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MAGNETIC RECORDING MLDIUM, METHOD OF PRODUCING THE SAME,

AND RECORDING AND READING OUT METHOD

The present invention relates to a-magnetic_recording
medlum, a method of produc1ng the same, and a

recordlng/readlng out method. The magnet;c recording medium

' according to the present invention comprises at least a

magnetic laYer,'optionally by means of-an_under layer, on a

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

start and stOp)_oharacteristic and excellent sticking property

of the magnetic head to the surfaoe of the_magnetic recording

medium} and which can louer a flying height of the magnetic

head.

Usually, information is written into and read out of a
magnetic recording medium (disc) by means of a magnetic head,

in which the disc is moved at a high speed to rise the

magnetic head on the surface of the magnetic recording medium.

In the dlSC, fabrlcatlon for applylng mechanlcal polishing

treatment has been applled to leave a fabrlcatlon traces

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

improving a magnetio characteristic. Usually, the mechanical

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

substrate or on an-under layer such as an NiP plated or

sputtered layer dlsposed thereon

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

._informatlon, and for mlnraturlzlng?and'the_llghtwelghtlng the
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dev1ce, ‘the linear recordlng den31ty and track den51ty are

increased, so that scratches caused by the ex1stent mechanlcal

texture result in an error at a hlgh probabllity if the area

per one bit is decreased

Accordlngly, it has been proposed a method of applylng

. the mechanlcal texture only in a CSS reglon of the disc whlle

leaving a data recordlng reglon as it is stand, but the
surface of the data recording region is made hlgher than the =

height for the surface of the CSS region to'bring about a

. problem that the magnetic head crushes upon seeking.

Further, a method of preparlng a texture pattern by laser

~ beam has also been proposed instead of the mechanlcal texture.
.For 1nstance,_U.S. Patent Nos. 5,062,021 and 5,108,781 propose
"an attempt "of locally melting or fusing an NiP layer by a Q

'switch laser beam of Nd-YAG, in which a pulse width.is very

narrow and an energy density'is_very'high,=and_forming a.
center depression surrounded'by a circu;ar.raised rim, thereby
improving the CSS-characteristic'with_respect to the magnetic
head by the formed circular rim.

‘However, in the above-mentioned method, the contacting

' area with respect to a lower surface of the magnetic head is

not decreased outstandingly, and it can not be said that the

'problem of sticking between the.magnetic head~and the disc is

1mproved more as compared Wlth the mechanlcal texture.
Further, a method of formlng progectlons by using

photollthography has also been proposed | For 1nstance, a

pretext for Trlbology by published ln-The Japan Society of

Tribologists (1991-5, A-11), (1992-10, B-6) shows the result
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~of a CSS test for a disc having COncentric projections formed

by photolithography at 0. 1 to 5 % area ratio relative to the
entire surface of the dlSC |
However, since the top of the projection is flat in the

above-mentioned method, it involves a drawback that the -

_ frictional force is increased along w1th ‘the sliding cycles of'

the magnetic head and that industrial application is not easy

As a result of the present inventors"earnest studies, it

‘has been found that by irradiating,'to the surface of a non-

magnetic substrate, a magnetic layer, an under layer or a y'
magnetic medium, an energy beam that moves relatively to the

said surface thereof and melting locally the said surface

'thereof, thereby forming projections on the surface, the thus -

obtained magnetic recording medium, wherein pro:ections formed

'by irradiation of the energy beam and haVing a height of 1 to

60 nm are provided at the number of 102 to 108 per 1_mm2 on
the surface of_any one of the non-magnetic substrate, the

under layer; the magnetic layer and the magnetic recording

" medium, is'capable of preventing a magnetic head from sticking

and reducing fluctuations for stable flying height of the
magnetic head when the magnetiC'head seeks between the data
recording region and the CSS region,'and:causing neither head
crush nor instabilization-of the magnetic.head in a space

The present invention has been attained on the basis of the

above-mentioned finding

¥
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The object of the present invention is to provide a
magnetic recording medium capable of preventing a magnetic

head f:om-stidkihg by decreasing the area at the top end of a

_projection, and reducing fluctuations for the stable flying

height of the magnetic head when the magnetic head seeks

between'the'data recoxrding région7and the CSS region, and
causing neither-head crush nor instabilization of the magnetic
head in a spaCe,_

To accdmplish the aims; in a first aspect of the preSent'

invention, there is provided a magnetic recording medium

having at least a mégnetic layer, optionéllylby means of an

. under layer, on a'non-magnetic substrate, wherein projections

formed by irradiation of an energy beam and each having a

height from 1 to 60'ﬁm-aré provided at the number of 102_to
108 per 1 mm2 on the surfaqe_of any'one of the non-magnetic
suSstrate, the ﬁndér.layer, the magnetic layer and the |
magnetic recording medium.

In.a Sécond aspect.of the present invention, there is
proﬁided a magne;ic recbrding medium_having ét least a

magnetic layer, optioﬁglly'by means of an under layer on a

nonémagnetic_substrate, wherein projectiohs_formed by
'ifradiatibn'of an energy beanm and éach having a height-f:om 1
to 60 nm are provided at the number of 102 to 108 per 1 mm2 on

the surface of any'one of the_non—magnetic_substrate, the

under'layer['the-magnetic'layer and the magnetig recording

medium; and a dépreSSion formed'by irradiaﬁion of the energy
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beam is present adjacent to each of the progections at the
scanning direction of the energy beam

In a third aspect of the present_invention, there is

. provided a magnetic recording medium having at least a

' magnetic iayer,”optionally by means of an.under layer, on a

non-magnetic substrate, wherein concentric fabrication traces

are formed by'mechanical texturing on the surface of the non-

‘magnetic substrate_or the surface of the under layer, and

projections are.formed by ‘irradiation of an energy beam on the

surface of any ohe of the non—magnetic substrate, the under

layer, the magnetic layer and the magnetic recording medium of

a CSS.(contact_start and'stop)"region,

In a fourth aspect of the_present'invention, there is

provided a -method of producing'a_magnetic-recording medium

having at least a magnetic iayer,'optionally by means of an’

under layer, on a disc-like non-magnetic substrate, which

comprises irradiating, to the surface of the nonfmagnetic-

substrate, the magnetic layer,.the under layer'or the magnetic

recording medium, an energy beam that moves relatively to said

surface; locally melting the surface under such a condition

that ‘a- melting w1dth in a direction orthogonal to.the relative

moving direction of the energy beam on the surface thereof is

less than § pm; forming projections on_thelsaid-surface; and

' then'forming required films of the under layer, the magnetic

layer or a protective layer.

In a fifthfaspect of the present invention, there is

provided a method of producing a magnetic recording medium

having at least a magnetic layer and a protective layer on the
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'surface ofia-non-magnetic'substrate, an.under layer being

-optionally'disposed-between_thehnonfmagnetic substrate and the-

magnetic layer, and a lubricating'layer being,optionally

'disposed'On the-protective layer,-which cbmpriseS'irradiating

an energy beam on the surface of the protectlve layer or the
lubrlcatlng layer, and meltlng or softenlng the surface of the.
magnetic layer, the-under layer or the non—magnetlc substrate
by locally heatlng the same, thereby formlng progectlons on
the magnetic layer, the under layer or the substrate. |

In a-51xth aspect of the present 1nvent10n, there is

provided a recordlng/readlng—out method of writing and readlng

'data to and from a magnetlc dlSC by a magnetlc head by a

contact start and stop (CSS) system, whereln the magnetlc dlsc'

ey

"has pro:ectlons in a CSS reglon in Wthh the magnetlc head

conducts a CSS operation, the height of the pro;ectlons being
reduced toward a data recording region, the magnetic'head
lowers to the surface.of the magnetic diseaand rises from the
surface of the magnetic disc in the CSS region in which

projections at a heightflower than the average height of the.

-Projections are present or in a CSS region with no presence of

projections neighboring a région in.whieh,the projections .are
present, and the magnetic head stops stationary in a css -
region in which prqjeetiens each having a height greater than

the average height of the projectiens are present.
~Fig. 1l to Figr'3'are ekplanatery views illustrating'the

shape of a projection on the surface'of NiP layer in Example 9
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of the presént.invention. More in details, they are

explanatory views illustrating the shape.cf a projection

formed on the surface of an NiP layer on a disc substrate and

.measured by a surface:shape-measuring device utilizing laser

beam interference (for example,.ZYGO (trade name),

manufactured by. ZYGO CORP. ih U.S.A),_under the'condition_of

using FIZEAﬁ'x 100 as aﬁ 6bje¢tive lens and_512 CAMERA as the
detectingfelemenﬁ; in which Figf 1 is a perspective view, Fig.
2 is a vertical cross sectional view of_a_plané passing -
throﬁgh the center of the projection and in parallel'with a
lasér beam écanning directidn of the.lasef beam, and Fig.'3.is

a cross seétional view passing through the center of the

. projection and in an orthogonal.direétioﬁ'in F;g. 2.

Fig. 4 is a perspective view illﬁstrating the shapé 6f'a

projectioﬁ_formed on the surface of an NiP layer on a disc

-substrate and measured by the said surface_shape—meaSu:ing

device utilizing laser beam interference.

Fig. 5 ié an explanatory view for one embodiment of a

'projection-forming device used in the present invention, which

is a  device using iaser beam as an energy beam.

| Fig. 6 is_a,ﬁlan vie&'illustrating an example for a spot

pbsition of.the ehéréy beam on the'projeﬁtioﬁ-f&rminé surféce.
Fig. 7(a);-Fig..7(b)-and Fig. 7(c) are is a conceptional

views of-a ¢ross section of along lines A-A §f Fig. 6,

illustiating an assumed formation mechanism of the projection,

'Fig: 7(a) shows a state of starting'irradiation of the energy

beam, Fig. 7(b) shows a state Just before completing the

irradiation ofithe energy beams and Fig. 7{(c) shows a cross '
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_ sectional shape of the projection and the periphery thereof.

In Fig. 7(a), Fig. 7(b) and Fig. 7(c), either a rightward or

leftward horizontal direction shows a rotational direction .of

the projectionfforming-surface,

Fig. 8 is an explanatory view_for a projection formed by

" an old laser beam texture.

A magnetic recording medium according to the present

invention w1ll at first be explained

 The magnetic recording medium of the present invention
comprises at least a magnetic léyef, optionally by'means ef an
under layer, on a non-magnetic substtate; .In the following
descriptions, the non-magnetic substrate is_sometiﬁes referred
to simply as 'substrate’. As the.sﬁbstrate used in the’
present invention, a disc-type substrate and other shaped'
substrate sﬁch as card-type substrate'(rectangular substfate),
etc. may be exemplified. | |

In the present invention, an_aiuminum 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 ceramic substrate or éeresin 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 theistfength can be
used.
The magnetic recording medium - can be constituted’ by

forming the magnetic layer directly on the surface of the

b
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substrate, but the magnetic layer is preferably formed by

. means of'an under layer formed on the surface of the

substrate. As. the under layer, a non-magnetic under layér.

Composed of an NiP alloy is suitabie_and such an under layer-

is formed usually by electroless plating_dr sputtering method.

| The thickness of the unde: layer_is,-usually, from 50 to

20,000 nm, preferably from 100 to 15,000 nm.
An ihtermediate layer such as aICr layer or a Cu layer is
preferab1y dispcs¢d betWeen the substrate or the under layer

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'recording layef-éomprfses_a-ferromagnétic
thin aliéy"film such as éomposéd of CQFP,_CQ—Ni—P, Co-Ni-Cf,
Co—Ni—Pt, ¢o-Cr-Ta, Co-Cr-Pt or Co—Cr-Ta—Pt—baséd alloy and_is
formed,-for ekample, byfelectrolesé plating; electric plating,
sputtering or vapor.deposition methqd._ The thickness of the
magnetic recdfding léyer is usually about from 30 to 70 nm.

A protective layer is preferably disposed on the surface

of the magnetic recording_layér. The protective layer

comprises a'carbon_film; a hydrogenated carbon film, carbide

film such as composed of TiC or SiC, a nitride f£ilm such as

composed of SiN or TiN, or an oxide film such as composed of
Si0, Alz203, Zr0, and is formed by a method, for example, vapor

-deposition method, sputterinzs method, plasma CVD method, ion -

plating method and wetting process. As the protective layer,

the carbon £ilm or the hydrogenated carbon film is more

' preferrédi
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Further, a lubrlcant layer is preferably dlsposed on the
surface of the protectlve layer However, in a case of using

a magnetlc head hav1ng a dlamond-llke carbon layer on a slider

: surface, 1t is not always necessary for prov1d1ng the

protectlve 1ayer, since trlbologlc.property between,the
magnetic head and the magnetic recording medium is improved.

For the lubricant, for example, a liquid fluorocarbon-based

- lubricant is used suitably and the lubricant -layer is usually

formed on the_surface'of the protectiye layer, for example, by
dipping method.

In the magnetic recordlng medlum accordlng to the present

_1nventlon, progectlons are formed by irradiation of an energy

beam on the surface of the substrate, the under layer, the
magnetic layer or the magnetic recording medlum. The surface
on which the projections are_formed,.means a side in contact
with the magnetic head. L |

| The substrate is usually used after applyin§ mirror
finlshing (polishing)ftreatment. In a case of using a
substrate applied with the under layer (for example, an

electroless Ni-P plated under layer), the.mirror finishing

'treatment is applied to the surface of the under layer

Further in a case of u31ng the substrate, a slight mechanical
texture can be applled prev1ously to the entire surface of the

substrate to form low progectlon Such mechanlcal texture can

-provxde the following advantageous effects.

That is, also in a case where the height or the density

of projections formed by the energy beam are low or small,

- that is, in a state in which the magnetic recording medium and
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the magnetic head are'partially.in_contact'with each other,;

sticking is less caused ard frictional coefficient -is reduced

as compared with a case of using a simply mirror-finished

substrate. Further, since projection-forming conditions to be

described later can be selected from a wide range;-it is

particularly preferred to mass production.

A magnetic recording medium in the first aspect of
according to the present invention comprises at least a
magnetic layer, Optionally by means of an under layer, on a

noanagnetic substrate, wherein projections formed by

'irradiation of an enefgy beam and each having a height of 1 to

60 nm are provided at the number of 102 to 108 per 1 mm? in

the surface of anyione of the nonfmagngtic sﬁbstrate, the
under-layer,.the_magnetic layer and the magnetic recording |
medium. | - | |

The height of the projection réprésehts a height of a
projection on the'basié'of a center line for a roughness curQe

according to JIS surface roughness (B 0601-1982), and the-

-density of the projections (Numbers /mm?2) means not an average

density over the entire magnetic recording medium, but a

density per unit area in a region in which the projections are

‘present.

_'Genefally, if the height of the projection exceeds 60 nm,

a CSS characteristic is satisfactory but the stable flying

' height of the head can not be reduced. Further, if the height

of the projection is less than 1 nm, the projection is buried

in a fine unevenness inherent tc the substrate, thereby

failing to attain an intendéd advantageous effect.
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Further,-if.the density of the projection is less than
102 Numbers/mm? (=N/ﬁm2), it-is difficuit to support the lower
surface of the head ohly by the projection because of_'-
undulation or the like of the substrate. On the other hand,
if the density of the pro:ectlon exceeds lO8 (N/mm?2) , it is -
dlfflcult to make the helght of the progectlons unlform

In the magnetlc recording medrum in the first aspect of
the present invention, a preferred height of the prejeetion is
from 10 to 60 nm and a preferred den31ty of the projection is
from 103 to 108 (N/mmz) More preferred.den31ty-of the |

projection is from 103 to 106 (N/mm2). Further, the required

density of the proﬁection.dependS'on the surface property of' 

"the magnetic reeording medium, and even a small density of

projection-can provide a sufficient effect in a case of a

‘substrate such as a silicon substrate'haﬁing less undulation

and small'surfaee.roughhess.
Further, it is preferred that a depression formed by

1rrad1atlon of the energy beam upon formlng the projection is

.present in a scannlng dlrectlon of the energy beam at each of

the pro:ectlons in contiguous with the projection. In case of

using the disc substrate, the scanning direction of the energy

beam is preferably a circumferential direction. It is

' preferred in view of the productivity thereof that the energy

beam is irradiated rotatihg the diSC'substrate However, as
the scannlng direction of ‘the energy beam, other dlrectlons,
for example, a radius direction_of the disc substrate, etc.
may be adopted. Also, the energy'beam may be periodically

moved between an inner circumference and an outer
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circumference of CSS region in the disc substrate at the

'radius direction. 1In this case, the scanning of the energy

beam can produce a sine waveform at the circumferential
direction.
Fig. 1 - Fig. 3 are explanatory views illustrating the.

shape of a projection on the surface of the NiP layer disposed

- on the disc substrate in Example-Q, which is measured by a
surface Shape—measuring device utilizing'lasér beam

_interference (for examplé/_ZXGO (trade name) manufactured by

ZYGO Corp. in U.S.A.). More spec%fically,_Eig. 1 is a
perspective vie&, Fig. 2 is a vertical_crqss sectionai'Qiew of
a plane;passing through'the'center"of;the-projegtion and in -
parallel.with a laser beam scanniﬁg direction,_and Fig.'jlis a
vertical cross sectiohal view of a plane passing throuéh the
center of the projection and in an o;thogonal.directioh'of
Fig. 2. | |

From each of the figurés, it is apparent that a

~depression (b) formed in the circumferential direction

(scanning direction of the energy beam) is present in

contigqous with a projection (a). Also, it is appafent that

the projection (a) is not encircled with the depression (b).

Further, it is preferred that the top of thé-projection formed
by the-irradiation of the energy beam is not flat but has a
mdderate radius pf éurvatuie, aﬁd that fhe shabe of a Cross.
section of thé projection in parallel with-the surface of.the
magnetic recording mediuh'is substantially ci;cular; “The

magnetic recording medium in which.such,specified'projections

~are formed, has a reduced contacting area between the lower
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surface of the maghetic.head aﬁd the_surface of the magnetic
recerding medium, so:that friction updn CSS operation can be
decreased extremeiy'and the magnetic head can be prevented
from stiekiné to the sﬁrfacelof'the magnetic recording medium.

Further, the projections are usually formed to a region

'in which the megnetic head conducts the css operation. " In

this case,'projectiens ate p%eferebly fermed sueh that the
height is reduced_toward'the data recerding region. 1In such
an embodiment;-thejhead can'seek stably from a data recording
region to the CSS region or in an.epposite direetion{ Such an.

effect can be attained also by decreasing the density of the -

projections toward the data recording region. Accordingly, it

is more preferred to decrease both of the height of the
projections and the density of the projectiohs toward the data
fecording region, still more preferably to decrease gradually

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

projections toward the data recording region. Then, in an

-embodiment_in which the projections described above are not

produced to the data recerding region, since the surface of
the magnetic recording medium can be smeothed as much as
possible in the data ;ecerding region, errors due to scratches
can be redueed. Particulatly, by refleeting the
characteristies of the highly smooth surface of the silicon
substrate as the surface progerty .of the-recording magnetic
recordlng medlum, the hlgh ceﬁ51ty recording of the magnetlc
recordlng medlum can be atta*red by lowerlng the flying helght
of the magnetlc head ; In additlon,'a sllght texture or the

like only for the purpose of orlentatlng the magnetlc layer
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can be adopted in the data'reddrding region, to make the
surface more smqoth. Accordingly, the disadvantage caused by

existent mechanical texture that -is applied with an aim of

" improving CSS, that is, errors due to scratches can be

' reduced.

However, the progectlons may be formed not only in the _

CSs reglon but also in the data recordlng region. ThlS can

prevent the magnetlc head from stlcklng, for example, in a

state in which the magnetlc head stops on the data recordlng

reglon._ In thlS case, it is preferred that the height of the
projections in the data recording region is lower than'the_

height'of the projections in the CSS region and it is

. preferred that the density of the projectiens in the data

recording region is smaller than the density of the

projections in the CSS region.

In accordance with the magnetlc recordlng medium in the
first aspect Qf the present 1nventlon, projections each having
1 to GOdnm in height are provided by the number of 102 to 108
per 1 mm2 and such a magnetic recording medium can be obtained
by lrradlatlng, on the progectlon formlng surface, an energy
beam that moves relatlvely to the surface under the condltlons
at a beam power of 50 to 500 mwW, for-an average 1rrad1atlon
time from 0.05 to 100 psec, with a spot diameter for the

energy beam ﬁrOm 0.2 to 4 pm and at a linear velocity of the

. substrate from 0.8 to 15 m/sec. Then, laser beam is used

preferably as the energy beam. The spot diameter for the

energy beam means a diameter of 1/e2 in which 84 % of the
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energy beam is concentrated, wherein e represents a bottom of

- a naturalized logarithm

' A magnetic recordlng medium in the second aspect of

'according to the present 1nvention comprises at least a

magnetic layer, optionally by means of an under layer, on a

non—magnetlc substrate, wherein projections formed by

irradiation of an energy beam and each hav1ng a ‘height from 1

to 60'nm are provided at the number of 102-to 108 per 1 mm? on
the surface of any one of the non- magnetic substrate, the

under layer,. the magnetic layer and the magnetic recording

'_medium, and a depreSSion formed by the. irradiation of the -
energy beam is present,adjacent'to- each of the projections at

the scanning direction.

'In'thé'magnetic recordiné medium.inethensecond.aspect of
the present 1nvention, the height of the prOJections is
preferably from 10 to 60 nm, more preferably from 10 to 40 nm.
The density of the pro;ectlons is.preferably from 103 to 106
(N/mmz)._-The meanings for the definition of the.height of the -

projections and the density of the projections are the same as

those for the magnetic recording medium in the first aspect.

Further it is;also identical for the meaning of the presence
of the depression formed.inIthe'scanning_direction of the
energy beam. In.case of using the disc substrate, the
scanning direction of'energy'beam is preferably a
circumferential direction. Further, it'is preferred that a
ratio (d/h) of the depth (d)y of the depre531on to the height

(h) of the progection is 0.1 to 3, more preferably 0.5 to 2.
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In the magnetic recording medium in the second aspect of
the present_invention, it is preferred that the average area
of a figure surrounded.with a_contour line at a height 1 nm
below the top of each of the projections (herein'after |
referred to as 'contour line'area.(l)') is not more than 2
umz.- If the contour line area (1) exceeds 2 um2?, sticking
tends to occur between ‘the magnetic recording medium and the
magnetic head. Generally, the contour line area (1) is
preferably within a range from 0.001 to 1.0 um?, more |
preferably w1th1n a range from 0. 001 to 0.5 um?2 and, Stlll
more preferably w1th1n a range from 0.001 to 0.2 Mm2 . The

counter line area (l) can be measured by a surface shape

measuring device utilizing laser beam interference.

Theimagnetic recording medium in:the second aspect the
present invention includes several preferred embodiments as;
described'later-by satisfying the definition for the contour
line area (1).

In'the first embodiment, the average.area of the figure
surrounded with a contour line at a half height of the
prOJection (hereinafter referred to as ‘contour line area
(2)') is preferably not more than 10 um2. That is, although

undesired effects may sometimes be given on the css

~ characteristic depending on the lubricant used, the CSS

characteristic can be improved by satisfying the above-

mentioned conditions. The contour line area (2) is preferably

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

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

A
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0.01 um?i 'Thé:contour line area (2) can be meaéured-by a
su:face shépe-méasuring device'dtilizing laser beam
interference..

In a secbnd embodiment) a figure surrounded with a
contour line at a half height of the projection, preferably
has_such'a,shépe that the length orthoéonal to the scanning
direction of the energy béam (i.é., radial length) is ldnger
than the length of the-scénning direct;on of the.energy.beam
(i,e., circumferential_length). Specificaliy,'in the figure
surrounded with the coﬁtbu: line at a half height of the

projection, the ratio of the circumferential length of the

scanning.directi¢n to the.radial length'brthogonal to the

scanning direction is uéually from 0.2 to 0.7, preferably from

0.3 to 0.5.

In a third embodiment, a figure surrounded with a contour.
line at a half height for the héight of the prdjectipn-is
preferably a half moon- or crescent-likg shape.' The
projection of such a shapg is more steep in a relative running
direc£i6n'bétween the magnetic headﬂahd the magnetic medium,
which is.considered to provide an effect 6f preventing
adsorption of thé;mégnetic head to the surface of the magnetic
recording medium caused by the lubricant. |

In a fourth embodiment, it is'p:eferfed that the contour

‘line area (1) is not more than 0.5 Hm2, the contour line area

(2) is not more than 3 um2 and the shape of a cross section of
the projection in parallel with the surface of the maghetic
recording medium is substantially ciicular; In this

embodiment, it is preferred that the height of the projections
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is from 1 to 40 nm and the density of the projections is 10 to

K

108 (N/mm2). Further, the counter line area (1) is preferably
not more than 0.3 umz and, more preferably, not more than 0.2

um? and, particularly preferably, not more than 0.1 um2. The

preferable lower_limitlof-the counter line area (1) is 0.001

umz; On the other hand, the'centour'line'area (2) is
preferablf not more than 2 ﬂmz, more preferably not more than
1 um2. The preferable lower limit of the counter line area
(2) is 0.01 pm?. - In the forth embodiment, not only the |

sticking can be prevented to facilitate the CSS operation but

‘also the cross sectional shape 6frthe projection is.

substantia;ly circuler and the shape of the brojection is
sherp, so that an effect of'prevehting adsorption of the
maénetic heéad to the surface of the magnetic recording medium
can be providedfirrespeCtive of the kind of the lubricant or
an affection of humidity. | | |

The above-mentioned figure (cross sectional shape)

- surrounded with the contour line at a half height of the

projection is controlled by, for example, a scanning period of .

the energy beam. According as the scanning period becomes
longer, the figure chahges in order a erescent-like shape, a
half moon-like shape and a circular -like shape.

In other embodiment of the magnetic recording medium in
the second aSpect of the present inventien, the aspect ratio

(major axis diameter/minor axis diameter) of the cross section

at the bottom of the projection.is preferably not less than 2,

irrespective whether the condition for the contour line area

(1) is satisfied or not. 1In this embodiment, the height of
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the projection is preferably within a rangé from 1 to 30 am.

"Then, the aspect ratio of the cross section at the bottom of

the projection is preferably not less than 10. The preferable

fupper'limit of the aspect ratio of the cross section at the
bottom of the projection is 20 to 50. Further, a minor axis
~diameter of the cross section surrounded with the contour line

‘at a héight 1 nm below the top of the.projeétion is preferably

not more than 0.5 Um. The preferable lower limit of the minor
axis diameter of the cross section_surrounded'with the-cqntour
line at a:height 1 nm below the top is 0.01 Mm. The minor
axis diameter can be meaéured by a surfacé'shape-measuring
dévicé by laser beam.interference. Furﬁhér, thé projections
are'preferably disposed such that respective major axis
thereof are substantiallyfin parallel wiﬁh each other.
Specificélly, the'projections are preferably formed such that
the majof axis.are'directediin the scanning.direction of the
energy beam (i.éf, circumferential direétion) of the magnetic
recording medium and the respective major axis are |
sﬁbstantially in paréllel with.each other. 1In this case, the

number of the projections is preferably 1 to 103, more

' preferably 10 to'loio, still more preferably_S to 50 per 1 mm

length in the radial direction of the magnetic recording
medium in a portion in which the projections are present.
. In any of the embodiments described above of the magnetic

recording medium in the second aspec; of the present

invention, the projections are preferably formed in a region

in which the magnetic head conducts'the_CSS operation like

that the magnetic recording medium of ;he'first aspect and it
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is further preferred that the projection are formed such that

the height is decreased tonard'the data recording region. It

is also preferred that the density of the projections is

decreased toward the data recording region'and-it is further
preferred that the height of the projections and the density

of the projections are decreased toward the data recording

region. The meanings of'thetabove-mentioned definitions are

the same as those in the magnetic-recording medium_in the
first aspect..

Usuaily, an innermost circumference of the megnetic'
recording medium is used for the CSS.region. By the way, CSS
for a clock magnetic heed'for.writing clock signals used npon

writing servo data is sometimes disposed to the outermost

circumference. In_such a case, it is effective to provide the

projections eleo to the-outermoet ciroumference of the
megnetic recording nedium | |

In other embodiment of the magnetio recording medium in -
the second éépect of the-present invention, it is preferred
that long projections in which an aepect ratio of the cross
eection at tne bottom of the projection is not less than 3,
and short projections'in which an aspect ratio of the cross
seotion at the bottom.of the projection is more than 1 and.
less than 3, are present in a region.in whidh the magnetic
head conducts the CSS operation irrespective whether the
condition for the contour line area (1)_described above is

satisfied or not, the long projections are present at a

greater.ratio in the CSS region neighboring the data recording-

region {(landing region of the magnetic_head),'the short
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prcjections.ére presént.ét a greatér ;atid in the CSS'region
neighboring the inner-circumferencé:of the'magnetic'recording
medium (disc), and fhe ﬁeightfof the ﬁrojection.is. deéreaséd
toﬁa:d.the'data_reco;diné fégion. The.long projections and

the short projections may be present together in the CSS

- region, or the long projections and the short projections are

separately disposed such that*only the long prqjectibns.a;e
present in the_CSS region neiéhboring:thé data récording |

region, while only the short'projéctiohslafe presernit in the
CSS region neighboringlthe-inner circumference of the disc.

. The disc described above is suitably used to a

.reéording/reading—out method by the CSS system by the

- following CSS system;-that.ish the magnetic head is lowered to

and risen from the disc in a CSS region neighboring the data
recording region in which the long projections are present at
a greater ratio (landing regiqn_of:thé magnetic head) and the

maghétic head is set stationary in the CSS region neighboring

.the inner circumference of the disc in. which the short

piojectiohs are present'at a smaller ratio. However, movement
of the magnetic qisc'to the 'CSS region neighboring the inner_"
circuhfeﬁence of the.disc with a gréater heighf o: projéCtions
may be conducted aléo immediazely under the stdpping'of thé
disc, before that it the mag:?:ic head causes sticking. This-
means ﬁhat the movement of -nh= magnetic head is conducted
accdmpanYiﬁg the'rotation of the disc at a low speed and the

Stopping of the magnetic'hea: is condﬁctéd at a final

stationary state.
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A recording medium in the third'aspect'of the present
invention comprises at least a magnetic layer,'optiOnally_by

means of an under layer, on a disc-like non-magnetic

" substrate, wherein concentric fabrication traces are formed by
- mechanical texturing on the surface of .the non-magnetic

substrate or the surface of the under layer of a data

recording':egion, and'projéctibns are:fdrmed by irradiation of
an énefgy beam on the surface of any one of the ﬁonfmagnetic
substrate, the under layer, thé-magneticlléyer and the
magnetid recérding medium in the CSS region. 1In such a
magnetic £eéording-medium, thé height of'the projection is
'preferabiy from:i to 100 nm and the density of the_projection
is prefgrablyufroﬁ_lo 'té'lO8 (N/mm?2) . -

Then,"descfiption will be made to a method of producing

magnetic recording medium accdrdinq to the present invention.

In the method a¢¢ording to the present invention, pulsed
laser beam is used suitably as an energy beam for forming

prqjections._ As another energy beam, electron beam, X ray, .

ion beam, etc. can be utilized. 1In a case of utilizing the
~ electron rays, the projections are formed under a vacuum

-condition.

The ﬁrojecticn cén_be formed by,usihg a projection-
forming device shdwn in Fig. 5. The illustfated projection-
forming.device whiéﬂais a devicé for forming projections on
the surface 6f the disc nonfmégnetic substrate,.comprise a
plurality of substrate rotaﬁing méchénisms 1, i,',;. , a iaser
beam generétpr 2;_& modulator 3 for ON/OFF control of the

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

4
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.for irradiating the laser beam from the modulator_to the
© projection-forming surface on a substrate (surface of a non-
.magnetlc substrate, an under layer, a magnetic layer qr a

'magnetic.recording'medium) rotationally supported by the

substrate rotating mechanism, and ‘a moving mechanism 5 for

: mov1ng the light conden51ng mechanlsm onto a plurallty of the

substrate rotating mechanlsms 1, 1,-'--. Although two
substrate rotating mechanlsms 1 are illustrated, they may be'.
dlsposed by any number

The substrate rotatlng mechanlsm 1 usually comprises a

'splndle motor and a substrate 6 is supported on a rotatlonal

axis of the splndle motox and moved at a predetermlned number

of rotation or a linear velocity.

As thé laser beam generator 2, a gas laser beam generator

such as a CO; gas laser beam or an Ar gas laser beam is

preferably used, and for. example, an Ar gas laser beam tube is

. used suitably. The'Arlgas laser beam typically has a wave

length at 488 nm or 514.5'nm. Since the gas laser beam has
higher cOherency and easily be focused in a smaller spot size
as compared with an YAG laser beam or exc1mer laser beam, it
is advantageous in that a_ controlled shape of prOJectlons can
be formed. | |

The laser beam lrradiated-from the laser beam generator 2

to the projection-forming surface is controlled to such an

energy as capable'of-forming a projection'of a desired shape.

'Specifically, the energy (output) is usually defined as within

a range from 50 to 700 mW although different depending on the
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'material'of the surface of the substrate and the irradiation

petiod of time.to the surface of the substrate.

As the modulatér 3, an electfo-qptical ﬁodulation device
(EOM) is,.for_example{'ﬁsed sﬁi£ably in atcase of using the Ar
gés lgser beam.tUbe fo: thé laser beam generator 2.  The
electrd—optiéal'modulétibn dévice can'c6nduct high speed
modulatith(ON-OFF) up to seQefal hundredslkHz). It can also
conducf anaibg modulation duripg Oﬁ state.
| The light condensing.mechaniSm 4 comprises a combination
of a total reflection mirror and an ijégtive lense and it is
used usually'in_combinétioﬁ with an autofocus (AF) system.
For the mqving méchahiém_s, a linear slider is, for éxample,
used suitabiyi Thellight condensing mechaniSm-4_is mounted on.
the moving"mechapismxs and reciproCated at a constant speea_
relatiﬁe to a plurality 6f'the.substtate rotéting_meéhanisms
1; s

The moVing-mechanismIS is moved aﬁ an_increased speéd
upon.movipg from one substrate 6 to aﬁbther substrate 6
considering the.produCtivity.. For such a speed control, one
movihg:méchanismls is mounted on the other moving mechanism 5
to conduct movement between.tﬁe substrates by one of them
ﬁhile condﬁqt movement for fOrming the projection by the other
of them. | - |

‘The projection-forming device,ﬁaé;a timing contr§l
séction.7.fof cont:oiling_the modﬁlation timing.of the laser
beam as é meanélfor.forming projéctions at a'predetermined
pattefn of identical or:différentipiﬁches; That is, in a.case

of forming projections, for example, at an identical pitch,
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employed usually, when the subStfaté 6 is moved at a
predeterminéd number of rétation and a predetermined velocity
by the constant speed operation of the moving mechanism 5 and
the substrate_rotatiénal'mechanism 1, the-pitch.of the

projections formed on the surface of .the substrate-iS-madé

greater toward the outer circumference. 'Then,“the.position'of

the substrate ié'Confirmed-by the timing cohtrol'sectibn 7,'

" and the modulation timing of the laser beam (irradiation time)

is COntrolled by'the signal'té maké the interval of tﬁe

pfbjections formed'on'the surface 6f the'subStrate constant.
The timing conﬁrol_section 7 comprises, for example, a .

computef, a pOSition detedtiqn'mechanism and necéssary. ”

interfaces. As the position detection mechanism, a laser beam

displacemerit meter, encoder or the 1ike-can'be utilized for

instance. Instead of.cohtrdlling'the mddulation_timing”forf

the laser bgam;'the speed of the moving mechanism 5 and the

- substrate rotatin§ mechanism'lumay be controlled.

The projection-forming device described above is operated

as below. At first, each of the substrates'G, 6, -+ are set,

‘'respectively, to a plurality of the substrate'rotating

mechanisms 1, 1, ----and the substrate G'is rotated at a

constant speed. Then, the laser beam from the'lasér beam

‘generator 2 is conVertéd by the modulator 3 into a pulse laser

beam which is illuétratéd_through the lighﬁ condensing
mechahism 4 moving atlé constant speed by the moving mechanism
5 to the projection?forming surfacé on each of the éubstrates
6, 6. That is, the light condensing mechanism 4 is moved

continuously to form projections on the projection—forminq

i -
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surface of a plurality of substrates continuously. Then, .

while the progections are usually formed concentrically or

spirally on the pro;ection-forming surface, they may be formed -

at random.

A method of producing a magnetic recording medium having

at least a magnetic layer, optionaily by means of an under"

layer, on a-disc-like non-magnetic substrate in the fourth

aspect of the present 1nvention comprises irradiating to the
surface of the non—magnetic substrate, the magnetic layer, the
under layer or the magnetic recording medium, an energy beam
that moves'relativeiy to the surface thereof, melting locally
the surface thereof under such a condition-that_the melting
width in a directicn'orthogonallto the-relative moving
direction of the energy beam on the surface thereof_is not
less than 5 um, forming projections (protuberant portions) on
the surface, and then forming required films of the under
layer, the magnetic-layer or the protective layer.

In the method in the fourth aspect of the present

invention, a depression is formed by the irradiation of- an

energy beam in formed by the irradiation of the enéergy beam in
a scanning directionlOf the energy beam in_close vicinity to,
preferably_in contiguous with the projection. In other'words,
a vertical cross_sectional srape pasSing through the center of
the prcjection and in paral.=l with the.scanning direction of

the energy beam is'in.a'shape having a depression on one side

of a projection.

 The meaning of 'in close vicinity to' is that the

depre331on is present awvay from the projection (i. e ., a flat

A
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portion is present between the projection and depression),

. wherein the distance between the center;of the projection and
_the center of the depression is within 5 pm. The -

" configuration of the projection with depression formed by the

irradiation of the energy beam in the present invention is

anisotropic. Further, cross-sectional view of plane. in

paraliel with the laser beam scanning direction is

asymmetrical, respectively and éroSs—sectional view of piane
paésing.through the center bflthe projectién.and in 6r£hbgonai
to the laser beam scénniné_directioh is substantially
symmeﬁrical. Aléo, the'highesﬁ portion of the projection is
pfesent neighboring the cénter'of'the scanning ling of'the'
enérgy'beém.

The Méchénism'or prqgreés in which the.special prdjectioﬁ
as described above is_fbrmed has not'yét beeﬁ'apparent'éﬁ
present but it may be assumed as below.

The.projections are fofmed, as shéwn_in Fig; 6, for
example, by_ifradiating ehergy spots 10 cbncentrically.

Dotted lines in Fig. 6 repfesent imaginary line for concentric

circles. Then, in Fig. 7(a), a projection-forming surface 12

irradiéted_with a pulse laser beam 11 is overheated locally
and a spot portion 13 of the laser beam is melted partially.

Then, the molten portion is moved by the scanning of the pulse

laser beam 11 in the direction of an arrow. In Fig. 7(b), a

temperature gradient is caused to_ah initially melted portion

due to subsequent lowering of the temperature. Then, .in

-accordance with a common rule for a'molten liquid, since the

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



10

15

20

25

- ~29-

a portion'14 melted initially and then cooled to a lower

temperature raises by'intaking a molten liquid from a'portion

15 melted subsequently andlheated'to a higher temperature due

to the_differende of the surface tension causedﬂby the

‘temperature gradient. As a result, a depression 17 is formed

by the initially moiten po;tion, while a depression 17 is
formed by é subséqﬁéntly molten portion as shown in Fig. 7(c).
That is, a vertical cross_sécﬁional shape passing through the
centei of the brojectianIG aﬁd in parallel with the scanning
direction of the énergy beanm is in a shape having a depression
17 on one side of’the'pfojection._-' | |

On the other.hand, iﬁ the method as disclosed in U.S.
Patéents No. 5,062,021 and No. 5,108,781, since the irradiation

range of the_laser beam is wide and the laser beam output to

' NiP layer on the Al substrate is as large as 1.5 W, a

‘projection in the form of a crater is formed. Then, the

forming mechanism is assumed as below. That is, as shown in

Fig. 8, sihce_the mélting range of the projection-forming

" surface 12-is wide, é'central portion of'the molten portion is

not protuberant. As a-reSult, it conStiﬁutes'a crater-like
projection comp;isiﬁgla"center depression’lS formed by melting =
ahd_a Circular'rim iQ'iaised by the surfacé tension and
éolidifiéd at the periphéfy thereof.

On_the contrary, in thé present invention, since

projection (protuberant portion) is controlled at a high

‘accuracy under the condition of restricting the laser beam

into a narrow range and at a low output, the molten range on

the projection-forming surface is narrow, the central poftioh
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of the molten portion is protuberant and forms a projection

(protuberant portion) after solidifiqation. Ih'this regard,

the method of forming the projection according'to the present

invention is greatly different from the method of the above-

menti@ned U.S. Patents. Then, by the method of forming the

‘projection according to the present invention, a projection

having an extremely small area at the top end and preferred B
for abrupt projection is formed.

In a method in the fourth aspect of the present

invention, the melting width of the energy beam on’ the

projection-forming surface in a direction_vertical to the
m@ving direction ‘is not more than 5 um, preferably not more

than 2.5 pm, more preferably not more than -2 pm. The

preferable"lowér'limit'of the melting width of the energy beam

is 0.1 pm. Under the condition that the melting width is more

than 5 im, the central portion of the molten portion is not

formed as a projection but is formed rather as a depression in

which the periphery for the portion of the molten liguid is

protuberant to form a rim. The reason is considered as below.

That 1is, if the molten range is wide, tempgrature gradient is

'_ caused in the molten liquid during cooling. Theﬁ, as

described above, since the surfade tenéion;of the moltén
ligquid is:iarge_in a poftioﬁ'at é low temperature, the surféce
tension is increased at an outer éircumference'cooled from the
periphery. As a result, it-is ébnsidered that the periphery.
of the_molteh liquid is protuberant if the molten range is
wide; The thus formed annular iing hés_én excessively larée

area and shows no satisfactory CSS characteristic.
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After forming the prejections, for example, on the
surface of the substrate by the lrradlatlon of the laser beam,'
required film of under layer, magnetlc layer or protectlvej

layer is prov1ded by subsequent steps,_and_the layer is formed

in accordance with the method as explained for the first

. magnetic recording medium according to the present invention.

© The method in the'fourth aspect of the present invention
includes several dlfferent embodiments as descrlbed below

In a first embodlment,'lt is preferred to form

projections by irradiating a laser beam on the surface of a

substrate, an under layer or a magnetic layer. In this
instance, lt is preferred to use a pulse laser beam at a laser
beam power of not hlgher than 500 MW, for an 1rrad1at10n

perlod for once of not more than 5 usec and w1th a spot

diameter at the lrradlatlon surface of not more than 5 pm, and

at a relatlye moving speed of not less than 1 m/sec.. Further,'
in yiew of cooling:after heating by the laser beam |
irradiation, the heat conductivity'of the substrate or the
under layer is preferably not more than 250 Watt/mK. |

In the present 1nventlon, the scanning direction of the
laser beam.represents not only the scanning dlrectlon of the
laser beam on a stationary substrate but-also the rotating
direction of thelsubstrate in which the laser beam is made
stationary and irradiated in a state of rotating the
substrate. | | | |

The height of the projection formed can be_optionally

controlled by adjusting the intensity of the laser beam, the

average irradiation time and the linear yelocity of the
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_substrate, and the den31ty of the prOJectlon can be optlonally

controlled by adjustlng the number of progectlons per one

c1rcumference, the lrradlatlon interval of the laser beam in

the radial direction of the substrate and the condition for
' controlling the height of the projection It is preferred

' that the laser beam. 1ntensrty is from 20 to 500 mW, the

average 1rrad1atlon time is. from 0 05 to 100 itsec, the laser
beam spot diameter is from O,Z_to 4 Um and the llnear velocity

of the sﬁbstrate is-fromf0.8 to 15-m/sec._ The average

irradiation time of the laser beam shows a period of time of

irradiating the laser beam on the projection-forming surface
for forming.one projectiont

The irradiation area of the laser heam_is ueually.ehanged
usually by changing the number of aperture (open degree) of an

objectlve lense. The 1rrad1atlon dlameter of the laser beam

‘can be controlled about to 0.7 - 6 um by using an objective .

. length having an aperture ratio from 0 1 to 0.95.

'In a second embodiment, it is preferred that the laser
beam is a pulsed beam, and the'projections.are formed under
the.¢onditions that_a scanning parameter (P) defined as: P =
dV/D is not less than 0.25, whereih_S’repreeents a pulse
width, D'represents a diameter of a' laeer'beam spot and V

represents a relative veloci:y petween the laser beam spot and .

_the'substrate surface.

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

the under layer, then mechanical texture is'applied to the
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surface of the substrate or the under layer and then required

films of the under laYer, the magnetic recording layer or the

protective layer are formed.
In the third embodlment, the progectlons are formed by
1rrad1atlon of the energy beam in the same- manner as in the

first embodiment of the fourth aspect. 1In a case of using a

pulse laser beam as the eénergy beam, the scanning distance of

the pulsed laser.beam on the irradiated'surface in the

irradiation-period for once is preferably not less than 1/2 of

 the spot diameter of the pulsed laser beam. In this instance,

it is preferred to use a:pulsed laser beam at a laser beam
power of not hlgher than 500 mW for an 1rrad1atlon perlod per
once of not more than 5 usec and a spot diameter of the light
oondenslng beam on. the 1rrad1ated‘surface of not more than 4

pm and irradiate the_laser-beam at a relative moving speed of

not less than 1 m/sec. Further, the heat conductivity of the

substrate or the under layer is preferably not more than 100

- Watt/mK.

In the thlrd embodlment, mechanlcal texture is applled
with a grlndlng amount usually of not more than 0 1 m.g/cm2
preferably not more than 0.05 mg/cm?, more preferably not -more

than 0.02 mg/cm2. The preferable lower limit'of_the grinding

‘amount ‘is 0.001 mg/cm?. -The purpose of the mechanical texture

is to remove polishing traces'preSent on the substrate and
roughen the top of the progectlons hav1ng an approprlate
radius of curvature formed by the laser beam irradiation.

In the second embodiment, pro;ectlons are formed on the

- surface of the substrate or the under layer as described
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above, a mechanical structure is further applied and then

_required films of the*under layer, magnetic recording layer'ory

the protective layer are formed

Then, in a case of a pro:ectlon elongate in the scanning

'direction formed by making the scanning t1me of the laser beam

-longer and conducting the scanning continuously, the density

of the projections is preferably from 5 to 104 (N/mm) at a
pitch in'a:direction_orthogonal_to the scanning direction (i.
e., radial direction-of the magnetic recording disc), and the
height‘of the projections_is preferably from 3 to 100 nm along

a pitch in parallel with the scanning direction

(circumferential direction of the magnetic recording disc).

In addition, a projeCtion having an aspect_ratio for the cross

section of” the bottom of not less than 2, preferably has not

more than 1 um of a cross sectional length in a direction
orthogonal to the scanning direction of the laser beam at a

position 1 nm below the top. In any of the embodiments

.described above, the energy beam can be scanned also spirally.

In a method in the fifth aspect of the present invention,
it is preferred'that the magnetic recording'medium has a

lubricant layer on the surface of ‘the protective layer and an

-energy beam is 1rrad1ated by way of the protective layer or

the lubricant layer to locally heating the‘magnetic layer,

under layer or the substrate, thereby melting or softenlng the
surface of the magnetic layer, under layer or the substrate, N
and forming projections.on the magnetic layer, the under layer'
or the substrate. ln this case,:an irradiated portion of the

magnetic recording medium is preferably put under an inert gas'
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atmosphere upon laser beam ifradiatibnu 'That is, since the
protective.layer does ndt directly éenerate heat.by the-laser
beam, but the:temperature is increaéed by heat conduétion_from_
the heat—generated'magﬁetic layer ér the like, it is
prefe%ably put.uhder the'inert_gas atmosphere such as of
nitrogen or argon gas in order to completely prevenﬁ injury to.
the prgfective'layer. | |

The mechanism for fbrming projection in_the_secqnd aspect
of the present invention of ir;adiating-the-énergy beam by way

of the protective layer'or lubricant layer has not yet been

apparent at present but it may be assumed as below.

When_the'lase£ beam is irradiated on the surface of the
maghetic'reéﬁrdiné.mgdium, since mést of light -transmits the
lubricant layer and thé protective layer, the mégnetic'layer
is heated direc;ly and the uﬁder layer is also heated'logally
by héat conduction: Usually, since the under layer has a

melting point lower than that of the magnetic layer, the

locally heated poftion expahds thermally and depending on the
condition, it is melted or softened partially to increase the

volume. Accbrdingly} the magnetic laYer at the surface is

raised upward. In this instance, since the magnetic layer

itself is also heated, it deforms plastically relative to the

raising force from the lower layer to form projections after

cooling. It is considered that in a case where the laser beam

output is small, the lower layer of the magnetic layer or the"

- substrate expands thermally and causes plastic deformation

upon shrinkage during éooling, and the magnetic_layer and the

protective layer are raised locally to form projections.
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In this case, the compressive stress of the thin films affects

complicatedly the surface C6nfiguration at the laser beam

processing. On the other.hand, in a case where the laser beam

dutput is large, the lower layer of the magnetic layer or the

substraté are meltéd or softened lqcally'and projections

“having a characteristic éhape are formed due to the difference

of the surface tension at the molten liquid-portion. That is,

as described above, since the surface tension of the molten
liquid is large at a low teﬁpératﬁre side, it faises
spherically on the lqw"temperature side, and a portioh on the
high témperature side which solidifies finally, that ié, in a .
portiénffinally $cahned wifh:the laéer.beam'a depression is
formed and it is quénched'to Solidify. Then, aléo the
magnetic layer and ﬁhe protective layer deform in the same
manner conforming ﬁhe shape of the under layer or the.
substrate. | | |

For forming fhe characteristic feature as described
above, by using a pulge_laéer beém aS_an_energy beam,‘it,is
préferred that the light transmissivity of'the-protective
layer 6r.the lubricant léyer.relaﬁive to the laser beam to be
irradiated is preférably not less than 50 %. Further, the
laser beam'is sdanhed preferably iﬁ.the diétance of ﬁét less

than 1/4 of the spot diameter of the laser beam. .Such

‘embodiment can be -attained by adopting conditions that the

scanning parameter defined as P = dV/D is not less than 0;25,
assuming the pulse width (all the irradiatigh timei as 8, the

diameter of the laser beam spot as D, and the relative
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velocity between_the lésér.beam spot.apd.the surface of the
substrate as V.

| if thé scanning tiﬁe of the_laser'beaﬁ is made longer or
scanﬁing is applied coﬁtinﬁouSly, the pfojécticn formed is
made longer along the scanning direétion to.form a projection

like that a shape of mountain chain in which the aspect ratio

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

less than 2.-;Generally,_the prqjéétions'described above
provide more e#cellent Csé characteristic, but-projections'in
the forh.ofmthe mountain chain provide more excellént.
durability in a casé of an approximate conﬁédting recording in__
wh;ch the magnetid head moves slidingly at a high speed to the
magnetic fecording ﬁédium_Continuously. Further, when the

laser beam is continuously scanned spirally, a continuous

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

In a case of fofming the spiral projection in thé form of
the mountain chain, the laser beam is caused to osci;late |
continuously while scanning the enefgy beam in a radial
direction.
| In the method in the.fifth aspect qf the present
invention, allaser beam_i§ irradiated pn.a magnetic layér by

way of a protective layer oz a lubricant.layer_by utilizing

that the laser beam is less 3bsorbed in the protective_layer

and the lubricant layer, ir which the laser beam power has to
be controlled within an apprépriate range in view of

preventing damages to the protective layer or the lubricant

‘layer.
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In a method of forming projections by irradiation of a
laser beam before forming a film of the magnetic layer on.the

surface of the under layer, since the projections are formed

" while interrupting the film—forming process of. the production

of the magnetic recording medium, the step is made complicate
In the method in the flfth aspect described above, however,
since the proyectlons are formed after the film-forming step
is.completed entirely,.it_is_extremely advantageous in view of
the manufacturing process. | |

In case of 1rradiat1ng the laser beam to the protective

_layer Wthh is formed by sputtering film-formation, the

configuration of the projections depends greatly upon
1ntr1n51c compre331ve stress of the protective Yayer and
magnetic layer When the compress1ve stress is large, various
kinds of progectlons with no depreSSLOn is formed.

| In any one of the method according to the present'
invention, the projections are formed to a region in which the
magnetic head condncts the CSS operation. The-projections are
preferably'formed in_such a way as:thelheight of.the_
projections is reduced toward the data recording region; For
this purpose,'it_is.required to_irradiate the laser beam while

decreasing the laser beam power toward the data recording

" region. Further, it is preferred to prov1de progections each

hav1ng a height of 1 to 100 nm, preferably 1 to 60 nm, at the

number of 10 to 108 per 1 mm2. Further, the average contour

line area (1) described above is, preferably not more than 2
um2, and the cross sectional length of'the:projection in a

direction orthogonal to the scanning direction-Of'the energy
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beam is preferahly'not more than 1 Hm at a position 1 nm below
the top

Descriptions Wlll then be.made to a recording/reading out
method according to the present invention. |

In the-recording/reading—out_method according to the

present invention, reading oﬁt/writing into data of the

'magnetic recording medium (disc) by the magnetic-head is

conducted by the CSS system. In the recording/reading-out
method according to the present invention, a disc used has
pro;ections in a CSS region where a magnetic head conducts a

CSsS operation and the height of the pro;ections is ‘decreased

- toward the data recording medium, in which the magnetic head

lowers to disc and rises from the dlSC in a CSS region in _
which projections having a height lower than the average
pr03ection height are present or in neighborhood of the region

in which the projections are present, and the magnetic head

~stays stationary in a CSS region in which projections of-a

height higher than'the average height of the projections are
present. The magnetic head may be moved“to a portion in which
the height of the projections_is higher at slower rotational
speed'of the disk or even immediately after stopping of the
disc so long as it islbefore sticking of'the'magnetic head.

A magnetic recording device for conducting the recording/'
reading-out method according to the present invention has the
following_operational function. 'That'is,:when the magnetic
recording device stays stationary, the magnetic head is placed
at a:portion of the CSS region where the height of the

projections is high with less stitching. When a driving
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device is started, the magnetic head moves to a portion of the

‘CSS region where_the'height-of the ppojectiohs_is lower

' accompanying the_:otation of the disc. This portion causes

stitchihg if the magnetiq head sﬁops,on the magnetic disc; but
frictionai'force inlthe étate of sliding movement is designed
small enough. When the number of :otation'of_thé magnetic.
disc reaches a predetermined high speed rotation, the magnetic.
head completely léaves_the magnetig disc and can freely move
on the déta fecbrding region.

During driviﬁg of the maghetic reCo;ding:device, if the
magnetic head doeé'not'conduct seeking oh_the data recording
region,_the magneﬁic head preferably stands-by in a region bf
the CSS :egi;n whére the height of the projections is lower
for emergeﬁcyjof.power source abnormality or the liké.
Acéordingly, the QSS region of lower projection height
preferably hés.a glide height substantially.equél with that of
the data recording region. |

When the magnetic'recbrding device under driving is to bé
stopped, the magnétic head at first moves from the data
recording region to a regioh of the CSS region in which the
height Qf'thé.projectibns is low. Tﬁen,lthe number of
rotation.of'the disc is reduced to lower the flying héight of
the magnetic head and the magnétic head is'movéd to the CSS
region of thé higﬁ prqjection height and stoﬁpéd when the
bottom of the maghetic.head is brought into the state_éf
abutment agéinst the projections, the haghetic_head is moved

to'thé CSS region of the high projection height and stopped.
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Further, in'a_case where mechanical texture with small

surface roughness causing no problem in view of the frictional

force but'cauSihg_stitching upon statioﬁary state of the
magﬁeﬁic head is'ﬁpplied over the entire_surface of the disc,
the magnétic héad may be landed to the surface of thg |
mechanical'texture neighbor;ng the CSS region;

The recording/reading-out method according ﬁo the present
invention is based on the premiée of uSing.a disc ha&ing
projections in a CSS region, in which the height of thé
projection'is decreased toward the ‘data recording region,'and

magnetic recording media of any of the embodiment described

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

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

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

'projections_at such a moderate héight SO as not to cause

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

density magnetic recording device not causing sticking.

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

the following examples unléss it does not exceed beyond the

- scope of the gist of the invention.

=
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In the folldwing examples and comparative examples, a
magnetie recording medium in which an under'layer, a magnetic
layer, an intermediate layer,.a prptectheflayer and a
lubricant laYer are formed successively_onta_non-magnetic.
substrate was manufactured. Uniess otherwisejspecified,.they
were constituted as: the under layer composed of NiP, the |
intermediate layer composed of Cr, the.magnetic iayer composed
of CeeCr-Ta alloy, the protective layer cdmposed of carbon,
the lubricant layer composed of fluorocarbbn-based liquid
lubricant “DOL-2,000” (produced by Monte Edison'cd.), in which
the 1ntermed1ate layer (100 pm in thlckness), the magnetlc
layer {50 nm in thlckness) and the protectlve layer (20 nm in
thickness) were formed by sputtering method, and the lubricant

layer (2 nim in thickness) was formed by dipping method.

" Further, as the energy beam for forming the projection, an

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

a high accuracy was used.

- : 'V -—
After applylng an NiP platlng treatment to a thlckness of -
10 to 20 um on -an Al alloy substrate of 95 mm dlameter, a
surface polishing treatment was applled so as to 1mpart a
surface roughness (Ra) of no: more than 1 nm, thereby
obtaining an NiP under layer on the substrate
Then,'after.irradiating a laser'beam and forming

projections on the NiP layer, an intermediate layer, a

‘magnetic layer, a protective film and a lubricant layer were

formed successively to produce a magnetic recording medium. -
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Further, as a Comparative'Example 2, a magnetic recording

'medium was produced in the same manner as Example 1 except for

forming prOJections each in a shape of a crater by changing a

'substrate linear speed to 429 mm/s and a 1aser beam-intenSLty

to 1.5 W. Then, aS'Comparative Example‘3, a'magnetic

'recording medium was produced in the same manner as in Example

1 except for applying texture at a roughness Ra of about 7 nm

by a mechanical texture'method, instead of laser beam

- irradiation, on the surface of the NiP under layer. Further,

as Comparative Example_4, a magnetic recording medium was.
produced in the same'manner as in Example 1 except for not
applying laser beam_irradiation.

Table l.shows_irradiation conditions'for the laser beam
and for'thé_characteristic of resultant'projections. The
average density_of'the projections in the table corresponds.to
the interval ofithe laser beam irradiation.

Table l'showe_a.static friction coefficient before CSS
test for each of magnetic recording media (initiai sticksion)
and frictional force after 20,000 cycles of CSS. The magnetic
recording medium of Comparative Example 4 caused head crush by
adsorption and both of the static friction coefficient and the

frictionai force'could not be measured. The CSS test was

_ conducted under normal temperature and normal humidity

Circumstance, u31ng a thin film head at 6 gf of load gram

"{slider material: A1203T1C) and-under a condition of a head

" £flying height of 2 i inch. Further, the stable flying height-

of the head was evaluated by using a glide tester for the

rising stability of the head upon Seeking'between a data
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recording region and a CSS region. The stable flying'height
in thé CSS region was 1.5'u inch in each of the magnetic
recording media of Examples 1 to 3 and Comparative Examples 2

to 3 and that of Comparative Example 1 was more than 4 W inch.
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after 20,000 cycles of
Ccss . '

Table 1
Example 1 | Example 2 Example 3
Substrate linear speed 85? 857 857
(mm/s)
Laser intensity (mw) 300 250 300
B Average irradiation time 2.5 5 5 2.5
_(usec) _
Average projection 9260 9260 4120
‘| density- (N/mm?) : '
Average projection height ' 37 30 37
(nm) :
Static friction 0.18 0.17 0.18
coefficient ~ -
Frictional force (gf)
5 8 6
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Iahls_l;iggnhinugdl

Coﬁp. Comp. Comp.
. Example 1 |Example 2 Example
Substrate linear speed 429 429 o
(mm/s)
Laser intensity (mw) 800 1.5w -
Average irradiation time 5.0 2.5 -
(ltsec)
Average projection - 9266 90 _
density (N/mm2) :
AveragéIprgjectibn,héight '120 30 _
(nm)
Static friction . 0.16 0.45 0.32.
coefficient —
Frictional force (gf) ' ' :
after 20,000 cycles of {Note 1) 32 22

CSS

(Note 1): Head crush

(CSS: 1000 cycles)
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ExamnlE5_A_:_3*_QQmparatize_ﬂxamnlés_i_:_ﬁ'

After irradiatingla laser'béam on a mirror wafer—like-Si
substrate having 63.5 mm in diameter and not.more than 0.3 nm
of surface roughness (Ra) énd forming projections eéch of a
substantially equai height, an,NiP under'layer'(loo nm in
thickness) was formed by sﬁuttefing method ‘and, further, an -
intermediate layer, a magnetic layer and a:lubricant layer
were successively formed to produce a maghetic recording
media. | | |

Table 3 shows the irradiating conditions of the laser
beam'and.the charactéfisﬁic of the resultént projectioné.
Further, it shows the resuit of evaluation for the magnetic'
recording hedia.condﬁcted in the same'mannér as in Example 1.
The CSS test was -conducted under the condition of the head
flying height of 1.6 | inch. The stable flying height of the
CSS region waé hot more than 0.8 W inch in the magnetic
recording medium iﬁ Example 6 and 0.8 u ihch in all other
magnetic recordiﬁg media than déscribed above. The spot
diameter to which 84% of the energyrqf.the laser beam is
concentrated, can be calculated by utilizing a'number of
aperture (NA) of an objective lens and calculated by 1.22 x.
A/NA. '

The contour line area (1) (Um2) in Table 2 represents an
average area of a figure surrounded with contour lines at a

height 1 nm below the top of the projection.
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CSS

Table 2
Exampie 4 | Example 5 Example 6
Substrate linear speed . 343 343 343
(mm/s)
Laser intensity (mw) 1750 1820 11220
Average irradiation time 1.25 1;25 1.25
(usec)
Average projection 9260 9260 37040
ldensity (N/mm?)
Average'prgjection_heigh; 14 13 6
(nm) :
Contour line area (1) 0.08 0.16 0.12
(m?) ' -
Number qf aperture of 0.6 0.4 0.95
objective lens (NA) '
Static friction 0.14 0;17- 0.23
coefficient
Frictional force (gf)
after 20,000 cycles of 3 7 6
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Ex;.7 Ex. 8 '¢°mp' Comp..

_ : Ex. 5 Ex. 6
supstrate linear 343 343 | 343 343
speed (mm/s) ' - '
Laser intensity (mw) | . 1990 1750 940 945
Average irradiatiqn ' 1;25. 1;25 1.25 1.25
time (Usec)
Average progectlon 4120 740 ' 9260 93
_den31ty (N/mm?) g : o

gAverage pro;ection ' .16 14 <1 3

height (nm) -
Contour line area (1) 0.18 0.08 _ 0.12
(um?) _ '
Number of aperture_of' 0;3 0.6 0.95 0;95
objective lens (NA) . .
Static friction 0.43 064 | 6.22 1.35
coefficient
Frictional force (gf) :
after 20,000 cycles 12 14 (Note 1) 33
of CSS ' '

(Note 1):

Driving stopped by adsorption (CSS: 800 cycles)
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s
A film of an NiP.under layer of 100 to 150 nm in

thickness was formed by sputﬁering method on a glasS substrate'

 'of 95 mm in diameter in_which the Surface was polished so as

to form a surface rpuéhness (Ra) of ho; more_th§n 1 nm.

Then, after'irradiatiné the'lasér beam'pn the NiP_layer..
and forming préjeééions egéh.of éubstantialiy the samelheight,
an intermediate layer, a magnetic layer, a protective layer
aﬁdLa lgbricént layer Qere formed successively fo produce a
magnetic.recording media.

 Table 3 sho@s ir:adié;ioﬁ conditions of.the_iqser beam
and ﬁhe characteristics'of the-reéultant.ptojections.

Further, Table 3 also shows the résults_for'the evaluation of

the magnetic recording media conductéd in the same manner as

in Example 1. The CSS test was donducted;under the condition

of a head flying height of 1.6 p inch. The stable flying

‘height in the CSS region.was from 1.0 to 1.1 B inch for all

‘the magnetic recording media in the examples.

A figufe (horizontal cross'sectional shape) surrounded
with a contour line at a half height of thé projection -
obtained in Example 9 is usually a circular shape'és shown in

Figs. ilto 3.
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| Ex. 9 Ex. 10 Ex. 11 | Ex. 12
Substrate linear speed 1714 1714 _1714 1714
(mm/s) '
Laser intensity (mw) 50 62 27 68
Average ifraéiationﬁtime 1.25 1.25' 1.25 1.25
(Usec) :
Average projection 9260 9260 | 37040 | 4120
density (N/mm?) " ' ' '
Average prgjegtion' ' 18 1€ 4 18.
height - (nm) ' :
Contour line area (1) 0.09 | 0.5 | o.14 | 0.1
(ir2)
Number of'aperture of 0.6 0.4 0.95 6'3
obijective lens (NA) '
static friction 0.15 0.17 | 0.21 | 0.49
coefficient '
Frictional force (gf) :

3 - 8 7 - 13,

after 20,000 cycles of

CSS
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_ 1 , |

After applying NiP plating.treatmént to a thickness of 10-

to 20 um on an:Al'alloy_substrate of 95 mm in diameter,

"mechanical texture_treatment'or'surface polishing treatment

was éonductéd so as to impart a surface roughnéss Ra'of not
more than 2.nm and then an intermediate.léyer and a magnefic'"
layer werélformédnsucceséiyely.

Then, after;fotming prbjections by'irradiation of a léser

beam on the surface of the magnetic layer, a protective film

and a lubricant layer were successivély formed to produce a

. magnetic recording medium.

Table 4 shows irradiation conditions of the laser beam

"and the characteristics of the resultant projections. Further

Tablé 4 élso shows the result 6f evaluation for the magnetic
recording media.conducted in the same manner as in E#ample 1.
The Css'teSt was éonduCted under the Conditicns of a head
flying height éf-l.G U inch. The sﬁable flying'height in the
CSSIregion'was 1.2 to 1,5.u inch for the magnetic recording

media in all of the examples.
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Ex. 13 Ex. 14
Substrate linear speed 1714 1714
(mm/s) : :
Laser intensity (mw) 158 - 110
Average irradiation time 1.25 1'25
(usec) '
Average projection densitY' 4120 9260
(N/mm2) '
Average prdjection height - 26 18
Contour line area (1) (Um?2) 0.15 0.10
Number qf aperture.of 0.4 0.6
objective lens (NA)
Static friction coefficient 0.23 0.19
Frictional force (gf) after 9 8

20,000 cycles of CSS
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'Aftef irfadiating_a lasef beam of a mirror wafer-like Si
substrate having 63.5 mm in_diameter and a surface roughness
(Ra)'of ﬁot more than.l pm and forming'pergctiOns each of
substantially équal heigh£,=an NiP.under léyer_(lQQ.nm in
thickness) was formed by sputtering, and further, an .
interﬁediate layef, a magnetic layer and a lﬁbrigant layer

were successively formed to produce a magnetic recording

‘media.

Table 5 shows the irfadiating conditions of the laser

beam and the characteristics of the resultant projections.

Further, Table 5 shows the result of evaluation for the

‘magnetic recording media conducted in the same ‘manner as in

Exampleil." The aﬁerage linear dehsity of projection (N/mm) in
the ﬁable represents the humber of projéctioné_in each of the
circumferential direction/radial direction for a portion of -
the ﬁagnetic recording medium in which proﬁections are
present; and.a contour line area (2) (uﬁﬁz) represents an
aVerage area of a figure surrounded with a contour line at a

half height of the projection. The stable flying height in

the CSS region was 1.2 to 1.4 n inch in the magnetic recording

media for all the éxamples.
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Table 5
Ex. 15 Ex. 16 Ex. 17

Substrate linear_spééd '644 ' 644 644
L(mm/s) .

Léser intensity (mw) 500 500 500

Average irradiation time 3.12 3 12-: ' 3.12

(usec) L ' ' '

Average projection linear| ,44/109 | 200/50 10/10

density (N/mm) : ' '

Average projection 10000 | 10000 100

density (N/mm?) '

Average prBjection height 31 31 31 '
L(nm) _

Contour line area (1) 0.05 0.05 0'05

(um?) ' '

Contour line area (2) 0.71 0.71 0.71

(um?) _ '

Static f:iction 0.14 0.17 0.45

coefficient : :
|Frictional force (gf)

2 4 13

- di
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_After applying NiP plating to a thickness of 10 to 20 pm
on an Al alloy substrate of 95 mm in;diameﬁer,'a_surface

polishing treatment was conducted so as to impart a surface

- roughness Ra of not more than 1 nﬁ,:thereby_obtaining an Nip

under layer on the subétrate. Then;_after forming projections_
by irradiating a laser beam bn thé NiP layer, an inﬁermediate
layer, ‘a magneticllayeg, a pfotecti#e layer and a lubricant
layer were formed sﬁcéeSsiveiy,to p:éduce é magnetic recording
medium. | | |
Table 6 sho&s i}radiation conditidns:of the'iaser beam

anq.the ¢haracteristics of the.resultapt'brojectioné. Furtﬁer
Table 6 also.showé the results bf evaiuation for the magnetic
recording ﬁedia coﬁducted in the same ménner as in Exanple 1.
The.CSS test was donducted under the conditions of a head
flying height of 2.5 p inch. The stable flying height in the
CSS regidn’was.lJ2 to 1.6 p inch for maénéfic reéording media
in all of the examples. The horizontal cross sectional_shape
of the projectiop-in the table represents a shape for a figure
surrounded with a'contour_line at a half height the
projection. | |

A fiqure (horiidntal crcss sectional shape) surrounded
with a contour line at a hal: height of ﬁhe projection
ébtaihed in Example 18 is usually a crescent shape as shown-in
Eig.4: Since the projection shown in Fig. 4 was formed by the

short scanning period of the energy beam,-if was different to

find out the depression ranging the projection. However, in

case where the magnetic layer and protective layer were formed .
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on the NiP under layer  in which projections were formed, the -
depreésion ranging the projection appears by the thermal

history of sputtering.
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after 20,000 cycles of
CSS : '

Table 6
Ex. 18 | Ex. 19 ‘Ex. 20
Substrate linear speed . 1600 1600 1600
{(mm/s) - ' _
Laser intensity (mw) 200 200 200
Average irradiation . '0 62 0 62 0.62"
time (Usec) — :
|Average projection 100/100 200/50 50/50
linear density (N/mm) : _
Average projection 710000 10000 2500'_'
density (N/mm2) f S o
Average prdjection 27 27 27
height (nm) -
Contour line area (1) 0.07 0.07 0 67
(um?2) | '
‘| Horizontal cross
sectional shape of A A A
rojection
Number of aperture of 0.6 0.6 0.6
objective lens (NA) :
Static friction 0.17 .0.18 0.33
|coefficient
Frictional force (gf) o
3 3 12
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| Ex. 21 Ex. 22
‘Substrate linear speed 1606 3200
(mm/s) ' - '
Laser intensity (mw) 300 1350
Average irradiation ‘time 0.07 0.62
(Lsec)
Average.projectlon,linear 150/150  _ 30/20
density (N/mm)
Average projection dehsity 22500 600
(N/mm?) f__ -
Average projection'height 12' 38
{nm)
Contour line area (1) (um2) -0.08 0.09
Horizontal cross sectional a B
shape of proijection
Number of aperture of 0.6 0.6
objective lens (NA): :
Static friction coefficient 0.23 0.16
Frictional force'(gf) after 6 10

20,000 cycles of CSS

(note) A: Créscent; B:

half moon
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After-applying_NiP plating treatment to a thickness of 10
to 20 um on an Al alloy substrate of 95 mm in diameter,
surface polishing Ereatment was conducted so as to impart a

‘surface roughness (Ra) of'aboﬁt 1 nm, thereby obtaining an NiP

under layer on the substrate.

Then, after forming projectiohs by the irradiation of an
argon pulse laser beam (wavelength X; 488 nmf.in a CSS region
on the NiP layer, an intermediate layer, a magnetic laYé:, a

protective layer and a lubricant layer were successively

' formed to produce a magnetlc recordlng medium.

Table 7 shows 1rrad1atlon condltlons of the laser beam
and characteristics of the resultant progectlons. 'Further
Table 7 also shows_fhé #esﬁlt oflevaluation for the magnetic
recording média conducted in the same ménner as in-Examplell.

However, the CSS_test was conducted under the conditions of a

- head flying height of 2.5 | inch. The stable flying height in

the CSS region was 1.2 to 1.6 u-inch for magnetic recording

media in all of the examples.

R
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20,000 cycles of CSS

Ex. 23 Ex. 24
Substrate linear speed 3200' 3200
{mm/s) ' :
Laser intensity (mw) 100 100
Average irradiation time 0.31 0.31
(ULsec) _
Average projection linear 100/100" 1200/50
density (N/mm) . : '
Average projection density 10000' 10000
(N/mm?) ' :
Average prbjectipn height 22 29
(nm) '
Contour line area (1) (hm2) 0.07. 0.07
Contour line area (2) (umz)' 0.93 0.93
Horizontal cross sectional c .C'
shape of projection
Number of aperture of 0.6 0.6
obijective lens (NA) ' '
Static friction coefficient 0.17. 0.18
Frictional force (gf) after 3
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_ . .

“Ex. 25 Ex, 26
Substrate linear speed 3200 3200
(rm/s) ' : . '
Laser intensity (mw) 100 120
Average irradiation time 0.31 0.31
(ULsec) -
Average projection linear 50/50 16/20
density (N/mm)
Average projection density 2500 200
(N/mm2) ' '
Average projection'height- 22 26
(nm)
Contour line area (1) (um2) 0.07 0.08
Contour line area (2) (um?) 0.93 11.82
Horizontai cross sectional c c
shape of proijection
Number of aperture of 0.6 0.6
objective lens (NA) o
Static friction coefficient - 0.37 0.23
Frictional force (gf) after 12

120,000 cycles of CSS’

(Note) C: Circular shape
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After applying N1P platlng treatment to a thlckness of 10

'to 20 um on an Al alloy substrate of 95 mm dlameter,

mechanical texture or surface pollshlng,treatment was
conducted so as to impart a surface roughness Ra‘of-not more
than 2 nm. l

Then, after 1rrad1at1ng a. laser beam on the N1P layer and
forming projections, an intermediate layer, a magnetlc layer,
a protective layer.and a lubricant layer were formed.
success1vely to produce a magnetlc recordlng medium.

Table 8 shows the 1rrad1atlon condltlons for the laser

ybeam and the_characterlstlcs of the resultant projections.

Further, Table 8 shows the results of evaluation for the.

magnetic recordlng medla conducted in the same manner as in

" Example 1. The CSS test was conducted under the head flying

helght of 2 2 u 1nch The stable flying height in the CSss
reglon was 1.1 to 1.3 lnch in the magnetlc recordlng media
of all the examples._ In the table, major axis/minor axis the
presents the aspect ratio (major axis/minor axis) for the
cross'section at the.bottom'of the projection, and a cross
sectlonal dlstance (Um) represents a width of a minor axis at .
the cross section surrounded with a contour line at a height 1

nm below the.top of the'projection.
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CSS

Table 8
Ex. 27 Ex. 28 Ex. 29
Substrate linear speed 1714 1714 1714
(mm/s) ' ' '
Laser intensity (mw) 98 62 08
Average irradiation time 9.4 27.0 9.4
(Usec) ' _ '
Average projection linear 10/16 25/25 20/10
density (N/mm) - '
Average projection - | 100 625 200
density (N/mm2) ' - '
Average préjection height ' ,8 '7' 8
(nm) ” L
|Major axis/minor axis 8 23 -
Cross sectional distance 0.15 0.5 0.15
(W) .
Number of aperture of 0.6 0.6 0.6
objective lens (NA)
Static friction 0.28 0.79 0.55
coefficient ' '
Frictional force (gf) N -
after 20,000 cycles of 11 19 18
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.After_forming Nip plating.treatment'tc a thickness of 10
to 20 Um on an Al allcy substrate of 95 mm in'diameter, |
medhanical textnre'treatment was applied circunferentially to.
impart the.date recording region and a CSS region with a
surface roughness (Ra)_of not more‘than 2 nn. |

| Then, after forming projections by irradiating a laser

beam to the CSS reglon of the NlP layer,_a protectlve film and

a lubrlcant layer were succe351vely formed to produce a

magnetlc recording medium. -

Formation of the projections in Example 30 was conducted

-as below.

A radial range of 21 to 18 mm from the center of the

-substrate Was defined as a CSS reglon Then, in a radial

range of 21 t0'20 mm to the outer side of'the defined region,
long projections hav1ng a cross section at the bottom with an
aspect ratlo of 3 were formed by the number of 20 per 1 mm
radial length. In this case, the height of the projections
was varied about from 5 to 30 om by changing the laser beam
intensity w1th1n a range from 60 to 105 mw . Fnrther, within a
radlal range from 20 to 19 mm from the center of the.
substrate, short_pro;ectlons having a cross section at the
botton with an aspect ratio of about i were formed. In this
case, the height_of the projections was carried ahout from. 30
to 70 nm by changing the laser beam intensity from 95 to 220

mW. Further, short projections having a cross section at the

 bottom with an aspect ratio of about 1 were formed at a

magnetic head stopping_positicn within a radial range from 19
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to 18 mm from the center of the substrate. 1In this case, the

height of the projections was made uniform at about 70 nm and

the density of the projections was 160 Numbers/mm2 (- N/mm2)
- In Example 31, progection were formed qulte in the same

manner as in Example 30 except for forming pro:ectlons at a

: helght of about 70 nm of the prOJectlon in 80 N/mm2 at a

stopping p031tion of the’ magnetic head within radial range
from 19 to 18 mm from the center of the substrate

Table 9 shows the irradiation conditions of the laser
beam and the characteristic of the resuitant projections.

Further, Tabie'Q_shows the result of evaluationlfcr the
magnetic reccrding medium-conducted in'the,same manner as in
Example 1._ The CSS test was conducted nnder the ccndition of-"
a head_flying height cf 1.6 plinch. The stabiesflying height
in the CSS region ccntinnously varied betWeen 1.1 to 2.7 W
inch in the CSS region'for the magnetic reccrding_media in all
the examples. .

The magnetic recording media of Examples 30 and 31 have
the following characteristics; That is, since the friction
between the.magnetic_head_and the projeCtions at'the .
stationary position of the magnetic head causes no problem
because'of the small relative'speed and since the area of
contact between the top end :£ the projectionszand the

magnetic head 1s extremely v:aited, sticking does not occur at

all even when the magnetic h=ad stops for a long period of

:time.

"That is, the magnetic head staying staticnary on the

projections of a sufficient height moves little by_iittle to
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. the outside of the magnetic recording medium simultaneously

with the rotation of the magnetic recording medium and arrives

at' and rises from a radial position from 18 to 20 mm of the

"magnetic recording-medium when the magnetic recording medium

reaches_a_stable'rotational speed (5,400 rpm). On the other

‘hand, updn stopping, when the magnetic head is within a radial

range from 20 to 21 mm of the magnetic recording medium, the
number of rotation of the magnetic recording medium is lowered

till the head is brought into contact with the'lohq

‘projections on the magnetic recording medium. Subsequently,

the head is moved to a region_within a radial range from 19 to

18 mm in which projectiohs of the sufficient_height are formed

before the magnetic recording medium stops.

In Table 9, values for the static friction coefficient

and the frict;onal force after 20,000 cycles of CSS are values

. at a radial position from 19 to 18 mm from the center of the

magnetic recording medium.
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" | Long p:ojectibn'(N/ﬁm)

Table 9
" Ex. 30 Ex. 31
| Substrate linear sbeed (mm/s).
Short projection 1714 1714
Long prdjection 1714 1714
Laser intensity. (mw)
Short projection 95~220 95~220
| Long projection ' 60~105 60~105
Average irradiation time (Usec)
Short projection 1.25 1.25
Long projection 3.75 3.75
| Average proiection density
Short projection (N/mm2)| 160 80
20 20
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cssS _ - . :

Ex. 30 ) Ex. 31
Average projection height (nm)
Short projection - 30~70 - 30~70
Long projection 5~30 5~30
Contour line area (1) (um?)

-Short projection - 0.38~0.08 0.38~0.08
Long projection - -
Number of aperture of obijective lens (NB) _

Short projection 0.6 0.6
Long projection 0.6 . 0.6
Static frlctlon 0.12 0.11
coefficient '

Frictional force (gf)

after 20,000 cycles of 3 3
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 Example 32_and Comparative Examples _ s 7 - 13

After.applying-NiP_plating'treatment to a thickness of 10

to 20 Um on an Al ailoy-eubstrate of 95 mm in diameter,

surface polishing treatment was cenducted'SQ'aS'to'impart a

surface roughness (Ra) of not more than 1 nm. Then,

‘fabrication traces in a concentric or cross pattern were

formed by mechanical polishing} An argon laser beam at 300 mW
intensity was irradiated under the'cendition of 1714 mm/sec of
a substrate linear speed and of an irradiatibn time of 2.5
Usec to an inner eirCumference portion of the NiP substrate
which was a CSS region, to form projections at an average

projection density of 9,260 N/mm2 and an average projection

'height of 37 nm.

In thé case of Comparative Example 12, after forming NiP
plating layer at first,_a concentric texture pattern was
formed on the entire surface of the substrate and, further, a

texture pattern at a cross angle of 30° was formed in the CSS

region.

Then, an intermediate layer, a magnetic layer, a
protective layer and a lubricant layer were formed
successively on the eubstrate to.produce'a magnetic recording
medium. | | |

Table 10 shows the presence or_absence of projections,'
texture patterns_and differenqe of center_line:betWeen the CSS
regionland data recbrding_region for magnetic discs produced
in'Example 32 and Cemparative Examples 7 - 12. The center
line is according to JIS BO601 - 1982. Further, Table 10

shows the results of evaluation for the magnetic recording
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media condudted'ih the same manner as in Example 1. The

stable flying height in the CSS region was 1;5_u inch for the

'magnetic recording media in all of the examples.

The number of errors in the table was measured by the

following conditions.  That is, the number of errors was

- measured at the number of rotation of the magnetic recording

medium of'3,600'rpm;.at_a recording frequency of 10 MHz and
with a recording track width of 6 um, usinq a thin film had at

a head gap of 0.3 pm.and a'head'flying height of 0i07'um. The

'slice level of a misging bit was défihed as 65% and a bit of

less than 65% was counted as an error.
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Table 10
Ex, 32 Comp. _ Compf
L Ex. 7 Ex. 8
P#ojection - present absent absent
Texture pattern concentric | concentric cross
' circle circle (30°%)
Center line . 4 ' 0 0
difference (nm) '
Static friction . 0.18 0.30 0.20
coefficient : 3 : ' '
Frictional force (gf
after 20,000 cycles .10 20 12
of CSS L : '
Circumferential Hc 1500 1500 1350
Hc anisofropy 2.0 2.0 1.8
Number of errors 5 - -
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" Comp. Cémp. Cémp. Comp.
Ex. 9 | Ex. 10 | Ex. 11 | Ex. 12
Projeétion present | absent | absent absent
Texture pattern cross Cross 9r°ss 1 (Note 1)
(30°) (30°%) (30°) '
Center line -4 0 0 100
difference (nm) . '
. Statlc f;lctlon 0.18 0.20 0.20 _
coefficient
Frictional force (gf) :
after 20,000 cycles 10 12 12 -
of CSS SR _
Circumferential Hc 1350 1250 1100 1500
Hc anisotropy 1.8 1.6 1.3 2.0
Number of errors - - - >100

Note 1: Concentric circle +fCroés_(30ﬂ'
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~ After applying.NiP'sputtering to a thickﬁess of iOO to
150 nm on a glésé;sﬁbétrate'bf 9$.ﬁm in diameter, surface
polishing treatment_was'applied éo as to impart a surface
roﬁghqess (Ra) of ﬁot'more than 2 nm,lthéréby obtaining an NiP
under layer on the subst:été.‘
_. Theﬁ,_aftér irradiating an aigdn pulse.laser'beam
(wavelengtﬁ l:'488 umj on the NiP layer to form projecti¢ns,
an.intermediaté layer, almaghetic layer, a p;otective film,
and a lubricant iéyer'were férmed successively to prbduce a
magnetic recording medium. |

‘Table 11'shows_the irradiation conditions of the laser

beam and the Characteristic of the resultaht projections.

Further, Table ll.éhowé_the results of evaluation for the

magnetic recording media conducted in the same manner as in

Example 1. The CSS test was conducted ﬁnder the condition of
a head flying height of 1.6 U inch. The.stable flying height
in the CSS region was 1.2 to 1.5 B inch for the magnetic

recording media in all of the examples.
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after 20,000 cycles of
CSS _ .

Ex. 33 Ex. 34
Substrate }inear speed 1714 1714
(mm/s) '
Laser intensity (mw) 110 - 163
Average irradiation time '1 25 1.25
| (usec) '
Average'projectiQn 9260 9260
density (N/mm2) - :
Average projection height 19 '34_
(nm) i ' :
Melting distance (um) 2.5 2.3
Number of aperture.qf 0.3 0.6
objective lens (NA) :
Static friction 0.26 0.19
coefficient '
Frictional force (gf)
10 8
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Examples 35 to 38

In Exémple 35, an intermediate layer, a magnetic layer
and a_hydrogenated'carbon protective 1aye:'were formed
sUccessiVely on a_glass substéate of 95 mm'inldiameter and
having a surface roughneSS'(Ra) 6f'2 nm. In Examples 36 —'38,_

an under layer, an intermediate layer, a mégnetic=layer and a

. hydrogenated carbon protective'film were fotmed successively -

on the same glass substrate as in Example 35.
Then, in each of the examples, after irradiating a laser
beam from the surface of the protective layer and fdrming

projections on the magnetic layer, a lubricant layer was

.formed on the surface of the protective layer. _The

_transmittance of .the laser beam to the protective layer is

about 85%._ Irradiation of the laser beam was éohducted in air

in this example and an inert atmosphere was not formed

particularly;

‘Table 12 shows the irradiation conditions of the laser
beam and the chéractéfistic of the resultént'projecﬁioné.
Further, Table 12 shows the reéuits of the evaluation for the

magnetic recording media conducted in the same manner.as in

'Example 1. The CSS test was conducted under the condition of

a head flying height .of 1.6 L inch. The stable flying height

in the CSS region was 1.2 to 1.5 U inch for the magnetic

‘recording media in all of ths =xamples.
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13

Ex. 35| Ex. 36 | Ex. 37 | Ex. 38
-Substrate linear speed ,1600 1600 1600 1600
(mm/s) '
Laser intensity (mﬁ)' ' 110 - 113 110 90
Average irradiation tlme 0.62 0.62 1.24 0.62
(Usec) : '
Average prOJectlon den51ty 9260 '9260 4630 9260
(N/mm?) - -
Average projection helght 32 31 32 21
(nm) L '
Contour line area (1) (um2) | 0.11 | 0.14 | 0.34* | 0.23
Number of aperture of 0.6 0.6 0.6 0.6
objective lens (NA) '
Injury of protective layer none none none- none
Static friction coefficient| 0.28 1 0.31 0.62 0.38
Frlctlonal force (gf) after 6 8 9

20, 000 cvcles of CSS

(Note) *: Cross seetiohal distance in a directien_

perpendicular to the laser beam scahning'direction
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'After'plating.NiP (heat conductiVity; about 100 Watt/mK)

- to a film thickness of 10 {m on an Al substrate of 95 mm in

diameter, surface polishing treatment was applied sSo as to
impart a surface roughness (Ra) of not more than 2° nm, thereby
obtaining an NiP under layer on the substrate.

Then, an Ar pulse laser beam was 1rradiated to the CSS
region in a radial range ‘from 18 to 21 mm at an inner
circumference of the substrate to form prOJections in a spirai

pattern at. 10 um pitch on the surface of the NiP layer, under

'each of the'c0nditions at a laser beam'intensity of 163 mwW,

for an average 1rradiation time of O. 6 usec at a substrate

linear speed of 1714 ‘m/sec, with a spot diameter (1 22 l/NA)
of 1.0 um to which 84% of energy (l/e2) is concentrated
(wherein NA represents the number of aperture of a condenSing
objective lens_of the laser beam). The wavelength of the Ar
pulse laser beam used was at 488.nm.

After forming the projections by the laser beam,

imechanical'texture was formed on the surface of the NiP layer

'circumferentially.to_the substrate surface so as to impart a

polishing amount as.described in Table 13 by using a free
diamond grinding.particles of about 1 Um grain'size.

Then, an intermediate layer, a magnetic iayer,_a
protective-iayer.and'a iubricantflayer were successively
formed on the-NiP_layer to produce a magnetic recording
medium. | |

Table 13 shows the irradiation conditions of the laser

beam and the characteristic of the resultant projection.
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' Further, Table 13'shdﬁs thé resﬁlts of’evdluation for thé
magnetic recordlng media conducted 1n the same manner as in
IEXample 1. The CSS test was conducted under the condition of
a head r131ng amount of 1. 6 u inch. The stable flylng helght
in the CSss reglon was 1.4 u inch for the magnetlc recordlng

media in all of the examples.
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Iable 13
Ex. 39 | Ex. 40 | Ex. 41| COmP:
- Ex. 13
Substrate. linear speed 1714 1 1714 '1714 1714
Laser intensity (mw) 163 163 163 163
Average irradiation time 0.6 0.6 0.6 0.6
(usec) | ' a '
Average projectipn density 9260 9260 9260- 9260
(N/mm2) S ' _ ] :
Average projection height 30 30 25 35
(nm) | : '
Number of aperture of 0.6 0.6 0.6 0.6-
objective lens (NA)
Grinding amount (mg/cm?2) 0.03 0.03 0.03 -
<Normal temperature, normal humidity>
Static friction | 0.18 | 0.2 | 3.25 | o0.19
- |coefficient

Frictional force (gf) 7 10 25 8
after 20,000 cycles of CSS ' -
<Temperature 25°C, humidity 70%>
Static frictiom .= 0.20 | 0.27 | s.15 | o0.25
coefficient | ' '
Frictional force (gf) 6 8" 34 '21

after 20,000 cycles of'CSS




10

15

20

25

- -81-

Mechanical texture treatment was applied to an Al
substrate havingISS mm in.diameter_and coated with-au NiP
under layer, so.as to impart a surface roughness (Ra) of not
more than 2 nﬁ,. | |

Then, after-irradiatiag.a laser beam and formind
projections on the NiP layer,.an intermediate layer, a
magnetic layer, a protectiue layer and.a lubricant layer were
'formed successively to produCe a. magnetic recording medium,

The prOJectlons were formed as below. That is, a radial
range from 21 to 9 mm from the center of the substrate was
defined as the CSS region. The 1nten51ty of the laser beam
was changed frOm'16S mW to 260 mW.as the radial distance from
the centerwof the substrate was reduced, to decrease the
height of the projections toward the outer circumferential
dlrectlon of the substrate.

In Comparative Example 14, after applylng texture to

- impart Ra of -about 2 nm by a conventlonal mechanical texture

method, not applylng irradiation of the laser beam, to an Al

substrate hav1ng 95 nm 1n dlameter coated Wlth the NiP under

layer, an 1ntermed1ate layer, a magnetic layer, a protective

film and lubricant layer wera formed successrvely.

Table 14 shows the irrziiation conditions of the laser

'~ beam and the characteristic % the resultant projection.

Further, Table 14 shows the results of evaluation for the

-magnetlc recordlng medla corducted in the same manner as in

Example 1. The CSS test was conducted under the condltlon of

‘a head flying helght of 1.6 W inch. The 'stable flylng height
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.~ in the CSS region varied continucusly betwéen 1.1 to 2.4 |

inch.

‘In the magnetic recording medium in Example 42, the

'stopplng p031tlon for the magnetlc head is w1th1n a radlal

range from 19 to 20 mm of the magnetlc recordlng medlum, the
magnetic head moves llttle by llttle to the outward
simultaneously with the rotation of the magnefic recording.
medium, and the magnetic head arrives at aﬁd rises'from a
radlal position from 20 to 21 mm when the magnetic recordlng
medium reaches’ a stable rotatlonal speed (5,400 rpm). On the
contrary,IWhen the magnetic head is to.be stopped, the_number
of'rctation of the magnetic reccrding medium is lowe;ed_in a
state where the magnetic.head situatee in a radial range. from
20 to 21 mm till the magnetic head is brought in to contact
with the pfojections.of the magnetic recordinc medium.

Subsequently, the magnetic head is moved to a radial position

from 19 to 20lmm.before the magnetic recording medium stops.

Accordlngly, values for the static friction coeff1c1ent and
the frlctlonal force (gf) after 20,000 cycles of CSS in Table
14 show_values at a_radlal positions of 19 to 20 mm. |

From the results of evaluation for the magnetic recording

media shown in Table 14, it can be seen that since the height

of the prcjections.ﬁaries continucusly in the CSS region, the
magnetic recording'mediﬁm in Example 42 causes neither

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

was stopped by adsorption at 750.cycles of the CSS test;'
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Ex. 42

Substrate linear speed (mm/s) 1714
Laser intensity (mw) 1650~260
Average irfadiation time (Usec) 1.25
Average projection density 9260
(N/mm2)_ '
Average projection height (nm) 5~56
| Contour line area (1) (um2) 0.38~0.08
Number of aperture of objective 0.6
‘lens (NA) ' '
Static friction_coefficient' 0.12
Frictional force (gf) after 3

20,000 cycles of CSS
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According to the magnetid recording medium and the method

‘therefor in accordance with the present invention, the

following advantageous effects can be provided.

(1) An area of_Contact'betweeh the lower surface of the

‘magnetic head and the surface of the magnetic recording medium

is reduced, thereby extremely deéréasing:the friction upon CSS
operation and, further, sticking of the magnetic head to the

surface of the magnetic recording medium can also be

prevented.

(2) Even in é:case of férming.the projéctions only ih_
ﬁhe CSS regi;n of the mégnetic hegd, ﬁhe average.height of the
surface is”éubstantiélly'equal between the déta recording
region and the CSS region by applying méchanical texture
uniformly to eéch of the regions. Thereforé, when ﬁhe'"
magneﬁic heéd seeks between the data.recordihg region and the
CSS region, the stable flying height of'the magnefic head less
fluctuates, causing.neither head crush nor:instabilization of
the heaa in the spa@e.'

(3) Since the height of prdje¢tidn§ oﬁ the density of
projeétions can.be controlled as ﬁhéy épp:oach to .the data
recording region,.maénetic head can seek’between the data
recording region and the CSS :egibn_éxtremely Smoothly. In

this case, since there is no requirement for forming deep

surface flaws by_mechaniCal texture.for the iﬁprovement of CSS

in the data recording region, the fiying height of the
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‘magnetic head can be reduced and date errors due to the

"surface flaws can also be reduced.

(4) The time'requiring for forming the projections can ’

- be shortened in a case of utilizing a bfopgrfy that the CSS

characteristic does not deteriorate so much even if the

density_of projections in the éircumferéntial direétion of the

- magnetic recording medium is made somewhat greéter and the

density of prdjections in the circumfereﬁtial direction is

reduced.

(3) In a case:of where sharp projections having a

- horizontal crescent or half moon-like cross section are formed

relative to the;;unning direction of the magnetic head,
degradation of the CSS chéraCteristic under high temperature'
and high humidity can be made moderate.

(6) Also in a case of where projections each having an

| sharp top end of a;projection having a horizontal substantial

circular cross section are formed, the degradétiqn of the CSS
characteristic under high temperatﬁre and high humidity can
alsé be moderated, |

(7) In a case bf ﬁhere ldng projections having an aspecf

ratio of not less than 3 in a bottom cross section of the

projection and short projections having an aspect ratio of

more than 1 and less than 3 in a bottom cross section of the
projection,aré formed;.wearing or abrasion at the top ends of

the projections on-the surface of the magnetic recording

- medium caused upon high speed rotation reiative_to the

magnetié head can be suppressed by the léné'projections, and



10

15

20

25

_86_

the durability of the projections, that is, the durability of
the magnetic recording medium can be'improved.

(8) 1In a case of applying concentric mechanical grinding

to the data recordihg region which is advantageous to the
'recording characteristics, the recording characteristics are

'Satisfactory. - In additidn,_since a step between the CSS

region and daté fecordingﬂreéién is small, errors are also
reduced.'-Accofdingly, thé Css éhafacteristic and the |
recordinQ/reédingéout charac;eriétic which:weré in_a trade off
relationship in the prior art can be made éompaﬁible.

(9) Since pfojéctions cén be'formed on the éurface of
ﬁhe magnetic recqrding medium by i;fadiafing the.laser beam
through the lubriééﬁt layer,_the protective layer or both of

the layers, and locally melting or softening the sﬁrface of

the magnetic layer} under layer or the substrate, the
producing steps for the magnetic recording medium can be

‘simplified.

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

formed by the irradiation of the laser beam by the mechanical

texture, since the area of contact between the lower surface

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

medium is furthe: reduced,  friction upon CSS is extremely
reduced and no sticking of -x2 magnetic head_to,the surface of

the magnetic recording medi:m oSccurs at all. Particularly,

" stable CSS characteristics ar= exhibited also in a

_ circumstantial test under hizh temperature and high humidity.

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

the present invention, since the stable flying height of the
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magnetie'head can be';educed iﬁ the data recording region to-
such en extent as definee by the élidefin the data recording_
region, and since the magnetic head can be stopped on the

" projections of a mederate height'so_as.not to cause sticking,
a high density mégnetic'recording device causing no sticking

can be developed.
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* [+ L M S *

WHAT IS CLAIMED IS:

1. . A magnetic recorcing medium'having'at least a
magnetic layet,_oétionally by meahS'of.ah under layer,'on a
non-magnetic substtate, wherein‘ptojections'formed by
irradiation of.an energy beam and'each having a height from 1.
to 60 nm are provided at the nunber of 102 to.log per 1 mm? on
the su:face of any cne-of the.noh—magnetic substrate, the
under layer, the magnetic layer end the magnetic fecording 

medium.

2. & magnetic recording medium according to claim 1,

whereih the height of the'projéctidns-is from 10 to 60 nm-and

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

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

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

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

a data recordlng region.

25 -

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

surface, an energy beam that moves relatively to said surface,
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 under the conditions at an energy beam power from 50 to 500

mW, for an average irradiation time from 0.05 to 100 Hsec,

with an energy beam spot diameter from 0.2 to 4 um and at a

- linear velocity of the non-magnetic substrate from 0.8 to 15

m/sec.

6. A magnetic recording medium having at least a

magnetic layer, optionally by means of an under layer on a K

' non#magneticfsubstrate; wherein projections formed by

irradiation of an energy beam and each’having a height from 1

to 60 nm are prov1ded at the number of 102 to 108 per 1 mm2 on

‘the surface of any one of the non—magnetlc substrate, the

under_layer, the magnetlc layer and the magnetlc recordlng
medlum, and a depre531on formed by 1rrad1atlon of the energy
beam is present adjacent to the bottom of each of the

projectlons at a scannlng direction of the'energy beam.

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

is not more than 2 Mm2 .

8. A-magnetic recording medium_according'to claim 6,
wherein an.average area of a figure surrounded with a contour
;ine at a height 1 nm below the top of each of the projections
is ‘not more than 2 um2, and the average area of a flgure

surrounded w1th a contour llne at a half helght of the

: pro;ectlon is not more than 10 um?
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9, A.magnetic recording medium.acoording to claim 6,
wherein an average area of a figure surrounded with a contour
line at a height 1 nm below the top of each of the pro;ections
is not more than 2 pum2, and a figure surrounded w1th a contour
line at a half height of the progection has such a shape that.
a length orthogonal to the scanning direction of the energy
beam is greater than a length at the scanning direction of the

enerqgy beam.

10. A magnetic recording medium according to clain 6,
wherein.an average area of'a figure surrounded with a contour
line at a height l.nm below the top of each of the projections
is not morélthan 2 umz a figure surrounded with a contour'
line at a half height. of the pro;ection has such a shape that

a length orthogonal to the scanning direction of the energy

‘beam is greater than a length at the scanning direction of the

energy beam, and a figure surrounded with a contour line at a
half height of the'projection has a half moon-like or

crescent-like shape.

11. A magnetic recording medium according to claim 6,
wherein an average area of a figure surrounded with a contour

line at a height 1 nm below the top of each of the projections

is not_more than 0.5 um2, an area of a figure surrounded with

a contour line at a half height of the projection is not more

than 3 umz,'and_a cross section of the projection in parallel
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with the surface of the magnetic.fecording medium'has a

substantiaily circular shape.
12. A magnetic recording medium according to claim 6,
wherein projections are present in a region in which a

magnetic head conducts CSS (contact start and stop) operation.

13. A magnetic recording medium according to claim 6,

wherein projections are present in a region in which a

magnetic head cohducts'CSS (contaét start and stop) operation,

- and the height of the projections is reduced toward a data

recording region.

14. a magnetic recordiné medium accordiné to claim 6)_
wheréin'projeétions a£e present in a region in which a
magnétic head épnducts CSs (contact.start énd stop)'operétion;
and the density'of the projections is reduced towafd a data

recording region.

iS; A magnetic recordiﬁé medium accofding to cléim 6,
wherein projectigns are presént in a region in which a
magnetic head conducts CSS (cohtact start and stop) operétion,.
and the height of the projec-:.on and the dénsity of the

projection are reduced towar.i a data recording region.

16. A magnetic recording medium according to claim 6,

wherein an aspect ratio (major axis diameter/minor axis
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dlameter) of a cross sectlon at the bottom of the pro:ectlon :

- is not less than 2

' 17;L A magnetic recording_medium according to claim 6,
wherein long ptojections in which an aspect ratio of a cross
section at the bottom of the projection is not.less than 3,-
and short projections in which an aspect tatioVOf a cross"

section at the bottom of the projection is more than 1 and

less than 3, are present in a region in which a magnetic'head

conducts CSS (contact start and stop) operation, the long.
projections are present at_a'greater'ratio in the CSS region
neighboring a data tecording region, the short projections are
present at-a greater ratio:in_the_CSSIregion neighboring ;he

inner circtmference of a disc, and the height of the

‘projections is'reduced_toward the data recording region.

18. A magnetic recordihg medium having at least a
magnetic layer, optionally by means of an onder layer, on a
disc?like non-magnetic substrate, wherein concentric
fabrication traces are formed by mechanlcal texturing on the

surface of the non-magnetlc substrate or the surface of the

~under layer, and projections are formed by_lrradlatlon of an

energy beam on the surface any one'of the non-magnetic

substrate, the uhder layer, the magnetlc layer and the

_ magnetlc recordlng medlum of a CSS (contact start and stop)

region.
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19. A magnetic reéording medium according to claim 18,
wherein the height of the projections is from 1 to 100 nm and

the density of the projections is from 10 to 108 Numbers/mm?.

20. A method of producing a magnetic recording medium

having at least a magnetic layer, optionally by means of an |

~under layer, on a non-magnetic substrate, which comprises

irradiating, to the surface of the non-magnetic substrate, the
magnetic layer, the under layer or the magnetic recording
medium, an energy beam that moves relatively to said surface;

locally melting said surface under such a cdndition-that a

melting width in a direction drthogonal to the relative moving

direction of the energy_beam on said surface is less than'5
pum; fbrminé projections on said surface; and then forming
required films of the under layer, the magnetic layer or a

protective layer..

21. A method a¢cording to claim 20, wherein the energy

beam is a pulsed laser beam.

22;-_A_ﬁethod aééording_to claim 21, wherein a pulsed
laser.beam is irradiated tb'the surface of the non—ﬁagnetic
substrate;_the magnetic layer or the uﬁder layer undef the
conditions at a id;er beam power of not higher than -500 mW,
for an irradiétion time per once of not more than 5 HUsec, with
a spot diameter on the irradiation surfade'of'not more.than'S

pm, and at a relative moving speed of not less than 1 m/sec.
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23. A method according to claim 22, wherein the heat
conductivity of the non-magnetic substrate or the under layer

is not more than 250 Watt/mK.

24. A method according to claim:20,_#herein the
irradiation of ah ehergy'beam is carriéd out on the su?face of
the non—magnetic substrate or the under layei.to form
projectioné.oh the surface of thé'non—magnetic éubstrate or
the under iaye£,-£hen applYing mechanical:te#turihg is applied

to the surface of the non-magnetic substrate or the under

‘layer, and required films of the under layer, the magnetic
recording layer dr_the_prétective'layer are formed

 subsequently.

'25.. A method according to claim 24;.Wherein the energy
beam is a pulsed:laser beam, and the'scanning'distance of the
pulsed laser beam'in an irradiation time for once af the
surface to be i:radiated is not less than 1/2 of the spot

diameter of the pulsed laser beam.

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

beam is a pulsed laser beam at a laser beam power of not

higher than 500 mW, an irradiation time for once is not more

than 5 uSeé, and a spot diameter of a condensed beam at the
surface to be irradiated -is not more than 4 um, and the laser
beam is.scanned relatively at a scanning vélocity'of-not less

than 1 m/sec relative to the irradiated surface.
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27. A method according to claim 24, wherein the heat
conduétivity of the non-magnetic substrate or the under layer

is not more than 100 Watt/mK.

28. A method of producing a magnetic recording medium
having at leaSt a magneﬁic layer and a prqtective layer on the
surface of a non-magnetic subStrate, an under layer being
optionally disposed betweén_the non-magnetic substrate and.
magnetié la?er, and a lubricatiné layer being optionally-
disposed on the protective.layer, which,comprisés irradiating'
an energy beam on the surface of tﬁe protective'layer,or the.
lubricating layer,'to_mélf’or Sbftén the surface of the
magnetic layer, the ﬁndér.layer or the non-magnetic substrate
by locally heating the samef thereby forminé projections on
the magnetic layer, thé prdtective layer, the under layer or

the substrate.

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

inert gas atmosphere upon laser beam irradiation.

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

irradiating laser beam is not less than 50 %.

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

laser beam is a pulsed beam, and the projections are formed
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under the conditions that a scanning parameter (P) defined as:

P = SV/D is not less than 0.25, wherein'ﬁ fepresents a pulse
width, D represents a diameter of a laser beam spot and v
represents a relative velocity between the laser beam spot and

the substrate surface.
32. A method according to claim 20 or 28, wherein the
projectidns are formed in a region in which the magnetic head

conducts CSS (contact start and stop) operation.

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

laser beam is irradiated.at a power reduced toward_a”data

recording region.
34. A method according to claim 20 or 28, wherein

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

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

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

of the projections is from 1 to 60'nm.

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

more than 2 um2.

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

height for each of the projections is 1 to 60 nm and the
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aspect ratio (major axis diameter/minor axis diameter) of the

cross section at the bottom of the'projéction is not less than

2.

38. A method according to claim 20 or 28, wherein the
cross sectional length of the projection in a direction

orthogonal to the scanning direction of the energy beam is not

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

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

energy beam is scanned spirally.

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

region.

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

with said préjection at the scanning direction of the ehergy

- beam.

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

being reduced toward a data recording region, the magnetic
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head lowérs to the magnetic dist and rises from the‘magnetic
disc in the CSS region in which projections at a height.ldwer
thah the avérage height of the prdjectidns are.present or in a
CSS region with no presence of projections neighboring a
region in whiéh the projections are present, and the magnetic
head stops statlonary in a CSS reglon 1n which progectlons
each having a helght greater than the average height of the

projections are present.

43. A récording/readihg—out method according to claim
42, wherein the maximum helght of the pro:ectlons is not more
than 200 nm, ‘the den51ty of the progectlons is from 10 to 106
Numbers/mm2, and the radlal average slope_of the projection
height from the inner circumference to the outer circumference

of the disc is not more than 0.0001.

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

projections is not more than 2 pmZ.




