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METHOD OF MANUFACTURI NG A MAGNETI C RECCRDI NG MEDI UM
AND THE MAGNETI C RECORDI NG MEDI UM FORVED THEREBY 5
This application is based on, and clains priority to,
Japanese Application No. 2004-066422, filed Mar. 9,
2004, and the disclosure of the priority application,
inits entirety, including the draw ngs, clains, and
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capacity of the information recordi ng devices.
Accordingly, recording capacity required by a magnetic
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fl.ux,fl o@egé out perpendicularly to the surface of the

he%@h@é’i@ 86Fdi ng medium is required to narrow the

magneti ¢ spacing by positioning the nmagnetic head and
the medi um surface as cl ose as

BACKGROUND

With increase of quantity of information treated by an
information processing apparatus, such as a computer, and
miniaturization of the information processing apparatus in recent
years, efforts have ~been made to enhance the recording capacity of
the information recording devices. Accordingly, recording capacity
required by a magnetic recording medium (hereinafter also called
“a magnetic disk”) used in the information recording devices is
consistently increasing. To enhance recording capacity and
improve recording performance of a magnetic recording medium,
the flight height of the magnetic head must be lowered as much
as possible. In particular, a perpendicular magnetic recording
system, drawing much attention these days, with the magnetic
flux flowing out perpendicularly to the surface of the magnetic
recording medium, is required to narrow the magnetic spacing by

positioning the magnetic head and the medium surface as close as



10

15

20

25

1 possible. Recently, flight height of the magnetic
head has been decreased to as low as 10 nmor lower. A
common magneti c di sk conprises a substrate, an
under-layer, 5 a nmagnetic |layer, and a protective

| ayer, on which a liquid lubricant |ayer is further
provided to inprove durability. The thickness of the

li.quid{ ubricant,layer i.s,gengrally in the ran fl
posisible, Rerantis, ithisitt heighd: of ithe iRedralie heqd Besuheen
featurde of the Iuiéi cant rID| ecul es are considered to
degreased to 2540 1as 18 WsPFilgWeTon scattered in the
surface of the protective |layer, rather than form ng
its own conplete thin filmlayer. The |lower |ayer, the
i.S ;uncovered in the a bet wee
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thfﬁeo%rr]rtlirggyits own complete thin film layer. The lower layer,
the protective layer, is uncovered in the area between the
lubricant molecules scattering in the island-like distribution (the
area absent of the lubricant), which causes several problems as

described below.

A protective layer of a magnetic disk used in general is a carbon
film formed by a sputtering method or a CVD method. The surface
of the carbon film, being in an active state, is liable to adsorb
surrounding gases or contaminants. Some types of the adsorbed
gases cause corrosion together with surrounding moisture.
Corrosion of the magnetic disk seriously deteriorates
electromagnetic conversion characteristics and significantly

degrades reliability of the HDD.

A manufacturing process for a magnetic disk in the present day

technology commonly includes a tape burnishing step using a
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technol ogy commonly includes a tape burnishing step
using a 2 working tape after a lubricant coating step.
In this step, contamnants attached in the previous
steps are renoved to ensure stable flight of the
magneti c head. Since it is hard for the wusually

enpl oyed thickness of the liquid lubricant [ayer to 5
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is increased to ensure contaminant elimination in the tape

burnishing step, the surface of the magnetic disk is apt to suffer

from occurrence of flaws.

The above problem can be solved by wholly covering the
protective layer with lubricant, that is, by forming one complete
thin film of lubricant layer on the protective layer. A liquid
lubricant layer having a thick thickness of 10 nm to 100 nm would
completely cover the protective layer. However, such a thick liquid
lubricant layer is not appropriate for a magnetic disk when the
lowering of the flight height of a magnetic head is required. A
next generation magnetic recording system, in which a head
slides in contact with a disk, is required to raise the reliability of
the magnetic disk by making use of a liquid lubricant layer and
avoiding friction between the protective layer and the magnetic

head. Therefore, a liquid lubricant layer with high coverage while
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slides in contact wwth a disk, is required to raise the
reliability of 25 the magnetic di sk by nmaking use of a
liquid lubricant |ayer and avoiding friction between
the protective |ayer and the magnetic head. Therefore,
a liquid [ubricant |layer with high coverage while 3
keepi ng an appropriate thickness (of about 1 nmto 2

nm is required.for ghtainin magneti ¢ recordi .
keqRid1g e Bt a%apgwpr.l%f@a -ﬁw%ﬁgc@ﬁi aﬁob@r fomiiind@. 28 ) is

(ilgipi al, method.of formng a liquid |ubricant Layer ifsh'h
requijipfn o ODIBIREARL AorirRnekif SECOBIING et Of hig

disk. The Jjqujd lybricant is coated generally to an
Telhﬁ/}éﬁht@’eaﬂﬁi L‘l@%s&e PrEENCequid lubricant |ayer of

about 1 to 2 nm It is, however, difficult to

sufficiently cover the protective |ayer by sinply

atin

SRR B0t S0 20 TR B L PPl e o
TuligRub e the pracenaEne ek SR b iadid lupricant
s GooUEcoonre B LT, Dave Den FRde. o AR ONS B9, Mifcane
lasistanbl &09Rphris® Uik HanoRRERt. ATl Farsufficiently
coug il BURKSGHEYfr GRECE DY SHHINSE GPHAR Tl REpHRpg and
FOLFRBIE cantidh Sef 14008 Wbn Ihdifogen9s IIRERESPs. ARotissribed
orepesy: abB & anagaebi 19k sordded “ibabraisions and
detsigls ugoirog %%thuxge)lj%rﬁo%%{r]r%?gﬁle{:r?nﬁ?g t(igxtlké) nmiagr ?{odcei)e coated
enough. Some attempts have been made for improving the
homogeneity of the lubricant distribution occurring in the process
of lubricant layer formation. For example, Japanese Unexamined
Patent Application Publication No. 2003-006849 discloses a
method in which a buffing process is conducted with rather high
contact pressure after coating a lubricant to make the lubricant
distribution homogeneous. There is another method in which a
lubricant is diluted with an appropriate high solubility solvent,
producing a solution with a homogeneous concentration in order

to obtain homogeneous lubricant distribution in the liquid lubri-

cant layer obtained after volatilization of the solvent.

However, a satisfactory result has not been achieved by the
methods of forming a liquid lubricant layer described above in

which the buffing process or the coating of diluted lubricant is
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to obtai n honogeneous |ubricant distribution in the
[iquid lubri- cant |ayer obtained after volatilization
of the solvent. 25 However, a satisfactory result has
not been achieved by the nethods of formng a liquid
| ubricant |ayer described above in which the bufflng
process or the coatlng of di luted | ubricant |s

S f f f
congagtanba sy ogﬁﬁ WSicaELHE TRt AL o (ﬁﬁwed by
t hi ckness, of t | ub
o R bt g AR Wi S8 o
1uhm%£gf38§§&f§baf éé,é‘g'e"%fuiﬁt"o! Sla%aeﬁﬁﬁﬁ%ﬁ%% Hibglpdess is
sing th fl t
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I t.at I bl t
anéiéfeé%gp%é“%g%sh%&sq%ﬂ@a & o o, Rl PECBELON, iR the
cant ed us n hi t | vent , 1
riskl OGO THENE S14 VB OPoRhgr Ti %npﬁrst‘%e%kt%“ idiniglyorhe
ghe di sk surface after volatilizatian of the sol ven]ﬁ bl
butanghePEPeRsS 1We@us exere npriisatinn, fqn m% pRole
formed wit sucf %uan% of coated | br hat
coptaciing matgrial gnd, Jrepsige m ng process.
| and-] ike di t but f l.ub t. still
When Ado bR HGRPE. ifiel® éﬁz.u@‘ﬁgf Sadieh ' salgtBts] Solvent,
bri t afilm f 1to2n
althoigh Jhefis F@@Mtﬂén bes NP ReRnt reufining, S Fﬁﬂ disk
sur a%reess%?ext' hIVsolg Hiza 18nSUWRc\EG: s-lg)l_llgelnli\;NEyghmbe pretty
homogeneous, a complete thin film is not formed with such a

quantity of coated lubricant that results in a film thickness of 1 to

2 nm. Thus, the island-like distribution of lubricant still remains.

Accordingly, there remains a need for achieving a lubricant with
a film thickness of 1 to 2 nm, without the problems identified

above. The present invention addresses this need.
SUMMARY OF THE INVENTION

The present invention relates to a method of manufacturing a
magnetic recording medium, and the magnetic recording medium
formed thereby. The magnetic recording medium can be used in
an information recording device of information processing
apparatuses, such as computers, or in a recording device

(especially a hard disk drive) mounted on consumer products. The
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The present invention relates to a nmethod of
manufacturing a magnetic recordi ng nmedium and the
magnetic recordi ng nedium forned thereby. The magnetic
recordi ng nedi um can be used in 25 an information
recording device of information processing

appar atuses, such as conputers, or in a recording

m devi ce ée{sggci aISIIr}/ hard di ?:jél X’e&"&ﬁd}(ﬂlﬁ‘ﬁ@& ngﬁ‘tlc
di cul t di
recgrﬁé@%%ﬁﬁ@lﬁ%ﬁdlar{:aﬁ%ﬂsﬁt éﬁtre%ﬁ% Uiin feith ity Eotibact the
1 One a%piect of the present invention is a nethod of
ulpeant Aagey; ng a nagnetic recordi ng medi um conpri sing

at | east an wunderlayer, a nmagnetic |ayer, and a
prot ective layer forned on a substrate. The nethod

diie BeBeek: Pheliey RreSepErYEafty i) msththy of dparnu-
factiaiig RUBAGRREC ws?@faﬁigfc%% IHS‘BZ pRpHFNELAfclest an
e e e R0 08 A RS LB i o
e o e @Sfogpge?ﬁs?ﬁ‘l’Qﬁé@i‘%@l&ﬁ?ﬁﬁayer
L X L TE R A
forfr’éyis?%“&%n%ciuﬂé%h%k A
lay\% {)'gcga%g]ﬁrfg]&h CLEHEF?‘%’}J%F %11 geu& Wlt%)IrI D {feln%‘ Sh the
protective layer to a thickness of at least a surface roughness
Rmax of the protective layer, a second step of adhering the liquid
lubricant to the protective layer by pressing a slide member
against the surface of the liquid lubricant layer while rotating the
substrate, and a third step of reducing the thickness of the liquid
lubricant layer with a solvent that can dissolve the liquid

lubricant to the surface of the liquid lubricant layer while rotating

the substrate.

To adjust the film thickness of the liquid lubricant layer to a
desired value, the thickness of the liquid lubricant layer can be
increased by repeating the first step using the same or a different
liquid lubricant. More specifically, this can be achieved after the
first or third step. Also, the thickness of the liquid lubricant layer
can be decreased by repeating the third step using the same or a

different solvent that can dissolve the liquid lubricant. The liquid
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20 To adjust the filmthickness of the liquid |ubricant
| ayer to a desired value, the thickness of the liquid
| ubricant |layer can be increased by repeating the
first step using the sanme or a different 1liquid

| ubricant. More specifically, this can be achi eved
after the 25 first or third step. Al so, the thickness

; i . . .

LibeARE PRt RS B R48 SR DL SRR RER Sheerucled.
sol vent that can dissolve the liquid [ubricant. The
liquid 6 lubricant renoved in the third step can be
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Anot her aspect of the present invention is the nagnetic
recordi ng medi um manuf actured by the method descri bed

15 {RirkbReSceb thon i Wk b et sy B 3 S ster
cari z)cqo hgbﬂ%@g@eggﬁwﬁgﬁéﬁﬁ; ﬂi% _dch%kh%%sr@f pRd 134624 duBFicant

layer after the third step can be around 1-2 nm.

Another aspect of the present invention is the magnetic

recording medium manufactured by the method described above.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic sectional view of a structure of a magnetic
recording medium manufactured by the method according to the

present invention.

FIG. 2 is a flow chart of the method of manufacturing a

magnetic recording medium according to the present invention. -

FIGS. 3(a)-3(c) schematically illustrate the structure of a
magnetic recording medium in the process of forming a liquid

lubricant layer, in which FIG. 3(a) shows the medium before
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FIG 2 is a flowchart of the nethod of manufacturing a
magneti ¢ recordi ng medi um according to the present
invention. 25 FIGS. 3(a)-3(c) schematically illustrate
the structure of a magnetic recording nediumin the
process of formng a liquid Ilubricant |ayer, in which
FIG 3(a) shows the nedium before 7 applying coating
liquid lubricant, FIG 3(b) the nediumafter formng a
apidyeng f coavingyligquidibhulezisantayBIG. adth)Fithe 3nefliune after
medi um afi)gr di,m ni shing the thickness of the thick
formpng agdhack fibm daguid alwbricant| Gayer,s enaheliGal B{c) the
il ]ustragtes the novenment of the disk and the ejection
me@ryme atter Wi miughangaplpe ihigkoessi of thel thwek film liquid
I upri Cﬁnt. 10 FIG 5 schematically illustrates the
lu AY§T-t he di sk and the slidable slide nenber in
the process of enhanci ng adhesion of the liquid
lubricant. FIG 6 schematically illustrates an exanple

M\Aiq idrecelvin 15 structure in the process of
sghemeaticadlyd Ulustrates thiet mevemendi af) thel désk. and

FIG, 7.is a griph,shomg the d rabiii,ty during contact .
the,ga¢etdon Na%lRg)inottheagiten coldiarplyibeierating theliquid
first exanple and the 20 first conparative exanple.
lubeeANtED DESCRI PTI ON A desirabl e coat | ng net hod for
preventing the liquid |ubricant

FIG. 5 schematically illustrates the movement of the disk and
the slidable slide member in the process of enhancing adhesion of

the liquid lubricant.

FIG. 6 schematically illustrates an example of a liquid receiving
structure in the process of removing the liquid lubricant with a

rinsing solvent.

FIG. 7 is a graph showing the durability during contact running
(sliding) of magnetic disks obtained in the first example and the

first comparative example.
DETAILED DESCRIPTION

A desirable coating method for preventing the liquid lubricant
layer from the island-like distribution of lubricant would be, in
principle, to extend the stock solution of the lubricant without

diluting over the surface of the protective layer in an extremely
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25 layer fromthe island-like distribution of |ubricant
would be, in principle, to extend the stock solution
of the lubricant without diluting over the surface of
the protective layer in an extrenely 8 thin and
honbgeneous condition. The coating nethod, however, is
not desirable because it wastes excessive raw |iquid,

wh ' t t
thlnaéé%ég@é Sreiredidiien The gpabimpmmeppod: HRyer, is
nof SErt Eae oY ERuE Sy bemap St U0 B afpyeh s

one <ir two nplecular layers in the bottom| ayers

prqﬁi%hﬁ’ﬁ?ﬁ]‘&’é’q o the carbon film while the |ubricant

nol ecul es in the upper layers exhibit to relatively
weak adhesion force and are easily renoved. Even if a

Tig §§e%%5r&ia%§§§1 torS s anadrexpin dsor in ARt gy B tion
of Babiri mbr%&aingﬁé%%%l Anel dipEpvereilERRk: MWHdbptaating o
lulpREaBE B3 Pé‘??asrtg&atﬁﬁﬁigié Heitie tf@(ﬁ%@%’?ﬁ 1SS i Gwo
mOlEUI4T A ATERRCHIS MOROBT 1BPeFentnry RABARbold Lhfrotipon
filiy  WIHIG, (gl lRCABBLMOS YRS (b W WARBhorya cxhibit
re il RAR e ot Pt Sl el Bficlbyen 1 o
hwiqnt ri‘?:ée ula Ferri dai dormid i @ apridal hatipg to a
thlc %gsosl \6 several tans %gt Sé\ngt'al hundreds of nanometers, the
fraction of the lubricant tightly adhering to the protective layer
principally depends on the roughness of the substrate, the quality
of the carbon film, and the polar end groups of the liquid

lubricant, and thus is confined within a certain range.

The film thickness left after removing the lubricant to the extent
that is easily removed by a solvent falls within a range of about
one to two nanometers, which corresponds with the thickness of a
practical liquid lubricant layer. Although the bonded component
that adheres tightly to the protective layer is dominant in the
liquid lubricant layer made thin by the solvent, a component that
moves relatively freely still remains. Therefore, such a thin film
described above can be utilized as a liquid lubricant layer of a

magnetic disk as it is.
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noves relatively freely still remains. Therefore, such
athin film25 descri bed above can be utilized as a
[iquid lubricant |layer of a magnetic disk as it is. 9
Fromthis point of view, the present inventors have
found that a liquid lubricant |ayer w thout
island-1i ke distribution of lubricant and well

T St R
i TP B SR BRSPS SRt ricant
AR LA Rl Dt RS i 6D, can
e PR e Sk L0t BB priing
o S oSS O 1 i haver,
et AT i St Iricans
S5 PP E PR 7 i kAR P grogective
o TS g B Pt Lt hE b Bant

liqui.d,lubricant |ayer,K can be forned by, as shown in
laygicwish g ginsing §Of‘%‘?%§’ filmliquid |ubricant |ayer on

the protective |layer such as by coating a liquid
| ubricant diluted with 20 a solvent to a thickness of

AR eSS, FRUANNSEAOTTRY Sl saR b 2 a
magnetic layer 3, a protective layer 4, and a liquid lubricant layer
5 formed on a substrate 1, as shown in FIG. 1. The magnetic
recording medium can be formed by laminating or sequentially
laminating at least the underlayer 2, the magnetic layer 3, the
protective layer 4, and the liquid lubricant layer 5 on the
substrate 1. The liquid lubricant layer can be formed by, as shown
in FIG. 2, forming a thick film liquid lubricant layer on the
protective layer such as by coating a liquid lubricant diluted with
a solvent to a thickness of at least a surface roughness Rmax of
the protective layer (S201), adhering the liquid lubricant to the
protective layer by pressing a slide member against the surface of
the liquid lubricant layer while rotating the magnetic recording
medium (S202), and diminishing or reducing the thickness of the
liquid lubricant layer by introducing a solvent that is capable of
dissolving the liquid lubricant on the surface of the liquid

lubricant layer while rotating the magnetic recording medium

10
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protective |ayer by pressing a slide nmenber against the
surface of the liquid lubricant |layer while rotating
t he magnetic recording nedium (S202), and di m nishing
or reducing the thickness of the 25 liquid |ubricant
| ayer by introducing a solvent that is capable of
di ssolving the liquid lubricant on the surface of the
é' uid lubricant |layer while rotating the magnetic

(S2Q8br di ng nedi um 10 (5203). FIGS. 3(a)-3(c)
schematically illustrate the structure of the magnetic
recording mediumin the process of formng the liquid

F T A ot RO TS, 5,
i AL VA e P T i
el BT A e ST s
iaSER i B TR Ol M ERPLERRI h P o
el PE Y SERIE LIS ol SR 56 i e
oG LY, 0027 FEES, A LIARE A, bR ot
dirhREhe Eh ARk ARt A B BB SR Ea Ao aresBeRdins to
2360 450 o0 S TRLES PR ISV ARG B8 of
AN AR oo
the Iubricant distribution and making adhesion of the lubricant
onto the protective surface, and diminishing the thickness of the
thick film liquid lubricant layer with a rinsing solvent, an effect is
achieved that is almost equivalent to the effect obtained by a

method of rubbing lubricant molecules directly onto the carbon

surface.

A liquid lubricant layer is formed in which the lubricant density
is high and most of the principal chains of the lubricant molecules
are aligning parallel to the plane of the lubricant layer. As a
result, the surface of the protective layer of carbon film is covered
with a high ratio, without disturbing flight of the magnetic head
even though the lubricant layer is a thin film having a thickness
of only 1 to 2 nm, which is the desired thickness of a liquid

lubricant layer
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are aligning parallel to the plane of the | ubricant
| ayer. As a result, the surface of the protective
| ayer of carbon filmis covered wth a high ratio,
W t hout disturbing flight of the magnetic head even
though the lubricant layer is a thin filmhaving a
thi ckness 25 of only 1 to 2 nm which is the desired

Theutisrcatediood Mgt frhhaRb 4 8Y g RBLAEOH on 2
striefe Gf $h8 A GnRReT PG ABREMPBRuBET b Kin Mhoferialp and
depgrghinyets BUERT O tee 1Fterp FHHE HFEahT PO, BRed
techBidTis" 5 HL B ShFP6oSBRFbd Y JBRYEpEToRRL the liquid
LabbRAER 190 ohEaHeN EAFRUECEHR SHATL@IGARR above, The
strieih ot v eRist® FoonPlin gl R (RS oL Eon
basteafiVamaiseug sometanr gy SR Ey GriBeRbt layer,
a PEAEGIOY S oY Croatnt rafitnaoitn e ey YRR Bpch frther
propadeeiFPraAatave: fFetinatchanf EpUIBtbbdR daVes. as

and gnetic alignnment. The underlayer can be forned of
reqaliefimagnetic material, such as Ni-P, CoZrNb, or

FeTaC, according to a known deposition 20 nmethod, such
as a sputtering nethod or a plating nethod.

The substrate can be made of a material from any of aluminum
alloy, strengthened glass, crystallized glass, ceramics, silicon,
polycarbonate, and polymer resin, although not limited to these
materials. A substrate surface is preferably subjected to texturing

for improving stability of head flight and magnetic alignment.

The underlayer can be formed of a nonmagnetic material, such
as Ni—P, CoZrNDb, or FeTaC, according to a known deposition

method, such as a sputtering method or a plating method.

The magnetic layer can be formed of a magnetic material
selected from CoCrPt, CoCrTa, CoCrPtB, CoPt—SiOz, and
CoCrPt—Si0,, for example, by depositing the material according

to a deposition technique, such as a sputtering method.
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The magnetic | ayer can be formed of a magnetic nateri al
sel ected from CoCrPt, CoCrTa, CoCrPtB, CoPt-Si 2, and
CoCrPt-Si 02, for exanple, by depositing the material
according 25 to a deposition technique, such as a
sputtering nmethod. 12 The protective |ayer can be
conposed of a thin filmof SiQ2 or <carbon, the latter

bei . . : _
The ﬂa‘ﬁqﬁ%?c&‘l\:sé ﬂé&?ﬁ'riréfﬁvﬁéi%ﬁ’;@%?d TRl T, OL R or
usi ng-.e ne 1gas, ' .
car@ogo%hstc*léaﬁiﬁt%ngsyg@m@ﬁg’ 8oy  THe, R BRAL Thin
.,.and a ar.ge : : QW
fllnHe%%Irli b@sd rm%ie'!i&a?lglrﬁ@w%?rﬁg%g | lqﬁli%ﬂ:frcgkgr{%alr%?w Béam
ayer_i.n . Loy d j
sysf%&bﬁla&@_l elhﬁ'y!ea;@ lﬁé%%;ﬁ@@ Rapiple S g Fe g HEthod
o Y3k e itk A A e and o
X . | e .
tarfphoh BT PA L0t AeAHELY o the thick |iqu d | ubri cant
| ayer with a rinsing solvent, as previously nentioned.
These specified steps 15 can be applied w thout

e R e
lays ifAsaily Crgetifhy o ol a B e I pERERed
throdiety g i Senopt 1A pru A SN lR Houdt Hgffant
oG5 A 200 ing adhesion
onto a protective layer of the liquid lubricant layer, and
diminishing the thickness of the thick liquid lubricant layer with
a rinsing solvent, as previously mentioned. These specified steps
can be applied without depending on the property of the

protective layer and to any type of protective layer.

The first step is forming a thick film liquid lubricant layer,
which can be formed by, for instance, coating a liquid lubricant
diluted by a solvent on a protective layer, such as using any
known manner. A practicable liquid lubricant in the invention can
be a fluorine-containing lubricant such as perfluoropolyether
including FOMLIN-Z-DOL, AM3001, and Z-TETRAOL (all
manufactured by SOLVAY SOLEXIS K.K.), which are commonly
used for lubricant of a magnetic recording medium. A solvent for
diluting the liquid lubricant only needs compatibility with the

lubricant and to have the property to form a homogeneous

13
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i ncl udi ng FOWLI N-Z- DOL, AMB001, and Z- TETRACL (al
manuf act ured by SOLVAY SOLEXIS K K. ), which are
commonly 25 used for lubricant of a magnetic recording
medium A solvent for diluting the liquid |ubricant
only needs conpatibility with the lubricant and to
have the property to forma honogeneous 13 sol ution,

sol o tnlsl)fegfa‘%ﬁ@ﬂe‘ﬁV&%%Pﬁ%ﬁ%@é’?&?%onﬁﬁséﬁk.“’?ﬁtcan be

an RS, S ERieB SIUBHHER AR 0BT @SRl gfwhich
o R0, A SO AP0 ana
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of A& BaAt iCeofANCERN' AR B WHI gp@gg@qiﬁy and
the Jthd HATERRRsE RohAKBE| Ak o (ft%cﬁféﬁ (FIAEThE Eoncen-

T DA 3P A e
cor} qﬁ%ﬁ\i@iﬁ ﬁ reg?&ﬁltloflesdﬂﬂﬁﬁgn Ursl ef UAd | PHeOf%rr;c The

m coating in rst™ step,

colf AT BRI o, 18 3l 12, Jagion i
G o PP 1 4 St i
oIBR8 B g
bedh BRI QL uEALLFPAARE TRSCHPR "SoTHPBAN O regate,

resulting in fluctuation of thickness of the film coating in the first

step, and, in addition, causing choking of a nozzle in a spin
coating apparatus, for example, used in the coating process. If the
solution concentration is lower than 1 wt %, it is difficult to form a

thick film having a required thickness of 10 to 20 nm.

The liquid lubricant can be applied by means of a known method
such as dipping or spin coating. The dipping method, however,
occasionally attaches a large amount of lubricant onto the end
region of the disk surface and hinders adequate removal of the
thick film of lubricant on the innermost part of the disk.
Therefore, the spin coating method is preferable, which can
control the coating area. The spin coating method allows using a
technique in which a region of about 1 mm from the innermost

part of the disk can be left uncoated considering the following step
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occasionally attaches a | arge anount of |ubricant onto
the end region of the disk surface and hinders
adequat e renoval of the thick filmof lubricant on the
i nnernost part of the disk. Therefore, the spin
coating nmethod is preferable, which can 25 control the
coating area. The spin coating nethod allows using a

of G FABLAEBE ot PhGPinSed i oM doRTBt 97 Ui process
ot FRRIEHIAE R PRABRLCHGE, ), Kool oo
oL 0N NEHORED, 6 SR 0 SRLNERY, T eho
oy O A L A A B
spinpatifg i 7 She T ERibl e Y the WML liquid
Lob A1 B AR DB o A0, THO AR BecRESAR psheckion
in 54 AR RS Blo 1 TSR oottt A ety C.
b, 508 ko AL B8 PSR o SbRBRot P, mpgeti
SRR L SGERRAE s B e A he
dordiCof VBRIEBER00 SN Bkl FORYSH, Ay Msclgsed in
e "o ML . ARERERY bR o5

06ERER1-1982. A film

The amount of the liquid lubricant coating in the first step must
be enough to cover from the depth of concave to the height of
convex of the surface, that is, enough to form a film thickness at
least Rmax. The “Rmax” in this specification is the one specified
in JIS (Japanese Industrial Standards) B0601-1982. A film
thickness desired in the present method is roughly in a range of
10 to 20 nm depending on the surface property of the protective
layer. A desired thickness of the lubricant can be coated either at
one time or in separated plural times. When the film thickness of
the liquid lubricant needs to be further increased after the third
step, the increase can be attained by repeating the process of
liquid lubricant coating using the same liquid lubricant or a

different liquid lubricant.
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t hi ckness desired in the present nethod is roughly in a
range of 20 10 to 20 nm dependi ng on the surface
property of the protective |ayer. A desired thickness
of the lubricant can be coated either at one time or
in separated plural tinmes. Wien the filmthickness of
the l'iquid |ubricant needs to be further increased

ool t%@pﬂrlgg?i@mcié%ﬁi oo iEnE ARt abREfoY and
dlﬁ'%%lﬁiﬁ? H8Ficrutto bttt aBRheRfik Jever B8 the, ??E’%ﬁctant
layfr g attvs e LR gt Hombhy oo the S98Ea GPbE thethick film
DI ML 9
rcd%f&%éli%l% ggg}{mf(zeﬂa‘éf)}g%ktﬂ@ \ﬂrlggslfdntgnghﬂlﬂ' qager (for
oxd D S PR YT IE LSRR an
b 5 e 4 P AL LRI g
T 85, ST AR
o A5y 20 O TR B B s o
e 5 P SE A e A B A an
lu%gt%y 15§20 uPAciBay e oven TP LIfAINE R Chd Afdifon the

lubricant layer. Therefore, the present method completely

eliminates the problems of generation of flaws or break away of

fibers of the tape in the tape working process.

The member can be made of woven fabric, nonwoven fabric, and
resins of polyethylene terephthalate or urethane, and can be in a
form of tape, pad, or sponge. The member, however, is not limited
to a fibrous type, but can be any member that has tiny concave
and convex surfaces and is sufficiently smooth to spread the

lubricant uniformly on the disk surface.

The pressure exerted on the disk surface on the working process
is critical and thus must be proper to attain an expected effect. If
the pressure of the member against the disk surface is too low,
the lubricant would not be rubbed in over the disk surface that

has a certain roughness. If the pressure is too high, the pressure
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resins of polyethyl ene terephthal ate or urethane, and
can be in a formof tape, pad, or sponge. The nenber,
however, is not limted to a fibrous type, but can be
any menber that has tiny concave 20 and convex surfaces
and is sufficiently snooth to spread the |[|ubricant
uniformy on the disk surface. The pressure exerted on

pughts iévoths HBrihnbbetfieh 38’ 87 ind Th§ idbler and
lowgrs afhe! dipaEs *eg TR Go gt sl ppegeess.
gendratifle NS on! tBE i e?'tdﬂfa&{%engf‘ 5?2@@(35%1@ pleSSHER S ted
on ati%'a%ﬂégﬁh%‘ff‘{%%a@% BE "G50 Bk Ehe s PG ifgkely
in & JAGES, Pééﬁ@’l% h Qnﬁ’e @ﬂl@%r?ﬁ @5 fi Capality
andtFHI P GTERReSS RRRRROETAE rdtechivg IFPEE TheGrOfating
sp&if it %%E”@ﬁ&x@ﬁbea’ Kipl RbSEh Rl PRtiptBRsiqn in
the Fi Spekfloitie, 0 Fe e’ BaRECH BIGF roftilf speel can
sca Pk (TR EhEHE B ridiind St khudR cbBi PR ek fubthe the
woiRife' hritesdd calMintR iENIBIAHE I ACaling HHiSRY® dilring
the cwBFIIRE, BROEH s 25 dngRes sURELRE of %D High nlidspre. A

préﬁé(rerrotating speed of a disk i1s at most about 4,000 rpm,
depending on the film quality and surface roughness Rmax of the

protective layer

To adhere the lubricant layer to the protective layer and raise
the bonding ratio between the two layers is an important
technology for preventing scattering of the lubricant during the
disk rotation and transfer of the lubricant to the magnetic head.
To raise the bonding ratio, the lubricant is generally heated or UV
irradiated. A sufficiently high bonding ratio can be achieved
without heating or UV irradiation in the present method.
However, the heating process or UV irradiation process can be

added as required for further raising the bonding ratio.

The third step is diminishing or reducing the thickness of the

lubricant layer with a rinsing solvent. Specifically, a solvent that
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15 To adhere the lubricant |ayer to the protective

| ayer and raise the bonding ratio between the two

| ayers is an inportant technology for preventing
scattering of the lubricant during the disk rotation
and transfer of the lubricant to the nagnetic head. 20
To raise the bonding ratio, the lubricant is generally

can iglle iihe, IRHANE L isnslioRE: FRg gt o  the
TuthERAR G0 et Pl TR iy SRHE R e riBved qehile
rotffinEnthh thaghelit ISk, 1R 18 tf??a*?ﬁ{? A8 o sk
dufpg Mgl yv R kg AR 1%“##@%@2&'*?3%@%?&“%@%& since a
toq 15, SBEp- 3 SFAHER Jou'eily AHERANRTb Ak Doy 4 R ¥fugal
forR AT HHBITTE Fenerals s ol iEohov AL TRer @RGRE gpeed
of 1R HER fbralCFf g???%fya"f%%%%v PFCERPu B EE Ry | ¢

liable to gener ate uneven renoval. The seeki ng speed
of the ejecting nozzle is preferably at nobst about 50

ARSI AR U e
ehL Ao B4 okt Sl GRRLBRGE Py Mg, The
solé%lr&g is g&?ﬂé 084 R0t the" sf)ﬁfeﬁﬁéb XA i hib dissolving
ability (high removing effect for the lubricant) and the solvents
with low dissolving ability corresponding to the degree of
thickness reduction, considering parameters at the process of
ejecting the solvent by the spin-coating method. The thickness of
the lubricant layer can be diminished to a desired target
thickness by repeating the steps of removing liquid lubricant
using the same or different solvent under appropriately selected

parameters.

Diminishing the thickness of the lubricant layer also can be
conducted, besides the above method, by a vapor method or a
dipping method. The vapor method, however, is liable to generate
uneven removal and needs unacceptably large quantities of
solvent. The dipping method accumulates the removed lubricant
in the dipping bath. So, a removing effect and a coating effect

coexist in the course of repeating the steps. Thus, the two
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with I ow dissolving ability corresponding to the degree
of thickness reduction, considering paraneters at the

process of 15 ejecting the solvent by the spin-coating

nmet hod. The thickness of the l[ubricant |ayer can be

di mi ni shed to a desired target thickness by repeating

the steps of renoving liquid lubricant wusing the sane

mePhofi! 4/ ﬁ%fiﬂ%@&%r St S ﬁ@(‘lﬁ@ﬁo‘ﬂ ely sel ected

par anmeters mnis e thickness of the
Iubrlcant | ayer al so can be conduct ed, besides the
above nethod, by a vapor nethod or a dipping met hod.

AEh&eg&ri%dnsbpe ’gﬁg‘ggi‘@éent $nhh %tﬁ rg%rﬁslé%sa rovides

uneven renova ds unaccepta e quantl I es

o e TR SR GRS g o a1 an. ich
relﬁaﬁgﬁ&'{y gg@tl Qqumcgﬁ %ltyerca% &Hag B a@glxgﬂﬂ@%ﬁkness

repea st eps two 18 net are not

an&“hi%fnﬂ f:é’(fe e°‘ 'W%Liftt' %r%érfé&%ﬂ g%eﬂlﬂﬁm of a

res cturlng ovi des etic

cor{t%‘%%rw]glﬂg Ig@kﬂbé’ﬁ‘ﬂifdﬁl'éﬁ*%' miﬂgn@tﬁh reE8td i asll}fét@hﬂhls formed

relia aving a ant | ayer tha

um?}%'tht%bkﬁ'eégh%kﬂféﬁuﬂpdtﬁbg SR RS- cYReRetdigstic in disk

recordi ng medi um o contact type

op@Fe{ﬁSHdihsg %%;}g%glgf%gégm?&@g&' pe%ppiféqmgh% beegeft method

using t

usédy %ﬁ‘gék‘ A%ﬁ%ouﬁﬁd(')ﬁ"h% RfrleBﬂEaH% t1e4R" KBB! ¥onventional
I mpr ove resent nethod 10 uses a larger
metfRYY e Tiguid T¥icadt! rbAfsv4dewson VN 1 ading solvent
can be recovered and recycled. The recovery of liquid lubricant
can be conducted, as shown in FIG. 6, by providing a liquid
receiving structure (for example, a liquid receiving cover 61 and a

transfer tube 62 to a recovery tank) around periphery of the disk

10.

The following examples are specific embodiments according to
the present invention. The present invention is not limited to
these examples, and various modifications are to be encompassed

within the spirit and scope of the invention.

In the first example (hereafter SAPO-11 Ex 1), a magnetic
recording disk was formed by sequentially layering an under-
layer, a perpendicular magnetic layer, and a protective layer on
an aluminum substrate having a 3.5 inch diameter and a

thickness of 1.27 mm. The surface roughness Rmax of the
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met hods, the liquid |ubricant renoved with the rinsing
solvent can be recovered and recycl ed. The recovery of
liquid |ubricant can be conducted, as shown in FIG 6,
by providing a liquid receiving structure (for
exanple, a liquid receiving cover 61 and a 15 transfer
tube 62 to a recovery tank) around periphery of the

subgit@%%ﬁ #Z% H”gc Cﬁ{ "P%'@gﬂé@@@f 2V PnIReHitkCwas d«ﬁgosned

or'di ng resent 1 nvention.

s E BT ES BRORELS g e
P {6ed P PBLAE 118 Bbp8Lited by
on S ARRERUTEILAON pRiEia, e Easio.
kBT oA R E@Yélﬁ%ﬁéf?uP 2 carbon
o B Sos  , CYHL  ALMEmr Bnd e
aas R SAYTRGES 5 s gagvé 0 AL e

deposited by an RF sputtering net hod i n argon gas
u5| ng a CoCrPt-Si2 5 target. The protective |ayer

p%o%%}égeﬁe}%gén}f,be 11qu94 lﬁlﬁ%gﬁrﬁ lab}hélrnv&éé 'fb‘f’ﬁ?ed as

am'system usi ng | ene

folﬁ*ﬁsS“fiﬁg&B [RLINNESS 1PLuld qap?%mgbl n F@ME@N’ ADOL

ective yer iquid’lubrica ayer

(m@gblfgggﬁfgdMQ&@%‘:@OLEXP@"X.}K)%\MQWﬂjuted with an
organic solvent of fluorocarbon, FLUORINERT FC77

(manufactured by SUMITOMO 3M Limited) to prepare a solution
with a concentration of 3 wt %. The prepared lubricant solution
was coated to a surface of the disk with a film thickness of 10.4
nm using a spin-coating method. In the spin-coating process, the
rotating speed of the disk was 1,500 rpm and the seeking speed of

the nozzle was 10 mm/s.

Then, a wiping tape (TORAYSEE, a product of TORAY
INDUSTRIES, Inc.) was pushed onto the disk with a pressure of
0.03 kgf/cm? while the disk was spun at 100 rpm. The tape of a
half inch wide was first passed from outer to inner circumference
and from inner to outer circumference at a seeking speed of 2.5
mm/s, to rub the lubricant into the disk surface and make the
lubricant to adhere to the disk surface. At this moment, the

thickness of the lubricant layer was 4.3 nm.
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(manuf actured by SOLVAY SOLEXIS K K. ) was diluted with
an organic solvent of fluorocarbon, FLUCRI NERT FC77
(manufactured by SUMTOMO 3MLinmted) to prepare a
solution wth a concentration of 3 ww % The prepared
| ubricant solution 15 was coated to a surface of the
disk with a filmthickness of 10.4 nmusing a

TRERD: finfriBelshoeht & atf QR ESFolent F FRfordciibon,
FLERSRITIEE e, e SEEE e e A kgl 500
rpmygintl BRVHE Yk AG2le FHoft 3t By Bt GuRifordndl of
the 0 1} chicstelint i d P "1 bl el hying
xR | ABERARTE afld, dimints HIRE tHe thitlgn o8 of tho Ribricant
lay%:ﬂ e&P ggglhika $Hih2 G m Adf L%fidﬁq{fe Eégfﬁgh&‘ fihe C&%%SAthhis

ant - Tayer was nm 2 n, a rinsi

R R AT R, LAOPE SRS 0B g, yhich i

. and nmovi ng the nozzle frominner to outer
ng%ﬁ%ﬁﬁ?%@@ﬁce of the disk at a seeking speed of 10

mm's, thereby renoving s excessive |ubricant and
di m nishing the thickness of the lubricant |ayer to

SO A Al Mty My et ogring
meti G Wahehdfictr8lliPPhb ¥ B8 manner as in Ex 1, except
for the surface roughness of the protective layer/substrate, and
the thickness of the thick film. Specifically, an underlayer, a
perpendicular magnetic layer, and a protective layer were
sequentially formed as in Ex 1 on a substrate with a surface
roughness Rmax of 3.9 nm, and then a lubricant layer was
formed. The surface roughness of the protective layer Rmax was
3.9 nm. The lubricant layer was formed by coating a lubricant
solution with a concentration of 3 wt % on the protective layer to a
film thickness of 11.2 nm, tape processing (the film thickness
thereafter was 4.0 nm), and then diminishing the film thickness
using the same rinsing solvent of Ex 1, to obtain a lubricant layer

1.6 nm thick.

In the third example (hereafter Ex 3), a magnetic recording
medium was manufactured in the same manner as in Ex 1, except

for the method of depositing the protective layer. The protective
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10 In the second exanple (hereafter Ex 2), a magnetic
recording nediumwas nmanufactured in the sane manner
as in Ex 1, except for the surface roughness of the

protective |ayer/substrate, and the thickness of the
thick film Specifically, an underlayer, a

per pendi cul ar magnetic |ayer, and a protective | ayer

lay¥F! fyeds RAGHER' i@otﬁﬁ&m a3 g?rgéglneﬁt@ﬁ?qbafrgwphite

}Nlth_ a surface ness nm and then a

1 ca T f :
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ess hereafter was 4. an hen di m ni shi ng

coa&iﬁgfépg’bﬁééﬁf‘%ﬁp%ﬁ Wit'hhﬁ SHE B ii0d (zif)BVﬁf"i‘,t%OBn the

arn a cant [ayer 1.6 nmthick. 25 In

o8t L R 3e59 9 o808 i (ho

m was manu manner

fil fi(;)f[ﬁébclﬁfeés tffyé‘i’%ﬁ'ft]%lf Wal @Q”Btrﬁ)),d%%q $RBAS 4§ Al ibh?%g the

ive layer. e protective ayer was ftorne

filrﬂytﬁﬂﬂfﬂ%é UkiAe! IS 1B g@{sﬁrggoéoweq%f Fx ACR Hbtdin a

0 a sputtering netron type usi'ng

lu}%]{jggﬂgqgge%nﬂglhﬁQ?S@kgas. The surface roughness Rmax

rotective Tayer was 7.8 nm A lubricant |ayer
was formed by 5 coating a lubricant solution with a
concentration of 3 wt % on the protective |layer to a

(R RRP LR Bl ERRGRERERS B o gt
did'Sas manufactured in the same manner as in Ex 1, except
that the lubricant layer having the same target thickness as in Ex
1 was formed without forming a thick film liquid lubricant layer
and homogenizing lubricant distribution and making the
lubricant adhere to the protective layer using a tape. Specifically,
after sequentially forming an underlayer, a perpendicular
magnetic layer, and a protective layer on a substrate as in Ex 1,
the lubricant layer was formed by coating a lubricant solution
with a concentration of 0.02 wt % on the surface of the disk by a
spin-coating method. The thickness of the obtained lubricant
layer was 1 .8 nm. The surface roughness Rmax of the protective

layer was same as before, 7.8 nm.

In the second comparative example (hereafter CEx 2), a
magnetic recording medium was manufactured in the same

manner as in Ex 1, except that the thickness of the thick film
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filmthickness using the same rinsing solvent of Ex 1,
to obtain a lubricant layer 1.5 nmthick. 10 In a
first conparative exanple (hereafter CEx 1), the
magneti ¢ di sk was manufactured in the same nanner as
in Ex 1, except that the lubricant |ayer having the
sane target thlckness as |n Ex 1 was formed w thout

Tub9eahP9lBr thellMo GHE pbfd it |AYeF Wasldss than
om)genl | ng ubr 1 cant t1on and ‘maki ng t he
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H& Br, AntBARSStee W la ﬁ%%thf E@lera mnﬂmnt layer
otectl e1aer n a substrate as in

Wals“%&ﬁéﬂtazé %HBVO’@SFB@I{WHE&IR%{&;&%V@EJ) @@fﬂxféﬁ‘bty coating

tion 20 wth a concentration 02 Wt % on

a lﬁﬁf Eﬁﬁt%o*@ﬁﬁﬂ St & c?ﬁg@nﬁ%lbﬁg der“Pdthf% on_ the

Ness o e obt ai ned ricant |ayer was

profRBLRL {268y 1819 IRGERNBER (8.5 e PEQ%@E}STU&SSH?I é(fth‘é’aﬁlm

same as 571n the sec corrpara ive

th1%kﬁ@%%%l$@%§&fe & of §E§ Z)n , dmgnaids dﬁﬁﬂ"lﬁi}{i%g“ﬁﬁbufﬂlm

was manuf acture e sa manner as in Ex 1, "‘except

tthR%S%h%§1 g@f@s%é}het i]{‘intsi‘hgksBl\'/'é‘i‘lt 23f 'Eflr ic ae(t_) form a

forned on the protective [ayer was |'ess than

1uﬁlieéntAﬁagf>quqsefﬁma'ﬂ ckormm gﬁri’é&erk@ﬁghne%s of the

perpendic magneti c | ayer, a protectrve |ayer

pr@% f\,‘%{a er WHYOT BGaRE. | ayer vvas formed as foll ows.

I'cant layer was fornmed by coating 5 a | ubricant
solution with a concentration of 0.1 wt %on the

The bonding ratio, which represents the adhesive force between
the lubricant and the protective layer, was measured on the
obtained magnetic disks. The results are shown in Table 1. The
bonding ratio was defined by a ratio of an absorption coefficient of
the lubricant component (a C-F peak) in an FT-IR (Fourier
transform infrared spectroscopy) after immersion in FC77
solution for 5 minutes and absorption coefficient before the

immersion. Slide durability was then studied on the magnetic

disks of Ex 1 and CEx 1.

The slide durability was evaluated by a pass number (rotated
number of the disk) until fracture of the carbon protective layer
after contact naming under a magnetic head with a load of 0.5 gf
in a vacuum of 10 Torr. The rotating speed of the disk was fixed to
5,400 rpm, and the radius of the contact running was also fixed at

25 mm. The results are shown by the graph in FIG. 7. The graph
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protective layer to a thickness of 3.5 nm tape
processing (the film thickness thereafter was 3.2 nm,
and then dimnishing the film thickness using the sane
rinsing solvent of Ex 1, to forma |lubricant |ayer 1.8
nm thick. The surface roughness of the 10 protective
| ayer was 7.8 nm The bonding ratio, which represents
adhgsi C t . '
of F16 oL TR, Pk EaBE YIS SRS HLERY, sBNcRe from the
e sks e S Aar '
stx@ggohgtlﬁﬁ%hr%gt of HISKS ZI?'IIG. ?ﬁeﬁ?&a“t'ﬂléoxﬁggﬁgkﬁtés tH% the

o was d ned by a

o BBRERTE 1% OB e MIEABRSty SARPISR. ok oyl
of ERSETOPEPHIEALS SobBERS. Bl (fRe SENLL gt and

nute

| SLam. 1d apip i :
st RO =h s D15 HESRUbHHooBldefo S B Wilrective
lay%lfr ability was eval uated by a pass nunber (rotated

nunber of the disk) until fracture of the carbon

protective layer after contact nam ng under a magnetic
head with a load of 0.5 gf 25 in a vacuum of 10 Torr.

FURHERL 4B RER RIS ShoaRekl sty Pnd A gcd
vy 25 e 541 BB A g g st on
el BAgngE kR TPaHE, kL PRI R BAYS the
oty ek ROR THE M Dl R AT R e G BY @
rol¥¥contact method for ten seconds with a roller hardness of 40°
using a polishing tape (WA8000) under conditions of a pressure of
1.0 kgf/lcm? and 1,000 rpm. Then, observation was made on the

degree of occurrence of flaws due to working process using a

surface inspection apparatus. The results are shown in Table 1.

TABLE ]

VARIATION OF LUBRICANT LAYER THICKNESS, BONDING
RATIOAND FLAWS DUE TO TAPE WORKING PROCESS

DEPOSITION LIGUID LIUBRICANT LAYER THICKNESS
METHOD OF AFTER THICK  AFTER TAPE AFTER BONDING FLAWS
EMAX PROTECTIVE LAYER PROCESSING  RINSING WITH RATIO  DUETO
EXAMPLES  (NM) LAYER COATING (NM) (NM) SOLVENT 4NM} {550 WORKING
fx 1 isOOVD 10.4 4.3 1.8 ay none
Ex 2 149 CvD 1.2 .11 1.6 T3 esEe
Ex 3 7.8 aitriding 9.8 iu 1.5 65 e
spullering
CEx 1 18 CVD e e LR 23 cbserved
CExd 7% CVD 3.5 A3 iR 13 observed
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5 stronger adhesion of the lubricant [ayer to the
carbon protective |ayer Further, occurrence of flaws
on the disk surface was evaluated by conducting tape
burni shing with high contact pressure on 1o every
magneti ¢ di sk of both the present exanples and the
conparative exanples. The tape burni shing was conduct ed
by a roller contact nethod for ten seconds with a
roller hardness of 40 using a polishing tape (WA8000)

THH 10811925 s 2t IRAESEHE €11 hldllﬁbﬁlﬂ‘dﬁﬁﬂa%@ formed
0 d

rpm servat| on was nade on the 15"degree

acc%frd;?ﬁgufé GHeC ?Esfah@"‘&éjc%& %)é#]lb'ité‘gi i adHe@od rate

I nSpect1 on appar at us e result are shown in

tha&??@%l I]qlﬁlééhé%lél@rerl\so@kgwlﬁd Ouégﬁﬁ?'s%ﬁg %O\Satmg process
of i pmip LGRS 14, %*@aﬁll?@%m@@@?ﬁ%&m
R e L S G S R (N
meltﬁ%ngﬁém P Reling: Eml‘%ﬁdn@%?ﬁ Ripss is
preypiatl RS dntl Rurabiflsy dblingt pAiRhing salel & achjeved

It ﬁa% FeeX! 2150 Podnd thht ThL¥IRWENMue2® working process are

generated when the film thickness at the thick film formation is
less than Rmax even though adhesion of lubricant by tape
processing is conducted after the thick film formation. This fact
shows that a satisfactory liquid lubricant layer cannot be obtained
unless the thick film after lubricant coating stage has a sufficient
thickness, even if the thickness of the lubricant layer at the final

stage is in the same level.

According to the invention, a liquid lubricant layer is formed
securing high coverage while retaining thin layer of the liquid
lubricant, and thus, a magnetic recording medium with high

performance and high reliability is provided.

Given the disclosure of the present invention, one versed in the
art would appreciate that there maybe other embodiments and
modifications within the scope and spirit of the present invention.
Accordingly, all modifications and equivalents attainable by one

versed in the art from the present disclosure within the scope and
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24 Table 1 clearly shows that the |iquid |ubricant
| ayer fornmed according to the present nmethod exhibits
a hi gher adhesion rate than the lubricant |ayer forned
by only usual spin coating process 5 of the sane
| ubricant to the sane thickness. In the nmagnetic disks
provided with a liquid lubricant |ayer according to the
-nr.es 0 ran fl dur] p

Splg{t oefnffnhrgg r%%’ {24 nVe TG %ttrg tgn eggigfé:rfgdhabiea[sl tfyurther

urni's oCess IS preve d ura

e SRR oA ol oI B BEOMEson
TR b R0 L SREERs s AT Hifpended

(ﬂaiﬁﬁgicant by tape processing is conducted after the
"¢k filmformation. This fact shows that a
satisfactory liquid lubricant |ayer cannot be obtained
unl ess the thick filmafter |ubricant coating stage has
a sufficient 15 thickness, even if the thickness of the
| ubricant layer at the final stage is in the sane
| evel . According to the invention, a liquid |ubricant
| ayer is formed securing high coverage while retaining
thin layer of the liquid 20 lubricant, and thus, a
magneti ¢ recording mediumw th high performance and
high reliability is provided. G ven the disclosure of
t he present invention, one versed in the art would
appreci ate that there naybe other enbodi nents and 25
nodi fications within the scope and spirit of the
present invention. Accordingly, all nodifications and
equi val ents attainable by one versed in the art from
the present disclosure within the scope and
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25 spirit of the present invention are to be included
as further enbodinents of the present invention. The
scope of the present invention accordingly is to be
defined as set forth in the appended clains. 26 CLAI NS
What is clainmed is: 5 1. A nmethod of manufacturing a
CLpHWISt i ¢ recording nmedium conprising a substrate with
at | east an underlayer, a magnetic |layer, and a
protective |layer fornmed on the magnetic | ayer, the
nmet hod conprising: a first step of formng a liquid

WH4tas ictaimhedl dy-er by coating a liquid [lubricant diluted
wth a solvent on the protective |ayer to a thickness

of 10 at |east a surface roughness Rmax of the
protective |ayer; a second step of adhering the liquid

1. lubricRihefithd Bfﬁgégggdgggﬁg @mglllétic REESF]IAg Mediilfe

menber “agar nst t the™liquid I ubricant
corp Sl st 8 g5l Rl i e Shger o
 piigP s vEE Fffed ol the M SngBC 1ol Me A comprising:

et b S8 S Terlfie Y6l RuBAERREM e tRr e ting p Fofhid
LubfiERL s BEs Syl 6 PPt i Rit Plickess of
ac lpfiis surfaseriiaincg® Rk Af Pud PRBeetlind ed Frg s

P Qgc%ﬁ:drs ecpo&j haﬂe%dg' e liquid lubricant to the protective layer
by pressing a slide member against the surface of the liquid lubricant
layer while rotating the substrate; and

a third step of reducing the thickness of the liquid lubricant layer

with a solvent that can dissolve the liquid lubricant to the surface of the

liquid lubricant layer while rotating the magnetic recording medium.

2. The method of manufacturing a magnetic recording medium
according to claim 1, further including the step of increasing the
thickness of the liquid lubricant layer the first step with the same or a

different liquid lubricant.

3. The method of manufacturing a magnetic recording medium
according to claim 1, further including the step of increasing the
thickness of the liquid lubricant layer after the first or third step by

repeating the first step using the same or a different liquid lubricant.
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according to claim11, further including the step of

i ncreasing the 25 thickness of the liquid |ubricant

| ayer after the first or third step by repeating the
first step using the sane or a different |iquid

| ubricant. 27 4. The nethod of manufacturing a

4. magneThe firehod clmmdifieturdager diagnetc sdcoming medium
further including the step of further decreasing the

acc?ﬁiiﬁ?rtéséiaﬂfn U haudthetigcluding ehetstépyfifubtherefeatasing the
e

hird step using the sanme or a different sol vent

thicloc;ﬁ%Es Bf?hg itlﬁftﬁﬁ"l%lﬂri‘@ﬂti lﬁy'b?' byukipeasitg the thirdiseepreishos

manuf a ng a magnetic récordi ng nmedium accordi ng

the §2nfd 8t ?‘c%i’fféf@ﬁf 8bIvdrtahak icdd IRSERVe fife HQURP SEbrieant
woven abric, a fa

nonwoven bric, or aresin and is a
formof a tape, a pad, or a sponge. 10 6. The nethod
of manufacturing a magnetic recordi ng nmedi um accordi ng

5. the' 1 1df etht O b Re L insiiicec iR thedium
o A5 . T g j '
accéi@&%ﬁh@%?iﬁé@ig b SRR PE BedRiRERY ot woven
fabgeR AT ONED it Wi Evin B iF GiRER0EH pshAdSfd br a
the lubricant layer. 20 8 The nethod of manufacturing
SPOREfmgnetic recordi ng nedium according to claimi1,

wherein the pressure the slide nmenber applies against
the surface of the liquid lubricant |ayer in the second

t .S i f 0.01 to 2.0 kgf/. , . .
6. Step "The méthod of manufic rmog ama e{lg rpc%cordmg medium
according to claim 1, further including the step of recovering the liquid

lubricant that is removed in the third step.

7. The method of manufacturing a magnetic recording medium
according to claim 1, wherein the magnetic recording medium is a
perpendicular magnetic recording medium in which a recording head

contacts the lubricant layer.

8. The method of manufacturing a magnetic recording medium
according to claim 1, wherein the pressure the slide member applies
against the surface of the liquid lubricant layer in the second step is in a

range of 0.01 to 2.0 kgf/cm®.

9. The method of manufacturing a magnetic recording medium
according to claim 1, wherein the thickness of the liquid lubricant layer

after the first step is around 10-20 nm.
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25 9. The nethod of manufacturing a magnetic recording
medi um according to claim1, wherein the thickness of
the liquid lubricant layer after the first step is
around 10-20 nm 28 10. The nethod of manufacturing a
magneti ¢ recordi ng medi um according to claiml,
wherein the thickness of the liquid lubricant |ayer
after the third step is around 1-2 nm 5 11. The nethod
10. of maMifeaicthobddofnimunfacteringeondigreetie secondinganedi g
to claim1, wherein the third step conprises applying
accbP@ings®) ¥Riin 10 wiherelin bhé ¢hitkresy ©f thiel liguidtuticant keyer

magnetic recording nediumat a speed of at |east 5Q0

afte;iﬁg}eittﬁifd §1§§) isherduikl 1capim! ayer and 10 renpve excess

cant. 9

11. The method of manufacturing a magnetic recording medium
according to claim 1, wherein the third step comprises applying the
solvent to the lubricant layer while rotating the magnetic recording
medium at a speed of at least 500 rpm to rinse the lubricant layer and

remove excess lubricant.
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