METHOD OF MANUFACTURI NG A MAGNETI C RECORDI NG 5 MEDI UM
CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
application is based on, and clains priority to,
Japanese Application No. 2004-066422, filed March 09,
2004. BACKGROUND OF THE I NVENTION 10 1. Field of the
I nvention The present invention relates to a nethod of
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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a method of manufacturing a
magnetic recording medium used in an information recording device
of information processing apparatuses such as computers, orin a
recording device (especially a hard disk drive) mounted on consumer
products, and in particular to a method of manufacturing a magnetic
recording medium having a liquid lubricant layer with high coverage

even being a thin film.
2. Description of the Related Art

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 for enhancing recording capacity of the
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magneti c disk"™) used in the information recording
devices is consistently increasing. To enhance
recordi ng capacity and inprove 5 recordi ng performnce
of a magnetic recording nmedium the flight height of
t he magnetic head nust be |owered. In particular, a
per pendi cul ar magnetic recordi ng system draw ng
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out perpendicularly to the surface of the magRetic
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|,m f or,ned a sputteri met hqd ot .a CVD net hod.
h@ﬁgnbaﬁfbfc@l%%creaggd as low as below 10 nm.

A common magnetic disk comprises a substrate, an underlayer, a
magnetic layer, and a protective layer, on which a liquid lubricant
layer is further provided to improve durability. The thickness of the
liquid lubricant layer is generally in the range of 1 nm to 2 nm. In
that range of film thickness, actual feature of the lubricant molecules
are considered to be an island-like distribution scattered in the
surface of the protective layer, and not to form one complete thin film
layer. The lower layer, the protective layer, exposes in the area
between the lubricant molecules scattering in the island-like
distribution (the area absent from the lubricant), which causes

several problems as described below.

A protective layer of a magnetic disk used in general is a carbon
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the carbon film being in an active state, is liable
to adsorb surroundi ng gases or contam nants. Sone
types of the adsorbed gases cause corrosion together
wi th surroundi ng noi sture. Corrosion 5 of the magnetic
di sk seriously deteriorates el ectromagnetic

conversion characteristics and significantly degrades

fill fhbdt iy of s&ﬁﬁeﬁ'ﬁ% nfd b2 Wﬂﬁﬁﬁ% ogy's T s@rface of

magneti c di'sk | e present day 10 tec
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H?[?ﬁ ace of the magnetic disk. This accumul ati on of
ctional electric charges on the surface of the
magneti c di sk causes a problemof flight 20
interruption of a glide test head or a nagnetic head.
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stable flight of the magnetic head. Since the usually employed
thickness of the liquid lubricant layer is hard to completely cover the
protective layer as described earlier, the tape burnishing step causes
direct contact between the protective layer and the working tape.
This generates frictional electric charges, which accumulate on the
surface of the magnetic disk. This accumulation of frictional electric
charges on the surface of the magnetic disk causes a problem of flight
interruption of a glide test head or a magnetic head. If pressure at
the tape working step is increased to ensure contaminant elimination

in the tape burnishing step, the surface of the magnetic disk suffers

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
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| ayer having a thickness of as thick as 10 nmto 100
nmwoul d conpletely cover the protective | ayer
However, such a thick liquid Ilubricant |ayer is not
appropriate for a magnetic disk in the present 5 days
when the lowering of the flight height of a magnetic
head is required. A next generation nagnetlc
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protru r a ure), itn . .
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attenpts e, been nade for i pr ov honogeneity o
ceﬁ@ra%rw ﬁﬁkaeﬁtmgm|a@pwaate ﬁbm negH oﬁab@ws nm to 2

[, ubri cant Iayer formati on. For exanpl e, Japanese 25
nmlax%waﬁéur@dt extotsIniegta snagosticrecanding medium of high
2003-006849 discloses a nethod in which a buffing
rephiebalityiand drglcpetfaumante.

A typical method of forming a liquid lubricant layer is coating of
a lubricant on the surface of the magnetic disk. The liquid lubricant
is coated generally to an average thickness of the liquid lubricant
layer of about 1 to 2 nm. It is however difficult to sufficiently cover
the protective layer by simply coating a lubricant and forming a film
of about 1 to 2 nm thickness, as described previously. In a magnetic
disk provided with protrusions and dents (or a texture), in particular,
the dents may not be coated enough. Some attempts have been made
for improving 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
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rat her high contact pressure after coating of a

| ubricant to make the |lubricant distribution
honogeneous. There is another nmethod in which a

| ubricant is diluted producing a solution with
honbgeneous concentration using an appropriate high
solublllty sol vent to obtain 5 honbgeneous | ubri cant
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thin filmof carbon, raising risk of generating flaws
on the magnetic di sk. Accor di ngly, the buffing

tion on applicable
Smmeﬁﬁﬁﬁﬁ@@mﬁng pressure in 20 the
buffing process. In the case a lubricant is coated
using a high solubility solvent, although the

O e e Sk RS D0 o oo by the
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ults a filmthickness of | the 25
tlil% ﬁ)&ﬁfﬁmg m%t%s AILEREG SRABINE G rdli%@n& Jugwuca@w genducted.

Ther ef or e, prohlemto be solved by the present
Sakisfact oy nlgbrbcamlag egt ganmed me obtained by a present

technology with a mean film thickness of the liquid lubricant layer in

a range of 1 to 2 nm. In the case a buffing process is conducted under
high pressure, friction occurs between the buff and the protective
layer such as a thin film of carbon, raising risk of generating flaws on
the magnetic disk. Accordingly, the buffing process imposes severe
limitation on applicable contacting material and exerting pressure in
the buffing process. In the case a lubricant is coated using a high
solubility solvent, although the distribution of the lubricant remained
on the disk surface after volatilization of the solvent can be pretty
homogeneous, a complete thin film is not formed with such a quantity
of coated lubricant that results a film thickness of 1 to 2 nm, thus, the
island-like distribution of lubricant still remains. Therefore, a

problem to be solved by the present invention is to provide a method
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of manufacturing a magnetic recordi ng nedium the
method allows to forma liquid |ubricant |ayer
preserving a desirable filmthickness (about 1 to 2
nm and ensuring high coverage, and as a result, to
provi de a magnetic recordi ng medi um exhi biting high
performance 5 and high reliability. A desirable

of BEAhTfaCRIIRE 53 RARESTEOORAH Ol il 1id BFhod allows to
Ldibe. 1 N .
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2 AR TGN o have’ made. ext ensive st udi s 5

on formation of a liquid lubricant |ayer and noticed

the fact that in the coated |ubricant onto the
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f hamaganepus condibiauallihe conting ragthed 15 hewever,

the polar end groups of the_liquid lubricant, and thus
upéarenrablebegsuge: e naethed avastemguce seives Taw liquid, and the

thi ckness left_after renovi ng the.  lubricant to the )
rawt Bauidrawailabde dor mseennachand disdoht emesealtiis expensive.

W thin
The inventors of the present invention have made extensive studies
on formation of a liquid lubricant layer and noticed the fact that in
the coated lubricant onto the protective layer of a carbon film, only
one or two molecular layers in the bottom layers tightly adhere to the
carbon film and the lubricant molecules in the upper layers exhibit
relatively weak adhesion force and are easily removed. Even if a
thick lubricant layer is formed by lubricant coating to a thickness of
several tens to several 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
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6 a range of about one to two nanoneters, which
corresponds with the thickness of a practical liquid
| ubricant |ayer. Al though the bonded conponent that
adheres tightly to the protective layer is domnant in
the liquid lubricant |layer made thin by the solvent, a
conponent that 5 noves relatively freely stil

aé@ﬁé‘éf aﬂ&f%fte(gﬁé &0 W6 ;}?J?%B%eg:eﬁ'gl %ﬂg@g@hﬁgﬁgﬁp@y %ith the
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thick .l iguid |ubricant |layer with a rinsing sol vent.
mggretic S:kn%%r’f ®n has been acconplished. The present

invention directs to a nethod of manufacturing a 20
magneti ¢ recordi ng nedi um conprising at |east an
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| ubricant ] ayer_on the praotective |ayer by applying a
byifguming bhreugh aisenies ohipnecasses conprisiag pretasses of
fo(ifm?rtlglae’?ﬁ}clgﬁlm of a liquid lubricant layer, homogenizing the
lubricant distribution in the liquid lubricant layer and making the
lubricant tightly adhering to the protective layer, and diminishing
thickness of the thick liquid lubricant layer with a rinsing solvent.

Thus, the invention has been accomplished.

The present invention directs to a method of manufacturing a
magnetic recording medium comprising at least an underlayer, a
magnetic layer, and a protective layer sequentially laminated on a
substrate, and further a liquid lubricant layer formed on the
protective layer. The method of the invention is characterized in that
the process of forming the liquid lubricant layer comprises a first step
of forming a liquid lubricant layer on the protective layer by applying

a liquid lubricant diluted with a solvent to a thickness of at least a
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7 surface roughness Rrax of the protective |ayer, a
second step of nmaking adhesion of the liquid

| ubricant to the protective |layer by pressing a

sl i dabl e menber against a surface of the liquid

| ubricant |ayer while rotating the magnetic recording
layer, and a third step of 5 dimnishing the thickness

sEhEiCrob SHEE se RM FR U AR BrotetrbEThVBR. Bt Rhep of
H}éﬁl&ﬁﬂf P&H}e%géﬁo‘!?ﬂ@l?rgﬁm ?‘%ﬁﬁ{”lgg‘]hri}ls o Rt %'q'f%]ck Ve layer by
plufEE b e i g athdf B R0 Gt e iduigh bubricant
I aREebie EBRimaphds Ed’etgb?a}%ﬁé?f%ﬁéﬁpﬁaatthlrd step of
BT A kG e

solfgait Saat bary diawdy Eﬂﬂsﬁgiﬁ@hu%né%ﬁ%%aiaﬁﬁéléfr ace of the

pro of re V|ng qui.d | ybricant using
iR amprIcABE Ao JHB lesTehnianer e mAgnsia Hecwsling medium,
that can dissol ve the [iquid lubricant. The slidable
nenber used for enhanci ng adhesi on of the 20 |ubricant
he nanuf r|n nmet hod preferably has a shape of
’i’ap%dmas hipknges ofifdng hqwdfléﬂaup@m&dayeﬁfto a
a woven fabrlc nonmoven fabric, or a resin.

dagicest ugbaesthe t&h@knﬁﬁaf@fdxh& hqgude]tu{wca@mlﬂener can be

conprises a 25 step of recovering the liquid
incieaseahbyreanratingna processraf kqupd labageant agebug ysing a

the magnetic recording nmediumis used in a
liquid lubricant that is same as or different from the liquid lubricant
after the third step or in the first step. In the third step, the
thickness of the liquid lubricant layer can be further diminished by
repeating a process of removing the liquid lubricant using a solvent
that is same as or different from the solvent that can dissolve the

liquid lubricant.

The slidable member used for enhancing adhesion of the
lubricant in the manufacturing method preferably has a shape of a
tape, a pad, or a sponge, and is preferably made of a woven fabric, a

nonwoven fabric, or a resin.

Advantageously, the manufacturing method further comprises a

step of recovering the liquid lubricant removed in the third step.
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head contact type perpendi cul ar magneti c recordi ng
system BRI EF DESCRI PTION OF THE DRAWNGS 5 Fig. 1 is
a schematic sectional view of a structure of a

magneti ¢ recordi ng nedi um manuf actured by the nethod
of the invention; Fig. 2 is a flow chart of the nethod
of manufacturing a nmagnetic 10 recordi ng nmedi um

di he._ i ion: ,JFig. 3 sh f.
SRl aitelBobita) S riatinh Borde AL BuBIE W Beflin o
l,i gui,d | ubri t | in which h th
biad i st dS oS Birpe R Rias iR ebp S Olipe fistem.
medium after 15 formng a thick filmliquid |ubricant
| ayer, and (c) the nmedium after dimnishing the

BRIEE ERCRIE N R L HEDEARINES 0 (e’ &

and the ejection nozzle in the step of applying a
liquid lubricant; 20 Fig.5 schematically illustrates
novemenf .of the disk and the _ s|lidabl e nenber in_the )
pr o@h%sf ap %ﬁghﬁmaa@cm%mw BieWHéfl aiskungture of a magnetic
.ccant; 25 Fig. 6 schematjcally illystrates an .
%t@une.dgbygt&mmqﬁ}pd 6f tt%@ invention;
process of renoving the liquid lubricant wwth a 9
rinsing solvent; and Fig. 7 is a graph show ng
durability during_contact running_ (sliding) of )
nmaghtg.i 3 1diss Ko ishanteef the Eneblaodwit aduringd nsagnetic
Conpar ati ve Exanple 1. ) )
recording medium according to the invention;

Fig. 3 shows structures of a magnetic recording medium in the
process of forming a liquid lubricant layer, in which (a) shows the
medium before applying liquid lubricant, (b) the medium after
forming a thick film liquid lubricant layer, and (c) the medium after

diminishing the thickness of the thick film liquid lubricant layer;

Fig.4 schematically illustrates movement of the disk and the

ejection nozzle in the step of applying a liquid lubricant;

Fig.5 schematically illustrates movement of the disk and the
slidable 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

9



10

15

20

26

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Det ai | ed
description of the invention will be nade in the 10
following. The invention relates to a nmethod of
manufacturing a magnetic recordi ng medi um 10 havi ng
at | east an underlayer 2, a magnetic layer 3, a
protective layer 4, and a liquid [ubricant |ayer 5

- fakly. f d on a substrate 1, as shown in Fig.
r]%%%li%;gdr@tek%ﬁa?{)&t he invention of manufacturing a

magneti c recordi ng nmedi um 15 conpri ses steps of
sequentially lam nating at |east an underl ayer, a

Oped! L8k RASHEH. sk Bt G0 AP puonin
v S5 B L 26 R B Bl 1 and

in Fig,.2, first step (S201) of formng a thick
Cpmnargamedﬁw@%rh- | ayer 20 on the protective |ayer

by coating a liquid lubricant diluted with a solvent
to a thickness of at |east a surface roughness Rmax of

DAl AbE P EAE T & OFF R R IS B N cet i ve

| ayer by pressing a slidable nmenber against a surface
of the liquid lubricant |layer while rotating the 25

magneti ¢ recordi ng. mediu and a third step (S203) of

di %@fcamedgcclesﬁ@pt MR mfet?@ vavention gullbe m%éam the

I Tyer, by Lec,t ing a solvent that is 10 ;afpabl e fc;;‘c )
foliewangi nbheravienfupn relptes inta snetived oirmagruigctumeng a

liquid lubricant layer while rotating the magnetic
magoeticregosrding meidjuns 16 hewsngeat least ast nocertager 2, a

of the magnetic recording nediumin the process of
nfagnetig blyer 3 gaiprdtestivalnydmteandagliqaid)ludbnoeant layer 6

the 5 medium before applying liquid |lubricant; Fig.
s@&qbenstdle fohmeddrumsubstrate 1, as shown in Fig. 1. The method
of the invention of manufacturing a magnetic recording medium
comprises steps of sequentially laminating at least an underlayer, a
magnetic layer, a protective layer, and a liquid lubricant layer on a
substrate. The method of the invention is characterized in that the
process for forming the liquid lubricant layer comprises, as shown in
Fig. 2, a first step (S201) of forming a thick film liquid lubricant layer
on the protective layer by coating a liquid lubricant diluted with a
solvent to a thickness of at least a surface roughness Rmax of the
protective layer, a second step (S202) of adhesion of the liquid
lubricant to the protective layer by pressing a slidable member
against a surface of the liquid lubricant layer while rotating the
magnetic recording medium, and a third step (S203) of diminishing

the thickness of the liquid lubricant layer by ejecting a solvent that is

10
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after forming a thick filmliquid lubricant |ayer by
coating a liquid lubricant (corresponding to S202);
and Fig. 3(c) shows the nmedium after dimnishing the
thickness with a rinsing solvent (corresponding to
S203). By formng the liquid lubricant |ayer through
the series of 10 steps of formng a thick filmliquid

oAb SRR B o B3Rt o i
i LS R S
LA L S0 Ll b, AT a8id SR i the
e e T —_—
K NN T —

the lubricant, nol ecul es are al i gni na parallel to the,

afflearforsaing e thaek Sdm ligyd lubwicantdayer by keasing gchiquid

of the %ot ective layer of carbon fil m‘{ 20 covered _.
lubrigaatHcgnre sponding tthodL08) sandbl'ig $(a)gthows theemedium
magnetic head even_though the |ubricant |ayer i(lsé a .
afterndfminishavighthe thickkessswitdt arrinsingsalvrat corvesponding
a%(?g{i ate thickness to a liquid lubricant layer. 25
tar hBy fafrmiweg itheehgiuad icantflagentibmgugh the series of
magnetic recording | aﬁgr ‘does not inpose any special
stéps oAforming a tdickdilmeiqunidfiubricamybeyer, henmwghimiying the
medi um or on materials and deposition conditions of
luleichayed sstofb utie nmedidumaldargradhe sisadft Bedh bihpeEnnthonto the
the art can be enpl oyed except that the liquid
protsdtieatsurdsee, and domirdshinoubb thieksiespsofstieeithiek film
above. The structure of a
liquid lubricant layer with a rinsing solvent, an effect is achieved that
is almost equivalent to the effect obtained by a method to rub
lubricant molecules directly onto the carbon surface. By this method
of the invention, 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 1 to 2 nm that is an appropriate thickness to a liquid lubricant

layer.

The method of the invention for manufacturing a magnetic

recording layer does not impose any special Iimitation on a structure

11
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5 magnetic recordi ng nediumof the invention basically
conprises a substrate, an underlayer, a magnetic

| ayer, a protective layer, and a liquid |ubricant

| ayer, and may be further provided with additive

| ayers such as an internediate |ayer, as required. 10

The substrate can be nade of a material selected from

; I , | i C
ogﬂgggiﬁ L etld 9¥cofdllr‘lfi§gfp§&ﬂ.glgﬂ,$£§% m%rtééffeg% dé%%%e[%orsnlon

ram cs, _ S! on_at e,
il on Rt Y Loy e BELHY ARRREAT Cobftainls hsed fechniques in
Pk ST b HamibIBH ot dek pHER Kb il 30D R AT er is
FBEROI T o ARG P A a0
o 6 R g i el nbbn Parl LB bkes 2
e SRt ornrs BRHRHIEYoE, SquRsie R doVRE, R CSEive [ayer, and a

accordin

. di to deposi t4 on echni que such. as, a . ..

g e ARE S e S s Rty b Bl PESEALvigh additive
coqposeqbof athinfilmof SiO2 or carbon; the latter

laserssych asaninterspadiate [yer, Aoredwitad ayer. The

12 carbon thin filmcan be formed by applying a CVD
met hod (of ion beam system using ethylene gas, for

ex | e) or a sputtering thod (of . gnetyqn .
sy?fgm sabslyate %augjqf: made r%g%mga%rlggégie@%gtomﬁlummum
raphite, for e(yiarEpI e). 5 ) ) -
alloy, strengthened glass, crystallized glass, ceramics, silicon,
polycarbonate, and polymer resin; and 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, CoZrNb, 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-SiOs, and CoCrPt- SiOg, for
example, by depositing the material according to a deposition

technique such as a sputtering method.

The protective layer can be composed of a thin film of SiOs or

carbon; the latter is particularly favorable for a protective layer. The

12
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The foll ow ng describes a process for formng a liquid
| ubricant layer in detail. Formation of a liquid

| ubricant layer is perfornmed through a series of
steps of formng a thick filmliquid |ubricant |ayer,
honogeni zi ng [ ubricant distribution and naki ng
adhesion onto a 10 protective layer of the liquid

chpRoh STh fihet ,Cag&@@eﬁ?mwﬁggm ebhEd (of fon
b%ﬁﬁiﬁéf@?%ﬁ’o&é?ﬁﬁﬁﬁﬂﬁéa %%?é‘q‘i" Sﬁgﬁieeﬁho%“é F5REAHAY method
Crilsop. %&WF?@%IS&%‘?'&@ sk phAraond iz kA dhd @ tareet
*HEB?PE]&%{’ ftﬂ er I S :rirrggl \%nfogal ggp?olt Iegij: Se | ayer.

A practlcable I|qU|d | ubricant in the invention can
be a fluorine - contalnlng | ubri cant such as
[ udi n Fon1|n 0., AMVB!
anﬁ%@f% ng ersoggﬁﬁg & PHAGCT iRk %mgjngommm%ofubrlcant
manuf ac Sol vay Saql exi s N h are
L5 s e MR AL D 1%?154%@%!@113 iayegds&&réormed

nedlu A solve t to diJute the qui d rlc on
threagh, ﬁﬁﬁﬁﬂop? stepaiad orﬁ@mgj Brfrftl&ijitg qwagmrycant layer,

to form a hopngeneous sol |on not limted to
hamegeptEng [idorigamt, diseihsationnan &1’91%3 dhgsaon onto a

sol vent of fluqgraqcarbon, _specific exanples of which
prateciaee lepercd the hpudcluloricanti lages, endiiminishing

and VERTREL (supplled from Du Pont Kabushi ki Kai sha).
tinaknesmobthericlblinuadlubsicant layer veidhr asposunggolvent.

wth the quality and the surface roughness Rmax of
Thesepspeefiad etéps wan berapptiedt wothott dependimigantthe

solution in the invention is favorably
property of the protective layer and to any type of protective layer.

(First step: forming a thick film liquid lubricant layer)

A thick film liquid lubricant layer is formed by coating a liquid
lubricant diluted by a solvent on a protective layer. 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 being trade names of products
manufactured by Solvay Solexis K.K.), which are commonly used for
lubricant of a magnetic recording medium. A solvent to dilute the
liquid lubricant only needs compatibility with the lubricant and
property to form a homogeneous solution, and 1s not limited to a
special solvent. The solvent can be an organic solvent of fluorocarbon,

specific examples of which include HFE7200 (a product of Sumitomo
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5 higher than the concentration of a solution comonly
used in the art. The concentration of a |ubricant
solution used in the invention is determined in a
range of about 1 wt%to 5 wt% If the solution
concentration is higher than 5 wt% dissolution of the
| ubri cant becones insufficient and undi ssol ved

onent.s a resulti fluctuati .1 s

SFhTarmeed) st NER TR paamied feom et Bardkahnphiki

I n addition,. causi oking.,af a nozzle,in a spin,. .
K@é%ﬁaﬂgﬁjﬁgw%pié?l%rﬁ% Gkang s, COnbacied pREreRRT GRS With

process. If the soluytion cqncentration js |ower than .
the Guality apdcke SURAGS TAFENResRIBAX ohilg atesvEilm.

to 20 nm beco ard to be tforped, 15 The |iquid.
Chaseréaatiopual Ebedewiies sl d0Jukshin Shea RO Nris faxprably

such as di pping or spin coating., A dipping neihod, i
highex shan e gonepatration af aesolaition gommenly yeed in the art.

| ubricant onto the end region _of the disk surface and .
Thiencinee nitedien ofradobaicant spkitiancrsed im idic ovention 1s

| ubricant on the innernost part of the disk. )
datemoined inaa spinge ohabont revbYdto & witds.edfbhg solution

enpl oyed, which can control the coated area, ~The spin
caneenip tnen Hechigheamtshasi hovede dissvlatzonrofidhe hubricant

region of about 1 mmfromthe innernost part of the
bdeemesamaeTident amd amdissodvsd dem pgniend sf ag Eoegate,

step of dimnishing thickness with 25 a rinsing )
reshMeng flhatudbopr of thiclafiest of theHilm ¢dateidhas $hei finst step

a rinsing solvent, excessive lubricant is securely
andminesd ditiehechumingdhdlerapbf enhofzlemn respnmenating

region than this region of the disk surface by neans _
a?E_atrEeuspf@r eqampbe,Mesdddn e coheint proicebs ndfahet elution

ic

concentration is lower than 1 wt%, a thick film having a required

thickness of 10 to 20 nm becomes hard to be formed.

The liquid lubricant can be conducted by means of a known
method such as dipping or spin coating. A 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, a spin coating
method is preferably employed, which can control the coated 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 of diminishing thickness with
a rinsing solvent. In the process of diminishing thickness with a

rinsing solvent, excessive lubricant is securely removed by ejecting
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filmliquid lubricant [ayer can be performed. The
control of the <coated region in the spin-coating

net hod can be acconplished, as 5 shown in Fig. 4, by
appropriately adjusting the rotating speed of the
magneti c disk 10 and the seeking speed of the ejecting
nozzle 41. Regarding details of the control of the

5O SPREE BB, fs E8RE srfion BRE S s 1K AT hoHIE HiSk surface
by AeREY oot SPHr en B St A f e RumiBfsh b the thick
fifid: G ruisReaRt dhyhan Berseorpmed *E6E chsligal B the
cqphed] SpEIaT Ho o RO TS CORdIBA dnEbBeRoaun heagr@nplished, as

(Japane 15 I.ndustri al .St andards), .B06Q1-1982,. A film
shopaxHedbie: dyhy apnronmatelhadisidng e éfegatl;ng gpged of the
range .of .10 to 20_nm depending on th sur.face
mggpeiicydisk 1dand dhecses: m&we.ed,aofgﬁbe edectipigcrAgske 41.
of the Ilubricant can be cqQated either_at one time or
Regagdpnedeiails of 4he eonbrol afithaiseaterd regnon; please see
of the liquid lubricant needs to be 2Q further
Japanesectineamingd Patent sApplication dtullicatioan N H5-266467.
attained by repeating the process of |iquid |ubricant
application using the same liquid lubricant or a
different liquid lubricant. (Second_step: honobgeni zi ng
| ubAiccarding $o riheunm anufact uEkignmeti®daah sheomventaon, the
the protective layer of the lubricant |ayer) The st eg
andiothniroddhiezliggiduhmaeant dicsttedbion the farst stelyi nyustbe enough
adhesi on onto the protective layer of the thick film
to goverdponi dherdepth offeccmadect@dhedseipivof conFey. ofsthe

by pressing a slidable nenber onto
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 required in the
invention 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. In case 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 application using the same

liquid lubricant or a different liquid lubricant.

(Second step: homogenizing lubricant distribution and making
adhesion onto the protective layer of the lubricant layer)

The step of homogenizing lubricant distribution and making
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the surface of the thick filmliquid lubricant |ayer
5" formed in the previous step while rotating the
magneti c disk 10 having the liquid 5 lubricant |ayer
(for exanple, by pressing a wiping tape 51 by a solid
pad 52 and noving the w ping tape along the surface of
the thick film liquid [ubricant layer 5 ). In the

B Sy ARPUL DR LB B AU ¥y JPHSRCA oy ca
PN 0E RSSO CELE T ML mber ont
ORI BE RSB S ROFRTR TROBFEn b 3P Torfigh I ehe
PRSPl Ve USG5 TRASS B LA D894 e Higuia
LR RS Bl B RS PRBIRESERoe By o st
P52 Sl S LB o AR Bt e hick e
D e P 15 L R e S SR oo

. be made of ven fabric, ..20 nonwven fabric, and .
INERNHO S ﬁ&am%@ttoérlé&arﬂﬁ%naft agsafrmateron the disk

cap have a shape of _tape, pad,.or onge, .The pr.essure
surtaeeohas baate cardrdsie: TarB bl TWaR K ﬁél%fl@égaslsu%rlcant
nmust be proper . pressure to attain an expected
larerzand ]aublflﬁbt}mﬁ prebsigntlyrsacigredemden 53@- Awmbey of a tape
di gg s_lLirf_ace, is too low, .the _lubricant would not be
or tbscakprisalad amehgilabricantdayenatl hasetores therpeecess of the
_roughness. If the pressure is too high, the pressure
Iipvention eqvapletely ebmhtaatehehegurohlpesiof ligeneratien of flaws
menber and | owers the ] )
or break away of fibers of the tape in the tape working process. The
contacting member applicable in the invention is not limited to a
fibrous tape, but any member can be used that has little concave and
convex and 1s smooth, to spread out the lubricant uniformly on the

disk surface.

The member usable in the invention can be made of woven fabric,
nonwoven fabric, and resins of polyethylene terephthalate or

urethane, and can have a shape of tape, pad, or sponge.

The pressure exerted on the disk surface on the working process
must be a proper pressure 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
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| ubricating ability during the working process causing
generation of flaws on the disk surface. The pressure
exerted on the disk surface 5 during the working
process is approximately in a range of 0.01 to 2.0
kgf/cm depending on the filmaquality and surface
roughness Rmax of the protective |layer. Rotating

LTSI Sl ot S
ag)agp¥ﬁ8tlﬁ%'rT%ﬁf’ BEEwE %ﬁ L4k %Ha {1 EIE %(ﬁﬁ'@f lowers the

centri fugal or ce

IARRE TG ABIARY RTrinks LhELORER %gtﬂ?édéé Q%lﬁ?oééﬁgf%tm of
18555 Y She, ik p’*ﬁieffasgeﬁ@hﬁ%}%%eﬁfr@o%‘?%%éﬁ§ﬁ %ea Higk Surface
dﬁ%ﬁé@ BrcSoRRIER oSty abRFoRlp: eiﬁ'@‘l’ﬁ@'ﬁé ArpyEL to 2.0
df%l{l iﬁidﬂ?ﬁhﬁé@degqﬁ% hkg e ilate Rokihpdss Rmax
oﬁpﬁ@ REAtE P Ealay o ol a8 eneschah hoe 15kt uihgs theeworking

bonded rat| o the l.ubric ener.al.l.y

heat or UV
DYOFaR BRSO AHndtatigay ihj! eAO% pﬁ@ﬂeﬂdey ?ﬂ dider hand,
i o, can be achieved by t nye W|tho

h@atroﬁ@ g gpeﬁaﬂahméﬁpaﬁte e 0BiCk B Ei.v@cg%he

or LTV irradi ation prqcess y be added a required
Ce¢Rprl ‘ﬂﬁﬁi fovce duding tt%fb“ﬁ?:rﬂg@cg Presess and aaupes dngpificient

dbm ni shin h| ckness the | ubricant |ayer vvlht h a 17
Iubricating abi 1ty urmg e working process as 1n the case of too
high pressure. A proper rotating speed of a disk is at most about

4,000 rpm, depending on the film quality and surface roughness

Rmax of the protective layer.

To make adhesion of the lubricant layer to the protective layer
and raise the bonded ratio between the two 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 bonded ratio, the lubricant is generally heated or UV irradiated
after coating. A sufficiently high bonded ratio can be achieved by the
invention without heating or UV irradiation. However, heating
process or UV irradiation process may be added as required for

further raising the bonded ratio.

(Third step: diminishing thickness of the lubricant layer with a
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rinsing solvent) Dimnishing the thickness of the
thick filmliquid lubricant |ayer 1is conducted using
a rinsing solvent. Specifically, a solvent that can
di ssolve the lubricant is ejected onto the |ubricant

| ayer surface and 5 excessive |lubricant is renoved
while rotating the magnetic disk 10. Rotating speed
.of .the disk on rinsing with solvent is preferably at

YINS34€ Uepﬁﬁl since a too | ow speed of rotation

| owers .renpyvi ng. ef fec by a.centrifugal force,and is

| i dgraipsshing thedt hicknass %|t&11qlﬁgﬁfgeléw}fb?§gsg-‘&m layer
. of the ejecting nozzle is preferably .at st about 5
iSO HINCTOLTING & oA aEIIE SoBTCBEmaeifig Ihe: PODYeRERRAt can
are_the_same as those exenplified for the splvents of
digisolye dheofuhmeanipsi igeted o e iu{arlq%gdfawrf sirface and

step is selected fromthe solvents exhibiting high.lg.
excessoveilupracant iy remgriedembilagotating themaggetic disk 10.
| ubricant) and the _solvents with | ow di ssol ving
Rabating speedesfhgmelidigkt en i steg Meé hosolvemtcisnpeferably at
reduction, considering paraneters at the ?rocess of .
legjstcd 0O gpmheinct wetno bywt sipcepiof-tosationy lowers renmpging effect
thi ckness of the |lubricant |ayer can be dimnished to
by aleshtedfugal derce himknedmlde tegeaerate teeeeepemoval. The
removing liquid lubricant using the sane or different
seekirenspeedeof thergpctiatghpzsl & pedfealkdyeatmgost about 50
Di mi ni shing thickness of the |ubricant |ayer could be
no@iguct ed, besides the above nethod, by a vapor
nmet hod or a di pping nethod. 25 The vapor met hod,
however, is liable to generate uneven renoval and
needs unacceptably | arge quantities of solvent. The
di ppigibleaidleents for diminishing the lubricant are the same as

those exemplified for the solvents of dilution of the lubricant. The
solvent used in the step is selected from the solvents exhibiting high
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
repeating the steps of removing liquid lubricant using the same or

different solvent under appropriately selected parameters.

Diminishing thickness of the lubricant layer could 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
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accunul ates the renoved |ubricant in the dipping bath.
So, a renoving effect and a re-coating effect becone
coexisting in the course of repeating the steps.

Thus, the two nmethods are not suited for mass
production. 5 As descri bed above, the manufacturing
nmet hod of the invention provides a nagnetic recording

ORGP RN MM, 0 A LA 84 o

v BSARSSTBRLa PR SOLRERERe PR R IR the
Qe Bf TEPBa TS JBAd s T (PRI CyEe it suited
fI ubri cat i ng characteristic in disk operation is
FeMa3SBr9UH ed. Al though the nethod of the

i nvention woul d be assuned costly because of the use
of larger anount of liquid |ubricant than usual 15

nmet hods, the prabl em can be dissol ved by proyiding a i

st eéSdfescrrgbaﬁé OXFt |mamqf3pgwn%meﬁw%@gd% Hpvention
the. yinsing solvent anqg. recycling the [ubricant. The
previslas argagmathe recqtding upedaum eetglrxbﬂéngcblfé}w&f&lty and
as shown in Fig..6, b roviding a liquid receivin
high redighilitychaviagm iuﬁalqarttulay&rebl@avh@ adi;eﬁlra%le

and a transfer tube 20 62 to a recovery tank) around
thwkneas gnéf higle coverage. Wkendiheomaguépeaifingamethod of the
_describes the present invention referring to

Inyenilossis Inpledbpmanractunmg la magnetici recording, medium

and needl ess to say, various nodifications are
opaszimtiaetviyre perpendisutar magaeticremrding sestem,
lljllglr\'/i?:gttir?g .chtgracteristic in disk operation is remarkably improved.
Although the method of the invention would be assumed costly
because of the use of larger amount of liquid lubricant than usual
methods, the problem can be dissolved by providing a step of
recovering the liquid lubricant removed with the rinsing solvent and
recycling the lubricant. The recovering of the 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 specifically describes the present invention
referring to examples. The examples shall not limit the invention,
and needless to say, various modifications are possible within the

spirit and scope of the invention.
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(Enbodi nent Exanple 1) (EEx 1) An underl ayer, a

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

were sequentially formed on an al um num substrate with
a 3.5 inch dianeter (and a thickness of 1.27 mm for

a magnetic disk. The 5 surface roughness Rmax of the

substrate was 7.8 nm The underlayer 200 nmthi ck was

e Ren D R rBEL)  The (BTG col ar magnet ¢
2 AR SRR Bl A ST BB A A rotecive
i SR BB o SRR A Bin 5
AR G RSS2 A7 SREED ST B Toe
descri bed above 15 up t he protective yer,

t |
surkpsedrowshnesnR mae of $Bbﬁ@@t@oW&%@-£Pé¥lec e

| ayer) as follows, .Initially, a liquid ricant, .
unaewﬁayﬁelz%@cnm mgﬂa@aar@wt@dﬂ%ﬁ EXE sptdtering method of

was diluted with an __organic sglvent of fluaorocarbon, .
argenrgarisipga (oaiNbdangedd bhe werpendicaanmagredic layer
to prepare a solution with a concentration of 3 20

1 Gty trﬁsclpmd@@qsmﬁd banansBusputtempgcoatbeod of argon gas
surface of the disk (the protective layer) to a film
uginglen€e it t-H0r vamgate oTEimgrobectav& payetcanimghick of a

met hod. In the spin-coating process, the rotating
capoed thin Bimawsis fesneds0p CPD abdoneawesy stempesing

of the nozzle was 10 mm's. 25 Then, a w ping tape

ethyleanseRs. dl heasluciacef radoghyesadifstird eaybon thin film was 7.8

nm.

On the magnetic disk sequentially laminated as described above
up to the protective layer, a liquid lubricant layer was formed (on the
protective layer) as follows. Initially, a liquid lubricant, Fomblin-Z-
DOL (manufactured by Solvay Solexis K.K.) was diluted 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 (the protective layer) to a film thickness of 10.4 nm according to
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 (TORAYSELRE, a product of Toray Industries,
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20 Inc.) was pushed onto the disk with a pressure of
0.03 kgf/cnR2 at a disk rotation speed of 100 rpm The
tape of a half inch wide was sought one round from
outer to inner circunference and frominner to outer
circunference at a seeking speed of 150 nmmn, to rub
the 5 lubricant into the disk surface and nmake the

Tt Moy L PRERGILS it R PR oD Oforg? at
T i ngi I [ ) .Of

AR o bElpoads gRA QD rhRE: Phedhutt SPR Jialrin i bille was
o B B AN o B TRNER RO AL LS P Mg e to
oRBE LG RRAU5L b RSB G ST BT B Ehgbf, To b ehe
SRRkt ok eitea e s ki TSRl ere o
kAR Rhymt monieRErTHS peid bt Sk ERE L Tprigant layor
%T&%Exﬁlﬁ%) A magnetic di sk was manufactured in the
W, . er as in 20 Enbodi nent Exanple 1 except that

a lubricant |ayer having the sane thickness as in

Enbodi nent Exanple 1 was fornmed without the step of

formng a thick filmliquid |ubricant ayeerthe
st ephemn, ssmyeg sekentuel asaprganie sobianion ghwrocarbon,
maki ng adhesi on of the [lubricant onto the protective

Flugemeani K§ 75 {apaodaateo! Sugqueiernal 3y bantigedd mgpaejected
under | ayer, a perpendi cul ar magnetic_|layer, and a ,
ibe aotatiang therdisk at sumstatang speddofihol0mpm and moving
Exanple 1, a )
the nozzle from inner to outer circumference of the disk at a seeking
speed of 10 mm/s, thereby removing excessive lubricant and
diminishing thickness of the lubricant layer to form a thin film of
lubricant layer on the disk. At this moment, the thickness of the

lubricant layer was 1.8 nm.

(Comparative Example 1) (CEx 1)

A magnetic disk was manufactured in the same manner as in
Embodiment Example 1 except that a lubricant layer having the
same thickness as in Embodiment Example 1 was formed without the
step of forming a thick film liquid lubricant layer and the step of
homogenizing lubricant distribution and making adhesion of the
lubricant onto the protective layer using a tape. After sequentially
forming an underlayer, a perpendicular magnetic layer, and a

protective layer on a substrate as in Embodiment Example 1, a
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21 lubricant layer was formed by coating a | ubricant
solution wwth a concentration of 0.02 w% on the
surface of the disk (on the protective layer) by a
spi n-coati ng nethod. The thickness of the obtained

| ubricant |ayer was 1.8 nm The surface roughness Rmax
of the 5 protective layer was 7.8 nm (Enbodi nent

anpl e.2 EEx 2) A netic,.recornding nedi umwas __ .
luRiAGRRE1aYeh s hememDY todri 8auTlenBh sPuliph with a
Exanpl e 1 ex for alteration,.of t 1Q. surfa .
conRIRas 00 T2 NSVoon Lae aydrce ol thedish (g protective
of e substrate), and acco jed,alterati of !
Lagteirs e 5 TI CRtiTg SRE IO aﬂ&ﬁ%ﬁ@%ﬁﬁﬁ%&&@ obtained
er,pendi_cul ar magnetic |layer, and a protective |ayer
h&i@‘rléagédaﬁfﬂfi%ﬁﬁsl-%dﬁﬁbd e SNIERSR APHERNEsSsRpnaxolthe
a substrate with_a surface roughness Rmax of 3.9 nm
prot¢cthenlayaswamri.84um. | ayer was formed. The surface
roughness of the protective |ayer Rmx was 3.9 nm

The lubricant |ayer was fornmed by coating a |ubricant
solution with a concentration of 3 wt% on the

(Bhmbetiment Begopkeo2h fi | fidx Rness of 11.2 nm tape

processing (the film thickness at this noment was 4.0

nmA magnéten récordingimgdinm fwasnmanudackaeed 1nsthyysame

a rinsing solvent, to obtain a lubricant layer 1.6 nm
ntsinér asEbdinbedinteatiixasipleEbexseph founglseration of the

recordi ng medi um was manufactured in the same 25
supfaver rasghneBstfdilne proExetipkd ayeexsepfateroughness of the

alteration of a nethod of depositing a protective .
stibyerateyimdraiceat puaibdydteration of thickness of the thick film.
An underlayer, a perpendicular magnetic layer, and a protective layer
were sequentially formed as in Embodiment Example 1 on a
substrate with a surface roughness Rmax of 3.2 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 at this moment was 4.0 nm), and then diminishing the film

thickness using a rinsing solvent, to obtain a lubricant layer 1.6 nm

thick.

(Embodiment Example 3) (EEx 3)
A magnetic recording medium was manufactured in the same
manner as in Embodiment Example 1 except for alteration of a

method of depositing a protective layer. The protective layer was
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22 formed by sputtering a target material of graphite
according to a sputtering nmethod of DC nagnetron type
usi ng argon gas and nitrogen gas. The surface
roughness Rmax of the protective layer was 7.8 nm A
| ubricant |ayer was fornmed by coating a lubricant 5
solution wth a concentration of 3 wt% on the

rotegtive Layer to.a_filmthickness of,9. 8
B8 ddt Guehang R Ameetilatri Rt Rl Pl 1o 2
n and th i mpshing the filmthickness usin
sl die st Bafl o DG hagnclFopynihe Hsra o g3 fnd
thick. 10 ( arat.d ve Exanple 2 CEXx A _magnet.ic )
it EoRF B FES el SA T A R L AN Pt O UG Layer
as 1 n, Enbodj t . Exanple 1 except t t he ,thi ckness.

W3R {Rnin i lOPriCARLEAY eBATAF Rykmadh byrbafing A 1D Hicant

rotective | ayer s less than Rmax., After .

S‘Q@EE%‘RN’H{% & %m%vrf@aém vebyaon &hﬁé?]ffétﬁ&ﬂ?b‘m layesto a
gnetic | aye nd a protective.lay, in. . .
@@nd@ﬂssaéﬁp? am, tage| PEGESSHNS] @b@?ﬁlmsthl@msa%t this

foll ows. The | ubrj can ayer..was. formed by. coating a i

maBeRdAHasIHARDh ARa fiher SiaRis B ket fLbmrthigkess using a

the protective layer to_a_ thickness of 3.5 nm. tape

rinsapgssnlngnt( taobtanma Aubrant layenils minefiickas 3. 2

nm, and then dimnishing 20 the filmthickness using

a rinsing solvent, to forma lubricant layer 1.8 nm

t hi ck. The surface roughness of the protective |ayer
(Gemramative Isadeple 20 o, WhilEh Depresent s adhesi ve

force between the 25 |ubricant and the protective

| ayArmagretieaseoeding medium ayasdn actyured aknsthe same

The results are shown in Table 1. The bonded ratio

manner as in Embodiment Example 1 except that the thickness of the

thick film lubricant layer formed on the protective layer was less than

Rmax. After sequentially forming an underlayer, a perpendicular

magnetic layer, and a protective layer as in Embodiment Example 1,

a lubricant layer was formed as follows. The lubricant layer was

formed by coating a lubricant solution with a concentration of 0.1

wt% on the protective layer to a thickness of 3.5 nm, tape processing

(the film thickness at this moment was 3.2 nm), and then diminishing

the film thickness using a rinsing solvent, to form a lubricant layer

1.8 nm thick. The surface roughness of the protective layer was 7.8

nm.

Bonded ratio, which represents adhesive force between the
lubricant and the protective layer, was measured on the obtained

magnetic disks. The results are shown in Table 1. The bonded ratio
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23 was defined by a ratio of an absorption coefficient
of the lubricant conponent (a CGF peak) in an FT-IR
(Fourier transforminfrared spectroscopy) after
imersion in FC77 solution for 5 m nutes and
absorption coefficient before the imersion. Slide
durablllty was 5 then studi ed on the magnetic disks of

Ex d | . The. .
R RABERL Y Pt e bEOLHALR LOREIeNERE she Bricans
ta t.-he di f. f
Cérhﬁlm%fﬁﬁﬁﬁe ped ngaﬁf{?? T BaynibE Etsifhg (Hirared
t d th | oad f
S il“nma?‘gl&%@an ﬁcﬁﬁgs%uémggrﬁ%%s and
400, . f th
BN e85 eS0T BRI was
h Ei 7. Th h h t d
S5 Btued ot b BReetin oi{SﬁEé@’é@&%ﬁﬂgaﬁiﬁfe 1 and
st udi ed pI ufality of disks. Fig. 7 clearly
é‘@ﬂrﬁﬁE@FW@eE Plede sanple of Enbodinment Exanple 1
exhibits better durability than the sanple of

Conparative Exanple 1. This is brought about from
contri butions of high coverag‘l and_strong adhesi on
a

t or Ebevalidhe charakidrtow asr evabuated bayamasonmunbes (rotated

occur rence of flaws on the disk surface was eval uated
npynbepedibe diplapatdufnactnra oiihacarbengorteetive layer after
pressure on ever magneti c di sk of Enbodi nent
cExeant] Benanig ar & nvagaetigphead witle atkgaed of 0.5 gfin a
bur ni shi ng was conducted by a roller contact method
vaonuds ofel) vomdFhei rdtatingl speedaf dhesdisk wis fisiedyto 5,400
a polishing tape _
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 of Fig. 7
shows the data on 3 sheets of disks randomly selected from the
studied plurality of disks. Fig. 7 clearly demonstrates that the
sample of Embodiment Example 1 exhibits better durability than the
sample of Comparative Example 1. This is brought about from
contributions of high coverage and strong adhesion force with the

carbon protective layer.

Further, occurrence of flaws on the disk surface was evaluated by
conducting tape burnishing with high contact pressure on every
magnetic disk of Embodiment Examples and Comparative Examples.
The tape burnishing was conducted by a roller contact method for

ten seconds with a roller hardness of 40° using a polishing tape

(WAS8000) under conditions of a pressure of 1.0 kgf/em? and 1,000 rpm.
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(WA8000) under conditions of a pressure of 1.0 kgf/cm
and 1,000 rpm 24 Then, observation was nade on the
degree of occurrence of flaws due to working process
using a surface inspection apparatus. The results are
shown in Table 1. 5 Table 1 Variation of |ubricant

| ayer thickness, bonded ratio, and flaws due to tape

TR GRS REE oA Sh G b R e kB G aRERGER of Raws due
¢ (ngi{st hod of t hi ck. | ayertaperinsing withrati odye t@[\h 1
D DBV REYEI Y pHYE €s8Hh RRFPABr AR Pgratus. The results

| ayer (nm. EEx 17.8CVvD10. 44. 31. 870none EEX
ali%sgé\g‘?ﬂiiggﬂzlgi@ 75none EEx
37.8nitriding9.83.91.565n0ne sputtering CEX

17. 8CVD- - 1. 8200bserved CEx 27.8CVD3. 53. 21. 8250bser ved
Table 1 clearly shows,that the liquid.lubricant |ayer ..
Tﬁgﬁ)fm;d acgzamatgowﬁ visaREdayer hickresa Perded ratio, and
(Enbaodi nent Exanples | 10 through 3) exhibit higher

flasseduenta bape twankimg nugsessant | ayer (Conparati ve
Exanpl e 1) formed by only usual spin coating process

1 & ' " 3
f—tre—sanertubrtcant—totihe—sane—thitkmess—as— T te

Enbodi ment iquid lubrican
layer
thickness
Example | Rmax deposition after after after bonded flaws
{nm) method of thick layer tape rinsing with | ratio due to
protective coating processing solvent ) working
layer (hm) {nm) {nm)
EEx 1 7.8 CcvD 104 4.3 1.8 70 none
EEx 2 3.9 CvD 1.2 4.0 1.6 15 none
EEx 3 7.8 nitriding 9.8 3.9 1.5 65 none
sputtering
CEx 1 18 CVvD - - i8 20 observed
CEx 2 78 CvD 3.5 3.2 18 25 observed

Table 1 clearly shows that the liquid lubricant layer formed
according to the method of the invention (Embodiment Examples 1
through 3) exhibit higher adhesion rate than the lubricant layer
(Comparative Example 1) formed by only usual spin coating process
of the same lubricant to the same thickness as in the Embodiment
Examples. In the magnetic disks provided with a liquid lubricant
layer according to the invention (Embodiment Examples 1 through 3),
occurrence of flaws during tape burnishing process is prevented and
good durability against polishing tape is achieved. It has been also
found that the flows due to working process are generated when the

film thickness at the thick film formation is less than Rmax even
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Exanples. In the magnetic disks provided with a liquid

| ubricant |ayer according to the invention

(Enbodi nent Exanples | through 3), 15 occurrence of

flaws during tape burnishing process is prevented and

good durability against polishing tape is achieved. It

has been also found that the flows due to worKking
filmthickness

rocessqq,ar e gen ed en. t.he t
R RSl REl bRl By Ao R bR an sk atter the
adhesi on.of | ubricaqt. by tage progessing.iS,condugt ed.
kR Pt mAPRIR. f A Aol S THA Sa At SRSy i
sati sfactory |iqui,d bri cant ] ayer, can. not.;be
IR ERnEdaTRraan PRE o pbEarneh inlest the BRHIRS after
oati ng stage has a sufficiept.thi ckness, even itf,}he
luprigaBk reading SEAe BRF i aﬂfﬁpwﬁrﬁ&c s iGvan & the
is,in the, sa evel . According tq the inventjon, a
5  thickmess lbh g‘iﬂbmw f\age]f &t ?@@gﬁtia,g@ ¥ Jg}hthe same level.
coverage while retaining thin [ayer of the liquid
| ubricant, and thus, a magnetic recording nediumwth
hi gh 10 performance and high reliability is prode%g.
26 @mw&n&w the nvamien, ¢ liguid Inhnieass layer is formed
manuf act uring a magnetic recordi ng nmedium caonpri sing
seguisgshigh covesageywhile repapmnig thuydayened the hquid
protective | ayer sequentially formed on_ a substrate,
lubwicantt had BhiiBgai magnetic cecordyg medivisy verih high
protective layer, characterized in that a process for
10 péviorimgncaeand duigh rebabekby iBgweovidedpri ses: 10 a
first step of forming a liquid lubricant |ayer by
coating a liquid
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| ubricant diluted by a solvent on the protective |ayer

to a thickness of at |least a surface roughness Rmax

of the protective |ayer, a second step of making the

liquid lubricant to adhere onto the protective |ayer

by pressing a slidable nenber against the surface of

15 the liquid lubricant |ayer while rotating the

yc recording nedium and a third step of

Cmghi ng thickness of the liquid lubricant |ayer

by ejecting a solvent that can dissolve the |iquid

| ubricant to the surface of the liquid |ubricant
V‘zﬁggr vgij%l e rotating the magnetic 20 recordi ng nedi um

hatas Chatied BF manuf act ur | ng a magnetic recording

medi um according to claim11, wherein thickness of the

liquid lubricant layer is increased after the third

step by,repeating.a process of coating a.25 liquid )

Ly ubri caAtmtel*zgltOdn@f @%@u%acwrmg RS Enatie FeCaAE ma&n&dwm

| ubricant of the liquid Jubricant |ayer. 27 3. T(Ee .
commgaInRg atdeasianungerlaagn & magneebedoygrmdnd s protective

according to claim1, wherein thickness qf the |iquid
layer segrentigldy formedcamearsubstratenhend furiler g Hguid

step by repeating a process of renoving the liquid .
lubmicasdnkavesi foymaedodndine pretedtive dagenscharasterized in that a

different fromsaid solvent that can dissolve the
processifoxiformang. the litha dibaboidast layexf coomprises:a

magneti c recordi ng nedium according to claim1, o
wheadirstt $iee s bf dabina ngeatequid lubmpomesdlafembywenainng a liquid
fabric, nonwoven fabric, or a resin and has a shape of
labrimpat diluteédday a solwespongthe protective layer to a thickness of

at least a surface roughness Rmax of the protective layer,

a second step of making the liquid lubricant to adhere onto the
protective layer by pressing a slidable member against the surface of
the liquid lubricant layer while rotating the magnetic recording
medium; and

a third step of diminishing thickness of the liquid lubricant layer
by ejecting 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, wherein thickness of the liquid lubricant layer is
increased after the third step by repeating a process of coating a
liquid lubricant that is same as or different from the liquid lubricant

of the liquid lubricant layer.
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5. The nmet hod of manufacturing a nmagnetic recording
medi um according to claim1, further conprising a
step of recovering the liquid lubricant that is
renmoved in the third step. 15 6. The met hod of

manuf acturing a magnetic recordi ng nedi um according
to claiml, wherein the magnetic recording nmediumis

37000 orhh® s ER 6Bl 5ol R BIRRL A R) sEBBIRA podivm
SRR A PR R AR R aver i
At Lo T g PRt a%¢aayeﬁ%¥awesw s o

| ubri.cants t.hat. sane .as or 25 nt, from each
reJnQyingigie ilquldafuebrlcant using a so Ven %at 1S same as or

different from said solvent that can dissolve the liquid lubricant.

4. The method of manufacturing a magnetic recording medium
according to claim 1, wherein the slidable member is composed of a
woven fabric, nonwoven fabric, or a resin and has a shape of a tape, a

pad, or a sponge.

5. The method of manufacturing a magnetic recording medium
according to claim 1, further comprising a step of recovering the

liquid lubricant that is removed in the third step.

6. The method of manufacturing a magnetic recording medium
according to claim 1, wherein the magnetic recording medium is
applied to a head contact type perpendicular magnetic recording

system.

7. The method of manufacturing a magnetic recording medium
according to claim 1, wherein an aimed thickness of the liquid
lubricant layer is attained in the first step by repeating a process of
coating a liquid lubricant or liquid lubricants that are same as or

different from each other.
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