MAGNETI C RECORDI NG MEDI UM AND THE METHOD OF MANUFACTURI NG THE SAME Fi el d of
the Invention 5 The present invention relates to magnetic recordi ng nedi a
nounted on data storages for conputers and such information processing
apparatuses or on data storages (especially hard disk drives) for

manufact ur ng. e mEIEECRERORBYR MEDTENL AN ocent 1y, the
storage capaciti es QEHTHOINOEF MANIEAANIRING TEIRISAME capacities of

the magnetic recording nedia (hereinafter referred to sinply as the
"magnetic disks") used for the information processing apparatuses 15

i ncl udi ng ¢ een increased steadily in association with the
i ncrease gﬁaaﬁgk%?%‘heg}r%oégssed by the information processi ng apparat uses

and thes dowTHezprgent iiVihtiol edlatds ONMAEDGES Yebg dpP afi@lidS@suntsd on
association with the_ storage capacity increase, the rotating speed of the
magnet i ¢ ARtk RiKaeRlon coR I canGEReh IfermaEienIocespIG AP RAAtUSSS AT

transfer ﬁgcﬁdgaas{t&fgégé(gsge%%lﬂgﬁﬁrd W %9 fiﬂ'&-%u%h%ﬂ‘af#eﬁiﬁlc%s.t Bfie

magneti c e natural vibration o magnet i1 ¢ di sk
caused by prédrent dhadntioh rélaeeeolsoite thezaetlmdsof oranifgdtusipeethe piaghetia of the
magneti c disk., The _vibration of the magnetic disk caused by the rotation

t her eof preRPERIE VARIAS nagnetic head fromfly-ability, inpairing the
reliability of the hard disk drive badly. To obviate this problem gl ass
di sks expi biting high rigidity have been used recently for facilitating

hi gh- speed rotation. However, the glass disks are expensive at present,
and t he edpwrsine gl ass disks increase the total costs of the hard disk

ot at ton by QHEPBYIMERS STOIAR Py SERERD A P OF SR Sl THIPHIREdr Sk
have beenchpiGkiensfltie efidheBiciodedrdirg trdiih AREreinafter referred to simply as
the “magnetic disks”) used for the information processing apparatuses
15 including computers have been increased steadily in association with the
increase of the data processed by the information processing apparatuses and
the downsizing of the information processing apparatuses. In association with
the storage capacity increase, the rotating speed of the magnetic disk has
been increased more and more to improve the data transfer speed. In these

20 days, some hard disk drives rotate the magnetic disks at 15,000 rpm.

The natural vibration of the magnetic disk caused by the rotation
thereof is hazardous for high-speed rotation of the magnetic disk. The
vibration of the magnetic disk caused by the rotation thereof prevents the

25 magnetic head from fly-ability, impairing the reliability of the hard disk
drive badly. To obviate this problem, glass disks exhibiting high rigidity have
been used recently for facilitating high-speed rotation. However, the glass
disks are expensive at present, and the expensive glass disks increase the
total costs of the hard disk drives. Therefore, it has been necessary to realize

30 stable high-speed rotation by employing relatively cheap aluminum disks.

The aluminum disks have been thickened from 0.8 mm to 1.0 mm and
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1 further to 1.27 mmto inprove the rigidity thereof and to confine the
natural vibration thereof within a tol erable range. Recently, an al um num
disk of 1.6 mmin thickness has been proposed. 5 Usually, the magnetic
di sk includes an alum num substrate, a nonmagnetic metal undercoati ng

| ayer on substrat e, magnetic | ayer nt er coat

| ayer andusther 67 acH TRt 18 gt Phe Methon theredl St confing RoEaBSH

| ayer, t henmeltﬂmré(ﬁwl&huaa JolebEbleRaRkE CRéééﬁhtIya}é%ralﬁhﬁnh&{ ARG 1. 6
sputtering, chem cal vapor deposition (CGVD) 10 and such a conventi onal

met hod f omi inrbhimess haebeempremmsedant i s coat ed on the laninate forned
so far. The lubricant is coated in many cases by dip-coating due to the
excel l ent mass-productivity thereof and the sinplicity of the equipnent
for the dip-coating. The dip-coating is conducted in the follow ng way.

The stock solUuially,ofthe mhaghetid udickcdntludes dahutddodiuan ddbAapgeopsi at e
concentration consj deri ng the desired filmthickness with a _solvent (such
as an or gaenaagngbicosmetebnundesceating Tawerqoak the t Alummym yispbsteate; o ned

t hereon '%née’%rgb%dli Lk &%%rtﬁgﬂe %BhBET%éreI- Eﬁd'% ﬁ%ﬁ’ec‘tioﬂ“}%e‘r“@r{ 'thant

sol ution pr s describe ove ed out of the
liquid | ubigwestivt lapéut The aindarcansigadhyapets tmagnatporblyert tndsaheent and
to absorb 20 the Iubrl cant corg:%nent remai ni.ng on the di.sk onto bgﬁé

& tection

protect | orpr%?y@Pn ayeuare & YuBratteiine.| dipaicaks VAR HePasion
Laver: A LSHNaIchS tnverftRilk1 GREEH AU oR M BE Sk ﬁ&?tmabﬁ&&me{]soéo%@bﬁ for

form ng the ricant ayer 25 Problens to e sol ved I nvention
Al t hough tthe kinpnabatfonmedesth ddrhdhebdebvieart! o edatek 1f10n1arryg cates by
| ubri cant

ayer., it, h een found that a | ot ubr | ocal i,.zes to
(romins WRYoRiRE dHE A6 FPIeTHn BotREOHESHAL: e eaTup PSTRBIER: he
di rection,f tt*he éﬁ\hﬁﬁetrﬂefomeﬂiﬁc&itﬁkg ' 'Ph@‘ﬂa*)%gaﬂﬁg RANEbddiRtdE R theNY
lubricant mgrates 30 with el apse of tine he peripheral portions in the
maj or sur ffeldewingf waye The stock solution of a liquid lubricant is diluted to an
15 appropriate concentration considering the desired film thickness with a
solvent (such as an organic fluorocarbon solvent). The disk with the laminate
formed thereon is dipped for a certain period of time in the liquid lubricant
solution prepared as described above. Then, the disk is pulled out of the Liquid
lubricant solution at a constant speed to evaporate the solvent and to absorb
20 the lubricant component remaining on the disk onto the protection layer.
Thus, a thin lubricant layer is formed on the protection layer. Alternatively,
spin-coating and spray-coating are employable for forming the lubricant

layer.

25 Problems to be solved by the Invention
Although the dip-coating method has been employed for forming the
lubricant layer, it has been found that a lot of lubricant localizes to (remains
on) the end face portion of the magnetic disk opposite to the direction, to
which the magnetic disk is pulled up, and the remaining lubricant migrates
30 with elapse of time to the peripheral portions in the major surfaces of the
magnetic disk. Referring now to FIG. 6, the arrow A indicates the direction, to
which the magnetic disk has been pulled up, and the darkened regions are



magnetic disk. Referring nowto FIG 6, the arrow A indicates the
direction, to which the magnetic di sk has been pulled up, and the darkened
regions are 2 the regions, to which the lubricant has mgrated. As the
magnetic disk is thicker, the absolute anount of the lubricant mgrating

to the perjipheral portio of. 1 he jor surfaces becones l|arger, since
nor e anourjibg(’j?g]f)ﬂﬁ%mgjhf l‘rl%%ﬁ"llgt?é%s %gjiaﬁ‘é&'end face of the magnetic 5
disk in proportion to the area thereof. The lubricant is liable to mgrate

to the slideks @he thegh@dh didke ihehitkel,yiirg abydutd Benquerti gheicalulpaddntons of
the magnetjc disk, to which the lubricant has mgrated. As a result, the
flying of migiatingdinethecPerinbersd danrbiong it sl majom guxtheesyhesoameselamE9T.ng of

t he magnet_ t . i r i yances
and the 1000 ABRT AREEST BB RBIERKL 018 BRORSHAC G BUPLE e RRIGRHITTES
Al t houghstdigk id propoation bty ithg abed gidreof. Thecubrigaat iClididads migratcoiontel0 nm
the flying, height of the nagnetic heads will be lower in the perpendicul ar
magneti c Hidewr ot He syaasnstas dlying myepsthe pﬁrlﬁ\ﬁgali BETEions Of D8 t han

the flyin ' - kN . ' ral t.] e ystem
The | ubri g%%%%fg]%sg’r g(% ?’glrl\ag\n %ﬂ%golgéﬁge}?%o%gé%lrt% ] errg fggu{thggrrg%n ttl)cfc heads
flyi ng at thelmagretichkeaghbecohines ynsiiabiant] thebirstablie figigeaifithe nweenebreen

i nt angi bl j}ega Iiagfg since the lubricant ambunt on the,end face o he
magnet i chioradvREteltieths MARBEYY RAMMIC PERRYManges 3 gnetic
di sks Wb RSNy hedind Sl (168 SumdBflity bt SRl ONAIRIGA! th! ¢ he
magneti c heads was Trom15 to 20 nm relatively higher than the present
flyi ng heityhicabfflytihge hrghietf c theasisgnatic Heagh ishardunsk il0anm, ddwecByingat i on

is optimzed,, th ol vent fo 5 diluti.ng the lubricant..is selected, and
the pul 11 iE5e 85488 aroeid headd Wi Pr dORRE TorE4 BEREOHIN SFSRIGH 1 rom
causing, irecdrdingR9sehble@paite@rt8sKnt uk&d iﬁgﬁﬂ&ﬁé@iﬂ fefiéeiiant fige Ayt cant
m gration from causi ng. Japanese Unexam ned Laid Open Patent Apl[))|_l cation
2003- 6849 heaght in the conventional parallel magnetic recording system. The lubricant

15 migration will pose serious problems on the magnetic heads flying at a lower

height.

The problem of lubricant migration has been intangible so far, since the

lubricant amount on the end face of the magnetic disk was not included in the

20 control items, since the magnetic disks were as thin as 0.8 mm or less, and

since the flying height of the magnetic heads was from 15 to 20 nm, relatively
higher than the present flying height of the magnetic heads.

Although the lubricant concentration is optimized, the solvent for
25 diluting the lubricant is selected, and the pulling-up speed is optimized to
prevent the lubricant migration from causing, it is impossible at present to

completely prevent the lubricant migration from causing.

Japanese Unexamined Laid Open Patent Application 2003-6849 and
30 Japanese Examined Patent Application HO07 (1995)-58545 disclose the

proposals, which press a wiper or a buff onto the disk surface, on which the



30 Japanese Exami ned Patent Application HO7 (1995)-58545 disclose the

proposal s, which press a wiper or a buff onto the disk surface, on which
the 3 lubricant is coated, to uniformy distribute the lubricant and to
flatten the disk surface. However, the wi ping treatnent and the buffing

treatment ;are pplied, only ta,th | or. surface,of the ngtic disk, that
ot he HESerett sl R tth gD ot R G Sisnth aloitensEs thpr ove
the frictijlakuffafe HOWERIC @he SHipin@ trddithef®NSiR e BlLifidg SRBmMEEHAre _
performance and to prevent the magnetic head from sticking to the magnetic

di sk. The apppeég only sathe mnawnsurfasemffthengagnetas degk that és taithe dead

obviate t .probl ens of bricamnt m gr.atiaqn;.n Whaic he,l ubri.¢
depoat ted g HEeEi Pids Sy MR g TP Hlelk Yo" S rale Sheo BiotEARY, o
sur f acess @erfold@anBenekich diss khavicolstall ethapsePCERMerformémw Hid tthe

foregoing, it would be desirable to obviate the foregoing r obl ens of
| ubri cant PagtamHt thenmagpetie hepdpfrom shicking tombhe m wviligk. Thenwingct uri ng

met hod, ' | ' St nithe..e f the
magnet i C“@%egﬁm%r@ﬁa%ép ééepie)p%c%? %a(r\%lﬁ{r%tg%l %"Sel%ﬁ tt(a OO%VE%\?EQ& g’ﬁ%glglﬁﬁbogi cant
deposi t ed labritdiet ®igkataee iafwhich thaghdlicantiidskoditednomithe afridnfacorifchet he
maj or surfaces of Isge magneti c di flk or.solidifies the | ubri,cgﬂt deposi ted
on the endlagReiicofiskhmignniesongo ¢hekmpipr guriases Afdher mpgnetig gk witht o
deprive ri.cant of the fluidity. It would be also desirable to
manuf actlgtregébéft)b?rgalg%etic recordi ng nmedia by the nmethods descri bed above.
Means for solving the Problens According to a first aspect of the

i nvention, there is provided a nethod of nanufacturing a magnetic

recordi ng med! um i nc i a magnetic.layer, .a,.25 protectjon.l ayer on the
rmgnet | ¢ 1 aydn. VEIon e AchedoTFh ot e Ok, BpsiBPIE e it e o PG BE .t he
net hod i nghrbliedts bhaubkieRst RhipraQshl 10 whad! béluilse dedlabiaRb pryRIe an the
protection |layer, and pressing at a constant pressure a w ping tape

cont ai ni ngnangfaciuming t mathedewdichaadpes offtdierlobaicant) dengsitad en the end
15 face of the magnetic disk with a wiper containing a solvent to prevent the
lubricant deposited on the end face of the magnetic disk from migrating onto
the major surfaces of the magnetic disk or solidifies the lubricant deposited
on the end face of the magnetic disk by ultraviolet ray irradiation to deprive
the lubricant of the fluidity. It would be also desirable to manufacture

20 magnetic recording media by the methods described above.

Means for solving the Problems
According to a first aspect of the invention, there is provided a method of
manufacturing a magnetic recording medium including a magnetic layer, a
25 protection layer on the magnetic layer, and a liquid lubricant layer on the
protection layer, the method including the steps of' coating the liquid
lubricant layer on the protection layer, and pressing at a constant pressure
a wiping tape containing a solvent to the end face of the rotating magnetic
recording medium to wipe off the portion of the liquid lubricant layer coated

30 on the end face of the magnetic recording medium.

According to a second aspect of the invention, there is provided a
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recording nediumto w pe off the portion of the liquid |ubricant |ayer
coated 30 on the end face of the magnetic recordi ng nedium According to a
second aspect of the invention, there is provided a 4 nethod of

manuf acturing a magnetic recordi ng nediumincluding a nagnetic |ayer, a

protection | r pn the netic |ayer nd_a ubrlca Iayer on
Phe. pr ot odRTBHAl oo BaTHERIRE] Pevtnal erereiitenediint REMREE | Tqui o
| ubri cant phaRticolaydde aPr Prstetiion 1ad¥fron FRE mhgﬁélm@tlhgaa 5a1€_’d1 #liquagi ol et
ray to the end face of the rotating magnetic record Ig medium to SO|IdIfy

t he | ubri dabricasnipoeermn the tiretdctigu; kameu,bth%mthpdyl@ﬁ wbag dheosteph el end

el udes ACRBE Thbe HoBHS) NP TV, on SERCHARREMR ter AR B BB R agner

recordi ng amie@litta"m@lhap@fitdvtm@eﬁd EhdeCol aﬁhedtoﬁxtdi@md@eﬁcc‘r@édrahfg ilidideness but
excluding at ] east the magnetl ¢ head ng ion of the magnetic

recordi ng ﬁé@h@lﬁy the b @g@@@mﬂne&t mgh@{hq@ld it dareoateday the
nmanuf act ure b%ce Erﬁt g{l %@?e %dlﬁ &ﬁ&ﬁrl bed above. The wet-w ping
u AREThe F

rem)vesthel rlcan ray irradiation solidifies the

| ubricant. These treatnents are applled only to the end face of the
magneti c di sk according to the invention, since these treatnents inpair 20
the lubricity the faces, .to i t hes eatrrent5|sa lied. In
unf avorabl e erAYAHABHISIY. ntheen ed}ﬂf@!@c{ﬁ% oSl g P HHGOBSELGBRer af ed
or dust 9 chigBRIESId Heatk iﬂ@gﬂé&cafec&ﬂﬁnyﬂemnb%hapéd QfitRI LYty nm
enpl oyed in these days may cone into contact intermttently wth the head
flying reglign hafvmgwa perg et rchlchnem bahdxcbaling ratsleast Ithe bnagnededend t he

wor st 25 se. Far g ?.. tlgg head ont %(& or the head crash from
causi ng, yl{lgreg}@&eé) a 5 ey é“fel‘fgr lﬁgrr? H® conponent on the head

flying regl on without being renoved or without being solidified. Brief
Description of the Drawi ng Fi gures

Advantageously, a magnetic recording medium may be manufactured by

15 any of the methods described above.

The wet-wiping removes the lubricant and the ultraviolet ray irradiation
solidifies the lubricant. These treatments are applied only to the end face of
the magnetic disk according to the invention, since these treatments impair

20 the lubricity of the faces, to which any of these treatments is applied. In
unfavorable environments in the hard disk drive containing gases generated
or dusts, the magnetic head flying at the flying height of around 10 nm
employed in these days may come into contact intermittently with the head
flying region of the magnetic disk, and head crash will be caused in the worst

25 case. For preventing the head contact or the head crash from causing, it 1s
necessary to leave the lubricant component on the head flying region without

being removed or without being solidified.

Brief Description of the Drawing Figures
30 FIG. 1 1is a block diagram schematically showing the manufacturing

setups for applying a wet-wiping treatment and for applying an ultraviolet
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30 FIG 1 is a block diagram schenatically show ng the manufacturing
setups for applying a wet-wi ping treatnent and for applying an ultraviol et
5 ray irradiation treatnent to the end face of a nagnetic disk. FIG -2 is
a cross sectional view of a magnetic recording nmedium (nmagnetic disk)
treated with.the. setups of FIG ;1. |G .3 is a.crpss sectional view
schenat i cgﬂrVrgﬁf?&}oﬁ’g@?ﬂtén%&ﬁorﬁ%en%e%lcﬁﬂfBfm?gﬁbet]é:nfﬁsﬁ'ace of a magnetic

di sk, to which the treatnents according to the invention are applied. 10

FI Gs. 4(A) through 4(D) are schematic OSA i nages showing the states on the
surfaces of rd§nhelils diskeospigrfieralyiameolcsmagnetic yeepishing tmediggyl t s of

filmthic d i a;Fourier transforminfrared
spect rophKl@%ﬁé{e@?@ﬁﬁ?‘%@%ﬁﬁ@gﬁ?ﬁﬁpﬁ%ﬁﬂ% !L'S portions in the major

surfacessof the nmagnetic disks, thereto the lubricant has migrated, are
t hi cker by arqund 5A than in the other partions. FIG 6 is a top plan view
of a magneti &8sk ihal garhgettienatayisl schemeticalliophowing the maimwnt o
whi ch t he i i . I . ntion
ow t he | vaapicdTHte iR ad Hbiitnel AFH yi1il R BRI aclRbRAET 0
t o the acchepauribros@vdppdiedi gures which illustrate the preferred
enbodi nent of the invention. 25 Methods and Setups for Manufacture FIG 1
is a block diagram schematically showi ng the manufacturing setups for
appl yingoa webrcyd AP tio® f 995 3! Bl sthf¥
irradiation trIeG[gaf rrelurql}tgtt 8 gh;&“(ggd%?gcge% Iagﬁér:rgjgsr%gtnlﬁgg%% él&&y]%lg the s

on the surfaces of magnetic disks obtained by the OSA.

FIG. 5 shows the results of film thickness measurement conducted using
a Fourier transform infrared spectrophotometer (FTIR) indicating that the
15 portions in the major surfaces of the magnetic disks, thereto the lubricant

has migrated, are thicker by around 5A than in the other portions.

FIG. 6 is a top plan view of a magnetic disk including the major surface

portions thereof, onto which the lubricant has migrated.

20
Modes for carrying out the Invention
Now the invention will be described in detail hereinafter with reference
to the accompanied drawing figures which illustrate the preferred

embodiment of the invention.

25

Methods and Setups for Manufacture
FIG. 1 is a block diagram schematically showing the manufacturing
setups for applying a wet-wiping treatment and for applying an ultraviolet

ray irradiation treatment to the end face of a magnetic disk.

30

In FIG. 1, the rotation direction of a magnetic disk 11, onto which a
lubricant has been coated, is indicated by the arrow R. In FIG. 1, an

6



In FIG 1, the rotation direction of a magnetic disk 11, onto which a
| ubricant has been coated, is indicated by the arrow R In FIG 1, an 6
end-face wet-wi ping unit 12 including a wiping tape 13 and a pad 14, a
sol vent spray nozzle 15, and a solvent storage tank 16 for feeding a

sol vent tqQ_.,spra ozzl-e 15 .arg, sh . An ult.ravjolet,ray;irradiation unit
(her i nat eRs BRERASERIT W fo Jiilind ], WipBlabe a7, o RARLEL AW o
18, a shi ebleht sPrayanshzie $5,4nd a sobrit 3bskakt Renkabebr 2dihg adlobensown in
FIG 1. Although wet-wiping unit 12 and ultraviolet ray irradiation unit

17 are shéRFRY ROFAles 15 are aphovem. (ot ulirasnelst aay drzegliatien woit (heypinafien uni t
17 be ] | it b, - ebliar . i
wet o pf ndeBHR s AU eddihill? BECPTbES SRS, U

with a | 59 eadtalstydn bagradl finerksls) 26, ioubbeshdwn an kL.t Ai Altlioughti on R

A solvent is ejected.onto wi ping.tape 13 on . the feeding side th of from
spray nozAe&d vEpIngugit, k2 @a\édélplilgiw%le? £8y altraawél%lt upit J&a@@hwnﬂvg& nt and
t he feed tjh ' : ' t: : : 1 [ of
W ping t 2t 1Y SonPLTAPRAC a1 khd WPy LLERRARA wollaT Blay 8o IEGANER D)
end face ablelpoiidt ho podldemll with pressing pad 14 at a predeterm ned
pressure to wi pe off the lubricant |ayer coated on the end face of nmagnetic
disk 11 with wiping tape 13. The arrows illustrated near wi ping tape 13 in
FIG 1 indicate the direction, to which wiping tape 13 is fed or wound up.

20 The tipeat Mg uehBOeM( | WeRH et Wiphil tnk712 S CONHIEEEh ithe EIRWiak! OW ng

way. Magnetic disk 11 with a lubricant 1ayer fornmed thereon is rotated to a
certain diwasctiagnetic disk 1Ligrith antubsivapbdayer fonmedherdnti taratated ta acoat ed

or, 1%, 131858 ALYIELL S S8 EP) DGt LN,
through slside SresiPRbRAspraySitizelcd15.9Wikivg &pand & fedll dtt théOstia$t of s¥8ryn W dt h
and 5 mm It?eatlnferlln tEI;]I-ld the feed thereof is stopped during the treatment. The wet
15 section of wiping tape 13 containing the solvent sprayed thereto is pressed to
the end face of magnetic disk 11 with pressing pad 14 at a predetermined
pressure to wipe off the lubricant layer coated on the end face of magnetic
disk 11 with wiping tape 13. The arrows illustrated near wiping tape 13 in

FIG. 1 indicate the direction, to which wiping tape 13 is fed or wound up.

20
The treatment using UV irradiation unit 17 is conducted in the following
way. Magnetic disk 11 with a lubricant layer formed thercon is rotated to a
certain direction R. The lubricant component in the lubricant layer coated
on the end face of magnetic disk 11 is solidified by irradiating an ultraviolet
25 ray from UV lamp 18 to the end face of magnetic disk 11 through slit 20
opened in shield 19. For example, slit 20 is 2 mm in width and 5 mm in

length.

Structure of Magnetic Recording Medium
30 FIG. 2 is a cross sectional view of a magnetic recording medium

(magnetic disk) treated with the setups of FIG. 1.



Structure of Magnetic Recording Medium30 FIG 2 is a cross sectional view
of a magnetic recording nedium (magnetic disk) treated with the setups of
FIG 1. 7 Referring nowto FIG 2, the magnetic di sk includes an al um num
substrate 21 (1.27 mmin thickness), a nonmagnetic netal undercoating |ayer

22 on substr 21, a magnetji.c, |ay 23 on undercoatjng |ayer, 22, a
brotection | AYEPTRIE PG aHlc Payhe Bagnetiy Gk GurteeuBh BTN S er 25
on 5 prot @abkiRAtd 8Y €1.22 4 mUR0SRASRIEN G hGVREgRGic %%%ﬁ&erb@dﬂ:%%?aérer and
protection |ayer 24 are forned one by one by the sputtering nethod or by

t he CVD nméZhodn Eubgiratel @by iacanagnetjerlaps 23 por nwedercoaiing xkaypt e22,bg t he
conventional, dj.ppin hod descr.i bed earlieyr iy cqonnection,w t he prior
SPTUCA of BepieEtBRBTeDEA B mOERER Ter A el il anBER S i ea 8547
10 subst b to#bie@fioh Olaylrum UM mdesédaing: Ahywd t 90, nenDikice ThydBcls, nhng Regi on

FIG 3 is a cross sectional view schematically show ng the maxi nrum region
of the endretectonflazemBdrare; dormned onecbyienenby e spattering: methadoetiblig t o

15 the in td r i . the . j [ d face
34, to unibh ¢ PR HePhGPRbiPH JuBubt iles' 2R IRV B upludl B o9
magneti ¢ keatedtioidlodippag aished dreeribéd warlidinth tastectidn with des paicdi de
face section 31 and chanfer 20 _sections 32. In_ the descriptions of .the

i nvent i onart-nd Rlapkie suhstrateand siedy grnanagntiepabsteats; ways bg &spdin on,

i ncl udi - t : 1 ic recording nmedium
(magnet Pg Sﬁ?%&iof?ﬁ%v%lﬁgﬁ%é%esr aSIm?latet 1ivg§iﬁg{sosé% E/&gzrlfeti c head flying
regions 33 are excluded fromthe "end face". 25 Experinents Four kinds of
magneti ¢ di sks (A) through (D) having the structure shown in FIG 2 are

;gglr: ggt e%a%%ﬂ?gthggi%fk (A): any of the above described treatnents is not

FIG. 3 1is a cross sectional view schematically showing the maximum
region of the end face of a magnetic disk, to which the treatments according to

15 the invention are applied.

In FIG. 3, the maximum region of an end face 34, to which the
treatments according to the invention are applied, and magnetic head flying
regions 33 are shown. End face 34 includes a side face section 31 and chamfer

20 sections 32. In the descriptions of the invention, the term “end face”
designates the entire side face portion, including chamfer sections 32, of a
circular magnetic recording medium (magnetic disk) 11 having a certain

thickness. Magnetic head flying regions 33 are excluded from the “end face”.

25 Experiments

Four kinds of magnetic disks (A) through (D) having the structure shown
in FIG. 2 are fabricated.

Magnetic disk (A): any of the above described treatments is not applied

30 thereto after the lubricant coating.



30 thereto after the lubricant coating. 8 Magnetic disk V: the end face
thereof is wwped with a dry wwper in wping unit 12, fromwhich spray
nozzle 15 is renoved. Magnetic disk (0: the end face thereof is wi ped with
a wet wiper, 5 containing a solvent, of wet-wi ping unit 12. Magnetic di sk

: th d f i8I ' ith | i ol .USj I
Urradtation ainend Wk Br HOONA (Al bt SRR’ by b7t W
envi r onmertipingephitat?, tloen whicoprel ndRIPEs & wneowveidd t he normal hunidity,

for a week. Then, the major surfaces of the magnetic di sks are observed
under an optical surface analyzer (hereinafter referred to as an "OSA!').

In fabricati 'Maéﬂ&iérﬁﬂ&et( . %é%%gge]%%dgT Yﬂeﬂe%iﬁ? lv?& . a 15

"W per tape" or-a "w ping tape", supplred from Y
| NDUSTRI ESontaiking a soluery of ivetfaping ahitrik.t he magnetic disk (C), a sol vent

(Vertrel XF l'ied from.Du Pont .) Js used for. wet-w ping, A though any
sol vent rmay D RBeetac dusk dD: etﬁ@dggp%hﬁreaf isssrqiatod it an fkaAYio ed, it
is preferl._%;Iugir}g)ltNhseﬁrn%%lﬁgtgﬂ}l\{ﬁpga_used for coating the lubricant in

manuf acturing 2 Isk. Preferably, the wiper is resistive
agai nst the solvent used in wping off the lubricant. The setup for end

face w ping shown in FI i.s set up .t he resent inyentor for use
in the Fuji %S}Ecﬁq%le&?. dﬁs?‘f‘ (f.%b"’i*ﬁ%te o?’(Pel‘f’fhtYi”é‘ % QEYHBH_?’S’%H Spﬁ/\ﬁbitx?ﬁ t ape
13 on the nofR@] t8mplfurB8Othd hBMMAPhaYniAR%Z kG 4 Svecll PG, th8RBahs i S fed

at the start of every wiping treatment and the feed of wping tape 13 is
st opped dsnifages d wihs ngnagrediondisks wee dhmpevet3 undepras spdicab sunfaceend

face of magnetic di sk b ad. 14, the Agness thereof is 60 degrees
(609. |f F%‘é‘%?éﬁ%fse n#erp’ég&fﬁdi%%h?%‘ ["0U “t he circunference of disk 11 is
30 pressed into pad 14 and the magnetic head flying regions 33 (cf. FIG 3)

on the mgjor surfaces of disk 11 nay be w ped. Therefore, it is not

desirable for . .. .
In fabricating the magnetic disks (B) and (C), a wiper (called also a

15 “wiper tape” or a “wiping tape”’, TORAYSEE 53203TR supplied from TORAY
INDUSTRIES, INC.) is used. In fabricating the magnetic disk (C), a solvent
(Vertrel XF supplied from Du Pont Co.) is used for wet-wiping. Although any
solvent may be used as far as the solvent dissolves the lubricant used, it is
preferable to use the solvent used for coating the lubricant in manufacturing

20 the magnetic disk. Preferably, the wiper is resistive against the solvent used

in wiping off the lubricant.

The setup for end face wiping as shown in FIG. 1 is set up by the
present inventor for use in the Fuji Electric Co., Ltd. The solvent is ejected
25 onto wiping tape 13 on the feeding side thereof from spray nozzle 15. Wiping
tape 13 is fed at the start of every wiping treatment and the feed of wiping
tape 13 is stopped during the wiping treatment. Wet tape 13 is pressed to the
end face of magnetic disk 11 by pad 14, the hardness thereof is 60 degrees
(609). If the hardness of pad 14 is too low, the circumference of disk 11 is
30 pressed into pad 14 and the magnetic head flying regions 33 (cf. FIG. 3) on
the major surfaces of disk 11 may be wiped. Therefore, it is not desirable for

pad 14 to be too soft. During the wiping treatment, disk 11 is rotated at 200



pad 14 to be too soft. During the wiping treatnment, disk 11 is rotated at
200 9 rpm The pressure, under which tape 13 is pressed to the end face of
disk 11, is 0.5 kglcn2. Each wiping treatnment is conducted for 10 sec. W
| anp 18 used in fabricating magnetic disk (D) emits an ultraviolet 5 ray

havi ng wayel eqgf.h 8 4 t.for the
Short ost Pk AelSeebd wolPt AR PR id prATPAE she eRATGRCR IR 1,0

ul travi ol é¢ Oralye/ti®?i BEsdtivipiag tedatidehtsk con@hdte@forf 1088c10 MW cen2 to 15
mMNcnz for 10 sec. in each irradiation treatnent. UV lanp 18 is covered

with shield 19, a slit 20, 2mmin width and 5 mMmmin length, is opened in a
part of shield 10 19, and slit 20 is positioned in closest proximty to the
end face of nmagnetic disk 11 so that the ultraviolet ray nay be irradi ated

only to the ang LaGs 18 usclBGD Bilrfcalik eﬁmﬁgk @mte%ltﬁ%uhﬁaéél&he
magnetic disks (A) through (D) fabricated are In an environnment, kept

at the ndraphavenperaelengthsdf 182 nmo amsl 2514m11d|1tTY lafrgr 18 isvepkecedTgeart t he

Con (CBA 00 ST LA AR eLAEPS i PR ce PR URAGh (11 REE  amnt

t hat quantllfraliot& saydetifradiaes 4tft@lesstt9é1ﬂ%tﬁfof@dmt1©rmwcﬁls ysh 5a8Weenear bon,
a |l ubri Cant and a cont am nant on a reflective b% SUC as a rragnet i C
aht

| ayer andfer @msponinl %B,@rl)rraﬁ&atmnetde@hmw ATY demp @\mﬂgd stithghaflda P

pol ari zed ve {l udi nal Qr_an zed tra al
heve)  obl s e Al Smab a5 el Rolifh 1y ERGATN 5, el FHE
det ecti ng 19} AadpASZ0 & f)assifleﬁ@@ ivfclddast pﬁf)hﬁﬁty V(ﬁtllilﬁ@ﬁll fhdib bhendpmReRNt
experinment, the 25 phase difference change of Q_pol.ari zed wave consi sting

of a P poldigh 2&®0 thatdhandtravidehsanmae evmxﬁéha@defrfém?etéle ephEacetde use

of the Q +§{étfce(§ yave facilitates nore sensitive analysis than the use
of the P polarize wave or the S polarized wave. The phase difference
change of the Q polarized wave is the difference of the phase difference
bet ween the P pol ari zed wave

Experimental Results
15 The magnetic disks (A) through (D) fabricated are left in an environment,
kept at the normal temperature and the normal humidity, for a week. Then,
the major surfaces of the magnetic disks (A) through (D) are observed under
an OSA (OSA 5100 supplied from Candela Instrumens). The OSA is an
instrument that quantitatively determines the state of a material (such as
20 carbon, a lubricant, and a contaminant) on a reflective layer (such as a
magnetic layer and a carbon layer) by irradiating a laser beam consisting of a
P polarized wave (longitudinal wave) or an S polarized wave (transversal
wave) obliquely onto the surface of the layer to be analyzed and by detecting
the phase difference of the reflective beam. In the present experiment, the
25 phase difference change of a Q polarized wave consisting of a P polarized
wave and an S polarized wave is employed, since the use of the Q polarized
wave facilitates more sensitive analysis than the use of the P polarized
wave or the S polarized wave. The phase difference change of the Q polarized
wave is the difference of the phase difference between the P polarized wave
30 and the S polarized wave in the incident beam and the phase difference
between the P polarized wave and the S polarized wave in the reflective

beam.



30 and the S polarized wave in the incident beam and the phase difference
between the P pol arized wave and the S polarized wave in the reflective
beam fO FIGs. 4(A) through 4(D) are schematic OSA i mages show ng the
states on the surfaces of magnetic di sks obtained by the OSA descri bed
above. FIGs. 4(A) through 4(D) show the respective surface states of the
corresponding 5 magnetic disks (A) through (D). The original pictures of
FIGs. 4(A) through 4(D) are col or photographs. If the col or photographs
are convert edTiGs. BlActhroaghl 4] 4& ghemutesOBAl imdisfshbaies th betésrages wil |
not exhibit clear conjrasts.  To avoid this problem the contrasts are

i ntensi fi ége s@uﬁﬁia@s 9 ala;%»etﬁlicdh‘s'ks phiayged &Ue@ebﬁ)% T1PE PP vVergld
clearly peggpiy é‘g ovr| (e r G G0 Luthld thﬁJ CE fh cbﬁ%b
rraj or S ed

mgration onto t TSk UsUT Faces s preven romcau ng 02t he
magnet i c5 dagnotic) diske dAR dhinyughwéd). it aggﬁnﬁl fittmremgh#iGe. d{ABktHrBhghr eat ed

by W di : FLG, the d t t t
ef oot | ve M5 i cabr attctomspbbkellHeatiion PhoREB R BAIOBYertid Ehack ~ |
det er m nalpAyhitf pidififed WRAhAL BERISIIOMARS FATLSANIBRMEWonth1s.

| ubricant layer t |ckness is adjuste any portion
illustrat él;b lay01ldl tlode pridlda, ithe namtfamisdare intensifiddt gr thakdhe hadrtione
treatnent ctive on illustr by 20. b] ack (dark) is a
portion, {Bﬁ #’ﬁé blf’c?gl c@ﬁf alpey |}%etﬁeéke&r %/efrﬁ%ftvai)ga portion, into
V\/nich the Iubrlcant has mgrated fromthe end face of the magnetic disk).

The | ubnpcant | ayer thickness in the black (dark) portions is nmeasured 25
with a Fourier transform i nfrared spectrophotoneter (FTIR). Results are

shown in FIG [.n &‘S‘ @e horizontal axis represents the _position in
the disk majfb?r FIGp s 463 and-d\h) dadicagen luheicaat apgrizomenta thenmaier dishr essed
by surfaces is prevented from causing in the magnetic disk (C) treated by

wet-wiping and the magnetic disk (D) treated by UV irradiation. As FIG.
4(B) indicates, the dry-wiping treatment is not effective.

15

The effects of the treatments are judged by the OSA determination. In
the image processing, the contrast range of the lubricant layer thickness is
adjusted at around 5A. If any portion illustrated by black (dark) is not found,
it 1is determined that the treatment is effective. The portion illustrated by

20 black (dark) is a portion, in which the lubricant layer is thicker (that is a
portion, into which the lubricant has migrated from the end face of the

magnetic disk).

The lubricant layer thickness in the black (dark) portions is measured

25 with a Fourier transform infrared spectrophotometer (FTIR). Results are
shown in FIG. 5. In FIG. 5, the horizontal axis represents the position in the
disk major surface measured from the reference position and expressed by
degrees of angle and the vertical axis represents the lubricant layer

thickness. The portions {(such as the portions around the 15 degrees of angle

11



degrees of angle and the vertical axis represents the |ubricant |ayer

t hi ckness. The portions (such as the portions around the 15 degrees of
angle 11 and 180 degrees of angle on the sanple 1), therein the |ubricant
| ayer is thicker than in the surrounding portions, are the portions

il lustrated ,by l,ack (dark) .on the OSA i e., Thus,. it has bheen confirned

1l 5o by 1 AEdETad BENes R ialR Dot Wi SEARATNY thora it e EBeF Rt £ ot e
by bl ack $hiciar Kihh GheheSAnks@BIEng! Sortitnekake Rie goRtiBHs FAuttrated bg ot her

portions. _Since the nmeasurenent with the FJIR takes a long tine, the

| ubri cant bl ridoon the OSernage. (B, 1i/has aen penfomped alsgdy thenBERRs and

Modi fi cat i 1 g Lpvent i b - desqy | hn tion
with the 1 rzf e(rglrl%hgs%og?%gﬁ?g&ae% tﬁ}ga%?%%r rrelr??‘s ﬁ%des?gag{a%l %ﬁg@ggg and
nodi f i cas i(duk) sucthaa®SAh angge afe thitkeebgvarunduidtheal theajthes possigioy ment

of simlar nethods and materials, . an nbi.nati ons wi.th the cqQnventi onal
t echni queS1B%e tBe\INEaSUReR eI oWaths ithe | E‘Ef ntakee arkong; il%uttﬁeeb&ﬂqaﬁg from

echni fosehy) Poii KRt MepliieH)
et - wi pi e 8 P AR Y e O A TR et mmy b an addi ¢ 1 ona

enbodi ment according to the invention. Therefore, the invention be
under st ood not by the specific descriptions herein but by the appended

Cl ai ns thereof. 20 Y} ageous Effects of the Invention As descri bed
above, th?ﬁ%?@é’ﬂtﬂa@&‘?é&?% on the end face of the magnetic disk is
w ped ofif W tAVRowE! tMePifbrtaRe IRls $RbhdREd@fhelY ih I ERRledtibA Iwif the

ultraviolet ray to the end face of the magnetic disk. Therefore, the 25
| ubri cant paefsosid edmbodithentsndandcdbef eiperiragmist | thegeefk ichapges/eandd from

M 97 2t 9 Q0L BB B 0 SULLARSE L SIS af L the kbR il 01 1Y
similar methods and materials, and combinations with the conventional
techniques are obvious to those skilled in the art without departing from the

15 true spirits of the invention. For example, combination of the wet-wiping
treatment and the UV irradiation treatment may be an additional
embodiment according to the invention. Therefore, the invention be

understood not by the specific descriptions herein but by the appended

Claims thereof.

20
Advantageous Effects of the Invention
As described above, the lubricant deposited on the end face of the
magnetic disk is wiped off with a wet wiping tape or solidified by irradiating
an ultraviolet ray to the end face of the magnetic disk. Therefore, the
25 lubricant deposited on the end face of the magnetic disk is prevented from
migrating onto the major surfaces of the magnetic disk and the reliability

thereof is improved.

30

12



30 12 daim Wat is clained is: 1. A nmethod of manufacturing a magnetic
recordi ng mediumincluding a nagnetic |ayer, a protection |ayer on the
magnetic layer, and a liquid 5 lubricant |ayer on the protection |ayer,
the nethod conprising the steps of coating the liquid lubricant [ayer on
the protecgtion |l ayer, and pressing at a constant pressure a w ping tape
containingign%olvent to the end face of the rotating nagnetic recording
medi um whereby to wipe off the 10 portion of the liquid lubricant |ayer
coat ed onwhe gnrthikaeesof the magnetic recording nmedium 2. A nethod of
manuf acturing a magnetic recording nediumincluding a nagnetic |ayer, a
protection layer on the magnetic layer, and a liquid 15 Jubricant |ayer on
the protedtiod | Bpthod of mgatipelartngpriasnetie ecosgiagsmediung dnglpding fe

liquid lubrj i | n t ' I j i.afing; the end
face of tALHBEE | BYRE 37 ok cRER JRGHL b (B thneRfie nEETMEY ' 9ckit
wher eby 1 tuladddrdi fluyenen! ubei qadtectonphiyent thenmiehleod tamprisinguthe staps | ayer
coated on the end face of the magnetic recording 20 medium 3. The nethod
according%o Caim1l or 2, wherein the end face conprises a side face

port i on Tnol udhRgngh3L eigtes ! 198icAle | RoFRATEE kfotckaER1 AR UM Shaped

with a circul ar aving a certaint ess but excl uding at | east
the magnetic heessifgut agonsgind predsurba wigngtape corgadridg agoledititmthd. The
e o ot e TS L B S0l erel§ bt ©f

10 portion of the liquid lubricant layer coated on the end face of the magnetic

recording medium.

2. A method of manufacturing a magnetic recording medium including a
magnetic layer, a protection layer on the magnetic layer, and a liquid
15 lubricant layer on the protection layer, the method comprising the steps of:
coating the liquid lubricant layer on the protection layer, and
irradiating the end face of the rotating magnetic recording medium with
ultraviolet ray, whereby to solidify the lubricant component in the liquid
lubricant layer coated on the end face of the magnetic recording

20 medium.

3. The method according to Claim 1 or 2, wherein the end face
comprises a side face portion including chamfer sections of the magnetic
recording medium shaped with a circular disk having a certain thickness but
25 excluding at least the magnetic head flying region of the magnetic

recording medium.

4., The magnetic recording medium manufactured by the method

described in any of the Claims 1 through 3.
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