10 SEP Title of the Invention Method for manufacturing a magnetigp sgp 2
recordi ng medium5 Technical field of the invention The present invention
relates to a nethod for manufacturing a magnetic recording nediumused in
a nenory device, in particular a hard disk drive, that is installed in an

i nformati on nmenory device of an information processing apparatus such as a
conputer or any other nenory apparatus for private use. 10 Background of
the invention Wth the present increase in the anount of information
handl ed by an information processing apparatus such as a conputer, as well
as the niniagﬁﬁiﬁﬁﬁiﬁ% of such an apparatus in recent years, the recording
capacity of 9 MriBE WEESR nenmory device has 15 been enhanced and the
recordi ng capacity of a nmagnetic recording mediumused in the information
menory device is continuously increases. Enhancenent of recording density
requi res decrMgthad dpr manuficturingnatmagngtic reeonding medimhe space occupi ed by a
unit of information recording. Mnimzation of the flying height of a
recording head is one technique for reducing the bit length. 20 To

m ni m ze tbhe Fdclming) field gftthe mfveritivm head, el i m nating protrusions on the

surface of the netic.recording nmediumis indi gspensable. Accordingly,
bur ni shing is Cgﬁg@ﬁ“f?"gﬁgﬁ?‘yn ﬁlﬁgf é‘ﬂa&?glogrfo‘iﬂén %F‘F&%é‘ TRAEnEY e RUEAgL i C
recor di ng medhediin§ddgna méadry bV id BRI REd Wsk Bried) 1S isVigstalledi il $n Of

alum na. Burnishing is usually done after 25 fornmation of a protective film
or before a g}Fﬁ%&BatWQiWOFX dayfce of apinfrpBlioTRIPFeSTINGHAPPRIARE Bush as a computer or

any other memory apparatus for private use.
10
Background of the invention
With the present increase in the amount of information handled by an information
processing apparatus such as a computer, as well as the miniaturization of such an
apparatus in recent years, the recording capacity of an information memory device has
15  been enhanced and the recording capacity of a magnetic recording medium used in the
information memory device #s continuously increases. Enhancement of recording density
requires decrease of the bit length. Bit length is the space occupied by a unit of
information recording. Minimization of the flying height of a recording head is one
technique for reducing the bit length.
20
To minimize the flying height of the head, eliminating protrusions on the surface of
the magnetic recording medium is indispensable.  Accordingly, burnishing is
conventionally carried out on the surface of the magnetic recording medium using a
polishing tape coated with abrasive grains of alumina. Bumishing is usually done after

2 formation of a protective film or before a glide height test after application of liquid

lubricant.

Problem to be solved by the invention
However, since a the protective film also is being reduced in thickness in recent
30  years, the tape-bumnishing on the surface of the recording medium after protective film

formation generates scratches, which may raise problems in error quality and anti-

COITOSIOoNn.



| ubricant. Problemto be solved by the invention However, since a the
protective filmalso is being reduced in thickness in recent 30 YB&E®, 2he
t ape- burni shing on the surface of the recording nediumafter protective
film formation generates scratches, which nay raise problens in error
quality and anti- corrosion. 1 1 0 SEP 2004 These problens are significant
when a soft plastic substrate is used. The film thickness of a |ubricant

| ayer of a recording nmediumafter application of a liquid lubricant on the
protective filmand before the glide test is at nost about 2 nm since the
thickness is optimzed for attaining good friction characteristics and
avoi dance adhesi offest pepbleghssre significant Witen a softiplagtic subeiratehisciond s Thefilmi ned

produces |itt j ' r neration .t ur nishi ng.
Bust and part e 8P ool 11 bl AARZ0R PN il Tob Bt
medi um due t oon the ptageéivbfilmarslttiefoge the lghddhiastis amibspabiot ohre Sinteah@ihitkadst & t he

bur ni shi ng process d gre.dra into ajr streamthat js deyvel oped by the
head flying a?ﬁ"?%wa?qry‘%ﬁﬁ“%g %’“E%‘bé ragtenplies, an @Voéfjag‘éeeﬂhﬁﬂo%ﬁbﬁﬁidi on of

the recor d§ ngesmat. UThe Viuetof k thRRAESS obtBInEE bloRNRY NElk icfot ANYPHREDE scratch
characteristics are is significantly affected. In the worst  case, head

crash occur s, 8¥CRHOR Y g uimishinge tDushandiparticlssiagbhialsq geperated ph therpafarstaf the
recor ding  dexdsingChidish 8 B oS RS o Bling. | 90 iS00 4gi ect
of the inventijon Eg provi dlel a et ho %@%&ogﬁépﬁﬁqﬁa ﬁr{’a}él%ig %e%nainr ae%gr I ng
medi um havi ng‘_mrmghwedacsag rahdare dsavpointinas streant thatie denelghed by e dieas figingl at
particles on lonSﬂﬁHé L@ig&, especially during a seeking operation of the recording medium. As a

10 result, electromagnetic conversion characteristics are is significantly affected. In the worst

case, head crash occurs, with serious effect on the reliability of the magnetic recording

device.

Objects and Summary of the Invention
15 It is an object of the invention to provide a method for producing a magnetic

recording medium having improved surface smoothness with reduced scratches and

particles on its surface.

Briefly stated, the present invention provides a method for producing a magnetic
20 recording medium in which a lubricating layer is applied to the surface of a thin protective
layer on the magnetic recording medium. The surface of the protective layer is burnished
to reduce protuberances. The lubricating layer is removed by solvent washing. Then, a
replacement lubricating layer is deposited on the surface of the protective layer. The
resulting surface of the magnetic recording medium exhibits reduced scratching and

25  particle contamination.

According to an embodiment of the invention, there is provided a method for
manufacturing 2 magnetic recording medium comprising steps of: depositing a non-
magnetic metallic under-layer on a substrate, depositing a magnetic layer on the under-
30 layer, depositing a protective layer on the magnetic layer, depositing a lubricating agent
on the protective layer, burnishing a surface of the magnetic recording medium, washing

the lubricating agent away using a solvent, and depositing a liquid lubricant layer on the



Briefly stated, the present invention provides a nethod for produciﬁ@ SEP 2003
magnetic 20 recording nmediumin which a lubricating layer is applied to the
surface of a thin protective |ayer on the nagnetic recording nmedium The
surface of the protective layer is burnished to reduce protuberances. The
| ubricating layer is renoved by solvent washing. Then, a replacenent

| ubricating |ayer is deposited on the surface of the protective |ayer. The
resulting surface of the magnetic recordi ng nedi um exhi bits reduced
scratching and 25 particle contam nation. According to an enbodi ment of the
invention, there i s provided a nethod for manufacturing a magnetic

recordi ng nedWBﬁ*@@ﬁﬁPFsing steps of. depositing a non- nmagnetic netallic
under -1l ayer on a substrate, depositing a magnetic |ayer on the under 30

| ayer, depositing a protective |ayer on the nagnetic |ayer, depositing a

| ubri cating agentA megthod fiew bpmirhing taisuefade @f @ magitic mécotlinggnediveicdngprdingf t he

magneti c recoydi medi .washi n he lubrjcati .agent away usi a

o vent . and B TR bR kI apmecearees b e BiiriFaE v et B
protectives | aymitting/h fakdtioasl ch® prolipl bainSMinaGhSsusfiéd, fsleenOwashing Ry Matthde th ecor di ng
medi um conpri si ng: e iting a first lubricating | ayer on the surface,
the first | ub‘feF"é’g‘f’ F‘ﬁ%‘ﬁi}é‘@%@i‘%ﬂ gepositing p secndslypigatinglayer pp therspearg) andng

group, burni sihje@@ohmbﬁemﬁ@ra@er_@ﬂh\b@@%@fﬁ%fﬁmﬁ&foﬁ%ﬁgﬁ,ﬁp_t0 remove the
first lubricating |ayer, déepdsiting a 'second lubricating layer on the

surface, and the second lubricating | ayer being of a type having a
functional endy Y , | f re. vant ages
of the present ?ﬂ@eﬁ??%ﬁﬁaﬁﬁﬁ¥ é%@ﬁgaﬂﬁggéﬁgg#gﬁPQPF%§$?ﬁ38P§| %&gﬁgﬁ
descri pti & rappdrentfran tjefolidwiogdaseription Ined dc compqmarion with tHe assbmpanyirign whi ch

like refere nC&raQrPnré‘s?,rig kﬂ%xcﬂ(:ﬁié %?earlén%e Lt?rgerglg Wi &%Pettﬁé‘ éa?n'e contents.

Means to solve the problems
For solving the above problems, the inventor of the present invention energetically

15 conducted repeated experiments and study, and has found the following knowledge.

Application of a lubricating agent with an appropriate thickness, for example 5 to 10
nm, before tape burnishing prevents the generation of scratches. However, if the
lubricating agent remains as a liquid lubricant layer, the thickness of the layer is too great,

20 thereby leaving dust in then surface. Such dust adversely affects the characteristics of the
recording medium. Consequently, the lubricating agent must be selected to be easily
removable after bumishing. After removal, the liquid lubricant layer is formed anew for
operation of the recording medium. By these means, the problems of the conventional

technology described earlier are solved.

25
The present invention is accomplished based on the knowledge, and a
manufacturing method of a magnetic recording medium according to the invention
comprises steps of sequentially laminating a non-magnetic metallic
30
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Means to solve the problenms For solving the above problens, the inygngg;r @&
the present invention energetically 15 conducted repeated experinents aﬁ
study, and has found the followi ng know edge. Application of a |ubricating
agent with an appropriate thickness, for exanple 5 to 10 nm before tape
bur ni shing prevents the generation of scratches. However, if the

| ubricating agent remains as a liquid lubricant |ayer, the thickness of the
| ayer is too great, 20 thereby |eaving dust in then surface. Such dust
adversely affects the characteristics of the recording nmedium
Consequently, the lubricating agent nust be selected to be easily
removabl e af twdeblgyas; ampgnglic layarcand g prasecsive layéren|ainguimighatio sibsarte, dpplyisg i s
fornmed anew f - ' . ' dj he
robl eme of ReoiaREE Benbth e ol AEIERR SRR Mo O dORRERR R ™ o
The present ithsteiatdoated ivdthathe dutplchtidpeskeh sedhiag thehmbleting agme awan dsiag a

manuf act uri ng t hod, of . a .magpetic.r rding medi ym according to the
invention cofprisad @?Eﬁgn%gﬁ‘gthﬁa’éﬂﬁi‘é rlcﬁnth%?f‘?f ?fh'hj‘F H’@’t‘:‘é{“Yf‘gPﬂe gnetic
nmetallic 3 2a 1 0 SEP 2004 under-layer, a magnetic |layer, and a protective

| ayer on a non-magnetic substrate, applying a lubricating agent on the
protective | ayEhect ofigmbodimends of theinventtonof the | ani nated substrate that is

coated with the Ijyhtd Caing; : ﬂ/\@cﬁ:h}.n the: Lubri cati aywgey using
a solvent, and Iarr%ina(tﬁfsng gggg“ﬁ-lﬁeer ig’ufﬂa I{i‘ﬁg%#%;%ﬁgﬁllggg’#-&%ﬁm he
protective | agpeleculd weght of nd smelien ten 18,008 inodrd¢rhe withstanditheofniction due to tape-

burnishing, and preferably the lubricating agent lacks a functional end group in order to
10 permit it to be easily away using a solvent. When the lubricating layer is washed away, it

carries with it the dust and others contaminants on the surface of the recording medium.
This washing step is preferably performed by means of spin-coating at high
rotational speed of not smaller than 1,000 rpm since the dust and particles generated by
15  tape-burnishing can be removed using centrifugal force simultaneously.
Brief description of the drawings
Fig. 1
20 The figure is a cross section showing a layer of a magnetic recording medium

obtained by an embodiment of a method for manufacturing a magnetic recording medium

of the present invention.

25
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In the construction described above, the lubricating agent has preferably a
mean nol ecul ar wei ght of not smaller than 10,000 in order to wths Br%EFt Ean
friction due to tape- burnishing, and preferably the |ubricating agent

| acks a functional end group in order to 10 permt it to be easily away
using a solvent. When the lubricating |ayer is washed away, it «carries
with it the dust and others contam nants on the surface of the recording
medium This washing step is preferably perforned by neans of spin-coating
at high rotational speed of not smaller than 1,000 rpm since the dust and
particles generated by 15 tape-burnishing can be renoved using centrifugal
force simul t aneous showin Kifurd d surundei-loyer 3fis fdmeeddmamlastjs substepte 1, preferabip

figure is a ti | r.of a.magpnet| kdi ium
obtai ned by oo DA HheB0RIEs b B Bl R nTAARFIE & SR8 afoHEE
recordi ng nmedAymotewiive ldyer $isefomindd dntie Riajnetic lder 3byG shhflergPFindl04 a Aguidhown
in Figure 1, ag_unde -l ayer, 2 IFEE fomed on_a plastic substrate 1, preferably
by sputt eri ngfPRCaHRg e ds fleppsifed gnithe RIpfEStivEYREl on the under-1ayer 2, al so
by sputters ngrhreAyFésQ,tfm'baﬁelay@}Weréugeg: formed on the magnetic |ayer 3, by
a sputtering. Finally, a liquid lubricating |ayer 5 is-deposited on the
protective layer 4. 5 Three types of lubricant |layer 5 were used: (a)

Brayoo 8152 MaguEes ¢1 Rkt B) oot ool b WPAAEE ol BicRukPbIPRATy"T 10

urn by spin-coating,
spin-coating,

(b) AM2001 manufactured by Ausimont S. p. A. was applied to a thickness of 2 nm
10 thickness, and

(c) a lubricating agent was omitted.

Each of the three types of recording media was processed by burnishing using a polishing
tape WA10000 manufactured by Japan Microcoating Co., Ltd., at a rotating speed of
15 1,500 rpm, with a pad hardness of 25° and a pushing pressure of 0.04 kgf/cm®. On each of
the recording medium after bumishing, number of scratches was counted using an optical
visual inspection apparatus manufactured by Phasemetrics Co., Ltd. The result, that is a

difference from an initial value, is shown in Table 1.

20 The recording medium of (a) was then washed by spinning at 2,000 rpm using a detergent
Fluorinate FC77 manufactured by Sumitomo 3M Co., Ltd., and then coated to the
thickness of 2 nm with a liquid lubricant AM2001 manufactured by Ausimont S.p.A. to
produce the final liquid lubricant layer 5. The number of particles on this recording
medium was measured using the optical visual inspection apparatus. The recording

25 medium (b) was treated in the same manner, and the number of particles was measured
using the optical visual inspection apparatus. The recording medium (c), not having an
initial liquid lubricating layer 5, received its lubricating layer for the first time and the
number of particles was measured. The result, that is, a difference from the initial value, is
shown in Table 2.

30



(b) AM2001 manufactured by Ausinont S. p. A was applied to a thickness of
2 urn 10 thickness, and (c) a lubricating agent was omtted. Each‘icﬂfSEmerm
three types of recording nmedia was processed by burnishing using a
polishing tape WAL0000 manufactured by Japan Mcrocoating Co., Ltd., at a
rotating speed of 15 1,500 rpm with a pad hardness of 25 and a pushing
pressure of 1#bl4d kgf/cnR. On each of the recording nmedium after

bur ni shi ng, nunber of scratches was counted using an optical visual

i nspecti on ppparatus—manufactured Ifby Fk'“.ao retrji cs Co., Ltd. The result,
that is a Hferenee—fromafOHANOETohSeaIches (ks shown in Table 1. 20 The -
recordi ng eGP L .he,n_\Aa.shbd_b;Ls.pi_nni ng at 2,000 rpmusing a

det er gent Eﬁﬂﬁ&ﬂ@ﬂﬂ@mw@_wurtom 3M Co., Ltd., and then
coated to therecedinglupdamn ) 2 nmwithS5a |iquid | ubri cant AMROO1

manuf actured by Ausinont S.p.A to produce the final liquid |ubricant

| ayer 5. The nunber of particles on this recording nediumwas neasured
using the optical visual inspection apparatus. The recordi ng 25 nedi um (b)
was treated in the same manner, and the nunber of particles was neasured
using the opiipgad Vi sual inspection apparatus. The recording nmedium (c),

not having an_initigl liquid lubricating |ayver 5, received its |ubricating
| ayer for the first tine and [t venumbenbfparibdlespay ti cl es was neasured. The

1ol

result, thal i Recadidfiedinaed fromthg initial|lvalue, is shown in Table 2.
30 4 1 0 SHP 2@@drdind fhedium (b) 12
Recording medium (c) 35
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15 20 25 Table 1 A nunber of scratches recording nedium(a)l recorgin
medi um (b) 6 recordi ng nmedium (c)15 Table 2 A nunber of particles R 8 R 2gp
medi um (a) 2 Recordi ng nedium (b)12 Recording nmedium (c)35 4a 1 0 SEP 2004
These results denonstrate that excellent results are obtained on the
recording nedium(a), to which the present invention has been applied.

That is, the nunber of scratches due to tape-burnishing is reduced and
effect of particle elimnation was is also 5 confirmed. Advantageous

Ef fect of the invention According to the method for manufacturing a
magnetic recordi ng nedium of the present invention, scratches and dust
contam nation on the surface due to tape-burnishing 10 are prevented by

means of appli catThese sfule denbnbeas ithy aeaRht BRI fretdptaikidr & B Reorang
medium (a), to which the present invention has been applied. That is, the number of

scratches due to tape-burnishing is reduced and effect of particle elimination was is also
5  confimed.

Advantageous Effect of the invention
According to the method for manufacturing a magnetic recording medium of the
present invention, scratches and dust contamination on the surface due to tape-burnishing
10  are prevented by means of application of a lubricating agent before the burnishing and

spinning washing using a solvent after bumishing.

Having described preferred embodiments of the invention with reference to the
accompanying drawings, it is to be understood that the invention is not limited to those
15  precise embodiments, and the various changes and modifications may be affected therein

by one skilled in the art without departing from the scope or spirit of the invention as

defied in the appended claims.

20



spi nni ng washing using a solvent after burnishing. Having descri bed
preferred enbodi nents of the invention with reference to the accoﬁdhﬁangm;
drawings, it is to be understood that the invention is not limted to those
15 preci se enbodi ments, and the various changes and nodifications nay be
affected therein by one skilled in the art w thout departing fromthe
scope or spirit of the invention as defied in the appended clains. 20 5 10
SEP 2094 Clainms 1 A nethod for manufacturing a magnetic recordi ng nmedi um
conprising steps of depositing a non-nmagnetic netallic under-layer on a
substrate, 5 depositing a magnetic |layer on said under-layer; depositing a
protective | a§linon sai d nmagnetic | ayer; depositing a |ubricating agent on
said protective layer, burnishing a surface of said protective |ayer having
sai d deposited lubricating agent, washing said lubricating agent away

i ted | gent, vashing said |  agent @
protective | ayer Do onst Rkt Poptil bRl iRl oRRHIERAAYG meai um

accordi ng to cl aidepdsitingwheememnagnete metallio mndailayegoreaebitrates of a type does not
i ncl ude a gunctiqpaliend roup. 15 3 Aﬁﬂ%ﬁh d for manufacturing a nagnetic
recordi ng Predi um SPESTEATREPEIcIRST AR $i B said step of washing
conprises a procaifositingsPrétediRaldytiCbndaRiGhataitic 19,2 surface of | am nated
substrate with at a rotatjng speed of not 1ess than 1,000 rpm after said
step of burni shi C}?@(’)Sltg]rgd? lubnicating agent on said protective layer,

burnishing a surface of said protective layer having said deposited lubricating agent,

washing said lubricating agent away using a solvent, and

10 depositing a liquid lubricant layer on said protective layer.

2 A method for manufacturing a magnetic recording medium according to claim 1,

wherein said lubricating agent is of a type does not include a functional end group.

15 3 A method for manufacturing a magnetic recording medium according to claim 1,
wherein said step of washing comprises a process of spin-coating a solvent on a surface of
laminated substrate with at a rotating speed of not less than 1,000 rpm after said step of
burmishing; and ,

said step of laminating a liquid lubricant layer includes applying a liquid lubricant

20  having a functional end group.

4 Amethod for burnishing a surface of a2 magnetic recording medium comprising;
depositing a first lubricating layer on said surface;
said first lubricating layer being of type omitting a functional end group;
25 burnishing said surface;
solvent washing said surface to remove said lubricating layer;
depositing a second lubricating layer on said surface; and

said second lubricating layer being of a type having a functional end group.

30 5. A method according to claim 4, wherein said first lubricating layer has a thickness

exceeding about 5 nm.



said step of lamnating a liquid lubricant |ayer includes applying a liquid
| ubricant 20 having a functional end group. 4 A nethod for burni?Qfgﬁ,%m
surface of a magnetic recordi ng nedi um conprising;, depositing a fir il
| ubricating |ayer on said surface; said first lubricating |ayer being of
type omtting a functional end group; 25 burnishing said surface; solvent
washi ng said surface to renove said |ubricating | ayer; depositing a second
| ubricating |layer on said surface; and said second lubricating |ayer being
of a type having a functional end group. 30 5. A nethod according to claim
4, wherein said first lubricating |ayer has a thickness exceeding about 5
run. 6 10 SERs.70Q¥methodadtBiditado alai@ b hhe@irl Qidcirati ¥BriatidasiyRl RasSahidikdeby oFt

| ubricating | ayer has a thickness of fromabout 5 to about 10 nm 7. A

met hod accord %Ba?%“émhﬂﬁ$ﬁuhﬂherein said second lubricating layer has a 5
t hi ckness substantially less than said first lubricating layer. 8. A nethod
according to claim7, wherein said second lubricating |layer has a

t hi ckness of &bouk metknd a@oglingAtorelairo df, avteminlisaig tecond| mbrivating ikper dian asai d

first | Ubriii Calthicﬂ:ges!v. Qi}fgtgmttﬂ ?rle%s {ﬂoaﬁgzﬁ&jhl%g lub%’ceaitigg{ayeOr].c at |east 10,000. 7

8. A method according to claim 7, wherein said second lubricating layer has a

thickness of about 2nm.

10 9. A method according to claim 4, wherein said first lubricating layer has a molecular

weight of at least 10,000.



