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TI TLE OF THE I NVENTI ON MAGNETI C RECORDI NG MEDI UM METHOD OF PRODUCI NG THE
SAME, AND RECORDI NG AND READI NG QUT METH 5 BACKGROUND OF THE | NVENTI ON
‘The present invention relates,to a nagpe ic ,recording nmedium a nethod of
produci ng t he same, and a recordlng/?eadlng out nmet hod..  The magnetic _
recordi ng medi um accordi ng to.the present invention conprises at ‘| east a 10
magnetic |ayer, optionally by meang of arn under | ayer, on a non- magnetic

substrat e,
characteri

Iﬂfﬁﬁbﬂ%ﬁfﬂﬁi%ﬁﬁﬁ%ﬁfqﬁ‘Dry CSS (contact start and stop) o
stic and excellent sticking property of .the magnetic head to the

surface of the PRERBTIE RECHISHNY mdm MR OBh b REPUE PNET T fAANENT

hei ght of the magnetic .15 head. Usually, irnformation is.-witten intd and.
read out of a NAYDERECORBLNE GiN HIRGHWE-O%irssThppneans of a magnetic head,
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in which the disc is noved at a high speed to rise the magnetic head on the
-surface of the magnetic recording nmedium 20 In the disc, fabrication for
-appl yi ng nechanlcal pollshlng treat nent has been applied to | eave a
fabricdti oRACKGRE »

i nproving a nagnetlc characterlstlc Usual |y, the mechanical texture is’
applied on the gbefncesemttimyenﬁmqnagw@umeszso sumagnetecoxecwrdmngunder
Iayer such as an NP plated or

Q¥ red to as 'nechanical texture') for

medlum, a method of produc1ng the same, and a

recordlng/readlng—out method. The magnetic recbrding medium

' according to the present invention comprises at least a

magnetic laYer,'dptionally by means cf-an_under layer, on a

. ndn—magneticlsubstrate, which has a satisfactory CSS (contact

start and stOp)_characteristic and excellent sticking property
of the magnetic head to the surface of the_magnetic recording

medium, and which.can lcner a flying height of the magnetic

head.

Usually,'information'is written’intd and read out of a
magnetic recording medium (disc) by means of a magnetic head,
in which the disc is moved at a high speed to rise the

magnetic head on the surface of the magnetic recording medium.

In the dlSC, fabrlcatlon for applylng mechanlcal polishing

treatment has been applled to leave a fabrlcatlon traces

'(herelnafter-referred to.as mechanlcal texture ) for

improving a magnetic characteristic. Usually, the mechanical

" texture is applied.on the surface of the ncn—magnetic

substrate or on an-under layer such as an NiP plated or
sputtered layer dlsposed thereon

Along with the recent demand: for 1ncrea31ng ‘the amount of

._informatlon, and for miniaturizingrand- the_llghtwelghtlng the
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sputtered | ayer disposed thereon. Along with the recent demand for

i ncreasing the amount of information, agd for mniaturizing and the.

| i ght wei ghting the - -2- device, the Tfnear recording density and track
density are increased, so that scratches caused by the existent mechanical
texture result in an error at a high probability if the area per one bit is

decreased. 5 Accordingly, it has been proposed a method of applying -
the mechapugabel CXANT 8108 Y Ldbdk SQQKOfanﬁhgrgtﬁcde\ﬁ'#L&él§§é“ ng a
data recording reglon as It 1s stan e surface o ata recording .

region 'Slﬁﬁgéagéﬂheéottﬁﬁttiﬁkaﬁﬂﬂgg dasekn8ySehbaggi of ehPené&SA R ON tO

‘bring about a 10 problen1that t he magnetic héad crushes upon seeking.

Further, aekeubedresuDt eperamee frd:exituiae haght prBblYil 269" i Deane haseal SO
been proposed i nstead of the mechanical texture. For instance, U S. Patent

Nos.” 5,06pe@2énandib, 198ddddegyenpose an attenpt of locally neltlng or
fusing an NP layer by a Q15 switch | aser--beam of Nd- YAG in which a
pul se 3 dt h | sAeepydhagipw dinchas ey g:grodmseldt B methedyofi gbplyimy f or m ng
a center depression surrounded by-a circular raised rim thereby -
. the mechanical texture only in a CSS reglon of the disc whlle
leaving a data recordlng reglon as it is stand, but the.
surface of the data recording region is made hlgher than the 5
height for the surface of the CSS region to brlng about a |
10 . problem'that the magnetlc head crushes upon seeklng.
Further,'admethod of preparihg a-tekture pattern by laser
_beam:has also been broposed instead.of the meChanical texture.
fFor instance,_U.S. Patent Nos. 5,062,021'ahd 5,108,781.propose
"an attempt “of locally melting“or.fusing an NiP layer by a Q
.15 'switch-laser heam'of Nd-YAG, in which a pulse width.is very
narrow and an energy density'is_very'high,=and_forming a..
center depression surrounded'by.a circular.raised rim, thereby
improving the CSS-characteristic'with_resﬁeot to the magnetic
head by the formed circular rim.
20 However, in the above mentloned method, the contacting
- area with respect to a lower surface of the magnetlc head is
not decreased outstandlngly, and it can not be sald that the
”problem of sticking hetween the.magnetic head~and the disc is
1mproved more as compared Wlth the mechanlcal texture.
25 Further, a method of formlng progectlons by using
photollthography has also been proposed | For 1nstance, a

pretext for Trlbology by published ln-The Japah Society of

Tribologists (1991-5, A-11), (1992-10, B-6) shows the result



I nproving the CSS characteristic with respect to the magnetic head by the
formed circular rim 20 . However, in the above-nentioned nethod, the
contacting area with respect to a l'ower3surface of the magnetic head is not
decreased outstandingly, and it can not be said that ‘the probl em of -
sticking between the magnetic head and the disc is inproved nore as _
conpared. with the nechanical texture. 25 . Eu_r'_therb a net hod 05 - o
" formn rQ eclia@ns N hot gl i.t.hogr aphy has al so.been propose or .
instangePogl%rgngge?érgﬁfi%o %ﬁ@qﬁvnﬂﬁgfi§ﬁ%ﬁtfﬁcTR§93355P°§%c %ﬁ@ﬁQﬁ_
Tri bol ogi 3 - ' - 10, B-6) 0 e uly . -3- of a
CSS tes? ?%fPg%ggéééﬂgé?%%ﬁ%dﬁ%gﬁg%ﬁ%’5?&3gg%?oggtﬁgrﬁ%§§§§ve_tQ é%e
phot ol i t hegtaphy satrQcd L EnJO @ KA ratio relative to the entire surface of
the disc. However, since the top of the projectionis flat in the5 - _
above- nent i onegionRiBed, shhck WRé VESp B Ak lertiohhesf Eigti pRalpdorce is
i ncreased along with the sliding cycles of the nmagnetic head-and that
i ndust3i alabapplmeat i 6Ned Smeho®ASHt ASrol viedskl HralibhBR PR&SEfHe | NVeENt or s’
earnest studies, it has been .found that by irradiating, to the surface of a
non- - frictional force is increased along with the sliding cycles of

the magnetic'head ahd that induStriél applicatiqn is'notleasy..
| As a_result of the present inventors‘iéarnest étudies, it
‘has been found that by irradiatihg,'t¢ the surface'of a noﬁ—
10 magnetic subétraté, a magnétic layer, an under layer or a  '
magnetic medium, an energy'beaﬁ thét moves reiatively to the
said suéface'the#eof and mélting lbéally'the éaid surface
'thereof,.thereby fgrming projections on thé surface, the thus
obtained mdgnetic recording medium,_whereinipiojections fdrmed
15 'by ifradiation of the energy beam and haviné a height of 1 to
60 nm are'phovided at the number of 102 to 108 per l_mm? on
the surface of:any one of the non-magnetic substrate, the
under laye;i the magnetic layer'and the magnétig récording.
" medium, ié'capable Qf preveptihg a mégnetic head from sticking
20 and reducing flﬁétuations for stable flying héight of the |
| magnetic head when the magnetiC'head seeks between the data
recordipg regionland the CSS region,'and:caﬁsipg neither head
crush nor instabilization of the magnetié heéd in a spacé.
The presgnt invention has been attainedlbn_tﬁé bésis of the

25 above-mentioned finding.



10 magnetic substrate, a magnetic |ayer, an under |ayer or a magnetic
-nedrunr an energy beamthat noves relatively to the said surface thereof
and nmelting locally the said surface tﬁéreof t her eby form ng projections
on the surface, the thus .obtained magnetic recording medi um wherein
projections formed 15 by irradiation of the energy beamand having a
height of 1 to 60 nmare provi ded at the nunber: of.102 to 10[err] per 1.
_[err] on Skl ac f the non-magnetic substrate, the under
|l ayer, th& -nagnetrc recordi.ng nedium is capabl e of

preventing a %@egpgepsagffrﬂe Ligki09 200l nedue BooLlugt yations for

stable flying heigh € nag t|c e magnetic seeks

bet ween t%&gﬂéticr§€86ghﬂﬂ rﬁé&fﬁhfﬁgﬁéﬂﬁe Q§5 gbﬁﬂanéng ﬁé&ﬁé@ nei t her.

~head crush nor instabil |za i on of nagnetr head In~a space. e. present

i nventionnay Feeh atiakied ip—% aér&é&aa&? @fhet IaeeaSataeaaetapnéh@n@ﬂ a

finding. - -4- SUMWARY OF T | NVENTI The object of the present

i nvent § on prejeetpbayi dadaredgaid of Iesniatiith snEdirutheapshbee of 1ptmyent i ng a

magneti ¢ head from sticking by decreasing the area at the top end of a
height of the magnetlc head when the magnetic head seeks

between the data recordlng reglon and the CSs reglon, and 3
cau31ng nelther ‘head crush nor 1nstablllzatlon of the magnetlc '
head in a space. |
100 To acccmplish the aims;.in a first aspect cfdthe preSent'
'_inventicn,'there is'prcVided a magnetic recording medium
having at-least a magnetic layer, ontionallylby means of an
. under layer, cn a'non-nagnetic suhstrate,_wherein projections
formed by irradiation of an energy beam and each having a |
15 height from 1 to 60'nm-are provided at the number of 102 to
| 108 per 1 mm2 on the surface of any one of the non-magnetlc
substrate, the under layer, the magnetic layer and the
magnetic recording medium. |
In.a second aspect.of the present invention, there is
20 prorided a magnetic recerding medium_having at least a
magnetic layer, optionally'by means of an ﬁnder:iayer on a
. nonémagnetic_substrate, wherein projections formed by
'irradiaticn'of an energy beanm and each having a heightnfrom 1
_to 60 nm are prorided at the :umber'oflloz'to 108 per 1 mm? on
25_ the surface_of any'one of the_nonfmagnetic_substrate, the
under'layer['the-magnetic'layer and the magnetic recording

medium; and a depreSSion formed'by irradiation of the energy



5 projection, and reducing fluctuations for the stable flying height of

- the magnetic head when the magnetic heads seeks between the data recording
region and the CSS region, and. causing: nelther head. crush nor -

i nstabilization of the magneti.c head in a space. 10 -~ To acconplish
the ains, in a first aspect of the present invention, there is provided a
‘megnetic recording nediumhaving at |east a magnetic layer, optionally by -

neans of abeafdes prySsnt QU FadeRt- m:@geatchc:osueﬁérﬁw jedE5ed aPriect i ons
formed by irradiation of an energy beam and each havi ng a 15 height froml

to 60 nm aseamnbng ddilredt idre oflndher eakri®2beam108 per 1 [err] on the

surface of any one of the non-nmagnetic substrate, the under |ayer, the

magnetic | ayer andattlhirldigmzpect reefC durhebi pgelsedtuﬂmvéntao:s;ecmﬂrasnect of the

present invention, there is 20 provided a-magnetic recordi ng medi um having

at | east apn‘agh@edcaImetlaptnaﬂwdll}hgbytedeamsh@hw amderadtayer on a

- non-magnetic substrate, wherein projections formed by irradiation of an

~ energy eaﬁ?gﬁﬁﬁl%ab?ﬁ?\‘-&w%l&fﬁéﬂlghpyf FeANE 06 B0 WANRF Ly ®ddaat the
nunber of err% err; 4%£' 1 [err] on 25  the surface of any one of the

non- magnet PP EABERT LS, ST RiTFar WREYEAD Fﬂ%cﬁﬂbﬁt?ltquﬁRﬁttﬂﬂiQH%EQS '

gﬁgpg;'c rgcorgcrﬁbdﬁbhl”@cﬁ%ﬁ%d%ld%%&%ﬁ%lga_ggrggg §Q¥ Jéé“géuéﬁﬁ"d%%-the
l'magnetic substrate_or the surface_of the underulayer, and
| projections:are.formed by ‘irradiation of'an energy beam on the
10 surface of any ohe of the non—magnetic substrate, the under
| layer, the magnetic layer and the magnetic reécording medium of
.a CSS.(contact_start and'stop) region.
In a fourth aspect of theypresent'invention, there is
provided a-method of producing'a_magnetic-recording medium
15 having at least a magnetic layer,'opticnally by means cf an’
under_layer, on_a disc-like ncn—magnetic substrate, which
_comprises irradiating, to the surface of the non—magnetic-
substrate, the magnetic layer,.the under layer or the magnetic
.recording medium, an energy beam that moves relatively to said
20 .surface; locally melting the surface under such a condition
that ‘a- melting w1dth in a direction orthogonal to.the relative
moving direction of the energy beam on the surface thereof is
less than_SIum;'forming projections on_thelsaid-surface; and
'.then'forming required films.df the under layer,'the_magnetic_
25 layer or a protective layer. | B
In a fifth. aspect of the present'invention, there is
prov1ded a method of producing a magnetic recording medium

"~ having at least a magnetic layer and a protective layer on the



bean1|s present adjacent to each of the projections at the scanning
direction.of the energy beam In a thqusaspect of the present invention, :
there is provided a magnetic recording nedlun1haV|ng at least a 5 magnetic

| ayer, optionally by neans of an under “l ayer, on a non-magnetic substrate,
wherein concentric fabrication traces are formed by mechanical texturing on
the surface of the non- nmagneti.c substrate or the surface of the under

| ayer, andspf£i&idONS MIreragnRdcb¥ubsiagial i o ladh KRN etl%%m on the
10 surface of any one of the non-magnetic: substrate, thé un I"ayer, the.

magnet i ¢ | eyteioreaidl ¢t ki spr@Rel betweear 6hodnsRdhadhdd i@ é&%t(ﬁ‘a%t agld thart

and stop) region.- In.a fourth aspect of the present .invention, there is
provi ded amageidioit dfayEmdacidng aubngﬁetiﬁgrE@ﬁéﬁhHulﬂgﬂﬁpﬂﬁdﬂillbaVIng at

| east a nagnetic | ayer, optionally by means of an under |ayer, on a

di sc-1ike (g?eﬁpqmghan d:f@utps'prtat:e;vehlahenpnwlcﬂescompmd;est iirgadiattihg
surface of the non-magnetic substrate, the nagnetic |ayer, the under |ayer
or . theSmg?%tqfte#%tmﬂhg’mﬁ&ﬁuﬁ}lréﬁcen@f g‘yh@eamtt&m;tlwmmetrebat thely to
said 20 surface; locally nelting the surface under such a condition that a.
nel ting wi HH9F 3GAting ﬂédFanaéﬂtﬁethﬁﬂ ?6 $oREemsing ithe ro¥ifagedpfetheon of -

t he energy_ beam .on .t he surg ce therf
magnetic layer, t under ayer or the non—magnetlc substrate

by locally heatlng the same, thereby formlng progectlons on
the magnetic layer, the under layer or the substrate. |
10 In a-51xth aspect of the present 1nvent10n, there is
provided a recordlng/readlng—out method of writing and readlng
Vfdata to and from a magnetlc dlSC by a magnetlc head by a
contact start and stop (CSS) system, whereln the magnetlc dlsc'
thas pro:ectlons in a CSS reglon in Wthh the magnetighhead |
15 conducts a CSS operation, the height of the pro;ectlons being
reduced toward a data recording region, the magnetic'head
loﬁers to the surface.of the magnetic disetand rises from the
surface of the magnetic disc in the CSS region in which
projections at.a heightflower than'the ayerage height of the.
20 .projectiOns are present or in a CSS_region‘with no presence of
projections neighboring a region in.which the prdjections are
present, and the magnetic head stops statlonary in a CSS
region in whlch prOJectlons each hav1ng a helght greater than
the average he;ght of the progectlons are present.
25 |
Fig. 1l to Figr'3'are eXplanatery.yiews illnstrating'the

shape'of:a projection on the surface'of NiP layer in Example 9



.less than 5 [err]m formng projections on the said surface; and then
formng required filns of the under |ayer, the nagnetic 25 |layer or a
protective layer. In a fifth aspect of T he present invention, there is _
provi ded a nethod of producing a magnetic recordi ng medi um having at | east
‘a magnetic layer ‘and a .protective layer on the . -6- surface of a -
non- magneti ¢ substrate, an under | ayer being optionally disposed between

the non mgpethe SOSLEE Santidie MRS G Laketasanghay| bkl cating T ayer

bei ng opti ona | Spose ‘he protective layer, ! conpri ses

| rradi ati ng,g1a48c6 " GYeipS AR QIb DR 194 hAce sAhpkNEePL ObASIdNE I dRYeEr Of the

| ubricating Tayer; and nelting .or softéning the surface of the nmagnetic

layer, therupfled bAYEhe Ofutfcd'UF MONER QagubSbhabedbyc| oasdd vathealddg the
sane, .thereby form .ng projections on the magnetic |ayer, the under ‘| ayer or

t he substrak@sui@d by a suffscsistHaperspRasurahgt Bevpeesenilinuentifyer t here
is provided a recording/readi ng-out nmethod of witing and reading data to
and frdin abeagnéhterfiesendy cfomgneinipdehead Gy (aradataatelst art ‘and stop
(CSS) system wherein the magneti ¢ disc-has projections in a CSS region.in
whi ch the magnéactuheddby ZYGO CORP. in U.S.A), under the condition of :
using FIZEAﬁ'x 100 as aﬁ 6bje¢tive lens and_512 CAMERA as the
detectingfelemenﬁ; in which Figf 1 is a perspective view, Fig.
2 is a vertical cross sectional view of_a_plané passing -
10 throﬁgh the center of the-projection and in parallel'with a
lasér beam écanning directidn of the.lasef beam, and Fig.'3.is
a cross seétional view passing through thé center.of the
. projeétion and in aﬁ orthogonal.direétioﬁ'in F;g. 2.
| Fig. 4 is a perspective view illﬁstrating the shapé 6f'a
15 projectioﬁ_formed qn_ﬁhe:surface of an NiP layér on a disc;
-substrafe and meaSured.by the said surface_shape;méaSu:ing
device utilizing laser beam_inferferende.' ”
| Fig. 5 ié an explanafory view for one embddiment of a
'projectioﬁ-forming dévice used ih the present invention, which
20 is a device using iaser beam as an enerdgy beam.
| Fig. 6 is_a,ﬁlan vie&'illustrating an example for a spot
pbsition of.the ehéréy beam on the'projeﬁtioﬁ-f&rminé surféce.
Fig. 7(a);-Fig..7(b)-and Fig. 7(c) are is a conceptional
views of-a Cross section of along lines A-A §f Fig. 6,
25 .illustiating an assumed formatioﬁ meéhaniém of the projection,_
'Fig: 7(a) shows a state of stéftingxirradiation of'thé energy
beam, Fié._?(b) shows a state just before comﬁleting_the

irradiation ofithe energy beams and Fig. 7{(c) shows a cross '
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15 conducts a CSS operation, the height -of the projections being reduced
toward a data recording region, the nmagpetic head | owers to the surface of .
the magnetic disc and rises fromthe surface of the nagnetic disc in-.the
CSS region in which projections at.a height 1ower than the average hei ght

of the 20 projections are present or-in a CSS region with no presence of
proj ections nei ghboring a region in which the projections are present, and

‘the magneiketheAd1StRRSe SbAEINY M It FSTnkedhan; éi?i]%‘ﬁ'é £p PRoi&sEions
each having a height greater. than the average helgﬁ the projections are

present. 2n BRYEF7PESCREEF] ONKIF abidE FRRAVINGS, Fe@thdrt @ FightvhaRd eor

explanatory views illustrating the shape of a projection on the surface of
Ni P | ayer leftikaadpher9zontal-difeddimmrstioest a rorenional diMbéerion def ail s,
they are explanatory views-illustrating the shape of a projection fornmed on

t he surfatkeopragetk Pohafermiony ssulifecesubstrate and measured by a surface
shape- neasuring device utilizing laser 5 beam-interference (for exanple,
ZYQ (¥rade nafdp, ﬁangfa@twwwmmﬁon 8 IrSJN;tlmdéfprmd!ré by

condi ti on. of
: : an old laser beam texture

: _ RIP : :
.Almaénetic recording medium,accordino to.the.bresent
10 invention will.at first be e#plained. | |
 The magnetic recording mediuﬁ of the present invention
comprises at least a magnetic layer, optionally by means of an
under layer, on a non-magnetic substrate, .In the following
descriptions, the non-magnetic substrate is_sometiﬁes referred
15 to simply as 'substrate’. As the.substrate used in the’
present invention, a disc-type substrate and other sbaped'
substrate such as card-type substrate'(rectangular substrate),
etc. may be exemplified. | |
In the present invention, an_aiuminum alloy substrate, a
.20 glass substrate or a silicon substrate can be used suitably as
the substrate,_but a-substrate'composed of‘other metal such_as
copper and titanium, a ceramic_substrate or auresin substrate
may-also be used. For the silicon.substrate, a pure silicon
:substrate, as well as a silicon alloy substrate containing a
25. trace amount of elements for increasing theistrength can be
| used. | |
The magnetic recording medium - can be constituted’ by

forming the magnetic layer directly on the surface of the



usi ng FI ZEAU x 100 as an objective | ens and 512 CAMERA as the detecting
element, in which Fig. 1 is a perspectixg view, Fig. 2 is a vertical cross
sectional view.of a plane passing 10 through the center of the projection-
and in parallel with a | aser beam scanning direction of the |aser beam and
Fig. 3 is a cross sectional view passing through the center of the
projection and in an orthogonal direction in Fig. 2. Fig. 4is a .

per spect i veulvstematid,l ksitr ahiengathetsbapayef bs lfre fxglelot ifimrnfear yd on t he
~surface of an Ni P layer.on a disc substrate and neasured by the said '
" surface sheganseds@n ngdegevilegeut Ebrmedgoh aske Seafagentat ftdweence. Fig. 5 i s
an explanatory view for one enbodi nent of a projection-formng device used
‘in the pres@pRtiatsnt iAsn thehiuadezolayera aenerenagnefyd anglemhdayeas an
energy beam Fig.:6 is a plan_view,illustrating an exanmple for a spot :
position &OQR%S%&%W%@%

e _ R 8 1PHelpr BREEIRbh-304 YRR S MACET RRYST7(a),
10 o0 B G K Derdl® 2 2E20FERS S0 2 1,8 L1000 paegbion Of
o e DLk R o Shes B Eatey g HALES dpdiatioon of Lhe
- of the ene;@yodGHIE, %}%f'_éirgbl}(_ ELofi"2¥8 €5 C{95600 nm. - -
| An intermediate layer -such aé ascr layer or a Cu layef ié
preferab1y dispcs¢d betWeeﬁ thé sﬁbstrate or.thelunder layer
10 and the magnetic layer. The thickness of the intermediate
'iayer-ié, usually from.éO to 200 hm, bfeferabl& from 50 to 100
nm. The m;gnetic'recording layef-éomprfses_a-ferromagnétic
thin aliéy"film such as éomposéd of CQFP,_CQ—Ni—P, Co-Ni-Cf,
Co—Ni—Pt, ¢o-Cr-Ta, Co-Cr-Pt or Co—Cr-Ta—Pt—baséd alloy and_is
15 formed,-for ekample, byfelectrolesé plating; electric plating,
sputtering or vapor.deposition methqd._ The thickness of the
magnetic recdfding léyer is usually about from 30 to 70 nm.
A protective layer is preferably disposed on the surface
of the magnetic recording_layér._ The protective layer
20 comprises a.carbon_film; a hydrogeﬁatéd carbon film,.éarbide
| " film such.as composed of TiC or SiC, a nit?idejfilm such as
composed 6f SiN or TiN( or an oxide film such as cqmposed of
Sio, A1203, ZrQ, and is formed by a method, for example, vapor
-deposition method, sputteri:; method, plaéﬁa CVD hethod, ion
25 .plating methéd and.wetting process. As_the"protective layer;
.the carbon f£ilm or the hydrégenated carbon film is more

' preferrédi
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sectional shape of the projection and the periphery thereof. In Fig. 7(a),
Fig. 7(b) and Fig. 7(c), either a rightward or |eftward horizontal

direction shows a rotational direction of the projection-form ng surface. 5
Fig. 8 is an explanatory view for a projection formed by an ol d | aser beam-
texture. DETAILED DESCRI PTI ON OF THE | NVENTI ON A nagnetic recordi ng medi um
according to the present 10 inventionwll at first be explained. The

magnetic recor dirpgehes) wWn Ofpdhed asgal h@VSBEE@BaEPW&ié&?s@d dfasle @
magnetic | ayer, optionally by nmeans o an under | ayer, on a non- nagnetlc

substrat e. sutflatdeof ot heOVh it el IGei ReeRS, HOReVER; MAYNEClddsS YIS | S
sonetines referred 15 to sinply as 'substrate'. As the substrate used I n

the presena nageetionmead disdnigypedidhshdal gkanda shdierlShapesth sUkstidake -
such as card-type substrate (rectangul ar substrate), etc. may be

i exenplifiegurface helprissanit ialweysi orceananyufonupratiding st rate, a 20
' glass substrate or a silicon substrate can be used suitably as the

~ substr & e, PERteat Stbstavan cdmsessdibplogherpnepert s wtweerc dieer and
titanium a cerapmic substrate or a resin substrate may al so be used. For
the silicofPSRpsts dtead ansitdes MPEBER1SUBSEPEAENT rediein g5 igpsioviedon al | oy

| _substrate fontahglfﬁbrlcant, for example, a liquid fluorocarbon-based
. lubricant is used suitably and the lubricant -layer is usually
formed on the:surface'of the protectiye layer, for example, by
10 dipping method. |
In the magnetic recordlng medlum accordlng to the present
_1nventlon, progectlons are formed by irradiation of an energy
beam on the surface of the substrate, the under layer, the
magnetic layer or the magnetic recording medlum. The surface
15. on which the projeotions are_formed,.means a side in contaot
with the magnetic head. L |
The substrate is usually used after applying mirror
finishing (polishing)ftreatment. In a case of using a
substrate applied with the under layer (for example, an
20 electroless Ni-P plated under.layer), the.mirror.finishing
'treatment is applied to the surface of the under layer
Further in a case of u31ng the substrate, a slight mechanical.
| texture can be applled prev1ously to the entire surface of the
substrate to form low progectlon Such mechanlcal texture can
25 -provxde the follow1ng advantageous effects | |
That 1s, also 1n a case where the height or the den51ty
of pro;ectlons formed by the energy beam are low or small,

" that is, in a state in which the magnetic recordlng medium and



25- trace amount of elenments for increasing the strength can be used. The
magneti c. recordi ng medi um can be. constltuted by form ng the magnetic |ayer
directly on the surface of the -9 strate, but the nmagnetic |ayer is
preferably formed by means of an under layer fornmed on the surface of t he
substrate. As the under | ayer, a-non-nagnetlc_under | ayer conposed of an
Ni P alloy is suitable and such an under layer 5 is fornmed usually by

el ect r ol eg3,ePhdlhBg: 8 neRYt 4 AL | pirv Bl ;3;1 mT%nttLabEkQ@%ﬁ 8hchhecpoder | ayer
is, usually, from50 to 20,000 nm preferably from100 to 15 000 nm An

i nt er medi aftQckangr is§UERs3Scaused | averedicta daall ayerrisiphef esabbyudégposed
bet ween the substrate or the under |layer 10 "and the - magnetic |ayer. The

t hi ckness a@f cofpairatiewiitHi at €as@yef dsingidimpliyr air20rt0in00hed
preferably from50 to 100 nm The magnetic recording layer conprises a .
ferronagnembstthta al Faythetm simde gerajeqrdoed formfagPcofiditioRs €o-Bé - Cr,
Co-N -Pt, Co-Cr-Ta, Co-Cr-Pt or Co-Cr-Ta-Pt-based alloy and is 15 forned,
for exénph@scbybeﬂeéateressnpb@lS&kFCQﬂduﬁnqm:apwaﬂﬁngangputiErlﬂg or vapor

deposi tion nmethod. The thickness of the
partlcularly preferred to mass productlon

A magnetlc recordlng medlum in the frrst aspect of
according to the:present invention compriSee at least e
magnetic layer, Optienally by.meanslof ah uﬁder layer, on a

10 nonemagnetic'substrate, wherein proﬁections formed by
'irradiation of an energy 5eam aﬁd each having a height of 1 to
60 nm are provided at the nutﬁber_o_f_id2 to 108 per.l mm2 in
the surface of anyione of the nonfmagnetic sﬁbstrate, the
under-layer,.the_magnetic layer and the magnetic recording |

15 mediumn. | - | |

The height of the projection represehts a height of a
projection on the'basie'of a center line for a roughness curQe
according to JIS surface roughness (B 0601-1982), and the-
-density of.the projecrions (Numbers /mm?2) means not an average

20 density over the entire magnetic recording medium, but a
density per unit area in a region in which the projections are
‘present. | |

"Generally, if the height of the projection exceeds 60 nm,
a CSS characteristic is satisfactory but the stable fiyihg.

25 height of the head can not be reduced. Further, if the height
of the projectien is less than 1 nm, the projection is buried.
-in.a fihe'unevenness inherent tc the substrate, thereby

failing to attain an intended advantageous effect.



magnetic recording layer is usually about from30 to 70 nm A protective:
| ayer is preferably disposed on the sur%gce-of t he magnetic recording

| ayer.  The protective layer 20 conprises a carbon film a hydrogenat.ed

carbon film carbide filmsuch as conposed of TiCor SiC, anitride film
such as conposed of SiNor TiN, or an oxide filmsuch as conposed of SiQ
[err], ZrQ, and is forned by a nethod, for exanple, vapor deposition

et hod, - Sput t efiigneet Dol npl dsB: QU FBRINIOGJ WRL38, RLALEDY PRLRO and

wetting process. As fhe protective 1 ayer, t sarbon filmor 't _
hydrogenatie@ manbefsfihdn (< /M2g ,Phef e5r gdreicurd o RIS td Ubkkgant

| ayer is preferably disposed on the surface of the protéctive |ayer.

Hovever, ismr&acasefotheShegd SoBgNs} ithe@adjeavibd Bedhagengs! i ke carbon
| ayer on a slider surface, it is not always necessary for providing:the 5

protecti vandayetiosi acethei bikop Hireopaiblsy ragkweeont bRe neghet i kad®ad and
the magnetic recording nediumis inproved. For the lubricant, for exanple,
a |iqued fifushecdehshtpastdthelpiciatticn exededsi 1abl YN ameP)theid ulsri cant
| ayer is usuall'y forned on the surface of the protective |ayer, for
exanpl e, g&fficult to make the height of the projections unifqrm.

In the magnetic recording medium in the first aspect of
the present invention, a preferred height of the préjéétion is
from 10 to 60 nm and a bréferred dénsity of the projection is

10 . from 103 to 108 (ﬁ/mmz). More preferred.density-of the
o p:ojection is from 103 ﬁo 106 (N/mm2). Further, the required
.denSity of the proﬁection:dépendé'on the surface broperty of' 
"the magnetié reéording medium, and even a smail density of
projection’éan provide a sufficient effect in a éaSe ofla
'15- ‘substrate such as a silicon substfate'hAGing less undulation
and small'surfaCe.roughhess. |

Furfhér, it is'preferréd that a depression formed by

irradiation of the energy beam upon forﬁinglthe projection is
_preéent'in a scanning direction of the enerxgy beaﬁ at each of'.
20 the projections in contiguoﬁs with the_préjection. In case of
using the disc substrate, the scanning direction'of the energy
_béam_is.p;eferably a éircumferential direcﬁion. It is
' preﬁerréd in view of the produgtivity théreof that the enéréy
beam is irradiated rotatihg the diSC'substréte. -However, as
25 the scanning direction of'the.energy beém, other:di:ectiOns,
for éxample, a radius direction_of the disc'substraté, etc.

may be adopted. Also, the energy'beam may be periodically

moved between an inner circumference and an outer



10 dipping nethod. In the nmagnetic recording nmedium according to the
present invention, projections are forn g_by.irradiation of an energy beam
on-the surface of the substrate, the under |ayer, the magnetic |ayer or the
magnetic recording medium The surface 15 on which the projections are
formed, neans a side in contact with the nmagnetic head. The substrate is
usual ly used after applying mrror finishing (polishing) treatment. 1In a

case of usiingunfiReicedbe BRI kedidvht I it WS JuRTakkOLreXRRPI €, an 20
electroless N -P plated under layer), the mrror finishing treatnent is

" applied todadimssdifreceioh.t henutles tayer .tHaIrdd®iniing arcand ehe¥giyng the.
"substrate, a slight nechanical texture can be applied previously to the - -
entire surlfesse cain Predscbsar aleet wat@formh at Whe ediricamferSdehamechani-cal
texture can 25 provide the follow ng advantageous effects. That is, also
in a case ditr@cEioe hei ght or ‘the density of projections formed by the
energy_beamare |ow or small, that is, in a state in which the magnetic
recordPng nedi fiv%nd -~ FiBe Augretexphrenatery yews dlllpstmacéngathewi t h

- each ot her, stic%ing is.less caused and frictional coefficient is reduced
. . shape of a"projection on the surface of the NiP layer disposed

~on the disc substrate in Example-é, thch is measufed by a
surface Shape—measuring device utilizing'laéér beam
_interferénge (for examplé/_ZXGO (traae name)'mahufacturéd by

10 ZYGO Corp. in U.é.A.). More spec%fically,_Eig. 1 is a
perspective view, Fig. 2 is a vertical_crqss sectionai'Qiew of
a plane-passing through'the'center"of;the-projectign‘and in -
parallel.with a laser beam scanniﬁg direction, and Fig.'jlis a
vertical cross sectiohal view of a plane passing throuéh the

15 center of the projection and in an orthogonal.directioh'of
Fig. 2. | | |

From each of the figurés, it is apparent that a

~depression (b) formed in the circumferentiél direction
(scanning direction_of the enérgy beam) is present in |

_20 contigqous with.é projection (a). Also, it is appafent that
.the projection (a) is hot'encircled with the depression (b).
Fﬁrthef, it is preferred that the top of thé-projéétion formed
by the irradiation of the energy beam is not flat but has a
mdderate radius pf éurvatuie, aﬁd that fhe shabe of a Cross.

25 section of thé projection in parallel with-the surface of.the
magnetic recording mediuh'is substantially circular. The
magnetic recording medium in which.suéh,speéified'projections

~are formed, has a reduced contacting area between the lower



as'conpared with a case of using a sinply mrror-finished substrate.

Further, since projection- forn1ng condlt ons to be 5 described |ater can

. be sel ected from a W de range; it is par Gcularly preferred to mass :
production. A magnetic recording mediumin the first aspect of according to
the present invention conprises at |east a magnetic |ayer, optionally by
means of an under |ayer, on a-10 non-negnetic substrate, wherein

proj ecti oRg kQEARdrbynd M haghéd i Ohdd %deweg%uk;%aebaa@ €RE Mmdgyd ik a |
height of 1 to 60 nmare provided at the nunber of 102 to 108 per 1 mMm® in.

‘the surfagecekdany RBQieh, {6 HiMt NBanatich wpbst tebeopbhet usdlesan ayer, the
magnetic layer and the nagnetlc recording ‘15 medium The height of the

- proj ecti odecepasedntst feiel ghindftiie piagimettiiconead the baspsevéntedenter
line for a roughness curve.according.to JI'S surface roughness (B '
0601- 1982 roandttibkidgnsédt yhefsuhtaqe ajfethieomaghhitiibe rston®ingremedi umot an_
average 20 density over the entire magnetic recording nmedium but a

densi ty per unFurghex,i hhe prgjestionsidnsh usvaliyoifesmedntoarerpgbernt .
Generally, if the height of the projection exceeds 60 nm a CSS :
char act er 18t WBich shei saarely Mrad qrndicks £bel FSRgORSTakbPyht B! the head

can not be reduced Further, if -the hejght .of the grohectlon is | ess than
1 nm thetﬁﬁéjGEFFonPngﬁﬁF+%ﬁﬁ are preferably forme ch that the

height is reduced toward'the data recording region. 1In such
an embodiment;-thejhead can'seek stably from a data recording
10 region to the_CSS region or in an.epposite direetion{ Such an.
effect can be attained also by deereasing the density of the -
_ﬁrojections toward the data tecording region. Accordingly, it
is.more prefetredlto decrease both of the height of the
projectiéns and the density ef the_projectiohs toward the datat
.. 15 fecording region, still more preferably to decrease gradually
| both of the height of the-projections and the density of the
projections toward the data recordiﬁg region. Then, in an
-embodiment_in which the projections described above ere not
produced to the data recerding region, since the surface of
20 the magnetic recording medium can be smeothed as much as
possible in the data recerding region, errors due to scratches
can be redueed. Particulatly, by refleeting the
characterlstlcs of the highly smooth surface of the silicon
substrate as the surface progerty .of the-recording magnetic
25 recordlng medlum, the hlgh ceﬁ51ty recording of the magnetlc
_ recordlng medlum can be atta*red by lowerlng the flying helght
of the magnetlc head ; In addltlon,'a sllght texture or the

like only for the purpose of orlentatlng the magnetlc layer .



in a fine unevenness inherent to the substrate, thereby failing to attain

an i ntended advant ageous. effect. -12rc Further, if the density of the
projection is less than 10[err]_Nunber55%err] (=N[err]), it isdifficult
'to support the |ower surface of the head only by the projection because of
undul ation or the like of the substrate. On the other hand, 5 if the '
“density of the projection exceeds 108 (Nm®), it is difficult to make the
hei ght of dalaebpr ajdepteansnufhé odata | feddieiimryneigiony eeor fakg BRdi umin the
first aspect of the present invention, a preferred height of the projection
i's from 1Gur€ace moranemeophef eacaskrdianrsliy,y tdfe disapgvapeageovaused®yfrom
[err] to [err] (N [err]). "Mre preferred density of the projection is from
[err] to [exrislkefN mechhhic&Urtéreryre Hehatequs repldedsiwtipholnt &empeHj ecti on
depends on the surface property of the magnetic recording nedium and even
a smal | ddmproyioty BF8) ethabnisareprard dhieg toyfsciretehesefdrcbein a case of
-a 15 substrate such as a silicon substrate having | ess undul ati on and

smal | 8ur &@¥CeSughness. Further, it is preferred that a depression forned

by Trradiation of tRg, CRRe9Y 8580 EERL sy B Sorhed’n2k®8hi 9 1h%the
CSs région buﬁ also in the daﬁa recordiﬁg region.. This can
“prevent.the magﬁetic'head_from sticking, for example, in a
state.in which the magnetic head stops bn the data.recordiné
10 region._.In ﬁhis case, it is ?reférred that the height of the
projectioﬁs in the data regordiﬁg region is lower than'the 
height'of the projeétions in.the CSS region and it is
. preferred that fhe.dénsity of the projectidns in the data_
recording region is smaller than the density of the
15 ‘Pprojections in the CSS region. - h
In accordancé with the magngtic recording medium in the
first aspeét éf the presenﬁ ihvéntion, projections each having
1 to 60 nm in height are provided by the number of 102 to 108
per 1 mm2 and such a magﬁetic recording medium can be obtained
20 byuitradiating, on the projection-férming surface, an enérgy
beam that mQVes_reiatively to the surface.under the cqnditions
at a beam power of 50 to 500 mwW, fofjan a#érage irradiation
time from 0.05 to 100 psec, with a spot diameter for the
energy beam ﬁrOm 0.2 to 4 um ana at a lineér veiocity of the
25 . substrate from 0.8 to 15_m/sec. .Then, lasef beam is used

preferably as the energy beam. The spot diameter for the

energy beam means a diameter of 1/e2 in which 84 % of the



Fig

present in a scanning direction of the energy beam at each of 20 the
projections in contiguous'mﬁth the projection. |In case of using the disc
substrate, the scanning direction of thb6energy beamis preferably a
circunferential direction. It is preferred in view of the productivity -
thereof that the energy beamis irradiated rotating the di sc substrate.
However, as 25 the -scanning direction of the energy beam other '

directions, for exanple, a radius direction of “the di sc. subs etc. ma
be adopt edanerAJYs@e%éseﬁ@%?%é%ﬁ?%ymb"erﬁfe‘}|eocﬁe€aqqs3?nﬁﬁv8di’ﬁg%ﬁgeﬁ Y

‘inner circunferenge and_an oy -13- circunference of CSS region in'the..
%ﬁﬁﬁﬂi §lgg?ect|

di sc subst¥ 3R B0 (it ~In this case, the scanning of the

b : f
Flg. 1 - rg. A %&Zélc%ed% Em,%&?“v'ﬁ i1 SR R et on 0

pr oj ect i on g&%}%’gwa&% LhRe N R LAy s, i SpsEaib D headksg substrate

I n Exanple I's nea ure y a.surface shape-neasuring device

l;; 'n {J; gg?grnk%g%gétlbﬁqrgge@ e%%rlsasmgf%; REMP| 85 LAy adgeraNBh a
I n . Mre specifically, Fig. 1is a
non-magnetic substrate, wherein pro;ections formed by
irradiation of an'energy'beam and each having a height from 1
to 60'nm.are provided at the number of iOz-to 108 per 1 mm? on
the surface of any one of the non- magnetic substrate, the
10 under layer,. the magnetic layer and the magnetic recording
'1medium, and & depression formed by the. irradiation of the_
-energy beam is present,adjacent'to-.each of the prcjections at
the scanning directicn. |
'In'the'magnetic recordiné medium.inithensecond.aspect cf
15 the present 1nvention, the height of the prOJections is
preferably from 10 to 60 nm, more preferably from 10 to 40 nm.
The density of the pro;ections is.preferably from 103 to 106
(N/mmz)._.The neanings for the definition of the.height of the -
proﬁections and the density of the'projections are.thelsame.as
20 _those for the magnetic recording medidm”in the first aspect.
Further it is;aiso identicai for the meaning of the presence
of the depression fcrmed.inIthe'scanning_direction cf the
energy beam. In.case of using the disc substrate, the
scanning direction of'energy'bean is preferably a
25 circumferential direction. Further, it'is preferred that a
ratio (d/h) of the depth (d)y of the depre531on to the height

(h) of the progection is 0.1 to 3, more preferably 0.5 to 2.



perspective view, -Fig. 2 is a vertical cross sectional view of a plane.
passing through the center of the proje llon and in parallel with a | aser
beam scanning direction, and Fig. 3 is g vertical cross sectional view-of a
pl ane passi ng through the 15 center of the projection and in’an orthogonal
direction of Fig. 2. Fromeach of the figures, it is apparent that a
depression (b) fornmed in the. circunferential direction (scanning direction

f th
A sor i ¢ s hondf e RS sbBoBing AR hed A SeLeet B
depr ess! o f{dlprdutiinGhveht 1bf PLET €8 5rbiditled RinadtOR Hf aRrQ%aBéOhﬁéa' on

formed by e |rra atron o he“energy beam'is not flat but has a noderate

radi us of guryadifiie andrbiatielinfiehapecoitsuersse 3% seakiightol hfe
projection in parallel with the surface of the magnetic recording nediumis

substant i abd Yo itHelltdp oENeadBUBE! the I PES sl tiprE dinePeiin ificelr such
specified projections are fornmed, has a reduced contacting area between the
| ower s ﬂéEeﬁmmiaEeamf'tbatnugnkine aeeal ahd' )t hiss mwmfaoeeothahe2nagnet|c
recordi ng H%PIUH] so that fri.ction upon CSS operation cgn ‘be
um - If the contour line area (1) exceeds 2 , sticking
tends to occur between ‘the magnetic recording medium and the
magnetic head. Generally, the contour line area (1) is
preferably within a range from 0.001 to 1.0 um?, more |
.10_ preferably w1th1n a range from 0. 001 to 0.5 um?2 and, Stlll
more preferably w1th1n a range from 0.001 to 0.2 Mm2 . The
counter line area (l) can be measured by a surface shape
' measuring deVice utilizing laser beam interference.
Theimagnetic recording medium in:the second aspect the
.15 present invention includes several preferred embodiments as;
described'later-by satisfying the definition for the contour
line area (1).
In'the first embodiment, the average.area of the figure
surrounded with a contour line at a half height of the
20 projection (hereinafter referred to as 'contour line area
(2)") is preferably not more than 1Q pm?2, That.is, although.
undesired effecte may somet imes be given on the CSS
.characteristic:depending on the lubricant used, the CSS
characteristic can be improved by satisfying the above-
25 - mentioned conditions{ The contour line area (2) is preferably

not more than 5 pum?, more preferably not more than 2 um2., The

preferred lower limit of the contour line area (2) is



decreased extrenely and the magnetic head can be prevented fromsticking to.

the surface of the nagnetic recording nedium 5 Further, the
projections are usually fornmed to a re@%%ﬁ in which the nagnetic¢c head
conducts the CSS operation. |In this case, -projections are preferably

formed such that the height is reduced toward the data recording region. In

such an enbodi ment, the head:-can seek stably froma data recording 10

region to ¢ S regj-on_or _in an opposite.direction. _Such an effect can

be att ai né)d%gl g&?‘ By g Sr 8ARF Y ?#é‘%é’rfﬁaty(zgf cfaﬂet’ﬁr BPRELFBALY Ghar d t he

" .data record] egi.on.. _Accor.di ngl it is..nar ferre decrease both
of the heisg r,'[}%(g{e %hggsrﬁ}gég{x?%ﬁg %%?%%e& gllr?'szlqln? gﬁagfe%egf)%@j ections toward

t he data %5tﬁ&%%&%ﬁb g region, still nore preferably to decrease gradually

both of the height of the projections and the density of the projections

toward the datad eC@kdiond EASLANmedDE M #1afe YHoduARRY Witwhich the
proj ections descri bed above are not produced to the data recordi ng region,

since ghe cufitlase 19he2@t &hBalRUNEidIet IEF UMY REOTRELUBhG aPrELfe SaHDY hed as
~much as possible in the data recording region, errors due to scratches can
be reducethas Baich aulshapyg, thyt refhé ebéngtth idrhiganadt ebi shecscafinime hi ghly
snmoot h surface of the silicon substrate as the surface property of the
recor di ng disgedtiion 25 thecenergy e uth . € .he raiddlaldérsgtl) r ésolkanger of the
magnetic recordi ng nedium can be attained by | owering the flying height

_ than the length of the scanning direction of the energy beam

{i.e., circumferential_length). Specificaliy,'in the figure

10 surrounded with the coﬁtbu: line at a half height of the

| projection, the ratio of the éircuhferential length of the
scanning.directi¢n to the.radial léngth'brthogonal to the
'scanning-direction is uéuaily from 0.2 to 0.7, preferably from
0.3 to 0.5.

15.' " In a third embodiment, a figure'surrodnded with a contour.
line at a half height for the héight of the prdjectipn-is
preferably a half moon- or crescent-likg shape.' The
projection of such a shapg is more steep in a relative running
direc£i6n'bétween the magnetic headﬂahd the magnetic medium,

20 which is.considered to provide an effect 6f preventing
adsorption of thé;mégnetic head to the surface of the magnetic
recording medium caused by the lubricant. |

In a fourth embodiment, it is'p:eferfgd that the contour
_,Line area (1) is not more than 0.5 pum?, the contour line area

25 (2) is not more than 3 um? and the shape of a cross section of
the projection in parallel_with the surface of the maghetic
recording medium is substantially circular. In this

embodiment, it is preferred that the height of the projections




of the magnetic head. In addition, a slight texture or the like only for
the purpose.of orientating the magnetic.layer - ~ can be adopted in the data -
recording region, to make the surface 76P8 snoot h. Accordi ngly, the

di sadvant age caused by existent mechanical texture that is applied with an
aimof inproving CSS, that is, errors due to scratches can be 5 reduced.
However, the projections my be formed -not only in the CSS region but also

in the dat di%rlﬁglnqrp nthEhﬁ E%SEEB?VﬁPttﬁé‘ﬁn{?%% % hte%g 1f0r§ ‘ he

sti cking, ?%r exanmple, 1n ate-
data recor ghgndm2)e0i irenbi, “c‘hé EQRfeed L1 ind rarr%fer(&?dtﬁ NBLeEQEBE, 0Nt

of the prOJectlons i'n the data’recording region is .|.ower ht of

the proj eciéOnford dith @SS 1881 QRaNHoEd e fURIANY, e‘i'lotth%rEh@hgﬁné' by of

the projections in the data recordlng region is smaller than the density of

the 15 prph2eiddnpartiidieab3f pedkepablP, AeaOmEARC & heint 0 LhAmPBgNehE C
recording-mediumin the first aspect of the present invention, projections

each h&vi ngrdféxalle rmver Hdindlt ofr ehpr ovumiesk i id e raanian a& Q200 108
per 1 m® and such a magnetic recordi ng medi um can be obt ai ned
umz. On the other hand, the contour line area (2) is
prefe;ably not more than 2 ﬂmz, more preferahly not more than
1 um2. The preferable lower limit of the counter line area
(2) is 0.01 pm?. - In the fofth embodiment, not only the
10 sticking Can_be prevented to faeiiitate the CSS eperaﬁion_but
"also the cross seetional shape efhthe projection is.
substantia;ly circuler and the shape of the brojection is
sherp, so that an effect of'prevehting adsorption of the
maénetic head to the surface of the magnetic recording medium
15 can be provided irrespective of the kind of the lubricaht or
an affection of humidity. | | |
The above—ﬁentioned figuie (cross sectional shape)
. surrounded with the contour line at a half height of the
projection is eontrolled by, fer example, a scanning pefiod of .
20 the energy beam. According as the scanning period becomes
longer, the figure chahges in order a erescent-like shape, a
half moon-like shape and a circular -like shape. |
In other embodiment of the magnetic recording medium in
the second aSpect of the present inventien, the aspect ratio
25 (major axis diameter/minor-axis'diameter) of the cross section
at the bottom of the projection.is preferably not less than 2,
llrrespectlve whether the condition for the contour llne area

(1) is satisfied or not. 1In this embodlment, the helght of
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20 by irradiating, on the projection-formng surface, an energy beamthat -

noves relatively to the surface under the conditions at a beam power of 50

to 500 MW for an average irradiation T1%e from0.05 to 100 [err]sec, wth
a spot dianeter for the energy beamfromO0.2 to 4 [err]mand at a l'i near
velocity of the 25 substrate from0.8 to 15 m'sec. Then, |aser beamis
used preferably as the energy beam The spot dianeter for the energy beam

means a di el s [lerr]..i l,ch 84 %.of the . energy beamis -
conCentrafgge?%%ﬂggg%ﬁkeiée%%%g%ﬁééigi%ﬁﬁﬁ%ﬂnaofaggﬁa%ﬁPg!¥ZEE ?@gﬁPtthn1A
magneti C .k r di,pg ' | &£ 8504 ,353Re f, _accor g t he present

I nvention T‘g%%f)r :tggsgggéFgag%}égSQJ?mgng‘T e %}t?g?f‘ogpg?gog%?l ky’}’§§/°’ﬁe%§s of an
under | ay@he g&oaeeemcﬁa%%f&féfﬁﬁ§ At 191 €hdnPi) €Crhe r%Pé‘r, hdy
irradiation of an energy beam and each having a height from1 to 60 nmare
provi ded ajppelte 1anaBeb£0thd ORspdctl G d3Qy ok WHR eRokhessutiggea®fcgy one of
the non-nagnetic substrate, the 10 under |ayer, the magnetic |ayer and the
magnet$c bettpdi b thdi pavjeneien depraes Hoosof.or Fedthyr] he hinadiation of

. the energy beamis present adjacent to each of the projections at the
scanni ng. diipmetegnof the cross section surrounded with the contour line

‘at a héight 1 nm below the top of the.projeéﬁion is preferably
not more than 0.5 Um. - The preferable lower limit of the minor
axis diameter of the cross section_surrounded'with the-cqntour

10 1line at a:height 1 nm below the top is 0.01 Mm. The minor
axis diameter can be meaéured by a surfacé'shape-measuring
dévicé by laser beam.interference. Furﬁhér, thé projections
are'preferably disposed such that respective major axis
thereof are substantiallyfin parallel wiﬁh each other.

15 Specificélly, the'projections are preferably formed such that
the majof axis.are'directediin the scanning.direction of the
energy beam (i.éf, circumferential direétion) of the magnetic
recording medium and the respective major axis are |
sﬁbstantially in paréllel with each other. 1In this case, the

20 number .of the projections is preferably 1 to 103, more
' preferably 10 to';oio, Still more preferably_S to 50 per 1 mm
| length in the radial direction of the mégnetic recording
medium in a portion in which the projéctioné are present.
. In any of the embodiménts described above_df the magnetic

25 récording medium in the second aspec; of the preéent
invention, the projections are pfeferably formed ih a region
in which the magnetic head conducts'the_CSS Qpefation like

that the magnetic recording medium of ;he'first aspect and it



In the magnetic recording nediumin the second aspect of 15 the present
i nvention, the height of the projections is preferably from10 to 60 nm
more preferably from10 to 40 nm The déhsity of the projections is .
preferably from[err] to [err] (NNm®). The neanings for the definition of
t he height of the projections and the density of the projections are the
sane as 20 those for the magnetic recording nediumin the first aspect.

Further it,is_also identical for the neanir f th : f . th
,depressionlﬁcﬁ?ﬁRPQ?1HqﬁggﬁﬁﬁﬁnFﬁ&tdeﬁcS?éEg%ﬁa?mégﬁgggéﬁgﬁgﬁﬁFh Fﬁagase of

' the dj trat he ing.djLectj f i
pr ef er abl(eéf%? St i adatasn APract: bhe SHER e a Y SRy 88 that
aratio t wLh ' Q. [ :(ch f th
projecti o_nllgl?ség;&_ékge%%@r?& %%Fggg%agiagsgggﬁ%o%é %éwog% hl(es )rraghez [ g-
recordi ng ﬁ%‘% . dd Eélﬁar?ﬁ‘%@x%ddéﬁfae%ceidm& PEEESNtad I MEN IO EurithelrS

preferred e average area of a figure surfounded.with a contour 1ine
at a hej ghprdrarpdiel e hnd dRightedehtré bhejdcOicd ians therdenzigiter 5

referred to as 'contour line area (1)') is not nore than 2 [err]: If the .
contour |ige eiedpidjesicrdard eckbassdli thwagd the data recording
region. The meaninés.ofIthénabove-mentioned definitions are
the same as those in the magnetic-:ecording medium_in the
first aspect..
10 Usuaily, an innermost circumference of the magnetic'
recording medium is used for the CSS.region. By the way, CSS
 -for a clock magnetic hegd'for.writing clock signals used npon.
writing servo data is sometimes disposed to.thé outermost
circumference. In_such a case, it is effective'to provide the
15 - projectinns éléo tn the-outermost cirnumférence of thg
mngnetic recording nedium . | |
In nther embodiment of the magnetié recording medium in -
the second éépect of the-present invention, it is preferred |
that long projections in which an aépect fatié of the cross
20 éectibn at tne bottom of the projection is not less than 3,
and short projections in which an aspect ratio of the cross
séntion at the bottom.of the projection is more than 1 and.
less than 3, afe present in a region.in whidh the magnetic
head conducts the CSS operation irrespective whether the
25 condition for the contour line area (1)_described above is
satisfied or not, the long projections are.present aﬁ'a
gfeaternratio in the CSS region neighboring the data recording-

fegion {(landing region of the magnetic_nead),'the short



tends to occur between the magnetic recordi ng medium and the magnetic head.
General ly, the contour l'ine area (1) i§2f[eferably within a range from
0.001 to 1.0 [err], nmore 10 preferably"within a range fromO0.001 to 0.5
[err] and, still nore preferably within a range fromO0.001 to 0.2 [err].
The counter line area (1) can be neasured by a surface shape neasuring _
device utilizing |laser beaminterference. The magnetic recording mediumin.

the secongpraspettioniealt ppessrhtat NyeftdAlerd naltudes nsewer absperehess ed |
enbodi nents as described later by satisfying the definition for the contour

| i ne ar ea felijghbarinke thier shnesbottliferdrite dfertdge maghatdt kbeotdnge
surrounded- with a contour line at a half height of the 20 .projection .
(her ei naf tmexdinef eidisd ), 0and thenhelght il threepriodectibas peef deabéysadt nore
than 10 [err]. That is, although undesired effects nay sonetines be given
on the CSSwmtendacher datacrdepedtnggreaniame |Thsr iloagt prodectines GHEd
characteristic can be inproved by satisfying the above- 25 nentioned = - -
condi t Pond:he BherEopredrcrings grey Yo )presqnteftogabihernén KbeeC8Ban 5 [err],
more preferably not nore than 2 [err]. . The preferred lower limt of the -
cont our |jqﬁg%ﬂqaaonghpslong projections and the short projections are

separately disposed such that*only the long prqjectibns.a;e
present in the_CSS region neiéhboring:thé data récording |
region, while only the short'projéctiohslafe presernit in the
10 CSS region neighboringlthe-inner circumference of the disc.
. - The diséldescribed above is.suitably used to a
.reéording/reading—out method by.the CSS.sy$tem by the ..
s foilowing cés system;-that.ish the magﬁetic head is lowered to
and_ri;en from the disc in a cés region neighboring the data
15 recording region in which the long projections are present at
é greater ratio (landing regiqn_quthé.magnetic head) and fhe
maghétic head is set stationafy’iﬁ_the CSS region neighboring
.the inner circumference of the disc in which the short
piojectiohs are present'at a smaller ratio. However, movement
20 of the magnetic qisc'to the 'CSS region neighboring the inner_"
circuhfeﬁence of the.disc with a gréater heighf o: projéCtions
may be conducted aléo immediazely under the stdpping'of thé
disc, before that it the mag:?:ic head causes sticking. This-
means ﬁhat the movement of -nh= magnetic head is conducted
25 accdmpanYiﬁg the'rotation of zhe disc at a low speed and the
Stopping of the magnetiq'hea: is condﬁctéd at a final |

stationary state.



-18- 0.01 [err]. The contour line area (2) can be nmeasured by a surface
-shape- measuring device utilizing Iaser_gggnlinterference. In a second -
enbodi ment, a figure surrounded with a contour line at a half height of
the projection, preferably has such a shape that the I ength orthogonal to
the scanning direction of the energy beam (i.e., radial length) is:Ionger
than the . length of the 'scanning direction of the energy beam(i.e.,

~circunferentiala | &HNinoSRRGEGICah! Ynel Pnihe {iguse O treugauaded with
the contour line at a half height of the projection, the ratio of the -

~ci reunf er effjet 16 @dmpRfi sbBeas C 28850 0a dhdgdt 0 Tayeihe dprdibah1hgneyh
orthogonal to the scanning direction i-s usually from0.2 to 0.7, preferably
fromO.3 tedhid.ofl3n under NLAyar} hbh da edbosh TR noh -iagmiee igur rounded with

a contour line at a half height for the height of the projection is
pr ef er abl ysubdtatdt dypaihereinc ceacent ri ¢ kalsiixre. i okh e narcgjse etrieofoofedubh a
'shape is nore steep in a relative running direction between the nagnetic
head afd triechragicetli cexsdiring 20 thai swrface rbitde a@nragnetige an ef fect
of preventing adsorption.of the magnetic head to the surface of the
magneti c redtdiate wedithe sugsagebgt Hee | widse ditven ©fa 3 88fenh enbodi ment, -
it is preferred that the contour ., e , L
recording region, and projections are formed by irradiation of
an energy beam on the surface of any one of the ﬁon—magnetic
substrate, the under layer, thé-magneticlléyer and the
10 magnetid recording medium in the CSS region. 1In such a
magnetic teéording-medium, the height of'the projection is
'preferabiy f:om'l to 100 nm and the density of the_projection
. is preferably .from 10 to 108 (N/mm?) . '
Then,"descfiption will be made to a method of producing
15 magnetic recording medium according to the present invention.

In the method a¢¢ording to the present invention, pulsed
laser beam is used suitably as an energy beam for forming
projections. As another energy beam, electron beam, X ray, .

- ion beam,.etc.'caq'be utilized. 1In a case of utilizing the
20  electron rays, the projections are formed under a vacuum
“condition.

The projection can be formed by,usihg a projection-
forming device shown in Fig. 5. The illustrated projection-
forming device whichais a device for forming projections on

25 the surface of the disc nonfmégnetic substrate,.comprise a
plurality of substrate rotating méchénisms 1, 1,'{~- , a laser
beam generator 2, a modulator 3 fqr'ON/OFF control of the

laser beam from the generator, a. light condensing mechanism 4



line area (1) is not nore than 0.5 [err], the contour line area 25 (2) is.
not nore.than 3 [err] and the shape of a cross section of the projection in
parallel with the surface of the nagnef?%‘recording medi umis substantially
circular. In this enbodiment, it is preferred that the height of the

proj ections -19- is from1l to 40 nmand the density of the projections
iIs 10 to [err] (N [err]). Further, the counter line-area (1) is preferably

Q.3 JLecr _pref bl v,..not thapn 0,2 [err] and, -
ar t1 oul ary drERdistibe e FEPE: A AR A mofatso PartRabi e |ower

r

contour 10 SREa o O ReRBParEdTS it s PR S5RerAPehore BPRT e abi y

contour line area (2) 1sp erabl'y not™ nore r

t ek i 4 RN IJdm t.h nter_line area -
?(2))' s 0.0 [g}r%&@f;]ﬁs?%ge?g:ﬁe% o’giirrent. . na’o{’“a?ﬁ‘?fy“i:h%a?_%” é?iacki.ng can

be prevenimgniet icagelbiaiagt hed (89 oRsaiidialny sabpertba 5g0§§esect ional - .
shape of the projection is substantially circular and the shape of the -~ -

proj echi osubstshaep rosatihgt mech&ifae 0fd pr eveibigngeadant Bhi Sncof the
magnetic head to the surface of the magnetic recording nedium 15 can be
provi ded imovdsygethievéightt hendéemsiirog dduhdnilsn catb erplurality of the
substrate rotating ﬁechanisms 1, i;-'--. Although two |
substréﬁe rotating mechahisms 1 are illustrated, théy'may be
disposed by ahy hﬁmber. | |
10 o The.substrate rotaﬁihg mechanism 1 uéually comprises.a
| 'épindle motor and é Substfate.s'is suppo;ﬁed on a_rotationall
‘axis of the spindlé motor and moved at a'p:edeterhined number
of rotation of a linear veldcity. |
'As the lasef beam generator 2, a gas lasef beam generator
15 Such as a COz gas laser beam_or-an Ar gas léser beam is
'préferably uéed, and-for.example; an Ar gas laser beaﬁ tube is
. used suitably. The'Arlgéé.lasér beam typically has a wave
length at 488 nm or 514.5'nm. Since the gas laser beam has
higher cOheréncy and easily be focused in_a émaller spot sizé
20 as compared with_an-YAG laser beam_ér ekcimér laser beém, it
is'advantageous in that:a.éontrolled shape 6f'projec£ions can
be fofmed. - | |
The laser beam irradiated-from the lasef beam generator 2
to the projectioh—fo;ming surface is controlled to such an
25 energy és capable'of-forming a projectiop:of a desired shape.
'Specifical;y, the_ehergy'(output) is usually'defined as within

a range from 50 to 700 mW although different depending on the



an affection of humdity. The above-nentioned figure (cross sectional
shape) surrounded with the contour line at a half height of the projection
is controlled by, for exanple, a scannl%% period-of 20 the energy beam
According as the scanning period beconmes |onger, the figure changes in

- order a crescent-like shape, a half noon-like shape and a circular -like
shape. | n other enbodlnent of t he  magnetic recording nediumin the second

: t of t t
et er MOASART B el B0 Rl OB RPNRHLAN0 AR, R Shefilien,
t f whet her th
Condi ¢ on B %S’fﬁ%%?%ﬁﬁe%ﬁée%‘?z%*‘?%3’-75*{:2%%3??%5‘*@ not.  In this

‘enbodi ment, t he deightngililator28; hHee DAL ARSI dad Ricahiababby wethie a
range fron11 to 30 nm Then, the aspect ratio of the cross section at the

bottom of teoMm)prg, ecfblroaxaﬁpméef@w@l suniblyessn bhaasé0orTheingefrs akt e
upper limt of t he aspect ratio of the cross section at the 5 bottom of

- the projegdondser?beam blbe Fortties, lased mwamjenedaaoet 21 ofhéhe cross :
section surrourded with the contour Iine at a height 1 nm bel ow the top of_
t he prOJenﬁlantna?opmataﬂambyulat1on device can conduct high speed
modulatlon (ON-OFF) up to several hundreds kHz) It can also
conduct analog modulation durlpg ON state.
| The light condensing.mechaniSm 4 comprises a combination
10. of a total reflection mirror and an ijégtive lense and it is
| used usually'in_combinétioﬁ with an autofocus (AF) system.
For the mqving méchahiém_s, a linear slider is, for éxample,
used suitabiyi Thellight condensing mechaniSm-4_is mounted on.
~ the moving"mechapismfs and reciproCated at a constant speea_
15 relatiﬁe to a plurality 6f'the.substrate rotéting_meéhanisms
1.’ 1 e,
The moVing-mechanismIS is moved aﬁ an_increased speéd
upon moving from one substrate 6 to another substrate 6
considering the.produCtivity.. For such a speed control, one
20 movihg:méchanismls is mounted on the other moving mechanism 5
" - to conduct movement between.tﬁe substrates by one of them
ﬁhile condﬁqt movement for fOrming the projection by the other
of them. | | |
. The projection-forming device,ﬁaé;a timing contr§l
25- séction-7-fo£ controiling the modﬁlation timing.of the laser
beam as a means for forming progectlons at a predetermlned

pattern of ldentlcal or dlfferent pltches That is, in a case

of forming projections, for example, a; an identical pitch,



not nore than 0.5 [err]m The preferable lower Iimt of the mnor axis
~diameter of the crooss section surroundggémﬁth the contour 10 line at a
height 1 nmbelow the top is 0.01 [err[f®" The minor axis dianmeter can be
measured by a surface shape-neasuring device by |aser beaminterference.
Further, the projections are preferably disposed such that respective major
~axis thereof are substantially in parallel with each other.. 15

Speci 11 cal difp1dyia Ristlaqalyl, OWReA! endl SLBLARL Ve fOTIB Gt khat the major

axis are directed in the“scanning direction of the energy beam (i.e.,

ci rcunf er ehtd e tinfie@ld @hbelk bRersBgnebh Cak® P ghidue tmdiindard 1 bRty
respective major axis are substantially in parallel with each other. In

this case,by the2@Gondtaher speetnNBpptat €64 i ONSLHS ny iRy alelchahikp $03ngnore
preferably 10 to [err], "still nore preferably 5 to-50 per 1 nmlength in .
t he radi althk reetistoatel rotatdagadt mechi@&sbsmli g vredigitacdhnof paeti on in which
the projections are present..In any of the enbodi nents descri bed above of

t he nmagnetpxo ER-t icesofadirmgdnedi thei sut fiecs ezhritheasubst: ratet e padeent

i nvention, the projections are preferably formed in a region in which the
magnet i ¢ HERACH HPMEF S §BECSBtBpef bt F ORI ¢ ACe hatTheme nepsétierordi ng
medi um of the first aspect. and,it ' ' '

the substrate is conflrmed-by the timing cohtrol'sectibn 7,'

" and the modulation timing of the laser beam'(irradiation'time)_
is COntrolled by'the sighal'té maké the interval of tﬁe
10 pfbjections formed'on'the surface 6f the'subStrate constant.
The timing conﬁrol_section 7 comprises, for example, a .
computef, a pOSition detedtiqn'mechanism and necéssary. ”
in;erfaces._.As the;position detection.mechanism, a laser beém
displacemerit meter, encéderlor'the 1ike-can'be utilized for
15 instance. Instead of.cbhtrdlling'the mddﬁlation_timing”forf
the laser bgam;'the sﬁeed of the moving,mechanism 5 and the
- substrate rotatin§ méchanism'lumay be contrqlled.
The préjectiOn—forming device deséribed above is operated
as below. At first, each of the.substrates'G, 6, -+ are set,
20 'respectively, to a plurality of the substrate'rotatiﬁg |
mechaniSmg 1, 1, -t;‘énd thé substra;e GIis rotated at.a
cénstant speed.’ Tﬁen, the laser beam from the'lasér beam.
_'generaﬁor‘Z is conVertéd by the médulétor 3 into é pulse lase:
beam which is illuétratéd_through the lighﬁ condensing
25 mechahism 4 moving atlé constant speed by the moviné mechanism
5 to the projection?forming surfacé on each of the éubstrates
6, 6. That is, the light condensing mechanism 4 is moved

continuously to form projections on the projection—forminq



is further preferred that the projection are fornmed such that the height is
decreased toward the data recording region. It is also preferred that the.
density of the projections is decr ease®toward t he data recording region
and it is further 5 preferred that the height of the projections and the
density of the projections are decreased toward the data recording region.
The neani ngs of the above-nentioned definitions are the sane as those in

f[ he _nagnetsiufiga%(‘eogcéi 19 %?5?#&%% hsg\filgsictr;?al[t %Sg:%%lé'igégusl". Eg%ual ly, an

i nnernost CI I CUMNT ér enceé 0 €’ magn ecor Funri's "for the

CSS 1 egi 0y 43X ke WRbeCPRoRO" a ke CLARK 1PUNGHIG BRAehoL u0LE | NG, Cf Ok

-si-gnal s used upon Iti'’ng servo data I neti mes di spose he™ out er nost
ci reunf er ea&a11kN o3UEReApEFIECL wnifoﬁﬁrgrﬁgctgu\ﬁafc%, pﬁﬁékgﬁa NS¢ 185:med
projections also"to the outernost circunference of the fragnetic recording
medi um | n 5@t kRhdemodi ment of the magnetic recording nmediumin the second
aspect of the present invention, it is preferred that |ong projections in
whi ch 8n aspecta maitihodobft beoaossg 20 maEdtdt i rdcdrda ngombaiuff hhtieng
projection is not less than 3, and short projections in which an aspect
rati o of tte lersssasmegneniat layer botgtoionel iyhdypmepest oénansSumidée t han 1
and less than 3, are préesent in a region in which the magnetic head '
conduct s tikrecsSosper disenlike exprevtdgnetdicetstvistrage in the fourth
aspect of the present invention éomprises irradiating to the
surface of the-non4magnetic substrate, the magnétic layer, thé
10 under layer or the magnetic recording medium, an energy beam
that moves'relativeiy to the surface thereof, melting locally
the surface thereof under such a condition that the melting
width in a directibn'orthogonalltq the relative moving
directidn of the energy beam on the surface thereéf_is not
15 1less than 5 pum, forming projections (prétuberant portions) on
the surface, and then forming required films of the under
layer, the magnetic-layer or the protective layer.
In the method in the fourth aspect of the present
-inventidn, a depression is formed by the irradiation of-an
20 | energy beam in fbrmed by the irradiation of the energy beam in
a scanning direction of the energy beam in close vicinity tb,
preferably in contiguous with the projection. In other words,
a vertical cross_sectional srape paséing through the center of
- the projection and in parail=2l with the.scanning direction of
25 the energy'béam is'in.a'shape having a depression on one side
of a projeétion.
~ The meaning of 'in close vicinity to' is that the

depression is present away from the projection (i,e{, a flat



25 condition for the contour line area (1) described above is satisfied or
not, the long projections are present a% a greater ratio in the CSS region
_nelghborlng the data recording region ( Qﬁding regi on of the magnetic
head), the short -22- projections are present at a greater ratio in the
. CSS region neighboring the inner circunference of* the magnetic recording
medi um (di sc), and the height  of the projection is decreased toward the -

data L eCOrsbiti iU Oibrestit 1AUGBROLAE! pOOTANMLD dAIF BB IGh oc! | ons

may be present toget 1Tnt reglo Iong p OJectl s-and t he

short proj@sdions e SatamdkebbtJbsROssd sushet Nod Qi sa;%clt%g angi g

projections are present in the CSS region neighboring the data recor

region, whhe é&ﬂﬁeﬁfﬁffﬂH@*de@&@b@@bhOB§ AlenDh esqm. | rhe 10 CSS region
nei ghboring the inner circunference of the disc. The disc described above

i's suitabl goniaghtar o @E0RHengrbgadt Don Owit Weddie S¥idmEoehedsygt eaeby the
following CSS system that is, the nmagnetic head is lowered to and risen
fromtise dlE:ﬁdIﬁtndﬁ&bﬁ%ﬂMeonnaegghbeamngntthechﬁeséﬁi imveatdongisegi on in
which the |long projections are present at a greater ratio (Iandlng regi.on
of the nagﬁ@%$Qﬁ¢RRk9 afrther, cross-— sectional view of plane in

parallel Wlth the laser beam scanning direction lS
asymmetrical, respectively and cross sectional view of plane
paSSing through the center of the progection and in orthogonal
10 to the laser beam scanning_direction is substantially
symmetrical. Also, the'highest portion of the projection is
present neighboring the center of the scanning line of the'
energy beam
The Mechanism'or progress in which the special projection
: 15 as described above is formed has not yet been apparent at
present but it may be assumed as below.
The pro;ections are formed, as shown_in Fig; 6, for
example, by_irradiating energy spots 10 concentrically.
Dotted lines in Fig. 6 represent imaginary line for concentric
20 'circles. Then, in Fig. 7(a), a projectioneforming surface 12
irradiated_with a pulse laser beam ll_is overheated locally
. and_a spot portion 13 of tne laser beam is melted:partially.
Then, the molten portion.is moved by the scanningdof the pulse
laser beam ll'in the direction of an arrow;_ ln'Fig. 7(b),.a
25 temperature gradient is caused to_an initially melted portion
| due to snbsequent lowering of the temperature. Then, .in
-accordance with a-common rule for a'molten liquid, since thel

surface tension is greater on the side at a lower temperature,



magneti c head is set stationary in the CSS reglon nei ghboring the.inner

- circunference of the disc in which the ?Qort projections are present at a
smal ler ratio. However, novenent 20 the magnetic disc to the CSS
regi on nei ghboring the inner circunference of the disc with a greater

hei ght of projections may be conducted al so i medi ately under the stopping
.of the disc, before that it the magnetic head causes sticking. This neans

that the npVEMoPf 4 f&ﬁel%an%aelae@g b Sq COnehl 85l 2D tARCABRARYI NY the
.rotation of the disc at a |ow speed and the stopping .of the magnetic head

i s conduct @shpd rat ddddlaisled! b§NahYzRiA§Ca moltedB3-LiAUier @rding pegtishi n t he
third aspect of the present invention conprises at |east a magnetic |ayer, -

opt i onal | y1hymeessts safbswuenday bageheaved atalis trighes tempeagneticdue
substrate, wherein concentric fabrication traces are formed by 5 -
_nechanlcaItoemhewdxﬁferendbeoéuthaceuofaceetemsmqmmp&ﬂae@-@WbSheate or the
surface of the under |ayer of a data recording region, and prOJectlons are
- f or med Sby - tempeliatuns gxfaddensner §9 pesesBht ¢ e damTessdasf 1dny-Sokersedt he

non- magneti c substrate, the under |ayer, the magnetic |ayer and,the
by the 1n1t1ally molten por 1on, while a depression 17 is

formed by a subsequently molten portion as shown in Fig. 7(c).
That is, a vertical cross_sécﬁional shape passing through the
oentei of the brojectionIIG aﬁd in parallel with the scanning
10 direction of the énergy beanm is in a shape having a depression
17 on one side of’the'pfojection._-' | |
On the other.hand,lio the method as disclosed in U.S.
Patents No. 5,062,021 and No. 5,108,781, since the irradiation
range of the_looof beam is wide éhd the laser beam output to
l5 ' NiP layer on the Al.oubstrato is as large as 1.5 W, a
'projecﬁion in the forﬁ-of a crater is formed. 'Then, the
forming mechanism is assumed as below; That is, as shown in
Fig. 8, sihco_the mélting fange_of the projection-forming
"surfacé 12-is wide, éicentral portion of'the molten portion is
20 not protuberant. As a-reSult, it conStiﬁutes'a crater-like
proiection comp;isiﬁgla"center depression'lS formed by melting =
aod_a circular rim l9'£aised by the surfacé tension and
oolidifiod at the periphéfy thereof.
On_the contrary, in- the oresent 1nventlon, since
25 projeCtion (protubérant portion) is controlled at a high
'aoourécy ﬁndef_the oondifion of restricting the laser beam
into a narroﬁ range and at a low outpﬁt}'the molten rangé on

the projection-forming surface is narrow, the central portion



10 magnetic recording mediumin the CSS region. In such a magnetic
recordi ng nmedium the height of the préjectlon is preferably from1 to 100
nm and the density of the projection i 0p‘referably from10 to [err] .
(N'[err]). Then, description will be made to a method of producing 15
magneti c recordi ng nedi um according to the present invention. In the nmethod:
according to the present i nvention, pulsed Iaser beamis uSed suitably as
~an energy ge m for. form ng pr.oj.ect éhg e e beaq%1electron
beam X 13y, PP BY locf’arf'sngr&t |uP|ef88t ?ﬂ a8 ‘iﬁ:qu Hy the 20 -
el ectron r S fQr vac condit The

proj ecti or‘ls%g%u%gf?ﬂ %‘S‘C‘%mq{} aaﬂ't%r %ro g}?t g(J:' %gg{z ?%r m %m&\f?g}e dsa%gi\ﬂn I n

Fig. 5. Tbﬁe'Jné{:'ﬁéé%P%@Eﬂr&é@gg‘%o@’é@};&gﬂgﬁébﬁd%%'éné"‘ gl for

form ng -projections on ISC -magneti'c su strate

conpri se Qn@éﬂfﬁéhtquﬁrééH¥§f&ﬂf%é?%h%tEEgm"EﬁQaﬁéﬁﬂﬁdlofJthe .above | aser
beam generator 2, a nmodulator 3 for ONV.OFF control of the |aser beam from

the generaéntioRediht. canransi ng THe@HaBySEhé methdd-of Ofodmiragitaid ng t he
| aser beamfromthe nodulator to the
‘projection according to the present 1nventlon, a pro;ect;on
having an extremely small.area_at the top end and preferred B
for abrupt projection is-fermed.
In a method in'the fourth aspect of the pfesent

10 ..ihventidn,.the melting width of the energy beam.on'the
projection-ferming surface in a direction vertical to the
mov1ng dlrectlon is not more than 5 um, preferably not more
than 2.5 um; more preferably not more than 2 pm. The
preferable” lower limit'of the melting width of the ehergy beam

'15 is 0.1 um. Under the condition that the melting width is more

| than 5 pm, the central poftion of the molten portion is not

formed as a projectien_but ie formed rather'ae a depression in
which the pe;iphery for the portion of the molten liguid is
pretuberaht to fefm a riﬁ. The reason is corisidered as below.

20 That is, if the molten range is wide, tempereture gradient is

'_ caused in the molten liqﬁid during cooling; Theﬁ; as

described above, since the surfade tenéieneof the molten
ligquid is:iarge_in a poftioﬁ'atee low temperature, the surfece
tensibn is increased at an outer eircumference'cooled from the

25 periphery. As a result, it-is ebnsidered that the periphery.
of the_molteh liquid is pfotuberant if the molten range is
wide; The thus formed annular iing hes_én excessively larée

area and shows no satisfactory CSS characteristic.



projection-formng surface on a substrate (surface of a non- magnetic

" substrate, an under |ayer, a nmagnetic |ayer or a nmagnetic recording medi um
rotationally supported by the 5 substt3te rotating mechanism and a noving.
mechanism 5 for noving the |ight condensing nmechanismonto a plurallty of
the substrate rotating nechanisns 1;. 1, . Although two substrate
‘rotating mechanisns 1 are illustrated, they may be di sposed by any nunber.
10 The substrate rotating mechanj sm 1 usua%g%pgonprlses a spindle

notor and a suB§FP5t€°6mF§gsE%%dP¥%QFQﬁF%P%mn@%ﬁ § &1 sOBf “Rfe spi ndl e
t d d at det t t
e Phe T asoREBEsPoRhr arEpSHEAtE b Hlike e IpeiAt SohoP . EoS  LALEEpedl 0° 1Y
' | Al | df
xarpl o & %iﬁrrsﬁe%ﬁ@e?gg‘é%ﬁﬁ?a% el téEPgief’rﬁbﬂ’%‘?*%'%%‘fﬁger beam.
typically, agz%ﬁ 1\§’a§g‘olv§ Atg ec?f@r&r sgzje <2 B84 §h@cfa§£'§ pased aned beam
efén ocuse :

has hi gher y an eas iIn"a small er spot size 20 as

conpar gd wirt bR Xég lea§§£hb€ﬁénr9eﬁtr€a%pla{gere}dpaa%eae@& thei Siggvant ageous
“in that a controf shape of projections can be formed. The | aser beam

irradiat e%agrnwlhherasa&nseﬁ@ag@mea@éardﬁlgt ad keeppopesht otniennicng.
surface is controlled to such an 25 energy as capable of formng a -
proj ection of - amdewiettddshapehe fourth aspect of the present invention
includes several different embodiments as described below1
In a first embddiment,:it_is_preferred te form
10 :projections by irradiating a laser.beam on the surface of a
substrate, an under layer or a magnetic layer. In this '
instance, lt is preferred to use a pulse laser beam at a laser
beam power of not hlgher than 500 MW, for an 1rrad1at10n
perlod for once of not more than 5 usec and w1th a spot
15  diameter at the lrradlatlon surface of not more than 5 pm, and
at a relative moving speed of not less than 1 m/sec.. Further,'
in &iew of cooling:after heating by the laser beam |
irradiation, the heat conductivity'of the substrate or the
under layer is preferably not more than 250 Watt/mK. |
20 In the present 1nventlon, the scanning direction of the
 laser beam.represents not only the scanning dlrectlon.of the
laser peam on a stationary substrate but-also the rotating
direction of thelsubstrate in which the laser beam is made
stationary and irradiated in a state of rotating the
25 substrate. . | |
| The neight of the prpjectidn formed can be_optionally
controlled by_adjusting the intensity of the laser beam, tne

average irradiation time and the linear Velocity of tne



.Specifically, the energy (output) is usually defined as within a range from
50 to 700 nW.al t hough different dependbgf on the -25- material of the
surface of the substrate and the irradition period of time to the surface
of the substrate. As the nodul ator .3, an el ectro-optical nodul ation device
(EOM is, for exanple, used suitably in' a case of using the Ar 5 gas |aser
beam tube for the | aser beam generator 2. The el ectro-optical nodulation

d
Ry °° rrBapgeauet, nadk epesteqmay A | W?‘ ﬁ’éﬁ%ﬁa Sfa s S Te
condensmgoﬁeea@meanw gﬁqggseﬁﬁ ﬁ cqlrmab@@t g eélgnégég]l! J'ect'on-

mrror an objectlve 1S USG ylnc |0n wth an

aut of 0cuS cf ABkmeUSERES, File t e JMUHIGATECRARLSM B fnél N8y %éaql@rla s, for
exanpl e, used swtably The 11 ght condensing nechanism4 i's nountéd on the

noving meabapadlab antedeLddIiC Rl silbst ra@Bshant tEpeeshdiride! @4 ve to a-
plurality of the substrate rotating mechanisns 1, 1 ... The noving

‘mechan snmcbntsolbieg the dneighr eﬂsedxespeedeupmannovmglé rmﬁ&ewbst rate 6
to anot her substrate 6

that the laser beam 1nten51ty 1s from 20 to 500 mW, the
average 1rrad1atlon time is. from 0 05 to 100 itsec, the laser
beam spot diameter is from 0.2 to 4 um and the linear velocity
of the substrate is-froﬁfo.s to 15 m/sec. The average

10 lirradiation time of the laser beam shows a period of time of
irradiating the laser beam on the projection-forming surface
for forming.one projection:

The irradiation area of the laser beam_is ueually.ehanged

usually by changing the number of aperture (open degree) of an

15 objectlve lense. The 1rrad1atlon dlameter of the laser beam
‘can be controlled about to 0.7 - 6 um by using an objective .
. length having an aperture ratio from 0 1 to 0.95.

'In a second embodiment, it is preferred that the laser

beam is a pulsed beam, and the'projections.are formed under

20 the.¢onditions that_a scanning parameter (P) defined as: P =
dV/D is not less than 0.25, whereib_S’repreaents a pulse
width, D'represents a diameter of a' laaer'beam spot and V
represents a relative veioci:y between the laser beam spot_and_

| _the'substrate.surface

25 In a thlrd embodlment, ic is preferred that ab energy
beam is lrradlated on the su::ace of a substrate or an under
layer to form pro;ectlons on the surface of the substrate or

the under layer, then mechanical texture is'applied to the



| I

considering the productivity. . For such a speed control, one 20 noving
mechani sm5 is nounted on the other noving nmechanism5.to conduct nobvenent
bet ween the substrates . by one of t hem WAPTe conduct nmovement for form ng
“the projection by the other of them The prajection-forning device has a
timng control 25 section 7 for controlling the nodul ation tinming of the

| aser beam as a neans ‘for formng prOJectlons at a predeterm ned pattern of

| denti cal ﬁréaytéef %rfe ep's'h%?%%a eTIo'r the %\chf'era Jfa%)sfg:'d%fndf Hg ngﬁﬁ ojreﬁt | ons, _

for exanple ntlca usua

~ substrate f js re%vec@l Ak @Qggﬁrnw ép‘%%g(ﬁ Yo dUAt01,500 8. the

pr edet er m ned veIOC|ty y th on&t an peration

'-nechanlsnﬁg%éygtgﬂyé qg@g&rgt@ gQtakyonal mechanism 1, the pitch of the 5
projections formed on fhe surface of the substrate is nade greater toward

the outer- circurd fiRNGRirdRABodi RENPOSERE OFrSfe dthidrnilRSle’ Fo@med s?nfl rmed
by t he timng control section 7, and the nodulation timng of the laser

beam (Br r aik#d et fonTR)Y taeceﬁéfgylﬁdarbym heheisgial raaneekast he tHéerval of -
t he 10 prOJectlons formed on the surface of the substrate constant.
first embodlment of the fourth aspect. 1In a case of using a
pulse laser beam as the energy beam, the scanning.distance'of
.the pulsed laser:beam on the irradiated'surface in the
irradiation-period for once is preferably not less than 1/2 of
10  the spot diameterrof the pulsed laser beam. In this instance,
it is preferred to use a:pulsed laser beam at a laser beam |
power of not hlgher than 500 mW for an 1rrad1atlon perlod per
once of not more than 5 usec and a spot diameter of the light
oondenslng beam on. the 1rrad1ated‘surface of not more than 4
15 um and irradiate the_laser-beam at a.relative moving speed.of
not leSS-than-l_m/sec. Further, the heat_conductiﬁity of the
substrate or the under layer is preferably not more than 100
- Watt/mK. |
In the thlrd embodlment, mechanlcal texture is applled
20 with a grlndlng amount usually of not more than 0 1 m.g/cm2
preferably not_more than 0.05 mg/cm?, more preferably not -more
than 0.02 mg/cm2. The preferable lower iimit'of_the grinding
‘amount ‘is 0.001 mg/cm?. ‘The purpose of thehmechanical texture
is to remove polishing traces'preSent on the'substrate and
25 roughen the top of the progectlons hav1ng an approprlate
radius of curvature formed by the laser beam irradiation.
In the second embodiment, pro;ectlons are formed on the

- surface of the substrate or the under layer as described



The timng control section 7 conprises, for exanple, a conputer, a position
det ecti on nmechani sm and necessary |nter§ ces. As the position detection
mechani sm a | aser beam di spl acenent ne g encoder or the like can be
utilized for 15 instance. ‘Instead of controlllng the nodul ation timnng
for the | aser beam the speed of the noving nechanism5 and the substrate
rotating mechani sm 1 may be .controlled. The projection-forning device

descrlbed %£q¥g %gngggr%éggls PSL {%lﬂ%ﬁéﬁ %nh%h gga sHQﬁtrates'G

are e substrate- rotatlng

mechant ST dqutired £ 1nN ! EﬁeSHHaéJEai&yn g' ﬁnargq{@éle.d Rleotaiagstagkrsaged.

Then, the T ean1 omthe 1aser enerator 2 is convérted by the

nodulator é%érgfbg%dygv%e1g§§§rap@aﬁbym@@h isillustrated through the Iight
conden3|ng 25" mechani'sm 4 " noving at a constant speed by the noving

mechani sm5 to ¢ prigi ectda@r- ber Bi pgosuEt f6€ erompate din the schahiages 6,
6. That i's, the |ight condensing nmechanism4 is noved continuously to form

projecsionslﬁgb&iuh[ﬁuumad:bqnmaaﬁﬁgnghe se&himyrtfiaee off thepllaseki byanf
substrates continuously. Then, while the projections are usually forned
concent ri chbhgemorand conducting the scanning continuously, the density
of the prcjections ls.preferably from 5 to 10¢4 (N/mm) at a
pitch in a dlrectlon ~orthogonal to the scanning direction (1.
e., radial dlrectlon of the magnetlc recordlng disc), and the
10 height of the pro:ectlons_ls preferably frqm 3 to 100 nm along
a pitch in parallel with the scanning direction
.(circumferential directicn of the magnetic recording disc).
In addition, a prcjeCtion having an aspect_ratlo for the cross
section of” the bottom of not less than 2, preferably has not
15 more than 1 um of a cross sectlonal length in a dlrectlon
orthogonal to the scannlng dlrectlon of the laser beam at a
posltlon 1 nm below the top. In any of the embodiments
.described above, the energy beam can be scanned also'spirally.
In a method in the fifth aspect of the presentlinvention,
20 it is preferred'that the magnetic recording'medium has a
- lubricant layer on the surface of ‘the protectlve layer and an
-energy beam is 1rrad1ated by way of the protectlve layer or
the lubricant layer to locally heatlng the magnetic layer,
under layer or the substrate, ‘thereby meltlng or softenlng the
25 surface of the magnetic layer, under layer or the substrate, N
and forming prcjections.on the magnetic layer, the under layer'
or the subStrate. ln this case,:an irradiated portion of the

magnetic recording medium is preferably put under an inert gas'



spirally on the projection-formng surface, they may be fornmed at random 5
A nmet hod of producing a magnetic recording nmedi um having at |east a '
magnetic | ayer, optionally by neans of “&R-under | ayer, on a disc-like
non-magnetic substrate in the fourth aspect of the present invention
conprises irradiating to the surface of the non-nagnetic substrate, the
magnetic |ayer, the 10 under |ayer or the magnetic recordi-ng nedium an

b - laatli .th 1 ' f | ti I |1
o1 9y, Deohalan B Sk AL D UL G LRl Wdngdocally
Grocty o BrbPesend 1diedd pbky8IBLIp SLigEliohal e aeraidheam on

(pr ot uber alpéarpprﬂ&xﬂr\:%e %n{d%%a]%%tea&g, _iaﬁgew@@ i rma;an? JRUHAREL A ig R Of

the under [ayer, the magnetic |ayer or the protective layer. In the nethod

in the fourkd RePetdertirdttR RaRBRRLE I NYGBEI OB, tiRe dEDKLSSIORd S formed by
the irradiation of an 20. energy beamin fornmed by the irradiation of the

“ener gy sheapréfie FalSDAMIN Ginlidre@hieoinektt as esen@ypiesm uticlaasfvi cinity
to, preferably in contiguous with the projection. |In other words, a . :
vertical cnbssogettowreatgahgas passidgrt heooghpldiee e pmaverft timgumyojtect.i on
and in parallel with the scanning direction of 25 ‘the energy beamis in a
~shape havih@eaptE##QQiﬁﬁniamerone side of a projection. .
~ The mechanism for fbrming projection in_the_secqnd aspect
of the present invention of ir;adiating-the-énergy beam by way
10 . of the protecﬁife layer'or lubricant layer has not yet been
apparent at ﬁresent but it may be assumed as beloﬁ.

- When_the'lase£ beam is irradiated on the surface of the
maghetic'reéﬁrdiné.mgdium, since mést of light -transmits the
lubricant layer and thé protective layer, - the mégnetic'layer

15 is heated.direc;ly and the uﬁder layer is also heated locally
by héat conduction: Usually, since the under layer has a
meltingfpoin; lower fhan that of the magnetic layer, the
locally hgated poftion expaﬂds.thermally and dépending on the

'.condition, it is melted or softened partially to increase thé

20 'volume._ Accbrdingly} the magnetic laYer at the surface is |
raised upward.._Iﬁjthis_inétance,'since the magnetic layer
itself is also heated, it deforms plastically relative to the
_raising_fércé from:the lower layer to form projections after
cooling. It'is“considEred that_in é case where the laser beam

25 output'ié small, the lower Layer of the magnetic layer or the’
- substrate expandslthermally and causes plastic deformation
upon shrinkage duriﬁg éooling,.and the magnetic_layer and the

protective layer are raised locally to form projections.



~The nmeaning of in close vicinity to' is that the depression is present away.
fromthe projection (i.e., aflat  -28- portion is present between the
proj ection and depression), wherein thd6di stance between the center of the
projection and the center of the depressionis within 5 [err]m - The
configuration of the projection with- depreSSion formed by the 5 irradiation
of the energy beamin the present invention is anisotropic. Further,

Cross- sectional vi ew of Iane in parallel- with the |aser beaniscanning

di rect i onIP s RS TR %@E@@F’F\V@I FLERTS cPDsSI@ dctibral ™A @6 ane
passing thr

th t Ah ct d th 10 to th
aser beaﬁeﬁ%ﬁiﬁﬁeﬁdﬁf o Sires BB ER AT R LY R el 10,1

hi ghest pgrilo0. gl heorprt%e%ttil%n b2l e3EnL ol Ogiegc&ehelaseem% eafil the

scanning ine e energy peam i Smor” progress t.he
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apparent at present |t may be assuned as ections are
formed asusbomskd fhxFé gnelaziecf Ur @%2EBhEd DYchIIAMAL igkb RAKBhsSPOLS 10

concentrical ly.

“having a characterlstlc shape are. formed due to the dlfference
‘of the surface tension at the molten liquid-portion. That is,
as described above, since the surface tension of the molten
liquid is large at a low teﬁperatﬁre side, it faises

10 spherically on the lqw"temperature side, and a portion on the
high temperature side which solidifies finally, that ie, in a .
portienffinally $canned wifh:the laeer.beam'a depression is
formed and it is quenched'to Solidify. Then, aleo the
magnetic layer and ﬁhe protective layer deform in the same

15 manner conforming ﬁhe shape of the under layer or the.
substrate. | | |

For forming fhe characteristic feature as described

above, by using a pulee_laeer beem ae_an_energy beam,‘it,is
preferred that the light transmissivity of'the-protective

20 layer er.the lubricant léyer.relaﬁive to the laser beam to be
irradiated is preferably not less than 50 %. Further, the
laser beam'is seanned preferably in.the dietance of net less
than 1/4 of the spot_diameter of the iaser beam. . Such
embodiment can be ‘attained by-adopting COnditions that the

25 scanning parameter defined as P = dV/D is not less than 0.25,
assuming the pulse width (all the irradiatien timei ae 8, ehe

diameter of the laser beam epot as D, and the relative



.Dotted lines in Fig. 6 represent imaginary line for concentric 20 circles.
Then, in Fig. -7(a), a projection-fornin% surface 12 irradiated wth a pul se
| aser beam 11 is overheated | ocally and3d-spot portion 13 of the |aser beam
is nelted partially. Then, the nolten portion is noved by the scanning of
the pulse | aser beam 11l in the direction of an arrow. In Fig. 7(b), a 25
tenperature gradient. is caused to aninitially nelted portion due to

subsequent | owering aof the tenperature. Thep,.in accordance with,a common
rule for a"?‘rg‘l’?’e*ﬁﬁY %éc}tj“ﬁf -é&’ﬁg@aﬁﬁé g’ﬁ??‘a88°€e?1%$0 g 4% i %P0 he side
at a Iomersﬁﬁgpggé%Lgénv -29- ‘a portion 14 nelted initially and then
cooled to a Tower fenperature raises by intaking a nolten liquid froma -

portion 15 mel tg? ?ﬁ%sgﬁér{?gj@[{gy Al heaied &gtsglflh%%%ﬁrig SIRES Atd R dus to.

‘the difference o S ce tension cause 5 tenperature

gradient. sAsn@if@Sil laphl idRPIRHEH1ANCRELYS £RE Brbjuediig ifdiddedl iy ol ten

portion, while a depression 17 is forned by a subsequently molten portion
as show iRadtéOlorden .alditf the skavnaihpCalre&Osen sasticviala Pragecrassai ng

- through the center of the projection 16 and in parallel wth the scanning
10 directldReothdthea estepgy dfeamuntaiin 2habapen haviely thedeyspessi aatio

at the cross section of the bottom of the projection is not -

less than 2.-;Generally,_the prqjéétions'described above

provide more e#cellent Csé characteristic, but-projections'in

10 the forh.ofmthe mountain chain provide more excellént.
~ durability in a casé of an approximate conﬁédting recording in_

wh;ch the magnetid head moves slidingly at a high speed to the

magnetic fecording ﬁédium_Continuously. Further, when the

laser beam is éontinuously scanned spirally, a continﬁbus

15 .projection in the form of the mountain Chain_is-fo;med.

| In a case of fofming the spiral projection in thé form of
the mountain chain, the laser beam is caused to osci;late |
continuously while scanning the enefgy beam in a radial
direction.

20 | In the method in the.fifth aspect qf the present
invention, allaser beam_i§ irradiated pn.a magnetic layér by
way of a brotective layer oﬁ 2 lubficant.layer_by utilizing
that the laser beam is less 3bsorbed in the protective_layer
and the iubriéant.layer; in which the léser.béam po&er has to

25 Dbe cOntrQlléd within an appropriate range in view of |
preVenting.damages £§ the ratecﬁive layer or the lubricant

‘layer.



17 on one side of the projection. On the other .hand, in the nethod as
disclosed in U. S. Patents No. 5,062,021 and No. 5,108,781, since the
irradiation range of the |aser beamis~##de and the | aser beam. out put to. 15
‘Ni P layer on the Al substrate is as large as 1.5 W a projection in the
formof a crater is formed. Then, the form ng mechanismis assunmed as

bel ow. That is, as shown in Firg. 8, since the nelting range of the
projection-forming surface 12_is wide a.central portion.of .the lten
portion is 20 n%%?‘6%5%8%e?%n?9rm%§gapF%%?ﬁ§f°9§ Qinﬁﬁﬁqgﬁﬁéé°8 efafer-1ike
“projectio FeSkN ENkLer ression fornmed by . .nelting and
circular:E%% QbFEFEggggggtE§£%g$$£§e§%§ﬂ§%§ﬁﬂ§h3a§8%¥dehggegto?hgﬁe

periphery & heieQf orOpnkNEnGQP! .{?\}é(r, .i&riékequiéegig:{atjaeicﬁ}{gﬂy Q0. $LDEE425

projection (protuberant portion) 1s contro accuracCy under the

condi tion milreeatnrtta%haeiheetﬁ@sgﬂ%erain{g? P JRISOWs" Rgep288udt 18n | OW

output, the nolten range on thhe projection-formng surface Ts narrow, the
centrab pwf ithié magnd@icObetbLdimd tidu NN, itdie ist el QURBRANECAPULEQF LT a

proj ection (protuberant portion) after solidification. In this regard,
In the method in the fifth aspect described above, however,
since the projections aré formed after the film-forming step
is.completed entire;y,.it_is_extremeiy advantageous in view of
the manufacturing process. | | |

10 . In case of irradiaﬁing thé.laser beam to the protective

_layer which is formed by spﬁttérihg film-formation, the
configuration of';he projections depends greatly upon
intrinsic compressive_streés of the protective layer and
magnetic.léyer. When the compreSsivé streés is large, various

15 kinds of projec;ions with no depreséion is fofmed; |
B In any one of the methbd'according to the present'
invention, thé projections aré fofmed to a region in wﬁich the
magnetic head condﬁcts the CSS operation. Thé-projections are
preferably'formed ih_such a way as:thelheight of.the_

20 prqjectiohs is reduced toward the data fecording region; For
fhis pufpose,'it_is.réquifed to_irradiate the iaser beam while
decreasing the laser beam power ﬁoward the.data recording

" region. Further,'it is preferrgd-to provide projections-each
having a height of i'to 100 nm[ pfeferably i to.60 nm; at the

25 number of 10 to 108 per 1 mm2. Further, the average contour
line area (1) described above is, preferably nétlmore than 2
um2, and the cross sectional length 6f'the:projection in a

direction orthogonal to the scanning direétion-bf'the energy



the method of formi ng the projection according to the present invention is
greatly different fromthe nmethod. of the above- 5 nentioned U S. Patents.
Then, by the nmet hod of forning the prof88fion according to the present
invention, a projection having an extrenely small area at the top end and
preferred for abrupt projection is formed. I'n a method in the fourth aspect -
of the present 10 invention, the nelting width of the energy beamon the

projection-formn urfa dlrec on ver to [ regtion
i s not norRedhar® %’{ee%ra%elyprng ef8bFy h%? Te %‘%an pfsg'l?:[%gﬂ?}im%g‘rrglrelgg |
preferably not. nDre than 2 [err]m The preferable lower linmt of the

mel ting wi e P the energy beam15 is 0.1 [err]m Under the.condition

that the melting, yi %ﬁgi&héfyfif'%ﬂ%n pEChaE £bhg £ é§§”rm3 ddhoPlouthe

nolten portion TS ho ormed "as a projectron ut rather as a

depressi ony Ly 4l £0-dhes e iDRSleY phRbehbe1RoERt on of  the mol ten |iqui d s

pr ot uber ant orma r| The reason is considered as below. 20 That"

i f the gmlten rangens SrdbsiRiidfRRAIANI-SuEr AELROE asScerdives o thee NI ten:
liquid during cooling. Then, as described above, since the surface tension -
of the rm'p?élsém'@]Uirdver&:chﬁf,ge:ealali&gpontl/ta'ﬂiaing imve taatEeraflt he, t he

surface tension is increased at an outer circunference cooled fromthe 25

peri phery. magsetice esetdrdirtg ineddomsi(désed bhatheh@a$n§ﬁ¥ﬂuﬂ%ﬁ4ﬁlﬂzhe nolten
liquid is protuberant if the molten range is
conducted by the CSS system. In the recording/reading out

method according to the present invention, a disc used has
10 pro;ections in a CSS region where a magnetic head conducts a
CSsS operation and the height of the pro;ections is ‘decreased
- toward the data recording medium, in which the magnetic head
lowers to disc and rises from the dlSC in a CSS region in _
which projections having a height lower than the average
15 pro;ection height are present or in neighborhood of the region
in which the projections are present, and the magnetic head
~stays stationary in a CSS region in which projections of-a
height higher than'the average height of the projections are
present. The magnetic head may be moved“to a portion in which
20 the height of the projections_is higher at slower rotational
speed'of the disk or even immediately after stopping of the
disc so long as it islbefore sticking of'the'magnetic head.
A magnetic recording device for conducting the recording/'
reading-out method according to the present invention has the
25 following_operational function. That is;.when the magnetic
recording device stays stationary, the magnetic head is placed
S at a:portion of the CSS region where the height of the

projections is high with less stitching. When a driving



wi de. The thus formed annular ring has an excessively large area and shows
no satisfactory CSS characteristic. = -31- After formng the projections,
for exanple, on the surface of the subst®ate by the irradiation.of the
laser beam required filmof under |ayer, magnetic |ayer or protective

~ layer s provided by subsequent steps, and the layer is formed 5 in
accordance with the nmethod as explalned for the flrst magnetic recording
medi um according,to the gresent i nventij on. g in_the, fourért @spect

of the pr&€¥RCe dvefERGH ?nc?%%é%a%ﬂﬁR%Qﬂh%ﬁ F@W@ﬁt BrBoBPREHTR

- described below. ,In a

nbod i0 -~
prOJectloﬁ§sbfeﬂFPQdV8FFﬁgggel%%%#ggqéﬁﬁgﬁ’gh ﬁ%ﬁace o%oéggu%;trate an-
under | ayer of, 3. (RARCLLE LAYEE 1o Tod Wk IINANCER Lt phsc BoRT E1gedy L0 USe a
pul se | as&r BEER 0 F

aser eam power not h|g han 500 nmW for an
i rradi ati Qq pesiad 19r ABCRaGhe DL KBUE JHUL Bl %Me] #8GnapdcWiidc A ot 15

dianeter at the irradiation Surface of not nmore than 5 [err]m and at a
rel atiye rmuidiqosRaed¢oetengh tBSSstd@d df WiSRling hovehent is Jesvyméd

cooling after heating by the | aser beamirradiation, the heat conductiwvity
of the SUQﬁkﬂﬂl%n@hghhe When the number of rotation of_the magnetic
disc reaches a predetermined high speed rotation, the magnetic.
head completely léaves_the magnetig disc and can freely move
on the déta fecbrding region.

10 - ' During~driviﬁg of the maghetic reCo;ding:device, if the
.magnetic head doeé'not'conduct seeking oh_the data recording
region, the magneﬁic head preferably stands-by in a region of
the CSS :egi;n whére the height of the projections is lower
for emergéﬁcyjof.power source abnormality or the liké.

15 Acéordingly, the CSS region of lower projection height
.prefe:ably hés.a glide height substantially.eguél with that pf.
the data recording region. |

When the magnetic'recbrding device under driving is to bé
stopped, the magnétic head at first moves from the data

20 recording reglon to a reglon of the CSS region in which the
height Qf'the projections is low._ Then, the number of
rotation.of'the disc is reduced to lower the flying héight of
the magnetic head and the magnétic head is'movéd to the CSS
region of the higﬁ projection height and stoﬁpéd when the

25. bottom of the maghetic head is brought into the ;tate_of
abutment agéinst the projections, the haghgtic_head is mqved

to'thé CSS region of the high projection height and stopped.



under layer is preferably not more than 250 Vatt/nK. 20 | In the

present invention, the scanning direction of the | aser beam represents not
only the scanning direction-of. the | asedlbeam on_a stationary substrate but
also the rotating direction of the substrate in which the | aser beamis
made stationary and irradiated in a state of rotating the 25 substrate.

The hei ght of the projection forned can be optionally controlled by

adjusting the intensity of the |aser beam the average irradiation-tine and

the |inear vel oEPFYN®¥, tie a casp wheygsmeshanignd testeehsiith ogimalde
proj ection can be ogt lonally controlled bgéadj usting t(gﬁe\%unber of,

proj ect i onSUHEFCHE

YRR SPUTERT PRePFPPABTat? of Tht

beamin thg radi.al, di rection . af substrate and the cquit'qp for 5-
o

controllin

beam i nt enxazjaéx){etl_ cfﬁ@a{q %’.Os'tagéag.qun‘g(regrh@){xgvgﬁég eié\lfxgp%caé io%'ttélietngiif% from

0.05to 10

average 10 iIrradiation tine h

h
FHS R (HRSTNG EIGEBIag, PRRD FESHEOMRY YA (HHat

errfsec, the | I beam sSpot “dr anet er rom

aser am OWs a perio

and they |1 pRarnyghoCid adla tn{l\gc %{ébg’éfx%ﬁ Eﬁeiﬁég%&ﬁaéé) é‘é.ﬂﬂfec- The

10

15

20

25

mechanical'texture neighboring the CSS region.
The recording/reading-out method according to the present

invention is based on the premise of using a disc having

 projections in a CSS region, in which the height of the

projection'is decreased toward the -data recording region, and

magnetic recording media of any of the embodiment described

above can be used so long as such conditions are satisfied.

Then, according to thé reéording/feadingfbﬁt method:of the
preseﬁt in;éntion; the stable raising height of the magnetic
head in the data'recdrdihg reéion can be made low-enough,to
such an extent as_defihed by the glide 6f the data recording
region. |

Further, since the magnetic head'can be stopped on the

'projections_at such a moderate héight SO as not to cause

stitching in thé CSS region, it is possible to develop a high

density magnetic recording device not causing sticking.

EXAMPLES
The present invention will be explained more specifically
by way of_examples but the invention is_not restricted only to

the following examples unléss it does not exceed beyond the

- scope of the gist of the invention.

f .
e frrigrdongder
Bhe | aser
Ferrlm

of tine of



irradiating the | aser beamon the projection-form ng surface for formng
one projection. The irradiation area of the | aser beamis usually changed
usual Iy by changi ng the nunber of apert@re (open degree) of an 15
objective lense. The irradiation dianeter of the |laser beam'can be
controlled about to 0.7 - 6 [err]mby using an objective | ength having an
aperture ratio from0.1 to 0.95. In a second enbodinent, it is preferred

that the | aser _beamis pul sed beam:. and the ectlons are f d d

20. t he cond|t|Bﬂsttﬁaf°%.%%%HQNQﬁfﬂﬁ%%%ﬂﬁP FBE Ftﬁ%deﬁ%mpﬁéiPFgfr]erF{s
not less than 0,25, whergein r.epr ts_a | se mnd ents- a
di anet er BRIRCFLS eFeFRH l"s‘-’pd‘{ cgi‘r‘l“!ﬂ1 v & f"g eﬁf‘su’gg?lél]a? e’ veI (ﬁ & et ween

t he | aser beamsgotl nd tQ%al%xfr te guggggggtgge la¥er d thlrd

enbodlnen} I's pre erre 38 én gy beamis irra ated on the

surface O%ug};;?gﬁ%; f%ﬁe ‘a0 dHRl Is2RE 5D vE QL TLRT £ &&ﬁimaqc; he surface

of the su ayer, then nechanical texture is applied to

the 3§ub§t'§:%@8€w9§ hduSdtisided e on1khs BEH@Ewi@deép@cBﬂfitéu’,ntrlﬁi;UI red

films of t he un I ayer, the magnetic recording |ayer or the
were constituted as: the under layer composed of NiP, the

intermediate layer composed of Cr, the.magnetic layer composed
of CoeCr-Ta alloy, the protective layer composed of carbon,
the lubricant layer composed of fluorocarbon-based liquid

10 lubricant “DOL-2,000” (produced by Monte Edison'co.), in which
the 1ntermed1ate layer (100 pm in thlckness), the magnetlc
layer {50 nm in thlckness) and the protectlve layer (20 nm in
thickness) were formed by sputtering method, and the lubricant
layer (2 nm in thickness) was formed by dipping method.

.15 " Further, as the energy bean for forming'the projection, an

argon pulse laser beam (wavelength A: 514.5 nm) controlled at

a high accuracy was used.

- . 'V ._

20 After applylng an NiP platlng treatment to a thlckness of -
10 to 20 um on an Al alloy substrate of 95 mm dlameter, a
surface polishing treatment was applled so as to 1mpart a

urface roughness (Ra) of no: more than 1 nm, thereby
obtaining an NiP under layer on the substrate

25 _ Then,'after.irradiating a laser beam and forming

| projections on the.NiP layer,ian intermediate layer, a

"maénetic layer, a protectiue film and a lubricant layer were

formed successively to produce a magnetic recording medium. -



protective layer are forned. In the third enbodi nent, the projections are
formed by 5 irradiation of the energy beamin the sane nanner as in the
first enbodi nent of the fourth aspect."4§ﬁ a case of using a pul se |aser
beam as the energy beam the scanning distance of the pul sed | aser beam on

‘the irradiated surface in the irradiation period for once is preferably hot__

less than 1/2 of 10 the spot dianeter of the pulsed | aser beam .In this

of “hot i her RIS Ak PorbRRePrP i AR oA B B ERthE

per'-once of not re

phan > Lerddtin 38 3-3agked SHPLEL SlndNRaddailasatdansend Beagponcbbe

‘i rradiated" ace of not nor e mand I rradi-ate aser -

beam at a fﬁnglfr{g{j%(%&ﬁ&qoﬁgesgcﬂf 1R0% %]-kgas%% géex?rﬁ L JB38CHy EHahBShg 4he

heat conduc e substrate or t ayer is preferably not

more than JG0.Maldtd Mnea? sBeebintbds290RM) BdHd dBGan eobmt entBRSitY

applied 20 "wth a grinding anount usually of not nore than 0.1 ng/[err],
preferabl yedot, smare tinam,0ae5coBpa Rt i VO ExdiEleerHblay maahetdre t han 0. 02
ng/[err]. The preferable lower lImt of the grinding amount is 0.001

ng/ [err] . rddwrdingameliomm whe proliacedaln tihd same snanmeremsyénpBkashlag _
traces present on.the substrate and 25 roughen the top of the projections
havi ng an hppraget dicer r@gilysngf tewtvae uae 4 oronghrinss Ra lofsebobsarh nm

i rradiation. ' -
by a mechanical texture method, instead Qf laser beam_
.irradiation, on the surface of the NiP under layer. Further,
10 as Comparative Example_4, a magnetic récording hedium was.
produced in the samé'manhéf as in Example 1 except for not
applying laser beam_irradiétion.

Table l.shows_irradiation conditiohs'for the laser beam
énd for ‘the éharacteristic of rgsdltant'pfojections. The

15 average density_of'the projecfions in the table corresponds.to
the interval of the laser beam irradiation.

Table l'shqwé_a.static friction coefficient before CSS
test for each of magnétic_recording media (initiai sticksion)
and frictional force aftér 20,000 cycles of CSS. The magnetic

20 reéording mediuﬁ offComparative Example_4 caused head crush by
adsorétion and both of the static friction coefficient and the
frictiohai force'éould.not be measured. The CSS test was -

_ cénducted_unde; hormal temperatgre and normal humidity
circﬁmétahce, usi#g a_thih film head at 6'gf of load gram

25 -(slide:_ﬁateriél: A1203TiC) and-gnde; a'cqndition-of a head

| " £flying height of 2 n inch; Further, the stable flying height-
of the head was_evéluated'by using a glide tester for the

rising stability of the head upon Seeking'between a data



f'n the second enbodi nent, projections are formed on the surface of the
substrate or the under |ayer as describe -34- above, a nechani cal
~structure is further applied and then r’égﬁi red films of the under |ayer,
magnetic recording |layer or the protective |ayer are formed. Then,~in a
case of "a projection elongate in the scanning 5 direction fornmed by making
the scanning time of the |aser beam | onger and conducting the scanning
conti nuous] the density of. the projectigons Ls.p fro 104
(N ot ESEReiRd vt dnd dn o regenar « ot FRfuSlet Hld Bedag 1
e., radial di ot i he et & G rein 1 SCo , Q. hei ght of
t he proj ec%ﬁo%@gi%%r%geﬁégbld%??d% g’ %gegoghn%a%? oc'r% taﬁ%?ﬁ: itn]lQ:par allel
Wi th the seaapiagndliféeid Yt EapdBECLeRbi 8l afldr st Ol vd ikampaRal ¢ .
recording disc). Ih addition, a projection having an aspect ratio for the-
Cross sect{gn3 oind hend¥0td Orodipatat: ivessxbhphe 21 wiefmspdlvhdiass potinth. nore
than 1 [err]mof a cross sectional length in a direction orthogonal to the
scannirg direction of the laser beamat a position 1 nmbelowthe top. In
any of the enbodi nents descri bed above, the energy beam can be scanned al so
spirally. C :



In a method in the fifth aspect of the present invention, 20 it is
preferred that the magnetic recording nediumhas a |ubricant |ayer on the
surface of the protective |ayer and ané®ergy beamis irradiated by way of
the protective layer or the lubricant layer to |locally heating the nmagnetic
| ayer, under- | ayer or the substrate, thereby nelting or softening the 25 -
surface of the magnetic |layer; under |ayer or the substrate, and form ng

projections on the nmagnetic |ayer, the under |layer or the substrate. In
this case, an irradiated portion of the magnetic recording imediumis
preferably put under an inert gas - 35- atnosphere upon | aser beam

irradiation. That is, since the protective |layer does not directly
generate heat by the | aser beam but the tenperature is increased by heat
conduction from.t he heat-generated nmagnetic |layer or the like, it is 5
preferably put under the inert gas atfpsphere such as of nitrogen or argon
gas in order to conpletely prevent injury . to the protective |layer. The
mechanigsm for formng projection in the second aspect of the present
'invention*of IrFfadrating the energy[beam by way 10 of tHe protectiye |layer

or lubricnt layer has not yet been| Example 1 | Example 2 | Example 3
Substrate linear speed 85? 857 857
(mm/s)

Laser inténsity (mw) 300 - 250 300
y Average irradiation time 2.5 5 5 2.5

_(isec) _

Average projection 9260 9260 4120
"I density (N/mm?2) : '

Average projection height | ' 37 30 37

(nm) ' :

Static friction 0.18 0.17 " 0.18

coefficient '

Frictional force (gf)

after 20,000 cycles of 5 8 6

CSsS




apparent at present but it nmay be assuned as bel ow. When the | aser beamis
irradi ated on the surface of the magnetic recordi ng nmedium since nost of
light transmts the lubricant |ayer andttéhe protective |ayer, the nagnetic
layer 1.5 is heated directly and the under |layer is also heated |locally by
heat conduction. Usually, "since the under |ayer has a nelting point |ower
than that of the magnetic layer, the locally heated portion expands
thermal |y -and depending on the condition, it is. nelted or softened
partially to increase the 20 volunme. Accordingly, the magnetic |ayer at
the surface is raised upward. |In this instance, since the magnetic |ayer
‘itself is also heated, it defornms plastically relative to the raising force
fromthe lower layer to formprojections after cooling. It is considered
that in a case where the | aser beam 25 output is snmall, the |ower |ayer of

~the magnetic |ayer or the subs
def ormati on upon shri nkage during cooling, a
protecgi ve | ayer are raised locally to form projections. .

oRte oxpande: bherT

-36-

(Note 1): Head crush (CSS: 1000

cYcles)

|1y and causes plastic
nd the magnetic |ayer and the
In this

- case, thg CONMPressIve stress of tng tnim 111 arTects qgonprrcaredty the
surface donfiguration at the |aser|Be&m Comp . - | Comp.
' : - Example 1 |Example 2 |Example 3

Substrate linear speed 429 429 _
(mm/s)
Laser intensity (mw) 800 1.5w -
Average 1rrad1atlop time 5.0 2.5 -
(usec)
Average projection - 9266 90 _
density (N/mm2) :
Average projection height 120 30 _
(nm) '
Static friction . 0.16 0.45 0.32
coefficient —
Frictional force (gf) ' ' :
after 20,000 cycles of {Note 1) 32 22
CSS



processing. On the other hand, in a case where the | aser beamoutput is

| arge, the |l ower |ayer of the nmagnetic Iayer or the 5 substrate are nelted
or softened locally and projections haA’y a characteristic shape are '
formed due to the difference of the surface tension at the nolten liquid
portion. That is, as described above, since the surface tension of the
nolten liquidis large at a low tenperature side, it raises 10 spherically
on the |ow tenperature side, and a portion.on-the high tenperature side

whi ch solidifies flnally, that is, in a portion finally scanned with the

| aser beam_a , S S foh S q.enc-ed to solidify. .Then,

al so the MAGNE ' Tve | deformin the same 15

manner conformAr}qeghqr§gags¥gIé?tgelyg@xerbéaw% oy &h}%o§ut9§%éalflk£0él

form ng the characteristic ure as described above, by using-a pul se

| aser bea@@%téatenﬁagyneeam 5 ihm | £h R{@fRIteRd ahBahot NRoké Hlkad r@NS HSSI Vi ty
of the protective 20 layer or the lubricant layer relative to the |aser,
beam t9 bef shhadhakedoughpess e(rd) yarDtedrefisigt bab 56t Yons Fesdlest 4 he | aser
beami's scanned preferably in the distance of not less than 1/4 of the spot
di anet er afubish@nkaseilybeqoal Ehi@hmmMnﬂmﬁEnMnﬁam heyatt&l@@dmhynadoptlng
conditions that the 25 scanning paraneter defined as P = 8V/ D is not |ess
than 0. 25 thdskneissy whe patsed vibylt $pyttidrimge methadi anfdonfertiegr asas, the

intermediate layer, a magnetlc layer and a_lubrlcant layer
were successively formed to produce a maghetic recording
10 media. | | |
Table 3 shows the irradiating conditions of the laser
beam'and.the charactérisﬁic of the resultént projections.
Further, it shows the resuit of evaluation for the magnetic'
recording hedia.condﬁcted in the same'mannér as in Example 1.
15 - The CSS test was conducted under the condition of the head
| flying height of 1.6 | inch. The stable flying height of the
CSS region waé hot more than 0.8 W inch in the magnetic
recording medium io Example o and 0.8 u ihch in all other
magnetic recordiﬁg media than déscribed above. The spot
20 diameter to which 84% of the energyrof.the laser beam is
concentrated, can be calculated by utilizing a'number of
aperture (NA) of an objective lens and calculated by 1.22 x.
A/NA. '
The contour line area (1) (Um2) in Table 2 represents an
25 average area of a figure surrounded with contour lines at a

height 1 nm below the top of the projection.



di ameter of the | aser beam spot as D, and the relative -37- velocity
between the | aser beam spot and the surface of the substrate as V. If the
scanning tine of the |aser beamis nmade~4&nger or scanning is applied
continuously, the projection forned is 5 made |onger along the scanning
direction to forma projection like that a shape of nountain chain in which
the aspect ratio at the cross section of the bottomof the projection is
not |ess than 2. Generally, the projections described above provide nore
excel l ent CSS characteristic, but. projections in 10 the formof the
mountai n chain provide nore excellent durability in a case of an

approxi mate contact4 ng recording in which the magnetic head noves slidingly
at a high speed to the nagnetic recordi ng medi um conti nuously. Further,
when the | aser beamis continuously scanned spirally, a continuous 15
projection in the formof the nDuntal?ﬁﬁﬂéL? Is formed. In a case of
formng the spiral projection in the Tormof the nountain chain, the |aser
beam i sscaused to oscillate continuously while scannlng the energy beamin

a radi al d¢rrectriom.
Example 4 | Example 5 Example 6
Substrate linear speed . | 343 343 343
(mm/s)
Laser intensity (mw) 1750 - 1820 11220
Average irradiation time 1.25 1;25 1.25
(usec)
Average projection 9260 9260 37040
ldensity (N/mm?)
Average'prgjection_heigh; 14 13 6
(nm) :
.ConFOur line area (1) - 0.08 | 0.16 - 0.12
(um?2) | - '
Number qf aperture of 0.6 0.4 “ 0.95
objective lens (NA) '
Static friction 0.14 0;17-- 0.23
coefficient
Frictional force (gf) .
after 20,000 cycles of 3 7 6
CSS '




20
|-aser
or

a Iubrlcant

In the nmethod in the fifth aspect of the preSent

beamis irradiated on a magnetic | ayer-
| ayer by-utilizing that™
" the protective layer and the | ubricant
- has to 25 be controlled within an appropriate range in view of preventing -
~ damages to the protective layer or the |ubricant

| ayer.

- 38-

I nvention, a

by way qQf.a protective Iayer
t%e 1 aser beamis |ess
| ayer,

absorbed in
in which the. |l aser beam power

In a met hod

of formng projections by irradiation of a | aser beam before forning a film-
of the magnetic |ayer on the surface of the under
~projections are fornmed while interrupting the filmformng process of the

production 5 of the magnetic recordi ng nmedi um

In the method in the fifth asp _
projections are forned after the filmformng step is.conpleted entirely,

it

formed by

depends gy eatly upon

I i

| ayer,

however,

since the

the step is made conpli cate.

since the

Is extrenmely advantageous in view of the manufacturing process. 10
In case of Trradratrng the Tasef beamtolthe protef %lve lTayér, whichlis
sputtering filmformaliam. the |cogki.ger af FofP of t hE°PPoj edt i ons
' : Ex. 5 Ex. 6 -

Substrate llnear : 343 343 ' 343 343
speed (mm/s) ' _ _ '

{Laser intensity (mw) 1990 1750 940 945
Average irradiatiqn ' 1.25 1;25 1.25 1.25
time (Usec)
Average progectlon 4120 740 ' '9260' 93
_den51ty (N/mm?) _ . ' -

jAverage projéction ' .16 14 <1 3
height (nm) -
Contour line area (1) | ', g 0.08 _ 0.12
(um?) _ _ '
Number of aperture of 0.3 0.6 0.95 0.95
objective lens (NA) . -
Static friction 0.43 | o0.64 | 6.22 1.35
coefficient
Frictional force (gf) :
after 20,000 cycles 12 14 (Note 1) 33
of CSS ' '

(Note 1) : Driving stopped by adsorption (CSS: 800 cycles)



intrinsic conpressive stress of .the protective |ayer and magnetic |ayer.
When the conpressive stress is large, various 15 ki.nds of projections with
no depression is forned. |In any one=off§%e met hod according to the present
i nvention, the projections-are forned to a region .in which the nmagnetic
head conducts the CSS operation. :The projections are preferably fornmed in
such a way as the height of the 20 projections is reduced toward the data
recording region. For this purpose, it is required to.irradiate the |aser
beam whi | e decreasing the | aser beam power toward the data recording
region. FEyddaes iot <i gopreferred to provide projections each having a
height of 1 to 100 nm preferably-1 to 60 nm at the 25 nunber of 10 to

108 per 1 mm2. p Runthei ahhRiBVEREEL LN PWr l10te & @80( Ak dgscri bed above
is, preferably not nore than 2 {err], and the cross sectional length of the

proj ecti orHitkdhe@isl @@k @arﬁéahsgogﬁhtﬁ&ldye reddod b8 di Geakkosuwétidice
ener gy -39- beamis preferably not nore than 1 [err]n1at a position 1 nm

bel ow She dfo®5 Desdni gianesen Lh windeh bﬁxe”rmdfrﬂa@eawaecpomsgédeedlm out
met hod according to the present invention.
to form a surface roughness (Ra) of not more than 1 nm.

.Then, after'lrradlatlng the laser beam en the NlP_layer
and forming prejeetions eaeh.of eubstantially the samelheight,
an intermediate layer, a magnetic layer, a protective layer

10 and a lubrlcant layer were formed succe531vely to produce a
magnetlc recording medla

. Table 3 shows lrradlatlon conditions of the laser beam
and the characteristics'of the-resultant.projections.

Further, Table 3 also shows the reenlts_for'the'evaluation of
15 the magnetic recording media conducted in theISame.manner as |

in Example 1. The CSS test was conducted under the condltlon
of a head flying helght of 1.6 u inch. The stable flylng
‘height in the CSS region.was from 1.0.to 1.1 {4 inch for“all
-the magnetic recording media in the eXamples. -

'.20 A figure (horizontaltcrose'seetional shape) surrounded
with a contour line at a half.height of the prejection'
obtained ln Example 9 is nsually a circular shape'as.shown in

Figs. l'to 3.



5 In the recordi ng/ readi ng-out nethod according to the present

i nvention, reading out/witing into data of the magnetic recordi ng medium .
(disc) by the magnetic head is conducfé&‘by the CSS system In the °

" recordi'ng/ readi ng-out nethod. according to the present invention, a disc
used has 10 projections in a CSS region where a nmagnetic head conducts a
CSS operation and the hei ght of the projections is decreased toward the
data recordi ng nedium in which the nagnetic head |owers to disc and rises-
fromthe disc in a CSS region.in which projections having a height | ower
~than the average 15 projection height are present or in neighborhood of

. the . region in which the projections are present, and the nmagnetic head.
stays stationary in a CSS region in which projections of a height higher .
than the average height of the projections are present. The magnetic head
may be noved to a portion in which 2fhptde hei ght of the projections is

-hi gher at slower rotational speed of the disk or even imedi ately after

st oppisng of the disc so long as it is before sticking of the nmagnetic head.

~ A magnet[c recording device Tor donducting the redording/ ifeadi ng-put .
met hod afcording to the present ijnveption|hes.the 2Tx.f alll ¢wxng 1@per ati onal

~function That is,.when the magnetic rec¢rding dgvice stays statipnary, .
t he nagna%ic heaﬁ'ifgplaced at, a |portion ¢f the CYS region|where the hei ght
of the p}afRETTRMR 1 SAGFRASh ||ess 7t t dhi b@L4 Wen 141dri \i ng14 |

(mm/s) : '

Laser intensity (mw) .50 62 . 27 68

Average irradiation time 1.25 1.25 1.25 1.25%

(Usec) : _ ' _

Average projection 9260 | 9260 | 37040 | 4120

density (N/mm2) ' ' ' '

Average prgjegtion ' 18 16 4 18

height - (nm) ' -

Contour line area (1) 0.09 | 0.15 | o0.14 | 0.19

(ir2)

Number of aperture of 0.6 0.4 0.95 0.3

obijective lens (NA) 4

Static friction 0.15 0.17 | 0.21 | 0.49

coefficient '

Frictional force (gf) : :

after 20,000 cycles of 3 - 8 7 - 13

CSS : :



-40- device is started, the magnetic head noves to a portion of the CSS
regi on where the helght of the projectigfns is |ower acconpanying the
rotation of the disc. This portion causes stitching if the nmagnetic head:
stops on the magnetic disc, but 5 frictional force in the state of sliding
movenent is designed small enough. Wen the nunber of rotation of the
magneti c di sc reaches a predeterm ned hlgh speed rotation, the nagnetic
head conpmgg@blgggggggngbggnagnet|c di sc and can freely nove on the data-
recording region. 10 . During driving of the nagnetic recording

device, if the ardeRehbpipend WO SpIWE iePNCiGit nB@RKitdY 208Nk BREaEAcEELOr.di Ng
region, the magnetic head preferably stanhds-by-in-a region of the CSS

regi on wheroe 20hgmhenghh BI 4hBoprajestirans ofs Jd50wer ihogieretgency . of power
source abnormality.or the like. 15 Accordingly, the CSS region of |ower

pr oj ect i omelohiaghicapr eéstabeé yt hesterny iade sheifgle poldshhhgatigaemenmt with _
that of the data recording region. Wen the magnetic recording device under -
drivingy i saso ceadycopgese @$m¢¢ngﬂnﬂnt:duﬁniﬁﬂcefKpsghnaaesRar0ﬁ1mme data 20

recordlng region to_a region of the CSS region in which the _
more than 2 nm and then an 1ntermed1ate layer and a magnetic

layer were formed succe331vely
Then, after formlng pro;ectlons by 1rrad1atlon of a laser
beam on the surface of the magnetlc layer, a protective fllm
10 Iandia lubricant layer'were successively formed_to produce a
.maghetic fecofdiné.ﬁedium.
Table 4.$hows'irradiation conditionseof the laser beam
"and the charabteristics of the_resultant projections. EUrther
Table 4 also shows the.result ef evaluation for the magnetic
15 recording media.conducted in the same manner as in E#ample 1.
The Css'teSt was eondueted under the eonditicns of a head
flying height ef-l.G U inch. The sﬁable flying'height in the
CSSIregion'was 1.2 to 1,5.u inch for the magnetic recording

media in all of the examples.



hei ght of the projections is |ow. Then, the nunber of rotation of the disc-
is reduced to |ower the flying height of the magnetic head and the nmagnetic
~head is noved to the CSS region of the3dgh projection height and stopped
~when the 25 bottom of the nagnetic head is brought into the state of

abut ment agai nst the projections, the magnetic head is noved to the CSS
‘region of the high projection height and stopped. - -41- ‘Further, in a
case where nechanical texture with snmall surface roughness causing no
problemin view of the fri.ctional force but causing stitching upon
stationary state of the magneti.c head is applied over the entire surface of
the disc, 5 the magnetic head may be.landed to the surface of the
mechani cal texture nei ghboring the CSS region. ‘The recor di ng/ r eadi'ng- out .
nmet hod according to the present invention is based on the prenise of using
a disc having projections in a CSS reghoR, 4in whi ch the height of the 10
projection is decreased toward the data recording region, and magnetic
~record§ ng nedia of any of the enbodi nent descri bed above can be used so

Iong as suchjconditions are satisrti EG Then, accor ai Ng 1O the

“recording/ refdi ng-out net hod of the- - Ex. 13 Ex. 14
Substrate linear speed 1714 : 1714
(mm/s) : ' :
Laser intensity (mw) _ 158 110
Ayerage 1Frad1atlon time 1.25 1.25
(Usec) — :
Average projection densitY' 4120 9260
(N/mm2) :
Average progectlon helght ' 26 - 18
(nm) : '
Contour line area (1) (um2) 0.15 0.10
Number qf aperture. of 0.4 0.6
objective lens (NA)
Static friction coefficient 0.23 0.19
Frictional force (gf) after 9 8
20,000 cycles of CSS _



present invention, the stable raising height of the magnetic 15 head in the

data recording regi on can be -made Iom/enough to such an extent as defined
by the glide of the data recording regi’. Further, since the magnetic head
can be stopped on the projections at such a nnderate hei ght so as not to
cause 20 stitching in the CSS region, it is possible to develop a high

density magnetic recording device not causing sticking. EXAVPLES The

. present ig&ga%;gg %%ll ?g-explalned nore specifically 25 by way of ' f
~exanpl es b0 nis not restricted only to the follomnng exanpl es -
unl ess it does e d e SC of i st _of en Jon '

-42- In the foﬁ?g%fn§gg§gﬁ% %@Qandﬂﬁﬁﬂ%argi fgtgx 88, wﬁ %ﬁ

recordi N SUBLUELLINOLED €9 4P WiSheeRx"BAACL! SubHEL ¢ %ﬂr{‘éseé medi at e

|-ayer, a protective ["ayer "are Poriea Ut esstvely on

o RO o8 nostadeetenyes e isleg LB okl atag spee 1 od
inter rﬁadl substapeiatlypegesh ofeiGht,t ha MeNahber! §a§ércm%ﬁd in
thickness) was fo;med by sputterlng, and further, an
intermediate layef, a magnetic layer and a lﬁbrigant layer
were sucgessively formed tq-produce a_magnetié rééording
‘media. | | |
10 - : Table 5 shows the irfadiating conditions of the laser
beam and_the.qharacteristics of ﬁhe résultant projections.
Fufther, Table 5 shows the result of evaluation for the
_fmagnetic recdrding'media conducted in tﬂe same'mannéf as in
Example 1. The aﬁerage linear dehsity of projection (N/mﬁ) in
15 the table represents the humber of projéctioné_in each of the
c1rcumferent1al direction/radial direction for a portion of -
the magnetlc recording medlum in which progectlons are
present, and.a contour line area (2) (ummz) represents an
aVerage area of a figure surrounded with a contour line at a
20. half height of the p;ojectibn. The stable flying height in
.the CSS region was ;,2 ﬁo 1.4 inch in the ﬁagnetic recording

media for all the éxamples.



of Co-Cr-Ta alloy, the protective | ayer conposed of carbon, the |ubricant
1 ayer conposed of fluorocarbon-based |iquid 10 |ubricant "DOL-2, 000" L
(produced by Monte Edison Co.), in whit¥?the internediate [ayer (100 [err]m
in thickness), the magnetic |layer (50 nmin thickness) and the protective

| ayer (20 nmin thickness) were forned by sputtering nmethod, and the '
| ubricant layer (2 nmin thickness) was fornmed by dipping nethod. 15
Further, .as the energy beam for formng the projection, an argon pul se

| aser beam (wavel ength [err]: 514.5 nm) controlled at a high accuracy was
used. Exanples 1 - 3 and Conparative Exanples 1 - 4 20 After .
applying an NiP plating treatnent to a thickness of 10 to 20 [err]mon an
Al alloy substrate of 95 nnmdianetermaéPéiiface pol i shing treatnent was
‘applied so as to inpart a surface roughness (Ra) of not nore than 1 nm.

t hereby obtaining an Ni P under |ayer on the substrate. 25 Then,

after iryadrating a Taser beam and Torm ng prjoj] ecrions g tne NP-fayer, an
internedfate layer, a magnetic |ayper g,@ A0t gct igye gl mlang,a hybrijcant
" layer wege fornmed successively to produce a fagnetic regording nmedifum
- 43- ' . . R _ -
Substrate llnear:speed 644 . 644 644
| (mm/s) ' ' '
Laser intensity (mw) 500 . 500 : 500
A c i i i i : . | N .
verage 1rrad1§t;on time 3.12 3.12° 3.12
(usec) ' '
A' B . [ .l (] . .
werage projection linear| 144,100 | 200/50 | 10/10
density (N/mm) : i '
Average projection . 10000 | 10000 100
density (N/mm?) . ' '
A g 3 . (] . . . . h
verage projection height 31 31 31
| (nm)
Contour.llng area (1) 0.05 . 0.05 0.05
(um2) -
Contour line area (2) 0.71 0.71 " 0.71
(1m2) '
Static friction
. 0.14 0.17 0.45
coefficient : . :
|Frictional force (gf)
after 20,000 cycles of - | 2 4 _ 13
CsSS L '



Further, as a Conparative Exanple 2, a magnetic recordi ng nmedi um was

produced in the sane nanner as Exanple 1 except for form ng projections
each in a shape of a crater by .changi mP® substrate |inear speed to 429
mm's and a | aser beamintensity 5 to 1.5 W Then, as Conparative Exanple
3, a magnetic recording ‘nedi um was produced in the sane manner as-in . _
"Exanpl e 1 except for applying texture at a roughness Ra of about 7 nmby a.

mechani cal, teXEUre-ggthog, i nstead of |aser beamirradiation, on the
surface o Sa HYE | ayer. Further, 10 as Conparative Exanple 4, a
magneti c recor(i medi ym was_produced in the sane.manne in le 1
except for not gﬁgng?ﬂBfﬂ&%rN%eéﬂﬁtr%it iaoﬁil%BFéslo h @/st? rﬁgﬂgt i on
‘conditiong_for ihe er_heam and for,t he ¢chara ristic of resul tant

proj ecti ong. arf’hie\'tllgifé\'/e?%gsgtrcfgcnes ity 9osf'“$'hemp' 618{3%%?)113&1 shu“f%aec's%labl e

CorrespOngaﬂghmge{;gém@Lt OJaf'st N g%redbganagr£ad’%ﬂ%%9@-ak’@&ée shows a .

static friction c I clent before - test for eac magnet 1 ¢ recordi ng

medi a £ i Ni-bl,ghn&bk Cks! OA)ndNthdrd EHadnal nhQr €8edbbr oBPa D& Ve asipf CSS.
The magnetic 20 recordi ng-nmedi um of Conparative anpl e 4 caused head - -

~crush by adgeeplapérass hid st est atrhenf I keteonteoRing Ch S e dltbrshe
frictional force could not be nmeasured. The CSS test was conducted under

nor mal teppetakddtatity NOrredehWdai on ¢hecNiBt 2ager, ush nPnieetiedidtid m head
at. 6 gf of load gram : o y ' -
layer, ‘a magnetic layeg, a protective layer and a lubricant
layer were formed sﬁcéeSsiveiy,to p:éduce é magnetic recording
10 medium. | | |
Table 6 sho&s i}radiation conditidns:of the'iaser beam
anq.the ¢haracteristics of the.resultapt'brojections. Further.
Table 6 also.showé the results bf evaiuation for the magnetic
recordihg ﬁedia coﬁducted in the same ménner as in Exanple 1.
15 The.CSS test was donducted under the conditions of a head
flying height of 2.5 p inch. The stable flying height in the
CSS regidn’was.lJ2 to 1.6 p inch for maénefic reéording media
in all of the examples. The horizontal cross sectional_shape
of the projectiop-in the table represents a shape for a figure
20 surrounded with a'contour_line at a half height the -
projection. | |
A fiqure (horiidntal crcss sectional shape) surrounded
with a contour line at a hal: height of ﬁhe projection
ébtaihed in Example 18 is usually a crescent shape as shown-in
25 Eig.4: Since the projection shown in Fiq, 4 was formed by the
short scanning periéd of the energy beam,-if was different'to
find out the depression ranging the projection. However, in

case where the magnetic layer and protective layer were formed .



25 (slider material: [err]) and under a condition of a head flying helght-
of 2 [err] inch. Further, the stable f |ng hei ght of the head was '
eval uated by using a gllde tester for 1 e rising stability of t he head upon
seeki ng between a data - -44- recordlng reglon and a CSS region. The -
stable flying height in the CSS region was 1.5 [err] inch in . each of the
magneti c recordi ng nedi a of Exanples l1to 3 and Conpar ative Exanples 2 to 3.

and that of, CRIpGte! LY. EXAIpLE o WA TS 10 AoLobelel Bihed, ened 5,

Exanpl e- 1°%exd I"1°near

857 (i Shebaagba bt 9%%(@1@ projection giflars by tgé5gh%rrﬁe”] 300

- Average irradiation sec)
-Aver age p@gb%ggyogf sputtering. 9260 : | 9260 4120 :



6 CSS

density (N [err]) Average projection height
37 Static friction . 0. _sg- .
coefficient Frictional force (gf) after 30,000 cyc
--46- Table 1 (continued) -5 Conp. .
Conp. Exanple 1 Exanple 2  Exanple 3 Substrate |inear speed
_ (m's) Laser intensity (my ' '
Average irradiation tine - - 5.0 o
Aver age projection

37
0. 17
| es of

90 density (

Conp. -

_ ([err]sec)

after 20,000 cycles of
CSS : '

. 9260 N nm®2) Average
proj ection -hei ght ' 120 30 (nm
Table 6
Ex. 18 Ex. 19 “Ex. 20
Substrate linear speed . 1600 1600 1600
{(mm/s) - ' _
Laser intensity (mw) .200. 200 200
Average irradiation . '0 62 0 62 0.62"
time (Usec) — :
|Average projection 100/100 200/50 50/50
linear density (N/mm) : _
Average projection 710000 10000 2500'
density (N/mm2) f S o
Average prdjection 27 27 27
height (nm) -
Contour line area (1) 0.07 0.07 0 67
(um?2) | '
‘| Horizontal cross
sectional shape of A A A
rojection '
Number of aperture of 0.6 0.6 0.6
objective lens (NA) :
Static friction 0.17 .0.18 0.33
|coefficient
Frictional force (gf) o
3 3 12 -




Static friction 0.16 0. 45 . 0.32 coefficient
Frictional force (gf) after 20,000 cycl of . (Note 1) - -~ 32

22 CSS (Note 1): 'Head crush (CSS: 1000 &tycles) -47- Exanples 4 - 8,
Conpar ative Exanples 5 - 6 After irradiating a.laser beamon a mrror .
waf er-like Si substrate having 63.5 mmin dianmeter and not nore than 0.3 nm
5 of surface roughness (Ra) and forming projections each of a - '
substantially equal height, an Ni P.under lLayer (100 nmin thickness) was
formed by sputtering nmethod and, further, an internmediate | ayer, a magnetic
| ayer and a |ubricant |ayer were successively formed to produce a magnetic
recording 10 media. Table 3 shows the irradiating conditions of the |aser
beam and the characteristic of Tatde ésulcoantinped)ections. Further, it shows -
the result of evaluation for the magnetic recording nedi a conducted in the

same manner_as in _Exanple 1. 15 The CSS test was conducted under the
condi tiorf of the head : : :

_ Ex. 21 ] - Ex. 22
‘Substrate linear speed 1606 _ 3200
(mm/s) ' a ' '
Laser intensity (mw) | 300 350
Average irradiation“time 0.07 . | 0.62
(useci
Average.projeccion,linear 150/150 c: : 30/20
density (N/mm)
Average projection dehsity 22500 600
(N/mm?) _'__ : IR
Average projeotion'height 12' : ' 38
{nm) -
Contour line area (1) (um2) ~-0.08 - 0.09
Horizontal cross sectional a B
shape of projection
Number of aperture of 0.6 0.6
objective lens (NA):
Static friction coefficient 0.23 0.16
Frictional force'(gf) after 6 10

20,000 cycles of CSS

(note) A: Crescent; B: half moon B



flying height of 1.6 [err] inch. The stable fIylng helght of the CSS
region was not nore than 0.8 [err] inch ¢n t he magnetic recordi ng medi umin.
Exanple 6 .and 0.8 [err] |nch inall o magnetic recordi ng nedia than
“described above. The spot 20 diameter to which 84% of the energy of the

| aser beamis concentrated, can be calculated by utilizing a nunber of -
aperture (NA) of -an objective lens and calculated by 1.22 x [err]/NA The
contour | ighamane eLr ([err]) in Table.2 represents an 25 average area
of a figure surrounded wth contour lines at a height 1 nm below the top of -

“the prOJectiohAfter~é§31§§H§eN29E%ga&&sa‘%ﬂ@&%ﬁggt ﬁoEé?EEHSkQ eFYDSET f@e

“linear speed aser rntens

(MY to 20 j#56n an Al 4BRY substr%%%poévesaaﬁ Lhrgdhmbtop, time -
1.25 : 1.25 1.25 ([err]sec) Average projection : 9260
9260 sulf@4e gebhsbhyng N f&itndnt was ‘conducted so as to 1mpart a :
5 surface roughness (Ra) of about 1 nm, thereby obtalnlng an NiP
under layer on the substrate
Then, after forming projectiohs by the irradiation of an
argon pulse laser beam (wavelehgth X; 488 nmf.in a CSS region
on the NiP layer, an intermediate layer, a magnetic layer, a
10 protective'layer and a lubricaht layer were successively
' formed to produce a magnetlc recordlng medium.
Table 7 shows 1rrad1atlon condltlons of the laser beam
and characterlstlcs of the resultant progectlons Further
Table 7 also shows the result of evaluatlon for the magnetlc
15 recording medla conducted in the same manner as 1n-Example 1.
However, the CSS_test.was'conducted under the conditiohs of a
- head flying height of 2.5 W inch. The stable flying height in
the CSS region was 1.2 to'l.é u-inch for magnetic recording

media in all of the examples.



3

Average projection height = 14 13 (nm Contour |ine area (1) :
0. 08 0.16 0.12 ([err}) Nunber of aperture of 0.6
0.4 0.95 objective lens (NA) St&eirc friction |
0.17 0.23 coefficient Frictional force (gf) after 20,000 cycles of
_ 7 - 6 CSS -49- Table 2 (continued) Ex.
Conp. Conp. Ex. 5 Ex. - 6 Substrate linear . 343
343 343 speed (mMmis) Laser intensity (nw) 1990
940 945 Average irradiation . 1.25 1.25
time ([err]sec) Average projection ' 4120 - 740
'~ Iable 7.
Ex. 23 Ex. 24
Substrate linear speed 3200' 3200
(mm/s) ' :
Laser intensity (mw) 100 100
Average irradiation time 0.31 0.31
(ULsec) _
Average projection linear 100/100 200/50
density (N/mm) . : '
Average projection density 10000' 10000
(N/mm?) :
Average prbjectipn height 22 29
(nm) '
Contour line area (1) (hm2) 0.07. 0.07
Contour line area (2) (um2) 0.93 0.93
Horizontal cross sectional c .C'
shape of projection '
Number of aperture of 0.6 0.6
objective lens (NA) ' :
Static friction coefficient 0.17. 0.18
Fricﬁional forcé (gf) after 3 3
20,000 cycles of CSS -




density (N [err]) - Average projection . 14 <1

3 height (nm) Contour line area (1) 62__0.18 : 0.08 . ' - 0.12
([err]) Nunmber of aperture of 0.3. 0.6 . - 0.95 0. 95
objective lens (NA) Static friction - 0.43 0. 64. 6. 22

1,35 coefficient Frictional force (gf) after. 20,000 cycles. 12

14 (Note 1) 33 of CSS 5 (Note 1): Driving stopped. by adsorption

. (CSS: 800 cycles) ~ -50- Exaqpﬁggig%_%ggmﬁnhbhg]of an NP under |ayer -of
.100 to 150 nm-in.thickness was forned by sputtering nethod on a glass . .
substrate 5 of 95 mmin diameter in which the surface was polished so as

to formp surrace rougnness (Ra) O Ol Nore than [ nm_Then, arjer
irradiatyng the | aser beamon the NP | aysf, 25 _ Ex., 26

Substrate linear speed 3200 _ 3200
(ram/'s) ' : S '
Laser intensity (mw) : - 100 - 120
Average irradiation time C0.31 0.31
(Usec) -
Average prOJect;on llnear_ 50/50 10/20
density (N/mm)
Average progectlon density 2500 200

1 (N/mm2) '
Average projection'height' 0y : 26
(nm)
Contour line area (1) (um2) - 0.07 ' 0.08
Contour line area (2) (um?) | 0.93. 1.82
Horizontal cross sectional c c
shape of projection
Number of aperture of 0.6 0.6
objective lens (NA) . L
Static friction coefficient | - 0.37 ' 0.23
Frictional force (gf) after 12 | 6

120,000 cycles of €SS | |

(Note) C: Circular shape



and form ng projections each of substantially the sane height, an

I nternmedi ate | ayer, a magnetic . |layer, a protectlve llayer 10 and a

| ubricant |ayer were formed successively to produce a magnetic recording
~nmedia. Table 3 shows irradiation conditions of the |aser beam and the

- characteristics of the resultant projections. Further, Table 3 also shows-
the results for the evaluation of 15 the magnetic recordlng medi a

CondUCtedﬁéh@#*&éﬁﬁﬁrﬂﬁﬂﬂer as in Exanple 1. The CSS test was conducted
~under the conditron of a head flying height of 1.6 [err] inch. The stable
flying height igeddie 33109 RQPV‘@htiR@”éLr@aﬁrﬁérﬂt kd & rchiickeskobrallb t he
magneti c recordi ng media’in"the exanpl es. A figure (horizontal
Cross sectional | shapehnS@nr Qmmdﬁdsx\i\bstfh:a’télwﬁmﬂ dni RALamietarhal f hei ght of

~the projection obtained in Exanple 9 is usually a circul ar shape as shown
in Figs. Ind¢hahical taldt@rad bx.sfrfadx.pdlishing tkleatBentl®aSubstrate
"l'i near speed - 1714 1714 1714 1714 (mm's) Laser intensity
(my) S condddred so as620 imparf7a surfa®8 roughness Ra of not more
| than 2 nm. |
Then, after 1rrad1at1ng a. laser beam on the N1P layer and
forming projections, an intermediate layer, a magnetlc layer,
a protective layer.and a lubricant layer were formed.
10 success1vely to produce a magnetlc recordlng medium.
Table 8 shows the 1rrad1atlon condltlons for the laser
ybeam and the_characterlstlcs of the resultant projections.
Further, Table 8 shows the results of evaluation for the.
magnetic recordlng medla conducted in the same manner as in
:15 " Example 1. The CSS test was conducted under the head flying
helght of 2 2 u 1nch The stable flying height in the CSss
reglon was 1.1 to 1.3 lnch in the magnetlc recordlng media
of all the examples._ In the table, major axis/minor axis the
presents the aspect ratio (major axis/minor axis) for the
20 cross'section at the.bottom'of the projection, and a cross
sectlonal dlstance (Um) represents a width of a minor axis at .

the cross section surrounded with a contour line at a height 1

nm below the.top of the'prOJectlon.



Average irradiation tine 1.25 1.25 -.1.25 1.25 ([err]sec)

Aver age projection 9260  _ 3260 37040 4120 density '
(N mmR) Average projection- : f _ 16 : ' 18 hei ght
(nm. Contour line area (1) - ..0.09 0. 15 0.14 0.19 ([err])
“Nunber of aperture of 0.6 0.4 0.95 0.3 objective |lens
(NA) Static friction - 0.125  0.17 . . 0.21 0. 49 _
coefficient. Frictional force (gf) after 20,000 cycles of 3 8
7 13 CSS -52- Exanples 13 and 14 After applying N P plating :

treatnment to a thickness of 10-to 20 [err]mon an Al alloy substrate of 95
nmin di aneter, nmechanical texture treatnent -or surface polishing treatnent
5 was conducted so as to inpart a spadiEeed roughness Ra of not

Ex. 27 | Ex. 28 Ex. 29
Substrate linear speed 1714 - 1714 1714
(mm/s) ' ' ' '
Laser intensity (mw) : 98 62 - 98
Average irradiation time 9.4 o9 0 9.4 "
(usec) _ '
Average projection linear 10/10 _ 25/25  20/10
density (N/mm) ' '
Average projection - . 100 625 | 200
density (N/mm2) : '
Average-préjection héight g R '7' _ 28
(nm) N _
|Major axis/minor axis: |l 8 - 23 -
Cross sectional distance 0.15 0.5 0.15
(W) .
Number of aperture of 0.6 0.6 0.6
obiective lens (NA)
Static friction 0.28 0.79 0.55
coefficient : _ B :
Frictional force (gf) - o B
after 20,000 cycles of . 11 19 : 18
CSsS - ' .




nore than 2 nmand then an internediate |ayer and a magnetic |ayer were
formed successively. Then, after forn1n projections by irradiation-of a
| aser beam on .the surface of the nagnetlé | ayer, a protective film1l0 and
a lubricant |ayer were successively formed to produce a magnetic recording
medi um Table 4 shows irradiation.conditions of the | aser beam and' the
characteristics of the resultant projections. Further Table 4 al so shows

t he reSU|tE£5mﬁiE§lE§i§g?ji¥ the magnetic 15 recording media conducted in
t he sane manner as anple 1. The CSS test-was conducted under 't he '
condi tions of aAh@@ﬂ fdﬂﬁiHb'N@Pgﬁha@Ené @ré&fh&ntnEQ a thiciddaly &+ hyi ng

hei ght - in the CSS region was 1 [err] inch for the magnetic.
recordi ng #8R@ i ¢H lardfalt fam@yagﬁbsﬁrate 05395 Tah! & Aiankter]3. . Ex.

14 Substrate |inear speed 714 1714 (mm's) Laser
i'ntensity m@uhanlcal texture tkéatment was dpgPlied c1rcumferent1ally to
5 impart the date recordlng region and a CSS reglon with a |
| surface roughness (Ra)_of not more‘than 2 nm, |
| Then, after forming projections by irradiating a laser
beam to the CSS reglon of the NlP layer,_a protectlve film and
a lubrlcant layer were succe351vely formed to produce a |
10 magnetlc recordlng ‘medium. -
Formation of'the projections in Example 30 was conducted
-as belom, | |
A radial'range of Zi'to 18 mm from thehcenter of the
-substrate Was defined as a.CSS region. Then,.in a radial
.15_ range of 21 t0120 mm to the outer side of'the defined'region,
long projections hav1ng a cross section at the bottom with an
aspect ratlo of 3 were formed by the number of 20 per 1 mm
radial length. In this case, the height of the projections
was varied about from 5 to 30 nm by changing the laser beam
20 intensity w1th1n a range from 60 to 105 mw . Further, within a
radlal range from 20 to 19 mm from the center of the.
substrate, short_pro;ectlons having a cross section at the
bottom with an aspect ratio of about i were formed. In thrs
case, the height_of the projections was carried ahout from. 30
25 to 70 nm by changing the laser beam intensity from 95 to 220
mwW. Further,.short projections having a croae section at the
~ bottom with an aspect ratio of about 1 were formed at a

magnetic head stopping_position within a radial range from 19



Average irradiation tine 1;25 1.25 ([err]seb) Ayefage

projection density 4120 9260 (N/[err]) Average projection
hei ght. 26 - 18 (nm) "Contour line area (1) . ([err])

0. 15 ~0.10 Nunber of aperture of 0.4 .

obj ective lens (NA) Static frlctlon coefficient 0.23 0. 19
Frictional force (gf) after 9 : 8 20,000 cycles of CSS .
-54- Exanplegglay- f}% %Qﬁé‘rcér{tf o LRG BubatehtReam Ol cii N s44y, uafer - | i ke
Si substrate aving 63 mm i n aneter and a surface roughness (Ra) of 'not

or € tha”hélgﬁ»&%@ £Rnél 15965@.&9&&{5.01&@ ane Qa¢hooh St svdst ard i lanequal
hei ght, an N'P under |ayer (100 nmin thickness) was fornmed by sputtering,

and furthene aBnkDiproEdind Gicyattichswa@selio0 Napser snmd (= Aoy, Iayer
wer e succeSS|ver formed to produce a magnetic recording -
' : . In Example 31, projection were formed quite in the same
5 mannef as in E#amplé 30 exéept for forming brojections at a
: helght of about 70 nm of the prOJectlon in 80 N/mm2 at a
stopplng p031t10n of the’ magnetlc head within radlal range
from 19 to_18 mm from the center_of the substrate.
Table 9 shbWé the irradiation ébnditiqns.of the laser
10 beam and the chafacteristic of the reSu;ﬁant.projectioﬁs,
Further, Tabie'Q_Shows thé résult of evaluationlfqr the
magnetié recérding medium-conducted in'fhe,same manner aé in
Exémplé 1._ The CSS test waS conducted ﬁnder the cbndition of-"
a head_flying height Qf 1.6 plinch. The stable flying height
15 in the CSS region céntinﬁously varied béthen 1.1 to 2.7 |
inch in the CSS region'fof the magneﬁic recérding_média in all
the examples. .
The magnetic recording media of Examples 30 and 31 hévé
the following cha:acteriétics; That is, since the friction
20 Dbetween the.magnetic_head_and the piojedtions at'the .
| stationary position of the magnetic head causes no problem
because'of the émall relative'épeed and sinée the area of
contacﬁ between the top end :£ the projectionszand the
magnetlc head 1s extremely *:uJbed, sticking does not occur at
25'. all even when the magnetlc hzad stops for a long period of
:tlme.
‘That is, the magnetic head staying statiqna;i on the

projections of a sufficient height moves little by_iittle to



medi a. 10 Table 5 shows the irradiating conditions of the | aser beam
and the characteristics of the resultant _projections. Further, Table 5
shows the result of evaluation for the ﬁggnetlc recording medi a conduct ed
in the same manner as in Exanple 1. The average |inear density of _
projection (Nm) in 15 the table represents the number of proj-ections in.
each of the circunferential direction/radial direction for a portion of the

magneti c r?%? %T'Elgl ARy A’X[Hn%'ﬂ 1R QLEELLN G by e{ﬁﬁﬁltaa}{le%u% nt our

line area represen an a erage area ure surrodnded
with a con I f € .
flying hei gﬁeﬁl %h%]ﬁ%@éa%%gg?%% was gtue rgggf(gir}r}% erFén((i: ' q::a%?r%gt e
recording gediRyfp{sdd | £idie ae)&%mlaqsposn.tléﬁ fF&Q|P85t<EX20 jn§n of te 16
Ex. 17 Substrate |inear speed 644 4 (mm's)
Laser intempaghyt{8Wecording med@dm when théoﬁagnetlc Mﬂ/ﬁfga%dlum

irradiation tine. 3.12 - 3.12 - 3.12
: 5 reaches a stable rotatlonal speed (5,400 rpm) On the other

‘hand, upon stopping, when the magnetlc head is within'a radiai
range from 20 to 21 mm of the magnetlc recordlng medium, the
number of rotation of the magnetic recordlng medium is lowered
tlll the head is brought into contact w1th the long
10 fprogectlons on the magnetic record;ng medium. Subsequently,
the_head is moved to a region_within a radial range from 19 to
18 mm'ih which projectiohs of the sufficient_height afe'forﬁed
before the magnetic reeordiné medium stops.
In Table 9, values fOr-the'sfatic_f:iction_coefficient
15 and the frict;onal_force after 20,000 eYCles of CSS are_velues
. at a radial position from 19 to 18 mm from_ﬁhe center of the

magnetic recording medium.



([err]sec) Average projection |linear
density (NN nmm Average projection

density (N [err]) Average -projection. heﬁ%ht

(nm)- Contour line area (1)
Contour 'line area (2) : 0.71
friction .. 0.14 -

force (gf) after 120, 000 cycl es of :
-56- -Exanples 18 - 22 After applying Ni P platlng to a thickness of 10 to 20

0. 05

0.71

0.17

100/ 100

1200/50
10000

0.05 ([err])
0.71 ([err]) Static
0. 45 coeff|C|ent Frictional
.13 CSS 5

4

[err] on an Al all oy substrate of 95 mmin dianeter, a surface
Table 9
" Ex. 30 Ex. 31
| Substrate linear sbeed (mm/s).
Short projection 1714 1714
Long prdjection 1714 1714
Laser intensity. (mw)
| Short projection 95~220 95~220
| Long projection ' 60~105 60~105
Average irradiation time (Usec)
Short projection 1.25 1.25
Long projection 3.75 3.75
Average proiection density
Short projection -(N/mm2)- 160 80
20 20

" | Long p:ojectibn'(N/ﬁm)




polishing treatnment was conducted so as to inpart a surface 5 roughness Ra
of not nmore than 1 nm- thereby obtalnlng an Ni p under |ayer on the
substrate. Then, after form ng prolectlgns by irradiating a | aser beam on
the NiP layer, an internediate l-ayer, a magnetic |ayer, a protective |ayer-
and a lubricant |layer were forned successively to produce a nmagnetic
recording 10 nedium Table 6 shows irradiation conditions of the |aser
"beam and the characteristics of the resultant projections. Further Table 6
al so shows the results of evaluation for the nagnetic recording nedia
conducted i'n the same manner as in Exanple 1. 15 The CSS test was
conduct ed under’ the conditions of a head flylng height of 2.5 [err] inch.
The stable flying height in thel€i8% regicumtimaed to 1.6 [err] inch for
magnetic recording media in all -of the exanples The. horizontal cross
sectional shape of the projection in the table represents a shape for a

figure 20f surrounded with a contoyr line at a hal{ height the projection. .
A figure [horizontal cross sectiongl shaje) 3ur roupded Hxt. h3el contpur l'i ne
at a hal fl_height of the projection obtained in EX [ ly a. .

crescent- khape as shown in .25 Fig 4. ‘Since the projection shown |n Fig. 4
was fornejﬁﬁgra¢ﬁ=nﬂnﬂﬁCt%gnnhenghﬁpKnmhgnf the energy beam it \ _
different{to find out the depressign ran%lng t he pleectlon Howevgr, in
: : Short progection : _ 0~70 - 30~70 . -

Long projection _ ' 5~30 } - 5-~30

Contour line area (1) (um?)

: _Short projection | 0.38~0.08 0.38~0.08

Long projection - : D=

Number of aperture of obijective lens (NB) _

Short projection o : 0.6 , : 0.6

Long projection _ 0.6 _ . 0.6

Static friction 0.12 | 0.11

coefficient
Frictional force (gf) o

after 20,000 cycles of 3 ' 3
CSS - . '




case where the nagnetic layer and protective |ayer were formed - -57- on
the Ni P under layer in which projections, were formed, the depression
rangi ng the projection appears by the thermal history of sputtering.

-58- Table 6 Ex. 18 Ex. 19 Ex. 20 Substrate |inear speed
1600 . 1600 1600 (mm.s) Laser intensity. (m) 200 _
200 200 Average irradiation 0. 62 : 0. 62 - 0.62

tine"([e@%hﬁ%ﬂk.éﬁﬁﬁ?%%ﬂﬁ#%#ﬁﬁiﬁE]Examp]es 71Q0@500 ' -~ 200/50
50/50 linear density . mm)~ Average projectron = 10000 10000 _
g?oo density (H&E@Erhbpﬁ¥§ﬁ&gﬁi?rﬁdéﬁiné”treatment t%7a thickness 2t 10
to 20 um on an Ai-ailoy-eubstrate of 95 mn in diameter, )
. surface ﬁolishing treatment was ccnducted'ec'aS'to'impartla
5 surface rcuéhness.(Ra) of not more than 1 nm. Then,
| 'fabricaticn traces in a concentric or cross pattern were
formed by mechanical polishing} An argon laser beam at 300 mW
intensity was irradiated under the'ccndition of 1714 mm/sec of
a substrate linear speed and of an irradiaticn time of 2.5
10 Musec to an inner circumference portion of the NiP substrate
which was a CSS region, to form projections at an average
projection density of 9,260 N/mm? and an average projection
'height of 37 nm. |
In thércase of Comparative Example 12, after forming NiP
15 plating layer at firet}_a concentric texture pattern was’ |
formed on the entire surface of the sunstrate and, further, a
texture pattern at a cross angie of.3of nas formed in theé CSS
region. |
Then, an intermediate layer, a magnetic layer, a
20 protective layer and a lubricant layer were formed
successively on the eubstrate to.produce'a magnetic recording
medium. | | |
Table 10 shows the presence or_absence of projections,'
texture patterns_and difference of center_line:betWeen the CSS
25 regionland data reccrding_region for magnetic discs produced
in'Example 32 and Ccmparative Examples 7 - 12. The center
line is according to JIS BO601 - 1982. Further, Table 10

shows the results of evaluation for the magnetic recording



hei ght (nnm) Contour line area (1) 0.07 - 0.07 0. 07

([err]) Horizontal cross sectional shape of oo A A
A projection Nunber of aperture of 10.6 . - 0.6 0.6
objective lens - (NA) Static friction 0.17 0.18
0.33 coefficient Frictional force (gf) after 20,000 cycles of 3
3 - 12 CSS  -59- Table 6 (continued)"Ex" 21 : Ex. 22
Substrat e Laser

ear. s 320 -
: |ntenS|tyI?ﬁ& OA%%é%ed ln thgoﬁame Qanner a%SH’&béW%be rraﬁlatlon tinme

0.07 stable(%fyan%[%éﬁbﬁﬁcln the CSS region was 1.5 u inch for the
magnetlc recordlng medla in all of the’ examples
The number of errors in the table was measuréd by the
5 folloﬁing conditions.* That is, the number of errors was
- measured at ﬁhe numbef of rotation of the magnetic recording
medium ﬁf'é,GOo-rpm; at_a recording fréﬁuepcf_of 10 MHz éhd
with a recording tréck width of 6 pm, usiné a thin film had at
a head gap of_0;3 pm.and a'head'flying height of 0i07'um. The
10 'slice level of a misging bit was défihed as 65%_apd a bit of

less than 65% was counted as an error.



Aver age projection |linear
Aver age projection density

proj ection hei ght

([err])

0.08

12

150/ 150
22509, _

0. 09 Fbrlzontal

B shape of prOJectlon Nurber . of aperture of
0.6 objective lens.(NA) Static friction: coeff|C|ent

0.16 Frictional

CSS 5 (note) -

A. Crescent;

force (gf) after

B: half npon

6

30/ 20 density (N nm

600 (N mR) Average -

38 (nn) . Cont our

-60- Exanples 23 -

| i ne area (1)

cross sectional

0.6

0.

23

10 20, 000 cycl es of

26 After

applying Ni.P plating treatnent to a thickness of 10 to 20 [err]mon an Al

all oy substrate of- 95 mmin dlaneter
conducted so as to |npart a

surface pollshlng treatnent was

Iablﬂflﬂ
Ex, 32 Comp. _ Comp5
L Ex. 7 Ex. 8
Projection - present absent absent
: : i ' enti] cCross
Texture pattern concentric | concentric 8
' .circle circle (30°)
Center line . 4 0 0
difference (nm)
Static frictibn . 0.18 ‘ 0.30 0.20
coeff1c1ent : '
Frictional force (gf) _
after 20,000 cycles .10 20 12
of - CSS .
Circumferential Hc 1500 1500 1350
Hc anisofropy 2.0 2.0 1.8
Number of errors 5 - -

A



5 surface roughness (Ra) of about 1 nm thereby obtaining an Ni P under .
l.ayer on . the substrate.-~Then, after fqrglng projections by the irradiation
of .an argon pul se | aser bean1(mave|ength [err]: 488 nnm) in a CSS region on
the NiP layer, an internediate |layer, a nagnetic layer, a 10 protective .
| ayer and a lubricant |ayer were successively fornmed to produce a magnetic’
recordi ng nedium Table 7 shows irradiation conditions of the |aser beam
and characteristics of the resultant projections. Further Table 7 also’
shows the result of evaluation for the magnetic 15 recording nedia

the CSS test was

conducted in the sane manner ‘as in Exanple 1. However,

conduct ed under the conditions of a head flying height of 2.5 [err]

The stable flying height.

magnetic recording nmedia in al

Ex. 24 Substrate |inear speed

of- the_exanples.f

in the CSS region was 1.2 to 1.6 [err]

- -61- Table 7.

3200 (nn1s)-Laser

i nt enssi ty (m) 100 /100 -
~. Comp. Cémp. Cémp. Comp.
Ex. 9 | Ex. 10 | Ex. 11 | Ex. 12
Projeétion present | absent | absent absent
Texture pattern cross Cross 9r°ss 1 (Note 1)
(30°) (30°%) (30°) '
Center line -4 0 0 100
difference (nm) . '
. Statlc f;lctlon 0.18 0.20 0.20 _
coefficient
Frictional force (gf) :
after 20,000 cycles 10 12 12 -
of CSS .
Circumferential Hc 1350 1250 | .1100. 1500
Hc anisotropy 1.8 1.6 1.3 2.0
Number of errors - - - _5100

Note 1: Concentric circle +fCroés_(30ﬂ'

i nch for




Average irradiation tine . -0.31 0.31 ([err]sec) Average.

projection |linear 100/ 100 - 200/ 50 density (N nm -Average
proj ection density -10000 ~74710000 (N [err]) Average

proj ection height , 22 3 22 (nm) Contour line area (1)
([err]) 0.07 - : 0. 07 Contour line area (2) ([err])

10.93. _ - 0.93 Horizontal cross sectional shape of projection Nunber

of aperturg g;:gis ?3 1d 33'0.6 o 0.6 objective lens (NA) Static
friction coOer I en 0. 17 © . °0.18 Frictional force (gf) after
3_20’000 CyClQSAQEeQS§p§lying6§£P1ggﬂﬁ%eaﬂn%0QbiQu@ﬂlcﬁﬁes§5of 100 toEy’ 26
150 nm on a glassisubStrate'of 9$.nm in diameter, surface |
polishing treatment was'applied so as to impart a surface
5 roughness (Ra) of not more than 2 nm, thereby obtaining an NiP
under layer on the substrate
_. Then,_after irradiating an argon pulse.laser'beam
(wavelength l:'488 umj on the NiP layer to form projections,
an.intermediate layer, almagnetic layer, a protective film,
10 - and a lubricant layer'were formed successively to produce a
. magnetic recording medium o
‘Table 11 shows the irradiation conditions of the laser
.beam and the characterlstlc of the resultant prOJectlons
Further, Table 11 shows_the results of evaluation for the
15 magnetic recording media_conducted in the same manner as in
Example 1. The éSS test was conducted under the condition of
a head flying helght of 1.6 U inch. The”stable flying height
in the CSS.region was 1.2 to 1.5 {4 inch for the magnetic

recording media in all of the examples.



Substrate |inear speed 3200 _ 3200 (nm's) Laser

intensity (nmw) : 100 -75- . 120 Average irradiation tine
0.31 - 0.31 ([err]sec) Aver age projection |inear . 50/ 50
10/ 20 density (N mm -Average projection density . - - 2500 - 200°
: (hV[err]) Aver age projection height 22 26 (nm _
Contour line area (1) ([err]) 0. 07 ' . 0.08 Contour line area
(2) ([err]). - 0. 93 : '1.82 Horizontal cross sectional '
~ C shape of prOJECtIOH Nurmber of aperture of
0.6 . 0.6 objective lens (NA) Static friction coefficient .
-0. 37 0.23 Frictional force (gf) after . 12 20, 000 cycles of -
CSS (Note) C:- a rcul ar .shape 5 ' _ :
. _
Ex. 33 B Ex. 34
Substrate }inear speed 1714 _ 1714
(mm/s) ' '
Laser intensity (mw) : - 110 | - 163
Aver;ge irradiation time 1.25 | 1.25
“L{usec) ' '
Average'projectiQn 9260 - | - 9560
density (N/mm2) . . :
Average projection height 19 '34_
(nm) i - | b
Melting distance (um) 2.s | 2.3
Number of aperture of 0.3 _ 0.6
objective lens (NA) : .
Static friction .0.26 0.19
coefficient '
Frictional force (gf)
after 20,000 cycles of 10 8
CSS '




-63- Exanples 27 - 29 After applying NNP plating treatment to a thickness-
~of 10 to 20 [err]mon an Al alloy substrge of 95 nmm di anmeter, nechani cal
texture or surface polishing treatnment was 5 conducted so-as to inpart a.
surface roughness Ra of not nore than 2 nm Then, after irradiating a |aser
beamon the NI P | ayer and form ng projections, an internediate |ayer, a
magnetic |layer, a protective |layer and a |ubricant |ayer were forned 10

successi veEgamples odificko a38mgnet i ¢ recordi ng medi um Table 8 shows the
‘irradi ation conditions for the | aser beam and the characteristics of the:

resul tant proj eéni Brampkerr3heran Taldlesrn@dilades lagery esuhdgnefievidyeat i on for

the magnetic recording nmedia conducted in the sane manner as in 15 Exanple

1. The CsS8nfedthydsogenafind cpnpsgeprofechéud Layengwemns ginrmgd 2.2 [err] |

inch. The stable flying height in the CSSregion was 1.1 to 1.3 [err] inch-

in the magfBFFEsSsE¥t iRy g8 SoSURSErAke ekafpl BB in rdianetemia®d maj or

axi s/mnor_axis the presents the aspect ratjg énajor axi s/ m nor axi%% for
0 S ’

the 20 > cr B3E 8EcR | FHFLACE FOUHESH dR3 h8Tpf ofBet | B, EXAP XL ks |
et onal ShSHAAEE LHTeEL T SRR ReR, YShE, ohRadhOe TRl OO0
| .hydrogenatéd carbon protecfive'film wefé fotmed successively - o
on the samelglass_substrate.as in Example 35.
Then, in each of the examples, dftér irradiaﬁing'a laser
10 beam from the surface of ﬁhe protective layer and fdrming.
p#ojections on thé mégnetic layer, a lubricant layer was
.formed on the surface of tﬁe protective layer. _The |
.transmittanée.qf.the_laser beam to tﬁe protective léyer-is
about 85%._ Irradiation of the laser beam wés éohdﬁcted in air
15 in thié example and an inert atmosphere was not forméd
particularly; | | N
‘Table 12 shows the_irradiatioh conditions of the laser
beam and the chéractéfistic of the resultént'projecﬁioné.
Further, Table 12 shows the reéuits of the.evaluation for the
20 magnetic recofdiné medié conducted in the same_maﬁner.as in
Example 1. Thé CSS test was conducted under the condition.of
a head flying héight_qf 1.6 L inch. The stable flyiné height
_in the CSSs regioh was 1.2 to 1.5 U inch for fhé maghétic

‘recording media in all of ths =xamples.



nm bel ow the top of the projection.

(Notei-*:

Cross sectional distance in a direction

-64- Table 8 Ex. 27 Ex. 28
Ex. 29 Substrate |inear speed 1714 1714 . 1714 (nnis)
: intensity (mv) . . 98 62 98 Aver age
|rrad|at|on time 94 ' 27.0 9.4 ([err]sec) Aver age
projection |inear 10/ 10 . . 25125 - 20/ 10 density (N nmm Average
proj ection © 100 . 625 200 density (N mm2) Average
proj ection hei ght : 28 7 28 (nm) Mj or aX|s/n1nor
[ -8 - . 23 o - Cross sectional distance
0.5 0.15 (AmM Nunber of aperture of 0.6
0.6 objectlve | ens (NA) Static friction 0.
0. 55 Table 12 -
Ex. 35| Ex. 36 | Ex. 37 | Ex. 38
-Substrate linear speed’ "1600 1600 1600 1600
{(rmm/s) ' ' '
Laser intensity (mw) 110 - | 113 110 90
Average irradiation tlme 0.62 0.62 1.24 0.62
(Lsec) : - '
Average prOJectlon den51ty 9260 '9260 4630 9260
(N/mm?) S R
Average projection helght 32 31 32 21
(nm) - '
Contour line area (1) (um?) | 0.11 | 0.14 | 0.34% | 0.23
Number of aperture of 0.6 0.6 0.6 0.6
obijective lens (NA) '
| Injury of protective layer none none nohe- none
Static friction coefficient| 0.28 | 0.31 | 0.62 | 0.38
Frlctlonal force (gf) after 6 8 13 9
20, 000 cvcles of CSS :

perpendicular to the laser beam scahning'direction




coefficient Frictional force (gf) after 20,000 cycles of ' 11

19 _ .18 CSS 5 Exanpl es 30 and,31 After formng NP plating.
treatnment to a thickness of 10 to 20 [efrf]mon an Al alloy substrate of 95
mmin dianmeter, nechanical texture treatnment was applied circunferentially
to'5 inpart the date recording region and a CSS region with a surface
roughness (Ra) of not nore than.2 nm -Then, after form ng proj.ections by
-irradiatiQﬂgﬁgJé%ﬁb?gﬁighlgnﬁDégﬁééiéfﬁ&élﬁégqﬁﬂgi#¥ P layer, a protective"
filmand a Tugrrcan ayer were successirvely tornmed to produce a 10
magneti c recordy redi : L Qn, of, . 0j &Ft 1S was
conducted as bg}fg){% raag;rlgrﬁ?gﬁtéié@%? éﬁﬁﬁcﬁgﬂrﬁf rom tthgoggqtgglrt?g%?t_he '
substrate wag dahied 12kn@sESSe! £6' 20 on Them isuacradeabsl9s rangg of 21
to.20 mMmmto the outer side of the defined region, |ong projections having
a Cross seffdndter!, ishierhekt pALYshIn@Ntreatment was applied so as to

5 impart é sufface'roughness (Ré) of_notlmore than 2'nm; fherebj
6btaihing an NiP under layer on the substrate. o
'Then; an'Ar puléé laser beam'ﬁas irradiated to the CSS
région-in é.radial raﬁge'from i8 té lemm at an inner
circumference of thé substfate to fqrm projéctioﬁ§ in a spiréL
10 pattern at. 10 um.éitéh on the surface of the NiP layer, undér
'each of the conditions at a laser beam'in;ensity of 163 mW,.
.for an éVerage irra@iation time of O.GHusec at a substrate
linear speed of ;714;m/3ec, with a spot diameter (1.22 l/NA)
of 1.0 Hm fo which 84% of energy (1/e2) is éoncent:a;éd
15 (wherein NA represents the numbef éf_aperture of a cohdensing
obﬁective lens_of tﬁé laser beaﬁ). The wavelength 6f the'Ar'.
pulse laser beam used was at 488.nm.
After forming the projections by the laser beam,
 mechanical'textufe was formed on the surface of the NiP layer
20 'circumferentia;lylﬁo_ﬁﬁe substfaté surface so as to impart a
polishing amouﬁt as.qescribed in Table 13 by using a free
diamqnd grinding.particles of about 1 Um grain'sizé.
Then, an intermediéte layér, é magneﬁic layef,_a
protective-iéyei.and'a 1ubficantflayer were successively
- 25 formed on the-NiP_layer to produce a magnetic recording
medium. | |
Table 13 shows the irradiation conditions of the laser

beam and the characteristic of the resultant projection.



aspect ratio of 3 were formed by the nunber of 20 per 1 nmmradial |ength.
In this case, the height of the projections was varied about from5 to 30
nm by changing the | aser beam 20 intené?%y within a range from 60 to 105
MmN Further, within a radiral range from?20 to 19 mmfromthe center of the
'substrate, short projections having a cross section at the bottomw th an
aspect ratio of about 1 were forned.. In this case, the height of the

proj ections s carried out from 30 25 ..t0 : ngi.ng e | aser

Fperonrase; §3o3bonby e ree S Slor R b 480 AR RhY)

beaminte short proj ections having-a

cross section at, the bottom w a pect . r.ati.e of o Cred at- 
a magnet i CAEET St 585958%855“?%%?\ év]\? |ér?:cetz§i _rlgéitae.fsgﬁgeﬂ%nﬁeWEg iR

fromthe centen of thensuRSEraler wid ddHfGRRE uddie RBlgBbnaltibg of

pr oj ecti-ons s made uniformat about 70 nmand the density of the s
-proj ections way Y6QiNganstherst {6 M [#idd) . The Brampee £3¥ingrbgeght on -
were formed quite in the same 5 manner as in Exanple 30 except for .form ng
proj ecki ongsy athed d¥s Gelgich akeul.Z0unmacH fde yireojmagmietici me8Ordiing? at a
stoppi ng position of the magnetic head within radial range from19 to 18 mm
fromthe amsdiy iof allle ofubker akemplabl e 9 shows the irradiation conditions
of the | aser : o - .

rom 19 to 18 mm .



10 beam and the characteristic of the resultant projections.:Further,
Table 9 shows the result of evaluation for the nmagnetic recording nedium
conducted in the same manner as in Exanﬁ“%‘l. ‘'The CSS test was' conducted
under the condition of a head flying height of 1.6-.[err] inch. The stable
flying height 15 in the CSS region continuously varied between 1.1 to 2.7
[err] inch in the CSS region for the magnetic recording. nedia in all the
exanpl es. The magnetic recording nedi a of Exanples 30 and 31 have the
foll'owi ng characteristics. That is, since the friction 20 between the
magnetic head and the projections at the stationary position of the
magneti ¢ head causes no probl em because of the small relative speed and
since the area of contact between the top end of the projections and t-he
magnetic head is extrenely refaced, sticking does not occur. at 25. "all
even when the nagnetic head stops forrgbileong period of tinme. That is, the
magneti c head staying stationary on the projections of a sufficient helght
noves Isttle by little to -67- the out5|de of the nagnetlc recordlng

nedi um si rfful t aneously’ B | comp.
- Ex. 39 Ex. 40_ Ex. 41 :
o Ex. 13
Substrate. llnear speed _ 1714 1 1714 '1#14 1714
(mm/s ) - '
Laser intensity (mw) 163 163 163 163
Average irradia;ion time 0.6 0.6 0.6 0.6
{itsec) : ' '
Average prOJectlon den31ty 9260 9260 9260- 9260
(N/mm2) ' o1 :
Average projection height 30 36 25 35
(nm) :
Number of aperture of 0.6 0.6 0.6 0;6-
objectlve lgns (NA)
Grinding amount (mg/cm?2) 0.03 0.03 0.03 -
<Normal temperature, normal humidity>
Static friction | 0.18 | 0.2 | 3.25 | o0.19
. lcoefficient
Frictional force (gf) 7 10 25 8
after 20,000 cycles of CSS ' :
<Temperature 25°C, humidity 70%>
Static friction 0.20 | 0.27 | s.15 | o0.25
coefficient _ ' '
Frictional force (gf) 6 g 34 '21
after 20,000 cycles of CSS '




with the rotation of the nmagnetic recording nmediumand arrives at and rises
froma radial position from18 to 20 mm of t'’he magnetic recordi ng nmedi um
when t he magnetic recording medium5 . ~8aehes a stable rotational speed
(5,400 rpn). - On the other hand; upon stopping, when the nagnetic head is
within a radial range from20 to 21 nmof the magnetic recording medi um

the nunber of rotation of the magnetic recording mediumis lowered till the-
head i s brought |nto contact with the Iono 10 projections on the magnetic
" recordi ng hBE SuutRaAa Sl T Es nmoved to a region within a

radi al range fron119 to 18 mmin mhlch proj ections_of the sufficient height
are formed bef OM%Cllml%Qﬂgr@*@%é@ﬁ@tﬁ‘&nﬁeﬂﬁﬁnﬁEPbb%d % audile 9, val ues
for the static friction coefficient 15 - and the frictional force after

20,000 cycfekskratsdaying A8 40 &lﬁ&&FﬁF p0di 3P4 rorh ¢ 8PS m from
~the center of Lhg ?fg,gestlc recordl agts UM ce £8&nncdd €(&h)° oF<not?
Ex. 31 SubSREST ey Sfeed A RS _ g _

5 more than 2 nm, '

Then, after-irradiating.a laser beam and forming
projections on the NiP layer;.an intermediate layer, a
magnetic layer, a protectiée layer and.a lubricant layer were
formed suecessively to produCe a. magnetic recording medium.

10 The projecﬁione_Qere formed as below. . That is, a radial'.
range from 21 ﬁq 9 mﬁ from the eenter of the.subst:ate was
defined ae'the CSS region. The intensit? of the laser beam

- was changed frOm'16S mW to 260 mW.as the radial distance from
the centerwof the substrate was reduced, to decrease the

15 height of the projections toward the outer circumferential
direction of the substrate.

in Comparative'Example_14, after applying texture to

- impart Ra_of-about_z nm by a conventional meehanical'texture
methbdﬁ.not applying irradiation of the laser beam,_to an Al

20 substrate hav1ng 95 nm 1n dlameter coated Wlth the NiP under
'layer, an 1ntermed1ate layer, a magnetic layer, a pretectlve

film and-lubricant lafer wers Zormed succe351vely.
- Table 14 Shohs the irrziiation conaitioas of the laser
) beam and the characteristic < the resuitant.projectiqn.
25 Further, Table 14 shows the results of evaluatiqn for the
~ magnetic recofdiag media conducted ia the'same manner as in
Examéle 1. The CSS test was conducted under the conditien of

‘a head flying height of 1.6 L inch. The 'stable fiying height



Short projection 1714 .. 1714 Long prOJectlon

1714 - 1714 Laser intensity (my) Short prOJectlon '
95[err] 220 ' 95[ err] 220 Long P¥4j ecti on _ 60[ err] 105
60[ err] 105 Averaqge irradiation tinme ([err]sec) Short projection ' '
1.25 - 1.25 Long projection . 3.75
3..75 Average projection denS|ty Short prOJectlon (hV[err]) S 160
.80 Long projection (N nmm Table 9
(conti nuedp mhe §§S region VaEked3%99&%9%&&?%%15%5§?q8n hg Rt (%n& Shor't
~projection, . : - 30-70 ' 30[err] 70 Long projection
- 5-30 inc 5[err]30 Contour line area (1) ({err]) Short projection.

0.38:0.08 1 piiigukR:08 rkR0BaPAY) REALEN MHRcl 285" kilke Of

objectlve | ens

stopping pOSltlon for the magnetic head is w1th1n a radial

5 range from 19 to 20 mm of the magnetic recording medium, the
magnetic head moves 1ittle by little to the outward
simultaneously with the rotation of the magnetic recording.
medium, and the magnetic head arrives at and rises from a
radial position from 20 to 21 mm when the magnetic recording

10 medium reaches a stable rotational speed (5,400 rpm). On the :
contrary,IWhen the magnetic head is to.be stopped, the_number
of'retation of the magnetic recdrding medium is lowe;ed_in a
state where the magnetic.head situatee in a radial range. from
20 to 21 mm till the magnetic head is brought in to contact

15 with the ptojections.of the magnetie recordiné medium.
Subsequently, the magnetic head is moved to a radial nosition
from 19 to 20hmm.before the magnetic recording-medium stops.
Accordingly, values for the static friction coefficient and
the frictional_force (gf) after 20,000 cycles of CSS in Table

20 14 show:vaiuee at a radial positions of 19 to 20 mm. |

| Ftom_the results of evaluatien_for the magnetic recording

media shown in_Tabie 14, it ean‘he'seen that since the height
.of'the prdjections.ﬁaries eontinueusly in the CSS region, the
magnetic recording'medidm in Example 42 causes neither

25 sticking nor head crush. :On the cont;ary; in the case oflthe_
magnetic recording medium in Comparative Example 14, driving.

was stopped by adsorption at 750.cyeleshof the CSS test;'



Short projecti.on 0.6 0.6 Long prolectlon
0.6 0.6 Static friction -83- : 0.12

0.11 coefficient Frictional force (gf) after 20,000 cycles of

3 : 35 -70- .Exanpl e 32 and Conparative Exanples 7 - 13
After applying NiP plating treatnent to a thickness of 10 to 20 [err]mon
an Al alloy substrate of 95 mm'in di aneter, surface polishing treatnent was
conducted so as to inpart a 5 surface roughness (Ra) of not nore than 1

nm Then, fabrication traces in a concentric or cross pattern were forned
by nechani cal polishing. -An argon |l aser beamat 300 mWintensity was
irradi ated under the condition of 1714 mm sec of a substrate |inear. speed
and of an irradiation tinme of 2.5 10 ec to an inner circunference
portion of the Ni P substrate which was a CSS region, to formprojections at

“an aver age proj pet-or—aensi-ty—of—0-260-Ner]aRd—ah—average—pr oj ecti on
he!ght of 37 nnj | | x. a3 |

Substrate linear speed (mm/s) 1714

Laser intensity (mw) - 1650~260

Average irfadiation time (Usec) ' 1.25

Average p:ojection_density | _ . 5260

- LON/mm?) ' |

Average projection height (nm) 5~56

| Contour line area (1) (um2) 0.38~0.08

Number of aperture of objective 0.6

‘lens (NA) ' '

Static friction_coefficient' 0.12

Frictional force'(gf) after 3

20,000 cycles of CSS ' '



In the case of Conparative Exanple 12, after formng NP 15 plating |ayer
at first, a concentric texture pattern was forned on the entire surface of
the substrate and, further, a texture p8frern at a cross angle of 30[err]
was fornmed in the CSS region Then, an internediate | ayer, a magnetic

| ayer, a 20 protective layer and a |ubricant |ayer were formed
successively on the substrate to produce a nagnetic recording nmedi um Table
10 shows the presence or absence of projections, texture patterns and '
difference of center |ine between the CSS 25 region and data recording
region for magnetic discs produced in Exanple 32 and Conparative Exanples 7
- 12.. The center line is according to JIS.BO601 - 1982. Further, Table 10

shous the 1 esul AcOla @l AN dinetE TBERENLGoT REAL N h ytih;]e;jrrh ol &

conducted in the same nner as | e sta el ght.
the CSS reghope ¥&s ﬁ%&&ﬂdadaecbuw thee?hegé&%@m;&&oir&i ngneedia in all’

of the exanples. The nunber of errors fabl'e was neasur ed by the 5
fol I owisng ﬁ@Dﬂchzisz]Sadva-H’tﬁltgéoﬁs teffeeeegb%n%e %f@&.ﬁdé/&i.s

(1) An area of contact between the lower surface of the |

‘magnetic head_and the surface of the magnetic recording medium
is'reduced, thereby extremely decreasing:the friction upon CSS
operation and, further, sticking of the magnetic head to-the

10 . surface.of the magnetic recording medium_can also be

.prevented ~

(2) Even in a case of forming the prOJections only in |

-the CSs region of the magnetic head, the average height of the
surface is’ substantially ‘equal between the data recording

15 regicn and the CSS region by applying mechanical texture
uniformly to each of the regions. Therefore, when the"
magnetic head seeks between the data.reccrding region and the
CSS region, the stable flying height of'the magnetic head less
fluctuates, caueing.neither head crush nor:instabilization of
20 the head in the space.

(3) Since the height of prdjecticne ot the density of
projeCticns can.be controlled as they app:oach to the data
recording region,.magnetic head can seek’between the data
recording region and the CSS region extremely emoothly. In

25. this case, since there is no requirement for forming deep

.surface flaws by. mechanical texture for the 1mprovement of Css

in the data recording region, the flying height of the



nmeasured at the nunber of rotation of the magnetic recordi ng nmedi um of

3,600 rpm at a recording frequency of 10 Miz and with a recording track
wi.dth of 6 [err], u5|ng a thin filmhad8r a head gap of 0.3 [err]-and a
head flying height of 0.07 [err]. The.10 slice level of a mssing bit was

‘defined as-65% and a bit_of | ess than 65% was counted as an error. -72-
-Table 10 Ex. 32 - Cbnp Comp. Ex. 7 Ex. 8 PrOJectlon
present ent_concentric conce nt ric ross Texture

bt tern cTRGBYLE hegd cal B8"reSRAEhRe afEIGN (i gue E7ERSTIME

0 ol il farg %c%gﬁg}sgtgg elitghion, o018 0. 30,

0. 20 coefficie °Ct O orce (g 20, 000 cycles . : 10
20 12 Of4fzﬁ%he time requiring for forming the projections can ’

- be shortened in a case of utilizing a property that the CSS
5 characteristic does not deteriorate so much even if the
dens1ty of projections in the Circumferential direction of the
magnetic recording medium is made somewhat greater and the
density of projections in the circumferential.direction:is
-reduced. .
10 (5 1In a case of where sharp projections having a
" horizontal crescentlor half moon—like cross section are formed
relative to_the;running direction of the magnetic head, | |
degradation of the CSS charaCteristic under high temperature'
and high humidity can be made moderate. |
15 . (6) Also in a case of where projections each havinghan
sharp top end of a progection haVing a horizontal substantial
circular cross section are formed, the degradation of the CSS
characteristic under high temperature and high humidity can
also be moderated
20 | (7) In a case of mhere long projections having an aspect
ratio of not less.than 3.in a bottom cross section of the
'prOJection and short prOJections having an aspect ratio of
more than 1 and less than 3 in a bottom cross section of the
progection,are formed,.wearing or abrasion at the top ends of
25 the projections on. the surface of the magnetic recording
- medium caused upon high speed rotation reiative_to the

magnetic head can be suppressed by the loné'projections, and



coefficie

RN R chﬁ%gmoaeﬁfe%so 355 jer o ghe duran1 §efor

12 of CSS 9 rcunfe

ani sot rop

2.0
(8) 1In a case of applying concentric mechanical_grinding

to the data recordihg region which is advantageous to the

10

15

20

25

'recording characteristics, the recording characteristics are

'satisfactory. _ In addition, since a step between the CSS

region and data recording region is small, errors are also
reduced. Accordingly, the Css characteristic and the
recording/reading out characteristic which were in a trade off
relationship in the prior art can be made compatible.

(9) Since projections can be'formed on the surface of
the magnetic reccrding medium by irradiating the.laser heam
through the lubricaht layer, the protective layer or both of
the layers’, and locally melting or softening the surface of
the magnetic layer, under layer or the substrate, the

produCing steps for the magnetic recording medium can be

‘simplified.

(10) In a case of roughening the top of the projections

formed by the irradiation of the laser beam by the mechanical

texture, since the area of contact between the lower surface

‘of the magnetic head and. the surface of the magnetic recording'

medium is further reduced,  friction upon CSS is extremely

reduced and no sticking of =h=2 ﬂagnetic head to the surface of

the magnetic recording medi:m occurs at all, Particularly,

" stable CSS characteristics ar= exhibited also in a

_ circumstantial test under hizh temperature and high humidity.

Further, according to the recording/reading-out method of

the present invention, since the stable flying height of the

Crcunferential H - 1500 1500 1350 Hc ani sotropy
2.0 2.0 1.8 Nunber of errors 7 5 ..

-73- Table 10 (continued) 5 Conp. Cof§- Conp. Conp. Ex. 9  Ex.
10 Ex. 11 Ex. 12 Projection, ~ present absent . absent
absent Texture pattern _ ~ Ccross . ‘Cross Cross - (hbte 1)
(30[err]) (30) - (30) Center line 4 - - 0 0 100
~differenc ' :

12

} e magné g reﬁogging meq}%P 320 pe f@?gg%ed 1100 1500 Hc



Nunber of errors - _ >100 Note 1:
Concentric circle + Cross (30[err]) %A - Exanples 33 and 34 After
applying Ni P sputtering to a thickness of 100 to 150 -nmon a gl ass
substrate -of -95 mmin diameter, surface. poI i shing treatnment was applied so
as to inpart a surface 5 roughness (Ra) of not nore. than 2 nm thereby
obtai ning an Ni P under |ayer on the substrate.' .Then, after irradiating an

argon pul Sﬁaigﬁéﬁche@éa(aw%ee%fdackar h: tA884LE4T 1 QPdmf ]!\&f e -

formprojections, an internediate.layer, a nagnetic ayer, ote Ive _
film 10 su6haah ubktertad i neRY 8yl @hEed] SUECESSENS! Ya D n‘l%c%i‘&"ﬁsga |
magnetic recording nedium Table 11 Shows fhe irradiation conditions of the

| aser beanregtion heardas andeerthst maghbtibenegaubiAbe PSEESdd WS tHUr t her,
Table 11 shows the results of evaluation for the 15 magnetic recording
medi a' condpeeielct fonheo S armauerace asight Exanpsendt tdheaussS stek \wa5
~conduct ed under the condition of a head flying height of 1.6 [err] inch.
The st abl eafpighdens ifin ﬂiamrteite-ccsscoegimg deside 2cau)s:ﬂng5 rfeerst]idkdelky for

t he magnetic
can be developed



recordi ng nedia in all of the exanples. -75- Ex. 33 Ex. 34

Substrate |inear speed 1714 _g8- 163 A1714 (nnis) Laser

'|nten5|t . 110 . ver ’ |ne
1.25 Y (mN) 1.25 ([err]sec) Average proj ecti on aﬁ“l““"lﬂc“m"ﬂﬁfm _
9260 density (N [err]) Average pI‘OJ ection hei ght _ 34
(nm Melting distance ([err]n) 2.5 _ . 2. 3 Number of
aperture . 0.6 objective lens (NA) Static
friction ' 6 0.19 coefficient Frictional force

(gf) after 20, 0D0 Cy%é’g%@:flc recorc.lng ﬂ'mgdlum hav:.ng at Bdstoa
magnetlc laye:,_optlonally by meanS'of an under lavyer, on a
non-magnetic substtate, wherein‘ptojections'formed by

5 irradiation of.an energy beam and'each having a height from 1.
to 60 nm are provided at the cumber_of 102 to.log per 1 mm? on
the su:face of any cne-of the.noh—magnetic substrate, the
under layer, the magnetic layer end the magnetic fecording 
medium. | | )

2. & ﬁagnetic recording medium accoiding to claim 1,
whereihlthe height of the'projéctidns-is from 10 to 60 nm and

‘the density of the projections is from 103 to 108 Numbers/mm2.

15 3. A magnetic recording medium according to claim 1,
whereln a depre531on is formed by irradiation of the energy
beam upon formlng the prOJectlon adjacent to each of the

pro;ectlons at a scanning direction of the:energy beam,

20 . 4. _A magnetic.recording medium'according to claim 1,
wherein the projections are present in a region where a
magnetic head conducts a CéS (contact start and stop) |
operatlon and the helght of the pro;ectlons is reduced toward
a data recordlng region.

25 |

5. A magnetic recordlng medium accordlng to claim 1,
which is obtalned by 1rrad1at1ng, on a progectlon formlng

surface, an energy beam that moves relatively to said surface,



-76- Exanples 35 to 38 In Exanple 35, an internedi ate+ayer~—a-nmagnet :
| ayer and a hydrogenated carbon protecti &e | ayer were f ccess

on a glass substrate of 95 mm.in di anef & and 5 having wm M ess_
(Ra) of 2 nm In Exanples 36 - 38, an under Iayer an i I

a magnetic Iayer and a hydrogenated carbon protectlve filmwere forned
successively on the sane glass substrate as in Exanple 35. Then, in each of

the exanpl @fie i dddidisdisndeaahashbrdl HOGABIIAMNG, S50 oy e

protective | ayer and form ng projections e nagnetlc Iubrlcant

| ayer vas dw) MRSk Gh (R84 462a0liak D8nPEBRECLINE d BPTo 1BY isgpsm tlance

of the aser beamto the protective |ayer 1s about 8 % ~Irra ation of the

“laser beamwivts aypnshexird HeBmAisbot5dihRet B St LXRP! £ @G A aRQr hratnmosphere
was not forned particularly. Table 12 shows the irradiation condltlons of

the | aser bimamndlidudtyhafacher hhi-faghet 1€ $10sst A 00 ©CBI @BS1S5
Further, Table 12 shows the results of the evaluation for the 20 magnetic
recordﬁng WERR @ conducted in the same manner as in Exanple 1. The CSS test
was conducted under the condition of . : ' .
6. A magnetic recording medium having at least a
magnetic layer, optionally by means of an under'layer on a -
' non#magneticfsubstrate; wherein projections formed by
- 10. irradiation of an energy beam and each’having a height from 1
to 60 nm are prov1ded at the number of 102 to 108 per 1 mm2 on
‘the surface of any one of the non—magnetlc substrate, -the
under_layer, the magnetlc layer and the magnetlc recordlng
medlum, and a depre531on formed by 1rrad1atlon of the energy

15 beam is present adjacent to the bottom of each of the

projectlons at a scannlng direction of the'energy beam.

7. A magnetic recording medium according to claim 6,
wherein an average area of a figure surrounded with a contour
.20 line at a height 1 nm below the top of each of the projections

is not more than 2 Mm2 .

8. a magnetic recording medium_according'to claim 6,
wherein an.average area of a figure surrounded with a contour
25 line at a height 1 nm below the top of each of the projections
is ‘not more than 2 um?, and the average area of a flgure
surrounded w1th a contour llne at a half helght of the

o pro;ectlon is not more than 10 um?



a head flying height of 1.6 [err] inch. The stable_flying height in the CSS
region was 1.2 to 1.6 [err] ‘inch for the mag netrc recording nedia in al

of the exanples. -77- Table 12 Ex. “38~ Ex. 36 ﬂ;t" ﬂuw!ﬂ""m strate
| i near speed - 1600 1600 °~ 1600 1600 ( ,mgrty -
(M) 110 113 110 ° 90 Average 1rradiat'on®ti‘fre -
0.62- - 0.62 1.24 0.62 . ([err]sec) Average projection density . 9260
9260 - 4630 9260 (N mMR2) Average projection height 32 31
32 21 (nm- Cbntour line area (1) ([err]) 0.11 0.14 0. 34*

0. 23 ‘Nunber of pert |
d € clai 66,0bj ective
| ens (NA) Inj urg of pr rpéttlicverﬁcé)réirlgg mﬁgrligm aéﬁ%ﬁem& non% 2% none Static -

;;Lctlon CQﬁéiéfﬁf%H avé%ééé aré@ %% a f@g@ge sugkéﬁhégd(ﬂlﬂﬁuﬁ dﬁﬁﬁbﬁr(gf)

line at a helght 1 nm below the top of each of the pro;ectlons
5 is not mOre than 2 pm2, and a~f1gure surrounded w1th a contour
line at a half height of the progectlon has such a shape that.
a length orthogonal to the scanning dlrectlon of the energy
beam is greater than a length at the scanning dlrectron of the
enerqgy beam. | | |
10 |
10. A magnetic recording medium according to cléiﬁ 6,
wherein.an everage area of'a figure surrounded with a contour
line at a height l.nm below the top of each of the projections
is not morélthan_z umz, a figure surrounded with a contour
'15.- line at.a'half height. of the projectien has such a shape that
a length erthogenal to . the scenningldirection of the_energy
‘beam is greater than a length at the scanning direction of the
energy beam, and a figure surrounded with a contour line at a
half height of the'projection has a half moon-like or

20 crescent-like shape.

.1;. A magnetic_recerding medium aCcprdinq to claimﬁG,
wherein_en average'area of a figure surreunded with a contour
line at'a'height 1 nm below the top of each of the projections

-25 is not more than b S'umz an area of a figure surrounded w1th
a ccntour line at a half height of the projection is not more

than 3 um?2, end_a cross section of the projectlon in parallel



20,000 cycles of CSS 5 (Note) *: Cross sectional m‘st—ante—l—n—a—m—m“rl on
per pendi cul ar .to the | aser bean1scann|ng direction 39 -
and Conparative Exanple 14 After plating N P (heat’ mmm’mummm"ml)ut 100
Watt/nK) to a filmthickness of 10 [err]mon an Al substraterofs 95 mmin
di aneter, surface polishing treatnent was applied so as to 5 inpart a

surface roughness (Ra) of not nore than 2 nm thereby obtaining an Ni P

under |ayef;qp dfae s%f%fcre%% tRBCRagRBe A PAkSRI AP He ISAMNUAS o 1 1 adi at ed

to the CSSregion in a.radial range from 18 to 21 mm.at an i nner

ci rcunf er enassifndikg 1suRkSt-atgrt enfgem projections in a spiral 10 pattern
at 10 [err]m-pitch onthe surface of the NiP |ayer, under each of the

conditions at a laser beamintensity of 163 mW for an average irradiation
time of 0.6 [err]sec at a substrate linear speed of 1714 nfsec, with a spot
di aneter (1.22 Izs.rr]a( NEgnaft it @Gecerd)nyt nedine ha 848t difnee reer g;la(m( [6err]) is
concentrated 15 (wherein NA represents the nunber of aperture of.a
condens§i ngmm;&am P Jegtsonss ele bassenbetm)a refiomdvewighhaof the Ar

magnetlc head conducts CSS (contact start ‘and stop) operation

13. A magnetic recording_medium according to claim 6,
'wherein projections are ptesent in a :egiOn'in which a
10 magnetic head-conducts'CSS (contact start and stop) operation,
- and the height of the projections is reduced toward a data

recording region.

14. a magnetic recording medium according to claim 6}
‘15 wherein'projectionsdafe present in a region in which a
| magnetic head conducts CSs (contact.start and stop)'operation;
and the den31ty of the projections is reduced toward a data

recording region

20 : iS; A magnetic recording medium accotding to claim 6,
wherein projectigns are present in a region in which a
magnetic head conducts CSS (contact start and stop) operation,.
and the height of the projec-:.on and the density of the
projection are reduced towar.i a.data_recording.region.

25 |

16. A magnetic recordi:g medium according to claim 6,

wherein an aspect ratio (major axis diameter/minor axis



pul se | aser beam used was at 488 nm After formng the ectlons by t he

| aser "beam mechani cal texture was formgg on the sur ﬂﬂﬁ' leﬂmuﬂmayer _
20 C|rcunferent|ally t.o the substrate surface so as shi ng
anount as descri‘bed in Table 13 by using a free di anond grlndlng Spafticles

of about 1 [err]mgrain size. Then, an internediate | ayer, a magnetic
| ayer, a protective layer and a- Iubricant | ayer were successively 25

formed on &hemdi&r) ayera t&dysoélé%%lennagneﬁécb%@@%dcsﬁgc dizysectakie 13 -

shows the irradiation conditions of the | aser beam and the “characteristic
of the resustest Id€¥ eddpp. -79- Further, Table 13 shows the results of
eval uation for the nmagnetic recording nedi a conducted I n the sane nmanner as
in Exanple 1. The CSS test was conducted under the condition of a head
rising ampunt of ‘1.6 u inch. The stable flying height 5 in the CSS
region was 1.4 1ferra magﬁeﬁxn‘ndmarmaggemedlumcacdor@umgxhdiclaxﬂI6 of the
exanples
5 wherein long projections 1n.wh1ch an aspect ratio of a cross
section at the bottom of the projection is not less than 3,
and short pro:ectlons in whlch ‘an aspect ratlo of a cross
sectlon at the bottom of the pro;ectlon is more than 1 and
. less than 3, are present in a region in which a magnetlc head
10 conducts CSS (contact start and stop) operation, the long
projecticns are present at_a'greater'ratio in the CSS region
neighboring a data recording region, the short projections are
present at-a greater ratio:in_the_CSSIregion neighboring the

inner circtmference of a disc, and the height of the

15 projections is'reduced_tcward the data recording region.

18. A magnetrc recordlng medlum hav1ng at least a
magnetic layer, optionally by means of an under layer, on a
disc—like non-magnetic substrate, wherein concentric
20 fabrication traces are formed by mechanlcal texturing on the
surface of the non-magnetlc substrate or the surface of the
_under layer, and projections are formed by_lrradlatlon of an
energy beam on'the surface any one'of the non-magnetic
substrate,.the under layer, the magnetlc layer and the
25-_ magnetlc recordlng medlum of a CSS (contact start and stop)

region.



~80- Table 13 5 Ex. 39 Ex. 40 Ex. 41 Conp. E i near

speed , 1714 1714 1714 1714 (mm's)
163 163 163 - 163 Average t93%adi-ati on Iiﬂ&! wunli Mﬁ",
0.6 0.6 ([err]sec) Average projection density 9260

9260 (N/[err]) Average projection hei ght - 30

35 (nm) Nunber of aperture of : 0. 6 ' 0 6 0 6
"objective |l ens (NA) _Ginding anpbunt 0-03 0. 03
<Nor nal tenperé't reh H‘GHF%&F%HUH?G?WEJ‘T%%%%‘W rﬁ%ciqr g to claim 18, (%

0. 24 '
10 re1n t% aﬁg ggggg%hgbéﬁ%io A foG%genpé%ature Sg[nm %

hum di ty é%e density of the projections is from 10 to 108 Numbers/mm?2.

5 - 20. A method of producing a magnetic recording medium
haVing.at least a'magnetic layer, optionally by means of an
~under layer, on a_nea—magnetic substrate, which comprises
.1rrad1at1ng, to.the eurface of the non*magnetic substrate; the
magnetlc layer, the under layer or the magnetlc recording
10 medlum, an energy beam that moves relatively to said surface;
locally melting said surfaee under such a cenditien-that.a
-melting width in a'direction erthegonal.to the relative meving
directien of the energy_beamtOn said surface is less than 5
pum; forming proﬁectioﬁs on said surface; and then forming
15 required films of the under layer, the magnetic layer or a

protective layer..

21. A method aecording to claimt20, whereiﬁ the energy

‘beam is a pulsed laser beam. |
20 .

22. A ﬁethod aeeording to claim 21, wherein a pulsed
laser beam is irradiated to ‘the surface of the non- magnetlc
substrate, the magnetlc layer or the under layer under the
conditions at a laeer beam power of not higher than 500 nW,

25 fortan irradiation time per once of not more than 5 HUsec, with
a spot diameter on the irradiation surfade'of'not more.than'S

pm, and at a relative moving speed of not less than 1 m/sec.



Static friction: 0.20 0. 27 5 15 0. 25 coefficient
Frictional force (gf) 6

21 after 20,000 cycles of CSS. -81 E&arrpl e 42 Jﬂl’lﬂﬂuﬂ“mﬂuﬁmwl e 14

Mechanical texture treatment was applied to an Al 95 nmin

di aneter and coated with an N P under |ayer, so as to “npart" a Ssurfface '

roughness (Ra) of not 5 nore than 2 nm Then, after |rrad|at|ng a Iaser

beam and .f or m pr ectlo s on the Ni terne iate. | a er
magnetic | ayer, aFS?éHlﬁﬂdta ?i&ﬁmcéﬁh
successrveky r uce a gnetlc r ecor

n um, -
ool ot oM e 8 a5 FBa i fagREr S S b lor Ths. upsss, E%Y?o o mm
fromthe cg h b a defi ned as the CSS region. The
intensity g?gﬁﬁ:gFEEE$' ga?%&eggc langed from 165 mMWto 260 mWas the radi al
di stance fromthe center of the substrate was reduced, to decrease the 15
hei ght of the projections toward the outer circunferential direction of the

substrate. 24. A method according to claim 20, wherein the

irradiation of an energy'beam is carried out on the surface of
the non—magnetic substrate or the under layer.to form
progections on the surface of the non magnetic substrate or.
the under layer, then appiying mechanical-texturing is applied
10 - tolthe surface of the nonfmagnetic substrate or the-under
'layer; and required films_of the under layer, the.magnetic
recording layer or_the_protective'layer are formed |

 subsequently.

i5 - 25.‘ A method according to claim 24;.Wherein the energy
beam is a pulsed:laser heam, and the'scanning'distance of the
pulsed laser beam'in an irradiation time for once at the
surface to be irradiated is not less than 1/2 of the spot
diameter of the pulsed laser beam.

20 |

| '26. A method according to claim 24, wherein the energy

beam is a pulsed‘iaser beam at a laser'beam power of not
'higher than 500 mW, an irradiation time for once is not more
than 5 usée, and a spothdiameter of a condensed beam at the

25 surface to be irradiated is not more than 4 pm, and the laser
beam is:scanned relatively at a scanning velocity'of-not less

than 1 m/sec relative to the irradiated surface.



I'n Conparative Exanple 14, after applying texture_to inpart Ra of about 2
nm by a conventional nechani cal texture nethod, not;.a I'ng i rradiation of
the laser beam to an Al .20 substrate tf#ving 95 n IIH) ﬁ . Hﬂ"ﬂl ted with
the Ni P under layer, an internediate |ayer, a nagn tective
filmand lubricant | ayer were fornmed successively. Tabfe 14 shoms *t he
irratiation conditions of the | aser beam and the characteristic . of the
resul t ant prOJectlon 25 . Further, Table 14 shows the results of eval uation
for the magneti é7 recérGﬁﬁboﬁe@¢%9€§ﬁﬂﬂuHQxfMQ¥WI%érsgﬁérﬁ&HnEPeage?E Exanpl e

1. The CSS test was, conducted under the condltlon of a head f |ng hei ght
of 1.6 [erFPnfiHEElVlweOEtfalb? PR i RIPSTEEES. OF nthfey 'a%%f |

vari ed continuo sI ween A [err] inch. In the magnetic _ _
recordi ng nédfB F éﬂ%?e1%$1W3¢¥ M -oppi ng position for the magnetic head
Is wthin a radial. range from 19 to 20 mm of the magnetic recording

medi um the nagnetic head noves little by little to the outward:

si nul t agieousl y wigt h hhﬁeﬁﬂbgtb@npmdaéﬁg@meatgn%t&%ceeebaalﬂsdﬂnamuand the

magneti c head arrives at and ri'ses from
having at least a magnetic layer and a prqtectlve.layer on the

surface of a non-magnetic subStrate, an under layer being
optionally disposed betweén_the non-magnetic substrate and.
magnetié la?er, and a lubricatiné layer being optionally-

10 disposed on the protective.layer, which,comprisés irradiating'
an energy beam on the surface of tﬁe protective'layer,or the.
lubricating layer,'to_mélf’or Sbftén the surface of the
magnetic layer, the ﬁndér.layer or the non-magnetic substrate
by locally heating the samef thereby forminé projections on

15 the magnetic layer, thé prdtective layer, the under layer or

the substrate.

29. A'method according to claim 28, wherein a portion'of
the magnetic recording medium to be irradiated is put under an

20 inert gas atmosphere upon laser beam irradiation.

30. A method according to claim'28, wherein the energy
beam is a laser beam and the light transmissivity of the
protective layer or the lubricating layer;relative to the

25 irradiating laser beam is not less than 50 %.

31. A method according'to claim 20 or 28, wherein the

laser beam is a pulsed beam, and the projections are formed



B

radial position from20 to 21 mm when the nagnet ic—+ecordi-ng 10 —nedi um’l Ce

reaches a stable rotational speed (5,400 rpm. : «<4hen the '
magnetic head is to be stopped, the numRé of rot |m1m|§l‘ﬂ tic
recording nediumis lowered in a state where the r sSisuates in

a radial range from20 to 21 mmtill .the magnetic head is brought in to
contact 15 wth the projections of the magnetic recordi ng nmedi um _
Subsequent |y, the'nagnetic,.head is noved tqQ a radi al gosition %ron&lQ to 20
mm bef ore PRESFabhEt FROAEELIRS ddafed FRAINIRY. PATBBFEPRGFS) JeFtRSIF the
static frigtio effici : he o Kicct | fogcC : ,200

cycl es of S W@aﬁ er%tgqel gchhf)avh:/l \ydlzl?éshgtgggl%agig?ﬁ]géo%elrﬁgoﬁag %g's%g to 20
nm Fromthe jresult ti ghet.l rdj i@ shown
" abl e 14LaER R BpBte SRty Plhnd¥es B HUUTEREE ERR' 08 SRE P SN

conti nuous&&g&:@géﬂ@s@?&éfg&% \{]ée%m%tﬁl;%egﬁqeﬁgi D9 SRAbLLL | %ﬁ%{m{ e 42

causes neit st I Nng nor the contrary, in e case

of the grmopebi supsepsEE NG FELE4M i n Conparative Exanple 14, driving was
st opped by adsorption at 750 cycles of the CSS test. -83- Table 14
32. A method according to claim 20 or 28, wherein the
projectidns are formed in a region in which the magnetic head

conducts CSS (contact start and stop) operation.

10
33. A method according to claim 20 or 28, wherein the
laser beam is irradiated at a power reduéed toward a data
recording region.
15 34. A method according to claim 20 or 28, wherein

projections each having a height of-1 to 100 nm are provided

at the number of 10 to 108 per 1 mm?.

.35. A method according to claim 34, wherein the height

20 of the projections is from 1 to 60'nm.

36. A method according to claim 20 or 28, wherein an
average area of a figure surrounded with a contour line at a
height below 1 nm the top of =2ach of the prdjéctions is not

25 more than 2 um2.

37. A method according to claim 20 or 28, wherein the

height for each of the projections is 1 to 60 nm and the




Ex.- 42 Substrate |inear speed (M s) 1714 Laser—tntensity—{mm)

1650[ err] 260 Average irradiation tine ([err]sec) ' o
proj ection . density ) 9260 (NTerr]) Averaimlmmnﬂwﬁlpmi ght
L .

(nm .~ 5Slerr]56 Contour line area (1) ([err]) '+ ¢ err]0.08
Nunmber of aperture of objective 0.6 lens (NA) Static friction
coefficient ' 0.12 Frictional force (gf) after-

3
20, 000 cycles of CSS.,5 = -84- According to, the magnetic _recording di um
2nd the Me@SBENERERGr (PAIRE AR HANCEATR 1H AHEG Adart CLAVEREFOnOTt RBSS
foll owi ng advant ageous effects can be praquided. (1) .An area of .cont
bet ween thén¥%ﬁk5%§§gP§c8Logg?h%gﬁﬁﬂﬁe #gﬁﬁ% 5CQ%§kﬁﬁg %Erﬁggelsgstﬁgén
nagnetic.rqpording-nediun1is reduced, thereby extrenely decreasing the
friction upon CSS . '
5 38. A method according to claim 20 or 28( wherein the
cross sectional length of the ﬁrojection in a direction
orthogonal to the scanning direction of the energy beam is not

~more than 1 um at a position 1 nm below the top.

10 39. A method according to claim 20 or 28, wherein the

energy beam is scanned spirally.

40, A method'aécording-to élaim-zo or 28, wherein the
.~ height of the projection is reduced toward a data recording

15 region.

41. A method according to claim 20, wherein a depression
is formed by irradiation of the energy beam upon forming the
projections-édjaéent to éach of the projections in contiguous

.20 with said projectiop at the scanning direction of the ehergy

- beam.

42. A recording/reading-out method of writing and
reading data-to and from a magnetic medium by a magnetic head
25 Dby a contact start and_stop (CSS) systen, whereih'the magnetic
| medium has projéctiOns in a CSS region in which the'mégnetic
head conducts a CSS operation, the ﬁeight of the projections

being reduced toward a data recording region, the magnetic




operati-on 'and, -furt'h.er, sticking of the magnetic head—to-the 10 —surface of N

. the magnetic recordi ng nmedium can al so be prevent ed, " case of
forming the projections only in the CSS'?%'gi on of “}'H!Jmmlmﬁumll t he
average hei ght of the surface is substanti.ally equal *between e data :
recording 15 region and the CSS region by applying nechanical texture

uniformy to each of the regions. Therefore, when the magnetic head seeks
between the datq recording region and the CSS, region,.the stable flying

hei ght of S’r‘?@%ﬁ’?ff’c ﬁe’gael gggn??hﬁt%’aﬁ%s?n%a ¥y S ﬁ'Z\re hedg® I’thh nor
i nst abi | i zat,i gn .of e_h in_the, ; . S nee .t he . hei ght.
proj ecti ongallosrc tl%e tggnglgs yrgggg?of’%c‘fﬂ %)%gaﬁc]gonj ({)czc)lcoélngt %gl _Iae?i‘gégﬁ'tt h2§W8£

appr oach €. e (Jal 8,keaLdn0gsheol e ndAgRSTd & AL 520 gRésknbebyeen hhe

data recording region an reglion ‘extrenely snoot n25 this

case, sinceddelfyiion HAtheay b?@?@ﬁcé%ffﬁgé&ﬂﬂ@ nelibhdoe ihbaws by
mechani cal texture for the inprovenent of S in the data recording region,

the flykng hejidH iof whieh the8profeepeshs Awadwaverhs raduchd magndate
errors due to the _ ' ' _
head stops stationary in a €SS region. in which projections
each having é heighf-greater than the average height of the

projections are present.

10 43. A récording/readihg—out method according to claim
42, wherein the maximum héight of the projections is not more -
thén 200 nm, the density of the projectioné is from 10 to 106.
Numbers/mm2, and tﬁe radiél average slope:of ﬁhe projection
height from the inner circumference to the outer circumference

15 of the disc is not more than 0.0001.

44. A recording/reading-out method according to claim
42, wherein the average area for a figuré:surrouhded with a
contour line at a height 1 nm below the top of each of the

20 projections is not more than 2 WmZ.



éurfaéé flaws can al so bé'fedUCEd (4)  The tinme requiring for_formng the

proj ections can be shortened in-a case of . utilizing a propert AE?H§§%EEN
5 - characteristic does not deteriorate 9 nuch even if the de%ll{in

_ ; PLACED
prolectlons inthe circunferential direction of the magnetic e =
nmedi umis made sonmewhat greater and the density of projections in the
circunferential direction is reduced. 10 (5) In a case of where

sharp proj g al crescent or half noon-like cross
section are Funning direction of the magnetic head,

Seorain Fon o e G ﬁ%géﬁﬁew%a&ﬂ%g%%@gée Bl o

hunldlty can be nad erat

proj ecti ong, RAGY la%vuegsenasmaéﬂew@ B Of bidRiaaal eg h@¥h8908 an
hori zontal substantial circular cross section are formed, the degradation

of the CSSmiiradiagerst be HNHEA-RAGRet BEPANtHR ANGhRIr@nhpRbEEEYi6RE al SO
be noderated. 20 (7) In a case of where.long projections having an -
aspect pat iforefedbly Lesadilenod 68 &n berid 0y Wensis aseCieeh nhviihg aroj ection
and short projections having an aspect ratio of nore than 1 and |l ess than 3
in a bottormedgbds fyeot LohooB0t e arejmEoivictedirat frivermadmbeeapiEngodrtabr asi on
at the top ends of 25 the projections on the surface of the magnetic.

recordi ng 10 per 1 mm2 on the surface of any one of the non-magnetic
substrate, the under layer, the magnetic layer and the

magnetic recording medium.
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medi um caused upon high speed rotation relative to t netic_head can be
suppressed by the | ong projections, and -86- the &l
projections, that is, the durability of the nagnetic ri@ord@ggAgéapgﬁwc n
be inmproved. (8) In a case of applying concentric m
the data recording region which is advantageous to the 5 recording
characteristics, the recording characteristics are satisfactory. In
addition, since a step between the CSS region and data recording region is
small, errors are also reduced. Accordingly, the CSS characteristic and

t he recordi ng/readi ng-out characteristic which were in a trade off 10
relationship in the prior art can be made conpatible. (9) Since

proj ections can be fornmed on the surface of the magnetic recordi ng nedi um
by irradiating the | aser beamthrough the |ubricant |ayer, the protective
| ayer or both of the layers'; and locally nelting or softening the surface
of 15 the magnetic |l ayer, under |layer or the substrate, the producing
steps for the nagnetic recording nmediumcan be sinplified. (10) In a case
of roughening the top of the projections

(nm)
+100

-40

FIG.1
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formed by the irradiation of the |aser beam by the nmechanical 20 texture,
since the area of contact between the | ower surface of the magnetic _he
and the surface of the nagnetic recording mediumis f e

friction upon CSS is extrenely reduced and no sticki n@ l’gké E_ %%q%ElEgl flead
to the surface of the magnetic recording nedium occu |

Particularly, 25 stable CSS characteristics are exhibited also in a
circunstantial test under high tenperature and high hum dity. Further
according to the recording/readi ng-out nmethod of the present invention,
-since the stable flying height of the -87- magnetic head can be reduced
in the data recording region to such an extent as defined by the glide in

t he data recording region, and since the nmagnetic head can be stopped on

t he projections (Wmpa noderate height so as not to cause sticking, 5 a high

>R}

1

density nagnet|c+ﬁg§oxding devi ce causi ng no sticking can be devel oped.
VWHAT | S CLAI MED
+65 -
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1. A magnetic recording medium having at |east a nagnetic |ayer,
optionally by neans of an under |ayer, on a non-nmagnet

projections fornmed by 5 irradiation of an energy bea amis%ﬁhﬁé B@Ni
height from1l to 60 nmare provided at the nunber of [lerr] REPLAGED per
[err] on the surface of any one of the non-nmagnetic SUbSTFETE—TITC—OTrorera
| ayer, the magnetic |ayer and the magnetic recording nedium 10 2. A
magneti c recordi ng medi um according to claim1, wherein the height of the
projections is from10 to 60 nmand the density of the projections is from
[err] to [err] Nunbers/[err]. 15 3. A magnetic recordi ng nmedi um
according to claiml1l, wherein a depression is forned by irradiation of the
energy beam upon form ng the projection adjacent to each of the projections
at a scanning direction of the energy beam 20 4. A magnetic
recordi ng nmedi um according to claim1l, wherein the projections are present
in a region where a magneti c head conducts a CSS (contact start and stop)
operation and the height of the projections is reduced toward a data
recording region. 25 5. A nagnetic recording nmedi umaccording to claim1,
which is obtained by irradiating, on a projection-formng

(nm)
+100

-40

= /' 2.0um

FIG.4
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surface, an energy beamthat noves relatively to said surface,
under the conditions at an energy beam power from 50
average irradiation time fromO0.05 to 100 [err]sec,
spot dianeter fromO0.2 to 4 [errlmand at a linear v
non- magnetic substrate fromO0.8 to 15 5 mnisec. 6. A™hmagnetic recordlng
medi um having at | east a magnetic |ayer, optionally by neans of an under

| ayer on a non-nagnetic substrate, wherein projections formed by 10
irradiation of an energy beam and each having a height from1l to 60 nmare
" provided at the nunber of 102 to 108 per 1 mm2 on the surface of any one of
the non-nmagnetic substrate, the * under |ayer, the magnetic |ayer and

t he magnetic recordi ng nmedium and a depression formed by irradiation of
the energy 15 beamis present adjacent to the bottom of each of the
projections at a scanning direction of the energy beam 7. A magnetic
recordi ng nmedium according to claim®6, wherein an average area of a figure

surrounded with a contour 20 Iline gt a height 1 nmbelow the top of each
of the projections is not nore thﬁh\ [err];.
© }
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8. A magnetic recording nmediumaccording to claim®6, whe eﬂﬂs%@&@Y@Wﬁ%ﬁEN
area of a figure surrounded with a contour 25 [line at a [pei ghtpgpiNagis! o

the top of each of the projections is not nore than 2 [ertds

average area of a figure surrounded with a contour line at a half height of
the projection is not nore than 10 [err]. -90- 9. A magnetic recording
medi um according to claim6, wherein an average area of a figure surrounded
with a contour line at a height 1 nmbelow the top of each of the
projections 5 is not nore than 2 [err], and a figure surrounded with a
contour line at a half height of the projection has such a shape that a

| engt h orthogonal to the scanning direction of the energy beamis greater
than a length at the scanning direction of the energy beam 10 10. A
magneti ¢ recordi ng medi um according to claim®6, wherein an average area of
a figure surrounded with a contour line at a height 1 nm below the top of
each of the projections is not nore than 2 [err], a figure surrounded with

a contour 15 |ine at a half height of the projection has such a shape that
10
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a length orthogonal to the scanning direction of the energy beamis greater
than a length at the scanning direction of the energy beam—and—a-figure
surrounded with a contour line at a half height of the projjetHiS@HEEHAS BEEN
hal f moon-1ike or 20 <crescent-like shape. 11. A nmagneti c{recor HEPGACEDI um
according to claim6, wherein an average area of a figure SHFFroUROCO VT H—o—
contour line at a height 1 nmbelow the top of each of the projections 25

is not nore than 0.5 [err], an area of a figure surrounded with a contour
line at a half height of the projection is not nore than 3 [err], and a

cross section of the projection in parallel -91- with the surface of the
magnetic recording medi um has a substantially circular shape. 12. A

magneti ¢ recording nediun1accordin%gto ckggp1ﬁf—5~lhherein projections are
present in a region in which a nagfdti c head iconduct $3CSS (contact start

and stop) operation. 13. A magnetis recordidg pet"um according to claimé,

wherein projections are pre;nr‘g;y 7S (0 A nmagnetic head
conducts CSS (contact start o‘/. ’ hei ght of the

projections is reduced to ‘ﬁft

FIG.7(b)

2 17 16

FIG.7(c)
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o~

recording region. 14. A magnetic recording nedium according to claim®6, 15
wherein projections are present in a region in which a magnetic_head

conducts CSS (contact.start and stop) operation, and the densiff ’
projections is reduced toward a data recording region. 20 %}@%iﬁf gg%BEEN
magneti c recordi ng nmedi um according to claim®6, wherein projedk :

present in a region in which a nagnetic head conducts CSS (contact start
and stop) operation, and the height of the projection and the density of
the projection are reduced toward a data recording region. 25 16. A

. magnetic recording mediumaccording to claim®6, wherein an aspect ratio

(maj or axis dianmeter/ mnor axis dianeter) of a cross section at the
bottom of the projection is not less than 2. 17. A magnetic recording

medi um according to claim®6, 5 wherein |ong projections in which an aspect
ratio of a cross section at the bottomof the projection is not |ess than
3, and short projections in which an aspect ratio of a cross section at the
bottom of the projection is nore than 1 and

This Sheet Has Been Reilaced :
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|l ess than 3, are present in a region in which a magnetic head 10 conducts
CSg. (contact.start and ‘stop) operatlon the 1 ong projeq;

a greater rafio in the CSS region neighboring a data recBEBLﬁ@EME T SHEET
short projections are present at a greater ratio in the S r2@ MAR EBB
nei ghboring the inner circunference of a disc, and the QF ht---of-t-{re-*15
projections is reduced toward the data recordi ng region: — Amagnetic
recordi ng medi um havi ng-at | east a nagnetic |ayer, optionally by nmeans of
an under |ayer, on a disc-like non-magnetic substrate, wherein concentric
20 fabrication traces are fornmed by nmechanical texturing on the surface of
t he non-nmagnetic substrate or the surface of the under |ayer, and '
projections are formed by irradiation_df_an energy beam on the surface any
one of the non-magnetic substrate, the under |ayer, the nagnetic |ayer and
the 25 nmagnetic recordi ng nmediumof a CSS (contact start and stop) region.
-93- 19. A negnetic recording nedi umaccording to claim18, wherein the
hei ght of the projections is from1 to 100 nmand the density of the
projections is from 10 to 108 Nunbers/ m®.

(nm)
+100

FIG.1



5 » 20. A nmethod of producing a nmagnetic record
| east a nagnetic |ayer, optionally by neans of an undg
non- magneti ¢ substrate, which conprises irradiating,

non-magneti c substrate, the magnetic layer, the under(l

y = EH
|l ocally nelting said surface under such a condition that a neltlng MAdth in
-a direction orthogonal to the relative noving direction of the energy beam
i on said surface is less than 5 [err]; formng projections on said surface;
+and then formng 15 required filns of the under |ayer, the magnetic |ayer
or a protective layer. 21. A nethod acéording to claim20, wherein the
energy beamis a pulsed | aser beam 20 22. A nethod according to claim 21,
wherein a pul sedg] |ﬂfer beamis irradiated to the surface of the
non- magneti c subgtrate the magnetic |ayer or the under |ayer under the
conditions at a 398 beam power of not higher than 500 nW 25 for an
irradiation tinme per gnce of not nore than 5 [err]sec, with a spot dianeter
on the irradi ati om88ugface of not nore than 5 [err]n1 and at a relative
novi ng speed of not |lgss than 1 nisec a
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-40 -
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-94- 23+ A method according to claim22, wherein th ?LA§ Q of

t he.non- magneti c substrate or the under |ayer is not E § ggéggg / K.
5 24. A nethod according to claim20, wherei{p t@p A n gf an
energy beamis carried out on the surface of the no -E@ A8t ¢ SRSt rate or-
the under layer to formprojections on the surface of the non- magneti c
substrate or the under |ayer, then applying nmechanical texturing is applied
10 to the surface of the non-magnetic substrate or the under |ayer, and

. required films of the under |ayer, the magnetic recording |ayer or the
protective |ayer are formed subsequently. 15 25. A nethod according
to claim 24, wherein the energy beamis 3 pulsed | aser beam and the
scanni ng di stance of the pulsed | aser beamin an irradiation.tinme for once
at the surface to be irradiated is not less than 1/2 of the spot dianeter
of the pul sed | aser beam 20 26. A nethod according to claim 24, wherein
the energy beamis a pul sed | aser beam at a | aser beam power -of not hi gher
than 500 MW an irradiation tine for once is not nore than 5 [err]sec, and
a spot dianeter of a condensed beam at the

(nm)
- +100

-40

//20um

FIG.4



25 surface to be irradiated is not nore than 4 [err]m and the | aser beam
is scanned relatively at a scanning velocity of not |less than 1 nisec
relative to the irradi ated surface. -95- 27. A ngFrotoceordr 1
claim 24, wherein the heat conductivity of the non- 1gﬁ§PLﬁf§Fﬁ§§ﬁEﬁ§To
the under layer is not nore than 100 Watt/nK. 5 28. h of
produci ng a magnetic recordi ng medi um having at | east]| Bal®agneti-c-l-ayer fnd
a protective layer on the surface of a non-nagnetic substrate, am under

| ayer being optionally disposed between the non-magnetic substrate and
magnetic | ayer, and a lubricating |ayer being optionally 10 disposed on
the protective |ayer, which conprises irradiating an energy beamon the
surface of the protective layer or the lubricating layer, to nelt or soften
the surface of the magnetic |ayer, the ugder |ayer or the non-magnetic
substrate by locally heating the sane, tfrereby form ng projections on 15
the magnetic | ayer, the protective |ayer, the under |ayer or .the substrate.
29. A nethod according to claim 28, wherein a portion of the nagnetic
recording nmediumto be irradiateduif put under an

—
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20 inert gas atnosphere upon | aser beamirradiation. 30. A nethod
acgording to claim28, wherein the energy beamis a k d—th
light transm ssivity of the protective |ayer or the ' !
relative to the 25 irradiating | aser beamis not | es§
met hod according to claim20 or 28, wherein the rasel cank i&
beam and the projections are forned under the cofidCLLad
scanni ng paraneter (P) defined as: P = [err]V/IDis not |ess than 0.25,
wherein [err] represents a pulse width, D represents a dianeter of a |aser
beam spot and V represents a relative velocity between the | aser beam spot
and 5 the substrate surface. 32. A nethod according to claim20 or 28,
wherein the projections are forned in region in which the magnetic head

conducts CSS (contact start and stop) ation. 10 33. A nethod according
to claim20 or 28, wherein the laser beamis irradiated at a power reduced
toward a data recording region. 15 34. A nmethod according to claim

20 or 28, wherein projections each having a height of 1 to 100 nmare
provi ded '



at the nunber of 10 to [err] per 1 [err]. 35. A nmethod_according to claim
34, .wherein the height 20 of the projections is from T oA

met hod according to claim20 or 28, wherein an average |ja gg. ?EMENT§UE§T_'

tod & M f i

© Ml

|

surrounded with a contour line at a height below 1 nm hﬁé M&ﬁbﬂﬁﬁ
the projections is not 25 nore than 2 [err]. 37. A nmetha cordtn
claim20 or 28, wherein the height for each of the projections 1S
nm and t he -97- aspec¢t ratio (mjor axis diameter/ mnor axis diamneter)

of the cross section at the bottom of £he projection is not less than 2. 5
38. A nmethod according to claim20 or 28, wherein the cross sectional

| ength of the projection in a direction orthogonal to the scanning
direction of the energy beamis not nore t hain 1 [gyr] at a position 1 nm
bel ow the top. 10 39. A npphod &Tbriding 0 o ai m 20 or 28, wherein
t he energy beamis scanned spirall according to claim 20 or.
28, wherein the height of 5 ' oyard a data recording

~t.0-

2 17 16



15 regton. 41. A nethod according to claim?20, wherein a depression is
foraved by irradiation of the energy beam upon form ng the =
adj acent to each of the projections in contiguous 20 wth PAAGEMENT SHEET b
at the scanning direction of the energy beam 42. A recordjng/r i oior
met hod of witing and reading data to and froma magnetic _feu%glyngﬂmo __
magneti c head 25 by a contact start and stop (CSS) system Whererm the—===x
- magneti c medium has projections in a CSS region in which the nagnetic head
- conducts a CSS operation, the height of the projections being reduced

toward a data recording region, the magpetic = -98- head lowers to the
magnetic disc and rises fromthe nagnetisc disc in the CSS region in which
projections at a height |ower than the average height of the projections
are present or in a CSS region with no presence of projections neighboring
a 5 region in which the projections are present, and the magnetic head
stops stationary in a CSS region in which projections each having a hei ght
greater than the average height of the projections are present.




10 . 43. A recordi ng/readi ng-out method according to claim42,
wherein the maxi mum hei ght of the prOJegéions i's not noreykan-—200 nm the
density of the projections is from 10 t0” 106 Nunbers/[err ], REPCACERERREHE 7
average sl ope of the prOJectlon helght fron1 t he i nner circunferzp?thR '

F an Q. oooq Detd:.. 2. 5.0 b i
recordlng/nﬁa,t~ AND RECORDIN SADINIG] mhere-ﬂ=the=aﬁ£""“° """ il
area for r n ' cont our I|ne at a hei ght 1 nim bel ow t he
top of ea € projectrons is not. more than 2 [err].

The disclosure describes a magnetic recording medium

having at least a magnetic laygr} optionally by means of an
under layer, on a non-magnetic substrate, wherein projections
5 formed by irradiatién of an energy beam and each having a
height from 1 to 60 nm aré provided at the number of 102 to
163 per 1 mm? on the surface of any one of the non-magnetic
substrate, the under layer, the magnetic layer and the

magnetic recording medium.

Figure 1



