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LUBRI CANT COVPOUND FOR A MAGNETI C DI SK, MAGNETI C

DI SK, AND METHOD OF MANUFACTURI NG THE SAME 5Thi s
application is based upon and clains the benefit of
priority from Japanese Patent Application No.

2009- 080430, filed on March 27, 2009, and Japanese
Pat ent Application No. 2010-067387, filed on March
24, 2010, the disclosures of which are incorporated
herein in their entirety by reference. 10Technica
Field This invention relates to a magnetic

Ll BRI G P tCOIMIPD Wi DnipO Rt A& A GNE The dH 8K, 81AGHIE Tde\DISK, AND
such as a hard disk drive (hereinafter abbreviated as
a HDD) and METH@Ex Q6dMANUTALIT UBRING THE tSfdVEane and
further relates to a lubricant conpound for a
magneti c di sk. 15 Background Art Vhrious infornation

Iﬁé"f%ﬁ”%aé@%“ﬁh&% o PR B TG esSL of Ao from
P
Jafgers 8‘%@% of RaYspRasf ey e f@% 2009, and

e | LA M 5. v
%?cgﬁﬁéé Bf Wﬁ%egr‘eriﬂggl?% gB%rQﬁ‘?H the&AEhfirety B%e(r)e;nce.

-1 nch magnetic apted for use Ina

the like. In order to satisfy such a requirenent, it

IS necessary to realize an information recording
Tedemigak Fiekikceedi ng 400CGhits/inch2. In order to achieve

the high recording density in a 25magnetic disk for

use iThisinkbtian relates| tolemagnetis dhﬁc&mpmq/tct be nealunded in a

the size of magnetic crystal grains formng
magigiistdisk devoe Lal asay bardscélslmdﬂget(bene&aﬁed Sbbreviated as a

i nformation Si %nals and further, rll;{ggu e th

r@lfates toa

HO)) ancia @ ragthpd of mgaitaciysing the Samﬁe ?

luqﬁﬁg\éfga@%gﬁnd¥orcg%?grncetacldlZk?d magnetic disks of the

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
technigue 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
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
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. perpsreticuladte tie surfagedofrmgubstiaiesu

2 magnetic recording type (also called the
| ongi tudi nal magnetic recording type or the
hori zontal magnetic recording type), as a result of
the reduction in size of magnetic crystal grains,
there has been the occurrencé of a thernal
fluctuation phenonenon where the thermal stability of
recorded signals is degraded due to 5
mﬁgﬁ@ﬁdol%rc@i’mﬁg eypeS (aled daNdtbihe IbhgitudeaIraaghaticonrabrdiag &/pe or
| ost. This has been an inpeding factor for the
the merigastal magnetiordcodirdetype), Yasod rdst ofdlge edductidndk size of
In order to solve this inpeding factor, magnetic
magnatictnygtatgdiias ahetdbap bepr thk ooturencegfe thermal fluctuation
recordi ng type have been proposed in recent years. In
phelm@mfam whem@eﬁbeﬁaabﬁtag!ﬂl@rofrfﬁgrar@hedcstmai@ igdegraded due to
e, as is different fromthe 10 case of the
swpﬁrrgﬁraﬁ@gmgﬁ@t and woesr hengoeydsst sighals@ggyost.  This has been
neLi z t|on axis.of a nag| netbﬁ] gcor
H

%Gbl agtorfor the ncrepselRegor %nfflgc&-g[eﬁ ?‘Xaeénét% disks.

gg:‘[g '?S?I ul.ar Oﬁ‘f% rf%rﬁﬁétﬁ ﬁ%caée?n%dﬁ%zlgagé&rqﬁwgla of the
A L 5 FE A .

thé 2asd bpﬂ@ P%@did‘tﬂérqﬂﬁgﬁ‘éhclr%cbﬁﬁn@ B Gisng d%raémt ffom the

suc ndi cul ar~ magnetic recordi ng medi um

cabé@‘f ¢he M- !Slﬁﬂwrmagﬁ@h@@do&ﬁng \Wibd, Ay BaP hihdtiealion axis of a
magneti c recordi ng di sk conprising, over a substrate,

mag restictrecagiieg iayenisiadjuaieel soraséo bé caientdd innmditettion
substance and a per pendi cul ar netic recording
ggtcaﬁu:@redgviir‘sthe in-plane
described in, for exanple, JP-A-2002-74648. 20In the
Maangiici rReording ks the BRERCNGiG s maga%%qwfﬂme\mﬁeaan

surg&%h%&ﬁéﬁ%lé‘ﬁ&q%%%m@n%ﬂ é %L{sﬁggﬁag% tjor Yncreasmg
tne R b0 e L e P il o Rlif Indeium.
m&l@%ékng%té ge'c%iubambhg,aw R aa.b avha@{enu%séo@ﬁng} b8k

surface isr e

coﬁ{#?i%ﬁ'fgt IoRer aktibstate W SO n@tuéhﬂaéhaw m&He B adoft
subst ance resi st ance anti-friction pr operty, and

matgitic'RPstrRCand a perpendibilap hegynetio réedrafigyiagecmade of a
requi rement, perfluoropol yether-based | ubricants

hahaiagmeliy dubstidnagy as ps descritedeioyfor exampde, ofR-AR2@@2714648.
used as 3 lubricants for magnetic disks. For
exampt the aeadtieng covgRtippaimegnatic qlpbtlsentovmﬁmwﬁhta
1) or the like, there is well known a magnet
protestivailaygr RBG MAGHEtiE Kacerding layat @amwﬂtqvea a substrate and

bt LB Bt BB B e
duré’bllrty e%d reliability of the magnetic disk. Particularly, the lubricating layer
used at the outermost surface is required to have various properties such as
long-term stability, chemical substance resistance, 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
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5 groups at both ends of a nolecule. It is known that
when hydroxyl groups are present in nolecul es of a

| ubricant, the lubricant has excellent adhesion to a
protective |layer due to the interaction between the
protective |ayer and the hydPoxyl groups. 10 Sunmary
of the Invention - As described above, the

i nformati on recordi ng density exceedi ng

IbRESRIstSS hﬁgh%ﬁe AfsKleerof @mP@q atCordarert JAPR52-66417
order to effectively use the limted disk area, use
(FrsnbBesumBaE 0br theHiRB, terd RewblUknéwoadhagheticliecording
system as a HDD start/stop nechani sm-instead of a
mediwe o tlenhite EtERedfwithe peFIUCESalkyipalyatiterdulidant hewg a
system In the LUL system a rragneti c head is.
strattursad HdOCH & HO{CEIF 4(8e( G 28050k o HAPH epniainiaghydroxyl

- | ocat ed outside a magnetic disk while the HDD is

groupp @ doth aads phaaneleawle- ull iveewe that wier hyergnggreups are
head is caused to slide fromthe r , after the .
paaN moECUlesY 2 bbricent, Brbbhoal e epalsyt SBsiarE 2

magnetic disk to, performrecqrding/reproduction, In,a
Pietes gt s B aiohdit SRR e PRSBEIVE PR At
the ranp outside the magnetic disk, then the rotation
' h%?POM@?ﬁ%%eti c disk is stopped. This sequence of the

- operations is called a LUL operation. In the magnetic
di sk mounted in the HDD of the LUL .system it is not

Shid 3 Yhd Mvehayhde a contact sliding region (CSS
region) for the magnetic disk, which is required in

the QGSJey&iHRIN abdus thé inférmdtinrseicbiding dehsity exsseding

recordi ng/ reproduci ng region, and therefore, the LUL
ACDGHitsfinck? hasbeenbbguifed in recestdDES. t Hie ovdéntrefiettively use

informati on as conpared with the CSS system In order

the dimitest disk aréme Usef hasreesomadecdralHRy abihei kYL (Jaadiunioad) -
t‘hes_e 4 circunstances, it is necessary to red ?1eDS

systeaoi agalkieb siartisiem meshapiss. inees o @d%ﬂﬁvﬁaﬁ@fﬁﬁ DD of the
flyi hei ght of th i d, . | der t. .

CaSlpanect HisipB} RPEn 1Bl bDRoVaisiti < pesneighen s

LRGBS Y e Dt gpetc i

W@I}érl‘]tg?ﬁ{)% Sﬁ%?béd Fhah il st%’éﬁ-upg{;{égéﬁ&, %nﬁg%%ﬁﬁg\ead is

neéceSsary to p e an uneven shape

cauSbd $521i88 flohP trd FArAE Saffdr the @nﬁgﬁ@d’i& gia¥ié.to irbtate so as to

possible to extrenely flatten surface of the

fiy @R ehé naliridtic (FOK &8 AEEBInh Yecdrtinghepraimtioh. t lrea stop
magneti ¢ disk nounted in the HDD of the LUL system

opehation ythe gndwriegint hexd istetremtpueio the emp masidedhé magnetic disk,
reduced as conpared with the CSS system and
then 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 not necessary ta provide a contact sliding region (CSS
region) for the magnetic disk, which is required in the CSS system, thus it is
possible to increase a recording/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
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10 therefore there is also an advantage that it is
possible to increase the SINratio of a recording
signal and thus to contribute to an increase in :
recordi ng capacity of the HDD. Because of the further
reduction in magnetic head ffying height due to the
recent introduction of the LUL system it has becone
necessary that a 15magnetic di sk stably operate even

- ci{dggﬁsﬁgé’éﬁ ianegaséﬂry kG rédiid b ¥bagng fosads Aluchm® dssible by

peci al 'y, as” descri bed above, the nagnetic

re@héigg th@‘f@ir@%gﬁ%ﬁhé@négﬁﬂd thgad . n-iploadier tor@hiviecthe

“recording’type tTo the perpendi cul ar nagnetic
infoRERtIBhIEcH MY densigeanbedirgy 400Ghity/inah?, dns inecessary to set
iI-n capaci'ty of the magnetic disks and a resultant )
thediiref heighbbf thefrhagmagictesarhto bameriesm dJontimbly system, as is
demanded. 20Recently, magnetic di sk devices have _
diiérmnt éont theb@SEfsysternssince dtis ook Peeassepnitepiovisiesn uneven

creeayag e Son ias satalnaeoragpaRe ek B gdo Bremely
nmobi | e phones and car navi aticgn syste ._z;\@%_{ 5 the
atiear e sUeface o6 the MASHENS OiSk at CARFEIRCRI M UF PR

t he enyij Nt al. j i i
mage Hisk TR i i HOIT PERE GHERLRERL He PR8Iy or the

BT EATAET BB bl SIS S0tystom

| thgtéggﬁﬂgﬁé/ i<Chis BN \}S@tégesﬂfat' ittilg%ogsib%hbl ihttbask the S/N ratio

_ s form ng ricating layers, and so on.
Of? _oHﬂﬁ%rs?gj?iaqi ahBRAGY &BHYtribltd ©f & ttéase inaeosdintcapacit
ensity Of magnetic 5 disks in recent years, it is -
oftg8WDPd to further reduce the magnetic spacing
bet ween a magneti ¢ head and a recording |ayer of a
magneBécautiess the furthibrtreductian int m@gneﬂmbe%ﬁymg height due to
magneti ¢ head flying height and, therefore, . it has

thiesecend intseductionyof the LoJL: suateds Mias haseane neeessary gt a

reduce the thickness of a Lubricatin ba r pr.esent
magnakeAisKisati GREte SNERAN 47 SR of R St Ty TApa gt of
ST BF ISk | SR a%‘d%%%ﬁ%{féﬁﬂ%%ﬁ% ﬁ?%ég%fécgaslfhgave been
sl ek Bt b St o3 el imagresi

rekgﬁrﬁﬁﬁe{‘ig e8I éa?s,réadjﬁ%ﬁ%n ihb%a‘éb@l*?bbbédﬁmﬁe {?)??netic

ar e ssentlaj or the magnetlc _
diQn% Ahd 9rRYBBaRYEBueTor WA Birlg I%i?tﬁmaw iSeaTt Stsengly demanded.

ecul es of the lubricant, the [ubricant has

excelkesintRdiegnetic diskededcd® habe stitegrtotiecofiareusay aot only
due to the'iInteraction between the protective |ayer

asagshvgntiohgbstorade dediops of petdomabrobmputess, st also as storage
the-lubricant and, therefore, use has preferably been
devinss foi mobjlerdpplicatipos peeihas mabile phenespand FaUNAAggion
havi ng hydr OX%” ar OUPS at ) L .
systems and, therefore, due to diversification of applications, the environmental
resistance required for magnetic disks has become very strict. Therefore, in
view of these circumstances, it is urgently neéessary, more than -conventional,

to further improve the durability of magnetic disks, the durability of lubricants

forming lubricating layers, and so on.

With the rapid improvement in information recording density of maghetic
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15 both ends of nol ecul es. However , - a
conventional highly polar |ubricant having the polar
groups such as a plurality of the hydroxyl groups in
the nol ecul es tends to be subjected to aggregation
due to the interaction betweén the nol ecul es or the
interaction due to attracti on between the polar
groups. The nol ecul es of the |ubricant 20 subjected

dfsRs i ?ec%g?&@g%t 38 r%&?'?é?ﬁl‘&rfhﬁﬁ&' AR 7 %é@{;‘x‘e’ﬁ&f spasing

asare [t to obtalin i cant

bEﬁVe:%rn £t beHa'H 444 §keesEingNhpsoftmagrbhi¢ 8RRt addition to

llayer 1st |ckened This causés a problemthat the

tHeSRdEELOM in Ma@Rene hiead FIPRg Hedgistaaal thdrefae it bus tecome
Further, presénce of excessive polar- groups to active

nétésary rﬁncbtfeethan aoevtntiendl dpdurthenesiute tiatisekness of a
attraction of contam nants and the 25 |i ke and

lubrieatiig layer petscit betweeretheubagoatic head and theertording layer of
-occur. Accordingl g i f the ma%netl c disk is used with

thehwsagagliedisk. hAdy lrm:awtn@edtasé e&mbftcailnsdﬁwﬁw@e outermost

hei ght of, for exa

sirfarecef the reeansti wnﬁrlfergﬁtm et 1!1*%5 Ufa%@b'a%ége sragnegic disk.

further r.eductio

Eve ffdop H%;c'frrﬁessﬂ AT ﬁ%f‘%%ﬂs the Sl
f%*ﬁﬁ@ff 7 Snal o e RTINS and t he surt ace. of

e YR ey ML g s i rve
Iuﬁflcéﬁetﬂmﬁﬁ%ﬁt ﬁéssbxcéilbnﬁﬁd'hé@@@%‘atcbﬂioﬁbﬁs& protective

magnet I ¢ head does not inmediately go out of contact

layet dué hetHelinteaaetion beiveareasrotective kayebuindsthe dgdroxyl
with friction for a while. A slider of a currently

grospd intignefolecuies df thentbiicentaindythere{oie, 208) has preferably been

known that the CF20 portion of the main chain of the :
mabie\of arparfluommpolyathe ubricpd pasticrdad hawag hydraxyhatoups at
tends to be deconposed by a Lewis acid such as
beth@ndsf maleeriesr e, the 10 perfl uoropol yet her - based

| ub t d at th f f 1
gneipteubas seyeiond g bn it Ryt e poar sroues

S T B M AR 1 s

to{%&?f@@étﬁc{ @ih@[ﬂté%s |{)rgB b t!‘fe%ﬁ]e‘%ﬁlés"kﬁ‘ the interaction

ayer e pronoted nore

d LR SRLCREA 'beh:@ﬁﬁ thd PSkf g!'cﬁJ(Péo No@lemakeulest cﬁ&he lubricant

possibility 15 that data fead/wite is.subjected to a

'_thﬁéétéﬂ%m@a@Qre@ﬁ‘ﬂml a¥dedopibeliabrg et bulkyeatt, asfa tdselt, it is

| Gbri cant deconposed to decrease in nol ecul ar wei ght.
difficult he bbtdin adobstael layéosf bnifiaathickness unless the lubricant
recordi ng/ reproduction in the state where a _nagnetic
laberdid thickemedrebris tdauses akprablem that dhe eruaiion in sagnetic spacing
other in-near future, the influence due to the
canet barachisuedac tFurtheruptasence oh 6X5arsive pelat geoups fo active

| ubri cant
sites on the protectlve layer tends to cause attractlon of contaminants and the

I:ke and transfer or shift of the lubricant to the head to occur. Accordmgly, l_f the

| magnetic disk is used with the magnetic head flying at an ultra-low flying height

of, for example, 5nm or less, failures are caused to occur in the HDD.

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

20 formng the lubricating |ayer is deconposed into
| ow nol ecul es, the lubricant |oses a |ubricant
property. Then, it 7is considered that the |ubricant
whi ch | oses the |ubricant property is shifted and
deposited on the magnetic hefd | ocated in the
extrenely cl ose positional relationship to make the
flying posture of the nmagnetic head unstable, thus
ai I | _ . g o
fofigiEirtfs ekt 1L Ereton Benshe i FREH fehrs{ipcisbiity
beddhed high tRECSSHHEG & fliciRAPheiBersthb8agnaticanirl i) 8k
0 prontte the transfer- deposition phenomenon because

surfack®tdRe h@a%&fé didiefrbglsntiecdcutisie When the heaghetisdisah is

Created at t bottom surface of the magnetic head.
brétight inaostadtiith teduifsresiftied mMadaiticalik, iteyay fiappen that the
produce an acid such as hydrofluoric acid to thereby
magmetidesac debs nehimmediaitein gofoutiod contpetwith the surface of the
Particularly, a magnetic head nmounted with a
magngti diskshuitslides sfithefictieon Earenwhilendd stidene aeyiretbgused
As described above, it is required tor a{{ze e .
magnptis headirentamscalliming (AleOp)on dL s dnapethat fhe a9 pgrtion of
-l ubricating |ayer and havin

e L
b e DA B BB ol P S A HRetpre e
pe&@f&gﬂﬁf){y IS AR |l\58rrict?é SR AMhQbufRRIdsE 8RS ofld

’ e environmental r f

esl stance requi red for

__ ‘mﬁ@%}%&igk %;fs}(ﬁe kR8T aY BieY CFLOI gdrtior Bﬁi’t@ﬁ'ﬁaﬁrﬁ? chéih by

IS require nore than conventional, to further

altirBfieCqud RecoMbekoes:® IRk with thy ireghitighbay eb thatds reduction in

simul taneously, to further inprove the properties

- mélechlapwveidie ofunaiibridayt fdrmang ther lubainating et fedsie be

| ubricating layer, that largely affects the o
promotda iriarg tidn aoneetonat  di ks, theretis conegmnyabqys the possibility
dur abi | i t%jv and the alum na_resistance (suppr es|31i on of . -

irie ipsubjreted iBra @ilHe due '@ gdBeRiRDAig)the magnetic

negin OGS BRHFTI IRAROTRIEE SrAISeTbBUMASRLE gfeighe Further,

._inventi Lt ' i _ .

i RS keh e B BaPo 4Rl SRR ARG Bt

neAEFLE Ao RSl LB St o A e, e

e EREPIRR B SRR, et

forrhiBg tAE Itbrid3ting asfer 18 deebApdised iHRIGW nioletuless el iubricant
years and wwth the very strict requirenent for

loava LHEant plopeesi stTdeee itfi®cbnsidered that the lubricant which loses
di versification of applications, and further to )

thetubvicaet propegtyasishiftedand depgsibed hn she omgnetinthead located in
conpound and a net hod of manufacturing such a

theragiemiety diose positional relagionshil i@ makesthe dyngspeadure of the

e head uostabIaiG CauSIn Ay SHSOBIBLIR: PRI
Ao S G R B o
B8 B b VAR B R o B
terﬁ% %%Wﬁ%gppﬁ%arﬁ dudtd § @gbnﬁ URAUR S teRfattRE bdkBR

["ayer o
surface of the magnetic head. The transferred and deposited iubricant may



magneti c di sk having at |east a nagnetic |ayer, a
protective layer, and the lubricating layer formed in
this order over a substrate, 5wherein the |ubricant
conmpound conpri ses a conpound which has a
perfluoropolyether main chain in a structure thereof,

an aromatic group |l ocated at positi on except each

end of a nol ecule thereof, and a polar group at each

end of the nolecule. (Constitution 2) 10The | ubri cant
conmpound according to constitution 1, wherein the

peaxivoe andcidiauches hydiflagrinsacicitoberaby gererAs anelamart Rertion of the
posi tion adjacent to the aromatjc group, -
yagntie heart | GTarsulariiea MASPFEARRECBATEER it 8 ceseingesigive sffect
constitution 1 or .2, wherein the 15nunber of pol ar

e%ﬂggﬁfﬁ?’]tdﬁt?ﬁ@ciﬁf)@%l e of the conmpound is 7 or |ess.

nsgitution . : - :
accor %‘l? d55ched ﬁ%z’ oo & i3fe -'ol:%(gfdl 'tég[' ilegi‘@%gﬁ%lom%g%gl}e&t n
SRR AR AR bt sy Lo

r%%a{&gsﬁ f%h@ﬁ@ic]sptaeihé’ nUied I%Wﬂyﬁ'ngﬂtég@}ﬂ lof AViRIgABEC head following

cul-ar wei ght of "the conpoun ntained in the
theliPbicaad im@chritey ddriity i wokitieass aran gethef, die@@Biversification of

10, 000. (Constitution 6) _

applications and so on, the environmental resistance required for maghnetic 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.
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A magnetic disk having at |east a magnetic |ayer, a
protective |ayer, 25and a lubricating layer forned in
this order over a substrate, wherein the

| ubricating |ayer contains the |ubricant conpound
according to any one of cons8ituions 1 to 5.
(Constitution 7) 9 The magnetic di sk according to.
constitution 6, wherein the protective layer is a

carbo . protective layer forned by a plasma CVD
nmet ho@;&%ﬁoﬁﬁ'gﬁiﬁuti on 8) " The magnetic disk

accor A figichat 8%§bhh&&d B8 chntalhied Bi & Ui aBR@ IRt b 8

Slayer ‘includes hitrogen at a part contacted wWith the
mlaghéﬁ&ai%k HaRW R at IS8 ridgnklio myR), J protestieatiyer, dndlthe
-atcording to any one of constitutions 5 to 8,

lubhestRigialbeformeadh itisis drddr dver adsylistaite,0 be nounted in
a magnetic di sk device of a |oad/unload systemas a
st ar twisérejn thedbbricamhcobf{ctoaisearnprisasna tompaundtwiich bas a
manuf acturing a magnetic disk having at least a .
parflgorpolyetharyvain chain it @ strugiire dyeseof, angargmatic group located
lubricating layer formed in this ord{;r over a -
atspesition except each end of a molecule thereof, and a polar group at each

end of the molecule.
(Constitution 2) '

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)
| Thé Jubricant compound acciording to constitution 1 or 2, wherein the
number of polar groups in the molecule of the compound is 7 or less.
(Conéﬁtu"tion 4)
.The lubricant compound accord'i'ng tp any one of constitutions 1 to 3,
wherein the polar grdup is‘a hydroxyl 'gro.up. :
(Constitution 5) |
The lubricant compound according to ény one of constitutions 1 to 4,
wherein a number~éveragé molecular weighf of the compound contained in the
Iubricating 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,
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)
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OB P o e ST kel

wherein the lubricating layer is fornmed by form ng on
the.protective 15l ayer a filmof a |ubricant
conmposition containing the |ubricant conpound
according to any one of constitutions 1 to 5.
(Constitution 11) ' Th8 nmet hod according to
constitution 10, conprising carrying out ultraviolet
irradiation or carrying out both . untraviol et
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t he | {@onstitutionr®)| ecul es and the protective | ayer
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| ubri cant nol ecul es on the protective |ayer and thus
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possi ble to formthe lubricating |ayer that can
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lubricating layer in the formof a thin uniform
coating filmhaving high adhesion to a protective

| ayer, a further reduction in magnetic spaci ng can be
realized. Further, a lubricant conpound according to
enbodi nents of this invention is also excellent in



alumna 11 resistance and thus there is obtained a
magneti ¢ di sk having high reliability even with the

| ow flying height (5nmor |ess) of a nmagnetic head
following the rapid increase in recording density in
recent years and with the very strict requirenment for
envi ronnental resistance fol l.gw ng the

di versification of applications. As menti oned
in constitution 2, it is preferable that the conpound
further contains a polar group at a portion adjacent
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(the lubeivhting Isydravith @high coverage ralivppen if thetthisknnss &f the Iubrlcatmg
groups within a single nolecule exceed 7), there is
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t hus can enhance t he adhesi on between the |ubricating

adr¢h dititk lubkcating layer can be improved.

Since the lubricant compound according to embodiments of this invention has
the aromatic groups in the molecules thereof and a Lewis acid such as alumina is
preferentially attracted to the aromatic groups in the molecule$, decompoéitjon 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
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protective |ayer. 12 As recited in
constitution 5, it is preferable that a

. nunber - aver age nol ecul ar wei ght of the conpound

contained in the lubricating.layer falls within a
range of 1,000 to 10,000. Wilhin the above-nenti oned
range, it is possible to provide recoverability based
on appropriate viscosity, a suitable lubricating
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According to enbodi nents of this invention, it is
possible to provide a |ubricant conpound for a
magneti c disk that can realize a further reduction in
magneti c spacing, that is excellent in durability,
particularly in LUL durability and al um na

resi stance, and that has highoreliability even with
the low flying height of a magnetic head foll ow ng
the rapid increase in recording density in recent

years and with the very strict requirenment for
envi r dnieatted incesstiviig 'tf'%Pr%%aHg theea humber-average molecular
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LUL dyenbility ard aliging iesistAns. ans/hasgigh reliabjily eé{ewgﬂ q \gw flying

a protective |a

reighY B TICIRAG [OICUETE B £FPd SIS VA oL ¥ fecent
gl _ _
ved5t e HOPCHROT BoREr AT Emar o HOREH Bl et RlanCe iRpup e

.-an..aronat | ocated at a position except each
div rﬁ@cgﬁonaéf'r?fﬂpgéa&%gs.t hereof , and a pol ar group at each

end of od B nfiBHeRGH cBnstiiftichiTe tif prdtctife BYSUP aidaridniisased

case, use may be nmade of, for exanple, a 10 phenyl

pro¥ Ve I8 forMBd by R RAsha Ve @xaioal eAcdording to the plasma CVD
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mefHodlthe cartirpbssay Eoectiveolaper withpd tihifdrinrardydenge sufiaceznan be
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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 exampie,

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-



20 and whi ch has pol ar groups at both ends of the
nol ecule. In order to allow the function and effect
of this invention to be exhibited nore preferably,
t he conpound preferably has an additional polar group
at a position adjacent to the aromatic group in the
nol ecul e. For exanple, it is ?articularly pref erabl e
that the conpound have respective polar groups on
both sides of the aromatic group 25 present in the
nmol ecule. In the lubricant conpound according to this
i nventwitmthetidve nragnibiér hesfd fybigareight dupdaingd byi@ methed al e
is preferably 7 or less in order to adequat el
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coﬁéfllﬂl'tlbﬁ 51@ tHeSnAgHRB @lskmﬁéy 5t §udjdBtaitot ingavisiet igadibtien or to both
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Ut iR irfackdtion aAb hasi fheatteaiylter fodhil)g tha laaichiing/layenr odpis
(-0001-), an al dehyde group (-001-1), a carbonyl
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Among them the hydroxyl group is 10particularly
preferable as the polar group. This is because the
hydroxyl group has a large interaction with the
pr ot ethdvaataggy ef thisjayentied arly a car bon- based
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resistance, and that has high reliability even with the low flying height of a magnetic
head following the rapid incréase in recording density in recent years and with the very
strict requirement for environmental resistance following the diversification of
applications, and further to provide a magnetic d.isk 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
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protective | ayer approach each other due to -rr--rr

i nteraction therebetween and, by this interaction,
the lubricant adheres to the protective |ayer. That
is, by introducing the aromatic groups | ocated at the
position except each end of 14he | ubricant nol ecul es,
it is possible to allowthe lubricant to be stably
“present on 20 the nediumin the state where the

~ bul ki ne f the lubricant nolecules is mnimzed and
ephaditgRngleot

‘ol ecul es are nore fl attened.

‘Ther ef ﬂjq%pca%{f‘g&nﬁBHh& &t a?ﬁ'\ Idnetidiask StebARg to Hinvention is
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a b f EOIQEBPIQ& td Bﬁtcﬁﬁta‘i’r'iéﬂ RES IMRichANG layep of Batadrieticsdisk
- possible't ormthe lubricating |ayer suppressed in
ha¥ithd LRSSt 8madriticulyércarrotseties idyes amd thbdubricating layer
2bprotective layer and thus to formthe thin
folrdBaiie 8iis BEddrapner a fubstriaty, whereirsthe palsriganit eomnpotiod m
the lubricating layer that can sufficiently cover the
compiisesea ebmpiohadpyhitke bas aeperiyeroppivedherupaingieimig a structure
Layer with a high coverage ratio) even if the
thetdaf kare soroatic gepuplbeatediatimypesilien exeenteach &nd of pgmolecule
Furt her, since the interaction between the nol ecul es
thereafhand amalargreup @t eaeh endet48e MEeHIR to attraction
bet ween t he pol ar groulgﬁgof t he | ubricant

i

S upprAS NISATNTRIGRIPHP IS FeSPeUss TRYBPGTGHE §f JapgyamPle. a

resent at the ends, of I [
orBroLBRurERs, S dBodate b iottal: R CRREY, B5e fi be made
o R R O, A BBURRETofl 4 e hRIaAghos an e
grBlip L& the' HREENTn@MhiASer dreardhititRidr6ug Withilba shgldimolecule may
_-rmP'ecu es thereof and a Lew s add such as alumina is _
nd? bef @isaittddtd Mnig} bues pritality dftfor axanmpld, dwg)y ampsatiogroups

the nol ecul es, deconposition-at main chain portions
m&ay behacinded withirotha singleanolessita Thetarousatic gioep may have an

al um na does not 10 easily occur and, as a result, ‘
appnepratersubsbtuginted t he al um na resistance and the LUL

durability that .can ensure suffigient | o,ng-term
st abi Thusy the lubricant compound according to this invention may be

specified by a compound which has an aromatic group, such as a phenyi group,

"located at a position except each end (for example, at an approximate center) of

a chain molecule having a perfluorOpo!yether main chain in a structure thereof
and which has polar groups at both ends of the molecule. In order to allow the
function and effect of this invention to be exh_ibited more preferably, the

compound preferably has an additional polar group at a position adjacent fto the

~ aromatic group in the molecule. For exampie, it is particularly preferable that

the compound have respective polar groups on both sides of the aromatic group

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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Exanpl es of lubricant conpounds according to this

i nvention are given below, but this invention is not
limted thereto. Herein, it is to be noted that the
fol l owi ng exenplary conmpounds No.1 to No. 3 and No. 5
i ncl ude phenyl groups 15 as the aromatic groups while
the exenpl ary conpound No. 4 includes a naphthyl ene
group as the aromatic group. In addition, the nunbers

o M 100 4 BB ORI groups
o%t‘ﬁ@ﬂﬁﬁzticj:éfﬁla)ﬁd toSuplprddstr8cforof Sbrtamirtars Mnl ithe tkdafd
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 hydroxy! 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 hydroxy! 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 molecules of the lubricant or
the interaction due fo aftraction between the polar groups of the lubricant is

éu’ppressed, the polar groups (e.g. hydroxyl groups) present at the ends of the

- lubricant molecules are éffectiv_ely bonded to active sites on the protective layer

and thus the adhesion of the lubricating layer can be improved.

- Since the lubricant compound of this invention has the aromatic groups
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
easily occur and, as a result, there are obtained the alumina resistance and the
LUL durability that can ensure sufficient long-term stability.

‘Examples of lubricant compounds according to this invention are given

* below, but this invention is not limited thereto. Herein, it is to be noted that the

following exemplary compounds No.1 to No. 3 and No. 5 include pheny! groups
as the aromatic groups while the exemplary compound No. 4 includes a
naphthylene group as the aromatic group.  In addition, the numbers of the
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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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.



EC ZZo Ex Oui O1In the chem cal fornulas

expressing the | ubricant conpounds of this invention

exenplified above, mand n each represent an integer

of 1 or nore. The |ubricant conmpound of this

i nvention can be obtained b¢¥0 for 5 exanple, the

follow ng synthetic nethod. 20 An exanpl e of

a synthetic schene of the above-exenplified |ubricant

conpaméxd¥pplelof aﬁs;‘ahﬁm: beteme of thladeverex@npifibdolubricant

manuf acturing the 1ubricant conmpound according to
cobtpctinidNent isoshowrs belowv. pref erably nmade of a

manuf acturing nethod in which, as shown in the above

syntheti c schenme, a perfluoropol yether conpound

havi ng a perfl uoropol yether main chain in a nol ecul e

thereof is reacted, under an

70°C
X
n

NaOH in acetone

I

T }o

? O
TO 4
W o

o o
e R

| L O
wo «l

I o

o S
e
o 55°

o &
\~_,_|,_/
T Lgé
:Eé o |

E to

O O

I T



10

15

20

5 al kaline condition, with a conmpound having, for
exanpl e, epoxy groups and an aromatic group (e.g.
resorcinol diglycidyl ether). The
above-exenplified | ubricant conpound No. 2 can al so
be obtained by, according té&tthe above synthetic
schene, reacting, under an al kaline condition, a
per f |l uor opol yet her conmpound havi ng a

per f | AL05 aRah¥& oh elariBactuffly ERRiubricantcomp&s Sccording to this
thereof with, for exanple, the foll ow ng conpound

inViitiond u%%?r&él@bﬂﬁm@ﬂé ofa ManTRictrirg wethod imhghich, as
above-exenplifiedlubricant conpound No. 3 can be

sholineinrthd abbivk eyithetibschbmee agearfipdriopolydtHartmongamind having a
conmpound No. 1, by the use of a para-isonmer (for
peefhsorppelyethet moajoi ahaiteinda glojetuls therehbis)reasied, Linder an
synt hesi zi ng t he above-exenplified |ubricant conmpound
alkdineicondition, with a gorigaLnd davings for-xamplexensy grodgs and an
| ubri cant conpound No. 4 rr_a¥, be obtained, |ike the
aramalie SEXEN {91 1esgreine) JiglyR E%‘E‘Egund No. 1, by using
2,7-hi s 20(brononeth napht hal ene jnstead of the .
Fesonteoa SrgErigd LoAEAL BT YR: 768 Hsq B pptaines
above-.ex i fied | i t .
oy A aCR0G alype AR Ron SR Ry e Befhe
1n [ 111 £ 10 J; i
cofiBhy 8 berfldtoBBRaer Solfndiind favilf BESRBP8lyothor main
chBE ihl 2RTRRAIY Bid18bf GRAPRY _YtairplTRAE félibvxﬁﬁ?l@bnmbuﬁd having
y

equi valents with the resorcinol diglycid et her. The

epBRY geolipy ané g Riroefatit Rgoliplor i cant  conpound accor di ng
to this invention is not particularly limted, but,

for exanple, the nunber-average
N
O 8
O\A

The above-exemplified lubricant compound No. 3 can be obtained, like
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
(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
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5 nol ecul ar weight (M) is preferably in the range of
1,000 to 10,000 and nore preferably in the range of
1,000 to 6,000. This is because recoverability can be
provi ded by appropriate vrscosrty, sui tabl e
| ubricating performance can 28e exhibited, and,
further, excellent heat resistance can also be
provided The [ ubricant conmpound according to this
pémw&abbry@trr@rtohﬁ)amdasmﬁ@kj@m AGicby BhEguiatiénte antiotived
a high nol ecul ar weight by the use of, for
remmldrglydi@yimlfme nment i oned manufacturing nethod and
thus it is possible to suppress a reduction in
ol ediieamoleeiutpiwelght ofdheHebrindnt dempepodiaccerding to this
Therefore, when a nmagnetic disk is manufactured using
ineantionds Inab pad@ntarlyu imited, fud.Sopp¥ample the Bv@b@ﬁ@"ﬁ’@é{e

e
pr?'%ai?v i bfﬁfk 11696 1o BBRES g %9%&95835%%"&@@?@ can
o T e TR, R AR it
exﬂﬁazi‘t%d' ﬁng dﬁ’rHﬁBr e AR R r&r&%n&@% auid6e p Cvrﬂ

may happen t hat the magne

does tIu? RS duriPa@ibrdinG 8468 M RGtion dah Bd.ﬂ@btarned as
surface o the magnetrc di sk, "but slides with

a lupbtie4mtdbnsdurl With lzehig RunélBeglar et by thé use of, for example,
recordi ng/ reproduction performed by the high-speed

the abatvé-ementionadmgnefaicturiigsikethod andk thusyibisrmssiidato gduppress
to contact or friction is generated nore than

a reduetion iromalecutdrereigbt due ite thegymed deepmpasitinar T herefore,
possi bility becones higher than conventr onal .t hat

whedt @ magnetic disk @unaeatacﬁgeéwwercrbﬁ lykgicagt, it 'écPé’Sé\b'e to
etic disk

lma@g/&n%% : tGeSieRiRenatEo o Betasa B Ta e pebgiot
FANRIE i g Hsfdhéiﬁﬁm?‘ﬁfq?%%f? (OGREdfe ridady S HRRbIdng
deﬂgﬁgr g'?fe%ehgﬁg%’rjhg ?%sééi@'}r?ﬁdee@gﬁelé H@hQﬁéf;?drgact or friction

ber\ﬁ@@rr gl rﬂg{;ﬁ@tﬂf @@é’@bhe hé Bulfie oF atBayhiicadisk fragnehtiycoccurs.
and a magnetic disk are in contact with each

Wﬁéﬂ‘ﬂ eie Magnedt hbatius erolidie in ebhtzetadithdhe Baghce of the magnetic
generation due to the constant contact is further

digkgitanay bdpp@akiatghe magssticlxaddoesnot iavoediately go au of

desired that heat resistance required for _a
contast witht thagublaggef the magneaiisrdiskiub sbides with fictipn fora while.

| ubricant of this invention s suitable
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
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
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In the case of obtaining the |ubricant conpound of
this invention by the above-nentioned synthetic

net hod, the nunber-average nol ecul ar weight (M) is
preferably set to the range %f 1,000 to 10,000 by
appropriate nol ecul ar meigh? fractionation. In this
event, the nethod of nol ecul ar wei ght 10fractionation
is not particularly limted, but, for exanple, use

of ¢k kscor@ife/reprodoesn irnthe/staghivhéres nagmatic dreabyaral a
gel perneation chromatography (GPC) nethod, nol ecul ar

magnegit disk acd inocmttactiwitly eacls ofreardn neachituril thedinfluence of heat
extraction nmethod, or the like. This invention also
gepeostiatedua totigreanistardicobtaciis fugther cosegmed. nmigkiegitlis
15l ayer, a protective layer, and a |lubricating | ayer.
sittatior intp accoury, dividesitrbina heghisisiarce W%alréﬂ?m ﬂ@bﬂcatlng

| ubricating | ayer. contains the | [ t d of
layaiihe fhenimBRved, and thus e UBEraRtoS TominEpn EashiEple.

b Bl 5 5 o A PR i o
a0 b RE RIS TRE s SRR R ot
s Blefb i 2GRS 5958 b9 Ooep = 460 B ool ik

wdi@htradionalibRd irsthiPévearfUiheemetdd &f Mbleedlak dvdlidie
above-nenti oned di ppi ng nmethod and use may

fraatibeatiar isvedtypapicuradielimitead, it for2xafrpler usg ceet bedade of
such as a spin coating nethod, a spray nethod, or

a
malepelar eeight fiactienatich by a gel permeatios chroreatogaphyi (GPC)
order to further inprove the adhesion_ of the i
methbdj awieculamweight fraetipnstionHey B shipeEwiticakfluid giraction method,
the protective |ayer, the nmagnetic disk may 24 be
orthmjik’ted to a heat treatnment by exposure to an

at mo ti]selrn(\eie%&cbn g%ro. ;%é\?ﬁ%ls% magnetic disk having at least a magnetic

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
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
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
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50C to 150C or may be subjected to ultraviolet (UWVY)

irradiation after the formation of the |ubricating

| ayer. That is, the baking treatnment or the W

treatnment can be carried out as a post-treatnent. As

the post-treatment in this 8fnvention, it is

preferable that at |least UV treatnent is perforned

which is favorable so as to nake stronger chemni cal
bebslisjscteativeeiedttfoameheby bxpod@ikad amdinidipharoaBfditexample,

groups included in the l[ubricant nol ecules and their
50%€i tghH0°Gasrdnay berebjented td ultrmvidistqUM)dfradiatibe after the

carry out both the baking treatnment and the W/
fotrmatiamehthedsbpecatingt lapert ndiat is, 1T hakinpitrdatimest of the UV

conventional |ubricating layer is normally about 15A
treatmegicam e dairigdput asedest-teatmeet. | fisy theqashieptipent in this
. can be_thinner than conventional and _can be a thin
invgntienyit it Peeterabls Hiad at irast 1 treatmpntds padetired whighs

it is |less than

faaraPIect o BAKE e a5 STREURA ondn betdean Iagrstective layer
s S8 LB LR BB pIAeIRde”
ne pcif{eb%)'élﬁ%% . vwﬁqb@ggne% @é&%&f@é@g%@mmusbakmg

protective layer

treBRhEhESh@ Y U PesfidifBshrRaedcntabagt i ve Tayer, the
I nteraction between the polar groups (e.g. hydroxyl

gr ouhk thfckhbes beilidopasiticies Uisticating tayidtiis noANEI alsout 15A
and the protective layer is further 20enhanced so

to 1 BAt btihia thisniaténtiorgde &ftrieating layericani bevthiririertham e
further exhibited, which is thus preferable.

conventional and eani kea thindilmavitoa-thigkeaspeh famampleagtout 10A
is_preferably a conposition gradient |ayer

to 33h ailfit isgfes$ Hranek@npihe, coveraasyntheprptective lpves éi"t‘ﬁ'%@e

. layer side and hydrogen on its magnetic |ayer side.

Inspdficientat hod of making the 25protective |ayer contain

s e RRelfG 1o TR o RBeklce s RasdPprs e tayer

caﬁ?&é{?@&&tah%ew tﬁﬁﬁ%ﬂxlaﬁ%aaéfé'ﬁwfoﬁ?ﬁo@sf cérBSnﬁr@%@ﬁ\% Ieer is

! th nitrogen plas ter the protec
preferde 0 SWittther protaBail8 24l beitep paiicuRBiyahe carbon-based

nitriogenated carbon |layer. Since such
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
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
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
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25 a nethod can further inprove adhesion of the

| ubricant |ayer to the protective |ayer, this
invention is nore advantageous in that it is possible
to obtain a lubricant [ayer which is thinner in

t hi ckness and which is exceBbent in coverage ratio.
5When using the carbon-based protective layer in this
invention, it can be forned, for exanple, by a DC

a rﬁ@ﬂ{bﬁwéé}pﬂﬁﬁf&ﬁrﬁb}d@% AFHh oPHE 1ibridant RiyR) €6 8t Yro¥Betive
anorp I d

ous carbon protective layer particularly fornme

|a%¥vDﬁi§ineéﬁﬁorﬂéDn8% heshntBse A\ inthBel idyoddisie b 2btEN a

nmet hod, the surface of the protective |ayer

[UBIRGPIRE/eH DIHicH 1 thitthed enthécknBae raeidonisich iig exeellent in coverage
preferable 10that the lubricating |layer by this
ratimventi on be fornmed on the protective layer with a
smal | er surface roughness forned by the CVD nethod.
| n t KVBen nsiegithecarharebased Rradestivef laydiinghistipeentios, it can
| ayer is preferably set to 20Ato 70A. If it is |ess
betfaEmed.oiar exp@PiR YR PEnE@IAstroRsPyiating mathod Rl it igay
be | owered. If it exceeds 70A, .

pretaraliy a6 ahoRhPUAGETIHPIRCTNeRYSA Rarbikvialk Pt by a

| PHaGEL BRI F T ePYStALRHES
plastha LI RRIgSs Gredounpdey g bkms S B be Elface
of fs o B etarfEl ubforhiTaRl ARG5S, “Teichif®, t]s proferable

| : _ ; i Li .
thag gﬁémtﬁ 294‘5@; b@,ghg HULRESH bk $8infedIbA%Se pHIEEHRL Byer with

exanp used and, particularly, a

a sPRaeEeRIck foshh e faanied byl theiCebihétpatie gl ass

substrate is preferable. In this invention,

t he mathis fnvehtior, the thicknssbsf that protectipe ddyarab pyeferably set to

ultra-smooth with Rmax of 3nmor |ess and Ra of 0.3nm
20Artol 78 . IRiti lessdha@a 204; Hiepedounanae avthe profedive layer may

the JI'S B0601 standard. The magnetic di sk obtained by
betpweradyy dhitiexpeeds 704, it EaRet RIgEerARIgHBPENS 8f @ FHdyction’in film

the protective layer, and the lubricating | ayer over
thiglessupstrate. In this invention, the magnetic |ayer

o ik, T AR 2 g
~oBSERED T B € S0, RRL PB4 o e
suitable for an increase in recording density. As the glass substrate, an
aluminosilicate glass substrate, for example, may be used and, particularly, a
chemically strengthened aluminosilicate glass substrate is preferable.

In this invention, the main surface of the substrate is preferably
ultra-smooth with Rmax of 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
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
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26 magnetic layer is preferable for realizing the
rapid increase in recording density in recent years.
Particularly, if it is a CoPt-based magnetic | ayer,

hi gh coercive force and high reproduction output can
be achi eved, which is thus gPeferable. In a

pref erabl e perpendi cul ar magnetic recordi ng disk as a
magnetic 5 disk of this invention, an underlayer my

m&gndlca%yEed heieigse far fééh]%gqh@_raﬁi@ iACrERgB A récdrdingdensity
IT necessary. Further, an adhesive |ayer, a soft

in PR yeaird. 2YRarticalady SPit @a TRIPtivsedaviagestidiatee g twercive
underlayer and the substrate. In this case, as the

foreedard higarreprsiictien dngputada bef achieved veiph & thas @referable.
| ayer, a Ta layer, a Ru layer, a M alloy layer, a
CoW &h lagyrefargkle, parpendicular oyagrefisrrecerdmy/disk lasya magnetic
10layer, or a OTi alloy layer and, as the adhesive
diskagfethis inyentiery arcungeilayer maydve pravigpdbetvagnma sabstrite and a
| ayer, a NLAl alloy |ayer, or ARy alloy |ayer .
magriaticdayerdf neaessay.. REhr AR 335%9’? A, mhsﬁam@ layer,

oo o PP SR R B P BV et s
cob B R A SRRy L PO 8 £ v
= G185y, 3¢ YRR SH, o oAMEARY LN TREDBIRHCH b oy

layetY&a CRICaIRY [HPE! &7 | da0thbadiesMeSlaPso Vi€ @a\Pb€ mdtie of, for
substrate. In this case, it is also preferable to

exaipie, tECATT dlloyilhyat 3 Niacaliali laget, @y @h AIRutdliey layer.  Further,
per pendi cul ar magnetic recording | ayer through 20 an

asdke saftgeagoetpl kaygr, csatmay beayade ofyfer gxarspie, a CoZrTa alloy
t her ebet ween. According to this invention,

laysirnce it is possible to forma lubricating layer in

BB bR PRa0 G i erS ik by il Base
BRI, ERPSes  erh ERR VE esle er. a so
mafiteRe favert an eLBYe0R abfetic bayen fBerBpbdhibr Aénetic
o g e o8 o B0 el L) Bt ar are
préided Bl8ga densirbte. | Nn KIS @Ake YRS Slsderiiblettd provedy an

strict requirenment for environnmental resistance
aukitibhomicagdihf eayb st thef parpendiculdr mapgieticatconting layer through
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
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.
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27 That is, the magnetic disk of this invention is
sui table as a magnetic di sk adapted to be nounted in
a magnetic di sk device of, particularly, the LUL
system Because of the further reduction in magnetic
head flying height follow ng’the introduction of the
LUL system the magnetic disk is required to 5 stably
operate even in the case of an ultra-1low flying

hei ghthaofs tHhomarenBldisk SMisdhvériion is Bigabkuea nidihetic disk
magnetic di sk of this invention having high

adaptdcbipi be Moupwaning hiadnaticldisk dedeebf, pantadardy, yhaegUL
hei ght is suitable therefor. [Exanpl es]
sysfenei nbetawe dfithe furherredaation in mbgneigsbead 8vingrheight
further detail wth 10 reference to Exanples. )
folloErpgrphesintioduction of the il systemn, dhe magneaticligh & requied to
an adhesive layer, a soft magnetic |ayer, a_first
stablyiepem@je even ir thasmpaaban vilrlow fying heiaht of, fayexample, Snm
car bon- based p{éot ective

or faaser Tireirenbe rergaaic dick il @isﬁﬁﬁgﬁti@q‘jgébigétﬂiéﬁ reliability
eveR 0B bR dngimeeaaty Ged Iling heliinaatide e T

manu according to the above synthetic schene
in tL%%rgﬂ%g i ng manner. The | ubricant conpound was

”H”UH%%i_Hb%%au\b&gBig%féﬂt@g,wm HedeRAibRAHh kattdietail with

condi ti1on a perfluoropol yether conpound

refBRdH dedtodERehbledor opol yether main chain in a nol ecul e
t hereof and havi ng hydroxyl groups at both ends in

the (Baraplec1) see the above synthetic schenme) with
resorcinol diglycidyl ether.

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
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
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
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,
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A lubricant conprising the conpound thus obtained was
properly 25subjected to nol ecul ar wei ght
fractionation by the supercritical fluid extraction
nmet hod. (Manufacture of Magnetic Disk) A 2.5-inch

gl ass di sk (outer diameter:285mm inner di ameter:
20mm 28 disk thickness: 0.635nm nmade of a

chem cal ly strengthened al um nosilicate gl ass was

di33<|f FRANeds 26 685/ KmadB T adremichy SPdrythehé@arinMhosiheate

sk substrate was mrror-polished to x of 2.13nm

glaRdvEe pedpdted (M dISR subktafd. sK Hebaln alrfacefofthe iisied

adhesi ve | ayer, a Fe-based soft 5 magnetic |ayer, a

subktrate waslefifray-eolistiedo, Rmaxeasf @ntBnmded Ry ef 0 0nRu,
and a magnetic |layer of CoCrPt were fornmed in this
or delOn thisidiskrsulpatrate, robigrased dsheshe IBgemadrebased soft
sputtering nmethod. This magnetic layer is a

magneierayeubdirstingestayer pbRYr disegong padadayaiiaf Ry, aneka
et o B AoAeRr o G5 S5 B 56 il o
B S e S PSR R e
el bt s Menbels B8Gel he o sper st on vas

ubr SUBIFRLETE S diaRorRRE it BRoBERLETEC NS bied to 2

thiBRREsAGH 802 By 3e PREFHA DRD ARANSY.and subj ected to the

nol ecul ar wei ght fractionation by the supercritical
f1 ui ghext saghrieningdhpedyvaaforticsbiartse dolndnginssmiered

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

There was prepared a solution in which the lubricant (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
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
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)
and it was 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.
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manuf actured by DuPont-M tsui Fl uorochem cals Co.,
Ltd., at a concentration of 0.2wmt % Using this
solution as a coating solution, a nmagnetic disk
formed with 20 the layers up to the protective |ayer
was i nmersed therein and codBed therewith by the

di ppi ng net hod, thereby form ng the lubricating

| ayer. After formng the lubricating |ayer,

the e f el %g%‘&ﬁf I%?éﬁcet ERASb t@sﬁu&@‘ﬂéﬁﬁ}med for the

furn m nutes. The thickness of

lutﬁﬁ%ﬂt%@édﬂ"}g&éﬁﬂe was measured by a Fourier transform
i nfrared spectrophotoneter (FTIR) 25 and it was 12A

The MueriubB¢artgvasiicded AitB209e avasin82d,Qr;) and enainthined in a
thus was excellent. In this manner, the magnetic disk

nitebgerxga® (N,) htmasplbteadatree donstant tempeTatene of B50°C for 500

| ubricant and the magnetic disk of Exanple 1 were
mieutesy terebppetfhemingl a tMrn@; weightmeahsiss. 29

(1) First, an alum na resistance evaluation test was

per f Gigredshews fhf-érﬂslhlﬂiﬁ therrot.udihirasesa ip e librigpgt of this
) Iubrlcant was ad th 2 %alu na (AI 203). and
inyagitignaised dnlﬁa@aﬁ the ve "'3& Eﬁ'ﬂ%v@saﬁdda?d

constant, tenp of 2 5m o
(cqrﬁglgé\{%p laépp rln]%{ejoqlq] gpﬁ_&goﬁec{a&ﬁqgngdgﬁﬁ.@%mas about 30%

orl g@?oﬁﬁvet%h&éfﬁ%ﬁ BRESAE é@’ot Eﬁ)&ﬁﬁ@%ﬁ \t)vﬁﬁte%ellent

nven I on USG In

in gﬁlnﬁhéa%gﬁ%nbét 2 délﬁﬁnﬁééi‘mrpéué‘%a%ﬂﬁg N Hbﬁ’@asﬁ%ﬂcﬁ,‘&un

ternate ong and short dash line in

Futhar, 2he WeidR Yo 8¢ ratRSwher Mésaluirina\@as seided tvirad aibdm 10% or
| ubricant used in Exanple 1 was excellent 10in

lest) amd trusriewas taagicseen theat tidke budomigast tsexhindibearhpleal wasna
did not easily occur. Further, the weight loss ratio

exoblent mo heiuresisianes added was about 10% or | ess and
thus it was al so seen that the | ubricant used in

ExampPeTherwesL Uk dlopdéniond) durabilibciestwan performed for
evgéa\tlggglg%L éfé{ll'raglllgyagt[ tlflwgl rﬂggl)netgcuélgl?l Ity test was

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
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
of 900,000 times with no failure at an ultra-low flying height of 5nm. Ina
normal HDD using environment, use for about 10 years is 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
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15eval uating the LUL durability of the magnetic disk.
A LUL-system HDD (5400rpmrotation type) was prepared
and a magnetic head with a flying height of 5nm and
the magnetic disk of Exanple 1 were nounted therein.
A slider of the magnetic hed38 was a NPAB (negative
pressure air bearing) slider and was nounted with a
magnet oresi stive effect 20 element (GWR elenent) as a

sa[ggﬁa?gkggé reki6 MK of ExhbR! ﬂhﬁ@b&ﬁyqngr«o@éndmﬁf of a

permal l oy alloy. By causing the L system

HDD tiheCQiHtddRUSTURE IndgRartdis b aftbilheqslr dbiabilBy tddtevas
nunber of LUL tines endured by the nagnetic di sk up

obsenigteinadutsil usingerodptical micresvase ard aureldctrdys nacroscope and
result, the magnetic di sk of Exanple 1 endured the
wdsouogdodiel encileébini.e 900 abbormalitg sueh tas deon#ge budiet was
an ultra-low flying height of 5nm In a normal HDD
obseney. erffurthenrtbatsuriase of the mmanetic hepdaferitke LUL durability
generally required for the nunber of LUL tines t?
testwaeabatiyed oo defaileisingpn AptisahmigretsapeAngkan glectron
currently judged to he preferable if it endures
migeceps Andhies Guribiede BEUERE e noptionFaaicnas damage
magneti ¢ di sk, of I v.e | reliabilj
or FREWE st Sos SR B Dfiban SeheBloPglip tinetiohead or

”OS%{'V?O?;‘M EMiutE s e rved in detail using an

m croscope and an el ectron mcroscope and was

f oungt Jr @ vBRIEiNG The BEmAdl pPopdtBednen Ml dbrabiive festwvas

damage or dirt was 5 observed. Further, the surface
pefforihiBd iNagnespleerdead -209Cto SO/C. L Ulvitduhebhadrietictdisk of

was observed in detail using an optical mcroscope
Exantplar, ebgetrtiarianfaiiucs ooperethdnddize §oomh desulishveere obtained.

excellent, i.e. no abnormality such as damage or dirt

was ¢Gempasativendxampledher, no | ubricant adhesion to

the magnetic head or no corrosion fail

obseA\sed lubrispat usgavammMasle @fr%p?ﬁ@PmolfﬁﬁetBé@E@%@stubﬂcam

cobeiy 4G50k, e R AL IS BBl e by
a2 RE AL, hal e RREHIA A0 ROl g0k ration by
the' &P ¥5etRBY %o Rhv@ MG 'df U RRG BEhBRURR SRy ht e p&raIdh 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
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
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.
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15 commercially avail able, nanely, Fonblin Z-DCL
(trade nane) manufactured by Solvay Sol exis, Inc.,
havi ng 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 dispéision of 1.08. There was
prepared a solution in which the above-nentioned

| ubri cant was di spersed and dissolved in a

f I uorrhBR: PRS&INFRI MM avalRible RlbridhniWas88ded wianE)% alumina

manuf act ured by DuPont-M tsui Fluorochemicals Co.,

(ALDY) af hitintaltied iBQ hitrogBn AasaNsPatmakpheed ut a@onstant
magheti c disk formed wth layers up to a protective

temﬁemtumasf 200%€r kedbrtthan ¢hat inrktkacgade dd farli@0awinutesthereby

t he di pping nethod, thereby form ng a |ubricating ]

petfagraing d-reeina) welightemalysis.r dtigoh sbows ke sesutltsraf performing
solution was properly adjusted so that the |ubricant

e e ess. af - I
weldhPsBah e Slumias wasadded (CUe piyeadian altTets ong
and Sherifimoine. BRLein a2 il a0 W0t &7 rhdle'dHa thus
waS iR ITER ) e Iieraritivnen. e alurtRE st Afiigd wag about
o A s g e e

to fHéatf'Ebth_é‘ltatiiVB et'iﬁ'ﬁimé,edéoonﬁﬁﬁsiﬁg@dﬂé R bRSnink REMd@Y0 occur and

performng a ermal weight analysis. Fig. 1 shows

thud el wsagibilfty @f apedliotion romdlutuldrweight isdsgrst ance

eval uation test for the conventional |ubricant. The

wei gAtLWlodaratility destiveas pedoimned ferdha durghetic wliskeokyi ven

by an alternate | ong and short dash line (Z-DOL with
Comppafive Example i) thessame gpainafsisdndn@nimas! - wds g &esplt, the

masinede dBLOHbBTPAEUNAETRIAIS WHEGDF MRS ) fmes
re%%ﬁ%&ﬁf@ﬁ@@"ﬁ?ﬁﬁ%ﬁ anddices a@&wﬁ%&ﬁéi?_ (8%, (FhASurtace of
ST T e ey
opﬁ#‘é!ﬁic%g%{n}i&\%@{dﬁ@@ IO Esddte AME EBRAIIC dEinage or the

nmpar a mple In the sane manner as in

lik&AERhily oPSeeles Hurthelr Bes@faet iof adhalinélic head after the
Conparative Exanple failed when the nunber of LUL

LULI dabilifybtese aebasbsédieDP0détailesing drhopiicaliniceoscope and an
flying height of 5nm The surface of the magnetic
elatitioh rafdrescdpeeand lasda resill, lubyricaat adbesion i #reveagnatic head
detail using an optical mcroscope and an el ectron
angdicorsiypiailareiwess obsewedl t, damage or the |ike was
slightly observed. Further, the surface of a nmagnetic
head(BXamepla e LUL durability test was observed in
det al!r|1 thueségl'%e%]ag érl é:saan E‘xgr%BFéC? ,pa?ng gesa}\?e layer, a soft

magnetic layer, a first underfayer, a second underlayer, a magnetic layer, and a
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
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20el ectron m croscope and, as a result, lubricant
adhesion to the nmagnetic head and corrosion failure
wer e observed. (Exanple 2) In the same nanner as in
Exanpl e 1, an adhesive |layer, a soft nagnetic |ayer,
a first underlayer, a seconazunderlayer, a magnetic
| ayer, and a 25 carbon-based protective | ayer were
formed and, further, a lubricating |ayer was forned

irrfation. pTﬁFsQﬁﬂréM@le't ayRliatidh Whe cagedbui foe af aMBdiation time of
[ubricant as that in Exanple 1. After formng the

20l s8vongatdrigsd lay Be use obgm eltiavialéeslampawits wavelsngth 185am :
heat treatnent at 130C for 90 m nutes and furt her

wasiehgrerth @54nhm =28 hyitled Hght iBtenisity aaticat i Tre thidkness of the
ultraviolet irradiation was carried out for an
lubirioadidg dayerswas m%ﬂr@bbfemgra@m@@ Inirat'ewle use of
an ultraviolet |lanmp with wavel engt
Spﬁakvewlwtgmﬁt%(ffmﬂmgwﬂ 1 ﬁt ubrﬂﬁaéwg,lgg)errcogvpgage was
The thi cknesa of the I # 3 g | ayer S _nmeasur
2 oo

80@(3/05"11‘-69@"& S wyast rcelle Yt Memapastt Gok of

FTI R and hﬁﬂ’wa 12A. The | ubricati ng Iayer cover age
BEHAT ORI %nd t hus was excellent. In this

man n %*’hgn %‘?.L{Fagﬂr%ﬁa'ﬂﬁ)( fley bvat%f R Erof tw@ﬁufag%ﬁ% AR of

abr’l vvas perforned

ExEE’EﬂStZ' iR tHé %Em%f m%ﬁﬁ@b? ik Ek8mble1Sapg d’ﬁ%@ﬂﬂrthéﬁnéaghetlc

a result, the magnetic 10 disk

dns@ﬁr&&aﬁngleeméﬁm%dtth@ Ll oppratishs OﬂSOOfOOQQIBnéHD@ith inoef@ilure
wWth no failure at an ultra-low flying height of 5nm

at hh wtea-lde flymigchdibiat oft Sren nabiwanibe shid khatf thExxaagriadicisk of
has very high reliability. The surface of the

Exaepie 2 tasivery hagh eeliabiisy. L Theiavdace pt hetroggnetissdisk after the
observed in detail using an optjcal m crosco|f)e and ag an

LUb! direbility st nesciisenadingalall ysing amopiical xueiosenpe an
clasiioiy Ao HE A WaEHBISH i BE SXGETe kg nst e ety such as
af t th. LUL bi,l |
ol A A b r
thé%ﬁlor il ‘tﬁg)f"\'% §Jb WA iR J?ﬁ ﬁ§|ﬂ§a tlc'ai fhicfd8cope and

arrage or serve an

anféléétpt% mlé}%sbbibé bﬁé%a@@ﬂiﬂa'tg fbet @(déﬂénmgnﬁb laﬁ)nbﬁﬁﬁllty such
no corrosion failure was observed

as damage or dirt was observed and, further, no Iubncant adhesion to the
magnetic head or no corrosion failure was observed.

(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
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.
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20( Exanpl e 3) (Manufacture of Lubricant) The
above-exenplified |ubricant conpound No. 2 was
manuf act ured according to the above synthetic schene
in the foll owi ng manner. The | ubricant conmpound was
manuf actured by reacting, uBder an 25 al kaline
condition (NaOH), a perfluoropol yet her conpound
havi ng a perfl uoropol yether main chain in a nolecul e

t her @of hABsht B ARy tHoXdhpshRd Bfusaibthipiel wwprdpra]my

the nol ecule (see the above synthetic schene) wt

subfeetabRVeoRldransighchastivhatdon yithg sapenyitigabilns eatrdction
an aromatic group. 33 A | ubricant conprising

mdtheédconpound t hus obt ai ned was properly subjected to
nmol ecul ar wei ght fractionation by the supercritical
f | ui dneadhvasive layenst $wftimagnetic layer, aefilshyisderlayearoa second
magnetic |ayer, a first underlayer, a second 5
undatayerag enadnetiedgyen apd agarbondiaged pealestve lnyssyere formed
. protective layer. were forped in the sane manner as in
i & manng{@s ind=xampiechti ng 1 ayer was forned in

? Eemﬁi%lghzyﬁﬂﬂi@BEﬁéer%meéaﬁiﬁg@%%@q ARt hod

18 o P BBt bl SENEh L FhE p BRRRl i Basured by
the@RAME nRROR Wdd E,@oblﬂfﬂéi g hofeelp HiQtisparsh Wi §.10)

I nventi on manuf actured as descri bed above and

coftipPishfef tBd do?né&lﬁd"?hé%%b@é—é&@hﬂiﬁﬁe(ﬁ nastidapbabmpauld No. 2) of

the sdpercritical Tluid extraction method was
thigirseation inandadissd lagalksicribad bibovs Bnd-sibfeated td thennholecular

Vertrel XF (trade nane)
weight fractionation by the supercritical fluid extraction method was dispersed
and dissolved in a fluorine-based solvent, Vertrel XF (trade name)
manufactured by DuPont-Mitsui Fluorochemicals Co., Ltd., at a concentration of
0.2wt%. Using this solution as a coating solution, a magnetic disk formed with
the layers up to the protective layer was immersed therein and coated 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
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
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
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manuf actured by DuPont-M tsui Fl uorochem cals Co.,
Ltd., at a concentration of 15 0.2wmt % Using this
solution as a coating solution, a nmagnetic disk
formed with the layers up to the protective |ayer was
i mersed therein and coat ed3fherewi th by the dipping
nmet hod, thereby formng the lubricating |ayer.

After formng the lubricating |ayer, the nagnetic

a lly%'fs""q@s auBLGE With feRpachRAthellnB@idik BF tHg fhvention used in

ul'traviolet 1rradiation under the sane conditions as
Exam@8 Xyt losBhatibhiisdmaRsninh wdseaddda wagtabogt 30% or
| ayer was nmeasured by a Fourier transforminfrared
les e CTHusp itavassdan that Théel)ubaicdnt tsehs E2amnplEHkwas excellent in
| ubricating | ayer coverage was 80% or nore and thus
alwamacresistarg, j.el decdrnpositiondue toldumingriid inot gasiky egcur.
Exanpl e 3 was obt ai ned. _ Then, an o
Fustheni the weightdoas ealiewhrn a0 IHmiras wagasddgdvras aeuts 1% or
the 25l ubri cant used in

le 3 . In t
lesgaapd Mﬁbwaaéis%smmﬁtgﬁg ?lﬁ-trﬁént ued inFxample gg’&éd
with 20% a* um. na l§AI 203) and nmaintained in a nitrogen
exg% Qtﬂﬁﬁeﬁ Fﬁ?ésgﬂ'éee at a constant tenperature of 250C
; . , . | .
Lo SR B LRy WSl R o
Ef@eﬁ?ﬁg%?ﬁﬁtthgfsam ﬁam%é?% P ExdRffle hN %%sﬁlt?’thet rhtﬁgnetic

0SS ratio en alum na'was added was abou
disk08p @iadngr;ess endlred the LWO?@@BEOhQ@f obb@obubhés Aith no failure
used in anple 3 was excellent in alum na
at BAKIIB4-A6W €lying. feighiesfoBrrasi tticam Iskipraveddhantheanaguoetimdisk of
easily occur. 5 Further, the weight |oss ratio when
Exampié Gnivamavevgshighl delihbildg  abloeisudfaes of theewsgaeiic disksafter the
it was al so seen that the lubricant used in Exanple 3
LUkedurahiity teshwasroliseaved ssdetpl ising an optical miggiscope |and an
durability test was perfornmed for the nagnetic disk
elegtranRigsPEcaps and wesdaned i Rrexcglontyi ppormalify sych as

dageps iAo GBS VEB0, BHGNEL % TR R PRTdHRLS acer
ot S g 58 B L 5, i i
an{ﬁé&@%ﬁ Hgé%sg%‘]@ Al WRCR U b rEN.R, ¢ edhs kabAbhAklity such

ura ty test was observed in detail using

asHhrRRGé 6AHIrtIWaS GbSERREPANY, J0rtREE Gbriabricint hapesioe tanbe
was found to be excellent, i.e. no abnormality such

mdgnetie Kbgen® todosionvatiurebsas vbservedr t her, the
surface of a magnetic head after the LUL durability
t est (R@amples€y ved in detail using an opti cal
m croscope and an el ectron m croscope and was found
t o béMexuiadteneof Lukgicanh abnornal ity such as damage

or dirt was observed and, further, no |l ubricant .
adhedihrAkayerexernpldi hugr'ﬁ@ahccempwcg Ber gé'vaﬁma&vﬁﬁﬂéred in

ac\ggrsda%%%ev\rli}/heﬁie above-mentioned synthesizing scheme in the following

manner.
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
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20( Exanpl e 4) (Manufacture of Lubricant) The
above-exenplified |ubricant conpound No. 5 was

manuf actured in accordance with the above-nenti oned
synt hesi zi ng schene in the faollow ng manner. 25The

| ubri cant conpound was nanuPact ured by making the
resorcinol diglycidyl ether react, under an al kaline
condition (NaCOH), with a perfl uoropol yet her conpound

thda¥b08 sanibRkit |séﬁéi‘?@2.| ySti&te fedtiion waaparfornead b heskingthe
t her eof "and havi ng hydroxyl groups at both ends in

re¢freindd degydicy| etiee wiltbtHeperdinovepayathéretompsuitb oy .
Such reaction was performed by nmaeking the resorcinol
eqdivgllgrdsdyl ether with the perfluoropol yether conmpound
of 3 equivalents. A lubricant conprising the conpound
t hus Aolobetaricconagrigng e compeound duseebtamesoiag preperly
wei ght fractionation by the supercritical fl u]j d )
subjecied tq BwiaraTowEight fractionagipn fyrBsisppergijien! fiyd gxfraction
magnetic |ayer, a first underlayer, a second
m@fﬁgarl ayer, a magnetic |ayer, and a carbon-based

gir o v odfesal el S ot BRRER T Wlefs FlsTBaspdby R 8hn
B PR PR e e
sué@@s% RS RRAINR hapn@P QirAist thiraimbiequl ar wei ght

|spérs on was 1.10) conprising the |ubricant
Comoqih@ﬁf Gtiiisricaiting Qapresms Fdriesl intbe ifclovwing enarmend

No. 5) of this invention manufactured as descri bed

abov @ suidticuae grepared ihlvehich 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
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
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
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.
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15nol ecul ar wei ght fractionation by the supercritica

fluid extracti on nethod was di spersed and di ssol ved

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

manuf act ured by DuPont-M tsui. Fl uorocheni cals Co.,

Ltd., at a concentration of 36.2wt % Using this

solution as a coating solution, a magnetic di sk

formed with the layers up to the protective |ayer was

I mreng eide ARIahAnABtas PAERSMpiet 1 thB Sulrsmit Waseitided with 20%

the di pping nmethod, thereby formng the lubricating
albrairer (AlAD) emdf wasmgintaired inkr nicagengasailgy atmdephere at a

magneti ¢ di sk was subjected to a heat treatnment and
conbtanaeropetatirer oft R30°Cdor G8Aeninutes, Ywreby pedotmiogs termal

in Exanple 2. The thickness of the lubricating |ayer
waight analysis edAB R wspliuwitle resnesh i Benlubreant(Blg.) of this

spectrophotoneter (FTIR). As a result, the thicknes
mmlogsisﬁ/xn Ewnm gt .t'a%wemfgjlhl%'gﬁeffat'@w@%a@%% \ﬂ@@%%le

rmr y % g;0% XceStlé(Fa%tm g@?m%@%grﬁt (l\fo.g) used in
’%‘E'FGR Allas ?3?“6‘?%%“’?5@(‘% AR eiSeRe & Mbgritosioh dye to
aldrﬂmtagl:ﬁd ?\t%%?gwaﬁéuras Fuft Zé’r%’l;\faeri%ﬂ 168 ABRIA &SRS aYiﬁ?ﬁma

um na ( was mal nt al hed

was AUddPA88 Bt D2 oAEDSRReAEs Alwas QBB%%@Htthat the Iubncant
tenperature of 250C for 500 m nutes, thereby

(N8®) fLeetdiinE>aniple 4 Ras Wridint anBbaSicsistAta Tesul t,
Wth respect to the lubricant (No.5) of this 5

i nveimheanaulddddurabiftatasit evas, parfarmesl fphthd oegnetit disk of
when al um na was added was about 30% or | ess. Thus, .
Example¢ ipden same maneel adin Examplend. S)C\smswmtnth@m&@m%ﬁc

4 was excellent in alum na resistance, |

dzs@afﬁmpmﬁn@u@qmeamﬁpwe&pas 6004901 s with no failure
at AR QT T 00B G o caR b RRyer RobiBedhad lsafisk of

Ex‘éaﬁ)@? rlg?ﬂ ?’%&Hﬁ@{ﬂ'glé@)ll&g{ ﬁie Q&ﬁ&'cé Bf ﬁ%ﬁﬁbﬁ%‘?ﬁﬁﬁ after the
LLﬂ%l&?biﬂT}f ﬁésiﬁi%% & ICd B ubi érf‘Sp@eﬁ '?ﬁf:l‘o%%gbé lénd an

e sane nanner

elécﬁ‘%H' thicrddtpBaRE Was fdlsd tdbe %&égﬂérﬁ fe. WHIBI%*MED@ such as

L operations of 900,000 tines with no failure at” an

dahl'la*gbaoﬂ divt iy bbgeved ghFuftheh the suifac@bf Aengyrmtiechdddadfter
the magnetic di sk of 15Exanple 4 has very high

the UL alirability. te$heas wbsepeddah ddial osiggetn optdiad miabseope and
t he

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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LUL durability test was observed in detail using an
optical mcroscope and an el ectron m croscope and was
found te be excellent, i.e. no abnormality such as
damage or dirt was observed Further, the surface of
a magnetic head after the L7 durabrlrty test was

- observed in detail using-an optical mnicroscope and 20
an el ectron m croscope and was found to be excellent,
i.e. no abnormality such as damage or dirt was
observed and, further, no |ubricant adhesion to the

%ﬁ@g@ @ no corrosion failure was observed.
. AI'MED |'S: 1. A lubricant conpound to be

cont aLneﬁi hibticant é@ﬁp@@ﬁd & bk aydtaindd i a lubricatingtdyer of a
di sk having ‘at | east a magnetic |ayer, a protective

mIaQMéf ic dRRthaling 4tllehst £ atagnetit dyer, 4 pratectiveriayér and the
der over a substrate, wherei n said

Iubﬂ(ﬁritirrgalayer:formedndtlmsrqnderswraa sdhspatend whi ch has a
per fl uoropol yether main chain in a structure thereof,
an arwhereircsajd dukyidant &DUtPOamdamrﬁ'd%’ISﬁﬁ(ﬂwC@ﬁ@@b@d whigh has a
end of a nol ecul e thereof, and a roup at eac Er
pesfidorspolyeshergnaigghain ima strpﬁgrrplg ree 8 IGsjoup located

ationosion xcemsiaachgstel § Gioleads ThérsSh AR BaakgfdlEa each
he ar %I C group. - 3. The | ubri cant :
eQFgﬂ{)T@EHBO%EU rding to claim1 or 2, wherein the
rrb
compdina&fibiga  QYpol iy BB BIEE e, Ffbfin said
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arbHQt!c%Eu conpound according to any one of cI ar nms. 1
erein a nunber-average nol ecul ar wei ght of

sai d zoms ricant @mpdund aseoming tordlaiat 1 g 2, syherein the
falls within a range of 1,000 to 10, 000. '
number of polar groups in the molecule of said compound 1s 7 or 1ess

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

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

6. A magnetic disk havrng 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



206. A magnetic disk having at |least a nmagnetic -

| ayer, a protective layer, and a lubricating | ayer
formed in this order over a substrate,

wherein said lubricating | ayer contains the |ubricant
conpound according to any o8 of clains 1 to 5.

7. The magnetic di sk according to claim®6, wherein
said protective 25 | ayer is .a carbon-based protective
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overtahatbstfateranuf act uring a magnetic di sk having at
| east a magnetic |ayer, a protective |ayer, and a .
| ubr ivelegrieirgsdid arridatingsayeris fermeddbwiormsg,en said protective
substrat e, ) wher ei n sai d Jubricatjn% I%%er
layesrarbiin b afldiiviang compeaitignsicstaigingae JURFISANECPTNPRYY
~a lubricant conposition cgntaining the | ubricant
aceorgioa el 2aY SPERA RIS b} one of claims 1 to 5.
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tréa%%rnt io_ said magnetic disk after formi_ng said lubricating layer.



Abstract of the Disclosure In a magnetic di sk has at
| east a magnetic |ayer, a carbon-based protective
| ayer, and a lubricating layer fornmed in this order
over a substrate, the lubricating | ayer contains a
| ubri cant conpound inc!udinéga conmpound whi ch has a
perfl uoropol yether main chain in a structure thereof,
an aromatic group |ocated at a position except each
end of a nolecule thereof, and a polar group at each
end of the nol ecul e.

Abstract of the Disclosure

In a magnetic disk has at least a magnetic layer, a carbon-based
protective layer, and a lubricating layer formed in this order over a substrate, the
[ubricating layer contains a lubricant compound including 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.



