloE s MR &s ?paéibmaw ons

such as no ones and car. navi gation systens and, therefore, due to

diversifi 'dﬁﬁqm‘e heriHt 8Rfhe BENeY head Tem ader ksictians the equi red for
magneti c g?ds“Ls as @Eﬁ%m%ry stri gt.. Therefore, in 25 view of these

ci r cunst apgesnatidn leeoriog dehyity excssiing A00Gbis/ifthf, it smeessanalo, seto
further inprove the durability of magnetic disks, the durability of

| ubri cant e fiying gight f treatiaggetiapiead o dnt eoless.  Wihe Lillesysiping as is

i nprovenent in information recording density of magnetic 5 disks in

r ecent5 yedifferenttfrors the §§S eysten, Sincenibis NAREESSY AREMEIE @andBRVERY

bet ween a magnetic head and a recordi ng Ia_yqu of .a mag et ;(?igi sk in
addi ti on shape for 83wt thersuriaca®y et magnellg disk; itig pas ’BH’JO renieldr ef or e,
it has becone necessary,_ nore than co veEti onal , .to. further reduce the

t hi cknessﬂ@tierhth%tﬂﬁfw?fﬁ&elfﬁwetl&@égm HEEGRSN YLD tﬁﬁg?ﬁ'é?iO ead and t he
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mol e tThe Tubrrcant, ricant has excel |l ent adhesion to a

car bon- ba§3e§l SRR $iMRall MEthudYs cotridige ith hANaerEaed irbeosrding tcapacity
protective [ayer and tThe hydroxyl groups in the nol ecul es of the-lubricant
and, thergfpeaiDose has preferably been made of a perfl uoropol yet her

| ubri cant particularly having hydroxyl groups at 15 both ends of

mol ecul es. . Becalimef/ie fusheoraductioonaimagrgticyread| flying b@ishtdwue thavi ng
‘the pol ar groups such as a ,EI urality of the hydroxyl groups . in the

mol ecul esthesiegent tiodustion of thed Wb sigigneghbasheerpersceatanyibatact i on

bet ween the nol ecul.es or the interactjion due to tracti on between the
ol arifr omeanciindisionaplyaRprate vas iR casro 29 dirsjev e BoHES
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disks and a resultant reduction of a flying height have been strongly.demanQed.
20 Recently, rﬁagnetic disk devices have started to be .often' used not only
as conventioﬁal storage de\fices of personal computers, but also as étorage _
devices for mdbile 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 neéessary, more than -conventional,
to further improve the durability of magnetic disks, the durabi’lity of lubricants
forming lubricating layers, and so on.

With the rapid improvement in information recording density of maghetic



25'li ke and transfer or shift of the lubricant to the .head to occur.
Accordingly, if the nagnetic disk is used with the magnetic head flying at
an ultra-low flying height of, for exanple, 5nmor less, failures are
caused to occur in the HDD. Further, because of the further reduction in
magnetic head flying height 6 follow rfg the increase in recording density
in recent years, the possibility becones high that contact or friction

bet ween the magnetic head and the surface of the magnetic disk frequently

occurs. : i.C -he iiSa rdH @ i wour f ace of
t he mgnw%édﬁgﬁgaﬁ%§f 'E%ﬁ%&ﬁﬁ? g‘? t t(gzrgjéumagneté iq@a%gﬁtdb gc)e"lsn@lnot :
i medi at el t\?@eﬁ'é_tmgbn&lﬂ{'hé&ﬁ a}ﬁﬁta'}/fbgﬁir?érafyaﬁsf omidreticrigiein sdditisikio but

slides wt riction“for a while. r of a currently used nagnetic

head cont ah8sedidiBhia nifirdiR)hedd flying keighbabhdahetdfereCitaastsedonen of the
mai n chai n of. the above-nenti oned perfluoropol yet her-based | ubri cant tends

to be decongpesestybmoee thewi soaantionsl; o Asther medute. th@hbickhesseof a he 10

perfl uoropol yet her-based |ubricant used at the outernost surface of the
magnet 5¢ ditsricating layerdeeseipdsatdean théo1agretic peadiand tbe reeerdingi layenefi n by
alum na due to contact or the like with the magnetic head so that a
reduct i on themagnetialdisk. weh bbricant wsed asithe luhrieating: layagat the Quigmesdt i ng

| ayer .tends to be pronoted npore than conventional. Thys, therge is, concern
Lbout t ho S5686¢ BY Hid agoetin A KIRIGEY aleptai dUrRbiity, of el mHOTeI0Rk: | L o

d dhesi .th ic head  of the |ubri d
Gecr ease. itendl BePisknass RiNe bBreRa e bRgMRHIFE Slpedity AR °

di ng/ .oduct i ' t 7 ti c head and et i
i ok ar o rHARURT it cSPeRLng ARG8T TU00re. “ine i il ence. due 1o

the copstant Coﬂ‘t;?qqggr @8E§r§ulaﬁ£?sﬁmbg§$@%%nﬁsf are reb&ih tReEcdiEs bpta ng the

| ubricating | ayer npose ecul'es, the lubricant |oses a

| ubri cant | psRBAE ithe IEHANt hhs ickcEMt RSB cArben bdel protect ch | oses

the lubricant property is-shifted and deposited on the magnetic head

‘located i aylh@ueth tREBtiradtonchamebh ten ploteetivat Iapersimdtteohydtbgyt he f1ying
posture of the magnetic head unstable, thus causing a fly stiction

fai l ure. Besupscinltbe Inyoleeul2s ofdsefuliriganhanddbersdorzagnehias prefadabiy bhea NPAB
(negative pressure air bearing) slider is considered to pronote the
transfer deptesofta parfplosopoiyeiher hdrisastparticulany havingshidorH@rowps acant due
to a strong vacuumcreated at the bottom surface of the nagnetic head. The
t r anstr r bathegiodsebmsiacedes -ubri cant . may S

However, a conventional highly polar lubricant having the polar groups
‘ suéh as a plurality of the hydroxyl groups in the molebules tends to be subjected
fo aggregéti'on 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 descrnibed aboye 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 fo active
sites on the protective layer tends to cause attraction of contaminants and the
25 Iike.a.nd tfén=sfer or shift of the lubricant to the head to occur. -Acrcordingly, if the
| rﬁagnetic 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



*. 7'produce an acid such as hydrofluoric acid to thereby corrode an el enent
portion of the magnetic head. Particularly, a magnetic head nounted with a
magnet oresi stive effect elenent tends to be corroded. As descri bed
above, it is required to realize a magnetic disk-excellent in |long-term
stability of a lubricating |ayer and héiving high reliability even with the
-reduction in nmagnetic spacing and the low flying height of a nagnetic head
followi ng the increase in recording density in recent years and, further,

due 1o di yiblild fifd infReale ARBLAGH BISIGNA réGrtyeatd tne Bysdipmien! al

resi stance requf red magneti c eco very strict.” Therefore,

It is feqyée&ﬂ sm@tﬁagﬁan&%%@menen@emé@nmermé heli€HEse ahighé hi ckness of
I'ng layet and, I

a lubrica si mul't aneously, to further inprove the properties

such as t?@rfé)é& 8Pine thxgRétiedisk frelgeantly obeusi nyviidretHeubagnetic head @yer, that
| argely affects the durability of a magnetic disk, particularly the LUL

dur abi | i t grcamt imeomtapnivitia tiesisacnokthesnpgneticsiiok, ibhaydwppposhai e of the
| ubri cant due to al umina). This invention has been made in view of
t hese % onirmghetio dleadideesmeitamoesiately gonbutivheondactofith e suifasatafdhe seek to
provide a |ubricant conpound for a magnetic disk that can realize a
further redgoetiodiskybobglitss with frigtiondor andiile; s Assliger pEacurrenlyiugsd| ity

O ouko ot oot e G4 i 5 o
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st ng. suckngorabR aReTbind Lol acbRBles Rt Brde g B &
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the foll ow ts of the invention, and has conpleted this

i nvent i ong|uSmes dhikas!dortact bk $hé MeeWith ahe ndagridtie Heald savihagacedsttidruini ons.
8 (Constitution 1) A lubricant conpound to be contained in a lubricating

| ayer of mofamatweight skiheaubngarttfoireingtthe lubripading dayeayends ® e ot ect i ve
| ayer, and the lubricating layer fornmed in this order over a substrate,
“Bwher ei n proendted morznthas eopventionalnpil heesthere isngBesi aheuihapesgibility
perfl uoropol yether main chain in a structure thereof, an aromati¢ group
| ocatléd -aihahdpiasicriddnriieds spblasied tea daibire dusdradhesion & s MagRatia pol ar
group at each end of the nol ecule. g nstitution,2) 10The ltUSIEirﬂint
conpound heashdithry lubsicaphderPmppesd 10 dGREASEAN MRCCHALEEIRETt Jr V"

o " inthRidtratlbl BPaai RLBRiAYEprBatEhbR T MY RERWNER d Riaglefd™ ! ©

- head and a malgnetic disk are in contact with each other in near future, the

influence due to the constant contact is further concerned. If ‘the lubricant

20. forming the lubricating layer is decomposed into -lbwl molecules, the lubricant 7
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 po'sitionall refationship to make the flying posture of the
magnetic head unstable, thus Causing a fly stiction failure. Particularly, a

25 receht?y introduced magnetic head with a NPAB (negafi\}_é preésure air bearihgj
slider is considered to promote the transfer deposition phenomenon because it

tends to suck the lubricant due to a strong vacuum created at the bottom

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



(Constitution 3) The lubricant conpound according to constitution 1 or 2,
wherein the 15nunber of polar groups in the nolecule of the conmpound is 7
or less. (Constitution 4) The | ubricant compound according to any
one of constitutions 1 to 3, wherein the polar group is a hydroxyl group.
(Constitution 5) 20The |ubricant conpound according to any one of
constitutions 1 to 4, wherein a nunber-average nol ecul ar wei ght of the
conpound contained in the lubricating layer falls within a range of 1,000
to 10,000. (Constitution 6) A nmagnetic disk having at |east a magnetic

| ayer, a protective |layer, 25and a lubricating layer formed in this order
over a subsbdateean acid such asphysireflueric heid tiherabytaorgde ay slemashpetior ot the

| ubri cant conmpound according to any one of constit%ions 1.to 5.

(Const i t utmaenetiy hegd ThRamigWARY. iadMagnatic head FRLRgIMEhMagnstoresistivessfether ei n

the protective
' element tends to be corroded.

‘As described above, it is required to realize a magnetic disk excellent in
long-term stability of a Iubricating layer and having high reliability even with the
reduction in magnetic spacing and the low flying height of a magnetic head following
the increase in recording density in recen{ years and, further, due to diversification of
applications and so on, the environmental resistahce required for magnetic disks has
become very strict. Therefore, it is required, more than conventional, to further
reduce the thickness of a lubricating layer and, simultaneously, to further improve the
properties such as the durability of a lubricant, forming the lubricating layer, that largely
affects the durability of a magnetic disk, particularly the LUL durability and the alumina
resistance 'l(suppression of decomposition of the lubricant due to alumina).

This invention has been made in view of these conventional circumstances
and embodiments of the invention seek 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 following the rapid
increase in recording density in recent years and with the very strict requirement for
environmerﬁal resistance following thé diversificg’;ion of applications, and further to
provide a magnetic disk using such a Iﬁbricant compound and a method of
manufacturing such a magnetic disk.

As a result of intensive studies on a lubricant that largely affects the durability
of a magnefic disk, the present inventors have found that the above-mentioned
problems can be solved by the following embodiments of the invention, and has
completed this invention.

Specifically, this invention has the following constitutions.



| ayer is a carbon-based protective |ayer forned by a plasma CVD net hod.
(Constitution 8) . The magnetic di sk according to constitution 7,
wherein the protective 5l ayer includes nitrogen at a part contacted with
- the lubricant layer. (Constitution 9) The magnetic di sk according to any
one of constitutions 5 to 8 , wherein $he nagnetic disk is adapted to be.
nmounted in a magnetic di sk device of a | oad/unload systemas a start/stop
mechani sm 10(Constitution 10) A nethod of manufacturing a nagnetic disk
havi ng at | east i | ayer, a protective layer, and a lubricating
| ayer forned in(¢%ﬁ§ﬂgﬁ5e?)over a substrate, wherein the

| ubri cating | ayarybscdRicBRthduind 1808 CehtAiRetine aniiti@ting\aydrdtayer a fil m of
a lubricant conposition contalining the |ubricant conmpound according to any

one of CORSJrchbidiIShavihg 2P ledsCanaadgniatic Iayer]l &)protective layeReartetheod
according to constitution 10, conprising carrying out ultraviolet

i rradi at i Qiprigatiegidyer fiemaed irbibishordet best @ksebstrateadi ati on and heat 20
treatnent to the magnetic disk after formng the |ubricating |ayer. :
Accord ng to cowherdintheubiicaat tarbpoeach conpripes addnspdundwhichyhas & onpound
whi ch has a perfluoropolyether main chain in a structure thereof, an
aromati c pedluoropalpetbdr axain chaisiin acsrusiwedhewad nar apraatiaarayipdecated
t hereof, and a polar group at each end of the r}m%fgful e, If-such a _
| ubri cant atamestien axsepteaeh rad of ArBolgcie themsot apd RSl @reuR at §9eh of the
magnetic disk, it is considered that the aromatic groups of the | ubricant
- ol ecul e_seaﬂ@ffhfé"}ﬂ'%i%t ive layer approach each other due to Tr-ft
int era;:tl on the{éggét#\ﬁ?or}l ﬁ)nd, by this- :
10 W The lubricant compoUnd according to constitution 1, wherein the
| compound further contains a polar group located at a position adjacent to the
aromatic group'. |
| | (Constituﬁon 3)
| The lubricant compound acciording to constitution 1 or 2, wherein the
15  number of polar groups in the molecule of the compound is 7 or less.
(Conéﬁtu"tion 4)
The lubricant compound accordihg to any one of constitutions 1 to 3,
wherein the polar grdup is a hydroxyl 'group. :
(Constitution 5) |
20 The lubricant compound according to any one of constitutions 1 to 4,
wherein a number-average molecular weighf 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 fayer,

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

wherein the lubricating layer contains the lubricant compound according

to any one of constituions 1 to 5.

(Constitution 7)



L1

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

introducing 10 the aromatic groups at the position except each end of the

lubricant nolecules, it is possible to allow the lubricant to be stably

present on the mediumin the state where the bul ki ness of- the | ubricant
nol ecul es is mninmzed and the lubrica® nol ecules are nore flattened.
Theref ore, when applied on the disk surface, the lubricant nolecules are
fixed at the position of each aromatic group to the protective |ayer,

whi ch nmakes it ssi bl o,for | Cat i r Ln

bul ki ness of the eu@??ﬁ%tﬁﬁd'ﬁglag]gé@sd g};&é@{dgiragtééc ivrgﬁ%@%ﬁé%ﬁ: V% hus to
formthe thinLubci cahy i lell HySa PREMPLYD Mietttdn t he

| ubricati a%}%}éélér&{rﬁ%ﬁ bggeﬁé gﬁ@%f:t(l:\{:égr%?ﬁfogg\?er ytséhg surface of the -
protective | ayerq Lybgicating layer with a high coverage ratio) even
if the thicknes CgP%Hé Iu?)ri cating layer is reduced. Further, when
applied on the qir@krnégﬁétﬁ,c@isk leoldiHy iccesistitmioncl vitserainethiipretictioe t he'
protective |layer at the position of each aromatic group and stably exi st
on a rgcongligrindedés Atiogen aier wart tatthetpeldyitit tiecubfibarst laygrpr esses t he
interacti oéhy bet ween the nol ecul es of the lubricant or the interaction due
to attracti on béComstitutibre9pol ar groups of the | ubricant Therefore, the
pol ar groups (e.g. hydroxyl- groupr;) present at_the ends of the lubricant
mol ecul es are effheonagretic disk@scordingisr ameors peeorstitutipnssy B 8cti ve | ayer
and thus the adhesion of the lubricating |ayer can be irﬂ)r.ov q} .

Since t he, Whereipdhe nergsiiGrliskascaanten 1 be EhiThinE e 4l sk AF¥ARI on
has t he aromatl& g[ﬁ%éps n the _nqglgzsc%ul es thereof and a Lewis acid such as
al umi na i 87 Bread/uBIRBdAYSIEMES 28 PR e aSThat i ¢ groups in the

nol ecyl es, deconposition mai n chain portions of the

per f | tior opol yet p@gggtg@ ﬁlmori cant due to alum na does not easily occur

and, as a resul hmg{h%rdeofarhgn@[?%ﬁﬁp‘g% ﬁfb‘g;n%'tibi msrp(%d'\g,ﬁq lgf ?35193 ﬁ-mbr{elﬁ@ LUL

durability that can-ensure su ng-term st That

1, accor dhag 4 fret | 13PEE 3nafa (Bisatinty Riyet Ritmes iRGRisi drdéSowssi bl e to
i cat [ ng

forma lu ayer“in the formof a’thin uniformcoating film having
hi gh adhegjp&ri@, a protective layer, a further reduction in magnetic

spaci ng can be realized. Further, a l|ubricant- conpound according to

embodi ments of hieseinthe ibrivating layesds foroed Informingibo e protedtivieesi st ance
and thus there is obtained a magnetic di sk having high reliability even
with the layer &l filimaof a]ku'bg'bani(@bmpmi-tianeg@;ltawn&thﬁg#bé@aet PEBEOYH | owi ng t he
rapid increase in recording density in recent years and with the very
strict regocordinghto ary oeaef CORSHHEENS § é2Pst ance fol | owi ng the

~diversification, of a-[)pl,i c;it,bi)ons. "As nmentioned in constitution 2,

it is preferabl REUEM: npound further contains a polar group at a

"t oract | on bet NBEMERBAACATE 9 60 et o 1O BBHERETERYP 08 T S, (e

‘posi tions ﬁﬁygoqgﬂ}rard%tfo{ﬂeoragaquﬁé EF%%nﬁ]ﬂdﬁ&gﬁrﬂaagﬂOﬁ%ﬁ&pl ecul es and

t he proteH ayer, - s p urt her enhance

abovezfenfr%gﬂﬁgntfsfpgﬁ{e?ﬁ’%qnéﬁé diSie aREPFRHikg tHeOUBAcattg RkOW Ng the

| ubri‘cant ‘esent on the nediumin the state where the
bul ki ness of thackyfiing @EomRitawsd €sa isbrivant somedundds fommetuly a cant

nol ecul es are nore flattened. Further, this also contributes to inproving
t he adhesi@mpelint vehitibas capérigotappdyether main chain in a structure thereof, an
' la'romatic group located ata b'osition excébt 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 prcﬁiective layer of the magnetic disk, it is considered
that the aromatic groups of the |ubricant molecules and the protective léyelr

approach each other due to - interaction therebetween and, by this '

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



15As nentioned in constitution 3, it is preferable that the nunber of
pol ar groups in the nolecule of the conmpound is 7 or less. This is because
if the nunber of polar groups in a single nolecule is too large (for
exanple, if the polar groups within a single nolecule exceed 7), there is
a possibility that the interaction between the nolecul es of the |ubricant
or the interaction (interaction 20in a | ecul e) due to attraction between
t he pol ar groups of the lubricant beconmes too large. In addition,
excessi ve polar groups tend to induce attraction of the contam nants and
the like and transfer or shift of the lubricant to the head to occur. As
recited i rtheanstiticgroups at theppositionudxaeptyeagh lepd pbtop|lukjicanpmpiscypefidfabl e as
25 the polar group of the conpound. This is because the hydroxyl group has
a large i rossiblettp @alowihenlubticanyfobestably @respben *hﬁa{P%q"wm"&F’?le;ﬁt%fee'ﬂlﬁg%ﬁ'-ebased
protective |ayer, and thus can enhance.the adh s“og.be%meﬁn }he

| ubri cat i rRylkingpe of thedubnsanbmelesuies iamniigpd and Hie lubricant molegdiep gg MAfe |
constitution 5, it is_preferable that a.n - I i ght of
the conpodfleR&ht gh‘?ﬁ?&ﬁ?’ ?%399?1'8? PEE’?‘? ﬂ.gk"ﬁ@@a@%éllﬁgﬁ%ﬁﬁhﬁﬁﬁé%%ﬁﬁge of
1,000 to 10,000, W thin e - j b 1S [ to
provide r 58‘8@8&3&%?@%}“ Bé%%;ga%ﬁMgtﬁp o%tr) %g p{r/(?%%g’g ik%%?,r’ \ghigﬁﬁ%!;g%g

| ubricati EB%ISQB%QS rf(%rﬁ th@ﬁl%rié%’ti'ﬁ% Eﬁ%ﬂg s@f&%&@mbdﬂ@ﬁéssr&me%mt molecules

As recite n-cons ution Ic disk having a lubricating | ayer

cont ai ni Ngyt{AE phdibetive Mfer GRIRAING FAHRCBE Bhin Libroatiighagrme Aushaf it tdpossible
invention can realize a further reduction in magnetic spacing, is

excel | ent thforfihaidrichthg Ipgsrt thatldaardufficiemt!y chved theadirfaice wf thechrafeciienayer
resi stance, and has high reliability even with the |ow flying height of a
magnet i ¢ hemdufbridatiogvager witle ahigh cbveregedatie aven if drothitkngssoeiiee tupricdingecent
years and with the very strict requirenment for environnental resistance

f ol | owi ng layee isliedecas. f i Ruathienwhen appfied enthegfiek surface, the lubrigantfapleeWeied i n

constitution 7, the protective layer is a carbon-based prot C{aip e |layer

f or med by aaeﬁx@tmhmtwwawer%%smwanp e3 @%‘Fﬁ%‘h&“’%%“ﬁé ]lyo"’,x's?he
carbon-based protective |ayer with, ,a uni.form.and dense . can be

o g, e s g maRBENEay e HRTERES e fidtatudh As
recited i onstitution,8, it is._pref ' i :

i ncl udes H?eg"l"%egrbtrtl‘eﬂm%c%%ﬁ?#th%hfogg?@é’?\%m%h%{%%% SBE?%%@E%ewéeﬁﬁge
adhesi on ?olérrb?o@so&?ﬁe{ﬁiﬁﬁc%@yer to the lubricant |ayer can be inproved.

n=c

As recitedl onstitutron 9, the magnetic di sk according to enbodi nents

of this iWg{étsh%(r@nthgioﬁa‘r'g[f&WSE{e.ﬁsh?c?rﬂ%ﬂl@ﬂidp@) Sresntadl et @tlistod theaiubrivant ed i n

a magnetic devi ce , particularly, the LUL system Because of the

- further reghisduicare BFERTBRHCRIEE aadtivy sitgs drethg Iptotelctivetiayet hed tusrtbeluct i on
of the LUL system the nagnetic disk is required to stably operate even in

t he case afihegionubtthaidboisating/laper daaikghmpodvedf or exanpl e, 5nm or | ess.
Therefore, the magnetic disk according to enbodi ments of this invention
havi ng hi gh r el iSirwelth¢ {ubsigent osimpeunt aceardingiepappdimesterfiniy inygniie kast i s
sui tabl e therefor. _ As recited jn constitution 10, the magnetic
di sk accortté agpreasicerenns indhe BolculeritRerpphandd benis pIHUEN 8 AR B ng t he

reduction in magnetic spacing and having high reliability even .
preferentially attractgd to th% aromatic groups in tﬂe mo ecuPeg,, deco¥np03| ion at main

chain portions of the perfluoropolyether-based lubricant due to alumina does not gasily
occur and, as a result, there are obtained the alumina resistance and the LUL durability
that can ensure sufficient long-term stability.

That is, accordinQ to embodiments of 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 according to embodiments of this invention is also excellent in

alumina



13 with the | ow magnetic head flying height is obtained by a
nmet hod of manufacturing a magnetic di sk having at | east a magnetic 1ayer,
~a protective layer, and a lubricating layer formed in this order over a

- substrate, wherein the lubricating layer is formed by form ng on the
~protective layer a filmof a |ubricantitonposition containing the

| ubri cant conpound according to enbodi nents of this invention. _

As recited in constitution 11, in the magnetic di sk nmanufacturing method

O ooat | bt @Rod Sl ifs FRABSS bt a Mo Rayifig hich kb ©| &
formng t Ié%e{'n YR ﬁ%ﬁb{&ﬁ@@’@%ggﬁdnﬁw bPRIQY 8Fa iy rRdib SelaaToMbwingahe

| ubricating layer to ve layer. (Advantages of this’ invention)

Accor di ng ré;ﬂd%@%&é@ﬁ%co?&irnéf&fe‘hsit@}tﬁ@ébﬁﬂyeér% dril Wigs tHedlerytstrigir ovi de a
| ubri cant conpound for a nmagnetic disk that can realize a turther

reduct i on rhauifEREERLfoE cBRRSIMERtal fsistasceefotiohirgnthei divetsifiehtion b,
particularly in LUL durability ahd alum na resistance, and that has high
reliabd|ibppkoationsi th the low flying height of a magnetic head follow ng
~.the rapid increase in recording density in recent years and with the very

strict requi r emAstméntiormdvinrcomstitutian 2; #ds prefeeable dhatdhe sgmpeend
diversification of applications, and further to provide a magneti¢ disk
usi ng sucfurthargontaiase pebRp@eHE 2 Rdatioradiasent theATITEIFIGIgUR uchY a
magneti c di sk. Bri ef Descri..Pt_i on of t

di agr am sHswegyrrance dsuita edpte&pggﬁmgeewgﬁ%s%gﬂasééar&;gpB%{?-Eh%ﬂ%ﬁ 2

| ubri cant di ng t t] : . T E -

di g am sBGueY Prae: L fhe BOTROS: afPreORnE aifilee ipipn indf Forpaht *
Lubri mant g S ! ! he | i
rer ci fibel BiReeES S fizbRofclit BVBL Rs o¥RCBiC R REf dhiincdting 00 L0 s "
enbodi »'nenEP%\b?hrfésﬂtioned f%mctﬁ)r{, Wrth? AbmaBEBPAIBS, LPEIIGWIRBARE tutsicaing to

accordi ng Invention I's”a [ubricant” compound to be contained in a

lubri cati gg slté’dfbrégerﬁ oBaBehEdiuli PhbaYiteavindrelthadulkinamaifahec | ayer, a
protective layer, and the lubricatinng layer 5 forned in this order over a

subst r at ejypaaanrEhidlddiged Isominimidedcamptheniibcioapt mekcubescanepooredflaiténesd. has a
perfl uoropol yether main chain in a structure thereof, an aromatic group
| ocat ed aFusheoshisiaiso eomteiptitesdotimpnaviog the adhesian of theekuboeatingi@yar.pol ar
group at each end of the nol ecul e.. . .
15 As mentioned in constitution 3, it is preferable that the number of polar
groups in the molecule of the compound is7 _br 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 ina moleculé) due to attraction between the polar groups of the lubricant
| becomes too large. In addition, excessive polar groups fend to induce
: attrécﬁion of the contaminants and the like and transfer or shift of the lubricant 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 thé protective layer, particularly a carbon-based protective

layer, and thus can enhance the adhesion between the lubricating layer and the

protective layer.



As the aromatic group in this case, use nmay be nmade of, for exanple, a 10
phenyl group as a nost preferable exanple, but alternatively, use may be
made of a naphthyl ene group, a biphenylene group, a phthalinidyl group, an
aniline group, or the like. The nunber of aromatic group within a single
nol ecul e may not be restricted to unity but a plurality of (for exanple,
two) aromatic groups nmay be included w{fin the single nmolecule. The
aromatic group may have an 15appropriate substituent. Thus, the

| ubri cant conpound according to this invention may be specified by a

T e SRS i i L
ol o bV AP SR
gDLgSip[ ;af@r by, 'ﬁ'}lﬂe lgoﬁ?ﬁﬁﬁﬂ%@%%eraé?y' ﬁgﬁs&aﬁeadgl ti olngl Sol z’air%group at
s par 1 eras P PPl o R e e e arar 6 oups.
on both ﬂegpl%sg{an%g_e aromatic group 25 present in the nolecule. In the

| ubri cant conpound according to this invention, the nunber of polar groups

in one nol ecul e pg rguitehi &1 8dHsKituTion s, b Asfynktic diskibavinga aubsiqatiigdayersuppr ess
the interacti on between the nol ecules of the lubricant or- the 15

i nt er act iconta(rimg Beagdricant compountd|aecerdir td @mbodiments efdhis drvepbienerh t he
pol ar groups of the lubricant and to suppress attraction of contam nants
and t he Irédlizearfdriberanddationdn msighetic sracingeis| axpellephifdurapilithpagicatarly in
he. oo UMb Bay SN eSS FoRHERE: PBR BEDRBAT NS FEBMTEIRE P the
e Ve A e RSB B, (o
an - - . ’
(oot 3 kel Pyl OB i BNARGRLE |
oo e G AEABORLS, L3 e o1 preferable as the pola
As mentioned in constitution 7, the protective layer is a carbon-based
protective layer formed by a plasma CVD method. According to the plasma CVD
method, the carbon-based protective layer with a uniform and dense surface can be
formed, which is suitable for embodiments of 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.
As recited in constitution 9, the magnetic disk according to embodiments 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 LUL system, the magnetic disk is
reduired to stably operate even in the case of an ultra-low flying height of, for example,
5nm or less. Therefore, the magnetic disk according to embodiments 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 according to embodiments of

this invention capable of realizing the reduction in magnetic spacing and having high

reliability even-



has a large interaction with the protective |ayer, particularly a

carbon- based protective |ayer, and thus can enhance the adhesi on between
the lubricating |ayer and the protective |ayer. According to the |ubricant
conpound of this invention described above, 15it is considered that the
aromatic groups of the |ubricant nolecules and the protective |ayer
approach each other due to -rr--rr inteﬁgction t herebetween and, by this
interaction, the lubricant adheres to the protective layer. That is, by
introducing the aromatic groups |ocated at the position except each end of
the lubricant nolecules, it is possible to allow the lubricant to be
stably present owitBthd e maghictimhead flyieg beightds whtainedthyea mgthedéss of t he

| ubricant nolecules is mnimzed and the |ubricant nolecules are nore

f 1 at t enednaritiasteing @maghelic dighhainy aieasha repaNetis laveh @ProeRlve 1ays" %%‘L?

I I fixed at th iti f th ti to th
pr ot ect | vebricajes ayer orraed Inhisoriesvpep suksyaic hersia Mepaels fRyer By e:
d in bul Ki f thel ' j
ayer - andompisE BTBENG PLOATHVF (P! AT H TRy cBppfaranfiahgs e ©
ible to. f t he lubricati icientl th
Curt ace droreeRbptTan b tR BBt B Bt oY S o

coverage ratio) Ryl ib BndiflinbknSH 1 malficd it mahimeruliny fietiod dreduced.

16 Further, since e Interaction between the nol ecul es of the |ubricant

or the i dBERGHIPTD WemagnéiddigeibpBe REbjeER té rapiletIma@iatiopsr f bdthe
| ubricant 1s suppressed, 'the polar groups (e.g. hydroxyl groups) present

at the engsaviletitgdiblidl Anidat ebeeant afterfoamie§ tleclubredtng bayededi® acti ve
sites on the protective |layer 5 and thus the adhesion of the lubricating
| ayer canmbeoviestieoadt@sioSiontre Itibricating layertntthe protestivellager. t hi s i nventi on has
the aromatic groups in the nolecules thereof and a Lewi s add such as
alumna is preferentially attracted to the aromatic groups in the
nol ecul es, deconposition at main chain
(Advantages of this invention)
According to embodiments of this inventid-n, it is possible 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 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 magrnietic disk using such a lubricant compound

and a method of manufacturing such a magnetic disk.

Brief Description of the Drawings

Fig. 1 is a diagram showing the results of alumina resistance evaluation ofa

lubricant according to a comparative example; and

Fig. 2 is a diagram showing the results of alumina resistance evaluation of a

lubricant according to this invention.

Mode for Carrying Out the Invention

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



portions of the perfluoropol yether-based |ubricant due to al um na does not
10 easily occur and, as a result, there are obtained the alumna
resistance and the LUL durability that can ensure sufficient |ong-term
stability. ' Exanpl es of |ubricant conpounds according to this
invention are given below, but this in¥éntion is not limted thereto.
Herein, it is to be noted that the foll owi ng exenplary conpounds No.1 to
No. 3 and No. .5 include phenyl groups 15 as the aromatic groups while the

exenpl ary ¢ und : i ncl udes a napht hyl ene group as the aromatic
group. Ineﬁﬁgﬁﬁm8ﬂ?rFﬂ%%hunbers of the hydroxyl groups in the exenplary

&?mméﬂdg '8'0 E 1 tIﬁbﬁ@auqo%oﬁ'{@uﬁﬂgﬁgaﬁaéﬁet@ diék a?eoréﬁ@ t§ this§sRafionvg! v- O
a lubricant compound to be contained in a lubricating layer of a magnetic disk
having at least a magnetic layer, a protéctive layer, and the Iubribating layer

5 formed in this order over a substrate, wherein thé !Ubricant compound
comprises 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.

As the aromatic group ih this case, use rhay be made of, for example, a
10  phenyl group as a most preferable example, but alternatively, use may bé made |
of a naphthylene group, a biphenylene group, a phthalimidyl groﬁp, an aniline
grbup, or the like. 'The'number,bf aromatic group within a single moleculér may
ﬁot be restricted to unify but a pluraiity of (for example, two) aromatic groups |
may be: included within the single moleéuie. The aromatic group may have én
15 | appropfiate substit'uent. _ | |
Thus, the lubricant compounrd 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 perfluoropo!yether mair_l 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 invénﬁon to be exh_ibited more breférably, thé
compound preferably has an additional polar group at a position adjacenlt. to the
- aromatic groﬁp in the n"iolecu'le.‘ For exampie, it is particularly pfeferable that
the compound have respective polar groups on both sides of the aromatic group
25 present in the molecule. -‘ _ | _
a 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
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interaction (interaction in a molecule) due to éttfaction between the polar groups
of the lubricant aﬁd to- suppress attractidn of contaminants and the like and
transfer or shift of the Iubricaht to the head. | |

| As the polar group in this case, it needs to be a polar group that causes
the occurrence of suitable interaction between the Iubficant and the protective
layer when the lubricant is formed into a film onrthé protective layer. For
example, use may be made of a hydroxyl group (-OH), an amino group'(-NHz),
a carboxyl group (-COOH}, an aldehyde group (-COH), a carbonyl group (-CO-),
a sulfonic group (-SOsH), or the like. Among them, the hydroxyl group is
particularly preferable as the polar group. This is'because the hydrdxyl 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.

According fo the lubricant comipound of this invention described above,
it is considered fhat the aromatic groups of the lubricant molecules and the
protective layer approach each other due to T-Tr interaction therebetween and,
by_ this interaétion, the lubricant adheres to the protective layer. _That is, by

introducing the aromatic groups located at the position except each end of the

' IUbficant molecules, it is possible to allow the lubricant to'be stably pfes‘ént on

" the medium in the state where the bulkiness of the lubricant molecules is

minimized and the lubricant moiecuies are more flattened. Therefore, when
applied bn the disk surface, the Iﬁbricanf molecules are fixed at the plositions 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
protective layer and thus to form the thin lubricating layer._ Further, it is
possible to form the lubricatihg layer that can sufficiently cover the surrface of
the protective layer (the' Iﬁbricating layer with a high vaerage ratio} even if the

thickness of the lubricating layer is reduced.
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Further, since the interactidn between the mo.leculzes of t’he'lubricant or
the interaction dué to attraction between the polar groups af the lubricant is
éu’ppressed, the polar groups (e.g. hydroxy!' groups) present at the ends of the |

: I’ubric‘ant molecules are éffectiv_ely bonded to active sites oh the protective layer
5 and thus the adhesion of the lubricating layer can be improved.

- Since the lubricant compound of this invention has the aromatic groups
ih the molecules thereof and a Lewis acid such as alumina is preferentially
attracted to the aromatic groups in the molecules, decon"::position at main chain
portions of the perfluoropolyether-based lubricant due to alumina does not

10  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 thisrinvention are given
* below, but this in\)entio'n is not limited thereto. Herein, it is to be noted that the
following exemplary compounds No.1 to No. 3 and No. 5 in'ct-ude phenyl groups
15 as the aromatic groups while the exemplary compound No. 4 includes a
naphthylene group as the aromatic group.  In addition, the numbers of the
hydroxy! groups in the exemplary compounds No. 1 to No. 5 are equal to 4,8, 4,

2, and 6, respectively.
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ui 0 In the chem cal formulas expressing the |ubricant conmpounds of this
i nvention exenplified above, mand n each represent an integer of 1 or
nore. The lubricant conpound of this invention can be obtained by, for 5

exanple, the follow ng synthetic nethod. 20 An exanpl e of a
synthetic schene of the above-exenplifi®d | ubricant conpound No. 1 is
shown bel ow. 21 As a nethod of manufacturing the |ubricant conpound

according to this invention, use is preferably nade of a manufacturing
met hod in which, as shown in the above synthetic schene, a
per f | uoropol yet her conpoungl_havi ng a perfluoropol yether nain chain in a

nol ecul e thereof is reacteg under an 5 al kaline conditign, wth a
conpound havi ng, for exanpPe, epoxy groups and an aromalic group (e.g.
resorcinol diglycidyl ethel). The above-exenpl i ed | ubricant
compound No. 2 can al so bedobtai ned by, according to tkle above synthetic
schene, reacting, under kal i ne condition, a perfl| §oropolyether
conmpound havi ng a perZl uorlgpol yether main 10 chain i | ecul e thereof
with, for exanple, the foldowi ng conpodnd having epoxy &gr oups and an
aromati c group. o T i o}
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Exemplified

Compounds
No.4
No.5

In the chemical formulas ex-preésing the lubricant compbunds 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.



The above-exenplified |lubricant conpound No. 3 can be obtained, |ike 15

t he above-exenplified |ubricant conpound No. 1, by the use of a

para-i somer (for exanple, hydroqui none diglycidyl ether) used in

synt hesi zi ng the above-exenplified |ubricant conpound No. 1. In
addition, the above-exenplified | ubricht conpound No. 4 may be obt ai ned,

| i ke the above-exenplified |ubricant conpound No. 1, by using 2,7-bis

20( br ononet hyl ) napht hal ene i nstead of the resorcinol diglycidyl ether
used in synt hesAgighaniphe oPB@yAtHRXE Behbineast the Bibbearieapified ebridant .

Mor eover, the above-exenplified |ubricant conpound No.5 may be obtained in
a manner &mpbaid No. tilie shaenieddw. | ubri cant conpound No. 1 except that 22
per fl uoropol yet her conpound is nade to react by 3 equivalents with the
resorcinol diglycidyl ether. The nol ecul ar wei ght of the |ubricant
conmpound according to this invention is not particularly limted, but, for
exanpl e, the nunber-average 5 nol ecul ar gedght (Mn) is preferably in the
range of 1,000 to 10,000 and nore prefegrably in the range of 1,000 to

6, 000. This is because recoverability € be provided by appropriate
viscosity, suitable lubricating perforgghce can be exhibited, and,

further, excellent heat resistance can al so be provided. The | ubricant
conpound according to this invention carf beé obtained as 10 a | ubricant
conpound with a high mol ecul & wei ght wthe use of, for exanple, the
above-nmenti oned manufacturing nethod andl thus it is possible to suppress a
reduction in nolecul ar weight| due to théymal deconposition. Therefore,
when a magnetic disk is mgpufjfactured usig@mg such a lubricant, it is
possible to inprove the h&at |resistanca+tReéreof. Because of the further
reduction in ™ 9
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15magneti c head flying height (5nmor less) following the increase in
recording density in recent years, the possibility beconmes high that
contact or friction between a magnetic head and the surface of a magnetic
di sk frequently occurs. When the magnetic head is brought in contact with
the surface of the magnetic disk, it mily happen that the magnetic head
does not imedi ately go out of 20contact with the surface of the nmagnetic
di sk, but slides with friction for a while. Further, because of

recor di ng/ r epr ogg gt hethdaes iREABECRN NG Ae NititapP 88fhpoahatdcedrdig b thrgnet i ¢
disk in recent years, heat due to contact or friction is generated nore

t han Convmnéhﬁw}ﬂluseﬁg@rrabeém¥ mddd 6f & anrrifagdring aiethdbe irpwdivhbiaki ty becones
hi gher than conventional that a material of a lubricating 25 | ayer on the

surface ofhdvine imigratiove sirsheticssdHemnered pyriltiecapaipetkedr chrepoond haviggraer at i on
of such heat, so that data read/wite is subjected to a failure due to
adhesi on, perfluarapmiyethecmbieachainfin almeclegble tharaof iheaacied, yundes @nposed to
decrease in nol ecul ar weight and increase in fluidity. Further, in

consi der aalkaline condition|awith paopRRUNG) haynd fOEEXBAPIEn CPRYY SERURS NLAR a
magneti c head and a nagnetic disk are in contact with each other in near
future, t®eOMaiiagreHededr reseingbANVANASMRIE to the constant contact is

furth d. Taking this situation int t, ik i red that
heat resi st ance HegRPYEEAPBIIGed iicent PpPalag e’ sean #bR LR MiBNGYed, and

thus the | ubricapt. of  this i ion i i : . th f
bt s i Pl Beh ity B Sl A& R pdrfartel (bBRR, under an alkdline® <25© Of
t het | had, i ' fer abl
SLT Ret | Pl 2 pAu BHIRRIBRICCaRBRTRY Raling'a BEinEBIadctnermBlre) 1 abl Y

fractigonati LR in hMmdiBLSleaHBRiof \Alﬁiﬂh‘? foved,eaplef theabRewingcomepalinid having

10fractionation is not particularly limted, but, for exanple, use can be

made of rgpmereupyeingiin Aforgaticogrupon by a gel perneation chromat ography
(GPC) nethod, nol ecul ar wei ght fractionation by a supercritical fluid
extraction nethod, or the like. This invention also provides a magnetic
di sk having at |east a magnetic 15l ayer, a protective |layer, and a

| ubricating layer formed in this order over a substrate, wherein the

| ubricating |ayer contains the |%M@Q%O}Jﬂd of this invention.

I 2%

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.
[n addition, the above-exempilified 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



When formng the lubricating |ayer by the use of the l|ubricant conpound 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

fluori ne-based solvent or the |ike and coating the solution by, for
exanpl e, a di ppi ng net hod. 'ngaubricating | ayer form ng nethod
Is, of course, not limted to the above-nentioned di ppi ng nmet hod and use
may alternatively be made of a film25 form ng nmethod such as a spin

coating ”Bér?ﬂlggrorﬁalsﬁéihéb/cdfﬁ?lﬂ@ﬁd iPMhadeRepescttyd eadivalentodith the In this
I nvention, in order to further inprove the adhesion of the lubricant, in

t he formm‘sotrctmmldigwbidgtémgr,l ayer, to the protective |layer, the nmagnetic
disk may 24 be subjected to a heat treatnment by exposure to an atnosphere
at, for exanpl eTh&a®leculdas@sioht ofithe lubrisaimij cornpalindoacdardiagitelteis ( UV)
irradiation after the formation of the lubricating layer. That is, the
baki ng t rissienten isonottpesticnlary baitadnbule fof exemide rthedusikerayvesage
post-treatnment. As the post-treatnent in this 5i tion, it is preferable
that & |@glgculsy weight (Mmyisipsetesably indhe angerT 090 R, 8608 ang' Bef o rrake
stronger chem cal. honds bet th tective |layer and the.aronmatic

o oups | reriRiean i toRanamp Lanp e Ba01 eLhis ioeRie REPyeBifL S
Moreover,, it is also_preferabl Lcar t i ment and
{he" O/ L1 i BY sBoertiaR e B e e tFigieed ot OT0
ubricati o . r..J |y Ly c%% ' 5.4l hvention, the
| ubri cat i%%'*'%@rangﬁ et )l(énér[]%trqpﬁﬁaan cosﬁé/hent | onngllgg)gr?ggrggir?%gé athinfilm
with a thi cknesph®fybricaht %%Pghﬁd a2bMing RANIPinkSRtion Ean beidbtaingg ashan

10A, the coverage to the protective |layer may be insufficient. 15As the
prot agt i v Riant EombBURd Withea highmotecttarhsighiaisiethepuse of; forvexdnayler
the above-mentioned manufacturing method and thus it is possible to suppress
a reduction in molecular weight due to thermal decomposition. Therefore,
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
possibility 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



can be preferably used. Particularly, an anorphous carbon protective |ayer
Is preferable. Wth the protective |ayer being particularly the
carbon-based protective layer, the interaction between the pol ar groups
(e.g. hydroxyl groups) of the lubricant, according to this invention and
the protective |layer is further 20enhahted 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

conposi t i ghdtaadteming/mpesdwdivhdn the gtaté whegx ammbgnetiv heabandan its
| ubricating |ayer side and hydrogen on its magnetic |ayer side. As a

met hod of mamkétig diskeardhiprohtact with damhertheomtraaan fuilite, dbe mfluenge pd heat

adj acent to the lubricating |ayer, use may be nade of either a nmethod of
i npl ant i ngemeratiogeneitorise bgnstepheonigctis Suithercepreemase pregingcthisie | ayer
with nitrogen plasma after the protective layer is deposited or a nethod
of deposisifusiion inio aceeyeh it is desied dhat hgalresisianse regiired 105 aJuREEHING can

O i o L R A BB E R
cover age. rat o Ind0RcAsaf Ah\AnGS P it Rl BB TS By BPRRY R "

ot nod.  thireveTEDuRe) SYABRyC bR fmbet. ArerSal BATECSRWBRI R) O
particul ﬁ%l ef(e‘?%tglggeg?o ﬂﬂa@?%f%m H‘@,@OOE@/‘%@&BBM@%Q%CH&? pl asma CVvD

nmet hod, sur e otecfive | ayer s uni form and dense.

Therefo“’wef?ht fracibRitRnablie tHifebant, the mathed epfrionaculaesighy this invention
be formed on the protective layer with a smaller surface roughness forned

by the CvRadminagien is not particlilarly Nivtitedy bet tfooaxarhple, ube canéssnatie fie
protective layer is preferably set to 20Ato 70A. If it is less than 20A
t he perf anoletataraseighefractomnation by a ggkbpemesation droomatagiraply (EPEYceeds 70A,
s nOtmg{hecIde,rrr{]ﬂgllece:ulgp wzieg;hﬁra%];ioﬁa’{igr? llilagc(tai gunpeircr;]rit];ciali Hluid extraction method,
or the like.
This 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



15t hi ckness. In the magnetic disk of this invention, the substrate
is preferably a glass substrate. The glass substrate is rigid and
excellent in snoothness and thus is suitable for an increase in recording
density. As the glass substrate, an alum nosilicate glass substrate, for
exanpl e, may be used and, particularl)24'a 20chem cal |y strengthened

alum nosilicate glass substrate is preferable. In this invention
the main surface of the substrate is preferably ultra-snmooth with Rrax of
3nm or | eps sabBpc #f a Bedhiieaimd iR 1y expiBUraitdamathesstote e ffor efdmpre, ar e
based on the JI'S BO601 standard. The nmagnetic di sk obtained by this

i nvent i ons0fEs taat 50%ast nidycharaghjetted taultravielet (Wpiradadtiontafiee thayer, and
the lubricating | ayer over the substrate. In this invention, the nagnetic
| ayer is foomatiantof the lubrigatingridyed ahthtrisythbdaking egtimend omtiegbiM ¢
recording type magnetic |ayer or a perpendi cular magnetic recording type
magnet i ¢ iregtorent sandeearricdou @spepestdigaimentgnds the pesidreatagnt ypiis 26
magnetic | ayer is preferable for realizing the rapid increase.in recording
densi By |iRveriiemiit iseupleraigthateat lgpstUV treatmentisp eaan fagnet i ¢

| ayer, h

5 B St S5 e BSOS AP 0B G5
0 K2 oAbt )y BRSSP0V e

adhesi ve 1&¥fborndodS! | MEAIARE: f id A8 broRRSbiE %o By BBHPHRY % bet ween

t he underlayer an ate. i's case, a under use nmay

be made Qfeathfint@rATREVIV FeStmERYA post-tléathiygs., a Ru layer, a GrM alloy
| ayer, a CoWalloy layer, a CtWalloy layer, a Cy alloy 10l ayer, or a

CrTi 18l | oy | ayeThaftickridssidie eshiestivgalliayetatingslayseig eematidaboiit 15Ar
exanple, a CTi alloy layer, a NA alloy layer, or an AlRu all oy |ayer

Furt her, tasi8&dutai thisigeation, theylebricating laggr tan badsnoér; thhar exanple, a
CoZrTa alloy |layer. As a perpendi cul ar magnetic recordi ng di sk suitable
for an i reonyestional arﬁtmgaiaq@irdﬂnswﬁp a thickmess of dbr gxamplea aboutit®Are in
whi ch an adhesive_ | ayer, a soft magnetic |ayer, an underlayer, a nmagnetic
| ayer (péPp i dfiitds %dh@lﬂi’l@}ﬂ\, the coverage to the protective layer may be
insufficient.
15 As the protective layer in this invention, a carbon-based protective layer
can be preferably used. Particularly, an amorphous carbon protective ayer is
preferable. With the protective layer being particularty 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-hased 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



recording |layer), a carbon-based protective |ayer, and a lubricating |ayer
are provided over a substrate. In this case, it is also preferable to
provi de an auxiliary recording |ayer on the perpendicular magnetic
recordi ng layer through 20 an exchange coupling control |ayer interposed

t her ebet ween. According to thidd invention, since it is possible to
forma lubricating layer in the formof a thin uniformcoating film having
hi gh adhesion to a protective layer, a further reduction in magnetic

spaci ng C@ﬁ&ﬁoﬂ%@h'f&ﬁﬁer |ﬁ’raﬁ'r6\b‘@é?hé ioh ©f RS RibBLant 1y&bahe pRofRanet i ¢ di sk

excel | ent urabrI'rt rticularly in LUL 25durability and al um na

resi st anqgye@ls *mériﬁanhsb %ré@dwamdgebmﬁwmtw i fp;obgnald ©voHthin a9 hei ght
(5nm or | essj of a nmagnetic head followi ng the rapid increase in recording

densi ty il0bfigsNaysreahishathimhdrin tthiekvessyand whidh is exuelantenicoterage
envi ronment al re5| stance follow ng the diversification of applications.

27 That iratiot he magnetic disk of this invention is suitable as a magnetic
di sk adapted to be nmounted in a magnetic di sk device of, particularly, the
LUL sfstem Bedathee using te tarbondased quetactve layerinitis inventiew it £3M ng

hei ght following the introduction of the LUL system the magnetic disk is

requi r ed heofasmeda ferexameniat by a\n magnateon-spidtesingdnetiods But Bis 1 yi ng .
mvent i Sﬁprﬁﬁa‘?éaex"""Bwoqunng?‘d?e{rp{aﬁ?aiqgﬁ i Gavet Rerticbipr g RBEs Biad 11 yving.
Tt PSRRI
2 o O S9! B S
TR, SRR EPBTI SIAEAR 8 MBS AN ol st
a smaller surface roughness formed by the CVD method.
In this invention, the thickness of the protective layer is preferably set to
20A to 70A. Ifitis less than 20A, the performance as the protective layer may
be lowered. If it exceeds 70A, it is not preferable in terms of a reduction in film
15  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 orless. 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



(‘Manuf acture of Lubricant) The above-exenplified |ubricant
conpound No. 1 was manufactured according to the above synthetic schene in
the foll owi ng manner. The | ubricant conmpound was manufactured by reacting,
under an 20al kaline condition (NaCH), a perfluoropolyether conpound having
a perfluoropol yether main chain in a 8 ecul e thereof and havi ng hydroxyl
groups at both ends in the nolecule (see the above synthetic schene) with
resorci nol diglyci dyI ether. A lubricant conprising the conpound thus

obt ai ned %gpgfl@@’y’er)(s ?@&@b@ﬁ%él&n@h@cwpﬂi intpdat infreasridirR@éngisy by the

supercritic flurd extraction nethod Manuf acture of Magnetic D|sk) A

2. 5-inch iglrasentdiesdfs ( OPbRICUIHIBITHES a @5Wba$émﬂfagﬂlle&mm higheoercia8 di sk
t hi ckness: 0.635m) made of a chemcally strengthened alum nosilicate

gl ass wasfopteepad &thaemodictionseutput edrebe Blohievad nwhichfiadrusoprefdrabtl. sk
substrate was mrror-polished to Rmax of 2.13nm and Ra of 0.20nm On this
di sk substr at e, Inaa preferbdel petierdiodan mgenctiaraoerding alisksas a sagngjiget i ¢

| ayer, a first underlayer of Ru, a second underlayer of Ru, and a magnetic
| ayer 5of dislopbthisviuentionned undetayes reayibe nrﬂwdﬁdnet\g@%n asvbspale a\h3 t he
DCmagnetronsutterlng met hod. ghetic¢c layer is _a per |cular
magneti c m@sae& [Ryet ffeceasRt i Eurtla%ra" adnesive Ia¥er a sgfhwag tr'ﬁtj

g"ya{“;gdp: | S%b%?%ﬁrﬁgﬁgﬁfd@é%em&ﬁ MRS A e btsﬂafék“?n?h of 50A

case, as the underlayer, use may be made of, for example, a Cr layer, a Ta layer,
a Ru layer, a CrMo alloy layer, a CoW alloy layer, a CrW alloy layer, a CrV alloy

10 layer, or a CrTi alloy layer and, as the adhesive layer, use may be made of, for
example, a CrTi alloy layer, a NiAl alloy layer, or an AlRu alloy layer. Further,
as the soft magnetic layer, use may be made of, for example, a CoZrTa alloy
layer.

As a perpendicular magnetic recording disk suitable for an increase 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
auxifiary 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.



Then, a lubricating layer was fornmed in the follow ng manner. There was
prepared a solution in which the lubricant (M neasured by the NVR net hod
was 2800 and the nol ecul ar wei ght dispersion was 1.10) conprising the
conmpound (the above-exenplified |ubricant conpound No. 1) of 15 this

i nvention nmanufactured as described atdve and subj ected to the nol ecul ar
wei ght fractionation by the supercritical fluid extraction nmethod was

di spersed and di ssolved in a fluorine-based solvent, Vertrel XF (trade

name) nanuf act ureg i@hBYRagMetM diskiof Hisipreateniscalitibias alrhdgnetd digk
concentration of 0.2wt % ing this solution as a coating solution, a

magnet i ¢ gHated @5 bRMModnted 30 atrhgghatitedisk dpvice dfhsarticolaedgithed Ulayer was

i mrersed therein and coated therewith by the dipping nethod, thereby

form ng tdyetdrbr Bestuseg of thesfurther reductioAfin eragheticinegdtflyeng bdightat i ng

| ayer, the magnetic disk was heat-treated in a vacuum furnace at 130C for
90 mi nut dellowing thiiitikedigatiopfofithe Llbsyistemi g mageetigdisk igenwiied tby a
Fourier transforminfrared spectrophotoneter (FTIR) 25 and it was 12A. The

| ubr i Bat istably fperatesmendgdhasase ef@oulifniew Sxiachaightefsfasexampiednmn thi s
manner, the magnetic_di sk of Exanple, 1 s.obt ai ned. . . .Then, the

| Ubr | cantoTda®e-t nEhereiaTe: e TRGROGE disk&hiNs vanbpl hayina Webde RPN

foll owi ng test. nethods. 29.. . First, .a i resi stance

eval uat i g?Yet“e“g'ﬁﬂﬁk%%ﬁ‘éWﬁgﬁ hegp ﬂyw&llﬁﬂgb{ '8asrl\1ftaﬁl'§gthgf%{8§xarrpl e 1. The

| ubri cant was ?hggsﬁ\p% h 20% al um na (Al 203) and maintained in a
“nitrogen gas ( a m)Jphere at a constant tenperature of 250C for 500

Sm nut es, ther%rei}ﬁfél&&%@in@eﬁﬁt% TRl b&BESEHbANRI fliRther detail with Fig. 2
shows the results thereof Wth respect to the lubricant of this invention

usedqpn ExferBhEe fo EXAMpPRI. ght [oss ratio when alum na was added (curve
given by an alternate Iong and short dash line in Fig. 2) was about 30% or
| ess. Thus, it (EBkanpden)that the lubricant used in Exanple 1 was excell ent
A magnetic disk of Example 1 has an adhesive layer, a soft magnetic
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,



10i n alum na resistance, i.e. deconposition due to alumna did not easily
occur. Further, the weight loss ratio when no alum na was added was about
10% or less and thus it was al so seen that the lubricant used in Exanple 1

was excellent in heat resistance. (2) Then, a LUL
(1 oad/ unl oad) durability test was perfdmed for 15eval uating the LUL
durability of the magnetic disk. A LUL-system HDD (5400r pm

rotation type) was prepared and a magnetic head with a flying hei ght of

snm and t liey REKGdsC 0B nfad B £ cRemRiafly SREAG B nEBeN @nthosficatd der of

the magnetic head was a NPAB (negative pressure air bearing) slider and

was nount @dsyivad repaEEAP BaRsSsibRraRs f eThe Abiskarascs of Biekement) as a
reproducing elenent. A shield portion was nade of a FeN -based pernal |l oy

al | oy. Bysulatsite grashairtdilpalighee o Rt of 2.d6himard Rayofrepéamn. t he LUL
operations, the nunber of LUL tines endured by the magnetic disk up to the
occurrence of f@nlthisalistasulpstestar @di-basediadbesive Jayena hedrasedsalli sk of
Exanpl e 1 endured the LUL operations 25of 900,000 tines with no failure at
an ul &r a-megnelislaygr. leefighunderiayanof IRy, & srsiomdl underaysr agRENdMY 8nnent , use
for about 10 years is _generally required for the nunber of LUL tines to
exceed 4002ag0eti¢ jayes of %ioﬁ:é@t werg fprmaddndhisiorder iBan eheps amasRNEe PYoe

preferable if it endures 600,000 tines_qgr nore, .it can be 30 said that
Phe. nagndiPOGIAGTHR s Shtaring Meticre, o s Broretic e s 9 perpendielifiy, g
surface of the.magnet.ic .di sk after LUL durability test was observed in
det ai | us’PﬁS”%RHC olr(ilgﬁ W%P&quﬁg %‘%’g an el ectron m croscope and was

found to be excgly er@&% d R REERE ok E@Hféﬁti@él Rmelr avas 5

observed. Further, t ace of the magnhetic head "after the LUL

dur aligl i ticdkRess WRSOARSAIESSlaéMad®yBirheti®dng an optical mcroscope and an
el ectron mcroscope and was found to be excellent, i.e. no abnormality

such as damage erflig lubviastinp Biey adsdoaned i theefollowimg mbnnherant adhesion to
t he magnetic head or no corrosion failure was observed. 10For eval uating
the thermal profesreivess ptaparédla shiwtads iniwlyich ése lukmicant (Mn measured by
the 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.



perfornmed in atnospheres of -20C to 50C. Wth the magnetic di sk of Exanple
1, no particular failure occurred and the good results were obtained.
(Conparative Exanple) As a |ubricant, use was nmade of a

per fl uoropol yet her-based | ubricant 15 conmercially avail able, nanely,
Fonblin Z-DOL (trade nane) nanufacturetd by Sol vay Solexis, Inc., having
been subjected to nol ecul ar wei ght fractionation by the GPC nethod to have
Mv of 2,000 and a nol ecul ar wei ght dispersion of 1.08. There was prepared

a solution in V\?p(‘#}s{ & @ase@"" %tbﬁ@@@vélﬂ%ﬁbﬁ%&t WRSHEHSTRRIERA tand

di ssolved in a uori ne- vent, Vertrel XF (trade 20 nane)

manuf act uggeciyt JeBaRtEMsii1. Fl uorochem cals Co., Ltd. Using this
solution as a coating solution, a nagnetic disk formed with | ayers up to a
protective | aye’rhé\ﬂﬂaricﬁﬁﬁwagtédﬂbervﬁtWZ@%ChiQWﬁiaapkli(bﬁrm inkirtginetén di ppi ng
met hod, thereby formng a lubricating |ayer. Herein, the concentration of
t he coat i migrogeh gas ¢N. yatsngsphiees by aadhetnt tereperatare afiR50°PGHoi 5@At cover age
becanme 25 approxi mately the sane as that of the magnetic disk in Exanple

1. Thé thmcrkriesﬁherfebwnerfqmnmg:atthﬂ@naialy@ght/@tsalw& In Conparative
Exanpl e, the magnetic di sk was manufactured in the sane manner _as in
Exanpl e 1 exceptigt Ashawstae fesitlisdietrgioi HYith regpect to the lubmicant of Hus

comercially available_lubrjc was added th ZO(V | um na_ (Al,203) and
mai nt ai nBVERHQD UG bgera BE ?NE? WRIGRK Bﬁ%F%loa‘thﬁn Panya “té a% ure of

her il Laiﬁ“&i‘{ﬁéfﬁ%rgaquné‘{?ff%glrﬁaw’ﬁwig?&"lﬂ“ine P %2%%0@35@2“ A
al um na rc?%g ”Fﬁﬁ‘(ﬁkbfﬁtsb% tﬁe?tstheflngﬂornec%fﬁ? uQQG'YﬁE&ér%ﬁﬁ%1 WHY & t The

wei ght | 0S en al U na was curve given by an a er nate | ong

and Bort H(d %@13@51(%37eWHEEorﬁgggﬁbn'd&eﬁbgalurﬁ?naVﬁa neR Yulily BB R and t hus
farge (t r

was very he wei ghit T oss tio when no alum na was added was about

60% and thugharathe REGR) losAGEAE WH o altiniiRa WefPatded wat R@olthovcent
according 10 to the conparative exanple, deconposition due to al unina

t ends t o |lessuandamgs ithus dlbe speathsl thetlybridard usedire Example Tedsecul ar wei ght
i s high. A LUL durability test was perforned for the nagnetic disk
of Conparetdelientindrgst eesistanbe. same nanner as in Exanple 1. As a result,
E.h rerega gnetic dl(szlngfean%eir gééd\?gn%ég) dlureabfllﬁ;/ l’teesc%I W\Ag]seger:[fc?r?ner:iu%?er of LU
15  evaluating the LUL durability of the magnetic disk.
A LUL-system HDD (5400rpm rotation type) was prepared and a
magnetic head with a flying height of 5nm and the magnetic disk of 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 alioy. 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 uitra-low flying height of 5Snm. Ina
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



15 reached 400,000 tines 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 mcroscope and an el ectron m croscope and, as a
result, damage or the like was slightly observed. Further, the surface of
a magnetic head after the LUL durabil ig@ test was observed in detail using
an optical mcroscope and an 20el ectron m croscope and, as a result,

| ubri cant adhesion to the nagnetic head and corrosion failure were

Observed-séiﬁﬁmh% rﬁé%ﬂ@ict(ﬁl@k SRERa MR ¢ hadSiery highavdnbsilid, an adhesive

| ayer, a so magnet | ayer, a first underlayer, a second underl ayer, a

nmagneti c | ayer, TREdufadd of HPaghenediskrflee ¢ VEL|Ryahiliyaest was med and,
further, a lubricating |layer was formed on the protective |ayer by the use

of the sasisdrudd irvdstailasiridan opticdbmitpbszope alidt @n efectron mgictdseopalamidcat i ng
| ayer, a magnetic disk was subjected to a heat treatnment at 130C for 90
m nut es awds faurder be eb¢alEngd. ¢ modbnamatibyesuchd®s damagearidih washi s
ultraviolet irradiation was carried out for_an irradiation time_of 20
seconds orbdarsed byFuiikeruthe strfage of theanagnelic heatalign theddlledwiagilty 185nm :
wavel ength 254nm = 2: 8 by the |ight int_ensi_try ratio. The thickness of the
| ubri cat itegt wagabsaaedipdaiaibusing an eRIRa! BHCOPSPRS BPAANRIBSFUY 5

nos. 8096 GPICTBTORENY M TS L BERFERTeNt [ex SOTRRTU SusiEAS AgRAR a: sk
f Ex I t ai ned. T i

per for med FO1 e ORae FodaftesrnlERispl S B Lid frbahBie péiT o |

Ex I : ic 10 di sk of Ex le 2 endured the LUL
opggt ieonlns0 ét?r@%’éﬁggﬂbdﬁ?i&n%gow hsérjflocf ail ulrz a'? an 3lnPr2-l oSvnf Iu;/ieng hgi ght

of 5pm It can be spiiGatmphettienBgehbaicd e OfiL Bupamiig esthags very high
reliability. The surtace of the magnePi c disk after t he@LUL durability

test was ghsiein sinitbakledisi 120°@N0 GIPCCaWith tieasagpetiadidkafi el ectron

m croscope and was found to be excellent, i.e. no abnormality such as 15
damage orExhimplevpsnmpariculzd faifue tdceurred lemdsthe fgmod results wagnmeblaingtead af t er
the LUL durability test was observed in detail using an optical m croscope
and an el ect r onGarsparative &xamplélas found to be excellent, i.e. no

abnormality such as damage or dirt was_observed and, further, no | ubricant
adhesion to theA%ﬁdH@E"i"aﬁ%h'é%Wé‘ﬁ made ef aw@wma&waﬂ&%&%@ﬁg@f%&

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.



20( Exanpl e 3) (Manufacture of Lubricant) The above-exenplified

| ubri cant conpound No. 2 was manufactured according to the above synthetic
schenme in the follow ng manner. The | ubricant conpound was manufactured by
reacting, under an 25 al kaline condition (NaOH), a perfl uoropol yether
conpound having a perfl uoropol yether fdin chain in a nol ecul e thereof and
havi ng hydroxyl groups at both ends in the nolecule (see the above
synthetic schene) with the above-nenti oned conpound havi ng epoxy groups

and an aromat i CrgHPYRe cofnercially avaftabietibricint weREtdesl with 0% aloffeand
t hus obtai ned was properly subjected to nol ecul ar wei ght fractionation by

the super@tid) @ald rhhitdinex i aektrayermgadi () afmospihersi ate tanstant a sof t
magnetic |l ayer, a first underlayer, a second 5 underlayer, a magnetic

| ayer, angmrpesaiuboof RaSW lpwet tan that Inafieampler & fOOLO@ thinuteshthesebe manner

as in Exanple 1. Then, a lubricating |ayer was forned in the follow ng

manner . Tperfarmieg aghemsaledeightahalysion Fig.irshews the reaults ebperfemringeasur ed

by the NMR nethod was 4,200 and the nol ecul ar wei ght di spersion was 1.10)

10 cofipr ian alymine resistaoce @vatussiontestdor sansmnventanalubiicant: d88&pound No.

2) of this invention manufactured as descri bed above ancf %%ﬁct ed to the
r

ol ecul arweighpless @%NhGHaQIPWW%VaF??@@Qﬁ@ﬂ"&’ﬁgﬂ‘f%‘)y frad 9 on
T o P a0 Lo P RO 8 B AR B Sl g 1 e
concentr 6\11\t.'r=ilso \rf]ercs)rflarge (the weight loss ratio when no alumina was added was about
60% and thus was large). Accordingly, with respect to the lubricant according
10  to the comparative example, decomposition due to alumina tends to occur and
thus the possibility of a reduction in molecular weight is high.
A LUL durability test was performed for the magnetic disk of
Comparative Example in the same manner as in Example 1. As a resulf, 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 5Snm. 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 resuit, 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 underfayer, 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. After forming the lubricating layer, a magnetic disk was subjected

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



15 0.2wt % Using this solution as a coating solution, a magnetic di sk
formed with the layers up to the protective |ayer was i mersed therein and
coated therewith by the dipping nethod, thereby formng the lubricating

| ayer. After formng the lubricating |ayer, the nagnetic di sk was
subjected to a heat treatnent and ul t3vi ol et irradiation under the sanme
conditions as in 20 Exanple 2. The thickness of the lubricating | ayer was
nmeasured by a Fourier transforminfrared spectrophotoneter (FTIR) and it
was 12A. ifBeidtihl | s DralRYEira@uana aseTi8a Bu formr itradidichitinse whs
excellent. I'n this manner, the magnetic di sk of Exanple 3 was obtai ned.
Then, an 2 ystdrly 6sless dpche ewelofani Winavielst lamap witkrwavetedgthor85nine :

25l ubri cant used in Exanple 3. In the same manner as in Exanple 1,
t he | ubriwavélengih 264ed =viz:Btby2theolight imterssifyAllio3) Thedhinkmersadfithe in a
nitrogen gas (N2) atnosphere at a constant tenperature of 250C for 500

m nut es, Ithecaiing leger wasimeasured dyraal ovkgrgransfeun dfeargdis. As a result,
with respect to the lubricant of this invention used jn Exanple 3, the

wei gh® | cxneatrephetampeier 4 iR madibwasdddy whe WbgGatinmysF Covade Wass, it
was seen that the lubricant used jn, Ex le 3 was excellent in alumna

r esi stanc@%iqréﬂom‘ﬁ’?%ﬁxwl? 0 @[T‘ﬁfﬁ W&“HFHt%fna‘@&?ﬂfﬁ"%‘c ur. 5

Furt her, |If.he V\Fight loﬁs' rgti o when no alum na was added was about 10% or
| ess and TXRIBPEZ WS A'RB®C8een that the |ubricant used in Exanple 3 was
excellent in h i o 1Ayt t was
performed for t eeﬁnéazkgﬁi?@? |“slt¥t%?t "Iﬁ%ﬁ%ﬁgr@,@? nwtt Hgﬁiﬂéﬂﬁad{h#e?as in
Exanpl e t ARSI | jjalkq of negd the LUL
operati oﬁ%"ag’?p%o%ﬁg% %a}_rﬁnggnw t h%tr?olﬁf%{iélnﬁf?%hat péféﬁ{?gturlg-ﬂfeow | yi ng hei ght
of 5 |disic8PEREMPIEY ethdubed tHeeUmapeeitionsbfH00pd00tnep witrSnd &giluver y hi gh
reliability. The surface of the magnetic disk after the LUL durability
test was askseuwadoivnflyied Beightisf Boman logrn balsaid thabtheomagaetic diskeifect r on

m croscope and was found to be excellent, i.e. no abnormality such as 15
damage orEximplevibasivser bigh.reffabitityer Thelsairiagefoddhe oragactie disdtafteribad after
the LUL durability test was observed in detail using an optical m croscope
and an ellddt dur&bta/twﬂ%dféﬁfeoh‘ﬁ@mﬁé“ fstaicdising pa aplisa) miskescapeand,gn

Adnos! on SRCEREiRgREOPE SNdatRLfog Bk BeeRTh 4R TP @ohamanysinas

20( Eﬁ%rrpl éear#;gé '(\)/?%Jr[ \?v%%%rb%e%edf uqfdrﬁ'%'?}t%e 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 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 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 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 the

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



The above-exenplified |lubricant conpound No. 5 was manufactured in
accordance with the above-nenti oned synthesizing schene in the follow ng
manner. 25The | ubricant conpound was nanufactured by nmaki ng the resorcinol
di gl ycidyl ether react, under an alkaline condition (NaOH), with a

per f | uor opol yet her conpound having a p&rfl uoropol yether main chain in a
nol ecul e t hereof and havi ng hydroxyl groups at both ends in the nol ecul e
(see 35 the above synthetic schene). Such reaction was perforned by

maki ng the resog gjmiRhntEshpasAg thetBipotindhidebreidd w@gcm@;bmgi her
conpound of 3 equivalents. A lubricant conprising the conpound thus

obt ai ned ydsede@Re MoleSAHPveRHe fracbonaticPchy thie supiegbititidal daid extedction by t he
supercritical fluid extraction method. An adhesive | ayer, a soft

magneti c hasyd. a first underl ayer, a second underlayer, a magnetic |ayer
and a carbon-based protective | ayer were successively fornmed in a manner
simlar to Exanfuh adhesig®Tayen, a softumagredicilager ayjiest riayemadsacendhe
fol | owi ng nmanner. ~ A solution was prepared in which the | ubricant
(Mh nBas winsieriayet, femryreiielayes andsa sadpm-based protesiivedayalrweaks fgrned

di spersion was 1.10) conprising the |ubricant conpound (the

above- exefine FAEE MaBRECaRIN EXAMBIRA- No. 5) of this invention manufactured

by t he-super cr | 14w IHPOFHrG v gt 1S OTR b et G oHEndBletna ai ssol ved
ot | o7 AR LRy 85 R DREERT TR BT,
o2 IRt ORI S8 v Mot BB ErRSIDE W 1 (1
20sohyt | Qiprriding til BeBBuAB (iMetabdveespiiplifiidupacaritedmipurkeibng) dfayer .
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
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 (N2) atmosphere at a constant

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



After formng the lubricating |ayer, the magnetic disk was subjected to a
heat treatnment and ultraviolet irradiation under the sanme conditions as in
Exanpl e 2. The thickness of the lubricating | ayer was neasured by a
Fourier transforminfrared spectrophotonmeter (FTIR). As a result, the

thi ckness was 25 12A. The |ubricating 3yer coverage was 80% or nore and
thus was excellent. In this manner, the magnetic di sk of Exanple 4 was

obt ai ned. Then, an alum na resistance eval uation test was

per f or medy farsikhe AsUbfdstRNivith $85hd ot tEXRMRIbAcAnt of3fis invention dded e sane
manner as in Exanple 1, the lubricant was added with 20% al umi na (Al 203)

and was ”Ekékh?l@@,fthbﬂvéigm lbbogstib Bhen (@Nhira was pliese wais abaaiiedaot
tenperature of 250C for 500 m nutes, thereby performng a thermal weight
anal ysi s.leds. aThes t tvassieeh thatsthedubiicartt usel ub Exaaple 8Neabgxasfllenhins 5
invention used in Exanple 4, the weight loss ratio when al um na was added
was about algftharesistance,Tiruslecompasiionedue tchaltmimaedidumtieasty ocsldl. 5) used in
Exanpl e 4 was excellent in alumna resistance, i.e. deconposition due to
al um Ba dFartimen theawpight nssuatio phamee alumiaawmasypddedyas @boub TRk no

al um na was added was about 10% or | ess and thua_i tE was  al.so seen that the
| ubri cantles® apsighus ityasalsa seeadpatthe Iypdcant used i EXpMIR 2Wa%si st ance.
Then, a LUL durability test was perforned for the nagnetic disk of Exanple
4 in the %’éﬁ?ﬂe RGatIesiPRNERanpl e 1. As a result, the magnetic disk of

| d h _ At ' | il
E;X]afﬂ’t ol ow 11 P bR AR ﬁ%gf‘ﬁfg%sﬁgﬁggﬁﬁ%@‘e‘%*ﬁt%@%ét{*hﬂg‘ﬁéﬁheﬂ? §?st
ul t v Erer T 1 ic di
aiter + nelorot TL Y BB RS, JH ATpsuEing MegmRer e '

M Cr Q3 ONGisRBA ERArpIE Sleriiréd HOEOPRPPatbrest JOROTD timelavigkaelfairme, | . e.
no abnormality such as damage or dirt was observed. Further, the surface

of a magngtarculededwelying helyht bBndur dbcan by presdd thas thebsmgvetic idiskdst ai |
using an optical mcroscope and 20 an el ectron mcroscope and was found to
be excel | Exdmple ®hasaeabhighmaliabilitys udheairtsanad ¢hemagineticwisk aftaréheed and,
1]: ;:’ It B(rare’ V\IQLSL ldggé;il%tggésta@segi)ggwgg irEn r&gtar}’!agsr}gé Ia(rzl &%221 n(%irc:rcr;:gcocp(zerrsrlr%S iar? i
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 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

perfluoropolyether compound having a perfluoropolyether main chain in a

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



WHAT IS CLAIMED IS: 1. A lubricant conpound to be contained in a

| ubricating | ayer of a magneti c di sk having at | east a magnetic | ayer,
a protective layer, and the 5lubricating layer fornmed in this order over a
substrat e, wherein said | ubricant conpound conprises a conpound
whi ch has a perfluoropol yether main ch#in in a structure thereof, an
aromati c group |located at a position except each end of a nolecul e

t hereof, and a polar group at each end of the nolecule. 102. The | ubricant
conpound A g niifetl] shéne). Werichi reas@orilwas Fedfontiel Wythakingahgai ns a
pol ar group located at a position adjacent to the aromatic group.

3. The | ukbeansdl di@lWld?im‘th@ﬁWHhdh@@eﬂdhcﬂ’bpollsrefheocoﬁlpomhdroé|3n t he nunber of
pol ar groups in the nolecule of said conpound is 7 or less. 154. The

| ubri cantequivgentsd according to any one of claims 1 to 3, wherein said
pol ar group is a hydroxyl group 5. The lubricant conpound
according to anjluicant cemarisingthe sompamnst s Oétai[lﬁ-ﬂ)éﬁasdlf@?%@é nol ecul ar
wei ght of said conpound contained in said Iubrlcat|ng I Ze alls within a
range Sof sulpededdo mpleodar weht KagHenalion: by the SYRgreHir aéﬁ Cé%facé'oﬁagnetlc
| ayer, a protectlve | ayer, and a lubricating |ayer forned in this order

over a suUpst wher ei n sai d I ubri cati ng | ayer contains the
The magnet i . GiAR %%lﬁé‘?%éﬁ%se e AR eena s2ees | ayer
ISS -‘?’hgaira %?%?%dl Sﬁ%@@%ﬁé rgfglcgfﬁn@gbg%’%@'ggt%&g% Ig'ypr ot t{??ve | ayer
I ncl udes §jdckegsBIyAbredH b rﬁ@ﬁﬁé}%ﬁmai"‘td Bxafmgle ybri cant |ayer.
10 Then, a lubricating layer was formed in the following manner.

A solution was prepared in which the lubricant (Mn measured by the
NMR method was 3,600 and the molecular weight dispersion was 1.10)
comprising the fubricant 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, Verirel XF (trade name)
manufactured by DuPont-Mitsui Fluorochemicals Co., Ltd., at a concentration of
0.2wit%. 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 resuit, 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.



9. The magnetic disk according to any one of clains 5 to 8, wherein 38
said magnetic disk is adapted to be nounted in a magnetic di sk device of a
| oad/ unl oad system as a start/stop nechani sm 10. A method of
manuf acturing a magnetic di sk having at | east a magnetic |ayer, a
protective layer, and a lubricating Ia%@r formed in this order 5over a
substrat e, wherein said lubricating layer is formed by form ng on
said protective layer a filmof a |ubricant conposition containing the

| ubri cant conmpopeasz®es tHdithelr asanExanpi®f, tHealubBcdnitwadadded with 20% 11.
The net hod according to claim10, conprising carrying out 10ul traviol et

i rradi at i slonfina ¢AkLOy) agd owis raintained ireat inttragen gasiN A tatmos phnete et at
treatment to said magnetic disk after formng said lubricating |ayer.

Abst ract ofngtér tBirperatie of 20 faardidiét iminudes Khaeebygierforming a thergradt i ¢

| ayer, a carbon-based protective layer, and a lubricating |ayer forned in
this or deweightanalysisostisa eesulihwithubspeeitpie hiyisant Gie. ﬁgﬂfsthdﬁ | ubri cant

conpound i ncl udi ng a. conpound whi ch has a erfluoropolyether |n chain in
a str&ct up¥eRti} degd 'flaﬁx%émlﬁa‘fml T&‘eg’}’%ﬁﬁt |P§%z§@‘é‘dWQ?"@ Wake wahagdedpt each
~end of a ﬂgé% the?:é‘l) hus npv?/gs?rse n? :ﬂtﬁe It%a}"(l:c%n?r}go Suse nerI ecule.

Example 4 was excellent in alumina resistance, i.e. decomposition due to
alumina did not easily occur. Further, the weight loss ratio when no alumina
was added was about 10% or less and thus it was also seen that the lubricant
10  (No.5) used in Example 4 was excellent in heat resistance.
Then, a LUL durability test was performed for the magnetic disk of
Example 4 in the same manner as in Example 1. As a result, the magnétic
disk of Example 4 endured the LUL operations of 900,000 times with no failure
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 observed 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.
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WHAT IS CLAIMED IS: 7

1. A tubricant compound to be contalned ina Iubrlcatmg layer of a
magne‘tic disk having at least a magnetic layer, a protectlve Iayer, and the
lubricating [ayér formed in this order over a substrate,

wherein said Iubricént compound comprises a compound which has a
perﬂuoropoiyether 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.

2. The lubricant compound according fo claim 1, wherein said
compound further contains a polar group located at a position adjacent to the
aromatic group. _ 7 | '

3. The lubricant compound accdrding to claim 1 or 2, wherein the
number of polar groups in the molecule of said compound is 7 or less. |

4'. The lubricant compound according to any one of claims 1 to 3,
wherein said polar group is a hydroxyl group. '

5. The lubricant compoLlnd according to any one of claims 1 to 4,
wherein a number—average molecular weight of said compound contained in
said lubrlcatmg layer falls wnth:n a range of 1,000 to 10,000.

6. A magnetic disk havung at least a magnetic layer a protective Iayer _
and a lubricating layer formed in this order over a substrate,

wherein said Jubricating layer contains the Iubncant compound
according to any one of claims 1 to'5. '

7. The magnetic disk according to claim 6, wherein said protective
layer is‘a-cérbon-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
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~ said magnetic disk is adapted_to‘ be mounted in a magnetic disk device of a

Idad/un-!oad'system asa sfart/stop mechanism. .

. 10. A method of’manufadturing a magnetic disk having atleast a “
magnetic Iayér, a protebtivé anef, and a Iubrit:ating layer formed in this order
over a substrrate, | |

wherein said lubricating layer is formed by forrﬁing on said protective
layer a ﬁim of a lubricant composition containing the lubricant compound
according to any one of claims 110 5.

11‘. The method according to claim 10, comprising éarrying out

u[travioie_t irradiation or cafry_ing_ouf both untraviolet irradiation and heat

treatment io_ said magnetic disk aﬂer'formi_ng said Iubridating layer.



