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TEXTURED MAGNETIC chonmnq_-nnnzm HAVING
A _TRANSITION ZONE

Technical Field .
The present invention relates to the recording,

storage and reading of magnetic data, particularly
rotatable magnetic recording'med;a, such as thin film
5 magnetic disks having textured surfaces for contact with
cooperating magnetic transducer heads. The inven’cic;n‘ has
particular applicability to‘ high density- 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 transducer 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 disk unit
in a stationary state with a magnetic head having a

20 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
begins to slide against the surface of the disk as the

25 disk begins to rotate. Upon reaching a predetermined
high rotational speed, the head .flbats in air at a
predetermined distance from the surface of the disk due
to dynamic pressure effects caused by the air flow
generated between the sliding surface of the head and the
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disk. During reading and recording operations, the
transducer head is maintained at a controlled distance
from the recording surface, supported on a bearing of air
as the disk rotates. The magnetic head unit is arranged
such that the head can be freely moved in both the
circumferential and radial directions of the disk in this
floating state allowing data to be recorded on and
retrieved from the surface of the disk at a desired
position. § _ } _

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
evehtually stops in contact"with.andfpressingfagainst the
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. Each time the head and disk assembly is

‘driven, the sliding surface of the head repeats the

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
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
recording density increases. The areal density
(Mbits/in?) is the recording density per unit area and is
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
to be positioned in closer proximity with an attendant
increase in predictability and consistent behavior of the
air bearing'supporting the head. However, another factor
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operates against that objective. If the head surface and
recording surface are too flat, the precision match of
these' surfaces gives rise tb_'excessive stiction and
friction during the start up and stopping phases, thereby
causing wear to the head anri 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 transducer flying height.

In order to satisfy these cémpet_:ing cbjectives, the

recording surfaces of magnetic 'di__sk_s are conventionally

provided with a roughened surface to reduce the head/disk
friction by techniques refe;r‘éd to as “texturing.*

. Conventional texturing techniques involve polishing the
surface of a disk substrate to provide a texture thereon

prior to subsequent deposition of  layers, such as an
underlayexr which is typically chromium or a chromium-
alloy, a magnetic layer, a protective overcoat which
typically comprises carbon, and a lubricant topcoat,
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
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}-
base alloy, a protective overcoat 13 which usually
comprises carbon, and a lubricant. topcoat 14. Cr
underlayer 11, Co-base alloy mag_netic layer 12 and
protective carbon overcoat 13 are typically deposited by
sputtering techniques. A conventionaiAl—alloy substrate
is provided with a NiP plating primaz_:_:;__.ly to increase the
hardness of the Al substrate, sel_:jving as a suitable
surface on which to provide the ‘requisite surface
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roughness or texture, which is substantially reproduced
on the disk surface.

The escalating requirements for high areal recording
density impose increasingly greater requirements on thin
film maghetic-media in terms of coercivity, squareness,
low medium noise and narrow track recording performance.
In-addition, increasingly high density and large-capacity

: magnetic disks require increasingly small flying heights,
- i.e., the distance by which the head floats above the =

surface of the disk in the CSS drlve. The requirement to
further reduce the flying height of the head imposed, by

_ indreasingly'higher recording’dénsity'and capacity render
it partlcularly'dlfflcult to satisfy the requlrements for

controlled texturing to- avoid head crash.

The conflicting requirements for minimum transducer
flying height and texturing can be alleviated to some
extent by providing a separate landing zone and a
sepérate data zone. In this way, the surface of the data
zone can be optimized for data storage and retrieval,
while the landing zone can be optimized for texturing to
satisfy the CSS requirements. Such a textured surface
comprising a head landing zone and a data recording zone
can be produced by initially polishing the surface and
then 1laser texturing to form the head landing zone
leaving a polished data zone. However, the resulting
surface would contain undesirable abrupt topographical
changes between the landing zone and the data Zzone.

Abrupt topographical changes on the surface of a
magnetic recording medium adversely affect the flying
stability and glide performance of magnetic recording
heads, and detrimentally affect the reliability of the
head-medium interface. Moreover, such problematic local
abrupt profile -changes require greater precision in

- texturing.

Accordingly, there exists a need to provide a
textured surface for high areal recording density having
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.
a data zone optimized for data recordation and retrieval,
and a landing zone having topography optimized for CSS

operation, without abrupt topographlcal changes between
the data zone and the landing zone.

Disclosure of the Invention
- An object of the present invention is a magnetic
recording medium having a textured surface with a data

. zone optlmlzed for recordlng and a landing zone optimized

for head landlng, without abrupt topographlcal changes
between- the data and landing zones.
Another object of the present invention is a method

“of texturing a magnetic recordlng medium to prov1de a

data zone optimized for recording and a landlng zone

- optimized for cCss performance, without abrupt

topograph1cal changes-between the data and landing zones.

Addltlonal objects, advantages and other features of
the invention will be set forth in part in the
description which follows and in part will become
apparent to those having ordinary skill in the art upon
examination of the following or may be learned from the
practice of the invention. The objects and advantages of
the inﬁention may be realized and obtained as
particularly pointed out in the appended claims.

According to the present invention, the foregoing
and' other objects are achieved in part by a magnetic
recording medium having a textured surface which
comprises: a data zone; a textured landing zone
comprising a plurality of protrusions extending to a
substantially uniform height above the surface; and a
textured transition zone; wherein the transition zone
comprises a plurality of protrusions having gradually
reduced heights and diameters in progressing from the
landing zone to the data zone. _

Another aspect of the present invention is a method
of manufacturing a magnetic recording medium, which
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method~cdﬁ§rises forming a textured surface on a layer of
a .magnetibl*recording medium, which textured surface

comprises:. a data =zone; textured a landing zone

comprisiﬁg a plurality of protrusions extending to a
substantia }y uniform height above the surface; and a
laser tex__red transition zone between the landing zone

and the data_zone wherein the transition zone comprises

a pluralltyﬁ of protru51ons having gradually reduced
-heights andadlameters in progressing from the landing

zone to the.data zone.

Addltloﬁal objects .and advantages of the present
*_ll become readlly apparent to those skilled

inventlon

in this art “from the following detailed description,

wherein the embcdlments of the invention are descrlbed
simply - by way of illustration of the best mode
contemplatfd;for carrying out the invention. As will be
realized, ;

.invention is capable of other and different
embddiments,;;and its several details are capable of
modificati@ﬁé-in various obvious respects, all without
departing'fiom the invention. Accordingly, the drawings
and description are to be regarded as illustrative in

nature, and not as restrictive..

Brief Descr;ptxon of Drawings

Fig. 1 111ustrates a conventional magnetic recording
medium structure.

Fig. “schematlcally depicts a multiple lens laser

focusing system for use the present invention.

Fig. ,37sfhemat1cally'dep1cts a laser focusing system
employing ystalline material for use in the present
invention: '
4" schematically depicts a laser texturing
gé with a.glass or glass-ceramic substrate.
ﬂ SChematically illustrates another laser
texturing system for use with a glass or glass-ceramic

substrate.
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Descript -':'i._é:n of the Invention
. ..The.‘present invention addresses the conflicting

flying height in a conventional CSS system, in
addition to maximizing the areal recording density. Such
conflicting requirements are resolved by providing a

~ magnet: recording medium with a  textured surface

compriéing a landing zone and a data zone, eac_h zone
optimi__zéfc’_li: for its particular| function. However,‘ the
present--:-ihﬁrention goes one step further by addressing and
solviri'g"_..'.__i_;_;iiroble'ms - generated by providing a textlred
surface hav:mg an optimum landing 2zone adjacent and
optimized. data recording zone.

ptimization of a textured landing zone for

reduced. .'_l__;:'ef"ad/disk friction and optimization of a data
zone for"ﬁ_t_xliinimum transducer flying height adjacent to the
landing "zone on the same surface creates abrupt
topogra_ph;'_x_%;al profile changes. Such abrupt topographical
changes_-r_iéf;uire painstaking precision in conducting the
CSs techﬁique. The present invention addresses and
solves that problem by providing a transition zone
between.t;ﬁ':e_ landing zone and the data zone, wherein the
topograpfx'},;_:pf the transition zone is tailored to preclude
abrupt prof1le~ changes. In accordance with the present

invention,’ a transition =zone is provided between a

textured

‘landing 2zone comprising a plurality of
protrusions extending above a surface and a relatively
smoother:data zone on the surface, which transition zone

plurality of protrusions having reduced

heights and diameters in progressing from the landing
zone tO..tl__l_= .relatively smoother data zone.

In th -'-"_"':_‘various embodiments of the present invention,
a surface [of a magnetic recording medium, such as a
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substrate or underlayer formed on the substrate, such as

chromium or a chromium-alloy, can be polished by a
conventional polishing technique. A textured landing
zone can then be formed-by any conventional technique,
such as by mechanical polishing or laser texturing.
Desirably, the landing zone is laser textured to form a

: plﬁrality of relatively uniform protrusions extending to

a substantially uniform height above the surface. A
suitable laser texturing technique is disclosed in
copending application Serial No. - ) (Our

Docket No. 2674-011), wherein 'a multiple lens focusing

" system 'is employed to enable the formation of an
~raccurately controlled pattern of sﬁbstantially uniform
" protrusions having a conveniently smaller size than that

.obtained with conventional single lens focusing systems.

Application Serial No. : : (Our Docket No.

2674-011) is incorporated herein in its entirety.

" Another suitable laser texturing technique for
forming a landing ZOne is disclosed in copending
application Se;ial No. : {(Our Docket

No. 2674-016), wherein a focused laser light beam is
passed through an optical crystalline material interposed
and spaced apart between a lens focusing system and the
surface undergoing a laser texturing, to obtain a texture
comprising a plurality of controlled and accurately
spaced apart protrusions. Application Serial No.
(Our Docket No. 2674-016) is incorporated

herein in its entirety.

In addition, a landing zone can advantageously be
formed by laser texturing employing the combined
techniques of application Serial No.

(Our Docket No. 2674-011) and application Serial No. _
(Our Docket No. 2674-016), wherein a pulsed
laser light beam emitted from a multiple lens focusing

system is passed through an optical crystalline material
to the surface undergoing laser texturing.
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_ In employlng a glass or glass-ceramic substrate, it
is advantageous to employ the laser texturing technique
dlsclosed in application Serial No.

(Our Docket No. 2674-012), the entire disclosure which is
incorporated .-herein in its entirety by reference. 1In

copending application Serial No.
:%(Our Docket No. 2674-012), a technique is disclosed for
lager texturing a landing zone on a glass or glass-
ceramlc substrate employing a pulsed laser l::.ght source
hav:Lng a wavelength of about 10 um, _ such as a laser light
beam derived from a CO, laser source. .
Upon providing a texturing landing zone, as by laser
texturing, a polished.data z'one"would remain. ~ In an
embodiment of the present invention, the data Zone
f;emains_ polished, although the data zone can also be
Eextured. After forming the landing zone and data zone,

. the transition zone of the present invention is formed.

Laser texturing has been found to be a suitable technique
for forming the transition zone.

In accordance with an embodiment of the present
invention, the surface is rotated and exposed to a pulsed
laser light beam, preferably commencing at the landing
zone and moved in a radial direction to the data zone
which will begin at a terminal point of the transition
zone. During exposure of the surface to a pulsed laser
light beam to form the transition 2zone, wvariables
affecting the geometry of the protrusions are adjusted to
form a transition zone having protrusions with spirally
reduced heights and diameters in.progressing from the
landing zone to the data zone. O_ne'zﬁaving ordinary skill
in the art would easily recognize appropriate parameters
and adjustments necessary to achieve formation of a
gradual transition zone between a landing zone and a data
zone. For example, such a controlled transition zone can
be achieved by controlling the emission of the laser
pulse power, laser pulse width and _Earget movement. The
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height and diameter of a protrusion generated by pulsed
laser light beam texturing decreases as the peak pulse
power decreases, and increases as the speed at which the
surface is rotated decreases.

- The present invention advantageously provides a
magnetic . recording medium with a textured - surface
comprising three zones, optimized to meet functional
demands for recording and CSS performance while avoiding
abrupt topographical changes therebetween, thereby
1mprov1ng the flexibility of the CSS process. Such a
three zone texture pattern cah most advantageously be
laser textured using a computer controlled laser means

. associated with precision” automation equipment. By
‘controlling the emission of the laser pulse power, lasér

pPulse width and target movement, the desired profiles of
all three zones can be obtained for different head

designs.

" The transition zone of the present invention can be
formed employing conventional laser'texturing'techniques.
It has been found that an accurately tailored transition
zone can be formed utilizing a multiple lens focusing
system, such as that disclosed in copending application
Serial No. : filed on
(Our Docket No. 2674-011), to form an accurately

controlled pattern of substantially uniform protrusions
having a conveniently smaller size than that obtained
with a conventional single lens focusing system.

In another embodiment of the present invention, the
transition zone is formed by the 1laser texturing
technique disclosed in copending application Serial No.
- (Our Docket No. 2674-016), wherein a
focused laser light beam is passed through an optical

crystalline material interposed and spaced apart between
lens focusing system surface undergoing laser texturing,
to obtain a texture comprising a plurality of controlled
and accurately spaced apart protrusions.
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In another embodiment of the present invention, the
transition zone is formed by: the”comblned use of the

multiple lens focusing system disclosed in copending
{Our Docket No.
2674-011) and the use of an optlcal crystalllne materlal

appllcatlon Serial No.

as dlsclosed in copending appllcatlon Serial No.
{Our Docket No. 2674 016) In accordance
with this embodiment, a lasex L}th ‘beam focused by a

optical crystalllne material prlor to impinging upon the
surface undergoing laser texturlng to_form the transition
zone. ' o '

In “accordance with 'thesiﬂpresent invention, =
manufacturing is simplified and'thfeughput ihcreaeea-by
laser texturing the landing zone and transition zone
employing the same type of 1aser texturlng system. In
accordance with the present-lnventhp, the data zone can
remain pelished or subjected. to a laser texturing
technique as well.

In an embodiment of the present invention, the
transition zone and/or landing zone are laser textured
employingia.multiple lens focusing system as disclosed in

copending application Serial No. ' (Our Docket

‘No. 2674-011) and illustrated in Fig. 2, which system

comprises a first lens 20, such as a companion doublet,
and a second lens 21, such as an aplanatic meniscus lens.
Second leﬁs 21 is spaced apart andrpositioned between
first lens 20 and rotating substrate 24 the surface of
which is undergoing laser texturing. First lens 20 has
a focal point at the upper surface of substrate 24, as at
23. However, the depth of focus of the multiple lens
focusing system is extended by virtue of second lens 21
to point 25. The increased depth Qﬁifocus provides the
desired flexibility, enabling 3fﬁhe formation of
protrusions having a smaller heigﬁtland diameter with
greaterx pre_cision and uniformity vis-'-—'.é._—vis a conventional

passed .through an
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single lens'focusing system. Significantly, by providing
an 1ncreased depth of focus, adjustment and maintenance
of the - focus is facilitated, tnereby providing a
tolerance - to accommodate inherent @ surface uniformity
which is unattainable in a conventienal single lens laser
focusing systems : L

In another embodiment of the present 1nvent10n, the
transition zone and/or landing zone-are laser textured
employing . a system comprising an opt:x.cal crystalline
material as disclosed in copendlng appllcatlon.Serlal No.
(Our Docket No. 2674 016) and shown in
Fig. 3, whereln pulsed laser 11ght ‘beam 30 is focused

through lens 31. An optical crystalllne material 32,

which can comprise ‘any of various oJptical crystalllne
materials, such as calcite or quartz, is interposed in
the path of the pulsed, focused laser light beam.
Optical crystalline material 32 is selected to have a
thickness d and a crystal-induced optical access angle o,
thereby creating two focus point pl and p2 having
different energy intensities. The focusing points pl and
P2 are separated by a distance t whlch is the function of
the crystal thickness d and a crystal-induced optical
access angle o.

In another embodiment of the present invention, the
transition zone and/or landing zone are laser textured
employing_beth the multiple lens focusing system and an
optical crystalline material positioned so that the
focused pulsed laser 1light beam passes through the
optical crystalline material before impinging on the
surface undergoing laser texturing.

The laser texturing technique .of the present
invention can be employed to texture a%magnetic recording
medium by iﬁpinging a focused laser beam not only on a
rotating sﬁbStrate, as in the embo@iments previously
disclosed, but on any layer of the;ﬁagnetic recording
medium. Thns, in accordance with the'bresent invention,
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an underlayer, such as a Cr or Cfﬁailoy underlayer, or
magnetic layer, such as a Co- alloy'magnetlc layer applied
on an underlayer or applied dlrectly on a substrate, can
be laser textured to form a transition zone and/or a
landing zone, as with a pulsédflééé;ilight beam through
a multiple lens focusing sysfem aﬂa/or a pulsed laser
light beam through an optlcal crystalllne material. The

laser textured pattern zones in -

accordance with the present: 1nventlon can be. prov;dedwm":lw

directly on an Al or Al- alloy @sgbstrate on such a -
substrate after a conventioﬁaisNi;P plating has been
applied. The laser texturéd -surface provided in

accordance with the present invention is substantially =~

replicated in subsequently deposited layers.

The magnetic recording media produced in accordance
with the present invention can comérisé any of various
conventional substrates employed iﬁ-the production of
magnetic recording media. Such conventional substrates
include Al, Al-alloys, such as Al-Mg alloys, NiP plated
Al or NiP plated Al-alloys.  1In addition, alternative
substrates such as glass and glass—ceramic material can
be employed in the practice of the present invention to
form a textured surface comprising a landing =zone,
recording zone and transition zone.

In yet ancther embodiment of the present invention,
a substrate comprising a glass or glass-ceramic material
is laser textured to form a transitich zone, landing zone

" and data zone, employing the pulscd laser light beam

texturing system disclosed in copending application
Serial No. . filed on
(Our Docket No. 2674-012).

A laser texturing system for use with a glass or
glass-ceramic substrate in accordance with the present
invention is schematically deplcted in Fig. 4, and
comprises CO, laser source 40, contfclled by controller
41 and powered by generator 48. Emitted laser light beam
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42 passes through shutter 43 to an optical system 44
comprising mirrors 44a and~44b, such as silicon mirrors,
and focusing lens 45 for focusing thé pulsed laser light
beam onto the surface of the gla:$-$'or glass-ceramic
substrate 46 rotated by spindle'47fi;1t has been found
advantageous to provide lens 45 with_é suitable coating,
such as lead selenide. '

Another laser texturing system for use with a glass

or glass-ceramic substrate is schematlcally depicted in

Fig. 5, wherein a laser light beam: 51 -generated by a CO,
laser sourxrce 52 passes to beam dellvery system _53
comprising mirrors 53a and 53b. ‘Laseﬁflight beam 51 then
passes through modulator 54, beaﬁ'exﬁénder 55, comprising
a concave lens 55a and a doublet achromatic lens 55b, and
then through polarization rotator 56 :to beam splitter 57
where it is separated into components:51a and 51b. Laser
light beam component 5la passes to diffractive focusing

lens 58 and is focused on a first surface of glass or
glass-ceramic substrate 59 rotated by spindle 510. Laser
light component. 51b is reflected off mirrors 51la, 511b

‘and 511c, such as silicon mirrors, to second diffractive

focusing lens 512 and onto the opposite second surface of
substrate 59. The diffractive focusing lenses 58 and 512
are advantageously coated with zinc selenide.

A laser textured surface formed in accordance with
the present invention is schematically illustrated in
Fig. 6 and comprises a layer 60 of a magnetic recording
medium. Such a layer can be the substrate, underlayer
formed on the substrate or a magnetic layer. The
textured surface of the present invention.comprises three
zones, i.e., a landing zone, transition zone and data
zone. The 1landing zone compriseé; a plurality of
protrusions 61 extending to a subé_iiantially uniform
height above the textured surface.'f;Data zone 63 is
illustrated as polished; however, daﬁalzone 63 can also
be laser textured, in which case the data zone comprises



10

15

20

25

30

35

WO 97/47001 PCT/US96/09330

15

a plurality of pfotrusions extending to a relatively
uniform height above the substrate surface but
significantly lower than the height of the protrﬁsions in
the landing zone, or a pattern of grooves formed in the
surface. The transition zone comprises a laser textured

'_region having protrusion €62 with heights and diameters

gradually decreasing and progressing from the landing
zone to the data zone, thereby eliminating abrupt
topographical changes and their attendant problems.

The magnetic layers depositédLin accordance with the
present invention can be any of those conventionally
employed in the production of gagnetic recording media.
Such conventional magnetic alloysf include; but are not
limited to, cobalt {Co)-base alloys, such as cobait-
chromium (CoCr), cobalt-samarium (CoSm), cobalt-chromium-
tantalum (CoCrTa), cobalt-nickel-chromium (CoNiCr),
cobalt-chromium-samarium {CoCrSm) , cobalt-chromium-
platinum-tantalum (CoCrPtTa), cobalt-chromium-platinum

(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
alloys having a thickness of about 100A to about 10004,
such as 200A to about 500A, 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

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.
The underlayer, magnetic layers and protective overcoat
can be applied in a conventional manner, by any of
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various'spi tering techniques employed in production of
magnetic: recordlng media.

The present invention can be employed to produce any
of various ZYpes of magnetic recordlng medla, including
thin film d_sks, with an attendant improvement in flying
stablllty,fwl;de performance and head-medium interface
vi. In ‘accordance with the present invention,
a magnetlc recordlng medium is provided with a textured
surface comprising a data zone, textured landing zone
' plurality of protrusn.ons extending to a
substantlally uniform height above the surface, and a
textured t;en51tlon zone, wherein the ‘transition zone

comprising

plurality of protru51ons hav1ng gradually

reduced helghts and diameters in progre581ng from the
landlng zonefto the data zone.- The data zone can be
polished orﬁftextured as by a mechanical texturing
technlques

“The landing- zone can also be textured by
mechanical . tekturlng or laser texturing. In accordance
with the present invention, the transition zone is laser
textured employlng a pulsed laser light beam, wherein the

.peak pulse’ power and/or rotating speed of the substrate

is varied t;:prov1de a plurality of protrusions having

‘spirally . reduced heights and diameters in progressing
-from the 1and1ng zone to the data zone. Typically, the
landing zone has a peak surface roughness (Rp) of about

15 to about 20 .nm, while the data zone has a peak surface
of about 2 to about 3 nm.
' Only ce_tein embodiments of the invention and but a

roughness (B
few examples of its versatility are shown and described
in the present disclosure. It is to be understood that
the invention' is capable of use in various other

comblnatlons_and env1ronments and is capable of changes
or modlflcatlons within the scope of the inventive
concept as expressed herein.
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1. A magnetic recording mediﬁﬁ having a textured
surface which comprises: .

a data zone;

a textured landing zone comprising a plurality of
protrusions extending to a substantially uniform height

above the surface; and

a textured transition zone; wﬁgrein the transition
zone comprises a plurality of  protrusions ' having
gradually reduced heights and diameters in progressing

2. The magnetic recording medium according to claim
1, wherein the transition zone comprises a plurality of
protrusions having spirally reduced heights and
diameters.

3. The magnetic recording medium according to claim
2, wherein the transition 2zone is formed by laser
texturing.

4, The magnetic recording medium according to claim
1, wherein the data zone is polished. '

5. The magnetic recording medium according to claim
1, wherein the data zone is textured.

6. The magnetic recording medium according to claim
5, wherein the data zone is mechanically textured.

7. The magnetic recording“mediu&iaccording_to claim
1, wherein the landing zone has a peak surface roughness
(Rp) of about 15 to about 20 nm, and the data zone has a
peak surface roughness (Rp) of aboutﬁz to about 3 nm.
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8. The magnetic recording medium according to claim
1, comprising a nonmagnetic substrate and, sequentially
formed thereon, a magnetic layer, a protective overcoat
and a lubricant topcoat; wherein the tektured.surface is
provided on the substrate and is substantially replicated
-on subsequently deposited layers. |

| 9. The magnetlc recordlng'medlum accordlng to claim
1, whereln the wmagnetic recordlng -medium comprises a
nonmagnetic substrate and, sequentlally formed thereon,
an underlayex, a magnetic'layer;'é protective overcoat
and a lubricant topcoat; wherein the textured surface is
provided on .the underlayer and is substantlally
replicated on subsequently deposited Iayers.

10. The magnetlc recordlng medium according to
claim 9, wherein the underlayer comprises chromium or a
chromium-alloy.

11. The magnetic recording medium according to
claim 1, comprising a substrate formed of a glass, a
glass-ceramic material, aluminum, an aluminum alloy,
nickel-phosphorus coated aluminum or a nickel-phosphorous
coated aluminum alloy. |

12. A method of ménufacturing a magnetic recording
medium, which method comprises:
forming a textured surface on a layer of the
magnetic recording medium, which textured surface
comprises:
a data zone;
a textured landing zone comprising a plurality
of protrusions extending to a substantially uniform
height above the surface; and 3
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a textured transition'~zone; wherein the
transition 2zone comprlses a plurallty of . protrusions
having gradually reduced h31ghts and diameters in
progressing from the landing zone.;o the data zone.

- 13. The method according ;6lglaim 12, comprising
sequentially forming the data zone, landing zone and
transition zone. '

14. The method accordlng to clalm 13, comprising:

polishing the surface; .

forming the landlng zone 1eav1ng a polished data
'2oﬁé,'and o _

o formlng the transition zone. -

15. The method accordihg to claim 12, comprising:
forming the data zone;
: forming the landing zone;

forming the transition zone by exposing the surface
between the landing zone and the data zone to a pulsed
laser light beam to form the protruéions while rotating
the surface, wherein the transition zone comprises a
plurality of protrusions having spirally reduced heights
and diameters. ' '

16. The method according to claim 15, comprising
varying the peak power of the pulsed laser light beam
and/or varying the rotating speed of the surface.

17. The method according to claim 16, comprising
reducing the peak power of the pulséd laser light beam
and/or increasing the speed of the rotating surface in
forming the transition zone progre551ng from the 1and1ng
zone to the data zone.
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18. The method according to. claim 12, comprising:

forming the textured sdrfacef;on a nonmagnetic
substrate; and _ , o _

forming sequentially thereon afmagnetic layer, a
protective overcoat and a lubricant ﬁbpcoat- wherein the
textured 'Surface is substantlally repllcated on the
- subsequently deposited layers. ;

19, ~ The method according to clalm 12, comprising:
forming an underlayer on a nonmagnetlc substrate;
forming the textured surface on the underlayer;. and
forming sequentially thereon a magnetlc layer, a

"protectlve overcoat and a lubricant topcoat wherein the

textured surface is substantlally' repllcated on the

subsequently deposited layers..

- 20. The method according to clalm 19, wherein the
underlayer comprises chromlum or a chromlum alloy.

21. - The method according to claim 12, wherein the
magnetic recording medium comprises a non-magnetic
substrate containing a glass, a glass-ceramic material,
aluminum, an aluminum alloy, nickel-phosphorous coated
aluminum or a nickel-phosphorous coatéd aluminum alloy.

22. The method according to claim 12, comprising
laser texturing the landing zone.

23. The method according to ¢la§m 12, comprising
texturing the data zone. o

24. The method according to clﬁfm 23, comprising
mechanically texturizing the data zone.

25. The method accordlng to clalm 21, wherein the
substrate comprises a glass or a glass .ceramic material.
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26. The method according c@;#laim 25, comprising
texturing the landing zone and/dr?transition zone by
exposing-a surface of the substrat?-to a pulsed focused
‘laser light beam having a wavelengtﬁ of about 10 pm.

-27.  The method according to claim 26, wherein the
laser light beam is derived from a CO, laser light
souree. .. |

28. The method according to claim 12, comprising
texturing the landing 2zone and/or transition zone by
exposing the surface to a pulsed laser light beam through
a multlple lens focusing system containing a first lens
and a second lens spaced apart from and positioned
between the first lens of the upper surface of the
substrate.

29. The method according to claim 28, wherein the
multiple lens focusing system comprises a first companion
doublet lens, and a second lens is selected so that the
multiple 1lens focusing system has a depth of focus
greater than that of the first companion doublet lens.

30. The method according to claim 29, wherein the
second lens comprises an aplanatic meniscus lens.

31. The method according to claim 12, comprising
texturing the landing zone and/or data zone by passing a
focused laser light beam through an éptical crystalline
material to the surface undergoing laser texturing.

32. The method according to clalm 28, comprising

passxng the focused laser light beam through an optical
crystalline material interposed andispaced apart between
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the lens focusing system and the sﬁrface undergoing laser
texturing.

33. The method according to claim 26, comprising
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 and
positioned between the first lens and the upper surface

of the substrate.

, 34. The method accordifg to claim 33, further
comprising passing the pulsed focused laser light beam

"through an optical crystalline material interposed and
' spaced apart between the lens focusing system and the
.surface undergoing laser texturing.

35. The method according to claim 26, comprising
paséing the pulsed focused laser light beam through an
optical crystalline material to the surface undergoing
laser texturing.
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