MAGNETIC RECORDING MEDIUM AND THE METHOD OF MANUFACTURING THE SAME Field
of the Invention 5 The present invention relates to magnetic recording media mounted on data
storages for computers and such information processing apparatuses or on data storages (especially
hard disk drives) for household appliances. The present invention relates also to the method of

manufacturing the magnejg A6 PEAi e mi@ﬁm AEISREMIA 15D Sfeigge capacities of the data

storages and the recording capacities of the maﬁnetlc recording media (hereinafter referred to simply
as the "magnetic disks") e (oMANH BAcddRENG B s2AM3%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 W@M@fébﬁ)?ﬁ@@lﬁaﬁﬁcity increase, the rotating speed of the magnetic disk has been

increased ynore ggd MEIG 19, IMRKOYEHNG-Sala I apsies SReGE- UL INGsE: 2 ARYSnAMEph disk drives

rotate the magnetic disks at 15,000 rpm. The natural vibration of the magnetic disk caused by the
rotation thedaddis HezaagsersomprLisscndsidh informatiempre@RNNERPRABAAHSASOTthe

magnetic dig cauised:By-the ratation e epharayeRts e S mmagneliontad o fivabiiy, impairing
the reliability of the hard disk drive badly. To obviate this problem, glass disks exhibiting high rigidity

have been beeseRécavntiviarshededphigiepbednetdwshofHBrardacheigiadhalriagantiexpensive
at present, 3pguihe.fXReNEye glass disks increase the total costs of the hard disk drives. Therefore, it
has been necessary 1o realize 30 stable high-speed rotation by employing relatively cheap aluminum
disks. Thle0 aluminum disks have been thickened from 0.8 mm to 1.0 mm and t

Prior Art
Recently, the storage capacities of the data storages and the recording
capacities of the magnetic recording media (hereinafter 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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further to 1.27 mm to improve the rigidity thereof and to confine the natural vibration thereof within a
tolerable range. Recently, an aluminum disk of 1.6 mm in thickness has been proposed. 5 Usually, the
magnetic disk includes an aluminum substrate, a nonmagnetic metal undercoating layer on the
aluminum substrate, a magnetic layer on the undercoating layer, and a protection layer on the

magnetic layer Hdje:ndarcaging lavslyJbe MRonBia{pvale ANt iRl REUISHIRNR layeraa iaimed by

sputtering, chemical vapor deposition (CVD) 10 and such a conventional method for film dfé)osition. A

lubricant is ¥dtatiom thereahiriabinortelgmblaramge | Reeenills asatdumminwndisked b
dip-coating gig ta mmgeﬂgmqgmmy thereof and the simplicity of the equipment for the
dip-coating. The dip-coating is conducted in the following way. 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 pesiod oftfise@llythe higuiehlhibhicant aadlitiompredesechas daaehhathabevdsthae, the disk is
pulled out of the liquid |ubricant solution at a constant speedgﬂ)@ev%ﬁlorate the solvent and to absorb
ct

20 the Iubri®HBaFRSHE nEvetAhiRG ST RE B K B¥ES tHPpr yRrmr DR IuBricant layer

is formed ondhedaqtetliperlayer thdtenndidyebatizRiniagaling Rd dsSpratsaasind ayeespleyable for
forming the lubricant layer. 25 Problems to be.solvig by the Invention A,Ithtr)lugh the dip-coating
method hasBREREEHpIGYET-fol RS ETEOR IR a Y5V er tHhaLBEBR HulaXrkt 2R of tfbricant

localizes to fremanisnoRytie ardfiacs-aoHiPR Ml the imagokimtisk eRpesi R iedlrécian) to which
the magnetic djsk is pulled up, and the remaiping lubricant mjgrates 30 with elapse of time to the
peripheralPfofich ﬂn@%&?&tmﬁéc@@mqﬁegmﬁbwe@emg 1e%ereniHg e RS drParrow A

indicates therdirastiomde WhiehedesmapretiTilishiinsdean Rulsdisd and thewarkensd pggions are

dip-coating due to the excellent mass-productivity thereof and the simplicity

of the equipment for the dip-coating. The dip-coating is conducted in the
following way. 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



2 the regions, to which the lubricant has migrated. As the magnetic disk is thicker, the absolute amount
of the lubricant migrating to the peripheral portions of the major surfaces becomes larger, since more
amount of the lubricant localizes to the end face of the magnetic 5 disk in proportion to the area
thereof. The lubricant is liable to migrate to the slider of the magnetic head flying over the peripheral

portions of g, P@gmfgj%&%&w%%m@cmiﬁaeﬁﬂ?g%mwted- As a result, the flying of the

magnetic head becomes unstable, and the unstable flying of the magnetic head affects adversely the
magnetic parametric_performances arﬁ the 10 durability against head seek (the dl:f}?g”jty a&ainst

swinging). Althoth§httie TRAFRAH A R eig HIBERE g nabitohater araonBt i 169 HRRE Mg height

of the magnetiseads vllthe lpwiepidiae perpendiGiaheagapic siaridnNGSxsess ¢xpagted to be
used in practice in future than the flying, height in the conventignal p r%ﬁ!or‘g?%}?netic recording system.
f

The lubricaftA% HigrsBMAARS L Re lyheisratideraliretnto g fat RPaREBRRr height.

The problgrgigk|ubfisapbrtieratiy fHasrbaahdaoiie $aHalcaaae theblvboeantamotniiesn the end
face of the magnetic disk was not included in the 20 contro] items, since the magnetic disks were as

thin as 0.8 Her 18Esthid Mrgngfacaipgthdiings avemibneneebgal ROk e sab Yenm,
relatively highemndiae diskpreseMithifEchRiBRi@hh B eadnstiadeads. LAlibaughtihe fiyhrisast

concentration is optimized, the solvent for 25 diluting the lubricant is ﬁgrl,ected and the pulling-up

speed is optisiZBagHepeDeatRecemse M shdtier it shecansiable iy inp ol brempgReting to

completely pegienhthedubHasarseigration finAkeatitingadaRRNeRe Porsamiied s aich@penePatent
Application 2003-6849 and 30 Japanese Examined Patent Application HO7 (1995)-58545 disclose the
proposald WHEAPRREE2g st ad et o Atherivarkiltyragaipat wengme)s Although the

typical flying height of the magnetic heads is around 10 nm, the flying
height of the magnetic heads will be lower in the perpendicular magnetic
recording system expected to be wused in practice in future than the flying
height 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 HO7 (1995)-58545 disclose the

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



lubricant is coated, to uniformly distribute the lubricant and to flatten the disk surface. However, the
wiping treatment and the buffing treatment are applied only to the major surface of the magnetic disk,
that is to the head flying region and the recording region, solely to improve the frictional 5
performances such as the constant start stop (CSS) performance and to prevent the magnetic head

from sticking, o {penhagaeiic gk +d REiRiRgy UGBt e PHENG tariris Hdiavs failed to

obviate the problems of lubricant migration, in which the lubricant deposited on the end face of the
magnetic didickigrafascodty WryaTajbRS WiRIES drentmesinend dhk WHing Blepbartigke In view of

the foregoi%éﬁi@&ul%ﬁsf %smlﬁlgﬁoqbyialﬁweo@fﬁgq&@gﬁﬂéeie'mpftﬁﬁ%ﬂga% FUaralian: It would

be also desirable to provide a_manufacturing method, which wipes off the lubricant deposited on the

end 15 facelbing nesiprtierssithsthracaisensotesiong aclelve ke tdmprsnvst the |dBgtiomadeposited
on the end faceafhsmaonsiigdisk iR pigrating oA %p@%@igsmﬂ{éﬁ@ewew disk or

solidifies the lubricant deposited on the end face of the magnetic disk by ultraviolet ray irradiation to

deprive thePitdirnintles tmagorfiy. head dkpbe stinkingitastheomsemetietdisko T haagridingecording
media by the methods dractines ahnye Meanselor RaVNmicIRiOieMA R JRgR Mmirst aspect of

the invention, there is provided a method of manufacturing a magnetic recording medium including a

magnetic lajbrisaps mégeationdyednchd heabtaieany«leperitadiqndhbradnfaggeriothene
protection Iaygr {bg MElPdREHAIIE StFRS AL A URgAhe igdnbGank ayetioR tpe:Rrotection

layer, and pressing at a constant pressure a wiping tape containing a solvent to the end face of the
rotating naghaake @éé@mﬂng 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 4

In view of the foregoing, it would be desirable to obviate the foregoing
problems of lubricant migration. It would be also desirable to provide a
manufacturing method, which wipes off the lubricant deposited on 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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method of manufacturing a magnetic recording medium including a magnetic layer, a 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 irradiating 5 an ultraviolet ray to
the end face of the rotating magnetic recording medium to solidify the lubricant component in the

liquid lubricgnt {gyar epated PRt R ACE LT HgMAGRC ISR APHENSEHHM i AdvANRIgPUSlY, the

end face includes a side face portion including 10 chamfer sections of the magnetic recording medium
shaped witH2e&RelSr AR h&/ingLotesiion thoesess e wmranagist laxeriandagnbsditbad flying

region of the/PAYRANCIAGEPr SN MEHHITe ANRNRISOUBY. MRS IGAMGING MY spay be

manufactured by 15 any of the methods described above. The wet-wiping removes the lubricant and

the ultraviole®db\nEradhsioNasBfdifadraniokomst onndw prokestionslaveppid dsaliading end face
of the magneligisk AELFAPIIT HRCRIGRLODFSIRAS RsEHE MAEsdRa A g MRy of the

faces, to which any of these treatments is applied. In unfavorable environments in the hard disk drive
containing dasedigéiyethecnbuieantcome onagihdicthe denmhdudrisantylayerergntes arthe 10 nm
employed in.iheseQavsy MY HaB i cA@cidamitenty 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 is 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. 1is a block diagtaitageberigficly shawfedhmemadedastineg felsnsoRicPaigdnget-wiping
treatment and for applying an ultraviolet 5 ray irradiatjon treatment tQ the end face of a magnetic disk.
FIG. 2 o B Rk AERAP U ROt TR SRR PSR shaped with a circular

disk having a certain thickness but excluding at least the magnetic head

flying region of the magnetic recording medium.

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 is
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 is a block diagram schematically showing the manufacturing

setups for applying a wet-wiping treatment and for applying an ultraviolet
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(magnetic disk) treated with the setups of FIG. 1. 5 FIG. 3 is a cross sectional view schematically
showing the maximum region of the end face of a magnetic disk, to which the treatments according to
the invention are applied. 10 FIGs. 4(A) through 4(D) are schematic OSA images showing the states
on the surfaces of magnetic disks obtained by the OSA. FIG. 5 shows the results of film thickness

measuremertycpid deiRth HIRh R AYT t Halsa R Bares apaetierfigkometer (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 surfacer@orions thereehRBtekbisHANe/lekricsmbhasapigiate de20-Magesiadieanrying out
the Invention Now the invenption will be described in detail hereinafter with reference to the

accompanidia@gReivg Sk oaind Withuihe seEmed&-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 & RragReti® diskTS (peetonal (Hievpiatherantdeaty shevHagnERe MAKIMUBO which a

lubricant hagdes SOHESE IAdicater Ry SheREraWIR L4 WHEh lbhant 8 ARflsiaceMES iR gounit 12

including a wiping tape 13 and a pad_14, a solvent spray nozzle 15, and a solvent storage tank 16 for
feeding a sdRRARTEEHREAKS ARBIare shown. An ultraviolet ray irradiation unit (hereinafter

10 FIGs. 4(A) through 4(D) are schematic OSA images showing the states
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
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referred to as a "W irradiation unit”) 17 including a W lamp 18, a shield 5 19, and a slit (a long and fine
hole) 20, is also shown in FIG. 1. Although wet-wiping unit 12 and ultraviolet ray irradiation unit 17 are
shown in FIG. 1, any of wet-wiping unit 12 and W irradiation unit 17 may be installed solely with no
problem. 10 The treatment using wet-wiping unit 12 is conducted in the following way. Magnetic disk
11 with a lubrgepidaywetortadshaigents miakediizaa coigingitagdon 3t. shdolyepids eiected onto

wiping tape 13 on the feeding side_thereof from spray nozzle 15. Wiping,tape 13 is fed at the start of
every treatﬁijﬁfe%af{ﬁ%yfé’@& }éoiaiggsfbﬁﬁ GabiAyss ﬁ%%%ﬂén?‘? gFF'éa 13 LUEG B wiping

tape 13 conipirortbe RolYBnisdraleshe et igtpaasska thhedddton afnpdgnatieisted 1 with

pressing pad 14 at a predeteymined pressure to wipe off the lupricant r coated on the end face of
magnetic dFS%eH‘J\ifiﬁ?\ﬁi?)iﬂg ﬁge 1§aﬁﬁ%t%%lﬁlggt?af@61ﬂ Wevibibg iR 3 ar:ﬁ’gl Cﬂldicate the

direction, o Mhighdvipigpitapeldndsaded Smeoneld)UR02%TARIreBbReN i HSTIGVWIradidbeghinit 17 is
conducted in the following _Waﬁ. Magnetic disk 11 with a lybricant Ia,ger formed thereon js rotated to a
t

certain direciBl LPRRE HBHc FRYRIS tHETUBReARR RRR MEhEd 83K HROFRMACEBF magnetic
disk 11 is sqlidifiggl BF weachriigampitamolgl Uy i itiamnadR tothe spdiagagehmapnetic 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%ﬂ%@‘ﬂ&h@é‘&@@h&medium 30 FIG. 2 is a cross sectional view of a magnetic recording
medium (magnetic disk) treated with the setups of FIG. 1. 7 Referring now to FIG. 2, the magnetic
disk includes an aluminum substrate 21 (1.27 mm in thickness), a nonmagnetic metal undercoating

layer 22 gn subgiate 2L, 3 magnelic;layer &3, o HdCeNg S 248 in the following
way. Magnetic disk 11 with a lubricant layer formed thereon is rotated to a
certain direction R. A solvent is ejected onto wiping tape 13 on the feeding
side thereof from spray nozzle 15. Wiping tape 13 is fed at the start of every
treatment and 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 thereon 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.



protection layer 24 on magnetic layer 23, and a liquid lubricant layer 25 on 5 protection layer 24.
Undercoating layer 22, magnetic layer 23, and protection layer 24 are formed one by one by the
sputtering method or by the CVD method. Liquid lubricant layer 25 is formed, for example, by the
conventional dipping method described earlier in connection with the prior art. A plastic substrate and

such a nonmagngltesyRsirakynay Egsed inhko BeHior {Ok AlUBHMKB SHPSHRIg Adusith no
problem. Machining Rgﬁlgln FIG. 3 is a cross sectional view schematically showing the maximum

region of théWhidiate 2k Sliddnatdnidicknasibinenassnstic mataldmgescaating lavestion are

applied. In Fig. %ﬁh%ﬁﬂéﬁat@mzrggignxﬁagﬁ&ﬁkd fage34go whigh deecsmaipenipacesrdigg to the
invention are a[thlle_d, and magnetic head flying regions 33 are shown. End face 34 includes a side

face sectiorPBAtEHA0Rh HiRdr 26 QBIGENSHC| debcrptlondigradelitisanh 1aveteth o8nd face”

designates figeiisnsidgyiace postionwaeldagchamipssestionmagnetid qHgelarssagagic recording
medium (magnetic disk) 11 having a certain thickness. Magnetic head flying regions 33 are excluded

from the "efd¥ieeiondavesdinarts fIPRh RO MH Ry dibrs Ry Hsingnrpethes, o Wbe structure

shown in Fife 207D fabiigriad 1RO RSHL AR MY F5NR abave dlessriRed MpaimppteHs not
applied 30 thereto after the lubricant coatlr;%; 8 Magnetic disk (B): the end face thereoft is wiped with a

dry wiper inCORpRR ek diprRimgvmethed: slp saabrd 1eam iesisy comnpstiont vatbi tes : BEOENd face

thereof is wingd With Ay taUPshafe CORIAIERG aasﬁbfﬁﬁta%ﬁ&?éwlﬁwéﬁéltrﬁa Mrousta gisk (D): the
end face thereof is irradiated with an ultraviolet ray using UV irradiation unit 1'}7.
10 substitution for aluminum substrate 21 with no problem.

Machining Region
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.



The magnetic disks fabricated are left in an environment, kept at the 10 normal temperature and the
normal humidity, for a week. Then, the major surfaces of the magnetic disks are observed under an
optical surface analyzer (hereinafter referred to as an "OSA"). 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 INDUSTRIESt1NGi}ls G5R0kHe lahiicaliou the-sagneiissisk ¢aihazsolvpnivipértg! XF
supplied from Du Pont Co.) is used for wet-wiping. Although any solvent may be used as far as the
solvent disSBRAREHIHe AR MsBduRhSRarrgBrlerd 2148 1R QBRkNt 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 ,setu&gr end face wiping as shown in FIG. 1 is set up by the present
inventor for use Maggetisi digki\CE otheenehdagsBheredidsteledoR Wiging ¢5p® P8%n the

feeding sigdesheserifiomssprant)eF R e P inamape 13 is fed at the start of every wiping treatment
and the feed of wiping tape 13 js stogped during the wiping treatment. Wet tape 13 is pressed to the

end face of magH@EafK disk ]B)acF g, tﬁ@ché‘i‘@ﬁéé@lfﬁ%fééflg%‘il)‘%lfé’tjlré@é;h(Bmy.lﬁf@ﬁé)l?érdness of

pad 14 is topap\usmg oResrpiReRshalsisk 1.1 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 9 rpm. The pressure,
under which tapgy is pyassrdda e BRgiface @ heisHL i S5 koisrRniaah WD ireatment is

conducted for 10 sec. W lamp 18 used in fabricatin ma%r]etic disk (D) emits an ultraviolet 5 ray

having ngé@ﬂﬁﬂstﬁm%ﬁﬂreﬁnﬂ%&}}%ﬂw ymy %ﬁagé’daaﬂ%ﬁf’l?ofrth%“sﬁ&?egi@%‘fance of 10
mm from the,gisk-tace £f reRgnelicadisktic . diSRs UiFaViHabrayds irFdiatach abthr sirengt @f from 10

mW/cm2 to 15 mW/cm2 for 10 sec. in each irradiatj%8%§tment. UV lamp 18 is covered with shield

analyzer (hereinafter referred to as an

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
(60). 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



19, a slit 20, 2mm in width and 5 mm in length, is opened in a part of shield 10 19, and slit 20 is
positioned in closest proximity to the end face of magnetic disk 11 so that the ultraviolet ray may be
irradiated only to the end face of magnetic disk 11. Experimental Results 15 The magnetic disks (A)
through (D) fabricated are left in an environment, kept at the normal temperature and the normal

humidity, fopgnyverke Thessuiee Mmrier sHiidRespbtg BaaRaticdiskend\d Mar eaeh dPdidke phserved
under an O,SAE%OSA 5100 sugtplied from Candela Instrumens). The OSA is an instrument that

quantitatively 8 e fhchtwansg treatmentitrordveted #98n &s8bricant, 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 expergnenl, 1N 3, PORSE ‘}H{)erﬁ%ﬁ%ﬁ]]%hx%%%%&fié‘ 1£9'€}5‘)Z§?H‘i\£%’§ﬁ?‘?ﬁfi~%3ﬁ&8€ ap
polarized wave and an S polarized wave Is employed,’since the use of the Q polarized wave
facilitates mere bevvigywavelyssttimofths usenhtik Z5goimiz&€V lawvp ok8He Sppotatiapdntave. The

h diff lapized ' if f ' t
e polar e e e e L e

between theiltnasimlizevayasdranditted atothh zidengtl of themell atiV¥/dya?bo. 19 MG BN A) through
4(D ICOSA I ing t t f of ic digk ined by th
OSA describincs ORI ARSIV AT 8 Qena it agtaned by e
correspondib 51miégﬁ@tiQnﬁskél(A\)itﬂﬁbugtd(ﬁ))n‘ﬁmémﬁgigahpismmledl-‘imp@@%sb@@ld 40 are
color phol@%@p:?ﬁd'fsxf'#eﬁ?%;ﬁé‘s?{?&@tﬁ'l%%ﬁ%s%%’%";%‘?:‘i’xﬁ?t?'%8kthae”QWF&B'S&“{&SQ’%@%‘&‘” tones,

the images will not exhibit ¢ contrasts.
disk 11 so that the ultraviolet ray may be irradiated only to the end face of

magnetic disk 11.

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.
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To avoid this problem, the contrasts are intensified so that the portions illustrated by black (dark) may
be clearly perceivable. 10 As FIGS. 4(C) and 40 indicate, lubricant migration onto the major disk
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 n ung,, it is deteymi that the treat tis effectivg. The pottion illustrated by 20
black (dark) is a%o@?br%‘%} \t/:v ﬁ%%@@@?ﬁé&nf ?a%???lnﬁgg‘r ](ﬂln% i 5%88?%%?2% g% e The lubricant
has migratethtrorsuhfa essd dhoeaphitiac ragsectbtdisidd The thbridSnt desribecknbssén Fi€iblack (dark)

portions is ed 25 wj Fourier,transform infrared spectrophotometer (FTIR). Results are
Chown in A, ST A At Vo e R SIS (LB Sk PGP CiMtace
measuredsfiamgthet iefdidnc € ottitonghn dRkpiissedi pin dlepicesof afi JiEéGndle whtmathxis

represents th gbricant er, thickness. T ortio s(ﬁ ch as the portions around th S&egrees of
anglo. 11 a0 HEoHe Lt GO el LATp ST RORLFEEAE N EA Y (108 e 1 the
surroundingapoel tohs ey thecportitinhilfistrated thye hitecketdaik) wot ehti\clemgeortrastst has been

confirmed also by the ETIR layer thickness measyrement.that th rtions illustrated by. black 5
Pty v AT 0 ittt S ol s ol
with the FTIiR takestadongytinkdathke |(duidant migratien isldaetbetepersenthblkam the OSA images.

Changes and Modifications
10

As FIGs. 4(C) and 4(D) indicate, lubricant migration onto the major disk
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 is 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



10 Although the invention has been described in connection with the preferred embodiments and the
experiments thereof, changes and modifications such as change of the relevant numerical values,
employment of 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, cypRinaEy @sheoweaifwinisia Heaheephapldhe Veheadiatihs lednenitnaydieian
additional embodiment according to the invention. Therefore, the invention be_understood not by the

) t
specific destitiGhs KRS Bt e (U EBHLIRE ROLiIARSHaFsoF W&%%dgb‘ﬁ?ﬁﬁéc@yof the
Invention ApRekc(iRad poR \dietitssNbRsass JERASIterRR theeans ffafdhassiag PRECRIISR is wiped |

off with a wet wiping tape or solidified by irradiatin Itraviolet ray tQ the end face of the magnetic

an
disk. Theref3#e%he FHEBARS Nt MESISESH the Bt 1408 JPEREMRIgHENEERESS BRevRiAe from
migrating o1 g srakisURamakiiaraatnatis disk anmhine s8lighility tHemabis powionsd. 30 12

Claim What is claimed is: 1. A method of manufacturing a magnetic recording medithm_including ab

magnetic laf&RC8 fifte BioRPIRRIPORt B H dhetid ig;%r,téhﬁsa ﬁ‘iqlﬂ&%lﬁﬂﬁﬁnttﬂ%e}u R¢ABYrotection

layer, the mgthad semyisitgceaptisdAljawshiviiicars Aayan gasthe protection layer of a magnetic
recording medium, and pressing, at a constant pressure, a wiping tape containing a solvent to the end
to face of the magnetic recording medium as it is rotated, whereby to wipe off the portion of the liquid
lubricant layer coated on the end face of the magnetic recording

Changes and Modifications

10 Although the invention has been described in connection with the
preferred embodiments and the experiments thereof, changes and
modifications such as change of the relevant numerical values, employment of
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



medium. 2. A method of manufacturing a magnetic recording medium including a magnetic layer, a
protection layer on the magnetic layer, and a liquid lubricant layer 15 on the protection layer, the
method comprising: coating a liquid lubricant layer on the protection layer of a magnetic recording
medium, and irradiating an ultraviolet ray onto the end face of the magnetic recording medium as it is
rotated, whereby to solidify the lubricant component in the liquid 20 lubricant layer coated on the end
face of the magnetic recording medium. 3. The method according to Claim 1, wherein the end face
comprises @ifqa face portion including chamfer sections of the magnetic recording medium shaped
with a circular disk having a certain thickness but excluding at least the magnetic head flying region of
the magne%ecord'n mgdium. 25 4. The method according to claim 2, wherein the end face
comprises '%l?a(é%ﬁ‘ﬂ%rtl%‘n including chamfer sections of the magnetic recording medium shaped
with a circular disk having a certain thickness but excluding at least the magnetic head flying region of
the magnetic recésdingetieniunf. manufacturing a magnetic recording medium including a

5 magnetic layer, a protection layer on the magnetic layer, and a liquid lubricant layer
on the protection layer, the method comprising:
coating a liquid lubricant layer on the protection layer of a magnetic recording
medium, and
pressing, at a constant pressure, a wiping tape containing a solvent to the end
10 face of the magnetic recording medium as it is rotated, whereby to wipe off the
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 lubricant layer
15 on the protection layer, the method comprising:
coating a liquid lubricant layer on the protection layer of a magnetic recording
medium, and
irradiating an ultraviolet ray onto the end face of the magnetic recording
medium as it is rotated, whereby to solidify the lubricant component in the liquid

20 lubricant layer coated on the end face of the magnetic recording medium.

3.  The method according to Claim 1, 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 excluding at least the magnetic head

flying region of the magnetic recording medium.

25 4.  The method according to claim 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 excluding at least the magnetic head flying

region of the magnetic recording medium.
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