1 - PROCESS FOR PRODUCI NG MAGNETI C RECORDI NG MVEDI 8+ 02500
BACKGROUND OF THE | NVENTI ON (1) Field of the InventionKRTMY/Q cnpr;ﬁ

invention relates to a process for producing a magnetic recording mediu
More particularly, it relates to an inprovenent in a process for producing
a magnetic recordi ng medi um i ncl udi ng a step of texturing a substarte
surface. The magnetic recordi my Tmedi um nade by the process of the
present invention exhibits an enhanced durability against wear due to
sliding contact of a magnetic hard disc (hereinafter abbreviated to "HD")
with a magneti c head. (2) Description of the Related Art The
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an improvement in a process for producing a magnetic
recording medium including a step of texturing a substarte
surface. e '

The magnetic recording medium made by the process of
the present invention exhibits an enhanced durability
against wear due to sliding contact of a magnetic hard disc
(hereinafter abbreviated to "HD") with a magnetic head.

(2) Description of the Related Art

The recent progress of increasing the density of
magnetic recording medium is remarkable. It has heretofore
said that the rate of increase in the recording density of
hard disc drives (hereinafter abbreviated to "HDD") is about
10 times per 10 years, but now it may be said that the rate
of density increase is about 100 times per 10 years.

In HDD, there is adopted mainly a Winchester system,-
i.e., CSS (contact start-stop) system involving a basic
operation of a sliding movement due to contact of HD with a
magnetic head, floating of the head above the magnetic head
and then a sliding movement due to contact of HD with the
head. The CSS system has contributed in no small measure to
the amazing progress in increase of recording density.
However, this system has invited an attractive problem of
tribology. More specifically, the amazing progress in
increase of recording density has invited an increase of
rotational speed of the disc and a reduction of a flying
height of the magnetic head. Therefore, there is now an
increasing demand for improving head-and-disc wear E
characteristics and stability in sliding movement, and for
enhancing smoothness of the HD surface.

The key to the improvement of head-agd-disc-wear
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for lowering the friction coefficient is referred to as
"texturing treatment" and is intended to effectively reduce
the contact area in the CSS system whereby the head-and-disc
wear characteristics are improved. The texturing treatment
comprises forming a multiplicity of bumps having peaks énd
indentations or valleys with predetermined height and depth
on the textured HD surface, and now the texturing treatment
is an essential step for the HD production.

The texturing treatment greatly depends upon the
particular material of the disc substrate. For example, in
the case of an aluminum disc blank having a nickel-
phosphorus (NiP) coating, the surface roughening is
generally effected by mechanical polishing using an abrasive
grain. In the case of a glass substrate, an etching
technique utilizing lithography or a combination of
lithography with printing have been proposed and some of the
proposed techniques have been practically adopted.

In the texturing treatment, there are problems
inconsistent with each other, namely, it is difficult to
-precisely control the surface roughness with an enhanced
production efficienéy. For example, the mechanical abrasion
has technical problems of over-abrading or burr occurrence,
and blurring of textured areas, and the lithographic etching’
has a problem that the production steps are complicated.

In recént years a texturing treatment utilizing laser
beam such as laser ablation and laser etching have attracted
attention (see, for example, U.S. Patent 5,062,021 and
Japanese Unexamined Patent Publication (hereinafter
abbreviated to "JP-A') 62-209,798, 3-272018 and 7-182655).
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But, th? laser beam texturing has problems such that,
when the preset height or spacing of bumps i§ not adequate,
the adsorption of the magnetic head onto the disc surface
and the CSS characteristics are markedly deteriorated.
Further, the flying stability of a glide head for inspecting
unacceptable bumps on the disc surface is deteriorated and
the head noise increases with the result of failure of
inspecting the normal glide height.

Proposals of pulse oscillating laser texturing have
been made. For example, U.S. Patent 5,062,021 discloses the
creation of crater-like bumps each comprised of a circular
rim surrounding a pit and having a diameter of 2.5 to 100 um
and a spbt spacing of 12.7 to 25.4 ym on an NiP-coated
aluminum substrate by using a Q-switched pulse oscillating
NA-YAG laser with a wavelength of 1,064 nm and an )
oscillation frequency of 12 KHz. J?-A 7-182655 discloses
the creation of bumps having a diameter of 1 to 200 um and a
spot spacing of 1 to 500 um on a glass substrate by using a
pulse oscillating CO2 laser with a wavelength of 10,600 nm
and an oscillation frequency of 1.5 KHz.

In the proposed pulse oscillating laser texturing
treatments, when the bumps spacing between the adjacent
bumps on the substrate is shortened, the number of bumps to
be formed in a texturing region increases and a substantial
time is required for completion of texturing operation.

Working examples of pulse oscillating laser texturing
on a circular strip region having a width of 17 to 20 mm
spaced from the center of a disc with a diameter of 95 mm



The | aser beam texturing is advantageous in that, first, the surface

I oughness of substrate can be precisely controlled, nanely, the height,
spacing and | ocation of mcroscopic bunps created by | aser beam focusi ng
can be desirably controlled, and, secondly, the production steps are
carried out in a dry state without use of any liquid and thus the HD
production can be conducted w thout cengasi nation of the working

envi ronment . But, the | aser beamtexturing has problens such that,
when the preset height or spacing of bunps is not adequate, the adsorption
of the magnetic head onto the disc surface and the CSS characteristics are
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Further, if the above-mentloned pulse oscillating NA-
YAG laser with a wavelength of 1,064 nm is used at an
oscillation frequency of 12 KHz as disclosed in U.S. Patent
5;062L021 to form bumps with a diameter of 85 um and a
spacing of 8 um between the outer peripheries of rims both
in the radial and peripheral directions, about 3,500
thousands of bumps are formed and about 5 minutes are
required for completion of the laser texturing treatment.

If the above-mentioned pulse oscillating co, laser with a
wavelength of 10,600 nm is used at an oscillation frequency .
of 15 KHz as disclosed in JP-A 7-182655 to form about 3,500 -
thousands of bumps of the same dimension and spacing as '
mentioned above, about 39 minutes are required for
completion of the laser texturing treatment.

JP-A 4-281030 teaches that adsorption of a magnetic
head can be reduced by the formation of bumps distributed
relatively densely in the peripheral direction and
relatively sparsely in the radial direction. If a pulse
oscillating NA-YAG laser with a wavelength of 1,064 nm is
used at an oscillation frequency of 12 KHz as disclosed in
U.S. Patent 5,062,021 to form bumps with a diameter of 2 um
and a spacing of 8 ym and 18 um between the outer



- 4 - w || now be specifically described. - If a pul se oscillating
Nd- YAG | aser with a wavel ength of 1,064 nmis used at an oscillation
frequency of 12 KHz as disclosed in U S. Patent 5,062,021 to form bunps
with.a diameter of 25 [err]mand a spacing of 25 [err]m between the outer
peripheries of rinms both in the radial and peripheral directions, about 140
t housands of bunps are formed and about 31 seconds are required for
conpletion of the laser texturing treatnment. If a pulse oscillating CJerr]
| aser with a wavel ength of 10,600 nmis used at an oscillation frequency of
15 KHz as disclosed in JP-A 7-182655 to form bunps of the sanme nunber,
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10, 600 nm i freqguenay &f dstiKHztamrdiseltpsedyin JP-A 7-182655 to form
bumps of the same'number, dimension and spacing as mentioned
above, about 1?.5 minutes are required for completion of the
laser texturing treatment.

The frequency of repeated oscillation of pulse
oscillation lasers is not on a high level. For example, it
is at most about 20 KHz in the-case of commercially
available switched Nd-YAG lasers. With a frequencf of
repeated oscillation exeeding this level, the stability of
laser output is lowered and the pulse oscillation lasers are
not suitable for the laser texturing treatment.:

As seen from the above-cited references, the
shortening of spacings between the adjacent bumps formed on
a substrate surface invites a definite reduction of
workability of a laser texturing apparatus used in a step of
producing a magnetic recording disc. 1In other words, as far
as a pulse oscillating laser is used, the bump spacings
cannot be reduced to a distance shorter than a certain
distance without reduction of workability of the laser
texturing apparatus. Thus the design of bumps to be formed
on a substrate by the laser texturing is limited in view of
the CSS characteristics.

.As regards the height of bumps created by focusing a
pulse oscillating laser beam on a substrate, said height
varies depending upon the particular laser output. The
height of bumps created by a laser texturing treatment is
usually in the range of 10 to 50 nm, and the laser beam
energy applied employed for forming bumps, for example, on a
nickel-phosphorus (NiP) plated aluminum substrate is usually
in the range of 1 to 10 J/spot (see IEEE, Transactions on
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an attenuator.

The lasgr beam energy required for a laser texturing
treatment is much lower than that empldyed for laser beam
machining, and the height of microscopic bumps varies
greatly depending upon the particﬁlar fluctuation of pulse
oscillating laser output. When the laser beam energy is
very small, microscopic bumps are occasionally not created.
Therefore a laser texturing treatment by which bumps of a
desired dimension can be formed by pulse oscillating laser
beam even without attenuation of the peak energy or even
where the laser beam is continuous wave laser.

SUMMARY OF THE INVENTION

In view of the foregoing, a primary object of the
present invention is to provide a process for. producing a
magnetic recording medium inciuding a step of laser-
texturing a substrate surface to form a multiplicity of
microscopic bumps, whereby the laser texturing of the
substrate can be conducted at a high rate and microscopic
bumps of desired diameter, height and spacing can be formed
on the substrate surface, and thus, the design of laser
texturing can easily be made and a magnetic recording medium
having good CSS characteristics can be produced with an
enhanced productivity. .

In accordance with the present invention, there is
provided an improvement in a process for producing a
magnetic recording medium including a step of focusing a
laser beam for texturing a substrate surface to form a
multiplicity of microscopic bumps on the substrate surface.
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Preferably, the continuous modulation of the laser
beam is conducted by using an acoustic-optic (hereinafter
abbreviated to "A/0") device or an electro-optic (herein-
after abbreviated to "E/O") device as an external modulator.

The laser beam is preferably a continuous wave (CW)
laser of visible radiation, especially with a wavelength of
400 to 600 nm, : :

Preferably the modulated laser beam is focused into
a spot with a diameter of 1 to 10 um on the substrate
surface in a manner such that microscopic bumps are formed
in series at a predetermined constant spacing between the
adjacent bumps and are distributed in a strip region on the
.substrate surface. The thus-formed bumps -preferably have a
diameter of 1 to 10 um, a height of 1 to 30 um, and a
spacing of 1 to 50 um between the outer peripheries of the
adjacent bumps, and occupy 0.1 to 99.9% of the entire area
of the substrate surface.

Preferably, the modulated laser beam is focused onto
a disc as the substrate while the disc is rotated at a
continuously varied rate and is moved in the radial
direction thereof; or the modulated laser beam is reflected
by a mirror moving so that a continuously varied reflected
angle is produced, and the reflected laser beam is focused
onto a stationary disc as the substrate. The modulated
laser beam to be focused may be divided into 2 to 10
parallel beams. '

BRIEF bESCRIPTION OF THE DRAWINGS



Magnetics, vol. 31, No. 6, p2946). It is also described that a | aser beam
W th an output of a level |lower than the m ni mum energy for generating

| aser ablation is focused on a substrate such as glass or ceramc to form
m croscopi ¢ bunps thereon (JP-A 7-182655 and JP-A 7-156723). In these |aser
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the process for producing a magnetic recording
medium, a laser beam is focused on a substrate surface for
texturing the substrate while the laser beam focused is
continuously modulated within a specific Imax/Imin
range, wherein Imax and Imin are the maximum amplitude and.
the minimum amplitude, respectively, of the continuously
modulated continuous wave laser beam output as illustrated
in Fig 1. The continous modulation of the laser beam is
carried out in a manner such that the minimum output of the
laser beam is controlled to a level lower than the minimum
energy required for creating the microscopic bumps,'namely,
in a manner such that the laser beam output of a level
higher than the minimum energy required for creating
microscopic bumps and that of a level lower than the minimum
energy are alternately developed. :

The continuous modulation of the laser beam is
effected by utilizing an A/O device or an E/O device. An
A/O device has a function of continuously varying a
rectilinearly propagated laser beam due to the fact that,
when an optical crystal is irradiated with an ultrasonic
wave, the diffraction angle of continuously oscillating
laser beam is varied by the photoelastic effect of an

ratio



multiplicity of mcroscopic bunps on the substrate surface.

- 7 - The inprovenent lies in that the |aser beamto be focused is
continuously nodul ated at an I[err]/I[err] ratio in the range from1l0 to
100 wherein I[err] is the maxi mum anplitude of pulse oscillating | aser beam
output and I[err] is the m ninmum anplitude of pulse oscillating | aser beam
out put, while the m ni nrum out put of tite A aser beamis controlled to a |evel
| ower than the mninmumenergy required for creating the mcroscopic bunps.
Preferably, the continuous nodul ation of the |aser beamis conducted by
usi ng an acoustic-optic (hereinafter abbreviated to "A/O') device or an
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frequency of the order of MHz by the ultrasonic wave or the
electric pulse, and the degree of modulation of the laser
beam output can easily be freely varied.

The laser beam, the output of which has been
modulated by an external modulator utilizing an A/0 or E/O
device, is focused throuéh a lens on a substrate surface at
a target spot diameter of 1 to 10 um. To effectively
utilize the energy of laser beam for the formation of
microscopic bumps, it is required to provide a focus depth
located at a certain distance from the substrate surface.
The energy of laser beam required for creation of
microscopic bumps is usually about 1 to about 10 pyJ/pulse as
mentioned above, and thus, the output stability of laser
influences fluctuation of the height of bumps. The focus
depth varies depenaing upon the particular laser wavelength,
and'therefore, infrared laser such as YAG laser and CO2
laser is not suitable for provide a desired focus length.
Ultraviolet laser such as excimer laser or the fourth higher
harmonic of YAG laser is suitable for obtaining a desired
focus depth, but is not'advantageous in that the output
stability of laser is poer and fluctuation of the heiéht of
bumps is large, and thus, it is applicable only to a glass
or another limited substrate which is capable of absorbing
ultraviolet laser as described in JP-A 7-176929.

Thus, a continuous wave (CW) laser which is visible
radiation, preferably with a wavelength of 400 to 600 nm, is
advantageously used in the present invention in view of the
expediency for forming the desired focus depth, and the
enhanced output stability of laser beam.

The laser beam is focused onto the substrate surface



spacing of 1 to 50 [err]m between the outer peripheries of the adjacent
Dbunps, and occupy 0.1 to 99.9% of the entire area of the substrate surface.
Preferably, the nodul ated | aser beamis focused onto a disc as the
substrate while the disc is rotated at a continuously varied rate and is
nmoved in the radial direction thereof; or the nodul ated | aser beamis
reflected by a mrror noving so that a d0nti nuously varied reflected angle
is produced, and the reflected | aser beamis focused onto a stationary disc
as the substrate. The nodul ated | aser beamto be focused may be divi ded

into 2 to 10 parallel beans. BRI EF DESCRI PTI ON OF THE
DRAW NGS re 1 1s an
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| aser beaman ar%nulfr gbag?l gs%h ggerc'%y écq'_' %qr o%p%é.'gs@g%p%p al system
and a working stage Tn a IaSer exturln apparat us used Tn anpre 1
explalnedlﬁﬂnﬁace. Fig. 3 is an enlarged cross-sectional view of

m croscopi ¢ bunps f4rgRd RYthbE BEOEBTRHG i ARG 1A WES ! hffu1 4R]
F|g 4 is a schematic diagram showi_ng an opti cal

head contact area, the laser beam is focused on the
substrate surface while the substrate is rotated at a

- continuously varied rate and is transferred in the radial
direction thereof. More specifically, as illustrated in
Fig. 2, a continuously generated laser pulse 6 is modulated
by an A/O device 5 and then attenuated by an attenuator 4.
The attenuvated laser pulse is focused through an optical
lens 3 onto a substrate 1 mounted on a rotating spindle
which continuously moves linearly in a radial direction of
the disc substrate (as shown by an arrow) on a working stage
2.

' In another method of forming the bumps in the annular
head contact area, the laser beam is reflected by a moving
mirror at a continuously varied reflection angle, and the
reflected laser beam is focused on a stationary substrate.
More specificaily, as illustrated in Fig. 4, a continuously
generated laser pulse 12 is modulated by an E/O device 11
and then attenuated by an attenuator 10. The attenuated
laser beam is reflected by a galvanomirror 9 which rotates
so that a continuously varied reflection angle is obtained,
and the reflected laser beam is focused on a stationary
substrate 7 mounted on a working station 8.

The laser beam may be divided into a plurality of
parallel beams which are then focused through lenses onto a
substrate, whereby the texuring time can be further
shortened. The number of divided laser beams is usually in
the range of 2 to 10. As means for dividing the laser beam
into a plurality of parallel beams, there can be mentioned
means using a diffraction grating and means using multiple
half-mirrors.

In view of the magnetic recording properties of the



system and a working stage in a | aser texturing apparatus used in Exanple 2
explained _below . DPESCRI PTI ON OF THE PREFERRED ENMBCDI NVEN]
In the process for produc ng a magnetic recordi ng medi um ﬁ&wbﬁﬂQBEEN

f ocused on s % ce -for texturing the substratie -hggbaser
bean1focused
rati o range,

y modul ated within a specific | [errliliters
at i and I[err} &fe-the nmaxi num anplitude and the °
nlnlnun1anplltude respectlvely, of the continuously nodul ated conti nuous
wave | aser beamoutput as illustrated in Fig 1. The conti nous nodul ati on of
the |l aser beamis carried out in a manner such that the m ni num out put of
the | aser beamis
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The substrate for a magnetic recording medium to be
textured in the process of the present invention is not’
particularly limited provided that it is capgble of being
textured with a laser which is visible radiation, especially
with a wavelength of 400 to 600 nm. As specific examples of
the substrate, there can be mentioned a disc blank made of
aluminum or an aluminum alloy such as an aluminum magnesium
alloy, which has been plated with nickel-phosphorus (NiP),
nickel-copper (NiCu) or cobalt-phosphorus (CoP), or which
has been subjected to anodic oxidation; and a disc blank
made of silicon or glass.

The surface—textured substrate may be washed with a
solvent. On the surface-textured substrate, an undercoat
such as a chromium layer, a magnetic coating, e.g., a CoCrTa
alloy 1ayer, a protective coating such as a carbon layer and
a lubricating coating are usually formed in this order.
Usually the magnetic coating-formed or lubticating coating-
formed substrate is'subjected to tape-burnishing to remove
surface protrusions. The procedures, conditions and
materials employed for forming these coatings are not
particularly limited, and may be conventional.

The laser texturing treatment of the present
invention can be applied to not only a substrate on which a
magnetic coating has not been formed yet, but also a disc
having a magnetic coating formed thereon or a disc having a
protective coating further formed thereon.

The present invention will now be described by the
following examples that by no means limit the scope of the
claims of the invention.



optical crystal. An E/ O device has a function of continuously varying the

| aser beam due to the fact that, when a voltage is inposed to an opti cal
crystal, the optical path of incident |aser beamis varied by the

el ectro-optic effect of the optical crystal. Both A/ O device and E/ O device
enable to nodul ate the | aser beam out put at a frequency of the order of M
by the ultrasonic wave or the electric pd se, and the degree of nodul ation
of the | aser beam output can easily be freely varied. The | aser

beam the output of which has been nodul ated by an external nodul ator
utilizing an AOor E/O device, is focused through a |l ens on a substrate
surface at a targef _spot di%ﬁeter 1 to 10 [err]m To effectively utilize
t he energy of | ase a K ] f mcroscopic bunps, it is
required to provi dBxampdeud depth |located at a certain distance fromthe

substrate surface. 4T engy, J ' f [ Lon_of

m cr oscopi ¢ bunps f‘sa%g%g] I@kgbguﬂr@e‘{p%gﬁs%é{'%g?]%‘pﬁ?ggégg ﬁé’ﬁttleg'ned
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A laser beam was focused by a condenser lens to a
diameter of 0.3 mm and was then incident upon the optical -
modulation system. A rectangular pulse with a frequency of
1 MHz generated by the pulse generator was introduced intal
the A/O device to give a modulated laser beam having a rise
time of 50 nsec, a maximum pulse duration of 150 nsec, an
Imax,Imin ratio of 80 and a repetition modulation frequency
of 1 MHz. , )

The modulated laser beam was focused through a lens
into a spot diameter of 3 um on an NiP-plated aluminum disc
blank with a diameter of 95 mm, rotating at 2,000 rpm and
moving in a radial direction at a rate of 1 mm/sec.

Thus microscopic bumps having a diameter of 3 uym, a
height of 25 nm, a peripheral spacing of 5 um between the
outer edges and a radial spacing of 20 ym between the outer
edges were formed on an annular band with a width of 17 to
20 mm. The number of bumps was about 1,900,000 per disc and
the working time required for texturing was about 2 seconds.
The texturing rate was 600 discs per hour.

An enlarged cross-sectional view of the microscopic
bumps obtained in this example is illustrated in Fig. 3.

In the laser texturing apparatus used, the revolution
number of the substrate and the moving rate thereof in the



The | aser beamis focused onto the substrate surface

- 10 - so as to forma nultiplicity of m croscopic bunps which are
distributed in series at a predeterm ned constant spacing in an annul ar
band as head contact area on the substrate surface. I n one nethod of

formng the bunps in the annular head contact area, the |laser beamis
focused on the substrate surface while flBe-substrate is rotated at a
continuously varied rate and is transferred in the radial direction

thereof. More specifically, as illustrated in Fig. 2, a continuously

generated | aser pulse 6 is nodulated by an A/o device 5 and then attenuated
by an attenuator 4. The attenuated |aser pulse is focused through an
optical |ercadizht@inestbenr yege1 vagdededtoR Presielenmingd At Y
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pul se 12 i sasotial prevepy or Wioigdredhel fluctuation 'of the laser
texturing interval due to external vibration.

Example 2 '

The texfturing procedure employed in Example 1 were
repeated wherein an E/O device was used instead of the A/o
device, and a laser texturing apparatus having an optical
system and a working stage as schematically illustrated in
Fig. 4 was used. Thus, a modulated laser beam having a rise
time of 50 nsec, a maximum pulse duration of 150 nsec, an
Imax/Imin ratio of 80 and a repetition modulation frequency
of 500 KHz was obtained. _

The modulated laser beam was focused through a
galvanomirror -exhibiting a reflection angle continuously
varied in both X and Y directions and further through lenses
into a spot diameter of 5 jim on a stationary NiP-plated
aluminum disc blank with a diameter of 95 mm mounted on the
working stage. Thus microscopic bumps having a diaheter of
5 um, a height of 25 nm, a peripheral épacing.of 5 um
between the outer edges and a radial spacing of 20 um
between the outer edges were formed on an annular band with
a width of 17 to 20 mm.- The number of bumps was about
1,400,000 and the working time required for texturing was
about 3 seconds. The texturing rate was 800 discs per hour.

Example 3

The modulated laser beam obtained in Example 1, which
had a rise time of 50 nsec, a maximum pulse duration of 150
nsec, an Imax/Imin ratio of 80 and a repetition modulation
frequency of 1 MHz, was focused through a galvanomirror
exhibiting a reflection angle continuously varied in the
radial direction of the disc and further through a lens into

a spot diameter of 5 um on an NiP-plated aluminum disc blank



and then attenuated by an attenuator 10. The attenuated | aser beamis
reflected by a galvanomirror 9 which rotates so that a continuously varied
reflection angle is obtained, and the reflected | aser beamis focused on a
stationary substrate 7 nounted on a working station 8. The | aser
beam may be divided into a plurality of parallel beans which are then
focused through | enses onto a substratel4whereby the texuring tinme can be
further shortened. The nunber of divided | aser beans is usually in the
range of 2 to 10. As neans for dividing the |aser beaminto a plurality of
paral | el beams, there can be nentioned neans using a diffraction grating
and nmeans using mutiple half-pirrors, . In view of_t netic
recordi ng prdfed iéésarg‘?t?’f'leOE 55" rotatipg afi gy T 2 c Ok I‘#&W?ﬁ%‘ébpi c
bunps forned on tlhwubeicedecepi&abumpsehaviblby aha@iametiandt & wof, lato 10
[err]m a |5 o.30 agl en the
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i s not partutifmredoes ngndda sadiahkespasdadn@f &My hetwasn dtheogwkexhe
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seconds. The texturing rate was 700 discs per hour.

The revolution number of the substrate and the moving
rate thereof in the radial direction were varied at a
predetermined ;ate by a servomotor-controiling signal from a
computer so as to form the bumps in series at a
predetérmined constant spacing.

Example 4

The modulated laser-beam,obtained in Example 1, which
had a rise time of 50 nsec, a maximum pulse duratioh of 150
nsec, an Imax/Imin ratio of 80 and a repetition modulation
frequency of 1 MHz, was radially separated into two beams
through a lens and a diffraction grating, the two beams were
focused into a spot each having a diameter of 5 uym on an
NiP-plated aluminum disc blank with a diameter of 95 mm
rotating at a rate of 2,000 rpm and moving at a rate of 1
mm/min in the radial direction.

Thus microscopic bumps having a diameter of 5 um, a
height of 25 nm, a peripheral spacing of 5 um between the
outer edges and a radial spacing of 20 um between the outer
edges were formed on an annular band with a width of 17 to
23 mm. The working time required for texturing was about 3
seconds. The texturing rate was 600 discs per hour.

The revolution number of the substrate and the moving
rate thereof in the radial direction were varied at a
predetermined rate by a servomotor-controlling signal frbm a
computer so as to form the bumps ih series at a
predetermined constant spacihg.

Example 5

The texturing procedure mentioned in Example 1 were
repeated wherein a continuous wave YAG laser excited with a



textured with a |laser which is visible radiation, especially wth a

wavel ength of 400 to 600 nm As specific exanples of the substrate, there
can be nmentioned a disc blank made of alum num or an al um num all oy such as
an al um num nmagnesi um al | oy, whi ch has been plated w th nickel - phosphorus
(Ni P), nickel-copper (N Cu) or cobalt-phosphorus (CoP), or which has been
subj ected to anodi c oxidation; and a di 36 bl ank made of silicon or glass.
The surface-textured substrate may be washed with a solvent. On the
surface-textured substrate, an undercoat such as a chrom um | ayer, a
magnetic coating, e.g., a CoCrTa alloy layer, a protective coating such as
a carbon layer and a lubricating coating are usually forned in this order.
Usual | y t hesemigrndectont lageroprddhavinghe doubde wame mpde oridd a
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12 - Comparative Example 1

As a continuous wave (CW) laser source, a pulse-.
oscillating NA-YAG laser having an oscillation frequency of
20 KHz, a double wave mode with a wavelength of 532 nm and a
output of 5 W was used. A laser beam was focused through a
galvanomirror exhibiting a reflection angle continuously
varied in both X and Y directions by a servomotor-
controlling signal from a computer, and further through a
lens onto a spot diameter of 5 um on a stationary NiP-plated
aluminum disc blank with a diameter of 95 mm mounted on the
working stage. _ ' _

Thus microscopic bumps having a diameter of 5 um, a
height of 25 hm, a peripheral spacing of 5 um between the
outer edges and a radial spacing of 20 uym between the outer
edges were formed on an annular band with a width of 17 to
20 mm. The number of bumps was about 1,400,000 and the
working time required for texturing was about 1 minute and
10 seconds. The texturing rate was 50 discs per hour.

Preparation of Magnetic Recording Medium

on each of the laser-textured substrates obtained in
Examples 1 to 5 and Comparative Example 1, a chromium
undercoat having a thickness of 100 nm, a CoCrTa alloy
magnetic coating having a thickness of 20 nm, and then, a
carbon protective coating having a. thickness of 20 nm were
formed in this order at a substrate temperature of 200°C by
sputtering. Finally, a perfluoro-polyether (PFPE)
lubricating agent coated thereon to give a magnetic
recording medium,

The magnetic recording media exhibited improved CSS




Laser Texturing Treatnment Exanmple 1 A |l aser texturing
apparatus having an optical systemand a working stage as schematically
illustrated in Fig. 2.was used. As a continuous wave (CW | aser
source, a continuous wave argon |aser having an output of 2 W a single
wave node with a wavel ength of 515 nmand a | aser beam di aneter of 0.3 mm
was used. As a |aser beam output nodutalt®r: an A/ O device made of quartz
and havi ng a maxi mum si gnal conversion of 80%and a rise time of 50 nsec. A
digital driver and a pul se generator were connected to the A/O device to
constitute a high-speed optical nodul ating system - A | aser beam was
focused by a condenser |ens to a djaneter of 0.3 and s then incident
upon the o&h@ﬁ%cqﬁﬁiﬂgﬁqﬁﬁlsx% eFr1REIeR ¥AUPS §6P5§ %%FWEQ AF%quency of

1 MHz genekmaiagmhdad tdftg| 5@, gedecptbeswas CTESr adurecads rfiod lidws A/ O devi ce
to give a nodul ated | aser bean1having arise time of 50 nsec, a maxi nmum

pul se duration of 150 nsec, / [err natio of 80 and a repetition
nodul ati on frequency of 1 MHz. EkéﬁﬁiL bd@?’ated | aser beam was focused
through a lens into a spot dlaneter of 3 [errhqlon an Ni P-plated al um num

disc blank with a diameter of 95 wm rqtatlnggy: 2,000 rpmand noving in a
radial direction at a rate of 1 nm.secs 0.41Thus m croscopi ¢ bunps

having a diameter of 3 [err]m camherght 10f 2R 3n a peri pheral spacing of 5
[err] m between the outer edges and a radial spacing of 20 [err] m between

the outer erig.esi wsa@néaiaeﬂeearaanqnnwdara havd ng tdosd végs h of 17 to 20 nm
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di scs per mmmductivity by &hleapg'@d:easoﬁ-éﬂtﬁ ipresent eimwnth@nm croscopic
bunps obtai ned in LS 863“E5§éésdélﬂﬁﬂ'ﬁ?&%ééé‘é%gkhé present N the

| aser texturing appara us use t he revol ut
invention are summarized as follows.

The laser texturing treatment can be conducted at a
rate much higher than those conventionally employed for
laser texturing, and microscopic bumps having desired
diameter, height and spacing can be formed on the substrate
surface. Therefore the design of laser texturing conditions
can easily be made and a magnetic recording medium having
good CSS characteristics can be produced with an enhanced
productivity. This is in contrast with the conventional
laser texturing processes employing pulse oscillation laser
with acceptable maximum oscillation frequency. of 20 KHz, by
which microscopic bumps having desired small diameter,
height and spacing cannot be formed within a practically
acceptable short texturing time.

The magnetic recording medium having good CSS
characteristics can be produced stably and in a large scéle,
and therefore, the level of defectiveness and the cost of
production are reduced. When the laser beam is divided
into 2 to 10 parallel beams and the divided beams are
focused on the substrate surface, the working time for laser
texturing can be further shortened. When a continuous wave
(CW) laser of visible radiation, especially with a wave-
length of 400 to 600 nm, is used, the texturing treatment
can be more stably conducted.



nunber of the substrate and the noving rate thereof in the
- 13 - radi-al-ditTection Wwere varied at a predetermned rate by a
servom)tor-coﬁlgglegtllﬂglgéh Wcﬂom a conputer so as to form

series at a pr stant spacing. The | aser, the '@éﬁi~eﬁ§ﬁ%BEEN
t he A/ O devi ce IIIH ml g stage were nounted on a vibr Sﬁfﬁ@ﬂhg
bed so as to pr ze the TIUEtuati on of the laser ‘texturing

i nterval due to-external vibration. Exanpl e 2 The texturing

procedure enployed in Exanple 1 were repeated wherein an E/ O device was
used instead of the A/O device, and a laser texturing apparatus having an

optical system and agﬁ%?d%§2é¥§§E$@Si§ChenatlCally illustrated in Fig. 4
was used. Thus, a no aving a rise time of 50 nsec, a
maxi mum pul se duration of 150 nsec, an I[err]/I[err] ratio of 80 and a

repetition noduhati ol riefpieieemerit SOR %thrwés@bfafnpﬂoducmg aThe
nodul at ed | aser .heam was f.ocused.,t hrou alvano [roL h

bi,
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Thus m croscopi
said 1mprovement compr151ng focusing a laser beam which is

continuously modulated at an Imax/ min ratio in the range
from 10 to 100, wherein Imax is the maximum amplitude of =
pulse oscillating laser beam output and I mi is the minimum
amplltude of pulse oscillating laser beam output, while the
minimum output of the laser beam is controlled to a level
lower than the minimum energy required for creating the
microscopic bumps. '

2.. The improved process according to claim 1 wherein
the continuous modulation of the laser beam is conducted By
using an acoustic-optic device or an electro-optié device as
an external modulator, _

3. The improved process according to claim 1 wherein
the laser beam is a continuous wave laser of visible
radiation.

4. The improved'ﬁrocess according to claim 3 wherein
the continuous wave laser has a wavelength of 400 to 600 nm.

5. The improved process according to claim 1 wherein
the modulated laser beam is focused into a spot with a
diameter of 1 to 10 um on the substrate surface, and the
microscopic bumps are formed in series at a predetermined
constant spacing between the adjacent bumps so that the
bumps are distributed in a strip region on the substrate
surface.

6. The improved process according to claim 5 wherein
microscopic bumps having a diameter of 1 to 10 uym, a height
of 1 to 30 um, and a spacing of 1 to 50 um between the outer
peripheries of the adjacent bumps, are formed; said bumps
occupying 0.1 to 99.9% of the entire area of the substrate
surface. ———
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5 [err]m a height of 25 nm a peripheral spacing of 5 [err]mbetween the
outer edges and a radial spacing of 20 [err]m between the outer edges were
fornmed on an annular band with a width of 17 to 20 mm The nunber of bunps
was about 1,400,000 and the working tinme required for texturing was about 3
seconds. The texturing rate was 800 di scs per hour. Exanpl e 3

The nodul ated | aser beam obtained in-EX&mwpte 1, which had a rise tine of
50 nsec, a maximum pul se duration of 150 nsec, an I[err]/I[err] ratio of
80 and a repetition nodul ation frequency of 1 MHz, was focused through a
gal vanomrror exhibiting a reflection angle continuously varied in the

Grameter of 5 [drr]mioR ATRGHYA M TAICH Q08 Eaidif 1°whe%in
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peri pheral “spacing o mbetween the outer edges and % radi al spaci ng
of 20 [err¥atBetnded s MOVRR cin dehp rajial (&t reatdfnakhgRRBeEar band with a

width of 17 to 3Q nmepdews¥dddd pioBesstabeodding texclaing Wamerein 2
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were vari e¢ghatt a podsimicaskyl vatiedyrafiectibont angdentisolpriadpasdynand rom
a the reflected laser beam is focused onto a disc as the

substrate. e ‘

9. The improved process according to claim 1 wherein
the modulated laser beam is divided into 2 to 10 parallel:
"beams which are then focused through lenses onto the

substrate surface.
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conputer so as to formthe bunps in series at a predeterm ned constant
spaci ng. Exanpl e 4 The nodul ated | aser beam obt ai ned in
Exanple 1, which had a rise tinme of 50 nsec, a maxi mum pul se duration of
150 nsec, an I[err]/I[err] ratio of 80 and a repetition nodul ation
frequency of 1 MHz, was radially separﬁ\isd into two beans through a | ens
and a diffraction grating, the two beans“were focused into a spot each
having a dianeter of 5 [err]mon_an_Ni P-pl at ] i nk with a
di aneter of 95 nMPREEESP nEORt PROPUGCINGs ,%ﬁf?g##m&%')%ﬁa rate of 1
mimnin the radial direction. Thus m croscopi ¢ bunps having a
dianeter of 5 [err]m a hej 2 spacing of 5 [err]m
bet ween the outer edges aﬁﬁQEQQéﬁ gF gggleggnggkﬁérr]nlbetween t he
outer edges were forned on an annular band with a wwdth of 17 to 23 mm
The working tine rfq}_géﬁp b&4im!t £Xt Eﬁbﬁlﬁe&agn@.go'ét substaayissoThe texturing

rate was 600 discs per e revol ution number of the substrate
and the nowierfuring t—lh%r%B}PSFﬁaFﬁesPaéPSIe &er EormoR W iRk icidnioh

predet er m H\eficf@é@o;bi/cabﬁﬂbgowéeéoﬁqnhhah:@mg thiegNAsdr Wadn tewmait er so
as to formthe bupps in series a gﬁﬁ%ﬁglmned c%onst t SDaCI% o
Exanpl e 5 focused g eRElPRRYSLYomERNIEEeE, Aty Ry ¥
repeat ed whehi€i rangeoftomud0s toal@oYAGereder Ioxc) tisd the maximum

- 15 amplitude of pulse oscillating laser beam output and Iin is
the minimum amplitude of pulse oscillating laser beam '
output, while the minimum output of the laser beam is
controlled to a level lower than the minimum energy required
for creating the microscopic bumps. A magnetic recording
medium having good CSS characteristics can be produced at a

high production rate from the laser-textured substrate.

NO SUITABLE FIGURE



sem conductor | aser and having a double wave node with a wavel ength of 532
nm and an output of 3 Wwas used instead of the single wavel ength node with
a wavel ength of 515 nmw th all other apparatuses, procedures and _
conditions remmining substantially the same. The working tinme required for
texturing and the texturing rate were the sane as those obtained in Exanple
1. Conparative Exanple 1 As a continuous wave (CW | aser
source, a pulse- oscillating Nd-YAG |fasgrg having an oscillation frequency
of 20 KHz, a double wave-nbde with a wavel ength of 532 nm and a output of 5
Wwas used. A | aser beam was focused through a galvanomrror exhibiting a
reflection angle continuously varied in both X and Y directions by a
servonotor- controlling signal froma conputer, and further through a |ens
onto a spot dianeter of 5 [err]mon a stationary N P-plated al um num di sc
blank with a dianeter of 95 mm nounted on the working stage. Thus

m croscopi ¢ bunps having a-dianeter of 5 [err]m a height of 25 nm a

peri pheral spacing of 5 [err]m between the outer edges and a radial spacing
of 20 [err]m between the outer edges were fornmed on an annular band with a
width of 17 to 20 mm The nunber of bunps was about 1, 400, 000 and the

working tinme requireﬂ—gor gt et g—vxs about 1 nuge agpd 10 seconds. The
texturing rate was 50 @i scs {ger Hpur, : Apar At i of Magnetic

Recor di ng Medi um On ghchfbf fRe—ixn {:M'UF:I strates obtained
in Exanples 1 to 5 anqd Conpppat e EXs hrjotm dercoat havi ng

a thickness -of 100 nm ta CoQ fa Rl}l o

cjJcoatfi hglhavifng a thi ckness

of 20 nm and then, Iatm aaxbdn brfotledt i {4 r.tl h Rayi ng i ckness of 20
nmwere fornmed in thid orfigr by al Jubs ‘u- t Wpey ht & B 200[ err] C by
sputtering. Finally, a|perffuo}p-pfyetye PFPE) ubyf cafi ng agent coated
thereon to giveamagn;;tic Imin

FIG.1

FIG.2



reéording medi um . The magnetic recording nmedia exhibited inproved

. CSS - 16 - characteristics. The
stiction values (grams-force) as neasured after 10,000 cycles of CSS were
as follows. Exanmple 1 0. 43
2 0.52 3 0.44 " 4
0.55 ' 5 0.41 Com Ex. 1

0.63 Thus, magneti.c recording medi a Rafithg good CSS characteristics can be
produced at a high rate, i.e., a high productivity by the process of the
present invention. The advantages of the process of the present

i nvention are sunmari zed as foll ows. The | aser texturing treatnent
can be conducted at a rate nuch hi gher than those conventionally enpl oyed
for |laser texturing, and mcroscopic bunps having desired di aneter, height
and spacing can be fornmed on the substrate surface. Therefore the design of
| aser texturing conditions can eaS|Iy be made and a magnetic recording

medi um.havi ng

FIG.3

.Jflz




good CSS characteristics. can be produced with an enhanced pr pdRERUACEMENT SHEET
This i*s in contrast with the conventional |aser texturing prpcgsses
enpl oying pul se oscillation |aser with acceptabl e maxi num os f] Q? e
frequency of 20 KHz, by which m croscopic bunps having desirgd sﬁé?g' Y 1999
di anet er, hei ght and spaci ng cannot be-farned within a practjcally

accept abl e short texturing tine. The magnetic record ngqnbdgyﬂkp-q
havi ng good CSS characteristics can be produced stably and rr—a—ea+ge

scale, and therefore, the | evel of defectiveness and the cost. of
production are reduced. W n t.he | as di vi intQ 2

paral | el beah8€ahPrR¥SHLH dé&eﬁe&ﬁs%é‘rag' %fh& g’ 8%‘1 éﬁ%‘%ﬁﬂ fie,
t he wor ki ng tonelﬁububagemodmeatuerdl rag: (aan It%\@}:‘/urt herraiﬁQ;r tianethe Wbﬁ-ﬂ;ea
cont i nuous I r f VI eci_all wayv e-

| engt h of 4\(,)\% ?% géMLﬁ ql%)%s uSE uring arxe r%rﬁmp%]atu%ee Oﬁ%
stably conduptdéde oscillating laser beam output and -I '7-¢s the minlmum

what is cl ai gl fude of pulse AbdiTALEAE Yaddh %éHnPQﬁ??pJ@r pLocing a

magnetic recordi ng medi um-inclu of focusin aser am f or

texturing a BiBIPHE eWEPUtaE b ear rhﬂam pi§ cqqrgknﬂllrﬁ%r%c%pl%v%nps

on the substigiwersehhaC®he minimum energy required for creating the
microscopic bumps.

Preferaply, the continuous modulation of the laser
beam is conducted by using an acoustic-optic (hereinafter
abbreviated to “A/0") device or an electro-optic (herein-
after abbreviated to "E/O") device as an external modulator.

The laser beam is preferably a continuous wave (CW)
laser of visible radiation, especially with a wavelength of
400 to 600 nm.

Preferably the modulated laser beam is focused into
a spot with a diameter of 1 to 10 ym on the substrate
surface in a manner such that microscopic bumps are formed
in series at a predetermined constant spacing between the
adjacent bumps and are distributed in a strip region on the
.substrate surface. The thus-formed bumps ‘preferably have a
diameter of 1 to 10 um, a height of 1 to 30 nm, and a
spacing of 1 to 50 um between the outer peripheries of the
adjacent bumps, and occupy 0.1 to 99.9% of the entire area
of the substrate surface.

Preferably, the modulated laser beam is focused onto
a disc as the substrate while the disc is rotated at a
continuously varied rate and is moved in the radial _
direction thereof; or the modulated laser beam is reflected
by a mirror moving so that a continuously varied reflected
‘angle is produced, and the reflected laser beam is focused
onto a stationary disc as the substrate. The modulated

laser beam to be focused may be divided into 2 to 10
parallel beans.

BRIEF DESCRIPTION OF THE DRAWINGS



said i nprovenent conprising focusing a |1aser beam which is continuously-

nmodul ated at an I[err]/I[err] ratio in the range from 10 1 r.ej e
I[err] is the maxi mum anplitude of pulse oscillating |asgb%'gﬁﬁ?%@ﬁﬁﬁ#ﬂgﬂEﬁheet
I[err] is the mninmmanplitude of pulse oscillating |aser bean10\tﬁﬁ&

whi | e the mininumoutput of the laser beahlis controlledpag:a | & w989
than the m ninmumenergy required for creating the m croscopi c bunps.

2. The inproved process according to claim1 wherein the continuous
nodul ati on of the | aser beamis conducted by using an acoustic-optic device

or an_el ect 1 Goniy € APV £ A0 R LS0Ap 0L formea n eilbe | mpr oved

process according to tlaimd wherein t am1s a continuous wave
| aser of visigkstratetsenface PrqferQMbY|h@?@v@ddbi%%égg QEchrpnyOtvm,

claim3 whereé rhéﬂ?h@%‘f | IUEYS3 YaYek, '@ﬁ&r aélf{\@Vék eqots 9b ﬂﬁ%é@w@@ﬁ
nm . The inproved rocesgﬁagg g oclaiml erein
t

modul at ed Iaé@? ¥ sPehiriert eVﬁth“%Pﬁran@ %raﬁ?ai pgrepnt
[err]mon tha:BLmﬁéfaéeopﬂéfBﬁmpsaﬂd hse paftDGﬁDanybnnnStedg &ndneHei n

series at a deternm ned nstant . sp, dj ng b S SO
t hat the bun%?%%?% %F%trlﬁggﬁdbrﬂ B ??rggr%g ﬁ?ﬁrg £g8$r egggrface
6. The inprovdeispratessuntaceding to claim5s mhereln m croscopi ¢ bunps

having a di amet er OfTﬂetQuﬂﬁt£§£é1F5raahﬁ ALe ok %e&ﬁr&@n&”heaQQmatépBQ'ng

of 1 to 50 [err]m between e outer erlgp rres o acent bunps, are
formed; said ErRKbaredcinythg pracess oof othef pragenht ip¥eRkéanoist Re

substtate surp@ELicularly limited provided that it is capable of being
) textured with a laser which is visible radiation, especially

with a wavelength of 400 to 600 nm. As specific examples of
the substrate, there can be mentioned a disc blank made of
aluminum or an aluminum alloy such as an aluminum magnesium
alloy, which has been plated with nickel-phosphorus (NiP),
nickel-copper (NiCu) or cobalt-phosphorus (CoP), or which
has been subjected to anodic oxidation; and a disc blank
made of silicon or glass.

The surface-textured substrate may be washed with a
solvent. On the surface-textured substrate, an undercoat
such as a chromium layer, a magnetic coating, e.g., a CoCrTa
alloy layer, a protective coating such as a carbon layer and
a'lubricating coating are usually formed in this order.
Usually the magnetic coating-formed or lubribating coating-
formed substrate is subjected to tape-burnishing to remove
surface protrusions. The procedures, conditions and
materials employed for forming these coatings are not
particularly limited, and may be conventional.

The laser texturing treatment of the.present
invention can be applied to not only a substrate on which a
magnetic coating has not been formed yet, but also a disc
having a magnetic coating formed thereon or a disc having a
protective coating further formed thereon.

The present invention will now be described by the
following examples that by no means limit the scope of the
claims of the invention.



- 18 - 7. The inproved process according to claim1 wherein the
nodul'ated | aser beamis focused onto'a disc as the substrate while the disc
is rotated at a continuously varied rate and i s noved Thistiedahe adblatsment sheet
di rection thereof. 8. The inproved19focess according to claim1l
wherein the nodul ated | aser beamis reflected by a m r{Dog_rmvi ng=sP Mkwqqqn
~continuously varied reflection angle is produced, and A® refl ected | aser
beamis focused onto a disc as the substrate. 9. The inproved process
according to claim1 wherein the nodul ated | aser beamis divided into 2 to

10 paral |l el - bearms whiwha@r£st8kainegdused through | enses onto the substrate
surface.

1. An improvement in a process for producing a
magnetic recording medium iﬁcluding a step of focusing a:
laser beam for texturing a substrate surface to form a
multiplicity of microscopic bumps on the substrate surface,
said improvement comprising focusing a laser beam which is
continuously modulated at an Imax/Imin ratio in the range
from 10 to 100 wherein Imax is the maximum amplitude of i
pulse oscillating laser beam outpu; and Imin is the minimum
amplitude of pulse oscillating laser beam output, while the
minimum output of the laser beam is controlled to a level
lower than the minimum energy required for creating the
microscopic bumps.

2.. The improved process according to claim 1 wherein
the continuous modulation of the laser beam is conducted by
using an acoustic-optic device or an electro-optic device as
an external modulator.

3. The improved process according to claim 1 wherein
the laser beam is a continuous wave laser of visible
radiation.

4. The improved process according to claim 3 wherein
the continuous wave laser has a wavelength of 400 to 600 nm.

5. The improved process according to c¢laim 1 wherein
the modulated laser beam is focused into a spot with a
diameter of 1 to 10 um on the substrate surface, and the
microscopic bumps are formed in series at a predetermined
constant spacing between the adjacent bumps so that the
bumps are distributed in a strip region on the substrate
surface.

6. The improved process according to claim 5 wherein
microscopic bumps having a diameter of 1 to 10 uym, a height
of 1 to 30 nm, and a spacing of 1 to 50 um between the outer
peripheries of the adjacent bumps, are formed; said bumps

occupying 0.1 to 99.9% of the entire area of the substrate
surface.
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