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LASER TEXTURING OF MAGNETIC RECORDING MEDIUM
s TIPLE S _FOCUSING

Technical Field

The present invention relates to the recording,
storage and reading of magnetic data, particularly
rotatable magnetic recording media, such as thin £ilm

5 magnetic disks having textured surfaces for contact with
cooperating magnetic transducing heads. The invention
has particular applicability to high delnsity magnetic
recording media exhibiting low ‘noise and having improved
flying stability, glide performance and head-media

10 interface reliability.

Background Art

Magnetic disks and disk drives are conventionally
employed for storing data in magnetizable form.
Typically, one or more disks are rotated on a central

15 axis in combination with data transducing heads
positioned in close proximity to the recording surfaces
of the disks and moved generally radially with respect
thereto. Magnetic disks are usually housed in a magnetic
digsk unit in a stationary state with a magnetic head

20 having a specific load elastically in contact with and
pressed against the surface of the disk.

In operation, the magnetic disk is normally driven
by the contact start stop (CSS) method, wherein the head
beging to slide against the surface of the disk as the

25 disk begins to rotate. Upon reaching a predetermined
high rotational speed, the head flocats in air at a
predetermined distance from the surface of the disk due
to dynamic pressure effects caused by the air flow
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Upon terminating operation of the disk drive, the
rotational speed of the disk decreases and the head
begins to slide against the surface of the disk again and
eventually stops in contact with and pressing against the
15 disk. Thus, the transducer head contacts the recording
surface whenever the disk is stationary, accelerated from
a stop and during deceleration just prior to completely
stopping. BEach time the head and disk assembly is
driven, the sliding surface of the head repeats the
20 cyclic operation consisting of stopping, sliding against
the surface of the disk, floating in the air, sliding
against the surface of the disk and stopping.
It is considered desirable during reading and
recording operations to maintain each transducer head as
25 close to its associated recording surface as possible,
" i.e., to minimize the flying height of the head. This
objective becomes particularly significant as the areal
recoxding ' density increases. The areal density
{Mbits/in?) is the recording density per unit area and is
30 equal to the track density (TPI) in terms of tracks per
inch times (x) the linear density (BPI) in terms of bits
per inch. Thus, a smooth recording surface is preferred,
as’'well as a smooth opposing surface of the associated
" transducer head, thereby permitting the head and the disk
35 to be positioned in closer proximity with an attendant
increase in predictability and consistent behavior of the
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‘ causing - wear to the head and recording surfaces
eventually leading to what is referred to as a "head
crash." Thus, there are competing goals of reduced
head/disk friction and minimum transducexr flying height.

10 In order to satisfy these competing objectives, the

recording surfaces of magnetic disks are conventionally

provided with a roughened surface to reduce the head/disk

friction by techniques referred to as ‘"texturing."

Conventional texturin_g techniques involve polishing the

15 surface of a disk substrate to provide a texture thereon

prior to subsequent deposition of layers, such as an

underlayer which is typically chromium or a chromium-

alloy, a magnetic layer, a protective overcoat which

typically comprises carbon, and a lubricant topcoat,

20 wherein the textured surface on the substrate is intended

to be substantially replicated on the surface of the
magnetic disk.

A typical magnetic recording medium is depicted in

_Fig. 1 and comprises a substrate 10, typically an

25 aluminum (Al)-base alloy, such as an aluminum-magnesium

(Al-Mg) alloy, plated with a layer of amorphous nickel-

phosphorous® (NiP). Substrate 10 typically contains

sequentially deposited thereon a chromium {Cr) underlayer

11, a magnetic layer 12 which is usually a cobalt (Co)-

30 base alloy, a protective overcoat 13 which usually

comprises carbon, and a lubricant topcoat 14. Cr

underlayer 11, Co-base alloy magnetic layer 12 and

protective carbon ovefcoat 13 are typically deposited by

- sputtering techniques. A conventional Al-alloy substrate

- 35 is provided with a NiP plating primarily to increase the

' hardness of the Al substrate, serving as a suitable
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large-capacity magnetic disks require increasingly small

10 flying heights, i.e., the distance by which the head
floats above the surface of the disk in the CSS drive.
The requirement to further reduce the flying height of
the head imposed by increasingly higher recording density
and capacity render it particularly difficult to satisfy

15 the requirements for controlled texturing to avoid head
crash. .

Conventional texturing techniques comprise a
mechanical operation, such as polishing. See, for
example, Nakamira et al., U.S. Patent No. 5,202,810.

20 However, conventional mechanical texturing techniques are

attendant with numerous disadvantages. For example, it
is extremely difficult to provide a clean textured
surface due to debris formed by mechanical abrasions.
Moreover,. the textured surface is inevitably scratched
25 during mechanical operations, resulting in poor glide
characteristics and higher defects. 1In addition, various
desirable substrates are difficult to process by
mechanical texturing. This undesirably limiting facet of
mechanical texturing, virtually excludes the use of many
30 substrates as well as conductive graphite substrates
which facilitate achieving high coercivities.
In copending application Serial No.
filed on February 28, 1996 (Our Docket No. 2674-019), a
sputter texturing method is disclosed. The disclosed
35 sputter texturing method can be advantageously applied to
a plurality of different substrates.
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al., U.S. Patent No. 5,062,021, wherein the disclosed
method comprises polishing an NiP platéd Al substrate to
a specular finish, and rotating the substrate while
directing pulsed laser energy over a limited portion of
the radius, thereby providing a textured landing zone
leaving the data zone specular. The landing zone
comprises a plurality of individual 1laser spbts
characterized by a central depression surrounded by a
substantially circular raised rim. ,

Another laser texturing technique is reported by
Baumgart et al. "A New Laser Texturing Technique for High
Performance Magnetic Disk Drives," IEEE Transactions on
Magnetics, Vol. 31, No. 6, pp. 2946-2951, November 1995.
The laser texturing technique disclosed by Baumgart et
al. comprises impinging a pulsed laser light beam through
a single lens focusing system on a substrate surface.
Baumgart et al. disclose that the shape of the resulting
protrusions is altered by adjusting the pulse energy. At
low pulse energies, the bump or protrusion shape
comprises a central depression and a surrounding rim,
similar to that reported by Ranjan et al. As the pulse
energy increases, the bottom of the depression flattens
into a rounded, smooth, central dome resembling a
"gsombrero." At higher powers, the central dome broadens
and decreases in height to eventually become equal to or
lower than the rim.

A profile of a protrusion formed by the laser
texturing technigue as reported by Ranjan et al. is shown
in Fig. 2, and comprises a substantially circular rim 23
extending above surface 21 surrounding central depression
20. The depth d of depression 20 below upper surface 21
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10 Moreover, the accuracy of a laser light beam provides a
precise delineation of the textured area boundaries,
thereby enabling the accurate and reproducible formation
of textured landing 2zones while maximizing the area
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available for data sterage. The rounded protrusions
15 reported by Ranjan et al. enable control of head/disk
spacings while reducing friction and wear. The generally
circular depressions and surrounding rims are also
reported by Ranjan et al. to further reduce frictional
wear by acting as areas of collection for debris and

20 lubricant coated on the disk.
However, conventional laser texturing techniques,
such as those disclosed by Ranjan et al. and Baumgart et
~al., suffer from several disadvantages. The geometric
configuration of the topographical protrusions formed by
25 such conventional laser texturing techniques employing a
single lens .focusing system result f£frxrom the rapid
centralized melting and thermal degradation from the
center of the focused laser spot to the edge of the spot.
Such single lens focusing systems generate a textured
30 area having relatively large topographical protrusions
and characterized by rather abrupt local profile changes
that adversely affect the flying stability and glide
performance of magnetic-recording heads, and
detrimentally impact the reliability of the head-medium
35 interface. Such problematic abrupt local profile changes
require greater precision in texturing a magnetic
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Ni P plating pri rrarli%eltctm taghniques. hardness of the Al substrate,
serving as a suitable 1n gcopending application Serial No. 4
5 {Our Docket No. 2674-016), a method of laser texturing a

magnetic recording medium is disclosed, wherein a focused
laser light beam is passed through an optical crystal
material interposed and spaced apart between a lens
focusing system surface undergoing laser texturing. The

10 use of an optical crystal material enables formation of
a texture comprising a plurality of controlled and
accurately spaced apart protrusions.

Swaminathan, U.S. Patent No. 4,060,306 discloses the
use of a2 multiple lens system, includir.xg an aplanatic

15 meniscus lens and a companion doublet lens, for use in a
microscope. The use of multiple lens systems for reading
or writing disk drive data is disclosed by Euguchi et

"~ al., U.S. Patent No. 5,402,407, Kurata et al., U.S.
Patent No. 5,128,914 and Endo et al., U.S. Patent No.

20 5,416,755,

Accordingly, there exists a need for a texturing
system, particularly a laser texturing system, capable of
providing a topography comprising a plurality of
controlled, relatively small protrusions of unifo_tm

25 height, thereby affording improved flying stability,
glide performance and reliability.

Disclosure of the ven

An object of the present invention is a textured
magnetic recording medium exhibiting low noise and

30 improved flying stability, glide performance and head-
medium interface reliability.

Another object of the present invention is a method
of laser texturing a non-magnetic substrate to provide a
textured magnetic recording medium exhibit low noise, and
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According to the present invention, the foregoing
and other objects are achieved in part by a magnetic
recording medium comprising: a non-magnetic substrate
having a textured upper surface; and a magnetic layer
formed on the upper surface; wherein the textured upper
surface comprises a plurality of protrusions, extending
above the upper surface to a height of about 75A to about
3008 and having a substantially circular rim with a
diameter of about 3 pm to about 15 pm, around a central
hole extending into the upper surface.

Another aspect of the present invention is a method
of manufacturing a magnetic recording medium, which
method comprises: texturing an upper surface of a non-
magnetic substrate by exposing the upper surface to a
pulsed laser light beam through a multiple lens focusing
system containing a first lens and a second lens spaced
apart from ané positioned between the first lens and the
upper surface of the substrate.

A further aspect of the present invention a method
of manufacturing a magnetic recording medium, which
method comprises texturing an upper surface of a non-
magnetic substrate by exposing the upper surface to a
pulsed laser light beam through a multiple lens focusing
system comprising a first lens and a second lens spaced
apart from and positioned between the first lens and the
upper surface of the substrate, wherein the laser light
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having a centralized energy profile with a substantially
single energy peak.
Additional objects and advantages of the present
10 invention will become readily apparent to those s}cilled
in this art from the following detailed description,
wherein the embodiments of the invention are described,
gimply by way of illustration of the best mode
contemplated for carry:.ng out the lnventlon. As will be
15 realized, the invention is capable of other and different
embodiments, and its several details are capable of
modifications in various obvious respects, all without
departing from the invention. Accordingly, the drawings
and description are to be regarded as illustrative in
20 nature, and not as restrictive.

Brief Degcription of Drawings

Fig. 1 depicts a conventional magnetic recording
medium structure. _

Fig. 2 is a schematic view of the profile of a

25 protrusion formed by a conventional laser texturing
technique. -

Fig. 3 demonstrates the variation in protrusion
geometry as a function of laser pulse energies in
accordance with a conventional laser texturing technique.

30 - Fig. 4 schematically depicts a conventicnal single
lens laser focusing system. |
) Fig. 5 schematically depicts a multiple lens laser
focusing system of the present invention.
Fig. 6 schematically illustrates a protrus:.on formed
35 in accordance with the present invention.
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pul sed, focused | aser |ight beamon a | ayer of a magnetic recording
medi um such as an upper surface 5 of yg&2 non-magnenti c substrate.” See,
for exanpl e, Ranjanet ' al., Us. Patent No. 5,062,021 (European

Pat ent %ggh&gﬁgkgﬁ 8f 4ée Pvéhtion Wherein the di scl osed net hod
conprises polisAitng an NI P plate subsirate to a . specul ar
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i ndi vi dusl | aseim spureunding a central hole or surrounding a central
bump. After extensive investigation and experimentation,
it was found that such a laser generated texture
comprises protrusions characterized by abrupt profile
changes, thereby adversely affecting flying stability,
10 glide performance and head-medium interface reliability.
After further extensive investigation of such abrupt
profile changes, it was found that the tolerances
associated with conventional laser texturing systems were
inadequate to satisfy the requirements of high areal
1S density magnetic recording media. It is believed that
such abrupt profile changes stem from various sources of
surface nonuniformity. Basically, the substrate surface
inherently contains a certain degree of waviness
apparently due to manufacturing techniques. Moreover, as
20 a magnetic recording disk rotates, an inevitable amount
 of wobble occurs due to its associated disk drive. In
addition, lack of surface uniformity results £from
clamping a disk during rotation. These factors adversely
affect surface uniformity, thereby requiring a high
25 - degree of flexibility or tolerance during 1laser
texturing, which cannot be achieved with conventional

laser texturir.xg systems.
The present invention overcomes such problems with
a laser texturing system capable of providing a magnetic
30 recording medium with a topography comprising a plurality
of precisely controlled protrusions which are smaller
than those formed by conventional laser texturing
techniques. In accordance with the present invention, a
laser texturing system is provided with a focusing system
35 having a greater depth of focus than previously employed,
thereby providing the requisite tolerance and flexibility



char act eri zedwyormeégnt r al depressi on surrounded by a 15 S WPCIVUSIE0682Y ¥

circular raised rim Anot her | aser texturing technique is
reported by Baurngart et al. [err] A New Laser Texturing Techni que
for High Per f ormance Magnetic Di sk xlves,' |EEE Trasactions “on
Magnetics, Vol. 31, No. 6, pp. 2946-2951, Novenber 1995. 20 The | aser

texturing techni que diccouedatiey ishergaktserface nonundifoxpdsy)riMagnetic

i mpi.ngi ng a pul se Avedi anatd e G, i ng
systemon a Subst(r%f[e su r*da 1% Pto §$Q?1aratcectorgfméal ?%Stéﬁgﬂgrég
shape of the resuinvenftion contﬁmt rausf-%ﬁ%ul'%d aF?EPgHa Yadi%@trhﬁg-nﬂwea

pul se energy. At ZHuralit Woﬁoulxﬁﬁfo&mﬁw Rontrbll®edPUpPot Plisi®hst rWEtRN

s e T Al SR B EREHIE o e
i ncr éases, the botztédnc!tédtaﬁ&' dapbealienae. fl?kéemsultlng texptived ma)gmeleﬂc
central done broadRrReraiy bogifn | sxhibics I Chlsper, pERFRS PEEing 0°
equal to or stahnﬂent}t,hagi.xdm penformance and he@dﬂﬁedmtmflnterface
%;gjt ;ﬁsggnaforr‘:ds A \A:}qaﬁﬁl'iaciﬁf The laser®denerB8elCHPBLIUS1Es M EEARLERY
10 accordance with the present invention are generally
smaller than those formed by conventional laser texturing
techniques, thereby improving head-medium interface
reliability by providing a greater number of contact
points and, hence, less load and less wear per contact.
15 Moreover, the laser textured surface formed in accordance
with the present invention comprises a greater number of
protrusions per unit area, - thereby enabling the
advantageous use of smaller head sliders.
A laser texturing technique in accordance with the
20 present invention comprises a multiple lens focusing
system having a greater depth of focus than that employed
'in conventional laser texturing techniques, théreby
enabling the formation of protrusions greater in number
and smaller in size than the protrusions generated by
25 conventional laser texturing techniques. The multiple
lens focusing system of the present invention is designed
to have an f number which is lower than the f number of
a conventional single lens laser focusing system, thereby
providing a Qreater depth of focus and, hence, a greater

30 tolerance for accommodating inherent surface
nonuniformity.

In an embodiment of the present invention, the

inultiple laser focusing system comprises a first lens and

a second lens spaced apart and positioned between the

- 35 first lens and the upper surface of the rotating

substrate to be textured, so that the multiple lens
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the Eirst I{lenFs!.g ' %hghlf%r}s%epiggss Sf the multiple lens
focusing system of the present invention can comprise a
companion doublet lens, and the second lens can comprise
an aplanatic meniscus lens. The depth of focus of the
multiple lens focusing system of the present invention
can range from about 30 to about 150 pum. In an
embodiment of the present invention wherein the first
lens is a companion doublet lens and the second lens in
an aplanatic meniscus lens, the depth of focus is about
50 pm.

A method of laser texturing in accordance with the
present invention comprises the use of conventional
equipment, including conventional laser sources. For
example, a multimode Q-switched pulsed laser can be
employed when texturing a NiP plated Al-alloy substrate.
One having ordinary skill in the art can easily optimize
the power input and pulse duration in a particular
situation. For example, a pulse of about 30,000 to about
70,000 pulses per second is generally sufficient to
produce a desirable texture.

The multiple lens laser focusing system of the
present invention can be advantageocusly employed to
texture any of various conventional substrates employed
in the production of magnetic recording media. The
textured surface of the substrate is substantially
replicated on subsequently deposited layers, such as an
underlayer, magnetic layer, p:_fotective overcoat and
lubricant topcoat. In an embodiment of the present
invention, a selected portion of a substrate surface is
laser textured to provide a landing zone. Thus, by
restricting the laser texturing treatment area to a
specific landing zone, recording areas or data zones can
be maximized and provided with extremely smooth or
specular surfaces, thereby increasing recording density
and further reducing head flying height.
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protrusions created at different incident |aser pulse energies in

m crojoules (uj). Laser surface  texturing affords an .

advant ageous degree of control unava?| abl e with mechani cal
texturing. Mor eover, the accuracy of a |aser Iight bear. proyides a
preci se delineation offtHRO¥ERR Of ar Ba” FEANEGRFIERAL laser tﬁﬁ?‘gﬁ’ﬁlng

enabl i ng the accujgpfrands resnegising eal @imglleoriens focusiing esystem is
| andi ng zones vvhléé?‘mam avai | abl e.for dat.a _storage.

1 Zi.ng t area .
The r.ounded protr %?%t:.cazilyg 1&2}58[:?35‘*& B nFaf- o of0de CRRFLSER (B of
head/ di sk sipgice riggnsviid.e Laderi hjghti beammans feausedhatgpaintl | y
circul ar epressj.on oqug:l rj g o5t ed
by Ranj an %t al t%ff %Ft_ﬂge}g P‘égége ric |eong?555 ‘ﬁ:ag’?x\%ggf bs3}'fbascttr|Jnté%oaé:5
areas of collectivesylringbinsagsyprface topagxaphwhtokcsebativelnelarge.

However, conventiongtrhsisdiis t @Hatact@rioeldi Byesabrupt pro¥ill aghhhges
di scl osed by Ranjan et, al._and Bgungart et rom sever al

. al ., suffer
di sadvant ages. THeEHLiRGFFQm Jpherent; suxiage, undformitye.  3P6Hr aBFVRE
protrusions fornelodyl profile thahgesnadversedy affeut fdytiaur sogbitiby] ques
enpl oying, ¢ glide performance and head-medium interface reliability.
A portion of a multiple lens focusing systém in
accordance with the present invention is schematically
illustrated in Fig. 5 and comprises a first lens 50, such
as a companion doubler:, and a second lens 51, such as an
15 aplanatic meniscus lens. Second lens 51 is spaced apart
and positioned between first lens 50 and substrate 54.
" FPirst lens 50 has a focal point at the upper surface of
substrate 54, as at 53. However, the depth of focus of
the multiple lens focusing system is extended by virtue
20 of second lens 51 to point 55. The increased depth of
focus provides the desired flexibility, enabling the
formation of protrusions having a smaller height and
diameter with greater precision and uniformity vis-a-vis
the single lens focusing system of the prior art depicted
25 in Fig. 4. Significantly, by providing an increased
depth of focus, adjustment and maintenance of the focus
is facilitated, thereby providing a ‘tolerance to
accommodate inherent surface uniformity which is
unattainable in prior art single lens laser focusing
30 gystems. Accordingly, the present invention overcomes
the abrupt profile changes and, consequential, air
turbulence characteristic of conventional laser textured
surfaces of magnetic recording media.
A typical protrusion formed in accordance with the
- 35 present invention is depicted in Fig. 6 and is
) characterized by rim 60 having a rim diameter ¢ and a



single |enywoém@esmi Nng system result from the rapid PCT/US96/06829
centralized nelting and thernmal degradation fromthe center of the

focused | aser spot to the edge of the spot. 30 Such single lens
focusing systens generate a textured 14 area having relatively large
t opogr aphi cal protrusions and characterized by rather abrupt |ocal

|olr§.'n(‘]I i | e changes radius of hatredyerscRy.af fieid t Bhidéyi 6y abababtby taed
gl i de

det i mental Iy | HOSEEEIER S0 2% FLR BEoRhctena. modi um ' interface.
Such probl ematic abr (ihe | prakrpsdbnbe fdmemerbs in accordance with the
REPLACEMENT SHEEEesent invention generally have a fEﬁ‘ﬂ%@g%%ggf about
5 758 to about 300A. In an embodiment of the present
invention, protrusions are formed with a rim height of
about 150A to about 225A. The rim diameter of the

protrusions formed in accordance with the present

invention can range from 3 um to about 15 pum. In an
10 embodiment of the present invention, protrusions ,are
formed having a rim diameter of 5 um to about 8 um.
Protrusions formed in accordance with the present
invention have rims with a radius of curvature which can
generally range from about 5 pm to about 200 pm. In an
15 embodiment of the present invention, the rims have a
radius of curvature of about 50 pm to about 70 um.

The laser textured topography of the present
invention comprises protrusions with substantially
circular rims around central holes which do not extend

20 into the substrate as deep as the central holes of
conventional laser textures. In accordance with the
present invention, the ratio of the distance the central
hole extends into the substrate to the rim height ranges
from less than about 1:1 to less than 3:1. The present

25 invention easily achievés a ratio of the distance of the
central hole into the substrate to the rim height of less
than about Z:i, including about 1:1. In a conventional
laser textured topography, the central holes extend into
the substrate a distance considerably greater than the

30 height of the rim. The resulting asymmetric
configuration of conventional laser textures provides an
undesirable stress profile when subsequent layers, such
as an underlayer and/or magnetic layer, are deposited by
sputtering at elevated temperatures. As a result, the

35 topography produced on the upper surface of the substrate
is not accurately reproduced in the subsequently
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medi um by providing a uniformpattern of protrusions snaller

t han t hose obtai ned by conventi onal | aser texturing techni ques.

I n ¢opending application Serial No. 08/ 647,97, a met hod of " | aser
texturing a magnetic recording nmediumis di scl osed, wherein a

focused laser |iglapasdded i aparsed However,thiBugreardandecawithysthe
material i nterpoaﬁctéﬂ%& SPR¢Sikion, the @WakLrbat ‘&?@g%abﬁ?s G a
ergoi n

system surface u g .10 , laser, texturi ng. hé uSe“of an opti cal
crystal naterial symmetricadnQonddongakdonon therebycenabbing phe skegture

plurality of to be S@HSEMt Bl BPdceasataly Yo PedesbdRar Sulbsadniist DPS -
Swam nat han, U. S., Pat ent . 4,060,306 di scl oses the use of a
nul tiple I®ns sy@&%ﬁﬁs#ﬁﬁiﬁ%ﬂqaﬁ%ﬁ?dagﬁgﬁ§?rc 15 meni scus | ens and a
conpani on doubl et | enThe ggeamernic configuratimrcrast chimenkionsobdithe
e Dl oy cug B SR ooragy ptbell Uk BeSh Al MR |
al ., US. present invention 1is functionally significant with
respect to improved flying stability, glide performance
10 and head-medium interface reliability. The particular
geometric configuration and dimensions of the topography
enable optimization of tribology and wear
characteristics.
In the embodiments of the present invention
15 discussed supra, the substrate is exposed to a pulsed
laser light beam through a multiple lens focusing system
while rotating the substrate. The impinging laser light
beam has a centralized energy profile generating a
substantially single protrusion. In other embodiments of
20 the present invention, a substrate is exposed to a pulsed
laser light beam through a multiple lens focusing system,
however, the original centralized beam  energy
distribution over the impinging spot area is modified to
obtain at least two smaller enexrgy peaks. In accordance
25 with such embodiments of the present invention, at least
two protrusions are formed which are smallexr in size than
the single pfotrusion formed by an unmodified laser light
beam having a centralized energy profile generating a
substantially single protrusion. In this way,
30 tribological performance and reliability are further
improved by providing a laser textured topography having
an even greater number of smaller protrusions.
In one aspect of the modified energy embodiment, the
first and second lenses are offset relative to each
- 35 other, thereby producing at least two smaller . energy
) peaks generating two or more protrusions on the substrate



Pat ent No. 14 and Endo et al ., U S. Patent No. 20 4 755.
Accor di ngl y; q’ﬁ@?g‘wexi sts a need for a texturing S Wi

particularly a |aser texturing system, capable of providing a
topography conprising a purality of controlled, relatively
fslmal | prot lI’J:JSI ons of uniform 25 hei Sht t her eby affording i noproved

ying stabllit de n ggg |t ure of
the I nvention Surface. %% o%? &{'Q{’{Et ﬁ‘ga pr eseteelt%t%lqlr?\?'en%él 8?9?%'8?
g gxtured compyheing aecdiafitey mumbem efhivmallrr Powtrusions and

| npr ove r&bxa LBRE1bLY eribbiegheat operesemande head

medi um |nterfag F E ? g A? her, obj ect oFefﬂz BFesent

invention is a #Eﬁﬁod‘- ying St@’-]}’a@érdl‘%xf:ﬁ’rlﬁ% Fh- MREReteRCQUh4RT at e
to provide a additibfXte q@mw e Iriedsildivyg dwlwnmbmaaouh&m se,

and less wear per contact bébfwe '\E-he '1'15 ad and the medium
surface. Advantageously, when generating a laser light
beam with multiple energy peaks, a high repetition rate
laser pulse enables the formation of a smaller spot with
10 even greater precision. Multiple protrusion formation
can also be obtained by other techniques, such as by
changing the mode of a multiple mode Q-switched pulse
laser, or by changing the optical train as by interposing
a mask between the laser light source and first lens.
15 The laser texturing technique of the present
invention can be employed to textured a magnetic
recording medium by impinging a focused laser beam not
only on a rotating substrate, as in the embodiments
previously disclosed, but on any layer of the magnetic
20 . recording medium. Thus, in accordance with the present
invention, an underlayer, such as a Cr or Cr-alloy
underlayer, or magnetic layer, such as a Co-alloy
magnetic layer applied on an underlayer or directly on a
substrate, can be laser textured with a pulsed laser
25 light beam through & multiple lens focusing system. The
lager texture of the present invention can also be
prpvided on az; Al or Al-alloy substrate prior to plating
with NiP. The laser textured surface provided in
_ accordance with the present invention is substantially
30 replicated in subsequently deposited layers.

The magnetic recording media produced in accordance
with the present invention can comprise any of various
conventional substrates employed in the production of
magnetic recording media. Such conventional substrates

35 include NiP plated Al or Al-alloys, such as Al-Mg-alloys.



15 APR 1998 woorazé28 - inmproved flying st alpidrintssenghe de

per formance and head- mediuminterface reliability.

Addi ti onal objects, advantages and ot her features of . the invention
will be set forth in Part inthe 5 17 description which follows
and in part will becone apparent to those having ordinary skill in
the art upon erRE el OlayBesi ddponi el Ah ABYobeanedwidsh them

t he practice of the |%ention. The abj g_&ts nd_advant ades 05'1

the invention. FESSeBE ‘AYsREiER Safy PRpARN&F Ghose  conventionally

employed in the production of magnetic recording media.
Such conventional magnetic alloys, include, but are not
5 limited to, cobalt (Co)-base alloys, such as cobalt-
chromium (CoCr), cobalt-samarium (CoSm), cobalt-chromium-
tantalum (CoCrTa}, c_obalt-hickel-chromium (CoNiCr),
cobalt-chromium-samarium {CoCrSm) , cobalt-chromium-
platinum-tantalum (CoCrPtTa), cobalt-chromium-platinum
10 (CoCrPt), cobalt-nickel-platinum (CoNiPt), cobalt-nickel-
chromium-platinum (CONiCrPt) and cobalt-chromium-
platinum-boron (CoCrPtB). The thickness. of the magnetic
layer is consistent with conventional practices and
manufacturing a magnetic recording medium. Cobalt-base
15 alloys having a thickriess of about 1004 to about 1000&,
such as 200A to about 5004, has been found suitable.
~ As in conventional practices, an underlayer can be
deposited on the textured substrate prior to depositing
the magnetic layer. The underlayer can comprise Cr or a
20 Cr-alloy, such as chromium-vanadium or chromium-titanium,
oxygen-doped Cr, tungsten or a tungsten alloy.
In addition, a protective overcoat, such as a carbon
overcoat, can be deposited on the magnetic layer, and a
_ lubricant topcoat deposited on the protective overcoat.
25 The underlayer, magnetic layers and protective overcoat
can be applied in a conventional manner, by any of
"various sputtering techniques employed in production of
magnetic recording media. S
The present invention can be employed to produce any
30 of various types of magnetic recording media including
thin £ilm disks, with an attendant improvement in flying
stability, glide performance and head-medium interface
reliability. Moreover, the precise manner in which a
landing zone can be laser textured enables an increase in
35 recording density and reduction in the size of head
sliders.
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10 y pointed out in the appended cl ai ns.
Accor di ng t ?ﬂ@% esent invention, the foregoing a,{'&"é’ﬂﬁ?&’?“&%, ects

are achieved in part by a magnetic - recordi ng medi um conpri si ng: a-
non- magneti ¢ substrate havi ng a tured upper surface; -and”’a
magnetic | ayer 15 formed on the uppe surface wherein. the textured

Sbove the upper sur CRY ParEath Sppodlitaty 6F cHesbhBhiisn S B W
30 nm (300A) arﬁtmmml&-':s@ﬁsé&ﬁt verpptélityl are shown and gdesauibed
di ameter of abqtﬁ]e upgrrfeléanttocﬁee%s&%errim 18" £9"e Athderstcdd ¥Hgtal hol e

extending into er surface Anot her aspect of the
present inventitd® i dnyemsdinsd is capakke ngur ¥8€ur LRg v%rq‘%etqt@er

recordi ng medidgiibindtichs and envﬁbhﬁdnﬁﬁ”ﬁﬁﬂsﬁ capatly ldfg cHarigeize
surface of a non bstr te b expQ ng r, surface
to a 25 plﬂ%eﬁ°fia§éFaFF§ﬁ Lét 5t§h sa FRF t |°3"JI e P%n (f‘gﬁ?l

syst em cont ai niduhoRept rad expressed hesemnnd | ens spaced apart from
and positioned between the first |lens and the upper surface of the
substrate. A further aspect of the present invention a nethod
30 of manufacturing a magnetic recording medium which
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met hod conpr weeen42828 uri ng an upper surface of a non- ngm9

substrate by exposing the upper surface to a pul sed | aser |ight
beam t hrough a muitiple | ens focusing system conprising a first
| ens and—a second tens—spaced -35 apartl®rom and positioned betweern

the first upper surface of the substrate, wherein the
| aser ndﬁ@iﬂummﬂmum’ - CLAIMS| ACENENT SHEET
15 APR 1T c L M 42628

PCT/ US96/ 06829 9 beam has an

energy profile with at | east two energy peaks _
1. A magnetic recording medium comprising:

a non-magnetic substrate having a textured upper
~ surface; and _
a magnetic layer formed on the upper surface;
5 wherein,
the textured upper surface contains a plurality of
protrusions extending above the upper surface to a height
of about 75A to about 300A and having a substantially
circular rim, with a diameter of about 3 um to about 15
10 um, around a central hole extending into the upper
surface.

- ]

2. The magnetic recording medium according to claim
1, wherein the textured upper surface comprises a landing
zone. '

3. The magnetic recording medium according to claim
1, wherein the rim has a radius of curvature of about 5
ym to about 200 pm. '

4. The magnetic recording medium according to claim
1, wherein the rim diameter is about 5 um to about 8 um.

5. The magnetic recording medium according to claim
1, wherein the height of the rim is about 150& to 225A.

6. The magnetic recording medium according to claim
3, wherein the radius of curvature is about 40 um to
about 70 pm. ' '

7. The magnetic recording medium according to claim
- 1, wherein the ratio of the distance the central hole
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upper surface to a hei ght¢l elss ® han *5 the height of a substantially
si ngl e protrusion generated by exposing the upper surface to a

| aser |ight beam having a centralized energy profile with a
substantial | y extends ﬁ-lﬂwltﬁee%gﬁgﬁ’r%ékto the rim heigh ht\dd léQQaJ:h&IPJ ects
and advant ages o e present I nvention w | econe readily
apparent to thaseutidil e less tham, abqwt Al -from t he fol |l owi ng detail ed
descri ption, “wherein the enbodi ments of the invention are

descri bed, be Lof il tratl R _of the best node .,
contenpl ated for caﬁryl %9“? ’?ﬁﬂﬁ#f i ge g to Fgﬁﬂ‘zed,

the invention is ﬂﬁtﬁiﬂxecafupﬂﬁ.bﬁngeaxd mhdfeﬁ:é.laget' between téuebsdbabrlaSe and

Its several details_ar etf:?pf‘al?ye} nodi fications in various obvious
respects, all e HY eparting fromthe invention. Accordingly,
t he draw ngs and description are to be regarded as illustrative in

20 nature, and §ot 33 meshét £&iMording medium according to claim
8, wherein the underlayer comprises a chromium or a
chromium-alloy.

10. The mag:ietic ‘recording medium according to
claim 1, further comprising a protective overcoat on the
magnetic layer, and a lubricant topcoat on the protective
overcoat.

11. The magnetic recording medium according to
claim 10, wherein the protective overcoat comprises
carbon. . ’

12. The magnetic recording medium according to
claim 1, wherein the non-magnetic substrate comprises a
nickel-phosphorous plated aluminum-alloy.

13. The magnetic recording medium according to
claim 1, wherein the laser textured surface is produced
by exposing the upper surface of the substrate to a
pulsed laser 1ight beam through a multiple lens focusing
5 gsystem.

_ 14. The magnetic recording medium according to

claim 13, wherein the multiple lens focusing system
comprises a first companion doublet lens and a second

" lens, positioned between the first companion doublet lens

5 and the substrate, so that the multiple lens focusing
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Bri ef Descr wo 9742628 | ' Fig. 1 depicts a qurwesssoeszel
magneti c recording [ﬂm"”ﬂﬂuwmmﬂﬂmt ure. . Fig. 21is a
schematic view of the profile oM as2b= protrusion fornmed by a _
conventional |aser texturing t echnéfue. Fig. 3

denonstrates the variation in protrusion geonetry as a function of

| aser pul se enerdyalen phas a depibc Afdafeeus, greatenntban; shat |efckhe

texturing technigyest Ibmpanion doublet 4enghematically depicts a _
conventional single | ens | aser focusing system Fig. 5

"schematically depicts a multiple I ens |aser focusing system of the
present invention. 15. The mdgnketic Se6coPding! mpdithuddcthr@ing to
rotrusion forne ' o] n ' the present inventjon.,.
\8@97/ 42628 é:.ll.a%ﬁn 14, vﬂhgrggﬁ Eﬁlg ggc%& hl.en% c%&??bgsgl% anatic
meniscus lens. '

16. The magnetic recording medium according to
claim 15, wherein the depth of focus of the multiple lens
system is about 30 um to about 150 um. .

17. The magnetic recording medium according to
claim 16, wherein the depth of focus is about 50 um.

18. The magnetic recording medium according to
claim 15, wherein the textured surface comprises a
plurality of closely spaced pairs of protrusions.

19. A method of manufacturing a magnetic recording
medium, which method comprises:
texturing an upper surface of a non-magnetic
substrate by exposing the upper surface to a pulsed laser
5 light beam through a multiple lens focusing system
containing a first lens and a second lens spaced apart
from and positioned between the first lens and the upper
surface of the substrate.

20. The method according to claim 19, comprising
texturing the upper surface to form a landing zone.

21. The method according to claim 19, wherein the
multiple lens focusing system contains a first companion
doublet lens, and the second lens is selected so that the
multiple lens focusing. system has a depth of focus

- 5 greater than that of the first companion doublet lens.
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textur| ng t‘ggﬁ?(ﬂfgélsog Mm, ﬁ““ D! mt)pography of ?2;?%549%9

substrate by generatin ty of protrusions having a
substantially circular r|n1surroun ng a central hole or surreounding
a central bunp. After ext ensive |n stigation and experinentation,

It was found that su e i rises
protrusions characte??Zed&ﬁé ﬁ?ﬁﬁﬁgei)éﬁ%Cfﬂglgb CIalﬁéngés ?ﬁ%f%b§he
adversel y af f ecseagnd| yeng cbiighrises azlcaplanag:lmjmepelsbusrr&ena.and
head-nmediuminterface reliability. After further extensive

I nvestigation of such abru g e changes, it was_ found that the
t ol erances asddei aThe W?WQ: L3(51%”3‘3? &adm 22, ywhageipsthas were
i nadequate to saépéﬁyoftf&dsewzl EREEMIBL ISl 1@hsAE9atedSis aboti®NSbt Ym
magneti c recording nedia, I's believed that such abrupt profile
changes sten1fr5ﬂ1§%??5u§5goﬁPces of . surface nonuniformty.

Basically, the substrate surface

24. The method according to claim 23, wherein the
depth of focus is about 50 um.

25. The method according to claim 19, comprising
texturing the upper surface to form a plurality of
protrusions extending above the upper surface to a height
of about 753 to about -3008 and having a substantially

5 circular rim, with a diameter of about 3 um to about 15
"pm, around a central hole extending into the upper
surface. '

26. The method according to claim 25, wherein the
rim has a radius of curvature of about 5 um to about 600
pm,

27. The method according to claim 25, wherein the
rim diameter is about 5 um to about 8 um.

28. The method according to claim 25, whereln the
height of the rim is about 150A to about 225A.

29. The method according to claim 26, wherein the
radius of curvature is about 40 pum to about 70 um.

30. The method according to claim 25, wherein the
ratio of the distance the central hole extends into the
substrate to the rim height is less than about 1:1 to
less than about 3:1.
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i nherently ogblofissasa C VI ness appar parhusosiess2s o
manuf acturing techni queal“m‘:ﬂ imﬁml a magnetic recordi ng disk

rotates, an inevitable anoundt + »

di sk drlve.

In

| e occurs due to its associ ated
addi ti on, Iack of suzﬂace uniformty results from

clanmping a disk during rotation. These factors adversely aff ect
surface uniformty,

or . tol erance

t3er ebyrheaqmét:hog adoapdiziy to digiee 19f fhbkehebility

ﬁ%&nﬁ@lsiﬁ& lepositi) t§ Xltngéhé'?lc V‘féf& C8R"Phe ‘E?%E{l’r@&ed

wi th conventi ona resent
i nventi on over cosslsstxate pr obl ens WI t h a I aser texturing syst em
capabl e of providing a nmagnetic 30 recordi ng mediumw th a topography

conprising a plurali t# ci sel y controlled protrusiaons which
n t HeR& F‘SFﬁ@g

are small er

HAAG | BRalclpdBer3d extyrthgr

techniques. In aeéﬁgsﬁlﬂ@mgwthepbe:.a&ﬁgeratn lundErliadfer con the tekéaeed

texturing syste

ded f 35 h
depth of focus (RARSBFAVT budi oApPopahide a® Rghete  1aviR iy tlie™ ©

requi site tol er anndenbayétexi bility

10

33. The method according to claim 32, wherein the
underlayer comprises a chromium or chromium-alloy.

34. The method according to claim 31, further
comprising: depositing a protective overcoat on the
magnetic layer; and depositing a lubricant. topcoat on the
protective overcoat. '

35. The method according to claim 19, wherein the
laser light beam comprises a centralized energy profile
with a substantially singular energy peak forming a
substantially singular protrusion on the upper surface of
the substrate.

36. The method according to claim 19, comprising
exposing the upper surface of the substrate to a pulsed
laser light beam having an energy profile exhibiting at
least two energy peaks forming at least two protrusions
on the upper surface, each such protrusion having a
substantially circular rim extending above the upper
surface to a height 1less than the height of a
substantially singular protrusion generated by exposing
the upper surface of the substrate to a pulsed laser
light beam having a centralized energy profile with a
substantially single energy peak.
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recordi ng rredl a pro with the present i nvention
contain a textured topography conprising, plurality of unifornly
controlled protrusions with 5 dramat Ically reduced abrupt profile

changes and, hence, d r xt ured
: 37. The h&EHSE a@kbrdd ?ué&nefaﬂhfs roved*ﬁ’“;i

magnet i c record rTum.ex oW, NOI se

in
stability, glifRrw®ag &hen géﬁéﬁn’eﬁ%&%%ﬁﬁ%ﬂ$ é&benergy PrQ%ﬂ%bu lity.
The | aser gena&ﬁxfzohwrpéasElwé energy p@al&@ by ofEsextians aclvé tfirde

Conventi onal  15H/OK BAhg ode with meeh &uﬁe 838, 25 rpr oving

head- medi uminterface reliability by provi ding a greater nunber of
cont act poify s d ar ot .
Mor eover, the | aser ex?gg%d‘qggfri?%c%(g?%r%géi tr?1£|a‘(":j(':“’?(; a%\%e c&ﬁﬁrfé’ﬂi&‘

forming the laser light beam having energy profile with
at least two energy peaks by altering the laser mode.

39. The method according to claim 36, comprising
forming the laser light beam having energy profile with
at least two energy peaks by altering the optical train.

40. The method according to claim 3%, comprising
"altering the optical train by interposing a mask between
a laser light source and the first lens.

41. The method accqrding to claim 19, further
comprising rotating the disk while exposing the upper
surface to the pulsed laser light beam.

42. The method according to claim 19, comprising
pulsing the laser light beam at a rate of about 30,000 to
- about 70,000 pulses per second.

43. The method according to claim 19, further
comprising: )

depositing an underlayer on the textured upper
surface of the substrate; '

5 depositing a magnetic layer on the underlayer;
' depositing a protective layer on the magnetic layer;

and '

depositing a lubricant topcoat on the protective
layer; wherein the textured upper surface is

10 substantially replicated on the subsequently deposited
layers.
R
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with the prewermmmentlo I!!I"H“I I# ter nunber of PCT/US96/06829
protrusions per unit abling the advant ageous

use of smaller head sliders A laser texturing technique in
accordance with the 20 pr esent |nvent|@ﬁ conprises a nultiple | ens
focu5|ng system having a greater depth of focus than that enployed

in conventional |aser 4%axt urh ngageehicqueecordingbyedium comprbsing the

formation of pro%h&ih&@a @&&%ﬁ%@ iRntaitdng a pluramyi BE ot Fusiicks t han
t he protrusions generated

conyentional |a texturlng
t echni ques. TheeﬁﬁﬁFﬁﬁPS above theAUrFaEGstAR sBe féﬁﬁ éE%ﬁnt°
i n\rlrgnt i 0][1 i's desiapout 3004 andth‘axfwlaarsubsltumdam/?l ehrd:ﬁlé.ﬁvﬂm,t e i hebf
nunber o conyent i gl e ocu5|n ysten‘ t her eby
provi di ng3a gr eaﬁealagﬁ¥ﬁro?gf%%qfit§ {:l %éc’a‘:a é8r ePT % '3 ‘E%"E‘aghce
for accomodat hade extleaddnt intsuthacsurface. nonuni formty.
In an enbodi nent of the present invention;, the mul tiple | aser

focusing system conprises a first_|ens and a second | ens spaced
apart and positioned KStweBrmethodmof manufpciuringna magnetie ngaanding f ace

of the rotatingedium, whiledsnicdd Codifplfadd!l ekt ePind'ad LAQePUbLE R ©
Iehs magnetic recording medium by exposing an upper surface
of the layer to a pulsed laser light beam thréugh a
5 multiple lens focusing system containing a first lens and
a second lens spaced apart from and positioned between
the first lens and the upper surface of ?he layer.

46. The method according to claim 45, comprising:

depositing an underlayer on a non-magnetic
substrate; and

texturing the underlayer.

47. The method according to claim 45, comprising:
depositing a magnetic layer on a substrate; and
laser texturing the magnetic layer.

48. The method according to claim 45, comprising:
depositing an underlayer on a non-magnetic
substrate; ° _
depositing a magnetic layer on the underlayer; and
5 laser texturing the magnetic layer.

This Sheet Has Been Replac
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12 %gﬁ‘szl%sg system has a depth of focus greater than that of
the f irst lens. The first lens of the multiple lens f ocusi ng
system of the present invention can conprise a # conpani on doubl et

| ens, and the second | ens can conprise S an apl anatic meniscus |ens.

The depth of focus of the mul ti pl ¢ 14ns focusing system of the
present invention can range from about 30 to about 150 [err]m

In

an enbodi ment of the present invention wherein the first | ens

is a conpani on doublet |ens and the second lens in 10 an apl anatic
nmeni scus | ens, the depth of focus is about 50 [err]m

LUBRICANT -4
CARBON OVERCOAT |13

Co MAGNETIC ALLOY | 12

Cr UNDERLAYER 11

-

NiP PLATTED AIMg 110

FIG. 1
PRIOR ART

FIG. 2
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A met hod of waonfedgext uring in accordance wth the pr eRCYTUSICNU6829t | ON
conpri ses the use of conventi onal equi pnent, including conventional

| aser sources. ‘For 15 exanple, a multinode Q sw tched pul sed | aser
can be enpl oyed when texturing a NP plated Al -alloy substrate.

One having ordinary skill in the art cgrygasily optim ze t he power

i nput and pul se duration in a particular situation. For exanple, a
pul se of about 30,000 to about 20 70, 000 pul ses per second is generally
sufficient to produce a desirable texture. The nul tiple
| ens | aser focusing systemof the present invention can be

advant ageousl y enpl oyed to texture any of various conventi onal
substrat es enpl oyed 25 in the production of magnetic recordi ng nedia.
The - textured surface of the substrate is substantially

replicated on subsequently depqsi an under | ayer,
magnetic | ayer, protective overlcoat and - - | ubri cpnt topcoat. In an
enbodi ment of the present 30 i ed portion of a
substrate surface is | g ok a | andi ng zone.

Thus, by restricting th [ ment area to a

!

50
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0
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30
FIG. 3
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speci fic | aRghggzage, recording areas or data zones can ',ug%m' 9
maxi m zed and provided with extrenely snooth or 35 specul ar surf%%es,

t hereby increasi.ng recordi ng density and further reducing head
flying height. WD 97/ 42628 ’

PCT/ US9/ 06829 13 A
portion of a conventional |aser b%%%ﬁring appar at us conpri si ng
a single lens focusing systemis schematically illustrated in Fig.
4 and conprises a single |l ens 40. Laser |light beam 4l is focused at
point 5 42 at an upper surface of non-nmagnetic substrate 43

resulting in a surface topography of relatively |arge protrusi ons

characterized by abrupt profile changes st enmi g,P#Sﬁ]inherent
surface uniformty. Such abrupt 2? /L

\
C

42

- FIG. 4
PRIOR ART
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| ocal profiweohaoges adversely affect flying stability, 10 PCTNIS9%/A06829
performance and head-nediuminterface reliability. A portion of
a multiple |l ens focusing systemin accordance with the present
invention is schematically illustrated in Fig. 5 and conprisSes a
first lens 50, such - as a conpqgggg doubl et, and a second | ens 51,
such as an 15 apl anati ¢ neni scus ns. Second |lens 51 is spaced apart
and positioned between first I ens 50 and substrate 54. First lens 50
has a focal point at the upper surface of substrate 54, as at 53.
However, the depth of focus of the multiple I ens focusing systemis
ext'ended by virtue 20 of second lens 51 to point 55. The increased
dept h of focus provides the desired flexibility, enabling the
formati on of protrusions having a smaller height and dianeter with
greater precision and uniformty vis-a-vis the single |l ens focusing
systemof the prior art depicted 25 ‘in Fig. 4. Significantly, by
provi di ng an i ncreased dept h of focus, adjustnment and mai ntenance
of the focus is facilitated, thereby providing a tolerance to
accommodat e i nherent surface uniformty which is unattainable in
prior art single lens | aser focusing

FIG. 6
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30 systens. Accordingly, the present’invention overcones t he
abrupt profile changes and, consequential, air t ur bul ence
characteristic of conventional |aser textured surfaces of "nmagnetic
. recordi ng nedi a. A typical protrusi.on forned in accordance with
the 35 present invention is degicted in Fig. 6 and is
characterized by rim®60 having a rimdianeter [err] and a
14 gwafiage dorcmpovtdstingRbe. phowdds| Fber réquisinacssr fdm:
protrusion &0, ﬁﬁ%ﬂeSE‘Be'EQQ“uve. wkich is sdBQ%aHEQE*F?'££§¥5&U

accor dance wi present 1nvention generalfy have r|n1he|ght
of about on the disk surface.

The escalating reguirements for high areal recorcling

5 density impcse increasingly greater requirements cn thin

£film magnetic media in terms of coer:iéitv. sticmion

squareness, low medium noise and narrow track recording

performance. In addition, increasingly high density and

large-capacicy magnetic disks require increasingly small

10 £flying heights, i.e., the distance by which the head

floats above the surface of the digk in the CSS drive.

The requirement tc further redugg the flying height of

the head imposed by increasingly nigher recording density

_ and capacity render it particularly difficult to satisfy

15 “he requirements for controlled texturing to avoid head
crash. '

Conventional <cexturing technigques comprise a

mechanical operation, such as peolisaing. Ses, £for
example, Nakamura et al., U.S. Patent N». 5,202,810.
20 However, conventional mechanical texturing technigues are

actendant with numerous disadvantages. For example, it
is extremely difficult to provide a clean texcurad
surface due to debris formed by mechanical abrasions

Mcrecver, the textured surface is inevitably scratched
duxring mechanical ope:aticns. resulting in poor glide
characteristics and higher defects. in addicion, varisus
desirable substrates are difficult to prccess Dby
mechanical texturing. This undesirably limiting facet of
mechanical texturing, virtually excludes the use of many
30 gubgtrates as well as conductive graphite subscrates

which facil 1bage achzevzng high coercivities.

N2
(%))

n copendlng application Serial No. 08/6C8,072
filed on February 28, 1996, a sputter texturing methcd is
disclosed. The disclosed sputter texturing method can ke

385 advantageocusly applied to a pluralicy of different
substrates.
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7.5 nm (75A) to about 30 nm (300A). In an enbodi nenet of t he
present invention, prorrusicns are formed with a rim hei ght of
about 15 [err]m (150A) to about 22.5 rim (225A) . The rim di aneter
of the protrusions fornmed in accordance with the present invention
can range from 3 [err]mto about 10 515 ,[err]m In an enbodi nent of
the present invention, . protrusions arc formed having a rimdianeter
of 5 [errlmto Anothayout adtEERAFAVE PrBerbYrbiE f R iNeaccbfdance
with the mechESBAT | eIy hatngdided sy adietgu@ingUr pgt ure

whi ch can gener al e froma 5 um In

ralliy range fr out 5 [errlmip abqut 200 15
an enbodi ment b'f‘pl‘%%lj‘?:ﬁ' (?Sé’r‘rr“"ier‘?vegf“f:dﬁ,edt ﬁﬁsﬁLFnL‘—& eam P, @ F3¥88i us of
curvature of abdud wlEgresric] retordimg tmatler,r jsuch as az upper sth€akaser
textured topography. .af p¥ oo v iovent gn. ri . r gt.r usi ons
with substant iéTPJ;"OQ mggﬁeé??i%’lgasr“rait% asr’_'c')%h?c‘e%?_rgﬁgﬂgbl%gﬁﬂ% %h’. do not
extend 20 alnto Ph8.substente HO-dedpd43.CRE cdAtraPennl egagenc

conventional |Rselideddd @447 bRsaREP, dRRESe Y thhd NBiscloged mEBSGNT
i st ance ﬁ ”hol e extends into

i nvention, the ratip of thg,%H tTePceftrgé. mer0l e exte
the substrate FOMBREESE nPREFEPTS afifed'iP Plate r & | BESSERAR ABOuf 1:1 to
less than 3: 1.gpdhelgr esiiniis?,; and | pycating case | substirares ghiaei o of
the di %ance Oéifg'c?ting pulsed laser energy over 3 limited perticn’of
the radius, thereby providing a textursd landing zone
leaving the data zone specular. Tha2 landing zons
comprises a plurality of ifdiv:‘-.dua-_l laser spots
characterized by a central depression surrounded by a
i5 supstartially circular raised rim. ' '
Another lassr texturing technique is rsported by
Baumgart et al. "A New Lager Texturing Techanique Ifoxr High
Performance Magnetic Disk Drives,® IEEE Transaczions on
Magnetics, Vol. 31, No. 6, pp. 2946-2951, November 1995.
20 The laser texturing technique disclosed by Saumgart et
al. comprises impinging a pulssd laser light beam through
a single lens focusing system on a substrate surlace.
Baumgart et al, disclose that cthe shape of the :esultiqg
_ protrusicns is altered by adjusting the pulse snergy. At
25 . low pulse energies, the bump or gprotrusion ‘shape
compriseé a c¢gntral depression and a surrsurnding rim,
similar to that reported by Ranjan 2t al. As the pulse
energy increases, the bottom of the depression Zlaztens
into a rounded, smooth, centrzl dJdome rscembling a
30 ' ugombrero.' At higher powers, the ceatral dome broadens
and decreases in height to eventﬁally become aqual to or’
lower than 'the rim. |
" A profile of a protrusion formed by the laser
texturing technique as reported by Ranjan et al. is shown

35 in Fig. 2, and comprises a substantially circular rim 23
extending above surface 21 surrounding central depression
|REPLACEMENT SHEET
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central hole
about 2:1, in
t opogr aphy, t
consi derably
resulting as
provi des an

t he upper sur
t he subsequent
TSI TNEET
97/ 42628

20

30

35

into the substrate to the rinrheight of |ess - than

cluding about 1:1. In a conventional | aser textured

he central holes extend into

the substrate a di stance
greater than the 30 height of the rim The.

ymm etric configurétion of conventional |aser textures

' G ble siless .profi, m@ n sequent | ayers, such
as an underl a er a']f.%}?ﬁq#L rsrcﬁg%e T%{Fesr é‘re Sés‘lﬁte@% HHee Eliputteri ng
at el evat ed t éspeepdthast by aenaam eubl . ahe:ysacalu abpeyragine preduced on

e substrate
E?ﬁ n@ighien su REPLA G T

The variatien in protrusion |shappRr zepggted by \p

Baumgart et al. s shown in Fig. PET/SY 08&2+s a
sequence of atomic force wicroscope (AFM}! cross sections
of protruszions created at different incidernt laser pulse
energies ir microjoules {uj).

Lager surface texturing affords an advantageous
degree of control unavailabls with mechanical tsxturing.
Morecver, the accufacy of a lager light beaw provides a
precise delineation of the taxrured area boundaries,
thereby enabling the accurate and repzoeducible formation
of textured landing 2zones while maximizing the area
avaiiable for data sterage. The rcunded protrusions
reporzed by Ranjan et al. enable control ol Lead/disk

epacings while reducing friction and wear. The generally

circular depressions and surrounding rims are also
reported by Ranjan st al. to further reduce ZIrictiona:
wear by acting as areas of collection for debris and
lubricant ccated on the disk.

Howevar, conventional laser texturing technigques,
such as those disclosed by Ranjan ez al. and Baumgart et
al., suffer frcom several disadvantages. The geometric
configuration of the topegraphical p protrusions ormed Dy
such conventional laser texturing tﬂc' nigques employing a
single 1lens focusing system result £rom the rapid
centralized melting and thermal degradation £rom the
center ¢f the focused izmexr spot to the edge of the spot.
Such single lens focusing systems generate a textured
area having relatively large topographical protrusicas
and charactéffied by rather abrupt local profile changes
that adversely affect the £flying setability and glide
performance of . magnetic-recording heads, and
decrimehtally impact the reliability of the head-medium
interface. Such problematic abrupt local profile changes

REPLACEMENT SHEET
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15 deposited | ayers. However, -:in aecordance with the

pfesent invention, the textured topography exhibits a symetri cal
configuration, thereby enabling the texture to be substantially

accurately reproduced in subsequently 5 =  deposited sputtered |ayers.
The geonetric configuration and di nensions of the | aser textured

t opography for/mgiira ageesfancepmbdisidit in textRe8gNtal WEMdONL IS
functionally signifjcant wth respect to inproved flglng %gability,
gli de perfor nafGOTEANS  mMEChyr hé’é{d-m’é%n’cr‘ﬁ‘ﬁ‘r%t Br e %% | BBFFPYY. “frhe
particul ar protrugéonet snairenfilpd adiope abdadnednbyoosneént endlopogr aphy
enabl e optini_zatiqQn.,.. .of L Ld bo and wear

characteristig!saie “gx“urgng tTﬁkgﬁ%ﬁ%%hodinents of the present invention
15 5 di scussed Sapcaperdéngupppi dtation eXpoitel ¥o. OPA4Sb®07, a | aser

li ght beam t hrughaagpul {4 %é:&%%i&@cﬁsrhé%éb’ﬁé Bcording m¥¥ikf Ot ating
t he substrate._ The I npinging !asepFllg t ..pbeam has a centralized
ener gy profile?%i?ﬁ@ﬁﬁ pnﬁh%;ezn a fccused lassr iight deam 1s passed

through an optical crystal material interposed and spaced
apart between a lens focusing system surface undergoing
19 lager texturing. The use of an optical crystal material
enables formacion of a texture ccmprising a plurality cof
contrcliled and accurately gpaced zZpart protrusions.

Swaminathan, U.8. Patent No. 4,060,306 discloses the
‘uge of a multiple lens .system, including an aplamatic

is meniscus lens and a cowmpanion Soubiet lenst.for use in a
microscope. The uss of multipie lens systems for read:urg
or writing disk drive data i3 disclcsed by Euguchi et
al., U.S. Patent No. 5,402,437, Kurata et al., U.S.
Patent No. 5,125,914 and Endo et al., U.8. Patsnt No.

2¢ 5,416,755, '

Accordingly, there exists a nesed for a texturing
syatem, particularly a laser texturing system, capable c£
providing a topography comprising a plurality of
centrollied, rslatively small protrusions of  uniform

25 height, thesreby alfocrding improved' flying stab;li:y(

Al glidé pérfcrmgnce and reliability.-

Digglosure of the Invention

An obiject ©f the present invencion is a textured

magnetic recording medium exhibiting leow noise and

30 improved flying stability, glide performance and head-
medium interface reliability.

Another object of the present invention is a method

of laser texturing a non-magnetic substrate to provide a

textured magnetic recording medium exhibit low ncise, and

REPLACEMENT SHEET
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substantially single protrusion. In other enbedi nents of 20 t he
present invention, a substrate is exposed to a pul sed | aser |ight
beam through a nultiple | ens focusing system . however, t he

ori gi nal centralized beam energy di stribution over thé

I mpi ngi ng spot area is nodified to 8 obtain at |east .two snaller

energy peaks. In accorgance 25 W th such enbodi nents of the present
i nvention, at iPEEgYad £lying tSkakkblTYisi HhOaRETATERGiIEE de@dnal ler in

si ze than med-uﬁhﬁnﬁéfﬁﬂd% RreliitabSilamyf.or med by an unnodified |aser |ight
beam having a centﬁgélg She ?% prcﬁéé_ rgEQﬁkﬁ%kE - . u%&tantlally

singl e  protrusion o |ca ¥ ormance and
reliability acaefuithertion w:.lh mbmved:t_by “prbhi duhg Iﬁitasem t eteur ed

topogr gphy hamggg%—%%um Wil ..Ve@oﬂﬁ.eééer%r%‘ne”ﬁ%f ?Evé”%ifi We%ﬂés'ons

| n one"aspect nodi f1 e ener gy enb and
second | ensesanparent st Thaas A ing SZEATNSLY Bkllbth‘értb‘% r?é?teb‘POE'r oduci ng

at |east two SBMiR&L EHETLY the follcheakSogeRayabe NUed¥RedDI=rBH &he
protrusions OnréQ?zééﬂag:-ge invention. The cbjects and advantages of
zhe inverticz may be realized and cocbtained as

10 particularly pointed out in the appencded claims.
According to the present invention, cthe foregcing
and other objects are achlieved in vpart »y a magnntiF
racording medium comprising: a ‘nen-magnetic substrate
having a textured upper - surface; .and a magnetic layer
15 formed on the upper Burface; whereirn the textured upber
surface comprises a pluraii:y of protrusions, extending
above the upper surface o a height of about 7.5 nm (75A)
tc about 3¢ nm (3004) and naving a subscantially circular
rim with a diameter of about 3 um to abkaut 15 um, around

20 a central hols extending into the upper suriace.

Another agpect of the present invention is a method
of manufacturing a magnetic recoxding madium, which
nethod corprises- texturing an upper surface of a ncn-

magnetic substrate by exposing the upper surface to a
25 pulsed iaser light beam through & multiple lens focusin
4 system containing a first lene and a second lens spaced

apart from and positicned between the first lens and the
upper surface of the subscrate.

A further aspect of the present invention a methed

3¢ - of manufacturing a magnetic recording medium, which

method comcvlses rexturing an upper surface of a non-
magnetic substrate by exposing the upper surface to a
pulsed laser light beam =hrough a multiple lens focusing
system comprising a first lens and a second lens spaced

35 apart from and positioned between the first lens and the
upper surface of the substrate, whsarein the laser light
REPLACEMENT SHEET
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16 surface. The resulti-ng '|aser textured topography
conprising a greater nunber of .smaller.protrusions provi des superi or
tribol ogi cal performance in terns of head flying stability dlue to

| ess air turbulence, in5 addition 19 inproved reliability due to | ess
| oad and | ess wear per contact between the head and the nedi um
sulrfacle. AdV&l&hdﬂﬁQll:%Ey,uumﬁugén%ati nge&d| 83edeki ghlt contactlstﬂ‘{E vviblt h

mul ti pl e ener eaks r.e t|t| n_tate aser pul se enabl es

t he fOFﬁBtIOﬂg%PE uéh%?|%§'%ﬁxn-dﬁ b’ even greater precision.

Mul ti pl e protrusi ofhé orprettirwsicas fomadal:so lae:c@brtianned byt}mt hére

t echni ques, c BY...;enc %Eg%¥

Q swi tched pu?I £8s2ac JT%slearn g&ﬁ}angl n_g) t he opteméhife tTai n as by

interp8sing 7. 5 nm o Halok toeRREER 3 Renm 253304 i - gh3s 6B eBPedimens &f | ens.
tze present invention, protrusicns are formed with a rim

height of about 15 nm (150A) =0 about 22.5 nmm {225A).

The rim diameter of the protrusions formed in accordancs

with the present invention can range f{rcm 2 um to about

10 - 15 pm. In an embodiment of the present invention,

protrusions arc formed having a rim diameter of § pm o

about 8 um. Procrusions formed in accordance with the

present invention have rims with a radius of curvacure

which c¢an generally range from abbuc 5 um to abour 380

15 um. In an embodiment of the prssent invention, the rims

have a radius of curvature of about 50 um tc about 70 pm.

The laser textured topography of the present

invention comprises protrusions witk substantially

circular rims around central holes which do not extend

20 inte the substrate as deep aa the cenzral heles of

cenventional laser textures. In acrorxdancs with the

presant inventior, the ratio ¢f che distance tne central

hole extends into the substrate tc the rim height rangss

from less than about i:1 to less than 3:1. The presenc

25 invention eagily achieves a ratio of the distance of the
central hole into the substrate to the rim height of 1

than about 2:1, iﬂcluding about 1:1. In & conventional

laser texturad topography, the cencral holes extend into

the substrate a distance considerably greater than the

30 height of the rim. The resulting aSvmmétfic

confi guratlon -of conventional laser textures provides an

undeSLrable stress pruoiile when subsegquent layers, such

as an underlayer and/or magnetic layer, are depesited by

- sputzering at slevated temperatures. As a rasult, the

35 topcgraphy:produced on the upper surface cf the substrate

is not accurately reproduced in the subsequently
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15 The laser texturing technigue of the present

i nvention can be enployed to texturged-a magnetic recordi ng nmedi um
by inpinging a focused | aser beam not only on a rotating substrate,
as in the enbodi nents ~‘previously disclosed, but on any |ayer-of the
magnetic 20 recordi ng medium Thusi7in accordance with the present

I nvention, an underlayer, such as a C or Cr-alloy under | ayer, or

magnetic | ayer, suThe asmgne€dcaliyegrs depcsitreEghetaccdrapecaapptt athson an
under | ayer or .dj | ¥ 198121 on ar bgtiatg. -C}?Jlnbec A & red with a -
pul sed | aser Egéggﬁal ixght “beam tcﬁpoqg %gﬁu}:?l pl'e T'ensi’é plcu%*lo%at%sli stem

The | esBloyest it £ RuRdusta®an oLl AReREF bR ERFPEI g media.

provided on aguéh &snWen@ldrd]l HHRPbtalealibos,t 0adlddd Nbut are na¥ th N P.
The | ager texiyrgd %ugj ace proyi FC?CQI r}q ] accordance with the present
i nvent Pon i s suBsteaRt F8r 1 o8t o148 A 1Y SubSUTRe ARl FHREIGSI t ed

| ayers. chromium TleCrhgnreiiad t-ecmading itexiima , prashloedtirorgeser dance
with the presg | nti co | E various rrans AkQnventi onal
substrat es errﬁ?%?éic:i%ﬁn t(ﬁgc’g?%d’ucg? %ﬂr)lég'f Moty éh'rreTg"rfé‘lt'“rc ‘r"e"cNd'rC%?ng medi a.
Such convent i 6ab#lEuPRIomiuss @Farium | ndCafsSW P pl 2ekal Nchsomilumal | oys,

such as Al - Mipaht O¥Sm-tantalum (CoCrPtTa), cobalt-chromium-platinum

18 (CoCzrPr) , cobalt-nickel-platinum (CoNiPt!, ccbalt-rickel-
chremium-platinum (CoNiCr2t} and cokalt-chromium-
vlatinum-boron (CoCrPtB). The thickness of the magnstic
.ayer is consistent with conventional ?ractices and
mazufacturing & magnetic recording medium. <Cobait-base

15 alloys having a thickness of akout 10 n {2304} vo akous
100 nm (10004), such as 20 =m (2054} to abouz SC nm
(5004), hag beer found suitable.

As in conventional practices, an ﬁnc‘.erlayer can te
deposited on the textured substrate prior to depcsiting

20 the magnetic layer. The underlayer can comprise Cr or a
Cr-alloy, such as chromium-vanadium or chromium-titanium,
cxygen-doped Cr, Ltungsten or a tuagstan alloy.

In additiecn, a prectective overcoa:, such as a carbon
overcoat, can be depcsited on the magnetic layer, and a

25  lubricant topcoat depceited on the protective overcoat.

' The underlayer, magnetic layars and protactive overcoat
can be applied in a conventional manner, »y any of
various'sput:ering techniques employed in producticn of
magnetic recerding media. :

30 The present invention can be employed to produce any
of varicus-types of magnetic recording media including
thin £ilm disks, with an attendant improvement in flyirig
at:ab'ility, glide performance and nead-medium interface
reliability., Moreover, the precise mammer in which a

35 landing zone can be laser textured enables an increase in
REPLACEMENT SHEET
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17 The magnetic | ayers deposited in accorance with the
present invention can be any of those conventionally enpl oyed in

t he production of magnetic recordi ng nedia. Such conventi ona
magnetic alloys, include, but are not 5 limted to, cobalt (Co)
-base all oys, such as cobalt- Gghg om um (CoCr) , cobalt-samarium
(CoSnm), cobalt-chrom m t ant al um (CoC-Ta), cobalt-nickel-chrum um

(CoNiCr), . ?co"& |H=‘i 9}“ WHKS AEdHon (£RCED) s&%' b¢ Clheggl um

plati numtantal u cobalt chrom umplatinuml|C (CoCrpt) ,
cobal t - nlckelsb43?¥%un1(CoN|Pt' cobal t --ni ckel - chroni um pl ati num
(CoN Crt) and @@b@bszbﬁﬁnbMBbdiments of the inwvencion and but a

few examples of ics versatility are shown and described

5 in che present disclosure. It i1s to ba understood thac
the inventicn is capable of ‘use in varicus other
combinations and environments and is capab:e oI changes
or modifications within the sccpe of the inventive.
concept as expregsed herain. '
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pl ati num boron—{CoCPtB)j~—The thi ckness. of the magnetic | ayer is

consi stent w _ | | practices and manuf acturing a
magneti c rﬁﬁm 'Mmﬁaﬂugﬂm:obal t-base 15 al l oys having a thickness of
about 10 n L 100nm (1000A), such as 20 nm{200A to

about 50 nm ( 500A), has been,found suitable. As in
conventional practices, an underlayer ‘Can be deposited on the
textured subgieaie RALOL (RAPH 1P 0reared NesdmOneld CoLaygr.  The
under | ayer can conprise Cr or a_ diaEfT'o'y, such™as” chf o tm vanadi um
or chroni um ELF8R| ¢pAPanion douplegeheBBped Cr, tungsten or a tungsten

al | oy. . In addition, a protective overcoat, such as a carbon
overcoat, can be 9,_eposiﬁ®ed on the magneti c. Iayerd,i and_a 25.. | ubri cant
topcoat deposited oh t HeSHrBG TN DVePTHRS  mediun 2qaar iRt Fyer,
magneti ¢ | ayetsimndt pwbeeetnvehevwsmoal lens comprisedbampplaedtio a
conventi onal T ]l_aé{."sqny of various sputtering techniques

enpl oyed i n producci on of magneti c- recordi ng nmedia. 30

The present invention can be enployed to produce any of various

types of magneti cig ecorthieNUnd@itd d NEdaklidithg madium t Bé@ofdip digks, with
an attendant _jnprqvenent in flyi L e - .. .
ciancﬁ.s, wﬂeregn Tk ré%p:n cf focus of tha mulitiple lens

syscem is about 20 um to about 150 pum.

17. The magnetic recording wmedium according to
claim 16, wherein the depth of £focus is about 53 um.

1R8. The magnetis recording madium dccording reo
claim 15, wherein the textured surface comprises &
plurality of clcsely spaced pairs ¢ protrusions.

18. A method of manufacturing a magnetic reccrding
madium, which method comprises:
texturing a non-magnetic substirate body by exposing
its surface to a pulsed laser light beam through a
3 meitiple lens focusing system containing a first Zens and
a second lens spaced spart from and positiored bhetween
the first lens and the surface of the '‘substrate.
20. The method according to c¢laim 19, comprising
texturirg the substrate suriace $o Zorm a landing zone.

21. The method according to claim 12, wherein the
multiple lens. fogusing system contains a first companion
doublet leng, and the second lens is selected so that the
mult;{ple lens focusing system has a depth of Efocus

5 greater than that of the first companion doublet lens.
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stability, —gLLde“pﬁLLQLHEHQQ_Qnd head- medi ui m interface

rellablllty Moreover, the precise manner in which a 35 | andi ng zone
‘can be iﬂ\limuﬂ " " an increase in

REPLACEAk "l ' "ﬂm lﬂf . PR19
recordi ng densify And"reduction in thezsize of head sliders. Only

certain enbodi mrents of the invention and but a _
22. The msthod according to ciaim ZiL, wherein the

second lens comprises an aplanatic meniscus lens.

23. The method according to claim 22, whereir the
depth of focus of the multiple lens system is atout 30 um
to akout 150 pm. ' '

24. The method according to claim 23, whersin th
deptn of focus is about 50 um.

25. The method according ts claim: 1%, comprising
cexturing the surface to form a plgrality-of prolrusiovns
extending above the gubstrate suxface <o a3 heigat of
about 7.5 =m te akout 3C nm and having a sgﬁstantially

5 circular rim, with & diameter of about 3 uni to about 15
pm, around a central hole extending into the suriface.

26. The method accerding o claim 25, wherein the
rim has a radius of curvature of azbout S um to akbout 230

pm.

27. The method according to claim 235, wherein the

H

im diameter is about 5 um to about & um.

28. The method according to claim 25, wherein the
height of the rim is about 15 nm to abouz 22.5 nm.

29. The method according to claim 26, whersin the
radius of curvature is about 40 zm to about 70 um.

30. 'The -method according to claim 25, wherein the
ratic of the distance the central hole extands below the
substrate surface to the distance the rim extends above

- the substrate surface ranges from less than about 1:1 to
iess than about 3:1.
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feM/exanples—ﬁ%—f%s-veﬁsaLLLLLy_are shown and described 5 in che preaent
di scl osure. Bmi to understood that the invention is capable of

»use in vari m Hm" tions and environnents and i s capabl e of
changes or hin the scope of the inventive. CToncept

as expressed herein. 23

31. The methed according to elaim 19, furtherx
~comprising depdsiting a magnetic layer on the textured

substratce.

32. The method according to claim 31, further
comprising: depositing an underlayer on the textured
substrate; and depogiting a magnetic layer on the

undexiayer

33. .The methed according o claim 32, wharein the
underlayer comprises a chromium or chromium-alloy.

" 34. The method accordiné to ¢laim 21, Eurther

comprising: depositing a protective overcoat on the

magnetic layer:; and depesiting a ;45**cant'topcoat on the
protective overcoat. .

35. The method accoxding to claim 19, wherein the
lager iight beam comprises a centralized energy profile
with a substantially singular energy peak forming a
substantially singular protrusion on the upper surface cf
5 the substrate.

36. The methed according to claim 19, comprising
oxposing tha uppaer ourface of the subsswvapa us g pulmed
laser light beam having an energy prefile exhibiting at

least two energy peaks forming at least twe protrusions
5 on the substrate suriface. .

37. The method accord*nc to claim 36, comprising
forming the, laser light beam ccntaining an energy profile
with at least two energy paaks by cffsetting the Zirst

. and/or.second lens with respect to each other.

B EY IR BIPSCE 79 1§ ¥ S EE T
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38. The method according to claim 36, comprising-
-

forming the laser light peaw having energy prci:le with

at least two energy peaks by aitering che laser wmode.

39. The mechod according to claim 36, comprising
forwing the laser light beam having energy profils with
at least two energy peaks by altering the cptical train.

40. The method accerding to claim 3%, ccmpriszing
altering zhe optical train by interposing a mask betwaen
a laser light socurce and cthe firs:c lens.

41. The method accordl to c¢laim 19 further
comprising rotating the disk while exvos*ng the upper
surface to the pulsed laser light beam.

42. The methed according to claim 19, comprising
pulsing the laser light beam at a rate of zbout 20,000 ro
about 70,C00 pulses per second.

4£3. The mecthod according to claim 12, Zurther
ccomprising:
depcsiting an underlayer on the taxtured substrate

surface;

dap051t1 g a magnetic layer on the underlayer;

aepositing a protective layer on the magnetic laver
and

depeegiting a lubricant topccat on the protsctive
layer; wherein the textured substrate surface is
substantially replicated on the "“bseqnencly deposited
layers.

e

‘44 A megretic recording medium comprising a
textured surface containing & plurality of protrusions
extending above the surface td a height of about 7.5 nm
to aboul 30 nm and having a substantially circular rim,
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“its. surface ti-sed-t-asery IMoit—beam-t-hr-ough mul tiple lens
f ocusi ng sy4REP£Aéh h T} if (TEHS SHRET 4146 BEEN

apart from and posTti onecl Det pen REPLACEBe firbt | enngAQﬁgﬁwrﬁaE)ET

the substrafe| whgmnain199s the nultl rens focusing systemcontains a
first - onpani on doubj et |ens, the second

==
=

so that the bclsi ng systen1has a de focus with .
respect to {he substrate surfhce of about 50 ﬁmw"mmlnnmlmw
and greater than tnat of TheTirSROPOSED CEARMENi on dou

2. The nethod according to claim1, wherein the second | éns®
conprises an aplanatlc meni scus | ens. 3. The et hod
accordi ng t oWeRE hS1clafgechds: conprising: depositing an underl ayer
on the textured substrate; and depositing a magnetic |ayer on

t he. underlqy hod according to claim 1,

a@eﬂﬁ%ﬁﬁﬁ;qME%HQEgﬁﬂﬁl@gggg cERPPELSZEF *energy profile

a non- magnetlc substrate having a textured upper
surface; and

wherein the

a magnetic layer formed on the upper surface;

5 wherein, .

the textured upper sﬁrface contains a plurality af

_protrusions extending above the upper surface to a height

of about 7.5nm to about 30 nm and having a substantially

circular rim, with a diameter of about 3 pm to about 15

10 um, around a central hole extending into the upper
surface.

2. The magnetic recording medium according to claim -
1, wherein the rim has a radius of curvature of about 5
pum to about 200 um;

the rim diameter is about 5 um to about 8 um; and
5 the height of the rim is about 15 nm to 22.5 nm.

3. The magnetic recording medium according to claim
1, wherein the ratio of the distance the central hole
extends into the substrate to the rim height is less than
about 1:1 to less than about 3:1.

4. the magnetic recording medium according to claim

1, wherein the laser textured surface is produced by
exposing the upper surface of the substrate to a pulsed

laser light beam through a multiple lens focusing system

5 comprising a first companion doublet lens and a second

lens, positioned between the first companion doublet lens

and the substrate, so that the multiple lens focusing
system has a depth of focus greater than that of the

s Sheet Has Been Reraced
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first companion doublet lens.

5. The magnetic recording medium according to claim
4, wherein the second lens comprises an aplanatic

meniscus lens.

6. The magnetic recording medium according to claim
5, wherein the depth of focus of the multiple lens system
is about 30 um to about 150 um.

7. A method of manufacturing a magnetic recording
medium, which method comprises:

texturing a non-magnetic substrate body by exposing

its surface to a pulsed laser light beam through a
multiple lens focusing system containing a first lens and
a second lens spaced apart from and positioned between
the first lens and the surface of the substrate.

8. The method according to claim 7, wherein the
multiple lens focusing system contains a first companion
doublet lens, and the second lens is-selected so that the
multiple lens focusing system has a depth of focus
greater than that of the first companion doublet lens.

9. The method according to claim 8, wherein the
second lens comprises an aplanatic meniscus lens.

10. The method according to claim 9, wherein the
depth of focus of the multiple lens system is about 30 um
to about 150 um.

11. The method according to claim 7, further
comprising: depositing an underlayer on the textured

substrate; and depositing a magnetic layer on the
underlayer. '
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2 iaser'light beam having an energy profile exhibiting at |east t wo ener gy

peaks formn otrusions on the substr u :
The met hod aﬂlﬁllliﬂmﬂﬂﬂﬂliﬂm 5, conprising forming ﬁg%ggMQNT&d%ET
containing an“entrgy pgrofileé with at Igast two energy peaks by offsetting
‘the first and/or second lens with respect to each other. _ 7. The
e oo i 0. CrAk MugcnBAMBELSERInEOLE 1 Aihe 7 B dd Y g2 navi ng
an energy profile-with at ['east two energy peaks Dy-dl tering the T aser
mode. laper Thighbtbram el Irs t2 asntirabizedmnexgngpiefilag the
laser |ightwheamshayhpsteRELEY1P" Hildgi1Wrt heAbrbfasiedio reRpliaYy Pgaks by
altering the optical i{aln. .

substantlially singular protrusion on the upper surface of

5 the substrate.

13. The method according to claim 7, comprising
exposing the upper surface of the substrate as a pulsed
laser light beam ha#ing an energy profile ekhibiting at
least two energy peaks forming at least two protrusions

5 on the substrate surface. .

14. The method according to claim 13, comprising
forming the laser light beam containing an energy profile
with at least two energy peaks by offsetting the first
and/or second lens with respect to each other.

15. The method according to claim 14, comprising
forming the laser light beam having energy profile with
at least two energy peaks by altering the laser mode.

16. The method accordin§ to'claiﬁ'lg, comprising
forming the laser light beam having energy profile with
at least two energy peaks by altering the optical train.

17. The method according to claim 16, comprisiné
altering the optical train by interposing a mask between
a laser light source and the first lens.

18. The method according to claim 14, further
comprising rotating the disk while exposing the upper

surface to the pulsed laser light beam.

19. The method according to claim 14, comprising
pulsing the laser light beam at a rate of about 30,000 to

about 70,000 pulses per second. _ _ _
i REPLACEMENT SHEET
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9." "“‘T'h’elrret hod ac Ly o mmmv) m '," ', corrprl sing altering pm“ | I n
by interposing a Iader 1ight source and thlgE I'rs @Zn@ﬁgﬁ
10. The method ackofding to claimd, further conprising rotating the disk

whi | e exposing the upggDFgrfqgge td the pulsed |aser light beam
The net hod accordlng to c

ai m 1, .jcdnpri sing pul sing beam at
a rate of about 3p, 886—to—about—70,/000 pul ses per éﬂnmummuullrwml

What is claimed is:

1. A method of manufacturing a magnetic recording
medium, which method comprises:
texturing a non-magnetic substrate body by exposing
its surface to a pulsed lasexr light beam through a
5 multiple lens focusing system containing a first lens and
a second lens spaced apart from and positioned between
the first lens and the surface of the substrate, wherein
the multiple lens focusing system contains a first
companion doublet lens, and the second lens is selected
10 so that the multiple lens focusing system has a depth of
focus with respect to the substrate surface of about 50
to about 150 pm and greater than that of the £first
companion doublet lens.

2. The method according to claim 1, wherein the
second lens comprises an aplanatic meniscus lens.

3. The method according to claim 1, further
comprising: depositing an underlayer on the textured
substrate; and depositing a magnetic layér on the
underlayer.

4. The method according to claim 1, wherein the

laser light beam comprises a centralized energy profile

with a substantially singular energy peak forming a

_ substantially singular protrusion on the upper surface of
5 the substrate.

5. The method according to claim 1, comprising
exposing the upper surface of the substrate as a pulsed

9805587 -4
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laser light beam having an energy profile exhibiting at
least two energy peaks forming at least two protrusions
5 on the substrate surface.

6. The method according.to claim 5, comprieing
forming the laser light beam containing an energy profile
with at least two energy peaks by offsetting the first
and/or second lens with respect to each other.

7. The method according to claim 5, comprising
forming the laser light beam having an energy profile
with at least two enexgy peaks by altering the laser
mode .

8. The method accoxding to claim 5, comprising
forming the laser light beam having energy profile with
at least two energy peaks by altering the optical train.

9. The wmethod according to claim 8, comprising
altering the optical train by interposing a mask between
a laser light source and the first lens.

10. The method according to <c¢laim 1, £further
comprising rotating the disk while exposing the uppex
surface to the pulsed laser light beam.

11. The wmethod according to claim 1, comprising
pulsing the lasex light beam at a rate of about 30,000 to
about 70,000 pulses per second.
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(54) Title: LASER TEXTURING OF MAGNETIC RECORDING MEDIUM USING MULTIPLE LENS FOCUSING

(57) Abstract

A magnetic recording medium is textured w:th a pulsed laser light beam ﬂlrough a multiple lens focusing system. The use of a
multiple lens focusing system cnables the formation of a plurality of relatively uniform protrusions smaller than those obtained with a single
lens focusing system, thereby avondmg abrupt local profile changes In an embodiment, the laser light beam is split, as by offsetting the
lenses, to obtain a plurality of pairs of even smaller protrusions than obtained with a laser light beam having a centralized energy profile.
The pulsed, multiple lens focused laser light beam can be used to texture a substrate, underlayer or magnetic layer The resulting laser
textured magnetic moordmg medium exhibits improved fiying stability, glide performance and reliability.
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