Magnetic D sk and Met hod of Manufacturing Sane [Technical Field] [0001]
The present invention relates to a nethod of manufacturing nagnetic disks
to be | oaded into nagnetic disk devices such as hard disk drives, as well
as to magnetic disks. [Background Technol ogy] [0002] In magnetic disk

devi ces such as hard disk drives (HDDs), a contact start and stop (CSS)
systemis enployed in which a magnetic head is brought into contact with a
contact slide area (CSS area) located in the inner-circunferential area of
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recording or reproduction is conducted in a disk area surface for recording and reproduction that is
located to the outside of the CSS area when activated. When an operation has been completed, the
magnetic head is withdrawn from the recording and reproduction area into the CSS area, afler
which the magnetic head descends while sliding in contact with the disk surface in the CSS area and
comes to a stop. In the CSS system, the operations of starting and terminating in which sliding
contact occuts are called CSS operations.

In a magnetic disk employing the CSS system, it is necessary to provide both a CSS area
and a recording and reproduction area on the disk surface. It is also necessary to provide an uneven
topogtraphy having a certain surface roughness on the magnetic disk surface so that the magnetic
head and magnetic disk do not adhere to each other when in contact,

To reduce the damage caused by the magnetic head sliding in contact with the magnetic
disk during CSS operations, a magnetic recording medium in which a coating of a
perfluoroalkylpolyether lubricant of the structure HOCH,-CF,0-(C2F40),-(CF,0)-CH,0H is
applied is known, for example, through Japanese Unexamined Patent Publication (KOKAI) Showa

No. 62-66417 (Patent Reference 1),



Simlarly, magnetic recording nedia of high CSS durability are known

t hrough Japanese Unexam ned Patent Publications (KOKAlI) Heisei No.

9- 282642 (Patent Reference 2) and Heisei No. 10-143838 (Patent Reference
3). [0004] Recently, nmagnetic disk devices based on the | oad-unload (LUL)
system have been introduced as substitutes for the CSS system In the LUL
system the magnetic head is withdrawmn to an inclined base, called a
"ranp", positioned beyond the di sk when stopped. Wen activated, the
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significant decrease in the flying height level of the magnetic head, making it possible to achieve
high S/N ratios for recording signals.

With the introduction of the LUL system, as the magnetic head flying height level has
decreased sharply in discontinuous fashion, the requirement that a magnetic disk stably operate
even at an extremely low flying height level of 10 nm or less has emerged. However, when the
magnetic head is moved rapidly while flying over the surface of the magnetic disk at an extremely
Jow level, there are problems in that “fly-sticking” impairment and head corrosion impairment
frequently occur.

[0005]

“Fly-sticking” impairment refers to impairment in the form of modulation in the position
and flying level of the magnetic head during flying. It is accompanied by irregular reproduction
output. In some cases, the magnetic disk contacts the magnetic head during flying, causing the head
to crash and damaging the magnetic disk.

“Corrosion” impairment refers to impairment in the form of the cotrosion of elements of the

magnetic head that creates problems during recording and reproduction, and in some causes,



magneti c head that creates problens during recording and reproduction, and
in some causes, 2 renders recording and reproduction inpossible. The
corroded el enents soneti mes expand, damaging the surface of the magnetic
disk during flying. Recently, the rotational speed of the nagnetic disk has
been increased to enhance the response tine of the magnetic di sk device.
The rotational speed of 2.5-inch magnetic disk devices of small dianeter
suited to nobile applications was fornmerly 4,200 rpm but has recently been
i ncreased f{ : ce.es teristics, en
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magnetic di sks.Wiashe thknesy 0N (N GHHcaINE; lafoh & iREGAEN bn IR cRGnERndeYortidnS
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di sk, equioppedlisk fiyrstckhiggimbsiracii esd head bukhinCiatriangehtayer totoat wihsn theapghéie of

prevent Ingef) GLAK 128 6187, SL,TLAD Tl all onal, speed, of 2,400 rpre and sbove

even at e)ﬁ]ii{:lg{é@ of thé) ngrilﬂfng ga)JeF }/serlegucg(; on the inner circumferential portion, the reduction in
lubricating performance tends to cause head crashing.

The lubricating techniques described in above-cited Patent References 1, 2, and 3 that have
been employed thus far were primarily developed with emphasis on improving CSS operations.
When they are employed in LUL-system magnetic disks, the frequency of the above-described
impairments is high, and it is already difficult to satisfy the reliability that has recently come to be
required of magnetic disks. Thus, they have become factors impeding the development of high-
capacity, high 8/N ratio, rapid-response LUL-system magnetic disks.

Based on such problems, the present invention has for its object to provide a magnetic disk,
particularly a load-unload magnetic disk, equipped with a highly adhesive lubricating layer that is
capable of preventing migration even at high rotational speeds of 5,400 rpms and above and that is
capable of preventing fly-sticking and corrosion impairment even at extremely low flying levels of
10 nm or less, for example.

[Disclosure of the Invention]

[0007]



10 nmor less, for exanple. [Di sclosure of the Invention] [00071 3 The
present inventors discovered that the above-stated problens were sol ved by
the inventions set forth below, the present invention was devised on that
basis. The present invention relates to: (1) A nethod of manufacturing
magneti c di sks conprising a magnetic layer, a protective layer, and a

| ubricating |ayer on a substrate, in which a |ubricant al pha conprising a
conmpound denoted by chemi cal formula [Chem 1]

HO- CH2- CH( OH) - Chigr eSile -6 g&)rsloaxnuﬁfgr)eﬁ) “thiy @F 2SS Frobie %tgf_% %ﬁ&?@rﬁ (%;

H wherein p and q are natura a conpoun

formul a [ihemonsXet fofth G162t éém%%ﬂh%&&&f@bﬂﬂ@c@:% CHz- 011 wherein m

and n are natural nunber, is fractionated by nol ecul ar weight to prepare a
| ubricant a havﬂwgmawwmm@hmmaﬂbmage nol ecul ar weight (Mw) of from 3,000 to
7,000 and a nol ecul ar wei ght dlsper5|on of less than or equal to 1.2; a
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HO- Cl - néﬁrq?‘q%lo?}crré’gtg?sg%&% B‘%‘ O CF2-CH2-011 wherein mand n are

natural 1CPrnlecular wei ght to prepare a |ubricant

b having a vei ghfubavel A% r{f’i@?ﬂ!g@(:om Ing¥kndid F cﬁﬂ?ﬁugoo to 5,000 and

a nol ecul ar wei ght di spersio l'ess an or a lubricant c
conprising a m xturgChémlbricants a and b is prepared and a film of
| ubricant ¢ is fornmed on a protective |ayer provided on a substrate to form
a HO-CH,-CH(OH)-CHz-O-CHz-CFa(<0-CoF)p-(0-CF2)q-0-CF,-CHp-0-CH,-CH(OH)-CH,-OH
wherein p and q are natural number,
and a compound denoted by chemical formula
[Chem. 2]
HO-CHy-Clo(-0-CoF)m-(O-CF2)n-0-CF,-CH,-0OH
wherein m and n are natural number,
is fractionated by molecular weight to prepare a lubricant @ having a weight average molecular
weight (Mw) of from 3,000 to 7,000 and a molecular weight dispersion of less than or equal fo 1.2;
a lubricant beta comprising a compound denoted by the chemical formula
[Chem. 3]
HO-CH;-CFy(-0-CoF )m-(0-CF2)n-O-CF,-CH,-OH
wherein m and n are natural number,
is fractionated by molecular weight to prepare a lubricant 5 having a weight average molecular
weight (Mw) of from 2,000 to 5,000 and a molecular weight dispersion of less than or equal to 1.2;
a lubricant ¢ comprising a mixture of lubricants ¢ and b is prepared; and
a film of lubricant ¢ is formed on a protective layer provided on a substrate to form a
lubricating layer.
(2) The method of manufacturing magnetic disks of (1) above wherein the fractionation by
molecular weight is conducted by supercritical extraction.
(3) The method of manufacturing magnetic disks of (1) or (2) above wherein lubricant ¢ is prepared

by obtaining a composition A of lubricant a dispersed in a fluorine-base solvent, obtaining a



| ubricating layer. (2) The nethod of manufacturing magnetic disks of (1)
above wherein the fractionation by nolecular weight is conducted by
supercritical extraction. (3) The nethod of manufacturing nagnetic disks of
(1) or (2) above wherein lubricant c is prepared by obtaining a
conposition A of lubricant a dispersed in a fluorine-base solvent,
obtaining a 4 conposition B of lubricant b dispersed in a fluorine-base
sol vent, m xing conpositions A and B, and extracting lubricant ¢ fromthe

m xed Corrp@&ﬂlﬁdsfﬁﬂn ;| Qﬂggﬂicanﬂ ﬁhrsa_ m%gp‘gfaﬁﬁlg il bﬁ@?&@&ﬁtﬁfxﬁrﬁgoﬁﬁgﬂ%ds% dhé ES

of any of from (1) to above ter orm’n rrcating

| ayer, thearrdesuhamgﬂummetﬂommmeuaorama@ad to an atnosphere of from 50
to 150C to adhere lubricant ¢ to the protective layer. (5) The nethod of
manuf act ur [0A@3Imagnet i ¢ di sks of any of fronl(l) to (4) above wherein the
protectlve4£a.er .S fo ned b pl asma CVD. The met hod of nanufacturlng
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Fonbl i n Zt sor@ @) adhplcQsHiEntRaS B Hﬁgﬁv@M¢§Olvay Solexis is selected as

| ubricant al pha and Fonblin ZdoP (product nane) nade by Solvay Solexis is
sel ected ds) [labmiettanit of inetwactutBy rMagnagnéitiiscoftrgkofcamI(l sion@) abovegRiedréif the
| ayer, a protective |ayer, and a lubricating |layer on a substrate, in
whi ch theIﬁﬂﬁﬂﬂﬁéﬂﬁhﬁﬁNHVéPYﬁB§“%€¥P formed on the protective layer, said
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a HD|ecu|q&kﬁﬁgﬁﬂﬁnHEQR%EQEQQ@Q&5|ess than or equal to 1.2 obtained by
refining a |ubricant al pha conprising the conpound denoted by the chem cal
formul a [ @Aeffhe 4hethod of manufacturing magnetic disks of any of from (1) to (6) above further
characterized in that Fomblin Ztetraol (product name) made by Solvay Solexis is selected as
lubricant alpha and Fomblin Zdo! (product name) made by Solvay Solexis is selected as lubricant
beta.
(8) A magnetic disk comprising a magnetic layer, a protective layer, and a lubricating layer on a
substrate, in which the lubricating layer has been formed on the protective layer, said lubricating
layer being comprised of a lubricant c,
comprising a fubricant ¢ having a weight average molecular weight (Mw) of from 3,000 to
7,000 and a molecular weight dispersion of less than or equal to 1.2 obtained by refining a
lubricant alpha comprising the compound denoted by the chemical formula
[Chem. 4]
HO-CH,-CH(OH)-CH,-0O-CHy-CF,(-0-CoF4)p-(0-C¥F2)q-0-CF,-CH;-0-CH-CH(OH)-CH,-OH
wherein p and g are natural number,
and a compound denoted by chemical formula
[Chem. 5]
HO-CH»-CFo(-O-CyFE)m-(0-CF2)n-0-CF,-CH,-OH

wherein m and n are natural number,



HO CH2- CH( OFl ) - CH2- O CH2- CF2(- O- C2F4) p- (O CF2) g- O CF2- CH2- O- CH2-CH( O H) - CH2
-OH wherein p and g are natural nunber, and a conpound denoted by chem cal
formula [Chem 5] HO CH2-CF2(-O C2F4) m (O CF2) n- O CF2-CH2- 011 wherein in
and n are natural nunmber, 5 and a |ubricant b having a wei ght average

nol ecul ar weight (My) of from2,000 to 5, 000 and a nol ecul ar wei ght

di spersion of less than or equal to 1.2, conprising a lubricant beta
conprising a conmpound denoted by chemical fornula [Chem 61.

HO- CH2- CF2(- O : - . i.n: _ |
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| ubricating |ayer has been formed on the protective |layer, sard |ubricating

| ayer conpri si negpreprisggapouneindenaitetbybshemivel folmarta cal fornul a [ Chem 7]
HO CFl 2-CH(OH) - CF12-O-Cl - | 2- CF2(- O C2F4) p- (O CF2) g- O- CF2-CH2- O CH2- CH(OH) - C
H2-OH wherein p and{(a’ea‘r 8l nat ur al nunber, and a conpound denoted by the

chem cal fornul lalo_&@@%}(g#zlgﬁ)@%%éigég@%(ﬁgﬁim (O CF2)n-O CF2-Cl 12-CH

wherein mand n are na icating |layer contains
- COOH at om ¢ grQksin e RGt Aohfurdhutdae of flight secondary ion nass

spectronetry.
[6009}
(9) A magnetic disk comprising a magnetic layer, a protective layer, and a lubricating layer on a
substrate, in which
the lubricating layer has been formed on the protective layer, said lubricating layer comprising a
compound denoted by the chemical formula
[Chem. 7]
HO-Cl-CH(OH)-CH;-O-CHy-CFy(-0-CoF)p-(0-CF2)q-0-CF,-CHp-0-CH,-CH(OH)-CH,-0OH
wherein p and q are natural number,
and a compound denoted by the chemical formula
{Chem. 8]
HO-CHy-CFy(-0-CoF )m-(0-CF2)n-0-CF,-CH,-OH
wherein m and n are natural number,
and the lubricating layer contains --COOH atomic groups detectable by time of flight secondary ion
mass spectrometry.
(10) A magnetic disk comprising a magnetic layer, a protective layer, and a lubricating layer on a
substrate, in which the lubricating layer comprises:
a compound denoted by the chemical formula
[Chem. 9]
HO-CH,-CH(OH)-CHy-0-CHy-CFo(-0-CyF 4 )p-(0-CF2)q-0-CF,-CH,-O-CH;-CH(OH)- CH,-OH
wherein p and g are natural number,

a compound denoted by the chemical formula



(10) A magnetic disk conprising a magnetic |layer, a protective |layer, and a
| ubricating |ayer on a substrate, in which the lubricating | ayer

conprises: a conpound denoted by the chem cal fornula [Chem 9]

HO CH2- CH( OH) - CH2- O CH2- CF2(- O C2F4) p- (O CF2) g- O CF2-Cl | 2- O CH2- CH( OH) -
CH2-OH wherein p and g are natural nunber, a conpound denoted by the
chemcal fornmula 6 [Chem 10] HO CH2-CF2(-0O C2F4)m (O CF2)n- O CF2- CH2- OH
wherein mand n are nat ural nunber, and a conpound having in its nol ecul ar
structure - g group detectable by tinme of flight secondary ion
mass spectrorret g{nf The magnetic disk of any of (8) to (10) above,

wherein the proHe)c(c}]yel ,{(ayeggpqyrﬁ,(@ aanboncRasy,-opf otective layer. [Brief
Description of Drawi ngs|] Fig is a secti onaT view of a typical enbodi nent
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magnetic dis | denotes a, disk substrate, 2 denotes a base Ia¥
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produces the follow ng result’s ey di scovered that, en t'he | ow

hei ght | evabtecdvetlfyer.magneti ¢ head reaches 10 nm or Iess t he magneti c head
repeatedly causes the lubricating |ayer on the surface of the magnetic disk
to under gdBameBWlP@OEQﬁBr%ﬂszsdm and adi abatic expansion through air
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the figure, 10 denotes a magnetic disk, 1 denotes a disk substrate, 2 denotes a base layer, 3 denotes a
magnetic layer, 4 denotes a protective layer, and 5 denotes a lubricating layer.

[0010]

The present inventors studied the above-described impairments of magnetic disks, which
have recently become marked, to achieve the above-stated goal, discovering that the following
mechanism produces the following results.

They discovered that, when the low flying height level of the magnetic head reaches 10 nm
or less, the magnetic head repeatedly causes the lubricating layer on the surface of the magnetic disk
to undergo adiabatic compression and adiabatic expansion through air molecules during flying,
thereby causing the lubricating layer to tend to repeatedly undergo heating and cooling. They also
discovered that this tends to promote breaking down of the lubricant comprising the lubricating
layer into lower molecules.

When the lubricant breaks down into lower molecules, fluidity increases and adhesion to the
protective Jayer decreases. The highly fluid lubricant was observed to transfer to and deposit on the
magnetic head, positioned nearby, destabilizing the flying position and causing fly-sticking
impairment.

In particular, in magnetic heads with NPAB (negative pressure air bearing surface) sliders

that have recently been introduced, the lubricant tends to be sucked off by the strong negative



di scovered that this tends to pronote breaking down of the |ubricant
conprising the lubricating layer into | ower nol ecules. Wen the |ubricant
breaks down into | ower nolecules, fluidity increases and adhesion to the
protective | ayer decreases. The highly fluid lubricant was observed to
transfer to and deposit on the nagnetic head, positioned nearby,
destabilizing the flying position and causing fly-sticking inpairnment. In
particular, in magnetic heads with NPAB (negative pressure air bearing
surface) sliders _that have recently.been introduced,, the |ubricant tends
to be sucﬁggw§$fg%§“f eg%?ggﬂgeﬁ@ﬁ%‘ﬁ%%egg‘ﬂyﬁkgh ”@En@rgﬁgﬂgﬁﬁﬁ‘%éﬁngﬁé
magneti ¢ headsiigMiiehorhéhoh hought to exacerbate the transfer deposition
phenonenon. " The transferred | ubricant sonetines produces acids such as
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head. Heads containing nmagnetic resistance-effect elenents are

parti cul ardoyroging the danapbelribe megnetip beadl Henecoprdrgmagnatierssisiarcedifseiolamnats
that the LUL system exacerbates these inpairments. In LUL systens, as
opposed td“%ﬁ@ﬁ@@gg) ¢ 19 FAOfQPnet i ¢ head does not slide in contact over
the magn bbiél]di sk surface. Thus, lubricant that has been transferred to
and deposited'on the magnetic head tends not to transfer to the nmagnetic
di sk side. In areqnasentih@ihs &RDva¥s iRMhel U kar clb@batesBSectinpaish&id e@ to
the magnetic head tends to be cleaned away by sliding in contact with the
CSS ar ea IdfL systenmpgnepposeddioskSS wisients, tho uhaineichcad Mowshyot stidchini copactr oventis
are not marked. Based on these research results, the present jnventors
cont i nued agartic dgkiaps Thugnlibrigant that has hesndrasslapediioging ideposiiedion ks ipagnesic

conti nuous,_ ] tigatjon.based on trial apnd error w.th r QuS .
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Based on these research results, the present inventors continued their study in light of the
above-stated goal. As a result of continuous investigation based on trial and error with numerous
lubricants, they devised the present invention.

Fomblin Ztetraol (product name), an alcohol-modified perfluoropolyether-base lubricant
made by Solvay Solexis, is thought to contain alcohol-modified perfluoropolyether compounds
having various terminal group structures, such as monool compounds, diol compounds, triol
compounds, and tetraol compounds. Solvay Solexis clearly states that Fomblin Ztetraol contains
the compound denoted by the chemical formula

[Chem. 11]
HO-CH,-CH(OH)-CH;-0-CH;-CF,(-0-CyF4)p-(0-CF2)q-0~CFp~CHz-O-CH,-CH(OH)-CH,-OIH

wherein p and q are natural number,

(referred to hereinafier as perfluorotetraol compound), but analysis by the present inventors
revealed that at least the compound denoted by the chemical formula

[Chem. 12]

HO-CH-Cl(-O-CoF)m-(0-CF2)n-0-CF,-CHz-OH

wherein m and n are natural number,



conpounds, and tetraol conpounds. Solvay Sol exis clearly states that
Fonmblin Ztetraol contains the conpound denoted by the chem cal formul a

[ Chem 111

HO CH2- CH(OH) - Cl | 2- O CH2- CF2( - O C2F4) p- (O CF2) g- O CF2- CH2- O- CH2- CH( OH) - CHz -
OH wherein p and q are natural nunber, (referred to hereinafter as
perfluorotetraol conpound), but analysis by the present inventors revealed
that at | east the conpound denoted by the chem cal fornula [Chem 12]

HO CH2- CF2{.- - - - OH. erein in and n are natural
nunber, 8 {;ﬁ%ﬁ%@%ﬁ)ﬁg é%rﬁg%)é}'rglrcg%g} fSdorodt '31ne(?:'orrpound) is also

cont ai ned. [00i$0121 That is, when the above Fonblin Ztetraol was analyzed by
nucl ear magnetic resonance (NWR) or time of flight secondary ion nass
spectronetry (TORt 8, MBep thdraboabdembiie iZtdtrack ahehmadyokd bgonploamncamate feotgded o
be the pri mar}é compound, but the above perfluorodi ol conpound was found to
be present NMRyotER¢ ehflighrsegondsry i mass speciromatry 1t SRS atheahotanetiluordteiebhal
conmponent. Ot her coppoynd re al so thought to be presepnt as jinpurities in
quantiti es" G 05%({)‘6’?5 ?‘?D%’é‘gﬁ? rs?le?heo?”m%t"@@?? » PRGBS POV RSS uo(?fﬁ‘acﬁﬁ’ O ags
made by SofoMay oI G¥deft in® S |5 BB PR Eb%gg e

| ubri cant made Oby I%glevalf/l Sol eﬁg@%hgltgggﬁ(ggﬁﬁyegf{ast% 9‘8‘3@5@% (?P%;?(ti S

to cont ai MOhbecalovedspet kst dicdghab HeqiRend. implemnsan Juxgitss BY atdenpnRsest
inventors, this perfluorodiol was found to be the primary conponent. O her

conmpounds dgfastiell so t hought to be present as inpurities in quantities of
about the limt, of .de%g tion, In al cohol-podified perfl uoropol yether-base

|ubricants, bad@fP4R fefluge ramchoerde; butSdvy S9lexiscahiel an dgholimodifigs ed

on e 5 LhAERSRLA-AE: AFRSL ol Y SIS PR ORBL A M 108

adhesi ve st rengihihef adobe perfluorodiol compound. Upon analysis by the present inventors, this
perfluorodiol was found to be the primary component. Other compounds are also thought to be
present as impurities in quantities of about the limit of detection.

In alcohol-modified perfluoropolyether-base lubricants, based on the degree of modification
by alcohol, that is, based on the difference in the number of hydroxyl groups bonded to the terminal
group of the perfluoropolyether main chain, the lubricating properties and adhesive strength of the
lubricant molecules vary.

Accordingly, based on the content and generation of various alcohol-modified compounds
such as monool compounds, diol compounds, triol compounds, and tetraol compounds, the
characteristics of the lubricant vary widely.

10013]

In the present invention, a lubricant (referred to as lubricant @) is refined to a specified
molecular weight distribution by fractionating by molecular weight a lubricant alpha containing
primary components in the form of the above perfluorotetraol compound and perfluorodiol
compound. Further, a lubricant (referred to as lubricant 5) is refined to a specified molecular weight
distribution by fractionating by molecular weight a lubricant seta containing a primary component

in the form of the above perfluorodiol compound. A mixed lubricant (referred to as lubricant ¢) is



| ubri cant nol ecul es vary. Accordingly, based on the content and generation
of various al cohol -nodified conpounds such as nonool conpounds, di ol
conmpounds, triol conpounds, and tetraol conmpounds, the characteristics of
the lubricant vary widely. [0013] In the present invention, a |ubricant
(referred to as lubricant a) is refined to a specified nolecular weight
distribution by fractionating by nol ecular wei ght a | ubricant al pha
containing primry conmponents in the formof the above perfl uorotetraol

conpound n Fu t (ref

ubr i cant -y REl b RER bR SRTRER TS b g MG s (RHEETn &F PlobihTOn Sy
fracti onatgdmmyaﬁgpé,ggﬂég?f bwgisght a lubricant beta containing a primry
conponent in the formof the above perfluorodi ol conmpound. A m xed

| ubri cant (ref efhrceanteat afsthk phrfluomdiol edmpctind 9h ubgipet efbzbyis Béskibitg flotb10 @Y S
a and b. Afilmof lubricant ¢ is then coated on the protective layer to
sol ve t he BH8URI®ALt ed probl ems. The content of the perfluorodiol conpound

| ub | d bl | Al h
mchant s by it bRuER CREG RN L RTSE b St bl serBRe i toived it AScHpeent
i nvention 1h§en’ﬂ@ﬁ 15“ﬁ&eﬁ&@gshr#ll?ﬁecgéa?aﬁ?ﬁtigﬁﬁlﬁﬁ ? %tu' ﬁ)cntol éonttrgp'ﬂ%hsttaté Qr GRINLE 88A01t he

state of the al cohol nodi uor opo S con ai ne

| ubri cant Snailﬂélﬁoe&md)r@ﬁ)&theWIﬁEpoﬁﬁc&Qbh@lﬂ@é inQ%rlc%t@Qﬁ{iﬁMﬁﬁmtaso that the
nol ecul ar wei ght distribution achieved in lubricant a is a weight average

mol ecul ar wei ghWh¢nMiRctiohat®n0B 0conducd0@0than the soolbhddr Mslghtmhhtamuioarachmdghi

di spersi on when denoted as the wei ght average nol ecul ar wei g (Mv) / the
nunber Qv*ggcam%ﬁm%aevmegmﬂlew%ﬁwesg@ (Il\@%sdt?’k%)ﬁ o7 bl Sy aithomolepger

t ent fl
¢ hought t%"%%t G ARV BBt R o R TR vl BL AR Sttt B o
mol ecul ar n\ihﬂétﬁlll{fr '\%}% r(MiﬂWid RE msxhb%gﬂowl 2 ﬂﬂ@&:bﬁé&tra@o bf iR aw& AGHEL;g0e

nol ecul ar wei ght ( ,000 to 5 and so that the nolecul a
compounds, for examplc is thought to be increased.
[0014]

When fractionation is conducted so that the molecular weight distribution achieved in
lubricant & is a weight average molecular weight (Mw) of 2,000 to 5,000 and so that the molecular
weight dispersion when denoted as the weight average molecular weight (Mw)/the number average
molecular weight (Mn) is [ess than or equal to 1.2, the content ratio of the above perfluorodiol
compounds, for example, is thought to be reduced.

Mixing the two fractionated lubricants (to obtain Jubricant ¢) is thought to achicve a content
status of the various compounds, that is, a content status (ratio and status of products generated by
mixing) of the above perfluorotetraol compounds and perfluorodiol compounds, that is desirable for
solving the above stated problems.

An example of a desirable lubricant a/pha in the present invention is Fomblin Ztetraol
(product name) made by Solvay Solexis. An example of a desirable lubricant befa is Fomblin Zdol
(product name) made by Solvay Solexis. In Japan, both are sold by Solvay Solexis Co., Ltd.

[0015]
The present invention provides a magnetic disk having a magnelic layer, protective layer,

and lubricating layer on a substrate. That is, it provides a magnetic disk in which the lubricating
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wei ght di spersion when denoted as the wei ght average nol ecul ar wei ght
(Mv) / the nunber average nolecular weight (Mi) is less than or equal to
1.2, the content ratio of the above perfluorodiol conpounds, for exanple,
is thought to be reduced. Mxing the two fractionated lubricants (to obtain
| ubricant c) is thought to achieve a content status of the various
conpounds, that is, a content status (ratio and status of products
generated by mxing) of the above perfluorotetraol conpounds and

per f1 uor odj;9k. &OROYAL Subrke tceingigﬁr? %Heaﬁloge ]I}])?Irﬂg?% ItrXJ)ln(%angﬁnaan&/ ﬁ?rﬁhgrtoggl

probl ens. Anh exanple of a desir ubrica a i n the prese

i nvention ésnfoandioritedbed RGProtediRE RAEE borlANRICOBH NI BRIYMMaSRE BtbSabl Ay
exanple of a desirable lubricant beta is Fonblin Zdol “(product nanme) nede

by Sol vay @oe ekilight seavndarp &m, mdsesirctarmeeigdTOFRIMS)l vay Sol exis Co., Ltd.
[0015] The present invention provides a magnetic disk having a magnetic
| ayer, protectiVach hygresent fyanipismursued thawg resedyet stiflrfughes, theyt forpdthatitheeTecs of j ¢

id i i sk, in i .the | ubri i 0.l , fil
Plbri cant BORTH fsMaieh iy V& Slior Brsvirbs S50o aboun ahbrrdsr oafo
conpound fé@&ﬂﬁ%r(ﬁl}égéogt/ﬁ%dﬁﬁ %%!fc%(tﬁlgl 186ET That gn\;vﬁ'énrlﬁe Iu%ngg\ggp St hathatic

that are detectab time of I ght” secondary i on nass ctronmetr

( TOF- SI MB)diskbErthet hebpdiesntgivenyRither elpr shkedxdntifdd if ds@Arsh TeIR-dIMS, they
further, they found that the effect of the present invention lay in the
rel ation phicrsed et ~CORBH asernini groemsouls ~GRAIQMH -RRICQMBlpsatver pregnoipshe

cont e, L T DRl i e b A e
detai | by iJ @ fbNSnt F8¥ne mesiﬁl?ﬁg{ir?%diagg%onh%—c%@@ & iE:O'%gL?ps de(fl%éggp_i
atonmic groups were present in the 9 UBFi e hg Tayer. Nerther the

per f | uor otaetniia Groupe. MO, thdBffRE of [iktOpREHND inveRROWRH fhRAt@Ired frdm tdre
| ubricant formng the lubricating |ayer contained -COOH atom c groups or

- CF2COOH  izgogidiratioy obupQOHAt@vic graugs §nd/drh€FeE ®@Htatomific toappinesikatubticatiag tayen
was found tag result fromthe i ncorforati on _of - COON at om c groups and/or

- CF2000H &tabwied Iggmetip b th prbedimcnts B the arasery infvaytéan, thetse olmearbasr brseiprofestivche

embodi mentgePlnd be RLEREN cdBHPAbEe EIS (R %RhpR, FADNRRE LR OhSELVE
Jayer) formed by plasma CVD was found to modify part of the lubricating layer that was formed
thereover, yielding carboxyl groups. As set forth further below, a carbon-base protective layer,
particularly an amotrphous carbon-base protective layer, is thought to be related to the high affinity
for aleohol-modified perfluoropolyether compounds.
[0016]

The —COOH atomic groups and —CF,COOH atomic groups contained in the lubricating
layer can both be detected by TOF-SIMS. Since ~CF,COOH atomic groups can be simultancously
detected when detecting -COOH atomic groups, the count of ~CF,COOH atomic groups detected
is included in the count of -COOH atomic groups detected,

The present invention provides a magnetic disk having a magnetic layer, protective layer,
and lubricating layer on a substrate, with the lubricating layer containing the above perfluorotetraol
compounds and perfluorodiol compounds, as well as a compound having within its molecular

structure —~COOH atomic groups detectable by TOF-SIMS.

i1



| ayer and an anorphous carbon protective |ayer (for exanple, hydrogenated
carbon protective layer) forned by plasma CVD was found to nodify part of
the lubricating |ayer that was forned thereover, vyielding carboxyl groups.
As set forth further below, a carbon-base protective layer, particularly
an anor phous carbon-base protective |layer, is thought to be related to the
high affinity for al cohol-nodified perfluoropol yether conpounds. [0016]
The - COON atom ¢ groups and - CF2COOH at omi ¢ groups contained in the

| ubricating | awer. h dgtect e TOF-SI MBS, Since - CE2CO0 -

aton o grovps chpeenaeioPuRBoifiG e atodty B aRut Rt Feyr b B st an
groups, thawosmBtoupd andbr CORICAOR e %mgpﬁmdﬁfe%m&ﬂng Saybe ot R dortfad t19€
count of - COON atom ¢ groups detected. e ‘present invention provides a
magnet i ¢ dilsskrallawi agicse thrgtiettiof tHeqysent ipeniiec tiihe éndogyseation inddthe llubbichtiatlhyig

| ayer on a substrate, with the lubricating |ayer containing the above

per f | uor ot &t # gyrPousd Agvina asthimie peleeulactueliusl —EYMP ctmds groaps deiedtables by TOF-

d hayi fthin i | I t { - COON, at omi

dot bt abl eohy° ToreetkBrbk] BRUBGERR wrdviritfottBroromntsie Bt abof yfiopctaol
(O he. | . i - i -

B omic g v R,k BernEBHECEArcaus as Sl £LOMFnR RS IR B sl

achi eve t hgnefiteatOOH ddBicRFRSENEXIMPIAN cOMpouhBEhdVtGONEA BleirGbidddia stfure
| ubricating | a%/er of a conmpound having within its nolecular structure

- COOH at ontcOgHmipaicdaewsttia lae detectitl-by SINBSIMS atesmriiesipobioiher-bdsa compounds
case, the Juhricating |ayer contains the above perfl uorotetraol conpounds

and per f | UBrEHA leEyRg ol Higgnaimehaifeqra side chaie basdsemaodifed ntp amarbery grewp. Such

| | . - i . | . hayi
wtnin ¢ et PRHSbYISs MEVAXOGE. P2 e JSRPRRE  dupe R PR Lo B
by TOF- SI Mabigdalt R8AthINHHY AROIYEFNPETNGSRLGATRAHPGARIS,| PerMir&dloR chlﬁf)Sﬂrfaél,l afd

h
the main chain or a side chain has been nodified into a carboxyl group.
Such a | ulenipoatd myidgay¥rOltatprdegrotyisdan hedolcbdsr sexanpl e, by forming a film
on the protective |ayer of a [lubricant containing the above

per f | uor ot Bestdpdeefdpuleraentingdhe Inyertisal ol  conpounds, and conpound havi ng
-COA - | at{ﬂ(ﬂﬁ groups in its nolecular structure.

In the present invention, when preparing lubricant ¢, lubricant ¢ and lubricant & are
desirably mixed together in a blending proportion by weight of from 1:2 to 2:1. When the blending
proportion falls within this range, the alcohol-modified perfluoropolyether compound contaiﬁed in
lubricant ¢ is thought to be in a particularly desirable state for solving the above-stated problems.

In the present invention, the method of {ractionation by molecular weight is not specifically
limited. For example, molecular weight fractionation by gel permeation chromatography (GPC)
and supercritical extraction are both possible. Of these, the use of supercritical extraction for
fractionation of lubricants alpha and befa is desirable. The use of fractionation by supercritical
extraction permits a high degree of refinement of the Iubricant. Specifically, supercritical extraction
employing carbon dioxide as eluting solvent is suitable. Molecular weight fractionation by
chromatography is preferred. Molecular weight fractionation is also possible based on retention
time.

When the pressure of the carbon dioxide is adjusted to 80 to 350 kgflem® and the

temperature to from 35 to 300°C, a desirable carbon dioxide supercritical state is achieved. When
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[ Best Mbde of Inplenenting the Invention] [0017J In the present invention,
when preparing lubricant ¢, lubricant a and lubricant b are desirably

m xed together in a blending proportion by weight of from1:2 to 2:1. Wen

the blending proportion falls within this range, the al cohol -nodified

per fl uoropol yet her conpound contained in lubricant ¢ is thought to be in a
particularly desirable state for solving the above-stated problens. In the

present invention, the nmethod of fractionation by nol ecul ar weight is not

speci fi cal lim ted. . For exanple, nol | an ight fractionation b |
o meat | ont L EPUB R et G MR e B PR e OR Moh gt B8
possi bl e. g1 thd@8Burd dPeerhiiel QbuRUREBEUbA it PlecRX bdpRGlibPY £ Qinal bfRAEL | onati on
of lubricants alphgrand betégigﬁdesFrabée.ifﬁe uge ofgg?acﬁ?%%at?on by
supercritiai8 extraction permts a high degree of refinenent of the

| ubricant. Specifically, supercritical extraction enploying carbon dioxide
as el uting sol v&hen emplaying espraatogybplecedrizon digsiidin afsnpeceritisal atateomd lggntaining the

chromat ography is preferred. Mlecul ar ight fractionation is aJso .

possi bl e BB mHAE N i P PHCRRanthe ol $ (PO ol B B e

i s adj ust 20,80 | -at u D ] é?yﬁ a
desirab!qug%ggﬁggﬁgyﬁ§gl uéé??%ﬂ?ﬁ%%}¢§'g%ggﬁﬁﬁﬁﬁﬁ?%w%ﬁ&%&%ﬁhﬁéﬁggg jugied
to w thin dnQiuirdand@bsofiitioh e VAR eSoriBrisg idbidnk tih BlSHidiReddab@iNdn @ichfi@r@nsRs
in nol ecular weight and the structure of term nal groups can be used for
preci se sephcat fratiotmpion e pald ngrlaupyr welR@ddltritien. enpl oyi ng chr omat ogr aphy,
carbon dioxide in a supercritical state and containing the lubrjcant is
nmade to flow anthehgenagpg fubkpant ¢Aubrigants ¢ aed § By befigecly grixndt orgn oxdsto@ehigyen
is nmonitored.. For. exanple monitoring can be conducted by .Fourier .
transt or m EPPD B EEEEE: SpwerBRBLPY (i tydore e IiR Pt shebls fvoshe
Wi | e monigaed idMbnist MBRIdADSsiEAR aH@th@PH@éirﬁ@i? rﬁﬁécﬁﬁndoé’t‘infe&t £AUhO hikhAexlrBted
achieve fractionation into a good nol ecul af wei ght distribution. Wen

pr epar i ng withbdn eapdrator, tol obtain lobidast @ BodctkoniByhibsathicr ¢ields y highkeghifoah miRture
order to achieve a uniformmxture state, conpositions nay be prepared by
di spersi ngi¥he two into separate fluorine-

Vertrel XF, the name of a product made by Dupont Mitsui Fluorochemicals, is desirably
employed as the fluorine-base solvent.

In the present invention, it suffices to expose the magnetic disk to an atmosphere of 50 to
150°C following film formation to adhere mixed lubricant ¢ to the protective layer. This range is
lower than the decomposition temperatures of lubricants @ and 4, so the breakdown of lubricant ¢
into lower molecules is avoidable.

In the present invention, the thickness of the lubricating layer can be from 5 to 15
Angstroms. At below 5 Angstroms, the lubricating properties of the lubricating layer decrease. At
greater than 15 Angsfroms, fly sticking impairment sometimes occurs and LUL durability
sometimes decreases.

In the present invention, following formation of the lubricating layer, heat treating the
magnetic disk by exposing it to an atmosphere within the above-stated temperature range has the
effect of promoting the generation of <COOH and/or ~CF,COOH atomic groups in the lubricating
layer. A carbon-base protective layer, particularly an amorphous carbon-base protective layer, has

high affinity for alcohol-modified perfluoropolyether compounds, as set forth further below.
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base sol vents. The conpositions are then desirably m xed and stirred, and
the m xture extracted wth an evaporator to obtain lubricant c¢c. Extraction
in this manner yields a highly uniformmxture state. Vertrel XF, the nane
of a product nmade by Dupont Mtsui Fluorochemcals, is desirably enployed
as the fluorine-base solvent. In the present invention, it suffices to
expose the magnetic disk to an atnosphere of 50 to 150C following film
formation to adhere m xed lubricant ¢ to the protective layer. This range

is lower kQapy ratures. of. | ubrj t and. , t he
breakdown of | ulﬁél_?’c%ﬁ]tqﬂgl% 9‘15 lrll%%gﬁ%gé\g&ﬁgﬂe}%ﬁ gsg%i g Vﬁl\li/)lg)f? %gbnﬁ égr@nﬁﬁ%g %gmber%g‘éee nt
i nventi on, laydrend Bitgdoies & 1@fuch ARkt URAInEAL pddith B¥RhitdhR LeRGaddnaM-2dcH dRV/or
Angstrons. At below 5 Angstrons, the l|ubricating properties of the

| ubri cat i NgFiCA}¥d adets wage.in e lubgicgatgdayet.han 15 Angstrons, fly sticking

i mpai r ment @ﬁqﬁe“ mes occurs and LUL durability sonetinmes decreases. In the
present i el on, followng formation of the lubricating | ayer, heat
treating the netic disk by exposing it to an atnosphere within the
above. stat ed t dnaREre Fhgle TR IE v bbb GROEIG b e Seron
of -COQ - Inandber AmnGh ; 2B Eroﬂarc@vbol%?/érr]s h{%‘fenle&b 9, 6% 1R ctilvé%aggr he® high
carbon-base protective layer, particularly an anorphous ar bon- base

prot ect i veffisyelor albatsl-ntuidigled abfflubiobylyéthsr @h?p@ﬁhﬁis-aﬁ@@iefds%ditable adhesion strength.
per fl uoropol yet her conpounds, as set forth further below. 13 Accordingly,
formi ng t W adbesicnatiicngih Imay dre regulaterbby pwploping ianadioniporieative dayemeblyrirdgasated
protective .layer. and subjecti It .to such a heat treatment permts the
Sui t abl ¢ AP AT MISREGHRISS ehspgh Az dpiypiing tesperpiont ol tivee HGE PSR  he

| ubricating la : Oﬂr?%l. n pbrotective | No) d as
the protecti vexlﬁg?lepgi t?@‘%@é@@np@a&%@ﬁ? Iltugr%. A pé"?r%"?‘%%o s?)cgr%’g%bggéoy
protecti veaylayel forsarBkefenie@rsuchva obs @ 8¢ hiy B deadsle. NeSenhh@Birro@dnf doRichy
for al cohol -nodi fied perfl uoropol yether conpounds and yields suitable
adhesi on $tatiengnitrogenThearhoth 8T pis nshsieabishXay phtod e tyicl satadsdopicenplly oy {XR$) A

carbon protective | ayer . of hydrogenated
P a eveE of4to Ig%t% is desira)éle. g

When employing a carbon-base protective layer in the present invention, an amorphous
carbon-base protective layer formed by plasma CVD is desirable. An amorphous hydrogenated
carbon protective layer formed by CVD is particularly desirable. When forming a carbon-base
protective layer by plasma CVD, it suffices to employ low unsaturation hydrogen carbide,
specifically, a straight-chain low unsaturation hydrogen carbide gas with 10 or fewer carbon atoms,
such as acetylene.

The present invention is described in greater detail below through embodiments.

[0020]
(Embodiment 1)

Fig. I shows a magnetic disk 10 in an implementation mode of the present invention.

In magnetic disk 10, on a disk substrate 1 are sequentially formed a base layer 2, magnetic
layer 3, protective layer 4, and lubricating layer 5. Lubricating layer 5 is formed out of the lubricant
(referred to as [ubricant ¢) of the present invention. This will be described more specifically below.
(Preparation of the lubricant)

The method of preparing the lubricant will be described.
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carbon or nitrogenated carbon and adjusting the content of hydrogen and/or
nitrogen. \Wen the hydrogen content (hydrogen content in a protective

| ayer) is measured by hydrogen forward scattering (HPS), a level of 3 to
20 at%is desirable. Wien the nitrogen content (ratio of nitrogen to
carbon, NNC) is neasured by X-ray photoel ectric spectroscopic anal ysis
(XPS), a level of 4 to 12 at%is desirable. Wen enploying a carbon-base
protective layer in the present invention, an anorphous carbon-base

tecti | ; . | CVD_ i s desi l.e. h .
protectve | y5p o DY BLETR VRS HER (0G0 ATRLEGHS o
desi rabl e. ;MheBelbRs Waé‘&ei@cté‘(ﬁ%r@cp?fo@&%g as RELHBALAY € é@}{ﬁ{g Ry alﬁ%%cvi%i;%mug}é%érabi

suffices to enploy | ow unsaturation hydrogen carb? specl

st rai ght - cdumipouhdmdures icdasdidli compbyrdl 0 @rese@d Qilhen gasmointted di0a @lipek@iored] fluid
carbon atons, such as acetylene. The present invention is described in
greater dewalifatipe fevigedontend efmsoperaitivakiluid jdioag]doyismixmticrsure repplamigdevice,
shows a magnetic disk 10 in [ ement ati.on node of the present .

i nvent i on. ?%%”%I@%‘r%&fﬁi“& e FIgR! 5% Wy QIR By speeframy deffefor.s E ot icyide, was
fornmed a Qﬁﬁﬁ yer | . tective | . 4. o

| ubricating I(ijgraggbg E]l?g?ig @%%SEE ?1?; n:ldg%cg!ar évef% E g %gt%é%ﬁ’ogut? aﬁéﬁ{l?%}ae ﬁ'gglrﬂ?ré%ﬁtby

(referred meleasar Wit GARI o) spbrchifi@l RBLRSES. THY RBEEMN obtdined bMrlabtidd8tion was
described nore specifically below. (Preparation of the |ubricant) The

met hod of rpieepditciasdpbringt bubri cant will be described. 14 First, Fonblin
Ztetraol (produyct nag&%_n&de by Solvay Solexis (referred to as | ubricant

al pha bel ow) g doBYt i dah@risieiciirsd made by Solvabbelednireleard Wi asi lnyyicepdeta
above perf] traql ,.c und apd ,perfl uorodiol.c ound, A pressure
col i wad <L R Bk, LOTRRURE o B R e SR G o SAER P BB S e
of a supersihilidys Holdch it Heifl ft¥EENAHGBEY HEILHENPE AbUEG PO aBldnNBasIENhER .
pressure regul ating device, FTIR and ultraviolet-visible spectrum

det ect or . TGar lobricadi okiathed WBs fragivphtiyedaaseitiel mohi ligbrRhask | Thamdbietd bAkhe

wei ght fractionation to fractionate the |ubricant by
supercritical extraction method are given below.

[0021]

When the molecular weight distributions of lubricants @ and b that had been obtained were
measured using polymethyl methacrylates of varying molecular weight as reference substances by
gel permeation chromatography (GPC), the molecular weight distribution of lubricant ¢ was found
to be a weight average molecular weight (Mw) of from 3,000 to 7,000 with a molecular weight
dispersion of from 1.05 to 1.2. The molecular weight distribution of lubricant » was found to be a
weight average molecular weight (Mw) of from 2,000 to 5,000 with a molecular weight dispersion
of from 1.05 to 1.2. The molecular weight dispersion indicates the ratio of the weight average
molecular weight (Mw)/number average molecular weight (Mn).

A composition (referred to as composition A) was prepared by dispersing lubricant a that
had been fractionated in this manner in Vertrel XF (product name), a fluorine-base solvent made by
Dupont Mitsui Fluorochemicals.

Similarly, a composition (referred to as composition B) was prepared by separately
dispersing lubricant 4 that had been fractionated in this manner in Vertrel XI* (product name) made

by Dupont Mitsui Fluorochemicals
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nmol ecul ar wei ght based on supercritical extraction. The |ubricant obtained
by fractionation was referred to as |ubricant a. Next, FonblinZdol
(product nanme) made by Sol vay Solexis (referred to as lubricant beta

bel ow) was sel ected and procured as the |ubricant containing the above
perfluorodi ol conpound. Simlarly, nolecular weight fractionation of the
| ubricant by supercritical extraction was conducted. The |ubricant
obtained by fractionation was referred to as |ubricant b. The details of

the supercriti t] h re, gi.ven bel o 0021] \Wen the..

ol ecul o wet gheolpEdRa 48T TP Rl 2R e A R i e
were neaswiflg Wak BhdRQbY FBLBYA mARIDARE Mk %Ee%ingiaro}éaﬁabh ROPRESEW Ay MRAINT

as reference substances by gel perneation chronmatography (GPC), the

nmol ecul ar bewgight.di stribution of lubricant a was found to be a weight
average nol ecul ar weight (My of from 3,000 to 7,000 with a nol ecul ar
wei ght  di sper s bh Vel X§fprodog nage) nde biydDunohebitser Flugspdiemictiss vias bamdved

71 om 2, 0001P8 5 000 o PTPATAE R FEBIg ot € PTG R oSS (3

1.2. The nphacktAbe¥p) 9ht di spersion indicates the ratio of the weight
average nol ecular wel ght (Mw)/nunber average nol ecul ar weight (Mh). A

conposi tion (repepdringd tho alBsve A@TRAS i DEledd) rodRSkdpl GRANSHy BY 1briSARISHING The
| ubricant a that had been fractionated in this manner in Vertrel X
(product nelpainesa classuditheramppbere obtheelen rmathethitywasBupbrytd Mdeeded cleanliness class
Fl uorochem cal s conposi tion ed to as conposition B)

imlarly, a co éreferr ,
was pr epar &dP¥syicd B rprelngusigl Swdad {S) BEPIL antSh (add-Th & epeseded cleanliness
fracti onat i n%hl - I RYerdy. F (product nane) made by Dupont
M tsui Fl u@?sgéﬁ%é ] ggﬁlg%%g%ghlgbéll%{l%‘ﬁ@ﬁ and B were m xed and intimtely
stirred t oaggggpar e a mxed conposition. M xing was conducted in such a
manner that the bl ending proportion of lubricants a and b was 1:1 by
wei ght . ThiMafefauehg K iiparodaditk)nanme) , made by Dupont Mt sui
Fl uorochem cal s, was renoved )

A 2.5-inch chemically reinforced glass disk (outer diameter 65 mm, inner diameter 20 mm,
disk thickness 0.635 mm) made of alumina silicate glass was procured for use as disk substrate 1.

On this disk substrate were sequentially formed by DC magnetron sputtering a base layer 2
and a magnetic layer 3.

Base layer 2 was prepared by forming over a first base layer comprised of a thin AlRu alloy
film a second base layer comprised of a thin CrW alloy film. Magnetic layer 3 was a thin CoCrPtB
alloy film.

Next, plasma CVD was employed to form a protective layer 4 (60 Angstroms in thickness)
comprised of amorphous diamond-like carbon. When forming the film, low straight-chain
hydrogen carbide gas was employed.

When protective layer 4 was analyzed by HFS, it was found 1o contain 15 at% of hydrogen.

Next, previously prepared lubricant ¢ was coated by dipping to form lubricating layer 5.

After film formation, magnetic disk 10 was heated in an oven to 100°C to adhere lubricant ¢
to protective layer 4. Heating was conducted for one hour. Measurement by FTIR revealed

lubricating layer 5 to be 10 Angstroms in thickness.

[0023]
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fromthe m xed conposition with an evaporator, and a |ubricant was
extracted (referred to as lubricant ¢ below). Preparing the above

| ubricant in a clean roomkept the purity of lubricant ¢ high. The

cl eanliness class of the atnosphere of the clean roomthat was enpl oyed
exceeded cl eanliness class 6 specified by Japan Industrial Standard (JIS)
B9920 or |SO (14644-1), or exceeded cleanliness class 1000 (Federal

St andard: FED- STD-209D). [0022] (Manufacturing of a nmagnetic disk) A

2.5-inch c gl ass disk (outer dianeter 65 nm inner
di anet er @%ugﬁén e%%ngtjl;nes 0.635 mm nade of alum na silicate gl ass

was procured foanUSR, @fabilits lesSWRSohdicRdle detédhitdhé LOLSoa&URISAd) @hﬁbw & the
sequentially fornmed by DC magnetron sputtering a base layer 2 and

magneti c Imgzgret@dnslm@ebtalagcbr 2 was pr epar ed by forming over a first base
| ayer conprised of a thin | ma second base | ayer conprised of

a thin Crwall oyt mhﬁysmdﬁ& ‘i“ﬁk qirag?éHDé))Wﬂaa et 4@0@@@ P@Bﬂroquﬂwdfmqgmﬁc

Ne | d
b cknese) 0 S BES TP R ek AP MRk i BT o W ReRgE i
film | ow gl ah apsghaida dﬁyqfhﬁﬂeﬂfag%&ln% Qatscpx\%&t Hpéi%gg znV\m%nform of a

protective |layer 4 was analyzed by HFS, 1t was found to contain 15 at%of
hydr ogen. mijextoresptievélausit YGpreganed). | THershRndlerfert@ss 6084 6UFdY-baderiniglol 0
formlubricating |ayer 5. After filmformation, nmagnetic disk 10 was

heat ed i n Jddl opeatiang WO Gpeaediy h@dectbdnmﬂldbzmit&~mlemldl)@cam\xbe hungleer off LUL

Heati ng was candu r ement FTIR reveal ed

df
| ubri cati n‘ﬁ’cfa&%tg%%?a@“‘g% dg%ei/&n%gcrprbfi%gaﬁsﬁ”rf’ RPCRA §V s cqUB§93] 16 (Eval uation
of ! ?leoggggglt o d§a e A tyugql{@ﬁ}n'dg&aéc bER 10 WP e RAAHCE A Renf BLES BbGG0d e

LUL operations without failing. It is said that about 10 years of use is required to exceed 400,000
LUL operations under a normal HDD use environment. Thus, magnetic disk 10 of the present
invention was highly reliable.

No fly-sticking impairment occurred with any of the HDDs that were tested.

Detailed examinations of the surface of the magnetic head following LUL durability testing
were conducted by optical microscope and electron microscope. However, no scoring or corrosion
was found. Nor was any transfer of lubricant to the magnetic head observed.

[0024]
(Embodiments 2 and 3)

In Embodiment 2, the blending proportion of compositions A and B was varied to achieve a
weight ratio of 1:2 of lubricant « to lubricant 5.

In Embodiment 3, the mixing ratio of compositions A and B was varied to achieve a
blending proportion by weight of 2:1 of lubricani « to lubricant 5. These exceptions aside, these
embodiments were identical to Embodiment 1.

When LUL durability testing was conducted in the same manner as in Embodiment 1, both
Embodiments 2 and 3 achieved the same good results as Embodiment 1.

A detailed analysis of the lubricating layers of the magnetic disks of each of Embodiments 1

through 3 by TOF-SIMS revealed that the magnetic disks of all of the embodiments contained —
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magneti c di sk 10 obtai ned. An LUL-system hard disk drive (HDD) (rotating at
5,400 rpnm) was procured and nmagnetic disk 10 was | oaded with a nmagnetic
head having a flying height Ievel of 10 nm The nagnetic head had an NPAB
slider on which was nmounted a reproduction elenent in the formof a

magnet oresi stive elenent (GWR el enent). The shield el enent was nmade of
FeN - base permalloy. LUL operations were repeatedly conducted with this
LUL-system | I DD and t he nunmber of LUL operations that magnetic disk 10

| ast ed bef r ound_t hat
magnet i o o o LGB o B AR OTRL S Rl RSpEub BB b bt ERR sl NGRbRE
Wi t hout f aivbieNght dohtaingd Sﬁ'cﬂh&rhcﬁé a ulserﬁ&rat@@ero? ceffnpb{ﬁﬁ brSthe EBb ?Qﬂﬁ&odlol
exceed 400,000 LUL operations under a nornmal HDD use environmen

magneti c dumhqﬂoll@d gbor teee theyesetined in\udinitard a/phasiubrigint jerd, dibrzbhte:, [U¥dicant b, or
fly sticking_'ngalrnent occurred with any of the |I-1DDs that were test ed.
Det ai | ed eXBH§aHEE é\ﬁgorémgb'h@eg Wiefealbeught ta bﬁeatmg:nmm:s thetawd the¢n gsneratpd Livthe

d bilit t d el ect
i o oscopelbERlad By Hh e BRRHENGT vl §i| Bl PR ROR e any
transfer of |ubgjankr f@aﬁa@%g'@ﬂﬁ%ﬁrﬁa i e? l?é\%ﬁl\é(?gie 6)[((%9&%] of glﬁl 5[%2 5%@%5

and 3) In Enbodinment 2, th t|on 0 ositl

varied to ac¢hieyeen’ nﬂhgmﬁafeatab@q%nape&r@ﬁ lubricant a to lubricant b. In
Enbodi nent 3, the mxing ratio of conpositions A and B was varied to

achi eve a W%ﬁﬂndlng proportion by weight of 2:1 of lubricant a to |ubricant
b. These excep ons a5|$ t hese enbodi nents were identical to Enbodi nent
1. \Wen LUL du t?ilqgﬂ?%? %&Wﬁh@l%éd@asﬁaqﬁaﬂ@aylthc pee Bsthed g im Embgdiment 1 a

Eroot Tl s SRR T oty RV 572, SSREERRRRY
di sks of ergthudfmdairRARivRNhLS idimaﬁdhr(ﬁqﬂihc%u%ylaﬁ-% %Msfsedf%?é B6HdaDRg 1al 8%y
magneti c disks of all of the enbodi nents contai ned -
TOF-SIMS revealed a quantity of ~COOH atomic groups and —CFgCOOII atoms groups that was
at about the limit of detection by TOF-SIMS. When this magnetic disk was subjected to LUL
durability testing, the number of LUL operations exceeded 400,000 and no fly-sticking impairment
was found. However, some transfer of lubricant to the magnetic head was observed. Thus, the
magnetic disk of Embodiment 1, in which ~COOH atomic groups and/or —-CF,COOH atomic
groups were generated in the lubricating layer, was determined to be more reliable.
[6026]
(Comparative Examples 1 and 2)
In Comparative Example 1, lubricant alpha was applied over protective layer 4 without
fractionation. In Comparative Example 2, lubricant defa was applied over protective layer 4
without fractionation.
When LUL durability testing was conducted in the same manner as in Embodiment 1,
Comparative Example 1 failed at 400,000 LUL operations. Further, fly-sticking impairment
occurted in 50 percent of the HDDs tested. Comparative Example 2 failed at 200,000 LUL

operations. Further, fly-sticking impairment occurred in 90 percent of the HDDs tested.
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COON atom ¢ groups and - CF2000H atom c groups in the lubricating |ayer.
These atom c groups were not contained in either the above

perfl uorotetraol conpound or the above perfluorodiol conmpound; nor were
they contained in lubricant al pha, lubricant beta, lubricant a, |ubricant
b, or [lubricant c. Accordingly, they were thought to be atom c groups that
had been generated in the Ilubricating |ayer after the formation of the
filmof lubricant ¢ on the protective Iayer Further FTIR anal ysis of the

| ubricating | ayghf gl\éeiﬁ?ggnd RS 4PLERE ?i'rijj)s of rx\e an&@?sb?grgd 2 %&erelr%%%vedl 0

cmi' in the |nfrare tion spec

prepar ed byadfeQsfiinBgafiy tésh@g S8R0 BRRBAGnES twAﬁgmdcsrﬁrr&Nlee oéléép;'idrﬁr?r{ S8k
| ayer 5 over a hydrogenated carbon protective |ayer forned by sputtering,

but wi t hounagrietalieatls wat sheeived. ol | owi ng the formation of lubricating | ayer 5.
Anal ysis of the lubricating |ayer by TOFSIM revealed a quantity of
-Co0 -1 atl8hg4d groups and - CF2COOH atons groups that was at about the
limt of tec%a ]§¥ ?F SIMS. When this nmagnetic disk was subjected to
LUL durab r MPE Phe nunber of LUL operations exceeded 400, 000 and

no fly-sti Ck' ngn Ogg‘%hfaﬁg@ﬁxa él%ll@ mﬁfé/n%rbetm&g é@xfegfh{g nLd’gf 1. gt

to the magnetic h was obs nagnetlc ment
1, in mhlqhqmﬁﬁﬁkhﬁhaﬁm&m@&@ﬂﬁ&mﬁﬂﬂ&epnﬂ&iﬁ%l%ﬂﬂ atom c groups wer e
generated in the lubricating |ayer, was determned to be nore reliable.

[ 0026] (Cbnpaﬂ&b@NéUEwéwﬁnﬁstmﬁagdmzxomhw@dnpamasmwanﬁmampballpﬂbdhﬁntant
al pha was

Compar at 1 VPBeiAse EXamp P abhTeLs OBADA L hhsonspirocrstier Threbpiaes IiTRyicrass
Sare. mann %{é@‘?? EG B R dhe Bt Ay e Bt BRTHERER 100 B0
the +DDs a?*é?? e e T L oL " aerat rong.
Furt her, frbgkespaortibai ofthe mpaictiobat! vasowersed. i n 90 percent of the HDDs tested.
18 When the lubricating layer of the magnetic disk of Comparative Example 2 was analyzed in
detail by TOF-SIMS, absolutely no ~COOH atomic groups or —~CF,COOH atomic groups were
detected in the lubricating layer. Thus, the magnetic disk of the embodiments in which ~COOQH
and/or ~CF,COOQH atomic groups were generated in the lubricating layer were determined to be
more reliable.
[0028]
In the present invention, a lubricant alpha (for example, Fomblin Ztetraol, the name of a
product made by Solvay Solexis) is fractionated by molccular weight to obtain a lubricant a with a
weight average molecular weight (Mw) of from 3,000 to 7,000 and a molecular weight dispersion
of less than or equal to 1.2; a lubricant befa (for example, Fomblin Zdol, the name of a product
made by Solvay Solexis) is fractionated by molecular weight to obtained a lubricant & with a weight
average molecular weight (Mw) of from 2,000 to 5,000 and a molecular weight dispersion of less
than or equal to 1.2; and lubricants @ and b are mixed to obtain a lubricant ¢ which is employed to
form a lubricating layer. Thus, the present invention provides a magnetic disk in which fly-sticking

impairment and corrosion impairment are prevented that is particularly suited to use in LUL-system

magnetic disk devices.
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When the magnetic heads of the HDDs of Conparative Exanples 1 and 2 were
renoved and exam ned after testing, transfer of lubricant to the AI3S
surface and NPAB pocket portion of the mnagnetic heads was observed. [0027]
(Conparative Exanple 3) In Conparative Exanple 3, lubricants al pha and beta
were mxed in a weight ratio of 1:1 to prepare the lubricant that was
coated on the protective layer. When LUL durability testing was conducted
in the sane manner as in Enbodinent 1, Conparative Exanple 3 failed at
400, 000 LUL opef:at. : A F cki ' Iaf L \\a Sy ed,in
70 percent of tﬁﬁﬁ%ﬁ%@?éﬁ%ﬁ%@@@’Pﬁ“?ﬁ%ﬁ%%ﬁp?%j#ﬂﬁﬁgﬁgﬁﬂﬂcﬁggﬁéﬁsgﬁﬁﬁéﬁqg?
the HDD Wabricinp1ger yields SR MEH reibble mabfdk A patit@nsf Kitedo UbaLSRRY,. t O
the ABS surface and NPAB pocket portion of the magnetic head was obseérved.
When the lubricating |ayer of the magnetic di sk of Conparative Exanple 2
was analyzed in detail by TO--SIMsS, absolutely no -000I1 atom c groups or
-CF2COCH atom c groups were detected in the lubricating |ayer. Thus, the
magneti c di sk of the enbodiments in which -COCH and/or -CF2COOH atoni c
groups were generated in the lubricating |ayer were determned to be nore
reliable. [0028] In the present invention, a lubricant al pha (for exanple,
Fonmblin Ztetraol, the nane of a product nmade by Sol vay Solexis) is

fracti onated by nol ecular weight to obtain a lubricant a with a weight
average nol ecul ar weight (My) of from 3,000 to 7,000 and a nol ecul ar wei ght
di spersion of less than or equal to 1.2; a lubricant beta (for exanple,
Fonmblin Zdol, the name of a product made by Sol vay Sol exis) is

fracti onated by nol ecul ar weight to obtained a lubricant b with a wei ght
average nol ecul ar weight (My) of from2,000 to 5,000 and a nol ecul ar wei ght
di spersion of less than or equal to 1.2; and lubricants a and b are m xed
to obtain a lubricant ¢ which is enployed to forma lubricating | ayer.
Thus, the present invention provides a magnetic disk in which fly-sticking
i npai rment and corrosion inpairnment are prevented that is particularly
suited to use in LUL-system
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magneti c di sk devices. 19 Further, the incorporation of -COOH atom c groups
detectable by TOF-SIMS into the lubricating |layer yields an extrenely
reliable magnetic disk particularly suited to LUL durability. 20 d ains
What is clainmed is: 1. A nmethod of manufacturing nmagnetic di sks conpri sing
a magnetic |ayer, a carbon- base protect b}é]% Layer, and a lubricating |ayer
on a substrate, said lubricating |ayer uding -000OH and/or -CF2000CH
atom c groups, said method conprising preparing lubricant ¢ by m xing

| ubricant a and |lubricant b; wherein lubricant a is prepared froma

| ubri cant al pHdh¥éngpimedds a conpound denoted by chemical fornula

HO CH2- CH(O—|) CHZ O CH2- - F4)p-(O.C F2)g- O C F2- CH2- O CH2

CH( OH) - CH2- oH T} rfeginod pf maméﬁféquomaageta digks QQHEUF"&G aIRBEIC [ayse BcaBRBound

F%Ot ed2 ?ﬁs@bﬁf@dﬁ@é iafy@f %HH ) lu&'ﬂlc@tnﬁé‘ﬁ%y&':&{l as %@ra@)sﬁ’%d(l@:rt@aﬁﬁé {&y@ fEigdingH2- OH
em [ n are natural nunber, are fractionated

mol ecul af #Z‘L? d??f pPEp%@QH UAVIQYBYRTant a having a wei ght average

nol ecul ar vvel

P snorsron of Sbotétaa Bmpra SePatng Radcant f gy e b Aaeybidn bom o
dd O CF2 @)
e e O R AR AT,

nmol ecul ar wei ghientiedpyepameat foemuleubri cant b having a wei ght average
nol ecul ar wei ght (Mg of from2,000 to 5,000 and a
—CH;—CH(OH}—CH;—0—CH;—CF;(—0—
CoF )p-(O—CF;)q-0—CF ;—CHy—0—-CHp—
CH(OH)—CH,—OH [Chem. 1]
wherein p and q are natural number, and a compound denoted by chemical formula
HO-~CHy—CFy(~—0—C,F 4 }m-{O—CF3)n-0—
CF,— CH,—OH [Chem. 2]

wherein m and n are natural number, are fractionated by molecular weight to prepare
the Iubricant a having a weight average molecular weight (Mw) of from 3,000 to 7,000 and a
molecular weight dispersion of less than or equal to 1.2;

a lubricant beta prepared from a compound denoted by the chemical formula
HO—CH,—CFy(—0—C;F;)m-(0—CF;)n-O—
CF;— CH,—OH [Chem. 3]

wherein m and n are natural number, fractionated by molecular weight to prepare the
lubricant b having a weight average molecular weight (Mw) of from 2,000 to 5,000 and a
molecular weighit dispersion of less than or equal to 1.2;

and

a film of lubricant ¢ is formed on the carbon-base protective layer to form the
lubricating layer.

2. The method of manufacturing magnetic disks of claim 1, wherein the fractionation
by molecular weight is conducted by supercritical extraction.
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nol ecul ar wei ght di spersion of |less than or equal to 1.2; and a film of

| ubricant ¢ is forned on the carbon-base protective |layer to formthe

| ubricating layer. 2. The nethod of manufacturing magnetic disks of claim
1, wherein the fractionation by nolecular weight is conducted by

supercriti cal ﬁmmhwof&én@acﬂh% AeLAad d?g‘ks%mafna@wﬁére& iRaREd & di sks

of claim1, wherein lubricant c 1s Ere par ed taining a conposition A
of | ubri c4erared by shlainéwe semeosiiaioh @bb@gvéas!dﬂp@@w in adlgerinabagg splvent,

conposi tiggmidneh cbh‘%ﬁéfﬁ@ﬁ‘h ﬁ!t@rlémrbstﬂfh%"gb@mu ﬁlﬁ?{?@%a@@ﬁevéﬂl Mg ™ xing

conposi tions A and and extractin ricant rom-t m xe

conposi t iSgRposition:s ang Bhard extrasingfubsicant afomieeted camersitier. cI aim 1,
wherein after formng the lubricating |ayer, the resultant magnetic disk
is exposed to an at rmsphere of from50 to 150C. to adhere lubricant c to

t he carbon-base..protectjve |a 5. The nethod, o nuf act uri ng npgneti c
ek 0 0 ar e TRE Rhediad of e eikinindi mactiat sk CLORITy & VA6 ATET REPEa Dy
pl asma C!ﬂbncﬁhngqai/é?atﬂielt@étﬂtadt BUGHEID dIBG8 kb Ssedits kin GEMbEefOOMTFINS 0E a

magneti c cess of claiml1l. 7. A magnetic disk

ture by the pr
conpri si ﬂgb"?ﬁ%é r'ﬁ?f’étrc toéh%ﬁ?rsg'f‘l Bé%@r%‘?cﬂt’%%ty?(/e layer, and a
| ubricating | ayer on a substrate, said lubricating |ayer including -COOH
and/or - CF2COOH atom c groups, in which the lubricating |ayer has been

formed on thegscap %Fh% t%%scﬁma‘?{u?éc Vrﬁair?e%?rd!s@@% Sa.h’r“Pr\M?e%ih'!H%l:é%Sﬁ-bQ?é ng
conprised of a rircant c, sal C CO - a lubricant a

havi ng aPwegiie imewdg@wdib}erdlwaaﬁi\@ght (Mw) of from 3,000 to 7,000 and a
nol ecul ar wei ght di spersion of |ess than or equal to 1.2 obtai ned by
refining a lubricant al pha conprising the conpound denoted by the chem cal

formul a HOCHZEH - CH2- O- CH2- CFZQ o
Icad-unload system magnetic disk device comprising a magnetic disk

manufactured by the process of claim 1.

7. A magnetic disk comprising a magnetic layer, a carbon-base protective layer, and
a lubricating layer on a substrate, said lubricating fayer including —CQOOH and/or —
CF,COOH atomic groups, in which the lubricating layer has been formed on the carbon-base
protective layer, said lubricating layer being comprised of a lubricant c,

said lubricant ¢ comprising:

a lubricant a having a weight average molecular weight (Mw) of from 3,000 to 7,000
and a molecular weight dispersion of less than or equal to 1.2 obtained by refining

a lubricant alpha comprising the compound denoted by the chemical formula
HO—CHy—CH(OH }—~CHy—0O—CH;—CF(—O—
C,F4)p-(0—CF,)g-O—CF ;—CHy—0O~CHy—
CH(OH)—CH,—OH [Chem. 4]
wherein p and g are natural number,
and a compound denoted by chemical formula
HO—CHz—CF3(—0-—C,F s)m-{O—CF;)n-O—
CF— CH,—OH [Chem. 8]

wherein m and n are natural number,
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C2 F4)p- (O CF2)g-O CF2-CH2-O- CH2 CH(OH)-CH2-OH [Chem 4] wherein p and q
are natural nunber, and a conpound denoted by chemcal fornula HOCH
2-CF2(-0C2 FAAm (O CF2 )n-O CF2- CH2-OH [Chem 5] wherein mand n are
nat ural nunber, 22 and a lubricant b having a vvei ght aver age nol ecul ar

h Mn) of nd f
vt gt (M) o Bl 20 30818 FR S it o R IR0 ©
conpound denot &Ejomglarmdﬁammmiulafro.rergﬂt alsb@sﬂd&f@ég(thébr m)amo(m Ce)pnisiOy a
CF2-CH2-OH [Ch magneti c

i ok compr | si nguBraRGReE BrplyHh 2 cameav%%ﬂe'b%%de%%%*sﬁfem'%ye ond a
| ubricating | ayer %acﬂjbsé[f gt o= éy}?ééh éth bubrl cating | ayer has been

formed on the carbon- yer ard lubricating | ayer
conprising a corrpouncb;dg_ e_do the chemcal formula HOCH Cge,lﬁ é
H-CH2-OCH 2-CF2 ‘o F4) p- (O CF2) g- O CF2- CH2- O CH2- CH(

[Chem 7] \/\her“@,lefb,,pnm la/ atal Midhernunber, and a conpound denot ed by t he
chem cal fornula H O CH2- CF2(-O C2F4) m (O C F2) n- O CF2- CH2-OH [ Chem 8]

wherein mand n are natural nunber, and the lubricating | ayer contains
-000H at om ¢ groups detectable by ti me of flight
8. A magnetic disk comprising a magnetic layer, a carbon-base protective layer, and

a lubricating layer on a substrate, in which the lubricating layer has been formed on the
carbon-base protective layer, said lubricating layer comprising a compound denoted by the
chemical formula

HO—CH,—CH(OH}—CH;—~0—CH;—CF 3(—0—
CoF4)p-(O~-CF;)q-0-CF,—CHy;—0O~-CHp—
CH(OH)--CH~OH [Chem. 7]
wherein p and g are natural number,
and a compound denoted by the chemical formula
HO—CH,—CF,(—O—C,F,;)m-(0—CF;)n-0—
CFy— CH,~—OH [Chem. 8]
wherein m and n are natural number,

and the lubricating layer contains —COQOH atomic groups detectable by time of flight

secondary ion mass spectrometry,

9. A magnetic disk comprising a magnetic layer, a carbon-base protective layer, and

a lubricating layer on a substrate, in which the lubricating layer comprises:
a compound denoted by the chemical formula
HO—CH,—CH(OH)}—CH;—0O—CHy—CF(—0—
CyF4- }p-(0—CF;)q-O—CF p—~CHp—~0O—CHp—
CH(OH)—CH,—OH [Chem. 9]
wherein p and g are natural number,
a compound denoted by the chemical formula

HO—CH—CF o(—O0—CoF 4 )M-(O=~CF)n-O—
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secondary ion mass spectronetry. 9. A magnetic disk conprising a magnetic
| ayer, a carbon-base protective layer, and a lubricating |layer on a
substrate, in which the lubricating |ayer conprises: a conpound denoted by
the chemcal formula HOCH2-CH(OH-CH2-OCH2-CF2 (-O C2F4-

) p- (0- CF2) g- 0- CF2- mﬁ%’%‘%%m -CH2-OH [Chem 9] wherein p a[e,ﬁer%. %]e
nd” den

nat ural nunber, a co ted by the chem cal fornula

HO CH2- CF2( - O“%E%)]m&% ﬁ:l;ge )1&(1 B%ﬁb%z- CH2-OH [ Chem 10] wherein m and

n are natural nunber, "and a comnpo ving in its nolecular structure

- COOH at ofFyG &Jngdb@ BRGRG AP L AR, ‘?d‘ﬂ% ' t]
spectronetry. 10. ‘rl}'ﬁe_ mgneﬂ[tslerggﬁic@bp%fucyrgi mtg%vﬁ@ﬁ]el Q%gé@%%ﬂt m%

| ayer i néif fligbssecopdamp@m masvaiestrgietips. 11. The nagnetic disk of claim9,
wherein the lubricating |ayer includes -CF2COOH atom c groups. 24

10. The magnetic disk of claim 8, wherein the lubricating layer includes —CF,COOH
atomic groups.

11. The magnetic disk of claim 9, wherein the lubricating layer includes —CF,COOH
atomic groups.
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