1 METHOD OF MANUFACTURI NG A MAGNETI C DI SK This application is based upon
and clains the benefit of priority from5 Japanese Patent Application No.
2009- 036068, filed on February 19, 2009, and Japanese Patent Application
No. 2010-033277, filed on February 18, 2010, the disclosures of which are
incorporated herein in their entirety by reference. Technical Field 10
This invention relates to a nethod of manufacturing a magnetic disk
adapted to be nounted in a nagnetic di sk apparatus such as a hard di sk
drive (hereinafter abbreviated as a HDDHY. Background Art 15 Vari ous
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t he case of conventionally commercialized magnetic disks of the in-plane
magneti c recording type (also called the | ongitudinal nagnetic recording
type or Q?rlagpégl magnetic recording type), as a result of the
reductlon i A magnetic crystal grains, there has been the
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recorded si ggabqabded MdtintelihSa RAYNREE Ak apparatus such as a hard disk drlve

(hereinafter abbreviated as a HDD).

Background Art

15 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
technique has been increasing at an annual rate of about 100%. Recently, the
information recording capacity exceeding 250GB has been required per

20  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 to record

25 information signals, and further, to reduce the thickness of the layer. However,
in the case of conventionally commercialized magnetic disks of the in-plane
magnetic recording type (also called the longitudinal magnetic recording type or

the horizontal magnetic recording type), as a result of the reduction in size of



| npeding factor for the increase in recording density of the magnetic
disks. 5 In order to solve this inpeding factor, magnetic recordi ng nedi a
of the perpendicular magnetic recording type have been proposed in recent
years. In the case of the perpendicularpmagnetic recording type, as is
different fromthe case of the in-plane magnetic recording type, the easy
magneti zation axis of a magnetic recording |layer is adjusted so as to be
oriented in a direction 10 e of a substrate. As
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| ubricating |layer wused at the outernost surface is required to have
various pr epeetdfele fniplangsmalnels tsomiag aé, ithy cash enagadtizatiba taxixcsf a

resi stance, anti-friction property, and eat resistance. 25 In order to
sati sfy suahagneteqeicostipgtayepes atjustarbed petitbe-driesed inl aldinecion s havi ng
hydroxyl groups in nol ecul es have often been used as |ubricants for
magnet 10 dipsitgendiounlae it syrfacecof albulgstraie ) PAs-cSEpaed Withothe inkplané ke,
there is well known a magnetic recording mediumor the |ike coated 3 wth
a per f | uor daagetisotegerdied tynmthe petpanaicHar magnetie fegasdipy type can
HOCH2CF2Q( C2F40) P( CF20) gCF2CH20H, cont ai ni ng hydroxyl . groups at _both  ends
of a nol ecHUPPrEss the thaaRAl iuciyatipfiepheRIneRQN agd dus issuitable-tas creasing
the recording density. As such a perpendicular magnetic recording medium,
there is known a so-called two-layer perpendicular magnetic recording disk
15 comprising, over a substrate, a soft magnetic underlayer made of a soft
magnetic substance and a perpendicular magnetic recording layer made of a
hard magnetic substance, as is described in, for example, JP-A-2002-74648.
In the meantime, a conventional magnetic disk is provided with a
protective layer on a magnetic recording layer formed over a substrate and
20  further with a lubricating layer on the protective layer in order to ensure the
durability and reliability of the magnetic disk. Particularly, the lubricating layer
used at the outermost surface is required to have various properties such as
long-term stability, chemical substance resistance, anti-friction property, and
heat resistance.
25 In order to satisfy such a requirement, perfluoropolyether-based
lubricants having hydroxyl groups in molecules have often been used as
lubricants for magnetic disks. For example, according to JP-A-S62-66417 or

the like, there is well known a magnetic recording medium or the like coated



nol ecul es of a lubricant, the lubricant has excellent adhesion to a
protective 5 |ayer due to the interaction between the protective |ayer and
t he hydroxyl groups. Sumrmary of the Invention Problemto be Sol ved by the
I nvention 10 As described above, the infermation recording density
exceeding 400&vits/inch2 has been required in recent HDDs. In order to
effectively use the limted disk area, use has been made of a HOD of the

LUL (I oad/ unl oad) systembgas a HDD start/stop mechanism instead of a
convent i ondvithHppesiudraalkylpolyethemiuhdeanithavingsa sgrcifeddm In the LUL

system a i i ret d.to an inclined platformcalled a
ranp | ocat %@E@Qﬁg@?ﬁ%@@sﬁ@&gi&ﬁv@wcgnsqqamgcﬁyqrgx {HpwRat befen in a
start-up operati.on he magneti c head i caused to slide fromthe ranp,
2fter the ISRAY AMBISIIST o fkian Bratuiherc YKyl ghoRps S5k BISaR Magnet | ¢
disk to performrecordi ng/reppoduct.ion., 1n a eration he magnetic
nead i s rerPOEEUESE 4 HERPab bR HEHGEMN e S RaleRr s fPSkA 30 Mhrgletiak "t he
rotatiop of I ' i i i perations
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LUL systenlrbﬁpgs not necessary to provide a contact sliding region (CSS
region) fo e magnetic disk, which is required in the CSS system thus it
is possible to increase a recording/reproducing region, and therefore, the
LUL 25 systemis preferable for increasing the volune of information as

conpar ed WSmmiahg ofha Beheeh | n order to inprove the information
recordi ng density under these circunstances, it is necessary to reduce a

spaci ng | ofyoblenus be Solvss by e Ifvenfionr educi ng the flying height of the
magneti c head. In order to achieve the information recording density
exceedilig 400Ghi 1AW desdibedi above, tlecipdaranationaresetding density excedtinght of t he
magnetic head to 5nmor less. In the LUL system as is different fromthe
CSS syst em408Guits/inchi kambeem cequitast ip recent dDDge  4m omdentereffectively use
the limited disk area, use has been made of a HDD of the LUL (load/unload)
system, as a HDD start/stop mechanism, instead of a conventional HDD of the
CSS (contact start/stop) system. In the LUL system, a magnetic head is
15 retreated to an inclined platform called a ramp located outside a magnetic disk
while the HDD is stopped, then in a start-up operation, the magnetic head is
caused to slide from the ramp, after the magnetic disk starts to rotate, so as to
fly over the magnetic disk to perform recording/reproduction. In a stop
operation, the magnetic head is retreated to the ramp outside the magnetic disk
20 and then the rotation of the magnetic disk is stopped. This sequence of the
operations is called a LUL operation. In the magnetic disk mounted in the HDD
of the LUL system, it is not necessary to provide a contact sliding region (CSS
region) for the magnetic disk, which is required in the CSS system, thus it is
possible to increase a recording/reproducing region, and therefore, the LUL
25 system is preferable for increasing the volume of information as compared with
the CSS system.

In order to improve the information recording density under these

circumstances, it is necessary to reduce a spacing loss as much as possible by



5 shape for CSS on the surface of the magnetic disk, it is possible to
significantly snooth the surface of the nmagnetic disk. Consequently, in
the case of the nagnetic disk mounted in the HDD of the LUL system the
flying height of the nmagnetic head can fpe further reduced as conpared with
the CSS systemand therefore there is also an advantage that it is
possible to increase the SINratio 10 of a recording signal and thus to
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strict. Therefore, in view of these circunstances, it is urgently

necessary, niagreetichaadcemyba furtmer redtced as tcheatpar@d withptheveSSheystbm alpd| i ty of
magneti c di sks, the durability of lubricants formng |l|ubricating |ayers,
and so on. therefaeaithereria@ilsd amadeaetagetthahit impossitsleitomarease then§/Neatis t y of
magnetic disks in recent years, it is required to reduce the nagnetic

spaci nt05 obstreeending siggaband thusde candritutede andnaigaseyie reedrdingnvajueei ¢ di sk
and, therefore, it has becone necessary to further reduce the thickness of
a | ubrica®f g "’Wbr present between the magnetic head and the recording

| ayer of the magnetic disk. A lubricant .used as.the |ubricating | ayer at
t h)é out er nost ecause of the further reduction in magnetic head H)Plng %eightg Y

following the recent introduction of the LUL system, it has become necessary
that a magnetic disk stably operate even in the case of a low flying height of
15  5Snmorless. Especially, as described above, the magnetic disks have been
shifted from the in-plane magnetic recording type to the perpendicular magnetic
recording type in recent years, so that an increase in volume of the magnetic
disks and a reduction in flying height following it have been strongly demanded.
Recently, magnetic disk apparatuses have started to be often used not
20 only as storage devices of conventional personal computers, but also for mobile
applications such as mobile phones and car navigation systems and, therefore,
due to diversification of applications, the environmental resistance required for
magnetic disks has become very strict. Therefore, in view of these
circumstances, it is urgently necessary, more than conventional, to further
25 improve the durability of magnetic disks, the durability of lubricants forming
lubricating layers, and so on.
Following rapid improvement in information recording density of

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



5 surface of the magnetic disk largely affects the durability of the
magnetic disk. Even if the thickness of the lubricating |ayer is reduced,
the stability and reliability are essential for the magnetic disk.
Conventionally, the lubricating layer isformed by using a solution in

whi ch a perfl uoropol yet her-based |ubricant is dispersed and di ssolved in an
10 appropriate solvent and coating the solution, for exanple, by a dipping
met hod. As the solvent, use is generally made of a fluorine-based sol vent
such as Véetwesn gimagnetichesd aadharreceiding layer ofipenagngticsdisk andor ocheni cal s
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at such a [ow tenperature, convent y po ubri cant havi ng

the pol ar (QrpiRy apd'eBsastidl Ae tREFhaxNeticidigps in the nolecules tends to be
subj ected to aggregation because the nol ecul es or the polar groups are 25
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| ubricating layer is formed by using a coating solution in which the

aggr egat i owhidh & hperfllarbpolyatierimseddobiicand is Hispelsda anditissglvedyiranhavi ng a
uni form thickness and a good coverage is difficult to obtain unless its

t hi cknt@s iappemiriate sbiventhad iceatipg the salutien, fohesamipawbdyea dipping petzogr obl em
that the reduction in magnetic spaci ng cannot be achieved. Further, if the
pol ar groups tbe solwentulse iseganesaky madexfaciioring-eaggdd solient sudheasiunber of
pol ar groups of the lubricant that are effectively bonded to active sites
on the protvetreitrapayame)snaadiastided dy:Pak ortMitadifdypmehgmicals Co., Ltd.

By the presence of polar groups such as hydroxyl groups in molecules of a
lubricant, the lubricant has excellent adhesion to a carbon-based protective

15 layer due to the interaction between the protective layer and the hydroxyl
groups in the molecules of the lubricant and, therefore, use is preferably made
of a perfluoropolyether lubricant particularly having hydroxyl groups at both
ends of each molecule.

However, the above-mentioned fluorine-based solvent (trade name:

20 Vertrel) has a boiling point of 55°C and thus should be used at room
temperature. When dispersed and dissolved in the above-mentioned solvent
at such a low temperature, the conventional highly polar lubricant having the
polar groups such as the hydroxyl groups in the molecules tends to be
subjected to aggregation because the molecules or the polar groups are

25  attracted to each other due to the interaction therebetween. If the lubricating
layer is formed by using a coating solution in which the aggregation of the
lubricant has occurred, the lubricating layer having a uniform thickness and a

good coverage is difficult to obtain unless its thickness is set to be relatively



5 the lubricating layer is |owered. Accordingly, if the magnetic disk is
used with the magnetic head flying at an ultra-low flying height of, for
exanple, 5nmor |less, pickup of the lubricant (phenonenon in which the

| ubricant is transferred to the head sigle) tends to occur, thereby causing
a failure of the HDD. Further, the surface tension of the above-nentioned
fl uori ne-based solvent (trade name: 10 Vertrel) is relatively | ow
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Means for Solving the Problem7 As a result of intensive studies, the
present0i nWerirel} isadativelnlow hatheréisrestungndiptdoatiag, iprtbblpsosessaof Ifing ol ved
by the follow ng inventions, and has conpleted this invention.

Speci f i cal Rydisk, i eegienwichols stillsvatiadter @l disksugase emarges §om thesteatingur e 1

solution of the lubricant into the air has a small width (i.e., a width in a lifting
direction from a liquid surface) and the coating state is susceptible to the
influence of a ripple of the liquid surface caused upon lifting the disk. In this

15  event, stripe-like coating unevenness tends to occur particularly on the outer
peripheral side of the surface of the disk.

As described above, it is required to realize a magnetic disk having high
reliability even with the reduction in magnetic spacing and the low flying height
of a magnetic head following the increase in recording density in recent years.

20 This invention has been made in view of the above-mentioned
conventional problems and has an object to provide a method of manufacturing
a magnetic disk that can achieve a further reduction in magnetic spacing 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

25  very strict requirement for environmental resistance following the diversification

of applications.

Means for Solving the Problem



A nmet hod of manufacturing a magnetic disk conprising at least a nagnetic
| ayer, a protective layer, and a lubricating |ayer forned in this order
over a substrate, wherein the lubricating layer is forned by using a
coating solution in 10 which a perfluorppol yether conpound conprising a
perfl uoropol yether main chain and a hydroxyl group in a structure thereof
is dispersed and dissolved in a fluorine-based solvent having a boiling

poi nt of 90C or nore. Structure 2: The method according to Structure 1,
conpri si ng heat i N @ ResUsokinignsiveestpdissdthegpresant inyentor biagdpund thatithe o

(4 5901 vi ng DRUCTBTIARORISPETR EAn Hcimthey thp Flovind (st otherngas

obt ai ni ng the oatitﬁg[.sol tion. Structure 3: The method according to
Structure FOMMEELitASIALIIGY | uor opol yet her 20 conpound i ncluded in the

ol ooul 6. st 1 acpepea TS ARSIV Sy lBl 1 “Wercin &

nunber - aver age @#u%ﬁﬂ’leaf wei ght of the perfluoropol yether conpound
included in the l'ubricating 25 layer is in a range of 1,000 to 10, 000.

structure 5 The AThichash afcanMRuiy Sridthioicaid pRBREID dleagiet ect | ve

| ayer is a carbon-based protective ayer” forne ma D nmethod. 8

Structure %agﬁaicﬂagé@é prefRtide MeyerOarsd éu@ﬁﬁ&aﬁiné,|amﬂhEdtiﬁmieb%@ct ive

| ayer conprises nitrogen in an area adjacent to t ubricating | ayer.

Structure GyvebaBudstratdiod according to any one of Structures 1 to 6,
wherein the

wherein the lubricating layer is formed by using a coating solution in
10  which a perfluoropolyether compound comprising a perfluoropolyether main
chain and a hydroxyl group in a structure thereof is dispersed and dissolved in a
fluorine-based solvent having a boiling point of 90°C or more.
Structure 2:
The method according to Structure 1, comprising heating the
15 fluorine-based solvent to a temperature in a range of 30°C or more and lower
than a boiling point of the solvent and dissolving the perfluoropolyether
compound in the solvent, thereby obtaining the coating solution.
Structure 3:
The method according to Structure 1, wherein the perfluoropolyether
20 compound included in the lubricating layer is a compound comprising four or
more hydroxyl groups in a molecule.
Structure 4.
The method according to Structure 1, wherein a number-average
molecular weight of the perfluoropolyether compound included in the lubricating
25 layeris in a range of 1,000 to 10,000.
Structure 5:
The method according to Structure 1, wherein the protective layer is a

carbon-based protective layer formed by a plasma CVD method.



magnetic disk is a magnetic di sk adapted to be nounted in a magnetic disk
apparatus of a |oad/unload systemas a start/stop nechanismand to be used
with a head flying height of 5nmor |less. According to Structure 1, the
lubricating layer is fornmed by using a glO coating solution in which a

per fl uoropol yet her conpound conprising a perfluoropolyether main chain and
a hydroxyl group in a structure thereof is dispersed and dissolved in a
fluori ne-based sol vent having a boiling point of 90C or nore. Therefore,
the | ubricating PHYeUre8h be coated and forned by heating the sol vent and

using the coating solutiqgn havj.ng. a_tenperature in the 15 range of, for
exanpl e, about 400ReRe Q%aCBWd.\'ég%Si‘HE r%%cWQlefePi@ tag prptegtive %é(@fng t he
tenmperature_in _.the range .higher than rqqom.tenperat ur even if a highly
pol ar | ubr FRERESFE NIRREN FiA S1eRcreeeTB 1o dife PG aNEY ¥ron bet ween

nol ecul es or pol sﬁ g['r oge_s can be weakened to be small so that the polar
groups in the no HE S "of the lubricant are effectively bonded to active
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magnetic di's For formation of "the lubricating 25 layer, a dipping nethod

i's preferapith dusest fiyiAgthaggietidI@nhg ofRisBod, a coating solution is prepared
by dissolving a lubricant 1n a fluorine-based solvent and a disk is di pped

into the coati ngAscbrdingto Sinuctusd af thevibbrieatmgdiagér isUofraeé byusisgilast anti al |y

vertical. Thereafter, the disk is lifted upward (generally, ina 9

subst atl i atbgtingesalutian irdwhetta pelfluctopedyether cofmpooad icomprisimgeaf or ned.

Further, anong fluorine-based sol vents having a boiling point of 90C or

more, | at pedldosepalyetbeeraipchainaandahydrmny| getip ihavstracthreythereshisf ace

tension and a |ower vapor pressure than a fluorine-based sol vent@gener ally
r

used 5 condigpersagaand dissatyedHe edfusre-trradgpivey haying adoiling peiet @fr ocess of

'ifting t h80°C or more. Therefore, the lubricating layer can be coated and formed by
heating the solvent and using the coating solution having a temperature in the

15  range of, for example, about 40°C to 60°C. By using such a coating solution
having the temperature in the range higher than room temperature, even if a
highly polar lubricant is used, the interaction due to attraction between
molecules or polar groups can be weakened to be small so that the polar
groups in the molecules of the lubricant are effectively bonded to active sites on

20 the protective layer and thus the adhesion of the lubricating layer can be
improved. Further, since the lubricant is not easily aggregated because of the
interaction between the molecules thereof being weakened, it is possible to
form a thin film in the form of a monomolecular layer when the lubricant is
coated on the surface of the magnetic disk. For formation of the lubricating

25 layer, a dipping method is preferably used. In the dipping method, a coating
solution is prepared by dissolving a lubricant in a fluorine-based solvent and a

disk is dipped into the coating solution in a state where a disk surface is

substantially vertical. Thereafter, the disk is lifted upward {generally, in a



di sk, a region which is still wet after a disk surface energes fromthe
coating solution of the lubricant into the air is large. In other words,
the still-wet region has a large width (the width in the lifting direction
fromthe liquid surface) and the coatigp state is hardly subjected to the
i nfluence of a ripple (wavy state) of 10 the liquid surface caused upon
lifting the disk. In this event, stripe-like coating unevenness hardly
occurs upon coat[qg*and thus it is possible to forma uniform_coating

@

film That stkstagtalbr wrtigakdractios).i n i forsnation istparformesssi hHusthes form a

lubricating layer in the formof a thin uniformcoating filmhaving high
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described in Structure 3, 1t is prefetreble that the perfluoropol yether

conpound i Rgb wdaehd Width ethlelWpidtit it thediftirty gifedtonArerdRe Wadidccaurideyiang f our or
nore hydroxyl groups in a nolecule. The nore the nunber of polar groups in

a nol ecul et codting sthtd Barrdlytdubjemee tothed mflabhee bhatrippies (Wavy stategasi ng t he
10 adhesion between the lubricating |layer and the protective |ayer.

Accor dithg the liquid surfacectiieed upeeiifting thedisla Hndhisyeveot sstripediike caating s
used, the interaction thereof can be weakened and, therefore, the
| ubri cant usevennassdidrglyagmpueg aped coating shdshis ites pessiblectioyfoboredenifaro t he
protective layer. As a result, the adhesion 5 of the lubricating |layer is
enhanced. coating film.
That is, according to this invention, since it is possible to form a
lubricating layer in the form of a thin uniform coating film having high adhesion
15  to a protective layer, a further reduction in magnetic spacing can be realized.
Further, it is possible to obtain a magnetic disk 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.
20 As described in Structure 2, it is prefetreble that the method comprises
heating the fluorine-based solvent to a temperature in a range of 30°C or more
and lower than a boiling point of the solvent and dissolving the
perfluoropolyether compound in the solvent, thereby obtaining the coating
solution.
25 As described in Structure 3, it is prefetreble that the perfluoropolyether
compound included in the lubricating layer is a compound comprising four or

more hydroxyl groups in a molecule. The more the humber of polar groups in

a molecule of the lubricant, the more preferable in terms of increasing the



As described in Structure 4, it is prefetreble that a nunber-average

nol ecul ar wei ght of the perfluoropol yether conpound included in the

| ubricating layer is in a range of 1,000 to 10,000. This is because
recoverability can be provided by apprgpriate viscosity, suitable

| ubricating performance can be 10 exhi bited, and, further, excellent heat
resi stance can al so be provided. As described in Structure 5, it is
preferable that the protective layer is a carbon-based protective |ayer
forned by adpgsiemhetnesmihenwlricatinglayer and e peoteciiwoiaiehg Aecardieggpasm
CvD et hod, .t he carbon-based ﬁrotective | ayer with uni form and dense
surface calipEVEBHAREVaRT sHch @ highly pefar lubicantiis used.ithe dnteraptionas

Goser! 000 b S H S RS FrBl L ARAED .,
It | ubri ' | sid b th dhesi the | ' ing |
5B SRR MR Ber B e RTeATEALEP, e Higall o SRR et
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operat e eV%l%:éérr*eb?%@g?SEﬁfe ﬁémubﬁorp%wgwifdggh%mn@mde@ﬁn th%‘ﬂﬁbrﬁ:’éﬁ e,

ther :
5nm or | ess. e magnetic ‘di s S 1nvention having 25 high

reliabilitpyerRNnY fdhgehst Ubbo & howob! vk Reletlusk Tesoidrabllity sdepef or .
Effect of the Invention According to this invention, it is possible to

provide a prgitRid Iy dpﬁbpfnb@é viseesityasbitaie lebridatinerfeefiapice @ani ke magneti c
spacing and that has high reliability 11 even wth the |low flying height
of a nHpnegxtubiteddarfd flrtvemgxddilent bpatresistarezesean alsorterpradideg]. density in
recent years and with the very strict requirenent for environnmenta
resi stance fol | o dgscikediin/girgitire &t it npreferapls thabtheopmtediver lagér is a
Description of the Drawings Fig. | is a cross-sectional view of a nmagnetic
di sk accor eahgnthmsedarptective layer formed by a plasma CVD method. This is
because, according to the plasma CVD method, the carbon-based protective
layer with a uniform and dense surface can be formed, which is suitable for this
15 invention. As described in Structure 6, it is preferable that the protective layer
contains nitrogen in an area adjacent to the lubricating layer, i.e., on its
lubricating layer side, because the adhesion of the lubricating layer is further
enhanced.
As recited in Strucutre 6, the magnetic disk of this invention is suitable
20 as a magnetic disk adapted to be mounted in a magnetic disk apparatus of,
particularly, the LUL system. Because of the further reduction in magnetic
head flying height following the introduction of the LUL system, the magnetic
disk is required to stably operate even in the case of an ultra-low flying height of,
for example, 5Snm or less. Therefore, the magnetic disk of this invention having
25  high reliability even with the ultra-low flying height is suitable therefor.
Effect of the Invention
According to this invention, it is possible to provide a magnetic disk that

can achieve a further reduction in magnetic spacing and that has high reliability



of this invention; Fig. 2 is a diagramshow ng the results of a conparison
between [|ubricant heights nmeasured by an AFMin the Exanple and
Conparative 10 Exanple; and Fig. 3 is a diagramshowi ng the results of a
conparison between nagnetic head contagy start heights according to
pressure reduction in the Exanple and the Conparative Exanple. 15 Mde for
Carrying Qut the Invention Hereinbelow, this invention will be described in
detail based on an enboPLnent,thereof. A nﬁgqgi%c di, sk manuf act uri ng

met hod of t&Ye§ Wit H1%t lovhilyiag height o6 @ raraneficieag fQlieiviag e ERpire iNcEedfes k
having at l.east g magnetic |layer, a protectiye 20 |ayer, .and ubricating
| ayer forneQ f??Pfamgs Grivrin &g ”té’eéﬂfgéw é{‘f'é‘, tﬁW@ﬂé?h"%ﬁ%‘ﬁu'f%?ngi ng | ayer
is formed by usin coatin ution,.in.which erfl uor apal yet her
conpound ha‘xYﬂVHB“E%@?'H?ﬁ'&i%%&f@h?‘ﬁ@ﬂqﬂﬁHl."edﬁ@f’ﬂﬁ?#ﬁapéiﬁﬁﬁ@{‘ﬁre t her eof and
havi ng a hydroxyl group at an end thereof is dispersed and dissolved in a
fluori ne-based sol vent having a boiling point of 90C or nore. 25 A

| ubri cagt %mrﬁﬂéb#ﬁ%%\f@ggumi cating layer of a magnetic disk of

this invention 15 ap ther conpound having a perfluoropol yether
main chain in a g UElls %{6%‘3&@&?0@[‘95?0?67' 4 haRynBYiE R ACHAMB tBIE@nRad
thereof. Use is preferably nmade of, for exanple, a conpound”expressed by a
chem cal 12%f thiglimritiodf [ Chemical Fornula 1]
HO- CH2- CH- CH2- 0- CH2- CF2( - 0- C2Fa) p- (O- CF)g-O-* OH *- CF2- CH2- 0- CH2- CH- CH2- OH
OH [where p and Rigag & Q@ﬁé‘grénﬂﬁimiﬂ? the' frdlls of d corhpalsompetwdem, it is
particularly preferable that the pertl uoropol yether

lubricant heights measured by an AFM in the Example and Comparative

10 Example; and
Fig. 3 is a diagram showing the results of a comparison between
magnetic head contact start heights according to pressure reduction in the

Example and the Comparative Example.

15  Mode for Carrying Out the Invention
Hereinbelow, this invention will be described in detail based on an
embodiment thereof.
A magnetic disk manufacturing method of this invention is a method of
manufacturing a magnetic disk having at least a magnetic layer, a protective
20 layer, and a lubricating layer formed in this order over a substrate, wherein the
lubricating layer is formed by using a coating solution in which a
perfluoropolyether compound having a perfluoropolyether main chain in a
structure thereof and having a hydroxyl group at an end thereof is dispersed
and dissolved in a fluorine-based solvent having a boiling point of 90°C or more.
25 A lubricant compound contained in a lubricating layer of a magnetic disk
of this invention is a perfluoropolyether compound having a perfluoropolyether
main chain in a structure thereof and having a hydroxy! group at an end thereof.

Use is preferably made of, for example, a compound expressed by a chemical



conpound contained in the lubricating | ayer be a conmpound having four or
nore hydroxyl groups in a nolecule. The nore the nunber of polar groups in
a lubricant nolecule, the nore preferable in terns of increasing the
adhesion between the lubricating |ayer gnd the protective |ayer. According
to this 10 invention, even if such a highly polar lubricant is used, the
interaction thereof can be weakened and, therefore, the lubricant is not
easily aggrfgatgp_ﬁnd thus is effectively bonded to the protective |ayer.
As a resul t'"O™PH® Qdhesi on of the lubricating |ayer is enhanced. The

above- nenti oned ound exenplified as the perfluoropol yether 15 conpound
contained in thecl%n?'ﬁalt'? Tﬁﬁgir of the magnetic disk of this invention

is a perfluoropol yet her-based conpound haviE? a_perfluoropol yether main
9

chain in a st HCH-GHtEEH-€H20dCHy GlioF OuCatp 40/ Claufs*at  ends

thereof. As the perfl pol yet her | ubgi¢ant cqr dirhg A6 HrS Anwention,
use can alternativel made of a per@%h}%f@e&hﬂ? ggsgﬁ&(g%und
having a 20 perfluoropolyether nmain chain in a struct t her eof and havi ng
two hydroxyl groups at ends thereof. Incidentally, as ese

per f I uoropol yet hegyHeds ptand §ré @3Bh & natafal ahbg) made of , as commerci al
products, for exanple, Fonblin Z-Tetraol (trade nanme) and Fonblin Z-DOL

(trade mame) nanuhabisihesntvn, itSelpartcufalepieterabicthal thel perfliior@solyethernei ght
of the perfluoropol yether conpound according to this invention Is not

par ti cul ar | gorhpounddontained hahe dubanigatiag 1&yer baualtempouerdaysyidg fourmranolear
wei ght (M1) is preferably in the range of 1,000 to 10,000 and nore

pref erabl y hydrokg grangeirod niglecdiet o Teedoore thiei rsurhke hefqealargrospeuraabi | ity
can be provided by appropriate viscosity and suitable_ |ubricating

per f or mancelubdeantyaoleghlenithemors preferatde gatarmst ofisciegsingiberadhasin product ,
t he nunber-average nolecular weight (M) is preferably set to the range of

1,000 to 1cbefpeehythedwicatingdarenandihg riptacdivgryar abcrewhing nthign this

t, the method of . . : : , ,
even 10 © |rr¥$ent?on,oeven if such a highly polar lubricant is used, the interaction thereof

can be weakened and, therefore, the [ubricant is not easily aggregated and thus
is effectively bonded to the protective layer. As a result, the adhesion of the
lubricating layer is enhanced.
The above-mentioned compound exemplified as the perfluoropolyether

15  compound contained in the lubricating layer of the magnetic disk of this
invention is a perfluoropolyether-based compound having a perfluoropolyether
main chain in a structure thereof and having four hydroxyl groups at ends
thereof. As the perfluoropolyether lubricant according to this invention, use
can alternatively be made of a perfluoropolyether-based compound having a

20 perfluoropolyether main chain in a structure thereof and having two hydroxyl
groups at ends thereof. Incidentally, as these perfluoropolyether-based
lubricants, use can be made of, as commercial products, for example, Fomblin
Z-Tetraol (frade name) and Fomblin Z-DOL (trade name) manufactured by
Solvay Solexis, Inc.

25 The molecular weight of the perfluoropolyether compound according to

this invention is not particularly limited, but, for example, the number-average



nol ecul ar weight fractionation is not particularly limted, but, for
exanpl e, use can be nmade of nol ecul ar weight fractionation by a gel
perneation 10 chronmat ography (GPC) net hod, nol ecul ar weight fractionation
by a supercritical fluid extraction nmetywd, or the Iike. Wen formng the
| ubricating | ayer using the above-nentioned |lubricant, it can be fornmed by
using a solution in which the above-nentioned | ubricant conpound is

di spersed and di ssolved in a solvent and coating the solution, for 15
exanpl e, bymelesulyi weighttMalis preferably in fhe rANgsnof K0P Re J 010 and mafge can

be preferabl e. of a fluorine-bas ol yent, having a boiling point of
00C br *' ror BretoEbha thedangn et §ATEOR D0Rnt THEYS RECEHEE RAavERP R of 90
or nore whjch ca preferahly.used in this invention, the follow ng

S0l vents capeBESder By Bnprohe Sistosite ang bisahler VBB pedtrerences B socra
(boiling poént: @ﬁg@ 2. C3HF6- CH(CH3) O- C3HF6 (boiling point: 131C) These
fluori ne-ba ggxg hts can be obtained as commercial products. 25 Use can

b de of , f | . : i fi
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the above- ”Eﬁéﬂo%;ﬁﬂa RS YEIRhY ABRSnatBATP MY fils kFef, SMEHTAFodbA di ssol ved
in the above-nentioned fluoriné-based solvent having the boiling point of

90C or rmremouéwlértwéigﬁafrhamodmmrismngbﬂicum@tlmt@)dqm,orbﬁ@daﬁmlé}%bi ng the
above-nenti oned solvent to obtain the coating solution having a

t enper at ur ecambé meadeinfmatéculaoweightifrationaRid6 oy a gebperraaatidrower than t he
boiling point of the above-nentioned solvent and preferably in the range
of , f or1Gexadpiomatap@phy4EPEomedad, nfoletdat eejght dtagtienation by a
supercritical fluid extraction metheod, or the like.
When forming the lubricating layer using the above-mentioned lubricant,
it can be formed by using a solution in which the above-mentioned lubricant
compound is dispersed and dissolved in a solvent and coating the solution, for
15 example, by a dipping method. In this invention, as this solvent, use can be
preferably made of a fluorine-based solvent having a boiling point of 90°C or
more.
As the fluorine-based solvent having the boiling point of 90°C or more
which can be preferably used in this invention, the following solvents can be
20  cited, for example.
[Exemplified Solvents]
1. CeF130CH; (boiling point: 98°C)
2. C3HF-CH(CH3)O-C3HF¢ (boiling point: 131°C)
These fiuorine-based solvents can be obtained as commercial products.
25 Use can be made of, for example, HFE7300 (trade name) (Exemplified Solvent
1) or HFE7600 (trade name) (Exemplified Solvent 2) manufactured by

Minnesota Mining and Manufacturing (3M) Company.

According to this invention, since the lubricating layer is formed by



of the coating solution is higher than 60C, the tenperature approaches to a
boiling point of the solvent and the solvent tends to be evaporated.
Therefore, 10 during dip coating, a drying rate after filmformation is
increased so that a region which is sti{jiA wet after a disk surface energes
fromthe coating solution of the lubricant into the air has a small w dth
(i.e., awdthinalifting direction froma |iquid surface) and the
coating state is susceptible tq the influence of a ripple (wavy state) of

the |iquid Ysipgdoe ceatjé)@aowyen in whiqhwtj'eta@w-@@ntiomeéggp‘ts*%@p@}memr 15 t he
T e i nor EHBRORR (5 diSPERRL b HBPelvediR Eis Apaye e BIonEHAUCUBRIRASR | n { he
Conti ng. ¢ hAbeAF s BRERS e o BU35 N4 b g NG Rl
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the lubricant are effective to active sites on the protective 25

| ayer and t prefdty mdReshAge of fohexambld, @dbluNF0IGKEB0ERN Feéhé Eﬂiﬁ?é!r%%re
Further, since thHe lubricant is not easily aggregated because of the

i nt er act i onpbilevesitingtdatution iediidiesr thhe 6e0C, el tethpwraltesepprodches tpessi bl e
to forma thin filmin the formof a nononol ecular |ayer when the
| ubri cant i boiingpettaf théeolwent ane thaf sdlgent teadsby betevapdrated. AS hateferly
described, the above-nentioned exenplified fluorine-based solvent having
t he boi1Q ngdpingtipp¢odg, ardrringeateasfter filrgleematienis incecasadssothadmdegidroner
vapor pressure than a fluorine-based solvent generally used |
convent i onawhich is1séiH avedaéter autishgudage eswrgesfroa theggastingtaadutiansoighet i | |
wet after a disk surface energes fromthe coating solution of the |ubricant
into the ai Wbi”§ama'ﬂ&?ath$a%"Baﬁé‘rﬂBE‘U\/}N&itH ((-@-hé Widtt 1n a Hftingdirectien N@THAr ect i on
f th | j qui,d f dt t] t is.h bj toth
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(wavy state) of the liquid surface caused upon lifting the disk. If evaporation of
15  the solvent is accelerated, consumption of the solvent is expedited, resulting in
an increase in cost. Furthermore, concentration of the lubricant in the coating
solution widely varies to cause variation in thickness of the coating film of the
lubricant layer.
By using such a coating solution having the temperature in the range
20  higher than room temperature, even if the highly polar lubricant having, for
example, at least four hydroxyl groups in a molecule is dispersed and dissolved
in the solvent, the interaction due to attraction between the molecules or the
polar groups can be weakened to be small so that the polar groups in the
molecules of the lubricant are effectively bonded to active sites on the protective
25 layer and thus the adhesion of the lubricating layer can be improved. Further,
since the lubricant is not easily aggregated because of the interaction between
the molecules thereof being weakened, it is possible to form a thin film in the

form of a monomolecular layer when the lubricant is coated on the surface of



ripple (wavy state) of the liquid surface caused upon lifting the disk. In
this event, stripe-like coating unevenness hardly occurs upon coating and
therefore 10 it is possible to forma uniformcoating film The
fluorin-based solvent (trade nane: Vertrgd) which has been used in common
has a surface tension of 14.1 nmN' m and a vapor pressure of 0.030 Ma. On
the ot her hand, the fluorine-based solvent in this invention, for exanple,
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formed by dipping. 1In this invention, in order to further inprove the

adhesi on of intdiehd 4iPlid Rdgé hels laAlRie Widith B envidirert thediftirey @irectidrefromanet | ¢
di sk may be subjected to a 25 heat treatnent by exposure to an atnosphere

at 50C to 1RdUid alitface} aed tHeocomtirigostaty istherd lywubjeded tg theairdiuence of a
Alternatively, the magnetic disk may be subjected to ultraviolet (W)

i rradi ati onripfledvaivg statepobthiel lmyid sedaceodused upen WMngrtbatdisnt lodmisbe
carried out as a post-treatnent. In this invention, it is also 16

pref er abl e eventasiripedike watingtunevearesyhardbaooeurs upet edading\and therefera as
post-treatnments. In this invention, the |ubricating |ayer can be a thin
filmwith aitispesgieledo form afyrfasmeraAteg M.t o 20A. I1f it is |ess than 5A

it exceeds 20A | (e JURDR HaERORGE (VS Dafivs VBTUe VOIRLTAOROPR UPED R
thi ckness. A bt RISLSoHale LAYSH of Ta PirRuhT S Bbor BrdLROB: Bt
Mpa. On the other hand, the fluorine-based solvent in this invention, for
example, HFE7300 (trade name) (Exemplified Solvent 1) has a surface tension
15  of 156.0 mN/m and a vapor pressure of 0.006 Mpa. These values except the
boiling point are property values at 25°C.
Conventionally, since it is necessary to prepare a coating solution at
room temperature, use is generally made of a liquid lubricant which is a liquid at
room temperature. However, in this invention, even a solid lubricant (e.g.
20 perfluoropolyether long-chain alkylamine) which is a solid at room temperature
can be completely dissolved and used by heating the solvent of this invention.
In this invention, the lubricating layer is preferably formed by dipping.
In this invention, in order to further improve the adhesion of the
lubricating layer to the protective layer, the magnetic disk may be subjected to a
25 heat treatment by exposure to an atmosphere at 50°C to 150°C after the
formation of the lubricating layer. Alternatively, the magnetic disk may be

subjected to ultraviolet (UV) irradiation. That is, the baking treatment or the UV

treatment can be carried out as a post-treatment. In this invention, it is also



can be preferably used. Particularly, an anorphous carbon protective |ayer
Is preferable. Wth the protective |ayer being particularly the
carbon-based 10 protective |ayer, the interaction between the polar groups
(hydroxyl groups) of the lubricant accoqging to this invention and the
protective layer is further enhanced so that the operation and effect
according to this invention are further exhibited, which is thus

pr ef er abl e.

In this,invention, the carbop-base rotective layer is
D of or abl v Rrateralis 10 SHE o Bttt aking BrageritAn we UV dreatilnbrs.
nitrogen on i lubricating |ayer side and hydrogen on its nagnetic | ayer
side. As a Hg%ﬁgﬁgg?eﬂﬁking the protective layer contain nitrogen on its
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further so that a lubricatin ayer with a good coverage ca tai ned

wi th a smal k@ind b £ kstsSion Thigm thieRn&dd ect of this invention is nore
effectively obtained. 25 Wien using the carbon-based protective layer in

this invention, iAsdhe proecties rer irf this iwantibe, a byrbpntbas@mppeitéctive layer
sputtering nmethod, but it is preferably an anorphous-carbon-based

protective kapde grefarablyl wsddy fRartiedably, an ampbgshous@abbon photectiBelaygr fsor med
by the plasma CVD nethod, the surface 17 of the protective |ayer becones
uni f or m and pofegable Théfiidr thegrotective [ayeseingparticulasly thecarhdn-based ng | ayer
by this invention be formed on the protective |layer wwth smaller surface
roughne@® f greteative/layge tiovintaeaation betweenike palae srouns (hvHeXvhDEXIRSS ©f of t he
protective |ayer is prefer_ably set. to .5 20A to 70A. If it is less than
20A, the pefii®lubsgast accardivggpdbisdpysntion theggrotedivedaxarda further ¢ exceeds

70A, it i le i f ' in fil hi ck :
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exhibited, which is thus preferable.
In this invention, the carbon-based protective layer is preferably a

15 composition gradient layer containing, for example, nitrogen on its lubricating
layer side and hydrogen on its magnefic layer side. As a method of making the
protective layer contain nitrogen on its lubricating layer side, use may be made
of a method of performing nitrogen plasma treatment upon a surface after
formation of the protective layer to inject nitrogen ions, a method of further

20 depositing nitrogenated carbon after formation of the protective layer, and so on.
With this structure, the adhesion of the lubricant to the protective layer can be
increased further so that a lubricating layer with a good coverage can be
obtained with a smaller thickness. Thus, the effect of this invention is more
effectively obtained.

25 When using the carbon-based protective layer in this invention, it can
be formed, for example, by a DC magnetron sputtering method, but it is
preferably an amorphous-carbon-based protective layer particularly formed by a

plasma CVD method. Being formed by the plasma CVD method, the surface



In the magnetic disk of this invention, the substrate is preferably a gl ass
substrate. The glass substrate is rigid and excellent in snoothness and
thus is 10 suitable for an increase in recording density. As the gl ass
substrate, an aluminosilicate glass subsfgate, for exanple, may be used
and, particularly, a chemcally strengthened alum nosilicate gl ass
substrate is preferable. In this invention, the main surface of the

substrate is Rreferab bea smooth with x of_@@ | ess and E%
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out put can be achieved, which is thus preferable. 25 In a preferable

per pendi cul f@ickpagget i ¢ recording disk as a nmagnetic disk of this

i nvention, an underlayer may be provided between a substrate and a
magnetic | ayer i flnrtheessgmetic disk bhifis imentidhebe\sublstpty is prefeobblyreaglassi ¢

| ayer, and so on nmay be provided between the underlayer and the substrate.
In this 18 sulsdrate.asThérglasscabistrate is nigid andyexpsellentde solqothoeseandthus isa Cr
|l ayer, a Ta layer, a Ru layer, a CrM alloy |ayer, a CoWalloy |ayer, a
oW al 116y | suiteble for@mingraase iniragesdingodensityr TAsdhe @jessasubstiatel, ams t he
adhesi ve | ayer, use may be made of, for exanple, a CTi alloy |ayer, a

Ni Al all oy alagr@mosﬂmatgslaﬁsmyb&!rﬁég; f%@@mpheumavebe uge@@ﬂﬂhea@l@ﬂlawagnet ic

| ayer, use nmay be made of

a CoZrTa a
o el ool eRghaETengBEaEd A ADalicals 9SS SUBSTAG S PrefEals. |

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

ultra-smooth with Rmax of 6nm or less and Ra of 0.6nm or less, more
15  preferably Rmax of 3nm or less and Ra of 0.3nm or less. Rmax and Ra herein
referred to are based on the JIS B0601 standard.

The magnetic disk obtained by this invention has at least the magnetic
layer, the protective layer, and the |ubricating layer over the substrate. In this
invention, the magnetic layer is not particularly limited and may be an in-plane

20 magnetic recording type magnetic layer or a perpendicular magnetic recording
type magnetic layer. However, the perpendicular magnetic recording type
magnetic layer is preferable for realizing the rapid increase in recording density
in recent years. Particularly, if it is a CoPt-based magnetic layer, high coercive
force and high reproduction output can be achieved, which is thus preferable.

25 In a preferable perpendicular magnetic recording disk as a magnetic
disk of this invention, an underiayer may be provided between a substrate and a
magnetic layer if necessary. Further, an adhesive layer, a soft magnetic layer,

and so on may be provided between the underlayer and the substrate. In this



recording density, a structure is preferable in which an adhesive |ayer, a
soft rmagnetic layer, an underlayer, a magnetic |ayer (perpendicul ar
magnetic 10 recording |ayer), a carbon-based protective |layer, and a
lubricating layer are provided over a sybstrate. In this case, it is also
preferable to provide an auxiliary recording |ayer on the perpendicul ar
magneti c recordi ng | ayer through an exchange coupling control |ayer

i nt erposed t herebetween. According to this invention, since it is possible
to form a |¢Ase, @athagndgyayer, use impay be MagehforexampleuaiGrdayecaad layer i | m
havi ng hi gh adhesi on re '

magnetic sp&uigyeas é&”gé‘ 1r3)9 eg":iq\é Pml"ng ISY; |a[y%r,];au&f5\8§élﬁqﬂ lgvgéiagfgﬁ\égk'%
AL il S 0 Sl e
envi r onren o EE: BaLamnoalb A alBhiayt <o ran AR R Blep: Hufingns.
Adapt ed% o BelRonat hpeflefs Hler dhemiatRa08 drctof Wil 2Ba2rBANgs ' 7\ O o

LUL systenpra cause of the further reduction in magnetic head flying
hei ght fol %V\A ng the introduction of the LUL system the magnetic disk is

required to 25 stgbhlpe?perdiclap WeyrghcliBeokinffdiek saftabletforahoMerbhye )
hei ght of, for exanple, 5nm or |less. Therefore, the magnetic disk of this

i nvention hacortnddehsiteld sthidtiteyis peeferatitim wihich ah tadaekive layer agoftei ght i's
suitable therefor. [Exanples] 19 Hereinbelow, this invention wll be
descri bed imafnetihayederauhdevadyer, a afagnetic dayten (fepepdeslar(rBagngliec 1)
Referring to Fig. 1, a magnetic disk according to Exanple 1 of this 5
i nvent il@n hesohngddyes), aecarhpprbaged paotestive teygneaand allayénatipg, lagerfarest
under | ayer 40, a second underlaéfr_SO, magnetic |layers 60-1 and 60-2, a
car bon- basegrovisiest @siria/gubsiate. 7 thisnense, it eissapreferable/terpgidgarch are
formed in this order ) . ,

auxiliary recording layer on the perpendicular magnetic recording layer through

an exchange coupling control layer interposed therebetween.

According to this invention, since it is possible to form a lubricating layer

15 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 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

20 environmental resistance following the diversification of applications.

That is, the magnetic disk of this invention is suitable as a magnetic disk
adapted to be mounted in a magnetic disk apparatus of, particularly, the LUL
system. Because of the further reduction in magnetic head flying height
following the introduction of the LUL system, the magnetic disk is required to

25  stably operate even in the case of an ultra-low flying height of, for example, 5nm
or less. Therefore, the magnetic disk of this invention having high reliability
even with the ultra-low flying height is suitabie therefor.

[Examples]



over a disk substrate 10. (Preparation of Lubricant) 10 As a |lubricant, use
was made of a commrercial perfluoropol yether-based |ubricant, Fonblin
Z-Tetraol (trade nane) nanufactured by Solvay Solexis, Inc., having been
subj ected to nol ecul ar weight fractionatygn by the GPC nethod to have M
of 3,000 and a nol ecul ar wei ght dispersion of 1.08. (Manufacture of
Magnetic Disk) 15 A 2.5-inch glass disk (outer dianmeter: 65mm inner

di aneter: 20nmm disk thickness: 0.635 de of a chem cally strengthened
al umi nosi | i cate GREISPRIQY, Hiie yesonavitl Re seribed s frthies detail Wil o n
surface of tt}e dish gubstrate 10 was mrror-polished to Rmax of 2.13nm and
Ra of 0.20nfReENEHPEXAURES bstrate 10, a Ti-based adhesive |ayer 20, a
Fe- based soft 20%&%1@ | ayer 30, a first underlayer 40 of NNW a second
under| ayer 50 of X gnetic layer 60-1 of CoCrPt-Si 02, and a magnetic

| 60-2 of Co : ; I - 1] . : h b
tho-DC magnet ron REPEE Bid ot AiabRel LRk 1 Bl o RR0" o na
00-2 15 5" PRERRGHEY S adFAR ol 2008 doondgRAITBASIND o Y BhdedByer

i
Subsequent |y, a di anond- e carbon protecti ayer 70 was forne

plasma CVD HB,t@@éc@rﬁ@uﬁé@ﬂ@fér@b,hﬁ)agpétib%?é‘rsmq% FAdIEEat ARathdrPbaBEE the
protective |layer contain nitrogen. The protective |layer had a thickness of

50,4. 20 Tpenective labei Tatamballa@riyatifg lags SOWARH are fohmed @ tHioRgermanner .
There was prepared a solution in which the |ubricant prepared as descri bed

above was dbogsgres distt subdtrates$0l ved in a fluorine-based sol vent, HFE7300
(trade nanme) manufactured by M nnesota M ning and Manufacturing 5 (3M
Conpany, whi ch co(Rreppuats afd ubiicaatiove- nenti oned exenplified solvent 1, at
a concentration of 0.2wm % at a liquid tenperature of 45C. Using this
sol uti o) as a coafBrglubotant uae washngref @ ainrmeraaneriiuprapolyetherayased up
to the lubricant, Fomblin Z-Tetraol (trade name) manufactured by Solvay Solexis, Inc.,
having been subjected to molecular weight fractionation by the GPC method to
have Mn of 3,000 and a molecular weight dispersion of 1.08.
(Manufacture of Magnetic Disk)
15 A 2.5-inch glass disk (outer diameter: 65mm, inner diameter: 20mm,
disk thickness: 0.635mm) made of a chemically strengthened aluminosilicate
glass was prepared as the disk substrate 10. The main surface of the disk
substrate 10 was mirror-polished to Rmax of 2.13nm and Ra of 0.20nm.
On this disk substrate 10, a Ti-based adhesive layer 20, a Fe-based soft
20 magnetic layer 30, a first underlayer 40 of NiW, a second underlayer 50 of Ru, a
magnetic layer 60-1 of CoCrPt-SiO,, and a magnetic layer 60-2 of CoCrPtB
were formed in this order in an Ar gas atmosphere by the DC magnetron
sputtering method. Each of the magnetic layers 60-1 and 60-2 is a
perpendicular magnetic recording type magnetic layer.
25 Subsequently, a diamond-fike carbon protective layer 70 was formed by
the plasma CVD method and subjected to nitrogen plasma treatment to make
the protective layer contain nitrogen. The protective layer had a thickness of

50A.



protective layer 70 was i mersed therein and coated therewith by the

di pping nethod, thereby formng the lubricating |ayer 80. No coating
unevenness 10 occurred. After formng the lubricating |layer 80, the
magnetic disk was heat-treated in a vacpym furnace at 130C for 90 mi nutes.
The thickness of the lubricating |ayer 80 was nmeasured by a Fourier
transforminfrared spectrophotoneter (FTIR) and it was 15A. In this

et s a3 b erted o Mo oo soinb RERRG
per fl uoropol yet her: based | ubri cant Fonbli .%—Tetraol rl&trade ane)
manuf act ured by Sih@%wgﬁlpé%?@',e |heolu 'O%HVYVHB: HBE AURTRANE PreRaTed 3%l ecul ar

“W’Ei el ar aﬁé%%%ﬁéfé‘%eref%% oPerSh 8Rl oMb S inded BB ¢ 1.
T i i h: WA .
above- mont | S L0 Paa o Emah QRN ER AinteSbid Moy 2P Mfufaciuring, o<

sol vent .5 VerdmptoXfperh! AfRHGTRIsAERRY 18 Mdia8EEn diRRBL dehilified solvent

Fl uor ochem Using this solution as a coating sol ution,

nmagneti ¢ 251dask chRESReatin &F 0. 2WE%Sat WRliduid ferRpSiRGle ofe4d°ay erysiag thigner sed
therein and coated therewith by the di pping nethod, thereby formng a

| ubri cati ngsblayien as dHesating sdlbgomanarighets dsk fofmed evitotiiel lagersalpiio the was
properly adjusted so that the lubricant coverage becane equal to 95% which

I's the sanmepagettiat lagér Thevadlimmeagedtthersin akdicoatedhtinerewith b$tthe gépgindce
coati ng unevenness occurred on the outer peripheral side of the surface of
t he magnet i medivedk.thereb@dopaing thedulicatingdayer 8the Nagoating udesénness
manufactured in the sanme manner as in Exanple 1 except the above-nentioned
poi nt. B Theecuriétb magnetic di sks of Exanple 1 and Conparative Exanple 1
were evaluated by the followng test nethods. Fig. 2 shows the results of
neasur enent of théﬁ%fﬂm‘t&%ih%gpﬁﬁ@“@ layer 80, the magnetic disk was

heat-treated in a vacuum furnace at 130°C for 90 minutes. The thickness of

the lubricating layer 80 was measured by a Fourier transform infrared

spectrophotometer (FTIR) and it was 15A.  In this manner, the magnetic disk of
15 Example 1 was obtained.

(Comparative Example 1)

As a lubricant, use was made of a commercial perfluoropolyether-based
lubricant, Fomblin Z-Tetraol (trade name) manufactured by Solvay Solexis, Inc.,
having been subjected to molecular weight fractionation by the GPC method to

20  have Mn of 3,000 and a molecular weight dispersion of 1.08, which was the
same as in Example 1. There was prepared a solution (room temperature) 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

25 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 equal to 95% which is the same as that of the



di fference) using an atomc force mcroscope (AFM. Specifically, the

| ubricant was coated on the half of the magnetic di sk under the
above-nmentioned 10 conditions of Exanple 1 and Conparative Exanple 1 and
the level difference formed at the bouggﬁry t her eof was neasured by the
AFM Fig. 3 shows the results of a conp son between at nospheric

pressures measured in Exanple 1 and Conparative Exanple 1 such that a
magnetic head was caused to once fly on the inner peripheral side of the 15
magnet i ¢ di magppte diskon Exfample K . r &iiipe-liks coRting beavennessressred ¢mthen

apparatus was gradually reduced, and then the Fressure upon contact of the
magneti c h‘é@l@fQﬁflt)h@faéﬁhdﬁdlféh@ﬁuffﬁée@éﬁlﬁemagna gKiskas neasured. Fromthe

results of Figs. &nds it is seenthat in Exanple 1 of this inyention,
both the | ubrican fatl)’ﬁd%x%a‘ﬁ dhﬁﬁ?daélf}?é'cr%%\éftaﬁd“ﬁ'é%fécwﬂ@ iethe 20

start height (touch- dovvn ht cc%Fg % b gressure reduction are | ower
t han t hose THNESMYAIH B ¢ geoy Q‘?Q}megaqc?"ﬂb | ayer can be

porf or méi for “'eiéﬂﬁaz?s.tnéfﬁ%%ewwpﬁ%r‘ﬁ? PR R s o
LUL- system wg%qé\%ﬁ?{ 91%%“8\9 qt?thng\gﬁ%o%repar ed and a nmagnetic head

wth a flyin hm and i magnetic di sk of Exanple 1 were

mount ed therein. Figsh s%w e reguﬁ?sn%bgu (25t i@ R8N R ks

pressure air beari sli er and was nount e magnet or e Ive effect

22 el ement gifEhdRce) BERRlan Bforcrisieatikroftoot! @MY . sherficalif RenibRantes

made of a FeN -based permalloy alloy. By causing the LUL-system HDD

conti nuouslyas epatid éiehd-hbif pfHeinagnatic HRR undebeie aboldlmdntioaedendur ed by
the magnetic disk up to the occurrence of failure was neasured. 5 As a

resul t,10t hecaraiitieis of Bxakplef 1 BrdGimpdratind Exachgléd and theplewvel diffesencef
700,000 tines with no failure at an ultra-low flying height of 5nm and no
fly stictifonmedidtdhe boundanyeterctif mees meaagmeekt bycthdi AKMi.s currently judged
to be Fig. 3 shows the results of a comparison between atmospheric
pressures measured in Example 1 and Comparative Example 1 such that a
magnetic head was caused to once fly on the inner peripherat side of the
15  magnetic disk (position of disk radius 15mm), then the pressure in an apparatus
was gradually reduced, and then the pressure upon contact of the magnetic
head on the surface of the magnetic disk was measured.
From the resuits of Figs. 2 and 3, it is seen that, in Example 1 of this
invention, both the lubricant height upon coating and the magnetic head contact
20 start height (touch-down height) according to pressure reduction are lower than
those in Comparative Exampie 1 and thus the lubricating layer can be reduced
in thickness.
Then, a LUL (load/untoad) durability test was performed for evaluating
the LUL durability of the magnetic disk.
25 A LUL-system HDD (5400rpm rotation type) was prepared and a
magnetic head with a flying height of 5Snm 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



preferable if it endures 600,000 tinmes or nore, it can be said that the
magnetic disk of Exanple | has very high reliability. 10 The surface of
the magnetic disk after the LUL durability test was observed in detai
using an optical mcroscope and an el ectgpn microscope and was found to be
excellent, i.e. no abnormality such as damage or dirt was observed.
Further, the surface of the magnetic head after the LUL durability test

was observed in detail usi ng_an optical .mcroscope and an el ectron 15
ni cr oscope QW%§%WW6"B@S@<WW%‘F”9 elemenl  dbsieldportionyyammage

damage or dj observed, and, further I ca on to the
magngt i c hef a%,era Sg rﬂe\é@ﬁgﬂyﬁgﬁ’Yﬂr ﬁ%‘éS'B%éré?uEL’L YP&%?'C]_‘h@BI Yccording to
this inventio smetheh1 ating. |l aygr redBCGdLEthk sSs ,gan be
formed and FTHTHEOH hr@pr??b 'u'#gtS’pr ne, K18 WNPRE o) LYk A 'SHYi ned, a

reduction i fﬁﬁggﬁ&’%g@?gﬁi 1{2’%@8 °°§“L'18ﬂ°§ngie'ﬁétﬁ’fgﬁﬁéﬁmeﬁhe magneti c head

and the ned was  perfornmed al so

for theosfﬂgnet i~ ﬂh%kre%lt fHrmha ﬁ‘ét’ié’&‘sﬁé@xﬁ%ﬁ}ﬂe‘ﬁ"é{g R8d thd LFJL'd%)/éhé igfgd"9

hei ght 5nmin e sane rrann r as a resu

magneti c di gk7§d, O@W%Itfﬂf%ozfﬁulﬁ’éaéﬁﬁrﬁulira\ﬁ@ﬁ R REIgRE of SnilEnPRG KT €nce

of fly stiction failure mdway and failed by head crash when the nunber of

LUL tines repstivpdatire S8ridd e Bincd Benagrdtrcdiskis tlreentBogoaged télbek after
the LUL durability test was observed in detail using an optical mcroscope

and an el ecpraferabieif dtssraiurea600,009 timessuhiare 2i8 cad besegid tiattthe nhadesetioas
slightly observed. Further, the surface of a magnetic head after the LUL
durability disktof kxanuile drivaesdvény high eellabildy.ng an optical m croscope and an
el ectron mcroscope and, as a result, lubricant adhesion to the magnetic
head aritd corr osi ofhe surface ofithemagsetio disk Fterihetplledrpbiity tast wast i ng | ayer
was fornmed in the follow ng manner. There was prepared a solution in which
a | ubri cant Opsesyad érdetailtsing an optical microscope and an electron microscope and
was found to be excellent, i.e. no abnormality such as damage or dirt was
observed. Further, the surface of the magnetic head after the LUL durability
test was observed in detail using an optical microscope and an electron
15  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.
That is, according to this invention, since the lubricating layer reduced
in thickness can be formed and further the high durability (reliability) can be
20 obtained, a reduction in magnetic spacing, i.e. in clearance between the
magnetic head and the medium, can be realized.
A LUL durability test was performed also for the magnetic disk of
Comparative Example 1 with an ultra-low flying height of 5nm in the same
manner as in Example 1. As a result, the magnetic disk of Comparative
25 Example 1 was subjected to the occurrence of fly stiction failure midway and
failed by head crash when the number of LUL times reached 400,000 times.
The surface of the magnetic disk after the LUL durability test was observed in

detail using an optical microscope and an electron microscope and, as a result,



same manner as in Exanple 1 was dispersed and dissolved in a fluorine-based
sol vent, HFE7600 (trade nane) manufactured by M nnesota M ning and 10

Manuf acturi ng (3M Conpany, which corresponds to the above-nenti oned
exenplified solvent 2, at a concentratigma of 0.2wt% at a liquid tenperature
of 45C. Using this solution as a coating solution, a nmagnetic disk fornmed
with layers up to a protective |layer was i mersed therein and coated -
therewith b t he di ppi.ng nmethod, thereby farm ng the |l ubricating | ayer. No
coating 15 dABIERREYE L vip etighty peserved ni ﬁa%ﬁgtm%ﬁvﬁ%ﬁp 8 MAGRKC t he

e o giﬁqkam%&r;tssm art@%ﬂﬁ%égé@a%s%rwg | YR BT PRJER vis ;"_
vae: 15a AdoBraraeAnd AR ocdleR T GRRE A RE GRS BRI R hED bfarhnd ) (he

sane mannerthg%&n@}mc?%&%%ﬁgg@)ntf?ﬁure}‘\ﬁ%ﬁaiﬂé%{pvﬁi the lubricating |ayer.

In the sane man as in e ei ght upon coating and
the magmetic heactEckgH{rpy@tz start height (touch-down height) according to
pressure reduction were eelal uated for the magnetic disk of Exanple 2. As a

25 result, the sapprRathg fayRs wdtoramed if fite fABRIRY nidimermgnetic di sk of
Exanple 1 were obtained. Then, as a result of pertormng a LUL durability

test, the magnetiThedleskas piepaxedralsolionnidwitich ahabliddntapepatedonthef 700, 000
times with no failure at an 24 wultra-low flying height of 5nmand no fly

stiction fadne enarteurasad . Examplan Wwas slidpaérséchand tissoiwghieta flushrekbased
Exanpl e 2 has very high reliability. The surface of the nmagnetic disk
after the Llddivehiy HBEZBOQ (trade nane)ohsrufastired by ddiankesata Mipiagnandpt i cal
m croscope and an el ectron_m croscope and was found to be excellent, 5 i.e.
no abndfmal Maputegtinings(3dhneg@peny.cvhich wesrespeeds taitherapavesmentinaed ur f ace
of a magnetic head after the LUL durabili tg test was observed in detail
using an dpEneRlifiedi salvat et areneantation pHR 2wty aisz igdiddpmpeaatureghd to be
| I ent, . . . . : - .

excellen 45°C. 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 the lubricating layer. No coating .

15  unevenness occurred.

After forming the lubricating layer, the magnetic disk was heat-treated at
130°C for 90 minutes and subjected to ultraviolet irradiation. The thickness of
the lubricating layer was measured by a Fourier transform infrared
spectrophotometer (FTIR) and it was 15A.  Accordingly, the magnetic disk of

20 Example 2 was obtained in the same manner as in Example 1 except the
formation of the lubricating layer.

In the same manner as in Example 1, the lubricant height upon coating
and the magnetic head contact start height (touch-down height) according to
pressure reduction were evaluated for the magnetic disk of Example 2. As a

25  result, the same results as those in the case of the magnetic disk of Example 1
were obtained.

Then, as a result of performing a LUL durability test, the magnetic disk

of Example 2 endured the LUL operations of 700,000 times with no failure at an



I.e. no abnormality such as damage or dirt was observed and, further, no

| ubri cant adhesion to the magnetic head or no corrosion failure was
observed. 10 (Conparative Exanple 2) As a |ubricant, use was nmade of a
commer ci al perfluoropol yether-based |ubyy cant, Fonblin Z-Tetraol (trade
nane) manufactured by Sol vay Sol exis, Inc., having been subjected to

nol ecul ar wei ght fractionation by the GPC nethod to have M of 3,000 and a
nmol ecul ar melght di spersion of 1.08, which was the 15 sane as in Exanple 1.

e e e
Eol \I\/Aent F"E 2 ’P?Qa@%"ﬁﬁ’%ﬁd"ﬁ'&%ﬁé RAYRIYi 'tle h I?actured
2 coat | ng_ <BrurruEics SREL IETHL ?#ﬁ%%e% aBa]f deldl dygga' ' O &
thod. 1 netBEs! wi\?rﬁ gﬁ?éﬁubrfééél%ﬁ@nﬁ%‘és%ﬁ%éﬁ%m% g e onBIgher! 0

the coating %'éq sdﬂff‘PQ?Hh%a%@l aﬁ.&%@osé@%ea hthHﬁé:! %;Xuﬁ&}@r age

became “approxina sane as magnetic di's
Stripe-likeyf aPﬁ’\% 'n@ﬂc HBQM%?% EEJELHJrélS’ihtggteEMaQ%b@énﬁé@ﬁh&i&ﬁ‘érﬁhsnﬁg% of

the surface of e 25 magnetic d nparati ve Exanpl e

nmagnet i c dl@t:cwﬁmme&@@bnd%@l electmemu@:@@f@o;ﬁ@ﬁﬁ@rwa?ﬁfduhdﬁwa)é@eneﬁ%cept
t he above-nentioned point. In the sane manner as in Exanple 1, the

lubricant Hhej. gidtabhromatigesudigas Banvige drrmrtm@tﬁsmé\@addcmmtncst art

hei ght (touch-down hei ght) according to pressure reduction were eval uated
for the nadobticantdidblesmin tOdhpanagnete hdachophe c8rrogiondail@sulvas obbervedne
results as those in the case of the magnetic disk of Conparative Exanple 1
wer e olfai ned. 5 (Sompardtivabxampje st was performed for the magnetic disk
of Conparative Exarrple 2 wth an ultra-low flying height of 5nmin the
sane manner as iAS Bldbfnantusenwas madapt a corunerstipl pertuarpprlyethechasadat i ve

lubricant, Fomblin Z-Tetraol (tfrade name) manufactured by Solvay Solexis, Inc.,
having been subjected to molecular weight fractionation by the GPC method to
have Mn of 3,000 and a molecular weight dispersion of 1.08, which was the

15 same as in Example 1. There was prepared a solution (temperature: 30°C) in
which the above-mentioned lubricant was dispersed and dissolved in a
fluorine-based solvent, HFE7200 (trade name) (having a boiling point of 76°C)
manufactured by Minnesota Mining and Manufacturing (3M) Company. Using
this solution as a coating solution, a magnetic disk formed with layers up to a

20  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. Stripe-like
coating unevenness occurred on the outer peripheral side of the surface of the

25 magnetic disk.

In Comparative Example 2, the magnetic disk was manufactured in the

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

In the same manner as in Example 1, the lubricant height upon coating



Exanpl e 2 was subjected to the occurrence of fly stiction failure m dway
and failed by head crash when the nunber of LUL tinmes reached 400, 000
times. 10 The surface of the magnetic disk after the LUL durability test
was observed in detail using an opticalygri croscope and an el ectron

m croscope and, as a result, damage or the |like was slightly observed.
Further, the surface of a magnetic head after the LUL durability test was
observed in detail usi nggan optica ctron, m croscope

and, as o 1@ meGRE Gad Saptact start bigBt (nechrdgne: nﬂg'%lgé&:ﬁmgzﬁﬁrosi on
i ..26 VHAT | S | DIS: . . i
aahn;:];t ?T&PEES%Q%PPE?T&’eé? valuaredfor Yag magnetio i of Qggp%{%f&'%"%aféﬁ'r "
ani d  ubr 1 AR 4y o8S ar el s Y B e e N oA B R Pl L

per fl uor Opo&i¥fbpeﬁan§ﬁé{mﬁ\5@%€(§$‘@?§ iﬁlbé}g Cﬂ)té)lﬁ%&l uor opol yether main chain and

a hydroxyl groudptn'a structu hereof 1 Ispersed and dissolved in a

f1 uor i ng; based sokyefitqltakigptedt RRK!detbrRiTor fHe AAignafic Bicor 10 2. The

met hod according to claim conpri sing heating sal uori ne- based

sol vent t0 @ofrpEPARal EXsnpe 2withituli-3RGRg Eight angnioehe skiifn 2
boiling point of said solvent and dissolving said perfl uoropol yet her

conpound i nmaahér 89IVERampleer ey aams@itpimgna?héti@@i@kidm:@ﬁbaﬁaitioa- 3. The
met hod according to claim 1, wherein said perfluoropol yether 15 conpound

i ncl uded i nEgarhpld 2ibvascatbieded &y the osclarearmesfflydstiotion faiiregnidosay and nore
hydr oxyl groups in a nolecule. 4. The nmethod according to claim1, wherein
a nunber - aviailed ey hezidezrablawhes thietnumbearadfd. letifmes e apindd 408 H00comeaund
included in_said |lubricating |ayer is in a range of 1,000 to 10, 000. 20 5.
The nettifod Bhee sudacerof thecmagnetic diskarfler the bl durabigty tegtwhaaypbiseredyin

carbon-bas ec(ljetalcz)lirl %g%%téa/ Sptlic?a%/l%ic;oosrcggg atr)%i a?n gllezci:tsrcr;ﬁl mci\é%srtrz%tpgoadﬁd, as a result,
damage or the like was slightly observed. Further, the surface of a magnetic
head after the LUL durability test was observed in detail using an optical
microscope and an electron microscope and, as a result, lubricant adhesion to

15 the magnetic head and corrosion failure were observed.



6. The nethod according to claim5, wherein the protective |ayer conprises
nitrogen in an area adjacent to the lubricating layer. 7. The nethod
according to any one of clains 1 to 6, wherein said 25 nagnetic disk is a
magnetic di sk adapted to be nounted in ggmagnetic disk apparatus of a

| oad/ unl oad system as a start/stop nechanismand to be used wth a head
flying height of 5nmor |ess.

WHAT IS CLAIMED (S:

1. A method of manufacturing a magnetic disk comprising at least a

magnetic layer, a protective layer, and a lubricating layer formed in this order
5 over a substrate,

wherein said lubricating layer is formed by using a coating solution in
which a perfluoropolyether compound comprising a perfluoropolyether main
chain and a hydroxyl group in a structure thereof is dispersed and dissolved in a
fluorine-based solvent having a boiling point of 90°C or more.

10 2. The method according to claim 1, comprising heating said
fluorine-based solvent to a temperature in a range of 30°C or more and lower
than a boiling point of said solvent and dissoiving said perfluoropolyether
compound in said solvent, thereby obtaining said coating solution.

3. The method according to claim 1, wherein said perfluoropolyether

15 compound included in said lubricating layer is a compound comprising four or
more hydroxyl groups in a molecule.

4. The method according to claim 1, wherein a number-average
molecular weight of said perfluoropolyether compound included in said
lubricating layer is in a range of 1,000 to 10,000.

20 5. The method according to claim 1, wherein said protective layer is a
carbon-based protective layer formed by a plasma CVD method.

6. The method according to claim §, wherein the protective layer
comprises nitrogen in an area adjacent to the lubricating layer.

7. The method according to any one of claims 1 to 6, wherein said

25 magnetic disk is a magnetic disk adapted to be mounted in a magnetic disk
apparatus of a load/unload system as a start/stop mechanism and to be used

with a head flying height of 5nm or less.



