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MAGNETIC DISC AND DATA WRITING/READING-OUT METHOD

BACKGROUND OF THE JINVENTION

The present invention relates to a magnetic disc and a
data writing/reading-out method, and more specifically, to a
magnetic disc for conducting data writing/reading-out by a
contact start and stop {CSS) system, as well as a data’
writing/reading-out method.

Usually, writing and/or reading-out information to/from a
magnetic disc is conducted by a magnetic head. In a hard disk
drive, the magmetic d:.sc is rotated at a high speed to fly the
magnet:l.c head In the magnetic disc, mechanical polishing is
applied substantially concentrically with a circun_tferential
direction of a magnetic disc to form a fabrication trace
(texture pattern) on the surface }:hereof (hereinafter referred
to as "mechanical texture*) for improving a magnetic.
characteristic. .Usually, the mechanical texture is applied on
the surface of a non-magnetic substrate or on an underlayer

..composed of Ni-P or Cr disposed on the substrate.

" Along with the increasing of the amount of information,.
and the demand for miniaturizing and light-weightening the
storage device, the linear recording density and the track
density are increased, so that scratches caused by th.e existent
mechanical texture result in an eiro_r at a high probability.

Therefore, it has been proposed a method of applying the
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magnetic disc is rotated at a.high speed to fly the magnetic—heatd—tn—the—. .
magneti ¢ disc, nechanical polishing ts applied substantig '

concentrically with a circunferential direction of a nagn Shect Has Been Rep c"rdm
a fabrication trace (texture pattern) on _tzh_e surface the_rgﬂlm m%l l Fr
referred to as "nmechanical texture") for i'nproving a nagn :
characteristic. Usually, the nechanical texture is applied on the surface-
of a non-magnetic substrate or on an underlayer conposed of Ni-P or Cr '
di sposed on 't e fubStiAiRxture onglyNiaNd Ydd) WHalel ACESRSICH] shrt NendBRap!

of information, and the demand for mniaturizing and |ight-weightening the

storage devi Cepelheidd NAAohBGOEEH NEsECREnd) st ¢hbEnidraWircififerdnceliof
~increased, so Pha_t scratches caused by the existent

the magnetic disc whilé leaving a data recording zone (data

writing zone) as it is. However, the surface of the data writing
zone is made higher than that of the CSS zone, and since it is
difficul.t to moderate the differenc‘e between the data writing
zone and CSS zone into a smooth inclinati‘.on, the:;e arises a
problem that the magnetic. head crushes upon seeking.

‘Further, a method of preparing a texture pattern by laser
beam (laser texture) has also been proposed instead of the
mechanic‘:al texture. For instance, US Patent Nos. 5,062,021 and
5,108,781 propose an aﬁtempt of locally melting a Ni-P layer by
a Q switch laser beam of NA-YAG having a ;rery narrow pulsg width
and an very high energy density and forming a crater-like '

" proj ection, thereby improvirig the €SS characteristic with
respect to the magnetic head by the circular rim th.ereof.

According to the laser texture .described gbove, the
téxturing can be appl:;ied only to the CSS zone of the maénetic
recording medium. How-ever,' at least a certain height is requi;:ed
for the. projections in the CSs ‘zone in order not to cause
-si:icking between the magnetic head and the dise, so that the
glide height of the head is determined by the height of the
projection. Accordingly, since the glide height of the recording
medium is defined by the glide height in thé CSS zone, the
flying height of the head is excessive in the data writing zone

to bring about a problem that the recording density can not be

~ag LY
e A
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has been proposed a met hod -of -appl yi ng t he

-2-- mechani cal” texture only in a zone where a cont act start and stop
operation is conducted (CSS zone) at the inner circunf erenamssmeetﬂabeeenke laced
magnetic disc while leaving a data recordirdg zone (data wri

It is. However, the surface.of the data witing. zone is ma lmm

that of the CSS zone, and-since it is difficult to noderate

bet ween the data witing
improved sat:.sfactorily

It is, accordingly, important in the data writing/reading-
out method of a magnetic disc of the how the stable flying
height of the magnetic head is lowered in the data writing zone
or how st:.ck:.ng is suppressed at a stop position of the magnetlc
head. _ ‘

As a result of the preseﬁt inventors’ studies, it has been
founa that by using a dise¢ drive having a magnetis head for
writing/reading-out data from/to a magnetic disc, while flying
the magnetic head at a predetermined flying height, which the
magnetic disc comprising a contact start and stop (CSS) zone
comprising a taking-off/landing region and a stopping regiom,
for a contact start and stop operation of the magnetic head and
a date zone for wri'tinglread::.ng-out data, wherein a plurality of
projections are present in the CSS zone, the height of the
projections in the taking-off/landing region decreases from °
inner to outer in a radial direction of the disc, an ave:;:age

gradient for the height of the projections in the taking-

off/landing regioﬁ is 1 X 1076 to 5 X 10-5, the maximum height of

the projections in the CSS zone is higher than a flying height
of a magnetic head iﬁ the data zons, and the minimm height of
the projections in the CSS zone is lower than the flying height
of the magnetic head in the data zome, the magnetic head can
conduct a stable CSS operation while seeking. The present

invention has been attained on the basis of the finding.
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the magnetic head crushes upon ‘seeki ng. .- Further, a nethod of

preparing a texture pattern by |aser beam (1aser textur_e.)__has_al—se—beeﬂ—

proposed instead of the nechanical texture. For instance, US Patent uo

5,062,021 and 5,108,781 propose an attenpy_of locally e p
by a Qswtch | aser beam of. Nd- YAG having a very narrow
an very high energy density and formng a crater-Iike

i nproving the CSS characteristic with. respect to the nagnetlc head by the
circular rimthereof. According-to the | aser texture described
above, the texturing can be applied.only to the CSS zone of the magnetic
recordi ng mMedsuMeRRY0 GV ¢ hegely a certain height is required for the
projections in the CSS zone in order not to cause

An object of the present inventiox; is to provide a

magnetic disc for high density magnetic recording, and a data
writing/reading-out method capable of fully utilizing the
‘performance of the medium.

To accomplish the aitn',. in a first aspect of the present
inventioxt, there is provided a magnetic disc for copducting data
writing/reading-out by a contact staz_'t and stop (CSS) system,
comprising a date zone for writing/reading-out data and a
contact start and stop (CSS} zone comprising a taking-
offllandj.ng region and a stopping regi.on, for a contact start
and stop (CSS) operation of a ma;;metic head, |

wherein a bl\trality of projections are present in the CSS
zone, the height of the projections in the taking-off/landing
region lowers fn':'om the center of the magnetic disc toward the
data wﬁ:iting zone in the radial diret:tion, an avero.ge. gradient

for the height of the projections in the .taking-off/landing
region is 1 X 10-6 to 5..x 10~-5, the maximum height of the

projections in the CSS zone is higher than a flying beight of
the magnetic head in the date zone, and the minimum height of
the proiections in tpe CSS zone is lower than the flyﬁng height
of the magnetic head in the date zone‘.-

In a second aspect of the present invention, there is
provided a ntethod for.conducting data writing/reading-out by a

contact start and stop system,, which comprises:
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of the head is determ ned by the height of -the pr.oj ection. Accordingly,
the

si.nce the glide height of the recording mediumis defi ngdsiug Hab
hei‘ght in the CSS zone, the flying height of the head | ¢ Ha Bl Ry
- data witing zone to bring about a probl e.rg_that the rec iﬂﬂﬂm Hﬁl

can

 not be _ - | mpr

" satisfactorily. It is, accordi ngly, i nportant in the data
writing/reading- out method of a magnetic disc of the how the stable
flying - using a magnetic disc comprising a date zone for

writing/reading-out data and a contact start and stop (CSS) zone
comprising a taking-off/landing region and a stopping region,
for a contact start and stop (CSS) operation of a magnetic head,

wherein a plurality of projections are present in the CSS
zone, the height of the projections in the taking-off/landing
region lowers from the center of the magnetic disc toward the
data vmiting 2one in the radial direction, an average gradient
for the height of the projections in the taking-off/landing

region is 1 x 1076 to 5 X 10-3, the maximum height of the

projections in the CSS zone is higher than a fiying height of
the magnetic head, and the minimm height of the projections in
the CSS éone is lower than the flying_ height of the magnetic
head,

contact-head seeking and spinning down/spinning up a disc
rotation on the sloped projections, and

conducting recording/reading operation by flying the
magnetic head at a height lower than the maximum height of the

proj ect_ions .

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory view for a basic cqnstitution of
one embodiment of a laser beam irradiatioﬁ device; and

Fig. 2(a) is a: perspective view illx.zstrating the shape of
a projection formed by laser texture in Example 1, and Fig. 2(b)

is a vertical cross sectional view of a plane passing through
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sticking is suppressed at a stop positian of the nagnetic—head—

a-result of the present inventors' studies, it has been found t hat

using a disc drive having a magnetic head for writi ng/rea ee ﬁi@ laced

fromto a magnetic disc, while flying the.gmgnetic head at
flying height, which the nagnetic disc conprising a contac
(CSS) zone conprising a taking-off/landing region and a stoppl ng region,
for a contact start and stop operation of the magnetic head and a date

zone for wit ithg/ cemim@fothe darajectiioncoltainaduial Etamplfe 1pandeincludingr e
present in the CSS zone, the height of the projections in the
t aki ng-of f/ | arthengcawgunwnddeecmsaff sobasémimamt.0 outer in a radial
direction of the disc, an average
DETAILED DESCRIPTION OF THE INVENTION
The present invention will be explained specifically. a
.magnet:i.c disc according td the present invention will at first
be explained. The magnetic disc according to the present
invention is a magnetic disc which conducts data
writing/reading-out by a contact start and stop (CSS) system.
The magnetic disc according to the present invention has a
plurality of proj ections satisfying specific conditions -in the
CSS zome. .
The magnetic disc c-omprises at least a ﬁ@etic layer,
optionally by means of an underlayer and an iﬁtemediate layer
thereon, on a non-magnetic substrate, and occasionally, a
protective 1ayér on the magnetic_ layer. The projections .may be
presént to at least one of the substrate, the -underlayer, the
intermediate layer, the magnetic layer and the protective layer.
2An aluminum a_lioy substrate, a glass substrate or a
silicon substrate can be used suitably as the sﬁbstrate, but a
substrate composed of other metal such as copper and.titanium, a
. carbon substrat;e, a ceramic substrate or resin substrate may
also be used. For the silicon substrate, a pure silicon

substrate as well as a silicon alloy substrate containing a

trace amount of elements for increasing the strength may be used.
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gr'adl enntggﬂﬁSZlé‘}eBQ‘IEI ght of thdARBRIEHBEFin the taking- of?@’l‘yﬁd 19403
region is 1°X "10[err] -to 5 x 10{err], the maxinum hei ght of
pr-oj ections in the CSS zon€ is hi gher than a fIy| ng hei ght. Tl@é‘Sheetme

head in the data zone, and the m ni num hei ght of = the projec
CSS zone is lower than the flying height «¥- the magnetic he E, ﬂﬂ
zone, the nmagnetic head can . conduct a stabl-e CSS operation

The present.

-4-

i nvention has been attained on.the basis of the finding.
In case where the projection is formed by the irradiation
of an energy beam such as laser, a material having a low
reflectance on the surface and small heat diffusibility is
suitable for the substrate in view of a relation between heat
generation by irradiation and heat dissipation by thermal
conduction. Further, a substrate polished flat as much as
possible is used preferably in order to reduce a stable flying
height on the data zone.
. The magnetic recording medium can be obtained by féming
the magmetic layer directly on the surface of the substrate, but
the magnetic layer is usually formed by means of an underlayer

formed on the sﬁrface of the substrate. As the underlayer, a

non~-magnetic ﬁnderlayér composed of an Ni-P alloy is suitable

and such an uﬁderlayer ig formed usually by an electroléss _
plating method or a sputteriﬁg m.ethod. The thickness of the
underlayer is usually from 50 to 20,000 mm, preferably from 100
to 15,000 nm.

An intemedi.ate layer such as a Cr .1ayer or a Cu lzayer may

be disposed between the substrate or the underlayer and the

magnetic layer. The thickness of the intermediate layer is,

usually, from 20 to 200 nm, preferably from 50 to 100 mm. The
magnetic layef (magnetic recording layer) comprises a

ferromagnetic thin alioy film such as composed of Co~P based

‘alloy, Co-Ni-P based alloy, Co-Ni-Cr based alloy, Co-Ni-Pt based

alloy, Co-Cr-Ta based alloy, Co-Cr-Pt based alloy or Co-Cr-Ta-Pt

based alloy and is fomed; for example, by electr.jolesé plating,

P.010

laced
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provide a nmmagnetic disc for high density magnetic recording, -and a data '
wr.i ti ng/ readi ng-out nethod capable of fully utilizing the perfornance of
t he medi um To acconplish the aim in a first aspggksmbtHaBespRegaed
i nvention, there is provi.ded a magnetic disc for conductin { _
writing/readi ng-out by a contact start and=8&top (CSS) s‘ystglm g a
date zone for witing/reading-out data and a contact. star stop S)
zone conprising a taking- "off/landing region and a stopping region, for a
contact start and stop (CSS) operation of a nmagnetic, head, wherein
a plurality ofelectriepinting: espraning artyapasdeposition (vacuum

" evaporation). The thicknesé of the magnetic recording layer is
usually about from 30 to 70 mm. |
| A protective layer :i_.s usually disposea on the _ surface of
~ the maﬁnetic recording layer. The protective layer comprises a
carbon film, a hydrogenated carbon film, carbide f£ilm such as
composed of TiC or SiC, a nitride film such as composed of -SiN

or TiN, or an oxide film such as composed of $i0, Al,03 or ZrO,

énd is formed by a method, for example, vapor deposition (vacuum
evaporation), sputtering, plasma CVD, ion'plating and wetting
process. As tt;e protective layer, a carbonaceous film is
preferred, with a .hydrogenated carbon film or a carbon nitride
film being particularly preferred.
| Further, a lubricant layer is usually disposed on the

surface of the protéétive layer. As the lubricant, for example,
a liquid fluoro carbon-based lubricant is used suitably, and the
lubricant layer is usually formed on the surface of the
protective layer, for example, by a dipping method.- However, in
case of using a ﬁagnetic head having a diamond-like carbon layer
‘on a slider surface, it is not always necessary for providing
the protective layer or the lubricant layer since the tribologic
pr;:perty -between the magnetic head and the magnetic recording
medium is improved., |

As a method of forming projections in the CSS zone where
the magnetic head conducts i:he css opergtion, laser texturing

using a laser beam irradiation device is adopted suitably. Fi_g.
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in the radial -

th
projections in the taking-off/landing region is 1 x 10[ er 1y Bee“Replaced
- 10[err], the maxi mum height of the projectdons in the CSS HIHII _
- than a flying height of the nagnetic head in the date zone
" m ni mum hei ght of the projections in the CSS zone is | ower than the flying

- height of th

t he present

direction, an average gradient for the hei ght of

t h t.h t d d
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:erad:.atmn device exempliflied in Fig. 1 m;.:.nly comprises a

pulse laser beam generation means 1, a light condensing means 2,

.a spot moving means 3, a substrate moving means 4 and substrate

rotating means 5, 5.

The pulsé laser beam generation means 1 comprises,
functionally, a laser beam generation means using a solid laser
source and an optical modulation means for modulating the laser
beam 't_:o form a pulse laser beam. In the drawing, reference
numeral 6 represents a substrate. Although two substrate
rotating means 5 are illustrated., the substra;e rotating means
mzy be disposed hy any number. |

As the light condensing means 2, any usual coﬁdensing
means (objéctive lens) can be used so long as a desired fine
spot is obtainable. . The light condensing mechanism is used
usually in combination withl an autofocus (AF) system. For the
spot moving means 3 and the substrate moving means 4, a linear
slider, for example, is used suitably. The spot moving means 3
carries the pulse laser beam generation means 1 and the light
condensing means 2 thereon, and moves integrally in a linear
direction. The 'subétrate moving means 4 carries the substrate
rotating means 5 tb. be described later thereon and moves
integrally the rotating means in a linear direction.

'I‘hé si:ot mov_ing means 3 has a function of continuously

changing the position of the spot on the fabrication surface.
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and a contact start and stop (CSS) zone conprising-a taking-off/landing -

region and a stopping region, for a.contact start and sto CSS operatlon'
of a magnetic head, wherein a plurality of prOJectl “d
in the CSS zone, the hei ght of the prOJEC&bOHS in the tak

region lowers fromthe center of the magnefic disc toward t

zone in the radial direction, an average gradient for the helght of the
projections in the taking-off/landing region-is 1 x 10[err] to 5 x

10[err], the ’W@hnunbbﬂﬁ'&na‘if chlfge has a relative relation between the
' spot and the fabrication surface. Accordingly, it may suffice
that the laser beam irradiation device shown in Fig. 1, has one
of the spot moving means 3 or the subsi:ra.te moving means 4.
Usually, it is preferred to move the spot itself by the
substrate moving means- 4. -
| AQ the substrate rotating means 5, a2 spindle motor, for
instancé, is used suitably, and the substrate 6 is supported to
a rotating shaft of the spindle motor and moved at a constant
number of rotation or a constant linear velocity.
Fig. 2 (a) is a perépective view illustrating the shape_ of
a projection obtained in Example 1 by-;aser texéure and Fig.
2(b) is a vertical cross sectional view along a plane passing
. through a center of the projection obtained in Example 1 and
including a scanning direction of a laser beam. The mechanism of
forming the préjection by the laser texture has not yet been
apparent at preéent but it may be aésumed as below.
That is, a spot portion overheated locally on the
projection-forming surface is melted partially and the molten
' portion is moved by the rotation of the substrate or the
scanning of the laser beam. A porti-on initially irrédiated by
the beam causes a temperature gradient due to subsequent
lowering of the temperature. Generally, since the surface
tension is gre-ater on the lower temperature side, the portion
meltéd initially and then cooled to a lower temperature ié.

protuberant by taking in a molten liquid from a portion melted
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head, .and the mi ni mum hei ght of the projections in -the CSS zone is | ovver
than the flying height of the magnetic head,: conﬂatssndaelaaslBseeie g

and ‘spi nni ng down/spi nning up a di'sc rotaykon on the slop
and conducti ng recordi ng/ readi ng operation by fIy|n
head at a height | ower than the maxi num hei ght of the projec |o

BRI EF- DESCR PTI'C]\I_ OF THE DRAW NGS Fig. 1 is an expl anat ory vi ew f.or
a basic constidubsegiieftly @R eB8DEKE BFfePbinde F thebsarfddd adnaionnedlevi ce;

and Fig. 2(a) is a perspective view illustrating the shape of
- form a shape of projection as shown in Fig. 2. Accoxrdingly, a

depression is formed in the finally molten portion. In this case,
a depression is often present behind a convex projection in the
scanning 'direct.idn of the laser beam.

Further, the depression may be formed sqmetimeé to the
periphery of the projection by heat shrinkage depending on the
conditions whether the scanning speed of the laser beam or the

- rotating speed of the subst;.ra.te is low, or the power of the
laser beam is large. Alt.hough- the phenomenon has not yet been
analyzed sufficiently at present, it may be assumed as below.
That is, since the locally heated spot portion expands but the
periphery thereof is cooled and is less deformable, the expandéd
portion is directly cooled by an.external air to remain as a
projection. Then, the depression is formed by heat-shrinkage at
the periphery of the projection.

The height of the projection can be optionally controlled
by adjusting the intensity of the laser beam, the average
irradiation time and the linear velocity of the substrate. The
density of the proj ections can be optﬁ'.onally controlled by
adjusting the nﬁmber of projections per one circumference, the
irrad_.iation interval of the pulse lase:.j in the radial direction
and the condition for controlling the height of the projectio_n.
The height of the projection denotés a height of a projection
with feference to a center line for a roughness curve as defined

by the surface roughness according to JIS (B0601-1582). Further,
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vertical cross sectional view'of a plane passing through o —

. - 6- the center of the projection dbtained i'n Exanple 1 angh;ddigl: L
“the scanning direction of a | aser beam DETAI LED DESCRI PTI _ * Replaced
. | NVENTI ON The present invention w-lR-be expl ai ned spef l”,“,[

. magnetic disc according to the present invention wll at f!i rs -

~explained. The magnetic disc according to the present

| the density of the projections does n'ot': mean an average density
over the entire medium but means a density of the projections
pex -ur;:i.t area in a region in which projections are present.

It is usually preferred .that the intens.ity {power)} of the
laser is from 20 to 500 mW, the average irradiation time is fram
0.05 to 100 pusec, the spot diameter 6f the laser is from 0.2 to
4 pm. and the linear vielocity. of lthe sul.astrate is from 0.8 to 15
m/sec. However, in a case of forming the spiral projection in
the form of a mountain chain, the laser beam is caused tc;_
oscillate continuously while scanning the laser beam in a radial
direction.

In the magmetic disc acéording to the present invention, a
plurélity of proje;:tions are present in the CSS zone comprising
a taking-off/landing region and a stopping region, wherein the
height of the projections in the taking-off/landing region
lowers frem the center of the magnetic disc toward the data
writing zone in the radial directio.n, an average gradient for

. the height of the projections in the taking-off/landing region

is 1 X 1076 to 5 X 10-5, preferably 5 x 106 to 2 x 10-5, the

maximum height oﬁ_ the projections in the contact start and stop
zone is higher than a flying height of the magnetic h'ead. in the
date zone, and the minimum height of the projections in the
contact start and stdp zone is lower than the flying height of
the magnetic head m the date zone, [where the average gradient
= {the a.ifference between the projection height of projection

Present at a nearest position of the CSS zone to a magnetic disc
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contact start and-stop (GCSS) system _ The magnetic ‘di sc according to-the
pr-esent invention has a plurali ty of proj éctions satisfyi n speC| fi c
conditions in the CSS zone. . The magnetic disc corrp

magnetic | ayer, optionally by neans of a#fi3sderl| ayer and a
- layer thereon, on a non-nmagnetic-substrate, and occasi onal I
protective | ayer on the magnetic |ayer. The projections may be present

at least one of the substrate, the underlayer, the internediate |ayer,
magneti c | ayeFeRERK tife tbﬁo!—‘@%—'ﬁ]véllr&?bwn and the /projectisnnheighty of

substr at e,

a glass substrate or a silicon substrate can be used suitabl

led

to
t he

y

as the subst.rBrejeqhionsPresent At a nearrstcpositiomaf wheafSs ropesoctheer
and titanium _a

data writing zone in the radial d:.rect:.on) / (width of the €SS
zone)]. The upper limit of the flying height of the magmetic

head according to the present invention is prefera]ply 60 nm and

‘the lower limit of the flying height of the magnetic head

according to the present invention is preferably 1 mm.

' It is preferred that in a stopping region (for example,
about 1 mm) of the magnetic head present in the CSS zone in the
radial direction, which stopping region is a nearer region in
the CSS zone to the magnetic disc center, the height of the
projections therein lowers from the center of the- magnetic disc

toward the data writing zone in the radial direction, the

maximum projection height of the projection is not more than 200°

mm, preferably fxom 20 to 50 nm, the projectioh density is from
10 to 106 N/mm? and an average gradient for the height of the
projections in the CSS zone is 5 X 10~5 to 2 X 10-5. Further, in
order for smooth. landing and rising of the magnetic head in a
seekj.ng state, the average gradient of the projection height in
the stopping region is preferably 5 x 10~6 to 2 X 10-5.

It is preferred that the average gradient for the height
of the projections. in the toppi:{g region is _equal to the
average gradient for. the height of i:he projections in the
taking-off/landing region, . and a declivifcy of the height of the

projections in the stopping region and the taking-off/landing.
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- For the silicon substrate, a pure silican  substrate as weft
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al-l oy substrate containing a trace anount of elenents f0|r ﬁhﬁ%ﬁé’eﬁ?&s%geqtﬂ%ﬁaced
strength nay be used.

case where the projection is fornmed by thejylradiation |f aHMM& t
such as laser, a material having a low reflectance on the s

smal | heat dlffu5|b|I|ty is .suitable for the substrate in view of a
rel ati on between heat

region is cont:.nuous. Al_so, it is preferred that the height of
the projections in the stopping region is flat at a maximum
height of the projections in the taking-off/landing region.

It is preferred that the magnetic disc according to the

present invention has a plurality of projections formed by the

scanning of the energy beam in the CSS zone, wherein the average
Eeight: of the projections present in the conc.yclic {same track)
in the €SS zone is from 1 to 60 nm, the projection density is
from 10 to 108 (N/mm?) and the average area of a figure
surrounded with a contour line at a height 1 rm below the top of
each of the projections (hexeinafter referred t:o.‘as *contour
line area") is not more than 1 um?, and the vérticai. cross
sectional shape of a plane pa;sing through the cénter of the
projection and including the scanning direction of the energy
beam has a depression on one side at the bqttpm of the
projection.

If thé average height of the projections present in the
concyclic (same track) in the CSS zone exceeds 60 nm, a CSS
characteristic may be satisfactory but the stable flying height
of the head may not be. lowered. On the contrary, if the average
height of the projections present in the concyclic (same track)
i:; the CSS zone is less than 1 mm, the projection mb.y be buried
in a fine unevenness inherent to the substrate, whereby. it may

become difficult to obt';ain an intended effect. _ Further, if the

density of the projection is not more than 10 (N/mz) . it becomes

difficult to support the lower surface of the magnetic head only
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gener at | an03s2

Further, a

usual Iy for
substrate.
Ni -P all oy
~electrol ess
under | ayer
nm

med by neans of an underlayer * fornmed on the sur ﬂﬁgiﬁnli

As the underlayer, a non-magrietic underlayer conposed of an
is suitable -and such an-underlayer is formed usually by an

fyathagpreidutions becyuse ofi mydulzitiod. of hehe Niikienofstlnd t he

10MB%di at i on and WEHRRFEEFFHi on by t her mal co%ﬁlﬂﬁ'oﬁ’ 08
substrate polished flat as nuch. as. possible l—s—u%ed—plLea‘-er—&bJ—y—
in order to reduce a stable flying height on the data zone.

magneti ¢ recordi ng medi um can be obtained by forning the
directly on the surface of the substrate, -.pgt the magnet'i'c

Iaced

Is usually from50 to 20,000 nm preferably from100 to 15, 000

An sulbpstrateli ala thqemthaxchaaé. afCtheadensityy @fCtheé ayeso]etiion

exceed 10% (N/mm2), it becomes difficult to make the height of

the projection uniform. If the contour line area exceeds 1 um?,

sticking tends to occur relative to the magnetic recording
medium and the magnetic head tends to lowex the CSS
characteristic. | '

It is essential that the magnetic disc according to the

present invention has projections in the CSS zone where the

magnetic head conducts the CSS operation, wherein the height of

the projection is lowered toward the data writing zone. In'a

case of using such a magnetic disc, when the magnetic recording

device stays stationary, the magnetic head is placed at a

portion of the CSS zone where the height of the projection is

' high with less sticking. Then, when a driving device is started,

the magrietic head moves to a portion of the CSS zone where the

height of the projections is lower accompanying the rotation of

the disc. This portion causes sticking when the magnetic head

stops on the magnetic disc, but frictional force in the state of

sliding movement is designed small enough. Further, since the
projection density is high, it is excellent in wear resistance.

When the number of rotation of the medium reaches a

predetermihed high speed rotation, the magnetic head completely

leaves the medium and can.freely move on the data writing zone.

Purther, assuming the standard deviation for the height of

the projections present in an optional radial region of 50 pum

P.018
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| ayer. The thickness of the internediate |ayer is, .ustatty,—from20to 200 .
nm, preferably from50 to 100 nm The nmagnetic |ayer CRORE HaS BLE RAUIALNY
| ayer) conprises a ferromagnetic thin al'loy film such a‘lm _- mﬂ -P

based alloy, Co-Ni -P based alloy, Co-Ni-C sb_ased al | gy,

all oy, Co-Cr-Ta based alloy, Co-Cr-Pt based’alloy or Co-

alloy and is forned, for exanple, by electroless plating,
- 8- .

width on the magmetic disc as o, it is preferi:ed'that the

magnetic disc of the present invention has a value 20 of not

more than 15%. That is, it is preferred that the height of the

projection on the surface of the magnetic disc less scatters and

d more preferi'ed value 20 is within 10%.

Further, for the. magnetic disc according to the present
invention, a magnetic disc :m which the projection density at
the taking-off/landing region (landing region) of the: magnetic
head is higher than the proj.ection density at thg stopping
region of the magnetic head, is used preferably. Such a wetic
disc is preferred since the abrasion for the portion of
projections upon CSS operation can be reduced. Usually, the
ratio of the projection density at an optional position in a
region with 1 mm width from the data writing zone in the contact
start and stop zone in the radial direction to the projection
density at an optional position in the region (stopping region)
with 1 mm width on the inside from the nearest position of the
contact start and stop zone to a magnetic disc center in the
radiai direction is more than 1 to not more than 100, preferably
from 2 to 20, more preferably 2 to 10. |

Description will then be made to a data writing/reading-
out method according to the present invention.

In the data writing/reading-out method according to the
present invention, the reading-out/writing of data by the

magnetic head to the magnetic disc is conducted by the CSS
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thi ckness of the magnetic recording l'ayer is -usually abéut—+rom30 to 70-
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nm , A protective |ayer "is usually di'sposed on the rface of  the
magnetic recording |ayer. The protective |layer conprises ay; 1| Replacgd
hydrogenated carbon film carbide filmsuchyas conposed of ' ,L
nitride filmsuch as composed of SiN or TiN, or an oxide f

conposed of Si O A1203 or ZrO and is formed by.-a method, for exarrpl e,

- vapor deposition (vacuum evaporation), sputtering, plasma CVD, ion platin
and wetting Ryeteas. WS theemgtiid aickvedimy o theCpréusumcdaventiom) iss disc
preferred, with a hydrogenated carbon filmor a carbon nitride film being

particularly rirsﬁﬂehaedpro::ectxonEum PEICSSazbwrwhnet al maygnetiic headl | y
di sposed on the '

conducts a CSS oper_at:.on,. and the writing/reading is conducted
by flying the magnetic head at a height lower than the maximum

projection height of the projections. Then, the magnetic disc

~according to the present invention described previously is used

suitably'foi' such operation.
Usually, the ratio of the height (Hs) for the stopping
region of the n;lagnet:i.c head in the CSS zone to the flying height

(Hf) of the magnetic head in the data writing zone is defined

. within a range from more than 1 to not less than 100, preferably

from more than 1 to not less than 50, more preferably from more
than 1 to not less than 10. The values fO:I::' I:Is and Hf can be |
determined by measuremer_n: by a glide tester, using the standard
bump disc having a standard height.

Then, as described previously, in the present invention,
it is preferred that the magnetic head conducts the €SS
cperation while seeking. 'I'hat is, wheﬁ the magnetic head
conducts the CSS operation, the magnetic head is caused to rise
and land at the incliped portion of the projection while seeking.
Actually, when the magnetic disc stops statiéna.ry.' the mé.gnetic
head is moved to a higher portion of the projection height
accompanying the lowering of the rotational velocity while
seeking, and the rotation of the magnetic disc is stopped at the

final stationary position of the magnetic head.

g
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~fluoro carbon-based |ubricant is used sui'tably, and t he r%&b%feaﬁP—Faye%—+s—~
usual ly formed- on the surface of the’ protectlve | ayer, e a K a

di ppi ng method. However, in case of using a magneti c he iF “‘epa“d

di.anond- | i ke carbon Iayer on a slider surface it is not aI

for providing the protective |layer or thé ?ubrlcant Iayer

tribologic property between the magnetic head and the nagnetlc recordlng
medi um i s i nproved. As a nethod of forming projections'in the CSS

COe ET ok e TS MERARTUL i, Wi UEERLLAN adiBg! L |70
magnetic head does'not conduct seeking on the data writing zone,
the magnetic head preferably stahds-by’in the CSS zone where the
height of the projection is lower for emergency.of power. source
abnormality or the like. Accordingly, it is preferred that the
CSS zone of lower projection height has a glide height
substantially equal with that of the data writing zone. When the
magnetic recording device under driving is ﬁo be stopped, the
magnetic head at first lands, while seeking; at the inclined of
the CSS zone where the height of the projection is gradually
increased, and then moves to a portion whgre the projecticn
height is hlgher acccmpanying lowering of the nuMber of rotation

" of the magnet;c dzsc.

In the magnetic disc according to the present invention,
sinée convex projections are present in a CSS zone where the
magnetic head conducts a CSS operation, the height'of the
projection is reduced toward the data writing zone, the
inclination of the ﬁrojection is emall enough at a portioﬁ in
contact with a magnetic head at a high speed, and the'projection
densiﬁy is large aﬁ a portion in contact with a magnetic head at
a high speed, the magnetie head can conduct a stable CSS
qparation while seeking.

In addition, since the magnetic head is moved accompanying
a low speed rotation of the medium and a final stopping region
of the magnetic head ié a portion of convex projection of high

projection height, the étickipg is not caused upon stopping of
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enbodi ment of a | aser beami-rradi ati on device. The |aser beam irradiation _
device exenplified in Fig. 1 mainly conprises a "pul se | a$eThisBhediHes Been Replaced
generation neans 1, a |light condensing neans 2, a spot npvi i,
substrate noving neans 4 and substrate r ting. neans 5, 5. mﬂ"ﬁm*‘ﬂiﬂﬁu

pul se | aser beam generation neans 1 conprises, functionally, s

generation means using a solid laser source and an optical nodul ation
means for nodulating the laser beamto forma pulse | aser beam In the

drawing, ref eLROGR TR Abad. ' RECEABRIGLy? hble i Gaghbt [0 Hilhel YReks the

substrate

data zone, since the ‘flying height can be reduced as low as
possible and the magnetic head can be placed on a sufficiently
high projection upon stopping, a high density magnetic recording
device can be developed by. adopting quite the same method as
usual CSS operation. '

In summary, in accordance with the present inventionm,
the;:e is provided a data writing/reading-out method capable of
improving the sticking characteristic of the magnetic head to
the surface of the medium and reducing the flying height of. the
magnetic head as low as possible in a data writing zone, while

maintaining a satisfactory CSS characteristic.

EXZMPLES

The present invention will be described more in details by
way Of examples but the present invention is not restricted only .
to the foilo-wing examples unless the gist _of the -invention is

not exceeded.

1 mparati les 1 - 2
2n Al substrate of 90 mm in diameter coated with an Ni-P
underlayer was polished by applying a circumferential -mechanical
texture to reduce the surface roughness (Ra) in data and CSS
zones to not more than 1 nm.
Then, an argon pulse laser (at 488 nm) cc;ntrolled ét a

high accuracy to-the intensity described in Table 1 to Table 3
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. di sposed by.any nunber. - As the light condensing neans .2 —any—tstat—

condensing neans-(objective |eris) can be used SO long as a desired an
spot is obtainable. The |ight condensing nmechanismis UJW E% Replacsd
conmbi nation with an autofocus (AF) system _For the spot
t he substrate noving neans 4, a |inear seler, for exa ||

sui tably. The spot noving neans 3 carri.es the pul se l.aser bean1generat|on
means 1 and the |ight condensing means 2 thereon, and noves integrally in

Totat ng nS;LSIC“?%ra%l%&?E%o BT (el e B Wik REVRE o4 ABER ol |y 1 he

O NG A o) gl i sk B6LE Ve height WS 1R B3 Al @

writing zone successively. The projection density was increased
in a portion for the projection height in the CSS zone
corresponding to the flying height of the magnetic head.
Irradiation conditions and the height of the projection at each
radius are shown in Tables 1. to 3. Numerical aperture -(NA) of
objective ‘lense..s are shown in the tables. A spot diameter in
which 84% of ene_tgy is_ concentrated is represented as 1.22 x
k/NA. Further, the cross sectional area of the projection
represents a cross sectional area at a portioﬁ 1 om below the
top end of the projection.

* Next, a Cr intermediate layer (100 mm), a Co-Cr-Ta alloy
magnetic £ilm (50 nm) and a carbon protective film (20 nm) were
formed successively on the substraté by -sputtering method and
.then a fluorine-based 1iquid‘; lubricant ("DOL-2000", manufactured
by Monte Edison Co.) was coated to a thickness of 2 mm by a

. dipping method, to obtain a magnetic disc.

For the magnetic disc thus manufactured, the static
friction coefficient before CSS test (initial sticksion) and
frictional force after 20,000 cycles of CSS were measured. The
results are shown in Table 4. In the CSS test, a thin film head

‘with 6 gf of load gram (slider material: Al,03 TiC) was used and -

measurement was conducted under the condition of a head £flying
height of 0.8 pinch. Further, the stable flying height (glide -

height) of the magnetic head was evaluated in the dat;a writing

P.023
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and the fabrication surface. ‘Accordingly, it may-suffice that the 1a"ed
beamirradi ati on device shown in Fig. 1, has one of the s %
3 or the substrate noving neans 4. Usuall_i(_it Is preferre llm

spot itself by.the substrate noving neans :51 As the

rotating means 5, a spindle notor, for

zone by using a glide teter. The magnetic disc of c@uative
Example 1 had a glide height of 1.5 ;,u.nch, while the magmetic
disc of Comparative’ E:xample 2 had a glide height of 0.7 pinch in
the CSS zone.

| ~Tables 1 to 3 show characteristic values of the magnetic
discs and Table 4 shows the results of the CSS test. In Table 1,
*r* represents a distance from the center of the magnetic disc

in which r = 18 - 21 mm is a CSS zone (3 mm). The standard

" deviation value 20 in Table 1 represents a value 20 (%} assuming

the standard deviation as ¢. In Tables 1 to 3, the projection

density (1) represents a density of projection at an optional
position in a region with 1 mm width from the boundary region
neighboring’ the data writing zone, and the préj ection density

(2) represents a density of projection at an optional position,
in a regioﬁ; with, in the radial direction, 1 mm width from the

innermost circumference of the CSS zone.
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shaft .of -the-spindl e nptor and noved at a constant
1li.near .vel ocity. '
~illustrating the shape of
texture and Fig.
t hrough a center of. the projecti®

const ant

passi ng

" Fig.

2(b) is a vertical
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2 (a)

Cross

‘ecti onal
Obtai ned in Ex

nunber: of

NBRESESIOBHEte 6 i s suppor t ed Pe/10421, B33 i iy 025
rotati-on or

including a scanning direction of a | aser beam The nechani

the projection by the | aser texture has not
It may be assunmed as bel ow
projection-formng surf

but’

| ocally on the

nol t en
of the | aser

yet been

E@ga iﬁ,

IS a perspective view
a projection obtained i n ExanplTais $hdaHas BeReplaced

e L

apparent at present
a spot portion overheated
lted partially and the

.portion is aned by the rotation of the substrate or the scanning’
ear—ri pu.;:uu 1n|fia::y ;IlauIaLUu ﬂﬁmnmle 1
r=21~20mm r=20~19mm r=19~18mm
Tinear velocity Of 1714 1714 T
substrate (mm/sec)
Laser intensity (mi) 220 220 220
Average irradiation time | 0.32~0.64 | 0.64~0.96 | 0.96~1.23
(psec) ) |
Projection density (1) 18520 9260 9260
(N/zm2)
Projection height (rm) 6~15 15~25 25~35
Cross sectional area of | 0.48~0.39 | 0.39~0.23 { 0.23~0.10
projection (pm?)
Numeral aperture of 0.6 0.6 0.6
objective lens .
“Standard deviation (20) 9.5 10 6.7
(%)
Table 2
Example 1
Hs {pinch) 1.5
Gradient of height of entire 9.7 x 10-6
projection for CSS zone
Hf (pinch) 0.8
Projection density (2) (N/mm?2) 9260
Projection density ratio (1)/(2) 2
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tenperature. Generally, since the surface _tension is greater on the |ower =~
tenperature side, the portion- nelted |n|t|aIIy and then cooled tao a'|l owner
tenperatufe is protuberant by taking in a nolten liquid froma portion

mel t ed ) - HtPLACtNtNI.
SHEET -11-  subsequentB$~due to the dHif Bkaneenet REM

surface tension to forma shape of projection as shown in ﬂ“’”’ﬂ"m,m

Accordingly, a depression is fornmed in the finally nolten
case, .

Table 3
Comparative Comparative
E'.\éample 1 Example 2
Linear velocity of substrate] 1714 1714
| (mm/ sec) | |
Laser i.ntensity_ (i) 220 220
Average irradiation time 1.28 0.32
{psec) .
Projection density (1) 9260 ' 9260
{N/mm?)
Projection hei,ghﬁ. (nm) 35 - 6
Cross sectiomal area of 0.10 . 0.48
projection (um2)
Numeral aperture of : . 0.6 0.6
objéctive lens
“Hs (pinch) ' - -
Entire gradient for CSS zone| o 0
Gradient for CSS zone o} 0
(maximum/boundary)
Hf (pinch) 1.5 0.7
Projection density (2) 9260 9260
(N/mm2)
Projection density ratio - 1 1
(1)/(2)
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direction of the |aser t he- depression may be forned,
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_sonetimes to the periphery of the prOJectlon by heat shrinkagé depending

~on the

| ar ge.
_present,

spot portion expands but the

t he expanded portion is dirggt cool ed by an external
remain as a projection. t he depre@é?i#;ﬁ

t he periphery of the projection.

def or mabl e,

at

Al t hough the phenonenon has not yef
it may be assuned, as bel ow.

€en
| That is,
peri phery thereof

Then,

can be optionally controlled

anal yzed
si nce thel
is cool ed

condi tions whether the scanning speed of the | aser beamor the

rotating speed of the substrate is |low, or_the power of thﬂsShk@ﬁﬁ‘srBQ?ﬁdﬁ

air to

s fornmed by heat shrinkage

The hei ght of the projection

Exanmple 1 | Comparative | Comparative
Example 1 Exanple 2
Initial sticksion 0.15 0.14 5.18
(friction coefficient)
Frictional force after 3 (Note 1) (Note 2)
20,000 cycles of CSS {gf)

(Note 1): Head crushed

(Note 2)}:

Driving stopped by adsorption (at 400 cycles)

In Example 1, since the magnetic head conducts a CSS

operation while seeking, the bottom of the magnetic head is in

contact with the inclined surface of projections at a radial

portion from 21 to 20 mm and projection height from 6 to 15 nm,

and moves as it is toward the higher portion of the projection

height.

Since the initial landing portion has a high projection

density and a sufficient abrasion resistance even when the

magnetic head moves slidably at a high speed. Further, since the

gradient of the projection height is small enough, no head

crushing is caused also in initial contact with the magmetic

head.

The sticksion and the frictional force after 20,000 cycles

in Example 1 are values at the final magnetic head stopping

regibn at a 19 to 18 mm radial region, and the seeking velocity

of the magnetic head in the CSS zone was defined as 1 mm/sec in
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.and the linear velocity of the substrate. “The density . oL_t_he__pJ_ei-eeH—en% :
can be optionally controlled by adjusting the nunber ‘of o ectlons { q

one circunference, the irradiation jnt erval of the pul sé ace
radial direction and the condition for g grolling the he|

projection. The height of the projection denotes a hei ght

with reference to a center line for a roughness curve as defi ned by the
surface roughness according to JI'S (B0601-1982). Further,

-12- the radial direction. On the .contrary, in the CSS zone of

Comparative Example 1, since; there is no gra.dient'; for the
projection ﬁeight and the projection height is higher than the
flying height of the magnetic head in the data writing zZone,
head crushing was caused after 'several ‘cycles of the CSS
operation. Further, in the CSS zone of Comparative Example 2,
although no head c¢rushing was caused uﬁ:on seeking of the
magnetic head, since the projection height is low, sticking was
caused after repeating tﬁe CSS operation or upon stopping of the

magnetic head and the magnetic head could move‘ no more.
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entire nedi um b0t means a density of the -projections per unit area in a -
regi on.in which p!ﬁmglsﬁge’ihﬁ%%e HeE] cQaesent 1t . s-usuauHLeLeLLw

t hat the |ntenS|ty | aser is from20ito 500 t he average -
irradiation tinme i umgm l o 100 [errésec the s mumlﬂgﬂﬁmlm,mg

| aser is fromO.2 nd the |i é?‘velomt S
from0.8 to 15 msec. However, in a case-of formng the splral projection
in the formof a mountain chai n, the | aser beamis caused to oscillate

conti nuously ' C ' e I aser, beamin a radial direction.

In the magneti ' _ to the present invention, a plurality of

proj ections are present [ n t he CSS zone conprising a taking-off/landing

region and a stoppi Rg i%ﬁfétﬁﬂ”ﬁi@é Nedx@onducting data writing/reading-out
by a contact start and stop system, comprising a date zone for
writing/reading-out data and a contact start and stop zone
comprising a taking-off/landing region and a stopping region,
for a contact start and stop operation of a magnetic head,

wherein a plurality of projections are present in the

contact start and stop zone, the height of the projections in
the taking—of_f/ landing region lowers from the center of the

magnetic disc toward the data writing zone in the radial
direction, an average gradient for the height of the projections
in the taking-off/landing region is 1 X 106 to 5 X 105, the
maximm height of the projectlons in the contact start and stop
zone is higher than a flying helght of the magnetic head in the
date zone, and the minimum height of the projections in the
contact start and stop zone is lower than the flying ﬁeight of

the magnetic head in the date zone.

2. A magnetic disc according to claim 1, wherein an
average height of the projections present at the concyclic in
t;.he contact start and stop zone is from 1 tc 60 nm, a projectioh
density is from 10 to 108 N/mm2, and 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 more than 1 pm2 .
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center of the magnetic disc toward the data.-witing-zone in the radial

di-rection, an average__g,Lam—en{—%%—the hei ght of the—pfej—ee{—l—ens-pn_t_he
t aki ng- off/Iand| ng regi on I s O[err] to 5 X 10fe Hﬂi r ef er abl

10[err] to 2 X 10[1‘@1!s eet ee“ m hei ghiz4af the pr mu" rliﬂ
contact start and - |gher than a flying netlc
head in the date z ni.num hei ght of the proj ections in‘the
contact start and stop zone |s | ower than the flying height of the
magnetic head in the date zone, [where the average gradient = (the

di fference between the projection height of projection present at a

nearest position of 3tLha fighetdee disc sactydingctoliclaim 1, wherein the

projections are formed by scanning of an energy beam, and a
vertical cross sectional shape of a plane passing through the
cenf.er of the projection and including the scanning direct.:'.on of
the enerxgy beam has a depression on one side at the bottom of

the proj ec;idn.

‘4. A magnetic disc according to claim 1, wherein the

average gradient for the height of the projections in the

taking-off/landing region is 5 X 10-6 to 2 x 10-5.

5. A magnetic disc according to claim 1, wherein a value

26 is within 15% assuming a standard deviation value ¢ for the

height of projections present in an optional radial region with

50 pm width on the magnetic disc.

6. A magnetic disc accoi:ding to claim 1, wherein the
projection density at the taking-off/landing region for the
magnetic head is made higher compared with the projection
density at the stopping region for the magnetic head.

1. A magnetic disc according to claim 1, wherein an
average gradient for the he:.ght of the progect:.ons in the

stopping region is equal to the average gradient for the height
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pr oj ectlon present—at & nearest position of the CSS Zone

wrsi ting-zone in thehggggegllasgggg,ggﬁlgc@m)/(w dth of the The upper
limt of the flyi ngaE magnetic ‘'head accormmm' e"‘
I nvention is prefer ma“ig B t he: | owgg.! imt of t
t he magneti c head e present invention is preferabl y 1 nm

It is preferred that in a stopping region (for exanple, about 1 mm of the
magneti c head present in the CSS zone in the radial direction, which

st oppi ng regi @f theapiehdctiochsginntien taking-off/landing region, and a

declivity of the height of the projections in the stopping

region and the taking-off/landing region is. continuous.

. 8. A magnetic disc according to claim 1, wherein the
height of ‘the projections in the stopping region is flat at a
maximum height of the projections in th_e. taking-off/landing

region.

9. A magnetic disc 'according to claim 1, wherein a ratio
of the projection density at an optional éosit‘.ion in a region
with 1 mm width from the data writing zone in the ¢ontact start
‘and stop zone in the radial direction té the projection density
at an optional position in a region with 1 mm width on the
inside from the nearest position of the contact start and stop
zone to a magnetic disc center in the radial direction is more

than 1 to not more than 100.

10. A method for conducting data writing/reading-out by a
~ contact start and stop system,, which comprises:
using a magnetic disc comprising a date zone for
writing/reading-out data and a contact start and stop zone
comprising a taking-off/landing region and a stopping region,
for a contact start and stop operation of a magnetic head,
wherein a plurality of projections are present in the

contact start and stop zone, the height of the projections in
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t he ZB0s52187180e nagneti c ONEEGHEEFEHMhe hei ght of the PHIPEIILAE P.032
therein lowers fromthe center of.the nmagnetic disc__toward the data :
witing zone in the radial directi rT the maxi mumprojection height of the
projection is not i ceg Repla ‘ﬁ] preferably fromalmlnﬁ"ma tlm '
proj ection density H llu H 10[err] zpyomferr] ai mﬂuu l Ldi ent
for the height of t s inthe CSS zone is B ¥ 106[efr]sto* 2 X
10[err]. Further, in order for snooth | anding and rising of the magnetic
head in a seeking state, the average gradient .of the projection height in
t he stoppi ng thg takimyjufE/2andting regida Povwdrs ErdmXtiéd|[amnter of the It iS
preferred that the average gradient for the height of-the projections in

t he stoppi ng maghetic Aimguabward tthe datarwgitimgadoretid whet wadhal ght of the
projections in the taking-off/landing region, and a declivity of the

“hei ght of thedirection, an average gradient for the height of the projections

in the taking-off/landing region is 1 X 1076 to 5 x 10-5, the

maximum height of the projections in the contact start and stop
zone is higher than a flying height of the magnetic head, and
the mm:unum height of the projections in the contact start and
stop ione is lower than the flying height .of the magnetic head,

contact-head seeking and spinning down/spinning up a disc
rotation on the slopéd projections, and

éonducting recording/readiﬁg operation by flying the
magnetic head at a heighﬁ lower than the maximum height of the

projections.

11. A data writing/reading-out method according to claim
10, which cbmpris_es us:.ng a magnetic disc in which an average |
height of the projections present at the concyclic in the
contact start and stop zone is from 1 to 60 nm, a projection
density is from .10 to 108 N/mm?, and 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 more than 1. um2..

12. A data writing/reading-out method according to claim
10, which comprises using a magnetic disc in which the

projections are formed by scanning of an energy beam, and a
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- 14- regi on |s—f:01°rt—|—ntr0trs—ﬁd—3ﬁ—|—t is-preferred that_the height of
proj ections in the RLONOL: Ak BE0RARAAS flat at a maxi rmm hei ght of the

projections in the t
~the magnetic disc ac} I

projections fornmed b

B P aF ®Ft aki ng- of f./ | andi ng®6/10/21 19:18

wherein the average height of the projections present in the concyclic
in the CSS zone is from1 to 60 nm the projection density is

(sanme track)-

vertical cross sectiocnal shape of a plane passing through the

the energy beam has a depression on one side at the bottom of

the projection.

13. A data writing/reading-out method according to claim

10, which comprises using a magnetic disc in which the average

gradient for the height of the projecticns in the taking-

off/landing region is 5 x 1076 to 2 x 10-5.

14. A data writing/reading-out method according to claim

10, which comprises using a magnetic ‘disc in which a value for
26 is within 15% assuming a standard deviation ¢ for the height

of projections present in an optional ra;dia.l region with 50 p.m

width on the magnetic disc.

15. A data writing/reading-out method according to claim
10, which comprises using a magnetic disc in which the

projection density at the taking-off/landing region for the

| magnetic head is made higher compared with the projection

density at the stopping‘ region for the magnetic head.

16. A data writing/reading-out method ac¢cording to claim

' 10, which comprises usiné a magnetic disc in which an average

gradient for the height of the projections in the stopping

P.033
t he

mtﬂmglgmmL“Srgsggzzmm on L IR O

of the energy beami the €SS zone,

3 center of the projection and including the scanning direction of
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from f(%cst%%%ﬁl@fﬁﬂq (N nm{ er r | )P ER@RME BIF age area of a f|gu’r“‘é"”gur'rselfhde"d"84
with a contour 1i.né at a height 1 'nmbel ow t he top of each of the. )
pr-oj ections (hereinafter referred to,as "contour -~ 1i ne ar not mor e
than 1 [err] and t Hiis ed Sect i onal shape | ane passrn
t hrough the center of on and_gqicl-uding th 'm ﬂ[m
of the ener gy beam h n on one side at the H

proj ecti on. If the average hei ght of the proj ectlons predent |=n the
concyclic (same track) in the CSS zone exceeds 60 nm a CSS characteristic

mey be satisfaglody fiiteqhbl® €4 AN abb¥hfe JiRidBhe Hbr iR HRIAGhETYE Nde be

-lowered. On the contrary,  if the average ei ght of the projections present

in the concychigjéstithst iaCkie tdkingeofBA LG Sehbss, dndaldedlivity of

projection nmay be buried _
the height of the projections in the stopping region and the

taking-off/landirig region is continuous.

17. A data writing/reading-out method according to claim
10, which comprises using a magnetic disc in which the height of
the projections in the stopping region is flat at a maximum

height of the projectioms in the taking-off/landing regior.

18. A data writing/reading-out method according to claim
10, which comprises using a magn‘et:i.c_ disc in which a ratio of
the projection density at an optional position in a region with
1 mm width from the data writing zone in the contact start ard
stop zone in _the radial di.rect;i.on to the projection density at
an optional position 'in a regio.n with 1 mm width on the inside
from the nearest position of t:.he contact start and stop zone to
a magnetic disc center in the radial direction is more than 1 to

not more than 10C.

19. A data writing/reading-out method according to claim
10, which comprises using a magnetic disc in which a ratio of -
the projection density at an optional position in a regiomn wif_;h
1 mm width from the data writing zone in the contact start and
stop .zone in the radial direction to the projection density at

an optional position in a region with 1 mm width on the inside
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difficult to | ntended effect. Further, if the__densSity of the
proj ect i OE i FWN&%E“L) he;é gﬁlcomes fdifficult to ——
.Slig.port tb§ the ,Wmm causegof undB2at i on )c/)r the”"’mml ," Hlay”m

substrate. |f the density of the projectién Lexc
-10[ err] (I\l/rm{err]) it becomes dlfflcult to make the height of the

projection uniform If the contour | i ne area exceeds 1 [err]
from the nearest position of the contact start and stop zone to

a magnetic disc center in the radial direction is more than 1 to

not more than 100.

20 19’ A data writing/reading-out method acéoz"ding to claim
10, wherein when the magnetic disc stops stationary, the:
magnetic head ‘i moved to a higher portion of the proje.ction
height accompanying the lowering of the rotational velocity
whiie seeking, and the rotation .of the magnetic disc is stopped

at the final stationary position of .the magnetic head.

9| 20. A data writing/reading-out method according to cl_aim
10, wherein the ratio of the height for the stopping region of
the magnetic head in the contact start and stop zone to the
flying height of the magnetic heaé. in the data writingf zone 1is

more thanl to not more than 100.
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magnetic head tends to | ower .the CSS characteristic. . : It is
essential that the magnetic di sc according to the '
projections in the CSS zone where the magnetic head t
operation, wherein the height of the proLggiion is lgﬁ%@éﬁ}é ﬁsgaﬁﬂ%ﬁ” dat a
witing zone. In a case of using such a magnetic disc ﬂm etic
recording device stays stationary, the magnetic head m :
portion of the CSS zone where the hei ght of the projection is high wth
| ess sti cki ng ABTHRA ‘ @evice is started, the nagnetic head
noves'to a portion of the CSS zone where the height of the projections is
| ower - acconpanyi ng The magnetionhedd dalnecdhduct Ehissabdet S8 operation twitidieng
when the magnetic head

seeking by using a disc drive having a magnetic head for

writing/reading-out data from/to a magnetic disc, while flying
the magnetic head at a predetermined flying height, which the
magnetic disc comprising a contact start and stop (CSS) zone
comprising a taking-off/landing region and a stopping regior,
for a contact start and stop operation of the magnetic head and
a date zone for writing/reading-out data, wherein a plurality of
' proj ections' are present in the CSS zone, the height of the
proj e‘ci:ions in the taking-off/landing reéion decreases from.
inner to outer in a radial direction of the disc, an average
: graéient for the height of the projections in the taking-

off/landing region is 1 X 10=6 to 5 x 10-5, the maximum height o=

the projections in the CSS zone is higher than a flying height
of a magnetic head in the data zone, and the minimum height of
the projections in the CSS zone is lower than the flying height

of the magnetié head in the data zone.
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Further, since the projection density

rotation

is high, it is excellent in wear resistance. Wen the nunber of

of the mediumreaches a predeterm ned high speed rotatiom,

head conpletely |eaves the nediumand can freely nove mgsp.éaeﬂadab@

. zone. - Further, assum.ng the standard deviation fo
t he projections present in an optional
- 16- wi dth on the nagnetic disc as [err], it is prefe

N N

radi al, region of

LU

FIG.1

6 6

the nagnetic
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15% That is, it is preferred that the height of the projection on the

'sdr.f.ace_ of the magnetic disc |ess scatters and a nore—preferred—vatue—
2[err] is within 10% Further, for the magnetlc,l(g{s%; TS R

i
the present invention, a magneti ¢ disc in which the’ pron ﬂiﬁﬁé i'{?ﬁ)at
S
lL etic

l1g
t he taking-of f/l anding region (landing region) of the ma i|
hi gher than the projection density at the stopping regi
head, is-used preferably. Such a magnetic disc is preferred since the
abrasion for the portion of projections upon CSS operation can be reduced.

Usually, the ratio of the projection i t optional position in a
region with 1 mwidth fromthe data Elﬁgzan t he cont act

(nmy})
+100

F1G.2(b)

(nm)
+100—

+65

~
5Ty
b
Fis
-




start "and 'stop zone in the r@@‘&‘(gdl rection tjfﬁMMNBﬁmﬁm t yG
. an optional position in ther g| %j‘lstoppl ng IRpegriptwoint :tpage WP dreBedTE

a nagnetic di sc center in the radial directipri:fye swiargés)t: hmgedL (dorpagedml’
than 100, preferably from2 to 20, rmre‘lp‘re,f rafistractt O ];ﬁged...?’.to paged .7

Description will then be made to a data writihg/reading- out ngethaod
according to the present invention. In tBﬁT%ab% %t‘ Iﬁg/?éadﬁEBngBIt

nmet hod according to the resent invention, t ‘
rr%—gﬁhgﬂmm%etlc disc is conducted by the CSS .

of the FdBtHein(sk ar:tpag tto pageth Jt

MAGNETIC DISC AND DATA WRITING/READING-OUT METHOD

. BACKGROUND OF THE INVENTION
The present invention relates t§ a magnetic disc and a
. data writing/reading-out me;hod, and morewépecificaILY} to a
magnetic disc for conductihg déta writing/feading—out by_a.
ébntact start and stop (CSS) system; as well as a data
writing/reading-out method.
ﬁsually, writing and/or reading-out information to/from_a
magnetic disc is conducted by a magnetic head. 'In_a.hard'disk
drive, the magnetic disc is~rotated at a hiéh speed to fiy the
magnetic head; In the magnétic disc, mechanicai polishing ié
applied substantially concentrically_with'a circumferential
direction of a maQnetic discito form a fabrication trace
(texture pattern) on the surface-thereof (hereinafter referred
to as "mechanical texture") for improving a maghetic
characteristic. Usually,.the mechanical texture is applied on.
the surface of a non-magnetic substrate.or on an underlayer
‘composed of Ni-P or Cr disposed on the substrate.
| Along with thg increésing of the amount of information,
and the demand for miniaturizing and light-weightening the
storage device, the linear recording.density and the track
density are increased, so thét sératches caused by the existgnt
mechanical texture result in an error at a high probabiiity.

Therefore, it has been proposed a method of applying the



-17-" system In the nethod according to the prese
- used has projections in a CSS zone where a magnetic he
“operation, and the witing/reading is conducted by fly

head at a height |ower than the maxi mum projection hei

projections. Then, the nmagnetic disc ace@rding to the :
- descri bed previously is used suitably for such operati ¢n. "~ Usual ly
the ratio of the height (Hs) for the stopping region oftihe—ragretrTT head
in the CSS zone to the flying height (Hf) of the magnetic head in the data
writing zomechsniiedl neektuye inilya imaegecheowhaueeat hantact ostant |aswh stiopn |

100, preferably fromnore than 1 to not |less than 50, nore preferably from

nor e operation is conducted (CSS zone) at the inner circumference of

AEPLACEMENT, SHERSi 4c
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. auman

the magnetic disc while leaving a data recording zone (data
.writing zone) as it is. However, the surface of the data writing
zone is made higher than that of the CSS zone, and since it is
difficult to moderate the difference between the data writing
zone and CSS zone into a smooth inclination, there arises a
problem that the magnetic head crushes upon seeking.

Further, a method of preparing a texture pattern by laser
beam (laser texture) has also been proposed instead of the
mechanical texture. For instance; US Patent Nos. 5,062,021 and
5,108,781 propose an attempt of locally melting a Ni-P layer by
a Q s&itch laser beam of.Nd-YAG having a very narrow pulse width
and an very ‘high energy density and forming a crater-like
projectioﬁ, thereby improving the CSS charactefistic with
respect to the magnetic head by the circular rim thereof.

According to the laser texture described above,.the
texturing can be applied only to the CSS zone of the magnetic
recording medium. However, at least a certain height is required
for the projections in the CSS zone in order not to cause
sticking between the magnetic head and the disc, so that the
glide height of the head is determined by the height of the
projection. Accordingly, since the giide;height of the recording
medium is defined by the glide height in the CSS zone, the'
flying height of the head is excessive in the data writing zone

to bring about a problem that the recording density can not be




than 1 to not less than 10. The values for Hs and Hf can bg de
Jreasurenent by a glide tester, using the standard bunp CthPLNﬁﬂﬁ
st andard hei ght. Then, as described previously, i
invention, it is preferred that the magneti ¢ head condu§t ¥
~operation while seeking. That is, when th@'nagnetlc head
i operation, the magnetic head is caused to rise and |andlat
portion of the projection while seeking. Actually, when
stops stationary, the netic head is noved to a hi gherlLpe 0
proj ect i on imerghed ﬁéEbﬁ%@ﬂ?¢¥@#¥he | owering of the rotational veIOC|ty
while seeking, and the rotation of the magnetic disc is stopped at the
final stationaryI$odsti aacerdimglymgimmdintardadn the data writing/reading-
out method of a magnetic disc of the how the stable flying
height of the magnetic head is lowered in the data writing zone
or how sticking is suppressed at a stop position of the magnetic
head.

As a result of the present inventors’ studies, it has been
found that by using a disc drive having a magnetic head for
-writing/reading—out data from/to a magnetic disc, while flying
the magnetic head at a predetermined flying height, which the
magnetic disclcomprising a contact start and stop (CSS) zone
comprising a taking-off/landing region and a stopping region,
for a contact start and stop operation of the magnetic head and
a date zone for writing/reading-out data, wherein a plurality of
projections are present in the CSS zone, the height of the
projections in the taking-off/landing region decreases from

inner to outer in a radial direction of the disc, an average

gradient for the height of the projections in the taking-

off/landing region is 1 X 1076 to 5 X 10-5, the maximum height of

- the projections in the CSS zone is higher than a flying height
of a-magnetic head in the data zone, and the minimum height of
the projections in the CSS zone is lower than the flying height
"of the magnetic-head.in the data zone, the magnetic head can
conduct a stable CSS operation while éeeking. The present.

invention has been attained on the basis of the finding.



REPLACEMVENT SHEET - 18- ' Dur i ng
driving of the magnetic recording device, if the magnetic, - TTRae

‘conduct seeking on the data witing zone, the nagnet
stands-by in the CSS zone where the height of the prg§
energency of power source abnormality ord4the |ike. Adcadrdi
preferred that the CSS zone of |ower projection heigh
substantially equal with that of the data witing zone!
recordi ng device under driving is to be stopped, the
first lands, while seeking, at the inclined of the CSS zgone
hei ght of the projection is gradually :

SUMMARY OF THE INVENTION

‘An object of the present invention is to provide a

magnetic disc for high density magnetic recording, and a data
writing/reading-out method capable of fully utilizing the
performance of the medium.

To accomplish the aim, in a first aspect of the present
invention, there is provided a magnetic disc for conducting data
writing/reading-out by a contact start and stop (CSS) system,
comprising a date zone for writing/;eading-out data and a
contact start and stop (CSS) zone comprising é taking-
off/landing region and a stopping region, for a contact start
and stop (CSS) operation of a magnetic head, -hh.

wherein a plgrality of projéctions are present in the CSS
zone, the height of the projections in the taking-off/landing
regiqn lowers from the center of the magnetic disc toward the
data writing zone in the radial direction, an average gradient

for the height of the projections in the taking-off/landing

region is 1 X 1076 to 5 x 10-5, the maximum height of the -

projections in the CSS zone is higher than a flying height of
the magnetic head in the date ione, and the minimum height of
the projections in the CSS zone is lower ﬁhan the flying height
of the magnetic head in the date zone.

In a second aspect of the present invention, there is
provided a method for conducting data writing/reading-out by a

contact start and stop system,, which comprises:
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|ncreased ‘and then noves to a portion where the projectien T
hi gher acconpanying | owering of the nunber of rotation oREHUAEﬁhg é*@%i
- di sc. In the magnetic disc according to the presgnf Tnvention,

' since convex projections are present in a CSS zone wher

—t

hqz1magaaqu eqd

- conducts a CSS operation, the height of +he projectionliq reduced towand
the data witing zone, the inclination of the projectidn bs—smatt—€nough

at a portion in

contact with a magnetic head at a hi gh peed, and the

projection density is large at a portion in contact wtm=a nagnetic head
at a 'high speedustihg aagagtetihedibc arompuridiog a siaskl eo®8Sfovper ati on

whi | e seeki ng.

In addition, since the magnetic head is noved

acconpanylmgltanbﬁueaﬁeng—omtadata1aﬂa.bh@ommdcunsaaﬂtaahdnstoptGm&BNu;one

regi on

comprising a taking-off/landing region and a stopping region,

for a contact start and stop (CSS) operation of a magnetic head,

zone,

wherein a plurality of projections are present in the CSS

the height of the projections in the taking—off/landing

~ region lowers from the center of the magnetic disc toward the

" data writing zone in the radial direction, an average gradient

for the height of the projections in the taking-off/landing

region is 1 X 10-6 to 5 x 10-5, the maximum height of the

projections in the CSS zone is higher than a flying height of

the magnetic head, and the minimum height of the projectidns in

‘the CSS zone is lower than the flying height of the magnetic

head,

contact-head seeking and spinning down/spinning up a disc

rotation on the sloped projections, and

conducting recording/reading operation by flying the

magnetic head at a height lower than the maximum height of the

projections.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory view for a basic constitution of

one embodiment of a laser beam irradiation device; and

Fig. 2(a) is a perspective view illustrating the shape of

a projection formed by laser texture in Example 1, and Fig. 2(b)

is a vertical cross sectional view of a plane passing throuch



of the magnetic head is a portion of convex projection
height, the sticking is not caused upon stopping of

-19- t he magnetic head. Accordingly, when the nagnetic
data zone, since the flying height can be reduced as | ow}ag
t he magnetic head can be placed on a suffé<iently high '
stoppi ng, a high density magnetic recording device can
adopting quite the sane nmethod as wusual- CSS operati on.

the center of the projectidn obtained in Example 1 and including

the scanning direction of a laser beam.

DETATLED DESCRIPTION OF THE INVENTION

The present invention will be explained specifically. A
magnetic disc according to the present invention will at fi;st
be explained. The magnetic disc according to the presént |
invention is a magnetic disc which conducts data
writing/reading—gut by a contact start and stop (CSS) system.
The magnetic disc according to the éresent invention has a
plurality of projections satisfyipg sﬁecific conditions in the
CSS zone.

The magnetic disc comprises at least a magnetic layer,
optionally by means of an underlayer and an intermediate layer
thereon, on a non—maénetic substrate, and occasionally, a
protective layer on the magnetic layer. The projections may bg
present to at least one of thé substrate, the underlayer, the
intermediate layer, the magnetic layer and the protective layer.

An aluminum alloy substrate, a 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.
.carbon substrate, a ceramic substrate or resin substrate may
also be used. For the éiiicon substrate, a pure silicon
substrate as well as a silicon alloy substrate containing a

trace amount of elements for increasing the strength may be used.
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In sunmary,” in accordance with the present invention;. the € REBLACEMENT eSHEET

data writing/readi ng-out nethod capable of inproving the g$tifekrmg

characteristic of the magnetic head to the surface of the di
<20 B8 vy

reducing the flying height of the nagnetic head as | ow as |pg

data witing zone, while maintaining a satisfactory CSS cHarlacteristic
EXAVPLES The present i.nvention wll be described norie in details by
way of exanpl es but the present invention is not restricted—efty—totie
foll owi ng exanples unless the gist of the invention is not exceeded.

Exanpl e 1 and Compatade WhdpeaheeprbjecBion is formed by the irradiation

of an energy beam such as laser, a material having a low
reflectance on the surface and small heat diffusibility is
suitable for the substrate in view of a relation between heét
genération by irradiation and heat dissipation by thermal
conduction. Further, a substrate polished flat as much as
possible is used preferably in order to reduce a stable flying
height on the data zone. |

The magnetic recording medium can Ee obtained by forming
the magnetic layer directly on the surface of the substrate, but
the magnetic layer is usually formed by means-of.an underlayer
formed on the surface of the substrate. As the underlayer, a
non-magnetic underlayer composed of an Ni-P alloy is suitable
and such an under%ayer is formed usually by an electroless .
plating method or a sputtering method. The thickness of the
underlayer is usually from 50 to 20,000 nm, preferably from 1OO
to 15,000 pm. | |

An intermediate layer such as a Cr layer or a Cu layer may
be disposed betweeﬁ the substrate or the underlayer and the
magnetic layer. The thickness of the intermediate layer is,
usually, from 20 to 200 nm, preferably from 50 to 100 nm. The
magnetic layer (magnetic recording layer) comprises a
ferromagnetic thin alloy film such as composed of Co-P based
alloy, Co-Ni-P based alloy, Co-Ni-Cr based alloy, Co—Ni-Pt_based
alloy, Co-Cr-Ta based alloy, Co-Cr-Pt based alloy or Co-Cr-Ta-Pt

based alloy and is formed, for example, by electroless plating,

EAons



An Al ‘substrate of 90 mmin dianeter coated with an N ¢P .
pol i shed by applying a circunferential nmechanical tex d&dﬁ
“surface roughness (Ra) in data and CSS zones to not
an argon pul se laser (at 488 nnm controlled at a
t he intensity described in Table 1 to Taghg 3

was irradiated to a CSS zone of t

Then,

- 20-

{ th
i o aﬂﬁéﬁ?gg/ tlo

e Ni-P | ayer

proj ections, such that the height was | owered toward th ) I ng zone
successi vely. -The projection density was increased

electric plating, sputteéring or vapor deposition (vacuum
evaporation). The thickness of the magnetic recording layer is
usually about from 30 to 70 nm.

A protective layer is usually disposed on the surfacé of
the magnetic fecording layer. The protective layer comprises a
carbﬁn film, a hydrogenate§ carbon film, carbide film such as
composed of TiC or SiC, a nitri&e £film such as composed of SiN

or TiN, or an oxide film such as composed of SiO, Al,0; or ZrO,

and is formed by a method, for example, vapor depdsition (vacuum
evaporation), sputtering, plasma CVD, ion plating and wetting
process. BAs the protective layer, a carbonaceous film is
préferred, with a hydrogenated qarbon film or a carbon nitride
film being particularly preferred.

| Further, a lubricant layer is usually disposed on the

surface of the protectivé layer.. As the lubricant, for example,

-a liquid fluoro carbon-based lubricant is used suitab;y, and the

lubricant layer is usually formed on the surface of the

protective layer, for eﬁample, by a dipbing method.* However, in

case of using a magnetic head having a diamond-like carbon layer

on a slider surface, it is not always necessary for providing
the protective layer or the lubricant layer since the trlbologlc
property between the magnetic head and the magnetic recording
medium is improved.

As a method of forming projections.in the CSS zone wheré__
the magnetic head conduqts the CSS operatioﬁ, laser texturing

using a laser beam irradiation device is adopted suitably. Fig.



in a portion for the projection height in the CSS zone ' '

t he floyi ng hei ght of ltOhe magneti c head. Irradiation condi PSAGEMENT SHEET
hei ght of the projection at each radius are shown in Tabljes T to 3.
Nunerical aperture (NA) of ' objective |l enses are shown ijn thg'ﬁpépe@97A
spot dianeter in which 84% of energy is-goncentrated i epresented”as
1.22 x k/NA. Further, the cross sectional area of the grojecttron
represents a cross sectional area at a portion 1 nmbeldw the top end of |
t he projection. Next, a Cr internediate |ayer (100 nm, a uo-u-:ra"
al l oy nagnetiscahi explafatuvdy anckw foa’ ke pasiectonstithtidbMghe Were
formed successively on the substrate by sputtering nethod and then a

fluori ne- basbddimght dof UDriLse¥ HeadOirzQ8QatisRNA@éPLée! edheb albpt Beddi sON
Co.) was coated to a thickness of 2 nmby a :

irradiation device exemplified in Fig. 1 mainly comprises a

=

.pulse laser beam generation means 1, a light condensing means 2,
a spot moving means 3, a substrate moving means 4 and substrate
rotating means 5, 5.

The pulsg laser beam generation means 1 comprises,
functionally, a laser beam Qeneration means using a solid laser
source and an optical modulation means for mbdulating the laser
beam to fofm a pulse iaser beam. In the drawing, reference
numeral 6 represents a substrate. Although two substrate
rotating means 5 are illustfated, the substrate rotéting meané

. may be disposed by any numper.

As the 1ightlcondensihg means 2, any usual condensing
means (obiective ;ens) can be used so long as a desired fine
spot is obtainable. The light condensing mechanism is used
usually in combination with an autofocus (AF) system. For the
spot moving means 3Iand the substrate moving means 4, a linear
slider, for example, is used suitably. The spot moving means 3
carries the pulse laser beam generation means 1 and the light
condénsing means 2 theréon, and moves integrally in a linear
direction. The substrate moving means 4 carries the substrate
rotating means S5 to be described later thereon and moves
integrally the rotating means in a linear direction.

The spot moving means 3 has a function of continuously

changing the position of the spot on the fabrication surface.



di ppi ng nethod, to obtain a magnetic disc. For th '%‘“@M‘?'%ET

t hus manufactured, the static friction coefficient befoRe
(initial sticksion) and frictional force after 20,000 cyclles of CSS wer
measured. The results are shown in Table 4. In the CSS tledt, 24 FEBM997 |
head wth 6 gf of |oad gram (slider matapi-al : A1203 Ti Q) s used and
nmeasur ement was conducted under the condition of a head f|l yrmg— ner ght of

0.8 [err]inch. Further, the stable flying height (glide fjeight).of the

magneti c head was evaluated in the data witing .

-21- Such a positional change has a relative relation between the
spot and the fabrication surface. Accordingly, it may suffice
that the laser beam irradiation device shown in Fig. 1, has one

~of the spot moving means 3 or the substréte moving means 4.
Usuaily, it is preferred to move the spot itself by the
substrate moving means 4.

As the substrate rotating means 5, a spindle motor, for
instance, is used suitably, and the substrate 6 is supported to
a rotating shaft of the spindle motor and moved at a constdﬁt
number of rotation or a constant linear velocity.

Fig. 2 (a) is a perspective view illustrating the shape of.
a projection obtained in Examplell by laser texture and Fig.
2(b) is a vertical cross sectional view along a plane passing .
through a center qf the projection obtained in Example 1 and
including a scanﬁing direction of a-laser beam. The mechanism of
forming the projection by thellaser texture has‘not,yet been
apparent at present but it may be assumed as below.

That is, a spot portion overﬁeated ;6cally on the
projection-forming surface is melted partially and the molten
portion is moved by the rotation of the substrate or the
scanning of the laser beam. A portion initially irradiated by
the beam causes a temperature gradient aue to subsequent
lowering of the temperature. Generally, since the surface
tension is greater on the lower temperature side, the portion
melted initially and then cooled to a lower temperature is

protuberant by taking in a molten liquid from a portion melted

p—



zone by using a glide tester. The magnetic disc of CbnpareREP[ACEMﬁNﬁnSHEEﬁ
had a glide height of 1.5 [err]inch, while the n?gneilc 1!
Conpar ative Exanple 2 had a glide height of 0.7 [err]inc .
TagFes 1to3 sﬂEM/characterlstlc val ues of the magnetic d séépgﬁ@Figﬁle 4
shows the results of the CSS test. In Taddle- 1, "r" represe
fromthe center of the magnetic disc in whichr =18 - 21 mmis a CSS zone}.
(3 mmy. The standard deviation value 2[err] in Table 1 reptesents—a varue
2[err] (% assuming the standard deviation as a. In Tables 1 to 3, the
pr oj ect i onsubdseguényt I )due free et Slif féeracey ofif theosaeface Génsiroropda onal
position in a region with 1 nmw dth fromthe boundary region
form a shape of projection as shown in Fig. 2. Accordingly, a

depression is formed in the finally molten portion. 1In this case,
a depression is often present behind a convex projection in the
scanning direction of the laser beam.

Further, the depression may be formed sometimes to the
periphery of the projection by heat shrinkage depending on the
conditions whether the scanning speed of the laser beam or the

. rotating speed of the substrate is low, or the power of the
laser beam is large. Although the phenomenon has not vet been
analyzed sufficiently at present, it may be assumed as below.
That is, since the locally heated spot portion expands but the
periphery thereof is cooled and is less deformable, the expanded
portion is direct%y cooled by an external air to remain as a
projection. Then; the depression is formed by heat shrinkage at-
the periphery of the projection.

The height of the projection can be optionally controllgd
by adjusting_the intensity of the laser beam, the average
irradiation time and the linear velocity of the substrate. The
density of the projections can be optionally controlled by |
adjusting the number of projections per one circumference, the
:irradiation interval of the pulse laser in the radial direction
and the condition for controlling the height of the projection.
The height of the projection denotes a height of a projection
with reference to a center line for a roughness curve as defined

by the surface roughness according to JIS (B0601-1982). Further,



~

nei ghboring the data witing zone, and the projection 1dQEP{AGEME(m‘) SHEET |
represents a density of projection at an optional posi ' (o]
With, inthe radial direction, 1 nmmw dth fromthe irng

of the CSS zone. : : '

Table 1 -12- mple 1
r=21[err]20nm r=20[err]19mm r=19[err] 18mm Li ndar "vel ocity of
- 1714 1714 1714 :

t]

R

tNnce

the aensity of the projections does not mean an average density
over the entire medium but means a density of the prdjections
per unit area in.a_region in which projections are present.

It is usually pfefgrred that the intensity (power) of the
laser is from 20 to 500 mW, the average irradiation time is from
0.05 to 100 usec, the spot diametef of the laser is from 0.2 to
4 pm and the linear velocity of the substrate is from 0.8 to 15
m/sec. However, in a case of_fo;ming the spiral projection in
the form of a mountain chain, the laser beam is caused to
oscillate continuously while scanning the laser beam in a radial
direction.

In the magnetic disc according to the present invention, a

plurality of projections are present in the CSS zone comprising

a ﬁaking-off/land;Pg region and a stopping region, wherein the
height of the projections in the taking-off/landing region
lowers from the center of the magnetic disc toward the data
writing zone in the radial direction, an average gradient for

the height of the projections in the taking-off/landing region

is 1 x 1076 to 5 x.10-5, preferably 5 X 106 to 2 x 10-3, the

maximum height of the projections in the_contact start and stop
zone is higher than a flying height of the magnetic head in thé
déte zone, and the minimum height of the projections in the |
contact start and stop zone is lower than the flying height'of
the magnetic head in the date zoné, [where the averaée gradient
= (the difference between the prqjection height of projection

present at a nearest position of the CSS zone .to a maanetic disc



substrate (nnisec) Laser intensity (nmp
220 Average irradiation time 0.32[err]0.64 0.64[err]

0.96[err]1.23 ([err]sec) Projection density J(
9260 9260 - (NNmmferr]) Proj ection hqgi
6[err] 15 15[ err] 25 25[err]3513 Cross secti ¢
0.48[err] 0. 39 0.39[err]0.23 0.23[err]0.10 pr 64
Nuneral aperture of 0.6 0.6

obj ective lens: Standard deviation (2[err]) 9.5

6.7 center in the radial direction Bald ¢l projection height of
projection present at a nearest position of the CSS zone to the
data writing zone in the radial direction)/ (width qf the éSS

~zone)]. The upper limit of the flying height of the maghetic
head according to the present invention is preferably 60 nm and
the lower limit of the flying height of the magnetic head
according to the present invention -is preferably 1 nm.

It is preferred that in a stppping region (for example,
about 1 mm) of the magnetic head present in.the CSS zone iﬁ.tbe
radial direction, which stopping region is a nearer region in
the CSS zone to the magnetic disc center, the height of the
projections therein lowers from the center of the magnetic disc
toward thé data writing zone in the radial direction; the
maximum projection height of the projection is not more than 200

nm, preferably from 20 to 50 nm, the projectibn density is from
10 to 106 N/mm2 and an average éradienﬁ for the height of.the
projections in the CSS zone is 5 X 10-6 to 2 x 10f5. Further, in
order for smooth landing and rising of the.magnetic head in a
seeking state, the average gradient of the projection heiéht in
the stopping région is preferably 5 X 10~6 to 2 x 10-5.

It is preferred that the average gradient for the height
of the projections in the stopping region is equal to the
average gradient for the height of the projections in the

taking-off/landing region, and a declivity of the height of the

projections in the stopping region and the taking-off/landing



Exanpl e 1

Hs ([err]inch) REBLACEMENT SHEET

(0]

G adi ent of height of entire 9.7 x 10 [err] pPT Ol €ect1on
CSS zone : Hf ([err]inch) 0.8

Projection density (2) (N mﬂ err]) 9260 Pr oj gctli o?l 1d'éﬁ§i1??/7
ratio (1)/(2) -14- — ~P3=

regién is continuous. Also, it is preferred that the height of
the projections in the stopping region is flat at a maximum
height of the projections in the taking-off/landing region.

It is preferred that the magnetic disc according to the
present invention has a plurality of projections formed by the .
scanning of thé'energy beam in the.CSS zone, whefein the average
height of the projections present in the concyclic (same track)

in the CSS zone is from 1 to 60 nm, the projection density is -

from 10 to 108 (N/mm2) and the average area of a figure
surrounded with a contour line at a height 1 nm below the top of

each of the projections (hereinafter referred to as "contour

line area") is not more than 1 un@, and the vertical cross
sectional shape of a plane passing through the center of the-
projection and including the scanning direction-of the energy
beam has a depression on one side at the bottom of the
projection.

If the average height of the projections present in the
concyclic (same track) in the CSS zone exceeds 60 nm, a CSS
characteris;ic nmay be satisfactory but the stable flyiﬁg height
of the head may not be lowered. On the contrary, if the average
height of the projections preseﬁt in the concyclic (same track)
in the CSS zone is less than 1 mm,” the projection may be buried
iﬁ a fine unevenness inherent to the substrate, whereby it may

become difficult to obtain an intended effect. Further, if the

'density of the projection is not more than 10 (N/mm2), it becomes

difficult to support the lower surface of the magnetic head only




Table 3 Conparative  Co

Exanple 1 Exanpl e 2 Li near veIOC|ty of substrate

1714 (m sec) Laser intensity (nmWy

220 Average irradiation tine 1.28

([err]sec) Projection density (1) -15- 9260

(N mR) Proj ection helght (nm 35 o

sectional area of .10 0. 48 proj ection

Nuneral aperture of : 0.6 0.6 obj ective |lens
Hs ([err]i Bghrh&npiepedtostisBedaniseCo% nadalation orOthe like of thed

G adi ent for CSS zone 0 0 (' maxi muni boundary)

substrate. On the other hand, if the density of the projection
exceed 108 (N/mm2), it becomes difficult to make the height of

- the projection uniform. If the contour line area exceeds 1 pm2,
sticking tends to occur relative to the magnetic recording
mediuﬁ and the magnetic head tends to lower the CSS
characteristic.
| It is essential that the magnetic.disc according to the
present invention has projections in the CSS zone whefe thé
magnetic head conducts the CSS.opération, wherein the height of
the projection is lowered ﬁoward the data Qriting zone. In a
case of using such a magnetic disc, when the magnetic recording
device stays stationary, the magnetic head is placed at a
porﬁion of the CSS zone where the height of the projection is
high with less sticking. Then, when a driving device is started,
the magnetic head moves to alportion of the CSS zone where the
height of the projections is lower accompanying the rotation of
the disc. This portibn-causes sticking when the magnetic head

" stops on the magnetic disc, but frictional force in the state of
sliding movement is designed small enough. 'Further, since the
projéction density is high, it is excellent in wear resistance.
When the number of rotation of the medium reaches a
predetermined high speed rotation, the magnetic head completely
leaves the medium and can freely move on the data writing zone.

Further, assuming the standard deviation for the height of

the projections present in an optional radial region of 50 um



Hf ([ efr]inch) 1.5 0.7 Proj ect |

g‘ Iq ElEIq M t AP
260 9260 (N me) Proj ection deni BEPLIASEMBﬁT SHEET
1 ! (1)/(2)
- 24- ' Table 4 ,
Exanpl e 1 Conparative Conparative -16- ' 2 1 FEB 997
Exanple 1 Exampl e 2 _

width on the magnetic disc as o, it is preferred that the

magnetic disc of the present invention has a value 20 of not

more than 15%. That is, it is preferred that the height 6f.the

projection on the surface of the magnetic disc less scatters and

a more prefeired value 20 is within 10%.

Further, for the magnetic disc according to the present
invention, a magnetic disc in which the projection demsity at
the taking-off/landing ;egion'(landing region) of the magnetic
head is higher than the projection density at the stopping
region of the magnetic head, is used preferabiy. Such a magnetic
disc is preferred since the abrasion for the portion of
projections upon CSS operation can be reduced. Usually, the
ratio of the projegtion density at an optionai position in a
region with 1 mm width from the data writing zone in the contact'
start and stop zone in the radial direction to the projection
density at an optional position in the region (stopping region)
with 1 mm width on the inside from the nearest position of the
contact start and stop zone to a magnetic disc center in the
radial direction is more than 1 to not more than 100, preferably
from 2 to 20, more preferably 2 to 10.

Description will then be made to a data writing/reading-
out method according to the present invention.

In the data writing/reading-out method according to the
present invention, the readiﬁg—out/writing of data by the

magnetic head to the magnetic disc is conducted by the CSS



I ni.ti al sticksion 0. 15 0. 14 5.19 i ﬁhbf@mﬁ SHERT

coefficient) Frictional force after 3 (NotE
20, 000 cycles of CSS (gf) (Note 1): Head crushed (Note R): Driving
st opped by adsorption (at 400 cycl es) In Exanpl g 4, 2INFERt 199
magneti ¢ head conducts a CSS operationwyide seeking, the fpottom of the
~magnetic head is in contact with the inclined surface of] projections—atla
radial portion from21l to 20 mm and projection height fr 6 to 15 nm
and noves as it is toward the higher portion of the projection height.
Since the epstenl |BNAHY meRBbli 88cHBEiRg NE@htid Grafddri indentiby, aadddse .
sufficient abrasion resistance even when the

used has projections in a CSS zone where a magnetic head

=

conducts a CSS operation, and the writing/reading is condﬁcted_

by flying the magnetic head at a ﬁeight lower than the maximum
projection height of the projections. ‘Then, the magnetic disc
according to the present invention described previously is used
suitably for such operation.

Usually, the ratio of the height (Hs) for thelstopping
region of the magnetic head in the CSS zone to the flying héight_
(Hﬁ) of the magnetic head in the data writing zone is defined
within a range from more than 1 to not less thaﬁ 100, preferably
from more than 1 to not less than 50, more preferably frémnmore
than 1 to not less than 10. The values for Hs and Hf canmgé-
determined by measurement by a glide tester, using the standard
bump disc having a standérd height.

Then, as described previously, in the present inveﬁtién,
it is preferred that thé magnetic head conducts the CSS
operation while seeking. Thaﬁ ié, when the magnétic head
conducts the CSS operation, the magnetic head is caused to rise
and land at the inclined portion of the projection while seeking.
Actually, when the magnetic Aisc stops stationary, the magnetic
head is moved to a higher portion of the prgjection_height
accompanying the loWering.of the rotational velocity while
seeking, and the rotation of the magnetic digc is stopped at the

final stationary position of the magnetic head.




magnet i ¢ head moves sl i dably at a high speed. Further, sin QQEHERCEMEW'SHBET
of the projection height is small enough, no head crushinp

Sninitial
frictional

magneti c head stopping region at a 19 te1d8 nmmradi al reglop, and the

contact with the magnetic head. The stl,k3|on and %ﬂﬁ
force after 20,000 cycles in Exanple 1 are val lief al

seeking velocity of the nagnetic head in the CSS zone wastdefined as 1

mm sec in

- 25-

During driving of the magnetic recording device, if the
magnetic head does not conduct seeking on the data writing zone,

the magnetic head preferably stands-by in the CSS zone where the

" height of the projection is lower for emergency of power source

abnormality or the like. Accordingly, it is preferred that the
CSS zone of lower projection height has a glide height
substantially equal with that of the data writin§ zone. When the
magnetic recording device under driving is to be stopped, the

magnetic head at first lands, while seeking, at the inclined of

‘the CSS zone where the height of the projection is gradually

increased, and then moves to a portion where the projection
height is higher accompanying lowering of the number of rotation
of the magﬁetic aisc. |

| In the magn?tic disc according to the present invention,
since convex projections are present in a CSS zone where the
magnetic head conducts a CSS operation, the height of the
projection is reduced toward the data writing zone, the
inqlination of the projection is small enough at a portion in

contact with a magnetic head at a high speed, and the projection

density is large at a portion in contact with a magnetic head at

a high speed, the magnetic head can conduct a stable CSS
operation while seeking.

In addition, since the magnetic head is moved accompanying
a low speed rotation of the medium and a final stopping region
of the magnetic head is a portion of convex projection of high

projection height, the sticking is not caused upon stopping of



the radial direction. On the contrary, in the CSS zone of fih %* — "
Exanple 1, since there is no gradient for the projection hgi ghali_a %ﬁ%SHEET
projection height is higher than the flying height of the. netic head 1n
the data witing zone, head crushing was caused after several c&dIEEBcﬁpy
the CSS operation. Further, in the CSS zgqme of Conparativej{BEfanple 2,

al t hough no head crushing was caused upon seeki ng of the gnet1 C nead;
since the projection height is |low, sticking was caused aft repeati ng
the CSS operation or upon stopping of the nagnetic head and the nagneticC

head coul d gR¥Em&EgnEPI® head. Accordingly; 4fhen the magnetic head seeks the.

(@)

data zone, since the flying height can be reduced as low as
possible and the magnetic head can be placed on a sufficiently
high projection upon stopping, a high density magnetic recording
device can be developed by adopting quite the same method as
usual CSS operation.
In summary, in accordance with the present invention,
there is provided a data writing/reading-out method capable of
 improving the sticking characterisfic of the magnetic head to
the surface of the medium and reducing the flying height of the
magnetic head as low as possible iﬁ a data writing zone, while

maintaining a satisfactory CSS characteristic.

EXAMPLES

The present invention will be described more in details by
way of examples but the present invention is not restricted qnly
to the following examples unless the gist of the invention is

not exceeded.

" Example 1 and Comparative Examples 1 - 2

An Al substrate of 90 mm in diameter coated with an Ni—P.
‘underlayer was polished by applying a circumferential mechanical.
texture to reduce the sufface roughness (Ra) in data'and:CSS
zones to not more than 1 nm.

Then, an argon pulse-laéer (at 488 nm) controlled at a

high accuracy to the intensity described in Table 1 to Table 3




WHAT IS CLAIMED | S 1. A magnetic disc for conducting data
weiting/reading-out by a contact start and stop system. co p
zone fgr W i t?ng/readl ng-out data and a contact start and ESMM%N*%I&ET
conprising a taking-off/landing region and a stopping regionf, { for a
contact start and stop operation of a nmagpgti c head, : WHerZnrFEB 1997
plurality of projections are present in the contact start gnq stop zone,
the height of the projections in the taking-off/landing redi omtowers—Ton
the center of the magnetic disc toward the data witing zofje in the radial
di rection, was dweedjetgdadoeat c§9rzée deiHy naf-pt hayBroLeCcEbgRS 1N the |
taking-off/landing region is 1 x 10[err] to 5 X 10[err], the o
projections, such that the height was lowered toward the data

writing zone successively. The projection density was increased
in a portion for the projection height in the CSS zone
corresponding to the flying height of the magnetic head.
Irradiation conditions and the height of the projection at each
radius are shown in Tables 1 to 3. Numerical éperture (NA) of
objective lenses are.shown in the tables. A spot diameter in
which 84% of energy is concentrated is represented as 1.22 x
k/NA. Further, the cross seétional area of thg projection
represents a cross sectional area at a portion 1 nm below the
top end of the projectioﬁ. o
Next, a Cr intermediate layer (100 nm), a Cb—Qr7Ta.alloy
. magnetic.film (Solnm) and a carbon protective film (20 nm) were
formed successively on the substrate by sputtering method and
then a fluorine-based liquid lubricant ("DOL-2000", manufactured
by Monte Edison Co.) was coated to a thickness of 2 nm by a
dipping method, to obtain a magnetic disc.
For the magnetic disc thus manufactured, the static:
friction coefficient before CSS test (initial sticksion) and
frictional force after 20,000 cycles of CSS were measured. The

results are shown in Table 4. In the CSS test, a thin film head

with 6 gf of load gram (slider material: Al,0; TiC) was used and

.measurement was.conducted under the condition of a head flying
height of 0.8 pinch. Further, the stable flying height (glide

height) of the magnetic head was evaluated in the data writing



maxi mum hei ght of the projections in the contact start and’
hi gher than a flying height of the magnetic head in the datje [Zone;—aRd
‘m ni num hei ght of the projections in the contact start and]stfo

| ower than the flying height of the nmagnetic head in the dat
2. A magnetic disc according to claiml,-osherein an averag
projections present at the concyclic in the contact start
from1l to 60 nm a projection density is from10 to 10[err :
an average area of a figure surrounded with a contour line at a height 1

nm bel ow t BenkeoPyOhsif@Cd FLidd e dyt@ireCt TRE mAdndtolc MR IR Cokpheative

Example 1 had a glidelheight_of 1.5 pinch, while the magnetic
disc of Comparative Example 2 had a glide height of 0.7 pinch in
the CSS zone.

Tables 1 to 3 show characteristic valugs of the magnetic’
discs and Table 4 shows the results of the CSS test. In Table 1,
“r” represents a distance from the center of the magnetic disc

in which r = 18 - 21 mm is a CSS zone (3 mm). The standard

deviation value 20 in Table 1 represents a value 26 (%) assuming
the standard deviation as ©. In: Tables 1 to 3, the projection

density (1) represents é aensity of projection a£ an 6ptionai
position in a region with 1 mm width from the bouﬁdary region
neighboring the data writing zone, and the projection density

(2) represents a éénsity of projection at an optional position,
in a région, with, in the radial direction, 1 mm width from the

innermost circumference of the CSS zone.



REPLACEMVENT SHEET
wherein the

vertical cross sectional

has a depression on one side at the bott-gm-of

hei ght of the projections in the
to 2'x_10[err]=

3. A magnetic disc according to_cl
projections are forned by scanni ng of an
shape of a pl ane passing throgg
‘the projection and including the scanning direction
the projledti 2 FEB
A magnetic disc according to claiml1, wherein the (
t aki ng-of f/ 1 andi ng repi

gr adi ent.

MTs 5 X 10[érr

Table 1
Example 1
r=21~20mm r=20~19mm r=19~18mm
Linear velocity of 1714 1714 1714
substrate (mm/sec)
Laser intensity (mW) 220 220 220
Average irradiation time | 0.32~0.64 | 0.64~0.96 | 0.96~1.23
(usec)_
Projection density (1) 18520 9269 9260
(N/mm?)
Projection height (mm) 6~15 15~25 25~35
Cross sectional area of | (.48~0.39 0.39~0.23 0.23~0.10
projection (pum2) '
Numeral aperture of 0.6 0.6 0.6 .
objective lens
Standard deviation (20) 9.5 10 6.7
(%)
Table 2
Example 1
Hs (pinch) 1.5
Gradient of height of entire 9.7 x 10-6
projection for CSS zone
Hf (pinch) 0.8
Projection density (2) (N/mm2) 9260
Projection density ratio (1)/(2) 2
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5. A magnetic disc according to claim1, wherein a value 2[err] is within
15% assum ng a standard devi ation value a for the height of projections
‘present in an optional radial region with 50 [err]mw dth on fh°4ﬁ%Ethic
di sc. 6. A magnetic disc according to claim ,RE@RQEMENTT-SHE
Of=—t-Rre=—TTE lc head

projection density at the taking-off/|andi-2§-regi on- e

I s made hi gher conpared with the projection density ht tgﬁ ?%QP@#QQ r ejgi on
for the nmagnetic head. 7. A magnetic disc acgofdi & inml
wherein an average gradient for the height of the pr¢) éctjons in+the
stopping region is equal to the average gradient for fhe height

Table 3
Comparative Comparative
. Example 1 Example 2
Linear velocity of substrate 1714 1714
(mm/sec) .
Laser intensity (mW) 220 220
Average irradiation time 1.28 0.32
(Usec)
Projection density (1) 9260 9260
(N/mm?2 )
Projection height (nm) 35 . 6
Croés sectional area of 0.10 . 0.48
projection (um?) |
Numeral aperture of - 0.6 0.6
objective lens ’
Hs (uiﬁch) - ' -
Entire gradient for CSS zone 0 0
Gradient for CSS zone 0 _ 0
(maximum/boundary) _
HE (Linch) | 1.5 0.7
Projection density (2) _ 9260 9260
| (N/mm2)
Projection density ratio 1 1
(1)/(2)




28 “of the projections in the taking-off/landing region, and a

taki ng-of f/ 1 andi ng region is continuous. 8. A nmgn

declivity of the height of the projections in the stopping rR@%ﬁg@Eﬂ]‘ Lﬁl‘fﬁ'

according to claim1, wherein the height of the projectionp |n the

stopping region is flat at a maximum hei3&t of the project| ohs2i hFEBW97

taki ng-of f/l anding region.

Table 4

Example 1 | Comparative | Comparative

Example 1 Example 2

Initial sticksion 0.15 | o0.14 5.19

(friction coefficient)

Frictional force after 3 {(Note 1) {(Note 2)-
20,000 cycles of CSS (gf)

(Note 1): Head crushed

(Note 2): Driving stopped by adsorption (at 400 cycles)

In Example 1, since the magnetic head coﬁducfs a Css
operation while seeking, the bottom of the magnetic head is in
contact with the inclined surfacé of projections at a radial -

. portion from 21 to 20 mm and projection height from 6 to 15 nm,
and moves as it is toward the higher'portion of the projection
height. Since the initial landing.portion has a high projection
density and a sufficient abrasion resistance even when the
magnetic head moves slidably at a.high speed. Further, since the
'gradient of the projection height is small enough, no head
cruéhing is caused also in initial contact with the magnetic
head.

The sticksioﬁ and the.frictional force after 20,000 cycles
in Example 1 are valﬁes at the final magnetic head stopping
region at a 19 to 18 mm radial région, and the seeking velocity

of the magnetic head in the.CSS zone was defined as 1 mm/sec in



9. A magnetic disc according to claim1, wherein a ratioi—?ﬁg
density at an optional position in a region wth 1 nmm wdt
‘Wwiting zone in the contact start and stop zone in the rhd
the projection density at an optional position in a regipn
on the inside fromthe nearest positiongf_the contact s
zone to a magnetic disc center in the-radial direction is
not nore than 100. 10. A method for conducting dé :
writing/reading-out by a contact start and stop system, I ch conpri ses:
using ‘a Mg raddaICASLERELISh NI Oh ¥ReCcoABBalP! iV tRd NEHY GRMINGOUt data,
and a contact start and stop zone

Comparative Example 1, since there is no gradient for the

projection height and the projection height is higher than thé
flyihg height of the magnetic head in the daﬁa writing zone,
head crushing was caused after several cycles of the CSss
opérafion. Further, in the CSS zone of Comparative Example 2,
althouéh no head crushing was caused ubon seeking of the
magnetic head, since the projection height is iow, sticking was
caused after repeatipg thggCS§_9peratiqn or upon stoppiné 6f_the

magnetic head and the magheﬁic head could mbve no more.



conpr|5|ng ‘a t aki ng- off/Iandlng region and a stopping regwnnf for a

contact start and: \ magnetic head, | REﬂhﬁGﬁMENTaSHEET
plurality of proje 'ln the contact starjt
t he hei ght of the ar[mmﬁﬂ‘ i m lﬁm

REPLACENENT SHEET, CIH l Wt he26aki ng- of f /1 andi hg 4 dJTER WFne
fromthe center of the nagnetlc disc toward the data wifti zone in th

radial direction, an average gradient for the height of the proj ections
in the taking-off/landing region is 1 x 10[err] to 5 x 10fert—the

maxi mum heWEIAT 36 CHATIMED| E§tions in the contact start and stop

(D

1. A magnetic di;c for conducting data writing/reading-out

by a contact start aﬁd stop system, comprising a date zone for
" writing/reading-out data and a contact starﬁ and stop zone

comprising a taking-off/landing region and a stopping region,
for a contact start and stop operation of a magnetic head,

wherein a plufality of projections are present in the
contact start and stop zone, the height of the projections in
the téking—off/landing region_lowers from the center of the
magnetic disc toward the data writing zone in the radial

direction, an average gradient for the height of the projections.
in the taking-off/landing region is 1 X 10-6 to 5 x 10-5, the

maximum height of the projections in the contact_sﬁart and stop
zone is higher than a flying height of the magnetic head in the
date zone, and the minimum height of the projections in the

contact start and stop zone is lower than the flying height of

the magnetic head in the date zone.

2. A magnetic disc according to claim 1, wherein an
average height of the projections present at the cqncyclié in

the contact start and stop zone is from 1 to 60 nm, a projection

density is from 10 to 108 N/mm2, and an average area of a figure

surrounded with a contour line at a height 1 nm below the top of

egch of the projections is not more than 1 um2.




zone i 5 higher than a flying height of the nagnetic he
hei ght of the projections in the contact start and st

‘the flying height of the magnetic head, cont act 1

spi nni ng dom/spiinmmlmﬁﬂ“mwmum tation on the slop
conducti ng recordi ' M\ on by2ftying the -
hei ght | ower than tHe ﬁaxfnuﬁ1ﬁ%ight?of the projectio
data writing/readi ng-out nethod according to claim 10
using a magnetic disc in which an average height of t

present at the concyclic in the contact start and sto
60 nm a projection density is from10 to 108 N m2,

. P
zﬁazmmemufwn nan
d ' ' )

PN FRR I [

S 110 A
whi ch conpri ses

] : :

p zone is from1l to
and an average area

of a figure 3. A magnetic disc according to claim 1, wherein the

projections are formed by scanning of an energy beam, and a

_ vertical_cross sectional shape of a plane passing through the
center of the projection and including the scanning directiqn_of
the energy beam has a depregsion on one siae at the bottom of

the projection.

4. A magnetic disc according to claim 1, wherein the

average gradient for the height of the projections in the

taking-off/landing region is 5 X 10-6 to 2 X 1075.

5. A magnetic disc according to claim 1, wherein a value

20 is within 15% assuming a standard deviation value ¢ for the

height of projections present in an optional radial region with

50 pm width on the magnetic disc.

6. A magnetic disc according to claim 1, wherein the
projection density at the taking-off/landing region for the
magnetic head is made higher compared with the projection

density at the stopping region for the magnetic head.

7. A magnetic disc according to claim 1, wherein an
average gradient for the height of the projections in the '

stopping region is equal to the average gradient for the height



surrounded with a contour line at a height 1 nm bel ow the-tmLﬁbEMEﬁF%HﬂET

the projections is not nore than 1 [err] 12. A dpt

“writing/readi ng- 6ut” nernou aucvfdrﬁg-to claim 10, which gopprises using

magnetic disc |n, f: ions are formed by scahn] n@ bFES997er
beam and a m " mgﬁw veZ8+ cal cross sectipnal shape of

pl ane passi ng throug f the .projection and ipcluding tne

scanni ng direction of the energy beam has a depression one side at the

gy
a

bot t om of :
' of the projections in the taking-off/landing region, and a

declivity of the height of the projections in the stopping

region and the taking-off/landing region is continuous.

8. A magnetic disc according to claim 1, wherein the
height of the projections in the stopping region is flat at a
maximum height of the projections in the taking-off/landing

region.

9. A magnetic disc according to claim 1, wherein a ratio
of the projection density at an optional position in a region
with 1 mm width from the data writing zone in the contact start
and stop zone in the radial direction to the projection densit§
at an optional po;ition in a region with 1 mm width on the
inside from thé nearest position of the contact start and stop
zone to a magnetic disc center in the radial direction is more

than 1 -to not.more than 100.

10. A method for conducting déta writing/reading-out by a
‘contact start and stop system,, which comprises:

using a magnetic disc comprising'a date zone for
writing/reading—out data and a contact start and stpp zone
comprising a taking-off/landing region and a stopping region,
for a contact start and stop operation of a magnetic head,.

wherein a plurality of projections are present in the

contact start and stop zone, the height of the projections in



t he proj ection. 13. A data witing/reading-out ne hﬂEPI.EEC‘EMEﬂ‘I'rQ-{E‘E?
claim 10, which ' gnetic disc in which
’gradl ent for the height of the rOJ edtions in the taking- o f/é andi n%”?
region is 5 X 10[erﬂm VML 14. A data
writing/reading- out i to gdqaim 10, which c lses using a
- magnetic disc inwhich a value or 2[err] is within 15% a sun1ng a

~standard deviation [err] for the height of projections preésest——i—ahm—.
~optional radial region with 50 [err]m w dth on the magnetic disc.

15, A dat a tiel thREhGESEE NDa M nd BINAGAACWHNE bR ¢hal Bbnter of the
magnetic disc toward the data writing zone in the radial

direction, an average gradient for the height of the projections
in the takingaoffylanding region is 1 X 106 to 5 X 1075, the

maximum height of the projections in the contact start and stoé
zone.is higher than a flying height of the magnetic head, and
the minimum height of the projections in the contact start and
stop zone is lower than the flying height of the magnetic head,

'éontact—head seeking and spinning down/spinniﬁg up a disc
rotation on the sloped projections, ;na

conducting recofding/reading operation by flying the
mégnetic head at a height lower than the maximum height of the
projections. |

11. A data writiné/reading-out method according to claim
10, which comprises using a magnetic digc in which an average
height of the projections presenf at the concyclic in the

contact start and stop zone is from 1 to 60 nm, a projection

"density is from 10 to 108 N/mm2, and 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 more than 1 um2..

12. A data writing/reading-out method according to claim
10, which comprises using a magnetic disc in which the

projections are formed by scanning of an energy beam, and a



16: whi ch conprises using a magnetic disc in which the prgj | STty
at the taking-off/landing regi the magnetic head is RE LWEME@J# éHE)éT

‘conpared with the ' i
magnetic head. ! Immﬁm"M
claim 10, which conpri ses

gradient for the height of the projections in the stoppin

-31-

tl Iwri ting/ readi ng-out methof KtEFEY 997t O

ﬂ nsity at the stopping regipnjfor the
’ ? magnetzg-di sc i n which anf aver age

vertical cross sectional shape of a plane passing through the
center of the projection and including the scanning direction of
the energy beam has a depression on one side at the bottom of

the projection.

 13. A data writing/reading-out method according to claim
10, which comprises using a magnetic disc in which the average

gradient for the height of the projections in the taking-

off/landing region is 5 X 10-6 to 2 X 10-5.

14. A data writing/reading—out method according to claim

10, which comprises using a magnetic disc in which a value for
20 is within 15% assuming a standard deviation 6 for the height

of projections présent in an optional radial region with 50 um

width on the magnetic disc.

15. A data writing/reading-out method according to claim

10, which comprises using a magnetic disc in which the

projection density at the taking-off/landing region for the

magnetic head is made higher compared with the projection

density at the stopping region for the magnetic head.

16. A data writing/reading-out method according to claim
10, which comprises using a magnetic disc in which an avefage

gradient for the height of the projections in the stopping




re-gi on is équal to the average gradient for the height o BﬁréAcwaeéHﬁ%s
Jn the taking- off/Iandlng region, and a declivity of thg height of the

‘projections in th ' and the taking-off/lphnpi @1 FED 997i s
cont i nuous. ﬂ“’mﬁﬂ"lﬂuﬂﬁ“m’ ting/ readi ng-out nethpd}according to
claim 10, which cdnpfisks sihg*a magnetlic disc in which The nerghtof
the projections in the stopping region is flat at a maxi bum__height of th
projections in the taking-off/landing region. : 18. A data
writing/readjng-out method according to claim 10, which conprises using a
magnet i c APEEOR nisveEIrla toatthe everate grajieentoﬁoriethe theightawfopgheonal
position in a region with 1 nmwdth fromthe data witing zone in the
contact sPEPiIe@pPns in the taking-off/landing region, and a declivity of

the height of the projections in the stopping region and the

taking-off/landing region is continuous.

17. A data writing/reading-out method according to claim
10, which comprises using a magnetic disc in which the height of
the projections in the stopping region is flat at a maximum

height of the'projections in the taking-off/landing region.

18. A data writing/reading-out method according to claim
10, which comprises using a magnetic disc in which a ratio of
the projegtion density at an optional position ;n a.region with
1 mm width from the data writing zone in the Eontact start and
stop zone in the radial direction to the projection density at
an optional position in a region with 1 mm width on the inside
from the nearest position of the contact start and stop zone to.
- @ magnetic disc center in the radial direction is more than 1 to

not more than 100.

*19. A data writing/reading-out method according to claim
10, which comprises using a magnetic disc in which a ratio of
the projecfion density at én 6ptiona1 bosi;ion in a regioﬁ.with
1 mm width from the data writing zone in the céntact start and
stop zone in the radial direction to the projection density at

an optional position in a region with 1 mm width on the inside



stop zone
position i
position o
t he radi al
data witi

in the radial direction to the projection de‘sﬁE@UWEWEﬁF
n a region mntn 1 nn1mﬁdth on the inside frp

f the ¢ top zone to. a mag
dlrect “ to not nore than f170.
ng/read| ;

using a magnetic dISC I n mhlch aratio of the prOJec lon denS|ty at
ositionin aregion with 1 mmw dth fromthe data—w zone
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in the con

tact-start and stop zone in the radial direction to. the

proj ecti onfgemnsthy féarddt Puidididn RESitheOBohbBadt I €6APH ad hst-;loprrﬂdﬂedttb on_

t he inside

a magnetic disc center in the radial direction is more than 1 to

not more than 100.

19. A data writing/reading-out method according to claim:
10, wherein when the magnetic disc stops stationary, the
magnetic head is moved to a higher portion of the projection

height accompanyiné'the lowering of the rotational velocity

while seeking, and the rotation of the magnetic disc is stopped

at the final stationary pésition of the magnéﬁic head.

20. A data writing/reading—out method according to claim

10, wherein the ratio of the height for the stopping region of
- (
the magnetic head in the contact start and stop zone to the

flying height of the magnetic head in the data writing zone is

more than 1 to not more than 100.



- 3.
% han 100.

10, wherein when the magnetic disc stops stationary, the gnet
noved to a higher portion of the projection height acconpafgyi

fromthe nearest position of the contact start and S REPLACEMENT OSHEET ]
magnetic disc center in the radial direction is nore than 1]t -

19. A data writing/readi ng-out method ac¢o difg flré%d ai m
99%

g.the

| owering of the rotational velocity whilyg_seeking, and thejrotation ofthe

magnetic disc is stopped at the final stationary position Gf—the—fragRetit—m.

head.

MAGNETIC DISC AND DATA WRITING/READING-OUT METHOD
ABSTRACT OF THE DISCLOSURE:

The magnetic head can conduct a stable CSS operation while

seeking by using a disc d;ive having a magnetic head for
Qriting/reading—out data from/to a magnetic disc, ﬁhile flying -
the magnetic head at a predetermined flying height, which the
magnetic disq comprising a contact start and stop (CSS) zone
combrising a taking-off/landing region and a stopping'region,
for a contact start and stop operation of the magnetic head and
a date.zone for writing/reading-out data, wherein é plurality of
projections are present.in the Csé.ZOne; the‘héight,of the
projections in the t;king—off/landing reéion decreases'from

inmner to outer in a radial direction of the disc, an average

gradient for the height of the projections in the taking-

off/landing region is 1 X 10~6 to 5 X 10-5, the maximum height of

the projections in the CSS zone is higher than a flying hgight
of a magnetic head in the data zone, and the minimum height of

the projections in the CSS zone is lower than the flying height

.of the hagnetic head in the data zoné.

FIGURE 1




20. A data writing/reading-out nethod according to claim 10
ratio of the height for the stopping region.of the nagnetig
Tontact start and stop zone to the .flying height of the ng
the data witing zone is nore than 1 to not nore than 100.

FIG.1
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